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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 order 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 the 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 czn 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.

TTL 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, whichis made up of the 7400 devices. The 74H family is a high
performance 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 nominai supply voltage (Vcc) 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.




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 ina 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 74S and 74H can only be toler-
ated in systems designed with very short signal leads, elaborate
ground planes, and good, well decougled 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. Separate 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 and 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




Section One

CMOS

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.




4000-Series CMOS
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CMOS Chip Lis

4000 Dual 3-Input NOR Gate Plus Inverter ..........cceeseecsesens
4001 Ouadruple 2-Input NOR Gate.... =
4002 Dual 4-Input NOR Gate........... .
4006 18-Stage Static Shift Register ..........ooevisisemscncsieinnnn
4007 Dual Complementary Pair Plus Inverter
4008 4-Bit FUll ADTET......ceveeecveneciierinensseesesnsstsssseecsenssanse
4009 Hex Buffer (Inverting) ......
4010 Hex Buffer (Noninverting)
4011 Quad 2-input NAND Gate
4012 Dual 4-Input NAND Gate
4023 Triple 3-Input NAND Gate
4013 BM Dual D Flip-Flop...........
4014 8-Stage Static Shift Register ...............
4015 Dual 4-Bit Static Register ..
4016 Quad Bilateral SWItCh .......ccoeveeerveneneiiciieiesniannnnns -
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........ ccocvvneienininences 30
4019 Quad AND-OR Select Gate........ccoeees covvernnesiesessisnaencens 31
4020 14-Stage Ripple Carry Binary COUNers..........cuuevevanecenes 32
4040 14-Stage Ripple Carry Binary Counters......ooueescunnincs 33

4060 12-Stage Ripple Carry Binary Counters.......cooueserneess 34
4021 8-Stage Static Shift Register .........ceenennnnsccnssnnenns 35
4023 Triple 3-Input NAND Gate......ccccmvrmimnieimmransisssnissnsasesenss 36
4025 Triple 3-Input NOR Gate ........cocvvuiuemimninmriissssnesssecnenes 37

4024 7-Stage Ripple-Carry Binary Counter...

4025 Triple 3-Input NOR Gate .............ouneene. ..39
4027 Dual JK Master/Slave Flip-FIOp......c.covueriiunisnrninesecns 41
4028 BCD-to-Decimal Decoder ........... .42
4029 Presettable Binary/Decade Up/Down Counter ................ 43
4030 Ouad Exclusive-OR Gate............... 44
4031 64-Stage Static Shift Register ....... 45
4034 8-Stage 3-State Bidirectional Parallel,Serial

Input/Output BuS REGISION......covvvvriiceeecrincicirsstnnssiseens 46
4035 4-Bit Parallel-In/Parallel-Out Shift Reglister .... .48
4041 Ouad True/Complement Buffer ...............c.e... ...50
4042 Quad Clocked D Latch .......ccovueveneeens S— 51
4043 Quad 3-State NOR R/S Latches..... 52
4044 Quad 3-State NAND R/S Latches......ccoevevveesnseisennanas 53

4046 Micropower Phase-Locked LOOP........couueuuiennnes
4047 Low-Power Monostable/Astable Multivibrator ...
4048 3-State Expandable 8-Function 8-input Gate....
4049 Hex Inverting Buffer.........cooveeninnns venienacenenee
4050 Hex Noninverting Buffer
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.... -

4069 INVErter CirCUIL ......covrereeerierieriiriisiasinsianssrssessssnssncsnnoneanesd
4070 Quad 2-Input Exclusive-OR Gate
4071 Ouad 2-Input OR Buffered B Series Gate ...........ccceuesens 66




4081 Quad 2-input AND Buffered B Series Gate
4073 Double Buffered Triple 3-Input NAND Gate
4075 Double Buffered Triple 3-input NOR Gate........c.cuen.......
4076 3-State Ouad D Flip-Flop
4089 Binary Rate Multiplier

4527 BCD Rate Multipier.......

4093 Ouad 2-Input NAND Schmitt Trigger.................coeereeneent 73
40106 Hex Schmitt Trigger 74
40160 Decade Counter with Asynchronous Clear.................... 75

40161 Binary Counter with Asynchronous Clear
40162 Decade Counter with Synchronous Clear....
40163 Binary Counter with Synchronous Clear.......................
40174 Hex D Flip-Flop
40175 Quad D Flip-Flop
40192 Synchronous 4-Bit Up/Down Decade Counter
40193 Synchronous 4-Bit Up/Down Binary Counter................
4510 BCD Up/Down Counter
4516 Binary Up/Down Counter
4511 BCD-to-7 Segment Latch/Decoder/Driver ............cc.......
4518, 4520 Dual Synchronous Up Counters..............c.cceenenen.nd
4519 4-Bit AND/OR Selector..
4723 Dual 4-Bit Addressable Latch
4724, 4099 8-Bit Addressable Latches

74C00-Series CMOS
74C00 Quad 2-Input NAND Gate 90
74C02 Ouad 2-Input NOR Gate 91
74C04 Hex Inverter. 92
74C10 Tripie 3-Input NAND Gate ; 93
74C20 Dual 4-Input NAND Gate .94
74C08 Quad 2-Input AND Gate 95
74C86 Ouad 2-Input EXCLUSIVE-OR Gate .........ccourerensmenenecs 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

74C93 4-Bit Binary Counter.. 110
74C95 4-Bit Right-Shift/Left-Shift Register............cc.ecernemraesen 111
74C151 8-Channel Digital Multiplexer 112
74C154 4-Line to 16-Line Decoder/Demultipiexer ................. 113
74C157 OQuad 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 ............cc..... 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 REGiStOrS.....ccoverierritsmsrsmsnsstssainsensisnansmsssiesenees 123
74C922 16-Key Encoder 124
74C923 20-Key ENCOder ....c..ccnivivcsnrrsasassraes 125
74C927, 74C928 4-Digit Counters with Multiplexed

7-Segment Output Drivers 126

80C00-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.
Voo F E D K L G
14 13 12 1 10 9 8
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4001 QUADRUPLE 2-INPYT NOR GATE

The 4001 is a monolithic complementary MOS (CMOS)
quadruple 2-input NOR gate integrated circuit. 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 3Vto 15V
Power 10 nW (typ.)
Noise Immunity 0.45 Voo (typ.)

v]:‘ L) L L " I' s

4001
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4002 DUAL 4-INPUT NOR GATE

The 4002 NOR gate is amonolithic 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 Voitage Range 3Vito 15V

Power 10 aW (typical)
Noise Immunity 0.45 Voo (typical)
Voo NC
l ) 13 12 " 0 ) l '
1 ? 3 ¢ s I . l ?
v
4002 " =

15




~ 4006 18-STAGE STATIC SHIFT REGISTER .

The 4006 18-stage static shift ragister 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. Datais shi‘ted 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 sirgle register sections of
10, 12, 13, 14, 16, 17 and 18 stages can be implemented using

one package.

Supply Voltage Range
Noise Immunity
Clock Input Capacitance
Speed of Operation

Voo  OUTp+4

3Vto 15V
0.45 Voo typ.
6 pF typ.

10 MHz typ.

with Voo = 10V
0UTp,+5 0UTp,+4  OUTp;+4 0UTp D 0UTp 4

Iu 13 12 n 10 9 8
i |
1 STAGE 1 STAGE
4 4 4 4
STAGES STAGES STAGES STAGES
I — _
1 2 3 4 5 l 6 l 7
DATA1 NC CLOCK DATA2 DATA3 DATA4 Vss
D cLé D+1 e
Truth Table
o| T ] 4006
1 | 1 X = Don’t care
A = Level change
X 'J_ NC NC = No change

16




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 Vpp and Vss.

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

Supply Voitage Range 3Vto 15V

Noise Immunity 0.45 Ve typ.

Voo, Voo
ALRE

INPUT 2 :}THDUWY INPUT L 3——I"oumrr

N 15 oF | w 1996
T I sl
4007 4007

Voo

17




4008 4-BIT FULL ADDER

The 4008 consists of four full-adder stages with fast look ahead
carry provision from stage to stage. Circuitry 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

B1 to B4, in addition to the

carry in bit from a previous section. 40(8B outputs include the four
sum bits, S1 and S$4, 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 Voo and GND.
Supply Voltage Range 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
Quiescent Current 15V
Maximum Input Leakage 1uA at 15V
AR, CARRY =0 co (EARRY OUT)
15 |
:: (\rc1 : SUM ‘—o" “
ca
83 C‘rz L—-b ol LI
a3 0 - ©
c3
e >l on
AI& -» sy
t €2
8 (% L -> sum | 10 T
A O— - Y
F 3
C) (CARRY IN} H
4008
A, B Ci|CO Sum
o 0 of|o o
1 0 0]o0 1
o 1 ofo 1 Truth Table
1 1 0 1 0
o 0 1]0 1 4008
1 0 1 1 0
0 1 1 1 0
1 1 1 1 1

18




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 =< Vop.

Supply Voitage Range
Power

Noise immunity

Current Sinking Capability

Voo

3V to 15V
100 nW (typical)
0.45 Voo (typical)

8 mA (min) at Vo = 0.5V and Voo = 10V

4009
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4010 HEX BUFFER (NONINVERTING)

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 rhat 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 < Vob.

Supply Voltage Range 3Vito 15V

Power 10 nW (typical)

Noise |mmunity 0.45Voo (typical)

Current Sinking Capability 8 mA (min) at Vo = 0.5V and Voo = 10V
Voo

.
il I
Y Ly
— ,
JAN

lﬁ
A.
i 1 2 3 4 s 6 7 8
Vee Ves
4010




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 Voitage Range 3Vito 15V

Power 10 nW(typical)
Noise Immunity 0.45 Vbb(typical)
Voo
l 14 13 ll 2 1" 10 [9 8
1 ] 2 3 N ls 6 i ]
Vss

4011
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4012 DUAL 4-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 -hat caused by leakage
current is consumed during static conditions. All inputs are
protected against static discharge and latching conditions.

Supply Voltage Range 3Vito 15V
Power 10 nW (typical)
Noise Immunity 0.45 VoD (typical)
Voo
lM 13 L} " 10 ) 8

Ve
4012




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 VoD (typical)
Voo
14 13 12 " 10 9 8
)|
1 2 3 4 5 6 l 7
Vss
4023




. . 4013 BM DUAL D FLIR-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 €} and Q outputs. These
devices can be used for shift register app'ications, and by connect-
ing Q 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 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L or 1 driving 74LS
Vpb a2 a2 CLOCK2 RESET2  DATA2 SET 2
l 14 13 12 n 10 9 8
FIF I FIF
1 2
1 ) 3 a 5 6 ] 7
o (1] CLOCK1 RESET1  DATA1 SET1 Vss
4013
= Truth Table
cLt D R S Q Q
—= 4013
Vs 0 0 0 0 1
g 1 0 ] 1 0
N~ x 0 ] a o]
X X 1 0 0 1 No cha
change
x 1 1
X 0 O |t = Level change
X x U ! U ' | x = Don'tcare case




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 3Vito 15V
Noise Immunity 0.45 vce to typ.
Speed of Operation 5 MHz typ.
PAR
N BUF PAR/
—ee  OUT  SER SER
Voo 7 ] [y " CLK  CONY
I 16 15 14 13 12 1 10 I 9
- —
' 2 3 4 5 3 1 8
(] o ] 3 2 1 Vs
PAR  guF BUF N ~ 4
n ouT our PAR IN
4014
PARALLEL/
+ | SERIAL at
CL SERJAL PIt1]Ptn Q,
INPUT CONTROL (INTERNAL}
e X 1 0 0 0 0
j X : ; : ; : Truth Table
e 13 1 1 1 1 1 40 1 4
e 0 0 X X 0 Q.1
el 1 0 X X 1 Q,t
NG
N\ X X X X m Q. CHANGE
LEVEL CHANGL X DON'T CARE CASE
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4015 DUAL 4-BIT STATI

REGISTER

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 a single serial data input. Q
outputs are available from each of the four stages on bothregisters.
All register stages are D-type, mastez-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 accomplshed 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 Voo and Vss.

Supply Voltage Range
Noise Immunity
Speed of Operation

3Vto 15V
0.45 Vee typ.

9 MHz (typ.) clock rate at Voo — Vss = v

Voo DATA, RESETy Ol

|1s 15 14 13

02y a3, 04,

12 "

10

CLOCK,

4 — 4
STAGE | STAGE
1 2 3 q 5 6 ? ]
CLOCKy D4y Q3. a2, Q. RESET, DATA, Vg
4015
S| O (BCN SOV Truth Table
Ve o 4 o Q4 £
/0 B (Il o 4015
~ X ] o Q, {No change)
x [ x |1 [of o S
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4016 QUAD BILATERAL SWITCH

The 4016is 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 Ve typ.
Digital and Analog Levels + 7.5 Vpeak
On Resistance 30‘(1)9 typ\.l 15y
DD — VDD =
(S,w/lg:':l gharatcteristics éskou = 400} typ.
d :
V:Itage ll;g:l!lo @fis ?—-tyl% kHz RL = 10k
Linearity 5% :ﬁsmr}i?& typ.
@fis = z
Leakage Vis = 5 Vpp
Voo - Vss = 10V
R = 10 kQ
1 14
INPUT A emmetd SW A b= Vpo
A T 9
QUTPUT A e CONT A
3 I l 12
QuTPUT B r SWD CONTD
4 1
INPUT B J INPUT D
SwW8
CONT B _5.4_| : 19 outPuTD
CONTC . _I.__.?_ OUTPUT C
? SWC 8 PUT C

4016
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4017 DECADE COUNTER/DIVIDER WITH (10 DECODED QUTPUTS

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 anda
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.

11

DECODED OUTPUT “7” DECDDED OUTPUT "9~

DECODED OUTPUT “3” DECODED OUTPUT “4"

Supply Voltage Range 3vito 15V
Noise Immunity 0.45 Vi typ.
TTL Compatibility Fanout of 2 driving
741 or 1 driving
74LS
Speed of Operation 5.0 MHz typ. with 10V VDD
Power 10, W typ.
DECODED DUTPUT “§” —‘- U i Voo
OECODED DUTPUT “1* =2 1S Reser
DECODED DUTPUT “0” —31 l CcLOCK
DECODED DUTPUT “2” —4- ‘—3- CLOCK ENABLE
DECODED DUTPUT 8" —= 12 carmy-ouT
~J
~dl
L

© -
I -]

Vg OECODED OUTPUT “8”

4017




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 anda
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 3V to 15V

Noise Immunity 0.45 Vop typ.

TTL Compatibility Fanout of 2 driving
T4L or 1 driving

74LS )
Speed of Operation 5.0 MHz typ. with
10V Voo

Power 10, W typ.
1 U 16
DECODED DUTPUT “1* =] LI
DECODED DUTPUT B =2 5 peser
DECODED DUTPUT 2% = 2 cLock
DECODED DUTPUT ‘5~ — 13 cLock EnasLE
DECODED DUTPUT 8~ = 2 cARRY-OUT
6 n
NG = —— DECDDED DUTPUT "4~
4 0
DECODED DUTPUT 3~ 1% oecooeo putpuT 7

4022




4018 PRESETTABLE DIVIDE-BY-N COUNTER

The 4018B consists of five Johnson counter stages. A
buffered Q 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 Voitage Range 3V to 15V
Noise Immunity 0.45 VoD typ.
TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS

JAM PRESET  JAM
Voo  ReSET cLock @5 5 4 ENABLE 4
16 15 18 13 12 n 10 9
e
1 2 3 4 5 6 7 l 8
DATA  JAM JAM a2 1] a3 JAM Vss
1 2 3
4018

30




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 Ks. All inputs are protected against static discharge
damage.

Supply Voltage Range 3V to 15V
Noise Immunity 0.45 Vop typ.
TTL Compatibility Driving 74L or 1 driving 74LS
Vpp Al Kg D4 03 02 D1 Ka
16 15 14 13 12 1" 10 9
]
ES
1 2 3 4 5 (] 7 8
84 A3 83 A2 82 Al B1 Vss
4019
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2 4020 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 1Vto 15V
Noise Immunity C.45Voo typ.
TTL Compatibility Fanout of 2 driving 74L or
1 driving 74LS
Speed of Operation €MHz typ. at Voo = 10V
vpp 011 Qip Qg Qg RESET ¢ Q1
|1s 15 Ja 13 J12 |n |1o 9
VoD
VsS

012

013

Q14

g 05 Q7 Q4 Vss
4020



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 1V to 15V

Noise Immunity 0.45Von typ.

TTL Compatibility Fanout of 2 driving 74L or
1 driving 74LS

Speed of Operation 8MHz typ. at Voo = 10V

Vpp Q11 Q19 Qg Qg RESET o1 Q4
I16 15 J1a |13 12 |1 |1n 9

VoD ‘L
- |

Vss
1 2 3 4 5 6 7 | 8
12 0 Q@ 07 0 Q3 Q Vv

4040




4060 12-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 1V to 15V

Noise Immunity 0.45Voo typ.

TTL Compatibility Fanout of 2 driving 74L or
1 driving 74LS

Speed of Operation 8NIHz typ. at Voo = 10V

Vpp Q10 Q8 Qg RESET ¢ %0 o0

e |s e iz fre fn IR E
VDD |

S

Vss
1 2 3 4 5 6 7 |s
Q12 013 Q4 Qg Qs a; Qg Vss

4060




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 3V to 15V
Noise Immunity 0.45 Ve typ.
Speed of Operation 5 MHz typ.
PAR
N SUF PAR/
p— e OUT  SER SER
Voo 7 (] 5 o IN oK cont
16 15 14 13 12 L 10 9
[1 2 3 4 5 3 7 ]
’ os o8 4 3 2 1 Ve
PIA: BUF BUF P~ —
out our
4021
PARALLEL/
« | SERIAL [0}]
cL SERIAL PL1| Pin Q,
INPUT CONTROL {INTERNAL)
X X 1 Q ] 0 0
o ! o 0 ! Truth Table
X X 1 1 0 1 0 4021
X X 1 1 1 ] 1
e 0 0 X X 0 (s3]
Ve 1 0 X X 1 Q.1
NO
N X [} X X [¢]] On CHANGE
® - LEVEL CHANGE X DON'T CARE CASE
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. 4023 TRIPLE 3-INPUT NAND 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 Vpp and Vss.

Supply Voltage Range 3vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
Maximum Input Leakage 1 A at 15V
Voo
I 14 13 12 1 10 9 8
1 2 3 I 4 5 6 7
Vss
4023




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 Vop and Vss.

Supply Voltage Range
Noise Immunity
TTL Compatibility

Maximum Input Leakage

|14 13 |12 11

3Vto 15V

0.45 Voo typ.

Fanout of 2 driving 74L
or 1 driving 74LS

1 uA at 15V

10 9 §

4025
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4024 7-STAGE RIPPLE-CARRY BJNARY 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 toits logical 0 state by alogical 1 on the
reset input. The counter is advanced one count on the nega-

tive transition of each clock pulse.

Supply Voitage Range
Noise immunity
TTL Compatibility

3Vto 15V

0.45 Voo typ.

Fanout of 2 driving 74L
or 1 driving 74LS

Speed 12 MHz (typ.)
input pulse rate
Voo — Vss = 10V
Voo NC (1) a2 NC (1] NC
IM 13 12 " 10 9 8
1 2 3 a 5 6 |7
INPUT RESET a7 as as o L3
PULSES
4024




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 3Vito 15V

Power 10 nW (typ.)

Noise Immunity 0.45 Voo (typ.)

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

lm 13 |12 11 10 |9 8

4025 Vss
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Truth Table

*tn-1 INPUTS *t, OUTPUTS
cL* J K S R Q
/1 x o o o 0
/ x a o o | 0
/ o x o o o |
/- x 1 0 o0 | [
. x X 0 0 X {No change)
X X X t 0 X o}
X X X O t X 1
X X X & 1 X 1
4027

| = High Level

O = Low Level

4 = Level Change

X = Don’t Care

® = t,.1 refers to the time interval prior to the
positive clock pulse transition

¢ = 1, refers to the time intervals after the
positive clock pulse transition




4027 DUAL JK MASTER/SLAVE FLIP-FLOP

These dual JK 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 Q 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 Vbp and Vss.

Supply Voltage Range 3Vito 15V

Noise Immunity 0.45 Voo typ.

TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS

Power 50 nW typ.

Speed of Operation 12 MHz typ. with 10V supply
Vpp a1 a1 CLOCK 1 RESET1 K1 N SET

I 16 15 14 13 12 1 10 9

i =

FIFY — |

1 — FiF2
=] |

1 2 3 4 5 6 7 I 8
a2 @2 CLOCK2 RESET2 K2 J2 SET2 Vs
4027




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 Vop and Vss.

Supply Voltage Range 3vto 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
Power or 1 driving 74LS
U s
C—‘4 = Vo0
2 2 (15 5
0 = 3,
7—‘_ ia 4028
9 = 12 ¢
5 =2 L
6 — 10 5
Vss—an -g—a
Truth Table 4028
D ¢ B AJ]O 1 2 3 4 5 6 7 8 9
o o o o|l1 o o o 0o o O o0 O O
o o 0 10 1 o o 0o 0o o0 o o0 O
o 0o 1 o|/lo o 1 o o0 o © o0 o0 O
o 0 1 1/06 o o 1 o0 o0 0 O0 0 O
o 1 0 0|]o o o o 1 o0 0 o0 0 O
o 1 0o 10 © o o o0 1 o0 o0 0 O
o 1 1 0|/o © © o o o0 1 o0 0 O
o 1+ 10 o © o o 0 © 1 o O
1+ o o olo o o o o 0o o0 o0 11 O
1+ © ©6 10 © O0 O0o 0o ©0o o o o 1

EN
N




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 Vop and Vss.

Supply Voltage Range 3Vto 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
JAM INPUTS
A BINARY/
VDD cLock @3 3 2 Q2 UP/DDWN DECADE
16 15 14 13 12 1" 10 9
1 2 3 4 5 6 7 8
PRESET a4 J4 J1 CARRY m CARRY Vgs
ENABLE JAM INPUTS IN out
4029



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

Vob and Vss.

Supply Voltage Range
Power

Speed of Operation
Noise Immunity

.

v,

.

1

3vito 15V
100 nW (typ.)
40 ns (typ.)
0.45 Vce (typ.)

1

w s

I—JJJ
0

'_'I'L\

Ll_l—,

Y
A

I_TT_‘

I

4030

6

o
B

5 I l ’

V., .

Truth Table 4030

Where: 1" = High Level
0" = Low Level

"—‘OC—

= |l=10]|0O|®




4031 68-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 controlis 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 _complement forms
from the 64th stage. Both the data out (Q) and data out (Q) 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 (CLb) allows reduced clock drive fanout and
transition time requirements when cascading packages.

Supply Voltage Range
Noise Immunity
TTL Compatibility

3V to 15V

0.45 Voo typ.

Fanout of 2 driving 74L
or 1 driving 74LS

Range Of Operation DC to 8 MHz

(typical @ Voo = 10V)
Clock Input SpF (typ.)

Input Capacitance
High Current Sinking Capability, 1.6mA

Q Output

@ Voo = 5V and 25 °

MODE CONTROL (data selection}

c

MOOE [0ATA|RECIRCULATE | OATA INTO
CONTROL{ IN { IN FIRST SE
[ 0 x |
PECICULATE th —d 1 18 fm- o R N LI B
cocnmw —{2 18 | paATAIN _: - ; .l. _(: —
NC =i 3 14 foe NC
s N - EACH STAGE
e —s o - 8 T T a
BATAOUT () = § 1) S—3 0 Vs 0
GATA JUT ) —q ? 10 == MO0t CONTRBL - 1 o '
vss —1? sf— Bttt o x | =~ 1" NG

4031

X = irrelevant

NC = nochange
/" = Low 10 High lgvel transition
“\—= High 1o Low leve! transition

Truth Tables 4031



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:

B 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.

B 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 directionis
reversed.

B 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.

B 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.

B Clock—Single phase, enabled only in synchronous
mode. Either P/S =logical 1 and A/S =logical 0 or
P/S = logical 0.

46




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. Allinputs are protected against damage
due to static discharge by diode clamps to Vop and Vss.

Supply Voitage Range 3vto 18V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS

vVob A3 A2 Al CLOCK A s

M A M N M
u Izz lzz Izt Izo Iu Iu ln Iu Ils Iu Iu

O O O L A

B4 83 82 L] SERIAL
] L] AE SATA AR vgs

4034
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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 P-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 JK
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.

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

Supply Voitage Range 3V to 15V

Noise tmmunity 0.45 Voo typ.

TTL Compatibility Famout of 2 driving 74L
or 1 driving 74LS

Power Dissipation 5u. W typ. (ceramic)

Speed To 5 MHz




TRUE/COMPLEMENT OUTPUTS

PARALLEL INPUTS

Voo ozdiz oud@ oede Pl Pl3 Pz "
16 15 18 13 12 " 10 9
-
[ 2 3 ] 5 3 ? I ]
oV Tie K J RESET  CLOCK P/ Vss
——————
TRUE/COMPLEMENT SERIAL
ouTPUT INPUTS
4035
Truth Table
o tn — 1 (INPUTS) tn (OUTPUTS)
L J K R Qn-1 Q,
va 0 X 0 0 0
A I X 0 0 !
va X 0 0 ! 0
=~ TOGGLE
A | 0 0 Qn-1 Qn-1 MODE
A X I- 0 ! I
_\_ X X 0 Q.1 Qn-1
X X X 1 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 Vop and Vss.

