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VOLUMEI 

This volume contains complete data sheets for 
Motorola-manufactured devices with EIA registered type 
numbers up to 1 N4999 and 2N4999. Data sheets are in 
numerical sequence according to device type number 
except for those data sheets that cover several devices 
with different type numbers. The numerical index in 
front of the book permits the user to quickly locate the 
page number of the data sheet for any device charac
terized in the book. 

Econocap, Epibase, Epicap. G lassivated, Isothermal, *k-Pak, MeMOS. Meg-A-Life II, MDTl, 
MECL, MECL 10,000, MHTL, Micro-T, MIDA, MRTL, mW MRTL, MTTL, Multi-Cell II, 
RamRod, Surmetic, Surmetic 20, Surmetic 30, Surmetic 40, Thermopad, Thermowatt, Unibase, 
Unibloc and Uniwatt are trademarks of Motorola Inc. 

Annular Semiconductors and Field-Relief Electrode are patented by Motorola Inc. 
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NUMERICAL INDEX 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

lN248B,C 1-1 lN758,A 1-8 lN990 1·25 
lN249B,C 1-1 lN759,A 1-8 lN991 1-25 
lN250,B 1-1 lN761 1-9 lN992 1-25 
lN429 1-3 lN762 lN1183 1·27 
lN702 1-8 lN763 lN1183A 1-29 
lN703 lN764 lN1184 1-27 
lN704 lN765 lN1184A 1·29 
lN705 lN766 lN1185 1-27 
lN706 lN767 lN1185A 1-29 
lN707 lN768 lN1186 1·27 

1N708 lN769 1-9 lN1186A 1·29 
lN709 lN816 1-10 lN1187 1·27 
lN710 lN821,A 1-14 lNl187A 1·29 
lN711 
lN712 
lN713 

lN823,A ! lN825,A 
lN827,A 

lNl188 1·27 
lN1188A 1-29 
lN1189 1·27 

lN714 lN829,A 1-14 lNl189A 1·29 
lN715 lN935,A,B 1-17 lNl190 1·27 
lN716 
lN717 

lN718 

lN936,A,B 

~ lN937,A,B 

lN938,A,B 

1 N1191 1-1 
lNl192 

1 Nl193 
lN719 lN939,A,B 1·17 IN 1194 
lN720 lN941,A,B 1-21 lN1195,A 
lN721 
lN722 
lN723 

lN942,A,B 

~ lN943,A,B 
lN944,A,B 

lNl196,A 
lN1197,A 
1 N1198,A 1·1 

lN724 lN945,A,B 1-21 lN1313 1·31 
lN725 lN957 1-25 lN1314 
lN726 lN958 lN1315 
lN727 lN959 lN1316 

lN728 lN960 lN1317 
lN729 lN961 lN1318 
lN730 lN962 lN1319 
lN731 lN963 lN1320 
lN732 lN964 lN1321 
lN733 lN965 lN1322 
lN734 lN966 lN1323 
lN735 lN967 lN1324 
lN736 lN968 lN1325 
lN737 lN969 lN1326 

lN738 lN970 lN1327 
lN739 lN971 lN1351 
lN740 lN972 lN1352 
lN741 lN973 lN1353 
lN742 lN974 lN1354 
lN743 lN975 lN1355 
lN744 lN976 lN1356 
lN745 lN977 lN1357 
lN746,A lN978 lN1358 
lN747,A lN979 lN1359 

lN748,A lN980 lN1360 
lN749,A lN981 lN1361 
lN750,A lN982 lN1362 
lN751,A lN983 lN1363 
lN752,A lN984 lN1364 
lN753,A lN985 lN1365 
lN754,A lN986 lN1366 
lN755,A lN987 1 N1367 
lN756,A lN988 lN1368 
lN757,A 1-8 lN989 1·25 lN1369 1·31 

iii 



NUMERICAL INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1N1370 1-31 1N1776 1-33 1N2036 1-34 
1N 1371 

! 1N 1372 
1N1373 
1N 1374 

1N1777 
1N1778 
1N1779 
1N1780 

1N2037 
1N2038 
1N2039 
1N2040 

1N1375 1-31 1N1781 1N2041 
1N1507 1-32 1N1782 1N2042 
1N 1508 1N 1783 1N2043 
1N 1509 1N1784 1N2044 
1N1510 1N1785 1N2045 

1 N 1511 1N1786 1N2046 
1N1512 1N1787 1N2047 
1N1513 1N1788 1N2048 
1N1514 1N1789 1N2049 1-34 
1N1515 1N 1790 1N2163,A 1-35 
1N1516 1N1791 1N2164,A 
1N1517 1N1792 1 N2165,A 
1N1518 1N1793 1N2166.A 
1N1519 1N1794 1N2167,A 
1N1520 1N1795 1N2168,A 

1N1521 1N1796 1N2169,A 
1N1522 1N1797 1N2170.A 
1N1523 1N1798 1N2171.A 1-35 
1N1524 1N 1799 1N2498 1-36 
1N1525 1N1800 1N2499 
1N1526 1N1801 1-33 1N2500 
1N1527 1N1802 1-34 1N2609 
1N 1528 1-32 1N1803 1N2610 
1N1530,A 1-3 1N1804 1 N2611 
1N1588 1-32 1N1805 1N2612 

1N1589 1N1806 1N2613 
1N1590 1N1807 1N2614 
1N 1591 1N1808 1N2615 
1N 1592 1N1809 1N2616 
1N1593 1N1810 1N2617 1-36 
1N 1594 1N1811 1N2620,A,B 1-37 
1N1595 1N1812 1N2621.A,B 
1N1596 1N1813 1N2622,A,B 
1N 1597 1N1814 1N2623.A,B 
1N1598 1N1815 1N2624.A,B 1-37 

1N1599 1N1816 1N2804 1-41 
1N1600 1N1817 1N2805 
1N1601 1N1818 1N2806 
1N1602 1N1819 1N2807 
1N 1603 1N1820 1N2808 
1N 1604 1N1821 1N2809 
1N1605 1N1822 1N2810 
1N1606 1N1823 1N2811 
1N1607 1N1824 1N2812 
1N 1608 1N1825 1N2813 

1N 1609 1-32 1N1826 1N2814 
1N1735 1-3 1N1827 1N2815 
1N1736,A 1N1828 1N2816 
1N1737,A 1N1829 1N2817 
1N1738,A 1N1830 1N2818 
1N1739,A 1N1831 1N2819 
1N1740,A 1N1832 1N2820 
1N1741,A 1N1833 1N2821 
1N1742,A 1-3 1N1834 1N2822 
1N1765 1-33 1N1835 1N2823 

1N1766 1 N1836 1N2824 
1N1767 1N2008 1N2825 
1N 1768 1N2009 1N2826 
1N1769 1N2010 1N2827 
1N1770 1N2011 1N2828 
1N1771 1N2012 1N2829 
1N1772 1N2032 1N2830 
1N1773 1N2033 1N2831 
1N1774 1N2034 1N2832 
1N1775 1-33 1N2035 1-34 1N2833 1-41 

iv 



NUMERICAL INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1N2834 1-41 1N3027,A,B 1-58 1N3336 1-41 
1N2835 1N3028,A,B 1N3337 
1N2836 1N3029,A,B 1N3338 
1N2837 1N3030,A,B 1N3339 
1N2838 1N3031,A,B 1N3340 
1N2839 1N3032,A,B 1N3341 
1N2840 1N3033,A,B 1N3342 
1N2841 1N3034,A,B 1N3343 
1N2842 1N3035,A,B 1N3344 
1N2843 1N3036,A,B 1N3345 

1N2844 1N3037,A,B 1N3346 
1N2845 1N3038,A,B 1N3347 
1N2846 1-41 1N3039,A,B 1N3348 
1N2970 1-44 1N3040,A,B 1N3349 
1N2971 1N3041,A,B 1N3350 1-41 
1N2972 1N3042,A,B 1N3491 1-50 
1N2973 
1N2974 
1N2975 

1N3043,A,B 
1N3044,A,B 
1N3045,A,B 

1N3492 

~ 1N3493 
1N3494 

1N2976 1N3046,A,B 1N3495 1-50 

1N2977 1N3047,A,B 1N3580,A,B 1-35 
1N2978 
1N2979 
1N2980 

1N3048,A,B 
1N3049,A,B 
1N3650,A,B 

1N3581,A,B 

~ 1N3582,A,B 
1N3583,A,B 1-35 

1N2981 1N3051,A,B 1-58 1N3649 1-54 
1N2982 
1N2983 
1N2984 
1N2985 
1N2986 

1N2987 
1N2988 
1N2989 
1N2990 
1N2991 
1N2992 

1N3154,A 1-46 
1N3155,A t 1N3156,A 
1N3157,A 1-46 
1N3189 1-49 

1N3190 

1 
1N3191 
1N3208 
1N3209 
1N3210 
1N3211 

1N3650 

J 

1N3659 
1N3660 
1N3661 
1N3662 

1N3663 1-54 
1N3675 1-56 
1N3676 
1N3677 
1N3678 
1N3679 

1N2993 1N3212 1-49 1N3680 
1N2994 1N3213 1-1 1N3681 
1N2995 1N3214 1-1 1N3682 
1N2996 1N3305 1-41 1N3683 

1N2997 1N3306 1N3684 
1N2998 1N3307 1N3685 
1N2999 1N3308 1N3686 
1N3000 1N3309 1N3687 
1N3001 1N3310 1N3688 
1N3002 1N3311 1N3689 
1N3003 1N3312 1N3690 
1N3004 1N3313 1N3691 
1N3005 1N3314 1N3692 
1N3006 1N3315 1N3693 

1N3007 1N3316 1N3694 
1N3008 1N3317 1N3695 
1N3009 1N3318 1N3696 
1 N3010 1N3319 1N3697 
1N3011 1N3320 1N3698 
1N3012 1N3321 1N3699 
1N3013 1N3322 1N3700 
1N3014 1N3323 1N3701 
1N3015 1-44 1N3324 1N3702 
1N3016,A,B 1-58 1N3325 1N3703 1-56 

1N3017,A,B 1N3326 1N3785 1-57 
1N3018,A,B 1N3327 1N3786 
1N3019,A,B 1N3328 1N3787 
1N3020,A,B 1N3329 1N3788 
1 N3021 ,A,B 1N3330 1N3789 
1N3022,A,B 1N3331 1N3790 
1N3023,A,B 1N3332 1N3791 
1N3024,A,B 1N3333 1N3792 
1N3025,A,B 1N3334 1N3793 
1N3026,A,B 1-58 1N3335 1-41 1N3794 1-57 

v 



NUMERiCAL INDEX (continued) 

DEVICE ---, '~PAGE I 

1 N3795 1-57 
1 N3796 

I 
lN3797 
lN3798 
lN3799 I 
1 N3800 

I lN380-1 
lN3802 

I 
1N3803 
1 N3804 

1 N3805 

DEVICE PAGE 

lN4007 1-85 
lN4057,A 1-3 
lN4058,A 
lN4059,A 
lN4060,A 
lN4061,A 
1N4062,A 
lN4063,A 
1N4064,A 
lN4065,A 

lN4066,A 

DEVICE PAGE 

1 N4387 1-93 
lN4388 1-94 
lN4549 1-41 
lN4550 
1N4551 
lN4552 
lN4553 
lN4554 
lN4555 
lN4556 

lN4557 
1 N3806 lN4067,A lN4558 
lN3807 lN4058,A lN4559 
1N3808 'IN4069,A lN4560 
lN3809 lN4070,A 1N4561 
1N3810 lN4071,A lN4562 
lN3811 lN4072,A lN4563 
lN3812 lN4073,A lN4564 1-41 
lN3813 lN5074_A lN4565 1-96 
1 N3814 lN4075,A lN4566 

lN3815 lN4076,A 1 N4567 
1 N 3816 1N4077,A 1 N4568 
1 N3817 1 N4078,A lN4569 
lN3818 lN4079,A 1 N4570 
lN3819 lN4080,A lN4571 
lN3820 1-57 lN4081,A lN4572 
lN3821,A 1-58 lN4082,A lN4573 
1 N3822,A 1 N4083,A lN4574 
'IN3823,A -IN4084,A lN4575 
lN3824,A lN4085,A 1-3 lN4576 

lN3825,A lN4099 '-89 lN4577 
1 N3826,A lN4100 lN4578 
lN3827,A lN4101 lN4579 
1 N3828,A lN4102 1N4580 
1 N3829,A lN4103 lN4581 
lN3830,A 1-58 1N4104 1N4582 
lN3879 1-64 
lN3880 
lN3881 
lN3882 

lN4105 
lN4106 
lN4107 
lN4108 

11N4583 
lN4584 1-96 
lN4719 1-98 
1N4720 

lN3883 1-64 lN4109 lN4721 
lN3889 1-69 lN4110 lN4722 
lN3890 

l lN3891 
lN3692 

lN4111 
lN4112 
1 N4113 

lN4723 
1N4724 
lN4725 1-98 

lN3893 1-69 1 N4114 lN4728 1-100 
lN3899 1-74 lN4115 lN4729 
1 N3900 

~ 1N3901 
1 N3902 

lN4116 
1N4117 
lN4118 

1 N4730 
1 N4 731 
lN4732 

1N3903 1-74 1 N4119 lN4733 
lN3909 1-79 lN4120 lN4734 
lN3910 

! 1 N3911 
lN3912 

lN4121 
lN4122 
lN4123 

lN4735 
lN4736 
1N4737 

1 N3913 1-79 1N4124 lN4738 
1N3993 1-84 lN4125 lN4739 
1 N3994 lN4126 lN4740 
lN3995 lN4127 lN4741 
lN3996 lN4128 1 N4742 

11N3997 
11N3998 
lN3999 
lN4000 1-84 

lN4129 
lN4130 
lN4131 
lN4132 

lN4743 
1 N4744 
lN4745 
lN4746 

1 N4001 1-85 lN4133 lN4747 
lN4002 

t 
lN4003 
lN4004 
1N4005 

1 N4134 
lN4135 1-89 
lN4370,A 1-8 
lN4371,A 1-8 

1N4748 
lN4749 
1N4750 
lN4751 

lN4006 1-85 lN4372,A 1-8 lN4752 1-100 

vi 



NUMERICAL INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

1 N4753 1-100 lN4934 1-107 2N683 2-54 
1 N4754 
lN4755 
1 N4756 
1 N4757 
1 N4758 

lN4935 ~ lN4936 
1 N4937 1-107 
1 N4997 1-98 
1 N4998 1-98 

2N684 

I 2N685 
2N686 
2N687 
2N688 

1 N4759 1 N4999 1-98 2N689 2-54 
1 N4760 2N173 2-9 2N696S 2-57 
lN4761 2N174 2-1 2N697S 2-57 
1 N4762 2N176 2-4 2N699 2-58 

1 N4763 2N178 2-6 2N702 2-60 
1 N4764 1-100 2N242 2-8 2N703,JAN 2-60 
1 N4765 1-96 2N277 2-9 2N705,JAN 2-61 
1 N4766 2N278 2-9 2N706,A,B 2-63 
lN4767 2N297A 2-12 2N706JAN 2-63 
lN4768 2N307,A 2-8 2N708,JAN,JTX 2-65 
lN4769 2N319 2-14 2N711A,B 2-66 
1 N4770 2N320 2-14 2N717 2-69 
1 N4771 2N~l21 2-14 2N718 2-71 
lN4772 2N322 2-15 2N 718A ,JAN ,JTX 2-73 

lN4773 2N323 2-15 2N720A 2-75 
lN4774 2N324 2-15 2N727 2-77 
lN4775 2N331 2-16 2N736 2-79 
1 N4776 2N350A 2-18 2N739 2-79 
1 N4777 2N351 A 2-18 2N740 2-79 
lN4778 2N375 2-20 2N741,A 2-81 
1 N4779 2N376A 2-18 2N744 2-83 
1 N4780 2N378 2-23 2N753 2-85 
1 N4781 2N379 2-23 2N827 2-87 
1 N4782 2N380 2-23 

2N828 2-89 
1 N4783 2N381 2-25 2N828A 2-91 
1 N4784 1-96 2N382 2-25 2N834 2-94 
lN4896,A 1-105 2N383 2-25 2N835 2-94 
1 N4897,A 2N398,A 2-27 2N838 2-96 
1 N4898,A 2N441 2-29 2N841 2-98 
1 N4899,A 2N442 2-29 2N843 2-100 
1 N4900,A 2N443 2-29 2N869 2-102 
1 N4901 ,A 2N456A 2-32 2N869A 2-104 
1 N4902,A 2N457A 2-32 2N910 2-108 
lN4903,A 2N458A 2-32 

2N914,JAN ,JTX 2-110 
lN4904,A 2N459,A 2-23 2N915 2-112 
1 N4905,A 2N460 2-34 2N916,JAN 2-114 
lN4906,A 2N461 2-34 2N917 2-115 
lN4907,A 2N464 2-35 2N918,JAN ,JTX 2-117 
1 N4908,A 
lN4909,A 
lN4910,A 

2N465 t 2N466 
2N467 2-35 

2N929.A 2-119 
2N929JAN ,JTX t 2N930,A 

lN4911,A 2N499,A,JAN,AJAN 2-37 2N930JAN,JTX 2-119 
lN4912,A 2N502A,B,JAN ,BJAN 2-37 2N956 2-73 
lN4913,A 2N508 2-15 

2N960 2-121 
lN4914,A 2N508A 2-39 2N961 2-121 
1 N4915,A 2N524 2-41 2N962,JAN 2-121 
lN4916,A 
lN4917,A 

2N525 t 2N526 
2N963 2-123 
2N964,JAN 2-121 

lN4918,A 2N527 2-41 2N964A 2-126 
lN4919,A 2N554 2-6 2N965 2-121 
lN4920,A 2N555 2-6 2N966 2-122 
lN4921,A 2N618 2-20 2N967 2-123 
1 N4922,A 2N650,A 2-45 2N978 2-129 
lN4923,A 2N651,A 2-45 

2N985 2-131 
lN4924,A 2N652,A 2-45 2N996 2-133 
1 N4925,A 2N653 2-47 2N998 2-135 
1 N4926,A 2N654 2-47 2Nl008,A,B 2-137 
1 N4927,A 2N655 2-47 2Nl008BJAN 2-137 
lN4928,A 2N656S 2-49 2N 1 011 2-138 
lN4929,A 2N657S 2-49 2N 1 021 2-140 
1 N4930,A 2N665JAN 2-50 2Nl022 2-140 
1 N4931,A 2N669 2-4 2Nl038 2-142 
1 N4932,A 1-105 2N681 2-54 2Nl039 2-142 
1 N4933 1-107 2N682 2-54 

vii 



NUMERICAL INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

2N1040 2-142 2N1544,A 2-189 2N2060JAN,JTX, 2-229 
2N1041 2-142 
2N1042 2-145 
2N1043 , 
2N1044 

2N1545,A 

~ 2N1546,A 
2N1547,A 
2N1548 2-189 

JTXV 
2N2075,A 2-232 
2N2076,A 
2N2077,A 

2N1045 2-145 2N1549,A 2-192 2N2078,A 
2N1073,A,B 2-14B 2N 1550,A 2N2079,A 
2N1099 2-9 2N1551,A 2N2080,A 
2N1100 2-1 2N1552,A 2N2081,A 
2Nl120 2-151 2N 1553,A 2N2082,A 2-232 

2N1131S,JAN 2-153 2N1554,A 2N2102S 2-236 
2N1131AS 2-153 2N 1555,A 2N2137,A 2-238 
2Nl132,A 2-155 2N1556,A 2N2138,A 
2Nl141 2-157 2N1557,A 2N2139,A 
2N1142,JAN 2-157 2N1558,A 2N2140,A 
2N1143 2-157 2N1559,A 2N2141 ;A 
2N1162,A 2-159 2N1560,A 2-192 2N2142,A 
2N1163,A 

I 2N1164,A 
2Nl165,A 

2Nl166,A 

2N1595 2-196 
2N1596 

! 2N1597 

2N1598 

2N2143,A 
2N2144,A 
2N2145,A 

2N2146,A 2-238 
2Nl167,A 2-159 2N 1599 2-196 2N2152 2-242 
2N 1175 2-181 
2N 1185 2-163 
2N1186 t 2N 1187 

2N1613S 2-198 
2N1613JAN 2-198 
2N 1651 2-200 
2N1652 2-200 

2N2153 

! 2N2154 
2N2156 
2N2157 

2N1188 2-163 2N1653 2-200 2N2158 2-242 
2N1189 2-166 2N1705 2-202 2N2171 2-25 
2N1190 2-166 2N1706 2-202 2N2193AS 2-246 
2Nl191 2-168 2N1707 2-202 2N2206 2-248 

2N1192 ~ 2N1193 
2N 1708 2-204 
2N1711S 2-73 

2N2212 2-250 
2N2218S,AS 2-252 

2N1194 2-168 
2Nl195,JAN 2-157 

2N1724 2-206 
2N1725 2-206 

2N2219S,AS 
~ 2N2221,A 

2N1204,A 2-170 2N1751 2-209 2N2222,A 2-252 
2N1358,A 2-1 2N1842 2-211 2N2223,A 2-229 
2N1358,JAN 2-172 2N1842A 2-214 2N2224 2-260 
2N1359 2-20 2N1843 2-211 2N2242 2-262 
2N1360 

I 2N1362 

2N1363 
2N1364 

2N1843A 2-214 

2N1844 2-211 
2N1844A 2-214 
2N1845 2-211 

2N2256 2-264 
2N2257 2-264 

2N2270S 2-267 
2N2273JAN 2-269 

2N1365 2-20 2N1845A 2-214 2N2285 2-200 
2N1408 2-176 2N1846 2-211 2N2286 2-200 
2N1412,A 2-178 2N1846A 2-214 2N2287 2-200 
2N1413 2-181 2N1847 2-211 2N2288 2-270 
2N1414 2-181 2N1847A 2-214 2N2289 2-270 
2N1415 2-181 2N1848 2-211 2N2290 2-270 
2N1495 2-170 2N1848A 2-214 2N2291 2-272 
2N1518 2-183 

2N 1519 I 2N1520 
2N 1521 
2N1522 

2N1849 2-211 
2N1849A 2-214 
2N1850 2-211 
2N1850A 2-214 
2N1890S 2-217 

2N2292 2-272 

2N2293 2-272 
2N2297S 2-274 
2N2319 2-276 
2N2322 2-278 

2N1523 2-183 
2N1529,A 2-185 
2N1530,A 

2N1893S 2-219 
2N1924 2-221 
2N1925 2-221 

2N2323 

~ 2N2324 
2N2325 

2N1531,A 2N1926 2-221 2N2326 2-278 
2N1532,A 2N1970 2-223 2N2330S 2-280 
2N1533 

2N1534,A 
2N1980 ~ 2N1981 

2N2331S 2-280 

2N2357 2-283 
2N 1535,A 2N1982 2-223 2N2358 2-283 
2N1536,A 2N1983 2-224 2N2359 2-283 
2N1537,A 2N1984 2-224 2N2368 2-285 
2N 1538 2-185 2N1990S 2-226 2N2369 2-287 
2N1539,A 2-189 2N1991S 2-153 2N2369A,JAN,JTX, 2-291 
2N1540,A 

~ 2N1541,A 
2N1542,A 

2N2042 2-227 
2N2043 2-227 
2N2060,A 2-229 

JTXV 
2N2381 2-293 
2N2382 2-293 

2N1543 2-189 2N2405S 2-219 

viii 



NUMERICAL INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

2N2453,A 2-296 2N2903,A 2-360 2N3248 2-435 
2N2476 2-298 2N2904S,AS 2-362 2N3249 2-435 
2N2477 2-298 
2N2480,A 2-229 
2N2481,JAN,JTX 2-300 
2N2483 2-304 

2N2905S,AS ~ 2N2906,A 
2N2907,A 2-362 
2N2912 2-365 

2N3250 2-439 
2N3250A,JAN,JTX, 

! JTXV 
2N3251 

2N2484 2-304 2N2913 2-367 2N3251 A,JAN ,JTX 2-439 
2N2490 2-306 2N2914 2N3252S 2-445 
2N2491 

~ 2N2492 

2N2493 2-306 

2N2915 
2N2916 

2N2917 

2N3253S,JAN 2-445 
2N3283 2-450 

2N3284 ~ 
2N2501 2-307 2N2918 2N3285 2-450 
2N2526 2-310 2N1919,JAN,JTX, 2N3287 2-453 
2N2527 2-310 JTXV 2N3291 2-455 
2N2528 2-310 2N2920,JAN ,JTX, 2-367 2N3292 2-455 
2N2539 2-313 JTXV 2N3294 2-455 
2N2540 2-313 2N2944 2-369 2N3295 2-457 
2N2552 2-142 2N2945 2-369 2N3296 2-461 
2N2553 2N2945A 2-371 2N3297 2-465 
2N2554 2N2946 2-369 

2N3298 2-468 
2N2555 2N2946A 2-372 2N3299S 2-470 
2N2556 
2N2557 

2N2947 2-373 
2N2948 2-373 

2N3300S 
~ 2N3301 

2N2558 2N2949 2-376 2N3302 2-470 
2N2559 2-142 2N2950 2-376 2N3303 2-472 
2N2560 2-145 2N2951S 2-378 2N3304 2-474 
2N2561 2N2952S 2-378 2N3307 2-476 
2N2562 2N2955 2-381 2N3308 2-476 
2N2563 2N2956 2-381 2N3311 2-478 
2N2564 

2N2565 
2N2566 
2N2567 2-145 

2N2959S 2-383 

2N3009 2-385 
2N3010 2-387 
2N3011 2-389 

2N3312 ! 2N3313 
2N3314 
2N3315 

2N2573 2-315 2N3012 2-391 2N3316 2-478 
2N2574 

I 2N2575 
2N2576 
2N2577 
2N2578 

2N3013,JAN 2-385 
2N3014 2-385 
2N3019S 2-394 
2N3020S 2-394 
2N3021 2-396 

2N3323 2-481 
2N3324 2-481 
2N3325 2-481 
2N3330 2-484 
2N3365 2-486 

2N2579 2-315 

2N2635 2-318 
2N2639 2-320 
2N2640 

! 2N2641 
2N2642 
2N2643 
2N2644 2-320 
2N2646 2-322 
2N2647 2-322 
2N2652,A 2-324 

2N2710 2-326 

2N3022 

j 2N3023 
2N3024 
2N3025 
2N3026 2-396 
2N3043 2-400 
2N3044 

! 2N3045 
2N3046 
2N3047 
2N3048 2-400 

2N3053S,AS 2-402 

2N3366 2-486 
2N3367 2-486 
2N3375 2-490 
2N3425 2-494 
2N3427 2-496 
2N3428 2-496 
2N3439 2-499 
2N3440 2-499 
2N3444S,JAN 2-445 

2N3445 2-505 
2N3446 

~ 2N3447 
2N2720 2-328 2N3054A 2-404 2N3448 2-505 
2N2721 2-328 2N3055 2-408 2N3467S 2-509 
2N2722 2-330 
2N2723 2-332 

2N3072 2-412 
2N3073 2-412 

2N3467 ,JA N ,JTX 
~ 2N3468S 

2N2728 2-334 2N3110S 2-414 2N3468,JA N ,JTX 2-509 
2N2785 2-336 2N3114S 2-416 2N3485,A 2-362 
2N2789S 2-338 2N3116 2-383 2N3486,A 2-362 
2N2800S 2-340 
2N2801S 2-340 

2N2832 2-342 
2N2833 2-342 
2N2834 2-342 

2N3120 2-418 
2N3127JAN 2-420 

2N3133S 2-423 
2N3135 2-423 
2N3137 2-425 

2N3487 2-512 
2N3488 

! 2N3489 
2N3490 
2N3491 

2N2845 2-348 2N3210 2-427 2N3492 2-512 
2N2847 2-348 2N3211 2-429 2N3494S 2-515 
2N2857 2-350 
2N2894 2-356 

2N3227 2-287 
2N3244S 2-431 

2N3495S 
~ 2N3496 

2N2895 2-358 2N3245S 2-431 2N3497 2-515 
2N2896 2-358 
2N2897 2-358 

ix 



NUMERICAL INDEX (continued) 

DEVICE PAGE DEVICE PAGE DEVICE PAGE 

2N3498S 2-517 2N3766 2-605 2N3978 2-688 
2N3498JAN,JTX, 2N3767 2-605 2N3980 2·690 

JTXV 2N3789 2-610 2N3993 2-692 
2N3499S 
2N3499JAN,JTX, 

2N3790 t 2N3791 
2N3994 2-692 
2N3994A 2-692 

JTXV 2N3792 2-610 2N4012 2·694 
2N3500S 2N3796 2·615 2N4013 2·696 
2N3500JAN,JTX, 

JTXV 
2N3501S 
2N3501JAN,JTX, 2-517 

JTXV 
2N3506S 2-523 
2N3506JAN,JTX, ! JTXV 
2N3507S 
2N3507JAN,JTX, 2-523 

JTXV 
2N3508 2·525 
2N3509 2-525 

2N3510 2·528 
2N3511 2-528 
2N3544 2·531 
2N3546 2·533 
2N3553 2·490 
2N3583 2-537 
2N3584 2-537 
2N3585 2-537 
2N3611 2-544 
2N3612 

~ 2N3613 
2N3614 2-544 
2N3615 2-547 
2N3616 t 2N3617 
2N3618 2·547 
2N3632 2-490 
2N3634S,JAN,JTX 2-551 
2N3635S,JAN,JTX, 

~ JTXV 

2N3636S,JAN,JTX 
2N3637S,JAN,JTX 2-551 
2N3647 2-528 
2N3648 2-528 
2N3673 2·557 
2N3712S 2-559 
2N3713 2-561 
2N3714 

~ 2N3715 
2N3716 2-561 

2N3719 2-565 
2N3720 2-565 
2N3724 2·570 
2N3725 2·570 
2N3726 2-576 
2N3727 2-576 
2N3734S 2-578 
2N3735S 

• 
2N3736 
2N3737 2·578 

2N3738 2-581 
2N3739 2·581 
2N3740,A 2-587 
2N3741,A 2·587 
2N3742S 2-592 
2N3743S,JAN,JTX 2-595 
2N3762S 2·599 
2N3763S,JAN,JTX t 2N3764 
2N3765,JA N,JT X 2-599 

2N3797 2-615 
2N3798,A 2-619 
2N3799,A 2-619 
2N3806 2·623 
2N3807 
2N3808 
2N3809 
2N3810,JAN,JTX 
2N3810A 
2N3811,JAN,jTX, 

JTXV 

2N3811 A 
2N3812 
2N3813 
2N3814 
2N3815 
2N3816 
2N3816A 
2N3817 
2N3817A 2-623 

2N3818 2-626 
2N3821 2·629 
2N3822 2·629 
2N3823 2-631 
2N3824 2-629 
2N3838,JAN,JTX, 2·633 

JTXV 
2N3839 2·350 
2N3866,A 2-635 
2N3867 2·565 

2N3868 2-565 
2N3870 2·640 
2N3871 

• 
2N3872 
2N3873 2·640 
2N3883 2-644 
2N3896 2·640 
2N3897 ~ 2N3898 
2N3899 2-640 

2N3902 2·646 
2N3903 2·650 
2N3904 2-650 
2N3905 2·655 
2N3906 2·655 
2N3909,A 2-660 
2N3924 2·662 
2N3925 ~ 2N3926 
2N3927 2-662 

2N3946 2·668 
2N3947 2-668 
2N3948 2-674 
2N3950 2-678 
2N3959 2-682 
2N3960 2-682 
2N3961 2-490 
2N3970 2-686 
2N3971 2-686 
2N3972 2-686 

2N4014 2·696 
2N4015 2-700 
2N4016 2·700 

2N4048 2·702 
2N4049 

! 2N4050 
2N4051 
2N4052 
2N4053 2-702 
2N4066 2·706 
2N4067 2·706 
2N4072 2-708 
2N4073 2-708 

2N4091 2-710 
2N4092 2-710 
2N4093 2-710 
2N4123 2-712 
2N4124 2·712 
2N4125 2·716 
2N4126 2·716 
2N4130 2·720 
2N4167 2-722 
2N4168 

2N4169 
2N4170 
2N4171 
2N4172 
2N4173 
2N4174 
2N4175 
2N4176 
2N4177 
2N4178 

2N4179 
2N4180 
2N4181 
2N4182 
2N4183 
2N4184 
2N4185 
2N4186 
2N4187 
2N4188 

2N4189 
2N4190 
2N4191 
2N4192 
2N4193 
2N4194 
2N4195 
2N4196 
2N4197 
2N4198 2-722 

2N4199 2-728 
2N4200 

j 2N4201 
2N4202 
2N4203 
2N4204 2-728 
2N4212 2·734 
2N4213 ~ 2N4214 
2N4215 2-734 



NUMERICAL INDEX (continued) 

DEVICE PAGE DEVICE IPAGE 

2N4216 2-734 2N4428 2-828 
2N4220,A 2-736 2N4441 2-830 
2N4221,A , 2-736 2N4442 t 2N4222,A 2-736 2N4443 
2N4223 2-740 2N4444 2-830 
2N4224 2-740 2N4450 2-834 
2N4231 2-744 2N4453 2-104 
2N4231A 2-747 2N4851 2-836 
2N4232 2-744 2N4852 2-836 
2N4232A 2-747 2N4853 2-836 

2N4233 2-744 2N4856,JAN,JTX, 2-840 
2N4233A 2-747 JTXV 
2N4234 2-752 2N4855 2-840 
2N4235 2-752 2N4856,A 2-842 
2N4236 2-752 2N4857,A I 
2N4237 2-757 2N4858,A I 

2N4238 2-757 2N4859,A 

,I 2N4239 2-757 2N4860,A 
2N4240 2-537 2N4861,A 2-842 
2N4260 2-761 2N4870 2-844 

I 2N4261 2-761 2N4871 2-844 
2N4264 2-765 2N4877 2-848 
2N4265 2-765 2N4890S 2-850 
2N4276 2-770 2N4898 2-852 

! 
" '1 

2N4277 2N4899 2-852 I 2N4278 2N4900 2-852 
2N4279 2N4901 2-856 l 
2N4280 2N4902 2-856 
2N4281 2N4903 2-856 
2N4282 2N4904 2-860 

2N4283 2-770 2N4905 2-860 
2N4342 2-774 2N4906 2-860 I! 2N4351 2-776 2N4910 2-864 
2N4352 2-780 2N4911 2-864 

2N4360 2-784 2N4912 2-864 
2N4361 2-786 2N4913 2-868 
2N4362 2N4914 2-868 
2N4363 2N4915 2-868 

2N4364 
2N4918 2-872 

2N4365 
2N4919 2-872 

2N4366 ! 2N4920 2-872 
2N4367 2N4921 2-876 
2N4368 2N4922 2-876 
2N4371 2N4923 2-876 
2N4372 2N4924S 2-880 
2N4373 2N4925 2-880 
2N4374 2N4926 2-882 
2N4375 2N4927 2-882 

2N4376 
2N4928S 2-884 

2N4377 
2N4929S 

i 2N4378 2-786 2N4930S,JA N ,JT X 
2N4391 2-790 2N4931 S,JAN ,JT X 2-884 
2N4392 2-790 2N4937 2-886 
2N4392 2-790 2N4938 

J 

2N4398 2-792 2N4939 
2N4399 2-792 2N4940 
2N4400 2-797 2N4941 
2N4401 2-797 2N4942 2-886 

2N4402 2-802 
2N4948 2-888 

2N4403 2-802 
2N4949 2-888 

2N4404 2-807 2N4957 2-890 
2N4405 2-807 2N4958 2-890 
2N4406 2-813 2N4959 2-890 
2N4407 2-813 2N4993 2-899 
2N4409 2-817 
2N4410 2-817 
2N4416 2-819 
2N4427 2-826 

xi 
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lN248B Ie thru lN2S0B, C 
lN1191 thru lN1198 
lNl195A thru lN1198A 
1 N3213r l N3214 

2. 

Medium current silicon rectifiers. Type numbers shown have 
cathode connected to case, but reverse-polarity units can be obtained 
by adding suffix "R" to standard type number, e.g. IN248BR. 

CASE 42A 
(00-5) 

MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
and 

DC Blocking Voltage 
IN248B, IN1191 
IN248C 
IN249B, IN1192 
IN249C 
1N1193 
1N250B, IN1194 
IN250C 
1N1l95, 1N1195A 
1N1l96, 1N1196A 
lN1197, 1Nl197A, 1N3213 
IN1198, 1N1198A, 1N3214 

RMS Reverse Voltage 
lN248B, 1N1191 
IN248C 
1N249B, 1N1192 
IN249C 
1N1193 
1N250B, 1N1194 
1N250C 
1N1195, 1N1l95A 
1N1196,lNl196A 
1N1197, 1N1197A, 1N3213 
1N1l98, 1Nl198A, 1N3214 

Average 1/2-Wave Rectified Forward Current 
(Resistive Load, 60 Hz , TC = 150°C) 

Peak Repetitive Forward Current 
(TC = 150°C) 

Peak Surge Current 
(TC = 150°C, superimposed on Rated 
Current at Rated Voltage, l/2-Cycle, 
1/120 sec) 

1-1 

Symbol Value Unit 

VRRM Volts 

VR 
50 
55 

100 
110 
150 
200 
220 
300 
400 
500 
600 

VR(RMS) Volts 
35 
38.5 
70 
77 

105 
140 
154 
210 
280 
350 
420 

10 Amp 
20 

IFRM 
90 

Amp 

IFSM Amp 
350 



1 N248B,C thru 1 N250B,C (continued) 

THERMAL CHARACTERISTICS 

Maximum Operating and Storage Temperature: -65 to + 190°C 
Maximum Thermal Impedance. Junction to Case: 6J(j = I.SO°C/W DC 

ELECTRICAL CHARACTERISTICS 

Characteristics 

Full Cycle Average Forward Voltage Drop 
(10 (max). rated Vr , 60 cps, TC = 150°C) 

Instantaneous Forward Voltage Drop 
(IFe iOOAmps, TJ = 25°C) 

Full Cycle Average Reverse Current 
(10 (max). rated Yr' 60 cps, TC 150°C) 

IN248B thru IN250B, IN1l91 thru IN1198 
IN248C 
IN249C 
IN250C 
IN1l95A 
IN1196A 
lN1197A 
IN1l98A 
IN3213 and IN3214 

DC Reverse Current 
(Rated YR' TC = 25°C) 

MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 

Te, MAXIMUM CASE TEMPERATlJRE (0 C) 

1·2 

!l.. 

1000 
800 
600 

400 

~ 200 

100 
80 
60 

40 

20 

10 
8 
6 

4 

2 

Symbol Max Unit 

VF(AV) Volts 
0.6 

vF Volts 
1.5 

IR(AV) rnA 

5.0 
3.8 
3.6 
3.4 
3.2 
2.5 
2.2 
1.5 

10.0 

IR rnA 
1.0 

TYPICAL FORWARD CHARACTERISTICS 

;... 

V 

'/ 

~ 

I I 
I I 

TJ = 150a C / 
I 

TJ = 25°C 

I 

I 
I 

o 0.4 0.8 1.2 1.6 2.0 

v" INSTANTANEOUS FORWARD VOL TAGE (VOLTS) 



lN429 

1 N 1530 series 

1 N 1735 series 

Temperature compensated zener reference diodes de
signed for reference sources utilizing an oxide-passivated 
junction for long-term voltage stability, high uniformity 
and reliable operation. 

lN4057 series 

CASE 41 

CASE 57 

MAXIMUM RATI NGS (T A = 2SoC unless otherwise noted) 

Rating Symbol Value Unit I 
Operating Junction Temperature Range TJ -55 to +175 °c 

I 

Storage Temperature Range 
I 

Tstg -65 to +175 °c 

Power Oissipation* Po See Tables 1 & 2* W 

*The devices are designed for operation at the specified IZT' Operation above or below 
this current is not recommended, since the temperature coefficient is no longer valid. 
See Note 2 and Figure 4. 

MECHANICAL CHARACTER ISTICS 
Discrete glass package devices encapsulated in a 

Case: transfer molded plastic package 

Polarity: Indicated by diode symbol except 1N429, 1N1530, 1N1530A where cathode 
indicated by polarity dot of contrasting color 

--
Weight: Varies according to device 

0.5 grams (min) 
12 grams (max) 

Finish: All external surfaces corrosion resistant and leads readily solderable. 

1-3 



1 N429/1 N1530/1 N1735/ 1 N4057 (continued) 

TABLE 1 - ELECTRICAL CHARACTERISTICS (TA '" 25°C unless otherwise noted) 

TYPE CASE 

Zener 
Voltage ±.5% 

Vz @ IZT 
Volts rnA 

ZZT 
Ohms 

(Note 3) 

Temperature 
Coefficient 

%/OC 
(Note 2) 

/:'VZ @ IZT 
(+25 to +1000 C) 

Volts 
(Note 2) 

/:,VZ 
(-55 to + 250 C) 

Volts 
(Note 2) 

1 N4057 41·8 12,4 10 25 0,005 0,047 0.050 
1 N4057 A 12.4 I 25 0.002 0.019 0.020 
1 N4058 14.6 30 0.005 0.055 0.058 
1 N4058A 14.6 0.002 0.022 0.023 

1 N4059 16.8 0.005 0.063 0.067 
1 N4059A 16.8 0.002 0.025 0,027 
1 N4060 18.5 0.005 0.069 0.074 
1 N4060A 18.5 0.002 0.028 0.030 
1 N4061 21 35 0.005 0.079 0.084 

1 N4061 A 21 35 0.002 0.032 0.034 
1 N4062 23 40 0.005 0.086 0.092 
1 N4062A 23 40 0.002 0.035 0.037 
lN4063 27 45 0.005 0.101 0.108 
1 N4063A 27 45 0.002 0.041 0,043 

1 N4064 30 50 0.005 0.113 0.120 
1 N4064A 30 50 0.002 0.045 0.048 
1 N4065 33 55 0.005 0.124 0.132 
1 N4065A 33 55 0.002 0.050 0.053 
lN4066 37 7.5 80 0.005 0.139 0.148 

1 N4066A 37 80 0.002 0.056 0.059 
1 N4067 43 90 0.005 0.161 0.172 
1 N4067 A I 43 90 0.002 0.065 0.069 

; ~:~i~A I:; I :gg g:~g; g:~;~ g:~~~ 
1N4069 41~9 I 51 I 110 0.005 0.191 0.204 
1 N4069A 51 110 0.002 0.077 0.082 
1 N4070 55 120 0.005 0.210 0.224 
1 N4070A 56 120 0.002 0.084 0.090 

1,5 

I 

___ lN4~~ __ -+ ____ t-~6~2~-i __ ~~ __ -t __ ._'~13",5 ____ t ____ ~O' .. =OO==-5 _____ ~ ___ 0~.~2~3~2 __ -+ __ ~O~.2~4=8~ __ +-__ -r __ -1 

; ~:~;~ A I ~; 5.0 ~;~ g:~g; g:~;; g:~;; 
1 N4072A ! 68 230 0.002 0.102 0.109 

I-_:,-,~~:-,-g;:.;:..;~,-,A-'--_-t il._-i ____ +_--';--';'---i __ t---i_---';o~,:.:g'--+_---=g~~~ ~:~~ ~ g:~gg 
1 N4074 I 82 I 270 0.005 0.307 0.328 
1 N4074A 82 270 0.002 0.123 0.131 
1 N4075 87 290 0.005 0.326 0.348 
1N4075A l 87 290 0.002 0.131 0.139 

~:~;A -I--+---+---,~~~~---+---~-+--~~~!~g----~-~g~·g~g~~~---il-i--=~·~~=~~i----~--~g~:!~;~i~---r---+----1 
1 N4077 A 100 340 0.002 0.150 0.160 
1 N4078 105 2.5 700 0.005 0.394 0.420 
1 N40}8A 105 700 0.002 0.158 0.16B 

1 N4079 110 740 0.005 0.413 0.440 
1 N4079A 110 740 0.002 0.165 0.176 
'1 N4080 120 800 0.005 0.450 0.480 
1 N4080A 120 800 0.002 0.180 0.192 
lN4081 41·10 130 840 0.005 0.488' 0.520 2.5 

lN4081A 130 840 0.002 0.195 0.208 
1 N40S2 140 960 0.005 0.525 0.560 
1 N4082A 140 960 0.002 0.210 0.224 
1 N4083 150 1020 0,005 0.563 0.600 
1 N4083A 150 1020 0.002 0.225 0.240 

1 N4084 175 1150 0.005 0.656 0.700 
1 N4084A 175 1150 0.002 0.263 0.280 
1 N4085 200 1350 0.005 0.750 0.800 
1 N4085A 200 1350 0.002 0.300 0.320 

'" Derate linearly from 25°C to 1 75°C. 
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1 N429/1 N1530/1 N1735/1 N4057 (continued) 

TABLE 2 - ELECTRICAL CHARACTERISTICS (lZT = 7.5 mA, TA = 250 C unless otherwise noted) 

Max Voltage Change 
Zener @ 

Voltage -55, +25, +100oC 
Type Vz ±-5% tNZ (Volts) 

Number (Volts) (Note 2) 

1 N429 (J) 6.2 0.050 

lN1735 6.2 0.050 

1N1530·· 
B.4 0.014 

1N1530A" .. ~ 0.007 

1N1736 
12.4 0.100 

lN1736A 0.050 

1 N1737 
18.6 0.150 

1N1737A 0.075 

lN1738 
24.8 0.200 

lNl738A 0.100 

lN1739 0.250 
lN1739A 

31.0 
0.125 

lN1740 
37.2 

0.300 
lN1740A 0.150 

lN1741 
43.4 0.350 

lN1741A 0.175 

;~:~:;A @ 49.6 
0.400 

0.200 

• Derate linearly from 25°C t.;) 175°C 

**IZT = 10 mA 

Max Dynamic 
Impedance 
(Note 31 

ZZT (Ohms) 

20 

20 

15 

40 

60 

80 

100 

120 

140 

180 

1-5 

I 

Temperature Power· 
Coefficient Dissipation 

(Note 2) Po Case Figure 
(%/oC) (mW) Number Number 

0.01 200 53 1 

0.01 200 41-6 2 

0.002 
250 57 

0.001 3 

0.01 
0.005 

400 41·3 2 

0.01 
0.005 

600 41-5 2 

0.01 
0.005 

BOO 41-5 2 

0.01 
0.005 

1000 41·4 2 

0.01 
1200 41-4 

0.005 
2 

0.01 
0.005 

1400 4'1 .. 4 2 

0.01 

0.005 
1600 41-4 2 

CD Available to M I L-S-19500/299 Specifications. 

® Available to MI L-S-19500/320 Specifications. 

@ Avaiiable to M I L-S··j 9500/298 Specifications. 



1 N429/1 N1530/1 N1735/ 1 N4057 (continued) 

TEMPERATURE-COMPENSATED REFERENCE DIODES 

Temperature compensated reference diodes are made possible by 
taking advantage of the differing thermal characteristics of forward 
and reve~ biased silicon PN junctions. A forward biased junction 
has a negative temperature coefficient of approximately 2.0 milli
vo!ts/QC. Reverse biased junctions above 5.0 volts have a positive 
temperature coefficient and therefore it is possible by judicious sel
ection of combinations of forward and reverse biased junctions to 

obt<:lin a device which shows a very low temperature coefficient due 
to cancellation. Because of the differing impedance versus tempera
ture cnaracteri~"tics of the junctions involved, optimum temperature 
stability is obtained by' operating in the zener current range at which 
the temperature coefficient is a minimum (Figure 4) 

Further information, including a method of effective impedance 
canceilation in a bridge circuit for ultra~stable reference supplies, is 
contained In the Zener Diode Handbook. The handbook, containing 
valuable theory, design, and application information, is available 
from your distributor. 

NOTE 1 - Voltage~Current Characteristics 

Figure:4 shows the voltage-current characteristics of a typical 
temjJerature compensated unit at three different temperatures. The 
exploded view illustrates the cross-over area (optimum temperature 
stability point), the non-linearity of the temperature~voltage relation
ship, and the maximum voltage variation (AVZ) for the three temp
eratures shown. 

Because of device impedance, the reference voltage will vary with 

changes in zener current. These variations can be minimized by driv· 
ing the device from a constant current source. 

NOTE 2 - Voltage Variation (A Vzl and Temperature Coefficient 

All reference diodes are characterized by the "box" method. 
This method provides for a guaranteed maximum voltage variation 
(6 V Z in mY) over a specified temperature range at the specified 
IZT verified by tests at several points within the range. (Maximum 
voltage variations over the specified temperature ranges are given in 
Tables 1 and 2.) The design engineer now has a number (without 
any calculations) teliing him the stability of the voltage over the 
temperature range of interest thus giving him the maximum flexibil~ 
ity as well as economy in selecting the temperature stability re
quired. The referenced military specifications use this approach to 
characterize these devices. 

Since reference diodes have a non-linear voltage~temperature re
lationship (illustrated in exploded view, Figure 4) the temperature 
coefficients in %/oC are tabulated primarily for reference purposes 
and are guaranteed only at the end points of the temperature range. 

NOTE 3 - Zener I mpedance Derivation 

The dynamic zener impedance, ZZT, is derived from the 60 Hz 
ac voltage which results when an ac current with an rms value equal 
to 10010 of tile dc zener current, IZT, is superimposed on 'ZT. A 
cathode-ray tube curve trace test on a sample basis is used to en~ 
sure that each zener characteristic has a sharp and stable knee re
gion. 

FIGURE 4 - TYPICAL OPERATING CHARACTERISTICS 

AVZ(max) @ IZT-

NOTE 1 

Hi 

Vz@ IZT 

V z . ZENER VOLTAGE (VOLTS) 

f
Z 
UJ 
a: 
a: 
::> 
u 
a: 
w 
z 
w 
N 

N 



1 N429/1 N1530/1 N1735/1 N4057 (continued) 

DIM 

A 
B 
0 
F 
K 

DIM 

A 
B 
0 
F 
K 

DIM 

A 
B 
0 
F 
K 

DIM 

A 
B 
0 
F 
K 

T 
C 

1 
K 

~ 
-H--D 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.33 5.84 0.210 0.230 
B 4.57 5.08 0.180 0.200 
C 8.89 9.40 0.350 0.370 
D 0.48 0.56 0.019 0.022 
G 1.14 1.40 0.045 0.055 
I( 26.97 - 1.062 -

NOTE: 
1. POLARITY INDICATED BY 

CATHODE DDT ON BODY 
ADJACENT TO CATHODE 
LEAD. 

CASE 53 

·01 
MILLIMETERS INCHES 
MIN MAX MIN MAX 

- 25.40 - 1.000 
- 12.70 - 0.500 

0.76 0.86 0.030 0.034 
- 1.27 - 0.050 

31.75 - 1.250 -
·03 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

- 26.16 - 1.030 
- 9.60 - 0.378 

0.76 0.86 0.030 0.034 
- 1.27 - 0.050 

31.75 - 1.250 -
·04 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

- 30.99 - 1.220 
- 16.28 - 0.641 

0.76 0.86 0.030 0.034 
- 1.27 - 0.050 

44.45 - 1.750 -
·05 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

- 16.64 - 0.655 
- 16.28 - 0.641 
0.76 0.86 0.030 0.034 
- 1.27 - 0.050 

31.75 - 1.250 -

K 

CASE 41 

8 
J B 1--

--~=-r 
--~:li 

H 
A 

_f 

NOTE: 
1. LEAD FINISH & DIA 

UNCONTROLLED IN 
AREA "F". 

1· 7 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 14.22 - 0.560 
C - 16.26 - 0.640 
0 0.74 0.89 0.029 0.035 
F 1.02 0.040 
G 5.08 BSC 0.200 BSC 
K 19.05 - 0.750 -

CASE 57 

·06 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 13.21 0.520 
8 - 6.98 - 0.275 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 31.75 - 1.250 -

·08 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 13.21 - 0.520 
B 6.10 6.60 0.240 0.260 
0 0.71 0.81 0.028 0.032 
F - 1.27 - 0.050 
K 25.40 - 1.000 -

·09 
MIL LlMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 19.81 - 0.780 
B 6.10 6.60 6.240 0.260 
0 0.58 0.81 0.023 0.032 
F - 1.27 - 0.050 
K 25.40 - 1.000 -

·10 
MilliMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 29.34 - 1.155 
B 7.70 8.20 0.303 0.323 
0 0.71 0.81 0.028 0.032 
F - 1.27 0.050 
K 25.40 - 1.000 -



1 N102 thru 1 N145 (ZENER DIODES) 

Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see IN5221 series. 

CASE 51 
(00·7) 

1(4 watt, 2-200 volts 

Polarity Indicated by Cathode Band 

1N746 thru lN7591N746Athru lN759A (ZENER DIODES) 

lN4370 thru 1 N4372 1 N4370A thru 1 N4372A 

8 Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. 

CASE 51 

Polarity Indicated by Cathode Band 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to + 175°C 
D C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW;oC 
Above 50°C Ambient) 

TOLERANCE DESIGNATIONS 

The type numbers shown have tolerance deSignations as follows: 
IN4370 series: ±10%, suffix A for ±5% units. 
IN746 series: ± 10%, suffix A for ±5% units. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

NOMINAl MAXIMUM 
MAXIMUM REVERSE LEAKAGE CURRENT 

ZENER VOLTAGE TEST MAXIMUM ZENER IMPEOANCE DC ZENER CURRENT 
TYPE V,@I" CURRENT Zn @I" I" T. = 2S'C 

NUMBER In I,@V. = IV 
YOLTS mA Ohms mA ~A 

IN4370 2.4 20 30 150 100 
IN4371 2.7 20 30 135 75 
I N4372 3.0 20 29 120 50 
1 N746 3.3 20 28 liD 10 
IN747 3.6 20 24 lOa 10 
IN748 3.9 20 '23 95 10 

IN749 4.3 20 22 85 2 
IN7S0 4.7 20 19 75 2 
IN7S1 5.1 20 17 70 I 
IN752 5.6 20 II 65 I 
IN753 6.2 20 7 60 0.1 
IN754 6.8 20 5 55 0.1 

IN755 7.5 20 6 50 0.1 
IN756 B.2 20 8 45 0.1 
IN7S7 9.1 20 10 40 0.1 
IN758 10.0 20 17 35 0.1 
IN759 12.0 20 30 30 0.1 

POLARITY: Cathode End, Indicated by Color Band, Will Be Positive When Operate 
Operated I n The Zener Region. 

1·8 

T.=150'C 
I.@ Y. = IV 

vA 

200 
150 
100 

30 
30 
30 

30 
30 
20 
20 
20 
20 

oo-

20 
20 
20 
20 
20 



1N746thru 1N759(continued) 

SPECIAL SELECTIONS AVAI LABLE INCLUDE: (Soo Selector Guido for details) 
1 - Nominal zener voltages between those shown. 
2 - Matched sets: (Standard Tolerances are ±5.0%. ±-3.0%. =2.0%. ±1.0%) depending on voltage per device. 

a Two or more units for series connection with specIfied tolerance on tot~1 voltage. Series matched sets make possible higher 
zener voltages and provide lower temperature coefficients:. lower dynamic impedance and greater power handling ability. 

b. Two or more units matched to one another with any specified tolerance. 
3 - Tight voltage tolerances: 1.0%.2.0%,3.0%. 

To designate units with zener voltages other than 
those listed, the Motorola type number should be 
modified as shown below. Unless otherwise specified, 
the electrical characteristics other than the nominal 

voltage (V z) and test voltage for leakage current will 
conform to the characteristics of the next higher 
voltage type shown in the table. 

EXAMPLE: IN746 series, IN4370 series 

.4 

T 
Power Rating 

lN761 thru lN769 

M 3.7 A Z 5 

T ~AIY T T 
Motorola Zener Diode Tolerance (±%) 

Nominal Voltage 

Recommended for applications requiring an exact 
replacement only. For new designs see lN5221 series. 

1·9 



.4M.64FRIO/IN816 
.4Ml.36FRS 
.4Ml.36FR2 
.4M2.04FRS 
.4M2.04FR2 

MZ2360 
MZ2361 
MZ2362 

MAXIMUM RATINGS 

Rating 

DC Power Dissipation 

@TL = 300e ±30e, 
Lead Length == 3/8" 

Operating and Storage Junction 
Temperature Range 

.4M.64FR10/1N816 

.4M1.36FR5 

.4Ml.36FR2 

.4M2.04FA5 

.4M2.04FR2 
MZ2361 
MZ2362 

Symbol 

PD 

TJ, Tstg 

Case 51 

00-7 

CONSTANT-VOLTAGE REFERENCE DIODES FOR 
LOW-VOLTAGE APPLICATIONS 

high-conductance silicon diodes designed as a stable forward 
reference source for biasing transistor amplifiers and similar applica
tions, 

• Guaranteed Forward'voltage Range 

• Choice of Package 

• Temperature Effects Provided 

Value Unit 

400 mW 

-65 to +175 °e 

FORWARD REFERENCE 
DIODES 

- STABISTORS-

MECHANICAL CHARACTERISTICS 

Case: Choice of package, either Glass or Surmetic 

Dimensions: See outline drawings 

Finish: All external surfaces are corrosion resistant and leads are readily solder
able and weldable 

Polarity: Cathode indicated by polarity band. Cathode negative for forward 
reference application. 

Weight: 0.2 Gram (approximate) 

Mounting Positions: Any 

1·10 



.4M.64FR10/1 N816,.4Ml.36FR5, .4Ml.36FR2, .4M2.04FR5, 

.4M2.04FR2, MZ2360, MZ2361, MZ2362 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Forward Reference Reverse Leakage 
Voltage (1) Current (Max) 

@ @ 

VF IF IR VR 
Type Number Volts mA ~A Volts 

MinIMax 

.4M.64FR10/ 
0.58/0.70 1.0 0.1 4.0 

lN816* (2) 
.4M1.36FR5 1.29/1.43 10 0.1 4.0 
.4M1.36FR2 1.33/1.39 10 0.1 4.0 
.4M2.04FR5 1.94/2.14 10 0.1 4.0 
AM2.04FR2 2.00/2.08 10 0.1 4.0 
MZ2360 0.63/0.71 10 10 5.0 
MZ2361 1.24/1.38 10 10 5.0 
MZ2362 1.9012.10 10 10 5.0 

*Indicates JEDEC Registered Data for 1N816 

Package Case 

Glass 51 

Glass 51 
Glass 51 
Glass 51 
Glass 51 

SUrmetic 59 
Surmetic 51 

Glass 51 

(1) Motorola guarantees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (TL) at 30°C 
.±. 1°C, 3/8" from the diode body. 

(2) Minimum Saturation Voltage for 1 N816 = 40 V @ 100 JiA. 

liB 
@ MZ2360 

.4M.64FR 10/1 N816 

.4M1.36FR5 

.4M1.36FR2 

.4M2.04FR5 

.4M2.04FR2 

MZ2361 
MZ2362 

CASE 51-02 

00-7 K 

L 
MI L LlMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 - 1.000 -

All JEDEC dimensions and notes apply 

,.,1 

MI L LlMETERS 
DIM MIN MAX 

A 4.07 5.20 
B 2.04 2.71 
D 0.71 0.86 
F - 1.27 
K 27.94 -

NOTE: 
1. POLARITY DENOTED BY 

CATHODE BAND 

INCHES 
MIN MAX 

0.160 0.205 
0.080 0.107 
0.028 0.034 

0.050 
1.100 -

CASE 59-03 
00-41 

All JEDEC dimensions and notes apply. 



.4M.64FR10/1N816, .4M1.36FR5, .4M1.36FR2, .4M2.04FR5, 

.4M2.04FR2, MZ2360, MZ2361, MZ2362 (continued) 

TYPICAL FORWARD VOL TAGE CHARACTERISTICS 
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fiGURE 1 - .4M.64FR10/1N816 
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fiGURE 5 - MZ2361 
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fiGURE 2 - .4Ml.36FR5 
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FIGURE 4 - MZ2360 
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FIGURE 6 - MZ2362 
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.4M.64FR 10/1 N816, .4M1.36FR5, AM1.36FR2, .4M2.04FR5, 

.4M2.04FR2, MZ2360, MZ2361, MZ2362 (continued) 

TYPICAL TEMPERATURE COEFFICIENT 

FIGURE 7 - .4M.64FR10/1N816 FIGURE 8 - MZ2360 
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IF, FORWARD CURRENT 

FIGURE 10 - .4M2.04FR5/MZ2362 
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lN821, A, lN823, A (SILICON) 
lN825, A, lN827, A 
lN829, A 

Temperature-compensated zener reference diodes util
izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +1750 C 

Storage Temperature: -65 to +1750 C 

DC Power Dissipation: 400 mW @ T A = 50°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

CASE 51 
(00·7) 

FINISH: All external surfaces are corrosion resistant and leads are readily sold
erable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherWise noted) 

Maximum Ambient I JEDEC Voltage Test 
Type No. Change Temperature L (Note 1) dVZ (Volts) °c 

(Note 2) 
±loC 

V z '" 6.2 V ±5.0%* @ IZT = 7.5 rnA 

IN821 0.096 -55, 0, +25, +75, +100 

IN823 0.048 

IN825 0.019 

IN827 0.009 

IN829 0.005 

IN821A 0.096 

IN823A 0.048 

IN825A 0.019 

IN827A 0.009 

IN829A 0.005 

*Tighter-tolerance units available on special request. 

CAPACITANCE (C) = 30 to 400 pF @ 90% of V z 

FORWARD BREAKDOWN VOLTAGE (VI) = 15 to 400 V 

1-14 

Maximum 
Temperature Dynamic 
Coefficient Impedance 

?b/oC ZZT Ohms 
(Note 2) 

(Note 3) 

-
0.01 15 

0.005 

1 
0.002 

0.001 

0.0005 

0.01 10 

0.005 

I 0.002 

0.001 

0.0005 



1 N821,A / 1 N823,A / 1 N825,A / 1 N827,A / 1 N829,A (continued) 

100 

MAXIMUM VOL TAGE CHANGE versus AMBIENT TEMPERATURE 

(with IZT ~ 7.5 mA ±O.OI mAl (See Note 4) 

1 N821 thru 1 N829 
FIGURE 1a FIGURE 1b 
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TA, AMBIENT TEMPERATU RE (DC) 

ZENER CURRENT versus MAXIMUM VOL TAGE CHANGE 
(At Specified Temperatures) 

(See Note 5) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 

FIGURE 2 - 1N821 SERIES 

/\VZ, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to lZT =- 7.5 mAl 

FIGURE 3 - lN821A SERIES 
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5.0-"----r 

Wz, MAXIMUM VOLTAGE CHANGE (mil) 
(Referenced to IZT = 7.5 rnA) 



lN821,A /lN823,A /lN825,A /lN827,A /lN829,A (continued) 

MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT 
(See Note 3) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 

FIGURE 4 -lN821 SERIES FIGURE 5 - lN821A SERIES 
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FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 
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NOTE 1: 

Types lN821. lN823. lN825, lN827, and lN829 are available to 
MI L-S-19500/159, 

NOTE 2: 

Voltdge Variation (l'. VZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method" < This 
guarantees a maximum voltage variation (~Vz) over the specified 
temperature range, at the specified test current (lZT), verified by 
tests at indicated temperature points within the range. Vz is meas
ured and recorded at each temperature specified. The ~ Vz between 
the highest and lowest values must not exceed the maximum D. Vz 
given. This method of indicating voltage stability is now used for 
JEDEC registration as welt as for military qualification. The former 
method of indicating voltage stability - by means of temperature 
coefficient - accurately reflects the voltage deviation at the tempera
ture extremes, but is not necessarily accurate within the tempera¥ 
ture range because reference diodes have a nonlinear temperature 
relationship. The temperature coefficient, therefore, is given only 
as a reference. 

NOTE 3: 

The dynamic zener impedance, ZZT, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 

equal to 10% of the de zener current, IZT, is superimposed on IZT. 
Curves showing the variation of zener impedance with zener current 
for each series are given in Figures 4 and 5. A cathode-ray tube 
curve-trace test on a sample basis is used to ensure that each lener 
characteristic has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to -t-50oC will cause a volt· 
age change no greater than +31 mV or -31 mV for 1 N821 or 1 N821 A, 
as illustrated by the dashed lines in Figure 1. The boundar-jes given 
are maximum values. For greater resolution, an expanded view of 
the shaded area in Figure 1a is shown in Figure lb. 

NOTE 5: 

The maximum voltage change, I::J. VZ, Figures 2 and 3 is due en· 
tirely to the impedance of the device. If both temperature and IZT 
are varied, then the total voltage change may be obtained by graph
ically adding avZ in Figure 2 or 3 to the 6.VZ in Figure 1 for the 
device under consideration. If the device is to be operated at some 
stable current other than the specified test current, a new set of 
characteristics may be plotted by superimposing the data in Figure 2 
or 3 on Figure 1. For a more detailed explanation see AN-437 
{Application Notel. 
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lN935, A, B (SILICON) 

thru 

lN939, A, B 
Temperature-compensated zener reference diodes util

izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +1750 C 

Storage Temperature: -65 to +175 0 C 

DC Power Dissipation: 500 mW @ T A = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

CASE 51 
(D0-7) 

FINISH: All external surfaces are corrosion resistant and leads are readily sold· 
erable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram(approx) 

MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (TA = 25'C "nless othetwlce noted) 

JEDEC 
Type No. 
(Note I) 

Maximum 
Voltage 
Ch,mge 

f).V Z (Volls) 

(Kote 2) 

~ ___ ~I~N9~3~5 ____ 4-____ ~0.~0~67~ _____ 

___ IN _9:.:36~ __ -+ ____ ....:0,,-. ::.:03c:.3 ____ --j 

f------------'."937____ 0.013 

IN938 0.006 
~----------4---------------

IN939 0.003 

c-___ ....:I~N~93~5~A ____ ~ __ ~O~.1~3"_9 ____ _1 

~ __ ~I~N9~3~6A,~ __ + _____ ~0 . ....:0~69~ ______ 

IN937A 0.027 

IN939A 0.007 

IN935B 0.184 

IN936B 0.092 

IN937B 0.037 
-------------------

IN938B 0.018 
---·--I-N9-3--9-B---~----~0-.0-09-------

Ambient 
Test 

Temperature 
°c 

±1oC 

0, +25, -1-75 

-55, 0, +25, 

+75, +100 

*Tighter-tolerance units available on special request. 

CAPACITANCE (C) = 20 to 180 pF @ 90% of Vz 
FORWARD BREAKDOWN VOLTAGE (VI) = 100 to 800 V 
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0.002 
c-----O. 001 -----

c--------------
O. 0005 

0.01 
f----------

0.005 

0.002 
r------O.OO;-------

0.0005 

0.01 
------------

0.005 
,----------------

0.002 
c-----O:ooj-----
c------------c----

O. 0005 

Maximum 
Dyn:.tmic 

Imped::mce 
ZZT (Ohms) 

(Note 3) 

20 

20 

20 
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1 N935, A, B thru 1 N939, A, B (continued) 

150,---1'- ---

I IZT""7.!imA 

I I 
100 

0 

I 

+-
-100~---

-150 
-55 50 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(with !ZT -"- 7,5 mA 1:0,01 rnA) (See Note 4) 

1 N935 thru 1 N939 
FIGURE 1a FIGURE 1b 
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TA, AMBIENT TEMPERATU RE lOCI 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 

FIGURE 2. 

(with IZT ~ 7.5 mA ±O,01 mAl (See Note 4) 

1 N935A thru 1 N939A 

TA, AMBIENT TEMPERATURE lOCI 
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FIGURE 2b 



1 N935, A, B thru 1 N939, A, B (continued) 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
Iwith IZT = 7.5 mA ±O.Ol mAl ISee Note 41 

1 N935B thru 1 N939B 
FIGURE 3. FIGURE 3b 
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TA, AMBIENT TEMPERATURE lOCI 

FIGURE 4 - ZENER CURRENT versus MAXIMUM 
VOL TAGE CHANGE lat specified temperaturesl 

(See Note 5) 

,,vZ, MAXIMUM VOLTAGE CHANGE ImVI 
(Referenced to IZT = 7.5 rnA) 

FIGURE 5 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT 

(See Note 3) 
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1 N935, A, B thru 1 N939, A, B (continued) 

FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 

20 r-=l r=[-' : 
IZT~" 7.5 mA I / 

~ 6 r-----BANDWIOTH 0 500 Hz ~ V-t-- - ---

10 20 30 40 50 100 200 400 1000 
fe, CENTER FREQUENCY 1kHz) 

NOTE 1: 

Types 1N935B, 1 N937B, and 1N9398 are available to M i L~S-19500/ 
156. 

NOTE 2: 

Voltage Variation (,,,,Vz) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (IoVZ) over the specified 
temperature range, at the specified test current (lZT), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 3: 

Zener Impedance Derivation 

The dynamic zener impedance, ZZT, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, 'ZT, is superimposed on IZT. 
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Curves showing the variation of zener impedance with lener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +50oC will cause a volt
age change no greater than.+22 mV or -22 mV for 1N935, as illus
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values, For greater resolution, expanded views of the 
shaded areas in Figures 13, 2a, and 3a are shown in Figures 1b, 2b, 
and 3b respective! y. 

NOTE 5: 

The maximum voltage change, L1 VZ, in Figure 4 is due entirely to the 
impedance of the device. If both temperature and IZT are varied, 
then the total voltage change may be obtained by adding 6.VZ in Fig
ure 4 to the L1VZ in Figure 1,2, or 3 for the device underconsidera
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1,2, or 3. 



1 N941 I A, B (SILICON) 
thru 

lN945, A, B 
Temperature-compensated zener reference diodes util

izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +1750 C 

Storage Temperature: -65 to +1750 C 

DC Power Dissipation: 500 mW @ T A = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FI NISH: All external surfaces are corrosion resistant and leads are readily sold
erable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram(approx) 

MOUNTING POSITION: Any 
ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwI>e noted) 

Maximum 
Voltage Ambient 

Change Test 
JEDEC 

{,.V Z (Volts) Temperature 
Type No. °e 
(Note 1) (Note 2) ±loC 

V " Z 
11.7 V ±5.0',6* @ IZTo7.5rnA 

1N941 0.088 --
1N942 0.044 

I-------~-------------
1N943 0.018 

0, ,25, +75 1------------ ---' 
1N944 0.009 

r---
1N945 0.004'-

--

1N941A 0.181 
--

1N942A 0. 090 

lN943A a. 036 -55, 0, +25, 

1N944A --0.018 +75, +100 

lN945A 0.009 
------- -,-

1N941B 0.239 

1N942B 0.120 
----------

lN943B 0.047 -55, 0, +25, 
--

1N944B a. 024 +75, +100, e150 
f------

1N945B 0,012 r-------- ------

*Tighter-toierance units available on special request. 

CAPACITANCE (C) = 14 to 35 pF@ 90% of Vz 

FORWARD BREAKDOWN VOLTAGE (Vf) = 150 to 1200 V 
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Temperature 
Coefficient 

(N~te 2) 

0.01 
--

0. 005 
---------

O.OOZ 
---~--------

0.001 

0. 0005 
~-------

0.01 
--

0. 005 
--o.OOZ--

0.001 

-0.000"5--

0.01 
I--------~-

0.005 

0.002 
---0:-00-1----

1--
0.0005 

f---------

CASE 51 
(DO-7) 

Maximum 
Impedance 
ZZT (Ohms) 

(Note 3) 

30 

30 

30 



1 N941, A, B thru 1 N945, A, B (continued) 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(With I ZT = ., 5 mA i 0.01 mAl (See Note 4) 

1 N941 thru 1 N945 
FIGURE 1a FIGURE 1b 

100 25 
-+~----------+-- ~-----4 

'-lN944-~ -1- ----~~ 
--.~;--- -"--~- --------

--~-__+__~_+_---- -f i 
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, I 
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-100 LO ----':25,----=5':..10 ---'7:':5-----'--~'-------' 
---I 

-25'---c....:..~---~-'--"----)':..5----L------l 

TA, AMBIENT TEMPERATURE IOGI 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(With IZT = 7.S mA :.lO.Ol rnA) (See Note 4) 

1N941A thru 1N945A 
FIGURE 2a FIGURE 2b 
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1 N941, A, B thru 1 N945, A, B (continued) 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(with IZT =: 7.5 mA ±O.Ol mAl (See Note 4) 

1N941B thru 1N945B 
FIGURE 3a FIGURE 3b 
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FIGURE 4 - ZENER CURRENT versus MAXIMUM 
VOL TAGE CHANGE (At specified temperatures) 

(See Note 5) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED 8Y THE CURVES 
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FIGURE 5 - MAXIMUM ZENER IMPEDANCE versus 
ZENER CURRENT 

(See Note 3) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED 8Y THE CURVES 
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1 N941 , A, B thru 1 N945, A, B (continued) 

FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 
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NOTE 1: 

Types lN941B, 1 N943B, and lN944B are available to MIL·S·19500/ 
157. 

NOTE 2: 

Voltage Variation (lIoVZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (,~'I. VZ) over the specified 
temperature range, at the specified test current (lZTl. verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 3: 

Zener I mpedance Derivation 

The dynamic zener impedance, ZZT, is derived from the 6o-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10010 of the dc zener current, IZT, is superimposed on IZT-
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Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +50oC will cause a volt
age change no greater than +29 mV or -28 mV for 1N941, as illus
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures la, 2a, and 3a are shown in Figures lb, 2b, 
and 3b respectively. 

NOTE 5: 

The maximum voltage change, 6. VZ, in Figure 4 is due entirely to the 
impedance of the device. If both temperature and I ZT are varied, 
then the total voltage change may be obtained by adding 6.VZ in Fig
ure 4 to the 6.VZ in Figure 1,2, or 3 for the device underconsidera~ 
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1,2, or 3. 



lN9S1 thru lN992 

CASE 51 
(00-7) 

MAXIMUM RATINGS 

Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 

Junction and Storage Temperature: -65°C to +175°C 
D C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW jOc 
Above 50°C Ambient) 
TOLERANCE DESIGNATIONS 
With no suffix, tolerance is ±20%, for ±10% units, add suffix A, for ±5% units, 
add suffix B. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Motorola Guarantees the Zener Voltage at 90 Seconds with Lead Temperature of 30oC± 1°C, 3/8" from Unit Body. 

NOMINAL MAXIMUM ZENER IMPEDANCE MAXIMUM REVERSE LEAKAGE CURRENT 
ZENER VOLTAGE TEST DC ZENER CURRENT 

TYPE V. CURRENT I'M 
NUMBER I" Z"@I,, Z .. @I .. I .. I, MAXIMUM TEST VOlTAGE Vile' 

VOLTS mA Ohms Ohms mA mA ("A) VR, VR, 

IN957 6.8 18.5 4.5 700 1.0 47 ISO 5.2 4.9 
IN958 7.5 16.5 5.5 700 0.5 42 75 5.7 5.4 
IN959 8.2 IS 6.5 700 0.5 38 50 6.2 5.9 
IN960 9.1 14 7.5 700 0.5 35 25 69 6.6 
IN961 10 12.5 8.5 700 0.25 32 10 7.6 7.2 
IN962 II 11.5 9.5 700 0.25 28 5 8.4 8.0 

IN963 12 10.5 11.5 700 0.25 26 5 9.1 8.6 
IN964 13 9.5 13 700 0.25 24 5 9.9 9.4 
IN965 15 8.5 16 700 0.25 21 5 11.4 10.8 
IN966 16 7.8 17 700 0.25 19 5 12.2 11.5 
IN967 18 7.0 21 750 0.25 17 5 13.7 13.0 
IN968 20 6.2 25 750 0.25 15 5 15.2 14.4 

IN969 22 5.6 29 750 0.25 14 5 16.7 15.8 
IN970 24 5.2 33 750 0.25 13 5 18.2 17.3 
IN971 27 4.6 41 750 0.25 II 5 20.6 19.4 
IN972 30 4.2 49 1000 0.25 10 5 22.8 21.6 
IN973 33 3.8 58 1000 0.25 9.2 5 25.1 23.8 
IN974 36 3.4 70 1000 0.25 8.5 5 27.4 25.9 

IN975 39 3.2 80 1000 0.25 7.8 5 29.7 28.1 
IN976 43 3.0 93 1500 0.25 7.0 5 32.7 31.0 
IN977 47 2.7 105 1500 0.25 6.4 5 35.8 33.8 
IN978 51 2.5 125 1500 0.25 5.9 5 38.8 36.7 
IN979 56 2.2 150 2000 0.25 5.4 5 42.6 40.3 
IN980 62 2.0 185 2000 0.25 4.9 5 47.1 44.6 

IN981 68 1.8 230 2000 0.25 4.5 5 51.7 49.0 
IN982 75 1.7 270 2000 0.25 4.0 5 56.0 54.0 
IN983 82 1.5 330 3000 0.25 3.7 5 62.2 59.0 
IN984 91 1.4 400 3000 0.25 3.3 5 69.2 65.5 
IN985 100 1.3 500 3000 0.25 3.0 5 76.0 72.0 
IN986 110 l.l 750 4000 0.25 2.7 5 83.6 79.2 

IN987 120 1.0 900 4500 0.25 2.5 5 91.2 86.4 
IN988 130 0.95 1100 5000 0.25 2.3 5 98.8 93.6 
IN989 150 0.85 1500 6000 0.25 2.0 5 114.0 108.0 
IN990 160 0.80 1700 6500 0.25 1.9 5 121.6 115.2 
IN991 180 0.68 2200 7100 0.25 1.7 5 136.8 129.6 
IN992 200 0.65 2500 8000 0.25 1.5 5 152.0 144.0 
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1 N957 thru 1 N992 (continued) 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 
1 - Nominal zener voltages between those shown. 

2 -;.~~~hoerd ~~:::U(~it~nf~~r~e~~~e~~nnCne:c~~~ :;'~tR~pe~~{~J\o~~~~~~' ~lt~~l ~~ft:~~!nte~i~sv~~rctfders~;;i~eake possible higher 
zener voltages and provide lower temperature coefficients. lower dynamic impedance and greater power handling ability. 

b. Two or more units matched to one another with any specified tolerance. 
3 - Tight voltage tolerances: 1.0%.2.0%.3.0%. 

*V Rl - Test Voltage for 5% Tolerance Device 

V R2 - Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 

To designate units with zener voltages other than 
those listed, the Motorola type number should be 
modified as shown below. Unless otherwise specified, 
the electrical characteristics other than the nominal 

voltage (Vz) and test voltage for leakage current will 
conform to the characteristics of the next higher 
voltage type shown in the table. 

EXAMPLE: IN957 series 

.4 M 115 Z 3 

T 
Power Rating 

T 
Motorola l T 

Zener Diode 
T 

Tolerance (±%) 

Nominal Voltage 

1-26 



1 N 1183 thru 1 N 1190 (SILICON) 

CASE 42A 
(00-5) 

Medium current silicon rectifiers. Type numbers shown have 
cathode connected to case, but reverse-polarity units can be obtained 
by adding suffix "R" to standard type number, e.g. IN 1183R. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Repetitive Reverse Voltage VRRM Volts 
and 

DC Blocking Voltage VR 
1N1183 50 
1N1184 100 
1N1185 150 
1N1186 200 
1N1187 300 
1N1188 400 
1N1189 500 
1N1190 600 

RMS Reverse Voltage VR(RMS) Volts 
1Nl183 35 
1N1184 70 
lN1185 105 
1N1186 140 
1N1187 210 
1N1188 280 
1N1189 350 
1N1190 420 

Average 1/2-Wave Rectified Forward 10 Amp 
Current 

(Resistive Load, 60 Hz , TC = 140'C) 35 

Peak Repetitive Forward Current 1FRM Amp 
(T C = 140'C) 150 

Peak Surge Current 1FSM Amp 
(TC = 140'C, superimposed on Rated 400 

Current at Rated Voltage) 

Operating and Storage Temperature TJ • Tstg -65 to +190 'c 

Thermal Resistance, Junction to Case ReJC 1.0 'C/W 
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1 N1183 thru 1 N1190 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristics 

Max Full Cycle Average Forward Voltage Drop 
(10 (max)' rated V r' 60 Hz, T C = 140' C) 

0::-
:;; 
~ ... 
z .... 
a:: 

"" ~ 
(.) 

Q 
0:: 

~ 
0:: 
0 ... 
u.J 
c..:> 
<C 
0:: ..... 
:> 
<C 

;;-
~ 

Max Instantaneous Forward Voltage Drop 
(IF = 100 Amps, T J = 25'C) 

Max Full Cycle Average Reverse Current 
(10 (max)' rated Vr ' 60 Hz, TC = 140'C) 

Max DC Reverse Current 
(Rated VR' TC = 25') 

MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 

45 

40 ~ 
\Dc 

35 

30 

25 

20 

15 

f-t, 

1\ \ 
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1\1> AND 3\1>' \ 
H, \ 1\ 

\ .\ 

" I\~ 6;"'" 
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~ ...., 
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Te, MAXIMUM CASE TEMPERATURE (OC) 
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Symbol Value Unit 

VF(AV) 0.6 Volts 

vF 1.3 Volts 

Ia(AV) 10.0 mA 

Ia 1.0 mA 

TYPICAL FORWARD CHARACTERISTICS 

....:: ~ ,. 
/ tI 

I 

1/ 
J 

T, = 150°C / /T," = 25°C 

I 

I I 
o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

V" INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



lNl183AthrulNl189A(S,LlCON) 

CASE 42A 
(DO·5) 

Medium current silicon rectifiers. Type numbers sho~r:thave 
cathode connected to case, but reverse-polarity units can beqbtallli(d 
by adding suffix "R" to standard type number, e.g. 1 N1183RA. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Repetitive Reverse Voltage VRRM Volts 
and 

DC Blocking Voltage VR 
IN 1183A 50 
IN1184A 100 
IN1185A 150 
IN1186A 200 
IN 1187A 300 
IN1188A 400 

IN1189A 500 

RMS Reverse Voltage VR(RMS) Volts 
IN 1183A 35 
IN 1184A 70 
IN1185A 105 

IN1186A 140 

IN1187A 210 

IN1l88A 280 

IN1189A 350 

Average 1/2-Wave Rectified Forward 10 Amp 
Current 

(Resistive Load, 60 Hz, TC = 1500 C) 40 

Peak Surge Current IFSM Amp 
(TC = 150° C, superimposed on Rated 800 

Current at Rated Voltage) 

Operating and Storage Temperature T J' Tstg -65 to +200 °C 

Thermal Resistance, Junction to Case 
ReJC 1.0 °C/W 
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lN1183A thru lNl189A (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristics 

Max Instantaneous Forward Voltage 
(IO(max), rated Vr , 60 Hz, TC = 150°C) 

Max Instantaneous Forward Voltage Drop 
(IF = 100 Amps, TC = 25°C) 

Max Full Cycle Average Reverse Curren~ 
(Io(max), rated V r' 60 Hz, TC = 150 C) 

Max DC Reverse Curregt 
(Rated VR , TC = 150 C) 

1 N 1191thru 1 N 1198 
lN1195A thru lN1198A 

Symbol 

vpk 

vF 

1a(A V) 

1a 

For Specifications, See IN248B Data. 
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Value Unit 

1.3 
Volts 

1.1 Volts 

2.5 rnA 

5.0 rnA 



1 N 1313 thru 1 N 1327 

CASE 53 

8 

Very low power zener diodes with standard ±10% 
tolerances. Available with ±5.0% tolerance by adding 
suffix" A" to type number. 

Standard cathode-to-case polarity. 
For new designs and for industry preferred replace

ment devices, see IN5837A series. 

MAXIMUM RATINGS 

Junction and Storage Temperature Range: -65 to +175°C (Derate 1 mWjOC 
above 25° C). 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Max Reverse Current Max Reverse Current 
Nominal Test Nominal Test 
Voltage TA = 25'C TA=IOO'C Voltage Voltage TA = 25 C TA=100C Voltage 

Vz @ IZT = 200 eA I,@V, I.@V, V, Vz @ IZT = 200 I,A I,@V, IA@V, V, 
Type volts eA eA Yolts Type volts ,A "A YO Its 

IN1313 8.75 0.5 5 6.8 IN1318 23.50 0.1 10 18 
1N1314 10.50 0.5 5 8.2 1N1319 28.50 0.1 10 22 
1N1315 12.75 0.5 5 10 1N1320 34.50 0.1 10 27 
1N1316 15.75 0.5 5 12 1N1321 41.00 0.1 10 33 
1N1317 19.00 0.5 5 15 1N1322 48.50 0.1 10 39 

Max Reyerse Current 
Nominal Test 
Voltage TA 25 e C TA .~ 100e C Voltage 

Vz @ In = 200 I,A I,@V, IA@V, V, 
Type Yolts ,A eA yolts 

1N1323 58.00 0.1 10 47 
1N1324 71.00 1.0 50 56 
1N1325 87.50 1.0 50 68 
1N1326 105.0 1.0 50 82 
1N1327 127.5 1.0 50 100 

1 N 13 51 thru 1 N 13 75 

~~ 
(00-4) 

Recommended for applications requiring an exact re
placement only. For new designs and fDr industry pre
ferred replacement devices, see IN2970 series. 
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1 N 1507 thru 1 N 1517 

CASE 52 
(DO-13) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see 1. O-watt, IN4728 
series. 

1 N 1518 thru 1 N 1528 

CASE 52 
(DO-13) 

IN 1530, A 

Recommended for applications reqUIrmg an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see IN4728 series. 

For Specifications, See IN429 Data. 

IN 1588 thru IN 1598 
Recommended far applications requiring an exact re

placement only. For new designs and for industry pre
ferred replacement devices, see IN3993 series. 

IN 1599 thru IN 1609 

CASE 56 
(00-4) 

Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see IN3993 series. 
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IN 1735 thrulN 1742 (REFERENCE DIODES) 

lN1736Athru lN1742A For Specifications, See IN429 Data_ 

lN1765 thru lN1802 (ZENER DIODES) 

® 
CASE 52 

(00-13) 

Recommended for applications requiring an exact re
placement only_ For new designs and for industry pre
ferred replacement devices, see IN4728 series. 
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1 N 1803 thru 1 N 1836 (ZENER DIODES) 

~.\ 
(00-4) 

Recommended for applications requiring an exact replacement 
only_ For new designs and for industry preferred replacement de
vices, see IN3993 series, and IN2970 series. 

1N1816 thru 1N1836 are available as clipper device~.To 
order, add suffix "C" for ± 10%, suffix "CA" for ±5%. 

1 N2008 thru 1 N20 12 (ZENER DIODES) 

(00-4) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN2970 series. 

lN2032 thru lN2040(ZENER DIODES) 

® 
CASE 52 
(00-13) 

Recommended for applications requiring an exact re
placement only. For new designs and for industry 
preferred replacement devices, see IN4728 series. 

1 N2041 thru 1 N2049 (ZENER DIODES) 

CASE 56 
(00-4/ 

Recommended for applications requiring an exact re
placement only. For new designs and for industry pre
ferred replacement devices, see IN3993 series. 
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1 N2163 thru 1 N2171 (SILICON) 

lN2163A thru lN2171 A 

1 N3S80, A, B thru 1 N3S83, A, B 

TEMPERATURE-COMPENSATED ZENER REFERENCE DIODES 

Highly reliable reference sources utilizing an oxide-passivated 
junction for long-term voltage stability. Construction consists of 
welded hermetically sealed metal and glass case. 

• Low Dynamic Impedance 

• Choice of Three Temperature Ranges 

• "Box Method" Specifications Guarantee Maximum Voltage De
viation. 

Temperature compensated reference diodes are made by taking 
advantage of the differing thermal characteristics of forward and 
reverse biased silicon PN junctions. A forward biased junction has a 
negative temperature coefficient of approximately 2.0 millivoltsrC. 
Reverse biased junctions above 5.0 volts have a positive temperature 
coefficient and therefore it is possible by judicious selection of 
combinations of forward and reverse biased junctions to obtain a 
device that shows a very low temperature coefficient due to cancella
tion. Because of the differing impedance versus temperature charac
teristics of the junctions involved, optimum temperature stability is 
obtained by operating in the zener current range at which the tempera
ture coefficient is a minimum. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +200oC 
o 

Storage Temperature: -65 to +200 C 

DC Power Dissipation: 750 mW @TA = 2SoC 

MECHANICAL CHARACTERISTICS 
CASE: Hermetically sealed, welded metal glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
and weldable. 

POLARITY: Cathode to case 

WEIGHT: 1.5 Grams (approx) 

MOUNTING POSITION: Any 
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TEMPERATUR:
COMPENSATED 

SILICON ZENER 
REFERENCE DIODES 

DIM 

A 
B 
C 
D 
F 
J 
K 
L 

CASE 52-03 
DO·13 

STYLE 1: 

MILLIMETERS 
MIN MAX 

7.44 9.07 
5.46 5.97 

- 14.48 
0.64 0.89 

- 4.78 
1.14 4~~} 25.40 

25.40 41.28 

PIN 1. CATHODE 
2. ANODE 

INCHES 
MIN MAX 

0.293 0.357 
0.215 0.205 

0.570 
0.025 0.035 

0.188 
0.045 0.100 
1.000 1.625 
1.009 1.625 

All JEDEC dimensions and notBS apply 



1N2163 thru 1N2171, 1N2163A thru 1N2171A, 
1N3580, A, B thru 1N3583, A, B (continued) 

ELECTRICAL CHARACTERISTICS 

I 
Vz '" 9.4 Volts ± 0.4 v I± 0.2 V Suffix "A") @(lZT"" 10 rnA) 

Max 
Voltage 
Change 

Type (Note 11 
Number 6VZ (Volts) 

lN2163,A 0.033 

lN2164,A 0.086 

lN2165.A 0.115 

1N2166,A 0.007 

lN2167.A 0.017 

I 
! lN21S6.A 0.023 

1N2169,A 0.004 

lN2170.A 0.009 

lN2171.A 0.012 

T",t 
Temperatures 

°c 

0,+25,+70 

·55,0, +25, 
+75, +'125 

-55,0, +25, 
+75, +125, +185 

0, +25, +70 

-55,0, +25, 
+75, +125 

-55,0, +25, 
+75, +125, +185 

0, +25, +70 

-55,0, +25, 
+75,+125 

·55,0, +;25, 
+75, +125, +185 

ELECTRICAL CHARACTERISTICS 

Temperature 
Coefficient 

(Note 1) 
%f'c 

0.005 

0.005 

0.005 

0.001 

0.001 

0.001 

0,0005 

0.0005 

0.0005 

Vz '" 11.7 Volts ± 5.0% IIZT = 7.5 rnA) 

Max 
Voltage Test Temperature 

Change Temperatures Coefficient 

Type (Note 1) (Note 1) 

Number 6VZ (Volts) 
0 c %/oC 

I 1N3580 0.088 0.01 

1N3581 0.044 0, +25, +75 
0.005 

11\13582 0018 0.002 

lN3Sa3 0.009 0.001 

1N3580A 0.181 0.01 

lN3581A 0.090 ·55,0, +25, 0.005 

lN3582A 0.036 +75, +100 0.002 

1N3583A 0.018 0.001 

lN3580B 0.239 0.01 

11\135818 0.120 ·55,0, +25 
0.005 

1N3582B 0.048 +75, +100, +150 
0.002 

1N35838 0.024 0.001 

1 N2498 thru 1 N2500 

Max Dynamic 
Impedance 
(Note 2) 

ZZT (Ohms) 

15 

15 

15 

Max Dvnamic 
Impedance 
(Note 2) 

ZZT (Ohms) 

25 

25 

25 

NOTE 1: 

Voltage Variation (6VZ l and Temperature Coefficient. 

All reference diodes are characterized by the "box -method". This 
guarantees a maximum voltage variation (6VZ) over the specified 
temperature range, at the specified test current II ZT )' verified by 
tests at indicated temperature points within the range. Vz is 
measured and recorded at each temperature specified. The 6VZ 
between the highest and lowest values must not exceed the 
maximum 6V Z given. 

This method of indicating voltage stability is now used for JE DEC 
registration as well as for military qualification. The former method 
of indicating voltage stability - by means of temperature co· 
efficient - accurately reflects the voltage deviation at the tem
perature extremes, but is not necessarily accurate within the 
temperature range because reference diodes have a nonlinear 
temperature relationship. The temperature coefficient, therefore, 
is given only as a reference. 

NOTE 2: 

The dynamic zener impedance, ZZT' is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, IZT' is superimposed on IZT' 
A cathode-ray tube curve-trace test on a sample basis is used to en~ 
sure that the zener has a sharp and stable knee region. 

0~ Recommended for applications requiring an exact re
placement only. For new deSigns and for industry pre
ferred replacement devices, see IN2970 series. 

CASE 56 
(00-4) 

lN2609 thru lN2617 

Obsolete, discontinued types, replace with devices from the IN4001 series. 
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1 N2620, A, B (SILICON) 
thru 

lN2624, A, B 
Temperature-compensated zener reference diodes util

izing an oxide-passivated junction for long-term voltage 
stability. Construction consists of welded hermetically 
sealed metal and glass case. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +1750 C 

Storage Temperature: -65 to +1750 C 

DC Power Dissipation: 750 mW @ T A = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, welded metal and glass 

DIMENSIONS: See outline drawing, 

FINISH: All external surfaces are corrosion resistant and leads are readily sold-
erable and weldable. 

POLARITY: Cathode to case 

WEIGHT: 1.5 Grams (approx) 

MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless oHlerwlse noted) 

Maximum 
Ambient 

Voltage Test 
Ch,mge Temperature 

JEDEC tN Z (Volts) °c 
Type No. (Note I) ±loC 

Vz ~ 9.3 V ±5.0%* @ IZT ~ 10 mA 

IN2620 0.070 
C---' 

IN2621 O. 035 

IN2622 0.014 0, +25, +75 
1--. ------

IN2623 O. 007 
-~ 

IN2624 O. 003 

IN2620A 0.144 
r--

IN2621A O. 072 
-55, 0, +25, I----~---~ 1--. 

IN2622A 0.029 
+75, +100 

IN2623A 0.014 
f--

IN2G24A 0.007 

IN2620B 0.191 
f-----. 

IN2621B 0.095 
-55 .. 0, +25, 

IN2622B 0.038 
+75, +100, +150 --

IN2623B 0.019 

IN2624B 0.010 

*Tighter-tolerance units available on special request. 

CAPACITANCE (C) ~ 75 to 200 pF @ 90% of Vz 
FORWARD BREAKDOWN VOLTAGE (VI) = 100 to 800 V 

1-37 

Ten1perature 
Coefficient 

'Gj-C 
(Note I) 

O. 01 
.-

0.005 
-~ 

0.002 
--.------~ 

0.001 
I--.------.~.-

0.0005 

O. 01 
r-.-.-------

0.005 
--

0.002 

0.001 
~---~---'-

0.0005 

0.01 
f----------.---

0.005 

0.002 

0.001 
f--. 

0.0005 

CASE 52 
(00-13) 

Maximum 
Dynamic 

Imped,mce 
ZZT (Ohms) 

(Nole 2) 

IS 

15 

IS 



1 N2620, A, B thru 1 N2624, A, B (continued) 

MAXIMUM VOLTAGE CHANGE versus AMBI ENT TEMPERATURE 
(With IZT'::= 10 rnA ±O.Ol rnA) (See Note 3) 

1 N2620 thru 1 N2624 

FIGURE 1a FIGURE 1b 

751-T-I-~==:::~==+==::;:l 

-50f---+----I-"~-_+_--_+--__t--_H 

-75"'0 ---:!:----:!:----:!:----'----'-----' 
TA. AMBIENT TEMPERATURE 10C} 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(With IZT = 10 rnA ±.O.Ol rnA) (See Note 3) 

FIGURE 2a 
1N2620A thru 1N2624A 

FIGURE 2b 
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1 N2620, A, B thru 1 N2624, A, B (continued) 
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MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
Iwith IZT = 10 mA ±O.Ol mAl ISee Note 4) 

1 N2620B thru 1 N2624B 

FIGURE 3a FIGURE 3b 
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FIGURE 4 - ZENER CURRENT versus MAXIMUM 
VOL TAGE CHANGE lat specified temperatures) 

(See Note 4) 

FIGURE 5 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT 

(See Note 2) 

MORE THAN 95')( OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 
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1 N2620, A, B thru 1 N2624, A, B (continued) 
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FIGURE 6 - DISTRIBUTION OF MAXIMUM GENERATED NOISE 
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NOTE 1: 

Voltage Variation (.0. VZ) and Temperature Coefficient. 

Ali reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (6. VZ) over the specified 
temperature range, at the specified test current (lZTJ, verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 2: 

Zener I mpedance Derivation 

The dynamic zener 1m pedance, ZZT, is derived from the 60 ... Hz ac 
voltage drop which results when an ae current with an rms value 
equal to 10% of the de zener current, 'ZT, is superimposed on 'ZT. 
Curves showing the variation of zener impedance with zener current 
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for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ~nsure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 3: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range_ For 
example, a temperature change from +25 to +500 C will cause a volt· 
age change no greater than +23 mV or -23 mV for 1N2620, as 
illustrated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b. 
and 3b respectively. 

NOTE 4: 

The maximum voltage change, f':,. VZ, in Figure 4 is due entirely to the 
impedance of the device. If both temperature and IZT are varied, 
then the total voltage change may be obtained by adding b. Vz in Fig
ure 4 to the f':,. Vz in Figure 1, 2, or 3 for the device under considera
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimpOSing the data in Figure 4 on Figure 1,2, or 3. 



lN2804 thru lN2846 (ZENER DIODES) 

6.8V thru 200V (Case 54) 

lN4557 thru lN4564 lN4549 thru 
3.9V thru 7.SV (Case 54) 3.9V thru 7.SV (Case 58) 

1 N3305 thru 1 N3350 
6.8V thru 200V (Case 58) 

Units are available with anode-to-case and cathode
to-case connections (standard and reverse polarity). 
For reverse polarity, add suffix "H" to type number. 

MAXIMUM RATINGS 

CASE 58 
(stud package) 

Junction and Storage Temperature: _65°C to +175°C. 
D C Power Dissipation: 50 Watts. (Derate 0.5 wjOc above 75°C). 

TOLERANCE DESIGNATION 
The type numbers shown have a standard tolerance of ±20% on 

zener voltage. Add suffix" A" for ±10% units or "B" for ±5% units. 
tolerance also available. 

the nominal 
(2% and 1% 

CASE 54 APPLICATIONS INFORMATION 

If these units are used with a socket, the unregulated line should be connected 
to one pin through a suitable current limiting resistor and the load should be 
connected to the other pin. The load will now be disconnected from the line if 
the unit is removed from the socket. 

Typical circuit connections for anode-to-case and cathode-to-case polarities 
(standard and reverse polarities, respectively) are shown below 

CIRCUIT CONNECTIONS 
JUMPER 

STANDARD POLARITY 
(ANODE TO CASE) 

+ 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE 
VOLTAGES SHOWN AND TIGHTER VOLTAGE 
TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEe numbers and/or tight voltage 
tolerances (±3%. ±2%, ±I %), the Motorola type 
number should be used. 

50 M 90 S Z 3 
DLce Molaia Nola! T zJer Torance 

Description Voltage 1 Stud Diode (±%) 

Example: 50M90ZS3 
(8) MATCHED SETS: (Standard Tolerances are ±5.0% 

±2.0%. ±l.O%). 
Zener diodes can be obtained in sets consisting 

of two or more matched devices. The method for 
specifying such matched sets is similar to the one 
described in (A) for specifying units with a special 
voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to 
identify the matched sets and, in addition, each unit 
in a set is marked with the same serial number 
which is different for each set being ordered. 

REVERSE POLARITY 
(CATHODE TO CASE) 

(..~'~~~~F~ X O~NCATSyEpEA%~ ) 

D~L JM 51~OItS JS Z:tJ5lB alan 
Description (each device) Diodes Tolerance 

Motorola Stud ~Ils%t) 
Tolerance 

per device (±5%) Code* 

*Code: (omit for ±20% units) (A-Not used) 
B _. Two devices in series 
C - Three devices in series 
o - Four devices in series 

Example: 50M51SZ5Bl 
(C) ZENER CLIPPERS: (Standard Tolerance ± 1 0% and 

±5%). 
Special clipper diodes with opposing Zener 

junctions built into the device are available by using 
the following nomenclature: 

DeJ JM NolalJS 
Description Voltage 

Motorola Stud 

Example: 50M20SZZl0 

1-41 

t JZ Zener 
Diodes 

Oipper 

10 

1 
Tolerance for each of 
the two Zener voltages 
(not a matching require" 
ment) 

LOAD 

CHASSIS 
OR GND. 

1+1 

+ 



1 N2804 thru 1 N2846 (continued) 

ELECTRICAL CHARACTERISTICS 
(rc = 30·C unless otherwise specified) VF = 1.5 V max @ 10 A on ~II types. 

Max Zener Impedance Nominal Max DC Zener 
Zener Voltage Test 

Current 
50 Wall SO Wall @ IZl Current 

7S"C Case Tamp (lIT) 
CASE 54 CASE 58 (Vz) Vots 

mA ZIT @IZT ZZK @ IZK = SmA (lZM)mA 

ohms ohms 

IN4557 IN4549 3.9 3200 0.16 400 11900 
IN4558 IN4550 4.3 2900 0.16 500 10650 
IN4559 IN4551 4.7 2650 0.12 600 9700 
IN4560 IN4552 5.1 2450 0.12 650 8900 
IN4561 IN4553 5.6 2250 0.12 900 8:100 
IN4562 IN4554 6.2 2000 0.14 1000 7300 

IN2804 IN3305 6.8 1850 0.2 70 6600 
IN4563 IN4555 6.8 1850 0.16 200 6650 
IN2805 IN3306 7.5 1700 0.3 70 5900 
IN4564 IN4556 7.5 1650 0.24 100 6050 
IN2806 IN3307 8.2 1500 004 70 5200 
IN2807 IN3308 9.1 1370 0.5 70 4800 

IN2808 IN3S09 10 1200 0.6 80 4300 
IN2809 IN3310 11 1100 0.8 80 3900 
IN2810 IN3311 12 1000 1.0 80 3600 
IN2911 IN3312 13 960 1.1 80 3300 
IN2812 IN3313 14 890 1.2 80 3000 
IN2813 IN3314 15 830 1.4 80 2800 

IN2814 IN3315 16 780 l.6 80 2650 
IN2815 IN3316 17 740 1.8 80 2500 
IN2816 tN331? 18 700 2.0 80 2300 
IN2817 IN3318 19 660 2.2 80 2200 
IN2818 IN3319 20 630 2.4 80 2100 
IN2819 IN3320 22 570 2.5 80 1900 

IN2820 IN3321 24 520 2.6 80 1750 
IN2821 IN3322 25 500 2.7 90 1550 
IN2822 IN3323 27 460 2.8 90 1500 
IN2823 IN3324 30 420 3.0 90 1400 
IN2824 IN3325 33 380 3.2 90 1300 
IN2825 IN3326 36 350 3.5 90 1150 

IN2826 IN3327 39 320 4.0 90 1050 
IN2827 lN3328 43 290 4.5 90 975 
IN2828 IN3329 45 280 4.5 100 930 
IN2829 IN3330 47 270 5.0 100 880 
IN2830 IN3331 50 250 5.0 100 830 
IN2831 IN3332 51 245 5.2 100 810 

- IN3333 52 240 5.5 100 790 
IN2832 1113334 56 220 6 110 740 
IN2833 IN3335 62 200 7 120 660 
IN2834 IN3336 68 180 8 140 600 
IN283! IN3337 75 170 9 150 540 
IN2836 IN3338 82 150 11 160 490 

IN2637 IN3339 91 140 IS 180 420 
IN2838 IN3340 100 120 20 200 400 
IN2839 IN3341 105 120 25 210 380 
IN2840 IN3342 110 110 30 220 365 
IN2841 IN3343 120 100 40 240 335 
IN2842 IN3344 130 95 50 275 310 

- IN3345 140 90 60 325 290 
IN2843 IN3348 150 85 75 400 270 
IN2844 IN3347 180 80 80 450 250 . IN3348 175 70 85 500 230 
IN2845 IN3349 180 68 90 525 220 
IN2848 IN3350 200 85 100 600 200 

SPECIAL SELECTIONS AVAILABLE INCLUOE: (See Selector Guide for details) 

*VR1 ~ Test Voltage for 5% Tolerance Device 

VR2 ~ Test Voltage for 10% Tolerance Device 

No Leakage Specified as 20% Tolerance Device 

1·42 

muS( • 
lEAUGE CURREN1 

I. MAX 
(~A) 

V., VRZ 

150 0.5 0.5 
150 0.5 0.5 
100 1.0 1.0 

20 1.0 1.0 
20 1.0 1.0 
20 2.0 2.0 

150 4.5 4.3 
10 2.0 2.0 
75 5.0 4.7 
10 3.0 3.0 
50 5.4 5.2 
25 6.1 5.7 

10 6.7 6.3 
5 8.4 8.0 
5 9.1 8.6 
5 9.9 9.4 
5 10.6 10,1 
5 11.4 10.8 

5 12.2 11.5 
5 13.0 12.2 
5 13.7 13,0 
5 14.4 13.7 
5 15.2 14.4 
5 16.7 15.8 

5 18.2 17.3 
5 19.0 18.0 
5 20.6 19.4 
5 22.8 21.6 
5 25.1 23.8 
5 27.4 25.9 

5 29.7 28.1 
5 32.7 31.0 
5 34.2 32.4 
5 35.8 33.8 
5 38.0 36.0 
5 38.8 36.7 

5 39.5 37.4 
5 42.6 40.3 
5 47.1 44.6 
5 51.7 49.0 
5 56.0 54.0 
5 62.2 59.0 

5 69.2 65.5 
5 76.0 72.0 
5 79.8 75.6 
5 83.6 79.2 
5 91.2 8604 
5 98.8 93.6 

5 106.4 100.8 
5 114.0 108.0 
5 121.6 115.2 
5 133.0 126.0 
5 136.6 129.6 
5 152.0 144.0 

Typical 
Zener 

Voltage 
Temp. Coeff. 

%/'C 

-.025 
-.025 

.010 
,015 
,030 
.040 

.040 
,045 
.045 
.053 
.048 
.051 

.055 

.060 
,065 
.065 
.070 
.070 

.070 
,075 
.075 
.075 
.075 
,080 

.080 

.080 

.085 

.085 
,085 
.085 

.090 

.'090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.090 

.095 

.095 

.095 

.095 

.095 

.095 

.095 

.095 

.095 

.100 



1 N2804 thru 1 N2846 (continued) 
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FIGURE 1 - TEMPERATURE CHARACTERISTICS 
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lN2970 thru lN301 5 (ZENER DIODES) 

0~ CASE~6 ~ 
(DOA) 

Diffused-junction zener diodes for both military and 
high-reliability industrial applications. Available with 
anode-to-case and cathode-to-case connections (stand
ard and reverse polarity), i. e., 1N2970 and 1N2970R. 
Supplied with mounting hardware. 

The type numbers shown have a standard tolerance of ±20% on the nominal 
zener voltage. Add suffix "An for ±10% units or "B" for ±5% units. (2% and 1% 
tolerance also available.) 
MAXIMUM RATINGS 
Junction and Storage Temperature: -65°C to +175°C. 
D C Power Dissipation: 10 Watts. (Derate 83.3 mW jOc above 55 °C). 

ELECTRICAL CHARACTERISTICS 
,(TC = 250 C unless otherwise noted) VF = 1.5 V max @ IF = 2 amp on all types. 

Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current • 
Zener Voltage Current Current Type No. 

V, @ I" I" lZT @ In Z" @ I" I" IZM mA I, Max V" V" 
Volts mA Ohms Ohms mA (}lA) 

IN2970 6.8 370 1.2 500 1.0 1,320 IsO 5.2 
IN2971 7.5 335 1.3 250 1.0 1,180 7S 5.7 
IN2972 8.2 305 1.5 250 1.0 1,040 50 6.2 
IN2973 9.1 275 2.0 250 1.0 960 25 6.9 
IN2974 10 250 3 250 1.0 860 10 7.6 

IN2975 II 230 3 250 1.0 780 5 8.4 
IN2976 12 210 3 250 1.0 720 5 9.1 
IN2977 13 190 3 250 1.0 660 5 9.9 
IN2978 14 180 3 250 1.0 600 5 10.6 
IN2979 Is 170 3 250 1.0 560 5 11.4 

IN2980 16 155 4 250 1.0 530 5 12.2 
IN2982 18 140 4 250 1.0 460 5 13.7 
IN2983 19 130 4 250 1.0 440 5 14.4 
IN2984 20 125 4 250 1.0 420 5 15.2 
lN2985 22 liS 5 250 1.0 380 5 16.7 

IN2986 24 IDs 5 250 1.0 350 5 18.2 
IN2988 27 95 7 250 1.0 300 5 20.6 
IN2989 30 85 8 300 1.0 280 5 22.8 
lN2990 33 75 9 300 1.0 260 5 25.1 
IN2991 36 70 10 300 1.0 230 5 27.4 

*VR1 - Test Voltage for 5% Tolerance Device. VR2 - Test Voltage for 10% Tolerance 
Device. No Leakage Specified as 20% Tolerance Device. 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE 
VOLTAGES SHOWN AND TIGHTER VOLTAGE 
TOLERANCES: 

To designate units with zener voltages other than 
those assigned IEDEC numbers and/or tight voltage 
tolerances (±3%. ±2%. ±l %). the Motorola type 
number should be used. 

10 M 

T T 
Device Motorola 

Description 

90 

T 
Nominal 
Voltage 

Example: lOM90Z3 

Z 3 
T T 

Zener Tolerance 
Diode (±%) 

(8) MATCHED SETS: (Standard Tolerances are ±5.0%. 
±2.0%. ± 1.0%). 

Zener diodes can be obtained in sets consisting 
of two or more matched devices. The method for 
specifying such matched sets is similar to the one 
described in (A) for specifying units with. special 
voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to 
identify the matched sets and. in addition. each unit 
in a set is marked with the same serial number t 
which is different for each set being ordered. 

DJice JM 51~01tS z±
erJ

5 1B orall 
Description (each device) Diodes Tolerance 

Motorola of set 
Tolerance (±I%) 

per device (±5%) Code' 
'Code: (omit for ±20% units) (A-Not used) 

B - Two devices in series 
C - Three devices in series 
D - Four devices in series 

Example: lOM515B 1 

(C) ZENER CLIPPERS: (Standard Tolerance ±IO% and 
±5%). 

Special clipper diodes with opposing Zener 
junctions built into the device are available by using 
the following nomenclature: 

T JM T' 
Device Nominal 
Description Voltage 

Motorola 

Example: 10M20ZZ10 

1·44 

Z Z 10 

T J Zener 
Diodes 

Qipper I 
Tolerance for each of 
the two Zener voltages 
(not a matching require· 
ment) 

4.9 
5.4 
5.9 
6.6 
7.2 

8.0 
8.6 
9.4 

10.1 
10.8 

11.5 
13.0 
13.7 
14.4 
15.8 

17.3 
19.4 
21.6 
23.B 
25.9 



1 N2970 thru 1 N3015 (continued) 

ELECTRICAL CHARACTERISTICS 
(TC ~ 25°C unless otherwise noted) VF = 1.5 V max @ IF 2 amp on all types. 

Nominal Test Max Zener Impedance Max DC Zener Max. Reverse Current' 
Type No. Zener Voltage Current Current 

Vz (@ lIT I" Zn @ lIT ZZK @ 11K IZK Iz~ mA I, Max V" 
Volts mA Ohms Ohms mA (I'A) 

IN2992 39 65 II 300 1.0 210 5 29.7 
1 N2993 43 60 12 400 1.0 195 5 32.7 
I N299\ 47 55 14 400 1.0 175 5 35.B 
IN2996 50 50 15 500 1.0 165 5 3B.0 
I N2997 51 50 15 500 1.0 163 5 38.8 

I N2998 52 50 15 500 1.0 160 5 39.5 
IN2999 56 45 16 500 1.0 150 5 42.6 
IN3000 62 40 17 600 1.0 130 5 47.1 
IN3001 68 37 18 600 1.0 120 5 51.7 
IN3002 75 33 22 600 1.0 110 5 56.0 

I N3003 82 30 25 700 1.0 100 5 62.2 
IN3004 91 28 35 BOO 1.0 85 5 GY.2 
IN3005 100 25 40 900 1.0 80 5 76.0 
I N3006 105 25 45 1.000 1.0 75 5 79.B 
I N3007 110 23 55 1,100 1.0 72 5 83.6 

IN3008 120 20 75 1,200 1.0 67 5 91.2 
IN3009 130 19 100 1,300 1.0 62 5 !IB.B 
lN3010 140 18 125 1,400 1.0 58 5 106.4 
IN3011 150 17 175 1,500 1.0 54 5 114.0 
IN3012 160 16 200 1,600 1.0 50 5 121.G 

lN3014 180 14 260 1,850 1.0 45 ;., 13G.H 
IN3015 200 12 300 2,000 1.0 40 5 I S2, 0 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 

*vR1. - Test Voltage for 5% Tolerance Device. VR2 - Test Voltage for 10% Tolerance 
DeVice. No Leakage SpeCifled as 20% Tolerance Device. 

1 N3016 thru 1 N3051 
For Specifications, See 1 N3821 Data. 
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V" 

2R.l 
31.0 
33.8 
3fi.O 
3G.7 

37.4 
40.3 
44.fi 
49.0 
54.0 

sn.o 
6~J. S 
72.0 
7':J.t"j 
79.2 

8().4 
93.fi 

lOO.H 
108.0 
115.2 

129.fi 
144.0 



1 N3154, A (SILICON) 
thru 

lN3157, A 

Temperature-compensated zener reference diodes util
izing an oxide-passivated junction for long-term voltage 
stability. RamRod construction provides a rugged, glass
enclosed, hermetically sealed structure. 

MAXIMUM RATINGS 

Junction Temperature: -55 to +1750 C 

Storage Temperature: -65 to +1750 C 

DC Power Dissipation: 500 mW @ T A = 25°C 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FIN ISH: All external surfaces are corrosion resistant and leads are readily sold
erable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram(approx) 

MOUNTING POSITION: Any 

ELECTRICAL CHARACTERISTICS (TA ", 25'C unless otherWISe noted) 

Maximum Ambient 
Voltage Test 

JEDEC 
Change Temperature 

Type No. /;V Z (Volts) °c 
(Note 1) (Note 2) ±loC 

Vz = 8.4 V ±5.0':lo* @ IZT = 10 mA 

1N3154 0.130 _. 
.----~ 

IN3155 0.065 -55, 0, +25, +75, +100 
~- --

1N3156 0.026 
-- --

IN3157 0.013 

IN3154A 0.172 
-- -~.--~----

1N3155A 0.086 -55, 0, +25, +75, 
--r-----~~--~ 

IN3156A 0.034 +100, 
--

1N3157A 0.017 

*Tighter-tolerance units available on special request. 

CAPACITANCE (C) = 20 to 180 pF @ 90';i; of Vz 

FORWARD BREAKDOWN VOLTAGE (VI) = 100 to 800 V 

+150 

1-46 

Ternpe l'ature 
Coefficient 

'brc 
(Note 2) 

0.01 
r-----~----.--

0.005 
r---'--- --~---- ---

0.002 

0.001 

0.01 
r-- ---0.005----
r---- --

0.002 
------------

0.001 

CASE 51 
(00-7) 

Maximum 
Dynamic 

Impedance 
ZZT (Ohms) 

(Note 3) 

15 

15 



1 N3154, A thru 1 N3157, A (continued) 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(with IZT - 10 mA 1.0 01 mAl (See Note, 4) 

1N3154 thru 1N3157 
FIGURE 1a FIGURE 1b 
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1 N3154, A thru 1 N3157, A (continued) 
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FIGURE 3 - ZENER CURRENT versus MAXIMUM 
VOL TAGE CHANGE (at specified temperatures) 

(See Note 5) 
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NOTE 1: 

Types lN3154 thru lN3157 are available to MIL-S-19500/158 

NOTE 2: 

Voltage Variation (6VZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (6. VZ) over the specified 
temperature range, at the specified test current (lZT), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient. therefore. is given only as a reference. 

NOTE 3: 

Zener I mpedance Derivatio~ 

The dynamic zener impedance, ZZT. is derived from the GO-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current. IZT, is superimposed on IZT. 
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Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 4. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 

NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to +50oC will cause a voh
age change no greater than +42 ",V or -42 mV for lN3154. as 
illustrated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution,. expanded views of the 
shaded areas in Figures 1a and 2a are shown in Figures 1b and 2b 
respectively. 

NOTE 5: 

The maximum voltage change, D.VZ, in Figure 3 is due entirely to 
the impedance of the device. If both temperature and I ZT are varied, 
then the total voltage change may be obtained by adding D.VZ in 
Figure 3 to the D.VZ in Figure 1 or 2 for the device under considera
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 3 on Figure 1 or 2. 



IN3189 thru IN3191 
Obsolete, discontinued types, replace with devices from the lN4001 series. 

1 N3208thru 1 N3212 (SILICON) 
() 1. CATHODE 

CASE 42A 
(00-5) 

Medium-current silicon rectifiers. Cathode con
nected to case, but reverse polarity (anode-to-case 
connection) also available by adding suffix "R" to type 
number, e. g. lN3208R. 

MAXIMUM RATINGS 

Rating Symbol lN3208 lN3209 1N3210 1 N3211 1N3212 Unit 1N3208R IN3209R 1N3210R 1N3211R 1N3212R 

D C Bloc1dng Voltage VR 50 100 200 300 400 Volts 

RMS Reverse Voltage VR(RMS) 35 70 140 210 280 Volts 

Average Half-Wave Rectifled 
Forward Current With Re- 10 • 15 15 15 15 15 Amp 
sistive Load 

Peak One Cycle Surge Current IFSM 
(60 cps &r 25·C Case Temp) 250 250 250 250 250 Amp 

Operating Junction Tempera- TJ -65 to + 175 ·C 
ture 

Storage Temperature Tstg -65 to + 175 ·C 

*TC = 150·C 

ELECTRICAL CHARACTERISTICS (All Types) al WC Case Temp. 

Characteristic Symbol Value Unit 

Maximum Forward Voltage at 40 Amp D-C Forward VF 1.5 Volts 
Current 

Maximum Reverse Current at Rated D-C Reverse ~ 1.0 mAdc 
Voltage 

Typical Thermal Resistance, Junction To Case R/lJC 1.7 C/W 

lN3213,lN3214 
For Specifications, See lN248B Data. 

1 N330S thru 1 N33S0 
For Specifications, see lN2804 Data. 
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lN3491 thru lN3495 (SILICON) 
MR327, MR328, MR330, MR331 

CASE 43 
(00.21) 

Medium-current silicon rectifiers - compact, highly 
efficient silicon rectifiers for medium-current appli
cations. 

MAXIMUM RATINGS 
0: '" CO') CJ. U'> ..... co 0 ;;; 0- 0- 0- N '" (0') 

Rating Symbol .... .... .... .... .... CO') (0') M "" CO') CO') CO') (Y) M "" "" '" '" z !!: z z !!: :IE :IE :IE :IE - - -
Peak Repetitive Reverse Voltage VRRM 

Working Peak Reverse Voltage VRWM 50 100 200 SOD 400 500 600 800 1000 

DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage 

(halfwave, single phase, 
60 cycle peak) 

VRSM 100 200 SOD 400 500 600 720 1000 1200 

RMS Reverse Voltage VR(RMS) S5 70 140 210 280 350 420 560 700 

Average Rectified Forward Current 
(single phase, resistive load, 
60 Hz , see Figure S) TC = ISOoC 

10 25 

Non~Repet1tive Peak Surge CUrrent 
(surge applied at rated load IFSM SOD (for 1/2 cycle) 
conditions, see Figure 5) 

12t Rating (non .. repetitive, for t 
j 2t greater than 1 ms and less 375 

than 8.S rna) 

Operating and Storage Junction 
TJ' Tstg .65 \0+175 Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal ReSistance, Junction to Case R9JC 1.2 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant and the terminal lead is readily 

solderable. 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

A(rms)2sec 

°c 

Unit 

°C/Watt 

POLARITY: CATHODE TO CASE (reverse polarity units are available upon request and 
are designated by an "R" suffix i.e. MR327R or IN3491R). 

MOUNTING POSITIONS: Any. 
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1 N3491 thru 1 N3495 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions 

Full Cycle Average Forward Voltage Drop 
150°C) (rated 10 and V r' single phase, 60 Hz, TC = 

Instantaneous Forward Voltage Drop 
(iF = 100 Amps, TJ = 25°C) 

Full Cycle Average Reverse Current 
(rated 10 and Vr , single phase, 60 Hz, TC = 150°C) 

1N3491 
1N3492 
1N3493 
1N3494 
1N3495 
MR327 
MR328 
MR330 
MR331 

DC Reverse Current 
(Rated VR , TC = 25°C) 

FIGURE 1 - MAXIMUM FORWARD VOLTAGE DROP 
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Symbol Max Unit 

VF(AV) 0.6 Volts 

vF Volts 
1.5 

IR(AV) rnA 

10 
10 
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FIGURE 2 - MAXIMUM FORWARD POWER DISSIPATION 
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1 N3491 thru 1 N3495 (continued) 
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1 N3491 thru 1 N3495 (continued) 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - RECTIFICATION EFFICIENCY FIGURE 7 - REVERSE RECOVERY TIME 
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MOUNTING PROCEDURES 

MR321·MR33t and tN3491·1N3495 rectifiers are designed to be press-fitted in a heat sink in 
order to attain full device ratings. Recommended procedures for this type of mounting are as follows: 

~ ~fiEATSINK~ 
~ -I I 04~~' 000101" 

IIiTIMATE 
CONTACT ~REA 

HUT SINK MOUNTING 

ADDITIDML 
IlEATSIHKPLATE 

CDMf'lmKNURL -........... tHIN 
CONr~CT MfA CHASSIS 

I"IM·CH'SSIS MDUNIIN' 

1. Drill a hole in the heat sink 0.499 ± .001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is 

pressed into the hole. 
3. The depth and width of the break should be 0.010 inch maximum to retain maximum heat sink 

surface contact. 
4. To prevent damage to the rectifier during preSS-in, the pressing force should be applied only on 

the shoulder ring of the rectifier case as shown in the figure. 
5. The pressing force should be applied evenly about the shoulder ring to avoid tilting or canting 

of the rectifier case in the hole during the press.in operation. Also, the use of a light industrial 
lubricant will be of considerable aid, 
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1 N3580, A, B thru 1 N3583, A, B 

For Specifications, See 1 N2163 Data. 

1 N3649.1 N3650 

Obsolete, discontinued types, replace with devices from the MRl120 series. 

1 N3659thru 1 N3663 (SILICON) 

CASE 43 
(DO·21 ) 

Low-cost silicon rectifiers in hermetically sealed, 
press-fit case, designed for operation under severe 
environmental conditions. Cathode connected to case, 
but available with reverse polarity by adding suffix 
"R" to type number. 

MAXIMUM RATINGS (TC = 2SoC unless otherwise noted) 

Rating Symbol 
lN3659 lM3660 lN3661 lN3662 lM3663 

Units lN3659R lM36&OI lN3661R lN3662R lN3663R 
Peak Repetitive Reverse Voltage VRRM 50 100 200 300 400 Volts 
DC Blocking Voltage VR 

RMS Reverse Voltage VR(RMS) 35 70 140 210 280 Volts 

Average Half-Wave Rectified For- 10 
ward Current with Resistive Load 

@ 100°C case 30 Amp 
@ 150'C case 25 Amp 

Peak One Cycle Surge Current IFSM 400 Amp, 
(150'C case temp, 60 Hz) 

Operating Junction Temperature TJ -65 to +175 'c 

Storage Temperature Tstg -65 to +200 °c 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol lN3659 lN3660 lN3661 1"3662 lM3663 Unit lN3659R '"36601 lK3661R lN3662R lN3663R 
Maximum Forward Voltage VF 1.2 1.2 1.2 1.2 1.2 Volts 
at 25 Amp DC Forward Current 

Maximum Full Cycle Average 
VF(AV) Forward Voltage Drop @ Rated 0.7 0.7 0.7 0.7 0.7 Volts 

PIV and Current 

Maximum Full Cycle Average 
Reverse Current @ Rated PIV and 

IR(AV) 5.0 4.5 4.0 3.5 3.0 rnA 
Current (as half-wave rectifier, 
resistive load, 150°C) 

Thermal Resistance, Junction I ROJC 1.0 °c/w to Case 
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1 N3659 thru 1 N3663 (continued) 
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lN3659-1N3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended 
procedures for this type of mounting are as follows: 

1. Drill a hole in the heat sink 0.499 ± .001 inch in diameter. 
2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press

ed into the hole. 
3. The depth of the break should be 0.010 inch maximum to retain maximum heat sink surface contact 

with the knurled rectifier surface. 
4. Width of the break should be 0.010 inch as shown. 

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 

TYPICAL THERMAL 

RESISTANCE, CASE 

TO SINK, tics = O.2°C/W 

RIVET 

INTIMATE 
CONTACT AREA 

COMPLETE 
KNURL CONTACT 

AREA 

THIN·CHASSIS MOUNTING 
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1 N367S thru 1 N3703 (SILICON) 

CASE 59 
(00-41) 

Recommended for applications requiring an exact replacement only. 
For new designs and industry preferred replacement devices, see 
IN4728 series. 
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1 N3785 thru 1 N3820 

CASE 55 Low silhouette single-ended package for printed cir
cuit or socket mounting_ Cathode connected to case. 

MAXIMUM RATINGS 
Junction and Storage Temperat1.lre: -65°C to +175°C. 
D C Power Dissipation: 1. 5 Watts at 25°C Ambient. (Derate 10 mW;oC). 

The type numbers shown have a standard tolerance of ±20% on the zener volt
age. Standard tolerances of ±10% and ±5% on individual units are also available 
and are indicated by suffixing" A" for ± 10% and "B" for ± 5% units to the standard 
type number. 
ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 
VF = 1.5 V max @ 300 mA 

Mal Zener Impedance 
Reverse leakage Current' 

Nominal Test 
Zener Voltage @ IlT Current Mal DC Zener 

Type 110. ryz} Volts IIlTl IlT@l lT 1"@I" I" 
rnA ohms ohms rnA 

IN3785 6.8 55 2.7 700 1.0 
IN3786 7.5 50 3.0 700 0.5 
IN3787 8.2 46 3.5 700 0.5 
IN3788 9. I 41 4.0 700 0.5 
IN3789 liL 37 5 700 0.25 

IN3790 II 34 6 700 0.25 
IN3791 12 31 7 700 0.25 
IN3792 13 29 8 700 0.25 
IN3793 15 25 10 700 0.25 
IN3794 16 23 II 700 0.25 

IN3795 18 21 13 750 0.25 
IN3796 20 19 15 750 0.25 
IN3797 22 17 16 750 0.25 
IN3798 24 16 17 750 0.25 
IN3799 27 14 20 750 0.25 

IN3800 30 12 25 1,000 0.25 
IN3801 33 II 30 1,000 0.25 
IN3802 36 10 35 1,000 0.25 
IN3803 39 10 40 1,000 0.25 
IN3804 43 9.0 45 1,500 0.25 

IN3805 47 8. a 55 1,500 0.25 
IN3806 51 7.4 65 2, 000 0.25 
IN3807 56 6.7 75 2.000 0.25 
IN3808 62 6. a 85 2,000 0.25 
IN3809 68 5.5 95 2, 000 0.25 

IN3810 75 5. a 110 2, 000 0.25 
IN3811 82 4.5 130 3,000 0.25 
IN3812 91 4. I 150 3,000 0.25 
IN3813 100 3.7 200 3,000 0.25 
IN3814 10 3.4 ~oo 4 000 0.25 

IN3815 120 3.1 350 4,500 0.25 
IN3816 130 2.9 400 5,000 0.25 
IN3817 150 2.5 700 6, 000 0.25 
IN3818 160 2.3 750 6,500 0.25 
IN3819 180 2. I BOO 7,000 0.25 
IN3820 200 1.9 1,000 8,000 0.25 

SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 

1 - Nominal zener voltages between those shown. 

Current 
IIzMlmA 

195 
175 
155 
140 
125 

115 
105 
98 
85 
80 

70 
62 
56 
51 
46 

41 
38 
35 
31 
28 

:u3 
24 
22 
20 
18 

16 
14 
13 

12.0 
11.0 

10.5 
9.0 
8.0 
8.0 
7.0 
6.0 

I, Max 
("AI V" V" 

150 5.2 4.9 
75 5.7 5.4 
50 6.2 5.9 
25 6.9 6.6 
10 7.6 7.2 

5 8.4 8.0 
5 9. I 8.6 
5 9.9 9.4 
5 II. 4 10.8 
5 12.2 11.5 

5 13.7 13.0 
5 15. 2 14.4 
5 16.7 15.8 
5 18.2 17.3 
5 20.6 19.4 

5 22.8 21. 6 
5 25.1 23.8 
5 27.4 25.9 
5 29.7 28.1 
5 32.7 31. 0 

5 35.8 33.8 
5 38.8 36.6 
5 42.6 40.3 
5 47. I 44.6 
5 51. 7 49.0 

5 56.0 54.0 
5 62.0 59.0 
5 69.2 65.5 
5 76.0 72.0 
5 83.6 79.2 

5 91. 2 86.4 
5 98.8 93.6 
5 114.0 108.0 
5 121. 8 115.0 
5 137.0 130.0 
5 152.0 144 0 

Typical 
Zener 

Voltage 
Temp. Coefl. 

%rC 

.040 

.045 

.048 

.051 

.055 

.060 

.065 

.065 

.070 

.070 

.075 

.075 

.080 

.080 

.085 

.085 

.085 

.085 

.090 

.090 

.090 
· 090 
.090 
.090 
.090 

.090 

.090 

.090 
· 090 
· 095 

· 095 
.095 
.095 
.095 
.095 
.100 

2 - Matched sets: (S.tandard T.olerances a.re :±::?O%. ~3:0%. ±2.0%. ±l.O%) depending on voltage per device. 
a. Two or more units for s~rles connection With speclf._e,d tolerance on tot~1 yoltage. Series matched sets make possible higher 

zener voltages and provide lower temperature coefficients. lower dynamiC Impedance and greater power handling ability. 
b. Two or more units matched to one another with any specified tolerance. 

3 - Tight voltage tolerances: 1.0%.2.0%.3.0%. 

*VR1 - Test Voltage for 5% Tolerance Device. VR2 - Test Voltage for 10% Tolerance 
Device. No Leakage Specified as 20% Tolerance Device. 
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1 N3821 thru 1 N3830 (SILICON) 

SERIES 
(lM3.3AZ10 thru lM7.5AZ10) 

lN3016 thru lN30S 1 
SERIES 

(1 M6.8Z thru 1 M200Z) 

J)esigners Data Sheet 

1.0 WATT METAL SILICON ZENER DIODES 

a complete series of 1.0 Watt Zener Diodes with limits and 
operating characteristics that reflect the superior capabilities of 
silicon·oxide·passivated junctions. All this in an axial·lead, metal 
package offering protection in ali common environmental conditions. 

• To 100 Watts Surge Rating @ 10 ms 

• Maximum Limits Guaranteed on Five Electrical Parameters 

• Power Capability to MI L·S·19500 Specifications 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most CircuItS entirely from the in

formation presented. Limit curves ~ representing boundanes on device characteris
tics - are given to facilitate "worst case" design. 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

DC Power Dissipation@TA "" 25°C PD 1.0 Watt 

Derate above 25°C (See Figure 1) 6.67 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +175 °c 
Temperature Range 

Lead Temperature 230°C at a distance not less than 1/16" from the case for 10 seconds. 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed metal and glass. 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion~resistant and leads are readily solderable 
and weldable. 

POLARITY: Cathode connected to the case. When operated in zener mode, cathode will 
be positive with respect to anode. 

WEIGHT: 1.4 Grams (approxl 

MOUNTING POSITION: Any 

FIGURE 1 - POWER· TEMPERATURE DERATING CURVE 
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*Indicates JEDEC Registered Data. 
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1.0 WATT 
ZENER REGULATOR DIODES 

3.3-200 VOLTS 

--0 

L_ STYLE 1 

2 

PIN 1. CATHODE 
2. ANODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX W.)44 90) 0293 035) 

B 546 5 g) 0 215 01:)5 
c -- 1448 0570 

- a a 64 - 0Jl!W a 025 If 035 
-+~....r478 --.- 0188 
114 -254 0045 o.ToCj"-
2540-h128 I f1iIT0'T625 
1~_1Q_J4f2ULOOg 1-1 625 

All JEDEC dlmellslonsand notes apply 

CASE 52·03 
DO·13 



1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 

ELECTRICAL CHARACTERISTICS (TC "2SoC unless otherwise noted! 
VF" 1.5 V max@ IF" 200 mA for all types 

JEDEC 
Type No. 

*Nomlnal 
Zener Voltage 

VZ@IZT 
Volts 

(Note 31 

*Max Zener Impedance Max Reverse Current 
(Note 4) (Note 5) *Max DC Zener "'Test 

Current 

'ZT 
mA 

1----,-----,,----+---,.----,----1 Current 
t Flangelessl 
(Note 1 & 2) 

ZZT@IZT ZZK@IZK 
Ohms Ohms 

lN3821 
lN3822 
lN3823 
lN3824 

lN3825 
lN3826 
lN3827 
lN3828 

lN3829 
lN3830 

lN3016 
lN3017 

lN3018 
lN3019 
1N3020 
1N3021 

lN3022 
1N3023 
lN3024 
1 N3025 

lN3026 
1N3027 
1N3028 
1N3029 

1N3030 
lN3031 
lN3032 
lN3033 

1N3034 
1N3035 
lN3036 
lN3037 

lN3038 
1N3039 
1N3040 
lN3041 

1N3042 
, N3043 
lN3044 
lN3Q45 
1 N3046 

1N3047 
lN3048 
lN3049 
lN3050 
lN3051 

3.3 
3.6 
3.9 
4.3 

4.7 
5.1 
5.6 
6.2 

6.8 
7.5 

6.8 
7.5 

8.2 
9.1 
10 
11 

12 
13 
15 
16 

18 
20 
22 
24 

27 
30 
33 
36 

39 
43 
47 
51 

56 
62 
68 
75 

82 
91 

100 
110 
120 

130 
150 
160 
180 
200 

76 
69 
64 
58 

53 
49 
45 
41 

37 
34 

37 
34 

31 
28 
25 
23 

21 
19 
17 

15.5 

14 
12.5 
11.5 
10.5 

9.5 
8.5 
7.5 
7.0 

6.5 
6.0 
5.5 
5.0 

4.5 
4.0 
3.7 
3.3 

3.0 
2.8 
2.5 
2.3 
2.0 

1.9 
1.7 
1.6 
1.4 
1.2 

10 
10 
9.0 
9.0 

8.0 
7.0 
5.0 
2.0 

1.5 
1.5 

3.5 
4.0 

4.5 
5.0 
7.0 
8.0 

9.0 
10 
14 
16 

20 
22 
23 
25 

35 
40 
45 
50 

60 
70 
80 
95 

110 
125 
150 
175 

200 
250 
350 
450 
550 

700 
1000 
1100 
1200 
1500 

400 
400 
400 
400 

500 
550 
600 
700 

500 
250 

700 
700 

700 
700 
700 
700 

700 
700 
700 
700 

750 
750 
750 
750 

750 
1000 
1000 
1000 

1000 
1500 
1500 
1500 

2000 
2000 
2000 
2000 

3000 
3000 
3000 
4000 
4500 

5000 
6000 
6500 
7000 
8000 

• JEDEC Registered Data on 1N3821 thru lN3830and 1N3016 thru lN3051 

NOTE 1 - TOLERANCE AND TYPE NUMBER DESIGNATION 

lN3821 thru 1N3830 - The JEDEC type numbers shown have a 
standard tolerance for the nominal zener voltage of ± 10%. A 
standard tolerance of ±5% for individual units is also available and 
is indicated by adding suffix "A" to the standard type number. 

1N3016 thru 1N3051 - The JEDEC type numbers shown have a 
standard tolerance of ±20% for the nominal zener voltage. Suffix 
"A" for ±10% units or "B" for ±5% units. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

'ZK 
mA 

1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 

1.0 
1.0 

1.0 
0.5 

0.5 
0.5 

0.25 
0.25 

0.25 
0.25 
0.25 
0.25 

025 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

'R Max VRl 
(,u.AI 5% 

·100 
·100 
"50 
"10 

'10 
'10 
"10 
'10 

"10 
"10 

10 
10 

10 
75 
50 
50 

2.0 
1.0 
1.0 
1.0 

0.5 
0.5 
05 
0.5 

0.5 
0.5 
05 
0.5 

0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 

·1.0 
·1.0 
·1.0 
"1.0 

*1.0 
*1.0 
*2.0 
*3.0 

*3.0 
*3.0 

5.2 
5.7 

6.2 
6.9 
7.6 
8.4 

9.1 
9.9 
11.4 
12.2 

13.7 
15.2 
16.7 
182 

20.6 
22.8 
25.1 
27.4 

29.7 
32.7 
35.8 
38.8 

42.6 
47.1 
51.7 
56.0 

62.2 
69.2 
76.0 
83.6 
91.2 

98.8 
114.0 
121.6 
136.8 
152.0 

VR2 
10% 

1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
2.0 
3.0 

3.0 
3.0 

4.9 
5.4 

5.9 
6.6 
7.2 
8.0 

86 
9.4 
10.8 
11.5 

13.0 
14.4 
15.8 
17.3 

19.4 
21.6 
23.8 
25.9 

28.1 
31.0 
33.8 
36.7 

40.3 
44.6 
49.0 
54.0 

59.0 
65.5 
72.0 
79.2 
86.4 

93.6 
108.0 
115.2 
129.6 
144.0 

'ZMmA 
(Note 6) 

276 
252 
238 
213 

194 
17B 
162 
146 

133 
121 

140 
125 

115 
105 
95 
85 

80 
74 
63 
60 

52 
47 
43 
40 

34 
31 
28 
26 

23 
21 
19 
18 

17 
15 
14 
12 

11 
10 
90 
8.3 
8.0 

6.9 
57 
5.4 
4.9 
4.6 

(8) MATCHED SETS: (Standard Tolerances are ±5.0%, ±2.0%, 
±1.0%). 

Zener diodes are available in sets consisting of two or more 
matched devices. The method for specifying matched sets 
is similar to the one described in (A) except that two addi
tional suffixes are added to the code number described. 

These devices are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is marked 
with the same serial number, which is different for each 
set ordered. 

1 M5 1 A 5 B 
(A! NOMINAL ZENER VOLTAGES BETWEEN THE VOLT

AGES SHOWN AND TIGHTER VOLTAGE TOLER
ANCES: To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage toler
ances (±3%. ±2%. ±1%!. the Motorola type number should 
be used. 

1 M 5.1 A 

Device J T No~nal 1 ~821 
Z 

T 
3 

T 

Dele T ~ IN;L T I ove;:;1 
Description (each devlcel thru Tolerance Tolerance 

Motorola 1N3830 per device of set (±1%! 
only ±5% (omit for 

±20% units) 

Description Motorola Voltage thru 
1N3830 

only 

EXAMPLE 1MS.1AZ3 

Zener 
Diode 

Tolerance 
(±%! 

EXAMPLE 1M51Z5Bl 

1-59 

Code 
A - Not used 
B - Two devices in series 
C - Three devices in series 
D ~ Four devices in series 



1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 

(CI ZENER CLIPPERS: (Standard Tolerance±10% and ±5%1. 

1 

1 
Device 

Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen
clature: 

M 7.5 A Z Z 10 

T T T T 
clIerT Zener 

Motorola Diodes 
lN3821 Tolerance for each of 

Nominal thru the two Zener voltages 
Description Voltage lN3830 (not a matching require-

only ment) 

Example: lM7.5AZZ10 

NOTE 3 - ZENER VOLTAGE (VZI MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 
seconds while maintaining the lead temperature (TL) at 30De ± 1°C, 
3/8" from the diode body. 

NOTE 4 - ZENER IMPEDANCE (ZZI DERIVATION 

The zener impedance is derived from the 60 cycle ae voltage, 
which results when an ae current having an rms value equal to 10% 
of the de zener current (I ZT or I ZK) is superimposed on I ZT or IZK. 

NOTE 5 - REVERSE LEAKAGE CURRENT IR 

Reverse leakage currents are guaranteed only for 5% and 10% 
zener diotJes and are measured at VR as shown in the Electrical 
Characteristics Table. 

NOTE 6 - MAXIMUM ZENER CURRENT RATINGS (lZM) 

lN3821 thru lN3830 - Maximum zener current ratings are based 
on maximum voltage of 10% tolerance units. 

lN3016 thru lN3051 - Maximum zener current ratings are based 
on maximum voltage of 5% tolerance units. 

NOTE 7 - SURGE CURRENT Ii,) 

Surge current is specified as the maximum allowable peak, non
recurrent square·wave current with a specified pulse width, PW. 
The data presented in Figures 8 and 9 may be used to find the 
maximum surge current for a square wave of any pulse width 
between 0.01 ms and 1000 ms. 

APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction tem

perature under any set of operating conditions in order to calculate 
its value. The following procedure is recommended: 

Lead Temperature, T L, should be determined from: 

() LA is the lead-to·ambient thermal resistance (OC/W) and 
Po is the power dissipation. The value for 8 LA will vary 
and depends on the device mounting method. ()LA is gen
erally 30-40 0 C/W for the various clips and tie points in 
common use and for printed circuit board wiring. 

The temperature of the lead can also be measured using a thermo
couple placed on the lead as close as possible to the tie point. The 

thermal mass connected to the tie point is normally laitge enough 

so that it will not significantly respond to heat surges generated in 

the diode as a result of pulsed operation once steady-state condi

tions are achieved. Using the measured value of T L' the junction 
temperature may be determined by: 

LloT JL is the increase in junction temperature above the lead 

temperature and may be found from Figure 6 for a train of 

power pulses (L = 3/8 inch) or from Figure 7 for dc power. 

For worst·case design, using expected limits of 'Z' limits of Po 
and the extremes of T J(AT J) may be estimated. Changes in voltage, 
VZ, can then be found from: 

tlV ~ 8 VZtlTJ 

()vz, the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 

Under high power'pulse operation, the zener voltage will vary 
with time and may also be affected significantly by the zener resist· 

ance. For best regulation, keep current excursions as low as possible. 

Data of Figure 6 should not be used to compute surge capability. 
Surge limitations are given in Figure 8. They are lower than would 

be expected by considering only junction temperature, as current 

crowding effects cause temperatures to be extremely high in small 

spots resulting in device degradation should the limits of Figure 8 
be exceeded. 
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1N3821 thru 1N3830, 1N3016thru 1N3051 (continued) 
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lN3821 thru 1N3830, lN3016 thru lN3051 (continued) 

FIGURE 6 - TYPICAL THERMAL RESPONSE L, LEAD LENGTH = 3/8 INCH 
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FIGURE 7 - TYPICAL THERMAL RESISTANCE 
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1N3821 thru 1N3830, 1N3016 thru 1N3051 (continued) 
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1 N38 79 thru 1 N3883 
MR1366 

Designers Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

. designed for special applications such as de power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character
istics - are given to facilitate "worst case" design. 

*MAXIMUM RATINGS 

Ratmg 

Peak RepetItive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Vol~age 

Non-Repetitive Peak Reverse Voltage 

RMS Reverse Voltage 

Average Rectified Forward Current 
(Single phase, resistive load, 

TC = lOOoe) 

Non·Repetltlve Peak Surge Current 
(surge applied at rated load 
continuous) 

Operating Junction Temperature Range 

Storage Temperature Range 

THERMAL CHARACTERISTICS I Ch,,~""'''o I 
Therm<ll Resistance, Junction to ca~ 

Symbol lN3879 

50 

75 

VR(RMS) 35 

'0 

IFSM 

Symbol 

lN3880 

100 

lN3881 lN38B2 lN3883 MR1366 

"Xl 
250 350 450 

140 280 

60 

150---
lonecyde) 

-65 to +150 

65 to +175 

30 

600 

650 

420 Volts 

Amps 

Amps 

Motorola guarantees the listed value, although parts havmg higher values of thermal resistance Will meet the current ratmg 
Thermal reSistance IS not required by the JEDEC registration 

*8LECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ M" 

Instantaneous Forward Voltage 'F 15 (IF ~ 19 Amp. TJ ~ 150°C) 12 

Forward Voltage VF 
(IF'" 6.0 Amp, TC~ 25°C) 10 1.4 

Revef$e Current (rated dc voltage) T C '" 25 C 'R 15 ,A 

Tc = 100°C 10 rnA 

REVERSE RECOVERY CHARACTERISTICS 

Characteristic Symbol Typ 

Reverse Recovery Time 'n 
""IIFM - 1.0 Amp to VR = 30 Vdc, Figure 16) 100 200 

(IFM - 36 Amp, dl!dt - 25 AIJ,ls, Figure 17) 200 400 

Reverse Recovery Current IRM(REC) 
20 

"rnp 

"(IF" 1 0 Amp to VR - 30 Vdc, Figure 16) 

'" Indicates JEDEC Registered Data for 1 N3879 Series. 
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FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
6 AMPERES 

·O,menSlonlsadtameter 
All JEDEC dimenSIOns and notes apply 

CASE 56B 
DO-4 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case, Reverse Polarity 
available by adding Suffix "R" to 
type number. 

WEIGHT: 5,6 Grams (approximately) 



1N3879 thru 1N3883, MR1366 (continued) 
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NUMBER OF CYCLES AT 60 Hz 

NOTE 1 

FULPPk Ppk 

_lp_ 

TIME 
1---11------1 

tlwdll}dell1dqlV€nSl1Uilllon 

temperature may bedeterfllilledby 

TJ c Te + T JC 

Isthe IncreaS8 '11 IUllctlll1l ternperaturedbovethecdselernperat Ufe 
by 

TJceppk ROJC[Dt(1-0) r(llJ-l p)+r{tp) 111111 
where 

rlt) ~ normalized v(llue I)f tranSient thermdl resistance dt ll1nE, 1, trom Figure 
3,18 

r (I] + tpl - normalized value at 1l(1l1$lenl thermal resistance ~t time \\' tp 

FIGURE 3 - THERMAL RESPONSE 
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lN3879 thru 1N3883, MR1366 (continued) 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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1N3879 thru 1N3883, MR1366 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME FIGURE 11 - JUNCTION CAPACITANCE 
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II~;S~/~ thru 1 N3H83, M R 1366 (continued) 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115 Val: 10 k 
60 Hz 2 W 

RI 
3D 

25 W 

30 D 
50W 

NON,INOUCTIVE 

UNIT 
UNDER TEST 

A 

A - TEKTRONIX 545A, K PLUG IN 
PRE,AMP, P6000 PROBE OR EQUIVALENT 

Rl - ADJUSTED FOR 14DBETWEEN 
POINT Z OF RELAY ANO RECTIFIER 
INDUCTANCE ~ 38 MH 

RZ " TEN 1 W, 10 D, 1% CARBON CO RE 
IN PARALLEL 

TA '" 25 ~l~oC FOR RECTIFIER 
RZ 
1 D MINIMIZE ALL LEAO LENGTHS 
lOW 

30 Vdc NON,INOUCTIVE Cl 1.0 Adc FROM CONSTANT VOLTAGE SUPPL Y 
CONSTANT VOLTAGE 1.0 pF RIPPLE'" 3 mVrms MAX 

SUPPL Y o-+ __ _+----..... ~---_ _+3:.:0.:.0 :.:V .... _-<D~ Zout '" nz n MAX, DC to 2 kHz 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 

RI 

Rl "50 Ohms T1 
R2 = 250 Ohms 
01 " 1 N4723 
OZ" 1 N4001 
03" 1 N4933 

SCRI "MCR729,10 
Cl "0.5 to 50 MF 
C2" 4000"F 
1l"LO-27MH 

120TIVC T12, 
60 Hz 

1'1 

T1 = VariaC Adjusts I(PK) and dl/dt 
T2" 1:1 
T3'" 1:1 (to trigger circuit) 

03 Cl 

01 

11 
d,/dt AOJUST 

I IPKI AOJUST om, 

OZ 

CURRENT 
VIEWING 
RESISTO R 

NOTE 2 

Reverse recovery time IS the penod which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero gOing negatively until the reverse current 
recovers to a POlOt which is less than 10% peak reverse current. 

Reverse recovery time IS a direct functIOn of the forward 
current pnor to the application of reverse voltage. 

For any given rectifier, recovery time IS very CirCUit depend
ent. Typical and maximum recovery time of all Motorola fast 
reco~ery power rectifiers are rated under a flxed set of conditions 
uSing IF = 1.0 A, VR = 30 V. In order to cover all CIfCUlt 
conditions, curves are given for typical recovered stored charge 
versus commutation dl/dt for vanous levels of forward current 
and for junction temperatures of 25°C, 750 C, 100oC, and 
150°C, 

To use these curves, it IS necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

dl/dt 

'RM(REC)-t----~ 

From stored charge curves versus di/dt, recovery time (trr ) 
and peak reverse recovery current (IRM(REC)) can be closely 
approximated using the following formulas: 

t ~ 1,41 x[.?_fl,J 1/2 
rr di/dtJ 

IRMIRECI ~ 1,41 x [QR x di/dtJ1/2 
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1 N3889 thru 1 N3893 
MR1376 

Designers Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as de power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character
istics - are given to facilitate "worst case" design. 

'MAXIMUM RATINGS 

Rating Symbol lN3889 lN3890 lN3891 lN3892 lN3893 MR1376 Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 

Non-Repetitive Peak Reverse 
Voltage 

VRSM 

RMS Reverse Voltage 

Average Rectified Forward 
Current (Single phase, resistIVe 
load, TC '" 100°C) 

10 

Non-Repetitive Peak Surge I FSM 
Current {Surge applied at 
rated load condltlonsl 

Operating Junction Temperature T J 
Range 

Storage Temperature Range T 5t9 

THERMAL CHARACTERISTICS 

CharacteristiCs 

Thermal ReSistance, Junction to Case 

*ELECTRICAL CHARACTERISTICS 

CharacteristiC 

Instantaneous Forward Voltage 
(IF'" 38 Amp, T J '" 150°C) 

Forward Voltage 
(IF'" 12 Amp, TC '" 250 CI 

Reverse Current (rated dc voltage) 

SO 

75 

35 

TC 25°C 
TC'" 100°C 

'REVERSE RECOVERY CHARACTERISTICS 

Characteristic 

Reverse Recovery Time 
(I F '" 1.0 Amp to VR '" 30 Vdc, Figure 16) 
UFM = 36 Amp, di/dt '" 25 Alp,s, Figure 171 

Reverse Recovery Current 
(IF'" 1.0 Amp to VR = 30 Vdc, Figure 16) 

100 200 300 

150 250 350 

70 140 210 

12 

200 
(one cycle) 

-65 to +150 

-65 to +175 

Symbol Min 

'F 

VF 

'R 

Symbol Min 

'" 

IRM(REC) 

*!ndicates JEDEC Registered Data for lN3889 Series.. 

VOlts 
400 600 

450 650 Volts 

280 420 Volts 

Amps 

Amp 

DC 

DC 

TV. M,. Unit 

Volt~ 

1 2 15 

Volts 
1.0 14 

10 25 "A 
0.5 30 mA 

Tv. M,. Unit 

100 200 
200 400 

Amp 
20 

1-69 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
12 AMPERES 

-O,mens,on Isa diameter 
All JEOEC dlmenslOIlS and notes apply 

CASE 568 
00-4 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case. Reverse Polarity 
available by adding Suffix "R" 
to type number. 

WEIGHT: 5.6 grams (approximately) 



1N3889 thru 1N3893, MR1376 (continued) 
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1 N3889 thru 1 N3893, M R 1376 (continued) 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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1N3889 thru 1N3893, MR1376 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME FIGURE 11 - JUNCTION CAPACITANCE 
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TYPICAL RECOVERED STORED CHARGE DATA 

FIGURE 12 - T J = 2SoC 
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1N3889 thru 1N3893, MR1376 (continued) 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115 Val: 10 k 
60 Hz 2 W 

R I 
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A - TEKTRONIX 545A, K PLUG IN 
PRE·AMP, PfiOOO PROBE OR EQUIVALENT 

Rl-ADJUSTED FOR 14(2BETWEEN 
POINT 2 OF RELAY ANO RECTIFIER 
INDUCTANCE~38"H 
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TA 0 15 ~1~oC FOR RECTIFIER 

MINIMIZE ALL LEAD LENGTHS 

1 0 Adc F ROM CONSTANT VOLTAGE SUPPL Y 
RIPPLE'" 3 mVrms MAX 

SUPPL YO-+ __ .... ____ ~.-----43-0-0-V .... -_<J Zout'" 1/; n MAX, DC to 2 kHl 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 

Rt '" 50 Ohms T1 
R2 0 150 Ohms 
01 0 1 N4723 
02 0 1 N4001 
03 0 1 N4933 

SCRI 0 MCR729·10 
Cl 00.5 to 50"F 
C2 ~ 4000"F 
L1oLO-27"H 

120v1:Jc ,T2, 
60 Hz 

11 

T1 '" Variac Adjusts I(PK) and dl!dt 

T2°1.1 
T3 '" 1.1 (to tngger CIrcuit) 

Rl 

03 Cl 

01 

Ll 
dl/dt ADJUST 

I (PK) ADJUST OUT 

02 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time IS the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passesthru zerogoing negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current 

Reverse recovery time IS a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery tl me IS very circuit depend
ent. TYPical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
uSing IF =- 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100o C, and 
150°C, 

To use these curves, It is necessary to know the forward 

current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

di/dt 

IRM(RECI-t----~ 

From stored charge curves versus diJdt, recovery time (trr ) 
and peak reverse recovery current (I RM(REC)) can be closely 
approximated using the following formulas: 
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[
OR j 112 

t "1.41x--
rr di/dt 

IRMIRECI" 1.41 x [OR x di/dt] 112 



1 N3899 thru 1 N3903 
MR1386 

~ , 

Designers Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as de power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes~ A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz~ 

Designers Data for "Worst Case" Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 

information presented. Limit curves - representing boundaries on device character
istics - are given to facilitate "worst case" design. 

-MAXIMUM RATINGS 

Rating Symbol lN3899 lN3900 lN3901 lN3902 lN3903 MR1386 Unit 

Peak Repetitive Reverse VOltage VRRM Volts 

Working Peak Reverse Voltage VRWM 50 100 200 300 400 600 
DC Blockmg Voltage VR 

Non·Repetltlve Peak Reverse VRSM 75 150 250 350 450 650 Volts 
Voltage 

RMS Reverse VOltage VR(RMS) 35 70 140 210 280 420 Volts 

Average Rectified Forward '0 Amp 
Current (Single phase, resistIVe 20 
load, TC "" 1000C) 

Non·Repetltlve Peak Surge IFSM Amps 
Current (surge applied at 250 

rated load conditions) (one cycle) 

Operating Junction Temperature TJ 65 to +150 DC 

Range 

Storage Temperature Range T stg 65 to +175 DC 

'THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

*ElECTRICAL CHARACTERISTICS 

Characteristic Symbol Mm TVO M .. Unit 

Instantaneous Forward Voltage 'F Volts 
(I F = 63 Amp, T J = 150°C) 12 1 5 

Forward Voltage VF Volts 
(IF = 20 Amp, TC '" 25°C) 11 1 4 

Reverse Current (rated de voltage) TC - 25°C 'R 10 5u .A 
TC" 100°C 0.5 6.0 mA 

'REVERSE RECOVERY CHARACTERISTICS 

Characteristic Symbol Min TVO M" Unit 
Reverse Recovery Time 

'" (I F = 1.0 Amp to VR '" 30 Vdc, Figure 16) 100 200 
(lFM = 36 Amp, dl/dt = 25 A/!J,s, Figure 17) 200 400 

Reverse Recovery Current IRM(AEC) Amp 
(IF - 1.0 Amp to VA = 30 Vde, Figure 16) 30 

-Indicates JEDEC RegIStered Date for lN3899 Series 

1·74 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOL TS 
20 AMPERES 

1 
~l 1000 

\ L ~;:O!50 MAlx 

?""'-Y L 
0060] r"-....,=..:t--:;:1~· 
MIN 114-28 UNF-2A 

Terminal 2 

"Dlmem;lon,udOimeter 

All JEDEC d,menswns and nOles ,pplV 

CASE 257 
00·5 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case. Reverse Polarity 
available by adding Suffix "R" to 
type number. 

WEIGHT: 17 Grams (Approximately) 



1N3899 thru 1N3903, MR1386 (continued) 
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NOTE 1 

,------------------------------------
FLJ[PPk Ppk 

DUTY 
tp__ PEAK 

equivalent 
TIME 

f--.--, 1----1 

lIsmg a thermocouple placed 
Of) the case al the temperature pOint (see Note 3) The thermal mass 
connected to the case IS normally large enough so that It will not significantly 
respondto heat surges generated In thedlDdeasa result of pulsed operatIOn once 
steady-state conditIOns are achieved USing the measured v~lue of T C, the Junction 
temperature may bedetermlOed by 

TF Te +" TJC 

where (, T JC IS the Increase In Junction temperature above the case temperature 
It may be determined by 

D TJC '" Ppk 'R6JC [0 + (1 - OJ 'r(1] + tpJ + dtp) -- r(qll 
where 

rit) co normalized value of transient thermal resistance at time, I, from Figure 
3, I e 
r (I] + lp) ~ normalized value of tranSient thermal resistance at time 11 + tp 

FIGURE 3 - THERMAL RESPONSE 
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1N3899 thru 1N3903, MR1386 (continued) 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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1N3899 thru 1N3903, MR1386 (continued) 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

115 Vac 10 k 
60 Hz 2 W 

R I 
3fl 

25 W 

30 fl 
50 W 

NON,INOUCTIVE 

UNIT 
UNDER TEST 

+------to) A 

A - TEKTRONIX 545A, K PLUG IN 
PRE,AMP, P6000 PROBE OR EQUIVALENT 

R I - ADJUSTED FOR 1.4 n BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 3BpH 

R2 - TEN,l W, 10 fl, 1% CARBON CORE 
IN PARALLEL 

IMAKE BEFORE BREAK) 
T A = 25 ~1~ 'C FOR RECTIFIER 

R2 
1 n MINIMIZE ALL LEAD LENGTHS 
lOW 

30 Vdc NON,INOUCTIVE Cl 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE 1.0,uF RIPPLE=3mVrmsMAX 

SUPPl y O-:+ __ --+ ____ -4 _____ --+3_00_V--4>-_-<l- Zout" 1 Yd1 MAX, DC to 2 kHz 

At =500hms 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 

Rl 

T1 

Cl 

L1 
Mdt ADJUST 

R2 '" 250 Ohms 
01 = lN4723 
02 = 1 N4001 
03 = 1 N4933 

SCRl = MCR729,1O 
Cl =0,5to50pF 
C2 ~ 4000 pF 

120v}Jc IT21 
60 Hz 

03 IIPK) ADJUST OUT. 

L1 = 1.0 - 27 pH 
T1 '" Variac Adjusts I(PK) and dl!dt 
T2 = 1:1 
T3 = 1:1 (to trigger CIrCUit) 

11 
C2 + 

01 

02 

R2 
R ~O,25 fl 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time 15 the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time IS a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery tIme is very CIrCUit depend
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fIxed set of conditions 
using IF = 1.0 A, VR = 30 V. I n order to cover all Circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation dl/dt for various levels of forward current 
and for junction temperatures of 250 C, 75°C, 1000C, and 
150°C, 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

dl/dt 

iAM(RECl+---'''' 

From stored charge curves versus di/dt, recovery time (trr ) 
and peak reverse recovery current (IRM(REC)) can be closely 
approximated using the following formulas: 

1-77 

[ 
QR] 1/2 

trr = 1.41 x ~ 
di/dt 

IRM(REC)" 1.41 x [QR x dl/dt] 112 



lN3899 thru lN3903, MR1386 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME FIGURE 11 - JUNCTION CAPACITANCE 
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1 N3909 thru 1 N3913 
MR1396 

Desigll~rs Data Sheet 

STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 

... designed for special applications such as de power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 100 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves - representing boundaries on device character
istics - are given to facilitate "worst case" design. 

*MAXIMUM RATINGS 

Rating Symbol lN3909 lN3910 lN3911 lN3912 lN3913 MR1396 Unit 

Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 50 100 200 300 400 600 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse VRSM 75 150 250 350 450 650 Volts 
Voltage 

RMS Reverse Voltage VR(RMS) 35 70 140 210 280 420 Volts 

Average Rectified Forward '0 Amps 
Current (Smglephase, 30 
resistive load, TC '" 100oC) 

Non-Repetitive Peak Surge iFSM Amp 
Current (surge applied at rated 300 
load conditIOns) 

Operating Junction Temperature TJ -65 to +150 °c 
Range 

Storage Temperature Range Tstg -65 to +175 °c 

THERMAL CHARACTERISTICS 
Ch,lfacteristic 

Thermal Resistance, Junction to Case 

'ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Moo Ty, M" Unit 

Instantaneous Forward Voltage 
(IF'" 93 Amp, TJ '" 150°C) 

'F 12 15 Volts 

Forward Voltage VF 1.1 14 Volts 
(IF = 30Amp, TC = 25°C) 

Reverse Current (rated de voltage) T C - 25 C 'R 10 80 ,A 

TC'" 1000C 0.5 10 mA 

*REVERSE RECOVERY CHARACTERISTICS 
Characteristic Symbol Min Ty, M" Unit 

Reverse Recovery Time 'n 
(IF = 1.0 Amp to VR '" 30 Vdc, Figure 16) 100 200 
II M = 36 Amp, dl/dt = 25 A/jJ.5, Figure 17) 200 400 

Reverse Recovery Current IRMIREC) 15 30 Amp 
(IF = 1.0 Amp to VR = 30 Vdc, Figure 16) 

'IndIcates JEDEC Registered Data for lN3909 Series 

1-79 

FAST RECOVERY 
POWER RECTIFIERS 

50-600 VOLTS 
30 AMPERES 

oo.oIT 
MIN 

0220' 
~ 
1J4-2BUNf 2A 

'OlmenSlon Isad'8meter 

AIiJEOECd,men,lons.lndnote,apply 

CASE2S7 
00·5 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistant and readily solderable 

POLARITY: Cathode to Case. Reverse Polarity 
type available by adding Suffix "R" 
to type number. 

WEIGHT: 17 Grams (ApprOXimately) 



1N3909 thru 1N3913, MR1396 (continued) 

50 0 

30 0 

10 0 

10 o~ 
0 

0 

0 

0 

0 

0 

0 

3. 0 

2. 0 

1. 0 

o. 7 

o. 5 

1. 0 

5 

3 

2 

1 

5 

FIGURE 1 - FORWARD VOL TAGE 
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NOTE 1 

DUTY CYCLE, 0" tpit) F[JlPPk Ppk 

tp_ PEAK POWER, Ppk, IS peak of an 
equivalent square power pulse 

TIME 

f--tt----1 
To determmemaxlmum junction temperature of the dIOde In a given situatIOn, 

the foliowlflg procedure IS recommended 

The temperature of the case should be measured uSing a thermocouple placed 
on the case at the temperature refuence pom! (see Note 3) The thermal mass 
connected to the case IS normally large enQugh so that It will not Significantly 
respond 10 heat surges generated mtnedlodeasa result of pulsed operation once 
steady-statecondilionsareachieved USing the measuredvalueofTc, the junction 
temperature may be determined by 

TJ eo TC +.~ TJC 

where .\ T JC IS the Increase In Junction temperature abuve the case temperature 
Itmay be determined by 

[::. T JC =- Ppk . ReJC lD + (1 - 0) . r(1] + tp) + r(tp) - r(t]) I 
where 

rltl eo normalized value of transient thermal resistance at time, t, from Figure 
3, i e 
r (tl + tpl = normalized value of tranSient thermal resistance attlme t11tp 

FIGURE 3 - THERMAL RESPONSE 
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1N3909 thru 2N3913, MR1396 (continued) 

SINE WAVE INPUT 

FIGURE 4 - FORWARD POWER DISSIPATION 
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SQUARE WAVE INPUT 

FIGURE 5 - FORWARD POWER DISSIPATION 
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1N3909 thru 1N3913, MR1396 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME 
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1N3909 thru 1N3913, MR1396 (continued) 

FIGURE 16 - REVERSE RECOVERY CIRCUIT 

RI 
3Sl 

15W 

30n 
50W 

NON INDUCTIVE 

UNIT 
UNDER TEST 

A 

A - TEKTRONIX 545A, K PLUG IN 
PREAMP, P60DO PROBE OR EQUIVALENT 

R1 - ADJUSTED FOR 14 nBETWEEN 
POINT 1 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 38"H 

R2 - TEN-l W, 10 n. 1% CARBON CORE 
IN PARALLEL 

(MAKE BEFORE BREAK) 
TA" 15 ~100oC FOR RECTIFIER 

R2 
I n MINIMIZE ALL LEAD LENGTHS 
lOW 

30 Vdc NON· IN~UCTIVE C1 10 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE lDIJF RIPPLE = 3 mVrms MAX 

SUPPL Y 0,-+ __ ..... ____ ~-----.... 3-'-OO'--V'_..j'_-_O- Zout::: 1 \12 n MAX, DC to 2 kHz 

FIGURE 17 - JEDEC REVERSE RECOVERY CIRCUIT 
R1 

Rl::: 50 Ohms T1 
R2 = 250 Ohms 
01 " 1 N4713 
01" 1N4001 
03" 1 N4933 

SCR1" MCR719·10 
Cl ::: 0.5 to 50 pF 

C1" 4000"F 
L1"1.0-17"H 

110IJvc TI11 
60 Hz 

11 

T1 ::: Variac Adjusts I(PK) and dl/dt 
T1" 1 1 
T3::: 1:1 (to tngger ClrcLllt) 01 

03 C1 

L1 
dlldt ADJUST 

I(PK) ADJUST om. 

02 

R<O 15 n 

CURRENT 
VIEWING 
RESISTOR 

NOTE 2 

Reverse recovery time IS the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery ti me is very circuit depend~ 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of condi tions 
using IF = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
15o"C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

di!dt 

IRM(REC)-t----~ 

From stored charge curves versus di/dt, recovery time (trr ) 
and peak reverse recovery current (lRM(REC)) can be closely 
approximated using the following formulas: 
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[
OR] 112 

trr = 1.41 x -
dildt 

IRM(REC) = 1.41 x [OR Y dildtJ 112 



lN3993 thru lN4000 (ZENER DIODES) 

o 
CASE 56 

(00·4) 

Low-voltage, alloy-junction zener diodes in hermeti
cally sealed package with cathode connected to case. 
Supplied with mounting hardware. 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +175°C. 
D C Power Dissipation: 10 Watts. (Derate 83.3 mWjOC above 55°C). 

The type numbers shown in the table have a standard tolerance on the nominal 
zener voltage of ±10%. A standard tolerance of +5% on individual units is also 
available and is indicated by suffixing "A" to the standard type number. 

ELECTRICAL CHARACTERISTICS 
(Ta = 30'C ± 3, VF = 1.5 max @ IF = 2 amp for all units) 

Nominal 
Max Zener Impedance 

Reverse 
Zener Voltage Test Max DC Zener leakage Current 

V,@I" Current Current 
Type No. Volts I" z,.@I" Z"@I,, = 10 mA I," mA I. V. 

mA Ohms Ohms iJ.A Volts 

IN3993 3.9 640 2.0 400 2380 100 0.5 
IN3994 4.3 580 1.5 400 2130 100 0.5 
IN3995 4.7 530 1.2 500 1940 50 1.0 
IN3996 5.1 490 1.1 550 1780 10 1.0 

IN3997 5,6 445 1.0 600 1620 10 1.0 
IN3998 6.2 405 1.1 750 1460 10 2.0 

IN3999 6.8 370 1.2 500 1330 10 2.0 
IN4000 7.5 335 1.3 250 1210 10 3.0 

SPECIAL SELECTIONS AVA I LABLE INCLUDE: (See Selector Guide for details) 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE 
VOLTAGES SHOWN AND TIGHTER VOLTAGE 
TOLERANCES: 

To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage 
tolerances (±3%. ±2%. ±I %). the Motorola type 
number should be used. 

10 M 5.0 A Z 3 

DJ:ce MorOla NO!inal T z:rer Tor.nce 
Description Voltage Alloy Diode (±%) 

Example: lOMS.OAZ3 

(8) MATCHED SETS: (Standard Tolerances are ±5.0%. 
±2.0%. ±1.0%). 

Zener diodes can be obtained in sets consisting 
of two or more matched devices. The method for 
specifying such matched sets is similar to the one 
described in (A) for specifying units with a special 
voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to 
identify the matched sets and. in addition. each unit 
in a set is marked with the same serial number. 
which is different for each set being ordered. 

D~ce JM 5.~01tS J,A z±.
rJ

5 lB orall 
Description (each device) Diodes Tolerance 

of set 
Motorola Alloy (±1%) 

Tolerance 
per device (±5%) Code" 

'Code: (omit for ±20% units) (A-Not used) 
B - Two devices in series 
C - Three devices in series 
D - Four devices in series 

Example: 10M5.1AZ5Bl 

(C) ZENER CLIPPERS: (Standard Tolerance ±lO% and 
±5%). 

Special clipper diodes with opposing Zener 
junctions built into the devi~e are available by using 
the foUowing nomenclature: 

10 

T JMTJA t JZ Device Nominal Zener 1 Description Voltage Diodes 
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Motorola Alloy Clipper 

Example: 10M4.7AZZIO 

Tolerance for each of 
the two Zener voltages 
(not a matching require
ment) 



1 N4001 (SILICON) 

thru 

lN4007 

Designers Data Sheet 

"SURMETIC" RECTIFIERS 

... subminiature size, axial lead mounted rectifiers for general-pur
pose low-power applications. 

Designers Data for "Worst Case" Conditions 

The Designers Data Sheets permit the design of most circuits entirely 
from the information presented. Limit curves - representing boundaries on 
device characteristics - are given to facilitate "worst case" design. 

'MAXIMUM RATINGS 

:; ~ '" " :g '" ~ 0 0 0 
i i i i i 

Rating Symbol ~ ~ ~ ~ ~ :: :: 
Peak Repetitive Reverse Voltage VA AM 
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 
DC Blocking VOltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 60 120 240 480 720 1000 1200 
(halfwave, single phase, 60 Hz) 

RMS Reverse Voltage VR(RMSI 35 70 140 280 420 560 700 

Average Rectified Forward Current 
(sIngle phase, resistive 1000, 10 1.0 
60 Hz, see Figure 8, T A'" 750C) 

Non-Repetitive Peak Surge Current 

(surge applied at rated 1000 IFSM 30 (for 1 cycle) 
conditions, see Figure 2) 

Operating and Storage Junction TJ,Tstg -65 to +175 
Temperature Range 

'ELECTRICAL CHARACTERISTICS 

Characteristic and Conditions Symbol TVp Mox 

Maximum Instantaneous Forward Voltage Drop vF 0.93 1.1 
(iF'" 1.0Amp, T '" 25°C) Figure 1 

Maximum Full-Cycle Average Forward Voltage Drop VFIAV} 0.8 
(lo;eo 1.0 Amp, TL "" 75°C, 1 inch leads) 

Maximum Reverse Current (rated dc voltage) 'R 
TJ = 25DC 0.05 10 
TJ'" 100DC 1.0 50 

Maximum Full-Cycle Average Reverse Current 'R(AV) 30 
(10 '" 1.0 Amp, T L '" 75DC, 1 inch leads 

• Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Void free, Transfer Molded 

Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

DC 

Unit 

Volts 

Volts 

"A 

"A 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES, 350oC. 3/8" from 
case for 10 seconds at 5 tbs. tension 
FINISH: All external surfaces are corrosion-resistant, leads are readily sotderabte 
POLARITY; Cathode indicated by color band 
WEIGHT: 0.40 Grams (approximately) 
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LEAD MOUNTED 
SILICON RECTIFIERS 

5()"1000 VOLTS 
DIFFUSED JUNCTION 

DIM 

A 
B 
0 
F 
K 

NOTE. 
1. POLARITY DENOTED BY 

CATHODE BAND 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

4.07 5.20 O.lBO 0.205 
2.04 2.71 0.080 0.107 
0.71 0.86 0.028 0.034 

1.27 0.050 
27.94 1.100 

All JEDECdimensllJns and noteslapply. 

CASE 59·03 
00-41 



1N4001 thru 1N4007 (continuedJ 
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FIGURE 4 - TYPICAL TRANSIENT THERMAL RESISTANCE 

1··~.';;-0"""'-'-75.no -'-;7'::.0.Ll.1;';;O,---L---;2!n0 --:;3~0 ---'-t50;;-'-~7~0 .l..-';1t.00,----L"'20!:<0--::!30i:c0---'-S.,J0"'0 ..L.",70i:c0L\-10;;\;0"0 -L..,2"'O\;;OO;-:;3:::!00"'O---'''''S,,!OO'''0.17'''O\:'OO!--1,lo\-O'''k -.J......"'20!,-k--::-30~k 
t.TIMElms) 

The temperature of the lead should be measured using a thermocouple placed 
on the lead as close as possible to the tie pOint. The thermal mass connected to 
the tie point is normally large enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed operation once steady· 

state conditions are achieved. Using the measured value of Te, the junction 
temperature may be determined by: 

TJ ==Te + 6TJL. 
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1N4001 thru 1N4007 (continued) 

CURRENT DERATING DATA 
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FIGURE 6 - EFFECT OF LEAD LENGTHS. RESISTIVE LOAD 
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NOTE 1 

Data shown for thermal resistance junction-to-ambient 
(RaJA) forthemountingsshown is to be used as typical guide-
line values for preliminary engineering or in case the tie point 
temperature cannot be measured 

TYPICAL VALUES FOR RaJA IN STILL AIR 

iL-j r-L1 r--.. 

t:L-<-~~l VJI/J/JJ~/11I1 TERMINAL STRIP 
P.C. BOARD 

MOUNTING METHOD 1 MOUNTING METHOD 2 

MOUNTING LEAD LENGTH.LIIN I 
RaJA METHOD 1(3113/81 1 

1 - 75 1 85 °C/W 
2 55 1 72 85 °C/W 



lN4001 thru lN4007 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 10 - FORWARD RECOVERY TIME 
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FIGURE 12 -- JUNCTION CAPACITANCE 
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RECTIFIER EFFICIENCY NOTE 

The rectification efficiency factor a shown in Figures 13 and 14 
was calculated using the formula: 

V20~ 

~-. 
V20lrms) 

RL 

100% 100% 11) 

For a sine wave input V msin (wt) to the diode, assumed lossless, 
the maxilTlum theoretical efficiency factor becomes 40%; for a 
square wave input of amplitude V m, the efficiency factor becomes 
50'%. (A. full wave circuit has twice these efficiencies). 

As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 11) becomes significant, result
ing in an increasing ac voltage component across RL which is 
opposite in polarity to the forward current thereby reducing the 
value of the efficiency factor (J, as shown in Figures 13 and 14. 

It should be emphasized that Figures 13 and 14 show wave
form efficiency only; they do not account for diooe losses. Data 
was obtained by measuring the ac component of Vo with a true 
rms voltmeter and the de component with a dc voltmeter. The 
data was used in Equation 1 to obtain points for the Figures. 

For Specifications, See 1 N429 Data 
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1 N4099 thru 1 N4135 (SILICON) 
(MZ4614 thru MZ4627) * 

LOW-LEVEL SILICON PASSIVATED ZENER DIODES 

· .. designed for 250 mW applications requiring low leakage, low 
impedance, and low noise. 

• Voltage Range from 1.8 to 100 Volts 

• First Zener Diode Series to Specify Noise-50% Lower than 
Conventional Diffused Zeners 

• Zener I mpedance and Zener Voltage Specified for Low-Level 
Operation at I ZT = 250 IlA 

• Low Leakage Current -
IR from 0.01 to lOIlA over Voltage Range 

• Expanded Temperature Range -
TJ = -65 to +200oC 

MAXIMUM RATINGS 

Rating Value Unit 

DC Power Dissipation, 25°C Ambient 250 mW 
Derating Factor 1.43 mW/DC 

Junction and Storage Temperature -65 to +200 DC 

MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass. 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 gram (approx) 

MOUNTING POSITION: Any 

POWER TEMPERATURE DERATING CURVE 

250 

~ 
E 200 
Z 
0 
;:: 
;;: 150 

iii 
en 
0 

100 a: 
w 
;: 
~ 50 
Q .. 

I~ 

~ 
i'.. 

"" '" ........ "" ~ o 
o 25 50 75 100 125 150 175 

T A. AMBIENT TEMPERATURE (oC) 

SILICON 
ZENER DIODES 

(±'5.0% TOLERANCE) 

250 MILLIWATTS 
1.8-100 VOLTS 

SILICON OXIDE 
PASSIVATED JUNCTION 

liB 
@ 

-1 
0,·,,·-- __ I 

K 

CATHODE F I 
BAND J j 
__ L -'1\ 
1 T;~l 

K 

L 
-~MlLLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0107 

~- 0.46 0.56 0.018 0022 
F 1.27 0.050 
K 2540 1.000 

All JEDEC dimenSions and notes apply 

CASE 51·02 

DO·7 

"Identical to 1 N4614 registration, except registration has a minimum package diameter of 0.115 inches. 
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1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued) 

ELECTR ICAl CHARACTER ISTICS 

(T A = 250 C unless otherwise noted) IZT = 250 ~A and VF = 1.0 V max @ IF = 200 mA on all Types 

Max Noise Density 
Nominal Max Zener Max AtIZT=250/JA 

Zonor Voltage Impedance Reverse Test NO Max Zener Current 
Type Vz ZZT Currant @ Voltage (Fig 1) IZM 

Number (Notol) (Nota 2) IR (Noto4) VR (micro-volts per (Noto3) 
(Not. 1) (Volts) (Ohms) (/JA) 

MZ4614 1.8 1200 7.5 
MZ4615 2.0 1250 5.0 
MZ4616 2.2 1300 4.0 
MZ4617 2.4 1400 2.0 
MZ4618 2.7 1500 1.0 
MZ4619 3.0 1600 0.8 
MZ4620 3.3 1650 7.5 
MZ4621 3.6 1700 7.5 
MZ4622 3.9 1650 5.0 
MZ4623 4.3 1600 4.0 
MZ4624 4.7 1550 10 
MZ4625 5.1 1500 10 
MZ4626 5.6 1400 10 
MZ4627 6.2 1200 10 
lN4099 6.8 200 10 
lN4100 7.5 200 10 
lN4101 8.2 200 1.0 
lN4102 8.7 200 1.0 
lN4103 9.1 200 1.0 
lN4104 10 200 1.0 
lN4105 11 200 0.05 
lN4106 12 200 0.05 
lN4107 13 200 0.05 
lN4108 14 200 0.05 
lN4109 15 100 0.05 
lN4110 16 100 0.05 
lN4111 17 100 0.05 
lN4112 18 100 0.05 
lN4113 19 150 0.05 
lN4114 20 150 0.01 
lN4115 22 150 0.01 
lN4116 24 150 0.01 
lN4117 25 150 0.01 
lN4118 27 150 0.01 

I 

lN4119 28 200 0.01 
lN4120 30 200 0.01 
lN4121 33 200 0.01 
lN4122 36 200 0.01 
lN4123 39 200 0.01 
lN4124 43 250 0.01 
lN4125 47 250 0.01 
lN4126 51 300 0.01 
lN4127 56 300 0.01 
lN4128 60 400 0.Q1 
lN4129 62 500 0.01 
lN4130 68 700 0.01 
lN4131 75 700 0.01 
lN4132 82 800 0.01 
lN4133 87 1000 0.01 
lN4134 91 1200 0.01 
lN4135 100 1500 0.01 

NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION 

The type numbers shown have a standard tolerance of 
±S.O% on the nominal zener voltage. 

NOTE 2: ZENER IMPEDANCE (ZZT) DERIVATION 

(Volts) Square Root Cycle) (mA) 

1.0 1.0 120 
1.0 1.0 110 
1.0 1.0 100 
1.0 1.0 95 
1.0 1.0 90 
1.0 1.0 85 
1.5 1.0 80 
2.0 1.0 75 
2.0 1.0 70 
2.0 1.0 65 
3.0 1.0 60 
3.0 2.0 55 
4.0 4.0 50 
5.0 5.0 45 
5.2 40 35 
5.7 40 31.8 
6.3 40 29.0 
6.7 40 27.4 
7.0 40 26.2 
7.6 40 24.8 
8.5 40 21.6 
9.2 40 20.4 
9.9 40 19.0 

10.7 40 17.5 
11.4 40 16.3 
12.2 40 15.4 
13.0 40 14.5 
13.7 40 13.2 
14.5 40 12.5 
15.2 40 11.9 
16.8 40 10.8 
18.3 40 9.9 
19.0 40 9.5 
20.5 40 8.8 
21.3 40 8.5 
22.8 40 7.9 
25.1 40 7.2 
27.4 40 6.6 
29.7 40 6.1 
32.7 40 5.5 
35.8 40 5.1 
38.8 40 4.6 
42.6 40 4.2 
45.6 40 4.0 
47.1 40 3.8 
51.7 40 3.5 
57.0 40 3.1 
62.4 40 2.9 
66.2 40 2.7 
69.2 40 2.6 
76.0 40 2.3 

onlZT· 

NOTE 3: MAXIMUM ZENER CURRENT RATINGS (IZM) 

Maximum zener current ratings are based on maximum 
zener voltage of the individual units. 

NOTE 4: REVERSE LEAKAGE CURRENT IR 

Reverse leakage currents are guaranteed and are measured 
at VR as shown on the table. L:The zener Impedance is denved from the 60 cycle ac volt

age, which results when an ac current havmg an rms value 
equal to 10% of the dc zener current (IZT) is superimposed 

------------------.-----------------------------------------~--~ 
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1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued) 

~--------------------------------------------------------------------------, 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the zener 
direction. A small part of this noise is due to the internal 
resistance associated with the device. A larger part of zener 
noise is a result of the zener breakdown phenomenon and is 
called microplasma noise. This microplasma noise is gener
ally considered "white" noise with equal amplitude for all 
frequencies from about zero cycles to approximately 200,000 
cycles. To eliminate the higher frequency components of 
noise a small shunting capacitor can be used. The lower fre
quency noise generally must be tolerated since a capacitor 
required to eliminate the lower frequencies would degrade 
the regulation properties of the zener in many applications. 

Motorola is rating this series with a maximum noise den
sity at 250 microamperes. The rating of microvolts RMS 
per square root cycle enables calculation of the maximum 

RMS noise for any bandwidth. 

Noise density decreases as zener current increases. This 
can be seen by the graph in Figure 2 where a typical noise 
density is plotted as a function of zener current. 

The junction temperature will also change the zener noise 
levels. Thus the noise rating must indicate bandwidth, 
current level and temperature. 

The block diagram given in Figure 1 shows the method 
used to measure noise density. The input voltage and load 
resistance is high so that the zener is driven from a constant 
current source. The amplifier must be low noise so that the 
amplifier noise is negligible compared to the test zener. The 
filter bandpass is known so that the noise density in volts 
RMS per square root cycle can be calculated. 

FIGURE 1 - NOISE OENSITY MEASUREMENT METHOD 
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FIGURE 2 - TYPICAL. NOISE DENSITY versus ZENER CURRENT 
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1N4099 thru 1N4135, MZ4614 thru MZ4627 (continued) 

FIGURE 3 - TYPICAL CAPACITANCE FIGURE 4 - TYPICAL FORWARD CHARACTERISTICS 
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1 N4387 (SILICON) 

@ 
CASE 44 

(00-4) 

Silicon varactor diode for high-power frequency mul
tiplication applications. 

cathode connected to stud 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 150 Vdc 

RF Power Input P. 40 Watts 
In 

Total Device Dissipation @ TC = 75°C PD 20 Watts 
Derate above 75° C 200 mW/'C 

Operating and Storage Junction 
Temperature Range TJ • T stg -65 to +175 °c 

ELECTRICAL CHARACTERISTICS (Te = 25"C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 
(IR = 10 /.LAde) 

Series Resistance 
(VR = 6.0 Vdc, 1= 50 MHz) 

Junction Capacitance * 
(VR = 6.0 Vdc, f =l.OMHz) 

Figure 01 Merit 
(VR = 10 Vdc, 1= 50 MHz) 

FUNCTIONAL TESTS 
Power Output TripIer Circuit 

Pin = 30 W, lin = 150 MHz, 

Efficiency lout = 450 MHz 
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Symbol Min Typ Max 

BVR 
150 200 -

RS 
- 1.0 1.5 

CT 
- 25 35 

Q 
150 200 -

P out 
15 18 -

'7 50 60 -

SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 
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1 N4388 (SILICON) 

Silicon varactor diode for high -frequency harmonic 
generation applications. 

CASE 44 
(DO·4) 

cathode connected to stud 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

RF Power Input 

Total Device Dissipation @ TC ~ 75°C 
Derate above 75° C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS CTA ~ 25'C unless otherwise noted) 

Characteristic Symbol 

Reyerse Breakdown Voltage BVR 
(IR = 10 /.LAde) 

Reverse Current IR 
(VR = 75 Vdc) 

(VR~75Vdc, T A =150 C C) 

Diode Capacitance CT * 
(VR = 6.0 Vde, I =1.0MHz) 

(VR = 90 Vdc, I =1.0MHz) 

Series Resistance RS 
(VR = 6.0 Vde, 1= 50 MHz) 

Figure of Merit Q 
(VR = 10 Vdc, f ~ 50 MHz) 

(VR ~ 90 Vdc, 1= 50 MHz) 

FUNCTIONAL TESTS 

Power Output Doubler Circuit P out 
(Figure 1) 

Pin ~ 20 W, lin = 500 MHz, 

Efficiency f out = 1000 MHz 'I) 
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Symbol Value Unit 

VR 100 Vdc 

IF 1.0 Amp 

P. 
III 

25 Watts 

PD 10 Watts 
O. 10 W/"C 

TJ , T stg -65 to +175 °c 

Min Typ Max Unit 

Vdc 
100 150 -

/.LAde 
- O. 5 2.0 

- - 100 

pF 
- 10 20 

- 5.0 10 

Ohms 

- 1.2 2.0 

-
200 300 -

1000 - -

11. 0 12.0 - Watts 

55 60 - % 



1 N4388 (continued) 

FIGURE OF MERIT versus REVERSE VOLTAGE 
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1 N4549 thru 1 N4556 
lN4557 thru lN4564 

For Specifications, See lN2804 Data 

1 N4S6S-1 N4S84 

lN477S-1N4784 

lN476S-1N4774 

Low level temperature-compensated zener reference 
diodes--highly reliable reference sources utilizing an 
oxide-passivated junction for long-term voltage stability. 
RamRod construction provides a rugged, glass-enclosed, 
hermetically sealed structure. 

CASE 51 
(00-7) 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65°C to +1750 C 

DC Power Dissipation: 400 Milliwatts at 50°C Ambient 
(Derate 3.2 mW/oC Above 50°C) 

MECHANiCAL CHARACTERISTICS 

CASE: Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are readily solderable and 
weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 
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1 N4565-1 N4584/1 N4775-1 N4784/1 N4765-1 N4774 (continued) 

t:.Vz @ Test Temperature Dynamic 
(Note 1) Temperature Coefficient Imped. 

Volts I 
for Reference Ohms 

TYPE Max ·C "IoI"C Max 
(Note 1) (Note 2) 

Vz = 6.4 Volts ::!:::5% (lIT = 0.5 rnA) 

1N4565 0.048 0.01 
1N4566 0.024 0.005 
1N4567 0.010 0, +25, 0.002 200 
1N4568 0.005 +75 0.001 
1N4569 0.002 0.0005 

1N4565A 0.099 om 
1N4566A 0.050 -55,0, 0.005 
lN4567A 0.020 +25, +75, 0.002 200 
1N4568A 0.010 +100 0.001 
lN4569A 0.005 0.0005 

Vz = 6.4 Volts ±5% (lIT = 1.0 rnA) 

1N4570 0.048 0.01 
lN4571 0.024 0.005 
1N4572 0.010 0, +25, 0.002 100 
1N4573 0.005 +75 0.001 
1N4574 0.002 0.0005 

1N4570A 0.099 0.01 
1N4571A 0.050 -55,0, 0.005 
1N4572A 0.020 +25, +75, 0.002 100 
1N4573A 0.010 +100 0.001 
lN4574A 0.005 0.0005 

Vz = 6.4 Volts ::!:::5% (lzr = 2.0 rnA) 

1N4575 0.048 0.01 
1N4576 0.024 0.005 
lN4577 0.010 0, +25, 0.002 50 
1N4578 0.005 +75 0.001 
1N4579 0.002 0.0005 

1N4575A 0.099 0.01 
1N4576A 0.050 -55, 0, 0.005 
1N4571A 0.020 +25, +75, 0.002 50 
1N457BA 0.010 +100 0.001 
1N4579A 0.005 0.0005 

Vz = 6.4 Volts ±5% (lIT = 4.0 rnA) 

1N4580 0.048 0.01 
lN4581 0.024 0.005 
lN4582 0.010 0, +25, 0.002 25 
lN4583 0.005 +75 0.001 
lN4584 0.002 0.0005 

lN4580A 0.099 0.01 
1N4581A 0.050 -55, 0, 0.005 
1N4582A 0.020 +25, +75, 0.002 25 
1N4583A 0.010 +100 0.001 
1N4584A 0.005 0.0005 

NOTE 1: 

Voltage Variation (L:\VZ) and Temperature Coefficient. 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (6 Vzl over the specified 
temperature range, at the specified test current (I ZTl. verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability - by means of temperature coefficient - accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

t:.Vz @ Test Temperature Dynamic 
(Note 1) Temperature Coefficient Imped. 

Yolts for Reference Ohms 
TYPE Max ·C "IoI"C Max 

(Note 1) (Note 2) 

Vz = 8.5 Volts ::':5% (llT = 0.5 rnA) 

1N4775 0.064 0.01 
1N4776 0.032 0.005 
1N4777 0.013 0, +25, 0.002 200 
1N4178 0.006 +75 0.001 
1N4779 0.003 0.0005 

1N4775A 0.132 0.01 
1N4776A 0.066 -55, 0, 0.005 
1N4777A 0.026 +25, +75, 0.002 200 
1N4778A 0.013 +100 0.001 
1N4779A 0.007 0.0005 

Vz = 8.5 Volts ::':5% (llT = 1.0 rnA) 

1N4780 0.064 0.01 
1N4781 0.032 0.005 
1N4782 0.013 0, +25, 0.002 100 
1N4783 0.006 +75 0.001 
1N4784 0.003 0.0005 

1N4780A 0.132 0.01 
1N4781A 0.066 -55,0, 0.005 
1N4782A 0.026 +25, +75, 0.002 100 
1N4783A 0.013 +100 0.001 
1N4784A 0.007 0.0005 

Vz = 9.1 Volts ±5% (In = 0.5 rnA) 

1N47&5 0.068 0.Q1 
1N4766 0.034 0.005 
1N4767 0.014 0, +25, 0.002 350 
1N4768 0.007 +75 0.001 
1N4769 0.003 0.0005 

1N4765A 0.141 0.Q1 
1N4766A 0.070 -55,0, 0.005 
1N4767A 0.028 +25, +75, 0.002 350 
1N4768A 0.014 +100 0.001 
1N4769A 0.007 0.0005 

Vz = 9.1 Volts ±5"10 (Ill = 1.0 rnA) 

1N4770 0.068 0.01 
1N4771 0.034 0.005 
1N4772 0.014 0, +25, 0.002 200 
1N4773 0.007 +75 0.001 
1N4774 0.003 0.0005 

1N4770A 0.141 0.01 
1N4771A 0.070 -55,0, 0.005 
1N4772A 0.028 +25, +75, 0.002 200 
1N4713A 0.014 +100 0.001 
1N4774A 0.007 0.0005 

NOTE 2: 

The dynamic zener impedance, ZZT, is derived from the 6o-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the de zener current, IZT, is superimposed on 'ZT. 
A cathode·ray tube curve-trace test on a sample basis is used to en
sure that the zener has a sharp and stable knee region. 
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1 N4719 thru 1 N472S (SILICON) 
lN4997 thru lNS003 

~Cathode 
Anode\ \ 

CASE 60 CASE 70 
IN4719 THRU IN4725 IN4997 thru IN5003 

Silicon high-conductance rectifiers available in either 
axial-lead or single-ended packages. Type numbers 
shown have cathode connected to case. For anode
to-case connection, add suffix "R" to type number, 
i. e. IN4719R 

MAXIMUM RATINGS (Both Package Types) T A = 25°C unless otherwise noted. 

IN IN IN 1N 1N IN IN 
4719 4720 4721 4722 4723 4724 4725 

1N IN 1N 1N 1N IN IN 
Rating Symbol 4997 4998 4999 5000 5001 5002 5003 Unit 

Peak Repetitive Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse \/oltage VRSM 100 200 300 500 720 1000 1200 Volts 
(one half-wave, single phase, 
60 cycle peak) 

RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Volts 

Average Rectified Forward Current 10 3.0 Amp 
(single phase, resistive load, 

60 Hz, T A = 750 C) see figure 4 

Peak Repetitive Forward Current IFRM 25 Amp 
(TA = 75°C) 

Non-Repetitive Peak Surge Current IFSM 300 (for 1/2 cycle) Amp 
(superimposed on rated current 
at rated voltage, T A = 75°C) 
see figure 1 

,2t Rating (non-repetitive, 12t 185 A(rms)2S 
1 ms<t<8.3ms) 

Operating and Case Temperature T J,Tstg -65 to +175 °c 

Thermal Resistance, ROJA 30 °C/W 
Junction to Case (note 1) 
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1 N4719 thru 1 N4725 (Continued) 

1N4997 thru 1N5003 

ELECTRICAL CHARACTERISTICS 

Chal'3cteristlc Symbol Mal 
Instantaneous Forward Voltage vF 

limit 

(iF = 9.4 A, T J = 1750 C, Half 1.0 
Wave Rectifier) 

Full Cycle Average Reverse Current IR(AV) 
(10 = 3.0 Amps and Rated Vr , 1.5 
T A :; 75°C, Half Wave Rectifier) 

DC Reverse Current IR 
(Rated YR. TA '= 25°C) 

0,5 

MAXIMUM SURGE CURRENT TA = ]soC) 

--t--r--r-
I--r--

o 
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1 N4728 thru 1 N4764 (SILICON) 

lM3.3ZS10 thru lM200ZS10 

Designers Data Sheet 

1.0 WATT SURMETlC 30 SILICON ZENER DIODES 

. a complete series of 1.0 Watt Zener Diodes with limits and 
operating characteristics that reflect the superior capabilities of 
silicon-ox ide-passivated junctions. All this in an axial-lead. transfer
molded plastic package offering protection in all common environ
mental conditions . 

• To 80 Watts Surge Rating @ 1.0 ms 

• Maximum Limits Guaranteed on Six Electrical Parameters 

• Package No Larger Than the Conventional 400 mW Package 

Designer's Data for "Worst Case" Conditions 
The DeSigners Data sheets permit the deSign of most Circuits entirely from the In

formation presented. Limit curves - representing boundaries on deVice characteris
tiCS - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

*DC Power Dissipation@TA = 500 e Po 1.0 Watt 
Derate above 500 e 6.67 mW/oC 

DC Power Dissipation @TL = 75DC Po 3.0 Watts 

Lead Length; 3/8" 
Derate above 7SDC 24 mW/oC 

*Operating and Storage Junction TJ. Tstg -65 to +200 DC 

Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Void-free, transfer-molded, thermosetting plastic 

FIN ISH: All external surfaces are corrosion resistant and leads are readily solderable 
and weldable 

POLARITY: Cathode indicated by polarity band. When operated in zener mode,cathode 
will be positive with respect to anode 

MOUNTING POSITION: Any 

WEIGHT: 0.4 gram (approx) 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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• Indicates JEQEC Registered Data 
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1.0 WATT 
ZENER REGULATOR DIODES 

DIM 

A 
B 
0 
F 
K 

3.3-200 VOL TS 

K 

L~'_I~J 
-IF 1 

K 

NOTE 
1. POLARITY DENOTED BY 

CATHODE BAND 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

4.07 5.20 0.160 0205 
2.04 2.71 0.080 0.107 
0.71 0.86 0.Q.28 ~~ - '31._ f-J~lOif -~ 27.94 

All JEDEC dimenSIOns and notes apply 

CASE 59-03 
DO·41 



lN4728 thru lN4764 (continued) 
lM3.3ZS10 thru lM200ZS10 

ELECTRICAL CHARACTERISTICS ITA ~ 250 C unless otherwise noted I 'VF ~ 1.5 V max, IF ~ 200 rnA for all types 

·Nominal *Max Zener Impedance * Leakage ·Surge 
Zenor Voltage *Test (Note 41 Current Current 

JEDEC Motorola VZ@IZT Current @TA=250 C 
Type No. Type No, Volts IZT ZZT@IZT ZZK@IZK IZK IR VR ir-rnA 
(Not. 1) (Note 2) (Not. 2 & 31 mA 

lN4728 lM3.3ZS10 3.3 76 
lN4729 lM3,6ZS10 3,6 69 
1N4730 lM3.9ZS10 3.9 64 
lN4731 lM4.3ZS10 4.3 58 
lN4732 lM4.7ZS10 4.7 53 

1N4733 lM5,lZS10 5.1 49 
lN4734 lM5.6ZS10 5.6 45 
lN4735 lM6.2ZS10 6.2 41 
lN4736 lM6.8ZS10 6.8 37 
lN4737 lM7.5ZS10 7.5 34 

lN4738 lM8.2ZS10 8.2 31 
lN4739 lM9.1ZS10 9.1 28 
lN4740 lMl0ZS10 10 25 
lN4741 lMl1ZS10 11 23 
1N4742 1M12ZS10 12 21 

lN4743 lM13ZS10 13 19 
lN4744 lM15ZS10 15 17 
lN4745 lM16ZS10 16 15.5 
lN4746 lM18ZS10 18 14 
lN4747 lM20ZS10 20 12.5 

lN4748 lM22ZS10 22 11.5 
lN4749 lM24ZS10 24 10.5 
1N4750 lM27ZS10 27 9,5 
lN4751 lM30ZS10 30 8.5 
lN4752 lM33ZS10 33 7.5 

lN4753 lM36ZS10 36 7.0 
lN4754 lM39ZS10 39 6.5 
1N4755 lM43ZS10 43 6.0 
lN4756 lM47ZS10 47 5.5 
lN4757 lM51ZS10 51 5.0 

lN4758 lM56ZS10 56 4.5 
lN4759 lM62ZS10 62 4.0 
lN4760 lM68ZS10 68 3.7 
lN4761 lM75ZS10 75 3.3 
lN4762 lM82ZS10 82 3.0 

lN4763 lM91ZS10 91 2,8 
lN4764 lMl00ZS10 100 2.5 

- lMll0ZS10 110 2.3 
- lM120ZS10 120 2.0 
- 1M130ZS10 130 1.9 

- lM150ZS10 150 1.7 
- lM160ZS10 160 1.6 
- lM180ZS10 180 1.4 
- lM200ZS10 200 1.2 

NOTE 1 - TOLERANCE AND TYPE NUMBER DESIGNATION 

The JEDEC type numbers listed have a standard tolerance on 
the nominal zener voltage of ± 10%. A standard tolerance of ±5% 
on individual units is also available and is indicated by suffixing 
"AU to the standard type number. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT· 
AGES SHOWN AND TIGHTER VOLTAGE TOLER
ANCES; To designate units with zener voltages other 
than those assigned JEDEC numbers andlor tight voltage 
tolerances (±5%, ±3%, ±2%, ±1%1, the Motorola type 
number should be used. 

1 M 90 
Device T 

Description ---.J T T 
Motorola Nominal 

Voltage 

Example: lM90ZS3 

z S 3 

(±%I T TolInce I Surmetic 

Zener 
Diode 

Ohms 

10 
10 
9.0 
9.0 
8.0 

7,0 
5.0 
2,0 
3.5 
4.0 

4.5 
5.0 
7.0 
8.0 
9.0 

10 
14 
16 
20 
22 

23 
25 
35 
40 
45 

50 
60 
70 
80 
95 

110 
125 
150 
175 
200 

250 
350 
450 
550 
700 

1000 
1100 
1200 
1500 

Ohms mA I'A Max @ Volts (Note 5) 

400 1,0 100 1.0 1980 
400 1.0 100 1.0 1260 
400 1,0 50 1.0 1190 
400 1.0 10 1.0 1070 
500 1,0 10 1,0 970 

550 1.0 10 1.0 890 
600 1.0 10 2.0 810 
700 1.0 10 3.0 730 
700 1.0 10 4.0 660 
700 0.5 10 5.0 605 

700 0.5 10 6.0 550 
700 0.5 10 7.0 500 
700 0.25 10 7.6 454 
700 0.25 5.0 8.4 414 
700 0.25 5.0 9.1 380 

700 0.25 5.0 9.9 344 
700 0.25 5.0 11.4 304 
700 0.25 5.0 12.2 285 
750 0.25 5.0 13.7 250 
750 0.25 5.0 15.2 225 

750 0.25 5.0 16.7 205 
750 0.25 5.0 18.2 190 
750 0.25 5.0 20.6 170 

1000 0.25 5.0 22.8 150 
1000 0.25 5,0 25.1 135 

1000 0.25 5.0 27.4 125 
1000 0.25 5.0 29.7 115 
1500 0.25 5.0 32.7 110 
1500 0.25 5.0 35.8 95 
1500 0.25 5.0 38,8 90 

2000 0.25 5.0 42.6 80 
2000 0.25 5.0 47.1 70 
2000 0.25 5.0 51.7 65 
2000 0.25 5.0 56.0 60 
3000 0.25 5.0 62.2 55 

3000 0.25 5.0 69.2 50 
3000 0.25 5.0 76.0 45 
4000 0.25 5.0 83.6 -
4500 0.25 5.0 91.2 -
5000 0.25 5.0 98.8 -

6000 0.25 5.0 114.0 -
6500 0.25 5.0 121.6 -
7000 0.25 5.0 136.8 -
8000 0.25 5.0 152,0 -

• Indicates JE DEC Registered Data 

(61 MATCHED SETS: IStandard Tolerances are ±5.0%, ±3.0%, 
±2.0%, ±1.0%1. 

Zener diodes can be obtained in sets consisting of two 
or more matched devices. The method for specifying such 
matched sets is similar to the one described in (AI, except 
that two extra suffixes are added to the code number 
described. 

These units are marked with code letters to identify the 
matched sets and, in addition. each unit in a set is marked 
with the same serial number, which is different for each set 
being ordered. 

1 M 5 z S 5 B 

Dov1e T 
Description Motorola 

Overall 

(each device) :To: J surIejtlC • 

* Code: Zener 

Tolerance 
of set 
(±1%) 

LT 

B - Two devices in series Diodes 

C - Three devices in series Tolerance 
o - Four devices in series per device (±5%1 

10m it for ±20% units) 

Example: 1M51ZS5B1 
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lN4728 thru lN4764 (continued) 
lM3.3ZS10 thru lM200ZS10 

IC! ZENER CLIPPERS: IStandard Tolerance ± 10",(, and ±5%1. 

Special clipper diodes with oPPosing Zener junctions built 
into the device are available by using the following nomen· 
clature: 

1 M 20 Z Z S 10 

T 

T 
T 

T T T 
Device Nominal 

Surmetic 

Description Voltage Clipper 

Motorola Zener 
Diode 

Tolerance for each of 
the two Zener voltages 

Example: 1M20ZZS10 (not a matching require-
ment! 

NOTE 3 - ZENER VOL TAGE IVz! MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 
seconds while maintaining the lead temperature (TL) at 30oC± 1°C, 
3/8" from the diode body. 

NOTE 4 - ZENER IMPEDANCE IZZ! DERIVATION 

The zener impedance is derived from the 60 cycle ae voltage, 
which results when an ae current having an rms value equal to 10% 
of thedc zener current (I ZT or IZK) is superimposed on 'ZT or IZK-

NOTE 5 - SURGE CURRENT Ii,! NON·REPETITIVE 

The rating listed in the electrical characteristics table is maxi
mum peak, non-repetitive, reverse surge current of 112 square wave 
or equivalent sine wave pulse of 1/120 second duration super
imposed on the test current, I ZT, per JE DEC registration, however, 
actual device capability is as described in Figures 4 and 5. 

APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 

temperature dependent, it is necessary to determine junction tem
perature under any set of operating conditions in order to calculate 

its value. The following procedure is recommended: 

Lead Temperature, T L' should be determined from: 

TL""eLAPD+TA 

() LA is the lead-to-ambient thermal resistance (oC/W) and 
Po is the power dissipation. The value for a LA wit! vary 
and depends on the device mounting method. aLA is gen
erally 30-40o C/W for the various clips and tie points in 
common use and for printed circuit board wiring 

The temperature of the lead can also be measured using a thermo

couple placed on the lead as close as possible to the tie point. The 

thermal mass connected to the tie point is normally large enough 

so that it will not significantly respond to heat surges generated in 

the diode as a result of pulsed operation once steady-state condi

tions are achieved. Using the measured value of TL, the junction 
temperature may be determined by: 

L).T JL is the increase in junction temperature above the lead 

temperature and may be found from Figure 2 for a train of 

power pulses (L = 3/8 inch) or from Figure 3 for dc power. 

For worst-case design, using expected limits of IZ' limits of Po 
and the extremes of T J(~ T J) may be estimated. Changes in voltage, 

VZ, can then be found from: 

8 VZ , the zener voltage temperature coefficient, is found from 

Figures 6 and 7. 

Under high power-pulse operation, the zener voltage will vary 

with time and may also be affected significantly by the zener resist
ance. For best regulation, keep current excursions as low as possible. 

Data of Figure 2 should not be used to compute surge capability. 

Surge limitations are given in Figure 4. They are lower than would 

be expected by considering only junction temperature, as current 

crowding effects cause temperatures to be extremely high in small 

spots resulting in device degradation should the limits of Figure 4 

be exceeded. 
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1N4728 thru 1N4764 (continued) 
1M3.3ZS10 thru 1M200ZS10 

FIGURE 2 - TYPICAL THERMAL RESPONSE, LEAD LENGTH L=3/8INCH 
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lN4728 thru lN4764 (continued) 
lM3.3ZS10 thru lM200ZS10 
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FIGURE 6 - TEMPERATURE COEFFICIENT·RANGE 
FOR UNITS TO 12 VOLTS 
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1 N476S thru 1 N4774 
lN477Sthru lN4784 For Specifications, See 1 N45 65 Data. 

lN4896, A thru lN4915,A 
lN4916, A thru lN4932, A 

LOW NOISE 
TEMPERATURE·COMPENSATED 

ZENER REFERENCE DIODES 

Highly reliable reference sources utilizing an oxide-passivated junc

tion for long-term voltage stability. RamRod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 

• Low Noise Density Specified for Critical Applications 

• Low Power Drain 
Devices Specified @ 0.5 mA, 1.0 mA, 2.0 mA, 4.0 mA, 

and 7.5 mA 

• Maximum Voltage Change Specified over Test Temperature Range 

• Temperature Compensation Guaranteed over Two Standard Oper
ating Temperature Ranges: 

+25 to +1000 C 
-55 to +1000 C 

MAXIMUM RATINGS 

Junction and Storage Temperature. -65°C to +175 0 C 

DC Power Dissipation' 400 Mililwatts at 500 e Ambient 
(Derate 3 2 mW/oC Above 50oe) 

MECHANICAL CHARACTERISTICS 

CASE Hermetically sealed, all-glass 

DIMENSIONS; See outline drawing. 

FI N ISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 

POLARITY. Cathode indicated by polarity band. 

WEIGHT 0.2 Gram (approx) 

MOUNTING POSITION. Any 

1·105 

LOW NOISE 
TEMPERATUR E-COMPENSA TED 

ZENER 
REFERENCE DIODES 

DIM 

A 
B 
0 
F 
K 

-I r- B 
@ 

D ~ 
K 

CATHODE 
BAND 

I 

rt -I 
K 

L 
MILLIMETERS INCHES 
MIN 

5.B4 
2.16 
0.46 

25.40 

MAX MIN 

762 0.230 
272 0.OB5 
0.56 0018 
127 

1.000 

CASE 51 
00-7 

MAX 

0.300 
0.107 
0022 
0.050 



1N4896,A thru 1N4915,A/1N4916,A thru 1N4932A (continued) 

*Dynamic 
Temp. Coeff. Imped. 

*AVZ for Ref. Ohms 
Type Volts %/OC M" 

Number (Note 1) (Note 11 (Note 2) 

1 N4896 I 0096 001 
1 N4896A 0198 0.01 
1 N4897 0048 0005 
1 N4897A 0099 0005 
1 N4898 0019 0002 400 

~ ~::~~A I 0040 0002 
0.010 0001 

1 N4899A 0020 0001 
--

*IZT'" 1.0 mA(lfNo '" 0.4 ~ 
JH, 

1 N490D 0096 001 
1 N4900A 0198 001 
1 N49Ql 0048 0005 
1 N4901 A 0.099 0.005 
1 N4902 0019 0002 200 

Vz" 12.8 V 1 N49Q2A 0.040 0002 
1 N49Q3 0010 0001 
1 N4903A 0020 0001 

TEMPERATURE 
*IZT "" 2.0 mA(1l No '" 0.25 IN 

RANGE: )Hz 

[, N4904 0096 001 
STANDARD 1 N4904A 0198 001 
DEVICES 1 N4905 0048 0005 

*+25, +75, +l00oC 1 N49Q5A 0099 0005 
1 N4906 0019 0002 10D 

~4906A 0040 0002 
1 N4907 0010 0001 

"A"SUFFIX 1 N4907A 0020 0001 . -55,0+ 25, 
*IZT '" 4.0 mA(l)No '" 0.22 ~ +75, +100o C 

'vffu. 

1 N4908 0096 001 
1 N4908A 0198 001 
1 N4909 0048 0005 
1 N4909A 0099 0005 
lN4910 0019 0002 50 
1 N491 OA 0040 0002 
lN4911 0010 0001 
lN4911A 0020 0001 

*tZl'" 7.5 rnA(1)No=0.20 ~ 
'.!Hz 

1 N4912 0096 001 
1 N4912A 0198 001 
1 N4913 0048 0005 
1 N4913A 0099 0005 
1 N4914 0019 0002 25 
1 N4914A 0040 0002 
1 N4915 0010 0001 
1 N4915A 0020 0001 

*1 ndicates J EDEC Registered Data. 

NOTE 1 

Voltage Variation (AVzl and Temperature Coefficient 

All reference diodes are characterized by the "box method". This 
guarantees a maximum voltage variation (.6.VZ) over the specified 
temperature range, at the specified test current (IZT), verified by 
tests at indicated temperature points within the range. Vz is meas
ured and recorded at each temperature specified. The.6. Vz between 
the highest and lowest values must not exceed the max .6. Vz given. 
This method of indicating voltage stability is now used for JEDEC 
registration as well as for military qualification. The former method 
of indicating voltage stability - by means oftemperature coefficient
accurately reflects the voltage deviation at the temperature ex
tremes, but is not necessarily accurate within the temperature range 
because reference diodes have a nonlinear temperature relationship. 
The temperature coefficient, therefore, is given only as a reference. 

NOTE 2: Zener I mpedance Derivation 

The dynamic zener impedance, ZZT, is derived from the 60·Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, IZT, is superimposed on tZT' 
A cathode·ray tube curve-trace test on a sample basis is used to en
sure that the zener has a sharp and stable knee region. 

"Dynamic 

Temp. Coeff. Imparl. 
*AVZ for Ref. Ohms 

Type Volts %/oC Mox 
Number (Note 11 (Note 11 (Note 2) 

1 N4916 0144 001 
1 N4916A 0298 001 
1 N4917 0072 0005 
lN4917A 0.149 0005 600 
1 N4918 0029 0002 
1 N4918A 0.060 0002 

"IZl'" 1.0 rnA(l) NO '" 0.5 ~ 
fH, 

1 N4919 0144 001 
1 N4919A 0298 001 
1 N4920 0072 0005 
1 N4920A 0149 0005 300 
1N4921 0029 0002 

VZ"19.2V 1 N4921 A 0060 0002 

TEMPERATURE 
""IZT '" 2.0 mA(1)ND '" 0.25!!!... 

,lHz 
RANGE: 

1 N4922 0144 001 

I~J 
STANDARD 1 N4922A 0298 001 

DEVICES 1 N4923 0072 0005 J 150 
1 N4923A 0149 0005 

""+25, +75, +1000C 1 N4924 0029 0002 
1 N4924A o 06U 0002 

"A" SUFFIX 

"-55,0, +25, 
*12l = 4.0 mA(l) NO == 0.22 ~ 

+75, +100oC JH, 
1 N4925 0144 o Dl 
1 N4925A 0298 001 
1 N4926 0072 0005 
1 N4926A 0149 0005 
1 N4927 0029 0002 
1 N4927A 0060 0002 
1 N4928 0014 0001 
1 N4928A 0030 0001 

*'ZT = 7.5 mA(1) NO '" 0.20.!~ 
,,(Hz 

1 N4929 0144 001 
1 N4929A 0298 001 
1 N4930 0072 0005 
1 N4930A Q 149 0005 
lN4931 0029 0002 
1 N4931 A 0060 0002 
1 N4932 0014 0001 
1 N4932A 0030 0001 

11JNOISE OENSITY MEASUREMENT METHOO 

Ammeter 

DC Power 
Supply 

Load 

Filter 

fo=2.0kHz Vout 
BW=1.4kHz 

Noise Density Vout 
(Volts per Square Root Bandwidth) "" ------

Overall Gain 

Where BW "" Filter BandWidth (Hz) 
V out Output Noise (Volts RMS) 

BW 

75 

36 

True 
RMS 
Volt 

Meter 

The input voltage and load resistance are high so that the zener diode 
is driven from a constant current source. The amplifier is low noise 
so that the amplifier noise is negligible compared to that of the test 
TC zener. The filter bandpass is known so that the noise density 
can be calculated from the formula shown. 
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1 N4933 thru 1 N4937 
MR2271 

Designers Data Sheet 

SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY RECTIFIERS 

designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 100 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 

Designer's Data for "Worst Case" Conditions 

The DeSIgners Data Sheet permits the design of most circuits entirely from the 

information presented. Limit curves - representing device characteristics boundaries
are given to facilitate "worst case" deSign. 

*MAXIMUM RATINGS 

Rating Symbol lN4933 lN4934 1N4936 lN4937 Unit 

Peak RepelltJVe Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM >00 200 600 
DC Blocking Voltage VR 

Non·Repetltlve Peak Rever~ Voltage VRSM 150 250 <50 650 

RMS Reverse Voltage VR(RMS) 35 2>0 280 

Average RectIf,ed Forw~rd Current '0 Amp 
(Smgle phase, reSlstlve load, 

TA ~ 7SoC) 

Non·Repelltlve Peak Surge Current IFSM Amps 
(surge applied al rated load 

COndItIOnS) 

Operating Junct'on Temperature Range TJ -65 to +150 Pc 
Storage Temperature Range Tstg -65 to +175 Pc 

THERMAL CHARACTERISTICS 

Thermal Reslstance,Juncr>on toAmblent 
(TYPIcal Printed CirCUIt 

Board Mounting) 

ELECTRICAL CHARACTER ISTICS 

Symbol Typ .". Unit 

"Instantaneous Forward Voltage VF 10 12 VOlts 
(IF ~ 314 Amp, TJ ~ 1S00C) 

Forward Voltage VF 10 11 VOlts 
IIF ~ 1 DAmp.TA~250C) 

"Reverse Current (rated de voltage I T A - 2SoC 'R 10 ,A 

T A ~ lOOoc '00 

*REVERSE RECOVERY CHARACTERISTICS 

Symbol M" Typ M .. Umt 

Reverse Rocovery TIme 'n >00 200 
(IF = 1 DAmp to VR" 30 Vdcl (Figure 21) 
(IFM ~ 15 Amp, dl/dt .. 10 A//ls) (F,gure 221 '50 300 

Reverse Roco~ery Current 
OF ~ 1 0 Amp to VR" 30 Vdc) (FIgure 211 

iRM(REC) 20 Amp 

*Indicates JEDEC Registered Data for lN4933 Series 

1-107 

FAST RECOVERY 
RECTIFIERS 

50-600 VOLTS 
1 AMPERE 

8 
I !~ QJ.QQ OIA -----1 I - 0107 

POLARITY MARK 
(CATHODE) 

MIN 

I 

_~l 
All JEDEC dimenSiOns and rlotesapply 

CASE 59 
00·41 

MECHANICAL CHARACTERISTICS 

CASE: Void Free, Transfer Molded 

FINISH: External leads are plated, 

leads are readily solderable 

POLARITY: Cathode indicated by 

Polarity band. 

WEIGHT: 0.4 Gram (Approximately) 



1N4933 thru 1N4937, MR2271 (continued) 

FIGURE 1 - FORWARD VOLTAGE 
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1N4933 thru 1N4937, MR2271 (continued) 

MAXIMUM CURRENT RATINGS 
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FIGURE 6 - EFFECT OF LEAD LENGTHS, 
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1N4933 thru 1N4937, MR2271 (continued) 
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FIGURE 12 - THERMAL RESPONSE 
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LEAD LENGTH 1/4" 

V (SEE NOTE 11 

/' 
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t, TIME (ms) 

NOTE 1 

DUTY CYCLE, 0 '" !p/ll FLITPPk Ppk 

tp__ PEAK POWER, Ppk, IS peak of an 

1 __ ~_Ij----l TIME 
eqUivalerll square power pulse 

To determine max unum Junction temperature of the diode In a given Situation, 
the following procedure IS recommended 

The temperature of the case should ile measured uSing a thermocouple placed 
on the case at the temperature reference pOint (see Nole 3) The thermal mass 
connected to the case 1$ normally large enough so that It will not significantly 
respond 10 heat surges generated In the diode lsa result of pulsed operation once 
steady-state conditions are achieved, USing the measured value of TC, the lunctlon 
temperature may be determmed by 

Tj'=TCH_TJC 

where ,,", T JC IS the increase ir'lllJnctlOrl temperature above the case temperatlJre 
II may be determined by 

t; TJC '" Ppk -ROJC [0 + (1- 0) . r(tj + tp) + r(tp) - r(q)] 
where 

dt) '" normalized value of transient thermal resistance al tlme,t, trom Figure 
3, I e. 
r (Ij + tp) '" normalized value of tranSient thermal resistance at lime tl+tp 

80 

10 

o 

FIGURE 13 - THERMAL RESISTANCE 
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NOTE 2 

Data shown for thermal resistance Junction·lo·amb,ent (eJA) for the 
mountings shown IS to be used as tYPical guideline values for preliminary 
engmeenng or In case the tie point temperature cannot be measured. 

TYPICAL VALUES FOR 8JA IN STILL AIR 

MOUNTING METHO~ 1 MOUNTING METHOD 3 

H ~ P. C. Board with 
~ !·1/2" x 1·1/2" copper surface 

MOUNTING METHOD 2 ~L =J318.' rT 
~. II~ 

Vector pin mounting Board GrOund/~ 
Plane 

FIGURE 14 - THERMAL CIRCUIT MODEL 
(For Heat Conduction Through The Leads) 

Use of the above model permits junction to lead thermal resistance for any 
mounting configuration to be found. For a given total lead length, lowest values 
occur when one side of the rectifier IS brought as close as poSSible to the heat 
sink. Terms In the model Signify: 

1 ~110 

T A '" Ambient Temperature Res'" Thermal ReSistance, Heat Sink to Ambient 
TL'" Lead Temperature ReL'" Thermal ReSistance, Lead to Heat Sink 
T C '" Case Temperature R('JJ '" Thermal Reslstance,Junctlon to Case 
T J "'- Junction Temperature Po '" Power Dissipation 
(SubscnptsA and K refer to anode and cathode Sides respectlvelyJ 
Values for thermal resistance components are 
R8L'" 1120 C/W/IN. Typically and 12SoC/W/IN MaXimum 
R8J " lsOC/W Typically and 300C/W MaXimum 

The maximum lead temperature may be calculated as follows: 
TL'" 1500-f'TJL 

r:.T JL can be calculated as shown In NOTE 1 or It may be approximated 
as follows 

L\T JL ::::""'ReJL • PF; PF may be formulated for sme·wave operation from 
F tgure 3 or from Figure 4 for square-wave operatIOn 



1N4933 thru 1N4937, MR2271 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 15 - FORWARD RECOVERY 
TIME FIGURE 16 - JUNCTION CAPACITANCE 
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1N4933 thru 1N4937, MR2271 (continued) 

RECOVERY TIME 

115 Vac 10 k 
60 Hl lW 

FIGURE 21 - REVERSE RECOVERY 
CIRCUIT 

" I 3n 
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lOW 
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R 1 - ADJUSTE 0 FOR 1 Hl BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE"" 38 J,lH 

TA 25 ~l~oC FOR RECTIFIER 

FIGURE 22 - JEDEC REVERSE RECOVERY 
CIRCUIT 
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D3 C1 
I {PK) ADJUST OUT 

D2 

R1 = 50 Ohms 
R2 250 Ohms 
01 = lN4723 
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FIGURE 23 - TYPICAL 
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NOTE 3 

Reverse recovery time IS the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a pomt which is less than- 10% peak reverse current. 

Reverse recovery time IS a direct function of the forward 
current prior to the application of reverse voltage. 

For any gIVen rectifier, recovery time IS very Circuit depend. 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of condlttons 
usmg 'F = 1.0 A, VR "'" 30 V. In order to cover all CirCUit 
conditions, curves are given for typical recovered stored charge 
versus commutation d./dt for various levels of forward current 
and for junction temperatures of 2SoC, 750C, l000C, and 
150°C. 

To use these curves, It IS necessary to know the forward 
current level Just before commutation, the cirCUit commutation 
di/dt, and the operating junction temperature. The reverse re
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 

From stored charge curves versus dl/dt, recovery time ltrrl 
and peak reverse recovery current (IRM(REC)1 can be closely 
approximated uSing the follOWing formulas 

[ OR] 1/2 
trr"'141 x-

dl/dt 

IRM(REC) '" 1 41 x [QR x dl!dt] 1/2 

FIGURE 24 - NORMALIZED REVERSE CURRENT 

r- I-- VR"400V L 
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Tj, JUNCTION TEMPERATURE laC) 

For Specifications, See 1 N4719 Data. 
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DEVICE SPECIFICATIONS 





2N 173 (GERMANIUM) 

For Specifications, See 2N277 Data. 

2N 174 (GERMANIUM) 
2Nll00 
2N1358,A 

CASE 5 
(TO·36) 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 

PNP germanium power transistors. Power dissipa
tion and junction temperature ratings exceed those of 
EIA registration. 

3. COLLECTOR 

MAXIMUM RATINGS 

Rating Symbol 2Nt74 2N1100 2N1358 Unit 

Collector-Base Voltage VCB 80 100 80 Vdc 

Emitter-Base Voltage VEB 60 80 60 Vdc 

Emitter Current (Continuous) ~ 15 15 15 Amp 

Base Current (ConUnuoull) IB 4.0 4.0 4.0 Amp 

Junction and StGrag. Temperature TJ,Tstg ·65 to +110 °c 

Thermal ReSistance, Junction to Case 9JC 0.5 °C/W 

2-1 



2N174, 2Nll00, 2N1358 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector -Base Cutoff Current 
2N174 

(VCB ~ 2 volts) 2NllOO 
2N1358 

Collector-Base Cutoff Current 
(VEB ~ 1. 5 volts, V CB = 80 volts) 2N174 

100 2NllOO 
80 2N1358 

Emitter-Base Cutoff Current 
(VEB ~ 60 volts) 2N174 

80 2NllOO 
60 2N1358 

Collector -Base Cutoff Current 
(VCB = 80 volts, 71 0 C) 2N174 

100 2NllOO 
60 2N1358 

Emitter-Base Cutoff Current 
(VEB = 30 volts, 71 0c) 2N1358 

Collector -Emitter Voltage 
(IC = 300 rnA, VEB = 0) 2N174 

2NllOO 
2N1358 

Collector-Emitter Voltage 
(IC = 1. 0 amp, IB = 0) 2N174 

1. 0 amp, IB = 0 2NllOO 
300 rnA, IB ~ 0 2N1358 

Floating Potential 
(IE = 0, VCB ~ 80 volts) 2N174 

100 2NllOO 
80 2N1358 

Current Gain 
(Ie = 1. 2 amp, VCB = 2 volts) 2N1358 
(IC = 5 amp, VCB = 2 volts) 2N174 

2NllOO 
2N1358 

(Ie = 12 amp, VCB = 2 volts) 2N174 
2NllOO 

Base-Emitter Voltage 
(IC = 1. 2 amp, VCB ~ 2 volts) 2N1358 
(IC = 5 amp, VCB ~ 2 volts) 2N174 

2NllOO 
2N1358 

Saturation Voltage 
(IC = 12 amp, IB ~ 2 amp) 2N174 

2NllOO 
2N1358 

Common-Emitter 
Cutoff Frequency 

(Ie = 5 amp, VCE = 6 volts) 2N174 
2NllOO 

Common-Base 
Cutoff Frequency 

(LE·~ 1 amp, VCB = 12 volts) 2N1358 

Rise Time ("on" IC = 12 Adc, 
IB = 2 Adc, VCE ~ 12 volts) 

Fall Time ("off" IC ~ 0, 
VEB = -6 volts, REB = 10 ohms) 

Symbol 

ICBO 

ICBO 

lEBO 

ICBO 

lEBO 

BVCES • 

BVCEO • 

VEBF 

hFE 

VBE 

V CE(sat) 

f 
Ole 

f",b 

tr 

tf 

Minimum Typical Maximum 

- 100 -
- 100 -
- 100 200 

- 2.0 8.0 
- 2. 0 8.0 
- 2.0 8.0 

- 1.0 8.0 
- 1.0 8.0 
- 1.0 8.0 

- - 15 
- - 15 
- 4.0 6.0 

- 4.0 6.0 

70 - -
80 - -
70 - -

55 - -
65 - -
40 - -

- - 1.0 
- - 1.0 
- 0.15 1.0 

40 55 80 
25 - 50 
25 - 50 
25 35 -

- 20 -
- 20 -

- 0.35 0.5 
- 0.65 0.9 
- 0.65 0.9 
- 0.65 0.9 

- 0.3 0.9 
- 0.3 0.7 
- 0.3 O. 7 

- 10 -

100 - -

- 15 -

- 15 -

• In order to avoid excessive heating of the collector junction, perform test by the sweep method. 

