The Engineering Staff of A
TEXAS INSTRUMENTS INCORPORATED
Semiconductor Group

Linear

Control Circuits
Data Book

for

Designn Engineers

Second Edition

TEXAS INSTRUMENTS

INCORPORATED




GENERAL INFORMATION

THERMAL INFORMATION

ORDERING INSTRUCTIONS AND MECHANICAL DATA

OPERATIONAL AMPLIFIERS

VOLTAGE COMPARATORS

SPECIAL FUNCTIONS

MILITARY PRODUCTS




TI Sales Offices

ALABAMA: Humtsville, 4717 University Or., Suite 101,

Huntsville, AL 35805, (205) 837-7530

ARIZONA: Phoenix, P.0 Box 35160, 8102 N. 23rd Ave.,
Suite A, Phoemix, AZ 85069. (602) 249-1313

CALIFORNIA: Costs Mesa, 3186J Airway, Costa Mesa, CA
92626, (714) 540-7311. B Douglas St., Et
Sagunﬂo CA90245, (213) 973-257 1 luolop 4333 View

Aidge Ave., Suite Bv, San Diego, CA 92123, (714}
278-9600; Sunmyvale, F.0. Box 9064, 776 Palomar Ave..
Sunnyvale. CA 94086, (408) 732- 1840.
COLORADO: Deaver, 9725 E. Hampden St.. Suite 301,
Denver, CO 80231, {303) 751-1730.
COMMECTICUT: Hamden, 2405 Whitney Ave., Hamden. CT
06518, (203) 281-0074.

19 N.. Suite 232,

FLORIDA: Clumnﬂ 2280 U.S Hwy.
Clearwam 133515, (813)725-186%; FI Lndlrlall 4600
Ft

v . FL 33319, (305)
733 3300 Winter Part,

L
1850 Lee Rd., Suite 115, Winter
Park, fL 32788, (305)644 3535

GEORGIA: Atianta, 3300 Northeast Expy.. Suite 9, Atlanta, GA
30341, (404) 452-4600

ILLINOIS: Ariingion Heights, 515 W. Alg

411 Burdette Ave , #1026, Cedar

IOWA: Cagar R?lﬁ
Rapids, 1A 52404, (319) 346-1100

MASSACHUSETTS: Waithem, 504 Totten Pond Rd.. Waitham,
MA 02154, (61 7) 890-7400

MICHIGAN: Sowthfield, Central Park Plaza. 26211 Central Park
8ivg., Suite 215, Southtield, MI 48076, (313) 353-0830.

MWNESOTA: Eding, 7625 Packlawn, Edina. MN 55435, (6§12}
830-1600

Kansas City, MO

$S0UR): Kansas City, 8080 Ward Pkw!
Schuetz Rd . St

Lo
64114, (816) 523-2500; St. Lowis, 23
Louis, MO 63141, (314) 432-3333

MNEW JERSEY: Clark, 1245 Westtield Ave., Clark, NJ 07066,
{201) 574-9800

NEW MEXICO: Albuquargue, 5907 Alice N.E.. Suite E. Albu-
querque. NM 87110, (5 )265 -8491.

MEW YORK: East Syracuse, 6700 Oid Coliamer Rd., East
Syracuse, NV 13057, (315) 463-9291; Endicot, 112 Nanti-

P.0. Box 618, Endicott, NY 13760, (607) 754-
Melville, 1 Huntington Cuadrangle, Sulle 1001
Melyille, NY 11746. (516) 293-2560;
South Ave.. Poughkeepsie, NY 12601, (914) 73 5900

Arhington
Heights, IL 60005. (312) 640-3000.

IIANA: Ft. Wayss, 2020 Inwood Or., Ft. Wayne, IN 46805,
(219)424 5174; Indianapelis, 5726 Professional Cir . Suite
103. Indianapotis, IN 46241, (317)248 -8555

1210 Jefterson Rd.. Rochester, NY 14623, (716)
461-1800.

MNORTH CAROLINA: Charlotte, 1 Woodlawn Green, Woodlawn
Rd . Charlotte, NC 28210, (704) 527-0930; Ralsigh, 4130
C.2 Camelot Dr . Raleigh, NC 27609, ($19) 787-9376

OHIO:
OH 44122, (216) l64 6100 Dlﬁﬂ, Klsgsley Bldg 4124
Linden Ave., Dayton, OH 45432, (513) 258-3877.

ONLAHOMA: Twisa, 3105 E. Skelly Dr., Suite 110, Tuisa, 0K
74128, (918) 748-9548.

OREGON: Basverten, 10700 S.W. Beaverton Hwy., Suite 565,
Beaverton, OR 97005 (503) 643-6759.

PENNSYLVANIA: Ft. Washington, 575 Virginia Or., Ft. Wash-
ington, PA 19034, (215) 643-6450.

TEMMESSEE: Johnsos City, P.O. Orawer 1255, Erwin Hwy.,
Johnson Clty TN 37601, (615} 282-1100

TEXAS: D 13531 N. Central Expressw , Suite 2700,
Dallas, TX 75243 {214)238-6531, Houst 00 Southwest
Frwy., Suite 400, Houston, TX 77036, (713)776 6511.

UTAN: Salt Lake City, 3672 West 2100 South, SaltLake Gity UT
84120, (801)973-6310.

VIRGINIA: on, Crystal Square 4, 1745 Jefferson Davns
Hwy., Suite 600, Arlington, VA 22302, (703) 553-2
[ , 3930 Beulah Rd.. Richmond, VA 23234, (804)

275-8148.

WASNINGTON: Bellevue, 700 112th N E.. Suite 10, Bellevue,
WA 98004, (206) 455-3480.

CANADA: S1. Laurest, 945 McCattery St., St. Laurent
H4TN3, Quebec, Canada, (514) 341-3232; Richmond W,

280 Centre St. E.. Richmond Hill L4C181, Ontario, Canada,
(416) 884-9181 1]

TI Distributors

ALABAMA: Huntsville, Hall-Mark (205)837-8700

ARIZONA: Prosnix, Kieruttt Electronics (602) 243-4101:R V
Weatherford (602) 272-7144, Tempe. Marshali Industries
(602) 968-6181

CALIFORNIA: Anaheim, R vV Weathertord (714) 634-9600.
Canoga Park, Marshall industries (213) 999-500t
Chatsworth, JACO (213) 998-2200. Costa Mesa, Ti Su gply
(714) 879-5391, EI Monte, Masshall Industries (213)
0141; E! Sequndo, T| Supp! (2‘32 973-2571, Glendale, R V
Weatherfard (213) 849-3451, Goleta, RPS (805) 964-6823,
Irvine, Marshalt Industnies (714) 556-6400, Los Angetes,
Kierultf Electromics (213) 725-0325, RPS (213) 748-1271
Mountain View, Time Electronics (415) 365-8000, Pato AHo,
Kieruitf Etectromics (415) 968-6292. Pomona, R V Weather
ford {714) 623-1261 San Diege, Arrow Eiectronics (714)
565-4800. Krerulff Electromics (714) 278-2112. Marshall In
dustries (714) 278-6350. R V Weathertord (714) 278-7400.
Santa Barbara, R.V Weatherford (805) 465-8551, Sun-
nyvale, Arrow Electronics (408) 739-3011. Marshall Indus-
tries (408} 732 1100 Ti Supply (408) 732-5555. United
Components (408) 737-7474, %mnn, Time Electronics
[213)320»0380,7““" Kierultf Electronics (714) 731-5711

COLORADO: Denver, Arrow Electronics (303} 758-2100
Diplomat/Oenver. (303) 427-5544 . Kieru!tt Electronics (303)
371-6500, Englewood, R v Weathertord (303) 770-9762

CONNECTICUT: Hamden, Arrow Electronics {203) 248-3801
TI Supply (203) 281-4669. Orange, Milgray/Connechicut
E%%B] 795-0714. Wallinglord, Wiishire Electronics ¢203)

FLORIDA: Ciearwater, Diplomat/Southiand (813) 443-4514
Ft. Lauderdale, Arrow Electronics (305) 776-7790
Diplomat/Ft Launerdale (305) 971-7160, Hal-Mark/Miami
(305) 971-9280, Orlando, Hail-Mark/Orlando (305) 855-
4020. Paim Bay, Arrow Electvonsxcs (305) 725-1480

IOWA: Codar Rapids, Deeco (319) 365-7551

KANSAS: Lenexa, Component Specialties (913) 492-3555
Shawnes Mission, Hali-Mark/Kansas City {913) 888-4747

MARYLAND: Baltimore, Arrow Electronics (202) 737-1700,
(301} 247-5200. Hall-Mark/Baltimore (301) 796-9300, Col-
umbia, Diplomat/Maryland (301) 9951226, Gaithersburg,
Cramer/Washington (301) 948-0110. Rockville,
Miigray/Washington (301} 468-6400

MASSACHUSETTS: 8illerica, Kieruilt Efectronics (617}

667-8331 Burlington, Wilshire Electronics (617) 272-8200.

Newton, Cramer/Newton (617) 969-7700. Waitham, T

35’5"’&' (617) 890-0510. Woburn, Arrow Electromics (617)
130

MICHIGAN: Ann Arbor, Arrow Electronics (313) 971-8220
Oak Park, Newark Electronics (313) 967-0600. Grand
Rapids, Newark Electronics (616) 241-6681

MINNESOTA: Edina, Arrow Electronics (612} 830-1800. Ply-
mouth, Marshall industnals (612} 559-221

MISSOURI: Earth City, Hall-Mark/St Lous (314) 291-5350.
Kansas City. Companent Specialttes (313) 492-3555
LCOMP-Kansas City (816) 221-2400. St. Lowis, LCOMP-St
Lows (314) 291-6200

NEW HAMPSHIRE: Manchester, Arow Flectionics (603)
668-6968

NEW JERSEY: Camden. General Radio Supply (609) 964-
8560, Cherry Hill, Milgray/Delaware Valley (609) 424-1300
Clark, T) Supgly (201} 382-6400. Clifton, Wilshire Elec-
tronics (201) 340- !900 Fairield. Kierulff Electronics (201)
575-6750. Moorestown, Arrow Elecironics (609) 235-1900

Diplomat/Flonda (305) 725-4520 Kierulft
Electronics (813) 576-1966. Winter Park, Milgray Elec-
tronics (305) 647-5747

GEORGIA: Doraville, Arrow Eiectronics 1404) 455-4054,
Noreross, Wilshire Electronics (404) 923-5

ILLINOIS: Arlington Heights, T Supply (312) 640-2964
Bensonville, Hall-Mark/Chicago (312) 860 3800. Elk Grove
Village, Kierulft Eiectronics (312) 640-0200. Chicago,
Newark Electromics (312) 638-4411. Schaumburg, Arrow
Electromics (312) 893-9420

INDIANA: Ft. Wayne, Ft Wayne Electronics 1219) 423-3422
Indianapolis, Graham Electronecs {317) 634-8;

Arrow E (201} 797-5800

NEW MEXICO: Albuquerque. Arrow Electromics 1505) 243
4566 International Electronics (505) 262-2011 United
Companents (505) 345-9381

NEW YORK: Endwall. Wilshire Electronics (607) 754-1570.
Farmingdale, Arrow Electromcs (516) 694-6800. Frll n
Mllgvay Electronics (516) 546-6000. N J (800) 645
Hay, Su Arrow Elecuomcs 1516) 231-1000. JACO (516)
273~ Liverpool, Cramer/ Syracuse (315) 652-1000
New Vori Wilshire Electromcs (212) 682-8707. Rochester,
Cr amerlﬂochestu {716) 275-0300. Rochester Radwo Su
(716) 7800. Wilshire Electronics (716) 235- 7&]
Mlmry, Dlplomal/Lung Istand (516) 921-7920

NORTH CAROLINA: Kernersvilla, Arrow Eiectronics (919) 966-
2039. Raleigh, Hall-Mark (919) 832-4465

OHIO: Cleveland, TI Su{?ly (216) 464-2435, Columbus, Hail-
Marklomo (614) 846 Dayton, ESCO Electronics (513)
226-1133. Marshall Industries (513) 236-8088. Kettering,
Arrow Electronics (513) 253-9176. Reading, Arrow Elec-
lzrfamgég(oﬂa) 761-5432, Solon, Arrow Electronics (216)

OKLAHOMA: Tulsa, Component Specialties (318} 664-2820,
Hali-Mark/Tulsa (918) 835-8458: TI Supply (318) 749-9543

OREGON: Beaverton, Aimac/Stroum Electronics (503) 641-
9070 Milwaukie, United Components (5031 £53-5940

PENNSYLVANIA: Huntington Valley, Hall-Mark/Philadelghia
(215} 885-7300 Piltsburgh, Arrow Electronics (412)
35140

TEXAS: Austin, Component Specialties {512} 837-8922
Hall-Mark/Austin (512) 837-2814. Dailas, Component Spe-
cialties {214) 357-6511. Hall-Mark/Dallas (214} 234-7400.
Intesnational Electronics. {214) 233-9323. Ti Supply (214)
238-6821. EI Pasa, International Electronics (915) 778-
976%. Houston, Component Specialties {713) 771.7237
Hall-Mark/Houston (713) 781-6100. Harnson Equipment
(713) 852-4700. T1 Supply {713) 776-6511

UTAN: Salt Lake City, Diplomat/Altalang (801} 486-4134
KieruMt! Electronics {801} 973-6913

WASHINGTON: Redmond, Untted Components (206) 885
1985, Seattle, Aimac/Stroum Electromics (206) 763-2300
Kierultt Electronics (206} 575-4420. Tukwila, Arcow Eiec-
tromics (206) 575-0907

WISCONSIN: Oak Creek. Arrow Electronics (414) 764-6600,
Hall-Mark/Muiwaukee (414) 761-3000. Waukesha, Kierultt
Electronics (414) 784-8160

CANADA: Calgary, Cam Gard Supply {403} 287-0520. Downs-
view, CESCO Electronics (416) 661-0220. Edmontan, Cam
Gard Supply {403) 426-1805. Halitax, Cam Gard Supply
1902)454-8581. Kamloops,Cam Gard Supply (604) 372-
3338. Monclon, Cam Gard Supply (506) 855-2200. Moniresl,
CESCO Electronics (514) 735-5511. future Electronics (514)
731-7441. Ottawa, CESCO Electronics (613} 729-5118
future Electronics (613) 820-8313. Quebee City, CESCO
Electronics {418) 687-4231. Regina, Cam Gard Supply (306)
525-1317. Saskatoon, Cam Gard Supply (306} 652-6424
Torento, Future Electronics {416) 663-5563. Vancouver, Cam
Gard Supply (604) 291-1441 Future Electronics (604) 438-
5545, Winnipeg, Cam Gard Supply {204) 786-B481 S

TEXAsS INSTRUMENTS

INCORPORATED




CCCCCCC

The
Linear

Control Circuits
Data Book

for
Design Engineers

Second Edition

g

TEXAS INSTRUMENTS

OOOOOOOOOOOO



IMPORTANT NOTICES

Texas Instruments reserves the right to make changes at any tme in
order to improve design and to supply the best product possible,

Ti cannot assume any respounsibility for any circuits shown or
represent that they are free from patent infringement.

information contained herein supercedes previously published data
on linear integrated circuits from T1, including data books CC415
and L.CC4241.

ISBN 0-89512-104-2
Library of Congress No. 79-92000

Copyright © 1980
Texas Instruments Incorporated



INTRODUCTION

In this 416-page data book, Texas Instruments is pleased to present important technical information on a broad line of
linear control integrated circuits that includes operational amplifiers, voltage comparators, analog switches, timers,
analog-to-digital converters, Hall-effect devices, and many others.

You will find specifications on device types initiated by T1 (TL series) and on plug-in replacements for many competitive
types. The functional indexes and selection guides provide the designer with rapid access to data sheets for specific
applications, and the interchangeability guides show both direct and nearest replacement devices for many competitive
parts. There are margin tabs to guide you quickly to general circuit categories, and the alphanumeric index flets you
locate particular type numbers quickly.

The section on military products describes process and screening requirements for JAN, JAN-processed, /883B Class B,
and standard device types.

This volume offers design data and specifications only for linear control integrated circuits, but complete technical data
on any Texas Instruments semiconductor component is available from your nearest T1 field sales office or authorized
distributor and from: Marketing and Information Services, Texas Instruments Incorporated, P.O. Box 225012, MS 308,
Dallas, Texas 75265,

TEXAS INSTRUMENTS
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POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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FUNCTIONAL INDEX

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B [Vio | ho | Avb | By | SR | Icc Vee
nA mv nA V/mV | MHz | V/us | mA \' DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX
75 2 10 50 1 05 |3 +5 +22 High Performance LM101A 4,JG, U, W 59
0.2 6 0.1 4 1 3.5 | 0.26 +1.,5 +18 BIFET, Low Power TLOGOM JG 115
0.2 6 0.05 50 3 13 25 +356 $18 BIFET, Low Noise TLO70M JG 131
0.2 6 1 50 3 13 2.8 +3.5 18 BIFET, General Purpose TLOSOM JG 139
10,000 5 2,000 14 0.5 1.7 | 6.7 —7, +14 | General Purpose TL702M J,Uu.w 157
5,000 2 500 2.5 0.5 1.7 | 6.7 ~7, +14 | Generat Purpose uA702M J, 4G, U, W 163
200 2 50 25 1 03 | 3.6 +18 | General Purpose uA709AM | J,JG, U 167
500 5 200 25 1 0.3 | 55 +18 General Purpose uA709M J, JG 167
600 5 200 50 1 05 | 28 2 +22 General Purpose uA748M J,JG, U, w 181

Industrial Temperature Range (—25°C to 85°C)

75 2 10 50 1 05 (3 5 22 High Performance LM201A J,JG,N, P 59
02| 6 0.1 4 1 3.5 | 0.25 +1.6  t18 |BIFET, Low Power TLOG6OI JG, P 115
02| 6 0.05 | 50 3 13 25 +3.6  +18 |BIFET, Low Noise TLO70! JG, P 131
02| 6 0.1 50 3 13 2.8 +3.5 +18 |BIFET, General Purpose TLO8OI JG, P 115

Commercial Temperature Range (0°C to 70°C)

250 7.5 50 | 25 1 05 |3 +5 +18 | High Performance LM301A J,JG,N,P 59
04| 15 0.2 3 1 3.5 | 0.25 +1.,56 +18 |BIFET, Low Power TLO60C JG, P 115
02| © 0.1 4 1 35 025 +1.5 18 |BIFET, Low Power TLOBOAC | JG,P 115
04| 15 0.05 | 25 3 13 25 £3.5 +18 |BIFET, Low Noise TLO70C JG, P 131
02| 6 0.05 | 50 3 13 25 +3.5 +18 |BIFET, Low Noise TLO70AC | JG,P 131
02| 6 0.1 50 3 13 2.8 +3.5 +18 |BIFET, General Purpose TLOBOAC | JG,P 139
04| 15 021 25 3 13 28 +3.5 +18 |BIFET, General Purpose TLO8OC JG,P 139
15,000 | 10 5,000 1 0.5 1.7 |7 —7, +14| General Purpose TL702C J,JG,N 163
1,500 | 7.5 500 12 1 03 | 55 +18 | General Purpose uA709C J,JG,N, P 167
500 6 200 20 1 05 | 2.8 +2 +18 General Purpose uA748C J,JG,N,P 181
100 5 20 | 25 1 05 | 3.3 +5 +22 | High Performance uA777C J,JG,N,P 185

TEXAS INSTRUMENTS

INCORPORATED
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FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

he | Vio [ ho Ayp | B1 | SR | Icc Vee
nA | mv nA | V/mV | MHz| Vius| mA v DESCRIPTION DEVICE | PACKAGE | PAGE
MAX | MAX [ MAX | MIN | TYP| TYP | MAX | MIN MAX
75 2 10 50 1 05 3 +2 +22 High Performance LM107 J,4G, U, W 82
800 2 200 50 | 10 |13 6.5 +3 +22 | Low Noise
Vi =4 nV/A/Hz Typ SE5534 JG 105
800 2 200 50 | 10 | 13 6.5 3 122 | Low Noise
Vp=45nV/A/HzMax | SEB534A | JG
02| 6 0.1 4 1 35| 02 £18 | BIFET, Low Power TLO6IM | JG, U 105
02| 6 0.05| 50 3 |13 25 +35 £18 | BIFET, Low Noise
Vp, = 18 nV/\/HZ Typ TLO7IM | JG 131
0.2 6 0.1 50 3 13 28 3.5 +18 BIFET, General Purpose TLOBIM JG 139
02| 2 0.1 50 3 |13 28 +4 +18 | BIFET, Low Vio TLOS8M | JG,U
150 5 30 50 1 05| 1.0 +3 +32 | General Purpose, TL321M | JG 151
500 5 200 50 1 05 28 2 +22 General Purpose uA741M J,JG, U, W 173
Industrial Temperature Range (—25°C to 85°C)
76 2 10 50 1 05| 3 +2 +22 | High Performance LM207 N 62
250 4 50 50 15 | 70 8 +20 | High Performance LM218t JG, P 73
02| 6 0.1 4 1 35| 025| :15 18 | BIFET, Low Power TLO61! JG, P 115
02| 6 0.1 4 1 35| 026| 15 18 | BIFET, Low Power TLOG6I JG, P 123
02| 6 005| 50 3 |13 25 35 +18 | BIFET, Low Noise TLO71I JG, P 131
02| 6 0.1 50 3 |13 2.8 +35 t18 | BIFET, General Purpose TLOB1I JG, P 139
04 | 05 0.1 50 3 |13 238 +4 +18 | BIFET, Low Offset TLOBY! Jg, P 147
04 | 3 0.1 50 3 |13 28 +4 £18 | BIFET, Low Offset TL088! JG, P 147
150 5 30 50 1 05| 1 +3 +32 | General Purpose TL321I JG, P 151
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FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Commertial Temperature Range {(0°C to 70°C)

g |Vio | ho |Avp| By | SR | Icc Vee
nA |[mv | nA |VimV| MHZ | Vius| maA \ DESCRIPTION DEVICE | PACKAGES | PAGE
MAX |[MAX | MAX | MIN| TYP [ TYP | MAX | MIN MAX
250 | 7.5 50 25 1 [os | 3 +2 +18 | High Performance LM307 J,JG,N,P 62
s00 (10 |200 25 | 15 |70 10 +20 | High Performance LM318 JG,N,P 73
1500 | 4 [300 25 | 10 (13 8 +3 +22 | Low Noise
Vi = 4 nVA\/Hz Typ NESS34 | JG,P 108
1500 | 4 [300 25 | 10 [13 8 +3 +22 | Low Noise
Vn=45nV/\/AZMax | NES534A | JG,P 105
0.2 6 0.1 4 1 (35| 025| 15 18 | BIFET, Low Power TLOB1AC | JG, P 115
02| 3 0.1 4 1 | 35| 025| 1.5 118 | BIFET, Low Power TLOG1BC | JG,P 115
04|15 0.2 3 1 | 35| 025| 1.5 :18 | BIFET, Low Power TLOBIC | JG,P 115
02| 6 0.1 a4 1 | 35| 025| 1.5 18 | BIFET, Low Power
with Power Contro! TLOBEAC | JG,P 123
02| 3 1 4 1| 35| 025| #1.5 118 | BIFET, Low Power
with Power Control TLO66BC | JG,P 123
04|15 2 3 1| 35| 025| :15 18 | BIFET, Low Power
with Power Control TLOBEC | JG,P 123
02| 6 0.05| 50 3 |13 25 +35 18 | BIFET, Low Noise )
Vj, = 18 nV/\/RZ Typ TLO71AC | JG,P 131
02| 3 005| 50 3 |13 25 +365 18 | BIFET, Low Noise
Vp, = 18 nV/\/HZ Typ TLO71BC | JG,P 131
0.2| 10 005| 25 3 |13 25 135 18 | BIFET, Low Noise
Vo = 18 nv//Az Typ TLO71C | JG,P 131
02| 6 0.1 50 3 (13 28 +36 +18 | BIFET, General Purpose TLOB1AC | JG,P 139
02( 3 0. 50 3 (13 28 £35 18 | BIFET, General Purpose TLO81BC | JG,P 139
04|15 02 | 25 3 (13 28 t35 +18 | BIFET, General Purpose TLo81C | Jg,p 139
04 05| 02 | 25 3 |13 28 4 +18 | BIFET, Low V|gQ TLOS7C | JG,P 147
04| 2 02 | 25 3 |13 28 +4 +18 | BIFET, Low V|p TLOBBC | JG,P 147
250 7 50 25 1| 05 1.0 +3 +32 | General Purpose, TL321C JG,P 151
500 | 6 |200 20 1 (05| 28 12 +18 | General Purpose uA741C | J,JG,N,P | 173
TEXAS INSTRUMENTS 13
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FUNCTIONAL INDEX

DUAL OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

e | Vio | io | AvD| 81 | SR | Icc Vee
nA mvV nA VimV | MHz | V/ius | mA \ DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX :
150 ] 30 50 1 03| 06 +3 +32 | General Purpose LM158 JG kAl
500 5 200 50 1 0.6 2.8 +2 +22 General Purpose MC15568 JG, U 85
500 5 200 50 3 18 28 +22 | High Performance RM4658 JG 103
100 5 40 4 | 05 05 0.1 2 22 Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 3.5 0.2 15 =18 BIFET, Low Power TLO62M JG, U 116
02 | 6 005 50 | 3 13 25 +35 :18 | BIFET, Low Noise
Vn = 18 nV/\/Hz Typ TLO72M | JG 131
0.2 6 0.1 50 3 13 . 28 3.6 :18 | BIFET, General Purpose TLO82M JG 139
0.2 6 0.1 50 3 13 28 +35 18 | BIFET, General Purpose TLO83M J 139
500 5 50 50 1 06 4 +3 +36 | General Purpose TL322M JG 153
500 5 200 50 1 0.5 28 +2 +22 | General Purpose uA747M Jw 177
Automotive Temperature Range (—40°C to 85°C)
[00 [0 [s0 J[100 [t Jo3] o6 | =3 +26 | General Purpose LM2904 | JG,P,U | 83
Industrial Temperature Range (—25°C to 85°C)
150 5 30 50 1 0.3 0.6 +3 +32 | General Purpose, LM2568 JG,P,U ral
500 8 75 20 1 06| 4 +3 +36 | General Purpose TL3221 JG, P 153
0.2 6 0.1 4 1 35 0.25 +16 +18 | BIFET, Low Power TLO62! JG, P 115
0.2 6 0.05 50 3 13 25 +3.6 +18 | BIFET, Low Noise TLO72I JG, P 131
0.2 6 0.1 50 3 13 28 +36 18 BIFET, General Purpose TLO82I JG,P 139
0.2 6 0.1 50 3 13 28 +3.6 t18 | BIFET, General Purpose TLO83I J.N 139
0.4 0.5 0.1 80 3 13 28 +3.6 +18 | BIFET, Low Offset TL2874 JG,P 147
0.4 3 0.1 50 3 13 28 +3.6 +18 | BIFET, General Purpose TL2881 JG, P 147
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FUNCTIONAL INDEX

DUAL OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

B | Vio| ho | AvD | B1 | SR | Icc Vee
nA | mV | nA | V/mV |MHz|V/us | mA v DESCRIPTION DEVICE | PACKAGES | PAGE
MAX [ MAX [ MAX | MIN [TYP | TYP [MAX | MIN MAX
250 7 50 25 |1 03 | 06 +3 +32 | General Purpose LM358 JG,P 71
500 6 | 200 20 |1 06 | 28 +2 +18 | General Purpose MC1458 | JG,P 85
800 4 |[1s50 25 |10 9 8 +22 | Low Noise
Vi, =5 nV/i/HzZ Typ NE5532 JG,P 93
800 4 |150 25 (10 9 8 £22 | tow Noise
V=5 nV/\/Hz Typ NEB532A | JG,P 93
1500 4 | 300 25 |10 |13 8 +22 | Low Noise
V= 4 nV/\/Hz Typ NES533 | J,N 97
1500 4 |300 25 (10 |13 8 +22 | Low Noise
Vi =35nV/iA/Hz Typ NE5533A | J, N 97
500 6 |200 20 | 3 1 2.8 +18 | High Performance RC4558 JG, P 103
250 5 80 1 | 05|05 | 0125 =2 +18 | Low Power TLO22C JG,P 109
02| 6 0.1 4 |1 36 | 025| :1.6 18 | BIFET, Low Power TLO62AC | JG, P 115
0.2| 3 0.1 4 |1 35 | 025| #1565 18 | BIFET, Low Power TLO62BC | 4G, P 115
0.4| 15 0.2 3 |1 35 | 025| 15 18 | BIFET, Low Power TLO62C JG,P 115
02| 6 005 s0 |3 |13 25 +35 18 | BIFET, Low Noise
V= 18 nV/\/Hz Typ TLO72AC | JG,P 131
02| 3 005| 50 |3 [13 25 £35 +18 | BIFET, Low Noise
Vp =18 nV/\/Hz Typ TLO72BC | JG,P 131
0.2| 10 005| 25 |3 |13 25 +3.5 +18 | BIFET, Low Noise
Vi, = 18 nV/y/Hz Typ TLO72C JG, P 131
02| 6 0.1 50 |3 |13 2.8 +36 18 | BIFET, General Purpose TLO82AC | JG,P 139
02| 3 0.1 50 |3 |13 28 +35 :18 | BIFET, General Purpose TLO82BC | JG,P 139
04| 15 0.2 25 3 13 28 +3.6 *18 | BIFET, General Purpose TLO82C JG, P 139
02| 6 0.1 50 [ 3 |13 2.8 +35 +18 | BIFET, General Purpose TLO83AC | J,N 139
0.4| 15 0.2 25 |3 |13 2.8 +3.5 18 | BIFET, General Purpose TLO83C J N 139
04| 05 0.1 25 |3 |13 2.8 +4 +18 | BIFET, Low Offset TL.287C JG, P 147
04| 3 0.1 25 |3 |13 2.8 +4 +18 | BIFET, General Purpose TL288C JG, P 147
500 10 50 20 1 0.6 4 +3 +36 | General Purpose TL322C JG, P 163
500 6 200 25 1 0.5 28 +2 +18 General Purpose uA747C J,N 177
TEXAS INSTRUMENTS 15
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FUNCTIONAL INDEX

QUADRUPLE OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

hBe | Vio l|oT Ayp | B1 | SR ] Vee
nA | mv nA | V/mV| MHz | V/us | mA \Y DESCRIPTION DEVICE | PACKAGES | PAGE

MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX

150 5 30 50 1 05 0.5 +3 +32 General Purpose LM124 J,u 65
500 5 200 50 3.5 15 238 +4 +22 High Performance RM4136 J,u 101
100 5 40 4 0.5 0.5 0.1 £2 +22 Low Power TLO44M J,uU 12
0.2 9 0.1 4 1 3.5 0.2 +1.56 +18 BIFET, Low Power TLOB4AM J,wW 115
0.2 9 0.05 50 3 13 25 3.5 =18 BIFET, Low Noise
Vn = 18 nV/A/Hz Typ TLO74M | J, W 131
0.2 9 01 50 3 13 2.8 +35 =18 BIFET, General Purpose TLO84M J W 139
100 5 25 50 1 0.5 36 +22 General Purpose LM148 J 67
100 2 25 05 |12 +4.5 +36 General Purpose LM13800 J 77
500 5 50 50 1 0.6 4 +3 +36 General Purpose MC3503 J 89

Automotive Temperature Range (—40°C to 85°C)

200 1.2| 25 05 | 10 +45 +32 | General Purpose LM2900 J N 77
500 10 50 100 5 1 5 +3 +26 | General Purpose LM2902 JN 81
500 8 75 20 1 06 7 +3 +36 General Purpose MC3303 J,N 89

Industrial Temperature Range {—25°C to 85°C)

250 7 50 25 | 1 05 3 | 43  +32 | General Purpose, LM224 | J N 65
200 6 50 25 1 0.5 45 +18 General Purpose LM248 J,N 67
02 | 6 0.1 a4 |1 35| 0256 5 218 | BIFET, Low Power TLO64I 5N 115
02 | & 005| 50 | 3 |13 25 | 35 +18 | BIFET, Low Noise TLO74l 4N 131
02 | 6 01 | 50 |3 |13 28 | 35 +18 | BIFET, General Purpose TLO84I 4N 139

TEXAS INSTRUMENTS
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FUNCTIONAL INDEX

QUADRUPLE OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

he | Vio | io | Avbp | B1 | SR | Icc Vee
nA | mV | nA | V/mV|MHz| V/ius| mA v DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX | MAX | MIN | TYP| TYP | MAX | MIN MAX
250 7 50 25 1 05 | 05 +3 +32 | General Purpose LM324 N 65
200 6 50 25 1 05 | 45 +18 | General Purpose LM348 N 67
200 1.2 25 | 05 10 +45 +32 General Purpose 1. M3900 , N 77
500 | 10 50 20 1 06 | 7 +3 +36 | General Purpose MC3403 N 89
500 6 200 20 3 1 28 4 +18 | High Performance RC4136 J,N 101
250 5 80 1 05 | 05 | 0128 =2 +18 | Low Power TLO44C N 112
02| 6 0.1 4 1 | 35| 025| 1.5 18 | BIFET, Low Power TLOB4AC | J,N 115
02| 3 0.1 1 35 | 025 | 15 =18 | BIFET, Low Power TLO64BC | 4, N 115
04| 15 0.2 3 1 35 | 025 | 15 118 | BIFET, Low Power TLO64C N 115
0.2 6 0.05] 50 3 13 25 +3.5 18 BIFET, Low Noise
Vy, = 18 nV/A/HzZ Typ TLO74AC | J,N 131
0.2| 3 0.05| 50 3 |13 25 +35 £18 | BIFET, Low Noise
Vp = 18 nv/y/Hz Typ TLO74BC | J, N 131
0.2| 10 0.05| 25 3 |13 25 +36 +18 | BIFET, Low Noise
Vi = 18 nV/\/Hz Typ TLO74C | J,N 131
0.2| 10 0.05] 25 3 |13 25 +3.6  :18 | BIFET, Low Noise
V=18 n0V/A/Hz Typ TLO75C | N 131
02| 6 01 | 50 3 |13 28 +3.6  +18 | BIFET, General Purpose TLOB4AC | J,N 139
02| 3 01 | 50 3 |13 28 +35  +18 | BIFET, General Purpose TLO84BC | J,N 139
0.4| 15 02 | 25 3 (13 28 36 18 | BIFET, General Purpose TLO84C J,N 139
0.4| 15 02 | 25 3 13 28 +3,6  +18 | BIFET, General Purpose TLO8SC N 139

TEXAS INSTRUMENTS
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FUNCTIONAL INDEX

Military Temperature Range{(—55°C to 125°C)

VOLTAGE COMPARATORS

| ne Vio o lOJRESPONSE TIME
uA mV A Avp mA o POWER SUPPLIES | DEVICE |PACKAGE (PAGE
MAX | MAX | MAX MiN

45 3 7 40,000 TYP | 16 40 MAX 12V, -3V t0-12V| LM106 3,JG,wW | 195

015| 4 0.02 [200,000TYP | 8 140 TYP 15V, -15V LM111 3,3G 201

00s| 4 0.02 |200000TYP | 8 210 TYP 15V, ~15V L1 3,3G,N,P| 219

Single 0.1 5 0.025| 200,000 TYP | 6 1300 TYP 2V1036V TL33IM | JG 223

25 3 7 10,000 MIN 0.5 80 MAX 12V,—-6V TL510M J,JG, U 233

150 6 |20 500 MIN | 1.6 40TYP 12V, -6V TL710M | J,JG,U | 239

25 3 7 10,000 MIN | 05| 80MAX 12V, -6V TL8IOM | J,JG, U | 245

20 2 3 1250 MIN | 2 40 TYP 12V, -6V wA710M | J,JG,U | 259

0.1 5 0.025| 200,000 TYP | 6 1300 TYP 2Vt036V tmie3t | sG, U 211

bual 45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vt —12V| TLEOBM | J,W 227

25 3 7 10,000 MIN | 05| 80MAX 12V,-6V TLS14M | 4 W 237

| 25 3 7 10,000 MIN | 05|  80MAX 12V, -8V TL820M | J 255

Dual- 30 6 5 8,000 MIN | 05| 80 MAX 12V, -6V TL81 M | 4, U 249

Channel] 150 6 | 20 500 MIN | 05| 8omax 12V, -6V uA71IM | J U 263

Quad 0.1 5 0,025 | 200,000 TYP | 6 1300 TYP 2V 1036V ImMi3eT | LW 209

Hex 0.1 5 0.025| 200,000 TYP | 6 1300 TYP 2V 1036V TL336MT[ J 225

Automotive Temperature Range (—40°C to 85°C)

Dual 025 7 0.05 |100,000TYP | & 1300 TYP 2V1036V Lm2903t | JG,P 215—|

025 7 0.05 [100,000TYP | 6 1300 TYP 2V1036V LM29017| 4, N 213

Quad 05| 20 | 04 | 30000TYP| & | 1300TYP 2Vt028V Lm3zo2t| J N 217

TCapable of operating with a single 5-volit supply.
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FUNCTIONAL INDEX

VOLTAGE COMPARATORS
Industrial Temperature Range (—25°C to 85°C)
"i8 Vio o 'OL | pespoNSE TIME
LA mv uA Avp mA POWER SUPPLIES | DEVICE | PACKAGE |PAGE
MAX MAX MAX MIN ns i
45 3 7 40,000 TYP | 16 40 MAX 12V, -3 V10 -12V| LM206 J,JG,N,P| 195
) 0.15| 4 0.2 |200,000TYP | 8 140 TYP 15V, —16V tM211t | ), G, P 201
Singte 01 | s 0.025 200000 TYP | 6 | 1300TYP 2V 1036V T3t | uG,e 223
01 |5 0.025 | 200,000 TYP | 6 1300 TYP 2V1t036V TL3ant | ye,p 223
Dual 025] 5 0.005 200,000 TYP | 6 1300 TYP 2V 1036V LM203t [ G, P 211
Quad 025[ 5 0.05 |200,000TYP | 6 1300 TYP 2V 1036V tm23st [ U N 209
Hex 01 |5 0.025 | 200,000 TYP | 6 1300 TYP 2Vto36V TL3zeit [ U N 225
Commercial Temperature Range (0°C to 70°C)
40 6.5 7.5 | 40,000 TYP | 16 28 TYP 12V, -3V 10 -12V| LM3086 4,JG,N,P| 195
0.3 |10 0.07 |200,000TYP | 8 165 TYP 15V, -16V wm311t | 4, 0G, N, P| 201
0.01(13 0.004 | 200,000 TYP | 8 210 TYP 18V, 15V TL3t | NP 219
0.01 10 0.004 | 200,000 TYP | 8 210 TYP 15V, =15V TL311AT| N, P 219
Single 025 5 0.05 [200,000TYP | 6 1300 TYP 2V1to36V TL331CT| JG, P 223
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TLS10C | J,JG,N,P| 233
150 |10 25 500 MIN 40 MAX 12V, -6V TL710C | J,JG,N,P| 239
30 a5 75 8000 MIN | 0.5 80 MAX 12V, -6V TL810C | J,JG,N,P| 245
25 5 5 1000 MIN | 16 40 TYP 12V, 6V uA710C | J,JG,N,P| 259
025 5 0.05 [200,000TYP | 6 1300 TYP 2V1036V m3o3t | yG, P 211
40 6.5 7.5 | 40,000 TYP | 16 28 TYP 12V, —-3Vto—12V | TLSO6C | 4, N 227
Dual 30 |45 75 8000 MIN | 05| 80 MAX 12V, 6V TLS14C | 4N 237
30 45 7.5 8000 MIN | 05 80 MAX 12V, -6V TL820C | J,N 255
Dual 50 |10 10 5000 MIN | 0.5 33TYP 12V, -6V TL810C | J,JG,N,P| 245
Channel | 150 |10 25 S00MIN | 0.5 40TYP 12V, -6V uA711C | U N 263
Quad 0.25] 5 0.05 | 200,000 TYP | 6 1300 TYP 2V1t036V tm33gt [ U N 209
Hex 0.25] 5 0.05 | 200,000 TYP | 6 1300 TYP 2Vt036V TL3seCT| N 225
TCapable of operating with a single 5-volt supply.
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FUNCTIONAL INDEX

SPECIAL FUNCTIONS

PAGE

Timers

SE555 : General-purpose timers adjustable from 1 microsecondto1second . .. ... ... .. ... ... . 281

NES55 : Commercial-temperature version of SES55 . . . . . . . . . L. e e 281

SES556 : Dualversionof SEBSE . . . . . . L e e e e e e 291

NE556 : Commercial-temperature version 0f SEBS6 . . . . . . .. . .. .. e e e e 291

uA2240 : Programmable timer and 8-bit counter specially designed for delays greater than 1second . ... ........... 401
Amplifiers

MC1445 : 2-channel-muitiplexed video amplifier . . . . . . . . . ... . e e e e e 277

TL441 : Logarithmic amplifier with 80-dB inputrange . .. . . . . . . . .. .. . . . i it it 326

uA733 : Differential video amplifier with 200-MHz bandwidth . ., . . . . ... . ... ... . i e 393
Voltage-Level Detectors

TL480 : 10-level logarithmic converterinthe Jor Npackage . . . . . . . . . . . . ... i i ittt anens 339

TL481 : 10-level logarithmic converter inthe Jor N package . . . . . . .. .. . . i it ittt 341

TLA87 : G-level linearconverterinthe PorJG package . . . .. . . . . . . . i it it e e e e e 343

TL489 : B-level logarithmic converterinthe PorJG package . . . . . . . . . .. i i i ittt ittt s eean 345

TL490 : 10-level linearconverterinthe JorNpackage . .. . . . . . . . ...ttt i e e e e 349

TLA91 : 10-level linear converterintheJor N package . .. .. .. . . . . .. it it ittt et 353
Analog-to-Digital Converter Components

ADCO808: Successive-approXximation CONVEITBI . . . . . . . . ot ottt it ot n ottt s i a it s e e s 270

ADCOB09: Successive-approxXimation CONVEBITBT . . . . . . . . o . ottt it ettt et e i e ettt it 270

ADCO816: Successive-approxXimation CONVBITBT . . . . . .t .t v s v vt i v ot i e vt ettt e e e h o e e e e e u 272

ADCO817: Successive-approximation converter with 8-bitresolution . . . . ... . L L oL e e 272

TL500 : Dual-siope-converter analog processor with 14-bitresolution . .. .. . . . . . . . . . ittt o i 357

TL501 :  Dual-slope-converter analog processor with 13-bitresolution . . . .. .. ... ... .. ... ... ..., 357

TL502 : Dual-slope-converter digital processor with 4%-digit capability, seven-segment-dispiay outputs . . ... . ... ... 357

TL503 : Dual-siope-converter digital processor with 4%-digit capability, BCDoutputs . . . . ... ... ... ......... 357

TL505 : ODual-slope-converter analog processor with 10-bitresolution . . . . .. . .. . ... ... ... .. .. 369

TL507 : Pulse-width modulator with 7-bitresolution . . . . . . . . . . e e e e e 377
Zero-Crossing Detector

TLAA0 . . e e e e e e e e e e e e e e e e e e e e 319
Doubly-Balanced Mixer

TLAA2 e e e e e e e e e e e e e 333
Precision Level Detector

TLBBO . . L e e e e e e e e e e 381
Overvoltage Sensing Circuits

MC3423 . . e e e e e e e 279

M358 . . L e e e e e e e e e e e e e e e e 279
3-Channel Stepper-Motor Controller

105 3 L < 315
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FUNCTIONAL INDEX

SPECIAL FUNCTIONS
Analog Switches With 30-mA Capability (Bi-MOS)

Zew ANALOG ]
DEVICE FUNCTION {TYP) RANGE SUPPLIES PAGE
TL182 Twin SPST 100 Q@ 10V +15, +5 303
TL185 Twin DPST 150 02 10V +15, +6 306
TL188 Dual Complementary SPST 100 &t 10V +15, +6 309
TLIO Twin Dual Compiementary 150 +10V +15, +5 312
SPST
Analog Switches With 10-mA Capability (P-MOS)
Zsw ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL601 SPDT 2000 10V +10, —20 387
TL604 Complementary SPST 200 Q £10V +10, -20 387
TL607 SPDT 200 2 10V +10, —20 387
TL610 SPST 100 +10V +10, —20 387
Hall-Effect Devices
DEVICE DESCRIPTION ON OFF HYSTERESIS PAGE
TL170 General purpose switch >+350 G <-350 G 200G 293
TL172 Normally-off switch >+600 G <+100 G 230G 295
TL175 Latch >+350 G <—350 G 400 G 299
TL176 Normally-off switch >+500 G <+100 G 75 G 301
{Automotive Temp. Range)
TL173 Linear sensor 1.5 mV/G Sensitivity 297
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INTERCHANGEABILITY GUIDE
(ALPHABETICALLY BY MANUFACTURERS)

Direct replacements were based on similarity of electrical and mechanical characteristics as shown in currently published
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user shoulid
compare the specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof, No
liability is assumed for damages resulting from the use of the information contained in this list.

FAIRCHILD ORDER INFORMATION
EXAMPLE OF ORDER CODE:

XXX D [
Device Type Package Type

D = C.DIP LC = Commercial/Industrial Consumer l M = Military

F = FLAT PACK 0°C to 70°C or 75°C —55°C to 125°C
P = PLASTIC DIP
T = MINI DIP

H = METAL CAN

FAIRCHILD TI DIRECT TI CLOSEST FAIRCHILD TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
#AI01A LM101A uATI0 uA710
rA107 LM107 uAT11 uAT7i11
BAT LM111 ©AT33 uA733
1A139 LM139 uAT34 LM111
uA201A LM201A uAT74Y uA741
uA207 LM207 pAT42 TLA40
4A301A LM301A uAT4T uA747
uA304 LM304 uA748 uA748
4A307 LM307 uA776 uA777
uA311 LM311 uATTT uA777
uAB55 SE555 uA2240C uA2240C
uAB56C NE556 uA3302C LM3302
MABEEM SE556 uA3403 MC3403
uAT702 uA702 pA4136C RC4136
uA709 uA709 ©A4136M RM4136
©ATO9A uA709A




MOTOROLA ORDER INFORMATION

EXAMPLE OF ORDER CODE:

XXX P
Type Number Package
Different Numbers F = Flat Package
Are Used For Variations G = Metal Can
In Operating Temperatures L =C-DIP
P = Plastic
MOTOROLA Ti DIRECT T1 CLOSEST MOTOROLA TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

MILM101A LM101A MC1545 MC1645
MLM107 LM107 MC1539 LM101A
MLM111 LM111 MC1555 SE555
MLM201A LM201A MC1558 MC1558
MLM207 LM207 MC1709 uA709
MLM211 LM211 MC1710 uA710
MLM301A LM301A MC1711 uA711
MLM307 LM307 MC1712 uA702
MLM311 LM311 MC1733 uA733
MC1414 TLS14 MC1741 uA741
MC1420 uA733 MC1747 uA747
MC1430 uA702 MC1748 uA748
MC1431 uA702 MC3302 LM3302
MC1433 LM301A MC3302P LM339
MC1439 LM301A MC3303 MC3303
MC1445 MC1445 MC3403 MC3403
MC1455 NEE55 MC3423 MC3423
MC1458 MC1458 MC3503 MC3503
MC1514 TL442 MC3523 MC3523
MC1530 uA702 MC4558 RM4568
MC1531 uA702 MC4558C RCA558
MC1533 LM101A

23



NATIONAL ORDER INFORMATION

EXAMPLE OF ORDER CODE:

Lm 1 XXXX N
| Prefix | Temperature Range Type Number Package
1or7=55"Cto 126°C D = C-DIP
30or8=0°Cto 70°C or 75°C N = Plastic DIP
F = Flat Pack
LM, LH = Linear H = Metal Can
DM = Line Ckts N = Mini-DIP

NATIONAL T1 DIRECT TI CLOSEST NATIONAL Tl DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

ADC0808 ADC0808 LM348 LM348
ADCO0809 ADC0809 LM358 LM358
ADCO0816 ADCO0816 LM393 LM393
ADCO0817 ADC0817 LME5E5C NES555
Ds5534 NE5534 L.M555M SE555
LM101A LM101A LM556 SE556
LM102 LM102 LM556C NES56
LM106 LM106 LM709 uA709
LM107 LM107 LM709A uA709A
LM110 LM110 LM708C uA709C
LM111 LM111 LM710 uA710
LM112 LM112 LM710C uA710C
LM118 LM218 LM711 uA711
LM124 LM124 LM711C uA7t1C
LM139 LM139 LM733 uA733
LM148 LM148 LM733C uA733C
LM158 LM158 LM741 uA741
LM193 LM193 LM741C uA741C
LM201A LM201A LM747 uA747
LM206 LM206 LM747C uA747C
LM207 LM207 LM748 uA748
LM211 LM211 LM748C uA748C
LM218 LM218 LM1414N TL514C
LM224 LM224 LM1458 MC1558
LM239 LM239 LM1514 TL514M
LM248 LM248 LM1558 MC1558
t M258 LM258 LM1900 LM1900
LM293 LM293 LM2900 LM2900
LM301A LM301A LM2901 LM2901
LM306 LM308 LM2902 LM2902
LM307 LM307 LM2903 £ M2903
LM311 LM311 LM2904 LM2904
LM318 LM318 LM3302 LM3302
LM324 LM324 LM3900 LM3200
LM339 LM339 LM3905 NE555




RAYTHEON ORDER INFORMATION
EXAMPLE OF ORDER CODE:

R M XXX L
Prefix Temperature Range |Type Number Package
M = Military DC = C-DIP
C = Consumer DP, ND = Plastic DIP
Q, J = Flat Pack

TO = Metal Can n

RAYTHEON TI DIRECT T1 CLOSEST RAYTHEON TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

LM101A LM101A RC556 NE556

LM106 LM106 RC702 uA702C
LM107 LM107 RC709 uA709C
LM111 LM111 RC710 uA710C
LM118 LM218 RC711 uA711C
LM124 LM124 RC733 uA733C
LM139 LM139 RC741 uA741C
LM158 LM158 RC747 uA747C
LM201A LM201A RC748 uA748C
LM206 LM206 RC1458 MC1458
LM207 LM207 RC3302 1.M3302
LM211 LM211 RC3403 MC3403
LM218 LM218 RC4136 RC4136
LM224 LM224 RC4558 RC4558
LM239 LM239 RMSE55 SES556

LM258 LM258 RME56 SEG56

LM301A LM301A RM702 uA702M
LM306 LM306 RM709 uA709M
LM307 LM307 RM710 uA710M
LM311 LM311 RM711 uA711M
LM318 LM318 RM733 uA733M
LM324 LM324 RM741 uA741M
LM339 LM339 RM747 uA747M
LM358 LM358 RM748 uA748M
LM1900 LM1900 RM1514 TL514M
LM2900 LM2900 RM1658 MC1558
LM3900 LM3900 RM4136 RM4136
RC555 NES555 RM4558 RM4568
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SIGNETICS ORDER INFORMATION

EXAMPLE OF ORDER CODE:

SIGNETICS

LM101A
LM107
LM111
LM124
LM139
LM201A
LM207
LM211
LM224
LM239
LM301A
LM307
LM311
LM324
LM339
MC3302
NES32
NESB55
NE556
NE5532
NEBS32A

NE XXXX B
Temperature Range |
NE = 0°C to 70°C or 75°C F,1 =C.DIP
SE = —55°C to 125°C A,B,N, V =Plastic DIP
Q, W = Flat Pack

TI DIRECT Tt CLOSEST SIGNETICS TI DIRECT

REPLACEMENT REPLACEMENT REPLACEMENT
LM101A NEbG533 NE5533
LM107 NES533A NEBB33A
LM111 NEb534 NEB534
LM124 NESS34A NES534A
LM139 SE532 LM158
LM201A SES55 SEB55
LM207 SE556 SE556
LM211 SE5534 SE5534
LM224 SES534A SE5534A
LM239 SE5733 uA733M
LM301A uA709 uA709
LM307 uA709A uA709A
LM311 uA710 uA710M
LM324 uA710C uA710C
LM339 uA711 UA711M
LM3302 uA711C uA711C
LM358 uA741 UA741M
NES55 uA741C uA741C
NEB56 uA747C uA747C
NES532 uA748 uA748M
NEB532A uA743C uA748C

T1 CLOSEST
REPLACEMENT



Thermal Information
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THERMAL INFORMATION

THERMAL CONSIDERATIONS

The power dissipation capability of semiconductor devices is limited by the maximum allowable virtual junction
temperature, the ambient temperature, and the thermal resistance between the virtual junction and the ambient
environment.
The temperature differance between the junction and the ambient environment is
Ty—Ta=Pp Rgia (1
where T j = virtual junction temperature, °c
T A = ambient temperature, °c
Pp = power dissipated in the device, W
RgJA = thermal resistance, junction to ambient, °c/W
Solving for T,
Ty=TA+Pp Rgya (2)

The rating curves that follow assume the ambient environment is still air, that no heat sink is used, and that the
junction temperature should not exceed 150°C.

Rg A may be reduced by the use of a heat sink.

Rgua = Rguc + Reca (3)

where Rgjc = thermal resistance, junction to case, and RgCA = thermal resistance, case to ambient. Rgca is a function
of the heat sink, mounting technique, and air velocity.

Substituting equation (3) into equation {1) and solving for Pp,
(4)

Ty—TA

ppz ——————
RgJc + RoCA
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THERMAL INFORMATION

THERMAL RESISTANCE

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT
PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE
Rgyc ("C/W} Rga °C/W)
J ceramic dual-in-line 14 thry 20 60 122
{glass-mounted chips)
J ceramic dual-in-linet t +
14 thru 20 29 a1
(alloy-mounted chips)
JG ceramic dual-in-line 8 58 181
(glass-mounted chips)
JG ceramic dusl-inrlineT 8 o6t 119t
(atloy-mounted chips}
LP plastic plug-in 3 35 160
N plastic dual-in-li 14 thru 20 44 108
plastic dual-in-line 20 6 6
NE plastic dual-in-line 14 10 60
NG plastic dual-in-line 14 125 80
P plastic dual-in-line 8 45 128
U ceramic flat 10, 14 55 185
W ceramic flat 14, 16 60 126

T In addition to those products so designated on their data sheets, all devices having a type number prefix of “SNC’’ or “SNM,’” or a suffix of
**/8838°" have alloy-mounted chips.

JPACKAGES JG LP

PACKAGE PACKAGE

14PIN 16-PIN
N PACKAGES NE
PACKAGE
14°PIN 16PIN 18PIN 20-PIN 40-PIN
NG P U PACKAGES W PACKAGES
PACKAGE PACKAGE

10PIN 14-PIN 14-PIN 16-PIN
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THERMAL INFORMATION

PLASTIC PACKAGES

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature
at which the reted level intersects the appropriate derating curve or the maximum operating free-air temperature.

DISSIPATION DERATING CURVE

1200

~

1100

/

1000

/

..,
N
%0 \ \*1 4-20 Pins)

800 \\

P
700 \\\\ e \\
~L_LP \\

~

500

Maximum Continuous Dissipation—mW

i/

400

300

200

100

25 30 35 40 45 50 55 60 65 70 75 80 85

TA—Free-Air Temperature—"C
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THERMAL INFORMATION

PLASTIC PACKAGES (CONTINUED)

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature.

Maximum Continuous Dissipation-mW

2100

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

DISSIPATION DERATING CURVE

N NE AND NG

N (40 Pins)

25

40 45 50 55 60 65 70 75 80 85
TA—Free-Air Temperature—"C
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THERMAL INFORMATION

CERAMIC DUAL-IN-LINE PACKAGES

These curves are for use with the continuous dissipation ratings specifiad on the individual data sheets. Those ratings apply up to the temperature
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature.

DISSIPATION DERATING CURVE

1400

1300

1200
L J {(Alloy-Mounted Chip) T

1100

/196 (Alloy-Mounted Chip)t

1000

900

800 \ N

700

600
JG (Glass-Mounted Chip) —/] N

500

Maximum Continuous Dissipation—mW

J {Glass-Mounted Chip) =

400

300

200

100

0
25 50 75 100 125

T p—Free-Air Temperature—°C

1 in addition to those products so designated on their data sheets, all devices having a type number prefix of “SNC*’ or “SNM"’, or a suffix of

“1883B’’ have alloy-mounted chips.
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THERMAL INFORMATION

FLAT PACKAGES

These curves are for use with the continuous dissipation ratings specified on-the individual data sheets. Those ratings apply up to the temperature
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature,

1000 R

900

DISSIPATION DERATING CURVE

N

800

700 N

600 \ X
N N

400

300 \N \\

200 \

Maximum Continuous Dissipation—mW

/

100

25 50 75 100 125
T ap—Free-Air Temperature—°C
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

ORDERING INSTRUCTIONS
Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline
drawing shown in this section.
Factory orders for circuits described should include a four-part type number as explained in the following example.

EXAMPLE: TL 02z2Mm JG /883B

1. Prefix

]

MUST CONTAIN TWO OR THREE LETTERS

TL T! Linear Control Products
SN Tt Interface Products
SNM Mach 1V, Level 1
JM38510 JAN Product®

STANDARD SECOND-SOURCE PREFIXES
LF or LM National MC Motorola
NE or SE Signetics uA Fairchild
RM or RC Raytheon

(2. Unique Circuit Designator Including Temperature Range

MUST CONTAIN THREE TO SEVEN CHARACTERS

(From Individual Data Sheets)

Examples: 022M 1414
101A 754508
107 78L0O5AC

(3. Package }—

MUST CONTAIN ONE OR TWO LETTERS

J,JG, LP, N, NE, NG, P, U, or W
(From Pin-Connection Diagram on Individual Data Sheet)

<4. MIL-STD-883B, Method 5004, Class B

NOT USED WITH PART NUMBERS HAVING AN SN PREFIX

Circuits are shipped in one of the carriers shown below. Unless a specific method of shipment is specified by the
customer {with possible additional costs), circuits will be shipped in the most practical carrier.

Dual-In-Line {J, JG, N, NE, NG, P} Plug-in (LP) Fiat (U, W)
—Slide Magazines —Barnes Carrier —Barnes Carrier
—A-Channel Plastic Tubing —Sectioned Cardboard Box —Milton Ross Carrier
—Barnes Carrier —Individual Cardboard Box

—Sectioned Cardboard Box
—Individual Plastic Box

tFor ordering instruction on JAN Products, see Section 8, page 409.

180 TEXAs INSTRUMENTS

INCORPORATED
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

J ceramic dual-in-line package

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-, 16-, or 20-lead frame.
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 0.300
(7,62) centers (see Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the
package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing
when used in soldered assembly.

14-PIN J CERAMIC

0.785 (20,01
0.755 (18,1}
OO
AAANNAAR
0.026 {0,63) R NOM a\
[ [
0.310(7,88) YAAYAYA A
0.280 (7?1%)90 .38 @ @ @ @ @ @ @
0245 (6,22)
_4 |'_ 0.020 (0,51) MIN 0.070 {1,78) MAX 14 PLACES
- 0.050 1
(1,27) NOM 'y - aLASS
0.200 (5,08) _l. SEALANT
M:X
- SEATING PLANE
05° ¥ 0.030 (0,76} MIN
! 14 PLACES
14 PLACES
il -—| —g'gfg ‘(g'xi 14 PLACES
0014 (0,356) oxso@an- 2";) 015 (0,
0.008 0.203) N .
oio‘o:L(xéz::) M 0.070(1.77) PIN SPACING 0.100 (2,54) T.P.
4 PLACES {See Note b}

Falls within JEDEC TO-116 and MO-001AA Dimensions

16-PIN J CERAMIC
0.785 (20,0}
0.765 (19,1
DOOROOO®E
LAANANAA
q G 0,025 (0,63} R NOM ~

0.310 (7,881

0.260(7.36)

0.280 (7,111 AV VAV T AT

0.245 (6,22) @ @ @ @ @ @ @ @

__1 |- 0.050 (1,27) NOM —-i ro .070 (1,78} MAX 16 PLACES
| GLASS
0.200 (5,08) SEALANT
MAX i
108° - SEATING PLANE
ue X uz':lt':)sn 10.030 (0,76) MIN
16 PLACES 12 PLACES
0.014 {0,356 0,130 {3,30)
,J\"o 008 (0,203) MIN M& 16 PLACES
16 PLACES o 015 (0,381)
0.012 (0, :m) MIN
4 PLACES
o.nso 1,27
PIN SPACING 0,100 2,54) T.P. 0.015 (0.33) 2 PLACES
(See Note b)

NOTES: a. All dimensions are in inches and parenthaetically in millimeters. Inch dimensions govern.

b. Each pin centerline is located within 0.010 {0,26) of its true longitudinal position.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

J ceramic dual-in-line packages (continued)

20-PIN J CERAMIC

0.975 (24,8}

r———ﬁmﬁ——‘j
@®®®|

0.025 (0,63) R NOM

0.310 (7,88}
0.290 (7.36)

0.200(7,62) IR VA VAT AT AT AT
0.245 (6,22) @@ ®®®®®®

0.020 (0,51
| 0,080 (1.27) NOM l M(N } —-1 ’.—omo {1.78) MAX 20 PLACES
— GLASS
0.200 (5,08} SEALANT
MAX
X ——SEATING PLANE
‘903- 0. 130 (3 30} _-| [l= | 0.030 (0,76) MIN
20PLACES 0.014 (0,356) U U L 16 PLACES
,A 0.008 (0.203) 0.012 {0,304} MIN -1 %‘% 20 PLACES
20 PLACES 4PLACES o 050‘“ 27)’
02.015 (0,38) 4 PLACES

PIN SPACING 0.100 (2,54) T.P.
{See Note b)

JG ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. Hermetic sealing
is accomplished with glass. The package is intended for insertion in mounting-hole rows on 0.300 (7,62) centers (see
Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the board
during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when used in soidered

assembly,
8-PIN JG CERAMIC
0.400 (10,2)
0.355 (9,0) ]
EOE®
AW AW
0.025 (0,63) R NOM\
€ € oam0pem ISRPAY.
[ omou ofeJolo]
I 0.280 (.11
0245 (6.22)
i .070 (1,78) M,
4 I‘Tt 0.050 (1,27) NOM [ 0.070 (1.78) MAX 8 PLACES
3 O ], GLASS
0.200 (5,08) SEALANT
MAX _j_
- SEATING PLANE
105* 0.030 (0,76) MIN
90 MIN 8 PLACES
8 PLACES 0014 {0,366) 0,
>l Goos 0203 L0130 (330) e S0z 0o
BPLACES MIN 8 PLAC’ES
0,065 (1,66)
0,015 (0.38)
PLACE!
SPLACES PIN SPACING
0.100 (2,54} T.P.
(See Note b}

NOTES: a. Ali dimensions are in inches and parenthetically in millimeters, inch dimensions govern,
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinat position.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

LP Silecti plastic package

The Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will
withstand soldering temperature without deformation. The package exhibits stable performance characteristics under
high-humidity conditions and is capable of meeting MIL-STD-202C, Method 106B requirements.

SEATING PLANE —

0.050 (1,27}
- r (see Note b)

0.105 (2,67)
0.08012,03) _ |

—

—»

0.205 (5,21)

0.135 (3.43)
0.175 (3,43) DIA. M,(N' '

=] -

—

{TO-226AA Replaces TO-92)

0.210 (5,34 _|
0.170 (4,32
¢ ! P—.L—OASOOHZJJ MIN

Falls Within JEDEC TO-226AA Dimensions

(2,541 0,13}

0.050 + 0.005
(1,27 £ 0,13)

0.100 + 0.005 f
¥

0.165 {4,19)

0.125 {3,17)

0.105 (2,67)

0.080 (2,03)
3LEADS

0.017 + 0.005, —0.001 WIDE
0.015 ¢ 0.001 THICK

{0,43 + 0,13, —0.03 WIDE
0,38 + 0,03 THICK!}

(see Note ¢}

$Trade Mark of Texas Instruments Incorporated.

NOTES: a. Dimensions are in inches and parenthetically in millimeters, Inch dimensions govern.

b. Lead dimensions are not controlied in this area.
¢. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03).

TEXxAs INSTRUMENTS
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

N, NE, and NG plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a 14-, 16-, 18-, 20-, or 40-lead frame and encapsulated
within an electrically nonconductive plastic compound. The compound will withstand 5dfdering temperature with no
deformation, and circuit performance characteristics will remain stable when operated in high-humidity conditions.
The packages are intended for insertion in mounting-hole rows on 0.300 (7,62) centers {see Note a). Once the leads
are compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. Tin-
plated (bright-dipped) leads require no additional cleaning or processing when used in soldered assembly. The NE
package is available only in a 14-pin version and has internal metal tabs connecting the center three leads on each
side for better heat dissipation. The NG package is available in either 14- or 16-pin versions and is intrinsically similar
to the N package but provides better heat dissipation.

14-PIN N, NE, AND NG PLASTIC

0.770 (19,6}
0.710 {18,0}

PEOOOEO®
IAYAYANAWA
N ¢ 0.093 (2,36) R NOM —{—")

| 0.300% 0.010 0.110 (2,79) NOM —
L (7,622 0,26) SV VAVAVAVAVE
0.250 £ 0.010 OB 0l6]I0]0)

16,35 + 0,26)

+0.080 {2,03) NOM
~h1 ’4—0.070 {1,78) MAX 14 PLACES

¥ _
—E Foomwsn[ | "|
M
010 (0,26) NOM 0.200 (5.08) MAX IN

— SEATING PLANE

-

0.033 {0,83) MIN

] 14 PLACES
14PLACES e 0.011+ 0,003 [
(0,279 + 0,076) 0.125 (3,17) MIN \ ! |-»“;1.o1a ;0003
CE: 457 £ 0,076)
14 PLACES 0075 0020 | 14 PLACES
{1,900 £ 0,51
4 PLACES PIN SPACING 0.100 {2,54) T.P.
(See Note b)
Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions
16-PIN N AND NG PLASTIC
——— 0.870 (22,1 MAX
[} @
| 03002 0.010 0.093 (2,361 i Nom —{ 4
{7,624 0,281 j -
0.160 (4,06} NOM
’—o_zsoxo.nw (VA VAVAVAVAVAW
16,362 0,26)
*i l___‘,_w,,a,,,,w VOOOOOOO
X 1
~#| |- 00%(1.78) MAX 16 PLACES
3 ’—!——L ¥ 002 05| |
0.010 (0,25) NOM !
g 0.200 (5,08) MAX
.
—SEATING PLANE
1_&5_): 0.033 (0,83} MIN
16 PLACES
16 PLACES 00112 0.003 *
"“‘ 10,279 £ 0,076) 0.125 (3,17} MIN s (‘;ﬁ:/ ;%;‘;Je)
16 PLACES 0006 (241) 16 PLACES
0.075 (0,38) PIN SPACING 0,100 (2,54 T.P.
4 PLACES (See Note b}
ALTERNATE SIDE VIEW
Packegs configueation of
— — —»{ |e—0.070 {178} MAX 16 PLACES
aternative sideviews) is ) an' ]
at the aption of T1, 0.200 ‘5'0‘1’ Max
* ’{ @033 (0,83)MIN
12 PLACES
0125 (117 MIN ~+fa- 0012 0003
10,457 = 0,076)
0.095 (2.41) 16 PLACES
0.015 10.38) PIN SPACING 0,100 (2,54) TP.
4 PLACES (Soe Note b}

180
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line packages (continued)

——SEATING PLANE

18-PIN N PLASTIC
@‘@ O] @@@ .
ATAYAVAYAVATAYAY
[ L3 0.093 (2,36) R NOM—E
_"('7”‘::‘;:‘;;‘,’ 0.160 (4,06) NOM ——f—w]
\WWAVAVAVAVAVAVAVAY
} 0.276 (6,99) MAX @@@@@@@
_.1 i: + 0.080 {2,03) NOM - P'gg;g {378 max 18 PLacES
i L 0.010 {0,25) NOM 0‘02,2|(,?'5”
(5.08) MAX

Y 0200
%,' T 0.035 (0,76} MIN
18 PLACES 18 PLACES

0,011 £ 0.003 0.126 (3,17) MIN —af }a— 00181 0.003
’“. (0,279 ¢ 0,076) {0,457 + 0,076)
18 PLACES 18 PLACES
0.075 (1,91} PIN SPACING 0.100 (2,54} T P.
0.009 (0,22) {See Note b)
4PLACES
20-PIN N PLASTIC
1070 (2721
0920 (23,3
A\ {'\ f\ f\ {\ [ATA /\
& € 0.093(2,38) R NOM—E
o z.,’:g : :'g;? 0.160 (4,06) NOM ——f—]

—0.276 {6,98) MAX

"‘ l‘— [ 0.080 12,03) NOW & 0070 (1,781 MAX 20 PLACES

— 0.020 (0,51}
MIN

L 0.010 (0,25} NOM

0.200 (5,08) MAX

~==SEATING PLANE ———]
¥ i

20 PLACES

’\\. 0.011£0.003 0.166 (3,04)
{0,270+ 0,076) 01265 (3,17)
20 PLACES
0.075 (1,91} —*
0.008 {0,22)
4PLACES

A ﬂﬁﬁﬁf ﬁﬁﬁﬁf
) [T Ao

| fe—— 001820000

0,457 £ 0,076)
20 PLACES

PIN SPACING 0.100 (2,54) TP,
(Sea Nate b}

ALTERNATE SIDE VIEW
il r‘— 0.070 (1,78) MAX 20 PLACES

0.020 (0,51}
0.200 {5,08) MAX ”5"

Package configuration of f
20.pin N package (me
ahernative sideviews) is

n |
J
RN If AR

st the option of TI. 0,156 (3,94) 0.018 ¢ 0.003
0.126 (317 {0,457 ¢ 0,076)
20 PLACES
0.075 {1,91}
0.009 (0,22} PIN SPACING 0.100 {2,54) T.P.
4 PLACES (Ses Note b)

TEXAS INSTRUMENTS
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line packages (continued)

40-PIN N PLASTIC
2090 (63 MAX——————

21)
Qﬁnﬁﬁﬁl—lhﬁﬂﬁﬁhﬁr‘lr—"—l[—lﬁg

E{THER ———
INDEX

5 | HED | G ) W S D D N D SN R D | W D | D G ) ) S

® @

% oe0:000 &
(15,24 0,26)

0.020 {0,651}
MIN

¥
0.200 (5,08} MAX

0.1!; {3.17) MIN
—=

F0.033 (0,84) MIN
0.096 (2,42}
— 0.055 (1,39)

90" 0,011+ 0,003 0.018 + 0.003 -o"n-
10,279 : 0,078) “ (0.467 : 0,078)

PIN SPACING 0.100 (2,54 T.P.
(Sea Nots b}

0.080 (1,52) NOM

NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern.

b. Leads are within 0.005 {0,127) radius of true position {TP) at maximum material condition,
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

P plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound.
The compound will withstand soldering temperature with no deformation and circuit performance characteristics
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows
on 0.300-inch (7,62) centers (see Note a}. Once the leads are compressed and inserted, sufficient tension is provided
to secure the package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or
processing when used in soldered assembly.

8-PIN P PLASTIC e 0.400 110,20 MAX —+]
(ONONONO)
arrim
INDEX DOT
€ € | S I

0,300 (7,62} T.P.
(Ses Note b}

(ONORONO;

0.070 (1,78) MAX

r_.r- 8 PLACES
|

0.200 15,08) T
MAX
e 4|
SEATING PLANE
GAUGE PLANE . ozo,(o " _.| 0.033 (0,84} MIN
0.030 (0,76) . "m's 8PLACES
.000 10,001

0.260 + 0.010
(6,36 ¢ 0,026)

0.126 (3,17} 0.018 : 0,003
N 0011+ 0.003 MIN l-—-h (0457 1 0,078)
(0,279 + 0,076) 8 PLACES
8 PLACES 0100 (2,54} TP,
8 PLACES
(Sea Nots b)

NOTES: a, All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern,
b. Each pin is within 0.005 (0,127) radius of true position (TP) at the gauge plane with maximum material condition and unit installed,
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

U ceramic flat packages

These flat packages consist of a ceramic base, ceramic cap, and 10- or 14- lead frame. Circuit bars are alloy-mounted.
Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional cleaning or processing
when used in soldered assembly.

10-PIN U CERAMIC 14-PIN U CERAMIC
0,008 {0,153) 0.019 (0483) 00000 SPACING
_W 1 0.003 (0,070) 2.016 10,38m "] r' et s v, OEEO®EO®
W LEADS 10 LEADS (S0¢ Nota b) 0008 0183 PIN SPACING
‘[_ —ofle— 3,003 (0.078) *"’}_‘ :’fu"“m e
0.350 (8,99)
0.200 (6,08} 0.380 (8.99)
2200 16.08)
F o ---- - - +- L] b
0.300 {7,021 (
1.000 (26,4 . 0250 (6 36) 1000 (25.4) 0.300 (7,62} =
2750 (19.0) faes Note) 0.236 (597 0780 (19,0} {80 Nota ¢} - ]
L g otkrowts Auyenware
080 (203} 't:" ———————— ¥+ oosopay | "L """"" """ nlnlaininlels
0.080(1.27) | 040 1127}
0.360 (8.00)
0.350 (8,89
0.200 (5.08) Sam e
sosonzn_| 1= o] o 20251084 Somtoad = b Srriaaen 1 cesos
somiem '_®°’°®‘°”-.’_'. s 0/0l0/000CH
Falis Within JEDEC MO-004AE Dimensions Falls Within JEDEC MO-004AA Dimensions

NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions goven,
b. Leads are within 0.005 (0,127) radius of true position (TP) at maximum material condition.
¢. This dimension determines a zone within which all body and lead irregularities lie.
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

W ceramic flat packages

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap and a 14- or
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional

cleaning or processing when used in soldered assembly.

14-PIN W CERAMIC
OEEO®EE

Falls Within JEDEC MO-004AA Dimensions

16-PIN W CERAMIC
GEGEOOOOE

OEEOGEO®

Falls Within JEDEC MO-004AG Dimensions

LA A 0.006 {0,152 0.050(1,27) TP
0.003 (0.078) |1 lo-—l— 0.060 {1,27) TYP m‘@‘.m{ - 14 PLACES
4 LEADS 12PLACES 16 LEADS (See Note bl
(See Nota bi
0316 8.00)
0.350 {8 89)
0270 0.3508,80)
I 0.31017.87)
BASE AND
SEATING le. 0019 (0.483) 0,018 (0,483
PLANE | N PRV | 0015 (0,381} le- 2018 (0,483)
r 14 LEADS BASE AND —— e — —— — 4] =] 00810381
SEATING ruuz\_ q L HT 16 LEADS
ot ',"g.': M 0.300 (7,621
.00 Z18) oy ) -~ (Soe Now ¢} 5pe
e s i p 0.960 (24,8) Now &1 ™)
0840(238) 0285 (7,24
l 0.2% (6,571 0247 t6.27)
2,000 203 P — - 41— HI1-
0.080 (1,27) >
0.0802,09) |
0.315 (8.00) 0.060 (1,27}
0.270 (6.85)
0.350 {8,89)
0300780
0.040 14,02} |, 2.025 (n.ea)
0.0201080 ] 0610 10,25
S 4PLACES 0026 0.64)
9.040(1,02)
W%n*s'ﬁ" |- 0,400 (10,16) 0.01010.25)
R 0271 (9.42) 4PLAcES

NOTES:

a.
b.

All dimensions are in inches and parentheticatly in millimeters, Inch dimensions govern,
L.eads are within 0.005 (0,127) radius of true position (TP) at maximum material condition,
This dimension determines a zone within which all body and lead irregularities lie.

Index point is provided on cap for terminal identification only
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SELECTION GUIDE

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B | Vio | o | Avp | B1 | SR | Icc Vee
nA | mV | nA | V/imV |MHz| Vius | mA s DESCRIPTION DEVICE | PACKAGES | PAGE
MAX |MAX | MAX | MIN [ TYP|TYP [ MmAX [ min  mMmax

5| 2 10 | 50 1 05 |3 +5 +22 | High Performance LM101A | J,JG, U W 59

02| 6 0.1 4 1 35 | 0.25 +15 18 |BIFET, Low Power TLOBOM | JG 115
02| 6 0.05 | 50 3 |13 |25 +35 18 |BIFET, Low Noise TLO7OM | JG 131
0.2 6 1 50 3 13 2.8 +3.5 +18 BIFET, General Purpose TLOBOM JG 139
10,000 | 5 | 2,000 14 |05 | 1767 —7, +14 | General Purpose TL702M | 4, U,W 157
5000 | 2 500 25 | 05| 1.7 |67 ~7, +14 | General Purpose uA702M | J,JG,U.W | 163
200 | 2 50 | 25 1 03|36 +18 | General Purpose uA709AM | J,JG, U 167
500| & 200 | 25 1 03 |55 +18 | General Purpose UATOM | J, JG 167
500 | & 200 | 50 1 05 | 2.8 +2 +22 | General Purpose uA748M | J,JG,U,W | 181

Industrial Temperature Range (—25°C to 85°C)

7% 2 10 | 50 1 05 |3 +5 +22 | High Performance LM201A | J,JG, N, P 59

02| 6 0.1 4 1 35 | 0.25 +15 18 |BIFET, Low Power TLOBO! JG,P 115
02| 6 0.05 | 50 3 |13 |25 +35 18 |BIFET, Low Noise TLO70I JG, P 131
0.2 6 0.1 50 3 13 28 +35 BtFET, General Purpose TLO8OI JG, P 115

Commercial Temperature Range (0°C to 70°C)

250 75 50 | 25 1 0513 +5 +18 [ High Performance LM301A | J,JG,N,P 59
04| 15 02| 3 1 35 | 0.25 :15 +18 |[BIFET, Low Power TLO60C JG,P 115
02| 6 0.1 4 1 35 |025 +1.5 18 |BIFET, Low Power TLO6OAC | JG,P 115
04| 15 005 | 25 3 |13 |25 +35 18 |BIFET, Low Noise TLO70C JG,P 131
02| 6 0.05 | 50 3 [13 |25 +3.5 18 |BIFET, Low Noise TLO70AC | JG,P 131
02| 6 0.1 | 50 3 [13 |28 +3.5 18 |BIFET, General Purpose TLOBOAC | JG,P 139
04| 15 02| 25 3 |13 |28 +35 +18 |BIFET, General Purpose TLOBOC JG,P 139
15,000 | 10 | 5,000 1 05| 177 —~7, +14| General Purpose TL702C J, G, N 163
1,500 | 7.5 | 500 | 12 1 03|55 +18 | General Purpose uA709C J,JG,N,P 167
500 6 200 20 1 05 |28 +2 +18 General Purpose uA748C J,JG,N, P 181
00| 5 20| 25 1 05|33 5 +22 | High Performance uA777C | J,JG,N,P 185
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SELECTION GUIDE

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

B | Vio| ho { Avb | By | SR | Icc Vee
nA | mv nA | V/mV | MHz| V/ius| mA v DESCRIPTION DEVICE | PACKAGE | PAGE
MAX | MAX | MAX | MIN [ TYP| TYP | MAX | MIN MAX
75 2 10 50 1 0.5 3 2 +22 | High Performance LM107 J,JG, U, W 62
800 2 200 50 | 10 |13 6.5 +3 +22 | Low Noise
Vp = 4 nV/\/Hz Typ SE5534 JG 105
800 2 200 50 | 10 | 13 6.5 3 +22 | Low Noise
Vo =45nV/J/HzMax | SES534A | JG
02| 6 0.1 4 1 35| 0.2 5 £18 | BIFET, Low Power TLO6IM | JG, U 105
02| 6 006| 50 3 (13 25 +35 +18 | BIFET, Low Noise
V= 18 nV/\/Hz Typ TLO7IM | JG 131
0.2 6 0.1 50 3 13 28 +3.5 +18 BIFET, General Purpose TLO8BTM JG 139
02 | 2 0.1 50 3 (13 28 +4 +18 | BIFET, Low V|Q TLO8BM | JG:U
150 5 30 50 1 0.5 1.0 +3 +32 | General Purpose, TL321M JG 151
500 5 200 50 1 05| 28 £2 +22 | General Purpose uA741M | J,JG,U,W | 173
Industrial Temperature Range (—25°C to 85°C)
75 2 10 50 1 0.5 3 +2 22 High Performance LM207 N 62
250 4 50 50 15 | 70 8 +20 High Performance LM218I JG, P 73
02| 6 0.1 4 1 35| 0256| +15 18 | BIFET, Low Power TLOB1! JG,P 115
02| 6 0.1 4 1 35| 025| 15 18 | BIFET, Low Power TLO66! JG,P 123
02| 6 005 50 3 |13 25 3.5 +18 | BIFET, Low Noise TLO71! JG,P 131
02| 6 0.1 50 3 (13 2.8 +35 18 | BIFET, General Purpose TLOB1! JG,P 139
04 | 05 0.1 50 3 [13 2.8 +4 +18 | BIFET, Low Offset TLO87I JG, P 147
04 | 3 0.1 50 3 [13 28 +4 +18 | BIFET, Low Offset TLO8SI JG,P 147
150 5 30 50 1 05 1 +3 +32 General Purpose TL3211 JG, P 151
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SELECTION GUIDE

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

Commercial Temperature Range {(0°C to 70°C)

| e |[vVio | o |Avo| B1 [sR | icc Vee
nA [mVv | nA |V/mV| MHz | V/us| mA v DESCRIPTION DEVICE | PACKAGES | PAGE
MAX |MAX | MAX | MIN| TYP | TYP | MAX | MIN MAX
250 7.5 50 25 1 (o5 ]| 3 £2 +18 | High Performance LM307 J,JG, N, P 62
500 |10 |200 25 | 15 |70 10 +20 | High Performance LM318 JG,N, P 73
1,500 4 | 300 25 | 10 |13 8 +3 +22 | Low Noise
Vn = 4 nV/\/Hz Typ NES534 | JG,P 105
1500 | 4 [300 25 | 10 |13 8 +3 +22 | Low Noise
Vp = 4.5 nV/\/Hz Max NES534A | JG,P 105
02| 6 0.1 4 1 | 35| 025| 15 18 | BIFET, Low Power TLOB1AC | JG,P 118
02| 3 0.1 4 1 35| 025| £15 18 | BIFET, Low Power TLOB1BC | 4G,P 115
04|15 0.2 3 1 | 35| 025| 15 18 | BIFET, Low Power TLOBIC JG, P 115
02| 6 0.1 4 1 | 35| 025| 15 :18 | BIFET, Low Power
with Power Control TLO6B6AC | JG,P 123
02| 3 1 4 1 35 |. 0.256 +1.5 +18 BIFET, Low Power
with Power Control TLOB6BC | JG,P 123
0.4 15 2 3 1 | 35| 025| 15 18 | BIFET, Low Power
with Power Control TLO66C JG, P 123
02| 6 005! 50 3 (13 25 +35 18 | BIFET, Low Noise
Vq = 18 nV//Hz Typ TLO71AC | JG,P 131
02| 3 0.05| 50 3 |13 25 +35 18 | BIFET, Low Noise
V=18 nv/\/Rz Typ TLO71BC | JG,P 131
0.2| 10 0.05, 25 3 |13 25 +365 18 | BIFET, Low Noise
Vn =18 nV/J/HzZ Typ TLO71C JG, P 131
0.2{ 6 0.1 50 3 (13 238 +3.6 18 | BIFET, General Purpose TLOB1AC | JG,P 139
0.2| 3 0.1 50 | 3 [13 28 £36 18 | BIFET, General Purpose TLOBIBC | JG,P 139
04| 15 0.2 25 3 (13 28 +35 +18 | BIFET, General Purpose TLOB1C JG, P 139
04| 05 0.2 25 3 |13 28 +4 +18 | BIFET,Low Vg TLOB7C JG, P 147
04| 2 0.2 25 3 |13 28 +4 +18 | BIFET, Low V|g TLO8BC JG,P 147
250 7 50 25 1/085| 10 +3 +32 | General Purpose, TL321C JG, P 151
500 | 6 |200 20 1| 05| 28 +2 +18 | General Purpose uA741C JJG, N, P | 173
—
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SELECTION GUIDE

DUAL OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

e | Vio | ho | Avp | By | SR | Icc Vce
nA mV nA V/mV | MHz | V/us | mA \'2 DESCRIPTION DEVICE PACKAGES | PAGE
MAX [ MAX | MAX MIN | TYP | TYP | MAX MIN  MAX
150 5 30 50 1 0.3 086 +3 +32 | General Purpose LM158 JG M1
500 5 200 50 1 0.6 2.8 +2 +22 | General Purpose MC1558 JG, U 85
500 5 200 50 3 1.5 28 *22 High Performance RM4558 JG 103
100 5 40 4 0.5 0.5 0.1 +2 22 Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 3.5 0.2 15 18 BIFET, Low Power TLO62M JG, U 115
02 | 6 0.05 50 3 13 25 +3,6 18 | BIFET, Low Noise
Vi, = 18 nV/\/Rz Typ TLO72M | JG 131
0.2 6 0.1 50 3 13 28 +35 +18 | BIFET, General Purpose TLO82M JG 139
02 | 6 0.1 50 3 13 238 +3.6 18 | BIFET, General Purpose TLO83M J 139
600 5 50 50 1 0.6 4 +3 +36 General Purpose TL322M JG 153
500 5 200 50 1 0.5 28 +2 +22 | General Purpose uA747M W 177
Automotive Temperature Range (—40°C to 85°C})
[s00 1o [ 50 J100 [1 Jo3] o6 | :3 +26 | General Purpose ] wm2904 | 4G, P,u | 83 |
Industrial Temperature Range (—25°C to 85°C})
150 5 30 50 1 0.3 0.6 +3 +32 | General Purpose, LM258 JG,P, U 71
500 8 75 20 1 0.6 4 +3 +36 General Purpose TL3221 JG,P 153
0.2 6 0.1 4 1 35 0.25 15 18 BIFET, Low Power TLO62i JG, P 115
0.2 6 0.05 50 3 13 25 +35 18 BIFET, Low Noise TLO721 JG, P 131
0.2 6 04 50 3 13 28 35 18 BIFET, General Purpose TLO82I JG,P 139
0.2 6 0.1 50 3 13 28 +35 =18 BIFET, General Purpose TLO83I J,N 139
0.4 0.5 0.1 50 3 13 28 £3.5 £18 | BIFET, Low Offset TL287I JG, P 147
04 3 0.1 50 3 13 28 +3.5 +18 BIFET, General Purpose TL2881 JG, P 147
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SELECTION GUIDE

DUAL OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

B | Vio | llo | Avp | B1 | SR | Icc Vee
nA | mV | nA | V/mV |MHz | Vs | mA DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX | MAX | MIN | TYP |[TYP |MAX | MIN MAX
250 7 50 25 |1 03 | 06 +3 +32 | General Purpose LM358 JG,P 7
500 6 200 20 1 0.6 28 +2 +18 General Purpose MC1468 JG, P 85
800 4 | 150 25 |10 9 8 +22 | Low Noise
Vp =5 nV/\/Hz Typ NE5532 JG, P 93
800 4 150 25 |10 9 8 +22 Low Noise
Vp =5 nV/A/Hz Typ NES532A | J4G,P 93
1500 4 | 300 25 |10 [13 8 +22 | Low Noise
Vi =4nV/\/Hz Typ NE5533 J,N 97
1500 4 | 300 25 |10 [13 8 +22 | Low Noise
Vp = 3.5nV/\/AZ Typ NES533A | J,N 97
500 6 200 20 3 1 28 +18 | High Performance RC4558 JG, P 103
250 5 80 1 |05 |05 | 0125 22 +18 | Low Power TLO22C JG,P 109
02| 6 0.1 4 |1 35 | 025 1.5 :18 | BIFET, Low Power TLO62AC | JG,P 115
02| 3 0.1 4 |1 35 | 025 :1.5 18 | BIFET, Low Power TLO62BC | JG,P 115
04| 15 0.2 3 |1 35 | 0256 | 215 18 | BIFET, Low Power TLO62C JG, P 115
02| 6 005| 50 |3 |13 25 +35 +18 | BIFET, Low Noise
Vi =18 nv/\/Hz Typ TLO72AC | JG,P 131
02| 3 005| 5 |3 |13 25 +35 +18 | BIFET, Low Noise
Vi =18 nV/\/Hz Typ TLO72BC | JG,P 131
0.2| 10 005| 25 |3 [13 25 +35 18 | BIFET, Low Noise
Vp, = 18 nV//Hz Typ TLO72C JG, P 131
0.2 6 0.1 50 3 13 28 +35 118 BIFET, General Purpose TLO82AC | JG,P 139
0.2 3 01 50 3 13 28 +35 :18 BIFET, General Purpose TLO82BC JG, P 139
0.4 15 0.2 25 |3 |13 28 +35 +18 | BIFET, General Purpose TLOB2C JG, P 139
02| 6 0.1 50 |3 |13 2.8 +3.6 +18 | BIFET, General Purpose TLOB3AC | J,N 139
0.4 15 0.2 26 [ 3 |13 28 +3.6 :18 | BIFET, General Purpose TLOB3C 4N 139
04| 05 0.1 26 [ 3 [13 2.8 +4 +18 | BIFET, Low Offset TL287C JG, P 147
0.4 3 0.1 25 3 13 28 +4 +18 BIFET, General Purpose TL288C JG, P 147
500 | 10 50 20 |1 06 | 4 +3 +36 | General Purpose TL322C JG, P 163
500 6 200 25 1 0.5 2.8 +2 +18 | General Purpose uA747C J.N 177
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SELECTION GUIDE

QUADRUPLE OPERATIONAL AMPLIFIERS

Military Temperature Range (—55°C to 125°C)

e [ Vio | o | Avp| B1 | SR | Icc Vce
nA mV nA V/mV | MHz | V/us | mA v DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX
150 5 30 50 1 05 0.5 +3 +32 | General Purpose LM124 J,u 65
500 5 200 50 35| 16| 28 t4 +22 | High Performance RM4136 J, U 101
100 5 40 4 0.5 0.5 0.1 +2 +22 Low Power TLO44M J, U 112
0.2 9 0.1 4 1 35 0.2 +1.6 +18 BIFET, Low Power TLOB4AM J, W 115
0.2 9 0.05 50 3 13 25 +3.56 18 BIFET, Low Noise
V= 18 nV/A/Hz Typ TLO74M | J W 131
0.2 9 0.1 50 3 13 28 35 +18 BIFET, General Purpose TLO84M J, W 139
100 5 25 50 1 Q.5 36 +22 General Purpose LM148 J 67
100 2 25 05 | 12 +45 +36 | General Purpose LM1800 J 77
500 5 50 50 1 0.6 4 +3 +36 | General Purpose MC3503 J 89
Automotive Temperature Range (—40°C to 85°C)
200 12| 25 05 | 10 +45 +32 General Purpose LM2900 J, N 77
500 10 50 100 5 1 5 +3 +26 | General Purpose LM2902 J, N 81
500 8 75 20 1 06 7 +3 +36 General Purpose MC3303 J, N 89
Industrial Temperature Range (—25°C to 85°C)
250 7 50 25 1 05 +3 +32 | General Purpose, LM224 J,N 65
200 6 50 25 1 0.5 +18 | General Purpose LM248 J, N 67
0.2 6 0.1 4 1 35 1.6 218 BIFET, Low Power TLO&4! 4N 115
0.2 6 0.05 50 3 13 +35 18 BIFET, Low Noise TLO74) N 131
0.2 6 0.1 50 3 13 +3.5 +18 | BIFET, General Purpose TLOB4I 4N 139
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SELECTION GUIDE

QUADRUPLE OPERATIONAL AMPLIFIERS

Commercial Temperature Range (0°C to 70°C)

B | Vio | lo | Avp| B1 | SR | Icc Vee
nA | mv nA | V/mV| MHz| V/ius | mA \ DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX | MAX | MIN | TYP | TYP | MAX | MIN MAX
250 7 50 25 1 0.5 05 +3 +32 General Purpose LM324 J, N 65
200 6 50 25 1 0.5 4.5 £18 General Purpose LM348 J,N 67
200 12 | 25 | 05 | 10 +45 +32 | General Purpose LM3900 J, N 77
500 | 10 50 20 1 06 | 7 +3 +36 | General Purpose MC3403 J, N 89
500 6 200 20 3 1 28 +4 *18 High Performance RC4136 J, N 101
250 5 80 1 05| 05 | 0125 =2 +18 | Low Power TLO44C J, N 112
02| 6 0.1 4 1 35 | 025 | :15 18 | BIFET, Low Power TLOBAAC | J, N 115
02 3 0.1 4 1 35 | 025 | 15 :18 | BIFET, Low Power TLOB4BC | J,N 115
04| 15 0.2 3 1 35 | 025 | :15 :18 | BIFET, Low Power TLO64C J,N 115
02| 6 0.05| 50 3 |13 25 +35 :18 | BIFET, Low Noise
Vn = 18 nV/\/HzZ Typ TLO74AC | J,N 131
02 3 0.05| 50 3 |13 2.5 36 118 | BIFET, Low Noise
Vn =18 nV/\/Hz Typ TLO74BC | J,N 131
02| 10 0.05| 25 3 |13 25 t35 $18 | BIFET, Low Noise
Vn =18 nV/A/HZ Typ TLO74C J, N 131
0.2| 10 0.05| 25 3 |13 25 +35 :18 | BIFET, Low Noise
Vn =18 nV/A/Hz Typ TLO75C N 131
02| 6 01 | 50 3 |13 28 36 t18 | BIFET, General Purpose TLOB4AC | J,N 139
02| 3 0.1 | 50 3 |13 28 +36 18 | BIFET, General Purpose TLO84BC N 139
04| 15 02 | 26 3 |13 2.8 +35 +18 | BIFET, General Purpose TLOB4C N 139
04| 15 0.2 25 3 13 28 +35 18 BIFET, General Purpose TLO85C 139
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Input Offset Voltage (V|p)

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero.

NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rg} are inserted in series

with the input leads.

Average Temperature Coefficient of Input Offset Voltage (ayjo)

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the

specified temperature range.

VIg@Ta(1)) — (VI @ TA(2))
Ta() —TA(2)

ay|Q = where T (1) and TA(2) are the specified temperature extremes.

Input Offset Current (ljo)
The difference between the currents into the two input terminals with the output at zero volits.

Average Temperature Coefficient of Input Offset Current (af|0)

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the

specified temperature range.

(ho@Ta(1)) — o @Ta(2))

where TA(1) and T p(2) are the specified temperature extremes.
TA( —TA(2)

a0
Input Bias Current (1|}

The average of the currents into the two input terminals with the output at zero volts.
Common-Mode Input Voltage (V|c)

The average of the two input voltages.
Common-Mode Input Voltage Range (V|CR)

The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly.
Differential Input Voltage (V|p)

The voltage at the noninverting input with respect to the inverting input.

Maximum Peak Output Voltage Swing (Vom)

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the

quiescent d-c output voltage is zero.

Maximum Peak-to-Peak QOutput Voltage Swing (Vopp)

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c

output voltage is zero.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Large-Signal Volitage Amplification (Ay)

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output.
Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it.
Maximum-Output-Swing Bandwidth (Bowm)

The range of frequencies within which the maximum output voltage swing is above a specified value.
Unity-Gain Bandwidth (Bq)

The range of frequencies within which the open-loop voltage amplification is greater than unity.
Phase Margin (¢m)

The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which
the modulus of the open-loop amplification is unity.

Gain Margin (Ap)

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is such
that the output is in phase with the inverting input.

Input Resistance (rj)

The resistance between the input terminals with either input grounded.
Differential Input Resistance (rjq)

The small-signal resistance between the two ungrounded input terminals.
Output Resistance (rg)

The resistance between the output terminal and ground.
Input Capacitance (C;}

The capacitance between the input terminals with either input grounded.
Common-Mode Input Impedance (zj¢)

The parallel sum of the small-signal impedance between each input terminal and ground.
Qutput Impedance (zy)

The small-signal impedance between the output terminal and ground.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Common-Mode Rejection Ratio (kcmRr, CMRR)
The ratio of differential voltage amplification to common-mode voltage amplification.
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change in
input offset voltage.
Supply Voltage Sensitivity (kgvs, AV|o/AVee)
The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage rejection ratio.
Supply Voltage Rejection Ratio (ksy R, AVCC/AV) Q)
The absolute value of the ratio of the change in supply voltages to the change in input offset voltage.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.
Equivalent Input Noise Voltage (Vy)
The voltage of an idea! voltage source {(having an internal impedance equal to zero) in series with the input terminals of
the device that represents the part of the internally generated noise that can properly be represented by a voltage
Equivalent Input Noise Current (i)
The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input
terminals of the device that represents the part of the internally generated noise that can properly be represented by a

current source.

Average Noise Figure (F}
The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature
of the input termination(s) is at the reference noise temperature, Tg, at all frequencies to (2) that part of (1) caused by
the noise temperature of the designated signal-input termination within a designated signal-input frequency band.

Short-Circuit Output Current {1gg)

The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to a
specified point.

Supply Current (igg)
The current into the Vg or Ve + terminal of an integrated circuit.
Total Power Dissipation (Pp)

The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: Atno load: Pp =Vces * lce+ + Vee- Ice—-

Channel Separation (Vg1/Vo2)

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another
channel.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Rise Time (t;)

The time required for an output voltage step to change from 10% to 90% of its final value.

Total Response Time {Settling Time)} (t¢ot)

The time between a step-function change of the input signal level and the instant at which the magnitude of the output
signal reaches for the last time a specified level range (X€) containing the final output signal level.

Overshoot Factor

The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function
change of the input signal, to (2) the absofute value of the difference between the steady-state output signal values
before and after the step-function change of the input signal.

Slew Rate (SR)

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input.
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 11432, JANUARY 1971—REVISED OCTOBER 1979

Low Input Currents L]
° Low Input Offset Parameters
L4 Frequency and Transient Response

Designed to be Interchangeable with
National Semiconductor LM101A and LM301A

e  No Latch-Up

Characteristics Adjustable e  Wide Common-Mode and
®  Short-Circuit Protection Differential Voltage Ranges
e  Offset-Voltage Null Capability e  Same Pin Assignments as uA709
description

The LM101A, LM201A, and LM301A are high-performance operational amplifiers featuring very low input bias
current and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices,
The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for
voltage-follower applications. The devices are protected to withstand short-circuits at the output. The external
compensation of these amplifiers allows the changing of the frequency response (when the closed-loop gain is greater
than unity) for applications requiring wider bandwidth or higher slew rate. A potentiometer may be connected between
the offset-null inputs {N1 and N2), as shown in Figure 7, to null out the offset voltage.