Supply Voltage Range 3Vito 15V
Noise Immunity 40% Voo typ.
True Output:
High Current Source and Sink 8 mA (typ.) @ Vo = 9.5V,
Capability Voo = 10V
3.2 mA (typ.) @ Vo = 0.4V,
Voo = 5V (two TTL loads)
Complement Output: Medium current source and sink
capability
3.6 mA (typ.) @ Vo = 9.5V,
Voo = 10V
1.6 mA (typ.) @ Vo = 0.4V,
Voo = 5V
Voo Oin Doutr  Oourt Cin Cour  Cour
IM 13 12 " 10 9 8
1 2 3 a 5 6 I7
Agyt  Agur A Byt  Bour BiN Vss
4041




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 Q 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 datainput is transferred to Q and Q 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 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS

Voo 04 (] 03 (%] (1}] (] @

18 15 14 13 12 n 10 9

F 2 3 4 5 6 7 ll

04 ()] (] D1 CLOCK POLARITY D2 Vss
4042
CLOCK POLARITY Q
Truth Table
0 0 ° 4042
r 0 Latch
1 1 D
= 1 Latch
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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. Alogic 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 io 15V
Power 100 nW typ.
Noise Immunity 0.45 Voo typ.

Voo R4 s4 NC $3 R3 a3 az
lls 15 14 13 12 " 10 9
LATCH LATCH LATCH LATCH
1 2 3 4

1
—
1 I ] 3 4 5 6 7 I 8
o4 Q1 R1 S1  ENABLE §2 R2 Vsg
4043
S R E Q
X X 0 oC Truth Table
0 0 1 NC 4043
1 0 1 1
0 1 1 0
1 1 1 A
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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 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 3Vt 15V
Power 100 nW typ.
Noise Immunity 0.45 Voo typ.
Voo 4 R4 at R3 83 a3 a2
|1s 1§ 14 13 12 " 10 9
LATCH LATCH LATCH LATCH
1 2 3 4

1 Iz 3 a B 6 7 Is
[+2) NC St R1 ENABLE R2 2 Vas
4044

S R E Q
X X 0 oC Truth Table 4044
1 1 1 NC OC - TRISTATE
0 1 1 1 NC — No change
X — Don'tcare
! Y [ Y A — Dominated by S=1 input
0 Y 1 AA AA — Dominated by R=0 input
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4046 MICROPOWER PHASE-LOCKED LOOP

The 4046 micropower 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 (V CO) pro-
duces an output signal (VCO out) whose frequency is determined by
the voltage at the VCOw input and the capacitor and resistors
connected to pin Cla, Cls, R1 and R2.

The source follower output of the VCOw (demodulator out) is
used with an external register of 10KQ 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 3vto 18V
Dynamic Power Consumption 70 W (typ.) at fo = 10 kHz,
- Voo = 5V
i b VCO Frequency 1.3 MHz (typ.) at Voo = 10V

Frequency Drift 0.06%/°C at Voo = 10V
VCO Linearity 1% (typ.)




' 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 Q 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 3V to 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or driving 74LS
2 13
R e === OSC OUT
3 12
RC COMMON-'-J‘ s RETRIGGER
4 "
ASTABLE = e {}
10
ASTABLE —54 o ()
6 9
- TRIGGER w=— e EXT RESET
7 8
Vgg == pee + TRIGGER

4047
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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 fourthinput, Kg, is a 3-state control. When Kais 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 3V to 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Drives 1 standard

TTL load at Vec = 5V, over full
temperature range.

INPUTS FUNCTION CONTROL
9 EXPAND e A,
00 eyt A t K, Ke
1 15 1" 13 12 11 18 [
I| ? E] 4 $ 0 [ ll
J Ky F Ky Ves
e et
OUTPUT 1qsgTATE ouT FUNCTION
CONTROL urs CONTROL
ouTeuT BOOLEAN_ CONTROL INPUTS | UwUSED
PFUNCTION EXPAESSION Ky | K | Ke | Xg | NPUTS
FROR | J-KeBeCeBeCsFfeCen O JO| O] 7 T
on JiAeBeCeDeECFeGoH o o 1 t vsg
OR/AND JotAeBeCeDI{EeFeGeMI| O ) ° 1 vss rUth Table
OR/NAND J-{AOI'E-EPIE-Ina.NI o 1 1 1 Vgs 4048
AND JOA*B°C°D-E°F G H 1 ° o 1 Voo
NANO JPATRC D EF G 1o |1 1 Voo
AND/NOA J'IA'O'C'B'R'!'E'M 1 1 ° 1 Voo
AND/OR JelA*D*C-DIe(E*F G HI 1 1 1 1 Voo
H-Z X X X 0 x
Posttoes fopic O = 10w level, 1 = hegh lovel. X = wrelovant, EXPAND laput teed 10 Vg




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
(Vop). The input-signal high level (Vix) can exceed the Vbp
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 Vop = 5V, they can drive directly two
DTL/TTL loads over the full operating temperature range.

Supply Voltage Range
TTL Compatability

3Vito 15V

Direct drive to 2
TTL loads at

5V over full
temperature range.

NC L=F ¢ NC K=E 3 =0 )]

Its lls 14 Iu I:z 1 10 9

|1 Iz 3 4 5 Is 7 8

Vpp G=A A H=8 8 1=C c Vs
4049




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
(Vobp). The input-signal high level (Vis) can exceed the Vbp
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 Vob = 5V, they can drive directly two
DTL/TTL loads over the full operating temperature range.

Supply Voltage Range 3Vto 15V

TTL Compatability Direct drive to 2
TTL loads at
5V over full

temperature range.

NC L=F

-
&
(]
=
(]
m
m
-
L]
o
o

|IG |15 18 |13 IIZ 1 10 9

S
-

1 2 3 4 5 6 7 ]a
Vpp G=A A H=8 B 1=¢ c Vss
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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
Vo = 5V, Vss = 0V 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 Von —
Vss and Voo — Vee supply voltage ranges, independent of the logic
state of the control signals. When a logical 1is present at the inhibit
input terminal, all channels are off.

B 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.

B 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.

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

Range of digital and analog signal levels: Digital 3V to 15V, analog to 15Vp-p.

On resistance: 802 (typ.) over entire 15Vpp signal-input ranee for VOD—VEE= 15V.

Off resistance: Channel leakage of +10pA (typ.) at VOD — VEE = 1OV.

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: ARON = 5¢ (Typ.) for VDD — VEE = 15V.

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

Binary address decoding on chip.

59




CD4051BM/CD4051BC

IN/OUT
Vop 2 1+ 0 3 A 8 C
he hs lia b3 liz ln he
|
1 2 [3 8 |5 5 |7 ia

4 6 OUT/IN 7
\mmygm—

5 INH Vg Vs

IN/OUT IN/OUT
4051
INPUT STATES “ON’* CHANNELS
INHIBIT| C { B | A | CD4051B | CD40528B | CD40538
0 0i0]|0 0 0X, 0Y | cx, bx, ax
0 0[O0} 1 1 1X,1Y |cx, bx, ay
0 o140 2 2X, 2Y |cx, by, ax
0 o111 3 3X,3Y |cx, by, ay
0 11010 4 cy, bx, ax
0 11011 5 cy, bx, ay
0 1{1]0 6 cy, by, ax
0 1111411 7 cy, by, ay
1 i 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 Vs can be
achieved by digital signal amplitudes of 3V to 15V. For example, if
Vi = 5V, Vss = OV and Vi = —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 Vi —
Vss and Vin — Ve 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.

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

B 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.

CD40528M/CD4052BC

IN/OUT out/in IN/OUT
Voo 2x 1x X Ox 3x A 8

8 s s ha h2a h1 he |s

T 2 P 18 5 18 17 Ts
Ov_ 2y, vy 3y 1y INH Vg Vg
Nt pat— e ftt—
iINouT OUT/N ~iusuT
4052
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4053 TRIPLE 2-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
Voo = 5V, Vss = OV and Vee = -5V, analog signals from — 5V to
45V can be controlled by digital inputs of 0V-5V. The multiplexer
circuits dissipate extremely low quiescent power over the full Von —
Vss and Voo — Ve supply voltage ranges, independent of the logic
state of the control signals. When a logical 1is present at the inhibit
input terminal, all channels are off.

B 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.

CD4053BM/CD4053BC

OUT/IN IN/OUT
b s ay ax A B c

e D3 f2 fn he 18

1 |2 R | .IT

by W oy ¢ ¢1X INH Vgg Vgs

~ — ]

M/OUT OUT/IN IN/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 3Vto 15V
Noise Immunity 0.45 VoD typ.
Range of Oigital and Analog +7.5 VPEAK
Switching
On Resistance for 15V Operation 80Qtyp.
Matched on Resistance Over A RON = 50 typ.
15V Signal Input
On/off Output Voltage Ratio 65 dB typ.
Linearity 0.4% distortion typ.
“OFF" Switch Leakage 0.1 EA typ.
Control Input Impedance 10! Qtyp.
Crosstalk Between Switches -50 dB typ.
@fis = 0.9 MHz, RL = 1 KQ
‘Frequency Response, Switch “ON" 40 MHz typ.
1 I&
IN/OUT — SWA Voo
2| | 1
OUT/IN st CONTROL A
[ 12
CONTROL D

1"
IN/OUT —_ o |N/OUT
T—L— SW8 'J 10

oumnﬁ r SWD

CONTROL B e OUT/IN
CONTROL ¢ = L | 12 ournw
Vgs . L L wout
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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 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS

Voo

.

— ]
-
w

|2

e
—_
—_

|10 9 8

>0

|1 Iz 3 4 5 6 |7
Vss
4069




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 Vop and Vss.

Supply Voitage Range
Noise Immunity
TTL Compatibility

Voo H
Im 13

6
12

M=GOH
1

3Vto 15V

0.45 Voo typ.

Fanout of 2 driving 74L
or 1 driving 74LS

L=E®F

10

F E
L s

_o—

A

1 2 3 4
A B J=A(B K=C®D
4070
INPUTS QUTPUTS
- y Truth Table
. ; 4070

¢




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 Vop and Vss.

TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
Parametric Ratings SV—10v—15V
Maximum Input Leakage 1 A at 15V
Voo
14 13 12 " 10 9 8

> L

Vss
4071
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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 Vop and Vss.

TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
Parametric Ratings 5V—10V—-15V
Maximum Input Leakage 1 pAatis5v
Voo
14 13 12 n 10 9 8

- L

Vss
4081
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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 Vop and Vss.

Supply Voltage Range 3Vto 15V
Noise Immunity 0.45 VDD typ.
TTL Compatibility 2 driving 74L
or 1 driving 74LS
VoD
| 14 13 | 12 1 10 9 8

1 2 3 a4 5 6 i7
vss
4073




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 Vop and Vss.

Supply Voltage Range 3V ta 15V
Naise Immunity
TTL Compatibility

0.45 Vpp typ.
2 driving 74L
or 1 driving 74LS

VoD
|14 13 |1z 1 10 9 8
1 2 3 4 5 6 7
vss
4075
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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 usedin 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 alogic 1level, 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
Voo and Vss.

Supply Voltage Range 3Vto 15V
Noise Immunity 0.45 Vop typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
DATA DATA
INPUT  INPUT  INPUT  INPUT  INPUT  INPUT
VDo CLEAR A 8 c D  DISABLE DISABLE
|18 15 14 13 12 il 10 9
1 2 3 4 5 6 7 1 8

OUTPUT DUTPUT OUTPUT OUTPUT OUTPUT OUTPUT  CP Vss

DISABLE DOISABLE A B C
4076
tn th+1
DATA INPUT DISABLE &?Lér ouTPUT
Logic **1" on One or Both Inputs X Qn Tl’Uth Table
Logic “0” on Both Inputs 1 1 4076
Logic 0" on Both Inputs 0 0
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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 5is 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 D/A conversion and frequency division.

Supply Voltage Range 3Vito 15V

Noise Immunity 0.45 Voo typ.

TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS

: U
::‘5::_‘ EVDD
2 15
C = —B
4
D = UES A
a 1
SET T0 “15" =i = cLear
5 12
OUT —— = CASCADE
oUT =4 L INHIBIT IN
7 ]
INHIBIT OUT —— 10 crRoBE
8 9
Vgg == e CLOCK

4089
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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 5is
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 5is 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 D/A conversion and frequency division.

Supply Voltage Range 3Vio 15V
Noise Immunity ’ 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
U s
"9" S VDD
2 15
c oy o B
3 4
D C— 1— A
4 13
SET TO “9" === e CLEAR
5 12
OUT = = CASCADE
6 11
QUT = = INHIBIT IN
INHIBIT QUT -7— -& STROBE
8 9
Vss = p—= 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 onboth inputs. The gate switches at different points for
positive-going and negative-going signals. The difference be-
tween the positive (Vr+) and the negative voltage (V1-) is
defined as hysteresis voltage (Vu). 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 W = 1.5V

Voo = 10V Vu= 2.2V
Voo = 16V vy = 2.7V
Guaranteed Vi = 0.1 Voo

byl
[aad

Voo H G M L

14 13 12 1A 10 9 8

- |
o 5G

-

ol

1 2 |3 ] 5 Is |7
J D

Vss
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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, V1+
and V1-, show low variation with respect to temperature
(Typ. 0.0005V/°C at Voo = 10V). All inputs are protected
fro(;n damage due to static discharge by diode clamps to Vo
and Vss.

Supply Voitage Range 3V to 15V
Noise Immunity 0.7 Voo typ.
TTL Compatibility Fanout of 2 driving 74 L
or 1 driving 74LS
Hysteresis 0.4 Voo typ.
0.2 Voo guaranteed

Vpp

14 12 10 8 8

fare
i

1 2 3 4 ls 6 ‘|7

40106
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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 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS

1Y,

CLEAR == 2. vpp
2 15 RIPPLE

CLOCK = = CARRY
3 1
4
5 1
6 1
7 10

ENABLE P == = ENABLE T
8 9
Vg = — LOAD
40160
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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, regardiess 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 Voitage Range 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibitity Fanout of 2 driving 74L
or 1 driving 74LS
 dJ
CLEAR = & Vpp
2 15 RIPPLE
LS  CARRY
3 1L}
INg == p—Qp
4
5 12
6 "
INp = == Qp
7
ENABLE P = _10_ ENABLET
8 9
Vgg = — LOAD
40161
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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 3V to 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
I 0J
CLEAR == 'ﬁ Voo
2 15 RIPPLE
CLOCK ===t = CARRY
3 14
INp = —Q0p
4 13
INg — — Qg
5 12
] 1
7 10
ENABLE P ~= — ENABLE T
8 9
Vgg = — LOAD
40162



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 40160and 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 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS

1 U 16
CLEAR = VDD
2 15 RIPPLE
CLOCK == ™ CARRY
3 14
4 13
INg = (g
5 12
Ny = Q¢
6 1"
10
ENABLE P -—7- e ENABLE T
8 9
Vgs =1 p— LOAD
40163
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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 Vop
and Vss.

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

or 1 driving 74LS

Voo as D6 D5 as D4 (1]] cLOCK

IIG llS

'3 12 " 10 9

CK
CLEAR

40174



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) tological 1. Allinputs
are protected from static discharge by diode clamps to Vpp
and Vss.

Supply Voltage Range 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L

or 1 driving 74LS
Voo 04 [ D4 03 a3 03  CLOCK

16 |15 |u 13 12 |11 lm ls

i r 1 i
CLOCK O D CLOCK D-I
CLEAR ~ _ CLEAR
Q [l [} Q
1 I 2 I 3 q 5 I 6 | 7 I ]
CLEAR 01 at 01 02 a2 Q2 Vss
40175
INPUTS OUTPUTS Truth Table
CLEAR |CLOCK | D a | a° 40174, 40175
L X X L | H H = High leve!
H t H H L L = Lowlevel
X = lrrefevant
3 U O R 1 = Transition from fow to high levet
H H X NC | NC NC = No change
H L X | NC | NC * =@ for CD401758 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 Vop and Vss.

Supply Voltage Range 3Vito 15V
Noise Immunity 0.45 Voo typ. o
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
INPUTS OUTPUTS INPUTS
Voo A’ CLEAR BoRROW cARRY oap CATA  OATA
16 15 14 I 13 I 12 I 1 10 9
1 ? 3 4 5 6 f 8
DATA Qg 0p  COUNT COUNT [Py Qp Vs
8 ———— DOWN ur —_—
INPUT OUTPUTS v = QUTPUTS
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 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 Vop and Vss.

Supply Voltage Range 3Vito 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
INPUTS OUTPUTS INPUTS
DATA DATA  DATA
Voo A CLEAR BORROW CARRY LOAD ¢ 0
Ile 15 14 |13 |12 III 10 9
1 2 3 a 5 6 7 Ia
DATA Og Qp COUNT CGUNT Qg 0p vss
8 ——  DOWN up N
INPUY UUTPUTS = ~ —  QUTPUTS

tNPIITS

40193
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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 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
Vb and Vss.

Supply Voltage Range 3Vito 15V

Noise Immunity 0.45 Voo typ.

TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS

Quiescent Power Dissipation 0.25 uW/package
typ.@Vcec = 5V

Truth Table 4510

PRESET | CARRY OuUTPUT
CLOCK | RESET ENABLE IN UP/DOWN FUNCTION

X 1 X X X Reset to zero

X 0 1 X X Set to P1,P2 P3,.P4
va 0 0 0 1 Count up
va 0 0 0 0 Count down
L 0 0 X X No change

X 0 0 1 X No change

/[~ = positve 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 Vop and Vss.

Supply Voltage Range
Noise Immunity
TTL Compatibility

3Vto 15V

0.45 Voo typ.

Fanout of 2 driving 74L
or 1 driving 74LS

Quiescent Power Dissipation 0.25 uW/package
typ.@Vce = 5V
PARALLEL INPUTS
—e
vpg Ctocx Q3 P3 P2 02 UP.DDWN RESET

16 15 18 13 12 " 10 9

pre— —

1 ? 3 q | 5 6 ? 8
PRESET 04 Pa P1_ CARRY @1  CARRY Vg
ENABLE paRALLEL pUTS ™ auy

4516



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.

] U s
s — — Voo Truth Table 4511
2 15
= —! [ wwm ouTPuTS
ﬁ_al 1;' B |TT|oce a|ls b e d o t g osrray
XIxb ofx x x x|1 1 ¥ 1 1 11 8
ﬁ_‘ 13, x|of 1|x x x x]oooooo0o0
ofrf1]oo0o0o0]|1 vt 11110 [
§ 12 of1r] 7)o 00 110t v 0O0O0O 1
Le— =t ofr(1foo v o]y v 0ot 0] 2
1 1 ofrf v ]o o]y vy 000 3
0= —¢ ofj1|/ 1]o 10 o0f0 1 00 ¥ .
7 1 ofr| v ]o v 0|1 01101 5
A= — ¢ o[ *]o 1 1 0lo0 1111 s
of1] vfo v v 2|11 1t 0000 7
v._'. s, of 1] v lr o0 0]y v v vy | s
o[ v |y o0 1t} 1100 1 °
of1f 1|10 1 0|/0000000
o[ 1]y 01 1fe 000000
of1} 1)+ 1 00{0000000
451 o[ 1 Jr 1 01]0000000
o[ 7|1 1+ 10|l0o 000000
o1 1]v 11 1]oo0od 0000
v o xox x x
)
X ¢ Don't care
'/'/' *Dupends upon e BCO 01 L€
Lot
4511
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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 Vop and Vss.

Supply Voltage Range

Noise immunity
TTL Compatibility

3Vto 15V

0.45 Voo typ.

Fanout of 2 driving 74L
or 1 driving 74LS

Counting rate (typ.) at Voo = 10V 6 MHz

RESET 04 Q3 Q2 Q1 ENABLE CLOCK

Voo

s

13 n 10 9

[

15 14 12

L {

R COUNTER | ¢
b-l c COUNTER 2 R
I_ ———
1 2 3 4 | 5 § I 7 8
CLOCK ENABLE ai Q2 a3 04 RESET Ves
4518, 4520
CLOCK | ENABLE | RESET ACTION
s 1 0 Increment counter
0 o 0 Increment cnunter Truth Table
- X9 Neche 4518, 4520
x 7 0 No change
S (1] (1] No change X = Don't Care
1 AW 1] No change
x x 1 Q1 thru Q4 <0
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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.

Supply Voltage Range
Noise Immunity
TTL Compatibility

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

or 1 driving 74LS

vop  x3’ 8 7 2 2 20 A
16 15 14 13 12 " 10 9
pr——

1 2 3 a 5 6 ] | )
Y3 X2 %) x1 v X0 Yo Vg
4519

CONTROL INPUTS QUTPUT
2 B Zn Truth Table
0 0 0
0 . Yo 4519
1 0 Xn
1 1 Xn © Yn

Note: Xy Y = Xn(® Y = Xn¥q + Xn¥n
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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 (A0 and Al), an active low
enable input (E) and an active high clear input (CL). Eachlatchhasa
data input (D) and four outputs (Q0-Q3). The 4724 and 4099 are
8-bit addressable latches with three address inputs (A0-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 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 (E = 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 (E = HIGH, CL = LOW).

Supply Voltage Range 3Vto 15V
Noise Immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
Al —I- U 1Vno
al _z‘ a5 ¢
0,4 ALN'S
4 1
00, — =Dy
5 . 4723
a1, = = 03y
0z, & L 0z,
3, -1 10 a1y
Va—l -’—“
Truth Table 4723, 4724, 4099
MODE SELECTION
- ADDRESSED UNADDRESSED
E | c LATCH LATCH e
L L Follows Data Holds Previous Data Addressable Latch
H L Holds Previous Data Holds Previous Data Memory
L H Follows Data Reset to "0 Demultiplexer
H H Reset to “0” Reset to 0" Clear




4724, 4099 8-BIT ADDRESSABLE LATCHES

The 4723 is a dual 4-bit addressable latch with common
control inputs, mcludmg_wo address inputs (A0 and A1), 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 (A0-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 1 enable E) is high.

When clear (CL) and enable (E) are re 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).

Supply Voltage Range 3Vio 15V
Noise immunity 0.45 Voo typ.
TTL Compatibility Fanout of 2 driving 74L
or 1 driving 74LS
A0 = U = voo 07 =4 U - vpp
A1 =] ¢ L - LN
a2 = 19, p = 1% 0s
00—+ 13 o -4 LW
a = 112 0y ap =3 12 03
a2 Ul . a6 A s L)
e —H 10 03 A2 19 gy
vs =2 9 04 ves = 2 a0
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 3.0Vto 15V
Guaranteed Noise Margin 1.0v
Noise Immunity 0.45 Vee typ.
Power Consumption 10 nW/package typ.
TTL Compatibility Fanout of 2 driving 74L

Vcc 4B 4A 4Y 3B 3A 3Y
14 (3] |12 [ 10 9 8

1

>
e

By

I 2

3 lallslls] |7

A IB

Iy 2A 2B 2Y GND
74C00



74C02 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 Voitage Range

Guaranteed Noise Margin
Noise Immunity

Power Consumption
TTL Compatibility

3.0V to 15V

1.0V

0.45 Ve typ.

10 nW/package typ.
Fanout of 2 driving 74L

VCC 4Y 4B 4A 3y 3B 3A
140 113] h12| [nn] o] I9] |8
L L

- -

Ll 12113 ]4f]s] el |7
'Y A IB 2Y 2A 2B GND

74C02
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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 3.0Vto 15V
Guaranteed Noise Margin 1.0v

Noise Immunity 0.45 Vcc typ.

Power Consumption 10 nW/package typ.
TTL Compatibility Fanout of 2 driving 74L

Vee 6A 6Y SA 5Y 4A  4Y
gl i3l Lzl (] 1o} [l 18

T L J L J C

e

Dy
LT

2A 2Y 3A 3Y GND
74C04

]
<™ M

1A |



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 3.0V to 15V
Guaranteed Noise Margin 1.0v

Noise Immunity 0.45 Vee typ.

Power Consumption 10 nW/package typ.
TTL Compatibility Fanout of 2 driving 74L

VcC IC 1Y 3C 38 3A 3y
4] [13] (12] [u] Liol 9] I8

=

111

l 2113 14]15)116]17

tA 1B 2A 2B 2C 2Y GND
74C10




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 3.0V to 15V
Guaranteed Noise Margin 1.0v

Noise Immunity 0.45 Ve typ.

Power Consumption 10 nW/package typ.

TTL Compatibility Fanout of 2 driving 74L

Vec 20 2C NC 2B 2A 2Y

al [13] T2} [ n} [o] |9] 8

L _

T T2l Taliallsl6t]7

A IB NC IC 1D 1Y GND
74C20



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 3.0Vto 15V
Guaranteed Noise Margin 1.0V

Noise Immunity 0.45 Ve typ.

TTL Compatibility Fanout of 2 driving 74L
Power Consumption 10 nW/package typ.

