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Introduction 

The ideal logic family should dissipate no power, have zero propaga-
tion delay, controlled rise and fall times, and have noise immunity 
equal to 50 percent of the logic swing. The properties of CMOS 
(Complementary MOS) begin to approach these ideal characteris-
tics. 

First, CMOS dissipates low power. Typically, the static power 
dissipation is 10 nW per gate, which is due to the flow of leakage 
currents. The active power depends on power supply voltage, 
frequency, output load and input rise time, but typically, gate 
dissipation at 1MHz with a 50-pF load is less than 10 mW. 

Second, the propagation delays :hrough CMOS are short, 
though not quite zero. Depending on power supply voltage, the 

delay through a typical gate is on the arder of 25 to 50 ns. 
Third, rise and fall times are controlled, tending to be ramps 

rather than step functions. Typically, rise and fall times tend to be 
20 percent to 40 percent longer than :he propagation delays. 

Last, but not least, is the noise immunity. This approaches 50 
percent, being typically 45 percent of the full logic swing. 

On a component basis, CMOS is still more expensive than 
TTL. However, system level cost may be lower. The power 
supplies in a CMOS system will be less expensive since they can be 
made smaller and with less regulation. Because of lower currents, 
the power supply distribution system cal be simpler and, therefore, 
cheaper. Fans and other cooling equipment are not needed because 
of the lower dissipation. Longer rise and fall times make the trans-
mission of digital signals simpler. This, in turn, makes transmission 
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techniques less expensive. Finally, there is no technical reason why 
CMOS prices cannot approach present day TTL prices as sales 
volume and manufacturing experience increase. So an engineer 
about to start a new design should compare the system level cost of 
using CMOS or some other logic family. He may find that even at 
today's prices, CMOS is the most economical choice. 

The 74C line consists of CMOS parts which are pin and func-
tional equivalents of many of the most popular parts in the 7400 TTL 
series. This line is typically 50 percent faster than the 4000A series 
and sinks 50 percent more current. For ease of design, it is specified 
at TTL levels as well as CMOS levels, and there are two tempera-
ture ranges available: 54C, — 55°C to +125°C or 74C, —40°C to 
+85°C. 

Tri. FAMILY 
TTL devices differ widely in function, complexity and perfor-

mance, but their electrical input and output characteristics are very 
similar and are defined and tested to guarantee compatibility. The 
oldest TTL product category is the gold-doped double-diffused 
type, which is made up of the 7400 devices. The 74H family is a high 
performanc;2 version of the 74 series which uses the gold doped 
structure, but has higher power and faster speeds. The 74S pro-
ducts are fabricated with a nonsaturating Schottky clamped transis-
tor technique. The 74S TTL products are very high performance, 
high-power devices. The newest and most popular TTL category is 
the 74LS low-power schottky family. These products feature the 
performance of the 74 family at about one-quarter the power. 

Absolute Maximum Ratings 

The absolute maximum ratings constitute limiting values above 
which serviceability of the device may be impaired. Provisions 
should be made in system design and testing to limit voltages and 
currents as shown in the table. 

Operating Temperature and Voltage Ranges 

The nominal supply voltage (Va.) for all TTL circuits is +5.0 
volts. Commercial grade (7400) parts are guaranteed to perform 
with a ±5 percent supply tolerance (±250 mV) over an ambient 
temperature range of 0°C to 70°C. The Military grade (5400) parts 
are guaranteed to perform with a ±10 percent supply tolerance 
(±500 mV) over an ambient temperature range of — 55°C to 
+125°C. 
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Input Loading and Output Drive Characteristics 

The logic levels of all the TTL products are fully compatible 
with each other. However, the input loading and output drive 
characteristics of each of these families is different and must be 
taken into consideration when mixing the TTL families in a system. 

Mixing TTL Families 
Most TTL families are intended for use together, but this 

cannot be done indiscriminately. Each family of TTL devices has 
unique input and output characteristics optimized to get the desired 
speed or power features. Fast devices like 74S and 74H are de-
signed with relatively low input and output impedances. The speed 
of these devices is determined primarily by fast rise and fall times 
internally, as well as at the input and output nodes. These fast 
transitions cause noise of various types in the system. Power and 
ground line noise is generated by the large currents needed to 
charge and discharge the circuit and load capacitances during the 
switching transitions. Signal line noise is generated by the fast 
output transitions and the relatively low output impedances, which 
tend to increase reflections. 

The noise generated by these 745 and 74H can only be toler-
ated in systems designed with very saort signal leads, elaborate 
ground planes, and good, well decoup led power distribution net-
works. Mixing the slower TTL families like 74 and 74LS with the 
higher speed families is also possible but must be done with caution. 
The slower speed families are more susceptible to induced noise 
than the higher speed families due to their higher input and output 
impedances. The low power Schottky 74LS family is especially 
sensitive to induced noise and must be isolated as much as possible 
from the 74S or 74H devices. Seprate or isolated power and 
ground systems are recommended, and the LS input signal lines 
should not run adjacent to lines driven by 74S or 74H devices. 

Mixing 74 and 74LS is less restrictive, and the overall system 
design need not be so elaborate. Standard two-sided PC boards can 
be used with good decoupled power arid ground grid systems. The 
signal transitions are slower and therefore generate less noise. 
However, good high-speed design techniques are still required, 
especially when working with counters, registers, or other devices 
with memory. 

Clayton L. Hallmark 
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CMOS 1 
Section One 

Included in this chapter are the 4000 and 74C series of 
complementary MOS, or CMOS, digital ICs. Throughout, 
you'll find logic diagrams, which are block diagrams using logic 
symbols, power dissipation information and truth tables. 
Also, data for quiescent current, TTL-driving capability loads 
and supply voltage range are given. 
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CMOS Chip Lis 

4000-Series CMOS 
4000 Dual 3-Input NOR Gate Plus Inverter 13 
4001 Quadruple 2-Input NOR Gate 14 
4002 Dual 4-Input NOR Gate 15 
4006 18-Stage Static Shift Register 16 
4007 Dual Complementary Pair Plus Inverter 17 
4008 4-Bit Full Adder 18 
4009 Hex Buffer (Inverting)  19 
4010 Hex Buffer (Noninverting) 20 
4011 Quad 2-Input NAND Gate 21 
4012 Dual 4-Input NAND Gate 22 
4023 Triple 3-Input NAND Gate 23 
4013 BM Dual D Flip-Flop 24 
4014 8-Stage Static Shift Register 25 
4015 Dual 4-Bit Static Register 26 
4016 Quad Bilateral Switch 27 
4017 Decade Counter/Divider with 10 Decoded Outputs 28 
4022 Divide-by-8 Counter/Divider with 8 Decoded Outputs  29 
4018 Presettable Divide-by-N Counter 30 
4019 Quad AND-OR Select Gate 31 
4020 14-Stage Ripple Carry Binary Counters 32 
4040 14-Stage Ripple Carry Binary Counters 33 
4060 12-Stage Ripple Carry Binary Counters 34 
4021 8-Stage Static Shift Register 35 
4023 Triple 3-Input NAND Gate 36 
4025 Triple 3-Input NOR Gate 37 
4024 7-Stage Ripple-Carry Binary Counter 38 
4025 Triple 3-Input NOR Gate 39 
4027 Dual JK Master/Slave Flip-Flop 41 
4028 BCD-to-Decimal Decoder 42 
4029 Presettable Binary/Decade Up/Down Counter 43 
4030 Quad Exclusive-OR Gate 44 
4031 64-Stage Static Shift Register 45 
4034 8-Stage 3-State Bidirectional Parallel:Serial 

Input/Output Bus Register 46 
4035 4-Bit Parallel-In/Parallel-Out Shift Register 48 
4041 Quad True/Complement Buffer 50 
4042 Ouad Clocked D Latch 51 
4043 Quad 3-State NOR R/S Latches 52 
4044 Quad 3-State NAND R/S Latches 53 
4046 Micropower Phase-Locked Loop 54 
4047 Low-Power Monostable/Astable Multivibrator 55 
4048 3-State Expandable 8-Function 8-Input Gate 56 
4049 Hex Inverting Buffer 57 
4050 Hex Noninverting Buffer 58 
4051 Single 8-Channel Analog Multiplexer/Demultiplexer 59 
4052 Dual 4-Channel Analog Multiplexer/Demultiplexer 61 
4053 Triple 2-Channel Analog Multiplexer/Demultiplexer 62 
4066 Quad Bilateral Switch 63 
4069 Inverter Circuit 64 
4070 Quad 2-Input Exclusive-OR Gate 65 
4071 Quad 2-Input OR Buffered B Series Gate 66 
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4081 Quad 2-Input AND Buffered B Series Gate 67 
4073 Double Buffered Triple 3-Input NAND Gate 68 
4075 Double Buffered Triple 3-Input NOR Gate 69 
4076 3-State Quad D Flip-Flop 70 
4089 Binary Rate Multiplier  71 
4527 BCD Rate Multiplier 72 
4093 Quad 2-Input NAND Schmitt Trigger 73 
40106 Hex Schmitt Trigger 74 
40160 Decade Counter with Asynchronous Clear 75 
40161 Binary Counter with Asynchronous Clear 76 
40162 Decade Counter with Synchronous Clear 77 
40163 Binary Counter with Synchronous Clear 78 
40174 Hex D Flip-Flop 79 
40175 Quad D Flip-Flop 80 
40192 Synchronous 4-Bit Up/Down Decade Counter 81 
40193 Synchronous 4-Bit Up/Down Binary Counter 82 
4510 BCD Up/Down Counter 83 
4516 Binary Up/Down Counter 84 
4511 BCD-to-7 Segment Latch/Decoder/Driver 85 
4518, 4520 Dual Synchronous Up Counters 86 
4519 4-Bit AND/OR Selector 87 
4723 Dual 4-Bit Addressable Latch 88 
4724, 4099 8-Bit Addressable Latches 89 

74C00-Series CMOS 

74C00 Quad 2-Input NAND Gate 90 
74CO2 Quad 2-Input NOR Gate 91 
74C04 Hex Inverter 92 
74C10 Triple 3-Input NAND Gate 93 
74C20 Dual 4-Input NAND Gate 94 
74C08 Quad 2-Input AND Gate 95 
74C86 Quad 2-Input EXCLUSIVE-OR Gate 96 
74C14 Hex Schmitt Trigger 97 
74C30 8-Input NAND Gate 98 
74C32 Quad 2-Input OR Gate 99 
74C42 BCD-to-Decimal Decoder 100 
74C48 BCD-to-7-Segment Decoder 101 
74C73 Dual J-K Flip-Flops with Clear 102 
74C76 Dual J-K Flip-Flops with Clear and Preset 103 
74C107 Dual J-K Flip-Flops with Clear 104 
74C74 Dual D Flip-Flop 105 
74C83 4-Bit Binary Full Adder 106 
74C85 4-Bit Magnitude Comparator 107 
74C89 64-Bit 3-State Random Access Read-Write Memory 108 
74C90 4-Bit Decade Counter 109 
74C93 4-Bit Binary Counter 110 
74C95 4-Bit Right-Shift/Left-Shift Register 111 
74C151 8-Channel Digital Multiplexer 112 
74C154 4-Line to 16-Line Decoder/Demultiplexer 113 
74C157 Quad 2-Input Multiplexers 114 
74C160 Decade Counter 115 
74C161 Binary Counter 116 
74C162 Decade Counter 117 
74C163 Binary Counter 118 
74C164 8-Bit Parallel-Out Serial Shift Register 119 
74C173 TRI-STATE Quad D Flip-Flop 120 
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74C192 Synchronous 4-Bit Up/Down Decade Counter 121 
74C193 Synchronous 4-Bit Up/Down Bina -y Counter 122 
74C195 4-Bit Registers 123 
74C922 16-Key Encoder 124 
74C923 20-Key Encoder 125 
74C927, 74C928 4-Digit Counters with Multiplexed 
7-Segment Output Drivers 126 

80000-Series CMOS 

80C95, 80C97 3-State Hex Buffers 127 
80C96, 80C98 3-State Hex Inverters 128 
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4000 DUAL 3-INPUT NOR GATE PLUS INVERTER 

The 4000 is a monolithic complementary MOS (CMOS) 
dual 3-input NOR gate plus an inverter. N-channel and 
P-channel enhancement mode transistors provide a symmet-
rical circuit with output swings essentially equal to the supply 
voltage. This results in high noise immunity over a wide 
supply voltage range. No DC power other than that caused by 
leakage current is consumed during static conditions. All 
inputs are protected against static discharge and latching 
conditions. 

Supply Voltage Range 3V to 15V 
Power 10nW typ. 
Noise Immunity 0.45 Voo typ. 

VDD 

14 13 12 11 

G 

9 18 

1 2 

NC NC 

3 4 

4000 

17 

VSS 
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2 

4001 QUADRUPLE 2-INP T NOR GATE 

The 4001 is a monolithic complementary MOS (CMOS) 
quadruple 2-input NOR gate integratE d circuit. N-channel and 
P-channel enhancement mode transis tors provide a symmet-
rical circuit with output swings essen ially equal to the supply 
voltage. This results in high noise immunity over a wide 
supply voltage range. No DC power other than that caused by 
leakage current is consumed during static conditions. All 
inputs are protected against static discharge and latching 
conditions. 

Supply Voltage Range 3V to 15V 
Power 10 nW (typ.) 
Noise Immunity 0.45 Voo (typ.) 

11 8 

4 3 

4001 
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4002 DUAL 4 INPUT NOR GATE 

The 4002 NOR gate is a monolithic complementary MOS 
(CMOS) integrated circuit. The N-channel and P channel 
enhancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static conditions. All inputs are 
protected against static discharge and latching conditions. 

Supply Voltage Range 3V to 15V 
Power 10 nW (typical) 
Noise Immunity 0.45 Voo (typical) 

VO0 

13 12 11 

4002 

Is 1 
NC vss 
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4006 18-STAGE STATIC SH IFT REGISTER 

The 4006 18-stage static shift register is comprised of 
four separate shift register sections, two sections of four 
stages and two sections of five stages. Each section has an 
independent data input. Outputs are available at the fourth 
stage and the fifth stage of each section. A common clock 
signal is used for all stages. Data is shifted to the next stage on 
the negative-going transition of the clock. Through approp-
riate connections of inputs and outputs, multiple register 
sections of 4, 5, 8 and 9 stages or sir gle register sections of 
10, 12, 13, 14, 16, 17 and 18 stages can be implemented using 
one package. 

Voo 

Supply Voltage Range 
Noise Immunity 
Clock Input Capacitance 
Speed of Operation 

OUT°, +4 OUTD2 +5 OUT 2+4 

13 112 

4 
STAGES 

12 

-4 1 STAGE 

4 
STAGES 

3V to 15V 
0.45 Voo typ. 
6 pF typ. 
10 MHz typ. 

with Voo = 10V 

0111'03+4 OUTD4 +5 OUTD4+4 

—I 1 STAGE 

41 
STAG ES 

•  

e 

STAGES 

4 1 5 6 

DATA 1 NC CLOCK DATA 2 

D CL° D+1 

0 —1 o 
1 — 1._ 1 
X __I— NC 

4006 
Truth Table 
4006 
X Don't care 
- Level change 

NC No change 

l 7 
DATA 3 DATA 4 Vss 
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4007 DUAL COMPLEMENTARY PAIR PLUS INVERTER 

The 4007 consists of three complementary pairs of 
N-channel and P-channel enhancement mode MOS transis-
tors suitable for series/shunt applications. All inputs are pro-
tected from static discharge by diode clamps to VDD and Vss. 

For proper operation, the voltages at all pins must be 
constrained to be between Vss —0.3V and VDD +0.3V at all 
times. 

3 
INPUT 

Supply Voltage Range 
Noise Immunity 

j 14, 2 

HL 

11, 4 

4007 

1.5 
 OUTPUT 

15 pF 

INPUT 

3V to 15V 
0.45 Vcc typ. 

Voc, 

....I 14.11 

P 

INPUT 10 11 1 1 OUTPUT 

N 15 pF 

11, 9 

4007 

Voo 

P 

I, 13 
  OUTPUT 

N 15 pr 

4007 
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4008 4-BIT FULL DOER 

The 4008 consists of four full-addet stages with fast look ahead 
carry provision from stage to stage. Cir:uitry is included to provide 
a fast parallel carry out bit to permit high-speed operation in arith-
metic sections using several 4008Bs. 4008B inputs include the four 
sets of bits to be added, Al to A4 and 31 to B4, in addition to the 
carry in bit from a previous section. 40CBB outputs include the four 
sum bits, Si and S4, in addition to the high-speed parallel carry out 
which may be utilized at a succeeding CD4008B section. All inputs 
are protected from damage due to static discharge by diode clamps 
to Vii and GND. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Quiescent Current 
Maximum Input Leakage 

84 

A4 

83 

A3 

82 

A2 

BI 

Al 

CI (CARRY INI 

4008 

A, Eli C¡ CO SUM 

0000 0 

1 0 0 0 1 

0 1 0 0 1 

1 1 0 1 0 

0 0 1 0 1 

1 0 1 1 0 

0111 0 

1 1 1 1 1 

Truth Table 
4008 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 74L 

or 1 driving 74LS 
15V 
1p.A at 15V 

14 
•—•---(:) Co (CARRY OUT/ 
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4009 HEX BUFFER (INVERTING) 

These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits. The N-channel and P-channel 
enhancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static conditions. All inputs are 
protected against static discharge. These gates may be used 
as hex buffers, CMOS to DTL or TTL interface, or as CMOS 
current drivers. Conversion ranges are from 3 to 15 volts 
providing Vcc :5_ VDD. 

Supply Voltage Range 3V to 15V 
Power 100 nW (typical) 
Noise immunity 0.45 Voo (typical) 
Current Sinking Capability 8 mA (min) at Vo = 0.5V and Vue = 10V 

Veo 

Vcc 

12 Iii 18 

4009 
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4010 HEX BUFFER (NONI 

These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits. The N-channel and P-channel 
enhancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static CDnditions. All inputs are 
protected against static discharge. These gates may be used 
as hex buffers, CMOS to DTL or TTL interface, or as CMOS 
current drivers. Conversion ranges are from 3 to 15 volts 
providing Vcc VDD. 

Supply Voltage Range 3V to 15V 
Power 10 nW (typical) 
Noise Immunity 0.45Voo (typical) 
Current Sinking Capability 8 mA (min) at Vo = 0.5V and Voo = 10V 

VO4) 

11 10 

4 

4010 

6 
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4011 QUAD 2- INPUT NAND GATE 

These NAND gates are monolithic complementary MOS 
(CMOS) integrated circuits. The N-channel and P-channel 
enhancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static conditions. All inputs are 
protected against static discharge and latching conditions. 

Supply Voltage Range 
Power 
Noise Immunity 

VO0 

3V to 15V 
10 nW(typical) 
0.45 Vo (typical) 

14 13 11 11 10 9 8 

—Do oCr 

—Op oCiL 

a 

2 3 4 S 6 

4011 

7 

"SS 
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4012 DUAL 4-INPUT NA D GATE 

These NAND gates are monolithic complementary MOS 
(CMOS) integrated circuits. The N-channel and P-channel 
enhancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static cnnditions. All inputs are 
protected against static discharge and latching conditions. 

Supply Voltage Range 3V to 15V 
Power 10 nW (typical) 
Noise Immunity 0.45 VOD (typical) 

Voo 

114 13 112 11 

2 3 14 lb 

4012 

9 

16 
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4023 TRIPLE 3-INPUT NAND GATE 

These NAND gates are monolithic complementary MOS 
(CMOS) integrated circuits. The N-channel and P-channel 
enhancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static conditions. All inputs are 
protected against static discharge and latching conditions. 

Supply Voltage Range 3V to 15V 
Power 10 nW (typical) 
Noise Immunity 0.45 VDD (typical) 

1100 

14 13 12 1 10 9 8 

1 2 3 4 

4023 

5 6 

vss 
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4013 BM DUAL D FLP -FLOP 

The 4013 dual D flip-flop is a monolithic complementary MOS 
(CMOS) integrated circuit constructed with N-channel and 
P-channel enhancement transistors. Each flip-flop has independent 
data, set, reset and clock inputs and Q and Q outputs. These 
devices can be used for shift register app.ications, and by connect-
ing (î output to the data input, for counter and toggle applications. 
The logic level present at the D input is transferred to the Q output 
during the positive-going transition of the clock pulse. Setting or 
resetting is independent of the clock and is accomplished by a high 
level on the set or reset line respectively. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

02 

13 12 

3V to 15V 
0.45 Veo typ. 
Fanout of 2 driving 741 or 1 driving 74LS 

CLOCK 2 RE3ET 2 

11 1  

DATA 2 SET 2 

F/F 
1 

01 

Fif 
2 

- 12 I 3 

al CLOCK 1 

4 
I 7 

RESET 1 DATA 1 SET 1 Vss 

4013 

CLt D R S Cl à 

./- o o o o 1 

...r 1 0 0 1 o 

'1— x o o a 5 
)( x 1 0 0 1 
x x o 1 1 o 
x x 1 1 1 i 

Truth Table 
4013 

No change 
t Level change 
x Don't care case 
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4014 8-STAGE STATIC SHIFT REGISTER 

The 4014 is an 8-stage parallel input/serial output shift regis-
ter. A parallel/serial control input enables individual jam inputs to 
each of 8 stages. Q outputs are available from the sixth, seventh and 
eighth stages. 

When the parallel/serial control input is in the logical 0 state, 
data is serially shifted into the register synchronously with the 
positive transition of the clock. When the parallel/serial control 
input is in the logical 1 state, data is jammed into each stage of the 
register synchronously with the positive transition of the clock. 

Supply Voltage Range 
Noise Immunity 
Speed of Operation 

PAR 
IN 

5 

SUE 
OUT 
07 

16 15 14 13 12 

3V to 15V 
0.45 VCC to typ. 
5 MHz typ. 

SER 
IN 

10 

1 2 3 

os os 
PAN SUE SUE 
IN OUT OUT 

4 

1 
4 5 6 Í 

4014 

3 

PAR IN 

2 

CL. 
SERIAL 
INPUT 

PARALLEL/ 
SERIAL 
CONTROL 

PI 1 PI n 
01 

(INTERNAL) 
0„ 

-/- X I 0 

0
0
•
-
•
-
 
X
X
X
 

0 0 

...,- X 1 1 1 0 

_./- X 1 0 0 1 

_/- X 1 1 I 1 

.../- 0 0 X 0 0„ I 

_/- 1 0 X 1 0„ I 

-\,. X X X 01 0,, 

LEVEL CHANG'. X DON T CARE CASE 

NCI 
CHANGE 

PAR/ 
SER 
CONT 

9 

o 

Truth Table 
4014 
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4015 DUAL 4- BIT STATI 

The 4015 consists of two identical, independent, 4-stage 
serial-input/parallel-output registers. Each register has indepen-
dent clock and reset inputs, as well as 3 single serial data input. Q 
outputs are available from each of the four stages on both registers. 
All register stages are D-type, maste7-slave flip-flops. The logic 
level present at the data input is transferred into the first register 
stage and shifted over one stage at each positive-going clock transi-
tion. Resetting of all stages is accompl shed by a high level on the 
reset line. Register expansion to eight stages using one 4015 
package, or to more than eight stages using additional 4015 is 
possible. All inputs are protected from static discharge by diode 
clamps to VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
Speed of Operation 

voc, DATA. 

11 15 

3V to 15V 
0.45 Vcc typ. 
9 MHz (typ.) clock rate at Voo — Vss = 10V 

RESET, 01, 02, 03e 04. CLOCK. 

14 

4 
STAGE 

1 Is 

4 
STAGE 

CLOCK, 04, 

4 

03. 02. 

a.* o a 01 0. 

../— 
j— 

o 
1 

o 
o 

o 
I 

0. , 
0., 

--N_ 
x 

x 
x 

o 
1 

cm 
o 

0., 
o 

5 

01. RESET. DATA. 

4015 

Truth Table 
4015 

(No cltioNN 
• Level (lunge. 

X Don't (ate one. 
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4016 QUAD BILATERAL SWITCH 

The 4016 is a quad bilateral switch that utilizes P-channel 
and N-channel complementary MOS (CMOS) circuits to pro-
vide an extremely high off resistance and low on resistance 
switch. The switch will pass signals in either direction and is 
extremely useful in digital switching. 

Supply Voltage Range 3V to 15V 
Noise Immunity 0.45 Vcc typ. 
Digital and Analog Levels ±- 7.5 Vpeak 
On Resistance 3000 typ. 

Voo — Voo = 15V 
Switch Characteristics A RON = 400 typ. 
On/Off Output 65 dB typ. 
Voltage Ratio @fis = 10 kHz RL -= 10k 
Linearity .5(," distortion typ. 

@fis = 1 kHz 
Leakage Vis = 5 Vp-p 

Veo - VSS = 10V 
RL = 10 id/ 

INPUT A 

OUTPUT A 2 

3 
OUTPUT B 

4 
INPUT B 

5   
CONT 

6 
CONT C 

vss 

A 
14 , 

v Do 

13 
  CONTA 

L2.2. 
CONT D 

 •  INPUT D 

10 
OUTPUT D 

9 
OUTPUT C 

t. sw c 8  
INPUT C 

4016 
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4017 DECADE COUNTER DIVIDER WITH 10 DECODED OUTPUTS 

The 4017 is a 5-stage divide-by-10 Johnson counter with 
10 decoded outputs and a carry-out bit The 4022 is a 4-stage 
divide-by-8 Johnson counter with eight decoded outputs and a 
carry-out bit. 

These counters are cleared to their zero count by a 
logical 1 on their reset line. These counters are advanced on 
the positive edge of the clock signal when the clock enable 
signal is in the logical 0 state. 

The configuration of the 4017 and 4022 permits 
medium-speed operation and assures a hazard free counting 
sequence. The 10/8 decoded outpui.s are normally in the 
logical 0 state and go to the logical 1 state only at their 
respective time slot. Each decoded output remains high for 
one full clock cycle. The carry out signal completes a full cycle 
for every 10/8 clock input cycles and is used as a ripple carry 
signal to any succeeding stages. 

Supply Voltage Range 3V to 15V 
Noise Immunity 0.45 VIM typ. 
TTL Compatibility Fanout of 2 driving 

74L or 1 driving 
74tS 

5.0 fAliz typ. with 10V Val 
10µ, W typ. 

Speed of Operation 
Power 

DECODED OUTPUT '1" —.-

DECODED OUTPUT "1" 

DECODED OUTPUT '1" 

DECODED OUTPUT "T' 

DECODED OUTPUT 1" --. 

DECODED OUTPUT "T' 

DECODED OUTPUT '1" 

Vss 

16 

15 

14 

12 

12 

11 

10 

4017 

%.100 

RESET 

CLOCK 

CLOCK ENABLE 

CARRY-OUT 

DECODED OUTPUT 1" 

DECODED OUTPUT "4" 

DECODED OUTPUT -r 
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4022 DIVIDE BY 8 COUNTER DIVIDER WITH 8 DECODED OUTPUTS 

The 4017 is a 5-stage divide-by-10 Johnson counter with 
10 decoded outputs and a carry-out bit. The 4022 is a 4-stage 
divide-by-8 Johnson counter with eight decoded outputs and a 
carry-out bit. 

These counters are cleared to their zero count by a 
logical 1 on their reset line. These counters are advanced on 
the positive edge of the clock signal when the clock enable 
signal is in the logical 0 state. 

The configuration of the 4017 and 4022 permits 
medium-speed operation and assures a hazard free counting 
sequence. The 10/8 decoded outputs are normally in the 
logical 0 state and go to the logical 1 state only at their 
respective time slot. Each decoded output remains high for 
one full clock cycle. The carry out signal completes a full cycle 
for every 10/8 clock input cycles and is used as a ripple carry 
signal to any succeeding stages. 

Supply Voltage Range 
Noise Immunity 
Ut Compatibility 

Speed of Operation 

Power 

DECODED OUTPUT 1" 

DECODED OUTPUT 1" 

DECODED OUTPUT 1" 

DECODED OUTPUT 1" 

DECODED OUTPUT 1" 

NC 

DECODED OUTPUT "3-

Vss 

1 

2 

3 

4 

5 

6 

7 

a 

3V to 15V 
0.45 VDD typ. 
Fanout of 2 driving 
74L or 1 driving 
74LS 
5.0 MHz typ. with 
10V VIM 
10p, Wtyp. 

4022 

16 

15 

14 

13 

12 

11 

10 

VDD 

RESET 

CLOCK 

CLOCK ENABLE 

CARRY-OUT 

DECODED OUTPUT "4" 

DECODED OUTPUT "7" 

9 
NC 
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4018 PRESETTABLE DIVIDE-B -N COUNTER 

The 4018B consists of five Johnson counter stages. A 
buffered U output from each stage, clock, reset, data, preset 
enable and five individual jam inputs are provided. The 
counter is advanced one count at the positive clock signal 
transition. A high reset signal clears the counters to an all 
zero condition. A high preset enable signal allows information 
on the jam inputs to preset the counter. Antilock gating is 
provided to assure the proper counting sequence. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

VDU RESET CLOCK as 

116 15 14 13 

311 to 15V 
0.45 VDD typ. 
Fa flout of 2 driving 741. 

or 1 driving 741.S 

JAM PRESET JAM 
04 ENABLE 4 

I 12 11 10 9 

Iliallaill 

1 2 1 3 I 4 1 6 
DATA JAM JAM 52 51 

1 2 3 

4018 

1 6 1 7 1 8 
53 JAM Vss 
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4019 QUAD AND-OR SELECT GATE 

The 4019 is a complementary MOS quad AND-OR 
select gate. Low power and high noise margin over a wide 
voltage range is possible through implementation of 
N-channel and P-channel enhancement mode transistors. 
These complementary MOS (CMOS) transistors provide the 
building blocks for the 4 AND-OR select gate configurations, 
each consisting of two 2-input AND gates driving a single 
2-input OR gate. Selection is accomplished by control bits KA 
and KB. All inputs are protected against static discharge 
damage. 

VDD 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

A4 KB 

3V to 15V 
0.45 VDD typ. 
Driving 74L or 1 driving 74LS 

134 03 D2 01 

84 A3 83 A2 B2 A1 81 

4019 
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Q12 

4020 14-STAGE RIPPLE CARRY INARY COUNTERS 

The 4020 and 4060 are 14-stage ripple carry binary 
counters, and the 4040BM/4040BC is a 12-stage ripple carry 
binary counter. The counters are advanced one count on the 
negative transition of each clock pulse. The counters are 
reset to the zero state by a logical 1 at the reset input 
independent of clock. 

Supply Voltage Range 
Noise Immunity 
Tfl Compatibility 

Speed of Operation 

1V to 15V 
C.45VDD typ. 
Fanout of 2 driving 741. or 
1 driving 74LS 

EIMHz typ. at Voo = 10V 

V DD 1111 010 (18 fig RESET 

116 15 14 13 12 11 

IRMO 

1 I 2 3 4 1 i. 16 1 7 1 1 18 

013  Q14 as (15 127 0.4 VSS 
4020 

V ss 
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4040 14-STAGE RIPPLE CARRY BINARY COUNTERS 

The 4020 and 4060 are 14-stage ripple carry binary 
counters, and the 4040BM/4040BC is a 12-stage ripple carry 
binary counter. The counters are advanced one count on the 
negative transition of each clock pulse. The counters are 
reset to the zero state by a logical 1 at the reset input 
independent of clock. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Speed of Operation 

1V to 15V 
0.45Voo typ. 
Fanout of 2 driving 741 or 
1 driving 74LS 

8MHz typ. at Veo = 10V 

VDD all 010 08 09 RESET 01 al 

116 15 14 13 12 11 10 9 

1112 
111111  

1 2 3 4 5 6 

06 a5 07 04 a3 (12 

4040 

vss 

vss 
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4060 12-STAGE RIPPLE CARRY : NARY COUNTERS 

The 4020 and 4060 are 14-stige ripple carry binary 
counters, and the 4040BM/4040BC is a 12-stage ripple carry 
binary counter. The counters are ad‘ anced one count on the 
negative transition of each clock pulse. The counters are 
reset to the zero state by a logical 1 at the reset input 
independent of clock. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Speed of Operation 

1V to 15V 
0.45Voo typ. 
Fallout of 2 driving 74L or 
1 driving 74LS 

8N1Hz typ. at Voo = 10V 

VDD Qiü (18 (19 RESET 

116 15 14 13 12 

91111111111 

1 11 1 1 21 3 4 5 6 17 

(113 0.14 Ct6 (15 (17 134 

4060 

Vss 

18 
vss 
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4021 8-STAGE STATIC SHIFT REGISTER 

The 4021 is an 8-stage parallel input/serial output shift 
register. A parallel/serial control input enables individual jam 
inputs to each of 8 stages. Q outputs are available from the 
sixth, seventh and eighth stages. 

When the parallel/serial control input is in the logical 0 
state, data is serially shifted into the register synchronously 
with the positive transition of the clock. When the parallel/ 
serial control is in the logical 1 state, data is jammed into each 
stage of the register asynchronously with the clock. 

Supply Voltage Range 
Noise Immunity 
Speed of Operation 

VD() 

PAR 
IN 

7 S 5 

SUP 
OUT 
07 

SER 
IN 

3V to 15V 
0.45 Vcc typ. 
5 MHz typ. 

CLK 

PAR-
SER 
CONT 

16 15 14 13 12 11 10 9 

111. 

1 2 3 4 5 6 

os os 4 3 
PAR RIF SUP  • 

IN OUT OUT PAR IN 

4021 

CI.' 
SERIAL 
INPUT 

PARALLEL/ 

SERIAL 
CONTROL 

PI 1 PI n 
01 

(INTERNAL) 
0„ 

X 

X
 
X
 
X
 
X
0
.
-
 
X
 

I 0 0 0 0 

X I 0 I 0 I 

X I I 0 1 0 

X I I 1 1 I 

«/- 0 X X 0 0 „ I 

_/- 0 X X 1 0„ I 

-\... 0 x x 01 0„ 

- LEVEL CHANGE x DON'T CARE CASE 

NO 
CHANGE 

Truth Table 
4021 
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4023 TRIPLE 3-INPUT N ND GATE 

These triple gates are monolith.c complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to standard 
B series output drive. The devices also have buffered outputs 
that improve transfer characteristics by providing very high 
gain. All inputs are protected against static discharge with 
diodes to VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Maximum Input Leakage 

3V to 15V 
0.45 Von typ. 
Fallout of 2 driving 74L 

or 1 driving 741S 
1 J.dt at 15V 

114 13 12 11 vi"q_ 

2 3 4 

4023 

5 6 7 
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4025 TRIPLE 3-INPUT NOR GATE 

These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to standard 
B series output drive. The devices also have buffered outputs 
that improve transfer characteristics by providing very high 
gain. All inputs are protected against static discharge with 
diodes to VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Maximum Input Leakage 

VDD 

1 13 12 11 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 741S 
1 iiA at 15V 

10 9 

2 3 

4025 

6 17 

37 



INPUT 
PULSES 

4024 7-STAGE RIPPLE-CARRY B NARY COUNTER 

The 4024 is a 7-stage ripple-carry binary counter. Buf-
fered outputs are externally available from stages 1 through 
7. The counter is reset to its logical 0 s tate by a logical 1 on the 
reset input. The counter is advanced one count on the nega-
tive transition of each clock pulse. 

14 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Speed 

NC 01 

13 

3V to 15V 
0.45 VDD typ. 
Fallout of 2 driving 741. 

Ix 1 driving 74LS 
12 MHz (typ.) 

nput pulse rate 
VDD — VSS = 10V 

NC 03 NC 

10 9 

1 2 

RESET 07 

3 I 4 

06 

4024 

6 1 7 

Vsg 
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4025 TRIPLE 3-INPUT NOR GATE 

These NOR gates are monolithic complementary MOS 
(CMOS) integrated circuits. The N-channel and P-channel 
enhancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static conditions. All inputs are 
protected against static discharge and latching conditions. 

Supply Voltage Range 3V to 15V 

Power 10 nW (typ.) 

Noise Immunity 0.45 Voo (typ.) 

Speed of Operation 25 ns (typ.) at Ci. = 15 pF 

13 12 11 10 8 o 
 9--

2 6 Il 
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4:. o 

Truth Table 

etn .1 INPUTS .tn OUTPUTS 

CC .1 KS R 0 o à 

ix000 
J— X 0 0 0 I 

_1— 0 X 0 0 0 

.1— X I 001 

--\._ X X 00 X 

X X X I 0 X 

X X X 01 X 

X X XI I X 

(No change) 

4027 

I = High Level 

0 - Low Level 
• = Level Change 

X = Don't Care 

• = to_i refers to the time interval prior to the 
positive clock pulse transition 

• = to refers to the time intervals after the 
positive clock pulse transition 



4027 DUAL JK MASTER/SLAVE FLIP-FLOP 

These dual JR flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N-channel 
and P-channel enhancement mode transistors. Each flip-flop 
has independent J, K, set, reset and clock inputs and buffered 
Q and outputs. These flip-flops are edge-sensitive to the 
clock input and change state on the positive-going transition 
of the clock pulses. Set or reset is independent of the clock 
and is accomplished by a high level on the respective input. All 
inputs are protected against damage due to static discharge 
by diode clamps to VDD and Vss. 

Supply Voltage Range 3V to 15V 

Noise Immunity 0.45 VDD typ. 

m. Compatibility Fanout of 2 driving 741. 

or 1 driving 74LS 

Power 50 nW typ. 

Speed of Operation 12 MHz typ. with 10V supply 

VDD 01 01 CLOCK 1 RESET 1 K1 J1 SET 1 

15 14 13 12 11 10 9 

F/F1 

FiF2 

02 02 CLOCK 2 RESET 2 K2 J2 SET 2 

4027 

I 

vss 
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4028 BCD-TO-DECIMAL DECODER 

The 4028 is a BCD-to-decimal or binary-to-octal de-
coder consisting of four inputs, decoding logic gates and 10 
output buffers. A BCD code applied to the four inputs, A, B, C 
and D, results in a high level at the selected one-of-10 decimal 
decoded outputs. Similarly, a 3-bit binary code applied to 
inputs A, B and C is decoded in octal at outputs 0-7. A 
high-level signal at the D input inhibits octal decoding and 
causes outputs 0-7 to go low. All inputs are protected against 
static discharge damage by diode clamps to VDD and Vss. 

Supply Voltage Range 

Noise Immunity 

T71. Compatibility 
Power 

1 

2 

4 
7 
5 9-
6 5 

A 

3V to 15V 

0.45 Voo typ. 

Fanout of 2 driving 741 

or 1 driving 74LS 

14 1 

13 4028 

12 C 

11 

10 
D 

A 

Truth Table 4028 
D C 8 O 1 

1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 
O 0 1 0 0 0 0 0 0 0 

O 0 0 1 0 0 0 0 0 0 
O 0 0 0 1 0 0 0 0 0 
O 0 0 0 0 1 0 0 0 0 
O 0 0 0 0 0 1 0 0 0 
O 0 0 0 0 0 0 1 0 0 
O00000 0 0 1 0 
O00000 0 0 0 1  

2 3 4 5 6 7 8 9 

O 0 0 0 
O 0 0 1 
O 0 1 0 
O 0 1 1 
O 1 0 0 
O 1 0 1 
O 1 1 0 
O 1 1 1 
1 0 0 0 
1 0 0 1 
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4029 PRESETTABLE BINARY DECADE UP DOWN COUNTER 

The 4029 is a presettable up/down counter that counts in 
either binary or decade mode depending on the voltage level applied 
at binary/decade input. When binary/decade is at logical 1, the 
counter counts in binary; otherwise, it counts in decade. Similarly, 
the counter counts up when the up/down input is at logical 1 and vice 
versa. 

A logical 1 preset enable signal allows information at the jam 
inputs to preset the counter to any state asynchronously with the 
clock. The counter is advanced one count at the positive-going edge 
of the clock if the carry in and preset enable inputs are at logical 0. 
Advancement is inhibited when either or both of these two inputs is 
at logical 1. The carry out signal is normally at the logical 1 state and 
goes to the logical 0 state when the counter reaches its maximum 
count in the up mode or the minimum count in the down mode, 
provided the carry input is at logical 0 state. All inputs are protected 
against static discharge by diode clamps to both VDD and Vss. 

Supply Voltage Range 3V to 15V 

Noise Immunity 0.45 VDD typ. 

TTL Compatibility Fanout of 2 driving 74L 

or 1 driving 74LS 

VDD CLOCK 

JAM INPUTS 

03 J3 J2 02 UP/DOWN 
BINARY/ 
DECADE 

16 15 14 13 12 11 10 9 

111.1•11 

1 2 3 4 5 6 

PRESET 
ENABLE 

04 • J4 JI 

JAM INPUTS 

4029 

CARRY 
IN 

01 CARRY 
OUT 

8 

Vss 
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4030 QUAD EXCLUSIVE-OR GATE 

These Exclusive-OR gates are monolithic complemen-
tary MOS (CMOS) integrated circuits constructed with 
N-channel and P-channel enhancement mode transistors. All 
inputs are protected against static discharge with diodes to 
VDD and Vss. 

Supply Voltage Range 3V to 15V 

Power 100 nW (typ.) 

Speed of Operation 40 ns CYO 

Noise Immunity 0.45 Vcc (typ.) 

13 11 10 

4030 

A B J 

0 0 ' 0 

1 0 1 

0 1 ' 1 

1 1 0 

Truth Table 4030 
Where: "1" = High Level 

"0" = Low Level 
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4031 641-STAGE STATIC SHIFT REGISTER 

The 4031 is an integrated, complementary MOS (CMOS), 

64-stage, fully static shift register. Two data inputs, data in and 
recirculate in, and a mode control input are provided. Data at the 
data input (when mode control is LOW) or data at the recirculate 
input (when mode control is HIGH), which meets the setup and hold 
time requirements, are entered into the first stage of the register 
and are shifted one stage at each positive transition of the clock. 

Data output is available in both true and comment forms 
from the 64th stage. Both the data out (Q) and data out (7) outputs 
are fully buffered. 

The clock input of the 4031BM/4031BC is fully buffered and 
presents only a standard input load capacitance. However, a de-
layed clock output (CLD) allows reduced clock drive fanout and 
transition time requirements when cascading packages. 

Supply Voltage Range 3V to 15V 

Noise Immunity 0.45 VDD typ. 

TTL Compatibility Fanout of 2 driving 74L 

or 1 driving 74LS 

Range Of Operation DC to 8 MHz 

(typical @ Voo = 10V) 

Clock Input 5pF (typ.) 

Input Capacitance 
High Current Sinking Capability, 1.6mA 

Output @ Voo = 5V and 25 0 C 

MODE CONTROL (data selection) 

MODE DATA RECIRCULATE DATA INTO 
CONTROL IN IN FIRST STAGE 

RECIOCOLATE 

COO, to 

NC --

NC 

NC 

DATA 00101 

6ArA Sit (b) 

vss 

To 

D IA 

11 

17 

11 

7 10 

ADO 

DATA IN 

NC 

- NC 

NC 

NC 

WWI CO NNNNN 

—21ttZgo (no. 

4031 

o 

EACH STAGE 

o o 

NC 

X • irrelevant 

NC • no dung. 

- Low To High level transition 
- Ht9h to Low level transmon 

Truth Tables 4031 

o 
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4034 8-STAGE 3-STATE BIDIRECTIONAL 

PARALLEL SERIAL INPUT OUTPUT BUS REGISTER 

The 4034 is an 8-bit CMOS static shift register with two 
parallel bidirectional data ports (A and B) which, when com-
bined with serial shifting operations, can be used to bidirec-
tionally transfer parallel data between two buses, convert 
serial data to parallel form and direct them to either of two 
buses, store (recirculate) parallel data, or accept parallel data 
from either of two buses and convert them to serial form. 
These operations are controlled by five control inputs: 

II A enable (AE)—A data port is enabled only when 
AE is at logical 1. This allows the use of a common 
bus for multiple packages. 

II A-bus-to-B-bus/B-bus-to-A-bus (A/B)—This input 
controls the direction of data flow. When at logical 1, 
data flows from port A to B (A is input and B is 
output). When at logical 0, the data flow direction is 
reversed. 

II Asynchronous/synchronous (A/S)—When A/S is 
at logical 0, data transfer occurs at positive transi-
tion of the clock. When A/S is at logical 1, data 
transfer is independent of the clock for parallel op-
eration. In the serial mode, A/S input is internally 
disabled such that the operation is always syn-
chronous. Asynchronous serial operation is not 
possible. 

II Parallel/serial (P/S) —A logical 1 P/S input allows 
data transfer into the registers via A or B port 
(synchronous if A/S = logical 0 and asynchronous if 
A/S = logical 1). A logical 0 P/S allows serial data to 
transfer into the register synchronously with the 
positive transistion of the clock, independent of the 
A/S input. 

II Clock—Single phase, enabled only in synchronous 
mode. Either P/S = logical 1 and A/S = logical 0 or 
P/S = logical 0. 
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All register stages are D-type master-slave flip-flops 
with separate master and slave clock inputs generated inter-
nally to allow synchronous or asynchronous data transfer 
from master to slave. All inputs are protected against damage 
due to static discharge by diode clamps to VDD and Vss. 

Supply Voltage Range 

Noise Immunity 

TTL Compatibility 

3V to 18V 

0.45 Von typ. 

Fanout of 2 driving 741. 

or 1 driving 74LS 

VOD AS A7 AS M M A3 A2 AI CLOCK A/S P/S 

124 l 23 122 121 I 20 110 l 11 l 17 I 16 l 15 114 1 13 

11 I 2 

88 87 
15 le 17 .4 83 82 

4034 

1 8 111 l 10 I 11 112 

81 AE SERIAL A/8 Vss 
DATA 
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4035 4- BIT PARALLEL-IN/PARALLEL-OUT SHIFT REGISTER 

The 4035 4-bit parallel-in/parallel-out shift register is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with Y-channel and N-channel enhancement 
mode transistors. This shift register is a 4-stage clocked 
serial register that has provisions for synchronous parallel 
inputs to each stage and serial inputs to the first stage via JR" 
logic. Register stages 2, 3 and 4 are coupled in a serial D 
flip-flop configuration when the register is in the serial mode 
(parallel/serial control LOW). 

Parallel entry via the D line of each register stage is 
permitted only when the parallel/serial control is HIGH. In 
the parallel or serial mode, information is transferred on 
positive clock transistions. 

When the true/complement control is HIGH, the true 
contents of the register are available at the output terminals. 
When the true/complement control is LOW, the outputs are 
the complements of the data in the register. The true/ 
complement control functions asynchronously with respect to 
the clock signal. 

J7I input logic is provided on the first stage serial input to ' 
minimize logic requirements, particularly in counting and 
sequence-generation applications. With JR inputs connected 
together, the first stage becomes a D flip-flop. An asynchron-
ous common reset is also provided. 

Supply Voltage Range 3V to 15V 
Noise Immunity 0.45 VDD typ. 

TTL Compatibility Famout of 2 driving 741. 
or 1 driving 74LS 

Power Dissipation 5,u W typ. (ceramic) 

Speed To 5 MHz 
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TRUE/COMPLEMENT OUTPUTS PARALLEL INPUTS 
 a  

VDD 02/02 03/03 04/04 PI4 Pli Pli Pli 

16 15 14 13 12 11 10 9 

1••••••• 

1 2 3 4 5 6 7 Ii 

17C 

TRUE/COMPLEMENT 

OUTPUT 
SERIAL 

INPUTS 

RESET 

4035 

Truth Table 

CLOCK PIS Vss 

CL 
tn — 1 (INPUTS) tn (OUTPUTS) 

J k R On - 1 On 

0 X 0 0 0 

_/- I X 0 0 I 

X 0 0 1 0 

_/— 1 0 0 On-1 TOGGLE 
130-1 MODE 

—/— X I. 0 I I 

--\... X X 0 On-1 On-1 

X X X I X 0 

4035 
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4041 QUAD TRUE/COMPLEMENT BUFFER 

The 4041 is a quad true/complement buffer consisting of 
N-channel and P-channel enhancement mode transistors that 
have low-channel resistance and high current (sourcing and 
sinking) capability. The 4041 is intended for use as a buffer, 
line driver, or CMOS-to-TTL driver. All inputs are protected 
from static discharge by diode clamps to VDD and Vss. 

Supply Voltage Range 

Noise Immunity 

True Output: 

High Current Source and Sink 

Capability 

Complement Output: 

VDD 

1 14 

DIN 

11 3 

DOUT 

3V to 15V 

40% Voo typ. 

8 mA (typ.)@ Vo = 9.5V, 

Veo = 10V 

3.2 mA (typ. )@ Vo = 0.4V, 

Veo = 5V (two Tfl. loads) 

Medium current source and sink 

capability 

3.6 mA (typ.) @ Vo = 9.5V, 

Voo = 10V 

1.6 mA (ME) @ Vo = 0.4V, 

Von = 5V 

C N rOTIT COUT 

12 11 11 0 9 8 

AOUT 

2 

73-F.ET 

3 4 5 

AIN BOUT 

4041 

"Fri 

6 

BIN vu 
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4042 QUAD CLOCKED D LATCH 

The 4042 quad clocked D latch is a monolithic com-
plementary MOS (CMOS) integrated circuit constructed with 
P-channel and N-channel enhancement mode transistors. 
The outputs Q and -C7 either latch or follow the data input 
depending on the clock level which is programmed by the 
polarity input. For polarity equal to 0, the information present 
at the data input is transferred to Q and during 0 clock level. 
For polarity equal to 1, the transfer occurs during the 1 clock 
level. When a clock transition occurs (positive for polarity 
equal to 0 and negative for polarity equal to 1), the information 
present at the input during the clock transition is retained at 
the outputs until an opposite clock transition occurs. 

Supply Voltage Range 

Noise Immunity 

TTL Compatibility 

VDO 04 04 03 03 

3V to 15V 

0.45 Von typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

03 

16 15 14 13 12 111 to 9 

02 02 

04 

1 2 3 

01 ffi 
4 5 6 

01 CLOCK POLARITY 

4042 

CLOCK POLARITY 0 

0 0 0 

r 0 Latch 

1 1 D 

—1... 1 Latch 

02 Vss 

Truth Table 
4042 
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4043 QUAD 3-STATE NOR R/S LATCHES 

The 4043 is a quad cross-coupled 3-state CMOS NOR 
latch, and CD4044 is a quad cross-coupled 3-state CMOS 
NAND latch. Each latch has a separate Q output and indi-
vidual set and reset inputs. It has a common 3-state enable 
input for all four latches. A logic 1 on the enable input connects 
the latch states to the Q outputs. A logic 0 on the enable input 
disconnects the latch states from the Q outputs resulting in an 
open circuit condition on the Q outputs. The 3-state feature 
allows common bussing of the outputs. 

Supply Voltage Range 3V to 15V 

Power 100 nW typ. 

Noise Immunity 0.45 Voo typ. 

R4 S4 NC S3 R3 03 02 VDD 

16 15 114 113 12 11 110 

LATCH 
1 

LATCH 
2 

LATCH 
3 

LATCH 
4 

1 2 

01 RI Si 

IMMMII•111M•M' 

S R E 

OC 

NC 

O 

1 5 
ENABLE 

4043 

Truth Table 

4043 

R2 
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4044 QUAD 3-STATE NAND R S LATCHES 

The 4043 is a quad cross-coupled 3-state CMOS NOR 
latch, and CD40/14 is a quad cross-coupled 3-state CMOS 
NAND latch. Each latch has a separate Q output and indi-
vidual set and reset inputs. It has a common 3-state enable 
input for all four latches. A logic 1 on the enable input connects 
the latch states to the Q outputs. A logic 0 on the enable input 
disconnects the latch states from the Q outputs resulting in an 
open circuit condition on the Q outputs. The 3-state feature 
allows common bussing of the outputs. 

Supply Voltage Range 3V to 15V 

Power 100 nW typ. 

Noise Immunity 0.45 Vim typ. 

Von $4 84 

LATCH 
1 

01 

13 

83 S3 03 

12 Iii 110 

LATCH I I LATCH 
211 3 

LATCH 
4 

12""73 

I 5 
NC Si RI ENABLE 

SR E O 

X X 0 OC 

1 1 1 NC 

0 1 1 1 

1 0 1 0 

0 0 1 M 

4044 
S2 

Truth Table 4044 

OC — TRI-STATE 
NC — No change 
X — Don't care 

— Dominated by S=1 input 
— Dominated by R=0 input 
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4046 MICROPOWER PHASE-LOCKED LOOP 

The 4046 tnicropower phase-locked loop (PLL) consists of a 
low-power, linear, voltage-controlled oscillator (VCO), a source 
follower, a zener diode and two phase comparators. The two phase 
comparators have a common signal input and a common comparator 
input. The signal input can be directly coupled for a large voltage 
signal, or capacitively coupled to the self-biasing amplifier at the 
signal input for a small voltage signal. 

Phase comparator 1, an exclusive OR gate, provides a digital 
error signal (phase comparator 1 out) and maintains 90-degree 
shifts at the VCO center frequency. Between signal input and 
comparator input (both at 50-percent duty cycle), it may lock onto 
the signal input frequencies that are close to harmonics of the VCO 
center frequency. 

Phase comparator 11 is an edge-controlled digital memory 
network. It provides a digital error signal (phase comparator 11 out) 
and lock-in signal (phase pulses) to indicate a locked condition and 
maintains a 0-degree phase shift between signal input and com-
parator input. The linear voltage-controlled oscillator (VCO) pro-
duces an output signal (VCO out) whose frequency is determined by 
the voltage at the VCOIN input and the capacitor and resistors 
connected to pin O A, C1B, R1 and R2. 

The source follower output of the VCOIN (demodulator out) is 
used with an external register of 101{1/ or more. The inhibit input, 
when high, disables the VCO and source follower to minimize 
standby power consumption. The zener diode is provided for 
power-supply regulation, if necessary. 

Supply Voltage Range 
Dynamic Power Consumption 

VCO Frequency 
Frequency Drift 
VCO Linearity 

4046 

3V to 18V 
70p. (typ.) at fe = 10 kHz, 

Von = 5V 
1.3 MHz (typ.) at Von = 10V 
0.06%PC at Von = 10V 
1% (typ.) 
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4047 LOW-POWER MONOSTABLE/ASTABLE MULTIVIBRATOR 

The 4047 is capable of operating in either the monostable 
or astable mode. It requires an external capacitor between 
pins 1 and 3 and an external resistor between pins 2 and 3 to 
determine the output pulse width in the monostable mode, 
and the output frequency in the astable mode. 

Astable operation is enabled by a high level on the asta-
ble input or low level on the astable input. The output fre-
quency (at 50-percent duty cycle) at Q and -‘7 outputs is 
determined by the timing components. A frequency twice 
that of Q is available at the oscillator output. A 50-percent 
duty cycle is not guaranteed. 

Monostable operation is obtained when the device is 
triggered by low-to-high transition at + trigger input or high-
to-low transition at — trigger input. The device can be re-
triggered by applying a simultaneous low-to-high transition to 
both the + trigger and retrigger inputs. A high level on reset 
input resets the outputs Q to low and Q to high. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

2 

3 
RC COMMON 

  4 
ASTABLÉ 

5 
ASTABLE 

6 
— TRIGGER 

vss 
7 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or driving 74LS 

14 
ram VDD 

13 
OSC OUT 

12 
RETRIGGER 

4047 

11 x 
u 

10 
a 

9 
EXT RESET 

L. TRIGGER 
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4048 3-STATE EXPANDABLE 8-FUNCTION 8-INPUT GATE 

The 4048 is a programmable 8-input gate. Three binary 
control lines, Ka, Kb and Kc, determine the eight different 
logic functions of the gate. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/OR and AND/ 
NOR. A fourth input, Kd, is a 3-state control. When Ka is high, 
the output is enabled; when Ka is low, the output is a high 
impedance. This feature enables the user to connect the 
device to a common bus line. The expand input permits the 
user to increase the number of gate inputs. For example, two 
8-input 4048's can be cascaded into a 16-input multifunction 
gate. When the expand input is not used, it should be con-
nected to Vss. All inputs are buffered and protected against 
electrostatic effects. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

3V to 15V 
0.45 Veo typ. 
Drives 1 standard 
TTL load at Vcc = 5V, over full 
temperature range. 

INPUTS FUNCTION CONTROL 

EXPANO 

IA  VOX N 1 1 I CI 01 kt Kc IPUT A 

5 14 13 12 11 10 

1 1 2 3 4 5 e 7 

K4 • G Kb Vu 

OUTPUT TRISTATE FUNCTION 
CONTROL INPUTS CONTROL 

4048 
OUTPUT 
FUNCTION 

NOOLIAN 
tIORMON 

CONTROL INPUTS muss° 

INPUTS Re RA Re KO 

NOR J•X•11•C•0•E•F•0•H 0 0 0 vss 

OR j•A•6•0•0.t•F•G•H 0 0 1 Vss 

OR/AND 1 •IA•6•C•01•1E•F•6•IN 0 1 0 Vss 

OUNANO J• •B.C•01•O•F•G•HI 0 1 I Vu 

AND J•A•6•C•0•1•F•G•H I 00 Vois 

NANO J • A E•F•G•H 1 01 vim) 

ANO/NOR J. IA 6•C It • F • 6 • HI I 1 0 Von 

AND/OR J • IA • 11.0 • 01 • It • F • 0 • HI I 1 1 Vcso 

H..2 X 

- 

X X X 

Porn be 0 • low MM. • . 

Truth Table 
4048 
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4049 HEX INVERTING BUFFER 

These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. These devices 
feature logic-level conversion using only one supply voltage 
(\inn). The input-signal high level (ViH) can exceed the \inn 
supply voltage when these devices are used for logic level 
conversions. These devices are intended for use as hex 
buffers, CMOS to DTL/TTL converters, or as CMOS cur-
rent drivers. At VDD = 5V, they can drive directly two 
DTL/TTL loads over the full operating temperature range. 

Supply Voltage Range 
TTL Compatability 

F1=1i e 

4049 

3V to 15V 
Direct drive to 2 
TTL loads at 
5V over full 
temperature range. 
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4050 HEX NONINVERTING BUFFER 

These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. These devices 
feature logic-level conversion using only one supply voltage 
(VDD). The input-signal high level (V1H) can exceed the VDD 
supply voltage when these devices are used for logic level 
conversions. These devices are intended for use as hex 
buffers, CMOS to DTL/TTL converters, or as CMOS cur-
rent drivers. At VDD = 5V, they can drive directly two 
DTL/TTL loads over the full operating temperature range. 

Supply Voltage Range 
rri Compatability 

NC L= F 

15 14 

3V to 15V 
Direct drive to 2 
111 loads at 
5V over full 
temperature range. 

NC K E E J D 

12 11 10 

h 1 

VDD 

4050 
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4051 SINGLE 8- CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

These analog multiplexers/demultiplexers are digitally con-
trolled analog switches having low on impedance and very low off 
leakage currents. Control of analog signals up to 15 Vpp can be 
achieved by digital signal amplitudes of 3V to 15V. For example, if 
VDD = 5V, Vss = OV and VEE = — 5V, analog signals from — 5V to 
+5V can be controlled by digital inputs of 0V-5V. The multiplexer 
circuits dissipate extremely low quiescent power over the full Vin) — 
Vss and VDD — VEE supply voltage ranges, independent of the logic 
state of the control signals. When a logical 1 is present at the inhibit 
input terminal, all channels are off. 

• 4051 is a single 8-channel multiplexer having three binary 
control inputs, A, B and C, and an inhibit input. The three 
binary signals select one of eight channels to be turned on 
and connect the input to the output. 

Ill 4052 is a differential 4-channel multiplexer having two 
binary control inputs, A and B, and an inhibit input. The 
two binary input signals select one of four pairs of channels 
to be turned on, and connect the differential analog inputs 
to the differential outputs. 

II 4053 is a triple 2-channel multiplexer having three sepa-
rate digital control inputs, A, B and C, and an inhibit input. 
Each control input selects one of a pair of channels that are 
connected in a single-pole double-throw configuration. 

Range of digital ànd analog signal levels: Digital 3V to 15V, analog to 15Vp-p. 
On resistance: 8011 (typ.) over entire 15Vpp signal-input range for VDD—VEe= 15V. 
Off resistance: Channel leakage of ±-10pA (typ.) at VDD — VEE = 10V. 
Logic level conversion for digital addressing signals of 3V to 15V (VDD— VSS = 3V to 

15V) to switch analog signals to 15Vp-p (VDD — VEE = 15V). 
Logic level conversion for digital addressing signals of 3 — 15V(Voo—Vss= 3V to 

15V) to switch analog signals to 15Vp-p(Voo— VEE = 15V). 
Matched switch characteristics: àRON = 5f) (Typ.) for VDD — VEE = 15V. 

Quiescent power dissipation under all digital control input and supply conditions: 1 p, 
W (typ.) at Voo—Vss= VDD—VEE= 10V. 

Binary address decoding on chip. 
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CD4051BM/CD4051 BC 

IN /911T 

VDD 

16 

2 1 0 

15 14 13 

3 A B 

12 11 1 0 9 

IMME.«.11 

1 1 2 3 4 5 6 7 

4 6 OUT/IN 7 5 INH VEE Vss 

IN/OUT IN/OUT 

4051 

8 

INPUT STATES "ON" CHANNELS 

INHIBIT C B A CD4051B CD4052B CD4053B 

0 0 0 0 0 OX, UY cx, bx, ax 

0 0 0 1 1 1X, 1Y cx, bx, ay 

0 0 1 0 2 2X, 2Y cx, by, ax 

0 0 1 1 3 3X, 3Y cx, by, ay 

0 1 0 0 4 cy, bx, ax 

0 1 0 1 5 cy, bx, ay 

0 1 1 0 6 cy, by, ax 

0 1 1 1 7 cy, by, ay 

1 • • * NONE NONE NONE 

*Don't Care Condition Truth Table 4051,4052, 4053 
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4052 DUAL 4-CHANNEL MULTIPLEXER/DEMULITPLEXER 

These analog multiplexers/demultiplexers are digitally con-
trolled analog switches having low on impedance and very low off 
leakage currents. Control of analog signals up to 15 Vp-p can be 
achieved by digital signal amplitudes of 3V to 15V. For example, if 
Vin) = 5V, Vss = OV and VhE = — 5V, analog signals from — 5V to 
+5V can be controlled by digital inputs of 0V-5V. The multiplexer 
circuits dissipate extremely low quiescent power over the full W I) — 
Vss and V1)1) — VEE supply voltage ranges. independent of the logic 
state of the control signals. When a logical 1 is present at the inhibit 
input terminal, all channels are off. 

