

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MC54/74HC4051 MC74HC4052 MC54/74HC4053

FUNCTION TABLE — MC74HC4052

LOGIC DIAGRAM i
Control Inputs
MC74HC4052 onro e
Double-Pole, 4-Position Plus Common Off Select .
Enable B A ON Channels
12
X0 =1 L L L Yo X0 -
Xt — 13 L L H Y1 X1
o Bam|  XSWITCH e X L H L 2 X2
s L H H Y3 X3
INPUTS/O‘l\JNT‘F‘,'D‘%g Rt N | COMMON H X X NONE
1 OUTPUTS/INPUTS
YO_S"’ . X = Don't Care
5= vswicH e '
Y2T-> . . . .
| Y3——] Pinout: MC74HC4052 (Top View)
A 10 T
CHANNEL-?,%S% I: A I PIN 16V Voo X2 Xt X0
B PIN7 = Vg F—lﬂl_ll_lr—ll"'ll_ll—l
6 PIN 8 = GND
ENABLE :
Ll L] L8] Le] Ls] Le] 7] L
Yo Y2 Y Y3 Y1 Enable Vg GND
FUNCTION TABLE - MC54/74HC4053
LOGIC DIAGRAM Control Inputs
MC54/74HC4053 Select
Triple Single-Pole, Double-Position Plus Common Off Enable | C B A ON Channels
_ ) L L L L| 20 YO X0
xo2an] w L L L H|lz Yo xi
2 XSWITCH ~ [*>—X L L H L|2z0o Y Xo
1 L L H H|Z20 Y X1
—_———t— e — —_— L H L L]zt vyo xo
2 L H L H|lzZt Yo xi
Y0—> 15, | COMMON
NPUTSI oﬁ%b?g i YSWITCH [ Y [ (o TS INpUTS L H H L| 2t Yt X
- L H H H|lzZ1t vy1 xi
S —_—— H X X X NONE
20 ZSWITCH |2t 7 X = Don't Care
21— ]
S B
CHANNEL-SELECT | 10 | PIN 16 = VG ‘ :
INPUTS | B . '
] Emkéﬁ% Pmout' MC54/74HC4053 (Top Vlew)
ENABLE-S B Voo X1

Fe—II—lI—IWIFII—II_LI_l

NOTE: This device allows independent control of each switch.
Channel-Select Input A controls the X—Switch, Input B controls
the Y=Switch and Input C controls the Z-Switch )

Ll L] [of Lad Ls] Le] Lo o]

YI Yo 21 Z 20 Enable VEg GND
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MC54/74HC4051 MC74HC4052 MC54/74HC4053

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vcc | Positive DG Supply Voltage  (Referencedto GND) | -0.5t0+7.0 | V cireuitry to guard against damage
(Referencedto VEg) | —0.5t0+14.0 due to high static voltages or electric

fields. However, precautions must

VEE Negative DC Supply Voltage (Referenced to GND) —-7.0t0 +5.0 \Y% be taken to avoid applications of any

voltage higher than maximum rated
voltages to this high-impedance cir-
cuit. For proper operation, Vjn and
Vin Digital Input Voltage (Referenced to GND) -05toVgg+05| V Vout should be constrained to the
range GND = (VjyorVout) = Voo

Vis Analog Input Voltage VEE-0.510
Vec +0.5

| DC Current, Into or Out of Any Pin +25 mA Unused inputs must always be
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw tied to an appropriate logic voltage
SOIC Packaget 500 level (e.g., either GND or Vcg).
TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature Range —65to+ 150 °C
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
Plastic DIP, SOIC or TSSOP Package 260
Ceramic DIP 300

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operatlng Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit

\ole} Positive DC Supply Voltage (Referenced to GND) [ 2.0 6.0 "
(Referenced to VEg) | 2.0 12.0

VEE Negative DC Supply Voltage, Output (Referenced to —-6.0 | GND \

GND)

Vis Analog Input Voltage VEe | Vce Vv
Vin Digital Input Voltage (Referenced to GND) GND | Vce

Vio* Static or Dynamic Voltage Across Switch 1.2 \%

TA Operating Temperature Range, All Package Types -55 |+125 | °C

ty, tf Input Rise/Fall Time Vcc=20V 0 1000 | ns
(Channel Select or Enable Inputs) Vcc=45V 0 500
Vcc=6.0V 0 400

* For voltage drops across switch greater than 1.2V (switch on), excessive Vg current may be
drawn; i.e., the current out of the switch may contain both V¢ and switch input components. The
reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

High—Speed CMOS Logic Data 3-617 MOTOROLA
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MC54/74HC4051 MC74HC4052 MC54/74HC4053

DC CHARACTERISTICS — Digital Section (Voltages Referenced to GND) VEg = GND, Except Where Noted

Vee Guaranteed Limit
Symbol Parameter Condition v -55t0 25°C | <85°C | <125°C | Unit
VIH Minimum High-Level Input Voltage, | Rop = Per Spec 2.0 1.50 1.50 1.50 v
Channel-Select or Enable Inputs 4.5 3.15 3.15 3.15
6.0 4.20 4.20 4.20
ViL Maximum Low-Level Input Voltage, | Rop = Per Spec 2.0 0.3 0.3 0.3 \
Channel-Select or Enable Inputs 4.5 0.9 0.9 0.9
' 6.0 1.2 1.2 1.2
lin Maximum Input Leakage Current, Vin =Vcc or GND, 6.0 +0.1 +1.0 +1.0 A
. Channel-Select or Enable Inputs VEE=-6.0V
Icc Maximum Quiescent Supply Channel Select, Enable and pA
Current (per Package) Vis=VgccorGND; VEg=GND | 6.0 2 20 40
Vip=0V VEE=-6.0| 6.0 8 80 160
NOTE: Information on typical parametric values can be found in Chapter 2.
DC CHARACTERISTICS — Analog Section
Guaranteed Limit
Symbol Parameter Condition Vcc | VEE |-551t025°C | <85°C | <125°C | Unit
Ron Maximum “ON” Resistance Vin=ViLorVi4; Vis=Vgocto | 45 0.0 190 240 280 Q
VEE; Is<2.0mA 45 | —-45 120 150 170
(Figures 1, 2) 6.0 -6.0 100 125 140
Vin=VjLorV|H; Vis=Vcgor | 4.5 0.0 150 190 230
VEE (Endpoints); I <2.0 mA 45 | -45 100 125 140
(Figures 1, 2) 60 | -6.0 80 100 115
ARon Maximum Difference in “ON” Vin=ViLorViy4; 4.5 00 | 30 35 40 Q
Resistance Between Any Two Vis=1/2(Vcc - VEE): 45 | -45 12 15 18
Channels in the Same Package Ig<2.0mA 6.0 | —-6.0 10 12 14
loff Maximum Off-Channel Leakage | Vjn = V| or ViH; . HA
Current, Any One Channel Vio=Vce - VEE; 6.0 | -6.0 0.1 0.5 1.0 ‘
Switch Off (Figure 3)
Maximum Off-Channel HC4051 | Vi, =V|_or V|H; 60 | —-6.0 0.2 2.0 4.0
Leakage Current, HC4052 | V0 =Vce - VEE; 60 | -6.0 0.1 1.0 2.0
Common Channel HC4053 | Switch Off (Figure 4) 6.0 -6.0 0.1 1.0 2.0
lon Maximum On-Channel HC4051 | Vin =V|_or V|H4; 6.0 | -6.0 0.2 20 4.0 A
Leakage Current, HC4052 | Switch—to—Switch = 6.0 ~6.0 0.1 1.0 2.0
Channel-to-Channel  HC4053 | Vcc - VEE; (Figure 5) 60 | -6.0 0.1 1.0 2.0
MOTOROLA 3-618 High—Speed CMOS Logic Data
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AC CHARACTERISTICS (C_= 50 pF, Input t; = t{ = 6 ns)

Vee Guaranteed Limit
Symbol Parameter v -55 to 25°C <85°C <125°C Unit
tPLH, Maximum Propagation Delay, Channel-Select to Analog Output 2.0 370 465 550 ns
tPHL (Figure 9) 4.5 74 93 110
6.0 63 79 94
tPLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 90 ns
tPHL (Figure 10) 4.5 12 15 18
6.0 10 13 15
tpLz, Maximum Propagation Delay, Enable to Analog Output 2.0 290 364 430 ns
tPHZ (Figure 11) 4.5 58 73 86
6.0 49 62 73
tPzL, Maximum Propagation Delay, Enable to Analog Output 2.0 345 435 515 ns
tpzH (Figure 11) 4.5 69 87 103
6.0 59 74 87
Cin Maximum Input Capacitance, Channel-Select or Enable Inputs 10 10 10 pF
Cio Maximum Capacitance Analog I/0 35 35 35 pF
(All Switches Off) Common O/I: HC4051 130 130 130
HC4052 80 80 80
HC4053 50 50 50
Feedthrough 1.0 1.0 1.0
NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2.
Typical @ 25°C,Vcc=5.0V,VEg=0V
Cpp Power Dissipation Capacitance (Figure 13)* HC4051 45 pF
HC4052 80
HC4053 45

*Used to determine the no—load dynamic power consumption: Pp = Cpp Vgg2f + Igc Voc. For load considerations, see Chapter 2.
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MC54/74HC4051 MC74HC4052 MC54/74HC4053

ADDITIONAL APPLICATION CHARACTERISTICS (GND=0V)

Limit*
Vce | VEE
Symbol Parameter Condition v v 25°C Unit
BW Maximum On-Channel Bandwidth | fi, = 1MHz Sine Wave; Adjust f, Voltage to ‘561 | ‘62 | ‘63 [ MHz
or Minimum Frequency Response | Obtain 0dBm at Vog; Increase fin Frequency
(Figure 6) Until dB Meter Reads ~3dB; 225 | -225 1 80 | 95 | 120
RL = 50, C = 10pF 450 450 | 80 | 95 | 120
’ 6.00 | -6.00 | 80 95 | 120
- Off-Channel Feedthrough Isolation | fi, = Sine Wave; Adjust fi, Voltage to Obtain 225 | -2.25 -50 dB
(Figure 7) 0dBm at Vg 450 | -4.50 -50
fin = 10kHz, R|_ = 6009, C|_ = 50pF | 6.00 | —6.00 -50
225 [ -2.25 —40
4.50 | -4.50 —40
fin = 1.0MHz, R_ = 50Q, C(_= 10pF | 6.00 | -6.00 -40
- Feedthrough Noise. Vin < 1MHz Square Wave (t; = tf = 6ns); 225 | -2.25 25 mVpp
Channel-Select Input to Common | Adjust R_ at Setup so that Ig = 0A; 4.50 | -4.50 105
I/O (Figure 8) Enable = GND Ry = 6009, C|_=50pF | 6.00 | -6.00 135
225 | -2.25 35
4.50 | -4.50 145
R = 10kQ, C|_= 10pF | 6.00 | -6.00 190
—_ Crosstalk Between Any Two fin = Sine Wave; Adjust fin Voltage to Obtain 225 | -2.25 -50 dB
Switches (Figure 12) 0dBm at V|g 4.50 | —4.50 =50
(Test does not apply to HC4051) fin = 10kHz, R|_ = 6009, C_=50pF | 6.00 | -6.00 =50
225 | -2.25 -60
4.50 | -4.50 -60
fin = 1.0MHz, R_ =50, C|_= 10pF | 6.00 | -6.00 -60
THD | Total Harmonic Distortion fin = 1kHz, R = 10kQ, Cp_ = 50pF %
(Figure 14) THD = THDmeasured — THDsource
Vis = 4.0Vpp sine wave | 2.25 | -2.25 0.10
V|s = 8.0Vpp sine wave | 4.50 | —4.50 0.08
V|s = 11.0Vpp sine wave | 6.00 | —6.00 0.05
* Limits not tested. Determined by design and verified by qualification.
MOTOROLA 3-620 High—Speed CMOS Logic Data
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Figure 1a. Typical On Resistance, Vcc - VEE =2.0 V

MC54/74HC4051 MC74HC4052 MC54/74HC4053

Ron . ON RESISTANCE (OHMS)

120 J
d’-
100 — =T 250N
A
L
80 — 2 —— -\2540\<
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40 ] - ~55°C__|
20
0
0 05 10 15 20 25 30 35 40 45

Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO VEg
Figure 1b. Typical On Resistance, VcCc - VEE=4.5V
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Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Vg Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Vgg
Figure 1c. Typical On Resistance, Vcc - VEE=6.0V Figure 1d. Typical On Resistance, Vcc - VEE=9.0V
& PLOTTER
70
2} ,, }
I 60 12 PROGRAMMABLE
T L - POWER MINI COMPUTER DC ANALYZER
2 L.+ 25°C 7 SUPPLY
= B |~
w40 - +
ﬁ ’,_,-I-O\ ——>Vce
z W= ~55°C+ DEVICE
A UNDER TEST
s 2
o
10 ANALOG IN [ COMMON OUT
0 T
0 10 20 30 40 50 60 70 80 9.0 100 11.0 120 D 1 »
= EE
Vjs, INPUT VOLTAGE (VOLTS), REFERENCED TO Vgg
Figure 1e. Typical On Resistance, Vcc ~ VEE =12.0 V Figure 2. On Resistance Test Set-Up
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Vch(ch

Vcho

Figure 3. Maximum Off Channel Leakage Current,

NC —

Vi ——]

OFF

_1 Vee

OFF

8

COMMON O/I

VEE E

Any One Channel, Test Set-Up

Voot Q
VEE
Vee ANALOG 110
Vi

@~ o

OFF

—————0
COMMON O/l

__1 Vee

NIC

VEEY =

Figure 5. Maximum On Channel Leakage Current,
Channel to Channel, Test Set-Up

VEE

Vcho

VCCLﬁ»
I

ANALOG I/0

Vi -—

OFF
OFF

__1 Vee

COMMON O/l

6

7

L—8
VI
EEV —

Figure 4. Maximum Off Channel Leakage Current,
Common Channel, Test Set-Up

Vee A Vos
16 T dB
METER
L c’ $ RL
15

~ o

VEE ¥

*Includes all probe and jig capacitance

Figure 6. Maximum On Channel Bandwidth,

Test Set-Up

Vis Vee —T Vos Vee _T
0.1uF T 16 dB RL 16
fino—{| |' OFF ,' T METER ON/OFF COMMONO/l 1ot
AL o RL — ANALOG /O POINT
I OFF/ON AL o
= L =T = RL I
6 6
7 7 L— f Vee
8 Vin< 1 MHz 8 1
VEE Veg- =80 veg
= cc- = NEL SELECT
ViL or Vin CHANNEL SELECT GND CHANNEL SELEC
*Includes all probe and jig capacitance *Includes all probe and jig capacitance
Figure 7. Off Channel Feedthrough Isolation, Figure 8. Feedthrough Noise, Channel Select to
Test Set-Up Common Out, Test Set-Up
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Vee
Vi
veo £° 16 -j
CHANNEL 50% ON/OFF COMMON O/l TEST
SELECT ANALOG /0 o POINT
GND -E: [ OFFiON | T o
tPLH tPHL =
ANALOG §
)0/ 7
out S0% E 8
| l | | = CHANNEL SELECT
*Includes all probe and jig capacitance
Figure 9a. Propagation Delays, Channel Select Figure 9b. Propagation Delay, Test Set-Up Channel
to Analog Out Select to Analog Out
Vee
16
I I I | ANALOG I/0 COMMON O/l
"/ ™ on |} TEST
ANALOG ce L_ON | T PoONT
IN T o
GND =
[
PLH 5
7
ANALOG E 8
out
*Includes all probe and jig capacitance
Figure 10a. Propagation Delays, Analog In Figure 10b. Propagation Delay, Test Set-Up
to Analog Out ‘ Analog In to Analog Out
f tr : POSITION 1 WHEN TESTING tpiz AND tpz1
(M) L, = POSITION 2 WHEN TESTING tp 7 AND tpz.
‘ 90% Vee ‘
ENABLE 50%
10% ® : Vee 1
— GND Veo | s 1kQ
< tpzL tpLZ
HIGH ®d] anaoaio
IMPEDANCE : [ ON/OFF | o TEST
ANALOG 50% ® =1 1 ot
our I\ 10% = o
VoL I
— tPzH tPHZ —>| ~ =
I | | I ENABLE
ANALOG / 0% —— Vou :
out 7 50% \ E 8
HIGH
IMPEDANCE =
Figure 11a. Propagation Delays, Enable to Figure 11b. Propagation Delay, Test Set-Up
Analog Out Enable to Analog Out
High—-Speed CMOS Logic Data 3-623
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*Includes all probe and jig capacitance

Figure 12. Crosstalk Between Any Two
Switches, Test Set-Up

Vis
Vee —1 Vos
0.1uF 16 T0
fin o—] DISTORTION
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8
VEEVY =

*Includes all probe and jig capacitance

Figure 14a. Total Harmonic Distortion, Test Set-Up

Vee
Vee
16
ON/OFF COMMON O/l
ANALOG /0 ——————— o NC
_—— OFFION
6 Vee
7 —
VEE 8 1
[ | = CHANNEL SELECT

Figure 13. Power Dissipation Capacitance,
Test Set-Up

R N
[T~ FUNDAMENTAL FREQUENCY

[l
|
[
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1
3

"0 7 ] evice
w* | source

~100 | L
1.0 20

FREQUENCY (kHz)

3.125

Figure 14b. Plot, Harmonic Distortion

APPLICATIONS INFORMATION

The Channel Select and Enable control pins should be at
Ve or GND logic levels. Vo being recognized as a logic
high and GND being recognized as a logic low. In this exam-
ple:

Vce = +5V = logic high
GND = 0V = logic low

The maximum analog voltage swings are determined by
the supply voltages Vo and VEE. The positive peak analog
voltage should not exceed V. Similarly, the negative peak
analog voltage should not go below VEE. In this example, the
difference between V¢ and VEE is ten volts. Therefore,
using the configuration of Figure 15, a maximum analog sig-
nal of ten volts peak—to—peak can be controlled. Unused
analog inputs/outputs may be left floating (i.e., not con-
nected). However, tying unused analog inputs and outputs to

Vce or GND through a low value resistor helps minimize
crosstalk and feedthrough noise that may be picked up by an
unused switch.

Although used here, balanced supplies are not a require-
ment. The only constraints on the power supplies are that:

Ve — GND = 2 to 6 volts

VEg — GND = 0 to —6 volts

Vce - VEE = 2 to 12 volts
and VEg < GND

When voltage transients above Vg and/or below VEE are
anticipated on the analog channels, external Germanium or
Schottky diodes (Dx) are recommended as shown in Figure
16. These diodes should be able to absorb the maximum
anticipated current surges during clipping.

MOTOROLA
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+5V vee Vee Vee
_ 16 _ Dy 16— Dx
WA aNALoG | LG RPAN v oo
sy—  \/ SiGNAL [——sieNaL  \/_ —
Dy Dx
VEE VEE
6 11— TOEXTERNAL CMOS
7 10— | CIRCUITRY 0 to 5V 7
8 9|—| DIGITAL SIGNALS 8
SVy = VEEY =
Figure 15. Application Example Figure 16. External Germanium or
Schottky Clipping Diodes
_T +5V J +5V
+5V — 16 — 45V 5V — 16 — 45V
[\ ANALOG [ovorF LLANALOG N /\  ANALOG ovorr LLANALOG N\
vee —  \J  SIGNAL |'——] sianaL \_y _\J sieNAL [L—— signaL \_y
EE 5V EE VEE EE
. _ r—-
RIAZIR | ] _esvd
[ A 1 LSTTLUNMOS [ A | L] wsmiunuos
1 _t_ 8 9 CIRCUITRY l _+__ 8 9 CIRCUITRY
— — L_d
VEEY = *K<R<10K .J:- VEEY = T J;
BUFFER
a. Using Pull-Up Resistors b. Using HCT Interface

Figure 17. Interfacing LSTTL/NMOS to CMOS Inputs
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Figure 18. Function Diagram, HC4051
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Figure 19. Function Diagram, HC4052

1 [ CEvEL 13
A_[>O—_ SHIFTER X
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Figure 20. Function Diagram, HC4053
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

14-Stage Binary Ripple
Counter with Oscillator
High—-Performance Silicon-Gate CMOS

The MC54/74HC4060 is identical in pinout to the standard CMOS
MC14060B. The device inputs are compatible with standard CMOS outputs;
with pullup resistors, they are compatible with LSTTL outputs.

This device consists of 14 master—slave flip—flops and an oscillator with a
frequency that is controlled either by a crystal or by an RC circuit connected
externally. The output of each flip—flop feeds the next, and the frequency at
each output is half that of the preceding one. The state of the counter
advances on the negative—going edge of Osc In. The active-high Reset is
asynchronous and disables the oscillator to allow very low power consump-
tion during standby operation.

State changes of the Q outputs do not occur simultaneously because of
internal ripple delays. Therefore, decoded output signals are subject to
decoding spikes and may need to be gated with Osc Out 2 of the HC4060.
e Output Drive Capability: 10 LSTTL Loads
» Outputs Directly Interface to CMOS, NMOS, and TTL
o Operating Voltage Range: 2to 6 V
o Low Input Current: 1 HA
o High Noise Immunity Characteristic of CMOS Devices
¢ In Compliance with the Requirements Defined by JEDEC Standard

No. 7A
e Chip Complexity: 390 FETs or 97.5 Equivalent Gates

LOGIC DIAGRAM

0SCOUT1  0SCOouT2

[o

0SCIN o> L4 a6

ReseT 2|

PIN 16 =Vcg
PIN8=GND

10/95

MC54/74HC4060

J SUFFIX
f CERAMIC PACKAGE
’ CASE 620-10
1
1 N SUFFIX
161" PLASTIC PACKAGE
! CASE 648-08
@ DT SUFFIX
16 TSSOP PACKAGE
1 CASE 948F-01

ORDERING INFORMATION
MC54HCXXXXJ Ceramic
MC74HCXXXXN Plastic
MC74HCXXXXDT TSSOP

PIN ASSIGNMENT
Qi2fj1e 16 1 Vee
Qi3 ﬁ 2 15 [] Q10
Q4 3 1411 Q8
el q 4 13 1 09
Q5[] 5 12 [] RESET
Q7] 6 11 [1 OSC IN
04? 7 10 [] OSCOUT 1
GND ] 8 9 [loscouT2
FUNCTION TABLE
Clock | Reset Output State
e L No Change
~ L Advance to Next State
X H All Outputs are Low
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MC54/74HC4060

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Voc | DC Supply Voltage (Referenced to GND) -05t0+7.0 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVec+15]| V fields. However, precautions must
_ be taken to avoid applications of any
Vout DC Output Voltage (Referenced to GND) 05toVgcc+05| V voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high-impedance cir-
" cuit. For proper operation, Vi, and
lout DC Output Current, per Pin +25 mA Vout should be constrained to the
Icc DC Supply Current, Vo and GND Pins +50 mA range GND < (Vjyor Vout) < VoC-
U d input t al by
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW _~nused npuls .mus a'ways ©
TsS Kage tied to an appropriate logic voltage
OP Packaget 450 level (e.g., either GND or Vcg).
Tstg | Storage Temperature - 6510 + 150 °C Unused outputs must be left open.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or TSSOP Package) 260
(Ceramic DIP) 300
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
. TSSOP Package: — 6.1 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max | Unit
Vce DC Supply Voltage (Referenced to GND) 25" | 6.0 Vv
Vin: Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \
TA Operating Temperature, All Package Types -55 |+1256 | °C
t tf Input Rise and Fall Time Vcc=20V ] 1000 | ns
(Figure 1) Vcc=45V 0 500
Vcc=6.0V 0 400

**The oscillator is guaranteed to function at 2.5 V minimum. However, parametrics are tested at

2.0 V by driving Pin 11 with an external clock source.

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions v 25°C =< 85°C | < 125°C | Unit
VIH Minimum High-Level Input Vout=0.1VorVgc—-0.1V 2.0 1.5 1.5 1.5 \
Voltage lioutl = 20 pA 4.5 3.15 3.15 3.15
6.0 42 42 42
ViL Maximum Low-Level Input Vout=0.1VorVgc—-0.1V 2.0 0.3 0.3 0.3 \
© | Voltage llout! = 20 pA 45 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH Minimum High-Level Output Vin=ViHor V| 2.0 1.9 1.9 1.9 \
Voltage (Q4-Q10, Q12-Q14) lloutl = 20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViHorViL llgytl < 40mA | 45 3.98 3.84 3.70
lloutt < 52mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin= Vg or VL 2.0 0.1 0.1 0.1 \
Voltage (Q4-Q10, Q12-Q14) lloutl < 20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorViL lloytl < 40mA | 45 0.26 0.33 0.40
lloutl = 52mA | 6.0 0.26 0.33 0.40

NOTE: Information on typical parametric values can be found in Chapter 2.
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) (Continued)

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions \ 25°C = 85°C | = 125°C | Unit
VOH Minimum High-Level Output Vin =Vcc or GND 2.0 1.9 1.9 1.9 \
Voltage (Osc Out 1, Osc Out2) | llgytl = 20 pA 4.5 4.4 4.4 4.4
6.0 59 5.9 5.9
Vin=Vcc or GNDligyl = 1.0mA| 4.5 3.98 3.84 3.70
lligytl = 1.3mA| 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin = Vcg or GND 20 0.1 0.1 0.1 \
Voltage (Osc Out 1, Osc Out2) | ligytl < 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Vcg or GNDllgytl = 1.0mA| 45 0.26 0.33 0.40
lloyt!l = 1.3mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi, = Vg or GND 6.0 +0.1 +1.0 +1.0 nA
Icc Maximum Quiescent Supply Vin = Vcc or GND 6.0 8 80 160 pA
Current (per Package) lout = 0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.

AC ELECTRICAL CHARACTERISTICS (C|_= 50 pF, Input t; = t; = 6 ns)

Guaranteed Limit
Vee -55to
Symbol Parameter v 25°C =< 85°C | = 125°C Unit
fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 5.0 4.0 3.4 MHz
(Figures 1 and 4) 4.5 25 20 17
6.0 29 24 20
tPLH, Maximum Propagation Delay, Osc In to Q4* 2.0 530 665 795 ns
tPHL (Figures 1 and 4) 4.5 106 133 159
6.0 91 114 135
tPLH, Maximum Propagation Delay, Osc In to Q14* 2.0 1600 2000 2400 ns
tPHL (Figures 1 and 4) 4.5 320 400 480
6.0 272 344 408
tPHL Maximum Propagation Delay, Reset to Any Q 2.0 240 300 360 ns
(Figures 2 and 4) 4.5 48 60 72
6.0 41 51 61
tPLH, Maximum Propagation Delay, QN to QN + 1 2.0 125 155 190 ns
tPHL (Figures 3 and 4) 4.5 25 31 38
6.0 21 26 32
TLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance - 10 10 10 pF

NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.
*For Ta =25°C and C|_= 50 pF, typical propagation delay from Osc In to other Q outputs may be calculated with the following equations:
Vo =2.0 V:tp =[205 + 107.5(N - 1)] ns
Vec=45Vitp=[41+21.5(N-1)]ns
Vcc=6.0V:itp=[35+18.3(N-1)] ns

. Typical @ 25°C,Vcc=5.0V
Cpp Power Dissipation Capacitance (Per Package)* 35 pF

*Used to determine the no-load dynamic power consumption: Pp = Cpp Vcg2f + Icc V. For load considerations, see Chapter 2.
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TIMING REQUIREMENTS (Input t; = t¢ = 6 ns)

Guaranteed Limit
Vee - 55 to
Symbol Parameter v 25°C =< 85°C | =125°C | Unit
trec Minimum Recovery Time, Reset Inactive to Osc In* 2.0 100 125 150 ns
(Figure 2) 45 20 25 30
6.0 17 21 26
tw Minimum Pulse Width, Osc In 2.0 80 100 120 ns
(Figure 1) 45 16 20 24
6.0 14 17 20
tw Minimum Pulse Width, Reset 2.0 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
tr t Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400
NOTE: Information on typical parametric values can be found in Chapter 2.
* Osc In driven with external clock.
PIN DESCRIPTIONS
INPUTS OUTPUTS

Osc In (Pin 11)

Negative—edge triggering clock input. A high-to-low tran-
sition on this input advances the state of the counter. Osc In
may be driven by an external clock source.

Reset (Pin 12)

Active-high reset. A high level applied to this input asynch-
ronously resets the counter to its zero state (forcing all Q out-
puts low) and disables the oscillator.

Q4-Q10, Q12-Q14 (Pins 7,5, 4,6, 14,13, 15, 1, 2, 3)

Active—high outputs. Each QN output divides the oscillator
frequency by 2N. The user should note that Q1, Q2, Q3, and
Q11 are not available as outputs.

Osc Out 1, Osc Out 2 (Pins 10, 9)

Oscillator outputs. These pins are used in conjunction with
Osc In and the external components to form an oscillator.
(See Figures 4 and 5). When Osc In is being driven with an
external clock source, Osc Out 1 and Osc Out 2 must be left
open circuited. With the crystal oscillator configuration in Fig-
ure 6, Osc Out 2 must be left open circuited.

SWITCHING WAVEFORMS
ty —>
—Vce —Vee
RESET 50%
OSC IN GND ————GND
tPHL
1/fmax a 50%
PLH  tPHL —-I —
trop —
Q1 rec
50% Ve
CLOCK °
tTLH tTHL . GND
Figure 2.
Figure 1.
TEST POINT
OUTPUT
DEVICE
50% UNDER .
N TEST I o
QN +1 =

Figure 3.

* Includes all probe and jig capacitance

Figure 4. Test Circuit
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EXPANDED LOGIC DIAGRAM

Q4 Q5 Q12 Q13 Q14
7 5 1 2 3
r{>o—q>c Qb—-d>¢c a g>Cc Q 4>Cc Q P>Cc Q 4>C Q
>C Qp-——C Q:—?C QP__—>C Qp——p>C Qp—PC
R R R R R R
94' L | [ | |
0OSCOoUT2 ——e
Q6=PIN4 Q10=PIN 15
Q7=PING Ve =PIN 16
Q8=PIN 14 GND=PIN8
10 Q9=PIN 13
OSCOouUT1 ——o
0sCIN !
RESET 12
r————————————————_———— A
T | For2.0V<Vgog<6.0V
RESET $s | 10 Rye > Rg > 2 Ry¢
| 4 | 400 Hz < f < 400 kHz
L | 1 |
e INTi T occonT 0 T T O%ColUT e 1o f= ————— (fin Hz, Ryc in ohms, Cyc in farads)
OSCIN} 11 0SCOUT 1|10 0ScouT2]9 3 RcCrc tc tc
flc The f [ for other fi
Rs Cie 'he formula may vary for other frequen-
AA I\ cies.

LAY

Figure 5. Oscillator Circuit Using RC Configuration
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o—i[— =

0OSCOUT1

Figure 6. Pierce Crystal Oscillator Circuit

Table 1. Crystal Oscillator Amplifier Specifications
TA = 25°C (Input = Pin 11, Output = Pin 10)

Type

Input Resistance, Rjp

Output Impedance, Zgt (4.5 V supply)
Input Capacitance, Cj

Output Capacitance, Coyt

Series Capacitance, Cg,

3 Vdc supply
Open loop voltage 4 Vdc supply
gain with output at 5 Vdc supply
full swing, o 6 Vdc supply

Positive Reactance (Pierce)
60 MQ minimum

200 Q (see text)

5 pF typical

7 pF typical

5 pF typical

5.0 expected minimum

4.0 expected minimum

3.3 expected minimum

3.1 expected minimum

PIERCE CRYSTAL OSCILLATOR DESIGN

R Ls
1

2 1 Re Xe 2

Values are supplied by crystal manufacturer (parallel resonant crys-

tal)

Figure 7. Equivalent Crystal Networks

Rs

XLs I 7]

Zoad

1
— —XCo
X
Hos T o______T

-iXc2 R

Rioad
Xjoad

NOTE: C=C1 +Cjpand R=R1 + Rgyt. Cq is considered as part of the
load. C4 and Rg typically have minimal effect below 2 MHz.