VCC 4B 4A 4y 3B 3A 3y
141 [13] [12] [i1] lio] [9] [8
=

-
x| -

tl12] 13l la]ll5l]s] |7

A IB 1Y 2A 2B 2Y GND
74C08




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 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 3.0V to 15V
Guaranteed Noise Margin 1.0v

Noise Immunity 0.45 Ve typ.

TTL Compatibility Fanout of 2 driving 74L
Power Consumption 10 nW/package typ.

Vcec 48 4A 4Y 3B 35 3Y

iaf {13 pr2f jrv] 11op |9 8
_J

15

4 S 6 7

IA 1B 1Y 2A 2B 2Y GND
74C86

N
W




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, V1+
and Vr-, show low variation with respect to temperature
(typ 0.0005V per C at Veec = 10V), and hysteresis, V1+ — V1-

= 0.2 Ve 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
Noise Immunity

TTL Compatibility
Hysteresis

Vcc 6A 6Y 5A

3.0V to 15V

0.70 Ve typ.

Fanout of 2 driving 74L
0.4 Vce typ.

0.2 Vec guaranteed

SY

4A 4Y

141 113] |12

10

9] |8

I
i -

1 [

3o

L

J4 L

-

1t 12]13] 14

S

6 7

A 1Y 2A 2Y 3A 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.

Allinputs 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 Voitage Range 3.0V to 15V
Guaranteed Noise Margin 1.0V

Noise Immunity 0.45 Vec typ.

TTL Compatibility Fanout of 2 driving 74L

VCCNC H G NC NC Y
4] i3] Li2] [u] Lio] [9] |8

)

A B C D E F GND
74C30



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 3.0V to 15V

Noise Margin 1.0v

Noise Immunity 0.45 Ve typ.

TTL Compatibility Fanout of 2 driving 74L

VCC 4Y 4B 4A 3Y 3B 3A
14] [13] 2] (] (o] [s] |8

N

3| |4 5116117
Iy 1A 1B 2Y 2A 2B GND

74C32




74C42 BCD-TO-DECIMAL DECODER &

The MM74CA42 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 alogical 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 3Vto 15V

Fanout Drive 2 LPTTL loads

Noise Immunity 0.45 Vcc (typ.)

Power 50 nW (typ.)

Speed of Operation 10 MHz (typ.) with 10V Ve

INPUTS OUTPUTS
N _/A\
/ \ / \

V¢ A B C D 9 8 7

16 5] |14 I3 V4 i 10 9

LG

&
w»
o
~
®

0 I 3 4 5 6 OGND
\ _/
v—
QUTPUTS
74C42
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74C48 BCD-TO-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 Vec typ.
TTL Compatibility Fanout of 2 driving 74L
OUTPUTS
Y, N
/ \
Ve ¢+ ¢ a b ¢ d e
16 14 1 0] |9

—%Lalr L —

a b c d o

81/
8 CLTRBORBID A

—Ir{jz : L

I 2 6 7 8
B C LAMPRB 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 3Vio 15V

Fanout Orive 2 LPTTL loads

Noise Immunity 0.45 Vec (typ.)

Power 50 nW (typ.)

Speed of Operation 10 MHz (typ.) with 10V Supply

IJ 1Q 1Q GND 2K 2Q 2Q
14] [13] Liz] (1] [1o] [ 9] |8

Q Q Q Q
CLR ~ACLR

il

I 2| 13] 4] 1|> 6 7

ICK | 1K VCC 2 2 2J

CLR B CK CLR
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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 Q outputs.
The MM54C76/MM?74C76 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 3Vito 15V

Fanout Drive 2 LPTTL loads

Noise Immunity 0.45 Vec (typ.)

Power 50 nW (typ.)

Speed of Operation 10 MHz (typ.) with 10V Supply

IK 1Q 1Q GND 2K 2Q 2Q 2J

161 |IS 141 113 12 1] 10 9
| 1 T T
& | 3
CLR PR )
K Q —J Q
—P CK ~p CK
al Q K Q
PR CLR
| 4
ey g T
| 2 3| |4 5 6 7

1
8
ICK IPR | I Vee 2 2 2
CLR CK PR CL
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 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

Fanout Drive 2 LPTTL loads

Noise Immunity 0.45 Ve (typ.)

Power 50 nW (typ.)

Speed of Operation 10 MHz (typ.) with 10V Supply

| 2 2
VCC CLRICK 2K CLR CK 2J

4] 113 2] 1] 1O} |9] |8

— [ J

J g{( K K cx Y
CLRP- CLR
Q Q Q Q

145 | ¢

n
w

41 15] | 6] L7

IJ 1Q !1Q IK 2Q 2Q 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 Vce (typ.)
Power 50 nW (typ.)
Speed of Operation 10 MHz (typ.) with 10V supply
2 2 2 -
VCC CLR 2D CK PR 2Q 2Q
141 | 13] |12 I 10 9

| -

8
| -
p PR
l CK

CLR _
Q CLR
- CK '
Q
D pg
Y
—— ]

l 2l 13114 S 6| |7

|  ID ICK IPR 1Q 1Q GND
CLR 74C74
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7483 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 (3) outputs are provided for each bit, and
the resultant carry (Cs) 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 3vto 15V
Guaranteed Noise Margin v
Noise immunity 0.45 Vcc typ.
TTL Compatibility Fanout of 2 driving 74L
Carry Ripple (Co to Ca) 50 ns typ. @ Vec = 10V
and CL = 50 pF
Summing 125 ns typ. @ Vec = 10V
and C. = 50 pF
B4 X4 C4 CO GND BI Al II
16 1151 [14] |13] 12| | ! 101 | 9
4 C4 CO 81 Al
- 84 Al
~ A4 A2 )
£3 B3 B3 2 B2

A4 T3 A3 B3 Voo 2 B2 A2
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 (A0, A1, A2, A3,
B0, B1, 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 (Vin)) applied to the A=B input and low-
level voltages (Vin®) applied to A>B and A <B inputs.

Supply Voltage Range 3.0V to 15V
Guaranteed Noise margin 1.0V
Noise Immunity 0.45 Ve typ.
TTL Compatibility Fanout of 2 driving 74L
DATA INPUTS
N

/ \
Vcc A3 B2 A2 Al BI A0 BO

[1] [15] [14] [13] [12] [11] [io] [5]

A3 B2 A2 Al Bl A0

83 80

A<B A=B A>B A>B A:=B A<B
IN IN IN OUT OUT OUT

L L2l (3] [el[s] (6] (7] [e]

B3 A<B A=B A>B A>B A=B A<B GND
DATAN—,

V
INPUT cASCADING  OUTPUTS
INPUTS
74C85
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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 input 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 TRI-STATE® data output lines
working in conjunction with the memory enable input pro-
vides for easy memory expansion.

B Address Operation: Address inputs must be sta-
ble tsa prior to the positive to negative transition of
memory enable. It is thus not necessary to hold
address information stable for more than tua after
the memory is enabled (positive to negative transi-
tion of memory enable). 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.

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

B 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 memory enable low and write enable high.
When the device is writing or disabled, the output
assumes a TRI-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 Vec typ.
TTL Compatibility Fanout of 2 thiving 74L
Power Consumption 100 nW/package typ.
@ Veec = 5V
Access Time 130 ns typ. at Vec = 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 Ro1, Roz, Ro1 and Rez 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 logiclevel
on inputs Ro: and Rez. 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 Voitage Range 3Vito 15V

Guaranteed Noise Margin 1)

Noise Immunity 0.45 Vee (typ.)

Low Power TTL Compatibility Fanout of 2 driving 741

INPUT
Qa

A NC
[14] [13] [i2

Qp GND Q8 Qc

[11] [io] [s] [e]

Qr Qp Qg
A Q¢ -
8 Rq(z)'—
Ro(1)Ro(2) Rg(1)

c L2l B Ll ] LT 7]

INPUT RO RO NC VCC Rg Rg

B (1 (2) (N (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 Rot, Roz, Ro1 and Rez 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 logiclevel
on inputs Ro 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 aganst static dis-
charge damage.

Supply Voltage Range 3V to 15V
Guaranteed Noise Margin 1
Noise Immunity 0.45 Vcc (typ.)
Low Power TTL Compatibility Fanout of 2 driving 74L
INPUT
A NC QA Qp GND 98 Qc
4] [13) pr2f {11 11O S 8
Qa Qp Qg
L—C> A
Qc
—CD B
Ro(nRo(2)

(T2l T3l 1al]s] 6] !l7
INPUT Rg Rp NC Vcc NC NC
B (1N (2) 74ce3
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' 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
senal 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 10 MHz typ.
Vee = 10V, CL = 50 pF
Noise Immunity 0.45 Vce typ.
Power 100 nW typ.
TTL Compatibility Drive 2 LTTL loads
Supply Voltage Range 3Vito 15V
CLOCK CLOCK 2

I L-SHIFT
VeC Qa Q8 Q¢ Qp R-SHIFT (LOAD)

4] [13] [iz] [11] [io] [s] [&]

)|

v
Q Q@ Q9 9 ¢k ck2

S 7495

A 8 C D MODE

Ll L2d 3] Led (8] Le] T2]
SERIAL LA B C D, MODE GND
INPUT Y———v— CON-

INPUTS TROL
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74C151 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 alogical 1 and
Y to a logical 0.

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

Supply Voltage Range 3Vito 15V
TTL Compatibility Drive 2 LPTTL loads
Noise Immunity 0.45 Vcc typ.
Power 50 nW typ.
DATA
DATA Jl\NPUTS SELECT
A

/ AN 4 \
Vcc D4 D5 D6 D7 A B C

6] |15] |'14] 13} jt2] J11)] 1O} |9

D4 D5 D06 D7 A 8

03 c

w?d
PlT21 131 1a]]51]6]]7] |8

D3 D2 DI DO _ Y W STROBE GND
7 \ J

D2 OI DO Y

\'4 N
DATA OUTPUTS
INPUTS 74C151
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74C154 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-
viceis 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 3Vito 15V
TTL Compatibility Drive 2 LPTTL loads
Noise Margin 1V guaranteed
Noise Immunity 0.45 Vcc typ.
INPUTS OUTPUTS
\ [, -\

24 lﬁlfﬁ]ﬂrﬁlmﬂﬂﬂlﬁlﬂ

|

A B c O G2 @61 15 I

o

) 3 4 S e 7

ARERNAN

)
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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 0. 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 3Vito 15V

Noise Immunity 0.45 Vcc typ.

Power 50 nW (typ.)

TTL Compatibility Drive 2 LPTTL loads
INPUTS INPUTS

F_A—\ ouT /—A—\ ouT

VCC STROBE 4A 48 4Y 3A 38 3Y
161 1151 14l i3] 2] [ir] [io] |9

G 4A 4B 4Y 3A 3B

S 3y

IA 1B 1Yy 2A 28 2Y

I 2 31141 |5 6] | 7] |8
SEL IA IB 1Y 2A 2B 2Y GND
\__V_/

OUT \—,— 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 thhout
additional gating.

Alow 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 Ve typ.

TTL Compatibility Drives 2 LPTTL loads
Supply Voitage Range 3Vto 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.

Alow level at the load input disables counting and causes
the outputs to agree with the datainput 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 Vee typ.

TTL Compatibility Drives 2 LPTTL (oads
Supply Voltage Range 3V to 15V

OUTPUTS N

CARRY ABLE
Ve OuT Qa Q8 Q¢ Qp T LOAD

[i6] [15] [14] [i3] [i2] [77] fio] [s

e ‘J

O CLEAR L(é:lz 740161
€K 4 8 _c_ D A5
[ T T 1 11
T
CLRCK A B8 C D -

DATA INPUTS P
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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.

Alow 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 lew 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 Voitage Range 3Vito 15V
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' 74G163 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 1s 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 s 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 mputs 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 Ve typ.
TTL Compatibility Drives 2 LPTTL loads
Supply Voltage Range 3Vto 15V
OUTPUTS

EN-
CARRY ABLE
vccoutr Qo OB Qc Qp T LOAD

[iel [is] [ [5] [] [ ol (5
[ [ 1 | |

CARRY Qp O Q Qp EN-
ouTt S d o AB#E

CLEAR LOAD 74C163
EN-

ABPLE
'mwumm&a

CLRCK A B C DO

pata INPUTS P
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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.

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

4 Y
Veec Q4 Q6 QO Qf ¢LR cKk

4] [13] [i2] [11] [0] [s] [e]

l

Q4 Qg Q@ Qg CLR

A CK <
fa Qa Q93 Q¢ Qp

LI BT LTIz

A B Qy Qg Qc Qp GND
/

—— — v/
SERIAL OUTPUTS
INPUTS 74C164
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74C173 TRI-STATE* QUADD FLIP-FLOP

The MM74C173 TRI-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 TRI-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 1level. 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 3vito 15V
TTL Compatibility Drive 2 LPTTL loads
Noise Immunity 0.45 Vec typ.
Power
Speed of Dperation
DATA  DATA
INPUT  IPUT  WPUT  INPUT  INPUT  INPUT
Vcc  CLEARM A ) [ O  DISABLE DISABLE

16 15 14 13 12 1 10 9

1 2 ] 4 5 ] 1 Il

QUTPUT OUTPUT OQUTPUT DUTPUT OUTPUT QUTPUT ce GND
OISABLE OISABLE A [} 4 0

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 MM74C192is 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 alogical 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
TTL Compatibility Drive 2 LPTTL loads
Supply Range 3V to 15V
Noise Immunity 0.45 Ve typ.
DATA CLEAR CARRY DATA DATA
V¢ A BORROW LOAD C D
16 15 14 13 12 H 10 9

L Ll

A CLEAR CARRY LOAD C
BORROW
8 0

COUNT COUNT

L T2 13T TeT UsT [T [7T [6
DATA Qg Qa COUNT COUNT Q¢ Qp GND
] DOWN UP

INPUTS: 1,4,5,9,10,11,14,18
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 MM74C192is 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 alogical 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

TTL Compatibility Drive 2 LPTTL loads

Supply Range 3V to 15V

Noise Immunity 0.45 Ve typ.

DATA CLEAR CARRY DATA DATA

Ve A BORROW LOAD C D
16 15 14 13 12 " 10 9

A CLEAR CARRY LOAD C

BORROW
;) 0

COUNT COUNT
Qg Qp OOWN UP Q¢ Qp

I T2] 30 1o 18] Led L7 Le
DATA Q Qa COUNT COUNT Q Qp GND
vA Q8 A CoWN “up ¢ 0
INPUTS: 1,4,5,9,10,11,14,15

OUTPUTS: 2,3,6,7,12,I13 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
Qp.

Parallel loading is accomplished by applying the four bits
of data and taking the shift/load control input low. The data s
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-K inputs. These inputs allow the first stage to
perform as a J-K, 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 Vee (typ.)
Power 100 nW (typ.)
TTL Compatible Drive 2 LPTTL loads
OUTPUTS
A
/ h SHIFT/

Vcc Qa Q8 Qc Qp Qp cLock LOAD

[1€] [15] [ia] 3] [iz] [i"] [io] [s]

Q4 Q8 Q¢ Qp Gp cx

F
CLEAR oA 74C195

J K A B ¢ 0O

Ll Bl Ll Ll Lel LT Te]

4
CLEAR J K \i B C D/ GND

V
SERIAL PARALLEL
INPUTS INPUTS
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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 k2 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.

1 U 18
ROW Y1 === ALV
2 )
AOW ¥2 — 17 0ATA OUT A
AOW Y3 — '€ gataoute
AOW Y4 — 15 oataoutC
5 18
OSCILLATOR —= [ gataout o
6 13
KEYBOUNCE MASK — Wl
COLUMN X4 == 2 HATA AVAILABLE
COLUMN X3 = 'L coLumn X1
GND — 10 coLumn x2
74C922
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74C923 20-KEY ENCODER

These CMOS key encloders 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 k{2 of resistance to
beused. 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 keybeard 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.

now vy = U By

nowvz -1 L1 paraouta

nowva X L oaraoure

now ve -4 1T oaraourc

now vs -3 L8 oataouro
osciLLaron - L' paraoure

KEVOOUNCE MASK — LS GUTFUTERADLE
cotumm x¢ - 1 oaraavaitase
coLumn X3 - L2 coLumm x1
ono L2 H covume xz
74C923

Truth Table

INITCN

romT
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740927, 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
3Y.-digit counter.

Supply Voltage Range 3V to 6V
Guaranteed Noise Margin v
Noise Immunity 0.45 Vee typ.

Segment Sourcing Current 40 mA @ Vec — 1.6V, Vec = 5V

i

:!5!

12222220 1

o i i
::::.".‘ < :g l::'ufl :g
Aot O 5! lo- ::'n : g!
& i e &8 :
74C927 74C928
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80C95, 80C97 3-STATE 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
MMB80C98 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.

Supply Voltage Range 3.0Vio 15V
Guaranteed Noise Margin 1.0v
Noise |mmunity 0.:15 Vee (typ.)
TTL Compatibility Drive 1 TTL load
Vee 01S, INg 0UuT, INg ouTs INg ouT,
16 15 14 13 12 1" 10 9
R | .
—
L -
1 2 3 4 5 6 7 8
DIs, IN, ouT, IN, ouT, INg ouT, GNO
80C95
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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 MMB80C95
and the MM80C97 convert CMOS or TTL outputs to TRI-
STATE® outputs with no logic inversion. The MM80C96 and
MMB80C98 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.

Supply Voltage Range 3.0V to 15V
Guaranteed Noise Margin 1.0v

Noise Immunity 0.45 Vee (typ.)
TTL Compatibility Drive 1 TTL load

128



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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14000-Series Exotic CMOS

14410 Tone Encoder
14411 Bit Rate Generator.
14415 Timer/Driver ...
14435 A/D Subsystem
14490 Contact Bounce Eliminator

130



' 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 = 45% of Voo Typical
Supply Voltage Range = 4.4 Vot to 6.0 Vde
Frequency Accuracy * 0.2%
=~ [ Stne Wave 2 Low
Row | 4 0—&(JR2 N Generstor Band Out
tnputs | 5§ O—em(JR3 Control
60— Ra f
+ C°U""'° —#» Decoder
100-—{O%in  Oscillstor 2
Oscillstor and 7 Test
Connections Muitiple Pont A
9 Oscout Key Dissble 26
’ Counter [¥] Decoder
14 o—=dC1 [ ‘
Column | 130—(C2 N
tnputs 1120—8=CJC3 Control Sine Wave 15 High
110—Ccse Generstor Band Out
14410
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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:

M Single 5.0 Voc (x5%) power supply

B Internal oscillator crystal-controlled for stability
(1.8432 MHz)

B Sixteen different output clock rates

B 50 percent output duty cycle

B Programmable time bases for one of four multiple
output rates

B Buffered outputs compatible with low-power TTL

B Noise immunity = 45% of Vobb typical

B Diode protection on all inputs

o1 F1
-0 17 F2
l-02 F3
L 016 F4&
03 FS
-0 15 F6
L 04 F7
—O5 F8
Rate —O7 F9
Divider |X16 S::;tc 1 | 06 Fl0
=08 F11
—014 F12
—O013 F13
09 F14

Rate Selecty 23 O—
Rate Selectg 22 O— l

Dividers

eIk

Crystaln 21
Oscillator

Circuit A4
*Crystalg,y 200— X64

Reset 100—

-018 F18
-019 F16

14411
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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:

B Four precision digital time delays
B Schmitt trigger clock conditioning
B NPN bipolar output drivers
M Timing disable capability using inhibit output
B Positive or negative edge strobing on the inputs
B Synchronous polynomical counters used for delay
counting
W Power-supply operating range
= 3.0 Vbc to 18 Vbc (14415EFL)
= 3.0 Vbc to 16 Voc (14415FL/FP)
= 3.0 Vbc to 6.0 Voc (14415EVL/VL/VP)

SetA 3 —O 14 Output A
SetB 40— Input Di";do‘osv Outpur [—O13 Output B
SetCc 50— Logic Countsrs Buffers (—O12 Output €
SetD 6 O— —O11 Output D

Strobe 2 9 O—
Strobe 1 7 0— Common Coni::okning
Tnput Dissble 10 0—{ Logic Circuit
Output Set 2 O—

Clock 10O J
&tpu( Inhibit 15 O~

14415
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14435 A/D SUBSYSTEM

The 14435 A/D logic is designed specifically for use ina
dual-slope integration A/D converter system. The device
consists of 3% 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:

B On-chip clock to control digit select, multiplexing and

BCD counters simultaneously
B Multiplexed BCD output
B Built-in 100-count delay for accurate system con-

version of low-level inputs
B System overrange output
B Supply Voltage Range

= 3.0 Vbc to 18 Voc (14435EFL)

= 3.0 Vpc to 16 Voc (14435FL/FP)

= 3.0 Vbc to 6.0 Vpc (14435EVL/VL/VP)

~— +3 o Dt
c1 c2 Selects
Ctock
38?:'8“ l ol 12 | g Multiplexing 8Cco
c Latches Gates Outputs
. ounter
Display
Update Timing b
Comparator —8 00 —————& Overrange
L- ] Logic | Ramp
T4 Control
Latch — 1/2 Digit
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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:

B Noise Immunity = 45% of Voo Typical
M Supply Voltage Range
= 3.0 Voc to 18 Vpc (14490EFL)
= 3.0 Vbc to 16 Voc (14490FL/FP)
= 3.0 Voc to 6.0 Voc (14490EVL/VL/VP)

Voo 1——
Dats
A 1 4,811 Static Shitt Rogister

Sty Losd

Oxin 7 Owitlator " oTn 2
and
Two-Pham

Osteur 9 Clock —e o2

Identicel 10 Above Stage

dentical to Above Stage

1genticsl 10 Above Stage

o—d
o—d

om 120— el e
o—dq
o—d

identical 10 Above Stage

14490
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Section Three

Linears

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
CA3001—Video and Wide-Band Amplifier
CA3002—I-F AMPHTIET....cccveeecrrirerrrrtrrnrntsnescsssssssssasscasesanss
CA3005—RF Amplifier
CA3007—AF Amplifier.....
CA3008—Operational Ampilifier
CA3011—FM I-F Amplifier............
CA3013—FM I-F Amplifier/Discriminator/AF Amplifier
CA3023—Video and Wide-Band Amplifier....................

CA3035—Ultra-High-Gain Wide-Band Amplifier Array........... 153

CA3037A—Operational Amplifier ... ...154
LMOO0O-Series Linears

LM117/LM217/LM317 3-Terminal Adjustable Regulator........ 155

LM118/LM218/LM318 Operational Amplifier .........cccccocreeceenns 157

LM119/LM219/LM319 High-Speed Dual Comparator
LM120/LM220/LM320 3-Terminal Negative Regulator.
LM122/LM222/LM322 Precision TImMer......cccccuiereeeuseeiressannnee
LM2905/LM3905 Precision Timer........cccuueeeeeeceesiiusssrsssnnaensans
LM123/LM223/LM323 3-Amp, 5-Volt Positive Regulator ....... 166
LM124/LM224/LM324, LM124A/LM224ALM324A,

LM2902 Low-Power Quad Operational Amplifiers.............. 167
LM139LM239/1.M339, LM2901, LM3302 Low-Power

Low-Offset Voltage Quad Comparators............cccoeeecacananes 168
LM140L Series 3-Terminal Positive Regulator............cccccee.... 169
LM240L/LM340L Series 3-Terminal Positive Regulator......... 170

LM170/LM270/LM370 AGC/Squelch Amplifier...........cecveuncec 171
LM273/LM373 AM/FM/SSB |-F Amp/Detector ........ .

LM274/LM374 AM/FM/SSB I-F Video Amp/Detector .............173
LM320L Series 3-Terminal Negative Regulator ............cccceceet 174
LM340 Series Voltage Regulator..........c.ccocoveveenenn. ...175
LM377 Dual 2-Watt Audio Amplifier .... ...176
LM380 Audio Power Amplifier.........ccccceececevuennne .77
LM381/LM381A Low Noise Dual Preamplifier..........c.coceeueeees 178
LM382 Low Noise Dual Preamplifier 179
LM703L Low Power Drain RF/I-F Amplifier...........coeeuecrrnneas 180
LM709/LM709A/LM709C Operational Amplifier ... ....181
LM710/LM710 C Voltage Comparator..........c....... ....182
LM711/LM711C Dual Comparator.......... ....183
LM723/LM723C Voltage Regulator ............... ....184
LM733/LM733C Differential Video Amplifier...........ccccceienennee 185

LM741/LM741A/LM741C/LM741E Operational Amplifier....... 186
LM747/LM747A/LM747C/LM747E Dual Operational Amplifier 187

LM748/LM748C Operational Amplifier.........cocoeeiiiinriincensns 188
LM1303 Stereo Preamplifier ... veereurecceernenee .189
LM1304, LM1305, LM1307, LM1307E FM Muitiplex

Stereo Demodulator ..........c.cevcveerniisnssnanesences ..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/LM3028B, LM3053 Differential RF/I-F Amplifier ....196
LM3065 Television Sound SYStem........ccceverirenrrnnnienseccnnnas 197
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OPERATIONAL AMPLIFIERS

input bias current: The average of the twoinput currents.

input offset current: The absolute value of the difference
between the twoinput 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/V/2 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 4+ V32 + V42 + . . . )% (100%)
V1
where V1is the rms amplitude of the fundamental and V2, V3,
V4, . . . are the rms amplitudes of the individual harmonics.
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inputbias current: The average of the twoinput 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.