• 4052 is a differential 4-channel multiplexer having two 
binary control inputs, A and B, and an inhibit input. The 
two binary input signals select one of four pairs of channels 
to be turned on, and connect the differential analog inputs 
to the differential outputs. 

II 4053 is a triple 2-channel multiplexer having three sepa-
rate digital control inputs, A, B and C, and an inhibit input. 
Each control input selects one of a pair of channels that are 
connected in a single-pole double-throw configuration. 

CD40526M/CD40528C 

IN/OUT IN/0 UT 0 UT/1N 
VDC, 2x lx X Ox 3x A 8 

116 115 114 113 12 1 la 

9MMIIMMI 

1 2 3 4 5 16 I 

Oy 2y y 3y 1y INN 

IN/OUT OUT/IN IN/OUT 

4052 

7 

VEE 

IMI••• 

vas 
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4053 TRIPLE 2- CHANNEL ANALOG N1ULTIPLEXER/DENIULTIPLEXER 

These analog multiplexers/demultiplexers are digitally con-
trolled analog switches having low on impedance and very low off 
leakage currents. Control of analog signals up to 15 Vp-p can be 
achieved by digital signal amplitudes of 3V to 15V. For example, if 
Vim) = 5V, Vss = OV and VEE = — 5V, analog signals from — 5V to 
+5V can be controlled by digital inputs of 0V-5V. The multiplexer 
circuits dissipate extremely low quiescent power over the full VII) — 
Vss and Vim — VEE supply voltage ranges, independent of the logic 
state of the control signals. When a logical 1 is present at the inhibit 
input terminal, all channels are off. 

III 4053 is a triple 2-channel multiplexer having three sepa-
rate digital control inputs, A, B and C, and an inhibit input. 
Each control input selects one of a pair of channels that are 
connected in a single-pole double-throw configuration. 

CD40536M/C04053BC 

OUT/IN IN/OUT 

V b ' 
r6 F4 r 110 9 

tax ABC 

15 1 11 1/ 

.10•11•11M 

1 12 3 4 
le 17 18 by bx cy c ex 1 H V EE Vsz 

OUT/IN 1N/OUT 
Ri/OUT 

4053 
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4066 QUAD BILATERAL SWITCH 

The 4066 is a quad bilateral switch intended for the transmis-

sion or multiplexing of analog or digital signals. It is pin-for-pin 
compatible with 4016 but has a much lower on resistance, and on 

resistance is relatively constant over the input-signal range. 

Supply Voltage Range 
Noise Immunity 
Range of Digital and Analog 

Switching 
On Resistance for 15V Operation 
Matched on Resistance Over 

15V Signal Input 
On/off Output Voltage Ratio 
Linearity 
"OFF" Switch Leakage 
Control Input Impedance 
Crosstalk Between Switches 

Frequency Response, Switch "ON" 

3V to 15V 
0.45 no typ. 
±-7.5 VPEAK 

8012typ. 
A RON --- typ. 

65 dB typ. 
0.4% distortion typ. 
0.1 nA typ. 
10 12 f/typ. 
-50 dB typ. 

fis = 0.9 MHz, RL = 1 Ka 
40 MHz typ. 

IN/OUT .2.1 

OUT/IN 

14 6. 
Mai V DO 

13 

3 
OUT/IN •■■•«.-- goy D 

4 
IN/OUT 

7 -1--1 SW 0 
CONTROL 6 -•■•--i 

6 
CONTROL C 

7 
Vss 

SW C 

12 

CONTROL A 

CONTROL D 

11  
IN/OUT 

10 
OUT/IN 

L. OUT/IN 

4066 

IN/OUT 
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4069 INVERTER CIRCUIT 

The 4069 consists of six inverter circuits and is manufactured 
using complementary MOS (CMOS) to achieve wide power-supply 
operating range, low power consumption, high noise immunity and 

symmetric-controlled rise and fall times. 
This device is intended for all general purpose inverter applica-

tions where the special characteristics of the 74C901, 74C903, 
74C907 and 4049 hex inverter/buffers are not required. In those 
applications requiring larger noise immunity, the 74C14 or 74C914 
hex Schmitt trigger is suggested. All inputs are protected from 
damage due to static discharge by diode clamps to VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

13 12 11 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 74/ 

or 1 driving 74LS 

10 9 

--1>o- -1>o- -P•o-

4069 

Vss 
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4070 QUAD 2- INPUT EXCLUSIVE-OR GATE 

Employing complementary MOS (CMOS) transistors to 
achieve wide power-supply operating range, low power con-
sumption and high noise margin, this gate provides basic 
functions used in the implementation of digital integrated 
circuit systems. The N-channel and P-channel enhancement 
mode transistors provide a symmetrical circuit with output 
swing essentially equal to the supply voltage. No DC power 
other than that caused by leakage current is consumed during 
static condition. All inputs are protected from damage due to 
static discharge by diode clamps to VDD and Vss. 

VDD 

Supply Voltage Range 3V to 15V 
Noise Immunity 0.45 Voo typ. 
TTL Compatibility Fanout of 2 driving 741. 

or 1 driving 74LS 

H G M=GOH L=EOF F E 

114 13 12 11 10 

INPUTS OUTPUTS 

A Ft y 

I L I 

I II f • 

.I I .. 

0 0 I 

[ )ID° 4 
B .1-110E1 K=c(Do 

4070 

Truth Table 
4070 

ccl 

65 
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4071 QUAD 2-INPUT OR BUFFERED B SERIES GATE 

These quad gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to standard 
B series output drive. The devices also have buffered outputs 
that improve transfer characteristics by providing very high 
gain. All inputs are protected against static discharge with 
diodes to VDD and Vss. 

V00 

i 

TM. Compatibility 

Parametric Ratings 
Maximum Input Leakage 

13 12 11 

Fanout of 2 driving 741 
or 1 driving 74LS 

5V-10V-15V 
1 i.LA at 15V 

10 

t  
—an P--

4071 

I 1 

V ss 
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4081 QUAD 2-INPUT AND BUFFERED B SERIES GATE 

These quad gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to standard 
B series output drive. The devices also have buffered outputs 
that improve transfer characteristics by providing very high 
gain. All inputs are protected against static discharge with 
diodes to VDD and Vss. 

Vrio 

1 

TTL Compatibility 

Parametric Ratings 
Maximum Input Leakage 

13 12 11 

Fanout of 2 driving 741. 
or 1 driving 74LS 

5V-10V-15V 
1 µA at 15V 

10 

JD-

4081 

I 7 
Vss 

67 



4073 DOUBLE BUFFERED TRIPLE 3-INPUT NAND GATE 

These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to standard 
B series output drive. The devices also have buffered outputs 
that improve transfer characteristics by providing very high 
gain. All inputs are protected against static discharge with 
diodes to VDD and Vss. 

VDD 

114 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

13 12 11 

3V to 15V 
0.45 VDD typ. 
2 driving 74L 

or 1 driving 74LS 

10 9 8 

 9 
2 

4073 

I 6 7 

VSS 

68 



4075 DOUBLE BUFFERED TRIPLE 3-INPUT NOR GATE 

These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to standard 
B series output drive. The devices also have buffered outputs 
that improve transfer characteristics by providing very high 
gain. All inputs are protected against static discharge with 
diodes to VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

13 12 11 

3V to 15V 
0.45 Wm typ• 
2 driving 74L 

or 1 driving 74LS 

10 9 8 

2 

4075 

6 7 

Vss 
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4076 3- STATE QUAD D FLIP-FLOP 

The 4076 3-state quad D flip-flop is a monolithic complementary 
MOS (CMOS) integrated circuit constructed with N-channel and 
P-channel enhancement transistors. The four D type flip-flops op-
erate synchronously from a common clock. The 3-state output 
allows the device to be used in bus organized systems. The outputs 
are placed in the 3-state mode when either of the two output disable 
pins are in the logic 1 level. The input disables allow the flip-flops to 
remain in their present states without disrupting the clock. If either 
of the two input disables is taken to a logic 1 level, the Q outputs are 
fed back to the inputs and in this manner the flip-flops do not change 
state. 

Clearing is enabled by taking the clear input to a logic 1 level. 
Clocking occurs on the positive-going transition. All inputs are 
protected against damage due to static discharge by diode clamps to 
VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

INPUT INPUT CLEAR A 
15 14 13 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 74 

or 1 driving 74LS 

DATA DATA INPUT INPUT INPUT INPUT D DISABLE DISABLE 
12 11 10 

OUTPUT DISABLE 
18 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUTP Vss DISABLE A B C o 
4076 

12 13 1 4 I 5 I 6 I 7 

Sn tn+1 

DATA INPUT DISABLE 
DATA 

INPUT 
OUTPUT 

Logic "1" on One or Both Inputs 

Logic "0" on Both Inputs 

Logic "0" on Both Inputs 

X 

1 

o 

en 
1 

o 

Truth Table 
4076 
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4089 BINARY RATE MULTIPLIER 

The 4089 is a 4-bit binary rate multiplier that provides an 
output pulse rate which is the input clock pulse rate multiplied 
by 1/16 times the binary input number. For example, if 5 is 
the binary input number, there will be 5 output pulses for 
every 16 clock pulses. 

The 4527 is a 4-bit BCD rate multiplier that provides an 
output pulse rate which is the input clock pulse rate multiplied 
by 1/10 times the BCD input number. For example, if 5 is the 
BCD input number, there will be 5 output pulses for every 10 
clock pulses. 

These devices may be used to perform arithmetic opera-
tions. These operations include multiplication and division, 
AID and D/A conversion and frequency division. 

Supply Voltage Range 
Noise Immunity 
rri Compatibility 

1 

2 

3 D 

SET TO "15" 

61:11 

OUT 

INHIBIT OUT 

VSS 

4 

5 

6 

7 

8 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

4089 

16 

15 

14 

13 

12 

11 

10 

9 

VDD 

A 

CLEAR 

CASCADE 

INHIBIT IN 

STROBE 

CLOCK 
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4527 BCD RATE MULTIPLIER 

The 4089 is a 4-bit binary rate multiplier that provides an 
output pulse rate which is the input clock pulse rate multiplied 
by 1/16 times the binary input number. For example, if 5 is 
the binary input number, there will be 5 output pulses for 
every 16 clock pulses. 

The 4527 is a 4-bit BCD rate multiplier that provides an 
output pulse rate which is the input clock pulse rate multiplied 
by 1/10 times the BCD input number. For example, if 5 is the 
BCD input number, there will be 5 output pulses for every 10 
clock pulses. 

These devices may be used to perform arithmetic opera-
tions. These operations include multiplication and division, 
A/D and DIA conversion and frequency division. 

Supply Voltage Range 
Noise Immunity 
111. Compatibility 

C 

D 

SET TO "9" 

OW 

OUT 

INHIBIT OUT 

VSS 

2 

3 

4 

5 

6 

7 

8 

3v to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

U 16 t, 
vDD 

15 
B 

14 
A 

13 
CLEAR 

12 
•,— CASCADE 

11 
INHIBIT IN 

10 
STROBE 

9 
CLOCK 

4527 
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• 4093 QUAD 2-INPUT NAND SCHMITT TRIGGER 

The 4093 consists of four Schmitt trigger circuits. Each 
circuit functions as a 2-input NAND gate with Schmitt trigger 
action on both inputs. The gate switches at different points for 
positive-going and negative-going signals. The difference be-
tween the positive (Vî+) and the negative voltage (VT-) is 
defined as hysteresis voltage (VH). All outputs have equal 
source and sink currents and conform to standard B-series 
output drive. 

Supply Voltage Range 3V to 15V 
Noise Immunity Greater than 50% 
Hysteresis Voltage (any input) TA = 25° C 

Typical Voo = 5V VH = 1.5V 

Guaranteed 

VDU H 

114 1 12 11 

L 

10 

VDD = 10V VH= 2.2V 
Voo = 15V VH = 2.7V 
Vu = 0.1 Voo 

4093 

E 

 t 

I 7 

Vss 
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40106 

40106 HEX SCHMITT TRIGGER 

The 40106 hex Schmitt trigger is a monolithic com-
plementary MOS (CMOS) integrated circuit constructed with 
N-channel and P-channel enhancement transistors. The 
positive-going and negative-going threshold voltages, VT+ 
and VT-, show low variation with respect to temperature 
(Typ. 0.0005V/°C at VDD = 10V). All inputs are protected 
from damage due to static discharge by diode clamps to VDD 
and Vss. 

VDD 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Hysteresis 

13 12 11 

3V to 15V 
0.7 VDD typ. 
Fanout of 2 driving 74 L 

or 1 driving 74LS 
0.4 VDD typ. 

0.2 VDD guaranteed 

10 

r—>0--

Vss 
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40160 DECADE COUNTER WITH ASYNCHRONOUS CLEAR 

These synchronous presettable up counters are monolithic 
complementary MOS (CMOS) integrated circuits constructed with 
N-channel and P-channel enhancement mode transistors. They 
feature an internal carry look ahead for fast counting schemes and 
for cascading packages without additional gating. 

A low level at the load input disables counting and causes the 
outputs to agree with the data input after the next positive clock 
edge. The clear function for the 40162 and 40163 is synchronous, 
and a low level at the clear input sets all four outputs low after the 
next positive clock edge. The clear function for the 40160 and 40161 
is asynchronous, and a low level at the clear input sets all four 
outputs low, regardless of the state of the clock. 

Counting is enabled when both count enable inputs are high. 
Input T is fed forward to also enable the carry out. The carry output 
is a positive pulse with a duration approximately equal to the posi-
tive portion of QA and can be used to enable successive cascaded 
stages. Logic transitions at the enable P or T inputs can occur when 
the clock is high or low. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

CLEAR 

CLOCK 

INA 

(NB 

INC 

IND 

40160 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

16 
VDD 

15 RIPPLE 
CARRY 

14 
nA 

13 

12 

11 

10 

9 

Og 

OC 

OD 

ENABLE T 

LOAD 
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40161 BINARY COUNTER WITH ASYNCHRONOUS CLEAR 

These synchronous presettable up counters are monolithic 
complementary MOS (CMOS) integrated circuits constructed with 
N-channel and P-channel enhancement mode transistors. They 
feature an internal carry look ahead for fast counting schemes and 
for cascading packages without additional gating. 

A low level at the load input disables counting and causes the 
outputs to agree with the data input after the next positive clock 
edge. The clear function for the 40162 and 40163 is synchronous, 
and a low level at the clear input sets all four outputs low after the 
next positive clock edge. The clear function for the 40160 and 40161 
is asynchronous, and a low level at the clear input sets all four 
outputs low, regardless of the state of the clock. 

Counting is enabled when both count enable inputs are high. 
Input T is fed forward to also enable the carry out. The carry output 
is a positive pulse with a duration approximately equal to the posi-
tive portion of QA and can be used to enable successive cascaded 
stages. Logic transitions at the enable P or T inputs can occur when 
the clock is high or low. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

CLEAR 

CLOCK 

INA 

INg 

INC 

IND 

ENABLE P 

2 

3 

4 

5 

6 

7 

8 
Vgg 

3V to 15V 
0.45 VDD typ. 
Fanout of 2 driving 741. 

or 1 driving 741S 

40161 

16 

15 

14 

13 

12 

11 

10 

V00 

RIPPLE 
CARRY 

aA 

Og 

QC 

ENABLE T 

9 
LOAD 
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40162 DECADE COUNTER WITH SYNCHRONOUS CLEAR 

These synchronous presettable up counters are monolithic 
complementary MOS (CMOS) integrated circuits constructed with 
N-channel and P-channel enhancement mode transistors. They 
feature an internal carry look ahead for fast counting schemes and 
for cascading packages without additional gating. 

A low level at the load input disables counting and causes the 
outputs to agree with the data input after the next positive clock 
edge. The clear function for the 40162 and 40163 is synchronous, 
and a low level at the clear input sets all four outputs low after the 
next positive clock edge. The clear function for the 40160 and 40161 
is asynchronous, and a low level at the clear input sets all four 
outputs low, regardless of the state of the clock. 

Counting is enabled when both count enable inputs are high. 
Input T is fed forward to also enable the carry out. The carry output 
is a positive pulse with a duration approximately equal to the posi-
tive portion of QA and can be used to enable successive cascaded 
stages. Logic transitions at the enable P or T inputs can occur when 
the clock is high or low. 

Supply Voltage Range 
Noise Immunity 
Tn. Compatibility 

1 
CLEAR 

2 
CLOCK 

3 
INA 

4 
INg 

IND 

ENABLE P 

Vgg 

7 

8 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

U 16 
1— VDD 

40162 

15 

14 

13 

11 

10 

RIPPLE 
CARRY 

OA 

OD 

ENABLE T 

9 
LOAD 
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40163 BINARY COUNTER WITH SYNCHRONOUS CLEAR 

These synchronous presettable up counters are monolithic 
complementary MOS (CMOS) integrated circuits constructed with 
N-channel and P-channel enhancement mode transistors. They 
feature an internal carry look ahead for fast counting schemes and 
for cascading packages without additional gating. 

A low level at the load input disables counting and causes the 
outputs to agree with the data input after the next positive clock 
edge. The clear function for the 40162 and 40163 is synchronous, 
and a low level at the clear input sets all four outputs low after the 
next positive clock edge. The clear function for the 40160 and 40161 
is asynchronous, and a low level at the clear input sets all four 
outputs low, regardless of the state of the clock. 

Counting is enabled when both count enable inputs are high. 
Input T is fed forward to also enable the carry out. The carry output 
is a positive pulse with a duration approximately equal to the posi-
tive portion of QA and can be used to enable successive cascaded 
stages. Logic transitions at the enable Por T inputs can occur when 
the clock is high or low. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

CLEAR 

CLOCK 

INA 

INg 

IN 

IND 

ENABLE P 

Vgg 

1 

2 

3 

4 

5 

6 

7 

8 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 74L 

or 1 driving 74LS 

U 16 .. 
v00 

15 RIPPLE 
CARRY 

14 _. 
' uA 

13 

40163 

12 

11 

10 

9 

Clg 

QC 

OD 

ENABLE 7 

LOAD 
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40174 HEX D FLIP-FLOP 

The 40174 consists of six positive-edge triggered 
D-type flip-flops; the true outputs from each flip-flop are 
externally available. The 40175 consists of four positive-edge 
triggered D-type flip-flops. Both the true and complement 
outputs from each flip-flop are externally available. 

All flip-flops are controlled by a common clock and a 
common clear. Information at the D inputs meeting the set-up 
time requirements is transferred to the Q outputs on the 
positive-going edge of the clock pulse. The clearing opera-
tion, enabled by a negative pulse at clear input, clears all Q 
outputs to logical 0 and Q's (40175 only) to logical 1. All inputs 
are protected from static discharge by diode clamps to VDD 
and Vss. 

VDD 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 74L 

or 1 driving 74LS 

06 06 05 05 04 04 CLOCK 

16 15 14 12 11 10 

0 
CK 

CLEAR 

D 
CK 
CLEAR 

CK 
CLEAR  
o 

CLEAR 01 01 02 02 

40174 

O 
CLEAR 
CK 

e 
03 03 Vss 
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40175 QUAD D FLIP—FLOP 

The 40174 consists of six positive-edge triggered 
D-type flip-flops; the true outputs from each flip-flop are 
externally available. The 40175 consists of four positive-edge 
triggered D-type flip-flops. Both the true and complement 
outputs from each flip-flop are externally available. 

All flip-flops are controlled by a common clock and a 
common clear. Information at the D inputs meeting the set-up 
time requirements is transferred to the Q outputs on the 
positive-going edge of the clock pulse. The clearing opera-
tion, enabled by a negative pulse at clear input, clears all Q 
outputs to logical 0 and Q's (40175 only) to logical 1. All inputs 
are protected from static discharge by diode clamps to VDD 
and Vss. 

Supply Voltage Range 3V to 15V 
Noise Immunity 0.45 Voo typ. 
TTL Compatibility Fanout of 2 driving 741 

or 1 driving 74LS 

03 01 03 CLOCK 

i  l 12 1 l 10 

1 VDD16 114 64 04 

r l 1 144 13 

jci CLEAR 
CLOCK 0 

0 

0 

o 

-cI CLOCK CLEAR 
a  

CLEAR 

0 
o 

D CLOCK 
CLEAR 

0 

5 6 7 fe 

01 Of D1 132 0 02 Vss 

40175 

INPUTS OUTPUTS 

CLEAR CLOCK D 0 ifi• 

L X X L H 

H 1 H H L 

H 1 L L H 

H H X NC NC 

H L X NC NC 

Truth Table 
40174, 40175 

H = High level 
L = Low level 
X - Irrelevant 
t = Transition from low to hiQh level 
NC = No change 

• =ifl for CD40175B only 
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40192 SYNCHRONOUS 4-BIT UP/DOWN DECADE COUNTER 

These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The 40192BM and 
40192BC are BCD counters. The 40193BM and 40193BC 
are binary counters. 

Counting up and counting down is performed by two 
count inputs, one being held high while the other is clocked. 
The outputs change on the positive-going transition of this 
clock. 

These counters feature preset inputs that are enabled 
when load is a logical 0 and a clear, which forces all outputs to 
0 when it is at logical 1. The counters also have carry and 
borrow outputs so that they can be cascaded using no exter-
nal circuitry. All inputs are protected against damage due to 
static discharge by clamps to VDD and Vss. 

1/ 0 0 

I 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

INPUTS OUTPUTS 

3V to 15V 
0.45 Von typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

INPUTS ,--...—, ,.—..---.....—, ,--e--...— 

DATA DATA DATA 
C CLEAR BORROW CARRY LOAD 

A 1 1 0 9 16 15 14 13 12 I 11 I 10 

,«MIIM•11 
MIMMII. 

1 2 3 
1 4 5 6 1 

I 8 DATA OB GA COUNT COUNT fic 1:10 VSS 
8 --.---' DOWN UP ,-----.—, 

INPUT OUTPUTS %—•r•—•—•-..,—.—..d OUTPUTS 
INPUTS 
40192 
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40193 SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTER 

These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The 40192BM and 
40192BC are BCD counters. The 40193BM and 40193BC 
are binary counters. 

Counting up and counting down is performed by two 
count inputs, one being held high while the other is clocked. 
The outputs change on the positive-going transition of this 
clock. 

These counters feature preset inputs that are enabled 
when load is a logical 0 and a cleàr, which forces all outputs to 
0 when it is at logical 1. The counters also have carry and 
borrow outputs so that they can be cascaded using no exter-
nal circuitry. All inputs are protected against damage due to 
static discharge by clamps to VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

INPUTS 

DD DATAA CLEAR V  

OUTPUTS 

BORROW CARRY 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741 

or 1 driving 7415 
INPUTS 
DATA DATA LOAD 

116 15 14 13 12 111 
10 9 

limomb 

2 3 

DATA 08 CIA COUNT COUNT Ilr. 0 0 
....--.—,..--, DOWN op 4.—...,.., 

INPUT OUTPUTS N..—..--..--- OUTPUTS 
INPUTS 

8 

40193 

vss 
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4510 BCD UP/DOWN COUNTER 

The 4510 and 4516 are monolithic CMOS up/down 
counters which count in BCD and binary, respectively. The 
counters count up when the up/down input is at logical 1 and 
count down when the up/down input is at logical 0. A logical 1 
preset enable signal allows information at the parallel inputs to 
preset the counters to any state asynchronously with the 
clock. The counters are advanced one count at the positive-
going edge of the clock if the carry in, preset enable and reset 
inputs 're at logical 0. Advancement is inhibited when any of 
these three inputs are at logical 1. The carry out signal is 
normally at logical 1 state and goes to logical 0 when the 
counter reaches its maximum count in the up mode or its 
minimum count in the down mode, provided the carry input is 
at logical 0 state. The counters are cleared asynchronously by 
applying a logical 1 voltage level at the reset input. All inputs 
are protected against static discharge by diode clamps to both 
VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Quiescent Power Dissipation 

Truth Table 4510 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741 

or 1 driving 74LS 
0.25 uW/package 

typ.@ Vcc = 5V 

CLOCK RESET PRESET 
ENABLE 

CARRY 
IN UP/DOWN OUTPUT 

FUNCTION 

X 
X 
j- 
_/- 

X 

1 
0 
o 
o 
o 
0 

X 
1 
o 
o 
o 
o 

X 
X 
o 
o 
x 
1 

X 
X 
1 
o 
X 
X 

Reset to zero 
Set to P1, P2, P3, P4 
Count up 
Count down 
No change 
No change 

- Positive transition 

negative transition 

X - don't care 
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4516 BINARY UP/DOWN COUNTER 

The 4510 and 4516 are monolithic CMOS up/down counters 
which count in BCD and binary, respectively. The counters count 
up when the up/down input is at logical 1 and count down when the 
up/down input is at logical 0. A logical 1 preset enable signal allows 
information at the parallel inputs to preset the counters to any state 
asynchronously with the clock. The counters are advanced one 
count at the positive-going edge of the clock if the carry in, preset 
enable and reset inputs are at logical 0. Advancement is inhibited 
when any of these three inputs are at logical 1. The carry out signal 
is normally at logical 1 state and goes to logical 0 when the counter 
reaches its maximum count in the up mode or its minimum count in 
the down mode, provided the carry input is at logical 0 state. The 
counters are cleared asynchronously by applying a logical 1 voltage 
level at the reset input. All inputs are protected against static 
discharge by diode clamps to both VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

Quiescent Power Dissipation 

Yoo CLOCK 

16 15 

PARAL I EL INPUTS 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 
0.25 uW/package 

tVP.@ Vcc = 5V 

03 P3 P2 02 UREIOWN RESET 

14 13 12 11 10 9 

PR SET 
ENABLE 

3 4 5 16 1 7 

04 P4 P1 CARRY 
IN 

PARALLEL INPUTS 

4516 

01 CARRY 
OUT 

8 

VSs 
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4511 BCD-TO-7 SEGMENT LATCH/DECODER/DRIVER 

The 4511 BCD-to-7 segment latch/decoder/driver is con-
structed with complementary MOS (CMOS) enhancement 
mode devices and NPN bipolar output drivers in a single 
monolithic structure. The circuit provides the functions of a 
4-bit storage latch, an 8421 BCD-to-seven segment de-
coder, and an output drive capability. Lamp test (LT), blank-
ing (BI), 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, respectively. It can be used 
with 7-segment light emitting diodes (LED), incandescent, 
fluorescent, gas discharge, or liquid crystal readouts, either 
directly or indirectly. Applications include instrument (e.g., 
counter, DVM, etc.) display driver, computer/calculator dis-
play driver, cockpit display driver and various clock, watch 
and timer uses. 

e 

3 

SI 

LE 

A 

4 

5 

6 

7 

4511 

fig lb 

rt. 
4511 

14 

13 

12 

11 c 

10 
d 

Truth Table 4511 

INPUTS OUTPUTS 
LE I.' FT OCIIA•b   DISPLAY 

X X 0 X
 
X
 
0
-
0
.
-
 
0
.
-
 
o
-
0
.
-
 
0
.
-
0
.
-
o
-
 
X
 

lc 
x
o
0
.
-
 
-
 
0
0
.
-
 
0
0
-
.
-
0
0
.
-
-
 
X
 

X
X
0
0
0
 

-
0
0
0
_
X
 

X
 
X
 
0
0
0
0
0
0
0
0
 

X
I
 

1111111 8 
X 0 t 0000000 

0 1 I 1111110 0 
0 1 t 0110000 1 

0 I t 1101101 2 
0 1 t 1111001 3 

0 1 t 0110011 4 

0 1 t 1 011011 5 

0 1 t 0011111 6 

0 1 t 1110000 7 

0 1 t 1111t11 8 
0 I t 1110011 9 

0 1 t 0000000 

0 1 t 0000000 

0 1 t 0000000 
0 I t 0000000 
0 1 t 0000000 

0 1 t 0060000 
I 1 

X • Dail eau 
lbw* Loom Of le WO ado 000kof donne Olo 0 f o 1 Inn.. XI LE 
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4518, 4520 DUAL SYNCHRONOUS UP COUNTERS 

The 4518 dual BCD counter and the 4520 dual binary 
counter are implemented with complementary MOS (CMOS) 
circuits constructed with N-channel and P-channel enhance-
ment mode transistors. Each counter consists of two identi-
cal, independent, synchronous, 4-stage counters. The 
counter stages are toggle flip-flops that increment on either 
the positive-edge of clock or negative-edge of enable, 
simplifying cascading of multiple stages. Each counter can be 
asynchronously cleared by a high level on the reset line. All 
inputs are protected against static discharge by diode clamps 
to both VDD and Vss. 

Supply Voltage Range 
Noise Immunity 
TfL Compatibility 

Counting rate (typ.) at Voo = 10V 

voo 
116 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 74L 

or 1 driving 741S 
6 MHz 

RESET 04 03 02 1:11 

15 114 13 112 11 

COUNTER I 

ENABLE CLOCK 

C COUNTER 2 

1 2 13 4 5 6 

CLOCK ENABLE 

10 

7 

01 02 03 04 RESET 

4518, 4520 
CLOCK ENABLE RESET ACTION 

/ 1 0 Increment counter 

0 
— 

,. 0 Increment counter 
—,... 

X 0 No change 

X J 0 No change 

J 0 0 No change 

1 —\_ 0 No change 

X X 1 01 thru 04 . 0 

Truth Table 
4518, 4520 
X - Don't Care 

I 
Vss 
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4519 4-BIT AND/OR SELECTOR 

The 4519 is a monolithic complementary MOS (CMOS) 
integrated circuit constructed with N-channel and P-channel 
enhancement mode transistors. Depending on the condition 
of the control inputs, this part provides three functions in one 
package: a 4-bit AND/OR selector, a quad 2-channel data 
selector, or a quad Exclusive-NOR gate. The device outputs 
have equal source and sink current capabilities and conform to 
the standard B series output drive and supply voltage ratings. 

VDD 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

X3 ' B 23 22 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

21 ZO A 

16 15 14 13 12 11 10 9 

2 3 4 5 

Y3 X2 Y2 XI YI 

4519 

CONTROL INPUTS OUTPUT 
Z. A B 

o o o 
0 1 sen 
1 0 Xn 

1 1 Xn C) Yn 

Note: Xn Tn Xn 0 Yn Xen 5-(rF'n 

X0 

6 7 

YO 

Truth Table 
4519 
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4723 DUAL 4-BIT ADDRESSABLE LATCH 

The 4723 is a dual 4-bit addressable latch with common control 
inputs, including two address inputs (AO and Al), an active low 
enable input (r) and an active high clear input (CL). Each latch has a 
data input (D) and four outputs (Q0-Q3). The 4724 and 4099 are 
8-bit addressable latches with three address inputs (AO-A2), an 
active low enable input (E), active high clear input (CL), a data input 
(D) and eight outputs (Q0-Q7). 

Data is entered into a particular bit in the latch when that bit is 
addressed by the address inputs and the enable (É.) is low. Data 
entry is inhibited when enable («É-) is high. 

When clear (CL) and enable CÉ5 are high, all outputs are low. 
When clear (CL) is high, enable (E) is low, the channel demultiplex-
ing occurs. The bit that is addressed has an active output which 
follows the data input while all unaddressed bits are held low. When 
operating in the addressable latch mode (U = CL = LOW), chang-
ing more than one bit of the address could impose a transient wrong 
address. Therefore, this should only be done while in the memory 

mode (U = HIGH, CL = LOW). 

AI 

Al 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

2 

15 vog 

15 CL 

14 E 

13 Db 

12 01/2  

it 025 

lo alb 

9 bob 

4723 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 74L 

or 1 driving 74LS 

Truth Table 4723, 4724, 4099 
MODE SELECTION 

È CL 
ADDRESSED 

LATCH 

UNADDRESSED 

LATCH 
MODE 

L 

H 

L 

H 

L 

L 

H 

H 

Follows Data 

Holds Previous Data 

Follows Data 

Reset to -0" 

Holds Previous Data 

Holds Previous Data 

Reset to "0" 

Reset to "0" 

Addressable Latch 

Memory 

(»multiplexer 

Clear 
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4724, 4099 8-BIT ADDRESSABLE LATCHES 

The 4723 is a dual 4-bit addressable latch with common 
control inputs, includinglwo address inputs (AO and Al), an 
active low enable input (E) and an active high clear input (CL). 
Each latch has a data input (D) and four outputs (Q0-Q3). The 
4724 and 4099 are 8-bit addressable latches with three ad-
dress inputs (AO-A2), an active low enable input (E), active 
high clear input (CL), a data input (D) and eight outputs 
(Q0-Q7). 

Data is entered into a particular bit in the latch when that 
bit is addressed by the address inputs and the enable (E) is 
low. Data entry is inhibited when enable (E) is high. 

When clear (CL) and enable (E) are high, all outputs are 
low. When clear (CL) is high, enable (E) is low, the channel 
demultiplexing occurs. The bit that is addressed has an active 
output which follows the data input while all unaddressed bits 
are held low. When operating in the addressable latch mode 
(E = CL = LOW), changing more than one bit of the address 
could impose a transient wrong address. Therefore, this 
should only be done while in the memory mode (E = HIGH, 
CL = LOW). 

AO 

Al 

42 

CIO 

QI 

02 

03 

Vss Cla 

Supply Voltage Range 
Noise Immunity 
TTL Compatibility 

16 
VDD 

2 15 

3 14 
É 0 3 14 

4 13 4 13 
D É 

3V to 15V 
0.45 Voo typ. 
Fanout of 2 driving 741. 

or 1 driving 74LS 

07 

5 

6 

7 

12 

11 

10 

CL 
2 

16 
VDD 

15 
06 

05 

04 

5 12 
07 AO 03 

6 11 
06 Al 02 

7 10 
03 A2 01 

8 9 e 9 
Vss 00 

4724 4099 
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74C00 QUAD 2-INPUT NAND GATE 

These logic gates employ complementary MOS (CMOS) 
to achieve wide power-supply operating range, low power 
consumption, high noise immunity and symmetric controlled 
rise and fall times. With features such as this, the 74C logic 
family is close to ideal for use in digital systems. Function and 
pinout compatibility with series 54/74 devices minimizes de-
sign time for those designers already familiar with the stan-
dard 54/74 logic family. 

All inputs are protected from damage due to static dis-
charge by diode clamps to Vcc and GND. See 7400, 7402, 
7404, 7410 and 7420 data for more information on logic and 
pinouts. 

Supply Voltage Range 3.0V to 15V 
Guaranteed Noise Margin 1.0V 
Noise Immunity 0.45 lice typ. 
Power Consumption 10 nW/package typ. 
TTL Compatibility Fanout of 2 driving 741. 

VCC 48 44 4Y 38 34 3Y 

_1 1 

b_J al a J Lt1 
IA IB IV 24 2B 2Y GND 

74C 00 
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74CO2 QUAD 2-INPUT NOR GATE 

These logic gates employ complementary MOS (CMOS) 
to achieve wide power-supply operating range, low power 
consumption, high noise immunity and symmetric controlled 
rise and fall times. With features such as this, the 74C logic 
family is close to ideal for use in digital systems. Function and 
pinout compatibility with series 54/74 devices minimizes de-
sign time for those designers already familiar with the stan-
dard 54/74 logic family. 

All inputs are protected from damage due to static dis-
charge by diode clamps to Vcc and GND. See 7400, 7402, 
7404, 7410 and 7420 data for more information on logic and 
pinouts. 

Supply Voltage Range 3.0V to 15V 
Guaranteed Noise Margin 1.0V 
Noise Immunity 0.45 Vcc typ. 
Power Consumption 10 nW/package typ. 
TTL Compatibility Fanout of 2 driving 741. 

VCC 4Y 48 4A 3Y 38 3A 

rimi 1-71 pi m I-71 1 rEn 
1 t---  L 

-0G-Iri --ociri 
u Ld 12j w L5 j L6 j LI 
1Y IA 18 2Y 24 28 GND 

74CO2 
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74C04 HEX INVERTER 

These logic gates employ complementary MOS (CMOS) 
to achieve wide power-supply operating range, low power 
consumption, high noise immunity and symmetric controlled 
rise and fall times. With features such as this, the 74C logic 
family is close to ideal for use in digital systems. Function and 
pinout compatibility with series 54/74 devices minimizes de-
sign time for those designers already familiar with the stan-
dard 54/74 logic family. 

All inputs are protected from damage due to static dis-
charge by diode clamps to Vcc and GND. See 7400, 7402, 
7404, 7410 and 7420 data for more information on logic and 
pinouts. 

Supply Voltage Range 3.0V to 15V 
Guaranteed Noise Margin 1.0V 
Noise Immunity 0.45 Vcc typ. 
Power Consumption 10 nW/package typ. 
TTL Compatibility Fanout of 2 driving 741. 

VCC 64 6Y 54 5Y 44 4Y 

JLJ U L 

Mmmd>0-- >0-- 4mmil>°-

WWWWWWW 

I A I Y 24 2Y 3A 3Y GNID 
74004 
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74C10 TRIPLE 3-INPUT NAND GATE 

These logic gates employ complementary MOS (CMOS) 
to achieve wide power-supply operating range, low power 
consumption, high noise immunity and symmetric controlled 
rise and fall times. With features such as this, the 74C logic 
family is close to ideal for use in digital systems. Function and 
pinout compatibility with series 54/74 devices minimizes de-
sign time for those designers already familiar with the stan-
dard 54/74 logic family. 

All inputs are protected from damage due to static dis-
charge by diode clamps to Vcc and GND. See 7400, 7402, 
7404, 7410 and 7420 data for more information on logic and 
pinouts. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
Power Consumption 
TTL Compatibility 

3.0V to 15V 
1.0V 
0.45 Vcc typ. 
10 nW/package typ. 
Fanout of 2 driving 741. 

VCC IC IY 3C 38 3A 3Y 

RPITFIrITIFIr9151 

waiwaiww LLI 
IA IB 2A 28 2C 2Y GND 

74C10 
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74C20 DUAL 4-INPUT NAND GATE 

These logic gates employ complementary MOS (CMOS) 
to achieve wide power-supply operating range, low power 
consumption, high noise immunity and symmetric controlled 
rise and fall times. With features such as this, the 74C logic 
family is close to ideal for use in digital systems. Function and 
pinout compatibility with series 54/74 devices minimizes de-
sign time for those designers already familiar with the stan-
dard 54/74 logic family. 

All inputs are protected from damage due to static dis-
charge by diode clamps to Vcc and GND. See 7400, 7402, 
7404, 7410 and 7420 data for more information on logic and 
pinouts. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
Power Consumption 
TTL Compatibility 

3.0V to 15V 
1.0V 
0.45 Vcc typ. 
10 nW/package typ. 
Fanout of 2 driving 741 

VCC 2D 2C NC 28 24 2Y 

rfli Fral rui rgi 

L11 L1J L5J 1_6_1 
IA IB NC IC ID IY GND 

74C20 
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74C08 QUAD 2-INPUT AND GATE 

Employing complementary MOS (CMOS) transistors to 
achieve wide power-supply operating range, low power con-
sumption and high noise margin, these gates provide basic 
functions used in the implementation of digital integrated 
circuit systems. The N-channel and P-channel enhancement 
mode transistors provide a symmetrical circuit with output 
swing essentially equal to the supply voltage. No DC power 
other than that caused by leakage current is consumed during 
static condition. All inputs are protected from damage due to 
static discharge by diode clamps to Vcc and GND. See 7408 
and 7486 data for more information on logic and pinouts. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
TTL Compatibility 
Power Consumption 

3.0V to 15V 
1.0V 
0.45 Vce typ. 
Fanout of 2 driving 741. 
10 nW/package typ. 

VCC 48 4A 4Y 38 3A 3Y 

friinFIRRE-nrii 

E  
LLIL2JalLtJUULLI 
IA IB IY 2A 28 2Y GNO 

74C08 
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74C86 QUAD 2-INPUT EXCLUSIVE-OR GATE 

Employing complementary MOS (CMOS) transistors to 
achieve wide power-supply operating range, low power con-
sumption and high noise margin, these gates provide basic 
functions used in the implementation of digital integrated 
circuit systems. The N-channel and Y-channel enhancement 
mode transistors provide a symmetrical circuit with output 
swing essentially equal to the supply voltage. No DC power 
other than that caused by leakage current is consumed during 
static condition. All inputs are protected from damage due to 
static discharge by diode clamps to V cc and GND. See 7408 
and 7486 data for more information on logic and pinouts. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
TTL Compatibility 
Power Consumption 

3.0V to 15V 
1.0V 
0.45 vcc typ. 
Fanout of 2 driving 74L 
10 nW/package typ. 

VCC 48 4A 4Y 3B 3A 3Y 

FIRFITIFF-6151M 

P Lr-i -
LI Li Li at Li LJ Li 
IA 18 IV 2A 2B 2Y GND 

74C 86 
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74C14 HEX SCHMITT TRIGGER 

The MM74C14 hex Schmitt trigger is a monolithic com-
plementary MOS (CMOS) integrated circuit constructed with 
N-channel and P-channel enhancement transistors. The 
positive-going and negative-going threshold voltages, VT+ 
and VT- , show low variation with respect to temperature 
(typ 0.0005V per C at Vcc = 10V), and hysteresis, VT+ — VT-

0.2 Vcc is guaranteed. 
All inputs are protected from damage due to static dis-

charge by diode clamps to Vcc and GND. See 7414 data for 
more information on logic and pinouts. 

Supply Voltage Range 3.0V to 15V 
Noise Immunity 0.70 Vcc typ. 
TTL Compatibility Fanout of 2 driving 74L 
Hysteresis 0.4 Vcc typ. 

0.2 Vcc guaranteed 

VCC 6A 6Y 5A 5Y 4A 4Y 

Fil Iii ril 
_I I_ _1 L. L 

ri r 
III l_2_1 1.±.1 151 tLi 171 
IA IY 24 2Y 34 3Y GND 

74C14 
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74C30 8-INPUT NAND GATE 

The logic gate employs complementary MOS (CMOS) to 
achieve wide power-supply operating range, low power con-
sumption and high noise immunity. Function and pinout com-
patibility with series 54/74 devices minimizes design time for 
those designers familiar with the standard 54/74 logic family. 

All inputs are protected from damage to static discharge 
by diode clamps to Vcc and GND. See 7430 data for more 
information on logic and pinouts. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
TTL Compatibility 

3.0V to 15V 
1.0V 
0.45 Vce typ. 
Fanout of 2 driving 741. 

VCC NC H G NC NC Y 

Pi' 1-51 1121 riii rril rul 51 

 -F> 
1  

LI al al al 111 al LI 
A BCDEFGND 

74C30 
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74C32 QUAD 2-INPUT OR GATE 

Employing complementary MOS (CMOS) transistors to 
achieve low power and high noise margin, these gates provide 
the basic functions used in the implementation of digital integ-
rated circuit systems. The N-channel and P-channel en-
hancement mode transistors provide a symmetrical circuit 
with output swings essentially equal to the supply voltage. 
This results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage 
current is consumed during static conditions. All inputs are 
protected against static discharge damage. 

Supply Voltage Range 
Noise Margin 
Noise Immunity 
TTL Compatibility 

3.0V to 15V 
1.0V 
0.45 Vcc typ. 
Fanout of 2 driving 74L 

VCC 4Y 4B 4A 3Y 38 3A 

Fil mil fil rril Ful ril ril 
___I ___1 

P'   
-1 1 ---1 1  
LI al al LIJ 1.11 l_6_1 Li 
IV IA IB 2Y 2A 2B GNO 

74C32 
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74C42 BCD-TO-DECIMAL DECODER 

The MM74C42 one-of-10 decoder is a monolithic com-
plementary MOS (CMOS) integrated circuit constructed with 
N-channel and P-channel enhancement transistors. This de-
coder produces a logical 0 at the output corresponding to a 
4-bit binary input from zero to nine, and a logical 1 at the other 
outputs. For binary inputs from 10 to 15, all outputs are 
logical 1. See 7442 data for more information on logic and 
pinouts. 

Supply Voltage Range 3V to 15V 
Fanout Drive 2 LPTTL loads 
Noise Immunity 0.45 Vcc (typ.) 
Power 50 nW (typ.) 
Speed of Operation 10 MHz (typ.) with 10V VCC 

INPUTS OUTPUTS 

VCC A 8 C D 9 8 7 

filri ni im 

C D 

2 3 4 5 6 7 8 9 
9 0 0 0 9 

L1J 1.2.J al 11J 11J b..] LIJ 12.J 
0 I 2 3 4 5 6 GNO 

OUTPUTS 
74C42 
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74C48 BCD-T0-7-SEGMENT DECODER 

The MM74C48 BCD-to-7-segment decoder is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with N-channel and P-channel enhancement 
transistors. Seven NAND gates and one driver are connected 
in pairs to make binary-coded decimal (BCD) data and its 
complement available to the seven decoding AND-OR-
INVERT gates. The remaining NAND gate and three input 
buffers provide test-blanking input/ripple-blanking output, 
and ripple-blanking inputs. See 7448 data for more informa-
tion on logic and pinouts. 

Supply Voltage Range 3.0V to 15V 
Guaranteed Noise Margin 1.0V 
Noise Immunity 0.45 Vcc typ. 
TTL Compatibility Fanout of 2 driving 741 

OUTPUTS 

VCCfgabcde 

Fil pn 171 rrnroi rn 
tb A 

fgabcde 

BI/ 
B C LT RBORBI D A 

ciy 
Li {  

11 ILI L3_1 LJ; Lti LI al 
B C LAMP RB RB D A GND 

TEST OUT IN 

INPUTS INPUTS 
74C48 
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74C73 DUAL J-K FLIP-FLOPS WITH CLEAR 

These dual J-K flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N-channel 
and P-channel enhancement transistors. Each flip-flop has 
independent J, K, clock and clear inputs and Q and Q outputs. 
The MM54C76/MM74C76 flip-flops also include preset in-
puts and are supplied in 16-pin packages. These flip-flops are 
edge-sensitive to the clock input and change state on the 
negative-going transition of the clock pulses. Clear or preset 
is independent of the clock and is accomplished by a low level 
on the respective input. See 7473, 7476 and 74107 data for 
logic information and pinouts. 

Supply Voltage Range 3V to 15V 
Fa nout Drive 2 LPTTL loads 
Noise Immunity 0.45 Vcc (typ.) 
Power 50 nW (typ.) 
Speed of Operation 10 MHz (typ.) with 10V Supply 

hi I IQ GND 2K 2Q 2Q-

171 rlil 1121 Fri rui 191 181 

—0 CLR 

CK K 

CLR 

K CK j 

I I  
LI L2_1 W LI] 1.5_1 Lti 
I CK I IK Vcc 2 2 2J 

CLR CK CLR 
74C73 
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74C76 DUAL J-K FLIP-FLOPS WITH CLEAR AND PRESET 

These dual J-K flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N-channel 
and P-channel enhancement transistors. Each flip-flop has 
independent J, K, clock and clear inputs and Q and 7(`, outputs. 
The MM54C76/MM74C76 flip-flops also include preset in-
puts and are supplied in 16-pin packages. These flip-flops are 
edge-sensitive to the clock input and change state on the 
negative-going transition of the clock pulses. Clear or preset 
is independent of the clock and is accomplished by a low level 
on the respective input. See 7473, 7476 and 74107 data for 
logic information and pinouts. 

Supply Voltage Range 3V to 15V 
Fanout Drive 2 LPTTL loads 
Noise Immunity 0.45 Vcc (typ.) 
Power 50 nW (typ.) 
Speed of Operation 10 MHz (typ.) with 10V Supply 

IK IQ IQ GND 2K 2Q 215 2J 

rrin P-31 fil rfli ril 
A 
CLR 

CK 

PR 

A 
PR 

CK 

CLR 

WWWWWL6JUW 
ICK I PR I IJ Vcc 2 2 2 

CLR CK PR CLR 
74C76 
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74C107 DUAL J-K FLIP-FLOPS WITH CLEAR 

These dual J-K flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N-channel 
and P-channel enhancement transistors. Each flip-flop has 
independent J , K, clock and clear inputs and ()) and outputs. 
The MM54C76/MM74C76 flip-flops also include preset in-
puts and are supplied in 16-pin packages. These flip-flops are 
edge-sensitive to the clock input and change state on the 
negative-going transition of the clock pulses. Clear or preset 
is independent of the clock and is accomplished by a low level 
on the respective input. See 7473, 7476 and 74107 data for 
logic information and pinouts. 

Supply Voltage Range 
Fanout 
Noise Immunity 
Power 
Speed of Operation 

VCC CLR ICK 2K 

Rni-r2inpirii  

3V to 15V 
Drive 2 LPTTL loads 
0.45 Vcc (typ.) 
50 nW (typ.) 
10 MHz (typ.) with 10V Supply 

2 2 
CLR CK 2J 

CK 
CLR 

1  

—1:1CLR CK 

_  
12.1111 Ur 

hi Ià IQ IK 2Q 2-15 GND 
74C107 
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74C74 DUAL D FLIP-FLOP 

The MM74C74 dual D flip-flop is a monolithic com-
plementary MOS (CMOS) integrated circuit constructed with 
N - and P-channel enhancement transistors. Each flip flop has 
independent data, preset, clear and clock inputs and Q and Q 
outputs. The logic level present at the data input is transfer-
red to the output during the positive going transition of the 
clock pulse. Preset or clear is independent of the clock and 
accomplished by a low level at the preset or clear input. See 
7474 data for more logic information and pinouts. 

Supply Voltage Range 3V to 15V 
Fanout Drive 2# LPTTL loads 
Noise Immunity 0.45 Vcc (typ.) 
Power 50 nW (typ.) 
Speed of Operation 10 MHz (typ.) with 10V supply 

2 2 2 
VCC CLR 2D CK PR 20 2à 

1'41 I'31 [i21 LIII hot t91 181 

CLR 

--/>CK 

PR 

 D PR 

 ›CK 

CLR 

1 1  1 
Li al al LI] L5 j j 
I ID ICK IPR IQ IQ GND 

CLR 74074 
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74C83 4-BIT BINARY FULL ADDER 

The MM74C83 4-bit binary full adder performs the addi-
tion of two 4-bit binary numbers. A carry input (Co) is in-
cluded. The sum (1) outputs are provided for each bit, and 
the resultant carry (C4) is obtained from the fourth bit. Be-
cause the carry-ripple-time is the limiting delay in the addition 
of a long word length, carry look ahead circuitry has been 
included in the design to minimize this delay. Also, the logic 
levels of the input and output, including the carry, are in their 
true form. Thus the end-around carry is accomplished with-
out the need for level inversion. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
TTL Compatibility 
Carry Ripple (Co to C4) 

Summing 

3V to 15V 
1V 
0.45 Vcc typ. 
Fanout of 2 driving 741 
50 ns typ.@Vcc = 10V 

and CL = 50 pF 
125 ns typ.@ Vcc = 10V 
and CL = 50 pF 

B4 14 C4 CO GND BI AI II 

r-I61 F51 irin rn 

14 C4 CO BI AI 

B4 

A4 A2 

13 B3 83 12 B2  

r - 

1.1_1 ILI LI al 
A4 E3 43 B3 Vcc 12 B2 42 

74C83 
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74C85 4-BIT MAGNITUDE COMPARATOR 

The MM74C85 is a 4-bit magnitude comparator which 
will perform comparison of straight binary or BCD codes. The 
circuit consists of eight comparing inputs (AO, Al, A2, A3, 
BO, Bi, B2 and B3), three cascading inputs (A>B, A<B and 
A=B), and three outputs (A>B, A<B and A=B). This device 
compares two 4-bit words (A and B) and determines whether 
they are greater than, less than, or equal to each other by a 
high level on the appropriate output. For words greater than 
four bits, units can be cascaded by connecting the outputs 
(A>B, A<B, and A=B) of the least significant stage to the 
cascade inputs (A>B, A<B and A=B) of the next significant 
stage. In addition, the least significant stage must have a 
high-level voltage (Vino)) applied to the A=B input and low-
level voltages (Vin(0)) applied to A>B and A <B inputs. 

Supply Voltage Range 
Guaranteed Noise margin 
Noise Immunity 
TTL Compatibility 

3.0V to 15V 
1.0V 
0.45 Vcc typ. 
Fanout of 2 driving 741. 

DATA INPUTS 

, 
vCC A3 82 A2 Al BI AO BO 

FinFinnr-FiRm 

A3 B2 A2 AI BI AO 

B3 BO 

A<B A=8 A>B A>13 A=B A<B 
IN IN IN OUT OUT OUT 

LJULLIWL5JULLIII3J 
83 A<B A=B A>B A>B A=B A<B GM) 

DATA 

INPUT CASCADING OUTPUTS 
INPUTS 

74085 
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74C89 64-BIT 3-STATE RANDOM ACCESS READ/WRITE MEMORY 

The MM74C89 is a 16-word by 4-bit random access 
read/write memory. Inputs to the memory consist of four 
address lines, four data inpùt lines, a write enable line and a 
memory enable line. The four binary address inputs are 
decoded internally to select each of the 16 possible word 
locations. An internal address register latches the address 
information on the positive to negative transition of the mem-
ory enable input. The four TM-STATE® data output lines 
working in conjunction with the memory enable input pro-
vides for easy memory expansion. 

II Address Operation: Address inputs must be sta-
ble tsA prior to the positive to negative transition of 
memory «erialié". It is thus not necessary to hold 
address information stable for more than tHA after 
the memory is enabled (positive to negative transi-
tion of memory Note that the timing is 
different than the DM7489 in that a positive to 
negative transition of the memory enable must 
occur for the memory to be selected. 

• Write Operation: Information present at the data 
inputs is written into the memory at the selected 
address by bringing write enable and memory ena-
gg low. 

• Read Operation: The complement of the informa-
tion that was written into the memory is nondes-
tructively read out at the four outputs. This is ac-
complished by selecting the desired address and 
bringing =rr -1 rieàbiF low and write e1-57  high. 
When the device is writing or disabled, the output 
assumes a TM-STATE® (high Z) condition. See 
7489 for more logic information and pinout. 

Supply Voltage Range 3.0V to 15V 
Guaranteed Noise Margin 1.0V 
Noise Immunity 0.45 Vcc typ. 
Tfl. Compatibility Fanout of 2 diving 741. 
Power Consumption 100 nW/package typ. 

@Vcc = 5V 
Access Time 130 ns typ. at Vcc = 10V 
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74C90 4-BIT DECADE COUNTER 

The MM74C90 decade counter and the MM74C93 bi-
nary counter are complementary MOS (CMOS) integrated 
circuits constructed with N-channel and P-channel enhance-
ment mode transistors. The 4-bit decade counter can be 
reset to zero or preset to nine by applying appropriate logic 
level on the ROI, R02, ROI and Ro2 inputs. Also, a separate 
flip-flop on the A-bit enables the user to operate it as a 
divide-by-two, -five or -10 frequency counter. The 4-bit 
binary counter can be reset to zero by applying high logic level 
on inputs Roi and Roe. Also, a separate flip-flop on the A-bit 
enables the user to operate it as a divide-by-2, -8 or -16 
divider. Counting occurs on the negative-going edge of the 
input pulse. See 7490 and 7493 data for more information on 
logic and pinouts. All inputs are protected against static dis-
charge damage. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
Low Power TTL Compatibility 

3V to 15V 
1V 
0.45 Vcc (typ.) 
Fanout of 2 driving 741. 

INPUT 
A NC QA QD GND Q8 QC 

R1-1-31 r171 Fl  

0A 

A 

e 

Roo)Ro(2) 

UL2_112JL4JULt1L.1 
INPUT Ro Ro NC Vcc Rg Rg 

B (I) (2) (I) (2) 

74C90 
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74C93 4-BIT BINARY COUNTER 

The MM74C90 decade counter and the MM74C93 bi-
nary counter are complementary MOS (CMOS) integrated 
circuits constructed with N-channel and P-channel enhance-
ment mode transistors. The 4-bit decade counter can be 
reset to zero or preset to nine by applying appropriate logic 
level on the Roi, Roz, Ri and R92 inputs. Also, a separate 
flip-flop on the A-bit enables the user to operate it as a 
divide-by-two, -five or -10 frequency counter. The 4-bit 
binary counter can be reset to zero by applying high logic level 
on inputs Roi and Roz. Also, a separate flip-flop on the A-bit 
enables the user to operate it as a divide-by-2, -8 or -16 
divider. Counting occurs on the negative-going edge of the 
input pulse. See 7490 and 7493 data for more information on 
logic and pinouts. All inputs are protected against static dis-

charge damage. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
Low Power TTL Compatibility 

3V to 15V 
1V 
0.45 Vcc (typ.) 
Fanout of 2 driving 741. 

INPUT 
A NC QA QD GND QB QC 

171 nrairnri 

A 

QD QB 

Qc 
DB 

R0 1) R0(2) 

LJLJULLHAIWW 



74C95 4-BIT RIGHT-SHIFT/LEFT-SHIFT REGISTER 

This 4-bit shift register is a monolithic complementary 
MOS (CMOS) integrated circuit composed of four D flip-
flops. This register will perform right shift or left shift opera-
tions dependent upon the logical input level to the mode 
control. A number of these registers can be connected in 
series to form an N-bit right shift or left shift register. 

When a logical 0 level is applied to the mode control 
input, the output of each flip flop is coupled to the D input of 
the succeeding flip-flop. Right shift operation is performed by 
clocking at the clock 1 input, and serial data entered at the 
serial input, clock 2 and parallel inputs A through D are 
inhibited. With a logical 1 level applied to the mode control, 
outputs to succeeding stages are decoupled and parallel load-
ing is possible. Or with external interconnection, shift left 
operation can be accomplished by connecting the output of 
each flip-flop to the parallel input of the previous flip-flop, and 
serial data are entered at input D. See 7495 data for more 
information on logic and pinout. 

Speed of Operation 

Noise Immunity 
Power 
TTI. Compatibility 
Supply Voltage Range 

VCC QA OB 

10 MHz typ. 
Vcc = 10V, CL = 50 pF 
0.45 Vcc typ. 
100 nW typ. 
Drive 2 ITTL loads 
3V to 15V 

CLOCK CLOCK 2 
I L-SHIFT 

QC QD R-SHIFT (LOAD) 

CIA CB 0C Q0 CKI CK2 

SERIAL 
INPUT 

A El CD MODE 

UWWWWIAILL1 
SERIAL ,ABC ,D MODE GND 
INPUT CON— 

INPUTS TROL 

74C95 
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74C 151 8-CHANNEL DIGITAL MULTIPLEXER 

The MM74C151 multiplexer is a monolithic complemen-
tary MOS (CMOS) integrated circuit constructed with 
N-channel and P-channel enhancement transistors. This data 
selector/multiplexer contains on-chip binary decoding. Two 
outputs provide true (output Y) and complement (output W) 
data. A logical 1 on the strobe input forces W to a logical 1 and 
Y to a logical O. 

All inputs are protected against electrostatic effects. See 
74151 data for more information on logic and pinout. 

Supply Voltage Range 3V to 15V 
TTL Compatibility Drive 2 LPTTL loads 
Noise Immunity 0.45 Vcc typ. 
Power 50 nW typ. 

DATA 
DATA INPUTS SELECT 

VCC 04 D5 D6 D7 A B C 

D4 05 06 07 A B 

03 

02 01 DO Y W S 
9 

D3 D2 DI DO Y W STROBE GND 

DATA OUTPUTS 
INPUTS 74C151 
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746154 4-LINE TO 16-LINE DECODER/DEMULTIPLEXER 

The MM74C154 one-of-16 decoder is a monolithic com-
plementary MOS (CMOS) integrated circuit constructed with 
N-channel and P-channel enhancement transistors. The de-
vice is provided with two strobe inputs, both of which must be 
in the logical 0 state for normal operation. If either strobe 
input is in the logical 1 state, all 16 outputs will go to the logical 
1 state. 

To use the product as a demultiplexer, one of the strobe 
inputs serves as a data input terminal, while the other strobe 
input must be maintained in the logical 0 state. The informa-
tion will then be transmitted to the selected output as deter-
mined by the four-line input address. See 74154 data for more 
information on logic and pinout. 

Supply Voltage Range 
TTL Compatibility 
Noise Margin 
Noise Immunity 

3V to 15V 
Drive 2 LPTTL loads 
1V guaranteed 
0.45 Vcc typ. 

INPUTS OUTPUTS 
VCC / ^ ‘ r______ 

RiumnfoificgriiiRF9Rw5IRQ1  

I A " 

,-0 0 

G2 GI 15 14 1$ 12 

II 

2 3 4 5 6 7 8 9 10 
9 T se 

111 W W W WWWW Will ILIM 
%  v / GND 

OUTPUTS 

74C154 
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74C157 QUAD 2-INPUT MULTIPLEXERS 

These multiplexers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement transistors. They consist of four 
2-input multiplexers with a common select and enable inputs. 
When the enable input is at logical 0 the four outputs assume 
the values as selected from the inputs. When the enable input 
is at logical 1, the outputs assume logical O. Select decoding is 
done internally, resulting in a single select input only. See 
74157 data for more information on logic and pinout. 

Supply Voltage Range 3V to 15V 
Noise Immunity 0.45 Vcc typ. 
Power 50 nW (typ.) 
TTL Compatibility Drive 2 LPTTL loads 

INPUTS INPUTS 

r--A--\ OUT r"-A-\ OUT 
VCC STROBE 44 4B 4Y 34 38 3Y 

Filpirru-sinnribirn 

IL 
G 4A 48 4Y 3A 38 

S 3Y 

IA IB IY 2A 2B 2Y 

WL±JLiWWLJ3 
SEL IA IB IV 24 2B 2Y GND 

\--v --/ OUT \-v-/ OUT 

INPUTS INPUTS 
74C157 
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74C160 DECADE COUNTER 

These synchronous presettable-up counters are 
monolithic complementary MOS (CMOS) integrated circuits 
constructed with N-channel and P-channel enhancement 
mode transistors. They feature an internal carry look-ahead 
for fast counting schemes and for cascading packages without 
additional gating. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next positive 
clock edge. The clear function for the C162 and C163 is 
synchronous, and a low level at the clear input sets all four 
outputs low after the next positive clock edge. The clear 
function for the C160 and C161 is asynchronous, and a low 
level at the clear input sets all four outputs low, regardless of 
the state of the clock. 

Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. The 
carry output is a positive pulse with a duration approximately 
equal to the positive portion of QA and can be used to enable 
successive cascaded stages. Logic transitions at the enable P 
or T inputs can occur when the clock is high or low. See 
74160, 74161, 74162 and 74163 for more logic information 
and pinout. 

Noise Margin 1V guaranteed 
Noise Immunity 0.45 Vcc typ. 
TTL Compatibility Drives 2 LPTTL loads 
Supply Voltage Range 3V to 15V 
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74C161 BINARY.COUNTER 

These synchronous presettable-up counters are 
monolithic complementary MOS (CMOS) integrated circuits 
constructed with N-channel and P-channel enhancement 
mode transistors. They feature an internal carry look-ahead 
for fast counting schemes and for cascading packages without 
additional gating. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next positive 
clock edge. The clear function for the C162 and C163 is 
synchronous, and a low level at the clear input sets all four 
outputs low after the next positive clock edge. The clear 
function for the C160 and C161 is asynchronous, and a low 
level at the clear input sets all four outputs low, regardless of 
the state of the clock. 

Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. The 
carry output is a positive pulse with a duration approximately 
equal to the positive portion of QA and can be used to enable 
successive cascaded stages. Logic transitions at the enable P 
or T inputs can occur when the clock is high or low. See 
74160, 74161, 74162 and 74163 for more logic information 
and pinout. 

Noise Margin 
Noise Immunity 
TTL Compatibility 
Supply Voltage Range 

OUTPUTS EN-
CARRY ABLE 

VCC OUT OA OB OC OD T LOAD 

CLR CK A B CD EN- CND 
ABLE 

DATA INPUTS P 

1V guaranteed 
0.45 Vcc typ. 
Drives 2 LPTTL loads 
3V to 15V 

74C161 
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74C162 DECADE COUNTER 

These synchronous presettable-up counters are 
monolithic complementary MOS (CMOS) integrated circuits 
constructed with N-channel and P-channel enhancement 
mode transistors. They feature an internal carry look-ahead 
for fast counting schemes and for cascading packages without 
additional gating. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next positive 
clock edge. The clear function for the C162 and C163 is 
synchronous, and a low level at the clear input sets all four 
outputs low after the next positive clock edge. The clear 
function for the C160 and C161 is asynchronous, and a low 
level at the clear input sets all four outputs low, regardless of 
the state of the clock. 

Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. The 
carry output is a positive pulse with a duration approximately 
equal to the positive portion of QA and can be used to enable 
successive cascaded stages. Logic transitions at the enable P 
or T inputs can occur when the clock is high or low. See 
74160, 74161, 74162 and 74163 for more logic information 
and pinout. 

Noise Margin 1V guaranteed 
Noise Immunity 0.45 Vcc typ. 
TTL Compatibility Drives 2 LPTTL loads 
Supply Voltage Range 3V to 15V 
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74C163 BINARY COUNTER 

These synchronous presettable-up counters are 
monolithic complementary MOS (CMOS) integrated circuits 
constructed with N-channel and Y-channel enhancement 
mode transistors. They feature an internal carry look-ahead 
for fast counting schemes and for cascading packages without 
additional gating. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next positive 
clock edge. The clear function for the C162 and C163 is 
synchronous, and a low level at the clear input sets all four 
outputs low after the next positive clock edge. The clear 
function for the C160 and C161 is asynchronous, and a low 
level at the clear input sets all four outputs low, regardless of 
the state of the clock. 

Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. The 
carry output is a positive pulse with a duration approximately 
equal to the positive portion of QA and can be used to enable 
successive cascaded stages. Logic transitions at the enable 
or T inputs can occur when the clock is high or low. See 
74160, 74161, 74162 and 74163 for more logic information 
and pinout. 

Noise Margin 
Noise Immunity 
TTL Compatibility 
Supply Voltage Range 

1V guaranteed 
0.45 Vcc typ. 
Drives 2 LPTTL loads 
3V to 15V 

OUTPUTS EN-
CARRY ABLE 

VCC Ojr OA OB OC OD T LOAD 

CLR CK A BCD EN- GND 
ABLE 

DATA INPUTS P 

740163 
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74C164 8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER 

The MM74C164 shift registers is a monolithic com-
plementary MOS (CMOS) integrated circuit constructed with 
N-channel and P-channel enhancement transistors. These 
8-bit shift registers have gated serial inputs and clear. Each 
register bit is a D-type master-slave flip-flop. A high-level 
input enables the other input which will then determine the 
state of the flip flop. 

Data is serially shifted in and out of the 8-bit register 
during the positive-going transition of clock pulse. Clear is 
independent of the clock and accomplished by a low level at 
the clear input. All inputs are protected against electrostatic 
effects. See 74164 data for more information on logic and 
pinout. 

Voltage Range 3V to 15V 
TTL Compatibility Drive 2 LPTTL loads 
Noise Immunity 0.45 Vcc typ. 
Power 50 nW typ. 
Speed of Operation 8.0 MHz typ. with 10V supply 

OUTPUTS 

VCC Q11QG QF QE CLR CK 

Fri FEI r-91 1-81 

0 
OH QG 13r QE CLR 

A CK 

8 QA Q8 Qc Qo 

LLILJULtILJWIJ 
A B QA QB Qc QD GND 

SERIAL OUTPUTS 
INPUTS 

74C164 
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74C173 TRI -STATE" QUAD D FLIP-FLOP 

The MM74C173 TRIE-STATE® Quad D flip-flop is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with N-channel and P-channel enhancement 
transistors. The four D-type flip-flops operate synchronously 
from a common clock. The Tm-STATE® output allows the 
device to be used in bus organized systems. The outputs are 
placed in the TRI-STATE° mode when either of the two 
output disable pins are in the logic 1 level. The input disable 
allows the flip-flop to remain in their present states without 
disrupting the clock. If either of the two input disables are 
taken to a logic 1 level, the Q outputs are fed back to the 
inputs. In this manner, the flip-flops do not change state. 

Clearing is enabled by taking the input to a logic 1 level. 
Clocking occurs on the positive-going transition. See 74173 
data for more information on logic and pinout. 

Supply Voltage Range 
TTL Compatibility 
Noise Immunity 
Power 
Speed of Operation 

3V to 15V 
Drive 2 LPTTL loads 
0.45 %Ice typ. 

DATA DATA 
INPUT INPUT INPUT INPUT INPUT INPUT 

Vcc CLEAR A II C 0 DISABLE DISASLE 

1 1 16 IS 14 13 12 II 10 

OUTPUT OUTPUT 
DISAILE MULE A 

1 1 3 4 
I 5 6 7 

OUTPUT OUTPUT OUTPUT CP CND OUTPUT 
O 

TOP VIEW 

74C173 
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74C192 SYNCHRONOUS 4-BIT UP, DOWN DECADE COUNTER 

These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The MM74C192 is a BCD 
counter. The MM74C193 is a binary counter. 

Counting up and counting down is performed by two 
count inputs, one being held high while the other is clocked. 
The outputs change on the positive-going transition of this 
clock. 

These counters feature preset inputs that are set when 
load is a logical 0 and a clear which forces all outputs to 0 when 
it is at logical 1. The counters also have carry and borrow 
outputs so that they can be cascaded using no external cir-
cuitry. See 74192 and 74193 data for logic information and 
pinout. 

Noise Margin 1V guaranteed 
Tri Compatibility Drive 2 LPTTL loads 
Supply Range 3V to 15V 
Noise Immunity 0.45 Vcc typ. 

„ DATA CLEAR CARRY DATA DATA 
vCC A BORROW LOAD C 
riiiRRRFunpin  

O 

A CLEAR CARRY LOAD 
BORROW 

COUNT COUNT 
QA DOWN UP pc 

Luwwwwwww 
DATA Qg QA COUNT COUNT QD QD GND 

DOWN UP 

INPUTS: 1,4,5,9,10,11,14,15 
OUTPUTS: 2,3,6,7,12,13 74C192 
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74C193 SYNCHRONOUS 4-BIT UP/DOWN BINARY COUNTER 

These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The MM74C192 is a BCD 
counter. The MM74C193 is a binary counter. 

Counting up and counting down is performed by two 
count inputs, one being held high while the other is clocked. 
The outputs change on the positive-going transition of this 
clock. 

These counters feature preset inputs that are set when 
load is a logical 0 and a clear which forces all outputs to 0 when 
it is at logical 1. The counters also have carry and borrow 
outputs so that they can be cascaded using no external cir-
cuitry. See 74192 and 74193 data for logic information and 
pinout. 

Noise Margin 
TTL Compatibility 
Supply Range 
Noise Immunity 

1V guaranteed 
Drive 2 LPTTL loads 
3V to 15V 
0.45 Vcc typ. 

DATA CLEAR CARRY DATA DATA 
VCC A BORROW LOAD C 

RuRriu-furripn 

O 

A CLEAR CARRY LOAD C 
BORROW 

Og 

COUNT COUNT 
QA DOWN UP pc 

D 

QD 

wwwwalljjwiii 
DATA OB QA COUNT COUNT Oc 

DOWN UP 

INPUTS: 1,4,5,9,10,11,14,15 
OUTPUTS: 2,3,6,7,12,13 

OD GND 

74C193 
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74C195 4-BIT REGISTERS 

The MM74C195 CMOS 4-bit register features parallel 
inputs, parallel outputs, J-K serial inputs, shift/load control 
input and a direct overriding clear. Two modes of operation 
are possible: parallel load and shift in direction QA towards 
QD. 

Parallel loading is accomplished by applying the four bits 
of data and taking the shift/load control input low. The data is 
loaded into the associated flip-flops and appears at the outputs 
after the positive transition of the clock input. During parallel 
loading, serial data flow is inhibited. 

Serial shifting is accomplished synchronously when the 
shift/load control input is high. Serial data for this mode is 
entered at the J-71 inputs. These inputs allow the first stage to 
perform as a J-71, D or T-type flip-flop as shown in the truth 
table. See 74195 data for logic information and pinout. 

Speed of Operation 8.5 MHz (typ.) with 
10V supply and 50 pF load 

Noise Immunity 0.45 Vcc (typ.) 
Power 100 nW (typ.) 
TTL Compatible Drive 2 LPTTL loads 

OUTPUTS 
/_______A______‘ 

SHIFT/ 
VCC OA OB OC OD (3D CLOCK LOAD 

rginuiRriinnTirraim 

-C 

0A OB 

CLEAR 

(DC QD siiD I CH 

SHIFT/ 
LOAD 

JR A BCD 

_ 

ULL111.112JUL6JULJ 
CLEAR JR A B C D GND 

%—v .--1 N. --..._v__/ 

SERIAL PARALLEL 
INPUTS INPUTS 

74C195 
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74C922 16-KEY ENCODER 

These CMOS key encoders provide all the necessary 
logic to fully encode an array of SPST switches. The keyboard 
scan can be implemented by either an external clock or 
external capacitor. These encoders also have on-chip pullup 
devices that permit switches with up to 50 kn of resistance to 
be used. No diodes in the switch array are needed to eliminate 
ghost switches. The internal debounce circuit needs only a 
single external capacitor and can be defeated by omitting the 
capacitor. A data available output goes to a high level when a 
valid keyboard entry has been made. The data available 
output returns to a low level when the entered key is re-
leased, even if another key is depressed. The data available 
will return high to indicate acceptance of the new key after a 
normal debounce period; this two-key roll over is provided 
between any two switches. 

An internal register remembers the last key pressed 
even after the key is released. The TR1-STATE® outputs 
provide for easy expansion and bus operation and are LPTTL 
compatible. 

1 
ROW Y1 ••••• 

2 ROW Y2 --« 

U 

ROW Y3 

ROW Y4 

OSCILLATOR 

3 

4 

5 

6 
KEYBOUNCE MASK --+ 

7 
COLUMN X4 

COLUMN X3 
e 

9 
GNO -001 

18 

17 

16 ..— DATA OUT 8 

15 
DATA OUT C 

vcc 

DATA OUT A 

14 n— DATA OUT 0 

13   CUTPUTENABLE 

12 DATA AVAILABLE 

11 

10 
0.- COLUMN X2 

COLUMN X1 

74C922 

124 



74C923 20-KEY ENCODER 

These CMOS key endoders provide all the necessary 
logic to fully encode an array of SPST switches. The keyboard 
scan can be implemented by either an external clock or 
external capacitor. These encoders also have on-chip pullup 
devices that permit switches with up to 50 kIl of resistance to 
be used. No diodes in the switch array are needed to eliminate 
ghost switches. The internal debounce circuit needs only a 
single external capacitor and can be defeated by omitting the 
capacitor. A data available output goes to a high level when a 
valid keyboard entry has been made. The data available 
output returns to a low level when the entered key is re-
leased, even if another key is depressed. The data available 
will return high to indicate acceptance of the new key after a 
normal debounce period; this two-key roll over is provided 
between any two switches. 

An internal register remembers the last key pressed 
even after the key is released. The TRI-STATE® outputs 
provide for easy expansion and bus operation and are LPTTL 
compatible. 

ROW Y1 

ROW YZ 3 14 DATA MT A 

Now VI 3 44 DATA OUT II 

ROW Y4 " DATA OUT C 

ROW n is DATA OUT 0 

OSCILLATOR ti DATA OUT E 

KEYOUNCE NASA 44 OUTPUT EXAM 

COLUMN 111 '3 DATA AVAILAILE 

COLONO XI OS COLOSO XI 

G„ 10 
" COLUMN 12 

74C923 

Truth Table 
01,111. 

4'041.71000 

2 • 
'I 

• C 

O I > 3 4 6 7 11 • 10 11 13 13 14 III 17 10 10 

•1.1(1fl.fl vuà VI.. VIII VI.. VIII VIII 313.61 VIII mu rly.• VIII V4,62 14» VI.. Ye16.7 V6..63 Mx, 
O I 
O 0 
O 0 

01 01010.010.0111 
11 00110011•01, 0 
00111 .0011011,10 
0000001 I 
0000 0000000000. 

1 0 I 
O I I 
O 0 0 
O 0 0 

•orm, II, IMAMC/222/111174C922 
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74C927, 74C928 4-DIGIT COUNTERS 
WITH MULTIPLEXED 7-SEGMENT OUTPUT DRIVERS 

These CMOS counters consist of a 4-digit counter, an 
internal output latch, NPN output sourcing drivers for a 
7-segment display, and an internal multiplexing circuitry with 
four multiplexing outputs. The multiplexing circuit has its own 
free-running oscillator, and requires no external clock. The 
counters advance on the negative edge of the clock. A high 
signal on the reset input will reset the counter to zero, and 
reset the carry out low. A low signal on the latch enable input 
will latch the number in the counters into the internal output 
latches. A high signal on the display select input will select the 
number in the counter to be displayed; a low level signal on 
the display select will select the number in the output latch to 
be displayed. 

The MM74C925 is a 4-decade counter and has latch 
enable, clock and reset inputs. The MM74C926 is like the 
MM74C925, except that it has a display select and a carry out 
used for cascading counters. The carry out signal goes high at 
6000 and goes back low at 0000. 

The MM74C927 is like the MM74C926, except the 
second most significant digit divides by 6 rather than 10. 
Thus, if the clock input frequency is 10 Hz, the display would 
read tenths of seconds and minutes (i.e., 9:59.9). 

The MM74C928 is like the MM74C926, except the 
most significant digit divides by 2 rather than 10 and the carry 
out is an overflow indicator which is high at 2000 and goes 
back low only when the counter is reset. Thus, this is a 
31/2 -digit counter. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
Segment Sourcing Current 

3V to 6V 
1V 
0.45 Vcc typ. 
40 mA @ Vcc — 1.6V, Vcc = 5V 
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80C95, 80C97 3-S TATE HEX BUFFERS 

These gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. The MM80C95 
and the MM80C97 convert CMOS or TTL outputs to TRI-
STATE® outputs with no logic inversion. The MM80C96 and 
MM80C98 provide the logical opposite of the input signal. 
The MM80C95 and MM80C96 have common TRI-STATE ® 
controls for all six devices. The MM80C97 and MM80C98 
have two TRI-STATE® controls: one for two devices and one 
for the other four devices. Inputs are protected from damage 
due to static discharge by diode clamps to Vcc and GND. 

VCC 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
TTL Compatibility 

DIS2 iNb OUTb IN5 

DIS, IN, OUT, IN2 OUT2 IN3 OUT 3 GNO 

80C95 

3.0V to 15V 
1.0V 
0.45 Vec (typ.) 
Drive 1 TTL load 

OUTb IN4 OU T4 
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80C96, 80C98 3-STATE HEX INVERTERS 

These gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-channel and 
P-channel enhancement mode transistors. The MM80C95 
and the MM80C97 convert CMOS or TTL outputs to TRI-
STATE® outputs with no logic inversion. The MM80C96 and 
MM80C98 provide the logical opposite of the input signal. 
The MM80C95 and MM80C96 have common TRI-STATE ® 
controls for all six devices. The MM80C97 and MM80C98 
have two TRI-STATE® controls: one for two devices and one 
for the other four devices. Inputs are protected from damage 
due to static discharge by diode clamps to V cc and GND. 

Supply Voltage Range 
Guaranteed Noise Margin 
Noise Immunity 
TTL Compatibility 

3.0V to 15V 
1.0V 
0.45 Vcc (typ.) 
Drive 1 TTL load 
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Section Two 

Exotic 

CMOS 

Certain exotic ICs of the CMOS family are quite popular today 
in both industry and hobby. A handful are covered here, with 
information normally supplied with any CMOS devices. 
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Exotic CMOS Chip Listing 

14000-Series Exotic CMOS 

14410 Tone Encoder 131 
14411 Bit Rate Generator 132 
14415 Timer/Driver 133 
14435 AID Subsystem 134 
14490 Contact Bounce Eliminator 135 
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14410 TONE ENCODER 

The 14410 two-of-eight tone encoder is constructed 
with complementary MOS (CMOS) enhancement mode de-
vices. It is designed to accept digital inputs in a two-of-eight 
code format and to digitally synthesize the high-band and 
low-band sine waves specified by telephone tone dialing sys-
tems. The inputs are normally originated from a 4 by 4 matrix 
keypad, which generates four row and four column input 
signals in a two-of-eight code format (1 row and 1 column are 
simultaneously connected to Vss). The master clocking for 
the 14410 is achieved from a crystal-controlled oscillator 
which is included on the chip. Internal clocks, which operate 
the logic, are enabled only by one or more row and column 
signals being activated simultaneously. The two sine wave 
outputs have NPN bipolar structures on the same substrate 
which allows for low output impedance and large source 
currents. Applications of this device include telephone tone 
dialing, radio and mobile telephones, process control, point-
of-sale terminals and credit card verification terminals. 

Noise Immunity 
Supply Voltage Range 
Frequency Accuracy 

I 3 0-1WD R1 

Row 4 Cm—IshC R2 

Inputs 5 0-110C R3 

60-110C R4 

= 45% of Voo Typical 
= 4.4 Voc to 6.0 Vdc 
± 0.2% 

N 
Control 

100— Oticps Oscillator 
OscIllator and 

Connections MultIple 
90— Oscout 

I Column 13 0- 11100 C2 

Inputs 12 0-1111.0 C3 

11 0- 411.0  C4 

--• 

SIne Wave 1_41... 2 LOW 
Generator Bend Out 

D Counter ecoder 

14 o_si.ci Cl 

N 
Control 

14410 

SIne Wave 
Generator 

1 T.ilt p., 

15 Hie 
Band Out 
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14411 BIT RATE GENERATOR 

The 14411 bit rate generator is constructed with com-
plementary MOS (CMOS) enhancement mode devices. It 
utilizes a frequency divider network to provide a wide range 
of output frequencies. 

A crystal-controlled oscillator is the clock source for the 
network. A two-bit address is provided to select one of four 
multiple output clock rates. 

Applications include a selectable frequency source for 
equipment in the data communications market, such as Tele-
types, printers, CRT terminals and microprocessor systems. 
It features: 

• Single 5.0 VDC (-±5%) power supply 
II Internal oscillator crystal-controlled for stability 

(1.8432 MHz) 
• Sixteen different output clock rates 
• 50 percent output duty cycle 
II Programmable time bases for one of four multiple 

output rates 
• Buffered outputs compatible with low-power TTL 
MI Noise immunity = 45% of VDD typical 
MI Diode protection on all inputs 

Rate SelecIA 230 

Rate Salectg 220  

Crystal, 210— 

•Crystalout 20 0— 

Resit 100 

Oscillator 

Circuit 
Divider 

X1 

X8 

X16 

X64 

Rate 
Select 
LOVC 

- F 1 

__0 17 F2 

—02 F 3 

—0 16 F4 

—03 F5 

- 15 F6 

—04 F 7 
Dividers 

—05 F8 

—07 F9 

—06 F 10 

- 8 F 11 

—014 F 12 

—0 13 F 13 

- 9 F14 

14411 

 018 F 15 

 019 F 16 
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14415 TIMER/DRIVER 

The 14415 quad timer/driver is constructed with com-
plementary MOS (CMOS) enhancement mode devices. The 
output pulse width of each digital timer is a function of the 
input clock frequency. Once the proper input sequence is 
detected, the output buffer is set (turned on), and after 100 
clock pulses are counted, the output buffer is reset (turned 
off). 

The 14415 was designed specifically for application in 
high-speed line printers to provide the critical timing of the 
hammer drivers, but may be used in many applications requir-
ing precision pulse widths. It features: 

II Four precision digital time delays 
al Schmitt trigger clock conditioning 
• NPN bipolar output drivers 
II Timing disable capability using inhibit output 
al Positive or negative edge strobing on the inputs 
la Synchronous polynomical counters used for delay 

counting 
▪ Power-supply operating range 
= 3.0 VDC to 18 VDC (14415EFL) 
= 3.0 VDC to 16 VDC (14415FL/FP) 
= 3.0 VDC to 6.0 VDC (14415EVL/VL/VP) 

Set A 3 

Set B 4 

Set C 5 

Set D 6 

Strobe 2 9 

et-r-o-be 1 7 

noir.17D isaTtie 10 

Output S., 2 

Clock 1 

677—t —put Inhet 15 

14415 

14 Output A 

13 Output B 

12 Output C 

11 Output (3 
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14435 A/O SUBSYSTEM 

The 14435 AID logic is designed specifically for use in a 
dual-slope integration A/D converter system. The device 
consists of 31/2 digits of BCD counters, 13 memory latches 
and output multiplexing circuitry. An internal clock oscillator 
is provided to generate system timing and to set the output 
multiplexing rate. A single capacitor is required to set the 
oscillator frequency. It features: 

• On-chip clock to control digit select, multiplexing and 
BCD counters simultaneously 

MI Multiplexed BCD output 
• Built-in 100-count delay for accurate system con-

version of low-level inputs 
• System overrange output 
II Supply Voltage Range 
= 3.0 VDC to 18 VDC (14435EFL) 
= 3.0 VDC to 16 VDC (14435FL/FP) 
= 3.0 VDC to 6.0 VDC (14435EVL/VL/VP) 

Orget 

Setects 
Cl C2 

I I 

0.splay 
Update 

Comparator 

Clock 

Torn.ng 
Log.c 

3 13.g.t 
BCD 

Counter 

÷ 4 

Multelexing 
Gates 

Log.c 

BCD 
Outputt 

 aeOverrange 

14435 

Latch 

  Ramp se• 
Control 

1/2 Die 
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14490 CONTACT BOUNCE ELIMINATOR 

The 14490 is constructed with complementary MOS 
(CMOS) enhancement mode devices, and is used for the 
elimination of extraneous level changes that result when 
interfacing with mechanical contacts. The digital contact 
bounce eliminator circuit takes an input signal from a bouncing 
contact and generates a clean digital signal four clock periods 
after the input has stabilized. The bounce eliminator circuit 
will remove bounce on both the make and the break of a 
contact closure. 

The clock for operation of the 14490 is derived from an 
internal R-C oscillator which requires only an external 
capacitor to adjust for the desired operating frequency 
(bounce delay). The clock may also be driven from an external 
clock source or the oscillator of another 14490. It features: 

III Noise Immunity = 45% of VDD Typical 
II Supply Voltage Range 
= 3.0 VDC to 18 VDC (14490EFL) 
= 3.0 VDC to 16 VDC (14490FL/FP) 
= 3.0 VDC to 6.0 VDC (14490EVL/VL/VP) 

DO 

o.,. 

Ay, 1 

°...bt 7 Ocollotof 

TkvolOoof 
Chou, Clock Cionferotor oci 

OISle flute Skit t 

Soft lotO 

—1— 

y t 
01 02 

•1 02 

14 0--CI Iclonteol to Alcove Suf. 

e2 

VDO. 00ttS 
Vu • P.r. 

01 024 

C. 3 0-CI 'doom. to Alcoko Sot. 1:1---0 13 

ell 024 

10.01.c•• 10 Abore Su. 1,---0 di D. 

014 024 

3. s 0-44 10«...0110 Above Steel, 

0 .0 100-1 klonteol to Above SW« 

*14 e24 

14490 
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Section Three 

Li nears 

For linear ICs, pinouts, a schematic or block diagram, a 
description, list of features, particular specifications and abso-
lute maximum ratings are included. Frequency response and 
phase compensation methods accompany various circuits that 
can be built using these common linear, or analog, integrated 
circuits. 

To aid you in learning about the various ICs, a mini-
glossary precedes our description of the most popular linear 
ICs. Note that term definitions are given for three types of 
devices: operational amplifiers, voltage comparators and vol-
tage regulators. 
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Linears Chip Listing 
CA3000-Series Linears 

CA3000—DC Amplifier 144 
CA3001—Video and Wide-Band Amplifier 145 
CA3002—I-F Amplifier 146 
CA3005—RF Amplifier 147 
CA3007—AF Amplifier 148 
CA3008—Operational Amplifier 149 
CA3011—FM I-F Amplifier 150 
CA3013—FM I-F Amplifier/Discriminator/AF Amplifier 151 
CA3023—Video and Wide-Band Amplifier 152 
CA3035—Ultra-High-Gain Wide-Band Amplifier Array 153 
CA3037A—Operational Amplifier  154 

LM000-Seri es Linears 
LM117/LM217/LM317 3-Terminal Adjustable Regulator 155 
LM118/LM218/LM318 Operational Amplifier 157 
LM119/LM219/LM319 High-Speed Dual Comparator 159 
LM120/LM220/LM320 3-Terminal Negative Regulator 161 
LM122/LM222/LM322 Precision Timer 163 
LM2905/LM3905 Precision Timer 165 
LM123/LM223/LM323 3-Amp, 5-Volt Positive Regulator 166 
LM124/LM224/LM324, LM124A/LM224A/LM324A, 
LM2902 Low-Power Quad Operational Amplifiers 167 

LM139/LM239/LM339, LM2901, LM3302 Low-Power 
Low-Offset Voltage Quad Comparators 168 

LM140L Series 3-Terminal Positive Regulator 169 

LM240L/LM340L Series 3-Terminal Positive Regulator 170 
LM170/LM270/LM370 AGC/Squelch Amplifier 171 
LM273/LM373 AM/FM/SSB I-F Amp/Detector 172 
LM274/LM374 AM/FM/SSB I-F Video Amp/Detector 173 
LM320L Series 3-Terminal Negative Regulator 174 
LM340 Series Voltage Regulator 175 
LM377 Dual 2-Watt Audio Amplifier 176 
LM380 Audio Power Amplifier 177 
LM381/LM381A Low Noise Dual Preamplifier 178 
LM382 Low Noise Dual Preamplifier 179 
LM703L Low Power Drain RF/I-F Amplifier 180 
LM709/LM709A/LM709C Operational Amplifier 181 
LM710/LM710 C Voltage Comparator 182 
LM711/LM711C Dual Comparator 183 
LM723/LM723C Voltage Regulator 184 
LM733/LM733C Differential Video Amplifier 185 
LM741/LM741A/LM741C/LM741E Operational Amplifier 186 
LM747/LM747A/LM747C/LM747E Dual Operational Amplifier 187 
LM748/LM748C Operational Amplifier 188 
LM1303 Stereo Preamplifier 189 
LM1304, LM1305, LM1307, LM1307E FM Multiplex 

Stereo Demodulator 190 
LM1310 Phase-Locked Loop FM Stereo Demodulator 191 
LM1351 FM Detector, Limiter and Audio Amplifier 192 
LM1558/LM1458 Dual Operational Amplifier 193 
LM1596/LM1496 Balanced Modulator-Demodulator 194 
LM1900/LM2900/LM3900, LM3301, LM3401 Quad Amplifier195 
LM3028A/LM30286, LM3053 Differential RF/I-F Amplifier 196 
LM3065 Television Sound System 197 
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OPERATIONAL AMPLIFIERS 

input bias current: The average of the two input currents. 
input offset current: The absolute value of the difference 

between the two input currents for which the output will be 
driven higher than or lower than specified voltages. 

input offset voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

input voltage range: The range of voltage on the input 
terminals (common-mode) over which the offset specifica-
tions apply. 

logic threshold voltage: The voltage at the output of the 
comparator at which the loading logic circuitry changes its 
digital state. 

negative output level: The negative DC output voltage 
with the comparator saturated by a differential input equal 
to or greater than a specified voltage. 

output leakage current: The current into the output ter-
minal with the output voltage within a given range and the 
input drive equal to or greater than a given value. 

output resistance: The resistance seen looking into the 
output terminal with the DC output level at the logic 
threshold voltage. 

output sink current: The maximum negative current that 
can be delivered by the comparator. 

positive output level: The high output voltage level with a 
given load and the input drive equal to or greater than a 
specified value. 

power consumption: The power required to operate the 
comparator with no output load. The power will vary with 
signal level, but is specified as a maximum for the entire 
range of input signal conditions. 

response time: The interval between the application of an 
input step function and the time when the output crosses 
the logic threshold voltage. The input step drives the 
comparator from some initial, saturated input voltage to an 
input level just barely in excess of that required to bring the 
output from saturation to the logic threshold voltage. This 
excess is referred to as the voltage overdrive. 
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saturation voltage: The low-output voltage level with the 
input drive equal to or greater than a specified value. 

strobe current: The current out of the strobe terminal 
when it is at the zero logic level. 

strobed output level: The DC output voltage, independent 
of input conditions, with the voltage on the strobe terminal 
equal to or less than the specified low state. 

strobe ON voltage: The maximum voltage on either strobe 
terminal required to force the output to the specified high 
state independent of the input voltage. 

strobe OFF voltage: The minimum voltage on the strobe 
terminal that will guarantee that it does not interfere with 
the operation of the comparator. 

strobe release time: The time required for the output to 
rise to the logic threshold voltage after the strobe terminal 
has been driven from zero to the one logic level. 

supply current: The current required from the positive or 
negative supply to operate the comparator with no output 
load. The power will vary with input voltage, but is 
specified as a maximum for the entire range of input voltage 
conditions. 

voltage gain: The ratio of the change in output voltage to 
the change in voltage between the input terminals produc-
ing it. 

VOLTAGE COMPARATOR 

bandwidth: That frequency at which the voltage gain is 
reduced to 1/V2 times the low frequency value. 

common-mode rejection ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change 
in input offset voltage over this range. 

harmonic distortion: The percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the fun-
damental. % harmonic distortion = 

(V22 + V32 + V42 + . . . )1/2 (100%) 
V1 

where V1 is the rms amplitude of the fundamental and V2, V3, 
V4, . . . are the rms amplitudes of the individual harmonics. 
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input bias current: The average of the two input currents. 
input common-mode voltage range: The range of vol-

tages on the input terminals for which the amplifier is 
operational. Note that the specifications are not guaran-
teed over the full common-mode voltage range unless 
specifically stated. 

input impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (RI.). 

input offset current: The difference in the currents into the 
two input terminals when the output is at zero. 

input offset voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

input resistance: The ratio of the change in input voltage to 
the change in input current on either input with the other 
grounded. 

input voltage range: The range of voltages on the input 
terminals for which the amplifier operates within specifica-
tions. 

large-signal voltage gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

output impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (RI.). 

output resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

output voltage swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

offset voltage temperature drift: The average drift rate 
of offset voltage for a thermal variation from room temper-
ature to the indicated temperature extreme. 

power supply rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages 
producing it. 

setting time: The time between the initiation of the input 
step function and the time when the output voltage has 
settled to within a specified error band of the final output 
voltage. 
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slew rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

supply current: The current required from the power sup-
ply to operate the amplifier with no load and the output 
midway between the supplies. 

transient response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions. 

unity-gain bandwidth: The frequency range from DC to 
the frequency where the amplifier open loop gain rolls off to 
one. 

voltage gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (RI.). 

VOLTAGE REGULATORS 

current-limit sense voltage: The voltage across the cur-
rent limit terminals required to cause the regulator to 
current-limit with a short circuited output. This voltage is 
used to determine the value of the external current-limit 
resistor when external booster transistors are used. 

dropout voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc-
tions in input voltage. 

feedback sense voltage: The voltage, referred to ground, 
on the feedback terminal of the regulator while it is operat-
ing in regulation. 

input voltage range: The range of DC input voltages over 
which the regulator will operate within specifications. 

line regulation: The change in output voltage for a change 
in the input voltage. The measurement is made under 
conditions of low dissipation or by using pulse techniques 
such that the average chip temperature is not significantly 
affected. 

load regulation: The change in output voltage for a change 
in load current at constant chip temperature. 

long-term stability: Output voltage stability under accel-
erated life-test conditions at 125°C with maximum rated 
voltages and power dissipation for 1000 hours. 
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maximum power dissipation: The maximum total device 
dissipation for which the regulator will operate within 
specifications. 

output-input voltage differential: The voltage difference 
between the unregulated input voltage and the regulated 
output voltage for which the regulator will operate within 
specifications. 

output noise voltage: The RMS AC voltage at the output 
with constant load and no input ripple, measured over a 
specified frequency range. 

output voltage range: The range of regulated output vol-
tages over which the specifications apply. 

output voltage scale factor: The output voltage obtained 
for a unit value of resistance between the adjustment 
terminal and ground. 

quiescent current: That part of input current to the reg-
ulator that is not delivered to the load. 

ripple rejection: The line regulation for AC input input 
signals at or above a given frequency with a specified value 
of bypass capacitor on the reference bypass terminal. 

standby current drain: That part of the operating current 
of the regulator which does not contribute to the load 
current. 

temperature stability: The percentage change in output 
voltage for a thermal variation from room temperature to 
either temperature extreme. 
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CA3000—DC AMPLIFIER 

The CA3000 is a general-purpose amplifier used in 
Schmitt trigger, RC-coupled feedback amplifier, mixer, com-
parator, crystal oscillator, sense amplifier, and modulator 
applications. It comes in a 10-lead TO-5 package. 

Max. Positive DC Supply Voltage + 10V 
Max. Negative DC Supply Voltage — 10V 
Max. Input Signal Voltage: 

Single-ended -± 2V 
Common mode -, 2V 

Max. Total Device Dissipation 300mW 
Typ. Input Offset Voltage 1.4mV 
Typ. Input-Offset Current 1.2µA 
Typ. Input Bias Current 23µA 

2 

9 

CA3000 

R4 ® 0 0 

0 0 

CA3000 

 • 

VOUT 
o 

VoUT 
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CA3001—VIDEO AND WIDE-BAND AMPLIFIER 

The CA3001 is a general-purpose amplifier used in DC, 
i-f, and video amplifier, Schmitt trigger, mixer and modulator 
applications. It comes in a 12-lead TO-5 package. 

Max. Positive DC Supply Voltage + 10V 
Max. Negative DC Supply Voltage — 10V 
Max. Input Signal Voltage 

Single-ended 2.5V 
Common-mode - 2.5V 

Max. Total Device Dissipation 300mW 
Typ. Input Offset Voltage 1.5mV 
Typ. Input Offset Current 3.4p A 
Typ. Input Bias Current 10p.A 
Typ. Output Offset Voltage 52mV 

CA3001 

vouT 

C IO® C 

CA3001 

® 00C> 0  

voUT 
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CA3002-1-F AMPLIFIER 

The CA3002 is a general-purpose amplifier used in video 
amplifier, product and AM detector applications. It comes in a 
10-lead TO-5 package. 

Max. Positive DC Supply Voltage + 10V 
Max. Negative DC Supply Voltage — 10V 
Max. Input Signal Voltage (single-ended) 3.5V 
Max. Total Device Dissipation 300mW 
Typ. Input Unbalance Voltage 2.2mV 
Typ. Input Unbalance Current 2.2pA 
Typ. Input Bias Current 20µA 

AGC Vcc (+) 

VEE (-) 

CA3002 

146 



CA3005— RF AMPLIFIER 

The CA3005 is a general-purpose amplifier used in 
push-pull input and output, wide-band and narrow-band 
amplifier, agc, detector, mixer, limiter, modulator and cas-
code amplifier applications. It comes in a 12-lead TO-5 pac-
kage. 

Max. Positive DC Supply Voltage Vcc + 12V 
Max. Negative DC Supply Voltage VEE - 12V 
Max. Input Signal Voltage: 

Single-ended -L- 3.5V 
Common mode + 3.5 to — 2.5V 

Max. Total Device Dissipation 300mW 
Typ. Input Offset Voltage 2.6mV 
Typ. Input Offset Current 1.4/./A 
Typ. Input Bias Current 19,LtA 
Typ. Power Gain (f,-- 100 MHz): 

Cascade Circuit 20dB 
Differential Amplifier Circuit 16dB 

Noise Figure (f = 100 MHz): 
Cascade Circuit 27.80dB 
Differential Amplifier Circuit 7.8dB 

Common-Mode Rejection Ratio (f=1 kHz) 101dB 
Useful Frequency Range DC to 120 MHz 
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CA3007—AF AMPLIFIER 

The CA3007 is a special-purpose audio amplifier used in 
audio driver applications, sound systems and communications 
equipment. It comes in a 12-lead TO-5 package. 

Max. Positive DC Supply Voltage + 10V 
Max. Negative DC Supply Voltage — 10V 
Max. Input Signal Voltage: 

Single-ended -±- 2.5V 
Common mode ..- 2.5V 

Max. Total Device Dissipation 300mW 
Typ. Input Unbalance Voltage 0.57mV 
Typ. Input Unbalance Current 0.57µA 
Typ. Input Bias Current 11µA 
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CA3008—OPERATIONAL AMPLIFIER 

The CA3008 is a general-purpose amplifier used in 
narrow-band and band-pass amplifier, feedback amplifier, DC 
and video amplifier, multivibrator, oscillator, comparator and 
servo driver applications. It comes in a 14-lead ceramic-
and-metal flat package. 

Max. Positive DC Supply Voltage +10V 
Max. Negative DC Supply Voltage —10V 
Max. Input Signal Voltage (single-ended) +, —4V 
Max. Total Device Dissipation 300mW 
Typ. Input Offset Voltage 1.08mV 
Typ. Input Offset Current 0.54/.LA 
Typ. Input Bias Current 5.3µA 

+6 V 

1.8 pF 

CA3008 
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CA3011—FM I-F AMPLIFIER 

The CA3011 is a special-purpose amplifier used in i-f 
amplifiers for FM broadcast and TV sound applications. It 

comes in a 10-lead TO-5 package. 

Max. Positive DC Supply Voltage + 10V 
Max. Recommended Minimum DC 5.5V 

Supply Voltage (VCC) 
Max. Input Signal Voltage (single-ended) ± 3V 
Max. Total Device Dissipation 300mW 
Typ. Device Dissipation 120mW 
Typ. Voltage Gain: 
f= 1 MHz 
f= 4.5MHz 
f= 10.7 MHz 

Typ. Noise Figure (f= 4.5 MHz) 
Typ. Useful Frequency Range 

10.7 MHz 
INPUT 

BYPASS 

DETECTOR 
INPUT 

NC 

CA3011 

70dB 
67dB 
61dB 
8.7dB 
100 kHz to --- 20 MHz 

+Vcc DETECTOR 
INPUT 

INDEX TAB 

NC 

GND 
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CA3013--FM I F AMPLIFIER DISCRIMINATOR AF AMPLIFIER 

The CA3013 is a special-purpose amplifier used in IF 
amplifier, AM and noise limiter, FM detector and AF 
preamplifier applications. It comes in a 10-lead TO-5 package. 

Max. Positive DC Supply Voltage + 10V 
Max. Recommended Minimum DC 5.5V 

Supply Voltage (Vcc) 
Max. Input Signal Voltage 
(Between terminals 1 and 2) ± 3V 

Max. Total Device Dissipation 300mW 
Typ. Device Dissipation 120mW 
Typ. Voltage Gain: 
f= 1MHz 
f = 4.5 MHz 
f= 10.7 MHz 

Typ. Noise Figure (f= 4.5 MHz) 
Typ. Useful Frequency Range 

TUNER IF AMPLIFIER B DETECTOR 
VIDEO AMPLIFIER 

LINTEGRATED-CIRCU T SOUND-IF AMPLIFIER AND OfTECTOLU 

CA3013 

70dB 
67dB 
60dB 
8.7dB 
100 kHz to > 20 MHz 

VERTICAL DEFLECTION CIRCUITS 

—1 

HORIZONTAL DEFLECTION 8 HIGH-VOLTAGE CIRCUITS 

PICTURE TUBE 

AF AMPLIFIER 
SPEAKER 
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CA3023—VIDEO AND WIDE-BAND AMPLIFIER 

The CA3023 is a general-purpose amplifier used in 
gain-controlled linear amplifier, AM/FM i-f amplifier, video 
amplifier and limiter applications. It comes in a 12-lead TO-5 
package. 

Typ. Device Dissipation 35mW 
Typ. Quiescent Output Voltage 1.3V 
Typ. AGC Source Current (Vagc = 6V) 0.8mA 
Typ. Voltage Gain (f = 5 MHz) 53dB 
— 3dB Bandwidth 16MHz 
Typ. Input Resistance (f = 10 MHz) 300U 
Typ. Input Capacitance (f= 10 MHz) 13pF 
Typ. Output Resistance (f = 10 MHz) 100S2 
Typ. Noise Figure (f= 1 MHz) 6.5dB 
Typ. AGC Range (f= 10 MHz) 33dB 
Typ. Useful Frequency Range DC to 40MHz 
Typ. Maximum Output Voltage (f= 10 MHz) 0.5Vrms 

CI 

CHOKE 

r04711 

CA3023 
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CA3035—ULTRA-HIGH-GAIN WIDE-BAND AMPLIFIER ARRAY 

The CA3035 is a general-purpose amplifier with three 
individual amplifiers used in remote control amplifier applica-
tions, such as TV receivers. It comes in a 10-lead TO-5 
package. 

Max. Input Signal Voltage (single-ended) 
Max. Supply Voltage 
Max. Total Device Dissipation 
Typ. Quiescent Operating Voltage 
Typ. Quiescent Operating Voltage 
Typ. Quiescent Operating Voltage 
Typ. Total Current Drain (Bo = 5kil) 
Typ. Voltage Gain (f = 40 kHz): 

Amplifier 1, 2, 3 
Cascade 

Typ. Noise Figure (Amplifier 1) 
Typ. Sensitivity 

r—AMPL. 

1Vp-p 
15V 
300mW 
2V 
1.9V 
4.9V 
5mA 

44(18 
132dB 
6dB 
100µV 

Ri4 

>11 

L ®  AMPL No. 3 

CA3035 

5 I 

CONNECTED 
TO CASE 
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CA3037A—OPERATIONAL AMPLIFIER 

The CA3037A is a general-purpose amplifier used in 
narrow-band and band-pass amplifier, feedback amplifier, DC 
and video amplifier, multivibrator, oscillator, comparator and 
servo driver applications. It comes in a 14-lead TO-116 dual-
in-line ceramic package. 

Typ. Input Offset Voltage 0.9mV 
Typ. Input Offset Current 0.3µA 
Typ. Input Bias Current 2.5p.A 
Typ. Input Impedance 20102 
Typ. Output Impedance 16on 
Typ. Noise Figure 8.3dB 

PHASE 
COMP. 
BIAS 

INV INPUT 
NON-INV 

INPUT 
COMP. 
V-

(SUBSTRATE) 
COMP. 

CA3037A 

PHASE 
COMP 
V+ 

OUT. 

1 PHASE 
COMP. 

OVERLOAD 
PROTECT. 
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LM117/LM217/LNI317 3-TERMINAL ADJUSTABLE REGULATOR 

The LM117/LM217/LM317 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess of 
1.5A over a 1.2 V to 37V output range. They are exception-
ally easy to use and require only two external resistors to set 
the output voltage. Further, both line and load regulation are 
better than standard fixed regulators. Also, the LM117 is 
packaged in standard transistor packages which are easily 
mounted and handled. 

In addition to higher performance than fixed regulators, 
the LM117 series offers full overload protection available only 
in ICs. Included on the chip are current-limit, thermal-
overload protection and safe-area protection. All overload 
protection circuitry remains fully functional even if the ad-
justment terminal is disconnected. Features include: 

MI Adjustable output down to 1.2V 
• Guaranteed 1.5A output current 
II Line regulation typically 0.01 percent/V 
II Load regulation typically 0.1 percent 
• Current limit constant with temperature 
II 100 percent electrical burn-in 
• Eliminates the need to stock many voltages 
II Standard 3-lead transistor package 
II 80 dB ripple rejection 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which case an 
input bypass is needed. An optional output capacitor can be 
added to improve transient response. The adjustment termi-
nal can be bypassed to achieve very high ripple rejection 
ratios that are difficult to achieve with standard 3-terminal 
regulators. 

Besides replacing fixed regulators, the LM117 is useful 
in a wide variety of other applications. Because the regulator 
is floating and sees only the input-to-output differential vol-
tage, supplies of several hundred volts can be regulated as 
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BOTTOM VIEW 

CASE IS OUTPUT 

BOTTOM VIEW 

LM117 

long as the maximum input to output differential is not ex-
ceeded. 

Also, the LM117 makes an especially simple adjustable 
switching regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and out-
put, a precision current regulator. Supplies with electronic 
shutdown can be achieved by clamping the adjustment termi-
nal to ground, which programs the output to 1.2V where most 
loads draw little current. 

1.2V-25V Adjustable Regulator 

VIN 21V 

LIA117 

tOptional—improves transient 
response 

*Needed if device is far from 
filter capacitors 

R2) 
" VOUT ' 1.25V 1 + — 

R1 

LM117 
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LM118/LM218/LM318 OPERATIONAL AMPLIFIER 

The LM118 series are precision high-speed operational 
amplifiers designed for applications requiring wide bandwidth 
and high slew rate. They feature a factor of 10 increase in 
speed over general-purpose devices, without sacrificing DC 
performance. They feature: 

• 15-MHz small signal bandwidth 
la Guaranteed 50V/µs slew rate 
al Maximum bias current of 250 nA 
la Operates from supplies of ±- 5V to ±- 20V 
II Internal frequency compensation 
la Input and output overload protected 
IM Pin compatible with general-purpose operational 

amps 

The LM118 series has internal unity gain frequency 
compensation. This considerably simplifies its application 
since no external components are necessary for operation. 
However, unlike most internally compensated amplifiers, ex-
ternal frequency compensation may be added for optimum 
performance. For inverting applications feedforward com-
pensation will boost the slew rate to over 150VAas and almost 
double the bandwidth. Overcompensation can be used with 
the amplifier for greater stability when maximum bandwidth is 
not needed. Further, a single capacitor can be added to 
reduce the 0.1 percent setting time to under 1 ps. 

The high speed and fast setting time of these op amps 
make them useful in A-D converters, oscillators, active fil-
ters, sample and hold circuits, or general-purpose amplifiers. 
These devices are easy to apply and offer better AC perfor-
mance than industry standards such as the LM709. The 
LM218 is identical to the LM118, except that the LM218 has 
its performance specified over a -25°C to +85°C tempera-
ture range. The LM318 is specified from 0°C to +70°C. 
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LM119/LM219/LM319 HIGH-SPEED DUAL COMPARATOR 

The LM119 series are precision high-speed dual com-
parators fabricated on a single monolithic chip. They are 
designed to operate over a wide range of supply voltages 
down to a single 5V logic supply and ground. Further, they 
have higher gain and lower input currents than devices like 
the LM710. The uncommitted collector of the output stage 
makes the LM119 compatible with RTL, DTL and TTL as 
well as capable of driving lamps and relays at currents up to 25 
mA. Outstanding features include: 

B Two independent comparators 
• Operates from a single 5V supply 
• Typically 80 ns response time at -±-15V 
• Minimum fan-out of 2 each side 
• Maximum input current of 1 µA over temperature 
• Inputs and outputs can be isolated from system 

ground 
• High common mode slew rate 

Although designed primarily for applications requiring 
operation from digital logic supplies, the LM119 series are 
fully specified for power supplies up to ±--15V. It features 
faster response than the LM111 at the expense of higher 
power dissipation. However, the high speed, wide operating 
voltage range and low package count make the LM119 much 
more versatile than older devices like the LM711. The 
LM119 is specified from — 55°C to +125°C, the LM219 is 
specified from —25°C to +85°C, and the LM319 is specified 
from 0°C to +70°C. 
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LM 120/LIV1220/LM320 3-TERMINAL NEGATIVE REGULATOR 

The LM120 series are 3-terminal negative regulators 
with a fixed output voltage of — 5V, — 5.2V, — 6V, — 8V, 
— 9V, — 12V, — 15V, — 18V, and — 24V and up to 1.5A 
load current capability (LM320-5, LM320-5.2, LM320-6, 
etc.). 

These devices need only one external component: a 
compensation capacitor at the output, making them easy to 
apply. Worst case guarantees on output voltage deviation due 
to any combination of line, load or temperature variation 
assure satisfactory system operation. 

Exceptional effort has been made to make the LM120 
series immune to overload conditions. The regulators have 
current limiting which is independent of temperature, com-
bined with thermal-overload protection. Internal current 
limiting protects against momentary faults while thermal 
shutdown prevents junction temperatures from exceeding 
safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage ap-
plications, the LM120 series may be programmed for higher 
output voltages with a simple resistive divider. The low 
quiescent drain current of the devices allows this technique to 
be used with good regulation. They feature: 

• Preset output voltage error less than ±-3 percent 
al Preset current limit 
II Internal thermal shutdown 
• Operates with input-output voltage differential 

down to 1V 
• Excellent ripple rejection 
al Low temperature drift 
• Easily adjustable to higher output voltage 

INPUT 
OUTPUT - (CASE) 

BOTTOM VIEW 

LM120 

ONO 
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LM 122/LM222/LM322 PRECISION TIMER 

The LM122 series are precision timers that offer great 
versatility with high accuracy. They operate with unregulated 
supplies from 4.5V to 40V while maintaining constant timing 
periods from microseconds to hours. Internal logic and reg-
ulator circuits complement the basic timing function enabling 
the LM122 series to operate in many different applications 
with a minimum of external components. 

The output of the timer is a floating transistor with built 
in current limiting. It can drive either ground referred or 
supply referred loads up to 40V and 50 mA. The floating 
nature of this output makes it ideal for interfacing, lamp or 
relay driving, and signal conditioning where an open collector 
or emitter is required. A logic reverse circuit can be prog-
rammed by the user to make the output transistor either on or 
off during the timing period. 

The trigger input to the LM122 series has a threshold of 
1.6V independent of supply voltage, but it is fully protected 
against inputs as high as ±-40V, even when using a 5V supply. 
The circuitry reacts only to the rising edge of the trigger 
signal, and is immune to any trigger voltage during the timing 
periods. 

An internal 3.15V regulator is included in the timer to 
reject supply voltage changes and to provide the user with a 
convenient reference for applications other than a basic 
timer. External loads up to 5 mA can be driven by the 
regulator. An internal 2V divider between the reference and 
ground sets the timing period to 1 RC. The timing period can 
be voltage controlled by driving this divider with an external 
source through the \TAD] pin. Timing ratios of 50:1 can be 
easily achieved. 

The comparator used in the LM122 utilizes high-gain 
PNP input transistors to achieve 300-pA typical input bias 
current over a common mode range of OV to 3V. A boost 
terminal allows the user to increase comparator operating 
current for timing periods less than 1 ms. This lets the timer 
operate over a 3i.ts to multihour timing range with excellent 
repeatability. 
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The LM2905/LM3905 are identical to the LM122 series 
except that the boost and VREF pin options are not available, 
limiting minimum timing period to 1 ms. 
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LM29051M3905 PRECISION TIMER 

The LM122 series are precision timers that offer great ver-
satility with high accuracy. They operate with unregulated supplies 
from 4.5V to 40V while maintaining constant timing periods from 
microseconds to hours. Internal logic and regulator circuits com-
plement the basic timing function enabling the LM122 series to 
operate in many different applications with a minimum of external 
components. 

The output of the timer is a floating transistor with built in 
current limiting. It can drive either ground referred or supplyrefer-
red loads up to 40V and 50 mA. The floating nature of this output 
makes it ideal for interfacing, lamp or relay driving, and signal 
conditioning where an open collector or emitter is required. A logic 
reverse circuit can be programmed by the user to make the output 
transistor either on or off during the timing period. 

The trigger input to the LM122 series has a threshold of 1.6V 
independent of supply voltage, but it is fully protected against inputs 
as high as -±-40V, even when using a 5V supply. The circuitry reacts 
only to the rising edge of the trigger signal, and is immune to any 
trigger voltage during the timing periods. 

An internal 3.15V regulator is included in the timer to reject 
supply voltage changes and to provide the user with a convenient 
reference for applications other than a basic timer. External loads 
up to 5 mA can be driven by the regulator. An internal 2V divider 
between the reference and ground sets the timing period to 1 RC. 
The timing period can be voltage controlled by driving this divider 
with an external source through the VADJ pin. Timing ratios of 50:1 
can be easily achieved. 

The comparator used in the LM122 utilizes high-gain PNP 
input transistors to achieve 300-pA typical input bias current over a 
common mode range of OV to 3V. A boost terminal allows the user to 
increase comparator operating current for timing periods less than 1 
ms. This lets the timer operate over a 3s to multihour timing range 
with excellent repeatability. 

The LM2905/LM3905 are identical to the LM122 series ex-
cept that the boost and VREF pin options are not available, limiting 
minimum timing period to 1 ms. 
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LM123/LA1223/LIV1323 3-AMP, 5-VOLT POSITIVE REGULATOR 

The LM123 is a 3-terminal positive regulator with a 
preset 5V output and a load driving capability of 3 amps. New 
circuit design and processing techniques are used to provide 
the high output current without sacrificing the regulation 
characteristics of lower current devices. 

The 3A regulator is virtually blowout proof. Current 
limiting, power limiting, and thermal shutdown provide the 
same high level of reliability obtained with these techniques in 
the LM109 1-amp regulator. 

No external components are required for operation of 
the LM123. If the device is more than 4 inches from the filter 
capacitor, however, a 1µF solid tantalum capacitor should be 
used on the input. A 0.1µF or larger capacitor may be used on 
the output to reduce load transient spikes created by fast 
switching digital logic, or to swamp out stray load capaci-
tance. 

An overall worst case specification for the combined 
effects of input voltage, load currents, ambient temperature 
and power dissipation ensure that the LM123 will perform 
satisfactorily as a system element. Features are: 

• 3A output current 
Ill Internal current and thermal limiting 
al 0.01n typical output impedance 
II 7.5V minimum input voltage 
a 30W power dissipation 
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LM 12 4/LM224/LM324, LM 124A/LM224A/LM324A, 
LM2902 LOW-POWER QUAD OPERATIONAL AMPLIFIERS 

The LM124 series consists of four independent, high-gain, 
internally frequency-compensated operational amplifiers that were 
designed specifically to operate from a single power supply over a 
wide range of voltages. Operation from split power supplies is also 
possible and the low power supply current drain is independent of 
the magnitude of the power supply voltage. 

Application areas include transducer amplifiers, DC gain blocks 
and all the conventional op amp circuits which now can be more 
easily implemented in single power supply systems. For example, 
the LM124 series can be directly operated off of the standard 
+5VDc power supply voltage that is used in digital systems and will 
easily provide the required interface electronics without requiring 
the additional ±15VDc power supplies. 

In the linear mode, the input common-mode voltage range 
includes ground and the output voltage can also swing to ground, 
even though operated from only a single power supply voltage. The 
unity gain cross frequency is temperature compensated. The input 
bias current is also temperature compensated. 

DC Voltage Gain 100dB 
Bandwidth (Unity Gain) 1MHz 
Power Supply Range: 

Single Supply 3Voc to 30Voc 
or Dual Supplies -±- 1.5 VDC to ±-- 15Voc 

Supply Current Drain 800 µA—Essentially independent 
of supply voltage (1 mW/op amp 

Input Biasing Current 
Input Offset Voltage 
Offset Current 
Output Voltage Swing 

OUTPUT o .rein or 'M idi. ir MOOT 3• 

Is 

ITIPUT r OUTPUT ] 

eurarr vTr ITT • • IMP Z• IIIPUI r OUTPU I 

LM124 

at + 5Voc) 
45 nAoc 
2 mVoc 
5 nAoc 
OVoc to e —1.5 Voc 

MU NAT IV 
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LM139/LM239/LM339, LM 139A/LM239A/LM339A, LM2901, 
LM3302 LOW-POWER LOW-OFFSET VOLTAGE QUAD COMPARATORS 

The LM139 series consists of four independent precision vol-
tage comparators with an offset voltage specification as low as 2 mV 
maximum for all four comparators. These were designed specifi-
cally to operate from a single power supply over a wide range of 
voltages. Operation from split power supplies is also possible and 
the low power supply current drain is independent of the magnitude 
of the power supply voltage. These comparators also have a unique 
characteristic in that the input common-mode voltage range in-
cludes ground, even though operated from a single power supply 
voltage. 

Application areas include limit comparators; simple analog to 
digital converters; pulse, square wave and time delay generators; 
wide range VCO; MOS clock timers; multivibrators and high vol-
tage digital logic gates. The LM139 series was designed to directly 
interface with TTL and CMOS. When operated from both plus and 
minus power supplies, they will directly interface with MOS logic, 
where the low power drain of the LM339 is a distinct advantage 
over standard comparators. 

Supply Voltage Range: 
LM139 series 2Voc to 36 VDc or 
LM139A series, LM2901 ± 1Voc to -± 18Voc 
LM3302 2Voc to 28VDC 

or± 1VOC to ± 14VDC 
(0.8 mA) 
25 nA 
± 5 nA 
± 3 mV 
250 mV at 4 mA 

Supply Current Drain 
Input Biasing Current 
Input Offset Current 
Offset Voltage 
Output Saturation Voltage 

SSWT3 OUTPUT 4 UM MY 4* INPUT 4- MIT 3* MIT 3-
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LM 140L SERIES 3-TERMINAL POSITIVE REGULATOR 

The LM140L series of 3-terminal positive regulators is 
available with several fixed output voltages, making them 
useful in a wide range of applications. The LM140LA is an 
improved version of the LM78LXX series with a tighter 
output voltage tolerance (specified over the full military 
temperature range), higher ripple rejection, better regulation 
and lower quiescent current. The LM140LA regulators have 
-±2 percent VOUT specification, 0.04 percent/V line regula-
tion, and 0.01 percent/rnA load regulation. When used as a 
zener diode/resistor combination replacement, the 
LM140LA usually results in an effective output impedance 
improvement of two orders of magnitude, and lower quies-
cent current. These regulators can provide local on-card 
regulation, eliminating the distribution problems associated 
with single-point regulation. The voltages available allow the 
LM140LA to be used in logic systems, instrumentation, 
stereo and other solid state electronic equipment. Although 
designed primarily as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable 
voltages and currents. 

INPUT 

BOTTOM VIEW 

LM140 
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LM240L/LIVI340L SERI S 3-TERMINAL POSITIVE REGULATOR 

The LM140LA/I M240LA/LM340LA are available in 
the low profile met 11 three-lead TO-39 (H) and the 
LM240LA/LM340LA ire also available in the plastic TO-92 
(Z). With adequate hea sinking, the regulator can deliver 100 
mA output current. C irrent limiting is included to limit the 
peak output current tc a safe value. Safe-area protection for 
the output transistor is provided to limit internal power dissi-
pation. If internal pow( r dissipation becomes too high for the 
heat sinking provided the thermal shutdown circuit takes 
over, preventing the IC from overheating. Features include: 

• Line regulatim of 0.04 percent/V 
Ill Load regulat on of 0.01 percent/mA 
• Output volta ge tolerances of ±2 percent at 25°C 

and ±-4 perc ant over the temperature range 
• Output currEnt of 200 mA 
• Internal thermal-overload protection 
• Output transistor safe area protection 
• Internal short-circuit current limit 

Metal Can Package 
(K) (Steel) 

(KC) (Aluminum) 

OUTPUT 

INPUT 

SOTTOM VIEW 

ONO 

GNU 

..—OUTPUT 

LM340 

TOP VIEW 

ONO 

INPUT (1) 
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LM170/LM270/LM370 AGC/SQUELCH AMPLIFIER 

The LM170 is a direct coupled monolithic amplifier whose 
voltage gain is controlled by an external DC voltage. The device 
features: 

• Large gain control range 
al Self-contained agc/squelch system, with fast-attack, 

slow-release. 
• Low distortion 
II Minimum DC output shift as gain is varied 
• Differential inputs, with large common-mode input range 
IIII Outputs of several amplifiers may be directly summed in 

multichannel systems. 
• Dissipates only 18 mW from +4.5V supply, usable with 

supply up to +24V. 
• Sensitive squelch threshold set by single external resis-

tor. 

In addition to communication system squelch and agc applica-
tions, the LM170 is useful as constant-amplitude audio oscillator, 
linear low-frequency modulator, single sideband automatic load 
control and as a variable DC gain element in analog computation. 