2-2 

Unit 

IlA 

rnA 

rnA 

rnA 

rnA 

Vdc 

Vdc 

volt 

-

Vdc 

Vdc 

kHz 

kHz 

IlS 

Ils 



2N174, 2Nll00, 2N1358 (continued) 

CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 
12 v 12 
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The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of 150 Watts at case tempera
tures of 25°C and is 0 Watts at 110°C with a linear relation 
between the two temperatures such that: 

110o-Tc 
allowable Po = 0.5 

2N174 AND 1358 2N1100 

Sm, 1m, 500p.s 250,u.s 
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The Safe Operating Area Curves indicate Ic
V CN limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

2-3 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



2N 176 (GERMANIUM) 
2N669 

~02~ o 0 
@, 

PNP germanium power transistors for economical 
power switching circuits and commercial grade power 
amplifier applications. 

CASE 11 
STYLE I, 

PIN 1. BASE 
2. EMITTER 

CASE·COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector Current (Continuous) 

Storage and Junction Temperature 

Total Device Dissipation 
(At 25°C Case Temperature) 

Thermal Resistance 
(Junction to Case) 

2H669, 2H176 

90 WATT -
PQWERDISSIPA710N 
25°C CASE ,MPERATlJRE-

0.5 

0.4 

0.3 

0.2 

01 
o 

\ \ ~ " r 5m, 

OR lESS 

2N176 = 2N669- -
d, 

10 30 40 50 

COLlECTOR·EMITTERVOLTAGE(VOLTS) 

Symbol Value Unit 

VCB 40 Vdc 

VCES 30 Vdc 

IC 3.0 Amp 

TJ,Tstg -65 to +100 °c 

PD 90 Watts 

8JC 0.8 °C/W 

SAFE OPERATING AREAS 

2-4 

The Safe Operating Area Curves indicate 
Ic - VCE limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperafure and duty cycle of the excur
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum TJ. the power-temperature de
rating curve must be observed for both 
steady state and pulse power conditions. 



2N176, 2N669 (continued) 

ELECTRICAL CHARACTERISTICS (TC= 25°C unless otherwise noted) 

Characteristic 

Collector-Base Cutoff Current 
VCB ~ 30 V, IE ~ 0 
VCB" 2.0 V, IE ~ 0 
VCB =30V, IE ~ 0, TC ~ 90·C 

Emitter-Base Cutoff Current 
VEB ~ 10 V, IC ~ 0 

Collector-Emitter Breakdown Voltage 
IC ~ 330 rnA, RBE ~ 10 Ohms 2N176 

2N669 

Collector-Emitter Saturation Voltage 
IC ~ 3 A, IB ~ 300 rnA 

DC Forward Current Transfer Ratio 
VCE~2.0V, Ie 0 O. 5 A 2N176 

2N669 

Power Gain 
"out =-2 Watts, VCEr ~ 12 V, IC = 0.5 Amp, 
f ~ 1kHz, RS ~ 10 Ohms, RL ~ 26.6 Ohms 2N176 

2N669 

Total Harmonic Distortion 
(under same conditions of power gain) 

Small-Signal Current Gain Cutoff Fr.equency 
VCE ~ 12 V, Ie = 0.5 Amp, f ~ 1 kHz ref 2N176 

2N669 

Small-Signal Forward-Current Transfer Ratio 
VCE ~ 2.0 V, Ie ~ 0.5 Amp, f ~ 1 kHz 2N176 

2N669 

Small-Signal Input Impedance 
VeE ~ 2.0 V, Ie ~ 0.5 Amp, f ~ 1 kHz 2N176 

2N669 

INPUT CURRENT versus EMITTER DRIVE VOLTAGE 
(Both Types) 

0.24 

G.22 

•. 20 

0.111 

0.1' 

0.14 

0.12 
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0.02 
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V, ~2V:.'" / 
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I 

/ 
/ 

~ 
o U U ~ ~ u u u u u U 

Y ••• IASE.(Mlmt VOlT_ (YO(TSI 

2·5 

Symbol Minimum Typical Maximum 

ICBO 
- - 3.0 
- 50 -

- - 20 

lEBO 
- --_. 2.0 

BVCER 30 - -
BVCES 30 - -

VCE(SAT) 
- - 0.4 

hFE 
25 - -
75 - 250 

GpE 

34 - 37 
38 - -

- - 5.0 

ftl/e 
4.0 7.0 -
3.0 5. a -

hfe - 45 -
- 90 -

hie 
7.0 - 25 
10 - 50 

POWER·TEMPERATURE DERATING CURVE 
(Both Types) 
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2N 178 (GERMANIUM) 
2N554 ~ STYlE ,. 

PIN 1. BASE 
2. EMITTER 

CASE·COLLECTOR 2N555 ~ 

~ PNP germanium power transistor for non-critical 
power amplifier and power switching applications re-

CASE 11 quiring economical components. 
Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N 178 2N554 2N555 Unit 

Collector-Emitter Voltage VCER 30 16 30 Vdc 

Collector-Base Voltage VCB 30 15 30 Vdc 

Emitter-Base Voltage VEB 20 15 15 Vdc 

Collector Current IC 3.0 Adc 

Total Device ,Dissipation @ TC ; 80°C PD 10 Watts 

Operating and Storage Junction TJ , Tstg -40 to +90 °c 
Temperature Range 

50 

l\. 
I'-

POWER·TEMPERATURE DERATING CURVE 
'" 

'\ , 
1\ , 

o 
0 iO ~ 10 o 

TC, CASE TEMPERATURE (OC) 

2N178, 2N555 SAFE OPERATING AREAS 2N554 
• , 

i 
I I 

e !l 0,' 
~ 0.4 

O. 3 

o. 2 

0, I 

40·WATT 
POWER DISSIPATION AT 
300V TEMPERATURE 

'\. ~ 2N178 
2N555 

''''-1 "- 'm. 
OR LESS 

'" 

10 20 30 40 " 
COllECTOR-EMJnER YOLTAGE (VOlTS) 

The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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• , 
• 
3 

'" 2 

\ ~ 2N554 >--... 
I 

40·WATT I POWER OISSIPATlON AT 
300 C CASE TEMPERATURE , 

4f--dc 

i 
I 
~ :i o. 
8 o. 

.3 

o. 2 

.I 
10 20 30 40 50 

COllECTOR-EMITTER VOLTAGE (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 



2N178, 2N554, 2N555 (continued) 
ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

I Characteristic Symbol I Min I Typ I Max I Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCER Vdc 
(IC = 330 mAdc, RBE = 10(l) 2N178 30 - -

2N554 16 - -
2N555 30 - -

Collector-Base Cutoff Current ICBO rnA 
(V CB = 2.0 Vdc, IE = 0) 2N178 - 0.05 -
(V VB = 30 Vdc, IE = 0) 2N178 - - 3.0 

(V CB = 15 Vdc, IE = 0) 2N554 - - 10.0 

(V CB = 30 Vdc, IE = 0) 2N555 - - 20.0 

(V CB = 30 Vdc, IE = 0, TC = 90°C) 2N178 - - 20.0 

Emitter-Base Cutoff Current lEBO mA 
(VBE = 10 Vdc, IC = 0) 2N178 - - 2.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = O. 5 Adc, V CE = 2.0 Vdc) 2N178 15 - 45 

2N554 - 50 -
2N555 - 50 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 3.0 Adc, IB = 300 mAdc) - 0.6 -

SMALL-SIGNAL CHARACTERISTICS 

Common-Emitter Cutoff Frequency f kHz 
(IC = 0.5 Adc, V CE = 12 Vdc, f = 1. 0 kHz ref) 2N178 

O'e 
5.0 - -

2N554 - 6.0 -
2N555 - 6.0 -

Small-Signal Current Gain hfe -
(IC =0.5Adc, VCE =2.0Vdc, f = 1. 0 kHz ref) 2N178 - 30 -

2N554 - 55 -
2N555 - 55 -

Input Impedance h. Ohms 
(IC = O. 5 Adc, V CE = 2.0 Vdc, f = 1. OkHz) 2N178 Ie 8.0 25 -

2N554 - 25 -
2N555 - 25 -

FUNCTIONAL TESTS 

Power Gain GpE dB 
(V CE = 12 Vdc, IC = O. 5 Adc, Pout = 2.0 2N178 28 - 33 

Watts, f = 1. 0 kHz, RS = 10 Ohms, 
2N554 20 35 -
2N555 25 35 -

RL = 26. 6 Ohms) 

Total Harmonic Distortion % 
(Under same conditions as power gain) 2N178 - - 5.0 

COLLECTOR CHARACTERISTICS INPUT CURRENT versus INPUT DRIVE VOLTAGE 
3.0 
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2N242 (GERMANIUM) 

2N307, A· (;)0 2 ST:'~Ell BASE o 0 2. EMITTER 
@)I CASE·COllECTOR 

~ PNP germanium power transistors for general pur-
CASE 11 pose power amplifier and switching applications. 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N242 2N307.307A Unit 

Collector - Base Voltage VCB 45 35 Volts 

Collector-Emitter Voltage (RaE = 3011) VCER 45 - Volts 

Collector - Emitter Voltage VCEO - 35 Volts 

Emitter - Base Voltage VEB - 10 Volts 

Collector Current IC 5.0 5.0 Amp 

Junction Temperature Range TJ -65 to + 110 -65 to +110 °c 

Collector Dissipation (at T C = 250 C) PD 106 106 Watts 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector- Base Cutoff Current ICBO mAde 
(VCB = 2 Vdc) 2N307 - 0.5 
(VCB = 25 Vde) 2N307 - 5.0 

2N307A - 2.0 
(VCB = 1 Vdc, IE = 0, T C= 850 C) 2N242 - 5.0 

Emitter-Base Cutoff Current lEBO mAdc 
(VEB = 10 Vdc) - 2.0 

Collector-Emitter Cutoff Current ICER mAde 
(VCE = 45 Vde, RBE = 3011) 2N242 - 5.0 
(VCE = 25 Vdc, RBE = 30 11) 2N242 - 1.0 
(VCE = 35 Vdc, RBE = 30 11) 2N307 - 15 

2N307A - 7.0 

Base - Emitter Voltage VBE Vde 
(VCE = 1. 5 Vdc, IC = 1. OAdc) 2N242 0.3 0.8 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 2.0 Adc, IB = 200 mAdc) 2N242 - 0.8 
(IC = 0.2 Adc, IB = 20 mAdc) 2N307 - 1.0 
(lC = 1. 0 Adc, IB = 100 mAde) 2N307A - 0.8 

DC Current Gain hFE -
(VCE = 12 Vdc, IC = 500 mAde) 2N242 30 120 
(VCE = 1 Vdc, IC = 200 mAdc) 2N307 20 -

2N307A 30 -
Common Emitter Cutot! Frequency fae kHz 

(VCE = 12 V, IC = O. 5 A) 2N242 5.0 -
2N307A 3.5 -

(VCE = 6 V, IC = 1 A) 2N307 3.0 -

Power Gain Gc dB 
(IC = O. 5A, VCE = -14 V, RL = 3011. 2N242 30 
Rg=IOfl) 
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2N277 (GERMANIUM) 

2N278 
2N173 
2Nl099 

ID~ 
CASE 5 ~ I!JI ~ 
(TO-36) 

PNP germanium power transistors for general pur
pose power amplifier and switching applications. Pow
er and temperature ratings exceed EIA registration. 

STYLE 1: 
PIN 1. BASE Collector connected to case 

2. EMITTER 
3. COLLECTOR 

MAXIMUM RATINGS 

Rating Symbol 2N277 2N278 2N173 2N1099 Unit 

Collector-Base Voltage VCB 40 50 60 80 Vdc 

Emitter-Base Voltage VEB 20 30 40 40 Vdc 

Emitter Current-Continuous IE 15 Adc 

Base Current IB 4.0 Adc 

Total Device Dissipation @ T C = 250 C P D 170 Watts 

Derate above 250 C 2.0 wloc 

Operating and Storage Junction T J' Tstg °c 
Temperature Range -65 to + 110 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case liJC 0.5 °CIW 

2N173 
SAFE OPERATING AREAS 

2N1099 2N277 2N278 .. • • 
30 

0 
0 

0 
£: 
~, 0 

• , 
~ 
B • 

2 

, I 
• 

... , .. 500,111 250/,5 

\ ~ ~ ~ 100,.s 
QALESS 

I'" t'--~ .. 
/'\.. 

HO-WATT 
POWER DISSIPATION AT 
25°1 CASE TrPERATjRE 

do 
h .Jl o. 

0.' ,f--' ;. 

... , .. 500"s 250,111 

~ -=:::~ 
.-- 100.1'1 

OR LESS 

1'\ t'- "\: ~ 
..... 

170.~.'1:1/ "-
, 

POWER DISSIPATION AT 
257 CASj TEMrERATRE .1) 

do 

... , .. '''''' 2501" . .. , .. 500,. 250,,' 

\ ~ ~ '\' c-~~O:SS ,--:: ~OO,.. ORI.!$S 

'(. 
~ ~ ~ >--.::~ 

'i\ I-... HO-WATT ~~'1A~SSIPATIOH AT POWER DISSIPATIon AT 

)... ~\ 2S"C CASE TEMPERATURE 25°CCAS£TEMPERATURf. 

" V r\ 
f-- Toeov.amA I- !~T!O~:K~~ASAPf'LI[O f--

TOSOV,8mA 

WITH IIACK BIAS APPLIED ~\ 

r-~\ 
~Wmt BACK 8IASAPPfiI~ I-l--

IPULSjCURvESjLYJ 
0.2 

IFORPULS£CURVESONl~l_ fFOR ~UlSE ,URVE1S ON~YI t--, 
10 203040 5(J 60 700 1020 JO 40 5060 70 SO 90 HXIO 10 20 30 40 "0 10 20 30 40 

COLlECTOR-£MlnER VOLTAGE {VOlTS} COLLECTOR-£MITTERVOLTAGE(VOlTS) 

The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not ga into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

2-9 

COLl!CTOR.fMlmR VOlTAGE (VOLTS) COlLECT01I.-tMtmR VOLTAGE (VOLH) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

" 



2N277, 2N278, 2N173, 2Nl099 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol Minimum Typical Maximum Unit 

Collector-Base Cutoff Current ICBO iJ.A 
VCBO = 2V - 100 -

Collector-Base Cutoff Current ICBX rnA 
VEB = 1.5 V, VCB = 40 V 2N277 - 2,0 8,0 

50 2N278 - 2,0 8.0 
60 2N173 - 2.0 8.0 

80 2NI099 - 2.0 8.0 

Emitter-Base Cutoff Current lEBO rnA 
VEBO = 20 V 2N277 - 1.0 8.0 

30 2N278 - 1.0 8.0 
40 2N173 - 1.0 8.0 
40 2NI099 - 1.0 8.0 

Collector-Base Cutoff Current ICBO rnA 
VCBO = 40 V, 71°C 2N277 - - 15 

50 2N278 - - 15 
60 2N173 - - 15 
80 2NI099 - - 15 

ColIector-Emitter Voltage BVCES ' Vdc 
IC = 300 rnA, VEB = 0 2N277 40 - -

2N278 45 - -
2N173 50 - -
2NI099 70 - -

Collector-Emitter Voltage BVCEO ' Vdc 
IC = 1 Amp, IB = 0 2N277 25 - -

2N278 30 - -
2N173 45 - -
2NI099 55 - -

Floating Potential Vfl volt 
IE = 0, VCB = 40 V 2N277 - 0.15 1.0 

50 2N278 - 0.15 1.0 
60 2N173 - 0.15 1.0 
80 2NIQ99 - 0.15 1.0 

Current Gain hFE -
IC = 5 Amp, VCB = 2 V 35 - 70 

IC = 12 Amp, VCB = 2V - 25 -

Base-Emitter Voltage VBE Vdc 
Ie = 5 Amp, VCB = 2V 2N277 - 0.65 -

2N278 - 0.65 -
2N173 - 0.65 -
2N1099 - 0.65 0.9 

Saturation Voltage VCE(SAT) 
Vdc 

IC = 12 Amp, IB = 2 Amp 2N277 - 0.3 -
2N278 - 0.3 1.0 
2N173 - 0.3 1.0 
2NI099 - 0.3 0.7 

Common- Emitter Current Amplification f kHz 

Cutoff Frequency 
Ole 

IC = 5 Amp, VCE = 6V 0.3 10 -

Rise Time tr iJ.s 
"on" Ie = 12 Adc, - 15 -

IB = 2 Adc, VCE = 12 V 

Fall Time tf iJ.s 
"~ff" Ie ::::: 0, - 15 -
VEB = 6 V, REB = 10 Ohms 

• To avoid excessive heating of the collector junction, perform these tests with the sweep method. 
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2N277, 2N278, 2N173, 2Nl099 (continued) 
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2N297 A (GERMANIUM) 

CA5E~ 
(;)' o 0 

@l 

STYlE L 
PIN 1. BASE 

1. EMITTER 
CASE·COllECTOR 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current 

Operating Temperature Range 

Collector Dissipation at 25 ° C 
Case Temperature 
(OJC = 1 °C/W max) 

100 

OJ' 80 

! 
6 60 
~ 
Q, 

'OJ 
'" is .. 40 
~ 
0 
p, 

p,Q 20 

o 
o 

PNP germanium power transistor for military and 
industrial power switching and amplifier applications. 

Symbol Value Unit 

VCB 60 Vdc 

VCES 50 Vdc 

VCEO 40 Vdc 

VEB 40 Vdc 

IE 5.0 Amp 

TJ -65 to +110 °C 

Po 85 Watts 

POWER· TEMPERATURE DERATING CURVE 

..... 

" ~ 
" 1"-.. 

~ 

'" " "-.. 
20 40 60 80 100 110 

T C' . Case Temperature ('C) 
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2N297 A (continued) 
ELECTRICAL CHARACTERISTICS (TC = 2SOC unless otherwise noted) 

Characteristic Symbol Minimum Maximum Unit 

DC Current Transfer Ratio hFE 40 100 -

VCE = 2V 

IC = 0.5 Adc 

DC Current Transfer Ratio hFE 20 - -

VCE = 2V 

IC: 2.0 Adc 

Small-Signal Current Transfer Ratio t.:.e 'S.O - kHz 
Cutoff Frequency 

VCE = 14 Vdc 

IC: 0.5 Amp 

Emitter-Base Cutoff Current lEBO -- 3.0 mAdc 

VEB = 40 Vdc 

IC: 0 

Collector-Base Cutoff Current ICBO - 200 IiAdc 

VCB: 2 Vdc 
IE: 0 

Collector- Base Cutoff Current ICBO - 3.0 mAdc 

VCB : 60 Vdc 
IE : 0 

Base Current IB 5.0 12.5 mAdc 

VCE : 2 Vdc 

IC: 0.5 Adc 

Base Current IB - 100 mAdc 

VCE : 2 Vdc 
IC: 2 Adc 

Emitter-Base Voltage VEB - 1.5 Vdc 

VCE: 2 Vdc 

IC: 2 Adc 

Floating Potential Vfl 0.18 Vdc 

VCB: 60 Vdc 

(Voltmeter input resistance 
: 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) 1.0 Vdc 

IC: 2 Adc 
IB: 200 mAdc 

C ollec tor - Emitter Voltage BVCEO 40 - Vdc 

Ie: 300 mAdc 
IB : 0 

Collector-Emitter Voltage BVCES 50 - Vdc 

IC: 300 mAdc 
VEB : 0 

High- Temperature Operation 

TC : +71°C min 

Collector Cutoff Current leBO - 6.0 mAdc 

VCB : 30 Vdc 
IE: 0 

2N307 (GERMANIUM) 

2N307 A For Specifications, See 2N242 Data. 
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2N319 thru 2N321 (Germanium) 

2 

CASE 31 
(TO-5) ~OSOTYOLE31: PNP germanium transistors for audio amplifier 

and low-frequency switching applications. 

PIN 1. EMITTER 
2. BASE 

Base connected to case 

3. COLLECTOR 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 25 Vdc 

Collector-Emitter Voltage VCEO 20 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 500 mAdc 

Junction and Storage Temperature T J' T stg -65 to + 100 ·C 

Power Diesipation at 25·C Ambient PD 225 mW 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Collector Cutoff Current ICBO 
V CB = -25 Vdc, IE = 0 - 16 pAclc 

Emitter Cutoff Current lEBO 
VEB =-3.0Vde, IC = 0 - 10 pAde 

Collector-Emitter Voltage BVCER Ie = O. 6 mAde, RaE = 10 K 20 - Vde 

DC Current Gain hFE Ie = 20 mAdc, V CE = -1 Vdc 

2J11319 25 42 -
2J11320 34 65 
2J11321 53 121 

DC Current Gain hFE Ie .. 100 mAde, V CE .. -1 Vdc 

2J11319 23 - -
2J11320 30 -
2J11321 47 -

Base Input Voltage VBE mVdc 
V CE = -1 Vdc,' IC = 20 mAdc 180 320 

Output Capacitance; Input AC Open Circuit Cob 
V CB = -5 Vdc, IE = 1 mAdc, f = 1 MHz - 35 pF 

Frequency Cutoff fab 
VCB = -5 Vdc, IE = 1 mAdc 

2J11319 1.0 - MHz 

2N320 1.5 -
2J11321 2.0 -
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2N322 thru 2N324 (GERMANIUM) 
2N508 

PNP germanium transistors for audio driver and low 
power output service in entertainment equipment. 

CASE 31 
(TO-5) 

Base connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Junction and Storage Temperature 

Power Dissipation at 25°C Ambient 

Symbol Value 

VCB 18 

VCEO 18 

VEB 5.0 

lC 500 

TJ , Tstg -65 to + 100 

PD 225 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristics Symbol Min 

Collector Cutoff Current lCBO 
V CB = -16 Vdc, ~ = 0 -

Emitter Cutoff Current ~BO 
V EB = -3 Vdc, lC = 0 -

Collector-Emitter Voltage BVCER 
IC = O. 6 mAdc, RBE= 5 K 18 

DC Current Gain ~E 
V CE = -1 Vdc, IC = 20 mAdc 

2N322 34 
2N323 53 
2N324 72 
2N508 99 

Base Input Voltage VBE 
V CE = -1 Vdc, IC = 20 mAdc 180 

Output CapaCitance; Input AC Open Circuit Cob 
V CB = -5 Vdc, ~ = 1 mAdc, f = 1 MHz -

Frequency Cutoff 
VCB = -5 Vdc, ~ = 1 mAdc 

2N322 
fab 1.0 

2N323 1.5 
2N324 2.0 
2N508 2.5 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

mW 

Max Unit 

16 /LAdc 

16 /LAdc 

- Vdc 

65 -
121 
198 
198 

320 mVdc 

35 pF 

- MHz 
-
-
-



2N331 (Germanium) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 31 
(TO-5) 

PNP germanium transistor for audio range amplifier 
and switching service in military equipment. Have col
lector dissipation and storage temperature ratings sig
nificantly higher than those of the military specification 
(see maximum ratings table below). 

Base connected to case 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 30 Volts 

Emitter-Base Voltage VEB 12 Volts 

Storage Temperature Tstg -65 to + 85 °c 

storage Temperature Tstg -65 to + 100 °c 

Collector Dissipation at T A = 25°C PD 75 mW 
(MIL-S-19500j4C 

(Derate 1.25 mW JOC above 25°C) 

Collector Dissipation at T A = 25° C PD 200 mW 
(JAN 2N331) 

(Derate 2.67 mW/"C above 25°C) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Emitter Cutoff Current 
lEBO f'Adc (VEB = -12 Vdc, IC = 0) - 10 

Collector Cutoff Current ICBO I'Adc 
(V CB =-30 Vdc, IE = 0) - 10 

Small-Signal Open-Circuit Output Admittance hob I'mho 
(V CB = -6 Vdc, ~ = 1.0 mAdc, f = 1 kHz) - 1.0 

Small-Signal Short-Circuit Input Impedance hib Ohms 
(VCB = -6 Vdc, ~ = 1.0 mAdc, f = 1 kHz) - 50 

Small-Signal Short-Circuit Forward-Current 
TraIl!1fer Ratio hfe -

(V CE = -6 Vdc, IC = 1.0 mAdc, f = 1 kHz) 30 70 

Small-Signal Short-Circuit Forward-Current 
TraIl!1fer Ratio Cutoff Frequency fab MHz 

(V CB = -6 Vdc, ~ = 1 mAde) 0.4 -
Output CapaCitance Cob pF 

(V CB = -6 Vdc, ~ = 1 mAde) - 50 

Noise Figure NF dB 
(V CB = -6 Vdc, ~ = 1 mAdc, RS = 1000, ohms, 

{= 1 kHz, f-t.1 Hz ) - 20 
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2N331 (continued) 
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2N350A (GERMANIUM) 

2N3S1A 

2N376A 

~ ST:'~Ell~~fiTER 

~~R 
CASE 11 ~ 

PNP germanium power transistors for economical 
power switching applications and for power amplifiers 
requiring up to 4 watts of output power at relatively 
low distortion. 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector Dissipation 
at 25°C mounting base temperature 

Collector Junction Temperature 

Thermal Resistance 
(Junction to Case) 

CURRENT GAIN versus 
COLLECTOR CURRENT (COMMON EMITTER) 

100 
\ 
\\ V2N376A 

\' /" 2N351 A 

'1,\ 
./\ 1\\ VeE = 2 VOLTS 

I\. ,~" 

" '~. 2N350A - --......... 1"", 
'"'""-. 20 

1 2 3 4 5 
COLLECTOR CURRENT (AMPERES) 

i 
~ 
i'l 
e 
~ d. 
8 o. 

2 

1 

5 

4 

o. 3 

o. 2 

o. 1 

Symbol 

VCB 

VCES 

P D 

TJ 

8JC 

SAFE OPERATING AREAS 

" 2N376A 

Value Unit 

50 Vdc 

40 Vdc 

90 Watts 

-65 to +100 °C 

0.8 °C/W 

POWER TEMPERATURE 
DERATING CURVE 

90 

5ms _ \ 2N351A \ -........ r- OR LESS 

2N350A \ >\.. 

K \ 
........ 

/' 

, 
[\ 
\ 

90-WATT 
POWER DISSIPATION 
25°C CASE TEMPERATURE 

l'\, 

de "\ 
'\ 

0 ~ , 
[\ 

o \ 
10 20 30 40 

COLlECTOR.£MITTER VOLTAGE (VOLTS) 

~ 0 w ~ ~ ~ ~ 

MOUNTING BASE TEMPERATURE (OC) 

The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and. pulse power conditions. 
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2N350A, 2N351 A, 2N376A (continued) 

ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°e ± 3°e.) 

GENERAL Symbol Minimum Typical Maximum Unit 

Collector Cutoff Current ICBO 
VCB ~ 30 V - - 3.0 rnA 

VCB ~ 2 V - 50 - JlA 

VCB~30V, T ~ 100'C - - 30 rnA 

Emitter Cutoff Current lEBO 
VEB ~ 10 V - - 2.0 rnA 

Collector Breakdown Voltage BVCES 
Vdc IC ~ 1 A (RBE = 100) 40 - -

Ie = 330mA, RBE = 0 
(This test should be made 
under dynamic conditions only) 

ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°e ± 3°e.) 

COMMON EMITTER 2N350A 2N351A 2N376A Unit 

Sym Min Typ Max Min Typ Max Min Typ Max 
Power Gain (± 0.5 db) GpE dB 

Pout ~ 4 Watts, VCE ~ 12 V, 
30 - 33 32 - 35 34 - 37 

IC ~ 0.7 A, f = 1 kHz 

Total Harmonic Distortion - - 7.0 - - 7.0 - - 7.0 % under same conditions as power gain 

DC Forward Current Gain hFE 
VCE = 2 V, IC ~ 0.7 A 20 - 60 25 - 90 35 - 120 

Current Gain Frequency Cutoff fae kHz 
VCE = 12 V, IC = 0.7 A, 

5.0 - - 5.0 - - 5.0 - -f = 1 kHz ref 

Small-Signal Forward Current Gain hre 
f = 1 kHz, VCE = 2 V, IC ~ 0.7 A - 30 - - 45 - - 60 -

Small-Signal Input Impedance h.. Ohms 
f = 1 kHz, VCE = 2 V, IC = 0.7 A Ie 5.0 - 17 6.0 - 20 7.0 - 25 

Collector Saturation Voltage VCE(SAT) Vdc 
IC ~ 3 A, IB = 300 rnA - 0.8 1.75 - - - - - -

Base-Emi tter Voltage VBE Vdc 
IC = 3 A, IB = 300 rnA - 1.0 2.00 - - - - - -

Collector Saturation Voltage VCE(SAT) Vdc 
IC ~ 4 A, IB ~ 400 rnA - - - - 0.6 1.75 - - -

Base-Emitter Voltage VBE Vdc 
IC ~ 4 A, IB = 400 rnA - - - - 1.0 2.00 - - -

Collector Saturation Voltage VCE(SAT) Vdc 
IC = 5 A, IB = 500 rnA - - - - - - - 0.8 1.75 

Base-Emitter Voltage VBE Vdc 
IC = 5 A, IB ~ 500 rnA - - - - - - - 1.0 2.00 

2-19 



2N350A, 2N351 A, 2N376A (continued) 

5.0 
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2N1359 
2N1360 
2N 1362 thru 2N 1365 

PNP germanium power transistors for general pur
pose switching and amplifier applications. 

~ 0°2 STYLE I· 
, 0 0 PIN 1 BASE 

01 2. EMITTER .. . @ CASE·COLLECTOR 

CASE 11 

MAXIMUM RATINGS 

Rating Symbol 2N1359 2N375 2N1362 2N1364 Unit 2N1360 2N618 2N1363 2N1365 
Collector-Emitter Voltage VCES 40 60 75 100 Vdc 

Collector-Base Voltage VCB 50 80 100 120 Vdc 

Emitter-Base Voltage VEB 25 40 50 60 Vdc 

Collector Current-Continuous IC 3.0 Adc 
Peak 10 

Total Device Dissipation @ T C = 25°C PD 106 Watts 

Derate above 25°C 1. 25 W/oC 

Operating and Storage Junction TJ , Tstg °c 
Temperature Range -65 to + 110 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction to Case 9JC 0.8 °C/W 
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2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Types Symbol Minimum Typical Maximum 

Collector-Base Cutoff Current 2N1359, 2N1360 I CBO 
(V CB = 40 V, IE = 0) -- -- 3.0 
(VCB =50V,IE =0) -- -- 20.0 

(VCB = 60 V, IE = 0) 2N375, 2N618 -- -- 3.0 

(VCB = 80 V, IE = 0) -- -- 20.0 

(VCB =75V, IE = 0) 2N1362, 2N1363 -- -- 3.0 

(VCB = 100 V, IE = 0) -- -- 20.0 

(VCB = 100 V, IE = 0) 2N1364, 2N1365 -- -- 3.0 

(VCB=120V, IE = 0) -- -- 20.0 

Collector-Base Cutoff Current 
at Tc = +90°C I CBO -- -- 20 
VCB = 1/2 BV CES rating 

Emitter -Base Cutoff Current 
(VEB = 12V, Ie = 0) lEBO -- -- 0.5 

(VEB = 25 V, IC = 0) 2N1359, 2N1360 -- -- 20 

(VEB = 50 V, IC = 0) 2N1362, 2N1363 -- -- 20 

(VEB = 60 V, IC = 0) 2N1364, 2N1365 -- -- 20 

Collector-Emitter Breakdown 
Voltage 
IC = 500 rnA, VEB = 0) 2N1359, 2N1360 BVCES 40 -- --

2N375, 2N618 60 -- --
2N1362, 2N1363 75 -- --
2N1364, 2N1365 100 -- --

DC Current Transfer Ratio hFE 
(VCE = 4 V, IC = 1. OA) 2N1359, 375, 1362, 64 35 55 90 

2N1360, 618, 1363, 65 60 90 140 

(VCE = 4 V, IC = LOA) 2N1359, 375, 1362, 64 15 22 --
2N1360, 618, 1363, 65 20 35 --

Transconductance 
(VCE = 4 V, IC = 1. OA) 2N375 gFE 0.8 1. 25 2.2 

2N618 1.0 1.6 2.5 
2N1359, 2N1362, 2N1364 0.8 1. 25 --
2N1360, 2N1363, 2N1365 1.0 1.6 --

Frequency Cutoff f 
"e 

(VCE = 4 V, IC = 1 A) 2N375 5.0 \S.5 --
(VCE = 4 V, IC = 1 A) 2N618 5.0 8. 5 --
(VCE = 4 V, IC = 3 A) 2N1359, 2N1362, 2N1364 7.0 10 --
(VCE = 4 V, IC = 3 A) 2N1360, 2N1363, 2N1365 5.0 8.5 --

Collector Saturation Voltage VCE(sat) 
(IC = 2.0 A, IB = 200mA) 2N1359, 375, 1362, 64 -- 0.4 1.0 

2N1360, 618, 1363, 65 -- 0.3 O. 8 

Base-Emitter Drive Voltage VBE 
(IC = 2.0A, IB = 200 rnA) 2N1359, 375, 1362, 64 -- 0.7 --

2N1360, 618, 1363, 65 -- 0.6 --

Collector-Emitter Punch-
Through Voltage VEBF 
(VCB = 50 V, IC = 0) 2N1359, 2N1360 -- -- 1. 25 

(VCB = 100 V, IC = 0) 2N1362, 2N1363 -- -- 1. 25 

(VCB = 120 V. IC = 0) 2N1364, 2N1365 -- -- 1. 25 
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2N375 (continued) 

POWER·TEMPERATURE DERATING CURVE 
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The maximum continuous power is 
related to maximum junction tempera
ture. by the thermal resistance fac
tor. For d. c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pn = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera
tures of 250 C and is 0 Watts at 1100 C 
with a linear relation between the two 
temperatures such that 
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Area to avoid causing a collector-emitter short. 
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2N3 76 A (GERMANIUM) 
For Specifications, See 2N350A Data. 

2N378 thru 2N380 (GERMANIUM) 
2N459 A PNP germanium power transistors for general pur-

I 

~" pose power ampHfler and switching applications. 

CASE 11' roo: . 802 
STYLE 1 0 0 

PIN 1, BASE @1 
2 EMITTER 

CASE·COLlECTOR 

MAXIMUM RATINGS 

Rating Symbol 2N378 2N379 2N380 2N459 2N459A Unit 

Collector-Emitter Voltage VCEO 20 40 30 60 60 Vdc 

Collector-Emitter Voltage VCEX Vdc 

(VBE =1.5V) 40 80 60 - -
(VBE = 1. 0 V) - - - 105 105 

Collector-Emitter Voltage VCES - - - 70 70 Vdc 

Collector-Base Voltage VCB - - - - 105 Vdc 

Emitter- Base Voltage VEB - - - 10 25 Vdc 

Collector Current IC 5.0 Adc 

Operating Junction TJ -65 to +110 °c 
Temperature Range 

Total Device Dis sipation @ TC = 25 0 C PD 106 Watts 

ELECTRICAL CHARACTERISTICS (T A = 2SoC unless otherwise noted) 

I Characteristic Symbol Min I Max I Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = 100 mAdc) 2N378 20 -
2N379 40 -
2N380 30 -
2N459,2N459A 60 -

Collector Cutoff Current ICEX mAdc 

(V CE = 40 Vdc, V BE (off) = 1. 5 Vdc) 2N378 - 10 

(V CE = 60 Vdc, VBE(off) = 1. 5 Vdc) 2N380 - 10 

(V CE = 80 Vdc, V BE (off) = 1:5 Vdc) 2N379 - 10 

(V CE = 105 Vdc, V BE(off) = 1. 5 Vdc) 2N459 - 10 

(V CE = 105 Vdc, VBE(off) = 1. 0 Vdc) 2N459A - 10 

Collector Cutoff Current ICBO mAdc 
(V CB = 25 Vdc) - 0.5 

(V CB = 25 Vdc, TC = 85°C) - 7.5 

Emitter Cutoff Current lEBO mAdc 
(V BE = 10 Vdc) 2N380 - 1.5 

2N459 - 2.0 
(V BE = 25 Vdc) 2N459A - 2.0 
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2N378, thru 2N380 2N459. 2N459 A (continued) 
ELECTRICAL CHARACTERISTICS (continued) 

I Characteristic 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 2.0Adc, VCE = 2.0 Vdc) 2N378 
2N379,2N459 
2N380 
2N459A 

(IC = 5.0Adc, VCE = 2.0 Vdc) 2N459A 

Collector-Emitter Saturation Voltage 
(IC = 2.0 Adc, IB = O. 2 Adc) 2N378-2N380,2N459 

2N459A 

Base-Emitter Voltccge 
(IC = 2.0Adc, VCE = 2.0 Vdc) 2N378 

2N379, 2N459, 2N459A 
2N380 

DYNAMIC CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = l.OAdc, VCE = 2.0 Vdc) 2N378-2N380,2N459 

(IC = 2. 0 Adc, V CE = 2.0 Vdc) 2N459A 
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Symbol 

hFE 

V CE(sat) 

VBE(on) 

f 
oe 

Min I Max I Unit 

-
40 80 
20 70 
30 70 
40 70 
20 -

Vdc 
- 1.0 
- 0.3 

Vdc 
- 1.6 
- l.3 
- l.0 

kHz 
5.0 -

5.0 -



2N381 thru 2N383 (GERMANIUM) 
2 STYLE 1: O PIN 1. EMITTER 

~
o 2 BASE 

I 0 0 3 3 COLLECTOR 

PNP germanium transistors for small-signal audio 
C~~~::)l : amplifier,s, ~lass ,B pU,sh-pull output stages and medium-

~ speed sWItchmg CIrCUIts. 
Base connected to case 

2N2171 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 50 Volts 

Collector-Emitter Voltage (RBE ; 10K) VCER 25 Volts 

Emitter-Base Voltage VEB 20 Volts 

Collector Current IC 400 mA 

Junction Temperature TJ -65 to +100 DC 

Collector Dissipation PD 
TA ;25°C 225 mW 

derate 3,0 mW;oC 
TC; 25°C 500 mW 

derate 6.7 mW;oC 

ELECTRICAL CHARACTERISTICS (TC; 250 C unless otherwise noted) 

Characteristics Symbol Min Typical Max Unit 

Collector-Base Cutoff Current ICBO /-LAdc 
(V CB ; -25 Vdc) - - - 6.0 10 

Emitter-Base cutoff Current lEBO /-LAdc 
(VEB ; -20 Vdc) - - - 5.0 10 

Collector-Emitter Voltage BVCER Vdc 
(IC ; 1500 /-LAdc, RBE ; 10K) 25 - - - - - -

Collector-Emitter Voltage BVCER Vdc 
(IC; 50 /-LAdc, V BE; 1.0 Vdc) 2N381 - - - 50 - - -

2N382, 2N383, 2N2171 - - - 45 - - -

DC Current Gain liFE - - -
(IC; 20 mAde, V CE ; -1.0 Vdc) 2N381 35 - - - 65 

2N382 60 - - - 95 
2N383 75 - - - 120 
2N2171 110 - - - 250 

(IC ; 100 mAde, V CE ; -1. 0 Vdc) 2N381 30 - - - - - -
2N382 50 - - - - - -
2N383 65 - - - - - -
2N2171 90 - - - - - -
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2N381 thru 2N383, 2N2171 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristics Symbol Min Typical Max Unit 

Small Signal Current Gain hfe - --(IC = 10 rnA, V CE = -5.0 V, f = 1 kHz) 
2N381 :35 60 85 
2N382 70 90 135 
2N383 90 115 155 
2N2171 120 210 310 

Voltage Feedback Ratio hre X1O-3 
(IC = 10 rnA, V CE = -5 V, f = 1 kHz) 

2N381 - - - 0.66 - - -
2N382 - - - 0.69 - - -
2N383 - - - 0.72 - - -
2N2171 - - - 0.75 - - -

Input Impedance h. ohms 
(IC = 10 rnA, V CE = -5.0 V, f = 1 kHz) Ie 

2N381 - - - 300 - - -
2N382 -- - 450 - - -
2N382 - - - 550 - - -
2N2171 - - - 850 -- -

Output Admittance h J.Lmhos 
(IC = 10 rnA, VCE = -5.0 V, f = 1 kHz) 

oe 

2N381 - - - 420 - - -
2N382 - - - 400 - - -
2N383 - - - 380 - - -
2N2171 - - - 500 - - -

Transducer Gain GT dB 

(Rg = 300 n , RL = 500 n ) 2N381 - - - 36 - - -
(Rg = 450n·, RL = 500 n) 2N382 - - - 38 - - -
(Rg = 550 n , RL = 500 n ) 2N383 - - - 39.5 - - -
(Rg = 785 n , RL = 500n ) 2N2171 - - - 42.5 - - -

Output Capacitance Cob - - - 20 - - - pF 

(IC = 1 rnA, VCB = -6V) 

NOise Figure NF dB 

(IC = 1 rnA, V CE = -6V, Rg = 1 kc, f = 1 kHz) 
2N381 -- - 6.0 - - -
2N382 - -- 5.5 - - -
2N383 -- - 5.0 - - -
2N2171 - - - 3.5 - --

Cutoff Frequency f 
"b 

MHz 
(IC = 1 rnA, V CB = -6V) 

2N381 - - - 3.0 - - -
2N382 - - - 4.0 - - -
2N383 -- - 5.0 - - -
2N2171 -- - 7.5 - - -

2-26 



2N398 , 2N398 A (GERMANIUM) 

2 STYLE 1: 

I 0 2. BASE 
o 0 3 3. COLLECTOR O PIN I. EMITTER 

CASE 31 
(TO-5) 

PNP germanium transistor for high-voltage, audio
frequency applications. 

All leads isolated 

MAXIMUM RATINGS 

Rating Symbol 2N398A 2N398 Unit 

Collector -Base Voltage VCB 105 105 Vdc 

Collector-Emitter Voltage VCEO 105 105 Vdc 

Emitter -Base Voltage VEB 50 50 Vdc 

DC Collector Current IC 200 100 rnA 

Emitter Current IE 200 100 rnA 

Junction Temperature TJ -65 to +100 -65 to +85 °c 

Storage Temperature Tstg .. 65 to +100 -65 to +85 °c 

Collector Dissipation @ 25°C PD 150 50 mW 

Thermal Resistance, Junction IO Ambient 8JA max 0.5 1.2 °C/mW 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristics Symbol Min Typical Max Unit 

Collector-Base Cutoff Current ICBO - 12.0 50 /lA 
(V CB = 105 V, IB = 0) 

Collector-Base Cutoff Current ICBO - 5.0 14 /lA 
(V CB = 2. 5 V, Ia = 0) 

Emitter-Base Cutoff Current lEBO - 3.0 50 /lA 
(V EB = 50 V, IC = 0) 

Collector-Emitter Saturation Voltage VCE (SAT) - 0.11 0.35 Vdc 
CIc = 5 mAdc; IB = O. 25 mAdc) 

Base-Emitter Saturation Voltage VBE (SAT) - 0.22 0.40 Vdc 
(IC = 5 mAdc; Ia = O. 25 mAdc) 

DC Current Transfor Ratio hFE 20 65 - -
(IC = 5 moApc; V CE = 0.35 Vdc) 

DC Collector-Emitter Punch-Through Voltage VpT 105 160 - Vdc 
(V CB necessary to obtain V EB of -1 V max, 

USing instrument with Zin > II megohm to 

measure V BE) 

Small-Signal Short-Circuit, Forward Current fab - 1.0 - MHz 

Transfer Ratio Cutoff Frequency 
(V CB = 6 Vdc; IE = 1 mAdc) 
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2N398 (continued) 

POWER - TEMPERATURE DERATING CURVE 
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2N441 (GERMANIUM) 

2N442 
2N443 

~ 
PNP germanium power transistors for power switch

ing and amplifier applications. Power and temperature 
ratings exceed EIA registration. 

STYLE I: 
PIN 1. BASE 

CASE 5 2. EMITTER 
(TO-36) 3. COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N441 2N442 2N443 

Collector-Emitter Voltage VCES 40 45 50 

Collector-Base Voltage VCB 40 50 60 

Emitter- Base Voltage VEB 20 30 40 

Base Current - Continuous IB 4.0 

Emitter Current - Continuous IE 15 

Total Device Dissipation@ TC ~ 25°C P D 150 

Operating Junction Temperature Range TJ -65 to +95 
(EIA Registered) 

Operating Junction Temperature Range TJ -65 to + 100 

THERMAL CHARACTERISTICS 

Thermal ReSistance, Junction to Case °JC 1.0 
IEIA Registered) 

Thermal Resistance, Junction to Case °JC 0.5 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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" '" Manufacturer ." " - ..... " ......... ..... '" E I A registered ~ ............ I'" 20 
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........... ~ 
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TC, CASE TEMPERATURE (OC) 

The maximum continuous power is related to maximum junction temper-
ature, by the thermal resistance factor. . 

This curve has a value of 150Watts at case temperatures of 25°C and is 
o Watts at 100°C with a linear relation between the two temperatures such that 

100° - T C 
Po allowable = 0.5 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

°c 

°c 

°C/W 

°C/W 



2N441 thru 2N443 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25.·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage' 
(IC = 1.0Adc, IB = 0) 

Collector-Emitter Breakdown Voltage' 
(IC = 300 mAdc, V BE = 0) 

Floating Potential 
(VCB = 40 Vdc, IE = 0) 

(VCB = 50 Vdc, IE = 0) 

(VCB = 60 Vdc, IE = 0) 

Collector Cutoff Current 
(VCB =2.0 Vdc, IE = 0) 

(VCB = 40 Vdc, IE = 0) 

(VCB = 50 Vdc, IE = 0) 

(YCB = 60 Vdc, IE = 0) 

(VCB = 40 Vdc, IE = 0, TB = 71°C) 

(VCB = 50 Vdc, IE = 0, TB = 71°C) 

(YCB = 50 Vdc, IE = 0, TB = 71°C) 

Emitter Cutoff Current 
(VBE = 20 Vdc, IC = 0) 

(VBE = 30 Vdc, IC = 0) 

(VBE = 40 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, V CE = 2.0 Vdc) 

(IC = 12 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 12 Adc, IB = 2.0 Adc) 

Base-Emitter Voltage 
(IC = 5.0 Adc, V CE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = 5.0 Adc, V CE = 6.0 Vdc) 

SWITCHING CHARACTERISTICS 

Rise Time 
(V CE = 12 Vdc, IC = 12 Adc, IB = 2.0 Adc) 

Fall Time 
(IC = 0, V BE = 6.0 Vdc, RBE = 10 ohms) 

2N441 
2N442 
2N443 

2N441 
2N442 
2N443 

2N441 

2N442 

2N443 

2N44l 

2N442 

2N443 

2N441 

2N442 

2N443 

2N441 

2N442 

2N443 

2N441 
2N442 
2N443 

2N441 
2N442 
2N443 

, Pulse Test: Pulse Width ~ 300/ls, Duty Cycle ~ 2.0%. 
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BVCEO 
, 

BVCES • 

VEBF 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE 

t 
r 

tf 

Vdc 
25 - -
30 - -
45 - -

Vdc 
40 - -
45 - -
50 - -

Vdc 
- - 1.0 

- - 1.0 

- - 1.0 

mAdc 
- O. I -
- 2.0 8.0 

- 2.0 8.0 

- 2.0 8.0 

- - 15 

- - 15 

- - 15 

mAdc 
- 1.0 8.0 

- 1.0 8.0 

- 1.0 8.0 

-
20 - 40 

- 20 -
Vdc 

- 0.3 -
- 0.3 -
- 0.3 1.0 

Vdc 
- 0.65 -
- 0.65 -
- 0.65 0.9 

IJ.S 
- 15 -

IJ.S 
- 15 -



2N441 thru 2N443 (continued) 

TYPICAL COMMON-EMITTER CHARACTERISTICS 

FIGURE 2 - OUTPUT CHARACTERISTICS 
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FIGURE 4 - OUTPUT CHARACTERISTICS 
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FIGURE 3 - OUTPUT CHARACTERISTICS 
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2N456A (GERMANIUM) 
2N457A 
2N458A 

PNP GERMANIUM POWER TRANSISTORS 

· .. designed for general-purpose power amplifier and switching 
applications. 

• High DC Current Gain -
hFE = 30-90@ IC = 0.0 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @ IC = 5.0 Adc 

'MAXIMUM RATINGS 

Rating Symbol 2N456A 

Collector-Emitter Voltage VCEO 20 

Collector-Base Voltage VCB 40 

Emitter-Base Voltage VEB -Collector Current IC -Base Current IB -
Total Device Dissipation @TC "" 2SoC PD -Derate above 2SoC 

2N457A 2N458A 

30 40 

60 80 

20 -7.0 -3.0 -85 
1.0 -

Operating and Storage Junction TJ.Tstg _-65to+110_ 
Temperature Range 

*Indicates JEOEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE OERATING CURVE 
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7 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

40-60-80 VOLTS 
85 WATTS 

lr~ r~K 
E SEATlN!~ I 

PLANE 

STYLE 1: 
PIN I. BASE 

2. EMITTER 
CASE: COLLECTOR 

MILLIMETERS INCHES 
DIM 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
0 
R 

MIN MAX MIN 

39.37 
21.08 

6.35 7.62 0.250 
0.99 1.09 0.039 

3.43 .. 

29.90 30.40 1.177 
10.67 11.18 0.420 
5.33 5.59 0.210 

16.64 17.15 0.655 
11.18 12.19 0.440 
3.B4 4.09 0.151 

26.67 
Collector connected to case, 

CASE 11 

MAX 

1.550 
0.830 
0.300 
0.043 
0.135 
1.197 
0.440 
0.220 
0.675 
0.480 
0.161 
1.050 



2N456A, 2N457A, 2N458A (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Collector~Emitter Breakdown Voltage BVCEO Vde 
(Ie = 200 mAde,lB = 0) 2N456A 20 -

2N457A 30 -
2N458A 40 -

Collector-Base Cutoff Current ICBO mAde 
(VCB·= 20 Vde, IE = 0) 2N456A - 0.5 

(VCB = 30 Vde, IE = 0) 2N457A - 0.5 

(VCB = 40 Vde, IE = 0) 2N458A - 0.5 

(VCB = 40 Vde, IE = 0) 2N456A - 2.0 

(VCB = 60 Vde, IE = 0) 2N457A - 2.0 

(VCB = 80 Vde, IE = 0) 2N458A - 2.0 

(VCB = 40 Vde, IE = 0, TC = +71 0 C) 2N456A - 10 

(VCB = 60 Vde, IE = 0, TC = +71 oC) 2N457A - 10 

(VCB = 80 Vde, IE = 0, TC = +71 oC) 2N458A - 10 

Emitter-Base Cutoff Current lEBO - 2.0 mAde 
(VEB = 20 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lc = 1.0 Ade, VCE = 1.5 Vde) 40 -

(lC = 3.0 Ade, VCE = 1.5 Vde) 35 -

(lc = 5.0 Adc, VCE = 1.5 Vde) 30 90 

(lc = 7.0 Ade, VCE = 1.5 Vde) 22 -

Collector-Emitter Saturation Voltage VCE(sat) - 0.5 Vde 
(lC = 5.0 Ade, IB = 500 mAde) 

Base-Emitter Voltage VBE - 1.5 Vde 
(lC = 5.0 Ade, VCE = 1.5 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product f,- 200 - kHz 
(lC = 1.0 Ade, VCE = 2.0 Vde) 

I "put Impedance hie - 2B Ohms 
(lc = 5.0 Ade, VCE = 1.5 Vde) 

*Indicates JEOEC Registered Data. 

2N459, A (GERMANIUM) 

For Specifications, See 2N378 Data. 
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2N460, 2N461 (GERMANIUM) 

2 
STYLE 1: 103 

CASE 31 
(TO-5) 

PIN 1. EMITTER 
2, BASE 
3, COLLECTOR 

PNP germanium transistor for general purpose 

industrial applications. 

Base connected to case 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector - Base Voltage VCB 45 Volts 

Collector-Emitter Voltage (RBE = 1 K) VCER 35 Volts 

Emitter-Base Voltage VEB 10 Volts 

Collector Current IC 400 mA 

Collector Dissipation PD 
at 25° C Case Temperature 500 mW 
Derate above 25° C 6.7 mW/oC 
at 25° C Ambient Temperature 225 mW 
Derate above 25° C 3.0 mW/oC 

Junction Temperature Range TJ -65 to +100 °c 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristics Symbol Min Typical Max Unit 
Collector-Base Cutoff Current ICBO /JAde 

fV CB = 45 Vdc) --- --- 15 

Emitter-Base Cutoff Current lEBO /JAde 
fV EB = -10 Vdc) --- --- 10 

Collector-Emitter Voltage BVCER Vdc 
(IC = 1 mAdc, RBE = 1 K) 35 --- ---

Small-Signal Current Gain hfb ---
(V CB = -6 Vdc, IE = 1 mAdc, f = 1 kHz) 2N460 0.94 0.96 0.972 

2N461 0.955 0.968 0.988 

Small-Signal Current Gain 
2N460 hfe 17 36 ---

(V CB = -6 Vdc, IE = 1 mAdc, f = 1 kHz) 2N461 31 --- 200 

Reverse Voltage Ratio hrb XlO-4 
(V CB = -6 Vdc, IE = 1 mAde, f = 1 kHz) 2N460 --- 2.0 15 

2N461 --- 3.0 15 
Input Resistance hib Ohms 

fV CB - -6 Vdc, IE = 1 mAde, f = 1 kHz) 2N460 25 30 40 
2N461 25 --- 40 

Output Admittance hob pmho 
(V CB = -6 Vdc, IE = 1 mAdc, f = 1 kHz) 2N460 --- 0.8 1.5 

2N461 --- 0.5 1.5 
Frequency Cutoff fe>b MHz 

fV CE = -5 Vdc, IE = 1 mAdc) 2N460 --- 1.2 ---
2N461 --- 4'_0 ---

Output Capacitance Cob pF 

(V CB = -10 Vdc, IE = 1 mAdc, f = 1 MHz) --- 20 ---
Noise Figure NF dB 

fVCE = -4.5 Vdc, IE =0.5 mAde, R = 1 K, f = 1kHz)2N460 --- 5.0 ---
g 2N461 --- 4.0 ---
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2N464 thru 2N467 (GERMANIUM) 

2 STYLE 1: O PIN 1. EMITTER 

I 0 0 3 2. BASE PNP . t . f 1 l' 

~
3' COLLECTOR germamum rans1stor or genera purpose app 1-

cations in the audio-frequency range. 
CASE 31 

(10·5) 

Base connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

DC Collector Current 

Max. Junction & Storage Temperature 

Collector Dissipation.Ambient 

Derate above 25°C 

Thermal Resistance, Junction to Ambient 

Symbol 

VCB 

VCER 

VEB 

IC 

TJ and 

Tstg 

PD 

t1JA 

2N464 2N465 2N466 

45 45 35 

40 30 20 

12 

500 

100 

200 

2.67 

0.375 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ 

Collector-Emitter Breakdown Voltage BVCER 
(IC = 0.6 mAdc, RBE= 10 K ohms) 2N464 40 -

2N465 30 -
2N466 20 -
2N467 15 -

Collector- Base Cutoff Current ICBO 
(V CB = 20 Vdc) - 6.0 

Small Signal Current Gain Cutoff Frequency fab 
(V CB = 6 Vdc, IE = 1 mAde) 2N464 - 0.7 

2N465 - 0.8 
2N466 - 1.0 
2N467 - 1.2 

Small Signal Current Gain hfe 
(V CE = 6 Vdc, IE = 1.0 mAde, f = 1 kHz) 2N464 14 26 

2N465 27 45 
2N466 56 90 
2N467 112 180 

2·35 

2N467 Unit 

35 Volts 

15 Volts 

Volts 

mA 

°c 

mW 

mW/oC 

°C/mW 

Max Unit 

Vdc 
-
-
-
-

!lAdc 
15 

MHz 

-
-
-
-

-
-
-
-
-



2N464 thru 2N467 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 
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Characteristic Symbol Min Trp Max Unit 

Small Signal Input Impedance h. Ohms 
(V CE = 6 Vdc, IE = 1. 0 mAde, f = 1 kHz) 2N464 le 900 - -

2N465 - 1400 -
2N466 - 3000 -
2N467 - 5500 -

Small Signal Power Gain Ge dB 

(V CE = 6 Vdc, IE = 1. 0 mAde, f = 1 kHz, matched) 2N464 - 40 -
2N465 - 42 -
2N466 - 44 -
2N467 - 45 -

Noise Figure NF dB 
{V CE = 2.5 Vdc, IE = 0.5 mAde, f = 1 kHz, Rs = 10 Kohms, - - 22 

.1f=IHz 

POWER·TEMPERATURE DERATING CURVE 
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2N499 (Ge Mesa) 
(2N499 JAN AVAILABLE) 

2N499A 
(2N499AJAN AVAILABLE) 

2N502AJAN AVAILABLE 

2N502B JAN AVAILABLE 

PNP GERMANIUM HIGH-FREQUENCY TRANSISTORS 

... designed for driver applications, small-signal amplification, wide 
band video amplifiers, and VHF/UHF oscillators. 

*MAXIMUM RATINGS 

2N499 
2N499JAN 

2N499A 2N502AJAN 
Rating Symbol 2N499AJAN 2N502BJAN 

Collector-Base Voltage VeB 30 

Emitter-Base Voltage VEB 0.5 

Collector Current - Continuous Ie 50 

Total Power Dissipation @ T A = 2SoC Po 60 75 

Operating Junction Temperalure Range TJ' 100 

-Indicates JEOEC Registered Data. 
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Unit 

Vdc 

Vdc 

mAde 

mW 

°e 

PNP GERMANIUM 
AMPLIFIER 

TRANSISTORS 

2N499,2N499A 
2N499JAN, 2N499AJAN 

STYlE 1: 
PIN 1. EMlnER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 

~ 
Ji~--'-: r.- --I L 

~. 

SEAnNG -.-_H_-~D 
PLANE 

(}:r 
STYLE 1 

P1N 1. EMITTER 
2. BASE 
3. COLLECTOR 

DIM MIN MAX MIN MAX 
A - 6.ID - 0.240 
C - 10.41 0.410 
0 0.53 - 0.021 
F 0.406 0.483 0.016 0.019 
G 1.55 2.06 0.061 0.081 

• 38.10 - 1.500 
L 6.35 - 0.250 

9 NOM NO 
P - 1.21 0.050 

All JEDEC notes and dimenSions apply. 
CASE 149-02 

TO-1 

2N502AJAN 
2N502BJAN 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

All JEDEC dimensions and notes apply. 

CASE 79·02 
TO-39 



2N499, 2N499JAN, 2N499A, 2N499AJAN, 2N502AJAN, 2N502BJAN (continued) 

'ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Collector Cutoff Current 
IVCB=10Vde,IE=0) 
IVCB = 15 Vde, IE = 0) 

Character istic 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

2N502A,BJAN 
2N499,A, 2N499,AJAN 

IIC= 2.0 mAde, VCE= 10Vde,l= 20MHz)2N499,A, 2N499,AJAN 
IIC= 2.0mAde, VCE = 10Vde, 1= 100 MHz) 2N502A,BJAN 

Output Capacitance 
IVCB = 10 Vde, IE = 0, I = 4.0 MHz) 2N499,A, 2N499,AJAN 

2N502A,BJAN 

Small-Signal Current Gain 
IIC= 1.0 mAde, VCE = 9.0 Vde, I = 1.0 kHz) 2N499,A, 2N499,AJAN 
IIC= 2.0 mAde, VCE = 10Vde, f= 1.0 kHz) 2N502AJAN 

2N502BJAN 

Collector-Base Time Constant 
liE = 2.0 mAde, VCB = 10 Vde, f = 46 MHz) 2N499,AJAN 

2N499 
2N499A 
2N502A,BJAN 

Noise Figure 
(IE = 2.0mAde, VCB = 10Vde, f= 200 MHz) 2N502A,BJAN 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
IVCB = 10 Vde, IE = 2.0 mAde, f= 100 MHz) 2N499,A,2N499,AJAN 
IVCB = 10 Vde, IE = 2.0 mAde, f= 200 MHz) 2N502A,BJAN 

*Indicates JEDEC Registered Data. 

2N508 (GERMANIUM) 

Symbol 

IT 

Cob 

hie 

rb'Cc 

NF 

Gpe 

Min 

120 
150 

-
-

20 
15 
25 

5.0 
-

5.0 
5.0 

-

7.5 
10 

For Specifications, See 2N322 Data 

2-38 

Max Unit 

MHz 
-

600 

pF 
2.5 
1.6 

-
80 
200 
80 

ps 
50 

250 
250 
25 

dB 
7.0 

dB 
-
20 



2N508A (GERMANIUM) 

PNP Germanium Milliwatt transistor designed for low 
noise audio and switching applications. 

• Small-Signal Current Gain -
hfe = 180 (Max) @ IE = 1.0 mAdc 

• Low Noise Figure Applications -
NF = S.O dB (Max) @ IC = 1.0 mAdc 

MAXIMUM RATINGS 

Rating Symbol 

·Collector-Emitter Voltage VCER 
(RBE = 10 kohms) 

*Collector-Emitter Voltage VCES 

-Collector-Base Voltage VCB 

*Emitter-Base Voltage VEB 

·Collector Current IC 

*Total Device Dissipation @TA ::: 25"C 
Derate above 25" C 

PD 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

"'Indicates JEDEC Registered Data 

Value Unit 

25 Vdc 

30 Vdc 

30 Vdc 

10 Vdc 

200 mAde 

200 mW 
2.67 mW/"C 

-65 to +100 "C 

2-39 

PNP GERMANIUM 
AUDIO AND SWITCHING 

TRANSISTOR 

S 

All JEOEC dimellsiansand notes apply. 
CASE 31-03 

TO·5 



2N508A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
'Collector-Emitter Breakdown Voltage BVCER Vdc 

(IC = 600 11Adc, RBE = 10 k ohms) 25 -

'Collector Cutoff Current ICBO /lAde 
(V CB = 25 Vdc, IE = 0) - 7.0 

*Emitter Cutoff Current 
lEBO /lAdc 

(V BE = 10 Vdc, IC = 0) - 7.0 

ON CHARACTERISTICS 

*DC Current Gain hFE -
(IC = 20 mAde, V CE = L 0 Vdc) 100 200 

*Base-Emitter Voltage VBE Vdc 
(IC = 20 mAde, V CE = 1. 0 Vdc) 0.18 0.32 

SMAll·SIGNAl CHARACTERISTICS 

• Cutoff Frequency fab MHz 
(IE = 1. 0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 2.5 -

'Output Capacitance Cob pF 
(VCB = 5.0 Vdc, IE = 1.0 mAdc, f = 1.0 MHz) - 35 

'Input Impedance hib Ohms 
(IE = 1.0 mAde, VCB = 5.0 Vdc, f .1.0 kHz) 26 31 

'Voltage Feedback Ratio hrb 
1 x 10- 4 17xlO-4 

-
(IE' 1. 0 mAdc, V CB • 5.0 Vdc, f = 1. a kHz) 

'Small-Signal Current Gain hfe -
(IE' 1. 0 mAdc, V CB • 5.0 Vdc, f = 1. 0 kHz) 75 180 

• Output Admittance hOb /lmhos 
(IE'!. 0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) 0.1 0.9 

Noise Figure NF dB 
(IC • 1. 0 mAdc, V CB = 5.0 Vdc, RS = 500 ohms, - 5.0 

f.1.0kHz, ().f = 1. 0 Hz) 

'indicates JEDEC Registered Data. 
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2NS24 thru 2NS27 (GERMANIUM) 

STYLE 1: 

PNP germanium transistor for switching and ampli
fier applications in the audio-frequency range. Avail
able for military and high-reliability industrial purposes. 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

CASE 31 
(TO-5) 

Base connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Storage and Operating Temperature 

Collector Dissipation 

(i}) 25'C Ambient 

Thermal Resistance 

Junction to Ambient 

Thermal Resistance 

(iniinite heat sink) 

Symbol Value Unit 

VCB 45 Vdc 

VCEO 30 Vdc 

VEB 15 Vdc 

IC 5()() mAdc 

Tstg ' TJ -65 to + 100 'c 

PD 225 mW 

°JA 0.333 'C/mW 

°JC 
0.15 'C/mW 
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2N524 THRU 2N527 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise specified) 

Characteristics Symbol Min Max Unit 

Collector Cutoff Current ICBO - 10 /lAdc 
(VCB = 30Vdc, IE = 0) 

Emitter Cutoff Current lEBO - 10 /lAde 
(VEB = 15 Vdc, IC = 0) 

Collector-Emitter Breakdown Voltage BVCER 30 - Vdc 
(IC = 0.6 mAdc, RBE = 10K) 

Collector-Emitter Reach Through VRT 30 - Vde 
(Punch-Thru) Voltage 
(V EB = 1 Vdc, VTVM Z 2. 1 Megohm) 

Static Forward-Current Transfer Ratio hFE 
(V CE = 1 Vdc, IC = 20 mAdc) 2N524 25 42 -

2N525 34 65 -
2N526 53 90 -
2N527 72 121 -

Small-Signal Short-Circuit Forward fab 
Current Transfer Ratio Frequency Cutoff 

(V CB = 5 Vdc, IE = 1 mAdc) 2N524 0.8 5.0 MHz 
2N525 1.0 5.5 
2N526 1.3 6.5 
2N527 1.5 7.0 

Output Capacitance Cob 
(VCB = 5 Vdc, IE = 1 mAdc, f = 1 MHz) 5.0 40 pF 

Small-Signal Open Circuit Output Admittance hob 
(V CB = 5 Vdc, IE = 1 mAde, f = 1 kHz) 2N524 O. 10 1.3 /lmbo 

2N525 0.10 1.2 
2N526 0.10 1.0 
2N527 0.10 0.9 

Small-Signal Open Circuit Reverse Transfer hrb 
Voltage Ratio 

XlO-4 (V CB = 5 Vdc, IE = 1 mAdc, f = 1 kHz) 2N524 1.0 10 
2N525 1.0 11 
2N526 1.0 12 
2N527 1.0 14 

Small-Signal Short Circuit Input Impedance hib 
(V CB = 5 Vdc, IE = 1 mAdc, f = 1 kHz) 2N524 26 36 ohms 

2N525 26 35 
2N526 26 33 
2N527 26 31 

Collector-Emitter Saturation Voltage VCE (sat) 
~ = 2 mAdc, IC = 20 mAde) 2N524 

~ = 1.33 mAdc, IC = 20 mAde) 2N525 - 130 mVde 

~ = 1. 0 mAdc, Ie = 20 mAdc) 2N526 - 130 

~ = 0.67 mAde, Ie = 20 mAde) 2N527 - 130 

- 130 

Base Input Voltage VBE 
(V CE = 1 Vdc, IC = 20 mAdc) 2N524 220 320 mVdc 

2N525 200 300 
2N526 190 280 
2N527 180 260 
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2N524 thru 2N527 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristics 

Noise Figure 
c:v CB = 5 Vdc, IE = 1 mAdc, 

f = 1kHz,BW = 1 Hz 

Small-Signal Short-Circuit 
Forward-Current Transfer Ratio 

C:VCE = 5 Vdc, IE = 1 mAdc, f = 1 kHz) 2N524 
2N525 
2N526 
2N527 
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Symbol Min Max Unit 

NF - 15 dB 

hfe 

18 41 -
30 64 
44 88 
60 120 

COLLECTOR CUTOFF CURRENT versus TEMPERATURE 
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2N554 (GERMANIUM) 

2N555 

2N618 (GERMANIUM) 

For Specifications, See 2N178 Data. 

For Specifications, See 2N375 Data. 
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2N650A,2N650 (GERMANIUM) 

2N651 A, 2N651 
2N652A,2N652 

GERMANIUM PNP MILLIWATT TRANSISTORS 

... designed primarily for low·power audio amplifier and medium
speed switching applications. 

• Stabilization Bake at 1000 C for 120 Hours for 
Greater Gain Stability 

• Low Collector-Emitter Saturation Voltage -
0.2 Vdc Typ@ IC = 200 mA 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage (RBE == 10 k ohms) VeER 

Collector-Base Voltage Vca 

Emitter·Base Voltage VEa 

Collector Current - Continuous (1) 'C 

Total Device Dissipation @ T A = 2SoC Po 
Derate above 2SoC 

Operating and Storage Junction Temperature Range TJ,Tstg 

Maximum lead temperature is 250°C for 3.0 seconds, 

1/16" ±. 1/32" from case. 

(1) Limited by power dissipation. 

"THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case 8JC 

Thermal Resistance, Junction to Ambient 8JA 

*'ndicat8s JEDEC Registered Data. 

Value 

30 

45 

30 

500 

200 
2.67 

-65 to +100 

Max 

0.250 

0.375 

FIGURE 1 - POWER-TEMPERATURE DERATING 
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2-45 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

DC 

Unit 

°C/mW 

°C/mW 

STYLE 1: 

AUDIO TRANSISTORS 
GERMANIUM PNP 

45 VOLTS 
200 MILLIWATTS 

PIN 1. EMITTER 
~G 2. BASE 

3. COLLECTOR 

H 

K 
L 
M 
N 
P 
R 2.54 - 0.100 
S 0.179 0.007 

All JEDEC dimensions and notes apply. 

CASE 31-03 
TO·5 



2N650A,2N650/2N651 A,2N651 /2N652A,2N652 (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Floating Potential 11) 
(VCB = 45 Vde, IE = 0, voltmeter input resistanee:2: 10 megohms) 

Collector Cutoff Current 

(VCE = 30 Vde, RBE = 10 k ohms) 

Collector Cutoff Current 

(VCB = 30 Vde, IE = O) 
(VCB = 45 Vde, IE = O) 

(VCB = 10 Vde, IE = 0, T A = +71 oC) 

Emitter Cutoff Current 

(VEB = 30 Vde, IC = O) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 10 mAde, VCE = 1.0 Vde) 

Collector·Emitter Saturation Voltage 
(IC = 50 mAde, IB = 2.5 mAde) 
(IC = 50 mAde, IB = 1.67 mAde) 
(IC 50 mAde, IB = 1.25 mAde) 
(IC = 100 mAde, IB = 5.0 mAde) 
(IC = 100 mAde, IB = 3.33 mAde) 
(IC 100 mAde, I B = 2.5 mAde) 

Base·Emitter Voltage 
IIC= 10 mAde, VCE = 1.0Vde} 

SMALL-SIGNAL CHARACTERISTICS 

Common-Base Cutoff Frequency 

(IE = 1.0 mAde, VCB = 6.0 Vde) 

~utPut Capacitance (1) 

(VCB = 6.0 Vde, IE = 0, f = 1.0 MHz) 

Input Impedance 

(IE = 1.0 mAde, VCB = 6.0 Vde, f = 1.0 kHz) 

Small-Signal Current Gain 

(IE = 1.0 mAde, VCE = 6.0 Vde, f = 1.0 kHz) 

Output Admittance (1) 

(I E = 1.0 mAde, VCB = 6.0 Vde, f = 1.0 kHz) 

Noise Figure 

(I E = 0.5 mAde, V CE = 4.5 Vde, RS = 1.0 k ohms, 
f = 1.0 kHz, a f = 1.0 Hz) 

(1) Applies only to 2N650A, 2N651A, and 2N652A Devices , 
Indicates JEDEC Registered Data. 

FIGURE 2 - DC CURRENT GAIN 
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VEBF - 1.0 Vde 

ICER - 600 /lAde 

ICBO /lAde 
- 10 
- 50 
- 100 

lEBO - 10 /lAde 

hFE -
30 -
33 -
45 -
80 -

VCElsat} Vde 
- 0.250 
- 0.250 
- 0.250 
- 0.500 
- 0.500 
- 0.500 

VBE Vde 
- 0.270 
- 0.260 
- 0.250 

f", b MHz 
0.75 -
1.0 -

1.25 -
Cob - 25 pF 

hib 27 37 Ohms 

hfe -
30 70 
50 120 
100 225 

hob 0.15 1.0 ~mhos 

NF - 15 dB 

FIGURE 3 - "ON" VOLTAGES 
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2N653 thr~u 2N65~ (Gs~~~ANIUM) 
o PIN 1. EMITTER 

1 0 0 3 2. BASE 
CASE 31 3. COLLECTOR 

(TO·" 0 PNP germanium transistor, (or high-gain amplifier 
Alii d . I and switching service in the audio frequency range. 

ea 5 150 ated 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector to Base Voltage VCB 30 Volts 

Collector to Emitter Voltage VCER 25 Volts 

Emitter to Base Voltage VEB 25 Volts 

Collector O. C. Current * IC 250* rnA 

Junction Temperature Limits TJ -65 to +100 °c 

Storage Temperature Limits Tstg -65 to +100 °c 

Collector Dissipation in, Ambient Po 200 mW 
Derate 2.67 mW/o C above 25° C 

Thermal ReSistance, Junction to Ambient 8JA 0.375 °C/mW 

*Limited by power diSSipation. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

2N653 2N654 2N655 
Characteristics Symbol 

Min Typ Max Min Typ Max Min Typ Max 
Unit 

Small Signal Current Gain hfe 30 49 70 50 80 125 100 130 250 -
V CE = 6 V, IE = 1. 0 rnA, f = 1 kHz 

Small Signal Input Impedance hie 750 - 2900 1500 - 4700 3000 - 8500 ohms 
V CE = 6 V, IE = 1. 0 rnA, f = 1 kHz 

Small Signal Current Gain Cutoff 
Frequency fab 1.5 2.0 2.5 MHz 

V CB = 6 V, IE = 1.0 rnA 

Output Capacity Cob 10 10 10 pF 

V CB = 6 V, IE ,. 0 rnA, f,. 1 MHz 

Noise Figure NF 10 10 10 dB 
V CE = 4. 5 V, IE = O. 5 rnA, 

R. = 1, f = kHz 
.4f = 1 Hz 

Collector Reverse Current ICBO 5.0 15 5.0 15 5.0 15 pA 
VCB =25V, ~=O 

Emitter Reverse Current ~BO 5.0 15 5.0 15 5.0 15 pA 
V EB = 25 V, IC = 0 

Collector-Emitter Reverse Current ICER 600 600 600 pA 
VCE = 25 V, RsE = 10k 

Base-Emitter Input Voltage VBE 0.3 0.3 0.3 Vdc 
V CE = 6 V, IC = 1.0 rnA 
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2N653 thru 2N655 (continued) 
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POWER· TEMPERATURE DERATING CURVE 
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2N656S (SILICON) 

2N657S 

NPN SILICON ANNULAR TRANSISTORS 

· .. NPN silicon annular transistor designed for small-signal amplifier 
and general purpose switching applications. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 100 Vdc (Min) @ IC = 250 /.lAdc - 2N657 

• High Emitter-Base Breakdown Voltage -
BVEBO = 8.0 Vdc (Min) @ IE = 250 /.lAdc 

'MAXIMUM RATINGS 

Rating Symbol 2N656 2N657 Unit 

Collector*Emitter Voltage VCEO 60 100 Vde 

Collector-Base Voltage VCS 60 lOa Vde 

Emitter-Base Voltage VES 8.0 Vde 

Total Device Dissipation @ T A"" 2SoC PD 1.0 Watt 
Derate above 2SoC 5.7 mW/oC 

Total Device Dissipation @TC "" 25°C PD 4.0 Watts 
Derate above 2SoC 22.S mW/oC 

Operating and Storage Junction TJ.Tstg -65to +200 °c 
Temperature Range 

'ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage SVCEO Vde 

(lC = 250 ~Ade, IS = 0) 2N656 60 -
2N657 lOa -

Collector-Base Breakdown Voltage SVCSO Vde 
(lC = lOa ~Ade, IE = 0) 2N656 60 -

2N657 lOa -

Emitter-Base Breakdown Voltage SVESO 8.0 - Vde 

(IE = 250 ~Ade, IC = 0) 

Collector Cutoff Current ICSO - 10 /lAde 

IVC~ = 30 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gaintl) hFE 30 90 -
(lC = 200 mAde, VCE = 10 Vde) 

COllector-Emitter Saturation Voltage( 1) VCElsat) - 4.0 Vde 
(I C = 200 mAde, IS = 40 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

I nput I mpedance( 1) 

(Is = 8.0 mAde, VCE = 10 Vde) 

. 
Indicates JEDEC Registered Data. 

(1)PulseTest: Pulse Length = 300p.s, Duty Cycle~2.0%. 
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NPN SILICON 
ANNULAR TRANSISTORS 

--II-D 
STYLE 1 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

\ 
M 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B 8.00 851 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 0.250 
M 450 NOM 450 NOM 
P 1.27 0.050 
a 900 NOM 900 NOM 
R 2.54 - 0.100 -

AU JEDEC dimenSions and notes apply. 

CASE 79·02 
TO·39 



2N665JAN (GERMANIUM) 

GERMANIUM PNP POWER TRANSISTOR 

, ' , designed for driver, amplifier, and switching applications, 
with especially good high-temperature characteristics. These 
devices feature: 

• Very Low Leakage Cu rrent - leBo = 50I'A at V eBo = 2 V 
• High Frequency - 600 kc at VeE = 12V, Ie = 0.5A 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCBO 80 Vdc 

Emitter-Base Voltage VEBO 40 Vdc 

DC Collector Current Ie Amps 
MIL-S-19500/58C 2 
Motorola Unit 3 

DC Emitter Current IE 5 Amps 

Collector Junction Temperature T J -65 to +95 DC 

Collector Dissipation Pc 35 Watts 
Derate above 25°C 0.5 W;,°C 

FIGURE 1 - POWER DERATING CURVE 
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MIL-S-19500/58C 

5 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

80 VOLTS 
35 WATTS 

L t=-0::j=i 
r~K 
E SEATINf+---=--,,----- I 

PLANE 

STYLE L 
PIN L BASE 

2. EMITTER 
CASE-COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
B - 22.23 0.875 
C 6.35 11 43 0250 0.450 
0 0.97 1.09 0038 0043 
E - 3.43 01% 
F 29.90 30.40 1.111 1197 
G 10.67 11.18 0.420 0.440 
H 521 5.72 0.205 0.225 
J 16.64 17.15 0.655 0675 
K 7.92 0.312 
a 3.84 4.09 0151 0.161 
S 13.34 0.525 
T 4.78 0188 

AIIJEOEC dl)mllslonsall[ljHJte~,lpp!y 

CASE 103 
ITO-3} 



2N665JAN (continued) 

TABLE I - GROUP A INSPECTION 

Examination or Test Symbol 

SUBGROUP 1 

Visual and Mechamcal ExaminatlQn 

SUBGROUP 2 

EmItter Cutoff Current 
(V EBO '" -40 Vdc, Ie '" 0) 

Collector Cutoff Current 
(VCBO = -2 Vdc, IE " 0) 
(VCBO'" -60 Vdc, IE = 0) 
(VCBO -= -80 Vdc, IE = 0) 

DC Current Gain 
(VeE" -2 Vdc, Ie '" -0.5 Adc) 
(VeE'" -2 Vdc, Ie = -2 Adc) 

Emitter-Base Voltage 
(VeE -= -2 Vdc, Ie = -2 Adc) 

Floating Potential 
(V CB = -80 Vdc, voltmeter mput 
reSlstance = 10 megohms mm, t =::: 1 sec) 

Collector-Emitter Saturation Voltage 
(Ie = -3 Adc, IE = -220 mAde) 

V CE (sat) 

Collector-EmItter Voltage 
(Ie -= -300 mAde, IB = 0) 

SUBGROUP 3 

Small-Signal Short-Circuit Forward-Current 
Transfer-Ratio Cutoff Frequency 

(VCE - -14 Vdc, Ie = -2 Adc) 

Enutter Cutoff CUrrent 
(V EBO = -30 Vdc, Ie; "- 0, T C = +71 °c min) 

Collector Cutoff Current 
(VCBO = -30 Vdc, IE = 0, TC = +71 oC min) 

NOTE 1. Requirements shall be in accordance with Specifica
tion MIL-S-19500, and as specified herein. 

NOTE 2. Sampling and inspection shall be in accordance with 
Specification MIL-S-19500, and as specified herein. 

NOTE 3. In addition to the marking specified in Specification 
MIL-S- I 9500, transistors shall be marked with the type des
ignation and date of manufacture. The date of manufacture 
shall be indicated as specified in Specification MIL-S-19500, 
except that the first number in the code shall consist of the 
last lWo digits of the number of the year (for example, 59, 
60, etc.), 

NOTE 4. Acceptance inspection shaH consist of groups A and 
B, and inspection of preparation for delivery. 

NOTE 5. An inspection lot shall be as specified in Standard 
MIL-STD- 105 and as follows: 

(a) Consist of transistors of one type designation manu
factured by one manufacturer at one plant during a period 
of not longer than 3 I consecutive calendar days, and of
fered for inspection at olle time. 
(b) Consist of not more than 10,000 transistors. 
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Limits 

Min Max 

40 
20 

-40 

20 

-2 

-.05 
-2 

-10 

BO 

1.5 

-1 

-0.9 

-2 

-2 

Urlit 

mAde 

mAde 

Vdc 

Vdc 

Vdc 

Vdc 

kc 

mAde 

mAde 

AQl 
Ipercent 
defective) 

Major", 1 
Minor -= 2.5 

}. 

Inspection 
leYel 

II 

II 

1I 

(c) Inspection lots consisting of less than 30 I transistors 
shall be considered as consisting of 30 I transistors for 
sampling purposes. 

NOTE 6. The requirement that the transistor be subjected to 
the lead-fatigue test prior to cycling shall not apply. 

NOTE 7. Operation-life and storage-life tests shall he con
ducted in accordance with method A of Specification 
MIL-S- I 9500. 

NOTE 8. The transistor shall be examined only for legibility 
of marking before the specified measurements are made. 

NOTE 9. The transistor shall be maintained at each end tem
perature until thermal equilibrium has been reached but for 
not less than 15 minutes_ The transistor may be maintained 
at room ambient temperature for not more than 5 minutes 
between each period at the end temperature. This test may be 
started at any point in the cycle. 

NOTE 10. In addition to the notes specified herein, the notes 
specified in Specification MIL-S-19500 are applicable to this 
specification. 



:o!N665 JAN \continued) 

TABLE II-GROUP B INSPECTION 

limits AQl Inspection (percent 
Examination or Test Symbol Min Max Unit defective) level 

SUBGROUP 1 

Physical Dimensions 6.5 L7 
Reduced: L5 
Procedure R-l 

SUBGROUP 2 

Emitter Current 
(IE'" 5 Adc, VeE'" 0, Tc '" 25°:!: soc, t "= 1 hrl 

Te(~~;~~:eT C~C~i5na~~)te 9) 

MOisture Resistance (Note 6) 

End Points: (Subgroups 2, 3, 4, 6, 7) L4 

Emitter Cutoff Current lEBO mAde 
Reduced: L2 

(V EEO " -40 ':'dc, Ic; " 0) -4 
Procedure R-l 

Collector Cutoff Current IcBO mAde 

(VCEO " -60 Vdc, IE '" 0) -4 

DC Current Gain hFE 
(VeE = -2 Vdc, Ie - -2 Adc) 13 

SUBGROUP 3 

Shock >I< t 
(50DG, t "= 1 msec, 5 blows each in orientations 
Xl, Yl, Y2' and ZI, total of 20 blows) 

Constant Acceleration* 
(IO.OOOG) 

Vibration Fatigue * t 
L4 

Reduced: L2 
(lOG) Procedure R-l 

Vibration, Variable Frequency 
(lOG, 100 to 1000 cps) 

End Points: Same as Subgroup 2 

SUBGROUP 4 

Barometric Pressure, Reduced 

} (Altitude Operation) 
(VCBO '" -60 Vdc, ICBO '" -2 mAdc max, IE =- 0, 

4 L4 15 mm Hg, t == 60 sec) 

Salt Spray (Corrosion) (Note 8) * 
Reduced: L2 

(Test Condition A) 
Procedure R-l 

End Points: Same as Subgroup 2 

SUBGROUP 5 

Thermal Resistance 8 J _C °C/W L4 
Reduced: L2 
Procedure R-l 

AQl Inspection level (percen1defechve) 

Reduce-Hours Reduce·Hours 
Limits 1,OOo-Hour Life Test Ufe-Test 

1.000·hr 
life-Test 

Examination or Test Symbol Min Max UnH 250 hr 500hr 1,000hr 500hr 250 hr life Test 500 hr 250hr 
SUBGROUP 6 

Storage Life (Note 7) 
(T stg '" t950C min) - - - - 4 4 4 2.5 1.5- LB I II 

End Points: Same as Subgroup 2 

SUBGROUP 7 

Operation Life (Note 7) +0 
4 4 4 2.5 1.5 LB I II (TC '" +750C min, Pc '" 10_1 W) - - - -

End Points: Same as SUbgroup 2 

* Destructive tests 

t No biases shall be applied during these tests. 
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2N665JAN (continued) 

200 

180 

~ 160 
'" !;: 140 
.J 120 .... 
0 

;f. 100 

80 

The Safe Operating Area 
Curves indicate Ie - VeE 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera
tion below the maximum TJ , 

the power-temperature de
rating curve must be ob
served for both steady state 
and pulse power conditions. 

le- 2A 

/ 
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-60 -40 -20 
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'" 140 
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.'Ii 
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2N669 (GERMANIUM) 

FIGURE 2 - SAFE OPERATING AREA 

Smsec 1 msec 
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Ve" COLLECTOR·EMITTER VOLTAGE (VOLTS) 

FIGURE 3 - h" versus TEMPERATURE 

Ve, - 2V / 
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FIGURE 4 - g" versus TEMPERATURE 
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T e, CASE TEMPERATURE (OC) 

For Specifications, See 2N176 Data. 
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2N681 thru 2N689 (SILICON) 

~ 
CASE 263 ~ 

Industrial-type, silicon controlled rectifiers in a stud package 
with current handling capability to 25 amperes at junction 
temperatures to 1250 C. MCR equivalents available in TO-48 
package - i.e. - 2N681 available in TO·48 package as MCR681. 

STYLE 1: 
PIN 1. CATHODE 

2. GATE 
3. ANODE 

MAXIMUM RATINGS (TJ =:: 12S'C unles> otherwbe nOICu) 

Rating Symbol Value 

Peak Reverse Blocking Voltage* t VRSM(rep)*t 
2N681 25 
2N682 50 
2N683 100 
2N684 150 
2N685 200 
2N686 250 
2N687 300 
2N688 400 
2N689 500 

Peak Reverse Blocking Voltage* VRSM(non.rep)* 
(Transient) 2N681 35 
(non-recurrent t ~ 5 ms max.) 2N682 75 

2N683 150 
2N684 225 
2N685 300 
2N686 350 
2N687 400 
2N688 500 
2N689 600 

Forward Current RMS (all conduction angles) IT 25 

Peak Forward Surge Current TTSM 
(One cycle, 60 Hz, TJ ~ -65 to +1250 C) 200 

Circuit Fusing Considerations 12t 
(TJ ~ -65 to +1250 C, t ;;; 8.3 ms) 165 

Peak Gate Power- Forward PGM 5.0 

Average Gate Power-Forward PG(AV) 0.5 

Peak Gate Current-Forward IGM 2.0 

Peak Gate Voltage-Forward VGFM 10 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ -65 to + 125 

Storage Temperature Range Tstg -65 to +150 

Stud Torque - 30 

tv RSM for all types can be applied on a continuous dc basis without incurring change. 

* VRSM(rep) ratings apply for zero or negative gate voltage. 
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Unit 

Volts 

Volts 

Amp 

Amp 

A2s 

Watts 

Watt 

Amp 

Volts 

°c 

°c 

in. lb. 



2N681 thru 2N689 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage VDRM Volts 
(T J = 125°C) 2N681 25 - -

2N682 50 - -
2N683 100 - -
2N684 150 - -
2N685 200 - -
2N686 250 - -
2N687 300 - -
2N688 400 - -
2N689 500 - -

Peak Forward or Reverse Blocking Current IDRM rnA 
(T J = 125°C) 2N681 - 2N684 IRRM - - 10.0 

2N685 - - 10.0 
2N686 - - 10.0 
2N687 - - 10.0 
2N688 - - 8.0 
2N689 - - 6.0 

Gate Trigger Current (Continuous de) IGT rnA 
(Anode Voltage = 7 Vdc, RL = 50 Q) - 10 25 

Gate Trigger Voltage (Continuous de) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 50 Q) 0.25 - 3.0 

Holding Current IH rnA 
(Anode Voltage = 7 Vdc, Gate Open) - 20 -

Forward On Voltage VTM Volts 
(IT = 20 Adc) - 1.1 1.5 

Turn-On Time tgt /.I.S 
(IT = lOA, IG = 200 rnA) - 1.0 -

Turn-Off Time tq /.I.S 
(I T = 10 A; IR = 10 A, dv/dt = 30V/p,smin, - 30 -
T J = 125°C) 

(VORM= rated voltage) 

Forward Voltage Application Rate dv/dt V/ /.I.s 
(Gate open, TJ = 125°C) - 30 -

Thermal Resistance (Junction to Case) 6JC - 1.0 2.0 °C/W 
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2N681 thru 2N689 (continued) 

0:: 
'" 

MAXIMUM AllOWABLE 
FORWARD GATE CURRENT 

2.0 'IGM~2AMP 

1.0 

3 VOLTS MINIMU 
GATE VOLTAGE 
REQUIRED TO 

TRIGGER 
~U~ITS 

~~~ ~ 

GATE TRIGGER CHARACTERISTICS 

~ 0.2 ~a~ + 
i~~ e 

AS A TRIGGER CIRCUIT DESIGN CRITERIA 
All UNITS Will TRIGGER AT ANY VOLTAGE 

AND CURRENT WITHIN THIS AREA 

ffi 
~ 0.1 
~ 
~ .05 
to 

~~~ on 

§~E i 
o 3: II 
z ......... t;. 

TYPICAL 
TRIGGER POINT 

40 rnA MINIMUM f GATE CURRENT REQUIRED 
TO TRIGGER All UNITS 

{l15°C - 25 mA} 
(-65°C -- 80 rnA) 

---------
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50 
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~ 
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~ i'.. 'CONOUCTION ANGLE 

\~~ ~, 
30" r-,."\ ~ "" 60·' " '\:\. " "-90·' 

-
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2N696S (SILICON) 
2N697S 

\
l(} 

NPN silicon annular transistors designed for small-
CASE 79 signal amplifier and general purpose switching appli-

(TO-39) cations. 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCER 40 Vdc 

Collector-Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Total Device Dissipation @ T A = 25 DC PD 0.6 watt 

Derate above 25 DC 13.3 mWrC 

Total Device Dissipation @ T C = 25 DC PD 2.0 watts 

Derate above 25 DC 13.3 mWrC 

Operating and Storage Junction T J , T -65 to +200 DC 
Temperature Range stg 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCER Vdc 
(IC = 100 mAdc, RBE = 10 ohms) 40 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100 IlAde, IE = 0) 60 

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 Il~de, IC = 0) 5.0 

Collector Cutoff Current ICBO IlAdc 
(V CB = 30 Vde, IE = 0) - 1.0 

(VCB = 30 Vde, IE = 0, TA = 150'C) - 100 

ON CHARACTERISTICS 
DC Current Gain(l) hFE -

(IC = 150 mAde, V CE = 10 Vde) 2N696 20 60 
2N697 40 120 

Collector-Emitter Saturation Voltage(l) VCE(sat) Vdc 
(IC = 150 mAde, IB = 15 mAde) - 1.~ 

Base-Emitter Saturation Voltage (1) VBE(sat) 
Vde 

(IC = 150 mAde, IB = 15 mAde) - 1.3 

DYNAMIC CHARACTERISTICS 

Current Gain- Bandwidth Product IT MHz 
(IC = 50 mAde, V CE = 10 Vde, I = 20 MHz) 2N696 40 -

2N697 50 -
Output Capacitance Cob pF 

(VeB = 10 Vde, IE = 0) - 35 

* Indlcates JEDEC Registered Data 

* Pulse Test: Pulse Length 0 12 ms, Duty Cycle 0 2. Q%. 
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2N699 (SILICON) 

NPN silicon annular transistor designed for 
medium-current switching and amplifier applications. 

2 STYLE 1: 

1 00 0 3 PIN 1. EMITTER 

CASE 79 
(TO·39) 

Collector connected to case 

2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation TA = 25°C 

Derate above 25° C 

Total Device Dissipation T C = 25°C 

Derate above 25° C 

Operating Junction Temperature 

Storage Temperature Range 

* Indicates JEDEC Registered Data 

Symbol 

VCER 

VCB 

VEB 

PD 

P D 

TJ 

T 
stg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case 8JC 

Thermal Resistance, Junction to 8JA 
Ambient 

2·58 

Value Unit 

80 Vdc 

120 Vdc 

5.0 Vdc 

0.6 Watt 

4.0 mW/oC 

2.0 Watts 

13.3 mW/oC 

175 °c 

-65 to +200 °c 

Max Unit 

75 °C/W 

250 °C/W 



2N699 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* BVCER* Vdc 
(IC = 100 mAdc, RBE :2 10 ohms) 80 -

Collector Cutoff Current ICBO /lAdc 
(V CB = 60 Vdc, IE = 0) - 2.0 

(V CB = 60 Vdc, IE = 0, T A = 150°C) - 200 

Emitter Cutoff Current lEBO /lAdc 
(V EB = 2.0 Vdc, IC = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain* hFE * -
(IC = 150 mAdc, V CE = 10 Vdc) 40 120 

Collector-Emitter Saturation Voltage* V * Vdc 
(IC = 150 mAdc, IB = 15 mAdc) 

CE(sat) - 5.0 

Base-Emitter Saturation Voltage* V * Vdc 
(IC = 150 mAdc, IB = 15 mAdc) 

BE(sat) - 1.3 

SMALL SIGNAL CHARACTERISTICS 
Current-Gain - Bandwidth Product fT MHz 

(IC = 50 mAdc, V CE = 10 Vdc, 

f = 20 MHz) 50 -

Output Capacitance Cob pF 
(V CB = 10 Vdc, IE = 0, f = 100 kHz) - 20 

Input Impedance hib ohms 
(IC = 1. 0 mAdc, V CB = 5.0 Vdc, 

f = 1. 0 kHz) 20 30 

(IC = 5.0 mAdc, V CB = 10 Vdc, 

f = 1. 0 kHz) - 10 

Voltage Feedback Ratio hrb X 10-4 

(IC = 1. 0 mAdc, V CB = 5.0 Vdc, 

f = 1.0 kHz) - 2.5 

(IC = 5.0 mAdc, V CB = 10 Vdc, 

f = 1. 0 kHz) - 3.0 

Small-Signal Current Gain hfe -
(IC = 1. 0 mAdc, V CE = 5.0 Vdc, 

f = 1. 0 kHz) 35 100 

(IC = 5.0 mAdc; V CE = 10 Vdc, 

f = 1.0 kHz) 45 -
Output Admittance hob /lmhos 

(IC '= 1. 0 mAdc, V CB = 5.0 Vdc, 

f = 1. 0 kHz) O. 1 O. 5 

(IC = 5.0 mAdc, V CB = 10 Vdc, 

f = 1. 0 kHz) - 1.0 
I 

* Pulse Test: Pulse Width :2 300 Ils; Duty Cycle :2 2%. 
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2N702 (SILICON) 

2N703 
2N703 JAN AVAILABLE 

NPN silicon annular transistors designed for low
level, high-speed switching applications. 

• MAXIMUM RATINGS (T. = 25"C unless otherwise noted) 

CASE 22 
(TO-18) 

Collector connected to case 

2 

103 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation@TA = 25°C 

Derate above 25' C 

Total Device DiSSipation@TC = 25'C 

Derate above 25° C 
Operating and Storage Junction 

Temperature Range 

'eLECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 2. 0 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 
(IC = 5.0 /lAde, ~ = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current ICEO 
(V CE = 20 Vde, IB = 0) 

Collector Cutoff Current ICBO 
(V CB = 10 Vde, ~ = 0) 

(VCB = 10 Vde, ~ = 0, TA = +150'C) 

ON CHARACTERISTICS 

DC Current Gail!l) hFE 
(IC = 10 mAde, V CE = 5.0 Vde) 2N702 

2N703 
(IC = 10 mAde, V CE = 5. 0 Vde, T A = _55' C) 2N702 

2N703 

Collector-Emitter Saturation Voltage(l) 
VCE(sat) 

(IC = 10 mAde, IB = 1. 0 mAde) 

Base-Emitter On Voltage (1) 
VBE(on) 

(IC = 10 mAde, V CE = 5.0 Vde) 

SMAll'SIGNAl CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(IE = 10 mAde, V CE = 5.0 Vde, f = 100 MHz) 

Output Capacitance Cob 
(V CB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

• Indicates JEDEC Registered Data 

(l)Pulse Test: Pulse Width = 300 /lS, Duty Cycle = 2. 0%. 
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Symbol 

VCEO 

VCB 

VEB 

IC 

P D 

PD 

Tstg 

Min Typ 

25 -

25 -

5.0 -

- -

- -
- -

20 -
40 -
12 -
20 -
- -

0.7 -

70 150 

- 3.0 

Value Unit 

25 Vde 

25 Vde 

5.0 Vde 

50 mAde 

300 mW 

2.0 mW/'C 

600 mW 

4.0 mW/"C 

-65 to +175 'c 

Max Unit 

Vde 
-

Vde 
-

Vde 
-

/lAde 
10 

/lAde 
0.5 

50 

-
60 

100 
--

Vde 
0.5 

Vde 
0.95 

MHz 

pF 
6.0 



2N705 (Ge Mesa) 
2N70S JAN AVAILABLE 

CASE 22-03 " (TO-18) 

PNP germanium mesa transistor for high-speed 
switching applications. 

Collector connected to case 

STYLE L 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

* MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 15 Vdc 

Collector-Emitter Voltage VCES 15 Vdc 

Emitter-Base Voltage VEB 3. 5 Vdc 

Collector Current - Continuous IC 50 mAdc 

Emitter Current IE 50 mAdc 

Junction Temperature TJ 100 °c 

Storage Temperature Tstg -65°C to +100 °C 

Collector Dissipation @ T C = 25°C Pc 300 mW 
Derate above 25°C 4.0 mWrC 

Collector Dissipation @TA = 25° C Pc 150 mW 

*Indlcates JEDEC RegIstered Data 

2-61 



2N705 (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO 15 - Vde 
(IC = 100 /lAde, IE = 0) 

Collector-Emitter Breakdown Voltage BVCES 15 - Vde 
(ICE = 100 /lAde, V BE = 0) 

Emitter-Base Breakdown Voltage BVEBO 3.5 - Vde 
(IE = 100 /lAde, IC = 0) 

Collector Cutoff Current ICBO - 3.0 /lAde 
(VCB = 5 Vde, ~E = 0) 

DC Forward Current Transfer Ratio hFE 25 - -
(V CE = .3 Vde, IC = 10 mAde) 

Collector Saturation Voltage V CE(sat) - 0.3 Vde 
(IB = .4 mAde, IC = 10 mAde) 

Base-Emitter Voltage VBE 0.34 0.44 Vde 
(IB = .4 mAde, IC = 10 mAde) 

Delay + Rise Time td + tr - 75 DS 
(IC = 10 mAde, ~ = 1 mAde) 

Storage Time t - 100 ns 
(~1 = 1. 0 mAde, ~2 = .25 mAde) 

s 

Fall Time tf - 100 DS 
(IB1 = 1.0 mAde, ~2 = . 25 mAde) 

*Indicates JEDEC Registered Data 
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2N706 I A, B (SILICON) 
(2N706JAN AVAILABLE) 

\ 
NPN silicon annular switching transistors for high

speed switching applications. 

CASE 22 
(TO-IS) 

2 STYLE 1: 

1 0 0 3 2. BASE (:) 
PIN 1. EMITTER 

Collector connected to case 3. COLLECTOR 

'MAXIMUM RATINGS 

Rating 

Collector- Base Voltage 

Collector- Emitter Voltage (1) 

Emitter-Base Voltage 2N706 
2N706A 
2N706B 

Junction Temperature 

Storage Temperature 

Total Device Dissipation 
at 25° C Case Temperature 

(Derate 6.67 mWi'0C above 25°C) 

Tolal Device 0; .5Sit atiOn 
at 250 C Ambient emperature 

(Derate 2 mW/oC above 25°C) 

Total Device Dissipation 
at lOOoC Case Temperature 

(Derate 6.67 mW/oC above 10OOC) 

, Indicates JEDEC Registered Data 

Symbol 

VCB 

VCER 

VEB 

TJ 

Tstg 

PD 

PD 

PD 

(1) Relers to collector breakdown voltage in the high currellt region when R, •• = IOn 
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Value Unit 

25 Volts 

20 Volts 

3.0 Volts 
5,0 
5.0 

175 °C 

-65 to ,175 °C 

1.0 Watt 

0.3 Watt 

0.5 Watt 



2N706,A,B (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Type Symbol Min Typ Max Unit 

Collector Cutoff Curr€nt ICBO 0.5 /JAdc 
(VCB = 15Vdc. IE = 0) All Types - 0.005 
(VCB ~ 15Vdc, IE = 0, TA = ISO °C) All Types - 3.,0 30 

(V CB = 25Vdc, iE = 0) 2N706A. 2N706B, 
10 - -

Colleetor- Emitter Cutoff Current ICER /lAde 
(VCE = 20Vdc, Rbe = lOOk) 2N706A, 2N706B, - - 10 

Emitter Cutoff Current lEBO /JAde 
(VEB = 3Vdc, Ic = 0) 2N706 - - 10 

(YEB = 5Vdc, Ie = 0) 2N706A, 2N706B, - - 10 

Collector-Emitter Breakdown Voltage(l) BVCEO Vdc 
( IC = IOrnAdc,IB = 0) IS -

Collector-Emitter Breakdown Voltage(l) BVCER Vdc 
(R = 10 ohms, Ic = 10rnAde) 20 -

Forward-Current Transfer Ratio(l) hFE 
(Ie = 10mAde, VCE = IVdc) 2N706 20 40 -

2N706A, 2N706B, 20 40 60 

Base-Emitter Voltage(l) VBE (sat) Vdc 
(Ie = 10mAde, IB = IrnAde) 2N706 - 0.75 0.9 

2N706A, 2N706B, 
0.7 0.75 0.9 

Collector Saturation Voltage (I) VCE (sat) Vdc 
(Ie = IOmAdc, IB = ImAdc) 2N706, 2N706A - 0.3 0.6 

2N706B - 0.3 0.4 

Collector C't,acitance Cob pF 
(VCB = 5V c, IE = 0 2N706A, 2N706B, 

(VCB = 10Vdc, IE = 0) 2N706 - 5.0 6.0 

Small-Signal Forward Current Transfer Ratio hfe -
(VCE = 15Vdc, IE = 10mAde, 
f = lOOMHz) 2.0 4.0 -

Current Gain-Bandwidth Product IT MHz 
(VC~ = 15Vdc, IE = 10mAdc, 
f = 00 MHz) - 400 -

Base ReSIstance rb ohms 
(VCE = 15Vde, IE = 10mAde, 
1= 300 MHz) - 39 50 

Charge Storage Time Constant(2) T ns 
2N706 s - 16 60 
2N706A - 16 25 
2N753 - 19 35 

Storage Time 2N706B ts - 19 25 ns 

T~rn-On Time ton - 30 40 ns 

Turn-Off Time toff - 50 75 ns 

• Indicates JEDEC Reg1stered Data 

(1) Pulse Test: PW", 12 ms, Dut~ Cycle'" 2% 
(2)SWitching Times Measured with Tektronix Type R Plug-In (50 n Internal Impedance) and Circuits Shown Below. 

SWITCHING TIME TEST CIRCUIT 

PulseVolls 
Internal Resistance 

UK +7'n 20~ 

.:'X,-J- -I: O-"""""'---"NrlH 

STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 

Pulse Volts 
Interna!Reslstance 

+5Vfl50~ 350n 
OV - - - - - O->VV'Ir-'INlrl--! 
_'V 
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2N708 (SILICON) 
2N708 
JAN, JTX AVAILABLE 

NPN silicon annular transistor for high-speed switch
ing applications. 

~ 
\\ 

CASE 22 
(TO·18) 

STYLE 10 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

'MAXIMUM RATINGS 
Rating 

Collector·Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation@ T A - 25 C 
Derate above 2SoC 

Total Device Dissipation @ T C '" 25°C 
TC ~ 100°C 

Derate above 25°C 
Derate above 1 DOoe 

Symbol 

VCEO 
VCB 

Po 

Po 

Collector 
connected to case Operating and Storage Junction Temperature Range T J. T st!:! 

-Indicates JEDEC Registered Data. 

* ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 30 mAde, IB = 0) 15 . 

Collector-Emitter Breakdown Voltage BVCER 
(IC = 30 mAde, RBE ~ 10 ohms) 20 -

Collector-Base Breakdown Voltage BVCBO 
(IC = 1. 0 !'Ade, IE = 0) 40 -

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 !'Ade, IC = 0) 5.0 -

Collector Cutoff Current ICEX 
(VCE = 20 Vde, VBE = 0.25 Vdc, TA = +125'C) - -

Collector Cutoff Current ICBO 
(VCB = 20 Vde, ~ = 0) - 0.005 

(VCB = 20 Vde, IE = 0, TA = 150"C) - -

Emitter Cutoff Current lEBO 
(VBE = 4.0 Vdc, IC = 0) - -

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 0.5 mAde, V CE = 1. 0 Vde) 15 -
(IC = 10 mAde, VCE = 1.0 Vde)(!) 30 -
(Ic = 10 mAde, VCE = 1. 0 Vde, T A = -55'C) (1) 15 -

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 10 mAde, IB = 1. 0 mAde) - 0.2 

(IC = 7.0 mAde, IB = 0.7 mAde, T A = -55'C to +125'C) - -
Base-Emitter Saturation Voltage VBE(sat) 

(IC = 10 mAde, IB = 1. 0 mAde) 0.72 -
(IC = 7.0 mAde, IB = 0.7 mAde, T A = -55'C) - -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(IC = 10 mAde, V CE = 10 Vde, f = 100 MHz) 300 450 

Output Capacitance Cob 
(VCB = 10 Vde, IE = 0, 100 kHz ~ f ~ 1. 0 MHz) - 3.0 

Extrinsic Base Resistance r' 
(IC = 10 mAde, VCE = 10 Vdc, f = 300 MHz) 

b - -

Storage Time t 
(IC = IB1 = IB2 = 10 mAde) 

s - 15 

* IndlCates JEDEC RegIstered Data 

(1) Pulse Test: l'ulse Width < 300I'S, Duty Cycle = 2.0 %. 

2·65 

Value Unit 

15 Vdc 

40 Vdc 

5.0 Vdc 

360 mW 
2.0 mW/oC 

1.2 Watts 
680 mW 
6.9 mW;oC 
6.9 mWfoC 

-65 to +200 °c 

Max Unit 

Vdc 
. 

Vde 
-

Vde 
. 

Vde 
-

!'Ade 
10 

!'Ade 
0.025 

15 

!'Ade 
0.08 

-
-

120 

-
Vde 

0.4 

0.4 

Vde 
0.80 

0.90 

MHz 
-

pF 
6.0 

ohms 
50 

ns 
25 



2N711 A, B (Ge Mesa) 

iQ 
CASE 22-03 ~ 

PNP germanium mesa transistors for high-speed 
switching applications. 

(TO-1S) 

Collector 

connected to case 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

* MAXIMUM RATINGS 

Rating Symbol 2N711A 2N711B Unit 

Collector-Base Voltage VCB 15 18 Vdc 

Collector-Emitter Voltage VCES 14 15 Vdc 

collector-Emitter Voltage VCEO 7.0 7.0 Vdc 

Emitter-Base Voltage VEB 1.5 2.0 Vdc 

Collector Current - Continuous Ie 100 100 mAdc 

Emitter Current - Continuous IE 100 100 mAdc 

Junction TEimperature TJ 4 100 • °c 
/ 

storage Temperature Tstg • -65 to+ 100 • °c 

DeVice Dissipation@ TC = 25°C PD • 300 • mW 
Derate above 25°C , 4.0 • mW;oC 

DeVice Dissipation @ T A = 25°C PD • 150 • mW 
Derate above 25·C • 2.0 • mW;oC 

*Indicates JEDEC Registered Data 
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2N711 A,B (continued) 

* ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic Sym Min Max Unit 
Collector-Base Breakdown Voltage BVCBO Yde 

(Ie = 100 "Ade, IE = 0) 2N71IA 15 -
(Ie = 20 "Ade, IE = 0) 2N71IB 18 -

Collector-Emitter Breakdown Voltage BVCES Yde 
(Ie = 100 "Ade) 2N71IA 14 -
(Ie = 20 "Ade) 2N71IB 15 -

Collector-Emitter Breakdown Voltage BVCEO Yde 
(Ie = 5 mAde, IB = 0) 2N71IA, 2N7I 11 7.0 -

Emitter-Base Breakdown Voltage BVEBO Yde 
(IE = 0.1 mAde, Ie = 0) 

2N71IA 1.5 -
2N71IB 2.0 -

Collector-Base Cutoff Current 
IeBO "Ade 

(VCB = 5 Yde, IE = 0) 2N71IA - 1.5 

.(VCB = 10 Vde, IE = 0) 2N71IB - 1.5 

Emitter-Base Cutoff Current lEBO "Ade 
(VEB = 1 Vde) 2N71IA - 100 

2N71IB - 20 

DC Current Gain hFE -
(Ie = 10 mAde, VCE = 0_5 Vde) 2N7IIA 25 150 

2N71IB 30 150 

(Ie = 50 mAde, V CE > 0_7 Vde) 2N7I lA, 2N71IB 40 -
Collector Saturation Voltage VCE(sat Vde 

(Ie = 10 mAde, IB = 0.5 mAde) 2N71IA - 0.30 

(Ie = 10 mAde, IB = 0.4 mAde) 2N7lIB - 0.25 

(Ie = 50 mAde, IB = 2 mAde) 2N711A - 0.55 
2N71IB - 0.45 

Small-Signal Current Galn 
hre -<Ie = 10 mAde, VeE = 5 Vde, f = 100 MHz) 2N71IA, 2N71IB 1.5 -

(Ie = 10 mAde, VCE = 0.5 Vde, f = 100 MHz) 2N71IA 1.1 -
2N71IB 1.2 -

Base-Emitter Voltage VBE Vdc 
(Ie = 10 mAde, IB = 0_4 mAde) 2N71IA 0.30 0.44 

2N71IB 0.30 0.44 

(Ie = 50 mAde, IB = 2 mAde) 2N71IA 0.40 0.65 
2N7IIB 0.40 0.65 

Collector Output Capacitance Cob pF 
(V CB = 5 Vde, IE = 0, r = 1 MHz) 2N71IA, 2N71IB - 6.0 

Fall Time tr DB 

{ 2N71IA - 150 
Figure 1: 2N71IB - 110 

{ 2N711A - 110 
Figure 2: 2N71IB - 100 

Minority Carrier storage Time tB ns 
{ 2N71lA - 150 

Figure 1: 2N711B - 140 

{ 2N711A - 120 
Figure 2: 2N71lB - 100 

Delay Plus RIBe Time ~+tr DB 

Figure 1: 2N71IA, 2N71IE - 100 

Figure 2: 2N71lA, 2N71U - 75 

*Indicates JEDEC RegIstered Data 
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2N711A,B (continued) 

INPUT 
tlEWlm .pACKARD 
MODEl 212A 
PULSE GEN. 

OVi r 
-4.5V ~ 

11'1 --I I--

+1.25V 

INPUT 

Ov-lf-
-SAV 

SWITCHING CIRCUITS 

5K 

FIGURE 1 

FIGURE 2 

-3.5Vdc 

fiF-:. TEKTRONIX 545 
OR EQUIVALENT 

tifI- TEKTRONIX 541 
;----0 OR EQUIVALENT 

RISE AND FALL TIME < 1 n. 
PULSE WIDTH 0.5 s 
SKL MOD. 503 OR~QUIVAlENT 
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2N717 (SILICON) 

NPN SILICON ANNULAR AMPLIFIER TRANSISTOR 

· .. designed for use as a general-purpose amplifier transistor in 
medium-voltage applications. 

• Collector-Emitter Breakdown Voltage -
BVCER ~ 40 Vdc (Mini @ IC ~ 100 mAde 

• High Current-Gain-Bandwidth Product -
fT ~ 300 MHz (Typl @ IC ~ 50 mAde 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeER 
IRSE';; 10 Ohmsl 

Collector·Base Voltage VCB 

Emitter-Baso Voltage VEB 

Collector Current - Continuous Ie 
Total Power Dissipation @ T A - 25°C PD 

Derate above 25°C 

Total Power Dissipation @ TC "" 2SoC PD 
Derate above 25°C 

Operating Junction Temperature Range TJ 

Storage Temperature Range T stg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient ReJAlli 

Thermal Resistance, Junction to Case ReJC 

*1 ndicates JEDEC Registered Data. 

Value 

40 

60 

5.0 

500 

400 
2.66 

1.5 
10 

-65 to +175 

-65 to +200 

Max 

376 

100 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

°c 

°c 

Unit 

°C/W 

°C/W 

DIM 

A 
B 
e 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
p 

NPN SILICON 
AMPLIFIER 

TRANSISTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.31 5.84 0.209 0.230 
4.52 4.95 0.178 0.195 
4.32 5.33 0.170 0.210 
0.406 0.533 0.016 0.021 
- 0.762 0.030 

0.406 0.483 0.QI6 0.019 
2.54 sse 0.100 SSC 

0.914 1.17 0.036 0.046 
0.711 1.22 0.028 0.048 

12.70 0.50 
6.35 0.250 

45° sse 45" sse 
1.27 sse 0.0508se 

1.27 0.050 

All JEOEC notes and dimensions apply. 

CASE 22 
TO-18 



2N717 (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.1 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCER 40 - - Vdc 
lie = 100 mAde, RBE';;; 10 Ohmsl 

Collector-Base Breakdown Voltage BVCBO 60 - - Vde 
lie = 100 ~Ade, IE = 01 

Emitter-Base Breakdown Voltage SVEBO 5.0 - - Vde 
liE = 1.0 mAde, IC = 01 

Collector Cutoff Current ICSO IJ,Adc 

IVCB = 30 Vde, IE = 01 - - 1.0 
IVCB = 30 Vd_e, IE= 0, TA = 1500 CI - - 100 

ON CHARACTERISTICS 111 

DC Current Gain hFE 20 55 60 -
lie = 150 mAde, VCE = 10 Vdel 

Collector-Emitter Saturation Voltage VCElsatl - 0.15 1.5 Vde 
lie = 150 mAde, IS = 15 mAdel 

Base-Emitter Saturation Voltage VSElsatl - 0.85 1.3 Vde 
lie = 150 mAde, IB = 15 mAdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 40 300 - MHz 
IIC = 50 mAde, VCE = 10 Vde, 1= 20 MHzl 

Output Capacitance Cob - 5.6 35 pF 
IVCS = 10 Vde, IE = 0, I = 100 kHzl 

Input Capacitance Cib - 20 80 pF 
IVBE = 0.5 Vde, IC = 0, I = 100 kHzl 

* Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~300 JlS, Duty Cycle ~ 2.0%. 
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2N 718 (SILICON) 

STYLE 1: 

NPN silicon annular transistors for medium
current switching and amplifier applications. 

CASE 22 
(TO-IS) 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation at 
25°C Case Temperature 

Derating Factor Above 25°C 

Total Device Dissipation at 
25°C Ambient Temperatures 

Derating Factor Above 25°C 

JW\ction Temperature 

Storage Temperature range 

Symbol Value 

VCB 60 

VCER 
40 

VEB 5.0 

PD 1.5 
10 

PD 0.4 
2.66 

TJ + 175 

Tstg -65 to + 200 

*ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Typ 

Collector Cutoff Current ICBO 
(VCB c 30 Vdc, IE ~ 0) - .001 
(VCS ~ 30 Vdc, IE = 0, TA = 150°C) - -

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 /lAdc, IE ~ 0) 60 -

Collector- Emitter Breakdown Voltage BVCER 
(IC = 100 mAdc, pulsed; RB ;; 10 Ohms) 

40 -

Collector- Emitter Saturation Voltage I 1) VCE(sat) 
(IC = 150 mAdc, IB = 15 mAdc) - 0.3 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 1 50 mAde, I B = 15 mAdc) - -

* Indicates JEDEC Registered Data 
II ) Pulse Test: PW ;:; 300 !JoB, Duty Cycle ~ 2% 
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Unit 

Vdc 

Vdc 

Vdc 

Watts 
mW/oC 

watts 
mW/oC 

°c 

°c 

Max Unit 

/lAdc 
1.0 
100 

Vdc 
-

Vdc 

-

Vdc 
1.5 

Vdc 
1.3 



2N 718 (continued) 

*ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Typ Max Unit 

DC Forward Current Transfer Ratio(l) hFE -
(Ic ~ 1 mAde, VCE ~ 10 Vde) 

- 2.0 -

(IC ~ 150 mAde, VCE ~ 10 Vdc) 
40 - 120 

(IC ~ 500 mAde, VCE ~ 10 Vdc) 
- 20 -

Small Signal Forward Current Transfer Ratio hfe -
(Ic ~ 50 mAde, VCE = 10 Vde, f = 20MHz) 2, 5 15 -

Output Capacitance Cob pF 
(VCB ~ 10 Vde, IE ~ 0) - 5.0 35 

* IndIcates JEDEC RegIstered Data 
(1) Pulse Test: PW :i 300 J.l.S, Duty Cycle;; 2% 
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2N118A(SILICON) 
2N718AJAN, JTX AVAI LABLE 
2N956 
2N1711S 

CASE 22 
(TO-IS) 

2N71SA 
2N956 

CASE 79 
(TO-39) 
2N1711 

Collector connected 10 case 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

NPN silicon annular Star transistors for high- speed 
switching and DC to UHF amplifier applications. 

*MAXIMUM RATINGS 

Rating Symbol 2N718A Unit 2N956 2N1711 

Collector-Emitter Voltage VCER 50 Vdc 

C ollector- Base Voltage VCB 75 Vdc 

Emitter-Base Voltage VEB 7.0 Vdc 

Total Device Dissipation @ T A'~ 25°C P D 500 800 mW 

Derate above 25°C 2.86 4.57 mW/oC 

Total Device Dissipation @ TC ~ 25°C P D 1.8 3.0 Watts 

Derate above 25°C 10.3 17. 1 mW/oC 

Operating and Storage Junction Temperature Range TJ , T stg -65 to +200 °c 

* Indicates JEDEC Registered Data 
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2N718A, 2N956, 2N17I1S(continued) 

'ELECTRICAL CHARACTERISTICS (T A = 25·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCER Vdc 
(Ie = 100 mAdc, pulsed; RBE ~ 10 ohms) 50 - -

Collector-Base Breakdown VQltage BVCBO Vdc 
(IC = 100 ilAdc, IE " 0) 75 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 ilAdc, IC " 0) 7.0 - -

Collector Cutoff Current ICBO ilAdc 
(VCB "60 Vdc, IE = 0) - 0.001 0.01 

(VCB = 60 Vdc, IE = 0, TA = 150"C) - - 10 

Emitter Cutoff Current 
'EBO ilAdc 

(VBE = 5.0 Vdc, IC = 0) 2N71SA, - - 0.010 
2N956, 2N1711 - - 0.005 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC " 0.01 mAdc, V CE = 10 Vdc) 2N956, 2N1711 20 - -
(IC = 0.1 mAdc, VCE = IOVdc) 2N7ISA, 20 - -

2N956, 2N1711 35 - -
(IC = 10 mAdc, V CE = 10 Vdc) 2N7ISA, 35 - -

2N956, 2N1711 75 - -
(IC = 10 mAdc, V CE = 10 Vde, T A = -55'C) 2N71SA, 20 - -

2N956, 2NI711 35 - -
(IC = 150 mAdc, V CE = 10 Vdc)* 2N718A, 40 - 120 

2N956, 2N1711 100 - 300 
(IC = 500 mAdc, V CE = 10 Vdc)* 2N7ISA, 20 - -

2N956, 2N1711 40 - -
Collector-Emitter Saturation Voltage(l) V CE(sat) Vdc 

(IC = 150 mAde, IB = 15 mAdc) - 0.24 1.5 

Base-Emitter Saturation Voltage (1 ) V BE(sat) Vdc 
(IC = 150 mAdc, IB = 15 mAdc) - 1.0 1.3 

SMALl·SIGNAl CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
(IC = 50 mAdc, V CE = 10 Vde, f = 20 MHz) 2N7ISA, 60 300 -

2N956, 2NI711 70 300 
Output Capacitance Cob pF 

(V CB = 10 Vdc, IE = 0, f = 100 kHz) - 4.0 25 

Input CapaCitance Cib pF 
(V BE = 0.5 Vdc, IC = 0, f = 100 kHz) - 20 SO 

Input lmpedaru: .. hib ohms 
(IC = 1.0 mAdc, VCB = 5.0 Vdc, 1= 1.0 kHz) 24 - 34 

(IC = 5.0 mAde, V CB = 10 Vdc, f = 1. 0 kHz) 4.0 - S.O 

Voltage Feedback Ratio hrb X 10-4 
(Ie = l.OmAdc, VCB = 5.0 Vdc, f = 1.0 kHz) 2N7ISA, - - 3.0 

2N956, 2N1711 - - 5.0 
(IC = 5.0 mAde, V CB = 10 Vdc, I " 1. 0 kHz) 2N7ISA, - . 3.0 

2N956, 2N1711 - - 5.0 

Small-Signal Current Gain hIe -
(Ie = 1.0 mAdc, VCE = 5.0 Vdc, 1= 1.0 kHz) 2N7ISA, 30 - 100 

2N956, 2N1711 50 - 200 
(IC = 5.0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 2N7ISA, 35 - 150 

2N956, 2NI711 70 - 300 

Output Admittance hob IJ.Illho 
(IC = 1.0 mAde, VCB = 5.0 Vdc, 1= 1.0 kHz) O. I - 0.5 

(Ie = 5.0 mAde, VCB = 10 Vdc, 1= 1. 0 kHz) O. I - 1.0 

NOise Figure NF dB 
(IC = 300 ilAdc, V CE = 10 Vdc, I = 1. 0 kHz) 2N718A, - - 12 

2N956, 2N1711 - - S.O 

* Indicates JEDEC Registered Data 

(I) Pulse Test: Pulse Width ~ 300 j.i.S, Duty Cycle ~ 2.0%. 
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2N720A (SILICON) 

NPN silicon annular transistor designed for small
signal amplifier and general purpose switching appli
cations. 

STYLE 1: CASE 22 
(TO-18) PIN 1. EMITTER 

2. BASE 
3. COLLECTOR Collector connected to case 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCER 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Total Device Dissipation @ T A = 25°C PD 
Derate above 25°C 

Total Device Dissipation @ TC = 25°C PD 
Derate above 25°C 

Operating and Storage Junction TJ , Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case 8JC 

*Indicates JEDEC Registered Data 

2-75 

Value Unit 

80 Vdc 

100 Vdc 

120 Vdc 

7.0 Vdc 

0.5 Watt 

2.86 mWrC 
1.8 watts 

10.3 mWrC 
-65 to +200 °c 

Max Unit 

97 °C/W 



2N720A (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherw"e noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

CoUector- Emitter Sustaining Voltage (1) BV CEO(sus) Vde 
(IC ~ 30 mAde, IB ~ 0) 80 -

Collector-Emitter Sustaining Voltage (1) BV CER(sus) Vde 
(IC ~ 100 mAde, RBE ~ 10 ohms) 100 -

Collector-Base Breakdown Voltage BVCBO Vde 
(Ic ~ 100 !lAde, IE ~ 0) 120 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE ~ 100 !lAde, IC ~ 0) 7.0 -

Collector Cutoff Current ICBO 
(V CB 0 90 Vdc, IE ~ 0) - .010 fJAde 

(V CB ~ 90 Vdc, IE = 0, T A = 1500 C) - 15 fJAde 

I 
Emitter Cutoff Current lEBO fJAde 

(VBE = 5.0 Vdc, IC = 0) - .010 

ON CHARACTERISTICS 

DC Current Gain hFE - -
(IC ~ O. 1 mAde, V CE = 10 Vde) 20 -

(IC = 10 mAde, V CE = 10 Vde)(l) 35 -
(IC = 10. mAde, V CE = 10 Vde, T A = _55 0 C) 20 -

(IC = 150 mAde, V CE = 10 Vde)(l) 40 120 

Collector-Emitter Saturation Voltage (1) V CE(sat) Vde 
(IC = 50 mAde, IB ~ 5.0 mAde) - 1.2 

(IC ~ 150 mAde, IB ~ 15 mAde) - 5.0 

Base-Emitter Saturation Voltage (1) V BE(sat) Vde 
(IC ~ 50 mAde, IB = 5.0 mAde) - 0.9 

(IC ~ 150 mAde, IB ~ 15 mAde) - 1.3 

SMAlL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC ~ 50 mAde, V CE ~ 10 Vde, I ~ 20 MHz) 50 -

Output Capacitance Cob pF 
(VCB ~ 10 Vde, IE ~ 0, I = 100 kHz) - 15 

Input Capacitance Cib pF 
(VBE =0.5Vde, IC = 0, I ~ 100 kHz) - 85 

Input Impedance hib Ohms 
(IC = 1. 0 mAde, VCB =5.0Vde, 1= 1.0 kHz) 20 30 

(IC ~ 5.0 mAde, V CB ~ 10 Vde, I ~ 1. 0 kHz) 4.0 8.0 

Voltage Feedback Ratio h rb X 10-4 

(IC ~ 1. 0 mAde, V CB = 5. 0 V de, I = 1. 0 kHz) - 1. 25 

(IC ~ 5.0 mAde, V CB = 10 Vde, I = 1. 0 kHz) - 1. 50 

Small-Signal Current Gain hie -
(IC~ 1.0mAdc, VCE ~5.0Vdc, I = 1. 0 kHz) 30 100 

(Ic ~ 1. 0 mAde, V CE ~ 10 Vde, I ~ 1. 0 kHz) 45 -
Output Admittance hob ,umhos 

(IC ~ 1.0 mAde, VCB ~ 5.0Vdc, I ~ 1.0 kHz) - 0.5 

(IC ~ 5.0 mAde, V CB = 10 Vde, f = I. 0 kHz) - 0.5 

*Indicates JEDEC Registered Data 
(I)Putse Test: Pulse Width ~ 300!'S, Duty Cycle ~ 2.0%. 
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2N127 (SILICON) 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for general purpose audio amplifier applications. 

• Coliector·Emitter Breakdown Voltage ~ 
BVCEO = 20 Vdc (Min) @ IC = 10 mAde 

• Low Output Capacitance -
Cob = 5.0 pF (Max) @ VCB = 5.0 Vdc 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 
Collector-Base Voltage VeB 
Emitter-Base Voltage VEB 
Collector Current Continuous Ie 

Total Device Dissipation @TA = 25u e 
Derate above 25°C 

Po 

Total Device Dissipation@Tc-25OC 
Derate above 25°C 

Po 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

*Indicates JEDEC Registered Data 

Value 

20 

25 

5.0 

50 

300 
2.0 

1.0 
6.67 

-65 to +200 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oe 

Watt 
mW/oC 

°e 

DIM 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
l 
M 
N 
p 

PNPSILICON 
AMPLIFIER 

TRANSISTORS 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

531 5.84 0.209 0.230 
452 495 0.178 0.195 
4.32 5.33 0.170 0.210 
0.406 0533 0.016 0.021 

0.762 0.030 
0.406 0.483 0016 0.019 

2.548Se 0.100 BSe 
0.914 1.17 0.036 0.046 
0.711 1.22 0.028 0048 

1270 0500 
635 0.250 

45° sse 45" BSe 
1.27 BSe 0.050 BSe 

127 0.050 

All JEDEC notes and dimensions apply. 

CASE 22·03 
ITO·1BI 



~1'd/~1 (continued) 

"ELEcTRicAL cHARAcTERISTicS (TA = 250C unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage I 1 ) SVCEO 20 - Vde 

(lC= 10mAde,IB =01 

Collector Cutoff Current 'CEO - 5.0 !lAde 
(VCE = 15 Vdc, IS = 01 

Collector Cutoff Current 'CBO !lAde 
(VCB = 25 Vde, 'E = 01 - 1.0 
(VCB = 25 Vde, 'E = 0, TA = 1500 CI - 25 

Emitter Cutoff Current 'EBO - 0.5 !lAde 
(VEB = 5.0 Vde, IC = 01 

ONC R TERIS C HA AC TI S 

DC Current Gain(ll hFE -
(lC= 10 mAde, VCE = 1.0 Vdel 30 120 

(lC= 10mAde, VCE = 1.0Vde, 12 -
TA = -550 CI 

Collector-Emitter Saturation Voltage VCE(satl - 0.6 Vde 
(IC = 10 mAde,lB = 1.0 mAdel 

Base-Emitter Saturation Voltage VBE(satl - 1.0 Vde 
(lc = 10 mAde,lB = 1.0 mAdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) 
(lC= 10 mAde, VCE = 10 Vde, 1= 100 MHzl 

IT 140 - MHz 

Output Capacitance Cob - 5.0 pF 
(VCB = 5.0 Vde,IE = 0, 1= 1.0 MHzl 

Small-Signal Current Gain hie 
(lC= 10mAde, VeE = 10 Vde, 30 240 

1= 1.0 kHzl 

·Indicates JEDEC Registered Data. 

(1)Pulse Test: Pulse Width = 300J.,ls. Duty CycleS2.0%. 

(2)fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N736 (SILICON) 
2N739 
2N740 

NPN silicon annular transistors designed for small
signal amplifier and general purpose switching appli
cations. 

CASE 22 
(TO-IS) 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

STYLE 1: 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

* Indicates JEDEC Registered Data 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

T J , Tstg 

Lead Temperature, 1/16" ± 1/32" from case for 10 s. 
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2N739 
Unit 2N736 2N740 

60 80 Vdc 

80 125 Vdc 

5.0 Vdc 

1.0 Adc 

500 mW 

2.86 mWrC 

-65 to +200 °c 



2N736, 2N739, 2N740 (Continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted) 

~ ~ ___________________________________________ ~ ____ ~ _________ ~ ______ -L __ Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCEO Vde 
(IC = 10 mAde, IB = 0) 2N736 60 -

2N739, 2N740 80 -
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 10 )lAde, IE = 0) 2N736 80 -
2N739, 2N740 125 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 )lAde, IC = 0) 5.0 -

Collector Cutoff Current ICBO )lAde 
(V CB = 40 Vde, IE = 0) - 1.0 

Emitter Cutoff Current lEBO )lAde 
(V BE = 5.0 Vde, IC = 0) - 10 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 5.0 mAde, V CE = 5.0 Vde) 2N739 30 100 

2N736, 2N740 60 200 

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 10 mAde, IB = 2. 0 mAde) - 1.0 

Base-Emitter Voltage VBE Vde 
(IC = 10 mAde, IB = 2. 0 mAde) 0.35 1.5 

SMALl·SIGNAL CHARACTERISTICS 

OUtput Capacitance Cob pF 
(V CB = 5.0 Vde, IE = 0, f = 1. 0 MHz) - 10 

Input Impedance h. Ohm 
(IC = 5.0 mAde, V CE = 5.0 Vde, f = 1. 0 kHz) 2N739 10 - 1500 

2N736, 2N740 - 1800 

Small-Signal Current Gain hfe -
(IC = 5.0 mAde, V CE = 5.0 Vde, f = 1. 0 Hz) 2N739 40 100 

2N736, 2N740 80 200 

* Indicates JEDEC Registered Data 

(l)Pulse Test: Pulse Width -;;; 300 Ils, Duty Cycle ~ 2. 0%. 
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2N7 41, A (Ge Mesa) 

PNP germanium mesa transistors for oscillator, 
frequency multiplier and amplifier applications. 

CASE 22-03 
(TO-1S) 

Collector connected to case 

*MAXIMUM RATINGS 

STYLE 1, 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*Indicates JEDEC Registered Data 

Symbol 

VCE 

VCB 

VEB 

IC 

PD 

PD 

T J' Tstg 

2-81 

2N741 2N741A Unit 

15 20 Vdc 

15 20 Vdc 

1.0 Vdc 

100 mAdc 

150 mW 

2.0 mW/oC 

300 mW 

4.0 mW/oC 

-65 to +100 °c 



2N741,A (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic I Symbol I Min I Max I Unit 

ON CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 "Adc, IE = 0) 2N741 15 -

2N741A 20 -
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 100 /LAdc, IC = 0) 1.0 -

Collector Cutoff Current ICES "Adc 
(VCE = 15 Vdc, VBE = 0) 2N741 - 100 

(VCE = 20 Vdc, VBE = 0) 2N741A - 100 

Collector Cutoff Current ICBO IlAdc 
(YCB = 6 Vdc, IE = 0) - 3.0 

ON CHARACTERISTICS 

I DC Current Gain 
~C = 5 mAdc, VCE = 6 Vdc) 10 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IE = 5 mAdc, V CB = 6 Vdc, f = 100 MHz) 2N741 - -

2N741A 300 -
Output CapaCitance Cob pF 

(VCB = 6 Vde, IE = 0, f = 100 kHz) - 10 

Small-Signal Current Gain hfe -
(IC = 5 mAdc, VCE = 6 Vde, f = 1 kHz) 20 -

Input Impedance hib Ohms 
(IE = 5 mAde, VCR = 6 Vde, f = 1 kHz) - 15 

Power Gain, Matched, Neutralized Gpe dB 
(VCB = 6 Vde, IE = 5 mAde, f = 30 MHz) 16 -

*Indicates JEDEC Registered Data 
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2N744 (SILICON) 

NPN silicon annular transistor for high-speed switch
ing applications. 

CASE 22 
(TO-18) 

Collector connected to case 

'MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage(l) 

Emitter-Base Voltage 

Collector DC Current 

Total Device Dissipation at 
25°C Case Temperature 
(Derate 6.67 mW/"C above 25"C) 

Total Device Dissipation at 
25°C Ambient Temperature 
Derate above 25°C 

Junction Temperature 

Storage Temperature 

, Indicates JEDEC Registered Data 

STYLE 1: 
PIN 1. EMITTER 

2_ BASE 
3_ COLLECTOR 

Symbol 

VCB 

VCEO 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

(l)Relers to the voltage at which the magnitude 01 hFE approaches one when the 
emitter-base diode is open-circuited. 

Value 

20 

12* 

5.0 

200 

1.0 

0.3 
2.0 

+175 

-65 to -f 200 

SWITCHING TIME TEST CIRCUIT CHARGE STORAGE TEST CIRCUIT 

400 

1 K 

10 Vde 
(Adjust for 
IC = 10 mAde) 

IC = +10 mAde 
IBI = +10 mAde 
lB2 = _10 mAde 

MODEL 303 LUMATRON 
PULSE GENERATOR 
OR EQUIVALENT 

R3 
(HFR) 
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R4 R5 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 

Watt 
mW/oC 

·C 

·C 

MODEl 12-AB 
LUMATRON 
OSC IUOSCOPE 
OR EQUIVALENT 



2N744 (continued) 

'ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

" Collector Cutoff Current IcES /lAde 
(V CE = 20 V dc, IE = 0) - .005 1.0 
(VCE = 20 Vde, IS = 0, TA = 170·C) - - 100 

Collector Cutoff Current IcEX !"Ade 
(V CE = 10 Vde, VSE = 0.35 Vde, TA = IOO·C) - - 30 

Emitter Cutoff Current lEBO !"Adc 
(VES = 5 Vdc, IC = 0) _. - 10 

Collector-Emitter Sreakdown Voltage SVCEO Vdc 
(IC = 10 mAdc, IS = 0)' 12 30 -

Forward Current Transfer Ratio hFE -
(IC = 1. 0 mAde, VCE = 0.25 Vde) 20 - -
(Ic = 10 mAde, VCE = 0.35 Vdc) 40 - 120 
(IC = 10 mAde, VCE = 0.3); Vde, TA = -55·C) 20 - -
(IC = 100 mAde, VCE = !. 0 Vde)(l) 20 - -

Small Signal Forward Current Transfer Ratio hie -
(Ie = 10 mAde, VCE = 10 Vde, f = 100 MHz) 2.8 4.5 -

Sase-Emitter Voltage VSE Vde 
(Ic = 10 mAde, IS = I mAde) 0.7 - 0.85 
(Ie = 10 mAdc, IS = 1 mAde, TA = -55·C) - - 1.1 
(IC = 100 mAde, IS = 10 mAde) (1) - - 1.5 
(IC = 100 mAdc, IS = 10 mAde, TA = -55·C)(I) - - 1.6 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ie = 10 mAdc, IS = I mAdc, TA = 170·C) - - 0.35 
(IC = 100 mAde, la = 10 mAdc, TA = 170·C)(1) - - 1.0 

Output CapaCitance Cob pF 
(VCS = 5 Vde, IE = 0) - 3.0 5.0 

Turn-on Tlme ton ns 
(Condition 1) - 26 -
(Condition 2) - 10 16 
(Condition 3) - 7.0 -
(Condition 4) - 6.0 12 

Turn-off Time toff ns 
(Condition I) - 30 -
(Condition 2) - 17 24 
(Condition 3) - 18 -
(Condition 4) - 23 45 

Charge Storage Time Constant TS ns 
(IC = 10 mAde, lSI = -IS2 = 10 mAdc) - - 18 

(1) Pulse Test· Pulse width ~ 300 /lS duty cycle ~ 2% - , -

ton toff 

CONDITION IC ~A ~1 VS~Off) VCC RI = R2 R3 R4 R5 VSS VIN VSS VIN 
rnA V c Vdc (l (l (l (l V V V V 

I 3 1 -0.5 -0.9 3.4 6.8 K 50 lK 0 -1. 8 10.2 8.4 -10.2 

2 10 3 -1. 5 -1. 5 3.0 3.3 K 50 220 0 -3.0 15.0 12.0 -15 0 

3 50 15 -7.5 -1. 8 4.0 680 50 18 I K -3. 5 15.3 * * 1. 7 -15.3 

4 100 40 -20.0 -2 4 6.0 330 56 0 I K -4 5 20.0 * * 5.3 -20.0 

, Indicates JEDEC Registered Data 
* • V SS is pulsed for I. 5 s I(j) less than 10% duty cycle 
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2N753(SILICON) 

NPN SILICON ANNULAR SWITCHING TRANSISTOR 

. designed lor use in high-speed saturated switching applications. 

• Collector-Emitter Breokdown Voltage
BVCER ~ 20 Vdc (Min) @ IC ~ 10 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) ~ 0.3 Vdc (Typ) @ Ie ~ 10 mAdc 

• High Current-Gain-Bandwidth Product -
IT ~ 400 MHz (Typ) @ Ie ~ 10 mAdc 

• Fast Switching Times -
ton ~ 40 ns (Max) 
toff ~ 75 ns (Max) 

'MAXIMUM RATINGS 

Rat:r,g Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCER 
IRBE" 10 Ohms) 

Col1ector·Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Power Dissipation @ TA "" 25°C PD 
Derate above 25°C 

Total Power Dissipation@ TC = 25°C PD 
Derate above 25°C 

Operating and Storage Junction TJ,T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case ReJC 

* Indicates JEDEC Registered Data. 

Value 

15 

20 

25 

5.0 

50 

300 
2.0 

1.0 
6.67 

-65 to +200 

Max 

150 

500 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°C/w 

°C/W 

NPN SILICON 
SWITCHING 

TRANSISTOR 

~-----------~ 

DIM 

A 
S 
e 
0 
E 
f 
G 
H 
J 
K 
L 
M 
N 
p 

STYLE 1 
PII~ 1 EMITH.R 

2 GASE 
3 COLLECTon 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.31 5.84 0.209 0.230 
4.52 4.95 0.178 0.195 
4.32 5.33 0.170 0.210 
0.406 0.533 0.016 0.021 

0.762 0.030 
0.406 0.483 0.016 0.019 

2.548Se 0.100 sse 
0.914 1.17 0.036 0.046 
0.711 1.22 0.02S 0.048 

12.70 0.500 
6.35 0.250 

450 Bse 45 sse 
1.27 sse 0.050 s,e 

1.27 0.050 

CASE 22-03 
ITO-18) 



2N753 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 15 - - Vde 

liC= 10mAde,IB=O) 

Collector-Emitter Breakdown Voltage (1) BVCER 20 - - Vde 
liC= 10mAdc,RBE= 100hms) 

Collector-Base Breakdown Voltage BVCBO 25 - - Vde 

liC = 100;tAdc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vde 

IIE= 100;tAde,IC= 0) 

Collector Cutoff Cu frent ICBO ;tAde 

(VCB = 15 Vde, IE = OJ - - 0.5 

(VCB = 15 Vde, IE = 0, T A = 150°C) - - 30 
(VCB = 25 Vde, IE = 0) - - 10 

Collector-Emitter Cutoff Current ICER - - 10 ;tAde 
(VCE = 20 Vdc, RBE = 100 k Ohms) 

Emitter-Cutoff Current lEBO - - 10 ;tAde 
(V BE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 40 70 120 -
IIC = 10 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
IIC = 10 mAde, IB = 1.0 mAde) - 0.3 0.6 
liC = 50 mAde, I B = 5.0 mAde) - 0.3 -

Base-Emitter Saturation Voltage VBE(sat) 0.7 0.8 0.9 Vde 
II C = 10 mAde, I B = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 200 400 - MHz 
liC= 10mAdc, VCE= 10Vde,f= 100MHz) 

Output Capacitance Cob - 4.0 5.0 pF 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) ton - 30 40 ns 

(VCC = 3.0 Vde, IC = 10 mAde, VBE(off) = 2.0 Vde, 
161 = 1 .2 mAde) 

Turn-Off Time (F igure 1) toff - 60 75 ns 
(Vee = 3.0 Vdc, Ie = 10 mAde, IB 1 = 1.2 mAde, 
I B2 = 0.5 mAde) 

Storage Time (F igure 2) ts - 19 35 ns 

(Vec= lOVde, IC= 10mAde,IBl = 162= 10 mAde) 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ';;300 ;tS, Duty Cycle ';;2.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT FIGURE 2 - STORAGE TIME TEST CIRCUIT 

+~~~ll 
(Turn-On) -2.0 V 

(Turn-Off) -1.0 V 

2.0 k 

Vec=3Vdc 
(Adjust for 

10mA) 
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Vee = 10 Vdc 
980 (Adjust for 

10 mAl 

+:~ }---l o-~3",9"O~-+--! 
-3.0 V 



2N827 (Ge Mesa) 

PNP germanium mesa transistor for high-speed 
switching applications. 

CASE 22 
(TO-IS) 

Collector connected to case STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR * MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Junction Temperature 

Storage Temperature 

Total Device Dissipation @TA = 25°C 

Derate above 25° C 

*Indicates JEDEC Registered Data 

Symbol Value 

VCB 20 

VCES 20 

VCEX 10 

VEB 4.0 

IC 100 

TJ +100 

. Tstg -65 to + 100 

PD 150 
2.0 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
Ics:::: -lOmAdc 
III == --3 3mAdc 

Vee == -3 V f II == -3 3mAdc 
GENERATOR Z", = 50 n 
INPUT PULSE t, == tt ~ 1 ns 
1NPUT PULSE W1DTH = 100 os 
(50% DUTY CYCLE) 

VU101 == +4Vdc 
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275 n 

SCOPE 

liN ~ 1 Megn 

CIN ~ 20pF 

t, ~ 1 ns 

Unit 

Vdc 

Vde 

Vdc 

Vde 

mAde 

°c 

°c 

mW 
mW/oC 



2N827 (continued) 

* ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 /l Adc, IE =0) 20 ---

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC= 100 /lAde, VEB=O) 20 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE= 100 /lAde, Ie = 0) 4 ---
Collector Latch-up Voltage LVCEX 10 --- Vdc 

Collector-Emitter Cutoff Current ICES /lAdc 
(VCE =15 Vdc, VEB =0) --- 5.0 

collector-Base Cutoff Current ICBO /.lAde 
(VCB =15 Vdc) --- 5.0 

DC Forward Current Transfer Ratio hFE ---
(IC =10 mAde, VCE=0.3 Vdc) 100 ---

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ie :: 10 mAde, IB =3.3 mAde) -- - 0.25 

Base-Emitter Voltage VBE Vdc 

(Ie = 10 mAde, IB =3.3 mAde) --- 0.5 

Small-Signal Forward Current Transfer Ratio hCe ---
(IC =10 rnA, VCE = 1 V, f= 100 MHz) 2.5 ---
Collector Output Capacitance Cob pF 

(VCB=10 V, IE=O, f=l MHz) --- 9.0 

Delay Time (Figure 1) td --- 15 ns 

Rise Time (Figure 1) tr --- 20 ns 

Storage Time (Figure 1) ts --- 30 ns 

Fall Time tf --- 30 ns 
(Figure 1) 

*Indicates JEDEC RegIstered Data 
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2N828 (Ge Mesa) 

PNP germanium epitaxial mesa transistor for high
speed switching applications. 

CASE 22-03 
(TO-1S) 

Collector 
connected to cas. 

STYlE 1, 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

* MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*Indlcates JEDEC Reglstered Data 

Symbol Value Unit 

VCES 15 Vdc 

VCB 15 Vdc 

VEB 2.5 Vdc 

IC 200 mAdc 

PD 150 mW 

2.0 mW/oC 

PD 300 mW 

4.0 mW/oC 

TJ,Tstg -65 to +100 °c 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

INPUT WAVEFORM 

+'''' "---I ----t-
_S.4V 

~--
_4.4V 

INPUT WAVEFORM 

PULSE VOLTS 
INTERNAL RESISTANCE 

200 n 4.8K 

280n 

NOTE, 

TYPE R SAMPLING RESISTOR 
20 n 

_3Vdc (APPROXI 

(ADJUST FOR Ie = -IOmAI 

I" = +0.2SmA 

Ie = _IOmA 

USE TEKTRONIX TYPE R PLUG·IN 

FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 

PULSE VOLTS 
INTERNAL RESISTANCE 

son 350n 
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TYPE R SAMPLING RESISTOR 

980 n 2011 

-IOVdc (APPROXI 

NOTE, (ADJUST fOR It' = J OmAJ 

I", = _O.IOmA 

II\~ = +lOmA 

It' = -IOmA 



2N828 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES 15 - Vdc 
(Ic = 100 /.LAde, VBE = 0) 

Collector-Base Breakdown Voltage BVCBO 15 - Vdc 
(Ic = 100 /.LAdc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 2.5 - Vdc 
(IE = 100 /.LAdc, IC = 0) 

Collector Cutoff Current ICBO - 3.0 /.LAdc 
(VCB = 6 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Curren t Gain hFE 25 - -

(Ic = 10 mAdc, VCE = 0.3 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 10 mAdc, IB = 1 mAdc) - 0.2 
(lc = 50 mAdc, IB = 5 mAdc) - 0.25 

Base-Emitter Saturation Voltage VBE(sat) 0.34 0.44 Vdc 
(Ic = 10 mAde, IB = 1 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 300 - MHz 
(lc = 10 mAde, VCE = 1 Vdc, f= 100 MHz) 

Output Capacitance Cob - - pF 
(VCB = 10 Vde, IE = 0) 

Small Signal Current Gain hfe 3.0 - -
(IC= 10 mAde, VCE= 1 Vde,f= 100 MHz) 

Delay Plus Rise Time (Figure 1) td + tr - 70 ns 

Storage Time (Figure 1) ts - 50 ns 

Fall Time (Figure 1) tf - 50 ns 

Charge Storage Time Constant (Figure 2) TS - 25 ns 

Rise Time tr - - ns 

Storage Time ts - - ns 

Fall Time tf - - ns 

*Indieates JEDEC Registered Data. 
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2N828A (Ge Mesa) 

C~:~_::i.3\ PNP germanium mesa transistors for high- speed 
switching applications 

Collector connected to case 
2 

103 

STYLE 1· 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

* MAXIMUM RATINGS 

Rating 

Collector to Base Voltage 

Collector to Emitter Voltage 

Emitter to Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TC = 25"C 

Derate above 25u C 

Total Device Dissipation @TA = 25uC 

Derate above 25" C 

Junction Temperature 

Storage Temperature 

*Indicates JEDEC Registered Data 

2·91 

Symbol Value Unit 

VCB 15 Vdc 

VCES 15 Vdc 

VEB 2.5 Vdc 

IC 200 mAdc 

P D 300 mW 

4.0 mW;UC 

P D 150 mW 

2.0 mW/uC 

TJ +100 "C 

Tstg -65 to +100 °c 



2N8 28A (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Cha racteristic Symbol Min Max Unit 

Collector to Base Breakdown Voltage BVCBO 15 -- Vdc 

IE = 0, IC = 100,aAdc 

Collector to Emitter Breakdown BVCES 15 -- Vdc 

Voltage 

VEB " 0, IC = 10O/LAdc 

Emitter to Base Breakdown Voltage BVEBO 2. 5 -- Vdc 

IC = 0, IE = 10011 Adc 

Collector Cutoff Current ICBO -- 3.0 !JAdc 

IE = 0, V CB '" 6Vdc 

Forward Current Transfer Ratio hFE - - --

IC " 10mAdc, V CE " o.3Vdc 25 

Forward Current Transfer Ratio hfe -- --
IC" 150mAdc, V CE = lVdc 25 

Collector saturation Voltage V CE(sat) -- Vdc 

IC = 10mAdc, IB = 1.0 mAdc 0.20 

Collector saturation Voltage V CE(sat) -- 0.25 Vdc 

IC = 50mAdc, IB = 5.0mAdc 

Collector Saturation Voltage V CE(sat) -- Vdc 

IC = 150mAdc, IB" 15mAdc 0.50 

Base to Emitter Voltage VBE Vdc 

IC = lOmAdc, IB '" lmAdc 0.34 0.44 

Base to Emitter Voltage VBE -- Vdc 

IC '" 150mAdc, ~ '" 15mAdc 0.85 

Collector Capacitance Cob -- 4.0 pF 

IE=O, VCB = 6Vdc. f = 100 kHz) 

*Indicates JEDEC Registered Data 
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2NS 2SA (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Capacitance 

VBE = lVdc, ~ = 0, f = 100 kHz) 

Small Signal Forward Current 
Transfer Ratio 

I = 
C 

lOmAdc, VCE = -lVdc, f = 100MHz 

Current Gain Bandwidth Product 

VCE = 1Vdc, Ic = -10mAdc, f = 100 MHz 

Delay Plus Rise Time (Fig. 1) 
IC = 10mAdc 

storage Time (Fig. 1) 
IC = 10mAdc 

Fall Time (Fig. 1) 
IC = 10mAdc 

Total Control Charge (Fig. 3) 

IC = 10mAdc 

Delay Plus Rise Time (Fig. 2) 

IC = 150mAdc 

Turn Off Time (Fig. 2) 

IC = 150mAdc 

Total Control Charge (Fig. 4) 

IC = 150mAdc 

*Indicates JEDEC Registered Data 

FIGURE 1 - 10mA SWITCHING TIME 
TEST CIRCUIT 

INPUT 
SIGNAL 

+1. 25 Vdc 

PULSE 
VOLTS 
INTERNAL 
RESISTANCE 

SAMPLING 
RESISTOR 

280 20 
~W,,""",""'N_-o -3.1Vdc 

'--__ OSCOPE Vout 

0- - -- -~1N-1 tf 200 4.8K IC = -10rnAdc 
IBI = -lmAdc 
IB2 • +0. 25mAdc 
VBE (0) = +1. 2,Vdc 

-5.4 VDC 

SCOPE INPUT IMPEDANCE = lMegohm 
SCOPE INPUT CAPACITANCE = 20 pF 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE tr = tf = 2ns 

FIGURE 3 - 10mA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

*ADJUSTVBB FOR -5.4 VOLT PULSE AT POINT A 
30U 

VBS· 100 A 

U 
-5-.4 Vdc 
AT POINT A 100 

~AA"--O-3. lVdc 

IC • -lOrnAdc 

IB = -lmAdc 

j Hg RELAY -= 

~-90% 
- , r 20mV 
- 10%- __ .L MAX 

IOns MAX -.: :... r 

Symbol Min Max Unit 

Cib -- 3.5 pF 

hfe 3.0 -- --

fT 300 -- MHz 

ton -- 50 ns 

ts -- 50 ns 

tf -- 50 ns 

QT -- 80 pC 

ton -- 50 ns 

toff -- 100 ns 

QT -- 175 PC 

FIGURE 2 - 150mA SWITCHING TIME 
TEST CIRCUIT 

SAMPLING 
RESISTOR 

48 2 
~W~""'M ...... O -7.75 Vdc 

INPUT 
SIGNAL 

PULSE 
VOLTS 
INTERNAL 
RESISTANCE '----0 SCOPE Vout 

lc • -l50mAdc +1. 9 Vdc 100 900 
IBI • -7. 5mAdc 
IB2 • +1. 9mAdc o-u-

-8.2 Vdc VBE(O) • +1. 9Vdc 

SCOPE INPUT IMPEDANCE. lMegohm 
SCOPE INPUT CAPACITANCE = 20 pF 
GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE Ir = tl = 2ns 

FIGURE 4 -150mA TOTAL CONTROL 
CHARGE TEST CIRCUIT 

'ADJUST VBB FOR -8 VOLT PULSE AT POINT A 
50 

r-'V'Itv--<l -7. 75 V dc 

VBB* 100 A 
lc -150rnAdc 
IB -7.5rnAdc 

u 
-8 Vdc 
AT POINT A 100 f Hg RELAY -= 

~-90% 20mV 
-= r MAX 

10% -- _.L 

IOns MAX -...11. r 



2N834 (SILICON) 

2N835 

CASE •• \ 

NPN silicon epitaxial transistors for high- speed 
switching applications. 

STYLE 1: 

(TO-18) PIN 1. EMITTER 
2. BASE 

Collector connected to case 3. COLLECTOR 

'MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous Peak 

Total Device Dissipation @ T A = 250 C 

Derate above 25°C 

Total Device Dissipation @ T C 

Derate above 250 C 

= 25°C 

Total Device Dissipation @ T C = 100°C 

Derate above 100°C 

Operating and Storage Junction 
Temperature Range 

* Indicates JEDEC Registered Data 

FIGURE 1 - TURN·ON ANO TURN·OFF 

TIME MEASUREMENT CIRCUIT 

v .. 

t •• ,V •• =-4VcIc II 
.v---'-t

V,.=+2IVcIc 

+ 3'1' •• 

O.lJ.lf _____ "'VIJ'Ir-11-O 

1.5K '1' •• , 

t.u ,y .. =+t6Vdc V .. =-19Vdc .v-c=t 

Symbol 2N834 2N835 Unit 

VCES 30 20 Vdc 

VCB 40 25 Vdc 

VEB 5.0 3.0 Vdc 

IC 200 mAdc 

PD 0.3 Watt 

2.0 mW/oC 

P D 1.0 Watt 

6.67 mW/oC 

P D 0.5 Watt 

6.67 mW/oC 

TJ , Tstg -65 to +175 °c 

FIGURE 2 - CHARGE STORAGE TIME 

CONSTANT MEASUREMENT CIRCUIT 

HOVde 

'60 

". " O.lJ.lI 

_ • .--'\I\I\r-4--"I/'.1'v--1 f--O ,.n V.", 

+lIV 

NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST S£T OR EQUIVALENT. 
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2N834, 2N835 (continued) 

*ELECTRICAL CHARACTER ISTICS (T A = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 /lAde, IE = 0) 2N834 40 -

2N835 25 -
Emitter-Base Breakdown Voltage BVEBO Vde 

(IE = 10 /lAde, IC = 0) 2N834 5.0 -
2N835 3.0 -

Collector Cutoff Current ICES /lAde 
(VCE = 30 Vde, VBE = 0) 2N834 - 10 

(V CE = 20 Vde, VBE = 0) 2N835 - 10 

Collector Cutoff Current ICBO /lAde 
(VCB = 20 Vde, ~ = 0) - 0.5 

(V CB = 20 Vde, ~ = 0, T A = 1500 C) - 30 

ON CHARACTERISTICS 

DC Current Gain(l) hFE -
(IC = 10 mAde, V CE = 1 Vde) 2NB34 25 -

2N835 20 -
Collector-Emitter Saturation Voltage (VCE(sat) Vde 

(IC = 10 mAde, IB = 1 mAde) 2NB34 - 0.25 
2NB35 - O.SO 

(IC = 50 mAde,IB = 5 mAde)(l) 2N834 - 0.4 
2NB35 - -

Base-Emitter Saturation Voltage (1) VBE(sat) Vde 
(IC = 10 mAde, IB = 1 mAde) - 0.9 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC = 10 mAde, V CE = 20 Vde, f = 100 MHz) 2NB34 350 -
(IC = 10 mAde, V CE = 15 Vde, f = 100 MHz) 2NB35 SOO -

High-Frequency Current Gain I hfel -
(IC = 10 mAde, V CE = 20 Vde, f = 100 MHz) 2NB34 3.5 -
(IC = 10 mAde, V CE = 15 Vdc, f = 100 MHz) 2N835 3.0 -

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, f = 100 kHz) - 4.0 

t--
Charge-Storage Time Constant (Figure 2) ts ns 

(IC = 10 mAdc, 181 = IB2 = 10 mAdc) 2N834 - 25 
2N835 - 35 

Turn-On Time (Figure 1) t ns 
(IC = 10 mAde, IBl = 3 mAde, IB2 = 1 mAde) 2NB34 on 

33 -
2N835 - 20 

Turn-Off Time (Figure 1) toff ns 
(IC = 10 mAde, lsl = 3 mAde, ls2 = 1 mAde) 2N834 - 75 

2N835 - 35 

* Indicates JEDEC Registered Data 

(l)Pulse Test: Pulse Width S 12 ms, Duty Cycle S 2% 
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2N838 (Ge Mesa) 

CASE 22-03 
(TO·tS) 

PNP germanium mesa transistor for high- speed 
switching applications. 

STYlE I: 
Collector connected to case PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCS 30 Vdc 

Collector-Emitter Voltage VCES 30 Vdc 

Collector-Emitter Voltage VCEX 15 Vdc 

Emitter-Base Boltage VEB 2.5 Vdc 

Collector Current - Continuous IC 100 mAdc 

Junction Temperature TJ +100 °c 

Storage Temperature Tstg -65 to+ 100 °c 

Device Dissipation @ T A = 25°C PD 150 mW 

(Derate 2mW/oC above 25°C) 2.0 mW/OC 

*Indlcates JEDEC Registered Data 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT FIGURE 2 - AREA OF PERMISSIBLE LOAD LOCI 

GENERATOR Z", = 500 

INPUT PULSE t, = t, "" 1 ns 
INPUT PULSE WIDTH = 100 ns 

(50.% DUTY CYCLE) 

Vee = -3V 

lcs ::::: -lOmMc 

III ::::: -3.3mAdc 

1!1 ::::: ....-3.3mAdc 

SCOPE 

ZIN ~ 1 Megn 

C,N :::;:;20pF 

t,~::: 1 ns 

100 

80 

::i! 
£ 
z 60 
ox 
ox 
=> 
u 
ox 

g 40 

8 
.S> 

20 

V", COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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2N838 (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC =100 /lAdc, IE =0) 30 ---

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC=100 /lAdc, VEB=O) 30 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 /l Adc, IC = 0) 2_5 ---

Collector Latch-up Voltage LVCEX Vdc 
(see Figure 2) 15 ---

Collector-Emitter Cutoff Current ICES /lAdc 
(VCE =15 Vdc, VEB =0) --- 10 

Collector-Base Cutoff Current ICBO /lAdc 
(VCB=15V. IE = 0) --- 10 

DC Forward Current Transfer Ratio hFE ---
(IC = 10mAdc, V CE = 0.3 Vdc) 30 ---

Collector- Emitter Saturation Voltage VCE(sat) Vdc 
(IC =10 mAdc, IB = 3.3 mAdc) --- 0.18 

Base- Emitter Voltage VBE Vdc 
(IC = 10 mAdc, IB = 3.3 mAdc) --- 0.5 

Small-Signal Forward Current Transfer Ratio hfe ---
(lc=10 mA, VCE=lV, f=100 MHz) 3.0 ---

Collector Output Capacitance Cob pF 
(VCB=10 V, IE=O, f=l MHz) --- 4.0 

Delay Time (Figure 1) td --- 15 ns 

Rise Time (Figure 1) tr --- 15 ns 

Storage Time (Figure 1) ts --- 20 ns 

Fall Time (Figure 1) tr --- 20 ns 

*Indicates JEDEC Registered Data 

2-97 



2N841 (SILICON) 

NPN silicon annular transistor designed for small
signal amplifier and general purpose switching appli
cations. 

2 
STYLE 1: 

2. BASE CASE 22 
(TO-18) 

1 Go ° 3 PIN 1. EMITTER 

3. COLLECTOR 

Collector connected to case 

*MAXIMUM RATINGS 

Rating Symbol 
Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCES 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A = 25°C PD 
Derate above 25°C 

Operating and Storage Junction TJ , T stg 
Temperature Range 

*Indicates JEDEC Registered Data 

2-98 

Value Unit 
45 Vdc 

45 Vdc 

45 Vdc 

2.0 Vdc 

1.0 Adc 

500 mW 

2.86 mW;oC 

-65 to +200 °c 



2N841 (Continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 10 mAde, IB = 0) 45 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 jJAdc, IE = 0) 45 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 jJAdc, IC = 0) 2.0 -

Collector Cutoff Current ICER jJAdc 
(VCE =45Vdc, VBE=O, RBE = 5.0 k ohms) - 20 

Collector Cutoll Current ICBO jJAdc 
(VCB = 45 Vdc, IE = 0) - 1.0 

(V CB = 45 Vdc, IE = 0, T A = 150"C) - 50 

Emitter Cutoff Current lEBO jJAdc 
(VBE = 2.0 Vdc, IC = 0) - 50 

ON CHARACTERISTICS 

DC Current Cain hFE -
(IC = 10 mAdc, V CE = 5.0 Vdc) 60 400 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 10 mAdc, IB = 2.2 mAdc) - 2.0 

SMALL·SIGNAL CHARACTERISTICS 

Current-Cain-Bandwidth Product IT MHz 
(IC = 1. 0 mAde, V CE = 5.0 Vdc, I = 20 MHz) 2.0 -

Output Capacitance Cob pF 
(V CB = 5.0 Vdc, IE = 0, 1= 1. 0 MHz) - 15 

Small-Signal Current Cain hie -
(IC = 1. 0 mAde, VCE = 5.0 Vdc, 1= 1.0 kHz) 80 330 

(IC = 1. 0 mAdc, V CE = 5.0 Vdc, 1= 1. 0 kHz, 25 -
T A = -55°C) 

Output Admittance h J.LIl1hos 
(Ie = 1. 0 mAdc, V CE = 5.0 Vdc, I = 1. 0 kHz) 

oe - 1.2 

Input Resistance hib Ohms 
(IC = 1. 0 mAdc, V CB = 5.0 Vdc, I = 1. 0 kHz) - 80 

Output Conductance hob J.LIl1hos 
(IC = 1. 0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) - 1.2 

Real Part of Input Impedance Re(hie) Ohms 
(IC = 10 mAde, V CE = 10 Vdc, f = 20 MHz) - 500 

*Indlcates JEDEC Reglstered Data 
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2N 843(SILICON) 

NPN SILICON ANNULAR AMPLIFIER 
TRANSISTOR 

.. designed for use in general·purpose amplifier applications . 

• Coliector·Emitter Breakdown Voltage -
BVCEO ~ 45 Vdc IMinl @ IC ~ 10 mAde 

• High Current·Gain-Bandwidth Product-
fT ~ 250 MHz ITypl @IC ~ 10 mAde 

MAXIMUM RATINGS 

Rating Symbol Value 

"Collector-Emitter Voltage VCEO 45 

"Collector-Base Voltage VCB 45 

*Emitter-Base Voltage VEB 2.0 

"Collector Current - Continuous IC 800 

*Total Power Dissipation @ T A == 25°C PD 300 
Derate Above 25°C 2.0 

Total Power Dissipatlon@Tc '" 25°C PD 1.3 
Derate Above 25°C 8.7 

Operating and Stora~ JunctIOn TJ,Tstg -65 to+175 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Thermal Resistance, Junction to Ambient ROJAI11 500 

Thermal Resistance, Junction to Case ReJC 115 

"'Indicates JEDEC Registered Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

DC 

Unit 

°C/W 

DC/W 

(1) ROJA IS measured with the device soldered into a typical printed circuit board. 
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NPN SILICON 
AMPLIFIER TRANSISTOR 

!! 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 531 584 0209 0230 , 452 495 0178 0195 
C 432 533 0170 0210 
D 0406 0533 0016 0021 
E 0.762 0.030 
F 0406 0483 ~~o~ G 254 sse 
H 0.914 1.17 0036 0046 
J 0711 122 0028 0048 
K 1270 0.50 
L ~}~- o"?~ 
M 
N 127 Bse 0050 Bse 
p 1.27 0050 

AIIJEDEC notes and dimensions apply 

CASE 22·03 
(TO-1S) 



2N843 (continued) 

'ELECTRICAL CHARACTERISTICS ITA ~ 250 C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector~Emitter Breakdown Voltage (1) SVCEO 45 - - Vde 
IIc ~ 10 mAde, IS ~ 0) 

CoJtector~Base Breakdown Voltage SVCSO 45 - - Vde 
(IC ~ 100 !JAde, IE ~ 0) 

Emitter~Base Breakdown Voltage SVESO 2.0 - - Vde 
II E ~ 100 !JAde, I C ~ 0) 

Collector Cutoff Current ICSO !JAde 
(V CS ~ 45 Vde, IE = 0) - - 1.0 
IVCS = 45 Vde, I E ~ 0, T A = 150°C) - - 50 

Collector Cutoff Current ICER - - 20 ,uAdc 
(VCE ~ 45 Vde, RSE';; 5.0 knJ 

Emitter Cutoff Current IESO - - 50 /-lAdc 
IVSE = 2.0 Vde, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain (1) hFE 45 100 150 -

IIC ~ 1.0 mAde, VCE ~ 5.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sa,) - 0.3 1.2 Vde 
IIc ~ 10 mAde, IS ~ 2.2 mAde! 

Base-Emitter Saturation Voltage VSElsa') - 0.78 1.0 Vde 
IIC ~ 10 mAde, IS = 2.2 mAde) 

DYNAMIC CHARACTERISTICS 

Current~Gain-Bandwldth Product fT 40 250 - MHz 
IIC ~ 10 mAde, VCE = 10 Vde, f ~ 20 MHz) 

Output Capacitance Cob - 4.0 10 pF 
IVcs ~ 10 Vde, IE ~ 0, f ~ 1.0 MHz) 

Small-Signal Current Gain hfe 40 - - -
IIc ~ 1.0 mAde, VCE ~ 5.0 Vde, f ~ 1.0 kHz) 

*Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ~300 J,tS, Duty Cycle ~ 2.0%. 
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2N869 (SILICON) 

CASE 22 
(TO·IS) 

Collector connected to case 
PNP silicon annular transistor for high-frequency 

general-purpose amplifier applications. 

STYLE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Base Voltage VCB 25 Vdc 

Collector-Emitter Voltage VCEO 18 Vdc 

Emitter-Base Voltage VEE 5.0 Vdc 

Total Device Dissipation P D 
at 25°C Case Temperature 1.2 Watts 
at lOOoC Case Temperature 0.68 Watt 
Derate above 25°C 6.86 mW/oC 

Total Device Dissipatlon P D 
at 25°C Ambient Temperature 0.36 Watt 
Derate above 25°C 2.06 mW/oC 

Storage Temperature T stg -65 to +200 °c 

Junction Temperature TJ +200 °c 

* Indicates JEDEC Registered Data 
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2N869 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 

(Ic = 10 /lAdc, IE = 0) 25 --- - --

Collector-Emitter Sustaining Voltage(1) VCEO(sust) Vdc 
(IC = 10 mAdc, IB = 0) 18 --- ---

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 /lAdc, IC = 0) 5.0 --- --- Vdc 

Collector Cutoff Current lCBO /l Adc 
(VCB = 15 Vdc, IE = 0) --- --- 010 

(VCB = 15 Vdc, IE = 0, T A = 150oC) --- --- 25 

Emitter Current lEBO /l Adc 
(VEB = 4.0 Vdc, Ie = 0) --- --- 10 

Collector Saturation Voltage VCE (sat) Vdc 

(IC = 10 mAdc, IB = 1.0 mAdc) --- 0.17 1.0 

Base Saturation Voltage VBE (sat) Vdc 
(IC = 10 mAdc, IB = 1.0 mAdc) --- 0.78 1.0 

DC Forward-Current Transfer Ratio(1) hFE ---
(IC = 10 mAdc, VCE = 5.0 Vdc) 20 --- 120 

Open-Circuit Output Capacitance Cob pF 
(VCB = 10 V, IE = 0) --- 3.0 9 

Open-Circuit Input Capacitance Cib pF 
(VBE = 0.5 V, IC = 0) Both Types --- 7.0 11 

Small-Signal Forward-Current 
Transfer Ratio hre ---

( IC = 10 rnA, VCE = 15 V, f = 100 MHz) 1.0 3.0 ---
* Indicates JEDEC Registered Data 

(l)Pulse Note: Pulse Width = 300 ~ s, Duty Cycle 1% 
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2N869 A (SILICON) 

2N44S3 

PNP SILICON ANNULAR TRANSISTORS 

... designed for high speed, low power, saturated switching 
applications. 

• Collector-Emitter Sustaining Voltage -
VCEO(susl = 18 Vdc (Mini - 2N869A, 2N4453 

• JAN/JANTX/JANTXV Available for 2N869A and 2N4453 

• Glass Passivated Die 

• Collector-Emitter Breakdown Voltage -
BVCEO = 30 Vdc - Available as a Special 

• Switching Times@ IC = 30 mAde, ICIIB = 10 
ton = 9.0 ns (Typl 
tolf = 44 ns (Typl 

MAXIMUM RATINGS 

Rating Symbol 2N869A 

*Cotlector-Emltter Voltage V"on 18 

*Collector-Base Voltage VeB 25 

*Emitter-Base Voltage VEB 5.0 

2N4453 

18 

25 

*Collector Current - Continuous Ie ---- 200 ----

Total Power Dissipation @TA = 25°C PD 360' 300' 
Derate above 25°C 2.06 1.71 

Total Power Dissipation @TC= 25°C PD 1.2' 1.8' 

Te = 1000 e 0.686' 1.03 

Derate above 25°C 6.86 10.3 

*Operating and Storage Junction TJ,Tstg -- -65 to +200---
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 2N869A 2N4453 

Thermal Resistance, Junction to ReJA 486 585 
Ambient 

Thermal Resistance, Junction to ReJC 146 97.5 
Case 

*Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW;oC 

Watts 

mW/oC 

°c 

Unit 

°C/W 

°C/W 

2N869A 

CASE 22-03 
(TO·18) 

2N4453 

SWITCHING 
TRANSISTORS 

PNP SILICON 

STYLE 1. 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
0'. M" MAX M" MAX 

A 53' 584 0.209 0.230 
B 4,52 495 0.176 0.195 
C 431 533 0,170 0210 
0 0.406 0533 0.01 0.021 
E 0762 0030 
F 04<)' 0.483 0016 0.019 
G 254BSC 01008SC 
H 0.914 1 n 0.036'0046 
J 0.111 112 0028 0.048 
K 1270 -
l 6.35 - 0.250 
M 450 sse 45 sse 
N 12lBSC 0,05085 
p 1.27 0,050 

All JEDEC nutesand dlmenslUnsapply 

D'M 

A 
B 
C 
D 
E 

STYLE I. 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 26·03 F 
TO-46 G 

H 
J 
K 1 
l 
M 
N 
p 



2N869A, 2N4453 (continued) I 
*ElECTRICAl CHARACTERISTICS IT A = 250 C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEOlsus) Vdc 
(lC = 10 mAde, IS = 0) 2N869A,2N4453 18 - -

Collector-Emitter Breakdown Voltage SVCES Vde 
(lC = 10 !lAde, V8E = 0) 2N869A,2N4453 25 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(lC = 10 !lAde, IE = 0) 2N869A 25 - -

Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vde 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current ICES - - 10 nAdc 
IVCE = 15 Vde, VSE = 0) 

Collector Cutoff Current ICBO - - 25 !lAde 
IVCB = 15 Vde, IE = 0, TA = 150oC) 2N869A 

Emitter Cutoff Current 2N4453 lEBO - - 10 J.LAdc 
IVES = 4.5 Vde, IC = 0) 

Base Current 2N869A IB - - 10 nAdc 
IVCE = 15 Vde, VBE = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
IIC = 10 mAde, VCE = 0.3 Vdc) 2N869A 30 - -
(lC = 10 mAde, VCE = 5.0 Vde) 2N869A 40 - 120 
(lC = 30 mAde, VCE = 0.5 Vde) 2N869A 40 - 120 

2N4453 40 - -
(lC = 30 mAde, VCE = 0.5 Vde, T.A = -550 C) 2N869A 17 - -
(lC = 100 mAde, VCE = 1.0 Vde) 2N869A 25 - -

Collector-Emitter Saturation Voltage VCEI,at) Vde 
(lC = 10 mAde, IB = 1.0 mAde) 2N869A - - 0.15 
(lC = 30 mAde, IB = 1.5 mAde) 2N4453 - - 0.25 
IIC = 30 mAde, IB = 3.0 mAde) 2N869A - - 0.2 
(lC = 100 mAde, IS = 10 mAde) 2N869A - - 0.5 

Base-Emitter Saturation Voltage VBElsat) Vde 
IIC = 10 mAde, IB = 1.0 mAde) 2N869A 0.78 - 0.98 
(lC = 30 mAde, IB = 1.5 mAde) 2N4453 0.8 - 1.1 
(lC = 30 mAde, IB = 3.0 mAde) 2N869A 0.85 - 1.2 
(lC = 100 mAde, IB = 10 mAde) 2N869A - - 1.7 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (1),(2) IT 400 - - MHz 
(lC = 10 mAde, VCE = 15 Vde, I = 100 MHz) 

Emitter-Base Capacitance Ceb - - 6.0 pF 
IVBE = 0.5 Vde, IC = 0, f = 1.0 MHz) 2N4453 

Collector-Base Capacitance Ceb - - 6.0 pF 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 2N4453 

Output Capacitance Cob - - 6.0 pF 
(VCB = 5.0 Vde, IE = 0, f = 140 kHz) 2N869A 

I nput Capacitance Cib 6.0 pF 
IVSE = 0.5 Vde, IC = 0, f = 150 kHz) 2N869A 

SWITCHING CHARACTERISTICS IFigure 3) 

Turn-On Time Vee - 2.0 Vde, 2N869A ton -- 30 50 ns 

Delay Time Ie = 30 mAde, 2N4453 td - 13 35 ns 

Rise Time IB1" 1.5 mAde 
Vec = 3.0 Vde { 

tr - 17 20 ns 2N4453 

Turn-Off Time IC 30 mAde, VCC 2.0 Vde 2N869A toff - 60 80 ns 

Storage Time IBl =IB2= 2N4453 ts 43 65 ns 
VCC = 3.0 Vde { 

Fall Time 1.5 mAde 2N4453 tf - 17 20 ns 

*Indlcates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ~ 300 J1.S, Duty Cycle = 1.0%. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N869A, 2N4453 (continued) 

IDO 
0 
0 

30 

0 

w 

~ 1 0 
~. 7. 0 

Vin 

5. 

3. 

2. 

I. 

0 

0 

0 

0 
1.0 

2in "" 50.n 
t r < 1.0 ns 

TYPICAL SWITCHING CHARACTERISTICS 

FIGURE 1 - TURN-ON TIME 

VCC=2.oV~ 
........ lellB = 10 (See Note 3) 

....... ~ 
TJ = 250 C 

I I, i ~BIE(O")I= 3.01 V"- .......1--. 

II II 
2.0 3.0 5.0 7.0 10 20 3D 50 70 100 

IC. COLLECTOR CURRENT (mA) 

FIGURE 3 - SWITCHING TIME 

300 

20 0 

100 

0 

0 

0 

0 

0 

7. 
5. 

0 
0 

........ 

0 3. 
1.0 

FIGURE 2 - TURN·OFF TIME 

'cliB= 10 
If@Vcc=2.oV IBI = IB2 

TJ = 250 C 

-~ 

........ 

2.0 3.0 5.0 7.0 10 20 30 
IC. COLLECTOR CURRENT (mA) 

TEST CIRCUIT FIGURE 4 - CAPACITANCE 

0 

to--
7. 0 ......... 
5. 0 Cob 

Pulse Width = 200 ns 

Duly Cycle .. 1.0%. 100 
w 
~ 

"-
~ \ 

0.1 jlF 

r 
ton. t r• td 

toff. ts. tf 

= 

To Sampling Scope 
Zin~100kn 
t,<1.0 ns 

~ 3. 
13 
~ 

0 

5 2. 0 

" 

r-.... r--.. 1\ 

I-
....... 

Ccb ~ Cob 

I'rm 0 1. 
0.3 2.0 3.0 5.0 7.0 10 0.5 0.7 1.0 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 5 - SWITCHING TEST CIRCUIT VALUES 

Vin VBB VCC RL Ie IB1(4) 

Volts Volts Volts Ohms mA mA 

2N869A -7.0 3.0 2.0 62 30 1.5 

2N4453 -7.0 3.0 3.0 91 30 1.5 

2N869A +6.0 -4.0 2.0 62 30 1.5 

2N4453 +6.0 -4.0 3.0 91 30 1.5 

(3) le/lB = 10. Switching is shown to reflect current industry practices. 
Compare the values shown in Figures 1 and 2 @ Ie = 30 rnA to the 
typical values in the Electrical Characteristics table@ lell B = 20. 

(4) 'Bl = 'B2 = 3.0 mA@ leliB = 10 
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IB2(4) 

mA 

-

-

1.5 

1.5 

II 
(S .. Not. 3 

50 70 100 

TJ = 250C_ 

r--.. I-

20 30 



2N869A, 2N4453 (continued) 
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FIGURE 6 - DC CURRENT GAIN 
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FIGURE 7 - "ON" VOLTAGES 
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FIGURE 8 - CURRENT-GAIN - BANOWIOTH PRODUCT 
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2N910 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

.. designed for small·signal amplifier applications. 

• High Collector·Emitter Sustaining Voltage
VCEO(susl ~ 60 Vdc (Mini @ IC ~ 30 mAdc 

MAXIMUM RATINGS 
'--' Rating Symbol 

*Collector~Emltter Voltage VCEO 

"Collector-Emitter Voltage VCER 
(RBE = 10 Ohms) 

"'Collector-Base Voltage VCB 

"Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

*Total Power Dissipation @TA = 25°C PD 
Derate above 25°C 

*Total Power Dissipation@Tc=' 25°C PD 
TC" 100°C 

Derate above 25°C 

Value 

60 

80 

100 

7.0 

1.0 

0.5 
2.86 

1.8 
1.0 

10.3 

·Operating and Storage Junction TJ, Tstg -65 to +200 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 350 

Thermal Resistance. Junction to Case ROJC 97.4 

"Indicates JEDEC Registered Data, 

2-108 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 
--

Adc 

Watt 
mW/oC 

Watt 

mW/oC 

°c 

Unit 

°eIW 
C/W 

STYLE l' 

NPN SILICON 
AMPLIFIER 

TRANSISTOR 

IFA~ 

~ ~ 7 " "'''''" j PLANE 

PIN 1. EMITTER --H--o 
2. BASE N 
3. COLLECTOR 

N 
1t-?_Q 

' J 
G 

M 'yZ~J 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
D 0.406 0.016 0.021 
E - 0.762 - 0.030 
F 0.406 0.483 

10
.
01.60 ~ G . 2. B C 

H 0.914 1.17 I 0'~3 
P.:: ~1~2 O. 

~ BSC 45 
N 1. 
p - 1.27 - 0.050 

All JEDEC notes and dimensions IIpply. 

CASE 22·03 
(TO·IS) 



2N910 (continued) 

'ELECTRICAL CHARACTERISTICS ITA" 250 C unless otherwISe noted.1 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEOlsusl 60 - Vde 

IIC" 30 mAde, IB" 01 

Collector-Emitter Sustaining Voltage (1) V CERlsusl 80 - Vde 

IIC" 100 mAde, RBE";; 10 ohmsl 

COllector-Base Breakdown Voltage BVCBO 100 - Vde 

Ilc c 100 ~Ade, IE" 01 

Emitter-Base Breakdown Voltage BVEBO 7.0 - Vdc 

liE" 100~Ade, IC" 01 

Collector Cutoff Current ICBO 
IVCB c 75 Vde, IE" 01 25 nAdc 

IVCB" 75 Vde, IE" 0, T A" 1500 CI 15 ,uAde 

Emitter Cutoff Current lEBO - 25 nAdc 

IVBE" 5.0 Vde, IC" 01 

ON CHARACTERISTICS 111 

DC Current Gain h FE -
IIC" 0.1 mAde, VCE" 10 Vdel 35 -

IIC" 10mAde, VCE" 10Vdel 75 -

IIC" 10 mAde, VCE" 10 Vde, TA" -550 CI 30 -

Collector-Emitter Saturation Voltage VCEls.tl Vde 

(IC" 10 mAde, IB" 1.0 mAdel - 0.4 

(IC" 50 mAde, IB" 5.0 mAdel 

I 

- 1.2 

Sase-Emitter Saturation Voltage VSE(sat) Vde 

(IC" 10 mAde, IB" 1.0 mAdel 0.6 0.8 

(IC" 50 mAde, IB" 5.0 mAdel - 0.9 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 

(IC" 50 mAde, VCE" 10 Vde, f" 20 MHzl 60 -

Output Capacitance Cob - 15 pF 

(VCB" 10 Vde, IE" 0, f" 100 kHzl 

Input Capacitance Gib 85 pF 

(VBE" 0.5 Vde, IC" 0, f" 100 kHz I 

Input Impedance h,e Ohms 

IIC" 5.0 mAde, VCE 5.0 Vde, f " 1.0 kHzl - 1800 

Small-Signal Current Gain hfe -
IIC" 1.0 mAde, VCE" 5.0 Vde, f" 1.0 kHz I 76 200 

Output Admittance hoe j..tmhos 

IIC" 5.0 mAde, VCE" 5.0 Vde, f" 1.0 kHzl - 100 

Input Resistance hib Ohms 
,(IC" 1.0 mAde, VCB" 5.0 Vde, f" 1.0 kHzl 20 30 

IIC" 5.0 mAde, VCB" 5.0 Vde, f" 1.0 kHz I 4.0 8.0, 

Voltage Feedback Ratio hrb X 10 4 

IIC" 1.0 mAde, VCB" 5.0 Vde, f " 1.0 kHz I - 3.0 

Output Conductance hob .umho 

IIC" 1.0 mAde, VCB" 5.0 Vde, f" 1.0 kHzl - 0.5 

IIC" 5.0 mAde, VCB" 5.0 Vde, f" 1.0 kHzl - .1.0 

Noise Figure NF dB 

(IC" 0.3 mAde, VCB" 10 Vde, RG" 510 ohms, - 12 
f" 1.0 kHz, B. W. " 200 Hzl 

*Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ~ 300 .us, Duty Cycle = 2.0%. 
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2N914 (SILICON) 
2N914 JAN, JTX Available 

CASE 22 
(TO-IS) 

Collector connected 
to case 

2 

l~~> 
STYLE 1: 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

NPN silicon annular transistor for high-speed switch
ing applications. 

* MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector -Emitter Voltage 
(RBE ~ 10 ohms) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current (Note 1) 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ T C = 25°C 

Derate above 25°C 

Total Device Dissipation @ T C = 100DC 

Operating Junction Temperature Range 

Storage Temperature Range 

*Indicates JEDEC Registered Data. 
Note 1: Limited by Power Dissipation 

CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

+5V 

OVU 

-9V 
INPUT PULSE 

Rise Time ~ 1 ns 
500 Source Impedance 

~ 0.1,J 215 IK 

T- OUTPUTTO 
SAMPLING OSCILLOSCOPE 

Rise Time:=;: 1 ns 
100 500 Input Impedance 

PW ~200ns 

= 
-::-

+7V 

2-110 

Symbol Value Unit 

V CEO 15 Vdc 

VCER Vdc 
20 

V CB 40 Vdc 

VEB 5. a Vdc 

IC 150 mAdc 

P D 360 mW 

2.06 mW/oC 

P D 1.2 Watts 

6.9 mW/oC 

P D 0.68 Watt 

TJ 200 °c 

Tstg -65 to +200 °c 

t... and I. .. TEST CIRCUIT 

+:2TL 

INPUT PULSE 
Rise Time ~1 ns 

500 Source Impedance 

O.l/JJ 200 

T 200 

-4V 

+5' 

= 

~ 
1 K 

OUTPUTTO 
SAMPLING OSCILLOSCOPE 
Rfsenme~lns 

50n Input Impedance 
PW ~200ns 



2N914 (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Note 1) 
(IC = 30 mAdc, IB = 0) 

Collector-Emitter Sustaining Voltage (Note 1) 
(IC = 30 mAdc, RBE <:; 10 ohms) 

Collector-Base Breakdown Voltage 
(IC = 1. a /lAdc, IE = 0) 

Emitter - Base Breakdown Voltage 
(IE = lO/lAde, IC = 0) 

Collector Cutoff Current 
(VCE = 20 Vde, VEB(off) = 0.25 Vde, T A = 1250 C) 

Collector Cutoff Current 
(V CB = 20 Vdc, IE = 0) 

(V CB = 20 Vde, IE = 0, T A = 1500 C) 

Emitter Cutoff Current 
(VBE = 4.0Vde, IC ~ 0) 

ON CHARACTERISTICS 

DC Cu rrent Gain (Note 1) 
(IC = 10 mAde, V CE = 1. a Vde) 

(IC = 10 mAdc, V CE = 1. a Vdc, T A = -55 0 C) 

(IC = 500 mAde, V CE = 5. a Vde) 

Collector-Emitter Saturation Voltage (Note 1) 
(IC = 200 mAde, IB ~ 20 mAdc) 

(Ic ~ 10 mAdc,IB = 1. a thru 20 mAde, T A ~ -55 to +1250 C) 

Base-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1. 0 mAde) 

DYNAMIC CHARACTERISTICS 

tCurrent-Gain - Bandwidth Product 
(IC ~ 20 mAdc, V CE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(V CB ~ 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(V BE ~ 0.5 Vde, IC = 0, f = 1.0 MHz) 

Charge Storage Time Constant (Note 2) 
(IC = IB1 = IB2 = 20 mAdc) 

Turn-On Time (Note 2) 
(IC = 200 mAde, IB1 = 40 mAdc, IB2 = 20 mAde) 

Turn-Off Time (Note 2) 
(IC = 200 mAde, IB1 = 40 mAdc, IB2 = 20 mAde) 

Note 1: Pulse Test: Pulse Wldth ~ 300 MS, Duty Cycle ~ 1.0%. 
Note 2: Measured on Sampling Scope: Pulse Width:;;' 200 ns. 

*Indicates JEDEC Registered Data. 
i" JEDEC Registration Defined as hre' 

2-111 

Symbol Min 

BVCEO(sus) 
15 

BVCER(sus) 
20 

BVCBO 
40 

BVEBO 
5.0 

ICEX 
-

ICBO 
-
-

lEBO 
-

hFE 
30 

12 

10 

V CE(sat) -

-

VBE(sat) 
0.70 

fT 
300 

Cab 
-

Cib 
-

TS 
-

t 
on -

toff 
-

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
-

Vde 
-

/lAdc 
10 

/lAdc 
0.025 

15 

/lAde 
0.1 

-
120 

-

-

Vdc 
0.70 

0.25 

Vdc 
0.80 

MHz 
-

pF 
6.0 

pF 
9.0 

ns 
20 

ns 
40 

ns 
40 



2N915 (SILICON) 

CASE 22 
(TO·IS) \~\ .. ~\ 

\\~ 
~\ 

NPN silicon annular transistor for high-frequency 
amplifier, oscillator and switching applications. 

\ 

Collector connecled to case 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 70 Vdc 

Collector-Emitter Voltage VCEO 50 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Total Device Dissipation P D 
@ 25" C Case Temperature 1.2 W 
Derating Factor Above 25"C 6.9 mW;oC 

Total Device Dissipation PD 
@ 25°C Ambient Temperature o . 36 W 
Derating Factor Above 25°C 2.06 mW;oC 

Junction Temperature, TJ +200 °c 
Operating 

Storage Temperature Range Tstg -65 to + 200 'c 

* Indicates JEDEC Registered Data 



2N915 (continued) 

"ELECTRICAL CHARACTERISTICS (TA = 25° C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current ICBO 10 nA 
IE = 0 VCB = 60V 

Collector Cutoff Current @ 150°C ICBO 30 fJ. A 
IE = 0 VCB = 60V 

Collector Breakdown Voltage BVCBO 70 Volts 
IC = 100 fJ. A IE = 0 

Collector to Emitter Sustaining Voltage (1) VCEO 50 Volts 
IC = lOrnA IB = 0 

Emitter Breakdown Voltage BVEBO 5.0 Volts 
IC = 0 IE = 100 fJ.A 

Base Saturation Voltage VSE(sat) 0.9 Volts 
IC = lOrnA IB = 1. OmA 

Collector Saturation Voltage V CE(sat) 1.0 Volts 
IC = lOrnA IB = 1. OmA 

DC Pulse Current Gain hFE 50 200 
IC = lOrnA VCE = 5.0V 

Output Capacitance Cob 3.5 pF 
IE = 0 VCB = 10V 

Emitter Transition Capacitance CTE 10 pF 
IC = 0 VEB = 0.5V 

High Frequency Current Gain f = 100 MHz hfe 2.5 
IC = lOrnA VCE = l5V 

Small Signal Current Gain f = 1 kHz hfe 40 200 
IC = LOrnA VCE = 5.0V 

IC = 5.0mA VCE = 5.0V 50 250 

Input Resistance f = 1 kHz hie 6000 ohms 
IC = l.OmA VCE = 5.0V 

IC = 5.0mA VCE = 5.0V 2000 ohms 

Output Conductance f = 1 kHz h 75 fJ.mhO 
IC = 1. OmA VCE = 5.0V oe 

IC = 5.0mA VCE = 5.0V 125 fJ. mho 

* Indicates JEDEC Registered Data 

(1) Pulse Test: PW ~ 300 /ls, Duty Cycle ~ 1. 0% 
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2N916 (SILICON) 
2N916 JAN Available STYLE 1: 

PIN 1. EMITTER 
2. BASE 

(TO-IS) . 3. COLLECTOR CASE22 ~ 
Colle~tor 

connected to case 
NPN silicon annular transistor for high-frequency 

amplifier, oscillator and switching applications. 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 
Collector-Base Voltage VCB 45 Vdc 

Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Total Device Dissipation Po 
@ 25·C Case Temperature l.2 W 
Derating Facto~ Above 25·C 6.9 mW/·C 

Total Device Dissipation Po 
@ 25°C Ambient Temperature .36 W 
Derating Factor Above 25·C 2.06 mW/·C 

Junction Temperature, Operating TJ +200 ·C 

Storage Temperature Range Tstg -65 to +300 ·C 

* ELECTRICAL CHARACTERISTICS (T A; 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector Cutoff Current ICBO 10 nAde 

IE; 0 V CB = 30V 

Collector Cutoff Current @150· C ICBO 10 !lAde 
IE: 0 VCB =30V 

Collector Breakdown Voltage BVCBO 45 Vdc 
Ic = 10llA IE = 0 

Collector to Emitter Sustaining Voltage (1) VCEO 25 Vdc 
IC = 30mA IB = 0 

Emitter Breakdown Voltage BVEBO 5.0 Vdc 
IC = 0 IE = 10 j.lA 

Base Saturation Voltage VBE(sat) 0.9 Vdc 
Ie = lOrnA IB=l.OmA 

Collector Saturation Voltage V CE(sat) 0.5 Vdc 
IC = lOrnA IB = l.OmA 

DC Pulse Current Gain (1) hFE 50 200 
IC = lOrnA VCE ; 1.0V 

Output Capacitance Cob 6.0 pF 

IE = 0 VCB = 5.0V 

Emitter Transition Capacitance CTE 10 pF 

IC = 0 VEB = O. 5V 

High Frequency Current Gain f = 100 MHz hfe 3.0 
IC = lOrnA VCE = 15V 

Small Signal Current Gain f = 1 kHz hfe 40 200 
IC=l.OmA VCE =5.0V 

IC = 5.0mA V CE = 5.0V 50 250 

fnput Resistance f : 1 kHz h. 6000 ohms 
IC = 1. OmA V CE = 5.0V 

ie 

IC = 5.0mA V CE = 5.0V 2000 ohms 

Output Conductance f = 1 kllz h 75 j.lmho 
IC = 1. OmA V CE = 5.0V 

oe 

IC = 5.0mA VCE = 5.0V 125 j.lmho 

* Indicates JEDEC Registered Data 

(1) Pulse Teet: Pulse Width;'; 300 lJe, Duty Cyc1e'~U)% 



2N 917 (SILICON) 

NPN SILICON ANNULAR VHF/UHF OSCILLATOR 
AMPLIFIER TRANSISTOR 

. designed for use as both oscillator and amplifier at UHF and 
VHF Irequencies. 

• Collector-Emitter Breakdown Voltage -
BVCEO ~ 15 Vdc (Min) @ IC ~ 3.0 mAde 

• High Current-Gain-Bandwidth Product -
IT ~ 900 MHz (Typ) @ IC ~ 4.0 mAde 

• Low Output Capacitance -
Cob ~ 0.8 pF (Typ) @ VCB ~ 10 Vdc 

• Excellent Noise Figure -
NF ~ 3.0 dB (Typ) @ IC ~ 1.0 mAde, I ~ 60 MHz 

• High Power Output -
Pout ~ 10 mW@ VCE ~ 15 Volts 

MAXIMUM RATINGS 

Rating Symbol Value 

""'Collector-Emitter Voltage VCEO 15 

*Collector-Base Voltage VCB 30 

*Emitter-Base Voltage VEB 3.0 

Collector-Current - Continuous IC 50 

""'Total Power Dissipation @ T A = 25°C PD 200 
Derate above 25°C 1.14 

""'Total Power Dissipation@ TC = 25°C PD 300 
Derate above 2SoC 1.72 

*Operating and Storage Junction TJ,T stg -65 to +200 
Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJAllI 875 

Thermal Resistance, Junction to Case ReJC 583 

Lead Temperature TL 300 
1/16" From Case for 60 Seconds 

*1 ndicates JEDEC Registered Data. 

{1J ROJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

mW 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

°c 

NPN SILICON 

VHF/UHF OSCILLATOR 

AMPLI FIER TRANSISTOR 

~B 
tJr ~ 
t ---=TTi 

SEATING __ ~ K 

PLANE ___ J 
STYLE 10 ----l~D 

PIN 1 EMITTER 

; ~~~~ECTOR I~N_N' 
4 CASE 0tr ~ 

ri;?,Y-o G 

M~ 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.3-1 5.84 ~i~t ~ B 4.52 4.95 0.195 
e 4.32 5.33 0.170 0.210 

" 0.41 0.53 0016 0021 
E 0.76 0.030 
F 0.41 0.48 0.016 0.019 
G 2.54 BSe 0.100 BSe 
H 0.91 1.17 0.036 0.046 
J 0.71 1.22 0.028 0.04B 
K 12.70 0.500 
l 6.35 0.250 
M 45 0BSe 45° BSe 
N 1.27 BSC 0.050 BSe 
p - 1.27 - 0.050 

ALL JEDEC dimensions and notes apply 

CASE 20-03 
TO·72 



2N917 (continued) 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(Ie ~ 3.0 mAde, 16 ~ 0) 

Collector-Base Breakdown Voltage 
(Ie~ 1.0j.lAde, IE ~ 0) 

Emitter-Base Breakdown Voltage 
(IE~ 10j.lAde, le= 0) 

Collector Cutoff Current 
(VC8 ~ 15 Vdc, IE ~ 0) 
(VCB~ 15Vde, IE~ 0, TA~ 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
(IC ~ 3.0 mAde, VCE ~ 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(Ie = 3.0 mAde, 18 ~ 0.15 mAde) 

Base-Emitter Saturation Voltage 
(Ie = 3.0 mAde, 18 ~ 0.15 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(Ie = 4.0 mAde, VCE ~ 10 Vde, I ~ 100 MHz) 

Output Capacitance 
(VeB = 10 Vde, IE ~ 0, I ~ 140 kHz) 

Input Capacitance 
(VBE = 0.5 Vde, IC = 0, I = 140 kHz) 

Collector-Base Time Constant 
(Ie = 4.0 mAde, VCB ~ 10 Vde, f ~ 40 MHz) 

Noise Figure 

(Ie = 1.0 mAde, VeE ~ 6.0 Vdc, RS = 400 Ohm" 1= 60 MHz) 

FUNCTIONAL TEST 

Common·Emitter Amplifier Ppwer Gain (Figure 1) 
(VeE ~ 10 Vde, IC = 5.0 mAde, I = 200 MHz) 

Power Output (Figure 2) 
(VCE ~ 15 Vdc, Ie ~ 8.0 mAde, f = 500 MHz) 

(1) Pulse Test: Pulse Width ~ 300 J,tS, Duty Cycle < 2.0%. 

FIGURE 1 - 200 MHz AMPLI FIER POWER GAIN 

1 I 
25j.1F I o.osj.lFI 

Vce ~ 10 V-=--=
IC""S.OmA 

f "" 200 MHz 
RG ~ 50 n 

0.05j.1F 
@-1J---r---;--<:>-l 

• L 1 11 pF 

1N3063 

1000 pF 

RFC 

0.05j.1F 
fr"" 200 MHz 

r 

15 pF 

15 pF 

1 '" 1 
5.0 mA 

-VEE 
Ves "'L1 ~ 1 Loop= 12ga 10= 2cm 

L2 .- 1/2 Loop = 12 ga 10 "" 3 em 

Output 
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BVCEO(,u,) 15 - - Vde 

BVeBO 30 - - Vde 

BVEBO 3.0 - - Vde 

ICBO nAdc 
- - 1.0 
- - 100 

hFE 20 125 200 -

VCE(,.t) - 0.3 0.5 Vdc 

VBE(,.t) - 0.78 0.87 Vde 

IT 500 900 - MHz 

Cob - 0.8 1.7 pF 

eib - 0.9 1.6 pF 

rb'Cc - - 75 P' 

NF - 3.0 6.0 dB 

Gpe 9.0 - _. dB 

Pout 10 - - mW 

FIGURE 2 - 500 MHz OUTPUT POWER OSCILLATOR 

Notes: 

""r~"' 
(Note 1) 

IC"'" 8.0 mA 
Vce~ 15 V 

f = 500 MHz 

1. Coax plumbing consists of the following GR air lines:-
2 Type874TEE 
1 Type 874-D20 Adjustable Stub 
1 Type 874-LA Adjustable Line 
1 Type 874-WN3 Short-Circuit Termination 

2. 2 turns #16 AWG wire, 3/8 inch 00, 1-1/4 inch long 

-(or the equivalent) 



2N918 (SILICON) 

2N918JAN, JTX AVAILABLE 

NPN SILICON ANNULAR TRANSISTORS 
NPN SILICON 
AMPLIFIER 

TRANSISTORS 
... designed for use in VHF and UHF amplifier, mixer and oscillator 
applications. 

• High Current·Gain - Bandwidth Product
fT = 600 MHz (Min) @f = 100 MHz 

• Low Output Capacitance -
Cob = 1.7 pF (Max) @VCB = 10 Vdc 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 15 Vdc (Min) @ IC = 3.0 mAde 

• JAN/JANTX Also Available 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VeB 30 

Emitter-Base Voltage VEB 3.0 

Collector Current - Continuous IC 50 

Total Device Dissipation @ T A'" 25°C PD 200 
Derate above 25°C 1.14 

Total Device Dissipation @TC= 25°C PD 300 
Derate above 25°C 1.71 

Operating and Storage Junction TJ. T stg -65 to +200 
Temperature Range 

-Indicates JEDEC Registered Data 

FIGURE 1 - NEUTRALIZED 200 MHz POWER AMPLIFIER GAIN 
TEST CIRCUIT 

-VEE 
CIRCUIT COMPONENT INFORMATION: 

Cl: 3.0-12pF 
C2: 1.5-7.5pF 

Ll: 31l2turns#16AWG 5/16" 
10,7/16" length, turnsratlO 
-2to1 

l2: OA-0.65pH Miller #4303 (or 
equal) 

L3: 8 turns#16AWG 1/8" 10, 
7/8"length,turnsratlo -8 
tot 

*External interlead shield to isolate collector lead from emitter and base lead s. 

TO 50n 
DETECTOR 

2·117 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

mW 
mW/oC 

°c 

STYLE 1 
PIN 1. 

2. 
3. 
4. 

OIM 

A 
B 
e 
D 
E 
F 
G 
H 
J 
K 

r+.-
~. 

N 
P 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.31 5.84 0.209 0.230 
4.52 4.95 0.178 0.195 
4.32 5.33 0.170 0.210 
0.41 0.53 0.016 0.021 

0.76 0.030 
0.41 0.48 0.016 0,019 

2.54 BSe 0.100 BSC 
0.91 1.17 0.036 0,046 
0.71 1.22 0.028 0.048 

12.70 0500 
6.35 0.250 

45 0 BSC 45 BSC 
1.27 BSe 0.050 BSe 

1.27 0.050 
ALL JEDEC dimenSions and notes apply 

CASE 2()'03 
TD·72 

FIGURE 2 - 500 MHz OSCILLATOR TEST CIRCUIT 

l2 
50 

75 DOUBLE 
Ll STUB 

TUNER 

1000 500MHz 
AFC 

-VEE +VCC 

CIRCUIT COMPONENT INFORMATION: 

L1: 2 turns#16 AWG,3/8" 00, 2 GRType874TEE D 
11/4" length 1 GR Type 874-020 Adjustable 

L2: 9turns#22AWG,3116"OO, Stub 
1/2" length 1 GR Type 874-LAAdjustable 

Line 
Capacitance values are In pF. 1 GR Type 874-WN3 Short. 
ooubleStub Tuner consists of the ClfcuitTerminatlon 
following commerCially available 
components. (or equivalents) 



2N918 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 15 - Vde 

IIc = 3.0 mAde, IB = a) 

Collector-Base Breakdown Voltage BVCBO 30 - Vde 

IIC= 1.0 /lAde, IE = a) 

Emitter-Base Breakdown Voltage BVEBO 3.0 - Vde 

liE = 10/lAde, IC = 0) 

Collector Cutoff Cu rrent ICBO 
(VCB = 15 Vde, IE = a) - .010 /lAde 

(VCB = 15 Vde, IE = 0, TA = 150°C) - 1.0 MAde 

ON CHARACTERISTICS 

DC Current Gain hFE 20 - -
IIc = 3.0 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) - 0.4 Vde 

IIc = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - 1.0 Vdc 

IIc = 10 mAde, IB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (11 IT 600 - MHz 

IIc = 4.0 mAde, VCE = 10 Vde, I = 100 MHz) 

Output Capacitaf1ce Cob pF 

(VCB ~ 10 Vde, IE = 0, I = 140 kHz) - 1.7 

(VCB = 0, IE = 0, I = 140 kHz) - 3.0 

Input Capacitance Cib - 2.0 pF 

(VEB = 0.5 Vde, IC = 0, 1= 140 kHz) 

Noise Figure NF - 6.0 dB 

(IC = 1.0 mAde, VCE = 6.0 Vde, RG = 400 Ohms, I = 60 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain (Figure 1) Gpe 15 - dB 

(V CB = 12 Vde, I C = 6.0 mAde, I = 200 MHz) 

Power Output (F igure 2) Pout 30 - mW 

(VCB = 15 Vde, IC = 8.0 mAde, I = 500 MHz) 

Collector Efficiency (Figure 2) ry 25 - % 

(VCB = 15 Vdc, IC = 8.0 mAde, I = 500 MHz) 

*lndicates JEDEC Registered Data. 

(1)fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N929, A (SILICON) 

2N930, A 
2N929JAN,JTX AVAILABLE 
2N930JAN,JTX AVAILABLE 

" 
NPN silicon annular transistors for low-level, low

noise amplifier applications. 

CASE 22 
(TO-18) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
Collector connected to case 3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter- Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A = 25°C PD 
Derate above 25°C 

Total Device Dissipation@ TC = 25°C PD 
Derate above 25°C 

Operating Junction Temperature Range TJ 

Storage Temperature Range T stg 

* Indicates JEDEC Registered Data 
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2N929 2N929A Unit 2N930 2N930A 

45 60 Vdc 

45 60 Vdc 

5.0 6.0 Vdc 

30 mAdc 

0.5 W 

3.33 mW/oC 

1.8 Watt 

12 mW/"'C 

-65to + 175 °c 

-65 to +200 °c 



2N929, A, 2N930, A (continued) 

• ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwISe noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO Vde 
(IC " 10 mAde, IB " 0) 45 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC " 10 !lAde, IE " 0) 2N929A, 2N930A 60 -

Emitter-Base Breij,kdown Voltage BVEBO Vde 
(IE " 10 !lAde, IC " 0) 2N929, 2N930 5.0 -

2N929A, 2N930A 6.0 -
Collector Cutoff Current ICEO nAde 

(VCE " 5.0 Vde, IB" 0) - 2.0 

Collector Cutoff Current ICES 
(VCE "45 Vde, VBE = 0) 2N929, 2N930 - 10 nAde 

2N929A, 2N930A - 2.0 

(V CE = 45 Vde, VBE = 0, TA = 170·C) 2N929, 2N930 - 10 !lAde 
2N929A, 2N930A - 2.0 

Collector Cutoff Current ICBO nAde 
(VCB = 45 Vde, IE = 0) 2N929, 2N930 - 10 

2N929A, 2N930A - 2.0 

Emitter Cutoff Current lEBO nAde 
(VBE " 5.0 Vde, IC = 0) 2N929, 2N930 - 10 

2N929A, 2N930A - 2.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 1.0 !lAde, VCE " 5.0 Vde) 2N929A 25 -

2N930A 60 -
(IC = 10 !lAde, V CE = 5.0 Vde) 2N929, 2N929A 40 120 

2N930, 2N930A 100 300 

(IC = 10 !lAde, VCE " 5.0 Vde, T A = -55·C) 2N929 10 -
2N929A 15 -
2N930 20 -

2N930A 30 -
(IC = 500 !lAde, VCE = 5.0 Vde) 2N929, 2N929A 60 -

2N930, 2N930A 150 -
(IC " 10 mAde, V CE " 5.0 Vdc) I') 2N929, 2N929A - 350 

2N930, 2N930A - 600 

Collector-Emitter Saturation Voltage!1J V CE(sat) Vdc 
(IC = 10 mAde, IB "0.5 mAde) 2N929, 2N930 - 1.0 

2N929A, 2N930A - 0.5 

Base-Emitter Saturation Voltage t 11 VBE(sat) Vde 
(IC" 10 mAde, IB "0.5 mAde) 2N929, 2N930 0.6 1.0 

2N929A, 2N930A 

SMAll-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC "500 !lAde, VCE "5.0 Vde, 1= 30 MHz) 

2N929, 2N930 30 -
2N929A, 2N930A 45 -

OUtput Capacitance Cob pF 
(VCB "5.0 Vde, IE = 0, I" 1. 0 MHz) 2N929, 2N930 - 8.0 

2N929A, 2N930A - 6.0 

Input .Impedance hib ohms 
(IE" 1.0 mAde, VCB " 5.0 Vde, I" 1.0 kHz) 25 32 

Voltage Feedback Ratio hrb X 10-6 
(IE" 1. 0 mAde, VCB " 5.0 Vde, I" 1.0 kHz) - 600 

Small-Signal Current Gain hIe -
(IC = 1.0 mAde, VCE = 5.0Vde, 1= 1.0 kHz) 

2N929, 2N929A 60 350 
2N930, 2N930A 150 600 

Output Admittance hob j.Lmho 
(IE = 1.0 mAde, VCB =5.0Vde, I" 1.0 kHz) - 1.0 

Noise Figure NF dB 
(IC " 10 !lAde, V CE = 5.0 Vde, 2N929, 2N929A - 4.0 

RS" 10 k ohms, 1= 10 Hz to 15.7 kHz) 
2N930, 2N930A - 3.0 

* IndIcates JEDEC Reg1stered Data 
ill Pulse Test: Pulse Width ~ 300 IJS, Duty Cyete ~ 2.0%. 
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2N960 (Ge Mesa) 

2N961 
2N962 

For Specifications, See 2N718A Data 

2N962JAN AVAILABLE 

2N964 
2N964JAN AVAILABLE 

2N96S 
2N966 

\ PNP germanium mesa transistors for high-speed 
switching applications. 

CASE 22·03 
(TO·1S) 

Collector connected to case 

*MAXIMUM RATINGS 

Characteristic 

Collector -Emitter Voltage 

Collector - Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 

Derate above 25°C 

Total Device Dissipation @ T C = 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*Indicates JEDEC Registered Data 

STYLE I: 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

Symbol 

VCE 

VCB 

VEB 

25°C P D 

25°C P D 

TJ,Tstg 

2·121 

2N960 2N961 2N962 
2N964 2N965 2N966 

15 12 12 

15 12 12 

2.5 2.0 1. 25 

150 

2.0 

300 

4.0 

-65 to + 100 

Unit 

Vdc 

Vdc 

Vdc 

mW 

mW/oC 

mW 

mW/oC 

°c 



2N960 SERIES (continued) 

• ELECTRICAL CHARACTERISTICS (TA = 25°C unless ot~erwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC " 100 /lAdc, IE " 0) 2N960,2N964 15 -

2N961,2N962,2N965,2N966 12 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE'" 100 /lAde, Ic '" 0) 2N960,2N964 2.5 -

2N961,2N965 2.0 -
2N962,2N966 1. 25 - ! 

Collector - Latch -up Voltage LVCEX Vdc 
VCC = 11.5 Vdc 11.5 -

CoUectt!:r-Emitter Cutoff Current ICES /lAde 
(V CE = 15 Vde) 2N960,2N964 - 100 

(V CE " 12 Vdc) 2N961, 2N962, 2N965, 2N966 - 100 

Collector-Base Cutoff Current ICBO /lAdc 
(VCB = 6 Vdc, IE = 0) - 3.0 

DC Cut rent Gain hFE -
(IC" 10 mAde, V CE = 0.3 Vdc) 2N960,2N961,2N962 20 -

2N964,2N965,2N966 40 -
(IC = 50 mAde, V CE = 1 Vdc) 2N960, 2N961, 2N962 20 -

2N964,2N965,2N966 40 -
(IC '" 100 mAde, V CE '" 1 Vdc) 2N960,2N961,2N962 20 -

2N96.4, 2N965, 2N966 40 -

Collector-Emittet Satutation Voltage V CE(sat) Vdc 
(tc" 10 mAde, IB'" 1 mAdc) 2N964,2N965,2N966 - 0.18 

2N960, 2N961, 2N962 - 0.20 

(Ie = 50 mAde, Ia = 5 mAdc) 2N964, 2N965, 2N966 - 0.35 
2N960,2N961,2N962 - 0.40 

(Ie '" 100 mAdc, IB '" 10 mAdc) 2N964,2N965,2N966 - 0.60 
2N960, 2N961, 2N962 - 0.70 

Base-Emttter Saturation Voltage VBE(sat) Vdc 
(IC = 10 mAde, IB = 1 mAde) All Types 0.30 0.50 

(IC = 50 mAdc, IB = 5 mAdc) All Types 0.40 0.75 

(tC = 100 mAdc, IB = 10 mAdc) 2N960,2N961,2N964,2N965 0.40 1. 00 
2N962,2N966 0.40 1. 25 

Current-Gain - Bandwidth Product fT MHz 
(IE = 20 mAde, V CB = 1. 0 Vdc, f = 100 MHz) 300 -

*Indicates JEDEC Registered Data 
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2N960 SERIES (continued) 

* ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 
Output Capacitance 

(V CB ~ 10 Vdc, IE ~ 0, f ~ 1 MHz) 

Emitter Transition Capacitance 
(VEB ~ 1 Vdc) 

Turn-On Time 
(IC ~ 10 mAdc, IBI ~ 5 mAdc, V BE(off) ~ 1. 25 Vdc) 

(IC ~ 100 mAdc, IB1 ~ 5 mAde, V BE(off) ~ 1. 25 Vde) 

Turn-Off Time 
(IC ~ 10 mAde, IB1 ~ 1 mAde, IB2 = 0.25 mAde) 

2N960, 2N961, 2N964, 2N965 
2N962,2N966 

(IC = 100 mAde, IB1 ~ 5 mAde, IB2 ~ 1. 25 mAdc) 

Total Control Charge 
(IC ~ 10 mAde, IB = 1 mAde) 

(IC = 100 mAde, IB = 5 mAde) 

*Indieates JEDEC Registered Data 

2N963 (Ge Mesa) 
2N967 

2N960, 2N961, 2N964, 2N965 
2N962,2N966 

2N960, 2N961, 2N964,2N965 
2N962,2N966 

2N960,2N961,2N964,2N965 
2N962,2N966 

Symbol Min Max Unit 

Cob pF 
- 4.0 

CTe pF 
- 3.5 

t ns on 50 -
- 50 

toff ns 

- 85 
- 100 

- 85 
- 100 

~ pC 
- 80 
- 90 

- 125 
- 150 

CASE 22-03 \ 
PNP germanium epitaxial mesa transistors for high

speed switching applications. 
(TO-1S) 
Collector 

connected to case 

*MAXIMUM RATINGS 

Rating 

COllector-Emitter Voltage 

COllector-Base Voltage 

Total Device Dissipation @ T A = 

Derate above 25°C 

Total Device Dissipation @ T C = 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*Indieates JEDEC Registered Data 

STYLE 1, 
PIN 1. EMITTER 

1. BASE 
3. COLLECTOR 

25°C 

25°C 

2-123 

Symbol Value Unit 

VCES 12 Vdc 

VCB 12 Vdc 

P D 150 mW 

2.0 mW/oC 

P D 300 mW 

4.0 mW/oC 

TJ,Tstg °c 
100 



2N963, 2N967 (continued) 

*FLECTRICAL CHARACTERISTICS (TA: 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC : 100 /lAdc, ~ : 0) 12 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
{IE : 100 /lAde, IC : 0) 2.0 -

COllector-Latch-up Voltage LVCEX Vdc 
(V CC : 10 Vdc) 10 -

Collector Cutoff Current ICES /lAdc 
(VCE : 12Vdc, VBE : 0) - 100 

Collector Cutoff Current ICEX /lAde 
(V CE : 10 Vdc, V BE : 0.3 Vdc, T A : 550 C) - 20 

Collector Cutoff Current ICBO /lAde 
(VCB : 6 Vdc, IE: 0) - 5.0 

Emitter Cutoff Current lEBO mAde 
(VBE : 5 Vdc, IC: 0) - 1.0 

Base Cutoff Current IBL /lAdc 
(VCE : 10Vde, VBE = 0.3Vdc, TA : 55°C) - 20 

DC Current Gain hFE -
(IC: 10 mAde, V CE : 0.3 Vdc) 2N963 20 -

2N967 40 -
Collector Saturation Voltage V CE(sat) Vdc 

(Ie = 10 mAde, IB : 1 mAdc - 0.2 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ie = 10 mAde, IB : 1 mAde) 0.3 0.5 

Current-Gain - Bandwidth Product fT MHz 
(Ie: 20 mAdc, V CE : 1 Vde, f = 100 MHz) 300 -

Output Capacitance Cob pF 
(VCB : 5 Vde, IE : 0, f: 1 MHz) - 5.0 

Input Capacitance Cib pF 
(VBE : 1 Vde, IC: 0, f = 100 kHz) - 4.0 

Turn-On Time ton ns 
(Ie : 10 mAde, IBl = 1 mAdc, V BE (off) : 1. 25 Vdc) - 60 

Turn-Off Time toft ns 
(Ie = 10 mAde, IBl : 1 mAdc, IB2 = 1. 25 mAde) - 120 

Total Control Charge QT pC 
(IC : 10 mAde, IB = 1 mAdc) - 120 

*Indicates JEDEC Registered Data 

2-124 



2N963, 2N967 (continued) 

COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 

- 2 5 Vdc 

TEKTRON1X 541 
OR EQUIVALENT 

Vee:::; -lOVdc 

BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 

"V.. 1000 ",* 

u 
-5.4 Vdc 
It pOint A 

,--'IIIfIr--O -3.1 Vd, 
3000 

NOT[, 
I, = -10 mAde 
1,= -lmAdc 

J7Jl:0%' -·90% 

1_+ _t 
r1, - ... 

-il> 20 ... 
10 ns MAX 

MAX 

10-mA (Ie) SWITCHING TIME TEST CIRCUIT 

INPUT SIGNAL 

+1.25 Vd, 

-5.4 Vdc 

4 8K 

2000 
PULSE VOLTS 
INTERNAL RESISTANCf: 

TYPE R SAMPLING 
RESISTOR 

280 !l 20 0 -3.1 Vd, 

NOT[, 
Ie =-10 mAde 
III :-1 mAde 
In = +025 mAde 
V.IOI = +125 Vd, 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 

10-mA (Ie) TOTAL CONTROL CHARGE TEST CIRCUIT 

+O.3Vdc 

-O.lBVdc o--JW,......,...-{ 
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2N964 (Ge Mesa) 
For Specifications, See 2N960 Data, 

2N964A (Ge Mesa) 

PNP germanium mesa transistor for high- speed 
switching applications. 

CASE 22-03 
(TO-1S) 

Collector Connected to Case 

*MAXIMUM RATINGS 

STYLE I: 
PIN 1. EMlTTER 

2. BASE 
3. COLLECTOR 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*Indicates JEDEC Registered Data 

INPUT SIGNAL 

+1.25 Vdt 

-5.4 Vdt 

FIGURE 1 

4.8K 

200 n 
PULSE VOLTS 
INTERNAL RESISTANCE 

280n 20U ~31Vdc 

NOTE 

TYPE R SAMPLING 
RESISTOR 

1< = -10 mAde 
'., ::::: -1 mAde 
III ::::: -! 0 25 mAde 
\101 ::::: + 1.25 Vdt 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
-::- TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 

IO-mA (lei SWITCHING TIME TEST CIRCUIT 

Symbol Value Unit 

VCEO 7.0 Vdc 

VCB 15 Vdc 

VEB 2.5 Vdc 

IC 100 mAdc 

PD 150 mW 

2.0 mW;oC 

PD 300 mW 

4.0 mW;oC 

TJ , Tstg -65 to +100 °c 

INPUT SIGNAL 

+ I 25 Vor 

- 57 Vde 

FIGURE 2 

900 !l 

100 11 
PULSE VOLTS 
INTERNAL RESISTANCE 

48 H 2!! 52 Vdc 
.--'vv.,~vv.,--o 

NOTE· 

TYPE R SAMPLING 
RESISTOR 

I,::::: - 100 mAde 
I., ::-::: "- 5 mAde 
lu -= -+ 1.25 mAde 
v.,. ~~ + 1.25 Vde 
USE TEKTRONIX TYPE "R" 

PLUG·IN 
TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 

IOO-mA (Id SWITCHING TIME TEST CIRCUIT 
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2N964A (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(lC = 10 mAde, IB = 0) 7.0 -

Collector-Base Breakdown Voltage BVCBO Vde 
(lc· = 100 ~Ade, IE = 0) 15 -

Emitter-Base Breakdown Voltage BVEBO Vae 
(lE = 100 ~Adc, IC = 0) 2.5 -

Collector Latch-up Voltage LVCEX 11.5 - Vde 

Collector-Emitter Cutoff Current ICES ~Ade 
(VCE = 15 Vde, VBE = 0) - 100 

Collector Cutoff Current ICBO ~Ade 

(VCB = 6 Vde, IE = 0) - 3.0 

Base Leakage Current IBL ~Ade 
(V CE = 6 Vde, V BE (off) = 0.5 Vde) - 4.0 

(VCE = 6 Vde, VBE(off) = O. 5 Vde, TJ = 85°C) - 140 

ON CHARACTERISTICS 
DC Current Gain hFE 

(lC = 10 mAde, VCE = 0.3 Vdc) ° 40 -
<lc = 10 mAde, VCE = 0.3 Vdc, T J = -55 C) 20 -
(lC = 50 mAde, VCE = 1 Vde) 48 -
(lC = 100 mAde, VCE = 1 Vde) 40 -
(lC = 100 mAde, VCE = 1 Vde, T J = 85°C) 35 -

Collector Saturation Voltage VCE(sat) Vde 
(lc = 10 mAde, IB = 1 mAde) - 0.18 

(lC = 50 mAde, IB = 5 mAde) - 0.28 

(lC = 100 mAde, IB = 10 mAde) - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vde 

<lc = 10 mAde, IB = 1 mAde) 0.3 0.44 

<lc = 50 mAde, IB = 5 mAde) 0.4 0.58 

<lc = 100 mAde, IB = 10 mAde) 0.4 0.72 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product fT MHz 

(lE = 20 mAde, V CB = 1 Vde, f = 100 MHz) 300 -
IUgh-Frequency Current GaIn hfe -

<lc = 20 mAde, VCE = 1 Vde,f = 100 MHz) 3.0 -
Output Capacitance Cob pF 

(V CB = 1 Vdc, IE = 0, f = 1 MHz) - 5.0 

(VCB = 10 Vde, IE = 0, f = 1 MHz) - 4·0 

Input Capacitance Clb pF 
(VBE = 1 Vde, Ie = 0, f = 100 kHz) - 3.5 

Delay Time Plus RiBe Time td + tr ns 
<lc = 10 mAde) . 50 

<lc = 100 mAde) - 50 

Storage Time Plus Fall Time ts + tf ns 
<lc = 10 mAde) - 85 

<lc = 100 mAde) - 85 

Active Region Time Constant TA ns 
(lC = 10 mAde) - 1.5 

Total Control Charge ~ pC 

(lC = 10 mAde, IB = 1 mAde) - 75 

'Indicates JEDEC Registered Data 
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2N964A (continued) 

100 

80 

20 

o 
o 

LATCH.fREE 
LOAD LINE AREA 

2N984A LIMIT CURVES 

FIGURE 3-AREA OF PERMISSIBLE LOAD LOCI 

1\ 

\ 

\ , 
~ 

\ 
\ LATCH.lJP AREA 

\ 
\ 

\ \ 
\ AREA OF \ 

LATCH·FhEE OPERATION \ WHEN If OF OUT PUT 

tQl \ 

10 

COLLECTOR LATCH· UP VOLTAGE TEST CIRCUIT 

+0.3 Vdc 
5000 

l\ 
15 

°IT 
- 2.5 Vdc 

If < 2.On. 

·2200 

TEKTRONIX 541 
OR EQUIVALENT 

Vee = -11.5 Vdc 

Lllch·up Fr •• Op"allnl Ar ea. Lalch·up i. Ihe failure of Ihe col· 
10 Ihe supply vollage upon lurn·off. 
sible operating afea to avoid latch-up, 
pass through the shaded area. Excur
will not necessarily harm the transis
duction in output voltage noted above 
ipation. 

lector potential to return 
The curve shows the permis 
Load excursions must not 
sions into the shaded area 
tor, but may produce the re 
and cause high power diss 

20 
Veo, COLLECTOR-EMlnER VOLTAGE (VOLTS) 

2N965 (Ge Mesa) 

2N966 
For Specifications, See 2N960 Data. 

2N967 (Ge Mesa) 

For Specifications, See 2N963 Data. 
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2N978 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

designed for general·purpose amplifier applications . 

• Collector· Emitter Sustaining Voltage -
VCEO(sus) = 20 Vdc (Min) @.IC = 100 mAdc 

"MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VeEO 20 

Collector-Base Voltage Vee 30 

Emitter-Base Voltate VEe 5.0 

Collector Current Ie 600 

Total Device Dissipation@TA=2SoC Po 0.33 
Derate above 2SoC 2.64 

Total Device Dissipation @TC = 2SoC Po 1.25 
Derate above 25°C 10 

Operating Junction Temperature TJ 150 

Operating and Storage Junction 
Temperatura Range 

TJ,Tstg -65 to + 200 

·Indic;ates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mw/oe 

Watts 
mw/oe 

°e 

°e 
DIM 

A 
8 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 

PNPSILICON 
AMPLIFIER 

TRANSISTOR 

II 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.31 5.84 0.209 0.230 
4.52 4.95 0.178 0.195 
4.32 5.33 0.170 0.210 
0.406 O. 33 0.016 0.021 

0.762 0.030 
0.406 0.483 0.016 0.019 

2.54 BSC 0.100 S 
0.914 1.17 0.D36 .046 
0.711 1.22 0,028 0.048 
l.ro 
6.35 - 0.250 -

45' SSC 45 BSC 
1.27 BS 0.0 0 SSC 

1.27 - 0.050 

All JEDEC notes and dimensions apply. 