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

input offset current: The difference in the currentsinto 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 (RL).

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 (RL).

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 deyice
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 300mwW
Typ. Input Offset Voitage 1.4mV
Typ. Input-Offset Current 1.2uA

Typ. Input Bias Current 23ul
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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 Volitage

Single-ended + 2.5V

Common-mode + 2.5V
Max. Total Device Dissipation 300mw
Typ. Input Offset Voltage 1.5mV
Typ. Input Offset Cumrent 3.4uA
Typ. Input Bias Current 10uA
Typ. Output Offset Voltage 52mv

Vee (+)
@

CA3001 P

CA3001
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CA3002—I-F AMPLIFIER

The CA3002is a general-purpose amplifier used in video
amplifier, product and AM detector applications. It comesina
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 2.2mvV
Typ. Input Unbalance Current 2.2uA
Typ. Input Bias Current 20uA

CA3002
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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 Vee + 12v
Max. Negative DC Supply Voltage Vee — 12V
Max. Input Signal Voltage:
Single-ended + 3.5V
Common mode +3.5to— 2.5V
Max. Total Device Dissipation 300mw
Typ. Input Offset Voltage 2.6mV
Typ. Input Offset Current 14.A
Typ. Input Bias Current 19uA
Typ. Power Gain (f= 100 MHz):
Cascode Circuit 20dB
Differential Amplifier Circuit 16dB
Noise Figure (f = 100 MHz):
Cascode Circuit 27.80d8
Differential Ampiifier Circuit 7.8dB
Common-Mode Rejection Ratio (f=1 kHz) 101d8
Useful Frequency Range DC to 120 MHz

CA3005 OUTPUT

+Vcc

CA3005
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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 - 1ov
Max. Input Signal Voltage:

Single-ended + 2.5V

Common mode + 2.5V
Max. Total Device Dissipation 300mwW
Typ. Input Unbalance Voltage 0.57mV
Typ. Input Unbalance Current 0.57uA
Typ. Input Bias Current 1A
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CA3008—O0PERATIONAL 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 Voitage -10v
Max. Input Signal Voltage (single-ended) +, -V
Max. Total Device Dissipation 300mwW
Typ. Input Offset Voltage 1.08mvV
Typ. Input Offset Current 0.54.A
Typ. Input Bias Current 5.3uA
+6V
Vout
O
CA3008
OR
CA3008A
6
- -6V
S AAY
30K
1K
- 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 OC Supply Voitage + 10V
Max. Recommended Minimum OC 5.5V
Supply Voltage (VCC)
Max. Input Signal Voltage (single-ended) + 3V
Max. Total Device Dissipation 300mwW
Typ. Device Dissipation 120mW
Typ. Voltage Gain:
f=1 MHz 70dB
t= 4.5MHz 67d8
t= 10.7 MHz 61dB
Typ. Noise Figure (f= 4.5 MHz) B.7dB
Typ. Useful Frequency Range 100 kHz to > 20 MHz
10.7 MH2z
INPUT

+Vce DETECTOR
INPUT

BYPASS INDEX TAB

DETECTOR
INPUT

CA3011
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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 ina 10-lead TO-5 package.

Max. Positive DC Supply Voltage + 10V
Max. Recommended Minimum DC 5.5V
Supply Voltage (Vec)
Max. Input Signal Voltage
(Between terminals 1 and 2) + 3V
Max. Total Device Dissipation 300mw
Typ. Device Dissipation 120mwW
Typ. Voltage Gain:
f= 1MHz 70dB
f=4.5MHz 67dB
f= 10.7 MHz 60dB
Typ. Noise Figure (f= 4.5 MHz) 8.7dB
Typ. Useful Frequency Range 100 kHz to > 20 MHz
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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 comesina 12-lead TO-5
package.

Typ. Device Dissipation 3I5SmW
Typ. Quiescent Output Voltage 1.3v
Typ. AGC Source Current (Vagc = 6V) 0.8mA
Typ. Voltage Gain (f = 5 MH2) 53dB
— 3dB Bandwidth 16MHz
Typ. Input Resistance (f = 10 MHz) 3000
Typ. Input Capacitance (f= 10 MH2) 13pF
Typ. Output Resistance (f = 10 MH2) 100Q
Typ. Noise Figure (f= 1 MHz) 6.5dB
Typ. AGC Range {f= 10 MHz) 33d8
Typ. Useful Frequency Range DC to 40MHz
Typ. Maximum Output Voltage (f= 10 MHz) 0.5Vrms
CHOKE

([ OR l +Vee

) @ G

VIN "@'

5 OO

AGC
= -

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) Wpp
Max. Supply Voltage 15V
Max. Total Device Dissipation 300mwW
Typ. Quiescent Operating Voltage 2V
Typ. Quiescent Operating Voltage 1.9v
Typ. Quiescent Operating Voltage 4.9v
Typ. Total Current Drain (Ru3 = 5kQ) SmA
Typ. Voltage Gain (f = 40 kHz):

Amplifier 1, 2, 3 4448

Cascade 132dB
Typ. Noise Figure (Amplifier 1) 6dB
Typ. Sensitivity 100V

_J
— ay
|
Ris I
@
| CONNECTED
TO CASE
I Q0 l
l Ri4 |
| @ arws |

CA3035
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CA3037A—O0PERATIONAL 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 Voitage 0.9mvV
Typ. Input Offset Current 0.3uA
Typ. input Bias Current 2.5.A
Typ. Input Impedance 20KQ
Typ. Output impedance 1600
Typ. Noise Figure 8.3dB
‘[ INDEX
PHASE 1 —1 PHASE
COMP., COMP
BlAS [2] [3] v+
INV INPUT [3] i2] OUT.
NON-INV E

m

'23::;.: [G) | PHasE
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(SUBSTRATE) %?

COMP. [:;

CA3037A

154



LM117/LM217/LM317 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:

B Adjustable output down to 1.2V

B Guaranteed 1.5A output current

M Line regulation typically 0.01 percent/V

B Load regulation typically 0.1 percent

B Current limit constant with temperature

B 100 percent electrical burn-in

B Eliminates the need to stock many voltages
B Standard 3-lead transistor package

B 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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ADJUSTMENT Vin

1 INPYY
2 O-=— ADJUSTMENT
CASE IS
ouTPUT 3 ouTAHT
CASE IS QUTPUT
BOTTOM VIEW SOTTOM 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

LM117

Vigy 2 28V —@—4 VIN A“"’luut vourtt
/1
240
c1* | Xl
—— 0 uf TS 1
A2
R

tOptional—improves transient
response

*Needed if davice is far from
filter capacitors

R2
ttvoyt = 1.25V (1 + ;)

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:

B 15-MHz small signal bandwidth

B Guaranteed 50V/us slew rate

B Maximum bias current of 250 nA

B Operates from supplies of +5V to =20V

B Internal frequency compensation

B Input and output overload protected

B 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 150V/us 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 us.

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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LM118/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

B Operates from a single 5V supply

B Typically 80 ns response time at +15V

M Minimum fan-out of 2 each side

M Maximum input current of 1 uA over temperature

M Inputs and outputs can be isolated from system
ground

B 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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LM120/LM220/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:

B Preset output voltage error less than +3 percent

B Preset current limit

B Internal thermal shutdown

B Operates with input-output voltage differential
down to 1V

B Excellent ripple rejection

B Low temperature drift

M Easily adjustable to higher output voltage

INPUT

ouTPuT (CASE)

BOTTOM VIEW
LM120
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LM122/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 LM 122 series has a threshold of
1.6V independent of supply voltage, but it is fully protected
against inputs as high as =40V, even whenusing 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 Vapj 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 3us 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 Vrer pin options are not available,
limiting minimum timing period to 1 ms.

Metal Can Package
EMITTER

TOP VIEW
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Flat Package
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Vutr—" u BOOST
RIC— Po -
GND =2 2 ne
Vaos —" L"c
TOP VIEW
LM322N
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LM2905/LM3905 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 supply refer-
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 Vapj 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 0V to 3V. A boost terminal allows theuserto
increase comparator operating current for timing periods less than 1
ms. This lets the timer operate over a 3us to multihour timing range
with excellent repeatability.

The LM2905/LM3905 are identical to the LM122 series ex-
cept that the boost and Vrer pin options are not available, limiting
minimum timing period to 1 ms.

mmmj I—l 1 Losic
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LM123/LM223/LM323 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 1uF solid tantalum capacitor should be
used on the input. A 0.1uF 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:

H 3A output current

B Internal current and thermal limiting
B 0.01Q typical output impedance

M 7.5V minimum input voltage

B 30W power dissipation
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LM124/LM224/LM324, LM124A/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
+5Vbc power supply voltage that is used in digital systems and will
easily provide the required interface electronics without requiring
the additional +15Voc 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 + 1.5Voc to = 15Voc
Supply Current Drain 800 nA—Essentially independent
of supply voltage (1 mW/op amp
at + 5Voc)
Input Biasing Current 45 nAoc
Input Offset Voltage 2 mVoc
Offset Current 5 nAoc
Dutput Voltage Swing OVoc to V¥ —1.5 Voc

SUTPUTA INPUTA" IWPUTS"  ORD  WPUTI® WPUTI™ OUTNT)
L] 13 17 1t " ] L]

o -

(CELL HAS OV 2
ACRESS IT)

L
v 7 3 0 s 0 7 =

SUTPUTT MPYTI™ WPuTY® v WPUTZ® WeeTZ OUTPNTR

e LM124

167




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 2Vpc to 36 VpC or
LM139A series, LM2901 + 1vocC to + 18Voc
LM3302 2VDe to 28Vpe
or= 1VDC to + 14VDC
Supply Current Drain (0.8 mA)
Input Biasing Current 25 nA
Input Offset Current + 5nA
Offset Voltage +3mV
Output Saturation Voltage 250 mV at 4 mA

GUMUT] OUTPSTS SN0 MPUT4 HPUT4-  WPUTI  HPUY)-
L] L] 12 11 9 ]
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LM140L 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/mA 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.
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LM240L/LM340L SERI§S 3-TERMINAL POSITIVE REGULATOR

The LM140LA/L M240LA/LM340LA are available in
the low profile metil three-lead TO-39 (H) and the
LM240LA/LM340LA ire also available in the plastic TO-92
(). With adequate hea : sinking, the regulator can deliver 100
mA output current. 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 powe:r dissipation becomes too high for the
heat sinking provided the thermal shutdown circuit takes
over, preventing the IC from overheating. Features include:

B Line regulatin of 0.04 percent/V

B Load regulat.on of 0.01 percent/mA

B Output voltaze tolerances of =2 percent at 25°C
and +4 percent over the temperature range

B Output current of 200 mA

B Internal thermal-overload protection

B Output transistor safe area protection

B Internal short-circuit current limit

Metal Can Package
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{KC) (Aluminum)
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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:

B Large gain control range

B Self-contained agc/squelch system, with fast-attack,
slow-release.

B Low distortion

B Minimum DC output shift as gain is varied

B Differential inputs, with large common-mode input range

M Outputs of several amplifiers may be directly summed in
multichannel systems.

M Dissipates only 18 mW from +4.5V supply, usable with
supply up to +24V.

B 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.

Metal Can Package Dual-In-Line Package
ampyr =Y : ) L.
Ve 2 13
o Ui
ouTePuT s "
CONTROL C= —nC
SOUELCH . "
THRESHOLO,conTR0L 9 = —0uTPUT
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CONTROL A () 5 19 souELCH
(Y () LR ne = = THAESHOLD
GROUNO conTROL A -3 2 souedcH out
105 0 0
- GROUNO— —nc
LM170H Tor ViEW
LM370N
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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

LM273H

Dual-In-LinePackage
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LM274/LM374 AM/FM/SSB |-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°Cto
+70°C temperature range. Features include:

B AM Operation

—High gain; typical sensitivity of 10..V 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

B 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

B SSB operation

—Double balanced product detector
—Self-contained audio peak agc system

—Easy external tailoring of agc characteristic for
desired agc figure of merit

B 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:

B Preset output voltage error less that =5 percent
over temperature

B 100 mA output current capability

B Internal thermal overload protection

B Input-output voltage differential down to 2V

B Internal current limit

B Maximum load regulation -- 0.15 percent/mA

B Maximum line regulation —0.1 percent/V

B Output transistor safe area protection

PLASTIC PACKAGE

evo—EE2— oureur

INPUT
BOTTOM VIEW

LM320L
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LM340 SERIES VOLTAGE REGULATOR

The LM340-XX series of 3-terminal regulators is availa-
ble with several fixed output voltages, making them usefulin 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. Ifinternal 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:

B Output current in excess of 1.5A

B Internal thermal-overload protection
B No external components required

B Output transistor safe area protection
B Internal short circuit current limit
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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 8Q2 or 16Q2 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:

B Avo typical 90 dB

B 2W per channel

B 70-dB ripple rejection

B 75-dB channel separation
B Internal stabilization

B Self-centered biasing

B 3 megohm input impedance
B 10V to 26V operation

B Internal current limiting

B Internal thermal protection

Simple Sterso Amplifier
U
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LM380 AUDIO POWER AMPLIFIER

The LM380 is a power audio amplifier for consumer
application. In order to hold system cost to a minimum, gainis
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:

B Wide supply voltage range

B Low quiescent power drain

B Voltage gain fixed at 50

B High peak current capability

B Input referenced to GND

B High input impedance

B Low distortion

B Quiescent output voltage is at one-half of the supply
voltage

B Standard dual-in-line package

Bypass Vo
BYPASS Vol U . 'R
2 A ! NORINVERTING INPUT 2 ened b 13 NC
WeuT 14 ) ey 12
8
LM380 et GO | 4 117 GO *
3 "5 ]5—1 -—Wl
west—— _ . 1011 12
7 IVERTING INPUT 6 ==t =9 nc
GNO 7 = =1 Vout
GND  GND LM380 == p—
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LM381/LM381A LOW NOISE DUAL PREAMPLIFIER

The LM381/LM381A is a dual preamplifier for the appli-
cation of low lével 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:

B Low noise—0.5uV total input noise

@ High gain—112-dB open loop

B Single supply operation

M Wide supply range—9V to 40V

B Power supply rejection—120 dB

B Large output voltage swing (Vcc to 2V) p-p
B Wide bandwidth—15 MHz unity gain

B Power bandwidth—75 kHz, 20 Vp-p

B Internally compensated

B Short-circuit protected

Dual-In-Line Package

SN (1) ) — U e 14 +1N {2)
<INIDIFE) (1} 2 ey pe= 13 -IN(OIFF) (2}
= -INIS.E) 1) 3 g 12 -INIS.E) )
LU= =1 } EXT coe.
§ e 10
EXT. CWA‘
m —d ) Ve
OUTPYT (1) 7 = b ¢ OUTPUT )
Typical Magnetic Phono Preamp. TOP VIEW

LM381
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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.

Aresistor 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:

B Low noise—0.8-uV total equivalent input noise
B High gain—100-dB open loop

B Single supply operation

B Wide supply range—9V to 40V

B Power supply rejection—120 dB

B Large output voltage swing

B Wide bandwidth—15 MHz unity gain

B Power bandwidth—75 kHz, 20 Vp-p

B Internally compensated

B Short circuit protected

+H(1)  § U poes 14 +1N(2)
“AN(1) 2 g e 13 -IN(2)
GAIN CONTROL(T) 3 ey b 12 GAIN CONTROL(2)
GND 4 =d —11 Vec LM382N
GAIN CONTROL(1) 5 cmm =10 GAIN CONTROL(2)
GAIN CONTROL(1) 6~ 19 - GAIN CONTROL(2)
OUTPUT(1) 7 e e 8§ QUTPUT(2)

TOP ViEW
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LM703L LOW POWER DRAIN RF‘/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 96 mW (max.)
Forward Transadmittance 33 mmhos
Input Conductance 0.35 mmhos
Output Conductance 0.03 mmhos
Peak-to-Peak Output Current 5.0 mA

1uF
1,14
o—)k#—
2,13
P
5,10

CAPACITOR GAIN

C1 Only 40 d8
C20Only 55 dB
cCr&C2? 80 d8

Flat Response—Fixed Gain Configuration
LM703L
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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.realized 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.

—

LM710 Note: Pin 4 connected to case.
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LM711/LM711C BUAL 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:

B 150 mA output current without external pass trans-
istor

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

B Input voltage 40V max

B Output voltage adjustable from 2V to 37V

B 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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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:

B 120-MHz bandwidth

B 250K input resistance

B Selectable gains of 10, 100, 400

B No frequency compensation

B High common mode rejection ratio at high frequen-
cies.
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LM741/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/
LM?741E 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, LM747A/LM747C/LM74 7€ 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:

B No frequency compensation required

B Short-circuit protection

B Wide common-mode and differential voltage ranges
Bl Low power consumption

B No latch-up

B 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:

B Frequency compensation with a single 30 pF capacitor

B Operation from + 5V to + 20V

B Low current drain—1.8 mA at 20V

B Continuous short-circuit protection

B Operation as a comparator with differential inputs as high
as =30V

B No latch-up when common mode range is exceeded.

B 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.

Inverting Amplifier with Balancing Circuit
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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 LM 1303 features
low input noise voltage, high open-loop voltage gain, large
output voltage swing and short-circuit protection.

Output Voltage Swing 4.0V rms min.
Open-Loop Voltage Gain 6,000 min.
Channel Separation 60 dB min. at 10 kHz
Ji LI |
OUTPUT 2 oV *
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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:

B Operation over a wide power-supply range

B Built-in stereo-indicator lamp driver—100 mA typi-
cal

B Automatic switching between stereo and monaural

B Audio mute control
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LM1310 PHASE-LOCKED LOOP FM STEREC 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:

B Automatic stereo/monaural switching

B No coils, all tuning performed with single poten-
tiometer

B Wide supply operating voltage range

B 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. Itincludes 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:

B Direct replacement for MC1351

M Simple detector alignment—one coil or ceramic fil-
ter.

B Sensitivity—3-dB limiting voltage at 80 uV typ.

B Low harmonic distortion

B High i-f voltage gain

B High audio preamplifier open loop gain
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LM1558/LM 1458 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:

B No frequency compensation required

M Short-circuit protection

M Wide common-mode and differential voltage ranges

B Low-power consumption

B 8-lead TO-5 and 8-lead mini-DIP

M 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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LM1596/LM 1496 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:

B Excellent carrier suppression
65 dB typical at 9.5 MHz
50 dB typical at 10 MHz
B Adjustable gain and signal handling
B Fully balanced inputs and outputs
B Low offset and drift
B Wide frequency response up to 100 MHz

Metal Can Package

~signac in (1)

eain aosust (2)

(5) -oureor

-CARRIER
INPYT

*CARRIER Dual-tn-Line Package

CAIN ADNST s
-signat i (o) () soutrur eaaL e 1 —] u L. .
BIAS GAHY ADJSY ey P13
GANI ADNST )= 12 -QUTPNT

T0P VIEW
Note: Pin 10 is connected electrically to the *** ™

case through the device substrate. nas $— b 10 -cARER VT
LM1496H 1 = =10 +CARMER WYY
LM1496J
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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 putput voltage swing. These amplifiers
make use of a currenit 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:

B Wide single supply voltage range or dual supplies
4Vpc to 36 Vbc
*+ 2 Vbc to £+ 18 Vbc

B Supply current drain independent of supply voltage

B Low input biasing current 30 nA
@ High open-loop gain 70 dB
B Wide bandwidth 2.5 MHz (unity gain)
B Large outpyt voltage swing (V¥ -1) Vp-p

B Internally frequency compensated for unity gain
@ Output shart-circuit protection

v st fwe® Ime~  OUT, our, Ny~
" 13 12 1 10 ) ]
3
+
2
+
1 2 3 4 § s ' 7
Ny Ny* b2~ out, our, Ny GND
TOP VIEW
LM1900
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LM3028A/LM3028B, LM3053 DIFFERENTIAL RF/I-F 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:

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

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

B Single-ended and dual-ended operation

B Operation from DC to 120 MHz

B Balanced agc capability

B Wide operating-current range

Metal Can Package
Dual-In-Line Package
ouTeuT HIPUT MEN -L U L oYTPUT LOW
CURRENT ’
SOURCE ~— LEppe)
BASE
SURTRATE — 0 ENY
CURRENT n
TO°P View g#.,'g- —— PUT LOW
LM3028BH Tor view
LM3053N
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LM3065 TELEVISION 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.

Volume Reduction Range > 60 dB
Sensitivity 3dB Limiting Voltage
—200u.V Typ.
Audio Drive Capability 6 mA p-p
Undistorted Audio Output Voitage v p-p
AM Rejection 50 dB typ.
@4.5 MHz
INPUTLOW 1 "
101
(DECOUPLE: * bl
2 - e 13
INPUT HIGH . e TONE CONTAOL
GND s V &_ 2_ avoio oureur
sussTRATE ¢ "
GND) ™ y [—%
Vee § menars ] | 4 10 DEVECYOR
(REGULATED) SO ¥ 1NPUTY
VOLUME 8 3
CONTROL ! AtemuatealrT e (F QUTPUT
| —7T
? L
ocsupus ==1 peTecaon
serecren [~ €
g
TOP VIEW
LM3065N

197






Section Four

TTL

In this chapter on the transistor-transistor logic, or TTL,
family, you'll find the same type of information as we included
in Chapter 1 on CMOS chips. In addition, we occasionally give

the maximum clock frequency for flip-flops, counters and
registers when it is appropriate.
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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 Ouad 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.......ceewsmsmiassencas 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..........coeeeeenesninsesersnene 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 .........ccceevervvecerinessssaiaenn
7450 Expandable Dual 2-Wide 2-Input AO1 Gate.....
7451 Dual 2-Wide 2-Input AND-OR-Invert Gate...
7452 Expandable 2-2-2-3 AND-OR Gate..........cccccourevreannens

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 Transp?rent Latch 258
7476 Dual JK Flip-Fiop 259
7477 Dual 2-Bit Transparent Latch .260
7478 Dual JK Edge-Triggered Flip-FIOp.......c..cccees cerrrsnrnracee. 261
7480 Gated Full Adder 262
7483 4-Bit Full Adder...................... .263
7485 4-Bit Magnitude Comparator . 264
7486 Quad 2-Input EXGLUSIVE-OR Gate 266
7489 64-Bit Random Agcess Memory...........cuusecessercacraencs 267
7490 Decade Counter. 268
7491 8-Bit Shift Regist 270
7492 Divide-By-Twelve Counter 271
7483 4-Bit Binary Ripple Counter 273
7494 4-Bit Shift Regist 275
7495 4-Bit Shift Registey.. 277
7496 5-Bit Shift Registef.................. 279
74100 Dual 4-Bit Transparent Latch 280
74101 JK Edge-Triggergd Flip-Flop 281
74102 JK Edge-Triggered Flip-Flop 282
74103 Dual JK Edge-Triggered Flip-FIOp.......c.cccereeerircnesarncne. 284
74106 Dual JK Edge-Triggered Flip-Flop 285
74107 Dual JK Flip-Fi ....286
74108 Dual JK Edge-Triggered Flip-Flop...........ccecveiviracnnncee. 288
741089 Dual JK Positive|Edge-Triggered Flip-Flop........ccv.ee.. 290
74112 Dual JK Edge-Trjggered Flip-Flop

74113 Dual JK Edge-Triggered Flip-FIOp.......cccocereersersnsacnnene

74114 Dual JK Edge-Trjggered Flip-Flop
74116 Dual 4-Bit Transparent Latch
74121 Monostable Multivibrator.......
74122 Retriggerable Mgnostable Multivibrator
74123 Dual Retriggeraljle Monostable Multivibrator
74125 Quad 3-State Buffer.....
74126 Quad 3-State Buffer.....
74128 Ouad 2-input NQR Buffer..
74132 Quad 2-Input NAND Schmitt Trigger.
74133 13-Input NAND Gate
74134 12-Input NAND Gate ... d
74135 Quad EXCLUSIVE OR/NOR Gate..........cccoveivarcsennne
74136 Ouad 2-Input LUSIVE-OR Gate.... 5

74138 1-of-8 Decoder/Demultiplexer........
74139 Dual 1-of-4 Decqder/Demultiplexer ..........
74140 Dual 4-Input NAND 50-OHM Line Driver
74145 BCD-To-Decimal Decoder/Driver
74147 10-Line-To-4-Line Priority Encoder
74148 8-Input Priority Encoder...............
74150 16-Input Multiplef(er
74151 8-Input Multiplexer-.........
74152 8-Line to 1-Line Pata Selector/Multiplexer..................
74153 Dual 4-Line to 1-Line Multiplexer .
74154 1-0f-16 Decoder/Demultiplexer............c..ceeeeeriviraneanes
74155 Dual 2-Line to 4-Line Decoder/Demultiplexer . d
74156 Dual 2-Line to 4-Line Decoder/Demultiplexer .............