Figure 8. Series Equivalent Crystal Load

Values are listed in Table 1.

Figure 9. Parasitic Capacitances

of the Amplifier
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DESIGN PROCEDURES

The following procedure applies for oscillators operating below 2 MHz where Z is a resistor R1. Above 2 MHz, additional im-
pedance elements should be considered: Cot and C4 of the amp, feedback resistor R¢, and amplifier phase shift error from 180°.
Step 1: Calculate the equivalent series circuit of the crystal at the frequency of oscillation.

—JXCq (Rs +]XLg —iXCg
e = — R >
—XCgo + Rs + [ XLg ~iXCqg

Reactance jXg should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency
The maximum Rg for the crystal should be used in the equation.

Step 2: Determine B, the attenuation, of the feedback network. For a closed-loop gain of 2, Ayp = 2,8 = 2/Ay where Ay is
the gain of the HC4060 ampilifier.

Step 3: Determine the manufacturer’s loading capacitance. For example: A manufacturer may specify an external load capaci-
tance of 32 pF at the required frequency.

Step 4: Determine the required Q of the system, and calculate Rjpad. For example, a manufacturer specifies a crystal Q
of 100,000. In—circuit Q is arbitrarily set at 20% below crystal Q or 80,000. Then Rjgad = (2nfoLs/Q) — Rs where Lg and Rg are

=Re +]Xe

crystal parameters.
Step 5: Simuitaneously solve, using a computer,

_ Xc* Xc2
R e Re + XC2 (Xe = XC)

(with feedback phase shift = 180°)

(1)

Xe = Xgo + XG + RG:CQ =XCload (where the loading capacitor is an external load, not including Co) 2

RXcXcal(Xe + Xc2) (XC + XC) = Xe(Xe + X + Xc2)]

Rload =

X20o(XG + XC0)2+ R2(XC +XCq + X02)2

(©)

Here R = Rout + R1. Rout is amp output resistance, R1 is Z. The C corresponding to Xc is given by C = C1 + Cjp.
Alternately, pick a value for R1 (i.e., let R1 = Rg). Solve Equations 1 and 2 for C1 and C2. Use Equation 3 and the fact that
Q = 2rfols/(Rs + Rioad) to find in—circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure.

CHOOSING R1

Power is dissipated in the effective series resistance of the
crystal. The drive level specified by the crystal manufacturer
is the maximum stress that a crystal can withstand without
damage or excessive shift in frequency R1 limits the drive
level.

To verify that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency as a func-
tion of voltage at Osc Out 2 (Pin 9). The frequency should
increase very slightly as the dc supply voltage is increased.
An overdriven crystal will decrease in frequency or become
unstable with an increase in supply voltage. The operating
supply voltage must be reduced or R1 must be increased in
value it the overdriven condition exists. The user should note
that the oscillator start—up time is proportional to the value of
R1.

SELECTING Ry

The feedback resistor, Ry, typically ranges up to 20 MQ. Rf
determines the gain and bandwidth of the amplifier. Proper
bandwidth insures oscillation at the correct frequency plus
roll-off to minimize gain at undesirable frequencies, such as

the first overtone. R must be large enough so as to not affect
the phase of the feedback network in an appreciable manner.
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TIMING DIAGRAM
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

14-Stage Binary Ripple
Counter With Oscillator
High-Performance Silicon-Gate CMOS

The MC54/74C4060A is identical in pinout to the standard CMOS
MC14060B. The device inputs are compatible with standard CMOS out-
puts; with pullup resistors, they are compatible with LSTTL outputs.

This device consists of 14 master—slave flip—flops and an oscillator
with a frequency that is controlled either by a crystal or by an RC circuit
connected externally. The output of each flip—flop feeds the next and the
frequency at each output is half of that of the preceding one. The state of
the counter advances on the negative—going edge of the Osc In. The
active-high Reset is asynchronous and disables the oscillator to allow
very low power consumption during stand-by operation.

State changes of the Q outputs do not occur simultaneously because
of internal ripple delays. Therefore, decoded output signals are subject to
decoding spikes and may have to be gated with Osc Out 2 of the
HC4060A.

e Output Drive Capability: 10 LSTTL Loads

e Outputs Directly Interface to CMOS, NMOS, and TTL

¢ Operating Voltage Range: 2to 6 V

e Low Input Current: 1 nA

* High Noise Immunity Characteristic of CMOS Devices

¢ In Compliance With JEDEC Standard No. 7A Requirements
e Chip Complexity: 390 FETs or 97.5 Equivalent Gates

LOGIC DIAGRAM
Osc Out1 OscOut?2

|10 |9

OscIn —1-1—C> — Q6

2 . Pin 16 =Vgo
Reset Pin 8 = GND

3/96

MC54/74HC4060A

= J SUFFIX
Wl ceramic packace

JI'; ”” T CASE 620-10

1
W N SUFFIX
At PLASTIC PACKAGE
1

CASE 648-08

CASE 751B-05

p D SUFFIX
16\ﬁ SOIC PACKAGE
1

DT SUFFIX

16\“@ TSSOP PACKAGE

b CASE 748C-03

ORDERING INFORMATION

MC54HCXXXXAJ Ceramic
MC74HCXXXXAN Plastic
MC74HCXXXXAD SOIC
MC74HCXXXXADT TSSOP

FUNCTION TABLE
Clock Reset Output State
- L No Charge
~— L Advance to Next State
X H All Outputs Are Low

Vee Q10

[16] [1s] [ra] [ss] [re] [rr] [ro] [o

Pinout: 16-Lead Plastic Package (Top View)

Osc  Osc
Q8 Q9 Reset Oscin Out1 Out2
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MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Vec | DC Supply Voltage (Referenced to GND) -05t0+7.0 Y circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -05toVgc+05 ] V fields. However, precautions must
— be taken to avoid applications of any
Vout | DC Output Voltage (Heferenéed to GND) 05toVoc+05| V voltage higher than maximum rated -
lin DC Input Current, per Pin - +20 mA voltages to this high-impedance cir-
" cuit. For proper operation, Vi, and
lout DC Output Current, per Pin +25 mA Vout should be constrained to the
Icc | DC Supply Current, Vo and GND Pins +50 mA range GND = (Vi or Vout) = Vee.
— - " Unused inputs must always be
Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mwW tied to an appropriate logic voltage
SOIC Packaget 500 p
SS0P ‘4 level (e.g., either GND or Vcg).
. TSSOP Packaget 50 Unused outputs must be left open.
Tstg Storage Temperature Range —65t0 + 150 °C
T Lead Temperature, 1 mm from Case for 10 Seconds ' °C
Plastic DIP, SOIC or TSSOP Package 260
Ceramic DIP. 300
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max [ Unit
Vce DC Supply Voltage (Referenced to GND) 2.5% 6.0 \Y
Vin, Vout | DC Input Voltage, Output Voltage (Referenced to GND) (¢] Vee \
TA Operating Temperature Range, All Package Types -55 | +125 | °C
t tf Input Rise/Fall Time Vecc =20V 0 1000 | ns
(Figure 1) Vcc=45V 0 500
Vcc=6.0V| 0 400

* The oscillator is guaranteed to function at 2.5 V minimum. However, parametrics are tested at .

2.0 V by driving Pin 11 with an external clock source.’

DC CHARACTERISTICS (Voltages Reterenced to GND)

Vee Guaranteed Limit
Symbol Parameter Condition v -55 to 25°C | <85°C | <125°C | Unit

VIH Minimum High-Level Input Voltage | Vout=0.1V or Vg 0.1V 20 1.50 1.50 1.50 \
: llout! < 20pA 3.0 2.10 2.10 2.10
4.5 3.15 3.15 3.15
6.0 4.20 4.20 4.20

CViIL Maximum Low-Level Input Voltage | Vout=0.1V or Voo - 0.1V 20 0.50 0.50 0.50 \
llout! < 20pA 3.0 0.90 0.90 0.90
4.5 1.35 1.35 1.35
6.0 1.80 1.80 1.80

VoH Minimum High-Level Output Vin=ViHor ViL 2.0 1.9 1.9 1.9 \
Voltage (Q4-Q10, Q12-Q14) llgut! < 20pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin =ViH or V| lloutl <2.4mA | 3.0 2.48 2.34 2.20
lioutl €4.0mA | 4.5 3.98 3.84 3.70
lloytl <5.2mA | 6.0 5.48 5.34 5.20
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DC CHARACTERISTICS (Voltages Referenced to GND)

Vee Guaranteed Limit
Symbol Parameter Condition v —55to 25°C | <85°C | <125°C | Unit
VoL Maximum Low-Level Output Vin=Viqor V)L 2.0 0.1 0.1 0.1 \
Voltage (Q4-Q10, Q12-Q14) llout! € 20pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViH or V| ligytl €2.4mA [ 3.0 0.26 0.33 0.40
llout! S4.0mA | 4.5 0.26 0.33 0.40
lloutl €5.2mA | 6.0 0.26 0.33 0.40
VoH Minimum High-Level Output Vin =Vcc or GND 2.0 1.9 1.9 1.9 \%
Voltage (Osc Out 1, Osc Out 2) llout! < 20pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=Vcg or GND  llgytl 0.7mA | 3.0 2.48 2.34 2.20
lloutl <1.0mA | 45 3.98 3.84 3.70
lloutl € 1.3mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin = Vg or GND 2.0 0.1 0.1 0.1 \
Voltage (Osc Out 1, Osc Out 2) llout! <20pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=Vgoc or GND  llgytl €0.7mA | 3.0 0.26 0.33 0.40
ligyt! <1.0mA | 45 0.26 0.33 0.40
lloyt! <1.3mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current Vin = Ve or GND 6.0 0.1 +1.0 +1.0 HA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 4 40 160 HA
Current (per Package) lout = OpHA
NOTE: Information on typical parametric values can be found in Chapter 2.
AC CHARACTERISTICS (Cy_= 50 pF, Input t; = t; = 6 ns)
Guaranteed Limit
Vee
Symbol Parameter v -55 to 25°C <85°C <125°C Unit
fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 9.0 8.0 MHz
(Figures 1 and 4) 3.0 10 14 12
4.5 30 28 25
6.0 50 45 40
tPLH, Maximum Propagation Delay, Osc In to Q4* 2.0 300 375 450 ns
tPHL (Figures 1 and 4) 3.0 180 200 250
4.5 60 75 90
6.0 51 64 75
tPLH, Maximum Propagation Delay, Osc In to Q14* 2.0 500 750 1000 ns
tPHL (Figures 1 and 4) 3.0 350 450 600
4.5 250 275 300
6.0 200 220 250
tPHL Maximum Propagation Delay, Reset to Any Q 2.0 195 245 300 ns
(Figures 2 and 4) 3.0 75 100 125
4.5 39 49 61
6.0 33 42 53
tPLH» Maximum Propagation Delay, Qn to Qn+1 2.0 75 95 125 ns
tPHL (Figures 3 and 4) 3.0 60 75 95
4.5 15 19 24
6.0 13 16 20
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AC CHARACTERISTICS (C_ = 50 pF, Input t; = t; = 6 ns) — continued

Vee Guaranteed Limit
Symbol } Parameter V | -55t025°C <85°C <125°C Unit
tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 4) 3.0 27 32 36
4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance ‘ 10 10 10 pF

NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2.

* For Tp =25°C and C|_ = 50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations:
Ve =2.0 Vi tp =[93.7 + 59.3 (n-1)] ns Voo =4.5V:tp =[30.25 + 14.6 (n—1)] ns
Ve =3.0 Vi tp =[61.5+ 34.4 (n-1)] ns Vcc=6.0V:tp=[24.4 + 12 (n-1)] ns

Typical @ 25°C, Vo =5.0V
CpD Power Dissipation Capacitance (Per Package)* 35 pF

* Used to determine the no—load dynamic power consumption: Pp = Cpp Vo2t + Icc V. For load considerations, see Chapter 2.

TIMING REQUIREMENTS (Input t, =t = 6 ns)

Vee Guaranteed Limit
Symbol ' Parameter v -55 to 25°C <85°C <125°C Unit
trec Minimum Recovery Time, Reset Inactive to Clock 2.0 100 125 150 ns
(Figure 2) 3.0 75 100 120
4.5 20 25 30
6.0 17 21 25
tw Minimum Pulse Width, Clock 2.0 75 95 110 . ns
(Figure 1) 3.0 27 32 36
45 15 19 23
6.0 .13 16 19
tw Minimum Pulse Width, Rese 20 75 95 110 ns
(Figure 2) : 3.0 27 32 36 :
45 15 19 23
6.0 13 16 19
tn b Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) ‘ 3.0 800 800 800
4.5 500 500 500
6.0 400 '400 400
NOTE: Information on typical parametric values can be found in Chapter 2. )
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PIN DESCRIPTIONS
INPUTS OUTPUTS
Q4—Q10, Q@12-Q14 (Pins 7, 5, 4, 6, 13, 15, 1, 2, 3)
Osc In (Pin 11)

Negative—edge triggering clock input. A high—to—low tran-
sition on this input advances the state of the counter. Osc In
may be driven by an external clock source.

Reset (Pin 12)
Active-high reset. A high level applied to this input asynch-

ronously resets the counter to its zero state (forcing all Q out-
puts low) and disables the oscillator.

Active—high outputs. Each Qn output divides the Clock
input frequency by 2N. The user should note the Q1, Q2, Q3
and Q11 are not available as outputs.

Osc Out 1, Osc Out 2 (Pins 9, 10)

Oscillator outputs. These pins are used in conjunction with
Osc In and the external components to form an oscillator
(See NO TAG and NO TAG). When Osc In is being driven
with an external clock source, Osc Out 1 and Osc Out 2 must
be left open circuited. With the crystal oscillator configuration
in Figure 6, Osc Out 2 must be left open circuited.

SWITCHING WAVEFORMS

OscIn S

1/fMAX >
tPLH tPHL —’I

tTLH THL

Figure 1.

Qn

Qn+1

Figure 3.

e vee
Reset 50% K
GND
tPHL
Q 50%
> tec |
——Vee
Oscln 50%*
GND
Figure 2.
TEST
POINT
OUTPUT
DEVICE
UNDER
TEST I o

*Includes all probe and jig capacitance

Figure 4. Test Circuit

High—-Speed CMOS Logic Data 3-639
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Q4 Q5 Q12 Qi3 Q4
7 5 1 2 3
>c af-—-—-d>Cc Q >c al-e-9d>c Q ?c Q >c a
P> c  ap-—-- >Cc Qp >C Qp >c ap—Pc aop—PcC
R R
9
Osc Out 2
————— —_———
Q6=Pin4 Q10 ="Pin 15
10 Q7=Pin6 Voo =Pin 16
Osc Out1 Q8 =Pin 14 GND = Pin 8
Q9=Pin 13
Osc In i
Reset 12
Figure 5. Expanded Logic Diagram
For2.0V<Vpg <6.0V
10Ris > Rg > 2Ry
400Hz < f < 400Khz:
{ . ’ .
f = —=—— (f in Hz, Ry, in ohms, Cy, in farads|
3 RicCte ( e t© )
The formula may vary for other frequencies.
R1
Sl w—
C1 I I c2
Figure 7. Pierce Crystal Oscillator Circuit
MOTOROLA 3-640 High-Speed CMOS Logic Data
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TABLE 1. CRYSTAL OSCILLATOR AMPLIFIER SPECIFICATIONS (T = 25°C; Input = Pin 11, Output = Pin 10)

Type Positive Reactance (Pierce)

Input Resistance, Rip 60MQ Minimum
Output Impedance, Zgt (4.5V Supply) 200Q (See Text)
Input Capacitance, Cip 5pF Typical
Output Capacitance, Coyt 7pF Typical
Series Capacitance, Cy 5pF Typical
Open Loop Voltage Gain with Output at Full Swing, o 3Vdc Supply | 5.0 Expected Minimum

4Vdc Supply | 4.0 Expected Minimum

5Vdc Supply | 3.3 Expected Minimum

6Vdc Supply | 3.1 Expected Minimum

PIERCE CRYSTAL OSCILLATOR DESIGN

ol =

Rs ls GCs
1 2 1 Re Xe 2
Co = O—MWWA—————0
11
11

Value are supplied by crystal manufacturer (parallel resonant crystal).

Figure 8. Equivalent Crystal Networks

Rs

XLs I—’

Ziad

-iXcs —I--—o

-Xc

Rioad

Xioad

NOTE: C = C1 + Cjp and R = R1 + Rqyyt. Cg is considered as part of
the load. C4 and Ry typically have minimal effect below 2MHz.

Figure 9. Series Equivalent Crystal Load

Values are listed in Table 1.

Figure 10. Parasitic Capacitances of the Amplifier

High—-Speed CMOS Logic Data
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DESIGN PROCEDURES

The following procedure applies for oscillators operating below 2MHz where Z is a resistor R1. Above 2MHz, additional
impedance elements should be considered: Coyt and Ca of the amp, feedback resistor Rt, and amplifier phase shift error from

180°C.

Step 1: Calculate the equivalent series circuit of the crystal at the frequency of oscillation.

= iXCo(Rs + jXLg — iXCg)
Zg = — - - = Re + X
—jXCo + Rs + XLg — iXCg  © ¢

Reactance jXg should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency.
The maximum Rg for the crystal should be used in the equation.

Step 2: Determine B, the attenuation, of the feedback network. For a closed-loop gain of 2,Ayf = 2, = 2/Ay where Ay, is the gain

of the HC4060A amplifier.

Step 3: Determine the manufacturer’s loading capacitance. For example: A manufacturer may specify an external load capaci-

tance of 32pF at the required frequency.

Step 4: Determine the required Q of the system, and calculate Rjpad, For example, a manufacturer specifies a crystal Q of
100,000. In-circuit Q is arbitrarily set at 20% below crystal Q or 80,000. Then Rjoad = (2nfoLs/Q) — Rs where Lg and Rg are crystal

parameters.
Step 5: Simultaneously solve, using a computer,

Xc - Xc2

P = R Re + Xc2 X — X0)

Xe = Xc2 + X¢ +

ReXc2
R

RXcgXe2 [(Xe + Xc2)(Xe + Xcg) — Xc(Xe + Xgq + Xc2)]

(with feedback phase shift = 180°) (Eq1)
= XCjoag (Where the loading capacitor is an external load, not including Co) (Eq2)
(Eq3)

Rioad =

X2GC2(XG + XCp)2 + R(XC + Xgg + XC2)2

Here R = Royt + R1. Royt is amp output resistance, R1 is Z. The C corresponding to Xc is given by C = C1 + Cjp.

Alternately, pick a value for R1 (i.e, let R1 = Rg). Solve Equations 1 and 2 for C1 and C2. Use Equation 3 and the fact that Q =
2nfols/(Rs + Rioad) to find in-circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure.

CHOOSING R1

Power is dissipated in the effective series resistance of the
crystal. The drive level specified by the crystal manufacturer
is the maximum stress that a crystal can withstand without
damage or excessive shift in frequency. R1 limits the drive
level.

To verify that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency as a func-
tion of voltage at Osc Out 2 (Pin 9). The frequency should
increase very slightly as the dc supply voltage is increased.
An overdriven crystal will decrease in frequency or become
unstable with an increase in supply voltage. The operating
supply voltage must be reduced or R1 must be increased in
value if the overdriven condition exists. The user should note
that the oscillator start-up time is proportional to the value of
R1.

SELECTING Rf

The feedback resistor, Ry, typically ranges up to 20MQ. R¢
determines the gain and bandwidth of the amplifier. Proper
bandwidth insures oscillation at the correct frequency plus
roll-off to minimize gain at undesirable frequencies, such as

the first overtone. Rf must be large enough so as to not affect
the phase of the feedback network in an appreciable manner.
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64 128 256 512 1024 2048 4096 8192 16384
Clock _IJ—U—LFU__U__I_I——U_—U__U__U__U__U_—LI_—U—_LJ__U__U_
Reset — |

Q4 L tTr——Tr1 "1 "1 "1 "1 _ "T_"T_"t_
Qs T "1_"1_ "1 "1 _"1_
Qs [N N I N AN A I A S
Qa7 I R I I F A A S B
s LT "1 "1 "1 _"1_
Q9 N P S I N M A
Q10 N P IS I A
Qi2 [ T E N
Qi3 | Y R
at4 ‘ 1

Figure 11. Timing Diagram
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad Analog Switch/

Multiplexer/Demultiplexer
High—-Performance Silicon-Gate CMOS

The MC54/74HC4066 utilizes silicon—gate CMOS technology to achieve
fast propagation delays, low ON resistances, and low OFF—channel leakage
current. This bilateral switch/multiplexer/demultiplexer controls analog and
digital voltages that may vary across the full power-supply range (from Vcc
to GND).

The HC4066 is identical in pinout to the metal-gate CMOS MC14016 and
MC14066. Each device has four independent switches. The device has
been designed so that the ON resistances (RON) are much more linear over
input voltage than RoN of metal-gate CMOS analog switches.

This device is identical in both function and pinout to the HC4016. The
ON/OFF control inputs are compatible with standard CMOS outputs; with
pullup resistors, they are compatible with LSTTL outputs. For analog
switches with voltage—level translators, see the HC4316.

o Fast Switching and Propagation Speeds

¢ High ON/OFF Output Voltage Ratio

¢ Low Crosstalk Between Switches

« Diode Protection on All Inputs/Outputs

¢ Wide Power-Supply Voltage Range (Vcc — GND) = 2.0 to 12.0 Volts

¢ Analog Input Voltage Range (Vcc — GND) = 2.0 to 12.0 Volts

e Improved Linearity and Lower ON Resistance over Input Voltage than
the MC14016 or MC14066 or HC4016

e Low Noise

e Chip Complexity: 44 FETs or 11 Equivalent Gates

LOGIC DIAGRAM
XA ! 2 YA
AONIOFF CONTROL —2— |
4 3
Xg ——a—| —»—— Yp
ANALOG
B ONIOFF CONTROL ———— OUTPUTSINPUTS
Xc 8 > S Yo
cONOFFcoNTROL 2|
Xp — 2 vy
12
DONOFF oONTROL 22— T A0l 06 NPUTSIOUTPUTS = Xy, X, 6 XD
PIN 14 =V
PIN7=GND
10/95

MC54/74HC4066

J SUFFIX
CERAMIC PACKAGE
CASE 632-08

==

N SUFFIX
PLASTIC PACKAGE
CASE 646-06

D SUFFIX
SOIC PACKAGE
CASE 751A-03

. i
," -
4 3

DT SUFFIX
TSSOP PACKAGE
CASE 948G-01

-9

ORDERING INFORMATION

MC54HCXXXXJ Ceramic
MC74HCXXXXN Plastic
MC74HCXXXXD SOIC
MC74HCXXXXDT  TSSOP

PIN ASSIGNMENT

Xal1e 14 [ Vee
AONIOFF
vall 2 13 1 cONTROL
D ON/OFF
Yl 3 121 CoNTROL
xgl 4 11 0 %p
B ON/OFF
conTroL 0 5 10 1vp
CONOFF ] 6 afly
SoNTROL ] pYe
aNp [ 7 R
FUNCTION TABLE
On/Off Control State of
Input Analog Switch
L off
H On

© Motorola, Inc. 1995 3-644

REV 6

@ MOTOROLA




MC54/74HC4066

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
V Positive DC Supply Voltage (Referenced to GND —0.5to+14.0 \ circuitry to guard against damage
cc i ge ( ) due to high static voltages or electric
Vis Analog Input Voltage (Referenced to GND) -05toVec+05| V fields. However, precautions must
Vin | Digital Input Voltage (Referenced to GND) 15toVog+15| V be taken to avoid applications of any

voltage higher than maximum rated
| DC Current Into or Out of Any Pin +25 mA voltages to this high—-impedance cir-
cuit. For proper operation, Vi, and

Pp Power Dissipation in Still Air, Plastic ?Sr OCIgT)ZLCkDIZI ;gg mwW Vout should be constrained to the
ag range GND = (VjhorVout) < Vce.
TSSOP Packaget 450 ! 0

Unused inputs must always be
Tstg Storage Temperature -65to + 150 °C tied to an appropriate logic voltage
level (e.g., either GND or V().

T Lead Temperature,.1 mm from Case for 10 Seconds °C Unused outputs must be left open.
(Plastic DIP, SOIC or TSSOP Pa'ckage) 260 I/O pins must be connected to a
(Ceramic DIP) 300

properly terminated line or bus.

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vce Positive DC Supply Voltage (Referenced to GND) 2.0 12,0 \
Vis Analog Input Voltage (Referenced to GND) GND | Vce \
Vin Digital Input Voltage (Referenced to GND) GND | Vce \
Vio* Static or Dynamic Voltage Across Switch — 1.2 \
TA Operating Temperature, All Package Types -55 [+125 | °C
i tf Input Rise and Fall Time, ON/OFF Control ns
Inputs (Figure 10) Vcc=20V 0 1000
Voc=45V 0 500
Vecc=9.0V 0 400
Vcc =120V 0 250

* For voltage drops across the switch greater than 1.2 V (switch on), excessive Vg current may
be drawn; i.e., the current out of the switch may contain both Vo and switch input components.
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Referenced to GND)

Guaranteed Limit
Vce -55t0
Symbol Parameter Test Conditions v 25°C < 85°C | =125°C | Unit
ViH Minimum High—-Level Voltage Ron = Per Spec 2.0 1.5 1.5 1.5 \
ON/OFF Control Inputs 4.5 3.15 3.15 3.15
: 9.0 6.3 6.3 6.3
12.0 8.4 8.4 8.4
ViL Maximum Low-Level Voltage Rgn = Per Spec 2.0 0.3 0.3 0.3 \
ON/OFF Control Inputs 4.5 0.9 0.9 0.9
9.0 1.8 1.8 1.8
12.0 2.4 24 24
lin Maximum Input Leakage Current | Vin = Vo or GND 12.0 +0.1 +1.0 +1.0 pA
ON/OFF Control Inputs
Icc Maximum Quiescent Supply Vin = Vcc or GND 6.0 2 20 40 pA
Current (per Package) Vio=0V 12.0 8 80 160
NOTE: Information on typical parametric values can be found in Chapter 2.
High—Speed CMOS Logic Data 3-645 MOTOROLA
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND)

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions v 25°C < 85°C | =125°C | Unit
Ron Maximum “ON” Resistance Vin=VIH 2.0t — — — Q
Vis = Ve to GND 4.5 170 215 255
Is < 2.0 mA (Figures 1, 2) 9.0 85 106 130
: 12.0 85 106 130
Vin=VIH 2.0 — —_ —
Vis = V¢ or GND (Endpoints) 45 85 106 130
Ig < 2.0 mA (Figures 1, 2) 9.0 63 78 95
12.0 63 78 95
ARon Maximum Difference in “ON” Vin=VIH 2.0 — — — Q
Resistance Between Any Two V|g = 1/2 (Vgc — GND) 4.5 30 35 40
Channels in the Same Package |Ig < 2.0 mA 9.0 20 25 30
12.0 20 25 30
loff Maximum Off-Channel Leakage | Vi = V(L 12.0 0.1 0.5 1.0 pA
Current, Any One Channel Vio = Ve or GND
Switch Off (Figure 3)
lon Maximum On-Channel Leakage | Vin =V|H 12.0 0.1 0.5 1.0 pA
Current, Any One Channel Vis =Vcc or GND
(Figure 4)

1At supply voltage (Vi — GND) approaching 2 V the analog switch—on resistance becomes extremely non—linear. Therefore, for low-voltage
operation, it is recommended that these devices only be used to control digital signals.
NOTE: Information on typical parametric values can be found in Chapter 2.

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, ON/OFF Control Inputs: t; = t = 6 ns)

Guaranteed Limit
Vece -55to
Symbol Parameter v 25°C < 85°C | <125°C | Unit
tPLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 50 65 75 ns
tPHL (Figures 8 and 9) 4.5 10 13 15
9.0 10 13 15
12.0 10 13 15
tPLZ, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 150 190 225 ns
tPHZ (Figures 10 and 11) 4.5 30 38 45
9.0 30 30 30
12.0 30 30 30
tpzL, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 125 160 185 ns
tpzH (Figures 10 and 1 1) 45 25 32 37
9.0 25 - 32 37
12.0 25 32 37
. C Maximum Capacitance ON/OFF Control Input — 10 10 10 pF
Control Input = GND
Analog /O — 35 35 35
) Feedthrough — 1.0 1.0 1.0
NOTES: '
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.
Typical @ 25°C, Vgc=5.0V
Cpp Power Dissipation Capacitance (Per Switch) (Figure 13)* . 15 pF

*Used to determine the no-load dynamic power consumption: Pp = Cpp VCC2f +lcc V. For load considerations, see Chapter 2.

MOTOROLA 3-646 High-Speed CMOS Logic Data
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ADDITIONAL APPLICATION CHARACTERISTICS (Voitages Referenced to GND Unless Noted)

MC54/7

4HC4066

Limit*
Vce 25°C
Symbol Parameter Test Conditions v 54/74HC Unit
BW Maximum On-Channel Bandwidth or | fi, = 1 MHz Sine Wave 45 150 MHz
Minimum Frequency Response Adjust i Voltage to Obtain 0 dBm at Vog 9.0 160
(Figure 5) Increase fiy Frequency Until dB Meter Reads — 3 dB 12.0 160
RL=50Q,C| =10 pF
— Off-Channel Feedthrough Isolation fin = Sine Wave 4.5 -50 dB
(Figure 6) Adjust fi; Voltage to Obtain 0 dBm at V|g 9.0 -50
fin=10kHz, R =600Q, C =50pF [ 12.0 -50
fin=1.0MHz, R_=50Q, C|_ =10 pF 4.5 —-40
9.0 —-40
12.0 —-40
— Feedthrough Noise, Control to Vin = 1 MHz Square Wave (t; = tf = 6 ns) 4.5 60 mVpp
Switch Adjust R|_ at Setup so thatig =0 A 9.0 130
(Figure 7) RL=600%, C_=50pF | 12.0 200
RL=10kQ,C =10pF | 4.5 30
9.0 65
12.0 100
— Crosstalk Between Any Two Switches | fi, = Sine Wave 4.5 -70 dB
(Figure 12) Adjust fj; Voltage to Obtain 0 dBm at V|g 9.0 —-70
fin = 10 kHz, R_=600Q, C|_ =50 pF | 12.0 -70
fin=1.0MHz,R_ =50Q,C| =10pF | 4.5 -80
9.0 —-80
12.0 -80
THD Total Harmonic Distortion fin = 1 kHz, R = 10 kQ, C_= 50 pF %
(Figure 14) THD = THDMeasured ~ THDSource
V|s = 4.0 Vpp sine wave 4.5 0.10
V|s = 8.0 Vpp sine wave 9.0 0.06
V|g = 11.0 Vpp sine wave | 12.0 0.04
* Guaranteed limits not tested. Determined by design and verified by qualification.
High—-Speed CMOS Logic Data 3-647 MOTOROLA
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Figure 1a. Typical On Resistance, Voc =2.0V Figure 1b. Typical On Resistance, Vgc =45V
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Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO GND Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO GND
Figure 1c. Typical On Resistance, Vgc =6.0 V Figure 1d. Typical On Resistance, Vcc =9.0V
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-~ ] PROGRAMMABLE
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°
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Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO GND
Figure 1e. Typical On Resistance, Vcg =12V Figure 2. On Resistance Test Set-Up
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| Voo
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OFF
SELECTED J viL
CONTROL
_LJ 7 INPUT

Figure 3. Maximum Off Channel Leakage Current,
Any One Channel, Test Set-Up

MC54/74HC4066

_T vee
Vee 14
GND
SELECTED J Vi
CONTROL
_[J 7 INPUT

Figure 4. Maximum On Channel Leakage Current,
Test Set-Up

Vech Vos Vis Vcc_? Vos
14 14 T
f I on 1 :
ino— | {_ON | 1+ @ fino—] OFF T &
0.1uF ct 0.1pF C*
]: L METER RL :[ L METER
= —L— = |SELECTED = J:‘
CONTROL
SELECTED u vee INPUT 3
CONTROL
In 7 INPUT 7
*Includes all probe and jig capacitance. *Includes all probe and jig capacitance.
Figure 5. Maximum On-Channel Bandwidth Figure 6. Off-Channel Feedthrough Isolation,
Test Set-Up Test Set-Up
veer vee veer
14
RL RL
Vos
OFF/ON
—
T o cc
SELECTED = ANALOG IN
CONTROL GND
Vin < 1 MHz 1’ INPUT tPLH
tr=tf=6ns =
Vi -
Gﬁg [ LI L controL
ANALOG OUT
*Includes all probe and jig capacitance.
Figure 7. Feedthrough Noise, ON/OFF Control to Figure 8. Propagation Delays, Analog In to
Analog Out, Test Set-Up Analog Out
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SELECTED _1 Voo
CONTROL

_|_— 7 INPUT

*Includes all probe and jig capacitance.