The LM170 is specified for operation over the — 55°C to 
+125°C military temperature range. The LM270 is specified for 
operation over the —25°C to +75°C temperature range. The 
LM370 is specified for operation over the 0°C to +70°C temp-
erature range. 
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LM273/LM373 AM/FM/SSB I-F AMP/DETECTOR 

The LM273/LM373 and LM274/LM374 are broad-band 
communications subsystems, capable of performing the diverse 
functions required in AM, FM or single sideband receivers and 
transmitters. In addition, the LM274/LM374 may operate as a high 
gain automatic gain controlled video amplifier. Band-pass shaping 
may be performed by a single external filter, connected between 
amplifier sections, at frequencies from audio up to 30 MHz. The first 
section of the LM273/LM373 is optimized to drive low impedance 
loads, such as mechanical or ceramic filters. The LM274/LM374 
has a high output impedance, ideal for high-Z crystal, LC or ceramic 
filters. 

Metal Can Package 
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LM274/LM374 AM/FM/SSB I-F VIDEO AMP/DETECTOR 

The LM273 and LM274 are specified for operation over 
the —25°C to +100°C military temperature range. The 
LM373 and LM374 are specified for operation over the 0°C to 
+70°C temperature range. Features include: 

• AM Operation 
—High gain; typical sensitivity of 10/LV at 455 kHz 
—Wide bandwidth; 30 MHz capability 
—Self-contained detector and agc system 
—Wide agc range; greater than 60 dB for a 10-dB 
output change at 27 MHz 

II FM Operation 
—Three emitter coupled limiting stages and sim-
ple quadrature detector 
—Detection of -±-5 kHz deviation FM at either 455 
kHz or 10.7 MHz 
—Two separated amplifier blocks, allowing filter-
ing in two or more blocks 
—No DC paths require through external filters or 
through quadrature network 

• SSB operation 
—Double balanced product detector 
—Self-contained audio peak agc system 
—Easy external tailoring of agc characteristic for 
desired agc figure of merit 

• Video amplifier operation 
—Internal video peak detector for video agc 
—High-level and low-level video outputs 
—Gated video agc capability 
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LM320L SERIES 3-TERMINAL NEGATIVE REGULATOR 

The LM320L-XX series of 3-terminal negative voltage 
regulators features several selected fixed output voltages 
from —5V to —24V with load current capabilities to 100 mA. 
Internal protective circuitry includes safe operating area for 
the output transistor, short circuit current limit, and thermal 
shutdown. Features include: 

• Preset output voltage error less that ±5 percent 
over temperature 
100 mA output current capability 
Internal thermal overload protection 
Input-output voltage differential down to 2V 
Internal current limit 
Maximum load regulation -- 0.15 percent/mA 
Maximum line regulation —0.1 percent/V 
Output transistor safe area protection M

I
Z
Z
B
I
I
I
I
I
M
I
 

PLAST IC PACKAGE 

BOTTOM VIEW 

LM320L 

OUTPUT 
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LIV1340 SERIES VOLTAGE REGULATOR 

The LM340-XX series of 3-terminal regulators is availa-
ble with several fixed output voltages, making them useful in a 
wide range of applications. One of these is local on-card 
regulation, eliminating the distribution problems associated 
with single-point regulation. The voltages available allow 
these regulators to be used in logic systems, instrumenta-
tion, stereo and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators, these 
devices can be used with external components to obtain 
adjustable voltages and currents. 

The LM340-XX series is available in two power 
packages. Both the plastic TO-220 and metal TO-3 packages 
allow these regulators to deliver over 1.5A if adequate heat 
sinking is provided. Current limiting is included to limit the 
peak output current to a safe value. Safe-area protection for 
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit takes 
over, preventing the IC from overheating. 

Considerable effort was expended to make the 
LM340-XX series of regulators easy to use, and to minimize 
the number of external components. It is not necessary to 
bypass the output, although this does improve transient 
response. Input bypassing is needed only if the regulator is 
located far from the filter capacitor of the power supply. 
Features include: 

Ill Output current in excess of 1.5A 
al Internal thermal-overload protection 
III No external components required 
• Output transistor safe area protection 
II Internal short circuit current limit 

GNO 131 
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PLASTIC PACKAGE 
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LM377 DUAL 2-WATT AUDIO AMPLIFIER 

The LM377 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, tape 
players, recorders AM-FM stereo receivers, etc. The 
LM377 will deliver 2W per channel into 8s1 or 161/ loads. The 
amplifier is designed to operate with a minimum of external 
components and contains an internal bias regulator to bias 
each amplifier. Device overload protection consists of both 
internal current limit and thermal shutdown. Features in-
clude: 

• Ayo typical 90 dB 
• 2W per channel 
• 70-dB ripple rejection 
Ill 75-dB channel separation 
• Internal stabilization 
• Self-centered biasing 
• 3 megohm input impedance 
Ill 10V to 26V operation 
• Internal current limiting 
• internal thermal protection 
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GNO GNO 

LM380 AUDIO POWER AMPLIFIER 

The LM380 is a power audio amplifier for consumer 
application. In order to hold system cost to a minimum, gain is 
internally fixed at 34 dB. A unique input stage allows inputs to 
be ground referenced. The output is automatically self-
entering to one-half of the supply voltage. 

The output is short-circuit proof with internal thermal 
limiting. The package outline is standard dual-in-line. A cop-
per lead frame is used with the center three pins on either 
side, comprising a heat sink. This makes the device easy to 
use in standard p-c layout. 

Uses include simple phonograph amplifiers, intercoms, 
line drivers, teaching machine outputs, alarms, ultrasonic 
drivers, TV sound systems, AM-FM radio, small servo driv-
ers, power converters, etc. 

A selected part for more power on higher supply 
voltages is available as the LM384. Features include: 

al Wide supply voltage range 
• Low quiescent power drain 
la Voltage gain fixed at 50 
II High peak current capability 
la Input referenced to GND 
• High input impedance 
III Low distortion 
• Quiescent output voltage is at one-half of the supply 

voltage 
II Standard dual-in-line package 
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LM381/LM381A LOW NOISE DUAL PREAMPLIFIER 

The LM381/LM381A is a dual preamplifier for the appli-
cation of low level signals in applications requiring optimum 
noise performance. Each of the two amplifiers is completely 
independent, with individual internal power supply 
decoupler-regulator, providing 120-dB supply rejection and 
60-dB channel separation. Other outstanding features include 
high gain (112 dB), large output voltage swing (Vcc — 2V) p-p, 
and wide power bandwidth (75 kHz, 20Vp—p). The LM381/ 
LM381A operates from a single supply across the wide range 
of 9V to 40V. 

Either differential input or single-ended input configura-
tions may be selected. The amplifier is internally compen-
sated with the provision for additional external compensation 
for narrow band applications. Features include: 

• Low noise-0.5µV total input noise 
Ill High gain-112-dB open loop 
la Single supply operation 
Ill Wide supply range-9V to 40V 
• Power supply rejection-120 dB 
• Large output voltage swing (Vcc to 2V) p-p 
• Wide bandwidth-15 MHz unity gain 
Ill Power bandwidth-75 kHz, 20 Vp-p 
la Internally compensated 
IM Short-circuit protected 

Dual-In-Line Package 
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LM382 LOW NOISE DUAL PREAMPLIFIER 

The LM382 is a dual preamplifier for the amplication of 
low-level signals in applications requiring optimum noise per-
formance. Each of the two amplifiers is completely inde-
pendent, with individual internal power supply decoupler-
regulators, providing 120-dB supply rejection and 60-dB 
channel separation. Other outstanding features include high 
gain (100 dB), and wide power bandwidth (75 kHz, 20 Vp-p). 
The LM382 operates from a single supply across the wide 
range of 9V to 40V. 

A resistor matrix is provided on the chip to allow the user 
to select a variety of closed loop gain options and frequency 
response characteristics such as flat-band, NAB or RIAA 
equalization. The circuit is supplied in the 14-lead dual-in-line 
package. Features include: 

• Low noise-0.8-µV total equivalent input noise 
• High gain-100-dB open loop 
IN Single supply operation 
III Wide supply range-9V to 40V 
la Power supply rejection-120 dB 
• Large output voltage swing 
• Wide bandwidth-15 MHz unity gain 
III Power bandwidth-75 kHz, 20 Vp-p 
II Internally compensated 
II Short circuit protected 
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LM703L LOW POWER DRAIN Ri/I-F AMPLIFIER 

The LM703L is a monolithic rf IF amplifier, having an 
efficient DC biasing system, reducing demands upon power-
supply and decoupling elements. Its low internal feedback 
guarantees a high-stability limited gain. 

Applications include limiting and nonlimiting amplifiers, 
mixers and rf oscillators. The LM703L is specifically charac-
terized for operation in consumer applications such as TV 
sound i-f, FM-i-f limiter amplifier and chroma reference oscil-
lator for color TV. 

Power Consumption 
Forward Transadmittance 
Input Conductance 
Output Conductance 
Peak-to-Peak Output Current 
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LM709/LM709A/LM709C OPERATIONAL AMPLIFIER 

The LM709 series is a monolithic operational amplifier 
intended for general-purpose applications. Operation is com-
pletely specified over the range of voltages commonly used 
for these devices. The design, in addition to providing high 
gain, minimizes both offset voltage and bias currents. Fur-
ther, the class B output stage gives a large output capability 
with minimum power drain. 

External components are used to frequency compensate 
the amplifier. Although the unity-gain compensation network 
specified will make the amplifier unconditionally stable in all 
feedback configurations, compensation can be tailored to op-
timize high-frequency performance for any gain setting. 

The fact that the amplifier is built on a single silicon chip 
provides low offset and temperature drift at minimum cost. It 
also ensures negligible drift due to temperature gradients in 
the vicinity of the amplifier. 

The LM709C is the industrial version of the LM709;. It 
is identical to the LM709/LM709A except that it is specified 
for operation from 0°C to +70°C. 
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LM710 LM710C VOLTAGE COMPARATOR 

The LM710 series are high-speed voltage comparators 
intended for use as an accurate, low-level digital level sen-
sors or as replacements for operational amplifiers in com-
parator applications where speed is of prime importance. The 
circuit has a differential input and a single-ended output, with 
saturated output levels compatible with practically all types of 
integrated logic. 

The device is built on a single silicon chip which ensures 
low offset and thermal drift. The use of a minimum number of 
stages along with minority-carrier lifetime control (gold dop-
ing) makes the circuit much faster than operational amplifiers 
in saturating comparator applications. In fact, the low stray 
and wiring capacitances that can be realind with monolithic 
construction make the device difficult to duplicate with dis-
crete components operating at equivalent power levels. 

The LM710 series are useful as pulse height dis-
criminators, voltage comparators in high-speed A-D conver-
ters or go-no go detectors in automatic test equipment. They 
also have applications in digital systems as an adjustable-
threshold line receiver or an interface between logic types. In 
addition, the low cost means it can replace relatively simple 
discrete component circuitry. 

v-
LM710 Note: Pin 4 connected to case. 
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LM711'LM7 1 1C DUAL COMPARATOR 

The LM711 series contains two voltage comparators 
with separate differential inputs, a common output and provi-
sion for strobing each side independently. Similar to the 
LM710, the device features low offset and thermal drift, a 
large input voltage range, low power consumption, fast re-
covery from large overloads and compatibility with most 
integrated logic circuits. 

With the addition of an external resistor network, the 
LM711 series can be used as a sense amplifier for core 
memories. The input thresholding, combined with the high 
gain of the comparator, eliminates many of the inaccuracies 
encountered with conventional sense amplifier designs. 
Further, it has the speed and accuracy needed for reliably 
detecting the outputs of cores as small as 20 mils. 

The LM711 series are also useful in other applications 
where a dual comparator with OR'ed outputs is required, 
such as a double-ended limit detector. By using common 
circuitry for both halves, the device can provide high speed 
with lower power dissipation than two single comparators. 
The LM711C is the commercial/industrial version of the 
LM711, with operation specified over a 0°C to +70°C temp-
erature range. 
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LM723/LM723C VOLTAGE REGULATOR 

The LM723/LM723C is a voltage regulator designed 
primarily for series regulator applications. By itself, it will 
supply output currents up to 150 mA, but external transistors 
can be added to provide any desired load current. The circuit 
features extremely low standby current drain, and provision 
is made for either linear or foldback current limiting. Impor-
tant characteristics are: 

• 150 mA output current without external pass trans-
istor 

• Output currents in excess of 10A possible by adding 
external transistors 

• Input voltage 40V max 
• Output voltage adjustable from 2V to 37V 
• Can be used as either a linear or a switching reg-

ulator 

The LM723/LM723C is also useful in a wide range of 
other applications such as a shunt regulator, a current reg-
ulator or a temperature controller. 
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Note: Pin 5 connected tØ case. 
TOP VI EW 

LM733H 

LM733, LM733C DIFFERENTIAL VIDEO AMPLIFIER 

The LM733/LM733C is a 2-stage, differential input, 
differential output, wide-band video amplifier. The use of 
internal series-shunt feedback gives wide bandwidth with low 
phase distortion and high gain stability. Emitter-follower out-
puts provide a high current drive, low-impedance capability. 
Its 120-MHz bandwidth and selectable gains of 10, 100 and 
400, without need for frequency compensation, make it a 
very useful circuit for memory element drivers, pulse 
amplifiers and wide-band linear gain stages. 

The LM733 is specified for operation over the — 55°C to 
+125°C military temperature range. The LM733C is 
specified for operation over the 0°C to +70°C temperature 
range. Features include: 

al 120-MHz bandwidth 
• 250K input resistance 
III Selectable gains of 10, 100, 400 
II No frequency compensation 
II High common mode rejection ratio at high frequen-

cies. 
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IM741/LM741A/LM741C/LM741E OPERATIONAL AMPLIFIER 
— 

The LM741 series are general-purpose operational 
amplifiers which feature improved performance over industry 
standards like the LM709. They are direct, plug-in replace-
ments for the 709C, LM201, MC1439 and 748 in most appli-
cations. 

The amplifiers offer many features that make their appli-
cation nearly foolproof: overload protection on the input and 
output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations. The LM741C/ 
LM741E are identical to the LM741/LM741A except that the 
LM741C/LM741E have their performance guaranteed over 
a 0°C to +70°C temperature range, instead of — 55°C to 
+125°C. 
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LM747 ,LM747A1M7‘17CiLM747E DUAL OPERATIONAL AMPLIFIER 

The LM747 series are general-purpose dual operational 
amplifiers. The two amplifiers share a common bias network 
and power supply leads. Otherwise, their operation is com-
pletely independent. Features include: 

II No frequency compensation required 
• Short-circuit protection 
• Wide common-mode and differential voltage ranges 
II Low power consumption 
la No latch-up 
• Balanced offset null 

The LM747C/LM747E is identical to the LM747/ 
LM747A except that the LM747C/LM747E has its specifica-
tions guaranteed over the temperature range from 0°C to 
+70°C instead of — 55°C to +125°C. 
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LM748/LM748C OPERATIONAL AMPLIFIER 

The LM748/LM748C is a general-purpose operational 
amplifier built on a single silicon chip. The resulting close match and 
tight thermal coupling gives low offsets and temperature drift as 
well as fast recovery from thermal transients. In addition, the 

device features: 
II Frequency compensation with a single 30 pF capacitor 
la Operation from ± 5V to ± 20V 
III Low current drain-1.8 triA at ±- -20V 
II Continuous short-circuit protection 
Ill Operation as a comparator with differential inputs as high 

as ±30V 
• No latch-up when common mode range is exceeded. 
II Same pin configuration as the LM101. 

The unity-gain compensation specified makes the circuit stable 
for all feedback configurations, even with capacitive loads. How-
ever, it is possible to optimize compensation for best high-
frequency performance at any gain. As a comparator, the output can 
be clamped at any desired level to make it compatible with logic 

circuits. 
The LM748 is specified for operation over the — 55°C to 

-± 125°C military temperature range. The LM748C is specified for 
operation over the 0°C to +70°C temperature range. 
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LM1303 STEREO PREAMPLIFIER 

The LM1303 consists of two identical operational 
amplifiers constructed on a single silicon chip. Intended for 
amplification of low-level stereo signals, the LM1303 features 
low input noise voltage, high open-loop voltage gain, large 
output voltage swing and short-circuit protection. 

Output Voltage Swing 
Open-Loop Voltage Gain 
Channel Separation 

OUTPUT 2 

4.0V rms min. 
6,000 min. 
60 dB min. at 10 kHz 
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LM1304, LM1305, LM1307, LM1307E 

FM MULTIPLEX STEREO DEMODULATOR 

The LM1304, LM1305, LM1307 and LM1307E are de-
signed to derive the left and right channel audio information 
from the detected composite stereo signal. The LM1304 
eliminates the need for an external stereo-channel separation 
control. The LM1305 is similar to the LM1304 but permits 
the use of an external stereo channel separation control for 
maximum separation. The LM1307 is also similar to the 
LM1304 but does not have the audio mute control, or the 
stereo/mono switch. The LM1307E is similar to the LM1307 
but has the option of emitter-follower output drivers for 
buffers or high-current applications. Features include: 

MI Operation over a wide power-supply range 
• Built-in stereo-indicator lamp driver-100 mA typi-

cal 
• Automatic switching between stereo and monaural 
• Audio mute control 
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VCO 
CONTROL 

11 

LM1310 PHASE LOCKED LOOP FM STEREO DEMODULATOR 

The LM1310 is an integrated FM stereo demodulator 
using phase-locked loop techniques to regenerate the 38-kHz 
subcarrier. A second version also available is the LM1800 
(see separate data sheet) which adds superb power-supply 
rejection and buffered (emitter-follower) outputs to the basic 
phase-locked decoder circuit. The features available in these 
integrated circuits make possible a system delivering high 
fidelity sound within the cost restraints of inexpensive stereo 
receivers. Features include: 

II Automatic stereo/monaural switching 
II No coils, all tuning performed with single poten-

tiometer 
• Wide supply operating voltage range 
MI Excellent channel separation 
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LM1351 FM DETECTOR, LIMITER AND AUDIO AMPLIFIER 

The LM1351 is a monolithic integrated circuit FM detec-
tor, limiter and audio amplifier that requires a minimum of 
external components for operation. It includes three stages of 
i-f limiting and a balanced product detector. The audio 
amplifier is capable of driving a single external transistor class 
A audio output stage. Features include: 

• Direct replacement for MC1351 
• Simple detector alignment—one coil or ceramic fil-

ter. 
• Sensitivity-3-dB limiting voltage at 80 µV typ. 
II Low harmonic distortion 
• High i-f voltage gain 
• High audio preamplifier open loop gain 
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LM1558, LM1458 DUAL OPERATIONAL AMPLIFIER 

The LM1558 and LM1458 are general-purpose dual 
operational amplifiers. The two amplifiers share a common 
bias network and power supply leads. Otherwise, their oper-
ation is completely independent. Features include: 

la No frequency compensation required 
IM Short-circuit protection 
II Wide common-mode and differential voltage ranges 
• Low-power consumption 
• 8-lead TO-5 and 8-lead mini-DIP 
Ill No latch-up when input common mode range is 

exceeded 

The LM1458 is identical to the LM1558 except that the 
LM1458 has its specifications guaranteed over the tempera-
ture range from 0°C to 70°C instead of the — 55°C to +125°C 
range of the LM1588. 
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LM159E—LM1496 BALANCED MODULATOR-DEMODULATOR 

The LM1596/LM1496 are double balanced modulator-
demodulators that produce an output voltage proportional to 
the product of an input (signal)voltage and a switching (car-
rier) signal. Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous detection, 
FM or PM detection and broadband frequency doubling and 
chopping. 

The LM1596 is specified for operation over the —55°C 
to +125°C military temperature range. The LM1496 is 
specified for operation over the 0°C to +70°C temperature 
range. Features include: 

• Excellent carrier suppression 
65 dB typical at 9.5 MHz 
50 dB typical at 10 MHz 

MI Adjustable gain and signal handling 
• Fully balanced inputs and outputs 
• Low offset and drift 
• Wide frequency response up to 100 MHz 
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LM1900,LM2900 LM3900 LM3301, LM3401 QUAD AMPLIFIER 

The LM1900 series consists of four independent, dual 
input, internally compensated amplifiers that were designed 
specifically to operate off of a single power supply voltage and 
to provide a large output voltage swing. These amplifiers 
make use of a current mirror to achieve the noninverting input 
function. They are used as AC amplifiers; RC active filters; 
low-frequency triangle, square and pulse wave generation 
circuits; tachometers and low-speed, high-voltage digital 
logic gates. Features include: 

MI Wide single supply voltage range or dual supplies 
4VDc to 36 VDC 
±- 2 VDC to ± 18 VDC 

III Supply current drain independent of supply voltage 
II Low input biasing current 30 nA 
• High open-loop gain 70 dB 
la Wide bandwidth 2.5 MHz (unity gain) 
• Large output voltage swing (V+ — 1) Vp-p 
• Internally frequency compensated for unity gain 
• Output short-circuit protection 
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LM3028A LM30288, LM3053 DIFFERENTIAL RF IF AMPLIFIER 

The LM3028A/LM3028B and LM3053 is a monolithic 
rf/i-f amplifier intended for emitter-coupled (differential) or 
cascade amplifier operation from DC to 120 MHz in industrial 
and communications equipment. The LM3028A/LM3028B 
and LM3053 are plug-in replacements for the CA3028A/ 
CA3028B and CA3053 respectively. The LM3028B is similar 
to the LM3028A but has premium performance with tighter 
limits in offset voltage and current, bias current and voltage 
gain. The LM3053 is similar to the LM3028A/LM3028B but 
is recommended for i-f amplifier operation with less critical 
DC parameters. Features include: 

al Controlled for input offset voltage ,input offset cur-
rent and input bias current 

II Balanced differential amplifier configuration with 
controlled-current source to provide unexcelled 
versatility 

• Single-ended and dual-ended operation 
II Operation from DC to 120 MHz 
• Balanced agc capability 
• Wide operating-current range 
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LM3065 iELEVISION SOUND SYSTEM 

The LM3065 is a monolithic integrated circuit television 
sound system that requires a minimum of external compo-
nents for operation. It includes three stages of i-f limiting, an 
FM detector, an electronic attenuator or volume control, an 
audio amplifier-driver, and a temperature-stable regulated 
power supply. Volume control is accomplished by varying 
bias levels of the electronic attenuator with a potentiometer 
between pin 6 and GND. Because no audio signal is present in 
this control, hum and noise pickup are easily filtered. Un-
shielded wire may be used for the volume control. 
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Section Four 

In this chapter on th transistor-transistor logic, or TTL, 
family, you'll find the me type of information as we included 
in Chapter 1 on CMO chips. In addition, we occasionally give 
the maximum clock t equency for flip-flops, counters and 
registers when it is as propriate. 
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TTL Chip Listing 

7400-Series TTL 

7400 Quad 2-Input NAND Gate 204 
7401 Quad 2-Input NAND Gate 205 
7402 Quad 2-Input NOR Gate 206 
7403 Quad 2-Input NAND Gate 207 
7404 Hex Inverter 208 
7405 Hex Inverter 209 
7406 Hex Inverter Buffer/Driver 210 
7407 Hex Buffer/Driver 211 
7408 Quad 2-Input AND Gate 212 
7409 Quad 2-Input AND Gate 213 
7410 Triple 3-Input NAND Gate 214 
7411 Triple 3-Input AND Gate 215 
7412 Triple 3-Input NAND Gate 216 
7413 Dual 4-Input NAND Schmitt Trigger 217 
7414 Hex Schmitt Trigger 218 
7415 Triple 3-Input AND Gate 219 
7416 Hex Inverter Buffer/Driver 220 
7417 Hex Buffer Driver 221 
7420 Dual 4-Input NAND Gate 222 
7421 Dual 4-Input AND Gate 223 
7422 Dual 4-Input NAND Gate 224 
7423 Expandable Dual 4-Input NOR Gate with Strobe 225 
7425 Dual 4-Input NOR with Strobe 226 
7426 Quad 2-Input NAND Gate 227 
7427 Triple 3-Input NOR Gate 228 
7428 Quad 2-Input NOR Buffer 229 
7430 8-Input NAND Gate 230 
7432 Quad 2-Input OR Gate 231 
7433 Quad 2-Input NOR Buffer 232 
7437 Quad 2-Input NAND Buffer 233 
7438 Quad 2-Input NAND Buffer 234 
7439 Quad 2-Input NAND Buffer 235 
7440 Dual 4-Input NAND Buffer 236 
7442 BCD-To-Decimal Decoder 237 
7443 Excess-3-To-Decimal Decoder 238 
7444 Excess-3-Gray-To-Decimal Decoder 239 
7445 BCD-To-Decimal Decoder/Driver 240 
7446A, 7447A BCD-To-7-Segment Decoder/Driver 241 
7448 BCD-To-7-Segment Decoder 243 
7450 Expandable Dual 2-Wide 2-Input A01 Gate 244 
7451 Dual 2-Wide 2-Input AND-OR-Invert Gate 245 
7452 Expandable 2-2-2-3 AND-OR Gate 246 
7453 Expandable 4-Wide 2-Input AND-OR-Invert Gate 247 
7454 4-Wide 2 & 3-Input AND-OR-Invert Gate 248 
7455 Expandable 2-Wide 4-Input AND-OR-Invert Gate 249 
7462 3-2-2-3-Input AND-OR Expander 250 
7464 4-2-3-2-Input NAD-OR-Invert Gate 251 
7465 4-2-3-2 Input AND-OR Invert Gate 252 
7470 Edge-Triggered Flip-Flop 253 
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7471 Pulse Triggered Flip-Flop 254 
7472 Pulse Triggered Flip-Flop 255 
7473 Dual JK Flip-Flop 256 
7474 Dual D-Type Flip Flop 257 
7475 Dual 2-Bit Transparent Latch 258 
7476 Dual JK Flip-Flop 259 
7477 Dual 2-Bit Transparent Latch 260 
7478 Dual JK Edge-Triggered Flip-Flop 261 
7480 Gated Full Adder 262 
7483 4-Bit Full Adder 263 
7485 4-Bit Magnitude Comparator 264 
7486 Quad 2-Input EXCLUSIVE-OR Gate 266 
7489 64-Bit Random Access Memory 267 
7490 Decade Counter 268 
7491 8-Bit Shift Register 270 
7492 Divide-By-Twelve Counter 271 
7493 4-Bit Binary Ripple Counter 273 
7494 4-Bit Shift Register 275 
7495 4-Bit Shift Register 277 
7496 5-Bit Shift Register 279 
74100 Dual 4-Bit Transparent Latch 280 
74101 JK Edge-Triggered Flip-Flop 281 
74102 JK Edge-Triggered Flip-Flop 282 
74103 Dual JK Edge-Triggered Flip-Flop 284 
74106 Dual JK Edge-Triggered Flip-Flop 285 
74107 Dual JK Flip-Flop 286 
74108 Dual JK Edge-Triggered Flip-Flop 288 
74109 Dual JR- Positive Edge-Triggered Flip-Flop 290 
74112 Dual JK Edge-Triggered Flip-Flop 292 
74113 Dual JK Edge-Triggered Flip-Flop 294 
74114 Dual JK Edge-Triggered Flip-Flop 296 
74116 Dual 4-Bit Transparent Latch 298 
74121 Monostable Multivibrator 300 
74122 Retriggerable Monostable Multivibrator 302 
74123 Dual Retriggerable Monostable Multivibrator 304 
74125 Quad 3-State Buffer 306 
74126 Quad 3-State Buffer 307 
74128 Quad 2-Input NOR Buffer 308 
74132 Quad 2-Input NAND Schmitt Trigger 309 
74133 13-Input NAND Gate 310 
74134 12-Input NAND Gate 311 
74135 Quad EXCLUSIVE ORINOR Gate 312 
74136 Quad 2-Input EXCLUSIVE-OR Gate 313 
74138 1-of-8 Decoder/Demultiplexer 314 
74139 Dual 1-of-4 Decoder/Demultiplexer 315 
74140 Dual 4-Input NAND 50-OHM Line Driver 317 
74145 BCD-To-Decimal Decoder/Driver 318 
74147 10-Line-To-4-Line Priority Encoder 320 
74148 8-Input Priority Encoder 321 
74150 16-Input Multiplexer 322 
74151 8-Input Multiplexer 324 
74152 8-Line to 1-Line Data Selector/Multiplexer 326 
74153 Dual 4-Line to 1-Line Multiplexer 328 
74154 1-of-16 Decoder/Demultiplexer 330 
74155 Dual 2-Line to 4-Line Decoder/Demultiplexer 332 
74156 Dual 2-Line to 4-Line Decoder/Demultiplexer 334 
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74157 Quad 2-Input Data Selector/Multiplexer (Non-Inverted)336 
74158 Quad 2-Input Data Selector/Multiplexer (Inverted) 338 
74159 1-of-16 Decoder/Demultiplexer 340 
74160 DEC Decade Counter 342 
74161 4-Bit Binary Counter 345 
74162 BCD Decade Counter 346 
74163 4-Bit Binary Counter 348 
74164 8-Bit Serial-In Parallell-Out Shift Register 350 
74165 8-Bit Serial/Parallel-ln, Serial-Out Shift Register 352 
74166 8-Bit Serial/Parallel-In, Serial-Out Shift Register 354 
74168 4-Bit Up/Down Synchronous Counter 356 
74169 4-Bit Up/Down Synchronous Counter 358 
74170 4x4 Register File 360 
74172 16-Bit Multiple Port Register File 362 
74173 Quad D-Type Flip-Flop With 3-State Outputs 364 
74174 Hex D Flip-Flop 366 
74175 Quad D Flip-Flop 368 
74180 9-Bit Odd/Even Parity Generator/Checker 370 
74181 4-Bit Arithmetic Logic Unit 372 
74182 Look Ahead Carry Generator 376 
74189 64-Bit Random Access Memory (3-State) 378 
74190 Presettable BCD/Decade Up/Down Counter 380 
74191 Presettable 4-Bit Binary Up/Down Counter 382 
74192 Presettable BCD Decade Up/Down Counter 384 
74193 Presettable 4-Bit Binary Up/Down Counter 386 
74194 4-Bit Directional Universal Shift Register 388 
74195 4-Bit Parallel Access Shift Register 390 
74196 Presettable Decade Ripple Counter 392 
74197 Presettable 4-Bit Binary Ripple Counter 394 
74198 8-Bit Bidirectional Universal Shift Register 396 
74199 8-Bit Parallel Access Shift Register 398 
74221 Dual Monostable Multivibrator 400 
74251 8-Input Multiplexer (3-State) 402 
74253 Dual 4-Input Multiplexer (3 State) 404 
74256 Dual 4-Bit Addressable Latch 406 
74257 Quad 2-Line to 1-Line Data Selector/Multiplexer  408 
74258 Quad 2-Line to 1-Line Data Selector/Multiplexer 410 
74259 8-Bit Addressable Latch 412 
74260 Dual 5-Input Positive Nor Gate 413 
74261 Multiply Decoder 414 
74266 Quad 2-Input Exclusive-Nor Gate with Open-Collector 

Outputs 415 
74273 Octal D Flip-Flop 416 

74279 A Quad SA-Latch 417 
74280 9-Bit Odd/Even Parity Generator/Checker 418 
74283 4-Bit Full Adder With Fast Carry 420 
74289 65-Bit Random Access Memory 422 
74290 Decade Counter 424 
74293 4-Bit Binary Ripple Counter 426 
74295 4-Bit Shift Register With 3-State Outputs 428 
74298 Quad 2-Port Register 430 
74299 8-Bit Universal Shift/Storage Register 432 
74323 8-Bit Universal Shift/Storage Register 434 
74350 4-Bit Shifter With 3-State Outputs 436 
74363 Octal Transparent Latch With 3-State Outputs 438 
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74364 Octal D Flip-Flop With 3-State Outputs 440 
74365 Hex Buffer/Driver (3-State) 442 
74366 Hex Inverter Buffer (3-State) 443 
74367 Hex Buffer/Driver (3-State) 444 
74368 Hex Inverter Buffer (3-State) 445 
74373 Octal Transparent Latch with 3-State Outputs 446 
74374 Octal D Flip-Flop With 3-State Outputs 448 
74375 Dual 2-Bit Transparent Latch 450 
74377 Octal D Flip-Flop With Clock Enable 451 
74378 Hex D Flip-Flop With Clock Enable 452 
74379 Quad D Flip-Flop With Clock Enable 453 
74390 Dual Decade Ripple Counter 454 
74393 Dual 4-Bit Binary Ripple Counter 456 
74386 Quad Exclusive-Or Gate 457 
74395 4-Bit Cascadable Shift Register With 3-State Outputs 458 
74398 Quad 2-Port Register 460 
74399 Quad 2-Port Register 461 
74445 BCD-To-Decimal Decoder/Driver 462 
74490 Dual BCD Decade Ripple Counter 463 

74568 BCD Decade Up/Down Synchronous Counter (3-State)465 
74569 4-Bit Binary Up/Down Synchronous Counter (3-State)468 
74670 4x4 Register Rile 470 
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7400 QUAD 2-INPUT NAND GATE 

This device consists of four 2-input NAND gates. Each 
gate may be used as an inverter, or two gates may be 
cross-coupled to form bistable flip-flop circuits. 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term "NAND" is a contraction of "NOT AND." 
Note that the output is true when either or both of the inputs 
are false. Essentially, a NAND gate is the result of using an 
active inverting element in the gate circuitry. As with a 
conventional AND gate, the NAND gate may have any 
number of inputs. 

Typ. Delay Time (nS) 
Typ. Power Per Gate (mW) 

7400 

74S 746 74LS 74 741. 
3 6 9.5 10 33 
19 22 2 10 1 
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7401 QUAD 2-INPUT NAND GATE 

This device consists of four 2-input NAND gates. Each 
gate may be used as an inverter, or two gates may be 
cross-coupled to form bistable flip-flop circuits. 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term "NAND" is a contraction of "NOT AND." 
Note that the output is true when either or both of the inputs 
are false. Essentially, a NAND gate is the result of using an 
active inverting element in the gate circuitry. As with a 
conventional AND gate, the NAND gate may have any 
number of inputs. 

Standard TTL gate outputs should not be tied together 
unless their logic levels will always be the same. Open-
collector outputs, however, may be connected to other 
open-collector outputs to form additional logic. When outputs 
are thus tied together (OR-wired), a pullup resistor must be 
added between the common outputs and the positive supply. 
This is typically a 2.2K resistor. Open-collector outputs have 
a high output impedance in the HIGH state. Furthermore, 
they are slow acting, especially with capacitive loading. 

Typ. Delay Time (nS) 
Typ. Power Per Gate (nW) 

7401 

746 74LS 74 741. 
8 16 22 41 
22 2 10 1 

E vcc 
E 
E 
E 
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7402 QUAD 2-INPUT NOR GATE 

Standard TTL gate outputs should not be tied together 
unless their logic levels will always be the same. Open-
collector outputs, however, may be connected to other 
open-collector outputs to form additional logic. When outputs 
are thus tied together (OR-wired), a pullup resistor must be 
added between the common outputs and the positive supply. 
This is typically a 2.2K resistor. Open-collector outputs have 
a high output impedance in the HIGH state. Furthermore, 
they are slow acting, especially with capacitive loading. 

Typ. Delay Time (nS) 
Typ. Power Per Gate (mW) 

74S 74LS 74 741. 
3.5 10 10 33 
29 2.75 14 1.5 
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7403 QUAD 2-INPUT NAND GATE (0 C.) 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term "NAND" is a contraction of "NOT AND." 
Note that the output is true when either or both of the inputs 
are false. Essentially, a NAND gate is the result of using an 
active inverting element in the gate circuitry. As with a 
conventional AND gate, the NAND gate may have any 
number of inputs. 

Typ. Delay Time (nS) 
Typ. Power Per Gate (mW) 

74S 741.S 74 741. 
5 16 22 41 
17.2 2 10 1 

7403 
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7404 HEX INVERTER 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion is placed at the output, and the symbol is usually termed 
an inverter. 

Typ. Delay Time (nS) 
Typ. Power Per Gate (mW) 

74S 7411 74LS 74 74L 
3 6 9.5 10 33 
19 22 2 10 1 

7404 
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7405 HEX INVERTER (0 C ) 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion is placed at the output, and the symbol is usually termed 
an inverter. 

74S 74H 74LS 74 
Typ. Delay Time (nS) 5 8 16 22 
Typ. Power Per Gate (mW) 17.5 22 2 10 

GND 

2 

4 

5 

6 

7 

7405 
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7406 HEX INVERTER BUFFER/DRIVER (0 C ) 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion is placed at the output, and the symbol is usually termed 
an inverter. 

74 
High-Level Output Voltage (V) 30 
Low-Level Output Current (mA) ao 
Typ. Delay Time (nS) 12.5 
Typ. Power Per Gate (mW) 26 

13 

14 

15 

16 . 

GND E 
7406 
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7407 HEX BUFFER/DRIVER (O C ) 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion is placed at the output, and the symbol is usually termed 
an inverter. 

74 
High-Level Output Voltage (V) 30 
Low-Level Output Current 40 
Typ. Delay Time (ns) 13 
Typ. Power Per Gate (mW) 21 

f-? 

GND E 1E 
7407 
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7408 QUAD 2-INPUT AND GATE 

The symbol for the AND gate is shown below. By defini-
tion, for output C to be true, inputs A and B must be true; 
hence, the term AND gate. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

7408 

74LS 74 
12 15 
4.25 19 
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7409 QUAD 2-INPUT AND GATE (0 C ) 

The symbol for the AND gate is shown below. By defini-
tion, for output C to be true, inputs A and B must be true; 
hence, the term AND gate. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

74 741.S 
18.5 20 
19.4 4.25 

7409 
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7410 TRIPLE 3-INPUT NAND GATE 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term NAND is a contraction of NOT AND. Note 
that the output is true when either or both of the inputs are 
false. Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

Typ. Delay Time (n) 
Typ. Power Per Gate (me 

7410 

74S 74}1 74LS 74 74L 
3 6 9.5 10 33 
19 22 2 10 1 
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7411 TRIPLE 3-INPUT AND GATE 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must be true; 
hence the term AND gate. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

74S 74H 74LS 
4.75 8.2 12 
31 40 4.25 

2 

3 

4 

GND E 
7411 
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7412 TRIPLE 3-INPUT NAND GATE (0 C ), 

The NAND gate is a variation of the conventional AND 
Gate, delivering an inverted (false) output when all inputs are 
true. The term NAND is a contraction of NOT AND. Note 
that the output is true when either or both of the inputs are 
false. Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

7412 

741.S 
16 
2 
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.7413 DUAL 4-INPUT NAND SCHMITT TRIGGER 

The "13" contains two 4-input NAND gates that accept 
standard TTL input signals and provide standard TTL output 
levels. They are capable of transforming slowly changing 
input signals into sharply defined, jitter-free output signals. In 
addition, they have greater noise margin than conventional 
NAND gates. 

Each circuit contains a 4-input Schmitt trigger followed 
by a Darlington level shifter and a phase splitter driving a TTL 
totem pole output. The Schmitt trigger used positive feed-
back to effectively speed-up slow input transistions, and pro-
vide different input threshold voltages for positive and 
negative-going transitions. This hysteresis between the 
positive-going and negative-going input threshold (typically 
800 mV) is determined by resistor ratios and is essentially 
insensitive to temperature and supply voltage variations. As 
long as three inputs remain at a more positive voltage than 
VT+ (max), the gate will respond in the transitions of the other 
input as shown in Figure A. 

Typ. Hysteresis (V) 
Typ. Delay Time (ns) 

T 

GND 12_ 

7413 

74 74LS 
0.8 0.8 
16.5 16.5 

141 VCC 

12 

1 1 

8 
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7414 HEX SCHMITT TRIGGER 

The "14" contains six logic inverters that accept stan-
dard TTL input signals and provide standard TTL output 
levels. They are capable of transforming slowly changing 
input signals into sharply defined, jitter-free output signals. In 
addition, they have greater noise margin that conventional 
inverters. 

Each circuit contains a Schmitt trigger followed by a 
Darlington level shifter and a phase splitter driving a TTL 
totem pole output. The Schmitt trigger uses positive feed-
back to effectively speed up slow input transition, and provide 
different input threshold voltages for positive-going and 
negative-going transitions. This hysteresis between the 
positive-going and negative-going input thresholds (typically 
800 mV) is determined internally by resistor ratios and is 
essentially insensitive to temperature and supply voltage 
variations. 

Typ. Hysteresis (V) 
Typ. Delay Time (ns) 

74 74LS 
0.8 0.8 
15 15 

El 

GND E 
7414 

CC 
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7415 TRIPLE 3-INPUT AND GATE (0.C.) 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must be true; 
hence, the term AND gate. 

Typ. Delay Time (os) 
Typ. Power Per Gate (mW) 

GND 

E 

4 

74S 74LS 
6 20 
28 4.25 

rt,-1 

5 

6 

8 

Imaamal 

7415 
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7416 HEX INVERTER BUFFER/DRIVER (QC.) 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion is placed at the output, and the symbol is usually termed 
an inverter. 

High-Level Output Voltage (V) 
Low-Level Output Current (mA) 
Typ. Delay Time (os) 
Typ. Power Per Gate (mW) 

7416 

74 
15 
40 
12.5 
26 

vcc 
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7417 HEX BUFFER DRIVER (0 C ) 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion is placed at the output, and the symbol is usually termed 
an inverter. 

74 
High-Level Output Voltage (V) 15 
Low-Level Output Current (mS) 40 
Typ. Delay Time (ns) 13 
Typ. Power Per Gate (mW) 21 

7417 
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7420 DUAL 4-INPUT NAND GATE 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

74S 7411 74LS 74 
Typ. Delay Time (ns) 3 6 9.5 10 
Typ. Power Per Gate (mW) 19 22 2 10 

nr. 
1 
7 
fT 
E 
6 

GNDI 7 

El vcc 
,E 
z 
E 
7 
-91 

I 
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7421 DUAL 4-INPUT AND GATE 

The symbol for the AND gate is shown below. By defini-
tion, for output C to be true, inputs A and B must be true; 
hence, the term AND gate. 

GND 

Typ. Delay Time (as) 
Typ. Power Per Gate (mW) 

74H 74LS 
8.2 12 
ao 4.25 

11 

10 

7421 
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6 

7422 DUAL 4-INPUT NAND GATE (O .0 ) 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

74$ 74H 741.5 
5 8 16 
17.5 22 2 

GND 7 

7422 
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7423 EXPANDABLE DUAL 4-INPUT NOR GATE WITH STROBE 

Similar to the NAND gate, the NOR gate is a variation of 
the conventional OR gate, delivering an inverted (false) out-
put when any or all of its inputs are true. The term NOR is a 
contraction of NOT OR. Note that the output is true when all 
inputs are false. Like the NAND gate, the NOR gate uses an 
active inverting element in the gate circuitry. The NOR gate 
also may have any number of inputs. 

Typ. Delay Time (in) 
Typ. Power Per Gate (mW) 

E A 
M Y 

74 
10.5 
23 

OUTPUT 
Y 
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7425 DUAL 4-INPUT NOR WITH STROBE 

Similar to the NAND gate, the NOR gate is a variation of 
the conventional OR gate, delivering an inverted (false) out-
put when any or all of its inputs are true. The term NOR is a 
contraction of NOT OR. Note that the output is true when all 
inputs are false. Like the NAND gate, the NOR gate used an 
active inverting element in the gate circuitry. The NOR gate 
also may have any number of inputs. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (nW) 

— 

7425 

7425 

74 
10.5 
23 

(EACH GATE) 

OUTPUT 
Y 
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7426 QUAD 2-INPUT NAND GATE (0.C.) 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

74 74LS 
High-Level Output Voltage (V) 15 15 
Low-Level Output Current (mA) 16 8 
Typ. Delay Time (ns) 13.5 16 
Typ. Power Per Gate (mW) 10 2 

7426 

227 



7427 TRIPLE 3-INPUT NOR GATE 

Similar to the NAND gate, the NOR gate is a variation of 
the conventional OR gate, delivering an inverted (false) out-
put when any or all of its inputs are true. The term NOR is a 
contraction of NOT OR. Note that the output is true when all 
inputs are false. Like the NAND gate, the NOR gate used an 
active inverting element in the gate circuitry. The NOR gate 
also may have any number of inputs. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

GND 

74 74LS 
8.5 10 
22 4.5 

2 

3 

4 

1.11•P 

7427 
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7428 QUAD 2-INPUT NOR BUFFER 

Similar to the NAND Gate, the NOR gate is a variation of 
the conventional OR gate, delivering an inverted (false) out-
put when any or all of its inputs are true. The term NOR is a 
contraction of NOT OR. Note that the output is true when all 
inputs are false. Like the NAND gate, the NOR gate used an 
active inverting element in the gate circuitry. The NOR gate 
also may have any number of inputs. 

7428 
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7430 8-INPUT NAND GATE 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

Typ. Delay Time (es) 
Typ. Power Per Gate (mW) 

74S 74H 74 
3 6 10 
19 22 10 

16 1 

GND 

230 

741.S 74 
17 33 
2.4 1 

VC C 
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7432 QUAD 2-INPUT OR GATE 

Note the symbol for the OR gate. By definition, for C to 
be true, either input A or input B must be true; hence, the 
name OR gate. 

Typ. Delay Time (ns) 
74 
12 

Typ. Power Per Gate (mW) 24 

7432 
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7433 QUAD 2-INPUT NOR BUFFER 

Similar to the NAND gate, the NOR gate is a variation of 
the conventional OR gate, delivering an inverted (false) out-
put when any or all of its inputs are true. The term NOR is a 
contraction of NOT OR. Note that the output is true when all 
inputs are false. Like the NAND gate, the NOR gate uses an 
active inverting element in the gate circuitry. The NOR gate 
also may have any number of inputs. 

7433 
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7437 QUAD 2-INPUT NAND BUFFER 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

74 
Low-Level Output Current (mA) 48 
High-Level Output Current (mA) —1.2 
Typ. Delay Time (ns) 10.5 
Typ. Power Per Gate (mW) 27 

7437 
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7438 QUAD 2-INPUT NAND BUFFER (O.C.) 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

74 74LS 
High-Level Output Voltage (V) 5.5 5.5 
Low-Level Output Current (mA) 48 24 
Typ. Delay Time (ns) 12.5 19 
Typ. Power Per Gate (mW) 24.4 4.3 

E 

12 

E 

E 
GNDIJ 

7438 
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7439 QUAD 2-INPUT NAND BUFFER (O C ) 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

7439 
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7440 DUAL 4-INPUT NAND BUFFER 

The NAND gate is a variation of the conventional AND 
gate, delivering an inverted (false) output when all inputs are 
true. The term AND is a contraction of NOT AND. Note that 
the output is true when either or both of the inputs are false. 
Essentially, a NAND gate is the result of using an active 
inverting element in the gate circuitry. As with a conventional 
AND gate, the NAND gate may have any number of inputs. 

Low-Level Output Current (mA) 
High-Level Output Current (mA) 
Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

74S 74H 74 74LS 
60 60 48 24 
—3 —1.5 —1.2 —1.2 
4 7.5 10.5 12 
44 44 26 4.3 

E 
E 
E 

I. 

I 
F 

GND E 
POMP 

7440 

E vcc 
E 
z 
E 
E 
z 

z 
 AMIIIIIIIMIL 
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7442 BCD-TO-DECIMAL DECODER 

The "42" decoder accepts four active HIGH BCD inputs 
and provides 10 mutually exclusive active LOW outputs, as 
shown by logic symbol. The active LOW outputs facilitate 
addressing other MSI units with active LOW input enables. 

The logic design of the "42" ensures that all outputs are 
HIGH when binary codes greater than nine are applied to the 
inputs. The most significant input, A3, produces a useful 
inhibit function when the "42" is used as a one-or-eight de-
coder. The A3 input can also by used as the data input in an 
8-output demultiplexer application. 

15 14 13 

5 6 7 9 10 11 2 3 4 

VCC = Pin 16 
GND =-- Pin 8 

Truth Table 
A3 A2 Al AO jjijiiiii -iilj-

J
I
J
I
J
I
J
I
J
I
J
I
J
i
-
1
2
 

-
I
J
I
I
J
J
Z
I
J
J
Z
I
J
-
J
i
i
 

J
J
-
I
J
I
Z
Z
I
J
J
J
_
I
i
i
i
i
 

I
I
I
Z
Z
Z
Z
X
 

11.HHHHHHHHH 
HL 
H HLHHHHHHH 
H 
HHHHLHHHHH 
HHHHHLHHHH 
HHHHHHLHHH 
HHHHHHHLHH 
HHHHHHHHLH 
H HHHHHHHHL 
H HHHHHHHHH 
H HHHHHHHHH 
H HHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 

H 

HHHHHHHH 

H L H H H H H H 

7442 

12 

7442 
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7443 EXCESS-3-TO-DECIMAL DECODER 

The "43" is an excess-3-to 1-of-10 decoder that accepts 
excess-3 coded inputs (binary range 3 through 12) and gener-
ates 10 mutually-exclusive active LOW outputs. The 
excess-3 code is used in decimal arithmetic because of its 
self-complementing feature (the bit-wise complement of a 
number is also the complement of the nine) which simplifies 
subtraction. 

15 

4 5 6 7 9 10 11 1 2 3 

VCC = Pin 16 
GND = Pin 8 

Truth Table 

14 13 

7443 

12 

INPUTS OUTPUTS 

43 A2 A1 AO O1 2345 6789 

LLHH 
LHLL 
LHLH 
LHHL 
LHHH 
HLLL 
HLLH 
HLHL 
HLHH 
HHLL 
HHLH 
HHHL 
HHHH 
L L L L 
LLLH 
LLHL 

LHHHHHHHH14 
HLHHHHHHHH 
HHLHHHHHHH 
HHHLHHHHHH 
HHHHLHHHHH 
HHHHHLHHHH 
HHHHHHLHHH 
HHHHHHHLHH 
HHHHHHHHLH 
HHHHHHHHHL 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 

H = HIGH voltage level 7443 



7444 EXCESS-3-GRAY-TO-DECIMAL DECODER 

The "44" is an excess-3-Gray code to 1-or-10 decoder 
that accepts excess-3 gray-coded inputs and generates 10 
mutually exclusive active LOW outputs. The excess-3 gray 
code is used in decimal position encoders, because it retains 
the characteristics of a gray code (only one bit changes bet-
ween adjacent states) even on the change between nine and 
zero. 

15 

1 2 3 4. 5 6 7 9 10 11 

VCC = Pin 16 
GND = Pin 8 

Truth Table 

, 14 

7444 

13 12 

INPUTS OUTPUTS 

A3 A2 A1 AO 01 2 3 4 5 67 8 9 

LL HL 
L HHL 
L HHH 
L HL H 
LHLL 
HHL L 
HHL H 
HHHH 
HHHL 
HLHL 
HLHH 
HL LH 
HLL L 
L L L L 
L L L H 
LLHH 

L HHHHHHHHH 
HL H H H H HHH H 
HHLHHHHHHH 
HHHLHHHHHH 
HHHHLHHHHH 
HH H H H L HHHH 
HHHHHHL HHH 
HHHHHHHL HH 
HHHHHHHHLH 
HHHHHHHHHL 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 

H HIGH vottaos lerel 

7444 
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7445 BCD-TO-DECIMAL DECODER/DRIVER (0.C.) 

The "45" decoder accepts BCD on the Ao to A3 address 
lines and generates 10 mutually exclusive active LOW out-
puts. When an input code greater than nine is applied, all 
outputs are off. This device can therefore be used as a 1-of-8 
decoder with A3 used as an active LOW enable. 

The "45" can sink 20 mA while maintaining the standar-
dized guaranteed output LOW voltage (VOL) of 0.4V, but it 
can sink up to 80 mA with a guaranteed VOL of less than 0.9V. 
The "45" features an output breakdown voltage of 30V and is 
ideally suited as a lamp and solenoid driver. 

15 14 13 12 

4 5 6 7 9 10 11 1 2 3 

VCC = Pin 16 

GND = Pin 8 

Truth Table 

7445 

A3 A2 A1 AO O 1 2345 87 8 9 

L L L L 
L L L H 
LLHL 
LLHH 
LHLL 
LHLH 
LHHL 
LHHH 
HLLL 
HLLH 
HLHL 
HLHH 
HHLL 
HHLH 
HHHL 
HHHH 

LHHHHHHHHH 
HLHHHHHHHH 
HHLHHHHHHH 
HHHLHHHHHH 
HHHHLHHHHH 
HHHHHLHHHH 
HHHHHHLHHH 
HHHHHHHLHH 
HHHHHHHHLH 
HHHHHHHHHL 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 

7445 
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7446A, 7447A BCD-T0-7:SEGMENT DECODER/DRIVER 

The "46A" and "47A" 7-segment decoders accept a 4-bit 
BCD code input and produce the appropriate outputs for 
selection of segments in a 7-segment matrix display used for 
representing the decimal numbers 0-9. The 7 outputs (-à, —c, 

e, T, -0 of the decoder select the corresponding segments in 
the matrix shown in Figure A. 

The "46A" and "47A" have provisions for automatic 
blanking of the leading and/or trailing edge zeroes in a mul-
tidigit decimal number, resulting in an easily readable decimal 
display conforming to normal writing practice. In an 8-digit 
mixed integer fraction decimal representation, using the au-
tomatic blanking capability, 0070.0500 would be displayed as 
70.05. Leading edge zero suppression is obtained by connect-
ing the ripple blanking output (BI/RBO) of a decoder to the 

7 1 2 6 3 5 

13 12 11 10 9 15 14 4 

V CC = Pin 16 
GND = Pin 8 

1 à 

7446 
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ripple blanking input (RBI) of the next lower stage device. 
The most significant decoder stage should have the RBI input 
grounded, and because suppression of the least significant 
integer zero in a number is not usually desired, the RBI input 
of this decoder stage should be left open. A similar procedure 
for the fractional part of a display will provide automatic 
suppression of trailing edge zeroes. 

The decoder has an active LOW input lamp test which 
overrides all other input combinations and enables a check to 
be made on possible display malfunctions. The BI/RBO ter-
minal of the decoder can be OR-tied with a modulating signal 
via an isolating buffer to achieve pulse duration intensity 
modulation. A suitable signal can be generated for this pur-
pose by forming a variable frequency multivibrator with a 
cross-coupled pair of open collector gates. 

DECIMAL 
OR 

FUNCTION 

INPUTS OUTPUTS 

LT RBI A3 A2 A1 Ao BI/R130(b)ibédàf 

0 HHLLLL H LLLLLLH 

1 H X L LLH H HLLHHHH 

2 H X LLHL H LLHLLHL 

3 H X L LHH H L L LLHHL 

4 H X LHLL H HLLHHLL 

5 H X LFILH H LHLLHLL 

6 H X LHHL H HHLLLLL 

7 H X L HHH H LLLHHHH 

8 H X HLLL H LLLLLLL 

9 H X HLLH H LLLHHLL 

10 H X HLHL H HHHLLHL 

11 H X HLHH H HHLLHHL 

12 H X HHLL H HLHHHLL 

13 H X HHLH H LHHLHLL 

14 H X HHHL H HHHLLLL 

15 H X HHHH H HHHHHHH 

j(b) X X XXX X L HHHHHHH 

R81(b) HLLLLL L HHHHHHH 

Et L X X XXX H LLLLLLL 

H HIGH voltage level 

L LOW voltage level 

X Don't care 

7447 
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7448 BCD-T0-7-SEGMENT DECODER 

The "48" 7-segment decoder accepts a 4-bit BCD code 
input and produces the appropriate outputs for selection of 
segments in a 7-segment matrix display used for representing 
the decimal numbers 0-9. The seven outputs (a,b,c, d,e,f,g) 
of the decoder select the corresponding segments in the 
matrix shown in Figure A. 

The decoder has active HIGH outputs so a buffer trans-
istor may be used directly to provide the high currents re-
quired for multiplexed LED displays. If additional base drive 
current is required external resistors may be added from the 
supply voltage to the 7-segment outputs of the decoders. The 
value of this resistor is constrained by the 6.4-mA current 
sinking capability of the output transistors of the circuit. 

The "48" has provision for automatic blanking of the 
leading and/or trailing edge zeroes in a multidigit decimal 
number, resulting in an easily readable decimal display con-
forming to normal writing practice. In an eight-digit mixed 
integer fraction decimal representation, using the automatic 
blanking capability, 0060.0300 would be displayed as 60.03. 
Leading edge zero suppression is obtained by connecting the 
ripple blanking output (BI/RBO) of a decoder to the ripple 
blanking input (RBI) of the next lower stage device. The most 
significant decoder stage should have the RBI input 
grounded, and because suppression of the least ÈgLificant 
integer zero in a number is not usually desired, the RBI input 
of this decoder stage should be left open. A similar procedure 
for the fractional part of a display will provide automatic 
suppression of trailing edge zeroes. 

The decoder has an active LOW input lamp test which 
overrides all other input combinations and enables a check to 
be made on possible display malfunctions. The BURBO ter-
minal of the decoder can be OR-tied with a modulating signal 
via an isolating buffer to achieve pulse duration intensity 
modulation. A suitable signal can be generated for this pur-
pose by forming a variable frequency multivibrator with a 
cross-coupled pair of open collector gates. 
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7450 EXPANDABLE DUAL 2-WIDE 2-INPUT A01 GATE 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must by true; 
hence, the term AND gate. 

Note symbol for the OR gate. By definition,for C to be 
true either input A or input B must be true, hence the name 
OR gate. 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion circle is placed at the output, and the symbol is usually 
termed an inverter. 

Typ. Delay Time (ris) 
Typ. Power Gate (mW) 

7411 74 
6.5 10.5 
29 14 

GND 

vc, 

rz 
—7171 I X 

— 

7450 

I 

244 



7451 DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must by true; 
hence, the term AND gate. 

Note symbol for the OR gate. By definition,for C to be 
true either input A or input B must be true, hence the name 
OR gate. 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion circle is placed at the output, and the symbol is usually 
termed an inverter. 

74S 74/1 74 74LS 74L 
Typ. Delay Time (ns) 3.5 6.5 10.5 12.5 43 
Typ. Power Per Gate (mW) 28 29 14 2.75 1.5 

EL 

ii 

EL 
GND 

10 

z 

7451 
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7452 EXPANDABLE 2-2-2-3 AND-OR GATE 

The symbol for the AND gate is shown below. By defini-
tion, for output C to be true, inputs A and B must be true; 
hence, the term AND gate. 

Note the symbol for the OR gate. By definition, for C to 
be true, either input A or input B must be true; hence, the 
name OR gate. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

7411 
9.9 
88 

cY,---

E vcc 
E 
E 
E 
E 
z x 
I 

7452 
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7453 EXPANDABLE 4-WIDE 2-INPUT AND-OR-INVERT GATE 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must by true; 
hence, the term AND gate. 

Note symbol for the OR gate. By definition,for C to be 
true either input A or input B must be true, hence the name 
OR gate. 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion circle is placed at the output, and the symbol is usually 
termed an inverter. 

74H 74 
Typ. Delay Time (ns) 6.6 10.5 
Typ. Power Per Gate (mW) 41 23 

1  

vcc 
LE 

LE x 

7453 
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7454 4-WIDE 2 & 3-INPUT AND-OR-INVERT GATE 

Refer to the description of the 7450. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

74H 74 
6.5 10.5 
41 23 

(d) E— 
GND E 

El 
Il 

GND E 

74LS 741 
12.5 43 
4.5 1.5 

V C C 

7454 

74LS54 
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7455 EXPANDABLE 2-WIDE 4-INPUT AND-OR-INVERT GATE 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must by true; 
hence, the term AND gate. 

Note symbol for the OR gate. By definition,for C to be 
true either input A or input B must be true, hence the name 
OR gate. 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion circle is placed at the output, and the symbol is usually 
termed an inverter. 

Typ. Delay Time (na) 

Typ. Power Per Gate (inW) 

74H 74LS (Not Expandable) 
6.8 12.5 
30 2.75 

z 
7455 
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7462 3-2-2-3-INPUT AND-OR EXPANDER 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must be true; 
hence, the term AND gate. 

Note the symbol for the OR gate. By definition, for C to 
be true, either input A or input B must be true; hence, the 
name OR gate. 

74H 
Type. Power Per Gate 

7462 

25 
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7464 4-2-3-2-INPUT AND-OR-INVERT GATE 

The symbol for the AND gate is shown here. By defini-
tion, for output C to be true, inputs A and B must by true; 
hence, the term AND gate. 

Note symbol for the OR gate. By definition,for C to be 
true either input A or input B must be true, hence the name 
OR gate. 

As logic elements are combined in series to perform 
logic functions, voltage levels tend to degrade. Thus, 
amplifiers are sometimes needed to restore voltages or cur-
rents to proper levels. Assuming no inversion is encoun-
tered, a true input will produce a true output, and a false input 
will produce a false output. When inversion occurs, an inver-
sion circle is placed at the output, and the symbol is usually 
termed an inverter. 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

74S 74H 74 74LS 741. 
3.5 6.6 10.5 12.5 43 
29 41 23 4.5 1.5 
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7465 4-2-3-2 INPUT AND OR INVERT GATE (0 C ) 

74S 
Typ. Delay Tiem (m,) 5.5 
Typ. Power Per Gate (mW) 36 

13 

16, 

GND E 

4111MII 

AIM« 

7465 

v cc 
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7470 EDGE-TRIGGERED FLIP-FLOP 

The 54/7470 is a positive edge-triggered J-K flip-flop 
featuring direct set and reset inputs and complementary out-
puts Q and U. Information is transferred to the outputs on the 
LOW-to-HIGH transition of the clock pulse. Multiple J and K 
inputs are provided to minimize gate requirements in state 
decoding applications. 

The set (D) and reset (RD) are asynchronous active 
LOW inputs. When the clock is LOW, they override the data 
inputs forcing the outputs to their steady state level as shown 
in the truth table. 

• 
Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 

Vcc Pun 14 
GND Pin 7 

Pin numbeis are tor pin contiguratiOn **A 

7470 

Truth Table 
OPERATING MODE 

INPUTS OUTDUTS 

lc) Tin Ca a K 0 5 
Asynchronous Sel 

Asynchronous Reset .CleeriFILLXXLM 

Undetermined 'c' 

TOWN 
Load "0" diesel. 

Load "1" ISeli 

Floid "no change" 

LHL 

LL 

H1-1.hhiiq 

NH. 

1-1HihIFIL 

NH. 