....................
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74157 Quad 2-Input Data SelectorMultiplexer (Non-Inverted)336
74158 Quad 2-Input Data Selector/Multiplexer (Inverted)......338

74159 1-0f-16 Decoder/Demultiplexer..............covveereeuesusnenenns 340
74160 DEC Decade Counter...........co.couimneeresnnsesensessesseneneens 342
74161 4-Bit Binary Counter .. .345
74162 BCD Decade Counter............ocueeerssmssirvonssannesainns 346
74163 4-Bit Binary Counter ........cccvvvivieriineriinierensensnsenns 348
74164 8-Bit Serial-In Parallell-Out Shift Register ................... 350

74165 8-Bit Serial/Parallel-In, Serial-Out Shift Register......... 352
74166 8-Bit Serial/Parallel-in, Serial-Out Shift Register......... 354
74168 4-Bit Up/Down Synchronous Counter ...........coeeevureenes 356
74169 4-Bit Up/Down Synchronous Counter ...........ceceveeneeees 358

74170 4 x4 Register File........ovvvvvvrririiracresenansensesicnnns 360
74172 16-Bit Multiple Port Register File............ccceveeueuveennnee. 362
74173 Ouad D-Type Flip-Flop With 3-State Outputs............. 364
74174 Hex D FlP-FIOP....ccvvrene e nasnsnsaseseess 366
74175 Ouad D Flip-FIOP ....ccvvere e necnenacsarassaneanns 368
74180 9-Bit Odd/Even Parity Generator/Checker ...........c...... 370
74181 4-Bit Arithmetic Logic Unit...........ceeueeeeenrecrvreseererseenns 372
74182 Look Ahead Carry Generator ............ocoveerecrasessssnseneens 376
74189 64-Bit Random Access Memory (3-State)..........c....... 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.........c...... 386
74194 4-Bit Directional Universal Shift Register .................... 388
74195 4-Bit Parallel Access Shift Register.............cececenurunnene. 390
74196 Presettable Decade Ripple Counter..........ccouuuivennene. 392
74197 Presettable 4-Bit Binary Ripple Counter ..................... 394
74198 8-Bit Bidirectional Universal Shift Register.................. 396
74199 8-Bit Parallel Access Shift Register...........ccovuervereenee 398
74221 Dual Monostable Multivibrator........c.ceecerenencsanrencanass

74251 8-input Multiplexer (3-State)..
74253 Dual 4-Input Multiplexer (3 State)
74256 Dual 4-Bit Addressable Latch...........cvverveveererencrnnencas

74257 Ouad 2-Line to1-LineData Selector/Multiplexer ....408
74258 Ouad 2-Line to1-Line Data Selector/Multiplexer... 410

74259 8-Bit Addressable Latch ...... 412
74260 Dual 5-Input Positive Nor Gate..........coeeveerersrunininenins 413
74261 Multiply Decoder ............coooerrimrennnssnncninnnnnnens 414
74266 Ouad 2-Input Exclusive-Nor Gate with Open-Collector
(@ eV 1) crrrroror e ooe OO T OO, 415
74273 Octal D Flip-Flop 416
74279 A Ouad S-R LatCh ....ceuecrrairrncerreeansenassssassarsens s 417
74280 9-Bit Odd/Even Parity Generator/Checker .................. 418
74283 4-Bit Full Adder With Fast Carry ........cocovueeeeancerionnnes 420
74289 65-Bit Random Access Memory.........cvvereereeraerernenes 422
74290 Decade COUMET...........oenernieriinieenniaereensscsaaesssensansd 424
74293 4-Bit Binary Ripple Counter.. 426
74295 4-Bit Shift Register With 3-State Outputs.................. 428
74298 Quad 2-Port Register.............cocvmreereinrinmrnenssescesoned 430
74299 8-Bit Universal Shift/Storage Register...........creenenne. 432
74323 8-Bit Universal Shift/Storage Register..........ccoevevrane.. 434
74350 4-Bit Shifter With 3-State Outputs..........cececrreevcrnencnee. 436

74363 Octal Transparent Latch With 3-State Outputs........... 438
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74364 Octal D Flip-Flop With 3-State Outputs...............o..... 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 TransparJr'\t Latch with 3-State Outputs............ 446
74374 Octal D Flip-Flop With 3-State Outputs...........ccu........ 448
74375 Dual 2-Bit Trangparent Latch ............covvveneensenseneens 450
74377 Octal D Flip-Flop With Clock Enable..........ccversurerens 451
74378 Hex D Flip-Flop|With Clock Enable............ccceverreuunen 452
74379 Quad D Flip-Flop With Clock Enable ... 453
74390 Dual Decade Ripple Counter.................oousseeeennnens 454
74393 Dual 4-Bit BinarY Ripple Counter ..........cceevvrmnnennenes 456
74386 Ouad ExclusiveiOr Gate..........ccc..vuveovevceiensrceeeracens 457
74395 4-Bit Cascadab|9 Shift Register With 3-State Outputs.458
74398 Ouad 2-Port REGISIEN. oo it 460
74399 Ouad 2-Port Register........... 461
74445 BCD-To-Decimal Decoder/DrVer .........ewuermmerersencees

744390 Dual BCD Decage Ripple Counter.
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




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.

748 744 74LS 74 74
Typ. Delay Time (nS) 3 6 9.5 10 33
Typ. Power Per Gate (mW) 19 22 2 10 1

| Vee

GND |




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.

74H 7418 74 41
Typ. Delay Time (nS) 8 16 2 4
Typ. Power Per Gate (nW) 2 2 0 1

1

14] Vee

. =

D D

Lol [o] [o] [ [~] -]
=] Lof 3] =1 15! (] =]

Qs
Qs

7401

41— 33 1

GND
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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.

748 74 74 74

Typ. Delay Time (nS) 35 10 10 33
Typ. Power Per Gate (mW) 29 2.75 14 15

vce

GND

7402



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.

74S 7418 74 74l
Typ. Delay Time (nS) 5 16 2 41
Typ. Power Per Gate (mW) 17.2 2 10 1

vcc

GND

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.

748 74H T74ALS 74 74
Typ. Delay Time (nS) 3 6 9.5 10 33
Typ. Power Per Gate (mW) 19 22 2 10 1

| vee

GND |




7405 HEX:INVERTER (0.C.) V

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 putput, and the symbol is usually termed
an inverter.

74S 744 74LS 74
Typ. Delay Time (nS) 5 8 16 22
Typ. Power Per Gate (mW) 175 22 2 10

GND

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) 40
Typ. Oelay Time (nS) 12,5
Typ. Power Per Gate (mW) 26

GND |

7406
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7407 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) 30
Low-Level Output Current 40
Typ. Delay Time (ns) 13
Typ. Power Per Gate (mW) 21

GND |

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.

7418 74

Typ. Delay Time (ns) 12 15

Typ. Power Per Gate (mW) 4.25 19
vce

GND

7408

212



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.

74 7418
Typ. Delay Time (ns) 18.5 20
Typ. Power Per Gate (mW) 194 4.25

vVcce

GND

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.

748 744 74L8 74 14
Typ. Delay Time (ns) 3 6 95 10 33
Typ. Power Per Gate (mW) 19 22 2 10 1

| Vce

GND |

7410
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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.

74S 744 74LS
Typ. Delay Time (ns) 475 8.2 12
Typ. Power Per Gate (mW) 31 40 425

| Ve

GND

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.

74L8
Typ. Delay Time (ns) 16
Typ. Power Per Gate (mW) 2

GND |

7412
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7413 DUAL 4-INPUT NAND SCHMITT TRIGGER

The “13” contajns 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 drivinga 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 tranFitions. This hysteresis between the
positive-going and anative-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 inputsTremain at a more positive voltage than
VT+ max, the gate will respond in the transitions of the other
input as shown in Figure A.

74 7418
Typ. Hysteresis (V 0.8 0.8
Typ. Delay Time (ns) 16.5 16.5

E vcc

EESIEIERERE

7413
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7414 HEX SCHMITT TRIGGER '

The “14” contains six logic inverters that accept stan-
dard TTLinput 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.

74 7418
Typ. Hysteresis (V) 0.8 0.8
Typ. Delay Time (ns) 15 15

14] vee

13

12

11

10

GND

7414
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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.

748 T4ALS
Typ. Delay Time (ns) 6 20
Typ. Power Per Gate (mW) 28 4.25

GND |

7415
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7416 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 Voitage (V) 15
Low-Level Output Current (mA) 40
Typ. Delay Time (ns) 12.5
Typ. Power Per Gate (mW) 26

vce

GND |
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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, atrue 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 Qutput Voltage (V) 15
Low-Level Output Current (mS) 40
Typ. Delay Time (ns) 13
Typ. Power Per Gate (mW) 21

GND

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.

745 T4AH 74lS 74
Typ. Delay Time (ns) 3 6 9.5 10
Typ. Power Per Gate (mW) 19 22 2 10

GND |
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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.

744 748
Typ. Delay Time (ns) 8.2 12
Typ. Power Per Gate (mW) 40 4.25

7421
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7422 DUAL 4-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.

74S T4H 7418
Typ. Delay Time (ns) 5 8 16
Typ. Power Per Gate (mW) 175 22 2

GND |

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.

74
Typ. Delay Time (ns) 10.5
Typ. Power Per Gate (mW) 23
X1 iii vee
D|[2 X
c[3 D
G[a 3] ¢
B |5 G
Al6 1] 8
vy [7 10] A
GND [8 [9] v
—D
B
' OUTPUT
Y
c
| | :
‘ |
G x X

7423
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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 NORis 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.

74
Typ. Defay Time (ns) 10.5
Typ. Power Per Gate (nW) S
D |1 E vece
c|2 13| D
G |3 12| C
B |4 11| G
A|S 10| B
Y |6 9|A
GND | 7 8|y
7425

R __1:}_ (EACH GATE)
\ >O OUTPUT
P j Y
C
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7426 QUAD 2-INPUT NAND GATE (0.C.)

The NAND gaqe 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 Eue gate circuitry. As with a conventional
AND gate, the NAND gate may have any number of inputs.

74 7418
High-Level Output Voltage (V) 15 15
Low-Level Output Current (mA) 16 8
Typ. Delay Time (ns) 135 16
Typ. Powrr Per Gate (mW) 10 2

GND |

7426
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' 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 s 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.

74 7418
Typ. Delay Time (ns) 8.5 10
Typ. Power Per Gate (mW) 22 45

GND |
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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.

GND |

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.

748 74H 74 7418 740

Typ. Delay Time (ns) 3 6 10 17 33
Typ. Power Per Gate (mW) 19 22 10 24 1
V(; C

GND
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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.

74
Typ. Delay Time (ns) 12
Typ. Power Per Gate (mW) 24

GND |

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 NORisa
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.

GND |
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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 Qutput Current (mA) 48
High-Level Output Current (mA) -1.2
Typ. Delay Time (ns) 10.5
Typ. Power Per Gate (mW) 27

 Vee

GND

7437
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7438 QUAD 2-INPUT NAND BUFFER (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 7418
High-Level Output Voltage (V) 55 5.5
Low-Level Output Current (mA) 48 24
Typ. Oelay Time (ns) 125 19
Typ. Power Per Gate (mW) 244 43

GND |
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7439 QUAD 2-INPUT NAND BUFFER (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.

GND |

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.

748 74H 74  74LS

Low-Level Output Current (mA) 60 60 48 24
High-Level Output Current (mA) -3 -15 -12 -12
Typ. Delay Time (ns) 4 75 105 12
Typ. Power Per Gate (mW) 4 4 26 43

vcce

GND |

7440
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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 12
Ag Ay A, A3

o —
~— o
o —Of ~
e I
— o

i

-
-

Vce = Pin 16 s
GND =Pin 8
Truth Table |

A3 A2 A1 Ao | 7 3 3 3 5 & 7 8. 38
L L L L L H H H H H H H H H
L L L H H L H H H H H H H H
L L H L H H L H H H H H H H
L L H H ] H H L H H H H H H
L H L L H H H H L H H H H H
L H L H|HW H H H H L H H HH
L H H L H H H H H H L H H H
L H H H + H H H H H H L H H
H L L L L] H H H H H H H L H
H L L H M H H H H H H H H L
H L H L H H H H H H H H H H
H L H H L] H H H H H H H H H
H H L L H H H H H H H H H H
H H L H H H H H H H H H H H
H H H L H H H H H H H H H H
H H H H H H H H H H H H H H
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7443 EXCESS-3-T0-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 14 13 12
| | | |
Ao A4 A A3

0 1 2 3 4 5 6 7 8 9

B EEEEEE
1 2 3 4 5 6 7 9 10 1

Vce = Pin 16 7443

GND = Pin 8

Truth Table

INPUTS OUTPUTS

A3 A2 Ay Ap|D 1 2 3 a 5 & 7 8 9
L L H HI{L H H H H H H H H H
L H L L IH L H H H H H H H H
L H L H|H H L H H H H H H H
L H H L |H H H L H H H H H H
L H H H|H H H H L H H H H H
H L L L |H H H H H L H H H H
H L L HI|H H H H H H L H H H
H L H L {(H H H H H H H L H H
H L H H |H H H H H H H H L H
H H L L |H H H H H H H H H 1L
H H L H |H H H H H H H H H H
H H H L |H W H H H H H H H H
H H H H |H H H H H H H H H H
L L L L |H H H H H H H H H H
L L L H|H H H H H H H H H H
L L H L |H H H H H H H H H H

H = HIGH voltage level 7443



7444 EXCESS-3-GRAY-TO-DECIMAL DECGDER

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
Z€ero.

15 14 13 12
Ag A4 A Aj
0 1 2 3 4 5 6 7 8 9
1 2 3 4 5 6 7 9 10 1
VCC = Pin 16
GND = Pin 8 7444
Truth Table
INPUTS OUTPUTS
A3 A2 A7 Ag| 0 1 2 3 4 5 6 1 8 9
L L H L|L H H H H H H H H H
L H H L|/H /L H H H H H H H H
L H H H|H | H L H H H H H H H
L H L H|{H H H L H H H H H H
L H L L|H | H H H L H H H H H
H H L L|H H H H H L H H H H
H H L H|H H H H H H L H H H
H H H H|H H H H H H H L H H
H H H L H|H H H H H H H L H
H L H L|H H H H H H H H H L
H L H H|H H H H H H H H H H
H L L H|{H  H H H H H H H H H
H L L L|H|H H H H H H H H H
L L L L|H H H H H H H H H H
L L L H|H H H H H H H H H H
L L H H|{H H H H H H H H H H\
H = HIGH voltage level ]
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 As used as an active LOW enable.

The “45” can sink 20 mA while maintaining the standar-
dized guaranteed output LOW voltage (Vor) 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 andis
ideally suited as a lamp and solenoid driver.

15 14 13 12
| | | |
Ag Aq Ag A3

0o 1 2 3 4 5 6 7 8 9
T 7 7% 79 7 VW_J
1 2 3 4 5 6 7 9 10 N
Vv = Pin 16
cC ™ " 7445
GND = Pin 8
Truth Table
A3 A2 Ay A9 [0 T 2 3 & 5 & 7 &8 9
L L L L L H H H H H H H H H
L L L H H L H H H H H H H H
L L H L H H L H H H H H H H
L L H H H H H L H H H H H H
L H L L H H H H L H H H H H
L H L H H H H H H L H H H H
L H H L H H H H H H L H H H
L H H H H H H H H H H L H H
H L L L H H H H H H H H L H
H L L H H H H H H H H H H L
H L H L H H H H H H H H H H
H L H H H H H H H H H H H H
H H L L H H H H H H H H H H
H H L H H H H H H H H H H H
H H H L H H H H H H H H H H
H H H H H H H H H H H H H H
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 (a,b,c,
d, e, T, g) of the decoder select the corresponding segments in
the matrix shown in Fjgure 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

L1 [ 1 & &

-Yo) A4 Ao A3 LT RBI

a b c d e f g Bl RBO
A B
. 13 12 | 1 10 9 15 14
' . VCC = Pin 16
GND = Pin 8
7446

WI| (D||
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ripple blanking input (RBI) of the next lower stage device.
The most significant decoder stage should have the RBTinput
grounded, and because suppression of the least significant
integer zero in a number is not usually desired, the RBIinput
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 INPUTS OUTPUTS
OR
FUNCTION|LT | RBI | A3 | A2|Aq|Ap|BI/RBOMD) | @ |[B |E|d|&| | g
0 HlH oL fL H LjejLjo|LfLfmn
1 HI x [L|L]|L]H H H{L|L|H]|H]|H]|H
2 H|l x JL]L|[H]|L H Lo fu|L{LiH]tL
3 H|l x |[L|L|H|H H LjefejufnfH|fL
4 H| x [L[H]L|L H HiL|L|H]|H]L]L
5 H| x |[L|{H]|LIH H L{H|L|[L]Rr]L|L
6 H x |[L]H[H]L H HiH|L | ]|L]uoelte
7 H| X |[LIH[H[H H LiL|LlH|[H]H]|H
8 Hlx [H]{L|L]|L H Ljefefo oo
9 H X [H[L |L |H H L|L|L|H|[H[L]|L
10 H{ x |[H|L [H]|L H HIH|H[L|[L|RH]L
1 H|{ X [H|L |H[H H HlH|LlL|[H{H]L
12 Hix |[H{H|L]|L H HiL|[H[H|H[L]|L
13 H{x [H|H]|L]|H H LI{HIH|[L|H]L]|L
14 H{ X [H]H|H]|L H H|{H|H|L|L|L]|L
15 H|{ X |H|H|H[H H H|H|[H|H[H[H]H
8i(b) X | x | x[x |x{x L H|{H|H|H|H|H|H
fRBI®) JH | L (L L] L H|{H|H|H|H|H]|H
LT L| x | x|x|x]|X H L Lo fu oo L
H = HIGH voltage leval
L = LOW voltage level
X = Don't care
7447
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7448 BCD-TO-7-SEGMENT DECODER

The “48” 7-segment decoder accepts a 4-bit BCD code
input and produces the appropriate outputs for selection of
segments ina 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
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

value of this resistor
sinking capability of
The “48” has p
leading and/or trailin
number, resulting in
forming to normal w1
integer fraction decim

blanking capability, Oﬂl?

Leading edge zero suj
ripple blanking output
blanking input (RBI) o
significant decoder
grounded, and becau

-segment outputs of the decoders. The
is constrained by the 6.4-mA current
he output transistors of the circuit.
rovision for automatic blanking of the
g edge zeroes in a multidigit decimal
easily readable decimal display con-
riting practice. In an eight-digit mixed
1al representation, using the automatic
60.0300 would be displayed as 60.03.
ppression is obtained by connecting the
(BI/RBO) of a decoder to the ripple
[ the next lower stage device. The most
stage should have the RBI input
se suppression of the least significant

integer zero in a numk
of this decoder stage s
for the fractional par
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 gan 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.

er is not usually desired, the RBI input
hould be left open. A similar procedure
t of a display will provide automatic
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7450 EXPANDABLE DUAL 2-WIDE 2-INPUT AO1 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.

744 74
Typ. Delay Time (ns) 6.5 105
Typ. Power Gate (mW) 29 14

1 ;_l 14| Ve
[2 C_— 13
3 (_rﬂ 12] X
[a_ 1 1] x
= D
B ) 9

Gno [7 ) 8 |

7450
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 elemeAts 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 74H 74 74LS 74L
Typ. Delay Time (ns) 35 6.5 105 12.5 43
Typ. Power Per Gate (mW) 28 29 14 2.75 1.5
1 ] 14| Vce
[2 ( = —113
3 . °<:i-| C 12] (C)
[a 11] (©)
[5 ] 0]
6 9
7 8 |
GND
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.

744
Typ. Delay Time (ns) 9.9
Typ. Power Per Gate (mW) 88

GND |

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
41D, 1™
2 - e EE
[3 | 12] X
4 11] x
5 10]
© |6 m 9 |
GND [ 7 8 ]
-

7453
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7454 4-WIDE 2 & 3-INPUT AND-OR-INVERT GATE

Refer to the description of the 7450.

T74H 74 7418 740
Typ. Delay Time (ns) 6.5 10.5 12.5 43
Typ. Power Per Gate (mW) 41 23 4.5 1.5

14] vec

FIQI?IMFIFIH

Iool © |5‘| = Ig,‘l
— o~~~
(¢) [¢)
A4 S

(d)
GND
—_— 7454
II—_DT E vee
[2] [13]
[z 12]
[< [11]
5 | 10]
6 9
GND ;7 [l 741854
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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, atrue 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) 74H 74LS (Not Expandable)
68 125
Typ. Power Per Gate (MW) 30 275

[} 4] vee
[z} B
[} {12]
= j_LE
@x [5 1 \/ {10]
EL {9] Xe©
GND [ 7 (8]

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 Cto
be true, either input A or input B must be true; hence, the

name OR gate.
744
Type. Power Per Gate 25

[pr— —

14| Vce

x|

isiclziciziziz

GND

|
=] L] 1] 2] 5 (] (]

7462
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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.
74S 744 74 74LS 74L
Typ. Delay Time (ns) 35 66 105 125 43
Typ. Power Per Gate (mW) 29 41 23 45 15

Vce

7464

GND|
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7465 4-2-3-2 INPUT AND-OR INVERT GATE (0.C)

748
Typ. Delay Tiem (ns) 5.5
Typ. Power Per Gate (mW) 36

GND
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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 Q. 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 (Sp) and reset (Rp) 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.

748
Typ. Max. Clock Frequency (MHz) 35
Typ. Power Per Flip-Flop (mW) 65
13
8o
I—,
« —qJ2 Q p—=8
s —OL
2 D cp
"
" K of—s
] O
Rp |
vce Pin 14 2
GND Pin7
Pin numbers are for pin conguration “A  Truth Table
OPERATING MODE ! hd
7470 3olRplcP| s [k | @] G
Asynchronous Set LIH|L| XX H|L
Asynchronous ResetiClean | H { L | L | X | X{ L | H
Undeterminea '¢' Lftfx]x] x|t
Toggle HI{H|['|n|n| Q| aq
Load 0" (Reset! H|H| rlhliL]H
Load "1 tSet! Hi{H|t|n|[]H]L
Hold “no change™ HIH|1]|tj1]a]|§
3 LTy
x Kio Ko Ky
M NGH rOREgR level Steady st
L LOW voflage level sieady siate
L) HIGH vOttage Hvel ONe 381D 1NMe DO 10 Ihe LOW-t0-HIGH Clock iraneon
LOW vonage levet 0ne setup bme Por 10 ihe LOW-s0-+H#GH Clock wansmon
X Oom
Q Lmzmmnmuummmnnmn

HIGH Cloch tranason
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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 (Sp) 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 (Sp) is an asynchronous active LOW input.
When LOW, the Sp overrides the clock and the data inputs,
forcing the Q output HIGH and the Q output LOW.

744 74L
Typ. Max. Clock Frequency (MHz) 30 6
A Typ. Power Per Flip-Flop (mW) 80 38
Setup Time (ns) 0 0
Held Time (ns) 0 0
s
4
sp
1
i)
: B o
. 12
13 —————aPcr
. D ]
1" . b r— '
v )
Vee = Pin 14
GND =Pin 7
Pi b for pin configi
" e Truth Table
7471 OPERATING MODE > 'WT: X O:an;t
Asynchronous Set L X X X H L
Toggle H{JsL| h h 9 q
Load “1” (Seth H Ju h ] H L
Hold “no change” H || 1 q | @
= HIGH voltage leve) sisady state
* LOW voltage level 31080y sisie

o HIGH voltage lve Dror 10 LOW-10-HIGH Clock ireneton ¥/
« LOW vorlage lavet 0rior 10 LOW-10-HIGH Clock franesion
* Donlcare

9 ex-3rx
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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 (Sp) and reset (Ro) 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.
74H ;3 74L

Typ. Max. Clack Frequency (MHz) 30 6
Typ. Power Per Flip-Flop (mW) 80 50 38
Setup Time (ns) 0 0 0
Hold Time (ns) 0 0 0
1
4
So
3
= | o
5
12 ——CpPcP
]
0 B x of s
"
Ap |
Vec Pin14 A4
GND Pin7 3 Truth Table
OPERATING MODE INPUTS QUTRUTS
7472 — Sp|Rpjce| 4 [k [ a @
Asynchronous Set | LIHEX §X ’—X H L
Asynchronous Reset (Clear!) H | L | X | X | X L H
Undetermined 'Note ¢! L)L X | X H H
Toggle HiH l_n_ hi{n a q
Load 0" ‘Reset! HiH{mg el L oH
Load “1” Sen n| o H oL
Hold “no change H I H ll I qQ q
N HIGH witage evel seagy st
s LOW voltage ‘»vel siraay stal:
n HIGH votage lM‘Dw)vkleWmmGN Ciocs transition 4
. LOW voRage level prowr 10 LOW 10 HIGH Cloch ransitipr @
x Dont care

@ Lowe: Case letiers nOiCale Ine s1ale O 1he relersnce ouiD: it PrIor 10 HIGH 10LOW
Clock transton
Positim Clora puise
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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 (Rp) is an asynchronous active LOW input.
When LOW, it overrides the clock and data inputs, forcing the
Q output LOW and the Q output high.