The LM101A is characterized for operation over the full military temperature range of —55°C to 125°C, the LM201A
is characterized for operation from —25°C to 85°C, and the LM301A is characterized for operation from 0°C to 70°C.

terminal assignments
J OR N DUAL-IN-LINE
OR W FLAT PACKAGE
(TOP VIEW)

JGORP
DUAL-IN-LINE
PACKAGE (TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

OFFSET
oUT-  NULL OFFSET
coMP veco PUY Nz NC

OFFSET
NULL
comp  Veo+ ouTeUT (N2)

s {71 el (}5@@@

'] L '

NC NC

~

¥ LA L
Dikiac ONONONONO;
NC  OFFSET
e ! WAt e OFFSET INV  MOM- yo NC OFFSET INV_ NON Vgo_
onp whuT NULLE INPUT N NULL/ INPUT  INV
o comr U comP INPUT
INTE INY)

1z 3f]al

NC—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

1079

LM101A LM201A LM301A | UNIT

Supply voltage Vc+ (see Note 1) 22 22 18 \
Supply voltage Vo (see Note 1) —22 —22 -18 \
Differential input voitage (see Note 2) +30 +30 +30 v
Input voltage (either input, see Notes 1 and 3) +15 +156 +15 \%
Voltage between either offset null terminal (N1/N2) and Voo —0.5t0 2 —0.5 t0 2 —0.5 to 2 v
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total power dissipation at {or below)} 25° C free-air tamperature (see Note 5} 500 500 500 mW
Operating free-air temperature range —55 to 126 —2510 85 010 70 °C
Storage temperature range —65 to 150 | —65 to 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °C
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds | N or P package 260 260 °c

NOTES:

. All voltage values, unless otherwise noted, are with respect to the midpoint between Vccy and Voo

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 15 volts, whichever is less,
4

. The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the
short-circuit applies at (or below) 85°C case temperature or 75°C free-air tomperature.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Tabie. In the J and JG packages, LM101A chips are
alloy-mounted; LM201A and LM301A chips are glass-mounted.
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE RATING FACTOR TA
J {Alloy-Mounted Chip) 500 mW 11.0 mW/C 105°C
J {Glass-Mounted Chip) 500 mW 8.2mwW/C 89°C
JG (Alloy-Mounted Chip) 500 mW 8.4 mW/°C 980°C
JG {(Glass-Mounted Chip) 500 mW 6.6 MW/ C 74°C
N 500 mW 9.2mW/C 96°C
P 500 mwW 8.0 mW/°C 87°C
U 500 mwW 54 mW/C 57°C
w 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2,

electrical characteristics at specified free-air temperature, CC = 30 pF (see note 6)

M101 LM301A
PARAMETER TEST CONDITIONST LM101A, LM201A UNIT
MIN TYP MAX MIN TYP MAX
. 25°C 0.6 2 2.0 7.5
Vio Input offset voitage Rg =50 k2 mv
Fuli range 3 10

Average temperature coefficient o
avio ) Fuli range 3 15 6 30 | uV/°C
of input offset voltage

25°C 1.5 10 3 50
ho Input offset current nA
Full range 20 70
Ta =-55"Cto25°C 0.02 0.2
Average temperature coefficient Ta = 25°C to MAX 0.01 0.1
a0 ) S 5 nA/°C
of input offset current Ta=0Cto25°C 0.02 0.6
Ta =25°C to 70°C 0.01 0.3
_ 25°C 30 75 70 250
lig Input bias current nA
Futl range 100 300
[of -mod
Vicr “ommon-moce SeeNote 7 |Full range | +15 £12 v
input voltage range
Vee: =15V, [25°C 24 28 24 28
v Maximum peak-to-peak R = 10k$2 Full range 24 24 v
ope output voltage swing Veo: =15V, [25°C 20 26 20 26
RL =2k Full range 20 20
\Y =+15V, o
Large-signal differential CCx 25°C 50 200 25 200
AvD . Vo =+10V, V/mV
voltage amplification RL > 2 kQ Full range 25 15
ri Input resistance 25°C 1.5 4 0.5 2 M
25°C 80 98 70 90
CMRR Common-mode rejection ratio | Rg = 50 k2 dB
Full range 80 70
Supply volt: sjection ratio °
ksVR upply voltage rejection rati Rs = 50 kS 25°C 80 98 70 96 B
{Avee/avip) Full range 80 70
No load, 25°C 1.8 3 18 3
tce Supply current No signal, mA
See Note 7 MAX 1.2 25

t Al characteristics are specified under open-loop operation. Full range for LM101A is —55°C to 125°C, for LM201A is~25°C 1o 85°C, and
for LM301A is 0°C to 70°C.
NOTES: 6. Uniess otherwise noted, Voc: = $5 V to 220 V for LM101A and LM201A, and Vee: = $5 V to £15 V for LM301A. All typical
values are at Voo = 15 V.
7. For LM101A and LM201A, Voo = 320 V. For LM301A, Ve = 315 V.
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TYPES LMI101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

ljo~Input Offsst Current—nA

Ayp~Differential Volatage Amplification~V/mV

INPUT OFFSET CURRENT
Vs
FREE-AIR TEMPERATURE

T i
‘ Vegs =15V
4
: Hl
LM301A
N
2 \\
1 mig1A ]
LM201A
o
-7 -50 -2 O 25 50 75 100 125

Ta~Fres-Air Toemperature—"C

FIGURE 1

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

400
Ln.,-zun
Ta = 25°C
200 L]
LT
|
100 ] +
T
1
a0 !
LM301A —tew!
LM101A T
20 — 1 L - LM201A T
10
2 4 6 -8 10 12 14 16 18 20

IVees | —Supply Voltege—v

FIGURE 4

TYPICAL CHARACTERISTICS

1g—Input Bias Current—nA

Ayp-Differential Voltage Amplification

INPUT BIAS CURRENT
Vs
FREE-AIR TEMPERATURE

IOOl

vc'c, =15V
s —
80 \ -
\ LM301A
80 I
N \\
|
LM101A
LM201A
20
\‘
0-75 -50 -25 © 2 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 2
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
Vs
FREQUENCY
107 La—
Vege =15V
106 RL=2kn -
Cc = 30 pF
108 Ta=25¢ ]
os L

1 10 100 1k
f—Frequency—Hz

FIGURE 5

10k 100k 1M 10M 100M

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE (WITH
SINGLE-POLE COMPENSATION)
vs FREQUENCY

32

> LI
' Ve =115V
§ 28 Ry = 10ka
s TA=25°C
g A
o2
2
3
© 2
H
LY
s 16
3 cI laL
3 c=3p
& 12
E
3
E
x B
? Cc = 30 pF
. 4 TNV
s i N
>

[

1k 10k 100 k ™ 10M

f — Frequency — Hz

FIGURE 3

VOLTAGE-FOLLOWER

LARGE-SIGNAL PULSE RESPONSE
8 T T

Vees = $18V

RL=2kn 7
k- T €L = 100 pF

- Cc=30pF  —

Ta=26°C

\

| S0 (.

[ ]

70 80 90

OUTPUT

/ INPUT
-2

-4

” |
s 1 [
0 10 20 30 40 50 60

Input and Output Voltages—V
o

t—Time—us

FIGURE 6

TYPICAL APPLICATION DATA

R3

Ce =

R2
R1

R1-30 pF
R1+R2

R1-R2

R1+R2

FIGURE 7—-INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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LINEAR
INTEGRATED TYPES I.M:II]7, LM207, LM307
CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11426, DECEMBER 1970—-REVISED OCTOBER 1879

® Low lnput Currents ® Short-Circuit Protection
® No Frequency Compensation Required ® No Latch-Up
® Low Input Offset Parameters ® Wide Common-Mode and

Differential Voltage Ranges
description

The LM107, LM207, and LM307 are high-performance operational amplifiers featuring very low input bias current and
input offset voltage and current to improve the accuracy of high-impedance circuits using these devices.

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage-

follower applications. The devices are short-circuit protected and the internal frequency compensation ensures stability
without external components.

The LM 107 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM207 is
characterized for operation from —25°C to 85°C, and the LM307 is characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE JGORP
ORW FLAT PACKAGE DUAL-IN-LINE U FLAT PACKAGE
(TOP VIEW) PACKAGE (TOP VIEW) {TOP VIEW)
N e e o vee ror wort

wl ][] [n]]w]

iniainin ® 0 ©

|
¥ Li L L]
23 e ONONONONO]
NC  NC T WC  INV NON. Vge-  NC Ne W ONON. yoo ne %;:S »::57 7»?\;‘ Vee-
INPUT Ny NPUT Ny comp INPUT
weuT

mwruT N1}

NC—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM107 LM207 LM307 UNIT

Supply voltage Vcc+ {see Note 1) 22 22 18 \
Supply voltage Vgc— (see Note 1) -22 -22 —18 \
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) +15 +15 15 v
Duration of output short-circuit isee Note 4) unlimited unlimited unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 500 500 500 mwW
Operating free-air temperature range —55 to 125 —25 to 85 0to 70 °C
Storage temperature range —651t0160 | —6510 150 —6510 150 | °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °c
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds | N or P package 260 260 °C

NOTES: 1. All voitage values, unless otherwise noted, are with respect to the midpoint between V4 and Ve

1

2. Differential voltages are at the noninverting input terminal with respect to the invarting input terminal,

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less,

4., The output may be shorted to ground or either power supply. For the LM107 only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM207 only, the unlimited duration of the
short-circuit applias at (or below) 85°C case temperature or 75°C free-air temperature.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM107 chips are
alloy-mounted; LM207 and LM307 chips are glass-mounted,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 500 mW 11.0 mW/°C 105°C
J {Glass-Mounted Chip) 500 mW 8.2mW/°C 89°C
JG {Alloy-Mounted Chip) 500 mW 8.4 mW/°C 90°C
JG (Glass-Mounted Chip) 500 mwW 6.6 mW/°C 74°C
N 500 mW 9.2 mW/°C 96°C
P 500 mW 8.0 mW/°C 87°C
U 500 mwW 5.4 mW/°C 57°C
w 600 mW 8.0 mw/°C 87°C

Also see Dissipation Derating Curves, Section 2.

electrical characteristics at specified free-air temperature (see note 6)

LM107, LM207 LM307
PARAMETER TEST CONDITIONS' UNIT
A EST €O 10 MIN TYP MAX MIN TYP MAX NI
v Input offset volt: Rg = 50 k§2 25°C o8 2 2 75 \
et volta =
10 nput ofts 98 S Fulf range 3 10 m

Average temperature coefficient
ayvi0 . 9 pe Full range 3 15 6 30 | uVv/°C
of input offset voltage

25°C 15 10 3 50
175 Input offset current Fall range 0 7o nA
Ta=-55"Cto25°C 0.02 0.2
Average temperature coefficient Ta =25°C to MAX 0.01 0.1 .
ano of input offset current Ta=0Cto25°C o0z o5 |™/C
TA=25°Cto70°C 0.01 0.3
T} Input bias current 25°C 30 75 70 250 nA
Full range 100 300
ViCR f:ommon-mode See Note 7 Full range +15 12 \
input voltage range
Veeg: =16V, 25°C 24 28 24 28
Maximum peak-to-peak R =10k Full range 24 24 v
Vorp output voltage swing Vec: - 15V, | 25°C 20 26 20 2
R =2k&2 Full range 20 20
Large-signal differential Vees _= t15 V.1 25°c 50 200 25 200
Avp voltage amplification Vo=210V, E VimV
RL > 2k ull range 25 15
f Input resistance 25°C 15 4 0.5 2 M
25°C 80 98 70 90
CMRR Common-mode rejection ratio | Rg = 60 k§2 Full range 0 70 dB
kSVR Supply voltage rejection ratio Re - 50 k&2 25°C 80 98 70 96 B
{avee/avip) s Full range 80 70
No load, 25°C 18 3 18 3
1 Supply current No signal, mA
e i See Note 7 MAX 1.2 25

T Al characteristics are specified under open-loop operation, Full range for LM107 is —55°C to 125°C, for LM207 is —25°C to 85°C, and for
L.M307 is 0°C to 70°C.
NOTES: 6. Unless otherwise noted Voo = t5 V to £20 V for LM 107 and LM207, and Vec+ = £5 V to 215 V for LM307. All typical values
are at Vcor = :15 V.
7. For LM107 and LM207, Vces = $20 V. For LM307, Ve = £16 V.
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

Ayp-Differentiat Voltage Amplification—V/mV

1)o~1nput Offset Current—nA
N

Vopp—Maximum Peak-to-Peak Output Voltage—V

w

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT
vs

FREE-AIR TEMPERATURE

T T
Vees = t15V
]

LM307

LM107
LMm207t

]
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28

24

20
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FIGURE 1
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N
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FIGURE 3
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SUPPLY VOLTAGE
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P
L1
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Wees | -Supply Voage—v 1

FIGURE S

115 ~1nput Bias Current—nA

1nput and Qutput Voltages—V

Avp—Differential Voltage Amplification

T Data for free-air temperatures below—25°C and above 86°C is applicable for LM107 only.
{pata for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only.
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LINEAR TYPES LM124, LM224, LM324
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS

clnculTs BULLETIN NO. DL-S 12248, SEPTEMBER 1975 — REVISED OCTOBER 1979
e Wide Range of Supply Voitages o Low Input Bias and Offset Parameters
Single Supply ...3Vt0 30V Input Offset Voltage ... 2 mV Typ
or Dual Supplies Input Offset Current .. . 3 nA Typ (LM124)
e Low Supply Current Drain Input Bias Current . . . 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...0.8mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage . .. £32 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ
schematic (each amplifier) e Internal Frequency Compensation
. vee
~buh - -1 A
lj.%‘éﬁ'tli’{éa J OR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)
?7' AMPLIF:\ER NO. 4 AMPLIFIER NO. 3
4 INVERT. NONIN. NONIN- INVERT- \
Rl W ING VERTING VERTING ING
4 OUTPUT INPUT INPUT GNO INPUT INPUT OUTPUT
INFUT [REGULATOR
GND
;LS j' TO OTHER %J_' —_ﬁ
AMPLIFIERS
description -
These devices consist of four independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single

supply over a wide range of voltages. Operation from W
split supplies is also possible so long as the difference OUTPUT INVERT- NONIN- Vcc  NONIN- INVERT- OUTPUT
between the two supplies is 3 volts to 30 volts and \ NPOT Vﬁ:‘?{:?G, \VFATPW INPOT
Pin 4 is at least 1.5 volts more positive than the input

common-mode voltage. The low supply current drain
is independent of the magnitude of the supply
voltage.

/

v 4
AMPLIFIER NO. 1 AMPLIFIER NO. 2

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM124 can be
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required
interface electronics without requiring additional £ 15-volt supplies.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VoG (see Note 1) ..o e e e e e e KYAY
Differential input voltage (see NOte 2) .. . . .. ... ... ittt i e e e e e, 32V
Input voltage range (either iNPUt) . . . .. ... e e ~-0.3Vto32V
Duration of output short-circuit {one amplifier) to ground at {or below) 25°C
free-air temperature (V<15 V) (seeNote 3} .. ... ... . . . .. unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) ... ............ Y 200 mOW
Operating free-air temperature range: LM124 . . . .. . ... .. .. .. e —55 9 to 125°C
LM224 | e —25Cto85 C
LMB24 . e 0°Cto 70°C
StOrage tEMPEIatUIE FANGE . . o v v v v e et s et e e e e e e e e e e e —65°C to 150°C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds: JorW package ................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . ..................... 260°C
NOTES: 1. All voitage values, except differential voltages, are with respect to the network ground terminal.

1

2. Differential voitages are at the noninverting input terminal with respect to the inverting input terminal.

3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM124 chips are alloy-
mounted; LM224 and LM324 chips are glass-mounted.

Copyright © 1979 by Texas Instruments incorporated
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TYPES LM124, LM224, LM324
QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)

LM124, LM224 LM324
P ETER TEST CONDITIONST - UNIT
ARAM o o MIN TYP MAX MIN TYP MAX
v ' ffset volt Vpo=14V, 25°C 2 5 2 7 v
m
10 nput offset voltage Ve =5V 0 30 V | Full range 7 9
] | t offset t V 1.4V 25°C 3 30 5 50 A
set curren =1, n
to nputo o Fuil range 100 150
: Input bias current Vo=1.4V, 25°C —-45 -150 —45 —250 A
n urri n
'B put bras See Note § Full range ~300 ~500
- 0t 0t
C de i t »c Vi o1 5 \Y °1 5
n-mode inpu —1. —1.
Vicr emme P Vee =30V cc cc v
voltage range Oto Oto
Fult range
Vee—2 Vee—2
\" =30V,
cc=3 Fuli range 26 26
. Ry =2kQ
VOH High-level output voltage v
Voo =30V,
Full range 27 28 27 28
Ry > 10kQ
VoL Low-level output voltage R <10kf2 Full range 5 20 5 20| mVv
Large-signal differential Vee=15V, 25°C 50 100 25 100
AyD N Vo=1Vto 11V, VimV
voltage amplification RL>2kQ Full range 25 15
CMRR Common-mode rejection ratio [ Rg < 10 k2 25°C 70 85 65 86 dB
kgyRr* Supply voltage rejection ratio | Rg < 10 kQ 25°C 65 100 65 100 dB
Vo1/ Vo2  Channel separation f=1kHz to 20 kHz 25°C 120 120 dB
Vee =18V, 25°¢C _20 —40 -20 -40
Vip=1V,
_ Full range —-10 —20 —-10 —20
Vo-ov _ ma
N =15V, o
o Output current cc1s 25°C 10 20 10 20
Vip=-1V,
Vgo=5V Futl range 5 8 5 8
Vip=-1V, 25°C 12 50 12 50 A
VQ = 200 mV #
Supply current No load, 25°C 0.8 0.8
lcc e X mA
{four amplifiers) No signal Full range 1.2 1.2

*ksvR = AVcc/avio

TAII characteristics are specified under open-loop conditions. Fuli range is -55°C to 125°C for LM124, —25°C 10 85°C for LM224, and 0°C to
70°C for LM324.
NOTE §: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines,

TYPICAL APPLICATION DATA

THERMAL INFORMATION

DISSIPATION DERATING TABLE
b——O OUTPUT
A POWER DERATING ABOVE
PACKAGE
1M RATING FACTOR TA
MW J (Alloy-Mounted Chip) ~ 900mW  11.0mW/°C 88°C
= b—0 OUTPUT B J {Glass-Mounted Chip) 900 mW 8.2mW/°C 40°C
AUDIO I/ . N 900 mW  9.2mW/°C 52°C
tneuT =N ) w 900mW  8O0mWSC  37°C
100 k2 2100k
) 1 100k jon 2
AAA b0 outTPUTC Also see Dissipation Derating Curves, Section 2,

>
o~ <100 k2
100 uF ,t_i 1
4 +Vee

AUDIO DISTRIBUTION AMPLIFIER
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM148, LM248, LM348

QUADRUPLE OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 12723, OCTOBER 1979

uA741 Operating Characteristics

Low Supply Current Drain. . . 0.6 mA Typ
Low Input Offset Voltage

Low [nput Offset Current

Class AB Output Stage

Input/Output Overload Protection

description

The LM148, LM248, and LM348 are quadruple,
independent, high-gain, internally compensated oper-
ational amplifiers designed to have operating
characteristics similar to the uA741. These amplifiers
exhibit low supply current drain, and input bias and
offset currents that are much less than for the uA741.

The LM148 is characterized for operation over the
full military temperature range of —55°C to 125°C,
the LM248 is characterized for operation from —25°C
to 85°C, and the LM348 is characterized for operation
from 0°C 1o 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM148...J
LM248, LM348...JOR N

DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4 AMPLIFIER NO. 3
INVERT- NONIN- /NONIN- INVERT- N
G VERTING VERTING ING

OUTPUT INPUT
wl (13 | n 0 L] ]

INPUT  Vee— INPUT - INPUT QUTPUT

1 2 3 4 § s 7
OUTPUT INVERT- NONIN- Vo, NONIN- INVERT. QUTPUT
ING  VERTING VERTING ING
\ INPUT INPUT | INPUT__INPUT ,

A\
AMPLIFIER NO. 1

.4
AMPLIFIER NO. 2

LM148 LM248 LM348 UNIT

Supply voltage Voe+ (see Note 1) 22 18 18 v
Supply voltage Vge— (see Note 1) —22 —18 —18 \
Differential input voltage (see Note 2} 44 36 36 v
Input voltage (either input; see Notes 1 and 3) +22 +18 +18 v
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total power dissipation at (or below) J package 1375 1025 1025 W
25°C free-air temperature (see Note 5) N package 1150 1150

Operating free-air temperature range —55 to 1256 —25 to 85 010 70 °C
Storage temperature range —65 to 150 —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds J package 300 300 300 °C
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds N package 260 260 °C

NOTES:

. All voltage values, except differential voltages, are with respect to the midpoint between Vo4 and Voc—.

. Differential voltages are at the noninvarting input terminal with respect to the inverting input terminal.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 voits, whichever is less.
4

. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure that

the dissipation rating is not exceeded.

5, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM148 chips are alloy-

mounted; LM248 and LM348 chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING  ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip} 1375 mW  11.0 mW/°C 25°C
J {Glass-Mounted Chip) 1025 mw 8.2 mw/°C 25°C
N 1160 mwW 9.2 mwW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics, Vgt =15V

+ LM148 LM248 LM348
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX |[MIN TYP MAX
Ta =25°C 1 5 1 6 1 6
Vio Input offset voltage Rg <10 kQ mv
TaA = full range 6 7.5 7.5
Ta=25C 4 25 4 50 4 50
ho Input offset current nA
Ta = full range 7% 125 100
R Ta=25C 30 100 30 200 30 200
B Input bias current nA
Ta = full range 325 500 400
v Common-mode Ta = full £12 £12 £12 v
ICR input voltage range A = full range
RL_=10k2, Ta=25°C 24 26 24 26 24 26
v Maximum peak-to-peak R =10k, Ta =fullrange 24 24 24 v
OPP Gutput voltage swing RL=2ks,  Ta=25C 20 24 20 24 20 24
R > 2k, T a = full range 20 20 20
Large-signal differential R =2 kQ, Ta=25°C 50 160 25 160 25 160
Avp - V/imv
voltage amplification Vo=+10V Ta = full range 25 15 15
rj Input resistance Ta=25°C 08 25 08 25 08 25 M
B4 Unity-gain bandwidth Ayp =1, Ta =25°C 1 1 1 MHz
oM Phase margin Ayp =1, Ta =25°C 60° 60° 60°
Common-mode Ta=25°C 70 90 70 90 70 90
CMRR L . Rg < 10 kQ dB
rejection ratio Ta = full range 70 70 70
Suppl It ejecti Ta=25°C 77 96 77 96 77 96
ksvR UPPIY voltage relection | pe <10k A dB
ratio {A Vge:/a Vo) Ta = full range 77 77 77
los Short-circuit output current] Ta = 25°C +25 +26 +26 mA
Supply current No load, No signal,
Ice PRIy curre ¢ 9 24 36 24 45 24 45| mA
{four amplifiers) Ta25°C
=1 Hz to 20 kHz,
V51/Vo2 Channel separation Ta=25°C 120 120 120 dB

T All characteristics are specified under apen-loop conditions unless otherwise noted. Full range for Ty is —55°C 1o 125°C for LM148, —25°C

to 856°C for LM248; and 0°C to 70°C for LM348,

operating characteristics, Vcc+ =+ 15V, TA = 25°C

PARAMETER

TEST CONDITIONS

MIN TYP MAX

UNIT

SR

Slew rate at unity gain

RL =2 k2,

CL = 100 pF,

See Figure 1

05

V/us

v 0——/
Cp=

PARAMETER MEASUREMENT INFORMATION

’RL:
S 2 ke

AA

FIGURE 1-UNITY-GAIN AMPLIFIER

10 kQ

Ayp =—100

FIGURE 2—INVERTING AMPLIFIER
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT

FREE-AIR TEMPERATURE

5o T T
Vepe =215V

40
<
<
I ™
fa
3
E ™
5 20
a
£
]
o
- 10

L]

~75 -50 -25 O 26 50 75 100 125

TA—Free-Air Temperature—"C

FIGURE 3

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
% T
Veee =£15 V)
| ||RL=10kKS
» Ta =25°C

»n
-3

=

@

]

100k 1™
f—Frequency—Hz

-

o

Vopp—Maximum Peak-to-Peak Output Voltage—V
@

x

10k 10M

FIGURE 6

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY
106 T T
Voot =15V

§ e RL=10k§ |
3 108 Ta=26°C —0
s
1o\ | :
& 04 0 45
3 \ \ PHASE SHIFT
= (right scale)
S 103 ™ \ 90°
s
& 102 | —DIFFERENTIAL-D, 135°
£ VOLTAGE
2 AMPLIFICATION o
g 10— left scale) 180
<

10 100 1k 10k 100k 1M
f—Frequency—Hz

10M

FIGURE 9

Phase Shift

TYPICAL CHARACTERISTICST

COMMON-MODE INPUT VOLTAGE LIMITS MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
15
R < 10 kS2

T J/
10 25<

ped C“‘\

/"Pf’

8

T T
RL = 10k2
Ta=25°C

e

~»
@

~
13

%\‘5 9

N
12593 g c

N

o

=]

Common-Mode Input Voltage Limits—V
o
VOPp-—-Maximum Peak-to-Peak Output Voltage—V
&

4 6 8 10 12 14 16
Neet -Supply Voltage—V

»

6 8 10 12 14 16
Veee HSupply Voltage—V

FIGURE 4 FIGURE S

MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE SWING
v

MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE SWING

> vs
7 OUTPUT CURRENT b OUTPUT CURRENT
§ 15 T 5 - T
Veee = 15V “® Veee =315V
[ § -
: N 2 \\
K1 \ a _ P
210 10 R
: JWAN :
<] 2 \
i f
e 5°C _55°C 2 o
£ Ta=125°C 2 Ta=125°C 25°C| _gs°c
H
F £ s
£ E
5 5
£ E
3 F]
i 3
10 Lo
3 0 -5 -10 —15 -20 ~25 30 -35 Z 0 5 1 15 2 25 30 3
> >

i0—Output Current—mA Ig—Output Current—mA

FIGURE 7 FIGURE 8

UNITY-GAIN BANDWIDTH COMMON-MODE REJECTION RATIO

vs vs

20 FREE-AIR TEMPERATURE 100 FREQUENCY
" [Vedamslsv 8 oo [ LTI LTI ect? <ic VIR
% o U (T T Tacee MO
T % III!n.:l!IIIII'IIIIII\HIIIIIIHIIIIIII”
I~ £ oo LI T !IIIIlIIIIIH\IIIIII\IIIIII|IH
3 10 ™ n%; 50 |
3 T T w ; |0
™ SN ‘I!IIIMIIIIIIH
Tos 3 oL [T TTITNE | iy 1T
° € o LI (1A [1IG 1TTUENLTIR
0 5, IIIIII\IIIIII‘ [ [T IO [T
-75 -50 -26 0 25 50 75 100 125 10 Tk 10k 100k 1M

Ta—Free-Air Temperature—°C

f—Frequency—Hz

FIGURE 10 FIGURE 11

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

SUPPLY CURRENT

TYPICAL CHARACTERISTICST

SLEW RATE

EQUIVALENT INPUT NOISE VOLTAGE

100 k

vs vs vs
. SUPPLY VOLTAGE o8 FREE-AtR TEMPERATURE 0 FREQUENCY
. ) Ve =15V N
No signal RL = 2kR %
| __No load 0.7 M c1 = 100 pF L1120 | Veoe =216 V
< Ta=25°C et ¢ Rg = 100 2
See Figure -
€ L 0.6 Avp =10
1 E A ng Tp = 26°C
- > os >
2 4 ™ 3 80—\
2 - 3
i c 04 2 N
g g 3 60
7, I
H [ £
8 02 3¢
2
0.1 & 2
E
>
0 [ o
4 6 8 10 12 14 16 ~75-50 ~25 0 26 50 75 100 125 10 100 1% 10k
Voo FSupply Voltage—V TA-Free-Air Temperature—"C {—Frequency~Hz
FIGURE 12 FIGURE 13 FIGURE 14
OUTPUT VOLTAGE
VOLTAGE-FOLLOWER INVERTER v
LARGE-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME
VeCe =£15V Voo =£15 V AL = 2k Vees = #15 V
INPUT AL =2kQ Ta=25°C € =100 pF Ayp =1
10 Cy = 100 pF 10 4 100 RL=2k2
> Ta=25C > INPUT \ > / CL = 100 pF
g UTPUT E Ta = 26°C
§ s QUTPUT £ % 0 A
S 3 £ \
g 0 2 0 z v
3 3 g \
2
g s % s 7 -0
T 10 % ~ 10 —100 P ‘
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 05 1 15 2 26 3
t—Time—us t—Time—us t-Time~ps
FIGURE 15 FIGURE 16 FIGURE 17

QUTPUT IMPEDANCE
vs

schematic (each amplifier)

a2
! OuUTPUT
Q
A

1k FREQUENCY
Vocs =#15 V.
A= 238 - INVERTING
A INPUT
g 100 NONINVERTING o—
= AN =22 INPUT
3 TG, 1
g 1y
£ 0
H 28T 5 pF
g 11 - Q, i
s P diRS.V4| }
A 1 :} !
i ‘
1T
o1 1
100 1k 10k 100 k 1™
f—Frequency—Hz 75
ke
FIGURE 18

J Veer
25
%

|

Components values shown are neminal

Vee-

tData at high and iow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

10
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LINEAR TYPES LM158, LM258, LM358
INTEGRATED DUAL OPERATIONAL AMPLIFIERS

clnculTs BUL:_LETJN NO. DL-S 172413, JUNE 1976 — REVISED OQTOBER 1979
e Wide Range of Supply Voltages o [ow Input Bias and Offset Parameters
Single Supply ...3V to 30V Input Oftset Voltage . . . 2 mV Typ
or Dual Supplies Input Offset Current . . . 3 nA Typ (LM158)
e Low Supply Current Drain Input Bias Current . . . 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...05mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage ... +32 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ
e Internal Frequency Compensation
schematic (each amplifier) JGOR P u
DUAL-IN-LINE FLAT PACKAGE
vees PACKAGE {TOP VIEW) (TOP VIEW)
R R o 1

OUT. INV_INV v our NV NV
Vege PUT INPUT INPUT ccr put ‘é”' '6‘"
M
TING ITPUT _<
INVER’
eyt O [
<
NON-
INVER
INPUT ’A‘
L b L) L L
o ®
{OR Veg-}
TO OTHER NC ouT INV NON GND
AMPLIFIERS PUT  INPUT  INV
OUT- INV_ NON. GND INFUT
PUT INPUT INV
INPU
AMPLIFIER NO. 1
. s AMPLIFIER NO. 1 . .
deSCI’IptIOﬂ NC—No internai connection

These devices consist of two independent, high-gain, frequency-compensated operational amplifiers that were designed
specifically to operate from a single supply over a wide range of voltages. Operation from split supplies is also possible
so long as the difference between the two supplies is 3 volts to 30 volts and Pin 4 is at least 1.5 volts more positive than
the input common-mode voltage. The low supply current drain is independent of the magnitude of the supply voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational amplifier
circuits that now can be more easily implemented in single-supply-voltage systems.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VEC (see Note 1) ... o i e e e 32V
Differential input voltage (see Note 2) . .. .. .. ... ... i e 32V
Input voltage range (either INPUt) . . . i i ittt i i e e —-03Vto32V
Duration of output short-circuit {(one amplifier) to ground at {or below) 256°C

free-air temperature (Vo <15 V) (seeNote 3} .. ... .. .. .. ... . . i, unlimited

Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4): LM2584G, LM358JG .. 825 mW
LM158JG, LM258P, LM358P . . 900 mW
LM158U, LM258U, LM368U .. 676 mW

Operating free-air temperature range: LM1B68 .. ... ... .. .. .. . . . . i —55°C to 125°C

LM258 .. e —~25°C to0 85°C

LM3B8 . e 0°C to 70°C

Storage temPerature FaNGE . . . . o v o v et e et e e e e e —65°C to 150°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGor Upackage .................. 300°C

Lead temperature 1/16 inch (1,6 mm) from case for 10seconds: Ppackage .. ...........vnuun... 260°C
NOTES: . All voltage values, except differential voitages, are with respect to the network ground terminal.

1

2, Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM158 chips are alioy-
mounted; LM258 and LM358 chips are glass-mounted,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM158, LM258, LM358
DUAL OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc = 5 V (uniess otherwise noted)

PARAMETER TEST CONDITIONS T LM158, LM258 LM358 UNIT
MIN TYP MAX MIN TYP MAX
Vo=14V, 25°C 2 5 2 7
Vo Input offset voltage mvV
Ve =5V to 30V | Fulirange 7 9

Average temperature coefficient o
ayv|O . Full range 7 7 uv/icc
of input offset voltage

i I it t Vo =14V 25°C 3 %0 5 %01 4
t t en =1, n
10 nput oftset edrr 0 Full range 100 150

Average temperature coefficient N
[11%e} v‘ reg ° Full range 10 10 pA/°C
of input offset current

| | bi ¢ Vpo=14V, 25°C —45 150 —45 —250 A
nput bias curren n
1B pu See Note 5 Full range —300 ~500
° 0to 0to
¢ de input BC Vee—-1.6 Veg—1.5
ommon-mode inpu —1. —1.
ViCR P Vee=30V cc cc v
voltage range 0to 0 to
Full range
Vee—2 Vec-2
Vee =30V,
cc Full range 26 26
) RL =2kQ
VOH High-level output voltage \Y
Vee =30V,
Full range 27 28 27 28
RL > 10kQ
VoL Low-level output voltage RL <10k Full range 5 20 5 20| mv

v Maximum peak-to peak R =2 kg . v i y " y
opP output voltage swing L cC—#- cc—1.

\" =15V,
Largesignal differential cc 25°C 50 100 25 100
AvD . Vo=1Vto 11V, V/mV
voltage amplification AL >2 ke Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 70 85 dB
ksvR" Supply voltage rejection ratio | Rg < 10 kQ 25°C 65 100 65 100 dB
Vgo1/Vo2 Channel separation f=1kHzto20kHz | 25°C 120 120 dB
Vee =15V, 25°C 20 —40 ~20 40
Vip=1V,
Vo=0V Full range —-10 —-20 -10 =20
\ 15V mA
= o
10 Output current cc ’ 25°C 10 20 10 20
Vip=-1V,
Vo=5V Fuli range 5 8 5 8
Vip=-1V.
D 25°C, 12 50 12 50 A
Vg = 200 mV
Supply current No load, 25°C 0.7 0.7
Icc . ) mA
(two amplifiers) No signal Full range 1.2 1.2

*kKsvR = AVgo/avip

t Al characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for LM158, —25°C to 85°C for LM258, and 0°C to
70°C for LM358.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alioy-Mounted Chip) 900 mW 8.4 mW/C 43°C
JG (Gtass-Mounted Chip) 825 mw 6.6 MW/°C 25°C
P 900 mw 8.0 mW/°C 37°C
u 675 mW 5.4 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR TYPES LM218, LM318
INTEGRATED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

clnculTs BULLETIN NO. DL-S 12410, JUNE 1976 — REVISED OCTOBER 1979

Small-Signal Bandwidth . . . 15 MHz Typ e Internal Frequency Compensation
Slew Rate . .. 50 V/us Min e Input and Output Overload Protection
Bias Current . . . 250 nA Max (LM218) e Same Pin Assignments as General Purpose

Supply Voltage Range . .. +5V to +20 V Operational Amplifiers

description

The LM218 and LM318 are precision, high-speed operational amplifiers designed for applications requiring wide band-
width and high slew rate. They feature a factor-of-ten increase in speed over general purpose devices without sacrificing

dc performance.

These operational amplifiers have internal unity-gain frequency compensation. This considerably simplifies their
application since no external components are necessary for operation. However, unlike most internally compensated
amplifiers, external frequency compensation may be added for optimum performance. For inverting applications,
feed-forward comperisation will boost the slew rate to over 150 V/us and almost double the bandwidth.
Overcompensation may be used with the amplifier for greater stability when maximum bandwidth is not needed.
Further, a single capacitor may be added to reduce the settling time for € < 0.1% to under 1 us.

The high speed and fast settling time of these operational amplifiers make them useful in A/D converters, oscillators,
active filters, sample and hold circuits, and general purpose amplifiers,

The LM218 is characterized for operation from —25°C to 85°C, and the L.M318 is characterized for operation from
0°C to 70°C.

terminal assignments

JGORP
DUAL-IN-LINE PACKAGE N DUAL-IN-LINE
{TOP VIEW) PACKAGE (TOP VIEW)
comp ouT- BAL/ comp oUT- BAL(
2 Vccs PUT COMP3 NC_ NC 2 Vges PUT COMP3 NG

BAL/ NV NON- Vcoo NC NC BAL/ NV NON- Vig. Ne
COMP 1 INPUT INV COMP1 INPUT [NV
INPUT INPUT

NC-—No internal connection

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TaA
JG (Glass-Mounted Chip) 500 mwW 6.6 mW/°C 74°C
N 500 mW 9.2mW/°C 96°C
[ 500 mW 8.0 mw/°C 87°C

Also see Dissipation Derating Curves, Section 2,

TEXAS INSTRUMENTS
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TYPES LM218, LM318

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM218 LM318 UNIT
Supply voltage, Vog+ {see Note 1) 20 20 \2
Supply voltage, Ve (see Note 1) —20 —20 \
input volitage (either input, see Notes 1 and 2} +15 +15 \
Differential input current (see Note 3) +10 +10 mA
Duration of output shart-circuit {see Note 4) unlimited unlimited
Co:tmuous-total power dissipation at {or below) 500 500 W
25°C free-air temperature (see Note 5)
Operating free-air temperature range -25 to 85 O1to 70 °c
Storage temperature range —65 to 160 —65 to 150 °C
Lead temperature 1/16 inch {1, 6 mm) from case for 60 seconds |J or JG package 300 300 °C
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds | N or P package 260 260 °C

NOTES: 1.

Al voltage values, unless otherwise noted, are with respect to the midpoint between Ve and Vog_.

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current wiil
flow if a differential input voltage in excess of approximately 1 V is applied betwsen the inputs unless some limiting resistance is

used,

4. The output may be shorted to ground or either power supply. For the LM218 only, the unlimited duration of the short-circuit
applies at (or below) 85°C case temperature or 75°C free-air temperature.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table, In the J and JG packages, LM218 and LM318
chips are glass-rmounted.

electrical characteristics at specified free-air temperature (see note 6)

LM LM31
PARAMETER TEST CONDITIONSt 218 8 UNIT
MIN TYP MAX MIN TYP MAX
v | fset vol 25°C 2 4 4 10 mv
t et voltage
10 nput ottset voltag Full range 6 15
| | ¢ offset . 25°C 6 50 30 200 nA
nput ofrset curren
10 put ofisel cu Full range 100 300
, | ‘i . 25°C 120 250 150 500 A
npu 1as curren n
18 P s eur Fult range 500 750
v Common-mode v 15V | Fun 115 1.5 v
=+ ull range + . + .
ICR input voltage range CCs 9
Maximum peak-to-peak v =15V,
Vopp {mum peak-1o-e CCx Fullrange | 24 26 24 2% v
output voltage swing RL=2kQ
Vv =+15V,
Large-signal differential CCx 25°C 50 200 25 200
AvD S Vo=£10V, vimv
voltage amplification Full range 25 20
RL 2 2k2
B4 Unity-gain bandwidth Veee =218V | 25°C 15 15 MHz
ri Input resistance 25°C 1 3 0.5 3 mQ
CMRR Common-mode rejection ratio Full range 80 100 70 100 dB
K Supply voltage rejection ratio
SVR (AVec/AV)Q) Full range 70 80 65 80 dB
25°C 5 8 5 10
lce Supply current No load mA
MAX 45 7

TA}) characteristics are specified under open-loop operation. Full range for LM218 is ~25° t0 85°C and for LM318 is 0°C to 70°C.

NOTE 6: Unless otherwise noted, Voc+ = 5 V to £20 V. All typical values are at Vge+ = 16 V. Throughout this data sheet, supply voltages
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied

10 Vcic+, and an equal negative voltage is applied 1o Voo ..
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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ =15V, Ve~ =—-15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate at unity gain AV =10V, CL = 100 pF, See Figure 1 50 70 V/us

parameter measurement information

2kQ2
2k$2
INPUT O—w—4¢
1k2
TEST CIRCUIT ¢
VOLTAGE WAVEFORMS
FIGURE 1-SLEW RATE
schematic
BALANCE
COMPENSATION-3
BALANCE ?
COMPENSATION-1 COMPENSATION-2
; Vees
2ka S 150kn1 2 k52 ’
sk
100 pF =
w 5k &
20k 20k N 13a
'y ! k___. ®0
N rJ WA ouTPUT
- |
IL
INVERTING ¢ . 5 en
INPUT BpF I‘n kQ
28pF ska
4
4 ¢

[ h

—

X/
FX
T;L

5.6 k2 20k82 1100 12k 300

Vee-
Componant values shown sre nominal.
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LINEAR TYPES LM1900, LM2900, LM3900
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS

cl RCUITS BULLETIN NO, DL-S 12682, JULY 1979—REVISED DECEMBER 1979
. . J OR N DUAL-IN-LINE PACKAGE
e Wide Range of Supply Voltages, Single or (TOP VIEW)
Dual Supplies
. » NON-  NON-
e Wide Bandwidth Voo INPUT INPUT INPUT BT SUT  meur
e Large Output Voltage Swing wl ] [ w| (sl s
e Output Short-Circuit Protection
e Internal Frequency Compensation
e Low Input Bias Current L
o Designed to be Interchangeable with
National Semiconductor LM1900, LM2900,
and LM3900, Respectively
12 e[ s ]2
. . NON- NON- INV OUT-  QUT- iNV GND
descr|pt|0n wl::z'r ":I:xT INPUT  PUT  PUT  INPUT

These devices consist of four independent, high-gain,
frequency-compensated Norton operational amplifiers
that were designed specifically to operate from asingle
supply over a wide range of voltages. Operation from STANT-
split supplies is also possible. The low supply current GENERATOR
drain is essentially independent of the magnitude of
the supply voltage. These devices provide wide
bandwidth and large output voltage swing.

schematic (each amplifier)

)| 200ua

The LM1900 is characterized for operation over the O oUTPUT
full military temperature range of —55°C to 125°C, INVERTING
the LM2900 is characterized for operation from
—40°C to 85°C, and the LM3900 is characterized for

operation from 0°C to 70°C. ‘F

INVERTING
e | 13ma

operating characteristics ,
Norton {(or current-differencing) amplifiers can be used in most standard general purpose op-amp applications.
Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard integrated-circuit operational
amplifier operating from dual supplies. Operation of the amplifier can best be understood by noting that input currents
are differenced at the inverting input terminal and this current then flows through the external feedback resistor to
produce the output voltage. Common-mode current biasing is generally useful to allow operating with signal levels near
{or even below) ground.

Internal transistors (see Note 5) clamp negative input voltages at approximately —0.3 volt but the magnitude of current
flow has to be limited by the external input network. For operation at high temperature, this limit should be approxi-
mately —100 microamperes.

Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical
since coupling from the output to the noninverting input can cause oscillations. Care must also be exercised when
driving either input from a low-impedance source. A limiting resistor should be placed in series with the input lead to
limit the peak input current. Current up to 20 milliamperes will not damage the device but the current mirror on the
noninverting input will saturate and cause a loss of mirror gain at higher current levels, especially at high operating
temperatures.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM1900, LM2300, LM3S00
QUADRUPLE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM1900 LM2900 LM3900 UNIT
Supply voltage, Ve {see Note 1) 36 32 32 v
Input current 20 20 20 mA
Duration of outgut short ‘cm:un {one amplifier) to ground Unlimited Unlimited Untimited
at {or below) 26°C free-air temperature (see Note 2)
Continuous total dissipation at {or below) 25°C J Package 1375 1025 1026 W
free-air temperature (see Note 3} N Package 1150 1150
Operating free-air temperature range —55 to 125 —40 to 85 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J Package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N Package 260 260 °C

NOTES: 1. All volitage values, except differential voltages, are with respect to the network ground terminal.
2, Short circuits from outputs to Vs can cause excessive heating and eventual destruction.
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM1800 chips are alloy-
mounted; LM2800 and LM3900 chips are glass-mounted.

electrical characteristics, Vo = 15 V, TA = 25°C (unless otherwise noted)

LM1900 LM2900 LM3900
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX| MIN TYP MAX|MIN TYP MAX
Input bias current Ta=25"C 25 100 30 200 30 200
hB . . 4+ =0 nA
{inverting input} Ta = full range 150
Iy
I i 0.95 1.05| 09 1.1 09 1.1 [uA/uA
' Mirror gain I14 = 20 A to 200 uA, HAM
I+
TAa = full range, Note 4
Change in mirror gain A ge. See No 1 2 2 s 2 5| %
Vit =V)_, Ta = full range,
Mirror current e A o 10 500 10 500 10 500 wA
See Note 4
Large-signal differential V=10V, RL =10 kQ,
Ayp —rgesignal ditierent o L 2 3 12 28 1.2 28 Vimv
voftage amplification f =100 Hz
Input resistance
g ':lp N |s. 1 1 1 Ma
{inverting input)
o Output resistance 8 8 8 k$
Unity-gain bandwidth
B4 v g ) 2.5 25 2,5 MHz
{inverting input)
Supply voltage rejection
kgyp PP voltage re) 50 70 70 70 dB
ratio (AVec/aV)g)
| 0 RpL=2kQ 13.6 142 13.5 135
. 1+=0,
\% High-level output voltage Vee =30V, \%
OH Hig P 9 l_=0 cc 28 205 295 295
No load
h+=0, [— =10 pA,
VoL Low-level output voltage 0.09 0.2 0.09 0.2 0.09 0.2 Vv
RL=2k2
hort-circuit output li+=0, h-=0,
IoHs Shor -cntcun output current 1+ ) _10 —15 -6 _18 - —10 mA
{output internally high) Vo=0
Pull-down current 1 13 05 1.3 05 1.3 mA
IoL Low-level output currentt |- =5uA, VoL=1V 4 5 5 5 mA
Icc  Supply current {four amplifiers) | No Load 62 12 6.2 10 6.2 10| mA

TAIl characteristics are specified under open-loop conditions. Full range for T is —55°C to 125°C for LM1900, —40°C to 86°C for LM2900,
and 0°C to 70°C for LM3900.

iThe output current-sink capability can be increased for large-signal conditions by overdriving the inverting input.

NOTE 4: These parameters are measured with the output balanced midway between V¢ and ground.
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TYPES LM1900, LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

recommended operating conditions

LM1900 LM2900 LM3900 UNIT
MIN MAX MIN MAX MIN MAX
Input current {see Note 5} -1 —1 -1 mA
Operating free-air temperature, TA —55 125 —40 85 0 70 °c

NOTE 5: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximstely —0.3 voit. The
negative input currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values
of approximately —1 mA. Negative input currents in excess of —4 mA will cause the output voltage to drop to a low voltage. These
values apply for any one of the input terminails. 1f more than one of the input terminals are simuitaneously driven negative, maximum
currents are reduced. Common-mode current biasing can be used to prevent negative input voltages.

'operating characteristics, Voc+ =+15 V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Low-to-high output Vo=10V, CL =100 pF, 0.5

SR Siew rate at unity gain - g P 0 L P Vius
High-to-low output Ry =2k 20

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT (INVERTING INPUT} MIRROR GAIN SUPPLY VOLTAGE REJECTION RATIO
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREQUENCY
80 7 1.20 T 100 —rrTTmw T
Veg=15V 115 L Vec= 18V 3 a0 _VCC_;;fcv L}i
0 vo=75V 7 . I+ = 10 4A s TA=
< 0 N\ W1+=0 1o a3 80
L \ § 10
§ %0 £ 105 I ™~
3 LM2900, LM3900 o &
2 40 2 1 2 50
) = =
3 2 P L 095 S 40
= LM19200 S 3 %
o 20 = 090 2
= . 3 20
10 — 0.85 <
2
4 0.80 o)
-75 =50 —25 © 26 50 75 100 125 -75 =50 -25 0 25 &0 75 100 125 100 400 1k 4k 10k 40k 100k 400K M
Ta—Free-Aic Temperature—"C Ta—Free-Air Temperature—°C f—Frequency—Hz
FIGURE 1 FIGURE 2 FIGURE 3
LM2800, LM3300
LARGE-SIGNAL LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
s vs vs
FREQUENCY SUPPLY VOLTAGE FREE-AIR TEMPERATURE
104 104
e
H 5
3 £ 103 = = 103
£ a a
< g £
o = =
2
> g w0 3 102 =
B = = —
c k=] k=] 1
] € g {
g 14 L
z g 2
a < 10 £ 10
a =} E -
Ig J;, F!,_:lt)kﬂgI |c Ezgc—l:)i/v
Ta=25°C — > -Yo”
< zZ A=25 K4 RL = 10K
. I N
100 1k 0k 100k 1M 10M 0 5 10 15 20 25 30 —75 —60 -26 0 25 50 75 100 125
f—Frequancy—Hz Voe—Supply Voltage—V Ta-Free-Air Temperature—"C
FIGURE 4 FIGURE 5 FIGURE 6
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,
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TYPES LM1900, LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
16
Vee=18V
> 14 AL = 2 kSl
Jﬁ' H+=0
g Ta=25°C
o
>
5 10
s
5
o 8
=
3
“é 6
]
;-'? a
&
g ? N
[
1k 10k 100k ™M 10M
f—Frequency—Hz
FIGURE 7
PULL-DOWN CURRENT
vs
SUPPLY VOLTAGE
20 L
18
1.6 TA=_55°C
£ — “c
= 14 TA=25
2 1244 o
3 1o Tp=95
§ Ta=125°C
8 o8
g 08
0.4
02
0
[ 5 10 15 20 25 30

Vce—Supply Voltage—V

FIGURE 10

TYPICAL CHARACTERISTICST

LM2900
SHORT-CIRCUIT OUTPUT CURRENT

{OUTPUT INTERNALLY HIGH) LOW-LEVEL OUTPUT CURRENT

Vs vs
SUPPLY YOLTAGE SUPPLY VOLTAGE
30 T 60 T
g Vo= 00 « YQL ; 1v
|l = I+=
T 25 g E 50 o
] 1-=0 ) 1 Ta=25C
§ ' o AT r/ I3 /‘
£ Ta=0°C g
o 20 I 3 40 / N- =100 uA
3 Ta=25° H
3 18 fahiid S 2
1 A
< 8 /
3 /V" E
S 0 Ta = 125°c J 2
£ 3
“; 3 © ll— = 10 A
2 8 8 7 I =buA
[=]
- 0 7 L
0 5 10 15 20 25 30 0 5 0 18 20 25 3
Vce—Supply Voitage—V Vce—Supply Voltage—V
FIGURE 8 FIGURE 9
PULL-DOWN CURRENT TOTAL SUPPLY CURRENT
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 8 - T
18b-vee=15v ; Ta=—55°C
1.6 < |
] £ g 1 +
< 14 I3 Ta=25°C
g g5 | |
E 1.2 ‘2 T
3 10 < a4 Ta=126°C
< 3
g 08 3 3
e °
< 06 2
a b 2
0.4 8
1 | No signai
0.2 No load
] o 1
—-75 —50 -25 0 26 50 75 100 12§ [ 5 1 15 20 25 30

Ta—Free-Air Temperature—°C Ve—Supply Voltage—V

FIGURE 11 FIGURE 12

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

TYPICAL APPLICATION DATA

v+ v
1M
1M 0w 2 ke 2 ¢ w2
ouTPUT
1Mo
INPUT Qe > - s0ka 100 ka2
100 ke INPUT =AW~
y N ouTPUT
Lerkn

lo = 1 mA per input voit

FIGURE 13—VOLTAGE-CONTROLLED CURRENT SOURCE

1g > 1 mA pev ingut volt

FIGURE 14—VOLTAGE-CONTROLLED CURRENT SINK
DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J {Alloy-Mounted Chip) 1375 mW 11.0 mw/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 2%°C
N 1150 mw 9.2mw/C 25°C
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LINEAR
INTEGRATED
CIRCUITS

TYPE LM2902
QUADRUPLE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12291, MARCH 1976—REVISED OCTOBER 1378

e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply . .. 3V to26 V Input Offset Voltage ... 2 mV Typ
or Dual Supplies Input Offset Current .. .5nA Typ

e Low Supply Current Drain Input Bias Current . .. 45 nA Typ

Independent of Supply Voltage e Differential Input Voltage Range
.08 mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage . .. 26 V
Range Includes Ground Allowing o Open-Loop Differential Voltage
Direct Sensing near Ground Amplification ... 100 V/mV Typ
schematic (each amplifier) ¢ Maximum Peak-to-Peak Output
Voltage Swing .. . Vcc—1.5V Typ
vee o Internal Frequency Compensation
S J OR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)
I

INVERTING
INPUT

NrUT

AMPLIFIER NO. 4 AMPLIFIER NO. 3

\
INVERT- NONIN- 7 NONIN- INVERT- v
ING VERTING VERTING ING
OUTPUT INPUT INPUT GND [INPUT  INPUT OUTPUT

1) 13 12 n 10 9 8

description

TO OTHER
AMPLIFIERS

This device consists of four independent, high-gain,

frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split
supplies is also possible so long as the difference
between the two supplies is 3 volts to 26 volts and \
Pin 4 is at least 1.5 volts more positive than the input

Sl

>

1 2 3 4 5 ] 7
OUTPUT INVERT- NONIN- Ve NONIN- INVERT- OUTPUT
ING  VERTING VERTING ING

INPUT INPUT , | INPUT INPUT ,

A4
AMPLIFIER NO. 1

"/
AMPLIFIER NO. 2

common-mode voltage. The fow supply current drain
is independent of the magnitude of the supply
voltage.

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM2902 can be
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required
interface electronics without requiring additional £ 15-volt supplies.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vec (seeNote 1) . . . . . . . . . . . . e e e e e e e L, BY

Differential input voltage (see Note 2) . 26V
Input voltage range (either input) . —03Vto26V
Duration of output short-circuit {one amphf\er) to ground at (or below) 25 C

free-air temperature (Vog < 15 V) (see Note 3) . unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4) . . . 900 mw
Operating free-air temperature range —40°C to 85°C
Storage temperature range . . . —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 260°C

NOTES: 1, All voltage values, except differential voitages, are with respect to the network ground mrmmal
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.
4, For operation above 25°C free-air temperature, refer to Dissipation Derating Table, In the J package, the LM2902 chips are
glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPE LM2902
QUADRUPLE OPERATIONAL AMPLIFIER

electrical characteristics at 25°C free-air temperature, VCC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYP MAX | UNIT
Vio Input offset voltage vVp=14V 2 10| mv
o Input offset current Vo=14V 5 50| nA
hB input bias current Vpo=14V See Note § —45 —500| nA
Common-mode input : Oto
Vicr Vec=24V \"
voltage range Vee—1.5
i Veg =24V, R =2kQ 20
VOH High-level output voltage \"
Vec=24V, R >10kQ 21
VoL Low-level output voltage RL<10k2 5 20| mv
Avp ::Li:'::;ﬁ:::::m Voo =15 V. RL>2k2, Vo=1Vio11V 100 Vimv
CMRR Common-mode rejection ratio | Rg < 10 k&2 85 dB
ksvRr* Supply voltage rejection ratio Rg<10ka 100 dB
Vg1/Vp2  Channel separation f =1 kHz to 20 kHz 120 dB
Vec =15V, Vip=1V, Vg=0V —20 —40
o Output current Vec =15V, Vip=—-1V, Vp=25V 12 30 mA
Vip=-1V, Vo=5V 8 20
lcc Supply current (four amplifiers})| No load, No signal 08 2| mA

‘ksvR = &Vec/AVio
t Ali characteristics are specified under open-loop conditions.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

the state of the output, s0 no toading change is presanted to the input lines.

TYPICAL APPLICATION DATA

OUTPUT A

—O OUTPUT B

AUDIO |7
weut ¢ *

100 k2 $ 100 kR

9 100 k2

—O OUTPUT C

100 4F ;J.—Litmo ks 1

AUDIO DISTRIBUTION AMPLIFIER

THERMAL INFORMATION

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J {Glass-Mounted Chip) 900 mW 1.0 MW/ C 88°C
N 900 mwW 9.2 mW/F°C 52°C
w 900 mW 8.0 mW/°C 37°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR
INTEGRATED
CIRCUITS

TYPE LM2904
DUAL OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12402, JUNE 1976—REVISED OCTOBER 1979

e Wide Range of Supply Voltages
Single Supply ... 3Vto 26V
or Dual Supplies

o Low Supply Current Drain
Independent of Supply Voltage
... 0.5 mA Typ

e Common-Mode Input Voltage
Range Includes Ground Allowing
Direct Sensing near Ground

schematic (each amplifier)

vees

~T00-4A
CURRENT
REGULATOR|

~Bud
CURRENT
REGULATOR

INVERTING
INPUT

NON-
INVER

5

TPUT

Low Input Bias and Offset Parameters
Input Offset Voltage ... 2 mV Typ
Input Offset Current .. .5 nA Typ
Input Bias Current . . . 45 nA Typ

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage . .. +26 V

Open-Loop Differential Voltage
Amplification ... 100 V/mV Typ

Maximum Peak-to-Peak Qutput
Voltage Swing...Vcc—15V Typ

Internal Frequency Compensation

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

INPUT
GND
1 {OR vee-)
TOOTHER
77 AMPLIFIERS

description

This device consists of two independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split
supplies is also possible so long as the difference
between the two supplies is 3 volts to 26 volts and
Pin 8 is at least 1.5 volts more positive than the input
common-mode voltage. The low supply current drain
is independent of the magnitude of the supply
voltage.

Apptlications include transducer amplifiers, d-c ampli-
fication blocks, and all the conventional operational
ampilifier circuits that now can be more easily
implemented in single-supply-voltage systems. For
example, the LM2904 can be operated directly off of
the standard five-volt supply that is used in digital
systems and will easily provide the required interface
electronics without requiring additional *15-volt
supplies.

DISSIPATION DERATING TABLE

AMPLIFIER NO. 2

NON-
OUT- INV_ INV
Vee+ PUT INPUT INPUT
gilril81(18
|
VIl2]]3 (|4

QUT- INV NON- GND
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

U FLAT PACKAGE
(TOP VIEW)

AMPLIFIER NO. 2

NON
ouT NV INV
Vec+ PUT  INPUT INPUT

® ®

R
<

LLeg

POWER DERATING ABOVE —F = ¥
PACKAGE
RATING FACTOR TA @ @ @
- °
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 41°C NG 00T NV NONe Vooo
P 680mW  8.0mW/C 65°C INPUT
O
u 675mW 5.4 mW/C 25°C APLITIER O, 1
Also see Dissipation Derating Curves, Section 2. NC—No internal connection
Copyright ©® 1979 by Texas Instruments Incorporated
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TYPE LM2904
OPERATIGNAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vg (seeNote 1} . . . . . . . . . . . L . . . L .. .. . .. ... 28V
Differential input voltage (see Note 2) - . Y2
input voltage range (either input) .. e e e e v . . .. —D3Vic26V
Duration of output short-circuit {one ampllfler) to ground at (or below) 25 C
free-air temperature (VCC <15 V) (see Note 3) P . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) JG or P package .. . . 680mwW
U package .. . . 675 mwW
Operating free-air temperature range . . . . . . . —40°Ct085°C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds JG or U package . . . . . . . ... .300C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . . . . e . .. . ...280°C

NOTES: 1. All voltage values, except differential voitages, are with respect to the network ground termmal
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction,
4. For operation above 25°C frae-air temperature, refer to Dissipation Derating Table. In the JG package, the LM2904 chips are
glass-mounted.

electrical characteristics at 25°C free-air temperature, Vcc = 5 V (uniess otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT
Vio Input offset voitage V=14V 2 10| mv
| o Input offset current Vo=14V 5 50| nA
LI|B Input bias current Vo=14V See Note 5 —45 -500( nA
LVICR Common-mode input Vee =24V Oto v
voltage range Vee-15
. Veg=24V, RL =2k&2 20
VOH High-level output voitage v
L Vee =24V, RL = 10 k2 21
[ VoL Low-level output voltage RL <10 kQ2 5 20| mv |
AvD Large-signal differential Vee=15V, RL>2kQ2, Vg=1VtMlV 100 V/imv
voltage amplification
CMRR Common-mode rejection ratio | Rg < 10 k2 85 dB
ksvRr* Supply voltage rejection ratio Rg <10k&2 100 d8
Vo1 / Vo2  Channel separation =1 kHz to 20 kHz 120 dB
Vegc =15V, Vip=1V, Vpo=0V —20 —40
lo Output current Vee =18V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, Vpo=5V 8 20
icc Supply current lboth amplifiers) | No load, No signal 0.5 1.2 mA
*kgyR = AVcc/AVio T Al characteristics are specified under open-loop conditions.

NOTE 8: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardliess of
the state of the output, so no loading change is presented to the input lines.

TYPICAL APPLICATION DATA

Vees
R4 SELECT VALUES FOR: CALCULATE:
T a
WA a R1=R3=R5=——
C1 and C2 woC
o here C1 = C2 - Rt
| 1 8 —Jb where R2 = COE
R1 wg = 2nfg a—-1-— —
[ ] 3R3 1 —K— <o
o2 D 17:|J g‘% K
c2 A Ré
R1 - K-
euT 2 3 6 [~ ouTeuT K is selected to R4 = Rixka
™ optimize sensitivity 20 1
4 5 and is typically
o— R6 = K - R1
/ between 1 and 10.

Vee-

MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER
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LINEAR TYPES MC1558, MC1458
INTEGRATED DUAL GENERAL-PURPOSE
CIRCUITS OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-§ 11457, FEBRUARY 1971—REVISED OCTOBER 1979

e Short-Circuit Protection e Low Power Consumption
¢ Wide Common-Mode and ¢ No Latch-up
Differential Voltage Ranges o Designed to be Interchangeable with
o No Frequency Compensation Required Motorola MC1558/MC 1458 and Signetics
S$5558/N5558
description

The MC1558 and MC1458 are dual general-purpose operational amplifiers with each half electrically similar to uA741
except that offset null capability is not provided.

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage-follower
applications. The devices are short-circuit protected and the internal frequency compensation ensures stability without
external components.

The MC1558 is characterized for operation over the full military temperature range of —55°C to 125°C; the MC1458
is characterized for operation from 0°C to 75°C.

JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW)
AMPLIFIER NO. 2 AMPLIFIER NO. 2

NON
T s INV
Vecs  PUT INPUT INPUT

§o

P

O @

NON-
QUT- INV_ INV
vee+  PUT INPUT INPUT

l-.g

NC  OUT  INV_ NON  GND

OUT- INV_ NON- Vce—

PUT INPUT INV PUT NeUT | INV
INPUT

AMPLIFIER NO. 1 AMPLIFIER NO. 1

NC—No internat connection

absolute maximum ratings over gperating free-air temperature range {(unless otherwise noted)

MC 1558 MC1458 UNIT
Supply voltage Vcc+ (see Note 1) 22 18 v
Supply voltage Ve (see Note 1) -22 —18 \
Differential input voltage (see Note 2] +30 +30 \Y
Input voltage (any input, see Notes 1 and 3) +15 +15 v
Duration of output short-circuit (see Note 4) unlimited unlimited
. L ° Each amplifier 500 500
Srz:-::u;‘::;::tlu?:s(::t;::t:ts()m oz Total package 1G or P package 680 680 mw
U Package 675 675
Operating free-air temperature range —55t0 125 0to 75 °C
Storage temperature range —65 to 150 -85 to 150 °C
Lead temperature 1/16 inch {1, 6 mm) from case for 60 seconds JG or U package 300 300 °C
Lead temperature 1/16 inch {1, 6 mm) from case for 10 seconds P package 260 °C
NOTES: 1. All voliage values, unless otherwise noted, are with respect to the midpoint between Vocy and Ve .
2. Differential voltages sre at the noninverting input terminal with respect to the inverting input terminal,
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4

. The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit
applies at {or below) 125°C case temperature or 75°C free-air temperature,

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. in the JG package, MC1558 chips are alloy-

mounted; MC1458 chips are glass-mounted,

Copyright © 1979 by Texas Instruments Incorporated
1079

TEXAsS INSTRUMENTS 85

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vecc—-=-15V
T PARAMETER TEST CONDITIONST MC1558 MC1458 UNIT
MIN TYP MAX MIN TYP MAX
vio Input offset voltage Rg < 10k&2 2°¢ ! 5 ! 5 mv
Full range 6 7.5
ho Input offset cusrent 25°¢ L 200 20 200 nA
Full range 500 300
B Input bias current 25°¢ 80 500 80 500 nA
Full range 1600 800
Common-mode 25°C 12 £13 t12 +13
Vicr . v
input voltage range Full range 112 12
R =10k 25°C 24 28 24 28
Vope Maximum peak-to-peak R > 10k& | Full range 24 24 v
output voltage swing R =2k | 25°C 20 26 20 26
R > 2k | Full range 20 20 J
Large-signal differential R » 2k, | 25°C 50 200 20 200
Avp P _ vimV
voltage amplification Vo =10V | Full range 25 15
R =2k,
Bom Maxim.um-output-swing Vo=»:10V, 25°C 14 14 KHz
bandwidth (closed-loop) Ayp =1,
THD < 5%
Bj Unity-gain bandwidth 258°C 1 1 MHz
Sm Phase margin Ayp=1 25°C 65° 65°
Am Gain margin 25°C 1 1 d8
N Input resistance 25°C 0.3 2 0.3 2 Mo
. Vg =0, N
ro Output resistance See Note 6 25°C 75 7% 13
Ci Input capacitance 25°C 14 1.4 pF
Zic Commeon-mode f=20Hz | 25°C 200 200 M
input impedance
CMRR Common-mode rejection ratic | Rg < 10k& 25°C 10 %0 10 90 dB
Full range 70 70
" Supply voltage sensitivity e < 10KS 25°C 30 150 30 150 VIV
svs {aVg/aVee) S Full range 150 w50 | ¥
Equivalent input Avp=100,
. Rg = 0, o
Vn noise voltage - 1khz, 25°C 45 45 nv/JAz
(closed-loop} B = 1 Hz
los Short-circuit output current 25°C +25 +40 +26 +40 mA
Supply current No load, 25°C 3.4 5 3.4 5.6
Icc ) ) mA
{Both amplifiers) No signal Full range 6.6 6.6
o Total power dissipation No load, 25°C 100 150 100 170 W
{Both amplifiers) No signal Full range 200 200
Vo1/Vo2 Channel separation 25°C 120 120 dB

TAN characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is —658°C to 126°C and for

MC1458 is 0°C to 75°C.

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics, Voc+ =15V, Vgg—~=—-15V, Ta = 25°C

MC1558 MC1458
PARAMETER TEST CONDITIONS UNIT
MiIN TYP MAX MIN TYP MAX
t Rise time Vy=20mV, R =2kQ, 0.3 0.3 us
Overshoot factor Cyp = 100 pF, See Figure 1 5% 5%
SR Stew rate at unity gain Vi=10V. Ry -2ka, 05 05 Vi
ew rate i . X
" unity ga CL = 100 pF, See Figure 1 us
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TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip} 680 mW 6.6 mMW/°C 47°Cc
P 680 mW 8.0mwW/C 65°C
u 676 mW 5.4 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

schematic (each amplifier)

TO OTHER
» AMPLIFIER
INVERTING
wpur ©
- }j —0 Vee+
l/' LN
NON-
INVERTING L
INPUT L
225
—o OUTPUT
250 Q
S
’% 1
1k 50 kQ Q. 5k 50 kn%. 50 Q
8 —- L . —~0 Vee—
TO OTHER
COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER
PARAMETER MEASUREMENT INFORMATION
__?ouwur
INPUT =
INPUT VOLTAGE CL - 100 6F -E Ay - 2xn
WAVEFORM
TEST CIRCUITS
FIGURE 1—RISE TIME, OVERSHOOT,
AND SLEW RATE
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TYPES MC1558 MC1458

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

100 | LN

400
1T
Vees =15V ) Veo+r 15V
Vego = -15V T
80 -\ 1 |
; < 300 - - +
- — |
§ 3 H Af, S |
5 60 £ r .
3 \ 3 fo- MC1468 yel
3 8 200 - Sp-b
5 :
ER 2 I
£ T
T o
o = 100
! -
0 0 } ‘ | I

—60 —40 —20 O 20 40 60 80 100 120 140 60 40 —20 O 20 40 60 B8O 100 120 140

Ta—Free-An Temperature— C Ta—Free-Ar Tempersture—"C

FIGURE 2 FIGURE 3

OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
vs vs

FREQUENCY SUPPLY VOLTAGE
o ULSRAILL 5 400
2 Vegs= 15V € |
j e telt § 0 ez
z AL =10k 1 Ta-25°C
s % Ta=25°C s 20
3 3 -
] = L]
S '\ 2 00
H <
s \ H
3 2
i 16 \ z 40
£ §
s £
., &
$ N : .
0100 " tox 100k . Vo= 0 12 14 16 18 20
—F raquency~Hz tvee, | =Suppty Voltage—v
FIGURE 5 FIGURE 6
COMMON-MODE REJECTION RATIO QUTPUT VOLTAGE
vs vs
FREQUENCY ELAPSED TIME
100 T 28
vege= 15V
g % \ vgg_xqsvﬂ 24 .
¢ 0 Rg = 10k
é N Ta = 25°C 20 A
§ 70 H 90%/
L ' :
: § [
50 S 2
g \ H /:
40 N g . e
2 38 : Vegr = 15V
£ 2 N T / I Veg-® -6V
8 9., : LR =2k
i i CL = 100 pF
E 20 o ‘ ‘qué’
3 w0 ° T t
0 -4 \
110 100 1k 10k 100k 1M 10M 100M Q as ! 15 z 25
f—Frequency —Hz 1=Time—us
FIGURE 8 FIGURE 9

Ay p—Ditferenuial Voltage Amplification

Vopp—Maxmum Peak-to-Peak Output Voltage—V

tnput and Output Voltages—V

28

26

24

22

20

8

6

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs
LOAD RESISTANCE

T
Veg+ =15V
Fvge-=-18V
Ta-25°C

4

o 0.2 04 07 2 4 710

Ry ~Load Resistance—ks?
FIGURE 4

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUENCY
T T

Veg+= 15V
Veo— =18V |
R =2k
Ta=25C

1 10 100 1k 10k 100k 1M 10M I100M

f—Frequency—Hz

FIGURE 7

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

vic. =|15 vl J
Veg- =15V
b-4 Ry =2k
/ AL cp-100pF
: Ta=25°C
ouTPUT . |
1 T
! I
1o\ !
v
!
L

\
5
(=
T

TA

N
1
1

T

--
!
|
e

7T 1
|
0 10 20 0 40 50 60 70 80 90
t—Time—us
FIGURE 10
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LINEAR TYPES MC3503, MC3303, MC3403
INTEGRATED QuADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

CIRCUITS

BULLETIN NO. DL-S 12676, FEBRUARY 1979—REVISED OCTOBER 1979

description

e Wide Range of Supply Voltages

Single Supply .. .3V to 36 V J OR N DUAL-IN-LINE PACKAGE
or Dual Supplies {TOP VIEW)

e Class AB Output Stage

e True Differential Input Stage AMPLIFIER NO. 4 AMPLIFIER NO. 3
S INVERT. NONIN. | 'NONIN. INVERT
e Low Input Bias Current ING VERTING VERTING ING

OUTPUT INPUT INPUT Vcc— INPUT  INPUT OUTPUT

e Internal Frequency Compensation 1 3| [z 1 10 3 s

e Short-Circuit Protection

e Designed to be Interchangeable with
Motorola MC3503, MC3303, MC3403

The MC3503, MC3303, and the MC3403 are quad-
ruple operational amplifiers similar in performance
to the uA741 but with several distinct advantages.

They are designed to operate from a single supply 1 2 3 4 3 6 7
over a range of voltages from 3 volts to 36 volts. OUTPUT INVERT- NONIN- Vet NONIN- INVERT. QUTPUT
Operation from split supplies is also possible provided o G VERTING NG

. L \ / \ 7
the difference between the two supplies is 3 volts to —V %2

. . AMPLIFIER NO. 1 AMPLIFIER NO. 2
36 volts. The common-mode input range includes

the negative supply. Output range is from the nega-
tive supply to Vg — 1.5 V. Quiescent supply cur-
rents are less than one-half those of the uA741.

The MC3503 is characterized for operation over the fuil military temperature range of —55°C to 125°C. The MC3303
is characterized for operation from —40°C to 85°C. The MC3403 is characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

MC3503 MC3303 MC3403 UNIT—’

Supply voltage Vo4 (see Note 1) 18 18 18 vV
Supply voltage Voo (see Note 1) -18 —~18 —-18 \%
Supply voltage Vo4 with respect 1o Vog— 36 36 36 \
Differential input voltage (see Note 2) +36 +36 +36 v
Input voltage (see Notes 1 and 3) ] +18 +18 +18 \'
Continuous total dissipation at (or below) 25°C J Package 1375 1025 1025 .
free-air temperature {see Note 4} N Package 1150 1150

Operating free-air temperature range —551t0 125 —40 to 85 0to 70 °C
Storage temperature range —6510150 | —651t0 150 | —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm} from case for 60 seconds | J Package 300 300 300 °C
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds | N Package 260 260 °C

NOTES: 1. These voltage values are with respect to the midpoint between Vot and Veg_.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. Neither input must ever be more positive than Vg + or more negative than Voo

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, MC3503 chips are alloy-
mounted; MC3303 and MC3403 chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING  ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 1375mW  11.0 mW/°C 25°C
J {Glass-Mounted Chip) 1025 MW 8.2 mW/°C 25°C
N 1150 mW 9.2 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2,

Copyright © 1979 by Texas Instruments I ncorporated
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TYPES MC3503, MC3303, MC3403

QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature: Voc+ = 14 V, Vgg— = 0 V for MC3303;
Vee: = +15 V for MC3403 and MC3503

PARAMETER TEST CONDITIONS? Mc3503 MC3303 MC3403 UNIT
MIN TYP MAX | MIN TYP MAX| MIN TYP MAX
v Inout offset volt Ta=25°C, See Note 5 2 5 2 8 2 10 v
age m
10 Inputotiset voltag T A = full range, See Note 6 6 10 72
Temperature coefficient
Ta=25°C 10 10 10 v/°C
vio of input offset voltage A o
| Input offset ] Ta =25°C, See Note 5 30 50 30 75 30 50 R
set curren n
10 nPut ofiset curr Tpa = full range, See Note § 200 250 200
T t fficient
ano etnpera ure coetticien TA _ 2500 50 50 50 pA/cC
of input offset current
Tp=25"C -0.2 —05 —-0.2 5 -0.2 -05
IT:} tnput bias current A -0 2 MA
Ta = full range —15 -1 -08
Vee— Vee— Vee-— Veo— Vee- Veeo—
Common-mode input o cc cc cc cc cc cc
VICR tage r t Ta=25C to to to to to to \
voltage range 13 135 12 125 13 135
RL=10kQ, Ta=25C +12 $13.5 12 125 +12 *13.5
Peak output S
Vom ) RL=2k2, Ta=25C 10 13 10 12 10 13 \Y
voltage swing
Ry =2kQ, Ta = full range +10 10 10
Large-signal differential |R| =2k, Ta=25°C 50 200 20 200 20 200
AyD . V/mV
volitage amplification Vo =+10V Ta = full range 25 18 15
v =20V, RL=2k&Q2,
Maximum-output- OopP L o
Bom ing bandwidth Ayp =1, TaA=25"C, 9 9 ] kHz
swin Wi
s THD < 5%
B Unity-gain bandwidth | = oK% VO =80mY, 1 1 1 MH
nity-gain ban b
1 Y-8 wi Ta=25°C z
CL.=200pF, R =2kQ, o 5 5
Phase margin 60 60 60
m g Tp = 25°C
[ Input resistance =20 Hz, Ta =25°C 0.3 1 0.3 1 0.3 1 MO
o OGutput resistance =20 Hz, Ta=25°C 75 75 75 1)
Common-mode o
CMRR K Rg< 10k, Ta=25°C 70 90 70 90 70 Q0 dB
rejection ratio
Supply voltage sensitivit °
k Ta=25°C 30 150 30 150 30 150|uV/V
Svs (aVig/avee) A .
lgg Shorteircuitoutput | _ pgoc £10 30 45| £10 30 45| 210 +30 45| mA
current
No load, Vpo=0V,
ice Total supply current i 2.8 4 2.8 7 2.8 7| mA
Ta=26"C

1Al characteristics are specified under open-loop conditions unless otherwise noted. Full range for T 5 is —55°C to 125°C for MC3503; —40°C

to 85°C for MC3303; and 0°C 1o 70°C for MC3403.
iThe V¢R limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vecy.
§Temperarure and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.
NOTE 5: Vo and || are defined at Vg = 0 V for MC3503 and MC3403, and Vg = 7 V for MC3303.
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TYPES MC3503, MC3303, MC3403

QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics, Voc+ =5V, Voc— =0V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST MC3503 MC3303 MC3403 UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Vp=25V 2 5 10 2 10| mV
o Input offset current Vp=25V 30 50 75 30 50| nA
-} Input bias current —0.2 —05 —0.5 —-0.2 —0.5| uA
RL =10k 3.3 35 3.3 35 3.3 3.5
Peak output
Vom Itage swing AL = 10 k2. v 17 v 17 v 1.7 v
v R — 1 — 1. — L.
oltage swing Vees=5Vioaov | C¢* ce+ ces
Large-signal differential
Ayp e RL =2kQ,AVp=2V 20 200 20 200 20 200 Vimv
voltage amplification
Powe | itivit
kgyg | OWersupply sensitivity 150 150 150 [aV/V
(AV|p/aVecs)
lce Supply current No Load, Vo =25V 25 4 25 7 25 7| mA
Vg41/V o2 Channel separation f=1kHz to 20 kHz 120 120 120 dB
T All characteristics are specified under open-loop conditions.
§Output will swing essentially to ground,
operating characteristics: Voc+ = 14V, Voe— = 0V for MC3303; Vee+ = 15 V for MC3403 and
MC3503; TA = 256°C, AyD = 1 (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gain V=210V, CL =100 pF, See Figure 1 0.6 Vius
ty Rise time 0.35 us
- AV =50mV, CL =100 pF, RL =10k,
tf Fall time i 0.35 us
See Figure 1
Overshoot factor 20%
Crossover distortion Vipp=30mV, Vopp =2V, =10 kHz 1%
PARAMETER MEASUREMENT INFORMATION
O
vi +
CL= <
R
100 pF st
FIGURE 1—UNITY-GAIN AMPLIFIER
1079
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TYPES MC3503, MC3303, MC3403
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs vs
TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE
— 250 T —
20yl =215 v Ta - 25°C 2 O g T 100
& | Ta=2c
-t — 2 3 25
200 « 200 s
3 T
i P I g % A
s < g
£ 150 ™~ £ o 3
> =3 x
o o F
2 &
& & 5 15
‘é 100 i 100 5
£ £ 10
p p g
;E = E
50 50 is
& /
/|
0 0 S0
75 50 —25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 > 9 2 4 6 8 10 12 18 16
Ta—Free-Air Temperature—°"C Nec & -Supply Voltage—V Nggth-Supply Voltage—V
FIGURE 2 FIGURE 3 FIGURE 4
LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
v vs VOLTAGE-FOLLOWER
FREQUENCY FREQUENCY LARGE-SIGNAL PULSE RESPONSE
> 30 TTT 106
| - 1 1 T T 1
& ::/cczoaﬂsv s Vegs =215V 1 Vees = #15 V
3 L= ] RL=2kQ T N RL=2ke |
- 5 L
$® A= 10) g Ta=25°C > N\ Ta=mc
2 fA=25C 3 & ouTPuT/ |\ o= Figure 3
S [See Figure 1 - s :
x -3 3 }
3 £ 2 / i
& z =
s 18 3 103 30 }
% = 3 /
S o
§ 10 g 102 g
g £ : 7
H 9 2 H
i . o 10 VINP
flt N z -10 LINPUT
5, il 1 [T
1K 4k 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k 1M 0 10 20 30 40 50 60 70 80 90
t—Frequency—Hz {—Frequency—Hz t~Time—pus
FIGURE 5 FIGURE 6 FIGURE 7

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

schematic {each amplifier)

|
lgias cincurTayl
— . O vees
1 1
| 1
1
' —l .
t
1 1
| |
¢ |
'
' 1
\ !
T |
5oF |
i | 1
n ]
3Nka ! |
! !
+ 1| =% romnee
~ i + QTHER
| ) AMPLIFIERS
20 } )
r %0 II : 0 ouTeuT
WYERTING ] LN _T ' !
ot 3740 | !
| | |
\ 1
i
[}
) ]
24kl
wun | H
! 1
Ll ..

All component values shown are nominal
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LINEAR TYPES NE5532, NE5532A

INTEGRATED A
CIRCUITS DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 12733, NOVEMBER 1979

e Equivalent Input Noise Voltage . . . NES5532, NES532A ... JG OR P
5 nV/v/Hz Typ at 1 kHz DUAL"x_g;N\z:Q;:KAGE

e Unity-Gain Bandwidth . .. 10 MHz Typ

e Common-Mode Rejection Ratio . . . veer ST v :'Egr
100 dB Typ IR

e High DC Voltage Gain ... 100 V/mV Typ

e Peak-to-Peak Output Voltage Swing. . .
32V Typ with Vge: =+18 V and
RL =600 &
High Slew Rate ... 9 V/us Typ

¢ Wide Supply Voltage Range . . . *+3 V to +20 V 23 s
Designed to be Interchangeable with Signetics BT T I"'uvr‘ng Vee-
NE5532 and NE5532A

description

The NEG532 and NEB532A are monolithic high-performance operational amplifiers combining excellent dc and ac
characteristics. They feature very low noise, high output drive capability, high unity-gain and maximum-output-swing
bandwidths, low distortion, high slew rate, input-protection diodes, and output short-circuit protection. These

operational amplifiers are internally compensated for unity gain operation. The NEG532A has guaranteed maximum
limits for equivalent input noise voltage.

The NE5532 and NE5532A are characterized for operation from 0°C to 70°C.
schematic (each amplifier)

AI T 41 Vee+
36 :’ <
pF < 1
NONINVERTING
INPUT
37 pF
INVERTING 14 pF
INPUT \¢ 159
AN
OUTPUT
7 pF
4
"'l ¢ } 150
i ‘
460
Vee-

All component values shown are nominal,
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TYPES NE5532, NE5532A

DUA

L LOW-NOISE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Voc+ (see Note 1) . . . Lo L e 22V
Supply voltage, VoC— {see Note 1) L. L. e -22V
tnput voltage, either input (see Notes 1and 2) .. ... .. ... ... . it e Vet
Input current {see NOTe 3) . . . . . . e e e e e e e 10 mA
Duration of output short-circuit {see Note 4) . . . . . . . . . ... i e e unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

JG Package ... .. e e e e e 825 mw

P PACKAgE . . .. e e e e 1000 mw
Operating free-air temperature range: NE5532, NEGB32A . . ... . ... .. . ... . . .. . . . 0°C to 70°C
Storage temperature Fange . . . . . v vt i e e e e e e e e e e e e e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . .................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ...................... 260°C

1. All voitage values, except differential voltages, are with respect to the midpoint between V¢cy and Vg,

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless
some Jimiting resistance is used.

4, The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure
the maximum dissipation rating is not exceeded,

5. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the JG package, chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Glass-Mounted chip) 825 mw 6.6 mW/°C 25°C
L P 1000 mW 8.0 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES NE5532, NE5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, Voc+ = £15 V, TA = 25°C (unless otherwise noted)

NE5532, NESS532A

PARAMETER TEST CONDITIONS uNIT
MIN TYP MAX
v Input offset volt Ta-25°C 05 4 mV
volta
1o nput otiset voltage TaA-0Cto70°C 5
Ta=25°C 10 150
o tnput offset current = 5 nA
TpA=0"Cto70°C 200
. Ta=25C 200 80O
T} Input bias current S S nA
Ta=0"Cto70°C 1000

Common-mode input
Vicr £12 13 v
voltage range

Maximum peak-to-peak Vee: = #1585V 24 26
Vorp . R =600 2 )
output voltage swing Vees: = 18V 30 32
RL =600 2, Ta=25°C 15 50
Large-signal differential Vg=:10V Ta=0°Cto70°C 10
AvD S 5 V/my
voltage amplification R > 2kQ, Ta=25C 25 100
Vg =10V Ta=0°Cto70°C 15
Small-signal differential
Avd o f=10 kHz 2.2 V/imV
voltage amplification
Maximum-output-swing Ry =600 02, Vo =+10V 140
Bom i kHz
bandwidth R =600 %, Vees = $18 VY, Vo=3:14V 100
B4 Unity-gain bandwidth R =600, CL =100pF 10 MHz
r Input resistance 30 300 k2
2 Qutput impedance Ayp = 30dB, R =600, f=10kHz 0.3 (93
CMRR Comm-mode rejection ratio 70 100 dB

Supply voltage rejection

3 100 dB
SVR ratio (AVgg+/AVQ) 8

los QOutput short-circuit current 38 mA
Icc Total supply current No load 8 16 mA
Vo1/Ve2 Channel separation Vo1 = 10 V peak, f=1kHz 110 dB

operating characteristics, Voot = £15V, Ta = 25°C

NES532 NES532A
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
SR Siew rate at unity gain 9 9 V/us
Vyi=100mV, Ayp=1,
Qvershoot factor R\ = 600 <, Cy = 100 pf 10% 10%
Vi Equivalent input noise voltage f=30He 8 810 nV/y/Hz
f=1kHz 5 5 6
[ Equivalent input noise current f- 30k 2.7 27 pA//Hz
f=1kHz 0.7 0.7
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LINEAR TYPES NESG533, NEG533A
INTEGRATED DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
CIRCUITS BULLETIN NO. DL-S 12734, NOVEMBER 1979
e Equivalent Input Noise Voltage . . .

3.5 nV/y/Hz Typ (NE5533A at 1 kHz) NES5533, NES533A ...J OR N
e Unity-Gain Bandwidth . .. 10 MHz Typ DUAL-AN-LINE PACKAGE

(TOP VIEW)
Common-Mode Rejection Ratio . . . — —
100 dB Typ 1 e
¢ High DC Voltage Gain ... 100 V/mV Typ QM coun outeut Veos outrur come ear

e Peak-to-Peak Output Voltage Swing. . .
32 V Typ with Vge: = +18 V and
RL =600

e High Slew Rate ... 13 V/us Typ
¢ Wide Supply Voltage Range .. . +3 V to +20 V
o Low Harmonic Distortion L L PR L
o Designed to be Interchangeable with Signetics o e TR
NE5533 and NE5S533A AMPLIFIER NO. 1 AMPLIFIER NO. 2
description

The NE5533 and NE5533A are dual monolithic high-performance operational amplifiers combining excellent dc and
ac characteristics,. Some of the features include very low noise, high output drive capability, high unity-gain and
maximum-output-swing bandwidths, low distortion, and high slew rate.

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of
the frequency response for various applications can be obtained by use of an external compensation capacitor between
the compensation terminals. The devices feature input-protection diodes, output short-circuit protection, and offset-
voltage nulling capability.

The NE5533A has guaranteed maximums on equivalent input noise voltage.

The NE5533 and NE5533A are characterized for operation from 0°C to 70°C.

schematic {(each amplifier)

BALANCE COMPENSATION/BALANCE COMPENSATION

Vees
389F |
o= S gk 3

WA

TING
INPUT v
]
INVERTING
INPUT 318 0
-0 OUTPUT

B0

E ‘r"rf?(

Vee-

Alt component values shawn acs nominal.

Copyright ® 1979 by Texas Instruments Incorporated
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TYP

ES NE5533, NE5533A

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

NOTES:

Supply voltage, VCC+ (588 NOTE 1) . . . . ... i it it it it e e ettt 22V
Supply voltage, VOC— (se8 NOte 1) L . . . . e e e e e e 22V
Input voltage either input (see Notes 1and 2) .. .. ... .. ... ... it it et e Veet
Input current (s€e NOTe B) . . . . . . . i e e e e e e e e +10 mA
Duration of output short-circuit (see Note 4) . .. .. ... ... . . . . it ittt unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

Jpackage .. ... e e e e e e e e e e 1025 mW

N pPackage . ... ...t e e e e 1150 mw
Operating free-air temperature range: NES5533, NEGB33A .. .. ... ... ... ... . . . . ... 0°C to 70°C
Storage temperature range . . . . . ..ttt e e e e e e e e e e e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: Jpackage ....................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage ...................... 260°C

1. All voltage values, except differential voitages, are with respect to the midpoint between Vg and Ve,
2, The magnitude of the input voltage must never exceed the magnitude of the supply voltage,

3. Excessive current will flow if a differantial input voltage in excess of approximately 0.6 V is applied betwean the inputs unless
some limlting resistance is used.

4, The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited toc ensure
the maximum dissipation rating Is not exceeded,

5. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J package, these chips are glass-
mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE o
RATING FACTOR Ta
J (Glass-Mounted Chip) 10256 mW 8.2mwW/°C 25°C
N 1150 mW 9.2mwW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, VCc+ = +15 V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS NES533, NESSISA UNIT
MIN TYP MAX
Ta=25°C 0.5 4
Vio Input offset voltage TA=07Cto70°C P mV
( | ” Ta=25°C 20 300 nA
10 nput offset current TA=0°Cto70°C 200
. Ta =25°C 500 1500
lig Input bias current TA=0°Cto70°C 2000 nA
VicR Common-mode input +12 +13 v
voltage range
Maxi k-to-peak \'4 =115V 24 26
Vopp aximum pea o‘pea RL > 600 &2 CC+ v
output voltage swing Vee: = £18V 30 32
Large-signal differential Ry > 600 Q Ta=25°C 25 100
AVD arge-sign .I‘ rfan ial L A = - V/mVv
voltage amplification Vo =10V Ta=0Cto70°C 15
Small-signal di ff tial Cc=0 6
Avg mall-signal '|' er‘en ia f =10 KH2 C V/mV
voltage amplification Cgc =22 pF 2.2
Vp=3:10V, Cc=0 200
Maximum-output-swing Vpo=*10V, Cc = 22pF 95
Bom . kHz
bandwidth Vee: = 18V, Vo =14V, R =600, 70
Cc =22pF
By Unity-gain bandwidth Cc=22pF CL=100pF 10 MHz
r Input resistance 30 100 kQ
i Ayp = 304dB, R =600 Q Cc = 22pF,
t d 0.3 1)
Zg Qutput impedance =10 kHz
CMRR Common-mode rejection ratio 70 100 dB
S ly voltage rejection
ksvR upPly voltage reject! 80 100 d8
ratio (AVoe+/AV|g)
los Output short-circuit current 38 mA
Ice Total supply current No load 8 16 mA
Vg1/Vo2 Channel Separation Rg = 5 k2, f=1kHz, Ayp =100 110 dB
operating characteristics, Vcc+ = 15V, Ta = 25°C
PARAMETER TEST CONDITIONS NES533 NES533A UNIT
MIN TYP MAX | MIN TYP MAX
SR Sl te at unit i Cc-0 13 13 \7/
ew rate at unity gain s
v v ol Co-22pF 6 6 “
Vi =50mv, Ayp =1,
t Rise ti 20
s is¢ time R_=600Q, Cg=22pF, o ns
Overshoot factor Cy = 100 pf 20% 20%
V| =50mV, Ayp =1,
t Rise time : vD 50 50 ns
R|_=6009Q, Cc=47pF,
Overshoot factor CL = 500 pF 35% 35%
f=30Hz 7 55 7
\" Equivalent i t noi | N
n quivalent input noise voltage PR P 35 45 nV/{/Hz
f=30H 2.5 K
In Equivalent input noise current =1 kHi 06 ;i pA/\/Hz
F Average noise figure Rg =5k, f=10Hz to 20 kHz 0.9 dB
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

Normalized Input Bias Current and Input Offset Current

Normalized Slew Rate and Unity-Gain Bandwidth

Vn—Equivalent Input Noise Voitage—nV//Hz

NORMALIZED INPUT BIAS CURRENT
and INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE
16 T T
Veg =118V

oFFSg

1 (—8IAF

08

06

04

0 10 20 30 40 50 60 70 80
Ta~Free-Air Temperature—"C

FIGURE 1

NQRMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH
v
FREE-AIR TEMPERATURE

1
vee = $15 V

Stew RAIE
1 L—T" ]

= UNITY-GAIN BANDWIBTY

0.9

0.8
0 10 20 30 40 50 60 70 80

Ta—Free-Air Temperature—"C

FIGURE 4

EQUIVALENT INPUT NOISE VOLTAGE
vs

FREQUENCY
10
H- Voot = +15 V
7 - Ta=25"C
i
~N E5533
. I
\~~
NESE3
2
1
10 100 1k 10k 100k

f—Frequency—Hz

FIGURE 7

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE
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FIGURE 2
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EQUIVALENT INPUT NOISE CURRENT
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FIGURE 8

Ayp-Differential Voltage Amplification

THD-Total Harmonic Distortion—%

Total Equivalent Input Noise Voltage—uV
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TOTAL HARMONIC DISTORTION
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LINEAR
CIRCUITS

BULLETIN NO. DL-S 12368, MARCH 1976 — REVISED OCTOBER 1979

TYPES RM4136, RC4136
INTEGRATED qyAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

NOTES:

Continuous-Short-Circuit Protection

Wide Common-Mode and
Differential Voltage Ranges

No Frequency Compensation Required
Low Power Consumption

No Latch-up

Unity Gain Bandwidth 3 MHz Typical
Gain and Phase Match Between Amplifiers

Designed to be Interchangeable with
Raytheon RM4136 and RC4136

description

The RM4136 and RC4136 are quad high-performance
operational amplifiers with each amplifier electrically
similar to uA741 except that offset null capability
is not provided.

The high common-mode input voltage range and the
absence of latch-up make these amplifiers ideal for
voltage-follower applications. The devices are short-
circuit protected and the internal frequency comp-
ensation  ensures  stability without external
components.

The RM4136 is characterized for operation over the full military temperature range of ~55°C to 125°C: the RC4136 is

characterized for operation from 0°C to 70°C.

J OR N DUAL-IN-LINE
ORW FLAT PACKAGE
{TOP VIEW)

AMPLIFIER NO. 4
Fa\

AMPLIFIER NO. 3
e\

7NV NONANV OuT-

INPUT INPUT
1L

PUT  Vcc+

‘OUT- NON-INV  INV
PUT  INPUT INPUT

Ly
IEaEni

INV NON-INV OUT-

{NPUT INPUT

PUT \PUT

INPUT  INPUT 4

TV
AMPLIFIER NO. 1

Vv

AMPLIFIER NO. 2

OUT- NON-INV  INV Voo

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

RMA4136 RC4136 UNIT

Supply voitage Vco+ {see Note 1) 22 18 \%
Supply voltage Voo (see Note 1) —22 —-18 Y
Differential input voltage {see Note 2) +30 +30 \%
Input voltage (any input, see Notes 1 and 3) +15 +15 \
Duration of output short-circuit to ground, one amplifier at a2 time (See Note 4} uniimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 800 800 mw
Operating free-air temperature range -55 t0 1256 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 °C

. All voltage values, unless otherwise noted, are with respect to the midpoint between Vo, and Voo

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.,

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, RM4136 chips are alloy-

mounted; RC4136 chips are glassmounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J {Alloy-Mounted Chip} 800 mw 11.0mW/°C 77°C
J (Glass-Mounted Chip) 800 mW 8.2mw/C 52°C
N 800 mW 9.2 mW/°C 83°C
w 800 mW 8.0 mW/°C 50°C

Also see Dissipation Derating Curves, Section 2.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4
5

Copyright © 1979 by Texas Instruments Incorporated
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TYPES RM4136, RC4136

QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vgc+ =15V, Vge—=-15V
RM4136 RC4136
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX | MIN TYP MAX
v input offset volt: Rg < 10k 25°C 05 5 05 5 v
nput o a
10 P % S Full range 6 75 m
| Inout offset current 25°C 5 200 5 200 A
nput orfset curren
o P Full range 500 300 | "
| Inout bias current 25°C 40 500 40 500 A
npu 1as Cu '
18 P Full range 1500 800 |
Common-mode .
VICR . 25C 12 +14 12 14 \%
input voltage range
Maxi e B R =10k | 25°C 24 28 24 28
axim ak-to a
Vopp . utumltpe e RL-2k2 | 25°C 20 2 20 2 v
volta n:
outp % swing RL > 2k | Full range P 20
A Large-signal differential R >2k&, | 25°C 50 350 20 300 Vimv
m
VD voltage amplification Vo =110V | Full range 25 15
By Unity-gain bandwidth 25°C 2 35 3 MHz
f Input resistance 25°C 0.3 5 03 5 Ma
CMARR Common-mode rejection ratio Rg<10kf2 | 25°C 70 90 70 90 dB
ksyvs* Supply voltage sensitivity Rg <10kQ 25°C 30 150 30 150 uVviv
Ayp = 100,
Equivalent input VD
) Rg = 1k$2, o
Vn noise voltage £ =1 khHz 25°C 10 10 nV/\/Hz
losed-loop} !
{closed-loop BW =1 Hz
Supp . No load 25°C 5 1.3 5 113
| curren 0 foad,
Icc PRl ¢ _ MINTA 6 133 6 137 | mA
(ANl four amplifiers) No signal
MAX Ta 45 10 45 10
Total dissipati No load 25°C 150 340 150 340
[e} wer aissi| on 0 load,
Po (AM:° : l: p:) Mo s [MINTA 180 400 180 400 | mw
ur am| er 8|
P o MAX TA 135 300 135 300
VeIV Channel i Openloop | Rg=1k2 |26°C 105 105 4B
annet separation Y
01/Vo2 P Ayp=100| f=10kHz |25°C 105 105

*ksvs = AV|p/avVee

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is ~55°C to 125°C and for

RC4136 is 0°C 10 70°C.

operating characteristics, Vcc+ = 156V, Veg—=~15V, Ta = 25°C

PARAMETER TEST CONDITIONS RM4136 Rearse UNIT
MIN TYP MAX [ MIN TYP MAX
Vi=20mV, R_=2kQ,
t ise ti 0.13 0.13
r Rise time C = 100 pF Hs
SR sl ity gai Vi=10V. R =2ka. 15 10 Vi
ra Tt unit n E o S
ew rate at unity gai CL=100pF [

schematic (each amplifier)

veer 0—

NONINVERTING
INPUT

INVERTING
INPUT

vee-

L <

T

ouTPUT
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LINEAR TYPES RMA4558, RC4558
INTEGRATED DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

c'nculTs BULLETIN NO. DL-S 12365, MARCH 1976 — REVISED OCTOBER 1979

e Continuous-Short-Circuit Protection
Wide Common-Mode and

JGORP

{TOP VIEW)

DUAL-IN-LINE PACKAGE

Differential Voltage Ranges

No Frequency Compensation Required
Low Power Consumption

No Latch-up

Unity Gain Bandwidth 3 MHz Typical
Gain and Phase Match Between Amplifiers

Designed to be Interchangeable with
Raytheon RM4558 and RC4558

AMPLIFIER NO. 2

NON-
OUT. INV_ INV
VCC+ PUT INPUT INPUT

AMPLIFIER NO. 1

description

The RM4558 and RC4558 are dual general-purpose operational amplifiers with each half electrically similar to uA741

except that offset null capability is not provided.