X 

X 

X 

InLH 

I 

X 

X 

I 

1.1 

L 

q 

L 

L 

11 

745 
35 
65 

J• • J.••71à 

.0a renege Woe, 'Neely Me 
1.0w .onage W. 0000 Mee 
01014 renne Nee, one eelop one 000, HI «ro LOW-Wed. Clod Irenween 

,e1, one moo nnbe once le «be 1.000,0•0100, Clon weneene 
Denture 

1.001, on. Moen 00•Cale toe OW 0, 10,1 Medenced oolpol poor lo lee lo 
HIGH Glad ovate. 
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7471 PULSE TRIGGERED FLIP-FLOP 

The "71" is a positive pulse-triggered master slave flip-
flop with AND-OR gated JK inputs and direct set (-D) input. 
JK information is loaded into the master while the clock is 
HIGH and transferred to the slave on the HIGH-to-LOW 
clock transition. The J and K inputs should be stable while the 
clock is HIGH for conventional operation. J or K input transi-
tions for HIGH-to-LOW should be avoided while the clock is 
HIGH because of the feature of this flip-flop to catch ones. 

The Set (SD) is an asynchronous active LOW input. 
When LOW, the D overrides the clock and the data inputs, 
forcing the Q output HIGH and the «Q output LOW. 

Typ. Max. Clock Frequency (MHz) 
A Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Held Time (ns) 

2 

3 

13 

10 

11 

12 

VCC Pin 14 
ONO Pin 7 

Pin numbers are for pin configuration "A" 

7471 
Truth Table 

OPERATING MODE 
INPUTS OUTPUT* 

ED ali .1 KO tà 
Asynchronous Set L X X XHL 

Toggle H _r-L h hZi q 

,...oad "1" igeu H _rth 1 HL 

Hold no change" H SI 1 I q -rj 

74H 741. 
30 6 
80 3.8 
0 0 
0 0 

MGM wonape 10.10000y 01010 
Low won•p• 1OC1 $wàey 61010 
>non .L•g• 4.1 00or L0.10.1111:01C1oe 1.0.0n .0. 

LOW ronaq• 10. pr. 10 L0,040400/1 Clock leenwbon 
On 1 cam 
Lower w.c.010 1.1 WM &Me ••••••0010 OutplA pr.1011101001110 

LOW C10. Irmwtmen 

Pam. Coo. pLd.. 

254 



7472 PULSE TRIGGERED FLIP-FLOP 

The "72" is a positive pulse-triggered master slave flip-
flop with gated JK inputs and direct set and reset inputs. JK 
information is loaded into the master while the clock is HIGH 
and transferred to the slave on the HIGH-to-LOW clock 
transition. The J and K inputs should be stable while the clock 
is HIGH for conventional operation. J or K input transitions 
from HIGH-to-LOW should be avoided while the clock is 
HIGH because of the feature of this flip-flop to catch ones. 

The set (D) and reset (Tip) are asynchronous active 
LOW inputs. When LOW, they override the clock and data 
inputs, forcing the outputs to their steady state level, as 
shown in the truth table. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

13 

74H 74 741. 
30 20 6 
80 50 3.8 
O 0 0 
O 0 0 

Truth Table 
OPERATING MODE 

INPUTS OUTPUTS 
e 
3 0 

e 
,1 1, CP .1 KO 31 

Asynchronous Set LHX X X HL 

Asynchronous Reset 'Clean H L X )( X LH 

Undelerrnmed .Note c. LLX X X HH 

Toggle HI-Irthh 71 a 

Load'0 Reset. HH.r-LI h LH 

Load "1" Set. H 11 Si_ h t HL 

Hold no change" H H fl. I I 1: 

HIGH WWww Wwl uno, Wfar 

LOW ronage wrel M eth 1111. 
NICO. wept. WW. p.m 10 LOW lo 141G1.1 
LOW •W lage twer la LOW 10 WON CIO. . 
000 ,0... 

La», Nellfn mclocale W ed me ne....c• oulpot eq. 1011014 loLOW 
GOCIt IWWW/On 
P0I.I.. Cí.í www 
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7473 DUAL JK FLIP-FLOP • 

The "73" is a dual flip-flop with individual JK, clock and 
direct reset inputs. The 7473 and 74H73 are positive pulse-
triggered flip-flops. JK information is loaded into the master 
while the clock is high and transferred to the slave on the 
HIGH-to-LOW clock transition. For these devices, the J and 
K inputs should be stable while the clock is HIGH for conven-
tional operation. The 74LS73 is a negative edge-triggered 
flip-flop. The J and K inputs must be stable one setup time 
prior to the HIGH-to-LOW Clock transition for predictable 
operation. 

The Reset (Th) is an asynchronous active LOW input. 
When LOW, it overrides the clock and data inputs, forcing the 
Q output LOW and the output high. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

7473 
Vcc - Pin 4 

GNO Pin 11 

74H 74 741 74LS 
30 20 6 45 
80 50 3.8 10 
0 0 0 20 
0 0 0 0 

Truth Table 
OPERATING MODE 

INPUTS OUTPUTS 

go CP (d) J K 0 -Ell 

Asynchronous Reset 'Clear, 

Toggle 

Load "0" 'Reset, 

Load -1" ISah 

Hold no change- 

L 

H-1-1-hhil 

H 

H_T-Lh1HL 

H 

X 

..1--1- 

_I--L 

XX 

I 

I 

h 

I 

LH 

L 

g 

g 

H 

ra 

H HIGH HAM, Irobl Heady Hale 
I. LOW raw... stew, sla» 
II one se. poa ne HIGH...LOW Crock Irmsdoco... 

t ...o4/re M.N.., «He t“He ',Ha to Ire HIGH.10•LOW Gloch 
o Don I Care 
q L. Me Mien •ndarle 'He stme ol ...Wambold out. ona inoliGHp 

LOW CR. Ironsdeon 
• %Me* CHg pulse 
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7474 DUAL D-TYPE FLIP-FLOP 

The"74" is a dual positive edge-triggered D-type flip-flop 
featuring individual data, clock, set and reset inputs and 
complementary Q and Q outputs. Set (SD) and reset (AD) are 
asynchronous active LOW inputs and operate independently 
of the clock input. Information on the data (D) input is trans-
ferred to the Q output on the LOW-to-HIGH transition of the 
clock pulse. The D inputs must be stable one setup time prior 
to the LOW-to-HIGH clock transition for predictable opera-
tion. Although the clock input is level sensitive, the positive 
transition of the clock pulse between the 0.8V and 2.0V 
levels should be equal to or less than the clock to output delay 
time for reliable operation. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (fis) 

12 

11 

7474 

746 741I 74LS 74 74L 
110 43 33 25 6 
75 75 10 43 4 
3 15 25 20 50 
2 5 5 5 15 

Truth Table 
OPERATING NOCIE 

INPUTS OUTPUTS 
— 
RD AD CP El 0 li 

Asynchronous Set 
Asynchronous Reset 
ICIeen 

Undetermined to 
Load "1" (SO 
Load "0" (Reset) 

LFIX 
HL 

LL 
H 
Hilt 

II 

X 

X 
I 

X 
X 

X 
h 
I 

H 
L 

II 
Fl 
L 

L 
H 

H 
L 
H 

- MOH •oeWp• ••••, Wore Mr 
- WOW enep bowl ow• wow me ww• so Mo. LOW le WO. 000, Wowboo, 
- LOW •dtw• Wool Moody Me 
- LOW.. ....Owe Maw lame ewe Ine LOW low.O. 000, WwwWw 

It • ONO we 
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7475 DUAL 2-BIT TRANSPARENT LATCH 

The "75" has two independent 2-bit transparent latches. 
Each 2-bit latch is controlled by an active HIGH enable input 
(E). When E is HIGH, the data enters the latch and appears at 
the Q output. The Q outputs follow the data inputs as long as 
E is HIGH. The data (on the D) input one setup time before 
the HIGH-to-LOW transition of the enable will be stored in 
the latch. The latched outputs remain stable as long as the 
enable is LOW. 

13 

10 11 9 e 16 1 

VCC ' Pin 5 
GNO in Pin 12 

MODE SELECT 
FUNCTION TABLE 

15 14 

7475 

OPERATING 
MODE 

INPUTS OUTPUTS 

ED 0 0 

Data Enabled HL 
HH 

L 
H 

H 
L 

Data Latched L X q -q-

H = HIGH voltage level 
L = LOW voltage level 

X = Don't care 
q = Lower case letters indicate the state of referenced 

output one setup time prior to the HIGH-to-LOW 
Enable transition. 
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7476 DUAL JK FLIP-FLOP 

The "76" is a dual JK flip-flop with individual J, K, clock, 
set and reset inputs. The 7476 and 74H76 are positive pulse-
triggered flip-flops. JK information is loaded into the master 
while the clock is HIGH and transferred to the slave on the 
HIGH-to-LOW clock transition. The J and K inputs must be 
stable while the clock is HIGH for conventional operation. 

The 74LS76 is a negative edge-triggered flip-flop. The J 
and K inputs must be stable only one setup time prior to the 
HIGH-to-LOW clock transition. The set («gu) and reset (iZu) 
are asynchronous active LOW inputs. When LOW, they 
override the clock and data inputs forcing the outputs to the 
steady state levels as shown in the truth table. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

Vcc = Pin 5 

.13N0 = Pin 13 

Truth Table 

74H 74 74LS 
30 20 45 
80 50 10 
0 0 20 
0 0 0 

OPERATING DIODE 
INPUTS OUT.UTS 

_ 
IlD 

,. 
RD C.15 (d) J K 0 a 

Arynchronous Set 

Asyncnronous Reset even 

UndHerrnmed Iv 

TOWN 
Load II" Cfluetl 

Load "I" tSell 

Hold no change 

LH 

>g 

I. 
HH_ri.hh 

HHJ-LIALH 

FIHrLAIHL 

FIH.r1. 

L. 

L 

X 

X 

X 

XX 

XXL 

XXH 

II." 

H L 

H 
Fl 

A 

4 

H • MOM .1•KW 0 Ww•OX 
• LOW veer Woe Neagy 
mew pea. Woe, pre ondupbxere•OnoW•1110.10•LOWCeele 

I - 1.0••••oltexe ••••• Yee Cono, b••••••0.104.0•000e•Inr•WaVOL. 
X • ...LI.. 

• Lam calw enen +We., ea UMW OW re.WWWW:1 aylpul Merle 1M111•110111. 
LOW GOP 
hod* Okr.• puhle 
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7477 DUAL 2-BIT TRANSPARENT LATCH 

The "77" has two independent 2-bit transparent latches. 
Each 2-bit latch is controlled by an active HIGH enable input 
(E). When E is HIGH, the data enters the latch and appears at 
the Q output. The Q outputs follow the data inputs as long as 
E is HIGH. The data (on the D) input one setup time before 
the HIGH-to-LOW transition of the enable will be stored in 
the latch. The latched outputs remain stable as long as the 
enable is LOW. 

MODE SELECT FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

E D 

Data Enabled H 
H H H 

Data Latched X 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 
q = Lower case letters indicate the state of referenced 

output one setup time prior to the HIGH-to-LOW En-

able transition. 

7477 
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7478 DUAL JK EDGE TRIGGERED FLIP-FLOP 

The "78" is a dual JK negative edge-triggered flip-flop 
featuring individual J, K, set, common clock and common 
reset inputs. The set (SD) and reset (RD) inputs, when LOW, 
set or reset the outputs as shown in the truth table, regard-
less of the levels at the other inputs. A HIGH level on the 
clock (CP) input enables the J and K inputs and data will be 
accepted. The logic levels at the J and K inputs may be 
allowed to change while the Ci5 is HIGH and the flip-flop will 
perform according to the truth table as long as minimum setup 
and hold times are observed. Output state changes are in-
itiated by the HIGH-to-LOW transition of CP. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

Vcc= Pin 4 
ONO = Pin 11 

7478 

Truth Table 

74H 741. 741.S 
30 6 45 
80 3.8 10 
0 0 20 
0 0 0 

OPERATING MODE 
INPUTS OUTPUTS 

_ 
SD 

_ 
AD CP J K 0 a 

mrchmnou. Sel 
KSYnowonOlini POW iCieefi 

Undetermined ioi 

Toggle 

Load -0 illeseli 

Load 1 iSilti 

Hold no Oiling«. 

LHX 

HL 

LL 

HH.hh 

HH.IhLH 

HH.hl 

HH.i 

X 

XX 

XX 

X X 

X 

I 

H 

. 

H 

iri 

H 

a 

L 

H 

H 

o 

I. 

e 
MM, Mmo Wm «mg.., law 
mow mime 0m MM Mll croo lo m mow go 'eh Cm., 
LOW merle. mom me 
LOW ma> me. OHM ome mo. me, tO we woM = LOY. Cmo, memo. 

me ems name 00 Mwome gem> wowOme 
LOW CM, 'mom 

mm 
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7480 GATED FULL ADDER 

The "80" is a single-bit, high-speed, binary full adder 
withs..ated complementary inputs, complementary sum (E 
and 1) outputs and inverted carry output. It is designed for 
medium and high speed, multiple-bit, parallel-add/serial-
carry applications. The circuit utilizes DTL for the gated 
inputs and high-speed, high fanout TTL for the sum and carry 
outputs. The circuit is entirely compatible with both DTL and 
TTL logic families. The implementation of a single-inversion, 
high-speed, Darlington-connected serial-carry circuit 
minimizes the necessity for extensive lookahead and carry-
cascading circuits. 

8 9 10 11 12 13 1 2 

3 

4 5 6 

VCC = Pin 14 
GND = Pin 7 

Truth Table 

7480 

INPUTS ounurs 

en a A . 1 2 2 
L L L H u L 
L L él 11 L 11 
L 11 L 11 L li 
L 14 II l l L 
II L L H 11 14 
H L 11 L l L 
II H L l II L 
II 11 li L L H 

ir • 
L l.•••••••••••11 
IS 11. 

• ••••aa• ve• •er red agoor", •  a. • •• emenwer•••••• 

• Me, ..ve,•, II,» »ad le al.e. •• ••••••••••...m 
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7483 4-BIT FULL ADDER 

The "83" is a high speed 4-Bit Binary Full Adder with 
internal carry lookahead. It accepts two 4-bin binary words 
(Ai — A4, Bi — 134) and a Carry input (CIN). The sum of the two 
4-bit words is combined with the carry input and presented at 
the four Sum outputs (1i — 4) and the carry output (Com). 
It operates with either HIGH or LOW operands (positive or 
negative logic). 

Because of the symmetry of the binary add function the 
"83" can be used with either all active HIGH operands (posi-
tive logic) or with all active LOW operands (negative logic). 
With active HIGH inputs, Cm cannot be left open; instead, it 
must be held LOW when no carry in is intended. Interchang-
ing the inputs of equal weight does not affect the operation, so 
CIN, Ai and Bi can arbitrarily be assigned to pins 10, 11, 13, 
etc. 

74LS 74 
Typ. Carry Time (es) 10 10 
Typ. Add Time (ns) 15 16 
Typ. Power Per Bit (mW) 24 76 

10 11 8 7 3 4 1 16 

1 1 1 1 1 1 I I 

13 

A1 B1 A2 B2 A3 B3 

CIN 

11 1 2 1 3 1 4 

Vcc = Pin 5 
GND = Pin 12 9 I I 2 15 

A4 B4  F—> C OUT 14 

PINS CIN Al A2 A3 A4 81 82 83 84 21 22 23 24 COU? 

LogieLevels L LHLFI ,HLLHHHLLH 

Active HIGH 0 0 1 0 1 1 0 0 1 1 1 0 0 1 

Active LOW 1 1 0 1 0 0 1 1 0 0 0 1 1 0 

7483 

(10+919) 
(carry+5+9•12) 



7485 4-BIT MAGNITUDE COMPARATOR 

The "85" is a 4-bit magnitude comparator that can be 
expanded to almost any length. It compares two 4-bit binary, 
BCD, or other monotonic codes and presents the three pos-
sible magnitude results at the outputs. The 4-bit inputs are 
weighted (Ao-> A3) and (Bo ->B3), where A3 and B3 are the 
most significant bits. 

The operation of the "85" is described in the truth table 
showing all possible logic conditions. The upper part of the 
table describes the normal operation under all conditions that 
will occur in a single device or in a series expansion scheme. 
In the upper part of the table, the three outputs are mutually 
exclusive. In the lower part of the table, the outputs reflect 
the feed-forward conditions that exist in the parallel expan-
sion scheme. 

The expansion inputs 1A>B, 1A=B and 1A<B are the least 
significant bit positions. When used for series expansion, the 
A > B, A = B and A < B outputs of the least significant word 
are connected to the corresponding 1A>s, 1A=B and 1A<B 
inputs of the next higher stage. Stages can be added in this 
manner to any length, but a propagation delay penalty of about 
15 ns is added with each additional stage. For proper opera-
tion, the expansion inputs of the least significant word should 
be tied as follows: 1A>s = HIGH, 1A=B = LOW and 1A<B = 
HIGH. 

The parallel expansion scheme shown in Figure A de-
monstrates the most efficient general use of these com-
parators. In the parallel expansion scheme, the expansion 
inputs can be used as a fifth input bit position except on the 
least significant device which must be connected as in the 
serial scheme. The expansion inputs are used by labeling 1A›B 
as an A input, 1A<B as a B input and setting 1A=B LOW. The 
"85" can be used as a 5-bit comparator only when the outputs 
are used to drive the (Ao— A3) and (Bo— B3) inputs of another 
"85" device. The parallel technique can be expanded to any 
number of bits as shown in the table. 

74 741. 
Typ. Compare Time (ns) 21 70 
Typ. Total Power (mW) 275 20 
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10 12 13 15 9 11 14 1 

2 

3 

4 

B 

IA , B 

IA B 

A B 

A2 A3 Bo B 1 B2 B3 

A - B A < B 

Vcc = Pin 16 

GND = Pin 8 

Truth Table 

6 

7485 

COMPARING INPUTS 
CASCADING 

INPUTS 
OUTPUTS 

A3,83 A2,B2 41.B1 Ao,B0 IA>B1A<B IA=B A>B A<B A=B 

A3> B3 
A3<B3 
A3=83 

A3=83 
A3=B3 
A3=133 
A3=133 
A3=B3 
A3=B3 
A3=133 
A3=133 

X 
X 

A2>B2 
A2<B2 
A2=B2 
A2=B2 
A2=82 
A2=82 
A2=82 
A2=82 
A2=82 

A 
A 
Ai 
Ai 

AI 
A1 
Ai 

X 
X 
X 

X 
>B1 
<B1 
=B i 
=8 i 

=E3 i 
-B 1 
=I:i 1 

X 
X 
X 

X 
X 
X 

A0>60 
Ao<B0 
A0= B0 

A0=130 
A0= B0 

X X 
X X 

X X 
X X 
XXX 
X X 
X X 
X X 
HL 
L HL 
L L 

X 
X 
X 
X 

X 
X 
X 
L 

HL 

HL 
LHL 
HL 

LHL 
HLL 
LHL 
H -I_ 
L HL 

HL 
L HL 

L 

L 

L 

L 

L 

H 

A3=B3 
A3=B3 
A3=B3 

A2=B2 
A2=82 

A2=82 

A1=131 
Ai 
Al 
=8 i 
=f3 i 

A0=80 
A0=80 
A0=80 

X X 
HH 
L L 

HL 
L 
L 

L 
L L 
HHL 

H 
L 

H HIGH voltage level X Don't C 

L LOW voltage level 

7485 
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7486 QUAD 2-INPUT EXCLUSIVE-OR GATE 

Typ. Delay Time (os) 
Typ. Total Power (mW) 

Truth Table 

74S 74LS 74 74L 
7 10 14 29 
250 30 150 15 

I 
I ./11. 

- 

E vcc 
E 
E- 
E 
E 
z 
z 

miimaimium. 
7486 

INPUTS OUTPUT 

A B Y 

L 
L 
H 
H 

L 
H 
L 
H 

L 
H 
H 
L 

L = LOW voltage level 

H = HIGH voltage level 
7486 
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7489 64-BIT RANDOM ACCESS MEMORY (0 C ) 

The "89" is a high-speed array of 64 memory cells 
organized as 16 words of four bits each. A one-of-16 address 
decoder selects a single word which is specified by the four 
address inputs (Ao — A3). A READ operation is initiated after 
the address lines are stable when the write enable (WE) input 
is HIGH and the chip select-memory enable (n) input is 
LOW. Data is read at the outputs inverted from the data that 
were written into the memory. 

A WRITE operation requires that the WE and CS inputs 
be LOW. The address inputs must be stable during the 
WRITE mode for predictable operation. When the write 
mode is selected the outputs are the complement of the data 
inputs. The selected memory cells are transparent to 
changes in the data during the WRITE mode. Therefore, data 
must be stable one setup time before the LOW-to-HIGH 
transition of CE or WE. 

15 

14 

13 

VCC Pie le 
OND = Pin 8 

Read Time (ns) 
Write Time (ns) 
Current Per Package (mA) 

74 
33 
48 
75 

MODE SELECT—FUNCTION 
TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

éà « pn bn 

Write L L L H 
L L H L 

Read L H X 151Tii 

Inhibit Writing H L L H 
H L H L 

Store-Disable H H X H 
Outputs 

7489 
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7490 DECADE COUNTER 

The "90" is a 4-bit ripple type decade counter. The 
device consists of four master-slave flip-flops internally con-
nected to provide a divide-by-two section and a divide-by-five 
section. Each section has a separate clock input to initiate 
state changes of the counter on the HIGH-to-LOW clock 
transition. State changes of the Q outputs do not occur simul-
taneously because of internal ripple delays. Therfore, de-
coded output signals are subject to decoding spikes and 
should not be used for clocks or strobes. The Qo output is 
designed and specified to drive the rate fan-out plus the CPI 
input of the device. 

A gated AND asynchronous master reset (MR1 • MR2) 
is provided which overrides both clock and resets (clears) all 
the flip-flops. Also provided is a gated AND asynchronous 
master set (MS1 • MS2) which overrides the clocks and the 
MR inputs, setting the outputs to nine (HLLH). 

Because the output from the divide-by-two section is not 
internally connected to the succeeding stages, the device 
may be operated in various counting modes. In a BCD (8421) 
counter, the CPI input must be externally connected to the Qo 
output. The CPo input receives the incoming count, producing 
a BCD count sequence. In a symmetrical BIquinary divide-
by-10 counter, the Q3 output must be connected externally to 
the CPo input. The input count is then applied to the ni 
input, and a divide-by-10 square wave is obtained at output 
Qo. To operate as a divide-by-two and a divide-by-five 
counter, no external interconnections are required. The first 
flip-flop is used as a binary element for the divide-by-two 
function (CPo as the input and Qo as the output). The CPI 
input is used to obtain divide-by-five operation at the Q3 
output. 

74LS 74 741. 
Count Frequency (MHz) 32 32 6 
Parallel Load set to 9 set to 9 set to 9 
Clear High High High 
Typ. Total Power (mW) 40 160 20 
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6 7 

MS 

14 —0 

1-0 

CP3 

CPI 

MR 0 2 3 

2 3 12 9 8 11 

Vcc = Pin 5 
GND = Pin 10 

Truth Table 
RESET/SET INPUTS OUTPUTS 

MR1 MR2 MS1 PAS 2 0 0 0 1 0 2 03 

H 
H 
X 
L 
X 
L 
X 

H 
H 
X 
X 
L 
X 
L 

L 
X 
H 
L 
X 
X 
L 

X 
L 
H 
X 
L 
L 
X 

L 
L 
H 

L L 
L L 
L L 

Count 
Count 
Count 
Count 

L 
L 
H 

Truth Table 

COUNT 
OUTPUT 

0 0 0 1 0 2 0 3 

-
.
0
 

Z
r
Z
r
-
I
r
•
I
r
i
r
-

r
1
-
X
M
I
-
1
-
I
I
I
-
r
-

e
r
I
Z
Z
I
e
r
r
r
 

NOTE Outoe ax...1%«1 le «lout i9,1 

H HIGH voltage level 
L LOW voltage level 
X • Clon't care 

7490 
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7491 8-BIT SHIFT REGISTER 

The "91" is an 8-bit serial-in-serial-out shift register. 
The serial data are entered through a 2-input AND gate (Dsa 
and Dsb). HIGH data are entered when both Dsa and Dsb are 
HIGH. LOW data are entered when either serial data input is 
LOW. The data inputs are edge-triggered and must be stable 
just one setup time prior to the LOW-to-HIGH transition of 
the clock input (CP) for predictable operation. The data is 
shifted one bit to the right (Qo —> Q2 —> Q7) synchronous with 
each LOW-to-HIGH clock transition. The "91" has no reset 
capacity, so initialization requires the shifting in of at least 
eight bits of known data. Once the register is fully loaded, the 
Q output follows the serial inputs delayed by eight clock 
pulses. The complement (T2) output from the last stage is also 
available for simpler decoding applications. 

74 741. 
Shift Frequency (MHz) 10 4 
Serial Data Input Gated D Gated D 
Asynchronous Clear None None 
Shift-Right Mode Yes Yes 
Shift-Left Mode No No 
Load Mode No No 
Hold Mode No No 
Tup. Total Power (mW) 175 17.5 

12 

11 

9 

Truth Table 

OPERATING MODE 
INPUTS First Stage OUTPUTS 

CP Elsa Dsb Os rts 07 57 

Shift, reset 
first stage 

t 
t 

I 
X 

X 
1 

L 
L 

H 
H 

RE1 
(18 

Tie 
¡NS 

Shift, set 
first stage 

t h h H L qe ¡le 

DSa 

DSb 
CP 

07 7177 

13 14 

VCC Pin 5 
GND Pin 10 

Pin numbers for DIP 
package 

H MOH voltage level 
It 111(311 one setup time prior to the LOW- o41101.1 clock trattaltion 
L LOW voltage level 
I LOW voltage level one getup tiene prior to the LOW•to-1114,1 clock trensition 
cin »Lower case letter. indicate the *late of the referenced register «lest one setup elate 

prior to the LOW•to411011 clock transition 
Don't care 
LOW-to-HIGH clock tranaition 

7491 
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7492 DIVIDE-BY-TWELVE COUNTER 

The "92" is a 4-bit ripple type divide-by-12 Counter. The 
device consists of four master-slave flip-flops internally con-
nected to provide a divide-by-two section and a divide-by-six 
section. Each section has a separate clock input to initiate 
state changes of the counter on the HIGH-to-LOW clock 
transition. State changes of the Q outputs do not occur simul-
taneously because of internal ripple delays. Therefore, de-
coded output signals are subject to decoding spikes and 
should not be used for clocks or strobes. The Qo output is 
designed and specified to drive the rated fanout plus the CPI 
input of the device. A gated AND asynchronous master reset 
(MR1 • MR2) is provided which overrides both clocks and 
resets (clears) all the flip-flops. 

Because the output from the divide-by-two section is not 
internally connected to the succeeding stages, the device 
may be operated in various counting modes. In a modulo-12, 
divide-by-12 counter, the CPI input must be externally con-
nected to Qo output. The CPo input receives the incoming 
count, and Q3 produces a symmetrical divide-by-12 square 
wave output. In a divide-by-six counter, no external connec-
tions are required. The first flip-flop is used as a binary 
element for the divide-by-two function. The CPI input is used 
to obtain divide-by-three operation at the Q1 and Q2 outputs 
and divide-by-six operation at the Q3 output. 

74LS 74 
32 32 
None None 
High High 
39 160 

Count Frequency (MHz) 
Parallel Lead 
Clear 
Typ. Total Power (mW) 

MODE SELECTION 

RESET 
INPUTS 

OUTPUTS 

MR1 PAR2 00 0 1 0 2 0 3 

H H LLL L 
L H Count 
H L Count 
L L Count 

14 • HIGH voltage level 
t. - LOW voltage level 

X • Don't care 
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Vcc = Pin 5 

GND = Pin 10 6 7 

Truth Table 

12 11 

7492 

9 8 

COUNT 
OUTPUT 

0 0 Q 1 Q 2 03 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

L 
H 
L 
H 
L. 
H 
L 
H 
L 
H 
L 
H 

L L L 
L L L 
H L L 
H L L 
L H L 
L H L 
L L H 
L L H 
H L H 
H L H 
L H H 
L H H 

NOTE: Output Qo connected to Input CP1. 
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7493 4-BIT BINARY RIPPLE COUNTER 

The "93" is a 4-bit ripple type binary counter. The device 
consists of four master-slave flip-flops internally connected to 
provide a divide-by-two section and a divide-by-eight section. 
Each section has a separate clock input to initiate state 
changes of the counter on the HIGH-to-LOW clock transi-
tion. State changes of the Q outputs do not occur simultane-
ously because of internal ripple delays. Therefore, decoded 
output signals are subject to decoding spikes and should not 
be used for clocks or strobes. The Qo output is designed and 
specified to drive the rated fanout plus the CPI .input of the 
device. A gated AND asynchronous master reset (MR1 • 
MR2) is provided which overrides both clocks and resets 
(clears) all the flip-flops. 

Since the output from the divide-by-two section is not 
internally connected to the succeeding stages, the device 
may be operated in various counting modes. In a 4-bit ripple 
counter, the output Qo must be connected externally to input 
CPI. The input count pulses are applied to input C-Fo. Simul-
taneous divisions of 2, 4, 8 and 16 are performed at the Qo, 
Qi, Q2, and Q3 outputs, as shown in the truth table. As a 3-bit 
ripple counter, the input count pulses are applied to input CPI. 
Simultaneous frequency divisions of 2, 4 and 8 are available at 
the Qi, Q2 and Q3 outputs. Independent use of the first 
flip-flop is available if the reset function coincides with reset of 
the 3-bit ripple-through counter. 

74LS 74 741. 
Count Frequency (MHz) 32 32 6 
Parrallel Load None None None 
Clear High High High 
Typ. Total Power (mW) 39 160 20 
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2 3 

VCC = Pin 5 

GND = Pin 11 

12 9 

7493 

11 

Truth Table 

COUNT 

0 
1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 

NOTE Output 00 connected to Input Cr, 
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7493 

MODE SELECTION 

RESET 
INPUTS 

OUTPUTS 

mR1 mR2 0 0 0 1 0 2 0 3 

H 

H 

H 
H 
LLL L 

Count 
Count 
Count 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 

OUTPUT 

0 0 0 1 0 2 0 3 

LLL L 
HL L L 
LHL L 
HHL L 
L L HL 
HL HL 
L HHL 
HHHL 
L L L H 
HL LH 
L HLH 
HHL H 
L L HH 
HL HH 
L HHH 
HHHH 
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7494 4-BIT SHIFT REGISTER 

The "94" is a 4-bit shift register with serial and parallel 
(ones transfer) data entry. To facilitate parallel ones transfer 
from two sources, two Parallel Load inputs (PLo and PLI) 
with associated parallel data inputs (Ma — Dod and Dia — Did) 
are provided. To accommodate these extra inputs only the 
output of the last stage is available. The asynchronous master 
reset (MR) is active HIGH. When MR is HIGH, it overrides 
the clock and clears the register, forcing Qd LOW. 

Four flip-flops are connected so that shifting is syn-
chronous; they change state when the clock goes from 
LOW-to-HIGH. Data is accepted at the serial Da input prior to 
this clock transition. The two parallel load inputs and parallel 
data inputs allow an asynchronous ones transfer from two 
sources. The flip-flops can be set independently to the HIGH 
state when the appropriate parallel input is activated. Parallel 
inputs Da through Doc' are activated during the time the PLo is 
HIGH and Parallel inputs Dia through Did are activated when 
PLi is HIGH. If both sets of inputs are activated, a HIGH on 
either input will set the flip-flops to a HIGH. The register 
should not be clocked while the parallel data inputs are acti-
vated. The Parallel Load and parallel data inputs will override 
the MR if both are activated simultaneously. However, for 
predictable operation, both signals should not be deactivated 
simultaneously. 

Max. Supply Current (mA) 
Max. Clock Frequency (MHz) 

74 
58 
10 
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15 

6 

7 

8 

10 

16 2 14 

I I 1 

D0a 
PL 

PLO 

DS 

CP 

MR 

Dia DOb 

VCC = Pin 5 
GND = Pin 12 

7494 

MODE SELECT—FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

PLO Pli Don D 1 a MR CP Ds Oa Op Oc Oci 

Parallel Load HLL 
HLHX 

LHXL 
L HX 

X 

HX 

X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

Oa0bOcOd 
HHHH 

0a0bOcOd 
HHHH 

Reset (clear) L L X XHX X LLLL 

Shift right L 

LLXXLthHqa qbqc 

LX XL t I L qa qb qc 

H = HIGH voltage level 

h = HIGH voilage level one setup time prior to the LOW to•HIGH clock transmon 

L = LOW voltage level 

= LOW voltage level one setup lime prior to the LOW to•HIGH clock transition 

qn = Lower case letters indicate the slate of the referenced oulput one setup time pnor to 

the LOW•to•HIGH clock transition 

a = Don't care 

LOW-to-HIGH clock IransétIon 

7494 
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7495 4-BIT SHIFT REGISTER 

The "95" is a 4-bit Shift Register with serial and parallel 
synchronous operation modes. It has a serial data (Ds) and 
four parallel data (Do — D3) inputs and four parallel outputs (Qo 
— Q3). The serial or parallel mode of operation is controlled by 
a mode select input (S) and two clock inputs (CPI and CP2). 
The serial (shift right) or parallel data transfers occur syn-
chronously with the HIGH-to-LOW transition of the selected 
clock input. 

When the mode select input (S) is HIGH, CP2 is enabled. 
A HIGH-to-LOW transition on enabled C172 loads parallel data 
from the Do — D3 inputs into the register. When S is LOW, 
CPI is enabled. A HIGH-to-LOW transition on enabled MI 
shifts the data from serial input Ds to Qo and transfers the data 
in Qo to Qi, Qi to Q2, and Q2 to Q3, respectively (shift right). 
Shift left is accomplished by externally connecting Q3 to D2, 
Q2 to DI, Q1 to Do and operating the "95" in the parallel mode 
(S=HIGH). 

In normal operations the mode select (S) should change 
states only when both clock inputs are LOW. However, 
changing S from HIGH-to-LOW while CP-2 is LOW, or chang-
ing S from LOW-to-HIGH while CPI is LOW will not cause 
any changes on the register outputs. 

74 74I.S 74L 
Shift Frequency (MHz) 25 25 9 
Serial Data Input D D D 
Asynchronous Clear None None None 
Shift-Right Mode Yes Yes Yes 
Shift-Left Mode No No No 
Lead Mode Yes Yes Yes 
Hold Mode No No No 
Typ. Total Power (mW) 195 65 24 
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6 

13 12 11 10 

VCC = Pin 14 

GND = Pin 7 

2 

7495 

MODE SELECT—FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

S CP1 CP2 Ds Dn Oo 01 02 03 

Parellel Load H 
H 

X 
X 

; 
4 

X 
X 

1 
h 

L 
HHHH 

L L L 

Shift right L 
L 

; 
4 

X 
X 

I 
h 

X 
X 

L 
H 

Q0 Qt 
go et 

Q2 
g2 

Mode change t 
t 
4 
; 

L 
H 
x 
X 

X 
X 
L 
H 

X 
X 
X 
X 

X
 
X
X
X
 

no change 
undetermined 
no change 

undetermined 

H w HIGH voltege level stead state 
L w LOW voltage level steady state 

h w HIGH voltage level one se up tone prior to the HIGH.10. 

LOW Clock transition 

I LOW voltage level one setup ti. poor to the HIGH-10. 

LOW Clock transition 

X w Don't care 

q Lower case letters indicate the state of the referenced 

output prior to the HtGH.to.LOW Clock transition 

HIGH.toLOW transition of Clock or mode Select 

w LOW.tdHIGH transition of mode Select. 

3 4 
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7496 5-BIT SHIFT REGISTER 

The "96" is a 5-bit shift register with both serial and parallel 
(ones transfer) data entry. Because the "96" has the output of each 
stage available as well as a D-type serial input and ones transfer 
inputs on each stage, it can be used in 5-bit serial-to-parallel, 
serial-to-serial and some parallel-to-serial data operations. 

The "96" is five master/slave flip-flops connected to perform 
right shift. The flip-flops change state on the LOW-to-HIGH transi-
tion of the clock. The serial data (D.) input is edge-triggered and 
must be stable only one setup time before the LOW-to-HIGH clock 
transition. 

Each flip-flop has asynchronous set inputs allowing them to be 
independently set HIGH. The set inputs are controlled by a com-
mon active HIGH parallel load (PL) input. The PL input is not 
buffered, and care must be taken not to overload the driving ele-
ment. When the PL is HIGH, a HIGH on the parallel data (Do — D4) 
inputs will set the associated flip-flops HIGH. A LOW on the Do — 
D4 inputs will cause no change in the appropriate A-flops. 

The asynchronous active LOW master reset (MR) is buffered. 
When LOW, the MR overrides the clock and clears the register if 
the PL is not active. The parallel load inputs override the MR 
forcing the flip-flops HIGH if both are activated simultaneously. 
However, for predictable operation, both signals should not be 
deactivated simultaneously. 

74LS 74 
Shift Frequency (MHz) 10 10 
Serial Data Input D o 
Asynchronous Clear Low Low 
Shift-Right Mode Yes Yes 
Shift-Left Mode No No 
Lead Mode Yes Yes 
Hold Mode No NoTyp. 
Total Power (mW) 60 240 

MODE SELECT—FUNCTION TABLE 

°MUTING root 
HOOTS 

On NO CO Os Oo oi 02 03 00 
i P.rUelleerl , II L 

SHAH 
X 
X 

X 
X 

X 
X 

Og 0, 
II H 

Og 
11 

0, 
14 

04 
II 

Rowe 000, 1 

I elem. IL ,I. X X M 0 I I I 0 t. 00 O 02 .15 01 02 02 Oa OD 
et • meat.... b•••• 
• • lee *ego.* to. tee. 1••• Ono et, ••• 1.0•• gr.11•0•Mel•Mil. 

• • 1.0.. •••••• me.. 
. • Loa .. • • . • ......... me re I* el.l001 m.o.«, ••••••• 
..,••••••..................•••••••••mmemeemomeemorromm 

••• WU. ea ielll• MS ...me. 
• • Pa I saw 
t • LOW •••••••••••••••• 

7496 

Vcc .. Pin 5 

ONO .. Pin 12 15 14 13 11 10 

7496 
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74100 DUAL 4-BIT TRANSPARENT LATCH 

The "100" has two independent 4-bit transparent 
latches. Each 4-bit latch is controlled by an active HIGH 
Enable input (E). When E is HIGH, the data enters the latch 
and appears at the output. The outputs follow the data inputs 
as long as E is HIGH. The data (on the D) input one setup time 
before the HIGH-to-LOW transition of the enable will be 
stored in the latch. The latched outputs remain stable as long 
as the enable is LOW. 

Max. Supply Current (mA) 
Max. Propagation Delay (ns) 

74 
106 
30 

23 2 3 22 21 12 11 10 15 16 

1 1 1 1 1 1 1 1 1 1 
Ea D0a Dia D2a D3a Eb DOb Dib D2b D3b 

0 0a Ola 0 2a 03a 0 0b Olb 0 2b 03b 

1 5 
1 

4 

VCC = Pin 24 

GND = Pin 7 

II 
19 20 

74100 

MODE SELECT-FUNCTION TABLE 

OPERATING 

MODE 

INPUTS OUTPUTS 

E on an 

H L L 
Data Enabled H H H 

Data Latched L X cl 

H w HIGH voltage level 
L w LOW voltage level 
X w Don't care 
g w Lower case letters Indicate the state of referenced 

output one »tun time prior to the HIGH-to-LOW En-
able tranaition. 

74100 

II II 
18 17 
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741011K EDGE-TRIGGERED FLIP-FLOP 

The "101" is a JK negative edge-triggered flip-flop 
featuring AND-OR gated JK inputs and a direct set input. The 
Set (1) is an asynchronous active LOW input. When LOW, 
the gd overrides the clock and data inputs and sets the Q 
output HIGH and the output LOW. 

A HIGH level on the clock (M) input enables theJ and K 
inputs and data will be accepted. The logic levels at theJ and K 
inputs may change while the CP is HIGH, and the flip-flop will 
perform according to the truth table as long as minimum setup 
and hold times are observed. Output state changes are in-
itiated by the HIGH-to-LOW transition of CP. 

Max. Supply Current (mA) 
Max. Clock Frequency (MHz) 

74101 

74H 
38 
ao 

2 

3 

4 

13 

9 

10 

It 

12 

Vcc = Pin 14 
GND = Pin 7 

Pin numbers for pin configuration "A" 

MODE SELECT—TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

SD CP J K O O 
Asynchronous Set 
Toggle 
Load "0" (Reset) 
Load "1" (Set) 
Hold no change" 

L 
H 
H 
H 
H 

X 
I 
I 
I 
I 

X 
h 
I 
h 
I 

X 
h 
h 
I 
I 

H 

ri 
L 
H 

cl 

L 

q 
H 
L 

H = HIGH voltage level steady state 
L = LOW voltage level steady state. 
h * HIGH voltage level one letup time prior to the HIGH-to-LOW Clock transition. 
I LOW voltage level one letup time prior to Me HIGH-to-LOW Clock transition. 
X = Donlure. 
• - Lowercase letters indicate the stale of the referenced output prior tothe HIGH-to-

LOW Clock transition. 

J = IJI4*Jid+Uh*JW 74101 
K tKle•Ku9+ 0(200 (tte 
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74102 1K EDGE-TRIGGERED FLIP-FLOP 

The "102" is a JK negative edge-triggered flip-flop with 
gated JK inputs and direct set and reset inputs. The set (-§D) 
and reset (RD) are asynchronous active LOW inputs. When 
LOW, they override the clock and data inputs, forcing the 
outputs to their steady state level as shown in the truth table. 

A HIGH level on the clock (CP) input enables the J and K 
inputs, and data will be accepted. The logic levels at the J and 
K inputs may change while the CP is HIGH, and the flip-flop 
will perform according to the truth table as long as minimum 
setup and hold times are observed. Output star. changes are 
initiated by the HIGH-to-LOW transition of CP. 

Max. Supply Current (mA) 
Max. Clock Frequency (MHz) 

13 

3 

4 

5 

12 

9 

10 

11 

Vcc = Pin 14 
GND = Pin 7 

2 

Pin numbers for pin configuration "A." 

74102 

74H 
38 
ao 
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MODE SELECT-TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

_ 
SD 

_ 
RD CP J K O ti 

Asynchronous Set 
Asynchronous Reset (Clear) 
Undetermined (C) 
Toggle 
Load "0" (Reset) 
Load "1" (Set) 
Hold "no change" 

LH 
HL 
LL 
HHI 
HHI 
HHIhIHL 
HHI 

X 
X 
X 

X 
X 
X 
hh -g- 
I 

I 

X 
X 
X 

hLH 

I 

H 
L 
HH 

gii: 

L 
H 

g 

H = HIGH voltage level steady state. 

= LOW voltage level steady state. 

= HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition. 

= LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition. 

= Don't care. 

Lower case letters indicate the state of the referenced output prior to the HIGH-to-

LOW Clock transition. 

Ji • J2 • ..13 

Ki • K2 • K3 

74102 
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74103 DUAL JK EDGE-TRIGGERED FLIP-FLOP 

The "103" is a dual JK negative edge-triggered flip-flop 
with separate clock and direct reset inputs. The reset (RD) is 
an asynchronous active LOW input. When LOW, the RD 
overrides the clock and data inputs, and resets (clears) the 
flip-flop. 

A HIGH level on the clock (CP) input enables the J and K 
inputs, and data will be accepted. The logic levels at the J and 
K inputs may change while the CP is HIGH, and the flip-flop 
will perform according to the truth table as long as minimum 
setup and hold times are observed. Output state changes are 
initiated by the HIGH-to-LOW transition of CP. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

Vcc = Pin 4 
GND = Pin 11 2 

MODE SELECT—TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

IT ID CPJK 
- 

0 -C1 

Asynchronous Reset (Clear) L X X X L H 

Toggle Hlhhri q 
Load "0" (Reset) Hi lh L H 
Load "1" (Set) HihIHL 
Hold "no change" Hill q ri 

H Y HIGH voltage level steady slate 
L • LOW voltage level steady state 
• Y HIGH voltage level one setup lane poor to the HIGH-to-LOW Clock tranwhon. 
I LOW voltage level one setup Once pooc lo the HIGH-to-LOW Clock transthon. 

X - Don't care 
g LOW« case letters Indlcate the state of the retwenced output pilot to the HIGH-40-

LOW Clock transdan 

74H 
50 
100 
13 

74103 



74106 DUAL 1K EDGE-TRIGGERED FLIP-FLOP 

The "106" is a dual JK negative edge-triggered flip-flop 
with individual JK, clock, direct set and direct reset inputs. 
The set (D) and reset (Tip) are asynchronous active LOW 
inputs. When LOW, they override the clock and data inputs, 
forcing the outputs to their steady state level as shown in the 
truth table. 

A HIGH level on the clock (CP) input enables the J and K 
inputs and data will be accepted. The logic levels at the J and K 
inputs may change while the CP is HIGH, and the flip-flop will 
perform according to the truth table as long as minimum setup 
and hold times are observed. Output state changes are in-
itiated by the HIGH-to-LOW transition of CP. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

Vcc = Pin 5 
GND = Pin 13 

MODE SELECT—TRUTH TABLE 

OPERATING MODE 

INPUTS OUTPUTS 
_ 

So 
_ 

R1:t CP ..1 R 0 d 

Asynchronous Set LHX X X H L 
Asynchronous Reset iCleariFIL X X X L H 
Undetermined IC' LLX X XH H 
Toggle HH. h hl q 

Load -0- 'Reset, HH. I hLH 
Load ' 1 'Sel' HH.h IHL 
Hold no change ' HH. I I cl 

HIGH setae tel steads Slate 

LOW 'tonne tel steer State 
enGet «sane tevet one lento tene 0510(0 Ine stIGHIse LOW ego. nanseen 

LOW tee.. 000 SHop t.0.0 13001 10 to. lelfee to-LOW Ono. nanstann 
000105m 

Lave, case W11.1.001K/1111 100 Slatf 0,111,101.0.00 0,10,1 000 10111e >110.10-
LOW Goss 'tenant°. 

74106 

74H 
50 
100 
13 
o 
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74107 DUAL JK FLIP-FLOP 

The "107" is a dual flip-flop with individual JK, clock and 
direct reset inputs. The 74107 is a positive pulse triggered 
flip-flop. JK information is loaded into the master while the 
clock is HIGH and transferred to the slave on the HIGH-to-
LOW clock transition. For these devices, the J and K inputs 
should be stable while the clock is HIGH for conventional 
operation. 

The 74LS107 is a negative edge triggered flip-flop. The J 
and K inputs must be stable one setup time prior to the 
HIGH-to-LOW clock transition for predictable operation. 
The reset (RD) is an asynchronous active LOW input. When 
LOW, it overrides the clock and data inputs, forcing the Q 
output LOW and the il output HIGH. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

10 13 

Vcc = Pin 14 
GND = Pin 7 

47107 

74LS 
45 
10 
20 
0 

5 

6 
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MODE SELECT-TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

rip CP(d)J K 0 -05 

Asynchronous Reset (Clear) 

Toggle 

Load "0" (Reset) 

Load "1" (Set) 

Hold "no change" 

L 

H 

H-n-lhLH 

H 

H 

X 

Si- 

-n- 

-n- 

XX 

h 

hl 

II 

h 

L 

-c-1 

H 

qti 

H 

q 

L 

H = HIGH voltage level steady state. 
L = LOW voltage level steady state. 
h = HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition (c). 

I = LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition (c). 

X = Don't care. 
q = Lower case letters indicate the state of the referenced output prior to HIGH-to-

LOW Clock transition. 

rl. - Positive clock pulse 

74107 
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74108 DUAL JK EDGE-TRIGGERED FLIP-FLOP 

The "108" is a dual JK negative edge-triggered flip-flop 
with individual JK and direct set inputs, and common clock and 
reset inputs. The set (Up) and reset cro are asynchronous 
active LOW inputs. When LOW, they override the clock and 
data inputs, forcing the outputs to their steady state level as 
shown in the truth table. 

A HIGH level on the clock (CF) input enables the J and K 
inputs, and data will be accepted. The logic levels at the J and 
K inputs may change while the CP is HIGH, and the flip-flop 
will perform according to the truth table as long as minimum 
setup and hold times are observed. Output state changes are 
initiated by the HIGH-to-LOW transition of CP. 

74H 
Typ. Max. Clock Frequency (MHz) so 
Typ. Power Per Flip-Flop (mW) 100 
Setup Time (ns) 13 
Hold Time (ns) o 

9 1 4 

1C?i 
SD 

CP 

—2 

12  

VCC = Pin 14 
GND = Pin 7 

10 

èi 

11 

3 8-

J 

CP 

SD 

74108 
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MODE SELECT-TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

— 
SD 

— 
RD CPJ KO ij 

Asynchronous Set 
Asynchronous Reset (Clear) 
Undetermined (C) 
toggle 
Load "0" (Reset) 
Load "1" (Set) 
Hold "no change" 

LHX 
HL 
L 
HHI 
HH 
1-11-11h1HL 
HI-1111qT(I 

LX 
X 

I 

X 
X 
X 
h 
I 

XH 
X 
XHH 
hil 
hL 

L 
L 
H 

q 
H 

H = HIGH voltage level steady state. 
L = LOW voltage level steady state. 
h = HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition. 

I = LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition. 

X = Don't care. 
q = Lower case letters indicate the state of the referenced output prior to the HIGH-to-

LOW Clock transition. 

74108 
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74109 DUAL 1-K. POSITIVE EDGE-TRIGGERED FLIP-FLOP 

The "109" is a dual positive edge-triggered JR.-type 
flip-flop that features individual J, K, clock, set and reset 
inputs and also complementary Q and Zi outputs. Set (ED) and 
reset (RD) are asynchronous active LOW inputs and operate 
independently of the clock input. 

The J and R are edge-triggered inputs that control the 
state changes of the flip-flops as described in the mode select 
truth table. The J and IZ inputs must be stable just one setup 
time prior to the LOW-to-HIGH transition of the clock for 
predictable operation. The JF design allows operation as a D 
flip-flop by tying the J and TZ inputs together. 

Although the clock input is level-sensitive, the positive 
transition of the clock pulse between the 0.8V and 2.0V levels 
should be equal to or less than the clock to output delay time 
for reliable operation. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (us) 
Hold Time (us) 

MODE SELECT—TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

gD go CP J g o b 

Asynchronous Set 
Asynchronous Reset (Clear) 
Undetermined CC) 

L 
H 
L 

H 
L 
L 

X 
X 
X 

X 
X 
X 

X 
X 
X 

H 
L 
H 

L 
H 
H 

Toggle 
Load "0" (Reset) 
Load "1" (Set) 
Hold "no change" 

H 
H 
H 
H 

H 
H 
H 
H 

t 
t 
t 
t 

h 
I 
h 
I 

I 
h 
I 
h 

L 
H 

41 

ci 
H 
L 

ZI 

74LS 74 
33 33 
10 45 
20 10 
5 6 

H HIGH voltage level steedy state 

L LOW voltage level steady state 
h HIGH voltage level one setup time prior to the LOW-to-HIGH Clock transition 
I « LOW voltage level one setup time prior to the LOW-to-HIGH Clock transition 
X • Dont care. 

g Lower case letters indicate the state of the referenced output prior to the LOW-to-
HIGH Clock transition 
LOW-to-HIGH Clock trance» 

74109 
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5 

2 

4 

3 

VCC = Pin 18 
GND = Pin 8 

6 14 

12 

7 13 

15 

74109 

11 

10 

9 
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74112 DUAL JK EDGE-TRIGGERED FLIP-FLOP 

The "112" is a dual JK negative edge-triggered flip-flop 
featuring individual J, K, clock, set and reset inputs. The set 
(7)) and reset (IF)) inputs, when LOW, set or reset the 
outputs as shown in the truth table, regardless of the levels at 
the other inputs. 

A HIGH level on the clock (CP) input enables the J and K 
inputs, and data will be accepted. The logic levels at the J and 
K inputs may be allowed to change while the CP is HIGH and 
the flip-flop will perform according to the truth table as long as 
minimum setup and hold times are observed. Output state 
changes are initiated by the HIGH-to-LOW transition of CP. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

4 

14 15 

Vcc = Pin 16 
GND = Pin 8 

74112 

74S 741S 
125 45 
75 10 
6 20 
0 0 

10 

9 

7 
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MODE SELECT-TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

_ 
SD 

_ 
RD 

_ 
CP JK 0 O 

Asynchronous Set 

Asynchronous Reset (Clear) 

Undetermined (C) 

Toggle 

Load "0" (Reset) 

Load "1" (Set) 

Hold "no change" 

LH 

H 

LL 

H 

HH 

HH 

HH 

L 

H 

X 

X 

X 

I 

I 

I 

I 

XX 

XX 

XX 

h 

lh 

hl 

II 

h 

H 

L 

H 

711 

L 

H 

q 

L 

H 

H 

q 

H 

L 

-II 

H = HIGH voltage level steady state. 

h = HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition. 

L = LOW voltage level steady state. 

LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition. 

q = Lower case letters indicate the state of the referenced output one setup time prior 
to the HIGH-to-LOW Clock transition. 

X = Don't care. 

74112 

293 



74113 DUAL JK EDGE-TRIGGERED FLIP-FLOP 

The "113" is a dual JK negative edge-triggered flip-flop 
featuring individual J, K, set and clock inputs. The asynchron-
ous set (SD) input, when LOW, forces the outputs to the 
steady state levels as shown in the truth table, regardless of 
the levels at the other inputs. 

A HIGH level on the clock (CP) input enables the J and K 
inputs, and data will be accepted. The logic levels at the J and 
K inputs may be allowed to change while the CP is HIGH and 
the flip-flop will perform according to the truth table as long as 
minimum setup and hold times are observed. Output state 
changes are initiated by the HIGH-to-LOW transition of CP. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (ns) 

MODE SELECT—TRUTH TABLE 

74S 741.S 
125 45 
75 10 
6 20 
0 0 

OPERATING MODE 
INPUTS OUTPUTS 

§DCPJ K 0 Z1 

Asynchronous Set 

Toggle 

Load "0" (Reset) 

Load "1" (Set) 

Hold "no change" 

L 

HIhh 

HI 

Hlhl 

Hill 

X X 

I 

X 

h 

H 

-4 

LH 

H 

q7(1 

L 

q 

L 

H = HIGH voltage level steady state. 
h = HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition. 
L = LOW voltage level steady state. 
I = LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition. 
q = Lower case letters indicate the state of the referenced output one setup time prior 

to the HIGH-to-LOW Clock transition. 
X = Don't care. 

74113 
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4 

3 5 11 

13 

2 K 0 6 12 

74113 

Vcc = Pin 14 
GND = Pin 7 

- 10 

9 

8 
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74114 DUAL JK EDGE-TRIGGERED FLIP-FLOP 

The "114" is a dual JK negative edge-triggered flip-flop 
featuring individual J, K and set inputs and common clock and 
reset inputs. The set (7F) and reset (M) inputs, when LOW, 
set or reset the outputs, as shown in the truth table, regard-
less of the levels at the other in_aits. 

A HIGH level on the clock (CP) input enables the J and K 
inputs, and data will be accepted. The logic levels at the J and 
K inputs may be allowed to change while the ri5 is HIGH, and 
the flip-flop will perform according to the truth table as long as 
minimum setup and hold times are observed. Output state 
changes are initiated by the HIGH-to-LOW transition of U. 

Typ. Max. Clock Frequency (MHz) 
Typ. Power Per Flip-Flop (mW) 
Setup Time (ns) 
Hold Time (os) 

MODE SELECT—TRUTH TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

_ 
SDRDCP 

_ 
JK OU 

Asynchronous Set 

Asynchronous Reset (Clear) 

Undetermined (c) 

Toggle 

Load "0" (Reset) 

Load"1" (Set) 

Hold "no change" 

L 

H 

L 

H 

HI 

HIA 

HH 

HX 

L 

L 

11 

-14 

X 

X 

;1•11•1 « 

4, h 

X 

X 

X 

I 

I 

XH 

X 

XH 

hL 

IHL 

I 

L 

L 

H 

H 

q 

H 

-Ci 

74S 74LS 
125 45 
75 10 
6 20 
0 0 

H = HIGH voltage level steady state. 
h = HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition. 

L = LOW voltage level steady state. 
I = LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition. 
q = Lower case letters indicate the state of the referenced output one setup time prior 

to the HIGH-to-LOW Clock transition. 

X — Don't care. 

74114 



13 

1 

3 

4 

 ce CP 

2 — 

5 

10 

o 
11-

6 12 

J 

CP 

K 

SD 

Vcc = Pin 14 
GND = Pin 7 

74114 

9 

8 
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74116 DUAL 4-BIT TRANSPARENT LATCH 

The "116" has two independent 4-bit transparent 
latches. Each 4-bit latch is controlled by a 2-input active LOW 
Enable gate cru and ET). When both ET) and ri are LOW, the 
data enters the latch and appears at the output. The outputs 
follow the data inputs as long as ET and ET are LOW. The data 
on the D inputs one setup time before the LOW-to-HIGH 
transition of Eo or Ei will be stored in the latch. The latched 
outputs remain stable as long as either tó or ri is HIGH. 

Each 4-bit latch has an active LOW asynchronous Mas-
ter Reset (in) input. When LOW, the MT Z input overrides 
the data and enable inputs and sets the four latch outputs 
LOW. 

Max. Supply Current (mA) 
Delay Time, Data to Output (no) 

—FUNCTION TABLE 

74 
100 
18 

OPERATING MODE 
INPUTS OUTPUTS 

MR E0 Él Dn On 

Reset (clear) L X X X L 

Enable latch H 
H 

L 
L 

L 
L 

L 
H 

L 
H 

Latch data H 
H 

t 
L 

L 

t 

I 
h 

L 
H 

14 n FNGH voltege level 
I, .• HIGH voltage level one setup tune prior to the LOW4o-HIGH Enable transition 

L LOW voltage level 
1 LOW voltage level one setup time pew to the LOW.to-F0011 Enid» «sauna», 

X Don't care 
••• LOW4o-HIGH Enable transition 

74116 
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2 0, 4 6 ? 10 

1 5 7 9 11 

VCC = Pin 24 
GND = Pin 12 

14 15 16 13 20 22 

fj.....11 E Do Di D2 D3 

7  

MR CIO 01 02 03 

74116 

13 17 19 21 23 
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74121 MONOSTABLE MULTI VIBRATOR 

These multivibrators feature dual active LOW-going 
edge inputs and a single active HIGH-going edge input which 
can be used as an active HIGH enable input. Complementary 
output pulses are provided. 

Pulse triggering occurs at a particular voltage level and is 
not directly related to the transition time of the input pulse. 
Schmitt-trigger input circuitry (TTL hysteresis) for the B 
input allows jitter-free triggering from inputs with transition 
rates as slow as 1 volt/second, providing the circuit with an 
excellent noise immunity of typically 1.2 volts. A high immun-
ity to Vcc noise of typically 1.5 volts is also provided by internal 
latching circuitry. Once fired, the outputs are independent of 
further transitions of the inputs and are a function only of the 
timing components. Input pulses may be of any duration 
relative to the output pulse. Output pulse length may be 
varied from 20 nanoseconds to 28 seconds by choosing ap-
propriate timing components. With no external timing com-
ponents (i.e., Rint connected to Vcc, Cext and Rext/Cext open), 
an output pulse of typically 30 or 35 nanoseconds is achieved 
that may be used as a DC-triggered reset signal. Output rise 
and fall times are TTL compatible and independent of pulse 
length. 

Pulse width stability is achieved through internal com-
pensation and is virtually independent of Vcc and temperature. 
In most applications, pulse stability will only be limited by the 
accuracy of external timing components. 

Jitter-free operation is maintained over the full tempera-
ture and \ice ranges for more than six decades of timing 
capacitance (10pF to 10µF) and more than one decade of 
timing resistance (2Id/ to 401d1). In circuits where pulse 
cutoff is not critical, timing capacitance of up to 1000µF and 
timing resistance of as low as 1.41d1 may be used. 

74 
Positive Inputs 1 
Negative Inputs 2 
Output Pulse Range (ns to s) 40ns-28s 
Typ. Total Power (mW) 90 
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E vcc 
E 
z 

i E Roxticext t  
E Cext 
1 Rint 

1 

74121 

FUNCTION TABLE 

INPUTS OUTPUTS 

rt1 A2 B 

L X H 
X L H 
X X L 
H H. X 
H H 

H H 

4 4 H 
L X t 
X L t 

H 
H 

H 
LJ 

J-1_ -Li-
_r-1_ -LS 
_f--L 

-LS 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 

t = LOW-to-HIGH transition 

= HIGH-to-LOW transition 

74121 
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74122 RETRIGGERABLE MONOSTABLE MULTI VIBRATOR 

The "122" is a retriggerable monostable multivibrator 
featuring output pulse width control by three methods. The 
basic pulse time is programmed by selection of external 
resistance and capacitance values. The "122" has an internal 
timing resistor that allows the circuit to be used with only an 
external capacitor, if so desired. Once triggered, the basic 
pulse width may be extended bretriggering the gated active 
LOW-going edge inputs (Ai, A2) or the active HIGH-going 
edge inputs (Bi B2), or be reduced by use of the overriding 
active LOW reset. 

To use the internal timing resistor of the "122," connect 
Ri nt to Vcc. For improved pulse width accuracy and repeatabil-
ity, connect an external resistor between Rext/Cext and Vec 
with Rim left open. To obtain variable pulse widths, connect an 
external variable resistance between Rift or Rext/Cext and \Am. 