744 74 74L 74LS
Typ. Max. Clock Frequency (MHz) 30 20 &6 45
Typ. Power Per Flip-Flop (mW) 80 S50 38 10
Setup Time (ns) 0 0 0 20
Hold Time (ns) 0 0 0 0
" -1y Q12 7 4 apF-9
1 op>ce s opce
3 4« Ao a1 10—k . ] =)
] Q@
2 [
7473
Vee = Pn4
GND - Pin 11
Truth Table
INPUTS OUTPUTS!
OPERATING MODE =
ojcPafs[x[a @
Asynchronous Reset Clean | L| X | X[ X[ L | H
Toggle H| St |h|h|[T]|aq
Load “0” {Reset! H{ JL I h L H
Load "1” 1Set! H|JL |h| H L
Hold “no change™ H|lsv|t1|[1v]al@

HIGH voitage leve) sleady 3t
LOW voitage level sipacy siaie

g
§
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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 (Spb) and reset (Rp) 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.

748 744 74LS 74 74

Typ. Max. Clock Frequency (MHz) 110 43 33 25 6
Typ. Power Per Flip-Flop (mW) % 75 10 43 4
Setup Time (ns) 3 15 25 20 50
Hold Time (ns) 2 5 5 5 15
4 10
4 3

3 s
2—o D of—s 2o D ol—s

s—Pce n—>cp

al—s Rp af—1

-—a3

7474
Truth Table

OPERATING MODE

z
é
)
on§

Asynchronous Set

Asynchronous Reeet
(Clear

Undetermined ¢}

Load “1” (Set)

Load 0" (Reset)

H
L2 L TF

~Tx »xx|O

rII rI|0

IrI I

= HIGH voitege level steady tate

= HIGH voliage Jevel One setup 1me PNOF 10 the LOW 10 HIGH clock Wanemon
= LOW voltage level steady state

= LOW voltage level One setup ime pror 10 e LOW 10 HIGH Clock tranason
= Don'tcare

x-rzy
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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.

R

Dg 04 D, D,

13—l €,

Vg = Pin§ 7475
GNOD = Pin 12
operaTiNG | 'NPUTS | OUTPUTS
Data Enabled | H L L 0
MODE SELECT HIH|H L
FUNCTION TABLE 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 reterenced
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 (Sp) and reset (Rp)
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.

T4H 74  TALS

Typ. Max. Clock Frequency (MHz) 30 20 45
Typ. Power Per Flip-Flop (mW) 80 50 10
Setup Time (ns) 0 0 20
Hold Time (ns) 0 0 0
2 7
I\ e
«—4s % ol—yse—4s % ol—n
1> ¢P s —op cP
18 —f K fo Gf—1412—4kx "o of—10
!

Vec=Pin5, 3
‘GND = Pin 13 7476

Truth Table
INPUTS TPUT
OPERATING MODE ==

8p|Rp|CP)|J|k[0 | &

Asynchronous Set LM X |X{X|MH|L
Asynchronous Reset (Cleart| M | L X [X|X] LM
Undetermined () L]t X X|XIH|H
Toggle HIH| M |nin[d|a
Load "0" (Reset! HiH] L ItIn[ L H
Load “1” Set) HlH|luin|tl v
Hold “no change™ H{H|{ o |1]1|a ] §

N HIGH volsge <

585
§
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7477 DUAL 2-BIT TRANSPARENT LATCH

‘I'he “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

INPUTS | OUTPUTS

OPERATING
MODE E D Q
Data Enabled H L L
H H H
Data Latched L X 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 En-
able transition.
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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 (Sp) and reset (Ro) 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 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.

74H  74L 7418

Typ. Max. Clock Frequency (MHz) 30 6 45
Typ. Power Per Flip-Flop (mW) 80 38 10
Setup Time (ns) 0 0 20
Hold Time (ns) 0 0 0

o L™ [-] 2] Lae LTS -]
L}
Yeec = me
GND = Pin 11 7478
Truth Table
I T
orenatmc uooe | TS loutruts
b DJ“QLQ’*L‘ klo a
Asynchronaus Set Llﬂ'xlxlx M L
Asynchronaus Reset (Cleart| M | L | X | x| x| : H
Undelermined ‘¢t Ll % X|x]x| HM{HM
Toggle wiml o nln Gaia
Load “0" (Resets MiM|l el nfu|H
Load "1" 1Set! ulu SnpiiM|L
Hoid “no change’ MiM; 1 t l q | 3
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7480 GATED FULL ADDER

The “80” is a single-bit, high-speed, binary full adder
with gated complementary inputs, complementary sum (3
and ) ) 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

A1 A2 A* Ac B{ B2 B* B¢

4
VCC = Pin 14
WNPUTS OUTPUTS
Cn ] A Tt b4 z
Truth Table —5—— i+

M+ MG volags eet
L = LOW venage eas




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
(A1— A4, B1 — Bs) 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 (31— 3 4) and the carry output (Court).
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, Civ 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
Civ, A1 and Bi can arhitrarily be assigned to pins 10, 11, 13,
etc.

4.8 74
Typ. Carry Time (ys) 10 10
Typ. Add Time (ng) 15 16
Typ. Power Per Bit (mW) 24 76
10 11 8 7 3 4 1 16
Ay By Ay By A3 B3 A, By
B—1°n Cout— ¥
2y 33 13 2,
Vcc =PinS I |
GND = Pin 12 B 6 2 15
PINS Cii (A1 A2 A3 Aq(By Bz B3 Bg (21 22 23 24 |Cour
Logic Levels L L H L HIH L L HIH H L L H
Active HIGH 0J/0 1 0 1/1 0 O 1]1 1 0 O 1 (1040=19)
Active LOW 1 1. 0 1 0]jO0 1 1 0|0 0 1 1 0 (canry+5+68=12)
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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 As) and (Bo9»B3), where A3 and Bs 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<s are the least
significant bit positions. When used for series expansion, the
A >B, A=Band A < B outputs of the least significant word
are connected to the corresponding 1a>B, 1a= and la<s
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>B = HIGH, 1a= = 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 expansioninputs are used by labeling 1a>8
as an A input, 1a<s as a B input and setting 1a=s LOW. The
“85” can be used as a 5-bit comparator only when the outputs
are used to drive the (Ao— A3) and (Bo— Bs) inputs of another
“85" device. The parallel technique can be expanded to any
number of bits as shown in the table.

74 74
Typ. Compare Time (ns) 21 70
Typ. Total Power (mW) 215 20




10 12 13 15 9 11 14

L1 1L

AO Ay A2 Aj BO B' B, Bj

4 — 'A’B

A>B A=B A<B
5 | 6 7
Vee = Pin 16 7485
GND =Pin 8
Truth Table
; .
CASCADING
COMPARING u;hrms SFUTE OUTPUTS
A3,B3 A282 44,84 A0,Bo ||IA>Bla<B IA=B|A>B A<B A=B
A3>B3 X X X X X X |H L L
A3<Bg3 X X X X X X |L H L
A3=B3  Az>Ba X X X X X |#H L UL
A3=B3  Ap<Ba X X X X X |L H L
A3=Bz  Ax=Ba  A|>B X X X X |H L v
A3=B3  Ax=Bs  A[<B X X X X |L H L
A3=Bz  A=By  Ay=B; Ap>Bp | X X X | H L L
A3=B3 A2=B3 Ay=By Ag<Bg X X X L H L
Ag=Bz A=Bz Ay=By; Ag=Bg | H L L |H L L
A3=Bz  Az=Bz  A=B, Ag=Bg | L H L L H L
A3=B3 Ao=Bjo Aq1=B Apg=Bg L L H L L H
Ag=Bz Ap=Ba A1=By Ag=Bgp | X X H |L L H
A3=B3 A2=B2 A1=By Apg=Bg H H L L L L
A3=B3  A=Bp  Aj=B; Ap=Bp | L L L |[H H L

H = HIGH voitage level X = Don't cade
L = LOW voltage level

:




7486 QUAD 2-INPUT| EXCLUSIVE-OR GATE

748  74L8 74 74
Typ. Oelay Time (ns) 7 10 14 29
Typ. Tota! Power (mW) 250 30 150 15

GND |
7486
Truth Table
INPUTS OUTPUT
A B Y
L L L
L H H
H L H
H H L
L = LOW voltage level
H = HIGH voltage level
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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 — As). 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 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.

74
Read Time (ns) 33
Write Time (ns) 48
Current Per Package (mA) 75
MODE SELECT—FUNCTION
TABLE
2 4 6 10 12 3o
S I OPERATING | 'NPUTS | OUTPUTS
CS 0Oy D2 03 D4 WE MODE c[we o, o
1—] %
Write Ll H
I L|L|H L
14— A2
B Read LIH|x Data
——r inhibit Writing | H | L | L H
T T T ? H|L|H L
o Store-Diaable | H | H | X H
Vcg = Pin 18 Outputs
GND = Pin 8
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 CP1

input of the device.

A gated AND asynchronous master reset (MR1 ¢ MR?2)
is provided which overrides both clock and resets (clears) all
the flip-flops. Also provided is a gated AND asynchronous
master set MS1 » MSz) which overrides the clocks and the
MR inputs, setting the outputs to nine (HLLH).

Because the output from the divide-by-two sectionis not
internally connected to the succeeding stages, the device
may be operated in various counting modes. Ina BCD (8421)
counter, the CP1input must be externally connected to the Q
output. The CPo input receives the incoming count, producing
a BCD count sequence. In a symmetrical Blquinary divide-
by-10 counter, the Q3 output must be connected externally to
the CPo input. The input count is then applied to the Ch:
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 Ch
input is used to obtain divide-by-five operation at the Qs
output.

74LS 74 74L
Count Frequency (MHz) 32 32 6
Parallel Load setto 8 setto 9 setto 9
Clear High High High
Typ. Total Power (mW) 40 160 20
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MS
14 —QJ CcPg
1—_QIcCPy
Qp Q, Q; Q3
2 12 9 8 1"
Truth Table
n OuUTPUT
Vee = P!n5 S e o &
GND = Pin 10 0 L L L L
1 H L L L
2 L H L L
8 H H L L
4 L L H L
] H L H L
[ ] L H H L
7 H H H L
8 L L L H
1] H L L H
NOTE Output Og oonnected to mput T
Truth Table
RESET/SET INPUTS OUTPUTS
MRy MRz MSq MS2 Qg Q4 Q2 Q3
H H L X L L L L
H H X L L L L L
X X H H H L i v
L X L X Count
X L X L Gount
L X X L Gount
X L L X Gount
= HIGH
L = LOW vohogs et 7490

X = Don't care
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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 (Q) output from the last stage is also
available for simpler decoding applications.

74 74L
Shift Frequency (MH2) 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) 175 175
12 ——{Dsa
11 —{Dsp Vcc = Pin§
9 —{cp _ GND = Pin 10
Q7 Q7 Pin numbers for DIP
. v package
Truth Table 13 14
OPERATING MODE INPUTS First Stage OUTPUTS
CP | Dga [Dgp | G0 To | @7 &
Shift, reset 1 X L H (-7 Q8
first stage [} X | L H L] %
Shitt, set ' h h H L a8 Q8
first stage

H = HIGH voltage level

h =HIGH voltage level 0ne setup time prior 10 the LOW-10-4IGH clock transition

L = LOW voitage level

1 =LOW voitage level one setup time prior to the LOW-to-HIGH clock transition

Qq =Lower case letters indicate the state of the referenced register ouiput 0ne setup time
prior to the LOW-to-HIGH clock transition

X = Don't care

{ = LOW-to-HIGH clock traneition

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 CP:
input of the device. A gated AND asynchronous master reset
(MR: « 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 CP1 input must be externally con-
nected to Qo output. The CPo input receives the incoming
count, and Qs 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 CP1 input is used
to obtain divide-by-three operation at the Q1 and Qz outputs
and divide-by-six operation at the Qs output.

7418 74
Count Frequency (MHz) 32 32
Parallel Lead None None
Clear High High
Typ. Total Power (mW) 39 160
MODE SELECTION
) OUTPUTS

INPUTS
MRy | MR2 | @9 Q1 Q2 Q3

L L L L
Count
Count
Count

~rIrXI
rrIXI

H = HIGH voitage lovel
L = LOW voitage ievel
X = Don't care
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14 —CiCPy

1—ClCP4
MR Qg 0y 0 O3
Voc =Pins | | |
GND = Pin10 6 7 12 n 9 8
7492
Truth Table
OUTPUT
COUNT

Qp Q7 Q2 Q3

0 L L L L

1 H L L L

P L H L L

3 H H L L

4 L L H L

5 H L H L

6 L L L H

7 H L L H

8 L H L H

9 H H L H

10 L L H H

11 H L H H

NOTE: Output Qo connected to Input CPy.
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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 (MR: o
MRy) 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
CP:. The input count pulses are applied to input CPo. Simul-
taneous divisions of 2, 4, 8 and 16 are performed at the Qo,
Qi, Qz, and Qs outputs, as shownin the truth table. As a 3-bit
ripple counter, theinput count pulses are applied toinput CP1.
Simultaneous frequency divisions of 2, 4 and 8 are available at
the Qi, Q2 and Qs outputs. Independent use of the first
flip-flop is available if the reset function coincides with reset of
the 3-bit ripple-through counter.

7418 74 74L
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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14 —CicPy

1—C|cPy
MR Qp Q1 Q2 Q3
2 3 12 9 8 1"
Vecc = Pind 7493
GND = Pin 1
MODE SELECTION
RESET
INPUTS OUTPUTS
MRy MR2 | Q9 Q1 Q2 Q3
74 H H L L L oL
%3 L H Count
H L Count
L L Count
R H = HIGH voltage level
L = LOW voitage level
Truth Table X = Domtcare
OUTPUT
COUNT
Qp Q¢ Q2 Q3
0 L L L L
1 H L L L
2 L H L L
3 H H L L
4 L L H L
5 H L H L
6 L H H L
7 H H H L 7493
8 L L L H
9 H L L H
10 L H L H
1" H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H

NOTE: Output Qo connected to Input TP
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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 PL1)
with associated parallel data inputs (Dea — Dod and D1a — D14)
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 Qa LOW.

Four flip-flops are connected so that shifting is syn-
chronous; they change state when the clock goes from
LOW-to-HIGH. Datais accepted at the serial Ds 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 Doa through Doa are activated during the time the PLois
HIGH and Parallel inputs D1a through D14 are activated when
PLi1is 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.

74
Max. Supply Current (mA) 58
Max. Clock Frequency (MHz) 10
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1 ¢ 2 14 3 13

4

11

L]

Doa D Db Doc D D4
s PLY 0a D1a Dop D1b Doc Dic Dod Did
6 —— PLg
Qd}—o9
7 ——{ Dg
8 1 CP
10 —— MR
VCC = Pin 5
GND = Pin 12
7494
MODE SELECT-—~FUNCTION TABLE
OPERATING INPUTS OUTPUTS
MODE PLo |PL1|Don|Din [MR [ CP | Dg | Q3 Qp Q¢ | Qg
Parallel Load H L L X X X X Qg Qp Q¢ | Q¢
HlL]H ]| x| x| x| x H H H|H
L H| x| L|Xx|Xx|[x|ag ap Q| Q4
Ll x| H| x| x|x H H H|H
Reset (clear) L L X X H. X X L L L L
Shift right Lo x| x|t t 1 L Qa G | q
Ll x| x| Ly h H Qa ap | g

H = HIGH voltage level

h = HIGH voltage level one setup time pnior 10 the LOW-t0-HIGH clock transition

L = LOW voltage level

I = LOW voltage level one selup time prior to the LOW-10-HIGH clock iransition

Qn = Lowar case leiters indicate the atate of the referenced oulput one setup time pnor to
he LOW-to-HIGH clock transition

x = Don’l care

{ = LOW-to-HIGH clock transtion

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. 1t has a serial data (Ds) and
four parallel data (Do — Ds) inputs and four parallel outputs (Qo
— Q3). The serial or parallel mode of operation is controlled ed by
a mode select input (S) and two clock inputs (CP1 and CPz).
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, CPzis enabled.
A HIGH-to-LOW transition on enabled CPz loads parallel data
from the Do — Ds inputs into the register. When S is LOW,
CP: is enabled. A HIGH-to-LOW transition on enabled CPy
shifts the data from serial input Ds to Qo and transfers the data
in Qo to Q1, Q1 to Qz, and Q2 to Qs, respectively (shift right).
Shift left is accomplished by externally connecting Qs to Dz,
Q2 to D1, 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 CP2is LOW, or chang-
ing S from LOW-to-HIGH while CP1 is LOW will not cause
any changes on the register outputs.

74 7418 74L

Shift Frequency (MHz) 25 25 6
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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Do D1 D2 D3
1 Ds
9 —CT CPq
8 —(J CP2
Qo Q1 Q2 Q3
13 12 10
VCC = Pin 14
GND = Pin 7 7495
MODE SELECT—FUNCTION TABLE
OPERATING INPUTS OUTPUTS
MODE S | CPy| CP2 | Dg | Dn Qp 01 02 O3
Parelle! Load H X ) X ! L L L L
H X | X h H H H H
Shift right L t X | X L @ a1 a2
L t X h X H @ @& Q2
Mode change t L X X X no change
t H X X X undetermined
| X L X X no change
| X H X X undetermined
H = HIGH vollage levei steady state
L = LOW voltage level steady state
h = HIGH voitage level one setup time pnor to the HIGH-to-
LOW Clock transition
| = LOW voitage levet one setup tie prior to the HIGH-to-
LOW Clock transition
X = Don't cere
Q™ Lower case letters indicate the state of the referenced
output preor to the HIGH-to-LOW Clock transition
& HIGH-to-LOW transition of Clock or mode Select
4 = LOW-10-HIGH transition of mode Select.
7495




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 (Ds) 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 — Ds)
inputs will set the associated flip-flops HIGH. A LOW on the Do —
D« inputs will cause no change in the appropriate flip-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 D
Asynchronous Clear  Low Low
Shift-Right Mode Yes Yes
Shift-Left Mode No No 2 .
Lead Mode Yes Yes
Hold Mode No NoTyp.
st(::‘InPower (n:ﬁ)E 60 240 ™ D, D; D7 D3 O
e Ty ¢ —f Dg
| oremrve ot Eml=le ACICRNCN
e OHHHEEREEETRE E
Reset (claar) L x L 1 x ’I l L —I._ T I._ 'I._—
(== RREIEE Se 83l *—9" oo 00 o
< :'::‘_.... Voo =Ping
1 Cow e e co messoen GND = Pin 12 5 14 13 1N W
7496 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
aslongas 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.

74
Max. Supply Current (mA) 106
Max. Propagation Delay (ns) 30
23 2 22 21 12 11 10 15 16

L

Ea Doa D1a D23 D3a Eb Dob D1b D2b D3b

Qoa Q13 Q2a Q3a Qob Q1b Q2b Q3b
5 4 19 20 8 9 18 17
VCC = Pin 24
GND = Pin 7 74100
MODE SELECT-FUNCTION TABLE
OPERATING INPUTS | OUTPUTS
MODE E | Dy Qn
H L L
Data Enabled H H H
74100
Data Latched L X q
H = HIGH voltage level
L = LOW voltage level

X = Don't care
Q = Lower case letters indicate the state of referenced

output one eetup time prior to the HIGH-to-LOW En-
able transition.
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74101 JK 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 (S4) is an asynchronous active LOW input. When LOW,
the Sa overrides the clock and data inputs and sets the Q
output HIGH and the Q output LOW.

A HIGH level on the clock (CP)input enables the J and K
inputs and data will be accepted. The logiclevels at the Jand 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.

T4H
Max. Supply Current (mA) 38 H
Max. Clock Frequency (MHz) 40 J:
$p
1
i)
»l o
N Y
4
74101 v———Por
9
1 m . of—s
;3 -
1"
12—
Vee = Pin 14
GND =Pin 7

Pin numbers for pin configuration "A"
MODE SELECT—TRUTH TABLE

OPERATING MODE EINRUTS OUIBUNS
§p cP J K Q a
Asynchronous Set L X X X H L
Toggle H | h h q q
Load “0" (Reset) H [ | h L H
Load “1” (Set) H [ h | H L
Hold “no change” H i I ! q 9
= HIGH voltage ieve! steady state.

LOW voltage leve! steady state

HIGH voitage level one setup time prior to the HIGH-10-LOW Clock transition.
LOW voltage level one setup time prior o the HIGH-to-LOW Clock transition
Don't care

Lower case letters indicate the state of the referenced output prior 1o the HIGH-10~
LOW Clock transition.

Wia ® Ji) + Wza @ S 741 01

Kig @ Kyp) + (K2n @ Kap)

LI I S B |

R€& OX=~TFIrI

281




74102 JK 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 )
and reset (Rp) are asynchronous active LOW inputs. When
LOW, they override the clock and data inputs, forcing the
outputs to their steady state level as shownin 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 stage changes are
initiated by the HIGH-to-LOW transition of CP.

74H
Max. Supply Current (mA) 38
Max. Clock Frequency (MHz2) 40
13
Sp
—a
4 ———4J2 J Q p——8
s — L)
12—OpPcrp
9 —d K1
10 ——K2 K QpP—6
1 ——{K3
- Rp
Vce = Pin 14
GND = Pin 7 Y

2
Pin numbers for pin configuration “A."

74102
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MODE SELECT—TRUTH TABLE

INPUTS OUTPUTS]

OPERATING MODE —T=T1— =
Sp(Rp|CP| J | K |Q | @

Asynchronous Set LIHIX|X|[X]H]L
Asynchronous Reset (Clear)| H | L | X | X | X | L | H
Undetermined (¢) LIL]IX|X|X|H]|H
Toggle HiH] I ]lhth|q]| q
Load “0" (Reset) HijH]| ! Il h]L]|H
Load "1” (Set) H|H | h | H L
Hold “no change™ H|H l | | q| 9

H

X OX—Tr

HIGH voltage level steady state.

LOW voltage level steady state.

HIGH voitage 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.

JieJaeJ3

Ki®o Kz K3
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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

(Ro) is

an asynchronous active LOW input. When LOW, the Ro
overrides the clock and data inputs, and resets (clears) the

flip-flop.

A HIGH level on the clock (CP)input enables the Jand K
inputs, and data will be accepted. The logic levels at the ] 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.

744
Typ. Max. Clock Frequency (MHz) 50
Typ. Power Per Flip-Flop (mW) 100
Setup Time (ns) 13
Hold Time (ns) 0
14—4J —12 7—4J QP9
1-OP>cP s-O>cp
—_ = 10 — ol
3 K Rp 13 0 K Rp Q 8
Vecec = Pin 4 ‘?‘ ?
. 7
GND = Pin 11 ALY 6
MODE SELECT—TRUTH TABLE
INPUTS OuTPUTS
OPERATING MODE — =
RplcPjJy | k| @ a
Asynchronous Reset (Clear) L x|x|x] t H
Toggle H|li1]lh|h q q
Load "0" (Reset) Hl+lt|n|] L H
Load 1" (Set) Hld|n]1| H 74103
Hold "no change” Hit]l ] q q

HIGH voitage level steady state.
LOW voltage level steady siate

oax—TrIx

Don't care

LOW Clock tranaition.
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HIGH voitage level one seiup time pnor to the HIGH-t0-LOW Clock transition.
LOW voltage level one setup time prior to the HIGH-to-LOW Ciock transition,

Lower case letters Indicate the state of the

to the HIGH-0-




74106 DUAL JK 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 (Sp) and reset (Rp) 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 logiclevels at the Jand 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.

744
Typ. Max. Clock Frequency (MH2) 50
Typ. Power Per Flip-Fiop (mW) 100
Setup Time (ns) 13
Hold Time (ns) 0
2 7
[} (o)
S S
q4—J 2 QF—15 9 —J = QpF— 11
1-0p>cp 6 -Or>cCpP
Vcc =Pin5 9
GND = Pin 13
16 al- — o
- K RD Q 14 12 K RD Q 10
v %
3 74106 8
MODE SELECT—TRUTH TABLE
INPUTS ouTPUTS)
OPERATING MODE =T T
Sp|Rp|CP| J K| Q| @
Asynchronous Set LiH|X|X]|X L
Asynchronous Reset'Ciear | H | L | X | X [ x| L | W
$HW$M|M e Lt X! X|[x|H|H
Load 0" Reset nlnl iV TR 74108
Load 1" 1Sett H|H h ] H L
Hold "no change” H|H i Il ol §

HIGH voitage ievet steady state

LOW voitage leve! steady state

HIGH vonBge leve! ONe Se1up hme Paar 10 1he MIGH. 1u-LOW Clock Fansion
LOW voltage levet 0ne setup ime pesor 10 Ihe HIGH:10-LOW Ciach trangshon
Don 1 care

Lowerc
LOW Cioc transimon

ax-3rzx
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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 ]
and K inputs must be stable one setup time prior to the
HIGH-to-LOW clock transition for predictable operation.
The reset (Rp) is an asynchronous active LOW input. When
LOW, it overrides the clock and data inputs, forcing the Q
output LOW and the Q output HIGH.

7418
Typ. Max. Clock Frequency (MHz) 45
Typ. Power Per Flip-Flop (mW) 10
Setup Time (ns) 20
Hold Time (ns) 0
1—J Q-3 8 —J Qt—5
12-0Op>cP 9-g>cp
4 —{K al-2 11—k Qf—6
Rp RD
% Q@
13 10
Vcc = Pin 14
GND =Pin7
47107
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MODE SELECT—TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE =
Rp|CP@)| J | K| @ | @

Asynchronous Reset (Clear) | L X XX L H
Toggle H J1 h|h| q q
Load “0” (Reset) H| It I1h| L H
Load “1” (Set) H| | h| H L
Hold "no change” H n | | q q

HIGH voitage level steady state.
LOW voitage level steady state.