CASE 22·03 
(TO·ISI 



2N978 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Colleetor-Emitter Sustaining Voltage(l) VCEO(sus) 20 - Vde 
IIC = 100 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 30 - Vde 
IIc = 1.0 mAde, IE = 0) 

Collector Cutoff Current ICBO /lAde 
(VCB = 10 Vde, IE = 0 - 5.0 

(VCB = 10 Vde, IE = 0, TA = 150oC) - 200 

Emitter Cutoff Current lEBO - 200 /lAde 
(VEB = 1.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain(l) hFE -
(lC = 30 mAde, VCE = 10 Vde) 15 -

(lC = 150 mAde, VCE = 10 Vde) 15 60 

Collector-Emitter Saturation Voltage VeE(satl - 1.5 Vde 
(Ie = 150 mAde, IB = 15 mAde) 

Base-.Emitter Saturation Voltage VBE(sat) - 1.5 Vde 
(Ie = 150 mAde, IB = 15 mAde) 

SMAll-SIGNAL CHARACTERISTICS 

Output Capacitance Cob - 45 pF 
(VCB = 10 Vde, IE = 0, 1= 1.0 MHz) 

Small-Signal Current Gain hie 2.0 - -
(Ie = 50 mAde, VCE = 10 Vde, I = 20 MHz) 

·Indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width = 300 /Js, Duty Cycle = 1.0%. 
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2N985 (Ge Mesa) 

PNP germanium mesa transistor for high
speed switching applications. 

CASE 22-03 
(TO-lSI 

STYLE L 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

Collector connected to case 

* MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Junction Temperature 

Storage Temperature 

Device Dissipation 
@ TC = 25°C 

Derate above 25·C 

Device Dissipation 
@ TA = 25°C 

Derate above 25·C 

*Indicates JEDEC Registered Data 

+1.2~V_U __ _ 

-5.5V 

INPUT PULSE 
tr~l AS 
tf~lns 

PW ~ 200 ns 

V" 

lKn 

Symbol Value Unit 

VCB 15 Vdc 

VCEO 7.0 Vdc 

VEB 3.0 Vdc 

IC 200 mAdc 

TJ 100 °c 

Tstg -65 to +100 °c 

PD 300 mW 
4.0 mW/oC 

PD 150 mW 
2.0 mW/oC 

SWITCHING TIME TEST CIRCUIT 

2-131 

Vee = -10.3V 

,;------9-----0 You, 

I OSCILLOSCOPE RISE liME ~ 1 ns 

I 
_1._ TOTAL COLLECTOR SHUNT 
... -r, C, CAPACITANCE ~ 6 pF 

I 
I 
I 

--'-

! 



2N985 (continued) 

* ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC ; 100 /lAdc, IE ; 6) 15 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC ~ 5 mAdc, IB ; 0) 7.0 -

Collector-Emitter Breakdown Voltage BVCES Vdc 
(Ie ; 100 /lAdc, RBe ; 0) 15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE; 100 /lAdc, IC ; 0) 3.0 -

Collector Cutoff Current IeBO /.IAdc 
(VCB; 5 Vdc, IE ; 0) - 3.0 

Emitter Cutoff Current lEBO /lAdc 
(VEB ; 3 Vdc, Ie ; 0) .- 100 

DC Current Gain hFE -
(IC; 10 mAde, VCE ; 0.25 Vde) 40 -
(IC ; 100 mAdc, V CE ; 0.5 Vde) 60 -

Collector· Saturation Voltage VCE(sat) Vde 

(IC ; 10 mAde, IB ~ 0.5 mAde) - 0.15 , 
, 

(IC ; 100 mAde, IB ; 5 mAdc) - 0.30 

Base-Emitter Voltage VBE Vde 
(IC ; 10 mAde, IB ; 0.5 mAde) 0.28 0.40 

(IC ~ 100 mAdc, IB ~ 5 mAde) 0.40 0.60 

Small Signal Current Gain I~el -
(VCE =2 Vde, IC ; 30 mAde, f = 100 MHz) 3.0 -

Collector Output Capacitance Cob pF 

(VCB; 5 Vdc, IE ; 0, f = 1 MHz) - 6.0 

Turn-on Time ton ns 

(Ie = 10 mAde, lBI = 5 mAde, VBE(O) = 1.25 Vde) - 35 
I 

Turn-off Time toff / ns 

(Ie = 10 mAde, IBI ; 5 mAde, IB2; 1.25 mAl - 80 

*Indieates JEDEC Registered Data 
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2N996 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for general-purpose amplifier applications. 

• Collector·Emitter Sustaining Voltage -
VCEO(sus) = 12 Vdc (Min) @ IC = 10 mAde 

• Collector·Base Breakdown Voltage -
BVCBO = 15 Vdc (Min) @ IC = 10 !-lAde 

• Emitter·Base Breakdown Voltage -
BVEBO =4.0Vdc (Min)@IE= 10 !-lAde 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 12 

Collector-Base Voltage VCB 15 

Emitter-Base Voltage VEB 4.0 

Collector Current IC 200 

Total Device Dissipation@TA = 25°C PD 360 
Derate above 25°C 2.06 

Total Device Dissipation @TC = 2SoC PD 1.2 
Derate above 25°C 6.86 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

• Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

°c 

STYLE 1 

PNP SILICON 
TRANSISTOR 

Pm 1. Emitter 

OO;l tOl00 

J~\ 
2. Base 
3. Collector 

0.050 10 03 

45° 

~:~~~-yt~ 0.028 '\ /- 0.048 

Collector Connected to Case 
CASE 22(1) 

(TO-'S) 



2N996 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector~Emjtter Sustaining Voltage(11 VCEO(sus) 12 - Vde 
(lC" 10 mAde, IB" 0) 

Collector-Base Breakdown Voltage BVCBO 15 - Vde 
(lc = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - Vde 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 10 Vde, IE = 0) - 0.005 ,/.lAde 

(VCB = 10 Vde, IE = 0, TA = 150°C) - 15 !lAde 

Emitter Cutoff Current lEBO - 10 !lAde 
(VBE = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 35 - -
(lC" 20 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) - 0.3 Vde 
(lC = 60 mAde, I B = 2.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - 0.95 Vde 
(I C = 20 mAde, I B = 2.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Produet(2) fT 100 MHz 
(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cob - 10 pF 
(VCB = 10 Vde, IE = 0, f = 100 kHz to 1.0 MHz) 

• Indicates JEOEC Registered Data. 

(1 )PUISB Test: Pulse Width ~ 300 jJs, Duty Cycle s: 2.0%. 

(2)fT is defined as the frequency at which Jhfel extrapolates to unity. 
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2N998 (SILICON) 

NPN SILICON ANNULAR DARLINGTON TRANSISTORS 

containing two NPN silicon annular transistors in a darlington 
connection, and designed for applications requiring: 

• High DC Current Gain -
hFE = 2000 (Min) @ IC = 100 mAde 

• Guaranteed DC Current Gain from 1.0 mAde to 100 mAde 

• Low Noise Figure -
NF = 6.0 dB (Max) @ IC = 0.1 mAde 

• Low Leakage Current -
ICBO = 0.01 IlAde (Max) @ VCB = 90 Vde 
lEBO = 0.011lAde (Max) @ VBE = 10 Vde 

*MAXIMUM RATINGS(Numerical subscripts refer to unit number.} 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 60 Vdc 
(Base 1 and Base 2 open) 

Collector-Base Voltage VCB 100 Vdc 

Emitter-Base Voltage VEB 15 Vdc 

Collector Current - Continuous IC 500 mAde 

Total Power Dissipation @ T A - 25°C PD 0.5 Watt 
Derate above 25°C 2.86 mW/oC 

Total Power Dissipation @ T C = 25°C PD 1.8 Watts 
Derate above 25°C 10.3 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

* Indicates JEDEC Registered Data 
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NPN SILICON 
DARLINGTON 
TRANSISTORS 

I 
4 
E 1 B2 

The Input unit is Identified as Unit 1 regard
less of terminal numbering. 

STYLE 8 
PIN 1. 

2. 
3 
4. 

FB 
, .. :, .• fT1 

PLANE I 
EMITTER 2 II ~ 
BASE 1 --I r-- 0 
COLLECTOR 
EMITTER 1 
BASE 2 

MILLIMETERS 
DIM MIN MAX 

A 5.31 
B 4.52 
C 4.32 
o 0.41 

J 
K 
L 
M 
N 
P 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.016 0.021 

0.030 
0.016 0.019 

0.100 sse 
0.036 0.046 
0.028 0.048 
0.500 
0.250 ~ 

45 sse 
0.050 sse 

0.050 

ALL JEDEC dimenSions and noles apply 

CASE 20-03 
TO·72 

I. 



2N998 (continued) 

• ELECTRICAL CHARACTERISTICS (T, = 25'e ""~ .. ,,"""i .. ""od> 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage \1) BVCEO(sus) Vde 
(Ie = 30 mAde, IB = 0) 60 -

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 100 ~Ade, IE = 0) 100 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 ~Ade, IC = 0) 15 -

Collector Cutoff Current ICBO J.l.Adc 
(VCB = 90 Vde, IE = 0) - 0.01 

(VCB = 90 Vde, IE = 0, TA = 150°C) - 15 

Emitter Cutoff Current lEBO JlAdc 
(VBE = 10 Vde, IC = 0) - 0,01 

ON CHARACTERISTICS 
DC Current Gain (1) hFE -

(Ic = 1 mAde, VCE = 5 Vde) 800 -
(Ic = 10 mAde, VeE = 5 Vdc) 1,600 8,000 

(IC = 100 mAde, VeE = 5 Vde) Z,OOO -
(Ie = 10 mAde, VeE = 5 Vdc, measured Z5 -across each transistor within the device) 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob pF 
(VCB = 10 Vde, IE = 0, I = 100 kHz) - 30 

Input Capacitance C1b pF 
(VBE = 0.5 Vde,le = 0, I = 100 kHz) - 50 

Small-Signal Current Gain hIe 
(Ie = 1 mAde, VCE = 5 Vde, I = 1 kHz) 1,000 -

Noise Figure.· NF" dB 
(Ie = 0.1 mAde, VCE = 10 Vde, RS '" 5 k.ohms, - 6.0 

I = 1 kHz, Bandwidth = ZOO Hz) 

• Indicates JEDEC Registered Data 
(1 J Pulse Test: Pulse Width ~ 300 {J.s, Duty Cycle :!£ 2.0 % 
··Measured with constant current supply of 20 }AAdc connected to the emitter of the input transistor. (See Figure 1) 
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2N 1008, A, B (GERMANIUM) 
2N10088 JAN AVAILABLE 

CASE31(~ (TO.5)1).~ 
All leads isolated 

PNP germanium transistor for audio driver and med
ium speed switching applications. 

MAXIMUM RATINGS 

Rating Symbol 2N1008 2N1008A 2N10088 Unit 

Collector-Base Voltage VCB 20 40 60 Vdc 

Collector-Emitter Voltage VCEO 20 40 60 Vdc 

Emitter-Base Voltage VEB 15 Vdc 

Collector Current Ie 300 mAdc 

Base Current IB 30 mAdc 

Collector Dissipation PD 
TA= 25°C 200 mW 
derate 2.7S mW/oC 
TC = 25°C 300 mW 
derate 4.0 mW/oC 

Junction and Storage Temperature Range T J' T stg -65 to +100 °c 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristics Symbol Min Typ Max UNIT 

Collector Leakage Current IeBO /lAdc 
(VCB = 10 Vdc) ° 2N100S --- 5.0 10 
(VCB = 10 Vdc, T A = S5 C) 2N100S --- --- 500 
(VCB = 25 Vdc) 2N100SA --- 5.0 10 
(VCB = 25 Vdc, TA = 850C)2N100SA --- --- 500 
(VCB = 45 Vdc) 2N100SB --- 7.0 15 
(V CB = 45 Vdc, T A = S50C) 2N100SB --- --- 750 

Emitter Leakage Current lEBO /lAdc 
(YEB = 10 Vdc) 2N1008 --- 5.0 10 

2N100SA --- --- 10 
2N100SB --- --- 10 

Collector-Emitter Breakdown Voltage BVCER Vdc 
(Ie = 1.0 mAdc, RBE = 10 K) 

2N100S 15 --- ---
2N1008A 35 --- ---
2N100SB 55 --- ---

Collector-Emitter Saturation Voltage VCE (sat) Vdc 
(Ie = 100 mAdc, IB = 10 mAdc) --- --- 0.25 

Small Signal Current Gain 
(Ie = -10 mAdc, VCE = 5.0 Vdc, 

hre ---
f = 1 kHz) 40 --- 150 

Input Resistance (V CB = 6 V, IE = 1 rnA) ~e 200 --- 1000 ohms 
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2N 1 011 (GERMANIUM) 

CASE 11 

PNP germanium power transistor for general 
purpose power amplifier and switching applications in 
military and industrial equipment. Operating temper
ature range and power dissipation exceed military 
specifications. 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N1Oll Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Emitter Voltage VCES 80 Vdc 

Collector-Base Voltage VCB 80 Vdc 

Emitter-Base Voltage VEB 40 Vdc 

Collector Current Ie 5.0 Adc 

Total Device Dissipation @ T C = 25°C PD 90 Watts 

Derate above 25°C 1.2 W/oC 

Operating and Storage Junction T J' Tstg °c 
Temperature Range -65 to + 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 
°JC 

0.8 °C/W 

100 

90 

'""-
00 80 

~ 
.::: 
0 

60 ~ POWER· TEMPERATURE .e-
Ol 

~ 

'" ~ 
DERATING CURVE Ol 

is 
.... 40 
'" " 0 

~ ....., 
p.. 

p..c. 20 " "-"'-
" 

10 

o 
o 20 40 60 80 100 

TC' Case Temperature (oC) 
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2Nl011 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl. 

Characteristic Symbol Minimum Maximum Unit 

DC Current Transfer Ratio hFE - 150 -
VCE : 2 V 

IC : 1. 0 Adc 

DC Current Transfer Ratio hFE 30 75 -
VCE : 2V 

Ie: 3.0 Adc 

Small-Signal Current Transfer Ratio 
Cutoff Frequency 

f",e 5.0 - kHz 

VCE: 2 Vdc 

IC: 3 Amp 

Emitter-Base Cutoff Current lEBO - 3.0 mAdc 

VEB : 40 Vdc 

IC: 0 

Collector- Base Cutoff Current ICBO - 200 MAdc 

VCB : 2 Vdc 

IE: 0 

Collector- Base Cutoff Current ICBO - 15.0 mAdc 

VCB : 80 Vdc 

IE = 0 

Base Current IB 6.7 - mAdc 
VCE : 2 Vdc 

IC: 1 Adc 

Base Current IB 40 100 mAdc 

VCE: 2 Vdc 

IC : 3 Adc 

Emitter-Base Voltage VEB - 2.0 Vdc 
VCE : 2 Vdc 

Ie: 3 Adc 

Floating Potential Vf1 - 1.0 Vdc 

VCB = 50 Vdc 
(Voltmeter input resistance 

: 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) - 1.5 Vdc 

IC = 3 Adc 

IB = 200 mAdc 

Collector-Emitter Voltage BVCEO 40 - Vdc 

IC = 300 mAdc 

IB = 0 

Collector"-Emitter Voltage BVCES 80 - Vdc 

IC : 300 mAdc 

VEB = 0 

High-Temperature Operation 
TC = +90°C min 

Collector Cutoff Current ICBO - 20 mAdc 

VCB = 30 Vdc 
IE = 0 
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2N 1 021 (GERMANIUM) 

2N1022 

STYLE 1. ~ PIN 1. BASE 
2. EMITTER 

CASE·COLLECTOR ~ 

PNP germanium power transistorsfor industrial and 
general purpose power amplifier and switching appli
cations. 

CASE 11 0 @2 0 
@1 

Collector connected to case 

MAXIMUM RATINGS (Tc; 250C unless otherwise noted) 

Rating Symbol 2Nl021 2Nl022 Unit 

Collector-Base Voltage VCB 100 120 Volts 

Collector-Emitter Voltage VCEX 100 120 Volts 

Collector-Emitter Voltage VCEO 50 Volts 

Emitter-Base Voltage VEB 30 Volts 

Collector Current Ie 5.0 Amp 

Operating Junction and Storage 
Temperature Range TJ • Tstg -65 to +110 °c 

Total Device Diss~ation @ TC = 250 C PD 85 watts 
Derate above 25 C 1.0 w/oC 

POWER·TEMPERATURE DERATING CURVE 
@TA @Te 

5 100 
85 Te 

4 80 

3 60 
2.6 
2 40 

20 

~ 
-'A ~ --- -~ ~ 

---::---.. -~ o o 
o 25 50 75 100 110 125 

TEMPERATURE (OC) 
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2Nl021, 2Nl022 (continued) I 

ELECTRICAL CHARACTERISTICS (Tc = 2S0C unless otherwise noted) 

Chal'lcterlstic Symbol Min Mal Unit 

Collector-Base Cutoff Current ICBO mAde 
(V CB = 50 Vdc) 2N1021 - 0.5 

(VCB = 60 Vdc) 2N1022 - 0.5 

(VCB = 100 Vdc) 2N1021 - 2.0 

(VCB = 120 Vdc) 2N1022 - 2.0 

(VCB = 50 Vdc, Tc = + 550 C) 2N1021 - 8.0 

(VCB = 60 Vdc, TC = + 550 C) 2N1022 - 8.0 

Collector-Emitter Breakdown Voltage* BVCEO* Vdc 
(Ie = 200 mAde) 50 -

Emitter-Base Cutoff Current lEBO mAde 
(V EB = 10 Vdc) - 0.5 

(V EB = 30 Vdc) - 2.0 

Base-Emitter Voltage VBE Vdc 
(V CE = -1.5 Vdc, Ie = 1.0 Adc) - 3.0 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 5 Adc, IB = 500 mAde) - 0.5 

DC CurreQt Gain hFE -
(IC = 1 Adc, VCE = 1.5 Vdc) 40 -
(Ie = 3 Adc, VCE = 1.5 Vdc) 35 -
(IC = 5 Adc, VCE = 1.5 Vdc) 30 90 

(IC = 7 Adc, VCE = 1.5 Vdc) 22 -
Input Impedance hie ohms 

(IC = 1.0 Adc, VCE = 1.5 Vdc) - 28 

Current Gain-Bandwidth Product fT kHz 
(IC = 1.0 Adc, VCE = 2 Vdc) 200 -

*Sweep Test: 1/2 sme wave, 60 Hz . 
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2N 1038 thru 2N 1041 (GERMANIUM) 

2N2552 thru 2N2559 

PNP GERMANIUM MEDIUM POWER TRANSISTORS 

· .. designed for relay drivers, pulse amplifiers, audio amplifiers and 
high·current switching applications. 

• High Current Capability -IC = 3.0 Amperes 

• Guaranteed Excellent Coliector·Emitter Sustaining Voltage 

• 20·Watt Power Dissipation at 25°C Case Temperature 

• lOOoC Maximum Junction Temperature 

*MAXIMUM RATINGS 

2Nl038 2Nl039 2Nl04C 2Nl041 
Rating Svmbol 2N255 2N2553 

~~= 
2N2555 

2N2556 2N2557 2N255! 

Collector-Emitter Voltage VCEO 30 40 50 60 

Collector-Base Voltage VCB 40 60 80 100 

Emitter-Base Voltage VEB ---- 20 ----
Collector Current - Continuous IC - 3.0 ----
Base Current - Continuous IB ---- 1.0 -
Total Device Dissipation@TA = 2SoC Po ---- 450 ----

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

mW 

Derate above 2SoC ---- 6.0 ---- mW/oC 

Total Device Dissipation@Tc=2SoC Po ---- 20 ---- Watts 

Derate above 2SoC (Note 1) ----0.267 ---- W/OC 

··Operating and Storage Junction TJ,Tstg --- -65 to +100 --- °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max J Unit 

Thermal Resistance, Junction to Case I eJC I 3.75 J °C/W 

-Indicates JEDEC Registered Data. 

Note 1: Case Temperature shall be measured 0.100 ±. 0.010 inches above the 
seating plane. 

**Motorola guarantees this data in addition to the JEOEC 
Registered Data shown. 
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PNP GERMANIUM 
POWER TRANSISTORS 

40-100 VOLTS 
~OWATTS 

2N2552 - 2N2555 
CASE 183 



2Nl038 thru 2Nl041/2N2552 thru 2N2559 (continued) 

* ELECTRICAL CHARACTERISTICS (T c = 25'C unless otherwise noted) 

C Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage V CEO(sus) 
(IC = 100 mAde, IB = 0) 2NI038, 2N2552, 2N2556 

2NI039, 2N2553, 2N2557 
2NI040, 2N2554, 2N2558 
2NI041, 2N2555, 2N2559 

Collector Cutoff Current ICEO 
(VCE = 15 Vde, IB = 0) 2NI038, 2N2552, 2N2556 

(VCE = 20 Vdc, IB = 0) 2NI039, 2N2553, 2N2557 

(VCE = 25 Vdc, IB = 0) 2NI040, 2N2554, 2N2558 

(VCE = 30 Vdc, IB = 0) 2NI041, 2N2555, 2N2559 

Collector-Emitter Cutoff Current ICEX 
(V CE = 40 Vdc, V IlE(off) = O. 2 Vde) 2NI038, 2N2552, 2N2556 

(V CE = 60 Vde, V BE (off) = O. 2 Vde) 2NI039, 2N2553, 2N2557 

(V CE = 80 Vde, V BE (aff) = 0.2 Vde) 2NI040, 2N2554, 2N2558 

(V CE = 100 Vdc, V BE (off) = O. 2 Vdc) 2NI041, 2N2555, 2N2559 

(VCE = 20 Vde, VBE(off) = 0.2 Vdc, TC = 85'C) 2NI038, 2N2552, 2N2556 

(V CE = 30 Vde, V BE(aff) = O. 2 Vdc, T C = 85' C) 2NI039, 2N2553, 2N2557 

(VCE = 40 Vde, VBE(aff) = 0.2 Vdc, TC = 85'C) 2NI040, 2N2554, 2N2558 

(V CE = 50 Vde, V BE(aff) = O. 2 Vde, T C = 85' C) 2NI041, 2N2555, 2N2559 

Collector Cutoff Current ICBO 
(V C B = 20 V de, IE = 0) 2N1038, 2N2552, 2N2556 

(V CB = 30 Vde, IE = 0) 2NI039, 2N2553, 2N2557 

(V C B = 40 V de, IE = 0) 2NI040, 2N2554, 2N2558 

(V CB = 50 Vde, IE = 0) 2N1041, 2N2555, 2N2559 

**(V CB = 40 Vde, IE = 0) 2N1038, 2N2552, 2N2556 

**(V CB = 60 Vdc, IE = 0) 2NI039, 2N2553, 2N2557 

**(V CB = 80 Vde, IE = 0) 2NI040, 2N2554, 2N2558 

**(V CB = lOa Vdc, IE = 0) 2N1041, 2N2555, 2N2559 

Emitter Cutoff Current lEBO 
(V BE = 20 V de, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 50 mAde, V CE = O. 5 Vde) 

(IC = 1. 0 Ade, V CE = O. 5 Vde) 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 1. 0 Ade, IB = 100 mAde) 

Base-Emitter Input Voltage VBE 
(IC = 1. 0 Ade, V CE = O. 5 Vde) 

SMAll-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain hfe 
(IC = 500 mAde, V CE = 1. 5 Vde, f = 1. 0 kHz) 

Small-Signal Current Gain I hfel 
(Ic = 500 mAde, V CE = 1. 5 Vde, f = 112.5 kHz) 

'Indieates JEDEC Registered Data. 
**Motorola Guarantees this data in addition to the JEDEC Registered Data Shown. 
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Min Max 

30 -
40 -
50 -
60 -

- 25 

- 20 

- 20 

- 20 

- 0.65 

- 0.65 

- 0.65 

- 0.65 

- 5.0 

5.0 

- 5.0 

5.0 

- 125 

- 125 

- 125 

- 125 

- 750 

- 750 

- 750 

- 750 

- 650 

33 200 

20 60 

- 0.25 

- 1.0 

18 72 

2.0 -

Unit 

Vde 

mAde 

mAde 

!lAde 

!lAde 

-

Vde 

Vdc 

-

-

I 
I 
I 
I 

I 



2N1038 thru 2N1041/2N2552 thru 2N2559 (continued) 

STYLE I: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

2N1038 
2N1041 

A 

H 
J 
K 
L 
M 

STYLE I: 
PIN I. EMITTER 

2.8ASE 
3. COLLECTOR 

1I€n 
~ 

-11-0 

I~~~---Y 
2N2552 C t:s 
2N2555 L 

SEATING PLANE :; ~ 
10·32 UNF·2A -~ 

MILL METERS INCHES 

CASE 180 

STYLE I: 

Mt:::~l' r 1 
112-20 UNF·2A -, 

. I C 

~ 
2N2556 
2N2559 

DIM 

A 
B 
C 
D 
E 
G 

IC 
L 

-11--0 

~ ~~ 
IMiL I M T RS INCHES 

MIN A MIN MA 

- 22.23 0.875 
18.80 19.30 0.740 0.780 
52.53 2.068 -
0.56 0.71 0.022 0.08 
2.11 2.62 0.08 0.103 
4.57 5.59 0.180 0.220 

138.10 1.0 -
2.29 2.79 0.090 0.110 

CASE 184 
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DIM MIN MA MIN MAX 
A 12.45 12.95 0.490 0.510 
8 10.85 11.35 0.427 0.447 
C 49.35 1.943 -
D 0.56 o. I 0.022 0.028 
G 4.83 5.33 0.190 0.210 
J 9.7 0.345 0.365 
K 38.10 - 1.500 -
L 2.41 2.67 0.095 0.105 

NOTE: 
1. COLLECTOR CONNECTED TO CASE 

CASE 183 



2N 1042 thru 2N 1045 (GERMANIUM) 
2N2560 thru 2N2567 

PNP GERMANIUM MEDIUM POWER TRANSISTORS 

· .. designed for relay drivers, pulse amplifiers, audio amplifiers and 
high·current switching applications. 

• High Current Capability - IC = 3.5 Amperes 

• Guaranteed Excellent Coliector·Emitter Sustaining Voltage 

• 20·Watt Power Dissipation at 25°C Case Temperature 

• 100°C Maximum Junction Temperature 

* MAXIMUM RATINGS 

2Nl042 2Nl043 2Nl044 2Nl045 
Rating Symbol 2N2560 2N2561 2N2562 2N2563 

2N2564 2N2565 2N2566 2N2567 

Collector-Emitter Voltage VCEO 30 40 50 60 

Coliector·Base Voltage VCB 40 60 80 100 

Emitter-Base Voltage VeB ---- 20 -
Collilctor Current - Continuous IC - 3.5 ----
Base Current - Continuous IB ---- 1.0 ----
Total Device Dissipation@TA=2SoC Po ---- 450 ----

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

mW 

Derate above 2SoC - 6.0 ---- mW/oC 

Total Device Dissipation@Tc=2SoC Po ---- 20 ----
Derate above 25°C (Note 11 ----0.267----

**Operating and Storage Junction TJ,T $19 --- -65 to +100 ---

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

-Indicates JEOeC Registered Data. 
Note1: Case Temperature shall be measured 0.100 ± 0.010 inches above the 

seating plane. 

·-Motorola guarantees this data in addition to the JEOEC Registered Data shown. 
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Watts 

W/oC 

°c 

PNP GERMANIUM 
POWER TRANSISTORS 

40-100 VOLTS 
20 WATTS 

2N2564 - 2N2567 
CASE 180 

2N2560 - 2N2563 
CASE 183 

2N1042 - 2N1045 
CASE 184 



£"1 /Uq", tnru ;;!N 1 U4b/2N2560 thru 2N2567 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 
(lC = 100 mAde, IS = 0) 2N1042,2N2560,2N2564 

2N 1 043 ,2N 2561 ,2N 2565 
2N 1 044,2 N 2562,2N 2566 
2N 1045,2N2563,2N2567 

Collector Cutoff Current ICEO 
(VCE = 15 Vde, IS = 0) 2N 1042,2N2560,2N2564 

(VCE = 20 Vde, IS = 0) 2Nl 043,2N2561 ,2N2565 

(VCE = 25 Vde, IS = 0) 2Nl044,2N2562,2N2566 

(VCE = 30 Vde, IS = 0) 2N1045,2N2563,2N2567 

Collector-Emitter Cutoff Current ICEX 
(VCE = 40 Vde, VSE(off) = 0.2 Vde) 2N1042,2N2560,2N2564 

(VCE = 60 Vde, VSE(off) = 0.2 Vde) 2Nl 043,2N2561 ,2N2565 

(VCE = 80 Vde, VSE(off) = 0,2 Vde) 2N1044,2N2562,2N2566 

(VCE = 100 Vde, VSE(off) = 0.2 Vde) 2N1045,2N2563,2N2567 

(VCE = 20 Vde, VSE(off) =0.2 Vde, TC = 85°C) 2N 1 042,2N2560,2N2564 

(VCE = 30 Vde, VSE (off) = 0.2 Vdc, T C = 85°C) 2Nl 043,2N2561 ,2N2565 

(VCE = 40 Vdc, VSE(off) = 0,2 Vde, TC = 85°C) 2N 1 044,2N2562,2N2566 

(VCE = 50 Vde, VSE (off) = 0,2 Vde, T C = 85°C) 2N 1 045,2N2563,2N2567 

Collector Cutoff Current ICSO 
(VCS = 20 Vde, IE = 0) 2N 1 042,2N 2560,2N 2564 

(VCS = 30 Vde, IE = 0) 2N 1043,2N2561 ,2N2565 

(VCS = 40 Vde, IE = 0) 2N 1 044,2N2562,2N2566 

(VCS = 50 Vde, IE = 0) 2N 1045,2N2563,2N2567 

"(VCS = 40 Vde, IE = 0) 2N 1 042,2N2560,2N2564 

"(VCS = 60 Vde, IE 0) 2Nl 043,2N2561 ,2N2565 

"(VCS = 80 Vde, IE = 0) 2N 1 044,2N2562,2N2566 

"(VCS = 100 Vde, IE = 0) 2N 1045,2N2563,2N2567 

Emitter Cutoff Current IESO 
(VSE = 20 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(I C = 50 mAde, V CE = 0.5 Vdc) 

(IC = 1.0 Ade, VCE = 1.0 Vde) 

(lC = 3.0 Ade, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage VCE(s,t) 
(lc = 1.0 Ade, IS = 100 mAde) 

(IC = 3.0 Ade, IS = 300 mAde) 

Base-Emitter Input Voltage VSE 
(lC = 3,0 Ade, VCE = 1,0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain hfe 
(IC = 500 mAde, VCE = 1.5 Vde, f = 1.0 kHz) 

Small-Signal Current Gain lhfel 
(lc = 500 mAde, VCE = 1.5 Vde, f = 125 kHz) 

·1 ndicates JEOEC Registered Data . 

...... Motorola Guarantees this data in addition to the JE DEC Registered Data Shown. 
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Min Max Unit 

Vde 
30 -
40 -
50 -
60 -

mAde 
- 25 

- 20 

- 20 

- 20 

mAde 
- 0.65 

- 0.65 

- 0.65 

- 0.65 

- 5,0 

- 5.0 

- 5.0 

- 5.0 

",Ade 
- 125 

- 125 

- 125 

- 125 

- 750 

- 750 

- 750 

- 750 

- 650 ",Ade 

-
50 -

- 150 

20 60 

Vde 
- 0.25 

- 0.75 

- 1.5 Vde 

25 100 -

2.0 - -



2N1042 thru 2N1045/2N2560 thru 2N2567 (continued) 

F"' c-t;BrC 

ITI L<~J I" Tl 
SEATING 

-E I STYLE L 
PLANE PIN 1. EMITTER 

~ ~---[ 
2. BASE 

I,-D 
STYLE 1. 3. COLLECTOR 

PIN 1. EMITTER i~~~-I 1. BASE 
3. COLLECTOR 

; ~1 -11-- D 

/" " M ;-<//'-J ! L L _ ---r ' ~ (~1 0 - G 
Voo/ -1 r SEATING PLANE ~ J 

L 10·31 UNf·1A __ ._.1 

MILLIMETERS INCHES MILLIMETERS INCHES 
DIM MIN MAX MIN MAX DIM MIN MAX MIN MAX 

A 8.51 9.40 0.335 0.370 A 11.45 12.95 0.490 0.510 
B 7.87 8.64 0.310 0.340 B 10.85 11.35 0.427 0.447 
C 6.10 9.91 0.140 0.390 C 49.35 1.943 
0 0.56 0.71 0.022 0.D28 0 0.56 0.71 0.022 0.018 
E 0.13 3.18 0.009 0.115 G 4.83 5.33 0.190 0.210 
G 5.08 BSC 0.200 BSC J 8.76 9.27 0.345 0.365 
H 0.64 0.89 0.015 0.035 K 38.10 1.500 
J 0.74 1.14 0.029 0.045 L 1.41 2.67 0.095 0.105 

-JL 38.10 1.500 NOTE, 
L .- 2.54 BSC 0.100 BSC 1. COLLECTOR CONNECTED TO CASE 
M 45° sse 45° Bse 

CASE 180 CASE 183 

STYLE 1, '": ::~"" =f1 
'::::':::'1'1 

112·20UNf·2A I C 

~_l 
-II-D 

~f 
--I G 

MILLIMETERS INCHES 
DIM IN MA MIN MAX 

A - 22.23 - 0.875 
8 lB.80 19.30 0.740 0.760 
C 52.53 2.068 
0 0.56 0.11 0.022 0.628 
E 2.11 2.62 0.083 0.103 
G 4.57 5.59 0.180 0.220 
K 38.10 1.500 -
L 2.29 2.19 0.090 0.110 

CASE 184 
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2N 1 073, A. B (GERMANIUM) 

(;)

' STYLE 1, 

o 0 PI N i ~~~iTER 
$, CASE·COLLECTOR 

~ PNP germanium power transistors for high-voltage 
CASE 4-04 ~ power switching applications. 

MAXIMUM RATINGS 

"' '"' :$ 
~ 

i5 
g§ 
:> 
u 

'" t; 
=: 
8 
~ 

'" ~ g 
<i 
~ 

Rating Symbol 2Nl073 2Nl073A 2Nl073B 

Collector-Emitter Voltage VCER 40 80 120 

Collector-Base Voltage VCB 40 80 120 

Emitter-Base Voltage VEB 1.5 1.5 1.5 

Collector Current (Cont) lc 10 10 10 

Base Current (Cont) IB 5.0 

Emitter Reverse Current IE 
(Surge 60 cps Recurrent) 1.5 

Storage and Operating Tstg 
Temperature TJ -65 to +110 

Collector Dissipation 
(250 C Mtg. Case Temp.) 

PD 
85 

POWER-TEMPERATURE DERATING CURVE 

10 

~ i 100 
- 80 
~ 60 

~ 40 
~ 20 
Q o 

---C" 85 WATTS MAX 

........... 
........... 

....... 

o 25 50 75 

Va oc 

100 125 

The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 2S'C and is 0 
watts at 1I0'C with a linear relation between 
the two temperatures such that: 

Te, CASE TEMPERATURE 1°C) 
110' - Tc 

Allowable p. 0= -1-.0- Watts 

2Nl073 
SAFE OPERATING AREAS - PULSE CONDITIONS 

2Nl073A 

500~, :: 

2Nl073B 

500~s 

Unit 

Vdc 

Vdc 

Vdc 

Amp 

Amp 

Amp 

°c 
watts 

S.O 

3.0 'N .......... " V 
2S~~S ;= t--~5m' 

250p ' 

. \. 
\J W.; \ 1m, ~ \ \\ \ Sm, I"- ~ 0..-~ ':s'so~s 

1.0 Sms ,\J i/)X '\ 1m, "') K ~ ~ \'.oL, ~ ~ 
lms 

O.S 

0.3 

500~s 

2S0~s :\=...l, 
"" 50 ~s I -' 

'\. "'-, 
......... I' -a 

0.1 
o~ .". OC-i" ........ 

, DC ..,... "- , 
.os 

.03 

.01 
o 10 20 3D 40 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90 100 110 120 

Ve" COLLECTOR·EM IHER VOL TAGE (VOLTS) 
The Safe Operating Area Curves indicate Ie - (Duty cycle of the excursions make no significant 

VCE limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum TJ, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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2Nl073, A, B (continued) 

ELECTRICAL CHARACTERISTICS (T, = 25"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Collector-Base Cutoff Current ICBO mAdc 

(V CB = 25 Vdc, IE = 0) 2N1073 - - 1.0 

(V CB = 25 Vdc, IE = 0, TC = 85°C) 2N1073 - - 15 

(VCB =40Vdc, IE =0) 2N1073 - - 20 

(VCB = 60 Vdc, IE = 0) 2NlO73A - - 1.0 

(V CB = 60 Vdc, IE = 0, TC = 85°C) 2N1073A - - 15 

(VCB = 80 Vdc, IE = 0) 2N1073A - - 20 

(V CB = 100 Vdc, IE = 0) 2Nl073B - - 2.0 

(V CB = 100 Vdc, IE = 0, TC =85°C) 2N1073B - - 20 

(V CB = 120 Vdc, IE = 0) 2Nl073B - - 20 

(V CB = 2.0 Vdc, IE = 0) - - 0.3 

Emitter-Base Leakage Current lEBO mAdc 
(VEB = O. 75 Vdc) - - 50 

Emitter Floating Potential VEBF Vdc 
(V CE = 40 Vdc) 2Nl073 - - 1.0 

(V CE = 80 Vdc) 2N1073A - - 1.0 

(V CE = 120 Vdc) 2NlO73B - - 1.0 

Collector-Emitter Breakdown Voltage' BVCER 
, Vdc 

(IC = 50 mAde, RBE = lOOn) 2N1073 40 - -
2NlO73A 80 - -
2N1073B 120 - -

DC Current Gain hFE -
(IC = 5.0 Adc, V CE = 2.0 Vdc) 20 - 60 

SmalHlignal Current Gain hfe -
(IC = O. 5 Adc, V CE = 12 Vdc, f = 30 kHz) - 15 -

Base Input Voltage VBE Vdc 
(V CE = 2. 0 Vdc, IC = 5.0 Adc) - - 1.0 

Collector-Emitter Saturation Voltage 
V CE(sat) Vdc 

(IC = 5.0 Adc, IB = O. 5 Adc) - 0.5 1.0 

Rise Time t - 5.5 - Il S r 

Storage Time t -
s 

1.2 - Il s 

Fall Time tf - 2.0 - Il s 

'To avoid excessive heating of collector junction, perform this test with a sweep method. 

COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 

10r----,----r---,----,----;r---,----, 10 
- 55°Cr---- / V +25°C 

+IOOoC 

I V 
f 

/; ~ VeE == - 2 V 

h ~ 
100 200 300 400 500 600 700 0.5 1.0 1.5 

I •• BASE CURRENT (MILLIAMPS) V ... BASE-EMITTER VOLTAGE (VOLTS) 
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2N1073, A, B (continued) 

DC CURRENT GAIN versus COllECTOR CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 
50 25 

\ \ 
\ \~ '" 

VCl = -2 V 

40 

Vc, = MAX. RATING / I 

~ ~ ~ r- -55°C -

/ / +100°0/ / 
~ ~ r--- +2Soc 

+ 100°C 
10 

./ / / 
+2~ 

-SY 

o 
2 • 10 12 +0.3 +0.2 +0.1 -0.1 -0.2 - 0.3 

Ie, COLLECTOR CURRENT (AMP) v"' BASE·EMITTER VOLTAGE (VOLTS) 

SWITCHING TEST CIRCUIT 

MERCURY 4n 
SWITCH 0 -20!l 

C" '.: 
+ -
1---------' 

12 V 

..... ------+-Il/I---------...J 

PULSE CONOITIONS, Ie = 3 Ade, I, = 300 mAde 

2N 1 099 (GERMANIUM) 

For Specifications, See 2N277 Data. 

2N 1100 (GERMANIUM) 

For Specifications, See 2N174 Data. 
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2N 1120 (GERMANIUM) , 
ST~~E"BASE (;)01 

1. EMITTER 0 0 
CASE·COlLECTOR @1 

~' PNP germanium power transistor 
• industrial power applications. 

CASE 4-04 w 
m 

for military and 

MAXIMUM RATINGS 

Rating Symbol 2Nl120 Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Emitter Voltage VCES 70 Vdc 

Collector-Base Voltage VCB 80 Vdc 

Emitter-Base Voltage VEB 40 Vdc 

Emitter Current IE 15 Adc 

Total Device Dissipation @ T C = 25°C Pn 90 Watts 

Derate above 25°C 1.2 W/oC 

Operating Junction Temperature Range TJ -65 to + 100 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case °JC 
O. 8 °C/W 

100 

90 

2l 
80 

-:;; 
~ 

POWER· TEMPERATURE 
§ 

60 ~ 
DERATING CURVE .S< 

'" 

"-~ 
"'-

"" "-'" is ... 40 
'" 

~ 
" ~ 

0 
p.. 

p..Q 20 
"-

'" '" 
10 

o 
o 20 40 60 80 100 

o 
T C' Case Temperature ( C) 
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2N 1120 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
. (IC = 300 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = .300 mAdc, V BE = 0) 

Floating Potential 
(VCB = 80 Vdc, IE = 0) 

(Voltmeter Input Resistance = 10 meg. min.) 

Collector Cutoff Current 
(VCB= 2Vdc, ~= 0) 

(VCB = 30 Vdc, IE = 0) 

(VCB = 80 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 40 Vdc, IC = 0) 

Base Current 
(VCE = 2 Vdc, IC = 5 Adc) 

(V CE = 2 Vdc, IC = 10 Adc) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Adc, VCE = 2.0 Vdc) 

(IC = 10.0 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 Adc, ~B = 1. 0 Adc) 

Base-Emitter Saturation Voltage 
(IC = 10 Adc, IB = 1. 0 Adc) 

Base-Emitter On Voltage 
(IC = 10 Adc, V CE = 2 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = 5.0 Adc, V CE = 2.0 Vdc) 

2-152 

Symbol Min 

BVCEO 
40 

BVCES 
70 

VEBF -

ICBO -

-
~BO -

IB 
50 

200 

hFE -
20 

V CE(sat) -
VBE(sat) -
VBE(on) -

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
1.0 

mAdc 
0.3 

20 

15 

mAdc 
5.0 

mAdc 
-

500 

-
100 

50 

Vdc 
1.0 

Vdc 
1.5 

Vdc 
2.0 



2N 1131 S (SILICON) 
2N1131 JAN AVAILABLE 

2N1131AS 
2N1991S 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for medium·speed switching and amplifier applications 
where low DC current gain is essential. 

• Low DC Current Gain -
hFE: 45 (Max)@lc: 150 mAde -2N1131,A 

• Turn·On Time - ton: 45 ns (Max) - 2N 1131A 

• Turn·Off Time - toff: 35 ns (Max) - 2N1131A 

*MAXIMUM RATINGS 

Rating Symbol 2N1131 2Nl131A 2N1991 Unit 

Collector-Emitter Voltage VCEO 35 40 20 Vdc 

Collector-Emitter Voltage VCER 50 50 - Vdc 

Collector-Base Voltage VCS 50 60 30 Vdc 

Emitter-Base Voltage VES 5.0 5.0 5.0 Vdc 

Collector Current - Continuous IC 600 600 600 mAde 

Total Device Dissipation@TA""2SoC Po 0.6 0.6 0.6 Watt 
Derate above 2SoC 4.0 4.0 4.8 mW/oC 

Total Device Dissipation@Tc = 2SoC Po 2.0 2.0 2.0 Watts 
@TC=1000C 1.0 1.0 1.0 Watt 

Derate above 2SoC 13.3 13.3 16 mW/oC 

Operating Junction Temperature Range TJ 175 175 150 °c 

Storage Temperature Range Tstg -65 to +200 -65 to °c 
+150 

THERMAL CHARACTERISTICS 

Characteristic Symbol 2N1131.A 2N1991 Unit 

Thermal Resistance, Junction to Case eJC 75 62.5 °C/W 

Thermal Resistance, Junction to Ambient eJA 250 208 °C/W 

·1 ndicates JE DE C Registered Data_ 

PNP SILICON 
AMPLIFIER 

AND 
SWITCHING 

TRANSISTORS 

STYLE 1 
----' I PIN 1 EMITTER 

/' i 2. BASE 

Q ~-Jt-G. i 3. COLLECTOR / 1Ni- N . . r 
t Vj?1\" 
\ ...... o~'3°1 

M Y'VJ 
'y '0/ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.89 9040 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 00406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.D28 0.034 
J 0.737 1.02 0029 0.040 
K 12.70 - 0.500 -

L 6.35 - 0.250 
M 450 NOM 45° NOM 
P 1.27 0.050 
n 900 NOM 900 NOM 
R 2.54 0.100 

All JEDEC dimensions and notes apply. 

CASE 79·02 
TO·39 

FIGURE 1 - SWITCHING TIME T€ST CIRCUIT - 2N1131A 

SKL 

MODEL 
503 

Vp 

-U-

50 

120 pF CONOITIONS: 

Vee"" -15 Volts Vp == -7.5 Volts 
Vaa"" 1.5 Volts Pulse Width = 150 ns 

1.0 k 90% ........... ------+....-:::11 
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2N1131S, 2N1131AS, 2N1991S(continued) 
*ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 

(lc = 100 mAde, IB = 0) 2N1131 
2N1131A 
2N1991 

Collector-Emitter Sustaining Voltage( 1) 
(lC = 100 mAde, RBE s: 10 ohm,) 2N1131,2N1131A 

Collector-Base Breakdown Voltage 

(lC= 100 "Ade, IE =0) 2N1131A 

(lC = 1,0 mAdo,IE = 0) 2N1991 

Emitter-Base Breakdown Voltage 
(IE = 1.0 mAde, IC = 0) 2N1131A 

Collector Cutoff Current 

(VeB = 30 Vde, IE = 0) 2N1131 

(VCB = 30 Vde, IE = 0, TA = +150oC) 2N1131 

(VeB = 50 Vde, IE = 0) 2N1131 

(VCB = 45 Vde, IE = 0) 2N1131A 

(VeB = 45 Vde, IE = 0, TA = +150oC) 2N1131A 

(VCB = 10 Vde, IE = 0) 2N1991 

(VCB = 10 Vde, IE = 0, TA = +150oC) 2N1991 

Emitter Cutoff Current 
(VBE = 2,0 Vde, IC = 0) 2N1131 

(VBE = 5,0 Vde, IC = 0) 2N1131A 

(VBE = 1,0 Vde, IC = 0) 2N1991 

ON CHARACTERISTICS 

DC Current Gain 
(lC = [;,0 mAde, VCE = 10 Vde) 2N1131,2N1131A 

(lc = 30 mAde, VCE = 10 Vde) 2N1991 

(lC = 150 mAde, VCE = 10 Vde) 2N1131,2N1131A 
2N1991 

Collector-Emitter Saturation Voltage 
(lC = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage 
(lC = 150 mAde, IB = 15 mAde) 2N1131,2N1131A 

2N1991 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) 
(lC = 50 mAde, VCE = 10 Vde, I = 20 MHz) 2N1131,2N1131A 

2N1991 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 140 kHz) 2N1131,2N1991 

(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 2N1131A 

Input Capacitance 

(VEB = 0,5 Vde, Ie = 0, I = 140 kHz) 2N1131 

(VEB = 0,5 Vde, IC = 0, I = 1.0 MHz) 2N1131A 

I "put Impedance 

(lC = 1.0 mAde, VCE = 5,0 Vde, I = 1.0 kHz) 2N1131,2N1131A 

(lC = 5,0 mAde, VCE = 10 Vde, I = 1,0 kHz) 2N1131,2N1131A 

Voltage Feedback Ratio 

(lC = 1.0 mAde, VCE= 5,0 Vde, I = 1.0 kHz) 2N1131, 2N1131A 

(lC = 5,0 mAde, VCE ~ 10 Vde, I = 1.0 kHz) 2N1131,2N1131A 

Small-Signal Current Gain 

(lC = 1,0 mAde, VCE = 5,0 Vde, I = 1,0 kHz) 2N1131,2N1131A 

(lC = 5,0 mAde, VCE = 10 Vde, I = 1.0 kHz) 2N1131,2N1131A 

Output Admittance 

(lC = 1,0 mAde, VCE = 5,0 Vde, I = 1,0 kHz) 2N1131,2N1131A 

(lC = 5,0 mAde, VCE = 10 Vde, f = 1,0 kHz) 2N1131,2N1131A 

SWITCHING CHARACTERISTICS (Fi9ure 1) 

Turn-On Time 2N1131A 

Turn-Off Time 2N1131A 

-Indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width '$ 300 ,.,.s, Duty Cycle ~ 2.0%. 

(2)fT is defined as the frequency at which Ihfel extrapolates to unity. 
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Symbol Min Max Unit 

VCEO(sus) , Vde 
35 -
40 -
20 -

VCER(,u,) 50 Vde 

BVCBO Vde 
60 -

30 -

BVEBO 5,0 - Vde 

ICBO "Ade 
- 1.0 

- 100 

- 100 

- 0,5 

- 50 

- 5,0 

- 200 

lEBO "Ade 
- 100 

- 100 

- 200 

hFE -
15 -
15 -

20 45 
15 60 

VCE(,.,) - 1.5 Vde 

VBE(,.') Vde 
- 1.3 
- 1.5 

IT MHz 
50 -
40 -

Cob pF 
- 45 

- 30 

Cib pF 
- 80 

- 80 

hib ohms 
25 35 

- 10 

h,b X 10-4 

- 8,0 

- 8,0 

hie -
15 50 

20 -

hob J.Lmhos 
- 1.0 

- 5,0 



2Nl132, A 

PNP SILICON ANNULAR TRANSISTORS 

... designed for medium-current switching and amplifier applications. 

'MAXIMUM RATINGS 
Rating Symbol 2N1132 I 2N1132A 

Collector-Emitter Voltage VCEO 35 I 40 

Collector-Emitter Voltage VCER -50---
(RBE ";;100hmsl 

COllector-Base Voltage VCB 50 I 60 

EmItter-Base Voltage VEB ~5.0_ 

Collector Current - Continuous IC -GOD------

Total Power Dissipation @TA '" 25°C PD ---600-
Derate above 25°C ---4.0_ 

Total Power Dissipation @TC '" 2SoC PD ---2.0_ 
Derate above 25°C ---13.3-

Operating Junction TJ -65to+175-
Temperature Range 

Storage Temperature Range Tstg - -65 to +200-

* IndIcates JEDEC Registered Data 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

PW=150ns 
tr <2.0 ns 

Duty Cycle :S;;;2.0% 

120 pF 

50 

VBe Vee 

+1.5 v -15 V 

1.0 k 150 

Scope 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

mW 
mW/oC 

Watts 
mW/oC 

C 

°c 

PNP SILICON 
SWITCHING 

TRANSISTORS 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS 
DIM MIN MAX 
A 8.89 9.40 
B 8.00 8.51 
C 6.10 6.60 
o 0.406 0.533 
E 0.229 3.18 
F 0.406 0.483 
G 4.83 5.33 
H 0.111 0.864 
J 0.137 1.02 
K 12.10 
L 6.35 
M 45 NOM 
P 1.27 
Q 900 NOM 
R 2.54 

All JEDEC dimanaionsand notn,pply. 

CASE 79-02 
10·39 

I 



2Nl132, 2N1132A (continued) 

"ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted.) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vde 
(lc ~ 10 mAde, IB ~ 0) 2Nl132, 35 -

2N1132A 40 -

COllector-El"flitter Sustaining Voltage (1) VCER(sus) 50 - Vde 
(IC ~ 10 mAde, RBE';; 10 Ohms) 

Collector-Base Breakdown Voltage BVCSO Vde 
(lC~ 100 MAde, IE ~ 0) 2Nl132, 50 -

2Nl132A 60 --

Emitter-Base Breakdown Voltage BVESO Vde 
(IE~ 100 MAde, IC~ 0) 2Nl132, 5.0 -
(lC~ 1.0 mAde, IC~O) 2Nl132A 5.0 -

Collector Cutoff Current ICSO MAde 
(VCS = 30 Vde, IE ~ 01 2Nl132 - 1.0 
IV CB ~ 30 Vde, I E ~ 0, T A ~ 150°C) 2Nl132 - 100 
IVCS ~ 45 Vde, IE ~ 01 2Nll32A - 0.5 
IVCS ~ 45 Vde, IE ~ 0, TA ~ 150°C) 2N1132A - 50 

Emitter Cutoff Current lEBO MAde 
IVBE ~ 5.0 Vde, IC = 01 2Nll32A - 100 
IVSE ~ 2.0 Vde, IC ~ 01 2N1132 - 100 

ON CHARACTERISTICS III 

DC Current Gain hFE -
(lC 5.0 mAde, VCE ~ 10 Vdel 25 -

(lC ~ 150 mAde, VCE ~ 10 Vde) 30 90 

Collector-Emitter Saturation Voltage VCElsatl - 1.5 Vde 
IIC ~ 150 mAde, IS ~ 15 mAdel 

Base-Emitter Saturation Voltage VSE lsatl - 1.3 Vde 
(lc ~ 150 mAde, IS ~ 15 mAde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 60 - MHz 
(lC ~ 50 mAde, VCE ~ 10 Vde, I ~ 20 MHz) 

Output Capacitance Cob pF 
IVCS ~ 10 Vde, IE ~ 0, I ~ 140 kHz) 2N1132, - 45 
IVCS ~ 10 Vde, IE ~ 0, 1= 1.0 MHz) 2N1132A - 30 

Input Capacitance Cib pF 
IVSE ~ 0.5 Vde, IC ~ 0, I ~ 140 kHzl 2Nl132, - 80 
IVSE ~ 0.5 Vde, IC ~ 0, I ~ 1.0 MHz) 2Nl132A - 80 

Input Resistance hib Ohms 
(lc ~ 1.0 mAde, VCS ~ 5.0 Vde, 1= 1.0 kHzl 25 35 
IIC ~ 5.0 mAde, VCS ~ 10 Vde, I ~ 1.0 kHzl - 10 

Voltage Feedback Ratio hrb X 10--4 
IIC ~ 1.0 Ade, VCE ~ 5.0 Vde, I ~ 1.0 kHzl - 8.0 
(lC ~ 5.0 mAde,-VCE ~ 10 Vde, I ~ 1.0 kHz) - 8.0 

Small-Signal Current Gain hie -
(IC ~ 1.0 mAde, VCE ~ 5.0 Vde, I ~ 1.0 kHzl 2N1132 25 100 

2Nl132A 25 75 

IIC = 5.0 mAde, VCE ~ 10 Vde, I ~ 1.0 kHzl 2Nl132,2N1132A 30 -

Output Admittance hob ,umhos 
(lC ~ 1.0 mAde, VCE ~ 5.0 Vdc, I ~ 1.0 kHz) - 1.0 
(lC ~ 5.0 mAde, VCE ~ 10 Vde, I ~ 1.0 kHzl - 5.0 

SWITCHING CHARACTERISTICS (F,gure 11 

Turn-On Time 2N1132A 

Turn-Off Time 2N1132A 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width <-300 J,lS, Duty Cycle <- 2.0% 
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2N 1141 thru2N 1143 (Ge Mesa) 
2Nl142 JAN AVAILABLE 

2Nl195 
2Nl195 JAN AVAILABLE 

PNP germanium mesa transistors for amplifier, 
driver, oscillator and doubler applications. 

2 

CASE79-02 1~3 
(TO-39) U 

STYLE 1: 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

Collector connected to case 

* MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Base Current-Continuous 

Emitter Current-Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Collector Dissipation @ T A = 25°C 

Derate above 25°C 

Operating and storage Junction 
Temperature Range 

*lndicates JEDEC Registered Data 

Symbol 2N1141 

VCB 35 

VEB 1.0 

IC 100 

IB 50 

IE 100 

PD 300 

4.0 

PD 750 

10 

Pc -
-

TJ , Tstg 

2-157 

2Nl142 2N1143 2N1195 Unit 

30 25 30 Vdc 

0.7 0.5 1.0 Vdc 

100 100 40 mAdc 

50 50 - mAdc 

100 100 - mAde 

300 300 - mW 

4.0 4.0 - mW/oC 

750 750 - mW 

10 10 - mW;oC 

- - 225 mW 

- - 3.0 mW;oC 

-65 to +100 °c 



2N1141 thru 2N1143, 2N1195 (continued) 

*ELECTRICAL <;HARACTERISTICS ITA = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO Vde 
IIC= 100 !lAde, IE = 0) 2N1141 35 -

2N1142 30 -
2N1143 25 -
2N1195 30 -

Emitter·Base Breakdown Voltage BVEBO Vde 
liE = 100 !lAde, IC = 0) 2N1141 1.0 -

2N1142 0.7 -
2N1143 0.5 -
2N1195 1.0 -

Collector Cutoff Current ICBO !lAde 
(VCB = 15 Vde, IE = 0) - 5.0 
(VCB = 20 Vde, IE = 0) - 5.0 

ON CHARACTERISTICS 

DC Current Gain hFE' 10 - -
IIC = 10 mAde, VCE = 10 Vde) 2N1141, 2N1142, 2N1143 

Collector-Emitter Saturation Voltage VCE(sat) - 2.0 Vde 
IIC = 50 mAde, IB = 10 mAde) 2N1141, 2N1142, 2N1143 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
IIC = 10 mAde, VCE = 10 Vde, I = 100 MHz) 

2N1141,2N1195 1200 -
2N1142 1000 -
2N1143 800 -

Collector Transition Capacitance CTe - 1.6 pF 
(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 

Input Impedance hib - 10 kOhm 
IIC= 10mAde,VCE= 10Vde,l= 1.0 kHz) 2N1195 

Voltage Feedback Ratio hrb - 0.003 X 10.4 

IIc = 10 mAde, VCE = 10 Vde, I ~ 1.0 kHz) 2N1196 

Small-Signal Current Gain hlb 0.96 0.995 -
IIC= 10 mAde, VCE= 10Vde,l= 1.0kHz) 2N1195 

Output Admittance hob - 20 ",mhos 
IIC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 2N1195 

Extrinsic Base Resistance rb Ohms 
IIc = 10 mAde, VCE = 10 Vde, I = 250 MHz) 2N1141 - 70 

2N1195 - 80 

"Indicate. JEDEC Registered Data. 
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2N 1162 thru 2N 1167 (GERMANIUM) 
2Nl162A thru 2Nl167A 

PNP germanium power transistors for switching and 
amplifier applications in high reliability equipment. 

@2 STYLE 1 (;)
CASE11A 

@2 STYLE 1 0 CASE4-04 
o 0 PIN 1 BASE 

2 EMITTER 
@' CASE COLLECTOR 

O 0 PIN 1 BASE 
2. EMITTER 

2N1162, A 
2N1164, A 
2N1166, A 

MAXIMUM RATINGS 

Apply also to standard, non-A series 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ 25°C 
Derate above 25°C 

Operating and Storage 
Junction Temperature Range 

@1 CASE-COLLECTOR 

Collector connected to case 
I 

2N1l62A 
Symbol 2N1l63A 

VCB 50 

VCES 35 

VEB 25 

Pn 

TJ , T stg 
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2N1163,A 
2N1165, A 
2N1167,A 

2N1l64A 2N1l66A 

2N1l65A 2N1l67A 

80 100 

60 75 

40 50 

106 
1. 25 

-65 to +110 

Units 

Vdc 

Vdc 

Vdc 

Watts 
w;oC 

°c 



2Nl162 thru 2Nl167 (continued) 

GROUP A ELECTRICAL CHARACTERISTICS fTc = 25°C unless otherwise noted) 

Characteristic Symbol 

Collector Cutoff Current ICBo! 
(VCB = VCB(max), IE = 0) 

Collector Cutoff Current ICBO 
(V CB = 2 V, IE = 0) 

(VCB = 15 V, IE = 0, TC = 90·C) 2N1I62A-3A* 

(VCB = 30 V, IE=O, TC =90·C) 2NI164A-7A* 

Collector- Emitter Breakdown Voltage*· BVCES ** 
(IC = 500 rnA, V EB = 0) 2N1I62A-3A* 

2N1I64A-5A* 
2N1I66A-7A* 

Emitter Cutoff Current lEBO 
(V EB = 12 V, IC = 0) 

DC Forward Current Gam 
(V CE = I V, IC = 25 A) hFEI 
(V CE = 2 V, IC = 5 A) hFE 

Collector- Emitter Saturation Voltage V CE(sat) 
(IC = 25 A, IB = 1. 6 A) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 25 A, IB = 1. 6 A) 

Common Emitter-Cutoff Frequency I 
(VCE = 2 V, IC =2 A) ae 

"'Characteristics apply also to correspondmg, non-A type numbers 
hSweep Method: 1/2 cycle ~ine wave, 60 Hz 

SWITCHING CHARACTERISTICS (Typical) 

Saturated Collector Pulsed Drive Base Current 
Current On Off 
5 amp 330 rnA 100 rnA 

10 amp 660 rnA 200 rnA 

25 amp 1650 rnA 500 rnA 

Min Typ Max Unit 
rnA 

- 3.0 15 

- 125 225 J1A 

- 10 20 rnA 

- 10 20 mA 

Vdc 
35 - -
60 - -
75 - -

rnA 

- 0.5 1.2 

-
15 25 -
- 65 125 

volts 
- 0.3 0.8 

volts 
- 0.7 1.7 

kHz 
- 4.0 -

Response times in IlS 

td+t, ts tf 

11 5.0 17 

15 4.0 20 

19 3.0 18 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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2N1162 thru 2N 1167 (continued) 

30 

20 

10 

0:: 
~ 5.0 

~ 3.0 

a 2.0 

:5 
§ 1.0 
::j 

8 0.5 .2 0.4 
Q.3 

0.2 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREAS 

\ 

The active region safe operating 
area curves indicate IC.vCE limits 
to be observed in order to avoid 
secondary breakdown. (Secondary 
breakdown is independent of tern· 
perature and duty cycle.) These 
curves do not define operation in 
the avalanche region. To insure 
operation below the maximum 
junction temperature, power de· 
rating must be observed for both 
steady state and pulse conditions, 
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2N 1162 thru 2N 1167 (continued) 

FIGURE 5 - CURRENT GAIN 
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2Nl175 

For Specifications, See 2N1413-2N1415 Data 

2Nl185 thru 2N 1188 (GERMANIUM) 

PNP germanium transistors for high-gain audio ampli
fier and switching applications. 

STYlE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 31 
(TO-5) 

All leads isolated from case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 
2N1185 
2N1186 -2N1l88 

Collector -Emitter Voltage 
2N1185 
2N1186 -2N1188 

Emitter-Base Voltage 

Collector Current * 
(Continuous) 

Storage and Operating Temperature 

Collector Dissipation in, Ambient 
(Derate 2.67 mW/oC above 25°C) 

Thermal Resistance 
Junction to Ambient 

Thermal Resistance 
(Junction to Case) 

*Limited by power dissipation 

Symbol Value Unit 

VCB Vdc 
45 
60 

VCER Vdc 
30 
45 

VEB 30 Vdc 

IC 500* mAdc 

T stg ' TJ -65 to +100 °c 

PD 200 mW 

(}JA 0.375 °C/mW 

(}JC 0.250 °C/mW 
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2N 1185 thru 2N 1188 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Cutoff Current ICBO tlAdc 
(V CB = 30 V, IE = 0) 2N1185 - 3.0 10 
(VCB = 45 V, IE = 0) 2N1186 thru 2N1188 - 5.0 10 
(V CB = 60 V, IE = 0) 2N1l86 thru 2N1188 - - 50 
(V CB = 10 V, IE = 0, T A = + 71° C) All Types - 55 100 

Emitter-Base Cutoff Current lEBO tlAdc 
(V EB = 30 V, IC = 0) - 3.0 10 

Collector-Emitter Leakage Current ICER /lAdc 
(VCE = 30 V, RBE = 10 K) 2N1185 - - 600 
(VCE = 45 V, RBE = 10 K) 2N1l86 thru 2N1188 - - 600 

Collector-Emitter Punch-Thru Voltage Vpt Vdc 
(V F = 1. 0 V, 2N1185 45 - -
VTVM Impedance ~lMohm) 

2N1186 thru 2N1l88 60 - -
Output Capacitance Cob pF 

(V CB = 6 V, IE = 0) - 10 25 

Noise Figure NF dB 

(VCE = 4.5 V, IE = 0.5 rnA, 
Rg = 1 K, f = 1 kHz, M = 1 Hz) 

- 5.0 15 

Small Signal Current Gain Cutoff fQb MHz 
Frequency 
(V CB = 6 V, IE = 1 mAl 2N1l85 1. 75 3.0 -

2N1l86 0.75 1.5 -
2N1187 1.0 2.0 -
2Nl188 1. 25 2.5 -

Input Impedance hib Ohms 
(V CB = 6 V, IE = 1 rnA, f,. 1 kHz) 2N1185 27 35 37 

2N1186 27 31 37 
2N1187 27 34 37 
2N1188 27 35 37 

Output Admittance hob tlmho 
(V CB ,. 6 V, IE" 1 rnA, i,. 1 kHz) 2N1l85 0.2 0.50 0.7 

2N1186 0.2 0.65 1.0 
2N1187 0.2 0.60 0.9 
2N1188 0.2 O. 55 0.8 

Small Signal Current Gain hie -
(V CE ,. 6 V, IE ,. 1 rnA, f· 1 kHz) 2N1185 190 260 400 

2N1186 30 49 70 
2N1l87 50 80 120 
2N1188 100 130 225 

DC Current Transfer Ratio hFE -
(V CE = 1. 0 V, Ie = 10 rnA) 2N1185 130 170 -

2N1186 33 44 -
2N1187 45 75 -
2N1188 80 115 -
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2N 1185 thru 2N 1188 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristics 

Base-Emitter Input Voltage 
(V CE = 1. 0 V, IC = 10 rnA) 2N1185 

2N1186 
2N1187 
2N1188 

Collector -Emitter Saturation Voltage 
(IC = 50 rnA, IB = 1. 0 rnA) 2N1185 
(IC = 50 rnA, IB = 2.5 rnA) 2N1186 
(IC = 50 rnA, IB = 1. 67 rnA) 2N1187 
(IC = 50 rnA, IB = 1. 25 rnA) 2N1188 

Collector -Emitter Saturation Voltage 
(IC = 100 rnA, IB = 2. 0 rnA) 2N1185 
(IC = 100 rnA, IB = 5.0 rnA) 2N1l86 
(IC = 100 rnA, IB = 3.33 rnA) 2N1l87 
(IC = 100 rnA, IB = 2. 5 rnA) 2N1188 

SMALL SIGNAL CURRENT GAIN(h .. ) versus TEMPERATURE 

600 
(Typical All types) 
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£ 100 
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/ 1,=50MA 
~ V 
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o 

Symbol Min Typ Max Unit 

VBE Vdc 
- 0.215 0.240 
- 0.245 0.270 
- 0.235 0.260 
- 0.225 0.250 

VCE (sat) Vdc 
- 0.175 0.250 
- 0.175 0.250 
- 0.175 0.250 
- 0.175 0.250 

V CE (sat) Vdc 
. - 0.250 0.500 
- 0.250 O. 500 
- 0.250 0.500 
- 0.250 O. 500 

POWER·TEMPERATURE DERATING CURVE 
(For All Types) 
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2N 1189 2N 1190(GERMANIUM) 

STYLE 1: 2 
PIN 1. EMITTER 0 

2. BASE I 0 0 3 • • .., 
3.COLLECTOR ~ PNPgermamum transIstors for hIgh-gam audIO am-

CASE 31 plifier and switching applications. 
(TO·S) 

All leads isolated 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 45 Vdc 

Collector-Emitter Voltage VCER 30 Vdc 

Emitter-Base Voltage VEB 15 Vdc 

Collector Current IC 500* mAdc 
(Continuous) 

Junction. Storage Temperature TJ • Tstg -65 to +100 'c 

Collector Dissipation, Ambient 
(Derate 2.67 mW/' C above 25" C) 

PD 200 mW 

Thermal Resistance (iJA 0.375 'C/mW 
(Junction to Ambient) 

Thermal Resistance ~C 0.250 'C/mW 
(Junction to Case) 

*Limited by power dissipation. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted 

Characteristic Symbol Min Typ Max Unit 
Collector-Base Cutoff Current ICBO /lAde 

(VCB = 30 Vdc, IE = 0) - 3.0 10 
(VCB = 45 Vdc, IE = 0) - - 50 
(VCB = 10 Vdc, IE = 0, TA = + 71 oC) - 55 100 

Emitter-Base Cutoff Current lEBO /lAdc 
(VEB = 15 Vdc, IC = 0) - 3.0 10 

Collector-Emitter Leakage Current ICER /JAdc 
(VCE = 30 Vdc, RBE = 10K) - - 600 

Collector-Emitter Punch-Thru Voltage Vpt Vdc 
(VEB = 1 Vdc, VTVM Impedance ~ 1 M ohm 45 - -

Output Capacitance Cob pF 

(VCB = 6 Vdc, IE = 0, f = 1 MHz) - 12.0 25 

Noise Figure NF dB 

(VCE = 4.5 Vdc, IE = 0.5 mAdc - 5.0 15 
Rg = 1 K, f = 1 kHz M= 1 Hz) 

Small-Signal Current-Gain Cutoff Frequency f"b MHz 

(VCB = 6 Vde, IE = 1 mAdc) 
2N1l89 1.75 3.5 -
2N1l90 2.25 4.5 -
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2N 1189, 2N 1190 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Input Impedance 
(VCB = 6 Vde, IE = 1 mAde, f = 1 kHz) 

Output Admittance 
(VCB = 6 Vde, IE = 1 mAde, f = 1 kHz) 

Small Signal Current Gain 
(VCE = 6 Vde, IE = 1 mAde, f = 1 kHz) 

DC Current Transfer Ratio 
(VCE = 1.0 Vde, IE = 10 mAdc) 

Base-Emitter Drive Voltage 
(VCE = 1.0 Vde, IE = 10 mAde) 

Collector-Emitter Saturation Voltage 

(IC = 50 mAde, IB = 1.5 rnA) 
(IC = 50 mAde, IB = 1.0 rnA) 
(IC = 100 mAde, IB = 3.0 rnA) 
(IC = 100 mAdc, IB = 2.0 rnA) 

SMALL SIGNAL CURRENT GAIN(h,.) versus TEMPERATURE 
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Symbol Min Typ Max Unit 

hib Ohms 
27 31 37 

hob /lmho 
0.1 - 0.9 

hfe -
2N1189 75 120 175 
2N1190 125 190 300 

hFE -
2N1189 60 115 -
2N1190 100 170 -

VBE Vdc 

2N1l89 - 0.24 0.26 
2N1l90 - 0.22 0.25 

VCE Vdc 

2N1l89 
(sat) - O. 14 0.22 

2N1190 - O. 15 0.22 
2N1189 - 0.17 0.3 
2N1190 - O. 19 0.3 
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2N 1191 thru 2N 1194 (GERMANIUM) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 31 
(TO-5) 

PNPgermanium transistors for high-gain audio am
plifier and switching applications. 

All leads isolated 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 40 Vdc 

Collector-Emitter Voltage VCER 25 Vdc 

Emitter-Base Voltage VEB 25 Vdc 

Collector Current IC 200 mAdc 
(Continuous) 

Storage and Operating Temperature Tstg ' TJ -65 to +100 °c 

Collector Dissipation in,Ambient 
(Derate 2.67 mWrC above 25°C) 

PD 200 mW 

Thermal Resistance (JJA 0.375 °C/mW 
(Junction to Ambient) 

Thermal Resistance (JJC 0.250 °C/mW 
(Junction to Case) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector-Base Cutoff Current ICBO 
(V CB = 25 V, IE = 0) - - 15 /lAdc 

(VCB =1.0V,IE =0) - 2.0 - /lAdc 

Emitter-Base Cutoff Current lEBO 
(VEB = 25 V, IC = 0) - - 15 /lAdc 

Collector-Emitter Leakage Current ICER 
(VCB =25V, RBE =10K) - - 600 /lAde 

Output Capacitance Cob 
(VCE = 6 V, IE = 1. 0 mA) - 20 - pF 

Noise Figure NF 
(V CE = 4.5 V, IE = O. 5 m A, - 10 - dB 

f = 1 kHz,Rs = 100 ohms) 

Small Signal Current' Gain Cutoff Frequency fab 
(VCB = 6 V, IE = 1.0 mAl 2N1l91 - 1.5 - MHz 

2N1l92 - 2.0 -
2N1l93 - 2.5 -
2N1l94 - 3.0 -
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2Nl191 thru 2Nl194 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

Small Signal Current Gain 
(VCE = 6 V, IE = 1.0 rnA, 

I = 1 kHz) 

DC Current Gain 
(V CE = 1 V, IC = 10 rnA) 

Small Signal Power Gain 
(V CE = 6 V, IE = 1. 0 rnA, 

f ::: 1 kHz., matched) 

Base-Emitter Input Voltage 
(VCE = 6 V, IC = 1.0 rnA) 

OUTPUT CURRENT versus BASE DRIVE VOLTAGE 
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Symbol Min TY(I Max Unit 

hIe 
30 40 70 -
50 75 125 

100 160 250 
190 280 500 

hFE 
20 - 80 -
40 - 135 
70 - 300 

125 - 600 

G 
e - 42 - dB 

- 44 -
- 46 -
- 48 -
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\ 
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For Specifications, See 2Nl141 Data 
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2N 1204A (Ge Mesa) 

2N1495 

PNP GERMANIUM SWITCHING TRANSISTORS 

... designed for high·speed, high·current switching applications. 

"MAXIMUM RATINGS 

Rating Symbol 2N1204A 2N1495 

Collector-Emitter Voltage VCEO 15 25 

Collector·Emitter Voltage VCES 20 40 

Collector·Base Voltage VCB 20 40 

Emitter-Base Voltage VEe 4.0 

Collector Current - Continuous IC 500 

Total Power Dissipation @ T A == 25°C Po 300 
Derate above 25°C 4.0 

Total Power Dissipation @ TC "" 25°C Po 750 
Derate above 25°C 10 

Operating and Storage Junction TJ.Tstg -65 to +100 
Temperature Range 

'""Indicates JEDEC Registered Data, 

t nput Pulse 

FIGURE 1 - CARRIER STORAGE TIME CONSTANT 
TEST CI RCUIT 

'E"" I B .:; 20 mA V out 

'.5 k 

1N277 

To Scope 

'CT= 7500pF r 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

mW 
mW/oC 

°c 

Sl 135 
* Add Scope and Probe 
Capacitance to CT For 
Correct Calculation 

-J I-l0~' 

-10 V 

10 

1_ 
0.5 ~F 

TS "" CT Vout 
Ie 

of TS (K's)' 

40 

FIGURE 2 - RISE TIME TEST CIRCUIT 

500 (1) 

50 

Tektronix Type 517 
CRO or Equivalent 

wI 
-10 V 
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PNP GERMANIUM 
SWITCHING 

TRANSISTORS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.Q19 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
l 6.35 0.250 -

M 450 NOM 450 NOM 
P 1.27 - 0.050 
Q 900 NOM 900 NOM 
R 2.54 0.100 -

All JEDEC dimensions and notes apply. 

CASe 79·02 
TO·39 



2N1204A, 2N1495 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage 6VCEO Vde 
(lc = 2.0 mAde, 16 ~ 0) 2N1204A 15 -
(lC = 10 mAde, 16 = 0) 2N1495 25 -

Collector-Emitter Breakdown Voltage BVCES Vde 
(lC= 100),Ade, VBE ~ 0) 2N1204A 20 -

2N1495 40 -

COllector-Base Breakdown Voltage BVCBO Vde 
(IC = 100!,Ade, IE ~ 0) 2N1204A 20 -

2N1495 40 -

Emitter-Base Breakdown Voltage BVEBO 4.0 - Vde 
(I E = 1.0 mAde, I C = 01 

Collector Cutoff Current ICBO - 7.0 )'Ade 

(VCB = 5.0 Vde, IE ~ 0) 

Emitter-Cutoff Current lEBO - 50 ),Ade 
(VBE = 0.5 Vde, IC= 0) 2N1495 

ON CHARACTERISTICS 

DC Current Gain hFE 25 - -
(lC = 200 mAde, V CE = 0.5 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lC = 200 mAde, IB 10mAde) 2N1204A - 0.4 
(lC = 200 mAde, I B = 20 mAde) 2N1495 - 0.3 

Base-Emitter Saturation Voltage VBE(satl 0.40 0.72 Vde 
(lC = 200 mAde, IB = 10 mAdel 

SMALL-5IGNAL CHARACTERISTICS 

Output Capacitance Cob - 6.5 pF 
(VCB = 10 Vde, IE = 0, f = 4.0 MHz) 

I nput Capacitance Cib - 50 pF 
(VBE = 1.0 Vde, IC = 0, f = 4.0 MHz 1 

Small-Signal Current Gain hfe -
(lC = 20 mAde, VCE = 10 Vde, f = 100 MHzl 2N1204A 1.1 -

2N1495 1.5 -
SWITCHING CHARACTERISTICS 

Rise Time (Figure 2) tr ns 
2N1204A - 35 
2N1495 - 55 

Storage Time (Figure 1) ts ns 
2N1204A - 75 
2N1495 - 90 

*Indicates JEDEC Registered Data. 
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2N 1358JAN(GERMAN'UM) 

PNP GERMANIUM POWER TRANSISTOR 

· .. designed for military applications requiring hFE of 25·50 at 
IC = 5 Amps. 

• 0.50 C/Watt Maximum Thermal Resistance 

• 150·Watt Power Dissipation at 25°C Case Temperature 

MAXIMUM RATINGS 

Characteristic Symbol Rating Unit 

Collector-Base Voltage VCB 80 Vdc 

Collector-Emitter Voltage V CES 70 Vdc 

Collector-Emitter Voltage VCEO 40 Vdc 

Emitter-Base Voltage V EBD 40 Vdc 

Emitter Current (Continuous) IE 15 Amps 

Base Current (Continuous) IB 4 Amps 

Power Dissipation Pc 94 Watts 
(per MIL-S-19500/122A 
Derate 1. 25 w/oe above 25°C 

Power Dissipation 
(MOTOROLA JAN 2N1358) 

Pc 150 Watts 

Derate 2 W/oC above 25"'C 

Junction Temperature Range T J -65 to + 100 'c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max Unit 

Thermal Resistance, Junction to Case BJC - 0.8 'C/W 
(per MIL-S-19500/122A) 

Actual Thermal Resistance, Junction 8 JC 0.35 0.5 °C/W 
to Case (MOTOROLA JAN 2N1358) 

2-172 

15 AMPERE 
POWER TRANSISTOR 

PNP GERMANIUM 

80 VOLTS 
150 WATTS 

iA-l C 

~Ij:+ It=- J~' 
SEATING PL~NE' I I----J 

10·32 UNF 2A _I La 
G 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
3. COLLECTOR 

(CONNECTED TO CASE) 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 

A - 31.75 - 1.250 
C - 13.21 0.520 
0 4.83 0.190 
F - 3.56 - 0.140 
G 8.76NOM 0.345 NOM 
J 9.53 12.70 0.375 0.500 
K 15.49 18.03 0.610 0.710 
l - 7.92 0.312 

All JEDEC dimensions and notes apply 

CASE 5·03 
TO·36 



2N1358JAN (continued) 

TABLE I - GROUP A INSPECTION 

MIL-STO-750 Limits Min Rej, 
Examination or Test Method Symbol Min Max Unit LTPD Number 

SUBGROUP 1 

Visual and Mechanical Examination 2071 - - - - 10 5 

SUBGROUP 2 

Emitter-Base Cutoff Current 3061 lEBO mAde 
(VEB = -2,0 Vde, IC = 0) Condition D - -0,2 
(VEB = -40 Vde, IC = 0) - -4 

Collector-Base Cutoff Current 3036 ICBO mAde 
(VCB = -2,0 Vde, IE = 0) Condition D - -0,2 
(VCB = -80 Vde, IE = 0) - -4 

Collector-Emitter Breakdown Voltage* 3030 BVCEO* Vde 
(IC = -300 mAde, IB = 0) -40 -

Collector-Emitter Breakdown Voltage 3030 BVCES Vde 
(Ic = -300 mAde, VBE = 0) -70 -

Emitter-Base Voltage 3066 VEB Vde 
(IC = -1. 2 Ade, VCE = -2Vde) Condition B - 0,5 5 4 (IC = -5 Ade, VCE = -2 Vde) - 0,9 

Floating Potential 3020 VEBF Vde 
(VCB = -80 Vdc, IE = 0. voltmeter 
input resistance = 10 megohm mm) - -0,5 

Collector-Emitter Saturation Voltage 3071 VCE (sat) Vdc 
(IC = 12 Ade, IB = -2 Ade) - -0,7 

DC Forward Current Transfer Raho 3076 hFE -
(IC= -1.2 Adc, VCE = -2 Vde) - 80 
(IC= -5 Ade, VCE = -2 Vde) 25 50 

Base Current 3076 IB mAde 
(IC = -1. 2 Ade, VCE = -2 Vde) -15 -
(Ic = -5 Adc, VCE = -2 Vde) -100 -200 

SUBGROUP 3 

Small-Signal Short-Circuit 3301 rae kc 
Forward-Current Transfer Ratio Cutoff 
Frequency 5 4 

(VCE = -6 Vde, IC = -5 Ade) 5 -

SUBGROUP 4 

Emitter-Base Cutoff Current 3061 lEBO mAde 

} } (V EB = -30 Vde, TC = 71 °C) Condition D - -6 
10 5 

Collector-Base Cutoff Current 3036 ICBO mAde 
(VCB = -30 Vde, TC = 71°C) Condition D - -6 

*Test by sweep method to aVOld exceSSlve heating. 

TABLE II - GROUP B INSPECTION (Subgcoup,2 3,5,6"nd7aced<'tructivet""') 

MIL-STO-75D Limits Min Rej, 
Examination or Test Method Symbol Min Max Unit LTPO Number 

SUBGROUP 1 

Physical Dimensions 2066 - - - - 20 4 

SUBGROUP 2 

Temperature Cycling 1051 - - - -
Condition B, 

Except 
T (high) = 100°C 

Moisture Resistance 1021 - - - -
omit initial 

conditioning 
15 5 

End Points:(Subgroups 2, 3, 5) 

Emitter-Base Cutoff Current 3061 lEBO mAde 
(V EB = -40 Vde) Condition 0 - -8 

Collector-Base Cutoff Current 3036 ICBO mAde 
(VCB= -80 Vde) Condition D - -8 

Base Current 3076 IB mAde 
(Ic = -5Adc, V CE = -2 Vdc) -90 -250 
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2N1358JAN (continued) 

TABLE II - GROUP B INSPECTION (Continued) 

MIL·SJD·750 
Examination or Test Method 

SUBGROUP 3 

Shock (500G, 1 msee, 5 blows each in 2016 
orientations X b X 2, y 1, and Non-operating 
Y2, total of 20 blows) 

Vibration Fatigue 2046 
Non-operating 

Vibration, Variable Frequency 2056 
Non-operating 

Constant Acceleration (2000G) 2006 

End Points: Same as Subgroup 2 

SUBGROUP 4 

Terminal strength (Tension) 2036 
(lOlb±loz, 10 sec to each lead) Condition A 

Terminal Strength (Torque) 2036 
(lead torque = 24 oz-in., applied to Condition D 
flat of each lead; stud torque = 12 lb. -in) 

SUBGROUP 5 

Salt Spray (Corrosion) 1046 
Condition A 

End Points: Sam e as Su bgrou p 2 (See Note 4) 

SUBGROUP 6 

High Temperature Life 1031 
(TA = 100"C) Non-operating 

End Points:(Subgroups 6,7) 

Emitter-Base Cutoff Current 3061 
(VEB = -40 Vdc) Condition D 

Collector-Base Cutoff Current 3036 
(V CB = -80 Vdc) Condition D 

Base Current 3076 
(IC = -5 Adc, VeE = -2 Vdc) 

SUBGROUP 7 

Steady State Operation Life 1026 
(PC = 18 W min, TC = 80°C) 

End Points: Same as SUbgroup 6 

TABLE III - GROUP C INSPECTION (S" note 6) 

MIL·STO·750 
Examination or Test Method 

Thermal Resistance 3151 

Barometric Pressure, Reduced 1001 
(15 ± 2 mm Hg, t = 60 sec min, (See Note 5) 
V CB = -80 Vdc) 

NOTE I. Sampling and inspection shall be in accordance with 
Specification MIL-S-19500, and as specified herein. 

NOTE 2. Acceptance inspection shall consist of the examina· 
tions and tests specified in Tables I, II, and III, 

NOTE 3. Marking shall be as specified in MIL·S·19500, ex· 
cept omit polarity and color band identification. 

NOTE 4. The transistor shall be examined for legibility of 

Limits Min Rei. 
Symbol Min Max Unit LYPD Number 

- - - -

- - - -
15 >- 5 

- - - -

- - - -

- - - -

} } - - - - 15 5 

- - - - 20 4 

- - - - ,= 10 -

lEBO mAde 
- -10 

ICBO mAde 
- -10 

IB mAde 
-85 -250 

- - - - " = 15 -

Limits Min Rej, 
Symbol Min Max Unit LTPD Number 

BJC - 0,8 °C/W 

}20 } ICBO - -5 mAde 4 

marking before end·point measurements. 

NOTE 5. The transistor shall operate satisfactorily without 
voltage derating. 

NOTE 6. These tests shall be conducted on the initial lot, and 
thereafter once every 6 months. 

NOTE 7. In addition to the notes specified herein, the notes 
specified in Specification MIL-S-19500 are applicable. 
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2N1358 JAN (continued) 

FIGURE 1 -INPUT CHARACTERISTICS 
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FIGURE 3 - CURRENT TRANSFER CHARACTERISTICS 
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FIGURE 5 - POWER· TEMPERATURE DERATING CURVE 
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FIGURE 2 - OUTPUT CHARACTERISTICS 
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FIGURE 4 - TRANSCONDUCTANCE CHARACTERISTICS 
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The maximum continuous power is related to maximum 
junction temperature by the thermal resistance factor. 

This curve has a value of ISO Watts at case temperatures of 
25'C and is a Watts at IOO'C with a linear relation between the 
two temperatures sueh that 

100" -Tease 
allowable P" = 0.5 

For Specifications, See 2N174 DATA. 
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2N 1359 (GERMANIUM) 

2N1360 
2N 1362 thru 2N 1365 

For Specifications, See 2N375 Data, 

2N 1408 (GERMANIUM) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 31 
(TO-.5) 

PNP germanium transistor for high voltage neon driv
er, solenoid and relay driver circuits. 

All leads isolated 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector -Base Voltage VCB 50 Vdc 

Collector-Emitter Voltage VCES 50 Vdc 

Emitter-Base Voltage VEB 10 Vdc 

Collector Current IC 200 rnA 

Collector Dissipation at T A = 25·C PD 150 mW 

derating factor 2.0 mW;oC 

Junction Temperature Range TJ -65 to +100 ·C 
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2N1408 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Cutoff Current I CBO J.lAdc 
(V CB = 5 Vdc, ~ = 0) -- - 7.0 

Emitter-Base Cutoff Current lEBO J.lAdc 
(VEB = 5 Vdc, IC = 0) -- - 7.0 

Collector -Emitter Leakage Current ICES J.lAdc 
(V CB = 50 Vdc, RBE = 0) --- 150 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 25 J.lAdc, ~ = 0) 50 ---

Emitter-Base Breakdown Voltage BVEBO Vdc 
(~ = 25 J.lAdc, IC = 0) 10 ---

Collector-Emitter Punch-Thru Voltage Vpt Vdc 
(IE = 25 J.lAdc) 50 ---

Base-Emitter Input Voltage VBE Vdc 
(IB = 1. 0 mAdc, V CE = 1. 0 Vdc) --- 0.6 

DC Current Gain hFE ---
(V CE ~ 1 Vdc, IB = 1 mAde) 10 ---

Small Signal Current Gain hfe ---
(VCE c 5.0 Vdc, ~ = 1.0 mA, f = 1 kHz) 10 ---

O-ltput Admittance hob J.lmhos 
(VCB "' 5.0 Vdc, ~ = 1.0 mA, f = 1 kHz) --- 2.0 
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2N 1412 (GERMANIUM) 
2N1412A 

o@'," __ ·;-PNPgermaniumpowertransistorsforhigh-vOltage 
.i. r- power amplifier and switching applications in military (Doe. ~) 

.~~ and industrial equipment. 
CA I 

STYLE 1: 
SE 5 PIN 1. BASE 

(TO-36) 2. EMITTER 

Collector connected to case 
3. COLLECTOR 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Emitter Current (Continuous) 

Base Current (Continuous) 

Junction & Storage Temperature 

Thermal Resistance 

SAFE OPERATING AREA 
0 
0 

Sm. 1m. 500 14$ 250",$ 
0 

\ 
.... ft::: ~ ~ ----~I~O) I\. ~ 

0 

f\: " ~ 
OR LfSS- l-

t'-- ~ 
5 

Ii 
~ 
8 

I o. 

3 " 7' :-... 

2 
/ ........ '\-

17~·WATT / 
"-
~ I POWER DISSIPATION AT 

25°C CASE TEMiERA/URE d~/ 1\ 5 
o. 
o. 

4 

T~ IOolv. 8 mA 
I 3 

o. 2 
(2NIIOO ONLY) 
WITH BACK BIAS AP~r'i-

~\ I 

(jULSE tURVj ON~YJ 
O. 

o 10 20 30 40 50 60 70 80 90 100 

COLLECTOR.£MITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

i 
!'Ii 
;:: 
if 
ia 
Q 

i 
is ... 

Symbol Value Unit 

VCB 100 Vdc 

VCES 80 Vdc 

VCEO 60 Vdc 

VEB 60 Vdc 

IE 15 Amp 

IB 4.0 Amp 

Tstg -65 to +100 °c 

BJC 0.5 °C/W 

POWER-TEMPERATURE DERATING CURVE 
180 
ISO 
140 

120 

100 

80 

" ~ 
" I'... 60 

" 40 
~ 20 

0 ." o 20 40 60 80 

Te. CASE TEMPERATURE (OCI 
The maximum continuous This curve h'as a value of 

power is related to maxi- 150 Watts at case tempera
mum junction temperature tures of 2SoC and is 0 Watts 
by the thermal resistance at 100°C with a linear tela
factor. tion between the two tem-

perature,; such that: 

allowablePn = ~ 
0.5 

100 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ. the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2-178 



2N 1412 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Minimum Maximum Unit 

Emitter Cutoff Current lEBO - 200 /.LAdc 

VEB = -2.0 Vdc 

IC = 0 

Emitter Cutoff Current lEBO - 10 mAdc 

VEB = -60 Vdc 

IC = 0 

Collector Cutoff Current ICBO - 200 /.LAdc 

V CB = -2.0 Vdc 

IE = 0 

Collector Cutoff Current ICBO - 10 mAdc 

VCB = -100 Vdc 

IE = 0 

Emitter-Base Voltage VEB - 0.5 Vdc 

VCE = -2.0 Vdc 
IC = -1.2 Adc 

Emitter-Base Voltage VEB - 0.9 Vdc 

VCE = -2.0 Vdc 
IC = -5.0 Adc 

Floating Potential Vfl - 1.0 Vdc 

VCB = -100 Vdc 

IE = 0 

(Voltmeter input resistance 
= 10 Megohm min) 

Collector-Emitter Saturation Voltage VCE(SAT) - 0.7 Vdc 

IC = -12 Adc 
IB = -2.0 Adc 

Forward Current Transfer Ratio * hFE 10 - -

VCE = -2.0 Vdc 
Ie = -15 Adc 

Forward Current Transfer Ratio hFE 25 50 -

VCE = -2.0 Vdc 
IC = -5.0 Adc 

Collector-Emitter Breakdown Voltage * BVCEO 60 - Vdc 

IC = -1 Adc 
IB = 0 

Collector-Emitter Breakdown Voltage * BVCES 80 - Vdc 

VEB = 0 

IC = 300 mA 

Small-Signal Short-Circuit Forward-Current fae 5.0 - kHz 
Transfer Ratio Cutoff Frequency 

VCE = -12 Vdc 
IC = -5.0 Adc 

High- Temperature Operation lEBO - 6.0 mAdc 
Emitter Cutoff Current 

TC = +71°C min 
VEB = -30 Vdc 

Collector Cutoff Current leBO - 6.0 mAdc 

VCB = -30 Vdc 

IE = 0 

-Test by sweep method with a short duty cycle (about 1 %) to avoid excessive heating. 
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2N 1412 (continued) 

INPUT CHARACTERISTICS 
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CURRENT TRANSFER CHARACTERISTICS 
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2N 1413 thru 2N 1415 (GERMANIUM) 
2N1175 

2 

l~:> 
CASE 31 

(TO·5) 

PNPgermaniumtransistorsfor general-purpose low
frequency amplifier and switching applications. Char
acteristic curves similar to 2N524-2N527 series. 

Base connected to case 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 35 Vdc 

Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base. Voltage VEB 10 Vdc 

Collector Current IC 500 mAdc 

Junction and Storage Temperature Tj&Tstg -65 to +100 DC 

Power Dissipation at 25 DC Ambient PD 225 mW 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Collector Cutoff Current ICBO - 12 /lAdc 
VCB = 30 Vdc, IE = 0 

Emitter Cutoff Current lEBO 10 VEB = 10 Vdc, IC = 0 - /lAde 

Collector-Emitter Voltage BVCER 25 - Vdc 
IC = 0.6 mAdc, RBE = 10 K 

Punch-Thru Voltage Vpt 25 - Vdc 

DC Current Gain hFE 
IC = 20 mAdc, V CE = 1 Vdc 

2N1413 25 42 -
2N1414 34 65 
2N1415 53 90 
2N1l75 70 140 
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2N1413 thru 2N1415, 2Nl175 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

DC Current Gain hFE 
IC = 100 mAde, V CE = 1 Vdc 

2N1413 23 - -
2N1414 30 -
2N1415 47 -
2N1175 62 -

Base Input Voltage VBE 
VCE = 1 Vdc, IC = 20 mAdc 

2N1175 - 260 mVdc 

Output Capacitance; Input AC Open Circuit Cob - 40 pF 

VCB = 5 Vde, IE = 1 mAdc, f = 1 MHz 

Frequency Cutoff fab 
VCE = 5 Vdc, IE = 1 mAdc 

2N1413 0.8 - MHz 
2N1414 1.0 -
2N1415 1.3 -
2N1175 1.5 -

Small-Signal Short-Circuit Forward-Transfer Current Ratio hfe 
VCE = 5 Vdc, IE = 1 mAde, f = 1 kHz 

2N1413 20 41 -
2N1414 30 64 
2N1415 44 88 
2N1175 60 120 

Small-Signal Open Circuit Output Admittance hob 
VCB = 5 Vdc, IE = 1 mAdc, f = 1 kHz 

2N1413 0.10 1.3 IImh 
2N1414 0.10 1.2 
2N1415 0.10 1.0 
2N1175 0.10 0.9 

Small-Signal Open-Circuit Reverse-Transfer Voltate Ratio hrb 
VCB = 5 Vdc, IE = 1 mAdc, f = 1 kHz 

XlO-4 2N1413 1.0 10 
2N1414 1.0 11 
2N1415 1.0 12 
2N1175 1.0 14 

Small-Signal Short-Circuit Input Impedance hib 
VCB = 5 Vdc, IE = 1 mAdc, f = 1 kHz 

2N1413 26 36 II mhos 
2N1414 26 35 
2N1415 26 33 
2N1175 26 31 

2N1495 
For Specifications, See 2N1204A Data 
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2N1518 
thru 

2N 1523 

PNP GERMANIUM HIGH POWER 
SWITCHING TRANSISTORS 

. designed featuring low saturation voltage capability for high 
efficiency performance in motor drive controls and low loss 
regulators. 

• Collector· Base Voltage -
VCB ~ 50 Vdc (Mini - 2N 1518, 2N 1520, 2N 1522 

~ 80Vdc (Minl- 2N1519, 2N1521, 2N1523 

• Collector Current -
IC ~ 25 Adc - 2N1518, 2N1519 

~ 35 Adc - 2N1520, 2N1521 
~ 50 Adc - 2N 1522, 2N 1523 

'MAXIMUM RATINGS 

2N1518 2N1519 
2N1520 2N1521 

Rating Symbol 2N1522 2N1523 

COllector·Emitter Voltage VCEO 40 60 

Collector-Base Voltage VCB 50 80 

Emitter-Base Voltage VEB 30 

2N1518 2N1520 2N1522 
2N1519 2N1521 2N1523 

Collector Current - Continuous IC 25 35 50 

Base Current - Continuous IB 4.0 6.0 8.0 

Total Power DissIpation @ T C "" 25°C PD _87.5 _______________ 

Derate above 2SoC -1.17--

Operating and Storage Junction T J,T stg _ -65 to +95 ___to_ 

Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

*Indicates JEDEC Registered Data. 

FIGURE 1 - POWER OERATING 
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Unit 

VdG 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

25,35,50 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

50,80 VOLTS 

87.5 WATTS 

r----A----j 

I I c 

/ 
T .. ----~~-, -l--- J K 
lL .-l 

SEATING PLANE I I==:...-·-----.-l 

1032UNF2A .J I.-D 

F~G (' 

"'~) 
STYLE 1: 

PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 

(CONNECTED TO CASE) 

MILLIMETERS 
DIM MIN MAX 

A - 31.75 
C 13.21 
D 4.83 
F 3.56 
G 8.76 NOM 
J 9.53 12.70 
K 15.49 18.03 
l .. 7.92 

INCHES 
MIN MAX 

- 1.250 
0.520 
0.190 
0.140 

0.345 NOM 
0.375 0.500 
0.610 0.710 
.. 0.312 

All JEDEC dimensions and notes apply 

CASE 5-03 
TO·36 



2N1518 thru 2N1523 (continued) 

EL ECTR I CAL CHARACTER ISTI CS (T C ~ 250 C unless otherwise noted.1 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC~ 1.0Adc,IB~ 01 2N1518,2N1520,2N1522 

2N1519, 2N1521, 2N1523 

Floating Potential 
(VCB ~ 50 Vdc,IE ~ 01 2N1518, 2N1520, 2N1522 
(VCB ~ 80 Vdc, IE ~ 01 2N1519,2N1521,2N1523 

Collector Cutoff Current 
(VCB ~ 2.0 Vdc, IE ~ 01 All Devices 

'(VCB ~ 50 Vdc, IE ~ 01 2N 1518, 2N1520, 2N1522 
'(VCB ~ 80 Vdc, IE ~ 01 2N1519,2N1521,2N1523 
'(VCB ~ 50 Vdc, IE ~ 0, TC ~ 850 CI 2N1518,2N1520,2N1522 
'(VCB ~ 80 Vdc, IE ~ 0, TC ~ 850 CI 2N1519, 2N1521, 2N 1523 

... Emitter Cutoff Current 

(VEB ~ 30 Vdc, IC ~ 01 

ON CHARACTERISTICS 

*DC Current Gain 

(lC ~ 15 Adc, VCE ~ 4.0 Vdcl 2N1518,2N1519 
2N 1520, 2N 1521 
2N 1522, 2N 1523 

(IC ~ 25 Adc, VCE ~ 4.0 Vdcl 2N1518,2N1519 
(IC ~ 35 Adc, VCE ~ 4.0 Vdcl 2N1520,2N1521 
(Ie ~ 50 Adc, VCE ~ 4.0 Vdcl 2N 1 522, 2N 1523 

"'Collector-Emitter Saturation Voltage 
(lC ~ 25 Adc, IB = 4.0 Adcl 2N1518,2N1519 
(lC ~ 35 Adc, IB = 4.0 Adcl 2N 1520, 2N 1521 
(lC ~ 50 Adc, I B ~ 5.0 Adcl 2N 1522, 2N 1523 

Base-Emitter Saturation Voltage 
(lC ~ 25 Adc, IB = 3.0 Adcl 2N1518,2N1519 
(lc = 35 Adc, 16 ~ 4.0 Adcl 2N1520,2N1521 
(lC = 50 Adc, IB = 5.0 Adcl 2N1522,2N1523 

SMALL-SIGNAL CHARACTERISTICS 

Common-Emitter Amplification Cutoff Frequency 
(lC = 5.0 Adc, VCE = 6.0 Vdcl 

*Indicates JEDEC Registered Data. 
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BVCEO 

VEBF 

ICBO 

lEBO 

hFE 

VCE(s.tl 

VBE(s.tl 

Min Typ Max Unit 

Vdc 
40 - -
60 - -

Vdc 
- - 1.0 
- - 1.0 

- - 300 /JAde 

- - 4.0 mAde 
- - 4.0 
- - 15 
- - 15 

- - 8.0 mAde 

-
15 - 60 
17 - 68 
25 - 100 

12 - -
12 - -

12 17 -

Vdc 
- - 0.7 
- - 0.6 
- - 0.5 

Vdc 
- - 1.5 
- - 1.5 
- - 1.5 



2N 1529 thru 2N 1538 (GERMANIUM) 
2N 1529A thru 2N 1532A, 2N 1534A thru 2N 1537 A 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

o 0 ~ PIN 1 BASE ().,~, o 6)~'BASE 
@I 7 EMITTER 

~] 

001 ~ STYLEl 

01 2 EMITTER 
@ CA,E COLLECTOR 

CASE 11 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector- Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter -Base Voltage 

Collector Current 
(Continuous) 

Collector Current 
(Peak) 

Junction Temperature Range 

Total Device Dissipation 
(2SoC Case Temperature) 

Thermal Resistance 

CASE COLLECTOR 
CASE 4-04 

Collector connected to case 

I 
units with solder lugs attached, specify 
ces MP1529. A etc. (Case 4·04) 

Symbol 2N1529 2N1530 2N1531 
2N1534 2N1535 2N1536 

VCEX 40 60 80 

VCES 30 45 60 

VCEO 20 30 40 

VCB 40 60 80 

VEB 20 30 40 

IC S.O 

Ie 10 

TJ -65 to +110 

Po 106 

I1JC 0.8 

2-185 

2N1532 
2N1537 

100 

75 

50 

100 

50 

2N1533 
2N1538 

120 

90 

60 

120 

60 

Units 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Amp 

Amp 

°c 

Watts 

°C/W 



2N 1529 thru 2N 1538 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise specified.) 
Characteristics apply to corresponding "A" type numbers also. 

Characteristic Symbol Min 

Collector-Base Cutoff Current ICBOI 
(VCB 0 25V) 2N 1529. 2NI534 -
(V CB 40V) 2N1530. 2NI535 -
(V CB 0 55V) 2N1531.2N1536 -
(VCB 0 65V) 2NI532,2NI537 -
(V CB 0 BOV) 2NI533, 2NI538 -

Collector-Base Cutoff Current ICBO 
(V CB " 2V) -
(VCB " J 2 BVCES rating; TC " +90oC) -

Emitter-Base Cutoff Current lEBO 
(V EB 0 12V) -

Collector-Emitter Breakdown Voltage BVCES 
(IC 0 500 mA, V EB " 0) 2N1529.2N1534 30 

2N1530. 2NI535 45 
2NI531, 2NI536 60 
2N1532.2N1537 75 
2N1533. 2N1538 90 

Collector-Emitter Leakage Current ICEX 
(V BE 0 IV, VCE @ rated BVCBO) -

Collector- Emitter Breakdown Voltage BVCEO 
(IC " 500 mA, IB " 0) 2NI529,2NI534 20 

2NI530,2NI535 30 
2NI531, 2N1536 40 
2NI532,2NI537 50 
2NI533,2NI538 60 

Collector-Base Breakdown Voltage BVCBO 
(IC " 20 mAl 2NI529,2NI534 40 

2N1530, 2N1535 60 
2NI531, 2NI536 80 
2NI532,2NI537 100 
2NI533, 2N1538 120 

Current Gain hFEI 
(VCE = 2V,IC " 3A) 2NI529 - 2N1533 20 

2NI534 - 2N1538 35 

Base-Emitter SaturatlOn Voltage VBE(sat) 
(IC " 3A, IB " 300 mAl 2NI529 - 2N1533 -

2N1534 - 2N1538 -

Collector-Emitter Sattiration Voltage VCE(sat) 
(IC " 3A, IB " 300 mAl 2N1529 - 2N1533 -

2N1534 - 2N1538 -

Transconductance gFE 
(VCE "2V,IC " 3A) 2N1529 - 2N1533 1.2 

2N1534 - 2N1538 1.5 

2-186 

Max Unit 

mA 
2.0 
2.0 
2.0 
2.0 
2.0 

mA 
0.2 
20 

mA 
0.5 

volts 

-
-
-
-
-

mA 
20 

volts 

-
-
-
-
-

volts 

-
-
-
--

-
40 
70 

volts 
1.7 
1.5 

volts 
1.5 
1.2 

mhos 

-
-



2N 1529 thru 2N 1538 (continued) 

POWER,TEMPERATURE DERATING CURVE 

~ 
lID 

::c 

:11 l'a~S~~ 
10 
z 
0 

~ 
~ 
c; 

'" ~ 
~ 
,f 0 20 40 60 80 100 lID 

Te, CASE TEMPERATURE (OC) 

COllECTOR CURRENT versus BASE CURRENT 

0.30 
I,. BASE CURRENT (AMPS) 

SWITCHING TIME MEASURING CIRCUIT 

TEST TRANSISTOR 

Zo = 50n 
---~--! !-----
20V L_~ 

PULSE GENERATOR 

TYPICAL SWITCHING CHARACTERISTICS 

Ie V R t..H ~ ~ 
(AMP) (VOLTS) (ohms) (I'Sj (I'S) II'~) 

2N1529·33 3 3 65 10 2 5 

2N1534·38 3 3 100 8 3 5 

2·187 

The maximum continuous power is 
related to maximum junction tempera
ture, by the thermal resistance fac
tor. For dc or frequencies below 
25 Hz the transistor must be operated 
within the constant Pn = V c x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera
tures of 250 C and is a Watts at 110°C 
with a linear relation between the two 
temperatures such that 

Pn allowable = 1100 - Tc 
0,8 

15G 

115 

100 

75 

50 

15 

a a 

COllECTOR CURRENT versus EMITTER BASE VOLTAGE 

Vc~ = 2 II 

1\ 

V". EMInER·BASE VOLTAGE (VOLTS) 

DC CURRENT GAIN versus 

COllECTOR CURRENT 

'" '" 
.......... 

............. 1NI534 -1N1538 ....... 
........ -- -1---

1NI519 - 1NI533 

I I 

r-

1.0 1.0 3.0 4.0 

Ie. COLLECTOR CYRRENT {AMPI 

-
5.0 



2N 1529 thru 2N 1538 (continued) 

SAFE OPERATING AREAS - PULSE CONDITIONS 

The Safe Operating Area Curves indicate Ic -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

ii' 

" '" 
I 
~ 
j 
O'! 

! 
J! 

2N1529,2N1534* 2N1530.2N15j5* 2N1531.2N1536* 
10 

Ft=5m, 5m' 5m, 
1m, H - - -1m, ~ -\ 1m, 

-<500,' "t-
- - -500" 1--\ -l -4 ,500" 

1\ \ - - (-250/<s I--.... \ 
- f- ,'. 250"s 

\ 
- - V lOOp' '"\: ~ \ \ 

'" '" '" 
I 
I 

1\ 1\ 1\ \ \\ \ 

OC\ OC\ \ 1\ \,\ 
DC '\ \~ 

0.7 
m " ~ 0.5 
;;;! 

0.4 J! 

0.3 

\ "-
\ r--., 

0.2 
T045V,3mA 

~ 
T060V,3mA 

~ 
TO 75 V. 3 rnA 

~ WITH APPLIED WITH APPLIED WITH APPLIED 
BACK BIAS BACK BIAS BACK BIAS 

(FOR PULSE CURVES ONLY) (fOR PULSE CURVES ONLY) (FOR PULSE CURVES ONLY) 
0.1 

o 5 10 15 20 25 30 350 5 10 15 20 25 30 35 40 45 500 5 10 15 20 25 30 35 40 45 50 55 60 65 

V", COLLECTOR·EMInER VOLTAGE (VOLTS) 

2N1532.2N1537* 2N1533.2N1538 
10 

5m, 
5m, .\C 

1m, 
1 500 p' 1m, 

I\, .. ~ 
\ < 250 !(s 

...... 
SOD ,,$ 

"- <~ 250 p:S 

\. \ l\\ r'\. '\ \ .\~ 
'\ \ I~~ r--., 1'\ :\ LY 

'\ 1\ ~ ~ ~ ~ D~' "-"'- "- ~ ~ 
0.7 

"'- " I' 
0.5 ........ 

0.4 " 
0.3 ......... 

0.2 
TO 90 V, 3 rnA 

~\ WITH APPLIED 
BACK BIAS 

(fOR PULSE CURVES ONLY) 
0.1 

o 10 20 30 40 50 60 70 800 10 20 

V", COLLECTOR·EMITTER VOLTAGE (VOLTS) 

*Characteristics apply to corresponding' A" type numbers also. 
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...... 

r-.... 
........ r-.... 

TO 120V,3mA l\ WITH APPLIED 
BACK BIAS 

(fOR PULSE CURVES ONLY) 

30 40 50 60 70 80 90 100 



2N 1539 thru 2N 1548 (GERMANIUM) 
2N1539A thru 2N1542A, 2N1544A thru 2N1547A 

PNP germanium power transistors for switching and 
amplifier applications in high-reliability equipment. 

(;)
02 ~TYLEI o 0 PIN 1 BASE 

@I 2 EMITTER 
(;)., ~m'" o S> ~ PINIBASE 

@I 2. EMITTER 

CASE 11 
CASE·COLLECTOR 

Collector connected to case 
I 

CASE 4-04 

For units with solder lugs attached, specify 
devices MP1539, A etc. (Case 4-04) 

MAXIMUM RATINGS 

Rating Symbol 2N1539 2N1540 2N1541 
2N1544 2N1545 2N1546 

Collector-Emitter Voltage VCEO 20 30 40 

Collector-Emitter Voltage VCES 30 45 60 

Collector-Emitter Voltage VCEX 40 60 80 

Collector-Base Voltage VCB 40 60 80 

Emitter-Base Voltage VEB 20 30 40 

Collector Current-Continuous IC 5.0 

Peak IC 10 

Total Device Dissipation @TC = 25 0 C P D 106 

Operating Junction Temperature Range TJ -65 to +110 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC 0.8 

CASE·COLLECTO R 

2N1542 2N1543 
2N1547 2N1548 

50 60 

75 90 

100 120 

100 120 

50 60 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

°c 

Unit 

°C/W 

The maximum continuous power is POWER·TEMPERATURE DERATING CURVE 

related to maximum junction tempera- 110 
ture, by the thermal resistance fac- ElO 
tor. For d. c. or frequencies below ~10 
25 cps the transistor must be operated ~ 80 

within the constant Pn = Vc x Ie ~ 60 

( 

0 

0 

........... 

"" "-.... I'-... 
....... t--..., 

hyperbolic curve. This curve has a ~ 4 

value of 106 Watts at case tempera- ~ 2 

tures of 25°C and is 0 Watts at 110°C ~ 0 
with a linear relation between the two ... 0 

temperatures such that 
20 40 60 80 100 110 

Pn allowable = 110° - Tc 
O. 8 
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2N 1539 thru 2N 1548 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltaget 

(IC = 500 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltaget 
(IC = 500 mAde, V BE = 0) 

Collector-Base Breakdown Voltage 
(IC = 20 mAdc, IE = 0) 

Collector Cutoff Current 
(V CE @ rated V CB' V BE = 1. 0 Vdc) 

Collector Cutoff Current 
(V CB = 2.0 Vdc, IE = 0) 

(V CB = 1/2 V CES rating, TC = 90°C) 

Collector Cutoff Current 
(V CB = 25 Vdc, IE = 0) 

(V CB = 40 Vdc, IE = 0) 

(V CB = 55 Vdc, IE = 0) 

(V CB = 65 Vdc, IE = 0) 

(V CB = 80 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 3.0 Adc, V CE = 2.0 Vdc) 

DC Transconductance 
(IC = 3.0 Adc, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 3.0 Adc, IB = 300 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 3.0 Adc, IB = 300 mAdc) 

DYNAMIC CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = 3.0 Adc, V CE = 2.0 Vdc) 

2N1539, 2N1544 
2N1540,2N1545 
2N1541, 2N1546 
2N1542,2N1547 
2N1543,2N1548 

2N1539,2N1544 
2N1540,2N1545 
2N1541,2N1546 
2N1542,2N1547 
2N1543,2N1548 

2N1539,2N1544 
2N1540,2N1545 
2N1541,2N1546 
2N1542,2N1547 
2N1543,2N1548 

2N1539,2N1544 

2N1540,2N1545 

2N1541,2N1546 

2N1542,2N1547 

2N1543,2N1548 

2N1539-2N1543 
2N1544-2N 1548 

2N1539-2N1543 
2N1544-2N1548 

2N1539-2N1543 
2N1544-2N1548 

2N1539-2N1543 
2N1544-2N1548 

Characteristics apply to corresponding A type numbers also. 

Symbol 

BV CEOt 

BV CESt 

BVCBO 

ICEX 

lCBO 

ICB01 

hFEl 

gFE 

V CE(sat) 

V BE(sat) 

Min 

20 
30 
40 
50 
60 

30 
45 
60 
75 
90 

40 
60 
80 
100 
120 

-

-
-

-
-
-

-

-

50 
75 

3.0 
5.0 

-
-

-
-

Typ 
4.0 

tTo avoid excessive heating of collector junction, perform this test with a sweep method. 
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Max Unit 

volts 
-
-
-
-
-

volts 
-
-
-
-
-

volts 
-
-
-
-
-

20 mA 

mA 
0.2 

20 

mA 
2.0 

2.0 

2.0 

2.0 

2.0 

-
100 
150 

mhos 
-
-

volts 
0.3 
0.2 

volts 
0.7 
0.5 



2N 1539 thru 2N 1548 (continued) 

SWITCHING TIME MEASURING UNIT " 

TRANSISTOR 

Zo = 50n 
u ••••• '\ ro-----

2ovl"...J 
PULSE GENERATOR 

COLLECTOR CURRENT versus EMITTER BASE VOLTAGE 
I I 

I VCf, = - 2 V 

/ 
V / 

2N1544-2N1548 I J 
/" V 

" ?-A' 2NI539 -2N1542 

0.1 0.2 0.3 0.4 0.5 0.6 

V ... EMITTER-BASE VOLTAGE (VOLTS) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate 
Ic - VCE limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur
sions make no significant change in these 
safe areas_) To insure operation below the 
maximum TJ, the power-temperature de· 
rating curve must be observed for both 
steady state and pulse power conditions. 

In 

2N1540, 2N1545 2N1541,2N1546 

° 1 • .1x,iAK \ •• : \ l~' 5001,., lOO~$ Im~ le~r·p£AK 5 •• 
~'i 

° 
OR lESS 

250 250"s 

.' OR LESS 

, 1\ 
leMAXCONT. 'L/ i""" It4 

t:r~ 
r--

2 JJ /VI,\ \ 1'\ ~t\ 
1 

POWER DISSIPATION POWER OISSIPATION 
25 CC CASE TEMPERATURE 25CC CASE TEMPERATURE 

5 " • I'\. " , 
Tl oa,. ,.,1 ,_ ~1:~5i'.it'~'SAPPlIE0 -~ 2 ~ WITlI BACK BIASAPPLlEO 

(prErRrSrlf~ "i'''I"RV'jO"'i'i- ~\ 
.1 

0 .. 1 ... Co.dlilons· SWII::r~:·~lm •• 

Ie V R 
(Amp) (Volls) (ohms) 

2"1531-43 3 3 165 
1-" 

2"1544-48 3 3 250 

* Input Pulse Repetition Rate = 2 kHz, 
Pulse Width = 50 P.s 

t..+t. I. I, 
1;.' ) I;.s) I;.s) 

5 3 5 

5 3 8 

COLLECTOR CURRENT versus BASE CURRENT 
I 

VeE =-2 V 

I 

ii: 

~ 4 ... z 
III 
'" => 

2N1544·2N1548 '/ 
V 

V V 

/ /. 
V 

.., 
'" 0 g 
s .., 
~ 

~ V r----
2N1539-2N1543 

~ 
/ 

o 
II 
o 10 20 30 40 50 60 70 80 90 

" 
10 

5 

0.' 

" 

I,. BASE CURRENT (mA) 

2N1539, 2N1544 

Ie MJ PEAK Sm. I lmt r~$ 
OR LESS 

-I'i,,'co'r ~ 

l\.. 

=1g1tR'b"!~' '" 1\' 
-25°CCASETEMP~RATURE 

'oM -

2 f--- T045V,lmA 1-
WITKBACKBIASAPP,~I~ \ 

1 

IPUlSi CURVEj ONLY) 

:I 10 15 za 25 30 35 

COtLECTOR.fMlnERVOLTAGE(VOlTS} 

2N1542. 2N1547 2N1543.2N154B 

Ic~P~ .I 
5m, l~S J 

)1'" "~';'~K 5m~ Im~ l.·"+'i 
250"s 250"S.~ 
ORllSS ORlES~_ 

"- I\'\. ~ 

"TOV~ 
\~ '\ ~ 1\'\ ~\ 

~ 
Ie MAX CONT. V t--. ~ r-.... I I Vi', r--. r-. 90·WATT ./ 90·WATT 

POWERDISSIPATlnll< POWER DISSIPATION 
25°C CASE TEMPERATURE 25°C CASE TEMPERATURE 

" " I"'.: 
ITO 12ov.ImA 

10IJOV,3mA ~ 
WITHBACKBIASAP~~ 

~\ WITHBACKBIASAP~~~ 
tLSjCURiESiLY) (PUiSE CU~VES O~lY) 

° 5 
1015202530354045500510152025'3035404550 5S 60 £ISO 10 20 30 40 50 60 70 SOD 10203040 50 &0 70 10 90 100 

COUECTOA.£MITTER VOLTAGE (VOlTS) COLLECTOR.£MtTTERVOlTAGE(VOlTS) COUECTO~·EMITTER VOlTAGE (YOlTS) COUECTOfI:.£MITTER VOLTAGE IYOLTS} 
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2N 1539 thru 2N 1548 (continued) 

BASE CURRENT versus EMITTER BASE VOltAGE DC CURRENT GAIN versus COLLECTOR CURRENT 
100 

90 
I I 

VeE::;;: - 2 V 

240 I I 
Vco ""- 2V 

80 

! 70 
~ 

i 60 

'-' 
~ 50 
~ 
- 40 

30 

20 

10 

I I 
I L 
2N1539·2N1543 \ -

I 1 
- 2N1544·2N1548 !I 

I~ IJ / 

/ / 
v/ 

~ V 

200 

z 160 
~ 

i 120 
a 
it 

80 

40 

2N 1544·2N 1548 

~ V 
........ -.. .£:. 

r-..... -
2N1539·2N1543 / 

I" 

-

I I I o 
0.1 0.2 0.3 0.4 0.5 0.6 o 

V". EMInER·BASE VOLTAGE (VOLTS) Ie. COLLECTOR CURRENT (AMP) 

2N 1549, A thru 2N 1560, A (GERMANIUM) 
PNP germanium power transistors for switching and 

amplifier applications in high-reliability equipment. 

~()@1 0 STYLE 1 ()@1 0 STi,~E"~ASE 
@! PIN ~ ~~~iTER @>! CAS~~~~~~~~~OR 

CASE COLLECTOR 

For units with solder lugs attached. specify 
devices MP1549. A etc. (Case 4-04). 

I CASE l1A CASE 4-04 
Collector connected to case 

I 
MAXIMUM RATINGS Apply to corresponding "Hi-ReI" Series also 

2N1549 2N1550 2N1551 2N1552 
Rating Symbol 2N1553 2N1554 2N1555 2N1556 Units 

2N1557 2N1558 2N1559 2N1560 

Collector-Emitter Voltage VCEX 40 60 80 100 Vdc 

Collector-Emitter Voltage VCES * 30 45 60 75 Vdc 

Collector- Emitter Voltage VCEO * 20 30 40 50 Vdc 

Collector-Base Voltage VCB 40 60 80 100 Vdc 

Emitter-Base Voltage VEB 20 30 40 50 Vdc 

Collector Current (Continuous) IC 15 Amp 

Collector Current (Peak) IC 20 Amp 

Collector Junction Temperature TJ -65 to +110 °c 

Collector Dissipation Po 106 Watts 
(25· C Case Temp. ) 

Thermal Resistance ilJC 0.8 °C/W 

*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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2N 1549 thru 2N 1560 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 
Characteristics apply to corresponding A type numbers also. 

Characteristic Symbol Min Max Unit 

Collcctor-Base Cutoff Current ICBo! mA 
(V CB = 25 V) 2N1549, 2N1553, 2N1557 - 3.0 

(V CB = 40 V) 2N1550. 2N1554, 2N1558 - 3.0 

(V CB - 55 V) 2N1551, 2N1555~ 2N1559 - 3.0 

(V CB = 65 V) 2N1552, 2N1556, 2N1560 - 3. 0 

Collector- Base Cutoff Current ICBO niA 
(V CIl ,,2 V) - 0.2 

(V CB = 1;2 BV CE;S rating; T C = +90 0 C) - 20 
_. 

Emitkr-Base Cutoff Current lEBO InA 

(VEl' -12 V) - O. 5 
-
Collector-Emitter Breakdown Voltage BV CES volt s 

(IC = 300 mAl 
2N1549, 2N1553, 2N1557 30 -
2N1550, 2N1554, 2N1558 45 -
2N1551, 2N1555, 2N1559 60 -
2N1552, 2N1556, 2N1560 75 -

--
Collector-Emitter Leakage Current ICEX rnA 

(V BE ··1.0 V, V CE ~, rated BV CBO) - 20 

Collector-Emitter Breakdown Voltage* BVCEO * volts 
(IC - 300 rnA, IB = 0) 

2N1549, 2N1553, 2N1557 20 -
2N1550, 2N1554, 2N1558 30 -
2N1551, 2N1555, 2N1559 40 -
2N1552, 2N1556, 2N1560 50 -

_._----_ .. 
Collector- Base Breakdown Voltage BVCBO volts 

(IC = 20 rnA) 
2N1549, 2N1553, 2N1557 40 -
2N1550, 2N1554, 2N1558 60 -

2N1551, 2N1555, 2N1559 80 -
2N1552, 2N1556, 2N1560 100 -

f--------
Cu rrent Gain hFEI 

(VCE = 2.0 V, IC = 10 A) 
2N1549 - 2N1552 10 30 
2N1553 - 2N1556 30 60 
2N1557 - 2N1560 50 100 

Base-Emitter Drive Voltage VEE volts 

I 

(IC = 10 A, IB = 1. 0 A) 
2N1549 - 2N1552 - 1.3 
2N1553 - 2N1556 - 1.0 
2N1557 - 2N1560 - 0.85 

Collector Saturation Voltage V CE(sat) 
volts 

(IC =10A, IB = 1. 0 A) 2N1549 - 2N1552 - 1.0 
2N1553 - 2N1556 - 0.7 
2N1557 - 2N1560 - 0.5 

*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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2N 1549 thru 2N 1560 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

T ran scondue tane e gFE mhos 

(V CE = 2.0 V, IC = 10 A) 
2NI549 - 2N1552 6.0 18 
2NI553 - 2NI556 8.0 30 
2NI557 - 2NI560 12 40 

Frequency Cutoff f Typ kHz 
ae 

2NI549 - 2NI552 10 
2NI553 - 2NI556 6.0 
2NI557 - 2NI560 5;0 

COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus EMITTER-BASE VOLTAGE 

14 

12 

ii! 10 
::E 
~ 
~ 

i 
'" '" 

WI I I I 

2N1557·2N1560 

/ ~I I I V-
2N1553-2N1556 .,/ 

if 'I Y V 

I 

1/ / " 2N1549-2N1552 

14 

12 

~ 10 
::E 
~ 
~ 

i 
B 
'" 0 

2N1553-2N1556 ' h J V 
I II 

2N1557-2N1560 / / / 
il / J 

~ 
<.> 
~ 
~ 

8 'I / V Ve,~ -2V 
>--

~ 
8 

VCE= - 2 V I // 2N1549-2N1552 

..2 / 
I 

..2 V f' 
'/ 

o ~ ~ V" 
o 

o 0.2 0.4 0.6 0.8 1.0 o 0.2 0.4 0.6 0.8 1.0 

I •• BASE CURRENT (AMPS) Veo• EMITTER-BASE VOLTAGE (VOLTS) 

CURRENT GAIN versus COLLECTOR CURRENT BASE CURRENT versus EMITTER-BASE VDLTAGE 
140 

120 

100 

z 
ZiJ 80 
~ 
z 

'" '" => 
60 <.> 

~ 

40 

20 

Vct= - 2 V 

KN1557-2N1560 

f'4", 
N 

I-~ 
r--- r-... 

~5~r?5\ r--. 
ri-4.. !'-.. 

I I I I I I'-.... I-. I----' r-~ 2N1549-2N1552 -I-
....... ....... -r-

o 

1.0 

0.8 

ii! 
::E 

~ 0.6 z 

~ 
B 
~ 

'" « 
0.4 '" -

0.2 

LJ2V I 
2N 1549-2N 1552: I 

/ 

mt 
jV 
~NI553-2NI556 

I I I o 
o 10 12 14 16 o 0.2 0.4 0.6 0.8 1.0 

Ie. COLLECTOR CURRENT (AMPS) V," EMMITER-BASE VOLTAGE (VOLTS) 
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2N 1549 thru 2N 1560 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate Ic
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2N1549, 2N1553, 2N1557 2N1550, 2N1554, 2N1558 2N1551, 2N1555, 2N1559 2N1552, 2N1556, 2N1560 

IcMAXPEAK./ SillS Ims 500",s I IcMAXPEA~ ISms 

Ic MAX eONT 
...... 

/ K- Ie MAX CONT t- II \Th 
9O-WATT t". \ POWER DISSIPATION 
25CCCAS[TEMPERATUR[ JJ/V b- l'\ 1.1,1/ 

Ie MAX CONTI" V""'-
1'1' ~ OOW)" V f'-" r----~~ 

POWER DISSIPATION POWER DISSIPATION POWER DISSIPATION 
25 C C CASE TEMPERATURE 25°C CASE TEMPERATURE 25°C CASE TEMPERATURE 

d, 

" d, 
;~d,m 
'r--+-+--+-+--+-+-~ ~-+-+-4~r-r-+-+-+-'l---1 

T~60~.3m! _L- I--- T075V,3mA ;I~ 
WITH BACK BIAS AP~~~ I I WITH BACK BIAS APPLI 0 

(tSEICURTONiYJ f-~ IpUTcryoN
1
LYJ 

,-- T04SV,3mA _I--
2 ,....--- WITHBACKBIASAP~~~ 

{PULSjCURVES1ONLYJ 1 _____ 
t--

1~~--~--~-2LO--~25--~~"O 

COLLECTORiMITTER VOLTAGE (VOLTS) 

5 10 15 20 25 30 35 40 45 SOD :. 1015202530354045505560650 

COLLECTOR·Et~ITTER VOLTAGE (~OLTSl COLlECTOR·EMITTER VOLTAGE (VOLTS) 

10 ~ m ~ ~ ~ m ~ 

COLlECTOR-EMInER VOLTAGE (VOLTS) 

POWER-TEMPERATURE DERATING CURVE 

The maximum continuous power is 
related to maximum junction tempera- 110 

ture, by the thermal resistance fac - :?! 106 
~ 100 tor. For dc or frequencies below ~ 

25 Hz the transistor must be operated ~ 80 

within the constant PD = Vc x Ie ~ 60 

hyperbolic curve. This curve has a ~ 40 

value of 106 watts at case tempera- ~ 20 

tures of 250 e and is 0 watts at 1100 e ~ 
with a linear relation between the two 
temperatures such that PD allowable 
=1100 - Tc 

0.8 

o 20 

.......... 

~ 
~ 

40 60 

Te. CASE TEMPERATURE ('C) 

SWITCHING TIME MEASURING UNIT 

TRANSISTOR 

1'--.. 
...... ~ 

80 100 no 

Typical 
Devices Conditions· Switching Times 

Zo = 50il 111. 

PULSE GENERATOR 
. 
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Ie V R 
(Amp) (Volts) (ohms) 

2N1549 ·52 10 10 10 
IN 553 -56 10 10 30 
<N ,,57 -60 10 10 50 

Input Pulse Repetition Rate ~ 2 kHz, 
Pulse Width .::= 50 fJ.s 

,,+' I, I, 
I~s) (~s) (~s) 

5 2 10 

10 5 25 

10 5 25 



2N 1595 thru 2N 1599 (SILICON) 

STYLE 2: ca':\ . . '" PIN I. CATHODE 

1 ~ __ :/ \ ~ ~~~~E 't , \ 

Industrial-type, low-current silicon controlled recti
fiers in a three-lead package ideal for printed-circuit 
applications. Current handling capability of 1. 6 am
peres at junction temperatures to 125°C. 

CASE 31, 
(TO-5) 

MAXIMUM RATINGS (T J = 125°C unless otherwise noted) 

:? 
S 
>-

~ 
=> 
'-' 
~ 
w 
g 

"' I-
w 
>-
~ 
,.: 
~ 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage* VRSM(rep)* Volts 
2N1595 50 
2N1596 100 
2N1597 200 
2N1598 300 
2N1599 400 

Forward Current RMS IT(RMS) 1.6 Amp 
(All Conduction Angles) 

Peak Forward Surge Current ITSM Amp 
(One Cycle, 60 Hz, TJ = -65 to + 125°C) 15 

Peak Gate Power - Forward PGM 0.1 Watt 

Average Gate Power - Forward PG(AV) 0.01 Watt 

Peak Gate Current - Forward IGM 0.1 Amp 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 10 

Operating Junction Temperature Range TJ -65 to + 125 °c 

Storage Temperature Range Tstg -65 to +150 °c 

*V RSM for all types can be applied on a continuous de basis without incurring damage. 

100 

50 

20 
10 

5.0 

2.0 
1.0 

0.5 

0.2 
0.1 

.05 

.02 

.001 

GATE TRIGGER CHARACTERISTICS 

TYPICAL TRIGGER POINT 

MAXIMUM ALLOWABLE GATE POWER 
PGM: 100 mW 

3 4 5 6 7 
VGT. GATE va LTAGE (VOLTS) 

(TJ = 25°C, ANODE @ 12 VOLTS) 

10 

FORWARD CONDUCTING CHARACTERISTICS 
CL 10 ,. 
:S 5.0 

~ ~ 2.0 

~ 1.0 

t-- TYPICAL // ~"MAXIMUM 
/ 

'" ~ o. 
~ 

! 

f2 0.2 
~ 

~ o. 
I 1/ NOTE, VOLTAGE DROP MEASURED 

I V, INCH FROM BOTTOM OF CASE 

~ 0.0 ~ 
z 
~ 0.0 

"" .t' 0.0 0 
5.0 

TJ 125°C-
2' TJ . 25°C-

1 1 11 _L -1 
1.0 2.0 3.0 4.0 

VT, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 
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2N1595 thru 2N1599 (continued) 

ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage* VORM* Volts 
(T J ~ 125°C) 2N1595 50 - -

2N1596 100 - -
2N1597 200 - -
2N1598 300 - -
2N1599 400 - -

Peak Forward Blocking Current IORM rnA 
(RatedVORMwith gate open, T J ~ 125°C) - - 1.0 

Peak Reverse Blocking Current IRRM rnA 
(Rated VRSM, T J ~ 125°C) - - 1,0 

Gate Trigger Current (Continuous dc) IGT rnA 
(Anode Voltage ~ 7 Vdc, RL ~ 12 \1) - 2.0 10.0 

Gate Trigger Voltage (Continuous dc) VGT Volts 
(Anode Voltage ~ 7 Vdc, RL ~ 12 \1) -- 0.7 3.0 

(VORM = Rated, RL = 12 n, TJ = 125°C) VGNT 0.2 - -
Holding Current IH rnA 

(Anode Voltage ~ 7 Vdc, Gate Open) - 5.0 -
Forward On Voltage VTM Volts 

(IT = 1 Adc) - 1.1 2.0 

Turn-On Time (td + t r ) tgt flS 

(IGT = 10 rnA, IT = 1A) - 0.8 -
Turn-Off Time tq fls 

(IT = lA,IR ~ lA,dv/dt ~ 20V/flS,TJ~ 125°C) - 10 -
(VORM ~ rated voltage) 

·VORM for all types can be applied on a continuous dc basis without incurring damage. 

CASE TEMPERATURE 

G 

~ 110 

~ ~-~~~~~~.-~~~-

2i .... 
"' ~ 
~ 

0.8 1.0 1.2 1.4 
IT(AV}. AVERAGE FORWARD CURRENT (AMP) 

CURRENT DERATING 

140 

~ 120 

~ 100 
=> 

~ 80 

'" ~ 
~ 

i5 
60 

a; 
40 '" "" 

.3 
20 

0 
1.6 0 
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AMBIENT TEMPERATURE 

0.1 0.5 
ITlAV).AVERAGE FORWARD CURRENT (AMP) 

DC 

0.7 



2N 1613 5 (SILICON) 
2N1613SJAN AVAILABLE 

NPN SILICON ANNULAR AMPLIFIER 
TRANSISTOR 

.. . designed for use in general purpose amplifier and switching 
applications . 

• Collector· Emitter Breakdown Voltage -
BVCER = 50 Vdc (Min) @ IC = 100 mAde 

'. DC Current Gain - 100 !lAde to 500 mAde 

'MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage (RBE ::;;;;; 10 Ohms) VCER 
Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Power Dissipation@TA = 2SoC PD 
Derate above 2SoC 

Total Power Dissipation @ T C = 25°C PD 
Derate above 2SoC 

Operating and Storage Junction TJ.Tstg 
Temperature Range 

'THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Ambient RaJA!l) 

Thermal Resistance, Junction to Case RaJC 

* Indicates JEDEC RegIstered Data. 

Value 

50 

75 

7.0 

500 

0.8 
4.57 

3.0 
17.15 

-65 to +200 

Max I 
I 

58.3 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

-50 V +20 V 

1.0 k 40 

4.7 k Wave Form at "A" 
0.01 J1.F 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mWloC 

°c 

Unit 

°C/W 

°CIW 

'too 
+20Vl r 

-50 V +18V---U 
Wave Form at "8" 

0~=jjt:t~-t-+18 V 

tf 
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NPN SILICON 
AMPLIFIER TRANSISTOR 

DIM 
A 
8 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
a 
R 

STYLE 1 

MILLIMETERS 
MIN MAX 
8.89 9.40 
8.00 8.51 
6.10 6.60 
0.406 0.533 
0.229 3.18 
0.406 0.483 
4.83 5.33 
0.711 0.864 
0.737 1.02 

12.70 -
6.35 

450 NOM 
1.27 

900 NOM 
2.54 -

PIN I EMITTER 
2 BASE 
3. COLLECTOR 

INCHES 
MIN MAX 
0.350 0.370 
0.315 0.335 
0.240 0.260 
0.016 0.021 
0.009 0.125 
0.016 0.019 
0.190 0.210 
0.028 0.034 
0.029 0.040 
0.500 -
0.250 -

450 NOM 
0.050 

900 NOM 
0.100 -

All JEOEC dimensions and notes apply. 

CASE 79·02 
TO·39 



2N1613S (continued) 

"ELECTRICAL CHARACTERISTICS (TA" 25°C unless otherwise noted). 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage( 1) BVCER(sus) 
(IC" 100 mAde, RBE <:10 Ohms) 

Collector-Base Breakdown Voltage BVCBO 
(IC" 100 "Ade, IE" 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE" 100 "Ade, IC" 0) 

Collector Cutoff Current ICBO 
(VCB" 60 Vde, IE" 0) 
(VCB " 60 Vde, IE" 0, T A " 150°C) 

Emitter Cutoff Current lEBO 
(VEB " 5.0 Vde, IC " 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
(IC" 100 "Ade, VCE" 10 Vde) 
(IC" 10 mAde, VCE" 10 Vde) 
(IC" 10 mAde, VCE" 10 Vde, TA" -55°C) 

IIC" 150 mAde, VCE" 10 Vde) 
IIC" 500 mAde, VCE" 10 Vdcl 

Collector-Emitter Saturation Voltage VCElsat) 
IIC" 150 mAde, IB" 15 mAde) 

Base-Emitter Saturation Voltage VBElsat) 
IIC" 150 mAde, IB" 15 mAde) 

OYNAMIC CHARACTERISTICS/SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product( 1) 

(IC" 50 mAde, VCE" 10 Vde, I" 20 MHz) 

Output Capacitance 
IVCB" 10 Vde, IE" 0, I" 100 kHz) 

Input Capacitance 

IVEB " 0.5 Vde, IC " 0, I" 100 kHz) 

Input Impedance 
(lC" 1.0 mAde, VCB " 5.0 Vde, I " 1.0 kHz) 
(lC "5.0 mAde, VCB " 10 Vde, I" 1.0 kHz) 

Voltage Feedback Ratio 

(lC" 1.0 mAde, VCB " 5.0 Vde, I" 1.0 kHz) 
IIC" 5.0 mAde, VCB" 10 Vde, I" 1.0 kHz) 

Small-Signal Current Gain 

IIC " 1.0 mAde, VCE " 5.0 Vde, I " 1.0 kHz) 
IIC "5.0 mAde, VCE " 10 Vde, I" 1.0 kHz) 

Output Admittance 
IIC" 1.0 mAde, VCB" 5.0 Vde, I" 1.0 kHz) 
IIC" 5.0 mAde, VCB" 10 Vde, I" 1.0 kHz) 

Noise Figure 

IIC" 0.3 mAde, VCE " 10 Vde, RS" 510 Ohms, I" 1.0 kHz, 
Bandwidth" 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Switching Time (Figure 1) 

*Indicates JEDEC Registered Data. 
i 1) Pulse Test; Pulse Width < 300 J.Ls, Duty Cycle ~ 2.0%. 

Cob 

hie 

hob 

NF 
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Min 

50 

75 

7.0 

-

-

-

20 
35 
20 

40 
20 

-

-

60 

24 
4.0 

30 
35 

0.05 
0.1 

Typ 

-

-

-

-
-

-

35 
50 
-

80 
30 

0.3 

0.78 

10 

50 

Max Unit 

- Vde 

- Vde 

- Vde 

10 nAdc 
10 ,uAde 

10 nAdc 

-
-

-
-

120 
-

1.5 Vde 

1.3 Vdc 

MHz 

25 pF 

80 pF 

Ohms 
34 
8.0 

X 10-4 

3.0 
3.0 

100 
150 

,umhos 
0.5 
1.0 

12 dB 



2N 1651 thru 2N 1653 (Germanium) 

2N2285 thru 2N2287 (Germanium) 

~2~' o 0 
@l. 

STYLe', ~ m STYLE 1: 

~02 
o 0 

@l. 

PIN 1. BASE 
2. EMI-TTER 

CASE-COLLECTOR 
CASE 161 

2N1651 thru 2N1653 

PIN 1. BASE 
2,EMITTER 

CASE COLLECTOR 
CASE 3-04 

2N2285 thru 2N2287 

PNP Germanium power transistors designed for high-current 
switching applications requiring low saturation voltages and fast 
switching times in addition to good safe operating area. 

MAXIMUM RATINGS 

Rating Symbol 
2N1651 2N1652 2N1653 Unit 2N2285 2N2286 2N2287 

Collector-Emitter Voltage VCEO 30 60 80 Vdc 

Collector-Base Voltage VCB 60 100 120 Vdc 

Emitter-Base Voltage VEB - 1.5 ---+- Vdc 

Collector Current - Continuous IC --- 25 -- Adc 

Base Current - Continuous IB - 5.0 -- Adc 

Total Device Dissipation @TC = 25° C PD --- 106 - Watts 
Derate above 25° C 1. 25 wjc 

Operating and Storage Junction TJ , Tstg --- -65 to +110- °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 8JC 0.8 °C/W 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 

RJ '" 1 OOhm,2DWatts 
R2"'7.50hms,2DWatts 
R3 "'0.1 Ohm, 1.0% 
R4,s; 0.04 Ohm 

R5 ICAdJust@VCE"VZ H 

82=15 Vdc, Adjust for IB(off) =0.2 Adc 

IB(off)_ 025 mH 

• R3 r,-:;~--'VVv-----1.-fYYY'-, 

o---.._-'VIM--l 
IB(on) 

83 = 12 Vdc Rl 

B1 Ad,,,' for IB,ool 0 Tt ~ 
<-Not required if current probe is used to read IBl 

50W 

*HVZ 

**PRF",60Hl -B 

***Zener selected to establish Sustaining Voltage. B1 J- 3 
NOTE. Seriesimpedarlce and inductance must be kept to a minimum. __ --+-___ -4-___ ~-_ 

2-200 



2N1651 thru 2N1653/2N2285 thru 2N2287 (continued) 

ELECTRICAL CHARACTERISTICS (T e = 25°C unless otherwISe noted) 

I Characteristic Symbol Min 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 100 mAde, IB = 0) 2N165l, 2N2285 30 

2N1652, 2N2286 60 
2N1653, 2N2287 80 

Collector-Emitter Sustaining Voltage (See Figure 1) 
V CE(sus) 

(IC = 25 Adc) 2N165l, 2N2285 40 
2N1652, 2N2286 45 
2N1653, 2N2287 50 

Collector Cutoff Current ICBOI 
(V CB = 2.0 Vdc, IE = 0) -

Collector Cutoff Current ICB02 
(VCB = 40 Vdc, IE = 0) 2N1651, 2N2285 -
(V CB = 80 Velc, IE = 0) 2N1652, 2N2286 -
(V CB = 100 Vele, IE = 0) 2N1653, 2N2287 -

Collector Cutoff Current ICB03 
(V CB = 40 Vde, IE = 0, Tc = 100°C) (+0,-3. O°C) 2N165l, 2N2285 -

(V CB = 80 Vde, IE = 0, TC = 100"C) (+0,-3. O°C) 2N1652, 2N2286 -

(V CB = 100 Velc, IE = 0, TC = 100"C) (+0, -3.0" C) 2N1653, 2N2287 -

Collector Cutoff Current ICB04 
(V CB = 60 V de, IE = 0) 2N165l, 2N2285 -
(V CB = 100 Vde, IE = 0) 2N1652, 2N2286 -
(V CB = 120 Velc, IE = 0) 2N1653, 2N2287 -

Emitter Cutoff Current lEBO 
(VEB = 1. 5 Vdc, IC = 0) -

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 10 Adc, V CE = 2.0 Vdc) 35 

(IC = 25 Adc, V CE = 1. 5 Vele) 20 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 25 Ade, IB = 2.5 Adc) -

Base-Emitter Saturation Voltage V BE(sat) 
(IC = 25 Adc, IB = 2.5 Adc) -

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain 
(IC = 0.5 Ade, V CE = 6.0 Vde, f = 30 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time t -
r 

Storage Ti me (IC = 25 Ade, IB(on) = 2. 5 Ade, IB(off) = 2. 5 Adc) t -
S 

Fall Time (See Figure 2) tf -

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

1.1 
SCOPE O---"--'VV\r---, 

PULSE 

PU LSE WIDTH = 50 MS 
DUTY CYCLE = 10% 

TUT 

~ 28 V 

GENERATORo-______ ~ _______ ~_~~ ___ ~--____ ~ 
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Max Unit 

Vde 
-
-
-

Vdc 
-
-
-

/lAde 
200 

mAde 
5.0 

5.0 

5.0 

mAde 
35 

35 

35 

mAde 
20 

20 

20 

mAde 
50 

-
140 

-

Vele 
0.30 

Vde 
0.65 

12 Il s 

10 Il s 

8.0 Il S 

Adj 
IC = 25 A 



2N 1705 thru 2N 1707 (GERMANIUM) 

PNP germanium transistors for audio driver appli
cations in transistorized radio receivers. 

CASE 31 
(TO-5) 

Base connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Ba se Voltage 

Collector- Emitter Voltage (RBE ~ 1 K) 

Emitter-Base Voltage 

Collector Current 

Collector Dissipation at TC ~ 25°C 

Junction Temperature Range 

Symbol 2N1105 

v CB 18 

VCER 12 

VEB 5.0 

IC 

PD 

TJ 
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2N1106 2N1107 Unit 

25 30 Vdc 

18 25 Vdc 

5.0 10 Vdc 

400 mA 

200 mW 

-65 to +100 °c 



2N 1705 thru 2N 1707 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Collector- Base Cutoff Current ICBO /lAdc 
(V CB = -10 Vdc) 2N1705 --- 5 0 . 10 

2N1706 --- --- 10 
(V CB = -25 Vdc) 2N1707 --- --- 15 

Emitter- Base Cutoff Current lEBO /lAdc 
(V EB = -5 Vdc) 2N1705 --- 4.0 20 

2N1706 --- --- 20 
(VEB = -10 Vdc) 2N1707 --- --- 10 

Collector- Emitter Voltage BVCER Vdc 
(IC = 1 mAdc, RBE = 1 K) 2N1705 12 --- ---

2N1706 18 --- ---
2N1707 25 --- ---

Base- Emitter Voltage VBE Vdc 
(IC = 10 rnA, V CE = 5 V) 2N1706 0.15 --- 0.35 

(IC = 20 rnA, V CE = 1 V) 2N1705 0.2 --- 0.4 

DC Current Gain hFE ---
(IC = 10 mAdc, V CE = -5 V) 2N1707 40 90 150 

(IC = 20 mAdc, V CE = -1 V) 2N1706 60 --- 120 

Small Signal Current Gain hfe ---
(IC = 1 rnA, V CE = - 6 V, f = 1 kHz) 2N1705 70 110 150 

(IC = 10 rnA, V CE = -5 V, f = 1 kHz) 2N1706 50 90 150 

2N1707 30 --- 150 

Output Admittance Conductance hob IImhos 
(IC = 1 rnA, V CB = -6 V, f = 1 kHz) 2N1705 --- 0.5 ---
(IC = 10 rnA, V CE = - 5 V, f = 1 kHz) 2N1706, 2N1707 --- 3.0 ---

Input Impedance hib ohms 
(IC = 1 rnA, V CE = -6 V, f = 1 kHz) 2N1705 --- 30 ---
(IC = 10 rnA, V CE = -5 V, f = 1 kHz) 2N1706, 2N1707 --- 4.0 ---

V oltage Feedback Ratio 
XlO-4 (IC = 1 rnA, V CB = -6 V, f = 1 kHz) 2N1705 hrb --- 3.0 ---

(IC = 10 rnA, V C = - 5 V, f = 1 kHz) 2N1706 h --- 0.69 --- XlO-3 
re 

XlO-4 2N1707 hrb --- 4.5 ---

Frequency Cutoff fem MHz 
(Ic = 1 rnA, V C = -6 V) 2N1706, 2N1707 --- 3.0 ---

2N1705 --- 4. 0 ---
Output Capacitance Cob pF 

(IC = 1 rnA, V CB = -6 V, f = 1 MHz) --- 20 ---

Noise Figure NF dB 
(IC = 1 rnA, V CB = -6 V, R 5 = 1 K, f = 1 kHz) 2N1705 --- 6.0 ---

2·203 



2N1708 (SILICON) 

NPN SILICON SWITCHING TRANSISTOR 

, , ,designed for high-speed, low-power saturated switching ap
plications for computers in military and industrial service. 

• Turn-On Time - ton ~ 40 ns (Maxi @ Ie ~ 10 mAde 

• Turn-Off Time - toff ~ 75 ns (Maxi @ Ie ~ 10 mAde 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 12 Vdc 

Collector-Base Voltage VCB 25 Vdc 

Emitter-Base Voltage VEB 3,0 Vdc 

Collector Current Ie 200 mAde 

HTotal Power Dissipation @TA '- 25°C PD 350 mW 
Derate above 25°C 2,0 mWf'C 

Total Power Dissipation @ TC -- 25°C PD 1.0 Wstt 
Derate above 25°C 5,71 mWf'C 

Operating and Storage Junction TJ,T st9 -65 to +200 DC 

Temperature Range 

Lead Temperature TL +235 DC 

1/16" ± 1/32" from case, 10 s 

*Jndicates JEDEC Registered Data. 
**Motorola Guarantees this data in addition to JEDEC Registered Data 

FIGURE 1 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 

Vm 
(NOTE 2) 5000 v'"' I----r 0-10% 

270 ~-10% 111_i~ 
ton I INPUT WAVE FORMS T -- toff 

Vm,,+20 V I Vm -2()V 
1°0023 VBB~!Sl33V I- VBB'+17V 

0005fjF fjF ---1 l2G
1 

90%-1 

+----'If-----1 : Vuut I 1 Vout 

I 90%- NOTE 3 -- - t--1 
o l/lF I-- ton--i f---toff--l 

l--- OUTPUT WAVE FORMS 

5000 

50 

VBS {NOTE 1) Vee 3 V lNOTE 1) 

NOTE 1 

NOTE 2 

NOTE 3 
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NPN SILICON 
SWITCHING 

TRANSISTOR 

L-_______________________ ~ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5,31 5.84 0,209 0,230 
B 4.52 4.95 0.178 0.195 
e 1.65 2,16 0,065 0,085 
0 0,406 0,533 0,016 0.021 
E 1,02 0,040 
F 0,305 0.483 0,012 0,019 
G 2,54 BSe 0.100 SSC 
H 0.914 1.17 0,036 0,046 
J 0.711 1.22 0,028 0,048 
K 12.70 0,500 
L 6,35 0,250 
M 45 Bse 45 sse 
N 1.278Se 0,050 Bse 
p 1.27 0,050 

All JEDEC dimensions and notes apply 

CASE 26 
TO-46 



2N1708 (continued) 

*ELECTRICAL CHARACTERISTICS (TA" 250 C unless otherwise noted.) 

I Characteristic I Symbol Min Ma. Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 12 - Vde 

(IC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 25 - Vde 

(IC = 100)lAde, Ie = 0) 

Emitter-Base Breakdown Voltage BVESO 3.0 - Vde 

(IE = 100 )lAde, IC = 0) 

Collector-Cutoff Current ICEX - 15 ,uAdc 

(VCE = 10 Vde, VSE = 0.25 Vde, TA = 100°C) 

Collector Cutoff Current ICBO ,uAdc 

(VCB = 15 Vdc,IE = 0) - 0.025 

(VCS = 15 Vde, IE = 0, T A = 150°C) .- 15 

ON CHARACTERISTICS 

DC Current Gain (1 i hFE 20 - -
(IC = 10 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage VCE(s.t) Vde 

(IC = 10 mAde, IS = 1.0 mAde! .- 0.22 

(lC = 50 mAde, IS = 5.0 mAde) - 0.35 

Base-Emitter Saturation Voltage VSE(s.t) 0.7 0.9 Vde 

(IC = 10 mAde, IS = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 200 - MHz 

(lC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cob - 6.0 pF 

(VCB = 10 Vde,IE = 0, f = 140 kHz) 

Turn-On Time (Figure 1) ton - 40 ns 
(Vec = 3.0 Vde,lc = 10 mAde,lSl = 3.0 mAde,IS2 = 1.0 mAde) 

Turn-Off Time (Figure 1) toft - 75 ns 

(Vce = 3.0 Vde, IC = 10 mAde, ISl = 3.0 mAde,IS2 = 1.0 mAde! 

Storage Time (Figure 2) ts - 25 ns 

(Ie = 10 mAde, ISl = IS2 = 10 mAdcJ 

-lI-lndicates JEDEC Registered Data. 

(1) Pulse Test: P~lse Width ~300 J,lS, Duty eyel'] ~ 1.0%. 

FIGURE 2 - STORAGE TIME TEST CIRCUIT 

~) 
890 

O~ 0.1 pF 500 
~L Vou! 

PULSE 
GENERATOR 

V" 91 
(NOTE 21 

VOLTAGE I -10 V 
(NOTE 21 

500 
(Vlnl 

I TIME 

1 

10.0025 pF 

I INPUT WAVE FORM 

( 

0.0025 pF I V. OUTPUT 
10,uF VOLTAGE 

50 lO/-IF (Vout) 

1- " --1 
TIME 

OUTPUT WAVE FORM 
NOTE 1: Input voltage (V In ) obtained from pulse generator 

VBB" 11 V (NOTE 11 Vee" 10 V (NOTE 11 having an output Impedance of 50 ohms. VIO rISe 

y y time < los, puts! duration:;;' 300 ns, and duty 
factor..:;;; 2.0%. 

NOTE 2 Input and output wave forms momtored by means 
of an oscilloscope having a rISe ttme .;;; 0.5 ns; 

-= mput capacitance of prabe ,;;;; 2.5 pF wIth shunt 
resIstance:;;' 1000 ohms. 
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2N1711S 

2N 1724 (SILICON) 
2N1725 

CASE 9 
(TO-61) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Power Dissipation 

For Specifications, See 2N718A Data 

NPN silicon power transistors designed for switch
ing and amplifier applications. 

Symbol Value Unit 

VCB 120 Vdc 

VCE 80 Vdc 

VEB 10 Vdc 

IC 5.0 Adc 

P D 117 Watts 

Thermal Resistance, Junction to Case IIJC 1.5 °C/W 

Junction Operating Temperature Range TJ -65 to +200 °c 
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2N1724, 2N1725 (continued) 

ELECTRICAL CHARACTERISTICS (TC: 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Emitter-Base Cutoff Current ~BO mAdc 
(VEB : 9 Vdc) 2Nl725 - - 0_5 

(VEB = 10 Vdc) - - 10.0 

Collector-Emitter Cutoff Current ICES mAdc 
(VCE = 60 Vdc, VBE = 0) - - 1.0 

(VCE = 60 Vdc, VBE = 0, TC = 150oC) - - 2.0 

(V CE = 120 Vdc, V BE = 0, T C = 150°C) - - 10.0 

Collector-Base Cutoff Current ICBO mAdc 
(V CB = 3 Vdc, ~ = 0) - - 0.1 

Collector~Emitter Sustaining Voltage V CEO(sus) Vdc 
(IC = 200 mAdc, IB = 0) 80 - -

DC Current Gain hFE 
(V CE = 15 Vdc, IC = 2 Adc) 2N1724 20 40 90 

2Nl725 50 90 150 

(V CE = 15 Vdc, IC = 2 Adc, T A = _55 0 C) 2Nl724 12 - -
2N1725 25 - -

(V CE = 15 Vdc, Ic = 0.1 Adc) 2Nl724 20 - -
2Nl725 50 - -

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 2 Adc, ~ = 200 mAdc) 0.5 1.0 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 2 Adc, IB = 200 mAdc) 1.2 2.0 

Vdc 

High Frequency Current Gain hfe 
(V CE = 15 Vdc, IC = 0.5 Adc, f = 10 MHz) 1.0 1.6 -

Common Base Output Capacitance Cob pF 
(V CB = 10 Vdc, f = 0.1 MHz) 260 550 

Switching Time s /J.s 
(IC = 2 Adc, IB1 = -IB2 = 0.2 Adc) 

Delay time plus Rise time td + tr - 0.15 -
Storage time t - 1.3 -s 
Fall time tf - 0.14 -
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2N1724, 2N1725 (continued) 

FIGURE 1 - POWER· TEMPERATURE OERATING CURVE 
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FIGURE 2 - 2N1724. 2N1725 

In using these curves the average power derating 
curve (Fig. 1) must be observed to ensure oper
ation below the maximum junction temperature . 

Collector-Emitter Voltage (Volts) 

FIGURE 3 - DC CURRENT GAIN versus COllECTOR CURRENT 

~ to- 2N1725 -r------- , 
""'" i' i I"-r--. 

I'r-. 
2N1724 -t------ r--r--i'~ 

0.1 0.2 0.3 0.40.5 0.8 1. 0 2.0 3.0 4.0 5.0 8.0 10 
IC' Collector Current (Amp) 
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2N 17 51 (GERMANIUM) 

~02~· o 0--
@r 

PNP Germanium power transistor designed for high
current switching applications requiring low saturation 
voltages, short switching times and good sustaining 
voltage capability . 

STYLE1: CASE 3-04 
• Alloy-Diffused Epitaxial Construction 

PIN 1. BASE • Low Saturation Voltages --
cAs~'~~:ri~~OR (TO-3 modified) V CE(sat) = 0.3 V dc (Max) @ IC = 20 Adc 

VBE(sat) = 0.7 Vdc (Max) @ IC = 20 Adc 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 60 Vdc 

*Collector-Base Voltage VCB 80 Vdc 

"Emitter-Base Voltage VEB 2.5 Vdc 

*Collector Current - Continuous IC 25 Adc 

Base Current - Continuous IB 5.0 Adc 

Total Device Dissipation @TC = 25°C PD 106 Watts 
Derate above 25° C 1. 25 W;OC 

* Operating and Storage Junction TJ,Tstg -65 to +110 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
--

Characteristic Symbol Max Unit 

*Thermal ReSistance, Junction to Case eJC 0.8 °C/W 

* Indicates JEDEC Registered Data. 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUiT 

R1 = 1.0 Ohm, 20 Watts R5: IC Adiust@VCE = Vz 
R2 =10,Ohms, 2.0 Watts 
RF 0.1 Ohm, 1.0% 
R4 s 0.04 Ohm 

81: Adjust for 18(on) = j-t 
82 = 2.0 Vdc, Adjust for 18(otf) = 0.2 Adc 
83 = 12 Vdc 

'Not required if current probe is used to read 18 
"PRF ~ 60 Hz 

***Zener selected to establish Sustaining Voltage. 
NOTE: Series impedance and inductance must be kept to a minimum. 

Adjust input pulse width for Ie = 25 A condition, 

2-209 
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.~---v'<r~'-~ 

50 W 

***Vz 
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2N1751 (continued) 

ELECTRICAL CHARACTERISTICS (f c = 25'C unless otherwise noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 100 mAde, IB = 0) 60 -

Collector-Emitter Sustaining Voltage (See Figure 1) V CE(sus) 
(IC = 25 Ade) 45 -

* Floating Potential VEBF 
(V CB = 80 Vde, IE = 0) - 1.0 

Collector-Emitter Cutoff Current ICER 
(V CE = 80 Vde, RBE = 50 Ohms) - 50 

Collector Cutoff Current ICES 
(VCE = 80 Vdc, VBE = 0) - 5.0 

Collector Cutoff Current ICB01 
(V CB = 2.0 Vde, IE = 0) - 200 

Collector Cutoff Current ICB02 
'(V CB = 80 Vde, IE = 0) - 5.0 

(V CB = 80 Vdc, IE = 0, T C = 100" C +0, -3"C) - 25 

* Emitter Cutoff Current lEBO 
(V EB = 2.5 Vde, IC = 0) - 50 

ON CHARACTERISTICS 

* DC Current Gain hFE 
(IC = 20 Adc, V CE = 1. 5 Vdc) 30 90 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 20 Ade, IB = 2. 5 Adc) - 0.3 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 20 Ade, IB = 2. 5 Ade) - 0.7 

SMALL·SIGNAL CHARACTERISTICS 

* Common-Base Cutoff Frequency lab 
(IC = 0.5 Ade, V CB = 10 Vdc) 1.5 -

* Small-Signal Current Gain hie 
(IC = O. 5 Ade, V CE = 6.0 Vdc, f = 30 kHz) 20 -

SWITCHING CHARACTERISTICS 

Rise Time t - 12 
(IC = 25 Adc, IB(on) = 2.5 Ade, r 

Storage Time t - 10 
IB(off) = 2. 5 Adc) s 

Fall Time 
(See Figure 2) 

t f - 8.0 

*lndlcates JEDEC RegIstered Data. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

1.1 
SCOPE o-~""""--'VV'v-----, 

PU LSE WI DTH = 50}1S 
DUTY CYCLE = 10% 

Adj for 
IS(on) = 2.5 A 

"" 12 V IS(off)_ 
0.1 

0.7 %n) 
= 2.0 V 

PULSE Adj for IS(off) 

TUT 

"" 28 V 

GENERATORO-________ ~---------_4 ........ -=-2-.5-A------~-------~ 
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2N 1842 thru 2N 1850 (SILICON) 

CASE 2.3 ~. 
STYLE 1: ~ 

Industrial-type, silicon controlled rectifiers in a stud package 
with current handling capability to 16 amperes at junction 
temperatures to lOOOC. MCR equivalents available in TO-48 
package - i.e. - 2N1842 available in T048 package as MCR1842. 

PIN 1. CATHODE 
2. GATE 
3. ANOOE 

MAXIMUM RATINGS rTJ = 100°C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage" VRSM(rep)* Volts 
2N1842 25 
2N1843 50 
2N1844 100 
2N1845 150 
2N1846 200 
2N1847 250 
2N1848 300 
2N1849 400 
2N1850 500 

Peak Reverse Blocking Voltage VRSM(non-rep) Volts 
(Transient) 2N1842 35 
(Non-Recurrent 5 ms max_) 2N1843 75 

2N1844 150 
2N1845 225 
2N1846 300 
2N1847 350 
2N1848 400 
2N1849 500 
2N1850 600 

Forward Current RMS IT(RMS) 16 Amp 
(All Conduction Angles) 

Circuit Fusing Considerations r2t A2s 
(TJ = -40 to +100oC, t ;; 8.3 ms) 60 

Peak Forward Surge Current ITSM Amp 
(One Cycle, 60 Hz, TJ = -40 to +lOOoC) 125 

Peak Gate Power PGM 5.0 Watts 

Average Gate Power PG(AV) 0.5 Watt 

Peak Gate Current IGM 2.0 Amp 

Peak. Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ -40 to +100 °c 

Storage Temperature Range Tstg -40 to + 125 °c 

Stud Torque - 30 in. lb. 

*VRSM(rep) for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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2N 1842 thru 2N 1850 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage* VDRM* Volts 
(TJ = 100°C) 2N1842 25 - -

2N1843 50 - -
2N1844 100 - -
2N1845 150 - -
2N1846 200 - -
2N1847 250 - -
2N1848 300 - -
2N1849 400 - -
2N1850 500 - -

Peak Forward or Reverse Blocking Current IDRM mA 
(Rated V FOM or V ROM gate open, T J = 100°C) IRRM - - 6.0 

Gate Trigger Current (Continuous de) IGT mA 
(Anode Voltage = 7 Vdc, RL = 50 12) - 15 80 

Gate Trigger Voltage (Continuous dc) VGT Volts 
(Anode Voltage = 7 Vdc, RL = 50 12) - 0.8 2.0 

(VDRM = Rated V, R L = so n, TJ = 100°e) VGNT 0.3 - -
Holding Current IH mA 

(Anode Voltage = 7 Vdc, Gate Open) - 20 -
Forward On Voltage VTM Volts 

(IF = 16 Adc) - 1.1 1.8 

Turn-On Time (td + t r ) tgt {.lS 

(IG = 50 mA, IF = 10 A) - 1.0 -
Turn-Off Time tq Jls 

(IF = 10 A, IR = 10 A; dv/dt = 20 vlp..s, TJ = 100oC) - 25 -
(VDRM= rated voltage) 

Forward Voltage Application Rate dv/dt vi Jls 
(Gate open, T J = lOOoC) - 30 -

Thermal ReSistance (Junction to Case) 9JC - 1.0 2.0 °c/w 

*V D RM for all types can be applied on a continuous de basis without incurring damage. 

Ratings app~y for zero or negative voltage. 
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2N 1842 thru 2N 1850 (continued) 

MAXIMUM ALLOWABLE 
FORWARD GATE CURRENT 

GATE TRIGGER CHARACTERISTICS IGM"2AMP 
2.0 
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VT,INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 

SUGGESTED HEAT SINK SIZES 
RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 Hz 
FREE CO,NVECTION COOpNG I 
CURVES SHOWN ARE FOR 180· CONDUCTION ANGLE 