Figure 9. Propagation Delay Test Set-Up
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*Includes all probe and jig capacitance.

Figure 11. Propagation Delay Test Set-Up
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Figure 13. Power Dissipation Capacitance
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Figure 10. Propagation Delay, ON/OFF Control
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*Includes all probe and jig capacitance.

Figure 12. Crosstalk Between Any Two Switches,

Test Set-Up
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Figure 14. Total Harmonic Distortion, Test Set-Up
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Figure 15. Plot, Harmonic Distortion

APPLICATION INFORMATION

The ON/OFF Control pins should be at Vg or GND logic
levels, Vo being recognized as logic high and GND being
recognized as a logic low. Unused analog inputs/outputs
may be left floating (not connected). However, it is advisable
to tie unused analog inputs and outputs to Vgc or GND
through a low value resistor. This minimizes crosstalk and
feedthrough noise that may be picked—up by the unused 1/O
pins.

The maximum analog voltage swings are determined by
the supply voltages Vo and GND. The positive peak analog
voltage should not exceed V. Similarly, the negative peak
analog voltage should not go below GND. In the example

Veg=12V
+12V— ‘ﬂj +12V

ANALOG /0 | ————1 | ANALOG O1 -
0V a— —ov

T_ SELECTED
CONTROL
NPUT - }OTHER CONTROL

INPUTS
7
L

(Vcc OR GND)

Figure 16. 12 V Application

below, the difference between Vo and GND is twelve volts.
Therefore, using the configuration in Figure 16, a maximum
analog signal of twelve volts peak—to—peak can be con-
trolled.

When voltage transients above Vo and/or below GND
are anticipated on the analog channels, external diodes (Dx)
are recommended as shown in Figure 17. These diodes
should be small signal, fast turn—on types able to absorb the
maximum anticipated current surges during clipping. An
alternate method would be to replace the Dx diodes with
MOesorbs (Motorola high current surge protectors).
MOQesorbs are fast turn—on devices ideally suited for precise
DC protection with no inherent wear out mechanism.

Vee _T Vee
Dx 16 Dy
Dy Dx
Vee t B

SELECTED =
| CONTROL
INPUT

7

INPUTS

— } OTHER CONTROL
— ) (vec ORGND)

Figure 17. Transient Suppressor Application
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SIGNALS | —] — J SIGNALS SIGNALS | — — J SIGNALS
iy eiante |
HC4016 ;- HCT ) HC4016
LSTTY BUFFER
5 NMOS | | 5
6 | | controL 12 NS 16 | controL
14 | ¢ INPUTS [N 1a | ¢ weuts
15 . | l/[> I 15 ;
1 R'=2T0 10k 1 T L——2_1 T
a. Using Pull-Up Resistors b. Using HCT Buffer
Figure 18. LSTTL/NMOS to HCMOS Interface
Vpp=5V Voc=5TO12V
|1_3 o1 ANALOG [ ] 14 [\ ANALOG
3 SIGNALS | — — | SIGNALS
_5< HC4016
_7] Mc14504 |2 5
9] 4 6] { CONTROL
11 6 14 INPUTS
14 8 10 15 7
Figure 19. TTL/NMOS-to—-CMOS Level Converter
Analog Signal Peak-to—-Peak Greater than5V
(Also see HC4316)
10F 4
CHANNEL 4 SWITCHES
I
10F4
CHANNEL 3 SWITCHES
T p—— COMMON 110
10F 4
CHANNEL 2 SWITCHES
—
10F4 b— OUTPUT
CHANNEL 1 10F 4
SWITCHES INPUT — oviToHES LF356 OR
EQUIVALENT
0.01 uF
1 2 3 4 I
CONTROL INPUTS ‘ =
Figure 20. 4-Input Multiplexer Figure 21. Sample/Hold Amplifier
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Product Preview
Quad Analog Switch/

Multiplexer/Demultiplexer
High—-Performance Silicon-Gate CMOS

The MC54/74HC4066A utilizes silicon—-gate CMOS technology to
achieve fast propagation delays, low ON resistances, and low OFF-
channel leakage current. This bilateral switch/multiplexer/demultiplexer
controls analog and digital voltages that may vary across the full
power-supply range (from Vg to GND).

The HC4066A is identical in pinout to the metal-gate CMOS MC14016
and MC14066. Each device has four independent switches. The device
has been designed so that the ON resistances (RQN) are much more
linear over input voltage than RopN of metal-gate CMOS analog switches.

This device is identical in both function and pinout to the HC4016A.
The ON/OFF control inputs are compatible with standard CMOS outputs;
with pullup resistors, they are compatible with LSTTL outputs. For analog
switches with voltage—level translators, see the HC4316A.

o Fast Switching and Propagation Speeds

* High ON/OFF Output Voltage Ratio

e Low Crosstalk Between Switches

e Diode Protection on All Inputs/Outputs

* Wide Power-Supply Voltage Range (Vcc — GND) = 2.0 to 12.0 Volts

¢ Analog Input Voltage Range (Vcc — GND) = 2.0 to 12.0 Volts

e Improved Linearity and Lower ON Resistance over Input Voltage than
the MC14016 or MC14066 or HC4016A

* Low Noise

e Chip Complexity: 44 FETs or 11 Equivalent Gates

LOGIC DIAGRAM

XA _1_4.,_ -4-»—2— Ya
AONIOFF CONTROL —2 |
XB 4 > 2 YB
ANALOG
B ONIOFF CONTROL ——————] OUTPUTS/INPUTS
xg -2 — v
conorFcontRoL S|
Xp 11 10 Yp
12
D ONIOFF CONTROL 2| ANALOG INPUTS/OUTPUTS = Xa, XB, XC, XD
PIN 14 = Veg
PIN7 = GND

MC54/74HC4066A

, J SUFFIX
CERAMIC PACKAGE

ii
\
140 CASE 632-08
{
A

s

! CASE 646-06

1
N SUFFIX
PLASTIC PACKAGE
1

D SUFFIX
1® SOIC PACKAGE
1 CASE 751A-03
DT SUFFIX
14 TSSOP PACKAGE
y CASE 948G-01

ORDERING INFORMATION

MC54HCXXXXAJ Ceramic
MC74HCXXXXAN Plastic
MC74HCXXXXAD SOIC
MC74HCXXXXADT TSSOP

PIN ASSIGNMENT

Xall 1@ 14 1 Vee
AONIOFF
vall 2 13 1 coNTROL
D ONIOFF
LR 12 CoNTROL
Xg [ 4 11 Xp
B ON/OFF
conTroL [} 5 100Yp
CONIOFF [] 6 ol
GONTROL | B
N 7 RIS
FUNCTION TABLE
On/Off Control State of
Input Analog Switch
L off
H On

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MC54/74HC4066A

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Vce | Positive DC Supply Voltage (Referenced to GND) —0.5t0+14.0 v circuitry to guard against damage
due to high static voltages or electric
Vis Analog Input Voltage (Referenced to GND) -05to Vo +05 \ fields. However, precautions must
Vin | Digital Input Voltage (Referenced to GND) -05t0Vgc+05| V be taken to avoid applications of any
voltage higher than maximum rated
| DC Current Into or Out of Any Pin +25 mA voltages to this high-impedance cir-
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw cuit. For proper operation, Vi and
SOIC Packaget 500 Vout should be constrained to the
TSSOP Packaget 450 range GND < (Vi or Vout) < Vece.
Unused inputs must always be
Tstg Storage Temperature - 6510+ 150 °C tied to an appropriate logic voltage
TL Lead Temperature, 1 mm from Case for 10 Seconds °C lLe,vel (;..g., elther G‘N!I)D :’JrﬂVcc).
(Plastic DIP, SOIC or TSSOP Package) 260 + Unused outputs must be left open.
(Ceramic DIP) 300 /0 pins must be connected to a
properly terminated line or bus.
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max | Unit
Vce Positive DC Supply Voltage (Referenced to GND) 2.0 12.0 \
Vis Analog Input Voltage (Referenced to GND) GND | Voo \
Vin Digital Input Voltage (Referenced to GND) GND | Voo \
Vio* Static or Dynamic Voltage Across Switch — 1.2 A
TA Operating Temperature, All Package Types -55 |+125| °C
tr tf Input Rise and Fall Time, ON/OFF Control ns
Inputs (Figure 10) Vcc=20V 0 1000
. Vcc=3.0V 0 600
Vec=45V 0 500
Vecc=9.0V 0 400
Vec=120V 0 250

* For voltage drops across the switch greater than 1.2 V (switch on), excessive Vg current may
be drawn; i.e., the current out of the switch may contain both V¢ and switch input components.

The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.
DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Referenced to GND)

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions v 25°C" | <85°C | <125°C | Unit
ViH Minimum High-Level Voltage Ron = Per Spec 2.0 1.5 1.5 1.5 \
ON/OFF Control Inputs 3.0 2.1 2.1 241
4.5 3.15 3.15 3.15
9.0 6.3 6.3 6.3
12.0 8.4 8.4 8.4
ViL Maximum Low-Level Voltage Ron = Per Spec 2.0 0.5 0.5 0.5 \
ON/OFF Control Inputs 3.0 0.9 0.9 0.9
4.5 1.35 1.35 1.35
9.0 27 27 27
12.0 3.6 3.6 3.6
lin Maximum Input Leakage Current | Vin = Vcc or GND 12,0 +0.1 +1.0 +1.0 pnA
ON/OFF Control Inputs
Icc Maximum Quiescent Supply Vin = Vg or GND 6.0 2 20 40 uA
Current (per Package) Vio=0V 12.0 4 40 160

NOTE: Information on typical parametric values can be found in Chapter 2.
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND)

MC54/74HC4066A

Guaranteed Limit
Vee -55to
Symbol Parameter Test Conditions v 25°C < 85°C | =< 125°C | Unit
Ron Maximum “ON" Resistance Vin = VIH 2.0t — - — Q
Vig =V to GND 3.0t — — —
Is = 2.0 mA (Figures 1, 2) 4.5 120 160 200
9.0 70 85 100
12.0 70 85 100
Vin=VIH 2.0 - — —
Vs = V¢ or GND (Endpoints) 3.0 — — —
Is < 2.0 mA (Figures 1, 2) 45 70 85 100
9.0 50 60 80
12.0 30 60 80
ARgp Maximum Difference in “ON” Vin=VIH 2.0 — — — Q
Resistance Between Any Two Vig =1/2 (Vcc - GND) 4.5 20 25 30
Channels in the Same Package [Ig < 2.0mA 9.0 15 20 25
12.0 15 20 25
loff Maximum Off~Channel Leakage | Vin=V|L 12.0 0.1 0.5 1.0 HA
Current, Any One Channel Vio = Ve or GND
Switch Off (Figure 3)
lon Maximum On~Channel Leakage | Vin=V|H 12.0 0.1 0.5 1.0 MA
Current, Any One Channel Vis = Ve or GND
(Figure 4)

1At supply voltage (Vcc) approaching 3 V the analog switch—-on resistance becomes extremely non-linear. Therefore, for low-voltage
operation, it is recommended that these devices only be used to control digital signals.
NOTE: Information on typical parametric values can be found in Chapter 2.

AC ELECTRICAL CHARACTERISTICS (C|_= 50 pF, ON/OFF Control Inputs: t; = t; = 6 ns)

Guaranteed Limit
Vce -55to
Symbol Parameter \ 25°C = 85°C | =125°C | Unit
tPLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 40 50 60 ns
tPHL (Figures 8 and 9) 3.0 30 40 50
4.5 5 7 8
9.0 5 7 8
12.0 5 7 8
tpLZ, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 80 90 110 ns
tPHZ (Figures 10 and 11) 3.0 60 70 80
4.5 20 25 35
9.0 20 25 35
12.0 20 25 35
tpzL Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 80 90 100 ns
tpzH (Figures 10 and 1 1) 3.0 45 50 60
45 20 25 30
9.0 20 25 30
12.0 20 25 30
C Maximum Capacitance ON/OFF Control Input — 10 10 10 pF
Control Input = GND
Analog I/0 _ 35 35 35
Feedthrough — 1.0 1.0 1.0
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.
Typical @ 25°C, Vcc =5.0V
CpD Power Dissipation Capacitance (Per Switch) (Figure 13)* 15 pF

*Used to determine the no~load dynamic power consumption: Pp = Cpp VCCQf +lcc Vec. For load considerations, see Chapter 2.
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MC54/74HC4066A

ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND Unless Noted)

Limit*
Vee 25°C
Symbol Parameter Test Conditions v 54/74HC Unit
BW Maximum On-Channel Bandwidth or | fi = 1 MHz Sine Wave 4.5 150 MHz
Minimum Frequency Response Adjust fi, Voltage to Obtain 0 dBm at Vpog 9.0 160
(Figure 5) Increase fi, Frequency Until dB Meter Reads — 3 dB 12.0 160
R =50Q, C_=10pF
— Off—Channel Feedthrough Isolation fin = Sine Wave 4.5 -50 dB
(Figure 6) Adjust fi; Voltage to Obtain 0 dBm at V|g 9.0 -50
fin=10kHz, R, =600 Q, C_=50pF | 12.0 -50
fin=1.0MHz, R_=509Q,C_=10pF | 45 —-40
9.0 —-40
12.0 —-40
- Feedthrough Noise, Control to Vin = 1 MHz Square Wave (t; = tf = 6 ns) 4.5 60 mVpp
Switch Adjust Ry_at Setup sothatlg=0A 9.0 130
(Figure 7) ‘RL=6009Q,C =50pF | 12.0 200
RL=10kQ, C =10pF | 45 30
9.0 65
12.0 100
— Crosstalk Between Any Two Switches | fi = Sine Wave 4.5 -70 dB
(Figure 12) Adjust fi Voltage to Obtain 0 dBm at V|g 9.0 -70
fin =10 kHz, R_=600Q, C| =50 pF | 12.0 -70
fin=1.0MHz, R_L=50Q,C_=10pF | 45 -80
. 9.0 -80
) 12.0 -80
THD Total Harmonic Distortion fin =1 kHz, R_ = 10 kQ, C|_= 50 pF %
(Figure 14) THD = THDMeasured ~ THDSource
V|s = 4.0 Vpp sine wave 4.5 0.10
Vis = 8.0 Vpp sine wave 9.0 0.06
Vig=11.0 Vpp sinewave | 12.0 0.04

* Guaranteed limits not tested. Determined by design and verified by qualification.
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MC54/74HC4066A

TBD TBD
Figure 1a. Typical On Resistance, Vg =2.0V Figure 1b. Typical On Resistance, Vcc=4.5V
TBD TBD
Figure 1c. Typical On Resistance, Vgc =6.0 V Figure 1d. Typical On Resistance, Vcc =9.0 V
PLOTTER
PROGRAMMABLE —f
TBD POWER <«—>| MINICOMPUTER [«—{ DC ANALYZER
SUPPLY
I ‘ ——— Vce
DEVICE
UNDER TEST
ANALOG IN X COMMON OUT
)y
'l‘ GND
Figure 1e. Typical On Resistance, Vcc =12V Figure 2. On Resistance Test Set-Up
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MC54/74HC4066A

_T Voo
14

OFF

SELECTED J viL
CONTROL

_[- 7 INPUT

Figure 3. Maximum Off Channel Leakage Current,
Any One Channel, Test Set-Up

Veoh VoS
14
fino—] } 'l ON Ir
Ol L. 48
I L METER
L

SELECTED J Ve
CONTROL

_L— 7 INPUT

*Includes all probe and jig capacitance.

Figure 5. Maximum On-Channel Bandwidth

Vee

Vee 14
A ll ON Il N/IC

GND

SELECTED _T ViH
CONTROL

J__ 7 INPUT

Figure 4. Maximum On Channel Leakage Current,

Test Set-Up
Vis Vcc_f Vos
14 T
fino—-l1 - OFF 1T B
01k S ICL METER
= |SELECTED = J:’
CONTROL
INPUT
7

*Includes all probe and jig capacitance.

Figure 6. Off-Channel Feedthrough Isolation,

Test Set-Up Test Set-Up
veer Vee  Voen
14 —T
RL R v
—- 0S
—{ OFF/ON | 's
o —Vee
I
SELECTED = ANALOG IN
CONTROL GND
Vin <1 MHz 1 INPUT tPLH
Voo - tr=ti=6ns =
Gﬁg [ I L controL |
: : . ) ANALOG OUT
*Includes all probe and jig capacitance.
Figure 7. Feedthrough Noise, ON/OFF Control to Figure 8. Propagation Delays, Analog In to
Analog Out, Test Set-Up Analog Out
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MC54/74HC4066A

Vee
14—t
|—| ANALOG IN ANALOGOUT _ TEST CONTROL

—Vee
POINT

GND
cL”
I HIGH
- IMPEDANCE
SELECTED J Vee . 0%
CONTROL ANALOG — VoL
I 7 INPUT ouT zH  tPHz —4 ~
= Y 90% — VOH
50%
*Includes all probe and jig capacitance. :::IS’:DANCE

Figure 9. Propagation Delay Test Set-Up Figure 10. Propagation Delay, ON/OFF Control

to Analog Out

POSITION (1) WHEN TESTING tpyz AND tpzy Vis
(1) &_= POSITION (2) WHEN TESTING tp 7 AND tpz _j Voo
@l : AL h vos
vee fin —4 - on |
Vee | 14 1kQ 0.1 pF R
oz
® TEST | °
{ onviorr } O pONT LOFF 1% 1
® 9 — 1 . Veg OR GND Ao SR —=c
- L : JE
= AL
= $ SELECTED
IL SELECTED CONTROL |y, v
CONTROL NPUT oCr2 ceR
INPUT
; 7
L )

vVeer

*Includes all probe and jig capacitance. *Includes all probe and jig capacitance.

Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches,

Test Set-Up
Vee
Vi
14 ch Vos
NIC f } NC o I
{ OFF/ON | fin 0—| DISTORTION
p S=Cf  METER
L
SELECTED Vecr T
Ini CONTROL SELECTED JVCC
= INPUT 7 CONTROL
L] INPUT
J LI L oworr controL =

*Includes all probe and jig capacitance.

Figure 13. Power Dissipation Capacitance

Figure 14. Total Harmonic Distortion, Test Set-Up
Test Set-Up
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MC54/74HC4066A

[T T © ]
[t~ FUNDAMENTAL FREQUENCY

dBm

1 Loevice”

+- SOURCE

20 3.0

FREQUENCY (kHz)
Figure 15. Plot, Harmonic Distortion

APPLICATION INFORMATION

The ON/OFF Control pins should be at Voc or GND logic
levels, Vo being recognized as logic high and GND being
recognized as a logic low. Unused analog inputs/outputs
may be left floating (not connected). However, it is advisable
to tie unused analog inputs and outputs to Vg or GND
through a low value resistor. This minimizes crosstalk and
feedthrough noise that may be picked-up by the unused I/O
pins.

The maximum analog voltage swings are determined by
the supply voltages Vo and GND. The positive peak analog
voltage should not exceed Vg . Similarly, the negative peak
analog voltage should not go below GND. In the example

JVC(;=12V
4

below, the difference between Vo and GND is twelve volts.
Therefore, using the configuration in Figure 16, a maximum
analog signal of twelve volts peak—to—peak can be con-
trolled.

When voltage transients above Vg and/or below GND
are anticipated on the analog channels, external diodes (Dx)
are recommended as shown in Figure 17. These diodes
should be small signal, fast turn—on types able to absorb the
maximum anticipated current surges during clipping. An
alternate method would be to replace the Dx diodes with
MOesorbs (Motorola high current surge protectors).
MOesorbs are fast turn-on devices ideally suited for precise
DC protection with no inherent wear out mechanism.

Vee _T vee
+12V— ANALOG 110 ANALOG O/l /\/— 12V i -16 >
ovV— — 0V
Dy Dx
L SELECTED Vee = SELECTED =
CONTOL [  OTHERCONTROL L— wour " [y OTHER CoNTROL
— } INPUTS — } INPUTS
_L— 7 — (Vcc OR GND) _L_ 7 (Voc OR GND)
Figure 16. 12 V Application Figure 17. Transient Suppressor Application
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+5V +5V
\
ANALOG [ 14 ANALOG ANALOG f ] 1 ) ANALOG
SIGNALS | — E SIGNALS SIGNALS | —] — [ SIGNALS
P |
R LR LR LR HC4016 i- HCT i HC4016
LSTTU LSTTU BUFFER
NMOS E R 5 NMOS I I 5
6 | | conTROL 127 N6 | | conTroL
14 | ¢ INPUTS INLCT1 1a ] ¢ weuts
15 ; | l/[> I'i5 ,
1 R'=27010kQ T T L——2 ] T
a. Using Pull-Up Resistors . b. Using HCT Buffer
Figure 18. LSTTL/NMOS to HCMOS Interface
Vpp=5V Vee=5TO 12V
i‘% LR ANALOG {: 14 E} ANALOG
_3 SIGNALS | — — | SIGNALS
_5] HC4016
_7| wMciasos |2
9 4 6 { contROL
1 6 14 INPUTS
14 8 10 15 ;
Figure 19. TTL/NMOS-to-CMOS Level Converter
Analog Signal Peak-to-Peak Greater than 5 V
(Also see HC4316A)
10F4
CHANNEL 4 SWITCHES
L
10F4
+ CHANNELS SWITCHES
I —— COMMON /0
10F4
CHANNEL 2 SWITCHES
—
10F 4 b— OUTPUT
CHANNEL 1 10F 4
SWITCHES INPUT — qiTcHES LF356 OR
EQUIVALENT
0.01 uF
1 2 3 4 I
CONTROL INPUTS =
Figure 20. 4-input Multiplexer Figure 21. Sample/Hold Amplifier
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Triple 3-Input OR Gate
High-Performance Silicon-Gate CMOS

The MC74HC4075 is identical in pinout to the MC14075B. The device
inputs are compatible with standard CMOS outputs; with pullup resistors,
they are compatible with LSTTL outputs.
¢ Output Drive Capability: 10 LSTTL Loads
o Outputs Directly Interface to CMOS, NMOS, and TTL
e Operating Voltage Range: 2to 6 V
¢ Low Input Current: 1 pA
o High Noise Immunity Characteristic of CMOS Devices
« In Compliance with the Requirements Defined by JEDEC Standard

No. 7A
e Chip Complexity: 42 FETs or 10.5 Equivalent Gates

LOGIC DIAGRAM

Al
¢ 2
Y
Bz@—-6 Y2 Y=A+B+C
c22
pa
512 10 s
s 18
PIN14=Vce
PIN7=GND
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MC74HC4075

CASE 646-06

A N SUFFIX
1 4}" PLASTIC PACKAGE
1

D SUFFIX
14(& . SOIC PACKAGE

1 CASE 751A-03

ORDERING INFORMATION

MC74HCXXXXN Plastic
MC74HCXXXXD SOIC

PIN ASSIGNMENT
Al 1e 14 [1vee
B1 ﬂ 2 13fcs
A3 12 [1B3
B2 4 111 A3
c2ll 5 10[v3
Y2 6 91y
GND [ 7 gfct
FUNCTION TABLE
Inputs Output
A B c Y
L L L L
H X X H
X H X H
X X H H
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MC74HC4075

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vce | DC Supply Voltage (Referenced to GND) —051t0+7.0 v cireuitry to guard against damage

. due to high static voltages or electric

Vin DC Input Voltage (Referenced to GND) ~-15toVec+15| V fields. However, precautions must
Vout DC Output Voltage (Referenced to GND) -05toVec+05| V be taken to avoid applications of any

voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high—-impedance cir-
cuit. For proper operation, Vi, and

lout | DC Output Current, per Pin £25 mA Vout should be constrained to the
Icc DC Supply Current, Vo and GND Pins +50 mA range GND = (Vi or Vout) = Vce-
i " Unused inputs must always be
Pp Power Dissipation in Still Air So]gl:stlclePT 758 mwW tied to an appropriate logic voltage
ackagef 50 level (e.g. either GND or Vgg).
Tetg | Storage Temperature - 6510 + 150 °C Unused outputs must be left open.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vee DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin: Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \
Ta Operating Temperature, All Package Types -55 |+125 | °C
tr b Input Rise and Fall Time Vcc =20V 0 1000 | ns
(Figure 1) Vec=45V| 0 500
Vcc=6.0V | 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee -55to
Symbol Parameter Test Conditions v 25°C < 85°C | =125°C | Unit
VIH Minimum High-Level Input Vout=0.1VorVgc—-0.1V 2.0 1.5 15 1.5 \
Voltage llout! = 20 pA 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVgc-0.1V 2.0 0.3 0.3 0.3 \
Voltage llout! = 20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH Minimum High-Level Output Vin=Vig or V| 2.0 1.9 1.9 1.9 \
Voltage llout! = 20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=VigorVi llgytt = 40mA | 45 3.98 3.84 3.70
lloutt =5.2mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin = V|4 or Vi 2.0 0.1 0.1 0.1 \
Voltage lloutl = 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorV|L ligytl = 40mA | 45 0.26 0.33 0.40
lloutl = 52mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vi = Vo or GND 6.0 +0.1 +1.0 +1.0 uA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 2 20 40 pA
Current (per Package) lout =0 pA
NOTE: Information on typical parametric values can be found in Chapter 2.
High—Speed CMOS Logic Data 3-663 MOTOROLA
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MC74HC4075

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = t; = 6 ns)

Guaranteed Limit
Vee -55t0
Symbol Parameter v 25°C < 85°C | =125°C | Unit

tPLH, Maximum Propagation Delay, Input A, B, or C to Output Y 2.0 115 145 175 ns
tPHL (Figures 1 and 2) 4.5 23 29 35
6.0 20 25 30

tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19

Cin Maximum Input Capacitance — 10 10 10 pF

NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.

Typical @ 25°C,Vgc=5.0V

Cpp Power Dissipation Capacitance (Per Gate)* 26 pF

*Used to determine the no-load dynamic power consumption: Pp = Cpp Vc2f + Igc Vog. For load considerations, see Chapter 2.

TEST POINT

OUTPUT
DEVICE
UNDER

TEST I o

* Includes all probe and jig capacitance

tTLH THL

Figure 1. Switching Waveforms Figure 2. Test Circuit

EXPANDED LOGIC DIAGRAM

(1/3 of the Device)
A
B
Y
C
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8-Input NOR/OR Gate
High—-Performance Silicon-Gate CMOS

The MC74HC4078 is similar to the CD4078B metal-gate CMOS device.
The device inputs are compatible with standard CMOS outputs; with pullup
resistors, they are compatible with LSTTL outputs.

o Output Drive Capability: 10 LSTTL Loads

¢ OQutputs Directly Interface to CMOS, NMOS, and TTL

e Operating Voltage Range: 2to 6 V

e Low Input Current: 1 pA

¢ High Noise Immunity Characteristic of CMOS Devices

¢ In Compliance with the Requirements Defined by JEDEC Standard
No. 7A

o Chip Complexity: 30 FETs or 7.5 Equivalent Gates

LOGIC DIAGRAM

ITOTMMOOm™ >

Y=A+B+C+D+E+F+G+H
X=A+B+C+D+E+F+G+H

PIN 14 =Vgo
PIN 7 =GND
PINS 6, 8 = NO CONNECTION
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MC74HC4078

CASE 646-06

, N SUFFIX
14]'~ PLASTIC PACKAGE
1

D SUFFIX
1 SOIC PACKAGE
1 CASE 751A-03

ORDERING INFORMATION

MC74HCXXXXN Plastic
MC74HCXXXXD SOiC

PIN ASSIGNMENT

xQ1e 14 Voo
Afl2 130y

Bl 3 121H

cf4 115@

Dl s 10[F

NC [l 6 9flE

GND [ 7 g [INC

NC = NO CONNECTION

FUNCTION TABLE
Outputs
Inputs A through H Y X
All Inputs L H L
All Other Combinations L H
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MC74HC4078

MAXIMUM RATINGS*

Symbol Parameter . Value Unit This device contains protection
Vcc | DC Supply Voltage (Referenced to GND) -0.5t0+7.0 Y cireuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVgc+15| V fields. However, precautions must
be taken to avoid applications of any
R D —0.5t0V, . \
Vout DC Output Voltage (Referenced to GND) 0.5to Vge + 0.5 voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high~impedance cir-
- cuit. For proper operation, Vi and
lout DC Output Current, per Pin +25 mA Vout should be constrained to the
Icc DC Supply Current, Vo and GND Pins +50 mA range GND =< (Vi or Vout) < Vce.
o ol AL " Unused inputs must always be
Pp Power Dissipation in Still Air OIZI?“CkDIPT 750 mwW tied to an appropriate logic voltage
SOIC Packaget 500 level (e.g., either GND or VGQ).
Tstg | Storage Temperature - 65to + 150 °C Unused outputs must be left open.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max | Unit
Vce DC Supply Voltage (Referenced to GND) 2.0 6.0 \"
Vin, Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee \
TA Operating Temperature, All Package Types -55 |+125 | °C
tr, tf Input Rise and Fall Time Vcc=2.0V 0 1000 | ns
(Figure 1) Vcc=45V 0 500
Vcc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vece -55to
Symbol Parameter Test Conditions v 25°C < 85°C | =125°C | Unit
VIH Minimum High-Level Input Vout=0.1VorVgc-01V 2.0 1.5 1.5 1.5 \
Voltage llout! = 20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
VL Maximum Low-Level Input Vout=0.1VorVcc—-0.1V 2.0 0.3 0.3 0.3 \
Voltage lloutl = 20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH Minimum High-Level Output Vin=V|HorV|L 2.0 1.9 1.9 1.9 \
Voltage llout! = 20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViHor ViL llgytl = 40mA 4.5 3.98 3.84 3.70
llout! = 5.2mA 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin=ViHorV|L 2.0 0.1 0.1 0.1 \
Voltage ) llout! = 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIHorViL llgytl = 4.0 mA 4.5 0.26 0.33 0.40
lioyt! = 5.2 mA 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Voc or GND 6.0 +0.1 +1.0 +1.0 uA
Icc Maximum Quiescent Supply Vin =Vcgc or GND 6.0 2 20 40 pA
Current (per Package) lout =0 pnA

NOTE: Information on typical parametric values can be found in Chapter 2.
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MC74HC4078

AC ELECTRICAL CHARACTERISTICS (C| = 50 pF, Input t, = t; = 6 ns)

Guaranteed Limit
Vce -55to
Symbol Parameter v 25°C < 85°C | =125°C | Unit
tPLH: Maximum Propagation Delay, Any Input to Output Y 2.0 130 165 195 ns
tPHL (Figures 1 and 3) 4.5 26 33 39
6.0 22 28 33
tPLH: Maximum Propagation Delay, Any Input to Output X 2.0 140 175 210 ns
tPHL (Figures 2 and 3) 4.5 28 35 42
6.0 24 30 36
tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1, 2, and 3) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values ran be found in Chapter 2.
Typical @ 25°C,Vcc=5.0V
Cpp Power Dissipation Capacitance (Per {Package)* 29 pF

*Used to determine the no-load dynamic power consumption: Pp = Cpp Vcc2f + Icc Ve For load considerations, see Chapter 2.