Positive Inputs 
Negative Inputs 
Direct Clear 
Output Pulse Range (ns) 
Typ. Total Power (mW) 

74122 

741..5 
2 
2 
Yes 
45ns-00 (lnt.) 
30 

jI vcc 
E Rext Cext 

Cext 

Rint 
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FUNCTION TABLE 

INPUTS OUTPUTS 

RD il ii2 B1 B2 Cà --Éi 

L X X X X LH 
X HH X X LH 
X X X L X LH 
X X X X LLH 
HL X t H -1_1-
HL X H fi - 1_ -Li-
HXL t H _EL if-
HX L H fi -L 
HH HH _F-L 
H HH JL 1J -

H H 
L X 

H 
H 

H 
H 

JThLf 
.sLlf 

t X L H H _I-L -LI-

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 
t = LOW-to-HIGH input transition 

= HIGH-to-LOW input transition 

_n_ = Active HIGH pulse 
-LI- = Active LOW pulse 

74122 
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74123 DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

This retriggerable monostable multivibrator features 
DC triggering from gated active LOW inputs (A) and active 
HIGH inputs (B) and also provide overriding direct reset 
inputs. Complementary outputs are provided. The retrigger 
capability simplifies the generation of output pulses of ex-
tremely long duration. By triggering the input before the 
output pulse is terminated, the output pulse may be ex-
tended. The overriding reset capability permits any output 
pulse to be terminated at a predetermined time that is inde-
pendent of the timing components R and C. 

74 74E 741.5 
Positive Inputs 1 1 1 
Negative Inputs 1 1 1 
Direct Clear Yes Yes Yes 
Output Pulse Range (ns) 45ns-00 (inf.) 9Ons-00 (inf.) 45ns)00 (inf.) 
Typ. Total Power (mW) 230 25 60 

À1 1 
811 

Rirt,, i , 1 
5 1 E 
0 21 

Cext2 E 
Rext/Cext2 E 

GND E 

74123 

E vcc 
E RextiCext1 
E Cext1 

Oi 

Z' 11)-2 

lie"Ll RD 2 
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FUNCTION TABLE 

INPUTS OUTPUTS 

I-4D 4 B O ei 

L 
X 
X 
H 
H 

t 

x 
H 
X 
L 

3 
L 

x 
X 
L 

t 
H 
H 

L 
L 
L 

JTh 

H 
H 
H 

-U -

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 

= LOW-to-HIGH transition 

3 = HIGH-to-LOW transition 
74123 
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74125 QUAD 3-STATE BUFFER 

Typ. Delay Time (os) 
Typ. Power Per Gate (mW) 

74 
10 
40 

idi 

1A1 

1Y13 

2C E 
2A E 

2Y E 
GND E 

141 vcc 
E 4C 

12 4A 

E 4Y 

E 3C 

M 3A 

3Y 

Truth Table 

INPUTS OUTPUT 

C A Y 

L 
L 
H 

L 
H 
X 

L 
H 
(Z) 

74125 

L - LOW voltage level 

H = HIGH voltage level 

X = Don't care 
(Z) = High impedance loft 

74125 
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74126 QUAD 3-STATE BUFFER 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

1C 

1A 

1Y 

2C 

2A E 

2Y E 
GND E 

74126 
Truth Table 

INPUTS OUTPUT 

C A Y 

H 
H 
L 

L 
H 
X 

, 
L 
H 
(Z) 

74 
10 
45 

E VCC 

E 4C 

4A 

E 4Y 

E 3C 
3A 

3Y 

L = LOW voltage level 

H = HIGH voltage level 

X = Don't care 

(Z) --- High impedance (off) 

74126 
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74128 QUAD 2-INPUT NOR BUFFER 

Max. Supply Current (mA) 
Typ. Max. Propagation Delay (ns) 

1Y 

1A 

1B 

2Y 

2A 

2B 

GND E 
74128 

74 
57 
15 

E vcc 
E 4Y 

Z 4B 

E 4A 
E 3Y 
Z 3B 

1 3A 
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74132 QUAD 2-INPUT NAND SCHMITT TRIGGER 

The "132" contains four 2-input NAND gates that accept 
standard TTL input signals and provide standard TTL output 
levels. They are capable of transforming slowly changing 
input signals into sharply defined jitter-free output signals. In 
addition, they have greater noise margin than conventional 
NAND gates. 

Each circuit contains a 2-input Schmitt trigger followed 
by a Darlington level shifter and a phase splitter driving a TTL 
totem pole output. The Schmitt trigger uses positive feed-
back to effectively speedup slow input transition and provide 
different input threshold voltages for positive-going and 
negative-going transitions. This hysteresis between the 
positive-going and negative-going input threshold (typically 
800 mW) is determined internally by resistor ratios and is 
essentially insensitive to temperature and supply voltage 
variations. As long as one input remains at a more positive 
voltage than VT + (Max), the gate will respond to the transi-
tions of the other input as shown in the figure. 

74 74LS 
0.8 0.8 
15 15 

Typ. Hysteresis (V) 
Typ. Delay Time (ris) 

GND 

74132 
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74133 13-INPUT NAND GATE 

A 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

E 
B E 
C i 
D E 
E 

F 

c 
E 

G 1 
GND II 

74133 

74S 
3 
19 

vcc 

M 

L 

K 

J 
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74134 12-INPUT NAND GATE (3-STATE) 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

Do 

Di 

D2 

D3 

D4 

D 

GND 

74134 
Truth Table 

INPUTS OUTPUT 

Do - - - - 011 OE Y 

H  H 
one input = L 
X  X 

L 
L 
H 

L 
H 
(Z) 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 

(2) = HIGH impedance "off" state 

74S 
4.5 
45 

74134 
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74135 QUAD EXCLUSIVE OR NOR GATE 

Max. Supply Current (mA) 
Typ. Propagation Delay (ns) 

B 12 

y 1 

C E 
A E 
B E  

Y E 

GND 

Truth Table 

-LP 

74S 
99 
12 

vec 
E A 
141 B 

E'  Y 

121 C 

E A 
loi B 

M Y 

INPUTS OUTPUT 

A 

L L 
L H 
H I. 

H H 
L L H 
L H H 
H L H 
H H H 

H 
H 

H 

H 

• HIGH voilage lare 

L • LOW veine levol 

74135 

74135 
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74136 QUAD 2-INPUT EXCLUSIVE-OR GATE (0 C ) 

Max. Supply Current (mA) 
Max. Propagation Delay (ns) 

13 

14 

15, 

16 

GND E 

Truth Table 

INPUTS OUTPUT 

A B Y 

L 
L 
H 
H 

L 
H 
L 
H 

L 
H 
H 
L 

74LS 
10 
30 

vcc 

z 

z 

74136 

L = LOW voltage level 
H = HIGH voltage level 

74136 
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74138 1-of-8 DECODER/DEMULTIPLEXER 

The "138" decoder accepts three binary weighted inputs 
(Ao, Ai, and A2) and when enabled,_provides eight mutually 
exclusive active LOW outputs (0", 7). The device features 
three enable inputs: two active LOW (Ei, E2) and one active 
HIGH (E3). Every output will be HIGH unless El and 72 are 
LOW and E3 is HIGH. This multiple enable function allows 
easy parallel expansion of the device to a 1-of-32 (5 lines to 32 
lines) decoder with just four "138's" and one inverter. 

The device can be used as an eight-output demultiplexer 
by using one of the active LOW enable inputs as the data input 
and the remaining enable inputs as strobes. Enable inputs not 
used must be permanently tied to their appropriate active 
HIGH or active LOW state. 

Type of Output 
Typ. Select Time (ns) 
Typ. Enable Time (ns) 
Typ. Total Power (mW) 

Vcc = Pin 16 
GND = Pin 8 I 2 3 

e 

74S 74Ls 
Totem Pole Totem Pole 
8 22 
7 21 
225 31 

4 5 4 

74138 

INPUTS OUTPUTS 

e1e2E3 A0A1A2 012 3 4 5 6 7 

H X X X X X HHHHHHH H 

X H X X X X HHHHHHH H 

X X L X X X HHHHHHH H 

L l H L L L L H H H H H H H 

L L H HL L H L HHHHH H 

L L H L H L HH L HHHH H 

L L H HH l HHH L HHH H 

L l H L L H HHHH LHH H 

L L H H L H HHHHH L H H 

L L H L H H HHHHHH L H 

L L H H H H HHHHHHHL 

NOTES 
H = HIGH voltage level 
L LOW voltage love! 

X Y Don't care 

74138 
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74139 DUAL 1-of-4 DECODER/ DEMULTIPLEXER 

The "139" is a high-speed dual 1-of-4 decoder/ 
demultiplexer. This device has two independent decoders, 
each accepting two binary weighted inputs (Ao and Ai) and 
providing four mutually exclusive active LOW outputs (U — 
U). Each decoder has an active LOW enable. (r). When r is 
HIGH, every output is forced HIGH. The enable can be used 
as the data input for a 1-of-4 demultiplexer application 

Type of Output 
Typ. Select Time (ns) 
Typ. Enable Time (ns) 
Typ. Total Power (mW) 

-Ea 

A0a 

A la 

74S 74LS 
Totem Pole Totem Pole 
7.5 22 
6 19 
300 34 

13 

0a 14 

la 

2a 

.5 a E 
GND z 

74139 

V CC 

Eb 

AOb 

Alb 

Ô b 

2b 

b 
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i 2 3 

7 4 5 6 

V CC = Pin 16 

GND = Pin 8 

Truth Table 

12 11 10 9 

74139 

15 14 13 

INPUTS OUTPUTS 

É Ao Ai 
H X X 
L L L 
L H L 
L L H 
L HH 

HHHH 
LHHH 
HL HH 
HH LH 
HHH L 

H -= HIGH voltage level 

L = LOW voltage level 

74139 
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74140 DUAL 4-INPUT NAND 50-OHM LINE DRIVER 

GND 

Low-Level Output Current (mA) 
High-Level Output Current (mA) 
Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

13 

14 

15 

16, 

74140 

74S 
60 

—40 
4 
44 
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74145 BCD-TO-DECIMAL DECODER/DRIVER (0 C ) 

The "145" is a 1-of-10 decoder with open collector out-
puts. This decoder accepts BCD inputs on the Ao to A3 
address lines and generates 10 mutually exclusive active 
LOW outputs. When an input code greater than 9 is applied, 
all outputs are HIGH. This device can therefore be used as a 
1-of-8 decoder with A3 used as an active LOW enable. The 
"145" features an output breakdown voltage of 15V. This 
device is ideal as a lamp or solenoid driver. 

Output Sink Current (mA) 
Off-State Output Voltage (V) 
Typ. Total Power (mW) 
Blanking 

15 

2 3 4 5 6 7 9 10 11 

VCC = Pin 16 
GND = Pin 8 

14 

74145 

13 

74 
80 
15 
215 
Invalid Codes 

12 
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74147 10-LINE-T0-4-LINE PRIORITY ENCODER 

The "147" 9-input priority encoder accepts data from 
nine active LOW inputs (E-U) and provides a binary rep-
resentation on the four active LOW outputs (Ao-A3). A prior-
ity is assigned to each input so that when two or more inputs 
are simultaneously active, the input with the highest priority 
is represented on the output, with input line 1 having the 
highest priority. 

The device provides the 10-line-to-4-line priority encod-
ing function by use of the implied decimal zero. The zero is 
encoded when all nine data inputs are HIGH, forcing all four 
outputs HIGH. 

11 

Typ. Delay Time Ois) 

Typ. Total Power (mW) 

12 13 1 2 

Vcc= Pin 16 
GND=-. Pin 8 14 

Truth Table   
INPUTS 

74147 
6 7 9 

74 

10 
225 

3 4 5 10 

OUTPUTS 

12 13 14 15 15 17 le Is «-À3 À2 Á1 

HHHHHHHHH 
X X X X X X X X L 
X X X X X X X L H 
X X X X X X L H H 
X X X X X L HHH 
X X X X LHHHH 

X X X LHHHHH 
X X L HHHHH H 
X L HHHHHH H 
LHHHHHHHH 

HHHH 
LHHL 
LHHH 
HLLL 
HLLH 
HLHL 
HLHH 
HHLL 
HHLH 
HHHL 

H FlIGH voltage level 
L LOW voltage level 
X e Dont care 74147 
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74148 8-INPUT PRIORITY ENCODER 

The "148" 8-input priority encoder accepts data from 
eight active LOW inputs and provides a binary representation 
on the three active LOW outputs. A priority is assigned to 
each input so that when two or more inputs are simultane-
ously active, the input with the highest priority is represented 
on the output, with input line F having the highest priority. A 
HIGH on the input enable (EI) will force all outputs to the 
inactive (HIGH) state and allow new data to settle without 
producing erroneous information at the outputs. 

A group signal output () and an enable output (M) are 
provided with the three data outputs. The "Cg is active level 
LOW when any input is LOW. This indicates when any input 
is active. The Ern is active level LOW when all inputs are 
HIGH. Using the output enable along with the input enable 
allows priority coding of N input signals. Both LeZ) and n are 
active HIGH when the input enable is HIGH. 

74 
Typ. Delay Time.(ns) 12 
Typ. Total Power (mW) 130 

ticc = Pin 16 
GND = Pin 8 

Truth Table 
INPUTS OUTPUTS 

6 lo il 12 13 14 is 10 17 el 10 Âl 112 SO 

NX X X X X X X X 11/IIIHN 
1.111111HW HIINFINFINL 
L X X X X X X X L L L LI.14 
L X X X X X XL HL FIL I. If 
LXXXXXLFIHI. I_ HL H 
1.3 X X X I. MI. HHL H 
1.3 X X LHIIIIHL L L HP 
I.XXL IIIIIIHNLNL NH 
I. X LNIIIIIIHNL L141111 
LL FINFINHHHLIIIINN 

»1461111.•••• 

LOW ••“•.• led 
X OM, WO 

10 11 12 13 1 2 3 4 

15 9 7 6 

74148 

14 

74148 

5 
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74150 16-INPUT MULTIPLEXER 

The "150" is a logical implementation of a single pole, 
16-position switch with the switch position controlled by the 
state of four select inputs: So, Si, Sz and S3. The multiplexer 
output (Y) inverts the selected data. The enable input (T5) is 
active LOW. When E is HIGH, the Y output is HIGH, regard-
less of all other inputs. In one package, the "150" provides the 
ability to select from 16 sources of data or control informa-
tion. 

74 
Type of Output Standard 
Typ. Delay, Data to Inverting Output (ns) Standard 
Typ. Delay Time, From Enable (ns) 18 
Typ. Total Power (mW) 200 

8 7 6 5 4 3 2 1 23 22 21 20 19 18 17 16 

9 

15 

14 

13 

11 

VCC = Pin 24 

GND = Pm 12 10 

74150 
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74151 8-INPUT MULTIPLEXER 

The "151" is a logical implementation of a single-pole, 
8-position switch with the switch position controlled by the 
state of three select inputs: So, Si and S2. True (Y) and 
complement (Y) outputs are both provided. The enable input 
(r) is active LOW when E is HIGH and the Y output is LOW, 
regardless of all other inputs. 

In one package, the "151" provides the ability to select 
from eight sources of data or control information. The device 
can provide any logic function of four variables and its nega-
tion with correct manipulation. 

74S 74 74LS 
Type of Output Standard Standard Standard 
Typ. Delay, Data to Inverting Output (ns) 4.5 a 11 
Typ. Delay, Data to Noninverting Output (ns) 8 16 18 
Typ. Delay Time, From Enable (ns) 9 22 27 
Typ. Total Power (mW) 225 145 30 

Truth Table 
INPUTS OUTPUTS 

É S2 S1 SO 10 11 12 13 14 15 113 17 V Y 

HX X X X X X X X X X X 

r
-
I
r
I
r
I
r
X
r
X
r
X
r
I
r
I
X
 

i
r
-
I
r
I
r
I
r
X
I
I
r
I
r
I
r
r
 

L L L L L X X X X X X X 

L L L L H X X X X X X X 
LLLHXL X X X X X X 

L L LHXHX X X X X X 

L LHL X X L X X X X X 

L LHL X X HX X X X X 

L LHHX X X L X X X X 

L LHHX X X H X X X X 

LHLL X X X X L X X X 

LHLL X X X X HX X X 
LHLHX X X X X L X X 

LHLHX X X X X HX X 

LHHL X X X X X X L X 

LHHL X X X X X X H X 

LHHHX X X X X X X L 

LHHHX X X X X X X H 

II a HIGH Voltage level 

L LOW Voltage level 
X a Oct Carle 

74151 
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7 4 3 2 1 15 14 13 12 

6 5 

VCC = Pin 16 
GND = Pin 8 

74151 
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74152 8-LINE TO 1-LINE DATA SELECTOR MULTIPLEXER 

The "152" is a logical implementation of a single-pole, 
8-position switch with the switch position controlled by the 
state of three select inputs: So, Si and S2. The "152" provides 
in one package the ability to select from eight sources of data 
or control information. 

74 
Max. Supply Current (mA) 
Max. Delay, Data to Inverting Output (ea) 

5 

6 

Vcc = Pin 14 
GND = Pin 7 

4 '3 2 

74152 

43 
17 

13 12 11 
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74153 DUAL 4-LINE TO 1-LINE MULTIPLEXER 

The "153" is a dual 4-input multiplexer that can select 
two bits of data from up to four sources under control of the 
common select inputs (So and Si). The two 4-input multi-
plexer circuits have individual active LOW enables (Ea, Eb) 
that can be used to strobe the outputs independently. Out-
puts (Ya and Yb) are forced LOW when the corresponding 
enables (Ea ànd Eb) are HIGH. 

The device is the logical implementation of a 2-pole, 
4-position switch, where the position of the switch is deter-
mined by the logic levels supplied to the two select inputs. 
The "153" can be used to move data to a common output bus 
from a group of registers. The state of the select inputs would 
determine the particular register from which the data came. 
An alternative application is as a function generator. The 
device can generate two functions of three variables. This is 
useful for implementing highly irregular random logic. 

74S 74 741S 
Type of Output Standard Standard Standard 
Typ. Delay, Data to Noninverting Output (ns) 6 14 14 
Typ. Delay Time, From Enable (ns) 9.5 17 17 
Typ. Total Power (mW) 225 180 31 

Truth Table 
SELECT INPUTS INPUTS (a or b) OUTPUT 

SO S1 É IO 11 12 13 Y 

X 
L 
L 
H 
H 
L 
L 
H 
H 

X 
L 
L 
L 
L 
H 
H 
H 
H 

H 
L 
L 
L 
L 
L 
L 
L 
L 

X 
L 
H 
X 
X 
X 
X 
X 
X 

X 
X 
X 
L 
H 
X 
X 
X 
X 

X 
X 
X 
X 
X 
L 
H 
X 
X 

X 
X 
X 
X 
X 
X 
X 
L 
H 

L 
L 
H 
L 
H 
L 
H 
L 
H 

H HIGH voltage level 

L LOW voltage Iowa 
X Don't cary 

74153 
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1 

14 

2 

6 5 4 3 10 11 12 13 15 

7 9 

Vcc = Pin 16 
GND = Pin 8 

74153 
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74154 1-0E-16 DECODER/DEMULTIPLEXER 

The "154" accepts four active HIGH binary address 
inputs and provides 16 mutually exclusive active LOW out-
puts. The 2-input enable gate can be used to strobe the 
decoder to eliminate the normal decoding glitches on the 
outputs, or it can be used for expansion of the decoder. The 
enable gate has two ANDed inputs which must be LOW to 
enable the outputs. 

The "154" can be used as a 1-of-16 demultiplexer by 
using one of the enable inputs as the multiplexed data input. 
When the other enable is LOW, the addressed output will 
follow the state of the applied data. 

74 74LS 74L 
Type of Output Totem Pole Totem Pole Totem Pole 
Typ. Select Time (ns) 19.5 23 55 
Typ. Enable Time (us) 17.5 19 45 
Typ. Total Power (mW) 170 45 24 

23 22 21 20 

A 0 A1 A2 A3 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1' TM TriT Tricin 
1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 17 

VCC = Pin 24 
GND = Pin 12 

330 
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74155 DUAL 2-LINE TO 4-LINE DECODER/DEMULTIPLEXER 

The "155" is a dual of 1-of-4 decoder/demultiplexer with 
common address inputs and separate gated enable inputs. 
Each decoder section, when enabled, will accept the binary 
weighted address input (Ao and Ai) and provide four mutually 
exclusive active LOW outputs (0-3). When the enable re-
quirements of each decoder are not met, all outputs of that 
decoder are HIGH. 

Both decoder sections have a 2-input enable gate. For 
decoder a, the enable gate requires one active HIGH input 
and one active LOW input (Ea • ra). Decoder a can accept 
either true or complemented data in demultiplexing applica-
tions, by using the ra or E. inputs respectively. The decoder 
b enable gate requires two active LOW inputs (Eb • ro. The 
device can be used as a 1-or-8 decoder/demultiplexer by 
tying Ea or Eb and relabeling the common connection address 
as A2, forming the common enable by connecting the remain-
ing Eb and Ea. 

Type of Output 
Typ. Select Time (ns) 
Typ. Enable Time (ns) 

Typ. Total Power (mW) 

Truth Table 

74LS 74 
Totem Pole Totem Pole 

18 21 
15 16 
30 250 

ADDRESS ENABLE "a" OUTPUT "a" ENABLE "h" OUTPUT "b" 

A0 A1 Ea ià r) i 1 3 Èb Eb È I i à 

XX 
XX 
LLHLLHHHLLLHHH 
HLHLHLHHLLHLHH 
LHHLHHLHLLHHLH 
HHHLHHHLLLHHHL 

L 
X 

X 
HHHHH 
HHHH H 

X 
X 
HHHHH 
HHHH 

H. HIGH voltage level 
L • LOW voltage level 
X • Don't care. 

74155 
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12 

ô  
E 

Ao 
DECODER "a" 

Al 

0 1 2 3 

13 3 

I e 

• 

14 15 

6 
E 

Ao 

DECODER "b" 
Al 

0 1 2 3 

1M rfrf 
7 6 5 4 9 10 11 12 

Vcc = Pin 16 
GND = Pin 8 

74155 

333 



74156 DUAL 2-LINE TO 4-LINE DECODER DEMULTIPLEXER (0 C ) 

The "156" is a dual 1-of-4 decoder/demultiplexer with, 
common address inputs and gated enable inputs. Each de-
coder section, when enabled, will accept the binary weighted 
address inputs (Ao and Ai) and provide four mutually exclu-
sive active LOW outputs (t).-U). When the enable require-
ments of each decoder are not met, all outputs of that decoder 
are HIGH. 

Both decoder sections have a 2-input enable gate. For 
decoder a, the enable gate requires one active HIGH input 
and one active LOW input ( Ea "Ea ). Decoder a can accept 
either true or complemented data in demultiplexing applica-
tions by using the Ea or Ea inputs, respectively. The decoder 
b enable gate requires two active LOW inputs (E) 'Eb). The 
device can be used as a 1-or-8 decoder/demultiplexer by 
tying Ea to Eb and relabeling the common connection address 
as A2, forming the common enable by connecting the remain-
ing EbandEa. 

The "156" can be used to generate all four minterms of 
two variables. The four minterms are useful to replace multi-
ple gate functions in some applications. 

74 74LS 
Typ of Output Open Collector Open Collector 
Typ. Select Time (ns) 23 33 
Typ. Enable Time (ns) 18 26 
Typ. Total Power (mW) 250 31 

Truth Table 

ADDRESS ENABLE "a" OUTPUT "a" ENABLE "h" OUTPUT "h" 

A0 Ai Ea Ea ii 7 1 5 Eb Eb 5 i à 5 

XX 
XX 
LLHLLHHHLLLHHH 

HLHLHL 
L 
HHHL 
HHLHHL 

L 
X 

X 
HHHHH 
HHHH 

HHHLLL 

HHLL 
HLLHH 

H 
X 

X 
HHH 
HHHH 

HLHH 

HHHL 

HH 

LH 

H v HIGH voltage level 

L LOW voltage level 

X Don't care 75156 



1 2 13 3 

E 
Ao 

DECODER "a" 
AI 

0 1 2 3 

I 
• 

14 15 

6 
E 

Ao 
DECODER "h" 
Al 

0 1 2 3 

1M UM 
7 6 5 4 

Vcc = Pin 16 
GND = Pin 8 

74156 

9 10 11 12 
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74157 QUAD 2-INPUT DATA 

SELECTOR MULTIPLEXER (NON-INVERTED) 

The "157" is a quad 2-input multiplexer that selects four 
bits of data from two sources under the control of a common 
select input (S). The enable input e is active LOW. When 
E is HIGH, all of the outputs (Y) are forced LOW, regard-
less of all other input conditions. 

Moving data from two groups of registers to four com-
mon output busses is a common use of the "157". The state of 
the select input determines the particular register from which 
the data comes. It can also be used as a function generator. 
The device is useful for implementing highly irregular logic by 
generating any four of the 16 different functions of two vari-
ables with one variable common. The device is the logic 
implementation of a four-pole, two-position switch where the 
position of the switch is determined by the logic levels 
supplied to the select input. 

74$ 741.S 74 74L 
Type of Output Standard Standard Standard Standard 
Type Delay, Data to Noninverting 5 9 9 ao 

Output (ns) 
Typ. Delay, from Enable (ns) 8 14 4 60 
Typ. Total Power (mW) 250 48 150 15 

15 2 3 

Vcc = Pin 16 

GND = Pin 8 4 

5 6 14 13 11 10 

7 74157 12 9 



Truth Table 

ENABLE 
SELECT 
INPUT 

DATA 
INPUTS 

OUTPUT 

É S loll Y 

H 
L 
L 
L 
L 

X 
H 
H 
L 
L 

X 
X 
X 
L 
H 

X 
L 
H 
X 
X 

L 
L 
H 
L 
H 

H HIGH voltage level 

L = LOW voltage level 

X Don't care 

74157 
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74158 QUAD 2-INPUT DATA SELECTOR/MULTIPLEXER (INVERTED) 

The "158" is a quad 2-input multiplexer that selects four 
bits of data from two sources under the control of a common 
select input (S), presenting the data in inverted form at the 
four outputs (V). The enable input (r) is active LOW. When E 
is HIGH, all of the outputs (7) are forced HIGH, regardless 
of all other input conditions. 

Moving data from two groups of registers to four com-
mon output busses is a common use of the 74158. The state of 
the select input determines the particular register from which 
the data comes. It can also be used as a function generator. 
The device is useful for implementing gating functions by 
generating any four functions of two variables with one vari-
able common. The device is the logic implementation of a 
four-pole, two-position switch where the position of the 
switch is determined by the logic levels supplied to the select 
input. 

74S 74LS 
Type of Output Standard Standard 
Typ. Delay, Data to Inverting Output (ns) 4 7 
Typ. Delay, From Enable (ns) 7 12 
Typ. Total Power (mW) 195 24 

Truth Table 

ENABLE 
SELECT 
INPUT 

DATA 

INPUTS 
OUTPUTS 

È S 10 11 -if-

H 

L 

L 

L 
L 

X 

L 
L 

H 
H 

XX 

LX 
H X 

XL 
X H 

H 
H 
L 

H 

L 

H HIGH voltage level 

LOW voltage level 

X Don't care 74158 
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15 2 3 5 6 14 13 11 10 

7 12 9 
Vcc ,--- Pin 16 
GND - Pin 8 

74158 
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74159 1-0E-16 DECODER DEMULTIPLEXER (0 C ) 

The "159" decoder accepts four active HIGH binary 
address inputs and provides 16 mutually exclusive active 
LOW outputs. The 2-input enable gate can be used to strobe 
the decoder to eliminate the normal decoding glitches on the 
outputs, or it can be used for expansion of the decoder. The 
enable gate has two ANDed inputs which must be LOW to 
enable the outputs. 

The 74159 can be used as a 1-of-16 demultiplexer by 
using one of the enable inputs as the multiplexed data input. 
When the other enable is LOW, the addressed output will 
follow the state of the applied data. The open collector out-
puts can be wired together to provide a means of generating 
any combination of the 16 minterms of four variables applied 
to the Ao -A3 inputs. 

Max. Supply Current (mA) 
Max. Delay, Address to Output (ns) 

Truth Table 

74 
56 
36 

INPUTS OUTPUTS 

É0 El A3 A2 A1 Ao 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

I  
 

I
 
 

 

X X X XHHHHHHHHHHHHHHH H 
X X X XHHHHHHHHHHHHHHHH 
X X X XHHHHHHHHHHHHHHHH 
LLLLLHHHHHHHHHHHHHHH 
LLLHHLHHHHHHHHHHHHHH 
LLHLHHLHHHHHHHHHHHHH 
LLHHHHHLHHHHHHHHHHHH 
LHLLHHHHLHHHHHHHHHHH 
LHLHHHHHHLHHHHHHHHH ti 

LHHLHHHHHHLHHHHHHHHH 
LHHHHHHHHHHLHHHHHHHH 
HLLLHHHHHHHHLHHHHHHH 
HLLHHHHHHHHHHLHHHHHH 
HLHLHHHHHHHHHHLHHHHH 
HLHHHHHHHHHHHHHLHHHH 
HHLLHHHHHHHHHHHHLHHH 
HHLHHHHHHHHHHHHHHLHH 
HHHLHHHHHHHHHHHHHHLH 
HHHHHHHHHHHHHHHHHHHL 

H HIGH voltage level 

L LOW voltage level 

Don't care 

74159 
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23 22 21 20 

A 0 A1 A2 A3 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

îl' TY I'? MT 1) UM 1 T 
1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 17 

VCC = Pin 24 

GND = Pin 12 

74159 
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74160 DEC DECADE COUNTER 

The "160" is a high-speed BCD decade counter. The 
counters are positive edge-triggered, synchronously pre-
settable and are easily cascaded to n-bit synchronous applica-
tions without additional gating. A terminal count output is 
provided which detects a count of HLLH. The master reset 
asynchronously clears all flip-flops. 

The "160" is a synchronous presettable BCD decade 
counter featuring an internal can lookahead for applications in 
high-speed counting designs. Synchronous operation is pro-
vided by having all flip-flops clocked simultaneously so that 
the outputs change coincident with each other when so in-
structed by the count-enable inputs and internal gating. This 
mode of operation eliminates the output counting that which 
are normally associated with asynchronous (ripple clock) 
counters. A buffered clock input triggers the four flip-flops on 
the positive-going edge of the clock. The clock input on the 
LS 160 features about 400 mV of hysteresis to reduce false 
triggering caused by noise on the clock line or by slowly rising 
clock edges. 

The counter is fully programmable; that is, the outputs 
may be preset to either level. Presetting is synchronous with 
the clock, and takes place regardless of the levels of the count 
enable inputs. A LOW level on the parallel enable (PE) input 
disables the counter and causes the data at the Dn inputs to be 
loaded into the counter on the next LOW-to-HIGH transition 
of the clock. The reset (clear) function for the "160" is 
asynchronous. A LOW level on the master reset (17g) input 
sets all four of the flip-flop outputs LOW, regardless of the 
levels of the CP, Pr, CET and CEP inputs. 

The carry lookahead circuitry provides for cascading 
counters for n-bit synchronous applications without additional 
gating. Instrumental in accomplishing this function are two 
count enable inputs (CET 'CEP) and a terminal count (TC) 
output. Both count enable inputs must be HIGH to count. The 
CET input is fed forward to enable the TC output. The TC 
output thus enabled will produce a HIGH output pulse with a 
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duration approximately equal to the HIGH level portion of the 
Qo output. This HIGH level TC pulse is used to enable 
successive cascaded stages. The fast synchronous multi-
stage counting connections are shown here. 

All changes of the Q outputs (except due to the asyn-
chronous master reset) occur as a result of, and synchronous 
with, the LOW-to-HIGH transition of the clock input (CP). As 
long as the setup time requirements are met, there are no 
special timing or activity constraints on any of the mode 
control or data inputs. However, for conventional operation 
of the 74160 the following transitions should be avoided: 

II HIGH-to-LOW transition on the CEP or CET input 
if the clock is LOW. 

al LOW-to-HIGH transition on the parallel enable 
input when the CP is LOW, if the count enables are 
HIGH at or before the transition. 

For some applications, the designer may want to change 
those inputs while the clock is LOW. In this case, the 74160 
will behave in a predictable manner. For example, if PE goes 
HIGH while the clock is LOW, and Count Enable is not active 
during the remaining clock LOW period (i.e. CEP or CET are 
LOW), the subsequent LOW-to-HIGH clock transition will 
change Qo-Q3 to the Do-D3 data that existed at the setup time 
before the rising edge of P. If PE goes HIGH while the clock 
is LOW, and count enable is active (CEP and CET are HIGH) 
during some portion of the remaining clock LOW period, the 
74160 will perform a mixture of counting and loading. On the 
LOW-to-HIGH clock transition, outputs Qo-Q3 will change as 
the count sequence or the loading requires. Only the outputs 
that would not change in the count sequence and that are also 
reloaded with their present value stay constant. 

If count enable is active (i.e., CEP and CET are HIGH) 
during some portion of the clock LOW period, and FE is 
HIGH (mactive) during the entire clock LOW period, the 
subsequent LOW-to-HIGH clock transition will change Qo-Q3 
to the next count value. 



74LS 
Count Frequency (MHz) 25 
Parallel Load Synchronous 
Clear Asynchronous-Low 
Typ. Total Power (mW) 93 

9 3 4 5 6 

74 
25 
Synchronous 
Asynchronous-Low 
305 

15 

Vcc = Pin 16 

GND = Pin 8 14 13 

MODE SELECT - FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

a CP CEP CET 61 On on TC 

Reset (Clew) L X x X X X L L 
Parallel Load I-I 

H 
I 
I 
XX 
x X 

I 
I 

I 
h 

L 
H 

L 
(b) 

Count H f h h h(d) X count (b) 
Hold (do nothIng) H 

H 
X 
X 

l(c) 
X 

X 
i(c) 

h(d) 
h(d) 

X 
X 

Rn 
lin 

(b) 
L 

12 11 

H • HIGH voltage level steady stale 

L LOW voltege level steady stale 

h w HIGH voltage level one setup time poor to the LOW-to-HIGH clock transition 

I w LOW voltage level one setup tune prior to the LOW-to-HIGH clock transition 

X w Don't care 

g w Lower case lettere indicate the stale of the referenced output poor to the LOW-to-

HIGH clock transition 

w LOW-to-HIGH clock transition 

NOTES 

(b) The IC output is HIGH when CET is HIGH and the counter is at Terminal Count (Hall 

for -180-). 
(c) The HIGH-to-LOW transition of CEP or CET on the 54/ 74180 should only occur while 

CP is HIGH for conventional operation 
(d) The LOW-to-HIGH transition of R on the 54/ 74180 should only occur while CP is HIGH 

Rx conventional operation. 

ca, 

00 .1 .1 03 

I'll 

SYNCHRONOUS MULTISTAGE COUNTING SCHEME 

11111  1_  1 1 1 1 I LIM'  1_  il i I I  

4 4 4 4 4 4  4 4 44 4  4 4 4 .3 .. 4 0, .1 .3 
..-- o. CRT Co 

e 
um  [ 001 11 4 41 -vCro 4 444 01 03 -, l'•••• OP O• Of 0,  1 1 1 1 Ill/ 1 1 1 1  
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74161 4-BIT BINARY COUNTER 

The "161" is a high-speed 4-bit binary counter. The 
counters are positive edge-triggered, synchronously pre-
settable and are easily cascaded to n-bit synchronous applica-
tions without additional gating. A terminal count output is 
provided which detects a count of HHHH. The master reset 
asynchronously clears all flip-flops. 

Refer to 74160 for a further explanation of binary coun-
ters 

74LS 74 
Count Frequecy (MHz) 25 25 
Parallel Load Synchronous Synchronous 
Clear Asynchronous-Low Asynchronous-Low 
Typ. Total Power (mW) 93 305 

5 le 

14 13 12 11 

5 74161 

VCC PM le 
ONO = Pin 8 

MODE SELECT - FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

MR CP CEP CET PE Dn On TC 

Reset (Clear) L X X X X X l L 

Parallel Load H 
H 

t 
t 

X 
X 

X 
X 

1 
1 

1 
h 

l 
H 

L 
(b) 

Count H t h h h(d) X count (b) 

Hold (do nothing) H 
H 

X 
X 

1(c) 
X 

X 
1(c) 

h(d) 
h(d) 

X 
X 

cln 
tin 

(b) 
L 

H w HIGH voltage level steady state 

L = LOW voltage level steady stale 
h = HIGH voltage level one setup time poor to the LOW•to-HIGH clock transition 

I = LOW voltage level one setup time prior to the LOW•to-HIGH clock transition 

X = Don't care 
q = Lower case letters indicate the state of the witterenced output prior to the LOW•lcv 

HIGH clock nonillion. 
LOW.to-HIGH clock transition. 

NOTES 
(b) The TC output M HIGH when CET is HIGH and the counter is at Terminal Count SOW 

for -1611. 
(c) The HIGH-to-LOW transition of CEP or CET on the 64 74161 should only occur while 

CP is HIGH for conventional °pavilion 
(d) The LOW-104111311 tranattion of PE on the 54 74161 should only occur while OP is HIGH 

too COnvelltionél operation. 

74161 
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74162 BCD DECADE COUNTER 

The "162" is a high-speed BCD decade counter. The 
counters are positive edge-triggered, synchronously pre-
settable and are easily cascaded to n-bit synchronous applica-
tions without additional gating. A terminal count output is 
provided that detects a count of HLLH. The synchronous 
reset is edge-triggered. It overrides all control inputs, but is 
active only during the rising clock edge. 

Refer to 74160 for a further explanation of binary coun-
ters. 

74LS 
Count Frequency (MHz) 25 
Parallel Load Synchronous 
Clear Synchronous-Low 
Typ. Total Power (mW) 93 

MODE SELECT - FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

SR CP CEP CET PE Dn On TC 

Reset (Clear) I t X X X X L L 

Parallel Load h(d) 
h(d) 

t 
f 

X 
X 

X 
X 

1 
1 

I 
h 

L 
H 

L 

(b) 
Count h(d) t h h h(d) X count (b) 
Hold (do nothing) h(d) 

h(d) 
X 
X 

1(c) 
X 

X 
1(c) 

h(d) 
h(d) 

X 
X 

qn 
qn 

(b) 
L 

74 
25 
Synchronous 
Synchronous-Low 
305 

H HIGH voltage level steady slate 

L LOW voltage level steady stale. 
h 4 HIGH voltage level one setup tune prior to the LOW-to-HIGH clock transition. 

I LOW voltage level one setup hrne prior to the LOW-to-HIGH clock transition. 

X Don't care 
g Lower case letters indicate the stele of the referenced output prior to the LOW-to. 

HIGH clock tranattion 
LOW-to-HIGH clock transition 

NOTES 

(b) The TC output is HIGH when CET is HIGH and the counter a at Terminal Count (HLLH 
for -16r). 

(c) The HIGH-to-LOW transition of CEP or CET on the 54 i 74162 should only occur while 

CP is HIGH for conventional operation 
(d) The LOW-tv-HIGH transition of TFÈ on SR on the 54 I 74162 should only occur whrle CP 

is HIGH for conventional operation. 

74162 
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9 

7 

10 

2 

14 13 12 11 

VCC = Pin 16 
GND = Pin 8 

3 4 

74162 

5 6 

15 
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74163 4-BIT BINARY COUNTER 

The "163" is a high-speed 4-bit binary counter. The 
counters are positive edge-triggered, synchronously pre-
settable and are easily cascaded to n-bit synchronous applica-
tions without additional gating. A terminal count output is 
provided which detects a count of HHHH. The synchronous 
reset is edge-triggered. It overrides all other control inputs, 
but is active only during the rising clock edge. 

Refer to 74160 for a further explanation of binary coun-
ters. 

741S 
Count Frequency (MHz) 25 
Parallel Load Synchronous 
Clear Synchronous-Low 
Typ. Total Power (mW) 93 

9 

7 

10 

2 

14 13 12 11 

Vcc = Pin 16 
GND = Pin 8 

3 4 

74163 

5 6 

74 
25 
Synchronous 
Synchronous-Low 
305 

15 



MODE SELECT - FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

SR CP CEP CET PE On On TC 

Reset (Clear) I t X X X X L L 

Parallel Load h(d) 
h(d) 

f 
t 

X 
X 

X 
X 

I 

I 

I 
h 

L 

H 
L 

(b) 

Count h(d) t h h h(d) X count (b) 

Hold (do nothing) h(d) 

h(d) 

X 

X 

1(c) 

X 

X 

1(c) 

h(d) 

h(d) 

X 

X 
Rn 

cln 

(b) 
L 

H HIGH voltage level steady slate 

L 4 LOW voltage level steady state 

h 4 HIGH voltage level one setup lime prior to the LOW-to-HIGH clock transItIon 

I 4 LOW voltage level one setup time prior to the LOW-to-HIGH clock transition 

X 4 Don't care 

q 4 Lower case letters indicate the state of the referenced output prior to the LOW-to-

HIGH clock transition 

4 LOW-to-HIGH clock transition 

NOTES 

(b) The TC output is HIGH when CET is HIGH and the counter is at Terminal Count (HHHH 

for -163-) 

(C) The HIGH-to-LOW transition ol CEP or CET on the 54174183 should only occur while 

CF is HIGH for conventional operation 

(d) The LOW to HIGH transition of PE or gi on the 54 74183 should only occur while CF 
is HIGH lor cawentional operation 

74163 
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74164 8-BIT SERIAL-IN PARALLEL-OUT SHIFT REGISTER 

The "164" is an 8-bit edge-triggered shift register with 
serial data entry and an output from each of the eight stages. 
Data are entered serially through one of two inputs (Dsa or 
Dsb). Either input can be used as an active HIGH enable for 
data entry through the other input. Both inputs must be 
connected together or an unused input must be tied HIGH. 

Data shift one place to the right on each LOW-to-HIGH 
transition of the clock (CP) input, and enter into Qo the logical 
AND of the two data inputs (Dsa .De) that existed one setup 
time before the rising clock edge. A LOW level on the master 
reset (MR) input overrides all other inputs and clears the 
register asynchronously, forcing all outputs LOW. 

Shift Frequency (MHz) 
Serial Data Input 
Asynchronous Clear 
Shift-Right Mode 
Shift-Left Mode 
Load 
Hold 
Typ. Total Power (mW) 

Truth Table 
OPERATING 

MODE 

INPUTS OUTPUTS 

MR CP 13 ea Deb 0 0 0 1 - 
- 

0 7 

Reset (Clear) L X XX L L - L 

Shift 

H 
H 
H 
H 

# 
f 
e 
$ 

I 
I 
h 
h 

I 
h 
I 
h 

L 
L 
L 
H 

go 
go 
go 
cle 

- 
' 
' 
- 

q6 

ge 
C16 

ge 

74LS 74 741. 
25 25 6 
Gated D GatedD Gated D 
Low Low Low 
Yes Yes Yes 
No No No 
No No No 
No No No 
80 175 30 

H = HIGH voltage level 
h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition 
L = LOW voltage level. 
I = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition. 
• = Lower case letters indicate the stale of the referenced input lot output' one setup 

time prior to the LOW-to-HIGH clock transition 
• = Don't care 

LOW-to-HIGH clock transition 

74164 
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1 

2 

8 

Dsa 

Dsb 

CP 

MR 00 01 02 03 04 0s 06 07 

Vcc = Pin 14 

GND = Pin 7 

74164 

II 1 1 
10 11 12 13 
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74165 8-BIT SERIAL/PARALLEL-IN, SERIAL-OUT SHIFT REGISTER 

The "165" is an 8-bit parallel load or serial-in shift regis-
ter with complementary serial outputs (Q7 and U7) available 
from the last stage. When the parallel load (PL) input is LOW, 
parallel data from the Do-D7puts are loaded into the register 
asynchronously. When the PL input is HIGH, data enter the 
register serially at the Ds input and shift one place to the right 
(Qo-->Qi->Q2,etc.) with each positive-going clock transition.This 
feature allows parallel to serial converter expansion by tying 
the Q7 output to the Ds input of the succeeding stage. 

The clock input is a gated OR structure that allows one 
input to be used as an active LOW clock enable (CE) input. 
The pin assignment for the CP and CE inputs is arbitrary and 
can be reversed for layout convenience. The LOW-to-HIGH 
transition of the CE input should only take place while the CP 
is HIGH for predictable operation. Also, the CP and CE 
ilTuts should be LOW before the LOW-to-HIGH transition of 
PL to prevent shifting the data when PL is released. 

74 
25 
D 
None 
Yes 
No 
Yes 
Yes 
200 

Shift Frequency (MHz) 
Serial Data Input 
Asynchronous Clear 
Shift-Right Mode 
Shift Left Mode 
Load 
Hold 
Typ. Total Power (mW) 

MODE SELECT - FUNCTION TABLE 

OPERATING 
MODES 

INPUTS On REGISTER OUTPUTS 

/- CE CP DS DO - D7 00 0 1 - 06 07 07 

Parallel Load 
L 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

L - L 

H - H 

LH 

HL 

Serial Shift H 

HLth 

L t I X 

X 

L 

H 

RO - R5 

(t0 • R5 

R6 

R6 

T16 

(16 

Hold "Do Nothing" H H X X X RO R 1 - Rt3 R7 

H e HIGH voltage level 
h e HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition. 

L e LOW voltage level 
t e LOW voltage level one setup time prior to the LOW-to-HIGH clock transition. 

tin Lower case letters ondicate the state of the referenced output one setup tirne prior 
to the LOW-to-HIGH clock transitson. 

X Don't care. 

e LOW -to-HIGH clock tralISPi011. 74165 
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10 

2 

15 

9 7 

VCC = Pin 16 
GND = Pin 8 

11 12 13 14 3 4 5 6 

74165 
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74166 8-BIT SERIAL/PARALLEL-IN, SERIAL -OUT SHIFT REGISTER 

The "166" is an 8-bit shift register that has fully syn-
chronous serial or parallel data entry selected by an active 
LOW parallel enable (PE) input. When the PE is LOW one 
setup time before the LOW-to-HIGH clock transition, parallel 
data are entered into the register. When PE is HIGH, data 
are entered into internal bit position Qo from serial data input 
(Ds), and the remaining bits are shifted one place to the right 
(Qo-->Q1-->Q2) with each positive-going clock transition. For 
expansion of the register in parallel to serial converters, the 
Q7 output is connected to the Ds input of the succeeding 
stage. 

The clock input is a gated OR structure that allows one 
input to be used as an active LOW clock enable (a) input. 
The pin assignment for the CP and CE inputs is arbitrary and 
can be reversed for layout convenience. The Low-to HIGH 
transition of CE input should only take place while the CP is 
HIGH for predictable operation. 

A LOW on the master reset (MR) input overrides all 
other inputs and clears the register asynchronously, forcing 
all bit positions to a LOW state. 

74 
Shift Frequency (MHz) 20 
Serial Data Input 
Asynchronous Clear Low 
Shift-Right Mode Yes 
Shift-Left Mode No 
Load Yes 
Hold Yes 
Typ. Total Power (m1.1) 360 
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9 

13 12 11 

VCC = Pin 16 
GND = Pin 8 

3 

14 

4 

74166 

15 

VII•tea...» • • .w.......... 

OPERATING MODE 

- - - ____ 

INPUTS OUTPUTS 

CP U/Ô CEP CET PE Dn On TC 

Parallel Load t 
t 

X 
X 

X 
X 

X 
X 

I 
I 

I 
h 

L 
li 

(b) 
(b) 

Count Up t hl IhX Count 
Up 

(b) 

Count Down t IllhX Count 
Down 

(b) 

Hold (do nothing) t 
t 

X 
X 

h 
X 

X 
h 

h 
h 

X 
X 

qn 
qn 

(b) 
H 

H w HIGFI voltage level steady stale 
L • LOW voltage level steady stale 

h w HIGH voltage level one setup time prior to the LOW-to.HIGH clock transition 

I « LOW voltage level one setup lime prior to the LOW•to.HIGH clock traneution 

X « Don't care 
w Lower case letters indicate the state of the referenced output prior lo the LOW-to• 

HIGH clock transition 

w LOW-to-HIGH clock Irensition 

NOTE 

b. The fCma LOW when CET is LOW end the counter is at Ternunal Count Terrninel Count 

Up ma (HUH). and TermInal Count Down is (LLLL) 
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74168 4-BIT UP/DOWN SYNCHRONOUS COUNTER 

The "168" is a synchronous presettable BCD decade 
up/down counter featuring an internal carry lookahead for 
applications in high-speed counting designs. Synchronous op-
eration is provided by having all flip-flops clocked simultane-
ously so that the outputs change coincident with each other 
when so instructed by the count-enable inputs and internal 
gating. This mode of operation eliminates the output spikes 
which are normally associated with asynchronous (ripple 
clock) counters. A buffered clock input triggers the flip-flops 
on the LOW-to-HIGH transition of the clock. 

The counter is fully programmable; that is, the outputs 
may be present to either level. Presetting is synchronous 
with the clock and takes place regardless of the levels of the 
count-enable inputs. A LOW level on the parallel enable (PE) 
input disables the counter and causes the data at the Dn inputs 
to be loaded into the counter on the next LOW-to-HIGH 
transition of the clock. The direction of counting is controlled 
by the up/down (1.5/U) input; a HIGH will cause the count to 
increase, and a LOW will cause the count to decrease. 

The carry lookahead circuitry provides for cascading 
counters for n-bit synchronous applications without additional 
gating. Instrumental in accoLnzlishing this function are two 
count-enable inputs (CET. CEP) and a terminal count (TC) 
output. Both count-enable inputs must be LOW to count. The 
CET input is fed forward to enable the TC output. The TC 
output, thus enabled, will produce a LOW output pulse with a 
duration approximately equal to the HIGH level portion of the 
Qo output. This LOW level TC pulse is used to enable succes-
sive cascaded stages. The fast synchronous multistage count-
ing connections are shown here. 

74LS 
Count Frequency (MHz) 25 
Parallel Load Synchronous 
Clear None 
Typ. Total Power (mW) 100 

356 



VCC = Pin 16 
GND = Pin 8 14 13 

74168 

12 11 

1 b 

MODE SELECT—FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

CP U/5 CEP CET PE Dn On Té 

Parallel Load t 
t 

X 
X 

X 
X 

X 
X 

I 
I 

I 
h 

L 
H 

(b) 
(b) 

Count Up t hl IhX Count 
Up 

(b) 

Count Down t IllhX Count 
Down 

(b) 

Hold (do nothing) t 
t 

X 
X 

h 
X 

X 
h 

h 
h 

X 
X 

Rn 
Rn 

(b) 
H 

H e HIGH voltage level steady state 

L e LOW voltage level steady stale 
h e HIGH voltage level one setup time prior to the LOW-to-HIGH clock Waned« 
I e LOW voltage level one setup how p.m' lo ttw LOW-to-HIGH clock tranathon 

X • Don't care 
q Lower case letters Indicate the state ol the referenced output once to Me LOW-to-

HIGH clock 'lewd« 

t= LOW-to-HIGH clock transition. 

NOTE 

b The rd to LOW when efts LOW and the counter te at Tenurial Corot Timm& Count 
Up os (HLLH). and Ternunal Count Down oil (LLLL) 

74168 
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74169 4-BIT UP DOWN SYNCHRONOUS COUNTER 

The "169" is a synchronous presettable modulo 16 bi-
nary up/down counter featuring an internal carry lookahead 
for applications in high-speed counting designs. Synchronous 
operation is provided by having all flip-flops clocked simul-
taneously so that the outputs change conincident with each 
other when so instructed by the count-enable inputs and 
internal gating. This mode of operation eliminates the output 
spikes that are normally associated with asynchronous (ripple 
clock) counters. A buffered clock input triggers the flip-flops 
on the LOW-to-HIGH transition of the clock. 

The counter is fully programmable; that is, the outputs 
may be preset to either level. Presetting is synchronous with 
the clock and takes place regardless of the levels of the count 
enable inputs. A LOW level on the parallel enable (PE) input 
disables the counter and causes the data at the Dn inputs to be 
loaded into the counter on the next LOW-to-HIGH transition 
of the clock. The direction of counting is controlled by the 
up/down (Uel) input. A HIGH will cause the count to in-
crease, and a LOW will cause the count to decrease. 

The carry lookahead circuitry provides for cascading 
counters for n-bit synchronous applications without additional 
gating. Instrumental in accmlishing this function are two 
count-enable inputs (CEP•CEP) and a terminal count (TC) 
output. Both count-enable inputs must be LOW to count. The 
CET input is fed forward to enable the TC output. The T1C" 
output, thus enabled, will produce a LOW output pulse with a 
duration approximately equal to the HIGH level portion of the 
Qo output. This LOW level TC pulse is used to enable succes-
sive cascaded stages. See 74168 for the fast synchronous 
multistage counting connections. 

741.S 
Count Frequency (MHz) 25 
Parallel Load Synchronous 
Clear None 
Typ. Total Power (mW) 100 
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13 12 11 14 

VCC = Pin 16 
GND = Pin 8 

MODE SELECT-FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

CP U/15 CET PE Dn On TC CEP 

Parallel Load }XXXII 
1)( X X I h 

L 
H 

(b) 
(b) 

Count Up thl IhX Count 
Up 

(b) 

Count Down 111IhX Count 
Down 

(b) 

Hold (do nothing) 1)(h 
1X X 

X 
h 

h 
h 

X 
X 

qn 
qn 

(b) 
H 

74169 

15 

H HIGH voltage level steady state 

LOW voltage level steady state 
h vi I-0GH voltage level one setup time poor to the LOW-to-HIGH clock transition 

I LOW voltage level one setup time prior to the LOW•lo-HIGH clock transition 

X - Don't care 
ct Lower case letters indicate the state of the referenced output poor to the LOW-to-

HIGH clock transition 

« LOW-to-HIGH clock transition 

NOTE 

b The TC is LOW when CET is LOW and the counter is at Terminal Count Terminal Count up 

is (HHHI-1) and Terminal Count Down is (LLLL) 

74169 
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74170 4 x 4 REGISTER FILE (0.C.) 

The "170" is a 16-bit register file organized as 4 words of 
4 bits each. This permits simultaneous writing into one word 
location and reading from another location. The 4-bit word to 
be stored is presented to four data inputs. The write address 
inputs (WA and WB)detennine the location of the stored word. 
When the write enable (WE) input is LOW, data are entered 
into the addressed location. The addressed location remains 
transparent to the data while the WE is LOW. Data supplied 
at the inputs will be read out in true (non invertily21 form. Data 
and write address inputs are inhibited when WE is HIGH. 

Direct acquisition of data stored in any of the four regis-
ters is made possible by individual read address inputs (RA and 
RB). The addressed word appears at the four outputs when 
the read enable (RE) is LOW. Data outputs are inhibited and 
remain HIGH when the read enable input is HIGH. This 
permits simultaneous reading and writing, eliminates recov-
ery times and is limited in speed only by the read time and the 
write time. 

Up to 256 devices can be stacked to increase the word 
size to 1024 locations by tying the open collector outputs 
together. Parallel expansion to generate n-bit words is ac-
complished by driving the enable and address inputs of each 
device in parallel. 

74LS 74 
Typ.AddressTime(ns) 27 30 
Typ. Read Enable Time (ns) 15 15 
Data Input Rate (MHz) 20 20 
Typ. Total Power (mW) 125 635 
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10 9 7 6 

Vcc = Pin 18 
GND = Pin 8 

74170 

WRITE MODE SELECT TABLE 

OPERATING 
MODE 

INPUTSINTERNAL 

LATCHES(b) WE Dn 

Write Data L 
L 

L 
H 

L 
H 

Data Latched H X no change 

NOTE 

b. The Write Address (WA & WB) to the "internal latches" 

must be stable while Ve is LOW for conventional oper-
ation. 

READ MODE SELECT TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

—RE 
INTERNAL 

% 
LATCHES(C) 

On 

Read L 
L 

L 
H 

L 
H 

Disabled H X H 

NOTE 

c. The Read Address (RA d RB) changes to select the 

"internal latches" are not constrained by WE or iFE op-

eration 

H = HIGH voltage level 
L = LOW voltage level 

X =- Don't care 

74170 
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74172 16-BIT MULTIPLE PORT REGISTER FILE 

The "172" is a high performance 16-bit multiport regis-
ter file with three-state outputs organized as eight words of 
two bits each. Multiple address decoding circuitry is used so 
that the read and write operation can be performed indepen-
dently on up to 3-word locations. Data can be written into 
2-word locations through input port A or input port C while 
data is simultaneously read from both output port B and 
output port C. 

Port A is an input port that can be used to write two bits 
of data (DAo and Diu) into one of eight register locations 
selected by the address inputs (AAO, AA1 and Am). When the 
write enable (WEA) input is LOW one setup time prior to the 
LOW-to-HIGH transition of the Clock (CP) input, the data is 
written into the selected location. 

Port B is an output port that can be used to read two bits 
of data from one of eight register locations selected by the 
address inputs (ABO, AB1 and AB2). When the read enable 
(REB) is LOW, the selected 2-bit word appears on outputs 
QBo and QBi. When REB is HIGH. the QBo and QB1 outputs are 
in the high-impedance off state. The read operation is inde-
pendent of the clock. 

Port C is a read/write port that has separate data input 
and data output sections, but common address inputs (Aco, 
Aci and Ac2). Data can be simultaneously written into and 
read from the same register location. Port C can be used to 
write data into one location while port A is writing into a 
different location but data cannot be written reliably into the 
same location simultaneously. If both ports A and C are 
enabled for writing into the same location during the same 
clock cycle, the LOW data will predominate if there is a 
conflict. 

The register operation is essentially a master-slave flip-
flop. Each master acts as a transparent D latch when selected 
by the A or C address and the clock and applicable write 
enable are LOW. The data in the master is transferred to the 
slave (or output section) following the LOW-to-HIGH transi-
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tion of the clock (CP). The address inputs must be stable 
while the clock and write enable inputs are LOW to ensure 
retention of data previously written into the other locations. 
Any number of masters can be altered while the clock and 
write enable are LOW, but the new data will not be loaded into 
the slaves or be available at the outputs until the clock goes 
HIGH. 

3 2 1 23 9 8 7 15 

I I  

22 — 

4 — 

6 — 

21 — 

5 

VCC = Pin 24 
GND = Pin 12 

WEA AA0 AA1 AA2 ABO AB1 AB2 

DAO 

DA1 

CP 

Dc0 

Del 

WE ACO Ad 1 AC2 

REB 

OBO 

081 

— 14 

- 10 

13 

- 11 

20 17 18 19 

WRITE MODE SELECT TABLE 

OPERATING MODE 
INPUTS ADDRESSED REGISTER 

CP WE Dn 

Write Data(b) t 
t 

I 
I 

I 
h 

L 
H 

Hole) 1 h X no change 

74172 

Y 
16 

READ MODE SELECT TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

RE ADDRESSED REGISTER On 

Read L 
L 

L 
H 

L 
H 

Disabled H X (Z) 

H = HIGH voltage level steady slate 

h = HIGH voltage level one setup time prior to the 

LOW-to-HIGH or HIGH-to-LOW clock tranaitton. 

L = LOW vollege level steady state 

w LOW voltage level one setup time prior 
to the LOW•to-HIGH clock transition. 

X = Don't care. 

(Z) = High impedance "or state 

= LOW-to-HIGH clock transition 

4- HIGH-to-LOW clock Vanden 

NOTE 

b The Write Address (AA h Ac) to the "eternal register' 

must be stable while iFiÉ and CP are LOW for conven-

tional operation 

c The Write Enable must be HIGH before the HIGH-to-

LOW Clock transition to ensure that the data in the 

register is not changed 

74172 
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74173 QUAD D-TYPE FLIP-FLOP WITH 3-STATE OUTPUTS 

The "173" is a 4-bit parallel load register with clock 
enable control, 3-state buffered outputs and master reset. 
When the two clock enable (ri and E2) inputs are LOW, data 
on the D inputs are loaded into the register synchronously 
with the LOW-to-HIGH clock (CP) transition. When one or 
both r inputs are HIGH one setup time before the LOW-to-
HIGH clock transition, the register will retain the previous 
data. The data inputs and clock enable inputs are fully edge-
triggered and must be stable only one setup time before the 
LOW-to-HIGH clock transition. The master reset (MR) is an 
active HIGH asynchronous input. When the MR is HIGH, all 
four flip-flops are reset (cleared) independently of any other 
input condition. 

The 3-state output buffers are controlled by a 2-input 
NOR gate. When both output enable (0E1 and 0E2) inputs are 
LOW, the data in the register is presented at the Q outputs. 
When one or both OE inputs is HIGH, the outputs are forced 
to a high-impedance off state. The 3-state output buffers are 
completely independent of the register operation. The OE 
transitions do no affect the clock and reset operations. 

74 
25 
High 
250 

14 13 12 

Frequency (MHz) 
Asynchronous Clear 
Typ. Total Power (mW) 

9 

10 

7 

1 

2 

VCC = Pin 16 

GND = Pin 8 
15 3 
74173 

4 5 

11 

6 
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MODE SELECT-FUNCTION TABLE 

REGISTER 
OPERATING MODES 

INPUTS OUTPUTS 

MR CP E1 E2 Dn On (Register) 

Reset (clear) H X X X X L 

Parallel Load 
L 

L 

t 

t 

I 

I 

I 
i 

I 
h 

L 
 H 

Hold (No change) 
L 
L 

X 
X 

h 
X 

X 
h 

X 
X 

(In 

gn 

3-STATE BUFFER 
OPERATING MODES 

INPUTS OUTPUTS 

On (Register) 0E1 0E2 00. 01, 02. 03 

Read 
L 

H 
L 

L 
L 

L 
L 
H 

Disabled 
X 
X 

H 
X 

X 
H 

(Z) 
(Z) 

40TES 

H HIGH voltage level 
h HIGH voltage level one setup lene peor lo the LOW-10-HIGH clock trans.tiOn 

L LOW voltage level 
I LOW voltage level one setup torne peor to the LOW-to-HIGH clock transdeon 

la" Lower case letters inchcate the state of the referenced ,nput 'or output. one sett* 

Ire* peor to the LOW•to-HIGH clock transelon 

X Don care 

Ffigh impedance Off slate 

tLOW-to-HIGH transtbon 

74173 
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74174 HEX D FLIP-FLOP 

The "174" has six edge-triggered D-type flip-flops with 
individual D inputs and Q outputs. The common buffered 
clock (CP) and master reset (MR) inputs load and reset 
(clear) all flip-flops simultaneously. The register is fully 
edge-triggered. The state of each D input, one setup time 
before the LOW-to-HIGH clock transition, is transferred to 
the corresponding Q output of the flip-flop. 