t----+---~OU~~~~~~~~JfSUC~I~~Lt~~\~~, tm~:}~ 

3" x 3" 
I 

120· -0.91 
90· -0.82 
60· -0.72 
30· -0.58 
DC -1.40 

USE CURVES FOR DC, I~, 3~, 6 
CIRCUITS BY CHOOSING PROPER 

CONDUCTION ANGLE FACTDR_ 

~~~ltJ~;siVI~ ;O:J'iR I-....::"""_±-'''''-~~~----I 
STUD MOUNTED DIRECTLY 
TO COPPER FIN 
MINIMUM SPACING = 3/4" 

20 40 60 
TA , AMBIENT TEMPERATURE (OC) 

80 100 



2N 1842A thru 2N 1850A (SILICON) 

~ \:J 
CASE 263 

\ 

fudustrial-type, silicon controlled rectifiers in a stud 
. package with current handling capability to 16 amperes 

at junction temperatures to 125°C. 
STYlE 1, 

PIN 1. CATHOOE 
2. GATE 
3. ANODE 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

Rating Symbol Value Unit 

Peak Reverse BLocking Voltage* VRSM(rep)* Volts 
2N1842A 25 
2N1843A 50 
2N1844A 100 
2N1845A 150 
2N1846A 200 
2N1847A 250 
2N1848A 300 
2N1849A 400 
2N1850A 500 

Peak Reverse Blocking Voltage VRSM{non-rep) Volts 
(Transient) 2N1842A 35 
(Non-Recurrent 5 ms max.) 2N1843A 75 

2N1844A 150 
2N1845A 225 
2N1846A 300 
2N1847A 350 
2N1848A 400 
2N1849A 500 
2N1850A 600 

Forward Current RMS IT(RMS) 16 Amp 

Peak Forward Surge Current ITSM Amp 
(One Cycle, 60 Hz, T J = -65 to + 1250 C) 125 

Circuit Fusing Considerations I2t A2s 
(TJ = -65 to +1250 C, t ;:; 8.3 ms) 60 

Peak Gate Power - Forward PGM 5.0 Watts 

Average Gate Power - Forward PG(AV) 0.5 Watt 

Peak Gate Current - Forward IGM 2.0 Amp 

Peak Gate Voltage - Forward VGFM 10 Volts 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ -65 to +125 °c 

Storage Temperature Range Tstg -65 to +150 °c 

Stud Torque - 30 in. lb. 

*VRSM(rep) for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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2N1842 A thru 2N1850A (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Units 

Peak Forward Blocking Voltage* VORM* Volts 
(TJ = 125°C) 2N1842A 25 - -

2N1843A 50 - -
2N1844A 100 - -
2N1845A 150 - -
2N1846A 200 - -
2N1847A 250 - -
2N1848A 300 - -
2N1849A 400 - -
2N1850A 500 - -

Peak Forward or Reverse Blocking Currect IORM rnA 
(VORM' OR VRSM, gate open, TJ = 125 C) 

IRRM 
- - 6.0 

Gate Trigger Current (Continuous dc) IGT rnA 
(Anode Voltage = 7 Vdc, RL = 50 Sl) - 15 80 

Gate Trigger Voltage VGT Volts 
(Anode Voltage = 7 Vdc, RL = 50 Sl) - 0.8 2.0 

(VORM = Rated V, RL = 500, TJ = 125°C) VGNT 0.25 - -
Holding Current IH rnA 

(Anode Voltage = 7 Vdc, Gate Open) - 20 -
Forward On Voltage VT Volts 

(IT = 16 Adc) - 1.1 1.6 

Turn-On Time (td + tr ) tgt IJ,S 

(IGT= 50 rnA, IT = 10 A) - 1.0 -
Turn-Off Time tq IJ,S 

(IT = 10 A, IR = 10 A, dvldt = 20 Vlp-s, TJ = 1250 C) - 30 -
Forward Voltage Application Rate dv/dt vi {jS 

(Gate Open, TJ = 125°C) - 30 -
Thermal Resistance (Junction to Case) 8JC - 1.0 2.0 °c/w 

'VDRM for all types can be applied on a continuous dc basis without incurring damage. 

Ratings apply for zero or negative gate voltage. 
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2N1842A thru 2N1850A (continued) 
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0.0 

FORWARD CONDUCTING CHARACTERISTICS 

" // 

TYPICAL t7 '/ MAXIMUM 

/I 
NOT ,VOLTAGE DROP MEASURED 

/ / INCH FROM BOTTOM OF CASE 

TJ = 125°C 

j I Iii = TJ::: 25°C 

0.5 1.0 1.5 2,0 2,5 

VT, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 

SUGGESTED HEAT SINK SIZES 

CURVES SHOWN ARE FOR IBO' CONDUCTION ANGLE 
FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY FOLLOWING FACTORS, 

I--=~---"""f----+ 120' - 0.91 30' - 0.58 
90' - 0.82 DC - 1.40 
60' - 0.72 I 

USE CURVES FOR DC, 1¢, 3¢, 6¢ 

I----+---""' ..... f-""""""~ CI~8~~1~~,v0~HAONO~i~~:c"T~RER 

RESISTIVE OR INOUCTI'VE LOAD, 50 TO 400 Hz 
FREE CONVECTION COOLING 

20 40 60 80 
TA , AMBIENT TEMPERATURE (OC) 

100 120 



2N 18905 (SILICON) 

NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

... designed for use in medium·current, general-purpose amplifier 
applications. 

• Collector-Emitter Sustaining Voltage -
BVCEO(sus) = 60 Vdc (Min) @ IC = 30 mAde 

'MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCER 

RSE ";;10 Ohms 

Collector-Base Voltage VCS 
Emitter-Base Voltage VES 

Collector Current - Continuous IC 

Total Power Dissipation @TA ::::: 25°C PD 
Derate above 25°C 

Total Power Dissipation@Tc==250C PD 
Derate above 25°C 

Value 

60 

80 

100 

7.0 

500 

800 

3.0 
17.2 

Operating and Storage Junction T J,Tstg -65 to +200 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA(1 ) 219 

Thermal Resistance, Junction to Case ReJC 58.3 

Lead Temperature 1/16" from Case for 10 Seconds TL 80 

*Indicates JEDEC Registered Data. 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

2-217 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 

Watt 
mW/oC 

°c 

Unit 

°CIW 

°CIW 

Vdc 

NPN SILICON 
AMPLIFIER TRANSISTOR 

STYLE 1 
~ PIN 1. EMITTER 

/' I 2. BASE 
! Q ril G 3. COLLECTOR 

I t1 NI- N . r , I 0- -

t'v,<:~"1 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 - 0.500 -
L 6.35 0.250 
M 450 NOM 45 0 NOM 
P 1.27 0.050 
n 900 NOM 900 NOM 
R 2.54 - 0.100 -

All JEOEC dimensions and notes apply. 

CASE 79·02 
TO-39 



2N 1890S (continued) 

*ELECTRICAL CHARACTERISTICS ITA ~ 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage( 1) BVCERlsus) 80 - - Vde 
(lC ~ 100 mAde, IB ~ 0, RBE ~ 10 Ohms) 

Collector-Emitter Sustaining Voltagel1 J BVCEOlsus) 60 - - Vde 
IIC ~ 30 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage BVCBO 100 - - Vde 
IIC ~ 100 !lAde, IE ~ 0) 

Emitter-Base Breakdown Voltage BVEBO 7.0 - - Vde 
I IE ~ 100 !lAde, IC ~ 0) 

Collector Cutoff Current ICBO 
IVCB ~ 75 Vde, IE ~ 0) - - 10 nAdc 
IVCB ~ 75 Vde, IE ~ 0, TA ~ 150°C) - - 15 /lAde 

Emitter Cutoff Current lEBO - - 10 nAde 
IVEB ~ 5.0 Vde, IC ~ 0) 

ON CHARACTER ISTICS(l) 

DC Current Gain hFE 100 180 300 -
IIC ~ 150 mAde, VCE ~ 10 Vde) 

Collector-E mitter Saturation VCElsat) Vde 
I IC ~ 50 mAde, IB ~ 5.0 mAde) - 0.4 1.2 
(lC ~ 150 mAde, IB ~ 15 mAde) - 0.8 5.0 

Base-Emitter Saturation Voltage VBElsat) Vde 
I IC ~ 50 mAde, IB ~ 5.0 mAde) - 0.78 0.9 
(lC ~ 150 mAde, 18 ~ 15 mAde) - 0.9 1.3 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 60 - - -
I Ie ~ 50 mAde, VCE ~ 10 Vde, I ~ 20 MHz) 

Output Capacitance Cob 10 15 pF 
IVCB ~ 10 Vde, IE ~ 0, I ~ 100 kHz) 

Input Capacitance Cib 55 85 pF 
IVSE ~ 0.5 Vde, IC ~ 0, I ~ 100 kHz) 

Input Impedance hib Ohms 
I IC ~ 1.0 mAde, VCB ~ 5.0 Vde, I ~ 1.0 kHz) 20 - 30 
(lC ~ 5.0 mAde, VCB ~ 10 Vde, I ~ 1.0 kHz) 4.0 - 8.0 

Voltage Feedback Ratio hrb Xl0-4 
I IC ~ 1.0 mAde, VCB ~ 5.0 Vde, I ~ 1.0 kHz) - - 1.5 
(lC ~ 5.0 mAde, VCB ~ 10 Vde, I ~ 1.0 kHz) - - 1.5 

Small-Signal Current Gain hie 
(IC ~ 1.0 mAde, VCE ~ 5.0 Vde, I ~ 1.0 kHz) 50 - 200 
IIC ~ 5.0 mAde, VCE ~ 10 Vde, I ~ 1.0 kHz) 70 - 300 

Output Admittance hob ,umhos 
IIc ~ 1.0 mAde, VCB ~ 5.0 Vde, I ~ 1.0 kHz) - - 0.3 
IIC ~ 5.0 mAde, VCB ~ 10 Vde, I ~ 1.0 kHz) - - 0.3 

*Indlcates JEDEC Registered Data. 
II) Pulse Test: Pulse Width <;;;300 !lS, Duty Cycle <;;;2.0%. 
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2N 18935 (SILICON) 
2N2405S 

NPN silicon annular transistors designed for medium
power amplifier and switching applications • 

CASE 79 
(TO-39) 

• MAXIMUM RATINGS 

Rating 

Collectur-Em!tter Vollag-e 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device DISSipatIOn @ T A 25°C 

Derate above 25°C 

Symbol 

Collector connected 
to case 

2 
~l-ce DISSipatIOn @ TC - 25°C P D 

103 

Derate above 25°C 

Operating and Storage Junction Temperature Range T J' T stg 

THERMAL CHARACTERISTICS 

STYLE 1: 
PIN 1. EMITTER 

Characteristic Symbol 

2. BASE Thermal Resistance, Junchon to Ambient R BJA 

3. COLLECTOR Thermal Resistance. JunctlOn to Case ReJC 

* ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) BVCEO(sus) 
(IC = 30 mAde, IB = 0) 2N1893 

2N2405 
(IC = 100 mAde, IB = 0) 2N2405 

Collector-Emitter Sustaining Voltage BV CER(sus) 
(IC = 100 mAde, RBE = 10 ohms) 2N1893 

2N2405 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 ;u\de, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 ;u\de, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 90 Vde, IE = 0) 

(VCB = 90 Vde, IE = 0, TA = 150'C) 2N1893 
2N2405 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vde, IC = 0) 

* Indicates JEDEC Registered Data 
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2N1893 2N240S Unit 

80 90 Vde 

100 140 Vdc 

120 Vde 

7.0 Vde 

0.5 1.0 Ad, 

0.8 1.0 Watt 

4.57 5.72 mW/oC 

3.0 5.0 Watts 

172 28.6 mW/oC 

-65 to +200 'C 

2N1893 2N240S Unit 

219 175 'C/W 

58.3 35 'C/w 

Min Max Unit 

Vde 
80 -
90 -
90 -

Vde 
100 -
140 -

Vde 
120 -

Vde 
7.0 -

;u\de 
- 0.01 

- 15 
- 10 

;u\de 
- 0.01 



2N1893S, 2N2405S (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

L Characteristic Symbol Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain(l) hFE -
(IC 0.1 mAde, V CE = 10 Vde) 2N1893 20 -
(IC = 10 mAde, VCE = 10 Vdc) Both Types 35 -
(IC = 10 mAde, VCE = 10 Vde, TA = -55°C) 2N1893 20 -

(IC = 150 mAde, V CE = 10 Vde) 2N1893 40 120 
2N2405 60 200 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 50 mAde, lB = 5.0 mAde) 2N1893 - 1.2 

(IC = 150 mAde, IB = 15 mAde) 2N1893 - 5.0 
2N2405 - 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 50 mAde, IB = 5.0 mAde) 2NI893 - 0.9 

(IC = 150 mAde, IB = 15 mAde) 2N1893 - 1.3 
2N2405 - 1.1 

SMAll-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 2N1893 50 -

Output Capacitance Cob pF 
(VCB = 10 Vde, IE = 0, lao kHz ~ I ~ 1. 0 MHz) - 15 

Input Capacitance C ib pF 
(VBE = 0.5 Vde, IC = 0, 100 kHz ~ f;; 1. 0 MHz) 2NI893 - 85 

2N2405 80 

Input Impedance hib ohms 
(IC = 1. 0 mAde, V CB = 5.0 Vde, I = 1. 0 kHz) 2N1893 20 30 

(IC = 5.0 mAde, VCB = 10 Vde, 1= 1.0 kHz) 2N1893, 2N2405 4.0 8.0 

Voltage Feedback Ratio hrb X 10-4 

(IC = 1. 0 mAde, VCB = 5.0 Vde, I = 1. 0 kHz) 2N1893 - 1. 25 

(IC = 5.0 mAde. V CB = 10 Vde, I = 1. 0 kHz) 2N1893 - 1.5 
2N2405 - 3.0 

Small-Signal Current Gain hie -
(Ie = 1.0 mAde, VCE =5.0Vde, 1= 1.0 kHz) 2N1893 30 100 

(IC = 5.0 mAde, VCE = 5.0 Vde, 1= 1.0 kHz) 2N2405 50 275 

(IC = 5.0 mAde, V CE = 10 Vde, f = 1. 0 kHz) 2N1893 45 -

Output Admittance hob I1Jllho 
(IC = 1. 0 mAde, VCB = 5.0Vde, 1= 1.0 kHz) 2N1893 - 0.5 

(Ie = 5.0 mAde, VCB = 10 Vde, 1= 1. 0 kHz) 2N1893, 2N2405 - 0.5 

* Indicates JEDEC Registered Data 

(1) Pulse Test; Pulse Width ~ 300/lS, Duty Cycle ~ 2.0%. 
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2N 1924 thru 2N 1926 (GERMANIUM) 

STYLE 1 

PNP germanium transistors for general purpose, low
frequency applications. Characteristics curves similar 
to 2N524 -2N527 series. 

PI~ 1. EMITTER 
2. BASE 
3. COLLECTOR 

CASE 31 
(10·5) 

Base connected 10 cas~ 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Junction and storage Temperature 

Power Dissipation 8.t 25' C Ambient 

Symbol Value 

VCB 60 

VCEO 40 

VEB 25 

IC 500 

T J& Tstg -65 to +100 

PD 225 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristics Symbol Min 

Collector Cutoff Current ICBO -
V CB = -45 Vdc, IE = 0 

Emitter Cutoff Current lEBO -
VEB = -25 Vdc, IC = 0 

Collector-Base Voltage VCBO 60 
IC = 200 /lAdc, IE = 0 

Collector - Emitter Voltage VCEX 50 
IC = 50 /lAde, VBE = +1. 5 Vde, RBE = 10 K 

Collector-Emitter Voltage VCER 40 
IC = O. 6 mAde, RBE = 10 K 

Punch-Thru Voltage (VEB = 1 Vdc, VTVM Z 2. 1 Megoom) Vpt 50 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

'c 

mW 

Max Unit 

10 /lAde 

10 /lAde 

- Vdc 

- Vdc 

- Vdc 

- Vdc 



2N1924 thru 2N1926 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristics Symbol Min Max Unit 

DC Current Gain hFE 
IC = 20 mAde, VCE = -1 Vde 

2N1924 34 65 -
2N1925 53 90 
2N1926 72 121 

DC Current Gain hFE 
IC = 100 mAde, VCE = -1 Vdc 

2N1924 30 - -
2N1925 47 -
2N1926 65 -

Collector-Emitter Saturation Voltage VCE(SAT) 
IB = 1. 33 mAde, IC = 20 mAde 2N1924 50 110 mVde 

IB = 1. 0 mAde, IC = 20 mAde 2N1925 55 110 

IB = O. 67 mAde, IC = 20 mAde 2N1926 60 110 

Base Input Voltage VBE 
VCE = -1 Vde, IC = 20 mAde 

2N1924 200 300 mVdc 
2N1925 190 290 
2N1926 180 280 

Output Capacitance; Input AC Open Circuit COb - 30 pF 

VCB = -5 Vde, IE = 1 mAde, f = 1 MHz 

Frequency Cutoff fab 
VCB = -5 Vde, IE = 1 mAde 

2N1924 1.0 - MHz 
2N1925 1.3 -
2N1926 1.5 -

Small-Signal Short-Circuit Forward-Transfer Current Ratio hfe 
VCE = -5 Vde, IE = 1 mAde, f = 1 kHz 

2N1924 30 64 -
2N1925 44 88 
2N1926 60 120 

Small-Signal Open Circuit Output Admittance hoe 
VCE = -5 Vde, IE = 1 mAde,f = 1 kHz 

2N1924 15 60 /lmho 
2N1925 20 65 
2N1926 25 70 

Small-Signal Open-Circuit Reverse-Transfer Voltage Ratio h 
VCE = -5 Vde, IE = 1 mAde, f = 1 kHz 

re 

2N1924 2.0 8.0 XlO-4 

2N1925 3.0 9 .0 

2N1926 4.0 10 

Small-Signal Short-Circuit Input Impedance h. 
VeE = -5 Vdc, IE = 1 mAdc, f = 1 kHz 

le 

2N1924 700 2200 ohms 
2N1925 1200 3200 
2N1926 1500 4200 
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2N 1970 (GERMANIUM) 

2N 1980 thru 2N 1982 

@. 'if PNP ge~manium po~r transistors for general pur-
o 0) pose amplifIer and sWItchmg applications . 

.:.. ~ STYLE I 
PIN 1. BASE 

2. EMITTER 
CASE 5 3. COLLECTOR 

(TO-36) Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N1970 2N19BO 2N1981 2N1982 Unit 
Collector- Base Voltage VCB 100 50 70 90 Volts 

Collector- Emitter Voltage VCEO 50 30 40 50 Volts 

Emitter-Base Voltage VEB 40 20 20 20 Volts 

Collector Current IC 15 Amp 

Power Dissipation at TC = 25°C Po 170 Watts 

Junction Temperature Range TJ -65 to +110 DC 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless olhe,wise noted) 

Characteristic Symbol Min Max Unit 
Collector- Base Cutoff Current 

ICBO mAde 
(VCB = -100 Vdc) 2NI970 - 4.0 
(VCB = - 50 Vdc) 2NI980 - 6.0 

(VCE - -70 Vdc) 2NI981 - 6.0 

(VCB = -90 Vdc) 2NI982 - 6.0 

(VCB =-2Vdc) 2N1980-2N1982 - 0.3 

Emitter-Base Cutoff Current lEBO mAde 
(VEE = -40 Vdc) 2NI970 - 4.0 

(VEB = - 20 Vdc) 2N1980- 2NI982 - 5.0 

(VEB = -2 Vdc) 2N1980-2N1982 - 0.3 

Collector-Emitter Breakdown Voltage BVCEO 
Vdc 

(IC = I Adc. IB = 0) 2NI970 50 -
2NI980 30 -
2NI981 40 -
2NI982 50 -

Bas.e-Emitter Voltage VBE 
Vdc 

(VCE = -2 Vdc, IC = 5 Adc) 2NI970 - 0.9 

Emitter Floating Potential VEBF Vdc 
(V CB = -50 Vdc) 2NI980 - 1.0 

IV CB = -70 Vdc) 2NI981 - 1.0 

(V CB = -90 Vdc) 2NI982 - 1.0 

Collector-Emitter Saturation Voltage 
V CE(sat) 

Vdc 
(IC = 12 Adc, IB = 2 Adc) 2NI970 - 1.0 

(IC = 5 Adc, IB = 0.5 Adc) 2N1980-2N1982 - 0.5 

DC Current Gain hFE -
(IC = 5 Adc, V CE = -2 Vdc) 2NI970 17 40 

2N1980-2N1982 50 100 

(IC = 12 Adc, V CE = -2 Vdc) 2NI970 10 -

Common Emitter Cutoff Frequency fete kHz 

(VCE =-4V, 'C=5A) 2NI970 5.0 -
(V CE = -5 V, IC = 2 A) 2N1980-2N1982 3.0 -
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2N 1983 (SILICON) 

2N1984 

NPN silicon annular small-signal transistor. 

CASE 31 
(TO-5) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25° C 
Derate above 25°C 

Total Device Dissipation@ T C = 25° C 

Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, .Junction to Case 

Thermal Resistance, .Junction to Ambient 
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Symbol 

VCEO 

VCB 

VEB 

IC 

P D 

P D 

T J , T 
stg 

Symbol 

8.JC 

8.JA 

Value Unit 

25 Vdc 

50 Vdc 

5.0 Vdc 

1.0 Adc 

0.6 Watt 

4.8 mW/oC 

2.0 Watts 

16 mW/oC 

-65 to +150 °c 

Max Unit 

62.5 °C/W 

208 °C/W 



2N1983, 2N1984 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless othe,w"e noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) BV CEO(sus) Vde 
(IC = 100 mAde, IB = 0) 25 -

Collector-Emitter Sustaining Voltage (1) BV CER(sus) Vdc 
(IC = 100 mAde, RBE ~ 10 ohms) 30 -

Collector Cutoff Current ICBO MAde 
(V CB = 30 Vde. IE = 0) - 5.0 

(V CB = 30 Vde, IE = 0, T A = 150°C) - 200 

EmItter-Cutoff Current lEBO /lAde 
(VEB(Olf) = 2.0 Vde, IC = 0) - 100 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 5.0 mAde, IB = O. 5 mAde) - 0.25 

I 

Base- Emitter On Voltage VBE(on) Vde 
(IC = 1. 0 mAde, VCE = 5.0 Vde) - 0.85 

SMALL-SIGNAL CHARACTERISTICS J 
Current-Gain-Bandwidth Product IT MHz 

(IC = 50 mAde, VCE = 10 Vde, 1= 20 MHz) 40 -
Output Capacitance Cob pF 

(V CB = 10 Vde, IE = 0) - 45 

Input hnpedance h. k ohm 
(IC = 5.0 mAde, VCE = 5.0 Vde) 2N1983 Ie - 2.0 

2N1984 - 1.2 

Input Resistance hib ohm 
(IC = 1. 0 mAde, V CE = 5.0 Vde, I = 1. o kHz) 20 30 

(IC = 5.0 mAde, V CE = 5.0 Vde, 1= 1. o kHz) 4.0 8.0 

Voltage Feedback Ratio hrb X 10-4 

(IC = 1. 0 mAde, V CE = 5.0 Vde, 1= 1 o kHz) 2N1983 - 7.0 
2N1984 - 5.0 

(IC = 5.0 mAde, VCE = 5.0 Vde, 1= 1.0 kHz) 2N1983 - 7.0 
2NI984 - 5.0 

Small-Signal Current Gain hie 
_. 

(IC = 1. 0 mAde, V CE = 5.0 Vde, I = 1. o kHz) 2Nl983 70 210 
2N1984 35 100 

(IC = 5.0 mAde, V CE = 5.0 Vde, I: 1. 0 kHz) 2N1983 80 240 
2N1984 40 120 

Output Admittance h De -
(IC = 5.0 mAde, VCE = 5.0 Vde) 2N1983 - 200 

2N1984 - 100 

Output Admittance hob /lmho 
(IC = 1. 0 mAde, V CE : 5.0 Vde, ! = 1.0 kHz) - 1.0 

(IC = 5.0 mAde, V CE = 5.0 Vde, 1= 1. 0 kHz) - 1.5 

(1) Pulse Test: Pulse Width ~ 300 J.lS, Duty Cycle;;; 2.0% . 

.. 
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2N 1990S(SILICON) 

~ ,() 
CASE 79 STYLE I: 

(TO-39) PIN I. EMITTER 
2. BASE 

NPN silicon transistor designed for driving neon 
display tubes_ 

3. COLLECTOR 
Collector Connected to Case 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation T A = 25· C 

Derate above 25· C 

Total Device Dissipation T C = 2. 5· C 

@TC = 100·C 

Operating & Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol Value 

VCB 100 

VEB 3.0 

IC 1.0 

PD 0.6 

4.8 

PD 2.0 

1.0 

T J' Tstg -65 to +150 

Symbol Max 
8JC 62.5 

8JA 208 

* ELECTRICAL CHARACTERISTICS (T .. = 2S0C unless otherwise noted) 

Unit 

Vdc 

Vdc 

Adc 

W 

mW;oC 

W 

·C 

Unit 
·C!W 

·C!W 

Characteristic Symbol I Min I Max I Unit 
OFF CHARACTERISTICS 

Collector Cutoff Current ICEX 
(V CE = 75 Vdc, IB = 10 /LAde) - 10 !LAde 

(V CE = 75 Vde, IB = 250 !LAde, T A = 150·C - 250 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC = 30 mAde, V CE = 10 Vde) 20 -
Collector-Emitter Saturation Voltage VCE(sat) Vde 

(IC = 2.0 mAde, IB = 0.2 mAde) - 0.5 

Base-Emitter Saturation Voltage 
VBE(sat) Vde 

(IC = 2.0 mAde, IB = 0.2 mAdc) - 1.0 

* Indicates JEDEC Registered Data 

2N 1991 5 (SILICON) 
For SpeCifications, See 2N1l31 Data. 

2-226 



2N2042, 2N2043 (GERMANIUM) 
STYLE 1: 

PIN 1. EMITTER ~ 2 
2. BASE 0 
3. COLLECTOR, 1 3 

CASE 31 \.. 0 0 PNP germanium transistors suitable for high-voltage 
(TO-5)' audio switching and amplifier applications_ Suitable for 

All leads ~ high-reliability projects. 
" 

isolated from case 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 105 Vdc 

Collector-Emitter Voltage VCES 105 Vdc 

Emitter-Base Voltage VEB 75 Vdc 

Collector Current IC 200 mAdc 
(Continuous) 

Operating Junction Temperature Range TJ -65 to +100 °c 

Storage Temperature Range Tstg -65 to +100 °c 

Collector Dissipation, Ambient PD 200 mW 
Derate above 25°C 2.67 mW/"C 

Thermal Resistance i.JJA 0.375 °C/mW 
(Junction to Ambient) 

Thermal Resistance i.JJC 0.250 °C/mW 
(Junction to Case) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector -Base Cutoff Current ICBO I'Adc 

(VCB = 105 V, IE = 0) - 25 

(V CB = 2.5 V, IE = 0) - 10 

(VCB = 105 V, IE = 0, TA = +71°C) - 500 

Emitter-Base Cutoff Current lEBO /LAdc 

(VEB = 75V, IC = 0) - 50 

(VEB = 2.5V, IC = 0) - 10 

Collector -Emitter Cutoff Current ICER /LAdc 

(V CE = 55 V, RBE = 10 K) - 600 

Collector -Emitter Cutoff Current ICES mAdc 

(V CE = 105 V, V BE = 0) - 1.0 

DC Collector-Emitter Punch-Through Voltage Vpt Vdc 

(Vn = 1. 0 V, VTVM Rin 10-12 megohm) 105 -

DC Current Gain hFE -
(IC = 5 mA, VCE = 0.35 V) 2N2042 20 50 

2N2043 40 100 

Common Base, Small-Signal Input Impedance hib Ohms 

(VCB = 6 V, IE = 1 mA, f = 1 kHz) 30 50 
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2N2042,2N2043(continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol Min Max Unit 

Common Base, Small-Signal Output Admittance hob J.lmho 

(V CB = 6 V, IE = 1 mA, f = 1 kHz) 0.1 1.0 

Common Emitter, Small-Signal Current Transfer Ratio hfe -
(V CE = 6 V, Ie = 1 mA, f = 1 kHz) 2N2042 20 80 

2N2043 45 180 

Base-Emitter Saturation Voltage VBE(sat) Vdc 

(Ie = 5 mA, IB = 0.25 mAl - 0.30 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 

(Ie = 5 mA, IB = 0.25 mAl - 0.25 

(Ie = 100 mA, ~ = 10 mAl - 0.75 

Collector Output Capacitance Cob pF 

(V CB = 6 V, IE = 0) - 25 

Common-Base, Small-Signal Forward Current f(llb MHz 
Transfer Ratio Cutoff Frequency 

(V CB = 6 V, IE = 1 mAl 2N2042 0.50 -
2N2043 0.75 -

POWER·TEMPERATURE DERATING CURVE LARGE SIGNAL CURRENT GAIN versus TEMPERATURE 
220 
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2N2060, A (SILICON) 
2N2060JAN,JTX,JTXV Available 

2N2223,A 
2N2480,A 

MULTIPLE SI LICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications_ 

• Excellent Temperature Tracking - Dual Devices - 2N2223,A 
l>IVBE1 - VBE21 ~ 2.0 mVdc (Max) @-55to +250 C 

~ 2.5 mVdc (Max) @ +25 to +1250 C 

• Low Collector-Emitter Saturation Voltage - 2N2480 
VCE(sat) ~ 1.3 Vdc (Max) @ IC ~ 50 mAde 

• DC Current Gain Specified - 10 pAdc to 10 mAde 

• High Current-Gain-Bandwidth Product -
IT ~ 60 MHz @ IC~ 50 mAde 

'MAXIMUM RATINGS 
2N2060,A 

Rating Symbol 2N2223,A 2N2480 2N2480A 

Collector-Emitter Voltage VCEO 60 35 40 

COllector-Emitter Voltage VCER 80 - -

Collector-Base Voltage VCB 100 75 80 

Emitter-Base Voltage VEB 7.0 5.0 5.0 

Collector Current Continuous IC . 500 , 
One Die All Die 

Equal Power 

Total Power Dissipation @ 

TA ~ 25DC Po 
2N2060,A 0.5 0.6 
2N2223,A 0.3 0.6 

2N2480,A 0.5 0.6 

Derate above 25°C 
2N2060,A 2.86 3.43 

2N22L3,A 1.72 3.43 

2N2480,A 2.86 3.43 

Total Power Dissipation @ 

TC ~ 25DC Po 
2N2060,A 1.5 3.0 

2N2223,A 1.0 2.0 

2N2480,A 1.6 3.0 
Derate above 25°C 

2N2060,A 8.6 17.2 

2N2223,A 5.7 11.4 

2N2480,A 9.1 17.2 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

"'Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 

mW/oC 

Watts 

mW/DC 

DC 

NPN SILICON 

MULTIPLE TRANSISTORS 

STYLE 1 
PIN 1 COllECTOR 

2 BASE 
5. EMITTER 
6 BASE 

3. EM1TTER 7. COLLECTOR 
B OMITTED 4. OMITTED 

M1LLlMETERS 1NCHES 
DIM MIN MAX MIN MAX 

A 851 9.40 0.335 0.370 
B 775 B.51 0305 0.335 
C 3.81 4.70 0150 0.lB5 
D 0.41 053 0016 0.021 
G 5.08 sse 0200 sse 
H 0.71 0.86 0028 0.034 
J 074 1.14 0029 0.045 
K 12.70 - 0.500 
M 450 sse 45° Bse 
N 254BSC 0.100 Bse 

CASE 654-07 



2N2060, A, 2N2223, A, 2N2480, A (continued) 

* ELECTRICAL CHARACTERISTICS (each side) (TA = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(l) 2N2480 

(IC = 20 mAde, IB = 0) 2N2480A 

(Ie = 30 mAde, IB = 0) 2N2060, 2N2060A, 2N2223, 2N2223A 

Collector-Emitter Breakdown Voltage (I) 
(IC = 100 mAde, RBE ~ 10 ohms) 2N2060, 2N2060A, 2N2223, 2N2223A 

Collector-Base Breakdown Voltage 
(IC = 100 /lAde, IE = 0) 2N2060, 2N2060A, 2N2223, 2N2223A 

2N2480 (2) 
2N2480A(2) 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde, IC = 0) 2N2060, 2N2060A, 2N2223, 2N2223A 

2N2480,2N2480A 

Collector Cutoff Current 
(V CB = 30 Vde, IE = 0, TA = 150'C) 2N2480,2N2480A 

(VCB = 60 Vde, IE = 0) 2N2480 
2N2480A 

(V CB = 80 Vde, IE " 0) 2N2060,2N2060A 
2N2223,2N2223A 

(V CB = 80 Vde, IE = 0, T A = 150'C) 2N2060,2N2060A 
2N2223,2N2223A 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 2N2060,2N2060A 

2N2223,2N2223A 
2N2480 
2N2480A 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 10 /lAde, V CE = 5.0 Vde) 2N2060, 2N2060A 
2N2223, 2N2223A 

(IC = 100 /lAde, V CE = 5.0 Vde) 2N2060,2N2060A 
2N2223,2N2223A 
2N2480 
2N2480A 

(IC = 1. 0 mAde, V CE = 5.0 Vde) 2N2060, 2N2060A 
2N2480 
2N2480A 

(Ie = 10 mAde, V CE = 5.0 Vde)* 2N2060,2N2060A 
2N2223,2N2223A 

Collector-Emitter Saturation Voltage 
(IC = 50 mAde, IB = 5.0 mAde) 2N2060A 

2N2060, 2N2223, 2N2223A, 2N2480A 
2N2480 

Base-Emitter Saturation Voltage 
(IC = 50 mAde, IB = 5.0 mAde) 2N2060, 2N2060A, 2N2223, 2N2223A, 

2N2480A 
2N2480 

SMALL·SIGNAL CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC = 50 mAdc, V CE = 10 Vdc, f ,20 MHz) 2N2223, 2N2223A, 2N2480, 
2N2480A 

2N2060,2N2060A 

Output Capacitance 
(V CB = 10 Vdc, IE = 0, f = 1. o MHz) 2N2060, 2N2060A, 2N2223, 

2N2223A 
2N2480A 
2N2480 

• IndIcates JEDEC RegIstered Data 
(I) Pulse Test: Pulse Width ~ 300 /lS, Duty Cycle ;>.2.0%. 
(2) Motorola Guarantees this Data in Addition to JEDEC Registered Data. 
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Symbol 

BVCEO 

BVCER 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

V CE(sat) 

V BE(sat) 

fT 

Cob 

Min I Max I Unit 

35 Vde 
40 -
60 -

Vde 
80 -

Vde 
100 -
75 -
80 -

Vde 
7.0 -
5.0 -

/lAde 
- 15 

- 0.050 
- 0.020 
- 0.002 
- 0.010 

- 10 
- 15 

nAde 
- 2.0 
- 10 
- 50 
- 20 

-
25 75 
15 -
30 90 
25 150 
20 -
35 -
40 120 
30 350 
50 200 
50 150 
50 200 

Vde 
- 0.6 
- 1.2 
- 1.3 

Vde 

- 0.9 
- 1.0 

MHz 

50 -
60 -

pF 

- 15 
- 18 
- 20 



2N2060, A, 2N2223, A, 2N2480, A (continued) 

• ELECTRICAL CHARACTERISTICS (continued) 

Characteristic Symbol 

Input Capacitance Cib 
(V BE = O. 5 Vdc, IC = 0, I = I. 0 MHz) 2N2060, 2N2060A, 2N2223, 

2N2223A,2N2480A 

Input Impedance h. 
(IC = I. 0 mAdc, V CE = 5.0 Vdc, I = I. 0 kHz) 2N2060,2N2060A 

le 

2N2480A 

Input Impedance hib 
(IC = I. 0 mAde, VCB = 5.0 Vde, 1= 1.0 kHz) 2N2060, 2N2060A, 2N2223, 

2N2223A 
2N2480A 

Voltage Feedback Ratio hrb 
(IC = 1.0 mAde, VCB = 5.0 Vdc, 1= 1.0 kHz) 2N2223,2N2223A 

Small-Signal Current Gain hie 
(IC = 1.0 mAde, VCE = 5.0 Vde, 1= 1.0 kHz)' 2N2060,2N2060A 

2N2223,2N2223A 
2N2480A 

Output Admittance h 
(IC = 1.0 mAde, VCE = 5.0 Vde, 1= 1.0 kHz) 2N2060, 2N2060A, 2N2480A 

oe 

Output Admittance hob 
(IC = 1.0 mAde, VCB = 5.0 Vde, 1= 1.0 kHz) 2N2223,2N2223A 

Noise Figure NF 
(IC = 0.3 mAde, V CE = 10 Vde, RS = 510 ohms, 

I = 1. 0 kHz, BW = I. 0 Hz) 2N2480, 2N2480A 
(IC = 0.3 mAde, V CE = 10 Vde, RS = 510 ohms, 

I = I. 0 kHz, BW = 200 Hz) 2N2060, 2N2060A 
(IC = 0.3 mAde, VCE = 10 Vde, RS = 1. 0 k ohm, 

I = I. 0 kHz, BW = 15.7 kHz )(3) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(4) hFE/hFE2 
(IC = 100 /lAde, V CE = 5.0 Vde) 2N2060, 2N2060A, 2N2223A 

2N2223, 2N2480, 2N2480A 
(IC = I. 0 mAde, V CE = 5.0 Vde) 2N2060,2N2060A 

2N2480,2N2480A 

Base-Emitter Voltage Differential 
IV BE1-V BE21 

(Ie = 100 !lAde, V CE = 5.0 Vde) 2N2060A 
2N2060, 2N2223A, 2N2480A 
2N2480 
2N2223 

(IC = I. 0 mAde, V CE = 5.0 Vde) 2N2060,2N2060A,2N2480A 
2N2480 

Base-Emitter Voltage Differential Change Due to Temperature 
A(V BE1-V BE2) 

(IC = 100 !lAde, VCE = 5.0 Vde, TA = -55 to +25'C) 2N2060A 
2N2060 
2N2223,2N2223A 
2N2480,2N2480A 

(IC = 100 !lAde, V CE = 5.0 Vde, T A = +25 to + 125' C) 2N2060 
2N2060A 
2N2223,2N2223A 
2N2480,2N2480A 

* Indicates JEDEC Registered Data 
(3)Amplifier: 3.0 dB pOints at 25 Hz and 10 kHz with a roll-off 01 6.0 dB per octave. 
(4) The lowest hFE reading is taken as hFEl lor this ratio. 
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Min Max Unit 
pF 

- 85 

ohms 
1000 4000 
1000 5000 

ohms 

20 30 
20 35 

X 10- 4 

- 3.0 

-
50 150 
40 200 
50 300 

!lmhos 
4.0 16 

!lmhos 
- 0.5 

dB 

- 8.0 

- 8.0 

- 8.0 

-
0.9 1.0 
0.8 1.0 
0.9 1.0 
0.8 1.0 

mVde 
- 3.0 
- 5.0 
- 10 
- 15 
- 5.0 
- 10 

mVde 
- 0.4 
- 0.8 
- 2.0 
- 1.2 
- 1.0 
- 0.5 
- 2.5 
- 1.5 



2N207S thru 2N2082 (GERMANIUM) 

2N2075A thru 2N2082A 

m!if PNP germanium power transistors for high-power 
applications in high-reliability eqUipment. 

PIN 1. BASE 
2. EMITTER 

Col/ector connected to case 

CASE 5 
(TO-36) 

3. COLLECTOR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TC = 25°C 

Operating Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

175 

Ii! :. 150 i:. 
z 
0 

~ 125 
iii 
c 

~ 100 
0 .. 
w 75 ., 

" 
" ~ 

-.-~ 

~ 
~ 
g 

50 w 

~ 
~ 25 
.t 

0 

Symbol 

VCEO 

VCES 

VCB 

VEB 

IC 

P D 

TJ 

" , ~ 

2H2078 2N2077 2N2076 2N2075 Unit 2N2082 2N2081 2N2080 2N2079 

25 

40 

40 

20 

~ 

45 55 65 Vdc 

50 70 80 Vdc 

50 70 80 Vdc 

25 35 40 Vdc 

15 Adc 

170 Watts 

-65 to +110 °c 

Symbol Max Unit 

eJC O. 5 °CjW 

POWER-TEMPERATURE DERATING CURVE 

The maximum average power is related to maxi~ 
mum junction temperature by the thermal resistance 
factor. 

This curve has a value of 170 Watts at case tem
peratures of 25°C and is 0 Watts at I JO°C with a 
linear relation between the two temperatures such 
that: 

IIOO_Tc 
allowable Po = 0.5 

o 10 20 30 40 50 60 70 80 90 100 110 

T c. CASE TEMPERATURE (OC) 
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2N2075 thru 2N2082 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 2S"C unless otherwise noted) 

Characteristic Symbol Min I Max I Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1. 0 Adc, IB =0) 2N2078, 2N2082 25 -

2N2077, 2N2081 45 -
2N2076, 2N2080 55 -
2N2075, 2N2079 65 -

Collector-ErIlitter Breakdown Voltage' BVCES Vdc 
(IC = 300 mAdc, V BE = 0) 2N2078, 2N2082 40 -

2N2077, 2N2081 50 -
2N2076, 2N2080 70 -
2N2075, 2N2079 80 -

Floating Potential VEBF Vdc 
(V CB = 40 Vdc, IE = 0) 2N2078, 2N2082 - 1.0 

(V CB = 50 Vdc, IE = 0) 2N2077, 2N2081 - 1.0 

(V CB = 70 Vdc, IE = 0) 2N2076, 2N2080 - 1.0 

(V CB = 80 Vdc, IE = 0) 2N2075, 2N2079 - 1.0 

Collector Cutoff Current ICBO mAdc 
(V CB = 2.0 Vdc, IE = 0) - 0.2 

(VCB =VCB(max)' VEB = 1.5 Vdc) - 4.0 

(V CB = V CB(max)' IE = 0, TC = +71"C) - 15 

Emitter Cutoff Current lEBO mAdc 

(V BE = V BE (max) , IC = 0) - 4.0 

(V BE = V BE(max)' IC = 0, TC = +71° C) - 15 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 1. 2 Adc, V CE = 2.0 Vdc) 2N2075 thru 2N2078 25 100 

2N2079 thru 2N2082 40 160 
(IC = 5.0 Adc, V CE = 2.0 Vdc) 2N2075 thru 2N2078 20 40 

2N2079 thru 2N2082 35 70 
(IC = 5.0 Adc, VCE = 2.0 Vdc, TC = -55"C) 2N2075 thru 2N2078 15 -

2N2079 thru 2N2082 25 -
(IC = 12 Adc, V CE = 2.0 Vdc) 2N2075 thru 2N2078 8 -

2N2079 thru 2N2082 12 -
Collector-Emitter Satura.tion Voltage V CE(sat) Vdc 

(IC = 13 Adc, IB = 2.0 Adc) 2N2075 & 76, 2N2079 & 80 - 0.7 
2N2077 & 78, 2N2081 & 82 - 0.9 

Base-Emitter On Voltage VBE(on) Vdc 
(IC = 5.0 Adc, V CE = 12 ~dc) - 0.9 

DYNAMIC CHARACTERISTICS 

Common-Emitter Cutoff Frequency f 
5.0 I 

kHz 
(Ie = 5.0Adc, VCE = 6.0 Vdc) 

C/e -

Rise Time t Typ !1S r 

(V CE = 12 Vdc, IC(on) = 12 Adc, IB = 2.0 Adc) 2N2075 thru 2N2078 9.0 
2N2079 thru 2N2082 6.0 

Fall Time tf !1 s 
(V BE = 6.0 Vdc, IC(off) = 0, RBE = 10 ohms) 2N2075 thru 2N2078 12 

2N2079 thru 2N2082 13 

*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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2N2075 thru 2N2082 (continued) 

SAFE OPERATING AREAS 
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The Safe Operating Area Curves indicate le
VeE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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2N2078,2N2082 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 

2N2075-2N2078 

CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 
12 r---.----.----r---.----r---.--~ 
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15 
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I J // VeE = -2V 

I' -I 
+8~OC ........ 
~ ~ +25°C I' r1 _400C~ 

/r/ 
/~ // V 

0.2 0.3 OA 0.5 0.6 0.7 0.8 

V", BASE EMITTER VOLTAGE (VOLTS) 



2N2075 thru 2N2082 (continued) 

CURRENT TRANSFER CHARACTERISTICS 
12 
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I" BASE CURRENT (AMPERES) 

2N20'19-2N2082 
TRANSCONDUCTANCE CHARACTERISTICS 
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2N 2102 S (SILICON) 

NPN SILICON ANNULAR AMPLIFIER TRANSISTOR 

· .. designed for use in general·purpose amplifier applications. 

• Collector· Emitter Sustaining Voltage -
VCEO(susl = 65 Vde (Mini @ IC = 100 mAde 

• DC Current Gain - 10 /.lAde to 1.0 mAde 

• Low Noise Figure -
N F = 4.0 dB (Typl @ IC = 300/.lAde 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 65 Vdc 

Collector·Emitter Voltage, RBE ~ 10 Ohms VCER 80 Vdc 

Collector-Base Voltage VCB 120 Vdc 

Emitter-Base Voltage VEB 7.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Power Dissipation @ T A"" 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mW/oC 

Total Power Dissipation @ TC "" 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mW/oC 

Operating and Stroage Junction T J,T stg ..j)5 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA(1) 175 °C/W 

Thermal Resistance, Junction to Case ROJC 35 °C/W 

*Indicates JEDEC Registered Data. 
(1) RaJA is measured with the device soldered into a typical printed circuit board. 
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NPN SILICON 
AMPLIFIER TRANSISTOR 

I~rb. 
TE - I L I 

"=£...i K 

SEATING , --- _1 
PLANE -~i----D 

DIM 

A 
B , 
D , 
F 
G 
H 
J 
K 
l 
M 
P 
n 
R 

MILLIMETERS 
MIN MAX 

8.89 9.40 
8.00 8.51 
6.10 6.60 
0.406 0.533 
0.229 3.18 
0.406 0.483 
4.83 5.33 
0.111 0.864 
0737 1.02 

12.70 -
6.35 
450 NOM 
- 1.27 
900 NOM 

2.54 

STYLE 1. 
PIN 1. EMITTER 

1. BASE 
3. COLLECTOR 

INCHES 
MIN MAX 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
j-.IlM!L 
+-=--

- ~ 
90° NOM 

0.100 

CASE 79-02 

TO-39 



2N2102S (continued) 

·ELECTRICAL CHARACTERISTICS IT A" 25°C unless otherw' .. noted'! 

Symbol Min TVp Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! 11 VCEO(sus) 65 - - Vdc 
lie'" 100 mAde, IS = 0) 

CollectOr-Emitter Sustaining Voltage VeER/sus) BO Vdc 
(Ie = 100 mAde, Rae :S;;;1000hms) 

Collector-Emitter Breakdown Voltage BVCEX '20 - - Vdc 
lie" '00 "Adc, VEB " 1.5 Vdcl 

Collector-Base Breakdown Voltage BVCBO '20 - - Vdc 
II~" ,00"Adc,IF" 01 

Emitter-Base Breakdown Voltage BVEBO ·7.0 Vdc 
liE" '00 "Adc, IC" 01 

Collector Cutoff Current leBO 
(Vcs = 60 Vdc, Ie = 0) - - 20 nAdc 
(V CB = 60 Vdc, IE'" D, T A '" 1 SOOC) - - 2.0 .'lAde 

Emitter Cutoff Current 'eBO 2.0 nAdc 

(Vee = 5.0 Vdc, Ie = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(Ie = 10jJ.Adc, VeE = 10 Vdcl '0 
(Ie = 0.1 mAde, VeE = 10 Vdc) 20 
(Ie = 10 mAde, VeE = 10Vdc) 35 
(Ie = , 0 mAde, VeE = 10 Vdc, T A <= -550 Cl 20 
(Ie'" 150 mAde, VeE = 10 Vdc) (1) 40 '20 
(Ie = 500 mAde, VeE = 10 Vdc) (1) 25 
(Ie = 1.0 Adc, VeE = 10 Vdc) (1) '0 

Collector-Emitter Saturation Voltage VeE{satl 0.3 0.5 Vdc 
(lc'" 150 mAde, IS '" 15 mAde) 

Sase"Emitter Saturation Voltage VSE{sat) 0.78 1.1 Vdc 
lie'" 150 mAde, 18= 15 mAde} 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 60 
(lC'" 50 mAde, VCE '" 10 Vdc, f '" 20 MHz) 

Output Capacitance Cob B.O '5 pF 
(VeB'" 10 Vdc, IE'" 0, f '" 100 kHz) 

Input Capacitance Cib 60 80 pF 
(VBt: '" 0.5 Vdc, IC '" 0, f '" 100 kHz) 

Input Impedance h,b Ohms 
(lC'" 1.0 mAde, VCE '" 5.0 Vdc, f '" 1.0 kHz) 24 34 
(lc'" 5.0 mAde, VCE '" 10 Vdc, f '" 1.0 kHz) 4.0 B.O 

Voltage Feedback RatiO hrb x 10-4 
(lC'" 1.0 mAde, VCE '" 5.0 Vde, f ,.: 1.0 kHz) 3.0 
(lC'" 5.0 mAde, VCE '" 10 Vde, f '" 1.0 kHz) 3.0 

Small·Signal Current Gain hfe 
(Ie'" 1.0 mAde, VCE '" 5.0 Vde, f '" 1.0 kHz) 30 100 
(Ie'" 5.0 mAde, VCE = 10 Vde, f '" 1.0 kHz) 35 '50 

Output Admittance hob J.'mho 
(lC'" 1.0 mAde, VeE = 5.0 Vde, f = 1.0 kHz) om 0.5 
{Ie'" 5.0 mAde, VCE = 10 Vdc, f '" 1.0 kHz} 0.0' 1.0 

Noise Figure NF 4.0 6.0 dB 
(lC'" 300 /JAde, VCE = 10 Vde, RS '" 1.0 k Ohm, 
f = 1.0 kHz. Bandwidth'" 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Switching Time (Figure 1) 

"Indicates JEOEC Registered 08t8. 
(1) Pulse Test: Pulse Width ~ 300 IJS, Duty Cycle ~ 2.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

+20 V -50 V '5 ns 1 1-
+1°~R 

+20 V 1I ~--=-+--------£ 
90% ! 

+18 V 

1.0 k!1 

Input From 
Pulse 

Generator 

4700 

100 n 

-1.0 V 

__ ~----<>Output To 

5.0W 
1 k!1 

Sampling 
Oscilloscope 

-;::--.-",,'1,--<> -50 V 

~~g ~.C;>--4---+----' 
1N3064 or 

Similar 

Input Pulse 
Wave Form 
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2N2137 thru 2N2146 (GERMANIUM) 
2N2137A thru 2N2146A 

PNP germanium industrial power transistors for 
driver applications in high reliability equipment. 

0·,~", o ~~'NIBASE 
@1 2 EMITTER 0·, ~STYlEl o 0 a PIN 1. BASE 

@1 2. EMITTER 
CASE-COLLECTOR CASE-CO llECTO R 

CASE 11 CASE 4-04 

MAXIMUM RATINGS 

Collector connected to case 

I 
For units with solder lugs attached, specify 

devices MP2137,A etc. (Case 4·04) 

Apply also to standard, non-A series 

Symbol 
2N2137A 2N2138A 2N2139A 

Rating 2N2142A 2N2143A 2N2144A 

Collector-Base Voltage VCB 30 45 60 

Collector-Emitter Voltage VCES 30 45 60 

Collector-Emitter Voltage VCEO 20 30 45 

Emitter-Base Voltage VEB 15 25 30 

Total Device Dissipation 
@TC =25°C PD 70 

De rate above 25° C 0.833 

Operating and storage Junc-
TJ , Tstg -65 to +110 

tion Temperature Range 
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2N2140A 2N2141A 
2N2145A 2N2146A 

75 90 

75 90 

60 65 

40 45 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Watts 

wj·C 

·C 



2N2137 thru 2N2146 (continued) 

ELECTRICAL CHARACTERISTICS 
*Characteristics apply also to corresponding, non-A type numbers. 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage** 
(IC = 500 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage** 
(IC = 300 mAdc, V BE = 0) 

Floating Potential 
(VCB = 30 Vdc, IE = 0) 

(V CB = 45 Vdc, IE = 0) 

(V CB = 60 Vdc, IE = 0) 

(V CB = 75 Vdc, IE = 0) 

(V CB = 90 Vdc, IE = 0) 

Collector-Base Cutoff Current 
(V CB = 2.0 Vdc, IE = 0) 

(V CB = V CB(max)' IC = 0, TC ;!' +71° C) 

Collector-Base Cutoff Currentt 

(V CB = V CB(max)' IE = 0) 

Emitter-Base Cutoff Current 

(VBE = VBE(max)' IC = 0) 

(VBE = VBE(max)' IC = 0, TC = +71°C) 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 0.5 Adc, V CE = 2.0 Vdc)t 

(IC = 2.0 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 2.0 Adc, IB = 200 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 2.0 Adc, IB = 200 mAdc) 

DYNAMIC CHARACTERISTICS 
Common Emitter Cutoff Frequency 

(Ie = 2.0 Adc, V CE = 6.0 Vdc) 

2N2137A,2N2142A* 
2N2138A,2N2143A* 
2N2139A,2N2144A* 
2N2140A,2N2145A* 
2N2141A,2N2146A* 

2N2137A,2N2142A* 
2N2138A,2N2143A* 
2N2139A,2N2144A* 
2N2140A,2N2145A* 
2N2141A,2N2146A* 

2N2137A,2N2142A* 

2N2138A,2N2143A* 

2N2139A,2N2144A* 

2N2140A,2N2145A* 

2N2141A,2N2146A* 

2N2137A-2N2141A* 
2N2142A-2N2146A* 
2N2137A-2N2141A * 
2N2142A-2N2146A* 

**Sweep method: 1/2 cycle sine wave, 60 Hz . 
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BVCEO ** 

BVCES ** 

VEBF 

ICBO 

ICB01 

lEBO 

hFE1 

hFE 

V CE(sat) 

VBE(sat) 

, 

Vdc 
20 - -
30 - -
45 - -
60 - -
65 

Vdc 
30 - -
45 - -
60 - -
75 - -
90 - -

Vdc 
- - 1.0 

- - 1.0 

- - 1.0 

- - 1.0 

- - 1.0 

mAdc 
- O. 018 0.05 

- 0.75 5.0 

mAdc 
- O. 1 2.0 

mAdc 
- 0.08 2.0 

- O. 5 5.0 

-
30 45 60 
50 70 100 
15 22 -
25 33 -

Vdc 
- O. 12 O. 5 

Vdc 
- 0.75 1.2 



2N2137 thru 2N2146 (continued) 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
70 

60 

50 

40 

30 

20 

10 

o 

........... 

25 

.......... 
...... 

FIGURE 2 - ACTIVE REGION 
SAFE OPERATING AREAS 

r---.... 

The active region safe operating 
area curves Indicate 'e-VeE limits 
to be observed In order to avoid 
secondary breakdown. (Secondary 
breakdown IS independent of tem
perature and duty cycle.) These 
curves do not define operation in 
the avalanche region. To insure 
operation below the maximum 
junction temperature, power de
rating must be observed for both 
steady state and pulse conditions. 

I'---. 
........... 

50 

2N2139,A; 2N2144, A 

{}JC ~ 1.2°C/W, MAX 

r-....... ........ 
............ 
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.......... 
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.... r--.... 
........... 

75 100 

Te, CASE TEMPERATURE (DC) 

2N2137, A; 2N2142, A 2N2138, A: 2N2143, A 

VCE, COLLECTOR, EMITTER VOLTAGE [VOLTS) 

2N2140, A; 2N2145, A 2N2141, A; 2N2146, A 

VCE, COLLECTOHMITTER VOLTAGE (VOLTS) 
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2N2137 thru 2N2146 (continued) 

LARGE SIGNAL CHARACTERISTICS 

3.0 

2.0 

I 1.0 
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FIGURE 3 - TRANSCONDUCTANCE 
(ALL TYPES) 
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FIGURE 5 -INPUT ADMITTANCE 
(2N2142A-2N2146A, 2N2142·2N2146) 
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FIGURE 7 - SATURATION REGION 
(2N2137A·2N2141A,2N2137·2N2141) 
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FIGURE 4 -INPUT ADMITTANCE 
(2N2137 A·2N2141 A, 2N2137·2N2141) 
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FIGURE 6 - NORMALIZED DC CURRENT GAIN 
(ALL TYPES) 
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2N2137 thru 2N2146 (continued) 

INPUT & TRANSFER CHARACTERISTICS 

BASE-EMITTER VOLTAGE versus COllECTOR CURRENT DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 

1.2 

1.0 

~ 
" :::::. 0.8 
w 

'" .. 
~ 

All Types 

VeE = 2V 
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100 

VeE = 2V 
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~ 0.6 

~ 0.4 
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f 
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V 
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/" i 
u 

" j 

I" COLLECTOR CURRENT (AMPS) 

2N21 52 thru 2N21 54 (GERMANIUM) 

2N2156 thru 2N21 58 m ST;IL:;' ~~;~TER 

40 

30 

20 

-~ "' ~ / 

'" 
........ "'---/ --........... 
~ 

L 2N2137A - 2N2141A 
10 

o 
o 

I" COLLECTOR CURRENT (AMP) 

~ f.1~~~L~ECTOR 

CASE 5 11-
(TO-36) I 

PNP germanium power transistors for high-power, 
high-gain applications in high-reliability industrial 
equipment. 

Collector connected to case 
MAXIMUM RATINGS 

2N2152 2N2153 2N2154 
Rating Symbol 2N2156 2N2157 2N2158 Unit 

Collector-Emitter Voltage VCEO 30 45 60 Vdc 

Collector-Emitter Voltage VCES 45 60 75 Vdc 

Collector-Base Voltage VCB 45 60 75 Vdc 

Emitter-Base Voltage VEB 25 30 40 Vdc 

Collector Current IC 30 Adc 

Total Device Dissipation @ T C ~ 25°C P D 170 Watts 

Derate above 25°C 0.5 W/oC 

Operating Junction Temperature Range TJ -65 to + 110 °c 

THERMAL CHARACTERISTICS 

Cha racteristic Symbol Max Unit 

Thermal Resistance, Junction to Case liJC 0.5 °C/W 
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2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage * 
(IC= 1.0 Adc, IB = 0) 2N2152,2N2156 

2N2153,2N2157 
2N2154,2N2158 

Collector-Emitter Breakdown Voltage * 

(IC = 300 mAdc, V BE = 0) 2N2152,2N2156 
2N2153,2N2157 
2N2154,2N2158 

Floating Potential 
(V CB = 45 Vdc, IE = 0) 2N2152,2N2156 

(VCB = 60 Vdc, IE = 0) 2N2153,2N2157 

(VCB = 75 Vdc, IE = 0) 2N2154,2N2158 

Collector Cutoff Current 
(VCB = 2V, IE = 0) 

(VCB = 45Vdc, IE = 0) 2N2152,2N2156 

(VCB = 60 Vde, IE = 0) 2N2153,2N2157 

(VCB = 75 Vdc, IE = 0) 2N2154,2N2158 

(V CB = V CB(max)' IE = 0, TC = 71 °C) 

Emitter Cutoff Current 
(VBE = 25 Vdc, IC = 0) 

(VBE = 30 Vdc, IC = 0) 

(VBE = 40 Vdc, IC = 0) 

(VBE = VEB(max)' IC = 0, TC = nOC) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 5.0 Ade, VCB = 2 Vde) 2N2152, 2N2153, 2N2154 

2N2156, 2N2157, 2N2158 

(IC = 15 Adc, V CB = 2 Vdc) 2N2152, 2N2153, 2N2154 
2N2156, 2N2157, 2N2158 

(IC = 25 Ade, V CB = 2 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 5.0 Ade, IB = 500 mAde) 

(IC = 25 Ade, IB = 2 Ade) 

Base-Emitter On Voltage 
(IC = 5.0 Adc, IB = 500 mAdc) 

(IC = 25 Adc, IB = 2 Adc) 

SMALL SIGNAL CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = 5.0 Adc, V CE = 6.0 Vdc) 

BVCEO* 
30 -
45 -
60 -

BVCES * 
45 -
60 -
75 -

VEBF 
- -

- -

- -

ICBO 
- 0.08 

- 0.9 

- 0.9 

- 0.9 

- 4.0 

lEBO 
- 0.2 

- 0.2 

- 0.2 

- 2.7 

hFE 
50 75 
80 105 

25 47 
40 63 

15 38 

V CE(sat) - 0.06 

- O. 2 

VBE(on) - 0.65 

- 1.0 

Vdc 
-
-
-

Vdc 
-
-
-

Vdc 
1.0 

1.0 

1.0 

mAdc 
0.2 

4.0 

4.0 

4.0 

15 

mAde 
4.0 

4.0 

4 0 

15 

-
100 
160 

-
-
-

Vde 
o 1 

0.3 

Vdc 
1.0 

2.0 

*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 
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2N2152 thru 2N2154, 2N2156 thru 2N2158 (continued) 

SAFE OPERATING AREAS 

The Safe Operating Area Curves indicate Ic -
V CE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curVe must be observed for both steady 
state and pulse power conditions. 
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The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case tt)mperatures of 250 C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 

allowable PD = 1100 - Tc 
0.5 
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2N2152 thru 2N2154, 2N2156 thru 2N2158 (continued) 

16 

TYPICAL INPUT AND TRANSFER CHARACTERISTICS 
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2N2193AS (SILICON) 

NPN silicon annular transistors for high-current 
switching and amplifier applications. 

2 

(TO-39) O STYLE!: 

1 0 
0 0 3 PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 79 

Collector connected to case 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Col~ector Current IC 

Total Device Dissipation PD 
@ 25°C Ambient Temperature 

Derating Factor Above 25c C 

Total Device Dissipation PD 
@ 25°C Case Temperature 

Derating Factor Above 25°C 

Junction Temperature, Operating TJ 

Storage Temperature Range Tstg 

* Indicates JEDEC Registered Data 
FIGURE 1 

Von = 15 V, Vb = 15 V 

V~Tl 
~JL~O ~ 

-IV~------~--~M---------~ 

t, = 20 ns 

t, = 20 ns 

Rg• n = 50 !1 

2-246 

Value 

80 

50 

8.0 

1.0 

0.8 

4.56 

2.8 
16 

-65 to +200 

-65 to + 200 

7 V .J. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWjOC 

Watts 
mWjoC 

°C 

°c 

Scope Input: 
R = 10 Megohms 
c= 11.5 pF 



2N2193A.S (continued) 

·ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector- Base Breakdown Voltage BVCBO Vde 

(lC = 100 /lAde, IE = 0) 80 -

I 
I' Collector Emitter-Open Base Sustain Voltage 01 V CEO(sus) Vde 

(IC = 25 rnA pulsed, IB = 0) 50 -

Emitter-Base Breakdown Voltage BV EBO Vde 
(IE = 100/lAde, IC = 0) 8.0 -

Collector Cutoff Current ICBO /lAde 
ryCB = 60Vde, IE = 0) - 0.010 

ry CB = 60 Vde, IE = 0, T A = 150·C) - 25 

Emitter Cutoff Current lEBO /lAde 
ryEB =5 Vde, IC = 0) - 0.050 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 150 mAde, IB = 15 mAde) - 0.25 

Base-Emitter Saturation Voltage V BE(sat) Vdc 
(lC = 150 mAde, IB = 15 mAde) - 1.3 

DC Current Gain (1) hFE -
(IC = 0.1 mAde, V CE = 10 Vde) 

(IC = 10 mAde, V CE = 10 Vde) 30 -

(IC = 10 mAde, V CE = 10 Vde, T A = -55·C) 20 -
(lc = 150 mAde, V CE = 10 Vde) 40 120 

(lc = 150 mAde, V CE = 1.0 Vde) 30 -

(lc = 500 mAde, V CE = 10 Vde) 20 -

(Ie = 1. 0 Adc, VCE " 10 Vdc) 

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, r = 1.0 MHz) - 20 

Small Signal Current Gain hre -
tiC = 50 rnA, V CE = 10 V, r = 20 MHz) 2.5 -

Rise Time t 
r - 70 ns 

Storage Time t s 150 ns 

Fall Time t 50 ns 

• Indicates JEDEC Registered Data 

111 Pulse Test: PW S. 300/ls Duty Cye Ie .s. 2"0 
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2N 2206(SILICON) 

NPN SI LICON ANNULAR TRANSISTOR 

' ... designed for high·speed, low·current switching applications reo 
quiring TOA6 package configurations. 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 12 Vdc (Min) @ IC = 10 mAdc 

• Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.2 Vdc (Typ) @ IC = 50 mAdc 

• High Current·Gain-Bandwidth Product -
fT = 250 MHz (Typ) @ IC = 10 mAdc 

• Fast Switching Time (Figure 2) @ IC = 10 mAdc 
ton = 35 ns (Typ) 
toft = 60 ns (Typ) 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Sase Voltage VEB 

Collector Current - Continuous IC 

Total Power Dissipation @ T A - 25°C PD 
Derate above 25°C 

Total Power Disslpation@Tc'" 25°C PD 
Derate above 25°C 

Operating Junction Temperature Range TJ 

Storage T er"perature Range T stg 

THERMAL CHARACTERISTICS 

Chara<;teristic Symbol 

Thermal Resistance, Junction to Ambient ReJAI11 

Thermal Resistance, Junction to Case ReJC 

Lead Temperature 1/16" ±.1/32" from Case TL 
for 10 seconds 

Value 

12 

25 

3.0 

200 

300 
2.0 

1.0 
0.66 

-65 to +175 

-65 to +200 

Max 

500 

150 

235 

(11 ROJA is measured with the device soldered into a typical printed circuit board. 

*Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

°c 

Unit 

°C/W 

°CIW 

°c 

NPN SILICON 

SWITCHING TRANSISTOR 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 1.65 2.16 0.065 0.085 
0 0.406 0.533 0.016 0.021 
E 1.02 0.040 
F 0.305 0.4B3 0.012 0.D19 
G 2.54 BSC 0.100 BSC 
H 0.914 1.17 0.D36 0.046 
J 0.711 1.22 0.02B 0.048 
K 12.70 0.50u 
L 6.35 0.250 
M 45 BSC 45 BSe 
N 1.27 BSC 0.050 BSC 
P 1.27 0.050 

All JEDEC dimensions and notes apply 

CASE 26·03 
TO-46 



2N2206 (continued) 

*ELECTRICAL CHARACTERISTICS ITA 0 250 C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1l BVCEOlsus! 12 - - Vde 

IIC 0 10 mAde, I BOO! 

Collector-Base Breakdown Voltage BVCBO 25 - - Vde 

IIC 0 100"Ade, IE 0 01 

Emitter·Base Breakdown Voltage BVEBO 3.0 - - Vde 

liE 0100 "Ade, IC 0 O! 

Collector Cutoff Current ICBO 
IVCB 015 Vde, IE 001 - - 25 nAde 

IVCB 015 Vde, IE 0 0, TA 0 150oC! - - 15 "Ade 

Emitter Cutoff Current lEBO - - 100 "Ade 
IVEB 0 3.0 Vde, IC 0 O! 

Collector Cutoff Cu rrent ICEV - - 15 "Ade 
IVCE 0 10Vde, VBE o 250mVde, TA" 100oC! 

ON CHARACTERISTICS 

DC Current Gain (1) hFE 40 100 120 -

IIC" 10 mAde, VCE" 1.0 Vde! 

Collector-Emitter Saturation Voltage VCEls.t! mVdc 

IIc 0 10 mAde, I B 0 1.0 mAdcl - 150 220 
IIc 050 mAde, IB 0 5.0 mAde!11! - 200 350 

Base-Emitter Saturation Voltage VBEls.,! 700 800 900 mVdc 

IIc 0 10 mAde, IB 0 1.0 mAde! 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (1) IT 200 250 - MHz 

IIc 0 10mAde, VCE 010 Vde, I 0100 MHz! 

Output Capacitance Cob - 4.0 6.0 pF 

IVCB 010 Vde, IE 0 0, I 0140 kHz! 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 35 40 ns 
IVCC~ 3.0Vde, Ico 10mAde,IBl ~ 3.0mAde!IFigure 2! 

Turn-Off Time toff - 60 75 n' 
IVCC ~ 3.0 Vde, IC ~ 10 mAde, I B1 ~ IB2 ~ 1.0 mAde! IFigure 2! 

Storage Time ts - - 35 ns 
IVCC ~ 10 Vde, IC ~ 10 mAde, IB1 ~ IB2 010 mAde! 

* Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~300 tJ.S, Duty Cycle ~2,O%. 

FIGURE 1 - STORAGE TIME TEST CIRCUIT FIGURE 2 - TURN-ON AND TURN-OFF TIMES TEST CIRCUIT 

+10 V 

91 

Scope 

890 

+11 V 

2-249 

+3.0 V 

270 

Scope 

ton toff 

-3.3 V +17 V 

+20 V -20 V 



2N2212 (GERMANIUM) 

PNP GERMANIUM POWER TRANSISTORS 

. : designed for high·current switching applications requiring low 
saturation voltages, short switching times and good collector·emitter 
sustaining capability. 

• Alloy·Diffused Epitaxial Construction 
• Low Saturation Voltage -

VCE(SAT) = 0.5 Vdc (Max) @IC= 5.0 Adc 

MAXIMUM RATINGS 

Rating 

*Collector-Emitter Voltage 

*Collector-Base Voltage 

*Emitter-Base Voltage 

*Collector Current - Continuous 

*Base Current ~ Continuous 

Total Device Dissipation@ TC = 25"C 
Derate above 25"C 

*Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
*Thermal Resistance, Junction to Case 

·Indicates JEDEC Registered Data. 

Symbol 

VCER 

VCB 

VEB 

IC 

IB 

PD 

TJ,Tstg 

Value 

120 

120 

1.5 

10 

3.0 

102 
1.2 

-65 to +110 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 

1.0 -IS 

f= 20 Hz 
Duty Cycl. = 0.5% 10 

U 
--- ---~~m Adjust IS = ~ 

5.0 3.0 

2-250 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/"C 

"C 

10 AMPERE 

PNP ADE GERMANIUM 
POWER TRANSISTORS 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
N 
0 
R 
U 

120 VOLTS 
102 WATTS 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

139.37 1.55" 
21.08 - 0.830 - 7.62 0.300 

4.32 4.B3 0.170 0.190 
3.43 0.135 

29.90 30.40 1.177 1.197 
10.67 11.18 0.420 0.440 
5.33 5.59 0.210 0.220 

16.64 17.15 0.655 0.675 
- 17.27 - 0.6BO 

3.30 4.32 0.130 0.1 0 
3.B4 4.09 0.151 0.161 

26.67 1.050 
2.03 3.05 O.OBO 0.120 

CASE 4·04 



2N2212 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 2S"C unless otherwise noted) 

Characteristic Symbol 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = 100 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage(See Figure 1) VCE(SUS) 
(IC = 5.0 Adc, IB = 0) 

Collector-Emitter Cutoff Current ICER 
(VCE = 120 Vde, RBE = 100 Ohms) 

*Collector Cutoff Current ICEX 
(V CE = 100 Vde, V BE (off) = 0.2 Vde, TC = 85°C) 

Collector Cutoff Current ICBO 
(VCB = 2.0 Vde, IE = 0) 

'(VCB = 100 Vde, ~ = 0) 

Emitter Cutoff Current lEBO 
(VEB = 0.75 Vde, IC = 0) 

ON CHARACTERISTICS 
*DC Current Gain hFE 

(IC = 0.6 Ade, VCE = 1. 0 Vde) 

(IC = 1.2 Adc, VCE = 1. 0 Vdc) 

(IC = 5.0 Adc, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
VCE(sat) (IC = 5.0 Adc, IB = 0.5 Adc) 

'Base-Emitter On Voltage VBE(on) 
(IC = 5.0 Adc, VCE = 2.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 
*Small-Signal Current Gain 

(IC = O. 5 Adc, V CE = 6.0 Vdc, f = 30 kHz) 

SWITCHING CHARACTERISTICS 
Rise Time t r 

Storage Time 
(IC = 5.0 Adc, IB1 = O. 5 Ade, IB2 = 0.5 Adc) 

t s (See Figure 2) 
Fall Time tf 

'Indicates JEDEC Registered Data. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

+13.5 V 

100/.Ls----~~~~ 

14--..... +--- 100/.LS 

Input Pulse 

tr.tf~10ns 

27 
PRF = 60 Hz 

MR830 

2-251 

Min Max 

60 -

60 -

- 50 

- 20 

- 200 

- 2.0 

- 25 

50 200 

60 200 

50 120 

- 0.5 

- 1.0 

- 7.0 

- 10 

- 8.0 

Adjust for 
IC=5.0A 

Unit 

Vde 

Vdc 

mAde 

mAde 

IlAde 

mAde 

mAde 

-

Vde 

Vdc 

Ils 

Ils 

IlS 



2N2218S I AS I 2N2219S I AS I 2N2221, A(slliCON) 
2N2222, A, 2N5581 , 2N5582 

NPN SILICON ANNULAR HERMETIC TRANSISTORS 
widely . used "Industry Standard" transistors for applications 

as medium-speed switches and as amplifiers from audio to VHF 
frequencies. 

• DC Current Gain Specified - 1.0 to 500 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCElsat) @ IC = 500 mAde 

= 1.6 Vde IMax) - Non-A Suffix 
= 1.0 Vdc IMax) - A-Suffix 

• High Current-Gain-Bandwidth Product -
IT = 250 MHz 1M in) @ IC = 20 mAdc - All Types Except 

= 300 MHz IMin) @ IC = 20 mAdc - 2N2219A, 2N2222A, 
2N5582 

• Complements to PNP 2N2904,A thru 2N2907,A 

• JAN,JTX Available in all devices 

• JTXV Available on 2N2222,A Series 

• 2N2218 and 2N2219 available in TO-39 Package With 1/2" 
Leads 11) 

SELECTION GUIDE 

Characteristic 

BVCEO hFE 
Device Ie::: 10 mAde Ie:=:: 150 mAde Ie = 500 mAde 
Type Volts MinIMax Min Package 

2N2218 
30 

40/120 20 
TO-5 

2N2219 100/300 30 

2N2221 
30 

401120 20 
TO-18 

2N2222 100/300 30 

2N5581 
40 

40/120 25 
TO-46 

2N5582 100/300 40 

2N2218A 
40 

40/120 25 
TO-5 

2N2219A 100/300 40 

2N2221A 
40 

40/120 25 
TO-18 

2N2222A 100/300 40 

"MAXIMUM RATINGS 

2N2218 2N2218A 

Rating Symbol 2N2219 2N2219A 2N5581 Unit 
2N2221 2N2221A 2N5582 
2N2222 2N2222A 

Collector-Emitter Voltage VCEO 30 40 40 Vdc 

Collector-Base Voltage VCB 60 75 75 Vdc 

Emitter-Base Voltage VEB 5.0 6.0 6.0 Vdc 

Collector Current - Continuous IC 800 800 800" mAde 

2N2218.~ 2N2221.~ 2N5581 
2N2219.~ 2N2222.~ 2N5582 

Total Device Dissipation@TA = 25°C PD 0.8 0.5 0.5 Watt 
Derate above 25°C 5.33 3.33 3.33 mW/oC 

Total Device Dissipation@Tc = 25°C Po 3.0 1.8 2.0 Watts 
Derate above 25°C 20 12 11.43 mW/oC 

Operating and Storage Junction 
Temperature Range 

T J,T~tg 
____ 65 to +200-- °c 

* Indicates JEDEC Registered Data. 
**Motorola Guarantees this Data in Addition to JEOEC Registered Data. 
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NPN SILICON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

CASE 79-02 
TO-39 

2N2218,A 
2N2219,A 

CASE 26-03 
iO-46 

2N5581 
2N5582 

CASE 22-03 
TO-18 

2N2221,A 
2N2222,A 



2N2218S,AS, 2N2219S,AS, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

I Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO Vde 

(lc = 10 mAde, IB = 0) Non-A Suffix 30 -
A·Suffix, 2N5581,2N5582 40 -

Collector-Base Breakdown Voltage BVCBO Vde 

(lC = 10 "Ade, IE = 0) Non·A Suffix 60 -
A·Suffix,2N5581,2N5582 75 -

Emitter-Base Breakdown Voltage BVEBO Vde 

(IE = 10 "Ade, IC = Q) Non-A Suffix 5.0 -
A·Suffix, 2N5581,2N5582 6.0 -

Collector Cutoff Current ICEX nAdc 

(VCE = 60 Vde, VEBloff) = 3.0 Vde) A·Suffix,2N5581,2N5582 - 10 

Collector Cutoff Current ICBO "Ade 

IVCB = 50 Vde, IE = Q) Non-A Suffix - 0.01 

IVCB = 60 Vde, IE = Q) A·Suffix,2N5581,2N5582 - 0.01 

IVCB = 50 Vde,IE = 0, T A = 150°C) Non-A Suffix - 10 

IVCB = 60 Vde,IE =0, TA = 150°C) A·Suffix,2N5581,2N5582 - 10 

Emitter Cutoff Current lEBO nAdc 

(VEB = 3.0 Vde, IC = 0) A·Suffix,2N5581,2N5582 - 10 

Base Cutoff Current IBL nAdc 

IVCE = SO Vde, VEBloff) = 3.0 Vde) A·Suffix - 20 

ON CHARACTERISTICS 
DC Current Gain hFE -

(lC = 0.1 mAde, VCE = 10 Vde) 2N2218.A,2N2221.A,2N558111 ) 20 -

2N2219,A,2N2222.A,2N558211 ) 35 -
IIC= 1.0 mAde, VCE = 10Vde) 2N2218,A,2N2221.A,2N5581 25 -

2N 2219,A,2N 2222,A,2N5582 50 -
(lC= 10 mAde, VCE = 10Vde) 2N2218,A,2N2221,A,2N558111 ) 35 -

2N 2219,A,2N2222,A,2N5582(1) 75 -
(lC = 10 mAde, VCE = 10 Vde, TA = -55°C) 2N2218A,2N2221A,2N5581 15 -

2N 2219A,2N 2222A,2N5582 35 -

IIC= 150 mAde, VCE = 10Vdc)ll) 2N2218,A,2N2221,A,2N5581 40 120 
2N 2219,A,2N 2222.A,2N5582 100 300 

(lc = 150 mAde, VCE = 1.0 Vde)l1) 2N2218A,2N2221A,2N5581 20 -
2N 2219A,2N 2222A ,2N 5582 50 -

IIc = 500 mAde, VCE = 10 vdc)l1) 2N2218,2N2221 20 -
2N2219,2N2222 30 -

2N2218A,2N2221A,2N5581 25 -
2N 2219A,2N 2222A,2N5582 40 -

Collector-Emitter Saturation Voltage ( 1) VCElsat) Vde 

(lC = 150 mAde, 16 = 15 mAde) Non·A Suffix - 0.4 
A'Suffix, 2N5581,2N5582 - 0.3 

(lC = 500 mAde, IB = 50 mAde) Non-A Suffix - 1.6 
A·Suffix,2N5581,2N5582 - 1.0 

Base-Emitter Saturation Voltage(1) VBElsatl Vde 

(lC = 150 mAde, 18 = 15 mAde) Non·A Suffix O.S 2.0 
A·Suffix, 2N5581,2N5582 0.6 1.2 

(lC = 500 mAde, 18 = 50 mAde) Non·A Suffix - 2.S 
A·Suffix,2N5581,2N5582 - 2.0 

• Indicates JEDEC Registered Data 
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2N2218S,AS, 2N2219S,AS, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued) 

*ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product(21 
(lc = 20 mAde, VCE = 20 Vde, I = 100 MHz) All Types, Except 

2N2219A,2N2222A,2N5582 

Output Capacitance(3) 

(VCB = 10 Vde, IE = 0, I = 100 kHz) 

Input Capacitance(3) 

(VEB = 0.5 Vde,IC =0, I = 100 kHz) Non-A Suffix 
A·Suffix, 2N5581,2N5582 

I nput Impedance 

(lc = 1.0 mAde, VCE = 10 lide, I = 1.0 kHz) 2N2218A,2N2221A,2N5581 
2N2219A,2N2222A,2N5582 

(lC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 2N2218A,2N2221A,2N5581 
2N2219A,2N2222A,2N5582 

Voltage Feedback Ratio 
(lc = 1.0mAde, VCE = 10 Vde, I = 1.0 kHz) 2N2218A,2N 2221 A,2N5581 

2N 2219A,2N 2222A ,2N 5582 

(lc=10mAde,VCE=10Vde,1 =1.0kHz) 2N2218A,2N 2221 A,2N5581 
2N2219A,2N2222A,2N 5582 

Small-Signal Current Gain 

(lC = 1.0 mAde, VCE = 10 Vde, I = 1.0 kHz) 2N2218A,2N2221 A,2N 5581 
2N2219A,2N2222A,2N5582 

(IC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 2N2218A,2N2221A,2N5581 
2N2219A,2N 2222A,2N5582 

Output Admittance 
(lc = 1.0 mAde, VCE = 10 Vde, I = 1.0 kHz) 2N2218A,2N2221A,2N5581 

2N2219A,2N2222A,2N5582 

(lC= 10 mAde, VCE = 10Vde, 1= 1.0 kHz) 2N2218A,2N2221A,2N5581 
2N2219A,2N2222A,2N5582 

Collector-Base Time Constant 

(IE = 20 mAde, VCB = 20 Vde, I = 31.8 MHz) A·Suffix,2N5581,2N5582 

Noise Figure 

(le= 100 /lAde, VCE = 10 Vde, 
RS = 1.0 k ohm, f = 1.0 kHz) 2N2219A,2N2222A 

SWITCHING CHARACTERISTICS (A-Suffix 2N5581 and 2N5582) 

Delay Time 

(V ce = 30 Vde, V BE (off) = 0.5 Vde, 

le= 150mAde, IBI = 15 mAde) 
(Figure 14) 

Rise Time 

Storage Time 

(Vec= 30Vde, Ie = 150 mAde, 

IBI = IB2= 15 mAde) 
(Figure 15) 

Fall Time 

Active Region Time Constant** 

(Ie = 150 mAde, VeE = 30 Vde) 

• Indicates JEDEC Registered Data. 

··Motorola Guarantees this Data in Addition to JEDEC Registered Data. 

(1)Pulse Test: Pulse Width 'S, 300 p.s, Duty Cycle ~2.0%. 

(2)fT is defined as the frequency at which Ihfe! extrapolates to unity. 

(3)2N5581 and 2N5582 are Listed Ccb and Ceb for these conditions and values. 
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Symbol Min Max Unit 

IT MHz 
250 -
300 -

Cob - 8,0 pF 

Cib pF 
- 30 
- 25 

hie k ohms 

1.0 3.5 
2.0 8.0 

0.2 1.0 
0.25 1.25 

hre X 10-4 

- 5.0 
- 8.0 

- 2.5 
- 4.0 

hie -
30 150 
50 300 

50 300 
75 375 

hoe ,u.mhos 
3.0 15 
5.0 35 

10 100 
25 200 

rb'Ce ps 

- 150 

NF dB 

- 4.0 

td - 10 ns 

tr - 25 ns 

ts - 225 ns 

tl - 60 ns 

TA - 2.5 ns 



2N2218S,AS, 2N2219S,AS, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued) 
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FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION 
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This graph shows the effect of base current on collector current. /30 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt. and /3, (forced gain) is the ratio of lei I. in a circuit. 

EXAMPLE: For type 2N2219, estimate a base current (I.) to insure 
saturation at a temperature of 25°C and a collector current of 
150 mAo 

Observe that at I, = 150 mA an overdrive factor of at least 2.5 
is required todrive the transistor well into the saturation region. From 
Figure 1. it is seen that h" @ 1 volt is approximately 0.62 of h" @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V. /30 = 62 and substituting values in the overdrive equation. 
we find: 

/30 h,,@ 1.0V 
7J:=~ 

62 
2.5 = 150/1" 1.:::=6.0 mA 

FIGURE 3 - "ON" VOLTAGES FIGURE 4 - TEMPERATURE COEFFICIENTS 
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2N2218S,AS, 2N2219S,AS, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued) 

NOISE FIGURE 
VCE = 10 V. TA = 25°C 

FIGURE 5 - FREQUENCY EFFECTS FIGURE 6 - SOURCE RESISTANCE EFFECTS 
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This group of graphs illustrates the relationship between hfe ~nd other "h" parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 
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2N2218S,AS, 2N2219S,AS, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued) 
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SWITCHING TIME CHARACTERISTICS 
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FIGURE 14 - DELAY AND RISE TIME 
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2N2218S,AS, 2N2219S,AS, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued) 

FIGURE 16 - CURRENT-GAIN-BANDWIDTH PRODUCT AND 
COLLECTOR-BASE TIME CONSTANT OATA 
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This graph shows the maximum IC·VCE limits of the device 
both from the standpoint of thermal dissipation (at 2SoC case 
temperature), and secondary breakdown. For case temperatures 
other than 25°C, the thermal dissipation curve must be modified 
in accordance with the derating factor in the Maximum Ratings 
table. 
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Second Breakdown um:d~ de 

"'" 
To avoid possible device failure, the collector load line must 

fall below the limits indicated by the applicable curve. Thus, for 
certain operating conditions the device is thermally limited, and 
for others it is limited by secondary breakdown. 
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For pulse applications, the maximum I C-VCE product indicated 
by the dc thermal limits can be exceeded. Pulse thermal limits 
may be calculated by using the transient thermal resistance curve 
of Figure 19. 
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2N2218S,AS, 2N2219S,AS, 2N2221,A, 2N2222,A, 2N5581, 2N5582 (continued) 

IRil~~~l 
1 . ---=S-j 

LE 1 L 

I --~ ~ 
I t 

SE:lT~~~ -11_ 0- -

STYLE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

IN 
\ -r 
\/X;;:§/J 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 940 0350 0.370 
8 8.00 851 0.315 0335 
C 6.10 660 0.240 0.260 
D 0406 0.533 0016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0016 0.019 
G 483 5.33 0.190 0.210 
H 0.111 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 1270 0.500 
L 6.35 0.250 
M 45° NOM 45° NOM 
P 1.27 0.050 
Q 900 NOM 900 NOM 
~ 2.54 - 0.100 -

All JEDEC dimenSions and notes apply. 

CASE 79·02 

TO·39 

2N2223,A 

OUTLINE DIMENSIONS 

SEATING 
PLANE 

DIM 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 

MILLIMETERS 
MIN MAX 

5.31 5.84 
4.52 4.95 
4.32 5.33 
0.406 O.~ 

0.762 
0.406 0.483 

2.548SC 
0.914 1.17 
0.711 1.22 

12.70 
6.35 

45" BSC 
1.27 BS 

1.27 

STYLE 1: 
PIN 1. EMITIER 

2. BASE 
3. COLLECTOR 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.016 0.021 

0.030 
0.016 0.019 

0.100 BSC 
0.036 0.046 
0.028 0.048 

I U.OUU 
0.250 

45" 8SC 
0.0508SC 

0.050 

All JEDEC notes and dimensions apply. 

CASE 22 
TO·18 

STYLE 1: 
PIN 1. EMITIER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 1.65 2.16 0.065 0.085 
0 0.406 0.533 0.016 0.021 
E - 1.02 O~ 
F 0.305 0.483 0.012 0.019 
G 2.548SC 0.100 BSC 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 0:5lJu 
L 6.35 .Jl,2~ 
M 45" 8SC 45" BSC 
N 1.278SC 0.050 SSC 
P 1.27 0.050 

All JEDEC dimensions and notes apply 

CASE 26 
TO·46 

For Specifications, See 2N2060 Data. 
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2N2224 (SILICON) 

NPN silicon annular transistor designed primarily 
for high speed switching applications. 

CASE 31 
(TO-S) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @ T A = 25° C 

Derate above 25°C 

Total Device Dissipation @ T C = 25° C 

Derate above 25° C 

Opel'ating Junction Temperature 

Storage Temperature Range 

+12 Vdc O-...... -.J\IIIIr--....,.-....,.-1 

OV\--_ 
L-s.ov 

FIGURE 1 

O.02PF1' 

-S.OVdc 

2-260 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

P D 

TJ 

T 
stg 

Value Unit 

40 Vdc 

65 Vdc 

5.0 Vdc 

0.5 Adc 

0.8 W 

5.33 mWiC 

3.0 Watts 

20 mWiC 

+175 °c 

-65 to +200 vc 



2N2224 (continued) 

ELECTRICAL CHARACTERISTICS (T.; 2S·C ,nlessoth«w"e noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage BVCEO Vde 
(Ic = 10 mAde, IB ; O) 40 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC ; 10 IlAde, IE = O) 65 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 IlAde, IC = O) 5.0 -

Collector-Cutoff Current ICBO IlAde 
(V CB = 50 Vde, IE = O) - 0.01 

(VCB = 50Vde, IE ;0, TA = +150°C) - 10 

Emitter Cutoff Current lEBO /lAde 
(V ER; 4.0 Vde, IC = O) - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC ; 0.1 mAde, V CE = 10 Vde) 20 -
(IC = 1. 0 mAde, V CE = 10 Vde) 25 -
(IC ; 10 mAde, V CE = 10 Vde) 35 115 

(IC = 100 mAde, V CE = 1. 0 Vde) 40 120 

Collector-Emitter Saturation Voltage (1) V CE(sat} Vde 
(IC ; 150 mAde, IB = 15 mAde) - 0.4 

Base-Emitter Saturation Voltage (1) 
V BE(sat} Vde 

(IC = 150 mAde, IB = 15 mAde) - 1.3 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 20 mAde, V CE = 20 Vde, f = 100 MHz) 250 -

(IC = 80 mAde, V CE = 10 Vde, f = 100 MHz) 160 -

Output Capacitance Cob pF 
(VCB =10Vde, IE =O) - 8.0 

Circuit Delay (Figure I) tde ns 
(TA = 25°C) - 15 

Circuit Delay - Total Change (Figure I) Lltdc ns 
(TA = +10°C to T A = +25"C) - 15 

(1) Pulse Test: PW:? 300 /18, Duty Cycle:; 2. 0% 
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2N2242 (SILICON) 

NPN silicon annular transistor designed for high
speed, low-power saturated switching applications. 

2 

CASE 22 
(TO-IS) O STYLE 1: 

I 0 0 0 3 PIN 1. EMITTER 
2. BASE 
3. CO LLE eTO R 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @' T A = 25° C 

Derate above 25° C 

Junction Temperature - Operating 

Storage Temperature Range 

• Ind,cates JEDEC Registered Data 

FIGURE 1 - SWITCHING TIME 
TEST CIRCUIT 

PULSE WIDTH 96 ns 51 

PRR 120 Hz 

t on 

5.0k 

5.0 k 

VBB =-4.0V VBB=+17V 

V. =+21V V. =-20V ln ln 

FIGURE 2 - STORAGE TIME 
TEST CIRCUIT 

Symbol 

VCEO 

VCB 

VEB 

IC 

P D 

T.T 

T stg 

240 

Value 

15 

40 

5.0 

225 

360 

2.06 

-65 to +200 

-65 to +200 

+ 3. 0 V (V eel 

30 
0.1 !J.F 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mWatts 

mW/oC 

°c 

°c 

,..--'V'Vv--..... -II-....... --O SCOPE 
Z :?; 100 k 

1.0k 

+11 V +10 V 

500 
91 

0.1 J..LF 890 
'-~NV-~-II-~~OSeOPE 

0.1 J..LF 500 Z ~ 100 k 

-10~ 
PULSE WIDTH 96 ns 

PRR 120 Hz 

62 
1.0k 
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2N2242 (continued) 

* ELECTRICAL CHARACTERISTICS (T, = 25'C oolm oth,~,,, oot,d) 

[ Characteristic Symbol Min Max Unit 

OfF CHARACTERISTICS 

Collector-Errlltter Breakdown Voltage (1) I BVCEO I Vac 
(IC = 3G mAde, IE = 0) 15 

Collector-Emitter Breakdown Voltage (1) BVCER Vde 
(IC = 30 mAde, RBE = ' 10 ohm~) 20 

1---
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 1. 0 pAde, IE = 0) 40 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 pAde, IC = 0) 5,0 

Collector Cutoff Current ICEX JIAdc 

(V CE = 20 Vde, V EB(of!) = O. 25 Vdc, TA .= 125' C) · 10 

Collector Cutoff Current. ICBO /L.4.dc 

(V CB = 20 Vde, IE = 0) · 0.1 

(V CB = 20 Vde, IE = 0, T A = 150'C) · 15 

Emitter Cutoff Current lEBO i_LAde 

(V EB(of!) = 4.0 Vdc, IC = 0) · 0.1 

ON CHARACTERISTICS 

I DC Current G;iin 111 hFE 
. 

(IC = 10 mAde, V CE = 1. 0 Vde) 40 120 

(Ic = 10 mAde, V CE = 1. 0 Vde, TA =-55'C) 20 . 

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 100 mAde, IB = 10 mAde) · 0.7 

(IC = 10 mAde, IB = 1. 0 mAde, TA = ·55 to +125'C) 0.3 
1-. . 

Base-Emitter Saturation Voltage V BE(sat) Vdc 
(IC = 100 mAde, IB = 10 mAde) · 1. 5 

I (IC = 10 mAde, IE = 1. a mAde. TA = 125'C) I · O. 8 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT I 
MHz 

(IC = 20 mAde, V CE = 10 Vde, f = 100 MHz) 250 . 

Output Capacitance Cob pF 
(V CB = 10 Vdc, IE = O. f = 1. o MHz) · 6.0 

~- I. I 
Turn-On TIme (Fig.-u.re 1) t I 11:: 

(V CC = 3. 0 Vde. V BE(off) = +2. o Vde. 1Bl = 3.0 mAde, IC = 10 mAde) 
on 

30 , 
Turn-Off Time (Figure 1) toff ns 

(V CC = 3. 0 Vde, IC = 10 mAde, IBI = 3. D mAde, IB2 = 1. 0 mAde) 50 

Storage Time (Figure 2) t 
s 

ns 

I (IC = 10 mAde, IB! = IB2 = 10 mAde) 25 J 
*Indlcates JEDEC Reglstered Data 

(11 Pulse Test: Pulse Wdith = 300 J.1S; Duty Cycle :::::: ~ 2% 
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2N2256, 2N2257 (SILICON) 

NPN silicon and PNP germanium mesa complemen
tary transistors for high-speed non- saturated switching 
applications. 

CASE 22 
(TO-IS) STYLE 1: 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR Collector connected to case 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current-Continuous IC 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

PD 

Total Device Dissipation @ T C = 25°C 

Derate above 25°C 

PD 

Operating and Storage Junction 
Temperature Range TJ,Tstg 

* Indicates JEDEC Registered Data 

TRANSISTOR SELECTION CHART 

TYPE 

TYPE NPN 

2N2256 X 

2N2257 X 

2-264 

2N2256 Unit 2N2257 
7.0 Vdc 

7_0 Vdc 

1.0 Vdc 

100 mAdc 

300 mW 

2_ 0 mW/oC 

1000 mW 

6.67 mW/oC 

-65 to +175 °c 

hFE @ Ie = 25 mA 

PNP 20 40 

X 

X 



2N2256, 2N2257 (continued) 

*ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Cha racteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC~ IOOIlAdc, VBE~ 0) 7.0 15 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC ~ 100 IlAdc, ~ ~ 0) 7.0 15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE ~ 100 IlAdc, IC ~ 0) 1,0 - -

Collector Cutoff Current ICBO IlAdc 
(V CB ~ 6 Vdc, ~ ~ 0) - 3.0 10 

(V CB ~ 6 Vdc, ~ ~ 0, T A ~ 65°C) - 30 100 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC ~ 10 mAde, VCE~lVdc) 2N2256 17 30 -

2N2257 40 50 -

(IC ~ 25 mAde, V CE ~ 1 Vdc) 2N2256 20 35 -
2N2257 40 55 -

Base-Emitter On Voltage VBE(on) Vdc 
(IC ~ 10 mAde, V CE = 1 Vdc) - 0.70 O.S 

(IC = 25 mAde, V CE ~ 1 Vdc) - O.S 0.9 

Conduction Threshold Base-Emitter Voltage (1) VT Vdc 
(IC = 200 IlAdc, V CE ~ 1 Vdc) 0.5 - -

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC =10mAdc,VCE ~ 15Vdc,f = 100MHz) 250 320 -

Output Capacitance Cob pF 
(V CB = 5 Vdc, ~ = 0, f = 4 MHz) - 4.0 5.0 

Base Resistance r'b Ohms 
(IE = 5 mAde, VCB = 2 Vdc, f = 300 MHz) 

- 50 100 

Turn -On Time (1) ton ns 
- 3.0 7.0 

Turn-Off Time(l) toff ns 
- 4.0 7.0 

(l)Base-to-emitter forward bias voltage at which transistor will be at the threshold of conduction; i. e. that 
base-to-emitter voltage at which the collector current is less than or equal to the specified amount 
under a given collector-to-emitter voltage condition. 

* Indicates JEDEC Registered Data 
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2N2256, 2N2257 (continued) 

FIGURE 1 - NPH SWITCHING TIME TEST CIRCUIT 
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2N 2270S(SILICON) 

NPN SILICON ANNULAR HIGH-CURRENT 
AMPLIFIER TRANSISTOR 

· .. designed for use in amplifier applications. 

• Collector-Emitter Sustaining Voltage -
BVCEO(sus) = 45 Vdc (Min) @ IC = 100 mAdc 

• High-Current-Gain-Bandwidth Product-
fT = 250 MHz (Typ) @ IC = 50 mAdc 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 45 

Collector-Emitter Voltage, RSE" 1 0 Ohm. VCER 60 

Collector-Base Voltage VCS 60 

Emitter-Base Voltage VES 7.0 

Collector Current - Continuous IC 1.0 

Total Powsr Dissipation @ T A = 2SoC Po 1.0 
Derate above 25°C 5.71 

Total Power Dissipation @ T C == 2SoC Po 5.0 
Derate above 25°C 28.6 

Operating and Stroage Junction TJ,Tstg -65'0 +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RaJA(l) 175 

Thermal Resistance, Junction to Case ReJC 35 

*lndicates JEDEC Registered Data. 
(1) R(:lJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWfDC 

Waft. 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

NPN SILICON 
AMPLIFIER TRANSISTOR 

r.-----fl r ~Il--~-B 

~K 

SEATING - --~ 
PLANE -11---0 

DIM 
A 

• C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

R 

MILLIMETERS INCHES 
MI. MAX MIN MAX 
8.89 94() 0.350 0.370 
8.00 8.51 0.315 0.335 
6.10 6.60 0.240 0.260 
0.406 0.533 0.016 O. I 
0.229 3.18 ~.009 0.15 
0.406 0.483 0.016 0.019 
4.83 5.33 0.190 0.210 
0.711 0.864 0.028 0.034 
0.737 1.02 0.029 0.040 

1270 0.500 
6.35 0.250 
450 NOM 450 NOM 

1.27 0.050 
900 NOM 900 NO 

2.54 0.100 

CASE 79-02 
TO-39 



2N2270S (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.! 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Coliector~Emitter Sustaining Voltage (1) VCEO(sus) 45 - - Vde 
(lC = 100 mAde, IS = 0) 

Collector-Emitter Breakdown Voltage (1) SVCER 60 - - Vde 
(lc = 100 mAde, RSE .;;; 1 0 Ohms) 

Collector-Base Breakdown Voltage BVCBO 60 - - Vde 
(lc = 0.05I'Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 7.0 - - Vde 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current ICSO I'Ade 
(VCB = 60 Vde, IE = 0, TL: 25°C) - - 0.05 
(VCB: 60 Vde, Ie: 0, TC: 150°C) - - 50 

Emitter Cutoff Current leBO 100 nAde 
(VBE: 5.0 Vde, I C = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(IC: 1.0mAde, VCE: 10Vdc) 30 90 -
(IC = 150 mAde, Vce: 10 Vde) 50 135 200 

Collector-Emitter Saturation Voltage VCE(sat) - 0.3 0.9 Vde 
(lC: 150 mAde, I B = 15 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - 0.75 1.2 Vde 
(lC = 150 mAde, IB = 15 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 100 250 - MHz 
(lC = 50 mAde, Vce: 10 Vde, I: 20 MHz) 

Output Capacitance Cob - 10 15 pF 
(VCB: 10 Vde, Ie: 0, I: 100 kHz) 

Input Capacitance Cib 60 80 pF 
(V Be : 0.5 Vde, IC: 0, I = 100 kHz) 

Small-Signal Current Gain hie 50 - 275 -
(lC: 5.0 mAde, Vce: 10 Vde, I = 1.0 kHz) 

Noise Figure NF - 7.0 10 dB 
(lC: 0.3 mAde, Vce: 10 Vde, RS: 1.0 k Ohm, 
f: 1.0 kHz, S.w.: 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Total Switching Time (Figure 1) 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ';;;300 1'5, Duty Cycle';;; 2.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

-50 V +20 V 

+20VVr+~ 
90% 

+18 V 
1000' 

15mJl sec'i I 
+1.0~~_ 

_1.ovJ'-L 
Input - Pulse 

~!"=----9 OlJtput To Wave Form 
Oscil/oscope...... At "Au 

4700 

Output - Pulse 
Wave Form 

Input From 
Pulse 0--..-11-..... 9--1 

Generator" 
1000 

5.0 W 

100 +:-.J\JYv--O -50 V 

~~g ~ 0-..... --.... ----' 

All Resistance Values Are in Ohms 

"Mercury Type: Rise and Fall Times< 1.0 nsec 
... Adjust for ±1.0 Volt Pulse At "A". 

• .. ·Rise Time ~0.4 nsec: Input Impedance (through Probe) "" 
2000 Ohms 
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2N 2273 JAN (Ge Mesa) 

PNP GERMANIUM AMPLIFIER TRANSISTOR 

... designed for military VHF amplifier applications. 

'MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vde 

Collector-Emitter Voltage VCES 25 Vde 

Collector-Base Voltage VCB 25 Vde 

Emitter-Base Voltage VEB 1.0 Vde 

Collector Current ~ Continuous IC 100 mAde 

Total Power Dissipation @ T A - 2SoC Po 150 mW 
Derate above 25°C 2.0 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +100 °c 
Temperature Range 

'ELECTRICAL CHARACTERISTICS (T A" 250 C unless otherw;se noted.1 

I Characte,;,,;c I Symbol I M;n I Max I Un;' 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC" 200 ~Adc, VBE" 01 

Collector-Base Breakdown Voltage 
(lC" 100~Adc, IE" 01 

Emitter-Base Breakdown Voltage 
(IE" 100 ~Ade, IC" 01 

Collector Cutoff Current 
(VCB" 12 Vde, IE" 01 

ON CHARACTERISTICS 

DC Current Gain 
(lC" 1.0 mAde, VCE" 10 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC" 1.0 mAde, VCE"6.0Vdc, I" 100MHzI 

Output Capacitance 
(VCB" 10 Vdc, IE" 0, I" 1.0 MHzl 

Small-Signal Current Gain 
(lC" 1.0mAde, VCE" 6.0Vde, I" 10 MHzl 

Extrinsic Base Resistance 
(lC" 1.0 mAde, VCE" 10Vde, I" 250 MHzl 

Noise Figure 
(lC" 1.0mAde,VCB" 10Vde, 
RG" 50 Ohms, I" 10 MHzl 

*Indicates JEDEC Registered Data. 

BVCES 

BVCBO 

BVEBO 

ICBO 

Cob 

hie 

rb 

NF 

25 - Vde 

25 - Vde 

1.0 - Vde 

- 10 pAdc 

250 MHz 

3.5 pF 

20 28 

250 Ohms 

12 dB 

FIGURE 1 - 30 MHz POWER GAIN TEST CIRCUIT 

Input 1.5-4.7 

0.47,uH 

51 5000 

All Resistance Values in Ohms 
All Capacitance Values in Picofarads 

1.6-30 Output 

*Primary"" 5Y2 Turns, 5/8" Long 
Secondary = 1 y:. Turns 
No. 22 Wire, 0.0. = 1/4" 
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PNP GERMANIUM 
AMPLIFIER 

TRANSISTOR 

FB 
,",,~~~1 

PLA) ~~·LJ 
STYLE " .... ll-o 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
D 0.406 0.533 0.Q16 0.021 
E 0.762 0.030 
F 0.406 0.483 0.016 0.019 
G 2.548Se 0.100 sse 
H 0.914 1.17 0.036 0046 
J 0.711 1.22 0.028 0.048 
K 1270 0.50 
L 6.35 0.250 
M 45° Bse 45 BSC 
N 1.278Se 0.050 SSC 
P 1.27 0.050 

AIiJEDECnotesanddlmensiunsapply 

CASE 22·03 
(T0·18) 



2N2285 thru 2N2287 
For Specifications, See 2N1651 Data. 

2N2288, 2N2289 (GERMANIUM) 

2N2290 

PNP GERMANIUM POWER SWITCHING 
TRANSISTORS 

... designed for fast·switching applications requiring low saturation 
voltage and excellent collector-emitter sustaining voltage capability. 

• Alloy-Diffused Epitaxial Construction 

• Low Saturation Voltages-

MAXIMUM RATINGS 

VCE(sat) ~ 0.5 Vdc (Max) @ IC ~ 5.0 Adc 
VBE(sat) ~ 1.0 Vdc (Max) @ IC ~ 5.0 Adc 

Rating Symbol 2N2288 2N2289 2N2290 

"'Collector-Emitter Voltage VeER 
(RBE = 100 Ohms) 40 80 120 

"'Collector-Base Voltage VCE 40 80 120 

*Emitter-Base Voltage VEE -0.75---

Tc~llector Current - ContInuous IC -10 

Base Current - Continuous IE -3.0----

Total Device Dissipation@ TC=25~C 
*Derate above 25"'C 

PD -O.7~33 ---
"'Operatmg and Storage JunctIOn TJ,Tstg --65to +110 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

"'Indicates JEDEC Registered Data. 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 

f = 20 Hz 

1.0 -IB 

Duty Cycle = 0.5% 10 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/~C 

"C 

LJ~~~~~~~~~~ 

- - -=-~~.e,-st ____ A_d~'\~~.?(t "IB.--=_:_~ __ -'V31/"0y-__ --, 
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10 AMPERE 

POWER TRANSISTORS 
PNP ADE GERMANIUM 

OIM 

A 

• C 
D 
E 
F 
G 
H 
J 
K 
0 

" 

40-120 VOLTS 
70 WATTS 

STYLE 1 
PIN 1 BASE 

2. EMITTER 
CASE COLLECTOR 

MILLIMETERS INCHES 
MIN M" MIN MAX 

- 39.37 - 1.550 
21.03 0.830 
762 0.300 

122 1.32 0.048 0.052 
3.43 0.135 

29.90 30.40 1.177 1.197 
10,67 11.18 0.420 0.440 
5.33 5.59 0.210 0.220 

16.64 17.15 0.6 5 .7 
B.I3 10.67 0.320 0.420 
3.84 409 0.151 0.161 

26.67 1.050 

Collector connected tu i:i!$e 

CASE l1A 



2N2288, 2N2289, 2N2290 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25"C unless otherwISe noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage llVCEO 

(IC = 100 mAdc, IS = 0) 2N2288 30 -
2N2289 50 -
2N2290 70 -

Collector-Emitter Sustaining Voltage (See Figure 1) 
VCE(sus) 

(IC = 5.0 Adc) 2N2288 30 -
2N2289 50 -
2N2290 70 -

"'Collector-Emitter Breakdown Voltage SVCER 
(IC = 50 mAde, RSE = 100 Ohms) 2N2288 40 -

2N2289 80 -
2N2290 120 -

*Collector Cutoff Current ICEO 
(VCE = 15 Vdc, IS = 0) 2N2288 - 50 

(VCE = 25 Vdc, IS = 0) 2N2289 - 50 

(VCE = 35 Vde, IS = 0) 2N2290 - 50 

"'Collector Cutoff Current ICEX 
(VCE = 40 Vdc, VSE(off) = 0.1 Vdc, TC = 100oC, +0, -3.0°C) 2N2288 - 35 

(V CE = 80 Vdc, V SE(off) = o. 1 Vde, TC = 100oC, +0, -3.00 C) 2N2289 - 35 

(V CE = 120 Vde, VSE(off) = 0.1 Vdc, TC = 100oC, +0, -3.0°C) 2N2290 - 35 

Collector Cutoff Current ICSO 
(VCS = 2.0 Vde, IE = 0) All Types - 200 

*(V cs = 40 Vdc, IE = 0) 2N2288 - 5.0 

'(V CS = 80 Vdc, IE = 0) 2N2289 - 5.0 

*(V cs = 120 Vdc, IE = 0) 2N2290 - 5.0 

Emitter Cutoff Current IESO 
(VES = 0.75 Vdc, IC = 0) - 25 

ON CHARACTERISTICS 
'" DC Current Gam hFE 

(IC = 2.0 Ade, VCE = 5.0 Vdc) 20 -
(Ic = 5.0 Ado, VCE = 2.0 Vdc) 20 60 

Collector-Emitter SaturatIon Voltage 
V CE(sat) 

(IC = 5.0 Adc, IS = 0.5 Ade) - 0.5 

*Base-Enntter Saturation Voltage 
VSE(sat) 

(IC = 5.0 Ade, IS = 0.5 Ade) - 1.0 

SMALL·SIGNAL CHARACTERISTICS 
*Small-Signal Current Gain hIe 

(IC = O. 5 Adc, VCE = 14 Vdc, 1= 1. 0 kHz) 25 100 

(IC = 0.5 Ade, VCE = 6.0 Vde, 1= 30 kHz) 15 -

SWITCHING CHARACTERISTICS 
Rise Time t - 5.0 

IC = 5.0 Adc, lSI = IS2 = 1. 0 Ade) 
r 

Storage Time t s - 7.0 

Fall Time 
(See Figure 2) 

tl - 8.0 

'Indlcates JEDEC Reglstered Data. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

+10 V 

PRF = 60 Hz 

I nput Pulse t r• tf ~ 1 0 ns 

2·271 

10 

MRB30 

Adjust for 
le=5.0A 

Vce= -22 V 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

/lAde 

mAde 

mAde 

-

Vdc 

Vde 

-

/lS 

/lS 

/lS 



~N2291, 2N2292 (GERMANIUM) 

2N2293 

PNP GERMANIUM POWER SWITCHING 
TRANSISTORS 

· .. designed for fast switching applications requiring low saturation 
voltage and excellent collector-emitter sustaining voltage capability. 

• Alloy-Diffused Epitaxial Construction 

• Low Saturation Voltages-
VCE(sat) = 0.5 Vdc @ IC = 5.0 Adc 
VBElsat) = 1.0 Vdc@ IC = 5.0 Adc 

MAXIMUM RATINGS 

Rating Symbol 2N229 I 

·Collector-Emitter Voltage VCEO 30 

"'Collector-Base Voltage VCS 40 

·Emitter-Base Voltage VES ---
·Collector Current - Continuous IC ---
"'Base Current - Continuous IS I----
Total DeviceDiSSipation@TC =25°C 

Derate above 25 DC 
Po f:== 

2N2292 2N2293 

50 70 

80 120 

1.5 ---
10 ---
3.0 ---
70 === 0.83 

"'Operating and Storage Junction TJ,Tstg I--- -65 to +110 ---
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 
Thermal Resistance, Junction to Case 1.2 

"'Indicates JEDEC Registered Data. 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 

f= 20 Hz 

1.0 -IS 

Duty Cyd. = 0.5% 10 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W!'C 

'c 

U t--'IN_----IJ1~-----4--=-+-=~ 

---=-C~ .. est~ ___ A_d_~u .... :",II\,S_=_~_C __ -'VI3.,,0.-__ --, 
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10 AMPERE 

POWER TRANSISTORS 
PNP ADE GERMANIUM 

STYLE 1 
PIN1. BASE 

40-120 VOLTS 
70 WATTS 

OS 85 

Ln=~B c 

1. K 
SEATING PLANE 0 ! 

2 EMITTER 
CASE. COLLECTOR 

Q 

MLLI E INCH .'M M' M'N X 

A - 39.37 - 1.550 
- .'" -
- 7.82 - • 1.32 
- 1 

29. 30.40 1.177 • 10.87 11.18 .... 
53 5. 0.210 2 
s. 7 • 8.13 10.87 •. 32 .. 

.'" R - 26.81 - I. 0 

Collector Connected to Case 

CASE 11A 
(TO-31 

Except Pin Diameter 



2N2291, 2N2292, 2N2293 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 2S·C unless olneeNose noled) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 100 mAde, IB = 0) 2N2291 

2N2292 
2N2293 

·Collector~Emitter Sustalfilng Voltage (See Figure 1) 
'(Ic = 500 mAde) 2N2291 

2N2292 
2N2293 

"(lc = 5.0 Ade) 2N2291 
2N2292 
2N2293 

·Collector~Emltter Breakdown Voltage 
(IC = 50 mAde, RBE = 100 ohms) 2N2291 

2N2292 
2N2293 

·Collector Cutoff Current 
(VCE = 15 Vde, IB = 0) 2N2291 

(VCE = 25 Vdc, IB = 0) 2N2292 

(VCE = 35 Vde, IS = 0) 2N2293 

*Collector Cutoff Current 
(V CE = 40 Vde, V BE(olf) = 0.1 Vde, T C = 100°C) 2N2291 

(VCE = 80 Vdc, VBE(olf) = 0.1 Vde, TC = 100"C) 2N2292 

(VCE = 120 Vde, VBE(olf) = 0.1 Vdc, TC = 100°C) 2N2293 

Collector Cutoff Current 
'(VCB = -2.0 Vde, IE = 0) All Types 

'(VCB = 40 Vde, IE = 0) 2N2291 

'(VCB = 80 Vdc, IE = 0) 2N2292 

'(VCB = 12(1 Vde, IE = 0) 2N2293 

Emltter Cutoff Current 
(VEB = 1. 5 Vde, IC = 0) 

ON CHARACTERISTICS 
"DC Current Gam 

(IC = 2.0 Ade, VCE = 5.0 Vdc) 

(IC = 5.0 Adc, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 5.0 Adc, Is = O. 5 Adc) 

.. Base-EmItter SaturatIOn Voltage 
(IC = 5.0 Adc, IB = 0.5 Adc) 

SMALL·SIGNAL CHARACTERISTICS 

"Small-SIgnal Current Galn 
(IC = 0.5 Adc, VCE = 14 Vdc, f = 1. 0 kHz) 

(IC = O. 5 Adc, VCE = 6.0 Vdc, f = 30 kHz) 

SWITCHING CHARACTERISTICS 
Rise Time 

Storage Time 
(IC = 5.0 Adc, IBI = IB2 = 0.5 Adc) 

(See Figure 2) 
Fall TIme 

·Indlcates JEDEC Reglstered Data. 
"Motorola guarantees this data in addition to the JEDEC Registered Data Shov.rn.. 

In!:)ut Pulse 

t r• tf S'10 n5 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

PRF=60Hz 
27 

MR830 
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Symbol Min Max Unit 

BVCEO Vde 
30 -
50 -
70 -

V CE(sus) Vde 
30 -
50 -
70 -
25 -
50 -
70 -

BVCER Vdc 
40 -
80 -
120 -

ICEO mAde 
- 50 

- 50 

- 50 

ICEX mAde 
- 35 

35 

- 35 

ICBO ~Adc 
- 200 

- 5. 0 mAde 

- 5. 0 

5. 0 

lEBO mAde 
50 

hFE -
40 -
50 120 

V CE(sat) Vdc 
0.5 

V SE(sat) Vdc 
- 1.0 

hfe -
50 200 

15 -

t - 7.0 ~s r 

t - 10 ~s s 

tf - 8.0 ~s 

VCC"'-2SV 



2N 22975 (SILICON) 

NPN SILICON ANNULAR HIGH-CURRENT 
AMPLI FIER TRANSISTOR 

· .. designed for use in medium-current amplifier applications. 

• Collector-Emitter Sustaining Voltage -
BVCEO(sus) ~ 35 Vdc (Min) @ IC ~ 30 mAde 

• Current-Gain - Bandwidth Product -
fT ~ 100 MHz (Typ) @ IC ~ 50 mAde 

• DC Current Gain - 10 mAde to 1.0 Adc 

'MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VCEO 35 

Collector-Base Voltage VeB 80 

Emitter-Base Voltage VEB 7.0 

Collector Current - Continuous Ie 1.0 

Total Power Dissipation@TA - 25°C Po 800 
Derate above 25°C 4.56 

Total Power Dissipation @TC == 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ,T stg -65 to +200 
Temperature Range 

'THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA(l) 219 

Thermal Resistance, Junction to Case ReJC 35 

Lead Temperature, 1/16" from Case TL 300 
for 10 seconds 

*Indicates JEDEC Registered Data. 
(1) ReJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

mW 
mW/oC 

Watts 
mW!oC 

°e 

Unit 

°c/W 

°C!W 

°e 

NPN SILICON 
AMPLIFIER TRANSISTOR 

STYLE 1 
PIN 1 EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 

A 8.89 9.40 0.350 0.370 
B B.OO 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.111 0.864 0.D28 0.034 
J 0.137 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 - 0.250 -
M 45 0 NOM 450 NOM 
P 1.27 0.050 
Q 900 NOM @oNOM 
R 2.54 0.100 

AII,JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 



2N2297S (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage( 1) BVCEOlsus) 35 - - Vde 

IIc = 30 mAde, IB = 0) 

Collector·Base Breakdown Voltage BVCBO 80 Vde 
IIc = 100 )lAde, IE = 0) 

Emitter·Base Breakdown Voltage BVEBO 7.0 - - Vde 
liE = 100 )lAde, IC = 0) 

Collector Cutoff Current ICBO 
IVCB = 60 Vde, IE = 0) - - 10 nAdc 
IVCB = 60 Vde, IE = 0, TA = +150oC) - - 10 )lAde 

Emitter Cutoff Current lEBO - - 10 nAdc 
IVEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
IIC = 10 mAde, VCE = 10 Vde) 30 60 -
IIC = 150 mAde, VCE = 10 Vde 40 80 120 
IIC = 1.0 Ade, VCE = 10 Vde) 15 40 -

Collector-Emitter Saturation Voltage VCElsat) Vde 
IIc = 150 mAde, IB = 15 mAde) - 0.1 0.2 
IIc = 1.0 Ade, IB = 100 mAde) - 0.6 1.0 

Base-Emitter Saturation Voltage VBElsat) - 0.8 1.6 Vde 
IIc = 1.0 Ade, IB = 100 mAde) 

OYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 60 100 - MHz 
IIc = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance Cob - 8.0 12 pF 
IVCB = 10 Vde, IE = 0, f = 100 kHz) 

I nput Capacitance Cib - 60 80 pF 
IVEB = 0.5 Vde, IC = 0, f = 100 kHz) 

Collector-Base Time Constant rbee - - 800 ps 

IIc = 10 mAde, VCB = 10 Vde, f = 4.0 MHz) 

* Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~300 /lS, Duty Cycle ~ 2.0%. 
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2N 2319 (SILICON) 

NPN SILICON ANNULAR SWITCHING 
TRANSISTOR 

· .. designed for use in high·speed low·current switching applications 
requiring TO-46 package configuration. 

• Collector-Emitter Breakdown Voltage -
BVCEO = 15 Vdc (Min) @ IC = 10 mAdc 

• High-Current-Gain-Bandwidth Product
fT = 350 MHz (Typ) @ IC= 10 mAdc 

• DC Current Gain - 100 tlAdc to 20 mAdc 

• Fast Switching Time @ IC = 20 mAdc (Figure 1) 
ton = 45 tis (Typ) 
toff = 40 tis (Typ) 

MAXIMUM RATINGS 
Rating Symbol 

*Collector·Emitter Voltage VCEO 
*Collector·Emitter Voltage VCES 
·Collector-Base Voltage Vce 
*Emitter-Base Voltage VEe 
Collector Current - Continuous IC 

*Total Power Dissipation @ T A = 25°C Po 
Derate above 250C 

Total Power Dissipation @ TC = 2SoC Po 
Derate above 2SoC 

Value 

15 

30 

30 

5.0 

200 

300 
1.7 

1.0 
5.71 

·Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

*Thermal Resistance, Junction to Ambient ReJA (11 583 

Thermal Resistance, Junction to Case ReJC 175 

* Lead Temperature 1/16" ±1/32" from TL 300 
Case for 15 seconds 

*Indicates JEDEC Registered Data 

Unjt 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°c/w 

°C/W 

°c 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
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NPN SILICON 

SWITCHING TRANSISTOR 

DIM 

A 

E 
F 
G 
H 
J 
K 1 
L 6.35 
M 45 SSC 
N 1.27 SSC 
P 1.27 

J 

STYLE 1: 
PIN 1. EMITTER 

2. SASE 
3. COLLECTOR 

45 SSC 
0.050 SSC 

0.050 

AU J~DEC dimensions and notes apply 

CASE 26·03 
T0-46 



2N2319 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

CollectorpEmitter Breakdown Voltage (1) BVCEO 15 - - Vdc 
(lC= 10mAdc, IB= 0) 

"Collector-Base Breakdown Voltage BVCBO 30 - - Vdc 
(lC = 1.0I'Ade, IE = 0) 

"Emitter-Base Breakdown Voltage BVEBO 5.0 - - Vde 
(IE = 1.0I'Ade, IC= 0) 

*Collector Cutoff Current ICBO - - 50 nAdc 
(VCB = 20 Vde, IE = 0) 

* Emitter Cutoff Current lEBO - - 50 nAdc 
(VBE = 3.0 Vdc, IC = 0) 

*Collector Cutoff Current ICEX - - 5.0 I'Ade 
(VCE = 25 Vde, VEB = 1.5 Vde, RBE = 720 k Ohms) 

·ON CHARACTERISTICS 

DC Current Gain (1) hFE -
[lc ~ 100 I'Adc, VCE = 300 mVdc) 15 25 -
(lC = 1.0 mAde, VCE = 300 mVde) 20 30 -
(lC = 10 mAde, V CE = 400 mVde) 30 45 -
(lC = 20 mAde, VCE = 400 mVde) 40 50 -

Collector-Emitter Saturation Voltage VCE(sa') - 200 350 mVde 
(lC = 20 mAde, I B = 1.0 mAde) 

Base-Emitter Saturation Voltage VBE(sa,) - 780 900 mVdc 
(lC = 20 mAde, I B = 1.0 mAde) 

·DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 300 350 - MHz 
(lC ~ 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance Cob - 3.0 5.0 pF 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

·SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) 'on - 45 60 ns 
(VCC = 15 Vde, VBEloff) = 4.0 V, IC = 20 mA, IBI = 2.0 mAl 

Storage Time (Figure 2) 's 14 20 ns 
IVCC = 5.0 Vde, IC ~ 20 mAde, IBI ~ 182 ~ 20 mAde) 

Turn-Off Time IFigure 1) 'off 40 50 ns 
IVCC ~ 15 Vde, IC ~ 20 mAde, 181 ~ IB2 = 2.0 mAde) 

*Indlcates JEDEC Registered Data. 
11) Pulse Test: Pulse Width <;;300 I's, Du,y Cycle <;;2.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT FIGURE 2 - STORAGE TIME TEST CIRCUIT 

+15 V 
+7.0 V 

Vin1o. 1 l'F 

(-9.0 V) 

150 

1. Bypass and decoupling capacitors omitted for clarity. 

2. Yin (Z "" 50,0.) tr ~ 1 ns; tp "" 96 ns; Duty Cycle ~2%. 

100 
215 

3. V out (Fig. 1) to 50.n probe; V out (Fig. 2) to 100 k oscilloscope input. 
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+5.0 V 

56 

01rtvou, 

150n 



2N2322 (SILICON) 
thru 

2N2326 

Ao----... ~~---G~OK 

SILICON CONTROLLED RECTIFIERS 

· .. all·diffused PNPN devices designed for gating operation in 
mA//lA signal or detection circuits. 

• Low-Level Gate Characteristics -
IGT~ 200flA (Max)@250C 

• Low Holding Current - IH ~ 2.0 mA (Max) @ 250C 

• Anode Common to Case 

• Glass-ta-Metal Bond for Maximum Hermetic Seal 

*MAXIMUM RATINGS (T c = 2SoC unless otherWise noted, RGK == 1000 ohms) 

Rating Symbol Value Unit 

Repetitive Peak Reverse Blocking Voltage VRRM Volts 
(Notes 2 and 3) 2N2322 25 

2N2323 50 
2N2324 100 
2N2325 150 
2N2326 200 

Non-Repetitive Peak Reverse Blocking Voltage VRSM Volts 
(t ~ 5.0 ms, Notes 2 and 3) 2N2322 40 

2N2323 75 
2N2324 150 

2N2325 225 
2N2326 300 

RMS On-State Current IT(RMSI 1.6 Amp 
(All Conduction Angles) 

Average On-State Current IT(AV) Amp 

TC = 850 C 1.0 

TA = 300 C 0.45 

Peak Non-Repetitive Surge Current ITSM 15 Amp 
(One Cycle, 60 Hz, TC = 80oC) 
Preceded and followed by rated current 
and voltage 

Peak Gate Power PGM 0.1 Watt 

Average Gate Power PG(AV) 0.01 Watt 

Peak Gate Current IGM 0.1 Amp 

Peak Gate Voltage VGM 6.0 Volts 

Operating Junction Temperature Range TJ 65 to +125 °c 
Storage Temperature Range Tstg -65 to +150 °c 
lead Solder Temperature - +230 °c 

(> 1/16" from case, 10 s max) 

*Indicates JEDEC Registered Data 
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THYRISTORS 
PNPN 

1,6 AMPERE RMS 
25 thru 200 VO L TS 

I-A..::l 

Le~~·l 
1:-!:'II{ri 

SE~I~N'/ ~ -~ L.f D' i 
STYLE2· ~ ~ ~~ 

PIN 1. CATHODE 
2. GATE 
3.ANOOE 

MILLIMETERS 
DIM MIN MAX 

A 8.51 9.40 
B 775 8.51 
C 6.10 6.60 
o 0.406 0.533 
E .2293.18 
F 0406 0.483 
G 5.08 8Se 
H 0.711 0.864 
J 0.734 1.14 
K 38.10 
l 6.35 
M 450 sse 
N 2.54 sse 
P - 1.21 
R 2.54-
S - 0.119 

AUJEOEC dImensIOns and notes apply 
CASE 31-03 

TO-S 



2N2322 thru 2N2326 (continued) 

ELECTRICAL CHARACTERISTICS IT C ~ 25°C unless othecw'5e noted, RGK ~ 10000hmsl 

Characteristic 

"Peak Forward Blocking Voltage (Note 2) 

"Peak Reverse Blocking Current 

IRated VRRM, T J = 1250CI 

"Peak Forward Blocking Current 
IRated VORM, TJ = 1250CI 

Peak On-State Voltage 
IITM ~ 1.0 A Peakl 
IITM ~ 3.14 A Peak, TC ~ 850 CI' 

2N2322 
2N2323 
2N2324 
2N2325 
2N2326 

r-------.--.---.--- -- -- -'---'- - --. 
Gate Trigger Current ,Note 1) 

IV AK ~ 6.0 Vdc, R L ~ 100 ohmsl 
IVAK ~ 6.0 Vdc, RL ~ 100ohms, TC ~ _650CI 

Gate Trigger Voltage 

IVAK ~6.0 Vdc, RL ~ 1000hmsl 
IVAK~6.0Vdc, RL ~ 100 ohms, TC ~ -650CI' 

IV AK ~ Rated VORM, R L ~ 100 ohms, T J ~ 125°C)' _______ _ 

Holding Current 

IV AK ~ 6.0 Vdc) 
IVAK ~ 6.0 Vdc, TC ~ -65°C)' 

L-_I V-"'A"'K:...~_6_.0_V_dc_'_,_T_'C=_=_1_2_5_oC_I' _________ . ____ . ____ _ 

*Indicates JEDEC Registered Data. 

Notes. 1. RGK current is not included in measurement. 

2. Thyristor devices shall not be tested with a constant current 
source for forward or reverse blocking capability such that the 
voltage applied exceeds the rated blockIng voltage. 

Symbol 

VORM 

IRRM 

IORM 

Min 

25 
50 

100 
150 
200 

Max 

100 

100 

1.5 

2.0 

Unit 

Volts 

Volts 

--- - .. -[__-------+------1 

0.1 

0.15 

200 

350' 

0.8 

1.0 

Volts 

------_.+-------1 

2.0 
3.0 

mA 

3. Thyristor devices shall not have a positive bias applied to the 
gate concurrently with a negative potential applied to the anode. 

CURRENT DERATING 

FIGURE 1 - CASE TEMPERATURE 

~130r---,----,---,----,----r----r----,---. 
g 120r-~ __ ~-T--~----+_--_T--~ 

~ 110 --ial-
j 100r_--1-~.t~~~~~~_T----[__--_r--_1 

" 90 

~ 
~ 80r_--1----t--~----t_--~--~r_~~--_1 

~ 
~ 70r---+_--_T--~----+_--_T--r-r_--_r~"" 

" " ~ 600~~0~.2~~OL.4---0~.6~~~--~--~~--~--~ 
iT(AV). AVERAGE ON·STATE CURRENT (AMP) 
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FIGURE 2 - AMBIENT TEMPERATURE 

-
~ 140 

~ 120 

" 
~-+---+----+----+-~ 

~ 100 -H-
!li 80 

" 
60 

" ~ 40 

" ~ 
20 ;; 

~ 
de 

" 0 
~ 0 0.1 0.7 0.2 0.3 0.6 

\T(AV), AVERAGE ON STATE CURRENT (AMP) 



2N2330S (SILICON) 
2N2331$ 

NPN silicon annular transistors for low-level 
DC/AC chopper applications. 

CASE 22 
(TO-18) 
2N2331 

CASE 79 
(TO-39) 
2N2330 

Collector connected to case 

* MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector CUrrent 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating Junction Temperature Range 

Storage Temperature Range 

* IndIcates JEDEC Registered Data 

STYlE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

PD 

TJ 

Tstg 
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2N2330 2N233l Unit (TO-S) (TO-1S) 

20 20 Vdc 

30 30 Vdc 

5.0 5.0 Vdc 

500 mAdc 

0.8 0.5 Watt 

5.33 3.33 mW/oC 

3.0 1.8 Watts 

20 12 mW/oC 

-65 to + 175 °c 

-65 to + 200 °c 



2N2330S, 2N2331S {continued} 

'ELECTRICAL CHARACTERISTICS (TA:::: 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit J 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 1 mAdc, IB = 0) 20 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 10 /LAdc, IE = 0) 30 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 /LAdc, IC = 0) 5.0 -

Collector Cutoff Current ICBO nAdc 
(V CB = 4.5 Vdc, IE = 0) - 1.0 

Emitter Cutoff Current lEBO nAdc 
(V BE = 4.5 Vde) - 5.0 

Offset Current I(off) nAdc 
(V BC = 2 Vdc, V CE = 0, T A = 25 0 C) - 1 

(VBC = 2Vcte, VCE = 0, TA = 850 C) - 10 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 10 mAde, V CE = 1 Vdc) 50 -

Offset Voltage V(off) mVdc 
(IB = 200 /LAdc, IE = 0) - 0_75 

Inverse Saturation Voltage 
VEC(sat) mVdc 

(IB = 200 /LAde, IE = 50 /lAde) - 3.0 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC = 1 mAdc, V CE = 1 Vdc, f = 100 MHz) 100 -

Output Capacitance Cob pF 
(V CB = 2 Vdc, IE = 0) - 10 

Input Capacitance Cib pF 
(VBE = 2Vdc, IC= 0) - 20 

, Indicates JEDEC Registered Data 
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2N2330S I 2N2331S (continued) 

o 
20 

INVERSE SATURATION VOLTAGE 
versus 

EMITTER CURRENT 

TA :::::: 25°C 

II_1m, 
I, = 500 ~A_I--

I, _ 200 ~y V J 
/ L / 

I, = 100~~ V // V 
~ / /'" 

40 60 100 200 400 600 1000 

I" EMITTER CURRENT (~A) 

INVERSE SATURATION VOLTAGE 
versus 

BASE CURRENT 

I,ll, = 0.25 

.# 
,TA =25°C 1-7 lA' 
- ---.,. --

TA = 85°C !-~ 

-I-

0.6 L..._...I._..L.....I.-'-__ -'-__ .l-...... _L-I 

20 40 60 100 200 400 600 1000 

I" BASE ON.lJRIVE CURRENT (uA) 

INVERSE 
SATURATION 

CHARACTERISTICS 

1.0 1.5 2.0 

VEe, EMITTER-COlLECTOR VOLTAGE (mVdc) 

w 
~ 

1.8 

INVERSE SATURATION VOLTAGE 
versus 

BASE CURRENT 

\ 
\ ~=250C I, = 50~dc 

TA =: 85°C ~l'-. 
I~ 
~~ 

ffi 1.0 

~ 

~ 0.8 
,; 

0.6 
20 40 60 100 200 400 600 1000 

I" BASE ON·DRIVE CURRENT (,.A) 

OFFSET VOLTAGE 
versus 

BASE CURRENT 

0.8 

1\ 1,=0 

'\. ~ TA = 25°C 

'- "-.. 
~ ..... r--

---1-

"-
J 0.2 
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TA =: 85°C 

o 
20 40 60 100 200 400 600 1000 

I" BASE OFF.lJRIVE CURRENl (uA) 

OUTPUT CAPACITANCE versus COLLECTOR·BASE VOLTAGE 
and 

INPUT CAPACITANCE versus EMITTER·BASE VOLTAGE 

30 

r-- -..... 20 --~UIT CjPtTANiE -
........ C •• , OUTPUT CAPACITANCE 

....... 
....... r-, --~ TA '" 25°C 

1 
0.1 0.2 0.4 0.6 1.0 4 6 10 20 30 

REVERSE B lAS (VOLTS) 



2N2357 thru 2N2359 (Germanium) 

@2 

o 0 
<\}>1 

CASE 161 

Collector Connected to Case 

STYLE 1 
PIN 1 BASE 

2 EMITTER 
CASE-COLLECTOR 

PNP Germanium power transistors designed for very high-cur
rent switching applications requiring low saturation voltages, fast 
switching times and good safe operating area. 

MAXIMUM RATINGS 

Rating Symbol 2N2357 2N2358 2N2359 

Collector-Emitter Voltage VCEO 30 60 80 

Collector-Base Voltage VCB 60 100 120 

Emitter-Base Voltage VEB -- 2.5 --
Collector Current - Continuous IC -- 50 --
Base Current - Continuous IB -- 10 ---
Total DeviceDissipation@TC =25°C PD -- 170 ---Derate above 25° C 2.0 

Operating and Storage Junction TJ , Tstg - -65 to +110 ---
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 
Thermal ReSistance, Junction 
to Case 

8JC 0.5 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wjOc 

°c 

Unit 

°cjw 

IB(off)_ 

'R3 

025 mH 

RI =1 o Ohm, 20 Watts 
RZ= 10 Ohms,2 0 Watts 
R3=O.1 Ohm, 1.0% 

R5· Ie Adjust@VeE '" Vz 

81 Adjust for IS(on}'" * 
R4 <fO.04 Ohm 82'" 2.0 Vdc, Adjust for IB(off} '" 0 2 Adc 

83= 12Vdc 

*Not required if current probe is used to read IBI 
..... PRF"'" 60 Hz 

***ZenH selected to establish Sustaining Voltage. 
NOTE. Series impedance and inductance must be kept to a minimum. 
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'B(on} 

50W 

"'VZ 

I 
II 
I 
I. 



2N2357 thru 2N2359 (continued) 
ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 100 mAde, IB = 0) 2N2357 

2N2358 
2N2359 

Collector-Emitter Sustaining Voltage (See Figure 1) 
(Ic = 50 Adc) 2N2357 

2N2358 
2N2359 

Collector -Emitter Cutoff Current 
(VCE = 60 Vdc, VBE = 0 2N2357 

(V CE = 100 Vdc, V BE = 0) 2N2358 

(V CE = 120 Vdc, V BE = 0) 2N2359 

Collector Cutoff Current 
(VCB = 2,0 Vdc, IE = 0) 

Collector-Emitter Cutoff Current 
(V CE = 40 Vdc, V BE (of!) = o. 2 Vdc) 2N2357 

(V CE = 80 Vdc, V BE (of!) = O. 2 Vdc) 2N2358 

(V CE = 100 Vdc, V BE (off) = 0.2 Vdc) 2N2359 

(V CE = 40 Vdc, VBE(Off) = O. 2 Vdc, TC = 100_OC) 2N2357 

(+0, _3.0°C) 

(VCE = 80Vdc, VBE(Off) =0.2Vdc, TC = 100°C) 2N2358 

(+0, _3.0°C) 

(V CE = 100 Vdc, V BE(off) = 0.2 Vdc, T C = 100° C) 2N2359 

(+0, -3.0° C) 

Emitter Cutoff Current 
(V EB = 2.5 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 20 Adc, V CE = 1. 5 Vdc) 

(IC = 50 Adc, V CE = L 5 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 50 Adc, IB = 5.0 Adc) 

Base-Emitter Saturation Voltage 
(IC = 50 Adc, IB = 5.0 Adc) 

SMALL-SIGNAL CHARACTERISTICS 
Small-Signal Current Gain 

(IC = O. 5 Adc, V CE = 6.0 Vdc, f = 30 kHz) 

SWITCHING CHARACTERISTICS 
Rise Time 

(V CC = -28 Vdc, 

Storage Time IC = 50 Adc, 

IBI = 5.0 Adc, IB2 = 3.0 Adc) 
Fall Time (See Figure 3) 

.3 

'" '" 

20 -10 

7. 0 

5. 0 

3.0 

2.0 

1.0 
1.0 

FIGURE 2 - SWITCHING TIMES 

Vee=28V 

I'--j--
181 = lellO 
182'" IBl V 

ts 
i'-

....... t, >< 
V 

tf 

I- --
2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Ie. COLLECTOR CURRENT (AMP) 
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BVCEO Vdc 
30 - -
60 - -
80 - -

V CE(sus) Vdc 
35 - -
40 - -
45 - -

ICES mAde 
- - 50 

- - 50 

- - 50 

ICBO flAdc 
- - 200 

ICE X mAde 
- - 5.0 

- - 5.0 

- - 5.0 

- - 35 

- - 35 

- - 35 

lEBO mAde 
- - 50 

hFE -
30 - 90 

15 - -

V CE(sat) Vdc 
- - 0.5 

VBE(sat) Vdc 
- - 0.9 

t - 12 - fls r 

t - 5.0 - ,"S s 

tf - 6.0 - flS 

FIGURE 3 - SWITCHING TIME 
TEST CIRCUIT 

+15~-r-L 

-255~lJ I 
50ps 1 •• 1- • 100115 

INPUT PULSE 

tr, tf < 10 ns 

PRF=60Hz 

5.0 

MR830 

VCC=-28V 

0.55 

SCOPE 



2N2368 (SILICON) 

NPN silicon annular transistor designed for high
speed, low-level, saturated-switching application. 

CASE 22 
(TO-18) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 

Collector connected to case 3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCES 

Collector- Base Voltage VCB 

Emitter-Base Voltage VEB 

Total Device Dissipation@ TA = 25°C PD 

Derate above 25°C 

Total Device Dissipation@ TC = 25°C PD 

Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

* Indicates JEDEC Registered Data 

Value 

15 

40 

40 

4.5 

0.36 

2.06 

1.2 

6.85 

-65 to + 200 

FIGURE 1 - STORAGE TIME TEST CIRCUIT 

890n Ol/lF lKSl 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Watt 

mWjOC 

Watt 

mwjOc 

°c 

o '" + 
V," 

r-"'V'v'r-....--u-..JVV'v--f"'~ Vo.' TO OSCILLOSCOPE "A" 

10--- • 

PULSE GENERATOR 
v," RISE TIME < los 
SOURCE IMPEDANCE 0 son 
PW'>300 ns 
OUTY CYCLE < 2 % 

OlllF SOOS2 

"TI soon 

S61l I o 0023/,F 

11 V ~ 

00023/,F 

lO,IJ lO,ItF 
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91(1 

~ 10V 

INPUT IMPEOANCE"- son 
RISETIME~lns 

,6V 
o 

- 4V-+'---"'-'''::';;;''--''.. 



2N2368 (continued) 

*ELECTRICAL CHARACTERISTICS (TA~250Cunlessotherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage III 
(Ie ~ 10 mAdc, IB ~ 0) 

Collector-Emitter Breakdown Voltage 
(Ic ~ 10 {1 Adc, VBE = 0) 

Collector- Base Breakdown Voltage 
(Ie ~ 10 !lAdc, IE ~ 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 {1 Adc, IC = 0) 

Collector Cutoff Current 
(VCB ~ 20 Vdc, IE = 0) 
(VCB = 20 Vdc, IE = 0, TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain 111 

(IC = 10 mAdc, VCE = 1.0 Vdc) 
(IC = 10 mAdc, VCE = 1.0 Vdc, TA = -55°C) 
(IC = 100 mAdc, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1.0 mAde) 

Base-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1.0 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bar.dwidth Product 
(IC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 140 kHz) 

Storage Time (Figure 1) 
(IC = IB1 = 10 mAde, IB2 = -10 mAde) 

Turn-On Time (Figure 2) 
(IC = 10 mAde, IBI = 3.0 mAde, IB2 = -1.5 mAde) 

Turn-Off Time (Figure 2) 
(IC = 10 mAde, IB1 = 3.0 mAde, IB2 = -1.5 mAde) 

I 11 Puls~ Test: Pulse Width = 300 !ls; Duty Cycle :s 2% 
*Indicates JEDEC Registered Data 

Symbol 

BVCEO 

BVCES 

BVCBO 

BVEBO 

ICBO 

hFE 

V CE(sat) 

VBE(sat) 

fT 

Cob 

ts 

ton 

toff 

TURN·ON WAVEfORMS 

V~ 
FIGURE 2 - TURN·ON AND TURN·OFF TIME 

TEST CIRCUIT 
0". 10% 

~90% 
+ ton .. 

PULSE GENERATOR 
V .. RISE TIME < Ins 
SOURCE IMPEDANCE ~ 50Q 
PW ··300 ns 
DUTY CYCLE < 1% 

33KQ 
V .. 

50Q I 

VSB :~ 

220n O.lpJ 

~. 

33K \...!)< f" o 0023"F o 0013"F I 
0005"F o 005"F 

o I"F OlfLF ~~Vcc~3Y 

-
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Min Max Unit 

Vdc 
15 -

Vdc 
40 -

Vdc 
40 -

Vdc 
4.5 -

!lAde 

- 0.4 

- 30 

-
20 60 
10 -
10 -

Vdc 

- 0.25 

Vde 
0.7 0.85 

MHz 
400 -

pF 

- 4.0 

118 

- 10 

ns 

- 12 

ns 

- 15 

Vo., TO OSCILLOSCOPE 
INPUT IMPEDANCE - SOIl 
RISE TIME ~ I ns 

TURN·OFf WAVEfORMS 

·-:-+'1<------10% 

90% 

·"1V 
-15V 



2N2369 (SILICON) 
2N3227 

NPN silicon annular transistors for low-current, 
high-speed switching applications. 

2 CASE 22 
(TO-IS) 

PIN 1. EMITTER O STYLEt: 

Collector connected to case 
*MAXIMUM RATINGS 

1 0 0 3 2. BASE 
3. COLLECTOR 

Rating Symbol 

Collector-Base Voltage VeB 

C ollector- Emitter Voltage VCES 

Collector-Emitter Voltage 2N2369 
2N3227 

VCEO 

Emitter-Base Voltage 2N2369 VEB 
2N3227 

Collector Current (10 fJ.sec pulse) IC(Peak) 

Total Device DisSipation 
@ 25°C Ambient Temperature 

PD 

Derating Factor Above 25°C 

Total Device Dissipation 
@ 25°C Case Temperature 

PD 

Derating Factor Above 25°C 

Junction Temperature, Operating TJ 

storage Temperature Range Tstg 

*Indicates JEDEC Registered Data 

Value 

40 

40 

15 
20 

4.5 
6.0 

500 

0.36 
2.06 

1.2 
6.85 

+200 

-65 to +200 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

rnA 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

°c 

FIGURE 1 - too CIRCUIT -10 mA FIGURE 3 - toft CIRCUIT - 10 mA 

+10.6V~ t, I+-

O-JIL -1.5 v -j I- < I", 
PULSE WlOTH (t') == 300 ns 

• DUTY CYCLE == 2 % 

3V ........ VVO"--.., 
270 n ______ - .... 

3.3 K 

I 
_.I..-

'1' . 
_...J CS < 4pf 

+10.75 v --I t, t-- 3 V 

-91~~--'
v-::jk:", 

PULSE WIDTH (tl):::;:; 300 ns 
DUTY CYCLE = 2 % 

270 Il 

33K . 
-.1..-,.-r, 
_ J Cs"'< 4pf 

FIGURE 2 - ton CIRCUIT - 100 mA FIGURE 4 - to •• CIRCUIT - 100 mA 

+ 10.8V~ t, I+-

-2V -:Jf'Ll 
~ <Ins 

PULSE WIDTH (t,) == 300 ns 
1lUTY CYCLE = 2% 

10 V t>--J""'.._---. 
951) 

_J._ 
,T, 

1 K _JC, <: 12pl 

+11.4:n_r-
-8.6 V---::j~ 1 ns 1 K 

PULSE WIDTH (tl) BETWEEN 10 AND 500,"s 
DUTY CYCLE == 2% 

-~ ... , .. , . 
_ ~Cs < 12 pf 

1ft Total shunt capacita"ce of test jIg and connectors. 
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2N2369, 2N3227 (continued) 

*ELECTRICAL CHARACTERISTICS 

Characteristic 

Collector Cutoff Current 
(VCB ; 20 Vdc) 2N2369 

2N3227 

(VCB = 20 Vdc, T A; 150°C) 2N2369 
2N3227 

Collector Cutoff Current 
(VCE; 20 Vdc, VEB(aff) ; 3 Vdc) 2N3227 

Base Cutoff Current 
(VCE; 20 Vdc, VES(off) ; 3 Vdc) 2N3227 

Collector-Base Breakdown Voltage 
(IC ; lOll Adc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = lOll Adc, Ie ; 0) 2N2369 

2N3227 

Collector-Emitter Breakqown Voltage (1) 

(IC = 10 mAdc) 2N2369 
2N3227 

Collector-Emitter Voltage 
(Ic = 10fJ, Adc, IB = 0) 

Collector-Emitter Saturation Voltage (1) 

(IC = 10 mAde, IB = 1 mAdc) Both Types 
(IC = 100 mAde, IB = 10 mAde) 2N3227 

Base-Emitter Saturation Voltage (1) 

(IC = 10 mAde, I = 1 mAdc) Both Types 
(IC = 100 mAde, ~B = 10 mAde) 2N3227 

DC Current Gain 111 

(Ic = 10 mAde, VCE = 1.0 Vdc) 2N2369 
2N3227 

(IC = 10 mAde, VCE = 1.0Vdc,TA= -55oC) 2N2369 
2N3227 

(IC ; 100 mAde, VCE = 1.0 Vde) 2N3227 

(IC = 100 mAdc, VCE = 2 Vdc) 2N2369 

Small Signal Current Gain 
(IC = 10 mAde, VCE ; 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 5 Vde, IE = 0, f = 140 kHz) 

Input Capacitance 
(VBE = 1 Vde, Ie = 0, f ; 140 kHz) 2N3227 

Storage Time 
(IC = IB1 ; IB2 ; 10 mAl 

Turn-On Time 
(IC ; 10 mA, TBI = 3 mA, VCC = 3 V, V EB(o!!) = 1. 5 Vdc) 

Turn-Off Time 
(IC = 10 mA, IBI = 3 mA, IB2 = 1.5 mA, Vce = 3 V) 

Total Control Charge 
(IC ; 10 mA, IB ; 1 mA, VCC ; 3 V) 2N3227 

Delay Time 
VCC=10V, VEB(off) =2 Vde, 2N3227 

Rise Time IC = 100 mA, IBl = 10 mA 

Storage Time 
VCC= 10 V 
IC; 100 mA, IBI = IB2 = 10 mA 

2N3227 
Fall Time 

(1) Pulse Test: Pulse Width; 300 Ils, Duty Cycle = 2% 
* Indicates JEDEC Registered Data 
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Fig. No. Svmbol Min Max Unit 

ICBO IlAdc 
- 0.4 
- 0.2 

- 30 
- 50 

Ie EX IlAdc 
- O. 2 

IBL IlAdc 
- 0.5 

BVCBO Vdc 
40 -

BVEBO Vdc 
4.5 -
6.0 -

BVCEO Vdc 
15 -
20 -

BVCES Vdc 
40 -

VCE(sat) Vdc 
11,13 - 0.25 

- 0.45 

VBE(sat) Vdc 
13 0.70 0.85 

0.8 1.4 

hFE -
40 120 

12 100 300 

20 -
12 40 -
12 30 -

20 -
hte -

5.0 -
5 Cob pF 

- 4.0 

Cib 
4.0 

pF 

10 ts ns 
- 13 

1,6 ton ns 
- 12 

3,6 toff ns 
- 18 

7,8 QT pC 
- 50 

2,6 td - 5.0 ns 

tr - 18 ns 

4,6 ts - 13 ns 

1t - 15 ns 



2N2369, 2N3227 (continued) 

FIGURE 5 - JUNCTION CAPACITANCE VARIATIONS 

-liMITI 

r-t-- - -TYPICAL 

r-.... TJ =25°C-

-r-I-.. 
~ r---. r-.... 

C" r-.... t-.... Co, 

1 
0.1 

-.:: 

0.2 

-h l-fi / 
1-- - - - J. 

..... 
i' 

.... 1 .... 

I 

I 
0.5 1.0 2.0 5.0 

REVERSE BIAS (VOLTS) 

FIGURE 7 - MAXIMUM CHARGE DATA 

50 0 I I II II Vee = 10 V 

II II - - -100°C / 

1--'--25"C 

Q,,~, ~ 10 i 1--71/ 
I II ~ 

/ 
200 

Q" #' ~ 40 / 
1/ 

\ ~ / II / "/ 1/ / 
100 

/ Y 

.~ / / 
- .,;;;;;. ./ ....-

Q ... , Vee 10 V 7 

V QA,Vcc =3V 

20 

10 
1 10 20 50 

Ie, COLLECTOR CURRENT (rnA) 

I 
10 

100 

FIGURE 6 - TYPICAL SWITCHING TIMES 

100 
'\. 

'\. f3f == 10 
\. Vee = 10 V 

50 I\. VOl == 2 V 

\ 1\ \. 
[\1\ l\ 

1\ 1\ l'-. t,(Vee =3V) 

,""" r'-.. 
Vee = IOV I 

- 20 
~ 
w 

'" 
~ 1"-~ r!:-t--.. r- Ic: 

i= 

'" z 

~ 10 

~ - \. 

~ 
I 1\., I 

n ~ 
V i N-

! n 2 
1 10 20 50 100 

'e, COLLECTOR CURRENT (rnA) 

FIGURE 8 - QT TEST CIRCUIT 

VALUES REfER TO + 5 V --..J t, I--- 3 V 0-"',\11'0"----' 

oTlIOPFmax 
Ie = 10 rnA TEST POINT 

<lns ~ F 
PULSE WIDTH it,) = 5 /J.s 

DUTY CYCLE = 2% 

, 
_.1._ 

';' '" _.J Cs < 4 pF 

FIGURE 9 - TURN·OFF WAVE FORM 

C~COPT ~" 
TIME ---... 

FIGURE 10 - STORAGE TIME EQUIVALENT TEST CIRCUIT 
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PULSE WIDTH (t,) = 300 ns 
DUTY CYCLE:::: 2% 

10 V oJ\N.--~ 

980 

500 

., Total shunt capacitance of test jig and connectors. 



2N2369, 2N3227 (continued) 

FIGURE 11 - MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
1.0 

0.2 
0.02 

Ie = 3mA 

1\ 
......... 

0.05 

le= 10 mA 

\ 
\ 

i-- "- t--.. 

0.1 0.2 

1\ 
1\ le=30mA I\,e = 50 mA 

\ \ 
~ \ 

1\" r'..... 
r---r-

0.5 1.0 

I" BASE CURRENT (mAl 

\ 
\ TJ = 25°C 

Ie = 100 mA 

\ 
'\ 

"-
r--~ 

....... r-... l--
J--

10 20 

FIGURE 12 - MINIMUM CURRENT GAIN CHARACTERISTICS 
200 

z 
~ 100 
~ 

i 
'" c 

~ 
'" 50 
~ 

" 

20 

,............. -----
~--
~ 

---1 

~ I--- --~ - -~ l- f-' 
V I--
I- --~ V 

~ I---V"" 

FIGURE 13 - SATURATION VOLTAGE LIMITS 

~ 
'" <0 
w 

'" 
~ 
z 
'" 
~ 
;;;; 

=; 
,; 

1.4 
I I 

1.2 r- T~~=2~~C 

1.0 

0.8 

0.6 

0.4 

0.2 
I 

MAX~,,'V 
V 

I--':i I 
MIN VIE ("') 

MAX VCE('~II 

10 20 50 

Ie. COLLECTOR CURRENT (mAl 

TJ _ 125°C I I I -- ::::::::,.. ie'ill TJ _ 75°C -
TJ = 25°C - r--.... 

~ 

I ~ I 

"" ....... 
TJ ~;OC and 75°C 

T, I 115~C --- "" R' -... 
............ "" ~ 

T, = -55°C - r--- "" t---.. ~ ~ r- ....... ...... 
r-.. r--... ....... 

"-......... ....... 

10 20 50 100 

Ie. COLLECTOR CURRENT (mAl 

100 

FIGURE 14 - TYPICAL TEMPERATURE COEFFICIENTS 
1.0 ~ 

O. 
I I (25°C TO 12~OCI 5~ 
eve for VeE!I •• ! I "j 

'" ° > 
g 
~ -0. 
u 

5 

§ -1.0 

'" '" -I. 5 

-2.0 

-2. 5 
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APPROXIMATE DEVIATION ( 1 55°C ITO + TCI 
FROM NOMINAL 

55°C TO +25°C 25°C TO 125°C 

2-55odTO J50 C) 
.~ +0.15 mV/oC +O.lSmV/oC ... +0 4 mV/oC +0.3 mV/oC 

I I -(25°C TO 125°CI 

~ 
po-

(Jyt for VIE! .. 'I 

I I 
w w ~ w ~ ~ rn M H ~ 

Ie COLLECTOR CURRENT (mAl 



2N2369A (SILICON) 
2N2369A JAN,JTX,JTXV AVAILABLE 

CASE 22 
(TO-IS) 

NPN silicon epitaxial transistor for high-speed 
range of .10 - 100 mAdc switching applications. Speci
fications provided at -55°C to +125°C for critical dc 
characteristics. 

2 O STYLE 1: 

Collector connected to case 1 ° ° ° 3 PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Emitter Voltage VCES 40 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Current - Continuous IC 200 mAdc 

Peak (lOllS Pulse) 500 

Total Device Dissipation@TA = 25°C PD 0.36 Watt 

Derate above 25° C 2.06 mW/oC 

Total Device Dissipation @T C = 25° C PD 1.2 Watts 

Derate above 25°C 6.85 mW;aC 

Operating Junction Temperature Range TJ +200 DC 

Storage Temperature Range T 
stg 

-65 to +200 DC 

* Indicates JEDEC Registered Data 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - ton CIRCUIT -10 rnA FIGURE 2 - toff CIRCUIT -10 rnA 

t 
+10. 6Vn 3.0V 

-1. 50~~-~ < ~ ns o--'I"""~ 
3.3 k 

PULSE WIDTH (t1) ~ 300 ns 

DUTY CYCLE ~ 2.0"'0 

I 
I ~

tI 3.0V +10.75;.:J __ __ _ I 

: 
-1-
'i' _ J Cs t < 4. 0 pF 

2-291 

- 4. 1 5 V I ~ O-'\J\I'v--+-I 

1. 0 ns ~ 3.3 k 

PULSE WIDTH (t I ) ~ 300 ns 

DUTY CYCLE = 2.0% 

;:~ t < 4.0 pF 
_..1 s 

= 

t Total shunt capacitance of test jig and connectors. 



2N2369A (continued) 

* ELECTRICAL CHARACTERISTICS IT. = 2S'e """" "h,,,,,, ""'" 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitler BrCd.kdown Voltap;e (1) 

(IC ~ 10 mAde. 18 ~ 0) 

Collector-Emitter Breakdown Voltage 
(IC ~ 10 "Ade, 18 ~ 0) 

Collector-Base Breakdown Voltage 
(IC = 10 "Ade, IE ~ 0) 

Emitter-Base Breakdown Voltage 
(IE ~ 10 "Ade, IC ~ 0) 

Collector Cutoff Current 
(V CE ~ 20 Vde. V 8E - 0) 

Collector Cutoff Current 
(V C8 - 20 Vde, IE ~ 0, T A ~ 150'C) 

Base Current 
(V CE - 20 Vde. V 8E - 0) 

ON CHARACTERISTICS 

DC Current Gam{l) 
(IC = 10 mAde, VCE - l.OVde) 

(IC - 10 mAde, V CE - 0.35 Vde) 

(IC - 10 mAde, V CE - 0.35 Vde, T A ~ -55'C) 

(IC - 30 mAde, V CE - 0.4 Vde) 

(IC - 100 mAde, V CE - 1. 0 Vde) 

Collector-Emitter Saturation Voltage(l) 
(IC - 10 mAde, IB - 1. 0 mAde) 

(IC - 10 mAde, IB - 1. 0 mAde, T A - +125"C) 

(IC - 30 mAde. IB - 3.0 mAde) 

(IC - 100 mAde, IB - 10 mAde) 

Base-Emitter Saturation Voltage(l) 
(IC ~ 10 mAde. IB - I. 0 mAde) 

(IC - 10 mAde, IB - 1. 0 mAde, TA - +125'C) 

(IC - 10 mAde, IB - I. 0 mAde, TA - -55 'C) 

(IC - 30 mAde, 18 - 3,0 mAde) 

(IC - 100 mAde, IB - 10 mAde) 

DYNAMIC CHARACTERISTICS 

Current-G"lin-Bunctwidth Product 
(IC = 10 mAde, V CE - 10 Vde, I- 100 MHz) 

Output Capacitance 
(V CB - 5,0 Vde, IE - 0, I- 140 kHz) 

Turn-On Time 
(V CC -3,OV, VSE(OIf)-1.5V, IC-IOmAde. 

lSI - 3,0 mAde, IS2 - I. 5 mAde) 

Turn-Off Time 
(VCC -3,OV, Ic-IOmAde, 1m -3,0 mAde. 

182 = I. 5 mAde) 

Storage TimC' 
(IC = 10 mAde, lSI - IS2 ~ 10 mAde) 

(1) Pulse Tl'st: PW = 300 ItS. Duly Cycle;:: 2.0S 
* Indicates JEDEC Registered Data 

-

-

-

-

-

-

-

1 

2 

3 

8VCEO 
15 

8V CES 
40 

8VC80 
40 

8VE80 
4.5 

ICES 
-

IC80 -

18 
-

hFE 

40 

20 

30 

20 

V CE(sat) 

-
-
-

VBE(sat) 
0.70 

0,59 

-
-
-

IT 
500 

Cob 

t on 

tof[ 

-
t 
s -

FIGURE 3 - STORAGE TIME EQUIVALENT TEST CIRCUIT 

+6.0 V tit 1 
PULSE WIDTH (t l ) = 300 ns 10 V 

DUTYCYCLE=2.0% _4.00;---- ,_ 

< 1. 0 ns r-

980 

500 

t Total shunt capacitance of test jig and connectors. 
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Vde 
-

Vde 
-

Vde 
-

Vde 
-

~Ade 
0.4 

/lAde 
30 

{lAde 
0.4 

-
120 

-
-
-

Vde 
0.20 

0.30 

0,25 

0.50 

V.de 
0.85 

-
I. 02 

1. 15 

1. 60 

MHz 

pF 
4,0 

ns 

12 

ns 

18 

ns 
13 



2N2381 (Ge Mesa) 

2N2382 

PNP germanium mesa transistors for high
speed, high-current switching applications. 

CASE 79-02 
ITO-391 

STYLE I: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Collector connected to case 

* MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*Indicates JEDEC Registered Data 

2-293 

Symbol 2N2381 2N2382 

VCEO 15 20 

VCB 30 45 

VEB 4.0 4.0 

IC 500 

PD 300 

4.0 

PD 750 

10 

TJ.Tstg -65 to +100 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/oC 

mW 

mW/oC 

°c 



2N2381, 2N2382 (Continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 10 mAde, ~ = 0) 2N2381 15 -

2N2382 20 -
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC: 100 /.LAde, IE = 0) 2N2381 30 -
2N2382 45 -

Latch-Up Voltage 2 LVCEX Vdc 
2N2381 20 -
2N2382 25 -

Collector Cutoff Current ICES /.LAde 
(V CE = 30 Vdc, V BE = 0) 2N2381 - 100 

(VCE: 45 Vdc, VBE = 0) 2N2382 - 100 

Collector Cutoff Current ICBO /.LAde 
(V CB = 5 Vdc, ~ = 0) - 7.0 

0 
100 (V CS: 5 Vdc, IE = 0, T A : 85 C) -

(VCS : 20 Vdc, IE = 0) 2N2381 - 25 
2N2382 - 15 

Emitter Cutoff Current lEBO mAde 
(VSE : 0.5Vdc, IC: 0) - 0.005 

(VSE : 4 Vdc, IC = 0) - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC : 200 mAde, V CE = 0.5 Vdc) 40 -
(IC : 400 mAde, V CE = 1. 0 Vdc) 25 -

Collector-Emitter Saturation Voltage 
V CE(sat) Vdc 

(IC: 200 mAde, IS = 20 mAde) - 0.4 

(IC : 400 mAde, IS: 40 mAde) - 0.7 

Sase-Emitter Saturation Voltage 
VSE(sat) Vdc 

(IC: 200 mAde, IS: 20 mAde) 0.45 0.7 

(IC: 400 mAde, Ia: 40 mAde) - 0.9 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
(IC: 20 mAde, V CE: 10 Vdc, f: 100 MHz) 300 -

Output Capacitance Cob pF 
(V CS: 10 Vdc, ~: 0, f : 4 MHz) - 6.0 

Input Capacitance Cib pF 
(V SE: 1 Vdc, IC : 0, f: 4 MHz) - 15 

Delay Time 1 td - 7.0 ns 

Rise Time 1 tr - 15 ns 

storage Time 1 ts - 30 ns 

Fall Time 1 tf - 15 ns 

Active Region Time Constant 1 TA - 3.0 nl 

*Indicates JEDEC Registered Data 
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2N2381, 2N2382 (Continued) 

2N240SS 

FIGURE 1 -SWITCHING TIME EQUATIONS & TEST CIRCUIT 

+20V 

GENERATOR z~. == Son 
INPUT PULSE t, < 1 ns 

5011 

TO SAMPLI NG SCOPE 
Scope t, ~ 0.7 ns 
Scope RIN ~ 100 Kg 
Scope CIN ~ 3 pf 

Ie = 200mA 

III = 40mA 
lit = 40mA 

Rise Time = t. = TA.BfR = 10 to 90% Rise Time (fig. 5) 
Fall TIme = If = r"j1cF = 10 to 90% rail Time (fig. 6) 
po = h,( at Edge of Saturation 
I3c :;;:: Ie In Saturation I leI (Base "OFF" Current) 
fJf = Ie in Saturation / 181 (Base "ON" Current) 

FIGURE 2 - COLLECTOR LATCH-UP VOLTAGE AND TEST CIRCUIT 

2N2381-Vec = -20V, R, = 401l 
2N2382-Vee = -25V, R, = SOil 
ADJUST V" for +0.5 V at point A 
ADJUST base pulse for S,Us width 
ADJUST collector pulse to reduce duty cycle~5% 

POWER SUPPLY V" 
HP721A 

PULSE GENERATOR 
HP212A 

-sL.r 

510n 

5hl 

100 I! 

PULSE GENERATOR 
HP212A 

L.f:e: 
R, 

TECHTRONIX 541 
OR EQUIVALENT 

400~--~~---4~---4-----+----~----~ 

" i 
... 300 ..... ---I-~~~---1~--+----I----l 

~ LATCH-UP TEST 
::> LOAD LINE 
~200~--+----+~~~~--+---+----1 
~ 

~ 
81001~--4----+---~_-3~--4---~ 
~ 

O'LO----~5----~10~--~1~5----~2~0----~----~30 
Va, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

For Specifications, See 2N1893S Data 
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2N2453 (SILICON) 
2N2453A 

MULTIPLE SI LICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general·purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices 2N2453A 
c.IVBE1 . VBE21 = 10j.1Vdc (Max)@-55to +250 C 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Typ) @ IC = 5.0 mAdc 

• DC Current Gain Specified - 10 j.1Adc to 1.0 mAdc 

• High Current·Gain-Bandwidth Product -
fT = 60 MHz @ IC = 5.0 mAdc 

'MAXIMUM RATINGS 
Rating Symbol 2N2453 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

One Die 

Total Power Dissipation@TA""'250C PD 200 
Derate above 25°C 1.14 

Total Power Dissipation@Tc = 25°C PD 600 
Derate above 25°C 3.43 

Operating and Storage Junction TJ,Tstg 

2N2453A 

I 50 

I 80 

7.0 

50 

Both Oie 

300 
1.71 

1200 
6.86 

Temperature Range -65 to +200 

*ELECTRICAL CHARACTERISTICS (each side) (T A'" 25°C unless otherwise noted.) 

Characteristic Symbol Min M" 
OFF CHARACTERISTICS 

Coliector·E mltter Sustaining Voltage{ 1) VCEO(sus) 
lic=10mAdc,IB=0l 2N2453 30 -

2N2453A 50 
Collector-Base Breakdown Voltage BVCBO 

(Ie = 1D,uAdc, IE = 0) 2N2453 60 -
2N2453A 80 -

Emitter Base Breakdown Voltage BVEBO 70 -
(IE = 0 1 ,uAdc, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 50 Vdc, IE =0) - 0005 
(Ves = 50 Vdc, IE = 0, TA = 150oC) - 10 

Emitter Cutoff Current lEBO 0002 
(VBE = 5 0 Vdc, IC" O) 

{1) Pulse Test Pulse Width ~300 ,us, Duty Cycle ~2 0% 
~lndleates JEDEC Registered Data 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

mW 
mW/oC 

°c 

Unit 

Vdc 

Vdc 

Vde 

/-lAde 

/-lAde 

NPN SILICON 

MULTI PLE TRANSISTORS 

STYLE l' 
PIN 1. COLLECTOR 5. EMITTER 

2. BASE 
3. EMITTER 
4. OMITTED 

6. BASE 
7. COLLECTOR 
B, OMITTED 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 

A 8.51 940 O. 
8 775 8.51 0 
C 3.81 470 0 
o 0.41 0.53 0 
G . 5.08 sse 
H 071 086 
J 074 1 14 
K 1270 
M 450 Bse 
N 254 Bse 

CASE 654-07 



2N2453, 2N2453A (continued) 

• ELECTRICAL CHARACTERISTICS (each "de) (T, ~ 25'e 00'''' oth,~", "ted) 

Characteristic Symbol Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 10 }.lAde, V CE = 5.0 Vde) 80 -
(IC = 10 /lAde, V CE = 5.0 Vde, T A = -55·C) 40 -
(IC = 1. 0 mAde, V CE = 5.0 Vde) 150 600 

(IC = 1. 0 mAde, V CE = 5.0 Vde, TA = -55'C) 75 -

Collector-Emitter Saturation Voltage 
V CE(sat) Vde 

(IC = 5.0 mAde. IB = 0.5 mAde) - 1.0 

Base-Emitter Saturation Voltage 
V BE(sat) Vde 

(IC = 5.0 mAde. IB = O. 5 mAde) - 0.9 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 5.0 mAde, V CE = 10 Vde, I = 30 MHz) 60 -

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, I = 140 kHz) - 8.0 

Input Capacitance Cib pF 
(V BE = O. 5 Vde, IC = 0, I = 140 kHz) - 10 

Input Impedance h. k ohms 
(IC = 1. 0 mAde, VCE =5.0Vde, I = 1.0 kHz) 

Ie 
5.0 -

Voltage Feedback Ratio h X 10-4 

(IC = 1. 0 mAde, V CE = 5.0 Vde. I = 1. 0 kHz) 
re - 6.0 

Small-Signal Current Gain hIe -
(Ie = 1. 0 mAde, V CE = 5.0 Vde, I = 1. 0 kHz) 150 600 

Output Admittance h j1mhos 
(IC = 1. 0 mAde, V CE = 5.0 Vde, I = 1. 0 kHz) oe 

5.0 30 

Input Impedance '\b Ohms 
(IC = 1. 0 mAde, V CB = 5.0 Vde, I = 1. 0 kHz) 20 30 

Voltage Feedback Ratio hrb X 10-4 

(IC = 1. 0 mAde, V CB = 5.0 Vde. I " 1. 0 kHz) - 5.0 

Output Admittance hob fJ.mho 
(IC = 1. 0 mAde, V CB = 5.0 Vde, I = 1. 0 kHz) - 0.2 

Noise Figure NF dB 
(IC = 10 }.lAde, VCE =5.0Vde, RS =10kohms, 1=1.0kHz) - 7.0 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (2) hFE/hFE2 -
(IC = 100 /lAde, V CE = 5.0 Vde) 2N2453A 0.90 1.0 

(IC = 1. 0 mAde, V CE = 5.0 Vde) 0.90 1.0 

(IC = 1. 0 mAde, V CE = 5.0 Vde, TA = _55°C to +125"C) 0.85 1.0 

Base-Emitter Voltage Differential IV BE1-V BE21 mVdc 
(IC = 10 /lAde. V CE = 5.0 Vde) - 3.0 

(IC = 1. 0 mAde, V CE = 5.0 Vde) - 5.0 

Base-Emitter Voltage Differential Change Due to Temperature 
A(V BE1-VBE2) }.lVrC 

(IC = 10 }.lAde, V CE = 5.0 Vde, T A = -55"C to +125" C) 
2N2453 --~ - 10 
2N2453A - 5.0 

... Indicates JEDEC ReliCistered Data 
(2) Lowest hFE reading is taken as hFEl for this ratio. 
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2N2476 (SILICON) 

2N2477 

NPN silicon annular transistors designed for high
speed, low-power saturated switching applications. 

CASE 31 
(TO·5) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A = 25° C 

Derate above 25° C 

Total Device Dissipation @ T C = 25° C 

Derate above 25° C 

Operating & Storage Junction 
Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

PD 

PD 

TJ , Tstg 

Value Unit 

20 Vdc 

60 Vdc 

5.0 Vdc 

0.6 Watt 

3.4 mWjOC 

2.0 Watts 

11. 4 mWjOC 

-65 to +200 °c 

fiGURE 1 - TURN·ON TIME TEST CIRCUIT 

400 V " 
out 

V in 10000 

Z=500 
500 

o 
---'2ns 

l(max) 
I 

PW >150 ns 
D. C. < 21'0 

I 
6.4V~-----+-

I V 
~ 901'0-: out 
I+-t---l on 

*Input and output waveforms monitored by means of an oscilloscope 
or other indicating device having a rise time<O. 5 ns; input capaci
tance of probe < 2. 5 pF with shunt resistance ~ 1 megohm. 
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2N2476, 2N2477 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 25"e ", ... o'h .... I .. "0'''') 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltago 111 BVCEO 
(IC = 50 mAdc, IB = 0) 20 -

Collector-Base Breakdown Voltage BVCBO 
(IC = 10 uAdc, IE = 0) 60 -

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 uAdc, IC = 0) 5.0 -

Collector Cutoll Current ICBO 
(VCB = 30 Vdc, IE = 0) - 0.2 

(V CB = 30 Vdc, IE = 0, TA = 150"C) - 200 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vdc, IC = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 150 mAdc, V CE = O. 4 Vdc) 2N2476 20 -

2N2477 40 -

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 150 mAdc, IB = 7. 5 mAde) 2N2476 - 0.4 

(IC = 150 mAde. IB = 3.75 mAde) 2N2477 - 0.4 

(IC = 500 mAde, IB = 50 mAde) 2N2476 - 0.75 
2N2477 - 0.65 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 150 mAde. IB = 7.5 mAde) 2N2476 - 1.0 

(IC = 150 mAde. IB = 3.75 mAde) 2N2477 - 0.95 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(IC = 50 mAdc, V CE = 10 Vdc, I = 100 MHz) 250 -

Output Capacitance Cob 
(V CB = 10 Vde, 'E = 0, I = 140 kHz) - 10 

Turn-On Time (Figure 1) t 
(V CC = 6.4 Vde, IC = 150 mAdc, IBI = 15 mAde) 

on - 25 

Turn-Oil Time (Figure 2) toff 
(V CC = 6.4 Vde, IC = 150 mAdc, IB1 = IB2 = 15 mAde) - 45 

Storage Time (Figure 2) t 
(IC = 150 mAde, 1B1 = IB2 = 15 mAde) s - 25 

111 Pulse Test: pulse width ~ 400 MS. duty cycle ~ 3"6. 

fiGURE 2 - TURN·Off TIME TEST CIRCUIT 
VCC=6.4V 

, 
I 

PW >150 ns 
D.C. < 2% 

0.1 

z:~F 620n 

ron 
-:; 

1000 
n 

40n V * 
out 

__ 1_-

~2ns 
i(max) 
1 

17.7V 

I 6.4V v:l'96%-1 
~ut I 

--1101" 
tS1-1-j 

toff 

*Input and output waveforms monitored by means of an oscilloscope 
or other indicating device having a rise time<O. 5 ns; input capaci
tance of probe < 2. 5 pF with shunt resistance ~ 1 megohm. 

2-299 

Unit 

Vdc 

Vde 

Vdc 

uAdc 

uAdc 

-

Vdc 

Vde 

MHz 

pF 

ns 

ns 

ns 



2N2480,A 

For Specifications, See 2N2060 Data. 

2N2481 (SILICON) 

2N2481 JAN,JTX AVAILABLE 

" 
NPN silicon annular transistor for high-speed switch

ing applications. 

CASE 22 
(TO-IS) 

Collector connected to case 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

* MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 40 Vdc 

Collector-Emitter Voltage VCEO 15 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Total Device Dissipation PD 0.36 Watt 
@ 25°C Ambient Temperature 
(Derate 2.06 mW/oC above 25°C) 

Total Device Dissipation PD 1.2 Watts 
@ 25°C Case Temperature 
(Derate 6.9 mW/oC above 25°C) 

Junction Temperature TJ 200 °c 

Storage Temperature Tstg -65 to+ 200 °c 

* Indicates JEDEC Registered Data 
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2N2481 (Continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(Ie = 10 j.lAdc, IE =0) 

Emitter-Base Breakdown Voltage 
(IE = 100 j.lAdc, Ie = 0) 

Collector-Emitter Breakdown Vo1tage* 
(IC = 30 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 1.0 j.lAdc, VBE = 0) 

Collector Leakage Current 
= 3 Vdc) (VCE = 20 Vdc, VBE 

(VCE = 20 Vdc, VBE = 3 Vdc, TA= 1500C) 

Base Leakage Current 
(VCE = 20 Vdc, VBE = 3 Vdc) 

Emitter Cutoff Current 
(V EB = 4.0 Vdc, Ie = 0) 

DC Forward Current Transfer Ratio 
(IC = 1.0 mAdc, VCE = 1.0 Vdc) 
(IC = 10 mAdc, VCE = 1.0 Vdc)* 
(IC = 10 mAdc, V CE = 1.0 Vdc, T A = -550C) 111 

(IC = 150 mAdc, V CE = 1.0 Vdc) (11 

Collector-Emitter Saturation Voltage 
(Ie = 10 mAdc, IB = 1.0 mAdc) 
(IC = 100 mAdc, IB = 10 mAdc) 111 

Base-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 1.0 mAdc) 
(IC = 100 mAdc, IB = 10 mAdc) 111 

Output Capacitance 
(VCB = 5V,IC= 0, f = 1 MHz) 

Input Capacitance 
(VEB = 0.5V,f = 1 MHz) 

Small-Signal Forward Current Transfer Ratio 
(VCE = 10 V, Ie = 10 rnA, f = 100 MHz) 

Small-Signal, Short- Circuit, Input Impedance 
(Real part) 
(IC = 10 rnA, VCE = 10 V, f = 250 MHz) 

Turn-On Time 
(Ie = 100 rnA, IBI = 10 rnA, VBE (off) = 2 V) 
(Ie = 10 rnA, IBI = 1.0 rnA, VBE (off) = 2 V) 

Turn-Off Time 
(Ie = 100 rnA, IB1 = lQ rnA, IB2 = 5 rnA) 
(Ie = 10 rnA, IB1 = 1.0 rnA, IB2 = 0.5 rnA) 

Storage Time 
(Ie = 10 rnA, IB1 = 10 rnA, IB2 = 

111 Pulse width ===: 300 "s, Duty Cycle == 2% 

* Indicates JEDEC Registered Data 

10 mAl 
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Symbol 

BVCBO 

BVEBO 

BVCEO 

BVCES 

Ie EX 

IBL 

lEBO 

hFE 

VCE (sat) 

VBE (sat) 

Cob 

Cib 

hfe 

Re(hie) 

ton 

~ff 

ts 

Min Max Unit 

Vdc 
40 ---

Vdc 
5_0 ---

Vdc 
15 ---

Vdc 
30 ---

j.lAdc 
--- 0.050 
--- 15 

nAdc 
--- 50 

nAdc 
--- 100 

---
25 ---
40 120 
20 ---
20 ---

Vdc 
--- 0.25 

--- 0.40 

Vdc 
0.7 0.82 
--- 1.25 

pF 
--- 5.0 

pF 
--- 7.0 

---
3.0 ---

ohms 

--- 60 

ns 
--- 40 
--- 75 

ns 

--- 55 
--- 45 

ns 
--- 20 



2N2481 (Continued) 

"; 
:> 

COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
I. 0 

8 

6 

4 

2 O. 
0.2 

le~IOmAe 

'\ 
i'-t--

OJ 

Ie ~ 20 mAde 

\ 
....... ....... 

t--r-- -
O.S 0.7 1.0 

TJ 72S 'C 

Ie ~ SO mAde Ie ~ 100 mAde 

\ \ 
'\ \ 

\ ..... 
........ 

......... 
-l-

~ r-- i--

2.0 3.0 S.O 7.0 10 20 

I" BASE CURRENT (mAl 

MINIMUM CURRENT GAIN CHARACTERISTICS 

0 
Ve,~ I Vde-

_I- TJ 12S'C --0 I--- ~ .--- -r- TJ 7S'C - r-. 
::.---!-- -I-- TJ - 2S'C - - r-r- I--. 

~ L.--- -r- r--. I--. 
0..---

~ - r- 1--.1--. ~ ~ -- ITJ 
IS'C ---- I -~ ---.......::::: 

0 

~ - I--,..- TJ - -SS'C -- 1--.1--. ~ ~ - ............ 

......-V r--.. r-.... ......... 

~ ~ 
1--.1--. 

........... 0 

"" ....... 
7. a ....... 

1.0 2.0 3.0 S.O 7.0 10 20 30 so 70 lOa 200 

Ie, COLLECTOR CURRENT (mAl 

LIMITS OF SATURATION VOLTAGES TYPICAL TEMPERATURE COEFFICIENTS 

.8 
f3F ~ 10 

/ .6- TJ~2S'C 

. 4 

I 
.2 

.0 MAX V"I"'I :.--

. 8 .-1---1- - ..... 
t-

MINVBE(Htl 

.4 IT ......... 1/ 
,... 

. 2 MAXVCE(utl 

+1. a 

I. 1 (2SiC to 121'CI 
S ()vCforVCE(Ht) 

....... 

a l-rCtoTCI-

S 

(2slc to 12;'CI 

0 

.-1- I SS'Ct02S'CI 

SI/ 

9v. for V8EI,.tl 

0 

+0. 

-2 . 

a I I -2. 5 
1.0 2.0 3.0 S.O 7.0 10 20 30 SO 70 lOa 200 o ~ ~ ~ ~ ~ rn ~ ~ ~ ~ 

Ie, COLLECTOR CURRENT (mAl Ie, COLLECTOR CURRENT (mAl 
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2N2481 (Continued) 

TYPICAL SWITCHING CHARACTERISTICS 

~ 

TURN·ON TIME VARIATIONS WITH VOLTAGE 
500 

{3, 10 
,~ TJ 25°C 

200 

100 r---. ,-, ~ 
0 

'"'" 
,.. !,@Vee 10Vd, 

-
-....... r:::-.I 0 

t@Vee ~3IVd' ....... L.r 

0 I"" ::-- !, 

r-__ t.@V" 2Vd, 

5. 0 

0 2. 
1.0 

0 

"-

0, 

I ~1@V"i"-IO- i:""" 
~ 

:::: 
2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ie, COLLECTOR CURRENT ImAl 

STORAGE TIME BEHAVIOR 

II II t,'",t,-\oIt, 

~, ./ ,- {3,~ 10 
I I I I" ~I" -
--TJ~25°C 

" --TJ~125°C -

~, 
!:>: 2 ~ L" 0 

I~ I' F 

I 
:;.i 

r-.... 
~ -l- f- 1- -

Of- {3, 20 
~~ 

0 -- ..... 
~ 

7. 

5. 0 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

10 

7.0 

5.0 
!-

3.0 

2.0 
0.1 

Ie, COLLECTOR CURRENT ImAl 

JUNCTION CAPACITANCE VARIATIONS 

!I --MAXIMUM 

" 
C;. -- TYPICAL 

r--_£ 
l-I-1-.1. '- .~t. -.;::"" 

~ f-- -'-(- ... 
'I"-- ...... ~ 

C •• jI 
..... 

. "'1'. 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

REVERSE BIAS IVd,) 

500 

"-
200 

:g 100 
~ 

'" ~ 50 

'" 
20 

10 

5.0 
1.0 

100 0 

50 0 

200 

0 

0 

0 

0 5. 
1.0 

.... 

RISE TIME BEHAVIOR 

Vee 10Vdc -

~ 
{3,~ 10 

--TJ~25'C 

~ --TJ=125°C 

~ 

I"-

~ 
1'''''''' 
~~ 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ie, COLLECTOR CURRENT (mAl 

FALL TIME BEHAVIOR 

Vee 10Vd, 

TJ 25'C 

"-
TJ 125'C 

~ ~ 

" 1'1 {3, 20 

"" " {3,~IO 

" " "-
~"" ~-

2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ie. COLLECTOR CURRENT (mA) 

MAXIMUM CHARGE OATA 
1000 

700 

500 

~{3, 
r- h 

10 
25'C 

300 

~ 200 

I d 100 

0 

50 

0 

2 0 

f-- I-

TJ 125'C 

Vee-IOVdc 

vl~IIOI~ 

Vee~3Vdc 

1.8 2.0 3.0 5.0 7.0 10 

I~ 
~ A 

..... ;.:::: ~I-"" Q, Z 
~ 

a... 
j..; 

20 30 50 70 100 200 

Ie. COLLECTOR CUHRENT (mA) 
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2N2 483 (SILICON) 
2N2484 

NPN SILICON ANNULAR HIGH-GAIN TRANSISTORS 

· .. designed for use in high-gain audio amplifier applications. 

• Collector-Emitter Breakdown Voltage -
BVCEO ~ 60 Vdc (Min) @ IC ~ 10 mAde 

.. DC Current Gain - 1.0 MAde to 10 mAde - 2N2484 

• Current-Gain - Bandwidth Product -
IT ~ 100 MHz (Typ) @ IC ~ 500.uAdc 

• Low Noise Figure -
NF~8.0dB (Typ)@IC~ 10.uAdc,l~ 100Hz 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 60 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 50 

Total Power Dissipation @ T A == 25°C PD 360 
Derate above 25°C 2.06 

Total Power Dissipation @TC= 25°C PD 1.2 
Derate above 25°C 6.85 

Operating and Storage Junction T J,T 5tg -65 to +200 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA(11 485 

Theraml Resistance, Junction to Case ReJC 146 

Lead Temperature TL 300 

1/16" from Case for 10 Seconds 

*Indicates JEDEC Registered Data 
(1) ROJA is measured with the device soldered into a typical printed circuit board, 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

DC 

Unit 

DC/W 

DC/W 

DC 

NPN SILICON 
HIGH GAIN AMPLIFIER 

TRANSISTORS 

STYLE 1 
PIN 1 

2 
3 

DIM 

A 
B 
e 
D 
E 

rt·· f-}-
J 
K 
l 
M 
N 
p 

MILLIMETERS 
MIN MAX 

531 5.B4 
4.52 495 
4.32 5.33 
0.406 0533 

.- 0.762 
0.406 0483 

254 SSC 
0.914 117 
0.7'11 1.22 

1270 
6.35 

45° SSC 
1.27 SSC 

127 

INCHES 
MIN MAX 

0209 0230 
0178 0195 
0.170 0210 
0.016 0.021 

- 0030 
0016 0.019 

0.100 sse 
0.036 0.046 
0.028 0.048 
a 50 
0250 

45 B~~ 
0.050 80Sg50-

All JEDEC notes anu ulmensiOns apply 

CASE 22-03 
TO-18 



2N2483, 2N2484 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted.) 

I Char act ... iotic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltage (1) BVCEO 60 - - Vde 
(lC = 10mAde.IB = 0) 

Collector-Base Breakdown Voltage BVCBO 60 - - Vde 
(lC = 10 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 6.0 - - Vdc 
(IE = 10"Ade,IC= 0) 

Collector Cutoff Current ICBO 
(VCB = 45 Vdc, IE = 0) - - 10 nAde 
(VCB = 45 Vde, IE = 0, TA = 1 SOCC) - - 10 "Ade 

Emitter Cutoff Current lEBO - - 10 nAde 
(VBE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC= 1.0"Ade, VCE = 5.0Vde) 2N2484 30 190 -
(lC = 10 !lAde, VCE = 5.0 Vde) 2N2483 40 95 120 

2N2484 100 250 500 

(lC= 10"Ade,VCE=5.0Vde, TA= 550 C 2N2483 10 20 -
2N2484 20 40 -

(lC = 100 !lAde, VCE = 5.0 Vde) 2N2483 75 100 -
2N2484 175 275 -

(lC = 500 !lAde, VCE = 5.0 Vde) 2N2483 100 150 -
2N2484 200 300 -

(lc= 1.0 mAde, VCE= 5.0Vde) 2N2483 175 200 -
2N2484 250 350 -

(lC = 10 mAde, VCE = 5.0 Vde)( 1) 2N2483 - 300 500 
2N2484 - 400 800 

Collector-Emitter Saturation Voltage VCE(sat) - 0.25 0.35 Vde 
(lC = 1.0 mAde,lB = 0.1 mAde) 

Base-Emitter On Voltage VBE(on) 0.5 0.65 0.7 Vde 
(lC= 0.1 mAde, VCE= 5.0Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product for MHz 
(IC = 0.05 mAde, VCE = 5.0 Vde, f = 5.0 MHz) 2N2483 12 50 -

2N2484 15 50 -
(lC = 0.5 mAde, VCE = 5.0 Vde, f = 30 MHz) 60 100 -

Output Capacitance Cob - 3.0 6.0 pF 
(VCB = 5.0 Vde, IE = 0, f = 140 kHz) 

Input Capacitance Cib - 4.0 6.0 pF 
(VBE = 0.5 Vde, IC = 0, f = 140 kHz) 

Input Impedance 2N2483 hie 1.5 - 13 kn 
(lC = 1.0 mAde, VCE = 5.0 Vde, f= 1.0 kHz) 2N2484 3.5 - 24 

Voltage Feedback Ratio hr. - - 800 x 10-0 

(lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 

Small-Signal Current Gain 2N2483 hfe 80 - 450 -
(lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz 2N2484 150 - 900 

Output Admittance 2N2483 hoe - - 30 JJmhos 
(lC = 1.0 mAde, VCE = 5.0 Vde, f = 1.0 kHz) 2N2484 - - 40 

Noise Figure NF d8 
(lC = 10 !lAde, VCE = 5.0 Vde, RS = 10 kn, 2N2483 - 8.0 15 
f = 100 Hz, BW = 20 Hz) 2N2484 - 8.0 10 
(lC = 10 "Ade, VCE = 5.0 Vde, RS = 10 kn, 2N2483 - - 4.0 
f = 1.0 kHz, 8W = 200 Hz) 2N2484 - - 3.0 
(lc = 10 "Ade, VCE = 5.0 Vde, RS = 10 kn, 2N2483 - - 3.0 
f = 10 kHz, BW = 2.0 kHz) 2N2484 - - 2.0 
(lc = 10 "Ade, VCE = 5.0 Vde, RS = 10 kn, 2N2483 - - 4.0 
f = 10 Hz to 15.7 kHz, BW = 15.7 kHz) 2N2484 - - 3.0 

* Indicates JEDEC Registered Data 
(1) Pulse Test: Puis. Width';;; 300 !lS, Duty Cycle';;; 2.0%. 
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2N2490 thru 2N2493 (GERMANIUM) 

STYLE 1· 
PIN 1. BASE 

2. EMITTER 
3. COLLECTOR 

CASE 5 
(TO-36) 

PNP germanium power transistors for general 
purpose power and switching applications. 

Collector connected to case 

MAXIMUM RATINGS 
Rating Symbol 2N2490 2N2491 2N2492 2"2493 Unit 

Collector-Base Voltage VCB 70 60 80 100 Volts 
Collector-Emitter Voltage VCES 60 50 70 85 Volts 

Emitter - Base Voltage VEB 40 30 60 80 Volts 

Collector Current IC 15 Amp 
Power Dissipation at TC _ 25v C PD 170 Watts 

Junction Temperature Range TJ -65 to +110 DC 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector - Base Cutoff Current ICBO mAde 
(VCB' -2 Vde) - 0.2 

Emitter-Base Cutoff Current lEBO mAde 
(VEB ' -40 Vdc) 2N2490 - 3.0 
(VEB " -30 Vde) 2N2491 - 3.0 
(VEB ' -60 Vdc) 2N2492 - 2.0 
(VEB ' -80 Vde) 2N2493 - 3.0 

Collector Cutoff Current ICEX mAde 
(VCE " -70 Vde, VBE" I. 5 Vdc) 2N2490 - 3.0 
(VCE ' -60 Vdc, VBE " 1. 5 Vdc) 2N2491 - 3.0 
(VCE ' -80 Vdc, VBE' 1.5 Vdc) 2N2492 - 2.0 
(VCE ' -100 Vde, VEE" 1.5 Vdc) 2N2493 - 3.0 
(VCE' -35 Vdc, VBE ~!'5Vdc,TC'+100oC) 2N2490,2N2491 - 35 
(V CE ' -40 Vdc, VBE' 1. 5 Vdc, TC' +IOOoC) 2N2492 - 35 
(VCE' -50 Vdc, VBE , 1. 5 Vdc,TC'+IOOOC) 2N2493 - 35 

Collector-Emitter Breakdown Voltage VCEO Volts 
(Ic ,IA, IB'O) 2N2490 50 -

2N2491 40 -
2N2492 65 -
2N2493 75 -

Base - Emitter Voltage VBE Vde 
(IC' 5Adc, VCE" -2 Vdc) 2N2490,2N2491 - 0.9 

2N2492,2N2493 - 0.8 
(IC ' 12 Adc, V CE' -2 Vdc) - 1.5 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ie' 12 Ade, IB" 2Adc) 2N2490,2N2491 - 0.7 

2N2492,2N2493 - 0.5 

DC Current Gain hFE -
(IC" 1 Adc, VCE " -2 Vdc) 2N2490 45 -

2N2491 65 -
2N2492, 2N2493 50 -

(IC" 5Adc, VCE" -2Vdc) 2N2490 20 40 
2N2491 35 70 
2N2492,2N2493 25 50 

(IC" 5Adc, VCE " -2 Vdc, TA" -650C) 2N2490 15 -
2N2491 25 -
2N2492, 2N2493 20 -

(IC " 12 Ade, V CE " -2 Vdc) 2N2490 8 -
2N2491 12 -
2N2492, 2N2493 10 

Common Emitter Cutoff Frequency fa. kHz 
(IC ' SA, VCE" -6 V) 5.0 -

Turn- On Time ton /is 
(IC " 5 A, IBI = IB2 = O. 5 A) - 25 

Turn-Off Time toff IJ.S 

(IC" 5 A, IBI " IE2 " O. 5 A) - 15 
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2N2S0 1 (SILICON) 

fl 

CASE2~ 
NPN silicon annular transistor for high-speed switch

ing applications. 

(TO_18)2 \ \ 
STYLE 1: 

PIN 1. EMITTER 
2. BASE 

Collector connected to case 3. COLLECTOR 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCB 40 Vdc 

Collector-Emitter Voltage VCEO 20 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Total Device Dissipation @ Po Watts 
25 0 C Ambient Temperature 0.36 
(Derate 2.06 m w/·c above 25" C) 

Junction Temperature TJ +200 ·C 

Storage Temperature Tstg -65 to + 200 ·C 

Total Device Dissipation @ Po Watts 
25 'c Case Temperature 1.2 
(Derate 6.9 m w/'C above 25°C) 

* IndIcates JEOEC Registered Data 

TOTAL CONTROL CHARGE NORMALIZED CURRENT GAIN CHARACTERISTICS 

250 

200 

u 
~ 150 
li1 .. 
:z: 
<.> 
~ 
0 e: 
z 
0 
<.> 
~ 
c e 
a 

100 

50 

0.2 

~,= 10 

A ~ 
T'=lO~~ 

~'=250C 
:# 

-~ j...-'~ 
1 

I,. BASE CURRENT (mAde) 

~ 

-

10 

z 

2.4 

2.2 

2.0 

;;;: 1.8 
'" 
~ 1.6 

~ 1.4 
<.> 
g 1.2 

~ 1.0 

~ 0.8 
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2N2501 (Continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vde 
(IC ~ 10 /.LAde, IE ~ 0) 40 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC ~ 30 mAdc, IB ~ 0, Pulsed) 20 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE ~ 10 /.LAde, Ie ~ 0) 6.0 -

Collector Leakage Current ICEX nAde 
(VCE ~ 20 Vde, VBE ~ 3 Vde) - 25 

Base Leakage Current IBL 
(V CE = 20 Vde, VBE = 3 Vdc) - 0,025 /.LAde 
(VCE = 20 Vde, VBE ~ 3 Vde, TA ~ 150"C) - 50 /.LAde 

IX: Forward Current Transfer Ratio (1) hFE 
(IC ~ 100 /.LAde, V CE ~ I Vde) 20 -
(IC ~ I mAde, V CE ~ I Vde) 30 -
(IC ~ 10 mAde, VCE ~ 1 Vde) 50 150 
(Ic ~ 10 mAde, VCE ~ I Vde, TA ~ -55 C C) 20 -
(Ic 50 mAde, V CE ~ I Vdc) 40 -
(Ie ~ 100 mAde, VCE ~ 1 Vde) 30 -
(IC ~ 500 mAde, VCE = 5 Vde) 10 -

Colleetor-Emitter Saturation V<;>ltage (1) VCE(sat) Vde 
(IC = 10 mAde, IB ~ 1 mAde) - o 2 
(IC = 50 mAde, IB ~ 5 mAde) - 0,3 
(IC ~ 100 mAde, IB ~ 10 mAde) - 0.4 

Base-Emitter Saturation Voltage (1) VBE(sat) Vde 
(IC ~ 10 mAde, IB = I mAde) - 0.85 
(IC ~ 50 mAde, IB ~ 5 mAde) - 1.0 
(IC ~ 100 mAde, IB ~ 10 mAde) - 1.2 

Output Capacitance Cob pF 
(V CB ~ 10 Vde, IE ~ 0, f = 100 kHz) - 4.0 

Input Capacitance Cib pF 
(VEB ~ 0.5 Vde, Ie ~ 0, f ~ 100 kHz) - 7.0 

Small Signal Forward Current Transfer Ratio hfe -
(VCE ~ 20 Vde, Ie = 10 mAde, f ~ 100 MHz) 3.5 -

Current-Gain-Bandwidth Product fT MHz 
(V CE ~ 20 Vdc, IC ~ 10 mAde, f = 100 MHz) 350 -

Charge Storage Time Constant 's ns 
(IC ~ IBI ~ IB2 ~ 10 mAde) - 15 

Total Control Charge QT p,C 
(Ic ~ 10 mAde, IB ~ I mAde) - 60 

Active Region Time Constant 'A ns 
(IC ~ 10 mAde) - 2.5 

* Indicates JEDEC RegIstered 
(1: Pulse Test: Pulse Width ~ 300 }lS, Duty Cycle;;: 2. 0%. 

COLLECTOR·EMITTER SATURATION VOLTAGES versus BASE CURRENT 
0.7 

'e/',:= 10 
TJ := 2SoC 

0.6 
g 
0 
~ 0.5 
w 

'" ~ 
0 0.4 > 

'" 0 
>-
<.) 

~ 0.3 
0 
<.) 

\ 
"- Ie = 100mA 

r-... ii-I--
i'r-- Ie - SOmA 

J 0.2 Ie = 10mA --
0.1 

0.01 0.1 10 100 
I,. BASE CURRENT (mAde) 
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2N2501 (Continued) 

BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 
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LEAKAGE CHARACTERISTICS 
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2N2S26 (GERMANIUM) 
2N2S27 
2N2S28 

PNIP germanium power transistors for high-voltage 
power switching applications. 

<;)~ 
STYLE' 

@' PIN' BASE 

o 0 CAsU~:[i~:OR • • Collector con~ected to case 

CASE llA For units with solder lugs attached, specify 
devices MP2526 etc. (Case 4·04) 

MAXIMUM RATINGS 

Rating Symbol 2N2526 2N2527 

Collector-Emitter Voltage VCE 80 120 

Collector-Base VCB 80 120 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 10 

Base Current IB 5.0 

Emitter Reverse Current IE 1.5 
(Surge 60 Hz Recurrent) 

CASE 4-04 

2N2528 Unit 

160 Vdc 

160 Vdc 

Vdc 

Adc 

Adc 

Adc 

Total Device Dissipation Iii TC ~ 25°C P D 85 Watts 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

POWER-TEMPERATURE DERATING CURVE 

The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25'C and is 0 
watts at 1l0'C with a linear relation between 
the two temperatures such that: 

llO' - Tc 
Allowable PD = 1.0 Watts 

TJ , T stg 

z 
o 

100 

;:: 80 
« 
~ en 60 
~ S 40 
~ ~ 20 
~ o o 
Q. 

Q 
Q. 

o 

2"252& 

SAFE OPERATING AREAS 
2N2521 

fD 
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:--.... "" I ~ 
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POW£R DISSIPATION AT 
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1\ 1'--'::::: Ioo.,~ 

8S·WATT r--. POWER DISSIPATION AT 
25°C CASE TEMPERATURE 

de 

-65 to +110 DC 

Symbol Max Unit 

8JC 1.0 °C/W 

85 WATTS MAXIMUM 

.............. 
........... 

""" " ~oof ........ 
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\" ~ '\.'\ ~\ 

'" r--,.... ~ ~ 

I 
85·WATT r'>.. POWER DISSIPATION AT 
25°C CASE TEMPERATURE 

de 
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"" , 

:= 

.0 1 
o w ~ ~ ~ ~ ~ ro ~ ~ 

CQUtCTOR.£MIITER VOLTAGE (VOlTS) 

.0 1 o 10 20 30 40 50 60 70 80 !K) 100 110 120 130 
COLUCTOfl~MITTER VOlTAGE (VOLlS~ 
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The Safe Operating Area Curves indicate Ic
VCE limits below which the device will not go into 
secondary breakdown. Collector load lines for spe
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 

COUECTOR-EM!TTER VOLTAGf (VOLTS) 

(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum TJ, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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2N2526 thru 2N2528 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic Symbol Min I Typ I Max I Unit 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage'" BV • Volts 

(IC 0 100 mAde. IB = 0) 2N2526 
CEO(sus) 

80 - -
2N2527 120 - -
2N2528 160 - -

Emitter-BasE' Breakdown Voltage BV EBO Vdc 
(IE 050 mAde. IC = 0) 5.0 - -

Collector Cutoff Current'" ICEX 
. mAde 

(V CE = 80 Vele. VBE(off) = O. 2 Vde. TC 0 100-C) 2N2526 - - 35 

(V CE = 120 Vde. V BE (off) = 0.2 Vdc. TC o100'C) 2N2527 - - 35 

(VCE 0160 Vdc. VBE(off) CO. 2 Vdc. TC 0 100'C) 2N2528 - - 35 

Collector-Emitter Cutoff Current ICER mAde 
(V CE = 80 Vdc. RBE 0100 ohms) 2N2526 - - 25 

(V CE = 120 Vdc. RBE 0 100 ohms) 2N2527 - - 25 

(V CE = 160 Vdc. RBE 0 100 ohms) 2N2528 - - 25 

Collector Cutoff Current ICBO mAde 

(V CB = 80 Velc. IE = 0) 2N2526 - - 3.0 

(V CB 0 120 Vdc. IE = 0) 2N2527 - - 3. 0 

(V CB 0 160 Vdc. IE = 0) 2N2528 - - 3. 0 

(V CB .- 2.0 Vdc. IE 00) - - 150 ~Adc 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 3.0 Adc. V CE = 2.0 Vde) 20 - 50 

DC Transconductance gFE mhos 
(IC = 3.0 Adc, V CE = 2.0 Vdc) 4.0 6.0 -

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 10 Adc, IB = 1. 0 Adc) - 0.5 0.8 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 10 Ade, IB = 1. 0 Adc) - 0.8 1.2 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain hie -
(Ic = O. 5 Adc, V CE = 12 Vde, I = 30 kHz) 10 15 -

Rise Time t - 5. 5 - JlS 
r 

Storage Time t - 1.2 - JlS s 

Fall Time tl - 2.0 - Jls 

*To avoid excessive heating of collector junction, perform this test with a sweep method. 

TYPICAL INPUT CHARACTERISTICS 

I r 

COLLECTOR CURRENT "<$US BASE CURRENT 

r 1--¥-7::.I"-+--+--I--I---1 

.J! 

ALL TYPES 

100 200 300 400 500 600 700 
I,. BASE CURRENT ImA) 
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2N2526 thru 2N2528 (continued) 

SWITCHING TEST CIRCUIT 

MERCURY 
SWITCH 

PULSE CONDITIONS; Ie = 3 Adc, I, = 300 mAde 

0.5 /!F' 

10 

50 

2-312 

DC CURRENT GAIN versus COLLECTOR CURRENT 

50 r----.-----r----~---.----~----~ 

+25°C 
10r----+----~----+---:]~~~~~t~+~1~00~OC~ 

O~ __ ~ ____ ~ __ ~ __ ~ ____ ~ __ -J 

o 10 
ie, COLLECTOR CURRENT (AMPERES) 



2N2539 I 2N2540 (SILICON) 

" 
NPN silicon annular transistors for high-speed 

switching. 

CASE 22 
(TO-IS) 

2N2539 
2N2540 

Collector connected to case 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
2S'C Case Temperature 

Derate above 2S'C 

Total Device Dissipation 
2S'C Ambient Temperature 

Derate above 2S'C 

Junction Temperature 

Storage Temperature 

* Indicates JEDEC Registered Data 

INPUT· 

TOTAL CONTROL CHARGE TEST CIRCUIT 

+8.3V 

JL 
PULSE AT "A" 

100 

100 

+ 15.2 Vdc 

TO OSCILLOSCOPE 
100 RISE TIME"" 5 ns 

Z," = 10 Mn 

Vea SO Vdc 

VCEO 30 Vdc 

VCER 40 Vdc 

VEB 5.0 Vdc 

Po Watts 
1.8 
10.3 mW;oC 

Po Watts 
O. ~ 
2.l!S mW;oC 

TJ -65 to +200 'c 

Tstg -65 to + 200 'c 

ACTIVE RE.GION TIME CONSTANT TEST CIRCUIT 

+8.3V 

JL 

INPUT TRANSITION 

INPUT 
SIGNAL 

+15.2 Vdc - - - GROUND PLANES 

, 
100 I 

Ilk 
~--\Mv-__ --~ Your 

TO OSCILLOSCOPE 
RISE TIME ~ 5 ns 
Z," = \0 Mil 

T IME ~ 2 ns o--_-..-"i,..,..-I--I 50 

IMPEDANCE = Son 
OUTPUT 

50 

1510 

I 

'ADJUST INPUT FOR a TO +8.3V 
PULSE AT POINT "A" 
TRANSITION TIME ~ 2 ns ~

O% iomvmax 

90% ! 
10 ns max 

t, ~ T .... ,BfR :::: 10 to 90% Rise Time 
tr = TA{3CF :::: 10 to 90% Fall Time 

R = ~o in ( ~o ) 
~ ~ 

F =.p.!:!.. In (1 +~) 
f3c tk 

Output Waveform 
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130 :::: hH at Edge of Saturation 
f3c = Ie In Saturation / hi (Base "OFF" Current) 
fjF = Ie in Saturation / IBI (Base "ON" Current) 



2N2539, 2N2540 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted) 

Characteristic 

Collector Cutoff Current 
(VCB = 40 Vde, IE = 0) 
(VCB = 40 Vde, IE = 0, TA = 150a C) 

Emitter cutOll current 
(VEB = 3 Vde, IC = 0) 

coueetor LUton current 
(VBE = 0.2 Vde, VCE = 20 Vde) 

Base Cutoff CUrrent 
(VBE = 0.2 Vde, V CE = 20 Vde) 

(VBE = 0.2 Vde, VCE = 20 Vde, TA = 150 a C) 

Collector-Base Breakdown Voltage 
(IC = 10 !LAde, IE = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 100 mAde, pulsed, IB = 0) 

Coueetor-Emitter BreaKdown voltage 
(Ic = 100 mAde, pulsed, RBE ~ 10 S'l) 

Emitter-Base BreaKdown VOltage 
(IE = 10 !LAde, IC = 0) 

Collector Saturation Voltage * 
(IC = 150 mAde, IB = 15 mAde) 
(Ic = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage 
(Ic = 150 mAde, IB = 15 mAde) III 
(IC = 500 mAde, IB = 50 mAde) 

DC Forward Current Transfer Ratio 
(1c = 1 mAde, V CE = 10 Vde) 

(IC = 10 mAde, VCE = 10 Vde) 

(IC = 150 mAde, VCE = 10 Vde) III 

(IC = 500 mAde, V CE = 10 Vde) 111 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Input Capacitance 
(VEB = 0.5 Vde, IC = 0, f = 100kHz) 

Small Signal Forward Current Transfer Ratio 
(VCE = 20 Vde, Ie = 20 mAde, f = 100 MHz) 

.. < 11 I Pulse Test: Pulse Wlath ~ 300 !Ls, duty cycle = 2% 
* Indicates JEDEC Registered Data 
SWITCHING CHARACTERISTICS 

Characteristic 

Total Control Charge 

Storage Time 
(IC = IB1 = IB2 ~ 20 mAde, VCC = 5 V) 

Active Region Time Constant 

Turn-on Time 
(IB1 = IB2 = 15 mAde, Ie = 150 mAde, 
VCC = 7 Vde, RL = 40 S'l) 

Turn-off Time 
(IBl = IB2 = 15 mAde, IC = 150 mAde, 

VCC = 7 Vde, RL = 40 S'l) 

2N2539 
2N2540 
2N2539 
2N2540 
2N2539 
2N2540 
2N2539 
2N2540 

Symbol 

QT 

TS 

TA 

ton 

tofi 
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Symbol 

ICBO 

lEBO 

lCEX 

IBL 

BVCBO 

BVCEO 

BVCER 

BVEBO 

VCE(sat) 

VBE(sat) 

hFE 

Cob 

Cib 

hre 

Max. 

750 

20 

2.0 

40 

40 

Min Max Unit 

!LAde 
- 0.250 
- 200 

- 0.05 
!LAde 

!LAde 
- 0.250 

!LAde 
- 0.250 

- 200 

Vde 
60 -

Vde 
30 -

Vde 
40 -

Vde 
5.0 -

Vde 
- 0.45 
- 1.6 

Vde 
- 1.3 
- 2.6 

20 -
35 -
30 -
50 -
50 150 

100 300 
20 -
30 -

pF 
- B.O 

pF 
- 25 

2.5 -

Unit 

pC 

ns 

ns 

ns 

ns 



2N2552 thru 2N2559 
For Specifications, See 2Nl 038 Data. 

2N2560 thru 2N2567 
For Specifications, See 2N1042 Data. 

2N2573 thru 2N2579 (SILICON) 

~ Industrial-type, silicon controlled rectifiers 
"diamond" package for applications requiring a 
surge-current rating or low thermal resistance. 

in a 
high 

CASE 61 CASE 54 ~ ST~,~E;'g:i~ooE 
(TO-41) (TO-3 Modified) ~ CASE ANODE 

For units with pins (TO-3 Modified) specify devices MCR649AP-l(2N2573) thru MCR649AP-7(2N2579)_ 

MAXIMUM RATINGS (TJ = 125'C unless otherwi~e noted) 

Rating Symbol Value 

Peak Reverse Blocking Voltage' VRSM(rep)* 
2N2573 25 
2N2574 50 
2N2575 100 
2N2576 200 
2N2577 300 
2N2578 400 
2N2579 500 

Forward Current RMS (all conduction angles) [T(RMS) 25 

Circuit Fusing Considerations l<!t 
(T J = _650 to + 1250 C, t ;; 8.3 ms) 275 

Peak Surge Current [TSM 
(One Cycle, 60 Hz, T J = -65 to + 1250 C) 260 

Peak Gate Power - Forward PGM 5.0 

Average Gate Power - Forward PG(AV) 0.5 

Peak Gate Current - Forward IGM 2.0 

Peak Gate Voltage - Forward VGFM 10 

Reverse VGRM 5.0 

Operating Junction Temperature Range TJ -65 to +125 

Storage Temperature Range Tstg -65 to +150 

*VRSM for all types can be applied on a continuous de basis without incurring damage. 

V RSM Ratings apply for zero or negative gate voltage. 

2-315 

Unit 

Volts 

Amp 

A2s 

Amp 
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Watt 
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Volts 
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2N2573 thru 2N2579 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Peak Forward Blocking Voltage* VDRM* 
(TJ = l250 C) 2N2573 25 - -

2N2574 50 - -
2N2575 100 - -
2N2576 200 - -
2N2577 300 - -
2N2578 400 - -
2N2579 500 - -

Peak Forward Blocking Current IDRM 
(Rated VDRM with gate open, TJ = 1250 C) - 0.6 5.0 

Peak Reverse Blocking Current IRRM 
(RatedVRSM' TJ = 1250 C) - 0.6 5.0 

Gate Trigger Current (Continuous de) IGT 
(Anode Voltage = 7 Vdc, RL = 100 11) - 20 40 

Gate Trigger Voltage (Continuous de) VGT 
(Anode Voltage = 7 Vdc, RL = 100 11) - 1.0 3.5 

(V D RM = Rated RL = lOon, T J = 125°C} VGNT 0.3 - 3.5 

Forward On Voltage VT 
(IT = 20 Adc) - 1.1 1.4 

Holding Current IH 
(Anode Voltage = 7 Vdc, Gate Open) - 20 -

Turn-On Time (td + tr ) tgt 
(lGT= 50 mA, IT = lOA) - 1.0 -

Turn-Off Time tq 
(IT = 10 A, IR = 10 A., dv/dt = 20 V/fJ.S, TJ = 125°C) - 30 -
(VDRM = rated voltage) 

Forward Voltage Application Rate dv/dt 
(Gate Open, T J = 125°C) - 30 -

Thermal Resistance (Junction to Case) 9JC - 1.0 1.5 

*VDRM for all types can be applied on a continuous de basis without incurring damage. 

VDRM ratings apply for zero or negative gate voltage. 

2-316 

Units 

Volts 

mA 

mA 

mA 

Volts 

Volts 

mA 

fJ.S 

fJ.S 

V/fJ.S 

°C/W 



2N2573 thru 2N2579 (continued) 

MAXIMUM ALLOWABLE NON·RECURRENT 
SURGE CURRENT 
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2N2635 (Ge Mesa) 

PNP germanium mesa transistor for high
speed switching applications. 

CASE 22-03 
(TO-1S) 

STYLE 1: 
PIN 1. EMlTTER 

1. BASE 
3. co LLECTOR 

Collector connected to case 

* MAXIMUM RATINGS (TA = 2SOC unless otherwise noted) 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Junction Temperature TJ 

Storage Temperature Tstg 

Total Device Dissipation @TA= 25° C Po 
Derate above 25° C 

*Indicates JEDEC Registered Data 

Value 

30 

15 

2.5 

100 

+100 

-65 to + 100 

150 

2.0 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

INPUT WAVEFORM: 
t,=t,~lns 
PW 2!0 0.51'5 
DUTY CYCLE"" 50% 

+1.25Vtl 0- - -

-5.4V 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

mW 

mW/OC 

C, "" 6 pF 
lincludes C,.) 

SCOPE 
t, "" 3.5"5 
R,.2!o lOOK!) 
CIN~3 pF 



2N2635 (Continued) 

* ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic 

Collector-Base Breakdown Voltage 
(Ie = 100/.1 Adc, IE = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 2 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /.I Adc, Ie = 0) 

Collector-Base Cutoff Current 
(VCB ~ 25V. IE ~ 0) 
(VCB = 25V, IE ~ 0, TA = +550 C) 

Emitter-Base Cutoff Current 
(VEB = IV, Ic = 0) 

Static Forward Current Transfer Ratio 
(IC = 10 rnA, VCE = 0.5V) 
(Ic = 50 rnA, VCE = IV) 
(IC = 50 rnA, VCE ~ lV,TA = -55°C) 
(IC = 100 rnA, VCE = IV) 

Base-Emitter Voltage 
(IC = 10 rnA, IB = 0.5 rnA) 
(IC = 50 rnA, IB = 2.5 rnA) 
(IC = 50 rnA, IB = 2.5 rnA, TA ~ -550 C) 
(IC = 100 rnA, IB = 10 rnA) 

Collector-Emitter Saturation Voltage 
(IC = 10 rnA, IB = 0.5 rnA) 
(Ic = 50 rnA, IB = 2.5 rnA) 
(IC = 50 rnA, IB = 2.5 rnA, TA = +55 0 C) 
(IC = 100 rnA, IB = 10 rnA) 

Small-Signal Forward Current Transfer Ratio 
(IC = 30 rnA, VCE = 2V, f = 100 MHz) 

Collector Output Capacitance 
(VCB = 5 V, IE = 0, f = 1 MHz) 

Input Capacitance 
(VBE ~ 1V,IC = 0, f = 1 MHz) 

Delay Time (Figure 1) 

Rise Time (Figure 1) 

Storage Time (Figure 1) 

Fall Time (Figure 1) 

*Indicates JEDEC Registered Data 
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Svmbol Min Max 

BVCBO 
30 ---

BVCEO 
15 ---

BVEBO 
2.5 ---

ICBO 
--- 5.0 
--- 20 

lEBO 
--- 20 

hFE 
30 ---
45 300 
25 ---
30 ---

VBE 
--- 0.45 
--- 0.70 
--- 0.85 

--- 0.90 

VCE (sat) 
--- 0.20 
--- 0.40 
--- 0.45 
--- 0.75 

I hfel 
1.5 ---

Cob 
--- 5.0 

Cib 
--- 4.0 

td --- 20 

tr --- 3D 

ts --- 185 

tf --- 65 

Unit 

Vdc 

Vdc 

Vdc 

/J Adc 

/JAdc 

---

Vdc 

Vdc 

---

pF 

pF 

ns 

ns 

ns 

ns 



2N2639 thru 2N2644 (SILICON) 

MULTIPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general·purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 mAdc 

• DC Current Gain Specified - 10 /lAdc to 1.0 mAdc 

• High Current·Gain-Bandwidth Product -
fT = 40 MHz (Max) @ IC = 1.0 mAdc 

• 2N2639JAN,JTX,JTXV and 2N2642JAN,JTX,JTXV Available 

"MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 45 

Collector-Base Voltage VCB 45 

EmItter-Base Voltage VEB 5.0 

Collector Current - Continuous Ie 30 

One Die Both Die 

Total Power Dissipation @ T A = 25°C PD 300 600 
Derate above 25°C 1.72 3.43 

Total Power Diss.ipation@Tc '" 25°C PD 600 1200 
Derate above 25°C 3.43 6.87 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

*Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

mW 
mW/oC 

°c 

NPN SILICON 

MULTI PLE TRANSISTORS 

STYLE l' 
PIN 1. COLLECTOR 

2.8ASE 
3. EMITTER 
4. OMITTED 

M 
N 

5. EMITTER 
6. BASE 
7. COLLECTOR 
8. OMITTED 

CASE 654-07 



2N2639 thru 2N2644 (continued) 

• ELECTRICAL CHARACTERISTICS (each side) IT A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage t 1) BVCEO(sus) Vde 
(IC = 10 mAde, Is = 0) 45 -

Collector-Emitter Cutoff Current ICEO ~Ade 
(VCE = 5 Vde, Is = 0) - 0.010 

Collector Cutoff Current ICBO ~de 
(VCB = 45 Vde, IE = 0) - 0.010 

(VCB = 45 Vde, IE = 0, TA = +I50'C) - 10 

Emitter -Base Cutoff Current lEBO ~de 
(VEB = 5 Vde, IC = 0) - 0.010 

ON CHARACTERISTICS 111 

DC Current Gain hFE -
(IC = 10 ~Ade, V CE = 5 Vde) 2N2639, 2N2640, 2N2641 50 300 

2N2642, 2N2643, 2N2644 100 300 

(IC = 10 ~Ade, V CE = 5 Vde, T A = -55 'C) 2N2639, 2N2640, 2N2641 10 -
2N2642, 2N2643, 2N2644 20 -

(IC = 100 ~Ade, V CE = 5 Vde) 2N2639, 2N2640, 2N2641 55 -
2N2642, 2N2643, 2N2644 110 -

(IC = 1 mAde, V CE = 5 Vde) 2N2639, 2N2640, 2N2641 65 -
2N2642, 2N2643, 2N2644 130 -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, Is = 0.5 mAde) - 1.0 

Base-Emitter Saturabon Voltage VBE(sat) Vde 
(IC = 10 mAde, IB = 0.5 mAde) 0.6 1.0 

SMAll·SIGNAl CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 1 mAde, VCE = 5 Vde, 1= 20 MHz) 40 -

Output Capacitance Cob pF 
(V CB = 5 Vde, IE = 0, I = 1 MHz) - 8.0 

Input Impedance hib k ohms 
(IC = 1 mAde, VCB = 5 Vde, 1=1 kHz) 25 32 

Reverse Voltage Transfer Ratio hrb X 10-6 
(IC = 1 mAde, VCB = 5 Vde, 1= 1 kHz) - 600 

Small-Signal Current Gain hIe -
(IC = 1 mAde, VCB = 5 Vde, 1= 1 kHz) 2N2639, 2N2640, 2N2641 65 600 

2N2642, 2N2643, 2N2644 130 600 

Output Admittance hob p.mhoe 
(IC = 1 mAde, VCB = 5 Vde, 1=1 kHz) - 1.0 

Noise Figure NF dB 
(IC = 10 ~Ade, V CB = 5 Vdc, 

RS = 10k ohms, Bandwidth = 10 Hz to 15 kHz) - 4.0 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (2) hFEl/hFE2 -
(IC = 10 ~Ade, V CE = 5 Vdc) 2N2639, 2N2642 0.9 1.0 

2N2640, 2N2643 0.8 1.0 

Base-Emitter Voltage Differential IVBE1 - VBE21 mVdc 
(IC = 10 ~Adc, V CE = 5 Vdc) 2N2639, 2N2642 - 5.0 

2N2640, 2N2643 - 10 

BaR-Emitter Voltage Differential Change Due to Temperature "IVaEI - VBE21 ~V/'C 
(IC = 10 /lAde, V CE '" 5 Vdc; T A:; -55 to +125°C) 2N2639, 2N2642 

"TA 
- 10 

2N2640, 2N2643 - 20 

* Indicates JEDEC Registered Data 
<.1) 'Pulse Test: Pulse Width ::0 300 jJ.si Duty Cycle ~ 2% 
(2) 'Th.e lowest hFE reading is taken as hFEl for this test. 
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2N2646 (SILICON) 
2N2647 

SILICON ANNULAR PN 
UNIJUNCTION TRANSISTORS 

· . . designed for use in pulse and timing circuits, sensing circuits and 
thyristor trigger circuits. These devices feature: 

• Low Peak Point Current - 2.0 J1A (Max) 

• Low Emitter Reverse Current - 200 nA (Max) 

• Passivated Surface for Reliability and Uniformity 

'MAXIMUM RATINGS ITA ~ 25°C unless otherw"e noted.1 

Rating Symbol Value Unit 

Power Dissipation (1) PD 300 mW 

R MS Emitter Current IEIRMSI 50 mA 

Peak Pulse Emitter Current (2) iE 2.0 Amp 

Emitter Reverse Voltage VB2E 30 Volts 

I nterbase Voltage, VB2B1 35 Volts 

Operating Junction Temperature Range TJ -65 to +125 °c 

Storage Temperature Range T stg -65 to +150 °c 

'* Indicates JEDEC Registered Data. 
(1 i Derate 3.0 mW/oC increase in ambient temperature. The total power dissipation 

(available power to Emitter and Base-Two) must be limited by the external circuitry. 

(2) Capacitor discharge - 10 p,F or less, 30 Volts or less. 
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PN UNIJUNCTION 
TRANSISTORS 

SEATING 
PLANE 

STYLE 1: 
P1N 1. EMmER 

2. BASE 1 
3. BASE 2 

MilLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
D 0.41 0.48 0.016 0.019 
G 2.54 TYP 0.100 TYP 
H 0.91 1.17 0.036 0.046 
J 0.71 1.22 0.028 0.048 
K 12.70 - 0.500 
M 450 TYP 45° TYP 
N 1.27 TYP 0.050 TYP 

CASE 22A 



2N2646, 2N2647 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Intrinsic Standoff Ratio ~ -

(VB2B1 = 10 V) INote 1) 2N2646 0.56 - 0.75 

2N2647 0.68 - 0.82 

Interbase Resistance r8B 4.7 7.0 9.1 k ohms 

IVB2B1 = 3.0 V, IE = 0) 

Interbase Resistance Temperature Coefficient arBB 0.1 - 0.9 %/oC 

(VB2B1 = 3.0 V, IE = 0, TA = -55"C to +1250 C) 

Emitter Saturation Voltage VEB1(sat) - 3.5 - Volts 

IVB2B1 = 10 V, IE = 50 mAl INote 2) 

Modulated Interbase Current IB2(mod) - 15 - mA 

(VB2B1 = 10 V,IE = 50 mAl 

Emitter Reverse Current IEB20 p.A 

IVB2E = 30 V, IB1 = 0) 2N2646 - 0.005 12 

2N2647 - 0.005 0.2 

Peak Point Emitter Current Ip p.A 

IVB2B1 = 25 V) 2N2646 - 1.0 5.0 

2N2647 - 1.0 2.0 

Valley Point Current IV mA 

IVB2B1 = 20 V, RB2 = 100 ohms) (Note 2) 2N2646 4.0 6.0 -
2N2647 8.0 10 18 

Base-One Peak Pulse Voltage VOB1 Volts 

INote 3, Figure 3) 2N2646 3.0 5.0 -
2N2647 6.0 7.0 -

"'Indicates JEDEC Registered Data. 

Notes: 

(2) Use pulse techniques: PW ~ 300 J.t5, duty cycle ~ 2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

(1) Intrinsic standoff ratio, 
'11, is defined by equation: 

Vp -VF 
~=---

VB281 

Where Vp = Peak Point Emitter Voltage 
VB281 = Interbase Voltage 

(3) Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SeR firing circuits and other types of pulse circuits. 

VF = Emitter to Base-One Junction Diode Drop 
(~0.5 V @ 10 p.A) 

FIGURE 2 

FIGURE 1 

UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 

IB2 
+--

1 \: 
Ve '---

B1 VB2B1 

j 

STATIC EMITTER CHARACTERISTIC 
CURVES 

(Exaggerated to Show Details) 

Cutoff 
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VE 
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Resistance --+*" Saturation 
Region I Region 

~ I 
Peak Point I 

I 
I 
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8a98-1 
: Characteristic 

VEB1(sat) 
Vv 

I Valley Po int \ 

+ ---- -':/- -- • t ----- , 

-lEO 

I I 
I 
I 
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FIGURE 3 - VOB1 TEST CIRCUIT 
(Typical Relaxation Oscillator) 

C1 
0.2 p.F 

RB2 
1001"1 

RB1 
201"1 

V1 

+20 V 

-f]l---
VOB1 

• 



2N2652 (SILICON) 

2N2652A 

MULTIPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general·purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices 
AIVBEl . VBE21 = 10 .u Vdc (Max) @ -55 to +250 C 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 50 mAdc 

• DC Current Gain Specified - 100 /lAdc to 1.0 mAdc 

• High Current-Gain-Bandwidth Product -
fT = 60 MHz@ IC = 50 mAde 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Value 

60 

100 

7.0 

500 

One Die Both Die 

Total Power Dissipation @ TA ~ 25°C Po 0.3 0.6 
Derate above 2SoC 1.72 3.43 

Total Power Dissipation @ T C = 25°C Po 1.0 2.0 
Derate above 25°C 5.7 11.4 

Operating and Storage Junction TJ,TstQ -65 to +200 
Temperature Range 

""Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

NPN SILICON 

MULTI PLE TRANSISTORS 

STYLE " 
PIN 1. COLLECTOR S. EMITTER 

2. BASE 
3. EMITTER 
4. OMITTED 

6. BASE 
7. COLLECTOR 
B. OMITTED 

CASE 654-07 



2N2652, 2N2652A (continued) 

"ELECTRICAL CHARACTERISTICS ( .. ,h "de) (T, ~ 25'C ""~" oth.~,,, Mted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage t 1) BVCEO Vde 
(IC ~ 20 mAdc, IB ~ 0) 60 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC ~ 100 ~Ade, IE ~ 0) 100 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE ~ 100 ~Adc, IC ~ 0) 7.0 -

Collector Cutoff Current ICBO ~Ade 

(V CB = 50 Vde, IE = 0) 2N2652 - 0.010 
2N2652A - 0.002 

(V CB = 50 Vde, IE = 0, T A = 150'C) 2N2652 - 15 
2N2652A - 10 

Emitter Cutoff Current lEBO ~Adc 

(V BE = 5.0 Vde, IC = 0) 2N2652 - 0.010 
2N2652A - 0.002 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC = 100 ~Ade, V CE = 5.0 Vde) 35 -

(IC = 1. 0 mAde, V CE = 5.0 Vde) 50 200 

(IC = 1. 0 mAde, V CE = 5.0 Vde, T A = -55'C) 15 -

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 50 mAde, IB = 5.0 mAde) - 1.2 

Base-Emitter Saturation Voltage V BE(sat) Vde 
(IC = 50 mAde, IB = 5.0 mAde) - 0.9 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 50 mAde. V CE = 10 Vde, 1= 20 MHz) 60 

Output Capa.citance Cob pF 
(V CB = 10 Vde, IE = 0, I = 1. 0 MHz) - 15 

Input Capacitance Cib pF 
(V BE =0, 0.5Vde, IC = 0, I = 1. 0 MHz) - 85 

Input Impedance h. k ohms 
(IC = 1. 0 mAde, V CE = 5.0 Vde, I = 1. 0 kHz) 

1e 
1.0 10.5 

Input Impedance hib ohms 
(IC = 1. 0 mAde, VCB =5.0Vde, I = 1. 0 kHz) 20 35 

Small-Signal Current Gain hfe -
(IC = 1.0 mAde, VCE = 5.0 Vde, I = 1. 0 kHz) 50 300 

Output Admittance h /J.mhos 
(IC = 1.0 mAde, VCE = 5.0 Vde, 1= 1.0 kHz) 

oe - 50 

Noise Figure NF dB 
(IC = 0.3 mAde, V CE = 10 Vdc, RS = 510 ohms. B. W. '" 1. 0 Hz, 

I = 1. 0 kHz) 8.0 

MATCHING CHARACTERISTICS 
DC Current Gain Ratio (2) hFE/hFE2 -

(IC = 100 MAde, V CE = 5.0 Vde) 2N2652 0.85 1.0 
2N2652A 0.9 1.0 

(IC = 1. 0 mAde, V CE = 5.0 Vde) 2N2652 0.85 1.0 
2N2652A 0.9 1.0 

Base-Emitter Voltage Differential 
IVBEI-VBE21 mVdc 

(IC = 100 /.LAde, V CE = 5.0 Vde) - 3.0 

(IC = 1. 0 mAde, V CE = 5.0 Vde) - 3.0 

Base -Emitter Voltage Differential Gradient 
t.(V BE1-V BE2) MVj"C 

(Ie = 100 MAde, V CE = 5.0 Vde, T A = -55 to +125'C) 
t.TA 

- 10 

* IndIcates JEDEC Registered Data 
(1) Pulse Test: Pulse Width ~ 300 j.lS, Duty Cycle ~ 2.0%. 
(2) The lowest of the two hFE readings is taken as hFE 1 for the purpose of measurement. 
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2N2710 (SILICON) 

NPN silicon transistor primarily designed 
for high-speed, low-power saturated switching appli
cations for industrial service. 

2 STYlE 1: 

1 00 0 3 PIN 1. EMITTER 

CASE 22 
(TO-IS) 

Collector connected to Qle 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

2. BASE 
3. COLLECTOR 

Total Device Dissipation @ T A = 25°C 

Derate above 25° C 

Total Device Dissipation @ T C = 25° C 

Derate above 25°C 

Operating Junction Temperature Range 

Storage Temperature Range 

* Indicates JEDEC Registered Data 

Symbol 

VCEO 

VCES 

VCB 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

FIGURE 1 - STORAGE TIME TEST CIRCUIT 

+6.0VlJ· 
-4.0 V 

tl"1tf~O.5ns 

Z,n = 50 ohms 

IOV 

980 

500 

2-326 

Value 

20 

30 

40 

5.0 

500 

0.36 

2.1 

1.2 

6.85 

+200 

-65 to +200 

OSCILLOSCOPE 

INPUT;;; IOMa 

;;;; 1.5 pF 

tr = tf ~ 0.4n5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

W 

mW/oC 

W 

mW/oC 

°c 

°c 



2N2710 (continued) 

• ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage BVCEO 
(IC = 10 mAde, IB = 0) 20 

Collector-Emitter Breakdown Voltage BVCES 
(IC = 10 !lAde, V BE = 0) 30 

Collector-Base Breakdown Voltage BVCBO 
(IC = 10 !lAde, IE = 0) 40 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 !lAde, IC = 0) 5.0 

Collector-Cutoff Current ICBO 
(V CB = 20 Vde, IE = 0) -
(V CB = 20 VDC, IE = 0, TA = +150°C) -

Emitter Cutoff Current lEBO 
(V BE = 3.0 Vde, IC = 0) -

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 10 mAde, V CE = 1. 0 Vde) 40 

(IC = 50 mAde, V CE = 1. 0 Vde) 40 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 10 mAde, IB = 1. 0 mAde) -
(IC = 50 mAde, IB = 5.0 mAde) -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAde, IB = 1. 0 mAde) -
(IC = 50 mAde, IB = 5.0 mAde) -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 
(IC = 10 mAde, V CE = 20 Vde, f = 100 MHz) 500 

Output Capacitance Cob 
(V CB = 10 Vde, IE = 0, f = 4. 0 MHz) -

Turn-On Time (Figure 2) t 
(V CC = 3.0 Vde, V BE(of!) = 2.0Vde, IC = 10 mAde, IBI .3.0 mAde) 

on -

Turn-Off Time (Figure 2) toff 
(V CC = 3. 0 Vde, IC = 10 mAde, IBI = 3.0 mAde, IB2 = 1. 0 mAde) -

Charge-Storage Time (Figure 1) ts 
(V CC = 10 Vde, IC = IBI = IB2 = 10 mAde) -

'Indicates JEDEC Registered Data 

FIGURE 2 - TURN ON AND TURN OFF TIME TEST CIRCUIT 

+n7
.
0V 

-2.0V 

I., I,;:;; 0.5 ns 

Z," = SO ohms 

2.0 k 

2-327 

3.0V 

270 

OSCillOSCOPE 

INPUT~ 10Mo 

;:;; 2.6pF 

1.=1,;:;; 0.4 no 

Max Unit 

Vde 
-

Vde 
-

Vde 
-

Vde 
-

O. ~3I 
",Adc 

30 

!lAde 
1.0 

-
-
-

Vde 
0.25 

0.4 

Vde 
0.9 

1.3 

MHz 
-

pF 
4.0 

ns 
20 

ns 
35 

ns 
15 



2N2720 (SILICON) 
2N2721 

MULTIPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general'purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices - 2N2721 
"IVBEl . VBE21 = 1.6 mVdc (Max) @-55 to +250 C 

= 2.0 mVdc (Max) @+25to+1250 C 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 mAdc 

• DC Current Gain Specified - 100 /lAdc to 10 mAdc 

• High Current-Gain - Bandwidth Product -
fT= 80 MHz@IC= 10 mAdc 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Power Dissipation @ T A = 25°C PD 
Derate above 25°C 

Total Power Dissipation @ TC = 25°C PD 
Derate above 25°C 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

*Indicates JEDEC Registered Data. 

Value 

60 

80 

6.0 

40 

One Die Both Die 

0.3 0.6 
1.71 3.4 

0.6 1.2 
3.4 6.8 

-65 to +200 

2-328 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW;oC 

Watt 
mW/oC 

°c 

NPN SILICON 

MULTI PLE TRANSISTORS 

STYLE 1 
PIN 1. COLLECTOR 

2 BASE 
5. EMITTER 
6 BASE 

3 EMITTER 
4 OMITTED 

DIM 

7. COLLECTOR 
8. OMITTED 

A 851 940 
B 775 851 
C 3.81 4.70 
o 0.41 053 
G 5,08 sse 
H 071 0.86 
J 074 114 
K 1270 
M 450 sse 
N 254BSC 

CASE 654·07 



2N2720, 2N2721 (continued) 

* ELECTRICAL CHARACTERISTICS (each s;de) (T A = 25°C unless otherw;se noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO Vde 
(IC = 10 mAde, IB = 0) 60 -

Collector Cutoff Current ICEO nAde 
(V CE = 5.0 Vde, IB = 0) - 10 

Collector Cutoff Current ICBO !lAde 
(V ,= 60 Vde, I = 0) - 0.01 
(V~: = 60 Vde, I~ = 0, T A = 150"C) - 10 

Emitter Cutoff Current lEBO nAde 
(VEB = 5.0 Vde, IC = 0) - 10 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 100 !lAde, V CE = 5.0 Vde) 30 120 

(IC = 1. 0 mAde, V CE = 5.0 Vde) 35 -
(IC = 10 mAde, V CE = 5.0 Vde) 42 -

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 10 mAde, IB = 1. 0 mAde) - 1.0 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 10 mAde, IB = 1. 0 mAde) 0.65 0.85 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product fT MHz 
(IC = 10 mAde, V CE = 10 Vde, f = 20 MHz) 80 -

Output Capacitance Cob pF 
(VCB =5.0Vde, ~ =0, f = 1. 0 MHz) - 6.0 

Input Impedance hib ohms 
(IE = 1.0 mAde, VCB = 5.0Vde, f = 1.0 kHz) 25 32 

Voltage Feedback Ratio hrb X 10-6 

(IE = 1. 0 mAde, V CB = 5.0 Vde, f = 1. 0 kHz) - 500 

Small-Signal Current Gain hfe -
(IC = 1. 0 mAde, V CE = 5.0 Vde, f = 1. 0 kHz) 30 200 

Output Admittance hob jimhos 
(IE = 1. 0 mAde, V CB = 5.0 Vde, f = 1. 0 kHz) - 1.0 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (2) hFE/hFE2 -
(IC = 100 !lAde, V CE = 5.0 Vde) 2N2720 0.9 1.0 

2N2721 0.8 1.0 

Base-Emitter Voltage Differential 
IVBE1-VBE21 mVde 

(IC = 100 !lAde, V CE = 5.0 Vde) 2N2720 - 5.0 
2N2721 - 10 

Base-Emitter Voltage Differential Change Due to Temperature 
ll.(V BE1-V BE2) mV 

(IC = 100 !lAde, V CE = 5. 0 Vde, T A = -55 to +25" C) 2N2720 - 0.8 
2N2721 - 1.6 

(IC = 100 !lAde, V CE = 5.0 Vde, TA = +25 to +125°C) 2N2720 - 1.0 
2N2721 - 2.0 

* IndIcates JEDEC RegIstered Data 

(1) 'Pulse Tp.st: Pulse Width = 300 /lS, Duty Cycle <= 2% 

(2) The lower of the two hFE readings is taken as hFEl for the purpose of measurement. 
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2N2722 (SILICON) 

MULTIPLE SI LICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers. dual general·purpose 
amplifiers. front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices -
6!VBEl . VBE2! = 0.8 mVdc (Max) @-55to +250 C 

= 1.0 mVdc (Max) @+25to +1250 C 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 mAdc 

• DC Current Gain Specified - 1.0 !JAdc to 0.1 mAdc 

• High Current·Gain - Bandwidth Product -
fT = 100 MHz @ IC = 10 mAdc 

*MAXIMUM RATINGS 

Rating Symbol 

COllector-Emitter Voltage Veeo 

COllector-Base Voltage VeB 

Emitter-Base Voltage VeB 

Collector Current - Continuous Ie 

Value 

45 

45 

5.0 

40 

One Die BothOie 

Total Power Dissipation @ T A'" 25°C Po 0.3 0.6 
Derate above 25°C 1.7 3.4 

TOtal Powet Dissipation @TC= 25°C Po 0.6 1.2 
Derate above 25°C 3.4 6.8 

Operating and Storage Junction T J.T st9 -65 to +200 
Temperature Range 

*Indicates JEDEC Registered Data. 

2-330 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mw/oe 

Watts 
mW/oC 

°e 

NPN SILICON 

MULTI PLE TRANSISTORS 

STYLE 1. 
PIN 1. COLLECTOR 5. EMITTER 

2. BASE 
3. EMITTER 
4.0MITTEO 

K 
M 
N 

6. BASE 
7. COLLECTOR 
8. OMITTED 

CASE 654-07 



2N2722 (continued) 

• ELECTRICAL CHARACTERISTICS (each side) fT. = 25'C 00'", Oth'M;" no'.o) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage t 1) BVCEO Vde 
(IC = 10 mAdc, IB = 0) 45 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 10 /.LAdc, ~ = 0) 45 -

Collector Cutoff Current ICEO nAde 
(V CE = 5.0 Vde, IB = 0) - 2.0 

Collector Cutoff Current ICBO /.LAde 
(VCB = 30 Vdc, IE = 0) " - 0.001 
(V CB = 30 Vde, IE = 0, T A = 150 C) - 1.0 

Emitter Cutoff Current lEBO nAde 
(VEB =5.0Vdc, IC=O) - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 1. 0 /.LAdc, V CE = 5.0 Vde) 50 250 

(IC = 10 /.LAde, V CE = 5.0 Vdc) 100 -

(IC = O. 1 mAde, V CE = 5.0 Vde) 125 -
Collector-Emitter Saturation Voltage V CE(sat) Vde 

(IC = 10 mAde, IB = O. 5 mAde) - 1.0 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 10 mAdc, IB = O. 5 mAde) 0.65 0.85 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product CT MHz 
(IC = 10 mAdc, V CE = 10 Vde, C = 20 MHz) 100 -

Output Capacitance Cob pF 
(V CB = 5.0 Vde, IE = 0, C = 1. 0 MHz) - 6.0 

Input Impedance hib ohms 
(IE = 1. 0 mAde, VCB = 5.0 Vde, C = 1.0 kHz) 25 32 

Voltage Feedback Ratio hrb X 10-6 
(IE = 1. 0 mAde, V CB = 5.0 Vde, C = 1. 0 kHz) - 600 

Small-Signal Current Gain hCe -
(IE = O. 1 mAde, V CE = 5.0 Vde, C = 1. 0 kHz) 100 700 

Output Admittance hob J.l.mhos 
(IE = 1. 0 mAdc, V CB = 5.0 Vdc, f = 1. 0 kHz) - 1.0 

Noise Figure NF dB 
(IC = 10 /.LAde, V CE = 5.0 Vdc, Rs = 10 k ohms, 

f = 10 Hz to 15. 7 kHz) - 4.0 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (2) hFEl/hFE2 -
(IC = 1. 0 !lAde, V CE = 5.0 Vde) 0.9 1.0 

Base-Emitter Voltage Differential IVBEl - VBE21 mVdc 
(IC = 10 /.LAde, V CE = 5. 0 Vdc) - 5.0 

Base-Emitter Voltage Differential Change Due to Temperature 
6(VBEl-VBE2) mVdc 

(IC = 10 /.LAde, V CE = 5.0 Vde, TA = -55 to +25°C) - 0.8 

(IC = 10 /.LAde, V CE = 5.0 Vde, T A = +25 to +125°C) - 1.0 

• indIcates JEDEC Registered Data 
111 Pulse Test: Pulse Width = 300 /.LS, Duty Cycle" 2. 0%. 

(2) The lower of the two hFE readings is taken as hFEl for the purpose of measurement. 
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2N2723 (SILICON) 

NPN SILICON ANNULAR DARLINGTON TRANSISTORS 

. containing two NPN silicon annular transistors in a darlington 
connection, and designed for applications requiring: 

• High DC Current Gain -
hFE ~ 2,000 (Min) @ IC ~ 10 mAde 

• Low Noise-
NF ~ 10dB @IC~ 50llAde 

• Low Leakage -
ICBlO ~ O.OlIlAde(Max) @ VCBl ~ 60 Vde 
IE2Bl0 ~ 10 nAde(Max) @VBl E2 ~ 10 Vde 

*MAXIMUM RATINGS (Numerical subscripts refer to unit number.) 

Rating Symbol Value Unit 

COllector-Emitter Voltage VCE20 60 Vdc 
(Base 1 and Base 2 open) 

Collector-Base Voltage VCB1 80 Vdc 

Emitter-Base Voltage VE2B1 12 Vdc 

Collector Current - Continuous Ie 40 Adc 

Total Power Dissipation @TA - 25°C PD 0.5 Watt 
Derate above 25°C 2.9 mW/oC 

Total Power Dissipation @TC - 25°C PD 1.8 Watts 
Derate above 25°C 10.5 mW/oC 

Operating and Storage Junction TJ,T st9 -65 to +200 °c 
Temperature Range 

*Indicates JEDEC Registered Data. 

2-332 

NPN SILICON 
DARLINGTON 
TRANSISTORS 

The input unit is identified as Unit 1 regard
less of terminal numbering. 

STYLE 8 
PIN 1. 

2 
3 
4 

rrA-:1 

F-If ~~[ ! 
SEATING ___ F_1 K 

PLANE I 
EMITTER 2 ~ 
BASEl --11--0 
COLLECTO R 
EMITTER 1 
SASE 2 

MILLIMETERS 
DIM MIN MAX 

A 5.31 5.84 
8 4.52 4.95 
C 4.32 5.33 
D 0.41 0.53 
E - 0.76 
F 0.41 0.48 
G 2.54 esc 
H 0.91 1.17 
J 1.22 
K 

c+.-
~'27 +. 

f-4-p 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.016 0.021 

0.030 
0.016 0.019 
0.100 sse 

0.036 0.046 
0.028 0.048 
0.500 
0.250 

45 sse 
0.050 sse 
- 0.050 

AlLJEDEC dimensions and notes apply 

CASE 20-03 
TO·72 



2N2723 (conti nued) 

• ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCE20 Vde 
(IC = 10 mAde, IBI = 0) 60 -

Collector-Base Breakdown Voltage BVCBlO Vde 
(IC = 10 !lAde, IE2 = 0) 80 -

Emitter-Base Breakdown Voltage BVE2BIO Vde 
(IE2 = 10 !lAde, IC = 0) 12 

Collector Cutoff Current ICBlO !lAde 
(V CBl = 60 Vde, IE = 0) - 0.01 

(VCBI = 60 Vde, IE = 0, TA = 150'C) - 10 

Emitter Cutoff Current IE2BlO nAde 
(V BIE2 = 10 Vde, IC = 0) - 10 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 10 mAde, V CE2 = 5. 0 Vde, IB2 = 0) 2000 10,000 

Collector-Emitter Saturation Voltage V CE2(sat) Vde 
(IC = 10 mAde, IBl = 1. 0 mAde) - 1.0 

Base-Emitter Saturation Voltage VBE2(sat) Vde 
(IC = 10 mAde, IBI = 1. 0 mAde) - 1.7 

SMAll-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product (Eaeh Unit) Ihlel 
-

(IC = 10 mAde, V CEI or V CE2 = 10 Vde, f = 20 MHz) ~.O -

Output Capacitance Cobl pF 
(V CBI = 10 Vde, IE2 = 0, f = 140 kHz) - 10 

Small-Signal Current Gain hie -
(IC = 10 mAde, V CE2 = 5.0 Vde, f = 1. 0 kHz) 2N2723 1500 15,000 

Noise Figure (Input Stage Only) NF dB 
(IC = 50 !lAde, V CE = 5.0 Vde, RS = 3.0 k ohms, 

f = 1. 0 kHz, BW = 100 kHz) - 10 

* Indlcates JEDEC RegIstered Data 

(11 Pulse Test: Pulse Width ~12 ms, Duty Cycle~2. 0 %. 
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2N2728 (GERMANIUM) 

CASE 7 
(TO-68) 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
3. COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

PNP germanium high-current power transistors es
pecially designed for switching and power converter 
circuit operating from low-voltage power sources such 
as solar cells, thermo-electric generators, sea cells, 
fuel cells, and 1. 5-volt batteries. 

Symbol Value Unit 

v CB 15 Vdc 

Collector-Emitter Voltage v CEO 5.0 Vdc 

Emitter-Base Voltage VEB 15 Vdc 

Collector Current (continuous) IC 50 Adc 

Base Current (continuous) IB 10 Adc 

Total Device Dissipation @ 25°C 
Case Temperature PD 170 Watts 

Operating Temperature TJ +110 °c 

Storage Temperature Tstg -65 to +110 °c 

Thermal Resistance 
IJJC (Junction to Case) 0.5 °C/W 
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2N2728 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

Collector Cutoff Current ICEX mAde 
VCE =15V, VBE = 1 V - - 10 

VCE =10V, VBE = 1 V, TC = l00·C - - 35 

Emitter-Base Cutoff Current lEBO mAdc 
VEB =15V - - 10 

Emitter Floating Potential VEBF Vdc 
VCB = 15 V, IE = 0 - - 0.5 

Collector-Emitter Breakdown Voltage· BVCEO V 
IC = 500 rnA, IB = 0 5.0 10 -

DC Current Transfer Ratio hFE -
IC = 20 A, VCE = 2 V 40 - 130 

Collector-Emitter Saturation Voltage V CE(sat) 
Vdc 

IC = 50 A, IB = 5 A - 0.075 o. 1 

Base-Emitter Voltage VBE(sat) Vdc 
IC = 50 A, IB = 5 A - 0.85 1.0 

Common Emitter Cutoff Frequency f"e 
kHz 

IC = 20 A, VeE = 2 V 3.0 4.5 -
Rise Time t /.IS 

Ie = 20 A, Vee = 1. 75 V, IB(on) = 2 A 
r 18 25 -

Storage Time ts /.IS 
VBE = 6 V, Roo = 100 - 15 20 

Fall Time tf /.IS 
VBE = 6 V, Roo = 100 - 10 15 

• To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 

9.90 

MERCURY SWITCH 

.08750 

+ 

+ 
""'----IIIt----~--~ 

6V 

2·335 

0·500 

1.75V 

SWITCHING TIME TEST CIRCUIT 

I 



2N2785 (SILICON) 

NPN SILICON ANNULAR DARLINGTON TRANSISTOR 

containing two NPN silicon annular transistors in a darlington 
connection, and designed for applications requiring: 

• High DC Current Gain -
hFE ~ 2,000 (Mini @ IC = 100 mAde 

• Guaranteed DC Current Gain from 1.0 mA to 100 mAde 

• Low Leakage -
IC81O~ 0.05f1Adc (Maxi @VC81 = 30 Vdc 
IE2810 ~ 20 nAdc (Maxi @ VE281 ~ 5.0 Vdc 

*MAXIMUM RATINGS(Numerical subscripts refer to unit number.) 

Rating Symbol Value Unit 

COllector-Emitter Voltage VCE2 40 Vdc 
(Base 1 and Base 2 open) 

Collector-Base Voltage VCBl 60 Vdc 

Emitter-Base Voltage VE2B1 15 Vdc 
(Pin 4 to Pin 2) 7.5 

**Collector Current - Continuous IC 200 mAde 

Total Power Dissipation @TA - 25vC PD 0.5 Watt 
Derate above 25°C 3.33 mW/oC 

Iota I Power Dissipation @ T C ~ 25°C PD 1.S Watts 
Derate above 25°C 10 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

"'Indicates JEDEC Registered Data. 
**Motorola guarantees this data in addition to JEDEC Registered Data. 

I 
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STYLE 8 
PIN 1. 

2 
3. 
4. 

NPN SILICON 
DARLINGTON 
TRANSISTOR 

r 
4 
E1B2 

The Uilit 15 Identified as Unit 1 r~gard 
terlllinalnumbering 

ifAl B 

""~~ 
PLAN: ~'~-LJ 

~~~~T1ER 2 ---ll-D 
COLLECTOR 
EMITTER 1 
BASE 2 

MILLIMETERS 
DIM MIN MAX 

A 5.31 5.84 
B 4.52 4.95 
C 4.32 5.33 
0 0.41 0.53 
E 0.76 
F 0.41 0.48 
G 2.54BSC 
H 0.91 1.17 
J 0.71 1.22 

c+. 

~127 
L 

~ r+-P 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.Q16 0.021 

U.030 
0.016 0.019 
0.100BSC 

0.036 0.046 
0.028 O.g:'!!., 
0.500 
0.250 

45 sse 
O.050BSC 

0.050 

ALLJEDEC dimensions and notes apply 

CASE 20-03 
TO·72 



2N2785 (continued) 

• ELECTRICAL CHARACTERISTICS (TA = 25°C unless othe,w"e noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 BV CE20 Vde 

(IC " 20 mAde, IB1 "0) 40 -

Collector-Base Breakdown Voltage BV CB10 Vde 

(IC " 100 ~Adc, IE2 " 0) 60 -

Emitter-Base Breakdown Voltage BVE2BlO Vde 
(IE2 " 100 ~Ade, IC " 0) 15 -

Collector Cutoff Current ICEO nAde 
(V CE "20Vdc, IB "0) - 500 

Collector Cutoff Current ICBlO ~Ade 

(V CB1 "30 Vde. IE "0) - 0.05 

(V CB1 "30 Vdc, IE" 0, TA " 150'C) - 10 

Emitter Cutoff Current IE2BlO nAde 

(V E2B1 " 5.0 Vde, IC " 0) - 20 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(IC " 1. a mAde, V CE2 "4.0 Vde) 600 -

(IC " 10 mAde. V CE2 " 5. a Vde) 1200 -
(IC " 100 mAde, V CE2 " 5. a Vde) 2000 20,000 

Collector-Emitter Saturation Voltage V CE2(sat) 
Vde 

(IC "15 mAde, IBI "3. a mAde) - 1.0 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain- High Frequency 
Ihlel 

-
(IC" 1.0 mAde, VCE2 "5.0 Vde, f" 10 MHz) 1.0 -

Output Capacitance Cob 1 pF 

(V CBl "10 Vde, IE2 " 0, f ~ 1. a MHz) - 30 

Input Impedance hib Ohm 
(IC " 1. 0 mAde, VCB1 ::; 5.0 Vdc, f ~ 1. 0 kHz) 30 80 

Voltage Feedback Ratio hrb x 10-4 

(IC ~ 1. 0 mAde, V CE2 ~ 5.0 Vde, f " 1. 0 kHz) - 10 

Small-Signai Current Gain hIe -
(IC ~ 1. a mAde, V CE2 " 5. a Vde, f ~ 1. a kHz) 600 -

Output Admittance hob /lmhos 
(Ic "1. a mAde, V CBl ~ 5.0 Vde, f ~ 1.0 kHz) - 0.5 

* indIcates JEDEC RegIstered Data 
111 Pulse Test: Pulse Width :2 3001-15, Duty Cycle:::: 2.0%. 
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2N 2789S(SILICON) 

NPN SI LICON ANNULAR TRANSISTOR 
designed for use in general-purpose amplifiers and switching 

applications. 

• Collector-Emitter Breakdown Voltage -
BVCEO = 35 Vdc (Min) @ IC = 10 mAde 

• Current-Gain - Bandwidth Product -
fT = 300 MHz (Typ) @ IC = 20 mAde 

• DC Current Gain - 100 !lAde to 500 mAde 

• Fast Switching Time (Figure 1 and 2) - @ IC '" 16 mAde 
ton = 40 ns (Typ) 
toff = 60 ns (Typ) 

"MAXIMUM RATINGS 
Rating Symbol Value 

COllector-Emitter Voltage VCEO 35 

COllector-Emitter Voltage VCER 50 

Collector-Base Voltage VCB 75 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 800 

Total Power Dissipation @TA - 2SoC PD 800 
Derate above 25°C 5.33 

Total Power Dissipation @TC = 2SoC PD 3.0 
Derate above 25°C 20 

Operating Junction Temperature Range TJ -65 to +175 

Storage Temperature Range T stg -65 to +200 

* THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient I ReJA(l) 187 

Thermal Resistance, Junction to Case I ReJC 50 

·'ndicates JEDEC Registered Data. 

I 
I 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 
°c 

Unit 

°CIW 

°CIW 

NPN SILICON 
AMPLIFIER TRANSISTOR 

STYLE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B B.OO 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0.229 3.1B 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 - 0.500 -
L 6.35 0.250 
M 450 NOM 450 NOM 
P 1.27 0.050 
n 900 NOM 900 NOM 
R 2.54 0.100 -

All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 



2N2789S (continued) 

ElECTR ICAl CHARACTER ISTICS (T A ~ 25°C unless otherwise noted.! 

I Characteristic I Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCEO 35 
(lc ~ 10 mAde, IB ~ 0) 

Collector-Emitter Breakdown Voltage BVCER 50 
(IC ~ 100 mAde, RBE ~ 10 Ohms) 

COllector-Base Breakdown Voltage BVCBO 75 
(IC ~ 10 "Ade, IE ~ 0) 

Emitter-Base Breakdown Voltage BVEBO 5.0 
(IE ~ 10 "Ade, IC ~ 0) 

Collector Cutoff Current ICBO 
(VCB ~ 50 Vde, IE ~ 0) -
(VCB ~ 50 Vde, IE ~ 0, TA ~ 150°C) -

Collector Cutoff Current ICEV -
(VCE ~ 35 Vde, VEB ~ 0.5 Vde 

Emitter Cutoff Current lEBO -
(VBE ~ 3.0 Vde, IC ~ 0) 

Base Cutoff Current ISEV -
(VCE ~ 35 Vde, VEB ~ 0.5 Vde) 

0lIl CHARACTERISTlCS(1) 

DC Current Gain hFE 
(lc = 100 "Ade, VCE = 10 Vdcl 35 
(lc = 1.0 mAde, VCE ~ 10 Vde) 50 
(lC ~ 10 mAde, VCE = 10 Vde) 75 
(IC = 150 mAde, VCE ~ 10 Vde) 100 
(IC ~ 150 mAde, VCE = 1.0 Vde) 50 
(lc ~ 500 mAde, VCE ~ 10 Vde) 30 

Collector-Emitter Saturation Voltage VCE(s.t) 
(lc ~ 150 mAde, IB ~ 15 mAde) -
(lc = 500 mAde, IS ~ 50 mAde) -

Base-Emitter Saturation Voltage VBE(s.t) 
(IC ~ 150 mAde, IB ~ 15 mAde) -
(lC = 500 mAde, IS ~ 50 mAde) -

OYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product for 250 

(lc ~ 20 mAde, VCE ~ 20 Vde, I ~ 100 MHz) 

Output Capacitance Cob -
(VCS = 10 Vde, IE ~ 0, I ~ 100 kHz) 

Input Impedance 
(IC ~ 1.0 mAde, VCS ~ 5.0 Vde, I ~ 1.0 kHz) hib 25 
(IC ~ 20 mAde, VCE ~ 20 Vde, I ~ 300 MHz) Re(hie) 20 

Voltage Feedback Ratio hrb 0.9 
(lC = 1.0 mAde, VCS ~ 5.0 Vde, I ~ 1.0 kHz) 

Small-Signal Current Gain hie 
(IC ~ 1.0 mAde, VCE ~ 5.0 Vde, I ~ 1.0 kHz) 80 
(lc ~ 20 mAde, VCE ~ 5.0 Vde, f ~ 1.0 kHz) 150 
(IC ~ 20 mAde, VCE ~ 20 Vde, I ~ 100 MHz) 2.5 

Output Admittance hob -
(lc ~ 1.0 mAde, VCS ~ 5.0 Vde, I ~ 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Figure 1) 

Turn·OII Time (Figure 1) 

*Indicates JEDEC Registered Data. 

(1) Pulse Width ';;;300 lIS, Duty Cyele ';;;2.0%. FIGURE 1 _ SWITCHING TIME TEST CIRCUIT 

Input 

Wave Form @"A" +7':R 
-7.5 

Output 
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YJlF"A" 
511 1.0k 

-7.5 V 

Typ Max Unit 

- - Vde 

- - Vde 

- - Vde 

- - Vde 

"Ade 
- 0.01 
- 10 

- 10 "Ade 

- 0.01 "Ade 

- 10 "Ade 

-
75 -
90 -
100 -
150 300 
90 -
60 -

Vde 
0.3 0.4 
0.8 1.6 

Vde 
0.9 1.3 
1.4 2.6 

300 - MHz 

4.0 8.0 pF 

Ohms 
- 35 
- 60 

- 2.5 X 10-" 

-
- 250 
- 400 
- 7.0 

- 0.2 ",mhos 

+7.0 V 

1.0 V 



2N2800 5 (SILICON) 
2N2801S 

PNP silicon annular transistors for medium-speed 
switching applications. 

CASE 79 
(TO-39) 

2N2800 
2N2801 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector- Base Voltage 

Collector-Emitter Voltage 

Emitter- Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25°C Ambient Temperature 
2N2S00, 2N2S01 - TO- 5 
Derating Factor Above 25°C 

Total Device Dissipation 
@ 25°C Case Temperature 
2N2S00, 2N2S01 - TO-5 
Derating Factor Above 25°C 

Junction Temperature, Operating 

Storage Temperature 

*Indicates JEDEC Registered Data 

DELAY AND RISE TIME TEST CIRCUIT 

INPUT 

Zo:::: SOH 
PRF = 150 PPS 

RISE TIME ~2 ns 

50 

-t- 15V -t IOV 

500 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Symbol Value Unit 
VCB 50 Vdc 

VCEO 35 Vdc 

VEB ';.0 Vdc 

IC SOO mA 

Po 

O.S Watt 
4.57 mWrC 

Po 

3.0 Watts 
17.3 mWrC 

TJ +200 °c 

Tstg -65 to +200 °c 

STORAGE AND FALL TIME TEST CIRCUIT 

INPUT H89V + lOY 
Zo :::: 50!! 
PRF .= 150 PPS 

RISE TIME ~2 ns lK 

+15Vr--lc~ __ ~~ __ ~~~ -1 L 500 

--+.MS r--
50 

2-340 

64 

TO OSCILLOSCOPE 
RISE TIME", 5 ns 
Z," ::.:: 10 Mn 



2N2800S, 2N2801 S (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic Symbol Min 
Collector- Base Breakdown Voltage BVCBO 

(lC = 10 }.LAde, IE = 0) 50 

Emitter- Base Breakdown Voltage BVEBO 
(IE = 100 }.LAde, IC = 0) 5.0 

Collector- Emitter Breakdown Voltage BVCEO 
(lC = 100 mAde, IB = 0) 35 

Collector Cutoff Current ICEX 
(VCE = 25 Vde, VBE = 0.5 Vde) -

Base Cutoff Current IBL 
(V CE = 25 Vde, VBE E 0.5 Vde) -

DC Forward Current Transfer Rabo hFE 
(IC = O. I mAde, VCE = 10 Vde) 

2N2800 20 
2N2801 30 

(lC = 150 mAde, VCE = 10 Vde)lll 
2N2800 30 
2N2801 75 

(IC = 150 mAde, VCE = I Vde) 111 

2N2800 15 
2N2801 30 

(lC = 500 mAde, VCE = 10 Vde) 111 

2N2800 25 
2N2801 40 

Collector Saturation Voltage VCE(sat) 
(lC = 150 mAde, IB = 15 mAde) -
(lC = 500 mAde, IB = 50 mAde) -

Base- Emitter Saturation Voltage VBE(sat) 
(IC = 150 mAde, 1B = 15 mAde) -
(lC = 500 mAde, IB = 50 mAde) -

Output Capacitance Cob 
(V CB = 10 Vde, f = 100 kHz) -

Current-Gain - Bandwidth Product fT 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 120 

'SWITCH I NG CHARACTER ISTICS (T A = 250 C unless otherwise noted) 

Characteristic 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

(1) Pulse Test. Pulse Width 1 300 }.LS, duty cycle ~ 2% 
*Indieates JEDEC Registered Data 

Symbol Typical 

td 9 

r 25 

t 100 s 

f 30 
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Max 

-

-

-

100 

100 

-
-

90 
225 

-
-

-
-

0.4 

1.2 

1.3 

1.8 

25 

-

Maximum 

25 

45 

225 

45 

Unit 
Vde 

Voe 

Vde 

nAde 

nAde 

-

Vde 

Vde 

pF 

MHz 

Unit 

ns 

ns 

ns 

ns 



2N2832 (GERMANIUM) 
2N2833 
2N2834 

CASE 11A 

MAXIMUM RATINGS 

Rating 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitt~~r-Base Voltage 

Collector Current - Continuous 

Base Current 

PNP germanium transistors for switching and 
amplifier applications. 

0 STYlEl" 
PIN 1. BASE 

@2 2. EMITTER o 0 CASE COllECTOR ~ 
@I I ~ 

Collector connected to case 

For units with solder lugs attached. specify 
device MP2832 etc. (Case 4-04) 

Symbol 2N2832 2N2833 

VCEO 50 75 

VCB 80 120 

VEB 2.0 

IC 20 

IB 5.0 

CASE 4-04 

2N2834 Unit 
100 Vdc 

140 Vdc 

Vdc 

Adc 

Adc 

Total Device Dissipation @ TC = 25'C P D 85 Watts 

Operating and Storage Junction TJ , Tstg -65 to +110 
Temperature Range 

FIGURE 1 - POWER DERATING CURVE 
in 100 

! 85 
z 75 
o 

........ 

............... ~ 
~ 50 
C 

r-..... 
............ 

THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES AS 
INDICATED BY FIGURES 2, 3, 4. BOTH LIMITS ARE APPLICABLE 
AND MUST BE OBSERVED 

'" ~ 25 
:5: 
w 

'" ~ 
~ 
.t 

~ ,. 
5 .... 
i 
::> 
u 

'" g 

~ 
0 
u 
..§ 

0 

20 

10 

1.0 

0.1 

.01 

r-..... 
............ r--.... 

25 50 75 100 110 125 
Te. CASE TEMPERATURE ('C) 

SAFE OPERATING AREAS 
FIGURE 2 - 2N2832 FIGURE 3 - 2N2833 FIGURE 4 - 2N2834 

~ l--5~1'~ I I II I" 1\ V 5O p's 1\ t"-L\ ~V50,.s 
SOD ~. 

t---~ Sm. 
5001" I-

1\ f\ '1r" 
l\ 

5001" t-t-, I~ 1m
• ~~ 

~5m. 

1 " 1\ \ ).-0 DC 

DC DC 

I'. .\: " ~ 

1'.'" " ~ ~ " I' ...... ~~ 

~ 1.\ , "\ , 
20 40 60 80 100 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 160 

Veo• COLLECTOR·EMITTERVOLTAGE (VOLTS) 

The Safe Operatiita Area Curves indicate the Ie ~ V CE limits below which the devices will not go into secondary breakdown. As second ary breakdown is independent 
of temperature and duty cycle, these curves can be used as long as the average power derating curve (Figure 1) is also taken into consideration to insure operation 
below the maximum junction temperature. 
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2N2832 thru 2N2834 (Continued) 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic Symbol Min I Typ I Max I Unit I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage!1l BV CEO(sus) Volts 
(IC = 100 mAde, IB = 0) 2N2832 50 - -

2N2833 75 - -
2N2834 100 - -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 50 mAdc, IC = 0) 2.0 - -

Floating Potential* VEBF * Volts 
(V CB = 80 Vde, IE = 0) 2N2832 - - O. 5 

(V CB = 120 Vde, IE = 0) 2N2833 - - O. 5 

(V CB = 140 Vdc, IE = 0) 2N2834 - - 0.5 

Collector Cutoff Current* ICES * mAdc 
(VCE = 100 Vdc, VBE = 0) 2N2832 - - 20 

(V CE = 140 Vdc, VBE = 0) 2N2833 - - 20 

(V CE = 160 Vdc, V BE = 0) 2N2834 - - 20 

Collector Cutoff Current** ICEX ** mAdc 
(V CE = 50 Vdc, V BE (off) =0. 2 Vdc, TC = +85°C) 2N2832 - - 40 

(V CE = 75 Vdc, VBE(Off) =0. 2 Vdc, TC =+85°C) 2N2833 - - 40 

(V CE = 100 Vdc, V BE (off) = O. 2 Vdc, TC = +85 0 C) 2N2834 - - 40 

Collector Cutoff Current* ICBO * mAde 
(V CB = 2.0 Vdc, IE = 0) - - 0.3 

(V CB = 80 Vdc, IE = 0) 2N2832 - - 10 

(V CB = 120 Vdc, IE = 0) 2N2833 - - 10 

(V CB = 140 Vdc, IE = 0) 2N2834 - - 10 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 1. 0 Adc, V CE = 2.0 Vdc) 50 75 -
(IC = 10 Adc, V CE = 2.0 Vde) 25 - 100 

Collector-Emitter Saturation Voltage 
V CE(sat) Vdc 

(IC = 1. 0 Adc, IB = 100 mAdc) - - o. 15 

(IC = 10 Adc, IB = 1. 0 Adc) - - 0.30 

(IC = 20 Adc, IB = 2.0 Adc) - - 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 1. 0 Adc, IB = 100 mAdc) - - 0.6 

(IC = 10 Adc, IB = 1. 0 Adc) - - 0.75 

(IC = 20 Adc, IB = 2.0 Adc) - - 1.0 

DYNAMIC CHARACTERISTICS 

Small Signal Current Gain hfe -
(IC = 1. 0 Adc, V CE = 10 Vdc, f = 5.0 MHz) 2.0 3.5 -

Rise Time t - 2.0 4.0 fls r 

Storage Time t - 3.0 6.0 flS s 

Fall Time tf - 1.0 2.5 flS 

*SWEEP TEST: 1/2 Sine Wave, 60 Hz min. 
11IPULSE TEST: Pulse Width = 1. 0 ms, 2.0% Duty Cycle. 
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2N2832 thru 2N2834 (Continued) 
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2N2832 thru 2N2834 (Continued) 
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2N2832 thru 2N2834 (continued) 

FIGURE 7 - CURRENT VARIATIONS 
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2N2832 thru 2N2834 (continued) 

FIG 11 - RISE and FALL TIME YS COLLECTOR CURRENT FIG 12 - STORAGE TIME YS COLLECTOR CURRENT 
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FIG 13 - SWITCHING TIME TEST CIRCUIT 
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2000 
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Chlrl.lerl.U. S,. Mo Unit 

Rise Time t, 4 1'5 

Storage Time I. 6 1" 

Fall Time If 2.5 1'5 

PULSE CONOITIONS; Ie = 5 AMP. I" = 0.5 AMP 

Switching times shown are for constant current drive conditions. 
Faster times can be realized by the use of a lower source impedance 
or a speed-up capacitor. See Chapter 5 of the Motorola Switching 
Handbook for a more detailed explanation. 

FIG 15 - OUTPUT CAPACITANCE YS REVERSE VOLTAGE 
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2N2845, 2N2847 (SILICON) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 22 
(TO-1S) 

NPN silicon annular transistors designed for high
speed, medium-power saturated switching applications. 

2N2845 
2N2847 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage(l) 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device DisSipation @ T A = 

Derate above 25°C 

Total Device Dissipation @ TC = 

Derate above 25°C 

25°C 

25°C 

Operating Junction Temperature Range 

storage Temperature Range 

(1 )Applicable from 1 rnA to 30 rnA (Pulsed) 

*Indicates JEDEC Registered Data 

Symbol 

VCEO 

VCB 

VEB 

PD 

PD 

TJ 

Tstg 

2-348 

2N2845 2N2847 Unit 

30 20 Vdc 

60 Vdc 

5.0 Vdc 

360 mW 

2.1 mW/oC 

1.2 Watts 
6.9 mW/oC 

-65 to 200 °c 

-65 to 200 °c 



2N2845,2N2847(continued) 

'ELECTRICAL CHARACTERISTICS (T,"· 25'C ,,'''' ,,"",w",, "',d) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
(IC = 30 mAde, IB " 0) 
(IC " 30 mAde, IB " 0) 

Collector· Base Breakdown Voltage 
(IC ::: 0.1 mAde, IE ::: 0) 

Emitter-Base Breakdown Voltage 
(IE'" 0.1 mAde, Ie::: 0) 

Collector-Cutoff Current 
(V CE = 30 Vdc, VBE = 0) 

Collector Cutoff Current 
(VCB = 30 Vdc, IE = 0, T A " 150°C) 

Base Leakage Current 
(VCE = 30 Vdc, VBE = 0) 

ON CHARACTERISTICS 11) 

DC Current Gain 
(Ie'" 150 mAde, V CE ::: 10 Vdc) 

IIC = 500 mAde, V CE ::: 10 Vde) 

(lc = 500 mAde, VeE::: 1 Vdc) 

Collector-Emitter Saturation Voltage 
(Ie = 150 mAde, IB = 15 mAde) 
(Ie = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage 
(Ie = 1,0 mAde, [B = 15 mAde) 
(Ie = 500 mAde, IB = 50 ",Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 50 mAde, VCE = 10 Vde, I = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 140 kHz) 

Turn-On Time (Figure 1) 
(Vee = 10 Vdc, Ie "" 150 mAde, ISl "" 15 mAde) 
(VCC = 6 Vde, IC • 150 mAde, IBI • 15 mAde) 

Tum-Off Time (Figure 2) 
(VCC = 10 Vde, Ie ""' 150 mAde, IB1 "" IB2 '" 15 mAde) 
(VCC = 6 Vde, Ie '-' 150 mAde, la1 ""' IB2 "" 15 mAdc) 

(11 Pulse Test: Pulse Width := 300 }ls; Duty Cycle == s 2% 

* Indicates JEDEC Registered Data 

FIGURE 1 - TURN·ON TIME TEST CIRCUIT 

200 ns 

2N284, 
2N2847 

2N2845 
2N2847 
2N2845 
2N2847 
All Types 

All Types 
2N2845 
2N2847 

2N2845 
2N2847 

2N2845 
2N2847 

Vee 

R, 

:l~ 
t, < 2 ns 

I ka ,.."V-~ SCOPE 
Z;"~ 100ka 

t, < 2 ns 

50a 

-
2N2845 

Vee lOV 

R, 62a 

Symbol Min Max 

BVCEO(sus) 
30 -
20 -

BVCBO 
60 -

BVEBO 
,.0 -

IeES - 0.2 

ICBO - 200 

[BL - 0.2 

hFE 
30 120 
40 140 
20 -
30 -
10 -

VCEls.t) - 0.4 
- 1.0 
- 0.7, 

VBE(s.t) - 1.2 
- 1.6 

IT 
250 -

Cob - 8.0 

ton - 40 

- 25 

toll - 40 

- 40 

FIGURE 2 - TURN·OFF TIME TEST CIRCUIT 

°--U:V 
200 ns 

t, < 2 ns 

2N2847 

6V 

39a 

.051'F I ka 

+16V 

2·349 

Unit 

Vdc 

-ide 

Vdc 

JJ.Ade 

}.LAde 

MAde 

-

Vde 

Vde 

MHz 

pF 

ns 

ns 



2N28S7, 2N3839 (SILICON) 

The RF Line 

NPN SILICON RF SMALL-SIGNAL TRANSISTORS 

· . . designed primarily for use in high-gain, low-noise amplifier, oscil
lator, and mixer applications. Can also be used in UH F converter 
applications. 

• High Current-Gain-Bandwidth Product 
fT ~ 1.6 GHz (Typ) @ IC ~ 8.0 mAde 

• Low Noise Figure -
NF ~ 3.9 dB (Max) @ f ~ 450 MHz - 2N3839 

• Low Collector-Base Time Constant -
rb'Cc ~ 15 ps (Max) @ IE ~ 2.0 mAde 

• Characterized with Scattering Parameters 

• Ideal for Micro-Power Applications 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation @TA = 25°C PD 
Derate above 25°C 

Total Device Dissipation @ T C = 25°C PD 
Derate above 250C 

Storage Temperature Range Tstg 

*Indicates JEDEC ReQistered Data. 

Value 

15 

30 

2.5 

40 

200 
1.14 

300 
1.72 

-65 to +200 

2-350 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

mW 
mW/oC 

°c 

NPN SILICON 
RF SMALL-SIGNAL 

TRANSISTORS 

~:~~~ DIA 

I 
:;~: r-
OIA I r ~o 

1_1' 
0500 
MIN 

~ 

0.100 

Pin 1. Emitter 
2. Base 
3. Collector 
4. Case 

0.028 
0.048 

CASE 20 (101 

TO-72 PACKAGE 

Active Elements Isolated from Case 



2N2857, 2N3839 (continued) 

*ELECTRICAL CHARACTERISTICS (T A: 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ** 
IIc = 3.0 mAde, 16 = 01 

Collector¥Base Breakdown Voltage 

IIC = 1.0"Ade, IE = 01 

Emitter-Base Breakdown Voltage 

(IE = 10 "Ade, IC = 01 

Collector Cutoff Current 

IVCB = 15 Vde, IE = 01 Both Types 
IVCB = 15 Vde, IE = 0, TA = 1500 CI 2N3839 

ON CHARACTERISTICS 

DC Current Gain 

IIC = 3.0 mAde, VCE = 1.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product <D 2N2857 
IIc = 5.0 mAde, VCE = 6.0 Vde, I = 100 MHzl 2N3839 

Collector-Base Capacitance 

IVCB = 10 Vde, IE = 0, I = 0.1 to 1.0 MHzl 

Small-Signal Current Gain 
IIc = 2.0 mAde, VCE = 6.0 Vde, I = 1.0 kHzl 

Collector-Base Time Constant 2N2857 
(IE = 2.0 mAde, VCB = 6.0 Vde, f = 31.9 MHzl 2N3839 

Noise Figure (Figure 1) Both 
liE = 0.1 mAde:VCE = 1.0 Vde, RS = 50 ohms, f = 450 MHzl16> Types 

IIc = 1.5 mAde, V CE = 6.0 Vde, RS = 50 ohms, f = 450 MHzl 2N2857 
2N3839 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
liE = 0.1 mAde, VCE = 1.0 Vde, f = 450 MHzl16> 

IIc = 1.5 mAde, VCE = 6.0 Vde, f = 450 MHzl 

Power Output (Figure 2) 

liE = 12 mAde, VCB = 10 Vde, f = 500 MHzl . 
Indicates JEDEC Registered Data. 

**Motorola quarantees this data in addition to JEDEC Registered Data. 
CD fT is defined as the frequency at which Ihfe! extrapolates to unity. 
@ Micro·Power Specifications. 

2-351 

BVCEO 

BVCBO 

BVEBO 

ICBO 

IT 

Ceb 

hie 

rb'Cc 

NF 

Gpe 

Pout 

15 - - Vde 

30 - - Vde 

2.5 - - Vde 

/.lAde 
- - 0.01 
- - 1.0 

1000 - 1900 MHz 
1000 - 2000 

- 0.7 1.0 pF 

50 - 220 -

4.0 - 15 ps 
1.0 - 15 

dB 
- 5.8 -
- 4.1 4.5 

- - 3.9 

dB 
- 11 -

12.5 - 19 

30 - - mW 



2N2857, 2N3839 (continued) 
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2N2857, 2N3839 (continued) 
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2N2857 I 2N3839 (continued) 

FIGURE 12 - S11.INPUT REFLECTION COEFFICIENT FIGURE 13 - S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 14 - S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 15 - S21, FORWARO TRANSMISSION COEFFICIENT 

2-354 



2N2857, 2N3839 (continued) 

FIGURE 16 - S11. INPUT REFLECTION COEFFICIENT ANO S22. OUTPUT REFLECTION COEFFICIENT 

2-355 



2N2894 (SILICON) 

PNP silicon annular transistor designed for low
level, high-speed switching applications. 

CASE 22 
(TO-18) 

2 O STYLE I: 
o PIN 1. EMITTER 

10 ° 3 2. BASE 
3. COLLECTOR 

*MAXI MUM RA TI NGS ITA = 25°C unless otherwise noted) 

Rating 

Collector-Emitter Voltage (1) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current-Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

(1)Applicable from 0.01 to 10 mAdc. 
* Indicates JEDEC Registered Data 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

PD 

TJ , Tstg 

Value 

12 

12 

4.0 

200 

360 

2.06 

1200 

6.85 

-65 to +200 

FIGURE 1 .,..SWITCHING TIME TEST CIRCUIT 

Vee -2V 

62Q 

lOOQ 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/oC 

mW 

mW/oC 

°C 

.... ---0 Vout TO SAMPLING SCOPE 

0.1 pJ 
2kQ 

Vin 0---..... ----1 t---.... --'V\f\v---t---I 

100Q 

2-356 

Zin~ 100 kQ 
tr~ 1 ns 



2N2894 (continued) 

• ELECTRICAL CHARACTERISTICS IT A" 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
(IC = 10 mAde, Ia = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 10 ~Ade, VBE = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 "Ade. IE = 0) 

EmItter-Base Breakdown Voltage 
(IE = 100 ~Ade, IC " 0) 

Collector-Cutoff Current 
(VCE = 6 Vde, VBE = 0) 

Collector-Cutoff Current 
IV CB = 6 Vde, IE = 0, T A = 125°C) 

Base Current 
(VCE "" 6 Vdc, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 

(Ie ::: 10 mAde, V CE = O. 3 Vde) 

(Ie ::: 30 mAdc, V CE ::: 0.5 Vde) 

(Ie::: 30 mAde, VeE::: 0.5 Vde, T A = _55°C) 

(IC "" 100 mAde, V CE "" 1. 0 Vde) 

Colleetor- Emitter Saturation Voltage (1) 

(IC ::: 10 mAde, IB ::: I mAde) 

(IC ::: 30 mAde, IB ::: 3 mAde) 

(IC = 100 mAde, ~ = 10 mAde) 

Base-Emitter Saturation Voltag (1) 
(Ie::: 10 mAde, IB = 1 mAde) 

(IC '" 30 mAde, IB ::: 3 mAdc) 

(IC ::: 100 mAde, IB ::: 10 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gam-Bandwidth Product 
(IC "" 30 mAde, V CE "" 10 Vde, f "" 100 MHz) 

Output Capacitance 
(V CB ::: :_ Vd~, IE ::: 0, f::: 140 kHz) 

Input Capacitance 
(V BE = -0.5 Vde, IC = 0, I = 140 kHz) 

Turn-On Time, FIgure 1 
(V CC = 2 Vde, V BE(off) ::: 3 Vde, 

Ie ::: 30 mAde, lSI::: 1. 5 mAde) 

Turn-Off Time, Figure 1 
(V CC ::: 2 Vdc, IC ::: 30 mAde, 

Ial = Ia2 = 1. 5 mAde) 

(1) Pulse Test: Pulse Width = 300 j.1S; Duty Cycle::: 1% 

*Indicates JEDEC Registered Data 

Symbol 

BVCEO(sus) 

BVCES 

BVCBO 

BVEBO 

ICES 

ICBO 

IB 

hFE 

VCE(sat) 

VBE(sat) 

IT 

Cob 

Cib 

t on 

toff 

2-357 

Min Max Unit 

Vde 
12 -

Vde 
12 -

Vde 
12 -

Vde 
4.0 -

nAde 
- 80 

J..LAdc 
- 10 

nAde 
- 80 

-
30 -
40 150 

17 -
25 -

Vde 
- 0.15 

- 0.2 

- 0.5 

Vde 
0.78 0.98 

0.85 1.2 

- 1.7 

MHz 
400 

pF 
6.0 

pF 
6.0 

ns 

60 

ns 

90 



2N289S (SILICON) 
2N2896 
'2N2897 

NPN silicon annular transistors designed for small
signal amplifier and general purpose switching appli
cations. 

CASE 22 
(TO-1S) 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

STYLE 1: 
PIN 1. EMITtER 

2. BASE 
3. COLLECTOR 

Symbol 

VCEO 

VCER 

VCB 

VEB 

IC 

Total Device Dissipation @ T A = 25°C PD 
Derate above 25° C 

Total Device Dissipation @ TC = 25°C PD 
Derate above 25° C 

Operating and Storage Junction T J , Tstg 
Temperature Range 

*Indicates JEDEC Registered Data 

2-358 

2N2895 2N2896 2N2897 Unit 

65 90 45 Vdc 

80 140 60 Vdc 

120 140 60 Ydc 

.. 7.0 ... Vdc 

.. 1.0 ... Adc 

.. 0.5 ... watt .. 2.86 ... mWrC 

.. 1.8 .. Watts - 10.3 .. mWrC 

- -65 to +200 - °c 



2N2895, 2N2896, 2N2897 (Continued) 

* ELECTRICAL CHARACTERISTICS (T, = 25'C unless otherwIse noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
(IC = 100 mAde, IB = 0) 2N2895 

2N2896 
2N28q7 

Collector-Emitter Breakdown Voltage III 
(IC " 100 mAde, RBE " 10 ohms) 2N2895 

2N2896 
2N2897 

Collector-Base Breakdown Voltage 
(IC ~ 0,1 mAde, IE " 0) 2N2895 

2N2896 
2N2897 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde, IC = 0) 

Collector Cutoff Current 
(V C B = 60 V de, IE " 0) 2N2895 

2N2896 
2N2897 

(V CB = 60 Vde, IE "0, T A " +150'C) 2N2895 
2N2897 

(V CB = 90 Vde, IE " 0) 2N2896 

(V CB " 90 Vde, IE = 0, T A = +150'C) 2N2896 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC "0) 2N2895 

2N2896 
2N2897 

ON CHARACTERISTICS 

DC Current Gain 
(IC " 10 !JAde, V CE " 10 Vde) 2N2895 

(IC = 100 !JAde, V CE " 10 Vde) 2N2895 

(IC = 1. 0 mAde, V CE " 10 Vdc) 2N2896, 2N2897 

(IC = 10 mAde, V CE " 10 Vde) 2N2895 

(IC " 10 mAde, V CE " 10 Vde, T A " -55°C) 2N2895, 2N2896 

(IC " 150 mAde, V CE " 10 Vde)'(1' 2N2895 
2N2896 
2N2897 

(IC "500 mAde, V CE = 10 Vde) 11' 2N2895 

Collector-Emitter Saturation Voltage t 1) 
(IC " 150 mAde, IB " 15 mAde) 2N2895, 2N2896 

2N2897 

Base-Emitter Saturation Voltage (1) 
(IC " 150 mAde, IB " 15 mAde) 2N2895, 2N2896 

2N2897 

DYNAMIC CHARACTERISTICS 

Current-Gain- Bandwidth Product 
(IC "50 mAde, VCE " 10 Vde, I" 20 MHz) 2N2895, 2N2896 

2N2897 

Output Capacitance 
(V CB = 10 Vde, IE "0, I = 100 kHz) 

Input Capacitance 
(V BE " 0.5 Vde, IC = 0, I = 100 kHz) 

Small~Signal Current Gain 
(IC " 5.0 mAde, VCE = 5.0 Vde, I = 1. 0 kHz) 2N2895 

2N2896, 2N2897 

Noise Figure 
(IC " 0.3 mAde, V CE " 10 Vde, RS = 500 ohms, 2N2895 

1= 1.0 kHz, BW = 15 kHz) 

11' Pulse Test: Pulse Width ~ 300 J.1!5, Duty Cycle ~ 1. 8%. 

'Indieates JEDEC Registered Data 

2-359 

Symbol 

BVCEO(sus) 

BVCER 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

V CE(sat) 

VBE(sat) 

IT 

Cob 

Cib 

hie 

NF 

Min Max Unit 

Vde 
65 -
90 -
45 -

Vde 
80 -

140 -
60 -

Vde 
120 -
140 -
60 -

Vde 
7.0 -

!JAde 
- 0.002 
- 0.01 
- 0.05 

- 2.0 
- 50 

- 0.01 

- 10 

!JAde 
- 0.002 
- 0.01 
- 0.05 

-
10 -

20 -
35 -
35 -

20 -

40 120 
60 200 
50 200 

25 -

Vde 
- 0.6 
- 1.0 

Vde 
- 1.2 
- 1.3 

MHz 
120 -
100 -

pF 
- 15 

pF 
- 80 

-
50 200 
50 275 

dB 
- 8.0 



2N2903 (SILICON) 

2N2903A 

MULTIPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices - 2N2903 
AIVBEI - VBE21 = 20 mVdc (Max) @-55to+250 C 

= 1.0 mVdc (Max) @ +25 to +1250 C 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 5.0 mAdc 

• DC Current Gain Specified - 10 f.1Adc to 1.0 mAdc 

• High Current-Gain-Bandwidth Product -
fT = 60 MHz @ IC = 5.0 mAdc 

"MAXIMUM RATINGS 

Rating 

Coliector·Emitter Voltage 

Collector-Base Voltage 

Emltter~Base Voltage 

Collector Current - Continuous 

Total Power Dissipation @ T A = 25°C 

Derate above 25°C 

Total Power Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 

Temperature Range 

Symbol 

VCEO 

VCB 

VEB 

IC 

Po 

Po 

TJ,Tstg 

Value 

30 

60 

7.0 

50 

One Die Both Die 

200 300 
1.14 1.71 

0.6 1.2 
3.43 6.86 

-65 to +200 

*ELECTRICAL CHARACTERISTICS (each side) (T A = 25°C unless otherwise noted) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/oC 

Watts 
mW/oC 

°c 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustamlng Voltage( 1) 

(lC = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 ).IAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE =' 0.1 ).lAde, IC = 0) 

Collector Cutoff Current 
(VeB = 50 Vdc, IE = 0) 
(VeB = 50 Vdc, IE = 0, TA '= 150°C) 

Emitter Cutoff Current 
(VBE=5DVdc,IC=0) 

(1) Pulse Test Ise Width ~300 ).IS, Duty Cycle"':;;2 0% 
*indlcates JEDEC Registered Data 

VCEO(sus) 

BVCBO 

ICBO 

30 

60 

70 

001 
15 

001 

2-360 

Vde 

Vdc 

Vdc 

).lAde 

).lAde 

NPN SILICON 

MULTI PLE TRANSISTORS 

STYLE 1· 
PIN 1. COLLECTOR 5. EMITTER 

2. BASE 6. BASE 
3 EMITTER 7. COLLECTOR 
4.0MITTEO B. OMITTED 

If:b 1('1 jE 
SEATING K 
PLANE ............... 