SWITCHING WAVEFORMS

—Vce
GND ANY INPUT

ANY INPUT

OUTPUTY OUTPUT X . 50%

tTHL tTLH

tTHL

Figure 1. Figure 2.

TEST POINT
OUTPUT
DEVICE
UNDER .
TEST I CL

* Includes all probe and jig capacitance

Figure 3. Test Circuit
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EXPANDED LOGIC DIAGRAM

C
D : 13
Y
E 9
F 10 1
X
G 1
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Quad Analog Switch/
Multiplexer/Demultiplexer with
Separate Analog and Digital

Power Supplies
High—Performance Silicon—Gate CMOS

The MC74HC4316 utilizes silicon—gate CMOS technology to achieve fast
propagation delays, low ON resistances, and low OFF~channel leakage
current. This bilateral switch/multiplexer/demultiplexer controls analog and
digital voltages that may vary across the full analog power—supply range
(from Vg to VEE).

The HC4316 is similar in function to the metal-gate CMOS MC14016 and
MC14066, and to the High—Speed CMOS HC4016 and HC4066. Each
device has four independent switches. The device control and Enable inputs
are compatible with standard CMOS outputs; with pullup resistors, they are
compatible with LSTTL outputs. The device has been designed so that the
ON resistances (RoN) are much more linear over input voltage than Rop of
metal-gate CMOS analog switches. Logic-level translators are provided so
that the On/Off Control and Enable logic-level voltages need only be Voo
and GND, while the switch is passing signals ranging between Vcc and VEE.
When the Enable pin (active—low) is high, all four analog switches are turned
off.

Logic—-Level Translator for On/Off Control and Enable Inputs

Fast Switching and Propagation Speeds

High ON/OFF Output Voltage Ratio

Diode Protection on All Inputs/Outputs

Analog Power—Supply Voltage Range (Vcc — VEE) = 2.0 to 12.0 Volts

« Digital (Control) Power-Supply Voltage Range (Voc — GND) = 2.0 to
6.0 Volts, Independent of VEE

o Improved Linearity of ON Resistance

e Chip Complexity: 66 FETs or 16.5 Equivalent Gates

LOGIC DIAGRAM

1 ANALOG 2
*a SWITCH YA
A ON/IOFF CONTROL 2 LEVEL
__d TRANSLATOR
4 ANALOG 3
Xs SWITCH '8
B ON/OFF CONTROL — LEVEL | ANALOG
TRANSLATOR OUTPUTS/INPUTS
w10 — [anaLoG 1y,
v SWITCH Cl PINte=Vce
6 PIN8=GND
C ON/OFF CONTROL L_c LEVEL | I PIN9 = VEE
TRANSLATOR GND > VEg
¥ 13 e |Aaoel 2
D SWITCH D
D ON/OFF CONTROL 4 LEVEL

ENABLE —L4—d TRANSLATOR |

ANALOG INPUTS/OUTPUTS = Xa, Xg, XC, XD

10/95

MC74HC4316

" N SUFFIX
6l PLASTIC PACKAGE
CASE 648-08
1
D SUFFIX
16 \ﬁ SOIC PACKAGE
1 CASE 751B-05

ORDERING INFORMATION

MC74HCXXXXN Plastic
MC74HCXXXXD SOIC

PIN ASSIGNMENT
Xal[l1e 16 [1 Voo
LRI o 4
D ON/OFF
Yal}s 14 conTRoL
xg [ 4 13 1 Xp
B ON/OFF
conTroL [ § 120Yp
C ON/OFF
controL & ve
ENABLE (] 7 10 [1 Xc
GND ] 8 91 VEg
FUNCTION TABLE
Inputs State of
On/Off Analog
Enable [ Control Switch
L H On
L L Off
H X Off
X =don't care
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MC74HC4316

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Vo | Positive DC Supply Voltage (Ref.to GND) | —05t0o+7.0 v circuitry to guard against damage
(Ref.to VEE) | —0.5t0 +14.0 due to high static voltages or electric
: : fields. However, precautions must
VEE Negative DC Supply Voltage (Ref. to GND) -7.0t0o+0.5 \ be taken to avoid applications of any
Vis Analog Input Voltage VEE- 05 v voltage higher than maximum rated

voltages to this high-impedance cir-
cuit. For proper operation, Vi and
Vin DC Input Voltage (Ref. to GND) -15toVpoo+15| V Vout should be constrained to the
range GND = (Vj, or Vout) = Ve

toVcc +0.5

| DC Current Into or Out of Any Pin +25 mA Unused inputs must always be
Pp Power Dissipation in Still Air Plastic DIPt 750 mw tied to an app_ropriate logic voltage
SOIC Packaget 500 level (e.g., either GND or Vgg).
Unused outputs must be left open.
Tstg | Storage Temperature —65to + 150 °C /O pins must be connected to a
TL | Lead Temperature, 1 mm from Case for 10 Seconds °C properly terminated line or bus.
(Plastic DIP or SOIC Package) 260

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
VCQ Positive DC Supply Voltage (Ref. to GND) 2.0 6.0 \
VEE Negative DC Supply Voltage (Ref. to GND) -6.0 | GND \
Vis Analog Input Voltage VEe | Vcc \

Vin Digital Input Volitage (Ref. to GND) GND | Ve \
Vio* Static or Dynamic Voltage Across Switch — 1.2 \
TA Operating Temperature, All Package Types -55 |+1256 | °C
tr, tf Input Rise and Fall Time Vcc=20V 0 1000 | ns
(Control or Enable Inputs) Vecc=45V 0 500
(Figure 10) Vec=6.0V 0 400

* For voltage drops across the switch greater than 1.2 V (switch on), excessive VG current may
be drawn;i.e., the current out of the switch may contain both Vo and switch input components.
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEE = GND Except Where Noted

Guaranteed Limit
Vee -55t0
Symbol Parameter Test Conditions v 25°C < 85°C | =125°C | Unit
VIH Minimum High~Level Voltage, Ron = Per Spec 2.0 1.5 | 1.5 1.5 \
Control or Enable Inputs 4.5 3.156 3.156 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Voltage, Ron = Per Spec 2.0 0.3 0.3 0.3 \
Control or Enable Inputs 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
lin Maximum Input Leakage Vin = Vcc or GND 6.0 +0.1 +1.0 +1.0 uA
Current, Control or Enable VEE=-6.0V
Inputs
Icc Maximum Quiescent Supply Vin =Vcc or GND uA
Current (per Package) Vio=0V VEE = GND 6.0 2 20 40
VEg=-6.0 6.0 8 80 160
NOTE: Information on typical parametric values can be found in Chapter 2.
MOTOROLA 3-670 High—-Speed CMOS Logic Data
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to VEE)

MC74HC4316

Guaranteed Limit
Vee | VEE -55to0
Symbol Parameter Test Conditions v v 25°C =< 85°C | = 125°C | Unit
Ron Maximum “ON” Resistance Vin=VIH 2.0* 0.0 — — — Q
Vis =V to VEE 45 0.0 210 230 250
Is < 2.0 mA (Figures 1, 2) 45 | —-45 95 105 110
60 | —-6.0 75 85 90
Vin=VIH 2.0 0.0 — — —
V|s = Vg or VEE (Endpoints) | 4.5 0.0 100 110 130
Ig = 2.0 mA (Figures 1, 2) 45 | —-45 80 90 100
6.0 | -6.0 70 80 90
ARpp | Maximum Difference in “ON” Vin=VIH 2.0 0.0 — — — Q
Resistance Between Any Two Vis =12 (Vcc — VEE) 45 0.0 20 30 40
Channels in the Same Package |Ig < 2.0mA 45 | -45 15 25 30
6.0 | -6.0 10 20 25
loff Maximum Off~Channel Leakage | Vi = V)L 6.0 -6.0 0.1 0.5 1.0 uA
Current, Any One Channel Vio=Vccor VEE
Switch Off (Figure 3)
lon Maximum On-Channel Leakage | Vin = VIH 6.0 -6.0 0.1 0.5 1.0 A
Current, Any One Channel Vis=Vggor VEE
(Figure 4)

* At supply voltage (Vo — VEE) approaching 2 V the analog switch—on resistance becomes extremely non-linear. Therefore, for low-voltage

operation, it is recommended that these devices only be used to control digital signals.

NOTE: Information on typical parametric values can be found in Chapter 2.

AC ELECTRICAL CHARACTERISTICS (C|_= 50 pF, Control or Enable t; = t = 6 ns, VEg = GND)

Guaranteed Limit
Vee -55to
Symbol Parameter v 25°C < 85°C | = 125°C | Unit
tPLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 50 75 90 ns
tPHL (Figures 8 and 9) 4.5 10 15 18
6.0 10 13 15
tpLz, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 250 312 375 ns
tpHZ (Figures 10 and 11) 4.5 50 63 75
6.0 43 54 64
tpzL, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 185 220 265 ns
tpzH (Figures 10 and 11) 4.5 53 66 75
6.0 45 56 68
Cc Maximum Capacitance ON/OFF Control — 10 10 10 pF
and Enable Inputs
Control Input = GND
Analog I/O — 35 35 35
Feedthrough — 1.0 1.0 1.0
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.
Typical @ 25°C, Vcg=5.0V
Cpp Power Dissipation Capacitance (Per Switch) (Figure 13)* 15 pF

* Used to determine the no-load dynamic power consumption: Pp = Cpp Vccef +Icc Vei. For load considerations, see Chapter 2.

High-Speed CMOS Logic Data
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MC74HC4316

ADDITIONAL APPLICATION CHARACTERISTICS (GND=0V)

Vee VEE Limit*
Symbol Parameter Test Conditions v v 25°C Unit
BW Maximum On—Channel Bandwidth or | fin = 1 MHz Sine Wave 2.25 -225 150 MHz
Minimum Frequency Response Adjust fi, Voltage to Obtain 0 dBm at Vog 4.50 —4.50 160
(Figure 5) Increase fi, Frequency Until dB Meter 6.00 -6.00 160
Reads — 3 dB RL=50Q, C =10 pF
— Off—Channel Feedthrough Isolation | fi, = Sine Wave 225 | -225 | -50 dB
(Figure 6) Adjust fin Voltage to Obtain 0 dBm at V|g 4.50 -4.50 -50
fin=10kHz, R_=600Q,C_=50pF | 6.00 | -6.00 | —50
fin=1.0MHz,R_ =50Q,C_ =10pF | 225 | —225 | -40
450 | -4.50 —-40
6.00 | —6.00 —-40
- Feedthrough Noise, Control to Vin = 1 MHz Square Wave (t; = tf = 6 ns) 2.25 -2.25 60 mVpp
Switch Adjust R|_at Setup so thatlg =0 A 4.50 -4.50 130
(Figure 7) RL=600Q,C_=50pF [ 6.00 | -6.00 [ 200
RL=10kQ, C_=10pF | 225 | -2.25 30
4.50 -4.50 65
6.00 —-6.00 100
— Crosstalk Between Any Two fin = Sine Wave 225 | -225 -70 dB
Switches Adjust fi, Voltage to Obtain 0 dBm at V|g 450 | —450 | -70
(Figure 12) fin=10kHz, R_=600Q, C =50pF | 6.00 | -6.00 | -70
fin=1.0MHz, R =50Q,C__=10pF | 2.25 | -2.25 | -80
4.50 —4.50 - 80
6.00 —6.00 -80
THD Total Harmonic Distortion fin = 1 kHz, R =10 kQ, C|_= 50 pF %
(Figure 14) THD = THDMeasured — THDSource
Vis=4.0Vppsinewave | 225 | -225 | 0.10
Vis = 8.0 Vpp sine wave | 4.50 —~4.50 0.06
Vis = 11.0 Vpp sine wave | 6.00 -6.00 0.04

* Limits not tested. Determined by design and verified by qualification.
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3000 T 300
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0 025 050 075 100 125 15 175 200 0 05 10 15 20 25 30 35 40 45
Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO VEE Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO VEg
Figure 1a. Typical On Resistance, Figure 1b. Typical On Resistance,
Vcc-VEE=20V Vec-VEE=45V
160 120
140
— . . 100
2 120 125°C L~ @
I T
3 VTN S g 125 _ N
g SZAND g S
=z =
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Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO VEg Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO Vg
Figure 1c. Typical On Resistance, Figure 1d. Typical On Resistance,
Vcc-VEE=6.0V Vcc-VEE=9.0V
80 , PLOTTER
70 125°C N
g 60 \‘ PROGRAMMABLE ¢
T L~ N
e o —~—T1 =C | N POWER MINI COMPUTER | DC ANALYZER
8 = 7 ~ SUPPLY
E o — N H v
2 = ——*>Vce
7] — I~~~
R e — DEVICE
F T UNDER TEST
; 2
&
10 ANALOG IN > COMMON OUT
d
0 B
0 10 20 30 40 50 60 7.0 80 9.0 10.0 11.0 120 __L ano Vv
Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO VEE - EE
Figure 1e. Typical On Resistance, Figure 2. On Resistance Test Set-Up
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VCCLT\F
L,

16 J Vee

VEE
Vee A [ OFF | ol
iL
7 SELECTED _T
8  CONTROL
9 INPUT

VEEY =

Figure 3. Maximum Off Channel Leakage Current,
Any One Channel, Test Set-Up

VCC_T Vee
16 R TOdB
fin o—{ ——{_on_} O METER
0.1 uF AL :|: o’
g SELECTED _T
CONTROL

INPUT

VEEV =
*Includes all probe and jig capacitance.

Figure 5. Maximum On-Channel Bandwidth
Test Set-Up

- _1 Vee

TEST .
ON/OFF
o] 0 Jonn

R C
- ‘ L I L
8
g SELECTED| —= =

CONTROL

VEEY = INPUT
I | | | CONTROL |

*Includes all probe and jig capacitance.

Figure 7. Feedthrough Noise, Control to Analog Out,
Test Set-Up

Veo 16 —-t Vee
— NC
VEErj

VIH

7 SELECTED __T

8  CONTROL
INPUT

VEEY =

Figure 4. Maximum On Channel Leakage Current,

Test Set-Up
Vis
Vee
16
fn o] _o Tods
in OFF T ©veTer
01uF SR RL ICL’
7 SELECTED
CONTROL
INPUT l
VEEY = =

*Includes all probe and jig capacitance.

Figure 6. Off~Channel Feedthrough Isolation,
Test Set-Up

ANALOG IN

tPLH

ANALOG OUT

Figure 8. Propagation Delays, Analog In to
Analog Out

MOTOROLA

High—Speed CMOS Logic Data
DL129 — Rev 6



MC74HC4316

16 —T o

ld—tr e— 1
| I | | ANALOG I/0 ,—ON——l ANALQG (o]} TEST ENABLE _.I Vee
| I | l POINT 50%
: I 50 pF* CONTROL GND
— 1 t -
. = PZL PLZ HIGH
: Sgéﬁ?;g? j Voo 50% IMPEDANCE
10% — V.
9 INPUT ANA;%? ez Pz Yo
= 90%— VOH
- 50% HIGH
*Includes all probe and jig capacitance. IMPEDANCE
Figure 9. Propagation Delay Test Set-Up Figure 10. Propagation Delay, ON/OFF Control
to Analog Out
POSITION (1) WHEN TESTING tppz AND tpzH Vis
® l:-l; POSITION (2) WHEN TESTING tp|7 AND tpz_ T A Voo
RL ’_t
@ | Vc(j fin — FWA— 18 RL
@ ' [V
[Py TEST =2 [ ANALOG IO
® { ON/OFF | T O pOINT i l:
j- 50 pF* OFF TEST
= T POINT
CONTROL = *
= o HL CL
_OR___ | - 7 Ve
8 = =
ENABLE 9 SELECTED _T - -
8 l 1 CONTROL
9 VEE = INPUT
*Includes all probe and jig capacitance. *Includes all probe and jig capacitance.
Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches,
Test Set-Up (Adjacent Channels Used)
Vee
Vis
16 Ve Vos
16 uF 16
ovore 1 T0
NIC { onvorF | NG fin o—] DISTORTION
RL o=C_*  METER
7 — —
8 SELECTED 7 - -
9  CONTROL 8 SELECTED _T vee
VEE - INPUT 9 CONTROL
Vi INPUT
J LI L controL EE =
*Includes all probe and jig capacitance.
Figure 13. Power Dissipation Capacitance Figure 14. Total Harmonic Distortion, Test Set-Up
Test Set-Up
High-Speed CMOS Logic Data 3-675 MOTOROLA

DL129 — Rev 6




MC74HC4316
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DEVICE
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Figure 15. Plot, Harmonic Distortion

APPLICATION INFORMATION

The Enable and Control pins should be at Vcc or GND
logic levels, V¢ being recognized as logic high and GND
being recognized as a logic low. Unused analog inputs/out-
puts may be left floating (not connected). However, it is ad-
visable to tie unused analog inputs and outputs to Vgc or
VEE through a low value resistor. This minimizes crosstalk
and feedthrough noise that may be picked up by the unused
1/O pins.

The maximum analog voltage swings are determined by
the supply voltages V¢ and VEE. The positive peak analog
voltage should not exceed V. Similarly, the negative peak
analog voltage should not go below VEE. In the example

below, the difference between V¢ and VEE is twelve volts.
Therefore, using the configuration in Figure 16, a maximum
analog signal of twelve volts peak—to—peak can be con-
trolled.

When voltage transients above V¢ and/or below VEE are
anticipated on the analog channels, external diodes (Dx) are
recommended as shown in Figure 17. These diodes should
be small signal, fast turn—-on types able to absorb the maxi-
mum anticipated current surges during clipping. An alternate
method would be to replace the Dx diodes with MOesorbs
(Motorola high current surge protectors). MOesorbs are fast
turn—on devices ideally suited for precise dc protection with
no inherent wear out mechanism.

J Veg=6V Vee —T Vee
+6V— ANALOG /0 " Tanaogon — 6V 5 1t o
{or e Oy W
— ON
-6V— — -6V o, & Vee D
X SELECTED X
+6V L SELECTED L CONTROL Vee
CONTROL Vee INPUT
INPUT" 1~ 1 ENABLE CONTROL <—VEE L — ) ENABLE CONTROL
VEE — INPUTS — INPUTS
8 ] (VccORGND) — ] (ccoranD)
-ev[ L L
Figure 16. Figure 17. Transient Suppressor Application
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ANALOG [ ]
SIGNALS | —]

HC4316

ENABLE
AND
CONTROL g
INPUTS

+5V
| ANALOG ANALOG [ —] 16 ) ANALOG
— SIGNALS SIGNALS — — J SIGNALS
hypeiaa |
HCT
VEg =0 | gt I HC4016 VEE=0
TO-6V [ | TO-6V

LSTTL —|_[>[<|.—5
| NMOS | 6 { | conTROL
|

|
| 14 |¢ INPUTS 9
|

_l_ R*=2TO10kQ

I

a. Using Pull-Up Resistors

$7.
-||—\,

1 L~ 1

b. Using HCT Buffer

Figure 18. LSTTL/NMOS to HCMOS Interface

Veg=12V
12V Ri
POWER GND=6V
SUPPLY R =
2
VEE=0V
R1=Ro
Vee
ANALOG ANALOG
INPUT Rs QUTPUT
"y SIGNAL |, 10F4 SIGNAL AN
PP 1 SWITCHES \VAR
C 3R
R1=Ro
VEE Ra=Ra
Figure 19. Switching a 0-to-12 V Signal Using a
Single Power Supply (GND =0 V)
10F4
CHANNEL 4 SWITCHES
1
10F4
CHANNEL 3 SWITCHES
L p—— COMMON 1/0
10F4
CHANNEL 2 SWITCHES
 —
1 OF 4 — OUTPUT
CHANNEL 1 10F4
SWITCHES INPUT —— SWITCHES LF356 OR
EQUIVALENT
0.01 uF
1 2 3 4 I
CONTROL INPUTS =
Figure 20. 4-Input Multiplexer Figure 21. Sample/Hold Amplifier
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Product Preview

Quad Analog Switch/
Multiplexer/Demultiplexer with
Separate Analog and Digital

Power Supplies
High—Performance Silicon-Gate CMOS

The MC74HC4316A utilizes silicon—gate CMOS technology to achieve
fast propagation delays, low ON resistances, and low OFF-channel leakage
current. This bilateral switch/multiplexer/demultiplexer controls analog and
digital voltages that may vary across the full analog power—supply range
(from Vo to VEE).

The HC4316A is similar in function to the metal-gate CMOS MC14016
and MC14066, and to the High—-Speed CMOS HC4016A and HC4066A.
Each device has four independent switches. The device control and Enable
inputs are compatible with standard CMOS outputs; with pullup resistors,
they are compatible with LSTTL outputs. The device has been designed so
that the ON resistances (RQpN) are much more linear over input voltage than
RON of metal-gate CMOS analog switches. Logic—level translators are
provided so that the On/Off Control and Enable logic-level voltages need
only be Vg and GND, while the switch is passing signals ranging between
Vg and VEg. When the Enable pin (active—low) is high, all four analog
switches are turned off.

+ Logic—Level Translator for On/Off Control and Enable Inputs

« Fast Switching and Propagation Speeds

High ON/OFF Output Voltage Ratio

Diode Protection on All Inputs/Outputs

Analog Power-Supply Voltage Range (Vcc — VEE) = 2.0 to 12.0 Volts

« Digital (Control) Power—Supply Voltage Range (Vcc — GND) = 2.0 to
6.0 Volts, Independent of VEE

¢ Improved Linearity of ON Resistance

e Chip Complexity: 66 FETs or 16.5 Equivalent Gates

L]
L]

LOGIC DIAGRAM

iy ANALOG 2y
A SWITCH A
A ONIOFF CONTROL 2>——{ ™ (EveL |
o TRANSLATOR
o 4 _ | AnaLog) 3y
8 swTcH[ = B
B ON/OFF CONTROL — LEVEL [ ANALOG
L TRANSLATOR OUTPUTS/INPUTS
o 20 | Anaos] 1
C SWITCH Cl PN16=Vee
6 PIN8 = GND
C ON/OFF CONTROL LEVEL | PING < Vg
| TRANSLATOR GND > Vg
o 13 < AaoG| 12
0 SWITCH D
D ONIOFF CONTROL 4 LEVEL |
ENABLE —Z4—q TRANSLATOR

ANALOG INPUTS/OUTPUTS = Xp, XB, X, XD

MC74HC4316A

A

s
-

N SUFFIX
PLASTIC PACKAGE
CASE 648-08

D SUFFIX
SOIC PACKAGE
CASE 751B-05

DT SUFFIX
TSSOP PACKAGE
CASE 948G-01

14

ORDERING INFORMATION

MC74HCXXXXAN Plastic
MC74HCXXXXAD SOIC
MC74HCXXXXADT TSSOP
PIN ASSIGNMENT
Xall 1o 16 [1 Voo
wie  higue
7 3 14 [} D ON/OFF
B H ConTROL
X8 d 4 13 [1Xp
B ON/IOFF
conTroL [ 5 2 1%
C ON/OFF
CONTHOLﬁ 6 fnpYe
ENABLE [] 7 10 H Xc
GND[| 8 9 [ Vge
FUNCTION TABLE
Inputs State of
On/Off Analog
Enable | Control | Switch
L H On
L L Off
H X Off

X =don’t care

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MAXIMUM RATINGS*

MC74HC4316A

Symbol Parameter Value Unit
Vee Positive DC Supply Voltage (Ref. to GND) -05t0+7.0 \
(Ref.to VEg) [ —-0.5to+14.0
VEE Negative DC Supply Voltage (Ref. to GND) —7.0to+0.5 \
Vis Analog Input Voltage VEE-0.5
toVec +0.5
Vin DC Input Voltage (Ref. to GND) -05t0Vgcc+05 | V
| DC Current Into or Out of Any Pin +25 mA
Pp Power Dissipation in Still Air Plastic DIP{ 750 mwW
SOIC Packaget 500
TSSOP Packaget 450
Tstg Storage Temperature —65to+ 150 °C
T Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP, SOIC or TSSOP Package) 260
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max | Unit
Vce Positive DC Supply Voltage (Ref. to GND) 2.0 6.0 \
VEE Negative DC Supply Voltage (Ref. to GND) -6.0 | GND )
Vis Analog Input Voltage VEE | Vce \
Vin Digital Input Voltage (Ref. to GND) GND | Voo \
Vio* Static or Dynamic Voltage Across Switch — 1.2 \
TA Operating Temperature, All Package Types -55 |+125 | °C
tr b Input Rise and Fall Time Vec=20V 0 1000 | ns
(Control or Enable Inputs) Vecc=3.0V 0 600
(Figure 10) Vec=45V 0 500
Vcc=6.0V 0 400

* For voltage drops across the switch greater than 1.2 V (switch on), excessive Vo current may
be drawn; i.e., the current out of the switch may contain both V¢ and switch input components.

The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEE = GND Except Where Noted

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high-impedance cir-
cuit. For proper operation, Vi, and
Vout should be constrained to the
range GND = (Vi or Vout) = V.

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or V).
Unused outputs must be left open.
/0 pins must be connected to a
properly terminated line or bus.

Guaranteed Limit
Vee -55to
Symbol Parameter Test Conditions v 25°C <85°C | =125°C | Unit
VIH Minimum High-Level Voltage, Ron = Per Spec 2.0 1.5 15 1.5 \
Control or Enable Inputs 3.0 21 21 2.1
4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Voltage, Ron = Per Spec 2.0 0.5 0.5 0.5 \
Control or Enable Inputs 3.0 0.9 0.9 0.9
4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
lin Maximum Input Leakage Vin = Ve or GND 6.0 +0.1 +1.0 +1.0 nA
Current, Control or Enable VEE=-6.0V
Inputs
Icc Maximum Quiescent Supply Vin =Vcg or GND HA
Current (per Package) Vio=0V VEg = GND 6.0 2 20 40
VEE=-6.0 6.0 4 40 160
NOTE: Information on typical parametric values can be found in Chapter 2.
High-Speed CMOS Logic Data 3-679 MOTOROLA
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MC74HC4316A

DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to VEE)

Guaranteed Limit
Vee | VEE -55to
Symbol Parameter Test Conditions v v 25°C < 85°C | < 125°C | Unit
Ron Maximum “ON” Resistance Vin=VIH 2.0" 0.0 — — — Q
Vis = Vge to VEE 45 0.0 160 200 240
Is < 2.0 mA (Figures 1, 2) 45 | -45 90 110 130
6.0 -6.0 90 110 130
Vin=VIH 2.0 0.0 — — —
Vis =Vgc or VEE (Endpoints) | 4.5 0.0 90 115 140
Ig < 2.0 mA (Figures 1, 2) 4.5 -45 70 90 105
6.0 -6.0 70 90 105
ARgp | Maximum Difference in “ON” Vin=VIH 2.0 0.0 — —_ —_ Q
Resistance Between Any Two Vig=1/2(Vcc — VEE) 4.5 0.0 20 25 30
Channels in the Same Package |Ig < 2.0 mA 4.5 -4.5 15 20 25
60 | -6.0 15 20 25
loff Maximum Off-Channel Leakage | Vin = VjL 6.0 -6.0 0.1 0.5 1.0 pA
Current, Any One Channel Vio =V¢c or VEE
Switch Off (Figure 3)
lon Maximum On-Channel Leakage | Vin = V|H 6.0 -6.0 0.1 0.5 1.0 pA
Current, Any One Channel Vis=Vgc or VEE
(Figure 4)

* At supply voltage (Vo — VEE) approaching 2 V the analog switch—on resistance becomes extremely non-linear. Therefore, for low—-voltage
operation, it is recommended that these devices only be used to control digital signals.

NOTE: Information on typical parametric values can be found in Chapter 2.

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Control or Enable t; = tf = 6 ns, VEg = GND)

Guaranteed Limit
Vee -55t0
Symbol Parameter v 25°C < 85°C | < 125°C | Unit
tPLH: Maximum Propagation Delay, Analog Input to Analog Output 2.0 40 50 60 ns
tPHL (Figures 8 and 9) 45 6 8 9
6.0 5 7 8
tpLz, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 130 160 200 ns
tpHZ (Figures 10 and 11) 45 40 50 60
6.0 30 40 50
tpzL, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 140 175 250 ns
tpzH (Figures 10 and 11) 4.5 40 50 60
6.0 30 40 50
(o} Maximum Capacitance ON/OFF Control - 10 10 10 pF
and Enable Inputs
Control Input = GND
Analog I/O — 35 35 35
Feedthrough — 1.0 1.0 1.0
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.
Typical @ 25°C,Vcc=5.0V
Cpp Power Dissipation Capacitance (Per Switch) (Figure 13)* 15 pF

*Used to determine the no—load dynamic power consumption: Pp = Cpp VG2 + Icc Voc. For load considerations, see Chapter 2.
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ADDITIONAL APPLICATION CHARACTERISTICS (GND=0V)

MC74HC4316A

Vece VEE Limit*

Symbol Parameter Test Conditions v \ 25°C Unit
BW Maximum On-Channel Bandwidth or [ fin = 1 MHz Sine Wave 225 | -225 150 MHz
Minimum Frequency Response Adjust i Voltage to Obtain 0 dBm at Vog 4.50 -4.50 160

(Figure 5) Increase fi Frequency Until dB Meter 6.00 —-6.00 160
Reads - 3 dB RL=50Q,Cy =10pF
— Off-Channel Feedthrough Isolation | fip = Sine Wave 2.25 -2.25 -50 dB
(Figure 6) Adjust fi, Voltage to Obtain 0 dBm at V|g 4.50 —4.50 -50
fin=10kHz, R =600Q,C| =50pF | 6.00 | —6.00 -50
fin=1.0MHz, R_=50Q,C =10pF | 225 | —-2.25 | -40
450 | —4.50 —-40
6.00 | —-6.00 -40
— Feedthrough Noise, Control to Vin = 1 MHz Square Wave (t; = tf = 6 ns) 225 -225 60 mVpp
Switch Adjust R|_at Setup so thatig =0 A 4.50 -4.50 130
(Figure 7) RL=6009,C_=50pF | 6.00 | —6.00 200
RL=10kQ, C_=10pF | 225 | -225 30
450 | —-4.50 65
6.00 | —6.00 100
— Crosstalk Between Any Two fin = Sine Wave 225 | -2.25 -70 dB
Switches Adjust fj Voltage to Obtain 0 dBm at V|g 4.50 -4.50 -70
(Figure 12) fin=10kHz, RL=600Q, C_ =50pF [ 6.00 | —6.00 -70
fin=1.0MHz, R_.=50Q,C| =10pF | 225 | -225 -80
450 | —4.50 - 80
6.00 | —6.00 -80
THD Total Harmonic Distortion fin =1 kHz, R = 10 kQ, C_ =50 pF %
(Figure 14) THD = THDMeasured ~ THDSource
Vis=4.0Vpp sinewave { 225 | —2.25 0.10
V|g =8.0 Vpp sine wave | 4.50 | —4.50 0.06
Vig = 11.0 Vpp sine wave | 6.00 —-6.00 0.04
* Limits not tested. Determined by design and verified by qualification.
High—Speed CMOS Logic Data 3-681 MOTOROLA
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MC74HC4316A

Figure 1a. Typical On Resistance, Figure 1b. Typical On Resistance,
Vec-VEE=20V Vcc-VEE=45V
TBD TBD
Figure 1c. Typical On Resistance, Figure 1d. Typical On Resistance,
Vcc-VEE=6.0V Vecec-VEE=9.0V
PLOTTER
PROGRAMMABLE t
POWER MINI COMPUTER DC ANALYZER
SUPPLY
TBD
I —* Vce
DEVICE
UNDER TEST
ANALOG IN > COMMON OUT
P
-l- GND Y vge
Figure 1e. Typical On Resistance, Figure 2. On Resistance Test Set-Up
MOTOROLA 3-682 High—Speed CMOS Logic Data

DL129 — Rev 6



VCCLQI\t
VEE l
VchoJ\°‘®

6 _1 Vee

L ol

ViL
7 SELECTED_T
8  CONTROL

9 INPUT

VEEY =

Figure 3. Maximum Off Channel Leakage Current,
Any One Channel, Test Set-Up

Vo

1

fino—] | { ON |—
0.1 pF

F; SELECTED

5 CONTROL

T INPUT
VEEY =

*Includes all probe and jig capacitance.