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage-follower
applications. The devices are short-circuit protected and the internal frequency compensation ensures stability without

external components.

The RM4558 is characterized for operation over the full military temperature range of —55°C to 125°C; the RC4558

is characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)

RM4558 RC4558 UNIT
Supply voltage Voo + (see Note 1) 22 18 v
Supply voltage Vo — (see Note 1) -22 —-18 v
Differential input voltage (see Note 2} +30 +30 A"
Input voltage (any input, see Notes 1 and 3) 156 +15 v
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680 mwW
Operating free-air temperature range —55 to 125 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P package 260 °c

NOTES: 1. All voltage values, uniess otherwise noted, are with’respect to the midpoint between Vo4 and Voo —.
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 16 volts, whichever is less,

2
3
4. Tamperature and/or supply voltagas must be limited to ensure that the dissipation rating is not exceeded,
s

. For operation above 25°C free-air temperature, rafer to Dissipation Derating Table. In the JG packages, RM4558 chips are alloy-

mounted; RCA4558 chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE RATING FACTOR Ta
JG (Alloy-Mounted Chip} 680 mW 8.4 mW/C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 MW/ C 47°C
P 680 mwW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES RM4558, RC4558
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Veg—=—-15V
PARAMETER TEST CONDITIONS' RM4558 RC4558 UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.5 5 0.5 6
Vio Input offset voltage Rg <10k Full range 5 75 mv
25°C 5 200 5 200
lio Input offset current Full range 500 300 nA
[ ] 25°C 40 500 40 500
hg Input bias current Full range 1500 300 nA
VicR Common-made 25°C 12 114 12 £14 v
input voltage range
Maximumm peak-to-pesk RL =10k | 25°C 24 28 24 28
Vorp oot volioge swi':: R_-2ka |25°C 20 2 20 26 v
RL 2 2k§1 | Full range 20 20
Large-signal differential RL>2kq, |26°C 50 350 20 300
Avp o _ VimV
voltage amplification Vo =+10V | Full range 25 15
B4 Unity-gain bandwidth 25°C 2 35 3 MHz
ri Input resistance 25°C 0.3 5 03 5 M
CMRR Common-mode rejection ratio Rg < 10k 25°C 70 90 70 80 dB
kgys* Supply voltage sensitivity Rg < 10 k&2 25°C 30 150 30 150 uv/v
Equivalent input Avp =100,
) Rg =1 k&2, o
Vn noise voltage fo1 KMz, 25°C 10 10 nv/iVHz
{closed-loop) BW = 1 Hz
Supply current No load, 25°C 25 56 25 56 §|
fee {Both amplifiers) No signal MIN Ta 3.0 66 3.0 66 mA
MAX Ta 2.0 5 2.3 5
Total power dissipation No load, 26°C 75 170 75 170
Fo {Both amplifiers) No signal MINTA 90 200 90 200 mw
MAX Ta 60 150 70 150
Rg =1k °
Vo1/Vo2 Channel separation i:)/e[; I:;):o ‘ S 10 kHz' ;:og :g: :gz dB

*ksvs = AVio/aVee
T All characteristics are specified under open-loop operation, unless otherwise noted. Full range for RMA558 is —55°C to 125°C and for
RC4558 is 0°C to 70°C.

operating characteristics, Vcc+ =15V, Vee—=-15V, Ta = 25°C

RM4558 RCA558
PARAMETER TEST CONDITIONS uNIT
MIN TYP MAX |MIN TYP MAX
t Rise time Vi =20mV, RL =2k, 0.13 0.13 us
Overshoot C =100pF 5% 5%
SR Slew rate at unity gai Vi=10V, Ry =2k, 15 10 v/
rate at un n . o S
ewra v e CL =100 pF s
schematic (each amplifier)
NONINVERTING ﬁ_
INPUT
INVERTING
INPUT
AYl %
7T
OUTPUT

‘l(l 3
vee- ¢ T » .
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LINEAR

INTEGRATED
CIRCUITS

TYPES SE5534, SE56534A, NES534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 12680, JULY 1979-~REVISED OCTOBER 1979

e Equivalent Input Noise Voltage. . .
3.5 nVA/Hz Typ
Unity-Gain Bandwidth . .. 10 MHz Typ

¢ Common-Mode Rejection Ratio . ..

100 dB Typ
e High DC Voltage Gain... 100 V/mV Typ

Peak-to-Peak Output Voltage Swing. . .
32 V Typ with Vg =+18 V and
RL=600%

High Slew Rate ... 13 V/us Typ
Wide Supply Voltage Range . .
Low Harmonic Distortion

Designed to be interchangeable with Signetics
SES534, SEE534A, NES534, and NES534A

description

The SEB534, SEG534A, NEG534, and NEBS34A are monolithic high-performance operational amplifiers combining
excellent dc and ac characteristics. Some of the features include very low noise, high output drive capability, high

SE5534, SEG634A ... JG SEB534, SES534A
NEG534, NES534A ... JGORP U FLAT PACKAGE
DUAL-IN-LINE PACKAGE {TOP VIEW)
{TOP VIEW)
coMP! ouY- comp/
BAL Veer PUT COMmP NG BAL  VCCr OUTPUT COMP

.t3Vto:20V

BAL-
ANCE INPUT INV
INPUT

INV_ NON- Voo

— 1

oo

NV
ANCE INPUT  INV
INPUT

©

Vee-

unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate,

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of
the frequency response for various applications can be obtained by use of an external compensation capacitor between
pins 5 and 8. The devices feature input-protection diodes, output short-circuit protection, and offset-voitage nulling

capability.

NC — No connection

The SE5534A and NES5534A have guaranteed maximums on equivalent input noise voltage.

The SE5534 and SES534A are characterized for operation over the full military temperature range of ~55°C to 125°C;
the NE5534 and NES534A are characterized for operation from 0°C to 70°C.

schematic

BALANCE COMPENSATION/SALANCE
8)

COMPENSATION
{6)

mn

[y
_prF

12 k)

wod
" - -
1

$
4 $

0pf
It
LAY
INVERTING, 120F
NPT @ ¥
3 \

20f

|

AY

Bis

F\

vee+

All component values shown are nominal,

v,
-8—0Vec—

1]
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TYPES SE5534, SE5534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Voc+ (see Note 1)
Supply voltage, VCC— (see Note 1) . . .. . e -22V
Input voltage either input (see Notes 1 and 2)

.......................................... Ve

Input current (see NOte 3} . . . . . . .. e e e e +10 mA

Duration of output short-circuit {see Note 4) . . . .. ... ... i ittt unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

SEB534,SEBB34A inJG package ... .. ... ... e 1050 mwW

NEBS534, NEBB34A inJG package .. .. ... ... iieieenannneennn 825 mW

Ppackage .. .. .. e e e 1000 mW

Upackage .. .. ..t e e e e 675 mwW

Operating free-air temperature range: SES534, SES534A ... .. .. .......0urinineran..s —55°C to 126°C

NEB534, NEBB34A .. ... ... . . e 0°Cto 70°C

StOrage teMPErature FANGE . . . .. oo oo e e e e e ot et et e e e e e e —65°C to 150°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGorUpackage . .................. 300°C

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ...................... 260°C

NOTES: 1. All voltage values, except differential voitages, are with respect to the midpoint between Vg4 and Voo .

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs
uniess some limiting resistance is used,

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to
ensure the maximum dissipation rating is not exceeded,

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, SE5534 and SE5534A
chips are alloy-mounted; NE5534 and NE5534A chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING  ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip} 1050 mW 8.4 mW/°C 25°C
JG (Glass-Mounted Chip) 825mW 6.6 mW/°C 25°C
P 1000 mW 8.0 mW/°C 25°C
u 675 mW 54 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2,
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TYPES SE5534, SE5534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, VcC+= t15 V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST SES534, SESS3AA | NESS34, NESSMIA UNIT
MIN TYP MAX MIN TYP MAX
N | cfeot vor Ta=25C 05 2 05 7 v
e
10 nput offset voitag Ta = full range 3 5
i Input offset current Ta=25C 10 200 2 300 nA
10 put o i Ta = full range 500 200
i TaA=25"C 400 800 500 1500
hB input bias current nA
Ta = full range 1500 2000
C on-mode input
Vicr  _ommen-mode inpu 12 213 112 13 v o
voltage range
Maximum peak-to-peak \' =+15V 24 26 24 26
Vopp mum pealto-p RL > 600 2 L2 v
output voltage swing Vee: =18V 30 32 30 32
Large-signal differential R > 600 &, Ta =25°C 50 100 25 100
Avb - V/mv
voltage amplification Vo =10V Ta = full range 25 16
t-signal differentiat Ce=0 6 6
Avd Small-signal (.il. rfen ial £=10 kKHz C* Vimv
voltage amplification Cc =22pF 2.2 2.2
Vo =210V, Cc=0 200 200
Maximum-output-swing Vo=:10V, Cc=22pF 95 95
Bom . kHz
bandwidth Vee: =18V, Vo =t14V, 20 70
RL =600 &, Cc=22pF
B4 Unity-gain bandwidth Cc =22 pF, C)_= 100 pF 10 10 MHz
f input resistance 50 100 30 100 kQ
Output impedance Avp =308, AL =600 4, 0.3 03 Q
Z 1 8 B
o utput impedan Cc = 22 pF, f= 10 kHz
CMRR Comm-mode rejection ratio 80 100 70 100 dB
Supply voltage rejection
kSVR ply votiege rél 86 100 80 100 dB
ratio {AVee:/aVo)
los Output short-circuit current 38 38 mA
Ta=25°C 4 65 4 8
lee Supply current No load mA
Ta = full range 9

TFul range for T 5 is —55°C to 125°C for SES534 and SESS34A; and 0°C to 70°C for NESE34 and NES534A.

operating characteristics, Vcc+ =t15 V, Ta = 26°C

= -
SE5534, NES534 SE5534A, NE5534,
PARAMETER TEST CONDITIONS A UNIT
MIN TYP MAX | MIN TYP MAX
SR Stew rate at unity gai Cc-0 13 3 v)
n
w rate at unity gai Ca=22pF 5 P us
tr Rise Time Vi =50mv, Ayp=1. 20 20 ns
Ry =600 Q, Cgc =22 pF,
Overshoot factor CL = 100 pF 20% 20%
t Rise time Vi =50mV, Avp =1, 50 50 ns
R =600 %, Cc =47 pF,
Overshoot factor CL = 500 pF 35% 35%
f=230 Hz 7 5.5
E . . ¢ VNG
Vq quivalent input noise voltage =1 KMz 2 35 25 nV/J/Hz
f=230Hz 2.5 ;
In Equivalent input noise current F=1 kHz 06 ;i’ pA//Hz
F Average noise figure Rg =5k, f=10 Hz to 20 kHz 0.9 dB
779
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TYPES SE5534, SE5534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

NORMALIZED INPUT BIAS CURRENT
and INPUT OFFSET CURRENT

vs
FREE-AIR TEMPERATURE
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FIGURE 1

NORMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH
vs
FREE-AIR TEMPERATURE
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FIGURE 4

EQUIVALENT iINPUT NOISE VOLTAGE
vs

FREQUENCY

l% 10 0

R — Veee =16V
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FIGURE 7

TYPICAL CHARACTERISTICS!

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE

vs
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FIGURE 2

NORMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH
vs
SUPPLY VOLTAGE
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EQUIVALENT INPUT NOISE CURRENT
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FIGURE 8

THD—Total Harmonic Distortion—% Ay D-Differential Voltage Amplification
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FIGURE 3

TOTAL HARMONIC DISTORTION
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FIGURE 6

TOTAL EQUIVALENT INPUT NOISE VOLTAGE
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i
A
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FIGURE 9

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 & DALLAS, TEXAS 75265

778



LINEAR TYPES TL0O22M, TL022C
INTEGRATED DUAL LOW-POWER OPERATIONAL AMPLIFIERS

cchuITs BULLETIN-NO. DL-S 12038, SEPTEMBER 1973 — REVISED OCTOBER 1979

e Very Low Power Consumption e Low Input Offset Voltage

e Typical Power Dissipation with £2-V e Internal Frequency Compensation
Supplies . . . 170 uW

o Low Input Bias and Offset Currents

e Latch-Up-Free Operation

e Popular Duatl Op Amp Pin-Out
e Output Short-Circuit Protection

description

The TL022 is a dual low-power operational amplifier designed to replace higher-power devices in many applications
without sacrificing system performance. High input impedance, low supply currents, and low equivalent input noise
voltage over a wide range of operating supply voltages result in an extremely versatile operational amplifier for use in a
variety of analog applications including battery-operated circuits. Internal frequency compensation, absence of latch-up,
high slew rate, and output short-circuit protection assure ease of use.

The TLO22M is characterized for operation over the full military temperature range of —556°C to 125°C; the TL022C
is characterized for operation from 0°C to 70°C.

terminal assignments

JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE [TOP VIEW) (TOP VIEW)
AMPLIFIER NO. 2 AMPLIFIER NO. 2
B out INV NV
OUT- INV_INV NG VeCs  BUT INPUT INPUT

veer  PUT INPUT INPUT

s

L] 3 L

ORORONORO,

OUT I NON Ve

PUT  INPUT  INV

OUT- INV_ NON- Vce- INPUT

PUT INPUT INV
INPUT

ONONONONO)

AMPLIFIER NO.
AMPLIFIER NO. 1 NC-No internal connection

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

TLO22M TLO22C UNIT |

Supply voltage Voc+ (see Note 1) 22 18 \%
Supply voltage Voe— (see Note 1) —22 —18 v
Differential input voltage (see Note 2) +30 +30 \2
Input voltage {any input, see Notes 1 and 3} +15 £15 v
Duration of output short-circuit {see Note 4) unlimited unlimited

L o Each amplifier 500 500
Cantinuous total dissipation at {or below) 26°C G or P package 680 580 W
free-air temperature range (see Note 5) Total package U package 675 75
Operating free-air temperature range —55t0 125 0t 70 °c
Storage temperature range —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds JG or U package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P package 260 °C

NOTES:

1. Ail voltage values, unless otherwise noted, are with respect to the midpoint between Voo and Ve .

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volits, whichever is less,

4. The output may be shorted to ground or either power supply, For the TLLO22M only, the uniimited duration of the short-circuit
applies at {(or below) 125°C case temperature or 75°C free-air termperature.

5. For operation above 26°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TLO22M chips are alloy-
mounted; TLO22C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+= 15V, Vgc—-=~-15V
TLO22M TLO22C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX ]| MIN TYP MAX
25°C 1 5 1 5
\Y 1 t offset voltay Rg < 10 k&2
10 nput oftset voltage 5 Full range 6 75 ™
! Input offset current 2°C 5 40 L 80 A
10 pu Fuil range 100 200 "
. Input bigs current 25°C 50 100 100 250 A
n Il ur
18 P Full range 250 200 | "
Common-mode 25°C £12 %13 12 %13
Vicr A v
input voltage range Full range +12 +12
v Maximum peak-to-peak R =10k 25°C 20 26 20 26 v
opP output voltage swing Ry = 10k§2 | Full range 20 20
A Large-signal differential R = 10k, [ 25°C 72 86 60 80 dB
vD voltage amplification Vo=210V [ Full rangs 72 60
B4 Unity-gain bandwidth 25°C 0.5 0.5 MHz
25°C 60 72 60 72
CMRR Common-mode rejection ratio Rg < 10 kQ dB
Full range 60 60
Supply voltage sensitivi 25°C 30 150 30 200
ksvs v voltage v Rg < 10kQ ALY
(aV)po/avee) Full range 150 200
Ayp = 20dB,
Va Equivalent input noise voitage B=1Hz, 25°C 50 50 nV/\/Hz
f=1kHz
los Short-circuit output current 25°C +6 6 mA ,
) Supply current No load, 25°C 130 200 130 250 A
¢cc {Both amplifiers) No signal Full range 200 20| *
Total dissipation No load, 25°C 3.9 6 3.9 75
Pp . R mw
{Both amplifiers) No signal Full range 6 7.5

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO22M s —65°C to 125°C and for

TLO22C is 0°C to 70°C.
operating characteristics, Vcc+= 15V, Vgc—-~=-15V, Ta = 25°C

Also see Dissipation Derating Curves, Section 2.

PARAMETER TEST CONDITIONS TL022M TL022C uNIT
MIN TYP MAX | MIN TYP MAX
t Rise time Vi=20mV, Rp=10kQ, 0.3 0.3 us
QOvershoot factor Cyp = 100pF, SeeFigure1 5% 5%
] ] Vi=10V, R = 10k,
SR Stew rate at unity gain CL=100pF, See Figure 1 0.5 0.5 V/us
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE RATING FACTOR TA
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/SC 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C
P 680 mW 8.0 mW/°C 65°C
u 675 mW 5.4 mW/C 25°C
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TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS
TOTAL POWER DISSIPATED
vs
SUPPLY VOLTAGE
10 —
7 F No load
[ No signal
v s 4r Ta =25°C
oUTPUT E
} mruv?—— + i t|:
———-ov 1 § 2 /
&
o
INPUT VOLTAGE cL - woor L o |G
o
WAVEFORM - 0.7 v
= -
°
| 0.4
TEST CIRCUIT =]
a
0.2
0.1
0 2 4 6 8 10 12 14 16 18
Vcct|-Supply Voltage—V
FIGURE 1—-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2

schematic
OUTPUY
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r EACH AMPLIFIER I O o BOTH jl
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LINEAR TYPES TLO44M, TLD44C
INTEGRATED QUAD LOW-POWER OPERATIONAL AMPLIFIERS

CIRCUITS BULLETIN NO. DL-S 12039, SEPTEMBER 1973 — REVISED OCTOBER 1979

e Very Low Power Consumption e Low Input Offset Voltage

e Typical Power Dissipation with +2-V ¢ Internal Frequency Compensation
Supplies . . . 340 uW

e Low Input Bias and Offset Currents

e Latch-Up-Free Operation

e Power Applied in Pairs
e Output Short-Circuit Protection
JOR N DUAL-IN-LINE

description OR W FLAT PACKAGE
(TOP VIEW)
The TLO44 is a quad low-power operational amplifier
designed to replace higher-power devices in many Vees OUT. IV Y Vee- Y v our.
applications without sacrificing system performance. SECTA PUT INPUT INPUT SECTB INPUT INPUT PUT

High input impedance, low supply currents, and low
equivalent input noise voltage over a wide range of
operating supply voltages result in an extremely
versatile operational amplifier for use in a variety of
analog applications including battery-operated
circuits. Internal frequency compensation, absence of

SECTION 8

latch-up, high slew rate, and output short-circuit

protection assure ease of use. Power may be applied

separately to Section A (amplifiers 1 and 4) or . B I IR

Section B (amplifiers 2 and 3) while the other pair —L

remains unpowered. 1 2 3 2 5 & 7 8
The TLO44M is characterized for operation over the OUT-  INV_ NON- Vvgc— NON- NV OUT-  Vcges

- o o PUT  INPUT  INV INV  INPUT  PUT SECTB
full military temperature range of —55 C to 125 C; eyt SECTA INPUT

the TLO44C is characterized for operation from 0°C
to 70°C.

Pins 4 and 12 are internally connected together in the N package only,

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TLO4AM | TLO44C [ UNIT
Supply voltage Voc+ (see Note 1} 22 18 v
Supply voltage Vec— (see Note 1) —-22 —18 v
U)ifferential input voltage (see Note 2) +30 +30 v
unput voltage {any input, see Notes 1 and 3) 15 +15 A
Duration of output short-circuit (see Note 4} unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500
free-air temperature range (see Note 5} Total package 680 680 mW
Operating free-air temperature range —56 t0 126 0to 70 °c
LStorage temperature range —6510 150 | —65t0 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W Package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N Package 260 °C
NOTES: 1. All voltage values, unless otherwise noted, are with respact to the midpoint between Vcc4 and Voo —.
2. Ditferential voltages are at the noninverting input tarminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never axceed the magnitude of the supply voltage or 15 volts, whichever is less.

4. The output may be shorted to ground or either power supply. For the TL0O44M only, the unlimited duration of the short-circuit
applles at {or below) 126°C case perature or 75°C # ir temperature,

5. For operation above 25°C free-air temperature, refer to Disslpation Derating Table. In the J package,TL0O44M chips are alloy-
mounted; TLO44C chips are glass-mounted.

Copyright © 1979 by Taxa; {nstruments Incorporated
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TYPES TLO44AM, TL044C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vgc+= 15V, Vgg-=-15V
PARAMETER TEST CONDITIONST TLO044M TL044C UNIT
MIN TYP MAX | MIN TYP MAX
25°C 1 [} 1 5
Vio Input offset voltage Rg < 10k Full range 5 75 mV
ho Input offset current 25°C 5 40 5 80 nA
Full range 100 200
. 25°C 50 100 100 250
lig Input bias current nA
Full range 250 400
Common-mode 25°C +12 213 12 *13
Vicr input voltage range Full range 12 12 v
Vope Maximum peak-to-peak R = 10k& 25°C 20 26 20 26 v
output voltage swing RL >10kQ | Full range 20 20
AVD Large-signal differential Ry = 10k, | 25°C 72 86 60 80 o8
voltage amplification Vo=:10V Full range 72 60
By Unity-gain bandwidth 25°C 0.5 0.5 MHz
CMRR Common-mode rejection ratio Rg < 10kQ % C 60 2 60 2 dB
Full range 60 60
Supply voltage sensitivity 25°C 30 150 30 200
ksvs (av)o/avee) R N ™ 150 200 | “VY
Ayp = 204dB,
Vi Equivalent input noise voltage 8=1Hz, 25°C 50 50 nV/\/FI—z
f=1kHz
los Short-circuit output current 25°C +6 +6 mA
Supply current No load, 25°C 250 400 250 500
lec (Four amplifiers) No signal Full range 400 500 KA
P Total dissipation No ioad, 258°C 75 12 7.5 15 W
D {Four amplifiers) No signal Full range 12 15

T All characteristics are speclfied under open-loop operation, unless otherwise noted. Full range for TLO44M s -55°C 10 125° and for

TLO44C is 0°C to 70°C.
operating characteristics, Vec+= 15V, Voec—=-15V, Ta = 25°C

TLO44M TLO44C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX
t, Rise time Vi=20mV, Rg=10kQ, 0.3 0.3 s
Overshoot factor CL=100pF, SeeFigure1 5% 5%
Vi=10V, Ry =10k&,
SR St ate at uni i 0.5 0.5 \%
ew rate at unity gain CL =100pF, SeeFigure1 Ius

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 680 mW  11.0mW/C 88°C
J (Glass-Mounted Chip) 680 mW 82mw/C  67°C
N 680 mW 9.2mW/ C 76°C
w 680 mw 8.0mwW/°C  85°C

Also see Dissipation Derating Curves, Section 2,
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TYPES TLD44M, TL044C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS
TOTAL POWER DISSIPATED
vs
SUPPLY VOLTAGE
10 T
7 ENo It.)ad —
F No signal
L Ta=25°C
% 4+Ta=2
’ ' I
—?ou"uv S 2 /
oy INPUT 1 “‘é”_
g
INPUT VOLTAGE cL = 100pF gaccwm | = 07 y
WAVEFORM l ;6_'
- l 0-4
[a]
o.
TEST CIRCUIT 0.2
0.1
0 2 4 6 8 10 12 14 16 18 20
Vcet |—Supply Voltage—V
FIGURE 1-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2

schematic (each section)

A e e S
| H 1
Y T Lz
| 14 B
I r ] '
| N
| i
l Y |1 |
I Il I
mvenTing | r ! : : i
wou | |1
:m:rmcl (!
1 ||
| 1
i |
{ I I
| i :
| 4 voe—
b T T «
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LINEAR
INTEGRATED
CIRCUITS

TYPES TLOGO, TLOGOA, TLOG1, TLOG1A, TLOG1B,
TL062, TLOG2A, TLO62B, TLO64, TLOGAA, TLOG4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12647, NOVEMBER 1978—REVISED OCTOBER 1979

19 DEVICES COVER COMMERCIAL., INDUSTRIAL, AND MILITARY
TEMPERATURE RANGES

o Very Low Power Consumption e High Input Impedance . .
e Typical Supply Current . .. 200 uA Stage
e Wide Common-Mode and Differential ¢ Internal Frequency Compensation
Voltage Ranges e Latch-Up-Free Operation
e Low Input Bias and Offset Currents o High Slew Rate ... 3.5 V/us Typ
e Output Short-Circuit Protection
description

. JFET-Input

The JFET-input operational amplifiers of the TLO61 series are designed as low-power versions of the TL081 series
amplifiers. They feature high input impedance, wide bandwidth, high slew rate, and low input offset and bias currents.
The TLO61 series features the same terminal assignments as the TLO71 and TLO81 series. Each of these JFET-input

operational amplifiers incorporates well-matched, high-voltage JFET and bipolar transistors in a monalithic integrated
circuit.

Device types with an “M’* suffix are characterized for operation over the full military temperature range of —55°C

to 125°C, those with an “I”” suffix are characterized for operation from —25°C to 85°C, and those with a “C"’ suffix
are characterized for operation from 0°C to 70°C.

TLO60, TLOGOA
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO61, TLO61A, TLOG1B
JG OR P DUAL-IN-LINE
PACKAGE {TOP VIEW)

TLO61
U FLAT PACKAGE
{TOP VIEW)

OFFSET
OUT- NuLL
COMP VCCe PUT (N2}

4

OFFSET
OUT- NULL
NC_ Ve PUT  IN2)

t:

OUT-  NULL
ne Voo euT N2

POOD®

|

—f 1 ¥
OFFSET INV_ NON- vcc OFF:ET @ @ @ @ @
NULL/ INPUT INV a NULL INPUT NV OO Ne o OEPSET ot v Ve
com NPUT N1) INPUT 1) INPUT
TLO62, TLO62A, TLO628 TLO62 TLOG64...J, N, OR W PACKAGE
JG OR P DUAL-IN-LINE U FLAT PACKAGE TLO64A, TLO64B ...J OR N PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) {TOP VIEW)

OUT- INV_ INV
VEC+ PUT INPUT INPUT

sll7tiells

el
[

1[12]13[]4

OQUT- INV_ NON- vee
PUT INPUT INV
uT

NON-
~ INV_ NV
Yocs  PUT INPUT INPUT

@@@@@

Sl

<]

PUT  INPUT  INV
INPUT

mv:l\‘ NONIN- NONIN- INVERT-
VERTING VEATING

ING
ouTPUT IWT INPUT  Vee—  INPUT  INPUT OUTPUT

Ml in}| (2 n » ] L}

D

AMPLIFIER NO. 4 AMPLIFIER NO. 3

AMPLIFIER NO. 1 AMPLIFIEA NO. 2
a

1 2 3 4 $ [} 7

ouTPuT lnvtRT nomn Veoe NONIN- INVERT- OUTPUT
ING VEﬁTING ING
IWT INPUT

NC—No internat connection
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TYPES TL0O60, TLOGOA, TLOG61, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOGAA, TL0O64B

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) vees

NON:INVERTING
NPUT

INVERTING
INPUT

COMP -~ —
OFFSET NULL/
n.osoom.v{ COMP {N1) O — =

OFFSET NULL (N2) O — —

-
|
| i
H 1
4 3
OFFSET OFFSET OUTPUT VeG-
ULL NULL
il Nz} C1 = 10 pF ON TLOG1, TLOG2, AND TLOG4 ONLY

COMPONENT VALUES SHOWN ARE NOMINAL
TLD61 ONLY

absolute maximum ratings over operating free-air temperature range (unless other wise noted)

[ TLO6_C
TLO6_M TLO6 | TLO6_AC | UNIT
TLO6_BC

Supply voltage, Vco+ (see Note 1) 18 18 18 \
Supply voltage, Vcc— (see Note 1) -18 —-18 -18 \
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (see Notes 1 and 3) +15 +15 15 \Y)
Duration of output short circuit {see Note 4) Unlimited | Unlimited | Unlimited
Continuous total dissipation at {or below) J,JG, N, P, or W package 680 680 680

| 25°C free-air temperature (see Note 5) U package 675 mwW
Operating free-air temperature range —55t0 126 | —25t0 85 0 to 70 °C
Storage temperature range —65 to 150 | —6510 150 [ —65t0 150 | °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °C

NOTES: 1. All voitage vaiues, except differential voitages, are with respect to the midpoint between Vcc4 and Voo,

1

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less,

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO6_M chips are
alloy-mounted; TLOB_I, TLO6_C, TLO6_AC, and TLO6_BC chips are glass-mounted.
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
RATING FACTOR TA
J {Alloy-Mounted Chip) 680 mW 11.0 mW/°C 88°C TLOGO TLOG1 TLO62 TLOG4
- o
J (Glass-Mounted cmpf 680 mwW 8.2mW/°C 67°C TLO6_M G 1G,U G, U LW
JG (Alloy-Mounted Chllp) 680 mwW 8.4 mW/°C sgec TLOB_I §G,P 1G,P G, P LN
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°c TLO6_C G, P G, P G, P LN
N 680 mw 9.2mW/°C wC TLO6_AC JG,P 3G, P JG, P 4N
P 680 mW 8.0 mW/°C 65°C LTLOG_BC G, P G, P N
u 675 mW 5.4 mW/°C 25°C
w 680 mwW 8.0 mW/°C 65°C
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TYPES TLO60, TLOG6OA, TLOG1, TLOGIA, TLOG1B,
TLO62, TLO62A, TLOG62B, TL0OG64, TLO64A, TLOGAB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VcCc+ =15V

j TLO6_C
TLO6_M TLO6_I TLO6_AC
PARAMETER TEST CONDITIONST TL06_BC UNIT
MIN TYP MAX |MIN TYP MAX|MIN TYP MAX
'60, ‘61, '62 3 6 3 6 3 15
Rg=50%, |64 3 9 3 8 3 18|
Ta=25°C ‘60A, '61A, ‘624, '64A 3§
| ‘618, ‘628, ‘648 2 3
Vio Input offset voltage 60, 61, '62 ) P 20 mV
Rg =50 2, '64 15 9 20
Ta = full range |'60A, ‘61A, '62A, ‘64A 4[ 7.5
| ‘618B, '62B, '64B 5
ayvio I::‘\F;Z"::::;C\l;f::;nt Rg =602, T = full range 10 10 10 uV/°C
'60, ‘61, '62, '64 I 5 @ 5 100 5 200
( Ta=25°C ‘60A, '61A, '62A, '64A 5 100 pA
o Input offset current? 618, '628, '648 5 100
'60, '61, '62, '64 20 10 5 T
Ta = full range |'60A, ‘61A, ‘62A, ‘64A J 3| nA
‘61B, '628B, '648 1 3
‘60, ‘61, '62, '64 30 200 30 200J 30 400 |
Ta =25°C ‘'60A, '61A, '62A, '64A ‘ 30 200| pA
g Input bias current® :;’56?222623 E % 30 2?2
Ta=full range ['60A, ‘614, ‘624, '64A ] 7] nA
‘61B, ‘62B, '64B 7
. '6Q, ‘61, ‘62, ‘64 11 +12 +11.5 £12 10 =11
Common-mode input o
VicR Ta=25"C ‘60A, ‘61A, ‘62A, '64A £11.6 +12 v
voltage range
‘'61B, ‘628, '64B +11.6 +12
Vopp Maximum peak-to-peak |Tp = 25°C, RL=10kQ 20 27 20 27 20 27 v
output voltage swing Ta = full range, R|_= 10 k2 20 20 | 20 ]
R > 10k, |'60, 61,62, '64 4 6 4 6 J 3 6 T
Vo =+£10V, '60A, '61A, '62A, '64A ’7 4 6
Large-signal differential |Tp = 25°C ‘618, '628, '648B 4 6
AvD e V/mv
voltage amplification R > 10k, |60, '61,'62,'64 4 4 3
Vpo=+10V, '60A, '61A, '62A, '64A 4
Ta = full range |'61B, ‘62B, '64B 4
B4 Unity-gain bandwidth Ta = 25°C, R =10k 1 1 1 MHz
K Input resistance Ta=25°C 1012 | 012 1012 a |
. ‘60, '61, ‘62, '64 80 86 80 86 70 76
Common-mode rejection |Rg < 10 k§2,
CMRR . o '60A, ‘61A, '62A, '64A 80 86 dB }
ratio Ta=25"C —T
'61B, '62B, '648 ] 80 86
KSVER Supply voltage rejection |Rg < 10 k&2, '231&616122621\ Yy 80 % —I 80 95 ;g ZZ B
ratio (A Voes/A V1g)  |Ta =25°C 4 - 2 —l
'61B, '62B, '64B ] 80 95
PO Total power dissipation No load, No signal, 6 75 6 75 6 75 mr
{each amplifier) Ta=25°C ) i
icc Supply current No load, No signal, 200 250 200 250 200 250 | wA
{each amplifier) Ta =25°C
Wcﬂ /Vo2 Channel separation Ayp = 100, Ta=25°C 120 120 120 d8
T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T is —56°C to 125°C for TLO6_M; —25°C

to 86°C for TLO6_I; and 0°C to 70°C for TLO6 _C, TLO6_AC, and TLO6_BC.
tlnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse

techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible,

1079
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TYPES TL060, TLOGOA, TLO61, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOG4A, TLOG4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VcC: = t15V, Ta = 25°C

TLO6_M ALL OTHERS
PARAMETER TEST CONDITIONS = IT
MiN TYP MAX MIN TYP MAX UN
SR Slew rate at uni in Vi=10v, RL=10ka, 2 3.5 3.5 v/,
e CL=100pF,  See Figure 1 : : us
1 Rise time Vi=20mV, Ry =10k, 0.2 0.2 us
Overshoot factor Cp =100pF, See Figure 1 10% 10%
Vi, Equivalent input noise voltage | Rg=1004%, f=1kHz 42 42 nV//Hz
PARAMETER MEASUREMENT INFORMATION
10kn
v 1kQ
I O——A—4
v : C= A= ()—NM—J
1 100 pF —O0
L‘i(J I ‘tmm a cL-
3 L
Cc=10pF 1 = T‘w oF
for TLOBO ' = =
and TLOGOA L L
FIGURE 1—UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 FIGURE 3—FEED-FORWARD

INVERTING AMPLIFIER COMPENSATION

INPUT OFFSET VOLTAGE NULL CIRCUITS

TLOGO

*For best results use R = 20 MQ for
Vec: =215 Vo R =5 MQ for
Vecs =£3 V.

FIGURE 4 FIGURE 5
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TYPES TLOGO, TLOGOA, TLOG1, TLOG1A, TLOG1B,
TL0O62, TLO62A, TL0O62B, TLOG64, TLO64A, TLOGAB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

MAXIMUM PEAK.TO-PEAK OUTPUT VOLTAGE
v

SUPPLY VOLTAGE
B r—r 7T

R~ 10k

Ta=25"C
25 [~ e Figure 2
20 A
. /

VOopp—Maximum Peak-10-Peak Output Voltage—V

I R

0 2 4 6 8 10 12 14 16
Vcet-Suppiy Voltage—V

FIGURE 6

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE

vs
FREQUENCY

O Trmm T LLALU R A
2 Flvges=tisv AL = 10 kS
- Ta=25°C
K See Figure 2
2 | vece=ti2v
3 ~
5
3 \
x
¥
4 15 —1
g
i L
%
'E 10 vees = 25 v T]
2 ™
£
5
= Veer =32V
1
£ o
ERTY 10k 100 k ™ 0Mm

f—Frequency—Hz

FIGURE 9

SUPPLY CURRENT PER AMPLIFIER
vs

SUPPLY VOLTAGE
250 T
Ta=25°C ]
No Signal
200 |- No Load
E f
[}
¢ ]
£ 150
5
o
=
g0
L (
Q
Lo
50
[

_
o 2 4 6 8 10 12 14 16
Vet -Supply Voltage—V

FIGURE 12

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

(13
FREE-AIR TEMPERATURE

8

-]

~N
153

=3

Veer =15V
LRL =10k
See Figure 2

»

VQpp—-Maximum Peak-to-Peak Qutput Voltage—V
o

0
-75 -50 -25 0O 25 50 75 100 125
Ta—Free-Air Temperature-°C

FIGURE 7

DIFFERENTIAL VOLTAGE AMPLIFICATION
v
FREE-AIR TEMPERATURE

2P e -nisv -
2 FRL=0kQ
7 ]
) |
8
8
K]
>
2
8
=]
z, il

~75 -50 -26 0 25 50 75 100 125
TA—Free-Air Temperature—"C

FIGURE 10

SUPPLY CURRENT PER AMPLIFIER
vs
FREE-AIR TEMPERATURE

250 VCC =416 V
No Signal
200 No Load
<
a
7
I ™
§ 150
5
(5]
>
£
7
3
(53
= 50
0

-75 -0 —-25 0 25 S0 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 13

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE
[

LOAD RESISTANCE
BT T
Vege = $15V
| Ta=28°C
% See Figure 2

20

10

%

Vopp-Maximum Pesk-to-Peak Output Voltage—V
&

o
100 200 400 700 1k 2k

RL—Load Resistance—0

4k 7k10k

FIGURE 8

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY

105 —
. veee = 215V
2 Aex1= 0
& 104 RL=t0kQ —0"
g Ta=25°C
£ | |

103 a5°
¥ PHASE SHIFT B
] iright scaie) =
4 e @
3 102 90" |1
3 OIFFERENTIAL [3
2 VOLTAGE
a8 1w -AMPLIFICATION 135°
a {left scate) \
>
oG

1 180"

1 10 100 1k 10k 100k 1M 10M
{—Frequency—Hz

FIGURE 11

TOTAL POWER DISSIPATED
vs
FREE-AIR TEMPERATURE

o

P

5 8
1

T1.06.

Veor = £15 v
20 |- No Signal
No Load

o

3

Pp—Total Power Dissipated—mW

T1L060. TLOGY

[
75 -50 ~26 G 25 50 75 100 125
TA—Free-Air Temperature—"C

FIGURE 14

tDats at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF
compensation capacitor is used with TLO60 and TLOBOA.
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TYPES TLO60, TLOGOA, TLO61, TLOG1A, TLOG1B,

TL0O62, TLO62A, TLO62B, TLO64, TLO64A, TLOG4B

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

ALL EXCEPT TLO6-C
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE

87 ——1—

2; Voo =+ 15V
RL = 10 k82

2 ae [ALZ10

5

©

g

£ e

2 /’

3

o

g m

=

& a

£

¢

)

[

S

o

81
-76 -50 -25 0 25 60 75 100 126
T a~Free-Air Tcmpemum—"c

FIGURE 15

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

j L wea] T
|

>

o

£ 2

3

3 \

5

g 0 GUTPUT

[#]

g2

= Veos=£15V

S RL = 10k§2

-4 CL = 100 pF
Ta=25°C

t-Time—us

FIGURE 18

TYPICAL CHARACTERISTICS?

NORMALIZED UNITY-GAIN BANDWIDTH,
SLEW RATE, and PHASE SHIFT
vs

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

. TEMPERATURE
2 13 1.03 100
= | s—— 3
ag/ 40\; } —
& 1.2 JUNITY-GAIN BANDWIDTH_pHaSE sHIFT] 1.02 !
g {left scale) ' (right scale} g € 10
-
ERR ‘ | 101 i =
TN L e
° T
H ™ SLEW RATE £3
@ 1 tlett scate) 1 T3
3 & om
3 Q O — 7
3 ool 099 ¢ 2 - V.
z 5 €
E 2 7
=} | o 01
H Vee: =15V =
g 0.98
Eoosh ot g 0.04 Z j, |
€ 4 =B for Phase Shift 1
20 \_L_L—L 097 0.01
~75 -50 —256 0 25 50 75 100 125 50 -25 0 25 50 75 100 125

T a—Free-Air Temperature—"C
FIGURE 16
QUTPUT VOLTAGE

v
ELAPSED TIME

28 (
2 OVERSHOOT }
22 Y.
; P Yo
ks /
s
212 7
g
3 8
L
2, L
10% vees =315V
[ RL=10k2 -
fho tr o Ta=25"C
—4 L 1
0 02 04 06 0B 1 12 14
t—Time—us
FIGURE 19

V,—Equivalent Input Noise Voltage—nV/3/Hz

3 8 8

TA—Free-Air Temperature—"C

FIGURE 17

EQUIVALENT INPUT NOISE VOLTAGE

vs
FREQUENCY

' | VCCt = 215 V]
Rg=1008

FT\:ZS"C

]
10

40 100

400 1k 4k 10k 40k100k

f~Frequency—Hz

FIGURE 20

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, A 10-pF
compensation capacitor is used with TL060 and TLO60A.

TYPICAL APPLICATION DATA

vee+
O
10k, 10 ke
0.1% 0.1%
eyt 100ka
O
vee—
vee+
INPUT
B 100 ko
TLOB4 MWA——8—AA
vee-

TLOB4

Vee—

FIGURE 21-INSTRUMENTATION AMPLIFIER

1009

OUTPUT

120
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TYPES TLOGO, TLOGOA, TLOG1, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLO64A, TLOGAB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

RF = 100 k2
AAA

VVr

+15V
O

OUTPUT INPUT OUTPUT
o J

R1=R2=2R3=15Mn
c3
C1=C2=?=110pF

c1 c2 ;
9.1k fo = —— =1
('_' o= Rict | KHz
FIGURE 22—0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 23—HIGH-Q NOTCH FILTER
N vee+
1Mn
TLO64 OUTPUT A
vee—
1uF §
INPUT o—K e+
TLOB4 OUTPUT B
100 k2 < # *
1 vee-
OVee+
100 4F ~~ee+
‘ | > TLOB4 OUTPUT C
= = +
vee-
FIGURE 24~AUDIO DISTRIBUTION AMPLIFIER
+15Vv
voe+
S 10k 10kn L
P 0.1uF T
= 10 ka2
0ka ) ] "
AMAA~ 1M
TiIL601 l o 10 kix
\ 100 pF TLO6Y QUTPUT
N 10ka 10 ka T 360 2 b oouTPuT
o .
<
5ka Sk n.n.sl 10ka
-15V
FIGURE 25— LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER FIGURE 26—AC AMPLIFIER
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TYPES TLO60, TLOGOA, TLOG1, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOG4A, TLOG4B,
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

10kQ  100ke 1kQ
0.06 uF 0.06uF =
0.1,F e D I :
ﬁ + 1uF
TLo61 ——9 L —0
47k - < < | 1oke g <
= < 12MaQ 100ke S I~ 50 k2 S g
27kQ E 0.002 uF _ 1
100 0.003,F 0.0014F > >
ka $ 270 2 100ka g S10kn

204F S0k o.ozg;—-lf__-

FIGURE 27—-MICROPHONE PREAMPLIFIER WITH TONE CONTROL

by

+0
7
o

TLO62 IC PREAMPLIFIER RESPONSE CHARACTERISTICS
25 1T
P 2 100ka o Meess | [T ax |
N Vece=+15v | |TAEB e/
3 15 Ta=25°C
. N, _See Figure 30 4
$1ka k] N Y
g s g %
1ka 3 . !
" AR 5 TH N
$ r
100 k&2 £ 0 /
> vV N
- -15
L4
TLO62 - NT.E A%t - il
- _2% 1 ||§1s IlF]
[ + 20 40 701002004007001 k 2k 4 k7%10k20 k
f-—Frequency—Hz
FIGURE 28—-INSTRUMENTATION AMPLIFIER FIGURE 29

$
3

0,00375 uf
* [4 $
\ Wk S _T_ 0.003 uF

0.034F
/ 27 k0
—| $——
: [ vees MIN MIN
.01
e o 100kn e AAA AMA-DS 100k
- WA MA-
BASS & 10ke 33kn | TREBLE
'”“5 MAX‘ MAX
o
o—— 0.034F oUTPUT
INPUT
10k0 ;E L 0.003.F

$ 4 e I
!ALANCEE" > 100F GA,N:.Q-—|\ 68 k!

47 4F
T
X
FIGURE 30—I1C PREAMPLIFIER
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LINEAR TYPES TLOG6I, TLOGGC, TLOGGAC, TLOGGBC

INTEGRATED ADJUSTABLE LOW-POWER
CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12667, FEBRUARY 1979—REVISED OCTOBER 1979

5 DEVICES COVER COMMERCIAL,
INDUSTRIAL, AND MILITARY
TEMPERATURE RANGES

TLO66, TLOGGA, TLOGER

e Very Low, Adjustable (*“Programmable”) ";g::;u‘:;:’t:';xf
Power Consumption

e Adjustable Supply Current. .. 5 to 200 uA OFFSEY

PWR OUT- NULL

V
e Very Low Input Bias and Offset Currents gonT ook PUT, NZ)

e Wide Supply Range . .. +1.2V to +18 V

e  Wide Common-Mode and Differential
Voltage Ranges

8 7 6 5

¢  Output Short-Circuit Protection »
e High Input Impedance . . . JFET-Input
Stage —
¢ Typ Unity-Gain Bandwidth . .. 1 MHz 1 23] a
(100 kHz at 25 uW) %FJES "!ll:zr r:ﬂ\hll Vec—
o High Slew Rate... 3.5 V/us Typ come INPUT
e Internal Frequency Compensation
o Latch-Up-Free Operation n
description

The TL0O66, TLO66A, and TLO66B are JFET-input operational amplifiers similar to the TLO61 with the additional
feature of being power-adjustable. They feature very low input offset and bias currents, high input impedance, wide
bandwidth, and high slew rate. The power-control feature permits the amplifiers to be adjusted to require as little
as 25 microwatts of power. This type of amplifier, which provides for changing several characteristics by varying
one external element, is sometimes referred to as being “programmable’”. The JFET input stage combined with the
adjustable-low-power feature results in superior bandwidth and slew rate performance compared to low-power
bipolar-input devices.

The TLOG66I is characterized for operation from —25°C to 85°C, and the TLO66C, TLOB6AC, and TLO66BC are
characterized for operation from 0°C to 70°C.

Copyright © 1979 by Texas [nstruments Incorporated
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TYPES TLOG6I, TLO66C, TLOGGAC, TLOGGBC

ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic

i Vees

A

NON-INVERTING
INPUT

INVERTING.
INPUT 50 £2
d
1002
oo~ Icein)
2.85 + Rgxe
where Ry s it in k3
and kceio) = loe with Ak = @
POWER
CONTROL
Rext
Vee-
OFFSET OFFSET OUTPUT
NULL NULL
INT) N2}

COMPONENT VALUES SHOWN ARE NOMINAL

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

TLO66C
TLO66I TLO66AC UNIT

TLO66BC
Supply voltage, Veo+ (see Note 1) 18 18 v
Supply voltage, Voc— (see Note 1) —18 —18 \4
Differential input voltage (see Note 2) +30 +30 \4
Input voltage {see Notes 1 and 3} 16 15 \%
Voltage between power-control terminal and Voo +0.5 +0.5 v
Duration of output short circuit {see Note 4) Unlimited Unlimited
Continuous total dissipation at {or below) 25°C free-air temperature {see Note 5} 680 680 mW
Operating free-air temperature range —25 to 85 0to 70 °C
Storage temperature range —B5 to 160 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG Package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P Package 260 260 °C

NOTES:

. All voltage values, except differential voltages, are with respect to the midpoint between Vot and Voo

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 voits, whichever is Jess.
4

. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the

dissipation rating is not exceeded,

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. 1n the JG package, the TL066!, TLO66C,

TLO66AC, and TLOB6BC chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Glass-Mounted Chip) 680 mwW 6.6 mW/C 47°C
P 680 mW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL0G6I, TLOG6C, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Voc+ =15V

TLO66C
PARAMETER TEST CONDITIONST TLo861 TLoseAC UNIT
TLO66BC
MIN TYP MAX MIN TYP MAX
Re =50 ©2 TLO66 3 6 3 15
§=ov TLO6BA 3 6
Ta=25"C
v | o | TL066B 2 3 v
t m
10 nput offset voltage TLoGe P 20
Rg=50%,
Ta = ull TLO66A 75
= full ran
A % ["TrLoseB 5
Temperature coefficient
Rg =50, Ta = full range 10 10 v/ee
avio of input offset voltage S A i “
TLO66 5 100 5 200
Ta=25°C TLOB6A 5 100 pPA
TLO668 5 100
lio tnput offset current¥
TLO66 10 5
Ta = full range TLO66A 3 nA
TLO66B 3
TLO66 30 200 30 400
Ta=25°C TLO66A 30 200
' i bi 1 TLO66B 30 200
t
8 nput bias curren TLOBE 2 0
Ta = full range TLOB6A 7
TLO66B 7
TLO66 12 +10
Common-mode input o
VIicr Ta=25C TLOG6A 12 Y
voltage range
TLO66B 12
v Maximum peak-to-peak Ta= 25°C, R =10k 20 27 20 27 v
OPP output voltage swing Ta=fullrange, R >10kQ 20 20
Ry = 10kQ, TLO66 4 6 3 ©
Vo=t10V, TLO66A 4 6
AVD Large-signal éiffer.ential TA = 25°C TLO66B 4 6 Vimv
voltage amplification Ry =10 k2, TLO66 4 3
Vo=t10V, TLO66A 4
Ta = full range TLO66B 4
B4 Unity-gain bandwidth Tp = 25°C, R) =10k 1 1 MHz
5 tnput resistance Ta=25"C 1012 1012 Q
o Output resistance Ta = 25°C, f=1kHz 220 220 Q
. TLO66 80 86 70 76
Common-mode rejection | Rg < 10 k&2,
CMRR i o TLO66A 80 86 dB
ratio TaA=25C
TLO66B 80 86
. TLO66 80 95 70 95
Supply voltage rejection | Rg < 10 k&2,
ksvR tio (4 V /A VIa) T 250 TLO66A 80 95 dB
atio =
' ce2 Vo A TLOGEB 80 95
o No load, No signal,
PD Total power dissipation ° 6 7.5 6 75 mw
Ta=25C
No load, No signal,
fce Supply current o 200 250 200 250 BA
Ta=25C

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ty is —25°C to B5°C for TLOB6! and 0°C
to 70°C for TLO66C, TLOBBAC, and TLO66BC. The electrical parameters are measured with the power-control terminal {pin 8) connected
to Ve

ilnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse
techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible,
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TYPES TLOGGI, TLOG6C, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VgC+ = +15 V, Ta = 26°C, Rext =0

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. v =10V, Ri =10k,
SR Sl te at unit 3.5 Y
W rate at unity gain Cp =100 pF, See Figure 1 fus
1 Rise time Vi =20mV, RL =10 kQ 0.2 us
Overshoot factor C =100 pF, See Figure 1 10%
Va Equivalent input noise voltage Rg =100 &, f=1kHz 42 nV/\/Hz
PARAMETER MEASUREMENT INFORMATION
10k
1kQ
—Q ]
\ =
| + cL= Ry =
100 pF I 10 k@
R CL=

FIGURE 1-UNITY-GAIN AMPLIFIER

| 100 pF

FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUIT

O—
O—

Vee—

FIGURE 3
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lig—Input Biss Current—nA

TYPES TLOGG6I, TLOGGC, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

Vece =215V
I Rext=0

N

o1
0.04 1 Z

il

0.01
-0 -26 O 26 S50 75 100 125
TA—Free-Air Temparature—"C

FIGURE 4

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE

8

3

3

Vees =116V
| Rext=0
RL=10kQ
See Figure 2

1 1

VOPP—Maximum Peak-to-Peak Output Voltage—V

0
-75 -50 -25 0 26 S50 76 100 125
TA—Free-Air Temperature—"C

FIGURE 7

DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

H
Veer =215V
1 |{RL=10k0
Ta=25°C

Ayp-Differantial Voitage Amplification—V/mV
-
I
T
!
1

1 10 100 1k 10k
Rext—External-Control Resistance—$2

FIGURE 10

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

v

> SUPPLY VOLTAGE
L 30
|3
H RL = 10kQ
$ 28| —Ta=26°C
5 See Figure 2
32 Q‘Q' A
b & o
& g C
$ 15 Q‘*" ‘@/
] 3%
& p2 a
£ 10 o ST Yo e
H L~ n.-y‘/
i / ]
EH I
4 4
Lo

[} 4 10 12 14 16

Veee HSupply Voltage—v

FIGURE 5

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE

v
LOAD RESISTANCE
T 1T
veer =215V
| Rexe=0
Ta=25°C
See Figure 2

]

»
o

N
-

3
N

V]

N

VOPP—Maximum Peak-to-Pesk Output Voltage—V
*

o

g
g

400 700 Tk 2k
R ~Load Resistance-Q

4k 7k10k

FIGURE 8

DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

[FVect =215V
[ Rext=0
AL = 100

v/mV

~

il Voltage

Avo

1
~76 -50 -26 O 26 80 75
Ta—Free-Air Temparature—*C

100 125

FIGURE 11

MAXIMUM PEAK.TO-PEAK OUTPUT VOLTAGE
vs
EXTERNAL-CONTROL RESISTANCE

Vopp—Marximum Peak-to-Peak Output Voltage—V

1 10 100 1k 10k

Rext—External-Control Resistance—§

FIGURE 6

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vi
FREQUENCY
> o[ _vromm T T 7T YT
1 Vees =215 v Rext=0
| RL=10k8
§ e | Ta=25C
- Vec = $12V See Figure
2 5
3
o
=
&
é 15
x
&
t " veee =15 v, T] i
3 n! !
E
X 8
= Vece =22V
| N
£ o ]
>tk 10k 100 k M 10M

f—Frequency—Hz
FIGURE 9

LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

s
FREQUENCY
Ll T
5 Veer =215V
g Raxt =0
g RL=10kn 9
3 Ta=25°C
2 109 PHASELPHFT L et o
g (right scale) |7 ﬁ
s / 3
3 102 I % £
H DIFFERENTIAL \
2 VOLTAGE | N\
o 1w AMPLIFICATION 135
o {lett scale)
:
1 180°
T 10 100 1k 10k 100k 1M 10M

f—Frequency—Hz

FIGURE 12

tData at high and low temperatures are applicable only within the rated free-sir temperature ranges of the various devices.
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TYPES TLOG6]1, TLOGGC, TLOGGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

SUPPLY CURRENT
vs
SUPPLY VOLTAGE

TYPICAL CHARACTERISTICST

icce—Supply Current—pA

260 ———
Rext = 0
Ta=256"C
200 |— No Signal
g No Load [
I L]
§
£ 150
5
o
>
§ 100
L
o
o
50
o

Qo 2 4 8 8 o 12
W e l-Supply Voltage-V

14

FIGURE 13

TOTAL POWER DISSIPATION
vs
EXTERNAL-CONTROL RESISTANCE

No signal
No load

Pp-Total Power Dissipation—uW

1 10
Aext—External-Control Resistance—§2

100 1k 10k

SUPPLY CURRENT
vs
EXTERNAL-CONTROL RESISTANCE

Vees = $15 V

Ve =28V
Vecs =$2V

I
T

CMRR—Common-Mode Rejection Ratio—dB

{
Ta=25"C
See Figure 1
No signal
No foad

10 100

Rext—External-Control Resistance—2

Pk 10k 100 k

FIGURE 14

ALL EXCEPT TLO66C
COMMON-MODE REJECTION RATIO
'
EXTERNAL-CONTROL RESISTANCE

LA
A W
AL
il II I

Vece =316V
| RL=10kQ
Ta=25°C

1 10 100 1k 10k
Rext—External-Control Resistance—2

100k

1cCt—Supply Current—yA

CMRR—Common-Mode Rejection Ratio—-dB

SUPPLY CURRENT

vs
FREE-AIR TEMPERATURE

250
200
‘.\\1
I~
150
100
LVccx =15V
50— Rext =0
No Signal
No Load
o1 |
-75-50-256 O 25 50 75 100 125

Ta~—Free-Air Temperature—"C

FIGURE 15

ALL EXCEPT TLO66C
COMMON-MQODE REJECTION RATIO
v
FREE-AIR TEMPERATURE

87 T T

Ve =215V

Rext=0
86 [ RL = 10kQ

/ T
85 4
84
83
82
81
-75 -50 =26 0 25 50 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 18

EQUIVALENT INPUT NOISE VOLTAGE

vs
SOURCE RESISTANCE

FIGURE 16 FIGURE 17
EQUIVALENT INPUT NOISE VOLTAGE
Vs
FREQUENCY
~ 120 T T T7T] 5
‘% Vees = #15V n””o
£ Rg= 10002 > i
> S ex
= 100 T T Ta=25°C T
) Rext= 100 k§2 g:
3 ao\\ ] 5k
>
3 N - 33 50 k&
o N - 2
Z &0 Rex = 10k T = 100 kQ
3 ™~ g Ll
£ X Rext = 0 £ 2
g % H
3 3 Veee = 215V
F 2 1 RL=10kR 1T
@ » i Ta=25°C
3
> = oL 1]
10 40 100 400 tk 4k 10k 40k 100k 10 40 100 400 1k

f~Frequency—Hz

FIGURE 19

4k 10k 40k100k

Rg—Source Resistance—{)

FIGURE 20

TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
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TYPES TLOG6I, TLOG6C, TLOGGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

NORMALIZED UNITY-GAIN BANDWIDTH,

UNITY GAIN BANDWIDTH SLEW RATE SLEW RATE, and PHASE SHIFT
vs Vs
EXTERNAL-CONTROL RESISTANCE EXTERNAL-CONTROL RESISTANCE TEMPERATURE
4 il AT T T 213 1.03
vees = £15 ‘; ‘ ‘ | | |
I |l L N S'L-: :gokng & 1.2 [UNITY-GAIN BANDWIDTHL pHASE SHIFT] 1.02
= 3N | T A = 26°C k- o (leftscale) {right scale) e
Vee: = 218V m £

] CCt = £158 B See Figure 1 £ 10 B
N =s! H 3 N 3 — X | 2
% 07 2 VIR ¥ B I 5 ™ SLEW RATE &
@ Hi H € 21777 I 2 1 lleftscale) 71 ¥
& L4 H 2 = I N
] - 3 =
Q I H B 9 =

.4 w 7
Zo i IS i | ERX AN 0% £
5: & Ll L 1 5 N~ z

3 -
= 0.2 3 vees =115V
® Ry = 10k22 S %8rp ok 0.98
Ta=25C £ f= By for Phase Shift
0 1 L 1 1
B A L U Zz o 0.97
013 10 100 K 10k 100k 1 10 100 1k 10k 100k ~75 -50 25 0 25 50 75 100 126
Rex—External-Control Resistance—§2 Rext—External-Control Resistance—£2 Ta—Free-Air Temperature—°C
FIGURE 21 FIGURE 22 FIGURE 23
OUTPUT VOLTAGE
VOLTAGE FOLLOWER vs
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME

INPUT

. / 2]

6 28 ‘

ERSHOOT

/ \OUTPUT
-2

Input and Output Voltages—V
o
/
vo—Qutput Voltage—mV

5 3
.
i<d
2

veer =315V /
/ Rext=0 4 Veee =115V ]
4 RL = 10 kQ 10% Rext =0
/  cu=1000F [\ RL=10k2 -
[_ Ta=25C ‘““‘_‘ Ietp] Ta=25°C
-6 L It _4 ¢ ¢
0 2 4 6 8 10 0 02 04 06 08 1 12 14
t—Time~us t-Time—us
FIGURE 24 FIGURE 25

TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.

TYPICAL APPLICATION DATA

10 k@, 10 ko2,
0.1% 0.1%
INPUT
A
Vee—
-J' © OUTPUT
1MQ
INPUT
B
100

—w—

FIGURE 26—INSTRUMENTATION AMPLIFIER
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TYPES TLOG661, TLO66C, TLOGGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

10k 100 k2 1k

0.06 uF

TufF

4 +
T 20 uF

FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL

0.1uF
Veer 1C PREAMPLIFIER RESPONSE CHARACTERISTICS
25 [ T
6ok waxeass | [T T ] ax
£ o B a v v
b N Veee =215V £
= z 5 —Ta=25°C
o T o N__See Figure 30 1
] N
500 g s
= N 4
o g0 o
< pal ™N
3 -10
S 74 {
A : I 1 N
15 TTH T 1 t
H : : |
-20 PR T TREBLE |
B L] R

-25
20 40 100 200400 1k 2k 4k 10k 20k
f—Frequency—Hz

FIGURE 29

S l

[ woka 3 L 0.003,4F
1 0.03 uF

f (

MIN \ l MIN
1§£;Sﬂ Se . ANA A3 100KS

3 W WA~
< 10ka 33kq 1 TREBLE

L

10003 max, MAX
$ p—|
0.034F
INPUT L
10ka 3 7 0.0034F

S

< < 5k S +

s 1008 47k0 3 GAlNI:"'"I( 68 ka

BALANCE WL auF
75uF :‘r 50 pF
’ T

i

FIGURE 30—1C PREAMPLIFIER
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LINEAR
INTEGRATED
CIRCUITS

TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12640, SEPTEMBER 1978—-REVISED OCTOBER 1979

Low Noise ... Vpn=18 nV/\/Hz Typ
Low Harmonic Distortion . . . 0.01% Typ

Wide Common-Mode and Differential
Voltage Ranges

Low Input Bias and Offset Currents
Output Short-Circuit Protection

20 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

High Input Impedance . . . JFET-Input
Stage

Internal Frequency Compensation
Low Power Consumption
Latch-Up-Free Operation

High Slew Rate . . . 13 V/us Typ

description

The JFET-input operational amplifiers of the TLO71 series are designed as low-noise versions of the TLO81 series
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise make
the TLO71 series ideally suited as amplifiers for high-fidelity and audio preamplifier applications. Each amplifier
features JFET-inputs (for high input impedance) coupled with bipolar output stages all integrated on a single

monolithic chip.

Device types with an M’ suffix are characterized for operation over the full military temperature range of —55°C
to 125°C, those with an “/I' suffix are characterized for operation from —25°C to 85°C, and those with a “C"’ suffix

are characterized for operation from 0°C to 70°C.

TLO70, TLO70A
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO71, TLO71A, TLO71B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO72, TLO72A, TLO72B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

OFFSET
QUT  NULL
COMP Vgcs PUT  IN2)

OFFSET INV. NON  Veo—
NULL/ INPUT INV
comp INPUT

iNY)

OFFSET
ouT NULL
NG Vece PUT N2}

OFFSET INV NON  vge
NULL INPUT INV
N1y INPUT

NON-

ouT INV INV
VECs  PUT INPUT iNPUT
ST |yel|s

o

3

OUT INV_ NON VeC-
PUT INPUT

INV
INPUT

TLO74, TLO74A, TLO74B
J OR N DUAL-IN-LINE
OR W PACKAGE (TOP VIEW)

TLO76
N DUAL-IN-LINE
PACKAGE (TOP VIEW)

INVERT- NONIN- NONIN. INVERT.
VERTING VERTING ING

ING
QUTPUT INPUT INPUT Vgc-  INPUT  INPUT OUTPUT

AMPLIFIER NO. 3

AMPLIFIER NO. 4

AMPLIFIER NO. 1 AMPLIFIER NO. 2

OUTPUT INVERT- NONIN- Vcey, NONIN- INVERT OUTPUT
ING  VERTING VERTING ING
INPUT  INPUT INPUT  INPUT

INV_ NON-INV  OUT- OUT- NON-INV INV
INPUT INPUT  PUT  Vece  PUT  INPUT  INPUT

E‘D‘munm
NO.4
AMPLIFIER
AMPLIFIER NO.3
NO 1
AMPLIFIER
NO. 2

INV. NON.INV OUT-  OUT- NON-INV INV  Veoo
INPUT INPUT  PUT  PUT  INPUT  INPUT

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL070, TLO70A, TLO71, TLOT1A, TLO718B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) Voo {\ I —'

NONINVERTING 4
INPUT
INVERTING 640
INPUT 12851
outeuT
8442
OFFSET NULL/COMP (N1) O—— o o e s e el
» r*
TLO70 ONLY OFFSET NULL iN2) &-— ——8 & ~N
LAY
COMP O-— — | = — — — — — ——
g ®

= =3

| I

i

1 1080 52 108051

| )

Vec- oL . i

OFFSET OFFSET
pivire e €1 = 18 pF ON TLO71, TLO72, TLO74, AND TLOTS ONLY.,
COMPONENT VALUES SHOWN ARE NOMINAL

TLOT1 ONLY

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TLO7..C
TLO7_C TLO7_1 | TLO7_AC | UNIT
TLO7_BC
Supply voltage, Vcc+ (see Note 1) 18 18 18 \
Supply voltage, Voo (see Note 1) ~18 -18 -18 \%
Differential input voltage (see Note 2) +30 +30 +30 v
Input voltage (see Notes 1 and 3) +15 15 15 \%
Duration of output short circuit {see Note 4) Unlimited Unlimited Untimited
Co:ninuous. total dissipation at (or below) 680 680 680 mw
25°C free-air temperature (see Note 5)
Operating free-air termperature range —-5510 125 | —25 to 85 0to 70 °c
Storage temperature range —65t0 150 |—6510 150 | —6510 150 | °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG or W package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °C
NOTES: 1. All voltage values, except differentlal voltages, are with respect to the midpoint between V4 and Voo
2. Diffaerential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3, The magnitude of the Input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.
5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO7_M chips are
alioy-mounted; TLO7_1, TLO7_C, TLO7_AC, and TLO7__BC chips are glass-mounted.
DISSIPATION DERATING TABLE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
PACKAGE :::iz D::::Q‘:G A?OVE TLO70 TLO71 TLO72 TLO74 TLO75
J (Alloy-Mounted Chip) 680 mW 11.0 MW/ °C saec o7 I8, 96, 4G, W :
J (Glass-Mounted Chip} 680 mW 8.2mw/C 67°C TLo7 JG.pJep o Jap N :
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/C 69°C TLo7-C eGP Je.p o Jep o N
) TLO7_AC JG, P JG, P JG, P J,N *
JG (Glass-Mounted Chip) 680 mW 6.6 MW/C 47°C TLO7_BC . G, P 1G,P IN .
N 680 mW 9.2mW/C 76°C | -
3 680 mW 8.0 MW/SC 65°C These combinations are not defined by this data sheet.
w 680 mW 8.0mW/°C 65°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TLO70, TLO70A, TLO7, TLO71A, TLO71B,
TLO72, TLO72A, TL072B, TLO74, TLO74A, TL074B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCc+ =+15V

TLO7_C
PARAMETER TEST CONDITIONST TLO7_M TLO7_t TLO7_AC UNIT
TLO7_BC
MIN TYP MAX MIN TYP MAX| MIN TYP MAX
'70,'71,°72,'75% 3 6 3 6 3 10
Rg =50, ‘74 3 9 3 6 3 10
Ta=25°C ‘T0A,°'71A, '72A, "74A 3 6
'718,'72B, '74B 2 3
Vio Input offset volitage 70,71,72, P 3 9 13 mV
Rg =50 £, ‘74 15 9 13
Ta =full range| '70A, '71A, '72A, "74A 7.5
'71B, '72B, '74B 5
Temperature coefficient
V10 of input offset voltage Rs =504, Ta =full range 10 10 10 wre
'70,'71,°72,'74, '75% 5 50 5 50 5 50
Ta=25°C "70A,'71A, '72A, '74A 5 50 pA
ho Input offset current§ 718,728,748 5 50
’70,°71,°72,°74, '75% 20 10 2
Ta =full range | '70A, '71A,'72A, '74A 2| nA
'718,'72B, '74B 2
'70,°71,°72,'74, '75% 30 200 30 200 30 200
Ta=25C "T0A,'71A,'72A, "714A 30 200| pA
i ‘718, '72B, '74B 30 200
lig Input bias current §
'70,'71,'72,°74,'75% 50 20 7
Ta = full range |'70A, '71A,'72A, '74A 7| nA
‘718, '72B, 748 7
i '70,°71,'72,°74,'75% | £11 %12 11 %12 10 £11
Common-mode input o
Vicr Ta=25C "70A,‘71A,'72A, '74A 11 £12 A%
voltage range
‘718, '72B, '74B 11 $12
] Ta=25°C, Ry = 10kQ 24 27 24 27 24 27
Maximum peak-to-peak
Vope output voltage swing Ta = full range RL>10ka 24 24 24 v
RL>2kQ 20 24 20 24 20 24
R =2k, *70,'71,'72,°74,'75% | 35 200 50 200 25 200
Vo =210V, "7T0A,'71A,°72A, '74A 50 200
Large-signal differential |Ta =25°C ‘718, '72B, ‘74B 50 200
Avp oo 91 o 94 el V/imv
voltage amplification Ry =2 k&, 70,'71,'72,'74,'75% 20 25 15
Vo =t10V, "70A, "71A,'T2A, "74A 25
Ta = full range |'718, '72B, ‘74B 25
B4 Unity gain bandwidth [T =25°C, Ry =10kQ 3 3 3 MHz
ri Input resistance Ta=25°C 1012 1012 1012 Q
o '70,°71,°72,'74,’75% | 80 g8 80 86 7 76
Common-mode rejection |Rg < 10 k&2,
CMRR catio Tp=25°C ‘T0A,'71A,'72A,'74A 80 86 dB
‘71B,'72B, '74B 80 86
Supply voltage rejection |Rg < 10 k€2, '70,'71,°72,'74, 757 80 86 80 86 70 76
ksVR ratio (8 Vees/A Vio) | Ta = 25°C “70A,'71A,'72A, '74A 80 86 dB
B '71B, '728,'74B 80 86
lec Suppty cu{rr{ent No Ioad,o No signal, 14 25 14 25 14 25| ma
(per amplifier} TaA=25C
Vo1/Vo2 Channel separation Ayp = 100, Ta =25°C 120 120 120 dB

TAll characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ty is ~55°C to 125°C for TLO7_M; —25°C
t0 86°C for TLO7_1; and 0°C to 70°C for TLO7_C, TLO7 _AC, and TLO7 _BC.

iTypes TLO75! and TLO75M are not defined by this data sheet.
Input bias currents of a FET-input operational amplifier are norma! junction reverse currents, which are temperature sensitive as shown in
Figure 18. Puise techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible.
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B,

TL072, TLO72A, TLO72B, TLD74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCC+ = +15 V, T = 25°C

Vi

1t CL=
i RL =
( 100 pF

L E 32k

>

Cc=18pF
for TLO70
and TLO70A

'I: ;b

FIGURE 1-UNITY-GAIN AMPLIFIER

V| O—v—4

10 k2

VWA

1k

FIGURE 2—-GAIN-OF-10 INVERTING AMPLIFIER

TLO7_M ALL OTHERS
PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
V=10V, RL =2k,
| it gai 10 13 13 Vius
SR Slew rate at unit gain €L = 100 pF, See Figure 1
1 Rise time Vi=20mV, R =2k, 0.1 0.1 us
Overshoot factor CL =100 pF, See Figure 1 10 10 %
v Equivalent input noise Re =100 £=1 kHz 18 18 nV/y/Hz
n voltage § f=10 Hz to 10 kHz 4 4 vV
Equivalent input noise
I Rg = 100 @, f=1 kHz 0.01 0.01 NN T3
n current S pARHz
i =10V Rg <1 k&
THD Total harmonic VO(rms) . S . 0.01 0.01 %
distortion R =>2kQ, f=1kHz
PARAMETER MEASUREMENT INFORMATION
100 kQ2

FIGURE 3—FEED-FORWARD
COMPENSATION

INPUT OFFSET VOLTAGE NULL CIRCUITS

Vees
1M

FIGURE 4

1.5 k&2

Vee—

FIGURES
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TYPES TLO70, TLO70A, TLO71, TLOZ1A, TLOTIB,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs : vs
> FREQUENCY o FREQUENCY FREQUENCY
, 30 r )30 Z 30 TTTTIT
) RL=- 10k 3 % l ”l"]l Neet =215V
=2 - Ta=25°C k| g RL= 2k
S £ - L
S as[H |||||\-|||||||.l o Figuro 1 3 3 Ta=25°C o ra
||| MR : g |
3 2tH 8 » 3
v 0V =1
3 e % : Ta = ~55°C
a & & ]
& s - ‘g 15
3 3 b il
& & 3 Ta~125°C
£ 10 e 10 10
3 et 3 £
£ g £
E X ] N
= ' : 5 £ s
1
a. a | \
& & Iy q
£ oLL Ll | [ g o S o [y .
100 Tk 10k 100k 1M 10M 100 1k 10k 100k 1M 10M > 10k 40k 100k 400k 1M 4M 10OM
f—Frequency—Hz f—Frequency—Hz f—Freguency—Hz
FIGURE 6 FIGURE 7 FIGURE 8
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs Vs Vs
FREE-AIR TEMPERATURE S LOAD RESISTANCE SUPPLY VOLTAGE
> 30 T 7 30 1Y 3 T T
3 RL = 10kQ & Vee =15 3 RL= 10k
& - 2 Ta=25"C LT & Ta=25"C
S = RL=2k2 S 250See Figure 2 > S
et | o / 5
- 5 5
2 g Batl g
3 20 3 2 3 20 A
3 S p % /
: i /1 /
z 15 L T 1
= =
< 10 e 10 £ 10
§ 5 £
£ E E
£ 5 %
5 5 = S s 5
= Vepe =216V = z
g See Figure 2 & &
3 ) 1 S o 2 o0
> 76 50 -25 0 26 50 75 100 125 > 01 02 04071 2 4 710 > 0 2 4 6 8 10 12 14 16
Ta—Free-Air Temperature—°C R —Load Resistance—k {2 IVeeti—Supply Valtage—V
FIGURE 9 FIGURE 10 FIGURE 11
TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
Vs vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE
250 Vees < 16V 20 Vees=$16V 20 T e
CCs =% 18 yeex==1sV | Ta=25°C
225 No signal g E No signat 185 no signal
E No load 16 \ No load No load
. 1.6 — No loa
b TS ] g ~ g ||
F Y] 114 T 1.4
H ® TLO74, TLO7S g ™~ H
g 150 £ 12 £ 1.2
A o
2 12 > 10 S 10
H 2 a
£ 100 3 o8 S o8
> ] _Tio72 7 %
S 78 i & 06 g 08
7 £ k=
a5 50 TLO70, TLO71 04 0.4
a —t
25 02 0.2
o 0 0
~75 —50 —25 0 25 S0 75 100 125 -75 -6 —25 0 25 S0 75 100 125 0o 2 a 6 8 10 12 14 16
Ta-Free-Air Temperature—"C Ta~Free-Air Temperature~°C IVeeel-Supply Vottage—V
FIGURE 12 FIGURE 13 FIGURE 14

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, A 18-pF
compensation capacitor is used with TLO70 and TLO70A.
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TYPES TL070, TLO70A, TLO71, TLOT1A, TL071B,

TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

Vs
> 1000 . FREQUENCY
£ 10 — -
E Veee =6V to 216V
400 RL =2k c
+— 108 N\ Ta=25°C g 2
- : AN :
a =z
100 E o \ DIFFERENTIAL | ge 2
70 % N VOLTAGE e <
40 2 AMPLIFICATION z &
S 3 o @i b
5 = 19 (leftscale) ~— 45" o 5
S 0 5 \ g >
2 N L
" & 102 %0° £
? £ N H
4 a PHASE SHIFT N 5 H
Ll o 0! (right scale) 135 !
2l ¢ ] :
< 1 AN <
—76 B0 -26 0 256 50 75 100 126 1 10 100 1tk 10k 100k 1M 10M
Ta—Fres-Air Tomperature—"C f—Frequency—Hz
FIGURE 15 FIGURE 16
NORMALIZED UNITY-GAIN BANDWIDTH
INPUT BIAS CURRENT and PHASE SHIFT
vs vs
FREE-AIR TEMPERATURE TEMPERATURE
100 = 13 1.03
EVccs =15V | ] |
I UNITY-GAIN-BANDWIDTH
I V4 £ 12 llett scale) 102
T 10 3 £
b =
T 3 £ ©
. g & 5
1 7 311 . o1 @ <
£ 7 c s H
g 4 3 HASI fareet a 23
3 1 2 1 — 1 2 ®
& £ SHIFT & 2
5 ~ = (right scale} B K
E €
2 % 09 —— N 0% & §
i 0.1 3 \ F4 z
= E vece =15V
= S 0B8R =2kQ 0.98
£= By for Phase Shift
0.04 0. 0.97
-80 -26 0 25 50 75 100 126 75 -50 —25 O 25 50 75 100 125
Ta—Free-Air Temperature—°C TA—Free-Air Temperature—"C
FIGURE 18 FIGURE 19
ALL EXCEPT TLO7-C
COMMON-MODE REJECTION RATIO EQUIVALENT INPUT NOISE VOLTAGE
vs vs
FREE-AIR TEMPERATURE FREQUENCY
89 T ~ 50
? Vees = £15V T ]
d RL = 10kS2 S
£
®
< é- 40 \
§ < | é
.E; 87 3 w© | 5
] 3 : <
© i °
2 86 z ! o
3 ] LN e
; g8 20 I ; €
5 £ 2T :
g 8 € L ' z
€ K] L ! E
IS4 = N RnA \ °
T a 3 0 FHi U i
[ i | : " a
« | ‘ : | I
= 3 i N f i -
° > ol L L]l
-75 -60 -25 0 25 S50 75 100 125 10 40 100 400 1k 4k 10k 40K100k

TaA—Free-Air Temperature—"C f—Frequency—Hz

FIGURE 21 FIGURE 22

tData at high and low temperatures are applicable only within the rated operating free-air temperat
compensation capacitor is used with TL0O70 and TLO70A,

TLO70
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY WITH FEED-FORWARD COMPENSATION
6

10 T
vee= 15V
C2=3pF
105 Ta=25C
See Figure 3
104 \ -
103 N
102
10
, |
100 1k 10k 100k 1M 10M
i—Frequency—Hz
FIGURE 17
NORMALIZED SLEW RATE
vs
TEMPERATURE
1.15 T
Vec: =15V
110 L RL- 2k
Cy= 100 pF
1.06
1
0.95 \
0.90
0.85

—75 50 —25 0 25 60 76 100 125
Ta—Free-Air Temperature—"C

FIGURE 20

TOTAL HARMONIC DISTORTION
vs

FREQUENCY
1 TP ;3
E Voo 116V EE- ] ﬁ:}
Ayp =1 s e
™ VI(RMS) =6V i RN e At
—Ta=25C T R

%7<£,:
4,",,%74.

By
g gutl)

; i
0.008 - THULA TR
} . ] l T
0001 il
100 400 1k 4k 10k 40k 100k

f—Frequency—Hz

FIGURE 23

ure ranges of the various devices. A 18-pF
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TYPES TLO70, TLO70A, TLO, TLOTA, TLO71B,
TLO72, TLO72A, TL072B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

Vee: = £15 V]
F==-t- RL = 2k
>l. 4 \CL =100 pF
g \ Ta=25°C
s ouTPUT
g2 \
4
2
g0 /
°
§
52 ‘
2
= IF]JPUT
—4
\ j
-6
05 1 16 2 25 3 35
t—Time—us
FIGURE 24

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 18-pF

compensation capacitor is used with TLO70 and TLO70A.

OUTPUT VOLTAGE
Vs
ELAPSED TIME

g OVERSHOOT
7

/i

.
T
I
i

vo—Output Voltage—mV

Veg: =118V
Ry = 2kQ

0 v
s
-4

Ta=25"C
[

0 0% 02 03 04 05 06 07
t—Time—us

FIGURE 25

TYPICAL APPLICATION DATA

0.5-Hz SQUARE-WAVE OSCILLATOR

RE = 100 k2

OUTPUT
INPUT

9.1kQ

OUTPUT

;

=1kHz

A1 R2
T
R1=R2= 2R3 =15 MQ
c3
R3 c1=c2= === 110 pF
¢ c2 .
T
H 0" r1C1

O
vee+

tor TLO75

FIGURE 28—AUDIO DISTRIBUTION AMPLIFIER

FIGURE 27—-HIGH-Q NOTCH FILTER

——O CUTPUT A

978
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

6sin wt 1N4148 18 k22 (See Note A}
? __K_T__.vw_o 15V
18 pF L.
<
. <
Vee+
2 88.4k
TLO72 VWA— 6 cos wt
> +
88.4k0 vee- ©
W 18 pF
0% I——«
+15V
1N4148 18 kS2 (See Note A)

il

Note A: These resistor values may be adjusted for a symmetrical output.

FIGURE 29—-100-KHz QUADRATURE OSCILLATOR

V,
ces IC PREAMPLIFIER RESPONSE CHARACTERISTICS
25— T T
vaxeass [ [T T 7 7WAX
20 Mt ~TReBLE ]
a.urT M|l Vece=zx15v | T il
< 20k g 5 }~-Tp = 25°C R
. See Figure 30 f(
10 ke 2 ! . i il
o—— 3 5 i
< Il TN am
50 ¢ E [} b S b J‘ +
_PZa Th
o——r . S s | ‘y/ H B il
: TN
5 —10 M
10kt = VT T ‘NLL
0.1uF 15 bd 4
I i Pl
=
-20 T e
IN BASS ! TREBLE
_25 Lill i LI

20 40 100 200400 1k 2k 4k 10k 20k
f—Frequency —Hz

FIGURE 30—AC AMPLIFIER FIGURE 31
220 k2
000375 ,F j/
I ke $ N 0.003uF
27k 0.03uk i
0——‘ \L M min § ( MIN

0.014F vees |
I ot e > AA AA—pS 100%a
b 10k 33kg ] TREBLE
Max MAX
o—|
3

100 52 &
—oO
0.03 uF ouTPUT
INPUT
10ka 2 N 0.0034F
3 : 5k0 St I
eavance] 3 g sansr¢ 8B ka
) 3 10 pF 47 uF
N
78 uF et T 50 pF
he
FIGURE 32—1C PREAMPLIFIER
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LINEAR TYPES TLO80 THRU TLO85, TLOSBOA THRU TLO84A,
INTEGRATED TLO81B, TLO82B, TLO8AB
CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12484, FEBRUARY 1977—REVISED OCTOBER 1979

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

o Low Power Consumption ® High Input Impedance . . . JFET-Input
o Wide Common-Mode and Differential Stage
Voltage Ranges ¢ Internal Frequency Compensation (Except
e Low Input Bias and Offset Currents TLO8O, TLOBOA)
e Output Short-Circuit Protection ® Latch-Up-Free Operation

¢ High Slew Rate ... 13 V/us Typ

description

The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates weli-matched,
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external
compensation options are available within the TL.O81 Family.

Device types with an M’ suffix are characterized for operation over the full military temperature range of —55°C to
125°C, those with an “I" suffix are characterized for operation from —25°C to 85°C, and those with a “C’’ suffix are
characterized for operation from 0°C to 70°C.

TLO80, TLOSOA TLO81, TLOB1A, TLO81B TLO082, TLO82A, TLO82B
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PACKAGE (TOP VIEW)
out et our ot wy "

COMP Voce PUT  IN2) NG Vooo PUT  NZ)

out
VCC+  PUT INGUT INPUT

OFFSET INV. NON  Vgc—

NULL/ INPUT 1NV Ossfi' .»'.';X. Ve 0T T .3? vee-
COMP INPUT INT) NPUT NPUT
NT)
TLOB4, TLOS4A, TLOBAB
TLO83, TLO83A JOR N DUAL-IN-LINE TLO8S
J OR N DUAL-IN-LINE ORW FLAT PACKAGE N DUAL-IN-LINE
PACKAGE (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW)
N Vom OUTPUT NC  OUTPUT Vec+ zm DUTPUT mpu'r INPUY Voo INPUT INPUT OUTPUT INPUT INPUT  PUT  Yece  PUT  INPUT  INPUT
" wl o] el [n] el [s] s D
AMPLIFIER NO, 1 AMPLIFIER NO. 2 AMPLIFIER NO. 4 AMPLIFIER NO. 3 MHER m?l‘;ﬁi\
: : AMPLIFIER NO. 1 AMPLIFIER NO. 2 E AMPUHER 2 AM'LI”EA
1
lNVER\' !)NIN OFFSET Veg- OFFSET NONIN- INVERT- auTeyy \NVERY WNIN Veer WNIN lNVER‘ QuTPUT WNVERT- NONIN. OUT QUT-  NOMIN. INVERT- Ve o
VERTH NULL VERTING ING TING NG VERTING PUT PUT VERTING ING
Mm mruv mz ™z NeUT mrm -mut m mrm INPUT  INPUT INPUT  INPUT
PINS 9 AND 13 ARE INTERNALLY II‘I'ERI:ONIECTED

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL0O80 THRU TLO85, TLOSOA THRU TLO84A,
TLO81B, TLO82B, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Vees

NONINVERTING

INVERTING Ev}
INPUT 1280 ouTRUT
649
OFFSET NULL/COMP {(N1) O—— —|— — — — —
e e
TLO8O ONLY OFFSET NULL (N2) O ~——4 €11
64
COMP O-— o | = o — e — -
S . &
[ -
t !
| 1080 52 1080111
! i
1
Vee- O —t
OFFSET OFFSET
'\(‘x'IL)L 7:‘]2["" C1=18pF ON TLO81, TLOB2, TLOB3, TLOB4, AND TLO85 ONLY

COMPONENT VALUES SHOWN ARE NOMINAL

TLOB1 AND TLO83 ONLY

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

TLOB_C
TLOS. .M TLO8_I TLO8S_AC | UNIT
TLO8_BC
Supply voltage, Voe+ (see Note 1) 18 18 18 \'4
Supply voltage, Voc— (see Note 1) —18 —18 -18 v
Differential input voltage (see Note 2} +30 +30 %30 A"
Input voltage (see Notes 1 and 3} +15 185 15 Y
Duration of output short circuit {see Note 4) Unlimited Unlimited | Unlimited
Continuous total dissipation at {or below) 25°C free-air temperature {See Note 5) 680 680 680 mwW
Operating free-air temperature range —55 to 125 —25 to 85 0to 70 °c
Storage temperature range —65 to 150 —65 1o 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, or W package 300 300 300 °Cc
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °c

NOTES: 1. All voltage values, except differential voitagas, are with respect to the midpoint between Vo4 and Voo
2. Differential voitages are at the noninverting input terminal with respect to the inverting input terminal,
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that
the dissipation rating is not exceeded.
6. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. Iin the J and JG packages, TLO8__M chips
are alloy-mounted; TLO8_I, TLO8_C, TLO8_AC, and TLO8_BC chips are glass-mounted,
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta [ DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
J {Alloy-Mounted Chip) 680 mW 11.0 mW/C 88°C
J (Glass-Mounted Chip) 680 mw 8.2 mwre 67°C TLOB0O  TLOS1  TLOB2 TLOS3  TLO84  TLO8S
JG (Alioy-Mounted Chip} 680 mW 8.4 mW/C 89°C TLO8 .M JG JG JG 4 W .
G {Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C TLOB_ 4G, P 4GP G, P . J.N N
N 680 mW 9.2 mW/°C 76°C TLOB_C JG, P JG, P JG, P N J, N N
P 680 mW 8.0 mW/°C 65°C TLOB_AC 4G, P JG, P JG, P , J, N *
w 680 mwW 8.0 MW/ C 65°C TLOB_BC B JG,P JG, P * 4N *

Aiso see Dissipation Derating Curves, Section 2,

*These combinations are not defined by this data sheet,
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TYPES TLO80 THRU TLO85, TLOBOA THRU TLO84A,
TLO81B, TLO82B, TL0O84B
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VcC+ =15V

TLO8_C
PARAMETER TEST CONDITIONST TLOB_M TLOBI TLOB_AC UNIT
TLO8_BC
MIN TYP MAX | MIN TYP MAX [MIN TYP MAX
‘80,'81,'82,'83,°85 3 6 3 6 5 15
Rg =50 Q, TLO84 3 9 3 6 5 15
Ta=25°C TLOS_A 3 6
v Input offset voltage 818,628,848 2 3 mV
10 nput offset voltag "80,'81,'82,'83,:85% 9 9 20
Rg =50 @, TLOS4 15 9 20
Ta = full range | TLOB_A 7.5
'818B,'828B,'84B 5 ]
avio Ifmz;a:;;:::’e;ft':;"t Rg=50%,  Ta = full range 10 10 10 BV/C
TLO8_ 1 5 100 5 100 5 200
Ta=25°C TLO8_A 5 100 | pA
818,828,848 5 100]
ho Input offset current§ TLos. 1 %0 10 5
Ta = full range | TLOS._A 3 nA
‘81B,'82B,'848 3
TLO8_ 1 30 200 30 200 30 400
Ta=25°C TLOS_A 30 200 | pA
| n bi § ‘818,828,848 30 200
B put bias current TLOS_ 1 ) oh) 70
Ta =full range [ TLOS__A 7 nA n
‘81B,’82B,'848 7
. TLO8B 11 12 11 212 +10 11
VicR f;':;f:e":‘a'r';‘e’“ Put ra=28°c [TLOB_A 11 212 v
‘81B,’828B,'84B £11 212
. Ta=25C R) =10kQ 24 27 24 27 24 27
Vopp r:t)szuvrglf:gaeks:::geak Ta = full range R >10ka 24 24 24 v
A R, > 2kQ 20 24 20 24 20 24
Ry >2kQ, TLO8_ 1 26 200 50 200 25 200
Vo=:10V, TLO8_A 50 200
AVD Large-signal (.ji.ffer.ential Ta= 25°C ‘818,'82B,'848 50 200 Vimv
voltage amplification Ry > 2 k42, TLO8_ 15 25 15
Vp=1:10V, TLOB_A 25
Ta = full range | ‘818B,'828,'84B 25
Bq Unity-gain bandwidth _|Ta = 25°C 3 3 3 MHz
r Input resistance Tp=25C 1012 1012 1012 Y]
- TLO8_ i 80 86 80 86 70 76
CMRR zc:Emon-mode rejection :S f;ggl((:n, TLOB_A 80 86 9B
A "818,'828,'848 80 86
Supply voltage rejection [Rg > 10 k2, TLOS 1 80 86 80 86 70 76
KSVR  latio (AVees/AVig)  |TA=25°C  iooe=A 80 86 d8
+/4V1I0 A ‘818,828, 84B 80 86
Supply current No load, No signal,
Icc {per smplifier) Ta=25°C 14 28 1.4 28 1.4 28 mA
V1/Vg2 Channel separation Ayp = 100, Ta=25C 120 120 120 dB

t All characteristics are specified undar open-loop conditions unless otherwise noted, Full range for Ta is —55°C to 125°C for TLOB_M;
—25°C to 85°C for TLO8_I; and 0°C to 70°C for TLO8_C, TLO8_AC, and TLO8_BC.

} Types TLO85! and TLO85M are not defined by this data sheet.

§ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 18. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as is possible.
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TYPES TLO80 THRU TLO85, TLOBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B

JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCC: =t15 V, Ta = 25°C

TLOS_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
. V=10V, Ry =2k%,
SR Slew rate at unity gain ) 8 13 13 Vl/us
Ci =100 pF, See Figure 1
tr Rise time V)=20mV, RL=2ke, 0.1 0.1 M
Overshoot factor Ci =100 pF, See Figure 1 10% 10%
Vs Equivalent input noise voltage | Rg =100, f=1kHz 25 25 nV/\/Hz

PARAMETER MEASUREMENT INFORMATION

10k

-0 vi 1k
Vi + : CcL=
) R =
00
AN L L
;: Ry CL=
Cc=12pF = 100 pF
and TLOBOA L - -
FIGURE 1—UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER
INPUT OFFSET VOLTAGE NULL CIRCUITS
100 k2
0_0.3' H.
N2 500 pF

+—

TL080

- o

TLOSO

OVee-
FIGURE 3 FEED-FORWARD COMPENSATION
FIGURE 4 FIGURE S
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TYPES TLO80 THRU TLO85, TLOSOA THRU TLO84A,

TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs
> FREQUENCY > FREQUENCY - FREQUENCY
30 ; 1 i 30 0
: AR A 2 T ¢ T T TTI e
2 H Ta=25°C 2 2 RL=2kQ
° -] Ta = (o] L
$ [ (TR DR LA Feore 2 S L s AL See Figure er—T
=3 1 -
2 5
S 20N --H 3 3 200 3
3 [H[Vees =xio v] ] x S
& £ &
R s H & 15 g 15
X > hod
a
E W0l . il | £ 10| t 10
1 ny 5
€ g g
x = = £
3 s s s i s
] I M1 1 2 H \\
IS
5 % & N
> ol Ll ] L] b > o S0 -
100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M 10k 40k 100k 400k 1M  4M 10M
§—Frequency—Hz f~Frequency —Hz f—Frequency —Hz
FIGURE 6 FIGURE 7 FIGURE 8
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs vs
FREE-AIR TEMPERATURE S LOAD RESISTANCE S SUPPLY VOLTAGE
> 30 — | 30 Y ) 30 T
/ RL= 10kQ 3 Vees =15 3, RL=10k$2
§ £ Ta=25°C £ Ta=25°C
3 | Ri=2kD S 25|See Figure 2 S %
> et = -
4 T ] 5 // 4
3 20 g 2 3 2 4
o x 1 x /
x 3 / 3 /
a
< s & 15 4 2 18 74
3 i 3
3 a
R € 10 £ 10 A—W
5 £ E
£ s 2 s
3 - =2 H
2 Vg = 216V L 1
g See‘ﬁgn? 2 § ° 3) 0
2 s _s0 —25 0 25 50 75 100 126 o1 02 04 071 2 4 710 0 2 4 6 8 10 12 14 16
Ta—Free-Air Temperature—"C Ri~Load Resistance—k< {Voeti-Supply Voltage—V
FIGURE 9 FIGURE 10 FIGURE 11
LARGE-SIGNAL
LARGESIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION TLOBO, TLOSOA
DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE SHIFT DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
v vs
FREE-AIR TEMPERATURE FREQUENCY FREQUENCY WITH FEED-FORWARD COMPENSATION
Z 1000 106 ——— - 106
S 700 i Vee: < *5V 1ot 15V Veg=218V
| g 5 C2=3pF
g o f BN\ ] T2 —
200 z \ £ See Figure 3
£ £ o g vl
2 100 E 04 DIFFERENTIAL | ¢ g 1o
E o ) ™~ N VOLTAGE = <
% 40 Z N\ AMPLIFICATION | H 4
E — S \Q e s 8" g 3 s
5 2
2 20 % g =
B 2 o E >
T £ ‘ 90 g 0
& ’ E PHASE SH‘IFT z
= 4 bvee- =118V 1 > a
o el o v ] — g w0 T~ (night scale} ’“r N 135 L '
S 2[R -2k < ‘ ‘ ‘ N . Z
< T | L 1 180" 1 I
-75 —50 -25 O 25 S0 75 100 125 1 10 100 tk 10k 100k 1M 10M 100 1k 10k 100 k ™ 10 M
Ta~Free-Air Temperature—°C f -Frequency —Hz {—Frequency~Hz
FIGURE 12 FIGURE 13 FIGURE 14

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 12-pF
compensation capacitor is used with TLO80 and TLO80A.
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TYPES TLO8O THRU TL085, TLOBOA THRU TLOBAA,
TLOS81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TOTAL POWER DISSIPATED
vs
FREE-AIR TEMPERATURE

20 Vegs = t15 V
226 No signal
2 N No load
E 200
g 178
g F~_TL084, TLOSS
5 150
2 s
5
3
3 w0
3 [~ _Tios2 Tios
G
" ‘ —
o 50 TLOBO, TLO81
& =]
2
0
275 50 —25 0 25 50 75 100 125
Ta - Free-Air Temperature-'C
FIGURE 15
INPUT BIAS CURRENT
Vs
FREE AIR TEMPERATURE
100
EvVee: = $15V
T
T
g ==t
I 5
5 = ——
H
Q
£ 1
@
2 Z
> ) I v | —
5 —
& 01

-60 -25 0 25 50 75 100 126

89 T T
@ Vee: =18V
T RL = 10k
°
< 88
5
o«
< L
]
‘g 87—
f
o
3 88—
3 4
2
s i
2 8
€
3 i I
m‘ B4 — - * - T 7
-4 i
3 ‘
© 83

Ta—Free-Air Temperature—"C

FIGURE 18

ALL EXCEPT TLO8..C
COMMON-MODE REJECTION RATIO

vs
FREE-AIR TEMPERATURE

75 -50 -2§ O 25 50 75 100 125

TaA—~Free-Air Temperature— C

FIGURE 21

TYPICAL CHARACTERISTICST
SUPPLY CURRENT PER AMPLIFIER
vs
FREE-AIR TEMPERATURE
24
° Vee: =215V

18 No signal B
< 16 No load
lE 14 P,
S
s 12
3
> 10
2
3 0.8
I
L

04

0.2

0
-75 -85 -26 0 26 S0 75 100 125

Ta—Free-Awr Temperature—"C

FIGURE 16

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

Vees = 15 V)
T AL=2kQ
7 4 CL= 100 pF
g Ta=26°C
£ ouTPUT
g2 \
5
g
3 \
2
5
5-2
B INPUT
4 X
-6
¢ 05 1 15 2 25 3 35
1—Time—us
FIGURE 19
EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY
N 70 ‘ TTT T T TTT
E 1 "]Vcc: =15V
3 60
; 1
g 50
o
3 |
2 a0
5
z \\
1
H 30 ¥
s =
§ 20 #
g
2
& 1
>

o]
10 40 100 400 1k 4k 10k 40k 100k

#—Frequency—Hz

FIGURE 22

2.0

1.8
14
1.2
1.0
0.8
0.6

lcet—Supply Current—mA

0.4
0.2

SUPPLY CURRENT

vs
SUPPLY VOLTAGE

T T
Ta=25°C
No signal

| No toad

0 2 a4 8 8 10 12 14 16

IVcel-Supply Voltage—V

FIGURE 17
OQUTPUT VOLTAGE

vs
ELAPSED TIME

28
L
f OVERSHOOT
2 Pl .
] 90%
% 16 d
3 /1
Z 12 }
]
Nl
3 8
L
> 4
10%
[
e tr
—4
0 01 02 03 04 G5 06 07
t—Time—us
FIGURE 20
TOTAL HARMONIC DISTORTION
vs
. FREQUENCY
EVvcce =£16 V
® 04
L ~V|(RMSA=SV
2 FTa=25¢C
t 1
s
2 01
o
L
5 0.04
£
5
x
=
2 0.01
i
o
20004
£
0.001
100 400 1k 4k 10k 40k 100k

f—Frequency—~Hz

FIGURE 23

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, A 12-pF
compensation capacitor is used with TLOBO and TLO80A.