JL D 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 

A 8.51 940 0335 0370 
B 775 851 0305 .~4M-C 381 470 0150 0185 
0 0.41 053 0016 0021 
G 508BSC 

o~i~¥o~ H 071 086 
J 07' "' 0029 0045 
K 1270 0500 
M 450 BSC 450 BSC 
N 254BSC 0100BSC 

CASE 654-07 



2N2903, 2N2903A (continued) 

• ELECTRICAL CHARACTERISTICS (each "de) (T, 25 e colm oth".", oot,d) 

Characteristic Symbol Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC 0 10 /lAde, V CE 0 5.0 Vde) 60 -
(IC 0 10 /lAde, V CE 0 5.0 Vde, T A = -55' e) 25 -
(IC = 1. 0 mAde. V CE = 5.0 Vde) 125 625 

(Ie 01.0 mAde. V CE = 5.0 Vde, T A =-55'e) 60 -

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 5.0 mAde. IB = O. 5 mAde) - 1.0 

Base-Emitter Saturation Voltage V BE(sat) Vde 
(IC = 5.0 mAde. IB 0 O. 5 mAde) - 0.9 

SMALL -SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 5.0 mAde. V CE = 10 Vde. I = 30 MHz) 60 -

Output Capacitance Cob pF 

(V CB 0 10 Vde, IE = 0, I = 140 kHz) - 8.0 

Inp"Jt Capacitance Cib pF 
(V BE oO.5Vde. IC = 0, I = 140 kHz) - 10 

Input Impedance h. k ohm 
(lC = 1. 0 mAde. VCE = 5.0 Vde, 1= 1.0 kHz) 

1e 
1.0 -

Voltage Feedback Ratio h X 10- 4 

(lc = 1. 0 mAde, V CE = 5.0 Vde, I = 1. 0 kHz) 
re - 6.0 

Small-Signal Current Gain hie -
(IC = 1. 0 mAde. V CE = 5.0 Vdc. 1= 1. 0 kHz) 150 600 

Output Admittance h }lmhos 

(lC = 1.0 mAde, VCE = 5.0 Vde, 1 0 1.0 kHz) 
oe 

5.0 30 

Input Impedance \b ohms 

(IC = 1.0 mAde, VCB = 5.0 Vde. 1= 1.0 kHz) 20 30 

Voltage Feedback Ratio hrb X 10-4 

(IC = 1.0 mAde. VCB = 5.0 Vde, 1= 1.0 kHz) - 5.0 

Output Admittance hob ilmho 

(IC = 1. 0 mAde. V CB = 5.0 Vde, I = 1. 0 kHz) - 0.2 

Noise Figure NF dB 

(IC = 10 ilAde, V CE = 5.0 Vde, Rs = 10 k ohms, 1= 1. 0 kHz) - 7.0 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (2) hFE1/hFE2 -
(IC = 1. 0 mAde. V CE = 5.0 Vdc) 2N2903 0.8 1.0 

2N2903A 0.9 1.0 

Base-Emitter Voltage Differential 
IV BE1-V BE21 mVde 

(IC = 10 ,;Adc, VCE = 5.0 Vde) 2N2903 - 10 
2N2903A - 5.0 

Base-Emitter Voltage Differential Gradient ,,(V BEl -V BE2) ilVrC 
(Ic = 10 /lAde, V CE = 5.0 Vde, TA = -55'C to +125'C) 

2N2903 "TA - 20 
2N2903A - 10 . IndIcates JEDEC RegIstered Data 

(2)Lowest hFE reading is taken as hFEl for this ratio. 
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2N2904S, AS, 2N2905S, AS 2N29016, A 2N2907, A(sILiCON) 
2N3485, A, 2N3486, A 

PNP SILICON ANNULAR HERMETIC TRANSISTORS 

.. designed for high·speed switching circuits, DC to VH F amplifier 
applications and complementary circuitry. 

• High DC Current Gain Specified - 0.1 to 500 mAde 

• High Current·Gain-Bandwidth Product -
fT = 200 MHz (Min) @ IC = 50 mAde 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 150 mAde 

• 2N2904,A thru 2N2907,A Complement to NPN 2N2218,A, 
2N2219,A, 2N2221,A, 2N2222,A 

• JAN, JTX, JTXV Available, Except 2N2904S, AS, 2N3485 and 2N34B6 

SELECTOR GUIDE 

Characteristic 

BVeEO hFE 

Device le:l0mAdc le= 1.0 mAde 'e=150mAdc Ie = 500 mAdc 
Type Volts Min Min Min Pack_ 

2N2904 40 25 40 20 
TO·39 2N2905 

j 
50 100 30 

2N2906 25 40 20 
2N2907 50 100 30 TO·18 

2N3485 25 40 20 
TO·46 2N3486 50 100 30 

2N2904A 60 40 40 40 
TO·39 2N2905A 

I 
100 100 50 

2N2906A 40 40 40 
TO·1S 2N2907A 100 100 50 

2N3485A 40 40 40 
TO-46 2N3486A 100 100 50 

"MAXIMUM RATINGS 

Rating Symbol Non-A Suffix A-Suffix Unit 

COllector-Emitter Voltage VCEO 40 60 Vdc 

Coliector·Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 600 mAde 

2N2904,A 2N2906,A 2N3485,A 
2N2905,A 2N2907,A 2N3486,A 

Total Device Dissipation 
@TA = 25DC 

Po 600 400 400 mW 

Derate above 2SoC 3.43 2.28 2.28 mW/oC 

Total Device Dissipation PD 3.0 1.8 2.0 Watts 
@TC=2SoC 

Derate above 25°C 17.2 10.3 11.43 mwtOc 

Operating and Storage Junction 
Temperature Range 

T J,T stg -65 to +200 DC 

*1 ndicates JEDEC Registered Data 

2-362 

PNP SILICON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

leASE 79-02 

!! TO·39 

2N2904S,AS 
2N2905.S.AS 

I 
I 

CASE 22·03 
ITO·181 

2N2906.A 
2N2907.A 

CASE 26-03 
ITO-461 

2N3485,A 
2N3486,A 



2N2904S, AS, 2N2905S, AS, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) SVCEO Vde 

IiC = 10 mAde, IS = 0) Non-A Suffix 40 - -
A-Suffix 60 - -

Collector-Base Breakdown Voltage SVCSO 60 - - Vde 

lic = 10 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage SVESO 5.0 - - Vde 

liE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICEX - - 50 nAdc 

(VCE = 30 Vde, VSE = 0.5 Vde) 

Collector Cutoff Current ICBO IJAdc 

(VCS = 50 Vde, IE = 0) Non-A Suffix - - 0.020 
A-Suffix - - 0.010 

(VCS = 50 Vde, IE = 0, TA = 1500 C) Non-A Suffix - - ·20 
A-Suffix - - 10 

Base Cutoff Current la - - 50 nAdc 

(VCE = 30 Vde, VaE = 0.5 VdcJ 

ON CHARACTERISTICS 

DC Current Gain hFE -
lic = 0.1 mAde, VCE = 10 Vde) 2N2904,2N2906,2N3485 20 - -

2N2905,2N2907,2N3486 35 - -
2N2904A,2N2906A,2N3485A 40 - -
2N2905A,2N2907 A,2N3486A 75 - -

(lC = 1.0 mAde, VCE = 10 Vdel 2N2904,2N2906,2N3485 25 - -
2N 2905,2N 2907 ,2N 3486 50 - -

2N2904A,2N2906A,2N3485A 40 - -
2N2905A,2N2907 A,2N3486A 100 - -

(lC = 10 mAde, VCE = 10 Vdc) 2N2904,2N2906,2N3485 35 - -
2N2905,2N2907,2N3486 75 - -

2N2904A,2N2906A,2N3485A 40 - -
2N2905A,2N2907 A,2N3486A 100 - -

(lC = 150 mAde, VCE = 10 Vde)(11 2N2904,A,2N2906,A,2N3485,A 40 - 120 
2N2905,A,2N2907,A,2N3486,A 100 - 300 

(lC = 500 mAde, VCE = 10 Vde)(l) 2N2904,2N2906,2N3485 20 - -
2N2905,2N2907,2N3486 30 - -

2N2904A,2N2906A,2N3485A 40 - -
2N2905A,2N2907 A,2N3486A 50 - -

Collector-Emitter Saturation Voltage(l) VCE(so') Vde 

(lC = 150 mAde, IS = 15 mAdcJ - - 0.4 

(lC = 500 mAde, 18 = 50 mAdel - - 1.6 

Base-Emitter Saturation Voltage VBElsat) Vde 
lic = 150 mAde, la = 15 mAde)(ll - - 1.3 

lic = 500 mAde, IS = 50 mAdcJ - - 2.6 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(21 IT 200 - - MHz 
(lC = 50 mAde, VCE = 20 Vde, f = 100 MHzl I 

Output Capacitance Cob - - 8.0 pF 

(Vca = 10 Vde, IE = 0; f = 100 kHzl 

I nput Capacitance Cib - - 30 pF 

(VSE = 2.0 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 7 26 45 ns 
(VCC = 30 Vde, IC = 150 mAde, 

Delay Time ISl = 15 mAdel td - 6.0 10 ns 

Rise Time 
(Figure 150) 

tr - 20 40 ns 

Turn-Off Time 
(VCC = 6.0 Vde, IC = 150 mAde, 

toff - 70 180 ns 

Storage Time 161 = 162 = 15 mAde) ts - 50 80 ns 

Fall Time 
(Figure 15b) 

'j - 20 150 ns 

Indicates JEDEC Registered Data. 

(l)Pulse Test: Pulse Width ~300 "'S, Duty Cycle ~2.0%. 
(2}fT is defined as the frequ-;;ncy at which jhfej extrapolates to unity. 
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2N2904S, AS, 2N2905S, AS, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A(continued) 

FIGURE 15. - DELAY AND RISE 
TIME TEST CIRCUIT 

INPUT 
Z. = 50n 
PRF = 150 PPS 
RISE TIME" 2.0 os 

50 

-30 

1.0 k 

200 

TO OSCI LLOSCOPE 
RISE TIME" 5.0 os 

INPUT 
Zo=50n 
PRF = 150 PPS 
RISE TIME" 2.0 '" 

OUTLINE DIMENSIONS 

STYLE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

SEATING 
PLANE 

STYLE 1: 
PIN 1. EMITIER 

2. BASE 

FIGURE 15b - STORAGE AND FALL 
TIME TEST CIRCUIT 

+15 V 

1.0 k 

1.0 k 

50 IN91S 

-6.0 

37 

TO OSCILLOSCOPE 
RISE TIME" 5.0 os 

3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.89 9.40 0.350 0.370 
8 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 -

L 6.35 0.250 
M 45° NOM 45° NOM 
P - 1.27 - 0.050 
Q 900 NOM 900 NOM 
R 2.54 - 0.100 -

All JEOEC dimensions and notes apply. 

CASE 79-02 
TO-39 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
S 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
0 0.406 10.533 0.D16 0.021 
E - 0.762 - 0.030 
f 0.406 0.483 0.D16 M19-
G 2.54 BSC 0.100 BSC 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.02B 0.048 
K 12.70 10.500 
L 6_35 - 0.250 
M 450 BSC 450 SSC 
N 1.27 Bse 0.050 Bse 
p - 1.27 0.050 

All JEOEC notes and dimensions apply. 

CASE 22 
TO-18 
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STYLE 1: 
PIN 1. EMITIER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
e 1.65 2.16 0.065 0.OB5 
0 0.406 0.533 O.D16 0.021 
E - 1.02 - 0.040 
F 0.305 0.483 0.012 0.019 
G 2.548SC 0.100 BS 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.02B 0.048 
K 1 .70 - O.>DIl -
L 6.35 0.25 -
M 45 BSC 45 BSC 
N 1.27 BSC 0.050 esc 
P - 1.27 - 0.050 

All JEDEC dimensions and notes apply 

CASE 26 
TO-46 



2N2912 (GERMANIUM) 

CASE 8 

PNP high-speed, high-frequency power transistor 
especially designed for switching and power converter 
circuits operating from low-voltage power sources such 
as solar cells, thermo-electric generators, sea cells, 
fuel cells and 1. 5 volt batteries. 

Collector connected to case 

MAXIMUM RATINGS 
, 

Rating Symbol Rating Unit 

Collector-Emitter Voltage VCEO 5.0 Vdc 

Collector-Base Voltage VCB 15 Vdc 

Emitter-Base Voltage VEB 1.5 Vdc 

Collector Current-Continuous IC 25 Adc 

Base Current-Continuous IB 3.0 Adc 

Total Device Dissipation @ TC = 35°C P D 75 Watts 
Derate above 35°C 1.0 WrC 

Operating and Storage Junction 
T J' Tstg -65 to +110 °c 

Temperature Range 

Lead temperature 1/16" from case for 10 seconds = 240°C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Case 

°JC 1.0 °C/W 

Thermal Resistance, Case to Ambient °CA 30 °C/W 

FIGURE 1-ACTIVE·REGION SAFE OPERATING AREA 
25 

20 
ii: 
:::;: 
~ 
I-
z: ..... 15 c:: 
c:: 
=> u 

\ The Safe Operating Area Curves in. 

\ ,...-dc 
dicate Ic - VCE limits below which 

-- the device will not enter secondary 

r~ breakdown. Collector load lines for 

--:.--5ms specific circuits must fall within the 

\ 
, 

:.--1 ms or less 
applicable Safe Area to avoid caus-

[.....---' ing a catastrophic failure. These 
\ curves are applicable for all case 

temperatures, however, the nominal 
c:: 
0 
I-

&3 10 
...J 
...J 

power-temperature derating is 75 
watts minus 1.0 watt for each °C 
when Tc ~ 35°C . 

0 
U 

.5} 

5.0 

~500mA ,r-l0mA 

2.0 4.0 6.0 8.0 10 12 14 16 18 20 
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N2912 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 2S'C unle •• otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage' 
(IC • 500 mAde, lB' 0) 

Collector-Emitter Sustaining Voltage' 
(IC • 500 mAde, Is • 0) 

Collector Cutoff Current 
(V CE = 15 Vdc, VBE ' 0) 

Collector Cutoff Current 
(V CE • 15 Vdc, RBE • 5. a ohms) 

Collector Cutoff Current 
(V CE' 15 Vdc, VBE(off)' 0.2 Vdc) 

(VCE ' 5. a Vdc, VEB(Off)" 0.2 Vdc, TC = 85'C) 

Collector Cutoff Current 
(VCB .15 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE ' 1. 5 Vdc, IC' 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC' 10 Adc, VCE ' 2.0 Vdc) 

(IC' 5.0 Adc, VCE ' 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 5.0 Adc, Is' 0.5 Adc) 

(IC = 25 Adc, IB • 2.5 Adc) 

Base-Emitter Saturation Voltage 
(IC • 5. a Adc, Is • O. 5 Adc) 

(IC • 25 Adc, Is • 2. 5 Adc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ic· 5. a Adc, V CE • 2.0 Vdc, f. 1.0 MHz) 

Rise Time 
(V cc • 10 Vdc, IC • 5.0 Adc) 

Storage Time 
(V CC = 10 Vdc, IC = 5.0 Adc) 

Fall Time 
(V cc • 10 Vdc, IC • 5.0 Adc) 

'Sweep Test: 1/2 Cycle sine wave, 60 Hz 

FIGURE 2 - TYPICAL COllECTOR CHARACTERISTICS 

!i: 
~ 
~ 
'" '" ::> 
~ 

~ 
fd 

~ 
.!J 

20 

18 

16 

14 

12 

10 
B 

o o 

1oomi.,/~ SOmA 

"-V ". 
40mA 

J 0 ~ 30~ 
1'/ 
'/ 20 mA 

V I 
10 mA 

'j I 
r. I 

~ I, - 0 mA 

0.2 0.4 0.6 0.8 1.0 

VeE, COLlECTOR·EMITIER VOlTAGE !VOlTS) 

Fig. No. Symbol Min Max Unit 

BVCEO 
, 

Vdc 
5.0 -

BV CEO (sus) • Vdc 
5.0 -

ICES mAde 
- 10 

ICER mAde 
- 10 

ICEX mAde 
- 10 

- 15 

ICBO mAde 
- 10 

lEBO mAde 
- 50 

2 hFE -
150 -
200 800 

2 VCE(sat) Vdc 
- 0.12 

- 0.5 

VBE(sat) Vdc 
- 0.5 

- 1.2 

fT MHz 
10 -

3 tr /lS - 2.0 

3 ts /lS - 10 

3 tf /lS - 2.0 

FIGURE 3 - SWITCHING· TIME TEST CIRCUIT 

PRF = 200 Hz 
PW= SO JLS 
ADJUST FOR 
I., (ONI = 0.25 A 
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SCOPE 

2.0!l CARBON 

10V 
+ 



2N2913 thru 2N2920 (SILICON) 

2N2919 JAN, JTX, JTXV Available 
2N2920 JAN, JTX, JTXV Available 

MULTIPLE SI LICON ANNULAR TRANSISTORS 

.. designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices 
- 2N2917, 2N2918 
,'IVBEl ' VBE21 = 1.6 mVde (Maxi @-55to +250 C 

= 2,0 mVde (Maxi @ +25 to +1250 C 

• Low Collector-EmItter Saturation Voltage-
VCE(satl = 0.35 Vdc (Maxi @ IC = 1,0 mAde 

• DC Current Gain Specified - 10 /-lAde to 1,0 mAde 

• High Current,Gain - Bandwidth Product
fT = 60 MHz @ IC = 500 /-lAde 

* MAXIMUM RATINGS 

2N2913 
thru 

Rating Symbol 2N2918 

Collector-Emitter Voltage VCEO 45 

Collector-Base Voltage VCB 45 

Emitter-Sase Voltage VEB 

Collector Current - Continuous IC 

One Die 

Total Power Dissipation @TA = 25°C PD 300 
Derate above 25°C 1.7 

Total Power Disslpatlon@Tc-25OC PD 750 
Derate ahove 25°C 4,3 

Operating and Storage Junction TJ,Tstg 

2N2919 
2N2920 

60 

60 

6.0 

30 

Both Die 

600 
3.4 

1500 
8,6 

Temperature Range -65 to +200 

""'Indicates JEDEC Registered Data 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

mW 
mW/oC 

°c 

NPN SILICON 

MULTIPLE TRANSISTORS 

STYLE I 
PIN 1. COLLECTOR 

2.SASE 
5 EMITTER 
6 BASE 

3 EMITTER 
4 OMITTED 

7 COLLECTOR 
13. OMITTED 

MILLIMETERS INCHES 

~M_ MIN MAX MIN MAX 

1--4--~}mTQ ~45~ 8 775 851 0305 0335 

r+ -~Hni~ 0150 0185 
0,016 0021 

f-4- 508BSC 0200BSC 

f--\L --%H-Hf-~ 0028 0.034 
J 074 114 0029 0.045 

r--+.- 1270 - 0,500 

r-M- 45 0 aSe 450 BSe 
N 254BSC 0100BSe 

CASE 654-07 



2N2913 thru 2N2920(continued) 

ELECTRICAL CHARACTERISTICS (each side) (T. = 2S'C unless otherwise noted) 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(IC 0 10 mAde, IB 0 0) 

Collector-Base Breakdown Voltage 
(IC 0 10 !JAde, IE 00) 

Emitter~Base Breakdown Voltage 
(IE 0 10 !JAde, IC 0 0) 

Collector Cutoff Current 
(VCE 05.0 Vde, IB 00) 

Collector Cutoff Current 
(VCB 045 Vde, IE 00) 

(V CB 0 45 Vde, IE 0 0, TAo 150°C) 

Emitter Cutoff Current 
(VEB 05.0 Vde, IC 00) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(IC 0 10 !JAde, VCE 05.0 Vde) 

(IC 0 10 !JAde, VCE o5.0Vde, TA 0 _55°C) 

(IC 0 100 !JAde, V CE 05.0 Vde) 

(IC 01.0 mAde, VCE 05.0 Vde) 

Collector-Emitter Saturation Voltage 
(IC 0 1. 0 mAde, IB 0 0.1 mAde) 

Base-Emitter On Voltage 
(IC 0 100 !JAde, V CE 0 5.0 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC 0500 !JAde, V CE 05.0 Vde, f 020 MHz) 

Output Capacitance 
(VCB 05.0Vde, IE 00,10 140kHz) 

Input Impedance 
(IC o 1.0 mAde, VCB =5.0Vdc, 101. o kHz) 

Output Admittance 
(IC 0 1.0 mAde, VCB 0 5.0 Vde, 10 1.0 kHz) 

Noise Figure 
(IC 0 10 !JAde, VCE 0 5.0 Vde, RS 0 10 k ohms, 

1 0 1. 0 kHz, BW 0200 Hz) 

(IC 0 10 !JAde, VCE 05.0 Vde, RS 0 10 k ohms, 

10 10 Hz to 15.7 kHz, BW 0 10 kHz) 

DC Current Gain Ratio (2) 
(IC 0 100 !JAde, V CE 05.0 Vde) 

Base-Emitter Voltage Differential 

(IC 0 10 !JAde to 1. 0 mAde, V CE 0 5.0 Vde) 

(Ie 0 100 !JAde, V CE 0 5.0 Vde) 

Base-Emitter Voltage Differential Change Due to Temperature 
(Ie 0100 !JAde, VCE 05.0 Vde, TA 0 -55°C to +25°e) 

(Ie 0 100 /JAde, VCE 05.0 Vde, TAo +25OC to +125°C) 

• Indicates JEDEC Reglstered Data 

111 Pulse Test: Pulse Width ~ 300/JS, Duty Cycle ~ 2.0%. 

(2) Ttie lowest hFE reading is taken as hFEl for this ratio. 

2N2913 thru 18, 
2N2919, 2N2920 

2N2913 thru 18, 
2N2919, 2N2920 

2N2913 thru 18, 
2N2919, 2N2920 

All Types 

2N2913, 15, 17, 19, 
2N2914, 16, 18,20 

2N2913, 15, 17, 19, 
2N2914, 16, 18,20 

2N2913, 15, 17, 19, 
2N2914, 16, 18,20 

2N2913, 15, 17, 19, 
2N2914, 16, 18,20 

2N2914, 16, 18,20, 
2N2913, 15, 17, 19 

2N2914, 16, 18, 20, 
2N2913, 15, 17, 19 

2N2917,18, 
2N2915, 16, 19, 20 

2N2917, 18. 
2N2915, 16, 19, 20 

2N2917,18, 
2N2915, 16, 19,20 

2N2917,18, 
2N2915, 16, 19,20 

2N2917,18, 
2N2915, 16, 19,20 
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Symbol 

BVCEO(sus) 

BVCBO 

BVEBO 

ICEO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

IT 

Cob 

htb 

hob 

NF 

hFE1/hFE2 

IVBE1-VBE21 

t>(VBE1-VBE2) 

Min I Typ I Max Unit 

Vde 
45 
60 -

Vde 
45 
60 -

Vde 
6.0 -

!JAde 
- - 0.002 

!JAde 
- - 0.010 
- - 0.002 
- - 10 

!JAde 
- - 0.002 

-
60 240 

150 - 600 

15 - -
30 - -

100 -
225 - -
150 - -
300 - -

Vde 
- - 0.35 

Vde 
- - 0.7 

MHz 
60 -

pF 
4.0 6.0 

ohms 
25 28 32 

pmhos 
- - 1.0 

dB 

- 2.0 3.0 
- 3.0 4.0 

-
-

2.0 3.0 
3.0 4.0 

-
0.8 - 1.0 
0.9 - 1.0 

mVdc 
- 10 
- - 5.0 

- - 5.0 
- - 3.0 

mVdc 

- - 1.6 
- - 0.8 

- - 2.0 
- - 1.0 



2N2944(SILICON) 
thru 

2N2946 

PNP SILICON ANNULAR TRANSISTORS 

, designed for low-level, high-speed chopper applications. 

• Low Offset Voltage - VEC(ofs) ~ 0.18 mVde (Typ) 
@ I B = 200 !lAde 

• High Emitter·Base Voltage - VEB = 40 Vde (2N2946) 

• Low Dynamic "On" Series Resistance -
rec(on) = 4.0 Ohms (Typi @ IB = 1.0 mAde (2N2944) 

MAXIMUM RATINGS 

Rating Symbol 2N2944 2N2945 2N2946 

·Emltter"Collector Voltage VCEO 10 20 35 

"Collector-Base Voltage VCB 15 25 40 

... Emitter-Base Voltage VEB 15 25 40 

"Collector Current IC 100 

"Total Power DISSipation @ Po 400----
TA c' 25°C 

Derate above 25°C 2.3---_ 

"'Total Power DISSipation @ Po 20 
TC = 25°C 

Derate above 25°C ----11.43 ----

"'Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

"Thermal Resistance, Junction to Ambient ROJA 435 

Thermal Resistance, Junction to Case ReJC 87.5 

"'Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 

mW/oC 

Watts 

mW/oC 

°c 

Unit 

°CM 

°CM 

PNP SILICON 
CHOPPER 

TRANSISTORS 

I 
c 

I TTl 
cp 

STYLE 1 
PIN 1 EMITTER 

2 BASE 
3 COLLEGTOR 

MILLIMETERS 
DIM MIN MAX 

.~ 5.31 584 

'4l-tm--C· 1.65 2.16 

r+- 0.406 0.533 
1.02 

R 0305 0483 
1.54 SSG 

H 0.914 1.17 
J 0.111 1.22 
K 1270 
l 6.35 
M 45" SSG 
N 1.27 8Se 
p 1.27 

1_'_-F'--~~K 

-'--·0 

INCHES 
MIN ~ 
0.209 0.230 

.~~ ~!:-
~~* 

I 0.085 
0.021 

0.OT2 
I 0.040 

0.019 
0.100 SSG 
0.036 0.046 
0.02S 0.048 
0.500 
0.250 

45 SSG 
0.050 sse 

0.050 

All JEDEC dimenSions and notes apply 

CASE 26·03 
TO·46 



2N2944, 2N2945, 2N2946 (continued) 

ELECTRICAL CHARACTERISTICS (TA ~ 250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

'OFF CHARACTERISTICS 

Collector Cutoff Current ICBO nAdc 
(VCB ~ 15 Vde, Ie = 0) 2N2944 - - 0.1 
(VCB = 25 Vde, Ie = 0) 2N2945 - - 0.2 
(VCB ~ 40 Vde, Ie = 0) 2N2946 - - 0.5 

Emitter Cutoff Current leBO nAdc 
(VEB = 15 Vde, IC = 0) 2N2944 - - 0.1 

I (VEB = 25 Vde, IC = O) 2N2945 - - 0.2 
(VEB = 40 Vde, IC = O) 2N2946 - - 0.5 

ON CHARACTERISTICS 

"'DC Current Gain hFE -
(IC = 1.0 mAde, VCE = 0.5 Vdcl 2N2944 80 180 -

2N2945 40 160 -
2N2946 30 130 -

DC Current Gain (inverted connection) hFElinv} -
(I E = 200 "Ade, V EC = 0.5 Vde) 2N2944 6.0 20 -

2N2945 4.0 17 -
2N2946 3.0 15 -

EmItter-Collector Offset Voltage VEC(ols) mVdc 
(IS = 200 "Ade, IE = O! 2N2944 - 0.18 0.3 

2N2945 - 0.23 0.5 
2N2946 - 0.27 0.8 

(I B = 1.0 mAde, IE = 0)' 2N2944 - 0.4 0.6 
2N2945 - 0.5 1.0 
2N2946 - 0.6 2.0 

liB = 2.0 mAde, IE = 0) 2N2944 - 0.8 1.0 
2N2945 - 0.9 1.6 
2N2946 - 1.0 2.5 

'DYNAMiC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
lie = 1.0 mAde, VeE = 6.0 Vde, 1= 1.0 MHz} 2N2944 10 15 -

2N2945 5.0 13 -
2N2946 3.0 12 -

Output Capacitance Cob - 3.2 10 pF 
(VeB = 6.0 Vde, Ie = 0, I ~ 500 kHz) 

Input Capacitance Cib - 1.9 6.0 pF 
(VEB ~ 6.0 Vde, IC = 0, I = 500 kHz) 

Dynamic "On" Series Resistance rec(on) Ohms 
liB = 1.0 mAde, IE = 0, Ie = 100 "Arms, f = 1.0 kHz) 2N2944 - 4.0 20 

2N2945 - 4.5 35 
2N2946 - 5.0 45 

*Indicates JEDEC Registered Data. 
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2N2945A (SILICON) 

2N2946A 

PNP SILICON ANNULAR TRANSISTORS 

... designed for low level, high-speed chopper applications. 

• Low Offset Voltage - VEC(ofs) = 0.23 mVdc (Typ) 
@IB = 200/lAdc (2N2945A) 

• High Emitter-Base Voltage - VEB = 40 Vdc (2N2946A) 

• Low Dynamic "On" Series Resistance -
rec(on) = 5_0 Ohms (Typ) @ IB = 1.0 mAde (2N2945A) 

MAXIMUM RATINGS 

Rating Symbol 2N2946A 2N2946A 

*Emitter-Collector Voltage VECa 20 35 

·Collector-Base Voltage VCB 25 40 

*Emitter-Base Voltage VEB 25 40 

*Collector Current IC 100 

*Total Power Dissipation@TA - 2SoC Po -400-
Derate above 2SoC -2.3------

Total Power Dissipation@Tc=250C Po ------ 2.0 ----
Derate above 2SoC ---11.43-

*Operating and Storage Junction TJ,Tst9 --- -65 to +200 --
Temperature Range 

* Lead Temperature TL -240-
1/16" from Case to 10 seconds 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Thermal Resistance, Junction to Ambient R9JA 435 

Thermal Resistance, Junction to Case R9JC 87.5 

*Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

°c 

°c 

Unit 

°CIW 

°CIW 

PNPSILICON 
CHOPPER 

TRANSISTORS 

STYLE 1: 
PIN 1. EMITIER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.2OB 0.230 
B 4.52 4.95 0.178 0.195 
C 1.65 2.16 0.066 0.85 
0 0.406 0.533 0.016 0.021 

-+-wr - 0.040 

+- 0.483 0.012 0.019 

+- 0.100 BSC 
H .17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 - 0.500 
L 6.35 0.250 -
M 45" BSC 45" B5l; 
N 1.27 SSC 0.0 BS 
P - 1.27 - 0.050 
All JEDEC dimenSIOns and notes apply 

CASE 26-03 
TO-46 



2N2945A, 2N2946A (continued) 

ELECTRICAL CHARACTERISTICS (T A =. 25°C unle •• otherwise noted.1 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Emitter-Collector Breakdown Voltage BVECO Vde 
(IE = 10 "Ade, IB = 01 2N2945A 20 - -

2N2946A 35 - -
·Collector Cutoff Current ICBO nAde 

(VCB = 25 Vde, IE = 01 2N2945A - - 0.2 
(Vce = 40 Vdc, IE = 01 2N2946A - - 0.5 
(VCB = 25 Vde, IE = 0, TA = 1000 CI 2N2945A - - 20 
(VCB = 40 Vde, IE = 0, T A = 1000 CI 2N2946A - - 25 

*Emitter Cutoff Current lEBO nAdc 

(VEB = 25 Vde, IC = 01 2N2945A - - 0.2 
(VEB = 40 Vde, IC = 01 2N2946A - - 0.5 
(VEB = 25 Vde, IC = 0, T A = 1000 CI 2N2945A - - 15 
(VEB = 40 Vde, I C = 0, T A = 100°C I 2N2946A - - 20 

'ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 1.0 mAde, VCE = 0.5 Vdel 2N2945A 70 200 -

2N2946A 50 200 -
DC Current Gain (Inverted Connection) hFElinvl -

Ii B = 200 "Ade, VEC = 0.5 Vdel 2N2945A 30 32 -
2N2946A 20 25 -

Emitter~Collector Offset Voltage VEC(ofsl mVde 
liB = 2001'Ade, IE = 01 2N2945A - 0.23 0.5 

2N2946A - 0.27 0.8 
Ii B = 1.0 mAde, IE = 01 2N2945A - 0.5 1.0 

2N2946A - 0.6 2.0 
(Ie = 2.0 mAde, IE = 01 2N2945A - 0.9 1.6 

2N2946A - 1.0 2.5 

'DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(lC = 1.0 mAde, V CE = 6.0 Vde, I = 1.0 MHzl 2N2945A 10 15 -

2N2946A 5.0 8.0 -

Output Capacitance Cob - 3.2 10 pF 
(VCB = 6.0 Vde, IE = 0, I = 0.1 MHz to 1.0 MHzl 

Input Capacitance Cib - 1.9 6.0 pF 
(V EB = 6.0 Vde, IC = 0, I = 0.1 MHz to 1.0 MHzl 

Dynamic "On" Series Resistance 'ee(onl Ohms 
(IB = 1.0 mAde, IE = 0, Ie = 1001'A'ms, I = 1.0 kHzl 2N2945A - 5.0 6.<1 

2N2946A - 7.0 8.0 

*Indicates JEDEC Registered Data. 
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2N2947(SILICON) 
2N2948 

~ NPN silicon annular transistors for power amplifier 
~ applications to 100 MHz. 

002 STYLEL 

CASE 1 0 0 PIN ; ~~~~TER 
(TO.3) @J CASE-COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS* 

Rating Symbol 2N2947 2N2948 

Collector-Base Voltage VCB 60 40 

Collector- Emitter Voltage VCES 60 40 

Emitter - Base Voltage VEB 3.0 2.0 

Collector- Current (continuous) IC 1.5 

Base-Current (continuous) IB 500 

Power Input (Nominal) P. 5.0 
10 

Power Output (Nominal) P out 
20.0 

Total Device DiSSipation P D 25.0 
@ 25°C Case Temperature 

Derating Factor above 25°C 167 

Junction Temperature TJ 175 

Storage Temperature Range Tstg -65to+175 

*The maximum ratings as given for de conditions can be 

exceeded on a pulse basis. See electrical characteristics. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

mAdc 

Watts 

Watts 

Watts 

mW/"C 

°c 

°c 



2N2947, 2N2948 (Continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unlossotherwise noted) 

Cha racteristic Symbol Test Conditions Min Typ Max Unit 
Collector- Emitter ViII 2N2947: IC =0.250 A, RSE : 0 90 120 -- Volts 
Sustain Voltage 

CES (sus) 

2N2948: IC = O. 250A, RSE = 0 80 100 --
Collector- Emitter- V 111 

CEO(sus) 2N2947: IC = O. 250A, Is = 0 40 -- -- Volts 

Open Sase 
Sustain Voltage 2N2948: IC = O. 250A, IB = 0 20 -- --
Collector- Emitte,' ICES 2N2947' VCE = 60 Vdc, VBE = 0 -- -- 0.5 mAde 
Current 

VCE = 50 Vdc, VBE : 0, TC = 175'C -- -- 1.0 

2N2948: V CE = 40 Vde, V BE = 0 -- -- 0.5 

VCE = 30 Vdc, VBE = 0, TC : 175'C -- -- 1.0 

Collector Cutoff ICBO 2N2947' V CB = 50 Vdc, IE = 0 -- -- I. a !LAdc 
Current 

2N2948: V CB = 30 Vdc, IE = 0 -- -- 1.0 

Emitter Cutol! lEBO 2N2947: V EB = 3 Vdc, IC = 0 -- -- 100 MAde 
Current 

2N294S·. V EB = 2 Vdc, IC = a .- -- lOa 

DC Current Gain hFE 2N2947: IC = 400 mAdc, V CE = 2Vdc 6.0 -- 60 

2N2948: IC = 400 mAdc, V CE = 2 Vdc 2.5 -- lOa 

Both Types: I C = 1 Adc, V CE = 2 Vdc 2.5 -- --

Collector-Emitter 
Saturation Voltage 

V CE(sat) IC = 1. 0 Adc, IB = 500 mAde -- -- 0.5 Vdc 

Base-Emitter VBE(sat) IC = 1. 0 Adc, IS = 500 mAdc -- -- 2.0 Vdc 
Saturation Voltage 

AC Current Gain Ihle l VCE = 2.0 Vdc, IC = 400 mAdc, I = 50 MHz 2.0 -- --
Collector Output 

Capacitance 
Cob V CB = 25 Vdc, IE=O ,f = 100 kHz -- -- 60 pF 

Power Input P. Pout = 15 W, f = 50 MHz, V CE = 25 Vdc 
in 

-- 2.0 3. a Watts 

Efficiency I) IC(max) = lA 2N2947 60 80 -- % 

Power Input Pin Pout = 15 W, f = 30MHz, V CE = 25 Vdc -- 2.0 3.0 Watts 

Efficiency I) IC(max) = 1. a A 2N2948 60 70 -- % 

111 pulse Measurement: Pulse Width ~ 100 MS, Duty Cycle = 2. 0%. 
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2N2947,2N2948 (continued) 

POWER OUTPUT versus FREQUENCY 

5 

1\ 1\ J\ 
1\ 1\" 

5 
2N2948 P I' 

2N2947 _ I--
P," = 3W f\ " 

p,.= 3W 

1\ 
I\.p,. = 2.SW 

20 

" l\ 
VC~ = 25V \'\ ~ To = 2S"C 

o 
10 20 40 60 80 100 200 300 

t, FREQUENCY (MH' I 

POWER OUTPUT versus COLLECTOR VOLTAGE 

20 v ,v 
V 2N2947 

/ 
p,. = 3\'1 
f =: 50 MHz 

To = 2S"C 

V 
V 

o 
o 10 IS 20 25 

Vco, COllECTOR·EMITTERVOLTAGE (VOLTS) 

80 

70 

60 

~ 
~ 50 

u 
~ 40 
~ 
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t; 30 

~ 
20 

10 

OUTPUT CHARACTERISTICS versus POWER INPUT 

20 
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~ 

j 

o 
o 

I 2.0 
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V 

/ 
it/' , 

0.5 

V 
P~i7 

J L--
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./ 
V 

1.5 2,S 
P,", POWER INPUT (WATTS) 

2N2947 
VeE = 25V 
f=50MHz 

Tc::; 2S'C 

o 
3.S 

POWER OUTPUT versus POWER INPUT 

20r-----,-----~----~r-----~----~ 

p,., POWER INPUT (WATTS) 
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2N2949 (SILICON) 

2N29S0 

CASE 23 
(TO·107) 

NPN silicon annular transistors for power amplifier 
and driver applications to 100 MHz. 

2N2949 2N2950 

MAXIMUM RATINGS-

Rating 

Collector- Base Voltage' 

Collector-Emitter Voltage 

Emitter - Base Voltage 

Collector connected to case; 
stud isolated from case 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

Symbol 

VCB 

VCES 

VEB 

Collector Current (Continuous) IC 

Base Current (Continuous) IB 

RF Input Power (Nom) P. 
In 

RF Output Power (Nom) P out 
Total Device Dissipation 

(25°C Case temperature) 
(Derating Factor above 25°C) 

PD 

Total Device Dissipation at 
25° Ambient PD 
(Derating F.actor above 25· C) 

Junction Temperature TJ 

Storage Temperature Range Tstg 

Value Unit 

60 Vdc 

60 Vdc 

3.0 Vdc 

0.7 Adc 

100 mAdc 

1.0 Watt 

5.0 Watts 

6.0 Watts 
40 mW!"C 

2N2949 2N2950 
0.5 0.7 Watt 
3.33 4.67 mW;-C 

175 ·C 

-65 to + 175 ·C 

* The maxImum ratmgs as given for de conditions can be exceeded on a pulse basIs. See Electncal 
Characteristics. 

POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 

/ 
V 

V 
/' 

po. = 0.25W 
f == 50 MHz 

Te == 25 G C 
./ 

g 
~ 3 ~----1------+--'~--~----~~--~ 
=> 

~ 
o 

~ 2 ~----1---~-+~~--~----+-----~ 
lr 
c..1 

V 
/ 

o 
o 5 10 15 20 25 01 0.2 0.3 

Vc" COlLECTOR·EMITTER VOLTAGE (VOLTS) P'" POWER INPUT (WATTS) 
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2N2949,2N2950 (Continued) 

ELECTR ICAL CHARACTER I STI CS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max 

Collector- Emitter Sustain Voltage Y 111 
CES(sus) lCoO. 250 A, RBEo 0 85 120 --

Collector Emitter-Open Base Y CEO{sus\'1 lCoO.250A, IBoO 40 -- --
Sustain Voltage 

Collector-Emitter Current ICES Y CEo 60 Yde, Y BEoO -- -- 100 

Y CE 050 Yde, YBEo 0 -- -- 500 

TC o + 175°C 

Collector - Cutoff Current lCBO Y CB050 Yde, IEoO -- -- 0.1 

Emitter-Cutoff Current lEBO YEBo 3 Yde, ICoO -- -- 100 

DC Current -Gain hFE YCEo 2.0 Yde 5.0 -- 100 

Ico 40 mAde 

Y CE02. 0 Yde 5.0 -- --

Ico 400 mAde 

Collector - Emitter Saturation YCE(sat) IC = 400 mAde, IBo 80 mAde -- -- 0_ 5 
Voltage 

Emitter-Baee Saturation Voltage Y BE (sat) IC0400 mAde, IB °80mAde -- -- 2.0 

AC Current Gain I hIe I Y CE02. 0 Yde 2.0 -- --
lC040 mAde, 1050 MHz 

Collector Output Capacitance Cob Y CBo 25 Yde, I E=O -- -- 20 

10100 kHz 

Power Input P. -- -- 0_ 35 In 

p out=3. 5 watts, f=50 MHz 

Efficiency '1 
V CE025 Yde, IC(max)0325 mA 

43 -- --

111 Pulse Width' 100/1s, Duty Cycle = 2% 

POWER OUTPUT versus FREOUENCY OUTPUT CHARACTERISTICS versus POWER INPUT 
100 

90 

80 

~ 
~ If 70 

12 ~ 

3 ;:-3 z 60 
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~ 
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0 
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~2 
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~ u 

~, 8 30 
~o 

20 

10 

---~-----

-- P,o'-~ 
/ 

- -- / 
/ --

/---,..£9.lL.EFF. '-.. 

II --~ / ~ ~Ic f---

/ 
----~ 

Vc = 25 Vdc 
t---- t =-: 50 MHz 

Te = 2S'C 

o , 
o 01 02 03 04 05 

f, FREQUENCY (~1H/) p.", POWER INPUT (WATTSI 
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Unit 

Volts 

Volts 

MAde 

J.LAdc 

}.lAde 

--

--

Yde 

Yde 

--

pF 

Watt 

% 

800 

'" .5 
~ 
z 

600 ! 
~ 
o 
u 

400 ~ 

~ 

200 



2N295 15 (SILICON) 

2N2952 

c~ CASE~ 
(TO-39) (TO-IS) 

2N2951 2N2952 

Collector connected to case NPN silicon annular Star transistors for power am
plifier applications to 100 MHz. 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

'MAXIMUM RATINGS(l) 

Rating Symbol Value 

Collector-Base Voltage VCB 60 

Collector- Emitter Voltage VCES 60 

Emitter- Base Voltage VEB 5.0 

Collector Current (continuous) IC 250 

Base Current (continuous) IB 50 

2N2951 2N2952 
Total Device Dissipation Pn 

(25°C Case Temperature) 3.0 1.8 
(Derate above 25 0 C) 20 12 

Total Device Dissipation P D 
(25°C Ambient Temperature) 0.8 0.5 
(Derate above 25°C) 5.33 3.33 

Junction Temperature TJ -65 to 175 

Storage Temperature Range Tstg - 65 to 175 

(l)The maximum ratings as ~iven for de conditions can be exceeded on a pulse basis. 
See Electrical Characteristics. 

* Indicates JEDEC Registered Data 
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Units 
Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

Watts 
mWrC 

mWrC 

°c 

°c 



2N2951S, 2N2952 (Continued) 

* ELECTRICAL CHARACTERISTICS (TA" 25°C unless otherwise noted) 

Characteristic Symbol 

Collector- Emitter Current ICES 

Collector Cutoff Current ICBO 

Emitter Cutoff Curr ent lEBO 

DC Current Gain hFE 

Collector-Emitter Saturation Voltage VCE(sat) 

Base-Emitter Saturation Voltage VBE(sat) 

Collector- Emitter Sustain Voltage 111 V CES(sus) 

Collector- Emitter Open Base 111 

Sustain Voltage VCEO(sus) 

AC Current Gain 

Collector Output Capacitance 

Power Input 

Efficiency 

IIIPulse Width = 100 /J.S, Duty Cycle = 2% 

'Indicates JEDEC Registered Data 

I hfe i 

Cob 

P. 
m 

'I 

Conditions 

V CE = 60Vdc, V BE = 0 

V CE = 50Vdc, V BE = 0, TC =175°C 

VaB " 50Vdc, IE = 0 

V EB = 5 Vdc, IC = 0 

IC = 10 mAdc, V CE = 10Vdc 

* IC = 150mAdc, V CE = 10 Vdc 

IC = 150 mAdc, IB = 15 mAdc 

IC = 150 mAde, IB = 15 mAdc 

IC = 100 rnA, R =0 
BE 

IC = 100 rnA, IB = 0 

V CE = 10 Vdc, IC = 10 mAde 

f = 50 MHz 

VCB =10Vdc,IE=O, f=100kHz 

Test Circuit Fig. 1 

Pout = 600 mW 

f = 50 MHz 
V CE = 13.6 Vdc 

IC(max) = 125 rnA 

2·379 

Min Max Unit 

-- 100 /J.Adc 

-- 500 /J.Adc 

-- 0.1 /J.Adc 

-- 100 /J.Adc 

20 150 --
20 -- --
-- 0.5 Vdc 

-- 2.0 Vdc 

30 -- Volts 

20 -- Volts 

4.0 -- --

-- 8.0 pF 

-- 100 mW 

35 - . % 



2N2951S, 2N2952 (continued) 
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R, = SOn 

NOTE: 
GROUND POINT must be kept as close as 
possible to the transistor emitter lead. 
Transistor must be mounted with heat sink. 



2N2955 (Ge Mesa) 

2N2956 

CASE 22-03 
(TO-18) 

STYlE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

PNP germanium mesa transistors for high
speed switching applications. 

* MAXIMUM RATINGS (TA ~ 25°C unless otherwise noted) 

Rating Symbol Value 

Collector-Base Voltage VCB 40 

Emitter-Base Voltage VEB 3.5 

2N2955 25 
Collector-Emitter Voltage 2N2956 VCEO 20 

2N2957 18 

Collector Current - Continuous IC 100 

JWlction Temperature TJ 100 

Storage Temperature Tstg -65 to +100 

Total Device Dissipation @ T C = 25°C PD 300 

Derate above 25°C 4.0 

Total Device Dissipation @ T A = 25°C PD 150 

Derate above 25°C 2.0 

*Indicates JEDEC Registered Data 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

GENERATOR 
ZOUT:::; 50n 
INPUT PULSE, 
tr=tf~l ns 

INPUT PULSE WIDTH, 
100 nsec (50% OUTY CYCLE) 

°LI 
-IOV 

IKn 

51n 

v" = +4.4V 

2-381 

Ics ::::: - 50 mAde 
1.1 ::::: - 5 mAde 
In::::: - 5 mAde 
VUIOFFI ::= +2.2 Vdc 

SCOPE 
Z!N ~ 1 MEGn 
C1N ~ 20 pF 
t, ~ 1 ns 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

mW 

mWtC 

mW 

mW/oC 



2N2955, 2N2956 (Continued) 

* ELECTRICAL CHARACTERISTICS (T A ~ 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie ~ 100 /.lAde, IE~ 0) 40 ---

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE ~ 100 /.lAde, Ie ~ 0) 3.5 ---

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC ~ 10 mAde) 2N2955 25 ---

2N2956 20 ---
Collector-Emitter Reverse Current IcEX /.lAde 

(VCE ~ 25 Vde, VEB = 0.5 Vde) --- 10 

Base Leakage Current IBL "Adc 
(VCE ~ 25 Vdc, VEB = 0.5 Vdc) --- 10 

On Characteristics 
Forward Current Transfer Ratio hFE ---

(Ie = 10 mAde, VCE = 1 Vde) 2N2955 20 ---
2N2956 30 ---

(IC ~ 50 mAde, VCE ~ 1 Vde) 2N2955 20 60 
2N2956 40 120 

(IC= 100 mAde, VCE ~ 1 Vde) 2N2956 30 ---
Collector-Emitter Saturation Voltage VCE (sat) Vde 

(Ie " 10 mAde, IB ~ 1 mAde) 2N2955 --- 0.20 
2N2956 --- 0.18 

(IC ~ 50 mAde, IB ~ 5 mAde) 2N2955 --- 0.30 
2N2956 --- 0.25 

(Ie ~ 100 mAde, IB ~ 10 mAde) 2N2956 --- 0.34 

Base-Emitter Voltage VBE Vde 
(Ie ~ 10 mAde, IB ~ 1 mAde) 2N2955 --- 0.50 

2N2956 --- 0.47 

(IC ~ 50 mAde, IB ~ 5 mAde) 2N2955 --- 0.65 
2N2956 --- 0.60 

(IC ~ 100 mAde, IB ~ 10 mAde) 2N2956 --- 0.70 

TranSient Characteristics 
Output Cap~eitanee Cob pF 

(VCB ~ 5 Vde, IE ~ 0, f ~ 1 MHz) --- 4.0 

Small Signal Forward Current hre ---
Transfer Ratio (VCE ~ 5 Vdc, 2N2955 2.0 ---
IC ~ 10 mAde, f ~ 100 MH,) 2N2956 2.5 ---

Delay Time td ns 
(VCC ~ 12 Vde, Ies ~ 50 mAde, --- 15 
IB1 ~ 5 mAde, VBE (Off) ~ 2.2 Vde) 

Rise Time tr ns 
(same conditions as td) 2N2955 --- 40 

2N2956 --- 30 

Storage Time ts ns 
(VCC ~ 12 Vdc, Ies ~ 50 mAde, 2N2955 --- 40 
IB1 ~ 5 mAde, IB2 ~ 5 mAde) 2N2956 --- 55 

Fall Time tf ns 
(same conditions as ts ) 2N2955 --- 40 

2N2956 --- 35 

*Indicates JEDEC Registered Data 

2-382 



2N2959S(SILICON) 

2N3116 

NPN silicon annular transistors for high-speed 
~ SWjtc~jng and amplifier applications. 

\\ 0 STYLE! 
1 0 

0 0 3 PIN I. EMITTER 
2. BASE 

CASE 79 
(TO-39l 

CASE 22 3. COLLECTOR 

(TO-18) 

2N2959 2N3116 

Collector connected to case 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector-Current IC 

Total Device Dissipation PD 
25°C Case Temperature 

Derate above 25°C 

Total Device Dissipation PD 
25°C Ambient Temperature 

Derate above 25°C 

Junction Temperature Range TJ 

Storage Temperature Range Tstg 

* Indicates JEDEC Registered Data 

2-383 

2N2959 2N3116 Unit 

60 60 Vdc 

20 20 Vde 

5.0 5.0 Vdc 

600 600 mAde 

3.0 1.8 watts 
20 12 mW/oC 

0.6 0.4 Watts 
4.00 2.67 mW/oC 

-65 to +175 °c 

-65 to +200 °c 



2N2959S, 2N3116 (Continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted I 

Characteristic 

Collector Cutoff Current 
(VCB = 50 Vdc, IE = 0) 
(VCB = 50 Vdc, IE = 0, TA = 150oC) 

Collector Cutoff Current 
(VCE = 30 Vdc, VBE = 0.5 Vdc) 

Base Cutoff Current 
(VCE = 30 Vdc, VBE = 0.5 Vdc) 

Collector-Base Breakdown Voltage 
(IC = 10 !JAde, IE '" 0) 

Collector-Emitter Breakdown Voltage 111 

(IC = 10 mAde, pulsed, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !JAde, Ie = 0) 

Collector Saturation Voltage 111 

(IC = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage 111 

(IC = 150 mAde, IB = 15 mAde) 

DC Forward Current Transfer Ratio 
(Ie = 150 mAde, 2N2958, 2N3115 
VCE = 10 Vdc) 2N2959, 2N3116 

Common-Base Open Circuit Output Capacitance 
(VCB = 10 V, IE = 0, f = 100kHz) 

Delay Time 
(VCC = 30 V, ICS = 150 rnA, IBl = 15 rnA) 

Rise Time 
(VCC = 30 V, ICS = 150 rnA, IB1 = 15 rnA) 

Storage Time 
(VCC = 6 V, les = 150 rnA, IBI = 15 rnA, 

IB2 = 15 rnA) 

Fall Time 
(VCC = 6 V, les = 150 rnA, IBI = 15 rnA, 

IB2 = 15 rnA) 

Current Gain-Bandwidth Product 
(IC = 20 rnA, VCE = 20 V, f = 100 MHz) 

111 PULSE TEST: Pulse width ..c. 300 ,",5, duty cycle ..c. 2% 

*Indicates JEDEC Registered Data 
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Symbol 

ICBO 

leEX 

IBL 

BVCBO 

BVCEO 

BVEBO 

VCE (sat) 

VBE (sat) 

hFE 

Cob 

td 

tr 

ts 

tr 

fT 

Min Max Unit 

}J. Adc 

--- 0.025 
--- 15 

}J.Adc 

--- .050 

}J.Adc 

--- .050 

Vdc 
60 ---

Vdc 
20 ---

Vdc 
5.0 ---

Vdc 

--- 0.5 

Vdc 

--- 1.3 

---
40 120 

100 300 

pF 

--- 8.0 

ns 
--- 20 

ns 
--- 75 

ns 
--- 300 

ns 
--- 200 

MHz 
250 ---



2N3009 (SILICON) 

2N3013 
2N3013JAN AVAILABLE 

2N3014 NPN silicon epitaxial switching transistors designed 
for high-speed, medium-power saturated switching 
applications 

CASE 27 
(TO·52) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

'MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage (I) 
2N3009, 2N3013 

Symbol Value Unit 

VCEO Vdc 
15 

Collector Connected to CasE.! 
2N3014 20 

Collector-Emitter Voltage V CES 

Collector-Base Voltage VCE 

Emitter-Base Voltage VEE 
2N3009 

2N3013. 2N3014 

Collector Current - Continuous IC 

(10 MS pulse) Peak 

Total Device Dissipation@TA ::; 2SoC P D 

Derate above 25°C 

Total Device DiSSipation@T C :::: 25° C PD 

@T C = 100'( 

De rate above 25 0 C 

Operating and Storage Junction TJ , T stg 
Temperature Range 

(I) Applicable from 0.01 mA to 10 mA (Pulsed) 

, Indicates JEDEC Registered Data 

40 Vdc 

40 Vdc 

Vdc 
4.0 
5,0 

200 mAdc 

500 

0.36 Watt 

2.06 mW/'C 

1. 20 Watts 

0.68 Watt 

6.85 mW/'C 

-65 to +200 'c 

FIGURE 1 - TURN·ON AND TURN·OFF TIME TEST CIRCUIT 

Type Test 

2N3009 
ton & toff 

2N3013 

2N3014 ton 
t off 

VBB 

Rl 
V 0 • .1 

in J.lF 

Z in = 50 ~ I ~~3 ...... "'R"'4-+-{. 

TO SAMPLING 
SCOPE 

Input Z " 100 k~ 

SWITCHING TEST CIRCUIT VALUES 
V. VBB VCC R1 R2 R3 R4 t 

1U r 
(volts) (ohms) 

11 -5.0 15 300 50 75 170 <1. 0 
7.0 GND 2.0 

100 62 100 2.0 k <1. 0 
-13 7.0 2.0 

INPUT PUL~'E 
t f Pulse Width 

(nanoseconds) 

<1. 0 >100 

- >200 

FIGURE 2 - CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

o l 
-lO~ 

V. 
1U 

Pulse Generator 
V. Rise Time = 1 ns 

1U 

V. 
In 

Source Impedance = 50 ~ 

"A" 
0.1 JlF 

890 0.1 J.lF 1 k 
Vout 

91 
_+-"'F::.:1:..:O",%'--r-_ at point "A" 

T V 
To Oscilloscope s out 
Input Impedance = 50 ~ 11 V ~ 10 J.lF 10 J.lF ~ 10 V 

+ -+ --

Rise Time = 1 ns 

Yin Rise Time less than 1 ns PW = 300 ns Duty Cycle = 2% 

2-385 



2N3009, 2N3013, 2N3014 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwlse nuted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sust.lining- Volta[..!.c (1) 

(IC = 10 mAde, IB = 0) 2N3009, 2N3013 
2N3014 

Collector-EmItter Breakdown Voltage 
(Ie = 100 "Ade, V BE = 0) 

Collector-Base Breakdown Voltage 
(Ie = 100 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 "Ade, IC = 0) 2N3009 

2N3013, 2N3014 

Collector-Cutoff Current 
(V CE = 20 Vde, V BE = 0) 2N3009 

(V CE = 20 Vdc, V BE = 0, T A = +85° C) 2N3009 

(VCE = 20 Vde, VBE = 0) 2N3013, 2N3014 

(V CE = 20 Vde, V BE = 0, TA = +125°C) 2N3013, 2N3014 

Base Current 
(V CE = 20 Vde, V BE = 0) 2N3009 

2N3013, 2N3014 

ON CHARACTERISTICS 111 

DC Current Gain 
(IC = 30 mAde, V CE = O. 4 Vde) All Types 

(IC = 10 mAde, V CE = 0.4 Vde) 2N3014 

(IC = 100 mAde, V CE = O. 5 Vde) 2N3009, 2N3013 

(IC = 100 mAde, V CE = 1. 0 Vde) 2N3014 

(IC = 300 mAde, V CE = 1. 0 Vde) 2N3009, 2N3013 

(IC = 30 mAde, V CE = 0.4 Vde, T A = _55° C) 2N3013, 2N3014 

Collector-Emitter Saturation Voltage 
(IC = 30 mAde, IB = 3.0 mAde) All Types 

(IC = 100 mAde, IB = 10 mAde) 2N3009, 2N3013 

(IC = 100 mAde, IB = 10 mAde) 2N3014 

(IC = 300 mAde, IB = 30 mAde) 2N3009, 2N3013 

(IC = 10 mAde, IB = 1. 0 mAde) 2N3014 

(IC = 30 mAdo, IB = 3.0 mAde, TA = +85°C) 2N3009 

(IC = 30 mAde,IB =3.0 mAde,TA =+125°C) 2N3013, 2N3014 

Base-Emitter Saturation Voltage 
(IC = 30 mAde, IB = 3.0 mAde) All Types 

"C = 100 mAde, IB = 10 mAde) All Types 

(IC = 300 mAde, IB = 30 mAde) 2N3009, 2N3013 

(IC = 10 mAde, IB = 1. 0 mAde) 2N3014 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 

(IC = 30 mAde, V CE = 10 Vde, I = 100 MHz) 

Output Capacitance 
(VeB = 5.0 Vde, IE = 0, 1= 140 kHz) 

Input Capacitance 

(V BE = 0.5 Vde, IC = 0, I = 140 kHz) 

Turn-On Time (Figure 1) 
(VEB(off) = 5.0 V, VCC = 15 V, IC = 300 mAde, IBI = 30 mAde) 

2N3009, 2N3013 

IV EBloff) = 0, V CC = 2.0 V, IC = 3(} mAde, IBI = 3. 0 mAde) 

2N3014 

Turn-Off Tllne (Figure 1) 

(Vec = 15 V, IC = 300 mAde, IBI = IB2 = 30 mAde) 

2N3009, 2N3013 
IV CC = 2.0 V, Ie = 30 mAde, IBI = IB2 =3.0 mAde) 2N3014 

Chal'[.',e-Stor.l~e Time (Fih'Ure 2) 
(IC = IBl = IB2 = 10 mAde) 

(1) Pulse Test: Pulse Wtdth = 300 liS: Duty Cycle ~ 2%. 

*Indicates JEDEC Registered Data 2-386 

Symbol 

BV CEO(susj 

BVCES 

BVCBO 

BVEBO 

ICES 

IB 

hFE 

V CE(sat) 

V BE(sat) 

IT 

Cob 

Clb 

t 
on 

toff 

t s 

Min Max Unit 

Vde 
15 -
20 -

Vdc 
40 -

Vde 
40 -

Vde 
4.0 -
5.0 -

/lAde 
- 0.5 

- 15 

- 0.3 

- 40 

/lAde 
- 0.5 
- 0.3 

30 120 

25 -
25 -
25 -
15 -
12 -

Vde 
- 0.18 

- 0.28 

- 0.35 

- 0.50 

- 0.18 

- 0.30 

- 0.25 

Vde 
0.75 0.95 

- 1. 20 

- 1. 70 

0.70 0.80 

MHz 
350 -

pF 
- 5.0 

pF 
- 8.0 

ns 

- 15 

- 16 

ns 

- 25 

- 25 

ns 
- 18 



2N3010 (SILICON) 

NPN SILICON SWITCHING TRANSISTOR 

. designed primarily for high·speed, saturated switching ap
plications. 

• High Speed Switching Times@ Ie = 10 mAdc

ton';;; 12 ns (Maxi 
toff';;; 12 ns (Maxi 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage (1) VCEO 6.0 

Collector-Emitter Voltage VCES 11 

Collector-Base Voltage VCB 15 

Emitter-Base Voltage VEB 4.0 

Collector-Current - Continuous IC 50 

Total Power Dissipation @ T A = 25°C Po 0.30 
Derate above 25°C 1.71 

Operating and Storage Junction TJ, T stg -65 to +200 
Temperature Range 

Lead Temperature TL 300 
(Soldering. 60 second time timit) 

*Indicates JEDEC Registered Data. 
(1) applicable from 0.01 mAde to 10 mAde (Pulsed)' 

FIGURE 1 - TURN·ON AND TURN·OFF 
TIME TEST CIRCUIT 

GENERATOR 
RISETIME< IOns 
DUTPUTZ=50!l 
PULSEWIDTH=200ns 

'" 
VSB" -1 OV 

Vm • +60 V 

OSCILLOSCOPE 
Vee: +1 0 V RISE TIME ~ 0 4ns 

INPUT Z = 5011 

50 

toft 
VBB"'+50 V 
Vln=-40V 

~40~1O%V," 
90%Vout 

toll 

FIGURE 2 - CHARGE-STORAGE TIME 
TEST CIRCUIT 

GENERATOR 
RISETIME< 1.0 ns 
OUTPUTZ=50n 
PULSEWIOTH = 200ns 

+S.2V 

U 
-3.3V 'jj" 

SOl 

+3.0 V 

so 

OSCILLOSCOPE 
RISETlME=1)4ns 
INPUTZ= SOn 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

°c 

°c 

NPN SILICON 
SWITCHING 

TRANSISTOR 

PIN I. EMITTER 
2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 
B 
C 
o 
E 
F 
o 
H 
J 
K 
L 
M 45 
N 
P 0.050 

AU JEDEC notes and dimensions apply. 

CASE 22·03 
ITO·1S) 



2N3010 (continued) 

'ELECTRICAL CHARACTERISTICS ITA 0 2SOC unless otherwise noted.! 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEOlsusl Vde 
Ilc ~ 10 mAde, IS ~ 01 6.0 -

Collector-Emitter Breakdown Voltage SVCES Vde 
IIc ~ 10 "Ade, VSE ~ 01 11 -

Collector-Base Breakdown Voltage SVCSO Vde 
IIC ~ 10 "Ade, IE ~ 01 15 -

Emitter-Base Breakdown Voltage SVESO Vde 
liE 0 10 "Ade,lc ~ 01 4.0 

Col lector Cutoff Current ICES /-LAde 
IVCE ~ 11 Vde, VSE 0 01 -- 10 
IVCE ~ 5.0 Vde, VSE ~ 01 - 0.1 
IVCE 05.0 Vde, VSE ~ 0, TA ~ +850 CI - 5.0 

Base Cutoff Current ISL - 10 ,uAdc 

IVCE 011 Vde, VESloffl ~ 01 

ON CHARACTERISTICS 111 

DC Current Gain hFE -
Ilc ~ 1.0 mAde, VCE 0 0.4 Vdel 15 -
IIc 0 10 mAde, VCE 0 0.4 Vdel 25 125 
IIc ~ 30 mAde, V CE 0 0.4 Vdel 15 -

Collector-Emitter Saturation Voltage VCEls.tl Vde 
Ilc ~ 1.0 mAde,lS 0 0.1 mAdel - 0.25 
IIc ~ 10 mAde, I S ~ 1.0 mAdel - 0.25 
Ilc ~ 30 mAde, IS ~ 3.0 mAdel - 0.38 
IIC ~ 10 mAde, IS ~ 1.0 mAde, TA ~ 850CI - 0.4 

Base-Emitter Saturation Voltage VSElsatl Vde 
Ilc ~ 1.0 mAde,ls 0 0.1 mAdel 0.68 0.85 
IIC ~ 10 mAde, IS ~ 1.0 mAdel 0.75 0.95 
(Ic ~ 30 mAde, IS 03.0 mAdel - 1.3 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC ~ 10 mAde, VCE ~ 4.0 Vde, I ~ 100 MHzl 600 -

Output Capacitance Cob pF 
IVcs 0 5.0 Vde, IE ~ 0, I ~ 140 kHzl - 3.0 

Input Capacitance Cib pF 
(VBE ~ 0.5 Vde, IC 0 0, f - 140 kHzl - 2.0 

SWITCHING TIMES 

Turn-On Time (Figure 1) ton ns 
(VCC ~ 1.0 Vde, VBE(offi' ~ 1.0 Vde, IC 010 mAde, 

ISl '" 2.0 mAdel - 12 

Turn-Off Time (Figure 1) toff ns 

(VCC~ 1.0Vde,IC~ 10mAde,ISl "'IS2",'.0mAdel - 12 

Charge Storage Time (Figure 2) ts ns 
IIC~ ISl "'IS2~ 5.0mAdel - 6.0 

*Indicates JEDEC Registered Data. 
111 pulse Test: Pulse Length 0 300 "s; Duty Cycle';;; 2.0%1 

2-388 



2N30 11 (SILICON) 

NPN silicon low-power transistor primarily de
signed for high-speed, saturated switching applications. 

STYLE 1: 
PIN 1. EMITTER 

CASE 22 
(TO-18) 

Collector connected to C8se 

*MAXIMUM RATINGS 

Rating 

2. BASE 
3. COllECTOR 

Collector-Emitter Voltage(l) 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter- Base Voltage 

Collector-Current-Continuous 

Peak (10 j.l.S Pulse) 

Total Device Dissipation @ T A =25°C 

De rate above 25°C 

Total Device Dissipation @ TC =25°C 

TC =100°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol 

VCEO 

VCES 

VCB 

VEB 

IC 

PD 

PD 

T J' T stg 

(l)Applicable from 0.01 rnA to 10 rnA (Pulsed) 

* Indicates JEDEC Registered Data 

Value 

12 

30 

30 

5_0 

200 

500 

0.36 

2.06 

1. 20 

0.68 

6.85 

-65 to 
+200 

FIGURE 1 - CHARGE-STORAGE TIME TEST CIRCUIT 

-1:=a= 
Yin 

V in Rise Time s 1. 0 ns 

Source Impedance = son 

56 

"A" 
0.1 IlF 

500 

+ 
ltV 

890 0.1 IlF 1. 0 k 
500 

91 

0.0023 IlF 0.0023 IlF 

+ - + 
+ 
10 V 

10 10 

Yin Rise Time less than 1. 0 ns L.-. ..... --..... ----t----_------' 
PW;< 300 ns 
Duty Cycle s 2.0% 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 

mWjOC 

Watt 

mWjOC 

°c 

To Sampling Oscilloscope 
Input Impedance = 50 n 
Rise Time s 1. 0 ns 



2N3011 (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25"C unless otherwise noted) 

Characteristic Symbol Min 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) BV CEO(sus) 
(IC = 10 mAde, IB = 0) 12 

Collector-Emitter Breakdown Voltage 
(IC = 10 !lAde, V BE = 0) 

CoUector-Base Breakdown Voltage 
(IC = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 !lAde, IC = 0) 

Collector Cutoff Current 
(V CE = 20 Vde, V BE = 0) 

(VCE = 20 Vde, VBE = 0, TA = +8S0C) 

Base Cutoff Current 
(V CE = 20 Vde, V BE = 0) 

ON CHARACTERISTICS 11) 

DC Current Gain 
(IC = 10 mAde, V CE = O. 35 Vde) 

(IC = 30 mAde, V CE = 0.4 Vde) 

(IC = 100 mAde, V CE = 1. 0 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1.0 mAde) 

(IC = 30 mAde, IB = 3.0 mAde) 

(IC = 100 mAde, IB = 10 mAde) 

(IC = 10 mAde, IB = 1. 0 mAde, TA = +85° C) 

Base-Emitter Saturation Voltage 
(IC = 10 mAde, IB = 1. 0 mAde) 

(IC = 30 mAdc, IB = 3. 0 mAde) 

(IC = 100 mAde, IB = 10 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 20 mAde, V CE = 10 Vde, I = 100 MHz) 

Output Capacitance 
(V CB = 5.0 Vde, ~ = 0, I = 140 kHz) 

Turn-On Time (Figure 2) 
(V CC = 2.0 Vde, V EB(oll) = 0, IC ~ 30 mAde, IBI ~ 3.0 mAde) 

Turn-Off Time (Figure 2) 
(V CC = 2.0 Vde, IC = 30 mAde, IBI ~ -IB2 ~ 3.0 mAde) 

Charge Storage Time (Figure I) 
(IC = IBI ~ -IB2 ~ 10 mAde) 

11) Pulse Test: Pulse Length = 300 !l5, Duty Cycle 5 2.0%. 
• Indicates JEDEC Registered Data 

BVCES 
30 

BVCBO 
30 

BVEBO 
5.0 

ICES 
-
-

IBL 
-

hFE 
30 

25 

12 

VCE(sat) -
-
-
-

VBE(sat) 
0.72 

-
-

IT 
400 

Cob -
t on -

toff 
-

t s -

FIGURE 2 - TURN-ON AND TURN-OFF TIME TEST CIRCUIT 
VCC ·2.0V 

100 

Vln O.I!lF 2.0 k 

Rise Time <I.~ O'I-...... ~-'\_~~ 
Pulse Width> 200 na 100 
Zin = 5011 

Ton: VBB Grounded 

Vln =7.0V 

-= ":' 
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To Oscilloscope 
Rise Time < 1. 0 os 
Input R > 100 k 

Toff: VBB = 7.0 V 

V ln • -13 V 

Max Unit 

Vde 
-

Vde 
-

Vde 
-

Vde 
-

!lAde 
0.4 

10 

!lAde 
0.4 

-
120 

-
-

Vdc 
0.20 

0.25 

0.50 

0.30 

Vde 
0.87 

1.15 

1. 60 

MHz 
-

pF 
4.0 

ns 
IS 

ns 
20 

ns 
13 



2N 30 12 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for use in medium-speed saturated sWItching applications. 

• Collector-Emitter Sustaining Voltage
VCEOlsusl ~ 12 Vdc@ IC = 10 mAde 

• Low Collector-Emitter Saturation Voltage -
VCElsatl = 0.15 Vde@ IC = 10 mAde 

L-_______ ~_ ..... _ .. ___ ._ ... _________ ~ 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voitage VCEO ! 12 Vdc 

Collector-Base Voltage , \feB ! 12 , Vde i 
Emitter-Base Voltage VEB I 4.0 i Vdc 

I 
Collector Current Continuous Ie I 200 I mAde 

Total Device Dlssioation@TA. - 2SoC PC) 

~ ~: :,~~:;)~ Derate above 25°C 

Total Device Dissipation@Tc = 25°C PD 1.2 Watts 
Derate above 25°C 6.85 WI DC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

*Indicates JEOEC Registered Data. 

2-391 

Jl 

PNP SILICON 
SWITCHING 

TRANSISTOR 

,·E 

J 
I 

SEATING / 
PLANE 

-- --- D 

All JEDEC notes anrl ril!TlenSIOIlS apply 

CASE 22·03 
(TO-181 



2N3012 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) 12 - Vde 

(lC = 10 mAde, IB = 0) 

(Emitter-Base Termination - Open Base) 

Collector-Emitter Breakdown Voltage BVCES 12 - Vde 

(lC = 10 !lAde, VBE = 0) 

Collector-Base Breakdown Voltage BVCBO 12 - Vde 

(lC = 10 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - Vde 

(IE = 100 !lAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 6.0 Vde, VBE = 0) - 80 nAdc 

(VCE = 6.0 Vde, VBE = 0, TA = +850 C) - 5.0 !lAde 

Base Current IB - 30 nAdc 

(VCE = 6.0 Vde, VBE = 0) -

ON CHARACTERISTICS 

DC Current Gain(1) hFE -

(lc = 10 mAde, VCE = 0.3 Vde) 25 -

(lc = 30 mAde, VCE = 0.5 Vde) 30 120 

lir. = 100 mAde, VCE = 1.0 Vde) 20 -

Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 

(lc = 10 mAde, IB = 1.0 mAde) - 0.15 

(I C = 30 mAde, I B = 3.0 mAde) - 0.2 

(I C = 30 mAde, 18 = 3.0 mAde, T A = +850 C) - 0.4 

(lC = 100 mAde, 18 = 10 mAde) - 0.5 

Base-Emitter Saturation Voltage(1) VBE(satl Vde 

(lC = 10 mAde, IB = 1.0 mAdcl 0.78 0.98 

lic = 30 mAde, 18 = 3.0 mAdcl 0.85 1.2 

(lc = 100 mAde, 18 = 10 mAde) - 1.7 

SMALL·SIGNAL CHARACTERISTICS 

Output Capacitance 6.0 pF 

(VCB = 5.0 Vde, IE = 0, I = 140 kHz) 

I nput Capacitance 6.0 pF 

(VE8 = 0.5 Vde, IC = 0, I = 140 kHz) 

Smail-Signal Current Gain hie 4.0 

(lc = 30 mAde, VCE = 10 Vde, I = 100 MHz) 

SWITCHING CHARACTERISTICS (See Figure 1) 

Turn-On Time (VCC = 2.0 Vdc, le",,30 mAde, 181",1.5 mAdcl 'on - 60 ns 

Turn-Off Time 1Vec = 2.0 Vde, le""30 mAde, 181 = 182",,1.5 mAde) toll - 75 ns 

"'Indicates JEDEC Registered Data. 

(1)Pulse Test: Pulse Width = 300 /.ls, Duty Cycle"'" 1.0%. 

FIGURE 1 - TURN·ON AND TURN·OFF TIME TEST CIRCUIT 

Pulse Source 
RiseTime< 1.0ns 
Pulse Width> 200 ns 
lin:= 50 Ohms 

100 

0.1 

Vin i=1-...... ---"2V'.0V'k.,-+-t 

·20 V 

62 

Vout 

To Sampling Scope 
Input R > 100 k Ohms 

Rise Time < 1.0 ns 

2·392 

Notes: 
(1) Collector Current:::::30 mA 

(2) Turn On and Turn Off Base Currents ~1.5 mA 

(3) ton Vas = +3.0 V Vin = -7.0 V 

toff VSS = -4.0 V Vin "" +6.0 V 



2N3013 
2N3014 

For Specifications, See 2N3009 Data. 
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2N 30 195 (SILICON) 

2N3020S 

NPN silicon annular transistors designed for high
current, high-frequency amplifier applications. 

CASE 79 
(TO-39) 

Collector connected to case 

2 STYLE 1 1000 j_ PIN L EMlfTER 
2, BASE 
3, COLLECTOR 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

I 
Tota! Device Dissipation @ T. = 25°C 

Derate above 25"C P.. 

I Total Device @ = 25°C 
Derate above 

Operating Junction Temperature Range 

Storage Temperature Range 

*Indicates JEDEC Reg! stered Data 

2-394 

Symbol Value Unit 

VCEO 80 Vdc 

VCB 140 Vdc 

VEB 7.0 Vdc 

IC l.0 Adc 

PD 0.8 W 
4.6 mW/"C 

PD 5.0 W 
28.6 mW/"C 

TJ i -65 to +200 °c 

Tstg I -65 to T 200 °c 



2N3019S, 2N3020S (continued) 

* ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(IC = 30 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 90 Vde, IE = 0) 

(V CB = 90 Vde, IE = 0, T A = 150°C) 

Emitter Cutoff Current 
(VBE = 5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 

(IC = 0.1 mAde, VCE = 10 Vde) 2N3019 
2N3020 

(IC = 10 mAc, VCE = 10 Vde) 2N3019 
2N3020 

(IC = 150 mAde, VCE = 10 Vde) 2N3019 
2N3020 

(IC = 150 mAde, VCE = 10 Vde, TC = _55°C) 2N3019 

(IC = 500 mAde, VCE = 10 Vde) 2N3019 
2N3020 

(IC = 1 Ade, V CE = 10 Vde) Both Types 

Collector-Emitter Saturation Voltage (1) 

(IC = 150mAde, IB = 15 mAde) 

(IC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage (1) 
(IC = 150mAde, IB = 15 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 50 mAde, V CE = 10 Vde, f = 20 MHz) 2N3019 

2N3020 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 1 MHz) 

Input Capacitance 
(V BE = O. 5 Vde, IC = O. f = 1 MHz) 

Small-Signal Current Gain 
(IC = 1 mAde, V CE = 5 Vde, f = 1 kHz) 2N3019 

2N3020 

Collector- Base Time Constant 
(lc = 10 mAde, V CE = 10 Vde, f = 4 MHz) 

Noise Figure 
(IC = 100 /lAde, V CE = 10 Vde, f = 1 kHz, RS = 1 kohm) 2N3019 

(1) Pulse Test: Pulse Width ~ 300 /lS, duty cycle;; 1% 
*Indtcates JEDEC Registered Data 
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Symbol Min 

BVCEO 
80 

BVCBO 
140 

BVEBO 7.0 

ICBO -
-

lEBO -

hFE 
50 
30 

90 
40 

100 
40 

40 

50 
30 

15 

V CE(sat) -
-

VBE(sat) -

fT 
100 
80 

Cob -
Cib 

-

hfe 
80 
30 

r'C 
b e -

NF 
-

Max Unit 

Vde 
-

Vde 
-

Vde 
-

/lAde 
0.010 

10 

/lAde 
0.010 

-
-
100 

-
120 

300 
120 

-
-
100 

-
Vde 

0.2 

0.5 

Vde 
1.1 

MHz 
-

pF 
12 

pF 
60 

-
400 
200 

400 ps 

dB 
4.0 



2N3021 (SILICON) 
thru 

2N3026 

HIGH-SPEED SILICON PNP POWER TRANSISTORS 
· .. designed for high·speed switching and high-frequency amplifier 
applications. 

• Collector-Emitter Sustaining Voltage-
VCEO(sus) = 30 Vdc (Min) - 2N3021, 2N3024 

= 45 Vdc (Min) - 2N3022, 2N3025 
= 60 Vdc (Min) - 2N3023, 2N3026 

• Low Coliector·Emitter Saturation Voltage -@ IC = 3.0 Adc 
VCE(sat) = 1.5 Vdc (Max) - 2N3021, 2N3022, 2N3023 

= 1.0 Vdc (Max) - 2N3024, 2N3025, 2N3026 

• DC Current Gain -@ IC = 1.0 Adc 
hFE = 20·60 - 2N3021, 2N3022, 2N3023 

= 50-180 - 2N3024, 2N3025, 2N3026 

• Current-Gain-Bandwidth Product -
fT = 100 MHz (Typ) @ IC = 0.5 Adc 

• Recommended for High·Current Core Switching and Class C 
Power Amplifier Applications 

*MAXIMUM RATINGS 

Rating Symbol 2N3021 2N3022 2N3023 
2N3024 2N3025 2N3026 

Collector-Emitter Voltage VCEO 30 45 60 

Collector-Base Voltage VCS 30 45 60 

Emitter-Base Voltage VES . 4.0 . 
Collector Current ContInuous IC 3.0 . 

Peak . 10 

Base Current IS 0.5 

Total Device DissipgtlOn @ TC 25 C PD . 25 
Derate above 25 C -0.167 . 

Operating and Storage Junction TJ,Tstg --65to+175--
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

hermaJ Resistance, Junction to Case 

"'Indicates JEDEC Registered Data. 

FIGURE 1 - POWER DERATING 

5 

"'-. 
"-

'" 5 "-

'" 1"'-. 
"-

0 '" I',. 

o "" o 25 50 75 100 125 150 175 200 

TC, CASE TEMPERATURE lOCI 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wtc 
°c 

3 AMPERE 
POWER TRANSISTORS 

PNPSILICON 
30,45,60 VOLTS 

25 WATTS 

STYLE 1, 
PIN 1. BASE 

2. EMITTER 
CASE, COllECTOR 

Lr~ r~K ESEATIN(~ j 
PLANE 

MIlliMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
B' 21:08 0.830 
C 6.35 7.62 0.250 0.300 
0 0.99 1.09 0.039 0.043 
E 3.43 0.135 
F 29.90 30.40 1.177 1.197 
G 1G.67 11.18 0.420 0.440 
H 5.33 5.59 0.210 0.220 
J 16.64 17.15 0.655 0.675 
K 11.18 12.19 0.440 0.480 
Q 3.B4 4.09 0.151 0.161 
R 16.67 1.050 

Collector connected to case. 
CASE 11 



2N3021 thru 2N3026 (continued) 

• ELECTRICAL CHARACTERISTICS (T C = 2SOC unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 
Collector·Emltter Sustaining Voltage ( 1) 

(Ie'" 100 mAde, IS '" 0 

(Ie = 50 mAde, IS '" 0 

(Ie'" 20 mAde, Ie =0 

Collector Cutoff Current 

(VCE = 25 Vdc, VBE(offl = 2.0 Vdcl 

(VCE = 40 Vdc, VBE(offl = 2.0 Vdcl 

(VCE = 54 Vdc, VBE(offl = 2.0 Vdcl 

(VeE'" 15 Vdc, VeE(off) = 2.0 Vdc, 

TC = 1500 CI 

(VeE'" 25 Vdc, VBE(off) '" 2.0 Vdc, 

TC == 150°C) 

(VeE;: 35 Vdc, VeE(off) '" 2.0 Vdc, 

TC = 150°CI 

Emitter Cutoff Current 

(VSE = 4.0 Vdc, Ie '" 0) 

ON CHARACTERISTlCS(11 
DC Current Gain 

(Ie'" 1.0 Adc, VeE"" 2.0 Vdc) 

CollectC?r-Emitter Saturation Voltage 

IIC = 3.0 Adc, IB = 0.3 Adcl 

Base-EmItter Saturation Voltage 

(Ie'" 3.0 Adc, IS '" 0.3 Add 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 

(Ie"" 0.5 Adc, VeE"" 15 Vdc, f test '" 30 MHz) 

SWITCHING CHARACTERISTICS 

Turn On Time 

2N3J21,2N3024 

2N3J22,2N3025 

2N3J23,2N3026 

2N3J21,2N3024 

2N3J22,2N3025 

2N3J23,2N3026 

2N3J21,2N3024 

2N3J22,2N3025 

2N3J23,2N3026 

2N3021,2N3022 

2N3023 

2N3J24.2N3025, 

2N3026 

2N3J21,2N3022, 

2N3023 

2N3J24,2N3025, 

2N3026 

(Vee'" 12 Vde, V8E(off~ == 0, Ie'" 1.0 Ade, 18 == 100 mAde) 

Storage Time 

(Vee == 12 Vde, Ie == 1.0 Ade, IS1 '" IS2 '" 100 mAde) 

Fall Time 

(Vee'" 12 Vde, Ie'" 1.0 Ade 181"" 182 '" 100 mAde) 

*Indlcates JEDEe Registered Data 
(1) Pulse Test: Pulse Width <300 /J.S, Duty Cycle < 1.0%. 

(2) fT eo I hfel - f test ' 

FIGURE 2 -- SWITCHING TIME TEST CIRCUIT 

tr, tf<10ns 
DUTY CYCLE ~ 1.0% 

lN916 

For information on Figures 3 and 6, VBB """ 3.0 V 
AS and A C were varied to obtain 
desired test conditions. For td and 
tr specifications, remove diode and 
set V1 '" O. 

VCC 

-12 V 

RC 
lUI 

VCEO(sus) 

ICEX 

lEBO 

hFE 

VCE(sat) 

VSE(sat) 

ton 

1000 

700 

500 

300 

]: 200 

w ,. 
100 >= 
70 

50 
r---+-

30 

20 

10 

Min Max Unit 

Vdc 

3J 

45 

60 

mAde 

0.2 

0.2 

0.2 

2.0 

2.0 

2.0 

mAde 

1.0 

20 60 

50 180 

Vdc 

1.5 

1.0 

Vdc 

1.5 

100 

325 

75 

FIGURE 3 -- TURN-ON TIME 

'r@VCC- 3O V ICIIB 10-
TJ 250C-

"'-
"'-

" "-
ld@VBE(off) 4.0 V 

I II ....... ..... 
I II 

0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMPI 
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2N3021 thru 2N3026 (continued) 

FIGURE 4 - THERMAL RESPONSE 

0 1. 

O. 
O. 
7~O 0.5 
5 

~ ffi O. 31--
:EN 
c::::::i 0.2 
W<{ 

i=~ 
I 

7 
~ ~ o. 
~ ~ 0.0 
;;2 ~ 0.05 
>-t;; 
:g ~ 0.03 

0.01 

1 

.....:: 
~ 

0.2 

0.1 

0.05 

~ 
::::, 
'-.. 

8JC(I) = r(t) 8JC 
8JC - 6.0 ocm Max 

o CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT 1) --P TJ(pk) TC P(pk) 8JC(I) ---
~& • 0.02 1-2-1

-

• 0.01 
SINGrE P~LSEI 

12 

I I I ~UTYICYCLEi 0 =11)/tf I I 
0.0 

0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

10 

5.0 
0: ,. 
"" 1. 0 
>-

FIGURE 5 - ACTlVE·REGION SAFE OPERATING AREA 

I,,,", '\ 
5.0", 

~ 1. 

'" 
0=== 

de 
50",~ 

TJ=175 C 

~ O. 

'" 
~ : 

5 - BONDING WIRE LIMITED - THERMALL Y LIMITED @TC 25°C 5~Oil 
2 

(SINGLE PULSE) 
--- SECOND BREAKDOWN LIMITED 

CURVES APPLY BELOW 5.0 ms 
1 

o 
~ 0.0 

RATED VCEO 
b--=-

] 

5 

2 

1 

0.0 

0.0 
1.0 

1000 

700 

500 

300 

200 

~ 100 

;: 70 

50 

30 

20 

10 

" 

2N3021,2N3024 
2N3022, 2N3025:-= '= 2N3023,2N3026 

1.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

FIGURE 6 - TURN·OFF TIME 

IC/IB = 10= 
IBl IB2-
TJ 250C-

-0;;:::: :--
ts= t::::= 

...... 
If@VCC=30V I--

II II 
0.Q3 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMP) 

I, TIME (m. 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

o 
The data of Figure 5 is based on TJlpkl = 175 C; TC is 

variable depending on conditions. Second breakdown pudse 
limits are valid for duty cycles to 10% provided T J(pk) ~175 C. 
T J(pk) may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown.ISoe AN-4151. 

1000 

700 

500 

FIGURE 7 - CAPACITANCE 

TJ 250 C 
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~ 200 -- Cib 
z 
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2N3021 thru 2N3026 (continued) 

z 
<1 
to 
>-

10 0 
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111 

o TJ=+150OC 

~ 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 

*Applies for Ie/Is < hFE/2 
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2N3043 thru 2N3048 (SILICON) 

MULTIPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general·purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices -
2N3044,2N3047 
AIVBEl . VBE21 = 10 /l Vdc (Max) @-55to +250 C 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 mAdc 

• DC Current Gain Specified - 10/iAdc to 1.0 mAdc 

• High Current·Gain-Bandwidth Product -
fT = 30 MHz @ I C = 1.0 mAdc 

~MAXIMUM RATINGS 

Rating Symbol 

Coliector·Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Value 

45 

45 

5.0 

30 

One Die Both Die 

Total Power Dissipation @ T A"" 25°C Po 250 350 
Derate above 2SoC 1.67 2.33 

Total Power Dissipation@ TC = 25°C PD 0.7 1.4 
Derate above 25°C 4.67 9.33 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

*Indicates JEDEC Registered Data. 

2-400 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

°c 

NPN SILICON 

MULTIPLE TRANSISTORS 

[~; ~: OF I =~ 1 
10 --l R I-I-+-R L---I. 
r-Ki B I K--1~ 
I L-c::J L .-l 
I r L II F 

STYlE 1: 
PIN 1 BASE 

2. EMITIER 
4. EMITTER 
5. BASE 
7. COLLECTOR 
9. COLLECTOR 

MILLIMETERS 
DIM MIN MAX 

A 6.10 7.36 

• 2.92 4.06 
C 0.76 2.~ 
0 0.38 0.48 
F 0.06 0.15 
G 1.27 sse 
H 0.89 
K 3.81 -
N 2.54 sse 
R 127 

INCHES 
MIN MAX 
0.240 0290 
0.115 0.10 
0.030 0.080 
0014 0.019 
DOD 0,008 

0.050Bse 
0.035 

0.150 
0.100 Bse 

0.050 

CASE 61QA·Q3 



2N3043 thru 2N3048 (continued) 

'ELECTRICAL CHARACTERISTICS (each side) (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
(Ic = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 MAde, IC = 0) 

Collector Cutoff Current 
(VCB = 45 Vde, IE = 0) 

(V CB = 45 Vde, IE = 0, T A = +150°C) 

Emitter-Base Cutoff Current 
(VEB = 4 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 

(IC = 10 MAde, V CE = 5 Vde) 2N3043, 
2N3046, 

(IC = 1 mAde, V CE = 5 Vde) 2N3043, 
2N3046, 

Collector-Emitter Saturation Voltage 
(Ie = 10 mAde, IB = O. 5 mAde) 

Base-Emitter On Voltage 
(IC = 10 mAde, V CE = 5 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(Ie = 1 mAde, VeE = 5 Vdc, f = 20 MHz) 

Output Capacitance 
(V CB = 5 Vde, IE = 0, I = 1 MHz) 

Input Impedance 
(IC = 1 mAde, VCE = 5 Vde, 1= 1 kHz) 2N3043, 

2N3046, 

Small-Signal Current Gain 
(Ie = 1 mAde, V CE = 5 Vdc, 1= 1 kHz) 2N3043, 

2N3046, 

Output Admittance 
(Ie = 1 mAde, VeE::: 5 Vdc, 1= 1 kHz) 2N3043, 

2N3046, 

Noise Figure 
(Ie = 10 ).lAde, V CE = 5 Vdc, 

~ = 10k ohms. Bandwidth = 10 Hz to 15.7 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (2) 
(IC = 10 MAde, V CE = 5 Vde) 2N3043. 

2N3044, 

Base-Emitter Voltage Differential 
(IC = 10 MAde, V CE = 5 Vde) 2N3043, 

2N3044, 

Base-Emitter Voltage Differential Temperature Gradient 

(IC = 10 MAde, V CE = 5 Vde, T A = -55 to +125°C) ~~~g:!: 

• Indlcates JEDEC RegIstered Data 

(llPulse Test: Pulse Width ~ 300 }.lS; Duty Cycle oG 2% 
(2)The lowest hFE reading is taken as hFEI for this test. 

2N3044, 
2N3047, 

2N3044, 
2N3047, 

2N3044, 
2N3047, 

2N3044, 
2N3047, 

2N3044, 
2N3047, 

2N3046 
2N3047 

2N3046 
2N3047 

2N3046 
2N3047 

2-401 

Symbol Min 

BVCEO(sus) 
45 

BVEBO 
5.0 

ICBO 
-

-

lEBO 
-

2N3045 
hFE 

100 
2N3048 50 

2N3045 130 
2N3048 65 

VCE(sat) -

VBE(on) 
0.6 

IT 
30 

Cob -
h. 

2N3045 1e 3.2k 
2N3048 1. 6k 

2N3045 
hIe 

130 
2N3048 65 

h 
oe 2N3045 -

2N3048 -
NF 

-

hFE/hFE2 
0.9 
0.8 

IVBE1 - VBE21 
-
-

",(VBE1 - VBE:J -
"'TA -

Max Unit 

Vde 
-

Vde 
-

).lAde 
0.010 

10 

/.lAde 
0.010 

-
300 
200 

-
-

Vde 
1.0 

Vde 
0.8 

MHz 
-

pF 
8.0 

Ohms 
19k 
13k 

-
600 
400 

J.lmhos 
100 

70 

dB 

5.0 

-
1.0 
1.0 

mVdc 
5.0 
10 

MV;oC 
10 
20 



2N3053S(SILICON) 
2N3053AS 

NPN SILICON TRANSISTORS 

· .. designed for general-purpose, medium-current amplifier ap
plications. 

• Collector-Emitter Breakdown Voltage - 2N3053A 
BVCEO~ 60Vdc IMinl @ IC~ 100!1Adc 

• Low Collector-Emitter Saturation Voltage - 2N3053A 
V CE Isatl ~ 0.3 Vdc IMaxl @ I C ~ 150 mAdc 

*MAXIMUM RATINGS 

Rating Symbol 2N3053 2N3053A 

Collector-Emitter Voltage (1) VCEO 40 60 

COllector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 700 

Total Power Dissipation@Tc'" 25°C Po 5.0 
Derate above 25°C 28.6 

Operatmg and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

Lead Temperature 1/16",±'1/32" From TL +235 
Case for 105 

*THERMAL CHARACTERISTICS 

Characteristic symbolJ Max 

Thermal Resistance, Junction to Case 
ROJC I 35 

"'Indicates JEDEC Registered Data. 
(1) Applicable 0 to 100 rnA (Pulsed); 

Pulse Width ~300,usec., Duty Cycle ~2.0% 
o to 700 mA; Pulse Width < 10f.J.sec., Duty Cycle <2.0% 

2-402 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watts 
mW/oC 

°c 

°c 

Unit 

°C/W 

NPN SILICON 

TRANSISTORS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.89 9.40 0.350 0.370 
B 800 8.51 0315 0335 
c 610 6.60 0240 0.260 
D 0406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0406 0483 0.016 0019 
G 4.83 5.33 0190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0029 0.040 
K 1270 - 0.500 -

l 6.35 0.250 
M 45° NOM 450 NOM 
P 1.27 0.050 
U 90° NOM 900 NOM 
R 2.54 0.100 

All JEDEC dimensIOns and Ilotesapply. 

CASE 79-02 
TO-39 



2N3053S, 2N3053AS (continued) 

·ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

'OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (2) BVCEO Vde 
(lC = 100 mAde, IB = 0) 2N3053 40 -
(IC= l00"Ade,IB =0) 2N3053A 60 -

Collector-Emitter Breakdown Voltage (2) BVCEA Vde 
(lC = 100 mAde, ABE = 10 Ohms) 2N3053 50 -

2N3053A 70 -
Collector-Base Breakdown Voltage BVCBO Vde 

II C = 100 "Adc, IE = 0) 2N3053 60 -
2N3053A 80 -

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vde 

liE = 100 "Ade, IC = 0) 

Emitter Cutoff Current lEBO - 0.25 !lAde 
(VBE = 4.0 Vde, IC = 0) 2N3053 

Base Cutoff Current IBEV J.LAdc 

(VCE = 60 Vde, VBE(off) = 1.5 Vdc) 2N3053A 0.25 

Collector Cutoff Current ICEV - 0.25 !lAde 
(VCE = 30 Vde, VBE(off) = 5.0 Vde) 2N3053 

(VCE = 60 Vde, VEB(off) = 1.5 Vde) 2N3057A 

'ON CHARACTERISTICS (1) 

DC Current Gain hFE -
IIc = 150 mAde, VCE = 2.5 Vde) 25 -
IIc= 150 mAde, VCE= 10Vde) 50 250 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
IIC= 150mAde,IB= 15 mAde) 2N3053 - 1.4 

2N3053A - 0.3 

Base-Emitter Saturation Voltage VBE(sat) Vde 
IIc= 150mAde,IB= 15mAde) 2N3053 - 1.7 

2N3053A 0.6 1.0 

Base-Emitter On Voltage VBE(on) Vde 
IIc = 150 mAde, VCE = 2.5 Vdc) 2N3053 - 1.7 

2N3053A - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gam-Bandwidth Product IT 100 - MHz 
(IC = 50 mAde, VCE = 10 Vde, f = 20 MHz) 

Output Capacitance Cob - 15 pF 
(VCB = 10 Vde, IE = 0, 1= 140 kHz) 

Input Capacitance Cib - 80 pF 
(V BE = 0.5 Vde, IC = 0, f = 140 kHz) 

*Indlcates JEDEC Registered Data. 
(2) Pulse Test. Pulse Width ';;;300!ls, Duty Cycle ';;;2.0%. 

2-403 



2N30S4A (SILICON) 

MEDIUM-POWER NPN SILICON TRANSISTOR 

· .. designed for general purpose switching and amplifier applications. 

• Aluminum TO-66 Package for Better Power Handling Capability -
75 Watts @ TC = 250 C 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 3.0 Amperes 

• Complement to PNP Type 2N6049 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VeEO 55 

Collector-Emitter Voltage VeER 60 

IRSE = 100 n I 

Collector-Base Voltage VCS 90 

Emitter-Base Voltage VES 7.0 

Collector Current - Continuous IC 4.0 

Peak 10 

Base Current IS 2.0 

Total Device Dissipation @ T C '" 25°C Po 75 

Derate above 25°C 0.43 

Operating and Storage Junction, TJ, Tstg -65 to +200 

Temperature Range 

""Indicates JEDEC Registered Data 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER·TEMPERATURE DERATING 
80 

- ~ 0 

~ 

"" 0 

'" "'" 0 

0 ~ 

0 I"-.. 
~ o 

o 20 40 60 80 100 120 140 160 180 200 

TC, CASE TEMPERATURE lOCI 

2-404 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WIDe 

De 

4AMPERE 

POWER TRANSISTOR 
. NPN SILICON 

STYLE 1: 
PIN 1. 8ASE 

2. EMITTER 

55 VOLTS 
75 WATTS 

CASE: COLLECTOR I AU ~-

LX ---~~----
Tj ---~ 

E 
SEATING PLANE 

MILLIMETERS 
DIM MIN MAX 
B 11.94 12,70 
C 6,35 8.64 
D 0.71 0.86 
E . 1.27 1.91 
F 24,33 24.43 
G 4.83 5.33 
H 2.41 2.67 
J 14.48 14.99 
K 9.14 -
P 1.27 
a 3.61 3.86 
S - 8.89 
T 3.68 
U 15.75 

INCHES 
MIN MAX 

0.470 0,500 
0.250 0.340 
0.028 0.034 
0.050 0.D75 
0.958 0.962 
0.190 0.210 
0,095 0.105 
0.570 0.590 
0.360 -

0.050 
0.142 0.152 

- 0.350 
0.145 
0.620 

All JEQEC Dimensions and and Notes Apply. 

CASE 80·02 
TO-66 



2N3054A (continued) 

ELECTRICAL CHARACTERISTICS ITC ~ 250 unless otherwise noted) 

Characteristic 

'OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(IC = 100 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage (1) 
IIC = 100 mAde, RBE = 100 n) 

Collector Cutoff Current 
IVCE = 30 Vde, IB ~ 0) 

Collector Cutoff Current 
(VCE = 90 Vde, VBE loff) = 1.5 Vde) 
IVCE = 90 Vde, VBE(off) = 1.5 Vde, TC ~ 1500 C) 

Emitter Cutoff Current 
(VBE = 7,0 Vde, IC = 0) 

'ON CHARACTERISTICS 11) 

DC Current Gain 
(lC = 0,5 Ade, VCE = 4.0 Vdci 
(lc = 3,0 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 500 mAde, IB = 50 mAde) 
IIC =3.0 Ade, I B = 1.0 Adci 

Base-Emitter On Voltage 
IIC = 500 mAde, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 200 mAde, Vr.F = 10 Vde) 

"'Small-Signal Current Gain 
(IC = 100 mAde, VCE = 4.0 Vde, I = 1.0 kHz) 

"'Common-E mitter Cutoff Frequency 
IIc = 100 mAde, VCE = 4.0 Vde) 

*Indicates JEDEC Registered Data 

(1) Pulse test: Pulse Width <300 Ms, Duty Cycle <2.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 

APPROnXTURN.ON PULSE 
+11 V I 

..., \J 
Vin I 

VBElott) -, ~ - - - - -

" APPROX 
+11 V 

t3 

VCCo-~oM".-..., 

-4.0 V 
11 < 15 ns 

100<t2<500", 
t3 < 15 ns 

DUTY eYCLE "'" 2.0% 
APPROX 9.0 V 

t2 

TURN·OFF PULSE 
~ 

SCOPE 

Symbol 

VCEOlsus) 

VCERlsus) 

ICEO 

ICEX 

lEBO 

hFE 

VCE Isat) 

VBE Ion) 

3.0 

2. 0 

1. 0 

5 

IT 

hie 

Ihle 

:s 

Min Max 

55 -

60 -

- 500 

- 1.0 
- 6.0 

- 1.0 

25 100 
5.0 -

- 1.0 
- 6.0 

- 1.7 

3.0 -

25 180 

30 

FIGURE 3 - TURN-ON TIME 

1 11 

I~/I~ ~ \0 
TJ - 25°C 

tr@Vee 30 Vdc 
]: o. 

:E 0.3 
;:: 

- tr @Vee - 10 Vdc 

2-405 

0.2 

O. 1 

0.05 

0.03 

-

0.04 0.06 

I 

:--- td@'VBElotf)=O , 

0.1 0.2 0.4 0.6 1.0 

IC, COLLECTOR CURRENT lAMP) 

Unit 

Vde 

Vde 

/LAde 

mAdc 

mAdc 

-

Vde 

Vde 

MHz 

-

kHz 

2.0 4.0 



2N3054A (continued) 

FIGURE 4 - THERMAL RESPONSE 

I. 0 

~ O. 71==0-0.5 
iii O. 
z 
~w o . 
.... '" 

5 

3f---0!Z 

~~ o. Z 

~~ 
::b~ o. 

0.1 

1'==0.05 

7F--0.OZ fa:i 0.0 
!::::! ffi 0.0 5 
.... '" 
~ I- 0.0 

~ 0.0 

-
31--'" 

r:;. 

Z 

1 

~ I::;;;; ;::::~ 

1'0.01 
i' i---,I I 

-rniirE 

0.0 
0.01 O.OZ 0.03 0.05 0.1 0.2 0.3 0.5 

0JC(I) = ~I) OJC 
Pf OJC = Z.330cm MAX 
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FIGURE 5 - ACTIVE·REGION SAFE OPERATING AREA 

.. 
'" ~ 
~ 
<r 

0 

.0 

.0 

. 01--I-

.0 

5.0ms~ ~1.0 ms3;.0.5:' 

f---TJ 2000C 
, 

SECOND BREAKDOWN LIMITED " '" :; 1. 

f--
-- - - BONDING WIRE LlMITEO I 1\ \ 

o E -- - - - THERMAL LlMITATION@ TC - 250C 

~ o. 
8 o. 
~ o. 

7F-= 

5 
Curves Apply Below Rated VCEO 

-- r-t--d~"\; 
3 

o. 2 

O. 1 
2.0 3.0 5.0 7.0 10 20 30 40 50 60 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

3. 

2. 

1. 

O. 

w O. 
'" 

0 

0 

0 

5P- r-
3 

i= O. 2 

O. 1 

0.0 

0.0 

5 

3 

tf 

0.04 0.06 0.1 

FIGURE 6 - TURN-OFF TIME 

IIBI = IBZ 
ICIIB = 10 

Is "7t- ITJ = 250C 

@VCC = 30 Vdc 

\ 
If@VCC = 10 Vdc 

0.2 0.4 0.6 1.0 

IC. COLLECTOR CURRENT (AMP) 

'-

2.0 4.0 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown . 
Safe operating area curves indicate Ie - VeE limits of,the tr~n
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pk) = 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cvcles to 10% provided T J(pk) <200°C. T J{pk) may be 
calculated from the data In Figure 4. At high case temperature., 
thermal limitations will reduca the power that can be handled to 
values lass than the limitations impoled bV second breakdown. 
(5 •• AN·415). 

FIGURE 7 - CAPACITANCE 

30 0 
T~ = i50t 
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0 Cib 

0 

........ 
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Cob 
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0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 50 100 

VR, REVERSE VOLTAGE (VOLTS) 

2-406 



2N3054A (continued) 
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FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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2N3055 (SILICON) 

HIGH POWER NPN SILICON POWER TRANSISTOR 

EPIBASE transistors for ultimate circuit performance based on the 
designers requirements. 

EPIBASE - designed for power amplifier and switching regulator applications. 
The Dest choice where high frequency response, low switching losses and good 
safe operating area are required . 

• Current-Gain - Bandwidth Product - fT ~ 2.5 MHz (Min) @ IC ~ 1.0 Adc 

• Safe Operating Area - Full Power Rating to 40 V 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 60 

COllector-Emitter Voltage Uni-Base VCEXt 90 

COllector-Emitter Voltage (RBE = 100 nJ VCER 70 

Collector-Base Voltage VC8 100 

Emitter-Base Voltage VE8 7.0 

Collector Current - Continuous IC 15 

Base Current 18 7.0 

Total Device Dissipation TC = 25°C PD 115 
Derate above 25°C 0.657 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

* Devices selected from either process meet or exceed JEDEC Registration. 
tNot a Registered Rating. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Ju nction to Case 1.52 

FIGURE 1 - POWER DERATING 

160 ,-----,----,----,---,------.,--~I--,I~---.I 
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TC. CASE TEMPERATURE lOCI 

2-408 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

15 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

60 VOLTS 
115 WATTS 

STYLE 1: 
PIN 1. BASE 

NOTE: 2. EMITTER 
CASE: COLLECTOR 1. DIM "U" IS DIA. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
B - 21.08 - 0.830 
C 6.35 7.62 0.250 0.300 
D 0.99 1.09 0.039 0.043 
E - 3.43 0.135 
F 29.90 30.40 1.177 1.197 
G 10.67 11.18 0.420 0.440 
H , 5.33 5.59 0.210 0.220 
J 16.64 17.15 0.655 0.675 
K 11.18 12.19 0.440 0.480 
U 3.84 4.09 0.151 0.161 
R - 26.67 - 1.050 

CASE 11 



2N3055 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted 1 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

*Collector-Emitter Sustaining Voltage 
(IC = 0.2 Adc, IS = 01 

Collector-Emitter Sustaining Voltage 
(lC = 0.2 Adc, RSE = 100 nl 

* Collector Cutoff Current 
(VCE = 30 Vdc, IS = 01 

Collector Cutoff Current 
(VCE = 100 Vdc, VES(off) = 1.5 Vdcl 

(VCE = 100 Vdc, VES(off) = 1.5 Vdc, TC = 1500 CI 

Emitter Cutoff Current 
(VSE = 7.0 Vdc, IC = 01 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 4.0 Adc, VCE = 4.0 Vdcl 
(lc = 10 Adc, VCE = 4.0 Vdcl 

Collector-Emitter Saturation Voltage 
• (lC = 4.0 Adc, IS = 0.4 Adcl 

(lC = 10 Adc, IB = 3.3 Adcl 

Base-Emitter On Voltage 
(lC = 4.0 Adc, VCE = 4.0 Vdcl 

Second Breakdown Collector Current 
With Base Forward-Biased 
(t= 1.0s1 
(VCE = 40 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 

(lC = 1.0 Adc, VCE = 4.0 Vdc, f test = 1.0 MHzl 

"Small-Signal Current Gain 
(lC = 1.0 Adc. VeE = 4.0 Vdc. f = 1.0 kHzl 

*Indlcates JEDEC Registered Data. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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~ 
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51 

RS 
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lEBO 

hFE 
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fT 

hie 

"- .... 
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- 1.0 

- 5.0 

- 5.0 

20 70 
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- 1.1 

- 3.0 
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FIGURE 3 - TURN·ON TIME 

Vee = 30V 
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TJ~250C 
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Id @VSE(olf) = 5.0 V 

RS and RC VARIEO TO OBTAIN DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE, eg 

MS05300 USED ASOVE IS ~100 mA 
MS06100 USEO SELOW IS ~10D mA 

0.02 

0.01 
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IC, COLLECTOR CURRENT (AMPI 
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Unit 

Vdc 

Vdc 

mAdc 

mAde 

mAdc 

-

Vdc 

Vdc 

Adc 

MHz 

I 
I 

5.0 7.0 10 



2N3055 (continued) 

FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

Second breakdown pulse limits are valid for duty cycles to 10%. 
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-

At high case temperatures, thermal limitations may reduce the 
power that can be handled to values less than the limitations im
posed by second breakdown. (See AN·4151. 

FIGURE 5 ~ COLLECTOR CUT-OFF REGION 
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2N3055 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 10 - "ON" VOL TAGES 
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2N3072 (SILICON) 

2N3073 

PNP SILICON ANNULAR TRANSISTORS 

. designed for medium-speed, industrial switching applications. 

• Choice of Package and Power Ratings 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @ IC = 50 mAdc 

• High Small-Signal Current Gain -
hfe = 180 (Max) @ IC = 10 mAdc 

*MAXIMUM RATINGS 

Rating Symbol 2N3072 

Cotlector·Emitter VoltagEr VCEO 

Collector-Base Voltage Vce 

Emitter-Base Voltage VEe 

Collector Current - Continuous IC 

Total Device Dissipation @TA - 25°C Po 800 
Derate above 25°C 4.56 

Total Device Dissipation @TC = 25°C Po 3.0 
Derate above 25°C 17.1 

2N3073 Unit 

60 Vdc 

60 Vdc 

4.0 Vdc 

500 mAde 

360 mW 
2.06 mW/oC 

1.2 Watts 
6.85 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

"'Indicates JEDEC Registered Data. 

FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CI RCUIT 

+4.0 V -30 V 

30 
0.47 "F 

330 f---1~t 
68 

PULSE GENERATOR 0.1 f.!F 140 Iv 

V;"~lJ T 
TO SAMPLING 

~ 
OSCILLOSCOPE 

500 pF 

-=-
t r, tf<S.O ns tr< 1.0 ns 
PW=O.5fJ.s Zin ;;:;. 0.1 Megohm 
Zin=50n 
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PNP SILICON 
TRANSISTORS 

STYLE 1 
Pin 1. Emitter 

2. Base 
3. Collector 

2N3072 

! 
STYLE 1 

Pm 1 Emitter 
2 Base 
3. Collector 

2N3073 

R. B 

II .-:~~-:: p ~ 
T;~ -- Ti 

~K 

~~
A 

SEATING -- ___ 1 
PLANE ·-.jl-o 

AIIJEOECdlmenSionsandnol&13pply 

CASE 79-02 
TO·39 

r-A--j 

1-+8 

~i---~ I F K 
SEATING/ -_.~ 

PLANE ~ 

--H--o 

,~ 

MILLIMETERS INCHES 
D'" "" "" "" "" A 53> 584 0209 0230 , '52 495 0118 0195 

C '32 533 ~&it ~ 0 0406 0533 0021 
E 0762 0030 
F 0406 0483 0016 0019 
G 2546Se 0100eSe 
H 0914 1,17 0.036 0046 
J 0711 "2 0.028 0048 
K 1270 5 -
L 635 0 0 
M 450 BSe 45 BSC 
N 127BSt 0.50BS 
p "7 - 0.050 

AIiJEOECnOlesandd,mens,onsapply. 

CASE 22·03 
(TO·18) 



2N3072, 2N3073 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector~Emitter Breakdown Voltage(1) BVCEO 60 - Vde 
(lc = 30 mAde, 18 = 0) 

Collector-Base Breakdown Voltage BVC80 60 - Vde 
(lc = 100 I'Ade, IE = 0) 

Emitter-Base Breakdown Voltage 8VE80 4.0 - Vde 
(IE = 100 I'Ade, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 30 Vde, VBE = 0) - 10 nAdc 

(VCE = 30 Vde, V8E = 0, T A = 1250 CI - 10 I'Ade 

Emitter Cutoff Current lEBO - 100 I'Ade 
(VE8 = 4.0 Vde, IC = 01 

Base Current IS - 10 nAdc 

(VCE = 30 Vde, VSE = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
(lc = 50 mAde, VCE = 1.0 Vdel 30 130 

(lc = 50 mAde, VCE = 1.0 Vde, T A = -550 C) 12 -

(lC = 300 mAde, VCE = 2.0 Vdel 15 -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lc = 50 mAde, I B = 2.5 mAdel - 0.25 

(I C = 300 mAde, IS = 30 mAde) - 1.0 

Base-Emitter Saturation Voltage VSE(satl Vde 
(I C = 50 mAde, IS = 2.5 mAde) - 1.2 

(lC = 300 mAde, IS = 30 mAdel - 2.0 

Base-Emitter On Voltage VSE(on) - 1.2 Vde 
(lc = 50 mAde, VCE = 1.0 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) iT 130 - MHz 
(lc = 50 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance Cob - 10 pF 
(VCS = 10 Vde, IE = 0, I = 140 kHzl 

Input Impedance hie - 1.5 k ohms 
(lC= 10 mAde, VCE = 10Vde,l= 1.0kHz) 

Voltage Feedback Ratio hre - 26 X 10 4 

(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 

Small-Signal Current Gain hie 25 180 -
(lc = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 

Output Admittance hoe - 1200 ,umhos 
(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 

SWITCHING CHARACTERISTICS (FIgure 1) 

Turn-On Time ton - 40 ns 

(I C ",,300 mAde, ISl ",,30 mAde 1 

Turn-Off Time toll - 100 ns 
(I C ",,300 mAde, IS1""IS2",,30 mAde 1 

*Indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width = 300 IJs, Duty Cycle = 1.0%. 

(2)fT is defined as the frequency at which lhfel extrapolates to unity. 

2-413 



2N311 OS (SILICON) 

NPN SILICON ANNULAR HIGH-CURRENT 
AMPLIFIER TRANSISTOR 

... designed for use in medium-current amplifier applications. 

• Collector-Emitter Breakdown Voltage -
BVCEO ~ 40 Vdc (Min) @ IC ~ 30 mAdc 

• DC Current Gain - 100 /lAdc to 500 mAdc 

• Low Noise Figure -
NF ~ 5.0 dB (Typ) @ IC ~ 30/lAdc 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage (1) VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current ~ Continuous IC 

Total Power Dissipation @ T A"" 25°(; Po 
Derate above 25°C 

Total Power Dissipation @ T C "" 2SoC Po 
Derate above 25°C 

Operating and Storage Junction T J,T st9 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient ReJAI21 

Thermal Resistance. Junction to Case ReJC 

lead Temperature, 1/16" ± 1/32" from TL 
Case for 60 Seconds 

*Indicates JEDEC Registered Data 
11 I Applicable for Ie ~ 1.0 to 50 mA 

Value 

40 

80 

7.0 

1000 

800 
4.57 

5.0 
28.6 

-65 to +200 

Max 

220 

35 

300 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°e/w 

°e 

(2) ReJA is measured with the device soldered into a typical printed circuit board. 
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NPN SILICON 

AMPLIFIER TRANSISTOR 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

R 

STYLE 1 
PIN 1 EMITTER 

2 BASE 
3 COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
8.89 9.40 0.350 0.370 
8.00 8.51 0.315 0.335 
6.10 6.60 0.240 0.260 
0.406 0.533 0.016 0.021 
0.229 3.18 0.009 0.125 
0.406 0.483 0.016 0.019 
4.83 5.33 0.190 0.210 
0.711 0.864 0.028 0.034 
0.737 1.02 0.029 0.040 

12.70 0.500 
6.35 0.250 
45° NOM 450 NOM 
- 1.27 0.050 
900 NOM 900 NOM 

2.54 - 0.100 ~ 

At! JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 



2N311 OS (continued) 

*ELECTRICAL CHARACTERISTICS ITA ~ 25°C unless otherwise noted.1 

Characteristic I Symbol Min Typ 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (1) BVCEO 40 -
IIc ~ 30 mAde, IB ~ 01 

Coliector·Base Breakdown Voltage BVCBO 80 
II C ~ 100 ",Ade, I E ~ 01 

Emitter-Base Breakdown Voltage BVEBO 7.0 -
liE ~ 100",Ade, IC~ 01 

Collector Cutoff Current ICBO - -
IV CB ~ 60 Vde, I E ~ 0, T A ~ 1500 CI 

Collector Cutoff Current ICES - -
IVCE ~ 60 Vde, VBE ~ 01 

Emitter Cutoff Current lEBO -
IVEB ~ 5.0 Vde, IC ~ 01 

Base Current IB - -
IVCE ~ 60 Vdc, VBE ~ 01 

ON CHARACTERISTICS 111 

DC Current Gain hFE 
IIC~ 100 ",Ade, VCE ~ 10 Vdel 20 60 
IIc ~ 150 mAde, VCE ~ 1.0 Vdel 40 80 
IIc ~ 500 mAde, VCE ~ 10 Vdel 25 70 
IIc ~ 150 mAde, VCE ~ 10 Vde, TA ~ -55°C I 15 30 

Collector-Emitter Saturation Voltage VCElsatl 
IIC~ 150 mAde, IB~ 15mAdei - 0.2 
IIc ~ 1.0 Ade, IB ~ 100 mAdel - 0.8 

Base-Emitter Saturation Voltage VBElsatl 
IIC~ 150 mAde, IB~ 15mAdei - 0.8 
IIc ~ 1.0 Ade, IB ~ 100 mAdel - 1.2 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 60 100 
IIc ~ 50 mAde, VCE ~ 10 Vde, f ~ 20 MHzl 

Output Capacitance Cob - 15 
IVCB ~ 10 Vde, IE ~ 0, f ~ 140 kHzl 

Input Capacitance Cib - 60 
IVBE ~ 0.5 Vde, IC ~ 0, f ~ 140 kHz I 

Noise Figure NF - 5.0 
IIc ~ 30 ",Ade, VCE ~ 10 Vde, RS~ 1.0 kn, f ~ 1.0 kHz, BW~ 200 Hzl 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 150 
IVCC~ 20Vde, IC~ 150 mAde, IBI ~ 7.5mAdellFigure 11 

Turn-Off Time toft - 490 

IVCC~ 20Vde, IC~ 150mAde,IBl ~ IB2~ 7.5mAdellFigure 11 

"'Indicates JEDEC Registered Data. 

111 Pulse Test: Pulse Width <;;;300 "'s, Duty Cycle <;;; 2.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

10 Its +lJL 
Input Pulse 

tr < 15 ns 

tf<15ns 

-7.5V +20V 

2-415 

To Scope: 
Rise Time < 15 ns 
Input Z;:::::1QOkfl 

Max Unit 

- Vde 

Vde 

- Vde 

10 ",Ade 

10 nAdc 

10 nAde 

10 nAdc 

-
-

120 
-
-

Vde 
0.25 
1.0 

Vde 
1.1 
2.0 

- MHz 

25 pF 

80 pF 

7.0 dB 

200 ns 

600 ns 



2N3114S (SILICON) 

NPN silicon annular transistor designed for high
voltage, low-power video amplifier applications. 

STYLE 1: 

CASE 79 
(TO-39) 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage(l) 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derating Factor Above 25°C 

Total Device Dissipation @ TC = 25°C 

Derating Factor Above 25 ° C 

Operating Junction Temperature 

Storage Temperature Range 

(1 )Between 0 and 30 mAo 
*Indicates JEDEC Registered Data 

Symbol 
VCB 

VCEO 

VEB 

IC 

P D 

P D 

TJ 

T stg 

2·4i6 

Value Unit 
150 Vdc 

150 Vdc 

5.0 Vdc 

200 mAdc 

0.8 Watt 

4.57 mW/oC 

5.0 Watts 

28.6 mW/oC 

200 °c 

-65 to +200 °c 



2N3114S (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwIse noted) 

Characteristic Symbol Min Max Unit 
Collector· Base Breakdown Voltage BVCBO Vde 

(IC = 100 ~Ade, IE = 0) 150 -

Collector-Emitter Breakdown Voltage(l) BVCEO Vde 
(IC = 30 mAde, IB = 0) 150 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 ~Ade, IC = 0) 5.0 -

Collector Saturation Voltage(l) VCE(Bat) Vde 
(IC = 50 mAde, IB = 5 mAde) - 1.0 

Base-Emitter Saturation Voltage(l) VBE(Bat) Vde 
(IC = 50 mAde, IB = 5 mAde) - 0.9 

DC Current Gain(l) hFE -
(IC = O. 1 mAde, V CE = 10 Vde) 15 -
(IC = 30 mAde, V CE = 10 Vde) 30 120 

(IC = 30 mAde, V CE = 10 Vde, TA = _55°C) 12 -

Collector Cutoff Current ICBO "Ade 
(V CB = 100 Vde, IE = 0) - 0.010 

(V CB = 100 Vde, IE = 0, T A = 150°C) - 10 

Emitter Cutoff Current lEBO "Ade 
(VEB = 4 Vde, IC = 0) - 0.10 

Small Signal Current Gain Ihlel -
(V CE = 10 Vde, IC = 30 mAde, I = 20 MHz) 2.0 -

~lJ!ut ~apaCltance "Db pF 
(V CB = 20 Vdc, IE = 0, I = 140 kHz) - 9.Q 

Input Capacitance C ib pF 
(VEB = O. 5 Vde, IC = 0, 1= 140 kHz, - 80 

Small Signal Current Gain hIe 
(Ie 0: 1. 0 rnA, V CE = 5 V, f = 1 kHz, 25 -

Real Part of Input Impedance Re(hie) ohms 
(IC = 10 rnA, VCE = 10 V, 1= 100 MHz) - 30 

* Indlcates JEDEe Reglstered Data 

(1) Pulse Test: Pulse Width ~ 300 "s, duty cycle ~ 1% 

2N3116 (SILICON) 

For Specifications, See 2N2959S Data 
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2N3120 (SILICON) 

PNP SILICON ANNULAR· TRANSISTOR 

· .. designed for general·purpose, medium·speed switching applications. 

• Choice of Package and Power Ratings 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @ IC = 50 mAdc 

• DC Current Gain Specified From 50 mAdc to 300 mAdc 

'MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage Veeo 45 

COllector-Base Voltage VeB 45 

Emitter-Base Voltage Vee 4.0 

Collector Current - Continuous Ie 500 

Total Device Dissipation@TA = 2SoC Po 800 
Derate above 25°C 4.56 

Total Device Dissipation@Tc:::25OC Po 3.0 
Derate above 25°C 17.1 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

+ Indicates JEDEC Registered Data 

2-418 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mw/oe 

Watts 
mw/oe 

°e 

PNPSILICON 
TRANSISTOR 

TE-- --ILl 
_~K 

SEATING __ ._.-.l 
PLANE --II-D 

MILLIMETERS 
OIM MIN MAX 
A 8.89 9.40 
B 8.00 8.51 
C 6.10 6.60 
0 0.406 0.533 
E 0.229 3.18 
F 0.406 0.483 
G 4.83 5.33 
H 0.711 0.864 
J 0.737 1.02 
K 12.70 
L 6.35 
M 45° NOM 
P - 1.27 
n 900 NOM 
R 254 

STYLE 1 
PIN 1. EMITTER 

2 BASE 
3. COLLECTOR 

INCHES 
MIN MAX 
0.350 0.370 
0.315 0.335 
0.240 0.260 
0.016 0.021 
0.009 0.125 
0.016 0.Q19 
0.190 0.210 
0.028 0.034 
0.029 0.040 
0.500 
0.250 
45° NOM 

0.050 
900 NOM 

0.100 

All JED EC dimensions and notes apply. 

CASE 79·02 
TO·39 



2N3120 (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage( 1) BVCEO 45 - Vde 
(lC = 30 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 45 - Vde 
(lC = 100 /LAde, IE = 0) 

Emitter-Sase Breakdown Voltage BVEBO 4.0 - Vde 
(IE = 100 /LAde, IC = 0) 

Collector Cutoff Current ICES 
(VCE = 30 Vde, VBE = 0) - 10 nAdc 

IVCE = 30 Vde, VBE = 0, TA = 125°C) - 10 /LAde 

Emitter Cutoff Current lEBO - 100 IJAde 
IVEB = 4.0 Vde, IC = 0) 

Base Current IB - 10 nAdc 
IVCE = 30 Vde, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
(lc=50mAde, VCE = 1.0Vde) 30 130 

IIC = 50 mAde, VCE = 1.0 Vde, T A = -55°C) 12 -

(lC = 300 mAde, VCE = 2.0 Vde) 15 -

Collector-Emitter Saturation Voltage VCElsat) Vde 
(lC = 50 mAde, IB = 2.5 mAde) - 0.25 

(I C = 300 mAde, I B = 30 mAde) - 0.5 

(I C = 500 mAde, I B = 50 mAde) - 1.0 

Base-Emitter Saturation Voltage VBElsat) Vde 
(lC = 50 mAde, IB = 2.5 mAde) - 1.2 I 
(lc = 500 mAde, IB = 50 mAde) - 2.0 

Base-Emitter On Voltage VBElon) - 1.2 Vde 
(lc = 50 mAde, VCE = 1.0 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) fT 130 - MHz 
(lC = 50 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance Cob - 10 pF 
IVCB = 10 Vde, IE = 0, f = 140 kHz) 

I nput Impedance hie - 1.5 k ohms 
(lc = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Voltage Feedback Ratio hre - 26 X 10-4 

(lC= 10 mAde, VCE = 10Vde,f= 1.0kHz) 

if 
I 

Small-Signal Current Gain hfe 25 180 -
(lC = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Output Adm ittance hoe - 1200 .umhos 
(lc = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS (Figure 1) 

Turn-On Time ton - 40 ns 
(lC",,300 mAde, IB1 ",,30 mAde) 

Turn-Off Time toff - 100 ns 
(lC",,300 mAde, IB1 = IB2",,30 mAde) 

"'IndIcates JEDEC Registered Data. 

(1 )Putse Test: Pulse Width'=' 300 /-ts, Duty Cycle"" 1.0%. 

(2)fT is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

tr< 1.0 ns 
Zin";1; 0.1 Megohm 

2-419 



2N3127 JAN(Ge Mesa) 

PNP germanium mesa transistor designed for 
VHF jUHF amplifier applications. 

CASE 20-03 
(TO-72) 

STYLE 10 
PIN 1. EMITTER 

2. BASE 
3. COllECTOR 
4. CASE 

Active Elements Isolated From Case 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Operating & Storage Junction Temperature 

*Indicates JEDEC Registered Data 
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Symbol Value Unit 

VCEO 20 Vdc 

VCES 25 Vdc 

VCB 25 Vdc 

VEB 0.75 Vdc 

IC 50 mAdc 

PD 100 mW 

1.33 mW/oC 

TJ. Tstg -65 to + 100 °c 



2N3127JAN (continued) 

o 
*TABLE I - GROUP A INSPECTION (T A = 25 C unless otherwise noted) 

Symbol 
Limits 

Unit Examination or Test 
Min Max 

SUBGROUP 1 

Visual and Mechanical Examination - - - -
SUBGROUP 2 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ic ; 100 /lAdc, IE ; 0) 25 -

Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC ; 2 mAdc, IB ; 0) 20 -

Collector-Emitter Breakdown Voltage BVCES Vdc 
(IC ; 100 /lAde, V BE ; 0) 25 -

Collector-Base Cutoff Current ICBO "Adc 
(VCB ; 10 Vdc, IE ; 0) - 3.0 

Emitter-Base Cutoff Current lEBO /lAdc 
(VBE ; 0.75 Vdc, IC ; 0) - 100 

DC Current Gain hFE -
(IC ; 3 mAdc, VCE ; 10 Vdc) 20 100 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC ; 5 mAdc, IB ; 1 mAdc) - 0.6 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC ; 5 mAdc, IB ; 1 mAdc) - 0.3 

SUBGROUP 3 

Small-Signal Current Gain lite -
(IC ; 3 mAdc, V CE ; 10 Vdc, f ; 1 kHz) 20 125 

Current-Gain - Bandwidth Product fT MHz 
(IC ; 2 mAdc,V CE ; 6 Vdc, f ; 100 MHz) 400 -

Collector - Base Capacitance (1) Ccb (1) pF 
(VCB ; 10 Vdc, IE ; 0, f ~ 0.1 ~ 1.0 MHz) - 1.2 

SUBGROUP 4 

Collector-Base Cutoff Current ICBO /lAdc 
(VCB; 10 Vdc, IE ; O,TA ; 850 C) - 50 

DC Current Gain 
-55 :~ oc) 

hFE -
(IC ; 3 mAdc, VCE ; 10 Vdc,TA ; 7.0 -

SUBGROUP 5 

Power Gain (Figure 1) Gpe dB 
(IC ; 3 mAdc, VCE ; 10 Vdc, RS ; 50 ohms, 17 25 
f; 200 MHz) 

Noise Figure (Figure 1) NF dB 
(IC ; 3 mAdc, V CE ; 10 Vdc, RS ; 50 ohms, - 5.0 
f ; 200 MHz) 

*Indlcates JEDEC RegIstered Data 
(1) Measured in a guarded circuit, such that the can capacitance is not included. 
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* TABLE II - GROUP C INSPECTION (T A = 25°C unless otherwise noted) 

Examination or Test Symbol 
Min 

Limits 

Max 
Unit 

SUBGROUP 1 

Collector-Base Time Constant (Figure 2) rbC c ps 
(IC = 3 mAde, V CB = 10 Vdc, f = 31.8 MHz) - 12 

Salt Atmosphere (Corrosion) - - - -
End-Point Tests: 

Collector-Base Cutoff Current ICBO - 3.0 /.LAde 
(VCB = 10 Vdc, IE = 0) 

DC Current Gain hFE -
(IC = 3 mAde, V CE = 10 Vdc) 20 100 

SUBGROUP 2 

Output Conductance Re(hoe) mmhos 
(IC = 2 mAde, VCE = 6 Vde, f = 30 MHz) 1.0 3.5 

Input Conductance Re(Yie) mmhos 
(IC = 2 mAde, V CE = 6 Vde, f = 30 MHz) 1.25 5.0 

Group C tests shall be performed on the initial lot and every six months thereafter. 

FIGURE 1 - TEST CIRCUIT FOR POWER GAIN ANO NOISE FIGURE 

SHiElD 
I 
I 
I 

l, . 

T, . 

O.OOI"F I 
... ,IA In. 10, ih in, long, 5 turns 

#20 solid copper wire. center tapped . 
. ,1,4 In. dla., close wound, 3 turns #26 -=-

solid copper Wire, 1: I ratio bi·fllar 
wound . 

. . . . high quality piston type capacitor. 

NOTE: Distance from emitter of 
transistor to ground side 
of bypass capacitors to 
be kept minimum. 

3.9/,H 

2-422 

FIGURE 2 - TEST CIRCUIT FOR COLLECTOR·BASE TIME CONSTANT 

SET POINT t 

o 

3.9/,H 

t NOTE: Ein =- 0 5 V measured at set pOint. 
fb'C c "-' Eou. (in mV) x 10 



2N3133S, 2N 3135 (SILICON) 

~ PNP silicon annular Star transistors for high- speed 
\\ switching and DC to UHF amplifier applications. 

CASE 79 CASE 22 
(TO-39) (TO-18) 

STYlE 1: 
PIN 1. EMITTER 

2. BASE 

2N3133 2N3135 3. COLLECTOR 

Collector connected to case 

*MAXIMUM RATINGS 

Rating Symbol 2N3133 2N3135 Unit 

Collector-Base Voltage VCB 50 50 Vdc 

Collector-Emitter Voltage VCEO 35 35 Vdc 

Emitter-Base Voltage VEB 4_0 4.0 Vdc 

Collector Current Ie 6.00 600 rnA 

Total Device Dissipation PD 
@250C Case Temperature 3 1.8 Watts 

Derate Above 25°C 17.3 10.3 mW/oC 

Total DeVice Dissipation PD 
@ 25°C Ambient Temperature 0.6 0.4 Watts 

Derate Above 25°C 3.43 2.28 mW/oC 

Junction Temperature TJ -65 to +200 °c 

Storage Temperature Tstg -65 to +200 °c 

*SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 

Characteristic Symbol Typ Max Unit 

Turn-On Time ton ns 
(VCC = 30 V, les = 150 rnA, IB1 = 15 rnA) 26 75 

Turn-Off Time tou ns 
(Vee = 6V, les = 150 rnA, IB1 = IB2 = 15 rnA) 70 150 

*Indicates JEDEC RegIstered Data 
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2N3133S, 2N3135 (Continued) 

*ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic 

Collector Cutoff Current 
(VCB = 30 Vdc, IE = 0) 
(VCB =30 Vdc, IE :: 0, TA = 150oC) 

Collector Cutoff Current 
(VCE = 30 V, VBE = 0.5 V) 

Base Cutoff Current 
(VCE = 30 V, VBE = 0.5 V) 

Collector-Base Breakdown Voltage 
(Ie = 10 ",Adc, IE = 0) 

Collector-Emitter Breakdown Voltage (1) 

(IC = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ",Adc, Ie = 0) 

Collector Saturation Voltage Oi 

(Ie = 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage {1J 

(Ie = 150 mAdc, IB = 15 mAdc) 

DC Forward Current Transfer Ratio 
(IC = 1.0 mAdc, V CE = 10 Vdc) 

(Ie = 150 mAdc, V CE = 10 Vdc) 111 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VBE = 2 Vdc, Ie = 0, f = 100 kHz) 

Current-Gain - Bandwidth Product 
(Ie = 50 mAdc, VCE = 2Q Vdc, f = 100 MHz) 

111 Pulse Test: Pulse Width ~ 300 ",8, duty cycle ~ 2% 
*Indicates JEDEC Registered Data 
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Symbol 

leBO 

Ie EX 

IBL 

BVCBO 

BVCEO 

BVEBO 

VCE (sat) 

VBE (sat) 

hFE 

Cob 

Cib 

fT 

Min Max Unit 

",Adc 
--- 0.05 
--- 30 

",Ad( 

--- 0.1 

",Adc 
--- 0.1 

Vdc 
50 ---

Vdc 
35 ---

Vdc 
4.0 ---

Vdc 
--- 0.6 

Vdc 
--- 1.5 

---
25 ---
40 120 

pF 

--- 10 

pF 

--- 40 

MHz 
200 ---



2N3137 (SILICON) 
MM1803 

NPN silicon annular transistors for large signal VHF 
and UHF applications. 

CASE 31 
(TO·5) 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector- Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Power Dissipation 
@25° C Case Temperaturll 
@25°C Ambient Temperature 

Operating Junction Temperature 
Storage Temperature Range 

Thermal Resistance 
Junction to Case 

Thermal Resistance 
Junction to Ambient 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Symbol 

VCB 

VCEO 

VEB 

IC 

l'D 

TJ , 
Tstg 

8JC 

8JA 

250 MHz POWER GAIN TEST CIRCUIT (2N3137) 

+20V 

1000pF hI Button MICA 
RFC __ 

. 471'H - -

L2 .075 I'H (5.5 turns #16ga. ID = 3/16" length 1/2") 

2·425 

2N3137 MM1803 Units 

40 50 Vdc 

20 25 Vdc 

4.0 5.0 Vdc 

150 150 mAdc 

Watts 
2.0 
0.8 

°c 
-65 to +200 

°C/ 
87.5 Watt 

°C/ 
153 Watt 

250 MHz POWER GAIN TEST CIRCUIT (MM1803) 

T '"",-,_JA,ZO\\t 

: 50 

.7-12pF 

Ll = 3/4 turn No. 14 tinned wire 3/8" ID 

L2 = 4 turns No. 18 tinned wire 1/4" ID 7/16" long 



2N3137, MM1803 (Continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Typical Max Unit 

Collector-Base Breakdown Voltage VCBO Vdc 
IC = O. 1mAdc, IE = 0 2N3137 40 

MM1803 50 

Collector-Emitter Open Base Sus. Voltage V CEO(sus) Vdc IC = 15mAdc, IB = 0 2N3137 20 
MM1803 25 

Collector Cutoff Current ICBO /lAdc 
V CB= 20Vdc, IE = 0, TC = +150· C 50 

Collector Cutoff Current ICBO /lAdc 
VCB - 20Vdc, IE = 0 .05 

Emitter-Base Breakdown Voltage VEBO Vdc 
IE = 1001lA, IC = 0 2N3137 4.0 

MM1803 5.0 

DC Current Gain hFE 
V CE = 5Vdc, IC = 50mAdc 2N3137 20 120 

MM1803 40 160 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
IC = 50mAdc, IE = 5mAdc 0.3 

Small Signal Current Gain Ihfe I 
V CE = 10Vdc, IC = 50mAdc, f = 100 MHz 5.0 

Common-base Output Capacitance Cob pF 
V CB = 10Vdc, IC = 0, f - 100kHz 3.5 

Power Output P out 400 600 mWatts 

Power Gain Pin. 100mw, f = 250 MHz 2N3137 Ge 6.0 7.7 dB 

Efficiency V CE = 20Vdc n 40 65 % 

Power Output P out 560 700 mWatts. 

Power Gain Pin. 100mw, f - 250MHz MM1803 G 7.5 8.5 db e 

Efficiency VCE = 20V n 45 60 % 

*Pulse Width '" 300 /lS, Duty cycle = 1 % 

2-426 



2N321 0 (SILICON) 

NPN silicon high frequency switching transistor 
is designed for high speed, saturated switching appli
cations for industrial service. 

2 O STYLE 1: 

1 0 0 0 3 PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

CASE 22 
(TO-18) 

*MAXIMUM RATINGS 

Rating 
Collector-Emitter Voltage 

Applicable from 0 to 500 mAdc 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Storage Temperature Range 

*Indieates JEDEC Registered Data 

Symbol Value 

VCEO 15 

VCB 40 

VEB 5.0 

IC 500 

PD 0.36 

2.06 

PD 1.2 

6.9 

Tstg -65 to+ 200 

FIGURE 1 - STORAGE TIME TEST CIRCUIT 
OV-, r
-9.0VW 

INPUT PULSE 
Rise Time 6 1.0 ns 

500 Source Impedance 

O.lpl 

100 

+7.0V 

2-427 

+5.0 V 

0.1 pi 1.0 k 

~ 
OUTPUT TO 

SAMPLING OSCILLOSCOPE 
Rise Time 6 1.0 ns 

50 0 Input Impedance 
PW:;;' 200 ns 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 

mWrC 

Watts 

mWrC 

°c 



2N3210 (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherw;se noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 
Collector· Emitter Sustaining Voltage (11 , BV CEO(sus) 

(IC = 30 mAde, IB = 0) 15 

Collector-Base Breakdown Voltage BVCBO 
(IC = 2.0 /LAde, IE = 0) 40 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 !lAde, IC = 0) 5.0 

Collector Cutoff Current ICEX 
(V CE = 20 Vde, VEB(off) = 3.0 Vde) -

Collector Cutoff Current ICBO 
(VCB = 20 Vde, IE = 0) -
(V CB = 20 Vde, IE = 0, TA = 150"C) -

Emitter Cutoff Current lEBO 
(VEB = 2.0 Vde, IC = 0) -

Base Cutoff Current IBL 
(V CE = 20 Vde, VEB(Off) = 3. 0 Vde) -

ON CHARACTERISTICS 
DC Current Gain 11I hFE 

(IC = 10 mAde, V CE = L 0 Vde) 30 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 20 mAde, IB = 2.0 mAde, TA = +125'C) -
(IC = 200 mAde, IB = 20 mAde) -

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAde, IB = L 0 mAde) 0.7 

(IC = 200 mAde, IB = 20 mAde) -

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product IT 

(IC = 20 mAde, V CE = 10 Vde, I = 100 MHz) 300 

Output Capacitance Cob 
(V CB = 10 Vde, IE = 0, f = 100 kHz) -

Turn-On Time t 
(VBE(off) ~ 0.2 Vde, IC = 200 mAde, IBl = 40 mAde) (Figure 2) on -

Turn-Off Time toff 
(Ie = 200 mAde, IB 1 = 40 mAde, 1132 = 20 mAde) (Figure 2) -

Storage Time t 
(IC ~ IB1 ~ IB2 ~ 20 mAde) (Figure 1) s -

* IndIcates JEDEC Registered Dsta 

111 Pulse Test: Pulse Width ~ 300 /LS, Duty Cycle ~ 2.0%, 

FIGURE 2 - TURN·ON AN[) TURN·OFF TEST CIRCUIT 

::r-L 
INPUT PULSE 

Rise Time ~ La ns 
50 n Source Impedance 

0.1,uF 

1-
-4,OV 

+5.0V 

O.l,uF La k 

2·428 

~ 
OUTPUT TO 

SAMPLING OSCILLOSCOPE 
Rise Time ~ La ns 

50 n Input Impedance 
PW;:"'200 ns 

Max Unit 

Vde 
-

Vde 
-

Vde 
-

nAde 
25 

/LAde 
0.010 

15 

nAde 
100 

/LAde 
0.025 

-
120 

Vde 
0.25 

0.75 

Vde 
0.8 

L5 

MHz 
-

pF 
6.0 

ns 
40 

ns 
40 

ns 
20 



2N3211 (SILICON) 

NPN silicon high frequency switching transistor de
signed for high speed, saturated switching applications 
for industrial service. 

CASE 22 
(TO-18) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

'MAXIMUM RATINGS 

Rating 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25 'c 

Derate above 25 PC 

Total Device DiSSipation @ T C = 25 Pc 

Derate above 25 PC 

Operating & Storage Junction 
Temperature Range 

'ELECTRICAL CHARACTERISTICS (T, = 25"C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 30 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 MAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current 
(V CE = 20 Vde, VEB(Off) = 3.0 Vde) 

Base Cutoff Current 
(V CE = 20 Vde, V EB(off) = 3.0 Vde) 

(V CE = 20 Vde, V EB(off) = 3. 0 Vde, T A = 85'C) 

ON CHARACTERISTICS 

DC Current Gain (1) 

(IC = 100 !lAde, V CE = 1. 0 Vde) 

(IC = 1. 0 mAde, V CE = 1. 0 Vde) 

(IC = 10 mAde. V CE = 1. 0 Vde) 

(IC = 10 mAde, V CE = 1. 0 Vde, TA = -55'C) 

(IC = 50 mAde, V CE = 1. 0 Vde) 

(IC = 100 mAde, V CE = 1. 0 Vde) 

(IC = 500 mAde, V CE = 5.0 Vde) 

Collector-Emitter Saturation Voltage (11 
(IC = 10 mAde, IB = 1. 0 mAde) 

(IC = 50 mAde, IB = 5.0 mAde) 

(IC = 109 mAde, IB = 10 mAde) 

Base-Emitter Saturation Voltage (1) 
(IC = 10 mAde, IB = 1. 0 mAde) 

(IC = 50 ',mAde, IB = 5.0 mAde) 

(IC = 100 mAde, IB = 10 mAde) 

(11 Pulse Test: Pulse Width:;; 300 /lSI Duty Cycle ~ 2.0% . 

• Indieatet JEDEC Registered Data 

BVCEO 

BVCBO 

BVEBO 

ICEX 

IBL 

hFE 

V CE(sat) 

VBE(sat) 
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Symbol Value Unit 
VCEO 15 Vdc 

VCB 40 Vdc 

VEB 6.0 Vdc 

IC 500 mAdc 

PD 0.36 Watt 

2.06 mW/'C 

PD 1.2 Watts 

6.9 mW/'C 

T J' Tstg -65 to +200 Pc 

Min Max Unit 

Vde 
15 -

Vde 
40 -

Vde 
6.0 -

nAde 
- 25 

!lAde 
- 0.025 

- 10 

-
20 -
50 -
50 150 

20 -
40 -

30 -
10 -

Vde 
- 0.2 

- 0.3 

- 0.4 

Vde 
- 0.85 

- 1.0 

- 1.2 

I 



2N3211 (continued) 

'ELECTRICAL CHARACTERISTICS (T. = 25'C unless otherwise noted) 

Characteristic Symbol Min Max 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(IC = 10 mAde, V CE = 20 Vde, I = 100 MHz) 350 -

Oltput Capacitance Cob 
(V CB = 10 Vde, IE = 0, I = 100 kHz) - 4.0 

Input Capacitance Cib 
(VBE = O. 5 Vde, IC = 0, 1= 100 kHz) - 7.0 

Charge-Storage Time Constant T 

(IC ~ IBI ~ IB2 ~ 10 mAde) (Figure 1) s - 15 

Total Control Charge QT 
(IC = 10 mAde, IB = 1. 0 mAde) (Figure 2) - 60 

Active Region Time Constant TA 
(IC = 10 mAde, IB = 1. 0 mAde) (Figure 3) - 2.5 

* Indlcates JEDEC Reglstered Data 

FIGURE 1 - CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 

1,;'; 1.0 ns 
Z," e; 50 ohms 

O.l"F 

V;"~ -IOV 
50 

+ 10 Vdc 

+llV 

OsciHoscopet,~ Ins 
Z." e; 50 ohms 

FIGURE 2 - TOTAL CONTROL CHARGE TEST CIRCUIT 

+ 3.0Yde 

Unit 

MHz 

pF 

pF 

ns 

pC 

ns 

Ir'OV 
PULSE AT A 

'ADJUST V" FOR 0 TOt- 6.0 vOLT 
PULSE AT A 

100 

100 

300 10 ns MAXl ~ -*-
~ I XoY-r-"'----X%'u" 50mV MAX 

FIGURE 3 - ACTIVE REGION TIME CONSTANT TEST CIRCUIT 

JL6.0V 

INPUT 
SIGNAL 

i6.0k ,---_.....,.--_-0 SCOPE 

600 50 

+6.0 V 

------ GROUND PLANES 

NOTES FOR FIGURES 2, 3 

2N3227 (SILICON) 

INPUT PULSE - TRANSITION TIME TO +6.0 Vde :s; 2.0 ns 
INPUT PULSE - OPTIONAL GENERATOR OUTPU(]MPEOANCE, ADJUSTFOR + 6.0 Vde 
SCOPE INPUT CAPACITANCE = 3.0 pF MAX 
SCOPE INPUT IMPEDANCE = 10 MEGOHMS 
SCOPE RISE TIME;'; 0.7 ns 

Fot' Specifications, See 2N2369 Data. 
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2N3244S (SILICON) 

2N3245S 

PNP silicon annular transistors for medium-current, 
high-speed switching and driver applications. 

CASE 79 
(TO-39) 

Collector connected to ce,e 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25'0 C Ambient Temperature 

Derating Factor Above 2510 C 

Total Device Dissipation 
@ 25 0 C Case Temperature 

Derating Factor Above 25°C 

Junction Temperature, Operating 

Storage Temperature Range 

STYLE I: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Symbol 

VCB 

VCEO 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

Thermal ReSistance, Junction to Ambient 9JA 
Thermal Resistance, Junction to Case 8JC 

*Indlcates JEDEC Reglstered Data 

2-431 

2N 2N Unit 
3244 3245 

40 50 Vdc 

40 50 Vdc 

5.0 Vdc 

1.0 Adc 

1.0 Watt 
5.71 mW/oC 

5.0 Watts 
28.6 mW;oC 

+200 °c 

-65 to +200 °c 

0.175 °C/mW 
35 °C/W 



2N3244S,2N3245S (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 
Collector Cutoff Current 

(VCB = 30 Vdc, IE = 0) 

(VCB = 30 Vdc, IE = 0, TA = 100'C) 

Collector Cutoff Current 
(V CE = 30 Vdc, V BE(off) = 3 Vdc) 

Emitter-Base Leakage Current 
(VEB = 3 Vdc, IC = 0) 

Base Cutoff CUrrent 
(V CE = 30 Vdc, V BE(nffl = 3 Vdc) 

Collector-Base Breakdown Voltage 
(Ie =10/lAdc,IE =0) 

Collector-Emitter Breakdown Voltage 111, 
(IC = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10/l Ade, IC = 0) 

Collector Saturation Voltage 111\ 
(IC = 150 mAde, ~ = 15 mAde) 

(Ie = 500 mAde, ~ = 50 mAde) 

(IC = 1 Adc, ~ = 100 mAde) 

Base-Emitter Saturation Voltage 111 
(Ie = 150 mAde, IB = 15 mAde) 

(Ie = 500 mAde, ~ = 50 mAde) 

(Ic = 1 Adc, ~ = 100 mAde) 

DC Forward Current Transfer Ratio (1) 
(IC = 150 mAde, V CE = 1.0 Vde) 

(IC = 500 mAde, V CE = 1.0 Vde) 

(IC = 1 Adc, V CE = 5 Vde) 

OUtput Capacitance 
(VCB = 10 Vde, IE =0, f = 100 kHz) 

Input ,Capacitance 
(V OB = 0.5 Vdc, IC = 0, f = 100 kHz) 

Current-Gain - Bandwidth Product 
(Ie = 50 mAde, V CE = 10 Vdc, f = 100 MHz) 

Delay Time 
(IC = 500 mA, ~1 = 50 mA 

Rise Time VOB =2V, VCC =30V) 

storage Time 

(IC = 500 mA,VCC = 30 V 

Fall Time ~1 = IB2 = 50 mAl 

Total Control Cbarge 
(IC = 500 mA, ~ = 50 mA, VCC = 30 V) 

111 Pulse Test: PW ~ 300 liS, Duty Cycle ~ 2% 
*Indicates JEDEC Registered Data 

Fig. No. Symbol 
ICBO 

ICEX 

~BO 

IBL 

2N3244 
BVCBO 

2N3245 

2N3244 
BVCEO 

2N3245 

BVEBO 

2,3 VCE(sat) 
2N3244 
2N3245 

2N3244 
2N3245 

2N3244 
2N3245 

3 VBE(sat) 

1 hFE 
2N3244 
2N3245 

2N3244 
2N3245 

2N3244 
2N3245 

5 Cob 

5 Cib 

2N3244 
fT 

2N3245 

td 
6,8 

2N3244 
tr 

2N3245 

t s 2N3244 6,9 
2N3245 

tf 

7,10 ~ 
2N3244 
2N3245 

2-432 

Min Max Unit 
/lAde 

- .050 

- 10 

nAde 
- 50 

nAdc 
- 30 

nAde - 80 

Vde 
40 -
50 -

Vde 
40 -
50 -

Vde 
5.0 -

Vde - 0.3 
- 0.35 

- 0.5 
- 0.6 

- 1.0 
- 1.2 

Vdc 
- 1.1 

0.75 1.5 

- 2.0 .. 

-
60 -
35 -
50 150 
30 90 

25 -
20 -

- 25 
pF 

pF - 100 

MHz 
175 -
150 -

ns 
- 15 

ns 
- 35 
- 40 

ns 
- 140 

120 

ns 
- 45 

nC 
- 14 
- 12 



2N3244S, 2N3245S (continued) 
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FIGURE 2 - COLLECTOR·EMITTER SATURATION VOLTAGE CHARACTERISTICS 
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2N3244S, 2N3245S (continued) 

FIGURE 3 - MAXIMUM SATURATION VOLTAGES 
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2N3248 (SILICON) 

2N3249 

PNP silicon annular transistors for low-level, high
speed switching applications. 

CASE 22 
(TO-18) 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Collector connected to ca.e 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
@ 25°C Ambient Temperature 

Derate above 25°C 

Total Device DiSSipation 
@ 25°C Case Temperature 

Derate above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

* Indicates JEDEC Registered Data 

FIGURE 1 - t.. CIRCUIT 

voeir-o 

v, ..j I- 300 .s 
DUTY CYCLE = 2'" 

= 
Ie Vee II, He CSt-I-

InA volts ohms ohms pF 

10 3 10K 285 4 

100 10 IK 95 12 

Vee_M--., 
He 

R, 

'::' '::' 

v". v, 
volts volts 
+0.5 10.& 
+0.5 -10.7 

-l_ 
.T c. 

v, v, 
volts .olts 

10.9 +9.1 
-11.3 +8.7 

Symbol 

VCB 

VCEO 

VEB 

PD 

PD 

TJ 

Tstg 

200 

~ 100 

50 

2 
I 

2-435 

l'-

Value Unit 

15 Vdc 

12 Vdc 

5.0 Vdc 

0.36 Watt 
2.06 mWjOC 

1.2 Watts 
6.9 mWjOC 

200 °c 

-65 to +200 °c 

FIGURE 3 - TYPICAL SWITCHING TIMES 

, '1.1= 10'111 llh L' 
Vee 3 V, VII 0.5V 

T, 25°C 

t. 

~ 
~'~Ov) 

~ ~ ~. 

~~ 
1,(3 V) 

~ 

10 20 50 100 
I .. COlLECTOR CURRENT (mAl 



2N3248, 2N3249 (Continued) 

, ELECTRICAL CHARACTERISTICS ITA = 250 C unless othewise noted) 

Characteristic Fig.No. Symbol Min Max Unit 

Collector-Cutoff Current Ie EX /lAde 
(V CE = 10 Vde, VBE(off) = 1 Vde) - 0.05 
(VCE = 10 Vde, VBE(off)= 1 Vde, TA = 100oC) - 5.0 

Base Cutoff Current IBL nAde 
(V CE = 10 Vde, VBE(off) = 1 Vde) - 50 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 10 /lAde, IE = 0) 15 -

C611eetor-Emitter Breakdown Voltage in: BVCEO Vde 
(Ie = 10 mAde, IB = 0) 12 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 /lAde, Ie = 0) 5.0 -

Collector Saturation Voltage (1) I 7,8 VCE(sat) Vde 
(Ie. = 10 mAde, IB = 1 mAde) - 0.125 
(Ie = 50 mAde, IB = 5 mAde) - 0.25 
(Ie = 100 mAde, IB = 10 mAde) 2N3248 - 0.4 

2N3249 - 0.45 

Base-Emitter Saturation Voltage (1) 8 VBE(sat) Vde 
(Ie = 10 mAde, 1B = 1 mAde) 0.6 0.9 
(Ie = 50 mAde, I" = 5 mAde) - 1.1 
(IC = 100 mAde, lB = 10 mAde) 0.7 1.3 

DC Current Gain (11: 4 hFE -
(IC = 0.1 mAde, VCE = 1 Vde) 2N3248 50 -

2N3249 100 -
(IC = 1.0 mAde, VCE = 1 Vde) 2N3248 50 -

2N3249 100 -
(Ic = 10 mAde, VCE = 1 Vde) 2N3248 50 150 

2N3249 100 300 

(Ic = 50 mAde, V CE = 1 Vde) 2N3248 35 -
2N3249 75 -

(Ie = 100 mAde, V CE = 1 Vde) 2N3248 25 -
2N3249 35 -

Output Capacitance 6 Cob pF 

(VCB = 10 Vdc, IE = 0, f = 100 kHz) - 8.,0 

Input Capacitance 6 Cib pF 

(VBE = 1 Vdc,Ie = 0, f = 100 kHz) - 8.0 

Current-Gain - Bandwidth Product fT MHz 
(Ie = 20 mAde, VCE = 10 Vdc, f = 100 MHz) 2N3248 250 -

2N3249 300 -
Total Control Charge 5,10 Qor pC 

(Ie = 10 mA, IB = 0.25 mA, V CC = 3 V) - 150 

Delay Time Ie = 100 mA, IB = 10 mA, tel - 5 ~O ns 

Rise Time VBEloff) = 0.5 V, VCC = lO V 1,3 
tr - 15 ns 

Storage Time ~ = 100 mA, IBI = 1B2 = 10 mA, 2,3 ts - 60 ns 

Fall Time CC = 10 V tr 20 ns 

Turn-On Time IC = 10 mA, IBI = 1 mA, 1,3 ton - 90 ns 
VBEloff)" 0.5V,VCC = 3v 

Turn-Off Time Ie = 10 mA, IBI = IB2 = 1 mA, 2,3 toff - 100 ns 
vcc = 3 V 

* Indlcates JEDEC Reglstered Data 
(1) Pulse Test: PW = 300 /lS, Duty Cycle ;:; 2% 
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2N3248. 2N3249 (Continued) 

FIGURE 4 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3248, 2N3249 (Continued) 

FIGURE 7 COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N3250, A (SILICON) 

2N3251, A 
2N3250A JAN,JTX,JTXV AVAILABLE 
2N3251AJAN,JTX AVAILABLE 

PNP silicon annular transistors for high-speed 
switching and amplifier applications. 

STYLE 1: 
PIN 1. EMITTER 

CASE 22 
(TO-IS) 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 

Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 

Junction Operating Temperature 

Storage Temperature Range 

2. BASE 
3. COLLECTOR 

Symbol 

VCB 

VCEO 

VEB 

Ie 

P D 

PD 

TJ 

Tstg 

Thermal ReSistance, Junction to Ambient t1JA 
Thermal ReSistance, Junction to Case t1JC 

*Indicates JEDEC Registered Data 

2-439 

2N3250 2N3250A Unit 2N3251 2N3251A 

50 60 Vdc 

40 60 Vdc 

5.0 Vdc 

200 mAdc 

1.2 Watts 
6.9 mW;oC 

0.36 Watts 
2.06 mW;oC 

200 °c 

-65 to +200 ·C 

O. 49 °C/mW 
0.15 °C/mW 



2N3250, A, 2N3251, A (Continued) 

'ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Collector Cutoff Current 
ICEX (V CE = 40 Vde, VBE(off) = 3 Vde) -- 20 nAde 

Base Cutoff Current 
IaL nAde (V CE = 40 Vde, VBE(off) = 3 Vde) -- 50 

Collector-Base Breakdown Voltage 2N3250, 2N3251 BVCBO 50 -- Vde (Ic = 10pAde) 2N3250A, 2N3251A 60 
Collector-Emitter Breakdown Voltage (1) 2N3250, 2N3251 BVCEO 40 -- Vde (IC = 10 mAde) 2N3250A, 2N3251A 60 

Emitter-Base Breakdown Voltage BVEBO 5.0 -- Vde (IE = 10pAde) 

Collector Saturation Voltage (11 VCE(sat) Vde 
(IC = 10 mAde, Ia = 1 mAde) -- 0.25 

(IC = 50 mAde, IB = 5 mAde) -- 0.5 

Base-Emitter Saturation Vl>ltage (11 
VBE(sat) Vde 

(IC = 10 mAde, Ia = 1 mAde) 0.6 0.9 

(IC = 50 mAde, IB = 5 mAde) -- 1.2 

DC Forward Current Transfer Ratio (11 
hFE --

(IC = O. 1 mAde, V CE = 1 Vdc) 2N3250,2N3250A 40 --
2N3251,2N3251A 80 --

(IC = 1 mAde, V CE = 1 Vdc) 2N3250,2N3250A 45 --
2N3251,2N3251A 90 --

(IC = 10 mAdc, VCE = 1 Vdc) 2N3250,2N3250A 50 150 
2N3251,2N3251A 100 300 

(Ic = 50 mAdc, VCE = 1 Vde) 2N3250,2N3250A 15 --
2N3251,2N3251A 30 --

Output Capacitance 
Cob -- 6.0 pF (V CB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance C1b (VCB = 1 Vdc, Ic = 0, f = 100 kHz) -- 8.0 pF 

Current-Gain - BandWidth Product 2N3250,2N3250A fT 250 --
(IC = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 2N3251,2N3251A 300 -- MHz 

SMALL SIGNAL CHARACTERISTICS 

Characteristic Symbol Min Max Unit 
Small Signal Current Gain 2N3250,2N3250A 

hfe 50 200 --(IC= 1. 0 mA, VC£ = 10 V, f = 1 kHz) 2N3251,2N325IA 100 400 

Voltage Feedback Ratio 2N3250,2N3250A h -- 10 XlO-4 (IC = 1.0 mA, VCE = 10 V, f = 1 kHz) 2N3251,2N3251A re -- 20 

Input Impedance 2N3250,2N3250A h. 1.0 6.0 kohms (IC = 1. 0 mA, VCE = 10 V, f = 1 kHz) 2N3251,2N3251A Ie 2.0 12 

Output Admittance 2N3250,2N3250A h 4.0 40 pmhos (IC = 1.0 mA, VCE = 10 V, f = 1 kHz) 2N3251,2N3251A .oe 10 60 

Collector-Base Time Constant 
r'bCC -- 250 (IC = 10 mA, VCE = 20 V) ps 

Noise Figure 
(IC = 100 pA, V CE = 5 V, Rs = 1 kR, f = 100 Hz) NF -- 6.0 dB 

, Indicates JEDEC Registered Data 

IIJPulse Test: PW = 300,us, Duty Cycle = 2% 
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2N3250, A, 2N3251 , A (Continued) 

SWITCHING CHARACTERISTICS (TA = 250C unless otherwise noted) 

Characteristic Symbol Max Unit 

Delay Time td 35 ns 
(Vee = 3 Vde, V BE = 0.5 Vde 

Ie = 10 mAde, lsi = I mAl 

Rise Time tr 35 ns 

(lsi = 1s2 = I mAde I 
2N3250,2N3250A 

ts 
175 

storage Time ns 
2N3251,2N3251A 200 

Vee = 3V) 
Fall Time tf 50 ns 

SWITCHING TIME CHARACTERISTICS 

FIGURE 1 - DELAY AND RISE TIME FIGURE 2 - STORAGE AND FALL TIME 
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2N3250, A, 2N3251, A (Continued) 
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FIGURE 6 - OUTPUT ADMITIANCE 
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2N3250, A, 2N3251 , A (Continued) 
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FIGURE 9 - NORMALIZED CURRENT GAIN CHARACTERISTICS 
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2N3250, A, 2N3251 I A (Continued) 

FIGURE 13 - fT. AND rb'Ce versus Ie 
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2N3252S, 2N3253S (SILICON) 
2N3253 JAN AVAI LABLE 

2N3444S 
2N3444 JAN AV AI LABLE 

NPN silicon annular transistors for high-current 
saturated switching and core driver applications. 

CASE 79 
(TO·39) 

Collector connected to case 

'MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
25°C Case Temperature 

Derate above 25°C 

Tot .. 1 Device Dissipation 
25°C Ambient Temperature 

Derate above 25°C 

JWlction Operating Temperature Range 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Symbol 

VCB 

VCEO 

VEB 

PD 

PD 

TJ 

2N3252 2N3253 2N3444 

60 75 80 

30 40 50 

. 5.0 I 

• S.O 
• 28.6 I 

• 1.0 , 
• 5.71 • 

• -65 to +200-

Storage Temperature Range Tstg _ -65 to +200---

9JC 35 
Thermal Resistance: 

9JA 0.175 

SWITCHING CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min 
output l,;apacitance Cob 

(VCB = 10 Vdc, IE = 0, f = 100 kHz) -
Input Capacitance C1b 

(VEB = 0.5 Vdc, Ie = 0, f = 100 kHz) -
Current Gain-Bandwidth Product fT 

(IC = 50 mAdc, V CE = 10 Vdc, f = lOa MHz) 2N3252 200 
2N3253, 2N3444 175 

Total Control Charge QT 
(IC = 500 mAdc, IB1 = 50 mAde, VCC = 30 V) -

Delay Time Ie= 500 mAde, Ia1 = 50 mAde td -
Rise Time VCC = 30 V, VBE = 2V 2N3252 tr -

2N3253, 2N3444 -
Storage Time IC = 500 mAde, IB1 = IB2 = 50 mAde ts -
Fall Time VCC=30V tr -

• Indicates JEDEC Registered Data 

2·445 

Unit 

Vde 

Vdc 

Vdc 

Watts 
mW/oC 

Watt 
mW/OC 

°c 

°c 

°C/W 

°C/mW 

Max Unit 

12 
pF 

pF 
80 

MHz 
--

nC 
5.0 

15 ns 

30 ns 
35 

40 ns 

30 ns 



2N3252S, 2N3253S, 2N3444S (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 
Collector Cutoff Current 

(VCB = 40 Vdc, IE = 0) 2N3252 

(VCB = 40 Vdc, IE = 0, T A = lOOoe) 2N3252 

(VCB = 60 Vde, IE = 0) 2N3253, 2N3444 

(VCB = 60 Vde, IE = 0, T A = lOO°e) 2N3253, 2N3444 

Emitter Cutoff Current 
(VBF = 4 Vde, IC = 0) 

Collector Cutoff Current 
(VCE = 40 Vde, V EIl(ofl) = 4 Vde) 2N3252 

(VCE = 60 Vde, VEB(off)= 4 Vde) 2N3253, 2N3444, 

Base Cutoff Current 
(VCE = 40 Vde, VEB(Off)= 4 Vde) 2N3252 

(VCE = 60 Vde, VEB(off)= 4 Vde) 2N3253, 2N3444 

Collector-Base Breakdown Voltage 
(IC = 10 ,IIAde, IE = 0) 2N3252 

2N3253 
2N3444 

Collector-Emitter Breakdown Voltage III 
(IC = 10 mAde, pulsed, IB = 0) 2N3252 

2N3253 
2N3444 

Emitter-Base Breakdown Voltage 
(IE = 10 JlAde, Ie = 0) 

Collector Saturation Voltage III 
(IC = 150 mAde, IB = 15 mAde) 2N3252 

2N3253, 2N3444 

(IC = 500 mAde, IB = 50 mAde) 2N3252 
2N3253, 2N3444 

(IC = 1.0 Ade, IB = 100 mAde) 2N3252 
2N3253, 2N3444 

Base-Emitter Saturation Voltage III 
(IC = 150 mAde, IB = 15 mAde) 

(IC = 500 mAde, IB = 50 mAde) 

(IC = 1.0 Ade, IB = 100 mAde) 

DC Forward Current Transfer Ratio 111 
(IC = 150 mAde, VCE = 1 Vde) 2N3252 

2N3253 
2N3444 

(IC = 500 mAde, VCE = 1 Vde) 2N3252 
2N3253 
2N3444 

(IC = 1 Ade, VCE = 5 Vde) 2N3252 
2N3253 
2N3444 

III Pulse Test: Pulse width = 300 /.Is. duty cycle = 2% 
* Indicates jEDEC Registered Data 
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Symbol 
ICBO 

lEBO 

ICEX 

IBL 

BVCBO 

BVCEO 

BVEBO 

VCE (sat) 

VBE (sat) 

hFE 

Min Max Unit 
JlAdc 

- 0.50 

75.0 

0.50 

75.0 

JlAde 
- 0.05 

/.lAde 
- 0.5 

- 0.5 

JlAde 
- 0.50 

- 0.50 

Vde 
60 -
75 -
80 -

Vde 
30 -
40 -
50 -

Vde 
5.0 -

Vde 
- 0.3 
- 0.35 

- 0.5 
- 0.60 

- 1.0 
- 1.2 

Vde 
- 1.0 

0.7 1.3 

- 1.8 

-
30 -
25 -
20 -
30 90 
25 75 
20 60 

25 -
20 -
15 -



2N3252S, 2N3253S, 2N3444S (continued) 
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2N3252S, 2N3253S, 2N3444S (continued) 

70 
MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3252S, 2N3253S, 2N3444S (continued) 
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2N3283 thru 2N3285 (Ge Mesa) 

CASE 20-03 
(TO-72) 

STYLE 10 
PIN 1. EMITTER 

2. BASE 
3 COLLECTOR 
4. CASE 

* M,~XiMUM RATINGS 

I Rating 

I Collector-Emitter Voltage 

I Collector-Base Voltage 

I 
~mitter-Base Voltage 

I Collector Current - Continuous 

Total Device Dissipation @ T A ~ 25'C 

Derate above 25°C 

PNP germanium mesa transistors for IF 
and RF amplifier, oscillator and general 
purpose high-gain, low-noise amplifier 
applications. 

Symbol 2N3283 2N3285 Unit 2N3284 
VCES 25 20 Vdc 

VCB 25 20 Vdc 

VEB 0.5 Vdc 

IC 50 mAdc 

PD 100 mW 

1. 33 mW/'C 

Operating and Storage Junction Temperature Range TJ , T stg -65 to +100 'c 

*Indicates JEDEC Registered Data 
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2N3283 thru 2N3285 (continued) 

* ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 100 iJAdc, V BE = 0) 

Collector Cutoff Current 
(VCB = 10 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 0.5 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 3.0 mAdc, V CE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

2N3283, 2N3284 
2N3285 

2N3283, 2N3284 
2N3285 

(IC = 3.0 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Maximum Frequency of Oscillation 
(IC = 3.0 mAdc, V CE = 10 Vdc) 

Output Capacitance (1) 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

Small-Signal Current Gain 
(IC = 3.0 mAde, V CE = 10 Vdc, f = 1. 0 kHz) 

2N3283, 2N3284 
2N3285 

Collector-Base Time Constant 
(IE = 3.0 mAdc, V CB = 10 Vdc, f = 31. 8 MHz) 

Noise Figure 
(IC = 3.0 mAdc, VCE = 10 Vdc, f = 200 MHz) 

2N3283 
2N3284 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain 
(V CE = 10 Vdc, IC = 3.0 mAde, f = 200 MHz) 

2N3283, 2N3284 

Power Output 
(VEE = 12 Vdc, f = 247 MHz) 2N3285 

*Indicates JEDEC Registered Data 

Symbol 

BVCES 

ICBO 

lEBO 

fT 

f max 

Cob 

hfe 

r 'c b c 

NF 

G pe 

P out 

Min 

25 
20 

-

-

250 

-

-

10 
5.0 

-

-
-

16 

2.0 

(1) Cob is measured in a guarded circuit such that the can capacitance is not included. 
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Max Unit 

Vdc 
-
-

iJAdc 
10 

iJAdc 
100 

MHz ," 
800 

MHz 
-

pF 
1.5 I 

I 

-

200 
200 

ps 
25 

dB 

5.0 
6.0 

dB 

23 

mW 
-



2N3283 thru 2N3285 (continued) 

FIGURE 1 - 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

IN soot-: Rg 
470 

NOTES, 
l·l lJ4 inch inside diameter, Vz inch length, 4 turns #20 solid copper wire, 

center tapped. 
T·1 1/4 inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 

ratio bqiller wound. 

* High Quality piston type capacItor. 
Distance from emitter contact of transistor to ground side of bypass capaci. 
tor should be kept minimum 

SHIELD 

CN .7-9' 

L-I 

':" 470 

.001# 

I, -Vee 

FIGURE 2 - 257 MHz OSCIllATOR POWER OUTPUT TEST CIRCUIT 

.0011'FT 

L, - 4 TURNS OF # 22 NYKLAD WIRE SPACED FOR 257 MC. COIL FORM 7/32" CENTER 
RFC - 24 TURNS (; 30 NYKLAD WIRE CLOSE WOUND 
All CAPACITORS ARE CERAMIC TYPE 
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DETECTOR 
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2N3287(SILICON) 

NPN silicon annular transistor for high-gain, low
noise amplifier, oscillator, mixer and frequency mul
tiplier applications. 

2 
CASE 20 

(TO-72) t8 STYLE10 
PIN 1. EMITTER 

1 0 0 3 2. BASE 
o 3. COLLECTOR 

4. CASE 

MAXIMUM RATINGS 

Rating Symbol 

Collector - Base Voltage VCB 

Collector - Emitter Voltage VCES 

Collector - Emitter Voltage VCEO 

Emitter - Base Voltage VEB 

Collector Current IC 

Power Dissipation at 25°C Case PD 
Above 25°C derate 1. 71 mW;oC 

Power Dissipation at 25° C amb, PD 
Above 25°C derate 1. 14 mW;oC 

Junction Temperature TJ 

Storage Temperature Range T 
stg 

Value 

40 

40 

20 

3.0 

50 

300 

200 

+200 

-65 to +200 

200 M H 2: TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 

Unit 

Volts 

Volts 

Volts 

Volts 

rnA 

mW 

mW 

°c 

cc 

RL = 50n 

B 

ll,6 turns of #16 lin ned wire; %" ID; Air wound; winding length 34"; 
Vce feeds tap 434 turns from collector end; output tap 3lf2 turns 
from collector end. 

Tl,3 turns primary and secnndary Bifilar wound (close wound) on If." 
ceramic form (cambia" type) with brass slug. #22 enameled wire. 

Pl,General Radio 874 G6 Pad (SdB) 
PZ-General Radio 874 G6 Pad (6dB) 
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2N3287 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ Max Unit 

Collector-Base BVCBO IC = 10 /lAde, IE = 0 Vdc 
Breakdown Voltage 40 - -
Collector-Emitter BVCES IC = 10 /lAdc, VBE = 0 Vdc 
Breakdown Voltage 40 - -
Collector-Emitter BVCEO IC = 2.0 mAdc, IB = 0 Vdc 
Breakdown Voltage 20 - -
Emitter-Base BVEBO IE = 10 /lAdc,IC = 0 3.0 - - Vdc 
Breakdown Voltage 

Collector Cutoff ICBO VCB = 15 Vdc - - .0lO /lAdc 
Current VCB = 15 Vdc, T A = 1500 C - - 3.0 

DC Forward Current hFE VCE = 10 Vdc, Ic = 2 mAdc -
Transfer Ratio 15 - 100 

Collector-Emitter VCE (sat) IC = 5 mAdc, IB = 0.5 mAdc Vdc 
Saturation Voltage - - 0.3 

Base- Emitter VBE (sat) IC = 5 mAdc, IB = 0.5 mAdc Vdc 
Saturation Voltage - - 0.9 

AC Current Gain hfe VCE = 10 Vdc, IC = 2 mAdc, f = 1 kHz -
15 - 150 

Output Capacitance Cob VCB = lO Vdc, IE = 0, f = 0.1 MHz (Note 1) )'F 

- 0.9 1.1 

Collector-Base rb'Cc VCB = 10 Vdc, IC = 2 mAdc, f = 31.8 MHz ps 
Time Constant 3.0 8.0 15 

Current Gain - fT VCE = 10 Vdc, IC = 2 mAdc MHz 
Bandwidth Product 350 600 1200 

Maximum Frequency fmax VCE = 10 Vdc, IC = 2 mAdc - 2000 - MHz 
of Oscillation 

Power Gain Ge VCE = lO Vdc, Ic = 2 mAdc, f = 200 MHz dB 
17 - 24 

Noise Figure NF VCE = 10 Vdc, IC = 2 mAdc, f = 200 MHz dB - 4.9 6,0 

Power Gain (AGe) Ge VCE =5.0 Vdc, IC=20 mAdc, f=200MHz(Note 2) dB - - 0 

Note 1. Cob is measured in guarded circuit such that the can capacitance is not included. 

Note 2, AGC is obtained by increaSing IC' The circuit remains adjusted for V CE = 10 Vdc. IC = 2 mAdc operation. 

NEUTRALIZED POWER GAIN POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 
AND NOISE FIGURE versus fREQUENCY 

50 Vct - 10 Ydc. Ie _ 2 mAde 

.... 
40 

;;-
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20 :i! 
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" NF 1 
G. V 
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2N3291 (SILICON) 

2N3292 
2N3294 

NPN silicon annular transistor for TV and FM mixer, 
RF and IF amplifier and general-purpose, low-noise, 
high- gain amplifier applications. 

CASE 20 
(TO·72) 

2 8) STYLE10 
PIN 1. EMITTER 

1 0 0 3 2. BASE 
o 3. CO LLECTO R 

4. CASE 

MAXIMUM RATINGS 

Rating Symbol 2N3291 Unit 
2N3292 2N3294 

Collector - Base Voltage VCB 25 20 Volts 

Collector - Emitter Voltage VCES 25 20 Volts 

Emitter - Base Voltage VEB 3.0 3.0 Volts 

Collector Current Ie 50 50 rnA 

Power Dissipation at 25°C Case PD 300 300 mW 
Above 25°C derate 1. 71 mW/oC 

Power Dissipation at 25°C Amb. PD 200 200 mW 
Above 25°C derate 1.14 mW/oC 

Junction Temperature TJ +200 +200 °c 

Storage Temperature Range Tstg • -65 to +200 • °c 

NEUTRALIZED POWER GAIN POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 
AND NOISE FIGURE versus FREQUENCY 

50 VCI - 10 Vdc. Ie - 2 mAde 

" 40 

iii 
~ 
z 30 
C .. 
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" NF 1 ..... G. if 
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20 li! 
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10 

.......... if" 
:x 

./. 

" ~.- -' 
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10 20 40 60 100 200 400 600 1000 2000 4000 

fREQUENCY I MH,) Ie. COLLECTOR CURRENT (mAl 
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2N3291, 2N3292, 2N3294 (Continued) 

ELECTRICAL CHARACTERISTICS ITA = 2SOC unless otherwise noted) 

Characteristic Symbol Test Conditions Min 
Collector-Emitter BVCES IC = 25 !lAdC, VBE = 0 
Breakdown Voltage 2N3291, 2N3292 25 

2N3294 20 

Collector Cutoff Current ICBO VCB = 10 Vdc, IE = 0 -
Emitter Cutoff Current lEBO VEB = 0.5 Vdc, le = 0 -
DC Forward Current hFE VCE = 10 Vdc, IC = 2 mAde 10 
Transfer Ratio 

AC Current Gain bra VCE = 10 Vdc, IC = 2 mAdc, 10 

f = 1 kHz 

Output Capacitance Cob VCB = 10 Vdc, IE = 0, -
f = 100 kHz, Note 1 

AC Current Gain Ihfel VCE = 10 Vdc, IC = 2 mAdc 2.5 
f = 100 MHz 

Collector-Base rbCc VCB = 1OVdc, IC = 2 mAdc -
Time Constant f = 31.8 MHz 

Maximum Frequency f max VCE = 10 Vdc, IC = 2 mA -of Oscillation 

2N3291 
Power Gain Ge 16 

VCE = 10 Vdc, IC = 2 mAdc, 
Noise Figure NF f = 200 MHz -

i Power Gain (AGe) Ge Note 2 -

I VeE = 5 Vdc, le = 20 mAdc 
f = 200 MHz 

2N3292 

Power Gain Ge 16 
VeE = 10 Vdc, IC = 2 mAdc 

Noise Figure NF f = 200 MHz -

Power Gain (AGe) Ge Note 2 -
VeE = 5 Vde, IC = 20 mAde 
f = 200 MHz 

2N3294 

Power Gain Ge 14 
VeE = 10 Vdc, le = 2 mAdc 

Noise Figure NF f = 200 MHz -

Note 1. Cob is measured in guarded circuit such that the can capacitance is not included. 

Note 2. AGC is obtained by increasing le. The circuit remains adjusted for V CE = 10 Vdc, 

le = 2. mAde operation. 

2-456 

Typ Max Unit 

Vdc 
35 -
30 -
.01 0.1 /lAdc 

- 100 /lAdc 

- - -

- 200 -

1.0 2.0 pF 

6.0 12 -

15 30 ps 

2000 - MHz 

20 24 dB 

6.0 8.0 dB 

- 0 dB 

20 24 dB 

7.0 9.0 dB 

0 - dB 

- - dB 

7.0 - dB 



2N329S (SILICON) 

The RF Line 

NPN SILICON RF HIGH FREQUENCY TRANSISTOR 

· .. designed for amplifier applications from 2 MHz to 100 MHz. 

• Amplifier Characteristics -
30 MHz IMO: = 30 dB down @Pout =0.3Watts PEP 

• High Power Gain 
Ge = 14 dB Min @ 30 MHz with Pout = 0.3 Watts PEP 

*MAXIMUM RATING INote 1) 

Rating Symbol Valua Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous IC 250 mAde 

ease Current - Continuous IB 50 mAde 

Total Power Dissipation@Tc= 25°C Po 2.0 Watts 
Derate above 25°C 13.3 mW/oC 

Total Power Dissipation @ T A = 2SoC Po O.B Watts 
Derate above 25°C 5.33 mW/oC 

Operating and Storage Junction TJ.Tstg -65 to 175 °c 
Temperature Range 

* Indicates JEDEC Registered Data 
Note 1: The maximum ratings as given for DC Conditions can be exceeded on a pulse 

basis. See Electrical Characteristics. 

2-457 

DIM 

A 
II 
C 
D 
G 
H 
J 
K 
til 
N 

HIGH FREQUENCY 
TRANSISTOR 

NPN SILICON 

rR I~~ __ J3----r:- a;;a..L-,..-.!.1 

SEATING K 

PLANE l~J~D l 

ILLI TERS IN 
MIN MAX MIN MAX 

8.51 9.40 
7.75 8.51 
6.10 6.60 
0.41 0.48 

5.08 sse 
0.71 0.86 
0.74 1.14 

38.10 -
45 sse 
2.64 ase 

CASE 031'()1 



2N3295 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Coilector·Emitter Sustaining Voltage (1 ) 
(lc=l00mA,le=O) 

Collector·Emitter Sustaining Voltage (1.) 

(lC = 100 mA, ReE = 0) 

COllector-Emitter Current 
(VCE = 60 Vdc, VeE = 0) 
(VCE = 50 Vdc, VeE = 0, TC = 175°C) 

Collector Cutoff Current 
(Vce = 50 Vde, IE = 0) 

Emitter Cutoff Current 
(VES = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 10 mAde, VCE = 10 Vde) 
(lC = 150 mAde, VCE = 10 Vde) (1) 

Collector-Emitter Saturation Voltage 
(lC = 150 mAde; Ie = 15 mAde) 

Base-Emitter Saturation Voltage 
(lC = 150 mAde, IS = 15 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(VCE = 10 Vde, IC = 10 mAde, f = 50 MHz) 

Output Capacitance 
(VCS = 10 Vdc, IE = 0, f = 100 kHz) 

FUNCTIONAL TESt (FIgure 1) 

Power Input (PEP) (2) 

Power Gain (Pout = 0.3 Watts PEP (0.15 W rms), 

Intermodulation Distortion 
f = 30 MHz, VCE = 16 Vd., 

IC(ma.) = 40 mAl 
Efficiency 

*Indicates JEDEC Registered Data. 
(1) Pulse Width = 1001's, Duty Cycle = 2.0%. 
(2) PEP - Peak Envelope Power 

VCEO(sus) 

VCES(sus) 

ICES 

.Iceo 

IEeO 

hFE 

VCE(setl 

VSE(sat) 

IT 

Cob 

Pin 
Ge 

IMD 

1/ 

Min Typ 

20 -

30 -

- -
- -
- -

- -

20 -
20 -

- -

- -

200 -

- -

- -
14 17 

30 32 

25 30 

FIGURE 1 - 30 MHz TWO TONE LINEAR AMPLIFIER TEST CIRCUIT 

Two Tone 
Audio Osc. 
fl=1kHz 
f2 = 2 kHz 

30 MHz 
SSB 

Transmitter 
Exciter 

6 dB 
Power 

Attenuator 

RS 

~ 

25-280 pF 
100.n 

Ll 4T, 111B, 1/410,3/8 L (0.09I'H) 
L2 6T, 1118. 1/410,9/16 L (0.13I'H) 

470.n O.OlI'F 25-280 pF 

+8ias Supply 
o to +5 Vdc 

TEST PROCEDURE 

0.681'H 

+15 Vdc 

O.OlI'F 

1. Adjust bias supply for Ie = 3.4 mA, no RF signal applied. 
2. Apply RF signal and tune until Pout::::: 0.3 watts PEP. 
3. Read IMD, Ie. and Pin. 

2-458 

181'H 
RFC 

Max 

-

-

100 
500 

0.1 

100 

60 
-

0.5 

2.0 

-

S.O 

12 

-
-
-

Unit 

Vde 

Vdc 

""de 

""de 

I'Ade 

-

Vde 

Vde 

MHz 

pF 

mW 

dB 

de 

% 

30.5 MHz 
Heterodyne 

Osc. 

Panoramic 
Spectrum 
Analyser 
SB12BS 

6 dB 
Power 

Attenuator 

Thru Line 
Watt 
Meter 



2N3295 (continued) 
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2N3295 (continued) 

Pin"" 3 mW PEP 

RS = 50 n 0.1 

l1,F - 1147~H 

150 n 

30 MHz SINGLE - SIDE BAND TRANSMITTER 

2N3296 

510 n 

0.1 30n 

+2.8 V c>---..... ----+------<~--------+_----------J 
18,uH 

Pout = 10 Watts PEP 

~~~~.-rv~~~R~:~ 

100 n 

T1, T2 #32 Bifilar Wound 
Toroid on Mfcrometals 
T-20-6 Core 

T3 #22 Bifilar Wound 
Toroid On Micrometais 
T-44-10 

+25Vo-----___ ~------J~rY'------_<~-----r~-r~-----. 

APPLICATION NOTE 

The schematic for a 30 MHz single sideband transmitter 
shown in Figure 1 illustrates circuitry which can be used 
to provide linear power amplification with Motorola RF 
Line transistors. This particu lar circuit provides peak en· 
velope power output of 10 watts with an overall power 
gain of 35 dB. All odd order distortion products (Inter· 
modulation Distortion - IMD) are more than 30 dB down 
from the reference level as measured in a two tone test 
with 1 kHz separation using a panoramic SB·12BS spec
trum analyzer. 

This performance is readily obtained without feedback 
loops. Current feedback for stability is obtained in stage 
one and stage two by the use of unbypassed emitter 
resistors. 

Although the power output for this system is 10 watts 
of peak envelope power, you are not limited by the tran
sistors. Four (2N3297) in parallel are capable of delivering 
in excess of 40 Watts PEP. 

In the design of a linear amplifier stage there are two 
important factors which must be considered. These are 
optimum driving source impedance and slight forward 
bias. Optimum RS is determined by observing the linearity 
of transistor collector characteristics when the device is 
driven from a variable generator source impedance. For· 
ward bias is applied from a low-voltage bias supply and 
resistive divider. Values of resistance in the bias divider 
are critical. Resistive values too low decrease efficiency 
and present thermal runaway possibility; values too high 
degrade IMD performance. Optimum bias for the 2N3297 
with no signal applied is approximately 5 mA to 10 mAo 
Note that improved IMD performance is possible as the 
device supply voltage is increased up to 30 volts. 
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2N3296 (SILICON) 

The RF Line 

NPN SILICON RF HIGH FREQUENCY TRANSISTOR 

... designed for amplifier applications from 2 MHz to 100 MHz. 

• Amplifier Characteristics 
30 MHz IMD: 30 dB down @ Pout = 3.0 Watts PEP 

• High Power Gain 
Ge = 16 dB (Min) @30 MHz with Pout = 3.0 Watts PEP 

• High Pulse Breakdown Voltage 
BVCES = 85 Volts (Min) 

• Isolated Stud Package 

*MAXIMUM RATINGS (Note 1.) 

Rating Symbol Value Unit 

Collector-Base Voltage VCBO 60 Vdc 

Collector-Emitter Voltage VCES 60 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous IC 700 mAde 

Base Current - Continuous IB 100 mAde 
~-

R F I nput Power Pin 1.0 Watt (PEPI 

A F Output Power Pout 5.0 Watts (PEPI 

Total Power Dissipation @TC = 25°C PD 6.0 Watts 
Derate above 2SoC 40 mW/oC 

Total Power Dissipation @TA = 25°C PD 0.7 Watts 
Derate above 2SoC 4.67 mWJOC 

Operating and Storage Junction TJ.T"9 175 °c 
Temperature Range 

* Indicates JEDEC Registered Data 
Note 1: The maximum fatings as given for DC Conditions can be exceeded on a pulse 

basis. See Electrical Characteristics. 

2-461 

HIGH FREQUENCY 
TRANSISTOR 

NPN SILICON 

D~~[" 

~ _I F [u j H[ j 

['lj ~ I -\.J~ ! 
=~ PlANE I 

J S _ 632tJNC2A 
(COATED) 

MilLIMETERS INCHES 
DIM MIN MAX MIN MAX 

+ r!-~-4!- Ji~ ~~ + '}l- -Ml--- .+m-..Ji.- -H~ ~Hr ~ D ~ + r-!cl~ ~ ~ 0.406 0.483 ~ G 2.54 ase o~ 
H 0.5118 0.889 ~ J 6.73 7.42 ~ • 12.70 
l 6.35 I--':-
N 1.27 sse 
p 1.27 -
R 8.B9 9.14 0.350 
S 4.45 4.83 0.175 
T 4.11 4.29 0.162 
U 1.14 1.52 0.045 

All JEOEC dimenSions and notes apply 

CASE 24 
TO·102 



A!I\I 3296 (conti nued) 

*ElECTRICAl CHARACTERISTICS (TA = 250 C unless otherwise noted.1 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 200 mAde, IS = 0) 

Collector-Emitter Sustaining Voltage(1) 
(lC = 200 mAde, RBE = 01 

Collector-E mitter Current 
(VCE = 60 Vde, VSE = 01 
(VCE = 50 Vde, VSE = 0, T C = 1750 CI 

Collector Cutoff Current 
(VCS = 50 Vde, Ie = 01 

Emitter Cutoff Current 
(VES = 3.0 Vdc, IC = 01 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = 2.0 Vde, Ie = 40 mAdel 
(VeE = 2.0 Vde, Ie = 400 mAdel 

Collector-Emitter Saturation Voltage 
(lC = 400 mAde, IS = 80 mAdel 

Base-Emitter Saturation Voltage 
(Ie = 400 mAde, IS = 80 mAdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(VCE = 2.0 Vde, IC = 40 mAde, I = 50 MHzl 

Output Capacitance 
(VCS = 25 Vde, IE = 0, I = 100 kHz) 

FUNCTIONAL TEST (Figure 11 

Power Input (PEPI (21 

Power Gain (Pout = 3.0 Watts (PEPI (1.5 W rmsl, 

Intermodulation Distortion 
VCE = 30 Volts, I = 30 MHz, 
IC(maxl = 125 mAl 

Efficiency 

*Indicates JEOEC Registered Data. 

(11 Pulse Width = 100/Ls, Duty Cycle = 2.0%. 
(2) PEP - Peak Envelope Power 

VCEO(susl 

VCES(susl 

ICES 

'. 

leBO 

IESO 

hFE 

VCE(satl 

VBE(satl 

IT 

Cob 

Pin 

Ge 
IMD 

1] 

Min Typ 

40 -

85 120 

- -
- -
- -

- -

5.0 --
5.0 -

- -

- -

100 -

- -

- -
16 19 

30 35 

40 48 

FIGURE 1 - 30 MHz TWO TONE LINEAR AMPLIFIER TEST CIRCUIT 

Two Tone 
Audio Osc. f, = 1 kHz 
f2 = 2 kHz 

• 
30 MHz 

SSB 
Transmitter 

Exciter 

6 dB 
Power 

Attenuator 

AS 

~ 

25-280 
pF 75 n 

L1 4T, #18,1/410,3/8 L (0.09/LH) 
L2 6T, #18,11410,9/16 L (0.13/LH) 

200n 

18IJH 
RFC 

+Bias Supply 
o to +5 Vdc 

+30 Vdc 

18#H 
AFC 

0.01/LF 

TEST PROCEDURE 

25-280 pF 

25-280 pF 

1. Adjust bias supply for Ie '= 3.4 mA, no AF signal applied. 
2. Apply RF signal and tune until Pout ~ 0.3 watts PEP. 
3. Read IMD, 'e, and Pin· 
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2N3296 (continued) 
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2N3296 (continued) 

30 MHz SINGLE - SIDE BAND TRANSMITTER 

Pin = 3 mW PEP 

RS ~ 50 n 0.1 

rtF - 1147~H 

150n 

2N3296 

10n 

68 n 
470 n 200 n 

510 n 

18.uH 

0.1 30 n 

Pout"" 10 Watts PEP 

~~~~.-rv~~~R~:~ 

100 n 

T1, T2 #32 Bjfilar Wound 
Toroid on Micrometals 
T-20-6 Core 

+2.8 V 0------<>------+--------+-----------+---------,------' 
T3 1+22 Bifilar Wound 
Toroid On Micrometals 
T-44-10 

18 J.tH 

+25Vo---------~------f~rr~------_;~-----~rY~----------_i 

T O
.
, ""J" 01 

APPLICATION NOTE 

The schematic for a 30 MHz single sideband transmitter 
shown in Figure 1 illustrates circuitry which can be used 
to provide linear power amplification with Motorola RF 
line transistors. This particu lar circuit provides peak en
velope power output of 10 watts with an overall power 
gain of 35 dB. All odd order distortion products (Inter
modulation Distortion - IMDI are more than 30 dB down 
from the reference level as measured in a two tone test 
with 1 kHz separation using a panoramic SB-12BS spec
trum analyzer. 

R.Vll.AND IMD Vile versus COLLECTOR CURRENT 

This performance is readily obtained without feedback 
loops. Current feedback for stability is obtained in stage 
one and stage two by the use of unbypassed emitter 
resistors. 

Although the power output for this system is 10 watts 
of peak envelope power, you are not limited by the tran
sistors. Four (2N32971 in parallel are capable of delivering 
in excess of 40 Watts PEP. 

in the design of a linear amplifier stage there are two 
important factors which must be considered. These are 
optimum driving source impedance and slight forward 
bias. Optimum RS is determined by observing the linearity 
of transistor collector characteristics when the device is 
driven from a variable generator source impedance. For
ward bias is applied from a low-voltage bias supply and 
resistive divider. Values of resistance in the bias divider 
are critical. Resistive values too low decrease efficiency 
and present thermal runaway possibility; values too high 
degrade I MD performance. Opti mum bias for the 2N3297 
with no signal applied is approximately 5 mA to 10 mAo 
Note that improved 1M D performance is possible as the 
device supply voltage is increased up to 30 volts. 
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2N 3297 (SILICON) 

NPN silicon annular transistor for linear amplifier 
applications for 2 to 100 MHz. 

CASE 1 
(TO-3) 

Collector connected to case 

002 ST~,~Ell.BASE 
o 0 2 EMITTER 

@1 CASE: COLLECTOR 

MAXIMUM RATINGS. 

Rating 

Collector-Base Voltage 

Collector - Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base-Current (Continuous) 

Power Input (PEP) 

Power Output (PEP) 

Total Device Dissipation 
@ 25 ° C Case Temperature 

Derating Factor above 25°C 

Junction Temperature 

Storage Temperature Range 

Symbol 
VCB 

VCES 

VEB 

IC 

IB 

P. 
m 

P out 

PD 

TJ 

T stg 

Value Unit 

60 Vdc 

60 Vdc 

3,0 Vdc 

1.5 Adc 

500 mAdc 

5.0 Watts (PEP) 

20,0 Watts (PEP) 

25,0 Watts 
167 mW/oC 

175 °c 

-65 to +175 °c 

• The maxlmum ratlnp U given for de condltlona can be exceeded on a pulse basis. See electrical characteristics 

2-465 



2N3297 (Continued) 

ELECTRICAL CHARACTERISTICS (TC: 25°C unless otherwise noted) 

Characteristic Symbol Conditions 
Collector-Emitter V (ll IC : o. 250A, RBE : 0 
Sustain Voltage 

CES(sus) 

Collector Emitter-Open V (11 Ie : O. 250A, IB : 0 
Base Sustain Voltage 

CEO(sus) 

Collector-Emitter V CE : 60Vdc, VBE : 0 
Current ICES 

VCE : 50Vdc, VBE : 0, TC:+175°C 

Collector-Cutoff ICBO VCB : 50Vdc, IE; 0 
Current 

Emitter - Cutoff lEBO VEB : 3Vdc, IC: 0 
Current 

DC Current Gain IC : 400mAdc, VCE : 2Vdc 

hFE 
IC ; lAde, VCE : 2Vdc 

Collector- Emitter VCE(sat) IC : lAdc, IB ; 500mAdc 
Saturation Voltage 

Emitter-Base VBE(sat) IC : lAdc, IB ; 500mAdc 
Saturation Voltage 

AC Current Gain I hfe I V CE : 2Vdc, IC ; 400mAdc, f ; 50MH, 

Collector Output Cob V CB = 25Vdc, IE = 0, f; 100 kHz 
Capacitance 

Power Input (PEP) P. 
m 

Note 2 Pout; 12 Watts PEP (6. OW rms) 

Power Gain G V CE = 30 Volts, f; 30MHz 
e 

Intermodulation I IC(max) = 0.50 Amp 
m 

Distortion Ratio 

Efficiency 71 

(11 Pulse Test: Pulse Width; 100 JJs, Duty Cycle; 2 % 
Note 2. PEP. Peak Envelope Power 
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Min Typ Max Unit 
80 100 -- Volts 

40 -- -- Volts 

-- -- 0.5 
mAdc 

-- -- 1.0 

-- -- 1.0 pAdc 

-- -- 100 IJAdc 

6.0 -- 60 --
2.5 -- --
-- -- 0.5 Vdc 

-- -- 2.0 Vdc 

2.0 -- -- --
-- -- 60 pF 

-- -- 1.2 Wafts 
PEP 

10 13 -- dB 

30 33 -- dB 

40 45 -- % 



2N3297 (Continued) 

SAFE OPERATING AREA POWER OUTPUT versus FREQUENCY 
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2N3298 (SILICON) 

CASE 22 
(TO·18) 

NPN silicon annular transistor for power oscillator 
applications to 150 MHz. 

Collector connected to case 

2 O STYLE 1: 
PIN 1. EMITTER 

1 0 ° 3 2. BASE 
3. COLLECTOR 

MAXIMUM RATINGS 

Rating Symbol Value 

COllector-Base Voltage VCB 25 

Collector-Emitter Voltage VCES 25 

Emitter-Base Voltage VEB 3.0 

Collector Current IC 100 

Total Device Dissipation PD 
(25 ° C Case Temperature) 1.0 
Derate Above 25°C 6.67 

Total Device DiSSipation P D 
(25°C Ambient Temperature) 0.3 
Derate Above 25°C 2mW/oC 2.0 

Junction Temperature TJ +175 

Storage Temperature Range T stg -65 to +175 

80 MHz OSCILLATOR POWER OUTPUT TEST CIRCUIT 

16K 

T 30PF 

2.7K 

20n 

2N3298 

RFC 
3.9/LH 

-12V o-----e-----A,/I!v-----' 

2·468 

15 pF 

T·~ 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Watt 
mWrC 

Watt 
mW/oC 

°c 

°C 

12 pF 

~R' 
son 

BOLOMETER 

l, - 4 TURNS #22 WIRE 
ON 'I." COil FORM 



2N3298 (Continued) 

ELECTRICAL CHARACTERISTICS ITA = 26°C unless otherwise notedl 

Characteristic Symbol 

Collector- Emitter BVCES 
Breakdown Voltage 

Collector- Emitter Open BV 111 
Base Sus taming Voltage CEO(sus) 

Collector Cutoff Current lCBO 

Emitter Cutoff Current lEBO 

DC Current Gain hFE 

AC Current Gain I hfe I 
Collector Output Capacitance Cob 

Power Output P 
out 

Efficiency 71 

111 Pulse Width = 300 /lS, Duty Cycle=2% 

NORMALIZED DC CURRENT GAIN 

versus AMBIENT TEMPERATURE 

,. t- ."=",,,.1. V 
!e=l(lmAtk: 

V 

1.' 

2 

/ 
0 

• V 
v 

V 
o. • -75 -50 -25 0 +25 +50 +75 +100 +125-t"150+17S 

T &0 AMBIENT TEMPERATURE (OCI 

Conditions Min Typ ,.,ax Unit 

lC=25/lAdc, VBE=O 25 35 - Vdc 

lC=10mA,lB=0 15 24 - Vdc 

V CB=10 Vdc, IE=O - 0.01 0.5 

V CB=10 Vdc, lE=O' TA=150°C /lAdc - 10 50 

V EB=3 Vdc, IC = 0 - - 10 /lAdc 

V CE= 1 Vdc, lC= 10 mAdc 60 90 120 -

VCE= 10 Vdc, lC= 10mAdc,f= 100 MHz 2.0 - - -
V CB= 10 Vdc, IE=O, f=100 kHz - 5.0 6.0 pF 

60 - 100 rnW 
f=80 MHz 

V CC = 12 Vdc 

IC(rnax) = 20 rnA 25 40 - % 

fT versus COLLECTOR CURRENT 
600 

r L=l5V 
SOD 

i 400 S 

g 
'" ~ 300 

:; 
~ 
~ 200 
'I' 

--..j 
./ 

~ 
V ...... 

"-V-Ymo: == lOY 

I""" -..... ......... 

/ f'.. 
"< 

VeE =- 5Y 

I "-T ... == 25°C 

'\. I 
I 

z: 
;;: .. 
.£ 100 

o o 10 20 30 40 50 

I" COLLECTOR CURRENT ImAde) 
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2N3299S, 2N3300S, 2N3301, 2N3302 (SILICON) 

NPN silicon annular transistors for high-speed 
switching circuits and DC to UHF amplifier applications. 

2 STYLE 1: 

CASE 79 
(TO-39) 

CASE 22 
(TO-IS) 

2N3301 
2N3302 

I 3 2. BASE G PIN 1. EMITTER 

° ° 3. COLLECTOR 

2N3299 
2N3300 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
(Applicable 0 to 10 mAdc) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Operating Junction Temperature Range 

Storage Temperature Range 

Total Device Dissipation @TA = 25° C 

Derate above 25°C 

Total Device Dissipation @ T C = 25° C 

Derate above 25° C 

Symbol 

VCEO 

VCB 

VEB 

IC 

TJ 

T stg 

PD 

PD 

Value Unit 

30 Vdc 

60 Vdc 

5.0 Vdc 

500 mAdc 

-65 to +200 °c 

-65 to +200 °c 

2N3299 2N3301 
2N3300 2N3302 

0.8 0.36 Watt 

4.56 2.06 mW/oC 

3.0 1.8 Watts 

17.2 10.3 mW/oC 

*IndIcates JEDEC RegIstered Data 
FIGURE 1 - SATURATED TURN·ON SWITCHING 

TIME TEST CIRCUIT 
FIGURE 2 - SATURATED TURN·OFF SWITCHING 

TIME TEST CIRCUIT 

--J 300ns r 
o.:..r----L 

500 

50 

Vee ~ 25 Vdc 

80 

"'--0 OUTPUT TO 
OSCILLOSCOPE 

Z;, '" 100 k 0 
t,:<:; 1.0 ns 

-j IOI~S r-+:n -15 Vdc 

~~F 500 

501 

2·470 

500 
80 

OUTPUT TO 
OSCillOSCOPE 

Z;, '" 100kO 
t,:<:; 1.0 ns 



2N3299S, 2N3300S, 2N3301, 2N3302 (continued) 

*ELECTRICAL CHARACTERISTICS (T. = 25'C ", ... o'h .... ; .. oo,ocI) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage''') 
(IC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 ~Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ~Ade, IC = 0) 

Collector Cutoff Current 
(VCE = 50 Vde, VBE = 0) 

(VCE = 50 Vde, VBE = 0, TA = 150°C) 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, IC = 0) 

Base Current 
(VCE =50Vde, VBE =0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = O. 1 mAde, V CE = 10 Vde) 2N3299, 2N3301 

2N3300, 2N3302 

(IC = 1. 0 mAde, V CE = 10 Vde) 2N3299, 2N3301 
2N3300, 2N3302 

(IC = 10 mAde, V CE = 10 Vdc) (11 2N3299, 2N3301 
2N3300, 2N3302 

(IC = 150 mAdc, V CE = 1. 0 Vde) (11 2N3299, 2N3301 
2N3300, 2N3302 

(IC = 150 mAde, V CE = 10 Vde) (11 2N3299, 2N3301 
2N3300, 2N3302 

(IC = 500 mAde, V CE = 10 Vde) (11 2N3299, 2N3301 
2N3300, 2N3302 

Collector-Emitter Saturation Voltage 
(IC = 150 mAde, IB = 15 mAde) 

(IC = 300 mAde, IB = 30 mAde) 

(IC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage 
(IC = 150 mAde, IB = 15 mAde) 

(IC = 300 mAde, IB = 30 mAde) 

(IC = 500 mAde, IB = 50 mAde) 

Base-Emitter On Voltage 
(IC = 150 mAde, V CE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 50 mAde, V CE = 10 Vdc, 1= 100 MHz) 

Output Capacitance 
(V CB = 10 Vde, ~ = 0, 1= 140 kHz) 

Input Capacitance 
(V BE = 2.0 Vde, IC = 0, 1= 140 kHz) 

Turn-On Time (Figure 1) 
(V CC = 25 Vde, IC = 300 mAde, IB1 ~ 30 mAde) 

Turn-Off Time (Figure 2) 
(V CC = 25 Vde, IC = 300 mAde, IB1 = IB2 = 30 mAde) 

(1) Pulse Test: Pulse Width. 300 IlS; Duty Cycle ~ 2%. 
* Indicates JEDEC Registered Data 
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Symbol 

BVCEO 

BVCBO 

BVEBO 

ICES 

lEBO 

IB 

hFE 

VCE(sat) 

VBE(sat) 

VBE(on) 

IT 

Cob 

Cib 

t 
on 

toll 

Min Max Unit 

Vde 
30 -

Vde 
60 -

Vdc 
5.0 -

~Ade 
- 0.01 

- 10 

nAde 
- 10 

nAde 
- 10 

-
20 -
35 -

25 -
50 -
35 -
75 -
20 -
50 -
40 120 

100 300 

20 -
50 -

Vde 
- 0.22 

- 0.45 

- 0.6 

Vde 
- 1.1 

- 1.3 

- 1.5 

Vde 
- 1.1 

MHz 
250 -

pF 
- 8.0 

pF 
- 20 

ns 
- 60 

ns 
- 150 



2N3303 (SILICON) 

NPN silicon annular transistor designed for high
speed, high-current switching and driving applica
tions. 

STYLE 1: 
CASE 3lA PIN 1. EMITTER 

2. BASE 
Collector connected to case 3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current -Continuous IC 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

PD 

Total Device Dissipation @ TC = 25°C PD 
Derate above 25°C 

Operating and Storage Junction TJ , Tstg 
Temperature Range 

* ELECTRICAL CHARACTERISTICS (T A = 250C unless otherwise noted) 

Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Voltage(l) 
(IC = 30 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 0.5 mAde, IE = 0) 

Emitter -Base Breakdown Voltage 
(IE = O. I mAde, IC = 0) 

Colleelor Cutoff Current 
(VCE = 15 Vdc, VBE = 0) 

Base Current 
(VCE = 15 Vde, VBE = 0) 

(1) Pulse Test: Pulse Width = 300 /lS, Duty Cycle:S. 2% 
* Indicates JEDEC Registered Data 
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Symbol Min 

BVCEO 
12 

BVCBO 
25 

BVEBO 
4.0 

ICES -

IB -

Value Unit 

12 Vdc 

25 Vdc 

4.0 Vdc 

1.0 Adc 

0.6 Watt 
3.43 mW;oC 

3.0 Watts 
17.2 mW;oC 

-65 to 
+200 

°c 

Max Unit 

Vdc 
-

Vde 
-

Vdc 
-

/lAdc 
100 

/lAde 
100 



2N3303 (continued) 

*ELECTRICAL CHARACTERISTICS (continued) 

Chara{teristic 
ON CHARACTERISTICS 

DC Current Gam 
(IC = 10 mAde, VCE = 0.:; Vde) 

(IC = 100 mAde, VCE = 0.5 Vde) 111 

(IC = 300 mAde, VCE = 0.5 Vde) 111 

(IC = 300 mAde, VCE = 0.6 Vde, TA = _55°C) III 

Collector-Emitter Saturation Voltage 
(Ie = 10 mAde, IB = 1 mAde) 

(IC = 100 mAde, IB = 10 ,'!lAde) III 

(IC = 300 mAde, IB = 30 mAde) 111 

(Ie = 300 mAde, IB = 30 mAde, TA = 125°C) III 

(IC = 1 Adc, IB = 100 mAde) III 

Base-Emitter Saturation Vo;,tage 
(IC = 10 mAde, IB = 1 mAde) 

(Ie = 100 mAde, IB = 10 mAde) III 

(IC = 300 mAde, IB = 30 ",Ade) 111 

(Ie = 1 Ade, IB = 100 mAde) III 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 100 mAde, VCE = 5 Vde, I = 100 MHz) 

Output Capac itance 
(VeB = 5 Vde, IE = 0, f = 140 kHz) 

Input Capacitance 
(VBE = 0.5 Vde, IC = 0, [= 140 kHz) 

Turn -On Time (Figure 1) 
(VEB(off) ~ 4 Vde, IC ~ 1 Ade, IBI ~ 100 mAde) 

Turn-Off Time (Figure 1) 
(Ie ~ 1 Ade, IBI ~ IB2 ' 100 mAde) 

Storage Time (Figure 2) 
(IC ~ 100 mAde, IB1 ~ IB2~ 100 mAde) 

111 Pulse Test: Pulse Width = :100 }.lS, Duty Cycle ~2% 
* Indicates JEDEC Registered Oata 

FIGURE 1 - TURN·ON AND TURN·OFF T1I11ETEST CIRCUIT 

PULSE WIDTH ~ 100 ns 

:TL 
PULSE SOURCE 
t,.=~";;:l.Ons 

Z," ~ 5Of! 
PRF<IOOkHz 

1.0,", 

F 
v" 

-"OV 

? 
"" Ikll 

1 I 4JIl 

Ic ;::::lA,l'I;::::- 112z 100 mA 

Vc<; 
+12V 

Symbol Min Max 

hFE 
20 -
30 -
30 120 

10 -

VCE(sat) - 0.25 

- 0.23 

- 0.33 

- 0.50 

- 0.70 

VBE(sat) - 0.78 

- 1.10 

- 1. 30 

- 2. 1 

IT 
450 -

COb - 15 

e ib 
- 25 

t on - 15 

toff - 25 

t 
S 

15 

FIGURE 2 - STORAGE TIlliE TEST CIRCUIT 
Vee 

PULSE WIDTH > 100 ns 

_Ol:U-
PULSE SOURCE 
t,~ tOns 
l;,~ 5Of! 
PRf < 100 kHz 

2·473 

+l6V 

10011 

Unit 

Vde 

Vde 

MHz 

Vee 
+5.0V 

pF 

pF 

ns 

ns 

ns 



2N3304 (SILICON) 

PNP silicon annular transistor designed for low
level, high-speed switching applications. 

2 STYLE 1: 

2. BASE I 00 0·3 PIN 1. EMITTER 

3. COLLECTOR 

CASE 22 
(TO-IS) 

Collector connected to C8se 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ T A 

Derate above 25°C 

Total Device Dissipation @ T C 

Derate above lOOoC 

Operating & storage Junction 
Temperature Range 

= 25°C 

= lOOoC 

* Indicates JEDEC Registered Data 
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Symbol Value Unit 

VCEO 6.0 Vdc 

VCB 6.0 Vdc 

VEB 4.0 Vdc 

PD 300 mW 

1.72 mW/oC 

PD 500 mW 

5.0 mW/oC 

TJ. Tstg -65 to+200 °c 



2N3304 (continued) 

"ELECTRICAL CHARACTERISTICS (T A = 2SoC unlo .. otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage 11} 

<Ie '" 10 mAde, IB =: 0) 

Collector~Emitter Breakdown Voltage 
(Ie"" 100 f,lAdc, VBE '" 0) 

Collector-Base Breakdown Voltage 
(Ie '" lOOjJ.Adc, IE '" 0) 

Emitter-Base Breakdown Voltage 
(IE = lOOjJ.Adc, Ie '" 0). 

Collector-Cutoff Current 
(VeE = 3 Vdc, VSE '" 0) 

(VeE = 3 Vdc, VBE " 0, TA " +1250 C) 

Base Current 
(VeE = 3 Vdc, VBE = 0) 

ON CHARACTERISTICS 
DC CUrrent Gain f 1) 

(Ie'" 1 mAde, VeE" 0.5 Vdc) 

<Ie = 10 mAde, VeE = 0.3 Ydc, TA '" -55°C) 

(Ie = 10 mAde, V CE = 0.3 Vdc) 

(Ie'" 50 mAde, VeE = 1.0 Vdc) 

Collector-Emitter Solturation Voltage 
(Ie '" 1 mAde, IB " 0.1 mAde) 

(Ie '" 10 mAde, IS'" 1 mAde, T A = + 125°C) 

(Ie = 10 mAde, IS = 1 mAde) 

(Ie "_50 mAde, IS = 5 mAde) 

Base-Emitter Saturation Voltage 
<Ie '" 1 mAde, IB = 0.1 mAde) 

(Ie = 10 mAde, Ie = 1 mAde) 

(IC '" 50 mAde, IB '" 5 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(Ie '" 10 mAde, V CE '" 5 Vdc, f '" 100 MHz) 

Output CapaCitance 
(Ves '" 5 Vde, IE '" 0, f '" 140 kHz) 

Input Capacitance 
(VBE '" 0.5 Vde, Ie ;- 0, f '" 140 kHz) 

Turn-On Time (Figure 1) 
(Vec '" 1.5 Vdc, VBS '" 6 Vde.lc '" 10 mAde, 
IBI '" IB2 '" 0.5 mAde) 

Turn-Off Time (Figure 1) 
(Vce '" 1.5 Vde, Ie'" 10 mAde. lSI'" IB2 '" 0.5 mAde) 

Charge-Storage Time (Figure 2) 
(Ie '" 10 mAde, Vee'" 3 Vde, lBl '" IS2 '" 10 mAde) 

(1) Pulse Test: Pulse Width '" 300 us; Duty Cycle'" 2% 

* Indicates JEDEC Registered Data 

FIGURE I - TURN·ON , TURN·OFF TIME TEST CIRCUIT 

V,.~5.0V 

Pulse Width > lOOns 
Z,.~501l 
t,,4<1.0ns 

Vea-= -6V 

5kll 

5kll 

Vee =-15V 

1301l 

TO SAMPLING SCOPE 
Z,. '" lOOkll 
t,< IOns 

Symbol Min Max Unit 

BVCEO(sus) Vd, 

6.0 

BVCES Vd, 
6.0 

BVCBO Vd, 
6.0 

BVEBO 
4.0 

Vd, 

'cES 
0.01 

JlAde 

10 

'B 10 
nAd, 

hFE 
I. 

12 

30 120 

20 

VCE(sat) 
0.15 

Vd< 

0.23 

0.16 

0.5 

VBE(sat) Vd, 
0.7 0.8 

0.8 1.0 

I.. 

IT MHz 
.00 

Cob pF 
3.' 

C'b 
3.' 

pF 

Ion 
60 

tOff 
60 

t. 
30 

FIGURE 2 - CHARGE·STORAGE TIME TEST CIRCUIT 

~1°.1,u 
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2N3307 (SILICON) 
2N3308 STYLE 10 

PIN 1. EMITTER 
2. BASE 
3. CO LLECTO R 
4. CASE 

CASE 20 
(70·72) 

PNP silicon annular transistors for high-gain, 10w
noise amplifier, oscillator, mixer and frequency mul
tiplier applications. 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Base Voltage VeB 

Collector-Emitter Voltage VCES 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current IC 

Power Dissipation at TC = 25°C Po 
Derate above 25°C 

Power Dissipation at T A = 25°C PD 
Derate above 25°C 

Junction Temperature TJ 

Storage Temperature Range Tstg 

*Indicates JEDEC Registered Data 

COMMON EMITTER AVERAGE SMALL POWER GAIN 

& NOISE FIGURE versus COLLECTOR CURRENT 
0 

VeE =-10 Vdc -- TUNED AT Ie" -1 mAde ONLY 
f=200MHz - - TUNED AT EACH TEST CURRENT 

5-r---r 

o I I'" '-= - I" ~, 5 " NF ~ 

"'" 
r--.>: ~ "," 

0 
I ~ 1'\ '. ~ '-. 5 ""-

"r':: ~, 0 

5 ~ 
- - -" 10 11 -14 -16 18 10 

Ie, COLLECTOR CURRENT (mAde) 

2·476 

Value 

2N3307 2N3308 
Unit 

40 30 Vdc 

40 30 Vdc 

35 25 Vdc 

3.0 Vdc 

50 mAdc 

300 mW 

1.71 mW/oC 

200 mW 

1.14 mW/oC 

200 °C 

-65 to +200 °C 

NOISE FIGURE versus FREQUENCY 

I I I I I -- Ve'=-I5VdC~ r-I-
Vcc=-5Vdc I 

3 

I I Ie ~ -2 mAde 
RG=50ohms 

I 

o 
10 30 50 70 100 200 300 500 

f,fREOUENCY I MHz) 



2N3307, 2N3308 (Continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Cha racteristic Symbol Test Conditions Min Typ 
Collector-Base BVCBO IC = 10/.lAde, IE = 0 2N3307 40 -
Breakdown Voltage 2N3308 30 -
Collector-Emitter BVCES IC = IOI'Ade, VBE = 0 2N3307 40 -
Breakdown Voltage 2N3308 30 -

Collector-Emitter BVCEO IC = 2.0 mAde, IB = 0 2N3307 35 -
Breakdown Voltage 2N3308 25 -

Emitter-Base BV EBO I = IOI'Ade, IC = 0 Both Types 3.0 -
E 

Breakdown Voltage 

Collector Cutoff ICBO VCB = 15 Vde Both Types - 0.001 
Current 

VCB = 15 Vdc, T=150"C 2N3307 - 0.5 

DC Current Gain hFE VCE = 10 Vdc, !c = 2 mAde 2N3307 40 -
2N3308 25 -

Collector-Emitter V CE(s,t) IC = 3 mAde) I = D.6 mAde Both Types - -
SaturatIon Voltage 

B 

Base-Emitter VBE(sat) IC = 3 mAde, 
Saturation Voltage 

IB = 0.6 mAde Both Types - -

AC Current Gain hie 
2N3307 40 -

VCE = 10 Vde, IC = 2 mAde, f = 1 kH, 
2N3308 25 -

Output Capacitance (1) Cob VCB - 10 Vdc, IE == 0, _f == O. 1 MHz 2N:l307 - 1.0 
2N3308 - 1.2 

Collector-Base r 'C VCB = 10 Vde, IC = 2 mAde, f = 31. 8 MHz 2N3307 2,0 -b e Time Constant 2N3308 2.0 -
Current Gain- IT VCE = 10 Vdc, Ic = 2 mAde, I = 100 MH, Both Types 300 -
Bandwidth Product 

Maximum Frequency f max VCE = 10 Vdc, IC = 2 mAdc Both Types - 2000 
of Oscillation 

Power Gain Ge VCE = 10 Vde, IC = 2 m}\uc, f ::: 200 MHz Both Types 17 -

NOise Figure NF VCE = 10 Vdc, IC = 2 mAde, f ::: 200 MHz 
2N3307 - 4.0 
2N3308 - 5.0 

Power Gain (AGC) (2) G VCE = 5.0 Vde, IC = 20 mAde, f::: 200 MHz 2N3307 - -e 2N3308 - 0 

(l)Cab is measured in guarded circuit such that the can capacitance is not included. 

(2) AGC is obtained by increasing Ie' The circuit remains adjusted for V CE = -10 Vdc, Ie = -2 mAdc operation. 

* Indicates JEDEC Registered Data 

Max Unit 
- Vde 
-
- Vde 
-

- Vde 
-

- Vde 

0.010 /-LAde 

3.0 

250 -
250 

0.4 Vde 

1.0 Vde 

250 -
250 

1.3 pF 
1.6 

15 
20 

ps 

1200 MHz 

- MHz 

24 dB 

4.5 dB 
6.0 

0 dB 
-

SMALL SIGNAL CURRENT GAIN versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 

0 
VeE - -10 Vdc 

5 

~ 
0 ~ 

I':t-.. 
5 ~ 

~= 2 mAde 

0 "'-"l 
f-- hI. 

y,. 1--.. ....... =y,: 
'c=:.-5mAdc ~ 5 

" r--.... 

Vc.--IO Vdc 

0 

~ ....... 
~I:::: 

0 

~ ~2mfdC 
0 

MAG=~ Il=-~~ 
I 

4g,. g.. 

0 

-......... 
0 0 
20 30 50 70 100 200 300 500 20 30 50 70 100 200 300 500 

f, FREQUENCY I MH,I f. fREQUENCY IMHz) 
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2N3311 thru 2N3316 (GERMANIUM) 

PNP germanium power transistors for high-power 
appli cations. 

CASE 5 
(TO-36J 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
3. COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Power Dissipation at TC = 25°C 

Junction Temperature Range 

Thermal Resistance 

Symbol 

VCB 

VCES 

VCEO 

VEB 

Ie 

PD 

TJ 

(hc 

2N3311 2N3312 2N3313 Unit 2N3314 2N3315 2N3316 

30 45 60 Volts 

30 45 60 Volts 

20 30 40 Volts 

20 25 30 Volts 

5.0 Amp 

170 Watts 

-65 to + 110 °c 

0.5 ·C/W 

POWER· TEMPERATURE DERATING CURVE 

fi 170 .... .. 
~ 150 
z 125 0 

~ 100 ... 
iii 75 
0 .. 50 
~ 
0 25 ... 
... 

" "'-
........... 

......... 

~ 
r-....... 

The maximum continuous power is 
related to maximum junction tempera
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 25°C and is 0 Watts 
at 110°C with a linear relation between 
the two temperatures such that: 

10 20 30 40 50 60 70 80 90 100 110 

T c. CASE TEMPERATURE (OC) allowable Pn = 1100 - Tc 
O. 5 
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2N3311 thru 2N3316 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic Symbol Min I Max I Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage* BVCEO * Vdc 

(IC ~ 500 mAdc, IB = 0) 2N3311,2N3314 20 -
2N3312,2N3315 30 -
2N3313,2N3316 40 -

Collector-Emitter Breakdown Voltage* BVCES * Vde 
(IC = 300 mAde, V BE = 0) 2N3311,2N3314 30 -

2N3312,2N3315 45 -
2N3313,2N3316 60 -

Collector Cutoff Current ICEO mAde 
(V CE ~ 10 Vdc, ~ = 0) 2N3311,2N3314 - 200 

(V CE = 15 Vde, IB = 0) 2N3312,2N3315 - 200 

(VCE = 20 Vde, IB = 0) 2N3313,2N3316 - 200 

Collector Cutoff Current ICEX mAde 
(V CE = 25 Vde, VBE = 1. 0 Vde, TC ~ 100°C) 2N3311,2N3314 - 35 

(V CE = 40 Vde, VBE = 1. 0 Vdc, TC = lOO°C) 2N33l2,2N33l5 - 35 

(V CE = 55 Vde, VBE = 1. 0 Vdc, TC=lOO°C) 2N33l3,2N33l6 - 35 

Collector-Base Cutoff Current ICBO mAde 

(V CB = V CB max) - 5.0 

(V CB = 2.0 Vde, IE = 0) - 0.3 

Emitter-Base Cutoff Current ~BO mAde 

(V BE = V BE max' IC = 0) - 4.0 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC ~ 500 mAde, V CB ~ 2.0 Vdc) 2N3311 thru 2N33l3 - 150 
2N3314 thru 2N33l6 - 250 

(IC ~ 3.0 Adc, V CB = 2.0 Vdc) 2N3311 thru 2N33l3 60 120 
2N33l4 thru 2N33l6 100 200 

Collector-Emitter Saturation Voltage 
V CE(sat) Vdc 

(IC = 3.0 Adc, IB = 300 mAdc) - O. 1 

Base-Emitter Voltage 
V BE(on) Vdc 

(IC = 3.0 Adc, V CE = 2.0 Vdc) 2N3311 thru 2N3313 - 0.6 
2N3314 thru 2N3316 - 0.5 

DYNAMIC CHARACTERISTICS 

Common Emitter Cutoff Frequency f kHz 
(IC = 3.0 Adc, V CE = 2.0 Vdc) 

Cte 
1.0 -

Small Signal Current Gain hfe -
(IC = 3.0 Ade, V CE = 2.0 Vde, f = O. 5 kHz) 2N3311 thru 2N3313 30 90 

2N3314 thru 2N33l6 40 120 

*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 
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2N3311 thru 2N3316 (continued) 

0: 

'" 5 
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2N3311,2N3314 (25 I"" '0 5 msec pulse) 

10 ~----~-r-----'~~~~---r~~--~ 
25·50 "s 

05 
0.4 

03 

02 

Ie PEAK 

250 "s 
~"""--L500"s 

0.1~O---------1~O---------2~0---------L30--------~40 

VeE. COLLECTOR-EM ITTE~ VOLTAGE (VOLTS} 

2N3312, 2N3315 (25 ~s to 5 ms pulse) 
10 

Ie PEAK 

~ 8 05~-----r----~------+-----~1r--·-t----~ 
-" 0 4 f-----+-----+------+-----+"'"---+-----I 

o 3 f-----+-----+ 

02 f-----+-----+-----+-----~--+-_+----~ 

O.l~----+-----~----~----~--~~----~ 
o 10 20 30 40 50 60 

Vw COLLECTOR·EMITTER VOLTAGE (VOLTS! 

SAFE OPERATING AREA 

The Safe Operating Area Curves indicate the Ic' V CE limits 
helow which the devices will not go into secondary break· 
down. As the safe operating are", shown are independent of 
temperature and duty cycle. these curves can be used as long 
as the average power derating curve is also taken into con
sideration to insure operation below the maximum junction 
temperature. 