Figure 5. Maximum On—-Channel Bandwidth
Test Set-Up

_T vee
16

TEST
POINT
L’

_L_quw_ ON/OFF
L
= 7 AL I

8 .
| SELECTED| = =
CONTROL

INPUT

VEEY =

I | I | CONTROL

*Includes all probe and jig capacitance.

Figure 7. Feedthrough Noise, Control to Analog Out,
Test Set-Up

MC74HC4316A

Ve 6 _T Vee
A '| ON ', NIC
VEEri

VIH
7 SELECTED _T
8  CONTROL

9 INPUT

VEEV =

Figure 4. Maximum On Channel Leakage Current,
Test Set-Up

Vis
_T vee
16
o] TodB
in OFF METER
01 pF AL RL :[ o
SELECTED
CONTROL
INPUT |
VEEY = =

*Includes all probe and jig capacitance.

Figure 6. Off-Channel Feedthrough Isolation,
Test Set-Up

ANALOG IN

tPLH

ANALOG OUT

Figure 8. Propagation Delays, Analog In to
Analog Out
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MC74HC4316A

16 —1 oo

" i
ANALOG I/10 — ANALS)G on TEST ENABLE Vee
‘ L_ON ¥ T POINT 50% ;
I 50 pF* CONTROL GND
— [ [
= PzL  PLZ HIGH
7 SELECTED 1 veo 50% /’ IMPEDANCE
8 CONTROL ANALOG 10% — VoL
9 INPUT ot th7H  tPHZ "
= 90%— VoH
S0% HIGH
*Includes all probe and jig capacitance. IMPEDANCE
Figure 9. Propagation Delay Test Set-Up Figure 10. Propagation Delay, ON/OFF Control
to Analog Out

POSITION (1) WHEN TESTING tpyz AND tpzp Vis
0 l_\—% POSITION (2) WHEN TESTING tp 7 AND tpz|. Vee
@ ol o, 16
VCC_T fin— AL
Vee | m " 01 pF [N F—wWA1—
@ ' cr =
—— TEST =2 | ANALOG IO
® { ON/OFF | 1t O pOINT i ]:: st
i * == 50 pF* OFF S
= T POINT
CONTROL = c
T L or .p T
ENABLE o—|s VocL =
g SELECTED - T
8 l CONTROL
9 VEE = INPUT
*Includes all probe and jig capacitance. *Includes all probe and jig capacitance.
Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches,
Test Set-Up (Adjacent Channels Used)
Vee
Vis
16 VCC_T Vos
— 10 pF 16 TO
e { ON/OFF | NC fin 0—] DISTORTION
AL o METER
7 ey
8 SELECTED 7 - -
9  CONTROL
8 SELECTED| Avge
VEE = INPUT 9  CONTROL J
INPUT
JLIL controL Vee =
*Includes all probe and jig capacitance.
Figure 13. Power Dissipation Capacitance Figure 14. Total Harmonic Distortion, Test Set-Up
Test Set-Up
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MC74HC4316A

|

FUNDAMENTAL FREQUENCY

dBm

DEVICE

SOURCE

-100

2.0

3.0

FREQUENCY (kHz)

Figure 15. Plot, Harmonic Distortion

APPLICATION INFORMATION

The Enable and Control pins should be at Voc or GND
logic levels, V¢ being recognized as logic high and GND
being recognized as a logic low. Unused analog inputs/out-
puts may be left floating (not connected). However, it is ad-
visable to tie unused analog inputs and outputs to VoG or
VEE through a low value resistor. This minimizes crosstalk
and feedthrough noise that may be picked up by the unused
1/0 pins.

The maximum analog voltage swings are determined by
the supply voltages V¢ and VEE. The positive peak analog
voltage should not exceed V. Similarly, the negative peak
analog voltage should not go below VEE. In the example

below, the difference between Vo and VEE is twelve volts.
Therefore, using the configuration in Figure 16, a maximum
analog signal of twelve volts peak—to—peak can be con-
trolled.

When voltage transients above V¢ and/or below VEE are
anticipated on the analog channels, external diodes (Dx) are
recommended as shown in Figure 17. These diodes should
be small signal, fast turn—on types able to absorb the maxi-
mum anticipated current surges during clipping. An alternate
method would be to replace the Dx diodes with MOesorbs
(Motorola high current surge protectors). MOesorbs are fast
turn—on devices ideally suited for precise dc protection with
no inherent wear out mechanism.

_T Voo =6V vee _T Vee
D, 16 Dy
+6V— N 16 — 16V X
ANALOG /0 | ———1] ANALOG O/l
v I L ON | QU_ oV N
Dx & YCC |op ecrED Dy
+6V L SELECTED CONTROL VEE
CONTROL INPUT
INPUT VEE
— ) ENABLE CONTROL <«—VEE — ENABLE CONTROL
VEE — INPUTS INPUTS
8 — (VGG OR GND) (Voc OR GND)
[ L L
Figure 16. Figure 17. Transient Suppressor Application
High—Speed CMOS Logic Data 3-685 MOTOROLA
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MC74HC4316A

Vec=5V
3

TTL

ANALOG [ ]
SIGNALS

R*

Y
& |o o~

HC4316A

ENABLE
AND
CONTROL g
INPUTS

M

R*=2TO 10kQ

I

a. Using Pull-Up Resistors

CHANNEL 4

CHANNEL 3

CHANNEL 2

CHANNEL 1

E ANALOG
— J SIGNALS

VEE=0
TO-6V

+5V

LSTTU
NMOS

r~r 1

SIGNALS

ANALOG {: 16

HCT |
BUFFER

HC4016A

N CONTROL
N e | ¢ euts
L]

1 ANALOG
— J SIGNALS
VEE=0
TO-6V

|

b. Using HCT Buffer

Figure 18. LSTTL/NMOS to HCMOS Interface

1 2

3 4

CONTROL INPUTS

Figure 20. 4-input Multiplexer

ANALOG
OUTPUT
SIGNAL N’

0

SWITCHES

Voo=12V
12V Ry
POWER GND=6V
SUPPLY Ro =
VEE=0V
Ry =Ry
Vee
ANALOG
INPUT Rs
N 1oV SIGNAL 4, 10F 4
iy i SWITCHES
¢ Ry
Ri=Ry
Figure 19. Switching a 0-to-12 V Signal Using a
Single Power Supply (GND = 0 V)
10F4
SWITCHES
1
10F4
SWITCHES
L b—— COMMON I/0
10F4
SWITCHES
I—ﬂ
10F4
SWITCHES INPUT —

0.01 pF

I

Figure 21. Sample/Hold Amplifier

1"~

LF356 OR
EQUIVALENT
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Analog Multiplexers/
Demultiplexers with

Address Latch
High—-Performance Silicon—-Gate CMOS

The MC54/74HC4351, and MC54/74HC4353 utilize silicon-gate CMOS
technology to achieve fast propagation delays, low ON resistances, and low
OFF leakage currents. These analog multiplexers/demultiplexers control
analog voltages that may vary across the complete power supply range
(from Vg to VEE).

The Channel-Select inputs determine which one of the Analog Inputs/
Outputs is to be connected, by means of an analog switch, to the Common
Output/Input. The data at the Channel-Select inputs may be latched by
using the active—low Latch Enable pin. When Latch Enable is high, the latch
is transparent. When either Enable 1 (active low) or Enable 2 (active high) is
inactive, all analog switches are turned off.

The Channel-Select and Enable inputs are compatible with standard
CMOS outputs; with pullup resistors, they are compatible with LSTTL
outputs.

These devices have been designed so that the ON resistance (Rgp) is
more linear over input voltage than Rgp of metal-gate CMOS analog
switches.

For multiplexers/demultiplexers without latches, see the HC4051,
HC4052, and HC4053.

» Fast Switching and Propagation Speeds

« Low Crosstalk Between Switches

« Diode Protection on All Inputs/Outputs

* Analog Power Supply Range (Vgc — VEE) =2.0t0 12.0V

« Digital (Control) Power Supply Range (Vcc — GND)=2.0t0 6.0 V

* Improved Linearity and Lower ON Resistance than Metal-Gate Types

o Low Noise

¢ In Compliance with the Requirements Defined by JEDEC Standard

No. 7A

o Chip Complexity: HC4351 — 222 FETs or 55.5 Equivalent Gates

HC4353 — 186 FETs or 46.5 Equivalent Gates

10/95

MC54/74HC4351
MC54/74HC4353

J SUFFIX
i CERAMIC PACKAGE
20 CASE 732-03

N SUFFIX
PLASTIC PACKAGE
20 CASE 738-03

DW SUFFIX
20 & SOIC PACKAGE
1 CASE 751D~04

ORDERING INFORMATION
MC54HCXXXXJ Ceramic
MC74HCXXXXN Plastic
MC74HCXXXXDW  SOIC

PIN ASSIGNMENT

MC54/74HC4351
X4 10 20 1 Vog
xelj 2 19 1 x2
Ncq 3 18 [1 X1
x( 4 17 [1 X0
x7 Qs 16 1 X3
Xs[ 6 15 A
ENABLE1[| 7 14 ] NC
ENABLE2] 8 1318
VEe [l 9 12]1¢
GND ] 10 1 ]'EQTACB"L'E

NC = NO CONNECTION

© Motorola, Inc. 1995 3-687
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MC54/74HC4351 MC54/74HC4353

FUNCTION TABLE
MC54/74HC4351

Control Inputs ON
Enable Select Channel
1 2 |1]C B A | (LE=Hy
L H|L L L X0
L H|]L L H X1
L H|L H L X2
L H|L H H X3
L H|H L L X4
L H|H L H X5
L H|H H L X6
L HI|H H H X7
H X X X X None
X L X X X None

X =don’t care
*When Latch Enable is low, the Channel

Selection is latched and the Channel

Address Latch does not change states.

PIN ASSIGNMENT
i 1e 20 [1 vee
vof] 2 190y
NC ] 3 18X
[ 4 17X
Qs 16 [1 X0
2006 15[ A
ENABLE1[| 7 14 [] NC
ENABLE2(] 8 1308
Vee [l o 121¢C
GND [] 10 1 ]Ema&

LOGIC DIAGRAM
MC54/74HC4351
Single-Pole, 8-Position Plus Common Off and Address Latch
X0 —17-<—>
18
X ——a—>}
o 19
ANALOG | x3 18 | MULTIPLEXER/ 4 COMMON
INPUTS/OUTPUTS | x4 1 DEMULTIPLEXER [ X QUTPUT/NPUT
X5 —6<—>
X6 i‘-—b
X7 -i-<—>
A5
CHANNEL-SELECT 13 | CHANNEL
INPUTS ADDRESS PIN20=Veo
12 | LaTcH PIN9 = VEg
PIN 10 = GND
LATCH ENABLE ¥ PINS 3, 14 =NC
SWITCH [ ENABLE 1 —
ENABLES ) ENABLE 2
BLOCK DIAGRAM
MC54/74HC4353
Triple Single-Pole, Double—-Position Plus Common Off and Address Latch
X0 —1-6—<—> 18
X e X SWITCH fe——— X
____________ | ——— —
2 COMMON
Y0 ——a—p 19
Y SWITCH
yi le——— Y [ OQUTPUT/INPUT
——r—m——————= 5_ —
207<—> Z SWITCH > 7
Z1 ]
CHANNEL-SELECT 13 | CHANNEL
INPUTS ” ADDRESS PIN20=Vgg
c LATCH PIN9 =Vgg
PIN 10 = GND
LATCHENABLE —L— PINS 3, 14=NC
switcH | EnaBLE 1 —

ENABLES | ENABLE 2

NC = NO CONNECTION

FUNCTION TABLE
NOTE: Control Inputs on
;I'hls device allows mdepgndent control of each switch. (?hannel—SeIect Enable Select Channel
nput A controls the X Switch, Input B controls the Y Switch, and Input C LE = H)*
controls the Z Switch. 1 2 cC B A (LE=H)
L H L L L |Z0 YO X0
L H L L H|Z0 YO X1
L H L H L |20 Y1 XO
L H L H HJ]Z20 Y1 X1
L H H L L |zt YO Xo
L H H L H|lZ1 Yo Xt
L H H H L {Z1 Yt Xo
L H H H H||Z1 YT X1
H X X X X None
X L X X X None
X =Don't Care
*When Latch Enable is low, the Channel Selection
is latched and the Channel Address Latch does not
change states.
MOTOROLA 3-688 High~Speed CMOS Logic Data
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MAXIMUM RATINGS*

MC54/74HC4351 MC54/74HC4353

Symbol Parameter Value Unit
\ole} Positive DC Supply Voltage (Ref. to GND) -05t0+7.0 \
(Ref.to VEg) | —0.5t014.0
VEE Negative DC Supply Voltage (Ref. to GND) -7.0t0+0.5 \
Vis Analog Input Voltage VEg-0.5 \
toVcc +0.5
Vin DC Input Voltage (Ref. to GND) -15toVgec+1.5 Vv
[ DC Current Into or Out of Any Pin +25 mA
Pp Power Dissipation in Still Air, Plastic or Ceramic DIP{ 750 mW
SOIC Packaget 500
Tstg Storage Temperature —65to + 150 °C
TL Lead Temperature, 1 mm from Case for °C
10 Seconds (Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max | Unit
Vee Positive DC Supply Voltage (Ref.to GND) | 2.0 6.0 Vv
(Ref.to VEg) | 2.0 12.0
VEE Negative DC Supply Voltage (Ref. to GND) | —6.0 | GND \
Vis Analog Input Voltage VEE | Vcc | V
Vin Digital input Voltage (Ref. to GND) GND | Vce A
Vio* Static or Dynamic Voltage Across Switch — 1.2 Vv
TA Operating Temperature, All Package Types -55 |+125 | °C
tr, b Input Rise and Fall Time, Vecc=20V 0 1000 | ns
Channel Select or Enable Vcc=45V]| 0 500
Inputs (Figure 9a) Vcc=6.0V 0 400

* For voltage drops across the switch greater than 1.2 V (switch on), excessive Vg current may
be drawn; i.e., the current out of the switch may contain both V¢ and switch input components.

The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high-impedance cir-
cuit. For proper operation, Vi, and
Vout should be constrained to the
ranges indicated in the Recom-
mended Operating Conditions.

Unused digital input pins must be
tied to an appropriate logic voltage
level (e.g., either GND or Vcg).
Unused Analog I/O pins may be left
open or terminated. See Applica-
tions Information.

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEE = GND, Except Where Noted

Guaranteed Limit
Vce ~55to
Symbol Parameter Test Conditions v 25°C = 85°C | =125°C | Unit
VK Minimum High-Level Input Ron = Per Spec 2.0 1.5 1.5 1.5 \
Voltage, Channel-Select or 4.5 3.15 3.15 3.15
Enable Inputs 6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Ron = Per Spec 2.0 0.3 0.3 0.3 \
Voltage, Channel-Select or 4.5 0.9 0.9 0.9
Enable Inputs 6.0 1.2 1.2 1.2
lin Maximum Input Leakage Vin=Vgc or GND, 6.0 +0.1 +1.0 +1.0 HA
Current, Channel-Select or VEE=-6.0V
Enable Inputs
Icc Maximum Quiescent Supply Channel Select = Vo or GND HA
Current (per Package) Enables = Vi or GND
Vis=Vcc orGND VEg =GND 6.0 2 20 40
Vip=0V VEE=-6.0 6.0 8 80 160
NOTE: Information on typical parametric values can be found in Chapter 2.
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DC ELECTRICAL CHARACTERISTICS Analog Section

Guaranteed Limit

Vee | VEE -55to
Symbol Parameter Test Conditions v v 25°C < 85°C | = 125°C | Unit
Ron | Maximum “ON” Resistance Vin=VjLor Vi 4.5 0.0 190 240 280 Q
Vis = Ve to VEE 45 | -45 120 150 170
Ig < 2.0 mA (Figures 1, 2) 6.0 -6.0 100 125 140
Vin=VjLor Vi 4.5 0.0 150 190 230
V|s =V or VEE (Endpoints) | 4.5 -45 100 125 140
Is = 2.0 mA (Figures 1, 2) 6.0 -6.0 80 100 115
ARop | Maximum Difference in “ON” Vin=VjLor V|4 4.5 0.0 30 35 40 Q
Resistance Between Any Two Vis=1/2(Vcc - VEE) 45 | —45 12 15 18
Channels in the Same Package |Ig =< 2.0mA 6.0 -6.0 10 12 14
loff Maximum Off-Channel Leakage | Vin = V) or V|4 6.0 -6.0 0.1 0.5 1.0 HA
Current, Any One Channel Vio=Vcc - VEE
Switch Off (Figure 3)
Maximum Off-Channel Leakage | Vin = V|L or V|4
Current, Common Channel Vio=Vcec - VEE
HC4351 | Switch Off (Figure 4) 6.0 -6.0 0.2 2.0 4.0
HC4353 6.0 -6.0 0.1 1.0 2.0
lon Maximum On-Channel Leakage | Vin = Vj_or V|4 HA
Current, Channel to Channel Switch to Switch = Ve — VEE
HC4351 | (Figure 5) 6.0 -6.0 0.2 2.0 4.0
HC4353 6.0 -6.0 0.1 1.0 2.0
AC ELECTRICAL CHARACTERISTICS (C_ = 50 pF, Input t, = t=6ns)
Guaranteed Limit
. Vee -55to
Symbol Parameter v 25°C < 85°C | < 125°C | Unit
tPLH, Maximum Propagation Delay, Channel-Select to Analog Output 2.0 370 465 550 ns
tPHL (Figure 9) : 45 74 93 110
6.0 63 79 94
tPLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 90 ns
tPHL (Figure 10) 4.5 12 15 18
6.0 10 13 15
tPLH» Maximum Propagation Delay, Latch Enable to Analog Output 2.0 325 410 485 ns
tpPHL (Figure 12) 45 65 82 97
6.0 55 70 82
tPLZ, Maximum Propagation Delay, Enable 1 or 2 to Analog Output 2.0 290 365 435 ns
tPHZ (Figure 11) 45 58 73 87
6.0 49 62 74
tPzL Maximum Propagation Delay, Enable 1 or 2 to Analog Output 2.0 345 435 515 ns
tpzH (Figure 11) 45 69 87 103
6.0 59 74 87
Cin Maximum Input Capacitance —_ 10 10 10 pF
Cio Maximum Capacitance Analog I/O | Enable 1 = V|4, Enable 2 = V| — 35 35 35 pF
Common O/I: HC4351 — 130 130 130
HC4353 50 50 50
Feedthrough — 1.0 1.0 1.0
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.
Typical @ 25°C, Vg =5.0V
Cpp Power Dissipation Capacitance (Per Package) (Figure 14)* 45 (HC4351) pF
45 (HC4353)

*Used to determine the no-load dynamic power consumption: Pp = Cpp Vcc2f + Icc Vog- For load considerations, see Chapter 2.
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TIMING REQUIREMENTS (Input t; = t; = 6 ns)

Guaranteed Limit
Vee -55to
Symbol Parameter v 25°C < 85°C | =125°C | Unit
tsy Minimum Setup Time, Channel-Select to Latch Enable 2.0 100 125 150 ns
(Figure 12) 45 20 25 30
6.0 17 21 26
th Minimum Hold Time, Latch Enable to Channel Select 2.0 0 0 0 ns
(Figure 12) 45 0 0 0
6.0 0 0 0
tw Minimum Pulse Width, Latch Enable 2.0 80 100 120 ns
(Figure 12) 45 16 20 24
6.0 14 17 20
tr, tf Maximum Input Rise and Fall Times, Channel-Select, Latch Enable, 2.0 1000 1000 1000 ns
and Enables 1 and 2 4.5 500 500 500
6.0 400 400 400
NOTE: Information on typical parametric values can be found in Chapter 2.
ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0.0 V)
Limit*
Vee VEE 25°C
Symbol Parameter Test Condition v v 54/74HC Unit
BW Maximum On-Channel Bandwidth or | fin = 1 MHz Sine Wave 51 52 53 MHz
Minimum Frequency Response Adjust fin Voltage to Obtain 0 dBm at Vog
(Figure 6) Increase fin, Frequency Until dB Meter 225 |-225 |80 95 120
Reads — 3 dB 450 |-450 [80 95 120
RL=50Q,C_ =10pF | 6.00 [-6.00 (80 95 120
— Off—Channel Feedthrough Isolation fin = Sine Wave dB
(Figure 7) Adjust fin Voltage to Obtain 0 dBm at Vig
fin=10kHz, R_L=600Q,C =50pF [ 225 |[-~225 -50
4.50 | ~4.50 -50
6.00 | —~6.00 -50
fin=1.0MHz, R =50Q,C_ =10pF | 225 |-225 - 40
450 | —-4.50 -40
6.00 | -6.00 -40
— Feedthrough Noise, Channel Select | Vi, < 1 MHz Square Wave mVpp
Input to Common O/l (tr=tf=6ns)
(Figure 8) Adjust R|_at Setup so thatig=0A
Enable = GND 225 | -225 25
RL=600Q,C_=50pF | 450 |-450 105
6.00 | -6.00 135
RL=10kQ, C =10pF | 225 | -2.25 35
450 | -4.50 145
6.00 | —-6.00 190
— | Crosstalk Between Any Two Switches | fi, = Sine Wave dB
(Figure 13) Adjust fin Voitage to Obtain 0 dBm at Vg
(Test does not apply to HC4351) fin = 10 kHz, R = 600 Q, C) =50 pF 225 | -225 -50
450 | -4.50 -50
6.00 | —6.00 -50
fin=1MHz, RL=50Q,C_ =10pF | 225 |-225 -60
450 | —-4.50 - 60
6.00 [ -6.00 - 60
THD | Total Harmonic Distortion fin =1 kHz, R_ = 10 kQ, C|_= 50 pF %
(Figure 15) THD = THDMeasured ~ THDSource
Vs =4.0 Vpp sinewave | 225 | -2.25 0.10
Vig =8.0 Vpp sinewave | 450 | -4.50 0.08
Vis=11.0 Vpp sine wave | 6.00 | ~6.00 0.05

* Limits not tested. Determined by design and verified by qualification.
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Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum Off Channel Leakage Current,
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Figure 6. Maximum On Channel Bandwidth,

Channel to Channel, Test Set-Up Test Set-Up
Vs vecy Vos —1 Ve
0.1 uF 20 dB R 20 .
L
fino—| OFF METER _L—'Wv— ON/OFF COMMONO/l _ 1gst
. L. |sw ANALOG 10 i
L :I: L = rrwv— OFF/ON R o=
= — J_- = AL — I
57, - - VccT — 7 - -
9 g | f veo
10 Vin <1 MHz 10 1
L tr=ti=6ns
VEEV S Voo - 1 VEEY =
GND

CHANNEL SELECT
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Figure 7. Off Channel Feedthrough Isolation,

Figure 8. Feedthrough Noise, Channel Select to
Test Set-Up

Common Out, Test Set-Up
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Figure 12a. Propagation Delay, Latch Enable to Figure 12b. Propagation Delay, Test Set-Up
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APPLICATIONS INFORMATION

The Channel Select and Enable control pins should be at
Ve or GND logic levels. V¢ being recognized as a logic
high and GND being recognized as a logic low. In this
example:

Voo =+ 5V =logic high
GND =0V = logic low

The maximum analog voltage swings are determined by
the supply voltages V¢ and VEE. The positive peak analog
voltage should not exceed Vc . Similarly, the negative peak
analog voltage should not go below VEE. In this example, the
difference between Vg and VEE is ten volts. Therefore, us-
ing the configuration in Figure 16, a maximum analog signal
of ten volts peak—to—peak can be controlled. Unused analog
inputs/outputs may be left floating (i.e., not connected). How-

—t 5V
20

+5V— —+5V
ANALOG ANALOG
5V — E 7 SIGNAL SIGNAL  _5V
+5V
— 7 15 {— y TO EXTERNAL CMOS
8 13 }— CIRCUITRY
9 12 }— 0TO5 V DIGITAL
q 10 " i— SIGNALS
-5V § ==

Figure 16. Application Example

ever, tying unused analog inputs and outputs to VGc or GND
through a low value resistor helps minimize crosstalk and
feedthrough noise that may be picked up by an unused
switch.

Although used here, balanced supplies are not a require-
ment. The only constraints on the power supplies are that:

Vce — GND =2 to 6 volts
VEE — GND =0 to — 6 volts
Vcc - VEE =2 to 12 volts
and VEg < GND

When voltage transients above Vg and/or below VEE are
anticipated on the analog channels, external Germanium or
Schottky diodes (Dx) are recommended as shown in
Figure 17. These diodes should be able to absorb the maxi-
mum anticipated current surges during clipping.

v, v
cc Voo _j cc
Dx 20 Dy
ONJOFF
Dy Dy
VEE VEE

VEEV =

Figure 17. External Germanium or
Schottky Clipping Diodes

+5V
_T J +5V
20 20
+5V— —+5V +5V— —+5V
[ S ANALOG ANALOG [ S ANALOG | ~o~rr 1| ANALOG [ 5
SIGNAL ON/OFF SIGNAL SIGNAL LQMJ SIGNAL v
VEE — +5V ~— VEE VEE — — VEE
r—=n
* I I ’ +5V
Voo RZRIRIR Veed 17 15J|.|-<|-‘-|L
—1{7 15 |-e—- 8 13 1 LstTnmos
8 13 LSTTLINMOS 9 12T <] 'L CIRGUITRY
9 12 CIRCUITRY
10 1 , | gu LI —!'<H'—
: _[_ L2 _l_
e *2k<R<10k V] = HCT -
VeV = = EE BUFFER
a. Using Pull-Up Resistors b. Using HCT Interface
Figure 18. Interfacing LSTTL/NMOS to CMOS Inputs
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FUNCTION DIAGRAM HC4351
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BCD-to-Seven-Segment Latch/

Decoder/Display Driver
High—Performance Silicon-Gate CMOS

The MC74HC4511 is identical in pinout to the MC14511 metal-gate

CMOS decoder/driver. The device inputs are compatible with standard
CMOS outputs; with pullup resistors, they are compatible with LSTTL
outputs.

The HC4511 provides the functions of a 4-bit storage latch, a BCD-to—

seven—segment decoder, and a display driver. It can be used either directly
or indirectly with seven—segment light—emitting diode (LED), incandescent,
fluorescent, gas discharge, or liquid—crystal readouts. Lamp test (LT),
blanking (Bl), and latch enable (LE) inputs are used to test the display, to turn
off or pulse modulate the brightness of the display, and to store a BCD code,

MC74HC4511

N SUFFIX
16 W PLASTIC PACKAGE
CASE 648-08
1
/ D SUFFIX
16 \@ SOIC PACKAGE
1 CASE 751B-05

ORDERING INFORMATION

X MC74HCXXXXN Plastic
respectively. MC74HCXXXXD ~ SOIC
e Latch Storage of BCD Inputs
o Blanking Input
e Lamp Test Input
« Output Drive Capability: 10 LSTTL Loads PIN ASSIGNMENT
¢ Outputs Directly Interface to CMOS, NMOS, and TTL B[ 1e 16 [1 Vee
e Operating Voltage Range: 2to 6 V o 2 150t
o Low Input Current: 1 pA
« High Noise Immunity Characteristic of CMOS Devices ofs 1419
¢ In Compliance with the Requirements Defined by JEDEC Standard BI 4 13f0a

No. 7A LE] 5 12b

e Chip Complexity: 264 FETs or 66 Equivalent Gates ods a e

Al 7 1004

GND ] 8 9lle

LOGIC DIAGRAM
A s ——| 18, .
-
BCD B—— 12 i Y
INPUTS c-2—| w87 DECODER 1o | SEVEN- 9'7' c
ND EGMENT
D (M3B) —2—| TRANSPARENT OllJ\TPUT 10 4 g,g,w_ LAY
LATCH CONTROL |9 ¢ | DRIVER
15 . | outputs NN EEN=N | ‘cll.:nIn:cl
— () I (et ] ) ] D
14
9
eS|
CONTROL Bl 4
INPUTS | *
LT
PIN 16 = Vg
PIN 8 = GND
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MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee | DC Supply Voltage (Referenced to GND) -05t0+7.0 v circuitry to guard against damage
due to high static voltages or electric

Vin DC Input Voltage (Referenced to GND) -15toVeg+15| V fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vi and

Vout DC Output Voltage (Referenced to GND) ~05toVec+05 | V

lout _ | DC Output Current, per Pin £25 mA Vout should be constrained to the
Icc DC Supply Current, Vo and GND Pins +70 mA range GND < (VjyorVout) < Vge.
U d input: t al b
Ph | Power Dissipation in Still Air Plastic DIPt 750 mw e 10 o ;:Sfo;rgzs, 0;;”32:,5; . g:
SOIC Packaget 500 level (e.g., either GND or V().
Tstg Storage Temperature —-65t0 + 150 °C Unused outputs must be left open.
T Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vce DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin, Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vee )
TA Operating Temperature, All Package Types -55 (+125 | °C
tr, tf Input Rise and Fall Time Vec=20V 0 1000 | ns
(Figure 3) Vecc=45V 0 500
Vcc=60V | 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
. Vece -55t0
Symbol Parameter Test Conditions v 25°C < 85°C | = 125°C Unit
VIH Minimum High—Level Input Vout=0.1VorVgcc-0.1V 2.0 1.5 15 1.5 %
Voltage lloutl < 20 pA 4.5 3.15 3.15 3.15
: 6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVecc-0.1V 2.0 0.3 0.3 0.3 \
Voltage . ligut! = 20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH Minimum High—Level Output Vin=Viq or V| 2.0 1.9 1.9 1.9 \
Voltage llout! = 20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=Viqor ViL llgytl = 6.0mA 45 3.98 3.84 3.70
Hout! <7.8mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin=VIH or Vi 2.0 0.1 0.1 0.1 v
Voltage lloutl < 20 A 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViqorV)L lioytl = 40mA | 45 0.26 0.33 0.40
lloutl = 5.2mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Vg or GND 6.0 +0.1 +1.0 +1.0 UA
Icc Maximum Quiescent Supply Vin = Vg or GND 6.0 8 80 160 uA
Current (per Package) lout = 0 HA
NOTE: Information on typical parametric values can be found in Chapter 2.
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DL129 — Rev 6




MC74HC4511

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t = t; = 6 ns)

Guaranteed Limit
Vece -55t0
Symbol Parameter \ 25°C < 85°C | =< 125°C | Unit
tPLH, Maximum Propagation Delay, Input A, B, C, or D to Output 2.0 600 750 900 ns
tPHL (Figures 1 and 6) 45 120 150 180
6.0 102 129 153
tPLH, Maximum Propagation Delay, Latch Enable to Output 2.0 600 750 900 ns
tPHL (Figures 2 and 6) 45 120 150 180
6.0 102 129 153
tPLH, Maximum Propagation Delay, Blanking Input to Output 2.0 600 750 900 ns
tPHL (Figures 3 and 6) 4.5 120 150 180
6.0 102 129 153
tPLH, Maximum Propagation Delay, Lamp Test to Output 2.0 600 750 900 ns
tPHL (Figures 4 and 6) 4.5 120 150 180
6.0 102 129 153
tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 3 and 6) 4.5 15 19 22
6.0 13 . 16 19
Cin Maximum Input Capacitance —_ 10 10 10 pF

NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.

Typical @ 25°C, Vg =5.0V

CpD Power Dissipation Capacitance (Per Package)* 70 pF

*Used to determine the no—load dynamic power consumption: Pp = Cpp Vcc2f + Igc V. For load considerations, see Chapter 2.