TEXxAs INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

1079



TYPES TLO8O THRU TLO85, TLOSOA THRU TLO84A,

TLO81B, TLO82B, TL0O84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

Rg =100k
AA'k'A'?
+15V
ouTPUT
INPUT QUTPUT
140
R1=R2=2R3=1,5MQ
C3
C1=C2=—=110pF
9.1k 2
1
fg=————=1kH
0 7 riCl :
FIGURE 24—0.5-Hz SQUAREWAVE OSCILLATOR
1MQ
—ANN ——O OUTPUT A
Vcc+ n
1uF
INPUT © i(
OUTPUT B
100 k2 <
vee-
E - Vv
100 uF oo
TLoB4t OUTPUT C
+
vee-
1 or TLOBS
FIGURE 26—AUDIO DISTRIBUTION AMPLIFIER
Gsi"; wt 1N4148 18 k2 (See Note A)
—15V
18 pF
é X 18 pF $Tka
IL—| (—0
Vees
- 88.4 k2
1/2 AAA o Vee+
TLO82 Vv 13 6 cos wt
+ —0
88.4 k2 Vee—
18 pF
}—0
+15 Vv
1N4148 18 k&2 (See Note A)
88.4 k0
Note A: These resistor values may be adjusted for a symmetrical output.
FIGURE 27—-100-kHz QUADRATURE OSCILLATOR
‘678
TEXAsS INSTRUMENTS 145

INCORPORATED
PQST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



146

TYPES TLOSO THRU TL085, TLOSOA THRU TLO84A,
TLOB1B, TLO82B, TLO8B4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

18k 16 ke
Av vV A'A'A‘
220 pF 220 pF
L 4
a3k0 30kq 3ka 30ko
W A e A
vee+ vees
43 k0
O—AAMV—§ 220pF vees 220 pF vees
INPUT ) ~ < ~
P % 43kq a3k 1 % a3ka
TLOgat VWA 5 A TLCeat A
+ t p + —0
ILW‘ OUTPUT
15k g 15kl B
ki g vee— Skig vee- ’
Vee- 7
Py
- - L
OuTPUT
A
t or TLO8S OUTPUT A OUTPUT B

2 kHz/div 2 kHz/div
SECOND-ORDER BANDPASS FILTER CASCADED BANDPASS FILTER

fo = 100 kMHz, @ = 30, GAIN = 4 fo = 100 kHz, Q = 69, GAIN = 16
FIGURE 28—POSITIVE-FEEDBACK BANDPASS FILTER

AAA -

WA
0,00375 uF |
0 ‘.
\ Wk S =7 0.0034F
27kQ 0.03uF
$ AAA AMA—DS 100ke
B - W W
t ASS 2 10k 33kn 1 THEBLE
10003 MAX ( MAX
3 l
0.034F
INPUT ! | consur
10k 2 .003 4
$
3 100 b3 5k Se|( 2
5 1000 7ka S < 68ki <
BALANCE < < GAINS N\ <
b 10 pF 47,4F
L
T T
L

FIGURE 29—1C PREAMPLIFIER
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LINEAR
INTEGRATED
CIRCUITS

TYPES TLOS87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12642, MARCH 1979 —~ REVISED OCTOBER 1979

e Low Input Offset Voltage . . . 0.5 mV Max TLO87, TLOBB TLOBS

JG OR P DUAL-IN-LINE U FLAT PACKAGE
e Low Power Consumption PACKAGE (TOP VIEW) (TOP VIEW)
e Wide Common-Mode and Differential our ‘Wit v, our o

cc+  PUT iN2)

Voltage Ranges [« sl éé@@@

o Low Input Bias and Offset Currents =
e Output Short-Circuit Protection
e High input Impedance . . . JFET-Input

Stage ¥ ¥ ¥

TLTT fo¥oXo¥oXo)

e Internal Frequency Compensation OFFSET NV NoW Veg. OFFSET IV NON- Voo
NULL INPUT INV NULL INPUT  INV
. (N1) INPUT IND INPUT
o Latch-Up-Free Operation
. TL287, TL288 TL288
e High Slew Rate ... 13 V/us Typ JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW)
NON-
.. Ve m;‘ lrll'l:l\llT mln%r Ne Veer T‘"} oot .,:‘S,
description ®
' ] | 'l rd
These JFET-input operational amplifiers incorporate q:l
well-matched high-voltage JFET and bipolar transis- »
tors in a monolithic integrated circuit. They feature F%
low input offset voltage, high slew rate, low input
bias and offset current, and low temperature co- ‘l H C:) N ) (O (r
eff.|c1ent of' input. offset voltage. Offset-voltage ouT. NV ':33 GNO NCOUT NV NON- GND
adjustment is provided for the TL0O87 and TLO08S. nror

NC—No internal connection

Device types with an “M* suffix are characterized for operation over the full mllltary temperature range of —55°C
to 125°C, those with an 1" suffix are characterized for operation from —26°C to 85°C, and those with a “/C" suffix
are characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TLO87I TLO87C
TLO8SM TLO88I TLO88C UNIT
TL288M TL287) TL287C
TL288I TL288C
Supply voltage, Vcc+ (see Note 1) 18 18 18 v
Supply voltage, Voo — (see Note 1) —18 —18 —-18 A
Differential input voltage (see Note 2} +30 +30 +30 Vv
Input voltage (see Notes 1 and 3} +15 +15 15 v
Duration of output short circuit {see Note 4) Unlimited Unlimited | Unlimited
Continuous total dissipation at (or below) JG or P package 680 680 680 W
25°C free-air temperature (see Note 5} U package 675
Operating free-air temperature range -55t0 125 ~251t0 85 O0to 70 °c
Storage temperature range —65 10 150 | —65to 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm)} from case for 60 seconds | JG or U package 300 300 300 °c
Lead temperature 1/16 inch (1,6 mm} from case for 10 seconds | P package 260 260 °Cc

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vee+ and Voo,

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3, The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

6. For operation above 25°C free-air temperature, refer to Dissipation Derating Tabte. In the JG package, TLO88M and TL288M

chips are elloy-mounted; TLO87), TLO88!, TL287], TL.288], TLO87C, TLO88C, TL287C and TL288C chips are glass-mounted,

Copyright © 1979 by Texas Instruments Incarporated
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TYPES TLOS87, TLO8S, TL287, TL288

JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vg =15V

Also see Dissipation Derating Curves, Section 2.

TLO87! TLOB7C
PARAMETER TEST CONDITIONS? TLOB8M TLoes! TLo8sC UNIT
TL288M TL2871 TL287C
TL288I TL288C
MIN TYP MAX [ MIN TYP MAX | MIN TYP MAX
Rg =604, TLO87, TL287 01 05 01 05
Ta=25°C TLO88, TL288 1 3 1 3 1 3
Vio Input offset voltage Rs =500, T087 TL287 > TE mV
Ta = full range | TLOBS, TL288 6 6 5
evio ::m:;a:j:eiif::;m Rg=60Q,  Ta=full range 10 10 10 BVPC
5 Ta =25°C 5 100 5 100 5 100| pA
ho Input offset current T A= full Tange %5 3 5 A
. § [Ta=25¢C 60 400 60 400 60 400| pA
't Input bias current Ta - full range 100 20 7[ oA
. Veo—t4 Vee—+35 Vee—+56
VicR Common-mode input Ta=25C ‘o o to v
voltage range Veei—4 Vet vees
Maximum peak-to-peak Ta = 25°C, Ry =10 k2 24 27 24 27 24 27
Vore output voltage swing TA = full range RL>10ka 2 24 24 v
R > 2k 20 20 20
R > 2k, Vpo=z10V,
Large-signal differential T: =25°C ° 50 200 50 200 2 200
AvD voltage amplification Ry > 2 k€2, Vo=%t10V, vimy
25 25 15
Ta = full range
B Unity-gain bandwidth [T =25°C 3 3 3 MHz
T Input resistance Ta=25°C 10'? 10t2 102 Q
CMRR ::2'“"""“" releetonl B < 10k, T =25°C 80 95 80 95 70 95 dB
kgyg PPl voltage rejection | o 100 Ta-25°C 80 95 80 95 70 95 d8
ratio {8 Voc/A V0!
lgg  SupPY Current No load, No signal, 14 28 14 28 14 28| ma
{per amplifier) Ta=25"C
T All characteristics are specified under open-loop conditions uniess otherwise noted. Full range for T 5 is —~55°C to 125°C for TL—88M;
—25°C t0 85°C for TL_8__1; and 0°C to 70°C for TL_B_C.
§lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.
operating characteristics VCeo+ =215V, Ta = 25°C
, TLOBBM, TL288M ALL OTHERS
PARAMETER TEST CONDITIONS N TYP A | N VP MAX UNIT
SR Slew rate at unity gain Viziov, RL=2ka, 8 13 13 Vius
CL=100pF, Ayp=1
i Rise time Vi=20mV, R =2k&, 0.1 0.1 Hs
Qvershoot factor CL=100pF, Ayp~=1 10% 10%
Vi Equivaient input noise voltage Rg =100 &, f=1kHz 18 18 nVAi/RZ
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE
RATING FACTOR Ta
JG (Alioy-Mounted Chip} 680 mW 8.4 mW/C 69°C
JG {Glass-Mounted Chip} 680 mW 6.6 mMW/°C 47°C
P 680 mW 8.0 mW/°C 65°C
u 675 mW 54 mW/°C 25°C
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TYPES TLO087, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs V5 Vs
> 2 FREQUENCY FREQUENCY S FREQUENCY
1 3
1 T " > 30 1 T T7TT
sz §) et . w LTI [Tt e
= = = - RL 2k
$25 44 £ 2 L Vees =215 V | S 25 TA=25°C L
> 2 S
g 3 i
3 20 H 3 2 H 3
& §® 32 R
s i
[ 1 &
§ s £ s H $ 18
s hof %
g H & -
g 10 B a 10 1
E T 1 €10
2 § Vee =25V | | 2 \
F £ %
i I I - 2 ‘
& . & N
£ o h % oL Ll Lo [ s
100 1k 10k 100k 1M 10M > 100 1k 10k 10k 40k 100k 400k 1M am 10M
f—Frequency-—-Hz f-Frequency—Hz f—Frequency--Hz
FIGURE 1 FIGURE 2 FIGURE 3
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAX IMUM PEAK-TO-PEAK OUTPUT VOLTAGE
' vs vs
> a0 FREE-AIR TEMPERATURE > 3 LOAD RESISTANCE - SUPPLY VOLTAGE
T T T T TT T T
3 R_= 10k é Vece = K16V é’ AL - 10k2
£ T ] Ta=26°C T £ Ta=28"C
3 2 RL=2 k0 3 25 -1 .
z T — 2 # >
2 5
£ § el £
32 3 32
% % 3 4
] & /1 4 /
315 815 5 15
3 i i 4
© -4 ™
£ & /| &
£ 10 g 10 10
1 5 £
£ £ £
3 % s %
= VCeE = 215V i 2 ®
-3 -3
s L1 | g £
> 0 5 o Lo
-76 -50 -25 0 26 50 76 100 125 01 02 04 071 2 4 710 0 2 4 & 8 16 12 14 16
Ta—Free-Air Temperature—°C R —Load Resistance—k Veet HSupply Voltage—V
FIGURE 4 FIGURES ‘FIGURE 6
LARGE-SIGNAL
LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION NORMALIZED UNITY-GAIN BANDWIDTH
DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE SHIFT and PHASE SHIFT
vs vs vs
o FREE-AIR TEMPERATURE 108 FREQUENCY TEMPERATURE
> T T T 13 1.03
E 700 . VCC: =3BV 0215V d | |
E ] TN\ RL=2kQ UNITY-GAIN-BANDWIDTH
0 o — i 108 N Ta = 25°C - £ 1.2 lieft scale] - 1.02
~ - N | 3 .
100 E 08 N DIFFERENTIAL— 0° &1 N 10z
< ] N AMPLIFICATIO £ g ™ 3
2 S
- S 103 \ LPICATION e B 9 HASE r—, &
£ s (left scaie) 3 > 5
£ < N 2z SHIFT -
s 20 3 £ 5
> H X > (right scale} 3
10 £ 102 90° 3o +—t < 099 E
7 £ N 3 N 3
3 4 ce-tis v A PHASE SHIFT \ . g vee: =15V
Q [vo=-ti0v 210 {right scale) N 138 208—R <2kn c.98
2 2Fgl-2kn < F=8y lTr Phase Shift
< L 1 180° 0.7 0.97
-75 -50 —256 0 25 50 75 100 125 110 100 1k 10k 100k 1M 10M ~75 -50 —25 0 25 50 75 100 125
Ta~Free-Air Temperature—"C -Frequency—Mz TA—Free-Air Temperature—"C
FIGURE 7 FIGURE 8 FIGURE 9
TData at high and low tempaeratures are applicable only within the rated operating free-air temparature ranges of the various devices.
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TYPES TLO87, TLO88, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

Pp~Total Power Dissipated—-mW

Normalized Slew Rate

CMRAR-Common-Mode Rejection Ratio—dB
-]
\

TOTAL POWER DISSIPATED
vs
FREE-AIR TEMPERATURE

126 T T
Veee =215V
No signal _
100 - No losd -
. T
% 28
_—
50 TLoss, Tlogg
)} —
%
0
-76 -50 -26 0 26 50 75 100 126

Ta—Frea-Air Tomwumn-'c

FIGURE 10

COMMON-MODE REJECTION RATIO
v
FREE-AIR TEMPERATURE

1 1
vVeer =216V
97 |—Vic= 210V
RL - 10kQ

94

93

92
-75 -50 -26 0 25 S0 75
TA—Free-Air Tempnrltuu-'c

100 126

FIGURE 13

NORMALIZED SLEW RATE
v
TEMPERATURE

118
T 1
Veee =215V
1.10 —RL =2k
Cy = 100 pF

&

o
i
]
A

™N

o
8

0.85
-7 ~50 -26 0 26 50 75 100 125
TA—Free-Air Temperature—"C

FIGURE 16

TYPICAL CHARACTERISTICS!

SUPPLY CURRENT PER AMPLIFIER

vs
FREE-AIR TEMPERATURE

20 T
18 Vecs = 16 V_|
No signal
18 - No load 4
3 ™~
514
g -~
£12
3
210
£
|
0.6
T 04
02
0
76 -66 —25 0 2 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 11
VOLTAGE-FOLLOWER
o _LARGESIGNAL PULSE RESPONSE
Voee = £16 V
T RL=2kQ
4 CL = 100 pF
7 Ta=25°C
§ OUTPUT
$2
>
io
-1
H /
)
3 /
2 INPUT
- 1
-8

0 05 1 15 2 25 3 35
t—Time—us

FIGURE 14

EQUIVALENT INPUT NOISE VOLTAGE

vs

FREQUENCY
x50 T T 117
|§ Vees =215 V
5 Ayp=10
< a0 Rg =100 2
] Ta = 26°C
s
> 30 A\
2 N
: LM
b
_§zo L
3
K]
2
2
o
£
>

]
0 40 100 400 1k 4k10k 40k 100k
f—Frequency—Hz

FIGURE 17

l|g~Input Bias Current—nA

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

100
= chg = 2.15 v
] I
10
7
4
1
A
1
0.1
1
i
-50 -25 [} 25 50 75 100 125

Ta—Free-Air Temperature—"C

f—Frequency—Hz

FIGURE 18

tData at high and tow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

FIGURE 12
OUTPUT VOLTAGE
v§
ELAPSED TIME
28
24
-QVERSHOOT
> 20
E 80%
& 16
Sl L/
c
> 12
il
g
8 8
5
> 4
10%¥ Vece =215V
0 " RL=2k2
d Ta=25"C
_a FI
0 01 02 03 04 05 06 07
t—Time—us
FIGURE 15
TOTAL BARMONIC DISTORTION
Vs
. FREQUENCY
EVcet =£15V
[Avp=1
® 0AF
i - VI(RMS) =6 V.
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL321M, TL3211, TL321C
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12515, APRIL 1977 — REVISED OCTOBER 1979

Differential Input Voltage Range
Equal to Maximum-Rated
Suppty Voltage . ..

+32V
Differential Voltage

Low Input Bias and Offset Parameters
Input Offset Voltage ... 2 mV Typ
Input Offset Current .. . 3 nA Typ (TL321M)
Input Bias Current . . . 45 nA Typ

Amplification . . . 100 V/mV Typ

e Internal Frequency Compensation

e Wide Range of Supply Voltages L
Single Supply ... 3V to 30V
or Dual Supplies
¢ Low Supply Current Drain
Independent of Supply Voltage L]
...0.8mA Typ
¢ Common-Mode Input Voltage
Range Includes Ground Allowing ¢ Open-Loop
Direct Sensing near Ground
schematic
INV'(‘::ING ;: ‘a
description

JGORP
DUAL-IN-LINE
PACKAGE (TOP VIEW)

ouT
NC Ve PUT  NC
sll71l6|S

LTI
NC INV NON- GND

INPUT INV

INP

uT

The TL321 is a high-gain, frequency-compensated
operational amplifier that was designed specifically to
operate from a single supply over a wide range of
voltages. Operation from split supplies is also possible so long as the difference between the two supplies is 3 volts to
30 volts and Pin 7 is at least 1.5 volts more positive than the input common-mode voltage. The low supply current
drain is independent of the magnitude of the supply voltage.
Applications include transducer ampilifiers, d-c amplification blocks, and all the conventional operational amplifier
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the TL321 can be

operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required
interface electronics without requiring additional 15-volt supplies.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢ (see Note 1)
Differential input voltage {see Note 2)
Input voltage range (either input)

Duration of output short-circuit to ground at (or below 256°C

Storage temperature range

free-air temperature (Vge < 15 V) (see Note 3)
Continuous total dissipation at {or below) 25°C free-air temperature {see Note 4)
Operating free-air temperature range: TL321M

TL3211
TL321C

Léad temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds: P package

NOTES:

1
2
3.
4

NC—No internal connection

. All voltage values, except differential voltages, are with respect to the network ground terminal.
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

Short circuits from the output to Vcc can cause excessive heating and eventual destruction.

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package,

mounted; TL3217| and TL321C chips are glass-mounted.

unlimited
680 mW
~65°C to 125°C
—25°C to 85°C
0°C to 70°C
—65°C to 150°C

TL321M chips are alloy-

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL321M, TL321l, TL321C
OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vc¢ = 5 V (unless otherwise noted)

TL321M, TL321I TL321C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
v \ fiset voIt Vo=14V, 25°C 2 5 2 7 v
t et v
10 nput oftset voltage Vec =5V to 30 V | Full range 7 9| "
25°C 3 30 5 50
o Input offset current Vo=14V nA
Full range 100 150
. Vog=14V, 25°C —45 —-150 —45 -250
liB Input bias current nA
See Note 5 Full range —300 —500
25°C 0to 0to
Common-mode input Vee—-1.5 Vee—1.5
Vicr P Vee=30V cc cc v
voltage range Oto 0to
Full range
Veec-2 Vee—2
Vee =30V,
cc Full range 26 26
. R =2k
VoH High-level output voltage v
Vee =30V,
Full range 27 28 27 28
RL = 10k
VoL Low-level output valtage AL <10k Full range 5 20 5 20 mV
Large signal differential Vee =18V, 25°C 50 100 2% 100
AvD ) Vpo=1Vtwo 11V, VimV
voitage amplification Ry > 2k$2 Full range 25 15
CMRR Common-mode rejection ratio [ Rg < 10 k2 25°C 70 85 65 85 dB
ksvr ™ Supply voltage rejection ratio Rg < 10k$2 25°C 65 100 65 100 dB
Vee=15V, 25°C -20  -40 20 -—40
Vip=1V,
Vg=0V Full range —10 —20 —-10 —-20
\% =15V mA
10 Output current cc ' 25°C 10 20 10 20
Vip=-1V,
Vo=5V Full range 5 8 5 8
ViD= -1V 25°C 12 50 12 50 A
Vg = 200 mV K
No foad, 25°C 0.4 0.4
Icc Supply current i mA
No signal Full range 1 1

*kgyR = AVec/Avio

T ANl characteristics are specified under open-loop conditions. Full range is —565°C to 125°C for TL321M, —25°C to 85°C for TL321, and 0°C

t0 70°C for TL321C.

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

the state of the output, so no loading change is presented to the input lines,

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
JG (Alloy-Mounted Chip} 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/C 47°C
P 680 mW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR TYPES TL322M,TL3221,TL322C
::':;Eflf{g ED DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-5 127317, OCTOBER 1979

¢ Wide Range of Supply Voltages
Single Supply . ..3Vto 36V

or Dual Supplies JGORP

e Class AB Output Stage DUAL-IN-LINE PACKAGE (TOP VIEW)

e True Differential Input Stage

AMPLIFIER NO. 2
e Low Input Bias Current

NON-
. v OUT- INV NV
e Internal Frequency Compensation CC+ PUT INPUT INPUT

e Short-Circuit Protection

description

8 7 6 5
The TL322M, TL322i, and the TL322C are dual
operational amplifiers similar in performance to the
uA741 but with several distinct advantages. They are
| 1 | | 2 | 3 4

designed to operate from a single supply over a range
of voltages from 3 volts to 36 volts. Operation from

OUT- INV NON- GND

split supplies is also possible provided the difference PUT INPUT INV
between the two supplies is 3 voits to 36 volts. The INPUT
common-mode input range includes the negative v

AMPLIFIER NO. 1

supply. Output range is from the negative supply to
Ve — 1.5 V. Quiescent supply currents per amplifier
are typically less than one-hatf those of the uA741.

The TL322M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL322I
is characterized for operation from —40°C to 85°C. The TL322C is characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TL322M TL322I TL322C UNIT

Supply voltage Vs (see Note 1) 18 18 18 A
Supply voltage Veoe_ (see Note 1) —-18 -18 —18 \%
Supply voltage Vo4 with respect to Voo 36 36 36 \"
Differential input voltage {see Note 2} +36 +36 +36 \Y
input voltage {see Notes 1 and 3) +18 +18 18 \Y
Continuous total dissipation at {or below) 25°C JG package 1050 825 825

free-air temperature {see Note 4) P package 1000 1000 mw
Operating free-air temperature range —-551t0 125 —40 to 85 Oto 70 °C
Storage temperature range —65 to 150 —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds |JG package 300 300 300 °c
Lead temperature 1/16 inch {1,6 mm)} from case for 10 seconds P package 260 260 °C

NOTES: 1. These voltage values are with respect to the midpoint between Vg4 and VCC*‘

2. Differential volitages are at the noninverting input terminal with respect to the inverting input terminal.
3. Neither input must ever be more positive than V e+ ©r more negative than Vee—-
4

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG packages, TL322M chips are alloy-
mounted; TL3221 and TL322C chips are gtass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA

JG (Alloy-Mounted Chip} 1050 mW 84 mw/C 25°C
JG (Glass-Mounted Chip) 825 mW 6.6 mW/°C 26°C

P 1000 mW 8.0mwW/°C 25°C
Also see Dissipation Derating Curves, Section 2,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL322M,TL322],TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature: Voc+ =14V, Vec— =0V for TL322];
vee: = £15 V for TL322M and TL322C

PARAMETER TEST CONDITIONS? TL322M TL3z2) TL322C UNIT
MIN TYP MAX | MIN TYP MAX [ MIN TYP MAX
v | £ offset volt TA = 25°C, See Note 5 2 8 2 8 2 10 v
set volta: m
10 neuto 9e Ta = full range, See Note 5 10 10 12
Temperature coefficient
ayjp | perature coslliclent | - 25°C 10 10 10 Ve
of input offset voltage .
Ta =25°C, See Note 5 30 75 30 75 30 50
ho Input offset current nA
Tp = full range, See Note 5 250 250 200
T t coefficient
ap | orpersture CosTHERN | = 25°C 50 50 50 pA/C
of input offset current
Ta=25°C -0.2 -05 ~0.2 -05 —0.2 —0.
i Input bias current A o 02 05 RA
Ta = full range —-1.5 -1 —0.8
Vee— Vee-— Vee— Veeo— Vee- Vee—
Common-mode input ° cc cc cc cc cc cc
VICcR It " Ta=25C to to to to to to Y
e ran
votag o 13 135 12 125 13 135
RL =10 k2, TA=25°C +12 +135 +12 £1258 +12 #1356
Peak output 5
Vom ) Ri =2k§2, Ta =25°C +10 13 £10  #12 +10 13 A
voltage swing
R =2kQ, Ta=fullrange| 10 +10 +10
Large-signal differential | R = 2 k£2, Ta=25°C 200 20 200 20 200
AvVD I V/mv
voltage amplification Vo =3:10V Ta = full range 25 15 15
i Vopp=20V, RL=2k&,
Maximum-output- o
Bom . K Ayp =1, Ta=25C, 9 9 ] kHz
swing bandwidth
THD < 5%
. . . RL=10k2, Vg=50mvV,
By Unity-gain bandwidth o 1 1 1 MHz
Ta=25°C
CL=200pF, Ry =2k, R
Phase margin 60 60° 60°
om ’ Ta=25°C
fi Input resistance =20 Hz, Ta=25°C 0.3 1 0.3 1 0.3 1 MQ
o Output resistance =20 Hz, Ta=25"C 75 75 75 Q
Common-mode °
CMRR | ) Rg<10kf2, Tp=257C 70 90 70 920 70 20 dB
rejection ratio
Supply voltage sensitivity °
k Ta=25"C 30 150 30 150 30 150|uV/V
Svs {avig/avee) A K
log ~ Shorveircuitoutput 1) - ge°c $10  :30 45| 10 $30 45| 10 330 45| mA
current
No load, No signal,
Icc  Total supply current oloa . © signa 1.4 25 1.4 4 1.4 4| mA
Ta=25C

t Al characteristics are specified under open-loop conditions unless otherwise noted. Full range for T4 is —55°C to 125°C for TL322M; —a0°c

to 85°C for T1.322) and 0°C to 70°C for TL322C.

iThe ViR limits are diractly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than V4.

Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.
NOTE 5: Vg and }|g are defined at V5 = O V for TL322M and TL322C and Vg = 7 V for TL322I.
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TYPES TL322M,TL3221,TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ =5 V, VCC— = 0V, TA = 25°C (unless otherwise noted)

TL322M TL322C
PARAMETER TEST CONDITIONS? TL322) UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Vp=256V 2 8 8 2 10| mVv
lo Input offset current Vp=25V 30 75 75 30 50| nA
tig Input bias current -0.2 -05 -0.5 -0.2 —05( pA
Ry =10kQ 3.3 3.5 3.3 3.5 33 35
Peak output
Vom R R =10k%, \Y
voltage swing § Ve — 1.7 Vees — 1.7 Veer— 1.7

Vee+=5V o330V

Large-signal differential
Ayp o R =2k, AV =2V 20 200 20 200 20 200 V/imV
voltage amplification

Power supply sensitivity

3 150 150 150 |uV/V
svs v (AaVip/aVees) u

Ice Supply current No load, No signal 1.2 25 1.2 4 1.2 4| mA

V1/Vo2 Channel separation f=1 kHz to 20 kHz 120 120 120 dB

t Al characteristics are specified under open-loop conditions.
§Oun‘:ut will swing essentially to ground,

operating characteristics: Vcc+ = 14V, Vocc— =0V for TL322l, Voot = 15 V for TL322M and TL322C
TL322C; TA = 25°C, Ayp = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gain Vi=t10V, C| =100 pF, See Figure 1 0.6 V/us
tr Rise time AVQ = 50 mV CL = 100 pF RL = 10k 0.3 i
=50m = =
U Fall time 0 : L T L ‘ 035 us
See Figure 1
Overshoot factor 20%
Crossover distortion Vipp =30 mV, VopPp=2V, f=10kHz 1%

PARAMETER MEASUREMENT INFORMATION

Vi

-
8
T
!
AAA
v

FIGURE 1-UNITY-GAIN AMPLIFIER
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TYPES TL322M, TL3221.

TL322C

DUAL LOW-POWER OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT
vs

TEMPERATURE
P yege=+15V
- [

E 200
L P
§
£ 150 ™
Q
2
i
i 100
£
]
)
-

1]

-75 -50 -256 0 25 S50 75 100 125
TA—Free-Air Temperature—"C

FIGURE 2

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
30 T TTTTIY
Veoe = $15V
e CL=0
2 RL = 10kf2
Ta=25°C
20 Figure 1

VOpp—-Maximum Peask-to-Peak Output Voltage—V
- A
n

0 -
1k 4k 10k 40k 100k 400k 1M
t--Frequency—Hz
FIGURE 5

TYPICAL CHARACTERISTICSY

INPUT BIAS CURRENT

vs
SUPPLY VOLTAGE

0 Ta - 25°C 3
A=

&

2

3

I 2
L g
] s
§ 150 °
% &
5 ,
5 100 %
g &
: g
2 g
F £
=

£

[ S

>

bl 2 4 [ 8 10 12 14 16
Nee £-Supply Voltage—V

FIGURE 3

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

FREQUENCY
108 T T
13 Vees =15V
3 105 RL=2k0
g Ta=25°C >
& i
£
< 104 g
g 3
S w03 a
g 3
< °
g 102 5
£ H
e g
| £
Q
2 10
o
1

1 10 100 1k 10k

{—Frequency —Hz

FIGURE 6

100k 1M

*MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE

~—
RL=10kQ
Ta=25"C

25

5 /
o 2 4 6 8 10 12 14 16
Vet -Supply Voltage—V

FIGURE 4

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

T T T
Veer =215 v
10 TN Ri-2xa |
Ta=25"C
OUTPUT 1 ;
5 5 ‘s“ Figure 1
IR
+
'
0 / +
5
/ :
VINPUT
11
0 10 20 30 40 50 60 70 80 80
t—Time—us
FIGURE 7

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

schematic (each amplifier)

common !
sias cincoiThYl
1 1

INONNYVERT
WUt

N0

..1

mvERTING 0y, |
et

1 e
OTHER
AMPLIFIER

374

0

ourrut

2440

All component values shown are nominal

-O Vee-
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-5 12407, JUNE 1976—REVISED OCTOBER 1979

e Open-Loop Voltage
Amplification . . . 2600 Typ

e CMRR...80dB  Typ

description

The TL702 is a high-gain, wideband ’operational
amplifier having differential inputs and single-ended
emitter-follower outputs. Provisions are incorporated
within the circuit whereby external components may
be used to compensate the amplifier for stable
operation under various feedback or load conditions.
Component matching, inherent in silicon monolithic

schematic
L - —0 Vees
8kn 8k
< 1‘
2un$ S2kat
1 < o LEAD
< 9 comp
L 3.4k
LAG
GNoo ~ comp
INVERTING
INPUT 24 ¢
kQ
NON- ®——O0OouUTPUT
INVERTING
INPUT
y 28k0
Component vatues thown S 240 52
are nominal
24%a S 200
O vee-

circuit-fabrication techniques, produces an amplifier

with low-drift and low-offset characteristics. The TL702 is particularly useful for applications requiring transfer or

generation of linear and non-linear functions up to a frequency of 30 MHz.

The TL702M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL702C

is characterized for operation over the temperature range of 0°C to 70°C.

terminal assignments

JOR N DUAL-IN-LINE
OR W FLAT PACKAGE {TOP VIEW)

JG DUAL-IN-LINE
PACKAGE (TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

H
NC GNG INV_ NON- Voo NC
INPUT  INV
NPUT

t
NC

v, QUT- LAG LEAD
CC+ PUT COMP COMP
sl rUs]ls
NMEGELD
GND  INV  NON- VCC——
INPUT INV
INPUT

LEAD
come
[ 1

NC—No intsrnal connsction

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TL702M TL702C |UNIT
Supply voltage VCC+ (see Note 1) 14 14 \Y
Supply voltage VCC— (see Note 1) =7 -7 \
Differential input voltage (see Note 2) +5 +5 Vv
Input voltage {either input, see Notes 1 and 3) ~6t015 | 6t01.5 v
Peak output current {tw < 1) 50 50 mA
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 300 300 mwW
Qperating free-air temperature range —55t0 125 | Oto 70 °C
Storage temperature range —65 to 150 | —65 to 160| °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J,JG, U, or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 °C

NOTES:

. All voltage values, unless otherwise noted, are with respect to the network ground terminal.

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

TL.702M chips are alloy-mounted; TL702C chips are glass-mounted.

1

2

3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4. For operation of TL702M above 70°C fres-air temperature, refer to Dissipation Derating Table. In the J and JG packages,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702M

electrical characteristics at specified free-air temperature

TL702M
PARAMETER TEST CONDITIONS? Vees =12V Vees =8V | T
Vec-=-6V | Veg-=-3V
MIN TYP MAX|MIN TYP MAX
V10 Input offset voltage Rg < 2k$2 5°¢ 2 3 2 5 mV
Full range 6 6
Average temperature coefficient —65°C 10 25°C 10 10
avio of in;: oﬂ: voltage fAs=s0a 25°C to 125°C 5 5 uvre
25°C 0.5 2 0.3 2
ho Input offset current ~56°C 1 3 3| wA
125°C 0.2 3 3
Average temperature coefficient —55°C to 26°C 6 5
eno of input offset current 26°C to 125°C 3 2 nA/C
. 25°C 4 10 25 7
hs input bias current “85°C 65 20 12 HA
Common-mode input Positive swing o 0.5 1 0.5 1
VicR - - 25°C v
voitage range Negative swing —4 -5 -156 =2
Vore Maximum peak-to-peak R > 100kQ 10 106 5 54 v
output voltage swing R = 10k2 8 4
- ] ) va-sy [ B5C 1400 2600
Avp Large-signal fil-ffer.enhm RL > 100 k2 0 =t Full range | 1000
voltage amplification Vo= 25V | 25°C 380 700
. 25°C 8 25 12 40
r Input resistance Full range 3 2 kQ
ro Output resistance Vo =0, See Note 3 25°C 200 500 300 700 | 9
CMRR Common-mode rejection ratio Rg < 2kQ 25°C 70 80 70 80 dB
ksys” Supply voltage sensitivity Rg < 2kQ2 25°C 60 300 60 300 | uv/V
Ice Supply current No load, No signal 25°C 5 6.7 21 39| mA
Pp Total power dissipation No load, No signal 26°C 90 120 19 35| mw

*ksvs ~ AVio/AVee
T Al characteristics are specified under open-loop operation. Full range for TL702M is —55°C to 125°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback,

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
J (Glass-Mounted Chip) 300 mW 8.2mW/°C 113°C
JG {Alloy-Mounted Chip} 300 mW 84 mwW/C 114°C
JG (Glass-Mounted Chip) 300 mw 6.6 mW/°C 104°C
N 300 mW 8.2mW/C 117°C
U 300 mW 5.4 mW/C 94°C
w 300 mwW 8.0 mwW/°C 112°C

Also see Dissipation Derating Curves, Section 2,
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702C
electrical characteristics at specified free-air temperature, Vec+ =12V, Vec—=—-6V
TL702C
PARAMETER TEST CONDITIONS? L UNIT
MIN TYP MAX
\"J | ffset vo! Rg < 2kQ 25°C 5 10 v
nput volt <
10 put otise age s Full Range 15 m
Average temperature coefficient
ayio . 9 pe Rg =500 Full Range 5 uV/iC
of input offset voltage
I Input offset t 25°¢ 05 8 A
nput offset curren
'o U i Full Range 75 #
Average temperature coefficient 0°C to 25°C 5 o
Sile} . 3 5 nA/°C
of input offset current 25Ct070°C
) Input bi . 25°C 4 15 A
uB nput bias curren o°C 25 20 *
C - Positive swin 05 1
VicR ¢ ommon-mode ‘ ‘9 25°C v
input voltage range Negative swing -4 -5
Maximum peak-to-peak °
Vopp i Ry = 100 k2 25°C 10 106 v
output voltage swing
L arge-signal differential 25°C 1000 2600
AvD L R > 100k, Vpo=1t5V
voltage amplification Full Range | 800
\ « 25°C 6 25 ca
i 1
f nput resistance Full Range | 35
ro Output resistance Vo =0, See Note 3 25°C 200 600 |
CMRR Common-mode rejection ratio Rg < 2kQ 25°C 65 80 dB
kgvs* Supply voltage sensitivity Rg < 2kQ 25°C 60 300 |puv/V
lce Supply current No load, No signal 25°C 5 7| mA
Pp Total power dissipation No ioad, No signal 25°C 90 125 | mwW
‘kgvs = AV|p/AVcc
T All characteristics are specified under open-loop operation. Full range for TL702C is 0°c 1o 70°C.
NOTE 3: This typical vaiue applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
TL702M, TL702C
operating characteristics Vceo+ = 12V, Vec—=—6V, TA = 25°C
TEST BOTH TYPES
PARAMETER TEST COND{TIONS
FIGURE OND MIN TYP MAX UNIT
o 1 Vi=10mV, CL=0 25 120 | ns
ty  Rise time
2 Vi=1mV 10 30 ns
n . 1 Vy=10mV, Cy =100 pF 10% 50%
Overshoot factor 2 Vi=1mv 20% 0%
1 V=6V, C| = 100 pF 1.7
SR Slew rate ! L e Vius
2 V) =100 mV 1
1079
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

Vi

OUTPUT

—_————ov

INPUT VOLTAGE
WAVEFORM

FIGURE 1—UNITY-GAIN AMPLIFIER

—V 50 Q
INPUT
—_—d———ov

INPUT VOLTAGE COMP
WAVEFORM 5003 50 oF
<

OUTPUT

R = 100 k2

= =

FIGURE 2—GAIN-OF-100 AMPLIFIER
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Ayp—Differential Volitage Amplification

Ay p-—Differential Voltage Amplification

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
(for various lag compensations)

VOPP—Maximum Peak-to-Pesk Output Voltage—V

i1}
Vees =12V RL =100 kQ
Vee—-=-6V  Ta=25°C
12
10 .
o o - e
Q Q W s
8 |- ‘o s Y RN
(=l
A A % LAG
= ! = “\H c
’s "9 ’q kA \ 1 R
) A @ ',,
4 |—1|% | { |1 -
2 2 P R
D ) K1 1
2 ] } = =
\\ q N = =
o \ o 100 ™ LAG COMPENSATION CIRCUIT
100 k K 3
FOR FIGURES 3,4, ANDS
f—Frequency -Hz
FIGURE 3
LARGE SIGNAL DIFFERENTIAL
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION
VOLTAGE AMPLIFICATION ve
vs FREQUENCY
FREQUENCY {for various lag compensations}
w0 10 vrrr
AVD(0} = Ayp at f=1 Hz Open-Loop, C1 = 0 vees = 12V
Qpen-Loo veg+ =12V < vee-=-6V
o PRI vec e e e
' Cy=0.14F £ ° ”|” ~ A=
Ry= =
AL =0100 P £ Avp(o) = 100 N
L 2 [C1=1000F. Ry =2ka ||
102 Ta=26°C g
Avpio) = 100 ‘ £ [ ||L|||| n
Closed- Loop ”. > Avpio) = 1
0 .|t § 1o [C1 7 1000 6F. Ry = 200 &
- =
AvD{0) = 10 ‘ £ CTTT ] M \
Closed-Loop = Avpio) =1 \
. W ? , [C1=001uF. Ry =200
o
" ] [T T
Closed-Laop <
‘ ‘ Ayp{0) = Aypatf=1Hz
10! . . 107"
100 1k 10k 100k 1M 10M 100 k ™ 10M 100M
f—~Frequency—-Hz t—Frequency—Hz
FIGURE 4 FIGURE 5
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
. v
FREQUENCY
{for various lag compensations)
104 ~ RE
AvDi(0) = Ayp atf=1Hz
vees =12V
Open-{_ oo, vee-=-6V
108 0 s c
0 3 =50 pF
HH ”r.LLL Ta=25°C
o2 ‘ Ll || \\ Cy
AyD(0) 100, C2 =0, RF = 10 kg N p—oO
\ R
10!
Avpi{0) = 10, C2 = 1000 pF, §
R2=2000, RE = 10kq N
AyD(0) = 1,C2=0.014F,
R2= 209, Rf =10k
oo L L LU L Gy
100 ™ 10M 100M

LEAD-LAG COMPENSATION CIRCUIT
FOR FIGURE 6

f-Frequency—Hz

FIGURE 6
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1079

LINEAR
INTEGRATED
CIRCUITS

TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12408, JUNE 1976—REVISED OCTOBER 1979
_

Open-Loop Voltage schematic
Amplification . . . 3600 Typ
e Designed to be interchangeable With - o Vees
Fairchild uA702
e CMRR...100dB Typ 2kn __li‘ 2ka olta
L 1 34kn
description GND O cLo‘:P
The uA702 is a high-gain, wideband operational M 24 4
amplifier having differential inputs and single-ended INVERTING ouTPUT
emitter-follower outputs. Provisions are incorporated INPUT _( \
H H H H 6 ks
within the circuit whereby external eornponents may Componant vaes s Yr0n
be used to compensate the amplifier for stable e naminal 3
operation under various feedback or load conditions. i 2 2eon
Component matching, inherent in silicon monolithic
circuit-fabrication techniques, produces an amplifier © vee-

with low-drift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or
generation of linear and non-linear functions up to a frequency of 30 MHz.

The uA702M is characterized for operation over the full military temperature range of —55°C to 125°C.

terminal assignments

J DUAL-IN-LINE u
ORW FLAT PACKAGE

(TOP VIEW)

JG DUAL-IN-LINE
PACKAGE (TOP VIEW)

FLAT PACKAGE
{TOP VIEW)

LAG LEAD
NC  VCC+ NC QUTPUT COMP COMP NC

UT- LAG LEAD
Vees PUT COMP COMP

wl[u]fe][n][w][e]]s s|[7][6l]5

®
©
©
®
Ot

¥ ¥ — F ¥
miBinOiRinE 234 ONO)
W GND NV NON-  vee-
NC  NC GND INV_ NON- vce- . NC GND INV NON- Vpe_ weuT Ny O
INPUT  INV INPUT 1INV NPy
INPUT INPUT

NC—No Internal connsction

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Voc+ (see Note 1) T [ Y
Supply voltage Voe— (seeNote 1} . . . . . . . . . . . . L L L. L0 0., =TV
Differential input voltage (see Note2) . . . . . . . . . . . . . . . . .. .. .. ... ... BV
Input voltage {either input, see Notes 1 and 3) e e e e e e e e —-6VtolbV
Peak output current {tw<<1s) . . . . e e e e . .. ... BOMA

Continuous total dissipation at (or below) 70 C free -air temperature (see Note 4) ..
Operating free-air temperature range . —55°C to 125°C
Storage temperature range . e e e e e . —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds e e e e e e . ... . . . . .300°C

300 mW

NOTES: 1. Al voltage values, unless otherwise noted, are with respect to the network ground terminal.

2. Differential voitages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4

. For operation above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, uA702M chips
are alloy-mounted.

Copyright © 1979 by Texas Instruments incorporated
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Ailoy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
JG (Alloy-Mounted Chip) 300 mwW 8.4 mW/°C 114°C
u 300 mw 5.4 mW/°C 94°C
W 300 mW 8.0 mW/°C 112°C
Also see Dissipation Derating Curves, Section 2,
electrical characteristics at specified free-air temperature
Vces = 12V Vec+ =6V
PARAMETER TEST CONDITIONS Vec—=-6V Veg—=-3V |uniT
MIN TYP MAX|MIN TYP MAX
v | ff | Rg < 2kl 25°¢ 05 2 97 3 \%
10 nput offset voltage S Full range 3 2 m
A ffici —55°C t ° 2 10 3 15
“vio v-erage temperature coefficient Rg = 500 505 ) 2.’: C avre
of input offset voltage 25°C to 125°C 25 10 35 15
25°C 0.2 05 0.12 05
lio input offset current -55°C 04 15 03 15| pA
125°C 0.08 05 0.05 0.5
Average temperature coefficient —55°C to 25°C 3 16 2 13 o
O N > o nA/°C
of input offset current 25°C t0 1256°C 1 5 0.7 4
| inout bi . 26°C 2 5 12 35|
n
18 put bias curren ~55°C 43 10 26 15| "
Common-mode Positive swing o 0.5 1 0.5 1
Vicr . —— 25°C v
input voltage range Negative swing —4 -5 -15 -2
25°C 10 106 5 54
. R » 100k
v Maximum peak-to-peak Full range 10 5 v
oep output voltage swing Ry = 10kQ 25°C 78 3 a
R > 10kQ Ful range 7 3
26°C 2500 3600 6000
) Vo =15V
L arge-signal differentiat Full range | 2000 7000
Ayvp L R > 100 k82 -
voltage amplification Ve =225V 25°C 600 900 1500
o==s Full range 500 1750
. 25°C 16 40 22 67
T Input resistance Full range 5 P k2
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 | Q
CMRR C de rejecti i Rg < 2kQ L 80 100 80 10 ]
ommon-mode rejection ratio S Fatl vange e 70
Supply voltage sensitivity 25°C 75 75
k Rg < 2k ViV
sV§ {AV|o/AVee) S Full range 200 200 | ¥
25°C 5 6.7 21 33
Icc Supply current No !oad, No signal —55°C 5 75 21 39| mA
125°C 44 6.7 1.7 33
25°C 90 120 19 30
Pp Total power dissipation No ioad, No signal -55°C 90 135 19 35 | mw
125°C 80 120 15 30

T All characteristics are specified under open-loop operation. Full range is —55°C to 125°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback,
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

operating characteristics Voc+ = 12V, Voe-=-6V, TA =25°C

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
R 6 1 Vi=10mV, Cp =0 25 120 | ns
tr Risetime 2 Vi=1mV 10 30 | ns
1 V| =10mV, CL = 100 pF 10%
Overshoot factor ! L P 50%
2 Vi=1mV 20%  40%
SR s " 1 V=6V, CL = 100 pF 1.7 v/
ew rate
2 V| = 100 mV 1 Hs

PARAMETER MEASUREMENT INFORMATION

2 kQ2

OUTPUT
INPUT

—d e ——o vV

INPUT VOLTAGE

WAVEFORM
FIGURE 1—UNITY-GAIN AMPLIFIER
5 k2
— 50 Q
—M—e—O0—
= ‘OUTPUT
INPUT
—_—Je—_—ov
INPUT VOLTAGE
WAVEFORM 5003 50 pF ;E RL = 100 k2
+ il

FIGURE 2—-GAIN-OF-100 AMPLIFIER
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

> 4
|
5 12
[
>
2 w0
5
S
M
§ 8
3 ¢
o
E
g 4
F
3
&
S
> o
1
0t
&
g w
£
E
<
) 10?
s
>
3
£ 10
£
H]
3
Lo
>
<
10-!

Ayg-Differential Volage Amptification

10*

g

&

e

10!

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
v

FREQUENCY
(for various lag compensations}

Vecr =12V | AL~ 100KD
vee-=-6V  Ta=25°C
A
C
o o = 2
o e “ Y
" ) SH i
[=4
el g 2\ ([
L Le % “\
00T =N 2
» A + :_,
L 11 | |- i |
P 2wk
2 )
N m‘ N N
00 1k 10k 100 k 1™
f—Frequency—-Hz
FIGURE 3
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
AvD{0) =Avp atf=1 Hz i
Open-Loop Vee+=12V
i, Vee-=-6V
i C1=014F
; Ry =0
I N RL = 100 k2
[Avpio) = 100 [[ff
(Closed:Loop ”.
bl ]
Avo(0) = 10 i ‘
Closed-Loop |H.
.5..
AyD(0) = ! \
Closed-Loop ||‘\l
|
A

00 1k 10k 100 k ™ 10M

t—Frequency ~Hz

FIGURE 4

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUENCY
{for various Jag compensations)

AvD(0} = Avp atf = 1Hz
vees =12V
Open-Loop, Cz vee-=-6V
= C3 =50 pF
‘ Hll N
AvD(0} = 100, C2 = 0, AF = 10 k2 \
Avp(0) = 10, C2 = 1000 pF. q
TG Tl 0
AyD{0) = 1. C2 = 0.01 uF,
R2= 209, Af=10kQ
LLL i
100 ™ 10M 100M

1—Frequency—Hz

FIGURE 6

Ay p-Difterential Voltage Amplification

LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, AND S

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUENCY
(for various lag compensations}

«
10 T

T -
Open-Loop, C1 = 0 veer =12V
vee-=-6V
| RL =100k
Ta=25°C
* ™
AvD(o) = 100 N

102 |12 100 0F, Ry = 2kn \

T T 1T

AvD{o) = 10
€y = 1000 pF, Rq = 200 2

IR

LT
) C1=001uF R1 =200 \

Avpig) =1
I T
AyD(0) = AvD at f= 1 Hz \
10-*

100 k ™ 10M

f~Frequency-Hz

FIGURE 5

RE

C2

C3

100 M

LEAD-LAG COMPENSATION CIRCUIT

FOR FIGURE 6
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1079

LINEAR
INTEGRATED
CIRCUITS

TYPES uA709AM, uA709M, uA709C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11447, FEBRUARY 1971—-REVISED OCTOBER 1979

characteristics, reduced input-current requirements,
and

lower power dissipation when compared to the uA709 circuit.

ouTPuT
FREQUENCY
COMPENSATION

Camponent veluse shown sce nomunal,

average temperature coefficients of offset voltage and current are guaranteed.

In addition, maximum

e Common-Mode Input Range ... 10 V Typical

o Designed to be Interchangeable with Fairchild uA709A, 1 A709, and uA709C

e Maximum Peak-to-Peak Output Voltage Swing . .. 28 V Typical with 15 V Supplies

description schematic

These circuits are general-purpose operational - ‘““,/I ™
amplifiers, each having high-impedance differential 2 q _e
inputs and a low-impedance output. Component gg
matching, inherent with silicon monolithic §§ -
circuit-fabrication techniques, produces an amplifier £
with low-drift and low-offset characteristics. o e
Provisions are incorporated within the circuit 2 e
whereby external components may be used to ™ "
compensate the amplifier for stable operation under LI;
various feedback or load conditions. These amplifiers F— o
are particularly useful for applications requiring onmEnNG ! e
transfer or generation of linear or nonlinear I N
functions. i
The uA709A circuit features improved offset

values of the

The uA709AM and uA709M are characterized for operation over the full military temperature range of —55°C to
125°C. The uA709C is characterized for operation from 0°C to 70°C.

J OR N DUAL-IN-LINE
OR W FLAT
PACKAGE (TOP VIEW)

JG ORP DUAL-IN-LINE
PACKAGE (TOP VIEW)

U FLAT PACKAGE

{TOP VIEW}

INPUT OUTPUT INPUT QUTPUT
FREQ OUT- FREQ FREQ OUT- FREQ
NC NC COMP A Vge+ PUT COMP  NC COMP A Vec+ PUT  COMP

1
1 ]z|]3'14“|5|‘]s 1
NC NC INPUT INV NON- Vcc— NC
FREQ INPUT INV

COMP B INPUT comP B

JEIEE
INPUT INV  NON- Vce—
FREQ INPUT INV

)|

INPUT

INPUT

® ©®

FREQ
NC comPA Voo

®

QUT-
PUT

® 0

OUTPUT
FREQ
compP

L Ly
NC INPUT
FREQ
comi

L L] L]
INV  NON- Voo
INPUT NV ce

INPUT

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES uA709AM, uA709M, uA709C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA709AM

uA709M uA709C |UNIT]|
Supply volitage Voo (see Note 1) 18 18 \"
Supply voltage Vi (see Note 1) —-18 —-18 \
Differential input voltage (see Note 2) +h +5 \4
{nput voltage {either input, see Notes 1 and 3) +10 +10 \
Duration of output short-circuit {see Note 4) 5 5 s
Continuous total dissipation at {or below) 70°C free-air temperature {see Note 5) 300 300 mW
Operating free-air temperature range —55 to 126 01070 °c
Storage temperature range —66 to 150 | —65 to 160 °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds J, JG, U, or W package 300 300 °c
L ead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °c

NOTES:

All voitage values, unless otherwise noted, are with respect 10 the midpoint between Vo4 and Veog—-

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

The output may be shorted to ground or either power supply.
For operation of UA709AM and UA709M above 70°C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In

the J and JG packages, UA709AM and uA709M chips are alloy-mounted;uA709C chips are glass-mounted.

3
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less.
4
5

electrical characteristics at specified free-air temperature, VCC+ =9V to +15 V (unless otherwise noted)

uA? 709M
PARAMETER TEST CONDITIONS? A709AM uA UNIT
MIN  TvyPi MAX | MIN TYPI m™AX
25°C 06 2 1 5
Vio Input offset voltage Rg < 10 k§2 mvV
Full range 3 [
A . ¢ fFicient Rg =500 Ful range 18 10 3
erage temperature caefficien
10 verage temp _55°C 10 25°C 48 25 6 avree
of input offset voltage Rg = 10k§2 > =
25°C 10 125°C 2 15 6
25°C 10 50 50 200
o Input offset current —55°C 40 250 100 500 nA
125°C 35 50 20 200
Average temperature coefficient —55°C 10 25°C 0.45 2.8 o
] 1e] f B B nA/C
of input offset current 25Ct0125°C 0.08 0.5
. \ bi . 25°C 0.1 0.2 0.2 0.5 A
t >
B nput bias curren —55°C 0306 05 15 | ¥
Common-mode v .y 25°C +8 +10 +8 £10 v
=+
ViCcR input voltage range CCx == Full range +8 +8
° 4 24 28
i Vee: =315V, Ry 210k 5cC 2 28
v Maximum peak-to-peak Full range 24 24 v
opp output voltage swing Voo: =16V,  RL -2k | 25°C 20 26 20 26
Voot =*15 'V, RL=2kQ Full range 20 20
Large-signal differentia! Voo =15V, RL=>2kQ, |25°C 45 45
AVD - Vimv
voltage amplification Vpo=*10V Full range 25 70 25 70
. ) 25°C 350 750 150 400 Q
ri nput resistance “meoC Py 185 r 100
o Output resistance Vo =0. See Note 6 25°C 150 150 Q
CMRR C de rej i Rg < 10 k2 25°C 80 110 70 %0 dB
- t t <
ommon-mode rejection ratio 3 Foll range 30 70
Power supply sensitivity 25°C 40 100 25 150
ksvs Rg < 10 k§2 Y
(aV p/avee) Full range 100 150
v 415 v No load 25°C 2.5 36 26 5.5
B4 . o load, 5
Felo) Supply current cex -55"C 2.7 4.5 mA
No signa! >
125°C 2.1 3
v t15 v No load 25°C 75 108 78 165
=% , o load, S
Pp Total power dissipation CC_: ~-55°C 81 135 mwW
No signal <
125°C 63 90

. ° o
tAll characteristics are specified under open-loop operation. Full range for uUA709AM and UA709M is —55 C to 125°C.

T All typical values are at Vocy = £15 V.

Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (unless otherwise noted Vg = 15 V)

PARAMETER TEST CONDITIONS? uA709C UNIT
MIN TYP MAX
Vio Input offset voltage chgt 1—01k99V w15V, iiucrange 2 712 mV
25°C 100 500
lo Input offset current Vee: =29Vito:15V Full rangs 750 nA J
) 25°C 0.3 1.5
Lig tnput bias current Vee: =t9Viot18V Full range > uA
V) Input voltage range 25°C +8 +10 Y
25°C 24 28
Maximum peak-to-peak RL=>10ka Full range 24
Vore output voltage swing Ry =2kQ 25°C 20 26 v
RL = 2k&2 Full range 20
Large-signal differential 25°C 15 45
AvD S RL <2k, Vo =+10V V/mv
voltage amplification Fuil range 12
. 25°C 50 250
ri Input resistance Full range 35 k2
o Output resistance Vo =0, See Note 6 | 25°C 150 )
CMRR Common-mode rejection ratio Rg < 10k 25°C 65 30 dB
AVio/AVce Supply voltage sensitivity Rg < 10k&2 25°C 25 200 | uV/V
Pp Tota! power dissipation No load, No signal 25°C 80 200 | mw

tAll characteristics are specified under open-loop operation. Full range for uA709C is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics Vog: = t9Vto 156V, TA =25°C

uA709AM
uA709M
PARAMETER TEST CONDITIONS A708C UNIT
u
MIN TYP MAX
Ri i CL=0 0.3 1
Ir lse time V) =20mV, R =2kQ, SeeFigure 1 |—L us
Overshoot factor CL =100pF 6% 30%

PARAMETER MEASUREMENT INFORMATION

10 k@2
ANA——

\!

OUTPUT

INPUT
-———0V
CL = 100 pF

INPUT VOLTAGE
WAVEFORM

FIGURE 1-RISE TIME AND SLEW RATE
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

1,0 Input Offset Current—nA

V|—input Voitage Range—V

Pp—Total Power Dissipation—mW

INPUT OFFSET CURRENT
vs

FREE-AIR TEMPERATURE

100 A Vees = t15 V
80 \%1?9
%
60
40 \
20 \\ 44, ™
3
0
75 <50 -25 © 25 SC 75 100 125
Ta~Free-Air Temperature—°C
FIGURE 2
INPUT VOLTAGE RANGE
vs
SUPPLY VOLTAGE
12
Ta = Full Range
0
B
/
il /
6 Mo
4
12
9 10 n 12 13 4 15
IVeCt—Supply Voltage—V
FIGURE 5
TOTAL POWER DISSIPATION
v
FREE-AIR TEMPERATURE
) |
a5
80
75
70
65 b Voce =15V N
No foad
No signal J
i 1

-75 -50 -25 0

25 50 75 100 125
Ta-Free-Air Temperature—"C

FIGURE 8

TYPICAL CHARACTERISTICS
{unless designated maximum or minimum)

INPUT BIAS GURRENT
vs

FREE-AIR TEMPERATURE

A

Vi =$16V
40—\ e
< o \\
L 350 \07)%
. A%
(s} ‘\
& 250
@ <, \
3 200 9, N
S e N
£ g, A
T 150 N
]
2 100 —
50
0
=75 50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 3
INPUT RESISTANCE
s
FREE-AIR TEMPERATURE
4000,
| vees =215V
2000
g /,
I
£ 1000
S .
g™ Z
5 At
3 400 R K
£ S
3 5y
200
%
=75 -50 -25 © 25 50 75 100 125

Ta—-Free-Air Temperature—"C

FIGURE 6

uA709AM
TOTAL POWER DISSIPATION
vs
SUPPLY VOLTAGE

Ta = 25°C
No load
No signal

s
M ot

P 1 ‘1\‘“6\

Pp—Total Power Dissipation—mW
o
5

0 Il 2 13 4 15
iVec:1~Supply Voltage—V

FIGURE 8

1)g—Input Bias Current—nA

CMRARFA—Common-Mode Rejection Ratio—dB

Pp—Total Power Dissipation—mW

250

200

150

1ns
114
m
12
m
119
109
108
197

106

05
-75 -50 -25 0 25 50 75 100 125

INPUT BIAS CURRENT

vs

SUPPLY VOLTAGE

Ta =25°C

WATOOM

[

uAT709AM

9 ¢} " 12 13 14 15

Veegl-Supply Voltage—V

FIGURE 4

uA708AM
COMMON-MCDE REJECTION RATIO
vs
FREE-AIR TEMPERATURE

Veee =215V
[Rg <10k

Ta~Free-Air Temperature—°C

FIGURE 7

uA709M, uA705C
TOTAL POWER DISSIPATION
Vs
SUPPLY VOLTAGE

200 T
T, = 25°C l
175 | No toad 1
No signal
150 i 0‘?‘%
¥
b
125 *@of“ p—
W
100
75 ,//! |
" Typical L
50
-/
2
c
y 10 N 12 13 14 15

Vet —Supply Voltage—V
FIGURE 10
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

VimV
fmV

Voltage

Ayp—Differential Voltage Amplification

Vopp—Maximum Peak-to-Pesk Output Voitage-—-V

bl YT
-
50
Vegs =16 V
0 11
\'Vccx-x'ﬂv:
20 S~
o=
2 Vees =28V
]
10 uA709C
o |

NONON NN W
© N & & ® O

c® N & & &

OPEN-LOOP LARGE-SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

FREE-AIR TEMPERATURE

=75 -50 -25 0 25 50 75 100 25

Ta—Free-Air Temperature—°C

FIGURE 11

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY

100 1k 10k 100 k 1™ IDM

f—Frequency—~Hz

FIGURE 14~

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs

LOAD RESISTANCE

T 11
Vege = £15V
Tp = 25°C

0.2 04 071 2 4 7 10
A ~Load Resistance—k {2
FIGURE 16

TYPICAL CHARACTERISTICS
(unless designated maximum or minimum)

UATOSAM, UA709M uA703C
QPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SCALE
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
270 — 12,000 ————T——
s AL > 2kQ c Ry z2kQ
60 [Ta=-56°Cro125°C ] 2 Ta = 0°C to 70°C
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50 4’ T—Ez
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FIGURE 12 FIGURE 13
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FIGURE 15 FOR FIGURES 14,15, AND 18
MAXIMUM PEAK.-TO-PEAK MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs§ vs
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TYPES uA709AM, uA708M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

V—Output Voltage—V

UA709AM, uA709M

TYPICAL CHARACTERISTICS

VOLTAGE TRANSFER
CHARACTERISTICS

15 T S
Vee: =216V / -
RL =10 k@ ’
10 Ta=-55°C \II ,
y /\—TA=25°C
/, ‘ >I
5 p .
L Ta =125°C S
[=]
| >
0 5
g
3
| ?
-5 4 — o
7 s
7
/Y
Vi
—-10 #71
/ 7/
—L |
£
—15
—-06 -04 02 0 0.2 0.4 0.6

Normalized Frequency Charactetistics

Relative Output Swing — %

V|p-—Differential Input Voltage—mV

120

8

3

13

»
2

3

=3

FIGURE 19

RELATIVE QUTPUT SWING
vs

ELAPSED TIME

iOv ershoot

1
T o
10%
Veg: =15V
-~ - Rise Time Tp = 25°C
I -
0 05 1 1.5 2 2.5
t — Elapsed Time — us.
FIGURE 21

NORMALIZED FREQUENCY CHARACTERISTICS
vs

FREE-AIR TEMPERATURE

2.0 ——T—7
Veee =29V 0215
1.8
i.6
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1.4 = L/
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0.2 L J

0
-75 -50 -25 O
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FIGURE 23

uA709C

VOLTAGE TRANSFER

CHARACTERISTICS

15 T
Vee: =16V 1/ -
R =10k9 K
[ /4
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=0° 4
Ta=0C Ta = 25°C
5 Ta =70°C
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4
4
2
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FIGURE 20
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R
x
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FIGURE 22

NORMALIZED FREQUENCY CHARACTERISTICS
vs
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LINEAR TYPES uA741M, uA741C
INTEGRATED GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

cl“culTs BULLETIN NO. DL-S 11363, NOVEMBER 1970-REVISED QCTOBER 1979
e Short-Circuit Protection ¢ No Frequency Compensation Required
e Offset-Voltage Null Capability e Low Power Consumption
e Large Common-Mode and e No Latch-up

Differential Voltage Ranges

description
The uA741 is a general-purpose operational amplifier featuring offset-voltage nuil capability.

The high common-mode input voltage range and the absence of latch-up make the amplifier ideal for voltage-follower
applications. The device is short-circuit protected and the internal frequency compensation ensures stability without
external components. A low-value potentiometer may be connected between the offset null inputs to null out the offset

voltage as shown in Figure 2.

The uA741M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA741C is
characterized for operation from 0°C to 70°C.

schematic INVERTING
INPUT v
PV
n
NON- N 340
INVERTING 3
INPUT
p—0 OUTPUT
-M 1t
r L 9
il
N 1kn o4 " r Lﬁ
OFFSET Vee—
[ S —
N2)
Resistor vaiues shown are nominal
terminal assighnments
J OR N DUAL-IN-LINE OR JG OR P DUAL-IN-LINE U
W FLAT PACKAGE PACKAGE FLAT PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
OFFSET
OUT-  NULL OFFSET °FFSET
NC NC  COMP Vece PUT  INZ)  NC OuT- NULL COMP Vg, OUTRUT (NZ)

COMP Veo+ PUT (N2}
" 312 1 0 8 8 s 7 s[5 ‘ @ @ @ @

NalDalsDsE Lilz]3 )] E:?(T) @J(:)

1 2
OFFSET INV  NON. Vgoo QFFSET INV NON.  Vee_
B A T Ve e NULL INPUT INV NULL INPUT  INV
(N1} INPUT INT) INPUT (N1} INPUT

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

[ uA741M uA741C_ |UNIT
Supply voltage Voc+ (see Note 1) 22 18 v
Supply voltage Voo (see Note 1) -22 -18 v
Differential input voltage (see Note 2) +30 +30 v
Input volitage (either input, see Notes 1 and 3) 15 +15 v
Voitage between either offset nuii terminal (N1/N2) and Voo 0.5 +0.5 \4
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total power dissipation at (or below) 26°C free-air temperature (see Note 5} 500 500 mw
Operating free-air temperature range —65 to 125 0to 70 °c
Storage temperature range —651t0 150 [ 6510 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, U, or W package 300 300 °C
Lead temperature 1/16 inch {1,6 mm]} from case for 10 seconds N or P package 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ and Voo .
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voitage must never exceed the magnitude of the supply voltage or 15 volts, whichaver is less,
4, The output may be shorted to ground or sither power supply. For the uA741M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages,uA741M
chips are slloy-mounted; uA741C chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vcc+ =15V, Veg—-=-15V

PARAMETER TEST CONDITIONS? uATAIM uA741C ]UNIT
MIN TYP MAX MIN TYP MAX
Vio input offset voltage Rg < 10k 25°C ! 5 ! 5 mV
Full range 6 7.5
AViQ(adj) _ Offset voltage adjust range 25°C +15 +15 mv
26°C 20 200 20 200
ho Input offset current Full range 500 300 nA
X 25°C 80 500 80 500
hs Input bias current Full range 1500 300 nA
Common-mode 25°C +12 +13 12 +13
VicR . v
input voltage range Full range +12 12
RL =10k | 25°C 24 28 24 28 |
Vopp Maximum peak-to-peak R > 10k | Full range 24 24 v
output voltage swing R =2kQ [ 25°C 20 26 20 26
R > 2kQ Full range 20 20
t arge-signal differentiat RL>2kQ, | 25°C 50 200 20 200
Ayp e VimV
voltage amplification Vo =+10V | Fuil range 25 15
¥ Input resistance 25°C 0.3 2 0.3 2 MQ
. Vo=0V, o
o Output resistance 25°C 75 75 Q
See Note 6
F Input capacitance 25°C 14 1.4 pF
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 90 70 %0 ds
Full range 70 70
ksvs Supply voitage sensitivity Rg < 10kS2 25°C 30 150 30 150 LIV
{aV|p/AaVee) Full range 150 150
] Short-circuit output current 25°C +25 +40 +25 +40 | mA
No load, 25°C 1.7 2.8 1.7 2.8
lcc Supply current No signal Full range 33 33 | ™
o No load, 25°C 50 85 50 85
Pp Total power dissipation No signal Full range 100 00 mw

TAll cheracteristics are specified under open-loop operation. Full range for uA741M is —55°C to 125°C and for uA741C is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = 15V, Vec—=~15 V, TA = 26°C

uA741M uA741C
PARAMETER TEST CONDITIONS UNIT
MIN  TYP  MAX | MIN TYP  MAX
ty Rise time Vi=20mV, R =2kQ, 0.3 0.3 us
Overshoot factor Cp = 100 pF, See Figure 1 5% 5%
SR Slew rate at unity gai Vi=10V, R =2k, 05 05 7,
ew rate a ¥ in . B
v rate atunity ga Cy = 100 pF, See Figure 1 us
PARAMETER MEASUREMENT INFORMATION
Vi
OUTPUT
INPUT
| — — ——0V
INPUT VOLTAGE =
WAVEFORM
R =2kQ

Cy =100 pF

TEST CIRCUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

2

@

24

22

20

vs
LOAD RESISTANCE

— T
Veer= 15V
[ Vee-=-15V

TA=25°C

AN

L
i

) xéc'_:"-slgv_ m[—r J L ] T Jccl 15’\/
<80 P %C ‘ } —] _]' Veg-= —16V
I < 300
e enaa Ml va S=aa
%; 4°r[ e varatc _.3 ‘ % 200 t iL
jg \\ : —!E 100 [ | E L

20 : P :

. T 2 RN :

-60-40 -20 0 20 40 60 80 100 120 140 ~60 -40-20 0 20 40 60 60 100 120 140
Ta~Free-Air Temperature~°C Ta—Free-Air Tempersture—"C

FIGURE 3 FIGUER 4

OPEN-LOOP LARGE-SIGNAL

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL
vs VOLTAGE AMPLIFICATION
FREQUENCY vs
40 SUPPLY VOLTAGE
> T T 11T wo
Vv =15V !
g % cc+ Vp=:l0V !
2 Vee-=-15Vv RL=2k0
S RL=10k8 % Ta=25°C ‘
p Ta»26°C S 200 AR S I S ,¥
2 £ | A | I
5] 5 !
z-’ # \ % ﬁg: = —
¢ 20 i — I ]
3 I N
£ ‘
H H
: s ) L
;. : |
> 0 < _Ll { L
0 2 4 6 B 10 12 14 16 18 20
100 1k 10k 100k 1™
f—Froquancy—Hz Ve | -Supply Voltage-v
FIGURE 6 FIGURE 7
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs
FREQUENCY ELAPSED TIME
100

ey S
\jk ] ] B

Ta=25"C T

—

‘ | [ —
7DE —} L

L N\ -

20 A

—

Vggr =15V
Vee-= BV
AL = 2k§

CL - 100 0F
Ta=25°C

Vp—Output Voltage ~my
N

CMRRA—Common-Mode Rejection Ratio—dB

Vopp~Maximum Pesk-to-Peak Output Voltage—V

[

i

L

/ l

0.1

Ayp-Differential Voltage Amplification

il L |

Input and Output Voltages—V

0.2 04 071 2 4 710
Ry —Load Resistance~k {2

FIGURE 5

OPEN-LOOP LARGE-SIGNAL

DIFFERENTIAL
VOLTAGE AMPLIFICATION
Vs
FREQUENCY

107 L—
Ve =15V

106 vee~=-15V
vp=t10V
RL =2k

108 Ta=25C

104 L

103 —r

102

3

8

6

>

~

o

-4

, B

1
& }

1 10 100 1% 10k 100k 'M 10M I100M

f—Frequency—H2

FIGURE 8

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

LL L .

_4 -8
0‘ w 100 1k 10k 100k I'M 10M 100M ° 05 t 15 2 25 4] 10 20 30 40 S0 60 70 80 90
$~Froquency—Hz tTime—us t-Time~ys
FIGURE 9 FIGURE 10 FIGURE 11
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LINEAR
INTEGRATED
CIRCUITS

TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11446, FEBRUARY 1971—REVISED OCTOBER 1979

e No Frequency Compensation Required
e Low Power Consumption

e Short-Circuit Protection

e Offset-Voltage Null Capability

description

The uA747 is a dual general-purpose operational
amplifier featuring offset-voltage null capability. Each
half is electrically similar to uA741.

The high common-mode input voltage range and the
absence of latch-up make this amplifier ideal for
voltage-follower applications, The device is short-
circuit protected and the internal frequency compen-
sation ensures stability without external components.
A low-value potentiometer may be connected be-
tween the offset null inputs to null out the offset
voltage as shown in Figure 2,

The uA747M is characterized for operation over the
full military temperature range of —55°C to 125°C;
the UA747C is characterized for operation from 0°C
to 70°C.

schematic (each amplifier)

INVERTING o
INPUT

* On parts date-coded 7701 or higher, the two positive supply
terminals {1 Voot and 2 Vcy) are connected together internatly.
For parts without this internal connection, order uA747-1M or

Wide Common-Mode and
Differential Voltage Ranges

No Latch-up

Designed to be Interchangeabie with

Fairchild tA747M and pA747C

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TQP VIEW)

AMPLIFIER NO. 1 AMPLIFAER NO. 2

Y r \
QFFSET * * OFFSET
NULL 1 2 NULL
N1 VCC+ OUTPUT NC  OUTPUT Vee+ 2N1

" 3 7 " » ] s

1 2 3 4 $ L 7

INVERT. NONIN- OFFSET Vcc— OFFSET NONIN: INVERT-
ING  VERTING NULL NULL VERTING ING
INPUT  INPUT N2 2NnZ INPUT INPUT

AMPLIFIER NO. 1 AMPLIFIER NO. 2

NC-—No internal connection

uA747-1C.

‘k{ . - . Y 9VCC+
dE R é]
L
NON- 34
INVERTING } b
INPUT l I
1'9 —0 OUTPUT
S !’—i 233 Q
OFFSET !
NULL O-——¢ J
(N1} 3 3 3 3
OFFSET -— 2 S -— &—oVeo_
NULL o
N2)

Resistor values shown are nominal

Copyright © 1979 by Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE 30X 225012 ® DALLAS, TEXAS 75265

177



TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

[ uA747M | uA747C | UNIT
LSupply voltage Vcc+ (see Note 1) 22 18 v
LSupp!y voltage Voo (see Note 1) -22 —-18 A"
[ Ditterential input voltage (see Note 2) +30 +30 v
Input voltage any input (see Notes 1 and 3} +15 +15 v
Voltage between any offset null terminal (N1/N2) and Voo +0.5 0.5 \
Duration of output short-circuit {see Note 4) unlimited uniimited
Continuous total dissipation at (or below} 25°C Each amplifier 500 500 W
free-air temperature (see Note 5) Total package r J,N, or W package 800 800
Operating free-air temperature range —55 to 125 010 70 °C
Storage temperature range —65to 150 | —65to 150 | °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds J or W package 300 300 °C
L.ead temperature 1/16 inch {1,6 mm) from case for 10 seconds N package 260 °c
NOTES:

1. All voltage values, uniess otherwise noted, are with respect 1o the midpoint between Vee+ and Ve

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is fess.

4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.

5. For operation above 25°C free-air temperature and for total package ratings, refer to Dissipation Derating Table. In the J package,
uA747M chips are alloy-mounted; uA747C chips are glasss-mounted.

electrical characteristics at specified free-air temperature, Voc+ = 15V, Veg—=—-15V
uA747M uA747C
PARAMETER TEST CONDITIONS? UNI'T
MIN TYP MAX MIN TYP MAX
\" i ffset voit. Rg < 10k 25°C ! 5 ! 6 \
t 3 <
10 nputoftset voltage s Full range 6 75 m
[AVig(adj)  Offset voltage adjust range 25°C <16 15 mv
25°C 20 200 20 200
o Input offset current nA
Full range 500 300
. 25°C 80 500 80 500
lig Input bias current nA
Full range 1500 800
Common-mode 25°C +12 +13 12 13
VicR ) v
input voltage range Full range +12 +12
RL =10k | 25°C 24 28 24 28
v Maximum peak-to-peak RL = 10k2| Full range 24 24 v
opP output voltage swing RL=2kS2 | 25°C 20 26 20 26
RL 2 2k&Q Full range 20 20
Large-signal differential R > 2kQ, | 25°C 50 200 25 200
AvD I V/mvV
voltage amplification Vo =10V | Full range 26 15
[ Input resistance 25°C 0.3 2 0.3 2 M2
Output resist Vo= OV. | y5c 75 75
i
fo utput resistance See Note 6 £
C; Input capacitance 25°C 1.4 1.4 pF
o X 25°C 70 Q0 70 90
CMRR Common-mode rejection ratio Rg < 10kQ dB
Full range 70 70
ksvs Supply voltage sensitivity R 1ok 25°C 30 150 30 150 VIV
<
{AV |9/AV ) 5 Full range 150 150 | *
los Short-circuit output current 25°C +25 +40 128 +40 mA
Supply current No load, 25°C 1.7 28 1.7 2.8
lce o . mA
(each amplifier) No signal Full range 3.3 3.3
P Power dissipation No load, 25°C 50 85 50 85 W
| D (each amplifier) No signal Full range 100 100 m
[Vo1/Vo2  Channel separation 25°C 120 120 dB

T Al characteristics are specified under open-loop operation. Full range for UA747M is —55°C to 125°C and for uA747C is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = 15V, Vgc-=-15V, Ta =25°C

uA747M uA747C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
t, Rise time Vi =20mV, Rp =2k, 0.3 0.3 us
Overshoot factor CL = 100 pF, See Figure 1 5% 5%
SR Stew rate at unity gai Vi=10V, - RL= 2k, 05 0.5 v/
ew 1ate at uny an . .
Y 9 Cp =100 pF, See Figure 1 us

PARAMETER MEASUREMENT INFORMATION

" -

F—? ouTPUT
INPUT + L
————V

INPUT VOLTAGE =
WAVEFORM F
RL =2k

CL = 100 pF

Y

TEST CARCUIT
FIGURE 1—-RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

TOVee —

FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J {Alloy-Mounted Chip) 800 mW 11.0 mw/°C 77°C
J (Glass-Mounted Chip) 800 mW 8.2 mW/°C 52°C
N 800 mW 9.2mw/°C 63°C
w 800 mwW 8.0 mw/°C 50°C

Also see Dissipation Derating Curves, Section 2.
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TYPES uA747M, uA747C

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

et T T
Vege =8V _|
Vee- = —18V

leTuazazc

4o ~Input Otfsst Current—nA
2
[ ]

DR I 2

~

o
—60-40 -20 O 20 & 60 80 100 120 140

Ta—Frae-Air Tompersture—"C

FIGURE 3
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vs
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3 © lv -8V
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3 2
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FIGURE 6
COMMON-MODE REJECTION RATIO
vs
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1w T
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[
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FIGURE 9

TYPICAL CHARACTERISTICS

Vimv

ial Voltage

VO
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INPUT BIAS CURRENT OUTPUT VOLTAGE
vs vs
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FIGURE 4 FIGURE 5

OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION

vs
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400 o7 Voge= 18V
cce®
A =210 Neg- s -8V,
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/ E 103
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FIGURE 7 FIGURE 8
OUTPUT VOLTAGE
Vs VOLTAGE-FOLLOWER
ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
28 ]
v.lx.-[mv
24 ] Vop-=-18V
- Ry =240
20 L S— > s I } Ct-lﬂl’
5 -
g mé # ouTeuT 1\ Tame
16 5 2 1
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H i 3 :
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LINEAR TYPES uA748M, uA748C
INTEGRATED GENERAL-PURPOSE
CIRCUITS OPERATIONAL AMPLIFIERS

BULLETIN NO.DL-S 11418, DECEMBER 1970—-REVISED OCTOBER 1979

e Frequency and Transient Response Characteristics Adjustable

e Short-Circuit Protection e Low Power Consumption
e Offset-Voltage Null Capability e No Latch-up
o Wide Common-Mode and ¢ Same Pin Assignments as uA709

Differential Voltage Ranges
description

The uA748 is a general-purpose operational amplifier. It offers the same advantages and desirable features as the uA741
with the exception of internal compensation. The external compensation of the uA748 allows the changing of the
frequency response {when the closed-loop gain is greater than unity) for applications requiring wider bandwidth or
higher slew rate. This circuit features high gain, large differential and common-mode'input voltage range, output short-
circuit protection, and may be compensated under unity-gain conditions with a single 30-pF capacitor. A potentiometer
may be connected between the offset null inputs, as shown in Figure 12, to null out the offset voltage.

The uA748M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA748C
is characterized for operation from 0°C to 70°C.

schematic INVERTING
INPUT

Lols  § R
1

un

Y —o output
ﬁg un
50 1 ;
1 o it 3

OFFSET . Vee—
NULL/COMP 0—————————————
N1}

Resistor values shown are nominal.

NON-
INVERTING
INPUY

OFFSET

J OR N DUAL-IN-LINE PACKAGE JG OR P DUAL-IN-LINE U FLAT PACKAGE
OR W FLAT PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
OFFSET
OUT-  NULL
NC  NC COMP Vcos PUT (N2} NC OFFSET el
QUT- NULL
" 3 12 " ™) s s COMP Vec+ PUT  (N2) NC COMP  Vees. OUTPUT (N2)
s {[7][e]ls ONONONO,
1 35 3
.

1 2 |3 |4 |5 |&] |7 —1234 ®®®®®

OFFSET INV. NON. vce-
NULL/ INPUT INV NC OFFSET NV NON. Ve

NC  NC OFFSET INV  NON- Vg NC COMP INPUT NULL/ INPUT  INV
NULL/ INPUT  INV N1) comp INPUT
coMP INPUT N1}

{N1)}

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

[ uA748M | uA748C  [UNIT

{ Supply voltage Vc+ (see Note 1) 22 18 \Y

LSuppfy voltage Voc— (see Note 1) -22 -18 v

LDifferential input voltage (see Note 2) +30 +30 v
Input voltage (either input, see Notes 1 and 3) £16 +15 \%
Voltage between either.offset null terminal (N1/N2) and Voo —05to2 —0.5t02 \%
Duration of output short-circuit {see Note 4) unlimited unlimited

[ Continuous total power dissipation at {or below) 26°C free-air temperature {see Note 5) 500 500 mwW
Operating free-air temperature range —55 t0 125 Oto 70 °C
Storage temperature range —6510 150 | —65t0 150 °C
Lead temperature 1/16 inch {1, 6 mm) from case for 60 seconds J, JG, U, or W package 300 300 °c
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds N or P package 260 °C

NOTES: 1. All voitage values, unless otherwise noted, are with respect to the midpoint between Vo4 and Vee_.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or either powsr supply. For the uA748M only, the untimited duration of the short-circuit
appties at (or below) 125°C case temperature or 75°C free-air termperature.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA748M chips are
alloy-mounted; uA748BC chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vggc-~ =—15V, Cc = 30 pF

uA748M uA748C
PARAMETER TEST CONDITIONSt MIN F MAX N P AR UNIT
A Input offset voltal Rg < 10 k2 'C ! 5 ! 6 mV
10 P % S Full range 6 7.5
25°C 20 200 20 200
ho Input offset current Full range 500 200 nA
1 Input bias current 3¢ 80 500 80 500 nA
1B put bias cur Full range 1500 800
Common-mode 25°C 12 13 +12 13
VicR input voltage range Full range +12 12 v
R =10k& | 25°C 24 28 24 28
v Maximum peak-to-peak RL > 10 k2 | Full range 24 24 v
OPP output voltage swing RL-2k2 | 25°C 20 26 20 26
R > 2kQ | Full range 20 20
EVD Large-signat differential RL > 2k, | 26°C 50 200 20 200 V/mv
voltage amplification Vo =+10V | Full range 25 15
[r Input resistance 25°C 0.3 2 0.3 2 Ma
ro Output resistance Vo=0V. 25°C 75 75 aQ
See Note 6
C; Input capacitance 25°C 1.4 1.4 pF
. L i 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10 kQ de
Full range 70 70
ﬁsvs Supply voltage sensitivity Rg < 10 k2 25°C 30 150 30 150 VIV
(avyp/aveg) Full range 150 150
los Short-circuit output current 25°C 25 +40 +25 40 | mA
No load, 25°C 1.7 2.8 1.7 2.8
lec Supply current No signal Full range 33 3.3 mA
Pp Total power dissipation No load, 25°C 50 85 50 85 mw
No signal |_Fulf range 100 | 100

T Al characteristics are specified under open-loop operation, Full range for uA748M is —55°C to 125°C and for UA748C is 0°C 10 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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GENERAL-PURPOSE 0

TYPES uA748M, uA748C
PERATIONAL AMPLIFIERS

operating characteristics, Vgc+ =15V, Veg—=—-15V, Ta = 25°C

uA748M uA748C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
1t Rise time Vi=20mV, R =2k, 0.3 0.3 Hs
CL =100pF, Cc=30pF,
Overshoot factor See Figure 1 5% 5%
Vi=10V, RL=2kQ,
SR Slew rate at unity gain Cy =100pF, Cc=30pF, 0.5 0.5 Vius
See Figure 1

PARAMETER MEASUREMENT INFORMATION

A

———ov

INPUT VOLTAGE

WAVEFORM

N2 (OPEN}

INPUT

TEST CIRCUIT

b—g )} QUTPUT

L
3 RL=2ka

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

INPUT OFFSET CURRENT
vs FREE-AIR TEMPERATURE

100
| I L oeentow

vee- =15V
80 L\ e

l
60 ,J—_{

— wpasc | |
i

0 ﬂ : .
AN
EEEEEEReEN

20 40 60 80 100 120 140

Hio—tnput Offset Current—nA

o
-60 —42 20 Q

T a~Free-Ar Temperature—°C

FIGURE 2

MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE vs FREQUENCY

40 T T 177
> Veo+= 1BV
B _l veg- =-15V
s H RL = 10k§2
s 3 T Cc = 30 pF
T Tp=26°C
3
S |
£ 24 A
3
e
S 20
H
£ .

: |
g 12

5

2 s _Th

%

g 4

>

[

100 1k 10k 100k 1™

{—Frequency—Hz

FIGURE 5

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs FREE-AIR TEMPERATURE

00 T { T T ]
Veg+= 16V
[ Veg-~ 15V
'% 300 ; “}'
§ I
3 — uA74‘SC :“
g — T
H i
- i
H N
T T
2 N )
] * )
Ll

NN

Q
80 40 20 O 20 40 60 80 100 120 140

Ta -FreeAu Temparature "C

FIGURE 3

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE
AMPLIFICATION vs SUPPLY VOLTAGE

400
R - 2k82
[ Ta-25¢ [~
200 ]
100

20

Ayp-Differential Voltage Amphification—V/mV

0 2 4 6 8 10 12 14 1§ 18 20
Wee. | Supply voitage-v

FIGURE 6

MAXIMUM PEAK-TO-PEAK OUTPUT n

VOLTAGE vs LOAD RESISTANCE

2
Voes = 15V [ \ L
26 FVog- = —16V

Ta=25°C

24

22

.10 A ﬂ
|

| 1
T L
| 111

07 2 4 7 10

Vopp—Maximum Pesk-to-Paak Output Voltage—V
-
T~

o T

o 0.2 oa

Ry —Load Resistance—kQ

FIGURE 4

OPEN-LOOP LARGE-SIGNAL
OIFFERENTIAL VOLTAGE
AMPLIFICATION vs FREQUENCY

107 —r— T
Vegr =18V
Vee- = 18V

6

o R =2k82 "‘
Cc = 300F

10° Ta=25C -1

Ayp-Difterential Voltage Ampliication

1 10 100 Tk

1-Freguency—Hz

FIGURE 7
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TYPES uA748M, uA748C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

COMMON-MODE REJECTION RATIO
vs

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs

VOLTAGE-FOLLOWER

184

FIGURE 12—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,

COMPENSATION, AND OFFSET ADJUSTMENT

FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
8 r [ T T 1
@ Vee+=15V
3 6 —+ Vvee—=~15v —
e Lo R -2ka
H > 4 ‘il T T N[ ci-1w00r |
- > g [ ce=30pF
2 H g yourpur '\ Ta=25"cC
2 % ] 1 it
& |4 > !
= k4 = [}
H 3 o ;
3 5 3 '
3 1 H
UT N 2. -
g™ —
H -6
S 10
o 1 -8
110 100 1k 10k 100k 1M 10M 100M 0 10 20 30 40 50 60 70 80 90
f-Frequency—Hz t-Time—us 1-Time—us
FIGURE 8 FIGURE 9 FIGURE 10
TYPICAL APPLICATION DATA
Vo
i ]
i come N2 —
= Veoo =
cC 30 pF {OPEN)
ri =400 MQ, <18,
C;=1pF, BW = 1 MHz
FIGURE 11—UNITY-GAIN VOLTAGE FOLLOWER
Vo R2
V) R1
R1-30 pF
R » Cc >
2k R1+R2
R1-R2
R3 =
R1+R2
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LINEAR
INTEGRATED
CIRCUITS

TYPE uA771C

HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12307, SEPTEMBER 1973—REVISED OCTOBER 1979

e Low Input Currents

e Offset-Voltage Null Capability

Low Input Offset Parameters

Frequency and Transient Response
Characteristics Adjustable

No Latch-Up

Wide Common-Mode and
Differential Voltage Ranges

e Short-Circuit Protection

description

e Same Pin Assignments as uA748, uA709,
LM101A/LM301 except U Package

The uA777 is a precision operational amplifier. Low offset and bias currents improve system accuracy when used in
applications such as long-term integrators, sample-and-hold circuits, and high-source-impedance summing amplifiers.
This device is an excellent choice where a performance between that of super-beta-and general purpose operational

amplifiers is required.

External compensation of the uA777 may be implemented in either normal or feed-forward configuration to satisfy
bandwidth and slew-rate requirements. This circuit features high gain, wide differential and common-mode input
voltage range, output short-circuit protection, and null capability.

The uA777C is characterized for operation from 0°C to 70°C.

terminal assignments

JG OR P DUAL-IN-LINE

PACKAGE (TOP

VIEW)

JOR N DUAL-IN-LINE
PACKAGE {TOP VIEW)

NC NC

OFFSET
OuT  NULL
cOMP  vees  PUT (N2} NC

NC NC

OMP
N}

OFFSET NV NON.
NULL/ INPUT  INV
N

vee- NG

QFFSET
QUT- NULL
COMP Vcce PUT  (N2)

OFFSET INV_ NON- vVgo—
NULL/ INPUT NV
Of INPUT
N1

NC—No internal connection,

schematic

INVERTING

NONINVERTING
INPUS

OFFSET

COMPENSATION

vee

ouTPUT

Tk 350k 3k
QFFSET NULL/ ¢
TOMP ___\
INTY
Resistor values shown are nominal and in ohms.
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TYPE uA777C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA777C UNIT

Supply voltage Vcc+ {see Note 1) 22 \Y
Supply voltage Voc— (see Note 1) -22 v
Differential input voltage (see Note 2} +30 Vv
Input voltage (either input, see Notes 1 and 3) 15 \
Voltage between either offset null terminal (N1/N2) and Voo —0.51t0 2 3
Duration of output short-circuit {see Note 4) unlimited

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 500 mwW
Operating free-air temperature range 0to 70 °C
Storage temperature range —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or JG package 300 °Cc
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °c

NOTES: All voltage values, unless otherwise noted, are with respect to the midpoint between Vcey and Voo .

1.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 voits, whichever is less.

4, The output may be shorted to ground or either power supply.

6. For aperation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA777C chips are
glass-mounted.

electrical characteristics at specified free-air temperature, Voc+ =15V, Vgg— =-15V, Cc = 30 pF
{unless otherwise noted)

[ PARAMETER TEST CONDITIONS? MIN TYP MAX | UNIT
25°C 0.7 5
Bo Input offset voltage Rg < 50 kQ 0°C 10 70°C 5 mv
Average temperature coefficient o o
avio ) Rg < 50 k2 0°C to 70°C 4 30 | wvrc
of input offset voltage
26°C 0.7 20
o Input offset current 0°C 10 70°C 20 nA
Average temperature coefficient 0°C 10 25°C 20 600 o
] [e] : o 5 pA/°C
of input offset current 25°Cto70°C 10 300
. 25°C 25 100
1] Input bias current 0°C 15 70°C 200 nA
o
Common-mode input o N
Vicr 0°C to 70°C 12 13 v
voltage range
v Maximum peak-to-peak Ry =10kQ 0°C to 70°C 24 28 —I v
opP output voltage swing AL=2kS 0°C to 70°C 20 26
Large-signal differential Vo=:10V, 25°C 25 250 ‘\
Avp e S S V/mv
voltage amplification RL =2k 0°Cto70°C 15
r Input resistance 25°C 1 2 MO
o Output resistance 25°C 100 Q
| G Input capacitance 25°C 3 pF
[ CMRR Common-mode rejection ratio |  Rg=50ka 0°C to 70°C 70 95 dB
Supply voltage rejection ratio " o
ksvR Rg < 60 kQ2 0°C to 70°C 15 150 | pV/V
{AVee/avyo)
10s Short-circuit output current 25°C +25 mA
25°C 19 3.3
No load, =
lee Supply current i o°C 33| mA
No signal =
70°C 3.3

T All characteristics are speciffed under open-loop operatlon,
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TYPE uA777C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

operating characteristics, Voc+ =15V, Vggc—=—-15V, TaA = 25°C

—)— e — OV

INPUT VOLTAGE
WAVEFORM

TEST CIRCUtT

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

ARAMETER TEST CONDITIONS uA777C UNIT
P MIN TYP MAX
Vi=20mV, Ay =1, Cc =30pF 0.3
1y Rise time R =2k%, us
L = 100 pF Ay =10, Cc=3.5pF 0.2
Vi=20mv, Ay=1, Cc = 30pF 5%
Overshoot factor A =2kQ,
Gy = 100 pF Ay =10, Cc=3.50pF 5%
RL =2k, Ay =1, Cc =30pF 0.5
SR Slew rate L Y c e V/us
Cy =100 pF Ay =10, Cc=35pF 5.5
PARAMETER MEASUREMENT INFORMATION
oOuUTPUT
[r—— |
INPUT
C_ =100 pF R =2k

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J {Alloy-Mounted Chip) 500 mwW 11.0 mw/°C 105°C
J (Glass-Mounted Chip) 500 mwW 8.2 mW/°C 89°C
JG (Alloy-Mounted Chip} 500 mW 8.4 mW/°C 90°C
JG (Glass-Mounted Chip) 500 mW 6.6 mW/°C 74°C
N 500 mW 9.2 mW/°C 96°C
P 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2.
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TYPE vA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICS

PULSE RESPONSE WITH
FEED-FORWARD COMPENSATION

6
> L 10 k2
1 AAA
g L
S 5
5 Vee+ =15V
i:‘ 0 Ve~ =—18V
L Ay =1 OUTPUT
>> CL=10pF
>| Cc=5pF
% 0 Ta=25°C
s See Figure 3 [ T
.>5 -2
a L 150 pF Cc=5pF
3
o —4
i {
=}
> -6
o 1 2 3 4 5 & 7
t—Time—us
FIGURE 3—INVERTING CIRCUIT WITH UNITY GAIN
FIGURE 2 AND FEED-FORWARD COMPENSATION
TYPICAL APPLICATION DATA
Vo _ R2
Vi R1
R1-30 pF
Ce » —————
R1+R2
R1-R2
R3 = ——
R1+R2
5.1 MQ =
FIGURE 4~INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
188 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



Voltage Comparators o
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SELECTION GUIDE

VOLTAGE COMPARATORS

Military Temperature Range:(—55°C to 125°C)

lis Vio ho ] T 'OL | gesponse TIMT‘ —\
uA mv wA Avp mA POWER SUPPLIES |DEVICE |PACKAGE |PAGE
MAX | MAX | MAX MIN ns
45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vto—12V| LM106 J, 4G, W | 195
015| 4 0.02 | 200000 TYP | 8 140 TYP 15V, ~15V LM J, 4G 201
005| 4 0.02 [200,000TYP | 8 210 TYP 15V, ~15 v TLITT J, 4G, N, P| 218
Single 0.1 5 0.025| 200,000 TYP | 6 | 1300TYP 2V1036V TL33IM | JG 223
25 3 7 10,000 MIN | 05|  80MAX 12V, -6V TLSIOM | J, 4G, U | 233
150 6 | 20 500 MIN | 1.6 40 TYP 12V, -6V TL7ioM | LuG,u | 239
25 3 7 10,000MIN | 05| 80MAX 12V, -6V TLBIOM | 4, UG, U | 245
20 2 3 1250 MIN | 2 20 TYP 12V, -6V uA7IOM | J,JG,U | 259
0.1 5 0.025200,000TYP | 6 | 1300 TYP 2V 1036V im193T | 4G, U 211
oua 45 3 7 40,000 TYP | 16 40 MAX 12V, -3V to—12V| TLE0BM | J W 227
25 3 7 10000 MIN | 05| 80MAX 12V, -8V TLS14M | J,W 237
25 3 7 10000MIN | 05| 80MAX 12V, -6V TL820M | J 256
Dual- 30 6 5 8,000 MIN | 06| 80 MAX 12V, BV TL81IM | J,u 249
Channel| 150 6 | 20 5OOMIN | 05| 80 MAX 12V, -6V uA71IM | S, U 263
Quad 0.1 5 0.025| 200,000 TYP | 6 | 1300TYP 2V 036V LmM139t | 4w 209
Hex 0.1 5 0.025]200,000 TYP | 6 | 1300 TYP 2V 1036 V TL336MT| 3 225
Automotive Temperature Range (—40°C to 85°C)
Dual 025| 7 0.05 | 100,000TYP | & | 1300TYP 2V 1036V im2903t| UG, P 215
025| 7 0.05 |100,000TYP | 6 | 1300TYP 2Vto36 V M20017] 4N 213
Quad 05 | 20 01 | 30000TYP | 6 | 1300TYP 2V1028V tm3zozt| 4N 217

tCcapable of operating with a single 5-volt supply.
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SELECTION GUIDE

VOLTAGE COMPARATORS

Industrial Temperature Range {—25°C to 85°C)

'8 Vio "o 0L | pesponsE TIME
uA mv uA Avp mA . POWER SUPPLIES | DEVICE | PACKAGE |PAGE
MAX MAX MAX MiN
45 3 7 40,000 TYP | 16 40 MAX 12V, -3V1to-12V| LM206 1,JG,N,P| 195
Single 0.15| 4 02 |200000TYP | 8 120 TYP 15V, —15V wv211t | 0GP 201
01 | s 0.025 |200,000 TYP | 6 1300 TYP 2V1e36V TLut | JG, P 223
01 |5 0.025 | 200,000 TYP | 6 1300 TYP 2V 1036V Twazut | uG,p 223
Dual 0.25] 5 0.005 200,000 TYP | 6 1300 TYP 2V1t036V Lm2o3t [ 4G, P 211
Quad 0.25] 5 0.05 200,000 TYP | 6 1300 TYP 2V1036V tm23ef [ 4N 209
Hex 01 |5 0.025 (200,000 TYP | 6 1300 TYP 2V1w036V TL3zeIT [ 4N 225
Commercial Temperature Range (0°C to 70°C)
40 6.5 75 | 40,000TYP | 18 28 TYP 12V, -3Vt —12V| LM306 J,JG, N, P| 195
03 [10 0.07 |200,000TYP | 8 165 TYP 15V, —15V LM311t | 0,96, N, P| 201
0.0113 0.004 | 200,000 TYP | 8 210 TYP 18V, ~15V TL311t | NP 219
0.01 |10 0.004 | 200,000 TYP | 8 210 TYP 18V, —15 v TL311AT| NP 219
Single 025 5 0.05 |200,000 TYP | 6 1300 TYP 2V1036V TL331Cct| UG, P 223
30 a5 75 8000 MIN | 05| 80 MAX 12V, -6V TLS10C | J,JG,N,P| 233
150 |10 25 500 MIN 40 MAX 12V, -6V TL710C | J,JG,N,P| 239
30 45 7.5 8000 MIN | 05| 80 MAX 12V, -6V TL810C | J,JG,N,P| 245
25 5 5 1000 MIN | 1.6 40 TYP 12V, -6V WA710C | J,JG,N,P| 259
0.25] 5 0.05 |200,000TYP | 6 1300 TYP 2V 1036V Lm3o3t | UG, P 211
40 6.5 7.5 | 40,000TYP | 16 28 TYP 12V, -3Vt -12V | TLE0BC | 4 N 227
Dual 30 |45 7.5 8000MIN | 05| 80MAX 12V, -6V TLS14C | U N 237
30 45 75 8000MIN | 05| 80 MAX 12V, -6V TL820C | U N 255
Dual 50 |10 10 5000 MIN | 0.5 33TYP 12V, -6V TL810C | J,JG,N,P| 245
Channel | 150 |10 25 500MIN | 0.5 40 TYP 12V,-6V uA7T11C | U N 263
Quad 0.25] 5 0.05 | 200,000 TYP | & 1300 TYP 2V1036V Lm3zet | U N 209
Hex 0.25] 5 0.05 | 200000 TYP | & 1300 TYP 2V1036V TL336CT| N 225
tCapable of operating with a single 5-voit supply.
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Input Offset Voltage (Vo)

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the
specified level,

NOTE: The input offset voltage may also be defined for the case where two equal resistances {Rg} are inserted in series
with the input leads.