2N3313, 2N3316 (25 ~s to 5 ms pulse) 
10 

Ie PEAK J 1'K'1S~ ~ 
- 25·50"s 

I 5 ms - 250 iJ.s 

'-- 500 "s 

ICI~"x) CONT . ..J .......... --- .2\,.\~ 

/ ........... '\:~ 

I'A ~ 
/ DC - V ~ 
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POWER OISSIPATION AT 

25°C CASE TEMPERATURE 
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TEMPERATURE CHARACTERISTICS 
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DC TRANSCONDUCTANCE versus CASE TEMPERATURE 
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2N3323 (Ge Mesa) 

2N3324 
2N3325 

CASE 22-03 
(TO-1S) 

STYLE k 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Collector connected to case 

* MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector- Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

PNP germanium transistors for RF, IF, 
mixer and oscillator and RF, IF and converter 
applications. 

Symbol Value Unit 

VCB 35 Vdc 

VCES 35 Vdc 

VEB 3.0 Vdc 

IC 100 rnA 

Total Device Dissipation@T C = 25°C PD 
300 mW Derate above 25°C 
4.0 mW/oC 

Total Device DisSipation@TA = 25°C 
Derate above 25° C 

PD 
150 mW 
2.0 mW;oC 

Junction Temperature TJ +100 °c 

Storage Temperature Range T 
stg -65 to +100 °c 

*Indicates JEDEC Registered Data 
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2N3323 thru 2N3325 (Continued) 

* ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Conditions Min Max Unit 
Collector-Emitter BVCER 

IC = 100 J.lAdc, RBE = 10K 35 Vdc --
Breakdown Voltage 

Collector-Emitter 
ICES VCE = 35 Vdc, VBE = 0 -- 100 .uAdc 

Current 

Collector Cutoff ICBO VCB = 10 Vdc, IE = 0 -- 10 J.lAdc 
Current 

Emitter Cutoff 
lEBO VEB = 2 Vdc, IC = 0 -- 100 J.lAdc 

Current 

DC Current Gain 
hFE V CE = 10 Vdc, IC = 3 mAdc 30 200 --

AC Current Gain hfe 
V CE = 10 Vdc, IC = 3 mAdc 

30 225 --
f = 1 kHz 

Current-Gain -
fT 

VCE = 10 Vdc, IC = 3 mAdc 
200 600 MHz Bandwidth Product f = 100 MHz 

Collector - Base rb'CC 
V CE = 10 Vdc, IC = 3 mAdc 

100 Time Constant -- ps 
f = 31. 8 MHz 

Output Capacitance 
Cob 

VCB = 10 Vdc, IE = 0 -- 3.0 pF 
f= 100 kHz 

2N3323 

Test Circuit Figure 1 

Power Gain G V CE = 10 Vdc, IC= 3 mAdc 11 15 dB 
e 

f = 100 MHz 

2N3324 

Test Circuit Figure 2 

Power Gain G VCE = 10 Vdc, e IC = 3 mAdc 24 31 dB 

f = 10 MHz 

*Indicates JEDEC Registered Data 
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2N3323 thru 2N3325 (Continued) 

FIGURE 1: 100 MHz POWER GAIN TEST CIRCUIT - 2N3323 

~ -11 TUINS #21 AWl 3/16'" ID. 
SUPPlY TAP 7TUINS fROM 
COlLECTOR END. 
"EUTlW.IZATlOfil - 4 TURNS. 

.. =500 7045 pF 

2" pF ....... 

-=- r" 1"" r' 
3.9,.11 

v, V, 

FIGURE 2: 10 MHz POWER GAIN TEST CIRCUIT - 2N3324 

51 pF 

,,=!IOn NS pF 
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... - 24 TURNS Of #21 Awe WIllE.. 
LOAD TAP - 5 TUMS nDII COlI.£CTOl UfO 
SlJtPlY TN' -15'MINS FROM COlLECTOR END 
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1K 

v, 
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2N3330 (SILICON) 

SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (Type Al Junction Field-Effect Transistor designed 
primarily for low·power audio·amplifier applications. 

• High AC I nput Resistance -
Typically> 30 Megohms @ f = 1.0 kHz 

• Drain and Source Interchangeable 

• Active Elements Isolated from Case 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Gate Voltage VDG 20 Vdc 

Reverse Gate-Source Voltage VGSR 20 Vdc 

*Gate Current IG 10 mAde 

*Total Device Dissipation@TA = 25°C PD 300 mW 

Derate above 25°C 2.0 mW/oC 

*Storage Temperature Range T't9 -65 to +200 °c 

-Indicates JEDEC Registered Data. 

2-484 

P-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTOR 

STYLE5 
PIN 1. 

2. 
3. 
4. 

(Type A) 

SEATING 
PLANE 

MILLIMETERS 
DIM MIN MAX 

A 5.31 5.84 
B 4.52 4.95 
C 4.32 5.33 
0 0.41 0.53 
E - 0.76 
F 0.41 0.48 
G 2.54 BSe 
H 0.91 1.17 
J 0.71 1.22 
K 12.70 -
L 6.35 
M 450SSe 
N 1.27 sse 
p - 1.27 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.Q16 0.021 

- 0.030 
0.016 0.019 

0.100 BSe 
0.036 0.046 
0.028 0.048 
0.500 -
0.250 -

45° sse 
0.050 sse 
- 0.050 

ALL JEDEe dimensions and notes apply 

CASE 20-03 
10-72 



2N3330 (continued) 

-ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 20 - Vde 

(lC = 10 "Ade, VOS = 0) 

Gate Reverse Current IGSS nAde 

(VGS = 10 Vde, VOS = 0) - 10 

(VGS = 10 Vde, VOS = 0, TA = 150oC) - 10 "Ade 

Zero-Gate Voltage Drain Current (Note 1) lOSS 2.0 6.0 mAde 
(VOS = -10 Vde, VGS = 0) 

ON CHARACTERISTICS 

Gate-SOUrce Voltage VGS - 6.0 Vde 

(VOG = -15 Vde, 10 = 10 "Ade) 

Drain-Source Resistance rOS - 800 Ohms 

(10 = 100 "Ade, VGS = 0) 

SMALL-5IGNAL CHARACTERISTICS 

Forward Transadmittanee (Note 1 ) IVfsl "mhos 
(VOS = -10 Vde, 10 = 2.0 mAde, f = 1.0 kHz) 1500 3000 

(VOS = -10 Vde, 10 = 2.0 mAde, f = 10 MHz) 1350 -

Output Admittance Ivosl - 40 "mhos 

(VOS = -10 Vde, 10 = 2.0 mAde, f = 1.0 kHz) 

Reverse Transfer Conductance Ivrsl - 0.1 "mhos 
(VOS = -10 Vde, 10 = 2.0 mAde, f = 1.0 kHz) 

Input Conductance IVisl - 0.2 "mhos 
(VOS = -10 Vde, 10 = 2.0 mAde, f = 1.0 kHz) 

I nput Capacitance Ciss - 20 pF 

(VOS = -10 Vde, VGS = 1.0 Vde, f = 1.0 MHz) 

Common-Source Noise Figure NF - 3.0 dB 

(VOS = -5.0 Vde, 10 = 1.0 mAde, RG = 1.0 Megohm, 
f = 1.0 kHz) 

-I ndicates JE DEC Registered Data. 

Note1: Pulse Test: Pulse Width~ 630 ms, Duty Cycle ~10%. 
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2N3365 (SILICON) 
2N3366 
2N3367 

SILICON LOW NOISE N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode Junction Field-Effect Transistors designed for 
audio amplifiers in low~power or battery operated applications. 

• Low Zero-Gate Voltage Drain Current @ VDS = 30 Vde --
lOSS = 800 /lAde to 4.0 mAde - 2N3365 

200/lAde to 1.0 mAde - 2N3366 
50 /lAde to 250 /lAde - 2N3367 

• Low Gate Source Voltage @ VDS = 20 Vde and 10 = 1.0/lAde
VGS = 4.0 Vde (Typ) and 11.5 Vde (Max) - 2N3365 

3.0 Vde (Typ) and 6.5 Vde (Max) - 2N3366 
1.0 Vde (Typ) and 2.2 Vde (Max) - 2N3367 

• Low Noise Voltage -
en = 75 nVI JHz (Max) @ f = 1.0 kHz 

• Drain and Source Interchangeable 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Gate Voltage VDG 40 Vdc 

Reverse Gate-Source Voltage VGSIRI 40 Vdc 

Forward Gate Current IGF 10 mAde 

Total Device Dissipation @ T A'" 25°C PD 300 mW 
Derate above 25°C 2.4 mW/oC 

Operating Case Temperature TC 150 °c 
Storage Temperature Range Tstg -65 to +175 °c 

*Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS: 

Maximum Lead Temperawre for Soldering: 
300°C, not less than 1/16" from case for 10 s. 
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LOW NOISE 
N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

en = 75 nVI .JHz 

F h 
*'ATING I '~~ANE 

K 

J 
-If--o 

G 

I 2 ~
L 

H~<~\3J 
PIN 1. DRAIN 

2. SOURCE 
3. GATE 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 0.209 0.230 5.310 U10 
B 0.178 0.195 4.520 4.950 
e 0.170 0.210 4.320 5.330 
D O.oJ6 0.019 0.406 0.483 
E 0.030 0.762 
G 0.100 NOM 2.540 NOM 
H 0.036 0.046 0.914 1.170 
J 0.028 0.048 0.711 1.220 
K 0.500 12.700 
L 0.050 NOM 1.270 NOM 
M 450 NOM 450 NOM 

All JEOEC dimensions and notes apply 

CASE 22 
TO·1S 



2N3365, 2N3366, 2N3367 (continued) 

ELECTRICAL CHARACTERISTICS ITA" 250 C unless otherwise noted.! 

I Characteristic Symbol Min Max Unit 

·OFF CHARACTERISTICS 

Gate-Drain Breakdown Voltage VIBR!GOO Vde 

110 = 1.0/LAde, IS = O! 40 -

Gate-Source Cutoff Voltage VGSloffi Vde 

IVOS = 20 Vde, 10 = 5.0 nAde! 2N3365 - 12 
2N3366 - 7.0 
2N3367 - 2.5 

Gate-Source Voltage VGS Vde 

IVOS = 20 Vde, 10 = 1.0 /LAde! 2N3365 - 11.5 
2N3366 - 6.5 
2N3367 - 2.2 

Gate Reverse Current IGSS 
IVGS = 30 Vde, VOS = O! - 5.0 nAdc 

IVGS = 30 Vdc, VOS = 0, TA = 100oC! - 1.0 /LAde 

·ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (11 lOSS mAde 

IVOS = 30 Vde, VGS = O! 2N3365 0.8 4.0 

2N3366 0.2 1.0 

2N3367 0.05 0.25 

SMALL·SIGNAL CHARACTERISTICS 

-Forward Transadmittance (1) IYfsl Itmhos 

!VOS = 30 Vde, VGS = 0, f = 1.0 kHz! 2N3365 400 2000 
2N3366 250 1000 
2N3367 100 1000 

·Output Admittance 
IVOS = 30 Vde, VGS = 0, f = 1.0 MHz! 2N3365 Ivosl - 50 JJmhos 

2N3366 - 20 
2N3367 - 10 

Input Capacitance Ciss pF 

IVOS = 8.0 Vde, VGS = 0, f = 1.0 MHz! - 15 

Output Capacitance Coss pF 

IVOS = 30 Vde, VGS = 0, f = 1.0 MHz! - 2.5 

Equivalent Short-Circuit Input Noise Voltage en nV/.jHi 
!VOS = 15 Vde, VGS = 0, f = 1.0 kHz, BW = 1.0 Hz! - 75 

• Indicates JEDEC Registered Data. 
11 I Pulse Test: Pulse Width = 360 ms, Duty Cycle = 2.0%. 

TYPICAL SMALL-SIGNAL CHARACTERISTICS 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 2 - CAPACITANCE 

2. 4 TIT 
2. 2 T channel = 250C 
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2N3365, 2N3366, 2N3367 (continued) 

NOISE DATA 

FIGURE 3 - TYPICAL NOISE VOLTAGE 
50 

I IIIII T~=~5~61 
.......... I VGS = 0 

Vas = 15 V 
Bandwidth" 1.0 Hz 

! I I I , 
'\ I 

, 
--

I 1\ 

- ._ 1 I r-
5.0 'I, I 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 
I, FREQUENCY(kHz) 

In a junction field-effect transistor, the current flow IS due to 
carrier drift, therefore total noise at the input may be expressed as· 

where 

Example: 

VT"" total noise voltage at the FET input (volts/JH;1 
en"" noise voltage of the FET referred to the input 

(Figur.3) . 
K '" Saltzman's constant (1.38 x 10-23 j/oK) 
T"" temperature of the source resistance (OK) 

RS = source resistance (ohms) 

Find the total noise at the input of a ?N3365 FET with a 
source impedance of 10 kilohms at a frequency of 1.0 kHz 
and at a temperature of 2SoC. 

Read en = 20.5 nV/~Hz from Figure 3. {Note that this is for 
a one cycle bandwidth I. 

VT" [(20.5x10-9)2 + (4i(1.38xlO-23 (300)(1x104 )J 112 

"24.2 nVI.JHz 

Noise over a frequency bmd can be handled in one of two ways 
depending upon whether FET noise IS constant or variable over 
the bandwidth of interest: 

1. For constant FET nOise, multiply VT by the square root 
of bandwidth, i.e., V'T:::O VT. AtY~ 

2. For variable FET noise, plot V'T (where At =; 1.0 Hz) versus 
frequency over the bandwidth and integrate the result. 

Total noise voltage at the output of the FET stage can be found 
by multiplying VT by the voltage gain of the stage. 

FIGURE 4 LOW FREQUENCY CIRCUIT MODEL 

~' 
Cgs ros 

2-488 

C,ss'" Cgd+ Cgs 
Crss = Cgd 
Coss = Cgd + Cds, Cds"'" 0 
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2N3365, 2N3366, 2N3367 (continued) 
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TYPICAL LIMIT TRANSFER CHARACTERISTICS 
(Temperatures Noted are T channel) 

FIGURE 5 - 21\!3365 FIGURE 6 - 2N3366 
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FIGURE 7 - 2N3367 
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Characteristic 
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FIGURE 8 - AMPLIFIER EQUATIQNS 

Common Source Source Follower 

+V +V 
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Common Gate 

+V 

AL 
Av~-,~~ 

~+Rs 
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2N~Jl ~ (SILICON) 

2N3SS3 

2N3632 

2 

103 

STYlE 1 
PIN 1. EMITTER 

2. BASE 
J.COLLECTOR 

©)~O!\ STYLE" "i 
PIN 1 EMITTER STYLE I. ' 

2 BASE PIN I. EMITTER 
3.COLLECTOA 2. BASE 

3. COLLECTOR 
CASEISOlATEO * Collector Connected 

to Case 
2N3961 ·CASE 79 

(TO-39) 
··CASE 24 

(TO-l02) 
""CASE 36 

(TO-60) 

2N3375 
2N3632 

•• Collector electrically connected 
to case; stud electrically 

isolated from case 

2N3553 2N3961 * •• Stud electrically 
isolated from case 

NPN silicon RF Power transistors, optimized for 
large-signal power amplifier and driver applications to 
400MHz, provide wide choice of power levels and guar
anteed safe operating areas. 

MAXIMUM RATINGS 

Rating Symbol 2N3375 2N3553 2N3632 2N3961 
Collector-Emitter Voltage vCEO 4 40 ... 
Collector-Base Voltage VCB 4 65 ... 
Emitter-Base Voltage VEB .. 4.0 ... 
Collector Current IC 1.5 1.0 3.0 1.0 

Total Device Dissipation @ TC = 25°C PD 11. 6 7.0 23 10 

Derate above 25°C 66.4 40 131 57.2 

Operating and Storage Junction TJ , Tstg .. -65 to +200 ... 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage' BVCEO(sus) • 
(IC ~ 200 mAdc, IB ~ 0) 40 -

Emitter-Base Breakdown Voltage BVEBO 
(IE = 0.25 mAdc, IC = 0) 2N3632 4.0 -
(IE = O. 1 mAdc, IC ~ 0) 2N3375, 2N3553 4.0 -
(IE = 1. 0 mAdc, IC = 0) 2N3961 4.0 -

Collector Cutoff Current ICEO 
(V CE = 30 Vdc, IB ~ 0) 2N3375, 2N3553 - 0.1 

2N3632 - 0.25 

Collector Cutoff Current ICEX 
(VCE = 30 Vdc, VBE( ff) ~ 1.5 Vdc, TC ~ 200·C) 

a 2N3375, 2N3553 - 5.0 
2N3632 - 10 

(V CE ~ 65 Vdc, V BE (off) = 1. 5 Vdc) 2N3375, 2N3553 - 1.0 
2N3632 - 5.0 

Collector Cutoff Current ICBO 
(V CB ~ 28 Vdc, IE = 0, TA = 1500C) 2N3961 - 5.0 

(V CB = 65 Vdc, IE = 0) 2N3632 - 0.5 
2N3961 - 1.0 

Emitter Cutoff Current lEBO 
(VBE = 4.0 Vdc, IC = 0) 2N3375, 2N3553 - 0.1 

2N3632 - 0.25 

• Pulsed thru 25 mH inductor (See Figures 5 and 6). 

2-490 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 

mW/oC 

°c 

Unit 

Vdc 

Vdc 

mAdc 

mAde 

mAdc 

mAde 



2N3375, 2N3553, 2N3632, 2N3961 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

ON CHARACTERISTICS 

DC Current Gain 
(IC "250 mAde, VCE "5.0 Vde) 2N3375, 2N3553, 2N3632 

(IC "1.0Adc, VCE "5.0Vde) 2N3632 

Collector-Emitter Saturation Voltage 
(Ie " 250 mAde, IB " 50 mAde) 2N3553 

(IC " 500 mAde, IB " 100 mAde) 2N3375, 2N3632 

Base-Emitter Saturat~on Voltage 
(IC " I. 0 Adc, IB " 5.0 Adc) 2N3632 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC " 100 mAde, V CE " 28 Vde, I " 100 MHz) 2N3553 
(IC " 125 mAde, VCE ~ 28 Vdc, I" 100 MHz) 2N3961 

(Ic " 150 mAde, V CE "28 Vde, I " 100 MHz) 2N3375 
2N3632 

Output Capacitance 
(V CB " 28 Vde, IE "0, I " 100 kHz) 2N3961 

(V CB " 30 Vde, IE " 0, I " 100 kHz) 2N3375, 2N3553 
2N3632 

FUNCTIONAL TESTS 
2N3375 

Power Input 

Common-Emitter Amplifier 
Power Gain 

Collector Efficiency 

Power Input 

Common-Emitter Amplifier 
Power Gain 

Collector Efficiency 

2N3553 

Power Input 

Common-Emitter Amplifier 
Power Gain 

Collector Efficiency 

2N3632 

Power Input 

Common-Emitter Amplifier 
Power Gain 

Collector Efficiency 

2N3961 

Power Input 

Common-Emitter Amplifier 
Power Gain 

Collector Efficiency 

Power Input 

Common-Emitter Amplifier 
Power Gain 

Collector Efficiency 

Test Circuit Figure 7 

(VCE" 28 Vde, Pout" 7.5 Watts, 

I" 100 MHz) 

Test Circuit Figure B 

(V CE " 28 Vde, Pout" 3.0 Watts, 

I" 400 MHz) 

Test Circuit Figure 9 

(VCE " 28 Vde, Pout" 2.5 Watts, 

I " 175 MHz) 

Test Circuit Figure 10 

(V CE " 28 Vde, Pout" 13.5 Watts, 

I " 175 MHz) 

Test Circuit Figure 11 

(V CE " 12.5 Vdc, Pout" 2.0 Watts, 

RS " 50 ohms, RL " 50 ohms, 

f" 135 MHz) 

Test Circuit Figure 12 

(V CE = 28 Vdc, Pout = 4.0 Watts, 

RS " 50 ohms, RL = 50 ohms, 

f = 175 MHz) 
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hFE 

VCE(sat) 

VBE(sat) 

IT 

Cob 

P. m 

G pe 

~ 

P. 
m 

Gpe 

~ 

Pin 

Gpe 

~ 

P. m 

Gpe 

~ 

PiJl 

Gpe 

~ 

P. 
m 

Gpe 

~ 

-
10 - -

5.0 - -
Vde 

- - 1.0 

- - 1.0 

Vde 
- - 1.5 

MHz 
- 500 -

350 -
- 500 -
- 400 

pF 
- 8.0 10 

- 8.0 10 
- 16 20 

- - 1.0 Watt 

8.75 - -
dB 

65 - - % 

- - 1.0 Watt 

4.77 - - dB 

40 - - % 

- - 0.25 Watt 

10 - - dB 

50 - - % 

- - 3.5 Watts 

5.86 - - dB 

70 - - % 

- - 0.5 Watt 

6.0 - - dB 

60 - - % 

- - 0.5 Watt 

9.0 - - dB 

60 - - % 



2N3375, 2N3553, 2N3632, 2N3961 (continued) 
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COMMON EMITTER - VCE = 28 Vdc. Tc = 25"C 

FIGURE 1 - 2N3375 FIGURE 2 - 2N3553 
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FIGURE 3 - 2NJ632 
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FIGURE 4 - 2N3961 
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FIGURE 5 - 2N3375, 2N355J, 2N3632 FIGURE 6 - 2N3961 

lOX PROBE 
TEKTRONIX P6000 

OR EQUIVALENT TO SCOPE VERT. 
r.--------' TEKTRONIX S03 

OR EQUIVALENT 

5.0 TO SCOPE HORIZ. 

2-492 

PULSED@:) 
60Hz " RELAY SO% 
DUTY 
CYCLE 

lOX PROBE 
TEKTRONIX 
P6000 OR 

EQUIVALENT 

TO SCOPE 
HORIZONTAL 

SENSING 



2N3375, 2N3553, 2N3632, 2N3961 (continued) 

FIGURE 7 -100 MHz 

Ll: 3 turns No. 16 AWG wire %"1.0., 5/16" long 
L2: 5 turns No. 16 AWG wire 5/16"1.0., 7/16" long 

4.0·40 pF 

2N3553 
FIGURE 9 -175 MHz 

Ll: 2tums No. 16AWG wire 3/16"1.0., %" long 
L2: 2 turns No. 16 AWG wire 3/16"1.0., %" long 
La: 3 turns No. 16 AWG wire 3/S" I.D., 3/S" long 

3.0-35 pF 

FIGURE 11 -135 MHz 

Cl, C3' 5.0·50 pF (Air Variable) +12.5 V 
C2 = 7.0-100 pF (Air Variable) 
C4 = 1.0-30 p F (Air Variable) 
C5' 1000 pF (Disc Ceramic) 
C6 = 0.02 ~F (Disc Ceramic) 
Ll ·3 turns No. 16 AWG wire, 5/16" I.D., 5/16" long 
L2 = 5 turns No. 16 AWG wire, 7/16"1.0., 5/S" long 

TEST CIRCUITS 
2N3375 

FIGURE 8 - 400 MHz 

+2SV 

2· 
STUB 

TUNER 

2N3375 

2N3632 
FIGURE 10 -175 MHz 

3.0·35pF RL=50!1 

0.005~Fl 

Ll, L3: 4 tum. No. lS AWG wi ... %" 1.0. 3/16" long 
L2: 1 turn No. 16 AWG wire %" I.D., 3/16" long 
L4: 211 turns No. 16 AWG wire %" 1.0., %"Iong 

2N3961 
FIGURE 12 -175 MHz 

Cl ......•........... 1.0·12 p F (Air Variable) 
C2 .................. 1.0-30 pF (Air Variable) 
C3 .................. 5.0·50 pF (Air Variable) 
C4 .................. 7.0·75 pF (Air Variable) 
C5 ................. .470 pF (Disc Ceramic) 
C6 ............... 0.001 ~F (Disc Ceramic) 
Ll, L3, 4 ............................ 2 turns No. lS AWG enamelad wire 

%" I.D., air wound 3/16" long 
L2 ......................................... RFC, QU < 1 

2-493 



2N3425 (SILICON) 

MULTIPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 10 mAdc 

• DC Current Gain Specified - 0.5 mAdc to 10 mAdc 

• High Current-Gain-Bandwidth Product -
fT = 300 MHz @ IC = 20 mAdc 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Emitter Voltage VeER 
IRSE';; 10 Ohms) 

Collector-Base Voltage Ves 

Emitter-Base Voltage VES 

Total Power Dissipation @ T A"" 2SoC Po 
Derate above 25°C 

Total Power Oissipatio~ @ T C = 2SoC Po 
Derate above 2SoC 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

·Indicates JEOEC Registered Data 

Value 

15 

20 

40 

5.0 

One Die Both Die 

0.3 0.4 
1.72 2.28 

0.75 1.5 
4.3 8.55 

-65 to +200 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

v., 
V" 5.0k J 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Watt 
mW/oe 

Watts 
mW/oe 

°e 

t~ .. 
5.0k 270 

Y .. = -4.0Vdc 
v," = +21 Yp.p 

50 

+ 

Yr' 
Vcc~3.0Ydc 

!-

TO OSCILLOSCOPE 

Capacitor values in "F 
Resistor values in ohms 

2-494 

NPN SILICON 

MULTIPLE TRANSISTORS 

STYLE 1-
PIN 1. COLLECTOR 5. EMITTER 

2. BASE 6. BASE 
3. EMITTER 7. COLLECTOR 
4. OMITTED 8. OMITTED 

G 

MILLIMETERS 
DIM MIN MAX 

A 8.51 9.40 
B 7.75 8.51 
C 3.81 4.10 
o 0.41 0.53 
G 5.08 BSe 
H 0.11 0.86 
J 0.14 1.14 
K 12.10 
M 450 Bse 
N 2.54Bse 

CASE 654W7 

INPUT ANO OUTPUT PULSE 
WAVEFORMS 

V" 
20Vdc 

.i.. 

I." 
v •• = +17Vdc 
V,n=-20Vp•p 

10% 



2N3425 (continued) 

• ELECTRICAL CHARACTERISTICS (each SIde) (T, = 25'C ,,'''' o,h,,",,, 00"') 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 111 VCEO(sus) 
(IC " 10 mAde, IB " 0) 

Collector-Emitter Sustaining Voltage (1) VCER(sus) 
(Ie = 30 mAde, RSE ~ 10 ohms) 

Collector-Base Breakdown Voltage BVCBO 
(IC " 10 uAdc, IE "0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE" 10 uAdc, IC " 0) 

'Collector Cutoff Current ICEX 
(V CE " 20 Vde, V EB(off) " 0.25 Vde, T A " 125 0 C) 

Collector Cutoff Current ICBO 
(V CB " 20 Vde, IE" 0) 

(V CB "20 Vde, IE" 0, T A" 150°C) 

Emitter Cutoff Current lEBO 
(VEB " 4.0 Vde, IC "0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC "0.5 mAde, V CE "1.0 Vde) 

(IC ;0 10 mAde, V CE " 1. 0 Vde) 

(IC "10 mAde, V CE "1. 0 Vde, T A" _55°C) 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC " 10 mAde, IB " 1. 0 mAde) 

(Ie "7.0mAde, IB "0.7mAde, TA "-55°Cto+125°C) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC " 10 mAde, IB " 1. 0 mAde) 

(IC " 7.0 mAde, IB " 0.7 mAde, T A " _55°C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(IC " 20 mAde, V CE " 10 Vde, I " 100 MHz) 

Output Capacitance Cob 
(V CB " 10 Vde, IE "0, I " 140 kHz) 

Input Capacitance Cib 
(V BE "0.5 Vde, IC "0, I" 140 kHz) 

Small-Signal Current Gain hIe 
(IC " 10 mAde, V CE "1. 0 Vde, I" 1. 0 kHz) 

Real Part of Input Impedance Re(hie) 
(Ie" 10 mAde, V CE " 10 Vde, f " 300 MHz) 

Turn-On Time (Figure 1) t 
(V CC c 3 .. 0 Vde, V EB(off) " 2.0 Vde, IC • 10 mAde, IBI • 3. 0 mAde) 

on 

Turn-Off Time (Figure I) 
(V CC c 3.0 Vde, IC • 10 mAde, IBI • 3. 0 mAde, IB2 • 1. 0 mAde) 

toff 

Storage Time (Figure 2) t 
(Ie' 10 mAde, IBI .10 mAde, IB2 .10 mAde) 

5 

* Indicates JEDEC Reglstered Data 
(1) Pulse Test: Pulse width ~ 300 us, duty cycle ~l % 

FIGURE 2 - STORAGE TIME TEST CIRCUIT 
"A" 

v," 
If 500 

01 .. 
500 

l 
68 

Vi 

890 

91 

+ 
Vee = 10 Vde 

i-

T 
Z 
o OSCILLOSCOPE 
'"~ 100kn 

t t~ 5.0n5 

C apacitor values in IIF 

esistor values In ohms R 

2-495 

O~ 
~~ , 

V,~ rise tIme < 5.0 ns 

Min Max Unit 

Vde 
15 -

Vdc 
20 

Vde 
40 

Vde 
5.0 -

uAde 
15 

\..LAde 
0.025 

- 15 

uAdc 

- 0.2 

-
12 -

30 120 

12 -
Vde 

- 0.4 

- 0.5 

Vde 
0.7 0.85 

- 0.9 

MHz 
300 -

pF 

- 6.0 

pF 

- 9.0 

-
20 -

Ohms 
- 50 

ns 
- 50 

ns 

- 90 

ns 

- 40 

+ 6.0 Vdc k 10% 

0------1\- PULSE AT POINT "A" 

-4.0 Vdc ---..,-f--'-.... _--

t, 



2N3427, 2N3428 (GERMANIUM) 

PNP germanium transistors for audio amplifier and 
medium -speed switching applications. 

CASE 31 
(TO·5) 

All leads isolated 
from case 

MAXIMUM RATINGS 

Rating 

Collector· Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Storage and Operating Temperature 
Range 

Collector Dissipation,Ambient 
Derate Above 25 'c 

* Limited by power dissipation 

Symbol 

VCB 

VCER 

VEB 

IC 

IB 

Tstg ' TJ 

PD 

2-496 

Value Unit 

45 Vdc 

30 Vdc 

30 Vdc 

500* mAdc 

50* mAdc 

-65 to +100 'c 

200 mW 
2.67 mW/'C 



2N3427, 2N3428 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 
Collector- Base Cutoff Current ICBO /lAde 

(V CB = 1. 5 Vde, IE = 0) - 3.0 5.0 

(VCB = 10 Vdc, IE = 0, TA = +71 °C) - - 100 

(V CB = 30 Vde, IE = 0) - - 10 

(V CB = 45 Vde, IE = 0) - - 50 

Emitter- Base Cutoff Current lEBO /lAde 
(V EB = 30 Vdc, IC = 0) - 3.0 10 

Collector-Emitter Leakage Current ICER /lAdc 
(V CE = 30 Vdc, RBE = 10K ohms) - - 600 

Collector-Emitter Puneh- Thru Voltage V pt Vdc 
(Vfl = 1. 0 Vde, VTVM impedance., 1 megohm) 30 - -

Output Capacitance Cob pF 
(V CB = 6 Vde, IE = 0, f = 1 MHz) - 10 20 

Noise Figure NF dB 

(V CE = 4.5 Vde, IE = O. 5 mAdc, R~ = 1 K ohms, f = 1 kHz, 

.:If = 1 Hz) - 5,0 10 

Small-Signal Current-Galn Cutoff Frequency f"'b MHz 
(V CB = 6 Vde, IE = 1 mAde) 2N3427 4.0 6.0 -

2N3428 5.0 8.0 -

Input Impedance hib Ohms 
(V CB = 6 Vde, IE = 1 mAde, f = 1 kHz) 25 - 35 

Output Admittance hob /lmho 
(V CB = 6 Vde, IE = 1 mAde, f = 1 kHz) 0.05 - 0.50 

Small-Signal Current Gair hfe -
(V CE = 6 Vdc, IE = 1 mAde, f = 1 kHz) 2N3427 200 325 500 

2N3428 350 475 800 

Small-Signal Current Gain I hfel -
(V CE = 6 Vde, IE = 1 mAde, f = 2 MHz) 2N3427 2.0 - 7.0 

2N3428 2.5 - 8.0 

DC Current Gain hFE -
(IC = 20 mAdc, V CE = 1 Vde) 2N3427 150 275 -

2N3428 250 375 -
(IC = 100 mAde, V CE = 1 Vdc) 2N3427 100 210 350 

2N3428 150 260 400 
(IC = 200 mAdc, V CE = 1 Vde) 2N3427 75 - -

2N3428 125 - -
Base-Emitter Input Voltage VBE Vde 

(V CE = 1 Vde, IC = 100 mAde) - - O. 5 

Collector-Emitter Saturation Voltage VeE Vdc 
(IC = 100 mAde, IB = 2 mAde) 2N3427 (sat) - 0.155 0.200 

2N3428 - O. 150 0.190 
(IC = 200 mAdc, IB = 4 mAde) 2N3427 - 0.220 0.300 

2N3428 - 0.200 0.280 
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2N3427, 2N3428 (continued) 
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2N3439,2N3440 NPN (SILICON) 
MJ5415, MJ5416 PNP 

COMPLEMENTARY SILICON HIGH VOLTAGE 
POWER TRANSISTORS 

.. designed for use in consumer and industrial line-operated applica
tions. These devices are particularly suited for audio, video and 
differential amplifiers as well as high-voltage, low-current inverters, 
switching and series pass regulators. 

• High DC Current Gain-
hFE = 40-160@ IC = 20 mAdc - 2N3439, 2N3440 

= 30-150 @ IC = 50 mAdc - MJ5415 
= 30-120@ IC = 50 mAdc -MJ5416 

• Current-Gain - Bandwidth Product -
fT = 15 MHz (Mini @ IC = 10 mAdc 

• Low Output Capacitance@ f = 1.0 MHz -
Cob = 10 pF (Maxi - 2N3439, 2N3440 

= 25 pF (Maxi - MJ5415, MJ5416 

<MAXIMUM RATINGS 

PNP NPN 
Rating Symbol MJ5415 MJ5416 2N3439 2N3440 

Collector-Emitter Voltage VCEO 200 300 350 250 

Collector-Base Voltage VCB 200 350 450 300 

Emitter-Base Voltage VEB 4.0 7.0 7.0 7.0 

Collector Current- IC I 
Continuous ... 1.0 .. 

Base Cu fren t IB """ 0.5 ... 
Total Device Dissipation Po 

@TA = 50°C 1.0 -
Derate above sooe 6.7 -

Total Device Dissipation Po 
@TA= 25°C - 1.0 
Derate above 25°C - 5.7 

Total Device Dissipation Po 
@TC= 25°C 10 5.0 
Derate above 25°C 57 28.6 

Operating and Storage TJ,T st9 --- 65 to +200 ... 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol MJ5415,MJ5416 2N3439,2N 3440 

Thermal Resistance. eJC 17.5 35 
Junction to Case 

Thermal Resistance. eJA 150 175 
Junction to Ambient 

* Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mWloC 

Watts 
mW/oC 

Watts 
mWloC 

°c 

Unit 

°CIW 

°CIW 

1 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 
200-350 VOLTS 

2N3439 
2N3440 

5and 10 WATTS 

l~ .:~,JffPl~ ~ L I 
STYLE 1: 0 

PIN 1. EMITIER ~ 

MJ5415 
MJ5416 

STYlE I: 

2. BASE 
3. COLLECTOR 

N 

MILLIMETERS INCHES 
dIM MIN MAX MIN MAX 

A 8.51 9.40 0.335 0.370 
B 7.75 8.51 0.305 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 5.08 IlSC 0.200 BSC 
H 0.711 0.864 0.028 0.034 
J 0.7341.14 0.029 0.045 
K 38.10 1.500 
L 6.35 

~ M 45' BSC 
N 2.54 BSC 
P 1.27 0.050 
R 2.54 - 0.100 
S 0.179 - 0.007 

All JEOEC dimensions and not9s apply. 
CASE 31-03 

TO-5 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR\M 

MILLIMETERS 
DIM MIN MAX 
A 8.89 
B 8.00 
C 6.10 
D 0.406 
E 0.229 
F 0.406 
G 4.83 
H 0.711 
J 0.737 
K 12.70 
L 6.35 
M 45' NOM 
P 1.27 
Q 90' NOM 
R 2.54 

All JEDEC dimensions and notes apply. 

CASE 79-02 
TD-39 



:l1\l;:54;:59, 2N3440, MJ5415, MJ5416 (continued) 

ELECTRICAL CHARACTERISTICS ITC = 250 C unless otherwISe noted.) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

"Collector-Emitter Sustaining Voltage (1) MJ5415 VCEO(sus) 200 - Vde 
(lC = 10 mAde, IS = 0) MJ5416 300 -
(IC = 50 mAde,le = 0) 

2N3439 350 -
2N3440 250 -

Collector Cutoff Current ICED I'Ade 
(VCE = 300 Vde, IS = 0) 2N3439 - 20 
(VCE = 200 Vde, Ie = 0) 2N3440 - 50 
(VCE = 150 Vde, 18 = 0) MJ5415,MJ5416 - 50 

Collector Cutoff Current ICEX /lAde 
(VCE = 450 Vde, VBE(off) = 1.5 Vdc) 2N343.9 - 500 
(VCE = 300 Vde, VBE(off) = 1.5 Vdc) 2N3440 - 500 

'Collector Cutoff Current ICBO I'Adc 
(Vcs = 175 Vde, IE' 01 MJ5415 - 50 
(Vce = 280 Vde, Ie = 0) MJ5416 - 50 
(Vce = 360 Vdc, Ie = 01 2N3439 - 20 
(Vce = 250 Vdc, IE' 0) 2N3440 - 20 

*Emitter Cutoff Current lEBO I'Adc 
(VEB = 4.0 Vde, IC = 01 MJ5415 - 20 
(VES = 6.0 Vdc, IC = 0) MJ5416,2N3439,2N3440 - 20 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
IIC = 2.0 mAde, VCE = 10 Vde) 2N3439 30 -

'(IC = 20 mAde, V CE = 10 Vde) 2N3439,2N3440 40 160 
'IIC = 50 mAde, VCE = 10 Vdcl MJ5415 30 150 

MJ5416 30 120 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
'(lC = 50 mAde, Ie = 4.0 mAde) 2N3439,2N3440 - 0.5 

(lC = 50 mAde, I B = 5.0 mAde) MJ5415,MJ5416 - 2.5 

* Base-Emitter Saturation Voltage VeE(sat) Vde 
(lC = 50 mAde, Ie = 4.0 mAde) 2N3439,2N3440 - 1.3 

Base-Emitter On Voltage veE Ion) Vde 
(lC = 50 mAde, VCE = 10 Vde) MJ5415,MJ5416 - 1.5 

DYNAMIC CHARACTERISTICS 

"Current-Gain - Bandwidth Product IT MHz 
(lC = 10 mAde, VCE = 10 Vde, I = 5.0 MHz) 15 -

"Output Capacitance Cob pF 
(Vce = 10 Vde, IE = 0, I = 1.0 MHz) MJ5415,MJ5416 - 25 

2N3439,2N3440 - 10 

* Input Capacitance Cib pF 

(VES = 5.0 Vde, IC = 0, I = 1.0 MHz) - 75 

"Small-Signal Current Gain hie -
(lC = 5.0 mAde, VCE = 10 Vde, I = 1.0 kHz) 25 -

*Real Part of Common Emitter Small-Signal Short-Circuit Re(hie) Ohms 
I nput Impedance 
(VCE = 10 Vde, IC = 5.0 mAde, I = 1.0 MHz) - 300 

*Jndicates JECEC Registered Data. 
(1) Pulse Test: PulseWidth';;;300/ls, DutyCycle';;;2.0%. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

PW= lOps ffi'C'"' V1 
Duty Cycles'" 1.0% NOTE: Vee and AC adjusted for VCE(off)::: 150 V and IC 

o --
Ir LOllS 

er~-'\IIIV--H---1 
V2 

51 

as desired, AS chosen for desired 'S1. V 1 ~10 V. V2 ~8.0 V 

For td and tr• 01 is disconnected 
and V2 ::: 2.0 V 

For PNP test circuit, 
reverse all polarities. 
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2N3439, 2N3440, MJ5415, MJ5416 (continued) 

PNP 
MJ5415. MJ5416 I NPN 

2N3449.2N3440 

FIGURE 2 - TURN·ON TIME 
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2N3439, 2N3440, MJ5415, MJ5416 (continued) 

FIGURE 6 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate IC·VCE limits of the transistor 
that must be observed for rei iable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

o r--I 2N34i9.2N3rO 
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The data of Figure 7 is based on TJ(pk) = 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are val id 
for duty cycles to 10% provided TJ(pk) <200°C. TJ(pk) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal I imitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-41Sl. 
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2N3439, 2N3440, MJ5415, MJ5416 (continued) 
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2N3439, 2N3440, MJ5415, MJ5416 (continued) 
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2-504 



2N3445 thru 2N3448 (SILICON) 

STYLE 1 
PIN 1 BASE 

2 EMIHE R 
CASE-COLLECTOR 

NPN silicon power transistors for switching and amplifier 
applications requiring fast response, wide band and good 
Beta linearity. 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N3445 2N3446 Unit 2N3441 2N3448 

Collector-Base Voltage VCB 80 100 Volts 

Collector-Emitter Voltage VCEO 60 80 Volts 

Emitter-Base Voltage VEB 6.0 10 Volts 

Collector Current Ie 7.5 Amp 

Base Current IB 4.0 Amp 

~ 

" ~ 
i 
E 
"' g 
8 

Power Dissipation PD 115 Watts 

Junction Operating Temperature Range TJ -65 to + 200 oc 

POWER-TEMPERATURE 
DERATING CURVE 

These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 

~n['r-N2fi42[1 
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To CASE TEMPERATUIIE (OC) 
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L 25i"s I 

Curves indicate Ie - V ca: 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
faU within the applicable Safe 
Area to avoid causing a col~ 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera· 
tion below the maximutti T J. 

the power-temperature de
rating curve must be ob
served for both steady state 
and pulse power conditions. 

0.07 
E Tr"':::: 175°C 
--- TJ 25°C - -- TJ 25°C 

0.05 
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2N3445 thru 2N3448 (continued) 

ELECTRICAL CHARACTERISTICS (TC ~ 25~C unless otherwise noted) 

Chlract.ristlc $ymb.1 IIItI 

Emitter-Base Cutoff Current lEBO 
(VEB' 6 Vdc) 2N3445, 2N3447 -
(VEB • 10 Vde) 2N3446, 2N3448 -

Collector-Emitter Cutoff Current IeEX 
(VCE • 60 Vdc, VBE • -1 Vde) 2N3445, 2N3447 -
(VCE • 60 Vde, VBE • -1 Vde, TC = 150°C) 2N3445, 2N3447 -
(VCE • 80 Vde, VBE • -1 Vde) 2N3446, 2N3448 -
(VCE • 80 Vde, VBE • -1 Vde, TC • 150°C) 2N3446, 2N3448 -

Collector-Emitter Cutoff Current IeEO 
(VCE • 40 Vde, IB • 0) 2N3445, 2N3447 -
(VCE • 60 Vdc, IB • 0) 2N3446, 2N3448 -

Collector-Base Breakdown Voltage BVCBO 
(IC ' 1 mAde, IE' 0) 2N3445, 2N3447 80 

2N3446, 2N3448 100 

Collector-Emitter Sustaining Voltage VCEO(8U8) 
(Ie • 100 mAde, lB' 0) 2N3445. 2N3447 60 

2N3446, 2N3448 80 

DC Current Gain hFE 
(Ie • 0.5 Ade, V CE • 5 Vde) 2N3445, 2N3446 20 

2N3447, 2N3448 40 
(Ic • 3 Ade, VeE' 5 Vde) 2N3445, 2N3446 20 
(Ie' 5 Ade, VCE • 5 Vde) 2N3447, 2N3448 40 

COllector-Emitter Saturation Voltage VCE(sal) 
(Ic • 3 Ade, IB • 0.3 Ade) 2N3445, 2N3446 -
(IC • 5 Ade, IB • 0.5 Ade) 2N3447, 2N3448 -

Sase-Emitfer Saturation Voltage VBE(sal) 
(Ic • 3 Adc, IB • 0.3 Ade) 2N3445, 2N3446 -
(Ie C 5 Ade, IB • 0.5 Ade) 2N3447, 2N3448 -

Base-Emitter Voltage VBE 
(Ie' 3 Ade, VCE • 5 Vde) 2N3445, 2N3446 -
(Ie • 5 Ade, VCE • 5 Vde) 2N3447, '2N3448 -

Small Signal Current Gain hr. 
(VCE' 10 Vde, Ie • 0.5 Ade, f • 1 kHz) 2N3445, 2N3446 20 

2N3447, 2N3448 40 
(VCE' 10 Vdc, Ie • 0.5 Adc, f • 10 MHz) 1.0 

Common Base Output Capacitance Cob 
(VCB' 10 Vde, f. 0.1 MHz) -

SWitching Times 
(VCC" 25 Vde, RL • 5 OhmS, Ie • 5 A, IBI • IB2 • 0.5 A) 
Delay Time plus Rise Time 
Storage Time 
Fall Time 

... 
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2N3445 thru 2N3448 (continued) 
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2N3445 thru 2N3448 (continued) 
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2N3467S, 2N3468S (SILICON) 
2N3467S JAN,JTX AVAILABLE 
2N3468S JAN,JTX A VAl LABLE 

PNP silicon annular transistors for 
switching and driver applications. 

high-speed 

2 STYLE 1: 

1 00 0 3 PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

connected to case 

'MAXIMUM RATINGS 

Rating Symbol 2N3467 2N3468 Unit 

Collector-Base Voltage VCB 40 50 Vdc 

Collector-Emitter Voltage VCEO 40 50 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 1.0 Adc 

Total Device Dissipation @ T A = 25°C PD 1.0 Watt 
Derating Factor Above 25°C 5.71 mW/oC 

Total Device Dissipation @ T C = 25°C PD 5.0 Watts 
Derating Factor Above 25°C 28.6 mW/oC 

Junction Temperature, Operating T J +200 °c 

Storage Temperature Range Tstg -65 to +200 °c 
, Ind1cates JEDEC RegIstered Data 

THERMAL RESISTANCE B.rA (air) = O.175°C/mW 

BJC (case) = 35°C/Yv 

STORAGE TIME VARIATION WITH TEMPERATURE LIMITS OF SATURATION VOLTAGE 

200 I 
1;= 161,,1= \01" 

1.6 

Vee = 30V 

I 
- TJ =2SOC 

---T'I=iTI 

- ~,= 10,20 -..... 
"'I .1 
~,I= fo i"c r--~ 
p,l= 1'0 r-.. 

100 -
" >= 70 w 
~ ., 
~ 
0 

"' 50 

"-

1.4 

in 
~ 1.2 0 
20 
~ 

1.0 ~ 
0 
> 
z 0.8 
0 

~ 
0.6 => 

~ 
.} 0.4 

~ ~,= 10 
V 

....-f- TJ ;:: 25°C 
MAX f-"'" -I-'""" VI~!"I 'rl. .... ...... 

MIN - V - I /' 
2N3468 V/' 

MAX VeE t .-- V -~ - 2N3467 r-
30 

t's =e t$ -1!a t f I I 0.2 

20 I I 
50 70 100 200 300 500 700 1000 50 70 100 200 300 500 700 1.000 
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2N3467S, 2N3468S (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Cha racteristic 

Collector Cutoff Current 
(Vcs .. 30 Vde, IE = 0) 
(V CS = 30 Vde, IE = 0, T A = 100oC) 

Collector Cutoff Current 
(VeE = 30 Vde, VBE(Off) = 3 Vde) 

Sase Cutoff Current 
(V CE = 30 Vde, VBE(Off) = 3 Vde) 

Collector-Sase Sreakdown Voltage 
(Ie = 10 "Ade, IE " 0) 2N3467 

2N3468 

Collector-Emitter Sreakdown Voltage (II 
(Ie .. 10 mAde, IS" 0) 2N3467 

2N3468 

Emitter-Sase Sreakdown Voltage 
(IE .. 10 "Ade .. 1c = 0) 

Collector Saturation Voltage (II 
(IC = 150 mAde, IS = 15 mAde) 2N3467 

2N3468 

<Ie .. 500 mAde, Is = 50 mAde) 2N3467 
2N3468 

(Ie = 1 Ade, IS = 100 mAde) 2N3467 
2N3468 

Sase-Emitter Saturation Voltage (11 

(Ie = 150 mAde, IS = 15 mAde) 

(Ie .. 500 mAde, IS" 50 mAde) 

<Ie .. 1 Ade, IS .. 100 mAde) 

DC Forward Current Transfer Ratio (II 
(Ie .. 150 mAde, VCE .. 1.0 Vdc) 2N3467 

2N3468 

(Ie .. 500 mAde, V CE .. 1.0 Vde) 2N3467 
2N3468 

(Ie " 1 Ade, VCE " 5 Vde) 2N3467 
2N3468 

Output Capacitance 
(V CS.. 10 Vde, IE .. 0, f .. 100 kHz) 

Input Capacitance 
(VEB = 0.5 Vde,lc .. 0, f = 100 kHz) 

Current-Gain - Sandwldth Product 
<Ie .. 50 mAde, VCE" 10 Vde, f'" 100 MHz) 2N3467 

I1IPulse Test: PW :0300 I's, Duty Cycle :02% 
* Indicates JEDEC Registered Data 

2N3468 

2-510 

Symbol 

leBO 

leu 

IsL 

SVCBO 

SVCEO 

SVEBO 

VCE(sat) 

VSE(sat) 

hFE 

Cob 

CI)) 

'T 

Min Max Unit 

"Ade - 0.10 

- 15 

ilAde 
- 100 

nAdc 

- 120 

Vde 
40 -
50 -

Vdc 
40 -
50 -

Vde 
5.0 -. 

Vde 

- 0.3 
- 0.35 

- 0.5 
- 0.6 

- 1.0 
- 1.2 

Vde 
- 1.0 

0.8 1.2 

- 1.6 

-
40 -
25 

40 120 
25 75 

40 -
25 -

pF 

- 25 

pF 

- 100 

MHz 
175 -
~50 -



2N3467S, 2N3468S (continued) 

-ELECTRICAL CHARACTERISTICS (continued) 

Cha racteristic Symbol Min Max Unit 

Delay Time td - 10 ns 

Rise Time 
(Ie = 500 mA, IB1 = 50 mA, VBE = 

~ 30 2 V, V CC = 30 V) - ns 

Storage Time ts - 60 ns 

Fall Time 
(Ie = 500 mA, IB1 = IB2 z 50 rnA, VCC =30 V) 

tr 30 - ns 

Total Control Charge QT nC 
(Ie = 500 rnA, IB = 50 rnA, VCC = 30 V) - 6.0 

- Indicates JEDEC Registered Data 

MINIMUM CURRENT CAIN CHARACTERISTICS 
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2N3485, A (SILICON) 
2N3486, A 

For Specifications, See 2N2904S Data 

2N3487 thru 2N 3492 (SILICON) 

NPN silicon power transistors designed for switch
ing and amplifier applications. 

CASE 9 
(TO-61) 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (Continuous) 

Base Current (Continuous) 

Power Dissipation 

Thermal Resistance,Junction to Case 

Junction Operating Temperature Range 

Symbol 2N3487 
2N3490 

VCB 80 

VCEO 60 

VEl:} 10 

IC 7_ 5 

IB 4_0 

Pn 117 

9JC 1. Ii 

TJ 

2-512 

2N3488 2N3489 
Unit 2N3491 2N3492 

100 120 Vdc 

80 100 Vdc 

10 10 Vdc 

7_ 5 7.5 Adc 

4_0 4.0 Adc 

117 117 Watts 

1.5 1.5 °C/W 

_65°C to +200oC °c 



2N3487 thru 2N3492 (continued) 

ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Emitter-Base Cutoff Current lEBO mAdc 
(V EB = 10 Vdc) - 0.10 

Collector-Emitter Cutoff Current ICEX /.LAdc i 

(V CE = 60 Vdc, V BE = -1 Vdc) 2N3487,2N3490 - 25 

(V CE = 80 Vdc, V BE = -1 Vdc) 2N3488,2N3491 - 25 

(V CE = 100 Vdc, V BE = -1 Vdc) 2N3489, 2N3492 - 25 

(VCE = 60 Vdc, VBE = -1 Vdc, TC ~ 150°C) 2N3487, 2N3490 - 250 

(VCE = 80 Vdc, VBE = -1 Vdc, TC = 150°C) 2N3488,2N3491 - 250 

(VCE = 100 Vdc, VBE ~ -1 Vdc, TC = 150°C) 2N3489,2N3492 - 250 

Collector -Emitter Cutoff Current ICEO /.LAdc 
(V CE = 40 Vdc, IB = 0) 2N3487,2N3490 - 250 

(V CE = 60 Vdc, IB = 0) 2N3488,2N3491 - 250 

(V CE = 80 Vdc, IB = 0) 2N3489, 2N3492 - 250 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 J.LAdc, ~ = 0) 2N3487,2N3490 80 -

2N3488,2N3491 100 -
2N3489, 2N3492 120 -

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(IC ~ 100 mAdc, IB = 0) 2N3487,2N3490 60 -

2N3488,2N3491 80 -
2N3489,2N3490 100 -

DC Current Gain hFE -
(IC = 0.5 Adc, VCE = 5 Vdc) 2N3487, 2N3488, 2N3489 20 -

2N3490, 2N3491 , 2N3492 40 -
(Ie = 3.0 Adc, VCE ~ 5 Vdc) 2N3487,2N3488 20 60 

2N3489 15 45 
(IC = 5.0 Adc, VCE = 5 Vdc) 2N3490,2N3491 40 120 

2N3492 30 90 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 1 Adc, IB = 0.1 Adc) · 0.3 

(IC = 3 Adc, IB = 0.3 Adc) 2N3487, 2N3488, 2N3489 · 1.2 
2N3490, 2N3491, 2N3492 · 1.0 

(IC = 5 Adc, Ia = 0.5 Adc) 2N3490, 2N3491, 2N3492 - 1.5 

Base-Emitter Saturation Voltage V BE(sat) Vdc 
(IC = 3 Adc, IB = 0.3 Adc) 2N3487,2N3488,2N3489 · 1.5 

(Ie = 5 Adc, Ia ~ 0.5 Adc) 2N3490, 2N3491, 2N3492 - 1.5 

Base-Emitter Voltage VBE Vdc 
(IC = 3 Adc, VCE = 5 Vdc) 2N3487, 2N3488, 2N3489 - 1.5 

(Ic ~ 5 Adc, VCE = 5 Vdc) 2N3490, 2N3491 , 2N3492 · 1.4 

Small Signal Current Gain hfe -
(V CE= 10 Vdc, IC = 0.5 Adc, f = 1 kHz) 2N3487, 2N3488, 2N3489 20 100 

2N3490, 2N3491, 2N3492 40 200 
(V CE = 10 Vdc, IC = 0.5 Adc, f = 10 MHz) All Types 1.0 -

Common Base Output Capacitance Cob pF 
(V CB = 10 Vdc, f = 0.1 MHz) - :>50 

Switching Times /.Ls 
(V CC = 25 Vdc, RL = 5S1 , IC = 5 Adc, IB1 = -IB2 = 0.5 Adc) · -

Delay Time plus Rise Time td+tr - 0.35 J.LS 

Storage Time ts - 2.0 

Fall Time tf - 0.35 
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2N3487 thru 2N3492 (continued) 
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2N3494S, 2N3495S, 2N3496, 2N3497 (SILICON) 

PNP SI LICON ANNULAR STAR TRANSISTORS 

. designed for high-voltage switching circuits and DC to VHF 
amplifier applications. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 120 Vdc (Mini @ IC = 10 mAdc (2N3495,971 

• Low Collector-Emitter Saturation Voltage -
VCE(satl = 0.3 Vdc (Maxi @ IC = 10 mAdc (2N3494,961 

• High Current-Gain-Bandwidth Product -
fT = 200 MHz (Mini @ IC = 20 mAdc (2N3494,961 

*MAXIMUM RATINGS 

2N3494 2N3495 
Rating Symbol 2N3496 2N3497 Unit 

Coliector·Emitter Voltage VCEO 80 120 Vdc 

Collector-Sase Voltage VCB 80 120 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Current ~ Continuous IC 100 mAde 

2N3494 2N3496 
2N3495 2N3497 

Total Device Dissipation@TA := 2SoC Po 600 400 mW 
Derate above 2SoC 3.43 2.28 mW/oC 

Total Device Dissipation @TC := 2SoC*" PD 2.0 1.2 Watts 
Derate above 2SoC 11.4 6.85 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

*:1 ndicates JEOEC Registered Data. 
Motorola guarantees this data in addition to JEDEC Registered Data. 
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PNP SILICON 
HIGH-VOLTAGE 
TRANSISTORS 

2N3494 
2N3495 

A1IJEOECdlmenslOnsandnotasspply 

CASE 31·03 
TO·39 

!m", 
r~ 

['i'f~ r- I L 

PLANE 
SW"G --~ 

PIN 1. EMITTER ~I-D 

2 BASE N 
3 COLLECTOR , N 

If? 
G 0-,-03 

M 

Z~J 

2N3496 MilLIMETERS IIliCHES 

2N3497 D'M M" MAX M" MAX 

A 531 S84 0209 0.230 
B '52 '95 0178 0195 
C '" 533 0170 0210 
D 0406 0533 0016 0.021 
E 0762 0030 
F 0406 0483 0016 0.019 
G 254BSC 01008S 
H 0914117 0.036 0.046 
J 0711 1.22 0028 004' , 1270 D5 

All JEOEC notes and dlme~~lOnsapply. l 635 0.2S0 
M 450 BSC 45 BSe 

CASE 22-03 N 121BSe OOSORe 
(T0·18) p 127 - 0.050 

:1 
I· 



2N3494S, 2N3495S, 2N3496, 2N3497 (continued) 
'ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCEO Vde 
(lc ~ 10 mAde, IB = a) 2N3494, 2N3496 80 -

2N3495, 2N3497 120 -

Collector-Base Breakdown Voltage BVCBO Vde 
IIC = 10 JlAde, IE = a) 2N3494, 2N3496 80 -

2N3495, 2N3497 120 -

Emitter-Base Breakdown Voltage BVEBO 4.5 - Vde 
liE = 10 JlAde, IC = 0) 

Collector Cutoff Current ICSO nAdc 
(VCS = 50 Vde, IE = a) 2N3494, 2N3496 - 100 

(VCS = 90 Vde, IE = a) 2N3495, 2N3497 - 100 

Emitter Cutoff Current lEBO - 25 nAdc 
(VBE = 3.0 Vde, IC = a) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
IIc = 100 JlAde, VCE = 10 Vdc) All Types 35 -

IIc = 1.0 mAde, VCE = 10 Vde) All Types 40 -

lie = 10 mAde, VCE = 10 Vde) All Types 40 -

(Ie = 50 mAde, VCE = 10 Vde) All Types 40 -

(Ie= 100 mAde, VCE = 10Vde) 2N3494, 2N3496 35 -

Collector-Emitter Saturation Voltage VeE(sat) Vde 
(I e = 10 mAde, I B = 1.0 mAde) 2N3494, 2N3496 - 0.3 

2N3495, 2N3497 - 0.35 

Base-Emitter Saturation Voltage VBE(s.t) 0.6 0.9 Vde 
(IC = 10 mAde, IS = 1.0 mAde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product(2J IT MHz 
lie = 20 mAde, VeE = 10 Vde, I = 100 MHz) 2N3494, 2N3496 200 -

2N3495, 2N3497 150 -

Output Capacitance Cob pF 
(VeB = 10 Vde, IE = 0, I = 100 kHz) 2N3494, 2N3496 - 7.0 

2N3495, 2N3497 - 6.0 

I nput Capacitance Cib - 30 pF 
(VBE = 2.0 Vde, Ie = 0, f = 100 kHz) 

I nput Impedance hie 0.1 1.2 k ohms 
(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 

Voltage Feedback Ratio hre - 2.0 X 10-4 

lie = 10 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain hie 40 300 -
(IC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHz) 

Output Admittance hoe - 300 Ilrnhos 
(IC= 10 mAde, VCE = 10Vde,l= 1.0kHz) 

Real Part of I nput Impedance Re(hie) - 30 Ohms 
IIC = 20 mAde, VCE = 10 Vde, I = 300 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 300 ns 

(Vec = 30 Vde, Ie = 10 mAde, IS1 = 10 mAde) (See Figure 1) 

Turn-Off Time tolf - 1000 ns 

(Vce = 30 Vde, Ie = 10 mAde, IS1 = IS2 = 1.0 mAde) (See Figure 2) 

-Indicates JEDEC Registered Data. 

(1)Pulse Test: Pulse Width ~300 /-Ls, Duty Cycle"" 2.0%. 

(2)fT is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - TURN·ON TIME TEST CIRCUIT FIGURE 2 - TURN·OFF TIME TEST CIRCUIT 

tro;;;;10ns 
11';;;; lOJ.l.s 
DUTY CYCLE <; 2.0% 

-30 V 0--'1",,--, 

10 k 

I 

;}~ Cs< 3.0 pF 
I 

__ ...l 
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-30 Vo--"v'VI.----, 
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2N3498S thru 2N3501S (SILICON) 
JAN,JTX,JTXV AVAI LABLE 

NPN SILICON ANNULAR TRANSISTORS 

... designed for low-power amplifier and !'witching applications. 

• High Voltage Ratings 
BVCEO = 150 Vdc (Mini @ IC = 10 mAdc-

2N3500 and 2N3501 

• Low Saturation Voltage -
VCE(satl = 0.6 Vdc (Maxi @ IC = 300 mAdc-

2N3498 and 2N3499 

• Low Capacitance 
Cob = 8.0 pF (Maxi @ VCB = 10 Vdc - 2N3500 and 2N3501 

• Medium Current Capability with DC Current Gain Specified -
0.1 to 500 mAdc - 2N3498 and 2N3499 

"MAXIMUM RATINGS 

2N3498 2N3500 
Rating Symbol 2N3499 2N3501 

Collector-Base Voltage VCBO 100 150 

Collector-Emitter Voltage VCEO 100 150 

Emitter-Base Voltage VEBO 6.0 

Collector Current IC 500 300 

Total Power Dissipation@TA = 2SoC Po 1.0 
Derate Above 25°C 5.71 

Total Power Dissipation @ TC = 25°C Po 5.0 
Derate Above 2SoC 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 175 

Thermal Resistance, Junction to Case ROJC 35 

* Indicates JEDEC Registered Data. 

2-517 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

NPN SILICON 
SWITCHING AND AMPLIFIER 

TRANSISTORS 

I ~11~~~~~ : C 

k --I L I 
_:::-:£l.K 

SEATING __ ---.1 
PLANE --11--0 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 

.F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 0.250 
M 450 NOM 450 NOM 
P 1.27 0.050 
Q 900 NOM 900 NOM 
R 2.54 - 0.100 -

All JEDEC dimensions and notes apply. 

CASE 79·02 
TO·39 

:1 
I 



2N3498S thru lN3501S (continued) 

ELECTRICAL CHARACTERISTICS ITA ~ 250 C unless otherwise noted.) 

I Characteristic I Symbol 

'OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 2N 3498, 2N 3499 
IIc ~ 10 mAde, IB ~ 0) 2N3500,2N3501 

Collector-Base Breakdown Voltage 2N3498,2N3499 
IIc ~ 1OllAde, IE ~ 0) 2N3500, 2N3501 

Emitter-Base Breakdown Voltage 
liE ~ lOIlAde, IC ~ 0) 

Emitter Cutoff Current 
IVBEloff) ~ 4.0 Vde, IC ~ 01 

Collector Cutoff Current 
IVCB ~ 50 Vde, IE ~ 0) 
IVCB ~ 50 Vde, IE ~ 0, TA ~ 150o C) 

2N349S,2N3499 

IVCB : 75 Vde, IE ~ 0) 2N3500,2N3501 
IVCB ~ 75 Vde, IE ~ 0, TA ~ 150o C) 

'ON CHARACTERISTICS III 

DC Current Gain 
IIC ~ 0.1 mAde, VeE ~ 10 Vdel 2N3498, 2N3500 

2N3499,2N3501 
IIc ~ 1.0 mAde, VCE ~ 10 Vde) 2N 3498, 2N3500 

2N3499,2N3501 
IIC ~ 10 mAde, VCE ~ 10 Vde) 2N3498, 2N3500 

2N3499,2N3501 
IIc ~ 150 mAde, VCE ~ 10 Vdcl 2N 3498, 2N 3500 

2N3499,2N3501 
IIC ~ 300 mAde, VCE ~ 10 Vde) 2N3500 

2N3501 
IIc ~ 500 mAde, VCE ~ 10 Vde) 2N3498 

2N3499 

Collector Saturation Voltage 
lie ~ 10 mAde, IB ~ 1.0 mAde) All Types 
II C : 50 mAde, I B ~ 5.0 mAde) All Types 
lie ~ 150 mAde, IB ~ 15 mAde) 2N3500, 2N3501 
II C ~ 300 mAde, I B ~ 30 mAdel 2N3498,2N3499 

Base-Emitter Saturation Voltage 
IIC ~ 10 mAde, IB ~ 1.0 mAde) All Types 
IIC ~ 50 mAde, IB ~ 5.0 mAdel All Types 
IIC~ 150 mAde, IB ~ 15 mAde) 2N3500,2N3501 
IIC ~ 300 mAde, IB ~ 30 mAde) 2N3498,2N3499 

·SMALL·SIGNAl CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
IVCE ~ 20 Vde, IC ~ 20 mAde, I ~ 100 MHz) 

a utput Capacitance 2N349S,2N3499 
IVCB ~ 10 Vde, IE ~ 0, f ~ 100kHz) 2N3500,2N3501 

I nput Capacitance 
IVBE ~ 0.5 Vde, IC ~ 0, I ~ 100 kHz) 

Small-Signal Current Gain 2N3498, 2N3500 
IIC ~ 10mAde, VC-E ~ 10 Vde, I ~ 1.0 kHz) 2N3499,2N3501 

Voltage Feedback Ratio 2N349S,2N3500 
lie ~ 10mAde, VeE ~ 10 Vde, I ~ 1.0 kHz) 2N3499,2N3501 

Input Impedance 2N3498, 2N3500 
lie ~ 10 mAde, VeE ~ 10 Vde, f ~ 1.0 kHz) 2N3499,2N3501 

Output Admittance 2N 3498, 2N 3500 
lie ~ 10mAdc, VeE ~ 10 Vdc, I ~ 1.0 kHz) 2N3499,2N3501 

SWITCHING CHARACTERISTICS 

Delay Time 
lie ~ 150 mAde, IBl ~ 15 mAde, Vec ~ 100 Vde, VBEloff) ~ 2.0 Vde) 

Rise Time 
IIC ~ 150 mAde, ISl ~ 15 mAde, VCC ~ lOOVde, VBEloff) ~ 2.0 Vde) 

Storage Time 
IIc ~ 150 mAde, IB1 ~ IB2 ~ 15 mAde, VCC ~ 100 Vde) 

Fall Time 
IIC~ 150 mAde, IBl ~ IB2~ 15 mAde, VCC ~ 100 Vde) 

* Indicates JEDEC Registered Data. 

(1 I Pulse Test: Pulse Width';; 300 lIS, Duty Cycle';; 2.0%. 
121 iT ~ Ihlel- I test · 

BVCEO 

BVCBO 

BVEBO 

lEBO 

ICBO 

hFE 

VeElsatl 

VBE Isat) 

IT 

Cob 

Cib 

hie 

hre 

hie 

hoe 

td 

tr 

ts 

tf 

2·518 

Min Typ Max Unit 

100 - - Vde 
150 - -

100 Vde 
150 - -

6.0 - - Vde 

- - 25 nAdc 

}.tAde 
- - 0.050 

- 50 
- - 0.050 
- - 50 

-
20 - -
35 - -
25 - -
50 - -
35 - -
75 - -
40 - 120 
100 - 300 
15 - -
20 - -
15 - -
20 - -

Vde 
- - 0.2 
- - 0.25 
- - 0.4 
- - 0.6 

Vde 
- - 0.8 
- - 0.9 
- - 1.2 
- - 1.4 

150 - - MHz 

- - 10 pF 
- - S.O 

- - SO pF 

50 - 300 -
75 - 375 

- - 2.5 X 10-4 
- - 4.0 

0.2 - 1.0 k ohms 
0.25 - 1.25 

- - 100 .umhos 
- - 200 

- 20 - ns 

- 35 - ns 

800 ns 

- SO - ns 



2N3498S thru 2N3501S (continued) 
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2N3498S thru 2N3501S (continued) 
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2N3498S thru 2N3501S (continued) 

FIGURE5- "ON"VOLTAGES 
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2N3498S thru 2N3501S (continued) 
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2N3506S, 2N3S07S (SILICON) 

JAN,JTX,JTXV AVAILABLE 

, NPN silicon annular transistors for high-current, 
high-speed, saturated switching and coredriver appli
cations. 

2 

CASE 79 
(TO-39) 

Collector connected to case 

O STYLE 1: 
PIN 1. EMITTER 

1 0 0 3 2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol 
Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation 
@ 25°C Case Temperature PD 
Derating Factor Above 25°C 

Total Device Dissipation 
@ 25°C Ambient Temperature PD 
Derating Factor Above 25°C 

Junction Operating Temperature TJ 

Storage Temperature Range Tstg 

* Indicates JEDEC Registered Data 

2N3506 2N3507 Unit 

60 80 Vdc 

40 50 Vdc 

5.0 Vdc 

3.0 Adc 

5.0 Watts 
28.6 mW;oC 

1.0 Watts 
5.71 mW;oC 

200 °c 

-65 to +200 °c 

THERMAL RESISTANCE BJA = O.175°C/mW 
B.le = 35°C/W 

1.4 
t---;.-IO 

1.2 I--- TJ - 25°C 

1.0 

0.8 

0.6 

0.4 
; 

;;: o. 2 

o 
0.1 0.2 

SATURATION VOLTAGES 

....1 

....1 
VlEtl~ L. 

--
Ve'(utI 2 ~ 
/' 

"r 

_I"""" 

0.3 0.5 1.0 2.0 

Ie. COLLECTOR CURRENT IAdeI 

L 
-

3.0 
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2N3506S, 2N3507S (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 250 Cunless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector Cutoff Current ICEX /.LAdc 

(V CE = 40 Vdc, V EB(o!!) = 4 Vdc) 2N3506 -- 1.0 

(V CE = 40 Vdc, VES(ol!) = 4 Vdc, TA = 100'C) -- ISO 

(V CE = 60 Vdc, VEB(off) = 4 Vdc) 2N3507 -- 1.0 

(V CE = 60 Vdc, VEB(o!!) = 4 Vdc, T A = lOO'C) -- ISO 

Base CutoII Current IBL /.LAdc 
(V CE = 40 Vdc, V EB(off) = 4 Vde) 2N3506 -- 1.0 

(V CE = 60 Vde, V EB(off) = 4 Vde) 2N3507 -- t.O 

COllector-Base Breakdown Voltage 2N3506 BVCBO 60 -- Vdc (IC = 100/.LAde, IE = 0) 2N3507 80 --
Collector-Emitter Breakdown Voltage (11 2N3506 BVCEO 40 -- Vde 

(IC = 10 mAdc, pulsed, IB = 0) 2N3507 50 --
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 10 /.LAde, IC = 0) 5.0 --
Collector Saturation Voltage III 

VCE(sat) Vdc 
(IC = 500 mAde, IB = 50 mAde) -- 0.5 

(IC = 1. 5 Ade, IB = 150 mAde) -- La 
(Ic = 2. 5 Ade, IB = 250 mAdc) -- 1.5 

Base-Emitter Saturation Voltage (I) 
VBE(sat) Vdc 

(IC = 500 mAdc, IB = 50 mAdc) -- 1.0 

(IC = 1. 5 Ade, IB = 150 mAde) 0.9 1.4 

(IC = 2.5 Adc, IB = 250 mAde) -- 2.0 

DC Current Gain (I) hFE --
(IC = 500 mAde, V CE = 1 Vdc) 2N3506 50 --

2N3507 35 --
(IC = I. 5 Ade, VCE = 2 Vdc) 2N3506 40 200 

2N3507 30 150 

(Ic = 2. 5 Adc, VCE = 3 Vdc) 2N3506 30 --
2N3507 25 --

(IC = 3. a Ade, VCE =5VdC) 2N3506 25 --
2N3507 20 --

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, I = 100 kHz) -- 40 

Input Capac itanee Cib pF 
(VBE = 3 Vde, IC = 0, I = 100 kHz) -- 300 

Current Gain-Bandwidth Product !T MHz 
(IC = 100 mAde, V CE = 5 Vde, I = 20 MHz) 60 --

Delay Time IC = 1. 5 Ade, IBI = 150 mAdc td -- IS ns 

Rise Time V CC = 30 V, V EB = 0 V t r -- 30 ns 

storage Time IC = 1. 5 Ade, IBI = IB2 = 150 mAde ts -- 55 ns 

Fall Time Vce=30V t f -- 35 ns 

, Indicates JEDEC Registered Data 

(1IPulse Test: Pulse width = 300 /.LS, duty cycle = 2% 
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2N3506S, 2N3507S (continued) 
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2N3S08 (SILICON) 

2N3S09 

\ 
2 

NPN silicon annular transistor for high-speed, low
current switching applications. O STYLE 1: 

o PIN 1. EMITTER 

CASE 26 1 0 0 3 2, BASE 
3, COLLECTOR 

(TO-46) 
Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

C ollector- Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current (10 /.IS pulse) 

Total Device Dissipation 
@ 25°C Ambient Temperature 

Derating Factor Above 2SoC 

Total Device Dissipation 
@ 2SoC Case Temperature 

Derating Factor Above 2SoC 

Junction Temperature, Operating 

Storage Temperature Range 

Thermal ReSistance, Junction to Case 

Thermal ReSistance, Junction to Ambient 

*Indlcates JEDEC Registered Data 

Symbol 

VCB 

VCES 

VCEO 

VEB 

Ic(Peak) 

PD 

PD 

TJ 

Tstg 

IfJC 
9JA 

2-525 

Value Unit 

40 Vdc 

40 Vdc 

20 Vdc 

6.0 Vdc 

500 rnA 

0.40 Watt 
2.29 mW/oC 

2.0 Watts 
11.43 mW/oC 

+200 °c 

-65 to +200 °c 

0.0875 °C/mW 

0.438 °C/mW 



2N3508, 2N3509 (continued) 

'ELECTRICAL CHARACTERISTICS ITA = 250C unless otherwise notecJl 

Characteristic Symbol Min Max Unit 

Collector CutoU Current leBO /.I Me 
(VCB = 20 Vdc) Both Type. - 0.2 
(VCB = 20 Vdc, TA = 1500C) ZN3508 - 30 

ZN3509 50 

Collector Cutoa Current leEX /.lAde 
(VCE = 20 Vdc, VEB(O!!) = 3 Vde) - 0.2 

Base CutoU Current IBL /.lAde 
(VCE = 20 Vdc, VEB/off) = 3 Vdc) - 0.5 

Collector-Base Breakdown Voltage BVCBO Vdc 
(Ie = 10 "Ade, IB = 0) 40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 /.lAde, le = 0) 6.0 -

Collector-Emitter Breakdown Voltage (11 BVCEO Vdc 
(Ie = 10 mMc) 20 -

Collector- Emitter Voltage BVCES Vdc 
(Ie = 10 /JAde, IB = 0) 40 -

Collector-Emitter Saturation Voltage (1) VCE(sat) Vdc 
(Ie = 10 mAde, IB = 1 mAde) - 0.25 
(le = 100 mAde, IB = 10 mAde) - 0.45 

Base-Emitter Saturation Voltage /11 VBE(sat) Vdc 
(le = 10 mAde, Iv. = 1 mAde) 0.70 0.85 
(IC = 100 mAde, B = 10 mAde) 0.8 1.4 

DC Current Gain /11 hFE -(Ie = 10 mAde, VCE = 1.0 Vdc) 2N3508 40 120 
2N3509 100 300 

(le = 10 mAde, V CE = 1.0 Vde, T A = -55°C) 2N3508 20 -
2N3509 40 -

(le = 100 mAde, VCE = 1.0 Vde) 2N3508 20 -
2N3509 30 -

Small-Signal Current Gain bre -(Ie = 10 mlllJe, VCE = 10 Vdc, f =100 MHz) 5.0 -
Output Capacitance Cob pF 

(V CB = 5 Vde, IE = 0, f = 140 kHz) - 4.0 

Input Capacitance Clb pF 

(VBE = 1 Vdc, Ie = 0, f = 140 kHz) - 4.0 

Storage Time la(TS) ns 
(Ie = IBI = IB2 = 10 mAl - 13 

Turn-On Time ton ns 
(Ie = 10 mA, IBI = 3 mA, VCC = 3 V, VOB = 1.5 V) - 12 

Turn-Off Time tarf ns 
(Ie = 10 mA, IBI = 3 mA, IB2 = 1.5 mA, VCC = 3 V) - 18 

Total Control Charge Q-r pC 
(Ie = 10 mA, IB = 1 rnA, VCC = 3 V) - 50 

Delay Time tcs 
VCC = 10 V, VE:B = 2 V, 

- 5.0 ns 

Rise Time 
Ie = 100 mA, IBI = 10 rnA 

tz. - 18 ns 

Storage Time t. - 13 ns 
VCC = 10 V 

Fall Time 
Ie = 100 mA, IBI • IB2 • 10 mA 

It - 15 ns 

, IndlCates JEDEC Reglstered Data 
/11 Pulse Test: PW = 300,,8, Duty Cycle :f 2% 
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2N3508, 2N3509 (continued) 
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tN3510 (SILICON) 

2N3511 
2N3647 

2N3648 

\ 
~\ c= .. 

NPN silicon annular transistors for high-speed satu
rated switching applications to 500 rnA. 

2 

PIN 1. EMITIER O STYLE 1: 

1 0 0 3 2. BASE 

(TO·52) (10·.016) 
Collector connected to ca.e 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TA '" 25°C 
Derating Factor Above 25°C 

Total Device Dissipation @ T C '" 25°C 
Derating Factor Above 25°C 

Junction Temperature, Operating 

Storage Temperature Range 

* Indicates JEDEC Registered Data 
STORAGE TIME VARIATION 

20 

-'..J - .... 
10 

P.-IO 

IL PF-
.,.... 

V 

V V 
t.'-r.-~r. 
1 .. =112 
TJ = 25DC 

2 
vV' iTl iI TJ - 125·C 1111 Vec·~6V 

3. COLLECTOR 

Symbol 

VCB 

VCEO 

VEB 

Ie 

. PD 

PD 

TJ 

Tstg 

1.. 

1.4 

,;; 

~ 1.2 

~ 1.0 

~ i 0.8 

"'i 0.6 
,; 

0.4 

0.2 
1 2 3 5 7 10 20 30 50 70 100 200 300 500 

Ie. COLLECTOR CURRENT ImAl 
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2N3510 2N3511 Unit 2N3647 2N3648 

40 40 Vdc 

10 15 Vdc 

6.0 Vdc 

500 mAdc 

TO-46 TO-52 
2N3647 2N3510 
2N3648 2N3511 

400 360 mW 
2.28 2.06 mW/oC 

2.0 1.2 Watts 
11.43 6.9 mW/oC. 

+200 °c 

-65 to +200 °c 

LIMITS OF SATURATION VOLTAGE 

I I II 
I II 

~ 
_1!.-101 

TJ ~ 2S·C 

~AX V~.t!- '"'" ...-
.... MIN VBEhatl 

I 
1 

MAX VeEI .. tl V" 

10 20 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

Ie. COLLECTOR CURRENT ImAI 



2N3510, 2N3511, 2N3647, 2N3648 (continued) 

'ELECTRICAL CHARACTERISTICS (T. :: 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Collector Cutoff Current ICEX ~Ade 

(V CE = 10 Vde, VEB(off) = 1 Vde) - .025 
(VCE = 10 Vde, VEB(off) = 1 Vde, T A = 150°C) - 50 

Base Cutoff Current IBL ~Ade 
(VCE = 10 Vde, VOB = 1 Vde) - .025 

Collector-Base Breakdown Voltage BVCBO Vde 
(Ie = 10 ~Ade, IE = 0) 40 -

COllector-Emitter Breakdown Voltage(l) BVCEO Vde 
(IC = 10 mAde, IB = 0) 2N3510, 2N3647 10 -

2N3511,2N3648 15 -
Emitter-Base Breakdown Voltage BVEBO Vde 

(IE = 10 ~Me, Ie = 0) 6.0 -
Collector Saturation Voltage(1) V CE(sat) Vde 

(Ie = 10 mAde, I~ = 1 mAde) All Types - 0.25 
(Ie = 150 mAde, B = Hi mAde) All Types - 0.4 
(Ie = 300 mAde, IB = 30 mAde) 2N3510, 2N3647 - 0.6 
(Ie = 500 mAde, IB = 50 mAde) 2N3511, 2N3648 - 0.8 

Base-Emitter Saturation Voltage(l) VBE(sat) Vde 
(Ie = 10 mAde, IB = 1 mAde) All Types - 0.8 
(Ie = 150 mAde, IB = 15 mAde) All Types 0.8 1.0 
(Ie = 300 mAde, IB = 30 mAde) 2N3510, 2N3647 - 1.15 
(Ie = 500 mAde, IR = 50 mAde) 2N3511,2N3648 - 1.5 

DC Current Gain" hFE -
(Ie = 1.0 mAde, V CE = 1 Vde) 2N3510, 2N3647 12 -

2N3511 , 2N3648 15 -
(Ie = 10 mAde, V CE = 1 Vde) 2N351O, 2N3647 20 -

2N3511, 2N3648 25 -
(Ie = 150 mAde, VCE = 1 Vde) 2N351O, 2N3647 25 150 

2N3511, 2N3648 30 120 
(IC = 150 mAde, VCE = 1 Vde, TA= -55°C) 2N3511, 2N3648 12 -
(Ie = 300 mAde, VCE = 1 Vde) 2N3510, 2N3647 15 -
(Ie = 500 mAde, VCE = 1 Vde) 2N3511 , 2N364R 12 -

Output Capacitance Cob pF 
(VCB = 10 Vde, IE = 0, f = 100 kH') - 4.0 

Input Capacitance Cib pF 
(VBE, = 0.5 Vde, Ie = 0, f = 100 kH,) - 8.0 

Small Signal Current Gain hre -< 

(Ie = 15 mAde, VCE = 10 Vde, f = 100 MH,) 2N3510, 2N3647 3.5 -
2N3511. 2N3648 4.5 -

Delay Time 
2N3510, 2N3647 

td - 10 
2N3511, 2N3648 - 8.0 ns 

(IC = 150 rnA, 
2N3510, 2N3647 12 Rise Time ~1 = 15 rnA, tr - ns 

EB = 0.5 V, 2N3511, 2N3648 - 10 
VCC = 6 V) 2N3510, 2N3647 - 20 Turn-On Time 

2N3511,2N3648 ton - 16 
ns 

Storage Time 2N3510, 2N3647 
ts 

- 16 
2N3511, 2N3648 - 12 ns 

(Ie = 150 rnA, 

Fall Time II = -IB2 = 15 rnA, 2N3510, 2N3647 
It 

- 12 
ns 

CC = 6 V) 2N3511 , 2N3648 - 8.0 

Turn-OU Time 2N3510, 2N3647 
tou - 25 

ns 2N3511. 2N3648 - 18 

Total Control Charge QT pC 
(Ie = 150 mA, IB = 15 rnA, VCC = 6 V) - 300 

Small Signal Current Gain hre -
(Ie = 1 mA, VCE = 10V,! = 1 kH,) 20 150 

Voltage Feedback Ratio hre XI0-4 
(Ie = ImA,VCE = 10V,!= 1 kHz) - 25 

Input Impedance h.ie kohms 
(Ie = 1 rnA, VeE = 10 V, f = 1kHz) 0.6 4.5 

Output Admittance hoe Jlmhos 
(IC = 1 rnA, VCE = 10 V, f = 1 kHz) 10 100 

* IndIcates JEDEC Registered Data 

(l)Pulse Test: PW" 300 ~s, Duty Cycle ~ 2% 
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2N3510, 2N3511, 2N3647, 2N3648 (continued) 

MINIMUM CURRENT GAIN CHARACTERISTICS 
50 

~ ~ 2N3511 - 2N3648 - I ~ VCE~ IV--I--- ~ l-
I- ~ 

~ V -- I 'I\. 

30 

V I-'" < l-I--ro- ........ 

'" ~ ~ -- '" 
10 

1-1--

V I 1'\ 1\ --- ~ l-
I--~ -..... 

'" \. -- --- "-
I-- ['\,. ~ --- !\.. , 

1,\ 
10 20 30 50 70 100 200 300 500 

Ie. COLLECTOR CURRENT (mAl 

50 

2N3510 
2N3647 - ....., 
ve,,.1 V--- TJ ~ IrC " 

30 

I--- rl;: f--I--~ ~ V I\. -- I---- J I \ --- ~ .- -... 

10 --V ~C ......... 

~ 1\ -~ -~ j _V - r- -..... 1\ 
-I-"" ;.-- "- '\. '\. -- ---

TJ =- -55°C r-.. \ ----V t'\. \ -- , 
10 20 30 50 70 100 200 300 500 

Ie. COLLECTOR CURRENT (mAl 

2-530 



2N3544 (SILICON) 

NPN silicon annular transistor for VHF and UHF 
oscillator applications. 

CASE 22 2 
(TO-18) ~ 

STYLE 1: 
PIN 1. EMITTER 

Collector connected to case 103 

MAXIMUM RATINGS 

Rating 
Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Power Dissipation @ TC = 25°C 

Derate above 25°C 

Power Dissipation @ T A = 25°C 

Derate above 25°C 

Junction Temperature 

Storage Temperature Range 

SHORT 
50n ADJUSTABLE LINE 

330 pf 

1 K~! 

1000 pi 

2. BASE 
3. COLLECTOR 

Symbol 

Vca 

VCES 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

TEST CIRCUIT 

1000 pF 

v" 
+- + 

2-531 

Value Unit 
25 Vdc 

25 Vdc 

3.0 Vdc 

100 rnA 

400 mW 

2.67 mW/"C 

300 mW 

2.0 mW/oC 

+175 °C 

-65 to +175 °C 

-, 
0.7" 

~ 

NOTES, 
1. SET Vee = 12 Vde. 

50n 
POWER METER 

2. ADJUST V" fOR Ie = 12 mAde. 
3. SET ADJUSTABLE LINE FOR 

MAXIMUM POWER OUTPUT. 

I 



2N3544 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

Collector-Base BVCBO Breakdown Voltage 

Collector-Emitter BVCES Breakdown Voltage 

Collector Cutoff Current ICBO 

Emitter Cutoff Current lEBO 

DC Current Gain hFE 

AC Current Gain Ihrel 

Collector Output Capacitance Cob 

Collector-Base Time Constant r 'c b c 

Oscillator Power Output 

Conditions 

IC = 10 /lAdc, IE = 0 

IC = 10 /lA, V BE = 0 

V CB = 15 Vdc, IE = 0 

VEB =3Vdc,IC =0 

VCE = 10 Vde, IC'10 mAdc 

V CE = 10 Vdc, IC = 10 mAde, 
f = 100 MHz 

VCB = 15 Vde, IE = 0, 
I; 100kHz 

V CB ; 10 Vdc,IC ; lQml\I.1C, 
f ;31. 8 MHz 

I =1.0GHz, Ve; 12 Vdc, 
Ie' 12 mAdc 

2-532 

Min Typ Max Unit 

25 30 -- Vdc 

25 30 -- Vdc 

-- 0.01 0.1 jJ.Ade 

-- O. 1 10 jJ.Ade 

25 50 -- --

6.0 9.0 15 --
-- -- 2.5 pF 

-- -- 10 ps 



2N3546 (SILICON) 

CASE~ (TO_18~2 '\ \ 

PNP silicon annular transistor for low-level, high
speed switching applications. 

Collector connected to case 

2 STYLE 1: 

I 00 0 3 PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 
Collector-Base Voltage VCB 15 Vdc 

Collector-Emitter Voltage VCEO 12 Vdc 

Emitter-Base Voltage VEB 4. 5 Vdc 

Total Device Dissipation @ T A = 25°C PD 0.36 Watt 
Derate above 25 ° C 2.06 mW;oC 

Total Device Dissipation @ TC = 25°C PD 1.2 Watts 
Derate above 25°C 6.9 mW;oC 

Operating Junction Temperature TJ 200 °c 

Storage Temperature Range Tstg -65 to +200 °C 

Thermal Resistance, Junction to Ambient eJA 0.49 °C/mW 

Thermal Resistance, Junction to Case 6JC O. 15 °C/mW 

* Indicates JEDEC Registered Data 
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2N3546 (continued) 

'ELECTRICAL CHARACTERISTICS ITA = 260 C UIlIe'SS atherNise noted) 

Characteristic Symbol Min Max Unit 
Collector Cutoff Current ICBO /.lAde 

(V CB = 10 Vde) -- 00010 

(V CB = 10 Vde, T A = 150· C) -- 10 

Collector Cutoff Current ICEX /.lAde 
(V CE = 10 Vde, V BE (off) = 3 Vdc) -- 00010 

Base Cutoff Current IBL /.lAde 
(V CE = 10 Vde, VBE(Off) = 3 Vdc) -- 0010 

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 10 /.IAdc, IE = 0) 15 --

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 10 /.IAdc, IC = 0) 405 --

Collector-Emitter Breakdown Voltage III BVCEO Vdc 
(IC = 10 mAde, IB = 0) 12 --

Collector Saturation Voltage 111 V CE(sat) Vdc 
(IC = 10 mAde, IB = 1 mAdc) -- 0015 

(IC = 50 mAde, IB = 5 mAde) -- 0025 

(IC = 100 mAdc, IB = 10 mAdc) -- 0.50 

Base-Emitter Saturation Voltage (11 VBE(sat) Vdc 
(IC = 10 mAde, IB = 1 mAdc) 0,7 0.9 

(IC = 50 mAdc, IB = 5 mAde) 0.8 1.3 

(IC = 100 mAde, IB = 10 mAdc) -- 1.6 

DC Current Gain (II hFE --
(IC = 1. 0 mAde, V CE = 1 Vde) 20 --
(IC = 10 mAde, V CE = 1 Vdc) 30 120 

(IC = 10 mAde, V CE = 1 Vdc, T A = -55· C) 15 --
(IC = 50 mAde, V CE = 1 Vdc) 25 --
(IC = 100 mAde, V CE = 1 Vdc) 15 --

Output Capacitance Cob pF 
(V CB = 10 Vde, IE = 0, f = 1 MHz) -- 6.0 

Input Capacitance Cib pF 
(VBE = 005 Vdc, IC = 0, f = 1 MHz) -- 5.0 

Current-Gain - Bandwidth Product IT MHz 
(IC = 10 mAde, V CE = 10 Vdc, f = 100 MHz I 700 --

Total Control Charge QT pC 
(IC = 50 mA, Ia = 5 rnA, VCC = 3 VI -- 400 

Delay Time IC = 50 rnA, IBI = 5mA, td -- 10 ns 

Rise Time VBE = 2 V, VCC = 3 V tr -- IS ns 

Storage Time IC • 50 mA, Ia1 = Ia2 = 5 mA, t.. -- 20 ns 

Fall Time VCC = 3 V tf -- IS ns 

Turn-On Time ton -- 40 ns 
(See Figure 3.4.5) 

Turn -Off Time toff -- 30 DB 

* IndIcates JEDEC RegIstered Data 

(1l Pulse Test: PW = 300/.ls, Duty Cycle S 2% 
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2N3546 (continued) 

FIGURE 1 
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2N3553 (SILICON) 

For Specifications, See 2N3375 Data. 
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2N3583 thru 2N3585, 2N4240 NPN (SILICON) 

MJ3583 thru MJ3585, MJ4240 PNP 

COMPLEMENTARY MEDIUM·POWER HIGH VOLTAGE 
POWER TRANSISTORS 

designed for high·speed switching and linear amplifier applica· 
tions for high·voltage operational amplifiers, switching regulators, 
converters, inverters, deflection stages and high fidelity amplifiers. 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 175 to 300 Vdc @ IC = 200 mAdc 

• Second Breakdown Collector Current -
Islb = 350 mAdc @ VCE = 100 Vdc - NPN 

= 150 mAdc @ VCE = 100 Vdc - PNP 

• Usable DC Current Gain to 2.0 Adc 

'MAXIMUM RATINGS 

2N3583 2N3584 2N3585 2N4240 
Rating Symbol MJ3583 MJ3584 MJ3585 MJ4240 Unit 

Collector*Emitter Voltage VCEO 175 250 300 300 Vdc 

Collector-Base Voltage VCS 250 375 500 500 Vdc 

Emitter-Base Voltage VES . 6.0 Vdc 

Collector Current Continuous IC 1.0 - 2.0- Adc 

Peak 5.0 _5.0 -
Base Current IS . 1.0 Adc 

Total Device Dissipation Po Watts 

@TC"250c, 4 35 -
Derate above 25°C - 0.2 . W/oC 

Operating and Storage June- TJ,Tstg . -65 to +200 - °c 

tion Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max -1 Unit 

Thermal Resistance, Junction to Case I ReJC I 5.0 I °C/W 

'"Indicates JEDEC Registered Data for 2N3583 thru 2N3585 and 2N4240. 
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1,0 AND 2.0 AMPER E 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

250·500 VOLTS 
35 WATTS 

p -s---I C 
~U-r A-

1 _~ ____ ~ __ I 

+ 
SEA:JG PLAN7t:O 

K 
I 

STYLE 1: ---F--PIN 1. BASE 
1. EMITTER -J-

CASE: COLLECTOR /. ~ 
10}( i- I :'\ I ~ 1 ,lJ\ :;IT 
I "-... V T 

G 

S 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

B 11.94 12.70 0.470 0.500 
C 6.35 8.64 0.150 0.340 
D 0.71 0.86 0.028 0.034 
E 1.17 1.91 0.050 0.D75 
F 14.33 14.43 0.958 0.961 
G 4.83 5.33 0.190 0.110 
H 2.41 1.67 0.095 D.105 
J 14.48 14.99 0.570 0.590 
K 9.14 0.360 -
p 1.27 - 0.050 
n 3.61 3.86 0.141 0.151 
S 8.89 0.350 
T 3.68 0.145 
U 15.75 0.620 

All JEOEC Dimensions and and Notes Apply. 

CASE 80-02 
TO·66 

" 

! 
R 

\ 



2N3583 thru 2N3585, 2N4240 NPN, MJ3583 thru MJ3585, MJ4240 PNP (continued) 

'OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 2N3583 MJ3583 fJcEO(susl 175 - 175 - Vde 

(Ie ~ 200 mAde, 18 ~ 01 NPN 2N3584 MJ3584 250 - 250 -

2N3585 MJ3585 300 - 300 -
(Ie ~ 50 mAde, 18 ~ 01 PNP 2N4240 MJ4240 300 - 300 ,. 

Collector Cutoff Current ICEO mAde 

(VCE ~ 150 Vde, IB ~ 01 2N3583 MJ3583 - 10 10 
2N3584 MJ3584 - 5,0 - 5,0 

2N3585 MJ3585 - 5,0 - 5.0 

2N4240 MJ4240 - 5,0 - 5,0 

Collector Cutoff Current ICE X mAde 

(VCE ~ 225 Vde, VSE(offl ~ 1.5 Vdel 2N3583 MJ3583 - 1,0 - 1,0 

(VCE ~ 340 Vde, VSE(offi ~ 1,5 Vdcl 2N3584 MJ3584 - 1.0 - 1,0 

(VeE ~ 450 Vde, VBE(off) ~ 1.5 Vdel 2N3585 MJ3585 -, 1.0 - 1.0 

2N4240 MJ4240 - 2.0 - 2.0 

(VCE ~ 225 Vde, VSE(off} ~ 1.5 Vde, TC ~ 1500 CI 2N3583 MJ3583 - 3.0 - 3,0 

(VeE ~ 300 Vde, VBE(offl ~ 1,5 Vde, TC ~ 1500 CI 2N3584 MJ3584 - 3.0 - 3.0 

2N3585 MJ3585 - 3.0 - 3,0 

2N4240 MJ4240 - 5,0 - 5,0 

Emitter Cutoff Current lEBO mAde 

(VBE ~ 6.0 Vde, IC ~ 01 2N3583 MJ3583 - 5,0 - 5.0 

2N3584 MJ3584 - 0,5 - 0,5 

2N3585 MJ3585 - 0,5 - 0,5 

2N4240 MJ4240 - 0,5 - 0,5 

ON CHARACTERISTICS 

DC Current Gain hFE -

(IC ~ 0,1 Ade, VCE ~ 10 Vdel 2N3583' MJ3583 40 - 40 -
2N3584 MJ3584 40 - 40 -
2N3585 MJ3585 40 - 40 -

2N4240 MJ4240 40 - 40 -

'(le 0,5 Ade, VCE 10 Vdel 2N3583 MJ3583 40 200 40 200 

'(IC ~ 0,75 Ade, VCE ~ 2,0 Vdel 2N4240 MJ4240 10 100 10 100 

(Ie ~ 0,75 Ade, VCE ~ 10 Vdel 2N4240 MJ4240 30 150 30 150 

'(IC ~ 1,0 Ade, VCE ~ 2.0 Vdel 2N3584 MJ3584 8,0 80 8,0 80 

2N3585 MJ3585 8,0 80 8.0 80 

(lC - 1,0 Ade, VCE - 10 Vdel 2N3583' MJ3583 10 - 10 -
2N3584 MJ3584 25 100 25 100 

2N3585 MJ3585 25 100 25 100 

*Collector-Emltter Saturation Voltage VCE(sa'l Vde 

(IC ~ 0,75 Ade, IB ~ 75 mAdel 2N4240 MJ4240 - 1,0 - 1.0 

(IC ~ 1,0 Ade, IB ~ 125 mAdel 2N3583 MJ3583 - 5.0 - 5,0 

2N3584 MJ3584 - 0.75 - 0,75 

2N3585 MJ3585 - 0,75 0,75 

*Base-Emitter Saturation Voltage VBE(sa'l Vde 

(lC ~ 0,75 Ade, IB ~ 75 mAdel 2N4240 MJ4240 - 1,8 - 1.8 

(lC ~ 1,0 Ade, IS ~ 100 mAdel 2N3584 MJ3584 - 1,4 - 1,4 

2N3585 MJ3585 - 1,4 - 1.4 

Base-Emitter On Voltage VSE(onl Vde 

(IC ~ 1,0 Ade, VCE ~ 10 Vdel 2N3583' MJ3583 - 1,4 - 1,4 

2N3584 MJ3584 - 1.4 - 1.4 

2N3585 MJ3585 - 1.4 - 1.4 

2N4240 MJ4240 - 1.4 - 1,4 

2-538 



2N3583 thru 2N3585, 2N4240 NPN, MJ3583 thru MJ3585, MJ4240 PNP(continued) 

ELECTRICAL CHARACTERISTICS (TC" 25°C unless otherwise noted. I 

Characteristic 

DYNAMIC CHARACTERISTICS 

"'Current GaIn - Bandwidth Product( 1) 

(IC " 200 mAde, VCE " 10 Vde, I test " 5.0 MHzl 

Output Capacitance 
(VCB" 10 Vde, IE = 0, I" 1.0 MHzl 

"Small-Signal Current Gain 
(IC" 100 mAde, VCE " 30 Vde, I = 1.0 kHz I 

'SWITCHING CHARACTERISTICS 

Rise Time 
(VeC" 200 Vde, Ie" 1.0 Ade, RL = 200 Ohms, 
IBl "100 mAdel 

(Vce = 200 Vde, IC = 0.75 Ade, RL" 267 Ohms, 
IBl "75 mAdel 

Storage Time 

(VeC" 200 Vde, Ie" 1.0 Ade, 

ISl "IB2" 100 mAdcl 
(Vee" 200 Vde, IC " 0.75 Ade, 

IB 1 " IS2 " 75 mAdcl 

Fall Time 
(Vee" 200 Vde, Ie" 1.0 Ade, 
IBl "IS2" 100 mAde) 

(VeC" 200 Vde, Ie" 0.75 Ade, 
ISl "IS2" 75 mAde) 

Second Breakdown Collector Current 
(VCE" 100 Vde) 

2N3583 MJ3583 
2N3584 MJ3584 
2N3585 MJ3585 
2N4240 MJ4240 

All All 

2N3583 MJ3583 

2N3584 MJ3584 
2N3585 MJ3585 
2N4240 MJ4240 

2N3584 MJ3584 
2N3585 MJ3585 
2N4240 MJ4240 

2N3584 MJ3584 
2N3585 MJ3585 
2N4240 MJ4240 

* Indicates JEDEC Registered Data for 2N3583 thru 2N3585 and 2N4240. 

(lilT" Ihlel.ltest. 

IT 
10 

15 

Cob 
-

hie 
25 

tr 
-

-

ts 
-

-

tl 
-

-

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

tr,tf";:; 10 ns 
DUTY CYCLE = 1.0% 

51 

VCC 

·4 V 

RB and RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 
01 MUST BE FAST RECOVERY TYPE, ego 

MB05300 USED ABOVE IB 0100 rnA 
MS06100 USED BELOW IB 0100 rnA 

FOR td and tr, 0115 DISCONNECTED AND V2 = o. 

SCOPE 

FO R PNP TEST C I RCU IT, R EVE RSE 0 I 00 E AND VO LT AG E PO LAR ITI ES. 
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MHz 
- 10 -

- 15 -

pF 
120 - 120 

-
350 25 350 

,LS 
3.0 - 3.0 

0.5 - 0.5 

~s 

4.0 - 4.0 

6.0 - 6.0 

~s 

3.0 - 3.0 

3.0 - 3.0 

I 

i 



2N3583 thru 2N3585, 2N4240 NPN, MJ3583 thru MJ3585, MJ4240 PNP(continued) 

NPN PNP 
2N3583 thru 2N3585,2N4240 MJ3583 thru MJ3585,MJ4240 

FIGURE 2 - TURN-oN TIME 
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FIGURE 3 - TURN·OFF TIME 
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FIGURE 4 - CURRENT,GAIN - BANDWIDTH PRODUCT 
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FIGURE 5 - CAPACITANCE 
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2N3583 thru 2N3585, 2N4240 NPN , MJ3583 thru MJ3585, MJ4240 PNP(continued) 

FIGURE 6 - THERMAL RESPONSE 
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FIGURE 7 - 2N3583 thru 2N3585, 2N4240 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figures 7 and 8 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature according to Figure 9. 

T J(pk) may be calculated from the data in Figure 6, At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. Second breakdown limitations do not derate 
the same as thermal limitations. Allowable current at the voltages 
shown on Figures 7 and 8 may be found at any case temperature 
by using the appropriate curve on Figure 9. 



2N3583 thru 2N3585, 2N4240 NPN, MJ3583 thru MJ3585, MJ4240 'PNPI(continued) 

NPN PNP 
2N3583 thru 2N3585,2N4240 MJ3583 thru MJ3585,MJ4240 

FIGURE 10 - DC CURRENT GAIN 
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FIGURE 11- COLLECTOR SATURATION REGION 
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2N3583 thru 2N3585, 2N4240 NPN, MJ3583 thru MJ3585, MJ4240 PNP(continued) 

NPN PNP 
2N3583 thru 2N3585,2N4240 MJ3583 thru MJ3585,MJ4240 

FIGURE 13 - TEMPERATURE COEFFICIENTS 
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2N3611thru 2N 3614 (GERMANIUM) PNP germanium ·power transistors 
for switching and amplifier applications. 

0~ 
STYLE 1 

@' PIN 1 BASE 

o 0 CAS~ ~~:ImOR 
@1 • 

Collector connected to case 

~~ 
~~ 

CASE 11 For units with solder lugs attached, specify 
devices MP3611 etc. (Case 4-04) 

CASE 4-04 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCES 
Collector-Emitter Voltage (Open Base) VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current (Continuous) Ie 
Peak Collector Current (PW ~ 5 msec) Ie 
Base Current (Continuous) IB 

storage Temperature Range Tstg 

Operating Case Temperature Range TC 

Total Device Dissipation @ T C = 25°C PD 
Derate above T C = 25°C 

Thermal Resistance, Junction to Case iJJC 

Thermal Resistance, Case to Ambient iJCA 

SAFE OPERATING AREAS 
20 
15 

10 
.......... 

2N3611 and 2N3613 

........... I'-......... 
500 fts 

....... " 1 ......... 5ms 

.~ '" 

~50"s 

"' "\ \ 
1\\ 

20 
15 

10 ~ 

..... 

" 

2N3611 2N3612 
2N3613 2N3614 

30 45 

25 35 

40 60 

20 30 

7.0 

15 

2.0 

-65 to +110 

-65 to +110 

7'1 

1.0 

1.1 

32.7 

2N3612 and 2N3614 

1 I 
'{"- 50,,, 

500 "S 

"' '\,5ms ~~ 
~ "- .\ 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

°c 

°c 

Watts 

W/oC 

°C/W 

°C/W 

DC 
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The Safe Operating Area Curves indicate 
Ic-Y CE limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera
ture and duty cycle of the excursions make no signifi
cant change in these safe areas.) The load line may 
exceed the BY CES voltage limit only if the collector 
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current has been reduced to 20 rnA or less before or 
at the BY CES limit; then and only then may the load 
line be extended to the absolute maximum voltage rat
ing of BY cno' To insure operation below the maximum 
TJ • the power-temperature derating curve must be ob
served for both steady state and pulse power condi
tions. 
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2N3611 thru 2N3614 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristics Symbol 

Collector-Emitter Breakdown Voltage* BVCES • 
(IC = 250 mAde) 2N36ll , 2N3613 

2N3612, 2N3614 

Collector-Emitter Breakdown Voltage* BVCEO 
. 

(IC = 500 mAde) 2N36ll, 2N3613 
2N3612, 2N3614 

Floating Potential VEBF 
(VCB = VCB max) 

Collecto:r-Emitter Leakage Current ICEO 
(V CE = 1/2 V CEO max) 

Collector-Emitter Leakage Current ICEX 
(VCE = VCE max, VBE = 1.0 Vde, TC = +IOO°C) 

Collector-Base Cutoff Current ICBO 
(VCB = 2 Vde) 

(V CB = 25 Vde) 2N36ll , 2N3613 

(V CB = 40 Vde) 2N3612, 2N3614 

(VCB = VCB max) 

Emitter- Base Cutoff Current ~BO (VEB = VEB max) 

Collector-Emitter Saturation Voltage V CE(sat) 
(IC = 3 Ade, IB = 300 mAde) 

(IC = 7 Adc, IB = 700 mAde) 

Base-Emitter Saturation Voltage 
VBE(sat) 

(IC = 3 Ade, IB = 300 mAde) 2N36ll , 2N3612 
2N3613, 2N3614 

(IC = 7 Ade, IB = 700.mAde) 2N36ll, 2N3612 
2N3613, 2N3614 

Transconductance gFE 
(IC = 3 Adc, VCE = 2 Vde) 2N3611, 2N3612 

2N3613, 2N3614 

Small Signal Current Gain hIe 
(IC = 0.5 A, V CE = 12 V, 1= 20 kHz) 

(IC = O. 5 A, V CE = 2 V, I = I kHz) 2N36ll, 2N3612 
2N36l3, 2N3614 

DC Current Gain hFE 
(IC = 3 Ade, VCE = 2 Vde) 2N3611, 2N36l2 

2N3613, 2N3614 

(IC = 7 Ade, V CE = 2 Vde) 2N36ll, 2N3612 
2N3613, 2N3614 

*Sweep Test: 1/2 sine wave, 60 Hz 

POWER-TEMPERATURE DERATING CURVE 

These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 
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Min Max Un~ 

Vde 
30 -
45 -

Vde 
25 -
35 -

Vde 
- 1.0 

mAde 
- 30 

mAde 

- 10 

mAde 
-- .040 

- 0.5 

- 0.5 

- 5.0 

/SAdc 
- 500 

Vdc 
- 0.25 

- 0.35 

Vdc 
- 0.7 
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- 1.1 
- 0.9 

mhos 
3.0 -
3.5 -

-
IS -
40 100 
60 150 

-
35 70 
60 120 

20 -
30 -

TEMPERATURE (OC) 



2N3611 thru 2N3614 (continued) 

COLLECTOR CURRENT versus BASE·EMITTER VOLTAGE 
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2N3615 thru 2N3618 (GERMANIUM) 

PNP germanium power transistors for switching and 
amplifier applications. 

o 0 ~ PIN 1 BASE 0., ~m. 
o S> ~PINIBASE 

@I 2 EMITTER 
CASE-COLLECTOR 

~' 001 m STYLE I 

@I 2 EMITTER 
CASE COLLECTOR 

CASE 11 CASE 4-04 

Collector connected to case 
I 

For units with solder lugs attached, specify 
MAXIMUM RATINGS devices MP3615 etc (Case 4-04) 

Rating Symbol 
2N3615 2N3616 Unit 
2N3617 2N3618 

Collector-Emitter Voltage VCES 60 75 Vdc 

Collector-Emitter Voltage VCEO 50 60 Vdc 
(Open Base) 

Collector-Base Voltage VCB 80 100 Vdc 

Emitter-Base Voltage VEB 40 50 Vdc 

Collector Current (Continuous) IC 7.0 Adc 

Peak Collector Current IC 15 Adc 
(PW :2 5 msec) 

Base Current (Continuous) IB 2.0 Adc 

storage Temperature Tstg -65 to + 110 Vc 

Operating Case Temperature TC -65 to + 110 Vc 

Total Device Dissipation P D watts 
@TC = 25°C 77 
Derate above 25°C 1.0 W/oC 

Thermal Resistance, 8JC 1.0 °C/W 
Junction to Case 

Thermal Resistance, 8CA 32.7 °C/W 
Case to Ambient 

@TA @Tc 
POWER· TEMPERATURE DERATING CURVE 

5 100 
85 

4 80 

3 60 
2.6 

2 40 

20 

_____ Tc 

fA ........... 
---........... ---.. -----.:::: t--. 

---...:::::::--
o o -~ 

o 25 50 75 100 110 

TEMPERATURE (Oel 
These transistors are also subject to safe area curves. 

Both limits are applicable and must be observed. 
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2N3615 thru 2N3618 (continued) 

ELECTRICAL CHARACTERISTICS (TA - 25"C unless otherwise noted) -

Characteristic Symbol Min Max Unit 
Collector-Emitter Breakdown Voltage' BVCES 

, Vdc 
(IC ~ 250 mAdc) 2N3615, 2N3617 60 -

2N3616, 2N3618 75 -
Collector-Emitter Breakdown Voltage' BVCEO 

, Vdc 
(IC = 300 mAdc) 2N3615, 2N3617 50 -

2N3616, 2N3618 60 

Floating Potential VEBF 1.0 Vdc 
(VCB ~ VCB max) -

Collector-Emitter Leakage Current ICEO 30 mAdc 
(VCE ~ 1/2 VCEO max) -

Collector-Emitter Leakage Current ICEX mAdc 
(VCE ~ VCE max, VBE ~ 1.0 Vdc, TC ~ +100"C) - 10 

Collector-Base Cutoff Current ICBO mAdc 
(V CB ~ 2. OVde) - 0.060 

(V CB ~ 55 Vde) 2N3615, 2N3617 - 1.0 

(V CB ~ 65 Vde) 2N3616, 2N3618 - 1.0 

(VCB ~ VCB max) - 5.0 

Emitter-Base Cutoff Current lEBO /lAdc 
(VEB ~ VEB max) 500 

(V EB ~ 12 Vde) -

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC ~ 3.6 Adc, IB ~ 300 mAde) - 0.25 

(IC ~ 7.0 Adc, IB ~ 700 mAdc) - 0.35 

Base Emitter Saturation Voltage VBE(sat) Vde 
(IC ~ 3.0 Adc, IB ~ 300 mAde) 2N3615, 2N3616 - 0.7 

2N3617, 2N3618 - 0.6 

(IC ~ 7.0 Adc, IB ~ 700 mAde) 2N3615, 2N3616 - 1.1 
2N3617, 2N3618 - 0.9 

Transconductance gFE mhos 
(IC~3.0A, VCE~2.0V) 2N3615, 2N3616 3.0 -

2N3617, 2N3618 3.5 -
Small Signal Current Gain hfe -

(IC ~ O. 5 A, V C E ~ 12 V, f = 20 kHz) 15 -
(IC ~ O. 5 A, V C E ~ 2. 0 V, f ~ 1. 0 kHz ) 2N3615, 2N3616 40 100 

2N3617, 2N3618 60 150 

DC Current Gain hFE -
(IC~3.0Ade, VCE~2.0Vde) 2N3615, 2N3616 30 60 

2N3617, 2N3618 45 90 

(IC ~ 7.0 Adc, VCE ~ 2.0 Vdc) 2N3615, 2N3616 20 -
2N3617, 2N3618 30 -

Current-Gain-Bandwidth Product fT Typ kHz 

(IC ~ O. 5 Ade, VCE ~ 2.0 Vdc) 600 

'Sweep Test: 1/2 sine wave, 60 Hz 
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2N3615 thru 2N3618 (continued) 

SAFE OPERATING AREAS 
2N3615 and 2N3617 2N3616 and 2N3618 

20 20 

15 

10 "'- 1""-"'- 50lcs 
15 

10 
"\ ~ ~501'S 

7 
500 I" ."'-. 

" I "'- '" 
500 I" "-

" I" 1 '" 
r---

i<:: 

'" 5 
~ 
z 
~ 
~ 
~ 
u 

15 ~ 

'" u 

'" 07 u 

.!d 05 

03 

02 

0.1 

"'- "'-5 ms ",,,,-
DC "" " '" "" '" " '" ~ EXPANDED ~" " '\\ LOW CURRENT AREA 

" 1 SAfE1 \ " '" bAREA ~ '" "'-
~'''" ) "" o f 60 80L " '" --r 

i<:: 

~ 
~ 
z 
~ 
~ 
~ 

15 u 
~ 

'" u 

8 07 

.oj 05 

03 

02 

"" "\. ms '" "" DC~ 

"" I'\. --
.1 '\. '\ --

V EXPANDED ~."" "\\ 
~ LOW CURRENT AREA --

"'-~ 
.\.--

1 SAfE ~ r _. 

~~ 

G~ 
"'\. '---. 

~OLlMIT / '" ~-
O. 75 100/1 r-- "\ 

1"\ ..--01 

10 20 30 40 50 60 o 10 20 30 40 50 60 70 80 

VCE, COLLECTOR·EMITTER VOLTAGE IVOLTS) 

NOTE The Safe Operating Area Curves indicate 
Ic-V co limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera
ture and duty cycle of the excursions make no signifi
cant change in these safe areas.) The load line may 
exceed the BV c>os voltage limit only if the collector 

VCE. COLLECTOR EMITTER VOLTAGE (VOI.TS) 

current has been reduced to 20 rnA or less before Of 

at the BV CEO limit; then and only then may the load 
line be extended to- the absolute maximum voltage rat
ing of BVCBO - To insure operation below the maximum 
T J , the power·temperature derating curve must be ob
served for both steady state and pulse power condi
tions. 
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2N3615 thru 2N3618 (continued) 

COLLECTOR CURRENT versus BASE·EMITTER VOLTAGE 
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2N3632 
For Specifications, See 2N3375 Data. 

2N3634S thru 2N3637S(SILICON) 
JAN,JTX AVAILABLE 
JTXV AVAILABLE IN 2N3635S 

CASEJ" ~" 
PNP silicon annular transistors for high-voltage 

switching and low-power amplifier applications. 

(TO·39) \\\ 
STYLE 1: 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Der ate above 25°C 

Total Device Dissipation @ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature Range 

* IndIcates JEDEC RegIstered Data 

FIGURE 1 - JUNCTION CAPACITANCE VARIATIONS 
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Symbol 2N3634 2N3636 Unit 2N3635 2N3637 
VCEO 140 175 Vdc 

VCB 140 175 Vdc 

VEB 5.0 Vdc 

IC 1.0 Adc 

P D 1.0 Watt 

5.71 mW/oC 

P D 5.0 Watts 

28.6 mW/oC 

TJ , T stg -65 to +200 °C 

FIGURE 2 - GAIN·BANDWIDTH PRODUCT 
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2N3634S thru 2N3637S (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage:f1) 
(IC = 10 mAde, IB = 0) 2N3634, 2N3635 

2N3636, 2N3637 

Collector-Base Breakdown Voltage 
(IC = 100 /lAde, IE = 0) 2N3634, 2N3635 

2N3636, 2N3637 

Emitter-Base Breakdown Voltage 
(IE = 10 /lAde, IC = 0) 

Collector Cutoff Current 
(V CB = 100 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain f 1) 

(IC = 0.1 mAde, V CE = 10 Vde) 2N3634, 2N3636 
2N3635, 2N3637 

(IC = 1. 0 mAde, VCE = 10 Vde) 2N3634, 2N3636 
2N3635, 2N3637 

(IC = 10 mAde, VCE = 10 Vde) 2N3634, 2N3636 
2N3635, 2N3637 

(IC = 50 mAde, VCE = 10 Vde) 2N3634, 2N3636 
2N3635, 2N3637 

(IC = 150 mAde, V CE = 10 Vde) 2N3634, 2N3636 
2N3635, 2N3637 

Collector-Emitter Saturation Voltage' (1) 

(IC = 10 mAde, IB = 1. 0 mAde) 

(IC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage (11 
(IC = 10 mAde, IB = 1. 0 mAde) 

(IC = 50 mAde, IB = 5.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(VCE = 30 Vde, IC = 30 mAde, 1= 100 MHz) 

2N3634, 2N3636 
2N3635, 2N3637 

Output Capacitance 
(V CB = 20 Vde, IE = 0, I = 100 kHz) 

Input Capacitance 
(VBE = 1. 0 Vde, IC = 0, 1= 100 kHz) 

Input Impedance 
(IC = 10 mAde, V CE = 10 Vde, I = 1. 0 kHz) 

2N3634, 2N3636 
2N3635, 2N3637 

Voltage Feedback Ratio 
(IC = 10 mAde, V CE = 10 Vde, 1= 1. 0 kHz) 

Small-Signal Current Gain 
(IC = 10 mAde, V CE = 10 Vde, 1= 1. 0 kHz) 

2N3634, 2N3636 
2N3635, 2N3637 

Outp.!t Admittance 
(IC = 10 mAde, V CE = 10 Vde, I = 1. 0 kHz) 

Noise Figure 
(IC = 0.5 mAde, V CE = 10 Vde, RS = 1. 0 k ohms, 

I = 1. 0 kHz) 

SWITCHING CHARACTERISTICS 

(VCC = 100 Vde, VBE = 4.0 Vde, 

IC = 50 mAde, IBI = IB2 = 5.0 mAde) 

(11 Pulse Test: Pulse Width ~ 300 jJS, Duty Cycle ~ 2.0%. 

*Indicates JEDEC Registered Data 

-
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3,4,5,6 
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BVCEO Vde 
140 -
175 -

BVCBO Vde 
140 -
175 -

BVEBO Vde 
5.0 -

ICBO nAde 
- 100 

lEBO nAde 
- 50 

hFE -
40 -
80 -
45 -
90 -
50 -

100 -

50 150 
100 300 

25 -
50 -

VCE(sat) Vde 
- 0.3 

- 0.5 

VBE(sat) Vde 
- 0.8 

0.65 0.9 

IT MHz 

150 -
200 -

Cob pF 
- 10 

Cib pF 
- 75 

h. ohms 
Ie 

100 600 
200 1200 

h X 10-4 
re - 3.0 

hie -
40 160 
80 320 

hoe .umhos 
- 200 

NF dB 
- 3.0 



2N3634S thru 2N3637S (continued) 
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FIGURE 3 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3634S thru 2N3637S (continued) 
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2N3634S thru 2N3637S (continued) 
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2N3634S thru 2N3637S (continued) 

FIGURE 11 -SATURATION VOLTAGES FIGURE 12 - TEMPERATURE COEFFICIENTS 
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2N 3673 (SILICON) 

NPN SILICON ANNULAR SWITCHING TRANSISTOR 

· .. designed for use in high·speed low·current switching applications. 

• Collector·Emitter Breakdown Voltage -
BVCEO = 50 Vdc (Min) @ IC = 10 mAdc 

• DC Current Gain - 100 !-IAdc to 500 mAdc 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.3 Vdc (Typ) @ IC = 150 mAdc 

• High Current·Gain-Bandwidth Product -
fT = 350 MHz (Typ) @ Ie = 50 mAdc 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage Vce 

Emitter-Base Voltage VEB 

Collector Cu~rent - Continuous IC 

Total Power Dissipation @ T A'" 25°C Po 
Derate above 25°C 

Total Power Dissipation @ T C - 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

*Indicates JEDEC Registered Data 

Value 

50 

60 

5.0 

600 

350 
2.0 

3.0 
17.15 

-65 to +200 

Max 

500 

58.3 

Ol RaJA IS measured with the device soldered into a typical printed circuit board. 

2-557 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

VC/W 

NPN SILICON 

SWITCHING TRANSISTOR 

STYLE L 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 1.65 2.16 0.065 0.085 
0 0.406 0.533 0.D16 0.021 
E 1.02 0.040 
F 0.305 0.483 0.012 0.019 
G 2.548se 0.100 SSC 
H 0.914 1.17 0.D36 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 0.500 
L 6.35 0.250 
M 45 ssc 45' ssc 
N 1.278Se 0.0508SC 
p - 1.27 - 0.050 

All JEDEC dimenSions and notes apply 

CASE 26-03 
TO-46 



2N3673 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 50 - - Vde 
(lc = 10 mAde, 18 = 0) 

Collector-Base Breakdown Voltage BVCBO SO - - Vde 
(le= 1OllAde, IE = 0) 

Emitter-Base Breakdown Voltage 8VE80 5.0 - - Vde 
(IE = 101lAde, IC= 0) 

Collector Cutoff Current ICBO 
(VC8 = 50 Vde, IE = 0) - - 10 nAde 
(VC8 = 50 Vde, IE = 0, TA = 150°C) - - 10 IlAde 

Base Cutoff Current 18 EV - - 50 nAdc 
(VCE = 30 Vde, VE8 = 0.5 Vde) 

Collector Cutoff Current ICEV - - 50 nAdc 
(VCE = 30 Vde, VES = 0.5 Vdc) 

ON CHARACTERISTICS(l) 

DC Current Gain hFE -
(lC = 0.1 mAde, VCE = 10 Vde) 55 75 -
(lC = 1.0 mAde, VCE = 10 Vde) 75 90 -
(IC= 10 mAde, VeE = 10Vde) 75 90 -
(Ie = 150 mAde, VCE = 10 Vde) 75 150 225 
(Ie = 150 mAde, VCE = 0.6 Vde) 20 50 -
(lC = 500 mAde, VCE = 10 Vde) 40 50 -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lC = 150 mAde, IS = 15 mAde) - 0.3 0.4 
(lC = 500 mAde, IS = 50 mAde) - 0.8 1.S 

Base-Emitter Saturation Voltage V8E(sa!) Vde 
(Ie = 150 mAde, IB = 15 mAde) - 0.78 1.3 
(lC = 500 mAde, IS = 50 mAde) - 1.3 2.S 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (1) fT 200 350 - MHz 
(lC = 50 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance Cob - 4.0 9.0 pF 
(VC8 = 10 Vde, IE = 0, f = 100 kHz) 

Input Capacitance Cib - 20 30 pF 
(VEB = 2.0 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 35 45 ns 

Delay Time (VCC = 30 Vde, IC = 150 mAde, lSI = 15 mAde) td - 5.0 10 ns 

Rise Time 
(Figure 1) 

tr - 30 40 ns 

Turn-Off Time toff - 80 100 ns 

Storage Time (VCC= S.OVde, IC= 150 mAde, IBl = 182= 15 mAde) ts - SO 80 ns 

Fall Time 
(Figure 2) 

tf - 20 30 ns 

*Indlcates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <;;300 lIS, Duty Cycle <;; 2.0%. 
FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-DFF TIME 

Input 
20 = 50 n 
PRF = 150 PPs 
Rise Time <2.0 ns 

:u-
-I 1--200 ns 

1.0k 

50 

-30 V 

200 

10 k 

Sampling Oscilloscope 

2in ~50 n 
Rise Time ~ 1.0 ns 

Input 

Zo = 50 n 
PRF = 150 PPS 
Rise Time ~2.0 ns 

2-558 

1.0k 

50 

1200ns 

+15 V 

1.0 k 

-6.0 V 

37 

1.0k 

Sampling Oscilloscope 

2in ~50 n 
Rise Time ~ 1.0 ns 



2N3712S(SILICON) 

NPN silicon annular transistor designed for high
voltage DC to VHF amplifier applications. 

2 STYLE 1: 

2. BASE 1 00 0 3 PIN 1. EMITTER 

3. COLLECTOR 

CASE 79 
(TO-39) 

Collector connected to C8se 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation @ T C = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*Indicates JEDEC Registered Data 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

PD 

T J' Tstg 

2-559 

Value Unit 

150 Vdc 

150 Vdc 

5.0 Vdc 

200 mAdc 

1.0 watt 

5.71 mWrC 

5.0 watts 

28.6 mWrC 
-65 to +200 °c 



2N3712S (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherw"e noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(IC = 30 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 j.iAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 j.iAde, IC = 0) 

Collector Cutoff Current 
(VCB = 75 Vde, IE = 0) 

(V CB = 75 Vde, IE = 0, T A = 150°C) 

Emitter Cutoff Current 
(V BE = 4. a Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain t 1) 
(IC = 10 mAde, V CE = 10 Vde) 

(IC = 30 mAde, V CE = 10 Vde) 

Collector-Emitter Saturation Voltage OJ 
(IC = 50 mAde, IB = 5. a mAde) 

~ase-Emitter Saturation Voltage (1) 

(IC = 50 mAde, IB = 5. a mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 30 mAde, VCE = 10 Vdc, 1= 20 MHz) 

Output Capacitance 
(VCE = 20 Vde, IE = 0, 1= 1.0 MHz) 

Input Capacitance 
(V BE = 0.5 Vde, IC = 0, I = 1. a MHz) 

Small-Signal Current Gain 
(IC = 30 mAde, VCE = 10 Vde, I = 1.0 kHz) 

Collector-Base Time Constant 
(IE = 30 mAde, VCB = 10 Vde, 1= 31.9 MHz) 

111 Pulse Test: Pulse Width ~ 300 /JS, Duty Cycle ~ 2. 0%. 

* Indicates JEDEC Registered Data 

Symbol Min Max Unit 

BVCEO Vdc 
150 -

BVCBO Vde 
150 -

BVEBO Vde 
5. a -

ICBO j.iAde 
- 0.1 

- 50 

lEBO j.iAde 
- 0.1 

hFE -
25 -
30 150 

VCE(sat) Vde 
- 2.0 

V BE(sat) Vde 
- 0.9 

IT MHz 
40 240 

Cob pF 
1.0 9. a 

Cib pF 
- 80 

hIe -
25 -

r 'c ps b e - 100 



2N3713 thru 2N3716 (SILICON) 

~.' ~a. o 0 
@1 

STYLE 1 

NPN silicon power transistors for medium-speed 
switching and amplifier applications. Complement to 
PNP types 2N3789 thru 2N3792. 

CASE 11 
PIN 1 BASE 

2 EMITTER 
CASE COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Base Current 

Power Dissipation 

Thermal Resistance 

Operating Junction and 
Storage Temperature Range 

Symbol 

VCB 

VCEO 

VEB 

Ie 

IB 

P D 

SJC 

TJ and 

Tstg 

2N3713 2N3714 
2N371S 2N3716 

80 100 

60 80 

7.0 7.0 

10 10 

4.0 4.0 

150 150 

1.l7 1.17 

-65 to +200 

2N3713.2N3715 SAFE OPERATING AREAS 2N3714 2N3716 
10 

500 p.S 

~,...,. 2501's -'" 
OCto5ms ~\ 1\ \ \ <150 s 

\. ~\ kp. -"" -'" -'" 
DCtoSms -". '\ 

lms K\\ 1\ \ 
\~ l\\ ' 

0: ,. 
:S 

~ a 1.0 

~ 1'\ 
Ims> K\ 

I 0.7 

.2 
0.5 

t--

0.3 

0.2 

0.1 

Unit 

Volts 

. Volts 

Volts 

Amp 

Amp 

Watts 

°C/W 

°c 

500p." -

~ 
2501'S -

~ I \ ;SOl'S -\ 
\\ \' --

\ j\\ 
.~ --1 

I'\.\ 
~ 

o 10 20 30 40 50 6070 0102030 40 50 60 70 80 90 

VeE, COLLECTOR-EMITTER VOLTAGE (VOL lSI 

The Safe Operating Area Curves indicate Ie - V CE limits 
below which the device will not go into secondary break
down. Collector load lines for specific circuits must fall 
within the applicable Safe Area to avoid causing a collector
emitter short. (Duty cycle of the excursions make no signifi-

cant change in these safe areas.) To insure operation below 
the maximum T,T. the power-temperature derating curve 
must be observed for both steady state and pulse power 
conditions. 
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2N3713 thru 2N3716 (continued) 
ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Cha racteristic Types Symbol Min Max Unit 
Emitter-Baae Cutoff Current lEBO 

(VEB > 7 Vdc) -
Collector-Emitter CutoU Current IeEX 

(VCE = 80 Vdc. V"E = -1.5 Vdc) 2N3713, 2N3715 -
(VCE = 100 Vdc, Bg= -1.5 Vdc) 2N3714, 2N3718 -
(VCE = 80 Vdc, VBE = -1.5 Vdc, TC· 150OC) 2N3713, 2N3715 -
(VCE =80 Vdc, VBE = -1.5 Vdc, TC = 150oC) 2N3714,2N3718 -

Collector-Emitter Sustaining Voltage- VCEO(sus)-
(Ie' 200 mAde, IB = 0) 2N3713, 2N3715 80 

2N3714, 2N3718 80 

DC Current Gain - hFE -
(Ie. lAde, VCE = 2 Vdc) 2N3713, 2N3714 25 

2N3715, 2N3718 ~O 

(Ie • 3 Adc, VCE • 2 Vdc) 2N3713, 2N3714 IS 
2N37!5, 2N3718 30 

Collector-Emitter Saturation Voltage - VCE(sat) -
(Ie = 5 Adc, IB • 0.5 Adc) 2N3713, 2N3714 -

2N3715,2N3718 -
Baae-Emitter Saturation Voltage- VBE(Bat) -

(Ie = 5 Adc, IB • 0.5 Adc) 2N3713, 2N3714 -
2N3715, 2N3718 -

Baae-Emitter Voltage- VBE -
(Ie = 3 Adc, VCE = 2 Vdc) -

Small Signal Current Gain hte 
(VCE = 10 VdC,Ie.= 0.5 Ade, f = I MHz) 4.0 

Swltcblng Time. Typ 
(Ilil.: it~!BI = is2 

= 0.5 A) 
tr 0.45 

Storage Time ts 0.3 
Fall Time It 0.4 

.Use sweep teat to prevent overheating 
COLLECTOR·EMITTER SATURATION VOLTAGE VARIATIONS 
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mAde 
5.0 

mAde 
1.0. 
1.0 
10 
10 

Vdc 

--
-

80 
ISO 
--

Vdc 
1.0 
0.8 

Vdc 
2.0 
1.5 

Vdc 
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/JB 

1 _ 
TJ= 
2S·C-

---- -40·C-
-- 175"C 

SEf HOTE 2 

Ie=SA I--

1000 2000 

PI.. Ie SA t---

TJ=_ 
2S·C 

----40·C-
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SEE HOTE2 I--

1Il00 2Il00 



2N3713 thru 2N3716 (continued) 
COLLECTOR CURRENT versus BASE CURRENT 

10 10 
7.0 7.0 
5.0 - 2113713,2113714 5.0 - 2113715,211371' 

3.G ./ 3.0 

2.0 

i 1.0 

0.7 

~ 0.5 

8 0.3 
~ 

~ 
0.2 

0.1 
.Ji 

~~ 

J~ 17S:C" V Ve. ~ 2V 
SEE NOTES I, 2 

25°C 

2.0 

~ 
1.0 

0.7 
ffi 0.5 

~ 0.3 
~ 0.2 

~ 0.1 
.Ji 

#~ 

.//'1 
TJ~ I(~,?/ Ve• - 2V 

SEE NOTES 1, 2 

0.07 0.07 25°C 
G.05 40°C 0.05 

40°C 
0.03 

0.02 V 
I 
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0.02 

III 
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I" BASE CURRENT {mAl 

BASE CURRENT·VOLTAGE VARIATIONS 
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SEE NOTE 2 V 
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VIE, BASE·EMITIER VOLTAGE lVOLTSI 

NOTE 1. Dotted line indicates metered base current plus the leBO of the transistor at 17S·C • 

NOTE 2. Pulse test: pulse width ..... 200 1'5, duty cycle ..... 1.5% 

TEST CIRCUIT 
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I" BASE CURRENT lmAl 

COLLECTOR CURRENT·VOlTAGE VARIATIONS 
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SEE NOTE 2 TJ ~ IWC 25°C 1 

I 
I I I 

J 

I I 
0.4 0.8 1.2 1.6 2.0 

V", BASE-fMITTER VOlTAGE lVOLTS) 

TYPICAL SWITCHING TIMES 
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2N3713 thru 2N3716 (continued) 
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2N3719, 2N3720 (SILICON) 

2N3867, 2N3868 
2N6303 

SILICON PNP POWER TRANSISTORS 
· .. designed for high-speed, medium-current switching and high
frequency amplifier applications. 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) ~ 40 Vdc (Min) - 2N3719,2N3867 

= 60 Vdc (Min) - 2N3720,2N3868 
= 80 Vdc (Min) - 2N6303 

• DC Current Gain -
hFE = 25-180@ IC = 1.0 Adc - 2N3719,2N3720 

= 40-200 @ IC = 1.5 Adc - 2N3867 
= 30-150@ IC = 1.5 Adc - 2N3868,2N6303 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.75 Vdc@ IC = 1.0 Adc - 2N3719,2N3720 

= 0.75 Vdc@ IC = 1.5 Adc - 2N3867,2N3868, 
2N6303 

• High Current-Gain - Bandwidth Product -
fT = 90 MHz (Typ) 

• 2N3867 JAN and 2N3868 JAN also Available 

'MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emmer-Base Voltage 

Collector Current Continuous 
Peak 

Base Current 

Total DeVice DiSSipation @ T C 25 C 
Derate above 2SoC 

Total DeVice Diss''!'tlon @ TA 2SoC 

Symbol 

VCEO 

VeB 

VEB 

'e 

'8 
PD 

PD 

2N3719 2N3720 
2N3867 2N3868 

40 60 

40 60 

4.0 

3.0 
10 

0.5 

6.0 
34.3 

1.0 
5.71 

2N6303 

80 

80 

Derate above 25 C 

Operating and Storage Junction 
Temperature Range TJ,Tstg --- 65 to +200 ---

THERMAL CHARACTERISTICS 
Characte,istic M .. 

Thermal ReSistance, Junction to Case 29 

Thermal Resistance, JunctIOn to Ambient 175 

"Indicates JEDEC Registered Data 

FIGURE 1 - POWER DERATING 
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TC, CASE TEMPERATURE ('C) 

2-565 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mW/DC 

Watt 
mW/DC 

°e 

3 AMPERE 

POWER TRANSISTORS 
PNPSILICON 

40,60,80 VOLTS 
6 WATTS 

STYLE 1: 
PIN 1. EMITTER 

1. BASE 
3. COLLECTOR 

A 
B 
e 
o 
E 
F 

H 

K 
L 
M 
N 

R 
S 

INCHES 
MIN MAX 

0.335 0.370 
0.305 0.335 
0.140 0.260 
0.D16 0.011 
0.009 0.115 
0.D16 0.019 

0.200 Bse 
0.028 0.034 
0.019 0.045 
1.500 
0,250 

45' BSC 
0.100 Bse 

0.050 
0.100 

0.007 

All JEDEC dimensions and notes apply. 
CASE 31·03 

TO·5 



2N3719, 2N3720, 2N3867, 2N3868, 2N6303 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

COllector-Emitter Sustaining Voltage (1) 
(lc = 20 mAde, IB = 0) 2N3867 

2N3868 
2N6303 

Collector-Ba .. Breakdown Voltage 
(lC = 100 /lAde, IE = 0) 2N3867 

2N3868 
2N6303 

Emitter~Base Breakdown Voltage 
(IE = loo/lAde, IC = 0) 

Collector Cutoff Current 
(VCE = Rated VCB, VBE(off) = 2.0 Vde) 

Collector Cutoff Current 
(VCB = Rated VCB' IE = 0, TC = 150°C) 

ON CHARACTERISTICS (I) 

DC Cu rrent Gai n 
(lC = 500 mAde, VCE = 1.0 Vde) 2N3867 

2N3868, 2N6303 

(lC = 1.5 Ade, VCE = 2.0 Vde) 2N3867 
2N3868, 2N6303 

(lC = 2.5 Ade, VCE = 3.0 Vde) 2N3867 
2N3868, 2N6303 

(lC = 3.0 Ade, VCE = 5.0 Vde) 2N3867 
2N3868,2N6303 

Coliector·Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAde) 
(lC = 1.5 Ade, IB = 150 mAde) 
(lC = 2.5 Ade, IB = 250 mAde) 

Base-Emitter Saturation Voltage 
(IC = 500 mAde, IB = 50 mAde) 
(IC = 1.5 Ade, IB = 150 mAde) 
(lC = 2.5 Ade, 18 = 250 mAde) 

DYNAMIC CHARACTERISTICS 

Current·Gain - Bandwidth Product (2) 
(lC = 100 mAde, VCE = 5.0 Vde, f test = 20 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 0.1 MHz) 

Input Capacitance 
(VEB = 3.0 Vde, IC = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vde, VBE(off) = 0, 

Rise Time le= 1.5Ade, IBI = 150 mAde) 

Storage Time (VCC = 30 Vde, IC = 1.5 Ad':, 

Fall Time IBI = IB2= 150 mAde) 

·'ndicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width ~ 300 p.s, Duty Cycle ~ 2.0%. 

(2) fT = I hf. I- f test' 

VCEO(sus) 

BVCBO 

BVEBO 

ICEX 

ICBO 

hFE 

VCE(sat) 

VBE(s,t) 

fT 

Cob 

Cib 

td 

t, 

ts 

tf 

2-566 

Min Max Unit 

Vde 
40 -
60 -
80 -

Vde 
40 -
60 -
80 -

Vde 
4.0 -

/lAde 
- 1.0 

/lAde 
- 150 

-
50 -
35 -

40 200 
30 150 

25 -
20 -

20 -

Vde 
- 0.5 
- 0.75 
- 1.3 

Vde 
- 1.0 

0.9 1.4 

- 2.0 

MHz 
60 -

pF 

- 120 

pF 
- 1000 

- 35 ns 

- 65 ns 

- 325 ns 

- 75 ns 



2N3719, 2N3720, 2N3867, 2N3868, 2N6303 (continued) 

*ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

Characteristic I Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEOlsus) 
IIc = 20 mAde, IB = Ol 2N3719 40 -

2N3720 60 -

Collector Cutoff Current ICEX 
IVCE = 40 Vde, VBEloff) = 2.0 Vde) 2N3719 - 10 

IVCE = 60 Vde, VBEloff) = 2.0 Vde) 2N3720 - 10 

IVCE =40Vde, VBEloff) = 2.0Vde, TC = 150°C) 2N3719 - 1.0 

(VCE = 60 Vde, VBEloff) = 2.0 Vde, TC = 150°C) 2N3720 - 1.0 

Collector Cutoff Current ICBO 
IVCB = 40 Vde, IE = 0) 2N3719 - 10 
IVCB = 60 Vde, IE = 0) 2N3720 - 10 

Emitter Cutoff Current lEBO 
IV BE = 4.0 Vde, IC = Ol - 1.0 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 
IIC = 500 mAde, VCE = 1.5 Vde) 20 -

IIC· 1.0 Ade, VCE = 1.5 Vde) 25 180 

IIC= 1.0Ade, VCE = 1.5Vde, TC=-40oe) 15 -

Collector-Emitter Saturation Voltage VCElsat) 
lie = 1.0 Ade, IS = 100 mAde, TC = _40°C to +1000 C) - 0.75 

lic = 3.0 Ado, IB = 300 mAde, Te = _40°C to +1000 e) - 1.5 

Base-Emitter Saturation Voltage VBElsat) 
IIc = 1.0 Ado, IB = 100 mAde, TC = _40uC to +1000 e) - 1.5 
IIc = 3.0 Ade, IS = 300 mAde, TC = -400 e to +1000 C) - 2.3 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) fT 
lie = 500 mAde, VCE = 10 Vde, f test = 30 MHz) 60 -

Output Capacitance Cob 
IVeB = 10 Vde, IE = 0, f = 0.1 MHz) - 120 

Input Capacitance Cib 
IVEB = 0.5 Vde, Ie ~ 0, f = 0.1 MHz) - 1000 

SWITCHING CHARACTERISTICS 

Turn~On Time ton 
IVee = 12 Vde, VBEloff) = 0, IC = 1.0 Adc, IS1 = 0.1 Ade) - 100 

Turn-Off Time toff 
IVCC= 12Vdc, Ie· 1.0 Adc, IBl = IS2= 100 mAde) - 400 

* Indicates JE DEC Registered Data 
(1) Pulse Test: Pulse Width ~ 300 jJ.s, DutY Cycle ~ 2.0%. (2) fT = Ihfe j. f test· 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - TURN-ON TIME 

tr, tt" 10 ns 
DUTY CYCLE = 1.0% 

VCC 

':' 

2N3867 
2N3719 2N3868 
2N3720 2N6303 

1000 

700 
500 

300 

g 200 

w 

" 100 i= 
~ 70 

50 

30 

tr@VCC"30V 

r--.... r-..... 

r-r-- td @VBEloff)=4.0 V 

Unit 

Vde 

!lAde 

mAde 

!lAoe 

mAde 

-

Vde 

Vdc 

MHz 

pF 

pF 

ns 

ns 

ICiIB-IO-
Tp250C-

VBe 
VCC -12 V -30 V 

20 I II "'-
NOTE: 

For information on Figures 3 and 6, RB and RC were 
varied to obtain desired test conditions. 
For td and tr specifications, remove diode and 
set VI =0. 

RC 
RB 
VI 
V2 

VBB 

1211 
1O011 
+8.0 V 
-11 V 

~ 3.0 V 

19 II 
100 II 
13.6 V 

-16.4V 
""'3.0 V 

2-567 

10 
0.03 

I II 
0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 1.0 3.0 

IC. COLLECTOR CURRENT IAMPI 



2N3719, 2N3720, 2N3867,2N3868, 2N6303 (continued) 

FIGURE 4 - THERMAL RESISTANCE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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SECONO BREAKDOWN LIMITED 
CURVES APPL Y BELOW 
RATED VCEO 2N3719,2N3862-

2NW~6~~r68 

5;OfS 

P 50", 

\. 
There are two limitations on th~ power handling ability of a 

transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie ~ VeE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves Indicate. 

The data of Figure 5 is based on TJ(pk) =; 200°C; TC is 
variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided T J(pk)< 200uC. 
T J(pk) may be calculated from the data in Figure 4, At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown, (See AN-4151. 
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FIGURE 6 - TURN·OFF TIME 
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FIGURE 7 - CAPACITANCE 
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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FIGURE 13 - BASE CUT-OFF REGION 
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2N3724 (SILICON) 

2N3725 

NPN SILICON ANNULAR MEMORY 
DRIVER 

· .. designed for medium·current, high-speed switching applications. 
Ideally suited for ferrite core memory driver circuits. 

• High Collector-Emitter Breakdown Voltage -
BVCEO = 50 Vdc (Min) @ IC = 10 mAde - 2N3725 

= 30 Vdc (Min) @ IC = 10 mAde - 2N3724 

• Guaranteed Fast Switching Times @ IC = 500 mAde 
ton = 20 ns (Typ) toft = 50 ns (Typ) 

= 35 ns (Max) = 60 ns (Max) 

• Guaranteed High DC Current Gain -
hFE = 35 (Min) @ IC = 500 mAde 

• Design Curves and Applications I nformation Provided 

'MAXIMUM RATINGS 

Rating Symbol 2N3724 2N3725 

Collector-Emitter Voltage VeEO 30 50 

Collector-Base Voltage VCB 50 80 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous Ie 2.0 

Total Device Dissipation@TA = 2SoC Po 1.0 
Derate above 2SoC 5.71 

Total Device Dissipation @TC '" 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction T J.T stg -65 to +200 
Temperature Range 

*Indicates JEDEC Registered Data 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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de 

.' 

-"" 
Tp 200'C " --- Second Breakdown Limited 

- - -- Thermal Limitation @ TC '" 25°C 
!:;} 0.0 

0.0 

0.0 

5 =+=, Pulse Duty Cycle ~ 1(1% 
3 Applicable To Rated BVCEO 

2 
3.0 4.0 6.0 8.0 10 20 30 

VCE. COLLECTOR·EMITTER VOLTAGE IVO L TS) 

~ 

40 60 

2-570 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

Watts 
mW/oe 

°e 

STYLE 1 

NPN SILICON 
MEMORY DRIVER 

TRANSISTOR 

Pin 1 Emitter M 
2 Base 
3. Collector 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 0.250 
M 450 NOM 450 NOM 
P 1.27 0.050 
Q 900 NOM 90' NOM 
R 2.54 0.100 

All JEOEC dimensions and notes apply_ 

CASE 79-02 
TO·39 



2N3724, 2N3725 (continued) 

'ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted I 

Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO Vde 
IIc = 10 mAde, IB = 01 2N3725 50 - -

2N3724 30 - -=-
Collector-Emitter Breakdown Voltage BVCES Vde 

IIC = 10 /lAde, VBE = 01 2N3725 80 - -
2N3724 50 - -

Collector-Base Breakdown Voltage BVCBO Vde 
IIc = 10 /lAde, IE = 01 2N3725 80 - -

2N3724 50 - -

Emitter-Base Breakdown Voltage SVESO 6:0 - - Vde 
liE = 10/lAde, IC = 0 

Col lector Cutoff Current ICES /lAde 
IVCE = 80 Vde, VES = 01 2N3725 - 0.15 10 
IVCE = 50 Vde, VEB = 01 2N3724 - 0.15 10 

Collector Cutoff Current ICSO /lAde 
IVCS = 60 Vde, IE = 01 2N3725 - 0.12 1.7 
IVCS = 40 Vde, IE = 01 2N3724 - 0.12 1.7 
IVCS = 60 Vde, IE = 0, TA = 1000 CI 2N3725 - - 120 

IVCS = 40 Vde, IE = 0, TA = 1000 CI 2N3724 - - 120 

ON CHARACTERISTICS 111 

DC Current Gam hFE -
IIc = 10 mAde, VCE = 1.0 Vdel 30 - -
IIC = 100 mAde, VCE = 1.0 Vdel 60 - 150 
IIc = 100 mAde, VCE = 1.0 Vde, TA = -55°C I 30 - -
IIc = 300 mAde, VCE = 1.0 Vdel 40 - -

Ilc = 500 mAde, VCE = 1.0 Vdel 35 - -
IIC = 500 mAde, VCE = 1.0 Vde, T A = -550 el 20 - -
IIc = 800 mAde, VeE = 2.0 Vdel 25 - -
lie = 1.0 Ade, VeE = 5.0 Vdel 30 - -

Collector-Emitter Saturation Voltage VeElsal! Vde 
IIc = 10 mAde, IS = 1.0 mAde 2N3725 - 0.17 0.25 

2N3724 - 0.17 0.25 
lie = 100 mAde, IS = 10 mAdel 2N3725 - 0.19 0.26 

2N3724 - 0.19 0.20 
lie = 300 mAde, 18 = 30 mAde 2N3725 - 0.25 0.40 

2N3724 - 0.25 0.32 
(IC = 500 mAde, IS = 50 mAdcl 2N3725 - 0.30 0.52 

2N3724 - 0.30 0.42 
Ilc = 800 mAde, 18 = 80 mAdcl 2N3725 - 0.43 0.80 

2N3724 - 0.43 0.65 
lie = 1.0 Ade, IS = 100 mAdel 2N3725 - 0.55 0.95 

2N3724 - 0.55 0.75 

Base-Emitter Saturation Voltage VSE(sall Vde 
lie = 10 mAde, 18 = 1.0 mAde! - - 0.76 
lie = 100 mAde, 18 = 10 mAde! - - 0.86 
lie = 300 mAde, 18 = 30 mAdcl - - 1.1 
lie = 500 mAde, 18 = 50 mAdel 0.8 - 1.1 
lie = 800 mAde, 18 = 80 mAdel - - 1.5 
IIc = 1.0 Ade, 18 = 100 mAdel - - 1.7 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) IT 300 - - MHz 
lie = 50 mAde, VCE = 10 Vde, I = 100 MHzl 

Output Capacitance eob pF 
IVC8 = 10 Vde, IE = 0, I = 1.0 MHzl 2N3725 - - 10 

2N3724 - - 12 

Input Capacitance Cib pF 
IVEB = 0.5 Vde, Ie = 0, f = 1.0 MHzl - - 55 

""Indicates JEQEC Registered Data 
(1) Pulse test: Pulse Width = 300 /JS, Duty Cycle = 1.0%. 

121 iT = I hie I .llest 

2-571 



2N3724, 2N3725 (continued) 

Characteristic Symbol Min Typ Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time 'd - 5.0 10 ns 
(Vee = 30 Vde, VSE(off) = 3.8 Vde, 

Rise Time Ie = 500 mAde, ISl = 50 mAde) tr - 15 30 ns 

Turn-0n Time 
(Figures 8, 10) 

ton - 20 35 ns 

Storage Time ts - 35 50 ns 
(Vee = 30 Vde, Ie = 500 mAde, 

Fall Time ISl = IS2 = 50 mAde) tf - 20 25 ns 

Turn~Off Time 
(Figures 9, 10) 

toff - 50 60 ns 

*Indicates JEDEC Registered Data. 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN 
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2N3724, 2N3725 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT·GAIN - BANDWIDTH PRODUCT 
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2N3724, 2N3725 (continued) 

APPLICATIONS INFORMATION 

Core Memory Systems are getting larger, and their cycle 
times are continually being reduced. These trends place 
an ever increasing burden on core drivers due to the in
creased current, additional line inductance, and faster 
switching requirements. Switching highly inductive lines 
can cause voltage breakdown problems due to the induc
tive "kickback" voltages. Unfortunately, both high voltage 
and fast switching transistors cannot be achieved simul
taneously, however, the 2N3725 offers the optimum trade
off between high voltage breakdown and fast switching. 

Both voltage and current type drivers are used in core 

memory systems. The type of driver to be used is de
pendent on many factors, some of which are: 

(I) The characteristic impedance of the line and 
its variations 

(2) Maximum allowable driver power dissipation 
(3) Driver current tolerances 

For example, a current driver would most likely be 
chosen if the drive current had tight tolerances and the 
line impedance varied greatly. With a voltage driver, the 
load impedance and the inductance of the line determine 
the amplitude and wave shape of the current pulse. 

FIGURE 12 - Typical Core Driver Circuit 

-Vee 

Considering the typical core driver circuit of Figure 12, 
note that the choice of input signal level determines 
whether the transistor will saturale or not. If the tran
sistor in Figure 12 does not saturate, the circuit is a current 
switch and the load current (I Ll is given by: [L '" C< 

VE. where C< is the common base current gain. To insure 
RE 
that the transistor does not saturate during turn-on, the 
voltage generated in the line inductance due to the change 
in current (V = L di/dt) must be considered. The supply 
voltage required in this case becomes V CC > L di/dt + 

VCE(min) +.IL(RE + Zo)· 
When used as a voltage switch, the transistor saturates 

and the load current becomes: VCC - VCE(sat) 
[L "'-1fE + Zo -~. 

Most core memory driver current requirements are under 
500 mA. The 2N3725 has a minimum hFE of 35 at this 
current level which is sufficient to permit direct coupling 
to a standard TTL logic in some switching arrangements, 
thereby eliminating the need for a pre driver stage. For 
example, the output voltage and current levels of an 
MC3000 are sufficient to cause the 2N3725 to easily switch 
600 mA load current (see Figure [3). 
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FIGURE 13 - 500 rnA TTL Compatible Switch 
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2N3724, 2N3725 (continued) 

To indicate how both voltage and current switches can 
be used in a circuit to reduce the electronics needed to 
drive core memories, a diode-matrix system such as illus
trated in Figure 14 can be employed. Note that current is 
sent through a given line by selecting one floating current 
switch and the appropriate voltage switch. The diodes 

steer the current through the proper line. There is one 
voltage and current switch pair at each end of the line 
causing current to be passed in either direction. In this 
system, the predriver transformer is required in some CIr
CUits in order to provide proper dc levels. 

FIGURE 14 - X or Y Drive Selection Matrix 
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2N3726 (SIL.ICON) 

2N3727 

MULTIPLE SI LICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices - 2N3726 
t.lvBE1 - VBE21 ~ 1.6 mVde (Max) @ ·55 to +250 C 

~ 2.0 mVde (Max) @ +25 to +1250 C 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) ~ 0.25 Vde (Maxi @ IC = 50 mAde 

• DC Current Gain Specified - 0.01 mAde to 50 mAde 

• High Current-Gain-Bandwidth Product -
fT = 200 MHz @ IC = 50 mAdc 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VC6 

Emitter-Base Voltage VE6 

Collector Current - Continuous Ie 
Base Current 16 

Total Power Dissipation @ T A = 25°C PD 

Derate above 25°C 

Total Power Dissipation @ T C = 25°C PD 
Derate above 25°C 

Operating and Storage Junction TJ;Tstg 
Temperature Range 

"'Indicates JEDEC Registered Data. 

Value 

45 

45 

5.0 

300 

100 

One Die Both Die 

400 500 

2.29 2.86 

0.85 1.4 
4.85 8.0 

-65 to +200 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°e 

PNPSILICON 

MULTIPLE TRANSISTORS 

STYlE 1: 
PIN 1. COLLECTOR 5. EMITTER 

2. BASE 
3. EMITTER 
4, OMITTED 

6. BASE 
7. COLLECTOR 
8. OMITTED 

DIM MIN MAX 

A 8.51 9.40 
B 7.75 8.51 
e 3.81 470 
D 0.41 0.53 
G 5.08 BSe 
H 0.71 086 
J 074 1.14 
K 12.10 
M 450 sse 
N 2.S4Bse 

CASE 654-07 



2N3726, 2N3727 (continued) 

*ELECTRICAL CHARACTERISTICS (each side) (T A ~ 25°C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 45 - Vde 

(lc' 10 mAde, IB' 01 

Collector-Base Breakdown Voltage BVCBO 45 - Vde 

IIC' 0.01 mAde, IE' 01 

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vde 

liE' 0.01 mAde, IC' 01 

Collector Cutoff Current ICBO 
IVCB' 30 Vde, IE ' 01 - 10 nAdc 

IVCB' 30 Vde, IE' 0, TA ~ 1500 CI - 10 /lAde 

Emitter Cutoff Current lEBO - 0.1 /lAde 

IVBE' 3.0 Vde, IC' 01 

ON CHARACTERISTICS 

DC Current Gain hFE -

(lC ~ 0.01 mAde, VCE ~ 5.0 Vdel 80 -

(lC' 0.1 mAde, VCE ' 5.0 Vdel 120 -

IIC' 1.0 mAde, VCE ' 5.0 Vdel 135 350 

IIC ~ 50 mAde, VCE ' 5.0 Vdel 111 115 -

Collector-Emitter Saturation Voltage (1) VCElsatl - 0.25 Vde 

II C ~ 50 mAde, I B ' 2.5 mAdel 

Base-Emitter Saturation Voltage (1) VSElsatl - 1.0 Vde 

IIC' 50 mAde,lB ~ 2.5 mAdel 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gam~Bandwidth Product (2) IT MHz 

IIC' 1.0 mAde, VCE ' 10 Vde, I, 20 MHzl 60 -
IIC' 50 mAde, VCE ~ 20 Vde, 1,100 MHzl 200 600 

Output Capacitance Cob - 8.0 pF 

IVCB' 10 Vde, IE' 0, I ~ 1.0 MHzl 

Input Capacitance Cib - 30 pF 

IVEB' 0.5 Vde, IC' 0, I' 1.0 MHzl 

Input Impedance hie - 11.5 k ohm 

IIC' 1.0 mAde, VCE ~ 10 Vde, 1'1.0 kHzl 

Voltage Feedback Ratio hre - 1500 X 10-6 

IIC' 1.0 mAde, VCE ~ 10 Vde, 1'1.0 kHz) 

Small-Signal Current Gain hie 135 420 -

IIC ~ 1.0 mAde, VCE ~ 10 Vde, 1'1.0 kHzl 

Output Admittance hoe - 80 ,umhos 

IIC' 1.0 mAde, VCE ~ 10 Vde, I' 1.0 kHzl 

Noise Figure NF - 4.0 dB 

IIC' 30 /lAde, VCE ~ 5.0 Vde, RS' 10 k ohms, I, 1.0 kHz, 
B.W. ~ 200 Hz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (3) hFE l/hFE2 0.9 1.0 -
IIC' 0.1 mAde to 1.0 mAde, VCE' 5.0 Vde) 

Base-Emitter Voltage Differential IVBE1-V BE21 mVdc 

IIC' 0.1 mAde to 1.0 mAde, VeE ~ 5.0 Vdel 2N3726 - 5.0 
2N3727 - 2.5 

Base-Emitter Differential Change Due to Temperature AIVBE l-VBE21 mVdc 

IIC' 0.1 mAde to 1.0 mAde, VCE' 5.0 Vde, 2N3726 - 1.6 

T A' _55°C to +250 CI 2N3727 - O.B 
IIC' 0.1 mAde to 1.0 mAde, VCE' 5.0 Vde, 2N3726 - 2.0 

TA' +250 C to +1250 C) 2N3727 - 1.0 

*Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Length = 300 J..I.s, Duty Cycle = 1.0%. (2) fT is defined as the frequency at which Ihfel extrapolates to unity. 

(3) For purposes of this ratio, the lowest hF E read ing is taken as hF E 1. 
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2N3734S (SILICON) 
2N3735S 
2N3736 
2N3737 

Medium current NPN silicon annular transistors de-. 
signed for high-speed switching and driver applications. 

2 

1 0 
0 0 3 PIN 1. EMITTER O STYLE 1: 

2. BASE 

CA.SE 26 
(TO-46) 

CASE 79 
(TO-39) 

3. COLLECTOR 

2N3736 
2N3737 

2N3734 
2N3735 

Collector connected to case 

*MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current Ie 

Total Device Dissipation @ T A = 25°C PD 
Derating Factor Above 25°C 

Total Device Dissipation @ TC = 25°C Pp 
Derating Factor Above 25°C 

Thermal Resistance 
Junction to Ambient 9JA 
Junction to Case 9JC 

Junction Temperature, Operating TJ 

Storage Temperature Range Tstg 

* IndIcates JEDEC RegIstered Data 
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2N3734 2N3735 
Unit 2N3736 2N3737 

50 75 Vdc 

30 50 Vdc 

5.0 Vdc 

1.5 Adc 

TO-39 TO-46 
2N3734 2N3736 
2N3735 2N3737 

1.0 0.5 Watt 
5.71 2.86 mW/oC 

4.0 2.0 Watts 
22.8 11.4 mW/oC 

°C/mW 
0.175 0.35 
0.044 0.088 

+200 °c 

-65 to +200 °c 



2N3734S, 2N3735S, 2N3736, 2N3737 (continued) 
* ELECTR ICAL CHARACTER I STICS ITA = 250 C unless otherw"e notedl 

I Characteristic I Symbol I Min jMaXJUilit] 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(IC; 10 /LAdc, IE ; 0) 

Collector-Emitter Breakdown Voltage 111 
(Ie ; 10 mAde, IB ; 0) 

Emitter-Base Breakdown Voltage 
(IE ; 10 )lAdc, Ie ; 0) 

Collector Cutoff Current 
(VCE ; 25 Vdc, VEB ; 2 Vdc) 
(VCE; 25 Vdc, VEB ; 2 Vdc, TA ; 1000 C) 

2 Vdc) (VCE; 40 Vdc, VEB ; 
(VCE ; 40 Vdc, VEB ; 2Vdc,TA; 100°C) 

Base Cutoff Current 
(VCE ; 25 Vdc, VEB ; 2 Vdc) 
(VCE ; 40 Vdc, VEB ; 2 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 111 
(Ic ; 10 mAdc, V CE ; 1 Vdc) 
(IC ; 150 mAdc, VCE ; 1 Vdc) 
(Ie ; 500 mAdc, V CE ; 1 Vdc) 
(IC ; 1 Adc, VCE ; 1.5 Vdc) 

(IC ; 1.5 Adc, V CE ; 5 Vdc) 

Collector Saturation Voltage 111 
(Ie ; 10 mAdc, IB ; 1 mAdc) 
(IC ; 150 mAdc, IB ; 15 mAde) 
(IC ; 500 mAdc, IB ; 50 mAdc) 
(IC ; 1 Adc, IB = 100 mAdc) 

Base-Emitter Saturation Voltage lll 

(Ie ; 10 mAdc, IB ; 1 mAdc) 
(Ie ; 150 mAdc, IB = 15 mAdc) 
(IC ; 500 mAde, IB = 50 mAdc) 
(Ie = 1 Adc, IB = 100 mAdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(V CB ; 10 Vdc, IE = 0, f ; 100 kHz) 

Input Capacitance 

(V BE ; 0.5 Vdc, IC = 0, f ; 100 kHz) 

High-Frequency Current Gain 
(Ie ; 50 mAdc, V CE ; 10 Vdc, f ; 100 MHz) 

Delay Time (VCC ; 30 V,VBE(off)" 2 V, 

Rise Time 
Ie ; 1 Amp, IB1 ; 100 mAl 

Storage Time (VCC; 30V,IC ; lAmp, 

Fall Time 
IB1 ; -IB2 ; 100 mAl 

Total Control Charge 
(IC ; 1 Amp, IB ; 100 mA, VCC = 30 V) 

111Pulse Test: PW ;; 300 /Ls, Duty Cycle;; 2% 
* Indicates JEDEC Registered Data 
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2N3734,2N3736 
2N3735, 2N3737 

2N3734, 2N3736 
2N3735, 2N3737 

2N3734, 2N3736 

2N3735, 2N3737 

2N3734, 2N3736 
2N3735,2N3737 

2N3734, 2N3736 
2N3735, 2N3737 

2N3734, 2N3736 
2N3735,2N3737 

BVCBO Vdc 
50 -
75 -

BVCEO Vdc 
30 -
50 -

BVEBO Vdc 
5.0 -

Ie EX /LAdc 
- 0.20 
- 20 
- 0.20 
- 20 

IBL )lAde 
- 0.3 
- 0.3 

hFE -
35 -
40 -
35 -
30 120 
20 80 

30 -
20 -

VCE(sat) VClC 

- 0.2 
- 0.3 
- 0.5 
- 0.9 

VBE(sat) Vdc 
- 0.8 
- 1.0 
- 1.2 

0.9 1.4 

Cob pF 
- 9.0 

Cib pF 
- 80 

hre -
2.5 -

td - 8.0 ns 

tr - 40 ns 

ts - 30 ns 

tr - 30 ns 

QT nC 
- 10 



2N3734S, 2N3735S, 2N3736, 2N3737 (continued) 

P.W."'200ns +30V 
RISE TIME'" 2 ns 
DUTY CYCLE"" 2% 

+ un I V V;, 

V;,_ --- - 0 
-2V 

TURN-ON TIME 

30(1 

100(1 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

-..,t, 
+1l.lV 

,.1-
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TURN.(JFF TIME 
+30V O--.J\j\/\,---~ 

30(1 

100(1 

IN916 
10 < tl < 5oo.us 

t2 < 5ns 
t,>11" 

DUTY CYClE ~ 2% - 4 V 



2N3738, 2N3739 NPN 
2N6424,2N6425 PNP 

(SILICON) 

HIGH VOLTAGE COMPLEMENTARY SI LICON 
POWER TRANSISTORS 

· .. designed for high·speed switching, linear amplifier applications, 
high-voltage operational amplifiers, switching regulators, converters, 
inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 225 Vdc @ IC = 5.0 mAde (2N3738, 2N6424) 

= 300 Vdc @ IC = 5.0 mAde (2N3739, 2N6425) 

• DC Current Gain -
hFE = 40-200@ IC = 100 mAde 

• Current-Gain - Bandwidth Product -
fT = 10 MHz (Min) @ IC = 100 mAde 

• ISlb Rated to 2.0 Amperes 

"MAXIMUM RATINGS 

2N3738 2N3739 
Rating Symbol 2N6424 2N6425 

Collector-Emitter Voltage VeEO 225 300 

Collector-Base Voltage Ves 250 325 

Emitter-Base Voltage VES 6.0 

Collector Current - Continuous Ie 1.0 
- Peak 2.0 

Base Current - Continuous IS 0.50 
- Peak 1.0 

Total Device Dissipation @ TC = 2SoC PD 20 
Derate above 25°C 0.133 

Operating and Storage Junction TJ,T,tg -65 to +175 
T emperatu re Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

* Indicates JED EC Registered Data 

FIGURE 1 - POWER DERATING 
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TC. CASE TEMPERATURE IOC) 

" ........, 
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2.0 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

225, 300 VOLTS 
20 WATTS 

~j£i) 
cc. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
w/oe 

i-U~i [ -Ailii .~' i t- ------~ 
Ii -I 

E _ 0 K 
SEATING PLANE _ I 

°e ---F--
~J-

IOX/1 :r--~ ~- I I 

)ZJ I H "\:T 1 ~\ 
R 

I ~ Y ~ I 
STYLE 1: S 

PIN 1. BASE 
2. EMITTER 

CASE: COLLECTOR 

MILliMETERS INCHES 
DIM MIN MA MIN MAX 
B 11.94 12.70 0.470 0.500 
C 6.35 B.64 0.250 0.340 
D 0.71 0.B6 O.D2B 0.034 
E 1.27 1.91 0.050 0.075 
F 4.33 24.43 0.95B 0.962 
G 4.83 5.33 0.190 0.210 
H 2.41 2.67 0.095 0.lD5 
J 14.48 14.99 0.570 0.590 
K 9.14 0.360 -
P 1.27 0.050 
n 3.61 3.86 0.142 0.152 
S - B.B9 - 0.350 
T 3.68 - 0.145 
U 15.75 - 0.620 

All JEOEC Dimensions and and Notes Apply_ 

CASE80'()2 
TO-66 



2N3738, 2N3739 NPN/2N6424,2N6425 PNP (continued; 
" , 

ELECTRICAL CHARACTERISTICS (TC = 250 C umess otherwise noted,) 

I Characteristic I Symbol 

'OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (1) 
IIc = 5.0 mAde, IB = 0) 2N3738,2N6424 

2N3739, 2N6425 

Coilector-Emitter Cutoff Current 

(VCE = 125 Vde, IB = 0) 2N3738,2N6424 

(VCE = 200 Vde, IS = 0) 2N3739,2N6425 

Collector-Base Cutoff Current 
(VCB = 250 Vde, IE = 0) 2N3738, 2N6424 
(VCB = 325 Vde, IE = 0) 2N3739, 2N6425 

Collector Cutoff Current 

(VCE = 250 Vde, VEB(oll) = 1.5 Vde) 2N3738, 2N6424 

(VCE = 300 Vde, VEBloff) = 1.5 Vde) 2N3739, 2N6425 
(VCE = 125 Vde, VEB(off) = '1.5 Vde, TC = 100oC) 2N3738,2N6424 

(VCE = 200Vde, VEB(off) = 1.5Vde, TC = 100oC) 2N3739, 2N6425 

Emitter-Base Cutoff Current 
(VEB = 6.0 Vde) 

'ON CHARACTERISTICS 

DC Current Gain (1) 
IIc = 50 mAde, VCE = 10 Vde) 
IIc = 100 mAde, VCE = 10 Vde) 
IIc = 250 mAde, VCE = 10 Vdcl 

Collector-Emitter Saturation Voltage (1) 
IIc = 250 mAde, IB = 25 mAde) 

Base-Emitter "ON" Voltage (1) 
lic = 100 mAde, VCE = 10 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
IIc = 100 mAde, VCE = 10 Vde, I = 10 MHz! 

*Output Capacitance 
(VCB = 100 Vde, IE = 0, f = 100 kHz! 

*Small-Signal Current Gain 
IIc = 100 mAde, VCE = 20 Vde, I = 1.0 kHz! 

"* Indicates J E DEC Registered Data 
(1) Pulse Test: Pulse Width ~300 f.lS, Duty Cycle ~ 2%. 

(2! IT = I hie I • frequency 

VCEO(sus) 

'CEO 

'CBO 

'CEV 

'EBO 

hFE 

, VCE(sat) 

VSE(on) 

IT 

Cob 

hie 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

01 Must Be Fast Recovery Type, e.g. Vee 

Min 

225 

300 

-
-

-
-

-
-
-

-

-

30 
40 
25 

-

-

10 

-

35 

MBD5300 Used Above 18 "" 100 mA 
MSD6100 Used SelowlS"" 100mA 

+150 V 

VI 

V2 

j25~'~ 

.':~~ RS 

01 9.0 V 51 
t r , tf ~10 ns 

Duty Cycle'; 1..0% -4.0 V 

R Band RC Varied to Obtain Desired Current Levels 

For td and t r . 01 is disconnected and V2 = 0 

Re 

For PNP test circuit, reverse diode and voltage polarities. 
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Scope 

Max Unit 

Vde 
-
-

mAde 
0,25 
0,25 

mAde 
0.1 
0.1 

mAde 
0.5 
0.5 
1.0 
1.0 

mAde 
0.1 

-

-
200 
-

--
Vde 

2.5 

Vde 
1.0 

MHz 
-

pF 

20 

_. 

-



2N3738, 2N3739 NPN/2N6424, 2N6425 PNP (continued) 

NPN 
2N3738, 2N3739 

PNP 
2N6424,2N6425 

FIGURE 3 - TURN-ON TIME 
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2N3738, 2N3739 NPN/2N6424, 2N6425 PNP (continued) 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figures 8 and 9 is based on TC = 250 C; TJ( k) is 
variable depending on power level. Se,cond breakdown pulse ~mits 
are valid for duty cycles to ~ 0% provided TJ(pk) :s( 1750 C. T J(pk) 
may be calculated from the data in Figure 7. At high case temp
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figures 8 and 9 may be found at any case temperature by 
using the appropriate curve on Figure 1. 
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2N3738, 2N3739 NPN/2N6424,2N6425 PNP (continued) 
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2N3738, 2N3739 NPN/2N6424,2N6425 . PNP (continued) 

+1.6 

~ +1.2 

S +O.B 
~ 
~ +0.4 
U 

~!'? _ -0.4 
w 
rr. -0.8 
" >-
~ -1.2 

E5 -1.6 
>-
,;; -2.0 
q:, -2.4 

NPN 
2N3738, 2N3739 

'APPLIES FOR Ic/IB" hFE/3 

'OVC FOR VCE(sa') 

r- OVB FOR VBE I-

PNP 
2N6424, 2N6425 

FIGURE 13 - TEMPERATURE COEFFICIENTS 

.... 

~I-'" 

+1.6 
co 
3; +l. 
E 
~ +0. 
!;; 
~ +0. 

2 

B 

4 

0 ~ _ -0.4 
w 
~ -0. 
>« 
~ -1. 

B 

2 

'APPLIES FOR Ic/IB" hFE/3 

'OVC FOR VCE('at) 

6 -OVB FOR VBE ~ -1. 
>-
i -2. 0 

-2 4 

I--f-

- _f-

10 20 30 50 70 100 200 300 500 700 1000 10 20 30 50 70 100 200 300 500 700 1000 

104 

- TJ . 150°C 

~ 103 
>-

~ 
" = --:- 100'C 

" 102 
'" 0 

~ 
8 10 1 r----- t-- 250C 

~ 
f:'!'== REVERSE 

100 

IC, COLLECTOR CURRENT (rnA) 

FIGURE 14 - COLLECTOR CUTOFF REGION 
105 

r----- TJ" 150°C 

r------ -100°C 

I 
VCE - 200 V = 

FORWARD = -= 25°C 

10-1- REVERSE 

IC. COLLECTOR CURRENT (rnA) 

/ / 

./ 

VCE - 200 V-

FORWARD 

-0.4 -0.3 -0.2 -0.1 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 +0.4 +0.3 +0 2 +0.1 -0.1 -0.2 -03 -04 -0.5 -06 

VBE, BASE·EMITTER VOLTAGE (VOLTS) VBE, BASE·EMITTE R VO L T AG E (VO L TSI 

FIGURE 15 - BASE CUTOFF REGION 

VCE" 200 V=' ~ 
r----- TJ 150°C 

1 103 
>-

t::::-c- t--100oC ~ 
B 102 
w 

~ 
IE r----- t--250C 

C'"== REVERSE FORWARD 

100 
-0.4 -0.3 -0.2 -0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 +D.6 

'VBE, BASE·EMITTER VOLTAGE (VOL.TS) 

104 

VCE - 200 V r-----
10 
3- TJ - 150°C 

1 
§ 10 

2- t--lOrioC 

'" '" B 
10 1 

~ 
IE 

10 
= REVErSE FORiARO 

0 

= t==25OC 

" 1 10-
+0.4 +0.3 +0.2 +0.1 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6 

VBE, BASE·EMITTER VOLTAGE (VOLTSI 

2-586 



2N3740, A (SILICON) 

2N3741, A 

MEDIUM-POWER PNP TRANSISTORS 

· .. ideal for use as drivers, switches and direct replacement of 
germanium medium-power devices. These devices feature: 

• Low Saturation Voltage -
VCE(sat) = 0.6 Vdc @ IC = 1.0 Amp 

• High Gain Characteristics -
hFE = 30-100@ IC = 250 mAdc 

.• Direct Substitution for Germanium Equivalents 

• Excellent Safe Area Limits (See Figure 2) 

• Low Collector Cutoff Current -
100 nA (Max) 2N3740A, 2N3741A 

• Complementary to NPN 2N3766 
(2N3740) and 2N3767 (2N3741) 

'MAXIMUM RATINGS 

Rating Symbol 2N3740 2N3741 
2N3740A 2N3741A 

Collector-Emitter Voltage VeEO 60 80 

Emitter-Base Voltage VEe 7.0 7.0 

Collector-Base Voltage Vee 60 80 

Collector Current ~ Continuous Ie 4.0 

- Peak (Note 1) 10 

Base Current Ie 2.0 

Total Device Dissipation @TC == 25°C PD 25 
Derate above 2SoC 0.143 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

Note 1: See Figure 2 

FIGURE 1 - POWER-TEMPERATURE DERATING eURVE 
25 
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15 
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~ 
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~ 

~ 
'" \< ., 
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Vde 

Vde 
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Watts 
wloe 
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TC,TEMPERATURE IOC) 
Safe Area Curves are indicated by Figure 2. 
Both limits are applicable and must be observed . 

• Indicates JEOEC Registered Data. 

150 175 200 
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POWER TRANSISTORS 

PNPSILICON 
60-80 VOLTS 

25 WATTS 

111::::::::':::::;:::;c;=~ 
E 

SEATING PLANE 

STYLE1: I~--F--PIN 1. BASE -J-
2. EMITTER 

CASE: COLLECTOR 
o 

I 
H 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
B 11.94 12.10 0.470 0.500 
C 6.35 8.64 0.250 0.340 
0 0.71 0.86 0.028 0.034 
E 1.21 1.91 0.050 0.075 
F 24.33 24.43 0.95B 0.962 
G 4.83 5.33 0.190 0.210 
H 2.41 2.67 0.095 0.105 
J 14.48 14.99 0.570 0.590 
K 9.14 0.360 
P 1.27 0.050 
a 3.61 3.86 0.142 0.152 
S B.89 - 0.350 
T - .3.68 0.145 
U - 15.75 0.620 

All JEOEC Oimensionsafld and Notes Apply. 

CASE 80·02 
TO·66 



2N3740,A, 2N3741,A (continued) 

*ELECTRICAL CHARACTERISTICS (T C ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage CD 
(lc = 100 mAdc, IB = 0) 2N3740, 2N3740A 

2N3741,2N3741A 

Emitter Base Cutoff Current 
(VEB = 7.0 Vdc) 2N3740. 2N3741 

2N3740A,2N3741A 

Collector Cutoff Current 

(VCE = 60 Vde, VBE(off) = 1.5 Vde) 2N3740 
2N3740A 

(VCE = 80 Vde, VBE(off) = 1.5 Vde) 2N3741 
2N3741A 

(VCE=40 Vde, VBE(off) = 1.5 Vde, TC= 1500 C) 2N3740 
2N3740A 

(VCE=60 Vde, VBE(off) = 1.5 Vde, TC = 1500 C) 2N3741 
2N3741A 

Collector-Emitter Cutoff Current 
(VCE = 40 Vde,IB = 0) 2N3740 

2N3740A 
(VCE = 60 Vde, IB = 0) 2N3741 

2N3741A 

Collector Base Cutoff Current 
(VCB = 60 Vde, IE = 0) 2N3740 

2N3740A 
(VCB = 80 Vde, IE = 0) 2N3741 

2N3741A 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 100 mAde, VCE = 1.0 Vde) 
(lC = 250 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vde) 
(lC = 1.0 Ade, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC= 1.0Ade,IB = 125 mAde) 

Base-Emitter Voltage 
(lC = 250 mAde, VCE = 1.0 Vde) 

TRANSIENT CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 100 mAde, VCE = 10 Vde, I = 1.0 MHz) 

Common Base Output Capacitance 

(VCS = 10 Vdc, IC = 0, I = 100 kHz) 

Small-Signal Current Gain 
IIc = 50 mAde, VCE = 10 Vde, 1= 1.0 kHz) 

·'ndicates JEDEC Registered Data. 

2 VCEO(sus) CD Vdc 
60 -
80 -

- lEBO 
- 0.5 mAde 

100 nAde 

5,6@ ICEX 
- 100 ",Adc 
- 100 nAde 
- 100 ",Ade 
- 100 nAde 
- 1.0 mAde 
- 0.5 
- 1.0 mAde 
- 0.5 

5,6@ ICEO 
- 1.0 mAde 
- 1.0 ",Ade 
- 1.0 mAde 
- 1.0 ",Ade 

- ICBO 
- 100 ",Ade 
- 100 nAde 
- 100 ",Ade 
- 100 nAde 

7 hFEQ) -
40 -
30 100 
20 -
10 -

8,9,10 VCE(sat)Q) - 0.6 Vde 

3,4,9,10 VBEQ) - 1.0 Vde 

- IT MHz 
4.0 -

14 Cob - 100 pF 

- hIe 25 - -

CD Pulse Test: Pulse Width ~ 300 /J.s, Duty Cycle S::2.0%. 

@ Figures 5 and 6 apply to 2N3740 and 2N3741 only. 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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The Safe Operating Area Curves indicate Ie - VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J, power-temperature derating must be ob
served for both steady state and pulse power conditions . 
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2N3740,A, 2N3741,A (continued) 
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2N3740,A, 2N3741,A (continued) 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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2N3740,A, 2N3741,A (continued) 

FIGURE 12 - TURN-ON TIME 
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FIGURE 13 - CAPACITANCE 
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FIGURE 15 - FALL TIME 
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2N37425 (SILICON) 

NPN SILICON ANNULAR. TRANSISTOR 

· . designed for high·voltage amplifier driver applications 

• High Collector· Emitter Breakdown Voltage -
BVCEO = 300 Vdc (Min) @ Ie = 10 mAde 

• Low Output Capacitance -
Cob = 6.0 pF (Max) @ VCB = 10 Vdc 

• DC Current Gain Specified - 3.0 mAde to 50 mAde 

*MAXIMUM RATING 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage VCB 300 

Emitter-Base Voltage VEB 7.0 

Collector Current - Continuous IC 50 

Total Power Dissipation @TA "" 2SoC PD 1.0 
Derate above 2SoC 5.71 

Total Power Dissipation @TC = 2SoC PD 5.0 
Derate above 2SoC 28.6 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Ambient ReJA 175 

Thermal Resistance, Junction to Case ReJC 35 

*Indicates JEDEC Registered Data 

2-592 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°CIW 

°C/W 

NPN SILICON 
HIGH - VOLTAGE 

AMPLIFIER 
TRANSISTOR 

1-- A·-I 

~RII~t~~ ------ -. 
Ie --tTl 

__ ::::OU K 
I C)II~l' j 

SEATING' --,-----~ 
PLANE ---II-D STYLE 1 

~ PIN 1. EMITTER 
/ 1 2. BASE 

Q r.,---r-G 3. COLLECTOR I NI- N t o, J 
11 12" 
~-::..1?-

M 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A B.B9 9.40 0.350 0.370 
B 8.00 B.51 0.315 0.335 
C ' 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 D.4B3 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.B64 0.02B 0.034 
J 0.737 1.02 0.029 0.040 
K 12}0 - 0.500 -
L 6.35 - 0.250 -

M 45' NOM 450 NOM 
p 1.27 0.050 
Q 90' NOM 90' NOM 
R 2.54 0.100 

All JEDEC dimensions and notes apply. 

CASE 79·02 
TO·39 



2N3742S (continued) 

'ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

IIc = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
IIC = 100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 

liE = 100 /lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vde, IE = 0) 
(VCB = 200 Vde, IE = 0, TA = 100°C 

Emitter Cutoff Current 
(VEB = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS (2) 

DC Cu rrent Gain 
IIc = 3.0 mAde, VCE = 10 Vde) 
IIc = 10 mAde, VCE = 10 Vde) 
(lC = 30 mAde, VeE = 10 Vde) 
(IC = 50 mAde, VCE = 20 Vde) 

Collector-Emitter Saturation Voltage 
IIc = 10 mAde, IB = 1.0 mAde) 
(lC = 30 mAde, IB = 3.0 mAde) 

Base-Emitter Saturation Voltage 
IIc = 10 mAde, IS = 1.0 mAde) 
(lc = 30 mAde, IS = 3.0 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product (3) 

IIc = 10 mAde, VCE = 20 Vde, I = 20 MHz) 

Output Capacitance 
(Ves = 10 Vde, IE = 0, I = 100 kHz) 

Input Capacitance 
(VES = 0.5 Vde, IC = 0, I = 100 kHz) 

Input Impedance 
(Ie = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 

Voltage Feedback Ratio 

lie = 10 mAde, VCE = 10 Vde, 1 = 1.0 kHz) 

Small-Signal Current Gain 
IIc = 10 mAde, VCE = 10 Vde, f = 10 kHz) 

Output Admittance 
(Ie = 10 mAde, VCE = 10 Vdc, f = 1.0 kHz) 

Reel Part 01 Input Impedance 
(Ie = 10 mAde, VeE = 10 Vdc, I = 5.0 MHz) 

*Indicates JEDEC Registered Data 

(1) PulsaTest: PulseWidth';;30/ls, Duty Cycle ';;1.0% 

(2) Pulse Test: Pulse width ';;300 /lS, Duty Cycle';; 2.0% 

Symbol 

BVCEO 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

VCEls.t) 

VBE(s.t) 

IT 

Cob 

Cib 

hie 

h re 

hie 

hoe 

Re(hie) 

(31 IT is defined as the frOQuencv at which Ihfe l extropolates to unity. 

2-593 

Min Max Unit 

300 - Voc 

300 - VOC 

7.0 - Vde 

- 0.2 ,uAdc 

20 

- 0.2 /lAde 

-

10 -
15 -
20 200 
20 -

Vde 
- 0.75 
- 1.0 

Vde 
- 1.0 
- 1.2 

MHz 
30 -

pF 
- 6.0 

pF 
- 80 

kohms 
- 2.0 

Xl0-4 

- 2.0 

-
20 200 

mhos 
- 50 

Ohms 
- 200 



2N3742S (continued) 
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2N37435 (SILICON) 
JAN,JTX A VAl LABLE 

~ PNP silicon annular transistor for high-voltage am-
_ ~ \ 2 plifier applications from dc to VHF. 

CASE79 0 STYLE): 
(TO.39) 1 0 0 3 PIN 1. EMITTER 

2. BASE 

Collector connected to case 3. COLLECTOR 

*MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate Above 250C 

Total Device Dissipation@ TC = 25°C 

Derate Above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

* Indicates JEDEC Registered Data 

JUNCTION CAPACITANCE 

500 II I 
300 

zoo 

[ [ [ 

r--. IC~b I TJ - 2S·C 

~ 

! 
100 

70 

~ 50 
.,; 

30 

20 
l- I--.. 

10 ii-
O. I 0.2 O.S 1.0 2.0 S.O 10 20 50 100 

REVERSE BIAS IVOl TSI 

Symbol 

VCB 

VCEO 

VEB 

IC 

PD 

PD 

TJ 

Tstg 

70 

10 

././ 
V 

7 
I 

2·595 

Value Unit 

300 Vdc 

300 Vdc 

5.0 Vdc 

50 mAde 

1.0 Watt 
5.7 mW/oC 

5.0 Watts 

28.6 mW/oC 

+200 °c 

-65 to +200 °c 

GAIN·BANDWIDTH PRODUCT 

[ 
Ve• - 20V 

/' -r--, 
TA - 2S·C V '\ 

\ 
h V Ve• -IOV 

~ 1\ w \ 
~ 

S 7 10 20 30 so 
I,. EMlnER CURRENT (mAl 



2N3743S (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Charac.teristic 

Collector-Base Breakdown Voltage 
(Ie = 100 /.I Adc, IE = 0) 

Collector-Emitter Breakdown Voltage(l) 
(IC = 10 mAdc, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /.IAdc, Ie = 0) 

Collector Saturation Voltage (2) 
(IC = 10 mAdc, IB = 1 mAde) 

(Ir. = 30 mAde, IB = 3 mAdc) 

Base-Emitter Saturation Voltage (2) 
(Ie = 10 mAde, IB = 1 mAde) 

(Ie = 30 mAde, IB = 3 mAdc) 

DC Forward Current Gain (2) 
(Ie = 100 /.IAdc, VCE = 10 Vdc) 

(IC = 1 mAdc, VCE = 10 Vdc) 

(IC = 10 mAde, VCE = 10 Vdc) 

(Ie = 30 mAdc,VCE = 10 Vdc) 

(IC = 50 mAdc, VCE = 20 Vdc) 

Collector Cutoff Current 
(V CB = 200 Vdc, IE = 0) 

(VCB = 200 Vdc, IE = 0, TA = 100OC) 

Emitter-Base Leakage Current 
(VEB = 3 Vdc, IC = 0) 

Small-Signal Current Gain 
(IC ~ 10 mAdc, VCE = 20 Vde, f=20MHz) 

Output Capacitance 
(VCB = 20 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VEB = 1 Vdc, Ie = 0, f = 100 kHz) 

Small Signal Current Gain 
(VCE = 10 V, IC = 10 rnA, (= 1 kHz) 

Voltage Feedback Ratio 
(VCE = 10V,Ie = 10mA,f = 1 kHz) 

Input Impedance 
(VCE = lOV,Ie = 10 rnA, f = 1 kHz) 

output Admittance 
(VCE = 10 V, Ie = 10 rnA, f = 1 kHz) 

Real Part of Input Impedance 
(Ie = 10 mAdc, VCE = 10 Vdc, f 0 5 MHz) 

(I)PW:: 30 /.IS, Duty Cycle 21% 

(2) PW 2 300 I's, Duty Cycle 2 2% 
* Indicates JEDEC Registered Data 

Symbol Min 

BVCBO 
300 

BVCEO 
300 

BVEBO 
5.0 

VCE(sat) -
-

VBE(sat) -
-

hFE 
20 

25 

25 

25 

25 

IeBO -
-

lEBO -
Ihfel 

1.5 

Cob 
-

Clb 
-

hre 
30 

hre 
-

hie 
-

hoe -
Re(hie) -

2-596 

Max Unit 

Vdc -
Vdc -
Vdc 

-
Vdc 

5.0 

8.0 

Vdc 
1.0 

1.2 

--
-
-

250 

-
/.IAdc 

0.3 

30 

/.IAdc 
0.1 

--
pF 

15 

pF 
400 

-
300 

4.0 
XlO-4 

kohms 
1.0 

"mhos 
200 

ohms 
40 



2N3743S (continued) 

100 
CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3743S (continued} 

SMALL SIGNAL Y PARAMETERS 
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2N37625 (SILICON) 

2N37635 
2N3763S JAN,JTX AVAILABLE 

2N3764 
2N3765 
2N3765 JAN,JTX AVAILABLE 

Medium- current PNP silicon annular transistor, de-

\ \ 

signed for high-speed switching and driver applications. 

~, 1 0 0 0 3 PIN 1. EMITTER 
\~ 02 STYLE 1: 

2. BASE 

CASE 79 
(TO-39) 
2N3762 
2N3763 

CASE 26 
(TO-46) 
2N3764 
2N3765 

Collector connected to case 

3. COLLECTOR 

*MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current Ie 

Total Device Dissipation @ T A = 25°C PD 
Derating Factor Above 25°C 

Total Device DiSSipation @ TC = 25°C PD 
Derating Factor Above 25°C 

Thermal Resistance 
Junction to Ambient (JJA 
Junction to Case (JJC 

Junction Temperature, Operating TJ 

Storage Temperature Range Tstg 

*Indlcates JEDEC Registered Data 

2-599 

2N3762 2N3763 Unit 2N3764 2N376S 

40 60 Vdc 

40 60 Vdc 

5.0 Vdc 

1.5 Adc 

TO-S TO-46 
2N3762 2N3764 
2N3763 2N376S 

1.0 0.5 Watt 
5.71 2.86 mW/oC 

4.0 2.0 Watts 
22.8 11.4 mW/oC 

°C/mW 
0.175 0.35 
0.044 0.088 

+200 °c 

-65 to +200 °c 

, 
i ~ 
I 
l 



2N3762S, 2N3763S, 2N3764, 2N3765 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol IMinlMaxl Unit I 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(Ie = 10 JlAdc, IE = 0) 

Collector-Emitter Breakdown Voltage I') 
(Ie = 10 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 ,uAdc, Ie = 0) 

Collector Cutofi Current 
(VCE = 20 Vdc, VEB = 2 Vdc) 
(VCE = 20 Vdc, VES = 2 Vdc,TA= lOOOC) 
(VCE = 30 Vde, VEB = 2 Vdc) 
(VCE = 30 Vde, VES = 2Vdc,TA= lOOOC) 

Base Cutoff Current 
(VCE = 20 Vdc, VEB = 2 Vdc) 
(VCE = 30 Vde, VEB = 2 Vde) 

ON CHARACTERISTICS 

DC Current Gain I') 
(Ie = 10 mAde, VCE = 1 Vdc) 
(Ie = 150 mAde, VCE = 1 Vde) 
(IC = 500 mAde, V CE = 1 Vde) 
(Ie = 1 Ade, VCE = 1.5 Vde) 

(IC = 1.5 Ade, V CE = 5 Vde) 

Collector Saturation Voltage I ,) 
(Ie = 10 mAde, IB = 1 mAde) 
(IC = 150 mAde, IB = 15 mAde) 
(Ie = 500 mAde, IB = 50 mAde) 
(IC = 1 Adc, IB = 100 mAde) 

Base-Emitter Saturation Voltage I') 
(Ie = 10 mAde, IS = 1 mAde) 
(Ie = 150 mAdc, IB = 15 mAdc) 
(Ie = 500 mAdc, IB = 50 mAdc) 
(IC = 1 Adc, IS = 100 mAde) 

TRANSIENT CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VSE = 0.5 Vdc, Ie = 0, f = 100 kHz) 

High Frequency Current Gain 
(IC = 50 mAdc, VCE = 10 Vdc, f = 100 MHz) 

Delay Time 
(VCC = 30 V, VBE(off) = 2 V, 

Rise Time Ie = 1 Amp, IB1 = 100 mAl 

Storage Time 
(VCC = 30 V, I~ = 1 Amp, 

Fall Time IB1 = -IB2 = 1 0 mAl 

Total Control Charge 
(Ie = 1 Amp, IS = 100 mA, Vce = 30 V) 

(1) Pulse Test: PW ;;; 300 ,us, Duty Cycle ;;; 2% 
* Indicates JEDEC Registered Data 

2-600 

2N3762, 2N3764 
2N3763, 2N3765 

2N3762,2N3764 
2N3763,2N3765 

2N3762,2N3764 

2N3763,2N3765 

2N3762, 2N3764 
2N3763, 2N3765 

2N3762, 2N3764 
2N3763, 2N3765 
2N3762, 2N3764 
2N3763,2N3765 

2N3762, 2N3764 
2N3763, 2N3765 

BVCBO Vdc 
40 -
60 -

BVCEO Vde 
40 -
60 -

BVEBO Vd:e 
5.0 -

ICEX ,uAdc 
- 0.10 
- 10 
- 0.10 
- 10 

ISL ,uAde 
- 0.2 
- 0.2 

hFE -
35 -
40 -
35 -
30 120 
20 80 
30 -
20 -

VCE(sat) Vde 
- 0.1 - 0.22 
- 0.5 
- 0.9 

VSE(sat) Vdc 

- 0.8 
- 1.0 
- 1.2 

0.9 1.4 

Cob pF 
- 15 

Cib pF 
- 80 

I hfe I -
1.8 -
1.5 -

td - 8.0 ns 
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2N3762S, 2N3763S, 2N3764, 2N3765 (continued) 

FIGURE 1 
"ON" CONDITION CHARACTERISTICS 
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This graph shows the effect of base current on collector current. {Jo (cur· 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and {J, (forced gain) is the ratio of lell" in a circuit. EXAMPLE, For type 
2N3734, estimate a base current (I,,) to eIlsure saturation at a temperature of 
2SoC and a collector of 500 rnA. 
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2N3762S, 2N3763S, 2N3764, 2N3765 (continued) 

LARGE SIGNAL CHARACTERISTICS "OFF" CONDITION CHARACTERISTICS 

TRANSCONDUCTANCE TRANSCONDUCTANCE 
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2N3762S, 2N3763S, 2N3764, 2N3765 (continued) 

- TJ= 25'C SWITCHING CHARACTERISTICS -- T J = 150'C 
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2N3762S, 2N3763S, 2N3764, 2N3765 (continued) 

CHARGE DATA CAPACITANCE 
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2N3766 (SILICON) 

2N3767 

MEDIUM-POWER NPN SILICON TRANSISTORS 

... for use in driver circuits, switching, 
and medium-power-amplifiers applica
tions. These high performance devices 
feature: . 

• Low Saturation Voltage - 1.0 VeEI"'1 @ Ie = 500 mA 

• High Gain Characteristics - hFE = 40-160 @ Ie = 500 mA 

• Packaged in the Compact, High-Efficiency TO-66 Case 

• Recommended for use @ Ie = 0 to 500 mAdc 
• Complementary to PNP 2N3740 (2N3766) and 2N3741 

(2N3767) 

MAXIMUM RATINGS 

Rating Symbol 2N3766 2N3767 Unit 

Collector-Emitter Voltage VCEO 60 60 Vdc 

Collector-Base Voltage VCB 80 100 Vdc 

Emitter-Base Voltage VEB 6. a Vdc 

Collector Current lC 4.0 Adc 

Base Current IB 2. a Adc 

Total Device Dissipation @ T C = 25°C PD 20 watts 
Derate above 25°C 0.133 W/oC 

Operating and Storage Junction TJ,Tstg -65 to +175 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 7.5 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 2. Both limIts are applicable and must be observed. 
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4 AMPERE 
POWER TRANSISTORS 

NPN SILICON 
60-80 VOLTS 

20 WATTS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
8 11.94 12.70 0.470 0.500 
C 6.35 6.64 0.250 0.340 
D 0.71 0.86 0.028 0.034 
E 1.27 1.91 0.050 0.075 
F 24.33 24.43 0.958 0.962 
G 4.83 5.33 0.190 0.110 
H 1.41 2.67 0.095 0.105 
J 14.46 14.99 0.570 0.590 
K 9.14 0.360 
P 1.17 0.050 
a 3.61 3.66 0.142 0152 
S 8.69 0.350 
T 3.66 0.145 
U 15.75 0.620 

All JEOEC Dimensions and and Notes Apply. 

CASE 80·02 
TO·66 

I 



2N3766, 2N3767 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otheo-w;se noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 111 
(Ie = 100 mAde, IB '" 0) 

Emitter_Base Cutoff Current 
(VEB = 6.0 Vdc) 

Collector Cutoff Current 
(VeE = 80 Vdc, VBE '" 1.5 Vdc) 
(v CE '" 100 Vdc, VBE'" 1.5 Vdc) 

(VeE'" 50 VdC, VBE '" 1.5 Vdc, TC '" 150°C) 
(VeE'" 70 Vdc, VBE '" 1.5 Vdc, TC '" 150°C) 

Collector-Emitter Cutoff Current 
(VeE -= 60 Vdc, IB = 0) 

(V CE = 80 Vdc, IB = 0) 

Collector-Base Cutoff Current 
(VeB = 80 Vdc, IE '" 0) 

(V CB '" 100 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC CUrrent Gain 
(Ie '" 50 mAde, VeE = 5.0 Vdc) 

(Ie '" 500 mAde, VeE'" 5.0 Vdc) 

(Ie = 1.0 Adc, V CE = 10 Ydc) 

Collector-Emitter Saturation Voltage 
(Ic '" 1.0 Ade, IB '" 0.1 Ade) 

(Ie '" 500 mAdc, IB"" 50 mAde) 

Base-Emitter Voltage 
(Ie"" 1.0 Mc, VCE "" 10 Vdc) 

TRANSIENT CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie "" 500 mAde, VCE '" 10 Vdc, f '" 10 MHz) 

Common-Base Output Capacitance 
(VeB == 10 Vde, Ie '" 0 Ade, f == 100 kHz) 

Small-Signal Current Gain 
(Ie == 100 mAde, VeE'" 10 Vde, f == 1.0 kHz) 

2N3766 
2N3767 

2N3766 
2N3767 

2N3766 
2N3767 

2N3766 

2N3767 

2N3766 

2N3767 

111 Pulse Test: Pulse Wldth ':::300,us, Duty Cycle':::2. 0%. 
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FIGURE 2 - ACTIVE REGION SAFE AREAS 
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The Safe Operating Area Curves indicate 
Ie-VCE limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector·emitter short. (Case 
temperature and duty cycle of the excur· 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVcEOvoltage limit only if the collector cur· 
rent has been reduced to 20 mA or less be· 
fore or at the BVe<> limit; then and only then 
may the load line be extended to the abso· 
lute maximum voltage rating of BVCBO • To 
insure operation below the maximum TJ , 

the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 



2N3766, 2N3767 (continued) 

LARGE SIGNAL CHARACTERISTICS CUT-OFF CHARACTERISTICS 

TRANSCONDUCTANCE TRANSCONDUCTANCE 
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2N3766, 2N3767 (continued) 

CURRENT GAIN 
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2N3766, 2N3767 (continued) 
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2N3789 thru 2N3792 (SILICON) 
o 0 0' 

@I 
PNP silicon power transistors for medium-speed 

STYLE ,. 
PIN 1. BASE 

switching and amplifier applications. Complement 
2 EMITTER 

CASE·COLLECTOR 
CASE 11 to NPN type 2N3713 thru 2N3716. 

Collector connected to case 

MAXIMUM RATINGS (Tc=250Cunlessotherwisenoted) 

Rating Symbol 2N3789 2N3790 
2N3791 2N3792 

Collector-Base Voltage VCB 60 80 

Collector-Emitter Voltage VCEO 60 80 

Emitter-Base Voltage VEB 7.0 7.0 

Collector Current IC 10 10 

Collector Current (Peak) IC 10 10 

Base Current (Continuous) IB 4.0 4.0 

Power Dissipation PD 150 150 

Thermal Resistance 
BJC 1.17 1.17 

Junction Operating and 
TJ , Tstg -65 to +200 storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min 
Collector-Emitter Sustaining Voltage· VCEO(sus)· 

(IC = 200 mAdc, IS = 0) 2N3789, 2N3791 60 
2N3790, 2N3792 80 

Collector-Emitter Cutoff Current ~CEX 
(V CE = 60 Vdc, V SE = -1. 5 Vdc) 2N3789, 2N3791 -
(V CE = 80 Vdc, V SE = -1. 5 Vdc) 2N3790, 2N3792 -
(VCE =60Vdc, VSE =-1.5Vdc, TC = 150°C) 2N3789, 2N3791 -
(VCE = 80 Vdc, VSE = -1.5 Vdc, TC = 150°C) 2N3790, 2N3792 -

Emitter-Base Cutoff Current IESO 
(VES = 7 Vdc) -

DC Current Gain· hFE • 
(IC = 1 Adc, VCE = 2 Vdc) 2N3789, 2N3790 25 

2N3791, 2N3792 50 

(Ic = 3 Adc, VCE = 2 Vdc) 2N3789, 2N3790 15 
2N3791, 2N3792 30 

Collector-Emitter Saturation Voltage. VCE(sat) • 
(IC = 4 Adc, IS = 0.4 Adc) 2N3789, 2N3790 -
(IC = 5 Adc, IS =-0. 5 Adc) 2N3791, 2N3792 -

Sase-Emitter Saturation Voltage. VSE(sat) • 
(IC = 4 Adc, IS = 0.4 Adc) 2N3789, 2N3790 -
(IC = 5 Adc, IS = O. 5 Adc) 2N3791, 2N3792 -

Current Gain - Sandwidth Product fT 
(V CE = 10 Vdc, IC = O. 5 Adc f = 1. 0 MHz) 4.0 

.Sweep Test: 1/2 sine wave cycle @ 60 Hz • 
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Unit 

Volts 

Volts 

Volts 

Amp 

Amp 

Amp 

Watts 

°C/W 

°c 

Max Unit 
Vdc 

-
-

mAdc 
1.0 
1.0 

5.0 

5.0 

mAdc 
5.0 

-
90 

150 

--
Vdc 

1.0 

1.0 

Vdc 
2.0 

1.5 

MHz 
-



2N3789 thru 2N3792 (continued) 
TYPICAL SWITCHING TIMES AND TEST CIRCUIT 

1.0 -... VALUES SHOWN fOR 
Ie = SA,III = -ltIl = O.SA 
f ~ 150 CP', DUTY CYCLE = 2% r\'\. ............. 

"\ i' 

'\r\. 
0.7 -30V 

r"\. " "'I. 
'" ", '" 

O. 

'r-, 
~ \ i'-

\. 3 
~ 

....... ..... 
II" ~ -1,,1 ~ lel11 """-'j' Vee~30V -Te ~ 25'C 

2 I I O. 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

Ie, COLLECTOR CURRENT IAMPI 

POWER· TEMPERATURE DERATING CURVE 
160 

0; 
140 

S 120 
~ 
z 

100 g 

rf 80 ~ 
is 

ffi 60 

~ 40 

,E 20 

........... 
~ 

.......... 

............... 

............... 

~ 
~ 
~ 

25 50 75 100 125 150 175 200 

Te, CASE TEMPERATURE 1°C) 

Safe area curves are indicated, Both limits are applicable and must be observed. 

ACTIVE-REGION SAFE OPERATING AREAS 

2N3789. 2N3791 2N3790,2N3792 
10 '--'C 

5001" - 5001" -

'\. \ ... -;- 2501" - "- ......- 2501" -

"'- '" '\ \ l 
DCto5m, -"- '\. \ 1\ 750 1" -

DCto5m, ~\. \. \ \ I. 

'\. \ \,:':: 50 1" -

~ f\. \\ \ 
Ims> K\ \ 1\\ 

1m, ~\ 1\ \ 

~ ~\ 
~ 
§ 

~ 1.0 

'\. 
'\.[\. \\ 

\\1 

g 
0.7 fiI 

~ 0.5 
.2 

r'\.\. ~ 
~ 

0.3 

0.2 

0.1 
o 10 20 30 40 50 60 70 10 20 30 40 50 60 70 80 90 

VeE, COLLECTOR,EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate IC - VCE limits below which the device will not go into secondary 
breakdown. Collector load lines for specific circuits must fall within the applicable Safe Area to avoid 
causing a collector-emitter short. (Duty cycle of the excursion make no significant change in these safe 
areas.) To insure operation below the maximum TJ, the power-temperature derating curve must be ob
served for both steady state and pulse power conditions. 

2·611 



2N3789 thru 2N3792 (continued) 

0 

7. 0 

5. 0 
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0 

3. 
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I. 0 

o 

I 
1/ 
'-

I 
0.4 

LARGE SIGNAL CHARACTERISTICS - TYPE 2N3789, 2N3790 
IPULSE TEST, pulse width = 200 P.s, duty cycle = 1 %1 

TRANSCONDUCTANCE CURRENT GAIN * 
0 

VeE 2V 

IV ...... 7.0 

0 
~ 

,,-
~ L' 

5. 

0 
~r 

0 

/" 
I[ Ve.~2V 

1I 

3. 

III 0 ~ 
7 

'-t- TJ ~ -40°C 
S 

o. 3 

~ liJI ~I-iol 
2 

~ TJ = +25°C 

...... 1- TJ ~ +2SOC 

I I I 
-I-TJ~+IWC 

o. 

o .1 rJ 'IJllltrl
C 

0.8 1.2 1.6 2.0 2.4 2.8 O.S 1.0 2.0 S.O 10 20 SO 100 200 SOO 1000 1000 

VIE, BASE-EMITIER VOLTAGE (VOLTSI I" BASE CURRENT ImAI 

*Dashed line indicates metered base current minus leBo of the transistor at 175°C. 

INPUT ADMITTANCE SATURATION REGION 
0 

1'0 ISh,,@2V 
1', IS fORCED GAIN 

lIe/l~ 

Ve. -2V '/ 
TJ ~ +2SoC 

h o. 8 

Y/ 

I" 6 r- le~SA 

;V 
~ O. 
§! 

I 

1'-r-- I 
4 r-- le~ 3A 

/I 
J 

II 

; 
~ O. OJ 

~ 
....... r-- r-- le~ IA 

'" ~ 
O. 1 

TJ = -40°C 
J J 

TJ ~ +1SoC 

I Ti~+iw~ 
0 

0.4 0.8 1.2 1.6 1.0 1.4 2.8 2 3 

VIE, BASHMITIER VOLTAGE (VOLTSI OVERDRIVE fACTOR (1'011',1 
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2N3789 thru 2N3792 (continued) 

10 

7.0 

5. 0 

3.0 

i 2. 
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LARGE SIGNAL CHARACTERISTICS - TYPE 2N3791. 2N3792 
(PULS[1EST, pulse widlh ~ 200 I"'c, duty cycle - 1%) 

TRANSCONDUCTANCE 

r V 
1# 

/ ./ 

Y' 
I( Ve.~2V 

J 
/ 

I "- TJ ~ -40°C 

11 !- TJ = +25°C 

r- f- TJI~+:wcl 

0.4 0.8 1.2 1.6 2.0 2.4 2.8 

V", BASE·EMmER VOLTAGE IVOLTS) 

INPUT ADMlnANCE 

::: Ve• 2V 

/. V V 
/ V 

'IL / 

'/ 

/ 

TJ ~ -40°C 

!I r-t- TJ ~ +25°C 

TJ = + 175°C 
it-, I I I 

0.4 0.8 1.2 1.6 2.0 24 2.8 

V", BASE·EMITTER VOLTAGE (VOLTSI 

7, 

5, 

3. 

i 2 

~ 
B 1. 

/!l 
~ o. 
8 

0 

0 

0 

0 

0 

0 

7 

,,;; 0.5 

0.3 

O. 2 

O. 1 

CURRENT GAIN 

Ve. 2V 

~ 

~ 

V. 

V i'-TJ ~ -40°C 

It rTJ ~ +25°C 

~ITrll~IWC 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

I" BASE CURRENT (mAl 

Dashed line indicates metered base current minus leBo of the transistor at 175°C. 
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SATURATION REGION 

Po IS h,,@2V 
P, IS FORCm GAIN 

l1e/l~ 
T, ~ +25°C 

\ 
"-I'-

----
le~5A 

1\ 
" r- I -- lc= 3A 

'- I -- - le~ lA 

OVERDRIVE FACTOR (f3 0 1 f3,J 



2N3789 thru 2N3792 (continued) 

CURRENT GAIN VARIATIONS 

20 0 
Vc<~2V J 2N3789,2N3790 

I I. III 
o f= TJ +IWC h Ie Icao 

FE la+ICBO 
10 

0 TJ +25°C ~ ~ - ~ ~ 
o r-tJ ~ -40°C r- :-..... 
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1 0 
~~r--
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CURRENT GAIN VARIATIONS 
50 0 
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~ 0.8 
; 
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I--
I--

I--
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0.1 

TJ +IWC --- Ve,~2V I 
r-. 

TJ +25°C -r-- ............ h _Ie-Ielo 
FE-'.+ICIO 

TJ - 40°C -t--I- -r--. t-- I I 
TJ +25°C 

....... '" ~ +IWC ~H-~ 
~ ~ 

...... i;;;::~ 
r--

0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ie. COLLECTOR CURRENT lAMP) 

SATURATION VOLTAGES 

=i ALL TYPES It 
TJ ~ +25°C 

f3, ~ Ie/I, (fORCEO GAIN) 

VCf =2V 
~ 

..& V p,~ 10 

t--.V1E(s.t' ..-~ 
f- V .. p, 10 

~ 

I-- VeEI •• t} -~ 
0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ie. COLLECTOR CURRENT (AMPI 

TEMPERATURE COEFFICIENTS 
+5.o,----.--r--,---,--,.--,--,---,--,---, 

+4.0 

~ +3.0 

~ 
~ +2.0 
G 

~ +1.0 

To compute saturation voltages 

~'~2~~p!r~.~fo~!r;tr~~Tl- 25°C) 
Use appropriate 8v for voltage of interest. 

~~ ~~~O~~:::t~~~:o:o~i~::rature range of interest. "'4-----:;;~'9 

TJI+lOO°Cto +1WC),-"''''''IP'''::.oiS'',S'4_-+_--1 

-3.0!:-0 --f::----,-f::---:!-::-~'::---;.;;--;:';:--+.--;:8';;.0--f9.0;;-~10' 

Ie. COLLECTOR CURRENT lAMP) 
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2N3796 (SILICON) 
2N3797 

Silicon N-channel MOS field-effect transistor de
signed for low-power applications in the audio frequency 
range. 

CASE 22 
(TO-18) 

STYLE 2: 
PIN 1. SOURCE,SUBSTRATE 

AND CASE 
2. GATE 
3. DRAIN 

MAXI MUM RATI NGS (T A = 25°C unless otherwise noted) 

Rating Symbol 
Drain-Source Voltage VDS 

2N3796 
2N3797 

Gate-Source Voltage VGS 

Drain Current ID 

Power Dissipation at T A = 25°C PD 
Derate above 25°C 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

HANDLING PRECAUTIONS: 

Value Unit 

Vdc 
25 
20 

±30 Vdc 

20 mAdc 

300 mW 
1.7 mW/oC 

+ 200 °c 

-65 to +200 °c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case/instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because trans.ient 

voltages may cause permanent damage to the devices. 
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2N3796, 2N3797 (continued) 

ELECTRICAL CHARACTERISTICS IT A 0 25°C unless otherwise noted) 

Characteristic SJmbol Min 

Drain-Source Breakdown Voltage BVOSX 
(Vas = - 4. 0 V, 10 = 5.0 ~A) 2N3796 25 

(Vas = -7.0 V. 10 = 5.0 ~A) 2N3797 20 

Zero·Gate-Voltage Drain Current lOSS 
(Vos = 10 V, VGS = 0) 2N3796 0.5 

2N3797 2.0 

Gate-Source Voltage Cutoff VGS(of!) 
(10 = 0.5 ~A, VOS = 10 V) 2N3796 -
(10 = 2.0 ~A, VOS = 10 V) 2N3797 -

I 'On' I Drain Curr;ent 10(on) 
(VOS = 10 V, VGS =+3.5 V) 2N3796 7.0 

2N3797 9.0 

Drain-Gate Reverse Current * lOGO 
. 

(VOG= 10 V, IS = 0) -
Gate-Reverse Current * IGSS 

. 
(VGS = -10 V, VOS = 0) -
(Vas = -10 V, VOS = 0, T A = 150°C) -

Small-Signal, Common-Source Forward Transfer Admittance I y/. I 
(VOS = 10 V, V GS = O,! 0 1.0 kHz) 2N3796 900 

2N3797 1500 

(VOS = 10V, VGS = O,! = 1.0 MHz) 2N3796 900 

2N3797 1500 

Small-Signal, Common-Source, Output Admittance I Yo. I 
(VOS = 10 V, VGS = 0, /0 I,D kHz) 2N3796 -

2N3797 -

Small-Signal, Common-Source, Input Capacitance Ciss 
(VOS = 10 V, VGS = 0, ! = 1.0 MHz) 2N3796 -

2N3797 -
Small-Signal, Common-Source, Reverse Transfer Capacitance C rss 

(VOS = 10 V, V GS = 0, f = 1. 0 MHz) .-

Noise Figure NF 
(VOS = 10 V, VGS = 0, ! = 1. 0 kHz, RS "" 3 megohms) -

• This value of current includes hoth the FET leakage current as well as the leakage current 
associated with the test socket and fixture when measured under best attainable conditions. 
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TfP Max Unit 

Vdc 
30 -
25 -

mAde 
1.5 3.0 

2.9 6.0 

Vdc 
3.0 4.0 

5,0 7.0 

mAde 
8.3 14 

14 18 

pAde 

- 1.0 

pAdc 

- 1.0 

- 200 

J,1.mhas 
1200 1800 

2300 3000 

- -
- -

jJ.mhas 
12 25 

27 60 

pF 
5,0 7.0 

6.0 8.0 

pF 
0.5 0,8 

dB 
3.8 -



2N3796, 2N3797 (continued) 
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TYPICAL DRAIN CHARACTERISTICS 
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COMMON SOURCE TRANSFER CHARACTERISTICS 
FIGURE 3 - 2N3796 

III I I 
llill I I 

vo, ~ lOV 

TA~ 25'C 

.... 

1 

u 
~ 

~ 
~ 
j 

FIGURE 4 - 2N3797 

III I 
III I 
vo, ~ 10V 

TA ~ 25'C / 
J 

-1 

-2 
,..;-

-3 

-4 

-0.5 

-1.0 

-1.5 
-2.0 

0.020.03 0.05 0.1 0.2 03 05 1.0 2.0 30 5.0 10 20 0.020.030.05 0.1 0.2 03 0.5 1.0 2.0 30 5.0 10 20 
10, DRAIN CURRENT (mAl 10, DRAIN CURRENT (mAl 

2·617 



2N3796, 2N3797 (continued) 
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FIGURE 5 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 6 - AMPLIFICATION FACTOR 
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2N3798, 2N3798A (SILICON) 
2N3799, 2N3799 A 

PNP SILICON ANNULAR TRANSISTORS 

. designed for low-level, low-noise amplifier applications. 

• High Collector-Emitter Breakdown Voltages
BVCEO = 60 Vdc (Min) - 2N3798, 2N3799 

90 Vdc (Min) - 2N3798A, 2N3799A 

• DC Current Gain - @ I C = 500 !lAdc 
hFE = 150-450 - 2N3798, 2N3798A 

300-900 - 2N3799, 2N3799A 

• Low Noise Figure -
NF = 1.5 dB (Max) @ 1.0 kHz and 10 kHz 

"MAXIMUM RATINGS 

Rating Symbol 
2N3798 2N3798A 
2N3799 2N3799A 

Collector-Emitter Voltage VCEO 60 90 

Collector-Base Voltage VCB 60 90 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 50 

Total Device Dissipation@TA - 2SoC PD 0.36 
Derate above 25°C 2.06 

Total Device Dissipation@Tc - 2SoC PD 1.2 
Derate above 2SoC 6.9 

Operating and Storage Junction T J,T st9 -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case eJC 0.15 

Thermal Resistance, Junction to Ambient eJA 0.49 

-Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
W/oC 

Watts 
W/oC 

°c 

Unit 

°C/mW 

°C/mW 

DIM 

A 
B 
e 
0 
E 
F 
G 
H 
J 
K 
L 
M 
N 
p 

PNPSILICON 
AMPLIFIER 

TRANSISTORS 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

531 5.84 0.209 0.230 
4.52 4.95 0.17B 0.195 
4.32 5.33 0.170 0.210 
0.406 0533 0.016 0.021 

- 0.762 - 0.030 
0.406 0.483 0.016 0.019 

2.54 BSe 0.100 BSe 
0.914 1.17 0.036 0.046 
0.711 1.22 0.02B 0.04B 

1270 0.501J 
6.35 0.250 

45° BSe 45° BSe 
1.27 BSe 0.050 BSe 

1.27 -- 0.050 

All JEDEC notes and dimenSions apply. 

CASE n03 
(TO-1BI 



2N3798, 2N3798A, 2N3799, 2N3799A (continued) 

"ELECTRICAL CHARACTERISTICS ITA = 250C unl." oth.,w". noted) 

Characteristic 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage 

(Ie'" 10 mAde, IS '" OJ 2N3798,2N3799 
2N3798A,2N3799A 

Collector-Base Breakdown Voltage 

IIc = 10 ~Adc, 'E = D) 2N3798,2N3799 
2N3798A,2N3799A 

Emitter-Base Breakdown Voltage 

liE = lO~Adc, 'C = D) 

Collector Cutoff Current 

IVCB = 50 Vdc, 'E = D) 

IVCB = 50 Vde, 'E = 0, T A = 150oC) 

Emitter Cutoff Current 

IVBE = 4,0 Vde, IC = D) 

ON CHARACTERISTICS 

DC Current Gam(l) 

(Ie" 1 0 MAde, VeE = 5 0 Vdc) 2N3799,2N3799A 

IIC = 10~Ade, VCE = 5 0 Vde) 2N3798,2N379BA 
2N3799,2N3799A 

(Ie"" 100 J,lAdc, VeE'" 5 a Vdc) 2N379B,2N379BA 
2N3799,2N3799A 

(Jc = 100jJAdc, VeE = 50 Vdc, T A"" -55°C) 2N379B,2N379BA 
2N3799,2N3799A 

(I C = 500 !JAde, VCE=50Vdc) 2N379B,2N379BA 
2N3799,2N3799A 

(Ie'" 1 0 mAde, VeE = 5 0 Vdc) 2N379B,2N379BA 
2N3799,2N3799A 

(Ie'""' 10 mAde, VeE = 50 Vdc) 2N379B,2N379BA 
2N3799,2N3799A 

Collector-Emitter Saturation Voltage( 1) 

(Ie =.100.uAdc, '8 = 10J..lAdC) 

(Ie = 1 OmAdc, '8 = 100i-!Adcl 

Base-Emitter Saturation Voltage( 1) 

(Ie"" 100,uAdc, 18 = lOJ,JAdcJ 

(Jc'" 1.0 mAde, 18 = 100,uAdc) 

Base-Emitter On Voltage 

(IC'" 100 /.IAdc, VCE eo 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Galn-Bandwldth Product(2) 

(lC = 500/.lAdc, VCE = 5 0 Vdc, f = 30 MHz) 

(Ie = 1.0mAdc, VCE = 5.0 Vdc, f = 100MHz) 

Output Capacitance 

IVCB = 5.0 Vde, IE = 0, I = 100 kH,) 

Input Capacitance 

(VSE = 0 5 Vdc, IC = 0, f = 100kHz) 

Input Impedance 

(le=l OmAdc,VCE=10Vdc,f=1 OkHz) 2N379B,2N379BA 
2N3799,2N3799A 

Voltage Feedback RatiO 

Oc=1.0mAdc,VCE=10Vde,f=10kHz) 

Smail-Signal Current Gain 

Oc=10mAdc,VCE=10Vde,f=10kHz) 2N379B,2N379BA 
2N3799,2N3799A 

Output Admittance 

{I C = 1 0 mAde, VeE'" 10 Vdc, f = 1.0 kHz} 

NOise Figure 

(lC = 100 /.lAde, VCE = 10 Vdc, RG = 3.0 k ohms), 

f'" 100 Hz, B.W. = 20 Hz 2N379B,2N3798A 
2N3799,2N3799A 

Spot 
f = 1.0 kHz, B.W. =: 200 Hz 2N379B,2N379BA 

NOise 2N3799,2N3799A 

f = 10 kHz, B.W. = 2.0 kHz 2N379B,2N379BA 
2N3799,2N3799A 

Broadband NOlse·Bandwidth 10 Hz to 15.7 kHz 2N3798,2N3798A 

2N3799,2N3799A 

·Indlcates JEDEC Registered Data. 

(1)Pulse Test: Pul$El Width $300 /.IS, Duty Cycle '$2 0%. 

(2)fT IS defined as the frequency at which Ihfel extrapolates to unity. 
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2N3798, 2N3798A, 2N3799, 2N3799A (continued) 
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SPOT NOISE FIGURE 
(VCE = 10 Vdc, T A = 25°C) 

FIGURE 1 - SOURCE RESISTANCE EFFECTS, f = 1.0 kHz FIGURE 2 - SOURCE RESISTANCE EFFECTS, f = 10 Hz 
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2N3798, 2N3798A, 2N3799, 2N3799A (continued) 
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FIGURE 4 - TYPICAL CURRENT GAIN CHARACTERISTICS 
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2N3806 thru 2N381 O,A (SILICON) 

2N3811,A 
2N3812 thru 2N3816,A, 2N3817,A 
2N3810, 2N3811,JAN,JTX,JTXV AVAILABLE 

MULTIPLE SILICON ANNULAR TRANSISTORS 

.. designed for use as differential amplifiers, dual general·purpose 
amplifiers, front end detectors and temperature co mpensation 
applications. 

• Excellent Temperature Tracking - Dual Devices 
2N3808, 9, 14, 15 
"WBEl . VBE21 = 1.6 mVdc (Max) @-55to +250 C 

= 2.0 mVdc (Max) @+25 to +1250 C 

• Low Collector· Emitter Saturation Voltage -
VCE(sat} = 0.25 Vdc (Max) @ IC = 1.0 mAdc 

• DC Current Gain Specified - 1.0 IlAdc to 10 mAdc 

• DC Current·Gain - Bandwidth Product -
fT = 100 MHz @ IC = 1.0 mAdc 

'MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 60 Vdc 

Collector-Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current Continuous IC 50 mAde 

One Die Both Die 

Total Power Dissipation@TA = 25°C Po 500 600 mW 
Metal Can (2N3806 thru 
2N3810.A.2N3811,A) 
Derate above 25°C 2.86 3.43 mW/oC 

Total Power Dissipation @TC = 25°C Po 250 350 mW 
Flat Package (2N3812 thru 
2N3816,A, 2N3817,A) 

Derate above 25°C 1.43 2.06 mW/oC 

Operating and Storage Junction TJ,Tstg °c 
Temperature Range -65 to +200 

*lndicates JEDEC Registered Data. 
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PNP SILICON 
MULTIPLE TRANSISTORS 

STYLE I 
PINICOlLECTOA 

2 eASE 
3 EMITTER 
40MITTEO 
5 EMITTER 
G BASE 
1 COLLECTOR 
8 OMITTEO 

"M 

A 
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• f 
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H · N 
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F:~ 

'11-1 jr! IE! 
SEATING 'I I, I 
PLANE U ------L 
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\ H \ ' 

MV"~- J G 

CASE 654'()7 

MILlIM£TERS INCHES 
MIN MAX MIN MAX 

6.10 736 0240 0290 
2.92 <, 0.115 01 .16 2,03 0.030 0.080 
036 "'. 0.014 0.019 
"," .15 0003 ... 

1.27BSC O.050BSC 
- US 0.035 

3.81 - 0.10;.0 -
2. ase O.I00BSC 

121 - 0.050 

CASE 610A·03 

STYLE 1 
PIN 1 BASE 

2 EMITTER 
4 EMITTER 
0;. BASE 
7. COLLECTOR 
9. COLLECTOR 



2N3806 thru 2N3810A, 2N3811,A, 2N3812 thru 2N3816,A, 2N3817,A (continued) 

*ELECTRICAL CHARACTERISTICS (each side) (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 60 - Vde 
(IC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 60 - Vde 

(IC = 10 /JAde, 'E = 01 

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vde 

(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICBO "Aoe 

(VCB = 50 Vde, 'E = 0) - 0.01 
(VCB = 50 Vde, IE = 0, T A = 150°C) - 10 

Emitter Cutoff Current lEBO nAdc 

(VBE(off)= 4.0 Vde, IC = 0) - 20 

ON CHARACTERISTICS 
DC Current Gain (1 ) hFE -

IIc = 1.0 "Ade, VCE = 5.0 Vdcl 
2N3807, 9,11,A, 13, 15.17,A 75 -

(lc = 10 "Ade, VCE = 5.0 Vde) 
2N3806,8.1 0,A.12.14, 16,A 100 -
2N3807,9.11,A,13,15,17.A 225 -

(lc = 100 "Ade, VCE = 5.0 Vde) 
2N3806,8,10,A, 12,14, 16,A 150 450 
2N3807.9.11,A, 13,15, 17,A 300 900 

(lc = 100 "Ade, VCE = 5.0 Vde. T A = -55°C) 
2N3806,8,10,A.12.14.16,A 75 -

2N3807,9,11,A.13.15,17,A 150 -

(I C = 500 "Ade. V CE = 5.0 Vde) 
2N3806,8,1 O,A, 12, 14, 16,A 150 450 

2N3807,9.11,A.13,15,17,A 300 900 

(lC = 1.0 mAde. VCE = 5.0 Vde) 
2N3806,.8,1 0,A.12, 14.16,A 150 450 

2N3807,9,11,A.13,15.17,A 300 900 

(lC = 10 mAde, VCE = 5.0 Vde) 
2N3806,8,10,A, 12, 14,16,A 125 -
2N3807,9.11,A, 13, 15, 17,A 250 -

Collector-Emitter Saturation Voltage (1) VCE(sat) Vde 

(lC = 100 "Ade, I B = 10 "Ade) - 0.2 

(lC = 1.0 mAde, IB = 100 "Ade) - 0.25 

Base-Emitter Saturation Voltage (1) VBE(sati Vde 

(lC = 100 "Ade, IB = 10"Ade) - 0.7 
(lC = 1.0 mAde, I B = 100 "Ade) - 0.8 

Base-Emitter On Voltage VBE(on) Vde 

(lC = 100 "Ade, VCE = 5.0 Vde) - 0.7 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product fT MHz 

(lc = 500 "Ade, VCE = 5.0 Vde, f = 30 MHz) 30 -
(lC = 1.0 mAde, VCE = 5.0 Vde, f = 100 MHz) 100 500 

Output Capacitance Cob pF 

(VCB = 5.0 Vde, IE = 0, f = 100 kHz) - 4.0 

I nput Capacitance Cib - 8.0 pF 

(VBE(off) = 0.5 Vde, IC = 0, f = 100 kHz) 

I nput Impedance hie kf! 