TIMING REQUIREMENTS (Input t; = t; = 6 ns)

Guaranteed Limit
Vee -55t0
Symbol Parameter \ 25°C < 85°C | <125°C | Unit
tsu Minimum Setup Time, Input A, B, C, or D to Latch Enable 2.0 100 125 150 ns
(Figure 5) 4.5 20 25 30
6.0 17 21 26
th Minimum Hold Time, Latch Enable to Input A, B, C, or D 2.0 0 0 0 ns
(Figure 5) 4.5 0 0 o -
6.0 0 0 0
tw Minimum Pulse Width, Latch Enable 2.0 80 100 120 ns
(Figure 2) 4.5 16 20 24
6.0 14 17 20
t, tf Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 3) 4.5 500 500 500
6.0 400 400 400
NOTE: Information on typical parametric values can be found in Chapter 2.
MOTOROLA ‘ 3-700 High—-Speed CMOS Logic Data
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SWITCHING WAVEFORMS
VALID VALID v
INPUT 50 Vee INPUT LE ce
A.B,C,ORD GND — GND
tPLH tPHL IPHL
ANY ANY 50%
OPUTPUT 50% OPUTPUT 0%
Figure 1. Figure 2.
tr
0% vee A vee
INPUTBI  50% INPUTLT  “509
10% —GND 10% — GND
ANY ANY
OPUTPUT OPUTPUT
tTHL
Figure 3. Figure 4.
TEST POINT
VALD QUTPUT
Vee
58,0, 0RD 50% DEVICE
e GND UNDER .
[y — TEST C
—Vce I
INPUT LE 50% =
GND
*Includes all probe and jig capacitance
Figure 5. Figure 6. Test Circuit
High-Speed CMOS Logic Data 3-701 MOTOROLA




MC74HC4511

FUNCTION TABLE
Inputs Outputs

LE | Bl LT | D C B A | a b ¢ d e f g | Display
X X L X X X X!H H H H H H H 8
X L H X X X X}L L L L L L L Blank
L H H L L L L|H H H H H H L (]

L H H L L L H|L H H L L L L 1

L H H L L H L|JH H L H H L H 2

L H H L L H HJ|H H H H L L H 3

L H H L H L L|L H H L L H H 4

L H H L H L H|[H L H H L H H 5

L H H L H H L{L L H H H H H 6

L H H L H H H|H H H L L L L 7

L H H H L L L|H H H H H H H 8

L H H H L L H|H H H L L H H 9

L H H H L H L{L L L L L L L | Blank
L H H H L H H{|{L L L L L L L | Blank
L H H H H L L|L L L L L L L | Bank
L{H]|H|H H L H|{L L L L L L L | Blank
L H H H H H LJ|L L L L L L L Blank
L H H H H H HJ|]L L L L L L L Blank
H H H X X X X * *

* = Depends upon the BCD code previously applied while LE was at a low level.

PIN DESCRIPTIONS

INPUTS

A, B, C,D (Pins 7, 1, 2, 6)

BCD inputs. A (pin 7) is the least significant bit and D (pin
6) is the most significant bit. Hexadecimal code A-F at these
inputs causes the outputs to assume a low level, offering an
alternate method of blanking the display.

OUTPUTS
a,b,c, d,e,f,g(Pins 13,12, 11,10, 9, 15, 14)

Decoded, buffered seven—-segment display—driver out-
puts. These outputs, unlike the MC14511, have CMOS driv-
ers, which produce typical CMOS output voltage levels.
These outputs are connected to various displays as shown in
Figure 7.

CONTROL INPUTS
Bl (Pin 4)
Active—low display blanking input. A low level on this input

will cause all outputs to be held low, thereby blanking the dis-
play. LT is the only input that overrides the Bl input.

LT (Pin 3)
Active—low lamp test. A low level on this input causes alil
outputs to assume a high level. This input allows the user to

test all segments of a display with a single control input. This
input is independent of all other inputs.

LE (Pin 5)
Latch enable input. This input controls the 4-bit transpar-
ent latch. A high level on this input latches the code present

at the A, B, C and D inputs, a low level allows the code to be
transmitted through the latch to the decoder.

MOTOROLA

3702

High-Speed CMOS Logic Data
DL129 — Rev 6.



MC74HC4511

OUTPUT CHARACTERISTIC CURVES (Vcc=5V)

SOURCE CURRENT SINK CURRENT
-25 l T T T 25
z ] TvRn. Ta=25°C - /
E o —
= -20 TA=25°C E 20 TYPICAL
& / Ta=85°C £ [ Tp=25°C
g:: ' Lzu A p—
S s , 4 Ay = T’ 125°C £ / 2o
2 V. A ; p T;\ - 85°|o
=2 =
3 -1 [/ A 2 10 pend Ta = 125°C
=2 =
s |/ , e |/l AR
5 / / EXPECTED MINIMUM 3
S -5 s S 5 N
o = N

= EXPECTED MINIMUM

O5 4 3 2 1 0 00 1 2 3 4 5

Vo, OUTPUT VOLTAGE (VOLTS) Vo, OUTPUT VOLTAGE (VOLTS)
* The expected minimum curves are not guarantees, but are design aids.

High—Speed CMOS Logic Data 3-703 MOTOROLA
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MC74HC4511

LE —

EXPANDED LOGIC DIAGRAM

Bl
4
— D>
AT DATA A j > D D 2,
RO D
B— DATA B ___>o—
DL b
-
LE Bp :
c-2 DATA © DC
|
DS e
LE ¢
P —
> ,4
g
p-S DATA D
.—3
L_LE Dp
MOTOROLA 3-704 High-Speed CMOS Logic Data
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MC74HC4511

Liquid-Crystal Display (LCD) Readout Incandescent Readout
—————— QUTPUT HC86 ONE OF SEVEN
TYPICAL VALUES HC4511 SEGMENTS
Rg=1MQ APPROPRIATE
Rt =100 kQ VOLTAGE
C7=0.01pF :L ———-
Rg Rt CT T --
Hcuos Heuo4 COMMON =TT
BACKPLANE
OUTPUT
LED Readout HC4sTT
COMMON
CATHODE LED =
HC4511
OUTPUT
N Gas Discharge Readout
T APPROPRIATE
= VOLTAGE
vee T
- OUTPUT
HC4511
COMMON
ANODE LED —
HC4511
OUTPUT L Heo4
Figure 7. Connections to Various Display Readouts
High—-Speed CMOS Logic Data 3-705 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

1-0f-16 Decoder/Demultiplexer

with Address Latch
High—Performance Silicon—Gate CMOS

The MC74HC4514 is identical in pinout to the MC14514B metal-gate
CMQOS device. The device inputs are compatible with standard CMOS
outputs, with pullup resistors; they are compatible with LSTTL outputs.

This device consists of a 4-bit storage latch with a Latch Enable and Chip
Select input. When a low signal is applied to the Latch Enable input, the
Address is stored, and decoded. When the Chip Select input is high, all
sixteen outputs are forced to a low level.

The Chip Select input is provided to facilitate the chip—select, demultiplex-
ing, and cascading functions.

The demultiplexing function is accomplished by using the Address inputs
to select the desired device output, and then by using the Chip Select as a
data input.

. Output Drive Capability: 10 LSTTL Loads
Outputs Directly Interface to CMOS, NMOS, and TTL

MC74HC4514

N SUFFIX
g PLASTIC PACKAGE
24 CASE 724-03

DW SUFFIX
24 \Q SOIC PACKAGE
1 CASE 751E-04

ORDERING INFORMATION

MC74HCXXXXN Plastic
MC74HCXXXXDW  SOIC

L]
e Operating Voltage Range: 2to 6 V PIN ASSIGNMENT
e Low Input Current: 1 pA LATCH
o High Noise Immunity Characteristic of CMOS Devices ENABLE [f 1 241 Ve
¢ In Compliance with the Requirements Defined by JEDEC Standard Af2 23 E gg";m
No: 7A . ] AL []3 21 A3
o Chip Complexity: 268 FETs or 67 Equivalent Gates A 21 [] A2
Y6 [] 5 20 [] Y10
Y5 (] 6 19 [ Y1
LOGIC DIAGRAM Yalj7 1818
va[s 17 avs
;L Yo vife 16 [1 Y14
i :; Y2 [ 10 151 Y15
_t;_ Y3 Yo [ 11 141 Y12
L vs GND ] 12 13 [J Y13
2 6 vs
A0 — —
5 ve
BINARY | A1 =l 4-BIT | 4-TO-16 4 Y7 ACTIVE-HIGH
ADDRESS 2t STORAGE LINE 18 v [ outpuTs
INPUTS | A2 = LATCH — DECODER 17 vq
20
A3 —] - LE Y10
T Y11
LATCH _1 g EENA
ENABLE i Y13
5 Y14
1S vis
CHIP Y
SELECT
PIN24 =V¢g
PIN12=GND
105 ‘ @ MOTOROLA
© Motorola, Inc. 1995 3-706 REV6




MC74HC4514

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
v, DC Supply Voltage (Referenced to GND ~05t+70 | V cireuitry to guard against damage
cc i ge ( ) * due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVgc+15| V fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) -05toVgec+05| V betaken o avoid applications of any

voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high—impedance cir-
cuit. For proper operation, Vjn and

lout | DC Output Current, per Pin +25 mA Vout should be constrained to the
Icc DC Supply Current, Vo and GND Pins +50 mA range GND < (Vjh or Vout) < Vce.
U d input t al b
PD | Power Dissipation in Still Air Plastic DIPT 750 W e 10 an ;;gfoirigl:sl Ogi o %f{agg
SOIC Packaget 500 level (e.g., either GND or Vce).
Tstg | Storage Temperature - 65 to + 150 °C Unused outputs must be left open.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP) 260

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vce DC Supply Voltage (Referenced to GND) 2 6.0 \'
Vin» Vout | DC Input Voitage, Output Voltage (Referenced to GND) 0 Vce \
TA Operating Temperature, All Package Types -55 [+125 | °C
tr tf Input Rise and Fall Time Veec=20V 0 1000 | ns
(Figure 1) Vcc =45V 0 500
Vcc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee | -55t0
Symbol Parameter Test Conditions \ 25°C < 85°C | = 125°C Unit
VIH Minimum High-Level input Vout=0.1VorVgc-0.1V 2.0 1.5 1.5 1.5 \
Voltage lloutl = 20 A 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
VIL Maximum Low-Level Input Vout=0.1tVorVgcc-01V 2.0 0.3 0.3 0.3 \
Voltage lout! =< 20 pA 4.5 0.9 0.9 0.9
6.0 12 1.2 12
VOH Minimum High—Level Output Vin = V|H or Vi 2.0 1.9 1.9 1.9 \
Voltage lloutl < 20 pA 45 4.4 4.4 4.4
6.0 59 59 5.9
Vin=ViHorVi_ lloytl <4.0mA | 45 3.98 3.84 3.70
loutl = 52mA | 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin=V|H or V| 2.0 0.1 0.1 0.1 \
Voltage llout! = 20 A 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=VIHorV|L llgytl =40mA | 45 0.26 0.33 0.40
lioutl = 52mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vip = Vcc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc Maximum Quiescent Supply Vin =Vcc or GND 6.0 8 80 160 HA
Current (per Package) lout =0 pA
NOTE: Information on typical parametric values can be found in Chapter 2.
High—Speed CMOS Logic Data 3-707 MOTOROLA
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MC74HC4514

AC ELECTRICAL CHARACTERISTICS (C|_= 50 pF, Input t; = tf = 6 ns)

Guaranteed Limit
Vce -55to
Symbol Parameter v 25°C = 85°C | = 125°C Unit
tPLH, Maximum Propagation Delay, Chip Select to Output Y 2.0 175 220 265 ns
tPHL (Figures 1 and 5) 4.5 35 44 53
6.0 30 37 45
tPLH Maximum Propagation Delay, Input A to Output Y 2.0 230 290 345 ns
(Figures 2 and 5) 4.5 46 58 69
6.0 39 49 59
tPHL 2.0 175 220 265
45 35 44 53
6.0 30 37 45
tPLH Maximum Propagation Delay, Latch Enable to Output Y 2.0 230 290 345 ns
(Figures 3 and 5) 4.5 46 58 69
6.0 39 49 59
tPHL 2.0 175 220 265
4.5 35 44 53
6.0 30 37 45
tTLHs Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 5) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF

NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.

Typical @ 25°C,Vcc=5.0V
Cpp Power Dissipation Capacitance (Per Package)* 70 pF
*Used to determine the no-load dynamic power consumption: Pp = Cpp Vg 2f + Icc VoG- For load considerations, see Chapter 2.
TIMING REQUIREMENTS (Input t; = t; = 6 ns)
Guaranteed Limit
Vce -55to
Symbol Parameter v 25°C < 85°C | = 125°C Unit
tsu Minimum Setup Time, Input A to Latch Enable 2.0 100 125 150 ns
(Figure 4) . 45 20 25 30
6.0 17 21 26
th Minimum Hold Time, Latch Enable to Input A 2.0 5 5 5 ns
(Figure 4) 4.5 5 5 5
6.0 5 5 5
tw Minimum Pulse Width, Latch Enable 2.0 80 100 120 ns
(Figure 3) 45 16 20 24
6.0 14 17 20
t i Maximum Input Rise and Fall Times 2.0 1000 1000 1000 ns
(Figure 1) 4.5 500 500 500
6.0 400 400 400
NOTE: Information on typical parametric values can be found in Chapter 2.
MOTOROLA l 3-708 High-Speed CMOS Logic Data
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MC74HC4514

SWITCHING WAVEFORMS
vee VALID VALID
CHIP 509, . v
SELECT — GND INPUT A 50% cC
GND
tPLH tPHL
OUTPUTY
0/
tTHL OUTPUTY 50%
Figure 1. Figure 2.
VALID
- Vee
Vee INPUT A 50%
LATCH GND
ENABLE GND tsy th
—V
LATCH 50% ce
OUTPUTY ENABLE GND
Figure 3. Figure 4.
TEST POINT
OUTPUT
DEVICE
UNDER X
TEST :[ L
* Includes all probe and jig capacitance
Figure 5. Test Circuit
High—-Speed CMOS Logic Data 3-709 MOTOROLA
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MC74HC4514

FUNCTION TABLE PIN DESCRIPTIONS
Address Inputs Selected ADDRESS INPUTS
Latch Chip Output
Enable | Select | A3 | A2 | A1 | AO (High) A0, A1, A2, A3 (Pins 2, 3, 21, 22)
H L TN YO Address Inputs. These inputs are decoded to produce a
H L Llorlvo|mH Vi high level on one of 16 outputs. The inputs are arranged
H L Ll liH]|L Y2 such that A3 is the most-significant bit and A0 is the least—
H L LlLliwHlH Y3 significant bit. The decimal equivalent of the binary input
address indicates which of the 16 data outputs, YO-Y15, is
H L LlHLL Y4 selected.
H L L{H]|LI|H Y5
H L LIH|[H]|L Y6 OUTPUTS
H L JL|HIHH Y7 Y0 - Y15 (Pins 11, 9, 10, 8, 7, 6, 5, 4, 18, 17, 20, 19, 14,
H L Hi{L|]L|[L Y8 13, 16, 15)
H L HiL[L]H Y9 Active-High Outputs. These outputs produce a high level
H L HpLfH]|L Y10 when selected (Latch Enable = H, Chip Select=L) and are at
H L HiL|H]|H Y a low level when not selected.
H L H{H]|L|L Y12
H L Hlnwlco!ln vi3 CONTROL INPUTS
H L HIH|[H]|L Y14 Latch Enable (Pin 1)
H L HIH|H]H Y15 Latch Enable Input. A low level on this input stores the
All data on the Address data inputs in the 4-bit latch. A high
X H X | XX Outputs = L level on the Latch Enable input makes the latch transparent
Latohed gnd allows the outputs to follow the inpyts. Npte that the data
L L x 1 x| x| x Data is latched only while the Latch Enable input is at a low level.

Chip Select (Pin 23)

Chip Select Input. A high on this input produces a low level
on all outputs, regardless of what appears at the address or
Latch Enable inputs. A low level on the Chip Select input
allows the selected output to produce a high level.

TIMING DIAGRAM

LATCH ENABLE

CHIP SELECT

OUTPUTY l l

MOTOROLA 3-710 High—Speed CMOS Logic Data
DL129 — Rev 6



EXPANDED LOGIC DIAGRAM

MC74HC4514

no =2 DATA
+—0
— LE [ q
A2 DATA g
q
L9
—{ LE p———————(
—d
Jra DATA [
9
L5
—1 LE —
B
p3 -2 DATA
LATCH 1
ENABLE —]LE —

jssssssss

L Jp—
| > ABCD
-
Y1 ABCD
9
Yo o
= RBCD
Y3 e
> ABCD
- Y74 ABCD
- Y5 ABCD
3
Y6 RBCD
- 5
:)o—<[>Y—7ABcB
—— 4
-
— = RBCD
Y9 o
- = ABCD
Y10 £~
— 55, ABCD
1 ABED
-

ABCD

[

>
|
o
o

_Ej _if _ij
@laz A8 o=

|

Y14 -

T ABCD

U
Y

Y15

!

5 ABCD

CHIP 23
SELECT

High-Speed CMOS Logic Data
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MC74HC4514

MICROPROCESSOR MEMORY DECODING

YO }——— 0000-00FF
Y1 f——0100-01FF
CHIP Y2 p——— 0200-02FF
A2 dopigcr Y3 0800-03FF
Y4 | 0400-04FF
At A3 Y5 |——— 0500-05FF
< Y6 |——0600-06FF
A10 A2 2 Y7 }—— 0700-07FF
) € Y8 |—— 0800-08FF
3 A9 Al Y9 ——— 0900-09FF
5 Y10 |——— 0AQ0-0AFF
= A8 A0 Y11 |——— 0B00-0BFF
Y12 f——— 0C00-0CFF
Y13 f——— 0D00-ODFF
+V —9 LATCH Y14 |——— 0E00-OEFF
ENABLE  v15 OF00-OFFF
TO DEVICE SELECTS

YO }—— 1000-10FF
Y1 f—— 1100-11FF
Hood CHIP Y2 f——— 1200-12FF
SELECT Y3 |—— 1800-13FF
Y4 f——— 1400~14FF
A3 Y5 |——— 1500-15FF
< Y6 f—— 1600-16FF
A2 B Y7}——1700-17FF
€ Y8 f—— 1800-18FF
Al Y9 |——— 1900-19FF
Y10 f——— 1A00-1AFF
A0 Y11 ——— 1B00-1BFF
Y12 f—— 1C00-1CFF
Y13 |—— 1D00-1DFF
+V —4 LATCH Y14 —— 1E00-1EFF
ENABLE Y15 | 1F00-1FFF

MOTOROLA 3-712 High-Speed CMOS Logic Data
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MC74HC4514

CODE TO CODE CONVERSION — HEXADECIMAL TO BCD

’ +V
A3 Y0 COMMON CATHODE LEDs
i
A2 ——— Y2 I E—
¥ ¥ S |__|
A0 v4 l I
“ Y5 —! B
S Y6
iy I I
= Y8 - -
LATCH Y9
ENABLE ™9 Y10 P
vit R=2k3 2
Y12
CHIP Y13
SELECT 9 Y14
vis 1 [] |>
Jano L ['\ﬁ L A—]
= NG A3 —ANN—
ALL DIODES GENERAL | _ —AW—
PURPOSE GERMANIUM | N A2 B L A——
v g — M\ ———
; | N Al
—AM————
> > > >
T IV —
1V R=2kQ
= = = = = HC4050 HC4050
High—Speed CMOS Logic Data 3-713 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual Precision
Monostable Multivibrator
(Retriggerable, Resettable)

The MC54/74HC4538A is identical in pinout to the MC14538B. The device
inputs are compatible with standard CMOS outputs; with pullup resistors,
they are compatible with LSTTL outputs.

This dual monostable multivibrator may be triggered by either the positive
or the negative edge of an input pulse, and produces a precision output
pulse over a wide range of pulse widths. Because the device has conditioned
trigger inputs, there are no trigger—input rise and fall time restrictions. The
output pulse width is determined by the external timing components, Ry and
Cx- The device has a reset function which forces the Q output low and the Q
output high, regardless of the state of the output pulse circuitry.

* Unlimited Rise and Fall Times Allowed on the Trigger Inputs
e Output Pulse is Independent of the Trigger Pulse Width
e +10% Guaranteed Pulse Width Variation from Part to Part (Using the

MC54/74HC4538A

16

3

—f
_‘ % _‘ £

J SUFFIX
CERAMIC PACKAGE
CASE 620-10

N SUFFIX
PLASTIC PACKAGE
CASE 648-08

D SUFFIX
SOIC PACKAGE
CASE 751B-05

ORDERING INFORMATION

Same Test Jig) MCB54HCXXXXAJ Ceramic
o Output Drive Capability: 10 LSTTL Loads MC74HCXXXXAN  Plastic
« Outputs Directly Interface to CMOS, NMOS and TTL MC74HCXXXXAD  SOIC
* Operating Voltage Range: 3.0t0 6.0 V
e Low Input Current: 1.0 pA
o High Noise Immunity Characteristic of CMOS Devices PIN ASSIGNMENT
e In Compliance with the Requirements Defined by JEDEC Standard
No. 7A GND[] 1e 16 1 Voo
e Chip Complexity: 145 FETs or 36 Equivalent Gates Cx1/Ry1 [] 2 15 [ GND
RESET1[] 3 14 [] Cx2/Rx2
BI 5 12 [] A2
Cx1 Ry1
Qe 11 [1 B2
|——-——'\Nv— Vee _
_|:_ 3 arg7 10 J Q2
= I1 2 GND[] 8 9@z
6
TRIGGER Al — —— O
INPUTS } 1 5o P 7
——— Q1 Cx2 Rx2
. 0 T ol AN— Ve FUNCTION TABLE
RESETH = I ' 15 |14 Inputs Outputs
= Reset| A B Q Q
12 L 10
TRIGGER [ A2 H s H JL
NPUTS e o TP 9w H L ~ JL o
. H X L Not Triggered
13 j) H H X Not Triggered
RESET2 H LH "\ H Not Triggered
PIN16=V¢c H L L,H,—/~ | Not Triggered
PIN 8 =GND T X X L H
Ry AND Cy ARE EXTERNAL COMPONENTS ~ :
PIN 1 AND PIN 15 MUST BE HARD WIRED TO GND X X | NotTriggered
105 @ MOTOROLA
© Motorola, Inc. 1995 3-714 REV 6 .



MC54/74HC4538A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vcc | DC Supply Voltage (Referenced to GND) ~05t0+70 | V cireuitry to guard against damage
due to high static voltages or electric

Vin DC Input Voltage (Referenced to GND) -15toVec+15| V fields. However, precautions must

_ be taken to avoid applications of any

Vout DC Output Voltage (Referenced to GND) 0.5to Voo +0.5 voltage higher than maximum rated
lin DC Input Current, per Pin A, B, Reset +20 mA voltages to this high-impedance cir-
Cy, Ry +30 cuit. For proper operation, Vi and

Vout should be constrained to the
range GND = (Vjn orVout) < Ve
Icc DC Supply Current, Vo and GND Pins +50 mA Unused inputs must always be
tied to an appropriate logic voltage

lout DC Output Current, per Pin +25 mA

Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw level (e.g., either GND or VGg).
SOIC Packaget 500 Unused outputs must be left open.
Tstg Storage Temperature —-65to+ 150 °C
T Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee DC Supply Voltage (Referenced to GND) 3.0 6.0 \'
Vin» Vout DC Input Voltage, Output Volitage (Referenced to GND) 0 vee \
TA Operating Temperature, All Package Types -55 +125 °C
tr b Input Rise and Fall Time Vecc=20V 0 1000 ns
(Figure 7) Vecc=45V 0 500
Vecc=6.0V 0 400
A or B (Figure 5) — No Limit
Rx External Timing Resistor Vecc <45V 1.0 * kQ
Vec=z2 45V 2.0 *
Cx External Timing Capacitor 0 * uF

*The maximum allowable values of Ry and Cy are a function of the leakage of capacitor Cy, the leakage of the HC4538A, and leakage due to
board layout and surface resistance. For most applications, Cyx/Ry should be limited to a maximum value of 10 uF/1.0 MQ. Values of Cy > 1.0 pF
may cause a problem during power down (see Power Down Considerations). Susceptibility to externally induced noise signals may occur for
Ry > 1.0 MQ.

**The HC4538A will function at 2.0 V but for optimum pulse width stability, Vo should be above 3.0 V.
NOTE: Information on typical parametric values can be found in Chapter 2.

High—Speed CMOS Logic Data 3-715 MOTOROLA
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MC54/74HC4538A

DC CHARACTERISTICS FOR THE MC54/74HC4538A

Guaranteed Limits
-55to .
v 25°C = 85°C =125°C
CcC
Symbol Parameter Test Conditions Volts | Min | Max | Min | Max | Min | Max | Unit
VIH Minimum High-Level Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 \
Input Voltage llout! = 20 pA 45 | 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low—Level Vout=0.1VorVcc-0.1V 2.0 0.5 0.5 0.5 \
Input Voltage llout! = 20 pA 4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH | Minimum High-Level Vin=VjHor V| 2.0 1.9 1.9 1.9 v
Output Voltage llout! = 20 uA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=V|H or V|L
lloutl = —4.0mA 45 | 3.98 3.84 3.7
lloutl < —5.2mA 6.0 | 5.48 5.34 5.2
VoL | Maximum Low-Level Vin=ViHorV|L 2.0 0.1 0.1 0.1 \
Output Voltage lloutl = 20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHor Vi
lloutl < 4.0 mA 45 0.26 0.33 0.4
lloutl = 5.2mA 6.0 0.26 0.33 0.4
lin Maximum Input Vin =V or GND 6.0 +0.1 +1.0 +1.0 | pA
Leakage Current
(A, B, Reset)
lin Maximum Input Vin =Vcc or GND 6.0 +50 +500 +500 | nA
Leakage Current
(Rx, Cx)
Icc Maximum Quiescent Vin = Ve or GND 6.0 130 220 350 pA
Supply Current Q1 and Q2 = Low
(per package) lout=0pA
Standby State
Icc Maximum Supply Current | Vin = Vcc or GND ~45°C to -55°C to
(per package) Q1 and Q2 = High 25°C 85°C 125°C
Active State lout =0 pA
Pins 2and 14 = 0.5 Voo 6.0 400 600 800 HA
MOTOROLA 3-716 High—-Speed CMOS Logic Data
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AC CHARACTERISTICS FOR THE MC54/74HC4538A (C|_= 50 pF, Input t, = t; = 6.0 ns)

Guaranteed Limits

-55to
25°C < 85°C < 125°C
Vce
Symbol Parameter Volts | Min | Max | Min | Max | Min | Max | Unit

tpLH | Maximum Propagation Delay 2.0 175 220 265 ns
Input AorBto Q 45 35 44 53
(Figures 6 and 8) 6.0 30 37 45

tpHL | Maximum Propagation Delay 2.0 195 245 295 ns
Input A or B to NQ 4.5 39 49 59
(Figures 6 and 8) 6.0 33 42 50

tpHL | Maximum Propagation Delay 2.0 175 220 265 ns
Resetto Q 4.5 35 44 53
(Figures 7 and 8) 6.0 30 37 45

tpeH | Maximum Propagation Delay 2.0 175 220 265 ns
Reset to NQ 4.5 35 44 53
(Figures 7 and 8) 6.0 30 37 45

tTLH Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 7 and 8) 45 15 19 22
6.0 13 16 19

Cin Maximum Input Capacitance (A.B, Reset) | — 10 10 10 pF
(Cx, Ry) 25 25 25

NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2.
Typical @ 25°C, Vcc =5.0V
Cpp Power Dissipation Capacitance (Per Multivibrator)* 150 pF

*Used to determine the no-load dynamic power consumption: Pp = Cpp Vg c2f

TIMING CHARACTERISTICS FOR THE MC54/74HC4538A (Input t, = t = 6.0 ns)

+Icc Ve For load considerations, see Chapter 2.

Guaranteed Limits

-55to
25°C < 85°C < 125°C
Vce
Symbol Parameter Volts | Min | Max [ Min | Max [ Min | Max | Unit
trec Minimum Recovery Time, Inactive to A or B 2.0 0 0 0 ns
(Figure 7) 4.5 0 0 0
6.0 0 0 0
tw | Minimum Pulse Width, Input A or B 20 | 60 75 90 ns
(Figure 6) 4.5 12 15 18
6.0 10 13 15
tw Minimum Pulse Width, Reset 2.0 60 75 90 ns
(Figure 7) 4.5 12 15 18
6.0 10 13 15
tr, tf Maximum Input Rise and Fall Times, Reset 2.0 1000 1000 1000 ns
(Figure 7) 4.5 500 500 500
6.0 400 400 400
AorB 2.0
(Figure 7) 4.5 No Limit
6.0
High—Speed CMOS Logic Data 3-717 MOTOROLA
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MC54/74HC4538A

OUTPUT PULSE WIDTH CHARACTERISTICS (C|_= 50 pF)t

Conditions Guaranteed Limits
-55to
v 25°C =< 85°C =< 125°C
cC
Symbol Parameter Timing Components Voits | Min | Max | Min | Max | Min | Max | Unit
T Output Pulse Width* Ry =10kQ, Cx =0.1 uF 50 | 063 | 0.77 | 06 0.8 0.59 | 0.81 ms
(Figures 6 and 8)

— Pulse Width Match — — +5.0 %

Between Circuits in the

same Package
— | Pulse Width Match — — £10 %

Variation (Part to Part)

* For output pulse widths greater than 100 ps, typically T = kRxCy, where the value of k may be found in Figure 1.

g 08 — 10s | l I | |
= Ta=25°C
= A 1s|—Vgg=5Y, To=25°C ]
= 07 4 _ AT A
= v € 100ms A A
= A T d /
2 & a4V
§ 06 = 10 ms /,/ /r / A
= / a4 T | A LA A
puiv} ms g P
1) 2 e LA
=05 £ 1o0ps) 1Mo ] LA A
a / a | // AT L
=z / 3 10psf00ke - Pd
5 04 / LA //
% 1us| 10IkQ L
[S) 1kQ 7
=~ 03 100 ns L
1 2 3 4 5 6 7 0.00001 0.0001 0.001  0.01 0.1 1 10 100
Vcc, POWER SUPPLY VOLTAGE (VOLTS) CAPACITANCE (uF)
Figure 1. Typical Output Pulse Width Constant, k, Figure 2. Output Pulse Width versus
versus Supply Voltage Timing Capacitance
(For output pulse widths > 100 ps: T = kRxCyx)
1.1 — —
L Ry = 100kQ TA=25°C _|
&= 1] Cx=1000pF —
=m
= % 0.9 4 //
oz Y
=> /
w / ]
‘gg 08 /
%g / Ry=1MQ
T 07 Cx=0.1pF
5= /
o5 l
£ 06 i
05 /
3 4 5 6
Vo, POWER SUPPLY VOLTAGE (VOLTS)
Figure 3. Normalized Output Pulse Width
versus Power Supply Voltage
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Voo=6V Ry=10kQ |
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OUTPUT PULSE WIDTH (t)
(NORMALIZED TO 25°C NUMBER)
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Figure 4. Normalized Output Pulse Width
versus Power Supply Voltage
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Figure 5. Normalized Output Pulse Width
versus Power Supply Voltage
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SWITCHING WAVEFORMS
< tw(H)
—Vce
50%
A/ GND
B twil)
B Vee
50%
—GND
— tpLy | T L —{ | T
50%
Q
e— tPHL T |ty —> o
Q
50%
Figure 6.
—Vce
GND
—t
Vee
50%\§
—GND
Vee
—GND
trec | |
507 (RETRIGGERED PULSE)
Figure 7.
TEST POINT
OUTPUT
DEVICE
UNDER

TEST I o

* Includes all probe and jig capacitance

Figure 8. Test Circuit
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PIN DESCRIPTIONS

INPUTS
A1, A2 (Pins 4, 12)

Positive—edge trigger inputs. A rising—edge signal on
either of these pins triggers the corresponding multivibrator
when there is a high level on the B1 or B2 input.