Average Temperature Coefficient of Input Offset Voltage {(ay10)

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the

specified temperature range.

Vig@Ta() — (Vo @Ta(2))
TA() —TA(2)

ay|0 = where Ta(1) and TA(2) are the specified temperature extremes.

Input Offset Current (l10)
The difference between the currents into the two input terminals with the output at the specified level.
Average Temperature Coefficient of Input Offset Current (a(10)

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the
specified temperature range.

_ [tho@Ta(y — (o @Ta(2))
Ta(n) —TA@2)

a0 where T a(1) and TA(2) are the specified temperature extremes.

Input Bias Current (1)
The average of the currents into the two input terminals with the output at the specified level.
High-Level Strobe Current (ljH(s))
The current flowing into or out of * the strobe at a high-leve! voltage.
Low-Level Strobe Current (1) ()}
The current flowing out of* the strobe at a low-level voltage.
High-Level Strobe Voltage (VH(s)!

For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the
operation of the comparator.

Low-Level Strobe Voltage (V[ (s}}

For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low,
as specified, independently of the differential inputs.

Input Voltage Range (V)
The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly.

*Current out of a terminal is given as a negative value.
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Common-Mode Input Voltage (V)
The average of the two input voltages.
Common-Mode Input Voltage Range (V|CcR)
The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly.
Differential Input Voltage (V|p)
The voltage at the noninverting input with respect to the inverting input.
Differential Input Voltage Range (V|p)

The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning
properly.

Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it with the
common-mode input voltage held constant.

High-Level Output Voltage (VoH)

The voltage at an output with input conditions applied that according to the product specification will establish a high
level at the output.

Low-Level Output Voltage (Vo[ ) u

The voltage at an output with input conditions applied that according to the product specification will establish a low
level at the output.

High-Level Output Current, {IgH)

The current into® an output with input conditions applied that according to the product specification will establish a
high level at the output.

Low-Levet Output Current, {IQL)

The current into™ an output with input conditions applied that according to the product specification will establish a
low level at the output,

Output Resistance (rg)
The resistance between an output terminal and ground.
Common-Mode Rejection Ratio (kcmp, CMRR)
The ratio of differential voltage amplification to common-mode voltage amplification.

NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resuiting change in
input offset voltage.

*Current out of a terminal is given as a negative value.
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Supply Current (Icc+, lcc-)
The current into* the VCc+ or VCC— terminal of an integrated circuit.
Total Power Dissipation (Pp)

The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp =Vce+ * lcc+ + Vee- - Ice—-

Response Time
The interval between the application of an input step function and the instant when the output crosses the logic threshold
voltage.
NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the
case of high-to-low-level response time, to turn the output off} to an input level just barely in excess of that required to
bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive.

Strobe Release Time

The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from its
active logic level to its inactive logic level.

*Current out of a terminal is given as a negative value,
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LINEAR TYPES LM106, LM206, LM306

INTEGRATED .
CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 11586, JANUARY 1972—-REVISED OCTOBER 1979

e Fast Response Times e Strobe Capability
o Improved Gain and Accuracy ¢ Short-Circuit and Surge Protection
e Fan-Out to 10 Series 54/74 TTL Loads o Designed to be Interchangeable with National

Semiconductor LM106, LM206, and LM306

description

The LM106, LM206, and LM306 are high-speed voltage comparators with differential inputs, a low-impedance high-
sink-current (100 mA} output, and two strobe inputs. These devices detect low-level analog or digital signals and can
drive digital logic or lamps and relays directly. Short-circuit protection and surge-current limiting is provided.

The circuit is similar to a TL810 with gated output. A low-level input at either strobe causes the output to remain high
regardless of the differential input. When both strobe inputs are either open or at a high logic level, the output voltage is
controlled by the differential input voltage. The circuit will operate with any negative supply voltage between —3 V and
—12 V with little difference in performance.

The LM106 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM206 is
characterized for operation from —25°C to 85°C, and the LM306 from 0°C to 70°C.

terminal assignments
J OR N DUAL-IN-LINE

OR W FLAT PACKAGE JG OR P DUAL-IN-LINE
{TOP VIEW) PACKAGE (TOP VIEW)
OouT STROBE
NC NC NC  Vee+ NC PUT STROBE 2 vees VUY‘ 2 v
sll1ljel]s
.
MBI T34
NC GND NON.- INV NC  Vcc- STROBE 1
IIJ:‘CIIT e o I::EET "‘Il':‘\)/T e

NC—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vee+ (seeNote 1) . . . . . . . . . . . . . . . L . ... s e e s e e 1BY
Supply voltage Vgo— {seeNote 1) . . . . . . . . . . . . . . . . o . oo e s ... =18V
Differential input voltage (see Note 2) . - < -3V
Input voltage (either input, see Notes 1 and 3) e e e e e e e e e e e e e e - 7 Y
Strobe voltage range (see Note 1) e e e e e e e e e e e e s s e s e e 0 V to Veo+
Output voltage (see Note 1) 2. AV
Voltage from output to Veo— . e AV
Duration of output short-circuit {see Note 4} .. e e e e e e 10s
Continuous total power dissipation at {or below) 25° C free anr temperature (see Note 5) e e e . . 600 mW
Operating free-air temperature range: LM106 Circuits . . . . . . . . . . . . . . . . .. —55 C to 125°C

LM206 Circuits . . . . . . . . . . . . . . . ... —25Cto85°C

LM306 Circuits . . . . . . . . . . . . ... .... 0°Cto70°C
Storage temperature range . . . ... .-—85°Cto150°C
Lead temperature 1/16 inch {1, 6 mm) from case for 60 seconds: J JG or W package .............. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: NorPpackage ................... 260°C

NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vg, are with respect to the network ground
terminal.

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 7 volts, whichever Is less,

. The output may be shorted to ground or either power supply.

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM106 chips are
alloy-mounted; LM206 and LM306 chips are glass-mountedt_

a b WwN

Copyright ® 1979 by Texas Instruments {ncorporated
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vge— = —3 V to —12 V (unless
otherwise noted)
LM106, LM206 LM306
f 'y
PARAMETER TEST CONDITIONS MIN__ TYF MAXIMIN __ TVP MAX UNIT
25°C 058 2 168 5
<
Vio Input offset voitage Rg <200 Q, See Note 6 Full rangs 3 55 mv
Average temperature
[-1ViTe} coefficient of input Rg =560 52, See Note 6 Full range 3 10 5 20 [uV/°C
offset voitage
25°C 07§ 3 188 5
Lo Input offset current See Note 6 MIN 2 7 1 75| kA
MAX 0.4 3 0.5 5
Average temperature MIN to 26°C 15 75 24 100
a0 coefficient of input See Note 6 nA/°C
offset current 25°C to MAX 5 25 15 50
] _ MIN to 26°C 45 40
g Input bias current Vg=05Vto5V 25°C 10 MAX 75 20 65 25 uAT
liL(s) Low-level strobe current V(strobe) = 04 V Full range —1.78-3.2 —1.78-3.2| mA \
VIH(s) High level strobe voltage Full range 2.2 22 v
ViL(g) Low-level strobe voitage Full range 0.9 09] v_ |
Common-mode input _
VICR voltage range Vee-=—-7Vto-12V Full range +5 +5
1T —
vip Differential input Full range +6 +5 v
voltage range
Large-signal differential No load, o
408
AvD voltage amplification Vp=05Vtos5V »°C 408 0 Vimv
High-level _ Vip=5mV Full range 2.5 55
VoH output voltage loH = —400 LA Vip=8mVv Full range 25 5.5 v
_ Vip=-5mV]| 25°C 08% 1.5
‘oL =100 mA Vip = =7 mV| 25°C 088 2
Low-level Vip = -5 mV/| Full range 1
A\ =
oL output voltage foL =50 mA Vip = -8 mV| Full range 1 v
_ V|p = ~bmV| Full range 0.4
loL=16mA ViD= =8 mV| Full range 04
MIN to 25°C 0.028 1
Vip=5mV
High-level - 25°C to MAX 100
loH output current VOH =8Vt024V Vip=7mV MIN to 25°C 0.02% 2 A
Vip=8mV [ 25°C to MAX 100
lec+ Supply current from Voe+ | Vip = -5 mV, No load Full range 665 10 6.6 10| mA
lcc—  Suppiy current from Vee—| No load Full range -198-36 —1.98-36] mA

tUniess otherwise noted, all characteristics are measured with the strobe open.
§These typical values are at Vgt = 12 V, Voo = =6 V, Ta = 25°C. Full range (MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is

—-25°C to 85°C; and for LM306 is 0°C to 70°C.
NOTE 6: The offset voltages and offset currents given are the maximum values required 1o drive the output down to the low range (Vo ) or

switching characteristics, Vec+ = 12V, Vee==-6V, TA = 25°C

up to the high range {V)y). Thus these parameters actually define an error band and take into account the worst-case effects of
voltage gain and input impedance.

TEST CONDITIONST LM108. LM206 LM306 un\nTj
PARAMETER Es MIN TYP MAX | MIN TYP MAX
Response time, low-to-high-level output R =390 Q2 to5V, Cg = 16pF, See Note 7 28 40 28 ns

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and

the instant when the output crosses 1.4 V,
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

schematic STROBE O O STROBE
1 2

”— ® o Vee+

ks.sv

NONINVERTING O
INPUT

INVERTING oO—
INPUT

O GND

Vee- ©

Resistor values are norminal in ohms,

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 — —— 20
Veg+ =12V Vee+ =12V
Veg—=-6V 18 Ve =—-6V
< 25 Vvg=05Vto5V 16 \ Vo=05V1tg5V
I S h N\ Lm306
2 \ \ Lo —N
L 2 \ c
3 LM306 5 12
] 15 L")’ 10
o« - N 8 N
S 3]
5 \ AN 5 8 AN
E g LM106,
T LM106, \ T 6 LM206%
o LM206% @
= - 4
05 ~ i
2 ‘ <
0 0
—75 -50 -25 0 25 50 75 100 1256 -75 -50 -25 0 25 60 75 100 125
T a—Free-Air Temperature—"C Ta—Free-Air Temperature—°C
FIGURE 1 FIGURE 2
iData for free-air temperatures below —28°C and above 85°C is applicable for LM 106 only.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

VoH—High-Level Output Voltage—V
F-y

1

Vs

TYPICAL CHARACTERISTICS E
HIGH-LEVEL OUTPUT VOLTAGE

FREE-AIR TEMPERATURE

Vee+=12V
FVIiD=5mV

//

Vee—=—-3Vito—12V

| —+Tion -0

—’%/T"— IoH = —400 uA
-76 -50 =26 0 25 50 75 100 125

Vo—Output Voltage—V

Ta—Free-Air Temperature—"C

FIGURE 3

VOLTAGE TRANSFER CHARACTERISTICS

Vees =12V

R == - Z
5 L 7 7 V4
4 AU

Ta= 0°c—"] { Ta=25°C
3 < T
Ta =70°C
2 [
| J ™7 =125°C
1 tTa=-5b50C
N

1

~2 -1 0 1 2

V|p—Differential Input Voltage—mV

FIGURE 5

10—0Output Current—A

VoL—Low-Level Output Voltage—V

08

0.6

04

0.2

0

—75

10

1
10-1
10-2
10-3
104
10-5
10-6
10-7
10-8
10-9

LOW-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE

VCC+ =12V
Vee-==-3Vto—-12V
Vip=-5mV —
—~ a1
loL = 100 mA —
oL =50 mA
I
lgL =16 mA
1 L
{ |
loL =0
-50 -25 0 26 50 75 100 126
Ta—Free-Air Temperature—°C
FIGURE 4
OUTPUT CURRENT
vs
DIFFERENTIAL INPUT VOLTAGE
7 J [
FTA = —55°C } }
—_— Ta=0°C
Ta=125°C
—1
Ta =70°C~
—1 | i
TA =25°C Ta=125°C
Ta =70°C
— o
Ta=-565"CH{TA=25C—
Vee+=Vo =12V _J Ta=0C
Vee—=—-3Vto~-12V
-5 -4 -3 -2 -1 0 1 2 3

Vp—Differential input Voltage—mV
FIGURE 6

i Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS?

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT
vS§ Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
80 000 0.4
- L — Veg—=~3Vto —12V Vees =V =12V
8 Vo=1t02V < Vee_=-6V i
8 RL=c 4 Y Vip = -6 mv
=
"_é_ 60 000 ~&*,=12\/ l l l g 0.3 / See Note 8 _.
Vee+=156V Q
< ™. | 5 N
2 N ]\ &
= Vee+ =10V 3 \
S N o
> 40000 ~ 0.2 ™
s N 3 >
§ B S
u'&-’ T~ ~— \\ g
a 20000 F—— S 0.1
|
o @
> O
z £
0 0
-75 55 -26 0 25 50 75 100 125 ~75 50 =256 0 256 50 75 100 125
Ta—Free-Air Temperature—"C T A—Free-Air Temperature—"C
FIGURE 7 FIGURE 8 ﬂ
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
@ ]
- D -
22 | g 2 _1
53 y 53 N
2 100 mV e 100 mV
:E — 2 —r+t
c Vee+ =12V ]
VoG- =-6V
5 ~ Cp =15 pF 5
S j RL=390Q 105V > /
Loa Ta=25C g 4 20 mV 7
g 20 mv ‘ \ j /
S 3 S 3
g 2 g 2 é Y, Vee-=-6V
= m - =
3 ‘IOmV-/ 5mV \2mV o ! D C, =15 oF
| ] 2 mv~y] L p
Q 1 \\ \ o 1 RL=390Qto5V
L . S Ta =25°C
0
0 20 40 60 80 100 0 20 40 60 80 100
t—Time—ns t—Time—ns
FIGURE 9 FIGURE 10

I Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.
NOTE 8: This parameter was measured using a single 5-ms pulse,
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

Icc+—Supply Current from Veo+—mA
w & @

0
120
= 100
i
c
Q
Z 80
2
B
© g0
[
3
o]
a-
E 40
(=]
il
8 2
0

TYPICAL CHARACTERISTICS ¥

SUPPLY CURRENT FROM Vce+

Vs

SUPPLY VOLTAGE Vcc+

SUPPLY CURRENT FROM Vce—

Vs

SUPPLY VOLTAGE Vee—

4 r .
< Voo =12V

E —RL=°° —
) Ta = -565°C
8 3 =
> L—"1a =25°C
5 i
st _ o
: L~  Ta=125°C
= - L—

>
L; '///
G

s ]
q

|

[&]
L

0
0 -2 -4 -6 -8 —10 —12 —14 -16

Vce——Negative Supply Voltage—V
FIGURE 12

T T LY T
Veg-=-3Vto-12V ! o
RL <o —1—TaA =-55°C

Ta =25°C
= ]
| > L1~ Ta=125°C
E L
| © — Ta=-55°C
] _ o
| o _ A -l25 C
S
//FIA = 125°C
L > / P J
€ [~ —
s |
— i
2 ]
S !

9 10 11 12 13 14 15 16 17
Vce+—Positive Supply Voltage—V
FIGURE 11
TOTAL POWER DISSIPATION
Vs
FREE-AIR TEMPERATURE

I l | vVegr =12V

ViD= -5 mV vVee-=-6V

T "

Vip =5 mV \T\
—75 50 —25 0 25 50 75 100 125

fData for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

Ta—Free-Air Temperature—"C

FIGURE 13

DISSIPATION DERATING TABLE
POWER DERATING ABOVE |
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 600 mW 11.0 mW/°C 95°C
J (Glass-Mounted Chip} 600 mW 8.2 mW/°C 77°C
JG (Alloy-Mounted Chip) 600 mw 8.4 mW/°C 79°C
JG {Glass-Mounted Chip} 600 mW 6.6 mW/°C 59°C
N 600 mW 9.2 mW/°C 85°C
P 600 mW 8.0 mW/C 75°C
w 600 mW 8.0 mW/°C 75°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR
INTEGRATED
CIRCUITS

TYPES LM, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S8 11797, SEPTEMBER 1973—-REVISED OCTOBER 1979

e Fast Response Times e Maximum Input Bias Current. . . 300 nA
e Strobe Capability e Maximum Input Offset Current. . . 70 nA
e Designed to be Interchangeable with National o Can Operate From Single 5-V Supply

Semiconductor LM111, LM211, and LM311
description

The LM111, LM211, and LM311 are single high-speed voltage comparators. These devices are designed to operate from
a wide range of power supply voltage, including +15-volt supplies for operational amplifiers and 5-volt supplies for logic
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. All inputs and outputs can be isolated
from system ground. The outputs can drive loads referenced to ground, VCC+, or VoC—. Offset balancing and strobe
capability are available and the outputs can be wire-OR connected. If the strobe input is low, the output will be in the
off state regardless of the differential input. Although slower than the TL506 and TL514, these devices are not as
sensitive to spurious oscillations.

The LM111 is characterized for operation over the full military temperature range of —85°C to 125°C, the LM211 is
characterized for operation from —25°C to 85°C, and the LM311 is characterized for operation from 0°C to 70°C.
terminal assignments
J OR N DUAL-IN-LINE

JG OR P DUAL-IN-LINE UFLAT PACKAGE

PACKAGE {TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
NC NC NG Veee NG c [ vees € 8/s 8 vgee © NC 8/ 3
81)J7]6}]5 w| (o] [s] [7] |

NC—No internal connection

schematic
s{s
200 300
vees
3K 13k ™0 00
< 70 w 8 Balance
B/S Balance/Strobe
12k - ’ p [o} Collectar Qutput
1§ N v E Emlt.ter Otnput
ha IN+ Noninverting Input
mo—C 12k tN— Inverting Input
ﬁ_. NC No Internal Connection
4 c Vee+ Positive Supply Voltage
w~ 1 Vee— Negative Supply Voltage
:-0
400 130
w 3
9 o
450
250 200 ‘
2k €
vee—

Resistor values shown are nominal and in ohms.

Copyright ® 1979 by Texas |nstruments Incorporated
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM111 LM211 Lm311 UNIT
Supply voltage, Voc+ (see Note 1) 18 18 18 \%
Supply voltage, Vco— (see Note 1) -18 —-18 —18 \
Differential input voltage (see Note 2) +30 +30 +30 v
Input voltage (either input, see Notes 1 and 3) 15 +15 +15 \Y
Voltage from emitter output to Voo 30 30 30 \
Voltage fram collector output to Voo— 50 50 40 \4
Duration of output short-circuit (see Note 4) 10 10 10 5
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 500 500 500 mw
Operating free-air temperature range —551t0 126 —25 1o 85 01070 °C
Storage temperature range —65 to 150 —651t0 150 | —65to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds| J, JG, or U package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds| N or P package 260 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vot and Vego—.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or +15 volits, whichever is less.

4. The output may be shorted to ground or either power supply.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. in the J and JG packages, LM111

chips are alloy-mounted; LM211 and LM311 chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vcc+ =215 V {unless otherwise noted)

LM111, LM211 LM311
PARAMETER TEST CONDITIONST UNIT

MIN TYPI MAX |MIN TYPI MAX
25°C 0.7 3 2 75

Vio Input offset voltage Rg < 50 k§2, See Note 6 mV
Full range 4 10
25°C 4 10 6 50

Lo Input offset current See Note 6 nA
Full range 20 70
. 25°C 75 100 100 250

IiB tnput bias current Vo=1Vto14V nA
Fuil range 150 300

liL(s) Low-level strobe current Vi(strobe} =0.3V, V|p<—-10mV| 25°C -3 -3 mA

Commeon-mode input
VICR Full range 14 +14 Y
voltage range

Large-signal differential N
AvD e Vo=5Vt3V, R_=1kQ 25°C 40 200 40 200 Vimv
voltage amplification

25°C 0.2 10
| High-level {collector) Vip=5mV, Vo =35V Fon o5 nA
OH ull range . MA
output current =
Vip=10mV VoH =35 V 25°C 02 50| nA
Vip = -5mV 25°C
IoL = 50 mA iD m _ 0.75 1.5
) Vip=-10mVv | 25°C 075 15
VoL Low-level {collector-to-emitter)} Veor =45V, ViD= -6 mV | Full range 023 04 v
output voltage Veeo =0V .
IoL =8 mA Vip = —10 mV | Full range 0.23 04
Supply current from V . °
lcct Y cer Vip=—10mV,  No load 25°¢C 51 6 51 75| ma
output low
Supply current from Vee_, o
T cc Vip=10mV,  Noload 25°C -41 -5 41 5| ma

output high

tUnless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded.
Fult range for LM111 is —55°C to 125°C, for LM211 is —25°C to 85°C, and for LM311 is 0°C to 70°C.
fau typical values are at T4 = 25°C.
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to
1 V with a puli-up resistor of 7.5 k§2 to Vcc+. Thus these parameters actually define an error band and take into account the worst-

case effects of voltage gain and input impedance.
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TYPES LM11, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

switching characteristics, Vcc+= 15V, Veec—=—15V, Ta = 26°C

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
i -to-high-| 115 ns
Response time, low-to-high-level output RC=500 2105V, CL=5pF, SeeNots7
Response time, high-to-low-level output 165 ns

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
20 — 500 -
\ \ VoG =215V \ I Vece =315V |
18 Vo=1Vto 14V 450 ‘ LM311 "~T—Vp=1Vto14Vy
< N See Note 8 L See Note 8
< 16 N See N < 400 — it
L LM311 T (211t
§ 4 Lmin L 30
S 12 LLM211T % £ 300
pe | 3 NJ_ | CONDITION 2
2 10 | AN o 250
£ CONDITION 1| | CONDITION 2 g ~¢
= 8 A NN ! = 200
?% ~ ‘\ \<L § —r
5 8 47 ? < 150 CONDITION 1—
o LMt N o LM311 ¢
= 4 = 100 —
2 @ o
0 !_M2:|11 ‘ 0 1 |
~60-40-20 0 20 40 60 80 100 120 140 —60-40-20 0 20 40 60 80 100 120 140
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—°C
FIGURE 1 FIGURE 2
Vee+ =30V +V =50V {LM111, LM211)
VOLTAGE TRANSFER CHARACTERISTICS oV ima
- 1 ki
60 y I
Veer =£15V ‘LM1 1 1 I OUTPUT
Ta=25°C t Vip
50 LM211 i :
T w0 LM311
g
£ EMITTER OUTPUT =
> 30 RL=6002 || coLlEcToR_| COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
5 OUTPUT TEST CIRCUIT FOR FIGURE 3
= Ry =1k Vee+ =30V
Q 2
o
>

RN N
)Nl

-1 -05 0 0.5 1
V|p—Ditferential input Voltage—mV

FIGURE 3 e

EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 3

1 Date at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

NOTE 8: Condition 1 is with the balance and balance/strobe terminals open, Condition 2 is with the balance and balance/strobe terminals
connected t0 Vo
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

V—Output Voltage—V

FIGURE 8

" [ 1
£3 Lt
g3 ¥ 100wy
£ 3 V 16V
= a cct =t
o= i RC=500Q w05V
‘ Tp=25°
> 5
]
L 5 mV—~Jf [
E 3 | r2my H
2, 20mv /
3
s /4
11
-
0
0 50 100 150 200 250 300 350
t—Time—ns
FIGURE 4
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
s T[T TTT[]
2 Froomy [ | Vece=215v
Ly RE =2k to —15 V
&g ! Ta=25C
¥
15
20 mV —
> ! L
7 10—
g 5|—5mV
g Wi
5 ° / 2 mv
3 5 L
? |
o -10
> | EEEERE
—15
0 02 04 0608 1012 14 16 18
t-Time--us
FIGURE 6
QUTPUT CURRENT and DISSIPATION
vs
OUTPUT VOLTAGE
160
Veer =15V 800
140 —— <10 700
Vip = =10 mV
< 120 Ta=25°C 284 600
3 R
' \ 5
£ 100 & 500
-l | %
5
S 8o 400
ot =
5
TS |
3 &0 </ 300
sl |
o 3
= 40 // 10 (Lett Scale) | 220
20 i |‘ 100
0 0
0 5 10 15

TYPICAL CHARACTERISTICS

Vee+ =15V 5V

TEST CIRCUIT FOR FIGURES 4 AND 5

Ve =15V

Vo~Output Voltage—V

Vee-=~15V

TEST CIRCUIT FOR FIGURES 6 AND 7

SUPPLY CURRENT FROM Vot
vs
SUPPLY VOLTAGE Vges

<
f
T3 |
3]
{3 |
£ €
2 2
S ;5 =10 mv
g 3
2 >
7 3
o 5
o o
Lo
Q
L
0
0 5 10 15
Vce+—Positive Supply Voltage—V

FIGURE 9

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

4 [ 1
g 3 l'IOO mv
32 TR Y
= Rc=5002to5V |
{ Ta=25°C B
> 5
84
g
35 20 mV‘
3 5 my—"1 L I
22 n F—-zmv
3 |
3, + [
o
>0 T
0 50 100 150 200 250 300 350
t—Time—ns
FIGURE 5
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
o
sg[ [ [ T [ [1 L
Es
i3 Lioomv ( [
a8 Veer =15V
= RE = 2Kk2to ~15 V |
TA=25°C
15 A
N2 |
1 NS5y
5 \
[
= N
20mV—-/')\\ \T\
MEEEEEN
-15 !
0 0204 060810 1.2 14 16 18
t—Time—us
FIGURE 7

SUPPLY CURRENT FROM Vg
v§
SUPPLY VOLTAGE Vgo—

-6 T T T
< Vip = 10 mV or =10 mV
& 5»TA:25°C _
U 7 | Noload
o
o
2
£
E /‘r/
P
5
Q
z 2
a /
a
l‘ -1 —
15
g |

o

0 —5 -10 -15

Ve ~—Negative Suppty Voltage—V

FIGURE 10
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

vees

SQUARE WAVE
P outeut
L {Fan-out 10 two

Series 54 gates
or equivalent)

AA

20 k§2

Y|y

FIGURE 11-100-kHz
FREE-RUNNING MULTIVIBRATOR

Vees

OUTPUT
TOTTL

MAGNETIC
TRANSDUCER

FIGURE 16 —DETECTOR FOR MAGNETIC TRANSDUCER

OUTPUT

FIGURE 18—COMPARATOR AND SOLENOID DRIVER

TTL

FIGURE 12
OFFSET BALANCING

>
P.
3 1 k2

ouTPUT
TOTTL

240 kS

. :h
T“

INPUTY

t Resistor values shown are for a 0-10-30-V logic swing and a
15-V threshold.

iMay be added to control speed and reduce susceptibility
to noise spikes.
FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC

Vee+

100 k2 2 kS2

AN AAA
\A%

10
E‘ m
|

FIGURE 17-100-kHz CRYSTAL OSCILLATOR

FROM D/A NETWORK

ANALOG
INPUT

TTL STROBE

Typical input current is 50 pA with inputs strobed off.

FIGURE 19—STROBING BOTH INPUT AND
OUTPUT STAGES SIMULTANEOUSLY
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Vec+
39k 500 2

OUTPUT

TO MOS

+
ST~15uF
10 k2
w2222 T
Veg—* 10V
FIGURE 20 -LOW-VOLTAGE FIGURE 21— ZERO-CROSSING
ADJUSTABLE REFERENCE SUPPLY - DETECTOR DRIVING MOS LOGIC
Vec+ =5V BV
Vet =5V
S 1 k2
' TiLioz (W3 5kﬂ:E - T———" EE\kn

|
7 ouTpuT : L_O\H:In

N2222 <}' INPUT ;st’"‘ too st 12 :

FROM hd
GATE <
N2222 ' m 0w o:r T . "E: L ]
MN222 s0qa ¢ e B
S 2.2 %0 =
fAdjust to set clamp level.
FIGURE 22 -PRECISION SQUARER FIGURE 23-DIGITAL TRANSMISSION ISOLATOR
Veer =15V

Ve =15V

INPUT

! INPUT
OUTPUT

|'Mﬂ
Ve =16V Vee— = -15V
FIGURE 24 - POSITIVE-PEAK DETECTOR FIGURE 25— NEGATIVE-PEAK DETECTOR
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Vee+ =5V

3.9k

2N2222

TR1 sets the comparison levei. At comparison, the photo-
diode has less than 5 mV across it, decreasing dark current
by an order of magnitude.

FIGURE 26—PRECISION PHOTODIODE COMPARATOR

Voo
620
> TIP30
100 sz
—— »—— OUTPUT
ook 3 | —T
Bis
BB
INPUT + |
| |
L1 |1
£ TIP29
0.3 uF N a7a
2000 @
vee-

FIGURE 28-SWITCHING POWER AMPLIFIER

1 k&2

OuTPUT
TOTTL

REFERENCE

Vee+

v
—o
A

INPUTS I

TTL

STROBE
2N3708

1k§2

ITransient voltage and inductive kickback protection.

FIGURE 27—RELAY DRIVER WITH STROBE

veer
6200
39k ——l_l__
I 1 TIP30
|

300 kit | Bs 620 1

TIP29

5%

15Kz
INPUT ———AAA—

mim

022.F
ouTPUTS

5101

YK

TIP30

300 ks

FIGURE 29—SWITCHING POWER AMPLIFIERS
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LINEAR TYPES LM139, LM239, LM339

INTEGRATED
CIRCUITS QUADRUPLE DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 12236, MARCH 1975—REVISED OCTOBER 1979

e Single Supply or Dual Supplies e Low Input Offset Voltage .. . 2 mV Typ
Wide Range of Supply Voltage ¢ Common-Mode Input Voltage
...2to 36 Volts Range Includes Ground

e Low Supply Current Drain e Differential Input Voltage Range
Independent of Supply Voltage Equal to Maximum-Rated
...0.8mA Typ Supply Voltage .. .+36 V

e Low Input Bias Current. .. 25 nA Typ e Low Output Saturation Voltage
Low Input Offset Current e Output Compatible with TTL, DTL,
...3nATyp (LM139) MOS, and CMOS

J OR N DUAL-IN-LINE

schematic (each comparator) OR W FLAT PACKAGE

_ Vee {TOP VIEW)
oun (OR
CURRENT e vees)
REGULATOR COMPARATOR COMPARATOR
NO.4 NO.3
’\_\ A
10 A S0uh  g10uA B0 4A OUTPUT OUTPUT NON NON
COMP  COMP IV INV NV INV
- NO3 NO4 GND INPUT INPUT INPUT INPUT
ouTPUT w| (] [re] o] [w] [e] [s

NONINVERTING,
INPUT .

INVERTING
INPUT

GND

vee-)

Current vajues shown are nominai. ’_<ﬁ—‘—

description 1 2 3 4 5 6 7
. - . QUTPUT OUTPUT V, INV NON- INV NON-

These devices consist of four independent voltage coMp coMP  CC INPUT INV INPUT NV
comparators that are designed to operate from a NO.1 - NO:2 _VM\_VLUT,
single power supply over a wide range of voltages. congnznon cowxs:,:\ron

Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts
to 36 volts and pin 3 is at least 1.5 volts more positive
than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be
connected to other open-collector outputs to achieve wired-AND relationships.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vog {see Note 1) . . L .o e e e 36V
Differential input voltage (see NOte 2) . . .. . . o i it it it e e e e e e e +36 V
Input voltage range {either inpUL) . . . . . . . i i i it e et e e —-03Vito36V
OUPUL VOIAgE . . o o o it i e e e e e e e e e e e e 36V
OULPUL CUITBNE . ot ittt i e i ettt et e bt et et e ettt ee te et e et et e e 20 mA
Duration of output short-circuit to ground (see Note 3) . . .. .. .. ... . .. . ... unlimited
Continuous total dissipation at (or below) 26°C free-air temperature (see Note 4) . .. ............. 900 mW
Operating free-air temperature range: -LM139 .. .. .. ... .. .. .. . —55°C to 125°C

LM239 L. —25°C 10 85°C

LM339 it e 0°Cto 70°C
Storage temperature FaNGE . . o v v vt vt e vt e e e e e e e e e e —65°C to 150°C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds: JorW package ................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ... ................... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal,

1

2. Differential voitages are at the noninverting input ¢#:minal with respect to the inverting input terminal.

3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM139 chips are alloy-
mounted; LM239 and LM339 chips are glass-mounted,

Copyright © 1979 by Texas Instruments {ncorporated
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TYPES LM139, LM239, LM339
QUADRUPLE DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vcc =5 V (unless otherwise noted)

LM139 LM239, LM339
PARAMETER TEST CONDITIONS? MIN TYP  MAX MIN TYP MAX UNIT
Vec=5V o030V, 26°C 2 5 2 5
Vio Input offset voltage mV
Vic = VICR, VO = 1.4V Full range 9 9
i Input offset current A\ 14V 25°C 3 25 5 50 A
nput o cu =1, n
1o P o Full range 100 150
i Input bi t See Note 5 25°C =25 100 -2 -250 nA
n| as curren
18 put oI Full range —300 —400
25°C Oto Oto
- i _ Vce—1.6 Vce—1.6
VicR Common-mode input Vec=2Vto36V = ot v
voltage range Full range 0 °
Vee—2 Vee—2
L -signal diff tial Vee =15V,
Avp arge-signal differentia cc 2°C 200 200 VimV
voltage amplification RL=16kQ to Vce
VoH= 5V 25°C 0.1 0.1 nA
| High-level t t| Vip=1V
OH  High-evel output current| Vip VoH =30V | Full range 1 1] wA
\4 Lowdevel output volta A\ 1v, 1 4 mA %°C 250 500 250 500 \
owdevel output vo =-1V, = m
oL P %[ viD OL =4 mA I i range 700 700
loL Low-level output current | Vip = -1V, VoL =15V 25°C 6 16 6 16 mA
Suppt nt
cc o pply curre No load 26°C 08 2 08 2| ma
(four comparators)

TEull range (MIN to MAX) for LM139 is —55°C to 1256°C, for the LM239 is —85°C to 125°C, and for the LM339 is 0°C to 70°C.

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

the state of the output, so no loading change is presented to the input lines.

switching characteristics, Vcc =5V, TA=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input st
! RL connected to 5 V through 5.1 k§2, 5 e ep 13
Response time with 5-mV overdrive us
CL=15pF ¥  SeeNote6 -
TTLevel input step 03

¢CL includes prabe and jig capacitance.

NOTE 6: The rasponse time specified is the interval between the input step function and the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING  ABOVE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 900 mW 11.0mW/C 68°C
J (Glass-Mounted Chip) 900 mW 8.2 mwW/°C 40°C
N 900 mW 9.2mW/°C 52°C
W 900 mW 8.0 mw/C 37°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR

INTEGRATED
CIRCUITS

o Single Supply or Dual Supplies JGORP
g pply P DUAL-IN-LINE PACKAGE (TOP VIEW)

TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO, DL-S 12411, JUNE 1976—REVISED OCTOBER 1979

¢ Wide Range of Supply Voltage

2 to 36 Volts COMPARATOR NO. 2
e Low Supply Current Drain veer SUT IV EEET

Independent of Supply Voltage
...05mA Typ

e Low Input Bias Current . .. 25 nA Typ

e Low Input Offset Current
...3nA Typ (LM193)

e Low Input Offset Voltage ... 2 mV Typ

e Common-Mode Input Voltage CUT. WY OR G
Range Includes Ground INPUT

COMPARATOR NO. 1

o Differential Input Voltage Range

Equal to Maximum-Rated U FLAT PACKAGE
Supply Voltage . . . :36 V {TOP VIEW)
e Low Output Saturation Voltage AMPLIFIER NO. 2
e \—
e Output Compatible with TTL, DTL, v our v WV
MOS, and CMOS é @ C;“) CP:)
description L1 1
These devices consist of two independent voltage
comparators that are designed to operate from a
single power supply over a wide range of voltages.
Operation from dual supplies is also possible so long ‘Qf;l‘
as the difference between the two supplies is 2 volts + .
to 36 volts and pin 8 is at least 1.5 volts mare positive L
than the input common-mode voltage. Current drain @ @ IC:? Q gg
is independent of the supply voltage. The outputs can PUT INPUT RN
be connected to other open-collector outputs tc
achieve wired-AND relationships. AMPLIFIER NO. 1
absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)
Supply voltage, VCC (e NOte 1) .. ivi ittt i it ittt ittt iesastact o tansenaoaeneanes 36V
Differential input voltage {see NOTE 2) . .. ... i ittt it ittt et e ittt et eneanenens +36 V
Input voltage range {either INPUL) .. .. ..ot i it it it et e e -03Vto36V
OULPUL VOO . .o ot ittt e s e e e e e m e ana i cas s e ae et te e st eane s s toaasssneasssaennensannns 36V
QUIPUT CUITBNT L ot i it ettt s e ettt e e et ue et can tmran st tauaoanannussersonnnssnssnass 20 mA
Duration of output short-circuit to ground (seeNote 3) ..................... e .. unlimited
Continuous total dissipation at (or below) 25°C free-air temperature {see Note 4): LM293JG,LM393JG. .. .. 825 mW
LM193JG, LM293P, LM393P. . . .. 900 mW
LM193U, LM293U, LM393UV. .. .. 675 mW
Operating free-air temperature range: LM193 ... ... . it it it —55°C to 125°C
(1 = A —25°C to 85°C
(11 Fc T A 0°C to 70°C
StOrage tEMPErature FAMGE ... e e e en onnne e e eeene e e e en e e e e tananee e aaennnnn —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGorUpackage ...................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ............vevennrennnnnns 260°C

NOTES: 1. All voitage values, except differentlal voltages, are with respect to the network ground terminal.

2, Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. Short circuits from outputs to Vc can cause excessive heating and eventual destruction.

4, For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM193 chips are alloy-

mounted; LM293 and LM393 chips are glass-mounted,

Copyright ® 1979 by Texas Instruments Incorporated
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TYPES LM193, LM293,

LM393

DUAL DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vcc =5 V (unless otherwise noted)

LM193 LM293, LM393
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
v tnput offset voltage Veg =8 Vto 30 V. 25°C ! > ! 2| mv
nput offset volta
10 pu voitag Vic = VIcR. VO = 1.4 V | Full range g 9 m
| input offset current V 14V 2°c 3 2 5 50 A
r = 1.
10 put ofiset cu 0 Full range 100 150 ] "
_ 25°C —-25 —100 —-26 250
i Input bias current [See Note 5 nA
Full range —300 —400
0t t
C de input & \% o1 5 \ y 01 5
ommon-made inpu —1. —1.
VIcR fPUL T Nec=2Vite 36V cc cc v
voltage range Oto 0to
Ful!l range
Vee—2 Vee-2
Large-signal differential Vcc =15V, o
Avp —— 25°C 50 200 50 200 V/imVv
voltage amplification RL =15V to Vce
Vip=1V, VgH=5V 25°C 0.1 0.1 A
loH  High-level output current 1D Ot 4
Vip=1V, VoH =30V |Full range 1 1| pA
\ Low-level output voltage [V|p = -1V, IoL =4 mA 25°¢ 250 400 250 400 A
oL ow-level output voltage VID » ‘oL Full range 700 700 m
lop  Low-level output current Vip=—-1V, Vg=15V 25°C 6 16 6 16 mA
Vec =5V 25°C 08 1 0.8 1
| Suppl ent No load A
cc HpPly curren 2 Vee =30V | Full range 25 i 25 m

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

switching characteristics, Vcc =5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
| R connected to 5 V through 5.1 kS2,| X 13
Response time with 5mV overdrive us
CL=15pF *  See Note 6 -
TTLevel input step 03
*CL includes probe and jig capacitance.
NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.
DISSIPATION DERATING TABLE schematic {(each comparator)
POWER DERATING ABOVE Vee
PACKAGE 80-uA {oR
RATING FACTOR TA CURRENT e Vee!
JG (Alloy-Mounted Chip) 900mW 84 mW/FC  43°C REGULATOR
JG (Glass-Mounted Chip) 826 mW 6.6 mW/°C 25°C 0 uA! 60 uA gloua
P 900 mW 8.0 mW/°C 37°C L.
U 675mW 5.4 mW/°C 25°C A
Also see Dissipation Derating Curves, Section 2, NONIINN\:‘EJIIYTING OuTPUT
INVERTING
INPUT
GND
@ 4 (OR
,% Vee-)

Current values shown are nominal.
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LINEAR TYPE LM2901
INTEGRATED QUADRUPLE DIFFERENTIAL COMPARATOR

CI RCUITS BULLETIN NO. DL-S 12247, MARCH 1975~REVISED OCTOBER 1979
¢ Eliminates Need for Dual Supplies ¢ Common-Mode Input Voltage
- Range Includes Ground Allowing
¢ W'f’; ?: g%e\(;;lf: pply Voltages Direct Sensing near Ground
. ifferential Input Voltage Range
e Low Supply Current Drain ¢ Di h
\ ndependent of Supply Voltage Equal to Maximum-Rated
.0.8 mA Typ Supply Voltage ... +36 V
e Low Input Bias and Offset Parameters ® L°W1 Ou\t/p_trxt Sattugl;atxn Voltage
Input Offset Voltage . . .2 mV Typ c--ImV lypatou
Input Offset Current .. .5 nA Typ -»-70mV Typ at 1 mA
Input Bias Current ... —25 nA Typ e Output Compatible with TTL,
DTL, MOS, and CMOS
schematic (each comparator) J OR N DUAL-IN-LINE OR

W FLAT PACKAGE (TOP VIEW)

80-uA COMPARATOR COMPARATOR
CURRENT NO.4
REGULATOR 7 e, A \
OUTPUT QUTPUT NON NON
COMP  COMP INV NV NV INV
“’“A!! &{:‘ b NO.3 NO4 GND INPUT INPUT INPUT INPUT
1} 13 12 1 10 9 [ ]
NONINVERTING
INPUT
INVERTING
INPUT
Py > (OR
,;7 vee-)
Current vaiues shown are nominal.
1 2 3 4 § (] 7

e OUTPUTOUTPUT Vge  INV. NON-  INV  NON-
description COMP  COMP INPUT  INV  INPUT  INV
The LM2901 consists of four independent voltage NO.1  NO.2 NI INPUT
comparators designed specifically for automotive and COMPARATOR COMPARATOR

industrial control systems. They operate from a single NO2 NO-1

power supply over a wide range of volitages, and the
low supply current drain is independent of the magnitude of the supply voltage. A unique characteristic of these
comparators is that the common-mode input voltage range includes ground even when a single supply voltage is used.

The outputs can be connected to other open-collector outputs to achieve wired-AND relationships. Applications
include limit comparators, simple analog-to-digital converters, wide-range VCQO's, MOS clock timers, multivibrators,
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly
interface with CMOS—where the low power drain of the LM2901 is a large advantage over standard comparators.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC{seeNote 1) . . . . . . . . . . . . . . . . i it i e e ... 3BV
Differential input voltage {see Note 2) . . . . . . . . . . . . . . . . .. ... 36 V
Input voltage range (either |nput) A AR G (A
Output voltage P < s Y
Qutput current . e e e e e e e e e e e e e s o .. 20mA
Duration of output short- cnrcult to ground (see Note 3) .. .+« « « « . . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) S * 0 [ Xy i\
Operating free-air temperature range . . . . . + + « « « « « 4 4 4 4 w4 e . . . . . . —40°Cto85°C
Storage temperature range . . P —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package ................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . .........cc.. v 260°C
NOTES: . All voitage values, except differential voltages, are with respect to the network ground terminal.

1

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminai.

3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

4. For operation above 256°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM2901 chips are glass-
mounted.
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TYPE LM2901

QUADRUPLE DIFFERENTIAL COMPARATOR

electrical characteristics at 25°C free-air temperature, Vec = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
v | ot volt Vee=6V 11030V, 25°C 2 .
t offset voltage — -
o nput offset vottas Vic=Vice.  Vo=14V  [4rcrwesc 15
1 1 t offset ent Vv 14V 25°¢ 5 50 nA
ut offset curren =1.
‘o " 0 —40°C t0 85°C 200
| Input bi t See Note 5 25°C —28 20 |
n ias curren ee Note
'8 put bias & —40°C 1o 85°C —500
25°C 0t
Input common-mode Vee —-1.8
VicR Vee=2Vto36V v
voltage range o ° 0t
—40°Cto 85°C v
cc—2
Large-signal differential Vec=15V,
25 100 VimVv
AvD voltage amplification RL =156 kQ to Vge
I High-level output ¢ Y=tV Vo=5V 25°C 0.1 nA
igh-level output curren
on : Vip=1V Vo=30V —40°C t0 85°C 1] uA
V, L level output vol v 1v | 4 mA 25°C 400 mvV
-leve ut volt. =-1V, =4m
oL ow-level output voltage '0 oL —40°C 10 85°C 700
loL Low-level output current Vip=-1V, voL=15V 25°C 6 16 mA
Vee=5V 25°C 0.4 1
| Supply current No load mA
ce Vec =30V | —40°Cto 85°C 2.5

NOTE 5: The direction of the bias current is out of the device due

the state of the output, 0 no loading change is presented to the input lines.

switching characteristics, Vcc =5V, TA=25°C

to the P-N-P input stage. This current is essentially constant, regardless of

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
RL=5.1k2 05V 1°°*;V input step 15
Response time with 5mV overdrive us
= $
CL=150pF See Note 6 TTLAevel input step 03

*CL includes probe and jig capacitance,

NOTE 6: The typical value is for the Interval between the input step function and the time when the output crosses 1.4 V.

TYPICAL APPLICATION DATA

WV

33k
100 k2
100 k2
L.M2901 LOOUTPUT
Low-
IMPEDANCE
TRANSDUCER
=
VREF

BASIC SINGLE-SUPPLY TRANSLATOR

THERMAL INFORMATION
DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Glass-Mounted Chip) 900 mW 8.2mwW/°C 40°C
N 900 mW 9.2 mW/°C 52°C
w 900 mW 8.0mwW/°C 37°C

Also see Dissipation Derating Curves, Sectlon 2,
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LINEAR TYPE LM2903
INTEGRATED DUAL DIFFERENTIAL COMPARATOR

clncu ITs BULLETIN NO, DL-5 12412, JUNE 1976—REVISED OCTOBER 1979

e Eliminates Need for Dual Supplies e Common-Mode input Voltage

. Range Includes Ground Allowing
e Wide Range of Supply Volitages . .
... 210 36 Volts Direct Sensing near Ground
e Low Supply Current Drain e Differential Input Voltage Range

Equal to Maximum-Rated
!’f‘fe(;’_g":l‘:“{",;supp'y Voltage Supply Voltage . . . £36 V
® Low Output Saturation Voltage
...TmV Typat5uA
...70mV Typat TmA

e Low Input Bias and Offset Parameters
Input Offset Voltage . . . 2 mV Typ
Input Offset Current ... 5 nA Typ

Input Bias Current . . . —25 nA Typ e Qutput Compatible with TTL,
DTL, MOS, and CMOS
schematic (each comparator) JGORP

DUAL-IN-LINE PACKAGE (TOP VIEW)

80-4A
CURRENT AMPLIFIER NO. 2
REGULATOR
NON-
10 uA, OUT- INV_ INV
) 2 Ve PUT INPUT INPUT
[] 7 I | 8]9S
NONINVERTING, I_—:
INPUT
INVERTING
INPUT
. * (OR [
& veed
1 21113 4
Current values shown are nominal, QUT- INV  NON- GND
PUT INPUT INV
INPUT
description AMPLIFIER NO. 1
The LM2903 consists of two independent voitage U FLAT PACKAGE
comparators designed specifically for automotive and {TOP VIEW)

industrial control systems. They operate from a single
power supply over a wide range of voltages and the "
low supply current drain is independent of the NON
magnitude of the supply voltage. A unique character- Vecs SUT NPT NRUT
istic of these comparators is that the common-mode @ @

input voltage range includes ground, even though 1

operated from a single supply voltage. Applications n

include limit comparators, simple analog-to-digital Q
converters, wide-range VCO’s, MOS clock timers,

multivibrators, high-voltage digital logic gates, and
pulse, square-wave, and time-delay generators. The
LM2903 was designed to directly interface with
CMOS — where the low power drain of the LM2903
is a large advantage over standard comparators.

AMPLIFIER NO. 2

=)z

QOO

NON
PUT  INPUT INV
The outputs can be connected to other open-collector INPUT

outputs to achieve wired-AND relationships.

HOL

AMPLIFIER NO.1

NC—No internal connection

1079
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TYPE LM2903
DUAL DIFFERENTIAL COMPARATOR

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vog {see Note 1) . . . L . o o o L e e e e e e e 3BV
Differential input voltage (see Note 2} . . . . . . . . . . . e e e e e e +36 V
Input voltage range (either input} . . . . . . . . . . L e —-03Vto36V
Output voltage . . . . . . . L . e e e e e e e e e e e e e e e e e e e e e 36 v
OULPUL CUITENT . L L . o o it e s e ettt e e e e e e e e e e e e e e e e e e e e e e e e 20 mA
Duration of output short-circuit toground {see Note 3} . . . . . . . . . . . . . . .. . v v v v unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): LM2903 JG/883B 900 mw

LM2903JG .. .. .. 825 mw

Ppackage .. .. ... 900 mW

Upackage ... .. .. 675 mW

Operating free-air temperature range
Storage temperature range
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package

NOTES: 1. Al voitage values, except differential voltages, are with respect to the network ground terminal,
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,

2.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction,
4,

. . —40°C to 85°C
....................................... —65°C to 150°C

. 300°C
. 260°C

For operation above 25° C free-air temperature, refer to Dissipation Derating Table, in the JG package, LM2903/883B chips are
P ",

alloy-mounted; LM2903 chips are glass-mounted.
electrical characteristics at specified free-air temperature, VcC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
v | ff 1 Vee=5Vtw30V, 25°C 2 7 v
nput offset voitage — — m
10 P o Vic =Vicr Vo= 14V 4rcro85°C 15
| | t offset t Vv 14V 25°¢ 5 50 A
nput oftset curren = 1. n
10 P o —40°C ta 85°C 200
) 25°C —25 —250
"B Input bias current See Note & o > nA
—40°C 10 85°C —500
o 0t
25°C °
Input common-mode Vee —-1.6
VicR Vec=2Vto36V \
voltage range o o 0to
—40°C to 85°C
Vee -2
A Large-signat differential Vee=15 V, 5 ] Vimv
vD voltage amplification RL =15k to Ve 00 m
Vip=1V Vo=5V 25°C . A
1oH High-level output current o 0 01 .
Vip=1V Vp=30V —40°C to0 85°C 1] uA
\" L {evel output volt; \" 1V | 4 mA 25°C 400 \"
ow-level output voltage = — ' = m m
oL i 9 1D oL —40°C 10 85°C 700
loL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
Vee=5V 25°C . 1
tce Supply current No load cc 0.4 mA
Vec =30V | —_40°C 1o 85°C 25

the state of the output, so no toading change is presented to the input lines,

switching characteristics, Vcc =5V, TA=25°C

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
RL=15k2t05V, 10‘:“;\’ '\’/‘p“'s:" 15
Response time with 5-mV overdrive
*® CL=15pF *  SeeNote6 - us
TTL-evel input step 0.3
DISSIPATION DERATING TABLE
*CL includes prabe and jig capacitance. POWER DERATING ABOVE
NOTE 6: The typical value is for the interval between the input PACKAGE RATING FACTOR TA
step function and the time when the output crosses 1.4 V,
JG (Alloy-Mounted Chip} 900 mW 8.4 mW/C 43°C
JG (Glass-Mounted Chip) 825 mwW 6.6 mW/°C 25°C
P 900 mwW 8.0 mW/°C 37°C
V] 675 mW 5.4 mW/°C 25°C
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LINEAR
INTEGRATED
CIRCUITS

TYPE LM3302
QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO, DL-S 12579, OCTOBER 1977—REVISED OCTOBER 1979

Single Supply or Dual Supplies

Wide Range of Supply Voltage
.2 to 28 Voits

Low Input Offset Voltage ... 3 mV Typ

Common-Mode Input Voltage
Range Includes Ground

1079

o Low Supply Current Drain e Differential Input Voltage Range
Independent of Supply Voltage Equal to Maximum-Rated
. 0.8 mA Typ Supply Voltage .. .28 V
Low Input Bias Current . . . 25 nA Typ Low Qutput Saturation Voltage
Low Input Offset Current Output Compatible with TTL, DTL,
.5nA Typ MOS, and CMOS
schematic (each comparator)
_ vee
80.A A JORN
R‘é‘éﬁﬁ%ae DUAL-IN-LINE PACKAGE (TOP VIEW)
10 kA 80 uA 1 10 A 80 LA COMPARATOR COMPARATOR
’_L‘1 NO.4 NO.3
A ¢ OUTPUT OQUTPUT NON NON
OUTPUT COMP  COMP INV.INV INVINV
NONImIPZF.erING NO.3 NO.4 GND INPUT INPUT INPUT INPUT
14 13 12 " 10 9 8
INVERTING ]
INPUT P
{oR
- Mo vee) »
description Current values shown are nominal.
This device consists of four independent voltage F@‘
comparators that are designed to operate from a

single power supply over a wide range of voltages.

it i i i OUTPUTOUTPUT vcc INV NON- INV NON-
Operatlo.n from dual supplies is also poselble so long o bomp NPUT IRV NpOT
as the difference between the two supplies is 2 volts NO.1T  NO.2 INPUT INPUT

to 28 volts and pin 3 is at least 1.5 volts more positive
than the input common-mode voltage. Current drain
is independent of the supply voltage. The outputs can

1 2 3 4 5 6 7

COMPARATOR COMPARATOR
NO.2 NO.1

be connected to other open-collector outputs to

achieve wired-AND relationships.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢ (see Note 1) 28V
Differential input voltage {see Note 2) . . *28V
Input voltage range (either input) —-03Vto28V
Output voltage 28v
Output current 20 mA
Duration of output short-circuit to ground (see Note 3) . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 900 mW

Operating free-air temperature range
Storage temperature range

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ..
All voltage values, except difterential voltages, are with respect to the network g_round terminal.

NOTES: 1.

—40°C to 85°C

. —65°C to 160°C
. 300°C

. 260°C

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

2
3. Short circuits from the output to V¢ can cause excessive heating and eventual destruction,
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package,

mounted.
I

LM3302 chips are glass-
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TYPE LM3302
QUADRUPLE DIFFERENTIAL COMPARATOR

electrical characteristics at specified free-air temperature, Vo =5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
v \nout offset voltage Vec=5Vto28V,Vg=14YV, 25°C 3 20 my
10 nput ofise 9 Vic =VicR —40°C to 85°C 40
25°C 3 100
o Input offset current Vo=14V 40°C 10 85°C 300 nA
. 25°C —25 —500
hB Input bias current See Note 5 _40°C to 85°C —1000 nA
0 t
25°C v 01 5
Common-mode input e
VICcR Veg=2Vto28V v
voltage range o o 0to
—40°Cto 85°C
Vee—-2
-si i i \ =15V,
Avp Large-signal differential CcC 25°C 2 30 VimV
voltage amplification R =15k o Ve
] High-level Vip=1V VoH=5V xC o1 A
igh-level output current = R =
OH g 10 OH ~40°C 10 85°C 1| uA
\" Low-level | \ 1V | 4 mA i 200 500 \'
ow-level output voltage =-1V, =4m m
oL 1B oL —40°C t0 85°C 700
loL Low-evel output current | Vip=—-1V, VgL =15V 25°C 2 16 mA
Supply current
Icc No load 25°C 0.8 2 mA
(four comparators)

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

the state of the output, so no loading change is presented to the input lines,

switching characteristics, Vcc =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MIN UNIT

100-mV input

step with 1.3

. R =5.1k2to5V 5 mV overdrive
Response time us
C_L=15pF # See Note 6 TTL-level
input 0.3
step

ICL includes probe and jig capacitance,

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Glass-Mounted Chip) 900 mW 8.2mwW/C 40°C
N 900 mW 9.2 mW/°C 52°C

Also see Dissipation Derating Curves, Section 2.
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1179

LINEAR TYPES TL111, TL3N, TL3NA
JFET-INPUT DIFFERENTIAL COMPARATORS

INTEGRATED WITH STR
CIRCUITS e

BULLETIN NO. DL-S§ 12737, NOVEMBER 1979

e Fast Response Times ¢ Common-Mode Input Voltage Range
s Strobe Capability Includes Ve —
e Designed to Replace LM111 and LM311 e N-Channel JFET High-Impedance input

e Can Operate From Single 5-V Supply

L JG OR P DUAL-IN-LINE
description PACKAGE (TOP VIEW)

The TL111, TL311, and TL311A are high-speed
voltage comparators, These devices use an N-channel Veer C s
JFET high-impedance input structure that extends 6

B
nin'nias
the operating range of the common-mode input
voltage to include the value of the Vgg— supply.
Designed for a wide variety of applications, the %
NiBIBID

TL111, TL311, and TL311A can be operated over
a wide range of supply voltage, including * 15-volt
supplies for operational amplifiers and single 5-voit
supplies for logic systems. The uncommitted output
transistor can drive loads referenced to ground, VG4,
or VcC—. Additionally, it is capable of driving loads
that require switching up to 50 volts. Outputs can be
wire-OR connected.

E IN IN- Veo-

4 OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)

NC NC  Voer NG c BS
13 {n n L ] 1

®(Z

Offset balancing and strobe capability are available.
If the strobe input is low (more negative than
Vic + 0.3 V), the output will be in the off state
regardless of the differential input, ﬂ
The TL111 is characterized for operation over the

full military temperature range of —65°C to 1256°C.

The TL311 and TL311A are characterized for
operation from 0°C to 70°C.

NC € N+ IN- NG Vee- B

NC—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TLINM TL311, TL3NA UNIT
Supply voltage, Voc+ (see Note 1) 18 18 \
Supply voltage, Vcg— (see Note 1) —18 -18 v
Differential input voltage (see Note 2) +30 +30 \Y
{nput voltage range (either input, see Notes 1 and 3} Vee-—-to 15 Veoe— to 15 v
Voltage from emitter output to Voo 30 30 v
Voltage from collector output to Veo— 50 40 \4
Duration of output shortcircuit {see Note 4} 10 10 s
Continuous total dissipation at {or below 25°C free-air temperature (see Note 5) 500 500 mw
Operating free-air temperature range —55 to 125 0to 70 °c
Storage temperature range —65 to 150 ~-65 to 150 °C
Lead temperature 1/16 inch (1,6 mm]) from case for 10 seconds J or JG package 300 300 °C
Lead temperature 1/16 inch {1,6 mm)} from case for 60 seconds N or P package 260 °C
NOTES: 1. These voltage values are with respect to the midpoint between Vo4 and Voo

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The input voltage must never be more positive than V4 or 15 volts, whichever is less, or more negative than Voco_.

4. The output may be shorted to ground or either power supply.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. in the J and JG packages, TL111

chips are alloy-mounted; TL311 and TL311A chips are glass-mounted.
Copyright & 1979 by Texas Instruments Incorporated
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TYPES TL111, TL311, TL311A
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES
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TYPES TLI11, TL311, TL3NA

JFET-INPUT DIFFERENTIAL COMPARATORS

WITH STROBES
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TYPES TL11, TL311, TL3NA
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES

switching characteristics, Vcc+ =15V, Veg~=-15V, Ta =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Response time, low-to-high-level output 116
ponse time, 'o d P Rg =500 € to 5V, Cp_= 5 pF, See Note 8 rs
Response time, high-to-low-level output 165 ns

NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and

the Instant when the cutput crosses 1.4 V.,

TYPICAL CHARACTERISTICS

VOLTAGE TRANSFER CHARACTERISTICS

60 T
Voo =*15V

Ta=25"C LM

R

50

ol

g 40 TL311A
£ EMITTER OUTPUT

> 30+ RL=6009 COLLECTOR—|
5 OUTPUT

] R =1k§2

Q

o

>

. )N
I N\

-1 -0.5 0 05 1

V|p-Differential input Voltage—mV
FIGURE 1

Vee+ =30V

Veps = V=850V (TL111)
cC+ =30V 40V (TL311, TL311A}

1kQ

OuUTPUT

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 1

EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 1
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL331M, TL331l, TL331C
DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 12516, APRIL 1977—REVISED OCTOBER 1979

Single Supply or Dual Supplies

® Wide Range of Supply Voltage
. 2 to 36 Volts
¢ Low Supply Current Drain

Independent of Supply Voltage
...08mA Typ

Low Input Bias Current . . . 25 nA Typ
Low Input Offset Current
.3nA Typ (TL331M)
schematic (each comparator)
o8
cua:é‘:m Vvee+)
REGULATOR
80uA
NONINVERTING, ouTPUT
INPUT
INVERTING
INPUT
GND

o e vee-)

Current values shown are nominal.

description

The TL331 is a voltage comparator that is designed to operate from a single power supply over a wide range of voltages.
Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to 36 volts
and pin 7 is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent of the

supply voltage.

Low Input Offset Voltage . . . 2 mV Typ

Common-Mode Input Voltage
Range Includes Ground

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... 36 V

Low Output Saturation Voltage

Output Compatible with TTL, DTL,
MOS, and CMOS

JGORP
DUAL-IN-LINE
PACKAGE (TOP VIEW)

ouT
NC Voo PUT NC

3 T 5

I

LRI
NC INV  NON  GND
INPUT INY

INPUT

NC—No internal connection

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, VcC (see Note 1)
Differential input voltage (see Note 2)

Input voltage range {either input) . . . . . . ...

Qutput voltage
Output current
Duration of output short-circuit to ground (see Note 3)

Operating free-air temperature range: TL331M
TL3311
TL331C
Storage temperature range

—03Vto3bV

.. e e e e unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) .................. 680 mW
. —55°C t0 125°C

—25°C to 85°C
. 0°C to 70°C
. —65°C to 150°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package .
NOTES: 1. All voltage values, axcept differential voltages, are with respect to the network ground terminal,
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from the output 10 V¢ can cause excessive heating and eventual destruction.
4

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL331M chips are alloy-

mounted; TL331} and TL331C chips are glass-mounted.

1079
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TYPES TL331M, TL331l, TL331C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONST M'::331M;::33:;Ax N TLail‘; MAX UNIT
Vee=5Viwo 3oV, 25°C 2 5 2 5
Vio  input offset voitage Vf((;:= VICR. VO = 1.4V Full rangs 5 ) mV
o Input offset current vo=14V 25°C 3 2 5 20 nA
Full range 100 150
IT:3 Input bias current See Note 5 2%°C —% 100 —25 250 nA
Full range -300 —400
25°C Oto 0Oto
Vigg Common-mode input Vee=2Vto36V Vce-15 vVee-15 v
voltage range Full range Ot 0 to
Vee—2 vVee-2
AVD Large-signal ¢'j|.ffer'ent|al Vee =18V, 25°¢C 200 200 Vimv
voltage amplification Ry =15 k2 to VgC
i VoH= BV 25°C 0.1 0.1 nA
loH High-evel output current | Vip =1V Von =30V | Full range 1 T
VoL Lowdevel output voltage | Vip=—1V, IlgL=4mA 25°C 250 500 250 300 mV
Full range 700 700
lo.  Low-level outputcurrent | Vjp=—-1V, VgL =15V| 25°C 6 18 6 16 mA
fce Supply current No load 25°C 0.5 0.8 0.5 0.8] mA

tFull range (MIN to MAX) for TL331M is —55°C to 125°C, for the TL3311 is —25°C to 85°C, and for the TL331C is 0°C to 70°C.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regard less of
the state of the output, so no loading change is presented to the input lines.

switching characteristics, Vcc =5V, Ta=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input st
. Ry connected to 5 V through 5.1 kQ2,| | P ep 13
Response time with 5-mV overdrive Hs
CL =15pF,* See Note 6 -
TTL-evel input step 03

*CL includes probe and jig capacitance.
NOTE 6: The response time specified is the interval between the input st#s function and the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG {Alloy-Mounted Chip) 680 mW 8.4 mwW/°C 69°C
JG {Glass-Mounted Chip) 680 mW 6.6 MW/ C 47°C
[ 680 mW 8.0 mW/C 65°C

Also see Dissipation Derating Curves, Section 2.

221 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



LINEAR
INTEGRATED
CIRCUITS

TYPES TL336M, TL336l, TL336C
HEX DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 12641, JUNE 1978

Single Supply or Dual Supplies
Wide Range of Supply Voltage
. 2 to 36 Volts
e Low Supply Current Drain

Independent of Supply Voltage
. 1TmA Typ

e Low Input Bias Current . . . 25 nA Typ
s Low Input Offset Current
-3 nA Typ (TL336M)
schematic (each comparator)
+— 1R
ctfg;:m Ve

REGULATOR

NONINVERTING, oUTPUT
INPUT

INVERTING
INPUT

Current values shown are nominal,

description

Low Input Offset Voltage . . . 2 mV Typ
Common-Mode Input Voltage
Range Includes Ground
e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage .. . +36 V
Low Output Saturation Voltage

Output Compatible with TTL, DTL,
MOS, and CMOS

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

NO.6 NO.5 no.4

—_——
Wy OUT- NV NV DUT- OUT- NV NV
VO INPUT INPUT PUT  INPUT INPUT  PUT  PUT INRUT  INBUT

NON-

NOR- out.  our. NON.
INV. NV PUT PUT Ny DNV PUT IRV IRV

NON.  GAD

INPUT  INPUT INPUT_INPUT INPUT  INPUT

NO. 1 NO.2 §O.3

The TL336 is a hex voltage comparator that is designed to operate from a single power supply over a wide range of
voltages. Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to
36 volts and Vg is at least 1.5 volts more positive than the input comman-mode voltage. Current drain is independent

of the supply voltage.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢ (see Note 1)

Differential input voltage (see Note 2}

Input voltage range {(either input)

QOutput voltage

Qutput current

Duration of output short-circuit to ground (see Note 3)

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)

Operating free-air temperature range: TL336M
TL336l
TL336C
Storage temperature range

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds:

NOTES:

P>

mounted; TL3361 and TL336C chips are glass-mounted.

36V
. #36V
—03Vto36V
36V

20 mA

unlimited

; 680 mwW
. —658°Cto 125°C
—25°C t0 85°C

. 0°C to 70°C

C . —65°C to 150°C
Jpackage . 300°C
N package . 260°C

All voltage values, except differential voltages, are with respect to the network ground terminal.

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,

Short circuits from the output to Vcc can cause excessive heating and eventual destruction.

For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, TL.336M chips are alloy-
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TYPES TL336M, TL3361, TL336C

HEX DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)

TL336M, TL336! TL336C
PARAMETER TEST CONDITIONS MIN VP ::AX N TYP  MAX UNIT
VeG=5V 1030V, 25°C 2 5 2 5
v input offset volt \
10 Imput ofiset voltage Vic=VicR Vo =14V | Fullrangs 9 s ™
1 Input offset current \7 1.4V 25°C 3 25 5 20 A
1o ned om Full range 100 150] "
1 Input bia: t See Note 5 %'C -2 100 =25 -250 A
1B put bias curren Full range 300 —a00] "
25°c Oto Oto
VicR Common-mode input Vec=2Vto36V Vge—15 Vce-158 v
voltage range Full range 0t Oto
Vee—2 Vee—2
Large-signal differential | Vo =15V,
25°C 200 200 VimVv
Avo voltage amplification Ry =15k to Voo m
VoH= 5V | 25°C 0.1 0.1 nA
i Hi Vip=1V
OH igh-level output current D Von =30V | Full range 1 T A
A\ Low-eve! output volt: \ v, | 4mA 25°C 250 500 250 500 A\
olta =-1vV, =
oL owlevel output % 1D oL Fufl range 700 700 m
loL  Low-level outputcurrent | Vip=—1V, VgL =15V| 25°C 6 16 6 16 mA
fee Supply current No load 25°C 1 3 1 3| mA

{six comparators)

TFull range (MIN to MAX) for TL336M is —55°C to 125°C, for the TL3361 Is —85°C to 125°C, and for the TL336C is 0°C 1o 70°C.

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

thae state of the output, so no loading change is presanted to the input lines.

switching characteristics, Vcc =5V, TA=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
. RL connected to 5 V through 5.1 kQ2,| | i 13
Response time with 5-mV overdrive us
CL=15pF * See Note 6 -
TTL-evel input step 03

*CL includes probe and jig capacitance.

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V,

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 680 mW 11.0mW/C 88°C
J {Glass-Mounted Chip) 680 mwW 8.2 mW/°C 67°C
N 680 mw 9.2 mW/°C 76°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS

WITH STROBES

BULLETIN NO. DL-S 11671, MARCH 1972 — REVISED JUNE 1976

e Each Comparator Identical to LM106 or
LM306 with Common V¢c+, Vec—,

and Ground Connections
¢ Improved Gain and Accuracy
description

NOTES: 1.

The TLB06 is a dual high-speed voltage comparator,
with each half having differential inputs, a low-
impedance output with high-sink-current capability
(100 mA), and two strobe inputs. This device detects
low-level analog or digital signals and can drive digital
logic or lamps and relays directly. Short-circuit
protection and surge-current limiting is provided.

The circuit is similar to a T1.810 with gated output.
A low-level input at either strobe causes the output
to remain high regardless of the differential input.
When both strobe inputs are either open or at a high
logic level, the output voltage is controlled by the
differential input voltage. The circuit will operate
with any negative supply voltage between —3 V and
—12 V with little difference in performance.

The TLBO6M is characterized for operation over the
full military temperature range of —55°C to 125°C;
the TLB506C is characterized for operation from
0°C to 70°C.

Supply voltage Vcc+ (see Note 1)

Supply voltage Vcc— (see Note 1}
Differential input voltage (see Note 2)

Input voltage {any input, see Notes 1 and 3) .
Strobe voltage range (see Note 1) .

QOutput voltage {see Note 1)

Voltage from output to Vcco—

Duration of output short-circuit (see Note 4)

Continuous total dissipation at (or below) 26°C free-air temperature (see Note 5)

Operating free-air temperature range: TL506M Circuits

TL506C Circuits
Storage temperature range

Lead temperature 1/16 inch (1 6 mm) from case for 60 seconds J or W package
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds: N package

terminal.

o b WN

mounted; TL506C chips are glass-mounted,

Fan-Out to 10 Series 54/74 TTL Loads
Strobe Capability

Short-Circuit and Surge Protection
Fast Response Times

J OR N DUAL-IN-LINE PACKAGE OR
W FLAT PACKAGE (TOP VIEW)

STROBE QUTPUT OUTPUT STROBE
1B GND 1 cC+ 2 NC 28

Wiz njjwo9af/s

Vi|2(|3||4(|5(|6]]7

STROBE INV  NON-INV Vgo_
1A INPUT 1 INPUT 1

NON-INV INV  STROBE
INPUT 2 INPUT 2 2A

NC—No internal connection

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

15V

—-15V

15V

7V
0Vtchc+
... 24y
30V

. 10s

600 mw

. . 800mwW
—55°C to 1256°C

. . 0°Cto70°C
—65°C to 150°C
300°C

Each amplifier .
Total package -

All voltage values, except differential voltages and the voltage from the output to Vo, are with respect to the network ground

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less.
. One output at a time may be shorted to ground or either power supply.

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table, in the J package, TL506M chips are alloy-
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TYPES TL506M, TL506C

DUAL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Veoc+ =12V, Vgc—=—3Vto—-12V
{unless otherwise noted)

TL506M TL506C
PARAMETER TEST CONDITIONS T UNIT
MIN TYP MAX [ MIN TYP MAX
| - | See Note 6 25° 058 2 168 5 v
1 t t
Vio nput offset voltage ee Note Full range 3 65 m
A t erature coefficient .
avio vt.zrage emperaty See Note 6 Futl range 3 10 S 20 |uv/i°C
of input offset voltage
25°C 0.78 3 1.8% 5
Lo Input offset current See Note 6 MIN 2 7 1 75| WA
MA X 0.4 3 0.5
t fficient MIN to 25°C 15 75 24 100
o Av?rage temperature coefficien See Note & 4 (] pAS'C
of input offset current 25°C to MAX S 25 15 50
| Ve - 05V 105V 25°C 75 20 168 25 A
I t bi t =0. to
18 nput bias curren © Full range 5 ] ©
L(s) Low-level strobe current V(strobe) = 0.4 V Full range -1.78 -33 —1.7% 33| mA
VIH(S) High-leve! strobe voltage Full range 2.5 2.5 v
ViL(s) Low-level strobe voltage Full range 0.9 0.9 Vv
C on-mode input
ViCR ommon-mode inp Veg—=—-7Vto—-12V Full range 15 EL] v
voltage range
Diff tial i t
Vip rerential inpu Full range +5 +5 A"
voltage range
L -Si | differential No load, o . .
Avp arge-signal aitterentl 25°C 40 0008 400008
voltage amplification Vp=05VtosV
Voo High-level output voitage Vip=5mV, IgH = —400uA Fuli range 2.5 55 ( 25 5.5 \
Vip=-6mV, lg =100 mA 25°C 08% 15 0.8% 2
VoL Low-level output voltage Vip = —5mV, IgL = 50 mA Full range 1 1 \%
Vip=-5mV, IgL =16 mA Full range 0.4 0.4
i High-level \Y 5mv, V, 8V1024V 25°C 002% ! 002° 2 A
- rrent = my, = {s]
oH ghvlevel output curre {0 OH Full range 100 100 #
lco+ Supply current from Vee+ Vip=-5mV, SeeNote7 Full range 1398 20 13.9%8 20 mA
lce— Supply current from VcC— See Note 7 Full range 328 72 3.28 72| mA

TUnless otherwise noted, all characteristics are measured with the strobe open.
§ These typical values are at Vooy = 12 V, Veg. = —6 V, T = 26°C. Full range (MIN to MAX) for TLE06M is —55°C to 125°C and for the

TLBO6C is 0°C to 70°C.
The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vg }
or up to the high range (VOH). Thus these parameters actually define an error band and take into account the worst-case effects
of voitage gain and input impedance.

NOTES: 6.

in paraliel. The outputs are open.

switching characteristics, Vcc+ =12V, Vge—=-6V, Tao =25°C

. Power supply currents are measured with the respective non-inverting inputs and inverting inputs of both comparators connected

t TL506M TL506C

PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |MIN TYP MAX

Response time, low-to-high-level output Ry =390 Q2 to5V, C = 15pF, See Note 8 28 40 28 ns

NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J {Alloy-Mounted Chip} 600 mW 11.0mwW/C 95°C
J (Glass-Mounted Chip) 600 mW 8.2 mW/°C 77°C
N 600 mW 9.2mW/C 85°C
w 600 mW 8.0 mW/C 75°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

schematic (each comparator)
STROBE O O STROBE
1 2

- - o—@—o0 VCC+

TO OTHE
5k L R

COMPARATOR
63v ¥, !F 6.3V

NONINVERTING
INPUT

INVERTING O—
INPUT

GND

——® T0 OTHER

Vee.. 0 COMPARATOR

Resistor values are nominal in chms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
VS vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 . . . 20
Veer =12V B veee =12V |
Veg—=-6V 18 Vee—-=-6V
< 25} Vvp=05Vto5V 16 \ Vg=05Vto5V
3 <:(1 \ f |
*é‘ \ 1 14 N vLBOGC
s 2 N ]
3 TL506C 5 12
— &)
g 15 N § 10 N
o \ AN 5 8 -
a2 g TLS0BM "N
= TL506M \ T 6 <
] [aa]
E-) = 4
05
2
) 0
75 —50 —25 0 25 50 75 100 125 -75 =60 =25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C TA—Free-Air Temperature—"C
FIGURE 1 FIGURE 2
676
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

VoH—High-Level Qutput Voltage—V
P

1

TYPICAL CHARACTERISTICS?

HIGH-LEVEL OUTPUT VOLTAGE

v

S

FREE-AIR TEMPERATURE

Vee+=12V
vVee—-=—-3Vto—-12V
- VIDp =5 mV
\/\/TO’I-:= 0
//
_/-L-—"L"" loH = —400 uA
-75 50 -26 0 25 50 75 100 125

VQ—Output Voltage—V

Ta—Free-Air Temperature—"C

FIGURE 3

VOLTAGE TRANSFER CHARACTERISTICS

7
VCC+=12V
6 Fvcc—-=—-6V
Ry =0 2
5 L L J 4
g
a4
TA=O°C—/ ! D Ta=25°C
3 N [
Ta =70°C
2 [
| ™-Ta = 125°C
0
-2 -1 0 1 2

V|p—Differentia! Input Voltage—mV

FIGURE 5

to—Output Current—A

Vor—Low-Level Output Voltage—V

LOW-LEVEL OUTPUT VOLTAGE

vs

FREE-AIR TEMPERATURE

1.2
Vee+=12V
Vee==-3Vto-12V
Ttvip=-5mv
~ oo
0.8 loL = 100 mA
0.6
loL =50 mA
04
loL = 16 mA
| il
T I
02 oL =0
0 1]
-75 B0 -25 0 25 50 75 100 125
TA—Free-Air Temperature—°C
FIGURE 4
OUTPUT CURRENT
vs
DIFFERENTIAL INPUT VOLTAGE
10
[ ’ [
11Ta=-55°C + +
. Ta=0¢C
101 T ~ A
TA=125"C
10-2 . S
TaA=70"C
10-3 ! —
Ta=25C TA=125°C
104 A
10-5 S
Ta=70"C
10-6 o
10-7 Ta = -55°C{{JA = 25°C_]
10-8 \\;cc+ = Vg ;12 V12 v Ta =0°C—]
_=-3Vto-
109 CC. s L
-5 -4 -3 -2 -1 0 1 2 3

fData for temperatures below 0°C and above 70°C is applicable to TL506M circuits only,

V|p—Differential Input Voltage—mV
FIGURE 6
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS?
LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
80 000 0.4
_ \\ Vge—=-3Vito—-12V Vec+=Vg =12V
g Vo=1to2V < Voo = -6V i
8 RL=e £ ) Vip = -5 mv
S 60000 Vee+ =12V ! T‘ ]‘ 2 03 / See Note 9 4
E \\ Vee+ =15V S
& Y 3 <
= Vee+ =10V 5
S 40000 AN S 02 \s
Z ~ =
.8 o
5 S~ 5
g \ e
b I S
a 20000 P 5 041
| — |
o (%]
> @)
z i
0 0
-75 65 -25 0 256 50 75 100 125 -75 -60 -25 O 25 50 75 100 125
T a—Free-Air Temperature—"C T a—Free-Air Temperature—°C
FIGURE 7 FIGURE 8 u
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
Q
55 58 |
€3 €5 F 1
3> 100 mV 52 100,mV
52 52 -
£ Vee+ =12V £
veeg—=-6V
5 Cp =15pF 5 -
S W RL=390Qto5V S //
14 Ta =25°C é’ 4 20 mV %
i 7
g 3 S 3
g 2 5 2 VAN Vee-=-6V
($ 10mvl” \ \5 my.\2mV Q 2 MV, C_ = 15pF
m
o 1 o 1 RL=390Qto5V
>
> \ \\ N 6 A Ta=25°C
0
0 20 40 60 80 100 0 20 40 60 80 100
t—Time—ns t—Time—ns
FIGURE 8 FIGURE 10
I Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only.
NOTE 9: This parameter was measured using a single 5-ms pulse.
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

i

TYPCIAL CHARACTERISTICS?

SUPPLY CURRENT FROM Vce+ SUPPLY CURRENT FROM Vee—
vs vs
SUPPLY VOLTAGE Vge+ SUPPLY VOLTAGE Vce-—
8
20 Vee—=—-6V I ‘;c" | Vee+ =12V
< 18 [R = - .2 o < RL =%
: A 7T
+ 16 } | o
8 > °C, 8 6 - /56 C_
> 14 — € - AP T A > A ]
£ 9 ol £ 5 .26 C_|
£ 12—y Ta =25°C £ A
& ol pd z /
® 10 — > o, e 4 =
: 2 : P
O 8 < P*// / ')_60 (8] 3 // T TA; A2
> > =\ > 77
N El O A g e
S 1) 3 9
7] W LT w
L 4o I|
[&] S [&]
S 22 o
0 0
9 10 11 12 13 14 15 16 17 0 -2 -4 -6 -8 -10 —-12 -14 -16
Vc+—Positive Supply Voltage—V Vec——Negative Supply Voltage—V
FIGURE 11 FIGURE 12
TOTAL POWER DISSIPATION
Vs
FREE-AIR TEMPERATURE
200 p .
I N Vip=-5mV
180
=
£ 160
c
2 140
3 ]
‘2 120
& ™~
s 100
g 80
C(L_v ViD=5mV
o 60
gl
o T vees=12v
20 VCC_ =—6V
RL =00
0 . .
—75 =50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 13
j{Data for temperatures below 0°C and above 70°C is applicable to
TL506M circuits only.
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LINEAR

INTEGRATED
CIRCUITS

TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

BULLETIN NO., DL-S 11452, MARCH 1971—REVISED OCTOBER 1979

Low Offset Characteristics
High Differential Voltage Amplification
Fast Response Times
Output Compatible with Most TTL

and DTL Circuits

description

The TL510 monolithic high-speed voltage comparator
is an improved version of the TL710 with an extra

stage added to increase voltage amplification and
accuracy, and a strobe input for greater flexibility.
Typical voltage amplification is 33,000. Since the
output cannot be more positive than the strobe, a
low-level input at the strobe will cause the output to

go low regardless of the differential input. Component matching, inherent in integrated circuit fabrication techniques,
produces a comparator with low-drift and low-offset characteristics. These circuits are particularly useful for applica-

NONINVERTING
INPUT

schematic

INVERTING,
INPUT

—OVees

O STROBE

OUTPUT

—O GND
1.7k

O Ve

Resistor values shown are nominal in ohms.
Compongnt values shown are nominal.

tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector.

The TL510M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL510C

is characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

JGORP

DUAL-IN-LINE PACKAGE

{TOP VIEW)

u
FLAT PACKAGE
(TOP VIEW)

ouT-
NC  Vces STROBE PUT NC

NC GND NON INV  NC Vec— NC
INV_INPY

INPUT

our-
Vcee PUT STROBE NC

GND NON NV Voo
NV INPUT
INPUT

ouT.
vece STAOBE  PUT

L | ¥
GRD O ONON NV NG Ve
INV NPT

INPUT

NC—No internal connection

absolute maximum ratings over operating free-air temperature range (untess otherwise noted)

Supply voitage V¢ C+ (see Note 1)
Supply voitage Vcc— (see Note 1)
Differential input voliage {see Note 2)
Input voltage (either input, see Note 1)
Strobe Voltage (see Note 1)

Peak output current (ty <1 s) .
Continuous total power dissipation at {(or below) 70 C free air temperature (see Note 3)

Operating free-air temperature range:

TL510M Circuits

TL510C Circuits

Storage temperature range . -
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J JG or U package
Lead temperature 1/16 inch {1,6 mm) from case for 10 seconds: N or P package .

NOTES: 1.

All voltage values, except differential voltages, are with respect to the network ground terminal,

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,

14v
-7V

5V

7V

. BV

10 mA

300 mw

—55°C to 125°C
0°C t0 70°C

—65°C to 150°C

300°C
260°C

3. For operation of the TL510M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages,
TL510M chips are alloy-mounted; TL510C chips are glass-mounted.
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TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

electrical characteristics at specified free-air temperature, Vgc+ =12V, Veg—=-6V
(unless otherwise noted)

PARAMETER TEST CONDITIONS? TL510M JLs100 UNIT
MIN TYP MAX MIN TYP MAX
Vig  Input offset voltage As < 200 2. 5°¢C 06 2 16 38 mv
See Note 4 Full range 3 45
Average temperature coefficient Rg =500, MIN to 25°C 3 10 3 20 o
VIO ot input offset voltage See Note 4 25°C to MAX 3 10 3 0 |*V'C
25°C 0.75 3 1.8 5
1o input offset current See Note 4 MiN 18 7 1.5 uA
MAX 0.25 3 7.5 J
Average temperature coefficient MIN to 25°C 15 75 24 100 o
O ¢ input offset curremt See Note 4 25°C 1o MAX 5 25 5 s | ™/
] 25°C 7 15 7 20
g Input bias current See Note 4 MIN 12 25 ° 30 HA
lyH(s) High-level strobe current \\j:;":!f; :nf\)lv 25°C +100 +100 uAJ
liLis) Low-level strabe current V(str?be) = —100my, 25°C -1 -25 -1 -25 mA
Vip=5mV
Vg Commemmede input Veeo= -7V Full range +5 5 v
voltage range
Vip  Differential input voltage range Fuil range x5 +5 v
Large-signal differential No load, 25°C 125 33 10 33
Avp - vimv
vottage amplification Vo=0t025V Full range 10 8
I\gz;zmv' Full range 48 5 4% 5
Von High-tevel output voltage Vip=5mv, - - v
IoH = ~5 mA Full range 25 3.6% 2.5 3.6%
ViD= —§mV. Fuil range -1 -o0sd of | -1 -os% of | v
igL=0
Voi  Low-level output voltage Vi{strobe) = 0.3V,
Vip=5mV, Fult range -1 of -1 of \Y
loL =0
25°C 2 2.4 1.6 24
Vip = -5mV,
loL  Low-level output current Vo-0 MIN 1 23 0.5 24 mA
MAX 05 23 0.5 2.4
fo Qutput resistance Vp=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 @ Full range 80 1008 70 1008 dB
fcc+  Suppty current from Voc+ Vi = 6 mV Full range 5.55. 9 55-‘? 9 mA
lcc— Supply current from Voo — No load ’ Full range -3.5? -7 —-3.5% -7 mA
Po Total power dissipation Full range 90% 150 90% 150 mWJ

tUniess otherwise noted, all characteristics are measured with the strobe open. Fuil range (MIN to MAX) for TLE10M is —56°C 10 125°C and
for the TLS10C is 0°C to 70°C.
$The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels
only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

§These typical values are at Tp = 25°C.

NOTE 4: Thess characteristics are verified by measurements at the following tamperatures and output voltage levels: for TLS10M, Vo=18V
at Tp=—55°C,Vg=1.4VatTy=25C,and Vg =~1VatTp=125°C;for TL510C, Vo = 1.5 Vat T4 = 0°C, Vo = 1.4 V at 25°C,
and Vg = 1.2 Vat Ty = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of
digital logic circuits these comparators are intended to drive.

switching characteristics, Voc+ = 12V, Voc—-=—-6V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time R =, Cy =5pF, See Note 5 30 80 ns J
Strobe release time Ry ===, CL=50pF, See Note 6 5 25 ns J

NOTES: 5.

and the instant when the output crosses 1.4 V.
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then
added to the input bias voltage to produce an output voltage that rises above 1.4 V. The time intarval is measured from the 50%
point on the strobe voltage waveform to the instant when the overdriven output voltage crosses the 1.4-V level.

The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function
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TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

DISSIPATION DERATING TABLE

g —Low-Level Output Current—mA

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J {Alloy-Mounted Chip) 300 mW 11.0mW/°C 123°C
J (Glass-Mounted Chip) 300 mwW 8.2mW/°C 113°C
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/°C 114°C
JG {Glass-Mounted Chip) 300 mW 6.6 mW/°C 105°C
N 300 mW 9.2 mW/°C 117°C
P 300 mW 8.0 mW/°C 112°C
4] 300 mW 54 mW/°C 94°C
Aflso see Dissipation Derating Curves, Section 2.
TYPICAL CHARACTERISTICS
LARGE SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS
vs vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2 ® T T > ® T T
5! Vegs =12V k; Vo=0t025V
Vee_= -6V *  yp|-Notos i ] VOH (VIp =& mV, IoH = 0
© :o-moz,sv Tar28°C Vee- = -7V ‘ 1
o load L 1 !
© 80 ijc— l. B 1 Vi 12v I
L——— YY) cC+ =
e Vee-=-6V !‘ Voo =6V
g » § o Wal : 2
; ! \ Z 2 b TLEI0C -t
TL510C +ef ® 0 3 )
2 1 Q }
\ E = L 2 |

S 10 :'; . 0 :

b < T LT W j _J_J—A——#Hrj
o o " VoL Vip® -5 mV. lo, = O
75 %0 -2 0 B S 75 100 175 10 " 12 3 14 75 -8 -25 0 % 650 75 100 125

Ta~Free-Air Tempersture—"C Vec+—Positive Supply Voltage—V TA~Free-Air Temperature—-°C
FIGURE 1 FIGURE 2 FIGURE 3
LOW-LEVEL OUTPUT CURRENT
vs TL510M TL510C

250 FREE-AIR TEMPERATURE VOLTAGE TRANSFER CHARACTERISTICS s VOLTAGE TRANSFER CHARACTERISTICS

Voes =12V vece=t2v] |

Veg— =8V A
248 —vyn = -EmV 4 —Rg=500 e

Vo=0 No load e
Wl - PN S

7 * ? Th- 65 C—y R Ta-25C b 3
\ 3 rTa= 135‘; ; L
]
2 T —| N é 2 i
7 $
230 o ! o T
> Vegs=12V
Veg-=-8V
228 }—— [ - o u:e son
L J — — No losd
220 Y — -
-6 -0 25 0 25 60 75 100 126 -3 -2 - o 1 2 3 -3 -2 -1 0 1 2 3

Ta—Fres-Air Tomperature—"C

FIGURE 4

Vip—Differential [nput Voltage—mV

FIGURE S

Vip—Oiffersntial input Voitege—mV

FIGURE 6
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TYPES TL510M, TL510C

DIFFERENTIAL COMPARATORS WITH STROBE

I1g—Input Biss Current-—yuA

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vg=18V
at Tp = —55°C, Vo =1.4VatTp=25C,and Vo =1V at Ty = 125°C; for TL510C, Vg = 1.5 V at Tp = 0°C, Vg = 1.4 V at 25°C,
and Vg = 1.2 Vat Ty = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of
digital logic circuits these comparators are intended to drive.

Ditferential

Vo—Output Voltage—V

Vyg—Common-Mode Input Vottage—V

VQ-Output Voltage—V

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

14 —
Vegs =12V
Vee_=—-8V
12 See Note
\\
10 N
8
8
TLS10C += ™~
4
2 |

-7 -50 -2% o 25 60 75 100 128

Ta—~Free-Air Temperature—"C

FIGURE 7

OQUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

§ 1 T
8 —t100mv Vecr =12V |
- Vee-=-6V
3 CL=5pF
£ RpL=
Ta=25°C
4
3 20 mV 4
10mv 2 mV
2 // m
1 bmV
o1 ]
1177
-1
0 20 40 60 80 100 120 140
t—Time—ns
FIGURE 9

COMMON-MODE PULSE RESPONSE

T Vgoc+= 12V *
| Vee-=-6Vv )
No Losd
—Ta=28C 4
[ 40 80 120 160
t-Time—ns
FIGURE 11

‘CMRR —Common-Mode Alsjection Retio ~dB

Strobe Voltege—V

Vo—Output Voltage—V

Pp—Total Power Dissipation—mW

e

1o

COMMON-MODE REJECTION RATIO

vs
FREE-AIR TEMPERATURE
Ve = 12v
Vee_ = -8V
\ Vic= 508V

. \ ng < 2000
N

b TLS10C !

o
75 —50 -26 0 26 650 75 100 125
Ta—Fros-Ale Tomparsture—"C

FIGURE 8

STROBE RELEASE TIME
FOR VARIOUS INPUT QVERDRIVES

3
Ny ]
vVees+=t2v
1 A vVee-=-6v ]
CL=5pF
'] RLxm +
Ta = 25°C
s |
2mV 05 mv
2 -
¥
1 A omv
I
o mv
-1

0O 5 10 16 20 25 30 35 40

1—Time—ns

FIGURE 10.

TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE

T T
veer = 12_V
Veg-=—6V
00 ~yip = 5mv
No Load
80
1 \
8o |
— TLE1GC +—wi
70
60
[

50
~75 =50 -25 0 26 50 75 100 125
T a—Free-Air Temperature—~"C

FIGURE 12
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LINEAR
INTEGRATED TYPES TL514M, TL514C

CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 11451, MARCH 1971—REVISED OCTOBER 1977

o Fast Response Times e Low Offset Characteristics

e High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits

JOR N DUAL-IN-LINE PACKAGE
schematic {(each comparator) OR W FLAT PACKAGE
(TOP VIEW)

AMPLIFIER No. T
NON-

AMPLIFIER NO. 2

INV INV oUT-
VCC- INPUT INPUT GND VeC+STROBE PUT

NONINVERTING
INPUT

INVERTING o
INPUT

OUT STROBEVCces NC  NON- INV vee—
INV INPUT
INPUT

AMPLIFIER NO. 1
AMPLIFIER NO. 2

Resistor values shown are nominal in chms,

Companent values shown are nominal NC—No internal connection

description

The TL514 is an improved version of the TL720 dual high-speed voltage comparator. When compared with the TL720,
these circuits feature higher amplification (typically 33,000) due to an extra amplification stage, increased accuracy
because of lower offset characteristics, and greater flexibility with the addition of a strobe to each comparator. Since
the output cannot be more positive than the strobe, a low-level input at the strobe will cause the output to go low
regardless of the differential input.