(IC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 
2N3806,8, 10,A, 12, 14, 16,A 3.0 30 
2N3807,9,11,A,13,15,17,A 10 40 

Voltage Feedback Ratio hre - 25 X 10-4 

(lC= 1.0 mAde, VCE = 10Vde,f= 1.0kHz) 

Small-Signal Current Gain hfe -
(lC= 1.0 mAde, VCE = 10Vde,f= 1.0kHz) 

2N3806, 8, 1 O,A,12, 14,16,A 150 600 

2N3807,9,11,A,13,15,17,A 300 900 

-Indicates JEOEC Registered Data. 
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2N3806 thru 2N3810,A, 2N3811 ,A, 2N3812 thru 2N3816,A, 2N3817,A (continued) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS (continued) 

Output Admittance 
(lc = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Noise Figure 

IIC = 100!,Ade, VCE = 10 Vde, RG = 3.0 k ohms r '00", ,W ~ W", 2N3806,8, 10,A, 12, 14, 16,A 
2N3807,9, 11,A, 13, 15, 17,A 

Spot f = 1.0 kHz, BW = 2.0 kHz 2N3806,8,10,A, 12, 14, 16,A 
NOise 

2N3807,9, 11,A, 13, 15, 17,A 

f = 10 kHz, BW = 200 Hz 2N3806,8, 10,A, 12, 14, 16,A 
2N3807,9, 11,A, 13, 15, 17,A 

Broadband Noise Bandwidth 2N3806,8, 10,A, 12, 14, 16,A 
10 Hz to 15.7 kHz 2N3807,9, 11 ,A, 13,15, 17 ,A 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio (2) 

IIC = 100 !,Ade, VCE = 5.0 Vdel 2N3808.9,14,15 
2N3810,11,16,17 

2N3810A,11A,16A,17A 
(lC= 1001'Ade, VCE = 50Vde, TA = -55 to +1250 C) 

2N3810A, llA, 16A, 17A 

Base-Emitter Voltage Differential 

(lC = 10 I'Ade to 10 mAde, VCE = 5.0 Vdel 
2N3808,9,14,15 

2N3810,A,11,A,16,A,17,A 
(lC = 100 I'Ade, VCE = 5.0 Vde) 2N3808,9,14,15 

2N3810,1 1,16,17 
2N3810A,11A,16A,17A 

Base-Emitter Differential Change Due to Temperature 

(lC = 100 I'Ade, VCE = 5.0 Vde, TA = -55 to +250 C) 
2N3808,9, 14, 15 

2N3810,11,16,17 
2N3810A,11A,16A,17A 

(lC = 100 !,Ade, VCE = 5.0 Vde, TA = +25 to +1250 C) 
2N3808,9, 14, 15 

2N3810,11,16,17 
2N3810A, llA, 16A,17A 

*1ndicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <300 MS, Duty Cycle <2.0%. 

(2) The lowest hFE reading is taken as hFE 1 for this ratio. 
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Symbol Min Max Unit 

hoe 5.0 60 ~mhos 

NF dB 

- 7.0 
- 4.0 

- 3.0 
- 1.5 

- 2.5 
- 1.5 

- 3.5 
- 2.5 

hFE l/hFE2 -
0.8 1.0 
0.9 1.0 

0.95 1.0 

0.85 1.0 

[VBE 1·VBE2[ mVdc 

- 8.0 
- 5.0 
- 5.0 
- 3.0 
- 1.5 

6[VBE l-VBE21 mVdc 

- 1.6 
- 0.8 
- 0.4 

- 2.0 
- 1.0 
- 0.5 



2N3818 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for applications to 150 MHz. 

• High Collector-Emitter Sustaining Voltage -
VCE(sus} = 80 Vdc (Min) 

• Power Output -
Pout = 15 Watts at 100 MHz 

• Power Gain -
GpE = 7.0dB (Typ) at 100MHzwith 15WattsRF Power 

Output 

MAXIMUM RATINGS (Note 11 

Rating Symbol Value Unit 

Collector-Emitter Voltage VeES 60 Vdc 

Collector-Base Voltage Ves 60 Vdc 

Emitter-Base Voltage VES 4.0 Vdc 

Collector Current - Continuous Ie 2.0 Adc 

Base Current - Continuous IS 1.0 mAde 

Total Device Dissipation @TC "" 2SoC Po 25 Watts 
Derate above 25°C 167 mw/oe 

Operating and Storage Junction T J,Tstg -65 to +175 °e 
Temperature Range 

Power Input (Nominal) Pin 5.0 Watts 

Power Output (Nominal) Pout 20 Watts 

Note 1. The maximum ratings as given for de conditions can be exceeded on a pulse 
basis. See electrical characteristics. 

2·626 

STYLE 1, 

15 W - 100 MHz 
RF POWER 

TRANSISTOR 
NPN SILICON 

PIN 1. EMITTER 
2.8ASE 
3. COLLECTOR 

W>'"~;jJl~ln° 
f-L>-----LJ~ 
~ ~ 

SEATING 1;; p I I 1 
PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 12.57 13.08 0.495 0.515 
8 10.77 11.10 0.424 0.437 
C 5.46 8.13 0.215 0.320 
0 0.762 1.17 0.030 0.046 
E 2.29 3.43 0.090 0.135 
G 4.70 5.46 0.185 0.215 
H 1.98 0.Q78 
J 9.53 11.56 0.375 0.455 
K 9.02 12.19 0.355 0.480 
L 2.29 2.79 0.090 0.110 
N - 4.19 0.165 
P 4.14 4.80 0.163 0.189 
R 8.13 9.14 0.320 0.360 
T 9.14 11.10 0.360 0.437 

All JEDEC dimensIOns and notes apply 

CASE 36 
TO-60 



2N3818 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) 40 - - Vde 

(lc = 0.25 Ade, IB = 0) 

Collector-Emitter Sustaining Voltage(1) VCES(sus) 80 100 - Vde 

(lc = 0.25 Ade, RBE = 0) 

Collector-Emitter Current ICES mAde 

(VCE = 60 Vde, VBE = 0) - - 0.5 

(VCE = 50 Vde, VBE = 0, TC = 175°C) - - 1.0 

Collector Cutoff Current ICBO - - 1.0 /lAde 

(VCB = 50 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 100 /lAde 

(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 400 mAde, VCE = 2.0 Vde) 5.0 - 50 

,(Ie = 1.0 Ade, VeE = 2.0 Vde) 5.0 - -

Collector-Emitter Saturation Voltage VCE(sat) - - 0.5 Vde 

(Ie = 1.0 Ade, IB = 250 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - - 2.0 Vde 

(Ie = 1.0 Ade,IB = 250 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product f,- 150 - - MHz 

(VCE = 2.0 Vde, Ie = 400 mAde, f = 50 MHz) 

Output Capacitance Cob - - 40 pF 

(VeB = 25 Vde, IE = 0, f = 100 kHz) 

FUNCTIONAL TEST 

Power Input Test Circuit Figure 5 Pin - 3.0 3.75 Watts 

(Pout = 15 W, f = 100 MHz, VeE = 25 Vde, 
Efficiency Ic(mox) = 1.0 Ade) ~ 60 70 - % 

(1}Pulse Test: Pulse Width S 100 Ils. Duty Cycle = 2.0%. 
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2N3818 (continued) 

FIGURE 1 - OUTPUT POWER versus FREQUENCY 
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FIGURE 5 - TEST CI RCUIT 

L 1; 5 Turns #16 AWG, tinned wire 1/4" tD, 3/8" long, 
tapped 2-3/4 Turns from ground. 

l3: 2 Tllrns #10 AWG, tinned wire, 112" 10, 1/4" long. 

2.7-30 pF 

1 
RS = 50 Q lOr--""'jk---...... -------, 

2.7-30 pF L1 of---+-~ 
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2N3821 (SILICON) 
2N3822 
2N3824 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

.. . designed for audio amplifier, chopper and switching applications . 

• Drain and Source Interchangeable 

• Low Drain-Source Resistance -
rds(on) < 250 Ohms (Max) - 2N3824 

• Low Noise Figure - NF ~ 5.0 dB (Max) - 2N3821, 2N3822 

• High AC Input Impedance - Ciss ~ 6.0 pF (Max) 

• High DC Input Resistance - IGSS ~ 0.1 nA (Max) 

• Low Transfer Capacitance - Crss ~ 3.0 pF (Max) 

• 2N3821 JAN and 2N3822 JAN also Available 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS 50 Vdc 

Drain-Gate Voltage VOG 50 Vdc 

Gate-Source Voltage VGS -50 Vdc 

Drain Current 10 10 mAde 

Total Device Dissipation@TA "" 25°C Po 300 mW 
Derate above 25°C 2.0 mW/oC 

Operating Junction Temperature TJ 175 °c 
Storage Temperature Range T stg -65 to +200 °c 

"'I ndicates JE DEC Registered Data. 
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STYLE 1 
PIN 1. 

2. 
3. 
4. 

N-CHANNEL 

JUNCTION 
FI ELD-EFFECT 
TRANSISTORS 

SYMMETRICAL 
{Type Al 

I 
~Al B 

rJ I~ b 
r --In 

SEATING 
__ ~ K 

~ 
PLANE 

SOURCE --11-0 
DRAIN 

GATE ~ 
CAS~2 ~ 

li?\ 

\)!~{~~;-I 1 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
D 0.41 0.53 0.016 0.021 
E - 0.76 0.030 
F 0.41 0.48 0.016 0.019 
G 2.54 SSC 0.100 SSC 
H 0.91 1.17 0.036 0.046 
J 0.71 1.22 0.028 0.048 
K 12.70 - 0.500 -
L 6.35 - 0.250 -
M 450SSC 45 SSC 
N 1.27 SSC 0.050 SSC 
p - 1.27 0.050 

ALL JEDEC dimensions and notes apply 

CASE 20-03 
TO-72 



2N3821, 2N3822, 2N3824 (continued) 

*ELECTRICAL CHARACTERISTICS (TA 0 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Gate·Source Breakdown Voltage 
(lG 0 -1.0 /LAde, VOS = 0) 

Gate Reverse Current 

(VGS = -30 Vde, VOS= 0) 

(VGS 0 -30 Vde, VOS = 0, TA = 150°C) 

Gate-Source Cutoff Voltage 
(10 = 0.5 nAde, VOS = 15 Vde) 

Gate-Source Voltage 
(10 = 50 IlAde, VOS = 15 Vde) 

(100200 IlAde, VOS = 15 Vde) 

Drain Cutoff Current 

(VOS = 15 Vde, VGS = -8.0 Vde) 

(VOS = 15 Vde, VGS = -8.0 Vde, TA = 150°C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current( 1) 

(VOS = 15 Vde, VGS = 0) 

OYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 
(VOS 0 15 Vde, VGS = 0, f = 1.0 kHz)(l) 

(VOS = 15 Vde, VGS = 0, f = 100 MHz) 

Output Admittance(1) 

(VOS 0 15 Vde, VGS = 0, f 0 1.0 kHz) 

Drain-Source Resistance 
(VGS = 0,10 = 0, f = 1.0 kHz) 

Input Capacitance 
(Vns = 15 Vde, Vr,s = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VOS = 15 Vde, VGS = 0, f = 1.0 MHz) 

(VGS = -8.0 Vde, VOS = 0, f = 1.0 MHz) 

Average Noise Figure 

(VOS = 15 Vdc, VGS = 0, RS = 1.0 megohm, 
f 0 10 Hz, Noise Bandwidth = 5.0 Hz) 

Equivalent I nput Noise Voltage 

(VDS = 15 Vde, VGS = 0, f = 10 Hz, 
Noise Bandwidth = 5.0 Hz) 

-Indicates JEDEC Registered Data. 

(1)Pulse Test: Pulse Width::;: 1 00 ms, Duty Cycle ~ 10%. 

2N3821 
2N3822 

2N3821 

2N3822 

2N3824 

2N3824 

2N3821 
2N3822 

2N3821 
2N3822 

2N3821 
2N3822 

2N3821 
2N3822 

2N3824 

2N3821 
2N3822 

2N3824 

2N3821,2N3822 

2N3821,2N3822 
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Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

10(oft) 

IVfsl 

IVosl 

rds(on) 

Ciss 

erss 

NF 

en 

Min Max Unit 

-50 - Vdc 

nAdc 
- -0.1 

- -100 

Vde 
- -4.0 
- -6.0 

Vde 
-0.5 -2.0 

-1.0 -4.0 

nAdc 
- 0.1 

- 100 

,umhos 
1500 4500 
3000 6500 

1500 -
3000 -

.umhos 
- 10 
- 20 

Ohms 
- 250 

- 6.0 pF 

pF 
- 3.0 
-- 3.0 
- 3.0 

dB 
- 5.0 

nv/Hz% 
- 200 



2N3823 (SILICON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

. designed for VHF amplifier and mixer applications. 

• Low Cross-Modulation and I ntermodulation Distortion 

• Drain and Source Interchangeable 

• Low 100-MHz Noise Figure - 2.5 dB (Maxi 

• Low Transfer and Input Capacitances
Crss ~ 2.0 pF (Maxi 

Ciss ~ 6.0 pF (Maxi 

• 2N3823 JAN also Available 

MAXIMUM RATINGS 

Rating Symbol 

Drain-Source Voltage VOS 

Drain-Gate Voltage VOG 

Gate-Source Voltage VGS 

Gate Current IG 

Total Device Dissipation@TA::250C Po 
Derate above 25°C 

Operating Junction Temperature TJ 

Storage Temperature Range T st9 

Value 

30 

30 

-30 

10 

300 
2.0 

175 

-65 to +200 

2-631 

--
Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 
°c 

STYLE 1 
PIN 1. 

2. 
3. 
4. 

OIM 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
l 
M 
N 
P 

N-CHANNEL 

JUNCTION 
FIELD-EFFECT 
TRANSISTOR 
SYMMETRICAL 

(Type A) 

SEATING 
PLANE 

1 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.31 5.84 0.209 0.230 
4.52 4.95 0.178 0.195 
4.32 5.33 0.170 0.210 
0.41 0.53 0.016 0.021 

0.76 0.030 
0.41 0.48 0.016 O.ot9 

2.548Se 0.100 sse 
0.91 I 1.17 0.036 0.046 
0.71 1.22 0.028 0.048 

12.70 - 0.500 -
6.35 - 0.250 -

450 SSG 45 SSG 
1.27 BSG 0.050 BSG 

1.27 0.050 

ALL JEOEG dimensions and notes apply 

CASE 20-03 
TO-72 

I 
I 

il 
Ii 
'I 
11 

Ij 

Ii 
jl 



2N3823 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

(IG = -1.0 /lAde, VOS = 0) 

Gate Reverse Current 

(VGS = -20 Vde, VOS = 0) 

(VGS = -20 Vde, VOS = 0, TA = 150oC) 

Gate-Source Cutoff Voltage 
(10 = 0.5 nAde, VOS = 15 Vde) 

Gate-Source Voltage 

(10 = 0.4 mAde, VOS = 15 Vde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
IVos = 15 Vdc, VGS = 0) 

OYNAMIC CHARACTERISTICS 

Forward Transfer Admittance 
(VOS = 15 Vdc, VGS = 0, f = 1.0 kHz)ll) 

IVOS = 15 Vdc, VGS = 0, f = 200 MHz) 

I nput Conductance 

IVOS = 15 Vde, VGS = 0, f = 200 MHz) 

Output Conductance 
IVOS = 15 Vdc, VGS = 0, f = 1.0 kHz)!l) 

(VOS = 15 Vdc, VGS = 0, f = 200 MHz) 

I nput Capacitance 
(VOS = 15 Vde, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 

(VOS = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Common-Source Spot Noise Figure 

(VOS = 15 Vde, VGS = 0, RS = 1000 ohms, f = 100 MHz) 

"'Indicates JEDEC Registered Data. 
(1 )Pulse Test: Pulse Width = 100 ms, Duty Cycle s;: 1 0%. 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

lOSS 

IVfsl 

RelVis) 

Ivosl 

Re(vos) 

Ciss 

erss 

NF 

2-632 

Min Max Unit 

-30 - Vde 

nAdc 
- -0.5 

- -500 

- -8.0 Vde 

-1.0 -7.5 Vdc 

4.0 20 mAde 

Jlmhos 
3500 6500 

3200 -
- 800 ,umhos 

,umhos 
- 35 

- 200 

- 6.0 pF 

- 2.0 pF 

- 2.5 dB 



2N3838 (SILICON) 
JAN,JTX,JTXV Available 

MULTIPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual genera I·purpose 
amplifiers and switches, front end detectors and temperature 
compensation applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat): 0.4 Vdc (Max)@lc: 150 mAdc 

• Fast Switching Times -
ton: 50 ns (Max) and toff: 340 ns (Max) 

• DC Current Gain Spec"fied I -
0.1 mAdc to 150 mAdc 

• High Current·Gain-Bandwidth Product -
fT : 200 MHz @ I C: 20 mAdc 

"MAXIMUM RATiNGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector 1 to Collector 2 Voltage VC1C2 
Voltage Rating any Lead to Case 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Contmuous IC 

Value 

40 

±120 

±120 

60 

5.0 

600 

One Die Both Die 

Total Power Dissipation @ T A = 25°C Po 0.25 0.35 
Derate above 2SoC 1.67 2.34 

Total Power Dissipation @ TC = 2S0C Po 0.7 1.4 
Derate above 2SoC 4.67 9.34 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

"'Indicates JEDEC Registered Data. 

FIGURE 1 - TURN-ON TIME TEST CIRCUIT 

+lDV +835VT INPUT 
640 a I 

TO SCOPE ..... ",.... 
500n t,::s10ns --;1,[-

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 

DC 

NPN SILICON 

MULTI PLE TRANSISTORS 

2: ~D' --1Rf-IJ-
:~~ 

N 

to 
I LJ B I Kif} 
I r~ __ ll iF 

STYLE 1 
PIN1 BASE 

2 EMITTER 
4 EMITTER 
5 BASE 
7 COLLECTOR 
9 COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 6.10 7.36 0240 0.290 , 2.92 406 o 11~ 0160 
c 0.76 2.03 0.030 0.080 
D 0.36 0.48 0014 0.019 
F 008 0.15 0003 0.006 
G 127BSC o050BSC 
H 089 0.035 
K 381 0150 
N 254BSC 0100BSC 
R 127 0050 

CASE 610A·03 

! 
A 

I 

!NPUT R,,-;;lOOkn . I FIGURE 3 - COLLECTOR-EMITTER NONLATCHING ~;";15~~; 1501l C,"~50pF ~UT 
PW-2400ns 

90%- VOL TAGE TEST CIRCUIT 
OulyCyc!e~20% -= = 

+15V~ t40V 

FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 
INPUT 667 n 

Q Monitor to ensure 
lOon thatVCi = Vee INPUT V" after pulse IS 

X:;,';;-t;;~!oit~,,, r +10Y +88V~ PW~ lO,.s 11000 lN916 completed 

640 
0--- ---- __ 15V POINT DutyCycle~20% -= = snownforpoint "A" 5O.l.lf 

TO SCOPE -62 Y I t I "A·' 
5JJf 500n 

t,~50ns -t·r 
INPUT}, 

--jl,!-

A :t~ 
R,"~lOOkn 

Z,,=50n C,":;;;;12pF ~% t,~IOns 50n IN916 
PW~ JOI,s --90% 
DutyCycle~2.0% -= -=- = 

2-633 



2N3838 (continued) 

• ELECTRICAL CHARACTERISTICS (each side) (TA = 25'C unless othecwlse noted) 

I Characteristic I Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 
(IC = 10 mAde, IB = 0) 40 -

Collector-Emitter Nonlatching Volrage (Figure 3) t V CEO(NL)t 
(IC(on) = 600 mAde, IB(on) = 120 mAde, IB(OII) = 0) 40 

Collector-Base Breakdown Voltage BVCBO 
(IC = 10 MAde, IE = 0) 60 -

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10 }lAde, IC = 0) 5. a 

Collector Cutoff Current ICEV 
(V CE = 50 Vde, V BE (olf) = 0.5 Vde) - 0.01 

(V CE = 50 Vde, V [lE(off) = O. 5 Vde, TA = 150'C) - 10 

Emitter Cutoff Current lEBO 
(VBE =3.0Vde. IC =0) - 10 

Base Cutoff Current IBEV 
(V CE = 50 Vde, V BE (off) =0.5Vde) - 10 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 0.1 mAde, V CE = 10 Vde) 35 -
(IC = 1. a mAde, V CE 10 Vde) 50 -
(IC = 10 mAde, V CE = 10 Vde) 111 75 -
(lC = 150 mAde, V CE = 10 Vde)fI) 100 300 

(IC = 150 mAde, V CE = 1. 0 Vde)l1l 50 -

Collector-Emitter Saturation Voltage(l) V CE(sal) 
(IC = 150 mAde, IB = 15 mAde) - 0.4 

Base .. Emitter Saturation Voltage (11 V BE(sal) 
(IC = 150 mAde, IB = 15 mAde) 0.85 1.3 

SMALL'SIGNAL CHARACTERISTICS 

Current .... Gain-Bandwidth Product IT 
(IC = 20 mAde, V CE = 10 Vde, I = 100 MHz) 200 -

Output Capacitance Cob 
(V CB = 10 Vde, IE = 0, I = 140 kHz) - 8.0 

Input Impedance h. 
(IC = 1. 0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

,e 
1.5 9.0 

Small-Signal Current Gain hfe 
(IC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 60 300 

Output Admittance h 
(Ie = 1. 0 mAde, V CE = 10 Vde, f = 1. 0 kHz) 

oe - 50 

Noise Figure NF 
(lC = 100 )lAde, V CE = 10 Vde, Rs = 1. 0 k ohm, I = 1. 0 kHz) - 8.0 

Delay Time (V CC = 10 Vde, V BE(off) = 0 Vde, td - 10 

Rise Time IC = 150 mAde, IB1 = 15 mAde, Figure 1) t - 40 
r 

Storage Time (V CC = 10 Vde, IC = 150 mAde, I - 250 
s 

Fall Time 1m = IB2 = 15 mAde, Figure 2) 
If - 90 

,., Indicates JEDEC Registered Data 

(llPulse Test: Pulse Width f,. 300 /-lS, Duty Cycle"? 2. 0%. 

The highest value of collector supply voltage that may be safely used with a resistive load switching circuit in which 
the collector current is 600 mAdc. 

2N3839 
For Specifications, See 2N2857 Data 

2-634 

Unit 

Vde 

Vde 

Vde 

Vde 

)lAde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

k ohm 

-

jJ.mha 

dB 

ns 

ns 

ns 

ns 



2N3866 (SILICON) 
2N3866A 

STYLE 1: 

2. BASE NPN silicon transistor, designed for amplifier, fre-
3. CO~LECTOR quency-multiplier, or oscillator applications in mili-~

IN 1. EMITTER 

O taryand industrial equipment. Suitable for uses as out-
CASE 79 1 0 0 3 put, driver, or pre-driver stages in VHF and UHF 

(TO-39) equipment. 
Collector connecled to case 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Collector-Emitter VCEO 30 Vdc 

Collector-Base Voltage VCB 55 Vdc 

Emitter-Base Voltage VEB 3.5 Vdc 

Collector Current IC 0.4 Amp 

Total Device Dissipation @TC = 25°C PD 5.0 Watts 

Derate above 25°C 28.6 mW/oC 

Operating and Storage Junction TJ, T stg -65 to +200 °c 

Temperature Range 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted! 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCER 55 - - Vdc 
(IC = 5.0 mAdc, RBE = 10 ohms! 

Collector-Emitter Sustaining Voltage BVCEO(sus! 30 - - Vdc 
IIC = 5.0 mAdc, IB = O! 

Coliector-Base Breakdown Voltage BVCBO 55 - - Vdc 
(IE = 0, IC = 0.1 mAdc! 

Emitter-Base Breakdown Voltage BVEBO 3.5 - - Vdc 
liE = 0.1 mAdc, IC = O! 

Collector Cutoff Current ICEO - - 20 "A 
IVCE = 28 Vdc, IB = O! 

Collector Cutoff Current ICE X - - 100 "Adc 
IVCE = 55 Vdc, VBE = 1.5 Vdcl 

ON CHARACTERISTICS 

DC Current Gain hFE -

IIC = 0.36 Adc, VCE = 5.0 Vdcl 5.0 - -

IIc = 0.05 Adc, VCE = 5.0 Vdc! 2N3866 10 - 200 
IIC = 50 mAdc, VCE = 5.0 Vdc! 2N3866A 25 - 200 

Coliector-Emitter Saturation Voltage VCE(sat! - - 1.0 Vdc 
IIC = 100 mAdc, IB = 20 mAdc! 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 

IIC = 50 mAdc, VCE = 15 Vdc, f = 200 MHz! 2N3866 500 800 -

2N3866A 800 - --

Output Capacitance Cob - 2.0 3.0 pF 

IVCB=30Vdc, IE =O,f= 1.0MHz! 

FUNCTIONAL TEST 

Power Gain Test Circuit-Figure 1 Gpe 10 - - dB 

Power Output Pin = 0.1 W, VCE = 28 Vdc Pout 1.0 - - Watts 

Coliector Efficiency 
f = 400 MHz, T C = 250 C 

1) 45 - - % 
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2N3866, 2N3866A (continued) 

FIGURE 1 - 400 MHz RF AMPLIFIER CIRCUIT FOR POWER·OUTPUT TEST 

ll: 2 turns No. 18 
wlre,IA"lD, 
!fa" long. 

ls:2% turns. No.18wire 
W'10,3/16" long. 

Capacitor values m pF 
unless otherwise 
Indicated. 

Tunmgcapacltors 
are alrvanabfe. 

FIGURE 2 - POWER OUTPUT versus FREQUENCY 
(Class C) 

~ 
i 

2.5.------,---,--,-~.----__._-__.___, 

i l.ol-----+--;c~*-+-=k:c--+-=_.d______1 
, 0.91-----+---=-:..::::.:+-""'"~-l--"""_.d_-_+"""'d 
~ 0.8f-----+--+--+--"""k---+--4----1 

0.7f-----+--+--+--/----=-..!---4----1 

0.6~10::-0 ----"---:::!200.,.---'--:::300'::---:4±:OO--:5:'":00~600 

f, fREQUENCY IMHzl 

FIGURE 3 - POWER OUTPUT versus POWER INPUT 
(Class C) 

2. 5 

2.0 
.J, f-175 MHz,), ,~ .1 

- EMInER GROUNOED DIRECTLY TO iHASSIS 

5 
VCE ~ 28V -:.--~ --0 /'" -~ / ~ 13.5 V_ r--

5 ./ ..---;: ...--~ O. 

at:-' 
ill ~ ~ ~ ~ w ro W 00 ~ 

P;" POWER INPUT (mWI 

5.6\1 

La 1 
Vce~-18V 

FIGURE 4 - PARALLEL INPUT RESISTANCE AND 
CAPACITANCE versus FREQUENCY (Class C) 

'" '" 

200 

160 

e 120 

40 

50 

vJ~28V 
EMITTER GROUNDED DIRECTlY TO CHASSIS 

40 

C,"~ 

'" ~ R,"~ 
~ r:::::: ~ 15 WAITS 

10 WATT_ 

--..: 10 WATT 
15 WArs 

10 

100 600 700 800 a 200 300 400 500 

f, FREQUENCY (MHzl 

FIGURE 5 - PARALLEL OUTPUT CAPACITANCE 
versus FREQUENCY (Class C) 

10. 0 

J. I, J J VeE = 28V 
0 EMITTER GROUNDED DIRECTlY TO CHASSIS-

~ 6.0 

~ ~ 
~ ~ 1.5 WATTS 

J 
g 
~ 4.0 

'" 
2.0 

1.[ WATT 

100 200 300 400 500 600 700 800 

f, FREQUENCY (MHzl 
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2N3866, 2N3866A (continued) 

FIGURE 6 - SMAlL-SIGNAL CURRENT GAIN 
versus FREQUENCY 4, 

I I 2 
i'- I a 

8 '\ VT~: :~ :dc I-......... 
6 1,\ 

2 
, I 

a ......... ~,.I(dBI 

"-8 :--... "-6 ......... 1.(h,.1 
4 

1--2, 
a R.(h,.1 

2 
40 60 80 100 200 400 600 800 1000 

f. FREQUENCY (MHzl 

7.0 

6.0 

~ 5.0 

~ 
G 4.0 
1t 

~ 3.0 
~ 
~ 2.0 
..; 

1.0 

a 

\ 

a 

FIGURE 7 - OUTPUT CAPACITANCE 
versus COLLECTOR VOLTAGE 

"- ---I-----

10 15 20 25 

Ve •. COLLECTOR-BASE VOLTAGE (Vdcl 

30 

FIGURE 8 - fT versus COLLECTOR CURRENT 
100 0 

~ 

~ 800 

if 
~ e 600 

~ 
<:li 
~ 40 

~ 
0 

"' ! 200 

.:C 
o 
o 

........-::: ~ 
~ 

::;;--

-, 

20 

VeE = 15Vdc 

10Vdc-

6Vdc 

3Vde 

40 60 80 100 

Ie. COLLECTOR CURRENT (mAdel 

FIGURE 9 - rb' Co versus COLLECTOR CURRENT 
FIGURE 10 - DC CURRENT GAIN 

versus COLLECTOR CURRENT 
25 

f~3l.8 MHz 

10 0 

20 0 

""""--f- VeE ~ 3 Vdc 

.....:::::::: 10Vde 

g 15 

10 

VeE ~ 15Vdc V--r- --.. 
0 

~ 
-;::::::-r- 5 Vdc 

0 
/' 

15 Vde 
0 

o 
o 10 20 30 40 50 

0 
20 40 60 80 100 

Ie. COLLECTOR CURRENT (mAdel Ie. COLLECTOR CURRENT (mAdel 
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2N3866, 2N3866A (continued) 

y PARAMETER VARIATIONS 

FIGURE 11 - SMALL·SIGNAL INPUT ADMITTANCE 
versus COLLECTOR CURRENT 

100 

Ve.~ lOV~ ~ 
0 Ve.- 15 Vdc ---- I--

f=200MHz 

~ 
" '~ 

~ -~ -- --..-. --r- - ,;. 

, 
,~ 

b;.-f-....... ~- ... ' ... ' -
20 

0 -20 40 60 80 100 

Ie. COlLECTOR CURRENT (mAdel 

fiGURE 12 - SMALL·SIGNAL REVERSE TRANSFER 
ADMITTANCE versus COLLECTOR CURRENT 
5 

Ve.l= lov~e ..l.-
Ve. = 15Vdc --- - -

f= 200 MHz 

3 
..... b,. - --

2 

I 

---- --- ,... -. _. -- -I" 
20 40 60 80 100 

Ie, COLLECTOR CURRENT (mAdel 

FIGURE 13 - SMALL·SIGNAL FORWARD TRANSFER 
ADMITTANCE versus COLLECTOR CURRENT 
28 0 

24 0 

~ -
~ -"'-

Ve.=IOVde -
Ve.= 15Vdc ---

f= 200 MHz 

0 

-, 
~ .::::..-1-- - - -- If. 

-8 0 

-120 
o 20 40 60 80 100 

Ie. COLLECTOR CURRENT (mAde) 

FIGURE 14 - SMALL·SIGNAL OUTPUT ADMITTANCE 
versus COLLECTOR CURRENT 

20 

Ve•l= 10V~ .J.. 
f---Ve. = 15 Vde --- -16 

f= 200 MHz 

- - - - -- -- -- - b •• 

....- - - F-' , g •• 

20 40 60 80 100 

Ie. COLLECTOR CURRENT (mAdel 

DESIGN NOTE 

Figures 11 through 18 show. small·signal admittance· parameter data. This data can be used for 

Class A amplifier designs. 

For Class C power·amplifier designs, the small·signal parameters are not applicable. Figures 4 and 

5 give parallel output capacitance and the parallel input resistance and capacitance for Class C power

amplifier operation. 

The parallel resistive portion of the collector load impedance for a power amplifier, RL', may be 

computed by assuming a peak voltage swing equal to Vee, and using the expression 

R' Vee' 
L =2'P 

where P = RF power output. The computed RL' may then be combined with the data in Figures 2 and 

3 to comprise complete device impedance data for Class C power amplifier design. 
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2N3866, 2N3866A (continued) 

Y PARAMETER VARIATIONS 
(VeE = 15 Vde, Ie = 80 mAde, TA = 25·C) 

FIGURE 15 - SMALL·SIGNAL INPUT ADMITTANCE 
versus FREQUENCY 

FIGURE 17 - SMALL·SIGNAL FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 

a 80 a 

a 
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FIGURE 16 - SMALL·SIGNAL REVERSE TRANSFER FIGURE 18 - SMALL·SIGNAL OUTPUT ADMITTANCE 
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For Specifications, See 2N3719 Data 
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2N3870 thru 2N3873 (SILICON) 
2N3896 thru 2N3899 
2N6171 thru 2N617 4 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

. designed for industrial and consumer applications such as power 
supplies; battery chargers; temperature, motor, light and welder 
controls . 

• Economical for a Wide Range of Uses 

• High Surge Current - ITSM = 350 Amp 

• Practical Level Triggering and Holding Characteristics -
4.0 and 5.2 mA (Typ) @ TC = 250 C 

• Rugged Construction in Either Pressfit, Stud or Isolated 
Stud Package 

MAXIMUM RATINGS 

Ratmg 

* Repetitive Peak Reverse Blockmg Voltage (1) 
(T J = -40 to + 1000 e, 1/2 Sine Wave, 50 to 

400 Hz, Gate Open) 

2N3870, 2N3896, 2N6t71 
2N3871, 2N3897, 2N6172 
2N3872, 2N3898, 2N6173 
2N3873, 2N3899, 2N6t74 

*Non-Repetltlve Peak Reverse 
Blockmg Voltage 
(t S 50 ms) 

2N3870, 2N3896, 2N6171 

2N3871, 2N3897, 2N6172 
2N3872, 2N3898, 2N6173 

~?N3873, 2N3899, 2N6174 

Symbol Value 

100 
200 
400 
600 

150 
330 
660 
700 

ITIAV) 
22 
11 

Umt 

Volts 

Volts 

Amp 

350 Amp 

"Average On-State Current 
(TC = -40 to +650 C) 

(TC = +850 C) 

~~ Non-Repetitive Surge Curren-t-----+----IT-S-M-~f----,,-,--+-----i 
lane cycle, 60 Hz) (Te = +6Soe) 

CircUit FUSing ConSiderations 

ITJ =-40 10 +100oC) 
It" 1 01083 msJ 

'Peak Gate Power 

• Average Gate Power 

·Peak Forward Gate Current 

Peak Gate Voltage 

·Operatmg Junction Temperature 
Range 

·Storage Temperature Range 

Stud Torque 2N3896 thru 2N3899 
2N6171 thru 2N6174 

'THERMAL CHARACTERISTICS 

CharacteristIc 

Thermal ReSistance, Junctlon'to Case 
2N3870 thru 2N3873, 2N3896 thru 2N3899 

2N6171 thru 2N6174 

'I ndlcates JE DEC Registered Data 

510 

20 

0.5 

20 

10 

-40 to +100 

-40 to +150 

30 

Symbol M .. 

ReJC 
09 
10 

(1J Ratings apply for zero or negative gate voltage, DeVices shall not have a positive bias 
applied to the gate concurrently With a negative potential on the anode DeVices should 
not be tested with a constant current source for forward or reverse blocking capability 
such that the voltage applied exceeds the rated blocking voltage, 

2-640 

A2, 

Watts 

Watt 

Amp 

Volts 

°c 

°c 
In lb. 

Unit 

°C/W 

2N3870 
thru 

2N3873 

THYRISTORS 
PNPN 

35 AMPERES RMS 
100-600 VOLTS 

CASE 174 
TO-203 

2N3870 

CASE 235 
(Stud Isolated) 

2N6171 
thru 

2N6174 

~ l-G~ 

0090 
0510 
0097 
0800 

All JE DEC d"'I~nsrOllj ~Ild notes apply 

2N3896 
thru 

2N3899 

CASE 174 
TO-203 

(continued on page 4) 



2N3870 thru 2N3873, 2N3896 thru 2N3899, 2N6171 thru 2N6174 (continued) 

ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic 

<I- Peak Forward Blocking Voltage 

ITJ = 100°C) 
2N3870, 2N3896, 2N6171 
2N3871, 2N3897, 2N6172 
2N3872, 2N3898, 2N6173 
2N3873, 2N3899, 2N6174 

iI- Peak Forward Blocking Current 

IRated VORM, with gate open, TJ = 100°C) 
2N3870, 2N3896, 2N6171 
2N3871,2N3897,2N6172 
2N3872, 2N3898, 2N6173 
2N3873,2N3899,2N6174 

-If Peak Reverse Btocking Current 

(Rated VRRM,with gate open, TJ = 1000 Cl 

2N3870, 2N3896, 2N6171 
2N3871,2N3897,2N6172 
2N3872,2N3898,2N6173 
2N3873, 2N3899, 2N6174 

*Peak On-State Voltage 
IITM = 69 A Peak) 

Gate Trigger Current, Continuous de *TC ~ -40°C 
IV AK = 12 V, RL = 24 ohms) TC = 25°C 

Gate Trigger Voltage, Continuous de 

IV AK = 12 V, RL = 24 ohms) *TC=-40oC 
TC ~ 25°C 

Holding Current (Gate Open) *TC = -40°C 
IV AK = 12 V, ITM = 200 mAl TC = 25°C 

*Gate Controlled Turn-On Time (td + trl 

IITM = 41 Adc, V AK = rated VORM, 
IGT = 40 mAde, Rise Time = 0.05 J,J.S, Pulse Width = 10 I's) 

Circuit Commutated Turn-Off Time 

IITM = lOA, IR = lOA) 
(lTM = 10 A, IR = 10 A, TJ = 100°C) 

Forward Voltage Application Rate 
ITJ = 100°C) 

*Indicates JEOEC Registered Data. 

FIGURE 1 - AVERAGE CURRENT DERATING 

10 
0"",- Types 2N6171 thru 2N6174 must be derated 

dnadditionall0%. For example, in Figure 1, 
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~ ~ the max Te at 20 A (1800 Conduction) is 70 0 C, 

~ ~ 
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Symbol Min Typ Max Unit 

VORM Volts 

100 - -

200 - -
400 - -
600 - -

IORM mA 

- 1.0 2.0 
- 1.0 2.5 
- 1.0 3.0 
- 1.0 4.0 

IRRM mA 

- 1.0 2.0 
- 1.0 2.5 
- 1.0 3.0 
- 1.0 4.0 

VTM - 1.5 1.85 Volts 

IGT - 9.0 80 mA 
- 4.0 40 

VGT Volts 
- 0.9 3.0 
- 0.69 1.6 

IH - 14 90 mA 
5.2 50 

tgt - - 1.5 I's 

tq I's 
- 15 -
- 25 -

dv/dt - 50 - VII's 

FIGURE 2 - ON·STATE POWER OISSIPATION 
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2N3870 thru 2N3873, 2N3896 thru 2N3899, 2N6171 thru 2N6174 (continued) 
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2N3870 thru 2N3873, 2N3896 thru 2N3899, 2N6171 thru 2N6174 (continued) 
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SELECTED THYRISTOR-TRIGGER 
APPLICATION NOTES 

AN-240 SeR Power Control Fundamentals 

AN-295 - Suppressing RFI In Thyristor Circuits 

ANA22 - Testers for Thyristors and Trigger Diodes 

AN-453 - Zero POint SWItching Techniques 

To obtain copies of these notes list theAN number(s) 
on your company letterhead and send your request to. 

TechnIcal Information Center 

Motorola Semiconductor Products, Inc 

POBox 20924 
Phoenix, Arizona 85036 

100 

PACKAGE DIMENSIONS 

CASE 175 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 

2N3896 
thru 

2N3899 
CATHODE 
GATE 
ANODE 

2-643 

STYLE 1 
PIN 1 CATHODE 

2 GATE 
3 ANODE 

STUD ISOLATED 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 

CASE 235 

2N6171 
thru 

2N6174 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
14000 14200 0551 0559 
12730 12830 0501 0505 

26160 1030 
2290 REF 0.090REF 
- 7750 - 0305 

2030 2410 0080 0095 
1400 1650 0055 0065 

165 REF 0065REF 
10670 11560 0420 0455 

10540 - 0415 
6480 1000 0255 0275 
3430 3810 0135 0150 

6460 0255 



2N3883 (Ge Mesa) 

Medium-current, germanium PNPhigh-speed switch
ing transistor. 

CASE 79-02 
(TO-39) 

STYLE I, 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 

Collector connected to case 

*MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Junction Temperature TJ 

storage Temperature Tst£!: 

Total Device, Dissipation @ TC = 25°C PD 
Derate above 25° C 

Total Device Dissipation @ TA =25°C PD 
Derate above 25° C . 

*Indicates JEDEC Registered Data 

250 

FIGURE 1-COLLECTOR LATCH·UP VOLTAGE AND TEST CIRCUIT 

. ADJUST V"lor +0.5 V.t point A 

ADJUST base ,..Ise lor 5 p.$ width 

Value 

25 

15 

3.0 

300 

100 

-65 to +100 

750 
10 

300 
4.0 

\ 
\ 

200 ADJUST collector pulse lor duty cycle ~ ·5% 

1\ VII 80 

\ 
LATCH·UP TEST 

\ LOAD LINE 

\ 
POWER SUPl'tv 

510 

HP721A 100 

-5)S 
t .. 1r < 20 .. 

I\. 

\ 
50 

o 

51 

o 10 15 20 25 30 

Ve .. COUECTOR·EMITTER VOLTAGE IVOlTS) 
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Units 

Vdc 

Vdc 

Vdc 

mAdc 

°c 

°c 

mW 
mW/oC 

mW 
mW/oC 

TO OSCIUOSCOPE 



2N3883 (continued) 

* ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max 
Collector-Base Breakdown Voltage BVCBO 

(IC = I OOtLAdc , IE = 0) 25 -
Collector-Emitter Breakdown Voltage BVCEO 

(IC = 10mAdc, Ia = 0) 15 -
Emitter-Base Breakdown Voltage BVEBO 

(IE = 100 )lAdc, IC = 0) 3.0 -

Latch- Up Voltage LVCEX 20 -
Collector-Emitter Leakage Current ICES 

(VCE = 15 Vdc, VEB = 0) - 100 

Base Cutoff Current IB 
(VCE = 15 Vdc, VEB = 0) - 100 

DC Current Gain hFE 
(IC = 20C mAdc, V CE = l. 0 Vdc) 30 -

Collector- Emitter Saturation Voltage V CE(sat) 
(IC = 200 mAde, IB = 40 mAde - 0.5 

Base-Emitter Voltage VBE 
(IC = 200 mAdc, IB = 40 mAdc) 0.4 0.9 

Output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) - B.O 

Input Capacitance Cib 
(VBE = 1 Vdc, IC = 0, f = 100 kHz) - 25 

Current-Gain - Bandwidth Product fT 
(VCE = 10 Vde, IC = 40 mAdc, f = 100 MHz) 100 -

Delay Time (Figure2) td - 15 

Rise Time (Figure 2) t - 40 r 

Storage Time (Figure 2) t - 70 s 

Fall Time (Figure 2) t f - 40 

*Indicates JEDEC Registered Data 
FIGURE 2-SWITCHING TIME TEST CIRCUIT 

50 
200ns -10.4 V _--'II'>."v--..----_ 

+20ft 

o 

GENERATOR z.,,,, ~ son 
INPUT PULSEt, < 5 ns 

50 

2N3896 thru 2N3899 (SILICON) 

250 

250 

-lOY 

For Specifications, See 2N3870 Data 

2-645 

Scope t, ~ 5 ns 
Scope fill'! ~ lOO,Kg 
Scope GIN ~ 10 pF 

Ie ~ 200 rnA 
III =4OmA 
1,,~40rnA 

Unit 
Vdc 

Vdc 

Vdc 

Vdc 

)lAdc 

)lAdc 

-

Vdc 

Vde 

pF 

pF 

MHz 

n.s 

ns 

ns 

ns 



2N3902 NPN (SILICON) 
2N5157 

HIGH VOLTAGE NPN SILICON TRANSISTORS 

.. designed for use in high-voltage inverters, converters, switching 
regulators and line operated amplifiers. 

• High Collector-Emitter Voltage - VCEX = 700 Vdc 

• Excellent DC Current Gain -
hFE = 10 (Min) @ IC = 2.5 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.8 Vdc (Max).@ IC = 1.0 Adc 

'MAXIMUM RATINGS 

Rating Symbol 2N3902 I 2N5157 

Collector-Emitter Voltage VCEO 400 I 500 

Collector-Emitter Voltage VCEX 700 

Emitter-Base Voltage VEe 5.0 I 6.0 

Collector Current - Continuous IC 3.5 

Base Current Ie 2.0 

Total Device Dissipation @ T C "" 75°C Po 100 
Derate above 75°C 1.33 

Operating Junction Temperature Range TJ -65 to +150 

Storage Temperature Range Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Svmbol I Max 

Thermal Resistance, Junction to Case eJC I 0.75 

·Indicates JEDEC Registered Data 

FIGURE 1-POWER DERATING 
100 

"-

~ 
80 

« "" "" ~ 
z 60 0 
;:: 

i'. 
"-;:: 

1il 40 <5 
~ 

~ 
a' 20 
~ 

"" '" " "-
"" 60 80 100 120 140 160 

TC, CASE TEMPERATU RE lOCI 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 
°c 

Unit 

°C/W 

STYLE L 

3.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

400 and 500 VOLTS 
100 WATTS 

PIN 1. 8ASE 
2. EMITTER 

CASE: COLLECTOR 

Lr~ r~K ESEATIN(~ I 
PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 39.37 - 1.550 
B 21.08 - 0.830 
C 6.35 7.62 0.250 0.300 
D 0.99 1.09 0.039 0.043 
E 3.43 - 0.135 
F 29.90 30.40 1.177 1.197 
G 10.67 11.18 0.420 0.440 
H 5.33 5.59 0.210 0.220 
J 16.64 17.15 0.655 0.675 
K 11.18 12.19 0.440 0.480 
Q 3.84 4.09 0.151 0.161 
R 26.67 1.050 

Collector connected to case. 
CASE 11 



2N3902, 2N5157 (continued) 

*ELECTRICAL CHARACTERISTICS {TC '" 2SoC unless otherwise noted} 

Characteristic 

OFF CHARACTERISTICS 

CollectOf"Emltter Sustaining Voltage 

(Ie = 100 mAde, 18 = 0) (See Figure 12) 

Collector-Emitter Breakdown VOltage 

(Ie = 3 5 Adc, RBE '" 10 Ohms) (See Figure 12) 

Collector Cutoff Current 

(VCE ""40QVdc,IS 01 

(VCE -= 500 Vde, 18 ,= 0) 

Collector Cutoff Current 

(VCE = 700 Vde, VEB(offl = 15 Vde) 

(VCE = 400 Vde, VE8(off) '" 1 5 Vde, 

Emitter Cutoff Current 

(VSE = 5 0 Vdc, IC = O) 

(VSE co 6 0 Vdc, Ie c; Ol 

ON CHARACTERISTICS(l) 

DC Current Gain 

(IC'" 1 DAdc, VCE -=5DVdc) 

(IC _co 2 5 Adc, VCE = 5 0 Vdd 

TC = 12SoC) 

(IC = 1 a Adc, VCE co 5 D Vdc, TC = 5SoC) 

Collector-Emitter Saturation Voltage 

(IC'" 1 0 Adc, 18 = 0 1 Ariel 

(lC = 2 5 Adc, IB -= 0.5 Adc) 

(IC '"" 3.5 Adc, IS '" 0 7 Adel 

Base-Emitter Saturation Voltage 

(IC""1 DAde, 18 -=0 1 Adel 

(IC = 2 5 Adc, 18 = a 5 Ade) 

(IC -= 3 5 Adc, IS = 0 7 Arle) 

DYNAMIC CHARACTERiSTICS 

Current-Gain Bandwidth Product 

lie 02 Adc, VCE -= 10 Vdc) 

(iC",a2Adc, VCE = 12Vdc) 

Output Capacitance 

(Ves = 20 Vdc, IE -= D, f = 1 a MHzl 

SWITCHING CHARACTERISTICS 

Turn-On Time 

(Vce~125Vdc,le"'1 DAde,ISl =0 1 Adcl 

Turn-Off Time 

(Vec -= 125 Vdc, 1 C = 1 D Adc. ISl ~'D 1 Adc, 182 = 0 5 Adcl 

"Indicates JEDEC Registered Data 

(l)Pulse Test Pulse Wldth:5300p.s, Duty Cycle:;:-2 0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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FIGURE 3 - TURN-ON TIME 
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2N3902, 2N5157 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: junction temperature a.nd secondary breakdown. Safe 
operating area curves indicate IC-VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 150°C; T C is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided T J(pk):::;- 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. (See 
AN·415) 
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2N3902, 2N5157 (continued) 
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FIGURE 10 - COLLECTOR CUT-OFF REGION 
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2N3903 (SILICON) 
2N3904 

NPN SILICON ANNULAR TRANSISTORS 

... designed for general purpose switching and amplifier applications 
and for complementary circuitry with types 2N3905 and 2N3906. 

• Collector-Emitter Breakdown Voltage - BVCEO ~ 40 Vdc (Min) 

• Current Gain Specified from 100l1A to 100 mA 

• Complete Switching and Amplifier Specifications 

• Low Capacitance - Cob ~ 4.0 pF (Max) 

*MAXIMUM RATINGS 

Rating 

COI!ector-Base Voltage 

COllector-Emitter Voltage 

EmItter-Base Voltage 

Collector Current - Continuous 

Total Power DissIpation @TA -'" 25°C 
Derate above 25°C 

Total Power O;SSlpatlon @TC '" 25°C 
Derate above 25°C 

Junction Operating Temperature 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

*lndicatesJEDEC Registered Data 

Symbol 

VCB 

VCEO 

V"S 
Ie 

Po 

Po 

TJ 

T stg 

Symbol 

RBJA 

Value Unit 

60 Vdc 

40 Vdc 

6.0 Vdc 

200 mAde 

350 mW 
2.8 mW/oC 

1.0 Watts 
8.0 mW/oC 

150 °c 
-65 to +150 °c 

Max Unit 

357 

125 

2-650 

NPN SILICON 
SWITCHING & AMPLIFIER 

TRANSISTORS 

r Al 

,w,,,J! 1··.TIP PLANE L~_ K 

~ 

D=r~L R~ 

-I Q r 
-t--1 m= B 

I t S 

-1~-1T 
STYLE 1 

PIN 1 EMITTER 
2 BASE 
3 COLLECTOR 

MILLIMETERS INCHES 
DIM MIN 

A 4450 
B 3180 
C 4320 
0 0407 
F 0407 
K 12700 
L 1150 
N 

+ 6350 
3430 

R 2410 
l.....2..--LQ.30 

MAX MIN 
5200 0175 
4190 0125 
5330 10110 
0533 0016 
0482 0016 

0' 00 
1.390 0045 
1270 

0250 
0135 

2670 0095 
2670 0080 

CASE 29-02 
TO-92 

MAX 
0205 
0165 
0210 
0021 
0019 

0.055 
0.050 

0.105 
o lOS 



2N3903, 2N3904 (continued) 

*ELECTRICAL CHARACTERISTICS 

I Characteristic 
OFF CHARACTERISTICS 

c~ector-Base Breakdown Voltage 
( = 10 pAde. IE = 0) 

Collector-Emitter Breakdown Voltage (1) 
(IC = 1. 0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(~ = 10 pAde, IC = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, VEB(o!!) = 3.0 Vde) 

Base Cutoff Current 
(V CE = 30 Vde, VEB(off) = 3.0 Vde) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(IC = 0.1 mAde, VCE = 1.0 Vde) 

(IC = 1. 0 mAde, V CE = 1. 0 Vde) 

(IC = 10 mAde, V CE = 1. 0 Vde) 

(IC = 50 mAde, V CE = 1. 0 Vde) 

(IC = 100 mAde, V CE = 1. 0 Vde) 

Collector-Emitter Saturation Voltage (1) 
(IC = 10 mAde, IB = 1.0 mAde) 

(IC = 50 mAde, IB = 5.0 mAde) 

Base-Emitter Saturation Voltage (1) 
(IC = 10 mAde, IB = 1. 0 mAde) 

(Ie = 50 mAde, IB = 5.0 mAde) 

SMAll·SIGNAl CHARACTERISTICS 

Current-GaIn-Bandwidth Product 
(IC = 10 mAde, VCE = 20 Vde, f = 100 MHz) 

Output Capacitance 
(V CB = 5.0 Vde, ~ = 0, f· 100 kHz) 

Input Capacitance 
(VBE = 0.5 Vde, Ie = 0, f = 100 kHz) 

Input Impedance 
(IC = 1.0 mAde, VCE = lOVde. f = 1. o kHz) 

Voltage Feedback Ratio 
(IC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 

Small-Signal Current Gain 
(IC = 1.0 mAde, VCE = 10 Vde, f = 1. 0 kHz) 

Output Admittance 
(Ie = 1.0 mAde, VCE = 10Vde, f= 1.0 kHz) 

Noise Figure 
(Ie = 100 pAde, VCE = 5.0 Vde, Rg = 1.0 k ohms, 

f = 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (V CC = 3.0 Vde, V BE(off) = 0.5 Vde, 

Rise Time IC = 10 mAde, IBI = 1. 0 mAde) 

Storage Time 
(VCC'" 3.0 Vde, IC 10 mAde, 

Fall Time IB1 = 102 = 1. 0 mAde) 

(1) Pulse Test: Pulse Width = 300"., Duty Cycle = 2.0%. 
*Indicates JEDEC Registered Data 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

300 nS-+i f4-
DUTY CYCLE ~ 2%f.j'f+10.9V 

-0.5V 

< \.0 ns C 

(T ..... ~ 25°C unless otherwise noted) 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

Fig. No. Symbol Min Max 

BVCBO 
60 -

BVCEO 
40 -

BVEBO 
6.0 -

ICEV - 50 

IBEV - 50 

15 hFE 
20 -
40 -
35 -
70 -
50 150 

100 300 

30 -
60 -
15 -
30 -

16. 17 VCE(sat) - 0.2 

- 0.3 

17 VBE(sat) 
0.65 0.85 

- 0.95 

fT 
250 -
300 -

3 Cob - 4.0 

3 Cib - 8.0 

13 hie 
0.5 8.0 
1.0 10 

14 hre 
0.1 5.0 
0.5 8.0 

11 hfe 
50 200 

100 400 

12 hoe 
1.0 40 

9, 10 NF 
- 6.0 
- 5.0 

I, 5 td - 35 

1, 5, 6 tr - 35 

2, 7 t 
s - 175 

- 200 

2, 8 tf - 50 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

10 < 1\ < 500/Ls--.\ 1\ ~+109V 

oonOQH:~ 
IN916 

-9.\ V --1-r-- < 1.0 ns 

·Total shunt capacitance of test jig and connectors 

2-651 

Unit 

Vde 

Vde 

Vde 

nAde 

nAde 

-

Vde 

Vde 

MHz 

pF 

pF 

k ohms 

X 10-4 

-

j,Ullhos 

dB 

n. 

n. 

n. 

n. 



2N3903, 2N3904 (continued) 
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TYPICAL TRANSIENT CHARACTERISTICS 
-TJ = 25°C ---TJ = 12sOC 

FIGURE 3 - CAPACITANCE 
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FIGURE 7 - STORAGE TIME 
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FIGURE 4 - CHARGE DATA 
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FIGURE 6 - RISE TIME 
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2N3903, 2N3904 (continued) 
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 

vCE = 5.0 Vdc, T A = 25°C, 
FIGURE 9 Bandwidth = 1.0 Hz 
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FIGURE 13 - INPUT IMPEOANCE 
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FIGURE 14 - VOLTAGE FEEDBACK RATIO 
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2N3903, 2N3904 (continued) 
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TYPICAL STATIC CHARACTERISTICS 
FIGURE 15 - DC CURRENT GAIN 
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FIGURE 16 - COLLECTOR SATURATION REGION 
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2N3905 (SILICON) 
2N3906 

PNP SILICON ANNULAR TRANSISTORS 

· ... designed for general purpose switching and amplifier applica· 
tions and for complementary circuitry with types 2N3903 and 
2N3904. 

• Coliector·Emitter Breakdown Voltage - BVCEO = 40 Vdc (Min) 

• Current Gain Specified from 100!1A to 100 mA 

• Complete Switching and Amplifier Specifications 

• Low Capacitance - Cob = 4.5 pF (Max) 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Coliectof"Base Voltage VCB 40 Vdc 

Collector-Emitter Voltage VCEO 40 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 200 mAde 

Total Power Dissipation @ T A - 25°C PD 350 mW 

Derate above 25°C 2.8 mW/oC 

Total Power Ois~ipation @TC = 25°C PD 1.0 Watt 

Derate above 25°C 8.0 mW/oC 

Junction Operating Temperature TJ +150 C 

Storage Temperature Range T stg 55 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 357 °CIW 

Thermal Resistance, Junction to Case ROJC 125 °C/W 

*Indicates JEOEC Registered Data. 

2-655 

PNPSILICON 
SWITCHING & AMPLIFIER 

TRANSISTORS 

! 

STYLE 1. 
PIN 1 EMITTER 

2 BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN 

A 4450 
B 3180 
C 4320 
D 0407 

0407 
1 

L 1150 
N 
P 6350 
Q 3430 
R 2410 
S 2030 

MAX MIN 
5200 0175 
419 0125 
5330 0170 
0533 0016 
0482 0016 

1390 0045 
1270 

0250 
0135 

2670 0095 
2670 0.080 

CASE 29·02 
TO· 92 

MAX 
0205 
0165 
0210 
0021 
0019 

0055 
0050 

0105 
0105 



~N3905, 2N3906 (continued) 
I 

*ElECTRICAl CHARACTERISTICS (TA = 2SoC unless otherwise noted.) 

Characteristic I Fig. No. 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(IC = 10 "Ade, IE = 0) 

COllector-Emitter Breakdown Voltage (1) 
(lC' 1.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(Ie = 10"Ade, IC = 0) 

Col/ector Cutoff Current 

(VCE = 30 Vde, VBE(oll) = 3.0 Vde) 

Base Cutoff Current 
(VCE = 30 Vde, VBE(off) = 3.0 Vde) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 0.1 mAde;VCE = 1.0 Vdcl 2N3905 15 

2N3905 

(lc = 1.0 mAde, VCE = 1.0 Vde) 2N3905 
2N3905 

(lc = 10 mAde, VCE = 1.0 Vde) 2N3905 
2N3905 

(lC = 50 mAde, VCE = 1.0 Vde) 2N3905 
2N3905 

(lC = 100 mAde, VCE = 1.0 Vde) 2N3905 
2N3905 

Collector-Emitter Saturation Voltage 16,17 
(lC = 10 mAde, IS = 1.0 mAdcl 
(lC = 50 mAde, IS = 5.0 mAde) 

Base-Emitter Saturation Voltage 17 
(IC = 10 mAde, IB = 1.0 mAde) 
(IC = 50 mAde,ls = 5.0 mAde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 10 mAde, VCE = 20 Vde, I = 100 MHz) 2N3905 

2N3905 

Output Capacitance 3 
(VCS = 5.0 Vde, IE = 0, f = 100 kHz) 

I nput Capacitance 3 
(VSE = 0.5 Vde, IC = 0, I = 100 kHz) 

Input Impedance 13 
(lC = 1.0 mAde, VCE = 10 Vde, I = 1.0 kHz) 2N3906 

2N3905 

Voltage Feedback Ratio 14 
(Ie = 1.0 mAde, VCE = 10 Vde, I = 1.0 kHz) 2N3905 

2N3905 

Small-Signal Current Gain 11 
(lC' 1.0 mAde, VeE' 10 Vde, f· 1.0 kHz) 2N3906 

2N3905 

Output Admittance 12 
(lC - 1.0 mAde, VCE • 10 Vde, 1'1.0 kHz) 2N3905 

2N3906 

Noise Figure 9,10 
(Ie' 100 "Ade, VCE = 5.0 Vde, RS ~ 1.0 k ohm, 2N3905 
f = 10 Hz to 15.7 kHz) 2N3906 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 3.0 Vde, VBE(off) = 0.5 Vde 1,5 

Rise Time IC = 10 mAde, lSI = 1.0 mAde) 1,5,6 

Storage Time 2N3905 2,7 
(VCC = 3.0 Vde, Ie = 10 mAde, 2N3906 

Fall Time IBI = IS2= 1.0 mAde) 2N3905 2,8 
2N3905 

·Indicates JEDEC Registered Data. (1) Pulse Width::: 300 J,lS, Duty Cycle"" 2.0 %. 

FIGURE I - OELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

Symbol Min Max Unit 

BVCBO 40 - Vde 

BVCEO 40 - Vde 

BVEBO 5.0 - Vde 

ICEV - 50 nAdc 

IBEV - 50 nAdc 

hFE 
30 -
60 -
40 -
80 -

50 150 
100 300 

30 -
60 -

15 -
30 -

VCE(,at) Vde 
- 0.25 
- 0.4 

VBE(,at) Vde 
0.65 0.85 

- 0.95 

IT MHz 
200 -
250 -

Cob - 4.5 pF 

Cib - 10 pF 

hje kohms 
0.5 8.0 
2.0 12 

hr. X 10-4 
0.1 5.0 
1.0 10 

hie -
50 200 
100 400 

hoe ~mhos 
1.0 40 
3,0 eo 

NF dB 

- 5.0 
- 4.0 

td - 35 ns 

tr - 35 ns 

t, - 200 ns 
- 225 

tl - 60 n, 
- 75 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

+9.1 V 4..1-< 1.0 ns 

~ +05,Vv-~u 
-106V~ 1-300ns 

DUTY CYCLE "0 2% 

o~ ,,::: 
IOD~T~'C~C~~O!,~%..., t, F.-109V 

*Total shunt capacitance Df test jig and connectors 



2N390S, 2N3906 (continued) 

TRANSIENT CHAR.L\CTERISTICS 
- TJ = 25'C --- TJ = 125'C 

FIGURE 3 - CAPACITANCE 
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FIGURE 5 - TURN-ON TIME 
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FIGURE 7 - STORAGE TIME 
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FIGURE 4 - CHARGE DATA 
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FIGURE 6 - RISE TIME 
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FIGURE 8 - FALL TIME 
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2N3905, 2N3906 (continued) 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
v CE = 5.0 Vdc. T A = 25°C, 
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2N3905, 2N3906 (continued) 
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2N3909 (SILICON) 
2N3909A 

SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (TypeA) Junction Field-Effect Transistors designed 
primarily for low-power audio amplifier applications. 

• High AC I nput Resistance -
Typically> 30 Megohms@ f = 1.0 kHz 

• Drain and Source Interchangeable 

• Active Elements I solated from Case 

"MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS -20 Vdc 

Drain-Gate Voltage VOG -20 Vdc 

Reverse Gate-Source Voltage VGSR 20 Vdc 

Forward Gate-Source Voltage VGSF 20 Vdc 

Forward Gate Current IGF 10 mAde 

Total Device Dissipation@lTA = 2SoC Po 300 mW 
Derate above 2SoC 2.0 mW/oC 

Storage Temperature Range Tsto -65 to +200 °c 

·Indicates JEDEC Registered Data. 

2-660 

P-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

STYLE 5 
PIN 1. 

2. 
3. 
4. 

(Type A) 

r 
l,ft:-] 
'7, \ I 

SEATING __ ~ K 

PLANE ~ 

SOURCE -jl---D 
GATE 1 
DRAIN 

CASE V?2 :-"'i -r- O-rjoJ G 

M 'vZ~J j I 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
8 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
D 0.41 0.53 0.D16 0.021 
E - 0.76 - 0.030 
F 0.41 0.48 0,016 0.019 
G 2.54 BSC 0.100 SSC 

f.--':'--~~1 1.17 0.0361 0.046 
J 0.71 1.22 0.028 0.048 
K 12.70 - 0.500 -
L 6.35 I - 0.250 -
M 45 0 BSC 45° BSC 
N 1.27 BSC 0.050 BSC 
P . I 1.27 0.050 

ALL JEDEC dimensions and notes apply 

CASE 20-03 
TO-72 



2N3909, 2N3909A (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) (Note 1) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage VIBR)GSS 
(lG = 10 /lAde, VDS = 0) 

Gate-Source Cutoff Voltage VGS(offl 
(VDS = 10 Vde, ID = 10 /lAdel 2N3909 

2N3909A 

Gate Reverse Current IGSS 
(VGS = 10 Vde, VDS = 0) 

(VGS = 10 Vde, VDS = 0, TA = 100°C) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (Note 2) IDSS 
(VDS = -10 Vde, VGS = 0) 2N3909 

2N3909A 

Gate-Sou rce Vol tage VGS 
(VDS = -10 Vde, ID = 30/lAde) 

SMALL-5IGNAL CHARACTERISTICS 

Forward Transadmittance (Note 2) IVf.1 
(VDS = -10 Vde, VGS = 0, f = 1.0 kHzl 2N3909 

2N3909A 

(VDS = -10 Vde, VGS = 0, f = 10 MHzl 2N3909 
2N3909A 

Output Admittance IVo.1 
(VDS = -10 Vde, VGS = 0, f = 1.0 kHzl 

Input CapacItance Ciss 
(VDS = -10 Vde, VGS = 0, f = 1.0 MHz) 2N3909 

2N3909A 

Reverse Transfer Capacitance Crss 
(VDS = -10 Vde, VGS = 0, f = 1.0 MHz) 2N3909 

2N3909A 

-Indicates JEOeC Registered Oata. 

Note 1: The fourth lead (cala) il connected to the lource for all me •• urementt. 
No'. 2: Pul .. Te.,: Pul .. Wld,h $630 ml, Duty Cycle $ 10%. 

2-661 

Min 

20 

-
-

-

-

0.3 
1.0 

0.3 

1000 
2200 

900 
2000 

-

-
-

-
-

Max Unit 

- Vde 

Vde 
8.0 
8.0 

10 nAde 

1.0 /lAde 

mAde 
15 
15 

7.9 Vde 

",mhos 
5000 
5000 

-
-

100 J,lmhos 

pF 
32 
9.0 

pF 
16 
3.0 



2N3924 (SILICON) 
thru 

2N3927 
NPN silicon annular RF power transistors, opti

mized for large-signal power-amplifier and driver 
applications to 300 MHz. 

Collector electrically connected 
to case; stud electrically 

isolated from case 

CASE 24 ©J 2N3925 U' ,',PIN 1. EMITTER 
o 0' 1. BASE 
" 3. COLLECTOR 

(TO·102) 

o 
CASE 36 
2N3926 
2N3927 
(TO·60) 

STYLE 1: 
PIN 1. EMITTER 

1. BASE 
3. COLLECTOR 

CASE ISOLATED 

Stud and case electrically 
connected to emitter 

2 

103 

CASE 79 
2N3924 

(TO·39) 
STYLE 1: 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 2N3924 2N3925 2N3926 2N3927 Unit 

Collector-Emitter Voltage VCEO 18 18 18 18 Vdc 

Collector-Base Voltage VCB 36 36 36 36 Vdc 

Emitter-Base Voltage VEB 4.0 4.0 4.0 4.0 Vdc 

Collector Current IC 0.5 1.0 1.5 3.0 Adc 

Power Dissipation @ T C = 25° C PD 7.0 10 11.6 23.2 Watts 

Derate above 25° C 40 57.1 66.3 132.5 mW/oC 

Operating and Storage Junction TJ , T -65 to +200 °c 
Temperature Range 

stg 

2·662 



2N3924 thru 2N3927 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C uol'" olh.rw". ooted) 

I Characteristic Conditions Symbol I Min Typ I Max I Unit I 
OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (1) IC "200 mAde BVCEO(sus) 18 - - Vde 

Collector-Base Breakdown Voltage IC "0.25 mAde, IE " 0 2N3924 thru 2N3926 BVCBO 36 - - Vde 

IC " O. 50 mAde, IE " 0 2N3927 36 -

Emitter-Base Breakdown Voltage IE -= 1. 0 mAde, Ie '" 0 2N3924 thru 2N3926 BVEBO 4.0 Vde 

IE -= 2.0 mAde, Ie'" 0 2N3927 4.0 

Collector Cutoff Current VeB = 15 Vdc, IE ;= 0 2N3924 thru 2N3926 ICBO 0.1 mAde 
2N3927 0.25 

V CB = 15 Vdc, IE:: 0, T A = 150o ;N3924 thru 2N3926 
5.0 

2N3927 10 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product Ie - 100 mAde, VeE - 13.6 Vdc, 2fN3;i~ t~~Z 2N3926 IT MHz 

350 

Ic " 200 mAde, V CE " 13.6 Vde, I " 100 MHz 2N3927 
350 

Output Capacitance V CB '" 13.6 Vdc, IE '" 0, f '" 100 ~~~924 thru 2N3926 Cob pF 
12.5 20 

2N3927 25 45 

FUNCTIONAL TESTS 'N'." 
Power Input Test Circuit Figure 1 P. 1.0 Watt 

In 

Common-Emitter Amplifier V CE = 13.6 Vdc, RS = 50 ohms, G 6.0 7.3 dB 
Power Gain RL = 50 ohms, f = 175 MHz 

pe 

Collector Efficiency Pout = 4. 0 Wa.tts ry 70 % 

2N3112!5 

Power Input Test Circuit Figure 1 Pin - 1.3 Wa.tts 

Common-Emitter Amplifier V CE " 13.6 Vde, 11; " 50 ohms, G 5.84 6.5 dB 
Power Gain RL = 50 ohms, f:;:: 175 MHz 

pe 

Collector Efficiency Pout = 5. 0 Watts ry 70 - '" 
2N3928 

Power Input Test Circuit Figure 1 P. - 2.0 Watts 
tn 

Common-Emitter Amplifier V CE = 13. -6 Vdc, RS :: 50 ohms, 
G 5.44 6.0 dB 

Power Gain RL :: 50 ohms, f = 175 MHz pe 

Collector Efficiency Pout = 7.0 Watts ry 70 \Ii 

2N3121 

Power Input Test Circuit Figure 1 P. - 4.0 Watts 
In 

Common-Emitter Amphfier V CE = 13.6 Vdc, Rg = 50 ohms, G 4.77 5.0 dB 
Power Gain RL = 50 ohms, f = 175 MHz pe 

Collector Efficiency 
P t = 12 Watts ry 80 - - '" ou 

(npulsed thru a 25-mH inductor (See Figure 2) 

FIGURE 1-175 MHz TEST CIRCUIT FIGURE 2 - PULSE TEST CIRCUIT 

__ 5-50 pf lAir variable) 
7-100 pF (Air variable) 

470 pF mlsc ceramIc) 
001 fLF IDISC ceramIc) 

0001 pJ (DISC ceramic) 

+Vcc = 

116Vdc 
LI - t 1/2 turns #14AWG tinned wire; 

3/8" !D Air wound: wmdm& len&th 
3/16"; base tapped 1 turn from 
groond 

l2 -RFC 
L1 - 2 turns #14 AWG tinned wire; 

1/4" 10 Air wound; winding length 3/16" 

2-663 

TO SCOPE 
...--'>1",.".-..... ---0 HORIZONTAL 

SENSING 

!I 



2N3924 thru 2N3927 (continued) 
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CLASS C DESIGN DATA FOR VeE = 13.6 Vdc. Te = 2S'C 

(Emitter Grounded Directly to the Chassis - No Tuned-Emitter Techmques Used) 
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2N3924 thru 2N3927 (continued) 
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2N3924 thru 2N3927 (continued) 

FIGURE 13 - POWER OUTPUT vs FREQUENCY 
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2N3924 thru 2N3927 (continued) 

FIGURE 18-POWER INPUT vs FREQUENCY 
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DESIGN NOTE 
For Class C power-amplifier designs, small-signal paramo 

eters are not applicable. The parallel equivalent output 
capacitance and input n?Sistance and capacitance for Class 
C power-amplifier design are used. 

The parallel resistive portion of the collector load im· 
redanee for a power amplifier, RL', may be computed by 
assuming a peak voltage swing equal to Vee. and using the 
expression RL' = Vee' /2P where P = RF power output. The 
computed RL' may then be combined with the data for 
Class C design to complete device impedance data. 
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2N3946 (SILICON) 

2N3947 
2 O STYLE 1: 

1 0 
0 0 3 PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 22 
(TO-1S) \ NPN silicon annular transistors, designed for gen

eral purpose switching and amplifier applications. 
The 2N3946 and 2N3947 are complementary with PNP 
types 2N3250 and 2N3251, respectively. 

Collector connected to case 

*MAXIMUM RATINGS (T A ~ 250 C unless otherwise noted) 

Rating Symbol 

Collector-Base Voltage VCB 

Collector-Emitter Voltage VCEO 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T C = 25°C PD 
Derating Factor Above 25°C 

Total Device Dissipation @ T A = 25°C Po 
Derating Factor Above 25°C 

Thermal Resistance 
Junction to Ambient 8JA 

Junction to Case 8JC 

Junction Operating Temperature TJ 

Storage Temperature Range Tstg 

Value 

60 

40 

6.0 

200 

1.2 

6.9 

0.36 

2.06 

0.49 

0.15 

200 

-65 to+200 

*ELECTRICAL CHARACTERISTICS (TA ~ 250 C unless otherwise noted) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

watts 

mW/oC 

Watt 

mW/oC 

°C/mW 

°C/mW 

°c 

°c 

I Characteristic Symbol I Min IMaxl Unit I 
OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(IC ~ 10 }.LAde, IE ~ 0) 

Collector-Emitter Breakdown Voltage(l) 
(IC ~ 10 mAde) 

Emitter-Base Breakdown Voltage 
(IF. ~ 10 /lAde, IC ~ 0) 

Collector-Cutol! Current 
(VCE ~ 40 Vde, VOB = 3 Vde) 
(VCE = 40 Vde, VOB ~ 3 Vde, TA = 150°C) 

Base Cutoff Current 
(VCE = 40 Vde, VOB ~ 3 Vde) 

(l)Pulse Test: PW ~ 300}.Ls ,Duty Cycle ~ 2% 

* Indicates JEDEC Registered Data 

BVCBO Vdc 
60 -

BVCEO' Vde 
40 -

BVEBO Vde 
6.0 -

ICEX /lAde 
- .010 
- 15 

IBL /lAde 
- .025 

V OB ~ Base-Emitter Reverse Bias 
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2N3946, 2N3947 (continued) 

'ELECTRICAL CHARACTERISTICS (continued) 
(T A = 250 C unless otherwise noted) 

I Characteristic 
ON CHARACTERISTICS 

DC Current Gain 11) 
(IC = 0.1 mAdc, VCE = 1 Vdc) 2N3946 

2N3947 
(IC = 1. 0 mAdc, VCE = 1 Vdc) 2N3946 

2N3947 
(Ie = 10 mAdc, VCE= 1 Vdc) 2N3946 

2N3947 
(Ie = 50 mAdc, VCE = 1 Vdc) 2N3946 

2N3947 

Collector Saturation Voltage 11) 
(Ie = 10 mAdc, IB = 1 mAdc) 
(Ie = 50 mAdc, IB = 5 mAdc) 

Base- Emitter Saturation Voltage 11) 
(IC = 10 mAdc, IB = 1 mAdc) 
(IC = 50 mAde, IB = 5 mAdc) 

TRANSIENT CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 

(V'BE = 1 Vdc; IC = 0, f = 100 kHz) 

Current-Gain - Bandwidth Product 
(Ie = 10 mAdc, VCE = 20 Vdc, f = 100 MHz) 2N3946 

2N3947 

Delay Time 
VCC = 3 Vdc, VOB = 0.5 Vdc 

Rise Time Ie = 10 mAdc, IB1 = 1 rnA 

Storage Time 2N3946 
V CC = 3 V, IC = 10 rnA, 2N3947 

Fall Time IBI = -IB2 = 1 mAdc 

SMALL SIGNAL CHARACTERISTICS 

Small- Signal Current Gain 
(Ie = 1.0 rnA, Vc E = 10 V, f = 1 kHz) 2N3946 

2N3947 

Voltage Feedback Ratio 
(Ie = 1.0 rnA, VCE = 10 V, f = 1 kHz) 2N3946 

2N3947 

Input Impedance 
(Ie = 1.0 rnA, VCE = 10 V, f = 1 kHz) 2N3946 

2N3947 

Output Admittance 
(Ie = 1.0 rnA, VCE = 10 V, f = 1 kHz) 2N3946 

2N3947 

Collector-Base Time Constant 
(Ie = 10 rnA, VCE = 20 V, f = 31.8 MHz) 

Wide Band Noise Figure 
(Ie = 100 fJ.A, VCE = 5 V, Rg = 1kU,f= 10 Hz to 15.7 kHz) 

I Symbol I Min IMaxl Unit 

hFE -
30 -
60 -
45 -
90 -
50 150 

100 300 
20 -
40 -

VCE(sat) Vdc 
- 0.2 
- 0.3 

V13E(sat) Vdc 
0.6 0.9 
- 1.0 

Cob pF 

- 4.0 

Cib pF 

- 8.0 

fT MHz 
250 -
300 -

td - 35 ns 

tr - 35 ns 

ts - 300 
ns - 375 

tr - 75 ns 

hre -
50 250 

100 700 

hre XlO-4 

- 10 

- 20 

hie kohms 
0.5 6.0 

2.0 12 

hoe Ilmhos 
1.0 30 
5.0 50 

ri,Cc ps 
- 200 

NF <1B 
- 5.0 

11lPuise Test: PW 1>300 Ils, Duty Cycle .. 2% 
, Indicates JEDEC Registered Data 

V OB == Base-Emitter Reverse BIas 
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2N3946, 2N3947 (continued) 

500 

300 

200 

100 

~ 10 
! 50 

'" s 

~ 

30 

20 

10 

1000 

700 

500 

300 

200 

100 

70 

50 

30 

20 

"-

'" 

1.0 

r-... 

TYPICAL SWITCHING CHARACTERISTICS 
(T A = 250C unless otherwise notedl 
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2N3946, 2N3947 (continued) 
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2N3946, 2N3947 (continued) 

CURRENT GAIN CHARACTERISTICS 
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2N3946, 2N3947 (continued) 
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2N3948 (SILICON) 

Yn~'i' 2 

NPN silicon RF power transistor designed for 
amplifier, frequency multiplier, or oscillator applica
tions in military and industrial equipment. Suitable for 
use as output, driver, or pre-driver stages in VHF and 
UHF equipment. Ideal for CATV applications. 

" 03 STYLEl: 
", 1 0 0 0 3 PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 79 
(TO·39) 

MAXI MUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Symbol 
Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Po 

Operating Junction and storage 
TJ , Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance, Junction to Case BJC 

Thermal Resistance, Junction to Ambient BJA 

2·674 

Value Unit 
20 Vdc 

36 Vdc 

3.5 Vdc 

400 mAdc 

1.0 Watt 
5.71 mW/oC 

-65 to +200 °c 

Max Unit 
35 °C/W 

175 °C/W 



2N3948 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 
OFF CHARACTERISTICS 

couector-Emltte~ 81atalninC VOltqe 
(Ic • 5 mAde, .0) 

co(~:!O~.-~-:!~e~ Voltage 

Emitter-Due Breakdown Voltage 
('E • O. 1 mAde, 'C • 0) 

Collector Cutoff Current 
(VCB • 15 Vde, 'E' 0) 

(VCB ·,5Vdc, ~.o, TA ·,50'C) 

ON CHARACTERISTICS 

I DC Current Gatn 
(Ic = 50 mAde, VeE' 5 Vdc) 

DYNAMIC CHARACTERISTICS 

"0. f .. 1MHz) 

Power Output 

Collector Efficiency 

V CB • 13.6 Vdc. KS" 50 obm., 
RL • 50 obms, f .. 400 MHz, 

P bl ·0.35W 

Symbol 

BVCBO( ... ) 

BVCBO 

BVDO 

'CBO 

Max 

20 -
3e -

3.5 -
- 0.1 

- 100 

SMALL-SIGNAL ADMITTANCE PARAMETERS VERSUS FREQUENCY 
IIc = 80 mAde. VCE = 15 Vde, r. = 25'C) 

FIGURE 1 - Yie FIGURE 2 - Yre 
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2N3948 (continued) 

FIGURE 5 - SMALL-SIGNAL CURRENT GAIN FIGURE 6 - OUTPUT CAPACITANCE 
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FIGURE 8 - Yr. 
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2N3948 (continued) 

FIGURE 11 - 400 MHz RF AMPLIFIER TEST CIRCUIT FIGURE 12 - POWER GAIN 
2. 0 

I, --_fT:~~~~ VeE ~ I~ V 
L>::::::: f--:;:... ~ +13.6 Vdc 

12 V ~ t:::----
0 ~ p-

..a V 

lOOOpf P"::" 
~ 
~ , 

0 L, ~ 2 TURNS # 18 TINNED WIRE, 3/161.0., 
1/4" LONG, AIR WOUND. 

1'_ om"" 
100 200 300 400 ~oo 600 

L, ~ 2 TURNS, # 18 TINNED WIR~ 1/21.0., + 13.6 Vdc p,., POWER INPUT ImWI 
3/16" LONG, AIR WOUND. 

·AIRVARIABLE CAPACITORS DESIGN NOTE 

Figures 1 through 4 and 7 through 10 show small-signal admittance-parameter data. This data can 
be used for Class A amplifier designs_ 

For Class C power-amplifier designs, the small-signal parameters are not applicable_ The parallel 
equivalent output capacitance and input resistance and capacitance for Class C power-amplifier 
operation are used 

The parallel resistive portion of the collector load impedance for a power amplifier, RL', may be 
computed by assuming a peak voltage swing equal to Vee, and using the expression RL' = Vec'/2P 
where P = RF power output_ The computed Rl' may then be combined with the data in Figures 14, 15 
and 16 to comprise complete device impedance data for Class C power amplifier design_ 

CLASS C DESIGN DATA (EMITTER GROUNDED DIRECTLY TO CHASSIS) 
IV", ~ 13_6 V, T. ~ 2~oCI 

FIGURE 13 - POWER OUTPUT FIGURE 14 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
2.0r-----,----,------.---,--,--, 

f, FREQUENCY (MHz) 

FIGURE 15 - PARALLEl EQUIVALENT INPUT RESISTANCE 
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2N39S0 (SILICON) 

NPN silicon RF power transistor designed for 
high-power RF amplifier applications in military and 
industrial equipment. 

CASE 36 
(TO-60) 

STYLE 1: 00, PIN 1. EMITTER 
01 P 2. BASE 

3. CO LLECTo R 
CASE ISOLATED 

Emitter common to stud and case 

MAXIMUM RATINGS (TA ~ 25°C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEa 

Collector-Current - Continuous IC 

Total Device Dissipation @ T A = 25°C 
Derate above 25·C 

Pn 

Total Device Dissipation @ TC = 25·C 
Derate above 25·C 

Pn 

Operating and storage Junction TJ , Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance, Junction to Ambient 6JA 

Thermal Resistance, Junction to Case 'JC 

2-678 

Value Unit 
35 Vdc 

65 Vdc 

4.0 Vdc 

3.3 Amp 

2.8 Watts 
16 mWj·C 

70 Watts 
0.4 wj·C 

-65 to +200 ·C 

Max Unit 
62.5 ·C/W 

2.5 ·C/W 



2N3950 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 
OFF CHARACTERISTICS 

COllector- Emitter Sustaining Voltage (11 
(IC = 200 mAde, Is = 0) 

CoUector- Emitter Breakdown Voltage 
(IC = 10 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE'" 10 mAde, Ie" 0) 

Collector Cutoff Current 
(VCB = 65 Vde, IE = 0) 

(V CB = 28 Vdc, IE = 0, T A = 150·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IE = 500 mAde, V CE := 28 Vdc, f:= 50 MHz) 

Output Capacitance 
(VeB = 28 Vdc, IE := 0, f'" 1 MHz) 

FUNCTIONAL TEST 

Power Gain Test Circuit - Figure 1, 

Pout = 50 W, Vee'" 28 Vdc, 

Collector- Efficiency RS '" 50 ohms, f = 50 MHz 

Symbol 

BVCEO(BUB) 

BVCES 

BV ESO 

ICBO 

IT 

Cob 

(1) Pulsed through a 25 mH inductor; DJty factor'" 50%, Rep. Rate" 60 Hz. 

FIGURE 1 - 50 MHz TEST CIRCUIT 

• AIR VARIABLE CAPACITOfIS 

L, ~ 2 TURNS # 18 TINNEO WIRE. 11,"1.0., AIR WOUND, 
WINDING LENGTH I'a". 

L, ~ 5 TURNS # 16 TINNEO WIRE. ~" 1.0., AIR WOUND, 
WINDING LENGTH lO". 

O.Olll pJ 

y 
Vee -= 

50 

5 

40 
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0 

5 

0 

5 

0 

5 

0 
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Min Typ Max Unit 

Vdc 
35 - -

Vdc 
65 - -

Vde 
4.0 - -

mAd.e 
- - 10 

- - 10 

MHz - 150 -
pF 

- 80 120 

FIGURE 2 - 50 MHz POWER GAIN 

Te ~ 25!C V 
L 

L Ve. ~ 28 Vdc 

/ 
/ 

/ J.---+--
./ ~.~li6Vdc 

/1-" 

Pi" POWER INPUT IWATIS) 



2N3950 (continued) 

CLASS C DESIGN DATA FOR Ve,= 28 Vdc. Tc=2SoC 
(EMITTER GROUNDED DIRECTlY TO THE CHASSIS - NO TUNED·EMITTER TECHNIQUES USEDI 

FIGURE 3 - POWER OUTPUT FIGURE 4 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
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For Class·C power·amplifier deSigns, the small·signal parameters are not applicable. Figures 4 thru 
6 and 8 thru 10 give the parallel equivalent output capacitance and input capacitance and resistance for 
Class·C power·amplifier operation. 

The parallel resistive portion of the collector load impedance for a power amplifier, RL' may be com· 
puted by assuming a peak voltage swing equal to Vee, and using the expression RL' = Vce'j2P where 
P = RF power output. The computed RL' may then be combined with the data in Figures 4 through 10 
to comprise complete device impedance data for Class·C power·amplifier design. 

Due to the high performance capabilities of the 2N3950, care should be exercised during initial 
tuning of prototype circuits. 

Input power should be increased gradually, while stopping at intermediate levels to tune. If tuning 
difficulties are experienced, or if the power or collector current are abnormal at any intermediate power 
input level, the difficulties should be resolved before increasing power levels further. 

The 2N3950 is designed to provide maximum ruggedness commensurate with its high perfor· 
mance. Operation at loads with high SWR may produce dangerous voltage and current excursions, a 
condition which should be avoided. In addition, disconnecting the load at full power output could in· 
crease device dissipation to over 70 walts which could result in device failure due to dissipation beyond 
safe limits set by the junction to ambient thermal resistance, regardless of the internal construction 
and safe a rea of the device. 
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2N3950 (continued) 

CLASS C DESIGN DATA FOR V a =13.6Vdc, Tc=2S·C 
(EMmER GROONOED DIRECTlY TO THE CHASSIS - NO TUNED-EMmER TECHNIQUES USEDl 

FIGURE 7 - POWER OUTPUT 
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2N39S9 (SILICON) 

2N3960 

The RF Line 

NPN SILICON HIGH-FREQUENCY TRANSISTORS 

· .. designed for high-speed current-mode logic switching applications. 

• High Current-Gain-Bandwidth Product -
fT ~ 180_0 MHz (Typ) @ IC ~ 10 mAde 

• Low Input and Output Capacitance -
Cib and Cob ~ 2_5 pF (Maxi 

• Excellent Current-Mode Performance -
tr ~ 1.7 ns (Typ) @ IC ~ 30 mAde 

• Low Collector-Base Time Constant -
rb'Cc ~ 25 ps (Maxi @ IC ~ 10 mAde - 2N3959 

Current-Mode logic operation, because of the absence of storage time, 
offers improved high-speed performance for digital applications. In addition, 
the low impedance drive circuit offers improved delay, rise, and fall times. 

The baSIC characteristics of Importance in current-mode logiC applications 
are Current-Gain-Bandwidth Product (fTI, Input and Output Capacitance 
(Cib and Cob), and Base Spreading Resistance (r'b)' 

The 2N3959 and 2N3960 offer a combination of extremely high fT values, 
low capacitances, and low base spreading resistance which results In excep
tionally high speed in current-mode logic circuits. 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector· Emitter Voltage VCEO 12 Vdc 

Collector-Base Voltage VCB 20 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Total Power Dissipation @ T A = 25°C Po 400 mW 
Derate above 25°C 2_3 mW/oC 

Total Power Dissipation @ TC = 25°C Po 750 mW 
Derate above 25°C 4_3 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA 0.436 °C/mW 

Thermal Resistance, Junction to Case R6JC 0.233 °C/mW 

oltlndicates JEDEC Registered Data. 
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1.8 GHz - 10 mAde 

HIGH FREQUENCY 
TRANSISTORS 

NPN SILICON 

rt;+" L,ttl I· --=TTl 
SEATING - F j i 

PLANE ----.l 
~~D 

STYLE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MilLIMETERS INCHES 
DIM MI. MAX MI. MAX 

A 5.31 5.84 0_209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
D 0.406 0.53 0.016 0.021 
E 0.762 0_030 
F 0.406 0.483 0.016 .019 
G 2.54 BSe 0.100 Be 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 
L B.35 

~ M 45 BSC 

• 1.27 BSC 
p 1.27 

AIIJEDEC notes and dimensions apply. 

CASE 22·03 
ITO-!.1 



2N3959, 2N3960 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless ot~erwise noted.) 

Characteristic 

'OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage - BVCEO 12 - - Vde 
(IC = 10 mAde, Ie = O) 

Collector-Base Breakdown Voltage - BVCBO 20 - - Vde 
(lC= 10/LAde,IE= O) 

Emitter-Base Breakdown Voltage - BVEBO 4.5 - - Vde 
(I E = 10 /LAde, I C = O) 

Collector Reverse Current - ICEX /LAde 
(VCE = 10 Vde, VEB = 2.0 Vde) - - 0.005 
(VCE = 10 Vde, VEB = 2.0 Vde, TA = 150°C) - - 5.0 

Base Cutoff Current - IBL - - 0.005 /LAde 
(VCE = 10 Vde, VEB = 2.0 Vde) 

Collector Forward Current - ICEX - - 1.0 /LAde 
(VCE = 5.0 Vde, VBE = 0.4 Vde) 

"ON CHARACTERISTICS 

DC Current Gain 1 hFE -
(lC = 1.0 mAde, VCE = 1.0 Vdcl 25 - -
(lC = 10 mAde, VCE = 1.0 Vde) 40 - 400 
(lC = 30 mAde, V CE = 1.0 Vde) 25 - -

Coll.ector·Emitter Saturation Voltage - VCE(sat} Vde 
(IC = 1.0 mAde, IB = 0.1 mAde) - - 0.2 
(lC = 30 mAde, IB = 3.0 mAde) - - 0.3 

Base-Emitter "on" Voltage - VBE(on} Vde 
(lC = 1.0 mAde, VCE = 1.0 Vde) - - 0.8 
(lC = 30 mAde, VCE = 1.0 Vde) - - 1.0 

'OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 2 IT MHz 
(lC = 5.0 mAde, VCE = 4.0 Vde, 1= 100 MHz) 2N3959 1000 - -

2N3960 1300 - -
(lc = 10 mAde, VCE = 10 Vde, I = 100 MHz) 2N3959 1300 - -

2N3960 1600 - -

(lC = 30 mAde, VCE = 4.0 Vde, I = 100 MHz) 2N3959 1000 - -
2N3960 1200 - -

Output Capacitance 4 Cob - 2.0 2.5 pF 
(VCB = 4.0 Vdc, IE = 0, 1= 1.0 MHz) 

Input Capacitance 4 Cib - 1.5 2.5 pF 
(VEB = 0.5 Vde, IC = 0, f = 100 MHz) 

Collector-Base Time Constant 3 rb'ee ps 
(Ie = 5.0 mAde, VeE = 4.0 Vde) 2N3959 - - 30 

2N3960 - - 50 

(Ie = 10 mAde, VeE = 10 Vde) 2N3959 - - 25 
2N3960 - - 40 

(lC = 30 mAde, VeE = 4.0 Vdc) 2N3959 - - 30 
2N3960 - - 50 

SWITCHING CHARACTERISTICS (Figure 7) 

Turn-On Delay Time - td(on} ns 
(lC = 10 mAde, Vout = 1.0 Vde) - 2.4 -
(lC = 30 mAde, Vout = 1.0 Vde) - 2.0 -

Rise Time - tr ns 
(Ie = 10 mAde, Vout = 1.0 Vdcl Both Devices - 3.0 -
(Ie = 30 mAde, Vout = 1.0 Vde) 2N3959 - 2.2 -

2N3960 - 1.7 -
Turn-Off Delay Time - td(off} ns 

(lC= 10 mAde, Vout= 1.0Vde) - 1.6 -
(lC = 30 mAde, V out = 1.0 Vde) - 1.6 -

Fall Time - tf ns 
(lC = 10 mAde, Vout = 1.0 Vde) Both Devices - 3.3 -
(lC = 30 mAde, Vout = 1.0 Vde) 2N3959 - 2.3 -

2N3960 - 1.9 -
"Indicates JEDEC Registered Data. 
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2N3959, 2N3960 (continued) 

FIGURE 1 - TYPICAL DC CURRENT GAIN 
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2N3959, 2N3960 (continued) 

TURN-ON AND TURN-OFF TIMES 

FIGURE 5 - V ou ' = 1.0 Vdc FIGURE 6 - V ou' = 2.0 Vdc 
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FIGURE 7 - SWITCHING TIMES TEST CIRCUIT 

o£:l 
t r , tf <1.0ns 

Pulse Width::::::::: 10 j.ls 

6 dB pad 
i---l 
I 18 18 I 
I I 

To Scope 
Channel 1 

I 72 I 50 

I I 
L _ _ __-.J 

This test set up is designed to simulate 
a cascade of identical stages. :.The source 
resistance (RS) equals the load resistance 
(RLl. Values used in the test are shown 
in the table. 

For Yin "" Vout = 1 V, Vas = +0.5 V, 
AL & RK values appropriately reduced. 

Ground 
Planes 

RS 

Vee (+5.3 V) 

VCCTV 
Voutl 

To Scope 
Channel 2 

VEE (-25.3 V) 

V In = Vout = 2 volts, VBS=-tl0V 

Ie (mA) RE I",) RL 11"11 RK 11"1) 

10 24.0 2.0 k 2.0 k 

30 8.2 680 680 

10 2.4 200 180 

30 0.8 68 36 

For Specifications, See 2N3375 Data 
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2N3970 (SILICON) 
2N3971 
2N3972 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (Type A) Junction Field-EffectTransistors designed 
primarily for chopper and high-speed switching applications_ 

• High I nput Impedance -
IGSS = 250 pAdc (Max) @ VGS = 20 Vdc 

• Low Drain-Source "ON" Resistance -
rds(on) = 30 Ohms (Max) @ f = 1.0 kHz (2N3970) 

• Guaranteed Switching Characteristics 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain·Source Voltage VOS 40 Vdc 

Drain-Gate Voltage VOG 40 Vdc 

Reverse Gate-Source Voltage VGSlrl 40 Vdc 

Forward Gate Current IGF 50 mAde 

Total Device Dissipation@Tc=2SoC Po 1.S Watts 
Derate above 25°C 10 ",W/oe 

Storage Temperature Range Tstg -65 to +200 °e 

·1 ndicetes JE DEC Registered Data. 
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N-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

(Type A) 

STYLE 4: 

SEATING 
PLANE 

PIN 1. SOURCE 
2. DRAIN 
3. GATE &CASE 

MILLIMETERS 
DIM MIN MAX 

A 5.31 5.84 
S 4.52 4.95 
e 4.32 5.33 
0 0.406 0.533 
E - 0.762 
F 0.406 0.483 
G 2.54 BSC 
H 0.914 1.17 
J 0.711 1.22 
K 12.70 
L 6.35 
M 450 BSC 
N 1.27 sse 
P - 1.27 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.D16 0.021 

0.030 
0.016 0.019 

0.100BSC 
0.036 0.046 
0.028 0.048 
0.500 
0.250 

45 SSC 
0.050 BSC 

0.050 

All JEDEC notes and dimensions apply. 
CASE 22-03 

(TO-IS) 



2N3970, 2N3971, 2N3972 (continued) 

*ELECTRICAL CHARACTERISTICS(T A = 25°C unless otherwise noted I 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 40 - Vde 

IIG = 1.0 I'Ade, VGS = 0) 

Gate Reverse Current IGSS - 250 pAde 

(VGS = 20 Vde, VOS = 0) 

Drain Reverse Current lOGO 
(VOG = 20 Vde, IS = 0) - 250 pAde 

(VOG = 20 Vde, IS = 0, T A = 150°C) - 500 nAdc 

Drain Cutoff Current 10(off) 

(VOS = 20 Vde, VGS = - 12 Vde) - 250 pAde 

(VOS = 20 Vde, VGS = -12 Vde, TA = 150°C) - 500 nAdc 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (Note 1) lOSS mAde 

(VOS = 20 Vde, VGS = 0) 2N3970 50 150 
2N3971 25 75 
2N3972 5.0 30 

Gate-Source Voltage VGS Vde 
(VOS = 20 Vde, 10 = 1.0 nAde) 2N3970 4.0 10 

2N3971 2.0 5.0 
2N3972 0.5 3.0 

Drain-Source "ON" Voltage VOS(on) Vde 

110 = 20 mAde, VGS = 0) 2N3970 - 1.0 

110 = 10 mAde, VGS = 0) 2N3971 - 1.5 

110 = 5.0 mAde, VGS = 0) 2N3972 - 2.0 

Static Drain-Source "ON", Resistance rOS(on) Ohms 

(10 = 1.0 mAde, VGS = 0) 2N3970 - 30 
2N3971 - 60 
2N3972 - 100 

SMALL·SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance rds(on) Ohms 
(VGS = 0,10 = 0, f = 1.0 kHz) 2N3970 - 30 

2N3971 - 60 
2N3972 - 100 

I nput Capacitance Ciss - 25 pF 
(VOS = 20 Vde, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 6.0 pF 
(VOS = 0, VGS = - 12 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Test Condition for 2N3970: 
Delay Time (VOO = 10 Vde, VGS(on) = 0, 10(on) = 20 mAde, 2N3970 td(on) - 10 ns 

VGS(off) = 10 Vde) 2N3971 - 15 
2N3972 - 40 

Test Condition for 2N3971: 
Rise Time (VOO = 10 Vde, VGS(on) = 0, 10(on) = 10 mAde, 2N3970 tr - 10 ns 

VGS(off) = 5.0 Vde) 2N3971 - 15 
2N3972 - 40 

Test Condition for 2N3972: 
Turn-Off Time (VOO = 10 Vde, VGS(on) = 0, 10(on) = 5.0 mAde, 2N3970 toff - 30 ns 

VGS(off) = 3.0 Vde) 2N3971 - 60 
2N3972 - 100 

-Indicates JEOEC Registered Oata. 

Note1: Pulse 1 est: Pulse Width = 300 lAs. Duty Cycle = 3.0%. 
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2N3978(SILICON) 

PNP SILICON ANNULAR CHOPPER TRANSISTOR 

· .. designed for use in high emitter-base breakdown voltage and 
chopper applications. 

• High Emitter-Base Breakdown Voltage -
BVEBO = 25 Vdc (Min) @ Ie = 10l1Adc 

• Low Offset Voltage -
VEC(ofs) = 1.0 mVdc @ IB = 1.0 mAdc 

L ___ -----' 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

"'Collector·Emltter Voltage VCEO 20 Vdc 

"'Collector-Sase Voltage VCB 25 Vdc 

*Emltter-Base Voltage VEB 25 Vdc 

"'Collector Current -- Continuous IC 100 mAde 

*Total Power DISSipation @ T A = 250 C Po 400 mW 
Derate above 25°C 2.28 mW/oC 

Total Power DISSipation @ TC"'"' 250C PD 2.0 Watts 

Derate above 25°C 11.4 mW;oC 

*Operatlng and Storage Junction TJ,Tstg -65 to +200 °c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

"'Thermal ReSistance, Junction to Ambient RaJA!l) 438 °C/W 

Thermal ReSistance, Junction to Case ReJC 87.5 DC/W 

'Indicates JEOEC Registered Data 
(1) ROJA IS measured w,th the deVice soldered Into a typical printed CirCUit board. 
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PNP SILICON 

CHOPPER TRANSISTOR 

D J 
M 

STYLE 1· 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

+ ---'l2!. ~ J!~ ~~ B 4.52 4.95 

~~* ~ +- 1.65 2.16 0.085 
0 0.406 0.533 0.016 0.021 
E 1.02 0.040 
F 0.305 0.483 0.012 0.019 
G 2.54 BSe 0.100 BSe 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 0.500 
l 6.35 0.250 
M 45° BSe 45 BSe 
N 1.27 BSe 0.050 BSe 
p - 1.27 0.050 

All JEOEC dimensiOns and notes apply 

CASE 26-03 
TO-46 



2N3978 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted.1 

Characteristic 

OFF CHARACTERISTICS 

"'"Collector-Emitter Breakdown Voltage SVCEO 
(lC = 1.0 MAde, I B = 01 

->-Emitter-Collector Breakdown Voltage BVECO 
(I E = 1.0 MAde, I B = 01 

*Collector-Base Breakdown Voltage BVCBO 
lic = 10MAde, IE = 01 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10MAde, IC = 01 

*Collector Cutoff Current ICBO 
(VCB = 25 Vde, IE = 01 

*Emitter Cutoff Current lEBO 
(VBE = 25 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 5.0 mAde, VCE = 0.5 Vdel 

Collector-Emitter Saturation Voltage VCE(satl 
(IC = 5.0 mA, IS = 0.5 mAl 

Emitter-Collector Saturation Voltage VEC(satl 
(IE = 10MA,iS = 200 MAl 

Base-Emitter Saturation Voltage VSE(satl 
(IC = 5.0 mAde, IS = 0.5 mAdel 

Offset Voltage VEC(ofsl 
(lB = 200 MAde, IE = 01 
(I S = 1.0 mAde, IE = 01 

'DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(lc = 1.0 mAde, VCE = 6.0 Vde, f = 1.0 MHzl 

Output Capacitance Cob 
(VCS = 6.0 Vde, IE = 0, f = 4.0 MHzl 

I nput Capacitance Cib 
(VBE = 6.0 Vde, IC = 0, f = 4.0 MHzl 

"On" Series Resistance fec(on) 
liS = 1.0 mAde, IE = 0, IC = 100 MA RMS, I = 1.0 kHzl 

"'Indicates JEOEC Registered Data. 
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2N3980 (SILICON) 

Silicon annular PN unijunction transistor designed for 
military and industrial use in pulse, timing, sensing, 
and oscillator circuits. 

CASE 22A 
(TO-18 Modified) 

(lead 3 connected to case) 
o PIN 1. EMITIER © STYLE1: 

10 0 2. BASE 1 
3 3. BASE 2 

MAXI MUM RA TI NGS (T A = 25°C unless otherwise noted) 

Rating Symbol 
RMS Power Dissipation* PD 

RMS Emitter Current Ie 

Peak Pulse Emitter Current** Ie 

Emitter Reverse Voltage VB2E 

Interbase Voltage VB2B1 

Storage Temperature Range Tstg 

Value Unit 
360* mW 

50 mA 

1.0** Amp 

30 Volts 

35 Volts 

-65 to +200 °c 

* Derate 2.4 mW;oC increase in ambient temperature. Total power dissipation (available power 
to Emitter and Base-Two) must be limited by external circuitry. 

**Capacitance discharge current must fall to 0.37 Amp within 3.0 ms and PRR !'> 10 PPS. 
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2N3980 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherw"e noted) 

Characteristic Symbol Min Typ Max Unit 

Intrinsic Standoff Ratio ~ -
(VB2BI = 10 V) Note I 0.68 - 0.82 

lnterbase Resistance RBB k ohms 
(VB2BI = 3.0 V, IE = 0) 4.0 6.0 8.0 

Interbase Resistance Temperature Coefficient aRaB %/'C 
(VB2BI = 3.0 V, IE = 0, T A = -65'C to +IOO'C) 0.4 - 0.9 

Emitter Saturation Voltage VEBI(S.t) Volts 
(VB2BI = 10 V, IE = 50 mAl Note 2 2.5 3.0 -

Modulated Interbase Current IB2 (mod) mA 
(VB2BI = 10 V, IE = 50 mAl 12 15 

Emitter Reverse Current 
(VB2E = 30 V, IBI = 0) 

(VB2E = 30 V, Ial = 0, TA = 125'C) 

Peak Point Emitter Current 
(VB2BI = 25 V) 

Valley Point Current 
(VB2BI = 20 V, "B2 = 100 ohms) Note 2 

"Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

Maximum Oscillation Frequency 
(Figure 4) 

NOTES 
1. Intrinsic standoff ratio, 

ry,is defined by equation: 

ry=~1 
VB2BI 

Where Vp = Peak Point Emitter Voltage 
VB2BI = Interbase Voltage 
VIEBII = Emitter to Base·One Junction Diode Drop 

(=0.5 V @ 10 pA) 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 

FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 

-

lEO - 5.0 10 nA 

- - 1.0 "A 

Ip "A 
- 0.6 2.0 

IV mA 
1.0 4.0 10 

VOBl Volts 
6.0 8.0 -

I(m.x) MHz 
1.0 1. 25 -

2. Use pulse techniques: PW = 300 I's duty cycle ~2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 

FIGURE 3 - VOBI TEST CIRCUIT 
(Typical Relaxation Oscillator) 

FIGURE 4 - F(max) MAXIMUM 
FREQUENCY TEST CIRCUIT 

IExaggerated to Show Details) 

V, 
CUTOff '-R~~~~~rcE- _ SATURATION 
REGION REGION REGION 

V, V, 

+20 V 

v, 

1'0 
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R, 
20 kO 

C, 
0.21'f 

R" 
1000 

R" 
200 

+20 V 

C, 
o to O.lp.f 

R" 
200 

R" 
1000 

TO 
fREQUENCY 
COUNTER 



2N3993, 2N3994 (SILICON) 
2N3994A 

SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode Junction Field-Effect Transistors designed 
primarily for chopper and high-speed.switching applications. 

• Low Leakage Current 
lOGO = 1.2 nAdc (Maxi @VOG = 15 Vdc 

• Low Reverse Transfer Capacitance -
Crss = 4.5 pF (Maxi @ VGS = 10 Vdc (2N39931 

• Low Drain-Source "ON" Resistance -
rds(onl = 150 Ohms (Maxi @ f = 10 kHz (2N3993) 

"MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VDS -25 Vdc 

Drain-Gate Voltage VDG -25 Vdc 

Reverse Gate-Source Voltage VGSR 25 Vdc 

Forward Gate Current IGF 10 mAde 

Total Device Dissipatio'n@TA = 25°C PD 300 mW 
Derate above 25°C 2.0 mW/oC 

Storage Temperature Range Tstg -65 to +200 °c 

*Indicates JEDEC Registered Data. 
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P-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

-------------------------~ 

l A f If B!~ SEA~ .--t PLANE 

K 

D 

G STYLE 5 
PIN 1. SOURCE 

2. GATE 1 
3. DRAIN 
4. CASE 

INCHES MILLIMETERS 

~ MIN MAX MIN MAX 
A 0209 0230 5310 5840 
B 
c 
D 
G 
H 
J 
K 
L 
M 

0178 0195 4520 4950 
0170 0210 4320 5330 
0016 0019 0406 0483 

o 100TYP 0254 TYP 
0036 0045 09 1140 
0028 0048 07 1220 
0500 127 

0050 TYP 
.. ~ 

450 TYP 

AIIJEDECdlmens,onsilndnote,apply 

CASE 20-01 
TO·72 



2N3993, 2N3994, 2N3994A (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit~ 
OFF CHARACTERISTICS 

Gate·Source Breakdown Voltage VIBRIGSS 25 - Vde 

IIG = 1.0 "Ade, VOS = 01 

Drain Reverse Current lOGO 
IVOG = -15 Vde, IS = 01 - 1.2 nAdc 

IVOG = -15 Vde, IS = 0, TA = 1500 CI - 1.2 "Ade 

Drain Cutoff Current 10Ioifi 
IVOS = -10 Vdc, VGS = 10 Vdel 2N3993 - 1.2 nAdc 

IVOS = -10 Vde, VGS = 6.0 Vdel 2N3994, 2N3994A - 1.2 

IVos = -10 Vdc, VGS = 10 Vdc, TA = 1500 CI 2N3993 - 1.0 "Ade 

IVOS = -10 Vdc, VC;S = 6.0 Vdc, T A = 1500 CI 2N3994, 2N3994A - 1.0 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (1) lOSS mAde 

IVOS = -10 Vdc, VGS = 01 2N3993 10 
2N3994, 2N3994A 2.0 -

Gate-Source Voltage VGS Vde 

IVOS = -10 Vdc, 10 = -1.0 "Adel 2N3993 4.0 9.5 
2N3994, 2N3994A 1.0 5.5 

SMALL·SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance fdslonl Ohms 

IVGS = 0, 10 = 0,1 = 1.0 kHzl 2N3993 - 150 
2N3994, 2N3994A - 300 

Forward Transadmittance (1) IVlsl mmhos 

IVOS=-10Vdc, VGS= 0,1= 1.0kHzl 
2N3993 6.0 12 

2N3994 4.0 10 

2N3994A 5.0 10 

I nput Capacitance Ciss pF 

IVOS = -10 Vde, VGS = 0,1 = 1.0 MHzl 2N3993, 2N3994 - 16 

2N3994A - 12 

Reverse Transfer Capacitance Crss pF 

IVOS = 0, VGS = 10 Vde, I = 1.0 MHzl 2N3993 - 4.5 

IVOS = 0, VGS = 6.0 Vdc, I = 1.0 MHzl 2N3994 - 5.0 

2N3994A - 3.5 

* Indicates JEOEC Registered Data. 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle ~ 10% 
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2N40 12 (SILICON) 

stud isolated from case 

CASE 36 
(TO-60) 

STYLE 1: 
PIN 1. EMITTER 

NPN silicon annular transistor, designed for frequency -
multiplication applications. 

2. BASE 
3. COLLECTOR 

CASE ISOLATEO 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCEV 
(VEB(off) = 1.5 Vdc) 

Collector - Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A = 25°C P D 
Derate Above 25°C 

Operating and Storage Junction Temperature Range TJ,Tstg 

FIGURE 1 - TRIPLER TEST CIRCUIT 

r
I 
I 
I 
I 
I 
I 
I 
I 
) 
I 
I 
I 

f,. ~ 334 MHz 

L __ _ 

0.8-10 pF 

L, 

+28V h 
O.2"J =-

1000 pF 

RFC, 

0.8-10 pF 

0.8-10 pF 

f." = 1002 MHz 

2-694 

Value Unit 

40 Vdc 

65 Vdc 

65 Vdc 

4.0 Vdc 

1.5 Amps 

11.6 Watts 

66.3 mWrC 

-65 to +200 °c 

RFC, = 0.22 I'H 
RFC, = 0.33 OHMS. W. W. RESISTOR 

L, = 2 TURNS, %" DIAMETER, NO. 16 WIRE 
L, = 1/16" WIDTH COPPER STRIP, W' LONG 

L, = 2 TURNS, %" DIAMETER, NO. 18 WIRE 
4 = 11-1< TURNS, %" DIAMETER, 1/16" COPPER STRIP 
OUTPUT CAVITY = Hi" X 1 \4" X 2\4" 
CENTER CONDUCTOR ~ W' 00 TUBE 
OUTPUT DIRECT COUPLE = I" FROM SHORTED END 



2N4012 (continued) 

ELECTRICAL CHARACTERISTICS ITc ~ 25°C unless otherwise noted) 

Characteristic Max 

OFF CHARACTERISTICS 

Collector-EmItter Breakdown Voltage(11 BVCEO I 
Vee 

(IC " 0 to 200 mAde, IB " 0) 40 - -

Collector-EmItter Breakdown Voltage (0 BVCEV I L Vd-:: 
(IC " 0 to 200 mAde, VEBloff) " I. 5 Vde) 65 

I 

Collector-Base BreaKdown Voltage BVCBO 

I I 
Vdc 

(IC " 0.1 mAde, IE " 0) 65 - -

Emitter-Base Breakdown Voltage BVEBO 

I 
Vee 

lIE" O. 1 mAde, IC " 0) 4 

Collector Cutoff Currf'nt ICEO mArie 
(VCE " 30 Vde, IB" 0) I - 0.1 

ON CHARACTERISTICS 

DC Current-Gain 
(Ic ~ 1.0 Adc, VCE ~ 5.0 Vde) hFEI 4.0 - 40 -
(Ic ~ 125 mAde, VCE ~ 5.0 Vde) hFE2 10 - - -

Collector-EmItter Saluration Voltage V CE(sat) Vee 
(IC = 500 mAde, IB = 100 mAde) 10 

DYNAMIC CHARACTERISTICS 

Current-Gam - BandwIdth Product IT 

I I 
MHz 

IIc = 125 mAde, VCE = 28 Vde, I = 100 MHz) 350 -

Collector-Base Cutoff Frequency t I e 
I 

GHz 
IVCE " 28 Vde, IC = 0) - 20 -

Output Capacitance C ob 

I 
pF 

(VCB = 30 Vdc, IE = 0) - - 10 

Base-Spreading Resistance rbb 

I 
Ohms 

(IC = 250 mAde, VCE = 28 Vde, I " 400 MHz) 10 -

FUNCTIONAL TEST 

Power Output TripIer (Test Circuit Figure 1) P 
out 2.5 - I - i Watts 

VCE " 28 Vdc, Pin:::: 1 W, fin = 334 MHz, 
Efficiency lout = 1002 MHz '1 2S - i - , 

''b 
I 

Power Output Doubler P out - 3.0 I Watts 
VCE = 28 Vde, Pin = 1 W, fin == 400 MHz, 

I % Efficiency fout " 800 MHz " - 35 -
(1) Pulsed through a 25 mH inductor; duty cycle = 50% 

t (c is determined from Q measured at 210 MHz. fc == Q x 210 MHz. 
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2N4013 (SILICON) 

2N4014 

NPN SILICON ANNULAR MEMORY 
DRIVER 

· .. designed for medium-current, high-speed switching applications. 
Ideally suited for ferrite core memory driver circuits. 

• High Collector-Emitter Breakdown Voltage -
BVCEO: 50 Vdc (Min) @IC: 10 mAde - 2N4013 

: 30 Vdc (Min) @ IC: 10 mAde - 2N4014 

• Guaranteed Fast Switching Times @ IC: 500 mAde 
ton: 20 ns (Typ) toff: 50 ns (Typ) 

: 35 ns (Max) : 60 ns (Max) 

• Guaranteed High DC Current Gain -
hFE: 35 (Min) @ IC: 500 mAde 

'MAXIMUM RATINGS 

Rating Symbol 2N4013 2N4014 

Collector-Emitter Voltage VCEO 30 50 

Collector-Base Voltage VCS 50 80 

EmItter-Base Voltage VES 60 

Collector Current - Continuous IC 1.0 
- Peak 2.0 

Totar Device DissipatlOn@TA '" 25°C Po 0.5 
Derate above 250C 28.6 

Total Device Dlssipation@TC;:> 2SoC Po 1.4 
Derate above 25°C 8.0 

Operating and Storage Junction TJ,T stg -65 to +200 
Temperature Range 

"'Indlcates JEDEC Registered Data. 

FIGURE 1 - ACTlVE·REGION SAFE OPERATING AREA 

2000 

1000 

1 700 

~ 500 

~ 300 

" ~ 200 

~ lOa 

8 70 
.!:? 50 

30 

20 

-

10o",k "\ 
Lams 

"- 'de 
TJ" 200°C _~c liJ "" \ BONDING WIRE LIMITED 
TI1EflMALl Y LIMITED 
@TC"25'eISINGLEPULSEI I "-SECOND BREAKDOWN LIMITED 
PULSE DUTY CYCLE.;:;; 10% 
"'SECOND BREAKDOWN FOR de 

DO NOT OPERATE ABOVE THERMAL 
LIMITATION FOR TIMES GREATER 2N4013 
THAN 1.0 SECOND 2N4014 

0.5 0.1 1.0 2.0 3.0 5.0 7.0 10 20 JO 

VeE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

10", 

\ 

50 
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UnIt 

Vdc 

Vdc 

Vdc 

Adc 

Watt 

mW/oC 

Watts 
rnW/oC 

°c 

NPN SILICON 
MEMORY DRIVER 

TRANSISTOR 

Pin 1. Emitter 
2. Base 
3. Collector 

: F 
h 
*'ATING 

I~~ANE 
K 

J 
-11--0 

All JEDEC dimensIOns alld notes apply 

CASE 22 
TO·1S 



2N4013, 2N4014 (continued) 

*ELECTRICAL CHARACTERISTICS (TA "25°C unless otherwis~ noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage (1) BVCEO Vde 
IIC" 10 mAde, IB" 0) 2N4014 50 - -

2N4013 30 - -

Collector·Emitter Breakdown Voltage BVCES Vde 
(IC" lO)lAde, VBE" 0) 2N4014 80 - -

2N4013 50 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(lC" 10 )lAde, IE" 0) 2N4014 80 - -

2N4013 50 - -

Emitter-Base Breakdown Voltage BVEBO 6.0 - - Vde 
liE" 10)lAde, IC" 0 

Collector Cutoff Current ICES )lAde 
(VCE ~ 80 Vde, VEB ~ 0) 2N4014 - 0.15 10 
IVCE ~ 50 Vde, VEe ~ 0) 2N4013 - 0.15 10 

Collector Cutoff Current ICBO I'Ade 
(Vce" 60 Vde, IE ~ 0) 2N4014 - 0.12 1.7 
IVce ~ 40 Vde, IE ~ 0) 2N4013 - 0.12 1.7 
(Vce ~ 60 Vde, I E ~ 0, T A ~ 100°C) 2N4014 - - 120 

(Vce ~ 40 Vde, IE ~ 0, TA ~ 100°C) 2N4013 - - 120 

ON CHARACTERISTICS (1) I 
, 

DC Current Gam hFE -
(Ie ~ 10 mAde, VeE" 1.0 Vdcl 30 - -
IIC ~ 100 mAde, VCE ~ 1.0 Vde) 60 - 150 
(lC ~ 100 mAde, VCE ~ 1.0 Vde, T A ~ -55°C) 30 - -
IIC ~ 300 mAde, VeE ~ 1.0 Vde) 40 - -
lie ~ 500 mAde, VCE ~ 1.0 Vde) 35 - -
(Ie ~ 500 mAde, VeE ~ 1.0 Vde, TA ~ -55°C) 20 - -

(Ie ~ 800 mAde, VeE ~ 2.0 Vde) 2N4014 20 
2N4013 25 - -

(Ie ~ 1.0 Ade, VCE ~ 5.0 Vde) 2N4014 25 
2N4013 30 - -

Collector-Emitter Saturation Voltage VeE(sat) Vde 
lie ~ 10 mAde, Ie ~ 1.0 mAde 2N4014 - 0.17 0.25 

2N4013 - 0.17 0.25 
(Ie ~ 100 mAde, Ie ~ 10 mAde) 2N4014 - 0.19 0.26 

2N4013 - 0.19 0.20 
(Ie ~ 300 mAde, IB ~ 30 mAde 2N4014 - 0.25 0.40 

2N4013 - 0.25 0.32 
(Ie" 500 mAde, Ie ~ 50 mAde) 2N4014 - 0.30 0.52 

2N4013 - 0.30 0.42 
lie" 800 mAde, Ie = 80 mAde) 2N4014 - 0.43 0.80 

2N4013 - 0.43 0.65 
(Ie = 1.0 Ade, Ie = 100 mAde) 2N4014 - 0.55 0.95 

2N4013 - 0.55 0.75 

Base·Emitter Saturation Voltage VeE(sat) Vde 
lie = 10 mAde, 18 = 1.0 mAde) - - 0.76 
(Ie ~ 100 mAde, 18" 10 mAde) - - 0.86 
(Ie" 300 mAde, Ie "30 mAde) - - 1.1 
(I e " 500 mAde, Ie" 50 mAde) 0.8 - 1.1 
(IC = 800 mAde, 18 = 80 mAde) - - 1.5 
(IC" 1.0 Ade, 18 = 100 mAde) - - 1.7 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) fT 300 - - MHz 
(lC" 50 mAde, VeE" 10 Vde, f" 100 MHz) 

Output Capacitance Cob pF 
IVce = 10 Vde, IE " 0, f = 1.0 MHz) 2N4014 - - 10 

2N4013 - - 12 

Input Capacitance Gib pF 
IVEe = 0.5 Vde, IC = 0, f = 1.0 MHz) - - 55 

'IndIcates JEDEC Registered Data. (1) Pulse test: Pulse Width" 3001's, Duty Cycle = 1.0%. (2) 'T = I hfe ,- f test 
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2N4013. 2N4014 (continued) 

Characteristic Symbol Min Typ Max Unit 

'SWITCHING CHARACTERISTICS 

Delay Time 
IVee ~ 30 Vdc, VSE loff) ~ 3.8 Vde, 

Id - 5.0 10 ns 

Rise Time IC ~ 500 mAde, ISl ~ 50 mAdel I, - 15 30 ns 

Turll-On Time 
IFigu,es 8,10) 

Ion - 20 35 ns 

Storage Time 
IVee ~ 30 Vdc, Ie ~ 500 mAde, 

Is - 30 50 ns 

Fall Time IB1 = iB2 ~ 50 mAde) 2N4014 If - 20 25 ns 

2N4013 25 30 

Turn-Off Time 
IFigu,es 9,10) 

loff -- 50 60 ns 

""Indicates JEDEC Registered Data. 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - De CURRENT GAIN 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 3 - "ON" VOLTAGES 
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FIGURE 5 _. TEMPERATURE COEFFICIENTS 
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2N4013, 2N4014 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT·GAIN - BANDWIDTH PRODUCT 
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FIGURE 8 - TURN·ON TIME 
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FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 7 - CAPACITANCE 
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FIGURE 9 - TURN·OFF TIME 
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FIGURE 11- COLLECTOR CUTOFF CURRENT 
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2N40 1 5 (SILICON) 

2N4016 

MULTIPLE SI LICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking - Dual Devices - 2N4015 
"'IVBEl ~ VBE21 = 1.6 mVdc (Max) @ -55 to +250 C 

= 2.0 mVdc (Max) @ +25 to +1250 C 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.25 Vdc (Max) @ IC = 50 mAdc 

• DC Current Gain Specified - 0.01 mAdc to 50 mAde 

• High Current-Gain-Bandwidth Product -
fT = 200 MHz @ IC ~ 50 mAdc 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector 1 to Collector 2 Voltage VC1C2 
Voltdge Rating and Lead to Case 

Collector-Base Voltage VCB 

~;tel·-Base Voltage VEB 

Collector Current -- Continuous IC 

Base Current IB 

Total Power DISSipation @ T A = 25°C Po 
Derate above 25°C 

Total Power Dlsslpatlon@ TC = 2SoC Po 
Derate above 25°C 

Operating and Storage Junction T J,Tstg 
Temperature Range 

*Indlcates JEDEC Registered Data 

Value 

60 

±200 
±200 

60 

50 

300 

100 

One Die Both Die 

400 500 
229 286 

0.85 1.4 

4.85 8.0 

-65 to 1-200 

2-700 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

DC 

PNP SILICON 

MULTIPLE TRANSISTORS 

STYLE 1 
PIN 1,{;OLLECTOR 

2 BASE 
3 ~MITTER 
4 OMITTED 

EMITTER 
BASE 
COLLECTOR 
OMITTED 

,A-I 
1,_Bj+---,. 
111-111 1 ·.~lic 
'1[1' T, '1 SEATI~G I J';II K 

PLANE U 

-JLD 
-:Nr-

CASE 654-07 



2N4015, 2N4016 (continued) 

*ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1) BVCEO 60 - Vde 
(lc ~ 10 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage BVCBO 60 - Vde 
(lC ~ 1Ol'Ade, IE" a) 

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vde 
(IE" 101'Ade, Ic" a) 

Collector Cutoff Current ICBO 
(VCB " 50 Vde, IE" a) - 10 nAdc 

(VCB" 50 Vde, IE "0, TA" +1500 C) - 10 I'Ade 

Emitter Cutoff Current lEBO - 0.1 ,uAdc 

(VEB" 3.0 Vde, Ic" a) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC" 0.01 mAde, VCE " 5.0 Vde) 80 -

(lC" 0.1 mAde, VCE" 5.0 Vde) 120 -

(lC" 1.0 mAde, VCE" 5.0 Vdc) 135 350 

(IC" 50 mAde, VCE" 5.0 Vde)ll) 115 -

Collector-Emitter Saturation Voltage(l) VCE(.at) - 0.25 Vde 
(lC" 50 mAde, 1802.5 mAde) 

Base-Emitter Saturation Voltage( 1) VBE(.at) - 1.0 Vde 

(lC" 50 mAde, I B " 2.5 mAde) 

SMALL·SIGNAL CHARACTE RISTICS 

Current-Gain-Bandwidth Product(2) IT MHz 

(lC " 50 mAde, VCE " 20 Vde, I" 100 MHz) 200 600 

(lC" 1.0 mAde, VCE" 10 Vde, I" 20 MHz) 60 -

Output Capacitance Cob - 8.0 pF 

(VCB ~ 10 Vde, IE" 0, I" 1.0 MHz) 

I nput Capacitance Cib - 25 pF 

(VEB " 0.5 Vde, IC "0, I" 1.0 MHz) 

I nput Impedance hie - 11.5 k ohms 

(lC" 1.0 mAde, VCE " 10 Vde, f" 1.0 kHz) 

Voltage Feedback Ratio hre - 15 X 10-4 
(IC" 1.0 mAde, VCE" 10 Vde, f" 1.0 kHz) 

SmaU-Signal Current Gain hie 135 420 -
(lC" 1.0 mAde, VCE" 10 Vde, f" 1.0 kHz) 

Output Admittance hoe - 80 ,umhos 

(lC" 1.0 mAde, VCE" 10 Vde, I" 1.0 kHz) 

Noise Figure NF - 4.0 dB 

(IC" 0.03 mAde, VCE " 5,0 Vde, 
RS" 10 k ohms, I" 1.0 kHz, BW" 200 Hz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio hFElihFE2 0.9 1.0 -
(IC "0.1 to 1.0 mAde, VCE " 5.0 Vde) 

Base -Emitter Voltage Differential IVBE1-V SE21 mVdc 
(lC" 0.1 to 1.0 mAde, VCE" 5.0 Vde 2N4015 - 5.0 

2N4016 - 2.5 

Base -Emitter Voltage Differential Gradient ,,(VBE1-V BE2) mVdc 

(IC" 0.1 to 1.0 mAde, VCE "5.0 Vde, "TA 
T A " -55 0 C to +250 C) 2N4015 -- 1.6 

2N4016 0.8 

(lC" 0.1 to 1.0 mAde, VCE" 5.0 Vde, 
T A " +250 C to +1250 C) 2N4015 - 2.0 

2N4016 - 1.0 

* Indicates JEDEC Registered Data. 

(1)Pulse Test: Pulse Width =- 300 /ls, Duty Cycle = 1.0%. 

(2)fT is defined as the frequency at which lhfel extrapolates to unity. 
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2N4048 thru 2N4053 (GERMANIUM) 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 

~ CAS.E.CO.llECTOR 

~fif" ) CA:'E 7 lf1BI:-
(TO-68) U 

PNP germanium power transistors designed for 
high-current applications requiring high gain and ex
tremely low saturation voltage. 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N4048 2N4049 2N40S0 Unit 2N40S1 2N40S2 2N40S3 
Collector-Emitter Voltage VCEO 30 45 60 Vdc 

Collector-Emitter Voltage VCES 45 60 75 Vdc 

Collector-Base Voltage VCB 45 60 75 Vdc 

Emitter-Base Voltage VEB 25 30 40 Vdc 

Collector Current - Continuous I * C 
60 Adc 

Total Device DisSipation @ T C = 25° C PD 
, 170 • Watts 

Derate above 25° e , 2.0 w/oe 
Operating and Storage Junction T J' Tstg . -65 to +110 °c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case eJe • 0.5 °e/w 

FIGURE 1 - AVERAGE POWER· TEMPERATURE DERATING CURVE 
200 

'" FOR JRANSIENT tERMAL JSISTANCE Lo en 160 SAFE OPERATING AREA INFORMATION. -
l-
I--

~ 
Z 
0 
~ 
ct: 
"-en 
en 
Ci 
0:: ,.... 
s: 
0 
"-

cS 
"-

120 

80 

40 

o 
20 

~ 
~ 

40 

SEE FIGURES 2 & 3. 

I~ 
~ 
~ 
~ 
~ 
~ 

60 80 100 
Te, CASE TEMPERATURE (OC) 

* JEDEC Registered Values, For True Capability See Figure 3 
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2N4048 thru 2N4053 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 25'C ,,'''' ,th.,..,,, oo.od) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage t BVCEot Vdc 
(IC = 1. 0 Adc, IB = 0) 2N4048, 2N4051 30 -

2N4049, 2N4052 45 -
2N4050, 2N4053 60 -

Collector-Emitter Breakdown Voltage BVCES Vde 
(IC = 300 mAdc, V BE = 0) 2N4048, 2N4051 45 -

2N4049, 2N4052 60 -
2N4050, 2N4053 75 -

Floating Potential Vdc VEBF 
(VCB = 45 Vde, IE = 0) 2N4048, 2N4051 - 0.5 

(V CB = 60 Vde, ~ = 0) 2N4049, 2N4052 - 0.5 

(VCB = 75 Vde, IE = 0) 2N4050, 2N4053 - 0.5 

Collector Cutoff Current ICEX mAdc 
(V CE = 30 Vde, V BE (off) = 2.0 Vde, T C = +71 'C) 2N4048, 2N4051 - 15 

(VCE = 45 Vde, VBE(Off) = 2.0 Vde, TC = +71'C) 2N4049, 2N4052 - 15 

(V CE = 60 Vdc, V BE (off) = 2.0 Vdc, T C = +71' C) 2N4050, 2N4053 - 15 

Collector Cutoff Current ICBO mAde 
(V CB = 2.0 Vde, ~ = 0) - 0.2 

(V CB = 45 Vde, ~ = 0) 2N4048, 2N4051 - 4.0 

(VCB = 60 Vde, ~ = 0) 2N4049, 2N4052 - 4.0 

(VCB = 75 Vde, ~ = 0) 2N4050, 2N4053 - 4.0 

Emitter Cutoff Current mAde lEBO 
(V BE = 25 Vde, IC = 0) 2N4048, 2N4051 - 4.0 

(V BE = 25 Vdc, Ie = 0, TC = +71'C) - 15 

(V BE = 30 Vde, IC = 0) 2N4049, 2N4052 - 4.0 

(VBE = 30 Vde, Ie = 0, TC = +7CC) - 15 

(V BE = 40 V de, IC = 0) 2N4050, 2N4053 - 4.0 

(VBE = 40 Vde, IC = 0, TC = +71'C) 

ON CHARACTERISTICS 

DC Current Gain t 
(IC = 15 Adc, V CE = 2.0 Vde) 

(IC = 60 Ade, V CE = 2.0 Vde) 

Collector-Emitter Saturation Voltaget 
(IC = 15 Ade, IB = 1. 0 Ade) 

(Ic = 60 Ade, IB = 6.0 Ade) 

Base-Emitter Saturation Voltaget 
(IC = 15 Ade, IB = 1. 0 Ade) 

(IC = 60 Ade, IB = 6.0 Ade) 

SMAll SIGNAL CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = 15 Ade, V CE = 2.0 Vde) 

2N4048, 2N4049, 2N4050 
2N4051, 2N4052, 2N4053 

- 15 

hFEt -
60 180 

120 240 
15 -

V CE(sat)t Vde 
- 0.15 

- 0.3 

V BE(sat)t Vde 
- 0.6 

- 1.0 

To avoid excessive heating of the collector junction, perform test with pulse method. 

The sWitching performance of thiS transistor IS determined pnmarlly 
by the gam·bandwldth product, fr~, and the behaVior of the base-spreading 
reSistance, r.' 

In the case of rise time, the base· spreading resistance plays a small 
part. and the test CirCUit delivers a constant current step of turn·on current 
to the tranSistor (181)' Therefore. the curve of t, on Figure 6 follows theory 
closely. I.e.: 

t, = 0 8 ~ • 2~fT 
From the curve, It can be seen that IT IS roughly constant With current: uSing 
the equation. ItS large signal value can be calculated to be approximately 
120 kHz at the 20-Amp level A lower supply voltage will Increase rise time 
slightly. 

T urn·off time IS slow because of conductiVity modulation whiCh occurs 
In the base region. When the transistor IS held "on" In saturation. the base 
region becomes filled With excess charge. I.e .. charge In excess of that 

~ fr =-- fo. X hI. 

necessary to sustain the CirCUit limited value of Ie. As a result, the base 
resistivity and consequently r,' become very low DUring turn off. as the 
excess charge IS reduced. the accompanymg Increase In resistivity causec; 
a marked reduction in the turn-off current. Ill. as can be seen from the wave· 
forms of Figure 5 DUring fall time, the In current IS very low causing an 
extended fall time. 

Only a slight Improvement In turn·off performance IS achieved With a 
"spee(j.up" capacitor placed across Re. ThiS unusual behaVior occurs be 
cause fa' limits the amount of reverse current which can be achieved. Also. 
It seems eVident that f,' Increases With applied reverse current. so that 
efforts to speed up the turn-off behaVior are somewhat futile. 

In most applications. SWitching time Will be close to the values shown 
on Figure 6 Delay time IS not shown as It IS negligible In comparison to the 
other times. 
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2N4048 thru 2N4053 (continued) 

~ 1.0 
::; o. ! o. 

7 
5 

ti OJ 
z 
~ 0.2 

~ 

0 0.5 

0 0.2 

FIGURE 2 - TRANSIENT THERMAL RESISTANCE 

.... 
HJe(m .. ) ·05°C/W 

1.0 

0.7 
0.5 

0.3 

0.2 

There are two limitations on the power han -
dllng ability of a tranSistor: junction temperature 
and secondary breakdown. Safe operating area 
curves mdlcate Ie-VeE limits of the transistor that 
must be observed 10r reliable operation; i.e. the 
transistor must not be subjected to greater diSSipa
tion than the curves Indicate. 

;;! 0 I"" ~ D ·0.05 
fiJC(typ) - O,4°C/W 

0.1 

007 
0.05 

The data of Figure 3 is based on TJ(plo:) :::;; 

IIO"e, Te IS variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro· 
vlded TJ(p~) < llO"C. T J(p~) may be calculated 
from the data In Figure 2. At high case tempera· 
tures, thermal limitations will reduce the power 
that can be handled to values less than the limi· 
tatlons Imposed by secondary breakdown. 
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FIGURE 5 - SWITCHING TEST CIRCUIT 

H Vcc ~ 30 V 

0: 
Vo \ 

TO OBTAIN DATA FOR FIGURE 6, 
R, & R, WERE VARIED. Vcc and Vl 
LEVELS REMAINED APPROXIMATELY 
AS SHOWN. 

t, 

VCCF-+---------
i ----I" 
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'NOT REQUIRED If CURRENT PROBE 
USED TO READ "Ionl 

"PRf ::::60 H, 

SERIES IMPEDANCE & INOUCTANCE 
MUST BE KEPT TO A MINIMUM 

'''ZENER SElECTED TO ESTABLISH 
SAfE OPERATING AREA VOLTAGE. 
@1o~60Adc, 

2N4048, 2N4051 ~ 35 Vdc 
2N4049, 2N4052 ~ 40 Vdc 
2N4050,2N4053:::::- 45 Vdc 

fiGURE 6 - SWITCHING TIMES 

--~ I, 
I-- Vcc 30 V 
I--
I--f-I" 'cIlO _ 

~ 
t--iB2lpll = '81 
r-ts';::::ts - % tf 

i-" ;. ..... ..... 

I' 

'1\ 

1.0 
1.0 2.0 30 50 7.0 10 20 

\ 
30 50 70 100 

Ic, COLLECTOR CURRENT IAMPI 



2N4048 thru 2N4053 (continued) 

TYPICAL DC CHARACTERISTICS 
FIGURE 7 - DC CURRENT GAIN 

1.0 

TJ 15°C J- TJ~ 100°C 
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~ ::: 0.7 . 
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FIGURE 9 - EFFECTS OF BASE·EMITTER RESISTANCE 
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FIGURE 8 - COLLECTOR SATURATION REGION 
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FIGURE 10 - "ON" VOLTAGES 
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FIGURE 12 - TEMPERATURE COEFFICIENTS 
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2N4066 (SILICON) 
2N4067 

DUAL P-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 

Enhancement Mode MaS Field-Effect Transistors designed 

primarily lor low· power, chopper or switching applications. 

• High Forward Transadmittance -
IYlsl = 2.5 mmhos (Min) @VDS= -15 Vdc (2N4067) 

• Low Forward Gate Current -
IG F = 2.5 pAdc (Max) @ VGS = -25 Vdc 

• Low Drain·Source "ON" Resistance -
rds(on) = 250 Ohms (Max)@VGS= -15 Vdc (2N4067) 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS -30 Vdc 

Drain-Gate Voltage VOG -25 Vdc 

Reverse Gate-Source Voltage VGSR +25 Vdc 

Forward Gate-8ource Voltage VGSF -25 Vdc 

Drain Current 10 200 mAde 

Total Device Dissipation@TA = 2SoC Po 0.6 Watt 
Derate above 2SoC 4.0 mW/oC 

Total Device Dissipation@Tc= 2SoC Po 1.7 Watts 
Derate above 2SoC 11.3 mW/oC 

Storage Temperature Range Tstg -65 to +200 °c 
Operating Junction Temperature Range TJ -65 to +175 °c 

• Indicates JEOEC Registered Data. 
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DUAL P-CHANNEL 
MOS FIELD-EFFECT 

TRANSISTORS 

C1Jft 
STYLE 1: \1 F

r -;J E K 

PIN 1. DRAIN 1 SEATING ~ 
2. NOT USED PLANE ILD 
3. GATE 1 ---1 
4. SUBSTRATE 
5. GATE 2 
6. NOT USEO 
7. DRAIN 2 
8. SOURCE 1 ~--N 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.51 9.40 0.335 0.370 
B 7.75 8.51 0.305 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.016 0.021 
E - 1.02 - 0.040 
F 0.406 0.483 0.D16 0.019 
G 5.088SC 0.200 SSC 
H 0.711 0.864 0.028 0.034 
J 0.737 1.14 0.029 I 0.045 
K 12.70 0.500 -
L 6.35 - 0.250 -
M 45° sse 450 SSC 
N 2.54 sse 0.100 SSC 
P - 1.27 - 0.050 
Q 3.05 4.06 0.120 0.160 
R 0.254 1.02 0.010 0.040 

All JECEC dimensions and notes apply. 

CASE 642·02 

(TO·76) 

G 



2N4066, 2N4067 (continued) 

*ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)OSS -30 ~ Vde 
(10 = lO/LAde, VGS = 0) 

Source-Drain Breakdown Voltage V(BR)SOS -30 ~ Vde 
(IS = 10 /LAde, VGO = 0) 

Zero-Gate Voltage Source Current ISOS 
(VSO = -15 Vde, VGO = 0) ~ 1.0 nAde 

(VSO=-15Vde, VGO =0, TA = 150°C) ~ 2.0 /LAde 

Zero-Gate Voltage Drain Current (Note 1) lOSS 
(VOS = -15 Vde, VGS = 0) ~ 1.0 nAdc 

(VOS=-15Vde, VGS=O, TA = 150°C) ~ 2.0 /LAde 

ON CHARACTERISTICS 

Gate-Source Threshold Voltage VGS(TH) -3.0 -6.0 Vde 
(VOS = -15 Vde, 10 = 10 /LAde) 

Forward Gate Current IGF ~ 2.5 pAde 
(VGS = -25 Vde, VOS = 0) 

"ON" Drain Current 10(on) 10 50 mAdc 
(VOS = -15 Vde, VGS = -15 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source "ON" Resistance 'ds(on) Ohms 
(VGS = -15 Vde, 10 = 0, f = 1.0 kHz) 2N4066 ~ 500 

2N4067 ~ 250 

Forward Transadmittance (Note 1) IVfsl mmhos 
(VOS = -15 Vde, VGS = -15 Vde, f = 1.0 kHz) 2N4066 1.5 ~ 

2N4067 2.5 ~ 

(VOS =-15 Vde, VGS=-15 Vde, f= 1.0 kHz, 2N4066 1.0 ~ 

TA = 100°C) 2N4067 1.75 ~ 

Output Admittance IVosl ~ 300 ~mhos 

(VOS = -15 Vde, VGS = -15 Vde, f = 1.0 kHz) 

I nput Capacitance Ciss ~ 7.0 pF 
(VOS = -15 Vde, VGS = -15 Vde, f = 1.0 MHz) 

Reverse Transfer .... Capacitance C'SS ~ 1.5 pF 
(VOS = 0, VGS = 0, f = 1.0 MHz) 

Source-Substrate Capacitance CSU ~ 5.0 pF 
(VOU = -15 Vde, VGS = 0: IS = 0, f = 1.0 MHz) 

Drain-Substrate Capacitance GOU ~ 5.0 pF 
(VSU = -15 Vde, VGS = 0, IS = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Oelav Time (VOO = -15 Vde, 10(on) = 10 mAde, 
'd ~ 20 ns 

Rise Time 
VGS(on) = -15 Vde, VGS(off) = 0) 

t ~ 30 ns 

Turn-Off Time toff ~ 50 ns 

*indlcates JEDEC Registered Data. 
Note 1: Pulse Test: Pulse Width~ 630 ms, Duty Cycle~ 10%. 

FIGURE 1 ~ SWITCHING TIMES TEST CIRCUIT 

INPUT PULSE 
tr<4.0ns 
tf<4.0ns 
Pulse Width'" 0.3;.tS 
Pulse Repetition Rate';;; 120 pps 
Source Impedance = 50 Ohms 

Input 
1.4 k 

51 

Voo 

1.4k 

OSCILLOSCOPE 
Ir';;; 1.0 ns 
Input Resistance> 107 Ohms 
Input Capacitance';;; 1.5 pF 

Output 

2-707 

f.--- Pulse Width ---.. ------i 
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50% I 1 90% 90% 1 50% 
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, I, I 
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Voltage Waveforms 



2N4072 (SILICON) 
2N4073 

NPN silicon annular transistors designed as ampli
fiers and drivers for large-signal VHF and UHF ap
plications. 

CASE 22 
(TO-IS) 
2N4072 

CASE 31 
(TO-5) 

2N4073 

2 STYLE 1: 

1 00 0 3 PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter -Base Voltage VEB 

Collector Current-Continuous IC 

Total Device Dissipation @ TA = 25 'c 
Derate Above 25'C 

PD 

Total Device Dissipation @ TC = 25'C 
Derate above 25'C 

PD 

Operating Junction and Storage Temperature Range TJ , Tstg 

2N4072 2N4073 
20 

40 

4.0 

100 150 

0.35 -
2.0 -

- 1.5 
- 8.1;7 

-65 to +200 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Characteristic Symbol Min I Typ I Max 

STATIC CHARACTERISTICS 

Collector-Emitter Sustaining Voltage BVCEO(sus) 
(IC = 15 mAdc, IB = 0) 20 - -

Collector-Base Breakdown Voltage BVCBO 
(IC = O. 1 mAde, IE = 0) 40 - -

Emitter-Base Breakdown Voltage BVEBO 
(IE = O. 1 mAdc, IC = 0) 4.0 - -

Collector Cutoff Current ICBO 
(VCB = 15 Vdc, IE = 0) - - 0.1 

(VCB = 15 Vdc, IE = 0, TA = 150'C) - - 100 

DC Current Gain hFE 
(IC = 25 mAde, VCE = 2 Vdc) 10 - -

DYNAMIC CHARACTERISTICS 

Current -Gain-Bandwidth Product fT 
(IC = 25 mAde, VCE = 10 Vdc, f = 100 MHz) - 550 -

Output Capacitance Cob 
(VCB = 15 Vdc, IE = 0, f = 100 kHz) - 3.0 4.0 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/"C 

Watts 
mW/"C 

'c 

Unit 

Vdc 

Vdc 

Vdc 

/lAdc 

-

MHz 

pF 



2N4072, 2N4073 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

FUNCTIONAL TEST 

~ 
§ 

~ 
§ 
ffi 

~ 
J 

~ 
§ 

! 
ffi 

~ 
J 

Power Gain 2N4072 
Test Circuit - Figure 5 

Power Output Pin = 25 mW, VCE = 13.6 Vdc, 

Collector Efflcency 
f = 175 MHz 

Power Gain 2N4073 
Test Circuit - Figure 5 

Power Output Pin = 50 mW, VCE = 13.6 Vdc, 
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2N4091 (SILICON) 
2N4092 
2N4093 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (Type A) Junction Field-Effect Transistors designed 
for chopper and high-speed switching applications_ 

• Low Drain-Source "On" Resistance -
rds(on) = 30 Ohms (Max) @ f = 1_0 kHz (2N4091) 

• Low Source Reverse Current -
ISGO = 0_2 nAdc (Max) @ VSG = 20 Vdc 

• Guaranteed Switching Characteristics 

MAXIMUM RATINGS 

Rating Symbol Value Unit 
Drain-Source Voltage VDS 40 Vdc 

Drain-Gate Voltage VDG 40 Vdc 

Gate-Source Voltage VGS 40 Vdc 

Gate Current IG 10 mAde 

Total Device Dissipation ~ TC = 2SoC PD 1.8 Watts 
Derate above 25° C 10 mWiC 

Operating Junction Temperature Range TJ -65 to +175 'c 

Storage Temperature Range T stg -65 to +200 'c 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

30 VDC 

VGSlon) = 0 10% --4l-----------+f-
INPUT WAVEFORM 

Ir = If"'" 1 0 ns 

OUTPUT WAVEFORM 

=:::::~======:=::-== 020VMAX 

2-710 

N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type AI 

SEATING 
PLANE 

STYLE 3: 
PIN 1. SOURCE 

2. DRAIN 
3. GATE 

MILLIMETERS 
DIM MIN MAX 

A 5.31 5.84 
B 4.52 4.95 
C 4.32 5.33 
0 0.406 0.533 
E - 0.762 
F 0.406 0.483 
G 2.54 SSC 
H 0.914 1.17 
J 0.711 1.22 
K 12.70 -
L 6.35 -
M 450 SSC 
N 1.27 SSC 
P 1.27 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.016 0.021 

- 0.030 
0.016 0.019 

0.100 SSC 
0.036 0.046 
0.028 0.048 
0.50U 
0.250 -

45 SSC 
0.050 sse 

0.050 

All JED EC notes and dimensions apply. 

CASE 22-03 
(TO-1S) 



2N4091, 2N4092, 2N4093 (continued) 

ELECTRICAL CHARACTERISTICS (T A; 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(IG ; 1.0 ~Ade, VDS ; 0) 40 -

Drain -Gate Breakdown Voltage V(BR)DGO Vde 
(ID ; 1. a /.LAde, IS ; 0) 40 -

Gate-Source Cutoff Voltage VGS(off) Vde 
(V DS ; 20 Vde, ID ; 1. a nAde) 2N4091 5. a 10 

2N4092 2. a 7. a 
2N4093 1.0 5.0 

Source Reverse Current ISGO nAde 
(VSG ; 20 Vde, ID ; 0) - 0.2 

Drain Reverse Current IDGO nAde 
(VDG ; 20 Vde, IS; 0) - 0.2 

(VDG ; 20 Vde, In; 0, T A = 150°C) - 0.4 ~Ade 

Drain-Cutoff Current In(ol!) 
(V ns ; 20 Vde, V GS ; 12 Vde) 2N4091 - 0.2 nAde 

(Vns ; 20 Vde, V GS ; 8.0 Vde) 2N4092 - 0.2 

(Vns = 20 Vdc, VGS = 6.0 Vde) 2N4093 - 0.2 

(Vns ; 20 Vde, V GS ; 12 Vde, T A = 150°C) 2N4091 - 0.4 ILAde 

(VDS = 20 Vde, V GS = 8.0 Vde, TA = 150°C) 2N4092 - 0.4 

(VDS = 20 Vde, V GS ; 6.0 Vde, T A = 150°C) 2N4093 - 0.4 

ON CHARACTERISTICS 

Zero-Gate Volt ate Drain Current (1) IDSS mAde 
(V DS = 20 Vde, V GS = 0) 2N4091 30 -

2N4092 15 -
2N4093 8.0 -

Drain-Source "ON" Voltage VnS(on) Vde 
(ID = 6. 6 mAde, V GS = 0) 2N4091 - 0.2 

(~ ; 4.0 mAde, V GS = 0) 2N4092 - 0.2 

(In ; 2. 5 mAde, V GS ; 0) 2N4093 - 0.2 

Static Drain-Source "ON" Resistance rDS(on) Ohms 
(~ ; 1. 0 mAde, V GS = 0) 2N4091 - 30 

2N4092 - 50 
2N4093 - 80 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance rds(on) Ohms 
(V GS ; 0, In ; 0, I ; 1. 0 kHz) 2N4091 - 30 

2N4092 - 50 
2N4093 - 80 

Input Capacitance C. pF 
(VDS ; 20 Vde, VGS ; 0, 1= 1.0 MHz) 

ISS - 16 

Reverse Transfer Capacitance C 
rss 

pF 
(Vns = 0, VGS = 20 Vde, 1= 1.0 MHz) - 5.0 

SWITCHING CHARACTERISTICS 
Delay Time (See Figure 1) td ns 

(ID(on) = 6. 6 mAde) 2N4091 - 15 

(ID(on) = 4.0 mAde) 2N4092 - 15 

(ID(on) ; 2.5 mAde) 2N4093 - 20 

Rise Time (See Figure 1) t ns 
r 

(ID(on) ; 6.6 mAde) 2N4091 - 10 

(ID(on) = 4.0 mAde) 2N4092 - 20 

(In(on) = 2.5 mAde) 2N4093 - 40 

Turn-Ofl Time (See Figure 1) toff ns 

(V GS(olf) = 12 Vde) 2N4091 - 40 

(VGS(off) ; 8.0 Vde) 2N4092 - 60 

(V GS(off) ; 6. 0 Vde) 2N4093 - 80 

(1) Pulse Test: Pulse Width < 300 ILs, Duty Cycle < 3. 0%. 

2-711 



2N4123 (SILICON) 
2N4124 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for general-purpose amplifier applications and for com
plementary circuitry with types 2N4125 and 2N4126. 

• Collector-Emitter Breakdown Voltage -
BVCEO= 30 Vdc (Minl@lc= 1.0 mAdc - 2N4123 

• Current Gain Specified at 2.0 mAdc and 50 mAdc 

• Low Output Capacitance -
Cob = 40 pF (Maxi @ VCB = 5.0 Vdc 

*MAXIMUM RATINGS 

Rating Symbol 2N4123 2N4124 Unit 

Collector-Emitter Voltage VCEO 30 25 Vdc 

Collector-Base Voltage VCB 40 30 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 200 mAde 

Total Power DisSipation @ T A 0= 25°C Po 350 mW 

Derate above 25°C 2.8 mW;oC 

Total Power Dissipation@ TC '" 2SoC Po 1.0 Watt 

Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 357 °C/W 

Thermal Resistance, Junction to Case ROJC 125 °C/W 

*Indicates JEDEC Registered Data, 

2-712 

DIM 
A 
B 
C 
D 
F 

L 
N 
P 
a 
R 
S 

NPN SILICON 
AMPLIFIER 

TRANSISTORS 

MILLIMETERS INcHES 
MIN 
4450 
3.180 
4,320 
0.407 

407 
1. 

1.150 

6.350 
3.430 
2.410 
2.030 

MAX MIN 
5.200 0175 
4.190 0.125 
5,330 0.170 
0.533 0.016 
.48 .01 
-

1.390 0.045 
1.270 

0,250 
- 0135 

2.670 0.095 
2,670 0.080 

CASE 29 
TO-92 

MAX 
0.205 
0165 
0,210 
0,021 

19 

0,055 
0.050 

0.105 
0.105 



2N4123, 2N4124 (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 
OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage (1) 
(IC ~ I mAdc, IE ~ 0) 2N4123 

2N4124 

Coll(>ctor- Base Breakdown Voltage 
(IC ~ 10 ~Adc, IE ~ 0) 2N4123 

2N4124 

EmittH-Base Breakdown Voltage 
(IE ~ 10 11Adc, IC ~ 0) 

Collector Cutoff Current 
(V CB ~ 20 V dc, IE ~ 0) 

Emitter Cutoff Current 
(V BE ~ 3 Vdc, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 

(IC ~ 2 mAde. VCE~IVde) 2N4123 
2N4124 

(IC 0 50 mAdc, V CE ~ I Vdcj 21'4123 
2N4J24 

Collector-Emitter Saturation Voltage (1) 
(IC ~ 50 mAde, IB ~ 5 mAde) 

Base-Emitter Saturation Voltage (1) 
He: ~ 50 mAdc, IB ~ 5 mAde) 

SMALL SIGNAL CHARACTERISTICS 

High- Frequency Current Gain 
(IC ~ 10 mAdc, VCE ~ 20 Vde. r ~ lOa MHz) 2N4123 

2N4124 

Current-Gain - Bandwidth Product 
(IC ~ 10 mAde. V CE ~ 20 Vde. r ~ lOa MHz) 2N4123 

2N4124 

Output Capacitance 
(V CB ~ 5 Vde. IE ~ 0, r ~ 100 kHz) 

Input Capacitance 
(VBE ~ 0.5 Vde. IC ~ 0, r ~ lOa kHz) 

Small-Signal Current Cain 
(IC ~ 2 mAde. VCE ~IOVdc, r ~ I kHz) 2N4123 

2N4124 

Noise Figure 
(IC ~ lOa ~Adc, VCE ~ 5 Vdc, Rs ~ I k ohm, 

NOlse Bandwidth = 10 Hz to 15.7 kHz) 2N4123 
2N4124 

111 Pulse Test: Pulse Width ~ 300 ~s, Duty Cycle ~ 2"1-

*Indicates JEDEC Registered Data 

FIGURE 1 - CAPACITANCE 
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........ I 

I: I. I +- i 

I i I 
I 11 i 1.0 
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REVERSE BIAS VOLTAGE (VOLTS) 

Symbol Min Max 

BVCEO 
30 -
25 -

BVCBO 
40 -
30 -

BVEBO 
5.0 -

ICBO 
- 50 

lEBO - 50 

hFE 
50 ISO 

120 360 

25 -
60 -

V CE(sat) 
- 0.3 

V BE(sat) 
- 0.95 

I hre I 2. 5 -
3. a -

rT 
250 -
300 -

Cob 
- 4.0 

C ,b 
- 8.0 

hre 
50 200 

120 480 

NF 

- 6.0 
- 5.0 

FIGURE 2 - SWITCHING TIMES 
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Unit 

Vdc 

Vdc 

Vdc 

nAde 

nAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

-

dB 

.-/ 

100 200 



2N4123, 2N4124 (continued) 

12 

\ 
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10 
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AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

(VCE ~ 5 Vde, T A ~ 25°C) 

FIGURE 3 - FREQUENCY VARIATIONS 
Bandwidth"" 1.0 Hz 

RGURE 4 - SOURCE RESISTANCE 
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h PARAMETERS 
VeE = 10 V, f = 1 kHz. TA = 2S-C 

FIGURE 5 - CURRENT GAIN 
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2N4123, 2N4124 (continued) 
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STATIC CHARACTERISTICS 

FIGURE 9 - DC CURRENT GAIN 
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FIGURE 12 - TEMPERATURE COEFFICIENTS 
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2N4125 {SILICON} 
2N4126 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for general·purpose amplifier applications and for com· 
plementary circuitry with types 2N4123 and 2N4124. 

• Collector·Emitter Breakdown Voltage -
BVCEO = 30 Vdc (Min) @ IC = 1.0 mAdc - 2N4125 

• Current Gain Specified at 2.0 mAdc and 50 mAdc 

• Colleetor·Base Capacitance -
Ccb = 4.5 pF (Max) @ VCB = 5.0 Vdc 

"MAXIMUM RATINGS 

Rating Symbol 2N4125 2N4126 Unit 

COllector-Emitter Voltage VCEO 30 25 Vdc 

Collector-Base Voltage VCB 30 25 Vdc 

Emitter-Base Vortage VEB 4.0 Vdc 

Collector Current - Continuous IC 200 mAde 

Total Power Dissipation @ T A == 25°C PD 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Power Dissipation @ T C = 25°C PD 1.0 Watt 

Derate above 2SoC 8.0 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RaJA 357 °CIW 

Thermal Resistance, Junction to Case RaJC 125 °C/W 

*lndicates JEOEC Registered Data. 

PNP SILICON 
AMPLIFIER 

TRANSISTORS 

r Al 

SEATING~~~ 
PLANE L_ K 

~ 
D-jif-'-f..!-L 
=-=1R~ 

DIM 
A 
B 
C 
0 
F 
K 
L 
N 
p 
Q 

R 
S 

-lor 
, " ~~ 
000 B 

EMITTER I -i~ 
~~~~ECTOR --l S 1-1 I 

MILLIMETERS INCHES 
MIN 
4450 
3180 
4.320 
0.407 
0.407 

.7 
1 150 

6350 
3.430 
2.410 
2.030 

MAX MIN 
5200 0175 
4.190 0125 
5330 0.170 
0.533 0016 
0.482 0.016 

1.390 0.045 
1270 

- 0.250 
0135 

2670 0,095 
2.670 0.080 

CASE 29 
TO·92 

MAX 
0205 
0165 
0210 
0021 
0.019 

0.055 
0050 

-

0105 
0105 



2N4125, 2N4126 (continued) 

* ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdo"'n Voltage (11 

(Ic : I mAde. IE : 0) 2N4125 
2N4126 

Collector-Base Breakdown Voltage 
(Ic: 10 ~Ade, IE : 0) 2N4125 

2N4126 

Emitter-Base Breakdown Voltage 
(~ : 10 "Ade. IC : 0) 

Collector Cutoll Current 
(VcB : 20 Vdc, IE: 0) 

Emitter Cutoff Current 
(VBE : 3 Vde, IC : 0) 

ON CHARACTERISTICS 

DC Current Gain (11 
(IC : 2 mAde, V CE : I Vde) 2N4125 

2N4126 

(IC : 50 mAde, V CE : 1 Vde) 2N4125 
2N4126 

Collector-Emitter Saturation Voltage (1) 
(IC : 50 mAde, IB : 5 mAde) 

Base-Emitter Saturation Voltage (11 
(IC: 50 mAde. IB : 5 mAde) 

SMALL SIGNAL CHARACTERISTICS 
High- Frequency Current Gain 

(lC: 10 mAde, VCE = 20 Vde, I: 100 MHz) 2N4125 
2N4126 

Current-Gain - Bandwidth Product 
(IC: 10 mAde. V CE : 20 Vdc, I: 100 MHz) 2N4125 

2N4126 

Collector -Base Capacitance 
(VCB : 5 Vde, IE: 0, I: 100 kHz) 

Input Capacitance 
(V BE : 0.5 Vde. IC : O. I: 100 kHz) 

Small-Signal Current Gain 
(IC : 2 mAde. VCE :10Vde, I: 1 kHz) 2N4125 

2N4126 

Noise Figure 
(IC: 100 ~Ade. VCE : 5 Vde, Rs: 1 k oltm, 

Noise Bandwidth: 10 Hz to 15.7 kHz) 2N4125 
2N4126 

(ll}·ulse Test: Pulse Width: 300 ~see, Duty Cycle: 2% 
*Indicates JEDEC Registered Data 

FIGURE 1 - CAPACITANCE 
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Symbol Min Max 

BVCEO 
30 -
25 -

BVCBO 
30 -
25 -

BVEBO 
4.0 -

ICBO - 50 

~BO - 50 

hFE 
50 150 

120 360 

25 -
60 -

VCE(sat) - 0.4 

VBE(sat) - 0.95 

I hIe I 
2.0 -
2.5 -

IT 
200 -
250 -

Ceb - 4.5 

Cib 
- 10 

hIe 
50 200 

120 480 

NF 

- 5.0 
- 4.0 

FIGURE 2 - SWITCHING TIMES 
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2N4125, 2N4126 (continued) 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

v CE = 5.0 Vde. T A = 25°C. 

FIGURE 3 - FREflUENCY VARIATIONS 
Bandwidth = 1.0 Hz FIGURE 4 - SOURCE RESISTANCE 
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2N4125, 2N4126 (continued) 
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2N4130 NPN (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

. designed primarily for use in large-signal output amplifier stages. 
Intended for use in industrial communications equipment operating 
to 100 MHz. High breakdown voltages allaw a high percentage of 
up-modu lation in AM circu its operated at 28 volts. 

• Balanced Em itter Construction 

• Power Output - Pout ~ 50 W @ 70 MHz 

• Collector-Base Voltage - 80 Vdc 

• Case Common to Emitter 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 65 Vdc 

Collector-Base Voltage VC80 80 Vdc 

Emitter-Base Voltage VE80 4.0 Vdc 

Collector Current - Continuous Ie 10 Adc 

Base Current - Continuous 18 2.0 Adc 

Total Device Dissipation@Tc=250C Po 120 Watts 
Derate above 25°C 0.8 wloe 

Operating Junction Temperature TJ +175 °c 
Storage Temperature Range Tstg -65 to +200 °c 

*tndicates JEDEC Registered Data 

2-720 

50 W -70 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

1 1:=".-:1 . ~t 
r~K I ~- 0 
E SEATING ~ 

PLANE 

MILLIMETERS INCHES 

~. MIN MAX MIN MAX 

B 22 23 0875 
C 635 11 43 0250 0450 
0 097 109 0038 0043 
E 343 013!J 

r+- 29.90 30.40 1177 1191 
G 1067 1118 0.420 0440 
H 521 572 0205 0225 
J 1664 1715 0655 0675 
K 792 0312 
a 384 4.09 0151 0161 
S 1334 0525 
T - 478 - 0188 

All JEDEC dlll1ensiolls and Ilotes apply 

CASE 1-03 
(T031 



2N4130 (continued) 

*ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
!lc ~ 50 mAde, IB ~ 0) 

Collector-Emitter Sustaining Voltage 
!lc ~ 50 mAde, RBE ~ 0) 

Collector Cutoff Current 
(VCE ~ 75 Vde, VBE ~ -1.5 Vde) 

(VCE ~ 50 Vdc, VBE ~ -1.5 Vde, TC = 150°C) 

Collector Cutoff Current 
(VeB ~ 80 Vde, IE ~ 0) 

Emitter Cutoff Current 
(VEB ~ 4.0 Vde, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain(l) 
!lc ~ 2.0 Ade, VCE ~ 5.0 Vde) 

!lc ~ 10 Ade, VCE ~ 5.0 Vde) 

Collector-Emitter Saturation Voltage( 1) 
!lc ~ 10 Ade, IB ~ 2.0 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) 
!lc ~ 2.0 Ade, VCE ~ 10 Vde, f ~ 50 MHz) 

Output Capacitance 
(VCB ~ 28 Vde, IE ~ 0, f ~ 0.13 MHz) 

FUNCTIONAL TEST (Figure 1) 

Power Input (Figure 1) 
(Pout ~ 50 W, RS ~ 50 Ohms, VCE ~ 28 Vde, f ~ 70 MHz) 

Collector Efficiency 
(Pout ~ 50W, RS ~ 50 Ohms, VCE ~ 28 Vde, f ~ 70 MHz) 

'" I r'ldicates JE DEC Registered Data 
Notes: 

(l)Pulse Test: Pulse Width~ 100 j.ls, Duty Cycle =: 1.0%. 

(2)fT is defined as the frequency at which Jhfel extrapolates to unity. 

Symbol 

VCEO(sus) 

VCES(sus) 

ICEV 

ICBO 

lEBO 

hFE 

VCE(sat) 

fT 

Cob 

Pin 

~ 

Min Typ 

65 -

80 -

- -

- -

- -

- -

10 -

10 -

- -

125 -

- 125 

- -

50 -

FIGURE 1 -70 MHz POWER GAIN TEST CIRCUIT 

Cl 

L3 C6 

+---.rt"V''"'----;,.ff:.... ..... -,= ..... ~ 0 U TPUT 
50 Ohms 

.... 
'1 

I 
I 
I 

C1 25-280 pF MICA TRIMMER 

C7 

C2 7.0-50 pF MAPC AIR TRIMMER 
C3 200 pF MICA CAPACITOR 

C8 55·300pF AIR TRIMMER 
L1 O.22pH CHOKE 
L2 O.lpHCHOKE 

Max 

-

-

0.2 

1.0 

0.02 

1.0 

60 

-

2.0 

-

200 

8.0 

-

l3 2 TU~NS, #14 AWG, 1" OIA., 1/4" lONG 

Unit 

Vde 

Vde 

mAdc 

mAde 

mAdc 

-

Vde 

MHz 

pF 

Watts 

% 

C4 0.005f.(F CERAMIC CAPACITOR 
C5 1500pF FEEDTHRU CAPACITOR l4 3/4" lONG, 1/4" WIDE, 0.3" THICK COPPER STRAP 

C6,C7 24·200 pF MICA TRIMMER 

2-721 



2N4167 (SILICON) 

thru 

2N4198 

THYRISTORS 

.. multi-purpose PNPN silicon controlled rectifiers suited for indus
trial, consumer, and mulitary applications. Offered in a choice of 
space-saving, economical packages for mounting versatility. 

• Uniform Low·Level Noise-I mmune Gate Triggering -
IGT ~ 10 mA (Typ) @ TC ~ 25°C 

• Low Forward "On" Voltage -
VT ~ 1.0 V (Typ) @ 5.0 Amp @ 25°C 

• High Surge-Current Capability -
ITSM ~ 100 Amp Peak 

• Fatigue-Free Solder Construction 

• Shorted Emitter Construction 

MAXIMUM RATINGS 
(Apply over operating temperature range and for all case types unless otherwise noted) 

Rating Symbol Value Unit 

"Peak Reverse Siocking Voltage (1) VRRM Volts 

2N4167,75,83,91 25 

2N4168, 76,84,92 50 

2N4169,77,85,93 100 

2N41 70, 78, 86, 94 200 

2N4171,79,87,95 300 

2N4172, 80, 88, 96 400 

2N4173,81,89,97 500 

2N4174, 82, 90, 98 600 

Forward Current RMS ITIRMSI 8.0 Amp 

"Peak Forward Surge Current ITSM 100 Amp 
(One cycle, 60 Hz, T J = -40 to +1 DOoC) 

Circuit Fusing Considerations 12t 40 A2, 

(TJ '" -40 to +1000 C;t6"8.3 ms) 

"Peak Gate Power PGM 5.0 Watt 

"Average G ate Power PGIAVI 0.5 Watt 

"Peak Gate Current IGM 2.0 Amp 

Peak Gate Voltage (2) VGM 10 Volts 

"Operating Temperature Range TJ -40 to +100 °c 
*Storage Temperature Range T stg -40 to +150 °c 
Stud Torque 2N4167-2N4182 15 in. lb. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max Unit 

Thermal Resistance, Junction to Case ReJC 1.5 2.5' °CIW 

Thermal Resistance, Case to Ambient ReCA °C/W 
ISee Fig. 11) 2N4151-66,2N4183-98 50 -

(1) Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the voltage applied exceeds the rated blocking voltage. 

(2) Devices should not be operated with a positive bias applied to the gate concurrently 
with a negative potential applied to the anode. 
·'ndicatesJEDEC Registered Data 

2-722 

SILICON 
CONTROLLED RECTIFIERS 

8-AMPERE RMS 
25 thru 600 VOLTS 

2N4175-82 
CASE 86l 

2N4191-98 
CASE 88l 

2N4167-74 
CASE 86 

I 
2N4183-90 
CASE 87l 

/1 j / 

~. Ii 
~ 
J 



2N4167 thru 2N4198 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

*Peak Forward Blocking Voltage (1) VORM Volts 
(T J ~ 10o"C) 2N4167, 75, 83, 91 25 - -

2N4168, 76, 84, 92 50 - -
2N4169, 77, 85, 93 100 - -
2N4170, 78, 86, 94 200 - -
2N4171,79,87,95 300 - -
2N4172, 80, 88, 96 400 - -
2N4173, 81, 89, 97 500 - -
2N4174, 82, 90, 98 600 - -

*Peak Forward Blocking Current IORM rnA 
(Rated VORM@TJ = 100°C, gate open) - - 2.0 

*Peak Reverse Blocking Current IRRM rnA 
(Rated VORM @TJ = 100°C, gate open) - - 2.0 

Gate Trigger Current (Continuous del (2) IGT rnA 
(Anode Voltage = 7.0 Vde, R L = 100 H) - - 30 

'(Anode Voltage = 7.0 Vde, RL = 100 H TC= -40°C) - - 60 

Gate Trigger Voltage (Continuous del VGT Volts 
(Anode Voltage = 7.0 Vde, RL = 100 H) - - 1.5 

'(Anode Voltage = 7.0 Vde, RL = 100 H, TC = -4o"C) - - 2.5 

'(Anode Voltage = 7.0 Vde, RL = 100 H, TJ = 100°C) 0.2 - -

*Forward "On" Voltage (pulsed, 1.0 ms max, duty cycte~l%) VT Volts 
(IF = 15.7 A) - - 2.0 

Holding Current IH rnA 
(Anode Voltage = 7.0 Vde, gate open) - - 30 

'(Anode Voltage = 7.0 Vde, gate open, T C = -40°C) - - 60 

Turn-On Time (td + tTl ton - 1.0 - I" 
(IG = 20 mAde. IF = 5.0 Ade) 

Turn-Off Time toft I" 
(I F = 5.0 Ade. IR = 5.0 Ade) - 15 -

(IF = 5.0 Ade, IR = 5.0 Ade. TJ = 100°C) - 25 -

(VFXM = rated voltage) 

(dv/dt = 30 V/!'s) 

Forward Voltage Application Rate dvldt V/!'s 
(Gate open, T J = 100°C) - 50 -

(1) Ratings apply for zero or negative gate voltage. These devices should not be tested with a constant current source for forward or reverse 
blocking capability such that the voltage applied exceeds the rated blocking voltage. 

(2) For optimum operation, i.e. faster turn-on, lower switching losses, best dildt capability, recommended IGT = 200 mA minimum. 

·'ndicates JEDEC Registered Data 
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2N4167 thru 2N4198 (continued) 
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2N4167 thru 2N4198 (continued) 
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FIGURE 9 - HOLDING CURRENT 
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2N4167 thru 2N4198 (continued) 

MOUNTING and THERMAL INFORMATION 

The versatility of the Motorola SCR can·type package 
affords a variety of mounting methods to meet individual reo 
quirements. Depending upon the thermal resistance value be· 
tween the SCR case and a heat sink, any mounting method 
which satisfies the current derating curves may be used. Pos
sible mounting media include: solder, epoxy cements; clips 
(fuse, resistor, transistor, special); clamps; commercial or 
special dissipators, retainers, coolers, and radiators. 

When mounting the SCR's to a heat sink, the following 
recommendations apply: 

A. Heat Sink Contact 
1. Since the silicon die is located in the case bottom, 

(opposite end from tubed header point A as shown 
on the mechanical outline drawing, Figure 12.) the 
heat sink contact should be made with case bottom 
for proper heat transfer. 

B. General Soldering Precautions 

l. Solder - Use solder with melting points between 
+175'C and +225'C. The commonly·used tin·lead 
alloy solders have melting points of +lSS'C (60/40 
alloy) and +214 'C (50/50 alloy). 

2. Flux (when used) - Non-corrosive resin preferred. 
3. When soldering to the device terminals or leads,use 

of a heat dissipator between soldering point and 
SCR case is recommended. 

C. Case Soldering Methods 

l. Heat Sink Materials: 
a. Copper and most of its alloys present no problem 

in soldering and would probably be the most fav· 
arable heat sink material. 

b. Stainless steel is difficult to solder. However, us· 
ing a strong acid-filled solder, satisfactory solder· 
ing can be achieved. 

c. In most cases where soldering is difficult, such as 
with aluminum, proper preparation with a tin coat
ing on the material can bring about good results. 

Depending on specific needs, soldering can be effected 
by using either hot plate, oven, or belt feed furnace. In 
all cases, temperature must be controlled. 

2. Hot Plate - The hot plate is probably the most effec· 
tive and flexible method of soldering. The following 
method is recommended: 
a. Set surface temperature of hot plate to a maxi· 

mum of 225'C. 
b. Place heat sinks on hot plate for approximately 5 

minutes_ 
c. Place lis" _1/4" diameter solder preform on area of 

heat sink to be soldered. 
d. After solder becomes liquid, place device on this 

area applying slight pressure and rotating the de· 
vice slightly to assure good contact. Flux may be 
used here if required. Frequently, suitable wetting 
can be achieved mechanically when the device is 
rotated in the liquid solder, depending upon the 
device surface conditions. 

e. Remove heat sinks from heat source and free 
air cool. 

3. Oven - When soldering is performed in an oven, use 
a solder preform (disc, 0.300" x 0.010") or flatten 
solder wire ('/8 "_1/4 ") before placing it on the heat 
sink. For an inert atmosphere such as N" dry air, 
etc., a flux is recommended. If H,N, is available and 
used, flux should not be required. Again, tempera· 
ture must be controlled. 

4. Belt Feed Furnace - The procedures are much the 
same as with the oven method, with the exception 
that possibly a jig would be required to hold the 
device and the heat sink in the proper position. 

D. Epoxy Mounting Suggestions 
l. There are many good commercial epoxies available 

today, such as Hysol's "HY-TAC" kit or 3M's 
"Scotch Cast #9". Suitable mounting may be ob· 
tained by following the epoxy manufacturer's rec· 
ommendations for mixing and then cementing the 
thyristor to the mounting surface with a slight pres· 
sure and rotary movement. If improved thermal 
conductivity is desired, powdered alumina (325 
mesh) may be mixed into the epoxy in a proportion 
of 70% (epoxy) to 30% (alumina). If electrical in· 
sulation is desired between the thyristor and a heat· 
sink, thin fiberglass tape (course surface) or mica 
discs may be used. 

The primary reason for specifying mounting details is to 
help maintain the junctIOn temperature of the SCR at a safe 
level and hence provide satisfactory operation. The funda· 
mental relationship between junction temperature and heat 
SInks can be expressed as follows: 

where: 
T J = T A + R8 JA PD 

TJ = junction temperature (lOO'C max operating for 
these devices) 

T A = ambient temperature 

RO JA = junction·to·ambient thermal resistance 
= RBJC + RBCA (with RBCA = RBCS + R8SA when 

heat sink used) 
ROJC = junction·to-case thermal resistance 

RU CA == case·to·ambient thermal resistance 

ROCS = case·to·heat sink thermal resistance 

ROSA = heat sink·to·ambient thermal resistance 

Po = average power diSSipated in the SCR 

It is more accurate to base circuit designs upon the case temper
ature. The preferred method to determine case temperature is to 
place a thermocoup'le on the package at point A as shown on the 
mechanical outline drawing, Figure 12. Even when used in free 
air, the mass of the package is large enough so that it will not 
respond to heat surges generated at a 60 Hz rate or higher once 
steady-state conditions are achieved. 

For operation with a heat sink, normally, the RO CS portion of 
ROCA will range between 0.2 and 10 C/W for the can type SCR's, 
depending upon the particular mounting. ROCA is approximately 
0.20 C/W for the stud packages when used with a thermal grease. 
Likewise, the ROSA portion of ROCA will vary with the shape, 
material, and configuration of the heat sink as well as with the 
surrounding conditions. Figure 10 is a very basic guide to ROSA. 

For free air operation, in instances where the case temperature 
cannot be measured or for preliminary engineering work, the case 
temperature can be estimated by using values of case-to-ambient 
thermal resistance, obtained from Figure 11 and the relation: 

T C = RB CA PD + T A 
The graph of Figure 11 indicates that the lead length of the SeR 

and the thermal mass of the connection to the lead will influence 
the value of R8 CA. 

For convenience, Figure 4 shows derating information when 
the parts are in a still air ambient mounted on a typical P.C. board. 
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2N4167 thru 2N4198 (continued) 

FIGURE 12 - OUTLINE DIMENSIONS 

2N4167·74 
CASE 86 

2N4183·90 
CASE 87L 

DIM 
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K 
L 

DIM 

A 
B 
C 
0 
F 
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K 
L 
N 
P 
0 

NOTE: 
1. DIM "G" MEASURED AT CAN. 

P~2 _,_ I I 

G 

MILLIMETERS 
MIN MAX 
- 111.10 
- I 7.87 

1.78 TYP 
2.29 2.79 

10.72 11.48 
- 16.76 
- 15.49 

NOTES: 

STYLE 1: 
PIN 1. GATE 

2. CATHODE 
STUD: ANODE 

INCHES 
MIN MAX 

- I 0.437 
- 10.310 
0.070 TYP 

0.090 0.110 
0.422 0.452 

0.660 
- 0.610 

1. DIM. "G" MEASURED AT CAN. 
2. LEAD NO.3 ±7.5° DISPLACEMENT. 

STYLE 1: 
PIN 1. GATE 

2. CATHODE 
3. ANODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

10.92 0.430 
8.89 
5.97 0.235 

0.76 0.86 0.030 0.034 
4.83 5.33 0.190 0.21 
2.29 2.79 0.090 0.110 

33.53 1.320 
31.50 TYP 1.240 TYP 

1.65 1.91 0.065 0.075 
3.43 3.68 0.135 0.14 
4.57 5.08 0.180 0.200 

2N4175·82 
CASE 86L 

2N4191·98 
CASE 88L 

DIM 

A 
B 
C 
0 
F 
G 
J 
K 
L 
N 

DIM 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
N 

if
~G 

T -, I 
B 'BE? 

U 
N 

MILLIMETERS 
MIN MAX 

- 12.82 
- 11.10 
- 7.87 

0.76 0.86 
4.83 5.33 
2.29 2.79 

10.72 11.48 
33.53 -

31.50 TY? 
1.65 1.91 

MILLIMETERS 
MIN MAX 

10.92 
8.89 
4.70 

0.76 0.86 
0.76 1.27 
4.83 5.33 
2.29 2.79 

6.86 
8.13 

22.86 
33.53 

1.65 1.91 

STYLE 1: 
TERM. 1. GATE 

.2. CATHODE 
3. ANODE 

SEATING PLANE 

10·32 UNF 2A 

INCHES 
MIN MAX 

- 0.505 
- 0.437 
- 0.310 

0.030 0.034 
0.190 0.210 
0.090 0.110 
0.422 0.452 
1.320 -

1.240 TYP 
0.065 0.075 

NOTE: 
1. DIM "G" MEASURED 

AT CAN. 

STYLE 1: 
PIN 1. GATE 

2. CATHODE 
3. ANODE 

INCHES 
MIN MAX 

0.430 
0.350 
0.185 

0.030 0.034 
0.030 0.050 
0.190 0.210 
0.090 0.110 

0.270 
0.320 

0.900 
1.320 
0.065 0.075 

S 30.48 1.20 NOTES, S 31.50 1.240 

L The case (anode) leads for the 2N4183·90 and 
2N4191·98 series may be attached by either soldering or 
welding techniques. 

2. On all package types: Manufacturer may optionally use 
a small metal tab on the case perimeter opposite the gate 
terminal for terminal identification purposes. 

3. Point A indicates temperature reference point 
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2N4199 thru 2N4204 (SILICON) 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

· .. fast switching, high·voltage Thyristors especially designed for pulse modula
tor applications in radar and other similar equipment. 

• Guaranteed Limits on All Critical Parameters 

• High-Voltage: VFOM = 300 to 800 Volts 

• Turn-On Times: in Nanosecond Range 

• Repetitive Pulse Current to 100 Amperes 

• Stable Switching Characteristics Over an Operating 
Temperature Range From -65 to +105°C 

• Pulse Repetition Rates as High as 20,000 pps 

• 2N4199 JAN thru 2N4204 JAN Available 

DESIGNERS DATA FOR "WORST CASE" CONDITIONS 

The Designers Data Sheets permit the design of most circuits entirely from 
the information presented. Umit curves - representing boundaries on device char
acteristics - are given to facilitate "worst case" design. 

MAXIMUM RATINGS 

Current Application Rate** 

Peak Gate Power-Forward 

Average Gate Power-Forward 

Peak Gate Current-Forward 

Peak Gate Voltage-Forward 

Reverse *** 

OperatlI1g JunctlOn Temperature Range 
BlockIng State 
Conducting State 

Storage Temperatnre Range 

Stud Torque 

THERMAL CHARACTERISTICS 

CharacterIstiC 

Ther mal Resistance, JunctlOn to Case 
~--~--------

-~ -. 
dl/dt** 5000 A/J.IS 

---[----
P OFM 20 Watts 

PGF(AV) 1.0 Watt 

IGFM 5.0 Amp 
--1--

VOFM 10 Volts 

VORM *** 10 
--

"c T J 
-65 to +105 
-65 to +200 

Tstg -65 to +200 'c 

15 in.lb. 

t 
Symbol t M" 

I 
Unit 

R8JC "CiW 

~~~-
'~Characterized for unilateral applications where reverse blocking capability is not important. 
Higher voltage units available upon request. VROMlrep) may be applied as a continuous de 
voltage for zero or negative gate voltage but positive gate voltage must not be applied con
currently with a negative potential on the anode. When checking blocking capability, do not 
permit the applied voltage to exceed the rated voltage. 

**Minimum Gate Trigger Pulse: i G = 200 rnA. PW = 1 pS. t, = 20 ns. 
* **Do not reverse bias gate during forward conduction jf anode current exceeds 10 amperes. 
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THYRISTORS 

PNPN 

100 AMPERE PULSE 
300 thru 800 VOLTS 

CATHODE 

~ ANODE 

[~~~-

~~-
t~Tt 

_ A--I N 

STYLE 1. 
PIN 1. CATHODE 

"1 0 r:: 1. GATE 

-[r",i--"I"-r' ANODE 11 f- II o--~ I 
- ~l t K 

t- LLlJ 
It -- I 

SEATING p.~ l H J 
PLANE == 1 
10·31 UNF 1A ~C-----_Is 

MllLlMETERS INCHES 
DIM MIN MAX MIN MAX 

A 11.57 11.83 0.495 0.505 

~ cJ.!l~77 11.10 0.414 ~ C 10.80 -

-E- -114.. r-+~O 0.155 0.185 

+ r,-O~16 
3.56 ~ J 11.51 0.400 0.453 

K 11.71 ~ L 17.18 0.700 
N 7.11 0.280 
n 1.01 1.91 0.04lL...DJl.7..5... 

CASE 63·02 



2N4199 thru 2N4204 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 25"C unless otherwISe noted) 

Characteristic Fig. No. Symbol Min Max Unit 
Peak Forward Blocking Voltage* 2N4199 VFOM * 300 - Volts 

(TC= 105"C) 2N4200 15 400 -
2N4201 500 -
2N4202 600 -
2N4203 700 -
2N4204 800 -

Peak Forward and Reverse Blocking Current 
17 

IFOM - 2.0 rnA 
(Rated VFOM and VROM' TC = 105°C, gate open) 

IROM - 2.0 

Gate Trigger Current ~Conhnuous de) IGT rnA 
(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC = 25°C) 14 - 50 

(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC ~ -65°C) - 100 

Gate TrIgger Voltage (Continuous de) VGT Volts 
(Anode Voltage.o: rated VFOM' RL = 100 ohms, TC = lO5 U e) 0.2 --
(Anode Voltage = 7.0 Vdc, RL :" 100 ohms, TC· 25"C) 12 - 1.5 

(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC = -65"C) - 2.0 

Holdmg Current 
18 

IHO rnA 
(Anode Voltage = 7,0 Vdc, gate open, TC = lO5°e) 3.0 --

Forward "On" Voltage VF Volts 
(If 02 Adc, PW = 1. 0 ros max, Duty cycle:§. 1%) 8 -- 1.5 

DynamIc Forward "On" Voltage VF(on) Volts 
(D.5 fls after 5D% decay point on dynamIc forward voltage waveform.) 
Forward Current: 30 A pulse (PFN dlscharge clrcUlt.) 7 - 25 
Gate Pulse: at 20D rnA, PW c::: 1. 0 /.Ls, tr = 20 os 

Turn-On Time ns 
Delay TIme All types 1, 9 td - 200 

Rlse TIme 2N4199 and 2N4200 1,11 t - 200 
r 2N4201 - 150 

2N4202 - 130 
2N4203 and 2N4204 -- 100 

Pulse Turn-Off TIme 2,13 toff (pulse) IlS 
Test Conditions: PFN discharge; Forward Current == 30 A pulse; - 20 
Reverse Current - 5.DA, TC= 85°C, dv/dt= 250V/~lS to Rated VFOM ' 
Reverse anode voltage during turn-off mterval = 0 V; I 

Reverse gate bias during turn-off interval := 6.0 V. 

F0rward Voltage ApplicatlOn Rate (Linear Rise of Voltage) 
16 

dv/dt v/"s 
(TC = ID5°C, gate open) 250 -

*,VfOM for all types can be applied on a continous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. When 
checking forward or reverse blocking capability, these devices should not be tested with a constant current source in a manner that the 
voltage applied exceeds the rated blocking voltage. Other voltage units available upon request. 

FIGURE 1 - TURN·ON TIME 

TEST CIRCUITS 

PFN, Zo ~ 2.0 !l 

-::" Rs ~ 1.0 II 
RL ~ 1.0!l 
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FIGURE 2 - TURN·OFF TIME 
200 H 1+1 

2N4204 TRIGGER 

IIGlC 

Re - 2.0!l 

RE·APPLIED 
FORWARD VOLTAGE, 
dV/dt - 250 VI IJ.s 
TO RATED VFOM 



2N4199 thru 2N4204 (continued) 

FIGURE 3 - MAXIMUM ALLOWABLE FORWARO PULSE CURRENT 
200 

" " - t-

d; 
5000 AI ".s MAX ~ WC - -dj ....... 

/ r--... ---" oat~ is I baLd upon a peak junction temperature of 200'C. Junction temperature 
r;:c. .... " ". ... 

must be no higher than 105'C prior to application of forward blocking voltage. 

1/ 

5.0 
1.0 ns 2.0 4.0 IOns 20 40 100 ns 200 400 1.0".s 2.0 4.0 40 100 ".s 200 400 Ims 

t, TIME OR PULSE WIDTH 

CURRENT DERATING DATA 
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'" i 
1 

FIGURE4-0ERATING USING NO SWITCHING LOSSES 
100 

70 

50 

!'... "- ~~ I TJ ~ 200'C 

-'" ...... "- !'~ Tc ~ 8S'C 

I" i'-.. 
f ~ 1O~ H~ 1,[ " "- ~ ~ 

"" ~ ~~ 
500 Hz 

'\. " I 1.0 kHz 
2.0 kHz 

" " ...... , ~~ 
Data is based on maximum 
steady-state forward drop data '" ", ,~ 
(figure 81 at TJ ~ 200'C and '\. "-data of FigUre 6. Turn·on power 
transients are neglected. The cur\les '~o kHz , 10kHz ~.OkHz 
mdicate maximum capability that 
can be approached using delay reactor "" 
circuits. 20 

1.0 
l' 

2.0 3.0 5.0 7.0 10 20 30 
IN. 

50 70 100 

PW, PULSE WIDTH I".sl 

FIGURE 5 - DERATING USING TYPICAL SWITCHING LOSSES 
0 

TJ 

o -===-VA. - 300 V Tc 

-=-VA.~800V PW - O.S".s I 

O.!!l! 

(S.O".s 

!!!h. iii: ~-..t- lO".s 

~ 

O.S".sJ / ";f;:' 
·ls.o".SJ / 

10 I" 

... . 1111 2O ".s./ 
Data IS indicatIVe of capability to typical I 
PFN circuits. Actual circuits should be 

10 
100 

checked as indicated in the design note. 

200 500 lk 2k 

r-
~ 
V 

f, PULSE REPETITION RATE{ Hz) 

~t--

t-

Sk 

200·C-
8S·C-

III 
III 

20".s --.', 
~ 
~~ 

"". 

10k 20 k 

DESIGN NOTE 

Use of Transient Thermal Resistance Data 
A train of periodical power pulses can be represented by the model 
shown in Fig. A. Using the model and the device thermal response, the 
normalized effective transient thermal resistance of Fig. 6 was cal
culated for various duty cycles from: 

r(t) = D + (1 - D). r(tA + t p) + r(tA) -r(tp) 

To find fiJc(t)multiply the value obtained from Fig. 6 by the steady· 
state value RJC (~). Use 3·C/W for worst·case results; use 2·C/W 
for typical information. 

DESIGN EXAMPLE 

A 2N4199 discharging a PFN, transient power pulse shown in Fig. C. 

Conditions: VA. = 150 V., Ip. = 44 A .. f = 5000 Hz. 

Determine: 6 T 

Method 1 : (See Fig. A) P,t, is chosen to have the same energy as the 
actual power pulse, i.e.: the area under the curves are equal. PA equals 
the peak of the actual power pulse. At a pulse repetition frequency of 
5000Hz and TA = 2.14".s (D = 0.0107); the readingon Fig. 6 is 0.039. 

:.6 T = r(t)OJc(oo) PA = (0.039) (3) (1000) = 120·C. 

Method 2: For a power waveform where the time of the peak power 
is short compared to the total transient, the foregoing method results 
in an overly large safety factor. A pulse model closer to the real case 
is shown in Fig. B. Using the transient thermal resistance information 
for D= Oin Fig. 6, 6 T(t.) and 6 T (t, )can be evaluated from 

6T(t4) = [PI [r(T,) + (1- D,). r(T + T,) + D- r(T)] 

+ P2[(l- °2). r(T) + 02 - r(T - T2)]-]OJC (00) 

6 T(ts) = [p,[r(T,+ T 2)+(1 - 0,)· r(T + T, + T2) - r(T + T2) - r(T2)] 

+ P2 [r(T2) + (1 - 02 • r(T + T2) + 02 - r(T)]] 0JC("') 

The two results are compared; the one with higher value is taken for 
worst·case design. For the problem, values for the equivalent pulses 
of Fig. Bare p, = 1000 W, p, = 700 W, T, = 1.05 ".S, T, = 1.55 ".S, 
D, = 5.25(10-'),0, = 7.75(10-'). 
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2N4199 thru 2N4204 (continued) 

FIGURE 6 - NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE 
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FIGURE 7 - TYPICAL DYNAMIC FORWARD "ON" VOLTAGE 
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FIGURE 8 - MAXIMUM STEADY·STATE 
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FIGURE C - AN ACTUAL TRANSIENT POWER PULSE 



2N4199 thru 2N4204 (continued) 

SWITCHING CHARACTERISTICS 

FIGURE 9 - DELAY TIME 
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FIGURE 11 - CURRENT RISE TIME 
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FIGURE 13 - TYPICAL TURN·OFF TIME 
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TRIGGERING CHARACTERISTICS 

FIGURE 10 - TYPICAL PULSE TRIGGER CHARGE/CURRENT 
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2N4199 thru 2N4204 (continued) 
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FIGURE 15 - TYPICAL BLOCKING VOLTAGE DERATING 
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2N4212 thru 2N4216 (SILICON) 

PNPN thyristors (silicon controlled rectifiers) de
signed for operation in mAl J.lA signal or detection cir
cuits. 

CASE 31 
(TO-5) 

STYLE2 
PIN 1. CATHODE 

2. GATE 
3 ANODE 

MAXIMUM RATINGS * (T J = 125" C unless otherwise noted) 

Rating Symbol Value 

Peak Reverse Blocking Voltage V RSM(rep) 
(Note 1) 2N4212 25 

2N4213 50 
2N4214 100 
2N4215 150 
2N4216 200 

Forward Current RMS IT 1.6 
(All Conduction Angles) 

Peak Surge Current I 15 
(One Cycle, 60 Hz) 

FM(surge) 

No Repetition until 
Thermal Equilibrium 
is Restored 

Peak Gate Power - Forward P GM O. 1 

Average Gate Power - Forward P G(AV) 0.01 

Peak Gate Current - Forward IGM 0.1 

Peak Gate Voltage - Forward VGFM 6.0 

Reverse VGRM 6.0 

Operating Junction Temperature T J -65 to +125 
Range 

Storage Temperature Range T 
stg 

-65 to +150 

Lead Solder Temperature - +230 
(> 1/16" from case, 10 sec. max) 

* JEDEC Registered Values. 
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Unit 

Volt 

Amp 

Amp 

Watt 

Watt 

Amp 

Volt 

"C 

uC 

°C 



2N4212 thru 2N4216 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted, RGK = 1000 ohms) 

Characteristic 

Peak Forward Blocking Voltage (Note 1) 
2N4212 
2N4213 
2N4214 
2N4215 
2N4216 

Peak Reverse Blocking Current 
(Rated VRSM' T J " 125 C C) 

Peak Forward Blocking Current 
(Rated VDRM, T J " 125'C) 

Forward "On" Voltage 
(IF "1.0A Peak) 

(IF" 3.14 A Peak) 

Gate Trigger Current (Note 2) 
(Anode Voltage" 7.0 V, RL " 100 ohms) 

(T C " 25" C) 

(T C " -65"C) 

Gate Trigger Voltage 
(Anode Voltage ;0- 7.0 V, RL =' 100 ohms, TC " 25 C C) 

(Anode Voltage" 7.0 V, RL =: 100 ohms, TC " -65'C) 

(Anode Voltage" RatedVDRM' RL " 100 ohms, T J "125'C) 

Holding Current (Anode Voltage = 7. o V) T C " 25'C 

TC = -65'C 

Turn-On Time 

Turn-Off Time 

* JEDEC Registered Values 

<:> e.. 
~ 
:> 

~ 

Notes: 1. VRRM and VDR~ can be applied for all types on a 

continuous de basis without incurring damage. 

2. RGK current is not included in measurement. 

FIGURE 1 - CASE TEMPERATURE vs CURRENT 

~ HO 

~ lOa 
'-' 
~ 
~ 

'" 90 
~ 
0 
::j 80 -< 
:Ii 
:> 
:Ii 70 
:i! 
:Ii 60 
~ 1.4 1.6 

ITlAV),AVERAGE FORWARO CURRENT (AMPS) 

Symbol Min Max Unit 

VDRM Volt 
25' -
50' -

100' -
150' -
200' 

IRRM - 200' /iA 

IDRM - 200' /iA 

V F Volt 

- 1.5 

2.0* 

IGT #Adc 

- 100 

- 300' 

VGT Volt 

- 0.8 

VGT - 1. O· 

VGNT O. I' -

IHX 3.0 rnA 

7. O. 

tgt 
Circuit dependent, 

tq consult manufacturer 

Thyristor devices shall not be tested with a constant current source 
for forward or reverse blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 

Thyristor devices shall not have a positive bias applied to the gate 
concurrently with a negative potential applied to the anode. 

FIGURE 2 - AMBIENT TEMPERATURE vs CURRENT 
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NOTES, 
(1) OC, I¢, 30, 6., CIRCUIT - RESISTIVE OR 

PII---+-~INDUCTIVE LOAD, 50 10 400 CPS ~..;;-+---! 
(2) 125°C JUNCTION TEMPERATURE 

de 

0.1 0.2 0.4 0.5 n.6 0.7 

IT(AV), AVEHAGE FORWARD CURRENT lAMPS) 



2N4220 thru 2N4222 (SILICON) 

2N4220A thru 2N4222A 

N-channel junction silicon field-effect transistors 
designed for general purpose amplifier and switching 
applications. "A" types guarantee low noise figure (2. 5 
dB maximum @ 100 kHz). 

CASE 20-03 
(TO-72) 

STYLE 3 
PIN 1. DRAIN 

2. SOURCE 
3. GATE 
4. CASE LEAD 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain -Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation @TA = 25°C 

Derate Above 25°C 

Operating Junction Temperature 

Storage Temperature Range 

2-736 

Symbol Value Unit 

VDS 30 Vdc 

VDG 30 Vdc 

VGS 30 Vdc 

ID 15 mAdc 

PD 300 mW 

2.0 mW/"C 

TJ 175 °c 

Tstg -65 to +175 °c 



2N4220,A thru 2N4222,A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS (Ia = -10 ;tAdc, Vos = 0) -30 -

Gate Reverse Current IGSS 
(VGS = -IS Vdc, Vos = 0) - -
(VGS = -IS Vdc, Vos = 0, T A = 150·C) - -

Gate-Source Voltage VGS (In = 50 ;tAdc, V DS = IS Vdc) 2N4220, 2N4220A -0.5 -
<In = 200 ;tAdc, VDS = IS Vdc) 2N4221, 2N4221A -1.0 -

<In = 500 "Adc, V DS = IS Vdc) 2N4222, 2N4222A -2.0 -

Gate-Source Cutoff Voltage VGS(off) (In = 0.1 nAdc, VDS = IS Vdc) 2N4220, 2N4220A - -
2N4221, 2N4221A - -
2N4222, 2N4222A - -

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current (1) IDSS 
(Vos = IS Vdc, VGS = 0) 2N4220, 2N4220A 0.5 -

2N4221, 2N4221A 2.0 -
2N4222, 2N4222A 5.0 -

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance (11 !Yls ! 
(VOS= ISVdc, VGS=O, f=l.OkHz) 2N4220, 2N4220A 1000 2500 

2N4221, 2N4221A 2000 3500 
2N4222, 2N4222A 2500 4500 

Output Admittance 111 IYos! 
(VDS = IS Vdc, VGS = 0, ! = 1.0 kHz) 2N4220, 2N4220A - -

2N4221, 2N4221A - -
2N4222, 2N4222A - -

Drain-Source Resistance r dB(on) 
(VOS = 0, VGS = 0) 2N4220, 2N4220A - 500 

2N4221, 2N4221A - 400 
2N4222, 2N4222A - 300 

Input Capacitance e lss 
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) - 4.5 

Reverse Transfer Capacitance Crss 
(V DS = 15Vdc, VGS = 0, 1= 1.0 MHz) - 1.2 

Common-Source Output Capacitance COBP 
(VOS = IS Vdc, V GS = 0, I = 30 MHz) - 1.5 

Noise Figure NF 
(V OS = IS Vdc, V GS = 0, Rg = 1.0 Megohm, f = 100 Hz) 2N4220A - -

2N4221A - -
2N4222A - -

(11 Pulse Test: Pule. Width = 630 me, Duty Cycle = 10% 

FIGURE 1 - EQUIVALENT LOW FREQUENCY CIRCUIT 

*Cosp is Coss in parallel with Series Combination of Ciss and Crss-

2-737 

Common Source 
Y Parameters for Frequencies 

B.low30 MHz 
Vis =jw Ciss 
Yos= jw CosP + lIross 

Vfs =iYfsl 
Yrs"'-jwCrss 

Max Unit 

Vdc 
-

nAdc 
-0.1 

-100 

Vdc 
-2.5 

-5.0 

-6.0 

Vdc 
-4.0 
-6.0 
-8.0 

mAde 
3.0 
6.0 

IS 

jJ.mhos 
4000 
5000 
6000 

J.LmhoB 
10 
20 
40 

Ohms 
-
-
-

pF 
6.0 

pF 
2.0 

pF 
-

dB 
2.5 
2.5 
2.5 



2N4220,A thru 2N4222,A (continued) 

FIGURE 2 - FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
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FIGURE 4-.0UTPUT RESISTANCE 
versus DRAIN CURRENT 
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FIGURE 6 - NOISE FIGURE versus FREQUENCY 
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FIGURE 3 - TEMPERATURE COEFFICIENT OF Yfs 
versus DRAIN CURRENT 
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FIGURE 5 - CAPACITANCE 
versus DRAIN-SOURCE VOLTAGE 
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2N4220,A thru 2N4222,A (continued) 
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FIGURE 8 - DRAIN CURRENT 
versus GATE-SOURCE VOLTAGE 
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TA =-~5'C 
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(Note 1, 2) 
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FIGURE 10 - DRAIN CURRENT 
versus GATE-SOURCE VOLTAGE 
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FIGURE 9 - DRAIN CURRENT 
versus GATE-SOURCE VOLTAGE 
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FIGURE 11 - TEMPERATURE COEFFICIENT OF 
DRAIN CURRENT versus DRAIN CURRENT 
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NOTES: 

1. Graphical data is presented for de conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle:;; 
10%). Under de conditions, self heating in higher lOSS units re
duces lOSS (See Figure 10). 

2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 
TO-IS type socket mounting and 1/4" lead length. 
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2N4223 (SILICON) 
2N4224 

Silicon N -channel junction field -effect transistors, 
designed for VHF amplifier and mixer applications. 
Drain and Source interchangeable. 

CASE 20-03 
(TO-72) 

STYLE 3 
PIN 1. DRAIN 

2. SOURCE 
3. GATE 
4. CASE LEAD 

MAXIMUM RATINGS (TA ~ 25°C unless otherwise noted) 

Rating Symbol 

Drain -Source Voltage VDS 

Drain-Gate Voltage VDG 

Gate-Source Voltage VGS 

Drain Current ID 

Power Dissipation P D 

Derate above 25°C 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

Value 

30 

30 

30 

20 

300 

2.0 

+ 175 

- 65 to +200 

FIGURE 1 - NOISE FIGURE AND POWER GAIN TEST CIRCUIT 

::> 
I 4.7pf 

]·]0 pF 

L, ~ IV, TURNS #20 TINNED WIRE, '4" 10, LENGTH ~ lI" 

L, e, 3V, TURNS #18 TINNED WIRE; lI" 10, LENGTH o. \\", 

TAPPED AT ]14 TURNS fROM DRAIN 

L, 

2·8 pF 

]·]0 pf 

+]5 Vdc 

2-740 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mWrC 

°c 

°c 



2N4223, 2N4224 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10 MAde, V DS = 0) 

Gate Reverse Current 
(VGS = 20 Vde, VDS = 0) 

(VGS = 20 Vde, V DS = 0, T A = 100 0 e) 

Gate-Source Cutoff Voltage 
(ID = 0.25 nAde, V DS = 15 Vde) 

(ID = 0.50 nAde, VDS = 15 Vde) 

Gate-Source Voltage 
(ID = 0.3 mAde, V DS = 15 Vde) 

(ID = 0.2 mAde, V DS = 15 Vde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current (1) 
(VDS = 15 Vde, VGS = 0) 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance (1) 
(V DS = 15Vde, VGS = 0, f = 1 kHz) 

(V DS = 15Vde, VGS = 0, f = 200 MHz) 

Input Conductance 
(V DS = 15 Vde, VGS = 0, f = 200 MHz) 

Output Conductance 
(V DS = 15 Vde, V GS = 0, f = 200 MHz) 

Input Capacitance 
(VDS = 15 Vdc, VGS = 0, f = 1 MHz) 

Reverse Transfer Capacitance 
(V DS =15Vde, VGS=O, f=IMHz) 

Noise Figure 
(V DS = 15 Vde, VGS = 0, RS = 1 k ohm, f = 200 MHz) 

Small-Signal Power Gain 
(V DS = 15 Vde, VGS = 0, f = 200 MHz) 

(1) Pulse Test: Pulse Width ~ 630 ms, Duty Cycle ~ 10% 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 

2N4224 

2N4223 

2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 

2N4223 

2-741 

Symbol 

V(BR)GSS 

IGSS 

V GS(off) 

VGS 

\Yts I 

Re(yiS ) 

lle(yos) 

Ciss 

erss 

NF 

Gps 

Min 

30 

-
-
--
-

-

1. 0 

1. 0 

3000 
2000 

2700 
1700 

-

-

-

-

-

10 

Max 

0.25 
0.50 

250 
500 

8.0 

S .0 

7.0 

7.5 

7000 
7500 

-

800 

200 

6.0 

2.0 

5.0 

-

Unit 

Vde 

nAdc 

Vde 

Vde 

/lmhos 

/.lmhos 

/lmhos 

pF 

pF 

dB 

dB 

:j 
I 
I' 

I 

j 



2N4223, 2N4224 (continued) 

FIGURE 2-
DRAIN CURRENT versus GATE-SOURCE VOLTAGE 
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FIGURE 6 - CAPACITANCES 
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2N4223, 2N4224 (continued) 

FIGURE 8 -INPUT ADMITTANCE 
versus FREQUENCY 
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2N4231 thru 2N4233 (SILICON) 

Medium-power NPN silicon transistors designed 
for driver circuits, switching, and amplifier applica
tions. 

MAXIMUM RATINGS 

Rating Symbol 2N4231 2N4232 2N4233 Unit 

CASE 80 
(TO-66) 

Collector 
connected to case 

~02 
o 0 

@1 

STYLE 1 
PIN 1 BASE 

2 EMITTE R 
CASE-COLLECTOR 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous* 

Base Current 

Total Device Dissipation T C "" 25" C 
Derate above 25° C 

Operating & Storage JUnction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

VCEO 40 60 80 

VCS 50 70 90 

VES 5.0 

IC' 3.0 
5.0 

IS 1.0 

Pn 35 
0.2 

TJ , T stg -55 to +200 

* The 3.0 Amp maximum Ie value is based upon JEDEC current gain requirements. 

The 5.0 Amp maximum value is based upon actual current-handling capability of the device. 

ELECTRICAL CHARACTERISTICS (T c = 25 'C unless otherwise noted) 

I Characteristic Symbol Min Max 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (11 BV CEO(sus) 

(IC = 100 mAdc, IB = 0) 2N4231 40 -
2N4232 60 -
2N4233 80 -

Collector Cutoff Current ICEO 
(V CE = 30 Vdc, IB = 0) 2N4231 - 1.0 

(V CE = 50 Vdc, IB = 0) 2N4232 - 1.0 

(V CE = 70 Vdc, IB = 0) 2N4233 - 1.0 

Collector Cutoff Current ICEX 
(V CE @rated V CEO' V EB(off) = 1. 5 Vdc) - 0.1 

(V CE @rated V CEO' V EB(off) = 1. 5 Vdc, TC =150°C) - 1.0 

Collector Cutoff Current ICBO 
(V CB @ rated V CB' IE = 0) - 0.05 

Emitter Cutoff Current lEBO 
(VBE =5_0Vdc,IC =0) - 500 

ON CHARACTERISTICS 

DC Current Gain (1J hFE 
(IC = O. 5 Adc, V CE = 2.0 Vdc) 40 -
(IC = 1. 5 Adc, V CE = 2.0 Vdc) 25 100 

(IC = 3.0 Adc, V CE = 2.0 Vdc) 10 -

Collector-Emitter Saturation Voltage (11 V CE(sat) 
(IC = 1. 5 Adc, IB = O. 15 Adc) - 0.7 

(IC = 3.0 Adc, IB = 0.3 Adc) - 2.0 

Base-Emitter Voltage (11 
VBE(on) 

(IC = 1. 5 Adc, V CE = 2.0 Vdc) - 1.4 

(1) Pulse Test, PW,," 300 /Ls, Duty Cycle"" 2. 0% 
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2N4231 thru 2N4233 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = O. 5 Adc, V CE = 10 Vdc, f = 1. 0 MHz) 

Output Capacitance 
(V CB = 10 Vdc, ~ = 0, f = 1. 0 kHz) 

Small-Signal Current Gain 
(IC = 0.5 Adc, V CE = 10 Vdc, f = 1. 0 kHz) 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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FIGURE 5 - SWITCHING TIME EQUIVALENT CIRCUIT 
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:lN42J 1 thru 2N4233 (continued) 
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There are two limitations on the power han· 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi
pation than the curves indicate. 

The data of Figurell is based on TJ(pkJ = 
200°C; T c is variable depending on condition's. 
Pulse curves are valid for duty cycles to 10 % pro
vided TJ!pkl <:: 200°C. TJ{pk) may be calculated 
from the data in Figure 12. At high case tempera
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limita~ions imposed by secondary breakdown. 
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2N4231A thru 2N4233A NPN (SILICON) 

2N6312 thru 2N6314 PNP 

COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.5 Adc 

• Low Leakage Current - ICEX = 0.1 mAde (Max) 

• Excellent DC Current Gain - h F E = 25-100 @ IC = 1.5 Adc 

• High Current Gain - Bandwidth Product -
IT = 4.0 MHz @ IC = 0.25 Adc 

• Aluminum TO-66 Package lor Better Power Handling Capability 

"MAXIMUM RATINGS 

2N4231A 2N4232A 2N4233A 
Ra'ting Symbol 2N6312 2N6313 2N6314 

Collector-Emitter Voltage VCEO 40 60 80 

Collector-Base Voltage VCB 40 60 80 

Emitter~Base Voltage VEB 
~5.0 ______ 

Collector Current- IC 
Continuous ------5.0~ 

Peak .. 10 ___ 

Base Current IB _____ 2.0~ 

Total Device Dissipation @ Po 
TC = 25DC .. 75_ 
Derate above 25°C ~O.43~ 

Operating and Storage TJ,Tstg ~ -65 to +200~ 
Junction Temperature 
Range 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

'Indicates JEDEC registered data (All values meet or exceed JEDEC registered data) 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/DC 

DC 

5_0AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

PIN 1 BASE 
2 EMITTER 

40-60-80 VOL TS 
75 WATTS 

I-'-H--

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

B 470 500 11 94 12.70 
C 250 .340 635 8.64 
D 028 034 .711 864 
E .050 075 1 27 191 
F .093 107 2.36 272 
H 958 962 2433 24.43 
J .142 152 361 386 
K .360 9 14 
L .570 590 1448 1499 
M 190 210 483 533 
N 350 8.89 
P 145 3.68 
Q 620 1575 
R 050 1.27 

All JEDEC dimenSions and notes apply 

CASE 80-02 
TO-66 

I 

ij 
,i 

Ii 
I' 
i 
II 
i.1 



2N4231A thru 2N4233A NPN, 2N6312 thru 2N6314 PNP (continued) 

I 
ELECTRICAL CHARACTERISTICS (Tc 0 2SoC unless otherwise noted) 

Characteristic 

'OFF CHARACTERISTICS 

Collector-EmItter Sustamlng Voltage (1J 
(Ie'" 100 mAde, 'S'" 0) 2N4231A,2N6312 

2N4232A,2N6313 
2N4233A,2N6314 

Collector Cutoff Current 

(VeE'" 3QVdc, IS "" 0) 2N4231A,2N6312 

(VeE 50 Vdc, '8 '" 0) 2N4232A,2N6313 

(VeE eo 70 Vdc, IS "" OJ 2N4233A,2N6314 

Collector Cutoff Current 

(VeE'" 40 Vdc, VSE(off) '" 1 5 Vdc) 2N4231A,2N6312 

(VeE'" 60 Vdc, VSE(off) " 1.5 Vdc) 2N4232A,2N6313 

(VeE'" 80 Vdc, VSE(off) '" 1.5 Vdc) 2N4233A,2N6314 

(VeE'" 40 Vdc, VSE(otn "" 1.5 Vdc, 2N4231A,2N6312 
TC'" T50oC) 

(VeE = 60 Vdc, VSE(off) '" 1.5 Vdc, 2N4232A,2N6313 
TC'" T500C) 

(VeE'" 80 Vdc, VSE(off) = 1.5 Vdc, 2N4233A, 2N6314 

TC = 150oC} 

Collector Cutoff Current 
(VCB = 40 Vde, IE "" 0) 2N4231A,2N6312 

(VeB = 60 Vde, IE = OJ 2N4232A,2N6313 

(VCB'" 80 Vdc, IE = OJ 2N4233A,2N6314 

Emitter Cutoff Current 
(VBE = 5 a Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gam (1) 

~ (lC '" 0.5 Adc, VCE "'- 2 0 Vdc) 
~{lC = 1 5 Adc, VCE = 2 0 Vdc) 
~(IC = 3 0 Adc. VCE = 2.0 Vde) 

(IC = 5.0 Adc, VCE = 4 0 Vde) 

~ Collector-Emitter Saturation Voltage (1) 
(lC = 1.5 Adc, IS" 0.15 Adc) 
(lC = 3 0 Adc, fS = 0.3 Ade) 
(IC = 5.0 Adc, IB = 1 25 Adc) 

"Base-Emitter On Voltage (1) 
(lC'" 1 5 Adc, VCE = 2 0 Vdc) 

'DYNAMIC CHARACTERISTICS 
Current-Gam - BandWidth Product 

(Ie = 0.5 Adc, VCE = 10 Vdc, f test = 1.0MHz) 

Output Capacitance 
(VCS = 10 Vdc, IE = 0, f= 0.1 MHz) 

Smail-Signal Current Gam 
(Ie "'- 0.5 Adc, VCE "'- 10 Vdc, f'" 1.0 kHz) 

"Indicates JEDEC registered data. 

(l) Pulse Test· Pulse Width"':;;; 300,u.s, Duty Cycle"':;;; 2 0% 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

APPRoXnTURN.oN PULSE 
+11 V I 

---i 11 
Vin I, 

I 

o " II 
APPRO X 

+11 V 
13 

V CC 0----. ___ --, 

Vino--_~H 
RS 

Gjd« Ceb 

-4.0 V 

q<15ns 
100<12<500", 
t3< 15 ns 

DUTY CYCLE ~ 2.0% 
FOR td and t r, D1 

12 

TURN·OFF PULSE 

APPRoX-9.0 V IS DISCONNECTED 
I--- FOR PNPTEST CIRCUIT, 

REVERSE ALL POLARITIES 

FOR CURVES OF FIGURES 3 AND 6, RB AND RC 
ARE VARIED TO OBTAIN DESIRED CURRENT LEVELS 

o I MUST BE FAST RECOVERY TYPE, 'g 
MB05300 USED ABOVE IB ~ 100 rnA 
MS06100 USED SELOW 'B ~ 100 rnA 

Symbot Min - Unit 

VCEO(sus) Vde 
40 
60 
80 

ICEO mAde 

1.0 
10 
1.0 

'CEX mAde 
0.1 
0.1 
0.1 
1.0 

1.0 

10 

ICBO mAde 
0.05 
0.05 
0.05 

lEBO mAde 
0.5 

hFE 
40 
25 100 
10 
4.0 

VCElsat) Vd, 
0.7 
20 
4.0 

VSE{on) Vd, 
14 

fT MH, 

40 

Cob 
300 

hf, 
20 

FIGURE 3 - TURN "ON" TIME 

I IrJ" 25°C 

0 
[IC/IS" 10 

2.0 

I. 

) 'r@VCC IOV= tz~ 5 'r@VCC-3OV 
o. 
o. ..... 

3 
-",;,;0-:,..... 

'" o. 
.5 

2 "' o. 
'" ;:: - ld@VSE (off)' 0 O. I 

0.0 ) 

0.0 

0.0 

0.0 

5 

3 

2 
0.05 0.0) 0.1 

2-748 

"'t-
2N4231A lhru 2N4233A (NPN) 
2N63121hru 2N6314(PNP) 

0.2 0.3 0.5 0,) 1.0 2.0 3.0 5.0 

'c, COLLECTOR CURRENT (AMPERES) 



2N4231A thru 2N4233A NPN, 2N6312 thru 2N6314 PNP (continued) 
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There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown . 
Safe operating area curves indicate Ie - VeE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on T Jlpk) = 200°C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) < 200°C. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the po\Wr than can be handled to 
values less than the limitations imposed by second breakdown. 
ISee Motorola Application Note AN4 I 51. 
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2N4231 A thru 2N4233A NPN ,2N6312 thru 2N6314 -PN·P (continued) 
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2N4231A thru 2N4233A NPN, 2N6312 thru 2N6314 PNP (continued) 
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2N4234 (SILICON) 
2N4235 
2N4236 

STYLE 1: 
2 PIN 1. EMITTER O 2. BASE 
o 3. COLLECTOR 

1 0 0 3 CASE 31 

PNP silicon power transistors ideal for use as driv
ers, switches, and direct replacement of germanium 
medium-power devices. Complement to NPN 2N4237 
thru 2N4239. 

(TO-5) 

Collector connected to case 
MAXIMUM RATINGS 

Rating Symbol 2N4234 2N4235 2N4236 Unit 
Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector-Base Voltage VCB 40 60 80 Vdc 

Emitter-Base Voltage VEB . 7.0 • Vdc 

Collector Current - Continuous IC , 3.0 • Adc 

Base Current IB , 0.2 • Adc 

Total Device Dissipation @ T A = 25°C PD 
, 1.0 • Watt 

Derate above 25°C • 5.7 • mW;oC 

Total Device Dissipation @ TC = 25°C PD 
, 6.0 • Watts 

Derate above 25°C , 34 I mW;oC 

Operating and Storage Junction 
TJ , Tst!! Temperature Range _-65 to +200 • °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal ReSistance, Junction to Case 8JC 29 °C/W 

FIGURE 1- POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 2. 
All limits are applicable and must be observed. 
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2N4234, 2N4235, 2N4236 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 25'C unless othe,w;se noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 2N4234 BV CEO(sus) 
(IC = 100 mAde, IB = 0) 2N4235 

2N4236 

Collector Cutoff Current ICEO 
(VCE = 30 Vde, IB = 0) 2N4234 

(VCE = 40 Vde, Is = 0) 2N4235 

(VCE = 60 Vde, IB = 0) 2N4236 

Collector Cutoff Current ICEX 
(V CE = 40 Vde, V BE(off) = 1. 5 Vde) 2N4234 

(V CE = 60 Vde, VBE(off) = 1. 5 Vde) 2N4235 

(V CE = 80 Vde, VBE(o!!) = 1.5 Vde) 2N4236 

(VCE = 30 Vde, VBE(o!!) = 1. 5 Vde, TC = 150'C) 2N4234 

(VCE = 40 Vde, VBE(off) = 1. 5 Vde, TC = 150'C) 2N4235 

(VCE = 60 Vde, VBE(o!!) = 1.5 Vde, TC = 150'C) 2N4236 

Collector Cutoff Current ICBO 
(VCB = 40 Vde, IE = 0) 2N4234 

(VCB = 60 Vde, IE = 0) 2N4235 

(VCB = 80 Vde, IE = 0) 2N4236 

Emitter Cutoff Current lEBO 
(VBE = 7 Vde, Ie = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) hFE 
(IC = 100 mAde, VeE = 1 Vde) 

(IC = 250 mAde, V CE = 1 Vde) 

(Ie = 500 mAde, V CE = 1 Vde) 

(IC = 1.0 Ade, VCE = 1 Vde) 

Collector-Emitter Saturation Voltage (11 V CE(sat) 
(Ie = 1. 0 Ade, Is = 125 mAde) 

Base-Emitter Saturation Voltage (1) VBE(sat) 
(IC = 1. 0 Ade, Is = 100 mAde) 

Base-Emitter On Voltage VBE(on) 
(IC = 250 mAde, V CE = 1.0 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(Ic = 100 mAde, VCE = 10 Vde, 1= 1.0 MHz) 

.~-

Output Capacitance Cob 
(V CB = 10 Vde, IE = 0, I = 100 kHz) 

Small- Signal Current Gain hIe 
(Ie ::: 50 mAde, V CE = 10 Vdc, f::: 1. 0 kHz) 

(1lPulse Test: PW:5 300j.LB, Duty Cycle :5 2% 

FIGURE 2 - ACTIVE· REGION SAFE OPERATING AREAS 
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The Safe Operating Area Curves indio 
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will not enter secondary breakdown. Col· 
lector load lines for specific circuits must 
fall within the applicable Safe Area to 
avoid causing a catastrophic failure. To 
insure operation below the maximum TJ, 
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observed for both steady state and pulse 
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2N4234, 2N4235, 2N4236 (continued) 
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"OFF" REGION CHARACTERISTICS 

FIGURE 5 - TRANSCONDUCTANCE 
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2N4234, 2N4235, 2N4236 (continued) 
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2N4234, 2N423S, 2N4236 (continued) 

DYNAMIC CHARACTERISTICS 

FIGURE 11- TURN·ON TIME 
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FIGURE 13 - CAPACITANCE 
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2N4237 (SILICON) 
thru 

2N4239 
2 

103 

Medium-power NPN silicon transistors designed for 
driver circuits, switching, and amplifier applications. 

STYLE 1: 
PIN 1. EMITTER 

2. BASE Collector connected to case 
3. COLLECTOR 

MAXIMUM RATINGS 

Rating Symbol 2N4237 2N4238 2N4239 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector- Base Voltage VCB 50 80 100 Vdc 

Emitter-Base Voltage VEB -6.0- Vdc 

Collector Current - Continuous' IC -1.0- Adc 

-3.0-

Base Current - Continuous IB -500- mAdc 

Total Device Dissipation @ TC o 25°C P D -6.0- Watts 

Derate above 25°C ~34- mW/'C 

Operating and Storage Junction TJ , T stg --65to +200- 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 8JC 29 'C/W 

*The 1.0 Amp maximum Ie value IS based upon JEDEC current gain requirements. The 3.0 Amp 
maximum value is based upon actual current· handling capability of the device (see Figure 5). 
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FIGURE 1- POWER·TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable 
and must be observed. 
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2N4237 thru 2N4239 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherWISe noted) 

Characteristic Symbol 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) - BVCEO(sus) Vde 
(Ic = 100 mAde, IB = 0) 2N4237 40 -

2N4238 60 -
2N4239 80 -

Collector Cutoff Current - ICEO mAde 
(V CE = Hated V CEO' IB = 0) - 0.7 

Collector Cutoff Current 12 ICEX mAde 
(V CE = 45 Vde, V EB(off) = 1. 5 Vde) - 0.1 

(VCE = 75 Vde, VEB(off) = 1. 5 Vde) - 0.1 

(VCE = 90 Vde, VEB(off) = 1. 5 Vde) - 0.1 

(VCE = 30 Vde, VEB(off) = 1. 5 Vdc, TC = 150·C) - 1.0 

(VCE = 50 Vde, VEB(of£) = 1. 5 Vde, TC = ISO·C) - 1.0 

(VCE = 70 Vde, VEB(off) = 1. 5 Vde, TC = 150·C) - 1.0 

Collector Cutoff Current - ICBO mAde 
(VCB = Rated VCBO' IE = 0) - O. I 

Emitter Cutoff Current - lEBO mAde 
(VEB = 6.0 Vde, IC = 0) - 0.5 

ON CHARACTERISTICS 
DC Current Gain (1) 8 hFE -

(IC = 50 mAde, V CE = 1. 0 Vde) 30 -
(IC = 250 mAde, V CE = 1. 0 Vdc) 30 150 

(IC = 500 mAde, V CE = 1. 0 Vde) 30 -
(IC = 1. 0 Ade, V CE = 1.0 Vdc) 15 -

Collector-Emitter Saturation Voltage' (1) 9,11,13 VCE(sat) Vde 
(IC = 500 mAde, IB = 50 mAde) - 0.3 

(IC = 1. 0 Ade, IB = 0.1 Adc) - 0.6 

Base-Emitter Saturation Voltage (1) 
VBE(sat) Vde 

(IC = 1. 0 Adc, IB = O. 1 Ade) - 1.5 

Base-Emitter On Voltage (1) 11,13 V BE (on) Vde 
(IC = 250 mAde, V CE = 1. 0 Vde) - 1.0 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product - IT MHz 

(IC = 100 mAde, V CE = 10 Vdc, f = 1. 0 MHz) 2.0 -

Output Capacitance - Cob pF 
(V CB = 10 Vdc, IE = 0, I = O. 1 MHz) - 100 

Small-Signal Current Gain - hfe -
(IC = 100 mAde, V CE = 10 Vdc, f = 1. 0 kHz) 30 -

(1) Pulse Test: Pulse Width S 300 /lS, Duty Cycle ~ 2.0%. 

SWITCHING CHARACTERISTICS 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 - TURN·ON TIME 
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2N4237 thru 2N4239 (continued) 
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There are two limitations on the power han
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ic-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the 
tran'sistor must not be subjected to greater dissi
pation than the curves indicate. 

For this particular transistor family. the ther
mal curves are the limiting design values, except 
for a small portion of the dc curve. The pulse 
secondary breakdown curves are shown for 
information only. 