B1, B2 (Pins 5, 11)

Negative—edge trigger inputs. A falling—edge signal on
either of these pins triggers the corresponding multivibrator
when there is a low level on the A1 or A2 input.

Reset 1, Reset 2 (Pins 3, 13)

Reset inputs (active low). When a low level is applied to
one of these pins, the Q output of the corresponding multi-
vibrator is reset to a low level and the Q output is set to a high
level.

Cx1/Rx1 and Cx2/Rx2 (Pins 2 and 14)

External timing components. These pins are tied to the
common points of the external timing resistors and capaci-

tors (see the Block Diagram). Polystyrene capacitors are
recommended for optimum pulse width control. Electrolytic
capacitors are not recommended due to high leakages
associated with these type capacitors.

GND (Pins 1 and 15)
External ground. The external timing capacitors discharge
to ground through these pins.

OUTPUTS
Q1, Q2 (Pins 6, 10)

Noninverted monostable outputs. These pins (normally
low) pulse high when the multivibrator is triggered at either

the A or the B input. The width of the pulse is determined by
the external timing components, Rx and Cx.

Q1, Q2 (Pins 7, 9)
Inverted monostable outputs. These pins (normally high)

pulse low when the multivibrator is triggered at either the A or
the B input. These outputs are the inverse of Q1 and Q2.

LOGIC DETAIL

RxCx

| UpeR |
| REFERENCE
| CiRouT

| |
Ve T >—H{
|

" TLOWER
Ve | REFERENCE
| cReur

(1/2 THE DEVICE)

: CIRCUIT

TTRIGGER CONTROL |

|
|
c Q—|—<,-
|
I
J

| TRIGGER CONTROL
| RESET CIRCUIT

F———————
I RESET } :[> —3
| | ]
Power | |
on ||
ReseT | | ,—<]p—
| RESET LATCH
e
Figure 9.
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CIRCUIT OPERATION

Figure 12 shows the HC4538A configured in the retrigger-
able mode. Briefly, the device operates as follows (refer to
Figure 10): In the quiescent state, the external timing capac-
itor, Cy, is charged to Vg . When a trigger occurs, the Q out-
put goes high and Cy discharges quickly to the lower
reference voltage (Vyef Lower = 1/3 V). Cx then charges,
through Ry, back up to the upper reference voltage (Vyef Up-
per = 2/3 V), at which point the one-shot has timed out
and the Q output goes low.

The following, more detailed description of the circuit op-
eration refers to both the logic detail (Figure 9) and the timing
diagram (Figure 10).

QUIESCENT STATE

In the quiescent state, before an input trigger appears, the
output latch is high and the reset latch is high (#1 in Fig-
ure 10). Thus the Q output (pin 6 or 10) of the monostable
multivibrator is low (#2, Figure 10).

The output of the trigger—control circuit is low (#3), and
transistors M1, M2, and M3 are turned off. The external tim-
ing capacitor, Cy, is charged to VoG (#4), and both the upper
and lower reference circuit has a low output (#5).

In addition, the output of the trigger—control reset circuit is
low.

TRIGGER OPERATION

The HC4538A is triggered by either a rising—edge signal at
input A (#7) or a falling—edge signal at input B (#8), with the
unused trigger input and the Reset input held at the voltage
levels shown in the Function Table. Either trigger signal will
cause the output of the trigger—control circuit to go high (#9).

The trigger—control circuit going high simultaneously initi-
ates two events. First, the output latch goes low, thus taking
the Q output of the HC4538A to a high state (#10). Second,
transistor M3 is turned on, which allows the external timing
capacitor, Cy, to rapidly discharge toward ground (#11).
(Note that the voltage across Cy appears at the input of both
the upper and lower reference circuit comparator).

When Cy discharges to the reference voltage of the lower
reference circuit (#12), the outputs of both reference circuits
will be high (#13). The trigger—control reset circuit goes high,
resetting the trigger—control circuit flip—flop to a low state
(#14). This turns transistor M3 off again, allowing Cx to begin
to charge back up toward Vg, with a time constant t = RyCx
(#15). Once the voltage across Cx charges to above the low-
er reference voltage, the lower reference circuit will go low
allowing the monostable multivibrator to be retriggered.

QUIESCENT TRIGGER CYCLE TRIGGER CYCLE
| STATE | (AINPUT) | (BINPUT) | RESET | RETRIGGER |
@) — tr
TRIGGER INPUT A |___|
(PIN4OR 12) L ﬂ__ﬂ
TRIGGER INPUT B
(PIN5OR 11) |_| &
Iy M M
TRIGGER-CONTROL
CIRCUIT OUTPUT © 0
®
Ry/Cx INPUT ® ® @ %f
(PIN2OR 14) T Vg UPPER
Vref LOWER 7~ ® e
UPPERREFERENCE  (®) | | | | | | | |
CIRCUIT
®
LOWERREFERENCE ~ (® ﬂ ﬂ ﬂ || “
CIRCUIT
RESET INPUT
(PIN3OR 13) @[
©)
RESET LATCH ®| |
:
ey 22— 1@ [ J _— L
|<— T —»‘ fe—17—> e Tty —
Figure 10. Timing Diagram
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When Cy charges up to the reference voltage of the upper
reference circuit (#17), the output of the upper reference cir-
cuit goes low (#18). This causes the output latch to toggle,
taking the Q output of the HC4538A to a low state (#19), and
completing the time—out cycle.

POWER-DOWN CONSIDERATIONS

Large values of Cx may cause problems when powering
down the HC4538A because of the amount of energy stored
in the capacitor. When a system containing this device is
powered down, the capacitor may discharge from Vgoc
through the input protection diodes at pin 2 or pin 14. Current
through the protection diodes must be limited to 30 mA;
therefore, the turn—off time of the Vo power supply must not
be faster than t = VocceCyx/(30 mA). For example, if
Ve =5.0 Vand Cy = 15 pF, the Vg supply must turn off no
faster than t = (5.0 V)e(15 pF)/30 mA = 2.5 ms. This is usually
not a problem because power supplies are heavily filtered
and cannot discharge at this rate.

When a more rapid decrease of Vc to zero volts occurs,
the HC4538A may sustain damage. To avoid this possibility,
use an external damping diode, Dy, connected as shown in
Figure 11. Best results can be achieved if diode Dy is chosen
to be a germanium or Schottky type diode able to withstand
large current surges.

RESET AND POWER ON RESET OPERATION

A low voltage applied to the Reset pin always forces the Q
output of the HC4538A to a low state.

The timing diagram illustrates the case in which reset oc-
curs (#20) while Cy is charging up toward the reference volt-
age of the upper reference circuit (#21). When a reset

Cx

T

RESET

MC54/74HC4538A

occurs, the output of the reset latch goes low (#22), turning
on transistor M1. Thus Cy is allowed to quickly charge up to
Ve (#23) to await the next trigger signal.

On power up of the HC4538A the power—on reset circuit
will be high causing a reset condition. This will prevent the
trigger—control circuit from accepting a trigger input during
this state. The HC4538A’s Q outputs are low and the Q not
outputs are high.

RETRIGGER OPERATION

When used in the retriggerable mode (Figure 12), the
HC4538A may be retriggered during timing out of the output
pulse at any time after the trigger—control circuit flip—flop has
been reset (#24), and the voltage across Cy is above the low-
er reference voltage. As long as the Cy voltage is below the
lower reference voltage, the reset of the flip—flop is high, dis-
abling any trigger pulse. This prevents M3 from turning on
during this period resulting in an output pulse width that is
predictable.

The amount of undershoot voltage on RxCy during the
trigger mode is a function of loop delay, M3 conductivity, and
VpD. Minimum retrigger time, trr (Figure 7), is a function of
1) time to discharge RxCyx from Vpp to lower reference
voltage (Tdischarge); 2)loop delay (Tdelay); 3) timetocharge
RxCyx from the undershoot voltage back to the lower refer-
ence voltage (Tcharge)-

Figure 13 shows the device configured in the non-retrig-
gerable mode.

An Application Note (AN1558/D) titled Characterization of
Retrigger Time in the HC4538A Dual Precision Monstable
Multivibrator is being prepared. Please consult the factory for
its availability.

Dx

» }— Vee

Rx

Figure 11. Discharge Protection During Power Down
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TYPICAL APPLICATIONS
C)l(_ Rx C)|(_- Ry

RISING-EDGE -L-_) v | RISING-EDGE -E_) vI
TRIGGER I cc TRIGGER I cc
A Q A —@

B ® a B CS)——
B=Vce
RESET = Vo RESET =Vgg
Rx Cx Rx
Vee _r’_l Vee
= Q
Q A
p——2Q B O—2Q
FALLING-EDGE FALLING-EDGE
TRIGGER RIGGER
GGE RESET = V(g TRIGGE RESET = Vgg

Figure 12. Retriggerable Monostable Circuitry Figure 13. Non-retriggerable Monostable Circuitry

ONE-SHOT SELECTION GUIDE

100ns 1ps 10ps 100pus 1ms 10ms 100ms 1s 10s
MC14528B
MC14536B % X 23HR
MC14538B ¥
MC14541B *— 5MIN
HC4538A* | |

* Limited operating voltage (2-6 V)

TOTAL OUTPUT PULSE WIDTH RANGE = e————>
RECOMMENDED PULSE WIDTH RANGE }————X
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Quad 2-Input Exclusive

NOR Gate
High—-Performance Silicon—-Gate CMOS

The MC74HC7266 is identical in pinout to the LS266 and the HC266. The
HC7266 has standard CMOS outputs instead of open—drain outputs.

The device inputs are compatible with standard CMOS outputs; with
pullup resistors, they are compatible with LSTTL outputs.
e Output Drive Capability: 10 LSTTL Loads
o Outputs Directly Interface to CMOS, NMOS, and TTL
e Operating Voltage Range: 2to 6 V
e Low Input Current: 1 pA
¢ High Noise Immunity Characteristic of CMOS Devices
e In Compliance with the Requirements Defined by JEDEC Standard

No. 7A

o Chip Complexity: 56 FETs or 14 Equivalent Gates

LOGIC DIAGRAM

A3
) 0\
B3
A2 "
" v4
B4
PIN 14 = Vicg
PIN7 = GND

10/95

MC74HC7266

’ N SUFFIX
}'. PLASTIC PACKAGE
“‘ CASE 646-06
1

D SUFFIX
14 ‘@,ﬁg‘ SOIC PACKAGE

1 CASE 751A-03

ORDERING INFORMATION

MC74HCXXXXN Plastic
MC74HCXXXXD SOIC

PIN ASSIGNMENT

Atll 1o 14 0 Vee
Bi[] 2 13 [1B4
vifl 3 12 [1 A4
va[] 4 1 [va
A2[] 5 103
B2[} 6 9[1B3

GND 7 8 [1A3
FUNCTION TABLE
Inputs Output

A B Y

L L H

L H L

H L L

H H H

© Motorola, Inc. 1995 3-725
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MC74HC7266

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
v DC Supply Voltage (Referenced to GND -05t0+70 | V cireuitry to guard against damage
cc PPy ge ( ) due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15toVgc+15| V fields. However, precautions must
— be taken to avoid applications of any
Vout | DC Output Voltage (Referenced to GND) 05toVec+05| V voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high-impedance cir-
- - cuit. For proper operation, Vi and
lout DC Output Current, per Pin +25 mA Vout should be constrained 1o the
Icc DC Supply Current, Vcc and GND Pins +50 mA range GND = (Vi or Vout) < Ve
P N Unused inputs must always be
Pp Power Dissipation in Still Air glastlclePT 750 mwW tied to an appropriate logic voltage
SOIC Packaget 500 level (e.g., either GND or V).
Tstg | Storage Temperature - 6510 + 150 °C Unused outputs must be left open.
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min | Max [ Unit
Vce DC Supply Voltage (Referenced to GND) 2.0 6.0 )
Vin» Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \
TA Operating Temperature, All Package Types -55 | +125 | °C
ty, tf Input Rise and Fall Time Vcc=20V 0 1000 [ ns
(Figure 1) Vcc=45V 0 500
Vcc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee -55to
Symbol Parameter Test Conditions v 25°C =< 85°C | =125°C | Unit
VIH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 v
Voltage lloutl = 20 pA 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVgc-01V 2.0 0.3 0.3 0.3 \
Voltage lloutl = 20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VOH Minimum High-Level Output Vin=V|Hor V|L 2.0 1.9 1.9 1.9 \
Voltage lloutl = 20 A 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViHorV|_ llgytl = 4.0mA 4.5 3.98 3.84 3.70
loutl = 5.2 mA 6.0 5.48 5.34 5.20
VoL Maximum Low-Level Output Vin=V|HorV|L 2.0 0.1 0.1 0.1 \
Voltage lloutl = 20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorV|L lloutl =40mA | 45 0.26 0.33 0.40
lloutl =5.2mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin =Vgc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc Maximum Quiescent Supply Vin = Vg or GND 6.0 2 20 40 HA
Current (per Package) lout =0 pHA

NOTE: Information on typical parametric values can be found in Chapter 2.
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MC74HC7266

AC ELECTRICAL CHARACTERISTICS ( C|_ =50 pF, Input t; = t; = 6 ns)

Guaranteed Limit
Vece —-55to
Symbol Parameter v 25°C < 85°C | = 125°C Unit
tPLH, Maximum Propagation Delay, Input A or B to Output Y 2.0 120 150 180 ns
tPHL (Figures 1 and 2) 45 24 30 36
6.0 20 26 31
tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 4.5 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.

Typical @ 25°C,Vcc=5.0V
33 pF

CpDp Power Dissipation Capacitance (Per Gate)* .
*Used to determine the no—load dynamic power consumption: Pp = Cpp Vog2f + Igc VG- For load considerations, see Chapter 2.

— Vce
INPUT TEST POINT
AORB aND
OUTPUT
tPLH tPHL DEVICE
UNDER X
90% TEST L
OUTPUTY 50% I
fTLH THL * Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
LOGIC DETAIL
(1/4 of Device)
A 4[>J-q[>
Y
B
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APPLICATION INFORMATION

Bi ¢—L is defined as biphase-level code. Also known as
Manchester Code, this technique utilizes binary phase shift
keying (PSK). The Bi ¢—L output shown in Figure 3 carries
both data and synchronization information; therefore, sepa-
rate data and clock lines are not required to transfer informa-
tion. A positive—going transition in the middle of the bit
interval indicates a logic zero; a negative—going transition in-

NRZ-L
CLOCK

1/4

dicates a logic one (see Figure 4).

NRZ-L shown in Figure 3 is non-return—to—zero level
code. This is simply serial data out of a shift register, such as
the HC597. }

The Bi ¢-L signal must be phase coherent (i.e., no
glitches). Therefore, NRZ-L and clock transitions must be
coincident.

HC7266

Figure 3. Biphase-Level Encoder (Manchester Encoder)

NRZL | ] |
clock | | | |

[

I
I 1

I

Blo-L | |

POSITIVE
LOGIC DATA | 1 I 0 I
| | |
——
BIT
INTERVAL

]

Figure 4. Timing Diagram
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Product Preview MC74HC7266A

Quad 2-Input Exclusive
NOR Gate W N SUFFIX

High—Performance Silicon—Gate CMOS o PLASTIC PACKAGE

CASE 646-06
The MC74HC7266A is identical in pinout to the LS266 and the HC266.
The HC7266 has standard CMOS outputs instead of open—drain outputs.
The device inputs are compatible with standard CMOS outputs; with D SUFFIX
pullup resistors, they are compatible with LSTTL outputs. 14 \(& SOIC PACKAGE
e Output Drive Capability: 10 LSTTL Loads 1 CASE 751A-03
e Outputs Directly Interface to CMOS, NMOS, and TTL
e Operating Voltage Range: 2to 6 V

DT SUFFIX
e Low Input Current: 1 pA
i Np. Tu o ) 14 TSSOP PACKAGE
gh Noise Immunity Characteristic of CMOS Devices ) CASE 948G-01
* In Compliance with the Requirements Defined by JEDEC Standard
No. 7A
o Chip Complexity: 56 FETs or 14 Equivalent Gates ORDERING INFORMATION

MC74HCXXXXAN Plastic
MC74HCXXXXAD SOIC
MC74HCXXXXADT  TSSOP

LOGIC DIAGRAM

Al jDO—S v PIN ASSIGNMENT
oy 2
B Al 1e 14

i] Vee
1 B4
Y ) Bi[] 2 134
ZID)—Y:E Y-A®DB Yif] 3 12 [1 A
B2 = AB
AB+AB va[] 4 11 [ va
e A2 5 10[v3
10 Y3
B3 B2(} 6 9183
GND[| 7 8 A3
a2 "
13 Y4
B4
PIN 14= Vg FUNCTION TABLE
PIN7 =GND Inputs Output
A B Y
L L H
L H L
H L L
H H H
This document contains information on a product under development. Motorola reserves the right to change or
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MC74HC7266A

MAXIMUM RATINGS*

Symbol , ) Parameter Value Unit This device contains protection
Y DC Supply Voltage (Referenced to GND -0510+7.0 v circuitry to guard against damage
cc pply Voltage ( ) o+ due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -05toVec+05 | V fields. However, precautions must

— be taken to avoid applications of any

Vout DC Output Voltage (Referenced to GND) 05toVcc+05| V voltage higher than maximum rated
lin DC Input Current, per Pin +20 mA voltages to this high-impedance cir-

cuit. For proper operation, Vi, and

lout | DC Output Current, per Pin *25 mA Vout should be constrained to the

Icc DC Supply Current, Vcc and GND Pins +50 mA range GND = (Vinor Vout) = Vee-

PD | Power Dissipation in Still Air Plastic DIPt 750 mw ﬁegr:gs':: ;;glr’;;ﬂ;is:ogzv%ﬁagz
SOIC Packaget 500 level (e.g., either GND or VcQ).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C
TL Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP, SOIC or TSSOP Package) 260

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
For high frequency or heavy load considerations, see Chapter 2.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vce DC Supply Voltage (Referenced to GND) 2.0 6.0 \
Vin» Vout | DC Input Voltage, Output Voltage (Referenced to GND) 0 Vce \
TA Operating Temperature, All Package Types -55 |+125 | °C
t tf Input Rise and Fall Time Vec=20V 0 1000 | ns
(Figure 1) Voc=45V 0 500
Vgc=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions v 25°C =< 85°C | =125°C | Unit
VIH Minimum High-Level Input Vout=0.1VorVcc-0.1V 2.0 1.5 1.5 1.5 \
Voltage llout! = 20 pA 3.0 21 21 2.1
. 45 3.15 3.15 3.15
6.0 4.2 4.2 4.2
ViL Maximum Low-Level Input Vout=0.1VorVgc-0.1V 2.0 0.5 0.5 0.5 \
Voltage lloutl = 20 pA 3.0 0.9 0.9 0.9
4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
VoH Minimum High-Level Output Vin = Viy or V| 20 . 1.9 1.9 1.9 \
Voltage - lloytl = 20 pA 4.5 4.4 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViqorViL ligytl =24mA| 3.0 2.48 2.34 2.20
lloutl < 40mA | 45 3.98 3.84 3.70
llout <52mA | 6.0 5.48 5.34 5.20
MOTOROLA 3-730 High-Speed CMOS Logic Data
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MC74HC7266A

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions v 25°C =< 85°C | = 125°C Unit
VoL Maximum Low-Level Output Vin=ViH or V| 2.0 0.1 0.1 0.1 \
Voltage Hout! = 20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorV)L llgyl =24mA | 3.0 0.26 0.33 0.40
lloutl < 40mA | 45 0.26 0.33 0.40
llout! < 52mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Vcc or GND 6.0 +0.1 +1.0 +1.0 pA
Icc Maximum Quiescent Supply Vin=Vcc or GND 6.0 1 10 40 nA
Current (per Package) lout = 0 pA

NOTE: Information on typical parametric values can be found in Chapter 2.

AC ELECTRICAL CHARACTERISTICS (G| = 50 pF, Input t; = tf = 6 ns)

Guaranteed Limit
Vee -55to )

Symbol Parameter \ 25°C =< 85°C | < 125°C Unit
tPLH, Maximum Propagation Delay, input A or B to Output Y 2.0 100 125 150 ns
tPHL (Figures 1 and 2) 3.0 80 90 110

4.5 20 25 25
6.0 17 21 19
tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL (Figures 1 and 2) 3.0 30 40 55
45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
NOTES:

1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.

Typical @ 25°C, Vg =5.0V

Cpp Power Dissipation Capacitance (Per Gate)* 33 pF
*Used to determine the no-load dynamic power consumption: Pp = Cpp Vgc2f + Icc V. For load considerations, see Chapter 2.

TEST POINT

OUTPUT
DEVICE
UNDER

TEST I o

* Includes all probe and jig capacitance

Figure 1. Switching Waveforms . Figure 2. Test Circuit

High-Speed CMOS Logic Data 3-731 MOTOROLA
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MC74HC7266A

LOGIC DETAIL
(1/4 of Device)
D>
Y
B
APPLICATION INFORMATION

Bi ¢-L is defined as biphase—level code. Also known as
Manchester Code, this technique utilizes binary phase shift
keying (PSK). The Bi ¢-L output shown in Figure 3 carries
both data and synchronization information; therefore, sepa-
rate data and clock lines are not required to transfer informa-
tion. A positive—going transition in the middle of the bit
interval indicates a logic zero; a negative—going transition in-

dicates a logic one (see Figure 4).

NRZ-L shown in Figure 3 is non-return-to—zero level
code. This is simply serial data out of a shift register, such as
the HC597.

The Bi ¢-L signal must be phase coherent (i.e., no
glitches). Therefore, NRZ-L and clock transitions must be
coincident.

HC7266A

NRZ-L
] e
CLOCK

Figure 3. Biphase—Level Encoder (Manchester Encoder)

NRZ-L I | I

cLock | | [ | |

Blo-L | |

| | |

[
!
I
|

POSITIVE !
LOGIC DATA | 1 I 0 | 1 | 0 | 0
| | | | |
—————
BIT
INTERVAL
Figure 4. Timing Diagram
MOTOROLA High—Speed CMOS Logic Data
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Ordering Information

High-Speed CMOS Data

Logic Integrated Circuits Division

This section contains the High-Speed CMOS
device nomenclature for ordering ease. It also
contains the technical case outlines for all of the
available packages for High-Speed devices.
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High—-Speed CMOS Family
Device Nomenclature

MC VvV www XXXX Y

Motorola
Circuit Identifier

Temperature Range
e 74 Series (-55 to +125°C)
* 54 Series (-55 to +125°C)

High—-Speed CMOS

Specification Identifier
¢ HC = Buffered High—Speed CMOS

e HCU = Unbuffered High-Speed CMOS*
¢ HCT = High—Speed CMOS TTL Compatible

*Not Available On All Devices

Package Type
¢ N for Plastic (74 Series Only)
* J for Ceramic (54 Series Only)
o D for 150 mil Plastic SOIC (74 Series Only)
* DW for 300 mil Plastic SOIC (74 Series Only)

Function Type
o XX(X) Same Function and Pin Configuration
as LSTTL
* 4XXX Same Function and Pin Configuration
as CMOS 14000
o 7XX(X) Variation of LSTTL or CMOS 14000

Device

Case Outlines
14-Pin Packages

J SUFFIX
CERAMIC DIP PACKAGE
CASE 632-08
ISSUE Y
- (&) -
14 8
[-B-]
1 7

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

4. DIMESNION F MAY NARROW TO 0.76 (0.030)
WHERE THE LEAD ENTERS THE CERAMIC
BODY.

INCHES MILLIMETERS

MOTOROLA

| | DIM [ MIN | MAX | MIN [ MAX

A | 0750 | 0.785 | 10.05 [ 19.84

B | 0245 0280 623 | 7.1

! C | 0155 0200 3 08

015 | 0.020 | 0 50

SEATING .05 | 0.065 | 1 65
PLANE mool BSC 2. )4|BSL_
E G N— J 0.008 | 0015 | 021 ] 038

0.125 | 0170 | 318 | 431

——1 L D1apL J14PL 0.300 BSC 7.62 BSC
[@]o25 0010 @[T AG] [@lozs000 @[T 8®] e
4-2 High-Speed CMOS Logic Data
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Case Outlines

N SUFFIX
PLASTIC DIP PACKAGE
CASE 646-06
ISSUE L
NOTES:
P W W 1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
14 8 MATERIAL CONDITION.
2. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
O 3. DIMENSION B DOES NOT INCLUDE MOLD
1 7 i FLASH.
P YrYY YV 4. ROUNDED CORNERS OPTIONAL.
INCHES MILLIMETERS
A DIM| MIN | MAX | MIN | MAX
A | 0715 | 0770 | 18.16 | 1956
—>{Fle— L B | 0.240 [ 0260 | 610 | 660
C | 0145 | 0185 | 369 | 469 |
[ — ) D | 0015 | 0.021 | 038 | 053
c F | 0040 [0070 | 102 | 178
v € G [__0.100BSC 254 BSC
y H 0052 | 0095 132 241
J J | 0008 {0015 020 | 038
N 2 K| 015 [0135 [ 292 [ 343
L | 0300BSC 7.62 BSC
_JL SEATNG Lk M| o0°] 10°| o°| 10°
H G re— D M N [ 0015 {0039 [ 039 101
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751A-03
ISSUE F
NOTES:
[—A-] 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
A A A A R f A 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
14 8 MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
[=B-] P|7Q:|. ®| 0) | 5. DIMENSION D DOES NOT INCLUDE DAMBAR
0.25(0.010 B PROTRUSION. ALLOWABLE DAMBAR
0] 7 ( ) PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

—pl G lq— _>/ F L_ MILLIMETERS

c R x 45° |<—— | DIM | MIN | MAX | MIN | MAX |
55 | 875 | 0.337 | 0.344
i ] X a .

B = I==I=I=I=T R ] Iy RS :
N T T - ~ ) 4 014 | 04
S SO I . B AR

0.
1.27 BSC 0.050 BSC
0.1 0.25 | 0.008 | 0.009
|$| 025 (0.010) ® lTl B® | A® ’ 010 | 025 | 0.004 | 0.009
| el
580 | 620 | 0228 | 0.044
R | 025 | 050 | 0.010 [ 0.019

High—Speed CMOS Logic Data 4-3 MOTOROLA
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Case Outlines

SD SUFFIX
PLASTIC SSOP PACKAGE
CASE 940A-03
ISSUE B
14X K REF NOTES:
__,I |<7 |$| 0T (0'005)®| T| 7o) | o) ' T 1. mmsgggna AND TOLERANCING PER ANS!
— 2. CONTROLLING DIMENSION: MILLIMETER.
T H I:l I:l I:l H I:l I:l N 3. DIMENSION A DOES NOT INGLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH
L2 14 8 OR GATE BURRS SHALL NOT EXCEED 0.15
4,

L

V] (0.006) PER SIDE.
— ¥ . DIMENSION B DOES NOT INCLUDE INTERLEAD
| B N L FLASH OR PROTRUSION. INTERLEAD FLASH OR
F

PROTRUSION SHALL NOT EXCEED 0.15 (0.006)
e O

L

. DIMENSION K DOES NOT INCLUDE DAMBAR

le——
o

PROTRUSIONINTRUSION. ALLOWABLE DAMBAR
DETAILE PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN

EXCESS OF K DIMENSION AT MAXIMUM
MATERIAL CONDITION. DAMBAR INTRUSION
SHALL NOT REDUCE DIMENSION K BY MORE

l‘——— K—>I THAN 0.07 (0.002) AT LEAST MATERIAL
i CONDITION.

. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.
DIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PLANE -W-,

o

0200008 ®[T[U @]

-~

MILLIMETERS INCHES
| DIM[ MIN_ T mMAX | MIN | MAX
SECTION N-N Al 607 | 633 ] 0238 [ 0249
B | 520 | 538 | 0.205 | 0212
: C [ 173 ] 1.99 | 0.068 | 0078
D | 005 [ o021 | 0.002 | 0.008
-~ F | 063 [ 095 [ 0.024 | 0037
é | 7\ O\ [W4 G | 06585C 0.026 BSC
f H | 108 | 122 | 0.042 | 0.048
O 0.076(0.003)| ¢ ¥ J \—\TI L /' J | 009 | 020 [ 0.003 | 0.008
—T—] SEATING Ji| 000 | 016 | 0003 | 0.006
PLANE D-* @_,I |<_ /" K | 025 | 038 | 0.010 | 0.015
DETAILE K1 025 | 033 ] 0.010 [ 0013
H L | 765 | 7.90 | 0.301 | 0311
M 0° 8° 0° 8°
MOTOROLA 4-4 High—Speed CMOS Logic Data
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Case Outlines

DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948B-03
ISSUE A

14X K REF

naln | 0.200(0.008)®|T NOTES:
ARARARA!

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSION A DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH
OR GATE BURRS SHALL NOT EXCEED 0.15
(0.006) PER SIDE.

|
LN

L B 4. DIMENSION B DOES NOT INCLUDE INTERLEAD
PIN1 FLASH OR PROTRUSION. INTERLEAD FLASH OR
IDENTIFICATION PROTRUSION SHALL NOT EXCEED 0.25 (0.010)
PER SIDE.

o

DIMENSION K DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL

EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.
. TERMINAL NUMBERS ARE SHOWN FOR

REFERENCE ONLY.
DIMENSIONS A AND B ARE TO BE DETERMINED
AT DATUM PLANE -U-.

N o

MILLIMETERS INCHES
[ X—~ [U=] |DmM[ N [ Max [ miN T mAX
\ Al — [ 510 — [o0200
LA A \—_VI B | 430 | 450 | 0169 | 0477
[ —_ 120 — 1 0047
DT 0 132%1?{204) D G | H D | 005 | 025 0.002 | 0010
e ol F | 045 | 055 | 0018 | 0022

PLANE G | 06585C 0026 BSC
H | 050 | 060 | 0.020 | 0.024
J | 009 | 024 [ 0004 | 0.009
le— K—> A J1 | 009 | 018 | 0004 | 0.007
K1 K| 016 [ 032 | 0.006 [ 0013
J1 —l ]‘—'I'— K1 | 016 | 026 [ 0006 [ 0010
M L | 630 | 650 | 0248 | 0.256
[} ; M 0o 10° | 0ol 10°

J
! A T
SECTION A-A F ‘4
High-Speed CMOS Logic Data 4-5 MOTOROLA
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Case Outlines

DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948G-01
ISSUE O
14X K REF N%TESIMENSIONING AND TOLERANCING PER ANS!
—-l r—ﬁﬂ 0100004 @[ T[U B[V )] " Y145, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
0| 0.15(0.008)[ T| U ® 3, DIMENSION A DOES NOT INCLUDE MOLD FLASH,

il

0
o |
[ —
| = —
o
]
- —
~

Io 0.15(0.006)| T| U ® —-I K I-—

ARRRRRR 4.
w ,,.;F S :
o © ! J DETAILE 8

PROTRUSIONS OR GATE BURRS. MOLD FLASH
OR GATE BURRS SHALL NOT EXCEED 0.15
(0.006) PER SIDE.

DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED

0.25 (0.010) PER SIDE.

DIMENSION K DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.

. TERMINAL NUMBERS ARE SHOWN FOR

REFERENCE ONLY.

. DIMENSION A AND B ARE TO BE DETERMINED

AT DATUM PLANE -W-.