-IFrx

oo

Don't care.

LOW Clock transition.
Positive clock pulse.

:J.ax
[

74107

HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition{Ck
LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition {C).

Lower case letters indicate the state of the referenced output prior to HIGH-to-
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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 (Sp) and reset (Rpb) 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 JandK
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.

744
'Typ. Max. Clock Frequency (MHz) 50
Typ. Power Per Flip-Flop (mW) 100
Setup Time (ns) 13
Hold Time (ns) 0
13 10
o) A
a—{s 50 ql-2 n—s S0 al—s
9——QOp>cCP ‘—(;>CP
1K QfF-3 8K Qf-s
Rp Rp B
12 1 T
Vce = Pin 14 74108
GND =Pin7




MODE SELECT—TRUTH TABLE

INPUTS IOUTPUT:
OPERATING MODE Solfolcrl s [x|a o
Asynchronous Set LiH|IX|X]|X]|H L
Asynchronous Reset (Clean)| H | L | X X| XL |H
Undetermined () LIL]IX|X]|X]|H|IH
Toggle Hi{H] v ]| n|n|TG|a
Load “0" (Reset) H{H] | | h|L]|H
Load "1" (Set) H|H] | h Il |H] L
Hold “no change” HIH]|] | | Il gl q

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 priorto the HIGH-to-
LOW Ciock transition.

axXx—=IrIx
[ I U ]

74108
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74109 DUAL JK 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 Q outputs. Set (Sp) and
reset (Rp) are asynchronous active LOW inputs and operate
independently of the clock input.

The J and K are edge-triggered inputs that control the
state changes of the flip-flops as described in the mode select
truth table. The J and K inputs must be stable just one setup
time prior to the LOW-to-HIGH transition of the clock for
predictable operation. The JK design allows operation as a D
flip-flop by tying the J and K inputs together.

Aithough 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.

7418 74
Typ. Max. Clock Frequency (MHz) 33 33
Typ. Power Per Flip-Flop (mW) 10 45
Setup Time (ns) 20 10
Hold Time (ns) 5 6
MODE SELECT—TRUTH TABLE
OPERATING MODE BRI __| OuTPUTS
Sp | Rp | cP J K Q ]
Asynchronous Set L H X X X H L
Asynchronous Reset (Clear) H L X X X L H
Undetermined (C L L X X X H H
Toggle H H t h ! § 9
Load “0" (Reset) H H t | h L H
Load “1" (Set) H H t h 1 H L
Hold “no change” H H t I h q q

H = HIGH voitage level steady state

L = LOW vollage level steady state

h = HIGH voltage level one astup time prior to the LOW-to-HIGH Clock tranaition

| = 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 referenced output prior to the LOW-to-
HIGH Clock transition

1 = LOW-t0-HIGH Clock transition

74109
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a—f>cP

Ol

12 —$> CP

— 10

o

VCC = Pin 16
GND =Pin 8

15

74109

—_—17 13-(:1K Rp Qp—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
(Sp) and reset (Rp) 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 Jand 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 longas
minimum setup and hold times are observed. Output state
changes are initiated by the HIGH-to-LOW transition of CP.

74S 7418
Typ. Max. Clock Frequency (MHz) 125 45
Typ. Power Per Flip-Flop (mW) 75 10
Setup Time (ns) 6 20
Hold Time (ns) 0 O
4 10
o) o)
S S
3 —J o Ql— 5 1M1 —J o Q— 9
1-O>cCP 13 -OP>CP
2 —K [¢) Sy 12 —K Q
RD RD p
1% Q@
15 14
Vce = Pin 16
GND =Pin 8
74112
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MODE SELECT—TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE —— — —
Sp|Rp| CP (J (K| Q | Q

Asynchronous Set L|H X X|X|H L
Asynchronous Reset (Clear) | H | L X X|X| L |H
Undetermined © L|L X | X|X|H|H
Toggle H|H | hih| Q@ | q
Load “0” (Reset) H|H } t{h{ L |H
Load “1” (Set) H|H } hlI|H L
Hold “no change” H{H | I{1| q q

HIGH voltage level steady state.

HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition.
LOW voltage level steady state.

LOW voltage level one setup time prior to the HIGH-to-LOW Clock transition.
Lower case letters indicate the state of the referenced output one setup time prior
to the HIGH-to-LOW Clock transition,

Don't care.

x O ~-r>x
W wnn

74112
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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 (Sp) 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 ] 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.

748 7418
Typ. Max. Clock Frequency (MHz) 125 45
Typ. Power Per Flip-Flop (mW) 75 10
Setup Time (ns) 6 20
Hold Time (ns) 0 0
MODE SELECT—TRUTH TABLE
INPUTS OUTPUTS
OPERATING MODE —T— p—
SpicP| J | K Q a
Asynchronous Set L| X| X| X H L
Toggle HlIlhIh| Q@ q
Load “0” (Reset) H | h L H
Load “1” (Set) H| ]| h ! H L
Hold “no change” H| ! | | qa q

HIGH voltage level steady state.

HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition.
LOW voltage level steady state.

LOW voltage level one setup time prior to the HIGH-to-LOW Ciock transition.
Lower case letters indicate the state of the referenced output one setup time prior
to the HIGH-to-LOW Clock transition.

Don't care.

X O0—~r=IT
T ]

74113
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1-?>cp 13-CP>cCP
2 —{K or-s 12—{K EJ—B

Vce = Pin 14
GND =Pin7

74113
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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 (Sp) and reset (Ro) 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 TP 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.

748 7418

Typ. Max. Clock Frequency (MHz) 125 45

Typ. Power Per Fiip-Flop (mW) 75 10

Setup Time (ns) 6 20

Hold Time (ns) 0 0
MODE SELECT—TRUTH TABLE

INPUTS OUTPUTS,
OPERATING MODE —_— T
Sp|Rp{CP| J | K| Q a

Asynchronous Set L H| X X| X]|H L
Asynchronous Reset (Clear)| H L X | X|X]| L H
Undetermined (©) LlL|x|x|x|{H|H
Toggle HiIH| 4§l h]|h|T]| q
Load “0" (Reset) H|H]} ] h] L] H
Load “1” (Set) HiH] V] R I]H]L
Hold “no change” HIiH]{ V| 1]t ]aldg

HIGH voltage level steady state.

HIGH voltage level one setup time prior to the HIGH-to-LOW Clock transition.
LOW voltage level steady state.

LOW voltage level one setup time prior to the HIGH-t0-LOW Clock transition.
Lower case letters indicate the state of the referenced output one setup time prior
to the HIGH-to-LOW Clock transition.

Don't care.

o2 —-—rI> X

x
]

74114




4 10
A A
iy S0 qf-s 1n-{s S0 al-s
13——Op>cP —QOpPcp
24K ] = 2—{K Q}-s8
, b h
Vce = Pin 14
GND =Pin7
74114
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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 (Fo and E1). When both Eo and Ei are LOW, the
data enters the latch and appears at the output. The outputs
follow the data inputs as long as Eo and E1 are LOW. The data
on the D inputs one setup time before the LOW-to-HIGH
transition of Eo or E1 will be stored in the latch. The latched
outputs remain stable as long as either Eo or E1 is HIGH.

Each 4-bit latch has an active LOW asynchronous Mas-
ter Reset (MR) input. When LOW, the MR input overrides
the data and enable inputs and sets the four latch outputs
LOW.

74
Max. Supply Current (mA) 100
Delay Time, Data to Output (ns) 18
MODE SELECT—FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE
ﬁﬁ Eo E1 D" 0"
Reset (clear) L X X X L
Enable latch H L L L L
H L L H H
Latch data H t L | L
H L t h H

H = HIGH voltage level

h = HIGH voltage level one setup time prior to the LOW-to-HIGH Enable tranaition
L = LOW voltage level

| = LOW voltage level one selup time pnor 10 the LOW-10-HGM Enabie traasition
X = Don't care

' = LOW-10-HIGH Enable trangition

74116




23 4 6 8 10 1415 16 18 20 22

Do D1 D2 D3 E Do D7 D2 D3

"a " "b"

MR Qg Q1 Q2 Q3

MR Qo Q1 Q2 Q3

1 8§ 7 9 11 13 17 19 21 23
Vcg = Pin 24
GND = Pin 12

74116
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74121 MONOSTABLE MULTIVIBRATOR

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 highimmun-
ity to Vee noise of typically 1.5 voltsis 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 Vee, 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 Vec 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 Ve ranges for more than six decades of timing
capacitance (10pF to 10uF) and more than one decade of
timing resistance (2kQ to 40k()). In circuits where pulse
cutoff is not critical, timing capacitance of up to 1000uF and
timing resistance of as low as 1.4kQ) may be used.

74
Positive Inputs 1
Negative Inputs 2
Output Puise Range (ns to 8) 40ns-28s
Typ. Total Power (mW) 90
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74121
FUNCTION TABLE

INPUTS OUTPUTS

A4 Ao B Q Q

L X H L H

X L H L H

X X L L H

H H X L H
H } H JL iy
! H H Ju 1
' { H J gy
L X t J 1
X L t JLu iy

H = HIGH voltage level

L = LOW voltage level

X = Don’t care

{ = LOW-to-HIGH transition
= HIGH-to-LOW transition

vce

| Roxt/Cext
| Coxt

| Rint

74121
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74122 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR

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 eretnggermg the gated active
LOW-going edge inputs (A1, Az2) or the active HIGH-going
edge inputs (B1 B2), or be reduced by use of the overriding
active LOW reset.

To use the internal timing resistor of the “122,” connect
Rint to Vee. For improved pulse width accuracy and repeatabil-
ity, connect an external resistor between Rext/Cext and Ve
with Rint left open. To obtain variable pulse widths, connect an
external variable resistance between Rint or Rext/Cext and Vee.

74L8
Positive Inputs 2
Negative Inputs 2
Direct Clear Yes
Output Pulse Range (ns) 45ns-00 (inf.)
Typ. Total Power (mW) 30

14] vee
E Rext Cext

74122
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FUNCTION TABLE

INPUTS OUTPUTS
Rp |A1 A2 |By B2 | @ Q
L X X X X L H
X H H X X L H
X | X X L X L H
X X X X L L H
H L X t H |1 wr
H | L X | H t | L
H | X L t H |1 1r
H | X L H t | oL
H | H | H H |1 r
H } | H H |JL r
H | H|H H | r
t L X |H H |1 1r
t X L H H |JTL r

H = HIGH voltage level
L = LOW voltage level
X = Don't care

{ = LOW-to-HIGH input transition
{ = HIGH-to-LOW input transition

J L = Active HIGH pulse
LI = Active LOW pulse

74122




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 74L 7418
Positive Inputs 1 1 1
Negative Inputs 1 1 1
Direct Clear Yes Yes Yes
Output Pulse Range (ns) 45ns-00 (inf.) 90ns-00 (inf.) 45ns)00 (inf.)
Typ. Total Power (mW) 230 25 60

12] @2

11| Rp2

110] 82
(9] A,

Ay [1] :l Vee

By [2] 175] Rext/Cext1
Rp1 l: 14] Cext1

o 5] 7] o,

74123




FUNCTION TABLE

INPUTS OUTPUTS

ﬁD A B Q Q

L X X L H

X H X L H

X X L L H
H L } I 1
H ¢ H J 1r
4 L H I 1r

H = HIGH voltage level

L = LOW voltage level

X = Don't care

4 = LOW-to-HIGH transition
{ = HIGH-to-LOW transition

74123




74125 QUAD 3-STATE BUFFER

74
Typ. Delay Time (ns) 10
Typ. Power Per Gate (mW) 40

1C
1A
1Y
2C
2A
2Y
GND
Truth Table 74125
INPUTS OUTPUT
% A Y
L L L
L H H
H X (2)
L = LOW voltage level
H = HIGH voltage level 74125
X = Don't care
(2) = High impedance (off:




74126 QUAD 3-STATE BUFFER

74
Typ. Delay Time (ns) 10
Typ. Power Per Gate (mW) 45

1C |
1A
1Y
2C |
2A
2y |
GND
74126
Truth Table
INPUTS OUTPUT
C A Y
H L L
H H H
L X (2)
L = LOW voltage level
H = HIGH voltage level 74126
X = Don't care
(2) = High impedance (off)
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74128 QUAD 2-INPUT NOR BUFFER

74
Max. Supply Current (mA) 57
Typ. Max. Propagation Delay (ns) 15

1Y

1A |

1B |

2y |

2A

28

GND

74128
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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 drivinga 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 7418
Typ. Hysteresis (V) 08 0.8
Typ. Delay Time (ns) 15 15

14

<
O
(@]

I
ig:

Iciciciziclz
I EE

o
r4
o

7
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74133 13-INPUT NAND GATE

748

Typ. Oelay Time (ns) 3

Typ. Power Per Gate (mW) 19
Al
B [2
c |3
D[4
E[5
F |6

11

G |7
GND [ 8

74133
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74134 12-INPUT NAND GATE (3-STATE)

748
Typ. Delay Time (ns) 4.5
Typ. Power Per Gate (mW) 45
Do [ 16] vee
Dy [2 ‘ 15| OE
Do [3 14] D14
D3 | 4 | 13| D10
Ds [ 5 ‘ 12| Dg
D5 | 6 | 111 D
{ | [
De | 7 '410] D7
GND | 8 9]V
Truth Table LAk
INPUTS OUTPUT
Do----Dyy OE i
H----- H L L
one input = L L H 74134
X-m- - X H 2

H = HIGH voltage levei

L = LOW voltage level

X = Don’t care

(2) = HIGH impedance “ott" state
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74135 QUAD EXCLUSIVE OR/NOR GATE

Max. Supply Current (mA) 99
Typ. Propagation Delay (ns) 12

GND

Truth Table
INPUTS OUTPUT

A B c Y
L L L L
L H L H
H L L H
H H L L
L L H H
L H H L
H L H L
H H H H

H = HIGH volage level

L = LOW volisge level

312
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74136 QUAD 2-INPUT EXCLUSIVE-OR GATE (0.C.)

Max. Supply Current (mA) 10
Max. Propagation Delay (ns) 30
1 14| Vcce
2 13
3 12
| 4 | 11]
5 10 |
~
6 9
GND | 7 8 |
74136
Truth Table
INPUTS OUTPUT
A B Y
L L L
L H H 74136
H L H
H H L
L = LOW voltage level
H = HIGH voltage level
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74138 1-0f-8 DECODER/DEMULTIPLEXER

The “138” decoder accepts three binary weighted inputs
(Ao, A, and A2) and when enabled, provides eight mutually
exclusive active LOW outputs (0, 7). The ¢ device features
three enable inputs: two active LOW (E1, E2) and one active
HIGH (E3). Every output will be HIGH unless E: and Ez are
LOW and Es is HIGH. This multiple enable function allows
easy parallel expansion of the device to a 1-0f-32 (Slines 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.

74S 7418
Type of Output Totem Pole Totem Pole
Typ. Select Time (ns) 8 22
Typ. Enable Time (ns) 7 21
Typ. Total Power (mW) 225 31
Vee = Pin 18 458
GND=Pin8 , , 1l
A A A € 74138
[ 1 2 3 4 s [ 7
15 14 E 12 i l?i 9 7
Truth Table
INPUTS OUTPUTS
Eq1 Ez Ej Ag Ay Az 06 1 2 3 & 5 & 7
H X X X X X H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
L L H L H L H H L H H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L
NOTES
H = HIGH voitage level
L = LOW vottage leve 74138

X = Don't care
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74139 DUAL 1-0of-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 A1) and
providing four mutually exclusive active LOW outputs (Q —
3). Each decoder has an active LOW enable. (E). When E is
HIGH, every output is forced HIGH. The enable can be used
as the data input for a 1-of-4 demultiplexer application

748 7418
Type of Output Tatem Pole Totem Pole
Typ. Select Time (ns) 1.5 22
Typ. Enable Time (ns) 6 19
Typ. Total Pawer (mW) 300 34

GND

74139
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1 2 3 15 14 13
4 | ] e |
Ea Aga A1a Ep AobA1p
DECODER a DECODER b
0a 1, 3a O0p 1p 2p 3p

Vce = Pin 16

GND = Pin 8 A
Truth Table
| INPUTS OUTPUTS
E Ap A1 |0 1 2 3
H X X H H H H
L L L L H H H
L H L H L H H
L L H H H L H
L H H H H H L
H = HIGH voltage level
L = LOW voltage level
74139
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74140 DUAL 4-INPUT NAND 50-0HM LINE DRIVER

748
Low-Level Output Current (mA) 60
High-Level Output Current (mA) -40
Typ. Oelay Time (ns) 4
Typ. Power Per Gate (mW) 4

GND |

74140
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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 As
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 As 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.

74
Output Sink Current (mA) 80
Off-State Output Voltage (V) 15
Typ. Total Power (mW) 215
Blanking Invalid Codes
15 14 13 12
Ag A4 A2 A3

s
T 7

w—Cl »
&b —Cl w
nw—Q &
m—dm
~=C] &
o =] ~
SO =
- ©

-
—h

Vog = Pin 16
GND = Pin 8
74145
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74147 10-LINE-TO-4-LINE PRIORITY ENCODER

The “147” 9-input priority encoder accepts data from
nine active LOW inputs (1:-Te) and provides a binary rep-
resentation on the four active LOW outputs (Ao-As3). 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 Ts 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.

74
Typ. Delay Time (ns) 10
Typ. Total Power (mW) 225

11 12 13 1 2 3 4 5 10

Vce=Pin 16T T 74147 I T
9

GND=Pin 8 14 6
Truth Table
INPUTS OUTPUTS
T T2 B 4 5 g T g g | A3 Ay Ay Ao

H H H H H H H H H H H H H
X X X X X X X X L L H H L
X X X X X X X v H L H H H
X X X X X X L H H H L L L
X X X X X L H H H H L L H
X X X X L H H H H H L H L
X X X L H H H H H H L H H
X X L H H H H H H H H L L
X L H H H H H H H H H L H
L H H H H H H H H H H H L

H = HIGH vollage level

L = LOW voltage level

X = Don'lvcnu 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 I 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 (GS) and an enable output (EO)are
provided with the three data outputs. The GS is active level
LOW when any input is LOW. This indicates when any input
is active. The EO 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 EO and GS are
active HIGH when the input enable is HIGH.

74
Typ. Oelay Time(ns) 12
Typ. Total Power (mW) 130

1011 12131 2 3 4 5

o 1112 13 14 15 lg

Veg = Pin 18
GND = Pin 8

Ao
f
9

o —¢

~

14

Truth Table 74148
wPUTS ouTPUTS

B o v Ta I3y W i g 7 &8 % X, % Fo
H X X X X X X X X H H H H H
L H H H H H H H H H H H H L
L X x x x x x X L|L L L L H
L X X x x x X L H|/L H L L W
L X X x X X L H H | L L H L H
L X X X X L H H H|L H H L H
L X X X L W H H H|L L L H H
L X X L H H H H H L H L H H
L X L H H H H H H | L L H H H
L L H H H H H H H L H H H H

H = 10 valege tevel

L = LOW velioge lovel

L = Low vae 74148
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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, S1, Sz and Ss. The multiplexer
output (Y) inverts the selected dat& The enable input D) 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 54 3 2 1 2222212019 18 17 16
!
Lottt itl
9 -0 E0001 D2 D3 D4 D5 Dg D7 Dg DgD10D11012013014D15
15— So
14 —{ S,
13 —1S2
11— S3 .
VCC = Pin 24 (]J
GND = Pin 12 10
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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, S1 and Sz. True (Y) and
complement (Y) outputs are both provided. The enable input
(E) 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.

748 74 7418

Type of Output Standard  Standard  Standard

Typ. Delay, Data to Inverting Output (ns) 4.5 8 1"

Typ. Oelay, 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

E|S2 St Soflo M 12 13 4 5 & 7| Y V¥
HlX X X |x x X X X X X X [H L
LjfL L L|jL X X X X X X X |H L
L|lL L L|H x X x XX X X X |L H
tfitr v Hwlx L x x x x x X |[H L
LliL L H|lx H x x x x X X |L H
L|lL H L]x x L x x x X X |H L
Ll H L|lx x W x x x x x|[L H
LiL H H]lXx x x L x x x X |H L
L|lL H H|X x X H xX X X X |L H
LiwWw L L|x x x x L x X X |[H L
LI H L L|x x xXx x H x X X i{L H
L|H L H|X X X X X L X X |H L
Ll#H L H|lXx x x x X H X X |L H
LIH H Llx x x x x x L X |[H L
L|#H H L]lx x xXx xXx x X H X |L H
LW H H|X x xXx x x X X L |iH L
L{H H H|X x x x X X X HJ|L H

H = HIGH Voltage level

L = LOW Voltage level

X = Don't care

74151
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Vee = 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, S1and Sz. The “152” provides
in one package the ability to select from eight sources of data
or control information.

74
Max. Supply Current (mA) 43
Max. Delay, Data to inverting Output (ns) 17

o) 14 lo I3 lg g lg 17

10 So

9——1S4

8 —1]S2
! d
6

Vcc = Pin 14

GND = Pin 7

74152
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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 S1). 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 Ys) are forced LOW when the corresponding
enables (Ea and Ev) 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.

748 74 74L8
Type of Output Standard  Standard  Standard
Typ. Delay, Data to Noninverting Output (ns) 6 14 14
Typ. Delay Time, From Enable (ns) 95 17 17
Typ. Total Power (mW) 225 180 31
Truth Table
SELECT INPUTS INPUTS (a or b) OUTPUT

So $q E lo 1 2 i3 \{

X X H X X X X L

L L L L X X X L

L L L H X X X H

H L L X L X X L

H L L X H X X H

L H L X X L X L

L H L X X H X H

H H L X X X L L

H H L X X X H H
H = HIGH voltage levet
L ~ LOW voltage level
X = Don't care

74153
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2 — 51
7
Vce = Pin 16
GND = Pin 8
74153

11 12 13 15
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74154 1-0F-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 7418 74L
Type of Output Totem Pole Totem Pole Totem Pole
Typ. Select Time (ns) 195 23 55
Typ. Enable Time (ns) 17.5 19 45
Typ. Total Power (mW) 170 45 24

18 19 23 22 |21 |20
| | l

Ag Ay Ay Aj

1 2 3 4 56 7 8 9 10111213 1415

TTTTTTTTTTTTTTTT

1 2 3 45 6 7 8 9 10 1113 1415 16 17

VCC = Pin 24
GND = Pin 12

74154
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Truth Table

H
a| 74154
H

®lrrrxrrxrxrxx ITIIIITIT
IITTTIIIIIIIIIIIIIIIT
QI ITIITIITIIIIIIIIIILIT
N TIXITXITIITIIIIIIIILIIT
T[TXTIXITIXITITIIIIIIILIIII
QIETTTITXITITIITIIIIITIJIIIIT
@@ TTTIITITITIIITITIJIIIIIT
émIIIIIIIIIIIJIIIIIII
%mIIIIIIIIIIJIIIIIIII
@WIITITIIITIITISIIIIIIIIT
WITIIIIIIISIIIIIIIIIT
|IZIIIIIIJIIIIIIIIIIT
M ITITIIISIIIIIIIIIITII
WNEIIIIIOITIIIIIIIIIITT
=TI ITZJITIIIIIIIIIIIII
O TTTOITIIIIIIIIIIIIIT
QXXX AT T T T AT UTUT AT
QXXX AdIT A JITJLITIT LTI
Pl XXX T TTTaaaaTIIT
gfxxxJJJJJJJJIIIIIIII
Iu'l- T AT ddddd dddddddddadd
- I - T e e B

H = HIGH voltage level
L = LOW voltage level

X = Don't care

g




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 A1) 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 * Ea). Decoder a can accept
either true or complemented data in demultiplexing applica-
tions, by using the E. or Ea inputs respectively. The decoder
b enable gate requires two active LOW inputs (Eb * Eb). The
device can be used as a 1-or-8 decoder/demultiplexer by
tying Ea or Eb and relabeling the common connection address
as Az, forming the common enable by connecting the remain-
ing Eb and Ea.

7418 74
Type of Output Totem Pole Totem Pole
Typ. Select Time (ns) 18 21
Typ. Enable Time (ns) 15 16
Typ. Total Power (mW) 30 250
Truth Table
ADDRESS | ENABLE “a” OUTPUT “a” ENABLE “b” OUTPUT “b"
Ag Aq Ea E. [} £ 2 3 Eb Eb [} T 2 3
X X L X |H H H H| H X|H H H H
X X X H|H H H H| X H|H H H H
L L H L JL H H H L LJ|L H H H
H L H L |H L H H L L|H L H H
L H H L |H H L H L L|H H L H
H H H L |H H H L L L|H H H L
H = HIGH voltage level
L = LOW voltage level
X = Don't care.
74155
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7 6 5 4

‘Vce = Pin 16
GND = Pin 8

13 3

74155

Ao

DECODER "b"

9 10 11 12




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 A1) and provide four mutually exclu-
sive active LOW outputs (0-3). 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 Eainputs, respectively. The decoder
b enable gate requires two active LOW inputs (Eb*Ev). The
device can be used as a 1-or-8 decoder/demultiplexer by
tying Ea to Eb and relabeling the common connection address
as Az, forming the common enable by connecting the remain-
ingEbandEa.