FIGURE 7 - FALL TIME 
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2N4237 thru 2N4239 (continued) 

TYPICAL DC CHARACTERISTICS 

FIGURE 8 ---- CURRENT GAIN FIGURE 9 ---- COLLECTOR SATURATION REGION 
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2N4260 (SILICON) 

2N4261 

PNP silicon annular transistors, designed for high
speed current-mode logic switching applications and for 
complementary circuitry with NPN types 2N3959 and 
2N3960. 

CASE 20 
(TO-72) 

2 
STYLE 10 

I GoO 0 3 PIN~. ~~~~TER 
3. COLLECTOR 
4. CASE 

*MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector- Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation @ T A = 25°C P D 

Derate above 25°C 

Operating and Storage Junction Temperature Range T J' T stg 

* Indicates JEDEC Registered Data 

2-761 

Value Unit 

15 Vdc 

15 Vdc 

4. 5 Vdc 

30 mAdc 

200 mW 

1. 14 mWj"C 

-65 to +200 °c 

i, 



2N4260, 2N4261 (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic t Fig. No. t Symbolt Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(Ie' 10 mAde, IE • 0) 15 -

Collector-Base Bteakd"own Voltage BVCBO Vde 
(Ie' 10 MAde, IE = 0) 15 -

E:mitter-Base Breakdown Voltage BVEBO Vde 
(IE = 10 MAde, IC • 0) 4.5 

Collector Cutoff Current ICEX }.lAde 
(VCE ' 10 Vde, VBE(off) = 2 Vde) - 0.005 

(V CE = 10 Vde, VBE(off) = 2 Vde, T A • 150'C) - 5.0 

(VeE:: 10 Vdc, V EB(on) • O. 4 Vde) - 0.05 

BaSe Cutoff Current IBL J..tAde 
(VeE' 10 Vde, VBE(off)' 2 Vde) - 0.005 

ON CHARACTERISTICS 

DC Cut rent Gain I hFE 
(Ie::: 1 mAde, VCE ' I Vde) 25 -
(IC = 10 mAde, VCE' I Vde) 30 150 

(IC = 30 mAd~, VCE = 2 Vde) 20 -

Collector-Emitter Saturation Voltage 2, 3, 4 VCE(,at) Vde 
(Ie = 1 mAde, IS = 0.1 Adc) 0.15 

(IC = 10 mAde, IB = I mAde) - 0.35 

Base-Emitter On Voltage 3, 4 VBE(on) Vde 
(Ie = 1 mAde, VeE = 1 Vdc) - 0.8 

(IC = 10 mAde, VCE = 1 Vde) 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 5 fT MHz 
(IC = 5 mAde, V CE = 4 Vde, f = 100 MHz) 2N4260 1200 

2N4261 1500 

(Ic = 10 mAde. VCE = 10 Vde, f = 100 MHz) 2N4260 1600 
2N4261 2000 

High-Frequency Current Gain 
Ihfel (Ie'" 10 mAde, VeE I::: 10 Vdc, f = 100 MHz) 2N4260 16 

2N426I 20 

Output Capacitance 8 Cob pF 
(VCB = 4 Vde, IE = 0, f = 100 kHz) - 2.5 

Input Capacitance 8 Cib pF 
(VBE = 0.5 Vde, Ie' 0, f =100 kHz) 2.5 

Collector-Sase Time Constant 6 r' C p, 
(Ie = 5 mAde, VeE = 4 Vdc, f = 31. 8 MHz) 2N4260 b e 35 

2N4261 60 

(Ie '" 10 mAdc. V CE .. 10 Vdc, f '" 31.8 MHz) 2N4260 - 30 
2N4261 50 

Typical Performance 
(Vout '" 1 V) 

TYPICAL SWITCHING TIMES @IO mA, @30mA 

Turn-On Delay Time Test tOn(delay) 1.0 1.2 ns 
Circuit 

Rise 'time Figure 7 tr 0.5 0.9 ns 

Turn-Off Delay Time Test tOff(delay) 1.0 1.2 n, 
Circuit 

Fall-Time Figure 7 tf 1.0 1.2 n, 

* Indicate::; JEDEC Registered Data 
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2N4260, 2N4261 (continued) 

FIGURE 1 - DC CURRENT GAIN 
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2N4260, 2N4261 (continued) 

FIGURE 7 - SWITCHING TIMES 
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FIGURE 8 - CAPACITANCE 
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2N4264 (SILICON) 

2N4265 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for general·purpose switching and amplifier applications. 

• Collector-Emitter Breakdown Voltage -
BVCEO~ 15Vdc (Min) @ IC~ 1.0mAdc- 2N4264 

• Current Gain Specified from 0.1 mAdc to 200 mAdc 

• Complete Switching and Amplifier Specifications 

• Collector·Base Capacitance -
Ccb ~ 4.0 pF (Max) @ VCB ~ 5.0 Vdc 

'MAXIMUM RATINGS 

Rating Symbol 2N426412N4265 Unit 

Collector-Emitter Voltage VeEO 15 l 12 Vdc 

Collector-Base Voltage VeB 30 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous Ie 200 mAde 

Total Power Dissipation @ T A = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Power Dissipation @ T C = 25°C Po 1.0 Watt 

Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 °e 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 357 °C/W 

Thermal Resistance, Junction to Case ReJC 125 °C/W 

*Indicates JEDEC Registered Data. 

2-765 

NPN SILICON 

SWITCHING AND AMPLIFIER 

TRANSISTORS 

DIM 
A 
B 
C 
D 
F 

L 
N 
P 
Q 

R 
S 

MILLIMETERS INCHES 
MIN 
4450 
3.1BO 
4320 
0.407 
0407 

1 
1150 

6.350 
3430 
2410 
2.030 

MAX MIN 
5.200 0175 
4190 0125 
5.330 0170 
0.533 0016 
04 2 1 

1.390 0.045 
1.270 

0.250 
0135 

2670 0.095 
2.670 0.080 

CASE 29 
TO·92 

MAX 
0.205 

165 
0.210 
0.021 
0019 

0.055 
0050 

0105 
0.105 



2N4264, 2N4265 (continued) 

* ELECTRICAL CHARACTERISTICS ITA = 2SOC unless otherwise noted) 

Cha racteristic Symbol Min Max 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(lC = I mAde, IE = 0) 2N4264 15 -

2N4265 12 -
Collector-Base Breakdown Voltage BVCBO 

(IC = 10l'Ade, IE = 0) 30 -
Emitter-Baae Breakdown Voltage BVEBO 

(IE = 10 I'Ade, IC = 0) S.O -
Coileetor Cutoff Current ICEV 

(V CE = 12 Vde, V EB(off) = 0.25 Vde) - 100 

Base Cutoff Current IBEV 
(VCE = 12 Vde, VEB(Off) = 0.25 Vde) - 0.1 

(VCE = 12 Vde, V EB(off) = O. 25 Vde, T A = 100·C) - 10 

ON CHARACTERISTICS 
DC Current Gain hFE 

(lC = I mAde, VCE = I Vde) 2N4264 25 -
2N4265 50 -

(lC = 10 mAde, VCE = 1 Vde) 2N4264 40 160 
2N4265 100 400 

(IC = 10 mAde, VCE = I Vde, TA = -55·C) 2N4264 20 -
2N4265 45 -

(IC = 30 mAde, VCE=IVde) 2N4264 40 -
2N4265 90 -

(lC = 100 mAde, VCE = I Vde) 2N4264 30 -
2N4265 55 -

(Ie = 200 mAde, VCE = I Vde) 2N4264 20 -
2N4265 35 -

Collector-Emitter Saturation Voltage V CE(sat) 
(lC = 10 mAde, IB = I mAde) - 0.22 

(IC = 100 mAde, IB = 10 mAde) - 0.35 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 10 m"de, IB = I mJ\.de) 0.65 0.60 

(IC = 100 mAde, IB = 10 mAde) 0.75 0.95 

SMALL SIGNAL CHARACTERISTICS 
Current-Gain Bandwidth Product fT 

(IC = 10 mAde, V CE = 10 Vde, f = 100 MHz) 300 -
Collector-Base Capacitance Ccb 

(VCB = 5 Vde, IE = 0, f = 100 kHz) - 4.0 

Input Capacitance C1b 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) - 8.0 

SWITCHING CHARACTERISTICS 
Turn-On Time Figure 1, Test Condition A ton 

VCC = 3 Vde, V EB(off) = 1. 5 Vde, 

IC = 10 mAde, IBI = 3 mAde - 25 

Turn-Off Time Figure 1, Test Condition A toff 
V CC = 3 Vde, IC = 10 mAde, 

IBI = 3 mAde, IB2 = 1. 5 mAde - 35 

Storage Time Figure 1, Test Condition B t a 
VCC = 10 Vde, IC = 10 mAde, 

IBI = 's2 = 10 mAde - 20 

Delay Time Figure 1, Test Condition C 
VCC = 10 Vde, V Eb(ofl) = 2 Vde, td - 8.0 

Rise Time IC = 100 mAde, IBI = 10 mAde tr - 15 

storage Time Figure 1, ,Test Condition C 
V CC = 10 Vde, IC = 100 mAde, ts - 20 

Fall Time IBI = IB2 = 10 mAde tf - 15 

Total Control Charge V CC • 3 Vde, IC = 10 mAde, 's • mAde QT - 80 

*Indicates JEDEC Registered Data 

FIGURE 1 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 
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rnA V Il Il pf 
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2N4264, 2N4265 (continued) 

CURRENT GAIN CHARACTERISTICS 

FIGURE 2 - MINIMUM CURRENT GAIN 
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TIME --

NOTE 1 
When a transistor is held in a conductive state by a base current. 

I •• a charge. Qs. is developed or "stored" in the transistor. Qs may be 
written: Qs = QI + Q'I + Qx· 

Q. is the charge required to develop the required collector current. 
This charge is primarily iii function of alpha cutoff frequency. Qv is 
the charge required to charge the collector·base feedback capacity. 
Q.. is excess charge resuiting from overdrive, Le.. operation in 
saturation. 

The charge required to tum a transistor "on" to the edge of sat· 
uration is the sum of Q. and Qy which is defined as the active region 
charge, QA' QA = lilt. when the transistor is driven by a constant cur· 

Ie 
rent step (I •• ) and I •• < < h;;' 

If I. were suddenly removed, the transistor would continue to con· 
duct until Qs is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina
tion time is long compared to the ultimate capability of a transistor, a 
charge, QT. of opposite polarity, equal in magnitude, can be stored on 
an external capaCItor, C. to neutralize the internal charge and con
Siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform_ Given Qf from 
Figure 13. the external C for worst-caM turn-off in any circuit is: 
C = QT/ l::::. V, where l::::. V is defined in Figure 3. 
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2N4264, 2N4265 (continued) 

"ON" CONDITION CHARACTERISTICS 

FIGURE 5 - COLLECTOR SATURATION REGION 

1.0 

\ 2N4264 -
\ 1\ TJ~25'C -

le~ lOrnA SOmA \ 100 mA \ 200 mA 

6 \ \ 
\ ................ 

4 
1"""-

'\ ...... r-r-
:--1---

2 

0 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

I,. BASE CURRENT {mAl 

0 
\ \ T~~~~~C - -

8 1\ 
\ 

Ie ~ lOrnA SOmA 1\ 100mA "\ 200 mA 
6 

1\ \ --I' ....... r-.. 4,--- ---r--
2 

0 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

I,. BASE CURRENT {mAl 

FIGURE 6 - SATURATION VOLTAGE LIMITS FIGURE 7 - TEMPERATURE COEFFICIENTS 

O~~~~~~~~~~~~~~~~ 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ie. COLLECTOR CURRENT {mAl 

2-768 

1. 

O. 

-0. 

-1. 

-1. 

-2. 

0 

5 
fJvc for VCE!ytl 

0 

5 

0 

"'jforV" _ 

:!~ 
o 40 

{25,l to 12JCI _ r-= 

{ 5Tt02fl-r----

{25'~ to 125~CI 
f.-::: ~ ~ { 55'C to WCI 

I I 
80 120 160 200 

Ie. COLLECTOR CURRENT {mAl 



2N4264, 2N4265 (continued) 

DYNAMIC CHARACTERISTICS 
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FIGURE 12 - JUNCTION CAPACITANCE 
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FIGURE 11 - FALL TIME 
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2N4276 (GERMANIUM) 
thru 

2N4283 
PNP germanium power transistors designed for high 

current applications requiring high-gain and low satu
ration voltages. 

0·' ~"" o 0 ~PlNJBASE 
@r 2 EMITTER 

CASE COLLECTOR 

CASE 3·04 
(TO·3 modified) 

~' 002 ~ STYLEJ 
o 0 m PIN J BASE 

@r 2 EMITTER 
CASE-COLLECTOR 

CASE 4·04 

Collector connected to case 
I 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector· Base Voltage 

Emitter-Base Voltage 

Collector Current- Continuous * 

Total Device Dissipation @ TC = 25° C 

Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

For units with solder lugs attached, specify 
devices MP4276 etc (Case 4-04) 

Symbol 2N4276 2N4278 2N4280 
2N4277 2N4279 2N4281 

VCEO 20 30 45 

VCES 30 45 60 

VCB 30 45 60 

VEB 20 25 30 

I • 
C 

60 

PD , 170 

, 2.0 

TJ , Tstg , -65 to +110 

2N4282 Unit 2N4283 
60 Vdc 

75 Vdc 

75 Vdc 

40 Vdc 

Adc 

Watts 

WjOC 

°c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 8JC . 0.5 °CjW 

FIGURE 1 - AVERAGE POWER· TEMPERATURE DERATING CURVE 
200 

~ 
1 I I I 

FOR TRANSIENT THERMAL RESISTANCE AND 
~ 160 
~ 

SAFE OPERATING AREA INFORMATION. -
~ 
z 
~ 120 
~ 
c:;:; 
en 
i5 
ffi 80 
:;:: 
:i2 
6 

"- 40 

o 
20 

~ 

40 

SEE FIGURES 2 & 3. 

~ 
~ 

K 
~ 
~ 
~ 

60 80 100 
Te. CASE TEMPERATURE (OC) 

*JEDEC Registered Values, For True Capability See Figure 3. 
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2N4276 thru 2N4283 (continued) 

ELECTRICAL CHARACTERISTICS (T e = 2S·C unless otherwISe noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaget 
(IC = 1. 0 Ade, IB = 0) 2N4276, 2N4277 

2N4278, 2N4279 
2N4280, 2N4281 
2N4282, 2N4283 

Collector-Emitter Breakdown Voltage 
(IC = 300 mAde, VBE = 0) 2N4276, 2N4277 

2N4278, 2N4279 
2N4280, 2N4281 
2N4282, 2N4283 

Floating Potential 
(V CB = 30 V de, IE = 0) 2N4276, 2N4277 

(V CB = 45 Vcte, IE = 0) 2N4278, 2N4279 

(VCB = 60 Vde, IE = 0) 2N4280, 2N4281 

(V CB = 75 Vde, IE = 0) 2N4282, 2N4283 

Collector Cutoff Current 
(V CE = 20 Vde, V BE(off) = 2.0 Vde, T C = +71' C) 2N4276, 2N4277 

(VCE = 30 Vde, VBE(Off) = 2.0 Vde, TC = +71'C) 2N4278, 2N4279 

(VCE = 45 Vde, VSE(off) = 2.0 Vde, TC = +71'C) 2N4280, 2N4281 

(V CE = 60 Vde, V BE(off) = 2.0 Vde, T C = +71' C) 2N4282, 2N4283 

Collector Cutoff Current 
(V CB = 2.0 Vde, IE = 0) 

(V CB = 30 Vde, IE = 0) 

(V CB = 45 Vde, IE = 0) 

(VCB = 60 Vde, IE = 0) 

(VCB = 75 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 20 Vde, IC = 0) 

(VBE = 20 Vde, IC = 0, TC = +71'C) 

(VBE = 25 Vde, IC = 0) 

(VBE = 25 Vde, IC = 0, TC = +71'C) 

(V BE = 30 V dc, IC = 0) 

(V BE = 30 Vde, IC = 0, TC = +71'C) 

(V BE = 40 Vde, IC = 0) 

(VBE = 40 Vde, IC = 0, Te = +71'C) 

ON CHARACTERISTICS 

DC Current Gain t 
(IC = 15 Ade, V CE = 2.0 Vde) 2N4276, 2N4278, 

2N4277, 2N4279, 

(IC = 60 Ade, V CE = 2.0 Vde) 

Collector-Emitter Saturation Voltaget 
(IC = 15 Ade, IB = 1. 0 Ade) 

(IC = 60 Ade, IB = 6.0 Ade) 

Base-Emitter Saturation Voltaget 
(IC = 15 Ade, IB = 1. 0 Ade) 

(Ie = 60 Ade, IB = 6.0 Ade) 

SMALL SIGNAL CHARACTERISTICS 

Common-Emitter Cutoff Frequency 
(IC = 15 Ade, V CE = 2.0 Vde) 

'2N4276, 2N4277 

2N4278, 2N4279 

2N4280, 2N4281 

2N4282, 2N4283 

2N4276, 2N4277 

2N4278, 2N4279 

2N4280, 2N4281 

2N4282, 2N4283 

2N4280, 2N4282 
2N4281, 2N4283 

Symbol 

BV CEO' 

BVCES 

VEBF 

ICEX 

ICBO 

lEBO 

hFEt 

V CE(sat)t 

VBE(sat)t 

t To avoid excessive heating of the collector junction, perform test with pulse method. 
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Min Max Unit 

Vde 
20 -
30 -
45 -
60 -

Vde 
30 -
45 -
60 -
75 -

Vde 
- 0.5 

- 0.5 

- 0.5 

- 0.5 

mAde 
- 15 

- 15 

- 15 

- 15 

mAde 
- 0.2 :1 
- 4.0 I 

- 4.0 

- 4.0 

- 4.0 

mAde 
- 4.0 

- 15 

- 4.0 

- 15 

- 4.0 

- 15 

- 4.0 

- 15 

-
60 180 

120 240 

15 -
Vde 

- 0.15 

- 0.3 

Vde 
- 0.6 

- 1.0 



2N4276 thru 2N4283 (continued) 
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FIGURE 4 - SWITCHING TEST CIRCUIT 
H 

TO OBTAIN DATA fOR fiGURE 5, Vee ~ 30 V 
R. & R, WERE VARIED. Vee and VI 
~~~~~MAINED APPROXIMATELY R, 

Vo 

vee4---------~~-------

in 

The switching performance of this transistor IS determined primarily 
by the gam·bandwidth product, fT· • and the behavior of the base-spreading 
resistance, r,', 

In the case of rise time, the base·spreading resistance plays a small 
part, and the test circuit delivers a constant current steJ) of turn·on current 
to the tr~nslstor (III)' Therefore, the CUNe of tt on Figure 5 follows theory 
closely, 1.8.: 

t, ::::::;O.8~' 2~fT 
From the curve, it can be seen that fT is roughly cOrtstant with current; uSing 
the eQl,-lation. its large signal value can be calculated to be apprOKimately 
120 kHz at the 2Q..Amp level. A lower supply voltage will increase rise time 
slightly. 

Turn·off time is slow because of conductivity modulation which occurs 
in the base reglon. When the transistor is held "or!." In saturatioo, the base 
region becomes filled with eKcess charge; i.e., charge in excess of that 

·f, -f •• )ltt,. 

There are two limitations on the power handling abitity 
of a transistor: junction temperature and secondary break· 
down. Safe operating area curves indicate Ie - VeE limits of 
the transistor that must be observed for reliable operation; 
i.e. the transistor must not be subjected to greater dissipa· 
tion than the curves indicate. 

The data of Figure 3 is based on TJlpltJ = llO·C; Te is 
variable depending on conditions. Pulse curves are valid for 
duty cycles to 10% providedTJlp~J < IIO·C. TJlp.J maybe 
calculated from the data in Figure 2. At high case tempera· 
tures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by 
secondary breakdown. 

~ 
~ 

FIGURE 5 - SWITCHING TIMES 
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necessary to sustain the Circuit limited value of Ie. As a result. the base 
resistivity and consequently r,' become very low. Durin~ turn off, as the 
excess charge IS reduced, the accompanying increase in resistivity causes 
a marked reduction in the turn·off current. tl2, as can be seen from the wave
forms of Figure 4. During fall time. the in current is very low causing an 
extended fall time. 

Only a slight improvement 10 turn·off performance is achieved with a 
"speed·up" capacitor placed across R,. This unusual behavior occurs be· 
cause r.' limits the amount of reverse current which can be achieved. ~Iso. 
it seems evident that r,' increases with applied reverse current, so that 
efforts to speed up the turn-off behavior are somewhat futile. 

In most applications, SWitching time Will be close to the values shown 
on Figure 5. Delay time is not shown as it is negligible tn comparison to the 
other times. 

50 70 100 
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2N4276 thru 2N4283 (continued) 

TYPICAL DC CHARACTERISTICS 
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FIGURE 8 - EFFECTS OF BASE·EMITTER RESISTANCE 
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2N4342 (SILICON) 

SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (TypeA) Junction Field-EffectTransistor designed 
primarily for high-gain audio frequency applications. 

• High Forward Transadmittance -
IVfsl = 2.0 mmhos (Min) @ VDS = -10 Vdc (2N4342) 

• Low Noise Figure -
NF = 1.5 dB (Max) @f= 100 Hz 

• Low Drain-Source "ON" Resistance-
rds(on) = 700 Ohms (Max) @ f = 1.0 kHz (2N4342) 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS -25 Vdc 

Drain-Gate Voltage VOG -25 Vdc 

Reverse Gate-Source Voltage VGSlri 25 Vdc 

Forward Gate Current IGF 50 mAde 

Total Device Dissipation @TA ~ 25°C Po 200 mW 
Derate above 25°C 2.0 mW/oC 

Operating and Storage Junction TJ.Tstg -55 to +125 °c 
Temperature Range 

·Indicates JEDEC Registered Data. 

2-774 

P-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

STYLE 7: 
PIN 1. 

2. 
3. 

(Type A) 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
K 12.7uu 
L 1.150 
N 
P 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.016 

--,,"5~ 
1.390 0.045 
1.270 

0.250 
0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO-92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 

0.105 
0.105 



2N4342 (continued) 

'ELECTRICAL CHARACTERISTICS ITA ~ 25°C unless otherwise noted) 

Characteristic Symbol Min [ Max u~ 
OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 25 - Vde 
IIG ° 10 I'Ade, VOS ° 0) 

Gate-Sou rce Cu toff Vo Itage VGS(off) Vde 
(VOS ° -10 Vde, 10 ° 1.0I'Ade) 1.0 5.5 

Gate Reverse Current IGSS 

I 
(VGS ° 15 Vde, VOS ° 0) - 10 nAdc 

(VGS ° 15 Vde, VOS 0 0, TAo 65°C) - 0.5 I'Ade 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current lOSS 

I I 

mAde 

(VOS ° -10 Vdc, VGS ° 0) 4.0 12 

Gate-Source Voltage VGS I 
I 

Vde 
(VOS ° -10 Vde, 10 ° 0.4 mAde) 0.7 I 5.0 

(VOS ° -10 Vde, 10 ° 1.0 mAde) I 
1 

SMALL-SIGNAL CHARACTERISTICS 
~--------~ ---~--

Drain-Source "ON" Resistance rds(on) Ohms 

(VGS ° 0,10 ° 0, I ° 1.0 kHz) - 700 

-~ --~--

Forward Transadmittance Yls ~mhos 

(VOS ° -10 Vde, VGS ° 0, I ° 1.0 kHz) 2000 6000 

Forward Transconductance Re(Yls) }Jmhos 

(VOS ° -10 Vdc, VGS ° 0, I ° 1.0 MHz) 1500 -

Output Admittance Yos jJmhos 

(VOS ° -10 Vde, VGS ° 0, 1 0 1.0 kHz) - 75 

I nput Capacitance - 20 , pF 

(VOS ° -10 Vde, VGS ° 0, I ° 1.0 MHz) 

Reverse Transfer Capacitance Crss - 5.0 pF 

(VOS ° -10 Vde, VGS ° 0, I ° 1.0 MHz) 

Common-Source Noise Figure NF 

I 
dB 

(VOS ° -10 Vde, VGS ° 0, RG ° 1.0 Megohm, 1.5 
1 0 100 Hz, BW ° 15 Hz) 

, 

. I :00-
1 

Equivalent Short-Circuit Input Noise Voltage En I "v/1Hz 
(VOS ° -10 Vdc, VGS ° 0, I ° 100 Hz, BWo 15 Hz) -

I I 
·Indicates JEDEC Registered Data. 
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2N4351 (SILICON) 

CASE 20-02 
(TO-72) 

STYLE 2 

Silicon N - channel MOS field effect transis
tors, designed for enhancement-mode operation in low 
power switching applications. The 2N4351 is com
plementary with type 2N4352. 

PIN 1. 
2. 
3. 
4. 

SO U R CE 
GATE 
DRAIN 
SUBSTRATE AND 
CASE LEAD 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

Drain-Source Voltage VDS 

Drain-Gate Voltage VDG 

Gate-Source Voltage VGS 

Drain Current ID 

Power Dissipation at T A = 25°C PD 
Derate above 25°C 

Power Dissipation at TC = 25°C 
Derate about 25°C 

PD 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

HANDLING PRECAUTIONS: 

Value Unit 

25 Vdc 

30 Vdc 

± 30 Vdc 

30 mAdc 

300 mW 
1.7 mW/oC 

800 mW 
4.56 mW/oC 

200 °c 

-65 to +200 °c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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2N4351 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 
Substrate connected to source. 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage - V(BR)OSS 
(10 = 10 gA, VGS = 0) 25 

Gate Leakage Current less 
(VGS = ±30Vde, VOS = 0) -

Zero-Gate- Voltage Dram Current lOSS 
(VOS = 10 V, VGS = 0) -

ON CHARACTERISTICS 

Gate-Source Threshold Voltage - VGS(TH) 
(VOS = 10 V, ID = 10 gA) 1.0 

"ON" Drain Current 3 ID(on) 
(VGS = 10 V, VDS = 10 V) 3.0 

Drain-Source "ON" Voltage VOS(on) 
(10 = 2 rnA, VGS = 10 V) -

SMAll SIGNAL CHARACTERISTICS 

Drain-Source Resistance 4 r ds(on) 
(VGS = 10 V, 10 = 0, f = 1 kHz) -

Forward Transfer Admittance 1 I Yfs I (VDS = 10 V, 10 = 2 rnA, f = 1 kHz) 1000 

Reverse Transfer Capacitance 2 Crss 
(VOS = 0, VGS = 0, f = 140 kHz) -

Input Capacitance 2 eiSS 
(VOS = 10 V, VGS = 0, f = 140 kHz) -

Drain-Substrate Capacitance - Cd(sub) 
(VO(SUB) = 10 V, f = 140 kHz) -

SWITCHING CHARACTERISTICS 

Turn-On Delay: In"" 2.0 mAde, VDS "" 10 Vdc, 6,10 tdl -
Rise Time VGS = 10 Vdc 7,10 tr -

Turn-Off Delay (See Figure 10; Times 8,10 td2 -

Fall Time Circuit Determined) 
9,10 ~ -

Vdc 
-

pAde 
10 

nAde 
10 

Vde 
5.0 

mAde 
-

Vde 
1.0 

ohms 
300 

Ilmt.lo 
-

pF 
1.3 

pF 
5.0 

pF 
5.0 

45 ns 

65 ns 

60 ns 

100 ns 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE FIGURE 2 - CAPACITANCE 
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2N4351 (continued) 

20 

10 

~ 
z 
~ 
~ 
~ 

-~ 
z 

~ 
.E 

07 

05 

03 

02 

01 

20 

1.8 

16 

14 

~ 

'" 12 
~ 
< 

5' 
u 10 
~ 

0 

z 
~ 
~ 

fiGURE 3 - TRANSFER CHARACTERISTICS 

T-r-r-II ___ C-~~ /' 
I I 

T,.., -- 55OCv:::-~ V =r::.:-r=-1=-~--- f---L-.. - 1 /' --
/-<. ~ TA 125'C 

-- ! fV ". 
'-- - f---

I
- 1,1- TA 25"C -

II 
Vos IOV r-- -

~-Wl-~ -

j--

1---

J 

-t Wi 
i -r 
1 

~ ~+-
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

VGs. GATE SOURCE VOLTAGE (VOLTS) 

FIGURE 4 - DRAIN SOURCE "ON" RESISTANCE 

Vi 

" 

5000 

2000 

~ 1000 

f;; 
~ 
~ 500 

I 200 

'" 

100 

50 

\ 

10 ~O -. ~ 
1 1- Ike 

\ 
-- r--

t---Q~ 
~, 

~ , 
t'-- TA 115"C -

~ ." r---io-' 
i'-

...... r----
TA- 25"C--

l"- i' :2<t--t-.... 

TA ~ -55°e _ I"--
~ ~ 

t--
1 2 3 4 5 6 7 8 9 10 11 11 13 14 15 

VGs. GATE SOURCE VOLTAGE (VOLTS) 

FIGURE 5 - "ON" DRAIN·SOURCE VOLTAGE 

r-'-- r-=t= \ 
,----~ t---- --

.1 ----- /--- TA - 25"C 

j--

" 1----- f--. .1 
1 

1---- e---1-----

'\ !D 

T~-= 
f--t---

~ ID 2mA 
\ . 

SmA I'. 
1----- ~-+--

\ ID ~ 
~olOmA 

\ 

3 
:::---:-----.. 

\ . I, -- t:::::= 

:~-
r---

\ "'" I \ .............. 

(-- - ~ r------
1------ "-\. ' - r--..-.... ct----+-----t-= --'i---. 

10 12 14 15 

VGS. GATE SOURCE VOLTAGE (VOLTS) 

2-778 



2N4351 (continued) 
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SWITCHING CHARACTERISTICS 
(TA ~ 25°C) 

FIGURE 6 - TURN·ON DELAY TIME 
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FIGURE 8 - TURN·OFF DELAY TIME 
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FIGURE 7 - RISE TIME 
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The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gale voltage is 
at ground and the gate-source capacitance (egs = Cin -em) has no charge. The 
drain voltage is at Voo, and thus the feedback capacitance (Cm) is charged to 
Voo. Similarly, the drain-substrate capacitance (Cdl"bl) is charged to Voo since 
the substrate and source are connected to ground_ 

' .. 

10' 

t, ~ I, < 2 ns 
DUTY CYCLE ~ 2% 

FIGURE 11 - SWITCHING CIRCUIT with 
MOSFET EQUIVALENT MODEL 

+Voo 

During the turn-on interval, Cg, is charged to VGs(the input voltage) through 
Rs (generator impedance) (Figure 11). Cm must be discharged to VGS - VOlo.1 
through Rs and the parallel combination of the load resistor(RD) and the channel 
resistance (rd,)_ I n addition, Cdl"'1 is discharged to a low value (Volo'l) through Ro 
in parallel with rd •. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (rd,) is a function of the gate-source voltage (VGs). As Cg, becomes 
charged VGS is approaching V,n and rds decreases (see Figure 4) and since ern 
and Cd(!"!)1 are charged through fds, turn-on time is quite non-linear. 

If the charging time of Cg, is short compared to that of Cm and Cdl"bl, then 
rd,fwhich is in parallel with Ro) will be low compared to Ro during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off rds will be almost an open circuit requiring em and Cd!Uibj to be charged 
through Ro and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and Cg, is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Ro simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im
pedance drive such as might occur in complementary logic circuits. 
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2N4352 (SILICON) 

CASE 20-02 
(TO-72) 

Silicon P-channel MOS field-effect transistor de
signed for enhancement-mode operation in low-power 
switching applications. The 2N4352 is complementary 
with type 2N4351. 

STYLE 2 
PIN 1. 

2. 
3. 
4. 

SOURCE 
GATE 
DRAIN 
SUBSTRATE AND 
CASE LEAD 

MAXI MUM RA TI NGS ITA = 250C unless otherwise notedl 

Rating Symbol 

Drain-Source Voltage VDS 

Drain-Gate Voltage VDG 

Gate-Source Voltage VGS 

Drain Current ID 

Power Dissipation at T A = 25°C PD 
Derate above 25°C 

Power Dissipation @ TC = 25°C 
Derate above 25°C 

PD 

Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

HANDLING PRECAUTIONS: 

Value Unit 

25 Vdc 

30 Vdc 

± 30 Vdc 

30 mAdc 

300 mW 
1.7 mW/oC 

800 mW 
4.56 mW/oC 

200 °c 

-65 to+ 175 °c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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2N4352 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 
Substrate connected to source. 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage - V(BR)OSS 
(10 = -10 ~A. VGS = 0) 

Gate Leakage Current - IGSS 
(VGS ='30, V. VOS = 0) 

Zero-Gate Voltage Drain Current - lOSS 
(VOS = -10 V. VGS = 0) 

ON CHARACTERISTICS 

Gate-Source Threshold Voltage - VGS(TH) 
(VOS = -10 V. 10 = -10 ~A) 

"ON' J Drain Current 3 10(on) 
(VGS = -10 VOS = -10 V) 

Drain-Source "ON" Voltage 5 VOS(on) 
(Io = -2.0 rnA. VGS = -10 V) 

SMAll SIGNAL CHARACTERISTICS 

Drain-Source Resistance 4 r ds(on) 
(VGS = -10 V. 10 = O. I = 1 kHz) 

Forward Transfer Admittance 1 I Yls I 
(VOS = -10 V. 10 = 2 mAo I = 1 kHz) 

Reverse Transfer Capacitance 
(VOS = O. VGS = O. I = 140 kHz) 

2 Crss 

Input Capacitance 2 Ciss 
(VOS = -10 V. VGS • 0.1=140kHz) 

Drain-Substrate CapaCitance - Cd(subl 
(VO(SUB)" -10 V. 1= 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay 
10 = -2.0 mAde, 

6. 10 tdl 

Rise Time 7. 10 tr 
VOS = -10 Vdc. VGS = -10 V 

8. 10 Turn-Off Delay 1ct2 (See Figure 10, Times 

Fall Time Circuit Determined) 9. 10 It 

Vdc 
25 -

pAde 

- 10 

nAde 

- 10 

Vdc 
1.0 5.0 

rnA 
3.0 -

V 

- 1.0 

ohms 

- 600 

f.1mho 
1000 -

pF 

- 1.3 

pF 

- 5.0 

pF 

- 4.0 

- 45 ns 

- 65 ns 

- 60 ns 

- 100 ns 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE FIGURE 2 - CAPACITANCE 
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2N4352 (continued) 
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2N4352 (continued) 
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SWITCHING CHARACTERISTICS 
(TA = 25°C) 

FIGURE 6 - TURN·ON DELAY TIME FIGURE 7 - RISE TIME 
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FIGURE 10 - SWITCHING CIRCUIT 
and WAVEFORMS 
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The switching characteristics shown above were measured in a test circuit 

similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (Cq , == e,n -ens) has no charge. The 
drain voltage is at Voo, and thus the feedback capacitance (Cm) is charged to 
Voo. Similarly, the drain·substrate capacitance (Cdl"bl) is charged to Voo since 
the substrate and source are connected to ground. 

50 

v,. 

7 kQ 

I SCOPE 

:F:Cs~4pF 
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I, ~- 4 ~ 2 ns 
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During the turn·an interval, Cg • is charged to VGS (the input voltage) through 
Rs (generator impedance) (Figure 11). Cm must be discharged to VGS - VO(o"1 
through Rs and the parallel combination of the load resistor(Ro) and the channel 
resistance (rds). In addition, Cd(~u~1 is discharged to a low value (VO/on}) through Ro 
in parallel with rd •. During turn·aff this charge flow is reversed. 

Predicting turn·an time proves to be somewhat difficult since the channel 
resistance (rd.) is a function of the gate·saurce voltage (VGs). As Cg • becomes 
charged VGS is approaching V,r. and rds decreases (see Figure 4) and since Cru 
and Cdl~ubf are charged through rds, turn-on time is quite non-linear. 

If the charging time of Cg• is short compared to that of Cm and Cdl"b(, then 
rd. (which is in parallel with Ro) will be low compared to Ro during the switching 
interval and will largely determine the turn·an time. On the other hand, during 
turn-off ids will be almost an open circuit requiring em and Cd/5ub} to be charged 
through Ro and resulting in a turn·off time that is long compared to the turn·on 
time. This is especially noticeable for the curves where R, = 0 and Cg • is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Ro simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im· 
pedance drive such as might occur in complementary logic circuits. 

FIGURE 11 - SWITCHING CIRCUIT with 
MOSFET EQUIVALENT MODEL 
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2N4360 (SILICON) 

SILICON P-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (TypeA) Junction Field·EffectTransistors designed 
primarily for low· power audio frequency applications 

• Forward Transadmittance ~ 
IYfsl = 2.0 mmhos (Min) @ VDS = -10 Vdc 

• Low Reverse Transfer Capacitance -
Crss = 5.0 pF (Max) @ VDS = -10 Vdc 

*MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Drain-Source Voltage VOS -20 Vde 

Drain-Gate Voltage VOG -20 Vde 

Reverse Gate-5ource Voltage VGSR 20 Vde 

Gate Current IG 50 mAde 

Total Device Dissipation@TA = 2SoC Po 200 mW 
Derate above 25°C 2.0 mWtOC 

Operating and Storage Junction TJ.Tstg -55 to +125 °c 
Temperature Range 

"'Indicates JEDEC Registered Data. 

2-784 

P-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

(Type A) 

Case 29 with leads formed to a 
TO-1S configuration. 

SEATlNG.J1 1 
PLANE ~ 

STYLE 7: 
PIN 1. 

2. 
3. 

SOURCE 
DRAIN 
GATE 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
1\ 12. 0 
L 1.150 
N 
P 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.016 

u.50 
1.390 0.045 
1.270 

- 0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 

. U,019 

0.055 
0.050 

-
0.105 
0.105 



2N4360 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gata-Source Breakdown Voltage V(BR)GSS 20 - Vde 
(lG = 10 ",Ade, VDS = 0) 

Gate-Source Cutoff Voltage VGS(off) 0.7 10 Vde 
(VDS = -10 Vde, ID = 1.0 ",Ade) 

Gate Reverse Current IGSS 
(VGS = 15 Vde, VDS = 0) - 10 nAdc 

(VGS = 15 Vde, VDS = 0, TA = 650 C) - 0.5 ",Ade 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (Note 1) IDSS 3.0 30 mAde 
(VDS = -10 Vde, VGS = 0) 

Gate-Source Voltage VGS 0.4 9.0 Vdc 
(VDS = -10 Vde, ID = 0.3 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON If Resistance rds(on) - 700 Ohms 
(VGS = 0, ID = 0, f = 1.0 kHz) 

Forward Transadmittanee (Note 1) IYfsl 2000 8000 j.Lmhos 
(VDS = -10 Vde, VGS = 0, f = 1.0 kHz) 

Forward Transconductance Re(Vfs) 1500 - J.Lmhos 
(VDS = -10 Vde, VGS = 0, f = 1.0 MHz) 

i 
Output Arlmittance IVosl - 100 J,.Lmhos 

(VDS = -10 Vde, VGS = 0, f = 1.0 kHz) 

Input Capacitance Ciss - 20 pF 

(VDS = -10 Vde, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 5.0 pF 
(VDS = -10 Vde, VGS = 0, f = 1.0 MHz) 

Common-Source Noise Figure NF - 5.0 dB 
(VDS = -10 Vde, ID = 1.0 mAde, RG = 1.0 Megohm, 

f = 100 Hz) 

Equivalent Short-Circuit I nput Noise Voltage En - 0.19 "'V/.jHz 
(VDS = -10 Vde, ID = 1.0 mAde, f = 100 Hz, BW = 15 Hz) 

"Indicates JEOEC Registered Data. 

Note 1: Pulse Test: Pulse Width~630 ms, Duty Cycle 'S. 10%. 
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2N4361 thru 2N4368 PNPN (SILICON) 

2N4371 thru 2N4378 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

... designed for high power industrial and consumer applications in 
power and speed controls such as welders, furnaces, motors, space 
he'aters and other equipment where control of high current is needed. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

"Repetitive Peak Reverse Blocking V RRM I11 Volts 
Voltage 2N4361,2N4371 100 

2N4362, 2N4372 200 
2N4363, 2N4373 400 
2N4364, 2N4374 600 
2N4365,2N4375 800 
2N4366,2N4376 1000 
2N4367,2N4377 1200 
2N4368, 2N4378 1400 

Non-Repetitive Peak Reverse VRSM Volts 
Blocking Voltage 
(tS5.0ms) 2N4361,2N4371 200 

2N4362,2N4372 300 
2N4363, 2N4373 500 
2N4364,2N4374 700 
2N4365,2N4375 gOO 
2N4366, 2N4376 1100 
2N4367,2N4377 1300 
2N4368, 2N4378 1500 

Forward Current RMS, TC:: 75°C ITIRMSI 110 Amp 

'""Peak Surge Current ITSM 1600 Amp 
(One cycle, 60 Hz) (T J = -40 to +1250 C) 

Circuit Fusing Considerations 12, A 2s 

IT J ~ -40 '0 +1250CI 
I'~ 1.5 msl 8400 
I, = 8.3 msl 10,700 

*Peak Gate Power PGFM 15 Watts 

... Average Gate Power PGFIAVI 3.0 Watt 

*Peak Forward Gate Current IGFM 4.0 Amp 

"'Peak Reverse Gate Voltage VGRM 5.0 Volts 

*Operating Junction Temperature Range TJ -40'0+125 °c 
*Storage Temperature Range Tstg -40'0+150 °c 
Stud Torque - 130 in. lb. 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

"Indicates JEDEC Registered Data. 
.... Consult factory for higher and intermediate voltages. 
(1)Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 

capabilitY in a manner such that the voltage applied exceeds the rated blocking voltage. 

(2) Devices should not be operated with a positive bias applied to the gate concurrent with a 
negative potential applied to the anode. 

(3) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent, or 
seal broken. 
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o 

THYRISTORS 
PNPN 

110 AMPERES RMS 

100 thru 1400 VOLTS" 

() 

0) 

2N4361 
SERIES 

CASE 219 
TO-94 

2N4371 
SERIES 

CASE 246 
TO·83 



2N4361 thru 2N4368/2N4371 thru 2N4378 (continued) 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

"'Peak Forward Blocking Voltage VDRMll) Volts 
ITJ = 125°C) 2N4361, 2N4371 100 - -

2N4362, 2N4372 200 - -
2N4363, 2N4373 400 - -

2N4364, 2N4374 600 - -
2N4365, 2N4375 800 - -
2N4366, 2N4376 1000 - -
2N4367,2N4377 1200 - -
2N4368, 2N4378 1400 - -

*Peak Forward Blocking Current IDRM - - 10 mA 
IRated VDRM, with gate open, T J = 125°C) 

*Peak Reverse Blocking Current IRRM - - 10 mA 
IRated VRRM, with gate open, TJ = 125°C) 

Forward "On" Voltage VT - - 1.6 Volts 

liT = 50 A Peak, T J = 25°C) 

Forward "On" Voltage VTM - - 2.5 Volts 
IITM = 500 A Peak T J = 25°C) 

Gate Trigger Current IGT - - 200 mA 
IAnode Voltage = 12 V, R L = 3.0 ohms) 

Gate Trigger Voltage VGT - - 3.0 Volts 
IAnode Voltage = 12 V, RL = 3.0 ohms) 

Holding Current IH - 30 - mA 
IAnode Voltage = 12 V, gate open, TJ = 125°C) 

*Non-Triggering Gate Voltage VGD - - 0.15 Volts 
IAnode Voltage = Rated VDM, RL = 1000hms, TJ = 125°C) 

Turn-Off Time 
IITM = 50 A, IR = 20 A, TJ = 125°C) 

tq - 40 - !,s 

*Forward Voltage Application Rate dv/dt 100 - - V/!'s 
IExponential to VDRM) 

*'ndicatesJEDEC Registered Data. 
(1) Ratings apply for zero or negative gate voltage. Devices should not be tested with a constant current source for forward or reverse blocking 

capability such that the voltage applied exceeds the rated blocking voltage. 

DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS (f = 50 to 400 Hz, SQUARE WAVE) 

FIGURE 1 - CURRENT DERATING 
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FIGURE 2 - FORWARD POWER DISSIPATION 
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2N4361 thru 2N4368/2N4371 thru 2N4378 (continued) 
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DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS (f = 50 to 400 Hz, SINE WAVE) 

FIGURE 3 -CURRENT DERATING FIGURE 4 - FORWARD POWER DISSIPATION 
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2N4361 thru 2N4368/2N4371 thru 2N4378 (continued) 

!-r;-
J ''-Seating Plane 

L -_I cTerm'nal4 
1/2·2D·UNf.2A ,- S ~ 

I Coated) ~ / \ 

r~~:~.A l \ Y I STYLE I: 
--- TERMINAL I. GATE 

DIM INCHES MILLIMETERS 
MIN MAX MIN MAX 

A 1.227 31.160 
B 1.031 1.063 26.190 27.000 
C 6.850 7.500 174.000 190.500 
D 0,437 0.650 11.100 16.500 
E 0.170 0.500 4.400 12.700 
F 0.215 0.300 5.490 7.620 
G 0.140 0.150 3.560 3.810 
H 0.125 3.170 
J 0.797 0.827 20.250 21.000 
K 5.775 6.265 146.700 159.100 
M 1.031 26.180 
N - 2.500 - 63.500 
P 0.425 0.499 10.800 12.670 
Q 0.260 0.310 6.610 7.870 
R 0.250 6.350 
S 0.4619 0.4675 11.733 11.874 

All JEOEC dimenSIOns and notes apply 

CASE 219 
TO-94 

2. CATHODE 
3. CATHODE 
4. ANODE 
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~--::--J 
Seating 
Plane 

Terminal 3 

STYLE I' 
TERMINAL I. GATE 

DIM INCHES MILLIMETERS 
MIN MAX MIN MAX 

A 1.227 31.160 

-+ -..!:~ 1.063 1~1~0_ I 27.000 

-*- TBiO --~ 
D - 0.650 ~ E 0.170 0.500 4.320 JllQIL 
F 0.180 - 4.580 -

G 0.060 0.115 1.530 ~1~ H 0.125 
J 0.797 0.827 20.250 21.000 
K 0.360 0.470 9.200 11.900 
L 0.012 0.050 0.310 1.270 
M 1.031 26.180 
N - 0.575 - 14.600 
P 0,425 0.499 10.800 12.670 
Q 0.180 0.260 4.580 6.600 
R 0.115 0.160 2.930 4.060 
S 0.4619 0.4675 11.733 11.874 
T 0.060 0.080 1.530 2.030 

All JEDEC dimenSions and notes apply 

CASE 246 
TO·83 

2. CATHODE 
3 ANODE 



2N4391 (SILICON) 

2N4392 
2N4393 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (Type A) Junction Field-Effect Transistors designed 
for chopper and high-speed switching applications. 

• Low Drain-Source "On" Resistance -
rds(on) = 30 Ohms (Max) @ f = 1.0 kHz (2N4391) 

• Low Gate Reverse Current -
IGSS = 0.1 nAdc (Max) @ VGS = 20 Vdc 

• Guaranteed Switching Characteristics 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VOS 40 Vdc 

Drain-Gate Voltage VOG 40 Vdc 

Gate-Source Voltage V GS 40 Vdc 

Forward Gate Current IG(f) 50 mAde 

Total Device Dissipation @TC = 25° C Po 1.8 Watts 
Derate above 25° C 10 mWj"C 

Operating & Storage Junction TJ • T Btg -65 to +200 °c 
Temperature Range 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

+10 Vdc 
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OR EQUIV 

INPUT 
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r:~ ; ~g 
( 9.6 ) RL = - -51 Ohms 

~ 1010n) 

I 
I NPUT II, = If < 0.5 ns) 

~o I 90% _ 
I - -r -VGSlo.) 
~ toft ~ -..: ton I..t--

: : ': 
: I I rI I __ VOO 
I 190% I I I 

I I I I I 

0 10% I 10% VOSlo.) 
---.,.1 tf:"'" I I 

-.J ,.. t, I I I I 
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2-790 

N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 

ff 

~IF~ r~-r , 
""'" .~.~ PLANE 

STYLE 4: 
PIN 1. SOURCE -11---- 0 

2. DRAIN 
3. GATE &CASE N 

2 rNI l,O_,?J-I-
0- 1-0 G 

• 3 

M YZ¥J t t 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
8 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
D 0.406 0.533 0,016 0.021 
E - 0.762 - 0.030 
F 0.406 0.483 0.016 0.019 
G 2.54 BSC 0.100 BSC 
H 0.914 1.17 0.036 0.046 
J 0.711 11.22 0.D28 I 0.048 
K 12.70 0.50U 
l 6.35 - 0.250 
M 450 BSC 45u BSC 
N 1.27 BSC 0.050 BSC 
P - 1.27 - 0.050 

All JEDEC notes and dimensions apply. 

CASE 22-03 
(TO-18) 



2N4391, 2N4392, 2N4393 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25"C "olm othe,w'Se ooted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(IG " 1. 0 ~ Ade, V DS " 0) 40 -

Gate-Source Forward Voltage / VGS(!) Vde 
IIG "1. 0 mAde, VDS " 0) - 1.0 

Gate - Source Voltage VGS Vde 
IVDS = 20 Vde, ID = 1. o nAde) 2N4391 4.0 10 

2N4392 2.0 5.0 
2N4393 0.5 3.0 

Gate Reverse Current IGSS nAde 
IV GS = 20 Vde, VDS " 0) 0.1 

(VGS "20 Vde, VDS = 0, TA = 150"C) 0.2 /lAde 

Drain-Cutoff Current IDlol!) nAde 
(VDS = 20 Vde, VGS" 12 Vdc) 2N4391 0.1 

IV DS = 20 Vdc, V GS = 7.0 Vdc) 2N4392 0.1 

(V ns = 20 Vde, V GS = 5.0 Vdc) 2N4393 0.1 

IVns = 20 Vde, VGS = 12 Vde, T A = 150"C) 2N4391 0.2 /lAde 

IVDS = 20 Vdc, VGS = 7. 0 Vdc, TA = 150"C) 2N4392 0.2 

(Vns = 20 Vde, V GS = 5.0 Vde, T A = 150"C) 2N4393 0.2 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (11 IDSS mAde 
IVns "20 Vde, V GS = 0) 2N4391 50 ISO 

2N4392 25 75 
2N4393 5.0 30 

Drain-Source "ON" Voltage 
V DS(on) Vde 

(ID = 12 mAde, V GS = 0) 2N4391 0.4 

(In = 6. 0 mAde, VGS = 0) 2N4392 - 0.4 

(In = 3. 0 mAde, V GS = 0) 2N4393 - 0.4 

Static Drain-Source "ON" Resistance 
rDS(on) Ohms 

(ID = 1. 0 mAde, V GS = 0) 2N4391 - 30 
2N4392 - 60 

',ii' 
I 
, 

2N4393 - 100 

SMAll·SIGNAl CHARACTERISTICS 

Drain-Source "ON" Resistance 
rds(on) Ohms 

(V GS = 0, ~ = 0, I = 1. 0 kHz) 2N4391 - 30 
2N4392 - 60 
2N4393 - 100 

Input Capacitance C. pF 
(V DS " 20 Vde, V GS = 0, I = 1. 0 MHz) 

ISS - 14 

Reverse Transfer Capacitance C 
rss 

pF 
(Vns = 0, VGS = 12 Vde, 1= 1.0 MHz) 2N4391 - 3.5 

(V ns = 0, V GS " 7.0 Vde, I = 1. 0 MHz) 2N4392 - 3.5 

(Vns = 0, V GS "5.0 Vde, I = 1. 0 MHz) 2N4393 - 3.5 

SWITCHING CHARACTERISTICS 

Turn-On Time (See Figure 1) t 
on ns 

(~(on) = 12 mAde) 2N4391 - 15 

(ID(on) = 6. 0 mAde) 2N4392 - 15 

(~(on) = 3. 0 mAde) 2N4393 - 15 

Rise Time (See Figure 1) t 
r 

ns 
(~(on) = 12 mAde) 2N4391 - 5.0 

(~(on) = 6. 0 mAde) 2N4392 - 5.0 

(~(on) = 3.0 mAde) 2N4393 - 5.0 

Turn-Off Time (See Figure 1) toff ns 
(V GS(ol!) = 12 Vde) 2N4391 - 20 

(V GS(off) = 7.0 Vde) 2N4392 - 35 

IV GS(off) = 5.0 Vde) 2N4393 - 50 

Fall Time (See Figure 1) 11 ns 
IV GS(off) = 12 Vde) 2N4391 - 15 

(V GS(off) = 7.0 Vde) 2N4392 - 20 

IV GS(ol!) = 5.0 Vde) 2N4393 - 30 

11"Pulse Test: Pulse Width..;: 100 J1s, Duty Cycle s: 1. 0%. 
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2N4398 PNP (SILICON) 
2N4399 
2N5745 

PNP SILICON HIGH-POWER TRANSISTORS 

.. designed for use in power amplifier and switching circuits; serves 
as direct replacements for Germanium high-power devices. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) ~ 1.0 Vdc (Max) @'IC ~ 15 Adc (2N4398, 2N4399) 

• DC Current Gain Specified - 1.0 to 30 Adc 

• Complements to NPN 2N5301, 2N5302, 2N5303 

"MAXIMUM RATINGS 

Rating Symbol 2N4398 2N4399 2N5745 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector-Base Voltage VCB 40 60 80 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 30 30 20 Adc 
Peak 50 50 50 

Base Current Continuous IB 7.5 Adc 

Peak 15 

Total Device Dissipation@TA 250C~ PD 5.0 Watts 
Derate above 25°C . 28.6 mW/oC 

Total Device Dissipation @TC 25°C PD 200 Watts 
Derate above 25°C 1.15 W/OC 

Operating and Storage Junction TJ,Tst9 f--- -65 to +200- °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC 0.875 

Thermal Resistance,Junction to Ambient 8JA 35 

IndICates JEDEC RegJstered Data 

- -Motorola guarantees this data in addition to JEDEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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" 
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T. TEMPERATURE lOCI 

Safe Area Curves are indicated by Figure 13. All 
limits are applicable and must be observed. 

~ 
175 200 
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Unit 

°C/W 

°C/W 

STYLE 1: 

20,30 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

40-60-80 VOLTS 
200 WATTS 

PIN 1. BASE 
J-2. EMITTER 

CASE - CO L LECTOR 

Q 

MILLIMETERS 
DIM MIN MAX 

A 39.37 
8 21.08 
C - 7.62 
0 1.22 1.32 
E - 3.43 
F 29.90 30.40 
G 10.67 11.18 
H 5.21 5.72 
J 16.64 17.15 
K 11.18 12.19 
Q 3.84 4.09 
R 26.67 

INCHES 
MIN MAX 

_. 1.550 
0.830 

- 0.300 
0.048 0.052 

- 0.135 
1.177 1.197 
0.420 0.440 
0.205 0.225 
0.655 0.675 
0.440 0.480 
0.151 0.161 

1.050 

CASE 12-01 



2N4398, 2N4399, 2N5745 (continued) 

• ELECTRICAL CHARACTERISTICS (Tc '" 25DC unless otherwise noted) 

I Ch.r-=teriltic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) VCEO(susl Vdo 
(Ie'" 200 mAde, 'S = 0) 2N4398 40 

2N4399 60 
2N5745 80 

Collactor Cutoff Current 'CEO mAde 
(VeE =40Vdc,I S ""O) 2N4398 5.0 
(VeE ~ 60 Vde.ls ~ 0) 2N4399 5.0 

(VeE'" 80 Vdc, 'e '" 01 2N5745 5.0 

Collector Cutoff Current ICEX mAde 
(VeE = 40 Vdc, VSE(off! '" 1.5 Vdc) 2N4398 5.0 

tVeE '" 60 Vdc, VSE(off! ~ 1.5 Vdcl 2N4399 5.0 

(VeE'" 80 Vdc, VSE(offl = 1.5 Vdcl 2NS745 5.0 

(VeE'" 30 Vdc, V BE loffl '" 1.5 VcIc, T C '" 150°C) 2N4398, 2N4399 10 

(VeE'" 80 Vdc, VSE(offl = 1.5 Vdc, TC" 1500CI 2N5745 10 

Collector Cutoff CUrrent 'CBO mAde 
NCB = 40 Vdc, Ie '" 01 2N4398 1.0 

(Vea = 60 Vdc, Ie '" 01 2N4399 1.0 

(Vee'" 80 Vdc, Ie '" 0) 2N5745 1.0 

Emitter Cutoff Current leso 5.0 mAde 
(VES '" 5.0 Vdc, Ie = OJ 

ON CHARACTERISTICS 

DC Current Gaini1! hFE 
(lC ~ 1.0 Adc, VCE ~ 2.0 Vdc! All Types 40 

(IC ~ 10 Adc. VCE ~ 2.0 Vdc) 2N5745 15 60 

(lc ~ 15 Adc, VCE -= 2.0 Veld 2N4398, 2N4399 15 60 

(It ~ 20 Adc, VCE .. 2.0 Vdc) 2N5745 5.0 

(lc ~ 30 Adc, VCE ~ 4.0 Vdc) 2N4398, 2N4399 5.0 -
Collector-Emitter Saturation Voltage(1) VCEisat) Vd, 

HC = 10Adc,IB = 1.0 Adc) 2N439S, 2N4399 0.75 
2N5745 1.0 

{lc = 15 Adc,IB" 1.5 Adc) 2N4398, 2N4399 1.0 
2N5745 15 

(Ie = 20 Adc, IS ~ 2.0 Adc! 2N439B, 2N4399 2.0 
lie" 20Ade, IS ~ 4.0 Add 2N5745 2.0 

IIc '" 30 Adc, IS = 6.0 Adc) 2N4398, 2N4399 4.0 

Base-Emitter Saturation Voltage(1) VSE(satl Vdo 
IIC = 10 Adc, IS = 1.0 Add" 2N4398, 2N4399 1.6 

2N5745 1.7 

lie" 15 Adc, IS = 1.5 Adc) 2N4398, 2N4399 1.85 
2N5745 2.0 

lie -= 20 Adc, IS -= 2.0 Adc)" 2N4398, 2N4399 2.5 

IIc = 20 Adc, IS "" 4.0 Adcl 2N5745 2.5 

Sase-Emitter On VOltage! 1) VBE(onl Vdo 
tie = 10 Adc, VeE = 2.0 Vdc) 2N5745 1.5 

tic ~ 15 Adc, VCE -= 2.0 Vdc) 2N439B, 2N4399 1.7 

"e 20 Adc. VeE = 4.0 Vdc) 2N5745 2.5 

IIc = 30 Adc, VCE = 4.0 Vdc) 2N439B, 2N4399 3.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Baodwidth Product(2) 'T MH, 
(lC = 1.0 Adc, VCE -= 10 Velc, t = 1.0 MHz) 2N4398, 2N4399 4.0 

2N5145 2.0 

Small-Signal Current Gain hie 40 
(lC:I 1.0Ade, VCE -= 10 Vdc,f = 1.0kHz) 

SWITCHING CHARACTERISTICS (See Figures 2 and 31 

RlsoeTlme 2N439B, 2N4399 t, 0.4 

(VCC -= 30 Vdc, 
2N5745 1.0 

Storage Time le=10Adc, 2N4398, 2N4399 " 1.5 "' ISl "IS2-=1.0 Adc) 2N5745 2.0 

Fall Time 2N4398, 2N4399 tl 0.6 
2N5745 1.0 

"Indicates JEDEC Registered Data. (1)Pulse Test: Pulse Width ~300 p.s, Duty Cycle::::; 2.0% . 

.... Motorola Guarantees this Data in Addition to JEDEC Registered Data. (2)fT is defined as the frequency at which Ihfel extrapolates to unity. 

SWITCHING TIME EOUIVALENT TEST CIRCUITS 

FIGURE 2 - TURN-ON TIME FIGURE 3 - TURN-OFF TIME 

R, :h 
I, ",-1 I-- I -ll.OV 

20 ns I I 

10 

-I 1---10 to 100", 

DUTY CYCLE ~ 2.0 % 

Vee -30 V 

RL 3.0 

TO SCOPE 
tr ~20ns 

I 
_1 I __ t L 20 ns 

I I ,-
-I l-l010l00"s 

DUTY CYCLE - 2.0 % 

fOR CURVES Of fiGURES 5 & 6. R,. RL, & Vee ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 
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2N4398, 2N4399, 2N5745 (continued) 

TYPICAL TRANSIENT CHARACTERISTICS 

FIGURE 4 - CAPACITANCES 
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FIGURE 5 - TURN-ON TIME 
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FIGURE 6 - TURN-OFF TIME 
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TYPICAL "OFF" REGION CHARACTERISTICS 

FIGURE 7 - TRANSCONDUCTANCE 
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2N4398, 2N4399, 2N5745 (continued) 
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TYPICAL "ON" REGION CHARACTERISTICS 

FIGURE 9 - DC CURRENT GAIN 
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FIGURE 10 - COLLECTOR SATURATION REGION 
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2N4398, 2N4399, 2N5745 (continued) 

RATINGS AND THERMAL DATA 

FIGURE 13 - ACTIVE·REGION SAFE OPERATING AREA 
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- ,-- Sec()ndary Breakdown Limited 
- - -- Bonding Wire limited 
~--- Thermal Limitations 
~ Pulse Duty Cyel • .;; 10% 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTSI 
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50 100 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the tram;istor 
that must be observed for reliable operation; i.e .• the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 13 is based onTJ(pk) = 2000 C;TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles 10 10% provided TJ(pk),.;2000 C, TJ(pkl may be 
calculated from the data in Figure 14. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN·4151 

FIGURE 14 - THERMAL RESPONSE 
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- STEADY STATE VALUES 
~ :::;- BJcl~1 ~ O.7"C/W (TYP) .- '-"" .......- 0,875'C/W (MAX) - OJCltl r(tIOJc(oo) 

1 (SIINGLE rUiE) 
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1. TIME OR PULSE WIDTH (m,) 

DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

/_,P_I 

----In" n~" 
-1 11 1- I 

I I I 

~l/f-1 

DUTY CYCLE D ~ 11 f ~ .!!. 
Ip 

PEAK PULSE POWER ~ Pp 

A Irain of periodical power pulses can be represenled by Ihe model 
asshown in FigureA. Using the model and the device thermal reponse, 
the normalized effective transient thermal resistance of Figure 14 
was calculaled for various duly cycles, 

To find flJc(l), mulliply Ihe value oblained from Figure 14 by Ihe 
sleady slale value BJc(oo), 

Example; 
The 2N4398 is dissipaling 100 watts under Ihe following condilions: 
It = 1.0 ms, Ip = 5,0 ms, (D = 0,2) 

Using Figure 14, al a pulse widlh of 1.0 ms and D = 0,2, the reading 
of r (I) is 0,28. 

The peak rise in junction temperature is therefore 
LIT = r(l) x PP x BJc(oo) = 0,28 x 100 x 0,875 = 24,5'C 
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2N 4400 (SILICON) 

2N4401 

NPN SILICON ANNULAR TRANSISTORS 

. designed for general·purpose switching and amplifier applications 
and for complementary circuitry with types 2N4402 and 2N4403. 

• Collector·Emitter Breakdown Voltage -
BVCEO ~ 40 Vdc IMin) @ IC ~ 1.0 mAde 

• Current Gain Specified from 0.1 mAde to 500 mAde 

• Complete Switching and Amplifier Specifications 

• Collector-Base Capacitance -
Ccb = 6.5 pF IMax) @ VCB = 5.0 Vdc 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCB 60 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous IC 600 mAde 

Total Power Dissipation @ T A == 2SoC PD 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Power Dissipation @ T C =: 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 357 °C/W 

Thermal Resistance, Junction to Case ROJC 125 °C/W 

*Indicates JEDEC Registered Data. 

2-797 

NPN SILICON 

SWITCHING AND AMPLIFIER 

TRANSISTORS 

rAl 

SEATlNG4~j 
PLANE L__ K 

_..-J 
O-jll-'f-J.L 
=1R~ 

~I Q r 
~,,_-.l STYLE 1 <0 <0 0 B 

PIN 1 EMITTER I t~ 

DIM 
A 
B 
C 
D 
F 

L 
N 
P 
Q 
R 
S 

2 BASE 1- _I I 
3 COLLECTOR ---l'S 

MILLIMETERS INCH S 
MIN 
4.450 
.18 

4.320 
0.407 
0.40 

1. 
1.150 

6.350 
3.430 
2.410 
2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0016 
04 0.016 

1.390 0.045 
1.270 

0.250 
0.135 

2.610 0.095 
2.670 0.080 

CASE 29 
TO-92 

MAX 
0205 
0165 
0210 
0021 
0.019 

0055 
0.050 

0105 
0.105 



2N4400, 2N4401 (continued) 

* ELECTRICAL CHARACTERISTICS IT A = 250 C unless otherwIse noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(lc ' I mAde, IB ' 0) 

Collector-Base Breakdown Voltage 
lie ' 0.1 mAde, IE' 0) 

Emitter-Base Brea.kdown Voltage 
(IE' 0.1 mAde.le' 0) 

Collector Cutoff Current 
IVCE ' 35 Vde, VEslotl) , 0.4 Vde) 

Bale Cutoff Current 
IVCE' 35 Vde, VEBloll) , 0,4 Vde) 

ON CHARACTERISTICS II) 

DC Current Gain 
lie ' 0.1 mAde, VCE '" 1 Vdc) 2N4401 

lie , I mAde, VCE ' I Vde) 2N4400 
2N4401 

lie , 10 mAde, VeE'" 1 Vdc) 2N4400 
2N4401 

lie ' 150 mAde, VCE ' 1 Vdc) 2N4400 
2N4.wl 

lie ' 500 mAde, V CE ' 2 Vde) 2N4400 
2N4401 

Collector-Emitter Saturation Voltage 
lie ' 150 mAde, 1B ' 15 mAde) 

(Ie '" 500 mAde, 18 '" 50 mAde) 

Bue-Emitter Saturation Voltage 
lie ' 150 mAde, 1B ' IS mAde) 

(Ie '" 500 mAde, 18 '" 50 mAde) 

SMAlL·SIGNAL CHARACTERISTICS 

Current-Gain - BandWidth Product 
lie ' 20 mAde, VCE ' 10 Vdc, f '" lor MIIz) 2N4400 

2N4401 

Collector-Baae Capacitance 
(V CB = 5. 0 Vdc, IE 0- 0, f = 100 kHz) 

Emitter-Base Capacitance 
(VBE '" O. 5 Vdc, Ie 0, f ' 100 kHz) 

Input Impeda.nce 
lIe • IlnAdc, v CE ' 10 Vde, I = I kHz) 2N4400 

2N4401 

Volta,e Feedback Ratio 
lIe = 1 mAcIe, VCE ' 10 Vde, r • I kHz) 

SmoU-Sl"",1 Current Gain 
lIe • I mAde, V CE = 10 Vde, I ' I kHz) 2N4400 

2N4401 

Output Adm.tttance 
(Ie • 1 mAde, VCE = 10 Vde, I ' 1 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time VCC • 30 Vdc, VEBlotl) = 2 Vdc, 

Ri.e Time Ie' 150 mAde. 181 ' 15 mAde 

Storale Time VCC 30 Vde. Ie ' 150 mAde. 

FaU Time 1BI • 1B2 ' 15 mAde 

(1) Pulse Test: Pulse Wtdth ;'2300 !.ls, Duty Cycle :2 2. 0%. 
*Inclicates JEDEC Registered Data 

Symbol 

BVCEO 

BVCBO 

BVEBO 

ICEV 

IBEV 

bFE 

VCEI ... t ) 

VBEI .. t) 

IT 

Ceb 

Ceb 

~. 

hr. 

hI. 

boo 

to 
'r 
t. 

If 

Min 

40 -
eo -
6 0 -

- 0.1 

- 0.1 

20 -
20 -
40 -
40 -
80 -
50 150 

100 300 

20 -
40 -
- 0.4 

- 0.75 

0.75 0.95 

- 1.2 

200 -
250 -
- 8,5 

- 30 

0.5 7.5 
LO 15 

0.1 8,0 

20 250 
40 500 

1.0 30 

- 15 

- 20 

225 .., 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

fiGURE I - TURN·ON TIME fiGURE 2 - ruIN·Off TIllE 

10to lOO~.OUTYCYClE - 2% 

1", 

2-798 

Unit 

VcIe 

Vde 

Vdc 

I'Acie 

I'AcIe 

-

Vde 

Vde 

ItIII& 

pF 

pF 

kClluu 

X 10-4 

I'mboo 

no .. ... ... 

+J), 

20110 

I 
1 

_.1._ 
-T-

ICs· < 10" 
1 ___ .J 



2N4400, 2N4401 (continued) 
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TRANSIENT CHARACTERISTICS 
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FIGURE 3 - CAPACITANCES FIGURE 4 - CHARGE DATA 
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2N4400, 2N4401 (continued) 

10 1 

1\ 
~ 
~ 

o 

SMALL·SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VCE ~ 10 Vdc, TA ~ 25°C 

FIGURE 9 - FREQUENCY EFFECTS Bandwidth = 1.0 Hz FlCURE 10 - SOURCE RESISTANCE EFfECTS 
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h PARAMETERS 
Va = IOVdc, I = I kHz, TA = 2S·C 

This.roup of.,aphs illustrates the relationship be
tween "'- and other "h" pa ....... ers for this series 
of transistors. To obtain these curves, a high·pin 
and a Iqw·pin unit __ selectad lrom both the 

FIGURE 11 - CURREIIT GAlli 
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2N4400, 2N4401 (continued) 
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2N4402 (SILICON) 
2N4403 

SILICON ANNULAR TRANSISTORS 

.. designed for general-purpose switching and amplifier applications 
and for complementary circuitry with types 2N4400 and 2N4401. 

• Collector· Emitter Breakdown Voltage -
BVCEO~ 40 Vdc (Mini @ IC~ 1.0 mAdc 

• Current Gain Specified from 0.1 mAdc to 500 mAdc 

• Complete Switching and Amplifier Specifications 

• Collector-Base Capacitance -
Ccb ~ 8.5 pF (Maxi @ VCB ~ 5.0 Vdc 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Sase Voltage VEB 5.0 Vdc 

Collector Current ~ Continuous IC 600 mAde 

Total Power Dissipation @ T A = 25°C PD 350 mW 

Derate above 25°C 2.8 mW/oC 

Total Power Dissipation@Tc"" 25°C PD 1.0 Watt 

Derate above 25°C 8.0 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 DC 

Temperature Ran,ge 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 357 DC/W 

Thermal Resistance, Junction to Case ReJC 125 °c/w 

""Indicates JEDEC Registered Data. 

2-802 

PNP SILICON 

SWITCHING AND AMPLIFIER 

TRANSISTORS 

STYLE 1 
PIN 1 

2 
3 

DIM 
A 
B 
C 
D 
F 

L 
N 
P 
Q 
R 
S 

MILLIMETERS INCHES 
,MIN 
4450 
3180 
4320 
0407 
OA07 

17 
1.150 

6350 
3430 
2410 
2030 

MAX MIN 
5200 0175 
4190 0125 
5330 0170 
0_533 0016 
0482 0016 

-
1390 0045 
1,2]0 

0250 
0135 

2.670 0095 
2.670 0080 

CASE 29 
TO-92 

MAX 
0205 
0165 
0.210 
0021 
0019 

0.055 
0050 

0105 
0105 



2N4402, 2N4403 (continued) 

·ELECTRICAL CHARACTERISTICS CT. 0 WC", ... "h" ... ,,,,,,,) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Volta,e 111 BVCEO Vde 
(Ie' 1 mAde, IB = 0) 40 -

Colleetor-Ba .. Breakdown Volta,. BVCBO Vde 
<Ie' 0.1 mAde, IE • 0) 40 -

Emltter-Bue Breakdown Volta,. BVEBO Vde 
(IE' 0.1 mAde, Ie = 0) 5.0 -

Collector Cutoff Current ICEV "Adc 
(V CE • 35 Vde, VBE(oU) • 0.4 Vde) - 0.1 

Base Cutoff Current IBEV "Ade 
(VCE • 35 Vde, VBE(off) = 0.4 Vde) - 0.1 

ON CHARACTERISTICS 

DC CUrrent Gain bFE -
(Ie • 0.1 mAde, V CE' 1 Vde) 2N4403 30 -
(Ie • 1 mAde, V CE = 1 Vde) 2N4402 30 -

2N4403 60 -
(Ie = 10 mAde, V CE = 1 Vde) 2N4402 , 50 -

2N4403 100 -
(Ie == 150 mAde, V CE • 2 Vde) 111 2N4402 50 150 

2N4403 100 300 

<Ie • 500 mAde, VCE = 2 Vde)11I 20 -
Collector-Emitter SaturaUon Volta,. !II VCE(eat) Vde 

<Ie • 150 mAde, IB = 15 mAde) - 0.4 

(Ie = 500 mAde, IB = 50 mAde) - 0.75 

Bale_Emitter SaturaUon Volta,e 111 VBE(eat) Vde 
(Ie • 150 mAde, IB = 15 mAde) 0.75 0.95 

<Ie = 500 mAde, IB • 50 mAde) - 1.3 

SMAll·SIGNAl CHARACTERISTICS 

Current-Gain - Bandwidth Product tT MHz 
(Ie • 20 mAde, VCE = 10 Vde, t = 100 MHz) 2N4402 150 -

2N4403 ZOO -
Colleetor-Baae Capaeltane. Ceb pF 

(V CB = 10 Vdc, IE = 0, f = 100 kHz) - 8.5 

Emitter-Bale Capacitance C.b pF 
(VBE' 0.5 Vdc, Ie = 0, t • 100 kHz) - 30 

Input Impedance bt. obauo 
<Ie • 1 mAde, V CE = 10 Vde, t • 1 kHz) ZN4402 750 7.5k 

2N4403 1. 5k 15k 

Volta,. F._ok RaUo 
~e 

X 10-4 

Uc • 1 mAde, VCE = 10 Vde, t = 1 kHz) 0.1 8.0 
--1------

Small-Slenal CUrrent Gain bte -(Ie • 1 mAde, V CE • 10 Vde, t. 1 kHz} 2N4402 30 250 
2N4403 60 500 

Output Admittance hoe "mhol 
Uc = 1 mAde, VCE = 10 Vde, f· 1 kHz) 1.0 100 

SWITCHING CHARACTERISTICS 

Delay Time V CC • 30 Vde, V BE(off) = 2 Vde, td - 15 n. 

RII. Time Ie = 150 mAde, IBI = 15 mAde tr - 20 ne 

Storace Time V CC = 30 Vde, Ie • 150 mAde, t. - 225 ne 

Fall Tim. IBI • IB2 = 15 mAde It - 30 DI 

f1I Pulee Telt: Pule. Width ~ 300 "., Duty Cyel. ~ 2% 
*Indicates JEDEC Registered Data 

SWITCHING TIME EQUIVALENT TEST CIRCUIT 
fiGURE 1 _ TURN·ON TIME fiGURE 1- TURN·Off TIME 
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2N4402,2N4403 (continUed) 

TRANSIENT CHARACTERISTICS 
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FIGURE 3 - CAPACITANCES 
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2N4402,2N4403 (continued) 
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This group of graphs Illustrates the relationship be· 
tween hr. and other "h" parameters for this series 
of transistors. To obtain these curves, a high·gam 
and a low-gain unit were selected from both the 
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2N4402,2N4403 (continued) 
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FIGURE 15 - DC CURRENT GAIN 
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2N4404 (SILICON) 

2N440S 

CASE7.~ 
PNP silicon annular transistors designed for general

purpose amplifier and switching applications. 

STYLE 1: 
PIN I. EMITTER 

(TO·39) 2. BASE 
3. COLLECTOR 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 
C ollec tor - Emitter Voltage VCEO 80 Vdc 

Collector-Base Voltage VCB 80 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current IC 1.0 Adc 

Total Device Dissipation @ T A = 25°C P D 1. 25 Watts 

Derate above 25°C 7.15 mW/oC 

Total Device Dissipation @ TC = 25°C P D 7.0 Watts 

Derate above 25°C 40 mW/oC 

Operating and Storage Junction T J , Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to IiJC 25 °C/W 
Case 

Thermal Resistance, Junction to IiJA 140 °C/W 
Ambient (Lead Length 1/4") 

* Indicates JEDEC Registered Data 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN-ON 

+2.0VJj 0- -

-10.85 v 

PULSE WIDTH'" 200 ns 
RISE TIME.:s 2.0 ns 
DUTY CYCLE '2: 2.0% 

200 n 

SCOPE 

FIGURE 2 - TURN-OFF 

2<tl<500/-LS 
t2<5.0ns 

t3 >1.0}1S 

DUTY CYCLE ~ 2.0% 

-30 v 

To obtain data for curves. voltage levels are approximatelv as shown, RB and RC are varied. 
+3.0 V 

2·807 

SCOPE 

II 

"ii', 
" 

i 



2N4404, 2N4405 (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwISe noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(IC ~ 10 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage 
(IC ~ 10 !lAde, IE ~ 0) 

Emitter-Base Breakdown Voltage 
(IE c 10 !lAoe. IC ~ 0) 

Collector Cutoff Current 
(VCB - 60 Vde, IE ~ 0) 

Emitter Cutoff Current 
(VBE ~ 3.0 Vde. IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC ~ 0.1 mAde, V CE ~ I. 0 Vde) 2N4404 

2N4405 

(IC ~ 10 mAde, VCE ~ 1,0 Vde) 2N4404 
2N4405 

(IC " 150 mAde, V CE ~ I, 0 Vdc) 111 2N4404 
2N4405 

(IC ~ 500 mAde, VCE ~ L 0 Vde) (11 2N4404 
2N4405 

Collector-Emitter Saturation Voltage 
(IC ~ 10 mAde, IB ~ I. 0 mAde) 

(IC " 150 mAde, IB ~ 15 mAde) 111 

(Ie ~ 500 mAde, IB ~ 50 mAde) (11 

Base-Emitter Saturation Voltage 
(IC ~ 10 mAde, IB ~ L 0 mAde) 

(Ie ~ 500 mAde, IB c 50 mAde) (11 

Base-Emitter On Voltage* 
(IC ~ 150 mAde, V CE ~ L 0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC ~ 50 mAde, V CE ~ 20 Vdc, I ~ 100 MHz) 

Collector-Base Capacitance 
(VCB ~ 10 Vdc, IE ~ 0, I ~ 1.0 MHz) 

Emitter-Base Capacitance 
(V BE = 0.5 Vdc, IC ~ 0, I ~ 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (V CC ~ 30 Vdc, VBE(off) ~ 2.0 Vde, 

Rise Time IC ~ 500 mAde, IBI ~ 50 mAde) (Figure I) 

Storage Time (V CC ~ 30 Vdc, IC ~ 500 mAde, 

Fall Time IBI ~ IB2 ~ 50 mAde) (Figure 2) 

(11 Pulse Test: Pulse Width:" 300 /JS, Duty Cyele:" 2.0%. 

, Indicates JEDEC Registered Data 

Symbol 

BVCEO 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

V BE(sat) 

VBE(on) 

IT 

Ccb 

Ceb 

td 

t r 

t 
s 

tf 

2-808 

Min Max Unit 

Vde 
80 -

Vdc 
80 -

Vde 
5.0 -

nAdc 
- 25 

nAdc 
- 25 

-
30 -
75 -
40 -

100 -
40 120 

100 300 

15 -
25 -

Vde 
- 0.15 

- 0.2 

- 0.5 

Vde 
- 0.8 

0.85 1.2 

Vde 
- 0.9 

MHz 
200 600 

pF 
- 10 

pF 
- 75 

- IS ns 

- 25 ns 

- 175 ns 

- 35 ns 



2N4404, 2N4405 (continued) 

TRANSIENT CHARACTERISTICS 
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2N4404, 2N440S (continued) 

SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VCE = 10 Vdc, T A = 25"C 

FIGURE 9 - FREQUENCY EFFECTS FIGURE 10 - SOURCE RESISTANCE EFFECTS 
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This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number - the same units were used to develop curves on each graph. 
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2N4404, 2N4405 (continued) 
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FIGURE 15 -- DC CURRENT GAIN 
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2N4404, 2N4405 (continued) 

RATINGS AND THERMAL DATA 

FIGURE 19 ~ SAFE OPERATING AREA 

1-- f-- -- +-H-t-+t""-!'<-+-+-+---1--+-+++-t1 
c: .. '\. '\ '" 1,omiill~. The safe operating area curves indicate le'VeE 

limits of the transistor that must be observed for re
liable operation. Collector load lines for specific cir
tuits musf'fall below the limits indicated by the ap
plicable curve. 

:;; 
I-

0.1 ms 

dC~ 1.Oms 
~ 0.5 

~ 0.3 

'" 0 0.1 I-u 
w 
~ 0.1 

-----
T J " 100·C "'t--++"~-1rr-H--H 
SECONDARY BREAKDOWN lIMITED"'-~-t-I"<-t-'1ct-t-H 
BONDING WIRE LIMITED 

The data of Figure 19 is based upon TJ(pkl '" 
ZOO·C; T C is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro
vided T J(pk) ;:;;;: 200 ·C. T J(pk) may be calculated 

from the data in Figure 20. At high case tempera
tures, thermal limitations will reduce the power that 
can be handled to values less than the limitations im
posed by second breakdown. 

0 
u --- THERMALLY LIMITED 
_uO.07 TC" 15·C ISINGLE PULSEI 

0.05 CURVES APPLY BELOW 
RATEO VCEO 
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

FIGURE A I 1_1p -

--In" n,-----" 
I 1 I 

--I '11-- I I 1 I 
I--- 1.0lf --_I 

'1 
DUTY CYCLE D "11 f"-

1p 

PEAK PULSE POWER" Pp 

A train of periodical power pulses can be represented by the model as shown in Fig
ure A. Using the model and the device thermal response, the normalized effective 
transient thermal resistance of Figure 20 was calculated for various duty cycles. 

To find 0JC(t), multiply the value obtained from Figure 20 by the steady state value 
BJCI=I. 

Example: 

If the 2N4404 is dissipating 8.0 watts peak under the following conditions: t1 = 1.0 ms, 
'p " 5.0 ms. 10 " 0.21. find lIT. 

Using Figure 20 at a pulse width of 1.0 ms and 0 = 0.2, the reading of r(q OJ is 0.4. 

The peak rise in junction temperature above case temperature is, therefore,/::' T = r(tl DJ 
X Pp XBJCI=I" 0.4 XB.O X 15" SO·C. 
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2N4406 (SILICON) 
2N4407 

PNP silicon annular transistors designed for general
purpose amplifier and switching applications. 

2 

CASE 79 
nO-39l 1 0 

0 0 3 PIN 1. EMITTER O STYLE 1: 

2. BASE 
3. COLLECTOR 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current IC 

Total Device Dissipation @ T A = 25°C P D 
Derate above 25°C 

Total Device Dissipation @ TC = 25°C P D 
Derate above 25°C 

Operating and Storage Junction TJ , Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal ReSistance, Junction to If JC 
Case 

Thermal ReSistance, Junction to IfJA 
Ambient 

*Indicates JEDEC Registered Data 

2-813 

Value Unit 

80 Vdc 

80 Vdc 

5.0 Vdc 

2.0 Adc 

1. 25 Watts 

7.15 mW/oC 

8.75 Watts 

50 mW/oC 

-65 to +200 °c 

Max Unit 

20 °C/W 

140 °C/W 

,~ 

II 
11 



2N4406, 2N4407 (continued) 

'ELECTRICAL CHARACTERISTICS ITA = 25·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 
(IC = \0 mAde, IS = 0) 

Collector-Base Breakdown Voltage 
(IC = 10 !-(Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 !-(Ade, IC = 0) 

Collector Cutoff Current 
(VCS = 60 Vde, IE = 0) 

Emitter Cutoff Current 
(V SE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain' (11 
(IC = 10 mAde, V CE = 1. 0 Vde) 2N4406 

2N4407 

(IC = 150 mAde, VCE = 1. 0 Vde) 2N4406 
2N4407 

(IC = 500 mAde, VCE = 1. 0 Vde) 2N4406 . 
2N4407 

(IC = 1. 0 Ade, VCE = 1.0 Vde) 2N4406 
2N4407 

(IC = 1. 5 Ade, VCE = 5.0 Vde) 2N4406, 2N4407 

Collector-Emitter SaturatIon Voltage'(1) 
(IC = 150 mAde, Is = 15 mAde) 

(IC = 500 mAde, IS = 50 mAde) 

(IC = 1. 0 Ade, IS = 100 mAde) 

(IC = 1. 5 Ade, IS = 150 mAde) 

Base-Emitter Saturation Voltage 0) 
(IC = 150 mAde, IS = 15 mAde) 

(IC = 1. 0 Ade, IS = 100 mAde) 

(IC = 1.5 Ade, IS = 150 mAde) 

Base-Emitter On Voltage' (1) 

(IC = 500 mAde, V CE = 1. 0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 50 mAde, V CE = 20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(V CS = 10 Vde, IE = 0, f = 1. 0 MHz) 

Collector-Emitter Capacitance 
(VSE = 0.5 Vde, IC = 0, f = 1. 0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (V CC = 30 Vde, V SE(aff) = 2.0 Vde, 

Rise Time IC = 1. 0 Ade, lSI = 100 mAde) (Figure 11) 

Storage Time (VCC = 30Vde, IC = 1.0 Ade, 

Fall Time lSI = IS2 = 100 mAde) (Figure 12) 

(1) Pulse Test: Pulse Width::=' 300 J.I.S. Duty Cycle s. 2.0%. 

• indicates JEDEC Registered Data 

2-814 

Symbol Min Max Unit 

SVCEO Vde 
80 -

SVCSO Vde 
80 -

SVESO Vde 
5.0 -

ICSO nAde 
- 25 

IESO nAdc 
- 25 

hFE -
30 -
80 -
25 100 
75 225 

20 -
35 -

10 -
15 -
10 -

V CE(sat) Vde 
- 0.2 

- 0.4 

- 0.7 

- 1.5 

VSE(sat) Vde 
- 0.9 

0.9 1.3 

- 1.5 

V SE(an) Vde 
- 1.0 

fT MHz 
150 750 

Ceb pF 
- 15 

Ceb pF 
- 160 

td - 15 ns 

t - 60 us 
r 

t - 175 us 
s 

if - 50 us 



2N4406, 2N4407 (continued) 

STATIC CHARACTERISTICS 
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The safe operating area curves indicate 
Ie-VeE limits of the transistor that must 
be observed for reliable operation. Col
lector load lines for specific circuits must 
fall below the limits indicated by the 
applicable curve. 

The data of Figure 6 is based upon 
TJ(pk} = 20QDC;TC is variable depending 
upon conditions. Pulse curves are valid tor 
duty cycles to 10% provided TJ(pk)~ 
20DoC. T J(pk} may be calculated from the 
data in Figure 1. At high case temperatures, 
thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by second breakdown. 



2N4406, 2N4407 (continued) 

TRANSIENT CHARACTERISTICS 
25°C --- 1000C 
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2N4409 (SILICON) 

2N4410 

NPN SILICON AMPLIFIER TRANSISTORS 

... designed for high·voltage amplifier applications. 

• High Collector· Emitter Breakdown Voltage -
BVCEX = 80 Vdc (Min) - 2N4409 

= 120 Vdc (Min) - 2N4410 
• Low Collector Cutoff Current -

ICBO = 1.0 !lAdc (Max) @ TA = 1000 C 

• High DC Current Gain -
hFE = 150 (Typ) @ IC = 1.0 mAdc 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage ~ 
COllector-Base Voltage \J.l;a 
Emitter-Base Voltage VEB 
Collector Current - ContinUOus .'J;. 
Total Power Dlssipatlon@TA - 2SoC 

Derate above 2SoC 
PD 

Total Power DiSsipation @TC - 25°C 
Derate above 2SoC 

PD 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Ambient 
Thermal Resistance, Junction to Case 

2N4409 2N4410 Unit 

50 I 80 Vde 

80 120 Vde 
5.0 Vde 
250 mAde 

625 mW 
5.0 mW/DC 

1.5 Watts 
12 mW DC 

-55 to +150 DC 

ELECTRICAL CHARACTERISTICS IT A = 2SoC unless otherWise noted.! 

I Characteristic I Symbol I Min I Max I Unit 
*OFF CHARACTERISTIC 

Collector-Emitter Breakdown Voltage (1l 2N4409 
(lC'" 1.0 mAde, 18 '" OJ 2N4410 

Collector·Emitter Breakdown Voltage 
lIC "" 500 /JAde, VBE(offJ = 5,0 Vde, 2N4409 
RSE "" 8.2 kohmsJ 2N4410 

Collector -Sase Sreakdown Voltage 2N4409 
(lC '" 10/JAdc,le - 0) 2N4410 

Emltter·Base Breakdown Voltage 
OE '" 10/JAdc, IC '" 0) 

Collector Cutoff Current 
(VCB = 60 Vdc, Ie '" 0) 2N4409 
(VCS '" 60 Vde, IE = 0, T A'" l000C) 2N4409 
(Ves = 100 Vde, IE '" 0) 2N4410 
(VCS = 100 Vde, Ie '" 0, T A'" 1000Cl 2N4410 

Emitter Cutoff Current 
(YSE '" 4.0 Vde, IC '" 0) 

*ON CHARACTERISTICS 

DC Current Gain 
(IC '" 1.0 mAde, VCE "" 1.0 Vdcl 
(Ie = 10 mAde, VCE '" 1.0 Vdc) 

Collector·Emitter Saturation Yoltage 
(IC = 1.0 mAde, IS '" 0.1 mAde) 

Base·e miner Saturation Voltage 
lie - 1.0 mAde. lR - 0.1 mAde) 

Sase·Emitter On Voltage 
(Ie = 1.0 mAde, VCE '" 5.0 Ydcl 

DYNAMIC CHARACTERISTICS 

*Current·Gain - Bandwidth Product (2) 
(lc = 10 mAde, YeE = 10 Vde, f = 30 MHzJ 

*Coliector'Sase Capacitance 
(VCS"" 10 Vdc, Ie "" D, f '" 140 kHz)} 

Emitter·Base Cap'citance 
(VSE "" 0.5 Vdc.IC "" 0, f "" 140kHz) 

*Indlcates JEDEC Registered Data. 
t 1) Pulse Test: Pulse Width ~300 /lS, Duty Cycle ~ 2.0%. 
(2) fT = Ihfei • f test 

BVCEO 50 - Vde 
80 -

BVCEX Vde 
80 -
120 -

BVCBO 80 - Vde 
120 -

BVEBO 5.0 - Vde 

ICBO /lAde 
- 0.01 
- 1.0 
- 0.01 
- 1.0 

IESO 0.1 /lAde 

hFE -
60 -
60 400 

VCE(sat) - 0.2 Vde 

VSE(sat) - 0.8 Vde 

VBE(on) - 0.8 Vde 

60 300 MHz 

12 pF 

50 pF 

2-817 

STYLE 1 

NPN SILICON 
AMPLIFIER 

TRANSISTORS 

PIN ,. EMITTER 
2. BASE 
3 COLLECTOR 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.1BO 
C 4.320 
D 0.407 

0.407 
K 1 .7 0 
L 1.150 
N 
p 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.4B2 0.016 
- ~ 

1.390 0.045 
1.270 

0.250 
0.135 

2.670 0.095 
2.670 O.OBO 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
u.019 
-

0.055 
0.050 

-
0.105 
0.105 

'I 



2N4409, 2N4410 (continued) 

20 0 

~ 10 
'" .... z 
'" .. .. 
~ 5 
c 

~ 

0"'-

0"'-

\--
0 

. FIGURE 1 - DC CURRENT GAIN 

- TJ = 125°C 

"-
25°C 

i""'" 
-55°C 

TYPICAL DC CHARACTERISTICS 

VCE = 1.0 

~ 

...... ~ 

FIGURE 2 - ACTIVE·REGION SAFE OPERATING AREA 

50 

30 

1 20 

.... ro 
'-' 5 .. 
~ 3 

'" '-' 
!J 1 

7. 

0 

Or_ r-. 
'" , 1.0mS 

0 ..... r-.. .. 1'.,,. 

0 
de' 5.0 mS r, ........ 

0 
0 

0 TJ = IS00C ...... 
o -- - BONDING WIRE LIMIT ..... " 

- -THERMAL L1MIT@TA=250C ...... 
(SINGLE PULSEI I ..... 

0 2N4409 
0 2N4410 

0 2 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 0 5. 1.0 2.0 3.0 5.0 7.0 10 20 30 50 7080 
IC. COLLECTOR CURRENT (mA) 

FIGURE 3 - "ON" VOLTAGE 

1.0 

- T)= 2~ocl I 11111 

I 1111111 0.8 

~ 
~ 0.6 

'" '" .. 
~ 0.4 

'" > 
:> 

0.2 

0.1 0.2 

VBE(sat)@ICIIB= 10 

VBE(onl @VCE = 1.0 V 

VCE(sat)@IC/IB = 10 

Il Lli 
0.5 1.0 2.0 5.0 10 

IC. COLLECTD'R CURRENT (rnA) 
20 50 100 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 

FIGURE 4 - TEMPERATURE COEFFICIENTS 

+1.2 I I *APPLIES FOR ICIIB < hFE 3 
t3' +0.8 

i +0.4 I--f-*JvJ Flo~ IJJ~(sat) -~ 
ill 
t3 -0.4 

~ -0.8 
S 
~ -1.2 

~ -1.6 
~ 
~ -2.0 ,. 
~ -2.4 

~ -2.8 
0.1 0.2 

OVB FOR VBE 

1111111 
0.5 1.0 2.0 5.0 10 20 

IC. COLLECTOR CURRENT (mAl 
50 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 5- CURRENT·GAIN - BANDWIDTH PRODUCT 

300 

VC~= lriV I 0:: 
2!. 
t; 200 
::> 

r: T ~ : ~~o~HZ 
c 
'" go 
i= 
'" 100 
~ z 
;Ii 70 

I 
Z 

~ 50 

~ 
a: 
a: 
~ 
.!:' 

30 
1.0 

-.... 
V 

", '\ 

""" 

2.0 3.0 5.0 7.0 10 20 30 
IC. COLLECTOR CURRENT (mAl 

\. 

50 70 100 

20 

10 
u:: 
~ 7.0 
z 
~ 5.0 
U 
;'l; 
~ 3.0 

2.0 

-

1.0 
0.1 

2-818 

0.2 

FIGURE 6 - CAPACITANCE 

111.1 
TJ = 25°C 

~ Ceb 

--I'--
i"-

Ccb 

~" 
r-.. 

0.5 1.0 2.0 5.0 10 20 50 
VR. REVERSE VOLTAGE (VOLTSI 

100 

100 



2N4416 (SILICON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

. designed for VHF/UHF amplifier applications. 

• Low Noise Figure -
NF = 2.0 dB (Max) @ 100 MHz 

= 4.0 dB (Max) @ 400 MHz 

• Low Feedback Capacitance -
Crss= 0.8pF (Max) 

• Low Output Capacitance -
Coss = 2.0 pF (Max) 

• High Transfer Admittance -

Vfs(real) = 4000 Ilmho (Min) 

• High Power Gain-
Gps = 18 dB (Min) @ 100 MHz 

= 10 dB (Min) @ 400 MHz 

• Sand Y Parameter Curves Provided 

*MAXIMUM RATINGS (T A c; 25°C unless otherWise 'noted) 

Rating Symbol 

Oram Source Voltage VOS 

Oram-Gate Voltage VOG 

Gate-Source Voltage VGS 

Gate Current IG 

Total Power Dissipation @ T A = 25°C Po 
Derate above 25°C 

Operating and Storage Channel Tchannel, 
Temperature Range T stg 

*Indicates JEDEC Registered Data. 

Value 

30 

30 

30 

10 

300 
1.71 

-65 to +200 

2-819 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

DC 

N-CHANNEL 

JUNCTION 

FIELD-EFFECT 

TRANSISTOR 

I 

STYLE 1 
PIN 1 SOURCE 

'} [)RAIN 
3 GATE 
4 CASE LEAD 

MILLIMETERS INCHES 
DIM MI' MAX MI. MAX 

A 5.31 5.84 0209 0.230 

• 4.52 4,95 0178 0.195 
C 4.32 5.33 0.170 0210 
0 0.41 0.53 0016 0.021 
E 0.76 0.030 
F 0.41 048 0.016 0.019 
G 2.54 BSe 0.100 BSe 
H 091 1.17 0.036 0.046 
J 0.71 122 0.02B 0048 
K 12.70 0500 
L 6.35 0.250 
M 45 0 BSe 45 sse 
N 1.27 Bse 0.050 sse 
p 127 0.050 

ALL JEDEC dimensions and notes apply 

CASE 20·03 
TO·72 



2N441ti (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTIC 

Gate·Source Breakdown Voltage 

(I G = 1 .0 I'Mt, V DS = 0) 

Gate·Source Cutoff Voltage 
(lD = 1.0 nAde, VDS = 15 Vde) 

Gate-Source Voltage 
(lD = 0.5 mAde, VDS= 15Vde) 

Gate-Source Forward Voltage 
(lG = 1.0 mAde, VDS = 0) 

Gate Reverse Current 

(VGS = 20 Vde, VDS = 0) 
(VGS = 20 Vde,VDS = 0, TA = +150oCI 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (1) 
(VDS = 15 Vde, VGS = 01 

SMALL·SIGNAL CHARACTERISTICS 

Forward Transfer Admittance (1) 
(VDS = 15 Vde, VGS = 0, I = 1.0 kHz) 

Real Part of Forward Transfer Admittance 
(VDS = 15 Vde, VGS = 0, I = 400 MHzl 

Real Part of I nput Admittance 
(VDS = 15 Vde, VGS = 0, I = 100 MHz) 
(VDS = 15 Vde, V GS = 0, I = 400 MHz) 

Output Admittance 
(VDS= 15Vde,VGs=0,1= 1.0kHz) 

Real Part of Output Admittance 
(VDS = 15 Vde, V GS = 0, I = 100 MHz) 
(VDS = 15 Vde, VGS = 0, I = 400 MHz) 

Imaginary Part of Input Admittance 
(VDS = 15 Vde, VGS = 0, I = 100 MHzl 
(VDS = 15 Vde, VGS = 0, 1= 400 MHz) 

Imaginary Part of Output Admittance 
(VDS = 15 Vde, VGS = 0, I = 100 MHz) 
(VDS = 15 Vde, VGS = 0, I = 400 MHz) 

I nput Capacitance 

(VDS = 15 Vde, VGS = 0, I = 1.0 MHzl 

Common-Source Output Capacitance 
(VDS = 15 Vde, VGS = 0, I = 1.0 MHz) 

Reverse Transfer Capacitance 

(VDS = 15 Vde, VGS = 0, I = 1.0 MHzl 

CommonMSource Spot Noise (Figures 3 and 4) 

(VDS = 15 Vde, ID = 5.0 mAde, Rg '" 1000 Ohms, I = 100 MHz) 
(VDS = 15 Vde, ID = 5.0 mAde, Rg '" 1000 Ohms, I = 400 MHz) 

Small-Signal Power Gain (Figure H 

(VDS = 15 Vde, I D = 5.0 mAde, I = 100 MHz) 
(VDS = 15 Vde, I D = 5.0 mAde, I = 400 MHz) 

(1) Pulse Test: Pulse Width .. 300l's, Dutv Cvele .. 1.0%. 
* Indicates JEDEC Registered Data. 

2-820 

Svmbol 

V(BR)GSS 

VGS(oll) 

VGS 

VGS(F) 

IGSS 

IVIsI 

Vls(real) 

Vis(real) 

IVosl 

Vos(real) 

Yis(imag) 

Vos(imag) 

Ciss 

Coss 

Crss 

NF 

Gps 

Min Max Unit 

30 - Vde 

- 6.0 Vde 

1.0 5.5 Vde 

- 1.0 Vde 

pAde 
- 100 
- 200 

4500 7500 .umhos 

4000 - IJmhos 

J.l.mhos 
- 100 
- 1000 

- 50 .umhos' 

,umhos 
- 75 

- 100 

.umhos 
- 2500 
- 10,000 

~mhos 

- 1000 

- 4000 

- 4.0 pF 

- 2.0 pF 

- 0.8 pF 

dB 
- 2.0 
- 4.0 

dB 
18 -
10 -



2N4416 (continued) 

Adjust V GS for 
IO=50mA 

VGS< 0 Volts 

POWER GAIN 

FIGURE 1 - EFFECTS OF DRAIN CURRENT 
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FIGURE 2 - 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 

NOTE: The noise source 15 a hot-cold body 
(A I L type 70 or equivalent) with a 
test receiver (AIL ty"pe 136 or equivalent). 

Reference 
Designation 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

L1 

L2 

L3 

VALUE 

100 MHz 400 MHz 

7.0 pF 1.B pF 

1000 pF 17 pF 

3.0 pF 1.0 pF 

'-12 pF 0.8,8.0 pF 

1-12 pF 0.8-8.0 pF 

0.0015 J.lF 0.001 J.lF 

0.0015 j.1F 0.001 ~F 

3.0/-lH" 0.2/-lH·" 

0.15.u H * 0.03 ~H" 

O. 14 /olH ~ 0.022 ~H" 

• L 1 17 turns, (approx. -- depends upon circuit layout) AWG #28 
enameled copper wire, close wound on 9/32" ceramic coil 
form. Tuning provided by a powdered iron slug. 

.. *L 1 6 turns, (approx. - depends upon circuit layout) AWG #24 
enameled copper wire, close wound on 7/32" ceramic coil 
torm. Tuning provided by an aluminum slug. 

L2 4-1/2 turns, AWG #18 ename,led copper wire, 5/16" long, 
3/8" 1.0. (AIR CORE). 

L3 3-1/2 turns, AWG #18 enameled copper wire, 1/4" long, 
3/8" 1.0. (AIR CORE). 

L2 1 turn, AWG #16 enameled copper wire, 3/8" 1.0. (AI R 
COREl. 

L3 1/2 turn, AWG #16 enameled copper wire, 1/4" 1.0. (AIR 
COREl. 

NOISE FIGURE 
(T channel'" 25°C) 

FIGURE 3 - EFFECTS OF DRAIN·SOURCE VOLTAGE FIGURE 4 - EFFECTS OF DRAIN CURRENT 
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2N4416 (continued) 
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2N4416 (continued) 

FIGURE 10 - 511. 

COMMON SOURCE CHARACTERISTICS 
5-PARAMETER5 

(VD5 = 15 Vdc, T channel = 25°C, 
Oat. Point. in MHzl FIGURE 11 - S12. 

~~~~~~~~~~3~3~OO~~ 300~~~~~~~~~~~~~~Z7,~ 

FIGURE 12 - 521. FIGURE 13 - 522. 
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2N4416 (continued) 

COMMON GATE CHARACTE.RISTICS 
ADMITTANCE PARAMETERS c. 

(VDG = 15 Vde, Tehannel = 25°C I. 

FIGURE 1·4 - INPUT ADMITTANCE (Yigl FIGURE.l.5 - REVERSE TRANSFER ADMITTANCE (Yrg) 
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2N4416 (continued) 

FIGURE 18 - S11g 

FIGURE 20 - S21g 

COMMON GATE CHARACTERISTICS 
S-PARAMETERS 

(VaG = 15 Vde, Tehann.1 = 25°C, 
Data Points in MHz) 

2-825 

FIGURE 19 - S12g 

FIGURE 21 - S22g 



2N4427 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for amplifier, frequency multiplier, or oscillator 
applications in military and industrial equipment. Suitable for use 
as output driver or pre·driver stages in VHF and UHF equipment. 

• Current·Gain-Bandwidth Product -
fT = 500 MHz (Min) @ IC = 50 mAdc 

• Power Gain 
Gpe = 10 dB (Min) @ VCE = 12 Vdc 

• 1 Watt Minimum Power Output @ f = 175 MHz 

• Multiple-Emitter Construction for Excellent High-Frequency 
Performance 

MAXIMUM RATINGS 

Rating Symbol Value 

·Collector"Emitter Voltage VeEO 20 

*Collector~Base Voltage VeB 40 

*Emitter-Base Voltage VEB 2.0 

·Collector Current - Continuous Ie 400 

*Sase Current - Continuous IB 400 

Total Device Dissipation @ T A = 25°C Po 1.0 
Derate above 2SoC 5.71 

*Total Device Dissipation @TC "" 2SoC Po 3.5 
Derate above 25°C 20 

·Storage Temperature Range Tstg -65 to + 200 

·lndicatesJEOEC Registered Data 

FIGURE 1 - POWER OUTPUT versus FREQUENCY 
1.6 ... "',--,"',--,-,""'--__.."':---,-------, 

1.4 ~-""'c_+-",.....d-+-"""..__'l'....,"'c_+-~-_I 

1.2 I'-<:-t----j"'-d--+--l""';:='-'-'---'''k;-''''''-'I<c-;;-"L----i 

I. FREQUENCY (MHz) 

2-826 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mAde 

Watt 
mW/oC 

Watts 
mW/oe 

°e 

1 W -175 MHz 

RF POWER 
TRANSISTOR 
NPN SILICON 

If#~ 
k - L I 

~K 

__ 1 
SEATING ~I~-D 

PLANE STYLE 1 

OIM 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
P 
a 
R 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

8.89 9.40 0.350 0.370 
8.00 8.51 0.315 0.335 
6.10 6.60 0.240 0.260 
0.406 0.533 0.016 0.021 
0.229 3.18 0.0.09 0.125 
0.406 0.483 0.016 0.019 
4.83 5.33 0.190 0.210 
0.711 0.864 0.02B 0.034 
0.737 1.02 0.029 .0.040 

12.70 - 0.500 -
6.35 0.250 

450 NOM 450 NOM 
- 1.27 - 0.050 
9OO'NOM 900 NOM 

2.54 0.100 

CASE 79·02 
TO·39 

All JEDEC notes and dimensions apply_ 

Available in TO-46 Package as MRF604 



2N4427 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

*Collector·Emitter Sustaining Voltage VCEO(sus) 
(Ie = 5.0 mAde, IB = 0) 20 

·Collector-Emitter Sustaining Voltage VCER(sus) 
(lC = 5.0 mAde, RBE = 10 ohms) 40 

·Collector Cutoff Current ICEO 
(VCE = 12 Vde,IB = 0) -

·Collector Cutoff Current ICEV 
(VCE = 40 Vde, VBE = -1.5 Vde) -
(VCE = 12 Vde, VBE = -1.5 Vde, Te = +150oC) -

*Emitter Cutoff Current lEBO 
(VEB = 2.0 Vde, IC = 0) -

ON CHARACTERISTICS 

*oe Current Gain hFE 
(lC = 100 mAde, VCE = 5.0 Vde) 10 
(lC = 360 mAde, VCE = 5.0 Vde) 5.0 

"'Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 100 mAde, IB = 20 mAde) -

DYNAMIC CHARACTERISTICS 

·Current-Gain - Bandwidth Product IT 
(lC = 50 mAde, VCE = 15 Vde, f = 200 MHz) 500 

"'Output Capacitance Cob 
(VCB = 12 Vde, IE = 0, f = 1.0 MHz) -

FUNCTIONAL TEST 

·Power Input (Figure 1) Pin 
(Pout = 1.0W, Zs = 50 Ohms, VCC = 12 Vde, f = 175 MHz) -

Common-Emitter Amplifier Power Gain Gpe 
(Pin = 100 mW, Zs = 50 Ohms, VCC = 12 Vde, f = 175 MHz) 10 

'Colleetor Efficiency (Figure 1) ~ 

(Pout = 1.0W, Zs = 50 Ohms, VCC = 12 Vde, f = 175 MHz) 50 

-Indicates JEOEC Registered Data 

FIGURE 1 - 175 MHz RF AMPLIFIER CIRCUIT FOR POWER·OUTPUT TEST 

l3 

C5 
r----<>:::-:<>--T-o VCC 

~ 
CS 

C3 

Pout 
(Zl = 50 OHMS) 

2-827 

CI. C2, 
C3, and C4: 3·30 pF 

C5: 1,000 pF 
CS: O.o1I'F 
Ll: 2 turns No. 

1Swire, 
3/1S"IO, 
1I4"lon9 

l2: Ferrite choke, 
Z = 450 ohms 

Max 

-

-

0.02 

0.1 
5.0 

0.1 

200 
-

0.5 

-

4.0 

100 

-

-

Unit 

Vde 

Vde 

mAde 

mAde 

mAde 

-

Vde 

MHz 

pF 

mW 

dB 

% 

l3: 1: turns No. 
16wira, 
114"10, 
1I4"lon9 

L4: 4 turns No. 
16 wire, 
3/8"10, 
3/8"lon9 

0: 2N4427 

I 
i 

'f 



2N4428 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed primarily for use in large signal VHF and UHF amplifier 
output stages in military and industrial communications applications. 

• High Power Output-
Pout = 0.75 Watt with 10 dB Gain @f=500MHz 

• High Current-Gain-Bandwidth Product -
fT = 1000 MHz (Typ) @ IC = 50 mAde 

• Multiple Emitter Construction for Excellent High Frequency 
Performance 

*MAXIMUMRATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 35 Vdc 

Collector-Base Voltage VCS 55 Vdc 

Emitter·Base Voltage VES 3.5 Vdc 

Collector Current - Continuous IC 425 mAde 

Base Current - Continuous IS 150 mAde 

Total Device Dissipation@Tc=250C Po 3.5 Watts 

Derate above 25°C 20 mW/oC 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

"'Indicates JEDEC Registered Data. 

FIGURE 1 - 500 MHz TEST CIRCUIT 

VCE=28Volts 

Adiust Rllorlc"7(}mAwith 
no RF Signal Applied 

+Vcc 
U-j TURN NO,20re.WIRE 1/4" 

DIATAPPEO AT CENTER 

2-828 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

R 

NPN SILICON 
RF POWER 

TRANSISTOR 

STYLE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

N 

MIlliMETERS INCHES 
MIN MAX MIN MAX 
B.B9 9.40 0.350 0.370 
B.OO B.51 0.315 0.335 
6.10 6.60 0.240 0.260 
0.406 0.533 0.016 0.021 
0.229 3.1B 0.009 0.125 
0.406 0.483 0.016 0.019 
4.B3 5.33 0.190 0.210 
0.711 0.B64 0.02B 0.034 
0.737 1.02 0.029 0.040 

12.70 0.500 
6.35 0.250 
45' NOM 45' NOM 

1.27 0.050 
90' NOM 90' NOM. 

2.54 0.100 

AU JEDEC dimensions and notesepply. 

CASE 79-02 
TO-39 



2N4428 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage 
(lC = 20 mAde, IB = 0) 

Collector~Emitter Sustaining Voltage 
(lc = 20 mAde, RBE = 10 ohms) 

Collector Cutoff Current 
(VCE = 55 Vde, VBE = -1.5 Vde) 

Emitter Cutoff Current 
(VEB = 3.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 50 mAde, VCE = 5.0 Vde) 

(lC = 400 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(I C = 50 mAde, VCE = 20 Vde, f ~ 200 MHz) 

Output Capacitance 
(VCB = 28 Vde, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Power Input (Figure 1) 
(Pout = 750 mW, VCE = 28 Vde, RS = 50 Ohms, 

f = 500 MHz) 

Collector Efficiency (Figure 11 
(Pout = 750 mW,VCE = 28 Vde, RS = 50 Ohms, 

f = 500 MHz) 

"Indicates JEOEC Registered Data. 

Symbol 

VCEO(sus) 

VCER(sus) 

ICEX 

lEBO 

t,. 

Cob 

Pin 

~ 

FIGURE 2 - CURRENT·GAIN-BANDWIDTH PRODUCT 
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2N4441 (SILICON) 
thru 

2N4444 

~G 
A O ....... --II~K'---OK 

PLASTIC THYRISTORS 

... designed for high-volume consumer phase-control applications 
such as motor speed, temperature, and light controls and for switch
ing applications in ignition and starting systems, voltage regulators, 
vending machines, and lamp drivers requiring: 

• Small, Rugged, Thermopad Construction - for Low Thermal 
Resistance, High Heat Dissipation, and Durability. 

• Practical Level Triggering and Holding Characteristics @ 250 C 
IGT = 7.0 mA (Typ) 

IH = 6.0 mA (Typ) 

• Low "On" Voltage - VTM = 1.0 Volt (Typ) @ 5.0 Amp@ 250 C 

• High Surge Current Rating - ITSM = 80 Amp 

MAXIMUM RATING ITJ ~ 100°C unless otherwise noted.! 

Rating Symbol Value Unit 

*Repetitive Peak Reverse Blocking Voltage VRRM Volts 
INote 1! 2N4441 50 

2N4442 200 
2N4443 400 
2N4444 600 

*Non-Repetitive Peak Reverse Blocking VRSM Volts 
Voltage (t '" 5.0 ms (max) duration) 

2N4441 75 
2N4442 300 
2N4443 500 
2N4444 700 

*RMS On-State Current ITIRMS! Amp 
(All Conduction Angles) 8.0 

Average On-State Current, T C "" 7;flc ITIAV! 5.1 Amp 

*Peak Non-Repetitive Surge Current ITSM 80 Amp 
(1/2 cycle, 60 Hz preceded and followed by 
rated current and voltage) 

Circuit Fusing Considerations 12, 25 A 2s 
ITJ ~ -40 to +1000C; 
'~1.0'o 8.3 ms! 

*Peak Gate Power PGM 5.0 Watts 

* Average Gate Power PG(AV! 0.5 Watt 

* Peak Forward Gate Current IGM 2.0 Amp 

*Peak Reverse Gate Voltage VRGM 10 Volts 

*Operating Junction Temperature Range TJ -40 to +100 °c 

*Storage Temperature Range Tstg -40'0 +150 °c 

Mounting Torque (6-32 screw) (Note 2) - 8.0 in_lb. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max Unit 

*Thermal Resistance, Junction to Case ROJC - 2.5 °CIW 

Thermal Resistance, Junction to Ambient ROJA 40 - °CIW 

*Indicates JEDEC Registered Data. 

2-830 

PLASTIC SILICON 
CONTROLLED RECTIFIERS 

DIM 

A 
8 
C 
0 
F 
G 
H 
J 
K 
Q 

R 

8.0 AMPERES RMS 
50 thru 600 VOLTS 

F 

A 

-.-1 h~ HEAT SINK 1- CONTACT AREA 
, IBOTTOM! 

--H--J 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

15.95 16.71 0.628 0.658 
12.45 13.21 0.490 0.520 
3.05 3.81 0.120 0.150 
1.09 1.25 0.043 0.049 
3.51 3.76 0.138 0.148 

4.22 BSC 0.166 BSC 
- 3.18 -
0.76 0.86 0.030 

14.99 16.51 0.590 
4.50 5.00 0.177 
1.91 2.16 0.075 

CASE 90-04 

STYLE 1: 
PIN 1. CATHODE 

2. ANODE 
3. GATE 

0.125 
0.034 
0.650 
0.197 
0.085 



2N4441 thru 2N4444 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol 

*Peak Forward Blocking Voltage VORM 
(T J = 100oC) Note 1 2N4441 

2N4442 
2N4443 
2N4444 

Peak Forward Blocking Current IORM 
(Rated VORM, TJ = 100oe, gate open! 

Peak Reverse Blocking Current IRRM 
(Rated VORM, TJ = 100oe, gate open) 

Gate Trigger Current (Continuous del IGT 
(Anode Voltage = 7.0 Vdc, RL = 100 Ohms) 

Te = 250 e 
• Te = -40oe 

Gate Trigger Voltage (Continuous del VGT 
(Anode Voltage = 7.0 Vdc, R L = 100 Ohms! 

Te = 250 e 

• (Anode Voltage = 7.0 Vdc, R L = l000hms) 

Te = -40oe . (Anode Voltage = Rated VORM, RL = 1000hms) 

TJ = 1000 e 

Peak On·5tate Voltage VTM 
(Pulse Width == 1.0 to 2.0 ms, Duty Cycle < 2.0% ) 

(lTM = 5.0 A peak) 
• (lTM = 15.7 A peak) 

Holding Current IH 
(Anode Voltage"" 7.0 Vdc, gate open) 

Te = 250 e 

• Te = -4oDe 

Gate Controlled Turn-On Time '9' 
(ITM = 5.0 A, IGT = 20 rnA! 

Circuit Commutated Turn-Off Time 
(lTM = 5.0 A, IR = 5.0 A) 

Iq 

(ITM = 5.0A,IR = 5.0 A, TJ = 1OaDe) 

Critical Rate of Rise of Off-State Voltage dv/dt 

(Rated VDRM, Exponential Waveform, TJ == 100oe, 
Gate Open) 

• Indicates JEDEC Registered Data 

Note 1. Ratings apply for zero or negative gate voltage but positive Note 2. 
gate voltage shall not be applied concurrently with a neg-
ative potential on the anode. When checking forward or 
reverse blocking capability, thyristor devices should not 
be tested with a constant current source in a manner that 
the voltage applied exceeds the rated blocking voltage. 

2-831 

Min Typ Max Unit 

Volts 

50 - -

200 - -

400 - -
600 - -

mA 
- - 2.0 

mA 
- - 2.0 

mA 

- 7.0 30 
60 

Volts 

- 0.75 1.5 

- - 2.5 

0.2 - -

Volts 

-- 1.0 1.5 

- - 2.0 

rnA 

- 6.0 40 

- - 70 

~s 

1.0 -

~s 
- 15 -

20 --

V/~s 

- 50 -

Torque rating applies with use of torque washer (Shake
proof WD19522 #6 or equivalent). Mounting torque in 
excess of 8 In. Ibs. does not appreciably lower case-to-sink 
thermal resistance. Anode lead and heatsink contact pad 
are common. 

For soldering purposes (either terminal connection or de
vice mounting), soldering temperatures shall not exceed 
+2250 C. 

,I 

:1 
!l 

I 

! 
il 



2N4441 thru 2N4444 (continued) 
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FIGURE 1 - MAXIMUM FORWARD VOLTAGE 
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2N4441 thru 2N4444 (continued) 

FIGURE 5 - MAXIMUM NON-REPETITIVE SURGE CURRENT FIGURE 6 - TYPICAL HOLDING CURRENT 
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2N44S0(SllICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for general-purpose amplifier and switching applications 
requiring TO-46 package configurations. 

• Collector-Emitter Breakdown Voltage -
BVCEO = 30 Vdc (Min) @ IC = 10 mAdc 

• DC Current Gain - 100 "Adc to 500 mAdc 

• Low Collector-Emitter Saturation Voltage -
VCE!sat) = 0.2 Vdc (Typ) @ IC = 150 mAdc 

• High Current-Gain-Bandwidth Product-
fT = 350 MHz (Typ) @ IC = 50 mAdc 

• Fast Switching Time - (Figures 1 and 2) 
ton = 50 ns (Typ) 
toft = 125 ns (Typ) 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage (1) VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Power Dissipation @ T A := 2SoC PD 
Derate above 25°C 

Total Power Dissipation @ TC = 2SoC PD 
Derate above 25°C 

Operating and Storage Junction T J,T stg 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient R8JAI21 

Thermal Resistance, Junction to Case R8JC 

Lead Temperature TL 
1/16" From Case for 60 Seconds 

*Indicates JEDEC Register~d Data. 

Value 

30 

60 

5.0 

500 

0.36 
2.06 

3.0 
17.2 

-65 to +200 

Max 

485 

58 

300 

(1) Applicable 0 to 100 mA, Pulse Width::; 10 }.LS, Duty Cycle ~2.0%. 
(2) R8JA is measured with the device soldered into a typical printed circuit board. 

2-834 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mWfJC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°C/W 
°c 

NPN SILICON 

GENERAL PURPOSE 

TRANSISTOR 

I 

STYLE 1: 
PiN 1. EMITIER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 ~}~ ~ B 4.52 4.95 0.195 
C 1,65 2.16 0.065 0.085 

+ ~6.. 0.533 0.016 0.021 
1.02 0.040 

F 0.305 0.483 0.012 0.019 
G 2.54 BSC 0.100 BSC 
H 0.914 1.11 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.7 - 0.5 
L 6.35 0.250 
M 45 BSC 45 BSC 
N 1.27 BSC 0.050 BSC 
P 1.27 0.050 

All JEDEC dimenSions and notes applv 

CASE 26-03 
TO-46 



2N4450 (continued) 
'ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 30 Vde 

IIC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 60 Vde 

IIC= 1O~Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 5.0 Vde 

liE = 10 ~Ade, IC = 0) 

Collector Cutoff Current (1) ICBO 
IVCB = 50 Vde, IE = 0) 10 nAdc 

IVCB = 50 Vde, IE = 0, TA = 1500 CI 10 ~Adc 

Emitter Cutoff Current lEBO 10 nAdc 

IVEB = 3.0 Vde, IC = 01 

Base Current IB 10 nAdc 

IVCE = 50 Vde, VBE = 01 

ON CHARACTERISTICS 111 

DC Current Gain hFE 
IIC= 100~Ade,VCE= 10Vde) 35 75 
IIC= 1.0mAde, VCE= 10Vdel 50 90 

IIC = 10 mAde, VCE = 10 Vdel 75 125 

IIC = 150 mAde, VCE = 10 Vde) 100 200 300 

IIC= 500 mAde, VCE= 10Vdel 50 

IIC= 150 mAde, VCE= 1.0Vde) 50 

IIC = 300 mAde, VCE = 1.0 Vde) 35 

IIC = 150 mAde, VCE = 10 Vde, T A = _550 CI 111 30 

Collector-Emitter Saturation Voltage VCElsatl Vde 

IIC = 150 mAde, IB = 15 mAde! 0.2 0.22 
(Ie = 300 mAde, 18::= 30 mAdcl 0.3 0.45 
IIC = 500 mAde, IB = 50 mAde) 0.5 0.60 

Base-Emitter Saturation Voltage VBElsat) Vde 

IIC = 150 mAde, IB = 15 mAde) 0.7 1.1 
IIC = 300 mAde, IB = 30 mAde) 0.9 1.3 

IIC= 500 mAde, IB= 50 mAde) 1.2 1.5 

Base-Emitter On Voltage VBElonl 0.8 1.1 Vde 

(Ie"" 150mAdc, VeE'" 10Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 250 350 MHz 

IIC = 50 mAde, VCE = 10 Vde, f = 100 MHzl 

Collector-Base Capacitance Ceb 40 8.0 pF 

IVCB = 10 Vde, IE = 0, f = 150 kHzl 

Collector-Emitter Capacitance Ceb 15 20 pF 

IVBE = 2.0 Vde, IC = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 50 60 ns 

Delay Time 
IVcc = 25 Vde, VBEloff) = 0 V, IC = 300 mAde, 

td - 10 30 ns 
IB1 = 30 mAdel (Figure 1) 

Rise Time tr - 40 55 ns 

Turn-Off Time toff - 125 150 ns 

Storage Time 
IVcc = 25 Vde, IC = 300 mAde, IB1 = IB2 = 30 mAde) 

ts - 100 140 ns 
(Figure 2) 

Fall Time tf - 25 100 ns 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~300 J.l.S, Duty Cycle ~ 2.0%. 

FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 

+16 V 
r----l 500 

---1 L.- 0--1"---'VV'r-1 
PW = 300 ns 

Rise Time ~ 1.0 ns 

Zin '" 50 n 
50 

+25 V 

80 
>---{) 

To sampling scope 

Ris8 Time ~ 1.0 ns 

Input ~ 100 U1 

+31V 

p~tO'47 
Rise Time ~20 ns 50 

Zin = 50 n 

500 

1N3600 

2-835 

-15 V +25 V 

500 80 

To sampling scope 

Rise Time ~1.0 ns 

Input ~ 100 U1 



2N4453 
For Specifications, See 2N869A Data 

2N4851 thru 2N4853 (SILICON) 

SILICON ANNULAR UNIJUNCTION TRANSISTORS 

... designed for pulse and timing circuits, sensing circuits, and 
thyristor trigger circuits. 

• Low Peak·Point Current - I, = 0.4 p.A Max 

• Low Emitter Reverse Current-lEo = 50 nA Max 
• Fast Switching -1.0 MHz Min 

*MAXIMUM RATINGS (T.: 2S"C unless otherwise noted) 

Rating Symbol Value 
RMS Power Dissipation (1) Po 300 

RMS Emitter Current Ie 50 

Peak·Pulse Emitter Current (2) i e 1.5 

Emitter Reverse Voltage VB2E 30 

Interbase Voltage (3) VB2B1 35 

Operating Junction Temperature Range TJ ·65 to +125 

Storage Temperature Range Tstg -65 to +200 

* Indicates JEDEC Registered Data 
(1) Derate 3.0 mW joc increase in ambient temperature. 
(2) Duty cycle" 1%, PRR = (see figure 6) 
(3) Based upon power dissipation at T A = 25°C 

Unit 
mW 

mA 

Amp 

Volts 

Volts 

"C 

°c 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 

FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 

VB2Bl 

VE NEGATIVE 

CUTOFF RESISTANCE SATURATION 
REGION i- REGION - - REGION 

VBE1(sat) 
Vv 

I 

+f-:L---.J..--L..-IE 

2·836 

PN UNIJUNCTION 
TRANSISTORS 

1f 

DIM 

A 5.31 5.84 
B 4.52 4.95 
C 4.32 5.33 
o 0.41 0.48 
G 2.54 TYP 
H 0.91 1.17 
J 0.11 1.22 
K 12.70 
M 45° TYP 
N 1.27 TYP 

CASE 22A 



2N4851 thru 2N4853 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 2S·C unless otherwise noted) 

Rating 
Figure 

Symbol Min Typ Max Unit No. 

'Intrinsic Standoff Ratio (1) 4, 8 " -
(VB2B1 = 10 V) 2N4851 0.56 - 0.75 

2N4852,2N4853 0.70 - 0.85 

* Interbase Resistance 11, 12 r BB k ohms 
(VB2B1 = 3.0 V, IE = 0) 4.7 - 9.1 

* Interbase Resistance Temperature Coefficient 12 arBB %/'C 
(VB2B1 = 3.0 V, IE = 0, TA = -65 to +125'C) 0.2 - 0.8 

Emitter Satnration Voltage (2) VEB1 (sat) Volts 
(VB2B1 = 10 V, IE = 50 rnA) - 2.5 -

Modulated Interbase Current IB2 (mod) rnA 
(VB2B1 = 10 V, IE = 50 rnA) - 15 -

*Emitter Reverse Current 7 IEB20 fJ.A 
(VB2E = 30 V, lsl = 0) 2N4851,2N4852 - - 0.1 

2N4853 - - 0.05 

*Peak-Point Emitter Current 9, 10 Ip fJ.A 
(VB2B1 = 25 V) 2N4851,2N4852 - - 2.0 

2N4853 - - 0.4 

* Valley-Point Current (2) 13, 14 IV rnA 
(VB2B1 = 20 V, RB2 = 100 ohms) 2N4851 2.0 - -

2N4852 4.0 - -
2N4853 6.0 - -

'Base-One Peak Pulse Voltage 2N4851 3, 17 VOBI 3.0 - - Volts 
2N4852 5.0 - -
2N4853 6.0 - -

* Maximum Frequency of Oscillation 5 f(max) 1.0 1. 25 - MHz 

* Indicates JEDEC Registered Data, 
(1)11, IntrinSIC slandoff ratio; is defined in terms of the peak-pomt voltage, Vp • ?y means of the.equation:Vp '" 'l VB2Bl + VF, where VF is about 0.49 volt at 25°C@ 
IF'" 10 iJ.A and decreases wlth temperature at about 2. 5 mY! °c. The test CIrCUlt is shown in FIgure 4. Components RI, Cl , and the UJT form a relaxation oscillator; 
the remaining c1rcuitry serves as a peak-voltage detector. The forward drop of Diode D1 compensates for VF . To use, the "cal" b'!tton 1S pushed, and R3 is adjusted 
to make the current meter, MI, read full scale. When the "cal" button is released, the value of 11 is read directly from the meter, 1f full scale on the meter reads 1.0. 

(2) Use pulse techmques: PW'" 300 MS, duty cycle ~ 2.0% to avoid internal heating, which may result III erroneous readings. 

FIGURE 3 - V DB' TEST CIRCUIT 
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FIGURE 5 - f {m'" TEST CIRCUIT 
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2N4851 thru 2N4853 (continued) 

TYPICAL CHARACTERISTICS 

FIGURE 7 - EMITTER REVERSE CURRENT 
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2N4851 thru 2N4853 (continued) 
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2N4854 (SILICON) 
2N4855 
2N4854JAN ,JTX,JTXV Available 

MULTIPLE SILICON ANNULAR TRANSISTORS 

• .• designed for use as differential amplifiers, dual general·purpose 
switches and amplifiers, front end detectors, and temperature 
compensation amplifiers. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max)@lc= 150 mAde 

• Fast Switching Times -
ton = 60 ns (Max) and toff = 350 ns (Max) 

• DC Current Gain Specified -
0.1 mAde to 300 mAde 

• High Current-Gain-Bandwidth Product -
fT = 200 MHz (Typ) @ IC = 20 mAde 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector 1 to Collector 2 Voltage VC1C2 
Voltage Rating any Lead to Case 

Collector-Base Voltage Vce 

Emitter-Base Voltage VEe 

Collector Current - Continuous IC 

Total Povver Dissipation @ T A = 25°C PO· 
Derate above 25°C 

Total Power Dissipation@ TC "" 25°C Po 
Derate above 26°C 

Operating and Storage Junction TJ.Tstg 
Temperature Range 

*Indlcates JEOEC Registered Dat8. 

FIGURE 1 - DELAY AND RISE TIMES 

+30 V 

Value 

40 

1200 
1200 

60 

5.0 

600 

One Die Both Die 

300 600 
2.0 4.0 

1.0 2.0 
6.67 13.33 

-65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 

°c 

NPN/PNP SILICON 

MULTIPLE TRANSISTORS 

STYlE 1: 
PIN 1. COLLECTOR 

2. BASE 
3.EMITIER 
4.0MITIED 
S.EMITIER 
6. BASE 
1. COllECTOR 
B. OMITTED 

, 

CASE 664<17 

+9.9VTh-
Input 

FIGURE 2 - STORAGE AND FALL TIMES 
200 

619 Output 

Input 

tr ~2.0 ns Test Circuit 

Pulse Width = 200 ns 
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I 

tr~5.0ns 
Pulse Test = 10 /Js 
Duty Cycle ~ 2.0% 

lkrl 
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Voltage Waveforms 
""-3.0 V 

To Scope 

tr~5.0 ns 
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Test Circuit 

For PN P Test Circuit. Reverse diode and voltage polarities. 

2-840 
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Voltage Waveforms 



2N4854, 2N4855 (continued) 

• ELECTRICAL CHARACTERISTICS (Each Sidel (T A = 25°C unless otherwise notedl 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 
(IC = 10 mAde, IB = 01 

Collector-Base Breakdown Voltage BVCBO 
(lC = 10pAde, IE = 01 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 10pAde, IC = 01 

Collector Cutoff Current ICBO 
(VCB = 50 Vde, IE = 0, TA = 1500CI 

Emitter Cutoff Current lEBO 
(VEB = 3.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 0.1 mAde, VeE = 10 Vdel 2N4854 

2N4855 

(Ie = 1.0 mAde, VeE = 10 Vdel 2N4854 
2N4855 

(IC = 10 mAde, VeE = 10 Vdel 2N4854 
2N4855 

(Ie = 150 mAde, VeE = 10 Vdel (1) 2N4854 
2N4855 

(IC = 150 mAde, VCE 1.0 Vde)(1) 2N4854 
2N4855 

(IC = 300 mAde, VCE = 10 Vde) (11 2N4854 
2N4855 

Collector-Emitter Saturation Voltage (1) VCE(sat) 
(lC = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage (1) VSE(sat) 
(IC=150 mAde, IB = 15 mAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(IC = 20 mAde, VCE = 10 Vde, I = 100 MHzl 

Collector-Base Capacitance Ceb 
(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 

I nput Impedance hie 
(Ie = 1.0 mAde, VeE = 10 Vde, I = 1.0 kHz) 2N4854 

2N4855 

Small-Signal Current Gain hie 
(Ie = 1.0 mAde, VeE = 10 Vdc, I = 1.0 kHz) 2N4854 

2N4855 

Output Admittance hoe 
(IC = 1.0 mAde, VeE = 10 Vde, I = 1.0 kHzl 2N4854 

2N4855 

NOise Figure NF 

(IC = 100pAde, VCE = 10 Vde, RS = 1.0 k ohm, I = 1.0 kHzl 

SWITCHING CHARACTERISTICS 

Delay Time td 
(VCC = 30 Vde, VBE(olfi = 0.5 Vdc, 

Ie = 150 mAde, IB1 = 15 mAdel 
Rise Time tr 

Storage Time ts 
(VCC = 30 Vde, IC = 150 mAde, 

IB1 = IB2 = 15 mAde) 
Fall Time tl 

* Indicates JEOEC RegIstered Data. 

(1 }Pulse Test: Pulse Width $ 300 j..LS, Duty Cyc!e~2 0%. 

Min Max 

40 -

60 -

5.0 -

- 10 

- 10 

35 -
20 -

50 -
25 -

75 -
35 -

100 300 
40 120 

50 -

20 -

35 -
20 

- 0.4 

0.75 1.2 

200 -

8.0 

1.5 9.0 
0.75 4.5 

60 300 
30 150 

- 50 
- 25 

- 8.0 

- 20 

- 40 

- 280 

- 70 

Unit 

Vde 

Vde 

Vde 

,uAde 

nAdc 

-

Vde 

Vde 

MHz 

pF 

k ohms 

-

.umhos 

dB 

ns 

ns 

ns 

ns 

I 

I 
I 

I 

I 

'I 
~l 

II 
II 
1-
, 

I 



2N4856, A 
thru 

2N4861, A 

N-CHANNEL JUNCTION FIELD-EFFECT 
TRANSISTORS 

Depletion Mode symmetrical Field-Effect transistors designed for 
low-power switching and chopper applications . 

.. Low Drain-Source "ON" Resistance -
rds(on) = 25 Ohms (Max) @f= 1.0 kHz - 2N4856,A, 2N4859,A 

.. Low Drain Cutoff Current -
ID(otl) = 250 pAdc (Max) @VDS= 15 Vdc 

r----------------------------, 

i 
l~XI~UM ~AT~GS ---.,------.----.----.-------1 

I Rating Symbol 
2N4856,A 2N4859,A 
2N4857,A 2N4860,A Unit 
2N4858,A 2N4861.A 

+40 +30 Vdc 

+40 +30 Vdc 

-40 -30 Vdc 

I Drain-Gate Voltage VOG 

~rain--s-ou-r-c-e~O-I-'a-g.-------~--V~D~S--r----~-----r ___ ~ 
~I/erse Gate-Source Voltage VGSR 

50 mAde ! Forward Gate c,-u-r-r.-n-'--"-----+--r=G=-F'-'--+-----"-----+----I 

h otal Dev'~; Dissipatio-n-,@:-T:-A-=.,.2~50,..Cc-+---P,:::D-'--+-----:-:-----+-----I 360 mW 
2.4 mW;oC 

-65 to +200 °c 
: Derate above 25°C 
,----------~------1-~--1---~--~--_r-~-1 

~rageTem~~-r-at-u-re-R-a-n-g-e---~--T-s-tg~~---
I "'Indicates JEDE.:C Registered Data. 

I 

i 

L 

N-CHANNEL JUNCTION 
FIELD-EFFECT TRANSISTORS 

STYlE 4. 

SEATING 
PLANE 

PIN l.S0UflCE 
2.0RAIN 
3. GATE &CASf 

AU JEOEC not. MIl dlmlnSiOM apply. 

CASE 22-03 
iTO-181 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

12N4856.A,2N4859,A} 
12N4857.A, 2N4860,A} 
12N4858.A,2N486IA} 

OUTPUT 

tr" 1.0 os tf" 1.0 ns 

:]
--- ~VGSlon} 

12N4857,A,2N4B60,A} -6.0 V " -- - - VGSloff} 

INPUT >----(""1---.----'*, 

12N4856,A,2N4859.A} -10 V 1 200 ns INPUT 

(2N4858,A, 2N4861,A) -4.0 V __ I ton L---j toft l--
Idlon}'-: I-i----j ~ 'dloff} 

TEST CIRCUIT 

tr-: :- I ~ ~tf 
: I i -¥''''IO:::%--'' 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms. Duty Cycie "'" 2.0%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: 
tr" 0.75 ns, Ain ~ 1.0 megohm. Cin' 2.5 pF. 
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2N4856,A thru 2N4861,A (continued) 
, 

*ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage VIBR)GSS Vde 
IIG = 1.0 /lAde, VOS = 0) 2N4856,A,2N4857,A,2N4858,A -40 -

2N4859,A,2N4860,A, 2N4861,A -30 -

Gate-Source Cutoff Voltage VGSloft) Vde 
IVOS = 15 Vde, 10 = 0.5 nAdel 2N4856,A,2N4859,A -4.0 -10 

2N4857,A,2N4860,A -2.0 -6.0 
2N4858,A,2N4861,A -0.8 -4.0 

Gate Reverse Current IGSS 
IVGS = -20 Vde, VOS = 01 2N4856,A,2N4857,A,2N4858,A - 0.25 nAdc 
IVGS = -15 Vde, VOS = 01 2N4859,A,2N4860,A,2N4861,A - 0.25 

IVGS = -20 Vde, VOS = 0, TA = 1500 CI 2N4856,A,2N4857,A,2N4858,A - 0.5 /lAde 

IVGS·=-15Vde, VOS=O, TA = 1500 CI 2N4859,A,2N4860,A,2N4861,A - 0.5 

Drain Cutoff Current I o loft) 
IVOS = 15 Vde, VGS = -10 Vdel - 0.25 nAdc 

IVOS = 15 Vde, VGS = -10 Vde, TA = 1500 CI - 0.5 /lAde 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (1) 2N4856,A,2N4859,A lOSS 50 mAde 
IVOS = 15 Vde, VGS = 0) 2N4857,A,2N4860,A 20 100 

2N4858,A,2N4861,A 8.0 80 

Drain-Source "ON" Voltage VOS(onl Vde 
110 = 20 mAde, VGS = 01 2N4856.A.2N4859,A - 0.75 

110 = 10 mAde, VGS = 01 2N4857,A,2N4860,A - 0.5 

110 = 5.0 mAde, VGS = 01 2N4858,A,2N4861,A - 0.5 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance rdslonl Ohms 
(VGS = 0,10 = 0, I = 1.0 kHz) 2N4856,A,2N4859,A - 25 

2N4857,A,2N4860,A - 40 

2N4858,A,2N4861,A - 60 

I nput Capacitance 2N4856 thru 2N4861 Giss - 18 pF 
(VOS = 0, VGS = -10 Vde, 1= 1.0 MHz) 2N4856 A thru 2N4861 A 10 

Reverse Transfer Capacitance Crss pF 
(VOS = 0, VGS = -10 Vde, I = 1.0 MHz) 2N4856 thru 2N4861 - 8.0 

2N4856 A,2N4859 A - 4.0 
2N4857 A,2N4858 A,2N4860 A,2N4861 A - 3.5 

SWITCHING CHARACTERISTICS ISee Figure 1) (2) 

Turn-On Delay Time Conditions lor 2N4856,A, 2N4859,A: 2N4856, 2N4859 tdlon) 6.0 ns 
2N4856A, 2N4859A - 5.0 

(VOO = 10 Vde, 10(on) = 20 mAde, 2N4857,2N4860 - 6.0 
VGS(on) =0, VGSloll) =-10 Vde) 2N4857A,2N4860A - 6.0 

2N4858,2N4861 - 10 
2N4858A,2N4861A - 8.0 

Rise Time Conditions lor 2N4857,A, 2N4860,A: 2N4856,A, 2N4859,A tr - 3.0 ns 

(VOO = 10 Vde, 10(on) = 10 mAde, 
2N4857,A, 2N4860,A - 4.0 
2N4858, 2N4861 - 10 

VGS(on) = 0, VGS(oft) = -6.0 Vde) 2N4858A, 2N4861 A - 8.0 
Turn-Off Time 2N4856, 2N4859 toll - 25 

Conditions for 2N4858 6, ~~4a21 6,: 2N4856A, 2N4859A - 20 ns 

(VOO = 10 Vde, 10(on) = 5.0 mAde, 2N4857, 2N4860 - 50 
2N4857 A, 2N4860A - 40 

VGS(on) = 0, VGS(off) = -4.0 Vdcl 2N4858, 2N4861 - 100 
2N4858A; 2N4861 A - 80 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width = 100 ms, Duty CycleSl0%. 
(2) The 'O(on) values are nominal; exact values vary slightly with transistor parameters. 
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2N4870 (SILICON) 
2N4871 

PN unijunction transistors designed for use in pulse 
and timing circuits, sensing circuits and thyristor trig
ger circuits. 

CASE 29 
(TO-92) 

I 2 3 : STYLE 9 e PIN1. BASEl 
2. EMITTER 
3 BASE 2 

MAXIMUM RATINGS (TA = 2S"C unless otherwise noted) 

Rating Symbol Value Unit 

RMS Power Dissipation* PD * 300 mW 

RMS Emitter Current I 50 rnA e 

Peak-Pulse Emitter Current** i ** 1,5 Amp e 

Emitter Reverse Voltage VB2E 30 Volts 

Interbase Voltaget VB2B1t 35 Volts 

Operating Junction Temperature Range TJ -65 to +125 °c 

Storage Temperature Range T stg -65 to +150 °c 

*Derate 3.0 mW /0 C increase in ambient temperature. 
**Duty cycle ~ 1%, PRR = 10 PPS (see Figure 5). 

tBased upon power disSipation at T A = 25°C. 

FIGURE 1 - UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 

Ie -
VB2BI 

FIGURE 2 - STATIC EMITIER 
CHARACTERISTICS CURVES 

Ve 
NEGATIVE 

CUTOFF I-RESISTANCE- _SATURATION 
REGION REGION REGION . 

VeB1( .. t} 

Vv 

EMITTER TO 
BASE-I 

CHARACTERISTIC 

-t---- -:J~~~ POINT\ 

t------ I 
I I 
I I 
I I 

I 
-+-f-I----,L------''"-Ie 

----



2N4870, 2N4871 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Typ Max Unit 
Intrinsic Standoff Ratio* 4, 7 1/* -

(V B2B1 = 10 V) 2N4870 0.56 - 0.75 
2N4871 0.70 - 0.85 

Interbase Resistance 10, 11 RBB k ohms 
(V B2B1 = 3.0 V, IE = 0) 4.0 6.0 9.1 

Interbase Resistance Temperature Coefficient 11 a RBB %/'C 
(VB2B1 = 3.0 V, IE = 0, TA = -65 to +125'C) 0.10 - 0.90 

Emitter Saturation Voltage** VEB1(sat) ** Volts 
(VB2B1 = 10 V, IE = 50 rnA) - 2.5 -

Modulated Interbase Current IB2 (mod) rnA 
(VB2B1 = 10 V, IE = 50 rnA) - 15 -

Emitter Reverse Current 6 IEB20 I'A 
(VB2E = 30 V, IBI = 0) - 0.005 1.0 

Peak-Point Emitter Current 8, 9 Ip I'A 
(V B2Bl = 25 V) - 1.0 5.0 

Valley-Point Current** 12, 13 ~.* mA 
(V B2Bl = 20 V, RB2 = 100 ohms) 2N4870 2.0 5.0 -

2N4871 4.0 7.0 -

Base-One Peak Pulse Voltage 2N4B70 3, 16 VOB1 3.0 6.0 - Volts 
2N4B71 5.0 B.O -

'" Tl Intrinsic standoff ratio, is defined in terms of peak-point voltage, V P' by means of the equation: V p= 1) V B2Bl + V F' where 

VF is approximately 0.49 volt at 25"'C @IF= 10 J.LA and decreases with temperature at approximately 2. 5 mV/oe. The test 

circuit is shown in Figure 4. Components R1, e l , and the UJT form a relaxation oscillator, the remaining circuitry serves 

as a peak-voltage detector. The forward drop of Diode DI compensates for V F' To use, the "cal" button is pushed, and R3 

is adjusted to make the current meter, M1, read full scale. When the "cal" button is released, the value of l1is read directly 

from the meter, if full scale on the meter reads 1. O. 

** Use pulse techniques: PW'" 300 JlS, duty cycle;'i 2.0% to avoid i,1ternal heating, which may result in er.ron
eous readings. 

FIGURE 3 - V 081 TEST CIRCUIT 

RB2 
100 Q 

Vl 

+20 V 

FIGURE 4....: ~ TEST CIRCUIT 

+10 V 

CAL.~ Rl 
10 kll 

Cl 
0.1 J.'F 

to 1. diode With the followmg characteristics: 

VF=0.49V@iF=10J.'A 
iR"';;; 2.0 J.'A@VR:20V 

FIGURE 5 - PRR TEST CIRCUIT 
AND WAVEFORM 

DUTY CYCLE"';;; 1%, PRR =:;;10 pps 

0.15 ~=t==:J::======t:'---F-

20-30 V 
(Adlust for 1 5 A 
peakmRl) 



2N4870 thru 2N4871 (continued) 

TYPICAL CHARACTERISTICS 

FIGURE 6 - EMITTER REVERSE CURRENT FIGURE 7 -INTRINSIC STANDOFF RATIO 
0 

~ 
5 

SW OPEN FOR IEB20 
h 2 

J S1 
SW CLOSED FOR 'EB1S 

~. 1 1== - - t= 
5 --,-"- r-::= --

2 /' V r------
I ./ /' 

~ 0, 

~ 

~ o. 
~ o. 

~ 0.0 

~ 

~ 0.0 
!- 0.0 
~ 

O. 9 
VB2BI = 10 V 

8 

t---- r---t--- 2N4871 
7 -r-t-t---- r---t--- 2N48710 

o 
>= 
:: D. 

~ 0 00 5=--= IEB1S ., ~ .. i>"- .= ~ 6 --r:: .... -
2 ::::.. P-'" 

~ r--
I~ -- _ .. -- r---~ 0.00 

r.J..j 0.00 1 5 
- -60 ·40 ·20 WOW • 100 IW 10 
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~ 
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~ 

'" 2.0 
u 
no 
>-
>- 1.5 
~ 
~ 

1.0 §! 

'" ~ 0.5 
!f. 

1.4 

3 

1 

a 

T,I, JUNCTION TEMPERATURE (OC) Tj, JUNCTION TEMPE RA TU RE (OC) 

PEAK POINT CURRENT 
FIGURE 8 - EFFECT OF VOLTAGE FIGURE 9 - EFFECT OF TEMPERATURE 

1.4 
T J = 25°C ..., VB2Bl=25V 

\ 
\ 

"-
"'" ............ '-

3.0 6.0 9.0 11 15 18 21 24 27 30 

.3 1.2 

§ 
~ 1.0 

'" u 

~ 0.8 
f
>-
~ 0,6 
>z 
~ 0.4 
~ 

~ 0.2 
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....... r-.. -

.. 60 -40 -20 

----
VB2Bl, INTER BASE VOL TAGE (VOLTS) Tj, JUNCTION TEMPERATURE (OCI 

INTERBASE RESISTANCE 
FIGURE lO-EFFECT OF VOl1AGE FIGURE ll-EFFECT OF TEMPERATURE 

a 
NO RMALIZED @J3.0 V 
TJ = 25°C 
IE = a 

/ 

V 
/ 

// 
/" 

V V 
...-V 
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w 
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2N4870 
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VB1BI, INTERBASE VOLTAGE (VOLTS) 1J, JUNCTION TEMPERATURE (OCI 
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2N4870thru 2N4871 (continued) 

TYPICAL CHARACTERISTICS 

VALLEY CURRENT 
FIGURE 12 - EFFECT OF VOLTAGE FIGURE 13-EFFECT OF TEMPERATURE 

6 16 
TJ" 25°C VB2B'1 "20 V 

4 RB2"10011 14 
<i' 

I 
r-RB2" 100il 

I l 2 
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~ 10 
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I --- ~ ... 

i: V f..----.,/ 
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;? -

3.0 6.0 9.0 12 15 18 21 24 27 30 

VB2Bl, INTERBASE VOLTAGE IVOLTSI 

12 
I 

10 
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1--__ --r-- I--2Ntl --- ......... 
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FIGURE 16 - OUTPUT VOLTAGE 
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1 
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2N4877 (SILICON) 

MEDIUM-POWER NPN SILICON TRANSISTOR 

designed for switching and wide band amplifier applications. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) ~ 1.0 Vdc (Max) @ IC ~ 4.0 Amp 

• DC Current Gain Specified to 4 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO·39 Case for Critical Space·Limited 
Appl ications. 

* MAXIMUM RATINGS 

Rating Symbol Value 

Colrector-Emitter Voltage VCEO 60 

Collector-Base Voitage VCB 70 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 4.0 

Base Current IS 1.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Total Device Dissipation @ T C ~ 25°C Po 10 Watts 
Derate above 25°C 57.2 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

*Indlcates JI:..DEC Registered Data 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1- POWER-TEMPERATURE DERATING CURVE 

10 

~ 8.0 

~ 
z 
~ 6.0 

;t 
~ 
~ 4.0 ,. 
'" ~ 2.0 

0 

"" '" ~ ~ 
'" "'" '" "" ~ 

20 40 60 80 100 120 140 160 180 200 
TC. CASE TEMPERATURE 1°C) 

Safe Area Curves are indicated by Fiyure 2. All limits are applicable and must be observed. 
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mW/oC 

°c 

4 AMPERE 
POWER TRANSISTOR 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
l 
M 
P 
Q 

R 

NPN SILICON 
60 VOLTS 
10 WATTS 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
8.89 9.40 0.350 0.370 
8.00 8.51 0.315 0.335 
610 6.60 0.240 0.'60 
0.406 0.533 0.016 0.021 
0.229 3.18 0.009 0.125 
0.406 0.483 0.016 0.019 
4.83 5.33 0.190 0.210 
0.711 0.864 0.028 0034 
0.737 1.02 0.029 0.040 

12.70 - 0.500 -
6.35 0.250 
450 NOM 450 NOM 

1.27 0.050 
900 NOM 90° NOM 

1.54 0.100 

All JEDEC dimensions and notes apply. 

CASE 79-02 
TO·39 



2N4877 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-E mitter Sustaining Voltage (1) 
(lC = 200 mAde, IB = 0) 

Collector Cutoff Current 
(VCE = 70 Vde, VEB(oll) = 1.5 Vde) 
(VCE = 70 Vde, VEB(off) = 1.5 Vde, TC = l00oC) 

Collector Cutoff Current 
(VCB = 70 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, IC - 0) 

ON CHARACTERISTICS(I) 

DC Current Gain 
(lC = 1.0 Ade, VCE = 2.0 Vde) 
(lC = 4.0 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4.0 Ade, IB = 0.4 Ade) 

Base-Emitter Saturation Voltage 
(lC = 4.0 Ade. IB = 0.4 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 0.25 Ade, VCE = 10 Vde, f = 1.0 MHz) 
(lc = 0.25 Ade, VCE = 10 Vde, I = 10 MHz)"" 

SWITCHING CHARACTERISTICS 

Rise Time (VCC = 25 Vde, IC = 4.0 Adc, IBI = 0.4 Ade) 

Storage Time I (V cc = 25 Vde, IC = 4.0 Ade, 

Fall Time I IBI = IB2 = 0.4 Adcl 

"'Indicates JEDEC Registered Data. 
"'Motorola guarantees this value in addition to JEDEC Registered Data. 
Note1: Pulse Test: Pulse Width~ 300 IJ.S, Duty Cycle~ 2.0%. 

FIGURE 2 - ACTIVE·REGION SAFE OPERATING AREA 

10 

5.0 
~ 
'" 2.0 ~ 
I-

1.0 ill 

r- .~ ... 
d~~ .Om 

.Om 

'" '" 0.5 => .., 
'" 0.2 0 

~ 0.1 
0 
.., 0.05 
!2 

0.02 

I-TJ= 20lJOC 

~ ~ Secondarv Breakdown Limited 
F' - Bonding Wire Limited 
F-- - - Thermal Limitations, Te =250 C 

I- Pulse °tty)cvt'e)~ Ir~ 
) 

0.01 
1.0 100 2.0 3.0 5.0 10 20 30 50 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC--VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data 01 Figure 2 is based on T J(pk) = 2000C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
lor duty cycles to 10% provided T J(Pk)5. 2OO0 C. At high case tem
peratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second break
down. (See AN-415) 
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Symbol Min Max Unit 

VCEO(sus) Vde 
60 -

'CEX 
- 100 /lAde 
- 1.0 mAde 

ICBO /lAde 
- 100 

lEBO /lAde 
- 100 

hFE -
30 -
20 100 

VCE( .. t) - 1.0 Vde 

VBE(sat) - I.B Vde 

tr - 100 ns 

ts - 1.5 "s 

tf - 500 ns 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT 

--j r-~30"S 

+9'OV~ 
DUTY CYCLE<2.0% 

Vin 0 - -- - - -

-7.0 V 

20 
1.0W 

Vin o---'V\""'--1~+--1 

IN914 

-1.0 V 

+25 V 

6.0 
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2N4890S (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for applications in audio·output feedback control, and 
general, medium·current switching and amplifier circuits. 

• Direct Complement to NPN 2N3053 

• Low Coliector·Emitt-er Saturation Voltage -
VCE(sat) = 0.12 Vdc (Typ) @ IC = 150 mAdc 

• High Current·Gain-Bandwidth Product -
fT = 280 (Typ) @ IC = 50 mAdc 

*MAXIMUM RATINGS 

Rating Svmbol Value 

Collector~Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 500 

700** 
Total Oeviea Oisslpation@TA-250C Po 1.0 

Derate above 25°C 5.7 

Total Oaviea Dissipation @TC' 2SoC Po 5.0 
Derate above 25°C 2B.6 

Operating and Storage Junction TJ,T stg -65 to +200 
Temperature Range 

*Indicates JE OEC Registered Dat8. 
**Motorola Guarantees this Data in Addition to JEOEC Registered Data. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

VCC=-30V 

1.0 k 

SCOPE CHARACTERISTICS 
IMPEDANCE 10 MEG MIN 
CAPACITANCE 7.0 pF MAX 

200 

2-850 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

SCOPE 

PNP SILICON 
SWITCHING AND AMPLIFIER 

TRANSISTOR 

STYLE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 889 940 0.350 0.370 
B B.OO 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0406 0.533 0.D16 0.021 
E 0.229 3.18 0009 0.125 
F 0.406 0.483 0016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0864 0.02B 0.034 
J 0.737 1.02 0.029 0.040 
K 1270 0.500 
L 635 0.250 -
M 450 NOM 45° NOM 
P 1.27 0.050 
Q 900 NOM 900 NOM 
R 254 0.100 -

All JEOEC dimensions and notes apply. 

CASE 79·02 
TO·39 



2N4890S (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) BVCEO 
(lc = 100 MAde, IB = 0) 

Collector-Emitter Breakdown Voltage BVCER 
(I C = 10 mAde, R BE = 10 ohms) 

Collector-Base Breakdown Voltage BVCBO 
(IC = 100 !lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE = 100 MAde, IC = 0) 

Collector Cutoff Current ICEX 
(VCE = 60 Vde, VBE(oll) = 1.5 Vde) 

Base Cutoff Current IBL 
(VCE = 60 Vde, VBE(off) = 1.5 Vde) 

ON CHARACTERISTICS 

DC Current Gain (Note 1) hFE 
(lC = 150 mAde, VCE = 2.5 Vde) 

!lC = 150 mAde, VCE = 10 Vde) 

Collector-Emitter Saturation Voltage veE (sat) 
(Ie = 150 mAde, IB = 15 mAde) 

Base-Emitter Saturation Voltage VBElsat) 
(Ie = 150 mAde, IB = 15 mAde) 

Base-Emitter On Voltage VBE(on) 
(Ie = 150 mAde, VeE = 2.5 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(Ie = 50 mAde, VeE = 10 Vde, I = 20 MHz) 

Output Capacitance eob 
(VeB = 10 Vde, IE = 0, f = 140 kHz) 

I nput Capacitance eib 
(VSE = 0.5 Vde, Ie = 0, 1= 140 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(Vec = 30 Vde, VBE(off) = O.S Vde, 

'd 

Ie = 150 mAde, 181 = 15 mAde) 
(Figure 1) 

Rise Time tr 

Storage Time 
(Vee = 30 Vde, Ie = 150 mAde, 

ts 

IBl = IB2 = 15 mAde) 
(Figure 1) 

Fall Time tt 

'"Indicates JE DEC Registered Data. 
Note 1: Pulse Test: Pulse Width = 300 MS, Duty Cycle ~2.0%. 
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2N41SY8 thru 2N4900 (SILICON) 

~~ CASE 80 
(TO-66) 

STYLE 1: 
PIN 1. BASE 

Medium-power PNP silicon transistors designed 
for driver circuits, switching, and amplifier applica
tions. Complement to NPN 2N4910 thru 2N4912. 

2. EMITTER 
CASE·COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector - Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous * 

Base Current 

Total Device Dissipation T C 25°C 

Derate above 25° C 

Operating & Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

Symbol 

VCEO 

VCB 

VEB 

I * C 

IB 

P D 

TJ , T stg 

Symbol 
eJC 

2N4898 2N4899 2N4900 Unit 

40 60 80 Vdc 

40 60 80 Vdc 

-5.0 Vdc 

-1.0 Adc 

-4.0 , 

-1.0 • Adc 

25 • Watts 

c--- 0.143 • W/oc. 

i+--- 65 to +200 . °c 

Max Unit 
7.0 °C/w 

* The 1. 0 Amp maximum IC value is based upon JEDEC current gain requirements. 

The 4.0 Amp maximum value is based upon actual current-handling capability of the device 
(see Figure 5). 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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2N4898 thru 2N4900 (continued) 

ELECTRICAL CHARACTERISTICS (Te:::' 25'C uf1le~~ otherWI5e noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(IC = O. 1 Ade, IB = 0) 2N4898 
2N4899 
2N4900 

Collector Cutoff Current 
(V CE = 20 Vde, Is = 0) 2N4898 

(V CE = 30 Vde, Is = 0) 2N4899 

(VCE "40 Vde, IS = 0) 2N4900 

Collector Cutoff Current 

(V CE = Rated V CEO' V SE(olf) = 1. 5 Vde) 

(VCE = Rated VCEO ' VSE(oll) = 1.5 Vde, TC = 150'C) 

Collector Cutoff Current 
(V CS = Rated V CS' IE .0) 

Emitter Cutoff Current 
(V SE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 111 

DC Current Gam 
(IC = 50 mAde, V CE = 1. 0 Vde) 

(IC = 500 mAde, V CE = \. 0 Vdc) 

(IC = 1. 0 Ade, V CE = 1. 0 Vde) 

Collector-Emitter Saturation Voltage 
(Ie = 1. 0 Ade, Is = O. lAde) 

Base-Emitter Saturation Voltage 
(IC = 1. 0 Ade, IS = O. lAde) 

I--------"---. 
Base-Emitter On Voltage 

(IC = 1. 0 Ade, V CE = 1. 0 Vde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC - 250 mAde, V CE = 10 Vde, I = 1. 0 MHz) 

Output Capacitance 
(V CB = 10 Vde, IE = 0, 1= 100 kHz) 

Small-Signal Current Gain 
(IC = 250 mAde, V CE = 10 Vde, f = 1. 0 kHz) 

t 1) Pulse Test: PW ::: 300 /ls, Duty Cycle::: 2.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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2N4898 thru 2N4900 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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cirCUits must fall below the limits mdicated by the 
applicable curve. 

The data of Flgure5 IS based upon TJlp.j = 
200·C; T c is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10 % pro· 
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tures. thermal limitations Will reduce the power 
which can be handled to values less than the limita· 
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FIGURE 7 - FALL TIME 
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2N4898 thru 2N4900 (continued) 
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FIGURE 8 - CURRENT GAIN 
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2N4901 (SILICON) 
2N4902 
2N4903 PNP power transistors for use in power amplifier 

and switching circuits. Complement to NPN 2N5067, 
2N5068, 2N5069. 

MAXIMUM RATINGS 

Rating Symbol 2N4901 2N4902 2N4903 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

0·'~ o 0 PIN i: :~7iTER 
@1 CASE COLLECTOR 

CASE 11 

Collector-Base Voltage VCB 40 60 80 Vdc 

Emitter-Base Voltage VEB 1----5.0-- Vdc 

Collector Current - Continuous IC 1---- 5. 0-- Ade 

Base Current 18 1.0-- Ade 

Total Device Dissipation T C ::;: 25° C PD 1---87 . 5-- Watts 

Derate above 25° C 0.5 ----- W/'C 

Operating & Storage Junction TJ • Tstg -65 to +200 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 2.0 

ELECTRICAL CHARACTERISTICS (Te = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage. V CEO(sus) Vde 
(Ie::;: 0.2 Adc. Is ::;: O) 2N4901 40 

2N4902 11 60 
2N4903 80 -

Collector Cutoff Current ICEO mAde 

(V CE = Rated V CEO' IB = 0) 1.0 

Collector Cutoff Current 'CEX 
mAde 

(V CE = Rateq V CEO' V BE (off) = 1. 5 Vdc) - 0.1 
5,6 

(VCE = Rated VCEO' VBE(off) = 1.5 Vde, TC = 150°C) 2.0 

Collector Cutoff Current ICBO mAde 

(V CB = Rated V CB' IE = 0) O. I 

I--
Emitter Cutoff Current lEBO mAde 

(V BE = 5.0 Vdc, Ic = 0) 1.0 

ON CHARACTERISTICS 

DC Current Gain* hFE 
. -

(IC = 1. 0 Ade, V CE = 2.0 Vde) 1 20 80 

(IC" 5.0Ade, VCE = 2.0 Vdc) 7.0 -

Collector-Emitter Saturation Voltage· VCE(sat) 
. Vde 

(IC "1.0 Adc, IB = O.IAde - 0.4 
2,3,4 

(IC = 5.0 Ade, IB " I. 0 Ade) 1.5 

-. Base-Emitter On Voltage· VBE(on) Vdc 
(IC = 1.0Ade, VCE = 2.0 Vde) 3,4 - 1.2 

SMAll·SIGNAl CHARACTERISTICS 

Current_Gain_Bandwidth Product fT MHz 
(Ie = 1. 0 Ade, V CE = 10 Vde, f = 1. 0 MHz) 4.0 

Small-Signal Current Gain hfe -
(IC "0.5 Adc, V CE = 10 Vde, ( = 1. 0 kHz) 20 

• Pulse 't •• t! PW = 300 MS, Duly Cycl~ • 2,0% 



2N4901, 2N4902, 2N4903 (continued) 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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2N4901, 2N4902, 2N4903 (continued) 

TYPICAL. "OFF" REGION CHARACTERISTICS 

FIGURE 5 - CUT·OFF REGION 
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FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 
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FIGURE 6 - EfFECTS OF BASE.fM1TTER RESlSTAIICE 
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2N4901, 2N4902, 2N4903 (continued) 

RATING AND THERMAL DATA 

FIGURE 11 - ACTIVE-REGION SAFE OPERATING ARW 
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There are two limitations on the power han
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ic-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi
pation than the curves indicate. 

The dala of Figurel! is based on T'I.>I = 
200·C; T c is variable depending on conditions. 
Pulse curves are valid for duly cycles to 10% pro
vided T'I," < 200'C. T'I.>I may be calculaled 
from the data in Figure 12 . At hiSh clse tempera· 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 
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FIGURE 12 - TRANSIENT THERMAL RESISTANCE 
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A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal response, 
Ihe normalized effective transIent thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find 8,c(t), multIply the value obtained from FIgure 12 by the 
steady state value 8,c. 

Example: 
The 2N4901 is dissipating 100 watts under Ihe following conditions: 
I, = 0.1 ms, t, = 0.5 ms. (0 = 0.2) 

Using Figure 12, at a pulse width of 0.1 ms and 0 = 0.2, the reading 
of r (t"o) isO.27. 

The peak rise in junction temperature is therefore 
6T= r(t) X p,x 8,c =0.27 x loox2.0= 54"C 
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2N4904 (SILICON) 
2N490S 
2N4906 PNP power transistors for use in power amplifier 

and ,Switching circuits. Complement to NPN 2N4913 
thru 2N4915. 

MAXIMUM RATINGS 

Rating Symbol 2N4904 2N490S 2N4906 Unit 

Collector·Emitter Voltage VeEO 40 60 80 Vdc 

~ 
()

02 STYLE!: o 0 PIN 1. BASE 
O! 2. fMITTE R 
@ CASE COLLECTOR 

CASE 11 

Collector~Base Voltage VeB 40 60 80 Vdc 

Emitter-Base Voltage VEB 1----5.0------ Vdc 

Collector Current - Continuous Ie 
1----5.0 __ Adc 

Base Current IB 
1---1.0 __ Adc 

Total Device Dissipation T C = 25° C PD I------c-- 87. 5 -- Watts 
Derate above 25" C 1---0.5 ------- w/oe 

Operating & Storage Junction TJ , T stg -65 to +200 °e 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 2.0 

ELECTRICAL CHARACTERISTICS (Tc = 25°e unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage: (1 ) V CEO(sus) Vdc 
('e = O. 2 Adc, IB = 0) 2N4904 40 

2N4905 11 60 -
2N4906 80 -

Collector Cutoff Current 'CEO 
mAde 

(V CE = Rated V CEO' 'B = 0) 1.0 

Collector Cutoff Current ICEX mAde 
(V CE = Rated V CEO' V BE(off) = 1.5 Vdc) O. I 

5,6 
(V CE = Rated V CEO' V BE(oll) = 1. 5 Vdc, T C = 150°C) - 2.0 

Collector Cutoff Current ICBO mAde 
(V CB = Rated V CB' IE = 0) - O. I 

-. 
Emitter Cutoff Current lEBO mAde 

(V BE = 5.0 Vdc, 'C = 0) 1.0 

ON CHARACTERISTICS tIl 

DC Current Gain hFE -
(lC =2.5 Adc, VCE = 2.0 Vdc) I 25 100 

(IC = 5.0Adc, VCE = 2.0 Vdc) 7.0 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 2.5 Adc, IB ; 0.25 Adc) 

2,3,4 - 1.0 

(IC = 5.0 Adc, IS = 1. 0 Adc) - 1.5 

Base-Emitter On Voltage V BE (on) Vdc 
(IC = 2.5 Adc, V CE = 2.0 Vdc) 3,4 - 1.4 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 1. 0 Adc, V CE = 10 Vdc, I = 1. 0 MHz) 4.0 

Small-Signal Current Gain hIe 
(IC = O. 5 Adc, V CE = 10 Vdc, 1= 1. 0 kHz) 40 -

til Pulse Test: PW = 300 ~s, Duty Cycle = 2. 0% 
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2N4904, 2N490S, 2N4906 (continued) 
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2N4904, 2N4905, 2N4906 (continued) 

TYPICAL "OFF" REGION CHARACTERISTICS 
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FIGURE 5 - CUT·OFF REGION 
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2N4904, 2N4905, 2N4906 (continued) 

RATING AND THERMAL DATA 
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There are two limitations on the power han· 
dling ability of a transistor: junction temperature 
and secondary breakdown Safe operating area 
curves IndICate ic - VeE limits of the transistor that 
must be observed for reliable operation; I.e., the 
tranSistor must not be subjected to greater dissI
pation than the curves Ifldlcate. 

The data of Figurellis based on TJ(pk) = 
20QoC; T c IS variable depending on conditions. 
Pulse curves are valid for duty cycles to 10% pro
vided TJ1pl:) < 200°C. TJlp~) may be calculated 
from the data In Figure 12 . At high case tempera
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations Imposed by secondary breakdown. 
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FIGURE 12 - TRANSIENT THERMAL RESISTANCE 
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A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the deVice thermal response, 
the normalized effective tranSient thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find OJc(t), mUltiply the value obtained from Figure 12 by the 
steady state value flJc. 

Example: 
The 2N4904 is dissipating 100 watts under the follOWing conditions: 
t, = 0.1 ms, t, = 0.5 ms. (D = 0.2) 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the reading 
of r (t " D) is 0.27_ 

The peak rise in junction temperature is therefore 
6T= r(t) X p, X OJC =0.27 X lOOx 2.0= 54"C 
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2N4910 thru 2N4912 (SILICON) 

~., STYlE 1: 

o 0 ~ PIN l: ~~~iTER 
@I ~CASE'COllECTOR I. I Medium-power NPN silicon transistors designed 

C~~~6~O <d» for driver circuits, switching, and amplifier applica
tions. Complement to PNP 2N4898 thru 2N4900. 

Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 2N4910 2N4911 2N4912 Unit 

Collector-Emitter Voltage VCEO 40 60 80 Vdc 

Collector-Base Voltage VCB 40 60 80 Vdc 

Emitter-Base Voltage VEB -5.0--- Vdc 

Collector Current - Continuous* I * __ --1.0 .. Adc 
C 

----4.0 .. 
Base Current - Continuous IB -1.0-- Adc 

Total Device Dissipation T C = 25° C P D .. 25 .. Watts 

Derate above 25° C -0.143- mW/oC 

Operating & Storage Junction T J' Tstg --65 to +200- °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 
Thermal Resistance, Junction to Case BJC 7.0 °C/W 

* The 1. 0 Amp maximum IC value is based upon JEDEC current gain requirements. 

The 4.0 Amp maximum value is based upon actual current-handling capability of the device 
(see Figure 5). 
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2N4910 thru 2N4912 (continued) 

ELECTRICAL CHARACTERISTICS (To = 25'C """ .. '"'M''' " .... , 

Characteristic 

OFF CHARACTERISTICS 

Col1ector~Emitter Sustaining Voltage (,J 
(IC = O. lAde, IB = 0) 2N4910 

2N49 1\ 
2N4912 

Collector Cutoff Current 
(VCE = 20 Vde, IB = 0) 2N4910 

(V CE = 30 Vde, IB = 0) 2N49 1\ 

(VCE = 40 Vde, Is = 0) 2N4912 

Collector Cutoff Cu rrent 
(V CE = Rated V CEO' VEB(oll) = I. 5 Vde) 

(VCE = RatedVCEO' VES(oll) =1.5Vde, TC = 150'C) 

Collector Cutoff Current 
(V CS = Rated V CB' ~ = 0) 

Emitter CUtoff Current 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS W 

DC Current Gain 
(IC = 50 mAde, V CE = I. 0 Vde) 

(IC = 500 mAde, V CE = I. 0 Vd~) 

(IC = I. 0 Ade, V CE = \. 0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = I. 0 Ade, IB = 0.1 Ade) 

Base-Emitter Saturation Voltage 
(IC = I. 0 Ade, IS = O. lAde) 

Base-Emitter On Voltage 
(IC = I. 0 Ade, V CE = I. 0 Vde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 250 mAde, V CE = 10 Vde, I = I. 0 MHz) 

Output Capacitance 
(V CB = 10 Vde, ~ = 0, I = 100 kHz) 

Small-Signal Current Gain 
(IC = 250 mAde, V CE = 10 Vde, I = I. 0 kHz) 

(1) Pulse Test: PW = 300 p.s, Duty Cycle .= 2'.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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2N4910 thru 2N4912 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power han 
dUng ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ie - V CE limits of the transistor that 
must be observed for reliable operation; i.e .. the 
transistor must not be subjected to greater dissi· 
pation than the curves indicate. 

The data of figure 5 is based on TJI.I} = 
200·C; T c is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro
vided TJI •• } S 200·C. TJI.I} may be calculated 
from the data in Figure 4. At high case tempera· 
tures. thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown . 

FIGURE 7 - FALL TIME 
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2N4910 thru 2N4912 (continued) 

TYPICAL DC CHARACTERISTICS 
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2N4913 (SILICON) 

2N4914 
2N4915 

NPN power transistors for use in power amplifier 
and switching circuits. Complement to PNP 2N4904 
thru 2N4906. 

STYLE 1: 

CASE 11 

PIN 1. BASE 
2. EMITTER 

CASE COLLECTOR 

Collector connected to case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 

Total Device Dissipation@'TC = 25°C 

Derate above 25° C 

Operating & Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

Symbol 2N4913 

VCEO 40 

VCB 40 

V EB 

IC 

IB 

Po 

T J' Tstg 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collectot-Emitter Sustaining Voltage (1) 
BVCEO(sus) 

(IC = O. 2 Ade. IB = 0) 2N4913 40 
2N2914 11 60 
2N4915 80 

Collector Cutoff Current ICEO 
(V CE = Rated V CEO' 'B = 0) -

Collector Cutoff Current ICEX 
(V CE = Rated V CEO' VEB(off) = 1. 5 Vde) 

(VCE = Rated VCEO' VEB(off) = 1. 5 Vde.Tc = 150°C) 5,6 

Collector Cutoff Current ICBO 
(V CB = Rated V CB' IE = 0) 5,6 -

Emitter Cutoff Current lEBO 
(VEB = 5. 0 Vde, IC = 0) -

ON CHARACTERISTICS 11' 

DC Current Gain" hFE 
(IC = 2. 5 Ade, V CE = 2.0 Vde) 1 25 

(Ic = 5.0 Ade, V CE = 2.0 Vde) 7.0 

Collector-E:mitter Saturation Voltage V CE(sat) 
(IC = 2. 5 Ade, IB = 250 mAde) 2,3,4 -
(IC = 5.0 Ade, IB = 1. 0 Ade) 

Base-Emitter On Voltage 
3,4 VBE(on) 

(IC = 2. 5 Ade, V CE = 2. 0 Vde) -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain- Bandwidth Product 
(IC = 1. 0 Ade, V CE = 10 Vde, f = I. 0 MHz) 4.0 

Small-Signal Current Gain 
(IC = 500 mAde, V CE = 10 Vde, f = 1. 0 kHz) 20 

11, Pulse Test, PW .0:300 IlS, Duty Cycle ~ 2.0% 

2-868 

2N491~ 2N4915 Unit 

60 80 Vde 

60 80 Vdc 

5.0 Vde 

5.0 Ade 

1.0 Ade 

87.5 Watts 

0.5 W/eC 

-65 to +200 °c 

Max 
2.0 

Vde 

-
mAde 

1. 0 

mAde 
1.0 

2.0 

mAde 
1.0 

mAdc 
1.0 

-
100 

-
Vdc 

1.0 

1.5 

Vde 
1.4 

MHz 



2N4913, 2N4914, 2N4915 (continued) 

FIGURE 1- NORMALIZED DC CURRENT GAIN 
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2N4913, 2N4914, 2N4915 (continued) 

TYPICAL "OFF" REGION CHARACTERISTICS 

FIGURE 5 - CUT·OFF REGION 
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FIGURE 6 - EFFECTS OF BASE·EMITTER RESISTANCE 
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2N4913, 2N4914, 2N4915 (continued) 

RATING AND THERMAL DATA 

FIGURE 11 - ACTIVE·REGION SAFE OPERATING AREAS 
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100 fLs 

There are two limitations on the power han
dling ability of a transistor- junction temperature 
and secondary breakdown. Safe operating area 
curves Indicate Ie - VeE limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi
pation than the curves indicate. 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

The data of Figurell is based on TJ!pkl = 
20QoC; T C IS variable depending on conditions. 
Pulse curves are vahd for duty cycles to 10% pro
Vided TJ(p~l < 200°C. TJ(pk) may be calculated 
from the data in Figure 12. At high case tempera
tures, thermal limitations Will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 
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FIGURE 12 - TRANSIENT THERMAL RESISTANCE 
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

I __ FI:U~I 

n" n" ---~I 1 I '-----
_I t'I-- 1 

I I I 

I--- 111-1 

DUTY CYCLE 0 ~ t,·1 ~ ~ 
t, 

PEAK PULSE POWER ~ P, 

A train 01 periodical power pulses can be represented by the model 
as shown in Figure A. Using the model and the device thermal response. 
the normalized effective transient thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find 9Jc(t), multiply the value obtained from Figure 12 by the 
steady state value 8Je. 

Example: 
The 2N4913 is dissipating 100 watts under the following conditions: 
t, = 0.1 ms, \p = 0.5 ms. (D = 0.2) 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the reading 
of r (1,,0) is 0.28. 

The peak rise in junction temperature is therefore 
LIT = r(t) X p, X 9Je = 0.28 X lOOx 2.0= 56'C 
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2N4918 thru 2N4920 (SILICON) 

MJE4918 thruMJE4920 

MEDIUM-POWER PLASTIC PNP SILICON TRANSISTORS 

· .. designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage - VCE(satr= 0.6 Vdc (Max) @ IC = 1.0 
Amp 

• Excellent Power Dissipation Due to Thermopad Construction-
Po = 30 and 40 W @ T C = 250 C 

• Excellent Safe Operating Area 

• Gain Specified to I C = 1.0 Amp 

• Complement to NPN 2N4921, 2N4922, 2N4923 and MJE4921, 
MJE4922, MJE4923 

• Choice of Packages - 2N4918 thru 2N4920, 30 Watts, Case 77 
MJE4918 thru MJE4920, 40 Watts, Case 199 

'MAXIMUM RATINGS 

2N4918 2N4919 2N4920 
Ratings Symbol MJE4918 MJE4919 MJE4920 

Collector-Emitter Voltage VCEO 40 60 80 

Collector-Base Voltage VCB 40 60 80 

Emitter¥Base Voltage VEB . 5.0 

Collector Current - Continuous (1) Ie" 1.0---_ . 3.0 

Base Current IB 1.0_ 

2N4918 series I MJE4918 series 

Total Device Dissipation @ T C = 25°C PD 30 

I 
40 

Derate above 25°C 0.24 0.32 

Operating & Storage Junction TJ,Tstg ~ -65to+150 --
Temperature Range 

THERMAL CHARACTERISTICS (2) 

Characteristic 

Thermal Resistance, Junction to Case 

·lndicates JEDEC Registered Data for 2N4918 Series 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

(1) The 1.0 Amp maximum Ie value IS based upon JEDEC current gain requirements. 
The 3.0 Amp maximum value IS based upon actual current-handling capabilitY of the 
device (See F igu re 5). 

(2) Recommend use of thermal compound for lowest thermal resistance. 

FIGURE 1 - POWER DERATING 
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2N4918 

2N4919 

2N4920 

3 AMPERE 
GENERAL-PURPOSE 

POWER TRANSISTORS 

DIM 

A 
8 
C 
0 
F 
G 
H 
J 
K 
M 
n 
R 
S 
U 

DIM 

A 
8 
C 
D 
F 
G 
H 
J 
K 

40-80 VOLTS 
30 and 40 WATTS 

MILLIMETERS 
MIN MAX 

10.80 11.05 
7.49 7.75 
2.41 2.67 
0.51 0.66 
1.91 3.00 

1.368SC 
1.16 1.41 
0.38 0.64 

15.38 16.64 
30 TYP 

3.76 4.01 
1.14 1.40 
0.64 0.89 
3.68 3.94 

STYLE 1 
PIN 1. EMITTER 

2. COLLECTOR 
3.8ASE 

INCHES 
MIN MAX 

0.425 0.435 
0.295 0.305 
0.095 0.105 
0.010 0.016 
0.115 0.118 

0.093 8SC 
0.085 0.095 
0.015 0.015 
0.605 0.655 

30 TYP 
0.148 0.158 
0.045 0.055 
0.015 0.035 
0.145 0.155 

CASE 77·03 

MJE4918 

MJE4919 

/T r~192~ 
--...L_+ __ I 

-'-1H I _ ~S 
K 

-- ---~ 
D--iU-t --II--J 

-IGI~ STYLE 1: 
PIN 1. 8ASE 

L-U7'- -N fR I 1. COLLECTOR 
~=lC 3. EMITTER 

--T 
MILLIMETERS INCHES 

MIN MAX MIN MAX 

16.08 16.33 0.633 0.643 
11.57 11.83 0.495 0.505 
3.18 3.43 0.115 0.135 
0.51 0.76 0.010 0.030 
3.61 3.86 0.141 0.151 

1.548Se 0.1008Se 
1.67 1.91 0.105 0.115 
0.43 0.69 0.017 0.017 

14.73 14.99 0.580 ~5:---+.-- 1.16 1.41 0.085 
M 30 TYP 3° TYP 
N 1.47 1.73 0.058 0.068 
n 4.78 5.03 0.188 0.198 
R 1.91 1.16 0.075 0.085 
S 0.81 0.86 0.031 0.034 
T 6.99 7.14 0.175 0.285 
U 6.21 6.48 0.245 0.255 

I. DIM "G" IS TO CENTER LINE OF LEADS. 
CASE 199-04 



2N4918 thru 2N4920, MJE4918 thru MJE4920 (continued) 

ELECTRICAL CHARACTERISTICS (TC" 25°C unless otherwise noted 1 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(IC" 0.1 Ade.IB" 01 2N4918,MJE4918 

2N4919,MJE4919 
2N4920,MJE4920 

Collector Cutoff Current 
(VCE "20 Vde, IB " 01 2N4918,MJE4918 
(VCE "30 Vde, IB " 01 2N4919,MJE4919 
(VCE" 40 Vde, IB" 01 2N4920,MJE4920 

Collector Cutoff Current 
(VCE" Rated VCEO, VBE(offl " 1.5 Vdel 
(VCE" Rated VCEO, VBE(offl" 1.5 Vde, TC = 1250 CI 

Collector Cutoff Current 
(VCB = Rated VCB, IE = 01 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain (11 
(IC = 50 mAde, VCE " 1.0 Vdcl 
(I C = 500 mAde, V CE " 1.0 Vdel 
(I C = 1.0 Ade, V CE = 1.0 Vdel 

Collector-Emitter Saturation Voltage (1) 
(IC" 1.0 Ade, IB" 0.1 Adel 

Base-Emitter Saturation Voltage (1) 
(lC = 1.0 Ade,IB = 0.1 Add 

I "ase-~mitter Un Voltage 111 
(IC = 1.0 Ade, VCE = 1.0 Vdel 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 250 mAde. VCE = 10 Vde, f = 1.0 MHzl 

I Uutput Capacitance 
(VCB = 10Vde,IE =0.f=100kHzl 

Small-Signal Current Gain 
(IC = 250 mAde, VCE" 10 Vdc. f= 1.0kHzl 

Indicates JEDEC Registered Data for 2N4918 Series. 

(1) Pulse Test: PW :::::: 300 J.l.s, Duty Cycle:::::: 2.0% 

Fig. No. Symbol 

- VCEO(susl 

- ICED 

13 ICEX 

- ICBO 

- lEBO 

9 hFE 

10 VCE(satl 
12 
14 

12 VBE(satl 
14 

12 VBE(onl 
14 

- iT 

- Cob 

- hfe 

Min Max 

40 -
60 -
80 -

- 0.5 
- 0.5 
- 0.5 

- 0.1 
- 0.5 

- 0.1 

- 1.0 

40 -
20 100 
10 -

- 0.6 

- 1.3 

- 1.3 

3.0 -

- 100 

25 -

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 - TURN·ON TIME 
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Vde 
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2N4918 thru 2N4920, MJE4918 thru MJE4920 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - 2N4918 thru 2N4920 
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There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie - VeE operation 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figures 5 and 6 is based on TJ(pk) '" 150°C; 
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2N4918 thru 2N4920, MJE4918 thru MJE4920 (continued) 

TYPICAL DC CHARACTERISTICS 
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FIGURE 9 - CURRENT GAIN 
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2N4921 thru 2N4923 (SILICON) 

MJE4921 thruMJE4923 

MEDIUM-POWER PLASTIC NPN SILICON 
TRANSISTORS 

· .. designed for driver circuits. switching. and amplifier applications. 
These high·performance plastic devices feature: 

• Low Saturation Voltage -VCE(sa!): 0.6 Vdc (Max) @ IC: 1.0 Amp 

• Excellent Power Dissipation DLle to Thermopad 
Construction - Po : 30 and 40 W @ TC : 2SoC 

• Excellent Safe Operating Area 

• Gain Specified to IC: 1.0 Amp 

• Complement to PNP 2N4918. 2N4919. 2N4920 and MJE4918. 

MJE4919. MJE4920 

• Choice of Packages - 2N4921 thru 2N4923. 30 Watts - Case 77 
MJE4921 thru MJE4923. 40 Watts - Case 199 

"MAXIMUM RATINGS 

2N4921 2N4922 2N4923 
Rating Svmbol MJE4921 MJE4922 MJE4923 

Collector-Emitter VoltagE> VCEO 40 60 80 

Collector-Base Voltage VC8 40 60 80 

Emltter·Base Voltage VES 50 

Collector Current Continuous (1) IC 10 
30 

Base Current - COntinuous IS 
____ 10 ___ 

2N4921 I MJE4921 
Series Series 

Total Device DISSipation @Te - 2SoC PD 30 

I 
40 

Derate above 2SoC 024 032 

Operating & Storage Junction TJ, T5t9 -- -65 to +150--
Temperature Range 

THERMAL CHARACTERISTICS (21 

Characteristic 

Thermal Resistance, Junction to Case 

(1) The 1.0 Amp maximum Ie value IS based upon JEDEC current gam reqUirements 

Umt 

Vd, 

Vd, 

Vd, 

Ad, 

Ad, 

Watts 

WIDe 

°c 

The 3 a Amp maximum value IS based upon actual current handling capabllltv of the deVice 
(see Figures 5 and 6) 

(2) Recommend use of thermal compound for lowest thermal resistance 

'Indicates JEDEC Registered Data for 2N4921 Series 

FIGURE 1 - POWER DERATING 

01"--. 

" 0 ........... 

r--.. ......J"..,. MJE4921 thru MJE4923 

0 
r---...... N 

V' I"-...... I'--. 
2N4921 thru 2N4923 ["'-.. 1--.. .......... 

0 

I': t::--.. 
" ~ 0 

25 50 75 100 125 150 

TC. CASE TEMPERATURE (OCI 

Safe Area Curves are indicated by Figures 5 and 6.Allllmitsare applicable and must be observed 
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2N4921 
2N4922 
2N4923 

3 AMPERE 
GENERAL-PURPOSE 

POWER TRANSISTORS 

40-80 VOLTS 
30 and 40 WATTS 

MIL LlMETERS 
DIM MIN MAX 

A 10.BO 
B 7.49 
C 2.41 
o .51 
F 
G 
H 
J 
K 
M 
Q 

R 
S 0.64 . 
U 3.6B 

CASE 77-03 

STYLE 1 
PIN 1 EMITTER 

2. COLLECTOR 
3. BASE 

MJE4921 
MJE4922 

T i=~49234 

-=i: +~. 
-~ D--:l.:iL- STYLE 1: ....j~J 

PIN 1. BASE 

~ill 2. COLLECTOR 
C 3. EMITTER --- =j, 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.08 16.33 0.633 0.643 
B 12.57 12.83 0.495 0.505 
C 3.18 3.43 0.125 0.135 
0 0.51 0.76 0.020 0.030 
F 3.61 3.B6 0.142 0.152 
G 2.54 BSC 0.100 BSC 
H 2.67 2.92 0.105 0.115 
J 0.43 0.69 0.017 0.027 

·K 14.73 14.99 0.580 0.590 
L .16 2. 1 0.085 0.095 
M 30 TYP JO TYP 
N 1.47 1.73 0.058 0.068 
Q 4.78 5.03 0.188 0.198 
R 1.91 2.16 0.075 0.085 
S 0.81 0.86 0.032 0.034 
T 6.99 7.24 0.275 0.285 
U 6.22 6.49 0.245 0.255 

1. DIM "G"IS TO CENTER LINE OF LEADS. 
CASE 199-04 



2N4921 thru 2N4923, MJE4921 thru MJE4923 (continued) 

'ELECTRICAL CHARACTERISTICS ITC ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
IIc ~ 0.1 Ade, IB ~ 0) 2N4921, MJE4921 

2N4922, MJE4922 
2N4923, MJE4923 

Collector Cutoff Current 
IVCE ~ 20 Vde, IB ~ 0) 2N4921, MJE4921 
IVCE ~ 30 Vde, IB ~ 0) 2N4922, MJE4922 
IVCE ~ 40 Vde, IB ~ 0) 2N4923, MJE4923 

Collector Cutoff Current 

IVCE ~ Rated VCEO, VEBloff) ~ 1.5 Vde) 
IVCE ~ Rated VCEO, VEBloff) ~ 1.5 Vde, TC ~ 125°C) 

Collector Cutoff Current 
IVCB ~ Rated VCB, IE ~ 0) 

Emitter Cutoff Current 
IVEB ~ 5.0 Vde, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
IIc ~ 50 mAde, VCE ~ 1.0 Vde) 
IIc ~ 500 mAde, VCE ~ 1.0 Vde) 
IIc ~ 1.0 Ade, VCE ~ 1.0 Vde) 

Collector-Emitter Saturation Voltage (1) 
IIc ~ 1.0 Ade, IB ~ 0.1 AdcJ 

Base-Emitter Saturation Voltage (1) 

IIC ~ 1.0 Ade, IB ~ 0.1 Ade) 

Base-Emitter On Voltage (1) 

IIC ~ 1.0Ade, VCE ~ 1.0 Vde) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
IIc ~ 250 mAde, VCE ~ 10 Vde, I ~ 1.0 MHz) 

Output Capacitance 
IVCB ~ 10 Vde, IE ~ 0, I ~ 100 kHz) 

Small-Signal Current Gain 
IIc~250mAde, VCE ~ 10Vde.l~ 1.0kHz) 

(1) Pulse Test: PW::::::; 300 J.1,s, Duty Cycle ~ 2.0%. 

+ Indicates JEDEC Registered Data for 2N4921 Series. 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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2N4921 thru 2N4923, MJE4921 thru MJE4923 (continued) 
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2N4921 thru 2N4923, MJE4921 thru MJE4923 (continued) 
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2N4924S (SILICON) 

2N4925 

NPN SILICON ANNULAR TRANSISTORS 

... designed for high-voltage high-frequency amplifier applications 

• High Collector-Emitter Breakdown Voltage 
BVCEO = 100 Vdc (Min) @l IC = 10 mAdc - 2N4924 

150 Vdc (Min) @ IC = 10 mAdc - 2N4925 

'MAXIMUM RATING 

Rating Symbol 2N4924 2N4925 

Collector-Emitter Voltage VCEO 100 150 

Collector-Base Voltage VCB 100 150 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 200 

Total Power Dissipation @TA "" 25°C PD 1.0 

Derate above 25°C 5.71 

Total Power Dissipation @ T C - 25°C PD 5.0 

Derate above 25°C 28.6 

Operating and Storage Junction TJ, T stg -65 to +200 

Temperature Range 

*Indicates JEDEC Registered Data. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction RaJA 175 
to Ambient 

Thermal Resistance. Junction RaJC 35 
to Case 

2-880 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 

mW/oC 

Watts 

mW/oC 

°c 

Unit 

°C/W 

°CfW 

O1M 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

R 

NPN SILICON 
AMPLIFIER 

TRANSISTORS 

STYlE 1 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

B.89 9.40 0.350 0.370 
8.00 8.51 0.315 0.335 
610 6.60 0.240 0.260 
0.406 0533 0.D16 0.021 
0.229 3.18 0.009 0.125 
0.406 0.483 0.016 0.019 
4.83 5.33 0.190 0.210 
0.711 0.864 0.028 0.034 
0.737 1.02 0.029 0.040 

1270 0.500 
6.35 0.250 -

450 NOM 45° NOM 
1.27 0.050 

900 NOM 900 NOM 
2.54 0100 

All JEDEC notes and dimensions apply. 

CASE 79-02 
TO·39 



2N4924S, 2N4925(continued) 

*ELECTRICAL CHARACTERISTICS (T A" 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 BVceo Vde 
IIc " 10 mAde, IB " 0) 2N4924 100 -

2N4925 150 -

Collector-Base Breakdown" Voltage BVCBO Vde 
IIC" 10 I'Ade, Ie" 0) 2N4924 100 -

2N4925 150 -

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vde 
lie" 10 I'Adc, IC " 0) 

Collector Cutoff Current ICBO ,uAdc 

IVCB " 50 Vde, IE " 01 - 0.1 
IVCB ~ 75 Vde, IE ~ 01 - 0.1 

Emitter Cutoff Current IE80 - 0.1 .uAdc 
IVBE ~ 3.0 Vdel 

ON CHARACTERISTICS 111 

DC Current Gain hFE -
IIc " 1.0 mAde, VCE " 10 Vdel 25 -
IIC ~ 10 mAde, VCE " 10 Vdel 35 -
IIC" 150 mAde, VCE " 10 V.del 40 200 

Collector-Emitter Saturation Voltage VCE Isatl Vde 
IIC ~ 10 mAde, IB ~ 1.0 mAdel - 0.25 
IIC ~ 50 mAde, IB ~ 5.0 mAde) - 0.4 

Base-Emitter On Voltage VBElonl - 0.95 Vde 
IIC " 50 mAde, VCE ~ 10 Vdel 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) IT 100 500 MHz 
IIc ~ 20 mAde, VCE ~ 20 Vde, I ~ 100 MHzl 

Collector-Base Capacitance Ceb - 10 pF 
IVCB ~ 20 Vde, IE ~ 0, I " 140 kHzl 

Emitter-Base Capacitance Ceb - 80 pF 
IVEB " 1.0 Vdc, IC ~ 0, I ~ 140 kHzl 

*lndicates JEDEC Registered Data. 

11) Pulse Test: Pulse Width ';;;300 1'5, Duty Cycle ';;;2.0"10. 

12) t,. ~ Ihfel- ftest · 

2-881 



2N4926 (SILICON) 
2N4927 

NPN SILICON ANNULAR TRANSISTORS 

... designed for high·voltage amplifier applications. 

• High Collector·Emitter Breakdown Voltage -
BVCEO = 200 Vde (Min) @ IC ~ 10 mAde - 2N4926 

250 Vde (Min) @ IC = 10 mAde - 2N4927 

MAXIMUM RATINGS 

Rating Symbol 2N4926 2N4927 

*Collector·Emltter Voltage VCEO 200 250 

*Collector-8ase Voltage Vce 200 250 

*Emltter-8ase Voltage VEe 7.0 

·Collector-Current - Continuous IC 50 

Total Power Dlsslpatlon@TA '= 25°C PD 1.0 
Derate above 25°C 5.71 

*Total Power DISsipation @ TC = 25°C PD 50 
Derate above 25°C 28.6 

*Operatrng and Storage Junction 
Temperature Range 

TJ. T stg -65 to +200 

* Indicates JEDEC Registered Data. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 175 

Thermal Resistance, Junction to Case ReJC 35 

2-882 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°c/w 

°C/W 

NPN SILICON 
AMPLIFIER 

TRANSISTORS 

B 

STYLE 1 
PIN !.EMITTER 

I 
r 
I.t 

0/1 

MILLIMETERS 

2. BASE 
3. COLLECTOR 

INCHES 
DIM MIN MAX MIN MAX 

A B 89 9.40 0.350 0.370 
B B.OO 8.51 0.315 0.335 
C 610 6.60 0240 0.260 
0 0.406 0.533 0.D16 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.D16 0019 
G 4.83 5.33 0190 0.210 
H 0.711 O. 64 0.D28 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 - 0.250 
M 45' NOM 45 NOM 
P - 1.27 0.050 
Q !IlJ:.NOM 90' NOM 
R 2.54 0100 

All JEDEC notes and dimensions apply. 

CASE 79 
T0-39 



2N4926, 2N4927 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.1 

I Characteristic I Symbol 

'OFF CHARACTER ISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 
(lC = 10 mAde,lB = 01 2N4926 

2N4927 

Collector-Base Breakdown Voltage BVCBO 
(lC = 0.1 mAde, IC = 01 2N4926 

2N4927 

Emitter-Base Breakdown Voltage BVEBO 
liE = 0.1 mAde,lc = 01 

Collector Cutoff Current ICBO 
IVCB = 100 Vde, IE = 01 2N4926 

IVCB = 100 Vde, IE = 0, TA = 1000 CI 
IVCB = 150 Vde,IE = 01 2N4927 
IVCB= 150Vde,IE=O,TA= 100°C I 

Emitter Cutoff Current lEBO 
IV BE = 5.0 Vdel 

ON CHARACTERISTICS III 

II-DC Current Ga in hFE 
IIC = 3.0 mAde, VCE = 10 Vdel 
IIC = 10 mAde, VCE = 10 Vdel 
IIc = 30 mAde, VCE = 10 Vdel 
IIC = 50 mAde, VCE = 20 Vdel 

Collector-Emitter Saturation Voltage VCElsatl 
(lC = 10 mAde,lB = 1.0 mAdel 
(lC = 30 mAde, IB = 3.0 mAdel 

Base-Emitter Saturation Voltage VBElsatl 
IIC = 10 mAde, IB = 1.0 mAdel 
(lC = 50 mAde, 16 = 3.0 mAdel 

Base-Emitter On Voltage V6Eloni 
(lC = 30 mAde, VCE = 10 Vdel 

·SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
IIC = 10 mAde, VCE = 20 Vde, 1= 20 MHzl 

Output Capacitance Ceb 
IVCB = 20 Vde, IE = 0, f = 140 kHzl 

Input Impedance hie 
(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHzl 

Voltage Feedback Ratio hre 
(lC = 10 mAde, VCE = 10 Vde, 1= 1.0 kHzl 

Small-Signal Current Gain hIe 
IIc = 10 mAde, VCE = 10 Vde, f = 1.0 kHzl 

Output Admittance hoe 
IIC = 10 mAde, VCE = 10 Vde, f = 1.0 kHzl 

Real Part of Input Impedance Relhie l 
(lC = 10 mAde, VCE = 20 Vde, f = 5.0 MHzl 

*!ndlcates JEDEC Registered Data. 

111 Pulse Test: Pulse Width';; 300 J.lS, Duty Cycle';; 2.0"10. 
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Min Max 

200 -

250 -

200 -
250 -

7.0 -

- 0.1 
- 10 
- 0.1 
- 10 

- 0.1 

10 .-

15 -
20 200 
20 -

- 1.0 
- 2.0 

- 1.2 
- 1.5 

- 1.5 

30 300 

6,0 

75 2000 

0.1 2.0 

25 250 

50 

4.0 200 

Unit 

Vde 

Vde 

Vde 

,uAdc 

,u.Adc 

-

Vde 

Vde 

Vde 

MHz 

pF 

ohm 

X 10-" 

-

j.lmhos 

ohms 

I 

'! 
I ~ 
11 

., ,. 

I 
I;i 
I) 

11' I 



2N4928S thru 2N4931S(sILiCON) 
2N4930S JAN & JTX AVAILABLE 
2N4931S JAN & JTX 

High-voltage PNP silicon annular transistors for 
use in general-purpose high-voltage applications. 

2 STYLE 1: 
~ PIN 1. EMITTER 

1 0 3 ~: ~~~~ECTOR CASE 79 
(10·39) 

Collector connected to case 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25° C 

Derate above 25° C 

Total Device Dissipation @T C = 25° C 

Derate above 25° C 

Operating & Storage Junction 
Temperature Range 

* Indicates JEDEC Registered Data 

Symbol 

VCEO 

VCB 

VEB 

IC 

PD 

PD 

T J , T 
stg 

2·884 

2N4928 2N4929 2N4930 2N4931 Unit 

100 150 200 250 Vdc 

100 150 200 250 Vdc 

4.0 4.0 4.0 4.0 Vdc 

100 500 500 500 mAdc 

0.6 1.0 1.0 1.0 Watt 

3.4 5.71 5.71 5.71 mWj"C 

3.0 5.0 5.0 5.0 Watt 

17.2 28.6 28.6 28.6 mWjOC 

-65 to +200 °c 



2N4928S thru 2N4931 S (continued) 

*ELECTRICAL CHARACTERISTICS (T, ~ 2S'C) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 111 BVCEO Vde 
(IC ~ 10 mAdc, IB ~ 0) 2N4928 100 -

2N4929 150 -
2N4930 200 -
2N4931 250 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IE ~ 0, IC ~ 100 flAdc) 2N4928 100 -

2N4929 150 -
2N4930 200 -
2N4931 250 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE ~ 100 flAdc , IC ~ 0) 4.0 -

Collector Cutoff Current ICBO flAdc 
(V CB ~ 50 Vdc. IE ~ 0) 2N4928 - 0.5 

(V CB ~ 75 V de, IE ~ 0) 2N4929 - 0.5 

(V CB ~ 150 Vdc, IE ~ 0) 2N4930, 2N4931 - 1.0 

Emitter Cutoff Current lEBO flAdc 
(V BE ~ 3. 0 V dc. IC ~ 0) 2N4928, 2N4929 - 0.5 

(V BE ~ 3. 0 V dc, IC ~ 0) 2N4930. 2N4931 - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC ~ 1. 0 mAdc, V CE ~ 10 Vdc) All Types 20 -
(IC ~ 10 mAdc, V CE ~ 10 Vdc),lll 2N4928, 2N4929 25 200 

(IC ~ 10 mAde, V CE ~ 10 Vdc) 111 2N4930, 2N4931 20 200 

:1 

I 

(IC ~ 50 mAdc, V CE ~ 10 Vdc) 111 2N4928, 2N4929 20 -
(IC ~ 30 mAdc, V CE ~ 10 Vdc) 111 2N4930, 2N4931 20 -

Collector-Emitter Saturation Voltage 111 V CE(sat) Vdc 
(IC ~ 10 mAdc, IB ~ 1. 0 mAdc) 2N4928, 2N4929 - 0.5 

2N4930, 2N4931 - 5.0 

Base-Emitter On Voltage VBE(on) Vdc 
(IC ~ 10 mAdc, V CE ~ 10 Vdc) - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Gandwidth Product fT MHz 
(IC ~ 20 mAdc, V CE ~ 20 Vdc, f ~ 100 MHz) 

2N4928. 2N4929 100 1,000 
(IC ~ 20 mAdc, V CE ~ 20 Vdc, f ~ 20 MHz) 

2N4930. 2N4931 20 200 

Collector-Base Capacitance Ccb pF 
(V CB ~ 20 Vdc, IE ~ 0, f ~ 140 kHz) 2N4928 - 6.0 

(V CB ~ 20 Vdc, IE ~ 0, f ~ 140 kHz) 2N4929 - 10 

(V CB ~ 20 Vdc, IE ~ 0, f ~ 140 kHz) 
2N4931 - 20 2N4930, 

Emitter-Base Capacitance Ceb pF 
(V BE ~ 2.0 Vdc, IC ~ 0, f ~ 140 kHz) 2N4928 - 40 

(V BE ~ 1. 0 Vdc, IC ~ 0, f ~ 140 kHz) 2N4929 - 80 

(V BE ~ O. 5 Vde, IC ~ 0, f ~ 140 kHz) 
2N4931 - 400 2N4930, 

* Indicates JEDEC Registered Data 

\11 Pulse Width ~ 300 fls: Duty Cycle ~ 2. 0% 

2-885 



2N4931 thru 2N4942 (SILICON) 

MUL TlPLE SILICON ANNULAR TRANSISTORS 

· .. designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation 
applications. 

• Excellent Temperature Tracking ~ Dual Devices -
2N4938, 2N4930 
t:.IVBEl - VBE21 = 1.6 mVdc (Maxi @ -55 to +250 C 

= 2.0 mVdc (Maxi @ +25 to +1250 C 

• DC Current Gain Specified - 100 J.1Adc to 1.0 mAdc 

• High Current-Gain-Bandwidth Product -
fT= 300 MHz@ IC= 10 mAdc 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

~; 1 to Collector 2 Voltage VC1C2 1200 Vdc 
Voltage Ratmg and Lead to Case ±200 

Collector·Base Voltage VCB 50 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 50 mAde 

One Die Both Die 

Total Power Dissipation @ T A := 25°C Po 
Metal Can 500 600 mW 

Derate above 25°C 2.9 3.4 mW/oc 

Total Power DisSipation @ T C "" 25°C Po 1.2 2.0 Watts 
Derate above 25°C 6.85 11.42 mW/oc 

Operat;ng and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

*Indicates JEOEC Registered Data. 
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PNP SILICON 
MULTIPLE TRANSISTORS 

I-A~ ,8-[ 

r-l~ 

•

- -I 
T,1 

. K 

SEATI~G I 1 

2N4440 
2N4441 
2N4442 

DIM 

A 

• C 
0 
F 
G 
H 
K 
N 
R 

PLANE __ 

-ii-o 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX ugh. 0335 0.370 

--l- ~15 ~~ 0i1ti= -+-]jl 470 0150 0185-
o 041 053 If(j"16 0.021 

"G --"5 08 sse 0.200 sse 
-\L- ~'";!-H~~~ 0028 0.034 

--'" 
0029 O.:~ 

1270 0.500 
M 450 ssc 450 SSC 
N 254 SSC 0,100 esc 

CASE 654-07 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

6.10 7.36 0.240 0.290 
2.92 4.06 0.lt5 0.16 
0.76 2.03 0.030 0080 
0.36 0.48 0.014 0.019 
0.08 0.15 0.003 0.006 

1.27 ase 0.050 asc 
- 0.89 0.035 

3.131 0.150 
2.54 asc 0.100Bse 

1.27 0.050 

CASE 61DA·03 

2N4937 
2N4938 
2N4939 



2N4937 thru 2N4942 (continued) 

'ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherw;se noted.) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-EmItter Breakdown Voltage BVCEO 40 - Vde 
IIc ~ 10 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage BVCBO 50 - Vde 
IIc ~ 10 "Ade, IE ~ 0) 

Emitter-Base Breakdown Voltage BVEBO 5.0 - Vdc 
liE ~ 10"Ade, IC~ 0) 

Collector Cutoff Current ICBO - 20 nAdc 
(VCB ~ 40 Vde, IE ~ 0) 

Emitter Cutoff Current lEBO - 20 nAdc 
(VBE ~ 3.0 Vde, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC ~ 100 "Ade, VCE ~ 10 Vde) 40 200 
IIc ~ 1.0 mAde, VCE 010 Vde) 50 250 
(IC ~ 10 mAde, VCE ~ 10 Vde) 50 250 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 300 900 MHz 
(IC ~ 10 mAde, VCE ~ 10 Vde, f 0100 MHz) 

Output Capacitance Ceb - 5.0 pF 
(VCB~10Vde,IE~0,f~ 140kHz) Emitter Guarded 

'nput Capacitance Ceb - 10 pF 
(VBE ~ 0.5 Vde, IC ~ 0, I 0140 kHz) Collector Guarded 

Input Impedance hie 1.0 10 kn 
IIc ~ 1.0 mAde, V CE 0 10 Vde, I ~ 1.0 kHz) 

Voltage Feedback Ratio hre - 10 X 10 4 
IIc ~ 1.0 mAde, V CE ~ 10 Vde, I ~ 1.0 kHz) 

Small-Signal Current Gain hie 50 - -

IIc~ 1.0mAde,VCE~ 10Vde,l~ 1.0 kHz) 

Output Admittance hoe 5.0 50 ,umhos 
IIc ~ 1.0 mAde, VCE ~ 10 Vde, f ~ 1.0 kHz) 

Noise Figure NF - 4.0 dB 
IIc ~ 100 MAde, V CE 0 10 Vde, RS ~ 3.0 k!1, I ~ 10Hz to 15.7 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gam Ratio (1) hFE1/hFE2 -
(IC~ 100"Adeto 1.0 mAde, VCE ~ 10Vde) 2N4937,2N4941 0.9 1.0 

2N4938,2N4940 0.8 1.0 

IIc 0100 MAde to 1.0 mAde, VCE ~ 10 Vde, TA ~ -55°C to 125°C) 2N4937,2N4941 0.85 1.0 
2N4938, 2N4940 0.7 1.0 

Base-Emitter Voltage Differential IVBE1-V BE21 mVdc 
(lC ~ 100 "Ade to 1.0 mAde, VCE ~ 10 Vde) 2N4937,2N4941 - 3.0 

2N4938, 2N4940 - 5.0 

Base-Emitter Voltage Differential Gradient tdVBE1-V BE2) mVdc 

t.TA 

(IC ~ 100 MAde to 1.0 mAde, VCE ~ 10 Vde, T A ~ 25°C to +1250C) 2N4937,2N4941 - 1.0 
2N4938, '2N4940 - 2.0 

(IC ~ 100 I'Ade to 1.0 mAde, VeE ~ 10 Vde, T A " -55°C to 25°C) 2N4937,2N4941 - 0.8 
2N4938, 2N4940 - 1.6 

*Indicates JEOEC Registered Data. 

(1) The lowest hFE reading is taken as hFE1 for this ratio. 
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2N4948 (SILICON) 

2N4949 

Silicon annular unijunction transistors designed for 
military and industrial use in pulse, timing, triggering, 
sensing, and oscillator circuits. The annular process 
provides low leakage current, fast switching and low 
peak-point currents as well as outstanding reliability 
and uniformity. 

CASE 22A 
(TO-18 Modified) 

(Lead 3 connected to case) 

© STYlEl: 
o PIN 1. EMITIER 

10 0 2. BASE 1 
3 3. BASE 2 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol 

RMS Power Dissipation* PD 

RMS Emitter Current I e 

Peak Pulse Emitter Current** i e 

Emitter Reverse Voltage VB2E 

Storage Temperature Range T stg 

Value Unit 

360* mW 

50 rnA 

1. 0** Amp 

30 Volts 

-65 to +200 ·C 

* Derate 2.4 mW/oC increase in ambient temperature. Total power dissipation 
(available power to Emitter and Base-Two) must be limited by external cir
cuitry. Interbase voltage (V B2B 1) limited by power dissipation, 

VB2B1 = -fRBB·PD· 

** Capacitance discharge current must fall to 0.37 Amp within 3.0 ms and PRR 
;2 10 PPS. 
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2N4948, 2N4949 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted) 

Characteristic 

IntrinSic Standoff Ratio 
(V B2BI 0 10 V) Note I 2N4948 

2N4949 

Interbase Resistance 
(VB2BI 03.0 V. IE 00) 2N4948, 2N4949 

Interbase Resistance Temperature Coefficient 
(V B2BI 03.0 V, IE 00, TA 0 -65"C to +100"C) 

Emitter Saturation Voltage 
(V B2BI 0 10 V, IE 050 rnA) Note 2 

Modulated Interbase Current 
(VB2BI 0 10 V, IE 050 rnA) 

Emitter Reverse Current 
(VB2E 030 V, IBI 00) 

(V B2E ~ 30 V, IBI ~ 0, TA ~ 125°C) 

Peak Point Emitter Current 
(V B2B1 ~ 25 V) 

Valley Point Current 
(VB2BI ~ 20 V, RB2 0 100 ohms) Note 2 

Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

Maximum Oscillation Frequency 
(Figure 4) 

NOTES 
1. Intrinsic standoff ratio. 

1),IS defined by equation: 

ry="L:::...':'I.r1 
Valal 

Where Vp = Peak Pomt Emitter Voltage 
Va281 = Interbase Voltage 

2N4948 
2N4949 

2N4948, 2N4949 

2N4949 
2N4948 

VI EB1 ) = Emitter to Base-One Junction Diode Drop 
(--0.5 V @ 10 pAl 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 

_',,-

v, 

FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 
(Exaggerated to Show Details) 

"0 

Symbol Min Typ Max Unit 

1/ -
0.55 - 0.82 
0.74 - 0.86 

RBB k ohms 
4.0 7.0 12.0 

aRBB %/oC 
O. I - 0.9 

VEBI(sat) Volts 
- 2.5 3.0 

IB2 (mod) rnA 
12 15 -

IEB20 
- 5.0 10 nA 

- - 1.0 /l-A 

Ip /l-A 
- 0.6 2.0 
- 0.6 1.0 

IV rnA 
2.0 4.0 -

-
V OBI Volts 

3.0 5.0 -
6.0 8.0 -

f(max) MHz 
- 1. 25 -

2. Use pulse techniques: PW = 300 J-LS duty cycle <:2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured In circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse Circuits. 

FIGURE 3 - VOBI TEST CIRCUIT 
(Typical Relaxation Oscillator) 

C, 
0.2 p.f 

R" 
200 

FIGURE 4 - F(max) MAXIMUM 
FREQUENCY TEST CIRCUIT 

R" 
200 

v, 

+20 V 

TO 
fREQUENCY 
COUNTER 
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2N4957, 2N49S8 (SILICON) 
2N4959, 2NS829 

The RF Line 

PNP SILICON SMALL-SIGNAL TRANSISTORS 

. designed for high-gain, low-noise amplifier, oscillator and mixer 
applications. 

• Specified 2.0 mAde, 10 Vdc Characteristics -
Noise Figure ~ 2.5 dB - 2N 5829 
(@ 450 MHz)~ 3.0 dB - 2N4957 

~ 3.3 dB - 2N4958 
~ 3.8 dB - 2N4959 

Minimum Gain ~ 17 dB - 2N4957, 2N5829 
(@450 MHz) ~ 16 dB - 2N4958 

~ 15 dB - 2N4959 

Current·Gain-Bandwidth Product -

'MAXIMUM RATINGS 
Rating 

COllector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

~ 12 GHz - 2N4957, 2N5829 
~ 1.0 GHz - 2N4958, 2N4959 

Symbol 

VCEO 

VCB 

VEB 

Collector Current Continuous Ie 
Total Power DISSipation @ TA .~ 2SoC PD 

Derate above 2SoC 

Value 

30 

30 

3.0 

30 

200 
1.14 

Operating and Storage Junction TJ,T stg -65 to +200 
Temperature Range 

"'Indicates JEDEC Registered Data. 

2-890 

Unit 

Vde 

Vdc 

Vde 

mAde 

mW 
mW/oC 

De 

1.2 GHz - 2.0 mAde - 2N4957, 2N5829 

1.0 GHz - 2.0 mAde - 2N4958, 2N4959 

HIGH FREQUENCY 
TRANSISTORS 

PNP SILICON 

STYLE 10 ~I-D 
PIN 1 EMITTER 

2 BASE ,~ 
~. ~~~~ECTOR vl :I'll 

M~ 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
0 0.41 0.53 0.016 0.021 
E 0.76 0.030 
F 0.41 0.48 0.016 0.019 
G 2.54 BSC 0.100 BSe 
H 0.91 1.17 0.036 0.046 
J 0.71 1.22 0.028 0.04B 
K 12.70 0.500 
L 6.35 0.250 
M 45 0 BSe 45° BSe 
N 1.27 BSe 0.050 BSe 
p 1.27 0.050 

ALL JED EC dimensions and notes apply 

CASE 20·03 
TO-72 



2N4957, 2N4958, 2N4959, 2N5829 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted.) 

I Characteristic I Symbol I Min I Typ I Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 30 - - Vdc 
(I C = 1.0 mAde, I B = 0) 

Collector-Base Breakdown Voltage BVCBO 30 - - Vdc 
(lC = 100/-LAdc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 3.0 - - Vdc 
(IE = 100/-LAdc, IC = 0) 

Collector Cutoff Current ICBO /-LAde 
(VCB = 10 Vdc, IE = 0) All Types - - 0.1 
(VCB = 10 Vdc, IE = 0, T A = 150o C) 2N4957,8,9 - - 100 

ON CHARACTERISTICS 

DC Current Gain hFE -

(IC = 2.0 mAde, VCE = 10 Vdc) 2N4957,8,9! 20 40 -

2N5829 20 40 150 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (1) fT MHz 
(lE= 2.0mAdc, VCE= 10Vdc, f= 100MHz) 

2N4957 1200 1600 -
2N5829 1200 - 2500 
2N4958,2N4959 1000 1500 2500 

Collector-Base Capacitance Ccb - 0.4 0.8 pF 
(VCB= 10Vdc,IE=O,f= 1.0MHz) 

Small-Signal Current Gain hfe -

(lC= 2.0mAdc, VCE= 10Vdc, f= 1.0 kHz) 
2N5829 20 - 200 

Collector-Base Time Constant rb'Cc ps 
(I E = 2.0 mAde, V CB = 10 Vdc, f = 63.6 MHz) 

2N4957,8,9 - - 8.0 
2N5829 1.0 - 8.0 

Noise Figure NF dB 
(IC = 2.0 mAde, VCE = 10 Vdc, f = 450 MHz) 

2N4957 - 2.6 3.0 
2N4958 - 2.9 3.3 
2N4959 - 3.2 3:8 
2N5829 - 2.3 2.5 

(IC = 2.0 mAde, VCE = 10 Vdc, RG = 50 ohms, 
f = 1.0 GHz) 2N4957 - 5.0 -

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain Gpe dB 
(VCE = 10 Vdc,IC = 2.0 mAde, f = 450 MHz) 

2N5829 17 - -
2N4957 17 - 25 
2N4958 16 - 25 
2N4959 15 - 25 

(VCE = 10 Vdc, IC = 2.0 mAde, RG = 50 ohms, 
f = 1.0 GHz) 2N4957 - 13 -

*Indicates JEDEC Registered Data. 
(1) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N4957, 2N4958, 2N4959, 2N5829(continued) 

RF PERFORMANCE DATA 

FIGURE 1 - NOISE FIGURE AND POWER GAIN 
TEST CIRCUIT 

e1 Vout 
C4 Rl ~50 Ohms 

12 

~ 
10 

2.0 

a 

L2 Silver Plated Brass BarStockl.625m. 
Long. 1/4" Diameler. Tapped 1/4" 
from Hot End 

L3 

~, , , , 
L __ _ 

l3 ~r'~~ ~~~PP~:a~!~t~~~ Wire 0 375 In 1 0 11'F 

VEE 

11 

-----1-
*OOl.uF 

FIGURE 3 - NOISE FIGURE versus FREQUENCY 

(RS& IC OPTIMIZED FOR BROAD BAND PERFORMANCE) 

II~C~ ~ \~)~dC 
RS~150 

le= 1.0mA 

I 
I 

1\ 
TYPICAL 

111111111 
111111111 

0.001 0.01 0.1 1.0 10 100 1000 lQOOO 

f, FREQUENCY, (MHz) 

FIGURE 5 - CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 

a 100 

10 a 
a 

"- "-
~ 50 

~ 300 

~ 20 0' 
, 

.......... ~ 
~ 10 
w 
u 
~ 

::> 
g 
Ii 

-2 

1 

0 
....... ::---.. 

a 
a 

0 
_ VCE= lOVde 

o f = 105 MH1 

0 

, 
1.BdS' 

"r--.. 1/2.0 dB 

r- 2.5 dB .-
3.0 dB 

Nn
5dr 

0.1 0.2 0.3 0.5 0.1 1.0 2.0 3.0 5.0 1.0 10 

IC, COLLECTOR CURRENT (mAde) 
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2N4957, 2N4958, 2N4959, 2N5829 (continued) 

COMMON EMITTER CIRCUIT DESIGN DATA 
(VCE = 10 Vde, IC = 2.0 mAde) 
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Figures 7 through 18 are Included to assist the circuit designee in determm 
ing the stability of his particular circuit Two stability cnteria are given In 
these figures. 

The LlOvill "C" factor" IS a measure of transistor stability when the Input 
and output are terminated 10 the worst-case (open circuit) condition. When 

• "TranSistors and ActlIJe CirCUits," Lmvlll and Gibbons, McGraw-HIt!, 1961 

FIGURE 8 - LINVILL STABILITY FACTOR 
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"C" IS less than 1.0, the CirCUit IS unconditionally stable When "C" IS greater 
than 1.0, the Circuit IS potentially unstable. 
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The Stern uK" factort has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. If "K" 
is greater than 1.0, the cirCUit will be stable. If less than 1.0, the circuit will 
be unstable. For further details, see Application Note AN·215. 

t "Stability and Power Gam of Tuned TranSistor Amplifiers," Arthur P. Stern. Proc . 
I.R.E, March 1967 
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2N4957, 2N4958, 2N4959, 2N5829 (continued) 

COMMON BASE CIRCUIT DESIGN DATA 
(VCB ~ 10 Vdc. IC ~ 2.0 mAde) 
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2N4957, 2N4958, 2N4959, 2N5829(continued) 

FIGURE 19 - SMALL-SIGNAL CURRENT GAIN 
versus FREQUENCY 
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FIGURE 21 - IT versus COLLECTOR CURRENT 
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FIGURE 24 - COLLECTOR CHARACTERISTICS 

VERTICAL SCALE 

IC 010 mAiDlV 

Ib '" 0.02 rnA/STEP • 
• 
• 

=:; 
~ 

- --

!!!II 
!!:;;;;;; !III 

I-ii !Ci 
::ii -~ l::iii ::iii jij!!!! 
c:iii 

"""" ::iii 
l!!::i 

HORIZONTAL SCALE -- VeE = 1.0 V!OIV 

Apply reverse bias between collector 
and base and measure capacitance 
between these termmals. Emitter is 
open. 

Apply ieverse bias between emitter 
and base and measure capacitance 
between these terminals. Collector is 
open. 

Apply reverse bias between collector 
and base and measure capacitance 
between these terminals. Emitter is 
guarded. 

2-895 

I' 
I, 

j 

I 

I 
,! 

,I 



2N4957, 2N4958, 2N4959, 2N5829 (continued) 
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2N4957, 2N4958, 2N4959, 2N5829 (continued) 

COMMON BASE Y PARAMETER VARIATIONS 
(VCB = 10 Vde, IC = 2.0 mAde) 

Y PARAMETERS versus FREOUENCY 
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2N4957, 2N4958, 2N4959, 2N5829(continued) 
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COMMON EMITTER Y PARAMETER VARIATIONS 
(VCE = 10 Vde, IC = 2.0 mAde) 
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2N4993 (SILICON) 

A 1 Ooo-+-C@Wl'fG+-_OA2 

SILICON BIDIRECTIONAL SWITCH 

... designed for full-wave triggering in Triac phase control circuits, 
half-wave SCR triggering applications and as voltage level detectors. 

• Low Switching Voltage - 8.0 Volts Typical 

• Uniform Characteristics in Each Direction 

• Low On-State Voltage - 1.7 Volts Maximum 

• Low Off-State Current - 1.0 IJ.A Maximum 

• Low Temperature Coefficient - 0.02 %/oC Typical 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power DISSipation Po 350 mW 

DC Forward Anode Current IF 200 mA 

DC Gate Current (off-state only) IG(off) 5.0 mA 

Repetitive Peak Forward Current IFM(rep) 1.0 Amp 
(1.0% Duty Cycle, 10!" Pul,e 

Width) 

Non-Repetitive Forward Current IFM(nonrep) 5.0 Amp 
10lls Pulse Width 

Operating Junction Temperature TJ -55'0 +150 °c 
Range 

Storage Temperature Range T stg -65'0 +200 °c 

+ Indicates JEDEC Registered Data 

2-899 

SILICON 
BIDIRECTIONAL SWITCH 

STYLE 9: 

6,0-10 VOLTS 
350mW 

OS 2519 

SEATING 
PLANE 

PIN 1. ANODE 2 
2. ANODE 1 
3. GATE 

(CONN ECTEO TO 
CASE) 

MilLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 O.17B 0.195 
C 4.32 5.33 0.1 0 0.210 
0 0.406 0.533 0.016 0.021 
E 0.762 0.030 
F 0.406 0.483 0.016 0.019 
G 2.54 BSC 0.1008SC 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 - 0.5uu -
L 6.35 0.250 
M 45' BSC 45 BSC 
N 1.27 BSC 0.050 BS" 
P 1.27 0.050 

All JEOEC notes and dimenSIOns apply. 
CASE 22-03 

(TO-IB) 



"'1"4~~3 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

*Switching Voltage Vs 6.0 8.0 10 Vde 

*Switching Current IS - 175 500 /lAde 

*Switching Voltage Differential IVS1-VS21 - 0.3 0.5 Vde 

Holding Current IH - 0.7 1.5 mAde 

*Off-State Blocking Current IB /lAde 
(VF = 5.0 Vde. T A = 250 C) - 0.08 1.0 
(VF : 5.0 Vdc. T A : 1000 C) - 6.0 10 

*Forward On-State Voltage VF - 1.4 1.7 Vde 
(IF: 200 mAde) 

Peak Output Voltage (Ce : 0.1 /IF. R L = 20 ohms. (Figure 7) Va 3.5 4.8 - Vde 

Turn-On Time (Figur. 8) ton - 1.0 - /lS 

Turn-Off Time (Figure 9) toff - 30 - /lS 

Temperature Coefficient of Switching Voltage TC - +0.02 - %/oC 

·Switching Current Differential IIS2 -lSI I - . - 100 !lAde 

• Indicates JEDEC Registered Data 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - SWITCHING VOLTAGE versus TEMPERATURE FIGURE 2 - SWITCHING CURRENT versus TEMPERATURE 
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2N4993 (continued) 

FIGURE 3 - HOLDING CURRENT versus TEMPERATURE 
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FIGURE 4 - OFF·STATE BLOCKING CURRENT 
versus TEMPERATURE 
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FIGURE 5 - ON·STATE VOlTAGEvarsus FORWARD CURRENT FIGURE6 -PEAK OUTPUT VOLTAGE (FUNCTION OF RL ANDCcl 
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FIGURE 7 - PEAK OUTPUT VOLTAGE TEST CIRCUIT 
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2N4993 (continued) 

FIGURE 8 - TURN-ON TIME TEST CIRCUIT 
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-=- 12 V 1.om 0.01 ~F O.U.T. 

VF 

VpO.I (Vs-VFI 

Turn·on timeismeasuredfromthetime Vs I. achieved to the time when the anode voltage drops to within 90% of the difference between Vs and VF. 

FIGURE 9 - TURN-OFF TIME TEST CIRCUIT 
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With the SSS in conduction and the relav contacts open, close the contacts to cause anode A2 to be driven negative. Oecrease C until the SSS 
just remains off when anode A2 becomes positive. The turn·off time, toff. is the time from initial contact closure and until anode A2 voltage 
reaches zero volts. ' 

FIGURE 10 - OEVICE EQUIVALENT CIRCUIT. CHARACTERISTICS AND SYMBOLS 
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