These circuits are especially useful in applications requiring an amplitude discriminator, memory sense amplifier, or a
high-speed limit detector. The TL514M is characterized for operation over the full military temperature range of —55°C
to 125°C; the TL514C is characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Voo (seeNote 1) . . . . . . . . . . . . L. . . ... ... 18y
Supply voltage Vee— (seeNote 1) . . . . . . . . . . . . . . . ... .. ... .. .. .. =1V
Differential input voltage {see Note 2) - 4 - Y
Input voltage (any input,seeNote 1} . . . . . . . . . . . . . .. . .. ... ... ... 1Y
Strobe voltage (seeNote 1) . . . . . . . . . . . . . . . . . .. ... ... .. ... ..8V
Peak output current {ty <1 s) R e e e e o e e ... 10mA
Continuous total dissipation at {or below) 70 C free -air temperature (See Note 3)

each comparator . . . . . . . . . . . . . . . . . . . . . . 30mw

totalpackage . . . . . . . . . . . . . . . .. .. .. .. 600mwW
Operating free-air temperature range: TL614M Circuits . . . . . . . . . . . . . . . . . .—-55Ct0125°C

TL514CCircuits . . . . . . . . « . . . . . ... ... 0Cto70°C
Storage temperature range . . . . . . . . ... . .-65Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package ... . . . . . ....300C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package. . . . . . . . . . . . . . . 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input termina! with respect to the inverting input terminal.
3. For operation of the TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package,
TL514M chips are alloy-mounted; TL514C chips are glass-mounted.
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TYPES TL514M, TL514C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Voc+ =12V, Veg—=-6V
(unless otherwise noted)

TL514M TL514C
PARAMETER TEST CONDITIONS? YT Tve MAX | MIN v MAX UNIT
Vig  Input offset voltage Rs <200 2, 25°C 06 2 16 38 mv
See Note 4 Full range K 45
Average temperature coefficient Rg =501, MIN to 25°C 3 10 3 20 .,
VIO 4t input offset voltage See Note 4 25°C to MAX 3 10 3 20 | “V¢
25°C 0.75 3 1.8 5
lio input offset current See Note 4 MIN 1.8 7 7.5 HA
MAX 0.25 3 7.5
a0 Av.srage temperature coefficient See Note 4 MI:I 1025 C 15 7% 24 100 hAFC
of input offset currem 25°C to MAX 5 25 15 50
25°C 7 15 7 20
(1T} Input bias current See Note 4 N 12 25 3 30 uA
liL(s) High-level strobe current Vistrobe) = S V. 25°C +100 +100 HA
Vip=-5mV
IIH(S)  Low-level strobe current Visirobe) = —100MV,| 0. -1 -28 -1 -25 | maA
Vip=56mv
Vicr Common-mode input Vee—=-7V Full range +5 +5 v
voltage range
ViD Differential input voltage range Full range 15 15 v
Large-signal differential No toad, 25°C 12,5 33 10 33
Avp T ViV
voltage amplification Vpo=0t025V Full range 10 8
I\gz;zmv Full range 4% 5 4% 5
VoH High-level output voltage v
Vip =5 mv. Full cany 25 36¥ 26 36}
10H = -5 mA 9e ’
Vip = —SmV, Full range -1 -8t of | -1 _os¥ ot | v
loL=0
VoL Low-level output voltage Vistrobe) = 0.3V,
Vip=5mV, Full range -1 ot -1 ot v
loL =0
VID = 5 mV, 25°C 2 2.4 1.6 24
loL L ow-tevel output current Vo-0 MIN 1 23 0.5 2.4 mA
MAX 05 2.3 0.5 2.4
o Output resistance Vo=14V 25°C 200 200 Q2
CMRR Common-mode rejection ratio Rg < 200 52 Full range 80 1008 70 1008 dB8
Icc+  Supply current from Voo 1 Vip = -5 mV. Full range 558 9 558 9 mA
Icc—  Supply current from Voo $ NtI)Dioad ! Full range -3.5% -7 -35% -7 mA
Pp Total power dissipation § Full range g0} 150 908 150 mwW

tUnless otherwise noted, all characteristics are measured with the strobe open, Full range (MIN to MAX) for TL514M is —55°C 10 125°C and
for the TL514C is 0°C to 70°C.

fThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels
only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

§ These typical values are at T = 25°C.
ﬁSuppy current and powaer dissipation limits apply for each comparator,

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL614M, V5 = 1.8 V
at Tp = —565"C, Vo = 1.4 V at Tp = 25°C, and Vo = 1 V at Ta = 125°C; for TL614C, Vg = 1.6 V at T = 0°C, Vo = 1.4 V at
25”C, and Vo = 1.2 V at Ty = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ = 12V, Veg—=—-6V, Ta = 25°C

PARAMETER [ TEST CONDITIONS MIN TYP MAX | UNIT ‘
Response time J R =, C|_=5pF, See Note § 30 80 ns |
Strobe release time ] Ay = oo, CL - 5 0F, See Note 6 5 25 ns

NOTES: 5. The response time specified is for a 100 mV input step with 5 mV overdrive and is the interval between the input step function
and the instant when the output crosses 1.4 V.
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then
added to the input bias vottage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50%
point on the strobe voltage waveform to the instant when the overdriven cutput voltage crosses the 1.4-V level.
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LINEAR TYPES TL710M, TL70C

INTEGRATED DIFFERENTIAL COMP
CIRCUITS OMPARATORS

BULLETIN NO, DL-S 11441, FEBRUARY 1871-REVISED OCTOBER 1979

o Fast Response Times

o Low Offset Characteristics schematic
e Qutput Compatible with Most TTL and w0 b o
DTL Circuits S:
description
The TL710 is a monolithic high-speed comparator )—j
having differential inputs and a low-impedance R
output. Component matching, inherent in silicon
integrated circuit fabrication techniques, produces wounventwa o | T
a comparator with low-drift and low-offset charac- "renar® o—] -
teristics. These circuits are especially useful for
applications requiring an amplitude discriminator,
memory sense amplifier, or a high-speed voltage R
comparator. The TL710M is characterized for opera-
tion over the full military temperature range of
~55°C to 125°C; the TL710C is characterized for el " v
operation from ODC to 70°C. Component values shown are nominal,
terminal assignments
JGORP
J OR N DUAL-IN-LINE DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW}
Vet OUTPUT NC NC
NC NC NC YCCr NC_OUTPUT NC 8 _n n_u NC NG vges NG OUTPUT
nininninnio OO0

>
!n-n 1] D 0 ¢

®
GND NONIN INVERT- NC Ve
VERT) N
INPUT INPUT

NC GNDND;"'I"I‘NG‘“]‘:‘E“T NC Veo NC

WUt S MpgT GND NON- NV Voo
NV INPUT
INPUT

NC—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

[ TL710M TL710C UNIT
Supply voltage Vs (see Note 1) 14 14 \J
Supply voltage Vo (see Note 1) —7 -7 \
Differential input voltage {see Note 2) +5 +5 v

W\put voltage (either input, see Note 1} +7 +7 \Y
Peak output current {t,, < 1s) 10 10 mA

Continous total power dissipation

e i 300 300 mw
at {or below) 70°C free-air temperature (see Note 3)
Operating free-air temperature range —55to 126 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds J, JG, or U package 300 300 °Cc
L ead temperature 1/16 inch {1,6 mm) from case for 10 seconds N or P package 260 °c

NOTES: 1. Al voltage values, except diffaerential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect 1o the inverting input terminal,
3. For operation of the TL710M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages,
TL710M chips are alloy-mounted; TL710C chips are glass-mounted.

Copyright © 1979 by Texas Instruments |ncorporated
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TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Voc+ = 12V, Vgg—-=—-6V
{unless otherwise noted)

PARAMETER TEST CONDITIONS? TL710M TL710C UNIT
MIN TYP MAX [MIN TYP MAX
Vio Input offset voitage Rs <200 See Note 4 25°C 2 5 2 75 mv
’ Full range 6 10
ayio :fv::iet z:;zter::"t::oefﬂmm Rs <2009, SeeNote4d Full range 5 7.5 wvree
25°C 1 10 1 15
Lo Input offset current See Note 4 Fall range 20 75 nA
. 25°C 25 75 25 100
he Input bias current See Note 4 Full range 150 150 HA
VicR .Common-mode Vee_= -7V 25°0 +5 +5 v
input voltage range
V|p Differential input voltage range 25°C +5 +5 v
AvVD Large-signal d.if.fen?ntial No load, See Note 4 25°C 750 1500 700 1500 V/mv
voltage amplification Full range | 500 500
VoH High-level output voltage Vip=15mV, IogH=-05mA| 25°C 25 3.2 41 25 3.2 4 A
VoL Low-level output voltage Vip=—-15mV, lgL =0 25°C -1 -05 of| -1 —05 ot \'
loL  Low-level output current Vip=-15mV, Vg =0 25°C 16 25 mA
fo Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 25°C 70 90 65 90 dB
lcc+  Supply current from Voo Vip=-5Vta5V 25°C 54 101 5.4 mA
lcc—  Supply current from Voo— (—10 mV for typ), 25°C -3.8 -89 -3.8 mA
Pp Total power dissipation No load 25°C 88 175 88 mwW

NOTE 4: These charactensncs are verified by measurements at the following tempsratures and output voltage leveis: for TL710M, Vo=18V
atTA——SS c, Vo—14VatTA—2SC and Vg =1 V at Tp = 125°C; for TL710C, Vg = 1.5 V at T4 = 0°C, Vg = 1.4 V at
Ta = 25° C,and Vo =12 VatTy = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of
the types of digital logic circuits these comparators are intended to drive.

TEull range for TL710M is —55°C to 1256°C and for TL710C is 0°C t0 70°C.

fThe algebraic convention where the most-positive (least-negative) timit is designated as maximum is used in this data sheet for logic ievels
only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

switching characteristics, Vcc+ = 12V, Vgc—= -6V, Ta = 26°C

TL710M 710C
PARAMETER TEST CONDITIONS 0 T UNIT
TYP TYP
Response time No load, See Note 5 40 40 ns

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
J (Glass-Mounted Chip) 300 mW 8.2 mW/C 113°C
JG (Alloy-Mounted Chip) 300 mW 8.4mW/°C 114°C
JG {Glass-Mounted Chip} 300 mw 6.6 mW/°C 105°C
N 300 mwW 9.2 mW/°C 117°C
P 300 mw 8.0 mW/C 112°C
U 300 mW 5.4 mW/°C 94°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL71OM, TLOC
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

1]
R
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83 100 mV
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>
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FIGURE 1

COMMON-MODE PULSE RESPONSE
vs
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FIGURE 3
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OUTPUT RESPONSE FOR VARIOUS

INPUT OVERDRIVES
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TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

TL710M
VOLTAGE TRANSFER CHARACTERISTICS

4 [T 1 T
Vee+=12V TA=—55C
Vee—=-6V /A"
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// ‘—"‘f-_‘ ==
> [N T Ta=125°C]
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5 7
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2 1
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Vp~-Differential Input Voltage—mV

TL710C
VOLTAGE TRANSFER CHARACTERISTICS
! vl ]12 v]
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FIGURE 6

FIGURE 5
TOTAL POWER DISSIPATION
vs
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LINEAR TYPE TL720C
INTEGRATED DUAL DIFFERENTIAL COMPARATOR

(M | RCUITS BULLETIN NO. DL-S 11440, MARCH 1971 — REVISED JUNE 1976

NOT RECOMMENDED FOR NEW DESIGN
FOR NEW DESIGN, USE TL820C

JORN

schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW)
28Mt FTTT -
COMPARATOR NO. 1
; f—A‘—Noﬁ'\ COMPARATOR NO. 2
ok INV  INV
] Vee— INPUT INPUT GND “VCC+  NC QUTPUT
-

=

Berv Feav

H

vonmvertme |

OUTPUT NC VCge, NC  NON INV Veo—
INV INPUT
COMPARATOR NO. 1 INPUT

COMPARATOR NO. 2

Component values shown are nominat.

NC-—No internal connection

description

The TL720 is two high-speed comparators in a single package, each electrically identical to the TL710 and having
differential inputs and a low-impedance output. Component matching, inherent in silicon monolithic circuit fabrication
techniques, produces a comparator with low-drift and low-offset characteristics. This circuit is especially useful for
applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed voltage comparator. The
TL720C is characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating temperature range (unless otherwise noted)

Supply voltage Veg+ (seeNote 1) . . . . . . . . . . . . L . L. L . L. ... ... ... 14y
Supply voltage Vog—(seeNote 1) . . . . . . . . . . . . . ... . ... ... =1V
Differential input voltage (seeNote2) . . . . . . . . . . . . . . . . . . . . ... . ..... By
{nput voitage (any input,see Note 1} . . . . . . . . . . . . . ..o e 17V
Peak output current, each comparator {ty, <1s) . . . . . . . . . . . . . .. .. ... 10 mA
Continuous total power dissipation: each comparator . . . . . . . . . . . . . . . . .. .. . 300mw

totalpackage . . . . . . . . . . . . . . . ... ... . 600mW
Operating free-air temperaturerange . . . e e e . ... ... 0Cto70°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package . .......... .. .. ... . ... 300°C
Lead temperature 1/16 inch (1,6 mm} from case for 10 seconds: N package ...................... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voitages are at the noninverting input terminal with respect to the inverting input terminal.
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TYPE

TL720C

DUAL DIFFERENTIAL COMPARATOR

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vee—=-6V
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
Vio  Input offset voltage Rg < 200 Q, See Note 3 = 25°C — 2 75 mv
0°C to 70°C 10
Average temperature coefficient N B o
ayvio . Rg < 200 (2, See Note 3 0°Cto 70°C 75 wv/°C
of input offset voltage
ho Input offset current See Note 3 = 25°¢ = ! 15 uA
0°Cto 70°C 25
lig Input bias current See Note 3 — 25°¢ — 25 100 uA
0°Cto 70°C 150
VicrR Common-mode input voltage range Veg—=-7V 25°C \" W
Vip Differential input voltage range 25°C +5 \
AVD Large-signal q;ffergntia| No load, See Note 3 _ 25°C _ 700 1500
voltage amplification 0°C to 70°C | 500
VoH High-level output voltage Vip=156mV, IgH=-0.5mA 25°C 25 3.2 4 v
Vor Low-level output voltage Vip=-15mV, Ig=0 25°C -1 -0.5 of| v
o Output resistance Vo=14V 25°C 200 Q
CMRR Common-mode rejection ratio Rg < 200 22 25°C 65 90 dB
icc+ Supply current from Vo4 {each comparator) VIip=-5Vto6V 25°C 5.4 mA
tcc—.  Supply current from Vo _ (each comparator) {(—~10 mV for typ), 25°C -38 mA
Po Total power dissipation (each comparator) No load 25°C 88 mw
NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels: Vg = 1.6 V at

Ta = O°C, Vog=14VatTp = 25°C, and Vg = 1.2 Vat Ty = 70°C. These output voltage levels were selected to approximate the
fogic threshold voltages of the types of digital logic circuits these comparators are intended to drive,

EThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when 0’V is the maximum, the minimum limit is a more-negative voltage.

switching characteristics, Vceo+ = 12V, Voe—=-6V, Ta = 25°C

PARAMETER

TEST CONDITIONS

TYP

UNIT

Response time

No load, See Note 4

40

ns

NOTE 4: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and

the instant when the output crosses 1.4 V.
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LINEAR
INTEGRATED TYPES TL810OM, TL810C

CIRCUITS DIFFERENTIAL COMPARATORS

BULLETIN NO, DL-S 11449, MARCH 1971 — REVISED OCTOSBER 1979

o Low Offset Characteristics schematic
o High Differential Voltage Amplification —oves,
¢ Fast Response Times o ¥
o Output Compatible with Most TTL 4 4
and DTL Circuits I —osTRoBE
810 p:3 1] . .
description
The TL81Q is an improved version of the TL710 $100 L \ ouTPUT
high-speed voltage comparator with an extra stage NONINVERTING §
added to increase voltage amplification and accu- NG oo
racy. Typical amplification is 33,000. Component INPUT e
matching, inherent in monolithic integrated cir- ¥
cuit fabrication techniques, produces a compar- %E:o S 68
ator with low-drift and low-offset characteristics. —0 Ve

Rasistor values shown are nominal in ohms,

These circuits are particularly useful for applica-
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector,

The TL810M is characterized for operation over the full military temperature range of —55°C to 125°C;the TL810C
is characterized for operation from 0°C to 70°C.

terminal assignments

JG ORP V)
J OR N DUAL-IN-LINE DUAL-IN-LINE FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE {TOP VIEW) {TOP VIEW)
QuT- ouUT=- QuT~
NC NC  NC Vecs NC O PUT NC vees PUT NC - NC NC Vege STROBE PUT

oXofooJo

NC GND NON- INV NC Veo— NC GND NON- NV VCC— ® ( ) @ @ @
‘:‘r:z'mpuv NV (NPUT e NNy W Vee-

INPUT INPUT
WPUT

NC-—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vgo+ (seeNote 1) . . . . . . . . . o Lo L0 L Lo 1ay
Supply voltage Vce—(seeNote 1) . . . . . . . . . . . . . .. . . ... L. .. IV
Differential input voltage (see Note 2) - - 2 Y
Input voltage (either input, see Note 1) . . . . . . . . . . . . . . . . .. ... oL 7V
Peak output current (ty <1 s) P e 10 mA
Continuous total power dissipation at (or below) 70 C free air temperature (see Note 3) L. . . . . . . 300mw
Operating free-air temperature range: TL810M Circuits s, ~55°C 10 125°C

TL810C Circuits - - - - . « « « =« . v . . . .. .. 0°Cto70°C
Storage temperature range . . . . . . .. .. —65°Cto 150°C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds J JG or U package .. . . . . . ... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N or P package C ... ... ... 280°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminat,
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of the TL810M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages,
TL810M chips are alloy-mounted; TL810OC chips are glass-mounted.

Copyright @ 1979 by Texas Instruments Incorporated
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Voc+ = 12 V, Vgg—- = —6 V
{unless otherwise noted)
PARAMETER TEST CONDITIONST TL810M TL810c UN:I
MIN TYP MAX MIN TYP MAX
Rsg < 200 2, 25°C 0.6 2 1.6 3.5
Vio Input offset voltage mvV
See Note 4 Full range 3 4.5
Average temperature coefficient Rs =50 %2, MIN to 25°C 3 10 3 20
SVI0 5t input offsat vottage See Note 4 25°C to MAX 3 10 3 20 |¥VC
25°C 0.75 3 1.8 5
o Input offset current See Note 4 MIN 1.8 7 7.5 uA
MAX 0.25 3 75
Average temperature coefficient MIN to 25°C 15 75 24 100 °
10 5f input offset current See Nota 4 26°C to MAX 5 25 15 50 |™/€¢
g Input bias current See Note 4 25°C ! 15 ! 20 BA
MIN 12 25 9 30
Vicp  Commen-mode input Voo = -7V Fuli range +5 +5 v
voltage range
Vip  Differential input voltage range Full range 1§ E3:3
Large-signal differential No load, 25°C 12.5 33 10 33
Avp e V/imv
voltage amplification Vo=0t025V Full range 10 8
u\g: _ 2 m Full range 48 5 48 5
VoH High-level output voitage v
Vip=Smv. Full range 25 368 25 368
IoH = -5 mA
= | Vv . .
VoL  Low-level output voltage '\QE -0 BmV. Full range -1 -058& ot -1 -05% o \
Vip - ~5mV 25°C 2 2.4 1.6 2.4
loL  Low-level output current Vo=0 : MIN 1 2.3 0.5 2.4 mA
MAX a5 23 0.5 2.4
To Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rs <200 2 Full range 80 100§ 70 1008 d8
Icc+  Supply current from Vet Vip = -5 mV. Full range ﬁ 9 5.5§: 9 mA
fcc—  Supply current from Voo No toad Full range -35% =7 -3.58 =7 mA
Pp Total power dissipation Full range 90} 150 908 150 mwW
TEul range {MIN to MAX) for TLB10M is —55°C 1o 126°C and for the TL810C is0°C 10 70°C.
fThe algebraic convention where the most-positive {least-negative) limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when O V is the maximum, the minimum timit is a more-negative voltage,

§These typical values are at T = 25°C.
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo =
18 VatTa=-55"C, Vo =14 VatTy =25°C,and Vg =1VatTa=125°C;for TLB10C, Vg =16V at Ty =0°C, Vo =14V
at 25° C,and Vo =12V at Ty = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ =12V, Vge—-=—6V, Ta = 25°C

PARAMETER

TEST CONDITIONS

TYP

MAX

UNIT

Response time

R = o,

CL = 5pF,

See Note 5

30

80

ns

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V,
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
J (Glass-Mounted Chip} 300 mW 8.2mwW/°C 113°C
JG {Alloy-Mounted Chip) 300 mW 8.4 mW/°C 114°C
JG (Glass-Mounted Chip) 300 mW 6.6 mW/°C 105°C
N 300 mW 9.2 mW/C 117°C
P 300 mW 8.0mW/C 112°C
u 300 mW 54 mW/C 94°C

Also see Dissipation Derating Curves, Section 2,

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS
vs vs Vs
FREE-AIR TEMPERATURE ” SUPPLY VOLTAGE . FREE-AIR TEMPERATURE
2 e 1 > T
3 Vecs =12V € Vo=0t25V r T ] { { (
3 Vo = ~6V > 79 |_Nolosd VOH (VIp=5mV, Ign =0)
5 s0 o [ Ta=26°C 1 a ;
b3 Vp=0t25V g vee— = =7V / -+ '
3 No load § e " | i
3 i Veg- =8V > | |
3] - 3 3 —t
5 e : ® Vee - _bv X # Ve =12V |
FoTTTS » GRS ,’
3 - z ® > 2
$ 1 ] 7
3 2 !
3 \lT' 2 / o L Tieoc
= = 5 t
5 - -TLBIOC - I § L
£ 20 - Ny £ 1 T
2 | N £ e s .
1 a = |
2 10 g 0 *
< 2 [ -
A
o ‘ [} i - VoL (Vip = =5 mV, lo =0}
75 -B0 -25 0 26 5 75 100 125 10 n 2 13 N 75 80 —25 0 2 5 75 100 126
Ta—Free-ir Temperstura—"C Vg +~Positive Supply Voltage—V Ta—Free-Air Temperature—°C
FIGURE 1 FIGURE 2 FIGURE 3
LOW-LEVEL QUTPUT CURRENT
vs TLBIOM TL810C
FREE-AIR TEMPERATURE VOLTAGE TRANSFER CHARACTERISTICS ¢ YOLTAGE TRANSFER CHARACTERISTICS
250 T s
Vc::.=|2v i Voo =12V ‘ }
Veg- = -6V ! Vee—= -6 |
E 245 [—vjp=-5mV 4 |- Rg =500 4
I vo=0 No load Taedc Ta = 25°C
§ 240 | l —— i 3 l 7 3 AT Ta=70°C
5 2 " g TA=—55°C\. N_Ta - 25°C -] ‘ l
é r\r g , r Ta = 125°C g X [
235 —AF 2 3
S b—-TLet0C ~ ER ! [ H
3 9 ?
§ 230 o o 1 t
L > > Vegs =12V
o Vee. = 6V
S 228 SR 0 [ Rs - 500
| ‘ J ‘ No load
220 L 1 1 -1 |
75 50 -25 © 25 S0 75 100 125 R o 1 2 3 3 2 - o 1 2 3
Ta—Free-Air Temperature—'C V|p—Differential Input Voltage—-mV Vp—Ditferentisl Input Voltsge—mV
FIGURE 4 FIGURE 5 FIGURE 6
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

COMMON-MODE REJECTION RATIO

vs
FREE-AIR TEMPERATURE

T —T 7
Vees =12V Veee =12V
| Voo = -6V § Vee 6V
12 SeeNoted | g Mo Vic=-5to5V
< 1 5 \ RAg < 200 0
Lo : € 105 |
ERN ‘ Ny T
3 3
‘; 8 § 100
] =
5 <
@ ; 8
2 P ' $ b— TL810C —~
o L meee 4 £ o ;
H
3
2 8 L
75 -0 -25 © 25 50 75 100 125 -7 60 -2 0 % 50 75 100 125
Ta—Free-Air Temperature—"C
Ta—Free-Ar Temperature—C
FIGURE 7 FIGURE 8
>
1
§ COMMON-MODE PULSE RESPONSE
>
[
.
® 2
E
8
!1)
o 4
> Vegs =12V
Vee—= -6V |
No Load
3 Ta=25C o
ool
3 3
Sasl | |1 |
2
g, L 1]
9 ° 40 80 120 1860
g t-Time—ns
FIGURE 9
TOTAL POWER DISSIPATION
OUTPUT RESPONSE FOR v
VARIOUS INPUT OVERDRIVES FREE-AIR TEMPERATURE
‘ ‘ MO ———
_ g Veer =12V
=8 L = vee-= -8V
gg L 1100 mv- Vcc+=712v< E‘IOO FVip = 6mV
£ Voe- = -6V L No Load
a¢g CL=5pF g
< R = oo g %
Ta=25°C g L
> 4 S g M
20 mvy H k—TLBI0C —
% 3 —+— V7 T & -
g, / /\gmv S
- T ]
3 5mV ’TD
5
LN/ (i £ w
® /
3 \
>
-1 50
0 20 40 60 80 100 120 140 ~75 -0 ~25 0 25 50 75 100 125
t-Time—ns T a—Free-Air Temperature—"C
FIGURE 10 FIGURE 11

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TLB10M, Vq =
1.8 VatTp=—55C, Vg=14VatTp=25C,andVg=1VatTy=125°C;for TLB1OC, Vo = 1.5V at T4 = 0°C, Vg = 1.4 V
at 25°C, and Vo = 1.2 Vat Ty = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the

types of digital jogic circuits these comparators are intended to drive.
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1079

LINEAR
INTEGRATED
CIRCUITS

TYPES TL81IM, TL811C

DUAL-CHANNEL DIFFERENTIAL COMPARATORS

WITH STROBES

BULLETIN NO, DL-S 11464, MARCH 1871 — REVISED OCTOBER 1979

®  Fast Response Times

e Improved Voltage Amplification and Offset Characteristics
e  Output Compatible with Most TTL and DTL Circuits

description

The TL811 is an improved version of the TL711 high-
speed dual-channel voltage comparator. Voltage
amplification is higher (typically 17,500} due to an
extra stage, increasing the comparator accuracy. The
output pulse width may be ‘‘stretched” by varying
the capacitive loading.

Each channel has differential inputs, a strobe input,
and an output in common with the other channel.
When either strobe is taken low, it inhibits the
associated channel. If both strobes are simultaneously
low, the output will be low regardless of the
conditions applied to the differential inputs.

These dual-channel voitage comparators are partic-

schematic

outeur

sTROBE 1 sTROBE 2

NONWVERTING
Wt 1

wvERTING
euT 1

NONINVERTING
WeUT 2

INVERTING
WhOT2

3

oan vet—

Component values shown are nominal.

ularly attractive for applications requiring an amplitude-discriminating sense amplifier with an adjustable threshold

voltage.

The TL811M is characterized for operation over the full military temperature range of —~55°C to 125°C; the TL811C

is characterized for operation from 0°C to 70°C.

terminal assignments

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

U FLAT
PACKAGE (TOP VIEW)

STROBE STROBE
NC 1 GND VeCe OUTPUT 2

wijnjjunjjnijsye

guin|BjOnioiu)
INPUT 1 “‘lj\‘ , |NI;\‘)¥ ;NPUV 2

STROBE 1 GNp  VGC+ OUTPUT STROBE 2

loXoXoXoXo)

INV  NON- vco- NON- v
INPUT 1INV INV INPUT 2
INPUT 1 INPUT 2

NC—No internal connection

Supply voltage VcC+ (see Note 1)
Supply voltage Vo — (see Note 1)
Differential input voltage (see Note 2)
Input voltage (any input, see Note 1)
Strobe Voltage (see Note 1)

Peak output current (ty, <1 s)

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Continuous total power dissipation at (or be|ow) 70 C free air temperature (see Note 3)

QOperating free-air temperature range: TL811M Circuits
TL811C Circuits
Storage temperature range

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or U package
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package
NOTES: 1.

14 v
-7V
5V
+7V

. . BV
50 mA

. 300 mW

~55°C to 1256°C

0°Cto 70°C

—65°C to 150°C

All voltage values, axcept differential voltages, are with respect to the network ground terminal,

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,

3. For operation of the TL811M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J package, the TL811M

chips are alloy-mounted; TL811C chips are glass-mounted.

Copyright @ 1979 by Texas Instruments Incorporated
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TYPES TL81IM, TL8NC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vec+ =12V, Vgg—-=—6V
(unless otherwise noted)
TL81IM TL811C
PARAMETER ITionst
TEST CONDITIONS MIN TYP MAX MIN TYP MAX uNIT
Rg < 200 2, 25°C 1 35 1 5
Vic=0,

Vio  Input offset voltage See Note 4 Full range a5 6 mv
Rg < 200 @, 25°C 1 5 1 75
See Note 4 Full range 6 10

N Rg < 200 £,
Average temperature coefficient o
avio N Vic=0, Full range 5 5 uv/°c
of input offset voltage
See Note 4
t Input offset t See Note 4 25°¢ 05 3 05 5 A
offse en o
10 ned e o8 Note Full range 5 10 .
[} I t bi T See Note 4 25°C ? 20 ? 30 A
as curre
1B Inputblascurren ee Note Full range 30 s0 |
biL(s) Low-level strobe current V(strabe) = —100 mV |25°C —1.2 -2.5 —-1.2 —2.5 mA
v Common-mode input v v 25°¢C ‘5 5 v
= E3 3
1CR voltage range cc
Differential input
Vip Hrrerential inpu 25°C +5 15 v
voltage range
Large-signal differential Vg=0to25V, 25°C 125 17.5 10 17.5
Avp i Vimv
voltage amplification No load Full range 8 5
Vip=1 V.
10 = 10mv, 25°C 4 5 a 5
Vi High-level output voltage lon =0 A\
OH i o9 Vip - 10mV, N
25°C 26 3.6 25 36
25°C -1 —0.4 ot -1 —-0.4 0%

VoL  Low-level output voitage Vip = t0mv, v
V{strobe} = 0.3 V, 25°C -1 of | -1 of
loL=0
Vip = —10mV, R

oL Low-level output current VID o m 25°C 0.5 08 05 08 mA

0=

o Qutput resistance Vp=14V 25°C 200 200 2

CMRR Common-mode rejection ratio Rg < 200 25°C 70 90 65 90 d8

lcg+  Supply current from Voge Vip=-5tobV 25°C 6.5 6.5 mA

icc—  Supply current from Voo (—10 mV for typl,[25°C —2.7 —-2.7 mA

Pp Total power dissipation No load, See Note 5 |25°C 94 150 94 200 mw

tUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is

grounded. Full range for TL811M is —55°C to 125°C and for the TL811C is 0°C to 70°C.

FThe algebraic convention where the most-positive (least-negative) Hmit is designated as maximum is used in this data sheet for logic levels

only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M,
Vo =18V at Ty = -56°C, Vo =1.4V at Tp = 25°C, and Vg = 1 V at Tp = 125°C; for TL811C, Vg =1.6 Vat T4 = 0°C,
Vo=14VatTa-= 25°C, and Vo = 1.2V at 70°C. These output voltage levels were selected to approximate the logic threshold
voltages of the types of digital logic circuits these comparators are intended to drive.

5. The strobes are alternately grounded.

switching characteristics, Vec+ =12V, Vee—=—-6V, Ta = 25°C

TL811IM TL811C
PARAMETER TEST CONDITIONS UNIT
MiN TYP MAX MIN TYP MAX
Response time R =% C_=5pF, SeeNote6 33 80 33 ns
Strobe release time Ry =%, C} =5pF, SeeNote 7 5 25 4] ns

NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function
and the instant when the output crosses 1.4 V.
7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then
added to the input bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50%
point on the strobe voltage waveform to the instant when the overdriven output voltage crosses the 1.4-V level.
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TYPES TL81IM, TL81IC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
Vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
25 40 , '
> =_
E 2 35 yoe- TN /
1 Voo e
20 cc—=—6VH
s L 20 /
- o /
3 e : 5 >/
= e = A
:Ex 15 TLBI1C —= z 25 /
< E <
Q Pl
2 @ 20
§ : TN
> 10 S 5 A A Voo =-5Vv} |
€ s /
e € /
8 Vees =12V ® 10 / /
5 5 Vec=—6v | £ y VO=0t025V
A Vo=01025V | § 5 |42 No toad .
Z No load S Ta=25°C
0 | | < ! 1
-~75 -50 -25 0 25 60 75 100 125 10 11 12 13 14
T a—Free-Air Temperature—"C Vcc+—Positive Supply Voltage—V
FIGURE 1 FIGURE 2 n
TL811M TL811C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
5 5
4 AL 4
Ta=-—65"C Ta=0°C
> lTa =125°C >I Tp =70°C
I 3 y - f '
H g N |
S { s , N-Tp =25°C
- 2 s
3
g \——TA =25°C g
3
]
7 5o
g s
Vee+=12V Vee+=12V
o — Vee—=—~6V- 0 Vee-=-6V]
—
Rg =50 2 ——— Rg = 50 2
No load No load
-1 1 - |
-3 -2 -1 0 1 2 3 -3 —2 -1 o] 1 2 3
V)p~—Differential Input Voltage—mV V| p—Differential Input Voltage—mV
FIGURE 3 FIGURE 4
676
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TYPES TL8MM, TL81IC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
>| 4
- g @
5 T g 2 pa
g; J100mV S 9 Voo =12V 1
£ g : 2 / Vee-=—-6V
g ° R = J
5 =
»n
4 0 CL=5pF
20 mV Ta =25°
A =26°C
> 3 N /44
3 10 mv /
2 |
= > 3
o 2
> A\ 5mV é 5 mV'
5 1 | Vees =12V g 2 7 2mv
3 I “2mv Vee—-=—6V > 4 V. 0 mVv
IO / RL = oo a
> 0 7177 CL=5pF b 5 0
Ta =26°C 9 o
-1 i I o -1.mV
>
0 20 40 60 80 100 120 140 0 5 10 15 20 25 30 35 40
t—Time—ns t—Time—ns
FIGURE S5 FIGURE 6
COMMON-MODE PULSE RESPONSE
x4 OPEN
£; 7
o
£>
Q3
| a
2F o
>
Vec+ =12V A
> Vee—=-6V
‘L No load
g Ta=26"C
o
>
g 2
g ~
?’ 1
£ o
0 40 80 120 140
t—Time--ns
TEST CIRCUIT
FIGURE 7 FOR FIGURE 7
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TYPES TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

12

10

lig—input Bias Current—uA
=)

0

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT TOTAL POWER DISSIPATED
Vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
. . 100 ~ .
Ve =12V E L Vecr =12V ]
Veg—=—6V 98 Vog—=—6V
L Vip=—10mV |

A See Note 4 96
K No load

94 pd "~ \1

o |
88 L ]
) L

F7L —
|
Pp~—Total Power Dissipation—mW

[ b— TL811C ——a]
. N “
L 82
80
-7 50 -25 1] 25 50 75 100 125 ~75 —-50 25 (o} 25 50 75 100 125
T a—Free-Air Temperature—°"C Ta—Free-Air Temperature—"C
FIGURE 8 FIGURE 9

NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M,

Vo=18VatTp=-55°C, Vg=1.4V at Ty = 25°C,and Vg = 1 V at Tp = 126°C; for TLB11C, Vg = 1.6 Vat T4 = 0°C,
Vo=14VatTa= 25°C, and Vo =12V at 70°C. These output voltage levels were selected to approximate the logic threshold
voltages of the types of digital logic circuits these comparators are intended to drive.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J {Alloy-Mounted Chip) 300 mW 11.0 mW/C 123°C
J {Glass-Mounted Chip) 300 mW 8.2mwW/C 113°C
N 300 mwW 9.2 mW/°C 117°C
U 300 mW 54 mW/°C 94°C

Also see Dissipation Dearating Curves, Section 2,
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LINEAR
INTEGRATED TYPES TL820M, TL820C

CIRCUITS DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO, DL-S 11450, MARCH 1971—REVISED OCTOBER 1977

o Fast Response Times o Low Offset Characteristics
e High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits
schematic ( ' comparator) J OR N DUAL-IN-LINE

PACKAGE (TOP VIEW)

ovees

43k

o ——
} l;: ” STROBE _I—”_”u”"”.”—u_l_

210 910

g
L7\ &
s

ouTPUT
x
NONINVERTING [
INPUT OGND
INVERTING $17x
INPUT tl]? 3”‘]5 l|7|
OUTPUT NC VGG WG NON- NV Voo
) 4 N et INV_INPUT
INPUT
240 8 COMPARATOR NO.
ovee. COMPARATOR NO. 2

Resistor values shown ers nominal in ohms,

NC—No internsl connection
Componant veluss Thown e nominel,

description

inputs and a low-impedance output. When compared with the TL.720, these circuits feature high amplification (typi-
cally 33,000) due to an extra amplification stage and increased accuracy because of lower offset characteristics. They
are particularly useful in applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed
limit detector. The TL820M is characterized for operation over the full military temperature range of —55°C to 125°C;
the TL820C is characterized for operation from 0°C to 70°C.

The TL820 is an improved version of the TL720 dual high-speed voltage comparator, Each comparator has differential n

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voitage Voc+ (seeNote 1) . . . . . . . . . . .. L 00000000 oL L. 14y
Supply voltage Vcc— (seeNote 1) . . . . . . . . . . R &Y
Differential input voltage {see Note 2) - £ Y
Input voltage {any input,seeNote 1) . . . . . . . . . . . . . . . L ... oo o0 7V
Peak output current (ty, <1 s) L e e 10 mA
Continuous total power dissipation at {or below) 70 C free-alr temperature each comparator .. . . . . 300mwW
total package, (see Note 3) . . . 600 mW

Operating free-air temperature range: TL820M Circuits e e e e e e .. .. —55°Cto126°C
TL820C Circuits e e e e .. .. .. .... 0Cw70C

Storage temperature range . . .. . ... .... -—65°Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package S 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package e e e e ... ... 280°C

NOTES: 1. All voltage values, except differential voitages, are with respect to the network ground terminal,

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

. For operation of the TL8B20M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J package, TL820M
chlps are alloy-mounted; TL820C chips are glass-mounted.

wnN
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TYPES TL820M, TL820C
DUAL DIFFERENTIAL COMPARATORS

elactrical characteristics at specified free-air temperature, Vcc+ =12V, Vce—=-6V
{unless otherwise noted)

TL820M TL820C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
Rg < 200 2, 26°C 0.6 2 16 35
Vio  Input offset voitage mv
See Note 4 Full range 3 45
Average temperature coefficient Rg =500, MIN to 26°C 3 10 3 20 vre
V10 ¢ input offset voltage See Note 4 25°C o MAX 3 10 3 20 |*
25°C 0.75 3 18 5
ho Input offset current See Note 4 MIN 1.8 7 7.5 uA
MAX 0.26 3 7.5
Average temperature coefficient MIN to 25°C 15 75 24 100
See Note 4 nA/°C
Mo o input offset current o8 Note 25°C to MAX 5 25 15 50
| | t bi t See Note 4 25°C L 15 ! 20 A
urren
1B Inputbisscurre e Note MIN 12 2% 9 0 | ¥
Common-mode input
VICR mmor fneu vee-=-7V Full range 15 15 v
voltage range
Vip  Differential input voltage range Full range 15 15
Large-signal differential No load, 25°C 12,5 33 10 33
Avp e Vimv|
voltage amplification Vo=0t025V Full range 10 8
Vip=5mV
\ 'D_O Fult range a8 5 a8 5
Vou  High-level output valtag ‘5’“ — v
iD= omy,
25 368 25 368
loH = ~5mA Full range
Vip=-5mV,
VoL Low-level output voltage 'O'L o Full range -1 -058§ of | -1 -058 of [ v
Vin = 5 mV 25°C 2 2.4 1.6 2.4
IoL  Low-level output current o MIN 1 23 05 24 mA
o MAX 05 23 05 24
To Output resistance Vpo=14V 25°C 200 200 4]
CMRR Common-mode rejection ratio Rg < 200 2 Full range 80 100§ 70 100§ dB
Ices  Supply current from Ve Fult range 558 9 55§ 9 | ma
{each comparator)
Vip=-5mV,
lco— Supply current from Ve s Full range _a5§ 7 _3858§ 7 mA
{each comparator} o
Pp Total power dissipation Full range 908 150 908 150 W
(each comparator)

tEull range (MIN to MAX) for TL820M is —55°C to 126°C and for the TL820C is 0°C to 70°C.

tThe algebraic convention where the most-positive (leas(-negative)‘limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

§These typical values are at Tp = 25°C.

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vo =
1.8 VatTp=—56°C, Vo =14 Vat Ty =25°C,and Vg =1V at Tp = 125°C; for TLB20C, Vg = 1.6 Vat T4 = 0°C, Vg = 1.4 V
at 25°C, and Vo =12V atTa = 70°C. These output voitage levels were salacted to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ =12V, Vcc—-=—-6V, TA =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time Ry ==, CL = 5pF, See Note 5 30 80 ns

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V.
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TYPES TL820M, TL820C
DUAL DIFFERENTIAL COMPARATORS

DISSIPATION DERATING TABLE

1oL ~Low-Level Output Current—mA

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J {Alloy-Mounted Chip) 600 mW 11.0 mW/°C 95°C
J (Glass-Mounted Chip) 600 mW 8.2 mW/°C 77°C
N 600 mW 9.2 mW/°C 85°C
Also see Dissipation Derating Curves, Section 2,
TYPICAL CHARACTERISTICS
LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS
Vs Vs
FREE-AIR TEMPERATURE ® SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2 ®
3 Vcc'o- 12'\1 E Vo"ﬂ(o'Z.ﬁV
Ve = -6V 3 70|-Nolosd VOH (VD =5 mV, IoH = 0)
50 Vo=01025V™] H A 25°C vclc_--w\ NS ,
No toed i o —7 i
3z Voe- = -6 (
© 3 \A > 3
E w } | ! Vees = f
P < — cC =12V
g I~~~ 3 Vee- 5V)< ) L1 g Vee- = -6V E
E kY : > 2 T
> > / 5 '
: : \ 3 2 I— Tus20q —!
» . Ti820C ) L £ 7 = g, '
N ~ s !
\ =]
20 A = o ;
< 2w ' L
° o o T Voi (Vip = =5 mV, 1oy = 0
-7 -850 -26 0 25 5 75 100 12 10 " 12 13 14 -7 -850 -25 © % 50 75 100 125

TA-Froe-Air Tempersturs—°C

FIGURE 1

LOW-LEVEL OUTPUT CURRENT

vs
FREE-AIR TEMPERATURE

2.50 T r
Vees 12V
Veo— - -6V
245 [~vip = ~-SmV
Vo0
240
238 \f
|—TLe20c — \
2.30
2.25
2.20

-7 -5%0 -26 ] % 50 7% 100 126

Ta—Free-Air Temperature—C

FIGURE 4

Ve +—Positive Supply Voltage—V

FIGURE 2

TL820M
s VOLTAGE TRANSFER CHARACTERISTICS

vees = 12V
Vee- - -6
a|-Rg-500 —
No load
>
x 3
!. Ta*—55°C—y N-Ta=26°C
s . Ta = 125°C
H
3
o 1
>
0
-1
-3 -2 [} 1 2 3

V|p—Differential Input Voltage—-mV

FIGURE 5

V~Output Voltage—V

Ta—Frea-Air Temperature—°C

FIGURE 3
TLB20C
5 VOULTAGE TRANSFER CHARACTERISTICS
4
Tan0C Ta-25°C
3 Ta=70C
2
1
Vees = 12V
Vee- = -6V
° Rg = 50§
— No losd
-t
B T ° 1 2 3

V)p=Ditferential Input Voltage-mV

FIGURE &
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TYPES TL820M, TL820C

DUAL DIFFERENTIAL COMPARATOR

TYPICAL CHARACTERISTICS
INPUT BIAS CURRENT
v
» FREE-AIR TEMPERATURE
vc::.-ilzv
Vee-= -8V ‘
2 "See Note 1 ]
N ]
<
NN :
; N :
3
! ]
g
H [
o
o Tiezoe 2| =
| 3
2
~75 -50 -25 o 25 50 s 100 128
Ta—Free-Air Temperature—"C
FIGURE 7
>
1
;! + __ COMMON-MODE PULSE RESPONSE
i s
g 2
1
o 4
s Voes = 12V
L (- vee- = -8V |
Yo No Losd
> i Ta=26C
t‘ 2y
B3
% Iy S |
g 1111
9 [) ) o 10 180
o N
> t-Time-ns
FIGURE 9
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
- —
§§ __ml vees =12V | %
&2 vee-=-6V i
32 CL=5pF 2
£ R = 2
Ta=25°C 2
7 3
20 mv
£ - A 1 o
H 10 mv 7/ /kzmv =
z? i 3
2, 5mv 'TD
5
3, 1/ <
o
>
0 20 40 60 80 100 120 140
t—Time—ns
FIGURE 10

COMMON-MODE REJECTION RATIO

vs

s FREE-AIR TEMPERATURE

Vees = 12V

Veg-. = -8V
10— = ~5105V

\ Rg < 200 3
106 N
100
96
~— TL820C —
80
[ ]
~75 -S0 -25 O % 50 75 100 125

Ta-Free-Aic Tempersture—°C

FIGURE 8

TOTAL POWER DISSIPATION

vs
FREE-AIR TEMPERATURE

1o T T
Vees = t2v
VCe-= -8V
100 [ Vip=5mV
No Load
20
%0 1
— TL820C —=
70
60

50,
-7 -50 —25 0 26 50 75 100 125
TA—Free-Air Temperature—"C

FIGURE 11

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vg = 1.8 V
atTp=—656°C, Vo =14V atTy =26°C,and Vg = 1V at Tp = 1256°C; for TL820C, Vo = 1.5 V at T4 = 0°C, Vg = 1.4 V at 25°C,
and Vg = 1.2 Vat Ty = 70°C. These output voltage levels wera selected to approximate the logic threshold voltages of the types of
digital logic circuits these comparators are intended to drive.
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LINEAR TYPE uA710M
INTEGRATED DIFFERENTIAL COMPARATOR

C|RCU|TS BULLETIN NO. DL-S 12415, JUNE 1976—~REVISED OCTOBER 1979

o Fast Response Times
e Low Offset Characteristics

o Output Compatible with Most TTL and DTL schematic
Circuits

e Designed to be Interchangeable with Fairchild
pAT10 j

description )_‘

5000

The uA710 is a monolithic high-speed comparator

having differential inputs and a low-impedance out-

put. Component matching, inherent in silicon inte- nomveRTNG
grated circuit fabrication techniques, produces a myERTING l;
comparator with low-drift and low-offset character- |
istics. This circuit is especially useful for applications
requiring an amplitude discriminator, memory sense 17
amplifier, or a high-speed voltage comparator. The
uA710M is characterized for operation over the full
military temperature range of —~55°C to 125°C.

w0 L 14

Vee-
Compaonent values shown are nominal,

terminal assignments
4G u
J DUAL-IN-LINE DUAL-IN-LINE FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)

NG Vec, STROBE gt

Vi +
ﬁﬁlﬁz—lﬁ ';: OU';VUT?:: Vc;; DUT7PUT N: N5C . @ @ @ @

D>

gilj 8| N80y aOjH{En DDD O @

NC GND NON- INV NC Vcc— NC GND NON- INV Vce-

INV_INPUT INV  INPUT GND NON INV NC Vee-
INPUT INPUT INV INPUT
INPUT

NC—No Internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Voc+ (seeNote 1) . . . . . . . . . . . . L oL L L. L 00 s s e s 14y
Supply voltage Voc— (seeNote 1) . . . . . . . . . . . . L L oL L0 Lo d e s e e . =TV
Differential input voltage (seeNote2) . . . . . . . . . . . . . . .. .. ... .. .... 3V
Input voltage (either input,seeNote 1) . . . . . . . . . . . . . . .. .. ..o .. 7V
Peak output current (ty <1s}) . . . . . I 10 mA
Continuous total power dissipation at {or below) 25 C free-atr temperature e e e e e e e e ... 300mW
Operating free-air temperaturerange . . . . . . . + + . « +« « « « . « . . . . . . .—55Cto125°C
Storage temperature range . . . e e e e e ... ......-—B5Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds e e e e e e ... ... . .800C

NOTES: 1. Al voltage values, except differential voltages, are with respect to the network ground terminal.
2, Differential voltages are at the noninverting input tarminal with respact to the inverting input terminal.
3. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J and JG packages, uA710M chips
are alloy-mounted.

Copyright @ 1979 by Texas Instruments Incorporated
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TYPE uA710M
DIFFERENTIAL COMPARATOR

electrical characteristics at specified free-air temperature, Vgc+ =12V, VgC—-=—-6V
{unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX UNIT
Y [ ffset voltage Rg <2009 See Note 4 25°¢ 98 2 v
, m
10 nput offset voitag s Full range 3
Avel t ture coefficient
ayig | Yeragetemperature cORICEN | pe <0 Q, See Note 4 Full range 3 10 |pvrec
of input offset voltage
I Input offset current See Note 4 25°C 978 3 A
n n ee
10 put otfset curr © Fuli range 7 s
Average temperature coefficient See Note 4 —55°C to 26°C 5 25 nAPC
MO 5t input offset current 25°C 10 125°C 15 75
] Inpyt bi t See Note 4 ¢ 13 % A
t e e
18 nput bias curren e No Full range a5 m
Co -
Vicr ( mmon-mode Voo =~7V 26°C +5 v
input voltage range
ViD Differential input voitage range 25°C +5 v
Large-signal differential 25°C 1260 1700
AvD . No ioad, See Note 4
voltage amplification Full range 1000
Vou High-level output voltage Vip= 5mV, IQH = —5 mA 25°C 2.5 3.2 4 \
VoL Low-level output voitage Vip=-5mV, loL =0 25°C -1 —05 5% \Y
25°C 2 2.5
loL Low-level output current Vip=-5mV, Vo =0 —55°C 1 23 mA
125°C 0.5 1.7
o Output resistance Vp=14V 25°C 200 Q
CMRR Common-mode rejection ratio Rg <200 §2 25°C 80 100 dB
Icc+ Supply current from Voot VIp=-5Vte5V 25°C 5.2 9 mA
lce— Supply current from Voo— {—10 mV for typ), 25°C -4.6 -7 mA
Po Total power dissipation No load 25°C 90 150 mw

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at
Ta= —-55°C, Vo=14VatTs = 25°C, and Vo=1VatTa= 126°C. These output voltage levels were selected to approximate the
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive.

tFull range for UA710M is —55°C to 125°C,

FThe algebraic convention where the more-positive (less-negative) limit is designated as maximum is used in this data sheet for logic evels only,

e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage,

switching characteristics, Vcc+ = 12V, Vge—=-6 V, Ta = 26°C

PARAMETER TEST CONDITIONS TYP UNIT
Response time No Joad, See Note 5 40 ns

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and
the instant when the output crosses 1.4 V,

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip} 300 mW 11.0 mW/°C 123°C
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/C 114°C
U 300 mW 5.4 mW/C 94°C

Ajso see Dissipation Derating Curves, Section 2,
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TYPE uATIOM
DIFFERENTIAL COMPARATOR

Vic—Common-Mode

Input Voltage

Ditferentis!
IS

Vo~Output Voltage—V

Input Voltage—V
|

Vo—Output Voltage—V

Vp—Output Voltage—V

TYPICAL CHARACTERISTICS

QUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

vegs =12V
vee- <=6V T

Ta =25°C

/
N,

‘V/S o
1

] 20 40 60 80 100 120

t=Time—ns
FIGURE 1

COMMON-MODE PULSE RESPONSE
vs
ELAPSED TIME

T
~ Vees =12V
Vee- = ~6 V4
Ta=25"C

— vo

|
0 40 80 120 160
t—Time—ns
FIGURE 3

VOLTAGE TRANSFER CHARACTERISTICS

4 UL T
vge=12V Ta=-65°C
VFC:\—GV '/‘

|
3T T 75 ==
}\TA—xzsc
1] I >Ta=28°C

2 I 7

i

i
1 -

il

1y

0
Y N 5

5432210 1 2 3 2 5

Vp—Ditferential Input Voltage-mV
FIGURE 5

Ditferential

V@—Output Voitage—V

Vo—Output Voltage—V

Pp-Total Power Dissipation-—-mW

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

g
> —t—100 MV
5
2
voos = 12V
4 Voo =6V —ﬂ
5 No toad
‘\\ Ta=25°C | |
2
N 2
- N
1 2 03 ",’ g
A ™
°
-1 i
o 20 4 8 B0 100 120
t~Time—ns
FIGURE 2
OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
4 T T T T T
VOH (V|p = 15 mV, IgH = —0.5 mA)
—
3
2
Vggs < 12V
Vego = -6V
1
[
VoL Vip = -15 mV. oL - o
e
L T
-75 50 -25 0 25 50 75 100 125
Ta-—-Free-Air Temperature—"C
FIGURE 4
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
100
| vecs=12v
Voo =—BV
o5l VIO =0
No tosd
20
.y
86
80

2% 50 75 100 125
Ta~Free-Air Temperature—"C
FIGURE 6

-7 -50 -26 O
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LINEAR
INTEGRATED
CIRCUITS

TYPES uATHIM, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS
WITH STROBES

BULLETIN NO. DL-S 11442, FEBRUARY 1971 — REVISED OCTOBER 1979

e Fast Response Times .
¢ Low Offset Characteristics e

description

The uA711 is a high-speed dual-channel comparator
with differential inputs and a low-impedance output.
Component matching, inherent with silicon mono-
lithic circuit fabrication techniques, produces a
comparator circuit with low-drift and low-offset
characteristics. An independent strobe input is
provided for each of the two channels, which when
taken low, inhibits the associated channel. If both
strobes are simultaneously low, the output will be
low regardless of the conditions applied to the
differential inputs. The comparator output pulse
width may be “‘stretched’’ by varying the capacitive
loading. These dual comparators are particularly
useful for applications requiring an amplitude-

schematic

sTRosE 1

ouTPyT  sTRORE 2

Output Compatible with Most TTL and DTL Circuits
Designed to be Interchangeable with Fairchild uA711 and tA711C

»on

a3k0 s

aon

v o2,

wvenrG
T 1

NONINVEATING
weur o

ym

L

IMVERTING

NONINVERTING
P

anp
Compemat vk s s o

discriminating sense amplifier with an adjustable threshold voltage. The uA711M is characterized for operation over
the full military temperature range of —~556°C to 125°C; the uA711C is characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE

U FLAT PACKAGE

PACKAGE (TOP VIEW) (TOP VIEW|
STROBE STROBE
NC 1 GND VCCyOUTPUT 2 NG STROBE1 GND  VCC» OUTPUT STROBE 2
'] § ']
(o)
ANA
T o)
L L) v T )
NC INV WON- VLo NON- INV NC @ @
WPUT 1INV O iy NpUT 2 INV.  NON  VCC-  NON  INV
INPUT 1 NPUT 2 INPUT 1INV INVINPUT 2
INPUT 3 INPUT 2

NC—No Internal Connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA711M uA711C UNIT
Supply voltage Voc+ (see Note 1) 14 14 v
Supply voltage Vo (see Note 1) -7 -7 \Y
Differential input voltage (see Note 2) t5 +5 v
Input voltage (any input, see Note 1} +7 +7 v
Strobe voitage (see Note 1} 6 6 \'
Peak output current {ty, < 1s) 50 50 mA
Continuous total power dissipation at (ar below) 70°C free-air temperature (see Note 3) 300 300 mwW
Operating free-air temperature range —55to 125 01to 70 °C
Storage temperature range —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds [ J or U package 300 300 °c
Lead temperature 1/16 inch {1,6 mm)} from case for 10 seconds | N package 260 °c

NOTES:

1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,
3. For operation of uA711M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J package, uA711M chips

are alloy-mounted; uA711C chips are glass-mounted.

Copyright @ 1979 by Texas Instruments Ihcorporated
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TYPES uATIIM, vATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vce—=-6V
(unless otherwise noted)
PARAMETER TEST CONDITIONS uA7IIM wA7iIC UNIT
MIN TYP MAX |MIN TYP MAX
Rg < 200 Q, Vic =0, 25°C 1 35 1 5
See Note 4 Full range 4.5 6
Vio  Inputoffset voltage Rg < 200 52, 25°C 1 5 1 7s mV
See Note 4 Full range 6 10
10 Av-erage temperature coefficient| Rg < 200 2, Vic=0, Full range 5 5 AVPC
of input offset voltage See Note 4
25°C 0.5 10 0.5 15
{176 Input offset current See Note 4 Full range 20 2 A
. 25°C 25 75 25 100
lig Input bias current See Note 4 Full range 50 50 HA
HL{S) Low-level strobe current V(strobe) = 0. Vip =10 mV 25°C —1.2 --25 —1.2 =25 | mA
VicR Common-mode input Vee_=- -7V 25°C 5 +5 v
voltage range
Vio Differential input 25°C .5 .5 v
voltage range
AV Large-signal differential No load, 25°C 750 1500 700 1500
voltage amplification Vp=0to25V Full range | 500 500
. Vip=10mV, o =0 25°C 45 5 45 5
VoH  High-level output voltage Vip=-10mV, lgH--5mA 25°C | 25 35 25 35 v
Vip=-10mV, Ig_ =0 25°C -1 -05 of -1 -o05 0%
VoL Low-level output voltage :/C;E;(;O mV,  V{strobe) = 0.3V, 26°C 4 ot —1 ot \4
loL Low-level output current Vip=—-10mV, Vp=0 25°C 0.5 0.8 05 0.8 mA
To Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio |Rg < 200 Q 25°C 70 g0 65 a0 dB
lcc+  Supply current from Veey Vip=—-5V1to5V(-10mV for typ}, 25°C 9 9 mA
Icc— Supply current from Voo Strobes alternately grounded, 25°C -4 —4 mA
Pp Total power dissipation No toad 25°C 130 200 130 230 | mw
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo =18 V

at Tp = —55°C, Vg = 1.4 V at T = 25°C, and Vg = 1 V at Tp = 125°C; for uA711C, Vg = 1.5 V at T = 0°C, Vg = 1.4 V at
Ta = 25°C, and Vg = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

tUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open. The strobe of the other channel is
grounded. Full range for uA711M is —55°C to 125°C and for the uA711C is 0°C to 70°C.

tThe algebraic convention where the most-positive (least-negative) limit is désignated as maximum is used in this data sheet for logic levels

only, e.g., when 0 V is the maximum, the minimum {imit is a more-negative voltage.

switching characteristics, Voc+ = 12V, Vec-=—-6V, Ta = 25°C

uA711M uA711C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |MIN TYP MAX
Response time No toad, See Note 5 40 80 40 ns
Strobe release time No load, See Note 6 7 25 7 ns

NOTES:

6. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function
and the instant when the output crosses 1.4 V,
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A §-mV overdrive is then
added to the input bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50%
point on the strobe voltage waveform to the instant when the overdriven output voltage crosses the 1.4-V level.
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TYPES uATIIM, vATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
. RATING FACTOR Ta
J {Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
J {Glass-Mounted Chip) 300 mW 8.2 mW/°C 113°C
N 300 mW 9.2mW/°C 117°C
U 300 mW 5.4 mW/°C 94°C

Also see Dissipation Derating, Section 2.

Ayd—Differential Voltage Amplification

NOTE 4:

TYPICAL CHARACTERISTICS

~75 -80 -~26 O 25 50 75 100 126 1 1" 12 3 14

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE

2000 ™ 3000 1
oo [ [ ] veeemrzy va-1aw T {

~ No load 5 2s00 | Ar2C

| £ No load
1600 Ses Note 4 3
[ E 2000
1200 uATI1C o E Vee—=—6V
1000 L § 1500 Vo= -8V
i - WL
000
600 =
. i i L]
| 3
= L L‘M ]
° 1 J L | n
0 1

TaA—Free-Air Temperature—"C Vge+—Positive Supply Voltage—V

FIGURE 1 FIGURE 2
INPUT BIAS CURRENT TOTAL POWER DISSIPATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
50 —T 140
Vee+ =12V Vee+ =12V
Veg. = 6V 138 —vee_= -6V
See Note 4 No load
20 z 136
N *
o . ;
s ]
© a
2 <
£ ; H
] + &
- uATIIC T E
b 1 ] 2
10 £
[ JT [
N
76 -50 -26 ©0 25 50 75 100 125 -75 -50 -25 0 265 B0 75 100 125
Ta—Free-Air Tamperature—"C Ta~Free-Air Temperature—"C
FIGURE 3 FIGURE 4

These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo = 1.8 V
at Tp = —55°C, Vo = 1.4 V at T = 25°C, and Vg = 1 V at Ta = 125°C; for uA711C, Vo = 1.6 V at Ty = 0°C, Vg = 1.4V at
TA = 25°C, and Vg = 1.2 V at 70°C. These output voltage levels were selected to approximate the Jogic threshold voltages of the
types of digital jogic circuits these comparators are intended to drive,
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TYPES uATIIM, vATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

Differential
Input Voltage

Vg —Output Voltage—V

Vo—Output Voltage—V

-1

Q =2 N W b ;

-1
-2
-3

TYPICAL CHARACTERISTICS

uA711M

VOLTAGE TRANSFER
CHARACTERISTIC

==

Ta = —55°C
1

Veey =12V
Vee—-=-6V
Rg < 200 @

RN P S

. |
-5 -4 -3 -2 -1 0 1 2 5
Vip—Differential Input Voltage—mV
FIGURE 5
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
t
100 mV
Vee+ =12V {
Vee-=-68V
No load |
Ta = 25°C j
20 mVﬁ-\
10 mv
p.
( N2mv
l —
5 mV
0 20 40 60 80 100 120
t—Time—ns
FIGURE 7

Vp—Output Voltage—V

Strobe Voltage—V

Vo—Qutput Voltage—V

uA711C

VOLTAGE TRANSFER
CHARACTERISTICS

5 T T
Vee+ =6V T I
Voe-==6V  yp-0°cd | 2F
4 |_Rg <2009 —t— \7,"/
J /l"\TA=7O°C
3 S fL\_T_Z’S_%*
A |
Y/
2
1] V/
II
1
0 L 1
RO __-J___A J F
O |
0o

-5

-4 -3 -2 - 2 3 4 5
Vip—Differential input Voltage—mV

FIGURE &

STROBE RELEASE TIME
FOR VARIOUS INPUT OVERDRIVES

4
3
5l /| Vecs =12V |
—L 4 Vee-=-6V
1 / No load
Ta = 25°C
]
I
il Il
, N ]
2mvV
1 /
L/ omv ]
oL L /4 — | ]
V |
—1mv
-1 1 4lm ]
0 6§ 10 15 20 25 30 35 40

t—-Time—ns

FIGURE 8
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SELECTION GUIDE

SPECIAL FUNCTIONS

PAGE

Timers

SEBES5 :  General-purpose timers adjustable from 1 microsecondto 1second . . . . ... ... ... ... ... 281

NES55 : Commercial-temperature version of SEB55 . . . . . . . . ... L Lo 281

SES56 : Dualversion of SEBSE . . . . . . ... e e e e e e e e e 291

NES56 : Commercial-temperature version of SEBS6 . . . . . . . .. ... . e 291

uA2240 : Programmable timer and 8-bit counter specially designed for delays greater than 1second . .. ... ...... ... 401
Ampilifiers

MC1445 : 2-channel-multiplexed video amplifier . . . . . . . . L . L L e e e e e 277

TLA441 . Logarithmic amplifier with 80-dB inputrange . . . . . . . . . . .. L e e e e 3256

uA733 : Differential video amplifier with 200-MHz bandwidth . . . . . . .. .. .. .. Lo L 393
Voltage-Level Detectors

TL4A80 : 10-level logarithmic converterinthe Jor Npackage . . . . . . . . .. . . i i i ittt ittt it it 339

TL481 : 10-level logarithmic converterinthe Jor Npackage . ... . ... ... . .ttt en s 341

TLA87 : G-level linearconverterinthe PorJG package . . . .. . . .. .. i it it m i ittt e e 343

TL489 : b-level logarithmic converterinthe PorJG package . . . . .. ... . .. it i it e 345

TL490 : 10-level linearconverterintheJor Npackage . .. .. .. . . . . ... it 349

TL491 : 10-level linear converterinthe JorNpackage . ... . ... ... it ittt et 3563
Analog-to-Digital Converter Components

ADCOBO08: Successive-approximation CONVEITEr . . . . . . . . . ot e v ittt e e et et et et e e e e e 270

ADCO809: Successive-approxXimation COMVEITBI . . . . . . . . o o v it it it sttt st e o e e e et e e e e e 270

ADCO816: Successive-approximation CONVEIBI . . . . . . v v v vt it vt v o i a s s e et e e e e e 272

ADCO0B17: Successive-approximation converter with 8-bit resolution . . . . .. .. .. ... L o o e 272

TL500 : Dual-slope-converter analog processor with 14-bitresofution . . . . . .. .. ... . ... . o e 357

TL501 : Dual-slope-converter analog processor with 13-bitresolution . . . ... . .. .. ... ... ... ... ..., 357

TL502 : Dual-slope-converter digital processor with 4%-digit capability, seven-segment-display outputs . . ... .. .. ... 357

TL503 : Dual-slope-converter digital processor with 4%-digit capability, BCD outputs . . . .. . ... ... ... ....... 357

TLS05 : Dual-siope-converter analog processor with 10-bit resolution . . . .. . . . ... .. ... ... oo 369

TL507 : Pulse-width modulator with 7-bitresolution . . . . . . . . . i i e e 377
Zero-Crossing Detector

L 319
Doubly-Balanced Mixer

LI - 333
Precision Level Detector

1 Y 381
Overvoltage Sensing Circuits

0 T 279

MCBB23 L . . e e e e e e e e e 279
3-Channel Stepper-Motor Controller

L 315

268 TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



SELECTION GUIDE

——————————
SPECIAL FUNCTIONS
Analog Switches With 30-mA Capability (Bi-MOS)
Zg ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL182 Twin SPST 100 2 t10V +15, +5 303
TL185 Twin DPST 150 R +10V £15, +5 306
TL188 Dual Complementary SPST 100 2 10V +15, +5 309
TLIN Twin Dual Complementary 150 10V +15, +5 312
SPST
Analog Switches With 10-mA Capability (P-MOS)
Zew ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL601 SPDT 200 +10V +10, —20 387
TL604 Complementary SPST 200 Q@ +10V +10, -20 387
TL6O7 SPDT 200 +10V +10, —20 387
TL610 QPST 100 2 10V +10, -20 | 387
Hall-Effect Devices
DEVICE DESCRIPTION ON OFF HYSTERESIS PAGE
TL170 General purpose switch >+350 G <350 G 200G 293
TL172 Normally-off switch >+600 G <+100 G 230 G 295
TL17S Latch >+350 G <-350 G 400 G 299
TL176 Normally-off switch >+500 G <+100 G 75 G 301
{Automotive Temp. Range)
TL173 Linear sensor 1.5 mV/G Sensitivity 297
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LINEAR TYPES ADCO0808, ADCO809S

INTEGRATED DATA ACQUISITION SYSTEM
clncuITs JANUARY 1930s

description

e Total Unadjusted Error . . . +% LSB Max for DUALIN.LINE PACKAGE
ADCO0808 and +1 LSB Max for ADC0809 (TOP VIEW)
¢ Resolution of 8 Bits U
INPUT3 1 28 INP
e 100 us Conversion Time NUTS 2 E %27 ::P::
4
¢ Ratiometric Conversion weuts 3 [] 28 euto
e Guaranteed Monotonicity inpuTs 4[] [] 25 aooRESS A
e No Missing Codes neut7 6] []24 AbpRESs B
e Easy Interface with Microprocessors  START OF CONVERSION 6 O []23 appRessc
° Latched 3-State Outputs END OF CONVERSION 7 [ ]22 AD:)RESS LOAD CONTROL
o Latched Address Inputs e I: ]21 o e
OUTPUT GONTROL 9 [ [J202-2
¢ Single 5-Volt Supply crock 10 [] 1o -2
e Low Power Consumption vee 11[] ]18 2
e Designed to be Interchangeable with Rer+ 12 [ 17 28158
National Semiconductor ADC0808, ADC0809 onp 13] 116 rer—
27 14[] [ ]15 2-6

The ADCO0808 and ADCO0809 are monolithic CMOS devices with an 8-channel multiplexer, an 8-bit analog-to-digital
(A/D) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by a
microprocessor through a 3-bit address decoder with address load to select any one of eight single-ended analog switches
connected directly to the comparator. The 8-bit A/D converter uses the successive-approximation conversion technique
featuring a high-impedance chopper-stabilized comparator, a 256R end-compensated voltage divider with analog switch
tree, and a successive-approximation register (SAR).

Each device features an overall error of 1 LSB maximum at 25°C including resolution {quantization) error. The
comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, and the need for
zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR and latched inputs to the
multiplexer address decoder, The single 5-volt supply and low power requirements make the ADC0808 and ADC0809
especially useful for a wide variety of applications. Ratiometric conversion is made possible by access to the reference
voltage input terminals.

The ADC0808 and ADCO809 are characterized for operation from —40°C to 85°C.

Copyright © 1980 by Texas Instruments Incorporated
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TYPES ADCO0808, ADCO809
DATA ACQUISITION SYSTEMS

functional block diagram

functional block disgram
MULTIPLEXER FUNCTION TABLE REF+ .
REF—
INPUTS SELECTED
ADDRESS LOAD | ADDRESS ANALOG | _ _ _ __ _ Yy __ -
CONTROL c 8 Al channer [Faonn 1
t L L L [} |
t L L H 1 266R )
s L " L 2 | RESISTOR
. L H n 3 | LADDER [
t H oL L 4
+ H L H 5 | I
1 H H L 6 I |
1 H H H 7
H = high level I SWITCH I
L = low level | TREE I —
1 = low-to-high-level transition I —
I ISTATE
— | outeut [ | 8BIT
- | LATCH |— [ outrut
8 — | | comearator i BUFFER |—
—] AnaLoG —
ANALOG
INPUTS J —|SWITCHES| | SUCCESSIVE | —
| APPROXIMATION
REGISTER |
— | |
I 4 I r 3
]
| CONTROL |
AND
3BT ! TIMING I > END OF
ADDRESS ) —] ApDRESS ] CONVERSION
—]Decooer L — - L4
ADDRESS LOAD
CONTROL
CLOCK »-
START N
CONVERSION »
OUTPUT >

CONTROL
operating sequence n

r—‘l/f——l

START :
CONVERSION 5°"/f il

! 15—
i wis)
ADDRESS LOAD o
conTROL | SUKF 1 X\Eo% ’
Ty 1aLC)
t+—=+- ADDRESS STABLE
appress sox ¥ | Koo%
tu o™t
ANALOG INPUT ] T ANALOG VALUE X

f——————INPUT STABLE———————————«
] ¢ See Note A

|
MULTIPLEX 1
ouTPUT - < ANALOG VALUE X
p—itd
ENDOF  —— T
CONVERSION , X 50% fso%
F—td{EOC) —= 1
t teonv -
OUTPUT
CONTROL 50‘:' _ezx 50%
f o [=tPXZ
LATCH OUTPUTS S 90%
HI-Z STATE 0% 0%
NOTE A: Instant at which output is within 1/2 LSB of final value.
180
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LINEAR TYPES ADCO0816, ADCO817

INTEGRATED DATA ACQUISITION SYSTEMS
CI RcuITs BULLETIN NO, DL-§ 12672, DECEMBER 1979

e Total Unadjusted Error . .. +% LSB Max for N
ADCO0816 and +1 LSB Max for ADC0817 DUALAIN-LINE PACKAGE
(TOP VIEW)
e Resolution of 8 Bits
INPUT 3 1t 40 INPUT 2
® 100 us Conversion Time INPUT 4 ZE U 5]39 INPUT 1
e Ratiometric Conversion NPUT 5 [} 38 puT 0
INPUT 6 4[ :]37 EXPANSION CONTROL
e Guaranteed Monotonicity NPUT 7 5] ]38 ADDRESS A
e No Missina Cod INPUT 8 6] []35 ADDRESS B
o Vhissing Codes INPUT 9 7] [134 ADDRESS C
e Easy Interface with Microprocessors INPUT 10 8] 133 ADDRESS D
INPUT 11 9] [132 ADDRESS LOAD CONTROL
e Latched 3-State Qutputs INPUT 12 10[] (31 2-1msB
INPUT 13 11 30 22
e Latched Address Inputs INPUT 14 12E %29 2-3
¢ Single 5-Volt Supply END OF CONVERSION 13E %za z—:
INPUT 15 14 27 2
e Low Power Consumption MUX OUTPUT 15[] []26 2-6
—7
e Designed to be Interchangeable with START CONVERS\',(;: :E %Z :_8 Lsa
National Semiconductor ADC0816, ADCO817 _, .aaror w WE 23 REF-
REF+ 19 22 CLOCK
GND 20[ 21 OUTPUT CONTROL

description

The ADC0816 and ADC0817 are monolithic CMOS devices with a 16-channel multiplexer, an 8-bit analog-to-digital
{A/D} converter, and microprocessor-compatibie contro! logic. The 16-channel multiplexer can be controlled by a
microprocessor through a 4-bit address decoder with address load and expansion control logic, to select any one of
16 single-ended analog switches. The 8-bit A/D converter uses the successive-approximation conversion technique
featuring a high-impedance chopper-stabilized comparator, a 2566R end-compensated voltage divider with analog switch
tree, and a successive-approximation register (SAR).

functional block diagram
Each device features an overall error of £1

. o . R R COMPARATOR REF+  REF—
LSB maximum at 25 C including resolution —t
{quantization) error. The comparison and [aman — T
converting methods used eliminate the — ' RESISTOR !
e . — LADDER
possibility of missing codes, non- — : :
monotonicity, and the need for zero or ] | lL i
full-scale adjustment. Also featured are m;:oej———muoc ! switca |
Tswitcres|
latched 3-state outputs from the SAR and i g : TREE | ~—
latched inputs to the multiplexer address — | | gomare 7|
— uT
decoder. The single 5-volt supply and low — : COMPARATOR I sl adiadd
power requirements make the ADCO0816 — ] SUCCESSIVE )
. N I APPROXIMATION
and ADCO0817 especially useful for a wide REGISTER |
variety of applications. Ratiometric con- | + :
version is made possible by access to the — I :
. . 4BIT 1 ! CONTROL
reference voltage input terminals. ADORESS | —] ADDRESS | AND ]
ADDRESS LOAD 1 TIMING 1 i CONVERBION

CONTROL P [ _J
The ADC0816 and ADCO0817 are EXPANSION -
characterized for operation from —40°C cLock

{v] START
to 85°C. vERSION
CONTROL
Copyright © 1979 by Texas Instruments Incorporated
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TYPES ADCO816, ADCO817
DATA ACQUISITION SYSTEMS

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS LOAD EXPANSION ADDRESS ANALOG
CONTROL CONTROL D C B A CHANNEL
t H L L L L 0
t H L L L H 1
t H L L H L 2
t H L L H H 3
t H L H L L 4
t H L H L H 5
t H L H H L 6
t H L H H H 7
t H H L L L 8
t H H L L H 9
+ H H L H L 10
t H H L H H "
t H H H L L 12
1 H H H L H 13
t H H H H L 14
T H H H H H 15
X L X X X X Ali channels OFF
H = high level, L. = tow level, X = irrelevant, t = low-to-high-ievel transition

operating sequence -
s [ MM ML LI

START \
CONVERSION __ 50% pd

bo—ef—tw(s)

ADDRESS LOAD 4 )Y
CONTROL _51’2)(_' X 50%
%L
pe-i—=+ ADDRESS STABLE
ADDRESS so%* ' *50%

toufeefH
ANALOG INPUT x o ANALOG VALUE X

J——— INPUT STABLE————————=|
1 See Note A

[
MULTIPLEX [ Al VALUE
1

i —|
50% 50%

)

.

—1d(EOC) — |

I teony -

OUTPUT 50%

CONTROL S i

= = = tPX2Z

90% 90%

HI.Z STATE 10% 0%

END OF
CONVERSION

LATCH OUTPUTS

NOTE A: iInstant at which output is within 1/2 LSB of final value,

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, VoG (see Note 1) L Lo L L e e e e 6.5V
Input voltage: control INPULS . . . ... .. . i e e e e —-03Vto15V

allotherinputs . ... .. .. . e e e e e —0.3Vto Vcec 0.3V
Continuous total dissiPation . . . . . .. ..ttt e e e e e e e e e, 500 mw
Operating free-air temPerature range . . . . . . o ittt ittt ettt e et e —40°C to 85°C
Storage temMPEratlire FANGE . . . v v vt vt et e e e e e S, . —65°Cto 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 10seconds . ... ... . o v ittt ittt et e 260°C

NOTE 1: All voltage values are with respect to network ground terminal.
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TYPES ADCO0816, ADCO817
DATA ACQUISITION SYSTEMS

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Ve 4.5 5 ] \
Voltage at top of 266R ladder, Vigf+ Vee Vee 101 A\
Voltage at bottom of 256R ladder, Vigf— ¢} —0.1 \%
| Voltage across 256R ladder (see Note 2] 0.512 5.12 5.25 v
Start pulse width, ty(s) 200 ns
Address load control pulse width, tw(ALC) 200 ns
Address setup time, tg, 50 ns
Address hold time, tp 50 ns
Clock frequency, fciock 10 640 1200 kHz
lTperating free-air temperature, Ta —40 85 °c

NOTE 2: For proper operation, the voltage across the ladder must be centered on

\2
—2@:0.1 v.

electrical characteristics over recommended operating free-air temperature range, Vgcc = 4.75 V t0 5.25 V
(unless otherwise noted)

total device
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
ViH High-level input voltage Vee =5V Vee —1.5 \4
ViL Lowdevel input voltage Vee=5V 1.5 \'4
VoH High-level output voltage lo = —360 LA Vee —0.4 \
v Low-level output volt Data outputs lop=16mA 0.45 v
-leve voltage
oL how-level outpu 9 End of conversion |10 = 1.2 mA 0.45
Off-state (high-impedance-state) Vg=5V 3
foz uA
output current Vg=0 -3
y Input current at maximum contro! input voltage| V| =15V 1 LA
It Low-level control input current Vi=0 —1 uA
Vref+ = Vce. Vref—=0.
Co rator input current +0.56 2 A
mparator inp felock = 640 kHz, See Note 3 .
lcc  Supply current felock = 500 kHz 0.3 1 mA
c | . " Analog inputs 5 7.5 E
i nput capacitance
! P P Control inputs 10 15 °
Co  Output capacitance, data outputs 5 7.5 pF
Ladder resistance from pin 19 to pin 23 4.5 k&
analog multiplexer
PARAMETER TEST CONDITIONS MIN TYPt MAX |uNIT
Ta=25°C 1.5 3
ron  Channel on-state resistance R =10k A > S k&
Ta=—40°C to 85°C 6
Difference in on-state resistance
RL =10 k& 75 2
between any two channels
Vee =5V, V=5V 10 200
I Channe) off-state current A
off Tp = 26°C V=0 —10 200 | "

TTypical values are at Vo =5 V and Tp = 26°C.
NOTE 3: Comparator Input current is the blas current into or out of the chopper stabilized comparator, The bias current varias directly with
clock frequency and has |Ittle temperature depandence.
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TYPES ADCO816, ADCO817
DATA ACQUISITION SYSTEMS

operating characteristics over recommended operating free-air temperature range, VCC = VREF+=5V,
VREF— = 0V, analog input voltage = comparator input voltage {(unless otherwise noted)

I ADC0816 ADC0817
P. METER TEST CONDITIONS UNIT
ARA MIN TYPt MAX [MIN TYPY MAX
Supply voltage VCC = Vyef+ =4.75V 105,25 V
[3 o ! 0.05 B . A
svs sensitivity Tp=—40°Ct085°C,  SeeNoted 05 0.15 005 015 %/v
Linearity error $025 0.5 105  +1| LsB
(see Note 5)
Zero error {see Note 6) +0.25 0.5 +0.25 10.5| LSB
Full-scale error $025 0.5 1026 105 LSB
(see Note 7)
Total unadjusted Ta=25°C +0.256 0.5 +0.5 +1 Ls8
error {see Note 8) Tp=—40°C t0 85°C +0.75
Resolution
(quantization} error +0.5 +0.5 | LSB
(see Note 9)
Overall error Ta=25"C 0,75 1 1 #15 Lsa
(see Note 10) Ta=-40°Ct085°C +1.26
Delay time, address
load control to Rg + Rgn < B k2, CL = 10 pF,
tg _ S Hon R 1 25 1 25| us
analog multiplexer Pin 15 connected to pin 18
output
pzX Output enable time C| = 80 pF, See Note 11 126 250 125 250 ns
CL = 10 pF, R = 10 kg2,
Xz Output disable time - Nmepn L 125 250 125 250 | s
teonv Conversion time felock = 640 kHz, See Note 11 90 100 114 | 90 100 114 us
Delay time,
elay tm ) Clock
td({EOC) end of conversion 1 8 1 8 periods
output

t Typical values for all except supply voltage sensitivity at Vec=5V,andallareat Ty = 25°C.
NOTES: 4. Supply voltage sansitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voitage varies.
The supply and V g4 are varied together and the change in accuracy is measured with respect to full-scale,
6. Linearity error is the maximum deviation from a straight line through the and points of the A/D transfer characteristic,
. Zero error is the difference between the output of an Ideal converter and the actual A/D converter for zero input voitage.
7. Full-scale error is the difference between the output of an ideal converter and the actual A/D converter for full-scale input
voltage.

»

8. Total unadjusted error is the maximum sum of linearity error , zero error, and fuli-scale error,
9. Resolution error is the *% LSB uncertainty caused by the converter’s finite resolution,
10. Qverall error describes the difference between the actual input voltage and the full-scale weighted equivalent of the binary output
code. included are resolution and all other errars,
11. Refer to the operating sequence diagram.
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TYPES ADCO816, ADCO817
DATA ACQUISITION SYSTEMS

PRINCIPLES OF OPERATION

The ADC0816 and ADC0817 each consists of an analog-signal multiplexer, an 8-bit successive-approximation converter,
and related control and output circuitry.

multiplexer

The analog multiplexer selects 1 of 16 single-ended input channels as determined by the address decoder. Address
load control loads the address code into the decoder on a low-to-high transition, and expansion control enables the
output of the analog multiplexer. The analog signal output and comparator input pins allow additional conditioning
(prescaling, sample and hold, amplification, etc.) of the selected signal before conversion.

converter

The 8-bit analog-to-digital converter is the primary operating unit in the ADC0816 and ADCO0817. It is partitioned
into three major sections: the 256R resistor ladder and switch tree (see Figure 1}, the successive approximation register
{SAR), and the comparator. Output from the converter is parallel binary positive logic with three-state control. The
256R resistor ladder and switch tree exhibits inherent monotonicity with no missing digital codes. This is particularly
important in closed-loop feedback control systems, as a nonmonotonic relationship can cause oscillations that could
be catastrophic for the system. The bottom resistor and the top resistor of the ladder are not the same value as the
other resistors in the circuit. The difference in these resistors causes the output characteristic to be symmetrical with
respect to the zero and full-scale points of the transfer curve. The first output transition corresponds to an analog
signal equal to %2 LSB and each succeeding output transition equals 1 LSB up to full-scale. The 256R resistor ladder
does not cause load variations on the reference voltage. The SAR performs eight iterations to approximate the input
voltage.

The comparator is chopper stabilized. It is this stabilization that reduces temperature sensitivity, input offset error,
and long-term dc drift.

The SAR is reset on the low-to-high transition of the start conversion (SC) pulse. The conversion is begun on the
high-to-low transition of the SC pulse. A conversion in process will be interrupted by receipt of a new SC pulse.
Continuous conversion may be accomplished by connecting the end-of-conversion output to the SC input. If used in
this mode, and external start pulse should be applied after power up. The end-of-conversion output will go low between
one and eight clock pulses after the low-to-high transition of the SC pulse.

REF+

w"TRﬁFRW“R
L
) ST TR T I YOO N S
: ‘|/1ﬂ‘ l
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I L ) ® l
I R4 L] L] L] !
en L ] [ - ——— I
| . . . |
I R‘ - ° ° TO COMPARATOR
b . . . i 1
I . . . f
! - . . |
[V - o 1
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T S S U 4
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FIGURE 1-256R RESISTOR LADDER AND SWITCH TREE
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LINEAR
INTEGRATED
CIRCUITS

TYPES MC1545, MC1445
GATE-CONTROLLED
2-CHANNEL-INPUT VIDEO AMPLIFIER

BULLETIN NO. DL-S 12742, JANUARY 1980

e Differential Inputs and Outputs
e Channel Select Time . .. 20 ns Typ
e Bandwidth Typically 50 MHz

description

e 16-dB Minimum Gain
e Common-Mode Rejection Typically 85 dB

e Broadband Noise Typically 25 uV

MC1545...J DUAL-IN-LINE OR

W FLAT PACKAGE

MC1445...J OR N DUAL-IN-LINE PACKAGE

The MC1545 and MC1445 are general-purpose, gated,
dual-channel wideband amplifiers designed for use in
video-signal mixing and switching. Channel selection
is accomplished by control of the voltage level at the
gate. A high logic level selects channel A; a low logic
level selects channel B. The unselected channel will
have a gain of one or less.

The MC1545 is characterized for operation over the
full military operating temperature range of —~55°C
to 125°C. The MC1445 is characterized for operation
from 0°C to 70°C.

{TOP VIEW)
NC NG N NG NC  Vgpor Voo
“ 13 12 ! 0 9
A
MUX

1 2 3 4 1 [ ] 7

INV GATE NON- NV NON- INV NON-
QUTPUT INV INPUT INV INPUT INV
INPUT B INPUT A QUTPUT
-

NC — No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

MC1545 MC1445 | UNIT

Supply voltage Vce+ {see Note 1) +12 +12 v

Supply voltage Vog— (see Note 1) —12 ~12 v

Differential input voltage (see Note 2) +5 +5 v

Output current +25 +25 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) 675 675 mwW
Operating free-air temperature range —55 t0 125 Oto 75 °C
Storage temperature range —6510 160 |—6510 150| °C
Lead temperature 1/16 inch {1,6 mm) from case for 60 seconds J or W package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 260 °c

NOTES: 1. Voltage values, except differential input voitage, are with respect to the midpoint of Vo4 and Voo

2. Differential input voltages are measured at a noninverting input terminal with respect to the appropriate inverting input terminal,

3. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J package, MC1545 chips are alloy -

mounted; MC1445 chips are glass-mounted.

180
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a new product. Specificati are subij
to change without notice.

TEXAS INSTRUMENTS

INCORPORATED

PQST QFFICE BOX 225012 ® DALLAS, TEXAS 75265

271



TYPES MC1545, MC1445
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 675 mW  11.0 mW/°C  89°C
J {Glass-Mounted Chip) 675 mW 8.2mwW/°C  68°C
N 675 mW 9.2mw/ C  77°C
w 675 mW 8O0mW/ C 66°C

PACKAGE

Also see Dissipation Derating Curves In Section 2.

electrical characteristics at Voc+ =5V, Vee—=-5V, TA=25°C

MC1545 MC1445
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX
Ayg ~ oroersignabsingle-ended f = 125 kHz, Vi=20mv 16 19 21| 16 195 23| dB
voltage amplification
BW Bandwidth Vi=20mV 40 50 60 MHz
Vio input offset voltage 1 5 75 mvV
1o Input offset current 2 2 uA
lig Input bias current 15 25 15 30 | upA
VicR Common-mode voltage range +2.5 +2.5 A
Vopp aximum peak-to-peak =50 kHz, RL=1kQ 15 25 15 25 v
output voltage swing
Z; Input impedance f =60 kHz 4 10 3 10 k2
CMRR Common-mode rgjection ratio f =50 kHz 85 85 dB
Broadband equivalent input BW =5 Hz to 10 MHz,
Vn . 25 26 BV
noise voltage Rg =509
VTH High-level gate threshold voltage Ays(a) = 16 dB, Ays(g) < 0dB 1.5 2.2 1.3 3 \4
VTL Low-level gate threshold voltage Ays(p) = 16 dB, Ays{a) < 0dB 04 0.7 0.2 04 \4
I High-lavel gate current V=8V 2 4 | uA
he Low-level gate current V=0V 2.5 4 mA
tpLy | ropagation delay time, AV|=20mV, 50% to 50% 65 10 65 ns
low-to-high-level output
puL | ropasation delay time, AV|=20mV, 50% to 50% 63 10 6.3 ns
high-to-low-level output
tTLH Transition time, low-to-high-level AV =20mV, 10% to 90% 8.5 15 6.5 ns
tTHL Transition time, high-to-low-level AV =20mV, 10% to 90% 7 15 7 ns
e+ Supply current from Voeo+ No load, No signal 7 1 7 15 mA
lcc— Supply current from Voo — No load, No signal -7 -1 —7 -15 | mA
Pp Power Dissipation No load, No signal 70 110 70 150 mw
18(
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LINEAR
INTEGRATED
CIRCUITS

TYPES MC3523, MC3423
OVERVOLTAGE-SENSING CIRCUITS

BULLETIN NO. DL-S 12611, APRIL 1978

o Commercial and Military Temperature
Ranges Available

e Separate Outputs for “Crowbar’ and Logic
Circuitry

¢ Programmable Time Delay to Eliminate
Noise Triggering

o TTL-Level Activation Isolated from
Voltage-Sensing Inputs

e 2.6-Volt Internal Voltage Reference with
Temperature Coefficient Typically 0.08%/°C
description

DUAL-IN-LINE PACKAGE
(TOP VIEW)

INDICATOR
OUT- REMOTE
OUTPUTVEE  PUT ACTIVATE

811 7]16|]5

»

1{j2(]3]]2
Ve SENSE SENSE CURRENT
1 SOURCE

These overvoltage-sensing circuits are designed to protect sensitive electronic circuitry by monitoring the supply rail and
triggering an external “crowbar” SCR in the event of a voltage transient or loss of regulation. The protective mechanism
may be activated by an overvoltage condition at the Sense 2 input or by application of a TTL high level to the remote
activate terminal. Separate outputs are available to trigger the crowbar circuit and to provide a logic puise to indicator
or power supply control circuitry, The Sense 2 input provides a direct control of the output circuitry. The Sense 1
input controls an internal current source that may be utilized to implement a delayed trigger by connecting its output
to an external capacitor and the Sense 2 input. This protects against false triggering due to noise at the Sense 1 input.

The MC3523 is characterized for operation over the full military temperature range of —55°C to 125°C. The MC3423 is

characterized for operation from 0°C to 70°C.

functional block diagram

Vee
(1)
CURRENT
SOURCE
(4} _CURRENT
SOURCE
VREF~ 26V |-
SENSE 1 2)
3
SENSE 2 )
®) OUTPUT
(7) (5) (6)
VEg  REMOTE INDICATOR
ACTIVATE OUTPUT

1079
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TYPES MC3523, MC3423

OVERVOLTAGE-SENSING CIRCUITS

absolute maximum ratings

Supply voltage, V¢ (see Note 1)
Sense 1 voltage

Sense 2 voltage ..
Remote activate input voltage -
Outputcurrent, i . . . . .

Continuous dissipation at {or below) 25 C free -air temperature (see Note 2) MC3523JG

Operating free-air temperature range: MC3423
MC3523
Storage temperature range

NOTES:

1. Voltage values are measured with respect to the VEg terminal,

40V
6.5V
6.5V
YAY
300 mA
825 mw
. 1000 mwW
1000 mW
. .. 0°Cto70°C
. —55°C to 125°C
. —65°C to 150°C

MC3423JG
P package

2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the JG package, MC3523 chips are
alloy-mounted; MC3423 chips are glass-mounted.

recommended operating conditions

MIN MAX UNIT
Supply voltage, Vg 4.5 40 \Y
High-level input voltage, remote activate mput 2 A"
Low-level input voltage, remote activate input 0.5 \%
electrical characteristics over operating free-air temperature range, VCC =5V to 36 V
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Output voltage Remote activate at 2V, Vee—22V Veg-18Vv Y
10 = 100 mA
Indicator low-level output voltage Remote activate 2V, 0.1 0.4 Y]
o= 1.6 mA
Threshold voltage at either sense input Ta =25°C 2.45 2.6 2.75 \
Temperature coefficient at input threshold voltage 0.06 %/°C
Source current (pin 4) Sense 1 at3 V,Pind4at 1.3V 0.1 0.22 0.3 mA
High-level input current, remote activate input Vee=5V, Vi=2V 5 40 MA
Low-{evel input current, remote activate input Vee=5V, =08V —120 —180 uA
Supply current Mc3423 Outputs open 6 10 mA
MC3523 5 7]
Propagation delay time, remote activate input to output | Ta =25°C 0.5 us
Output current rate of rise Ta=25"C 400 “m/\/us
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG {Alloy-Mounted Chip) 1050 mW 8.4 mW/°C 25°C
JG (Glass-Mounted Chip) 825 mW 6.6 MW/ C 25°C
P 1000 mW 8mW/C 25°C

Also see Dissipation Derating Curves, Section 2,

1«
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LINEAR
INTEGRATED

TYPES SE555, NEb55
PRECISION TIMERS

CIRCUITS BULLETIN NO. DL-S 12053, SEPTEMBER 1973-REVISED OCTOBER 1979

Timing from Microseconds to Hours
Astable or Monostable Operation
Adjustable Duty Cycle

TTL-Compatible Output Can Sink or
Source up to 200 mA

Designed to be tnterchangeable with
Signetics SE555/NE555

description

The SEB55 and NE555 are monolithic timing circuits
capable of producing accurate time delays or oscilia-
tion. In the time-delay or monostabie mode of opera-
tion, the timed interval is controlled by a single ex-
ternal resistor and capacitor network. In the astable
mode of operation, the frequency and duty cycle
may be independently controlled with two external
resistors and a single external capacitor.

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of Vcge. These
levels can be altered by use of the control voltage
terminal. When the trigger input falls below the
trigger level, the flip-flop is set and the output goes
high. When the threshold input rises above the
threshold level, the flip-flop is reset and the output
goes low. The reset input can override all other inputs
and can be used to initiate a new timing cycle. When
the reset input goes low, the flip-flop is reset and the
output goes low. When the output is low, a low-
impedance path is provided between the discharge
terminal and ground.

The output circuit is capable of sinking or sourcing
current up to 200 milliamperes. Operation is specified
for supplies of 5 to 15 volts. With a 5-volt supply,
output levels are compatible with TTL inputs.

JG OR P DUAL-IN-LINE PACKAGE
(TOP VIEW)

CONTROL

DIS- THRES- VOLT-
Vcc CHARGEHOLD  AGE

6(15

s U7

r

1[]2

GER

3(]4

GND TRIG- OUT- RESET

PUT

functional block diagram

COMP

>

a1

CONTROL
Vce  VOLTAGE
(8} (s)
$
<
SR
THRESHOLD
L
2n
p:
q
TRIGGER —2L
>
.
>
SR
L
™

GND

n

RESET

@)

S

FLIP-FLOP

Q

o@ Bl oureur

DISCHARGE
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TYPES SE555, NE555
PRECISION TIMERS

schematic
vee 8o o ° - e
47k i:eao 47k 21k
H:_‘ A ‘
5k K
' < 39k$
{6) >
THRESHOLD N 210k - outeut
CONTROL _{5) r—it—o
VOLTAGE
[
35k ¥ S
(2) L
TRIGGER J ) K
RESET ——l( ) ‘,_{ 20 [‘
7
DISCHARGE il ¢ '/ |
Qe s' 10k 2100k 25k 387k
GROUND —. ,J7 —® -
100
Resistor values shown are nominal and in ohms.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply volitage, V¢ (see Note 1) . 18V
Input voltage (control voltage, reset, threshold, trlgger) . vee
Qutput current . +225 mA
Continuous total dnssrpatuon at (or below) 25 C free -air temperature (see Note 2) L. . 600 mw
Operating free-air temperature range: SESB5 . . . . . . ... —55 Cto 125°C
NEBSG . . . . . . . . . . . . . . ... . ... 0Cw70°C
Storage temperature range . . . . . . ... ... —B5°Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package 260°C

NOTES: 1. All voltage values are with respect to network ground terminal,
2. For operation above 256°C free-air temperature, refer to Dissipation Derating Table. In the JG package, SE555 chi
mounted, NES55 chips are glass-mounted.

recommended operating conditions

ps are alloy-

SES55 NES55 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 4.5 18 | 45 16 V
Input voltage, V| (control voltage, reset, thresholid, trigger) Vee Vee \2
Output Current, lg +200 +200| mA
Operating free-air temperature, T a -55 125 0 70| °C

TEXAS INSTRUMENTS
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TYPES SE555, NE555
PRECISION TIMERS

electrical characteristics at 25° C free-air temperature, VCC =5 V to 15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS SESSS NESSS UNIT
MIN TYP MAX |[MIN TYP MAX
Threshold voltage level as a
66.7 66.7 %
percentage of supply voltage
Threshold current (see Note 3) 0.1 025 0.1 0.256 LA
\' =15V 4.8 5 5.2 5
Trigger voltage level cc \
Ve =5V 145 1.67 1.9 1.67
Trigger current 0.5 0.5 BA
Reset voitage level 0.4 0.7 1 0.4 0.7 1 A"
Reset current 0.1 0.1 mA
Control voltage Vee=15V 9.6 10 104 9 10 11 v
(open-circuit) Veec=5V 29 33 3.8 26 33 4
loL=10mA 0.1 0.15 0.1 025
loL = 50 mA 0.4 0.5 04 0.75
Vee= 15V oL
loL = 100 mA 2 2.2 2 2.5
Low-level output voltage \
loL = 200 mA 25 2.5
loL=5mA
Vee=56V oL 0256 0.35
loL =8 mA 0.1 025
loH = —100 mA 13 133 12,75 133
. Veeg=15V
High-level cutput voltage loH = —200 mA 125 12,5 \
Veg=56V IoH = —100 mA 3 3.3 2.75 33
Output low, Veg=15V 10 12 10 15
No load Ve =5V 3 5 3 6
Supply current - mA
Output high, Vee=15V 9 11 9 14
No load Vee=56V 2 4 2 5

NOTE 3: This parameter influences the maximum value of the timing resistors R5 and Rg in the circuit of Figure 13, For example when
Vee = B V the maximum value is R = Ra+Rg ~ 20 MQ.

operating characteristics, Vcc =5V and 15V
PARAMETER TEST CONDITIONST UNIT

MIN TYP MAX (MIN TYP MAX
Initial error of Ra =1 kS 10 100 ke2,| T4 = 25°C 0.5 2 1 %
timing interval
Temperature coefficient Ta =MIN
Rp =0 to 100 kQ 30 100 50 (o]

of timing interval B ° ‘ to MAX ppm/”
Supply voltage sensitivi

pply voltage sensitivity C=0.1uF Ta =25°C 005 02 0.1 %IV
of timing interval
Output pulse rise ti 100 1

utput pulse rise mwe CL = 15pF, Tp = 25°C 00 ns
Output pulse fall time 100 100 ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip} 600 mW 8.4 mwW/°C 79°C
JG (Glass-Mounted Chip) 600 mW 6.6 mW/°C 59°C
P 600 mW 80 MW/ C 75°C

Also see Dissipation Derating Curves, Section 2.

FIGURE 1
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TYPES SE555, NE555
PRECISION TIMERS

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

TYPICAL CHARACTERISTICS?