All outputs will be forced LOW independently of clock or 
data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the clock and master reset are common to all 
storage elements. 

Frequency (MHz) 
Asynchronous Clear 
Typ. Total Power (mW) 

MODE SELECT-FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

MR CP Do On 

Reset (clear) 

Load"1" 

Load"0" 

L 

H 

H 

X 

t 

t 

X 

h 

I 

L 

H 

L 

74S 74LS 74 
75 30 25 
Low Low Low 
450 80 225 

H = HIGH voltage level steady state 

h = HIGH voltage level one setup orne pro; to the LOW to HIGH dock ?wanton 

L = LOW collage level steady slate 

I = LOW voltage level one setup lime pttot to Me LOW to HIGH clock dimwit. 

X = Don't cafe 

4 = LOW•to•HIGH clock tronsdan 

74174 
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4 

9 

5 7 10 12 15 2 

VCC = Pin 16 
GND = PIN 8 

74174 

11 13 14 
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74175 QUAD D FLIP-FLOP 

The "175" is a quad edge-triggered D-type flip-flop with 
individual D inputs and both Q and Zi outputs. The common 
buffered clock (CP) and master reset (Mr) inputs load and 
reset (clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The state of each D 
input, one setup time before the LOW-to-HIGH clock transi-
tion, is transferred to the corresponding Q output of the 
flip-flop. 

All Q outputs will be forced LOW independently of clock 
or data inputs by a LOW voltage level on the NM input. The 
device is useful for applications where both true and comple-
ment outputs are required, and the clock and master reset are 
common to all storage elements. 

Frequency (MHz) 
Asynchronous Clear 
Typ. Total Power (mW) 

MODE SELECT—FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

Mi CP on On Un 

Reset (clear) 

, Load -1- 

Load -0" 

L 

H 

H 

X 

f 

t 

X 

n 

I 

L 

H 

L 

H 

L 

H 

74$ 74LS 74 
75 30 25 
Low Low Low 
300 55 150 

H a HIGH vottape level steady state 
h a HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition. 
L a LOW voltage level steady state 

t a LOW voltage level one setup time prior to the LOW-to-HIGH clock treimitloiL 
X a Don't care 
t a LOW-to-HIGH clock Ceuta«. 

74175 
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9 

1. 

6 11 10 14 15 3 

VCC = Pin 16 
GND = Pin 8 

4 

2 

5 

7 

74175 

12 13 
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74180 9-BIT ODD/EVEN PARITY GENERATOR/CHECKER 

The "180" is a 9-bit parity generator or checker com-
monly used to detect errors in high-speed data transmission 
or data retrieval systems. Both even and odd parity enable 
inputs and parity outputs are available for generating or 
checking parity on 9-bits. 

True active HIGH or true active LOW parity can be 
generated at both the even and odd outputs. True active 
HIGH parity is established with even parity enable input (PE) 
set HIGH and the odd parity enable input (Po) set LOW. True 
active LOW parity is established when PE is LOW and Po is 
HIGH. When both enable inputs are at the same logic level, 
both outputs will be forced to the opposite logic level. 

Parity checking of a 9-bit word (8-bit plus parity) is 
possible by using the two enable inputs plus an inverter as the 
ninth data input. To check for true active HIGH parity, the 
ninth data input is tied to the Po input and an inverter is 
connected between the Po and PE inputs. To check for true 
active LOW parity, the ninth data input is tied to the PE input 
and an inverter is connected between the PE and Po inputs. 

Expansion to larger word sizes is accomplished by se-
rially cascading the "180" in 8-bit increments. The even and 
odd parity outputs of the first stage are connected to the 
corresponding PE and Po inputs, respectively, of the succeed-
ing stage. 

Typ. Delay Time (ris) 
Typ. Total Power (gm 

Truth Table 
INPUTS OUTPUTS 

Number of HIGH 
Data Inputs (10-4) PE PO r•E zo 

Even HLHL 
Odd HLLH 

Even LHLH 
Odd LHHL 

X HHLL 
X LLHH 

II • Wei vollwre level 

• LOW collage lever 
X Duel care 

74180 

74 
35 
170 
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8 9 10 1112 13 I 1 2 

I 1 I I I I 

10 Ii 12 13 14 15 16 17 

3 PE 

4 Po 

•‘-:E 

5 6 

VC C = 14 
GND = Pin 7 

74180 
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74181 4-BIT ARITHMETIC LOGIC UNIT 

The "181" is a 4-bit high-speed parallel arithmetic logic 
unit (ALU). Controlled by the four function select inputs 
(So... S3) and the mode control input (M), it can perform all the 
16 possible logic operations or 16 different arithmetic opera-
tions on active HIGH or active LOW operands. The function 
table shown here lists these operations. 

When the mode control input (M) is HIGH, all internal 
carries are inhibited and the device performs logic operations 
on the individual bits as listed. When the mode control input is 
LOW, the carries are enabled and the device performs arith-
metic operations on the two 4-bit words. The device incorpo-
rates full internal carry look ahead and provides for either 
ripple carry between devices using the GI + 4 output, or for 
carry look ahead between packages using the signalsr(carry 
propagate) and G (Carry Generate). P and G are not affected 
by carry in. When speed requirements are not stringent, it 
can be used in a simple ripple carry mode by connecting the 
carry output (Ce +4) signal to the carry input (Ce) of the next 
unit. For high-speed operation, the device is used in conjunc-
tion with the "182" carry look ahead circuit. One carry look 
ahead package is required for each group of four "181" de-
vices. Carry look ahead can be provided at various levels and 
offers high-speed capability over extremely long word 
lengths. 

The A=B output from the device goes HIGH when all 
four r outputs are HIGH and can be used to indicate logic 
equivalence over four bits when the unit is in the subtract 
mode. The A=B output is open collector and can be wired-
AND with other A=B outputs to give a comparison for more 
than four bits. The A=B signal can also be used with the Ce + 4 
signal to indicate A>B and A<B. 

The function table lists the arithmetic operations that are 
performed without a carry in. An incoming carry adds a one to 
each operation. Thus, select code LHHL generates A minus 
B minus 1 (2s complement notation) without a carry in and 
generates A minus B when a carry is applied. Because sub-
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traction is actually performed by complementary addition (is 
complement), a carry out means borrow; thus, a carry is 
generated when there is no underflow and no carry is gener-
ated when there is there is underflow. 

This device can be used with either active LOW inputs 
producting active LOW outputs or with active HIGH inputs 
producing active HIGH outputs. For either case, the table 
lists the operations that are performed to the operands 
labeled inside the logic symbol. 

7 

8 

6 

5 

4 

3 

Typ. Carry Time (ns) 
Typ. Add Time (ns) 
Typ. Total Power (mW) 

74 
12.5 
24 
455 

2 1 23 22 21 20 19 18 

11 13 9 

VCC = Pin 24 

GND = Pin 12 

10 

74181 

16 

14 

17 

15 
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c, MODE SELECT—FUNCTION TABLE 
41, 

MODE SELECT 
INPUTS 

S3 s2 S1 SO 

ACTIVE HIGH INPUTS 
& OUTPUTS 

LOGIC 
(M = H) 

ARITHMETRIC— 
(M = L) (Cn = H) 

-
J
 
=
 

i
i
 

-
J
 -
J
 

-
à
-
i
-
1
-
1
-
1
-
1
-
1
-
i
i
I
I
Z
I
I
I
I
 

À A 
A + B A + B 
AB A + ià 
Logical 0 minus 1 
AB A plus Aà 
B (A + B) plus Arg 
A ED B A minus B minus 1 
Aà AB minus 1 

A plus AB 
Vq --à A plus B 
B (A + 713) plus AB 
AB AB minus 1 
Logical 1 A plus A' 
A + à (A + B) plus A 
A + B (A + à) plus A 
A A minus 1 

Each bit is shifted to the next more significant position 

• 'Arithmetic operations expressed in 2s complement notation 
L = LOW voltage level 

H = HIGH voltage level 

74181 



MODE SELECT 
INPUTS . 

S3 S2 Si SO 

ACTIVE LOW INPUTS 
& OUTPUTS 

LOGIC ARITHMETIC— 
(M = H) (M = L) (Cn = L) 

L L L i 

L L L H 
L L H L 

L L H H 
L H L L 
L H L H 
L 14 H L 

L H H H 
H I L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

A miriüà 

AB AB minus 1 
À B Ar§ minus 1 

Logical 1 minus 1 
A + B A plus (A + 

AB plus (A + à) 
A EF B A minus B minus 1 
A + à A + 
AB A plus (A + B) 

A €49 B A plus B 
Aà plus (A + B) 

A + B A + B 

Logical 0 A plus A• 
Aà AB plus A 
AB Aà plus A 
A A 

CO Each bit is shifted to the next more significant position L = LOW voltage level 

• • Arithmetic operations expressed in 2s complement notation H = HIGH voltage level 

74181 



74182 LOOK AHEAD CARRY GENERATOR 

The "182" carry look ahead generator accepts up to four 
pairs of active LOW carry propogate Pi, 172 and r3) and 
carry generate (- o, i,U2 and U3) signals and an active HIGH 
carry input (Ca) and provides anticipated active HIGH carries 
(Ca+. Ca + y Ca+z) across four groups of binary adders. The 
"182" also has active LOW carry propagate (P) and carry 
generate (U) outputs that may be used for further levels of 
look ahead. 

Also, the"182" can also be used with binary ALUs in an 
active LOW or active HIGH input operand mode. The con-
nections to and from the ALU to the carry look ahead 
generator are identical in both cases. 

13 

Typ. Carry Time (ns) 
Typ. Total Power (mW) 

4 3 

11 9 12 

VCC = Pin 16 
GND = Pin 8 

74S 74 
7 13 
260 180 

2 1 15 14 6 5 

74182 

10 

7 

376 



r- XXXI 

MXXXXXXX 

XXXXI- XXX 

XrXXXXXX 

r- XXXXXXX 

XXXI- XX 

Xr- XXXX 

r-XXXIX 

XXI- X 

Xf- XX 

r- XXS 

I
Cn 

Go 
P
O
 

G
1
 

P1 
G
2
 

P
2
 

0
3
 
P
3
 

I
N
P
U
T
S
 

XI- XXXXXX XXI- XIIIX XXi- XXI 

r- XXIX rXXXXXXX 1- 1- XXXXIX r- rXXXX 

XXI- XXXIX XXX1- XXII 

mXXXX 1- 1- XXXXXX r- MMXXXXX 

XXXr- MIXX 

MIXXX Mi-I-XXXXI 

III- m 

C
n
+
x
 
C
m
)
 
C
n
+
z 

â
 
P
 I
 

O
U
T
P
U
T
S
 

SIXI- 1- 1-

r- I- 1- 1- XXXX 

IXIIrrr- m 

r- XXXX 



74189 64-BIT RANDOM ACCESS MEMORY (3-STATE) 

The "189" is a high-speed array of 64 memory cells 
organized as 16 words of four bits each. A 1-of-16 address 
decoder selects a single word that is specified by the four 
address inputs (Ao— A3). A READ operation is initiated after 
the address lines are stable when the write enable (WE) input 
is HIGH and the chip select-memory enable (CS) input is 
LOW. Data is read at the outputs inverted from the data that 
were written into the memory. 

A WRITE operation requires that the WE and CS inputs 
be LOW. The address inputs must be stable during the 
WRITE mode for predictable operation. When the write 
mode is selected the outputs are in the high-impedance off 
state, the selected memory cells are transparent to changes 
in the data during the WRITE mode. Therefore, data must be 
stable one setup time before the LOW-to- HIGH transition of 
CE or WE. 

MODE SELECT-FUNCTION 
TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

— CS Dn bn WE 

Write - Disable 
Outputs 

L 
L 

L 
L 

L 
H 

(Z) 
(Z) 

Read L H X Data 

Store - Disable 
Outputs 

H X X (Z) 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 
Data = Read complement of data from addressed word 

location 

(Z) I. High impedance "off" state 

74189 
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2 4 6 10 12 3 

1   Ao 

15   A1 

14   A2 

13   A3 

D2 D3 D4 WE 

oi 0 2 03 04 

5 7 9 11 

74189 
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74190 PRESETTABLE BCD/DECADE UP/DOWN COUNTER 

The "190" is an asynchronously presettable up/down 
BCD decade counter. It contains four master-slave flip-flops 
with internal gating and steering logic to provide asynchron-
ous preset and synchronous countup and countdown opera-
tions. 

Asynchronous parallel load capability permits the 
counter to be preset to any desired number. Information 
present on the parallel data inputs (Do — D3) is loaded into the 
counter and appears on the outputs when the parallel load 
(PL) input is LOW. As indicated in the mode select table, this 
operation overrides the counting function. 

Counting is inhibited by a HIGH level on the count enable 
() input. When CE is LOW, internal state changes are 
initiated synchronously by the LOW-to-HIGH transition of 
the clock input. The up/down (r.J/D) input signal determines 
the direction of counting as indicated in the mode select table. 
The CE input may go LOW when the clock is in either state; 
however, the LOW-to-HIGH CE transition must occur only 
while the clock is HIGH. Also, the 11/D input should be 
changed only when either CE or CP is HIGH. 

Count Frequency (MHz) 
Parallel Load 
Clear 
Typ. Total Power (mW) 

VCC = Pin 16 
GND = Pin 8 

74LS 
20 
Asynchronous 
None 
100 

11 15 1 10 9 

3 2 
74190 

74 
20 
Asynchronous 
None 
325 
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N-STAGE COUNTER USING Figure A 

RIPPLE CLOCK DIRECTION CONTROL L1-5'0 RC ID--
ENABLE CE CLOCK - CP 

DIRECTION CONTROL 

DIRECTION CONTROL 
ENABLE 

U D RC 0--0 CE CP 
_ a 

SYNCHRONOUS N-STAGE COUNTER 
USING RIPPLE CARRY/BORROW 

ENABLE -0 

CLOCK 

 O U.D RC CE CP 
L U'D RC O CE r CP 

Figure B 

SYNCHRONOUS N-STAGE COUNTER 

WITH PARALLEL GATED 

CARRY/BORROW 

Figure C 

CLOCK 

U D 
CE 0-D C2C CE CP T  

[ P  
74190 

MODE SELECT-FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

PL U/D CE CP Dn On 

Parallel load 
L 
L 

X 
X 

X 
X 

X 
X 

L 
H 

L 
H 

Count up H L I 1 X count up 

Count down H H I 1 X count down 

Hold "do nothing" H X H X X no change 

U D CE CP TC 

TC AND RC TRUTH TABLE 

INPUTS TERMINAL COUNT STATE OUTPUTS 

71I/D CE CP Go 0 1 0 2 0 3 TC RC 

H 
L 
L 
L 
H 
H 

X 
H 
L 
X 
H 
L 

X 
X 

-1._r 
X 
X 

-1_1- 

H 
H 
H 
L 
L 
L 

X 
X 
X 
L 
L 
L 

X 
X 
X 
L 
L 
L 

H 
H 
H 
L 
L 
L 

L 
H 
H 
L 
H 
H 

H 
H 

1_1-

H 
H 
1,-

FI HIGH voltege level steady stale 74190 
L LOW voKage level eteacly ClAIR 
I - LOW voltage level one setup Iffne pnof 10 the LOW-to-HIGH clock transitton 

Don't care 
I LOW-to.HIGH clock transeon 

1_5 LOW pulse 
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74191 PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER 

The "191" is an asynchronously presettable up/down 
4-bit binary counter. It contains four master-slave flip-flops 
with internal gating and steering logic to provide asynchron-
ous preset and synchronous countup and countdown opera-
tion. 

Asynchronous parallel load capability permits the 
counter to be preset to any desired number, information 
present on the parallel data inputs (Do — D3) is loaded into the 
counter and appears on the outputs when the parallel load 
(PL) input is LOW. As indicated in the mode select table, this 
operation overrides the counting function. 

Counting is inhibited by a HIGH level on the count enable 
(CE) input. When CE is LOW, internal state changes are 
initiated synchronously by the LOW-to-HIGH transition of 
the clock input. The up/down (17/15) input signal determines 
the direction of counting as indicated in the mode select table. 
The CE input may go LOW when the clock is in either state; 
however, the LOW-to-HIGH CE transition must occur only 
while the clock is HIGH. Also, the U/d input should be 
changed only when either CE or CP is HIGH. 

Count Frequency (MHz) 
Parallel Load 
Clear 
Typ. Total Power (mIY) 

MODE SELECT-FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

Pl. U/D CZ CP Dn On 

Parallel load L 
L 

X 
X 

X 
X 

X 
X 

L 
H 

L 
H 

Count up H L I t X count up 

Count down H H I f X count down 

Hold "do nothing" H X H X X no change 

74LS 
20 
Asynchronous 
None 
90 

74 
20 
Asynchrnous 
None 
325 

74191 
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11 

5 

4 

14 

3 2 

74191 

6 7 

VCC = Pin 16 

GND = Pin 8 

15 

IC AND RC TRUTH TABLE 
INPUTS TERMINAL COUNT STATE OUTPUTS 

il/D a CP 0•3 0 1 02 03 TC ITe 

H 
L 
L 
L 
H 
H 

X 
H 
L 
X 
H 
L 

X 
X 

1..S 
X 
X 

1_1" 

H 
H 
H 
L 
L 
L 

H 
H 
H 
l 
L 
L 

H 
H 
H 
L 
L 
L 

H 
H 
H 
L 
L 
L 

L 
H 
H 
L 
H 
H 

H 
H 

1_1-
H 
H 
-LI-

H a HIGH voltage level steady state 74 191 
L a LOW voltage level steady state 
I a LOW voltage level one setup lime pnor to the LOP/Ace-WM clock transition 

X Don't care. 
# LOW-to-HIGH clock transition 
V a LOW pulse. 

1 10 9 

13 

12 



74192 PRESETTABLE BCD DECADE UP/DOWN COUNTER 

The "192" is an asynchronously presettable up/down 
(reversible) internal gating and steering logic to provide asyn-
chronous master reset (clear), parallel load and synchronous 
countup and countdown operations. 

Each flip-flop contains JR feedback from slave to master 
such that a LOW-to-HIGH transition on the clock inputs 
cause the Q outputs to change state synchronously. A LOW-
to-HIGH transition on the countdown clock pulse (CPD) input 
will decrease the count by one, while a similar transition on 
the countup clock pulse (CPu) input will advance the count by 
one. One clock should be held HIGH while counting with the 
other, because the circuit will either count by twos or not at 
all, depending on the state of the first flip-flop, which cannot 
toggle as long as either clock input is LOW. Applications 
requiring reversible operation must make the reversing deci-
sion while the activating clock is HIGH to avoid erroneous 
counts. 

The terminal countup (TCu) and terminal countdown 
(TCD) outputs are normally HIGH. When the circuit has 
reached the maximum count state of 9, the next HIGH-to-
LOW transition of CPu will cause Tu to go LOW. TCu will 
stay LOW until CPu goes HIGH again, duplicating the count-

clock, although delayed by two gate delays. Likewise, the 
TCD output will go LOW when the circuit is in the zero state 
and the CPD goes LOW. The TZ outputs can be used as the 
clock input signals to the next higher order circuit in a multi-
stage counter, because they duplicate the clock waveforms. 
Multistage counters will not be fully synchronous, because 
there is a two-gate delay time difference added for each stage 
that is added. 

The counter may be preset by the asynchronous parallel 
load capability of the circuit. Information present on the paral-
lel data inputs (Do — D3) is loaded into the counter and appears 
on the outputs, regardless of the conditions of the clock inputs 
when the parallel load (n) input is LOW. A HIGH level on the 
master reset (MR) input will disable the parallel load gates, 
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override both clock inputs and set all Q outputs LOW. If one 
of the clock inputs is LOW during and after a reset or load 
operation, the next LOW-to-HIGH transition of that clock will 
be interpreted as a legitimate signal and will be counted. 

74LS 74 741. 
Count Frequency (MHz) 25 20 6 
Parallel Load Asynchronous Asynchronous Asynchronous 
Clear Asynchronous- Asynchronous- Asynchronous-

High High High 
Typ. Total Power (mW) 85 325 40 

LOGIC EQUATIONS 
FOR TERMINAL COUNT 

Tdu = oo 03 0I5u 

= ?IC; (1 '5-2" (73 

Count Down 

74192 

74192 

VCC Pin le 
ONO Pin B 

SELECT - FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

AIR K C/VDFD D. DI. 02.03 Op 01, 02, 03 feu fee 

Rawl (Cm) 
MXXL 

HX XH 

X X X XL 

X XX XL 

LLL 

LLL 

H 

H 

L 

H 

ParaNN mad LL 

LLXHLLLLLLLL 

LLLXHXXH 

LLHXHXXH 

XL L LL LL LLL 

anDot 

OnwOn 

H 

H 

L 

14 

L 

H 

H 

H 

Count O p L H I H X X X X Count up 140,) H 

Count down LHH I X X X X Count down H WO 
14 • .0.1.co••• .•••. 

• LOY. •e•ii• .01 

• Dam ,•.• 
-LOW 1•••.• OM um... 

.115 
• rd„ co. .1..1 

Teo • Carod eleu• ULU 

74192 
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74193 PRESETTABLE 4-BIT BINARY UP/DOWN COUNTER 

The "193" is an asynchronously presettable, up/down (rever-
sible) 4-bit binary counter. It contains four master-slave flip-flops 
with internal gating and steering logic to provide asynchronous 
master reset (clear) and parallel load, and synchronous countup and 
countdown operations. 

Each flip-flop contains JK feedback from slave to master such 
that a LOW-to-HIGH transition on the clock inputs causes the Q 
outputs to change state synchronously. A LOW-to-HIGH transition 
on the countdown clock pulse (CPD) input will decrease the count by 
one, while a similar transition on the count up clock pulse (CPu) 
input will advance the count by one. One clock should be held HIGH 
while counting with the other, because the circuit will either count 
by twos or not at all, depending on the state of the first flip-flop, 
which cannot toggle as long as either clock input is LOW. Applica-
tions requiring reversible operation must make the reversing deci-
sion while the activating clock is HIGH to avoid erroneous counts. 

The terminal countup (TCu) and terminal countdown (TCD) 
outputs are normally HIGH. When the circuit has reached the 
maximum count state of 15, the next HIGH-to-LOW transition of 
CPu will cause Tru to go LOW. Tu will stay LOW until CPu goes 
HIGH again, duplicating the countup clock, although delayed by two 
gate delays. Likewise, the To output will go LOW when the circuit 
is in the zero state and the CPD goes LOW. The re outputs can be 
used as the clock input signals to the next higher order circuit in a 
multistage counter, because they duplicate the clock waveforms. 
Multistage counters will not be fully synchronous for there is a 
two-gate delay time difference added for each stage that is added. 

The counter may be preset by the asynchronous parallel load 
capability of the circuit. Information present on the parallel data 
inputs (Do — D3) is loaded into the counter and appears on the 
outputs, regardless of the conditions of the clock inputs when the 
parallel load (PL) input is LOW. A HIGH level on the master reset 
(MR) input will disable the parallel load gates, override both clock 
inputs and set all Q outputs LOW. If one of the clock inputs is LOW 
during and after a reset or load operation, the next LOW-to-HIGH 
transition of that clock will be interpreted as a legitimate signal and 
will be counted. 
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74LS 74 741. 

Count Frequency (MHz) 25 20 6 
Parallel Load Asynchronous Asynchronous Asynchronous 
Clear Asynchronous- Asynchronous- Asynchrnous-

High High High 
Typ. Total Power (mW) 85 325 40 

LOGIC EQUATIONS FOR 

TERMINAL COUNT 

00 Ql Q2 03 CPU 
7-CD = 70 71 5-2 73 EF-D 

12 

13 

VCC = Pin 18 
GND = Pin 8 74193 

-FUNCTION TABLE 

Count Up 
Count Down 

74193 

OPERATING 
INPUTS OUTPUTS 

MODE MR PL CPU CPD DD,Di,D2,03 00,01,02,03 TCu TCD 

Reset (clear) H 

H 

X 

X 

X 

X 

L 

H 

X X XX 

X XXX 

LLLL 

LL LL 

HL 

HH 

Parallel load LL 

L 

L 

L 

L 

LL 

L 

X 

X 

li 

L 

H 

X 

X 

L LLL 

L LLL 

HHHH 

HHHH 

LLLL 

LLLL 

HHHH 

HHHH 

HL 

HH 

LH 

HH 

Count up LH I H XXX X Count up H(b) H 

Count down LHH I X XX X Count down H H(c) 

H - HIGH voltage level 

L LOW voltage level 

X Don't cure 
LOW.to-HIGH clock traneftlon 

74193 

NOTES 
b TCu CPu at ternunal count up (HHHH) 

c T-ED CPD at ter-rntnal count gown (LLLL) 
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74194 4- BIT DIRECTIONAL UNIVERSAL SHIFT REGISTER 

The functional characteristics of the "194" 4-bit bidirectional 
shift register are indicated in the logic diagram and truth table. The 
register is full synchronous, with all operations taking place in less 
than 20 nanoseconds (typical) for the 74 and 74LS, and 12ns (typi-
cal) for 74S, making the device especially useful for implementing 
very high-speed CPUs, or for memory buffer registers. 

The "194" design has special logic features that increase the 
application range. The synchronous operation of the device is de-
termined by two mode select inputs, So and Si. As shown in the 
mode select table, data can be entered and shifted from left to right 
(shift right, Qo--)Qi, etc.) or right to left (shift left, Q3Q2, etc.) or 
parallel data can be entered, loading all four bits of the register 
simultaneously. When both SO and Si are LOW, existing data is 
retained in a hold (do nothing) mode. The interfering with parallel 
load operation. 

Mode select and data inputs on the 74S194 and 74LS194A are 
edge-triggered, responding only to the LOW-to-HIGH transition of 
the clock (CP). Therefore, the only timing restriction is that the 
mode control and selected data inputs must be stable one setup time 
prior to the positive transiton of the clock pulse. The mode select 
inputs of the 74194 are gated with the clock and should be changed 
from HIGH-to-LOW only while the clock input is HIGH. 

The four parallel data inputs (Do — D3) are D-type inputs. Data 
appearing on Do — D3 inputs when SO and Si are HIGH are transfer-
red to the Qo — Q3 outputs respectively, following the next LOW-
to-HIGH transition of the clock. When LOW, the asynchronous 
master reset (MR) overrides all other input conditions and forces 
the Q outputs LOW. 

74S 741.S 74 
Shift Frequency (MHz) 70 25 25 
Serial Data Input D D D 
Asynchronous Clear Low Low Low 
Shift-Right Mode Yes Yes Yes 
Shift-Left Mode Yes Yes Yes 
Load Yes Yes Yes 
Hold Yes Yes Yes 
Typ. Total Power (mW) 450 75 195 



9 

10 

1 

15 14 13 12 

VCC = Pin 16 

GND = Pin 8 
74194 

MODE SELECT - FUNCTION TABLE 

OPERATING 

MODE 

INPUTS OUTPUTS 

CP MR Si S0 Csii DsL Dn 00 01 02 03 

Reset (clear) X L X X X X XL L L L 

Hold (do nothing) X H 1(b) 1(b) X X X go ill c12 c13 
Shift Left t 

t 
H 
H 

h 
h 

1(b) 
1(b) 

X 
X 

I 
h 

X 
X 

Ili 
q i 

qg 
qg 

q3 
q3 

L 
H 

Shift Right f1-11(b)hIX 

f 1-11(b)h h X 
XLqgq1c12 
XHciorilqg 

Parallel Load tHh h X Xdn dod1d2d3 

H HIGH voltage level 
h HIGH voltage level one setup tune peor to the LOW-to-HIGH clock transition. 

L - LOW voltage level 
I LOW voltage Cool one setup tune prior to the LOW-to-HIGH clock transition. 

cln (on) Lower case letters indicate the state of the referenced input (or output) one 
setup !me prior to the LOW-to-HIGH clock transition. 

X - Don't care 
LOW-to-HIGH clock transition 

NOTES 
The HIGH-to-LOW transition of the So and Si inputs 011 the 54 /74 Ig4 shoutd only take 

place while CP is HIGH for conventional operation 

74194 
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74195 4-BIT PARALLEL ACCESS SHIFT REGISTER 

The functional characteristics of the "195" 4-bit parallel-access 
shift register are indicated in the logic diagram and function table. 
The device is useful in a wide variety of shifting, counting and 
storage applications. It performs serial, parallel, serial to parallel, or 
parallel to serial data transfers at very high speeds. 

The "195" operates on two primary modes: shift right (Qo—> Qi) 
and parallel load, which are both controlled by the state of the 
parallel enable (PE) input. Serial data enters the first flip-flop (Qo) 
via the J and K inputs when the PE input is HIGH, and is shifted one bit 
in the direction Q0—>Q1—>Q2--> Q3 following each LOW-to-HIGH clock 
transition. The J and 71 inputs provide the flexibility of the JK-type 
input for special applications and, by tying the two pins together, the 
simple D-type input for general applications. The device appears as 
four common clocked D flip-flops when the PE input is LOW. After 
the LOW-to-HIGH clock transition, data on the parallel inputs (Do — 
D3) is transferred to the respective Qo — Q3 outputs. Shift left 
operation (Q3- Q2) can be achieved by tying the Qo outputs to the 
11-iinputs and holding the PE input LOW. 

All parallel and serial data transfers are synchronous, occuring 
after each LOW-to-HIGH clock transition. The "195" utilizes 
edge-triggering; therefore, there is no restriction on the activity of 
the J, K, D., and PE inputs for loe operation, other than the setup 
andrelease time requirements. 

A LOW on the asynchronous master reset (MTZ) input sets all 
Q outputs LOW, independent of any other input condition. The MR 
on the 54/74195 is gated with the clock. Therefore, the LOW-to-
HIGH Vg transition should only occur while the clock is LOW to 
avoid false clocking of the 74195. 

74S 74 74LS 
Shift Frequency (MHz) 70 30 30 
Serial Data Input 1-.1( J-1 14 
Asynchronous Clear Low Low Low 

74S 74 74LS 
Shift-Right Mode Yes Yes Yes 
Shift-Left No No No 
Load Yes Yes Yes 
Hold No No No 
Typ. Total Power (mW) 375 195 70 
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5 6 7 

2 

10 CP 

3 

PE DO D 1 D 2 3 

MR ü 01 Q 2 03 

Vcc - Pin 16 

GND Pin 8 

1 15 14 13 12 

74195 

MODE SELECT-FUNCTION TABLE 

OPERATING 
MODES 

INPUTS OUTPUTS 

MR CP PE J K pn Qo 01 0 2 0 3 0 3 

Asynchronous Reset L X X X X X L LLLH 

Shift, Set First Stage 

Shift, Reset First Stage 

Shift, Toggle First Stage 

Shift, Retain First Stage 

H 

H 

H 

H 

t 

t 

t 

t 

.- 1
 

hh 

I 

h 

I 

I 

I 

h 

X 

X 

Xk 

X 

Hq0c11Q212 

L do Ql Q2 T12 

Q0 al Q2 T12 

go go ai a2 q2 

Parallel Load H t I X X dr, do di d2 d3 a3 

H HIGH Voltage Level 

L LOW Voltage Level 

X Don't care 

I w LOW Voltage level one setup time prior to the LOW-to-HIGH clock transition 

h HIGH voltage level one setup torne prior to the LOW-to-HIGH clock transition 

dn (gn) Lower case letters indicate the state of the referenced input (or output) one 

setup time prior to the LOW-to-HIGH clock transition 

LOW-to-HIGH clock transition 

74195 
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74196 PRESETTABLE DECADE RIPPLE COUNTER 

The "196" is an asynchronously presettable decade rip-
ple counter that is partitioned into divide-by-two and divide-
by-five sections with each section having a separate clock 
input. State changes are initiated in the counting modes by the 
HIGH-to-LOW transition of the clock inputs; however, state 
changes of the Q outputs do no occur simultaneously because 
of the internal ripple delays. Designers should keep in mind 
when using external logic to decode the Q outputs that the 
unequal delays can lead to spikes, and thus a decoded signal 
should not be used as a strobe or clock. 

The Qo flip-flop is triggered by the Z71 input, while the tr 
input triggers the divide-by-five section. The Qo output is 
designed and specified to drive the rated fanout plus the CPI 
input. 

As indicated in the count sequence tables, the "196" can 
be connected to operate in two different count sequences. 
The circuit counts in the BCD (8,4,2, 1) sequence with the 
input connected to CPo and with Qo driving e157. Qo becomes 
the low-frequency output and has a 50-pffcent duty cycle 
waveform with the input connected to Cibi. and Q3 driving 
rI-7. The maximum counting rate is reduced in the biquinary 
configuration because of the interstage gating delay within the 
divide-by-five section. 

The device has an asynchronous active LOW master 
reset input (MR) which overrides all other inputs and forces 
all outputs LOW. The counter is also asynchronously pre-
settable. A LOW on the parallel load input (PL) overrrides the 
clock inputs and loads the data from parallel data (Do — D3) 
inputs into the flip-flops. The counter acts as a transparent 
latch while the PL is LOW, and any change in the Dn inputs will 
be reflected in the outputs. 

74 74LS 
Count Frequency (MHz) 50 30 
Parallel Load Yes Yes 
Clear Low Low 
Typ. Total Power (mW) 240 60 
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4 

74196 

8 

6 

13 

VCC = Pin 14 
GND = Pin 7 

5 

DESELECT-FUNCTION TABLE 

10 

9 

3 

2 

11 

12 

OPERATING MODE 
INPUTS OUTPUTS 

MR PL CP Do On 

Reset (Clear) L X X X L 

Parallel Load H 
H 

L 
L 

x 
X 

L 
H 

L 
H 

Count H H X count 

H a HIGH voltage level 

L LOW voltage level 

X Don't care 

4 - FtIGH-to-LOW Clock TweeIon 

E 

BCD DECADE (b) BI-OUINARY (C) 

COUNT 03 02 01 00 COUNT 00 03 02 0 1 

0 L L L L 0 r
 

r
 
r
t
-
I
r
r
r

-
r
.
 

I
r
 
r
-
m
r
-
s
r
-

1 L L L H 1 

2 L L H L 2 

3 L L H H 3 

4 L H L L 4 

5 L H L H 5 

8 L H H L 6 
7 L H H H 7 

8 H L L L 8 

9 H l L H 9 

NOTES 74196 
Input &polled to CP0, 00 connected to CP 1. 

C Input applutd to CP 03 connected to CP0. 
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74197 PRESETTABLE 4-BIT BINARY RIPPLE COUNTER 

The "197" is an asynchronously presettable binary ripple 
counter that is partitioned into divide-by-two and divide-by-
eight sections, with each section having a separate clock 
input. State changes are initiated in the counting modes by the 
HIGH-to-LOW transition of the clock inputs; however, stage 
changes of the Q outputs do not occur simultaneously be-
cause of the internal ripple delays. Designers should keep in 
mind when using external logic to decode the Q outputs that 
the unequal delays can lead to decoding spikes, and thus a 
decoded signal should not be used as a strobe or clock. The Qo 
output is designed and specified to drive the rated fanout plus 
the CPI input. 

The device has an asynchronous active LOW master 
reset input (MR) that overrides all other inputs and forces all 
outputs LOW. The counter is also asynchronously presetta-
ble. A LOW on the parallel load input (PL) overrides the clock 
inputs and loads the data from parallel data (Do — D3) inputs 
into the flip-flops. The counter acts as a transparent latch 
while the PL is LOW, and any change in the Dn inputs will be 
reflected in the outputs. 

Count Frequency (MHz) 
Parallel Load 
Clear 
Typ. Total Power (mW) 

MODE SELECT—FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

MN PL CP Dn On 

Reset (Clear) L X X X L 

Parallel Load H 
H 

L 
L 

X 
X 

L 
H 

L 
H 

Count H H é X count 

74 741.5 
50 30 
Yes Yes 
Low Low 
240 60 

H HIGH voltage level 

L LOW voltage level 

X 0001 care 

HIGH.lo.LOW Clock Treavuon 

74197 



LOGIC SYMBOL 

74197 

COUNT SEQUENCE 

4-BIT BINARY(b) 
COUNT 

0 3 0 2 0 1 0 0 

o 

2 

3 

4 

5 

6 

7 
8 
9 

10 
11 
12 

13 

14 

15 

H 

H 
H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 
H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

NOTE 74197 
b. 00 connected to CPI; input applied to CP0 
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74198 8-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

The functional characteristics of the "198" 9-bit bidirec-
tional shift register are indicated in the logic diagram and truth 
table. The register is fully synchronous with all operations 
taking place in less than 20 nanoseconds (typical) making the 
device especially useful for implementing very high-speed 
CPUs, or for mémory buffer registers. 

The "198" design has special logic features that increase 
the application range. The synchronous operation of the de-
vice is determined by two mode select inputs. So and Si. As 
shown in the mode select table, data can be entered and 
shifted from left to right (shift right, Qo --->Qi, etc.) or right to 
left (shift left, Qi —>Q6, etc.) or parallel data can be entered, 
loading all eight bits of the register siumltaneously. When 
both So and Si are LOW, existing data is retained in a hold (do 
nothing) mode. The first and last stages provide D-type serial 
data inputs (DsR and DsL) to allow multistage shift right or shift 
left data transfers without interfering with parallel load opera-
tion. 

The mode select inputs of the 74198 are gated with the 
clock and should be changed from HIGH-to-LOW only while 
the clock input is HIGH for predictable operation. The eight 
parallel data inputs (Do — Di) are D-type inputs. Data appear-
ing on Do — D7 inputs when So and Si are HIGH are transfer-
red to the Qo — Q7 outputs, respectively, following the next 
LOW-to-HIGH transition of the clock. When LOW, the asyn-
chronous master reset (MR) overrides all other input condi-
tions and forces the Q outputs LOW. 

74 
Shift Frequency (MHz) 25 
Serial Data Input D 
Asynchronous Clear Low 
Shift-Right Mode Yes 
Shift-Left Mode Yes 
Load Yes 
Hold Yes 
Typ. Total Power (mW) 360 

396 



—FUNCTION TABLE 

OPERATING MODE 

INPUTS OUTPUTS 

ci' MR S1 SO DSR DSI- Dn 0 0 0 1 • • • 0 6 0 7 

Reset (clear) XLX X X XXLL.LL 

Hold (do nothing) f H 1(b) i(b) X X X qo ch. • AS cI7 

Shift Left t 

f 

H 
H 

h 
h 

1(b) 
1(b) 

X 
X 

I 
h 

X 
X 

qi q2 ... q7 L 
qi q2 ... E7 H 

Shift Right tHi(b)h 

f Hi(b)h 

I 
h 

X 
X 

XLq0... 
XHq0... 

q5 q6 
q5 cio 

Parallel Load t 1-1 h h h X dn do dl . do d7 

74198 
H w FlIGH voltage level 
h w HIGH voltage level one setup time poor to the LOW-to-HIGH clock transition 

L w, LOW voltage level 

I -.LOW voltage level one setup lime poor to the LOW-toHIGH clock transition 
de (On) Lower case letters indicate the state of the referenced input (or output) one 

setup time poor to the LOW-to-HIGH clock transition 

X w Dont care 
LOW-to-HIGH clock transition 

NOTE 

The HIGH-to-LOW transition of the So and S1 inputs on the 54,74198 should only take 

place while CP is HIGH lot conventional operation 

3 

I 
9 15 17 19 21 

1-

23 — 

22 — 

2 

11 

SO Do Di D2 D3 D4 D5 D6 D7 

S 

DsL 

DSR 

CP mR 00 01 02 03 04 05 06 07 

1' I I I 1 1 1 I 1 
13 4 6 8 10 14 16 18 20 

Vcc = Pin 24 

GND = Pin 12 
74198 
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74199 8-BIT PARALLEL ACCESS SHIFT REGISTER 

The functional characteristics of the "199" 8-bit parallel-access 
shift register are indicated in the logic diagram and function table. 
The device is useful in a wide variety of shifting, counting and 
storage applications. It performs serial, parallel, serial to parallel, or 
parallel to serial data transfers at very high speeds. 

The "199" operates in two primary modes: shift right (Qo —>Qi) 
and parallel load, which are controlled by the state of the parallel 
enable (PE) input. Serial data enters the first flip-flop (Qo) via the J 
and K inputs when the PE input is HIGH, and is shifted one bit in the 
direction Qo—>Q1—>Q2—>Q3, following each LOW-to-HIGH clock 
transition. The J and K inputs provide the flexibility of the JK-type 
input for special applications and, by tying the two pins together, the 
simple D-type input for general applications. The device appears as 
eight common clocked D flip-flops when the PE input is LOW. After 
the LOW-to-HIGH clock transition, data on the parallel inputs 
(Do—D7)is transferred to the respective(Qo—Woutputs. 

All parallel and serial data transfers are synchronous, occurring 
after each LOW-to-HIGH clock transition. The 74199 utilizes 
edge-triggering; therefore, there is no restriction on the activity of 
the J, K, D. and PE inputs for logic operation, other than the setup 
and release time requirements. 

The clock input is a gated OR structure which allows one input 
to be used as an active LOW clock enable (CE) input. The pin 
assignment for the CP and CE inputs is arbitrary and can be 
reversed for layout convenience. The LOW-to-HIGH transition of 
ZT input should only take place while the CP is HIGH for conven-
tional operation. A LOW on the master reset (MR) input overrides 
all other inputs and clears the register asynchronously, forcing all bit 
positions to a LOW state. 

74 
Shift Frequency (MHz) 25 
Serial Data Input 
Asynchronous Clear Low 
Shift-Right Mode Yes 
Shift-Left Mode No 
Load Yes 
Hold Yes 
Typ. Total Power (mW) 360 
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23 3 5 7 9 16 18 20 22 

1) 1 1 1 1 1 1 1 1 
2 

1-0 

13 

11 —0 

PE Do Di D2 D3 D4 D5 D6 D7 

CP 

CE 
MR 00 01 02 03 04 0 5 06 07 N 

? I 
14 4 

VCC = Pin 24 

GND = Pin 12 

1 1 1 I 1 1 1 
6 8 10 15 17 19 21 

74199 

OPERATING MODES 
INPUTS OUTPUTS 

MR CP CE PE J éi Dn 00 01 . .. 06 07 

Reset (clear) LX X XXXXLL..L L 

Shift, Set First Stage 
Shift, Reset First Stage 

Shift, Toggle First Stage 
Shift, Retain First Stage 

H 

H 

F-1 
I-If 

t 

t 

t 

I 

I 

I 
I 

hhhXHq0.q5 
h 

hh 

h 

I 

I 

IX 

IX 

hX 

Lqo . q 5  

Eto q0 q5 

(10 clIO• 45 

q6 
q6 

q6 

q6 

Parallel Load Fit I I X X dn do d i . . • d6 d7 

Hold (do nothing) I-1 f h(b) X X X X qo ql q6 q7 

H = HIGH voltage level steady state 
h n HIGH voltage level one setup time prior to the LOW•to-HIGH clock transition 

L = LOW voltage level steady stale 
I = LOW voltage level one setup time poor to the LOW•to-HIGH clock transition 

X iv Don't Care 
dn (dn ) n Lower case letters indicate the state of the referenced input (or output) one 

setup time prior to the LOW-to-HIGH clock transition 

n LOW-to-HIGH clock transition 

NOTE 

b The LOW to-HIGH transition of ej should only occur while CP is HIGH tor conventional 

operation 

74199 
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74221 DUAL MONOSTABLE MULTIVIBRATOR 

The "221" is a dual monostable multivibrator with per-
formance characteristics virtually identical to those of the 
"121." Each multivibrator features an active LOW-going 
edge input (A) and an active HIGH-going edge input (E), 
either of which can be used as an enable input. 

Pulse triggering occurs at a particular voltage level and is 
not directly related to the transition time of the input pulse. 
Schmitt trigger input circuitry (TTL hysteresis) for the B 
input allows jitter free triggering from inputs with transition 
rates as low as 1 volt per second, providing the circuit with 
excellent noise immunity of typically 1.2 volts. A high immun-
ity to Vcc noise of typically 1.5 volts is also provided by internal 
latching circuitry. 

Once fired, the outputs are independent of further trans-
itions of the -A- and B inputs and are a function of the timing 
components. The output pulses can be terminated by the 
overriding active LOW Reset (RD. Input pulses may be of any 
duration relative to the output pulse. Output pulse length may 
be varied from 35 nanoseconds to the maximums shown here 
by choosing appropriate timing components. With Rext=2k 
and Cext=0, an output pulse of typically 30 nanoseconds is 
achieved which may be used as a DC-triggered reset signal. 
Output rise and fall times are TTL compatible and indepen-
dent of pulse length. 

Pulse width stability is achieved through intefnal com-
pensation and is virtually independent of Vcc and temperature. 
In most applications, pulse stability will only be limited by the 
accuracy of external timing components. 

Jitter free operation is maintained over the full tempera-
ture and Vcc ranges for more than six decades of timing 
capacitance (10pF to 10µF) and more than one decade of 
timing resistance (2K to 40K for the 74221 and 2K to 100K for 
the 74LS221). Throughout these ranges, pulse width is de-
fined by the following relationship: 

tw (out) = Cext Rext la 
ty, (out) = o.7Cext React 



In circuits where pulse cutoff is not critical, timing 
capacitance of up to 1000/2,F and timing resistance of as low as 
1.4K may be used. Pin assignments for these devices are 
identical to those of the "123" so that the "221" can be 
substituted for those products in systems not using the re-
trigger by merely changing the value of Rext and/or Cext. 

Positive Inputs 
Negative Inputs 
Output Pulse Range (ns to s) 
Typ. Total Power (mW) 

3,11 
R D 

VCC = Pin 16 
GND = Pin 8 

741.3 
1 
1 
2Ons — 70s 
23 

7( B 1,9 
2,10 

4,12 13,5 

El 0 

Cext = Pins 14,6 

Cext/Rext = Pins 15,7 
74221 
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74251 8-INPUT MULTIPLEXER (3-STATE) 

The "251" is a logical implementation of a single-pole, 
8-position switch with the state of the three select inputs (So, 
Si and S2) controlling the switch position. Assertion (Y) and 
negation (T) outputs are both provided. The output enable 
input (0E) is active LOW. The logic function provided at the 
output, when activated is: 

Y = OE (10 • SO • S2 + Il • SO • Si • S2 ± 12 • SO 
• Si • + 13 • SO • Si • + 14 • so • Ti 
• S2 + 15 • SO • «g-1 • S2 + 16 • SO • Si • S2 ± 17 
• SO • Si • S2). 

Both outputs are in the high-impedance (high-Z) state 
when the output enable is HIGH, allowing multiplexer expan-
sion by tying the outputs of up to 128 devices together. All but 
one device must be in the high-impedance state to avoid high 
currents that would exceed the maximum ratings when the 
outputs of the 3-state devices are tied together. Design of the 
output enable signals must ensure there is no overlap in the 
active LOW portion of the enable voltages. 

74S 74 74LS 
Type of Output 3-State 3-State 3-State 
Typ. Delay, Data to Inverting Output (ns) 4.5 11 17 
Typ. Delay, Data to Noninverting Output (ns) 8 18 21 
Typ. Delay, From Enable (ns) 14 17 21 
Typ. Total Power (mW) 275 155 35 

402 



•••1 
•gu 

  RI RI 

% 

c 
-i 
o 

SIMI'S II  

IIIII—i—r—i— XXIMr- r- ri— X 

iii—r-iir 1— Imr—i— Iii— r- X 

0 
Na 

Le 

g 

xxxxxxxxxxxxxxxr-x 

xxxxxxxxxxxxxrxxx 

xxxxxxxxxxxe- xxxxx 

xxxxxxxxxrxxxxxxx 

xxxxxxxr-xxxxxxxxx 

xxxxxe-xxxxxxxxxxx 

xxxi-xxxxxxxxxxxxx 

me-xxxxxxxxxxxxxxx 

6' 

-7 

p7 

cr 

i: 

ci. 

07 

-7 

e-xe-me-mr-se- xe- xr-trif.1 

me-zrze-sr- mr-mrie- zr-S 

... 

-cl 

g 

. 
a 

--1 o < 
2 zo 
5 Do 
--I II u o u 

4e• 



Type of Output 
Typ. Delay, Data to 

Noninverting Output (ns) 
Typ. Delay, From Enable (ns) 
Typ. Total Power (mW) 

Truth Table 
SELECT 
INPUTS DATA INPUTS OUTPUT 

ENABLE OUTPUT 

SO D1 Io Il 12 13 OE y 
x 
L 
L 
H 
H 
L 
L 
H 
H 

x 
L 
L 
L 
L 
H 
H 
H 
H 

x 
L 
H 
X 
X 
X 
X 
X 
X 

x 
X 
X 
L 
H 
X 
X 
X 
X 

x 
X 
X 
X 
X 
L 
H 
X 
X 

x 
X 
X 
x 
X 
X 
X 
L 
H 

H 
L 
L 
L 
L 
L 
L 
L 
L 

(Z) 
L 
H 
L 
H 
L 
H 
L 
H 

74253 DUAL 4-INPUT MULTIPLEXER (3-STATE) 

The "253" has two identical 4-input multiplexers with 
3-state outputs which select two bits from four sources 
selected by common select inputs (So Si). When the individual 
output enable (Eoa, Eob) inputs of the 4-input multiplexers are 
HIGH, the outputs are forced to a high-impedance (high —Z) 
state. 

The "253" is the logic implementation of a 2-pole, 
4-position switch; the position of the switch being determined 
by the logic levels supplied to the two select inputs. Logic 
equations for the outputs are: 

Ya = 0Ea • (I0a • S1 • SO Ila • S1 

• SO +I2a • Si • SO + ba • Si • SO) 

Yb = 0Eb • (I0b • S1 ;70 Ilb • 7 
• so + i2b • si • so + I3b • S1 • SO) 

All but one device must be in the high-impedance state to 
avoid high currents exceeding the maximum ratings, if the 
outputs of 3-state devices are tied together. Design of the 
output enable signals must ensure that there is no overlap. 

74LS 
3-State 
12 

16 
35 

H a HM voltage level 

L a LOW vottage level 
X a Don't Cure 
(Z) a Mise Impenses. (off) state 74253 

404 



1 6 5 

14 

2 

9 

VCC = Pin 16 
GND = Pin 8 

4 3 10 11 12 13 15 

7 

74253 

405 



74256 DUAL 4-BIT ADDRESSABLE LATCH 

The "256' dual addressable latch has four distinct modes 
of operation and are selectable by controlling the clear and 
enable inputs. In the addressable latch mode, data at the data 
(D) inputs are written into the addressed latches. The ad-
dressed latches will follow the data input will all unaddressed 
latches remaining in their previous states. 

In the memory mode, all latches remain in their previous 
states and are unaffected by the data or address inputs. To 
eliminate the possibility of entering erroneous data in the 
latches enable should be held HIGH (inactive) while the ad-
dress lines are changing. In the dual of 1-of-4 decoding or 
demultiplexing mode CLR = r. LOW), addressed outputs 
will follow the level of the D inputs Will all other outputs LOW. 
In the clear mode, all outputs are LOW and unaffected by the 
address and data inputs. 

MODE SELECT - FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

ei.fit D Ao A1 Oct 01 02 03 

Clear LHX X X L L L L 

Demultiplex 
(active HIGH decoder 
when D=H) 

LLdLLQ=dLLL 
L 
LLdLHLLIQ=dL 
I. 

LdHL 

L dHHL 

LQ=dL L 

L L43=t1 

Store (do nothing) HH X X X 40 RI R2 1:13 

Addressable 
latch 

HLdLLQ=dq1q2q3 
HLdHLq00=dqgq3 
HL 
HLdHHq0q1q2Q=c1 

d L Hcioq1Q=dq3 

H HfGH voltage level steady state 
L a LOW vatic!, level steady state. 
X Don't care. 
d a 111GH or LOW data one setup time priOr to LOW•to-HIGel 

Enable transition. 
g Lower case lettwa indicate the state of the referenced 

output established during the last cycle in teach It was 
addressed or cleared. 

74256 
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VC = Pin 16 
GND = Pin 8 

74256 

13 

9 10 11 12 
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74257 QUAD 2- LINE TO 1- LINE DATA 
SELECTOR/MULTIPLEXER (3- STATE) 

The "257" has four identical 2-input Multiplexers with 
3-state outputs that select four bits of data from two sources 
under control of a common data select input (S). The Io inputs 
are selected when the select input is LOW, and the II inputs 
are selected when the select input is HIGH. Data appears at 
the outputs in true (non-inverted) form from the selected 
inputs. 

The "257" is the logic implementation of a 4-pole, 
2-position switch where the position of the switch is deter-
mined by the logic levels supplied to the Select Input. Outputs 
are forced to a high-impedance off state when the output 
enable input (-5E) is HIGH. All but one device must be in the 
high-impedance state to avoid currents exceeding the 
maximum ratings if outputs are tied together. Design of the 
output enable signals must ensure that there is no overlap 
when outputs of 3-state devices are tied together. 

74S 74LS 
Type of Output 3-State 3-State 
Typ. Delay, Data to Inverting Output (ne) - 
Typ. Delay, Data to Nonverting 5 12 

Output (ns) 
Typ. Delay, From Enable (ne) 
Typ. Total Power (mW) 

Truth Table 

ENABLE SELECTINPUTS INPUT OUTPUT 

OE S 10 11 Y 

H 
L 
L 
L 
L 

X 
H 
H 
L 

L 

X X 
XL 
X H 

LX 
H X 

(Z) 

L 
H 
L 

H 

14 
320 

20 
50 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 
(Z) = High impedance lotf) state 74257 
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15 2 

12 9 4 
VCC = Pin 16 
GND = Pin 8 

3 s 

7 

6 

74257 

14 13 11 10 
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74258 QUAD 2-LINE TO 1-LINE DATA 

SELECTOR/MULTIPLEXER (3-STATE) 

The "258" has four identical 2-input multiplexers with 
3-state outputs that select four bits of data from two sources 
under control of a common data select input (S). The Io inputs 
are selected when the select input is LOW, and the II inputs 
are selected when the select input is HIGH. Data appear at 
the outputs in inverted (complementary) form. 

The "258" is the logic implementation of a 4-pole, 
2-position switch where the position of the switch is deter-
mined by the logic levels supplied to the select input. Outputs 
are forced to a high-impedance off state when the output 
enable input (OE) is HIGH. All but one device must be in the 
high-impedance state to avoid currents exceeding the 
maximum ratings if outputs of the 3-state devices are tied 
together. Design of the output enable signals must ensure 
that there is no overlap when outputs of 3-state devices are 
tied together. 

Type of Output 74S 741.S 
Typ. Delay, Data to Inverting 3-State 3-State 

Output (ns) 4 12 
Typ. Delay, Data to Noninverting 

Output (ns) 
Typ. Delay, From Enable (ns) 4 20 
Typ. Total Power (mW) 

Truth Table 

280 35 

OUTPUT 
ENABLE 

SELECT 
INPUT 

DATA 
INPUTS 

OUTPUTS 

OE S 10 11 i 

H 
L 

L 
L 
L 

X 
H 

H 
L 
L 

X
-
J
I
X
X
 

X
X
X

-
I
I
 

(Z) 
H 

L 

H 
L 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 
(Z) = High impedance loth state 74258 
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15 2 3 5 6 14 13 11 10 

7 12 9 4 

Vcc = Pin 16 
GND = Pin 8 

74258 
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74259 8-BIT ADDRESSABLE LATCH 

The "259" addressable latch has four distinct modes of 
operation and are selectable by controlling the clear and 
enable inputs. In the addressable latch mode, data at the data 
(D) inputs are written into the addressed latches. The ad-
dressed latches will follow the data input with all unaddressed 
latches remaining in their previous states. In the memory 
mode, all latches remain in their previous states and are 
unaffected by the data or address inputs. To eliminate the 
possibility of entering erroneous data in the latches, the 
enable should be held HIGH (inactive) while the address lines 
are chan. In the one-of-eight decoding or demultiplexing 
mode, (CLR = E = LOW) addressed outputs will follow the 
level of the D inputs with all other outputs LOW. In the clear 
mode, all outputs are LOW and unaffected by the address and 
data inputs. 

MODE SELECT—FUNCTION TABLE 

OPERATING 

MODE 

_INPUTS OUTPUTS 

e.-g É D A0 A1 A2 00 01 02 03 04 05 06 07 

Clear L H X X X XLLLLLLLL 

Demultiplex 
(active HIGH 
decoder 

when 1)=1-1) 

L 
L 
L 
• 

• 

L 

L 
L 
L 
• 

• 

L 

dL 
dHL 
dLHLLLO=dLLLLL 

• 

a 

d H 

L L 
LL 

HtHLLLLL .LLO= 

X X 

Cr=d L L L I. L L L 
0=c1 LL L LL L 

c10 at q22 cI3 a4 a5 as a7 
Store 

(do nothing) 
HH X X 

Addressable 
latch 

HI. 
HL 
HL 
• 
• 
• 

H 

• 
• 
• 

L 

ciL 
dHL 
dL 
• 
• 
• 

d 

• 

H 

L L 
L 

H I. 
• • 

i 
i 

Hill 

0=d q1 ci2 q3 q4 q5 cb3 q7 
qg 0=c1 q2 q3 q4 q5 q6 q7 

qg ch l:Dcl 1:13 cle 1:15 af3 a7 
• • • • • • • • 

qgq1q2q3q4q5q60=d 

H = HIGH voltage level steady state 
L LOW voltage level steady state 
X = Don't care 
d = HIGH or LOW data one setup irree poor to LOW.to-HIGH Enable transition 
g Lower case letters indicate the state of the referenced output established Owing the 

lasf cycle in which it was addressed or cleared. 

74259 
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15 

VCC = Pin 16 
GND = Pin 8 

74259 

74260 DUAL 5-INPUT POSITIVE NOR GATE 

GND 

0C>-#  

74260 
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74261 MULTIPLY DECODER 

The M inputs are for the multiplier bits, and the B inputs 
are for the multiplicand. The Q outputs represent the partial 
product as a recoded base 4 number. This recoding effec-
tively reduces the Wallace-Tree (summing) hardware re-
quirements by a factor of two. 

The outputs represent partial products in ones-
complement notation generat ed as a result of multiplication. 
A simple rounding scheme using two additional gates is 
needed for each partial product to generate twos comple-
ment. The leading (most significant) bit of the product is 
inverted for ease in extending the sign to left justify the partial 
product bits. 

13 14 15 

I f 
11 — 

12 — 

4 — 

3 — 

M 

M1 

M2 

E 

Bo B1 B2 83 

00 02 03 

B4 

04 

10 

VCC = Pin 16 
GND = Pin 8 

9 

74261 

I I I 
7 6 5 
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u•eu• • .-......-

INPUTS OUTPUTS 

E M2 M1 MO b4 0 3 0 2 0 1 0 0 

L X X X 7114 CI3 (12 q 1 q0 

H L L L H L L L L 

H L L H 84 B4 B3 B2 B1 

H L H L B4 
-84 

134 B3 B2 B1 

H L H H 03 02 B i I33 

H H L L B4 B3 B2 8 1 E10 

H H L H B4 B4 B3 02 Ei 

H H H L 04 84 133 B2 8-1 

H H H H H L L L L 

H w FfIGH voltage level 

L w LOW voltage level 
w Lower case letters indicate the stal• of rho referenced output one setup time prior to 

the HIGH-to-LOW Enable tranaition 
w The logic level on the referenced multiplicand input 

74261 

74266 QUAD 2-INPUT EXCLUSIVE-NOR 

GATE WITH OPEN-COLLECTOR OUTPUTS 

A 

v 
E 
B E 
A 

GND E 

E vcc 
E A 
B 

E 

E 
B 

IE A 

74266 
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74273 OCTAL D FLIP-FLOP 

The "273" has eight edge-triggered D-type flip-flops 
with individual D inputs and Q outs. The common buffered 
clock (CP) and master reset (MR) inputs load and reset 
(clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The state of each D 
input, one setup time before the LOW-to-HIGH clock transi-
tion, is transferred to the corresponding flip-flop Q output. 

All outputs will be forced LOW independently of clock or 
data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the clock and master reset are common to all 
storage elements. 

3 4 7 8 

2 5 
VCC = Pin 20 
GND - Pin 10 

6 9 12 15 16 19 

74273 

MODE SELECT - FUNCTION TABLE 

13 14 17 18 

OPERATING MODE 
INPUTS OUTPUTS 

Me CP Dn On 

Reset (clear) L X X L 

Load"1" H t h H 

Load"0" H t I L 

H HIGH voltage level steady state. 74273 
« HIGH voltage level one setup tirne prior to Me LOW.lo.141011 clock transition. 

L LOW voltage level steady state. 
I LOW voltage level-one setup time prior to Me LOW.to.HIGht clock transition. 
X • Don't care. 

LOW•to•HIGH clock transition. 
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74279 A QUAD LATCH 

74279 
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74280 9-BIT ODD/EVEN PARITY GENERATOR/CHECKER 

The "280" is a 9-bit parity generator or checker com-
monly used to detect errors in high-speed data transmission 
or data retrieval systems. Both even and odd parity outputs 
are available for generating or checking even or odd parity on 
up to nine bits. 

The Even parity output (/ E) is HIGH when an even 
number of data inputs (1048) is HIGH. The odd parity output 
(So) is HIGH when an odd number of data inputs is HIGH. 

Expansion to larger word sizes is accomplished by tying 
the Even outputs (/ E) of up to nine parallel devices to the 
data inputs of the final stage. 

Typ. Delay Time (ns) 
Typ. Total Power (mW) 

74S 
13 
335 

8 9 10 11 12 13 1 2 4 

I I 1 1 I I 1 1 
lo 11 12 13 14 15 16 

Ico 

17 18 

VCC = Pin 14 
GND = Pin 7 

74280 

6 
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Truth Table 

INPUTS OUTPUTS 

Number of HIGH 
data inputs (10-18) 

ZE /0 

Even H L 

Odd L H 

74280 
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74283 4-BIT FULL ADDER WITH FAST CARRY 

The "283" adds two 4-bit binary words (An plus Bn) plus 
the incoming carry. The binary sum appears on the sum 
outputs (11-14 and the outgoing carry (Coe) according to the 
equation: 

QN + (At +131) + 2(A2 + B2) + 4(A3 +133) + 8(A4 + B4) = It 
+ 212 + 413 + 814 + 16CouT, 

Where (+) = plus. 
Due in the symmetry of the binary add function, the 

"283" can be used with either all active HIGH operands 
(positive logic) or with all active LOW operands (negative 
logic). With active HIGH inputs, CIN cannot be left open; it 
must be held LOW when no can-y in is intended. Interchang-
ing inputs of equal weight does not affect the operation; thus, 
CIN, At and Bi can arbitrarily be assigned to pins 5, 6, 7, etc. 