MILLIMETERS | INCHES
—TI K1 [T_ M| MIN_| MAX | MIN
i A 490 | 510 0493 | 0:
B | 430 | 450 0.169 | 0.
J J1 c| — 1 120 — [o0a
-f— D | 005 | 015 | 0002 | 0006
f F | 050 | 075 [ 0.020 | 0030
SECTION N-N G | oesBsC 0026 BSC
H | 050 | 060 | 0.020 [ 0.024
J | 003 | 020 0004 | 0.008
91| 009 | 0.16 | 0004 | 0.006
1 c =\ Ewd K| 019 ] 030 | 0.007 | 0.012
= \______Uk,/ K| 019 | 025 [ 0007 | 0010
0010 (0.004) T L | 6408SC 0.252BSC
-T—[ SEATING _,l L_ _,’ M| o°] 8 o°] 8°
PLANE D G H DETAIL E
-
16-Pin Packages
J SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V
Al NOTES:
1. DIMENSIONING AND TOLERANCING PER
Deachchohcaond ANSI Y145M, 1982.
2. CONTROLLING DIMENSION: INCH.
] 3. DIMENSION L TO GENTER OF LEAD WHEN
FORMED PARALLEL.
1 8 4. DIMENSION F MAY NARROW TO 0.76 (0.030)
T T T o WHERE THE LEAD ENTERS THE CERAMIC
Cc— e— L —> BODY.
INCHES | MILLIMETERS
[ { oM | MmN | MAX | MIN | MAX
A | 0750 | 0785 | 19.05 | 19.93
—i l | I— B [ 0240 | 0295 6.10 | 7.9
Vi C | — [o200 — | 508
0016 | 0.020 | 039 | 050
SEATNG N K // 0050BSC__ | 127B5C
0055 | 0.065 | 140 | 1.
o 0.100BSC 254BSC
M 0.008 [ 0015 | 021 [ o038
0.125 | 0170 | 3.8 | 431
>e—J 16PL L | 030085C_| _ 7.62B5C
b et [@l05000®@ [T 80 e oo oS i
[@]02500100 D[] A®] S
‘MOTOROLA 4-6 High—-Speed CMOS Logic Data
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Case Outlines

N SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUE R
Y NOTES:
1=A-=] 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
i W B W e W W 2. CONTROLLING DIMENSION: INCH,
16 9 f 3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL.
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 sl ¥ 5. ROUNDED CORNERS OPTIONAL.
LTI LI LI T ITI T INCHES | MILLIMETERS
_.I L—F |om[ MmN | MAX | MIN | MAX
—C < L—> A | 0740 [ 0770 | 1880 | 1955
B | 0250 | 0270 | 635 ] 685
[ ) \ -s C [ 0145 [ 0475 | 369 | 444
J:l £ . D | 0015 | 0021 | 039 | 053
— 7| SEATING \ F | 0040 | 070 1.02 177
” f PLANE G | 0100BSC 254B5C |
b K \ " H | 0050BSC 1.278SC
| - J_| 0008 [ 0015 | 021 | 038
H Gl J K [ 0110 | 0130 | 280 | 330 |
L | 0295 | 0305 | 750 | 774
e— D 16 PL M 0°] 10° 0°] 10°
|$| 0‘25(0.010)®|T| A @l s [ 0020 | 0040 [ 051 101
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J
—A-
R -
e — 1 — NOTES:
A A A AR HAH 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
16 9 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
[-B-] pspL MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
[©]0250010 @] B® | PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

o

MAXIMUM MATERIAL CONDITION.
MILLIMETERS INCHES
DIM | MIN MAX
K R —J F L_ A | 980 0.393
X 45° B | 380 0,157
~l ; _.’ ]‘_ C | 135 0,068
[ -] 035 0019
=== === R I e
el E Bl B S _T—T- ~>1, G 1.27BSC 0.050 BSC
SEATING M J | 019 | 025 | 0008 | 0009
L pen ooz foas oo
P | 580 | 620 | 0229 | 0244
lq}l 0.25(0.010) @ IT] B©| A©J R | 025 | os0 [ 0010 0019
High-Speed CMOS Logic Data 4-7 MOTOROLA
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Case Outlines

DW SUFFIX

PLASTIC SOIC PACKAGE

ax P

o

"HUHHHHH

16x D

HH: v

CASE 751G-02
ISSUE A

NOTES:

010025/ ®]B @]

EJ

[@]oot0 2@ 1] ©B O]

14x G

[=T]
SEATING
PLAN

el

,4— Rxas°

%J%‘L

PER ANSI Y14.5M, 1982

wn

PROTRUSION.

bl

o

. DiMENSIONING AND TOLERANCING

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE MOLD

DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN

EXCESS OF D DIMENSION AT MAXIMUM

MATERIAL CONDITION,
MILLIMETERS INCHES

| DIM| MIN | MAX | MIN | MAX
A_| 1045 | 1045 | 0400 | 0.411
B 740 | 760 | 0292 | 0.299
C 235 | 265 | 0093 | 0.104
D 035 | 049 | 0.014 } 0.019
F 050 | 090 | 0.020 | 0.035
G 1.27BSC 0.050 BSC
J 025 | 032 | 0010 | 0.012
K 010 [ 025 | 0.004 | 0.009
M 0° 7° 0° 7°
P_| 10.05 | 1055 | 0.395 | 0.415
R 025 | 075 | 0.010 | 0.029

MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER
SIDE.

40100004 ®[T[U O[VE]
o 015(0006)IT ] @ljl‘_{

DT SUFFIX

PLASTIC TSSOP PACKAGE

16X KREF

CASE 948F-01
ISSUE O

iHHAA 0

=T

FI‘: NOTES

Vi

Y14.5M, 1982.

L~

booboy

0[0.15(0.008) T|U ®

L
J_

1

1]0.10(0.004)
—T~| SEATING
PLANE

SN

SECTION N-N

DIMENSIONING AND TOLERANCING PER ANSI

CONTROLLING DIMENSION: MILLIMETER.
DIMENSION A DOES NOT INCLUDE MOLD FLASH.
PROTRUSIONS OR GATE BURRS. MOLD FLASH

OR GATE BURRS SHALL NOT EXCEED 0.15

(0.006) PER SIDE.

Ead

DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR

PROTRUSION SHALL NOT EXCEED
0.25 (0.010) PER SIDE.

Ll

DIMENSION K DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.08 {0.003) TOTAL IN
EXCESS OF THE K DIMENSION AT MAXIMUM

MATERIAL CONDITION.

o

REFERENCE ONLY.

TERMINAL NUMBERS ARE SHOWN FOR

7. DIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PLANE W~
MILLIMETERS INCHES
|DiM[ MIN_| MAX | MIN [ MAX
DETAILE A | 490 | 510 | 0193 | 0.200
B | 430 | 450 | 0.169 | 0477
|l — T 120 — [o0a7
D | 005 | 015 | 0.002 | 0.006
[ \,— Ew] |-E| 050 | 075 | o020 | 0030
\ G 0.65 BSC 0.026 BSC
J \—-——' H | 018 ] 028 | 0.007 | 001t
/ _ J | 009 [ 020 | 0.004 [ 0008
U] 000 | 046 | 0004 | 0006
H DETAIL E K | 019 | 030 | 0007 [oot2
Ki | 019 | 025 [ 0007 | 0010
L 6.40 BSC 0252 BSC
Ml o°] 8 o°

MOTOROLA
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Case Outlines

20-Pin Packages

J SUFFIX
CERAMIC DIP PACKAGE
CASE 732-03
ISSUE E
AN — A NOTES:
1. LEADS WITHIN 0.25 (0.010) DIAMETER, TRUE
20 " POSITION AT SEATING PLANE, AT MAXIMUM
MATERIAL CONDITION.
4 10 2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL
IFAYAY, YA B 3. DIMENSIONS A AND B INCLUDE MENISCUS.
MILLIMETERS | __INCHES
A o 3T wing 1oy K
A | 2386 | 2515 | 0.940 | 0990
B | 660 749 | 0260 | 0.9
C | 881 [ 508 [ 0150 | 0.200
> <F €T D | 038 056 0015 [ 0.022]
[ ] F_| 140 165 | 0.055 | 0.065
B Ty G | 25856 | 010085C
SRR H_| 051 ] 127 | 0020 [ 0.050
! f_N J | 020 | 030 | 0.008 | 0012
i K| 318 | 406 [ 0.125 | 0.160
SEATING K L | 762BSC. | 0300BSC
I‘— p PLANE ——|G|<— M| 0 | 5o | oo | 15°
N [ 025 ] 102 [ 0ooto] 0040
N SUFFIX
PLASTIC DIP PACKAGE
CASE 738-03
ISSUE E
A )
NOTES:
oy oy oy iy 1. DIMENSIONING AND TOLERANCING PER ANSI
20 11 ’ Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
o) B 3. DIMENSION L TO CENTER OF LEAD WHEN
1 0| § FORMED PARALLEL,

A RS R R R R RS R

~

. DIMENSION B DOES NOT INCLUDE MOLD

—C «L FLASH.
INCHES | MILLIMETERS

DIM | MIN | MAX [ MIN | MA

[ | DIM | MIN | | MAX |
A 1.010 .070 | 2566 [ 27.17
= ﬁ L 1 e
D

SEATING 0.015 § 0022 | 039 | 055
PLANE T \‘/ M 3.5%50 Bsc70 12?7188077
0. 0.0 1. 1.
E— == " 0.100 BSC 254B5C
0.008 | 0.015 0.21 0.38
—>{Gr= F - —>ile—J 20 PL 0.170 [ 0.140 | 280 | 355
L 300 BSC 52850
DaopL [@os0010 @[T B®] e
[Dl025 0010 @[T A®] N[ 0020 [ 00w | 05T T
High—-Speed CMOS Logic Data 4-9 MOTOROLA
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Case Outlines

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751D-04
ISSUE E

'
QEHI:IHFIHHHI:I1

7]

[-B-] P1opL
& [40010(025 @ [ @]

‘HHHHHHHHEHHE v
Eﬁ

. ; \j [

wp =

o &

NOTES:

. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982,

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.150
(0.006) PER SIDE.

DIMENSION D DOES NOT INCLUDE
DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0 13
(0.005) TOTAL IN EXCESS OF D DIMENSION
AT MAXIMUM MATERIAL CONDITION.

MILLIMETERS INCHES

DM

A
B
D
F

[G0010025 @[T A®[BO]
c
L T M\/’ | L

—’I I‘—GwPL K EE:RSG

SD SUFFIX
PLASTIC SSOP PACKAGE
CASE 940C-03
ISSUE B

_" l« |i:;| :J<.1ZE(;.005)®TT| Ue[VE]
b RAAAAARAAA N

L/2

LL' ——————— B‘ N F%‘:'}E

i 1O L
ilililikikifililili

0.25(0.010)

DETAILE

_LI‘—K_’I__*

00200008 @[ T[U ®]

Q) -

OTES:
3. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982,

4. CONTROLLING DIMENSION: MILLIMETER.

5. DIMENSION A DOES NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS. MOLD
FLASH OR GATE BURRS SHALL NOT EXCEED
0.15(0.006) PER SIDE.

6. DIMENSION B DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT
EXCEED 0.15 (0.006) PER SIDE.

7. DIMENSION K DOES NOT INCLUDE DAMBAR

. PROTRUSION/INTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN
EXCESS OF K DIMENSION AT MAXIMUM
MATERIAL CONDITION. DAMBAR INTRUSION
SHALL NOT REDUGE DIMENSION K BY MORE
THAN 0.07 (0.002) AT LEAST MATERIAL
CONDITION.

8. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

9. DIMENSION A AND B ARE TO BE
DETERMINED AT DATUM PLANE ~W-

MILLIMETERS INCHES
MIN_| MAX | MIN | MAX
707 | 733} 0278 | 0.288
520 | 538 | 0205 | 0.212
173 | 1.99 | 0068 | 0.078
005 | 021 | 0.002 | 0.008
063 | 095} 0.024 | 0.037

a

0.076 (0.003)

SEATING
NI

JT— L)
DETAIL E/'\

0.55 0.75 | 0.023 | 0.030
0.09 0.20 | 0.003 | 0.008

0. .
025 | 038 ) 0.010 | 0.015
025 | 033 ] 0010 | 0.013
765 | 7.90 | 0301 | 0.311
0° 8° 0° 8°

gr—5x§¢.:n-noou>§
o
&
josd
|23
O |¢
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Case Outlines

DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948E-02
ISSUE A

20X K REF NOTES:

@Wﬁ@ﬂ [@] 0.100009®][T[U O] v©| '31’?%7,15,'%?;6 AND TOLERANCING PER ANSI
T H H H H H H H H H :l . CONTROLLING DIMENSION: MILLIMETER.

. DIMENSION A DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH

T_f
A=
A

20 T OR GATE BURRS SHALL NOT EXCEED 0.15
2x L/2 }_ pr==xa4 (0.006) PER SIDE.
[ / 4. DIMENSION B DOES NOT INCLUDE INTERLEAD
B JJ1 |4 ’ FLASH OR PROTRUSION. INTERLEAD FLASH OR
[ PROTRUSION SHALL NOT EXCEED 0.25 (0.010)
| - - - = VY Vorrr PER SIDE.

b

PIN 1—| DIMENSION K DOES NOT INCLUDE DAMBAR
IDENT SECTION N-N PROTRUSION. ALLOWABLE DAMBAR
b PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN

AT DATUM PLANE -W-.

10 EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.
6. TERMINAL NUMBERS ARE SHOWN FOR
H H H H H H H H H H N‘j REFERENCE ONLY.
4| 0.15(0.006)| T{|U ® | 7. DIMENSION A AND B ARE TO BE DETERMINED

A MILLIMETERS | INCHES
| DM [ MIN [ MAX | MIN [ MAX
A | 640 | 660 | 0252 | 0260
N B | 430 | 450 | 0169 | 0477
c | — [ 120 — oo
E D | 005 015 | 0002 | 0.006
F | 050 | 075 | 0.020 | 0030

DETAIL E G | 065BSC 0.026 BSC
H | 027 | 037 | 0011 [ 005

i < o | 009 | 020 [0.004 | 0008 |

c il \\l Ew [ 009 [ o6 | 0.004 [ 0.006 |
viim t K| 019 | 030 | 0007 | 0012
—i [l \—\c’\E/ K1 | 019 | 025 | 0007 | 0010

L | 6408SC 0252 BSC
D _ﬂ k_G H—»IL _/ M| 0°] 8°] o0°] g°

DETAILE
] 0.100 (0.004)
—T—] SEATING
PLANE
High—-Speed CMOS Logic Data 4-11 MOTOROLA

DL129 — Rev 6




Case Outlines

24-Pin Packages

J SUFFIX
CERAMIC DIP PACKAGE
CASE 758-02
ISSUE A
—B [ L P
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
A J 3. DIMENSION L TO CENTER OF LEADS WHEN
[ 1A= FORMED PARALLEL.
INCHES | MILLIMETERS
DIM|_MIN_| MAX | MIN | MAX
A | 1240 | 1285 | 3150 | 3264
B 0.285 | 0.305 7.24 7.75
N C | 0160 | 0.000 | 407 | 508
D | 0015 | 0021 | 038 | 053
[ | F | 0045 [ 0062 | 114 ] 157
G | 0.100BSC 254BSC
J | 0008 [ 0013 | 020 ] 033
% K | 0.100 | 0165 | 254 | 419
L [ 0300 [ 0310 | 762 | 7.87
} N | 0020 | 0050 | 051 | 127
G P | 0360 | 0400 | 9.14 | 1016
F
D 24 PL
[@]0250010@[T[A @)
N SUFFIX
PLASTIC DIP PACKAGE
CASE 724-03
ISSUE E
“A-
r == '! NOTES:
PR R R R R N W W W _i 1. CHAMFERED CONTOUR OPTIONAL.
24 3 2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
fel 12 3. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
i A | 4. CONTROLLING DIMENSION: INCH.
INCHES | MILLIMETERS
c le- L DIM | MIN | MAX | MIN | MAX
r A [ 1.230| 1.265| 3125 | 323
B | 0250] 0270] 635 685
C [ 0145 0175 369 | 444
NOTE 1 D | 0015] 0.020] 038 | 051
E .050BSC_ | 127856

K /
M o040 [ 0060|102 | 12
\‘/ 0.100BSC 254 BSC
Ja2apL 0.007 [ 0.012] 0418 [ 0.30

- R e
8110 0.140] 280 | 355
.“. D2apL [@]o250010 @[T B®] 0.00BSC_ | 762850

[$lo2s 0010 @[T A@ ] \ o.o%ZTfoi‘; NSREREY

MOTOROLA 4-12 High—Speed CMOS Logic Data
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Case Outlines

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751E-04

ISSUE E
A-
| Banl §
—_— NOTES:
H H H H H H H H H H H H 1. DIMENSIONING AND TOLERANCING PER ANSI
24 3 Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER,
fl} 3. DIMENSIONS A AND B DO NOT INCLUDE
_ _ [B-] P12pL MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
Q‘ EH 0010(025)® 5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
H H H H H H H H H H H le PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN
—_— EXCESS OF D DIMENSION AT MAXIMUM

A’I L MATERIAL CONDITION,
D 24pL J WILLIMETERS | INCHES

oI [ MIN_| MAX | MIN | MAX
[@ 0010025 @[T A®[ B ®] [ A | 1525 [ 1554 | 060T] 0612]
740 | 760 | 0292] 02%9] .
6 | 0093] 0.104
45 [ 0014 o_;g‘
; 90 | 0016] 0,035
I-— R x 45° 72785C__| 0.05085C
025 | 037 | oo8] 0073

0.3 | 029 [ 0.005] 0011

—»
— 1005 | 10.55 | 0.395) 0415
M R 025 075 | 0010] 0.029

—D‘
m
r_
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MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES
AUTHORIZED NORTH AMERICAN DISTRIBUTORS

UNITED STATES Woodland Hills Itasca
ALABAMA Hamilton Hallmark ............ (818)594-0404 Arrow/Schweber Electronics ... (708)250-0500
Huntsville Richardson Electronics (615)594-5600 LaFox
Amow/Schweber Electronics ... (205)837-6955 COLORADO Richardson Electronics ....... (708)208-2401
Future Electronics ............ (205)830-2322 Lakewood Schaumburg
Hamilton Hallmark (205)837-8700 Future Electronics ............ (303)232-2008 Newark .............ooveene (708)310-8980
Newark .......... ... (205)837-9091 Colorado Springs Time Electronics 1-800-789-TIME
Time Electronics .. . 1-800-789-TIME Newark ..........ooeiiins (719)592-9494  INDIANA
Wyle Laboratories (205)830-1119 Denver Indianapolis
ARIZONA Newark .....oovviiininnn (303)757-3351 Arrow/Schweber Electronics .... (317)299-2071
Phoenix Englewood Hamilton Hallmark ........... (317)872-8875
Future Electronics ............. (602)968-7140 Arrow/Schweber Electronics ... (303)799-0258 Newark .. (317)259-0085
Hamitton Hallmark ... .. (602)437-1200 Hamilton Hallmark - (303)790-1662 Time Elctronics ............ 1-800-789-TIME
Newark Electronics . . ... (602)864-9905 Time Electronics ... 1-800-789-TIME Ft. Wayne
Wyle Laboratories ............ (602)437-2088 Thornton . Newark .......coovvnininn.. (219)484-0766
Tempe Wyle Laboratories ............ (303)457-9953  |OWA
Arrow/Schweber Electronics ... (602)431-0030 CONNECTICUT Cedar Rapids
Time Electronics ............ 1-800-789-TIME ~ Chesire ) Newark ........ .. (319)393-3800
CALIFORNIA Futur_e Electronics ............ (203)250-0083 Time Electronics 1-800-789-TIME
Agoura Hills HamiltonHallmark ........... (203)271-2844  KANSAS
Time Electronics Corporate .. .. 1-800-789-TIME Southbury Lenexa
Belmont Time Electronics ............ 1-800-789-TIME Arrow/Schweber Electronics .... (913)541-9542
Richardson Electronics .. ..... (415)592-9225 Wallingfort : Hamilton Hallmark ........... (913)888-4747
Calabassas Arrow/Schweber Electronics .... (203)265-7741 Overland Park
Arrow/Schweber Electronics .... (818)880-9686 Windsor Future Electronics ............ (913)649-1531
Wyle Laboratories . ............. . (818)880-9000 Newark .............cocen (203)683-8860 Newark ........ccoevevinnnn. (913)677-0727
Chatsworth FLORIDA Time Electronics ............ 1-800-789-TIME
Future Electronics . ........... (818)865-0040 Altamonte Springs MARYLAND
Time Electronics 1-800-789-TIME c::”‘“'e Et'e°“°“'°5 ~~~~~~~~~~~~ (407)767-8414 " Beltsville
Costa Mesa earwater Newark .........cooouvnnnis (301)604-1700
Hamitton Hallmark ............ (714)641-4100 Future Electronics . ... (818)530-1222  Columbia
Culver City Deerfield Beach ) Arrow/Schweber Electronics .... (301)596-7800
Hamilton Hallmark ............ (213)558-2000 Arrow/Schweber Electronics ... (305)429-8200 Future Electronics (410)290-0600
Irvine Wyle Laboratories ............ (305)420-0500 Hamilton Hallmark . (410)988-9800
Arrow/Schweber Electronics ... (714)587-0404 Ft. Lauderdale Time Electronics . . 1-800-789-TIME
Future Electronics ............. (714)250-4141 Future Electronics ..,.......... (305)436-4043 Wyle Laboratories (410)312-4844
Wyle Laboratories Corporate . ... (714)753-9953 Hamiton Hallmark ... - (305)484-5482 1 AGGACHUSETTS
Wyle Laboratories ............ (714)863-9953 Time Electronics ... 1-800-789-TIME  'goston
Los Angeles Lake Mary ) Arrow/Schweber Electronics ... (617)271-9953
Wyle Laboratories .............. (818)880-9000 Arrow/Schweber Electronics ... (407)333-9300 Bolton
Mountain View Largo/Tampa/St. Petersburg Future Corporate ............. (508)779-3000
Richardson Electronics ....... (415)960-6900 Hamilton Hallmark ..... ... (813)541-7440 Burlington
Orange Newark ........... . (813)287-1578 Wyle Laboratories ............ (617)271-9953
Newark .......ocooveeeinnnn. (714)634-8224 Wyle Laboratories ............ (813)576-3004 Methuen
Rocklin Orlando Newark (508)683-0913
Hamilton Hallmark ........... (916)624-9781 Newark ......... - (407)896-8350 Norwell
Sacramento Time Electronics 1-800-789-TIME Richardson Electronics ....... (617)871-5162
Newark .....ooovvvvnnennnn.. (916)721-1633 Plantation Peabody
Wyle Laboratories (916)638-5282 Newark ........o.ooviiiintn (305)424-4400 Time Electronics ............ 1-800-789-TIME
San Diego Winter Park Hamiltion Hallmark ........... (508)532-3701
Arrow/Schweber Electronics ... (619)565-4800 Hamilton Hallmark ........... (407)657-3300  MICHIGAN
Future Electronics ............ (619)625-2800 Richardson Electronics ....... (407)644-1453 Detroit
Hamilton Hallmark (619)571-7540 GEORGIA Newark ..................... (313)967-0600
Newark ............ . (619)569-9877 Atlanta Grand Rapids
Wyle Laboratories (619)565-9171 Time Electronics ............ 1-800-789-TIME Future Electronics ............ (616)698-6800
San Francisco Wyle Laboratories ............ (404)441-9045 Livonia
Newark .......o.vviuerininn. (415)571-5300 Duluth Arrow/Schweber Electronics ... (313)462-2290
San Jose Arrow/Schweber Electronics . ... (404)497-1300 Future Electronics (313)261-5270
Arrow/Schweber Electronics .... (408)441-9700 Hamilton Hallmark ........... (404)623-5475 Hamilton Hallmark . .. (313)347-4020
Arrow/Schweber Electronics . ... (408)428-6400 Norcross Time Electronics ............ 1-800-789-TIME
Future Electronics ............. (408)434-1122 Future Electronics ... (404)441-7676  MINNESOTA
Santa Clara Newark ......... . (404)448-1300 Bloomington
Wyle Laboratories ............ (408)727-2500 Wyle Laboratories (404)441-9045 Wyle Laboratories ............. (612)853-2280
Sunnyvale ILLINOIS Eden Prairie
Hamifton Hallmark ............ (408)435-3500 Addison Arrow/Schweber Electronics .... (612)941-5280
Time Electronics ............ 1-800-789-TIME Wyle Laboratories ............ (708)620-0969 Future Electronics (612)944-2200
Torrance Bensenville Hamilton Hallmark . .. (612)881-2600
Time Electronics ............ 1-800-789-TIME Hamilton Hallmark ............ (708)860-7780 Time Electronics ............ 1-800-789-TIME
Tustin Chicago Minneapolis
Time Electronics ............ 1-800-789-TIME Newark Electronics Corp. ..... (312)784-5100 Newark ........coovininnnn.. (612)331-6350
West Hills Hoffman Estates Earth City
Newark ...............oooees (818)888-3718 Future Electronics ............ (708)882-1255 Hamilton Hallmark ........... (314)291-5350
MOTOROLA 4-14 High—-Speed CMOS Logic Data
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AUTHORIZED DISTRIBUTORS - continued

UNITED STATES - continued
MISSOURI
St. Louis
Arrow/Schweber Electronics ..
Future Electronics ...
Newark ..........

.. (314)567-6888
.. (314)469-6805
.. (314)298-2505

Time Electronics ............ 1-800-789-TIME
NEW JERSEY

Cherry Hill

Hamilton Hallmark ............ (609)424-0100
Fairfield

Newark ...............coo.e (201)882-0300
Marlton

Arrow/Schweber Electronics .... (609)596-8000

Future Electronics ............ (609)596-4080
Pinebrook

Arrow/Schweber Electronics .... (201)227-7880

Wyle Laboratories ............ (201)882-8358
Parsippany

Future Electronics ........ .. (201)299-0400
Hamilton Hallmark ........... (201)515-1641
Wayne
Time Electronics ............ 1-800-789-TIME
NEW MEXICO
Albuquerque
Alliance Electronics .......... (505)292-3360
Hamilton Hallmark ............ (505)828-1058

Newark .....coovveeeeinnn... (505)828-1878
NEW YORK
Commack
Newark ........cooeieeeaen... (516)499-1216
Hauppauge
Arrow/Schweber Electronics .... (516)231-1000

Future Electronics
Hamilton Hallmark

. (516)234-4000
(516)434-7400

Konkoma

Hamilton Hallmark ........... (516)737-0600
Melville

Wyle Laboratories ............ (516)293-8446
Pittsford

Newark .........c..cooeeenn.. (716)381-4244
Rochester

Arrow/Schweber Electronics .... (716)427-0300

Future Electronics ............. (716)272-1120

Hamilton Hallmark ... .. (716)475-9130

Richardson Electronics . (716)264-1100

Time Electronics ............ 1-800-789-TIME
Rockville Centre

Richardson Electronics .......

(516)872-4400

Syracuse
Future Electronics (315)451-2371
Time Electronics ............ 1-800-789-TIME
NORTH CAROLINA
Charlotte
Future Electronics ............ (704)455-9030
Richardson Electronics ....... (704)548-9042
Greensboro
Newark ...............coootn (919)292-7240
Raleigh
Arrow/Schweber Electronics .... (919)876-3132

Future Electronics
Hamilton Hallmark ..

. (919)790-7111
(919)872-0712

Mayfield Heights
Future Electronics ............ (216)449-6996
Solon
Arrow/Schweber Electronics . ... (216)248-3990
Hamilton Hallmark ............ (216)498-1100
Worthington
Hamilton Hallmark ........... (614)888-3313
OKLAHOMA
Tulsa
Hamilton Hallmark ............ (918)254-6110
Newark ................oo. (918)252-5070
OREGON
Beaverton

Arrow/Almac Electronics Corp. ..
Future Electronics
Hamilton Hallmark .
Wyle Laboratories

(503)629-8090
(503)645-9454
.. (503)528-6200
(503)643-7900

Portland
Newark ........ooooviiuinnn. (503)297-1984
Time Electronics ............ 1-800-789-TIME
PENNSYLVANIA
King of Prussia
Newark ........... e (215)265-0933
Mt. Laurel
Wyle Laboratories ............. (609)439-9110
Montgomeryville
Richardson Electronics ....... (215)628-0805
Philadelphia
Time Electronics ............ 1-800-789-TIME
Wyle Laboratories ............. (609)439-9110
Pittsburgh
Arrow/Schweber Electronics . ... (412)963-6807
Newark ........coovviininn (412)788-4790
Time Electronics ............ 1-800-789-TIME
TENNESSEE
Franklin
Richardson Electronics ....... (615)791-4900
Knoxville
Newark .............cooon (615)588-6493
TEXAS
Austin

Arrow/Schweber Electronics .... (512)835-4180
Future Electronics ............ (512)502-0991
Hamilton Hallmark . ... (512)258-8818
... (512)338-0287
. 1-800-789-TIME

Time Electronics .

Wyle Laboratories ............ (512)345-8853
Carollton

Arrow/Schweber Electronics .... (214)380-6464
Dallas

Future Electronics ............ (214)437-2437

Hamilton Hallmark ........... (214)553-4300

Richardson Electronics ....... (214)239-3680

. 1-800-789-TIME
(214)235-9953

Time Electronics ...

Wyle Laboratories
Ft. Worth

Allied Electronics . ............ (817)336-5401
Houston

Arrow/Schweber Electronics .... (713)530-4700

Future Electronics ............. (713)785-1155

Hamilton Hallmark . ... (713)781-6100

Newark ......... ... (713)270-4800

Time Electronics ............ 1-800-789-TIME

WASHINGTON
Bellevue
Almac Electronics Corp. ...... (206)643-9992
Newark ................. .. (206)641-9800
Richardson Electronics (206)646-7224
Bothell
Future Electronics ............ (206)489-3400
Redmond

Hamilton Hallmark (206)881-6697

Time Electronics ... ... 1-800-789-TIME

Wyle Laboratories ............. (206)881-1150
Seattle

Wyle Laboratories. ............. (206)881-1150
Spokane

Arrow/Almac Electronics Corp. ..

WISCONSIN

Brookfield

Arrow/Schweber Electronics . ...

Future Electronics ............
Milwaukee

Time Electronics ............ 1-800-789-TIME
New Berlin

Hamilton Halimark
Wauwatosa

Newark ...........coooveven
Waukesha

Wyle Laboratories ............ (414)879-0434

(509)924-9500

(414)792-0150
(414)879-0244

........... (414)780-7200

(414)453-9100

CANADA
ALBERTA
Calga
Electro SonicInc. ...........
Future Electronics . .

(403)255-9550
. (408)250-5550

HamiltornvHallmark ............ (800)663-5500
Edmonton

Future Electronics ............ (403)438-2858

Hamilton/Hallmark ........... (800)663-5500
Saskatchewan

Hamilton/Hallmark ........... (800)663-5500

BRITISH COLUMBIA

Vancouver

Arrow Electronics ............ (604)421-2333

Electro SoniclInc. ............. (604)273-2911

Future Electronics . .
HamiltorVHallmark
MANITOBA
Winnipeg
Electro SonicInc. ........... (204)783-3105
Future Electronics ............ (204)944-1446
Hamiton/Hallmark ............ (800)663-5500

ONTARIO
Ottawa
Arrow Electronics ............ (613)226-6903
Electro Sonicinc. .. .. (613)728-8333
Future Electronics ............ (613)820-8313
Hamilton/Hallmark ............ (613)226-1700
Toronto
Arrow Electronics
Electro Sonic Inc. ..
Future Electronics . .
Hamilton Hallmark ..

... (604)294-1166
(604)420-4101

(905)670-7769
.. (416)494-1666
.. (905)612-9200
. (905)564-6060

Time Electronics ............ 1-800-789-TIME Newark ..............oenn (519)685-4280
OHIO Wyle Laboratories ............ (713)879-9953 (905)670-2888
Centerville Richardson (800)463-9275
Arrow/Schweber Electronics . ... (513)435-5563 Newark .............ooooiee (214)235-1998 Richardson Electronics ....... (905)795-6300
Cleveland UTAH FAl.... (905)612-9888
Newark .........c...oeeen.. (216)391-9330  “gajt | ake City QUEBEC
Time Electronics ............ 1-800-789-TIME Arrow/Schweber Electronics .... (801)973-6913 Montreal
Columbus Future Electronics . . ... (801)467-4448 Arrow Electronics .. . (514)421-7411
Newark ... SECRERETERERERS (614)431-0809 Hamilton Hallmark ... (801)266-2022 Future Electronics . . .. (514)694-7710
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