LOW-LEVEL OUTPUT VOLTAGE

vs
LOW-LEVEL OUTPUT CURRENT

LOW-LEVEL QUTPUT VOLTAGE
vs

s
LOW-LEVEL OUTPUT CURRENT

' Fcacsy 0E | EE 10 =
< T ——F
7 cci ? :Vccv 'UiV i ﬁTAHZE”C_: 7EVec=15V
> AL L4
EI] T i i tt > 4
8 2 L H & [Ta = 25°c L JDEH 3 2 T
g e K] 1 S Ta=-55°C
o = o 1 S )
s 1 Ta=-55°C > = 1k H
T oA =2 5 o7 Ta=55°C T 07} 2
] T ' Dess E 2 H
2 oa[—=Ta=25°C 1A =126°cHTH 2 08 g 04
8 # 2 3 Ta=25°C t
e 02 v 2 02 3 02 NN i
T - al E 5 Ta = ~B6°C
Y — o " FRPUAR spuepprors: =
§ 007 - 0.07 35 007 A
T, 0.08 = 3 004 1 004 +
3 ] > \ [
> 002 T 0.02 F— > 002
j :
0.01 L 0.01 L 001
T2 4 710 20 40 70100 T2 4 710 20 40 70100 12 4 710 20 40 70100
oL —Low-Level Output Current—mA IoL —Low-Level Output Current—mA 1oL —Low-Level Qutput Current—mA
FIGURE 1 FIGURE 2 FIGURE 3
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT SUPPLY CURnend vs
v vs LOWEST VOLTAGE LEVEL OF
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE TRIGGER PULSE
20 77T _1 10— 160
- _EE® Output low, No load
18 rTa 56 ¢ I [~ No load ] —‘
> 1] €125
116 =3 8 T
8 TATB G H BN s
£1a ! £
L] j 5 | 100 :
%12 a [ E Ta=-55°C
g T o5e - 5 s
s, Ta=125%¢||| 3 g
. 7%
1 2 E Ta=0°C L—
I Q A
oo8 3 Ta = —85°C £ \// /'/
| | L1 2 50— Ta=25C,
506 g ot T A
o = Ta=125°C <
>
04 T t 2 €
Vec=5Vte 15V K] % \ P—A=125°c
02 ]
LT l | M|
o [} 0 i n
1z 4 7 0 20 40 70100 5 6 7 8 9 10 11 12 13 14 15 0 0.1xVge 02xVeg 0.3xVee 04xVec
IoH—High-Levei OQutput Current—mA Vee-Supply Voltage—V Lowest Voltage Level of Trigger Pulse
FIGURE 4 FIGURE 5 FIGURE 6
NORMALIZED OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH PROPAGATION DELAY TIME
(MONOSTABLE OPERATION} (MONOSTABLE OPERATION) ve
vs vs LOWEST VOLTAGE LEVEL
SUPPLY VOLTAGE FREE-AIR TEMPERATURE OF TRIGGER PULSE
5 1015 1015 | R 300
o Lo vee=10V
- v
G 1010 - — < 1010 - ¢ 250 —
o <
z e E .
S 1008 5 1008 = 200 Ta=0"C
2 E] d = Ta = —55°C
R " % T ]
> > T =1
2 1.000 — 2 1.000 g 150
2 s 2
= 2 T~ B
K & § 1T MTa=25°C
2 0489% 2 0895 T g 100 AT®
£ - a _//‘/R L1 200
2 5 : 5 [T TA ‘70 C
2 0900 = 0990 t & 50 T
3 2 I Ta = 126°C
2 2 ! )
0.985 0.985 ¢
0 5 10 15 20 -75 50 -25 © _ % 50 759 100 125 0 0.axVge 0.2xVge 0.3xVge O4xVee
Vee-Supply Voltage—V Ta-Free-Air Temperature—C Lowest Voltage Level of Trigger Pulse
FIGURE 7 FIGURE B FIGURE S

TData

for temperatures below 0°C and above 70°C are applicable for SESBS circuits only.
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TYPES SE555, NEb5S
PRECISION TIMERS

TYPICAL APPLICATION DATA

. RA=O1 ki
monostable operation cﬂim ;F'
—s: Figure 11
vee (5Vto 15V)
L) L) L L]
INPUT VOLTAGE
{4) | (8) AL RA >
RESET  V¢e @) §
@ OUTPUT ouTPUT ~ 1 r
INPUT —={ TRIGGER é,
SES55/NESS5 | g
DISCHARGE S
CUTPUY VOLTAGE
{5) |CONTROL (
VOLTAGE 6) 1
I THRESHOLD / / /
0.01uF GND =c 4
T l(n /
= z= - CAPlACITU VOLTAGE
Time—0.1 ms/div
FIGURE 10—CIRCUIT FOR MONOSTABLE OPERATION FIGURE 11-TYPICAL MONOSTABLE WAVEFORMS

For monostable operation, the SE555/NE555 may be connected as shown in Figure 10. If the output is low, applica-
tion of a negative-going pulse to the trigger input sets the flip-flop (Q goes low), drives the output high, and turns off
Q1. Capacitor C is then charged through R until the voltage across the capacitor reaches the threshold voltage of the
threshold input. If the trigger input has returned to a high level, the output of the threshold comparator will reset the
flip-flop @ goes high), drive the output low, and discharge C through Q1.

Monostable operation is initiated when the trigger input voltage falls below the trigger threshold. Once initiated, the se-
quence will complete only if the trigger input is high at the end of the timing interval. Because of the threshold level and u
saturation voltage of Q1, the output pulse width is

approximately ty = 1.1 RAC. Figure 12 is a plot of 10
the time constant for various values of Ra and C. The
threshold levels and charge rates are both directly
proportional to the supply voltage, V. The timing

Ul
interval is therefore independent of the supply _;';
voltage, so long as the supply voltage is constant b 10~?
during the time interval. %

%l
Applying 2 negative-going trigger pulse simul- < 1072 g

o
taneously to the reset and trigger terminals during the 51 /
timing interval will discharge C and re-initiate the 8 10-3 7
cycle, commencing on the positive edge of the reset lg / /V
pulse. The output is held low as long as the reset e
pulse is low. When the reset input is not used, it 104
should be connected to Vgc to prevent false /
triggering.

1073
0.001  0.01 0.1 1 10 100

C—Capacitance—uF

FIGURE 12—OUTPUT PULSE WIDTH vs CAPACITANCE
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TYPES SE555, NE555
PRECISION TIMERS

i TYPICAL APPLICATION DATA
astable operation

o
g = 3 k2
Vee{(5Vito 15V) ﬁ:g‘q’iff
Sos Figure 14
(4)| {8) RL RA
RESET  Vcc
@ outpur (2! ouTRUT
TRIGGER z
>
SEB55/NESS55 I
oiscHarGe L g
>
OPEN _ (5} [cONTROL Re "
(See Note A) VOLTAGE  THRESHOLD (6} Lot fe OUTPUT VOLTAGE
APAATA
lﬂ) qL / / /
; 7TV VTN
NOTE A: Decoupling the control voitage input {pin 5) to APACITOR VOLT
ground with a capacitor may improve operstion, I
This should be evaluated for individual applications. Time—-0.5 ms/div
FIGURE 13—CIRCUIT FOR ASTABLE OPERATION FIGURE 14—TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, R, to the circuit of Figure 10, as shown in Figure 13, and connection of the trigger
input to the threshold input will cause the SE555/NE555 to self-trigger and run as a multivibrator. The capacitor C will
charge through Ra and Rg then discharge through Rp only. The duty cycle may be controlled, therefore, by the values
of Ra and Rp.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level
(=~0.67-V ) and the trigger-voltage level (~0.33-Vcc). As in the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle) are independent of the supply voltage.

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration tq and low-level
duration ti_ may be found by:

100 k
tH =0.693 (RA+ Rg) C
t =0.693(Rg)C T 10k
|
Other useful relationships are shown below. ‘E
g 1k
period = t4 + tL_ = 0.693 (Rp + 2Rg) C g
1.44 ?_:” 100
N c
frequency (RA+2RBI C ‘;3:
& 10
Output driver d | L Rs E
utput driver duty cycle = e RA+2Rg 0
1
QOut f dut I H 1 RB
t = = p—
utput waveform duty cycle e Ra+2Rp o
t Rg 0.001 0.01 0.1 1 10 100
Low-to-high ratio = ———y = ——— :
tH RA + Rp C—Capacitance—uF

FIGURE 15-FREE-RUNNING FREQUENCY
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TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector .
Ra=1kn
reor,
vee (5V to 16 V) [
(4)‘ {8) RL RA
INPUT RESET  Vce @) :; I
(2) ouTPUT OUTPUT > 1HPUT VOLTAGE
TRIGGER o
) —
SEB55/NEB55 o =
DISCHARGE £
>
(5) JCONTROL OUTPUT VOLTAGE 1
l VOLTAGE  TuResHoLD HE)
0.01 uF GND =c
1 I ' ai
- = j =
QAE‘IGW C ITO VOL1|AGE
CJ Time—-0.1 ms/div
FIGURE 16—CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 17—-MISSING-PULSE DETECTOR WAVEFORMS

The circuit shown in Figure 16 may be utilized to detect a missing pulse or abnormally long spacing between consecutive
pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse
train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated
pulse train will permit the timing interval to be completed, thereby generating an output puise as illustrated in Figure 17.

frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operate as a frequency divider.
Figure 18 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing

cycle.

See Figura 11

INPUT VOLTAGE

Volitage—2 V/div

OUTPUT VOLTAGE

A AL LA
e |

J CAPACITOR VOLTAGE

Time—0.1 ms/div

FIGURE 18—DIVIDE-BY-THREE CIRCUIT WAVEFORMS
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TYPES SE555, NE555

PRECISION

TIMERS

pulse-width modulation

TYPICAL APPLICATION DATA

cLock __(2
INPUT

MODULATION (5)
INPUT —
{See Note A)

~]

MODULATION INPUT VOLTAGE

CLOCK INPUT VOLTAGE

LY
Ra»3ka
Vee 5V to 15 V) ety
Ses Figurs 2C
] (8) RLg 3Ra |
RESET vee @)
OuTPUT 2
TRIGGER ouTPUT R
SEB555/NESS5 2
DISCHARGE [Z) &
g
CONTROL IS
VOLTAGE  THRESHOLD |{€)
GND =c
1o | A
NOTE A: The modulating signal may be direct or capaci-
tively coupled to the control voltage terminaj. For l

direct coupling, the effects of modulation source

voltage and impedance on the bias of the

SEB55/NESSS5 should be considered,

FIGURE 18—CIRCUIT FOR PULSE-WIDTH MODULATION

2
OUTPUT VOLTAGE

CAPACITOR VOLTAGE

Time—0.5 ms/div

FIGURE 20—PULSE-WIDTH-MODULATION WAVEFORMS

The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 19 is a circuit for
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 20,
A sine-wave modulation signal is illustrated, but any wave-shape could be used.

pulse-position modulation

MODULATION _ (5)
INPUT

{See Note A)

~

IODULATION INPUT VOLTAGE

OUTPUT VOLTAGE

vee (5V ta 15 V) Fa~ s001t
| C=001uF
RL = 1k
See Figure 22
R
@ ®) Ly 1RaA
RESET vee @
OUTPUT OUTPUT 2
TRIGGER 2
>
SE555/NES55 ) o~
DISCHARGE ¢
g
<R 3
CONTROL o ] B S
VOLTAGE  THRESHOLD
GND -=c [
|(1)
= = y
NOTE A: The modulating signal may be direct or capaci- V
tively coupled to the control voitage terminal, For
direct coupliing, the effects of modulation source

voltage and

SES555/N

FIGURE 21—-CIRCUIT FOR PULSE-POSITION MODULATION

impedance on
E5565 should be considered.

the bias

CAPACITOR VOLTAGE
i i 1

iy
]

of the

Time—0.1 ms/div

FIGURE 22—-PULSE POSITION-MODULATION WAV EFORMS

The SEB55/NEBE5 may be used as a pulse-position modulator as shown in Figure 21. In this application, the threshold
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows such a circuit, with a
triangular-wave modulation signal, however, any modulating wave-shape could be used.
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TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA
sequential timer

vce
| ¢ ) SR 33ka w[ " mw SRe 33k 4 : ® _ Sge
RESET Ve 1 RESET __ vVce (3)" RESET __ VCC (3)1’
(3) | |
o @ o acen  OUTPUT - @) ceeer  OUTPUT 122 ecen  OVTPUT
s SE555/NE555 L 0.001 SE555/NES55 7 0.001 SES55/NES55 |
DiscRARGE K¢ uf DISCHARGE |{Zlg uF DISCHARGE |—a
5) |CONTROL (5) |cONTROL {5) [CONTROL
VOLTAGE THRES- |14 voLTage THRES |1 ] VOLTAGE  THRES-|(®)
oo HOLP 'j HOLD oo "O° j’
GND
0.01 —~Ca | 0.01 —~Cg | 001 —~C¢
o T lm T uf T ) T T 1o ™
CA=10xF AL Cc =147 uF
RA = 100 kQ = RC = 100 k2
OUTPUTA Cp=47uF OUTPUT B OuTPUTC
Rg = 100 ka

S closes momentarily at t = 0.

FIGURE 23—-SEQUENTIAL TIMER CIRCUIT

Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such
as test equipment require activation of test signals in sequence. SE555/NES55 circuits may be connected to provide
such sequential control. The timers may be used in various combinations of astable or monostable circuit connections,
with or without modulation, for extremely flexible waveform control. Figure 23 illustrates a sequencer circuit with
possible applications in many systems and Figure 24 shows the output waveforms.

T
See Figure 24
OUTPUT A twA twA = 1.1 RACA m
twB
1
2
2 OUTPUT B tws = 1.1 RgCg .
P
&
g
3
>
OUTPUTC L"th Ll twc=11Rccc
f—1t=0

t—Time—1 s/div

FIGURE 24-SEQUENTIAL TIMER WAVEFORMS
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478

LINEAR
INTEGRATED
CIRCUITS

TYPES SE556, NE556
DUAL PRECISION TIMERS

BULLETIN NO, DL-S 12608, APRIL 1978

Two Precision Timing Circuits per Package
Astable or Monostable Operation
TTL-Compatiblie Output Can Sink or Source

up to 150 mA

Active Pull-up and Pull-Down
Designed to be Interchangeable with Signetics

SE556/NEB56

APPLICATIONS

Precision Timer from
Microseconds to Hours
Sequential Timer
Pulse-Shaping Circuit
Pulse Generator
Missing-Pulse Detector
Tone-Burst Generator
Pulse-Width Modulator
Time-Delay Circuit
Frequency Divider
Pulse-Position Modulator
Appliance Timer
Touch-Tone Encoder
Industrial Controls

description

SES56 ....4
NE556....JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

TIMER 2
/\

CONTROL
DIS-  THRES- VOLT- OUT-  TRIG-
VCC CHARGE HOLD AGE RESET PUT  GER

DIS THRES- CON- RESET OUT- TRIG- GND
CHARGE HOLD TROL PUT GER
VOLTAGE
N
TIMER 1

functional block diagram of each timer

THRESHOLD

TRIGGER

CONTROL
vee VOLTAGE RESET
‘L
;» R
come ouT-
PUT
Q
:; o R &
< FLIP-FLOP
H
L
compP
b3
:» R
(1]
GND DISCHARGE

QuUTPUT

The SE556 and NEB56 provide two monolithic, independent timing circuits of the SE555/NES55 type in each package.
These circuits can be operated in the astable or the monostable mode with external resistor-capacitor timing control.
The basic timing provided by the RC time constant may be actively controlled by modulating the bias of the control
voltage input.

The SE556 is characterized for operation over the full military temperature range of —55°C to 125°C. The NE556 is
characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢ (see Note 1) .
Input voltage (control voltage, reset, threshold, trlgger)

Output current ..
Continuous total dissipation at (or below) 70 C free-aur temperature (see Note 2)

Operating free-air temperature range:

Storage temperature range

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds:

NOTES:

1.

SEB56
NEB56

All valtage values are with respect to network ground terminal.

18V
Vee

+225 mA
. 600 mW

—55°C to 125°C
0°C to 70°C
—65°C to 150°C

J package
N package

2, For operation of the SE556 above 77°C free-air termperature, derate linearly at the rate of 8.2 mw/°C.

. 300°C
. 260°C

INCORPORATED

Copyright © 1978 by Texas Instruments incorporated
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TYPES SE556, NE556
DUAL PRECISION TIMERS

recommended operating conditions

SEB56 NE5656
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, VcC 45 18 4.5 16 v
Input voltage, V) (control voltage, reset, threshold, trigger) Vee Vee \"
Output Current, Ig +200 +200 mA
Operating free-air temperature, Ta ~55 125 o 70 °c
electrical characteristics at 25°C free-air temperature, VCc = 5 V to 15 V {unless otherwise noted)
SE556 NES556
PARAMETER TEST CONDITIONS MIN_ TYP _MAX | MIN TYP  MAX UNIT
Threshold voltage level as a 66.7 66.7 %
percentage of supply voltage
Threshold current {see Note 3) 30 100 30 100 nA
] Ve =15V 48 5 5.2 5
Trigger voltage level 3
Vee=5V 1.45 1.67 19 1.67
Trigger current 0.5 0.5 BA
Reset voltage level 04 0.7 1 0.4 0.7 1 v
Reset current 0.1 0.1 mA
Control voltage Vee=15V 9.6 10 104 9 10 11 v
(open-circuit) Vee=5V 29 3.3 3.8 2.6 3.3 4
loL = 10 mA 01 0.15 0.1 025
Vee = 15 V IgL = 50 mA 0.4 0.5 04 0.5
Low-level output voltage loL - 100 mA 2 2% 2 218 v
lgL = 200 mA 2.5 25
Vee =5V loL =5 mA 0.25 0.35
loL =8 mA 0.1 0.25
IoH = =100 mA 13 13.3 12.75 13.3
Vee=15V
High-level output voltage loH = =200 mA 125 125 A
Vee=5V loH = —100 mA 3 3.3 275 33
Output low, Vee=15V 10 11 10 14
Supply current No load Vee=5V 3 5 3 6 mA
(average per timer) Output high, Vee=15V 9 10 9 13
No foad Veg =5V 2 4 2 5

NOTE 3: This parameter influences the maximum value of the timing resistors R 5, andfﬁé in the circuit of Figure 13 on page 286, For examples,
when Ve = 5 V the maximum value is R = Rp + Rg &~ 20 MQ.

monostableT operating characteristics, VCC =5 V and 15 V

PARAMETER TEST SES56 NESS6 UNIT
CONDITIONS! | MIN TYP MAX |MIN TYP MAX

Init.ial e.rror of Eéch timer : Ta = 25°C 0.5 1.5 1 %
timing interval § Timer 1 — Timer 2 £0,05 0.1 +0.1 0.2
Temperature coefficient Each timer Ta = MIN to 30 100 50
of timing interval Timer 1 — Timer 2 MAX +10 +10 pem/°C
Sup.pIY vo!tage sensitivity E.ach timer : Ta = 25°C 0.05 0.2 0.1 %IV
of timing interval Timer 1 — Timer 2 +0.1 +0.2 +0.2 $0.5
Output pulse rise time CL = 15 pF, 100 100 ns
Output pulse fall time TA = 25°C 100 100 ns

TvValues spacified are for a device in a monostable circuit similar to Figure 10 on Page 285, with compenent values as follow: Ra = 2 kQ,
C=0.1uF.

1For conditions shown as MIN or MAX, use the appropriate value spacified under recommended operating conditions.
Timing interval error is defined as the difference between the measured value and the nominal value computed by the formula: 1, = 1.1 RAC.
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LINEAR
INTEGRATED
CIRCUITS

TYPE TL170C
SILICON HALL-EFFECT SWITCH

BULLETIN NO. DL-S 12588, DECEMBER 1977—REVISED FEBRUARY 1979

e Magnetic-Field-Sensing Hall-Effect Input LP SILECT! PACKAGE

e On-Off Hysteresis TOP VIEW
e Small Size
. Vee
e Solid-State Technology
GROUND
¢ Open-Collector Output
OUTPUT
description

The TL170C is a low-cost magnetically-operated electronic switch that utilizes the Hall Effect to sense steady-state
magnetic fields. Each circuit consists of a Hall-Effect sensor, signal conditioning and hysteresis functions, and an output
transistor integrated into a monolithic chip. The outputs of these circuits can be directly connected to many different
types of electronic components.

The TL170C is characterized for operation over the temperature range of 0°C to 70°C.

FUNCTIONAL BLOCK DIAGRAM

?Vcc
R A o FUNCTION TABLE (Tp = 25°C)
| s DTL A
| [ ' s FLUX DENSITY OUTPUT
TRANSISTORS —_
: SILICON :f;?);scs - 25 " Off
| HALL-EFFECT SIGNAL CONDITIONING s ~265mT < B <25mT Undefined
| SENSOR AND HYSTERESIS >25mT on
|
B —
L

mechanical data

The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity

l GROUND

conditions and is capable of meeting MIL-STD-202C, Method 106B.

b. Lead dimensions are not controlled in this area.
c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03).

SEATING PLANE 0.165 (4,19)
0.050 (1,27) —! 0.125 (3,17)
(see Note b) 0.105 (2,67) 0.106 (2,67)
0.080 {2,03) * * 0.080 (2,03}
- ]
0206 {5.21) 0.135 (3.43) =
0175 (a.48) DIA. T g : - = = = -
i n |
0.100 + 0.005 }
0.210 (5,34) _| < » (2,54 + 0,13} r
0.170 (4,32)
. 0.500 (12,7} MIN
0.050 + 0.005 | 3 LEADS
(1272 0,13) 0.017 + 0,005, —0.001 WIDE
0.015 ¢ 0.001 THICK
{043 + 0,13, —~0.03WIDE
0,38 + 0,03 THICK}
(see Note ¢}
NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern,

ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE

tTrademark of Texas Instruments Incorporated

Copyright © 1979 by Texas Instruments incorporated
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TYPE TL170C
SILICON HALL-EFFECT SWITCH

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (seeNote 1) . . . . . . . . .7V
Output voltage e e e e 0V
Output current e e e e e e e e e e .. 20 mA
Operating free-air temperaturerange . . . . . . . . . « + « v s 4 s 4 e i e .. ... 0Ct70°C
Storage temperaturerange . . . . . . . . . —65°C to 150°C
Magnetic flux density . . . . . . . . . . unlimited
NOTE 1: Voitage vaiues are with respect to network ground terminal.
electrical characteristics at specified free-air temperature, VcC = 5 V + 5% (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold of positive-going 25°C 25
BT+ . . s s mT§
magnetic flux densityt 0°C to 70°C 35
Threshold of negative-going 25°C —259
BT- . ) - ; mT8
magnetic flux density 0°Cto70°C | -359
B1+~BT_  Hysteresis 0°C t0 70°C 20 mT§
loH High-level output current VOH=20V 0°C to 70°C 100 HA
VoL Low-level output voltage Vec =475V, lpgL=18mA [0°Cto70°C 0.4 \
Qutput low o o 6
lce Supply current Vee=525V Output high 0°Cto70°C 2 mA

T Threshoid values are those levels of magnetic flux density at which the output changes state. For the TL170C, a level more positive than Byt

causes the output to go to a low level and a lavel more negative than By _ causes the output to go to a high level. See Figures 1 and 2,

§The unit of magnetic flux density in the International System of Units (SI) is the tesla {(T). The tesla is equal to one weber per square meter.

Values expressed in millitesias may be converted to gauss by multiplying by ten.

{ The algebraic convention, where the most negative {imit is designated as minimum, is used in this data sheet for flux-density threshold levels

only.
B MIN By_ MAX BT+
25°C at25°C
S s ° | Vo Vo Vo i
- s BY— By« B 4 B b e7. B!
Vorn—|ET 10k BN T+ von BT T
N off off off |
r 3 A Y 3 |
|
[¢— 20 mT —¥ [420 mT- —20mT—¥ |
|
v v v :
on on on
voL_ BT- Vor +—Vor
The north pole of a magnet is the pole 25 0 0 0 25
that is attracted by the geographlical B (mT) B (mT) B (mT)

north pole. The north pole of a magnet

repels the north-seeking pole of a com-
pass, By accepted magnetic convantion,
lines of flux emanste from the north
pole of a magnet and enter the south
pole.

FIGURE 1-DEFINITION OF
MAGNETIC FLUX POLARITY

The positive-going threshold {BT,) may be a negative or positive B level at which a positive-
going (decreasing negative or increasing positive) flux density results in the TL170 output turn-
on. The negative-going threshold is a positive or negative B level at which a negative-gaing {(de-
creasing positive or increasing negative) flux density results in the TL170 turning off.

FIGURE 2-REPRESENTATIVE CURVESOF Vg vsB
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LINEAR TYPE TL172C
INTEGRATED NORMALLY OFF SILICON HALL-EFFECT SWITCH

cl Rcu IT BULLETIN NO. DL-S 12643, AUGUST 1977—REVISED FEBRUARY 1979

® Magnetic-Field-Sensing Hall-Effect Input LP SILECT! PACKAGE

o On-Off Hysteresis TOP VIEW

o  Small Size

e Solid-State Technology Vee

e Open-Collector Output GROUND

e Normally Off Switch ouTPuT
description

The TL172C is a low-cost magnetically operated normally off electronic switch that utilizes the Hall Effect to sense the
presence of a magnetic field. Each circuit consists of a Hall-Effect sensor, signal conditioning and hysteresis functions,
and an output transistor integrated into a monolithic chip. A magnetic field of sufficient strength in the positive
direction will cause the TL172C output to be in a low-impedance state. Otherwise the output will present a high
impedance. The output of this circuitry can be directly connected to many different types of electronic components.

The TL172C is characterized for operation over the temperature range of 0°C to 70°C.

TL172C FUNCTIONAL BLOCK DIAGRAM

V+

ITL
oTL
RTL
MOS
TAANSISTORS
QUTPUT SCR'S
TRIACS
RELAYS

—
|

|

!

I SILICON

| HALL-EFFECT SIGNA L CONDITIONING
l SENSOR AND HYSTERESIS
]

I

|

L

GROUND
mechanical data

The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity
conditions and is capable of meeting MIL-STD-202C, Method 1068B.

SEATING PLANE —

0.166 (4,19)
> 0,050 (1,27) — 0125 (3.17)
l- {10 Nows b) 0105 (2.67) __ 0.105 (2,67)
0.080 (2,03) w4 0.080 (2,03)
J
0.206 (5,21) 1
077 wan Dia. STE AL | = = = -
‘ x )
0210 (5,34) loas o.oosf
210 (5.34) _| 254:013) " |
0170 (432 | » | .
0.500 (12,7) MIN 0.060 + 0.006 |

3LEADS

0.017 + 0.006, —0.001 WIDE
0.015 + 0.001 THICK

(0,43 + 0,13, —0.03 WIDE
0,38 + 0,03 THICK}

{ses Note c)

(1,27 £ 0,13)

NOTES: a. Dimensions are in inchas and parenthetically in millimeters. Inch dimensions govern.
b. Lead dimensions are not controlied in this area.
c. Beyond 0.100 (2,54) below sesting plane, tolerance on lead width reduces to $0.001 (0,03).
ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE

TTrademark Reglistered U. S. Patent Office.

Copyright ©® 1979 by Texas Instruments Incorporated
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TYPE TL172C
NORMALLY OFF SILICON HALL-EFFECT SWITCH

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo (seeNote 1) . . . . . . . . . o . L . oL L s e e e e T
Output voltage O 0 AV
Output current . . . . . . . o e e e e e e e e e e e e e e e e e e s s e s e s s 20mA
Operating free-air temperaturerange . . . . . . « « « . s b e e e e e e e e e . ... 0°Cto70°C
Storage temperature range . . . . . . . . . . . . . e . e i e e . . .. . ... .-65Cto150°C
Magnetic fluxdensity . . . . . . . . . . . . . . . . . . . . . . . . . . < . ... unlimited

NOTE 1: Voltage values are with respect to network ground terminal.

electrical characteristics over rated operating free-air temperature range, Vcc =5V £ 5%
“{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold of positive-going
B 60 mT
™ Magnetic flux densityt §
Threshold of negative-goin
B ° sgaTve o 10 mT§
magnetic flux density
BT+—BT_— Hysteresis 23 mT§
IoH High-eve! output current VoH =20V 100 LA
VoL Low-evel output voltage Vee=4.75V, loL =16 mA 0.4 \
fce Supply current Vee=56.25V 6 mA

TThreshold values are those levels of magnetic flux density at which the output changes state, For the TL172C, a level.more positive than Bt
causes the output to go to a low level, and a level more negative than B _ causes the output to go to a high level. See Figures 1 and 2.

§Tha unit of magnetic flux density in the International System of Units (S|) Is the tesla (T). The tesla is equal to one weaber per square meter,
Values expressed in milliteslas may be converted to gauss by multiplying by ten,

Vo
+B o MIN BT MAX BT+
s {
By_
—-B s VOHJ T > Br+ |
N I l
I [
: b~ 23 mT —8» I
I |
[ B [
i - VOL'
0 n N
L v
The north pole of a magnet is the pole 0 10 B (mT) 60
that is attracted by the geographical
north pole. The north pole of a magnet
repels the north-seeking pole of a com-
pass. By accepted magnetic convention,
lines of flux emanate from the north
pole of a magnet and enter the south
pole,
FIGURE 1-DEFINITION OF FIGURE 2—REPRESENTATIVE CURVE OF Vg vsB

MAGNETIC FLUX POLARITY
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LINEAR
INTEGRATED
CIRCUITS

e« Qutput Voltage Linear with Applied Magnetic Field

TYPES TL1731, TL173C
LINEAR HALL-EFFECT SENSORS

BULLETIN NO. DL-S 12678, MARCH 1979 — REVISED OCTOBER 1978

LP SILECT! PACKAGE

e Sensitivity Constant Over Wide Operating TOP VIEW
Temperature Range
e Solid-State Technology vee
¢ Three-Terminal Device GROUND
o Senses Static or Dynamic Magnetic Fields OUTPUT
description

The TL1731 and TL173C are low-cost magnetic-field sensors designed to provide a linear output voltage proportional
to the magnetic field they sense. These monolithic circuits incorporate a hall element as the primary sensor along with
a voltage reference and a precision amplifier. Temperature stabilization and internal trimming circuitry yields a device
that features high overall sensitivity accuracy with less than 5% error over its operating temperature range.

The TL173! is characterized for operation from —20°C to 85°C. The TL173C is characterized for operation from
0°C to 70°C.

functional block diagram

SILICON

HALL-EFFECT
SENSOR

O OUTPUT

CURRENT REGULATOR

CONSTANT-CURRENT
SOURCE

J)GND
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VOC (se8 NOte 1) .. . it it it it e ettt e et et aem e et enan 25V
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 2) ... ............ . 775 mwW
Operating free-air temperature range: TL1731 ... ...........cviurnn.n.. e —20°C to 85°C
TL173C i e e 0°C to 70°C
StOrage tEMPErature FANGE . . v v vt v e e e e e e e e e e e et e e e e e . —65°C to 150°C
Magnetic flux density . ................. e e e e e P unlimited
NOTES: 1. Voltage values are with respect to network ground terminal,
2. For operation above 25°C free-air temperature, derate linearly at the rate of 6,2 mW/°C.
recommended operating conditions
TL173I TL173C
UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 10.8 12 13.2 10.8 12 13.2 \"
Magnetic flux density, B +50 +50 mT
Sink 0.5 0.5
Output current, | A
uw o Source -2 —2 m
Operating free-air temperature, Tp -20 85 0 70 °C

TTrademark of Texas Instruments Incorporated,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL1731, TL173C
LINEAR HALL-EFFECT SENSORS

electrical characteristics over full range of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS' MIN  TYpt max [ uniT |
Vo Output voltage lop=—2mA t0 0.5 mA, 58 6 6.2 v
i‘SVS Supply voltage sensitivity (AV0/AVec) B=0mT§, Ta =25°C 18 mV/V
s Magnetic sensitivity {AVo/AB) B=-50t1050mT§, Tp=25°C [ 135 15 165 | v/
AS Magnetic sensitivity change with temperature ATa = 25°C to MIN or MAX 5 %
lce Supply current B=0mT§, lo=0 8 12 mA
fmax Maximum operating frequency 100 kHz

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

$Typlcal values are at Voe = 12 V and T4 = 25°C.

§The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter.
Values expressed in miilitesias may be converted to pauss by muitiplying by ten, e.9.,50 millitesla = 500 gauss.

OUTPUT VOLTAGE
8 N vs§
s MAGNETIC FLUX DENSITY
-8 T
s ggLVcC=12V ,/
N L - 9&°
o5 A" 28°C TYPICAL— 4
- [ [
> —
| 64 UPPER BOUNDARY -}/ A y
3 // d
2 62
o
S -
o
3 58 Ve vai
The north pole of a magnet is the pole
that is attracted by the geographical é 5.6 // ,/ FLOWER BOUNDARY
north pole. The north pole of a magnet > /
repels the north-seeking pole of a com- 5.4 v
pass. By accepted magnetic convention, 6.2 /
lines of flux emanate from the north i V
pole of a magnet and enter the south 5
pole. —-50-40-30-20-10 0 10 20 30 40 50
B — Magnetic Flux Density — mT
FIGURE 1-DEFINITION OF
MAGNETIC FLUX POLARITY FIGURE 2

TYPICAL APPLICATION DATA

The circuit in Figurea 3 may be used to set the output voltage at zero field strength to exactly 6 V {using R1), and to set the sensitivity to
exactly —15 V/T {using R2), as depicted in Figure 4,
v 9 ° COMPENSATED OUTPUT VOLTAGE
v

12v MAGNETIC FLUX DENSITY
R2 ’ Ve =108V 10 132V
cc=108V10132V_|
0k 3 v o Ta=25°C
1 66
N g A
3.9kq £ 6a
TL173C WA - g ~N
TLOB1 OUTPUT 3 82
R1 < g 6
25kQ Q9 j
{ - E 58 N
3
g 56 AN
10k g
8 54
5.2
- 5
= Z50-40 -30-20~10 0 10 20 30 40 50
B — Magnetic Flux Density — mT
FIGURE 3—COMPENSATION CIRCUIT FIGURE 4
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LINEAR

INTEGRATED

CIRCUITS

TYPE TL175C

SILICON HALL-EFFECT LATCH

BULLETIN NO. DL-S 12732, DECEMBER 1979

Small Size

e Solid-state Technology

¢ Open-Collector Output

description

Magnetic- Field-Sensing Hall-Effect Input
On-Off Hysteresis Assures Latched Output

LP SILECT? PACKAGE

TOP VIEW

Vee
GROUND
ouTPUT

The TL175C is a low-cost magnetically operated electronic switch that utilizes the Hall-Effect to sense the presence and
the direction of a magnetic field. The built-in hysteresis of the switching thresholds is designed to provide a latched
switch function. This means that the switch will retain its existing state when the magnetic field is removed and will
change state only when the magnetic field is reversed and increased beyond the trigger threshold. This latching feature
eliminates the need for external circuitry to record the occurrence of an intermittent fault condition. Additionally,
the TL175C will always power-up in the latched-off state in the presence of zero magnetic field. Each circuit
consists of a Hall-Effect sensor, signal conditioning and hysteresis functions, and an output transistor integrated into a
monolithic chip. The outputs of these circuits can be directly connected to many different types of electronic

components.

The TL175C is characterized for operation over the temperature range of —40°C to 125°C.

FUNCTIONAL BLOCK DIAGRAM

_———e— e ———— ] e m

SILICON
HALL-EFFECT
SENSOR

SIGNAL CONDITIONING
AND HYSTERESIS

oTL
RTL

TRANSISTORS
SCA'S

TRIACS
RELAYS

mechanical data

GROUND

FUNCTION TABLE
(Ta = 25°C, See Figure 2}

FLUX DENSITY OUTPUT
< -35mT High (off)
-5mT<B<EMT Latched in Previous State*
>356mT Low

* During powar-up'tﬁa output will always assume the off state,

The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity
conditions and is capable of meeting MIL-STD-202C, Method 1068B.

SEATING PLANE-]

0.208 (5,21}

0.050 (1,27)
r {see Note b)

S— |

S—

0.205 (6,21) 0.135 (343
075 (@48 DA T TN &
0.210 (5,34) _|
0.170 (4,32)

NOTES: a.

L—O.SOO (127} MIN—J

b. Lead dimensions are not controlled In this area.

c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to :0.001 (0,03).

—

0.105 (2,67)
0.080 (2,03}

0.100 + 0.005 f
256:013) ¥

0.050 + 0.005 |
(1,271 013)

Dimensions are in inches and parentheticaily in millimeters. inch dimensions govern,

ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE

3LEADS

0.017 +0.005, —0.001 WIDE
0.015 ¢ 0.001 THICK

0,43 + 0,13, -0.03 WIDE
0,38 + 0,03 THICK}

{sse Note c)

0.165 (4,19}
0.125 (3,17)
0.105 (2,67}
0.080 (2,03)

TTrademark of Texas Instruments Incorporated

ADVANCE INFORMATION

This d i

on

a new product. Specifications are subject

to change without notice.

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL175C
SILICON HALL-EFFECT LATCH

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, VoG (see Note T} . .. . L. e e 18V
OULPUL VOIAgE . . . . o ot e e e e e e e e e e e e 30V
OULPUL CUITEBNT L . L . o ot i e it et e e it et et e et e e e e e e 20 mA
Operating free-air temperature range . . . ... .. ..t ittt ittt e e —40°C to 125°C
Storage teMPerature FaNGE . . . o . v v v v v v et e e e e e e e —65°C to 150°C
Magnetic Flux density . . . . e e e e e e unlimited

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX | UNIT

v Suoply vol Ta=-40°C t0 125°C 10 16.5 v
U voltage
| Yee PRIy voltag TA=0°Cta125°C 8.1 165

electrical characteristics over rated operating free-air temperature range, Vo = 10.8 V to 13.2 V {unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Brs Threshold of positi.ve-gT;oing 5 35 mT§
magnetic flux density
87 Threshold of negative-going _359 _5q mT§
magnetic flux densityT
Bt+—B7— Hysteresis 40 mT§
10H High-level output current Von =20V 100 HA
VoL Low-ievel output voltage loL =16 mA 0.4 v
Output low 7
[ Si ly current mA
cc upply Output high 7

tThreshold values are those levels of magnetic flux density at which the output changes state. For the TL175C, a level more positive than BTs4+
causes the output to go 1o a low level and a level more negative than By _ causes the output to go to a high level. See Figures 1 and 2.

§ The unit of magnetic flux density in the International System of Units (S)) is the tesla (T). The tesla is equal to one weber per square meter,
Values expressed in milliteslas may be converted to gauss by mulitiplying by ten,

4 The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshoid levels

oniy,
Vo
B o Jo—By_RANGE——| 4 |@—5Br, RANGE—.:
N I I I
£ N — . +— — l
s | off | {
| | |
| | : ;
: | | |
| ' ' |
| | | on i
The north pole of a magnet is the pole | 1 | |
that is attracted by the geographical
north pole. The north pole of a magnet -35 —-20 -5 0 +5 +20 +35
repels the north-seeking pole of a com- B (mT)
pass. By accepted magnetic convention,
fines of flux emanate from the north The positive-going threshold (By.) is the positive B level at which a positive-going flux density

pole of a magnet and enter the south

results in the TL175 output going low. The negative-going threshold (BT_) is the negative B
pole.

level at which a negative-going flux density results in the TL175 going high.
FIGURE 1-DEFINITION OF

MAGNETIC FLUX POLARITY FIGURE 2—REPRESENTATIVE CURVES OF Vg vs B
1279
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LINEAR
INTEGRATED
CIRCUITS

TYPE TL176C
NORMALLY OFF SILICON HALL-EFFECT SWITCH

BULLETIN NO, DL-S 12729, OCTOBER 1979

¢ Magnetic-Field-Sensing Hall-Effect Input

e  On-Off Hysteresis

o Small Size

e Solid-State Technology
e Open-Collector Output

e Normally Off Switch
description

The TL176C is a low-cost magnetically operated normally off electronic switch that utilizes the Hall Effect to sense the
presence of a magnetic field. Each circuit consists of a Hall-Effect sensor, signal conditioning and hysteresis functions,
and an output transistor integrated into a monolithic chip. A magnetic field of sufficient strength in the positive
direction will cause the TL176C output to be in a low-impedance state. Otherwise the output will present a high
impedance. The output of this circuitry can be directly connected to many different types of electronic components.

LP SILECT? PACKAGE

TOP VIEW

Vee
GROUND
QUTPUT

The TL176C is characterized for operation over the temperature range of —40°C to 150°C.

FUNCTIONAL BLOCK DIAGRAM

—'-' TTL

DTL
| RTL
) MOS

SILICON

SENSOR

HALL-EFFECT

SIGNAL CONDITIONING
AND HYSTERESIS

mechanical data

The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity

conditions and is capable of meeting MIL-STD-202C, Method 1068B.

- TRANSISTORS
| outeut SCR'S

I TRIACS
RELAYS

SEATING PLANE —

0.105 (2,67}

0.050 (1,27)
- r {see Note b)

0080 (2,03) , |
L]

0.165 (4,19)
— 0.126 (3,17}
0.105 (2,67)
0.080 (2,03

0.206 (5.21) 0.135 (3.43)
017 e DA Ty T~
NOTES: a.

Dimensions are in inches and parenthetically in millimeters, nch dimensions govern.
b. Lead dimensions are not controiied in this area.
c. Beyond 0,100 (2,54) below seating plane, tolerance on iead width reduces to +0.001 (0,03).
ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE

0.100 ¢ o.oosﬂ—

0.210 (5,38) _| (2,54 £0,13)
0170 (4.32) 0.500 (12,7) MIN

0.050 £ 0.005
(1,27 £ 013)

3 LEADS

0.017 +0.005, —0.001 WIDE
0.015 ¢ 0.001 THICK

(0,43 + 0,13, —0.03 WIDE
0,38 + 0,03 THICK)

{see Note c)

TTrademark of Texas Instruments Incorporated

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL176C
NORMALLY OFF SILICON HALL-EFFECT SWITCH

absolute maximum ratings over operating free-air temperature range (unless otharwise noted)

Supply voltage, VCg (seeNote 1) . . . . . . . . . . . . . . . ... ... ... ... 30V
Output voltage - (1 AV
Qutputcurrent . . . . . . . . . . . . e e e e e e e e e e e e e e e e e s e s, ., 20mA
Operating free-air temperaturerange . . . . . . . . . . . . .« v v v . . . . .. ..-—40°Cto150°C
Storage temperature rangeé . . . . . . . . . . . . w s e e i e e e e .. ... .—65Cto150°C
Magnetic fluxdensity . . . . . . . . . . . . . . . . . . . . . ... .. ... unlimited

NOTE 1: Voitage values are with respect to network ground terminal.

electrical characteristics over rated operating free-air temperature range, Vcc = 4.5V to 24 V
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold of positive-going
T
BT+ magnetic flux density T 50 mT§
Threshold of negative-goi
Br_ resho gative going 10 mT§
magnetic flux density
BT+—BT— Hysteresis 7.5 mT§
loH Highdevel output current VOH=20V 100 LA
VoL Lowdevel output voltage Vee =475V, loL =16 mA 04 \%
Icc Supply current Vee=24V 10 mA

T Threshold values are those levels of magnetic flux density at which the output changes state. For the TL176C, a ievel more positive than Bty
causes the output to go to a low level, and a level more negative than B _ causes the output to go to a high level. See Figures 1 and 2.

§The unit of magnetic flux density in tha International System of Units (Si) is the tesla (T). The tesia is equal to one weber per square meter,
Values expressed in milliteslas may be converted to gauss by multiplying by ten.

Vo
MA
B\ MIN By_ )i( BT+
S
—B s Von 1 BT > BT+ |
N I I
| I
| 7.5 mT —a! :
|
| |
] ]
| - VOL'
0 t +
The north pole of a magnet is the pole [ 10 B(mT) 50
that is attracted by the geographical
north pole., The north pole of a magnet
repels the north-seeking pole of a com-
pass. By accepted magnetic convention,
lines of flux emanate from the north
pole of a magnet and enter the south
pole.
FIGURE 1-DEFINITION OF FIGURE 2—-REPRESENTATIVE CURVE OF Vo vs B
MAGNETIC FLUX POLARITY
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LINEAR TYPES TL182M, TL1821, TL182C
INTEGRATED TWIN SPST BI-MOS ANALOG SWITCHES
CIRCUITS BULLETIN NO. DL-S 12416, JUNE 1976

e  Functionally Interchangeable with Siliconix e JFET Inputs
DG182 with Same Terminal Assignments . Uniform On-State Resistance for Minimum

¢  Monolithic Construction Signal Distortion

e  Adjustable Reference Voltage . +10-V Analog Voltage Range

e TTL, MOS, and CMOS Logic Control
Compatibility
description
The TL182 is a twin, monolithic, high-speed SPST JORN

analog switch constructed using BI-MOS technology. DUAL-IN-LINE PACKAGE (TOP VIEW)

Each half consists of a JFET-input buffer, level
translator, and output JFET switch.

25 2D NC NC 2A VEE Vief
wljwfizjjn|jwo]|9]s
The threshold of the input buffer is determined by L°;~!J

the voltage applied to the reference input (Vyef). The ik

input threshoid is related to the reference input by
the equation Vith = Vief + 1.4 V. Thus, for TTL
compatibility, the Vyef input is connected to ground. ——
The JFET input makes the device compatible with J"’L“l

bipolar, MOS, and CMOQOS logic families. Threshold TH2A3sHsAsHes N7

compatibility may, again, be determined by V4 =
Vief+ 1.4 V. 1S 1D NC NC 1A Vge Vip

NC-—No internal connection
The output switches are junction field-effect transis- Switch positions shown are A inputs low,

" tors featuring low on-state resistance and high off-
state resistance. The monolithic structure ensures

uniform matching.
BI-MOS technology is a major breakthrough in linear n

integrated circuit processing. BI-MOS can have ion-

implanted JFETs, p-channel MOS-FETs, plus the functional diagram
usual bipolar components all on the same chip.

BI-MOS allows circuit designs that previously have

been available only as expensive hybrids to be

monolithic.

For the TL182, a low level at the input turns the
h 1A -
switch on. D D SWITCH POSITIONS

]

1D 18

-

SHOWN ARE FOR

The TL182M is characterized for operation over the A INPUTS LOW

full military temperature range of —55°C to 125°C, 2A a -3
the TL1821 is characterized for operation from |
~25°C to 85°C, and the TL182C from 0°C to 70°C. !
2D ,’J—c 2s

FUNCTION TABLE
(EACH HALF)

INPUT SWITCH
A S
L ON (CLOSED)
H OFF (OPEN)
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TYPES TL182M, TL1821, TLi182C
TWIN SPST BI-MOS ANALOG SWITCHES

schematic {(each channel)

304

Vie Ve

TO OTHER HALF

]

1 s
] ﬁé“li¥ﬁ1£5°

A { H
»} 0 OTHER HALF

Vee Vref

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Positive supply to negative supply voltage to either drain, VCC — VEE ........................... 36V

Positive supply voltage to either drain, VCC - VD ........................................ 33V

Drain to negative supply voltage, VD - VEE ............................................ 33v

Drain to source voltage, VD — VS .................................................. 22V

Logic supply to negative supply voltage, VLL - VEE ...................................... 36V

Logic supply to logic input voltage, V| | — Ve 33v

Logic supply to reference voltage, V LL— Vref .......................................... 33V

Logic input to reference voltage, V| — Vot ..ot e 3V

Reference to negatvie supply voltage, Vref — VEE ........................................ 27V

Reference to logic input voltage, Vi =V o 2V

Current (any terminal) . . . . ... e e e e e e e e 30 mA
Continuous dissipation at {or below) 25°C free-air temperature (see Note 1):

TL182MJ ... e 1375 mW

TL1821J, TL182CJ ... ... .. ....... 1026 mw

Npackage ...................... 1150 mW

Operating free-air temperature range: TL182M . . ... .. .. ... . . it —55°C to 125°C

TLIB2l i e —25°C 10 85°C

TLIB2C ottt 0°C to 70°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package . . .. ... evercmnennnnnn. 300°C

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage ...............c...... 260°C

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL182M chips are alloy-mounted;

TL1821 and TL182C chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 1375 mW 11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C
N 1160 mW 9.2 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2,

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPES TL182M, TL1821, TL182C
TWIN SPST BI-MOS ANALOG SWITCHES

electrical characteristics, Vcc = 15V, VEE= =15V, VLL =5V, Vref = 0 V (unless otherwise noted)

TL182M TL182I TL182C
PARAMETER TEST CONDITIONS UNIT
MIN MAX |[MIN MAX [MIN MAX
ViH High-ievel control input voltage TA = MIN to MAX |V ef+2 Vreft2 Vreft2 v
ViL Low-level control input voltage Ta =MINto MAX| Veft0.8| Vieft0.8]| Vies10.8| V
i ] Ta=25C 10 10 20
liH High-level control input current |V =5V uA
Ta = MAX 20 20 20
L Low-tevel control input current [V =0V TA = MIN to MAX ~250 —250 —250 | pA
Vcc =18V, [Ta=25°C 5 5
vp=10v, | CC A
. Veg = —15V|Ta = MAX 100 100 100
1D (off) Off-state drain current Vg=-10V, > nA
V=2V Vec =10V, |[TA=26"C 5 5
! VEE = —20 V[T A = MAX 100 100 100
Ve =15V, |Ta=25°C 5 5
vp=—t0v/[ €€ A
VEg = —-15 V|TA = MAX 100 100 100
IS(off) Off-state source current Vg=10V, 5 nA
Vi=2V Vec =10V, [TA=25"C 5 5
! VEE = —20 V[TA = MAX 100 100 100
On-state channel Vp=-10V,Vg=—10V, |[Ta=25°C —-10 —10
ID{on)*S(on) - = nA
leakage current V=08V TA = MAX —200 —200 —200
Drain-to-source on-state Vp=-10V,Ilg=1mA, TA=MINto 25°C 75 100 100 Q
T
DSlon) resistance V=08V Ta - MAX 100 150 150
Ice Supply current from Voo 1.5 1.5 1.5
| Suppi t fi A\ -5 -5 —
EE PRy Surrent Tom YEE Both control inputs at 0 V, Tp = 25°C 5 mA
Lo Supply current from V| | 4.5 4.5 4.5
Iref Reference current -2 —2 -2
Ice Supply current from Voo 1.5 1.5 1.5
| | t f \Y -5 -5 —
EE Supely current from Veg Both controf inputs at 5 V, T = 25°C 21 mA
e Supply current from V| | 4.5 4.5 45
Iref Reference current -2 -2 -2
switching characteristics, Vcc =10V, VEE=—-20V,VLL =5V, Vief=0V, TA = 25°C
TL182M TL182I | TL182
PARAMETER TEST CONDITIONS 182¢ UNIT
TYP TYP TYP
ton Turn-on time 175 175 175
R, =300, C =30pF, Fi 1
toff Turn-off time L L=e See Figure 350 350 350 "
PARAMETER MEASUREMENT INFORMATION
VL =5V Tvcc=15v t <10 ns t, <10 ns
v S D
S O——o-"‘_ OUTPUT INPUT A
1
300 2

— T

= Vigf =0 VEg=-156V
C\ includes probe and jig capacitance. OUTPUT
TEST CIRCUIT
Vg =3V for tonand -3 V for t5yf.

R VOLTAGE WAVEFORMS
Vo=Vg—— b
RL * Ds(on)

Vo is the steady-state output with the switch on. Feed through via the gate capacitance may resuit in spikes (not shown) at the leading and trall-
ing edges of the output waveform.

FIGURE 1
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL185M, TL1851, TL185C

TWIN DPST BI-MOS ANALOG SWITCHES

BULLETIN NO. DL-S 12417, JUNE 1976

° Functionally Interchangeable with Siliconix
DG 185 with Same Terminal Assignments

e  Monolithic Construction
e  Adjustable Reference Voltage

description

The TL.185 is a twin, monolithic, high-speed DPST
analog switch constructed using BI-MOS technology.
Each half consists of a JFET-input buffer, level
translator, and two output JFET switches.

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vief).
The input threshold is related to the reference input
by the equation Vih = Vef + 1.4 V. Thus, for TTL
compatibility, the Vet input is connected to ground.
The JFET input makes the device compatible with
bipolar, MOS, and CMOS logic families. Threshold
compatibility may, again, be determined by Vi, =
Vief+ 1.4 V.

The output switches are junction field-effect tran-
sistors featuring low on-state resistance and high
off-state resistance. The monolithic structure ensures
uniform matching.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS can have ion-
implanted JFETs, p-channel MOS-FETs, plus the
usual bipolar components all on the same chip.
BI-MOS allows circuit designs that previously have
been available only as expensive hybrids to be
monolithic.

For the TL185, a high level at the input turns the
switches on.

The TL185M is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL185| is characterized for operation from
—25°C to 86°C, and the TL185C from 0°C to 70°C.

FUNCTION TABLE
{EACH HALF)

INPUT SWITCHES
A S1 AND 82
L OFF (OPEN)
H ON (CLOSED)

e JFET Inputs

. Uniform On-State Resistance for Minimum
Signal Distortion

e +10-V Analog Voltage Range

. TTL, MOS, and CMOS Logic Control
Compatibility

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

151 1A VEE Vref VLL Vec 2A 282
wilsjwpyspuzyunpjwpls

1213 4][5]]8([7]|"
1D1 NC 1D2 1S2 281 201 NC 2D2

NC—No internal connection
Switch positions shown are for A inputs high,

functional diagram

181

101 2D1

102 2D2

it
i

182

1 —

252

L

]
]
I

:

¥

SWITCH POSITIONS
SHOWN ARE FOR
A INPUTS HIGH

TEXAS INSTRUMENTS
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TYPES TL185M, TL185I, TL185C
TWIN DPST BI-MOS ANALOG SWITCHES

schematic (each channel) Vo Vee

— }YO OTHER HALF

oE [

o]

VEE

D1

$2

D2

N
'}To OTHER HALF
Vraf

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Positive supply to negative supply voltage, Voc — VEE
Positive supply voltage to either drain, Voc — VD
Drain to negative supply voltage, VD — VEE

Drain to source voltage, Vp — VS -

Logic supply to negative supply voltage, Vit — VEE
Logic supply to logic input voltage, V| — V|

Logic supply to reference voltage, V|_| — Vef

Logic input to reference voltage, V| — Vyef

Reference to negative supply voltage, Vet — VEE
Reference to logic input voltage, Vyef — Vi

Current (any terminal) .

Continuous dissipation at {or below) 25 C free -air tempemture (see Note 1)

TL185MJ
N package
Operating free-air temperature range: TL185M Coe e
TL185I
TL185C .
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package

TL1851J, TL185CJ ...............

KAV
3V
. 33V
. 122V
3BV
3V
33V
33V
27V
.2V
30 mA

1375 mwW
1025 mW
1150 mW
. —656°Cto 125°C
—25°C to 85°C
0°C t0 70°C

. 300°C
. 260°C

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL185M chips are alloy-mounted

TL185! and TL185C chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 13756 mW 11.0 mW/°C 25°C
J {Glass-Mounted Chip) 1025 mW 8.2mW/°C 25°C
N 1150 mW 9.2mW/°C 25°C

Also see Dissipation Derating Curves, Section 2,
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TYPES TL185M, TL1851, TL185C
TWIN DPST BI-M0S ANALOG SWITCHES

electrical characteristics, VCC =15V, VEE=—15V, VLL =5V, Vyef = 0 V (unless otherwise noted)

Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and traii-

= CL includes probe and jig capacitance.
TEST CIRCUIT VOLTAGE WAVEFORMS

Ry

Vg =3V fortg,and ~3V for to¢f. Vg=Vg——"T—

s on © RL *+ rDSlon)

ing edges of the cutput waveform,

FIGURE 1

TL185M TL1851 TL185C
PARAMETER TEST CONDITIONS UNIT
MIN MAX [MIN MAX|MIN MAX
VIH High-level control input voltage TA = MIN to MAX |V gft2 Vreft2 Vygft2 A
ViL Low-level control input voltage TA = MIN to MAX Vreft0.8[ Vigft0.8| Vi et08| V
! High-level control input currant| V| = 5 V Ta = 25°C 10 10 200 A
-level control input curren =
1H gh-lev e ! Ta = MAX 20 20 20]
he Low-level control input current| V| =0 V Ta =MIN to MAX -250 —250 —250 | uA
Vee =16V, [Ta=25"C [ 5
vp=1ov, | c€ A
. Veg = —15 V[T A = MAX 100 100 100
ID(off) Off-state drain current Vg=-~10V, — nA
vi—ogy |Vec=10V, [Ta=25C 5 5
1778 Y Vgg = ~20 v[T, = MAX 100 100 100
Vce=15V, |Ta=25°C 5 5
vg=-tav) ¢ A
VEE = —1B6 V[T A = MAX 100 100 100
I1S(off) Off-state source current Vg=10V, > nA
vi.ogy |VCC=10V.[Ta=25C 5 5
= VEE = —20 V[T = MAX 100 100 100
Onsstate channel Vp=-10V,Vg=-10V, |Ta=25°C -10 -10
ID(on)*!S(on) - - nA
leakage current g=2V Ta = MAX —200 —200 —200
Drain-to-source on-state Vp=-10V,Ig=1mA, |Ta=MINto25°C 125 150 150 Q
r
DSfon) resistance vi=2v Ta - MAX 250 300 300
Icc Supply current from Voo 15 1.5 1.5
! Supply current from V —5 -5 -5
EE it EE Both control inputs at 0 V, T =25°C mA
L Supply current from V) | 4.5 45 45
fref Reference current -2 -2 -2
lee Supply current from Vg 1.5 15 1.5
[ Supply current from V -5 -5 -5
EE PPy current from VEE Both control inputsat 5 V, T = 25°C mA
L Supply current from V| 45 45 45
lref Reference current -2 -2 -2
switching characteristics, VCcCc =10V, VEE=—20V, VLL =5V, Vief =0V, TA = 25°C
TL185M | TL18SI | TL185C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
t Turn-on time 178 17 175
on ornon o RL-3009,C_=30pF,  See Figure 1 5 ns
toff Turn-off time 350 350 350
PARAMETER MEASUREMENT INFORMATION
t, <10 ns t¢ <10 ns
VLL=5VT ochc=15v e
ve Tttt : ] ov
s ! RL= | ouTPUT H
| ! ml it et T3
A
_______ oV
il il OUTPUT 0.1 Vo
l Vo
- = —_——— e T T e —— 3V
Vies=0 VEE-—-‘|5V
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LINEAR TYPES TL188M, TL188I1, TL188C
INTEGRATED DUAL COMPLEMENTARY SPST
CIRCUITS BI-M0OS ANALOG SWITCHES

BULLETIN NO. DL-S 12418, JUNE 1976 — REVISED OCTOBER 1979

e  Functionally Interchangeable with Siliconix e  JFET Inputs
DG 188 with Same Terminal Assignments

. Uniform On-State Resistance for Minimum
L] Monolithic Construction Signal Distortion
. Adjustable Reference Voltage . +10-V Analog Voltage Range
. TTL, MOS, and CMOS Logic Control
.. Compatibili
description P ty
The TL188 is a monolithic, high-speed dual comple-
mentary SPST switch constructed using BI-MOS JORN
technology. It consists of a JFET-input buffer, DUAL-IN-LINE PACKAGE (TOP VIEW)
level translator, and two output JFET switches NC NC D2 52 NC VEE  Vref
that can easily be connected in SPDT configuration. 1" 13 12 1 1 9 8
The threshold of the input buffer is determined by
the voltage applied to the reference input (Vief). m ——_-!
The input threshold is related to the reference input 'v!
by the equation Vih = Vyef + 1.4 V. Thus, for TTL }
compatibility, the Vef input is connected to ground. b ‘I

The JFET input makes the device compatible with
biploar, MOS, and CMOS logic families. Threshold
compatibility may, again, be determined by Vih =
Vyieft 1.4V,

The output switches are junction field-effect tran-
sistors featuring low on-state resistance and high off-
state resistance. The monaclithic structure ensures
uniform matching.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS can have ion-
implanted JFETs, p-channel MOS-FETs, plus the
usual bipolar components all on the same chip.
BI-MOS allows circuit designs that previously have
been available only as expensive hybrids to be
monolithic,

functional diagram

For the TL188, a high level at the input turns switch
S1on and S2 off.

The TL188M is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL188l is characterized for operation from
—25°C to 85°C, and the TL188C from 0°C 10 70°C.

SWITCH POSITIONS
SHOWN ARE FOR
INPUT A HIGH

FUNCTION TABLE

INPUT SWITCHES
A S1 S2
L OFF {OPEN) ON (CLOSED!}
H ON (CLOSED) OFF (OPEN)

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL188M, TL188I, TL188C

DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

schematic

310

viL vce

« I L \ *
ELLE e

\ 4
L

VWA
A
V

VEE Vref

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted}

Positive supply to negative supply voltage, VCC“VEE ..................................... 36V

Positive supply voltage to either drain, VCC - VD ........................................ 33V

Drain to negative supply voltage, VD - VEE ............................................ 33V

Drain to source voitage, VD“ VS .................................................. 22V

Logic supply to negative supply voltage, VLL - VEE ...................................... 36V

Logic supply to logic input voltage, VLL — V| ........................................... 33V

Logic supply to reference voltage, VLL - Vref .......................................... 33V

Logic input to reference voltage, V, - Vref ............................................. 33V

Reference to negative supply voltage, Vref — VEE ........................................ 27V

Reference to logic input voltage, Vief— VI ............................................. 2V

Current (any 1erminall . . . ... e e 30 mA
Continuous dissipation at {or betow) 25°C free-air temperature (see Note 1):

TLI8BMJ ... 1375 mW

TL188HJ, TL188CS ............... 1025 mW

Npackage ..................... 1150 mW

Operating free-air temperature range: TL188M . . . . . . . .. ... . i ii i —55°C to 125°C

TLIBBI oottt ~25°Cto 85°C

TLIBBC ottt i —0°Cto 70°C

Lead temperature 1/16 inch (1,6 mm)} from case for 60 seconds: Jpackage ....................... 300°C

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package .. ............c..cou.. 260°C

NOTE 1: For operation sbove 25°C free-air temperature, see Dissipation Derating Table, In the J package, TL188M chips are alioy-mounted;

1881 and TL h lass- d.
TL188I an 188C chips are glass-mounte DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE RATING FACTOR TA
J (Alloy-Mounted Chip) 1375 mW 11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mwW 8.2 mW/°C 25°C
N 1150 mW 9.2 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2,
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TYPES TL188M, TL188I, TL188C
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

electrical characteristics, VCCc =15V, VEE=—15V, VLL =5V, Vref = 0 V {(unless otherwise noted)

TL188M TL188I TL188C
PARAMETER TEST CONDITIONS MIN MAX|MIN MAXjMIN MAX UNIT

ViH High-level control input voltage Ta =MIN to MAX |V ef+2 Veeft2 Jvref"'z v

ViL Low-level control input voltage Ta=MINto MAX| V,gi—0.8| Vei—0.8] Vi e4—0.8| V
. . Ta=25°C 10 10 10

IH High-evel control input current [V =5 V Ta = MAX 20 20 >0 BA

hL Low-level control input current [V =0 V Ta = MIN to MAX —250 —250 —250 | uA
Vp=10V, |[Vee=15V, [Ta =25°C 5 5

ID(off) Off-state drain current z'SH =—21 (\J/‘v' zE(E: = 1(;5\;/'\/ 1:‘ " ':'5‘:2 109 102 10(5) nA
Vi =08 Viveg = —20v|[TA=MAX 100 100 100
Vp=-10V|vec=15V, |[Ta=25°C 5 5

Is(off) Off-state source current Vs =10V, [VEE= 15V |Ta = MéX 100 100 100 nA
ViH=2V, |Vec=10V, (To=25"C 5 5
V)L =08V |VEg= —20 V[T A = MAX 100 100 100
On-state channel Vp=-10V,Vg=-10V, T4 =25°C -10 -10

'D(eN*1S(0n) 1o,y age current ViH=2V, V| =08V [Tp=MAX —200] 00| _—200| "

IH : L A

Drain-to-source on-state Vp=-10V,ig=1mA, [Tp=MIN to25°C 75 100 100

'Dsien} resistance VIH=2V, V|L=08V [Ta=MAX 150 150 50|
Icc Supply current from Ve 1.5 1.5 1.5

lee Supply current from VEE Both control inputs 3t O V, Ta = 25°C -5 -5 S ma
L Supply current from Vi 4.5 45 4.5
Iref Reference current -2 -2 -2
lee Supply current from Voo 1.5 1.5 1.5

'EE Supely current from Vg Both control inputs at 6 V, T = 25°C -5 =5 2 A
L Supply current from V| | 4.5 4.5 4.5
Iref Reference current -2 -2 -2

switching characteristics, VeC =10V, VEE=—-20V, V| L =5V, Vief=0V, Tao =25°C
TL188M | TL188! | TL188C
PARAMETER TEST CONDITIONS ve vF v UNIT
ton Turn-on n.me Ry = 300 2, C = 30 pF, See Figure 1 175 175 175 ns
toft Turn-off time 350 350 350

PARAMETER MEASUREMENT INFORMATION
VLL=5V  vee=15V

? ? tf< 10 ns ty <10 ns
— - emmw 3V
o ouTPUT h Vi
Vs O ] INPUT A p
[]
A R = \ ’
- 200 o CL =30 pF | \-——_-"-—l ov
DD T n : v
= @@ m———— tm—m—— - ——
6 8 0.9 Vg Vol

- Vrief =0 VEE= TSV ouUTPUT
Cy_includes probe and jig capacitance,

TEST CIRCUIT
Vg=3V for tgy and —3 V for toff.

RL
Vo

Input A: Solid for testing S1, dashed for testing S2.

= Vg ———————

RL + rps(on)
VOLTAGE WAVEFORMS

Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the ieading and trail-

ing edges of the output waveform. FIGURE 1
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY
SPST BI-M0OS ANALOG SWITCHES

BULLETIN NO. DL-S 12419, JUNE 1976—-REVISED OCTOBER 1979

. Functionally Interchangeable with Siliconix

DG191 with Same Terminal Assignments

] Monolithic Construction
e  Adjustable Reference Voltage

description

Each TL191 consists of two monolithic, high-speed
dual complementary SPST analog switches con-
structed using BI-MOS technology. Each haif consists
of a JFET-input buffer, level translator, and two
output JFET switches that can easily be connect-
ed in SPDT configuration.

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vef). The
input threshold is related to the reference input by
the equation Vih = Vyef + 1.4 V. Thus, for TTL
compatibility, the Vyef input is connected to ground.
The JFET input makes the device compatible with
bipolar, MOS, and CMOS logic families. Threshoid
compatibility may, again, be determined by Vih =
Vyef+ 1.4V,

The output switches are junction field-effect tran-
sistors featuring low on-state resistance and high off-
state resistance. The monolithic structure ensures
uniform matching.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS can have ion-
implanted JFETs, p-channel MOS-FETs, plus the
usual bipolar components all on the same chip.
BI-MOS allows circuit designs that previously have
been available only as expensive hybrids to be
monolithic.

For the TL191, a high level at the input turns switch-
es S1on and S2 off.

The TL191 is characterized for operation over the
full military temperature range of ~55°C to 125°C,
the TL1911 is characterized for operation from
—25°C to 85°C, and the TL191 from 0°C to 70°C.

FUNCTION TABLE
(EACH HALF)

INPUT SWITCHES
A S1 $2
L OFF (OPEN) ON (CLOSED)
H ON (CLOSED) OFF (OPEN}

e JFET Inputs

. Uniform On-State Resistance for Minimum

Signal Distortion
. +10-V Analog Voltage Range

e TTL, MOS, and CMOS Logic Control
Compatibility

JorN
DUAL-IN-LINE PACKAGE (TOP VIEW)

151 1A VEE Vref VLL Vcc 2A 281
L BIR:AERLRARE]

[33'|>} 4&1
,f 1

T([2([3([[4]|5
1D1 NC 1D2 152 252 202 NC 2D1

NC—No internal connection
Switch positions shown are for A inputs high,

functional diagram

SWITCH POSITIONS
SHOWN ARE FOR
A INPUTS HIGH

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL191M, TL191l, TL191C
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

schematic

Vi Vee
S } TO OTHER HALF

Flg =Y

A——a
s2
v 02
y
>
4 E TO OTHER HALF
Vee Vest

absolute maximum ratings over operating free-air temperature range {unless otherwise noted}

Positive supply to negative supply voltage, VOC — VEE -+ + + - v v v s vttt ittt ae it i anemna e inenn 36V
Positive supply voltage to either drain, VEC — VD - -+ vttt ittt it it i e it s e s 33V
Drain to negative supply voltage, VD — VEE . - .t ottt it ittt ittt it it et e e 3V
Drain to source voltage, VD — VG ... ittt iiir e e e e 22V
Logic supply to negative supply voltage, VLL — VEE -+ ¢t ottt vttt ettt ettt ee i in et iaenns 36V
Logic supply to logic inputvoltage, VI L — V| oot ittt i i i et e e i e 33V
Logic supply to reference voltage, VILL — Vref  + o ot vttt ittt it it ittt e e 33V
Logic input to reference voltage, V| — Viegf .« .o o it ittt it it e e e 33v
Reference to negative supply voltage, Vief — VEE .« - o v vt i vttt it it ittt i i i v ns 27V

Reference to logic input voltage, Vieef — VI .. . it it it it ittt it ittt i et 2V
Current (any terminall .. ... it e e e e n e et 30 mA

Continuous dissipation at {or below) 25°C free-air temperature {see Note 1):

TLIOIMI e 1375 mW

TLI9M, TL191CS .. ... 1025 mw

Npackage ..................... 1150 mW

Operating free-air temperature range: TL19TM .. ... ... .. ittt i, —55°C to 125°C
TLIOTL e ~25°C to 85°C

TLIOTC ittt et e e e 0°C to 70°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package ...................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10seconds: Npackage ...........ccv.euennn. 260°C

NOTE 1: For operation above 25°C frae-air temperature, see Dissipation Derating Table. In the J package, TL191M chips are alloy-mounted;
TL1811 and TL191C chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J {Alloy-Mounted Chip) 1375 mW 11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mw 8.2mwW/°C 25°C
N 1150 mW 9.2mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL191M, TL1981l, TL191C
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

electrical characteristics, VCC =15V, VEE=—15V, VLL =5V, Vref = 0 V (unless otherwise noted)

TL191M TL1911 TL191C
PARAMETER TEST CONDITIONS MIN MAXIMIN MAXIMIN MAX UNIT
ViK High-level control input voltage Ta = MIN to MAX|Vreft+2 Vreft2 Vygft2 Vv
ViL Low-level control input voltage TA =MIN to MAX]  Vieft0.8)  Vieft0.8] Vies+0.8] V
] , TA=25C 10 10 20
1I1H High-level control input current [V =56 V Ta = MAX 20 20 20 uA
he Low-level control input current |V =0V Ta = MIN to MAX —250 —250 ~260 | uA
Vp=10V, lvee=15V, [To=25°C 5 5
) Vg=—-10V,|VEg = —15 V[ Ta = MAX 100 100 100
ID{off) Off-state drain current ViH=2V, Nco=10V, |[Ta-25°C 5 5 nA
VIL=08V [Vgg = —20 V[Tp = MAX 100 100 100
Vp=-10V)vVec=15V, |Ta=25°C 5 5
Vs=10V, [VEg=-15V|Ta=MAX 100 100 100
IS{off) Off-state source current ViH=2V., Nog=10V, [Ta=25°C 3 3 nA
Vi =08V [VEg = —20 V[T = MAX 100 100 100
On-state channel Vp=-10V,Vg=—-10V, [Ta=25°C -10 —-10
'Dlon*ISion) |ayage current VIH=2V, V|L=08V [Ta-MAX 200 200 00| ™
Drain-to-source on-state Vp=-—-10V,ig=1mA TA=MINto25°C 125 150 150
"DSfon) resistance ViH=2V, WL=08V [Ta=MAX 250 300 300]
Ice Supply current from Ve 1.5 15 1.5
IEE Supply current from VEg . ° —5 -5 —5
Both control inputs at 0 V, Ta =25"C mA
L Supply current from V| 4.5 45 45
Iref Reference currant -2 -2 -2
Ice Supply current from Voo 1.5 156 1.5
leg Supply current from Vg Both control inputs at 5 V, Ta = 25°C - i — mA
L Supply current from V| 4.5 45 45
Iref Reference current -2 -2 -2
switching characteristics, VCC =10V, VEE=—-20V,VLL =5V, V5ef =0V, Tpo =25°C
TL191M | TL191L | TL191C
PARAMETER TEST CONDITIONS v v v UNIT
fon Turn-on tl.me Ry =300 22, C_ = 30 pF, See Figure 1 178 178 175 ns
toff Turn-off time 350 350 350

PARAMETER MEASUREMENT INFORMATION
V=5V Vgc=15V

t t

ty <10 ns

—————- 3V

/

s D ouTeuT
Vs Om —o7h P S egp = ov
A N P ton ——P !
- 300 CpL =30 pF —-—__+__—__V_|______ 3V
0.9 Vg ol

l 1 = QUTPUT
Vigf=0 Veg=-15V
Cy includes probe and jig capacitance.
TEST CIRCUIT
Vg=3 V for ton and —3 V for tofy.
Ry Input A: Solid for testing S1, dashed for testing S2.
Vo= Vsm VOLTAGE WAVEFORMS
VQ is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes {not shown) at the leading and trail-
ing edges of the output waveform. FIGURE 1
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LINEAR TYPE TL376C

INTEGRATED T ) )
CIRCUITS HREE-CHANNEL STEPPER-MOTOR CONTROL

BULLETIN NO. DL-S 12738, DECEMBER 1879
NE DUAL-IN-LINE

e Three Independent Inverting Stepper-Motor PACKAGE
Control Circuits (TaP VIEW)
e High Output Source Current . . . 500 mA Typ . vec
¢ High Output Sink Current . .. 500 mA Typ w3 ;’ s
e Inputs Are Compatible With Bipolar and MOS w3 -
e Large Supply Voltage Range ... 4V 10 18V
e Threshold Voltage Range is Approximately el il
One-Half Vce awo| § %o
e Active Pull-Down on Each Input m2| 9 i[ | 8 Joura
¢ Low Standby Power Dissipation ourz] 7 8 |vee
o 14-Pin NE Power Package

description

The TL376C is a monolithic bipolar three-channel stepper-motor controlter. The input signal is inverted through the
device and drives a totem-pole output section. Each output can source or sink up to 500 milliamperes, The wide supply-
voltage range coupled with a threshold voltage level of approximately one-half Ve allows this device to interface
with MOS as well as bipolar outputs. An active-pull-down circuit is included on each input. In typical operation, a
microprocessor supplies a three-phase signal to the device, which then drives a two-winding stepper-motor.

The TL376C is characterized for operation from 0°C to 70°C.

schematic
INPUT
P e |
1 Vee
|
1
|
1
|
1
|
r 4
TO TWO P, |
OTHER AMPLIFIERS :
L
1| ouT
|
|
|
)
~ i
|
1
}
|
) GND
J

Resistor values shown are nominal,

vopyright © 1979 by Texas Instruments Incorporated
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TYPE TL376C
THREE-CHANNEL STEPPER-MOTOR CONTROL

absolute maximum ratings over operating free-air temperature (unless otherwise noted)

Notes:

Supply voltage, VG see NOTe 1) L L. L e e 22V
INPUL vOltage, V| . . o e e e e e e e e e e e e Vee
OutpuUt VOItage range . . . o . o it e e e e e e e —-08VtioVeect+t1V
Output current, each amplifier . .. . . L e 550 mA
Total power dissipation at (or befow) 26°C free-air temperature (see Note 2) .. .................. 2075 mw
SLOrage teMPErature FANGE . . . . oo v e e et s et et e e e et et et et e —85°C 1o 150°C
Lead temperature 1/16 inch {1,6 mm) from case for 10seconds . .. . ... ..., . . . ..., 260°C

1. Voltage values are with respect to the network ground terminal.
2. For operation above 25° C free-air temperature, derate linearly at the rate of 16.6 mwW/°C,

recommended operating conditions

MIN NOM MAX UNIT
Vee
High-level input voitage, V|4 -—2— +0.8 Vee A"
Vee
Low-level input voltage, VL T ~0.2 \
Supply voltage range, Voo 4 11 18 v
Operating free-air temperature, T 0 70 C

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature
{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX UNAT
VoL Low-level output voltage Io = 500 mA, V= V|Hy min 1.5 A
VoH  High-level output voltage IoH = —~500 mA, Vi = V|L max Ve~ 1.5 v
1 Input current VizVee 100 uh
V=18V 5 uA
Icc Supply current Inputs open, Qutputs open, Voc =18V 0.7 2 mA

T Typical values are measured at Ve =15V, Ta = 25°C.

TYPICAL CHARACTERISTICS

INPUT CURRENT
vs
INPUT VOLTAGE

I
NS REEE |
g
é 12 —
510 | L
: | 7
i 8 —
Lo -
) |
2
. |

0 2 4 6 8 10 12 14 16 18 20
V|—Input Voitage—V
FIGURE 1
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TYPE TL376C
THREE-CHANNEL STEPPER-MOTOR CONTROL

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
INPUT VOLTAGE LOW-LEVEL OQUTPUT CURRENT
20 T AT
18 vVee=18V Ta=0¢C —
- A
lo=0 >l /ﬂ
16 Ta=25°C {—] g 08 K
> 44 E Ta =50°C
& 2 Ta=25°C
£ 12 3 06 1
3 3 |
10 o
g J 3 N
5 8 8 04
3 | .
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LINEAR TYPE TL440C
INTEGRATED ZERO-VOLTAGE SWITCH

C|ncu"s BULLETIN NO. DL-S 11595, MAY 1972—REVISED JUNE 1976

e Differential Amplifier Inputs ¢ Internal Active Elements of Saw-Tooth

e A< Line Operation Generator for Proportional Control

o Capable of Triggering Several e Wide Variety of Possible Connections of
Types of Triacs Input Section and of Qutput Section
description JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
The TL440 is a combination threshold detector ——
and zero-crossing trigger, intended primarily for a-c NC s.ﬁ“;fﬁ"v(,,n VDA PUT Rinigh) Rilow)

power-control circuits. It allows a triac or SCR to be
fired when the a-c input signal crosses through zero
volts, thereby minimizing undesirable electromagnetic
interference. In this manner, the load utilizes full
cycles of line voltage as opposed to partial cycles
typical with SCR phase-control power circuits.

The circuit includes a zero-voltage detector, a differ-
ential amplifier that may be used in conjuction with a
resistance bridge to sense the parameter being con-

AC/DC AC ODET DC INHIBIT ST ST

trolled, the active elements of a saw-tooth generator, INPUT COM INPUT COM GEN GEN
and an output section. Also included are resistors INPUT OUTPUT
which may be used as a voltage divider for the NC—No internal connection.

reference side of the resistance bridge. An external sensor suitable for the application and an external potentiometer
form the input side of the resistance bridge.

The TL440 can be used either as an on-off control with or without hysteresis, or as a proportional control with the
use of the internal saw-tooth generator. Although the principal application of this device is in temperature control, it
can be used for many power control applications such as a photosensitive control, voltage level sensor, a-c lamp flasher,
small relay driver, or a miniature lamp driver.

The inhibit function prevents any output pulses from occurring when the applied voltage at the inhibit input is
typically 1 volt or greater, Conversely, if the inhibit input is shorted to dc common, an output pulse will be obtained
for each zero-crossing of the a-c power input waveform regardless of the sensor input conditions.

The TL440C is characterized for operation from 0°C to 70°C.

schematic
SAW.TOOTH
GENERATOR
vpat AC COMMON INPUT

weut (2

4

120 b
1 3k
a1
3
ZERO DETECTOR
weur &)
4
SENSOR INPUT (13)—————
Virst} @ Tk 15k
INHIBIT @-—A
400 S 1g
oc common () .
outeut (10 a) Rinigh)
® 0
Rilow) SAW-TOOTH

GENERATOR
OouTPUT

Resistor values shown are nominal and in ohms.
tPin 11 is usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4.
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TYPE TL440C
ZERO-VOLTAGE SWITCH

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Voltage applied to AC/DC input (See Note 1) 15V
Peak current into AC/DC input 40 mA
Peak current into zero-detector input 30 mA
Peak output sink current (See Note 2) 250 mA
Continuous total power dissipation at (or below) 70 C free-alr temperature range . . . 500mw
Operating free-air temperature range . . 0°Cto70°C
Storage temperature range . . —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package 3606°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 260°C
NOTES: 1. Voltage values are with respect to the dc common terminal unless otherwise specified.
2. This value applies for a maximum pulse width of 400 us and for a maximum duty cycle of 2%.
recommended operating conditions
| MIN NOM MAX | UNIT
Moltage applied to AC/DC input (See Note 3) 12 \
Differential input voltage, V13 - V12 2 \Y
Voltage at sensor or V(gf) input, Vigor V2 6 \"
Peak output current (See Note 4} 200 mA
Output puise width 100 400 us
Operating free-air temperature, Ta 0 70 | °C

NOTES: 3. This is the racommended d-c supply voltage when the voltage across pins 1 and 4 is not being maintained by charging an
electrolytic capacitor from the line voltage. See typical application data,

4. This value applies for t,, < 400 us, duty cycle € 2%,

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN_ TYP MAX|[UNIT
Sensor input voltage hysteresis Pin 11 connected to Pin 1 30 mvV
Voltage required at inhibit input to inhibit output 1 3 \
Current into sensor input Vi3=6V, Vig=4V S rA
Current into V(yef) input Viz2=6V, Viz=4V 5 uA
Current into inhibit terminal required to inhibit output 20 HA
Peak output current {pulsing) V=0 75 100 mA
Qutput current {inhibited) Vig=135V 1 #A
25 kQ connected to zero-
Output puise width into resistive |oad detector input, 150 us
60-Hz power source
Average temperature coefficient of output pulse width (0°C to 70°C) 0.7 us/°C
Peak output voltage of saw-tooth generator V=12V 9 v
Voltage at AC/DC input{See Note 5} 9 115 \

NOTE 5: This is the voltage across an electrolytic capacitor connected between pins 1 and 4 whose charge is maintained by the a-c line voltage.

See Figures 1 and 3.
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TYPE TL440C
ZERO-VOLTAGE SWITCH

TYPICAL APPLICATION DATA

The circuit shown in Figure 1 provides on-off temperature control. Electrolytic capacitor C1 maintains the d-c
operating voltage. Since the series combination of D5 and D6 is in parallel with the series combination of C1 and D7,
the voltage developed across C1 is limited to approximately 12 V. Because the energy to fire the triac comes from C1,
the voltage across pins 1 and 4 will fluctuate as the triac fires. If a more stable operation of the circuit is desired, a
12-volt d-c supply should be connected between pins 1 and 4 in lieu of C1. The temperature sensor must have a
negative coefficient in this circuit.

During most of the a-c cycle, Q1 is turned on by the current flow through either D1, Q1, D4 or D2, Q1, D3, depending
on the polarity of the a-c voltage between pins 1 and 3. The collector current of Q1 turns on Q6. With Q6 on, base
drive to Q7 and Q8 is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zerc, Q1 and
Q6 are turned off. This enables Q7 and Q8 to turn on, thereby connecting d-c common to the triac trigger and firing the
triac. This one output pulse per zero crossing is either inhibited or permitted by the action of the differential amplifier
and resistance bridge circuit.

As the controlled temperature begins to rise, the positive voltage applied to pin 13 increases. The differential control
amplifier acts to lower the potential of the base of Q1 enough to allow Q1 to stay on for the complete cycle, thus

inhibiting the output pulses as explained above, Similarly when the temperature being controlled falls, Q1 is allowed to
turn off during the intervals where the line voltage passes through zero, thus generating output pulses.

The width of the output puise at pin 10 can be varied to suit the triggering characteristics of the triac to be used. Table
| shows the output pulse lengths obtained as R20 is changed. For small load currents (less than 4-5 amps) a triac with
high gate sensitivity may be required due to the high value of ““latch-up’’ current of medium to high power triacs.

TABLE |
OUTPUT
. R20 PULSE
WIDTH
60 Hz 5ka 15 k2 100
HEATER 15V 22 kQ 150 ps
LOAD 42 kQ2 300 us
s
TRIAC b () e 2> (or-====--=1
0 -
i {! b1 R1 4 k2
1 120 0 b L
$8ka 4 ?—5:: ¥os os® SR8
$sensoR d 4 ) o 0ka 3ke
R20 ¥oa
L
oo —9 !
T~250.F ¢——13) Q2 Qs H
25v
01uF § 3 Tgkn 2 '
f P'@ 10ka
»9 R4 o R525Q
1 ! 10ke s
< ) R310kQ @ \
10k S @—-4 s a8 i
* :
® : ;
1

A

o v 2 e e e 0 e e B e e e o i o o o= o o ()]

VWV

R{zrigger) T

FIGURE 1-ON-OFF HEATER CONTROL

fﬁ(triggsr) is adjusted so that the peak output is less than 200 mA.
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TYPE TL440C
ZERO-VOLTAGE SWITCH

TYPICAL APPLICATION DATA

The circuit shown in Figure 3 provides proportional control of a heating system. With the exception of the saw-tooth
generator, the circuit of Figure 3 functions the same as that of Figure 1. The sensor of Figure 3 has a negative
temperature coefficient.

Transistors Q9 and Q10 are connected to function as an SCR in order to discharge external capacitor C2 very quickly.
The time constant of the saw-tooth generator can be varied by changing either the external capacitor or the external
resistor. However it is suggested that the capacitor be varied and not the resistor since too low a value of resistance
would allow Q9 and Q10 to stay on continuously. The period of the saw-tooth generator is usuatly 10 to 100 times the
period of the line voltage.

At the start of the saw-tooth waveform the base of Q1 is high and output pulses occur at pin 10. At the desired
temperature a certain number of output pulses occur during each saw-tooth cycle as shown in Figure 2(a). At a slightly
decreased temperature the resistance of the sensor increases, lowering the d-c potential of pin 13. This lowers the
potential of the entire saw-tooth waveform as shown in Figure 2(b} which causes a few more output pulses to occur. At
greatly decreased temperatures many more pulses occur each saw-tooth cycle as shown in Figure 2{(c).

7 7
- LX) oe
< s <
2 T s
o o o
] 3 3
H 4 £4
8 é $
< 4 3 3
2 2 2
1 1 1
° 0 0

S LLLLL LR v L] S LLLLLL LT

Time — Time - Time ——e
(a) (b) (c)
DESIRED TEMPERATURE SUGHTLY DECREASED TEMPERATURE GREATLY DECREASED TEMPERATURE
FIGURE 2

Similarly, increases in temperature cause proportionately fewer output pulses than the normal number of Figure 2(a).
Thus the proportional contro! feature allows a smoother control of temperature in this application by always providing
output pulses during some portion of the saw-tooth generator cycle as opposed to the ““full on/full off”’ circuit of

Figure 1.
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FIGURE 3-PROPORTIONAL HEATER CONTROL

fR(trigger) is adjusted so that the peak output is less than 200 mA.,
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TYPE TL4AOC
ZERO-VOLTAGE SWITCH

TYPICAL APPLICATION DATA

Hysteresis may be added to the TL440 by externally making the differential amplifier appear in Schmitt-trigger
configuration. This is done by applying positive feedback from pin 11 to pin 13 through hysteresis resistors R and Ri.
When the output is enabled, the voltage drop developed across resistor R is fed through Ry to the sensor input of the
differential amplifier. This lowers the voltage at this point from the voltage level present when the output is inhibited.
The resistance of the sensor must now decrease enough to overcome this additional {*’hysteresis’’) voltage in order to
inhibit the output. R4 should have a typical value close to the value of the sensor used. The value of Ra, which
determines the amount of hysteresis, should be approximately one tenth the value of R. In Figure 4 the 10 k2
potentiometer is adjusted to set the voltage at pin 13 to the level at which the output is enabled. When precise control is
not needed, such a circuit eliminates the small “uncertainty range’ observed in time-proportioning systems.
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TAIAC P
' T
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i
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20 27 3

R
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1

Rivriggent

t R{1rigger) is adjusted so that the peak output is less than 200 mA.

FIGURE 4~-ON-OFF HEATER CONTROL WITH HYSTERESIS ADDED

8
N o N
8 N\
~
Output inhibited V4] ' —— ,r
g ’
£ / | p
E'- 4 t ] ,l
© 7 '
g /' I : < ‘
s /7 L ’
$|° I, | | Pie
/ : 1 ,I
Output enabled ,’ ' ] '4
P -1 Y
W—/
\.\4 A
Y

V13—Voitage at Pin 13

FIGURE 5—-HYSTERESIS CURVE FOR FIGURE 4

A—Circuit without added hysteresis (AV 13 = 15 to 20 mV residual hysteresis)

B—Circuit with added hysteresis (AV13 = 200 to 300 mV added hysteresis)

NOTE 1: Dotted lines represent discontinuous changes where the differential amplifier changes from inhibit to enable or vice-versa, Solid lines
represent stable states (inhibit or enable) of the differential amplifier.
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LINEAR

INTEGRATED
CIRCUITS

TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

BULLETIN NO. DL-§ 11427, JANUARY 1971—REVISED JUNE 1976

e Excellent Dynamic Range

e Wide Bandwidth

e Built-In Temperature Compensation

¢ Log Linearity {30 dBV Sections) ... 1 dBV
o Wide Input Voltage Range

description

This monolithic logarithmic amplifier circuit contains four 30-dBV log stages. Gain in each stage is such that the output
of each stage is proportional to the logarithm of the input voltage over the 30-dBV input voltage range. Each half of the
circuit contains two of these 30-dBV stages summed together in one differential output which is proportional to the
sum of the logs of the input voltages of the two stages. The four stages may be interconnected to obtain a theoretical
input voltage range of 120 dBV. In practice, this permits the input voltage range to be typically greater than 80 dBV

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

s———
OUTPUTS

INPUT Ay INPUT

NC_ Cg2 Cg2 GND B1 z Z 82

HiBiBiiEiOiEL

Caz Vce- Ca lNXgJT Y

v , INPUT Vce+
A4 A2

QUTPUTS

Y« log At + log A2; 2« log B1 + B2

where: A1, A2, B1, and B2 are indBV, 0 dBV =1 V.
Ca2. Caot Cpa, and Cgp-, are detector compensation inputs.
NC—No internal connection

with log linearity of £0.6 dBV (see application data). Bandwidth is from dc to 40 megahertz.

These circuits are useful in military weapons systems, broadband radar, and infrared reconnaissance systems. They serve
for data compression and analog compensation. The logarithmic amplifiers are used in log IF circuitry as well as video
and log amplifiers. The TL441M is characterized for operation over the full military temperature range of —55°C to

125°C; the TL441C is characterized for operation from 0°C to 70°C.

schematic
vecs (B)
> ; $ < E
70— o
QUT;PUY 0O } 1 @ z
IN:;JT O7 ] ﬁ ‘ @ INBP2UT
'N,:w@—-q-[i J»-[i LPv {} F’J } @
1 p b
AL 12) GND
CAZ'@ 14)Ca2’
Caz @ I L l__l J C 15)Ce2
Vee- @ L
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TYPES TL441M, TLAAIC
LOGARITHMIC AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltages (see Note 1):

Vee+

Vee- - . - .
input voltage {see Note 1) ..
Qutput sink current (any one output) .
Continuous total dissipation at (or below) 70° C free air temperature (see Note 2)
Operating free-air temperature range: TL441M Circuits

TL441C Circuits
Storage temperature range
NOTES: 1. All voitages, except differentisl output voltages, are with respect 10 network ground terminal,

2. For operation of the TL441M above 70°C free-air temperature, refer to the Dissipation Derating Curves,

J package, TL44tM chips sre alloy-mounted; TL441C chips are glasssmounted.
recommended operating conditions

. 8V
-8V
.. BV
30 mA
500 mw

—55°C to 125°C

0°C 10 70°C

-65°C to 150°C

Section 2, In the

B TL44TM TLAA1C ]
MIN NOM MAX |MIN NOM MAX unIT
Input voltage for each 30-dBV stage 0.01 1 |0.01 1 Vp-p
Operating free-air temperature, T —55 125 [4) 70 | °C
electrical characteristics, VeCg+ =6V, Vee—=—-6V, Ta = 25°C
PARAMETER TEST TL44IM TLA4C umﬂ
FIGURE MIN TYP MAX MIN TYP MAX

Differential output offset voltage 1 26 +60 140 mV
Quiescent output voltage 2 545 656 585|545 56 5.85 \
D-c scale factor {differential output),
each 30-dBV stage, —35 dBV to ~5 dBV 8 78 10) 6 B 12mVidBY
A-c scale factor {differential output) 8 8 mV/dBvV
D-c error at —20 dBV {midpoint

3 1 2 1 dBvV
of ~35dBV to ~5 dBV range)
Input impedance 500 500 Q
Output impedance 200 200 Q
Rise time, 10% to 90% points, C;_= 24 pF 4 20 30 20 30 ns
Supply current from Vec+ 2 145 185 23|145 1856 23| mA
Supply current from Voo 2 -6 —-85-105| —6 —85-105|] mA
Power dissipation 2 123 162 201 | 123 162 201 mW

PARAMETER MEASUREMENT INFORMATION

vee+  Vee—

CA2CAY ®
4 )— A1 v}—(5)
7 Az =0 DVM ®—
12— 81 z2[—@) 2
9)— 82 z @_‘{
CB2 C2

T

= =
Pp = Vce+ lcc+ +Vee—Ice—

FIGURE 1 FIGURE 2
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

vees  Vee-

3333

1000 pF

TEKTRONIX
SAMPLING SCOPE|
WITH DIGITAL
READOUT OR

EQUIVALENT

4T

NOTES: A, The input pulse has the following character-
\'Z -V 1 mv
Scale Factor = [Vour(560 mV:;O out(18 mV) istics: t,, = 50 ns, t, < 2 ns, t; < 2 ns,
dBv PRR = 10 MHz.
_ _ B. Capacitor C; consists of three capacitors in
Error = Mout(100 mv) - 0.5 Vout(560 mv} ~0.5 Vout(18 mv)! parallel: 1 uF, 0.1 uF, and 0.01 uF.
Scale Factor C. Cj includes probe and jig capacitance,
FIGURE 3 FIGURE 4
TYPICAL CHARACTERISTICS
TL44IM TL441M
DIFFERENTIAL OUTPUT OFFSET VOLTAGE QUIESCENT OUTPUT VOLTAGE D-C SCALE FACTOR
vs Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
L 8 12
, i [ |
e ze
§ L > 6 : : { J
% “© g 5 b—TL441C = g 8[7‘
‘3 K 34 § 6 1
TN N SUNREEN
S § 3 ' <
H £ | i !
x Vegs =6V g2 Vecr-av L g 5 Vees <6V
8 Y[ vee_~-6VT T 1 Lvee = -6y \ § 2 Veo- = -6V
See Figure 1 2 See Figure 3
N o LSy rae? 1 LW - ||
-7 50 -2 0 26 6 75 100 125 -75 -80 -25 0 26 80 75 100 125 75 50 -26 0 26 50 75 100 125
Ta—FeowAir Taoperature—"C Ta-Froe-Air Temperaturs-°C Ta—Free-Air Tempecature—"C
FIGURE 5 FIGURE 6 FIGURE 7
TL44IM
D-C ERROR OUTPUT RISE TIME POWER DISSIPATION
vs vs vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE FREE-AIR TEMPERATURE
20 E 200
- 1 ﬂ j I
]
‘ |.SX J ‘] 20 L 160 b I : — 1
Pl I 1 ] 1
T z £ 0 TlL441C -
g 1.2 r h < J E 15 . é 120 | \ —
LYY J é — % 100 —
5 H 3 il
R o8 £ w0 s 80 T
H g : |
: 06 5 Ve =6V 4 T
[ Vece=6V L Vee_=-6V [ Vvcer=BV
f :: | Vec---6Vv J : L_T:C- PR : voe- = -8V j
a 0. See Figure 3 Figure 4, outputs mmetrical [ See Figure 3 H
oL | [ ] N el it it e Ll [
-5 50 -25 0 25 50 76 100 125 ° 5 10 5 x % “75 50 25 O 25 50 75 100 125
Ta—Fres-Air Tempersture—°"C Cy ~Lowd Capecitmce—pf Ta~Free-Air Tompeaturs—"C
FIGURE 8 FIGURE 9 FIGURE 10
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TYPES TL441M, TLA41C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

Although designed for high-performance applications
such as broadband radar infrared detection, and
weapons systems, this device has a wide range of
applications in data compression and analog
computation.

basic log function

The basic log response is derived from the
exponential current-voltage relationship of collector
current and base-emitter voltage. This relationship is
given in the equation:

m-Vgg = In [(Ic+ CES)/ICES]
where: 1¢ = collector current

Ices = collector current at VBg = 0

m = g/kT (in V1)

VRBE = base-emitter voltage

The differential input amplifier allows dual-polarity
inputs, is self-compensating for temperature
variations, and is relatively insensitive to noise.

functional block diagram

inpu

QUTPUTS

FIGURE 11

Four compensation points are made avaifable to allow
slight variations in the gain (slope} of the two
individual 15-dBV stages of input A2 and B2. By
slightly changing the voltage on any of the
compensation pins from its quiescent value, the gain
of that particular 15-dBV stage can be adjusted to
match the other 15-dBV stage in the pair. The
compensation pins may also be used to match the
transfer characteristics of input A2 to A1 or B2 to
B1.

The log stages in each half of the circuit are summed
by directly connecting their collectors together and
summing through a common-base output stage. The
two sets of output collectors are used to give two log
outputs, Y and Y {or Z and Z) which are equal in
amplitude but opposite in polarity. This increases the
versatility of the device.

By proper choice of external connections, linear
amplification, linear attentuation, and many different
applications requiring logarithmic signal processing
are possible.

t levels

The recommended input voltage range of any one
stage is given as 0.01 volt to one volt. Input levels in
excess of one volt may result in a distorted output.
When several log sections are summed together, the
distorted area of one section overlaps with the next
section and the resulting distortion is insignificant.
However, there is a limit to the amount of overdrive
that may be applied. As the input drive reaches
+3.5volts, saturation occurs, clamping the
collector-summing Jine and severely distorting the
output. Therefore, the signal to any input must be
limited to approximately +3 volts to ensure a clean
output.

output levels

log sections

As can be seen from the schematic, there are eight
differential pairs, Each pair is a 15-dBV log
subsection, and each input feeds two pairs for a range
of 30 dBV per stage.

Differential-output-voitage levels are low, generally
less than 0.6 volt. As demonstrated in Figure 12, the
output swing and the slope of the output response
can be adjusted by varying the gain by means of the
slope control. The coordinate origin may also be
adjusted by positioning the offset of the output
buffer.
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA
circuits
Figures 12 through 19 show typical circuits using these logarithmic amplifiers. Operational amplifiers not otherwise

designated are uA741. For operation at higher frequency, use of uA733 is recommended instead of uA741, with the
differential outputs connected as in Figure 14.

TYPICAL TRANSFER
CHARACTER!STICS

14 _‘
s
A1 12 L
= 1/2 ORIGIN 10
TL441 7 os [ ADJUSTED FOR INCR
INPUT ! oo Lotoresnpoeser
- > -
2 3
GND OUTPUT [
0.2 — th
ADJU TED FOR MINIMUM
o SLOPE WITH ZERO FFSET
i i ||||INIIII|l|HIIII|||"IIIII||H
1074 103 1072 101 10!
input Voltage—V
FIGURE 12—OUTPUT SLOPE AND ORIGIN ADJUSTMENT
TRANSFER CHARACTERISTICS *
OF TWO TYPICAL INPUT STAGES
2k, 1% 0.4
81 I Il
1/2 03
TL441 7 -
L !
S o2
B2 3
INPUT GND ]
(B
IV
- o n
0.001 0.01 A 1 10
fnput Voltage—V
FIGURE 13—UTILIZATION OF SEPARATE STAGES
TRANSFER CHARACTERISTICS
WITH BOTH SIDES PARALLELED
2k, 1% 0.4 l
A1 v I
A2 V 03
TLA41 > T
B1 Z ]
INPUT _ OUTPUT 3 02
B2 z \
GND é
2ka, 1% 2k, 1% o
i i
— 0 st \
- 0.001 001 0.1 1 10
Input Votage—Y
FIGURE 14—UTILIZATION OF PARALLELED INPUTS
477
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

TRANSFER CHARACTERISTICS
I

. ¢ Al Y A
fl Ve =4V 2kq
1kQ 15ka
A2 —

¥
3
s TLaaY ORIGINS 20kn ]
Vee-= -4V 4 P W
81 z
b ol
d 5kn vecs =4V L
INPUT 8 100 2 1 kn:i 2k
. =
+ B2 Z v
s sLoPE OUTPUT
2100 o
vee-T4V.4 2ka
” 5 ki
1000
.4 |
w2 0! 1 !
Input Voltage—V

NOTES: A. Inputs are limited by reducing the supply voltages for the input amplifiers to 4 V,
B. The gains of the input amplifiers are adjusted to achieve smooth transitions,

FIGURE 15—LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV

o—

Al Y

INPUT 2

Y OUTPUT W
TLa41 - _ (See Note B)

o »

Al
vz ¥

_! A TLA41 _L‘ _T_
z A2 v —
See =
o b ¢ B1 Note A R
INPUT -
: ?T - :

+
+

NOTES: A. Connections shown are for multiplication, For division, Z and Z connections are reversed.
B. Qutput W may need to be amplified to give actual product or quotient of A and B.
C. R designates resistors of equal value, typically 2 k2 to 10 k2.