Typ. Carry Time (ns) 
Typ. Add Time (ns) 
Typ. Power Per Bit (mW) 

74LS 
10 
15 
24 

PINS CIN A1 A2 AS A4 B1 82 B3 B4 Z1 12 13 14 COUT 

LogicLevele LLHLHHLLHHHLLH 

Active HIGH 0 0 1 0 1 1 0 0 1 1 1 0 0 1 

Active LOW 1 1 0 1 0 0 1 1 0 0 0 1 1 0 

74283 
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5 6 3 2 14 15 12 11 

11H1111 

7 1 C IN 

A 1 B 1 

VCC = Pin 16 
GND = Pin 8 

A2 B2 A3 B3 A4 B4 

11 12 13 14 
1 1 1 1 
4 1 13 10 

74283 

CouT r 9 
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74289 65-BIT RANDOM ACCESS MEMORY (0.C.) 

The "289" is a high-speed array of 64 memory cells 
organized as 16 words of four bits each. A one-of-sixteen 
address decoder selects a single word which is specified by 
the four address inputs (Ao-A3). A READ operation is initiated 
after the address lines are stable when the write enable (WE) 
input is HIGH and the chip select-memory enable (CS) input 
is LOW. Data is read at the outputs inverted from the data, 
which was written into the memory. 

A WRITE operation requires that the WE and CS inputs 
be LOW. The address inputs must be stable during the 
WRITE mode for predictable operation. When the write 
mode is selected, the outputs are HIGH. The selected mem-
ory cells are transparent to changes in the data during the 
WRITE mode; therefore, data must be stable one setup time 
before the LOW-to-HIGH transition of CE or WE. 

A,  os, 

(13) 

ADDRESS 
DECODING 

CRP EMILE 

HWO_AD 
2 

01 

Vcc (10 

CIND (8) 

( ) Pin numb« 

WORD 

READ/WRITE 

MIT I 

fT  

UT 2 CAT 3 SIT 

I IS1 III) IT) IIIA ) 112 1 ) 

DI IN 02 62 03 63 

74289 

(II) 

422 



MODE SELECT - FUNCTION TABLE 

OPERATING 

MODE 

INPUTS OUTPUTS 

Dn Ôn CS WE 

Write—Disable 
Outputs 

L 
L 

L 
L 

L 
H 

H 
H 

Read L H X Data 

Store-Disable 
Outputs 

H XX H 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 

Data = Read complement of data from addressed word 

location 

74289 
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74290 DECADE COUNTER 

The "290" is a 4-bit ripple type decade counter. The 
device consists of four master-slave flip-flops internally con-
nected to provide a divide-by-two section and a divide-by-five 
section. Each section has a separate clock input to initiate 
state changes of the counter on the HIGH-to-LOW clock 
transition. State changes of the Q outputs do not occur simul-
taneously because of internal ripple delays. Therefore, de-
coded output signals are subject to decoding spikes and 
should not be used for clocks or strobes. The Qo output is 
designed and specified to drive the rate fanout plus the CP1 
input of the device. 

A gated AND asynchronous master reset (MR1 • MR2) is 
provided, which overrides both clocks and resets (clears) all 
the flip-flops. Also provided is a gated AND asynchronous 
master set (MSI • MS2), which overrides the clocks and the 
MR inputs, setting the outputs to nine (HLLH). 

Because the output from the divide-by-two section is not 
internally connected to the succeeding stages, the device 
may be operated in various counting modes. In a BCD (8421) 
counter, the CPI input must be externally connected to the Qo 
output. The CPo input receives the incoming count, producing 
a BCD count sequence. In a symmetrical biquinary divide-
by-10 counter, the Q3 output must be connected externally to 
the CPo input. The input count is then applied to the CPi 
input, and a divide-by-10 square wave is obtained at. output 
Qo. To operate as a divide-by-two and a divide-by-five 
counter, no external interconnections are required. The first 
flip-flop is used as a binary element for the divide-by-two 
function (CPo as the input and Qo as the output). The CP1 
input is used to obtain divide-by-five operation at the Q3 
output. 
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10 

MS 

o 

11 —0 

CP o 

MR ° 0 ° 1 02 03 

Vcc = Pin 14 

GND = Pin 7 12 13 9 5 

BCD COUNT SEQUENCE— 
TRUTH TABLE 

COUNT 

o 
1 
2 
3 
4 
5 

7 

9 

OUTPUT 

00°1 0 2 0 3 

LLLL 
HLLL 
LHLL 
HHLL 
LLHL 
HLHL. 
LHHL 
HHHL 
LLLH 
HLLH 

NOTE Output Ou connected to maw aft 

MODE SELECTION—TRUTH TABLE 

RESET/SET INPUTS OUTPUTS 

MR1 MR2 MS1 MS2 00 01 02 03 

H 
H 
X 
L 
X 
L 
X 

H 
H 
X 
X 
L 
X 
L 

L 
X 
H 
L 
X 
X 
L 

X 
L 
H 
X 
l 
L 
X 

L 
L 
H 

L L 
L L 
L L 

Count 
Count 
Count 
Count 

L 
L 
H 

4 8 

H HIGH voltage level 

L LOW voltage level 

X Don care 74290 
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74293 4-BIT BINARY RIPPLE COUNTER 

The "293" is a 4-bit ripple type binary counter. The 
device consists of four master-slave flip-flops internally con-
nected to provide a divide-by-two section and a divide-by-
eight section. Each section has a separate clock input to 
initiate state changes of the counter on the HIGH-to-LOW 
clock transition. 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 
should not be used for clocks or strobes. The Qo output is 
designed and specified to drive the rated fanout plus the CPI 
input of the device. A gate AND asynchronous master reset 
(MR1 • MR) is provided, which overrides both clocks and 
resets (clears) all the flip-flops. 

Because the output form the divide-by-two section is not 
internally connected to the succeeding stages, the device 
may be operated in various counting modes. In a 4-bit ripple 
counter, the output Qo must be connected externËï to input 
CPI. The input count pulses are applied to input CPo. Simul-
taneous divisions of 2, 4, 8 and 16 are performed at the Qo, 
Qi, Q2 and Q3 outputs, as shown in the truth table. As a 3-bit 
ripple counter, the input count pulses are applied to input CPi. 
Simultaneous frequency divisions of 2, 4 and 8 are available at 
the Qi, Q2 and Q3 outputs. Independent use of the first 
flip-flop is available if the reset function coincides with reset of 
the 3-bit ripple-through counter. 

MODE SELECTION 

RESET 
INPUTS 

OUTPUTS 

MR1 MR2 0 0 0 1 0 2 0 3 

H H 
L H 
H L 
L L 

Count 
Count 
Count 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 

74293 
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10 

11 

5 4 8 12 13 

VCC = Pin 14 
GND = Pin 7 

9 

74293 

Truth Table 

COUNT 
OUTPUT 

Q0 Q1 0 2 0 3 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

H 

H 

H 

H 

H 

H 

H 

H 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 

NOTE: Output 00 connected to Input et. 

74293 
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74295 4-BIT SHIFT REGISTER WITH 3-STATE OUTPUTS 

The "295" is a 4-bit shift register with serial and parallel 
synchronous operating modes and four 3-state buffer out-
puts. The shifting and loading operations are controlled by the 
state of the parallel enable (PE) input. When PE is HIGH, 
data is loaded from the parallel data inputs (Do-D3) into the 
register synchronous with the HIGH-to-LOW transition of 
the clock input (CP). When PE is LOW, the data at the serial 
data input (Ds) is loaded into the Qo flip-flop, and data in the 
register are shifted on bit to the right in the direction (Qo---,Q1 
->Q2->Q3)synchronous with the negative transition of the clock. 
The PE and data inputs are fully edge-triggered and must be 
stable only one setup time prior to the HIGH-to-LOW transi-
tion of the clock. 

The 3-state output buffers are designed to drive heavily 
loaded 3-state buses or large capacitive loads. The active 
HIGH output enable (0E) controls all four 3-state buffers 
independent of the register operation. When OE is HIGH, 
data in the register appear at the outputs. When OE is LOW, 
the outputs are in the high-impedance off state, which means 
they will neither drive not load the bus. 

6 2 3 4 

9 

VC C = Pin 14 
GND = Pin 7 13 12 

74295 

11 

5 

10 
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—FUNCTION TABLE 

REGISTER 

OPERATING MODES 

INPUTS REGISTER OUTPUTS 

t15 PE DS Dn 00 0 1 02 03 

Parallel Load 4 I I X L cio (II g2 

4 I h X H go q1 (12 

Shift right ¡ h X I L L L L 

¡ h X h I-1 H H H 

3-STATE BUFFER 
OPERATING MODES 

INPUTS OUTPUTS 

OE On (Register) O. 0 1, 0 2. 03 

Read H 
H 

L 
H 

L 
H 

Disabled L X (Z) 

H HIGH voltage level 
h HIGH voltage soot one ..lop time poor lo the h11014to-LOW clock transition 

L • LOW voltage level 
I LOW voltage level one setup time poor to the HIGH-lo-LOW clock trinedlon 

gn LOWIN Cosi hitter. Inclicele the stele ol the referenud output one nee time prior to 

the HIGH-to-LOW clock tommtion 

X Don't care 
(Z) seh impedance 'off" slate 
I - mu-to-Low clock tranaMon 74295 
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74298 QUAD 2-PORT REGISTER 

This device is a high-speed quad 2-port register. It 
selects four bits of data from two sources (ports) under the 
control of a common select input (S). The selected data is 
transferred to the 4-bit output register synchronous with the 
HIGH-to-LOW transition of the clock input (CP). The 4-bit 
output register is fully edge-triggered. The data inputs (lo and 
Ii) and select input (S) must be stable only one setup time 
prior to the HIGH-to-LOW transition of the clock for predict-
able operation. 

Frequency (MHz) 
Delay time, To Noninverting 
Output (ns) 

Asynchronous Clear 
Typ. Total Power (mW) 

3 

10 

11 

15 14 13 12 

VCC = Pin 16 
GND = Pin 8 

2 4 1 

74298 

74LS 
25 
20 

None 
65 

9 5 7 6 
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MODE SELECT—FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

S lo 11 On CP 

Load 3 1 1 X L 

Source "0" 3 I h X H 

Load 3h X I L 

Source "1" 3 h X h H 

H = HIGH voltage level 
h = HIGH voltage level one setup time prior to the HIGH-to-

LOW clock transition 

L = LOW voltage level 

I = LOW voltage level one setup time prior to the HIGH-to-

LOW clock transition 

X = Don't care 

= HIGH-to-LOW clock transition 

74298 
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. 74299 8-BIT UNIVERSAL SHIFT/STORAGE REGISTER 

The "229" is an 8-bit general purpose shift-storage re-
gister useful in a wide variety of shifting and 3-state bus 
interface applications. The register has four synchronous 
operating modes controlled by the two select inputs as shown 
in the mode select function table. The mode select (So and Si) 
inputs, the serial data (Dso and Ds7) inputs and the parallel data 
1/0o-1/07 inputs are edge-triggered, responding only to 
the LOW-to-HIGH transition of the clock (Z15) input. There-
fore, the only timing restriction is that the So, Si and selected 
data inputs must be stable one setup time prior to thrsitive 
transition of the clock pulse. The master reset (MR) is an 
asynchronous active LOW input. When LOW, the MR over-
rides the clock and all other inputs and clears the register. 

Serial mode expansion of the register is accomplished by 
tying the Qo serial output to the DS7 input of the preceding 
register, and tying the Q7 serial output to the Dso input of the 
following register. Recirculating the (n x 8) bit words is 
accomplished by tying the Q7 output of the last stage to the 
Dso input of the first stage. 

The 3-state bidirectional input output port has three 
modes of operation. When the two output enable (0E1 and 
0E2) inputs are LOW, and one or both of the select inputs are 
LOW, data in the register are presented at the eight outputs. 
When both select inputs are HIGH, the 3-state outputs are 
forced to the high-impedance off state and the register is 
prepared to load data from the 3-state bus coincident with the 
next LOW-to-HIGH clock transition. In this parallel load 
mode, the select inputs disable the outputs even if 0E1 and 
0E2 are both LOW. A HIGH level on one of the output enable 
inputs will force the outputs to the high-impedance off state. 
When disabled, the 3-state I/O ports present one unit load to 
the bus, because an input is tied to the I/O node. The enabled 
3-state output is designed to drive heavy capacitive loads or 
heavily loaded 3-state buses. 
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11 

12 — 
so S 

CP Ci SO 

1 19 

1 

18 

s7 

MR 

E01 

E02 
00 1/00 I/Oi 1/0 2 1/03 1/0 4 1/05 1/06 1/0 7 07 

I I 
8 7 

Vcc = Pin 20 

GND = Pin 10 

1 I 
13 6 14 5 15 4 16 17 

74299 

MODE SELECT—FUNCTION TABLES 

REGISTER 

OPERATING MODES 

INPUTS REGISTER OUTPUTS 

MR CP So S1 Ds0 DS7 liOn 0 0 0 1 --- 06 0 7 

Reset (clear) LXX X X X XLL---LL 

Shift right Ht 
Hthl 

h I I 
h 

X 
X 

X 
XHq0---q5Q6 

L cip - - - q5 q6 

Shift left I-1 
Ht 

tl 
I 

h 
h 

X 

X 

I 
h 

X 
Xqiq2---q7H 

qi q2 - - - q7 L 

Hold (do nothing) H t I I X X X qo q1 - - - q6 q7 

Parallel load Hthh 

Hthh 

X 
X 

X 

X 

ILL 
hHH---HH 

---LL 

3-STATE I/0 PORT 
OPERATING MODE 

INPUTS INPUTS/OUTPUTS 

0E1 0E2 So E1 On (Register) 1/00 - - - -1/07 

Read register LL 

L 
LL 
L 

L 

L 

L 
L 
X 
XL 

X 

X 
L 

L 
H 
L 
H 

L 
H 
L 
H 

Load register X X HH Qn = I/On I/On = inputs 

Disable I/O HX 

X H 

X 
X 

X 
X 

X 
X 

(Z) 
(Z) 

H • HIGH volt.ge level 
h • HIGH voltage level one setup time prior to LOW-to-HIGH clock trensition 

L w LOW voltage level 
t w LOW voltage level one setup time prior to the LOW-to-HIGH clock transition 

gn • Lower oft.° letter. indic.le the stat• of the relerenced output one setup prior to the 

LOW-to-HIGH clock transition 

X « Don't care 

(2) Kph impedance 'off state 
w LOW-to-HIGH clock transition 74299 
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74323 8- BIT UINVERSAL SHIFT/STORAGE REGISTER 

The "323" is an 8-bit general purpose shift-storage register 
useful in a wide variety of shifting and 3-state bus interface applica-
tions. The register has five synchronous operating modes control-
led by the two select inputs and the synchronous reset as shown in 
the mode select function table. The mode select (SO and Si) inputs, 
the synchronous reset (SR) input, the serial data (Dso and D s7) 
inputs and the parallel data I/Oo I101 inputs are edge-triggered, 
responding only to the LOW-to-HIGH transition of the clock (CP) 
input. Therefore, the only timing restriction is that the SR, So, Si 
and selected data inputs must be stable one setup time prior to the 
positive transition of the clock pulse. The SR input overrides the 
select and data inputs when LOW and clears the register coincid-
ent with the next positive clock transition. 

Serial mode expansion of the register is accomplished by tying 
the Qo serial output to the DS7 input of the preceding register, and 
tying the Q7 serial output to the Dso input of the following register. 
Recirculating the (n x 8) bit words is accomplished by tying the Q7 
output of the last stage too the Dso input of the first stage. 

The 3-state bidirectional Input/Output port has three modes of 
operation. When the two output enable (0E1 and 0E2) inputs are 
LOW, and one or both of the selected inputs are LOW, the data in 
the register is presented at the eight outputs. When both select 
inputs are HIGH, the 3-state outputs are forced to the high-
impedance off state, and the register is prepared to load data from 
the 3-state bus coincident with the next LOW-to-HIGH clock transi-
tion. In this parallel load mode, the select inputs disable the outputs 
even if 0E1 and 0E2 are both LOW. A HIGH level on one of the 
output enable inputs will force the outputs to the high-impedance of 
state. When disabled, the 3-state I/O ports present one unit load to 
the bus, because an input is tied to the I/O mode. The enabled 
3-state output is designed to drive heavy capacitive loads or heavily 
loaded 3-state buses. 



1 19 

I 
18 

12-

9 —0 

2-0 

3-0 

CP DSO So S1 DS7 

SR 

E01 
E02 
00 1/00 1/01 1/02 1/03 1/0 4 1/0 6 1/0 6 1/0 7 07 

I I I I I 1 I 1 
8 7 13 6 14 5 15 4 16 17 

V CC = Pin 20 
GND = Pin 10 

MODE SELECT—FUNCTION TABLES 

REGISTER 
OPERATING MODES 

INPUTS REGISTER OUTPUTS 

SR CP So St 0s0 0S7 I/On 00 01-- -06 07 

Reset (clear) I}X X X X X LL---L L 

Shift right h 
hthl 

} h I I 
h 

X 
X 

X 
Xlicto---q505 

L go - - - q5 q5 

Shift left ht 
ht 

I 
I 

h 
h 

X 
X 

I 
h 

X 
X 

01 (12 - • - q7 L 
al q2 - - - q7 H 

Hold (do nothing) htll X X XclO (11''' (16 (17 

Parallel load hthh 
hthh 

X 
X 

X 
X 
ILL 
hHH•--HH 

---LL 

74323 

3-STATE I/O PORT 
OPERATING MODE 

INPUTS INPUTS/OUTPUTS 

OE1 2 SO S1 On (REGISTER) 1/00 - - - -1/07 

Read register LLL 
LLL 
LL 
L L 

XL 
XL 

X 
X 

L 
H 
L 
H 

L 
H 
L 
H 

Load register X X HH On = I/On I/On = inputs 

Disable I/O H 
X 

X 
H 

X 
X 

X 
X 

X 
X 

(Z) 
(Z) 

74323 

H e HIGH voltage level 
h e HIGH voltage level one aetup time prior to LOW-to-HIGH clock transitIon. 

L LOW voltage level. 
I LOW voltage level one setup tune prior to the LOW•to-HIGH clock trensition. 

qn Lower case letters indicate the atate of the referenced output one setup prior to the 

LOW-to-HIGH clock transition 

X • Don't care. 
(Z) e High impedance "otr state. 

e LOW-to-HIGH clock transition. 74323 
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74350 4-BIT SHIFTER WITH 3-STATE OUTPUTS 

The "350" is a combination logic circuit that shifts a 4-bit 
word from one to three places. No clocking is required as 
with shift registers. 

The "350" can be used to shift any number of bits any 
number of places up or down by suitable interconnection. 
Shifting can be: 

II Logical with logic zeros filled in at either end of the 
shifting field. 

II Arithmetic where the sign bit is extended during a 
shift down. 

MI End around where the data word forms a continu-
ous loop. 

The 3-state outputs are useful for bus interface applica-
tions or expansion to a large number of shift positions in 
end-around shifting. The active LOW output enable (0E) 
input controls the state of the outs. The outputs are in the 
high-impedance off state when OE is HIGH, and they are 
active when OE is LOW. 

Truth Table 

OE Si $o 13 12 11 10 L1 L2 13 Y3 Y2 " 1.1 YO 

H 
L 
L 
L 
L i

x
e
-
r
•
 x
 

I
f
-
z
r
-
x
 

X 
D3 
X 
X 
X 

X 
D2 
02 
X 
X 

X 
0 I 
D1 
DI 
X 

X 
Do 
Do 
Do 
Do 

X 
X 

0.1 
D.1 
D. i 

X 
X 
X 

D-2 
D.2 

X 
X 
X 

X 
113 

Z 
D3 
D2 

D1 
Do 

Z 
D2 
Di 

DO 
D.1 

2 

01 
Do 

D-1 
0.2 

2 

DO 
D.1 

D-2 
0.3 

H a HIGH voltage level 

t. a Low voltage level 
X w Don't owe 
(Z) a High impedance (oft) stale 
D. a WON of LOW stele of the retereimed 6 boo 

74350 
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10 

13 

1 2 3 4 

14 12 11 15 

VCC = Pin 16 
GND = Pin 8 

74350 

5 6 7 
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74363 OCTAL TRANSPARENT LATCH WITH 3-STATE OUTPUTS 

The "363" is octal transparent latch coupled to eight 3-state 
output buffers. The two sections of the device are controlled inde-
pendently by latch enable (E) and output enable (0E) control gates. 

Data on the D inputs are transferred to the latch outputs when 
the latch enable (E) input is HIGH. The latch remains transparent to 
the data inputs while E is HIGH, and stores the data present one 
setup time before the HIGH-to-LOW enable transition. The enable 
gate has about 400 mV of hysteresis built in to help minimize 
problems that signal and ground noise can cause in the latching 
operation. 

The 3-state output buffers are designed to drive heavily loaded 
3-state buses, M05 memories, or MOS microprocessors. The 
output HIGH level differs from the normal 3-state buffer by driving 
the output about 1V closer to Vcc, or to over 3.5V at minimum V.. 
This feature makes these devices ideal for driving MOS memories 
or microprocessors with thresholds of 2.4V to 3.5V. 

The active LOW output enable (0E) controls all eight 3-state 
buffers independent of the latch operation. When ÔT is LOW, 
latched or transparent data appear at the outputs. When OE is 
HIGH, the outputs are in the high-impedance off state, which means 
they will neither drive nor load the bus. 

MODE SELECT—FUNCTION TABLE 

OPERATING MODES 
INPUTS 

Dn 
INTERNAL REGISTER 

OUTPUTS 

bl E 00 - 07 

Enable & read register 
L 
L 

H 
H 

L 
H 

L 
H 

L 
H 

Latch & read register 
L 
L 

L 
L 

I 
h 

L 
H 

L 
H 

Latch register & 
disable outputs 

H 
H 

L 
L 

I 
h 

L 
H 

(Z) 
(Z) 

H = HIGH voltage level 

h = 140H voltage one setup time prior to the HIGFI-to-LOW enable transition 
L = LOW voltage level 

I = LOW voltage level one setup hnie prior to the HIGH-to.LOW enable transition 
(Z) High impedance 00 state 

74363 



3 4 7 8 13 14 17 18 

2 5 6 9 12 15 16 19 

VC C = Pin 20 

GND = Pin 10 

74363 
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74364 OCTAL D FLIP-FLOP WITH 3-STATE OUTPUTS 

The "364" is an 8-bit edge-triggered register coupled 
to eight 3-state output buffers. The two sections of the device 
are controlled independently by the clock (CP) and output 
enable (0E) control gates. 

The register is fully edge-triggered. The state of each D 
input, one setup time before the LOW-to-I-IIGH clock transi-
tion, is transferred to the corresponding Q output of the 
flip-flop. The clock buffer has about 400 mV of hysteresis built 
in to help minimize problems that signal and ground noise can 
cause on the clocking operation. 

The 3-state output buffers are designed to drive heavily 
loaded 3-state buses, MUS memories, or MUS microproces-
sors. The output HIGH level differs from the normal 3-state 
buffer by driving the output about 1V closer to Vcc, or to over 
3.5V at minimum \ice. This feature makes these devices ideal 
for driving MOS memories or microprocessors with 
thresholds of 2.4V to 3.5V. The active LOW output enable 
(0E) controls all eight 3-state buffers independent of the 
register operation When OE is LOW, data in the register 
appear at the outputs. When OE is HIGH, the outputs are in 
the high-impedance off state,which means they will neither 
drive nor load the bus. 

T-FUNCTION TABLE 

OPERATING MODES 
INPUTS 

Dn 
INTERNAL REGISTER 

OUTPUTS 

ól CP 00-07 

Load & read register L 
L 

t 
t 

I 
h 

L 
H 

L 
H 

Load register & 
disable outputs 

H 
H 

t 
t 

I 
h 

L 
H 

(2) 
(Z) 

H HIGH voltage level 
h HIGH rolled." level one setup time pnor to the LOW.toH1011 clock 'resell«. 

L • LOW vohege level 
I • LOW voltage level one setup time prior to the LOWito-H1011 Clock 'wellies 

(Z) • High impedance "ott" state 
t LOW.to.HIGH clock transition 

74 364 
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3 4 7 8 13 14 17 18 

VCC = Pin 20 
ONO = Pin 10 

5 6 9 12 15 16 19 

74364 
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74365 HEX BUFFER/DRIVER (3-STATE) 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

OE 1 E 
I E 
Y E 
E 

Y E 
E 

Y E 
GND E 

74365 

Truth Table 

INPUTS OUTPUTS 

0E1 0E2 I Y 

L L L L 

L L H H 

X H X (Z) 

H X X (Z) 

L = LOW voltage level. 
H = HIGH voltage level. 

X = Don't care. 
(I) = High impedance loth state. 

74365 

74 
12 
54 
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74366 HEX INVERTER BUFFER (3-STATE) 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

74366 
Trutt, Table 

INPUTS OUTPUTS 

0E1 0E2 I i 

L 

L 

X 

H 

L 

L 

H 

X 

L 

H 

X 

X 

H 

L 

(Z) 

(Z) 

L = LOW voltage level 
H = HIGH voltage level. 

X = Don't care. 
= High Impedance loth state. 

74 
11 
49 

74366 
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74367 HEX BUFFER/DRIVER (3-STATE) 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

OE 

Y 

1 

Y 

1 

Y 

GND 

Truth Table 

INPUTS OUTPUTS 

OE I Y 

L 
L 
H 

L 
H 
X 

L 
H 
(Z) 

El 
El 

74367 

L = LOW voltage level 

H = HIGH voltage level 

X = Don't care 

High impedance loth state 

74367 

74 
12 
54 
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74368 HEX INVERTER BUFFER (3-STATE) 

Typ. Delay Time (ns) 
Typ. Power Per Gate (mW) 

OE E 
E 

1 

-̀7 

1 

GND E 

74368 

Truth Table 

INPUTS OUTPUTS 

OE I i 

L 

L 

H 

L 

H 

X 

H 

L 

(Z) 

L LOW voltage level 
H HIGH voltage level. 
X Don't care 

iZi High impedance loffl state. 

74 
11 
49 

74368 
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74373 OCTAL TRANSPARENT LATCH WITH 3-STATE OUTPUTS 

The "373" is octal transparent latch coupled to eight 
3-state output buffers. The two sections of the device are 
controlled independently by latch enable (E) and output ena-
ble (0E) control gates. 

Data on the D inputs are transferred to the latch outputs 
when the latch enable (E) input is HIGH. The latch remains 
transparent to the data inputs while E is HIGH, and stores the 
data present one setup time before the HIGH-to-LOW enable 
transition. The enable gate has about 400 mV of hysteresis 
built in to help minimize problems that signal and ground noise 
can cause in the latching operation. 

The 3-state output buffers are designed to drive heavily 
loaded 3-state buses, MOS memories, or MOS microproces-
sors. The active LOW output enable (0E) controls all eight 
3-state buffers independent of the latch operation. When ZIE 
is LOW, latched or transparent data appear at the outputs. 
When OE is HIGH, the outputs are in the high-impedance off 
state, which means they will neither drive nor load the bus. 

MODE SELECT—FUNCTION TABLE 

OPERATING MODES 
INPUTS OUTPUTS 

OE E Dn INTERNAL REGISTER 00-07 

Enable & read register L 
L 

H 
H 

L 
H 

L 
H 

L 
H 

Latch & read register L 
L 

L 
L 

I 
h 

L 
H 

L 
H 

Latch register d 
disable outputs 

H 
H 

L 
l 

I 
h 

L 
H 

(Z) 
(Z) 

H — HIGH voltegel level 

h HIGH voltage one setup time prior to the HIGH-to-LOW snob!» transitee 

L LOW voltege level 

I. LOW voltage level one setup tune prior to the HIGH.to.LOW enable Hernando 

(Z) = High impedance "off' state 

74373 
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3 4 7 8 

VCC = Pin 20 
GND = Pin 10 

74373 

13 14 17 18 
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74374 OCTAL D FLIP-FLOP WITH 3-STATE OUTPUTS 

The "374" is an 8-bit edge-triggered register coupled to 
eight 3-state output buffers. The two sections of the device 
are controlled independently by the clock (CP) and output 
enable (0E) control gates. 

The register is fully edge-triggered. The state of each D 
input, one setup time before the LOW-to-HIGH clock transi-
tion, is transferred to the corresponding Q output of the 
flip-flop. The clock buffer has about 400 mV of hysteresis built 
in to help minimize problems that signal and ground noise can 
cause in the clocking operation. 

The 3-state output buffers are designed to drive heavily 
loaded 3-state buses, MOS memories, or MOS microproces-
sors. The active LOW output enable (0E) controls all eight 
3-state buffers independent of the register operation. When 
OE is LOW, the data in the register appears at the outputs. 
When OE is HIGH, the outputs are in the high-impedance off 
state, which means they will neither drive nor load the bus. 

MODE SELECT—FUNCTION TABLE 

OPERATING MODES 
INPUTS 

Dn 
INTERNAL REGISTER 

OUTPUTS 

UÉ CP 00-07 

Load & read register 
L 
L 

t 
f 

I 
h 

L 
H 

L 
H 

Load register & 
disable outputs 

H 
H 

t 
f 

I 
h 

L 
H 

(Z) 
(Z) 

H HIGH voltage level 74374 

h HIGH voltage level one setup time prior to the LOW•to•HIGH clock transition 
L LOW voltage level 
I ,e LOW voltage level one setup time prior to the LOW.to-HIGH clock transition 
(Z) HIGH impedance "otr state 

LOW.to-HiGH clock transition 

74374 



3 4 7 8 

VCC = Pin 20 
GND = Pin 10 

74374 

13 14 17 18 
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74375 DUAL 2-BIT TRANSPARENT LATCH 

The "275" has two independent 2-bit transparent 
latches. Each 2-bit latch is controlled by an active HIGH 
enable input (E). When E is HIGH, data enter the latch and 
appear at the Q output. The Q outputs follow the data inputs 
as long as E is HIGH. Data on the D inputs one setup time 
before the H1GH-to-LOW transition of the enable will be 
stored in the latch. The latched outputs remain stable as long 
as the enable is LOW. 

7 

2 5 6 11 

74375 

9 

MODE SELECT- FUNCTION TABLE 

OPERATING 

MODE 

INPUTS OUTPUTS 

E D 0 Ô 

Data Enabled H 
H 

_s z
 

L 
H 

H 
L 

Data Latched L X q il 

H = HIGH voltage level 

L = LOW voltage level 

X = Don't care 
q = Lower case letters indicate the state of referenced 

output one setup time prior to the HIGH-to-LOW En-

able transition. 

15 

74375 
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74377 OCTAL D FLIP-FLOP WITH CLOCK ENABLE 

The "377" has eight edge-triggered D-type flip-flops 
with individual D inputs and Q outputs. The common buffered 
clock (CP) input loads all flip-flops simultaneously when the 
clock enable (CE) is LOW. 

The register is fully edge-triggered. The state of each D 
input, one setup time before the LOW-to-HIGII clock transi-
tion, is transferred to the corresponding Q output of the 
flip-flop. The CE input is also edge-triggered, and must be 
stable only one setup time prior to the LOW-to-HIGH clock 
transition for predictable operation. 

3 4 7 8 13 14 17 18 

2 5 6 9 12 15 16 19 

V CC = Pin 20 
GND = Pin 10 

74377 

MODE SELECT-FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

CP CE Dn On 

Load"1" t I h H 

Load"0" t I I L 

Hold (do nothing) t 

X 

h 

H 

X 

X 

no change 

no change 

« HIGH voltage level steady state 

h « HIGH voltage leve/ one setup erne poor to the LOW-to-HIGH clock transept. 

L LOW voltage level steady stele 
I e LOW voltage level Ono setup Pm poor to the LOW-to-HIGH clock traneeton 

X Don't care 
t LOW-to-HIGH clock tranedloa. 74377 
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74378 HEX D FLIP-FLOP WITH CLOCK ENABLE 

The "378" has six edge-triggered D-type flip-flops with 
individual D inputs and Q outputs. The common buffered 
clock (CP) input loads all flip-flops simultaneously when the 
clock enable (Cr) is LOW. 

The register is fully edge-triggered. The state of each D 
input, one setup time before the LOW-to-HIGH clock transi-
tion, is transferred to the corresponding Q output of the 
flip-flop. The CE input is also edge-triggered, and must be 
stable only one setup time prior to the LOW-to-HIGH clock 
transition for predictable operation. 

3 4 6 11 

5 7 10 

74378 

12 15 2 

VCC = Pin 16 
GND = Pin 8 

MODE SELECT-FUNCTION TABLE 

13 14 

OPERATING MODE 
INPUTS OUTPUTS 

CP è1 Da On 

Load"1" t I h H 

Load"0" t I I L 

Hold (do nothing) t 

X 

h 

H 

X 

X 

no change 

no change 

H a HIGH eAtage level Meech stoic 
h a HIGH voltage level one »tug time prim to the LOW.to411014 clock treaellion. 

L a LOW voltage level atemly Mete. 
LOW voltage level one getup tee prior to the LOW•lo-HIOM clock treaeldoe. 

X a Don't care. 
LOW-104W141 clock transition. 74378 
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74379 QUAD D FLIP-FLOP WITH CLOCK ENABLE 

The "379" is a quad edge-triggered D-type flip-flop with 
individual D inputs and both Q and outputs. The common 
buffered clock (CP) input loads all flip-flops simultaneously 
when the clock enable (n) is LOW. 

The register is fully edge-triggered. The state of each D 
input, one setup time before the LOW-to-HIGH clock transi-
tion, is transferred to the corresponding Q output of the 
flip-flop. The n input is also edge-triggered and must be 
stable only one setup time prior to the LOW-to-H1GH clock 
transition for predictable operation. 

4 5 

9 

1 

10 14 15 3 2 

VCC = Pin 16 
GND = Pin 8 

6 7 11 

74379 

MODE SELECT—FUNCTION TABLE 

OPERATING MODE 
INPÉITS OUTPUTS 

cp e  Dn On bn 

Load"I - t I h H L 

Load"0" t I I L H 

Hold (do nothing) t 

X 

h 

H 

X 

X 

no change 

no change 

H HIGH voltege level steady elate. 
h t4(4 voltage level OM setup time prior to the LOW.to4g0H dock transition. 

L LOW vohage level steady Male 
I LOW voltage level one setup tone prior to the LOW.M4110H Mock transition. 

e Don't care 
LOW-to-HIGH clock traneition. 

12 13 

74379 
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74390 DUAL DECADE RIPPLE COUNTER 

The "390" is dual 4-bit decade ripple counter that is 
divided into four separately clocked sections. The counter 
has two divide-by-two sections an two divide-by-five sec-
tions. The sections are normally used in a BCD decade or a 
biquinary configuration, because they share a common mas-
ter reset input. If the two master resets can be used to 
simultaneously clear all 8 bits of the counter, a number of 
counting configurations are possible within one package. The 
separate clocks of each section allow ripple counter or fre-
quency division applications of divide by two, four, five, 10, 
20, 25, 50, or 100. 

Each section is triggered by the HIGH-to-LOW transi-
tion of the clock (CP) inputs. For BCD decade operation, the 
Qo output is connected to the Crl input of the divide-by-five 
section. For biquinary decade operation (50 percent duty 
cycle output), the Q3 output is connected to the rPo input, 
and Qo becomes the decade output. 

The master resets (MRa and MRb) are active HIGH 
asynchronous inputs to each decade counter. These inputs 
operate on the portion of the counter identified by the a and b 
suffixes in the pin configuration. A HIGH level on the MR 
input overrides the clocks and sets the four outputs LOW. 

1.15 

4.12 

VCC = Pin 16 
GND = Pin 8 

2.14 3.13 5.11 6.10 
74390 

7.9 

454 



BCD COUNT SEQUENCE 
For 1/2 the "390" 

OUTPUT 
COUNT 

oo oi 02 
o 

2 
3 

4 

5 

6 

7 

8 

9 

H 
H 

H H 
H 

H L H 
H H 

H H H 

H 

03 

H 

H 

NOTE 

Output 00 is connected to Input CP with counter input on 

GPO. 
74390 

BI-QUINARY COUNT SEQUENCE 
For 1/2 the "390" 

COUNT 

o 

2 

3 

4 

5 

6 

7 

8 

9 

OUTPUT 

00 0 1 0 2 03 

L L L 
L H L 

L L H 

L H H 

L L L 

H L L 
H H L 

H L H 
H H H 

H L L 

H 

H 

NOTE 

Output 03 is connected to input CP0 with counter input on 

cpi. 
74390 
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74393 DUAL 4-BIT BINARY RIPPLE COUNTER 

The "393" is a dual 4-bit binary ripple counter with 
separate clock and master reset inputs to each counter. The 
operation of each half of the "393" is the same as the "93" 
except no external clock connections are required. The coun-
ters are triggered by a HIGH-to-LOW transition of the clock 
(rra and ri5b) inputs. The counter outputs are internally 
connected to provide clock inputs to succeeding stages. The 
outputs are designed to drive the internal flip-flops plus the 
rated fanout of the device. The outputs of the ripple counter 
do not change synchronously and should not be used for 
high-speed address decoding. 

The master resets (MRa and MRb) are active HIGH 
asynchronous inputs to each 4-bit counter identified by the a 
and b suffixes in the pin configuration. A HIGH level on the 
MR input overrides the clock and sets the outputs LOW. 

1.14 

o —1 

2 
3 
4 
5 
e 
7 
e 

lo 

12 
13 
14 

15 

2.12 3.11 4.10 5.9 6.8 

OUTPUT 

0 1 02 03 

• L L 
• I. I. 
L H 

H H L 
L H L 

HL HL 

L HHL 
11 11 HL 

L H 
11 L L 

L HL 
HHL H 
L L H14 

HI. H H 
L HHH 
HHHH 

74393 

COUNT SEQUENCE 
FO n 1 2 THE -3se 
74393 
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2 

3 

4 

Ri 
rg-

,••• 

GND   

iii 

•••itml 

8 

74393 
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743954-BIT CASCADABLE SHIFT 
REGISTER WITH 3-STATE OUTPUTS 

The "395" is a 4-bit shift register with serial and parallel 
synchronous operating modes and four 3-state buffer out-
puts. The shifting and loading operations are controlled by the 
state of the parallel enable (PE) input. When PE is HIGH, 
data are loaded from the parallel data inputs (Do-D3) into the 
register synchronous with the HIGH-to-LOW transition of 
the clock input (M). When PE is LOW, data at the serial data 
input (Ds) are loaded into the Qo flip-flop, and data in the 
register are shifted one bit to the right in the direction (Qo-->Q1—> 
Q2-->Q3) synchronous with the negative clock transition. The 
PE and data inputs are fully edge-triggered and must be stable 
only one setup prior to the HIGH-to-LOW transition of the 
clock. The master reset (m) is an asynchronous active LOW 
input. When LOW, the MR overrides the clock and all other 
inputs and clears the register. 

The 3-state output buffers are designed to drive heavily 
loaded 3-state buses or large capacitive loads. The active 
LOW output enable (M) controls all four 3-state buffers 
independent of the register operation. Data in the register 
appear at the outputs when 07 is LOW. The outputs are in 
the high-impedance off state, which means they will neither 
drive nor load the bus when TT is HIGH. The output from the 
last stage is brought out separately. This output (e) is tied to 
the serial data input (Ds) of the next register for serial 
expansion applications. The Qoutput is not affected by the 
3-state buffer operation. 

74LS 
Shift Frequency (MHz) 25 
Serial Data Input D 
AsynchronousClear Low 
Shift-Right Mode Yes 
Shift-Left Mode No 
Load Mode Yes 
Hold Mode No 
Typ. Total Power (mW) 75 
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7 3 4 5 6 

2 

10 

9 

1 15 14 13 12 

11 

VCC = Pin 16 
GND = Pin 8 74395 

—FUNCTION TABLE ........--

REGISTER 
OPERATING MODE 

INPUTS OUTPUTS 

MR e PE Ds Dn 00 01 02 03 

Reset (clear) L X X X X L L L L 

Shift right H 
H 

‘ I 
I 

I 
h 

X 
X 

L 
Hqoqi 

qo q1 q2 
q2 

Parallel load H 
H ¡ 

h 
h 

X 
X 

I 
h 

L 
HHHH 

L L L 

3-STATE BUFFER 

OPERATING MODES 

INPUTS OUTPUTS 

iiE On (register) 00,01,02,03 03 

Read L L L L 

L H H H 

Disable buffers H L (Z) L 

H H (Z) H 

H = HIGH voltage level 
h HIGH voltage level one setup time prior to he HIGH-to-LOW clock transition 

L = LOW voltage level 
I = LOW voltage level one setup time poor to the HIGH-to-LOW clock transition 

on Lower letters indicate the state of the referenced output one setup Ina prior to the 

HIGH-to-LOW clock traneltion 

X = Don't care 
(2) = High Impedance "off- state 

HIGH-to-LOW transition 74395 
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74398 QUAD 2-PORT REGISTER 

The "398" is a high-speed quad 2-port register. It 
selects four bits of data from two sources (ports) under the 
control of a common select input (S). The selected data is 
loaded into four edge-triggered flip-flops synchronous with 
the LOW-to-HIGH transition of the common buffered clock 
input (CP). The four flip-flops are combined to form a syn-
chronous 4-bit register with both true and complement out-
puts available. 

The operation of the device is fully synchronous. The 
data inputs (lo and Ii) and the select input (S) must be stable 
only one setup time prior to the LOW-to-HIGH clock transi-
tion for predictable operation. 

4 5 7 6 14 15 17 16 

I I I I I I I I  

11S10a 11a 10b 11b 10c 11c 10d 11d 

11 CP 

Oa Ôa Ob 51 b Oc ÔC Od Ód 

I I I I I I I I 
2 3 9 8 12 13 19 18 

VCC = Pin 20 
GND = Pin 10 

MODE SELECT—FUNCTION TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

CP S 10 Ii On -1:7111 

Load Source "0" 
t 

t 

 I 
I 

I 
h 

X 
x 

L 
H 

H 
L 

Load Source"1" t 

t 
h 
h 

X 
x 

I 
h 

L 
H 

H 
L 

74398 

H = HGH range level 
h = HIGH voltage bevel one setup hrne pup lo Ike LOW-lo-HIGH clock Ironed« 

L = LOW voltage level 
I LOW voltage level one selup tan. pnor le the LOW-to-HIGH Clock Irenslhon 

X Dont care 

LOW-lo-HIGH clock Irenedan 74398 
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74399 QUAD 2-PORT REGISTER 

The "399" is a high-speed quad 2-port register. It 
selects four bits of data from two sources (ports) under the 
control of a common select input (S). The selected data is 
loaded into 4-bit output register synchronous with the LOW-
to-HIGH transition of the clock input (CP). 

The operation of the device is fully synchronous. The 
data inputs (lo and 11) and the select input (S) must be stable 
only one setup time prior to the LOW-to-HIGH clock transi-

tion for predictable operation. 

3 4 6 5 11 12 14 13 

1 1 1 1 1 1 1 1  

10a 11a 10b 11b 10c 11c 10d 11d 

Oa Ob Oc 

1 
2 7 10 

VCC = Pin 16 
GND = Pin 8 74399 

MODE SELECT—FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

CP S Io Si On 

Load Source "0" 
t 

t 

I 
I 

I 
h 

X 
X 

L 
H 

Load Source "1" 
t 

t 

h 
h 

X 
X 

I 
h 

L 
H 

d 

15 

H HIGH voltage level 

ft HIGH voltage level one setuP Sr» Po« to the 1-0W10" 
HIGH clock iransIllon 

L LOW voltage Hvel 
I LOW voltage level one setup tees pnof lo the LOW-to-

HIGH clock tranadosn 

X Don't care 
LOW-to-HIGH clock Penedos 74399 
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74445 BCD-TO-DECIMAL DECODER/DRIVER. (0.C.) 

The "445" is a 1-of-10 decoder with open collector out-
puts. This decoder accepts BCD inputs on the Ao to A3 
address lines and generates 10 mutually exclusive active 
LOW outputs. When an input code greater than 9 is applied, 
all outputs are HIGH. This device can therefore be used as a 
one-of-eight decoder with A3 used as an active LOW enable. 

The "445" features an output breakdown voltage of 7V. 
This device is ideal as a lamp or solenoid driver. 

15 

4 5 6 7 9 10 11 1 2 3 

V CC = Pin 16 

GND = Pm 8 

Truth Table 
A3A2A1A05i/S.136,à§ 

L LLLLHHHHHHHHH 
L L L HHL HHHHHHHH 
LLHLHHLHHHHHHH 
L L HHHHHL HHHHHH 
L HL L HHHHL HHHHH 
L HL HHHHHHL HHHH 
LHHLHHHHHHLHHH 
L HHHHHHHHHHL HH 
HL L L HHHHHHHHL H 
HLLHHHHHHHHHHL 
HLHLHHHHHHHHHH 
HLHHHHHHHHHHHH 
HHLLHHHHHHHHHH 
HHLHHHHHHHHHHH 
HHHL HHHHHHHHHH 
HHHHHHHHHHHHHH 

14 

74445 

13 12 

HIGH voltage levels 
L LOW voltage levels 74445 
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74490 DUAL BCD DECADE RIPPLE COUNTER 

The "490" is a dual BCD decade ripple counter with 
separate clock, master set and master reset inputs to each 
counter. The operation of each half of the "490" is the same as 
the "90" used in the BCD decade mode. 

The counters are triggered by the HIGH-to-LOW trans-
ition of the clock (CF) inputs. No external connections are 
required to get the full BCD (8421) decade counting scheme 
from the counters. The counter outputs are internally con-
nected as clock or decoded inputs to succeeding stages. The 
outputs are designed to drive the internal gates plus the rated 
fanout of the device. Because this is a ripple-type counter, the 
outputs do not change synchronously and should not be used 
for high-speed address decoding. 

The master set (MS) and master reset (MR) are asyn-
chronous active HIGH inputs. The HIGH MR input overrides 
the clock and clears the associated 4 bits of the counter. The 
HIGH MS input overrides the clock and MR inputs and sets 
the associated 4 bits to 9 (HLLH). 

MODE SELECTION— 
E "490" 

RESET/SET INPUTS OUTPUTS 

MR MS 00 0 1 02 03 

H X L L L L 

X H HL L H 

L L Count 

H HIGH voltage Iowa 
L LOW voltage lavai 

X Cool cars 

74490 

BCD COUNT SEQUENCE— 
FOR 1/2 THE -490" 

OUTPUT 

COUNT oo 0 1 02 03 

o 
1 
2 
3 
4 
5 

7 
8 
9 

L L L L 
H L L L 
L H L L 
H H L L 
L L H L 
H L H L 
L H H L 
H H H L 
L L L H 
H L L H 

NOTE 
Output 00 coanoclad to tape CP, 

74490 
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4,12 

1,15 

3.13 6.10 7.9 2.14 

VCC = Pun 16 

GND = Pun 8 

5.11 

74490 
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74568 BCD DECADE UP/DOWN 
SYNCHRONOUS COUNTER (3-STATE) 

The "568" is a synchronous presettable BCD decade 
up/down counter featuring an internal carry look ahead for 
applications in high-speed counting designs. Synchronous op-
eration is provided by having all flip-flops clocked simultane-
ously so that the outputs change coincident with each other 
when so instructed by the count-enable inputs and internal 
gating. This mode of operation eliminates the output spikes 
that are normally associated with asynchronous (ripple clock) 
counters. A buffered clock input triggers the flip-flops on the 
LOW-to-HIGH transition of the clock. 

The counter is fully programmable; that is, the outputs 
may be preset to either level. Presetting is synchronous with 
the clock and takes place regardless of the levels of the 
count-enable inputs. A LOW level on the parallel enable (Pr) 
inputs disables the counter and causes the data at the Dn 
inputs to be loaded into the counter on the next LOW-to-
HIGH transition of the clock. The synchronous reset (SR), 
when LOW one setup time before the LOW-to-HIGH transi-
tion of the clock, overrides the CEP, CET and PE inputs, and 
causes the flip-flops to go LOW coincident with the positive 
clock transition. The master reset (Mg) is an asyn-
chronous overriding clear function which forces all stages to a 
LOW state while the MR input is LOW without regard to the 

clock. 
The carry look ahead circuitry provides for cascading 

counters for n-bit synchronous applications without additional 
gating. Instrumental in accomplishing this function are two 
count-enable inputs (7E-F • CEP) and a terminal count (17 
output. Both count-enable inputs must be LOW to count. The 
UT input is fed forward to enable the Tr. output. The Tr 
output, thus enabled, will produce a LOW output pulse with a 
duration approximately equal to the HIGH level portion of the 
Qo output. This LOW level TC pulse is used to enable succes-
sive cascaded stages. See the "168" data for the fast syn-
chronous multistage counting connections. 
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The gated clock output (GC) is a terminal count output 
that provides a HIGH-LOW-HIGH pulse for a duration equal 
to the LOW time of the clock pulse when TC is LOW. The GC 
output can be used as a clock input for the next stage in a 
simple ripple expansion scheme. 

The direction of counting is controlled by the up/down 
(U/15) input; a HIGH will cause the count to increase, and a 
LOW will cause the count to decrease. 

The active LOW output enable (0E) input controls the 
3-state buffer outputs independent of the counter operation. 
When OE is LOW, the count appears at the buffer outputs. 
When OE is HIGH, the outputs are in the high-impedance off 
state, which means they will neither drive nor load the bus. 

11 3 4 5 6 

17 

V CC = Pin 20 
GND = Pin 10 

16 15 14 13 

19 

18 

74568 

3-STATE BUFFER 

OPERATING MODES 

INPUTS OUTPUTS 

ÔT On - Counter 00,002.03 

Read counter L L L 

L H H 

Disable outputs H L (Z) 
H H (2) 

74568 
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-FUNCTION TABLE 

COUNTER 
OPERATING MODES 

INPUTS COUNTER STATES 

— 
MR CP SR U/b PE CEP CET On 00 01 02 03 

Asynchronous Reset L X X X X X X X L LL L 

Synchronous Reset HII X X L L XLLL L 

Parallel load FIlhX 
lithX1XXhHHHH 

I X X ILLL L 

Count up H hhh I I X count up 

Count down H .h1h11X count down 

Hold (do nothing) Hth 

Hlh 

X 

X 

h 

h 

h 

X 

X 

h 

X 

X 

no change 
no change 

INPUTS COUNTER STATES OUTPUTS 

CP U/D CEP CET 00 01 02 03 TC GC 

H 
L 
X 
X 
H 
L 
X 
X 

L 
L 
L 
L 
H 
H 
Fl 
H 

L 
L 
H 
X 
L 
L 
H 
X 

L 
L 
L 
H 
L 

L 
L 
H 

L 
L 

L 
L 
H 
H 
11 
H 

L 
L 
L 
L 
X 
X 
X 
X 

L 
L 
L 
L 
X 
X 
X 
X 

L 
L 
L 
L 
H 

H 
H 
H 

L 
L 
L 
H 
L 
L 
L 
H 

H 
L 
H 
H 
H 
L 
H 
H 

H • HIGH voltage level 
HIGH voltage level one setup tinte prior to the LOW to HIGH clock transition 

L LOW voltage level 
LOW voltage level one Sege tone prior to the LOW to•HIGH ctock traneition 

X Don't care 
(Z) High Impedance on slate 

I LOW•to.HIGH clock transition 

74568 
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74569 4-BIT BINARY UP/DOWN 
SYNCHRONOUS COUNTER (3-STATE) 

The "569" is a synchronous presettable modulo 16 bi-
nary up/down counter featuring an internal carry look ahead 
for applications in high-speed counting designs. Synchronous 
operation is provided by having all flip-flops clocked simul-
taneously so that the outputs change coincident with each 
other when so instructed by the count-enable inputs and 
internal gating. This mode of operation eliminates the output 
spikes that are normally associated with asynchronous (ripple 
clock) counters. A buffered clock input triggers the flip-flops 
on the LOW-to-HIGH transition of the clock. 

The counter is fully programmable; that is, the outputs 
may be preset to either level. Presetting is synchronous with 
the clock and takes place regardless of the levels of the count 
enable inputs. A LOW level on the parallel enable (PE) input 
disables the counter and causes the data at the Dn inputs to be 
loaded into the counter on the next LOW-to-HIGH transition 
of the clock. The synchronous reset (SR), when LOW one 
setup time before the LOW-to-HIGH transition of the clock, 
overrides the CEP, CET and PE inputs, and cause the flip-
flops to go LOW coincident with the positive clock transition. 
The master rest (MR) is an asynchronous overriding clear 
function, which forces all stages to a LOW state while the MR 
input is LOW without regard to the clock. 

The carry look ahead circuitry provides for -cascading 
counters for n-bit synchronous applications without additional 
gating. Instrumental in accomplishing this function are two 
count enable inputs (CET • CEP) and a terminal count (TC) 
otut. Both count-enable inputs must be LOW to count. The 
CET input is fed forward to enable the TC outputs. The TC 
output, thus enabled, will produce a LOW output pulse with a 
duration approximately equal to the HIGH level portion of the 
Qo output. This LOW level TC pulse is used to enable succes-
sive cascaded stages. See the 74169 data for the fast syn-
chronous multistage counting connections. 

The gates clock output (GC) is a terminal count output 
that provides a HIGH-LOW-HIGH pulse for a duration equal 
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to the LOW time of the clock pulse when T-C is LOW. The GC 
output can be used as a clock input for the next stage in a 
simple ripple expansion scheme. The direction of counting is 
controlled by the up/down (U/Th input; a HIGH will cause the 
count to increase, and a LOW will cause the count to de-

crease. 
The active LOW output enable (0E) input controls the 

3-state buffer outputs independent of the counter operation. 
When OE is LOW, the count appears at the buffer outputs. 
When OE is HIGH, the outputs are in the high-impedance off 
state, which means they will neither drive nor load the bus. 

11 

2 

7 

12 

9 

8 

14 13 17 

VCC = Pin 20 
GND = Pin 10 

3 

16 

4 

15 

74569 

5 6 

19 

18 
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74670 4 x4 REGISTER FILE (3-STATE) 

The "670" is a 16-bit 3-state register file organized as 4 
words of 4 bits each. Separate read and write address and 
enable inputs are available permitting simultaneous writing 
into one word location and reading from another location. The 
4-bit word to be stored is presented to four data inputs. The 
Write Address inputs (Wa and Wb) determine the location of 
the stored word. When the write enable (WE) input is LOW, 
the data is entered into the addressed location. The addres-
sed location remains transparent to the data while the WE is 
LOW. Data supplied at the inputs will be read out in true 
(non-inverting) form from the 3-state outputs. Data and write 
address inputs are inihibited when WE is HIGH. 

Direct acquistion of data stored in any of the four regis-
ters is made possible by individual read address inputs (Ra and 
Rb). The addressed word appears at the four outputs when 
the read enable (RE) is LOW. Data outputs are in the high-
impedance off state when the read enable input is HIGH. This 
permits outputs to be tied together to increase the word 
capacity to very large numbers. 

Up to 128 devices can be stacked t0 increase the word 
size to 512 locations by tying the 3-state outputs together. 
Because the limiting factor for expansion is the output HIGH 
current, further stacking is possible by tying pullup resistors 
to the outputs to increase the Ion current available. Design of 
the read enable signals for the stacked devices must ensure 
that there is no overlap in the LOW levels which would cause 
more than one output to be active at the same time. Parallel 
expansion to generate n-bit words is accomplished by driving 
the enable and address inputs of each device in parallel. 

74LS 
Typ. Address Time (ns) 24 
Typ Read Enable Time (ns) 19 
Data Input Rate (MHz) 20 
Typ. Total Power(mW) 135 
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2 15 2 

vCC = Pin 16 
GND = Pin 8 

74670 

WRITE MODE SELECT TABLE 

OPERATING 

MODE 

INPUTS INTERNAL 

LATCHES(b) vt--/É Dn 

Write Data L 
L 

L 

H 

L 
H 

Data 

Latched H X no change 

NOTE 
b The Write Address (W A & WB) to the "internal latches" 

must be stable while WE ,s LOW for conventional oper-

ation 74670 

7 6 

READ MODE SELECT TABLE 

OPERATING 
MODE 

INPUTS OUTPUTS 

-e INTERNAL 
LATCHES(c) 

on 

Read L 
L 

L 
H 

L 
H 

Disabled H X (Z) 

NOTE 
c The Read Address (RA 8. RB) changes to select the 

"internal latches" are not constrained by WE or P! °her-

eon 

H = HIGH voltage level 

L LOW voltage level 

X = Don t care 
(Z) = High impedance "off" state 

74670 
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Symbols and Definitions 

DC VOLTAGES 

All voltages are referenced to ground. Negative voltage 
limits are specified as absolute values (i.e., 10V is greater 
than —1.0V). 
Vcc Supply voltage: The range of power supply voltage over 

which the device is guaranteed to operate within the 
specified limits. 

VCD (Max) Input clamp diode voltage: The most negative 
voltage at an input when the specified current is forced out of 
that input terminal. This parameter guaranteed the integ-
rity of the input diode intended to clamp negative ringing at 
the input terminal. 

Vin Input HIGH voltage: The range of input voltages recog-
nized by the device as a logic HIGH. 

Vin (Min)Minimum Input HIGH voltage: This value is the 
guaranteed input HIGH threshold for the device. The 
minimum allowed input HIGH in a logic  system. 

VIL Input LOW voltage: The range of input voltages recog-
nized by the device as a logic LOW. 

Vu. (Max) Maximum input LOW voltage: This value is the 
guaranteed input LOW threshold for the device. The 
maximum allowed input LOW in a logic system. 
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Viti Measurement voltage: The reference voltage level on ac 
waveforms for determining ac performance. Usually 
specified as 1.5V for most TTL families, but 1.3V for the 
low-power Schottky 74LS family. 

Vox (MM) Output HIGH voltage: The minimum guaranteed 
HIGH voltage at an output terminal for the specified output 
current 1ox and at the minimum Vcc value. 

Vol. (Max) Output LOW voltage: The minimum guaranteed 
LOW voltage at an output terminal sinking the specified 
load current 10L. 

VT+ Positive-going threshold voltage: The input voltage of a 
variable threshold device which causes operation accord-
ing to specification as the input transition rises from below 
VT- (Min). 

VT- Negative-going threshold voltage: The input voltage of a 
variable threshold device which causes operation accord-
ing to specification as the input transition falls from above 
VT+(MaX). 

DC CURRENTS 
Positive current is defined as conventional current flow 

into a device. Negative current is defined as conventional 
current flow out of a device. All current limits are specified as 
absolutevalues. 
Icc Supply current: The current flowing into the Vcc supply 

terminal of the circuit with specified input conditions and 
open outputs. Input conditions are chosen to guarantee 
worst case operation unless specified. 

Ii Input leakage current: The current flowing into an input 
when the maximum allowed voltage is applied to the input. 
This parameter guaranteed the minimum breakdown vol-
tage for the input. 

Ini Input HIGH current: The current flowing into an input 
when a specified HIGH level voltage is applied to that 
input. 

In. Input LOW current: The current flowing out of an input 
when a specified LOW level voltage is applied to that input. 

lox Output HIGH current: The leakage current flowing into a 
turned off open collector output with a specified HIGH 
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output voltage applied. For devices with a pull-up circuit, 
the Iou is the current flowing out of an output which is in the 
HIGH state. 

IoL Output LOW current: The current flowing into an output 
which is in the LOW state. 

Ios Output short-circuit current: The current flowing out of an 
output which is in the HIGH state when that output is short 
circuit to ground. 

tom Output off current HIGH: The current flowing into a 
disabled 3-state output with a specified HIGH output vol-
tageapplied. 

Ion Output off current LOW: The current flowing out of a 
disabled 3-state output with a specified LOW output vol-
tageapplied. 

AC SWITCHING PARAMETERS AND DEFINITIONS 

faux The maximum clock frequency: The maximum input 
frequency at a clock input for predictable performance. 
Above this frequency the device may cease to function. 

tin..H Propagation delay time: The time between the specified 
reference points on the input and output waveforms with 
the output changing from the defined LOW level to the 
defined HIGH level. 

tPHLPropagation delay time: The time between the specified 
reference points on the input and output waveforms with 
the output changing from the defined HIGH level to the 
defined LOW level. 

tpliz Output disable time from HIGH level of a 3-state output: 
The delay time between the specified reference points on 
the input and output voltage waveforms with the 3-state 
output changing from the HIGH level to a high impedance 
off state. 

tnz Output disable time from LOW level of a 3-state output: 
The delay time between the specified reference points on 
the input and output voltage waveforms with the 3-state 
output changing from the LOW level to a high impedance 

off state. 
tpzn Output enable time to a HIGH level of a 3-state output: 

The delay time between the specified reference points on 
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the input and output voltage waveforms with the 3-state 
output changing from a high impedance off state to the 
HIGH level. 

&a Output enable time to a LOW level of a 3-state output: 
The delay time between the specified reference points on 
the input and output voltage waveforms with the 3-state 
output changing from a high impedance off state to the 
LOW level. 

th Hold time: The interval immediately following the active 
transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its continued recogni-
tion. A negative hold time indicates that the correct logic 
level may be released prior to the active transition of the 
timing pulse and still be recognized. 

te Setup time: The interval immediately preceding the active 
transition of the timing pulse (usually the clock pulse) or 
preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its recognition. A 
negative setup time indicates that the correct logic level 
may be initiated sometime after the active transition of the 
timing pulse and still be recognized. 

tw. Pulse width: The time between the specified reference 
points on the leading and trailing edges of a pulse. 

trecRecovery time: The time between the reference point on 
the trailing edge of an asynchronous input control pulse and 
the reference point on the activating edge of a synchronous 
(clock) pulse input such that the device will respond to the 
synchronous input. 
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