Multiplication: W = A*B = log W = log A + log B, or W = a{loga A + logg B)

Division: W = A/B =logW = log A — log B, or W = alloga A — loga B)

FIGURE 16—MULTIPLICATION OR DIVISION
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TYPES TL441M, TL441C

LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

INPUT
A

Al

[

1/2
TL4

+

<
<
3
<

A2

|

nR

R
—0
81 2| oureut
4+ Y2
+ TLas e
B2 =
R —
R

NOTE: R designates resistors of equai value, typically 2 k§l to 10 k§2. The power to which the input variable Is raised is fixed by setting nR.
Output W may need to be amplified to give the correct value.
Exponential: W=AN = JogW = n log A, or W = a{n 095 A}

FIGURE 17-RAISING A VARIABLE TO A FIXED POWER

2k 2k0
O—MA——AM—
INPUT —0
A ORIGIN \ SLOPE _J OUvTvPUT
>
° — $320ka 2 a1
/ 1/2
TLaN
A2
2kQ
AAA
MA-
2k
+= £ & +
NOTE: Adjust the slope to correspond ta the base “a’’.
Exponential to any base: W =a
FIGURE 18—RAISING A FIXED NUMBER TO A VARIABLE POWER
02uF
INPUTc a1 v 2.2‘|:ﬂ 1/ o
! MR ¢ RAY ouTPUT
024F —»220 k| 0.2 4F 1
( v |
< A2 Y AN
22ka <3 Gain
>
I Adj ke $1ke
50 n: 2 Gain Adj. TLast
4 g~ 4000 | |
= for 30dB = 02,F = =
INl’UTc B1 2 ZAZAI:Q |
: 3 IR OUTPUT
024F —»320ka 02,4F 2
p __K_ B2 7 A | 5
Ca2Ca2 CB2 CB2' 22k S
an
d 3 Adi T Z1ke
2
5003 3 Gain Adi.
] S~ 400 0
= for 30 dB 3 = o

vee-

FIGURE 19~DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz

676

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

KK} |




332



1079

LINEAR
INTEGRATED
CIRCUITS

TYPES TL442M, TLA42C
BALANCED MIXERS

BULLETIN NO, DL-S 11430, OCTOBER 1979

FORMERLY SN56514, SN76514

e Flat Response to 100 MHz
® Local Oscillator |F {solation...30 dB Typ
® Local Oscillator RF Isolation ... 60dB Typ

J OR N DUAL-IN-LINE PACKAGE

e RF-IF isolation ... 30dB Typ
e Conversion Gain ... 14dB Typ
e Use with 12-V or +6-V Power Supplies

description

The TL442M and TL442C are doubly balanced mixers
that utilize two cross-coupled, differential transistor
pairs driven by a third balanced pair. The circuit
features a flat response over a wide band of
frequencies. Operation from single or split power
supplies is possible. Refer to typical application data.

The TL442M is characterized for operation over the
full military temperature range of —55°C to 125°C;

the TL442C is characterized for operation from

(TOP VIEW)
OUTPUT RF DECOUPLE
NC E Rcc INPUT 2 1 NC
wl e {uljw]/s]] s
1 2(131]4 5 617
NC -vee NC

+Vee OUT- FLOAT- LQC
0SC

PUTE

ING

GND INPUT

0°C to 70°C.

schematic

+Vee

o

NC-—No internal connection

3ka

AAM—O0 Ree

600 6000 3
s
QUTPUT E O—
RF
INPUT
S600a | 60003
T <
LOCAL OSCILLATOR
INPUT o4 200 200 L
$s00 5003 21k
< <
\| 3 1.05 ks
All component vajues are nominal. 2150 1.1k0
-vece

¢ —————O OUTPUTE

-0 DECOUPLE 2

FLOATING
0" “GND

-O DECOUPLE 1

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL442M, TL442C
BALANCED MIXERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}

Supply voltage, Ve (see Note 1) . 18V
Input voltage (see Notes 1 and 2) 7V
Continuous output current (see Note 3) . .. 10 mA
Continuous total power dissipation at (or below) 25° C free air temperature (see Note 4) 500 mw
Operating free-air temperature range: TL442M Circuits T —65°C to 125°C

TL442C Circuits e e e 0°C to 70°C
Storage temperaturerange . . . . . . . . . . - . . . . . . i e .. .. .. .. —65°Cto150°C

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, Vo - - - - S 12 \Y%
Local oscillator input voltage (see Note 5) e e e e e e e 250 300 mVrms
RF input voltage (see Note5) . . . . e e e e e e e 10 30 mVrms
Operating free-air temperature range: TL442M Cnrcunts e s e e e e s s . ... -—BB 125 °c
TL442C Circuits . . . . . . . . . . . . . ] 70 °C
electrical characteristics at 25°C free-air temperature, Vo = 12 V
TEST TL442M TL442C
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN  TYP MAX|MIN TYP MAX
Vo Quiescent output voltage 1 96 105 11.3] 96 105 113 Vv
lce Supply current 1 5.5 74 109 | 65 74 109 | mA
Ge Conversion gain (single-ended output) 2 fRF and fi.0 = 100 kHz 11 14 17 11 14 17| dB
thru 40 MHz
LOIFI  Locat oscillator to IF isolation 3 |fLo=100kHz 15 20t 20t B
thru 40 MH2
LORFI Local oscillator to RF isolation 3 | fLo=100kHz 40 b2t 52t 8
thru 40 MHz
RFIFI RF to IF isolation 4 |TRF-100KHz 15 28t 28t B
thru 40 MHz

T The typical values are at 40 MHz.

NOTES: 1. All d-c voltage values are with respact 10 —V ¢ terminal.
. This rating applies to the local-osclllator input, BF input, and Decouple 2.

1
2
3. This value applies for both outputs simultaneously.
4

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table, In the J package, TL442M chips are alloy-

mounted; TL442C chips are glass-mounted.

5. All signal voltages are with respect to the floating-ground terminal. Alternatively, the RF input may be applied differentially

between the RF input terminal and Decouple 2.

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR Ta

J{Alloy-Mounted Chip) 500 mW 11.0 mW/°C 105°C

HGlass-Mounted Chip) 500 mW 8.2mw/C 89°c

N 500 mW 9.2mW/°C 96°C

Also see Dissipation Derating Curves, Section 2.

TEXAS INSTRUMENTS
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TYPES TL442M, TL442C
BALANCED MIXERS

PARAMETER MEASUREMENT INFORMATION

@vec=12V

Ovee =12V PD = Vccice SIGNAL
SOURCE
RG =502

SPECTRUM
ANALYZER
{See Note 7)

RF
VOLTMETER

SELECTIVE
VOLTMETER

SIGNAL
SOURCE
RG =505

FIGURE 1-Vq, l¢c. and Pp FIGURE 2—-Gg¢
_—————
1
SPECTRUM
ANALYZER
{See Note 7}
Qvee=t2v
OLPI\:ETER T
Vi I ‘ ANALYZER
P—CR k {See Note 7}
L \ VRF L=< \ L
13 \ ‘ 60022 \\ :
RF Pi N ¢
n
VOLTMETER Designati L’_‘] H’ L'I
L Bn!alng:l ions e / 1 B //
> / L= S
SIGNAL 600d /
SELECTIVE
SaNAL YOLTMETER :gl:';’gi 1—0‘ SELECTIVE
SOURCE
RG =50 VOLTMETER
C,LCP.C See Note 6 l
FIGURE 3—LOIFI and LORFI FIGURE 4-RFIFI|
Pin Designations: For all test circuits appearing in this RF De
data sheet, terminal functions are defined by their
relative positions as shown in the drawings in this Loeat o
block. osc E
DECOUPLE 2
DECOUPLE 1

O}
FLOATING GND

NOTES: 6. Capacitor C comprises the foilowing capacitors in parailel: 1 uF, 0.1 uF, and 0.0015 uF.
7. The spectrum analyzer is used for frequencies above the normal range of the selective voitmeter.
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TYPES

TLA42M, TL442C

BALANCED MIXERS

Vo—Quiescent Output Voltage—V

Ge—Conversion Gan—d8

G- Conversion Gain—dB

TYPICAL CHARACTERISTICS

QUIESCENT OUTPUT VOLTAGE
vs

FREE-AIR TEMPERATURE

]

| vec=2v
See Figure 1

: —
]

[e— TL442C —om

8 S
-7 50 -26 0 25 &0 75 100 126

Ta—Free-Air Temperaturs—°C

FIGURE 5

CONVERSION GAIN
vs

SUPPLY VOLTAGES

32 T T T
Veg =12V
28 |- VLo = 300 mV
L VRF = 10mV
fLo—fRE = 1 MHz
28~ ra-25C
Ses Figure 2
20
. —~+—
12
8 A
4
°

VCC—Supply Voltage— v

FIGURE 7

CONVERSION GAIN
vs

FREQUENCY

vee=12v
_5|-Vio=300mv
VRE = 10 mV

fLo—fRE = 1 MHz

=10 -1, = 25°C

See Figure 2
L

t 4 10 40 100 400 1000

fRE—Frequency—MHz

FIGURE 9

Pp—Power Dissipation—mw

G —Conversion Gain—dg

Gg~Conversion Gain—dg

TOTAL POWER DISSIPATION
vs

FREE-AIR TEMPERATURE

100 W
[ _Veo=12v
See Figure 1
i B
1
e !
4 fo— T1L442C —ef
80
70
8 L

0
~75 -60 -25 0 25 50 75 100 125

Ta—Free-Air Tamperature—*C

FIGURE 6

CONVERSION GAIN

vs
LOCAL OSCILLATOR VOLTAGE
Veg =12V
| ro-tre = 1mmz
Tam26°C
See Figure 2
20
/l VRE = 0.1-10 mV
10 VRE = 100 mV |
VRE = 150 mV
o 1
T
VRE = 300 mV
-10
—20
_30 _’

—40
[ 100 200 300 400 500 600 700 800

Vi 0—Local Oscillator Voltage—mV

FIGURE 8

CONVERSION GAIN
vs
FREE-AIR TEMPERATURE
i
) N
hEEREN

T
1
s
1
[— TLad2C ——i

Veg =12V
V(o = 300 mV
VRE = 10 mV
fLo—IRF = 1 MHz
See Figure 2

||

o 1
~60-40 -20 0 20 40 B0 B0 100 120 140

Ta-Free-Air Temperature—"C

FIGURE 10
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TYPES TL442M, TL442C
BALANCED MIXERS

TYPICAL CHARACTERISTICS

LOCAL OSCILLATOR TO IF ISOLATION LOCAL OSCILLATOR TO IF ISOLATION
vs vs
FREQUENCY FREE-AIR TEMPERATURE
a0 hed
$ o
§ i =
5 3 2 30 — T
2 n H —— p
E % > TLA42C ~i=l
s 2 g 20
3 H
o ]
- (=]
H 3
T 10 il S qol-vec=12v
i Vee =12V s ViQ = 100 mV
[l Vip = 100 mv H fLo = 1MHz
[ ta=25°C pt [~ See Figure 3
See fiovrad, | |
0.1 04 1 a 10 40 100 S0 a0 20 0 20 40 w0 80 100 120 140
fLo~Frequency—MHz TA—Free Air Temperature—"C
FIGURE 11 FIGURE 12
LOCAL OSCILLATOR TO RF ISOLATION LOCAL OSCILLATOR TO RF ISOLATION
vs vs
FREQUENCY FREE-AIR TEMPERATURE
80 80 r
? 70 ‘Z" 70
$ K] LT
% 60 H s 60 +
2 [T~ E] '
. 50 ™~ w5 '
3 ”| ; b— Traa2c 4
i I I
g 30 g 30
§ 20 ||| g 20 [--Vee =12V
2 Vec=12V 1 VO = 100 mV
& Vig = 100 mv & 1o | fLo= TMHz
S O a2 m S | See Figure 3
See Figure 3
o i [l
0.1 [l 4 10 40 100 —60 40 -20 0 20 40 60 80 100 120 140
fLo—Frequency—~MHz Ta—Free-Air Temperature—"C
FIGURE 13 FIGURE 14
RF TO IF ISOLATION RF TO IF ISOLATION
vs vs
FREQUENCY FREE-AIR TEMPERATURE
40 40
r
2 a0 8 a0 -
7 K ! [
g i $ 1
§ E p— TiLa42C ——dl
£ 20 £ 20 !
e 2
: I :
: I :
Iy I
F R I yol—-Vecem12v
Ve =12V LS VRF = 10mV
VRF = 10 mV fRE = 1 MMz
[ Ta=25C [ SeeFigure 4
ol SeeFigured ot 1|
1 4 10 40 100 400 1000 -60 -40 20 0 20 40 60 80 100 120 140
frF—Frequency—~MHz Ta—Free-Air Tempersture—' €
FIGURE 15 FIGURE 16
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TYPES TL442M, TL442C
BALANCED MIXERS

TYPICAL CHARACTERISTICS

SIDEBAND HARMONIC SUPPRESSION
vs
LOCAL OSCILLATOR FREQUENCY

35 2f0zfRF
30 S~

’,--‘ \‘w. />
25 2fLot 2fRF

20 ,/
il d

Suppression Below Each
Fundamental Sideband, f o + fRF—dB

15
Vge=12V 3fL0* fRF
10 | frRF = 100kHz
VRF=10mV
Vio =220 mV
5 —7Tp=25C
See Figure 2
0 Lt i i1l
a.1 0.4 1 4 10 40 100
fi 0 — Locat Oscillator Frequency — MHz
FIGURE 17

TYPICAL APPLICATION DATA

The TL442M and TL442C balanced mixers are designed to have considerable circuit flexibility, which results in a wide
range of applications. Typical applications include use as balanced modulators for sideband-suppressed-carrier generation,
product detectors for demodulation, frequency converters, and frequency or phase modulators., In addition, the
TL442M and TL442C may be used in control systems and analog computers as fow-level multipliers or squaring circuits.

For operation from a single 12-V supply, connect the positive terminal of the supply to +V g, the negative terminal
to =V, and the floating-ground terminal to Rcc. For operation from two 6-V supplies, leave Rgc open and connect
the positive terminal of one supply to +V¢(, the negative terminal of the other supply to —V g, and the remaining
terminals of the two supplies to the floating-ground terminal. Electrical characteristics will be unchanged with the use
of either power supply option. External bypass capacitors, as shown in Figure 18, should be used for optimum
nperformance,

The mixer’s electrical performance and the inherent IC advantages of size, reliability, and component matching make it
very desirable for use in communication and control systems.

O Vee =+12V

RF INPUT ()
NOTE: Capacitor C comprises the fol-
lowi . . .
owing capacitors in parallel LOCAL OSCILLATOR
1 uF, 0.1 uF, and 0.0015 uF. INPUT

= FIGURE 18—EXTERNAL CAPACITOR CONFIGURATIONS
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LINEAR TYPE TL480C

INTEGRATED 10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR
CIRCUITS

BULLETIN NO. DL-S 12735, NOVEMBER 1979

e 10 Comparators Logrithmically Digitize JORN
Analog Input Signals D”AL"('_"I_‘;"’":':Q?KAGE
e High Input Impedance . .. 100 k2 Typical ':
e Open-Collector Outputs Capable of as | 1 o8
Sinking up to 40 mA and Withstanding
upto 32V
. a0 | 2 13|ar
o Economical 14-Pin Dual-In-Line
Plastic Package
Veer | 3 12| as
e 2-dB Intervals
description ANLS | f|ne

The TL480C consists of ten comparators and a
reference voltage network to detect the level of GND | § W|os
a signal at the analog input. Output Q1 is switched
to a low logic level at a typical input voltage of

218 millivolts. After each 2-dB increment, the next | § 9|04
output is switched to a low logic level. All outputs
are at low logic levels at a typical input voltage of az | 7 glos

1732 millivolts. The hysteresis of all trigger points
is typically 10 millivolts.

NC-No internal connection

The TL480C is especially designed to detect logrithmic analog-signal levels and may be used in various industrial,
consumer, or automotive applications such as low-precision meters, warning-signal indicators, A/D converters, feedback
regulators, pulse shapers, delay elements, and for automatic range switching. The open-collector outputs are capable of
sinking currents up to 40 milliamperes and may be operated at voltages up to 32 volts. The power outputs are suitable
for driving a variety of display elements such as LED’s or filament lamps. The outputs may also drive digital integrated
logic such as TTL, CMOS, or other high-level logic.

The TL480C is characterized for operation from 0°C to 70°C.

functional block diagram

Ve, 301 VOLTAGE |
cc1 REGULATOR

ANALOG_{4}
INPUT

(5)

Copyright © 1979 by Texas Instruments incorporated
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TYPE TL480C
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Voo {see Note 1) Lo oo e e e ... 20V
Input voltage . . . . . . e e e e e e e e e 8V
Off-state outputvoltage ......... e e e e e e e cevve.. 40V
On-state output current {each output) . .. .. ... . ... it i i e e .. 6B60mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): J package . ....... 1025 mwW

N package ........ 1150 mW
Operating free-air teMpPerature range . . ... v v e vt it tr ieen on st cee ey e 0°C to 70°C
Storage temperature range .. ...... e e e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package ......... e 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage . .............¢cc.0uvu.. 260°C

NOTES: 1. Voltage values are with respect to network ground terminal,

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table, in the J package, chips are glass-mounted.
) g

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J {Glass-Mounted Chip) 1026 mW 8.2 mW/°C 25°C
N 1150 mW 9.2 mW/°C 25°C
Also see Dissipation Derating Curves, Section 2.
recommended operating conditions MIN NOM MAX UNIT
Supply voltage, VCE - - v v v it o e e ... 108 12 13.2 \%
Outputvoltage, VO .. oot i i e i e e e e 32 \
Outputcurrent, [0 . . ... ... .. v, e e e e e e 40 mA
Operating free-air temperature, TA . ... ot it ittt et e ie e e o 0 70 °c

electrical characteristics over recommended operating free-air temperature, Voc = 12 V, (uniess otherwise

noted)
PARAMETER TEST CONDITIONS | MIN TYPt MAX [ UNIT
Switching Q1 197 218 242
Switching Q2 247 275 304
Switching Q3 311 346 383
Switching Q4 392 435 483
Vs Positive-go.ing threshold Swftchfng Qa5 Tp=26°C 494 548 607 iy
voltage at input A Switching Q6 621 690 765
Switching Q7 782 868 963
Switching Q8 985 1093 1212
Switching Q9 1240 1376 1526
Switching Q10 1561 1732 1921
er — V1. Input hysteresis 10 mV
IoH High-level {off-state] output current VoH =32V 0.5 200 | uA
VoL Low-level {on-state) output voltage loL ~ 10mA 912 03 \
loL =40 mA 0.3 0.6
1 Input current V=2V 10 20 HA
Icc Supply current Ali outputs high Veg=12V, 7.5 12 mA
All outputs low No foad 24 38

T Al typical values are at Voc = 12 V and Tp = 25°C.
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LINEAR TYPE TLABIC
}:’ggﬁw\s““ 10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

BULLETIN NO, DL-S 12736, DECEMBER 1979

e 10 Comparators Logarithmically Digitize DUAL-IN-L:\:\IGE PACKAGE

Analog Input Signals {TOP VIEW)

e High Input Impedance . . . 100 k2 Typical f
¢ Open-Emitter Outputs Capable of Sourcing a9 M| as
Up to 25 mA and Withstanding Up to
3BV
Q10 13| a7
e Supply Voltage Range of 10 to 35 V (Vc(c2)
e Economical 14-Pin Dual-In-Line Plastic Veer 12| as
Package
e 2-dB Intervals ANALOG v
INPUT 11| “cez
description
GND
The TL481C features open-emitter outputs capable 10 os
of operating to 35 volts and sourcing 25 milliamperes
for driving vacuum fluorescent displays. The TL481C Q1 9 !as
uses ten comparators and a reference voltage network
to detect the level of a signal at the analog input.
Output Q1 is switched to a high logic level at a Q2 8| o3
typical input voltage of 218 millivolts. As the input

signal is increased, subsequent outputs are switched
to a high logic level at 2-dB intervals. A} outputs are
at high logic levels at a typical input voltage of 1732 millivolts. The hysteresis of all trigger points is typically 10
millivoits.

The analog input has an impedance of 100 kilohms. This high input impedance can be driven directly from a high-
impedance source; however, the addition of a capacitor may be required to reduce noise.

The TL481C is designed for logarithmic detection of analog signals and may be used in applications such as low-precision
meters, warning signal indicators, A/D converters, feedback regulators, pulse shapers, delay elements, and automatic
range switching.

The TL481C is characterized for operation from 0°C to 70°C.
functional block diagram

Veez
v 3 | voLtage AA an
CC1™ |REGULATOR vV
(2)
Q10
I
|
|
\ o ONLY
TWO
OF TEN
OUTPUTS
SHOWN
ANALOG_(4)
INPUT
(5)

GNDj

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL481C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vogt (see Note 1) . oL oo L e 20V

L7 03 o2 40V
Inputvoltage ......... .. ... . . ... . i e e e e e e e e e e 8V
Outputvoltagerange . ...............0cvuunur ... e e 0VtoVge2
On-state output current (each oUtPUL) . . . . L . L i i it e e e e e —30 mA
Continuous total dissipation at (or below) 25°C free-air temperature {(seeNote2) . ................ 2075 mW
Operating free-air temMpPerature FANGE . . . .« .« o o ettt e e e e e e e e 0°Cto 70°C
Storage temMperature FaNQGE . . . . . o o ittt it e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 10seconds . . . .. ... it ittt 260°C

NOTES: 1., Voltagse values are with respect to network ground terminal.
2, For operation above 25°C frae-air temperature, derate linearly to 1328 mW at 70°C at the rate of 16.6 mw/C,

recommended operating conditions
MIN NOM MAX UNIT

Supply Voltage, VCC1 -+ v v v v v - - e e e 10.8 12 132 \Y
V2 e e e e 10 25 35 3

OULPUL CUITENE, L . o i ittt e e e e e . 25 TA

Operating free-air temperature, TA .« v oot vie ittt et et et e 0 70 C

electrical characteristics over recommended operating free-air temperature and supply voltage ranges
(unless otherwise noted)

PARAMETER TEST CONDITIONS ] MIN Typt MAX UNIT
Switching Q1 [ 197 218 242
Switching Q2 247 275 304
Switching Q3 311 346 383
Switching Q4 392 435 483
Ve Positive-going thre‘shold Ta=25°C 494 548 607 mv
voltage at Analog input Switching Q6 621 690 765
Switching Q7 782 868 963
Switching Q8 985 1093 1212
Switching Q9 1240 1376 1526
Switching Q10 1561 1732 1921
VT+— VT_ Input hysteresis 10 myV
VOH High-level (on-state) output voltage lon = ~10mA Veea-13 Veca=08 v
| loH = —256 mA Vee—1.5 Veee—09
UOL Low-level {off-state} output current Veez2=35V 0.5 200 vA
D| Input current Analog input V=2V 10 20 HA
leer Supply current from Voo :: Z::zz:: :101‘91:\ Veer =12V, No load 1: f: mA
All outputs high| V =12V, V =35V, 15 27 mA
tccz Supply current from VEC2 [ sutputs low No losd o 1 200 uA

T Al typical values are at Voo = 12 V, Vegg = 25 V, and T4 = 25°C.
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LINEAR TYPE TL487C
};’f;EﬁﬁAJ ED 5-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

B_ULLETIN NO, DL-S 12675, FEBRUARY 1979

e 5 Comparators to Digitize Logarithmic

1 i JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW)
Analog Input Signals in 3-dB Step

Increments ANALOG DIGITAL OUTPUTS
e High Input Impedance . .. 100 kQ Typ MY Vee 3 Q4
e Open-Collector OQutputs Capable of 8 6 5
Sinking up to 40 mA and Withstanding
upto 18V
e Supply Voltage Range of 10 to 18 V
® Economical 8-Pin Dual-in-Line Plastic
Package and Ceramic Package 4 4
FUNCTION TABLE o AAS t AA- §
INPUT A OUTPUTS 3 /
{NOom) a1 Q2 Q3 Q3 05 —9 > 4 4
0 —~266 mV H H H H H [g I-(
~266-~375mV| L H H H H —
~375—~530mV| L L H H H 1 2 3 4
~530 —~749mV| L L L H H
~749—~1088mV| L L L L H GND O a2 &
L L L L L

——
>=~1058 mV DIGITAL OUTPUTS

H = high level, L = low level

The nominal input voltage ranges shown are
for rising input voltage. Negative-going
thresholds are typically 10 mV lower.

description

The TL487C is especially designed to detect and indicate analog signal levels. The device may be used in various n
industrial, consumer, or automotive applications such as low-precision meters, warning signal indicators, A/D

converters, feedback regulators, pulse shapers, delay elements, and automatic range switching. The power outputs are

suitable for driving a variety of display elements such as LED's or filament lamps. The outputs may also drive digital

integrated logic such as TTL, CMOS, or other high-level logic.

The TL487C consists of five comparators and a reference voltage network to detect the level of an analog input signal
at the A input. Output Q1 is switched to a low logic level at a typical input voltage of 266 millivolts. After each 3-dB
increase, the next output is switched to a low logic level. All outputs are at low logic levels at a typical input voltage of
1058 millivolts. The open-collector outputs are capable of sinking currents up to 40 milliamperes and may be operated
at voltages up to 18 volts. The analog input has a high impedance of typically 200 kilohms.

Since all five trigger points have a switching hysteresis of typically 10 millivolts, the circuit may be operated with slow
input signals without the danger of oscillation at the outputs. To prevent pickup of noise, a capacitor should be
connected between the high-impedance input and ground, especially when the input is driven from a high-impedance
source,

The TL487C is characterized for operation from 0°C to 70°C.

Copyright ® 1979 by Texas Instruments incorporated
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TYPE TL487C
5-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

absolute maximum ratings

Supply voltage, Vo (see Note 1) . .. Lo L e e e 20V
Voltage at analog iNPUt A . L L L L i e e e e e e e e e e 8V
Off-state output voltage . ... . .. . .ttt i e e e e e e e 20V
Current through analog input A . . . L . L e e e e e e —10 mA
Low-level output current {each outpUL) . . .. .. e e e e 80 mA
Total low-level oULPUL CUFFENT . . L. . . i i et e et e e e e e e 200 mA
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 2): JG package ........ 825 mW

Ppackage ........ 1000 mW
Operating free-air temperature range . . . . . ..t i i i e e e e e 0°C to 70°C
Lead temperature 1/16 inch (1,6 mm) from case for 10secONds . . . . ..ttt ittt i e e e et eaen 260°C

NOTES: 1. Voltage values are with respect to network ground terminal.

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL487C chips are glass-
mounted,

DISSIPATION DERATING TABLE

[ PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
JG {Glass-Mounted Chip) 825 mW 6.6 mW/°C 25°C
P 1000 mW 8.0 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, Vce e e e e e e e e e e e e e e e e 10 12 18 \%
Output voltage, Vo o e e e e e e e e e e e e e e e e e e, 18 \Y
Low-level output current e e e e e e e e 40 mA
Operating free-air temperature, Tp, . . R, 0 70 °C

electrical characteristics over recommended operating ranges of Ve and T a (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYPt MAX UNIT
Switching Q1 237 266 298 ]
Positi ing threshold Switching Q2 335 375 421
Itive-goin: esho
Ve °ls v gt.' 9 t;i Switching Q3 Ta=25°C 473 530 595 | mv
t u
voitage ating Switching Q4 668 749 840
Switching Q5 943 1058 1187
Switching interval § 3 dB
V14— VT Input hysteresis 10 mV
10H High-level output current VoH =18V 0.5 20 BA
loL =16 mA 0.15 0.3
VoL Low-level output voltage \"
lgL =40 mA 0.25 0.5
Iy Input current Vi=1Vv 5 10 MA
Al outputs high All outputs open, 8 12
Icc Supply current mA
All outputs low Veg =12V 18 27

tan typical valuesare at Voo =12V, Tp = 25°C.
$These thresholds increase with temperature at the approximate rate of 1 mv/°C.
§Switching interval is the ratio of (1) V14 for switching output Qp4q to (2) V4 for switching output Q.
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LINEAR TYPE TL489C
INTEGRATED 5-STEP ANALOG LEVEL DETECTOR

c' Rcu ITs BULLETIN NO. DL-S 12584, JANUARY 18978 — REVISED OCTOBER'1979

e 5 Comparators to Digitize Analog P DUAL-IN-LINE PACKAGE (TOP VIEW)
Input Signals in 200 mV Increments

o High Input Impedance . .. 100 k Typ A:mbgG DIGITAL OUTPUTS

V,

e Open-Collector Outputs Capable of 2 ¢ as o4
Sinking up to 40 mA and Withstanding 8 6 5
upto 18 V ’

o Supply Voltage Range of 10 to 18 V

o Economical 8-Pin Dual-in-Line Plastic
Package

4 4
FUNCTION TABLE _§
4
INPUT A OUTPUTS >
(NOM) 01 Q2 Q3 04 Q5
0—~200mV | H H H H H
~200-~400mV | L H H H H — |
~400—~600mV | L L H H H 1 2 3 4
~600~~800mV| L L L H H
~800—~1000mv| L L L L H GND a1 Q2 &
_ >=1000mV | L L L L L DIGITAL OUTPUTS

H = high level, L = low level

description

The TL489C consists of five comparators and a reference voltage network to detect the evel of an analog input signal
at the A input. Qutput Q1 is switched to a low logic level at a typical input voltage of 200 millivolts. After each
200-millivolt step, the next output is switched to low logic levels. All outputs are at low logic levels at a typical input
voltage of 1000 millivolts. The open-collector outputs are capable of sinking currents up to 40 milliamperes and may
be operated at voltages up to 18 volts. The analog input has a high impedance of typically 100 kilohms.

Since all five trigger points have a switching hysteresis of typically 10 millivolts, the circuit may be operated with slow
input signals without the danger of oscillation at the outputs. To prevent pickup of noise, a capacitor should be
connected between the high-impedance input and ground, especially when the input is driven from a high-impedance
source.

The TL489C is especially designed to detect and indicate analog signal levels. The device may be used in various
industrial, consumer, or automotive applications such as low-precision meters, warning signal indicators, A/D
converters, feedback regulators, pulse shapers, delay elements, and automatic range switching. The power outputs are
suitable for driving a variety of display elements such as LED’s or filament lamps. The outputs may also drive digital
integrated logic such as TTL, CMOS, or other high-level logic.

The TL489OC is characterized for operation from 0°C to 70°C.

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL489C
5-STEP ANALOG LEVEL DETECTOR

absolute maximum ratings

Supply voltage, Vg {seeNote 1) . . . . . . . . . ...
Voltage at analog input A . . . . . . . . . . . . .. ..

Off-state output voltage

Current through analog input A, e e e e e e e e e
Low-level output current (each output} . . . . . . . . . . . .

Total low-level output current

Continuous total dissipation at {or below) 25 C free -air temperatum (see Note 2)
Operating free-air temperature range . P

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds AN

NOTES: 1, Voltage values are with respect to network ground terminal.

2. Derate linearly to 640 mW at 70°C free-air temperature at the rate of 8.0 mw/°C.

recommended operating conditions

Supply voltage, Ve . . .

Output voltage, VO .
Low-level output current . . .
Operating free-air temperature, TA

20V

.8V

20v

—~10 mA

80 mA

200 mA
1000 mW
0°C to 70°C
. 260°C

MIN NOM MAX UNIT
10 12 18 \

18 Vv
40 mA
0 70 °C

electrical characteristics over recommended range of VCC and operating free-air temperature range
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN Tvet  maAx UNIT

Switching Q1 160 200 240
Positive-going threshold Switching 02 ° 350 400 450

Vs voltage at input A Switching Q3 TA=25C 540 600 660 mV
Switching Q4 730 800 870
Switching Q5 920 1000 1080

Vs ~ Vo Input hysteresis 10 mV

1oH High-level output current VoH =18V 0.5 20 uA

tol_ Low-evel output voltage o = 16 mA 0.15 \Y
oL =40 mA 0.25 0.5

[ Input current V=1V 0.5 uA
All outputs high Vee =12V 8 12

fce Supply current All outputs low A:I:(c:zutputs open 15 25 mA

T Al typical values are at Ve =12V, Ta = 25°C.
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TYPE TLASSC
5-STEP ANALOG LEVEL DETECTOR

TYPICAL APPLICATIONS DATA

ANALOG
INPUT Vee
100Ks2 8 7 [] 5
: A vee '3 o4
{
Lo
.001
™, TL4BSC
| 1
|
| GND a1 az a3
! 1 2 3 4
Rt R, At Rt

s -

TKeep-ative resistors to avoid high switching current.

FIGURE 1—-INTERFACING WITH INCANDESCENT LAMPS

o e
3
100k i ! 6 5
100k A vee o4
4
TL489C
.
B uF }"-\ GND o az Q3
1 2 3 4
sMa
vESe  LEY  uEY B s {[/?Lm"
4 ;
v+

Lamps L1 through L5 illuminate as the input voitage increases in nominally 200-mV steps.
Additionally, lamp L1 will flash periodically when the input voitage at point P is below 200 mV.
FIGURE 2-LEVEL INDICATION WITH FLASHING FEATURE

ANALOG
INPUT Vee
) 8 ? 6 5
A Vee as o
pu TL4BOC
q\
GND a1 az a3
1 2 3 4
-l- 0 //‘. L2 1k//" u1K¢ LED's
1k Tkiz g 1ka g

v
Lamp L1 is turned on at input voltages (pin 8) > 200 mV and the alarm turns off,
Lamp L2 is turned an at input voltages > 600 mV to indicate correct operation.
Lamp L3 is turned on at input voltages > 1000 mV and the over-range alarm turns on.

FIGURE 3-THREE-STAGE LEVEL INDICATION AND CONTROL
P
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TYPE TL489C
5-STEP ANALOG LEVEL DETECTOR

TYPICAL APPLICATION DATA

{ !
INPUT P! : |
[
| : : : [ i
g Bhagy
'| |I [ RN
v b [
! Li T
ouTPuT a1 Py 0t [
1y 1 [ The delay times are
Ly L1V determined by the rate
OUTRUT G2 I |' : ‘l : : } of change of the input
0 T signai.
1l Pl
[ [
ouTPUT Q3 P P
bl P!
—_— [
J— | !
| |
{

OUTPUT Q5 l

FIGURE 4-WAVEFORMS FOR FIVE DELAYED OUTPUTS

INPUT Vee = 1036 mV (at input A}
8 U s 3 INPUT
v
{ A cc s o /
|
|
! TL489C
oo
; GND a1 Q2 a3
| 1 2 3 4 L
{ Pulse shaging oUTPUT
| resistor
retwork
- AAA— Y+

= Louwur ———— ov

FIGURE 5-PULSE-SHAPE CONVERTER

vee
10510 16V
8 7 6 5
vee a5 o4
TLABAC
TEMPERATURE
s @)
_&v GND Q1 az a3
1 2z 3 4
o— | l
— ==L
£AN { $1 82
POWER

Switch $1 selects the temperature at which the fan starts operating, and S2 selects the temperature at which the fan stops operating.
FIGURE 6—TEMPERATURE FEEDBACK REGULATION WITH SELECTABLE SYSTEM HYSTERESIS
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LINEAR TYPE TLA90C
INTEGRATED 10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

clnculTs BULLETIN NO.DL-S 12677, JUNE 1979 — REVISED OCTOBER 1979
o 10 Comparators to Digitize Analog J OR N DUAL-IN-LINE PACKAGE
Input Signals (ToP VIEW)

e Cascade Feature Allows Stacking
Output Display Strings )

—9

e Threshold Intervals Adjustable from
200 mV to 100 mV

Q1o

e Open-Collector Outputs Capabie of Vee
Sinking up to 40 mA and Withstanding
up to 32V HNeuT
e Supply Voltage Range of 10 to 18 V CASCADE
INPUT
description
THRESHOLD
ADJUST

The TL490C consists of ten comparators and a
reference voltage network to detect the level of
a signal at the analog input. Output Q1 is switched
to a low logic level at a typical input voltage of 200
millivolts with Threshold-Adjust open and the cascade
input grounded. After each 200-millivolt increment,
the next output is switched to a low logic level. All
outputs are at low logic levels at a typical input
voltage of 2000 millivolts. The threshold-adjust
terminal allows the user to decrease the input voltage steps from 200-millivolt to 100-millivolt increments by
connecting an external resistor from Threshoid Input to ground.

NC

[+}]

NC-—No internal connection

This level detector is directly cascadable requiring only two external resistors. The maximum number of devices that
can be cascaded is determined by the threshold level and the maximum input voltage. See Figure 4 in Typical Applica-
tion Data. If the cascade feature is not utilized, the cascade input must be grounded for proper operation.

The TL490C is especially designed to detect and indicate analog signal levels and may be used in various industrial,
consumer, or automotive applications such as low-precision meters, warning-signal indicators, A/D converters, feedback
regulators, pulse shapers, delay elements, and for automatic range switching. The open-collector outputs are capable
of sinking currents up to 40 milliamperes and may be operated at voltages up to 32 volts. The power outputs are
suitable for driving a variety of display elements such as LED’s or filament lamps. The outputs may also drive digital
integrated logic such as TTL, CMOS, or other high-level logic.

The TLAGOC is characterized for operation from 0°C to 70°C.

functional block diagram

3 VOLTAGE @
~AAA Q1o
Vee REGULATOR M b ]
< |
1
> !
cascape (61 ~ 2 .
INPUT o3 ONLY
(L] + T™WO
Amb?“ M ; OF TEN
— QUTPUTS
: SHOWN
AMA- i
THRESHOLD {6} 22400 ]
ADJUST L |
<
(13) 27000 | @,
GND /;7

Ved
Resistor vaiues shown are nominal,

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL490C
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vog (see Note 1) L .. oo e ... 20V
Input voltage: Analog inpPul . .. . .. ... .. ... e e e e 8V
CasCade INPUL . . L. i e e e e e e e e 8V

Off-state outputvoltage . ...................... e e et e e e e e 40V
On-state output current (€aCh OUtPUT) . .. . . .. . i it ittt e e e e e 60 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): J package . ....... 1025 mW
N package ........ 1150 mW

Operating free-air teMPerature range . . . . . . ottt it v ittt e e e e e e 0°C to 70°C
StOrage teMPEratlure FANGE . v . v oo v v v et e e e e et e et e e e —65°C to 150°C
L ead temperature 1/16 inch (1,6 mm) from case for 60seconds: Jpackage .............. ..., 300°C
Lead temperature 1/16 inch (1,6 mm} from case for 10 seconds: Npackage . ..................... 260°C

NOTES: 1. Voitage values are with respect to network ground terminal,

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, chips are glass-mounted,

DISSIPATION DERATING TABLE

POW
PACKAGE OWER DERATING ABOVE
RATING FACTOR Ta
J {Glass-Mounted Chip} 1025 mW 8.2 mW/°C 25°C
N 1150 mW 9.2 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, VoG . v oot it e e e 10 12 18 \'
Outputvoltage, VO . vt ittt i 32 \"
Cascade input voltage (Pin 5) (when notgrounded) ... .................... 1 8 \Y%
Outputeurrent, 10 .. ..o e 40 mA
Operating free-air temperature, TA . .. .. ... ottt e 0 70 °c
electrical characteristics over recommended operating free-air temperature and supply voltage ranges,
pin 5 at gnd, pin 6 open (unless otherwise noted)
PARAMETER L TEST CONDITIONS MIN TYPY  MAX UNIT
Switching Q1 125 200 275
Switching Q2 325 400 475
Switching Q3 | 525 600 675
Switching Q4 [ 725 800 875
Positive-going threshold Switching Q5 ° 925 1000 1075
VT+ . — TA=25C myv
voltage at input A Switching Q6 1125 1200 1275
Switching Q7 1325 1400 1475
Switching Q8 [ 1525 1600 1675
Switching Q9 1725 1800 1875
Switching Q10 1925 2000 2075
VT4 = VT_ Input hysteresis 10 mV
loH High-level output current VgH =32V 0.5 200 uA
VoL Low-leve) output voltage loL =10 mA 012 0.3 v
loL =40 mA . 0.3 0.6
Analog input 260 400
h Input current Cascade input Vi=zv 000 1700 ] “°
All outputs high Ve =12V, 10 15
lcc Supply current All outputs low Aﬁ(c:)utputs open 30 45 mA "

TAIll typical values are at Voc = 12 Vand T = 25°C
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TYPE TL490C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

TYPICAL CHARACTERISTICS

THRESHOLD VOLTAGE INTERVAL LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
THRESHOLD-ADJUST RESISTANCE OUTPUT CURRENT
200 Vee =12V 04 Vep= 12V
cc= cc=
180 LTA - 2500 » >| TA _ 25°C L~
> 160 A & 02
e g
g 140 ] 4 S »
£ 120 ] 2 0.1 y:
% 100 3 0.07 -
= )
(=] >
80 3
2 < 0.04
2 S
2 80 s
. L
£
= o
S 002
20
0 J 0.01
100 400 1k 4k 10k 40k 100k 1 2 4 7 10 20 40
Radj—Threshold-Adjust Resistance—$2 Ig—Output Current—mA
FIGURE 1 FIGURE 2
TYPICAL APPLICATION DATA
%
Vee
THRES
(OPEN) 0—— " 1p, Q2
Q3
Q4
TL490OC a5
Q6
ANALOGq | ANALOG Q7
INPUT INPUT
Qs
CASCADE
ineuT @
Q10
GND

—

Lamps L1 through L 10 sequentially illuminate as the input voltage increases in nominally 200-millivolt steps,

FIGURE 3—LEVEL INDICATION WITH LIGHT-EMITTING DIODES
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TYPE TLAS0C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

TYPICAL APPLICATION DATA

Vee Vi
arf—y e g L
THRES [ _ THRES L
1opeN) o— THRE @ (opeN) o—| THRE a2
Q3f— a3f—
Q44— Q4 —
Q5 p— Q5 —
TL4a90C S OUTPUTS
ot > OUTPUTS L a6 -
a7f— a7
ANALOG ANALOG ANALOG o '_ 200
INPUT INPUT as— INPUT — NEXT STAGE:
Qf— a9(— < CASCADE INPUT
CASCADE - CASCADE b3
wpuT  Q10f—] et Q0[—)  ww0a
L 3
- 0003

- ANALOG INPUT

To cascade three TL490C detactors, parallel all analog inputs, connect cascade input 1 to ground, bias cascade input 2 to 2 volts {or 10 times
the threshold interval), and bias cascade input 3 to 4 volts (or 20 times the threshold interval). This provides drive for 30 output steps with one
continuous 0- to 6-volt input. The maximum number of devices that can be cascaded is determined by the threshold level and the maximum
input voltage rating.

FIGURE 4~-CASCADING ANALOG LEVEL DETECTORS

12v
Y- Rl Gl DA
TiLzBo | ];_% 4 F’. -!F/ _g»;_,-
50029 < > P g &
< € > >
Vee at EACH ﬁ’ > :» o
4 Q2
82003 o
Vee TL490C
TLI73C  OUT ANALIG s
L Q6
GND < CASCADE
ko Qe weor . 97
as
THRESHOLD
| . ApwUsT
< < gd' A
se0 918 ;Isoo'n GND

p

The appropriate value of Radi: the externa) resistance between the threshold-adjust terminal and ground, may be calculated from:

0.84  (Ryq; + 700 Q) » 2240 Q 633 V1
—_— +1;0r Radj ™
\as 700 2 & Rgg;j 0.2 -Vt
where: V7 = threshold voitage interval, V

Alternatively, Rad] can be estimated using Figure 1.
In the circult shown with Ragj = 500 £, V1 = 100 mV,

FIGURE 5—LINEAR HALL-EFFECT SENSOR WITH 10-STEP ANALOG LEVEL INDICATOR
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LINEAR TYPE TL491C

INTEGRATED .
CIRGUITS 10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

BULLETIN NO, DL-S 12730, DECEMBER 1979

e 10 Comparators to Digitize Analog NG DUAL-IN-LINE PACKAGE
Input Signals (TOP VIEW)
e Cascade Feature Allows Stacking L ]
Output Display Strings e | 1
e Threshold Intervals Adjustable from ao [ 2
200 mV to 100 mV
e Open-Emitter Qutputs Capable of Veer | 3
Sourcing up to 25 mA and Withstanding
upto35V Al e
e Supply Voltage Range of 10 to 35 V (Vcc2) cascave [
INPUT
description THRESHOLD
ADJUST §
The TL491C consists of ten comparators and a
reference voltage network to detect the level of aND | 7
a signal at the analog input. Output Q1 is switched to
a low logic level at a typical input voltage of 200 a1 |8
millivolts with Threshold Adjust open and the cascade

input grounded. After each 20Q-millivolt increment,
the next output is switched to a low logic level. All
outputs are at low logic levels at a typical input
voltage of 2000 millivolts. The threshold-adjust
terminal allows the user to decrease the input voltage steps from 200-millivolt to 100-millivolt increments by connecting
an external resistor from Threshold Adjust to ground.

This level detector is directly cascadable requiring only two external resistors to establish a zero-reference level voltage
for the cascade input. The maximum number of devices that can be cascaded is determined by the threshold level and
the maximum input voltage. See Figure 4 in Typical Application Data, If the cascade feature is not utilized, the cascade
input must be grounded for proper operation.

The TL491C is especially designed to detect and indicate analog signal levels and may be used in various industrial,
consumer, or automotive applications such as low-precision meters, warning-signal indicators, A/D converters, feedback
regulators, pulse shapers, delay elements, and for automatic range switching. The open-emitter outputs are capable
of sourcing currents up to 25 milliamperes and may be operated at voltages up to 35 volts. The power outputs are
suitable for driving a variety of display elements such as vacuum flourescent displays, LED’s, or filament lamps. The
outputs may also drive digital integrated logic such as CMOS or other high-level logic.

The TL491C is characterized for operation from 0°C to 70°C.

functional block diagram

3 VOLTAGE
v _i A (13)
cc1 REGULATOR VWV W'
|~
CASCADE (S} l
INPUT =
+
.

ANALOG _(4)
INPUT _
AN
THRESHOLD (6) 22400
ADJUST

2

{7} 27009
GND 3
7

Resistor values shown are nominal,

Copyright © 1978 by Texas Instruments Incorporated
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TYPE TL481C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage: Vogt (see Note 1) L .. oot i i i it it i s s 20V
R o o2 40V

Input voltage: Analog INpUt . .. ... . i et e e e s e e e 8V
Cascade INPUL L L . ittt e et e e et e e 8V

OULPUL VOIAGE TANGE . . & v oo vt v ittt e e e o e te e i a s anne enme e ae e 0V toVee2
On-state output current {€aCh OUTPUL) . . L. .ttt ittt i ittt et e te v m e ettt e ~30 mA
Continuous total dissipation at {or below) 25°C free-air temperature (see Note2) . .............. 2075 mW
Operating free-air teMPerature FANGE . . ..o v oo v v o v e v s e e s e nmnaneeseennneaeeanns 0°C to 70°C
STOrage temMPEratiure TANGE .« . v o o v v e v vt o e e e e e v o nnaeee et ann e e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) fromcase for 10seconds .. ............ .. v nnwsnns 260°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. For operation above 25°C free-air temperature, derate linearly to 1328 mW at 70°C at the rate of 16.6 mW/°C.

recommended operating conditions

MIN NOM MAX UNIT

SUPPIlY VOItagE: VT - -ttt v vttt sttt e ettt e 10.8 12 13.2 \
R o o 10 25 35 \
Cascade input voltage (When notatground) .. ..............¢¢ccvuurnve.. 1 8 \'
Output cuIrent, 10 . . . - o ot e e e e e e e e 25 mA
Operating free-air temperature, TA . .. ... . ottt it i i s 0 70 °c
electrical characteristics over recommended operating free-air temperature and supply voltage ranges,
pin 5 at gnd, pin 6 open (unless otherwise noted)
PARAMETERS TEST CONDITIONS MIN Typt MAX | UNIT
Switching Q1 | 125 200 275
Switching Q2 325 400 475
Switching Q3 525 600 675
Switching Q4 725 800 875
Pasitive-going threshold | Switching Q5 o LQ?S 1000 1075
VT4 i - Ta=26C mvV
voltage at input A Switching Q6 u125 1200 1275
Switching Q7 1325 1400 1475
Switching Q8 1625 1600 1675
Switching Q9 1725 1800 1875
| Switching Q10 1925 2000 2075
&T+ — V1_ Input hysteresis 10 mV
VoH High-tevel {on-state) output voltage lon = —10mA Veca13 Veea—08 v
IOH = —25 mA Veea-15 Vee-09
oL Low-level (off-state) output current Veez=35V 0.5 200 | ®A
f) Input current Analog l?put vVi=2vV 260 400 LA
Cascade input 1000 1700
lce Supply current All outputs high | Vegy =12V, 18 25 m:
from Veeq All outputs low | No load 9 15
icc Supply current All outputs high | Vcoi =12V, Veogz=35V, 15 27 | mA
from Voea All outputs low | No load 1 200 uAj

t ANl typical values are at Vocq = 12V, Voeg = 26 V, and T = 25°C.
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TYPE TLA91C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

TYPICAL CHARACTERISTICS

THRESHOLD VOLTAGE INTERVAL
vs
THRESHOLD-ADJUST RESISTANCE

200 =T TTT
8 LVCC=12V Lt
180 by, - 25°C A
160

140 /

120

100
80

60

Threshold Valtage Interval—mV

40

20

0
100 400 1k 4k 10k 40k 100 k

Radj—Threshold-Adjust Resistance—Q

FIGURE 1

TYPICAL APPLICATION DATA

0V 12v
BAR GRAPH o Q1 th h Q10 LED
* utputs throug turn on ‘s
: ’ DISPLAY 5 ko to represent the input voltage level in
VCC1 VCCZ EACH multiples of the 200-millivolt threshold
Q1 ” —A voltage. The threshold interval can be
THRES reduced for greater accuracy by- adding
(OPEN) ADJ Q2 ”— a shunt resistor between Threshold
” Adjust and ground. The appropriate
a3 value of shunt resistance, Raqj, can be
TLA91C Q4 P — approximated from
a5 PH—
0.84 (Ryqi + 700 2) ® 2240 0
a6 heaPe ) +10r
ANALOG_______lANALOG VT 700 2 @ Ry
INPUT INPUT
Q8 ”— A 533 VT
iR ————
CA:(P)C?E Q9 bt i "oz vy
|
Q10 h where: VT = threshold voltage interval,
GND Alternatively Ragj can be estimated using

| Figure 1,

Lamps L1 tnrough L10 sequentially illuminate as the input voltage increases in nominally 200-millivolt steps.
*General [nstruments MV57164 or equivalant,

FIGURE 2—LEVEL INDICATION WITH LIGHT-EMITTING DIODES
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TYPE TL491C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

TYPICAL APPLICATION DATA

12v
v v
S M el g, =
(oPEN)O—| THRES  qp1— torenjo—{ THRES  qp1 o
ADJ [ ADJ
a3 a3f—
Q4 Qal—
Q5 ast—
Tweic I SouteuTs Tuagie [ 5 outeuts
T — 5V
- o= e
ANALOG ANALOG ANALOG b3 _
asj— osf— NEXT STAGE:
INPLT i INPUT - ol qt—-c;\scwe INPUT
CASCADE L CASCADE s
INPUT  Q10[— neur- awf—J)  ac0ag
2 = 400032
- ‘L
#= ANALOG INPUT

To cascade three TLAS1C detectors, parallel all analog inputs, connect cascade input 1 to ground, bias cascade input 2 to 2 volts (or 10 times
the threshoid interval), and bias cascade input 3 to 4 volts (or 20 times the threshold interval), This provides drive for 30 output steps with one
continuous O- to 6-volt input, The maximum number of devices that can be cascaded is determined by the -threshold level and the maximum
input voltage rating.

FIGURE 3—CASCADING ANALOG LEVEL DETECTORS
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LINEAR TYPES TL500C THRU TL503C
INTEGRATED ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

CI RcuITs BULLETIN NO. DL-S 12740, DECEMBER 1979

TL500C/TL501C
ANALOG PROCESSORS

e True Differential Inputs

e Automatic Zero

e Automatic Polarity

e High Input Impedance . . . 1090hms Typically

TL500C CAPABILITIES TL501C CAPABILITIES
e Resolution . . . 14 Bits {with TL502C) e Resolution . .. 10-13 Bits {with TL502C)
e Linearity Error . .. 0.001% e Linearity Error... 0.01%
e 4 1/2-Digit Readout Accuracy with e 3 1/2-Digit Readout Accuracy
External Precision Reference
TL502C/T1L503C
DIGITAL PROCESSORS
e Fast Display Scan Rates
o Internal Oscillator May Be Driven
or Free-Running
e Interdigit Blanking
¢ Over-Range Blanking
e Display Test
e 4 1/2-Digit Display Circuitry
o High-Sink-Current Digit Driver for
Large Displays
TL502C CAPABILITIES TL503C CAPABILITIES
e Compatible with Popular Seven-Segment e Multiplexed BCD Outputs
Common-Anode Displays
e High-Sink-Current Segment Driver For ® High-Sink-Current BCD Outputs

Large Displays

description of converter system

The TL500C and TL501C analog processors and TL502C and TL503C digital processors provide the basic functions for
a dual-slope-integrating analog-to-digital converter,

The TL500OC and TL501C contain the necessary analog switches and decoding circuits, reference voltage generator,
buffer, integrator, and comparator. These devices may be controlled by the TL502C, TL503C, by discrete logic, or by a
software routine in a microprocessor.

The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The TL502C
provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD outputs.

When used in complementary fashion, these devices form a system that features automatic zero-offset compensation,
true differential inputs, high input impedance, and capability for 4 1/2-digit accuracy. Applications include the
conversion of analog data from high-impedance sensors of pressure, temperature, light, moisture, and position.
Analog-to-digital-logic conversion provides display and control signals for weight scales, industrial controllers,
thermometers, light-level indicators, and many other applications.

Capyright © 1979 by Texas Instruments |Incorporated
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TYPES TL500C THRU TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

principles of operation

The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, Cx, is charged through the
integrator from VCT for a fixed period of time at a rate determined by the value of the unknown voltage input. Then
the capacitor is discharged at a fixed rate {determined by the reference voltage} back to VT where the discharge time
is measured precisely. The relationship of the charge and discharge values are shown below (see Figure 1).

Viy
Vex = VeT — - Charge m
X Cx
Vref 12
VeT = Vex - i
c Rx Cx Discharge (2)
Combining equations 1and 2 results in:
Vi 12
—_—= - {3)
Vref 14

where:

Vet = Comparator (offset) threshold voltage

Vcex = Voltage change across Cy during t1 and during t2 (equal in magnitude)
V| = Average value of input voltage during t1
t1 = Time period over which unknown voltage is integrated

t2 = Unknown time period over which a known reference voltage is integrated.

Equation 3 illustrates the major advantages of a dual-slope converter:
a. Accuracy is not dependent on absolute values of t9 and t2, but is dependent on their ratios. Long-term clock
frequency variations will not affect the accuracy.
b. Offset valuss, VCT, are not important,

The BCD counter in the digital processor {see Figure 2} and the control logic divide each measurement cycle into three
phases. The BCD counter changes at a rate equal to one-half the oscillator frequency.

auto-zero phase

The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels to inputs A
and B of the analog processor. If the trigger input is at a high level, a free-running condition exists and continuous
conversions are made, However, if the trigger input is low, the digital processor stops the counter at 20,000, entering a
hold mode. In this mode, the processor samples the trigger input every 4000 oscillator pulses until a high level is detected.
When this occurs, the counter is started again and is carried to completion at 30,000. The reference voltage is stored on
reference capacitor Cref, comparator offset voltage is stored on integration capacitor Cx, and the sum of the buffer and
integrator offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is
characterized by an oscillation {limit cycle) of indeterminate waveform and frequency that is filtered and d-c shifted by
the level shifter.

integrate-input phase

The auto-zero phase is completed at a BCD count of 30,000, and high levels are applied to both control inputs to
initiate the integrate-input phase. The integrator charges Cx for a fixed time of 10,000 BCD counts at a rate determined
by the input voltage. Note that during this phase, the analog inputs see only the high impedance of the noninverting
operational amplifier input. Therefore, the integrator responds only to the difference between the analog input terminals,
thus providing true differential inputs.
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TYPES TL500C THRU TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

integrate-reference phase

At a BCD count of 39,999 + 1 = 40,000 or 0, the integrate-input phase is terminated and the integrate-reference phase is
begun by sampling the comparator output. If the comparator output is low corresponding to a negative average analog
input voltage, the digital processor applies a low and a high to inputs A and B, respectively, to apply the reference

voltage stored on Cyef to the buffer. If the comparator output is high corresponding to a positive input, inputs A
and B are made high and low, respectively, and the negative of the stored reference voltage is applied to the buffer. In

either case, the processor automatically selects the proper logic state to cause the integrator to ramp back toward zero

at a rate proportional to the reference voltage. The time required to return to zero is measured by the counter in the

digital processor. The phase is terminated when the integrator output crosses zero and the counter contents are

transferred to the register, or when the BCD counter reaches 20,000 and the over-range indication is activated. When
activated, the over-range indication blands all but the most significant digit and sign.

Seventeen parallel bits (4 1/2 digits) of information are strobed into the buffer register at the end of the integrate-input
phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven-segment drivers
(TL502C) at a rate equal to the oscillator frequency divided by 400.

BCD COUNTER VALUES
20,000 30,000 0 20,000 30,000 [ 20,000

! \ i
' AUTO ZERO | INTEGRATE! INTEGRATE

i
AUTO ZERO | INTEGRATE| INTEGRATE
| INPUT REFERENCE

INPUT REFERENCE
|
|
|
|

V(pin 1> v(pin 2)
(POSITIVE ANALOG VOLTAGE)

INTEGRATOR .
ouTPUT

Vipin 1} < Yipin 2!
(NEGATl\fé eNALOgI?IOLTAGE) =~ — V({pin 2}

}

COMPARATOR

|
l
|
!
|
I
I
|

| -—e-— OV

|
|
!
CONTROL A |
|
|
{
|
|

|
!
!
|
! §
I
]
|
I

CONTROL B
!

! |
! |
TRIGGER

-
]
]
]
1

N'T CARE

|
|
|
A
?
*This step is the voltage at pin 2 with respect to analog ground,

FIGURE 1-VOLTAGE WAVEFORMS AND TIMING DIAGRAM
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TYPES TL500C THRU TL503C

ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

{ATINO 320511}
sindino
INIWOISNIATS

(AINO 220411}
S1NdiNO 0

"eseyd 1ndul a1eBa1u) ouy Butinp 1ndu) Bojeue sy 4o Alue|0d Byl AQ PAUILIIBIBP SE 1NCINO J01EJEdUI0D BYL 1O 81815 UL SI SIYY |
‘uoiesado JRUIIOU ALINSBS JO BNUILLOD O J0ssedosd (e2BIP 3yl
{euBis ||Im (11ND410 uado 40) [@Aaj UBIY ¥ "2POW P|OY 23 181U {1IM WIISAS 841 '810A2 Ouaz-01ne a8yl ;0 Buluulbag ay3 12 Mmo( st 1ndu| 4386111 eyl 41,

wengfauf = X ‘MoT="7 ‘Ybig=H

8S'GS ‘€S 1 H iy X adualajay
LS°98°ES H 1 H wum‘_wwwci

b anpeban induy

[ASE H H
H BAI1ISOd a1esbalu|
e s «PIOH
0lLS '6S ‘LS 'PS'ES 11 uonejasg X
Qlaz oy
a3so1d aaNvY v HOLVHYJNOD 1NdNI -
SIHIOLIMS DOTVYNY STOHINOD 90TVNY

J€£0S11 HO JZ0ST7L ANV DL0STL HO D00S7L ODNISN
HILHIANOD TVLIDIG-0L-D0TYNV JISVE 40 WYHOVIA X018 ~Z 3HNOIY

i

'000°0Z + (Aouenbauy 401e|[1050) 2504 10 1ndino ue sapiroid ZOGTL 341 4O 8L Ul € 31ON
S1N4LNO NOWWOD aNnNouD ANA-
NOWWOD 379VN3-LIDIQ Iviioia 90TYNY
r————-——- P -——n r- —— i ————— |||.I.|I_
1 “ |
| [susnmaow), __ _ _ i IDVITOA
43d093d 1 su3niua l I ESIEIENEY 10 434
N3IA3S0L.098 [€ i 378¥N3-L191d ] I 8 N 130
| ] ' T |
¢ I ! | —
SHIAING J_ s
14 aon e INdLNO" LNdN|
4 104iINOT TJOHANOD J1907
HOLIMS DOTVYNY v /e
4 INdINO LNdN1
V TOHLNOD
21901 | N
HIXTVILINN [—@ 1OMINGD | Y3L4IHS \o
4 I 13A ts
La
NDIS 1 T Z LNdNI
s DOTYNY
l z8

43451934
wadang [

LNdNI
| voivuvawoo |

? | 1

z
wannood | 4 % 10N}
1 aoe a0 o HOLYIT9S0 Qb ivrmias0
1
!
I S S |

(2 ®0N 005} £0571.L HO 20911
HOSSITOHd TYLIDIQ

| [ S

y3440d

+ L LNdNI
v HOTVNY
< LS

HOLYHYIWOD “
- —_—
104100 v) 1NdLNO
HOLYHOILNI H344n8
X2 Xy
L0S7.L HO 00511

HOSS3004d SOTYNY

TEXAS INSTRUMENTS

360

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES TL500C, TL501C
ANALOG PROCESSORS

description of analog processors N DUA L.IN-LINE PACKAGE

The TL500C and TL501C analog processors are

designed to automatically compensate for internal

zero offsets, integrate a differential voltage at the ANALOG ' _-11—8—‘
analog inputs, integrate a voltage at the reference INPUT 1 T bee
input in the opposite direction, and provide an ‘A#P/LI}DZG

indication of zero-voltage crossing. The external con-

trol mechanism may be a microcomputer and soft- ou‘;ﬁfn Veee
ware routine, discrete logic, or a TL.502C or TL503C

controller. The TL500C and TL501C are designed o Bureen
primarily for simple, cost-effective, dual-siope analog-

to-digital converters. Both devices feature true SRoUND T
differential analog inputs, high input impedance,

. e INTEGRATOR
and an internal reference-voltage source. The TL500C rets ouTPUT
provides 4 1/2-digit readout accuracy when used with v
a precision external reference voltage. The TL501C Crof— oc-
provides 100-ppm linearity error and 3 1/2-digit CONTROL B DIGITAL
accuracy capability. These devices are manufactured INPUT COMMON
using TI’s advanced technology to produce JFET, CONTROL A COMPARATOR
MOSFET, and bipolar devices on the same chip. The (N ouTRuT
TL500C and TL501C are intended for operation over
the temperature range of 0°C to 70°C.

schematics of inputs and outputs
CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT
200 uA 100 uA
. . ouTPUT
INPUT - -
DIGITAL
COMMON
absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)
Positive supply voltage, VCC+(see Note 1) e A kA
Negative supply voltage, VCC—~ . . . . . . . . .+ & ¢ & v i i e e e e e e e e e o, —18Y
Input voltage, V| . . . . e e e e e e e e e . tVge
Comparator output voltage range (see Note 2) e e e e e e e e e e e e 0 V to Vee+
Comparator output sink current (see Note 2} . . . . . . . e e e e e e e s i i e e el .. 20mA
Buffer, reference, or integrator output source current {see Note 2) T e e e . - . 10mA

Operating free-air temperaturerange . . . . . . . . + « v « « v = + v v v . ... . —4A0°Cto85°C
Storage temperaturerange . . . . . . .« 4 4 4 4 e v e e e e e e e e e . . .—B5Cto125°C

NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground and digital common pins tied together.
2. Buffer, integrator, and comparator outputs are not short-circuit protected.
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TYPES TL500C, TL501C
ANALOG PROCESSORS

recommended operating conditions

MIN  NOM MAX | UNIT

Positive supply voltage, VoC+ 7 12 15 \Y
Negative supply voltage, Voc— -9 12 -5 v
Reference input voltage, Vreg(l) 0.1 5 \"
Analog input voltage, V| 5 Vv
Differential analog input voltage, Vip 10 v
Peak positive integrator output voitage, VOm+ +9 v
Peak negative integrator output voltage, VOM— —5 v
Full scale input voltage 2 Vief
Autozero and reference capacitors, Cz and Cpaf 0.2 uF
Integrator capacitor, Cx 0.2 uF
Integrator resistor, Rx 15 100 %3]
Integrator time constant, RxCx See Note 3
Free-air operating temperature, Ta 0 70 °C

4 1/2 Digits 15
Maximum conversion rate (see Figure 2) 31/2Digits 150 conv/sec

system electrical characteristics at VCC = 12 V, TA = 25°C (unless otherwise noted) see Figure 3

TL501C TL500C
PARAMETER TEST CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX

Zero efror 50 300 10 30 MV
Linearity error relative to full scale 0.005 0.05 0.001 0.005 %
Full scale temperature coefficient Ta=0"Cto 70°C 6 6 ppm/°C
Temperature coefficiant of zero error TA=0°Cto70°C 4 1 wV/C
Rollover error 200 500 30 100 wv
Equivalent peak-to-peak input noise voltage 20 20 uv
Analog input resistance Pin1or2 109 109 Q
Common-mode rejection ratio Vic=—1Vto+1V 86 90 dB
Current into analog input V=5V 50 50 pA
“Supply voltage rejection ratio 20 20 dB

NOTE 3. The minimum integrstor time constant may be found by use of the following formula:

Vypifull scale) tq
Minimum Ry Cy = ——————————
Vom-— — Vylpin 2)
where
V)| p = voltage at pin 1 with respect to pin 2
Vi{pin 2) = voltage at pin 2 with respect to anaiog ground

tq = input integration time seconds
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TYPES TL500C, TL501C
ANALOG PROCESSORS

electrical characteristics at VCC = £+12 V, Vyef = 1 V, TA = 25°C, see Figure 3

integrator and buffer operational amplifiers

PARAMETER TEST CONDITIONS MIN  TYP  MAX | UNITS |
Vio Input offset voltage 15 mV
T} Input bias current 50 pA
Vom+  Positive output vottage swing 9 11 v
Vom—  Negative output voltage swing -5 -7 A
Ayp Voltage amplification 110 dB
B1 Unity-gain bandwidth 3 MHZ
CMRR Common mode rejection Vic=—1Vto+1 V 100 dB
SR Output slew rate 5 Vius
comparator
PARAMETER TEST CONDITIONS MIN TYP MAX [ UNITS
Vio Input offset voltage 15 mV
HT:} Input bias current 50 pA
Ayp Voltage amplification 100 dB
VoL Low-evel output voltage loL = 1.6 mA 200 400 mv
lIoH High-level output current VoH =3V 5 20 nA
voltage reference output
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Vyef(0) Reference voltage 112 122 1.32 \
Ref Itage t t
©TETeNce-voTlage TemPerature | 14 =0°C to 70°C 80 ppm/°C
coefficient
fo Reference output resistance 3 Q
logic control section
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNITS
VIH High-evel input voltage 2 A
ViL Lowdevel input voltage 0.8 \
WH High-evel input current VIH=2V 1 uA
T8 Low-lavel input current Vi =08V -40 300 uA
total device
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
lco+ Positive supply current 15 20 mA
lee— Negative supply current 12 18 mA
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TYPES TL500C, TL501C
ANALOG PROCESSORS

PARAMETER MEASUREMENT INFORMATION

Ry Cx 5V
1
COMPARATOR
15 14 13
10 OUTPUT — Cx = 1uF polypropylene capacitor
1 ofCONTROL A MPU TRW X363UW
100 ko CONTROL B LoGIC
ANALOG INPUTS 8 CONTROLLER | Rx = 27kQ2
_MT 2 " Vec=2 12V
100k |17 187 65 ce
- L t{= 100ms
T_) - T Cz = Cref= 1uF film-dielectric capacitor
C; Cref
Vief = 1.000 V
PRECISION
VOLTAGE = — - =
SOURCE Tests are started approximately
-1 5 seconds after power on.

FIGURE 3—TEST CIRCUIT CONFIGURATION
external-component selection guide

The autozero capacitor Cz and reference capacitor Cref should be within the recommended range of operating
conditions and should have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors
provide acceptable results, Ceramic and aluminum capacitors are not recommended because of their relatively high
leakage characteristics.

The integrator capacitor Cx should also be within the recommended range and must have good voltage linearity and
low dielectric absorbtion. A polypropyliene-dielectric capacitor similar to TRW’s X363UW is recommended for
4 1/2-digit accuracy. For 3 1/2-digit applications, polyester, polycarbonate, and other film dielectrics are usually
suitable. Ceramic and electrolylic capacitors are not recommended.

Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6, 13, 1, 2, 15)
must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed at the package.

Analog and digital common are internally isolated and may be at different potentials, Digital common can be within
4 volts of positive or negative supply with the logic decode still functioning properly.
The time constant RxCx should be kept as near the minimum value as possible and is given by the formula:

Vip {full scale) tg

Minimum RxCx =
xEX VOM— — V{pin 2

where:

V|p({full scale) = Voltage on pin 1 with respect to pin 2
t1 = Input integration time in seconds

Vi{pin 2) = Voltage on pin 2 with respect to analog ground
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TYPES TL502C, TL503C
DIGITAL PROCECSSORS

description of digital processors

The TL502C and TL503C are control logic devices
designed to complement the TL500C and TL501C
analog processors. They feature interdigit blanking,
over-range blanking, an internal oscillator, and a fast
display scan rate. The internal-oscillator input is a
Schmitt trigger circuit that can be driven by an
external clock pulse or provide its own time base
with the addition of a capacitor. The typical oscillator
frequency is 240 kHz with a 470-picofarad capacitor
connected between the oscillator input and ground.

The TL502C provides seven-segment-display output
drivers capable of sinking 100 milliamperes and
compatible with popular common-anode displays.
The TL803C has four BCD output drivers capable of
100-milliampere sink currents. The code (see next
page and Figure 4) for each digit is multiplexed to the
output drivers in phase with a pulse on the appropriate
digit-enable line at a digit rate equal 1o fogc divided
by 400. Each digit-enable output is capable of sinking
20 milliamperes.

The comparator input of each device, in addition to
monitoring the output of the zero-crossing detector
in the analog processor, may be used in the display
test mode to check for wiring and display faults. A
high logic level at the trigger input starts the integrate-
input phase and, in combination with the comparator
input, can provide a system clear function to reset
the display output to zero and restart the conversion
cycle at the auto-zero phase.

These devices are manufactured using 2L and bipolar
techniques. The TL502C and TL503C are intended
for operation from 0°C to 70°C.

N DUAL-IN-LINE PACKAGE

CONTROL B

OouTPUT

DIGIT 1
(Ls8)

DIGIT 2

DIGIT 3

DIGIT 4

DIGITS
(MSB ANO SIGN}

SEGMENT A

SEGMENT B

TL502C

osCl
1

CONTROL A
ouTPUT

20,000

TRIGGER

COMPARATOR

SEGMENT G

SEGMENT F

SEGMENT €

SEGMENT D

ILLATOR
INPUT

INPUT

CONTROL B
ouTPUT

DIGIT1
{L58)

oGIT2

DIGIT 3

DIGIT 4

DIGITS
{MSE AND SIGN)

Qg

COMMON

TLS03C

TR

Q3

Qz

Vee

CONTROL A
ouTPUT

OSCILLATOR

COMPARATOR

INPUT

IGGER

INPUT

TABLE OF SPECIAL FUNCTIONS

Vee =5V £10%

TRIGGER COMPARATOR FUNGTION J
INPUT INPUT

Vi<o8Vv V| <65V Hold at auta-zero cycle after completion of conversion i
hZ VLV <65V VI<65V Normal operation {continuous conversion} J

V<65V V279V Display Test: All segment or BCD outputs high 4\

Vi >79V V<65V Internal Test i

Both inputs go high {V} > 2 V) System clear: Sets outputs to zero and BCD counter to 20,000.

simultaneously J When normal operation is resumed, cycle begins with Auto Zero. J
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TYPES TL502C, TL503C
DIGITAL PROCECSSORS

DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES

[ TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES
CHARACTER A R c b . . e Q3 02 at Qo
8 4 2 1
+ H H H H L L L H L H L
+1 H L L H L L L H H H L
- L H H L H H L H L H H
—1 L L L L H H L H H H H
DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4)
TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES
NUMBER Q3 Qaz a1 Qo
A ] c D E F G s 4 2 1
0 L L L L L L H L L L L
1 H L L H H H H L L L H
2 L L H L L H L L L H L
L 3 L L L L H H L L L H H
4 H L L H H L L L H L L
5 | L H L L H L L L H L H
6 L H L L L L L L H H L
7 L L L H H H H L H H H
8 L L L L L L L H L L L
9 L L L L H L L H L L H
H = high levei, L = low level
schematics of inputs and outputs
COMPARATOR AND TRIGGER INPUT SEGMENT DRIVERS-TL502C
BCD DRIVERS—TL503C
o -V
[~ cc e —
25k ce
-=DISPLAY 700
TESTGR
SYSTEM
25k 5kQ CLEAR |
O—e o o
INPUT .
k2 5k 1k
j7~ ‘ -~ —COMMON L
COMMON — —
P
CONTROL A AND B OUTPUTS DIGIT-ENABLE OUTPUTS
Vee™ ™~
VCC_ - 1%a
S 16.8ka2 1ok @ | oureur
| OUTPUT 100"
4.4k Bea 1k
COMM 9— COMMON —~ — —
; “*Shortsd on TLS03C j
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TYPES TL502C, TL503C
DIGITAL PROCESSORS

absolute maximum ratings

Supply voitage, Ve (see Note 4) 7 v
Input ol v Oscillator 8.5
P ege. Vi Comparator or Trigger 9
BCO or Segment drivers 120
Output current Digit-enable outputs 40 mA
Pin 18 {TLS02C only) 20
Total power dissipation at {or below) 30°C free-air temperaturs (see Note 5) 1100 mw
Operating free-air tsmperature range Oto 70 °c
Storage temperaturs range —665 to 150 °c
NOTES: 4. Voltage veluss are with respect to the network ground terminal.
5. For operation above 30°C free-alr tempersture, derate linearly at the rate of 9.2 mW/°C,
recommended operating conditions
MIN NOM MAX | UNIT
Supply voltage, Voo 46 5 5% v
High-lavel input voitage, Vi Comparator and trigger inputs 2 vV
Low-ievel input voltege, Vi Comparator and trigger inputs 08 v J
Operating free-air temperature 0 70 [ °c |
. " g o .
electrical characteristics at 25°C free-air temperature
TL502C TL503C
PARAMETER TERMINAL TEST CONDITIONS UNi
MIN TYP MAX | MIN NOM MAX i
Vik Input clamp voitage All inputs Vec =45V, I =~12mA -08 -156 —0.8 —-1.5 \4
VT4 Positive-going input threshold voltage | Qscilt Vec=5V 1.5 1.5 v
[ vr— Negative-going input threshold voltage| Oscillator Vec=5V 0.9 0.9 v
VT4 —VT_ Hysteresis Oscillator vee=5V 04 06 0.8 04 06 08 v
Input current at positive-going
| Qsciltator vee=%V ~40 -94 —100( —-40 -84 —100 A
T input threshold voltage ! ’ cc »
input current at negative-going
o Oscillat. Vee=56V —-40 117 17 —40 117 7 A
T input threshold voltage sciator cc 0 170 .
Digit enable 415 4.4 415 4.4
VOH High-level output voltage Pin 18 (TL502C only) | Voc =45V, Igy =0 425 44 \
Control A and B 426 44 426 44
Digit enable loL =20mA 0.2 05
Pin 18 (TL502C onty) loL =10mA 015 04
VoL Loweval output voltage Control A snd B Vec=45V [lgL=2mA 0.088 04 0088 04 | V
Segment drivers log = 100 mA 0.17 03
BCD drivers 1oL = 100 mA| 0.17 03
’7 Iy Input current All inputs Vee =565V, V=55V 65 100 65 100 | uA
Qscillator, Comparator,
™ High-level input current sevistor, LOMPATAOL| vec =55V, V) =24V 06 -1 06 -1 | ma
Trigger
Oscillator -0.1 -0.17 -0.1-0.17
I Low-eval input volit Vec =55V, V=04V A
L ow-eval input voitage Comparator, Trigger cc ! -1 —186 -1 = .Gj m
Digit enable [Vo=05v |25 —4 -25 -4
Pin 18 {TL502C ont: Vg=05V —05 -0.9
High-level output current in 18 ¢ niv) [ Q
loH N Control A and B Vec =456V FVQ =05V |-0.25 -04 —0.25 —04 mA
(Output transistor off) -
Segment drivers [Vo=s58V 0.25
BCD drivers [vo=855V 0.25
Lowdevel output current . = =
toL {Output transistor on} Digit enable Vce =45, Vp =355V 8z mA
Ice Supply current Vee Vee=858V 73 110 73 110 | mA
. . . . a: o .
special functions§ operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
| input current into Vee =55V, V| =855V 1.2 1.8 mA
! comparator or trigger inputs Veeg =565V, V=626V 05 | mA

§The comparator sand trigger inputs may be usad in the normal mode or to perform speciat functions. See the Table of Special Functions,
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TYPES TL502C, TL503C
DIGITAL PROCECSSORS

D1 —_l

316.7 us

TYPICAL APPLICATION DATA

16.7 us

-}

D2

D3

D4

D5

—

FIGURE 4-TL502C, TL503C DIGIT TIMING WITH 240-kHz CLOCK SIGNAL AT OSCILLATOR INPUT

This 4%-digit thermistor thermometer application will indicate the temperature inside a deep freeze, solution temperature
in a darkroom, or any other temperature measureable with a thermistor. However, to ensure accuracy to 4% digits, an
external precision reference and a very stable external oscillator should be used. The external oscillator could be crystal-

controlled or stabilized with a phase-locked loop. For 3%-digit accuracy. The TL500C internal reference and the
TL502C internal oscillator are sufficient.
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LINEAR TYPE TL505C
INTEGRATED ANALOG-TO-DIGITAL CONVERTER

CIRCUITS BULLETIN NO.DL-S 12580, OCTQBER 1977
N DUAL-N.LINE
s 3-Digit Accuracy (0.1%) (TOP VIEW)

¢ Automatic Zero

Vee ZERO CAP 2

u

e Internal Reference Voltage
s s o ANALOG INPUT ZERO CAP 1
L] ingle-Suppl eration
' g PRy Up REF QUTPUT INTEGRATOR RES
e High-impedance MOS Input

REF INPUT
o Designed for use with TMS 1000 Type

INTEGRATOR IN

T T IO T T T T

@OEOREE

Microprocessors for Cost-Effective GND INTEGRATOR OUT
High-Volume Applications
9 ¢ Applicatio B INPUT GND
* BI-MOS Technology A INPUT COMPARATOR OUT

QEOOO®OO

o Only 40 mW Typical Power Consumption
description

The TL505C is an analog-to-digital converter building block designed for use with TMS 1000 type microprocessors. It
cantains the analog elements (operationat amplifier, comparator, voltage reference, analog switches, and switch drivers)
necessary for a unipolar automatic-zeroing dual-slope converter, The logic for the dual-slope conversion can be
performed by the associated MPU as a software routine or it can be implemented with other components such as the
TL502 logic-control device.

The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration and offset
capacitors and permit conversion speeds from 20 per second to 0.05 per second.

The TL505C is a product of Ti's BI-MOS process, which incorporates bipolar and MOSFET transistors on the same
monolithic integrated circuit. The TL505C is characterized for operation from 0°C to 70°C.

I 10) Vee

functional block diagram

|

)

|

|

) 2 szc I
A i

|

|

(6}
VOLTAGE LOGIC DECODE B

REFERENCE AND |
SWITCH DRIVERS {?)

A 17

FULLSCALE i5) {9
ADJUST GND GND
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VC¢ (see Note 1) e e e e e e e e e e e e e 18V
Input voltage, pins 2, 4, 6, and 7 . e e e e e e e e e e PN . Vce
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 2) . . . 900mwW
Operating free-air temperature range . e 0°Cto 70°C

Storage temperature range
NOTES: 1.

Vottage values are with respect to the two ground terminals connected together.

. . . .—B5°Cto150°C

2. For operation above 25°C free-air temperature, derate linearly from 900 mW at 62°C to 736 mW at 70°C at the rate of

9.2 mw/°C.

recommended operating conditions

L MIN NOM MAX UNIT
Bupp!v voltage, Voo 7 g 15 v
Analog input voltage, V) [1] 4 v
Reference input voltage, V af(i) 0.5 3 v
Integrator capacitor, Cx See '‘component selection’’
Integrator resistor, Rx 0.5 2 MO
Integration time, ty 16.6 5§00 ms
Operating free-air temperature, Ta 0 70 °c
electrical characteristics, VCC =9 V, Vryef{l) = 1 V, TA = 25°C, connected as shown in figure 1
(unless otherwise noted)
L PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
’_\7;‘ High-lgvel input voltage at A or B 3.6 Veett v
ViL Low-level input voltage at A or B 0.2 1.8 \4
VoH High-level output voltage at pin 8 oy =0 7.5 8.5 v
lon High-level output current at pin 8 VOH=75V -100 kA
VoL Low-level output voltage at pin 8 loL = —100 A 120 [ mV
Maximum peak output voltage
Vom swing at integrator output Rx > 500 ka2 vee=2 Vee—t v
Vref{0) Reference output voltage 1.15 1.22 1.35 \
Temperature coefficient of Ta= 0°C 1o 70°C £100 ppm/°C
L reference output voltage
L“H High-level input current into A or B Vi=9V 1 10 nA
tie Low-level input current into A or B Vi=1V 10 200 uA
I Current into analog input Vi=0tod V, Ainputat0V +10 +200 pA
Total integrator input bias current +10 pA
lce Supply current No load 4.5 8 mA
system electrical characteristics, VoCc =9 V, Vref(l) = 1V, TA = 25°C, connected as shown in figure 1
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Zero error V=0 .1 o4 mvVy
Linearity error Vi=0tod4V 0.02 0.1 %
Ratiometric reading Vi=Vigf(j) 1V, 0.998 1.000 1.002
Ter.nperat.ure cot.afficient of V,em)oconstan: and =1V, +10 ppm°C
ratiometric reading Tao=0Cto70°C
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

DEFINITION OF TERMS

Zero Error

The intercept (b) of the analog-to-digital converter-system transfer function y ='mx + b, where v is the digital output, x
is the analog input, and m is the siope of the transfer function, which is approximated by the ratiometric reading.

Linearity Error
The maximum magnitude of the deviation from a straight line between the end points of the transfer function.

Ratiometric Reading

The ratio of negative integration time {t2) to positive integration time (t1).

PRINCIPLES OF OPERATION

A block diagram of an MPU system utilizing the TL505C is shown in Figure 1. The TL505C operates in a modified
positive-integration three-step dual-slope conversion mode. The A/D converter waveforms during the conversion process

are illustrated in Figure 2.

MPU
CONTROLLER

VOLTAGE
REFERENCE

LOGIC DECODE
AND

g 0k
SWITCH DRIVERS {8 &~ 8

INTEGRATOR
ouTPUT

COMPARATOR

Ao

V1=Vz2-V3=V|+V0(oh)
FIGURE 2—CONVERSION PROCESS TIMING DIAGRAMS
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION

The first step of the conversion cycle is the auto-zero period tg during which the integrator offset is stored inthe
auto-zero capacitor and the offset of the comparator is stored in the integrator capacitor. To accomplish this, the MPU
takes the A and B inputs both low. This is decoded by the switch drivers, which close S1 and S2. The output of the
comparator is connected to the input of the integrator through the low-pass filter consisting of Rz and Cz. The closed
toop of Al and A2 will seek a null condition where the offsets of the integrator and comparator are stored in Cz and
Cx, respectively. This null condition is characterized by a high-frequency oscillation at the output of the comparator.
The purpose of 828 is to shorten the amount of time required to reach the null condition.

At the conclusion of t(, the MPU takes the A and B inputs both high. This closes S3 and turns all other switches off.
The input signal V| is applied to the noninverting input of A1 through Cz. V{ is then positively integrated by A1l. Since
the offset of A1 is stored in Cz,the change in voltage across Cx will be due to only the input voltage. ft should be
noted that since the input is integrated in a positive integration during t1, the output of A1 will be the sum of the input
voltage, the integral of the input voltage, and the comparator offset, as shown in Figure 2. The change in voltage across
capacitor Cx {VX) during t1 is given by

vV, t

AV =_11 (1]
cx(1
M Ay Gy

where R1 = Rx + Rg3g and
Rg3B is the resistance of switch S3p.

At the end of tq the MPU takes the A input low and the B input high. This turns on S1 and Sg4; all other switches are
turned off. In this state the reference is integrated by A1 in a negative sense until the integrator output reaches the
comparator threshold. At this point the comparator output goes high. This change in state is sensed by the MPU, which
terminates t2 by again taking the A and B inputs both low. During t2 the change in voltage across Cx is given by

Voot
= ‘ref "2
AVex(2) = g @

2 “x

where R2 = Rx + Rgg + Rref and

Ryef is the equivalent resistance of the reference divider.

Since Avcx1 =— Avcxz, equations (1) and {2) can be combined to give

Ryt
- 1 "2
Vl - Vref R 1o 3)
2 "
This equation is a variation on the ideal dual-slope equation, which is
v,=v 2 {4)
1 ref 1—1-

Ideally then, the ratio of R{/R2 would be exactly equal to one. in a typical TL505C system where Rx = 1 M{2, the
scaling error introduced by the difference in R{ and Ry is so small that it can be neglected, and equation (3) reduces to
(4).
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

TYPICAL APPLICATION DATA

There are a wide variety of applications for the
TL505C to convert signals to a more useful form
from high-impedance sources; appliance controls;
weight-scales; and temperature-, light-, or moisture-
sensitive transducers.

The TL505C can be used with the TL502, discrete
logic, or with an MPU controller that has the control
algorithm implemented in software. Figure 3 is a
generalized flow chart for any tyge of TLB05C logic
controller. The TL505C will directly interface with
the TL502 as shown in Figure 4. The sign output
of the TL502 will be negative and should be ignored.

When used with the TMS 1000 microprocessor as
ilustrated in Figure 5, a 3-digit BCD conversion can
be accomplished in about 500 ms. This combination
is especially useful in applications that do not require
fast updates such as temperature controllers or weight
scales. The computing power of the TMS 1000 can be
used to linearize responses from nonlinear transducers
such as thermistors and to make control decisions.
Both the TMS 1000 and TL505C can operate from a
single 7- to 15-V supply making them ideally suited
for battery operation.

The TLB05C can be used with the TMS 8080
microprocessor for either binary or BCD conversion.
Figure 7 shows a generalized system using the TL505C
and TMS 8080.

SETAB=LL

SET AB = HH

DELAY 14 SET OVER-
RANGE FLAG
SET AB = LH
SET 12 COUNTER
To c0o
DELAY 1/2 COUNT
YES

CHECK
COMPARATOR LEVEL

]
OVER-RANGE
?

DELAY INCREMENT
1COUNT t2 COUNTER

YES
ANSWER IN
tp COUNTER

FIGURE 3—TL505C LOGIC CONTROL FLOW CHART

Cc
Rx X gv sV
? R
[
ANALOG 42.‘2‘&“
INPUT SIGNALOUT COMP/LAMP o
2.2k 'X
cOoMP — TeoT DIGIT A
2.2kQ
TL505C TL502 DRIVE H
Cz r A LOGIC A
N B CONTROL LINES B SEGMENT DRIVE
. l 68 Q ' '
I ouT REF ’

FULL SCALE _L
L ApsusT =

GND Ojc_ I_‘ "

TiL312

FIGURE 4—-TL505C AND TL502 INPUT TO A 3-DIGIT DISPLAY APPLICATION
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TYPE TL505C

ANALOG-TO-DIGITAL CONVERTER

TYPICAL APPLICATION DATA

9V

c
R X
X
) L
ANALOG SIGNAL OUT
INPUT — comp K(X)
SEE N§TE 3
¢y _L— TL505 ] 0 TMS 1000
T 10keg ::m SERIES
A |—L08Ic R8 SEGMENT
™ CONTROL DRIVE
REF B R9
ouT LINES DIGIT
DRIVE

FULL-SCALE I
ADJUST =

I

_Irr
_ L]

TIL312 LED
DISPLAYS

NOTE 3: Connect to sither +9 V or 0 V depending on which device in the TMS 1000 series is used and how it is programmed.

FIGURE 5—TL505C IN CONJUNCTION WITH A TMS 1000 SERIES MICROPROCESSOR
FOR A 3-DIGIT DIGITAL PANEL METER APPLICATION

56 {1 1N914

12v 5V
— 99— TIS91
| 2.2k
Vee Ng14 Vee D2
ANALOG COMP COMP/ Tiso1
INPUT LAMP TEST D1 z‘w ‘\ 5
ouT A A 9
REF
IN 8 | f
osc ¢
INPUT
TL60S I TLE02 d
470 pF R
I b
GND Ry2 =
a8
33k 809 S $3 << <
Cz1 ALLS 33 ¢< 3
Rx1/Cx1 ]
d e 8 D1 D2
2, ¢
Cz2 (:‘Fz
Cx2 F:l\ SEGMENT
GND GND TIL8O0?

FIGURE 6—AUDIO POWER METER
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

TYPICAL APPLICATION DATA

ROM RAM
ANALOG
INPUT
AR A g
1o
ADDRESS PORT
TMS 8080
Il Il A s
DATA TMS 5501 8
REF
comP
[ OUT IN
CONTROL LKJ [E_
Cy =

FIGURE 7—TL505C WITH INTERFACE AND CONTROL OF A TMS 8080 MICROPROCESSOR

component selection

When the desired conversion speed and conversion control method have been sefected, the passive components can be
selected. The capacitor for the auto zero, Cz, is not critical and can be any value greater than 0.15 uF. The only
restriction on this part is that it should not have high leakage. Almost any film capacitor and most tantalum
electrolytics are suitable. Ceramic and aluminum capacitors are not recommended.

The integrator capacitor should be a film capacitor. Good results have been obtained at the specified system accuracy
for all film capacitors tried, including polycarbonate, polyester, and polypropylene capacitors. Electrolytic and ceramic
capacitors are not suitable because of their high dielectric absorption characteristics. The absolute value of Cx shouid
be consistent with the equation

V max * t;
X" Wgo—V,max —2 V] Ry

where V| max is the most positive analog signal to be encountered in the specific application.

This equation gives the maximum integrator output swing without saturating the integrator. A large integrator output
swing is desired for best system performance.

The resistor used for RX is not critical in either absolute value or tolerance. The value should be selected per the
guidelines given under ’Recommended Operating Conditions” and the equation above.

The input source resistance to pin 4 should be 2 kilohms or less. This ensures good operation with equation (4} as
discussed on page 4.
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

design example

TYPICAL APPLICATION DATA

Figure 8 is a schematic of a position indication and control system that uses a precision potentiometer to convert a
mechanical displacement to an electrical signal. Note the following features of this system:

[ ] The output of the potentiometer is connected directly to the input of the TL505C, Since the TL505C
input impedance is so high {1011 § typically) the TL505C does not load the potentiometer.

L The reference output of the TL505C is connected directly to the reference input of the TL505C and also
to the position potentiometer. in this application, the variable being measured is the voltage at the wiper of
R1, which is a fraction N (directly related to the potentiometer position} of the reference voltage. Recalling
equation (4) from the “’Principles of Operation’” and plugging in N « Vyef for V|, we have

T t
. = 2 - 2
N Vref Vref i or N 0
1 1
Thus the absolute value of Vef is not critical as long as it is stable during a conversion cycle. Long-term
changes in Vyef due to time and temperature will have no effect on the accuracy of the system.

L4 The TL505C communicates with the TMS 1000 via the R8 and R9 digit outputs and the K8 input. The R
outputs are latched outputs from the TMS 1000. Since the R outputs are open sources, pullups for the A
and B inputs provided by R2 and R3 are required.

L] A 4-digit LED display is driven directly by the TMS 1000. The information displayed by the system is
program dependent and can be either the value N or some arbitrary function of N, such as the arcsin {(N}.

[ The TMS 1000 has three K inputs and three R outputs available for control purposes such as monitoring
limit switches or controlling valve positions.

1BV
SEE NOTE 4
20 k2 20 kQ
R2 R3
RO RO
R8
Il ';; DIGITS
REF Vce A B
R3 |
out COMP 4 "L'SAT
REF DISPLAY
IN °,°
Rx TMS 1000 1

100k2 | anaLoG 15 MQ H SEGMENTS

-—— i

posiTIon| NPUT TL505C '

INPUT cy K(X) o7

= 0.05 uF
"R . 'é; —— CONTROL
22 bosl IR INPUTS
Cz1 1
Cz =
022 uF "OPTIONAL VALUE 20 kS2 to 50 kS2 =

NOTE 4: Connect to either +15 V or depending on which device in the TMS 1000 series is used and how it is programmed.

FIGURE 8—TL505C SYSTEM FOR POSITION INDICATION AND CONTROL
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LINEAR TYPE TL507C

INTEGRATED ANALOG-TO-DIGITAL CONVERTER
CIRCUITS

BULLETIN NO. DL.-S 12741, OCTOBER 1979

P DUAL-IN-LINE PACKAGE
e Low Cost (TOP VIEW)

e 7-Bit Resolution

o Guaranteed Monotonicity enaBLE | 1 8 | RESET

e Ratiometric Conversion

e Conversion Speed . . . approximately 1 ms cLoCK | 2 7 | Vee2

e Single-Supply Operation . . . Either

Unregulated 8-V to 18-V V2 Input, or grounp | 3 6 | veer
Regulated 3.5-V to 6-V Vg1 Input
e |2
I<L Technology outeut | 4 5 ?le:)ﬁ#oc
e Power Consumptionat5V ...25 mW Typ
description FUNCTION TABLE
The TL507C is a single-slope analog-to-digital ( ANALOG rENAaLE QUTPUT
. . INPUT CONDITION
converter designed for use with TMS 1000 type = T a
microprocessors. 1t contains a 7-bit synchronous -
) . : V) < 200 mV H L
counter, a binary weighted resistor ladder network, v SV > 200 mV " H
an operational amplifier, two comparators, a buffer ram;\)/ >\'/ 200m " L
amplifier, an internal regulator, and necessary logic 1~ Yramp J
circuitry. Integrated-injection logic (I2L) technology tLow level on enable aiso inhibits the reset function,
makes it possible to offer this complex circuit at low H = high level, I = low level, X = irrelevant

cost in a small dual-in-line 8-pin package.

In continuous operation, it is possible to obtain
conversion speeds up to 1000 per second. The TL507
requires external signals for clock, reset, and enable.
Versatility and simplicity of operation coupled with
low cost, makes this converter especially useful for a

wide variety of applications.

The TL507C is characterized for operation from 0°C
to 70°C.

functional block diagram

COMPARATOR 2
ANALOG
INPUT
QUTPUT
R
MSBl—AN—¢
2R
2R COMPARATOR 1
COUNTER 3
AsR
RESET 398
RESET A [\[\[\
ENABLE—4 ] B4R REGULATOR
ck LSBl—A
—Vcez
0.25 Veey .
cc1
JJ SN—-VY
Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL507C

ANALOG-TO-DIGITAL CONVERTER

schematics of inputs and outputs

EQUIVALENT OF ENABLE EQUIVALENT OF CLOCK EQUIVALENT OF ANALOG
AND RESET INPUTS INPUT INPUT
Veer —— -
75k — 100
NOM NOM
75 k2 - —
NOM INPUT INPUT
INPUT
CONSTANT
CURRENT
~ 10 uA
OUTPUT
Veer
OUTPUT
240
NOM

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

NOTES: 1.

Supply voltage, Vo1 (see Note 1) e e e s e . .. . . BBV
Supply voltage, V2 20V
Input voltage at analog input . 65V
Input voltage at enable, clock, and reset mputs .20V
On-state output voltage .6V
Off-state output voltage 20V
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2) 1000 mW
Operating free-air temperaturerange . . . . . . . . . . . 0w e e e e e e e e e 0°C to 70°C
Storage temperature range . . —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds . 260°C
Voltage values are with respect to network ground terminal unless otherwise noted.
2. For operation above 25°C free-air temperature, derate linearly at 8 mw/°C.
recommended operating conditions
MIN NOM MAX [UNIT
Supply voltage, Vool 3.5 5 6 \'4
Supply voltage, Vo2 8 16 18 \%
Input voltage at analog input 0 5.5 \ﬁ
Input voltage at chip enable, clock, and reset inputs +18 \%
On-state output voltage 55 \%
Off-state output voltage 18 \'4
Clock frequency, foiock 125 150 | kHz
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TYPE TL507C
ANALOG-TO-DIGITAL CONVERTER

electrical characteristics over recommended operating free-air temperature range, Vg1 = Vec2 =5V
(unless otherwise noted)

regulator section

PARAMETER TEST CONDITIONS MIN  TYPI MAX | UNIT
Veer Supply voltage (output) Veez=12V 018V, Igcy) =0to —1 mA 5 56 6 \Y
lect Supply current Veer =6V, Vee2 open 5 8| mA
Icec2 Supply current Vegz =15V, Vece open 7 10 | mA
inputs
PARAMETER TEST CONDITIONS MIN TYPE mAX |uNIT
VIH High-level input voltage Reset and 2 \
Vi Low-level input voitage Enable 0.8 \
Positive-gaing
vV 2.5 3.5 4.5 \'4
™ threshold voltage
Negative-going Clock
VT | t 0.4 0. 1. v
T threshoid voltage neu 9 2
VT4 — VJ_  Hysteresis 2 2.6 4 \
. High-level input nt Reset, Vi=24V 17 35 A
-level input curre
IH 9 P Enable, and | V| =18 V 130 220 320 “
he Low-level 