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 7418

Typ of Output Open Collector Open Collector

Typ. Select Time (ns) 23 a3

Typ. Enable Time (ns) 18 26

Typ. Total Power (mW) 250 31

Truth Table

ADDRESS | ENABLE “a” OUTPUT “a” ENABLE “b” OUTPUT “b”

Ag A4 Ea E. ° T 2 3 Ep Ep o 1 2 3
X X L X(H H H H| H X |H H H H
X X X H|/H H H H| X H|H H H H
L L H L |L H H H L L L H H H
H L H L|H L H H| L L|H L H H
L H H L |H H L H L L|H H L H
H H H L |H H H L L L |H H H L

H = HIGH voitage level

L= LOVv{ voltage ievel

X = Don't care 751 56
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7 6 5 4

Vce = Pin 16
GND = Pin 8

74156

Ao
DECODER "b"

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.

748 7418 74 74L
Type of Output Standard  Standard Standard Standard
Type Delay, Data to Noninverting 5 9 9 40
Output (ns)
Typ. Delay, from Enable (ns) 8 14 4 60
Typ. Total Power (mW) 250 49 150 15

3 5 6 14 13 1 10

LI

12 ‘'ob ' loc '1c lod M"d

—{s
1
Ya Yo Yc Yd
Vce =Pin 16 I |
GND =Pin8 4 7 74157 12 9

336




Truth Table

SELECT| DATA
ENABLE | \\ouT | INPUTS OUTPUT
E S lo 14 Y
H X X X L
L H X L L
L H X H H
L L L X L
L L H X H

HIGH voltage level
LOW voltage level
Don't care

xXrr I
l

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 (Y). The enable input (E) is active LOW. When E
is HIGH, all of the outputs (Y) 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.

748 74L8
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
SELECT| DATA
ENABLE INPUT | INPUTS OUTPUTS

E S lo 14 Y

H X X X H

L L L X H

L L H X L

L H X L H

L H X H L

H HIGH voltage level
LOW voltage level
X Don't care 74158

-




15 2 3 ] 6 14 3 1 10

AL LTl

E loa 'ta 'oo ' loc 'ic 'od 14
1 cm— S
Ya Yb Ye Ya
- ﬁTt T 1T
Vece = Pin 16 4 7 L2 s
GND - Pin8

74158
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74159 1-0F-16 DECODER/DEMULTIPLEXER (0.C.)

The “159” decoder accepts four active HIGH binary
address inputs and provides 16 mutually exclusive active
LOW cutputs. 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 1-0f-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 AoeAs inputs.

74
Max. Supply Current (mA) 56
Max. Delay, Address ta Output (ns) 36

Truth Table
INPUTS OUTPUTS

Eo[E1|Az3 A2 A1 Agl0 1 2 3 4 5 6 7 B8 8 10 11 12 13 14 15
LIH|X X X X/IHH HHHHHHHMHMHHHHMHMH
HfL|[X X X X|H HHHHHHHHHHHHHHH
HIH|X X X X{H HHHHHHHHHHHMHHHH
L{L|L L L LILHHHHHHHHHUHHHHHH
Lt L L HIHLHHHHHHHHHHHMHUHH
Lfr/t L HLIHHLHHHHHHUHHHMHHMHUHMH
LiL/jL L HHHHHLHHHHHMHHHHMHHH
LiL{iL HL LIHHHHLHHHHMHMHAHMHUHUHMH
LiL|L H L HHHHHHLHHHHHHHHHH
LijLjL HHLHHHHHHLHMHMHHHHHHH
L|LfL HHHHHHMHHHHLHHHHHUHMHMH
LILIHLLLIHHHHHHHHLMHHHHHMHMH
L|L|HLLHHHHHHHHHMHLHMHHHMHH
L{L{H LHLHHHHHHHHMHMHLHHHHMH
L|lL{H LHHHHHHHHMHHMHMHAHLHMHHH
L{L/HHLLHHHHHHMHHMHHMHMHLMHMHH
LfL(H HLHHHHHHHHHHHHHHLMHH
LILIHHHLHHHHHMHHHMHHMHMHHMHLH
LiLIHHHHHHHHHHHHHMHHHHHHL

H = HIGH voltage level

L = LOW vollage level

X = Don't care

74159
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23 |22 |21 |20

Ao A1 A2 A3

0 1 2 3 4 56 7 8 9 11112131415

1 23 45 6 7 8 9 10 1113141516 17

Vee = 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 carr 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 D 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 (MR) input
sets all four of the flip-flop outputs LOW, regardless of the
levels of the CP, PE, 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 mput 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:

B HIGH-to-LOW transition on the CEP or CET input
if the clock is LOW.

B 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-Qs to the Do-Ds data that existed at the setup time
before the rising edge of PE. 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 G.e., CEP and CET are HIGH)
during some portion of the clock LOW period, and PE is
HIGH (nactive) during the entire clock LOW period, the
subsequent LOW-to-HIGH clock transition will change Qo-Qs
to the next count value.




48 74

Count Frequency (MHz) 25 25

Paraliel Load Synchronous Synchronous
Clear Asynchronous-Low Asynchronous-Low
Typ. Total Power (mW) 93 305

9 3 q 5 6

!

PE Dy Dy Dy Dy

7 CEP
10 —| cer TC p—— 18
2 cp

1——qMR Qp Q¢ Qp Q3

Ve = Pin 16
GND = Pin 8 14 13 12 1

MODE SELECT - FUNCTION TABLE

OPERATING INPUTS ouTPUTS
MODE Wh | cp | cep | CeT | PE | Dn QOn TC
Reset (Clear) L X X X X L L
Paraliel Load H X X I [ L L
H X X 0 h H ®)
Cowat H h h h{d) X count

Hold (do nofting) | H K | X | Moy | X ™ )
H X X | Key | my | x G L

M = HIGH volitage level steady staile.

L = LOW voitage level sieady siate

h = HIGH voltage level one setup twme prior 1o the LOW-10-HIGH clock transition

1= LOW voltage level one setup time prior to the LOW-10-HIGH clock transition

X = Don't care.

q = Lower Case istters indicate the state of the refereaced output prior 10 the LOW-lo-
HIGH clock transition.

§ = LOW-10-HGH clock transition

NOTES

(b) The TC output is HIGH when CET is HIGH and the counter is at Terminal Count (HLLH
for “160").

(¢) The HIGH-1o-LOW transition of CEP or CET on the 54774160 should only occur while
CP is HIGH lor conventional operation

() The LOW-10-HIGH transition of PE on the 5474 180 should only 00cur while CP is HIGH
for conventional operation.




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 1s
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

7418 74
Count Frequecy (MHz) 25 25
Parallel Load Synchronous Synchronous
Clear Asynchronous-Low Asynchronous-Low
Typ. Total Power (mW) 93 305

Dy 0Oy Dp D3

7 —q CEP
n—]er T—" 74161
2—f cp

1T—CQ M gy 01 0 Oy

3 12 "

Vgg = Pin 18
GND = Pin8
MODE SELECT - FUNCTION TABLE

OPERATING INPUTS OUTPUTS
MODE WR | cp | cep| cCeT| PE | Dn Qn TC
Reset (Clear) L X X X X X L L
Parallel Load H X X | | L L
H X X | h H (b)
Count H h h h(d) X count (b)
Hold (do nothing) H X [(9] X h(d) X qn (b)
H X X | ue)y | ) | X an L

H = HIGH voltage level steady state.

L = LOW voltage lavel steady siate

h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition

| = LOW voltage level one setup time prior to the LOW-10-HIGH clock transition

X = Don't care

q = Lower case letiers indicate the state of the referenced output prior 1o the LOW-to-
HIGH clock transition.

= LOW-10-HIGH clock transition.

NOTES

(b) The TC output is HIGH when CET is HIGH and the counter is at Terminal Count (HHHH
for “161%).

(c) The HIGH-to-LOW transition of CEP or CET on the 54 74181 should only occur while
CP is HIGH for conventional operation.

(d) The LOW-to-HIGH iransition of PE onthe 54 74181 should onty occur white CP s HIGH
for conventional operation.
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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.
7418
Count Frequency (MHz) 25
Parallel Load Synchronous
Clear Synchronous-Low

Typ. Total Power (mW) 93

MODE SELECT - FUNCTION TABLE

74

25

Synchronous
Synchronous-Low
305

OPERATING INPUTS OUTPUTS
MODE SR | cP | CEP [ CET | PE | Dn Gn TC
Reset (Clear) | 1 X X X X L L
Parallel Load h(d) X X | | L L
h(d) X X | h H ___(b)
Count h(d) h h h(d) X count (b)
Hold (do nothing) | h(d) X I(c) X h(d) X Qn (b)
hd) | X X i) | h(d) X Qn L

H = HIGH voltage level sieady stste

L = LOW voliege ievel steady state

h = HIGH voitage level one setup time prior to the LOW-to-HIGH clock transition.

| = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition.

X = Don't care.

Qq = Lower case ietters mdicate the state of the referenced outpul prior to the LOW-to-
HIGH clock transition

$ = LOW-to-HIGH clock transition.

NOTES

(b) The TC output 13 HIGH when CET 18 HIGH and the counter 18 at Terminat Count (HLLH
for “1827).

(c) The HIGH-to-LOW transition of CEP or CET on the 54 /74 182 should only occur while
CP 13 HIGH for conventional operation

(d) The LOW-10-HIGH Iransition of PE or SR on the 6474182 should only occur while CP
i1s HIGH lor conventional operation.

74162




9 3 4 5 6
PE D, Dy D, Dg
7 CEP
10 CET L
2 cP
1 qsn Q, Q@ Q; 03
1M 13 12 n
VCC=Pin 16
GND = Pin 8
74162

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.

Count Frequency (MHz)
Parallel Load

Clear

Typ. Total Power (mW)

9

!

74LS

25

Synchronous
Synchronous-Low
93

74

25

Synchronous
Synchronous-Low
305

PE
7 CEP
10 CET
2 — CP

TC 15

Ve = Pin 16
GND = Pin 8

74163
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MODE SELECT - FUNCTION TABLE

OPERATING INPUTS OUTPUTS

MODE SR | CP | CEP [ CET | PE | Dy Qp TC
Reset (Clear) | X X X X L L
Parallel Load h(d) X X | ] L L
h(d) X X [ h H (b)

Count h(d) h h 1. h(d) X count (b)
Hold (do nothing) | h(d) X I(c) X h(d) X Gn (b)
h(d) X X i(c) | h(d) X Gn L

H = HIGH voltage leve! steady stete.

L = LOW voitage level steady state.

h = HIGH voltage level one setup time prior to the LOW.10-HIGH clock traneition.

| = LOW voitage level one setup time prior 10 the LOW-t0-HIGH clock transition

X = Don't care.

q = Lower case letters ndicate the state of the relerenced outpul prior 10 the LOW-to-

HIGH clock transition.

§= LOW-10-HIGH clock trensition.

NOTES

{b) The TC output is HIGH when CET is HIGH and the cownter is at Terminal Count (HHHH
for “163")

() The HIGH-to-LOW transition of CEP or CET on the 54774163 shouid only occur while
CP is HIGH for conventional operation

(d) The LOW 10 HIGH transition of PE or SF on the 54 74183 should only occur while CP
s HIGH for conventional opetation

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*Dsb) 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.

74LS 74 74L
Shift Frequency (MHz) 25 25 6
Serial Data Input Gated D GatedD Gated D
Asynchronous Clear Low Low Low
Shift-Right Mode Yes Yes Yes
Shift-Left Mode No No No
Load No No No
Hold No No No
Typ. Total Power (mW) 80 175 30
Truth Table
OPERATING INPUTS OUTPUTS
MODE MR|CP| Dsa Dsb Qo Qi - Qy
Reset (Clear) L | X X X L L - L
H | ¢ 1 \ L Q4 - 9
H [] | h L Qo o Qg
Shift H + h t L Qg - G
H ) h h H Qg - 9
H = HIGH voitage level.
h = HIGH voltage level one setup time prior to the LOW-to+IGH clock transition.
L = LOW voltage level.
t = LOW voltage levei one setup time prior to the LOW-to-HIGH clock transition.
Q = Lower case letters indicate the state of the referenced input ior output! one setup
time prior to the LOW-to-HIGH clock transition
x = Don'tcare.
4 LOW-t0-HIGH clock transition

74164
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Vcec = Pin 14 '
GND =Pin7

74164
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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 (Qz and Q) available
from the last stage. When the parallel load (PL) input is LOW,
parallel data from the Do-Dr inputs 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>Qi1>Qz,etc.) witheachpositive-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
inputs should be LOW before the LOW-to-HIGH transition of
PL to prevent shifting the data when PL is released.

74
Shift Frequency (MHz) 25
Serial Data Input D
Asynchronous Clear None
Shift-Right Mode Yes
Shift Left Mode No
Load Yes
Hold Yes
Typ. Total Power (mW) 200
MODE SELECT - FUNCTION TABLE
OPERATING INPUTS Qn REGISTER | OUTPUTS
MODES — -
PL| CE CP | Dsg |Dp-D7 | G0 | Q1-Qg | Q7 | Q7
Paralleltoad [ | [ y | y | x L Lt | t-t L mH
L x| x| x H H H-H H L
Serial Shift H L | t | X L d0- 95 as e
Hit |  t|n X H | q0-95 |96 | Te
Hold“Do Nothing”| H [ x X q | 41-9s | a7 | G

H = HIGH voltage level.

h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition.

L= LOW voltage level

1= LOW voltage level one setup 1ime prior to the LOW-to-HIGH clock tranaition.

Q, = Lower case ietters indicate the stale of the referenced output one setup time prior
to the LOW-to-HIGH clock transition.

X = Don't care.

§ = LOW-to-HGH clock transition. 74165
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1 1 12 13 14 3 4 5

6
PL Do Dy D D3 Dg Ds Dg D7
10 — Ds
2 —{cp
15 —o|CE
Q; Q7
; 9 7
Vcc = Pin 16
GND = Pin 8
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
(Qu>Q1>Q2) with each positive-going clock transition. For
expansion of the register in parallel to serial converters, the
Q- 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 (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 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 D
Asynchronous Clear Low
Shift-Right Mode Yes
Shift-Left Mode No
Load Yes
Hold Yes
Typ. Total Power (mW) 360




Vee = Pin 16 74166
GND = Pin 8

MODE SELECT—FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODE ——
cP |u/D [TEP [CET | PE | Dy Qn TC
Parallel Load t | x| x| X 1 I L (b)
t x [ x| x ! h H (b)
Count Up t h 1 ] h X Count (b)
Up
Count Down t | | | h X Count (b)
Down
Hold (do nothing) t x| h|[x]|n}]X an (b
t X | x| hijn|X an H

H = HIGH voltage level steady state.

L = LOW voltage leve! steady state.

h= mw«mwmmmammnome-cmcmmm

1= LOW voltage level one setup time pnos to the LOW-10-HIGH clock transiton.

X = Don't care.

q= LmuubnmwicncmumoﬂmrmdommloMLWw
HIGH clock transition.

§ = LOW-10-H1GH clock Iransition.

NOTE
b. The TC is LOW when TET is LOW and the counter is ot Terminal Coust. Terminal Count
Up i (HLLH). and Termnal Count Down is (LLLL).




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 Dninputs
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 (U/D) 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 accomplishing 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 witha
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.

7418
Count Frequency (MHz) 25
Paraliel Load Synchronous
Clear None
Typ. Total Power (mW) 100
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Vee = Pin 16 I

GND = Pin 8 14 13 12 1"
74168
MODE SELECT—FUNCTION TABLE .
INPUTS OUTPUTS
OPERATING MODE T
. CcP |usD |CEP [CET | PE | Dy Qp c
Parallel Load t X X X | | L (b)
t x| x { x| |n H (b)
Count Up t h I ] h X Count {b)
Up
Count Down t 1 | | h X Count (b)
Down
Hold (do nothing) b xf{n | x| n|x Gn (b)
t x| x| h|n|X Qn H

H = HIGH voltage fevel sieady state.
L = LOW voltage leve) steady stale

h = HIGH voltage level one setup time pnor 12 the LOW-to-HIGH clock transiion
| = LOW voltage level one selup time prior to the LOW-to-HIGH clock iransition

X = Don't care

q = Lower case letters indicate the state of the referenced outpul prior 10 the LOW-to-

HIGH clock transition.
f- LOW-to-HIGH clock transition.

NOTE

b. The TC 1s LOW when TET 1s LOW and the counter 1 st Terminal Count. Termina! Count

Up i (HLLM). and Termwmval Count Down 1s (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 (P (PE) input
disables the counter and causes the data at the Dninputs 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 (U/D) 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 accomplishing 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 TC
output, thus enabled, will produce a LOW output pulse witha
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.

74LS
Count Frequency (MHz) 25
Parallel Load Synchronous
Clear None
Typ. Total Power (mW) 100
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Vee = Pin 16

. 74169
GND = Pin 8
MODE SELECT—FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE —T— T T —
cP |u/D |CEP |CET | PE | Dp Qp TC
Paraliel Load t | x | x| X | 1 L (b)
t X X X | h H (b)
Count Up t h 1 1 h X Count (b)
Up
Count Down t | 1 i h X Count (o)
Down
Hold (do nothing) t X [ h| X |h|X an (b)
¢t | x{x|[n|[n]X Gn H

H = HIGH voltage leve! steady siate

L = LOW voltage level steady atate

h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition

| = LOW voltage level one setup time prior to the LOW-t0-HIGH clock transition

X = Don’t cere

q = Lower cese letters indicate the state of the referenced output prior to the LOW-to-
HIGH clock trangition

§ = LOW-toHIGH clock transition

NOTE

b. The TC ia LOW when CET is LOW and the counter is at Terminal Count. Tormine! Count sp
is (HHMH) and Termmnai 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 Wa)determine 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 inverting) 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
Rs). 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.

74L8 74
Typ.AddressTime(ns) 27 30
Typ. Read Enable Time (ns) 15 15
Oata Input Rate (MHz) 20 20
Typ. Total Power (mW) 125 635
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13 1 2 3

fto—=

w—-7_w, Dg Dy D Dy
13 —q Wg
s — R,
4« —Rg
11 —O Re Q, 0, 0, 0,
10 9 7 [}
Ve = Pin 18 74170
GND = Pin 8
WRITE MODE SELECT TABLE

OPERATING | INPUTS | NTERNAL

MODE WE Dy |LATCHES(D)
Write Data L L L
L H H
Data Latched H X no change
NOTE

b. The Write Address (W, & Wp) to the “internel latches®
must be stable while is LOW for conventional oper-

ation.
READ MODE SELECT TABLE
INPUTS OUTPUTS
OPERATING Trernal
MODE
RE || archesie)| On
Read L L L
L H H
Disabled | H X H
NOTE

c. The Read Address (Rp & Rg) changes to select the
“internal latches” are not constrained by WE or RE op-
oration.

H = HIGH voltage level

L = LOW voltage level

X = Don’t care

74170




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 Dai1) into one of eight register locations
selected by the address inputs (Aao, Aa1 and Aaz). When the
write enable (WEa) input is LOW one setup time prior to the
LOW-to-HIGH transition of the Clock (CP) input, the datais
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 (Ao, Ae1 and Asz). When the read enable
(REB) is LOW, the selected 2-bit word appears on outputs
QgBo and Qg1. When REg is HIGH. the Qo 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,
Aci1 and Acz). 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 wrifing 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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s eye e

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 loadedinto
the slaves or be available at the outputs until the clock goes

HIGH.
3 2 123 9 8 715

[T N N S N I )

WEA AA0 AA1AA2 ABO AB1 Ag2 REg
22 — bao Ggo |— 14
6 —{cp
21 —{ Dco Qcop—1
5 —{bc1 Qoc1 j—M
. WEC ACOAC1AC2 REC
VCC = Pin 24 | | | Y
GND=Pin12 20 17 18 19 24172 16
WRITE MODE SELECT TABLE
OPERATING MODE INPUTS ADDRESSED REGISTER
cp WE Dn
Write Data(b) 1 1 1 L
t ) h H
Hold(c) ' h no change
READ MODE SELECT TABLE
OPERATING INPUTS OUTPUTS
L2l RE ADDRESSED REGISTER Qn
Read L L L
L H H
Disabled H X @
H = HIGH voltage level staady state NOTE
h = HIGH voltage leve! one setup time prior to the b. The Write Address (Ap & Ac) 10 the “internal register™
LOW-t0-HIGH or HIGH-10-LOW clock transition. must be stable white and CP are LOW for conven-
L = LOW voltage ievel steady state tional operation.
| = LOW voltage leve! one setup time prior ¢. The Write Enable must be HIGH before the HIGH-to-
10 the LOW-10-HIGH clock transition. LOW Clock transttion to ensure that the data in the
X = Don't care. register is not changed.

{Z) = thgh impedance “off” stete
{ = LOW-t0-HIGH clock transition
| = HIGH-to-LOW clock transition

74172




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 (E: and Ez) 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 E 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 (OE:1 and OE2) 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
Frequency (MH2) 25
Asynchronous Clear High
Typ. Total Power (mW) 250

14 13 12 1N

D, D, D;

Q O
Voo = o [
CcC Pin 16 15 3 4 5 6
GND = Pin8 74173
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MODE SELECT—FUNCTION TABLE

REGISTER INPUTS OUTPUTS
OPERATING MODES MR cP 3 E> Dn Qn (Register!
Reset (clear) H X X X X L
L t I i ! L
Hald (Na change! EEX R om X -
3-STATE BUFFER INPUTS OUTPUTS
OPERATING MODES Qn (Register) OE; | OEx Qo. Q1. Q2. Q3
L L L L
G H L | ¢ H
Disabled § : p)-(q :g
JOTES

H  HIGH voltage levet

h  HIGH voitage levet one setup hime pnor to the LOW-to-HIGH clock transsion

L LOW voltage level

| LOW voltage level one setup time prior to the LOW-10-HIGH clock Iransition

an  Lower case letters indicale the state of the referenced mput 1of Output! one sehup
time pnor o the LOW-to-HIGH clock transition

X Dontcare
2" High impedance off state
' LOW-to-HIGH transition

74173




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.

748 74LS 74

Frequency (MHz) 75 30 25
Asynchronous Clear low Low Low
Typ. Total Power (mW) 450 80 225
MODE SELECT-FUNCTION TABLE .
INPUTS OUTPUTS
OPERATING MODE
MR cp Dp Qn
Reset (clear) L X X L
Load “1" H f h H
Load “0" H t ] L

H = HIGH voltage level steady state

h = HIGH vollage level one setup ime priof 10 the LOW to HIGH clock transion
L = LOW voliage level steady stale

| = LOW voltage level one setup lsme prioe 10 the LOW 10 HIGH clock traasilion
X = Don’t care

4 = LOW-10-HIGH clock transiion

74174
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n 13 14
Dy D, D, D, D, Dg
9 — cP
1 —QO| MR
Qp 0y 0 03 04 Qg
2 5 7 10 12 15
VCC = Pin 16
GND = PIN 8
74174
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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 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 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 MR 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.

748 7ALS 74

Frequency (MHz) 7% 30 25
Asynchronous Clear Low Low Low
Typ. Total Power (mW) 300 55 150

MODE SELECT—FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODE
["] cp On Gn -2
Reset (clear) L X X L H
Load “1” H 1 ) H L
Load 0" H 1 ) L H

H = HIGH voltage level steady state.

h = HIGH voltage level ane setup time prior to the LOW-to-HIGH clock transition.
L = LOW voltage level steady state.

1 = LOW voltage level one sstup time prior to the LOW-to-HIGH clock transition.
X = Dont care.

1 = LOW-10-HGH clock transition.
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4| Ei 12 13
D.o [» 2 D2 D3
9 cp
1 MR _ _ _
Qg Qo Q4 Q1 Q2 Q2 Q3 Q3
1T 1 § 1 1T |
3 2 6 7 1" 10 14 15
Veg = Pin 16
GND = Pin 8
74175
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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 P 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 aninverter 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 Pt 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 P and Po inputs, respectively, of the succeed-
ing stage.

74
Typ. Delay Time (ns) 35
Typ. Total Power (mW) 170
Truth Table
INPUTS OUTPUTS]
Number of HIGH
Data Inputs (lg-17) |Pg (Po| 2 |0
Even H|L H L
00d hitit (M 74180
Even L|H L H
Odd LIH H L
X HIH L L
X L |L H H

H = HIGH voltage level
L = LOW voltage leve!
X = Don’t cera
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8 9 10 11 12 13 1 2
o 4 lé I3 l§ ls lé I7
3 — PE
4 — Po
2E 20
5 6
Vee = 14
GND =Pin7
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...Ss3) 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 Cn +4 output, or for
carry look ahead between packages using the signals P(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 (Cn+4) signal to the carry input (Ca) 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 F 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 Cn +4
signal to indicate A>B and A<B.

The function table lists the arithmetic operations that are
performed without a carry in. Anincoming 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 (1s
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.

74
Typ. Carry Time (ns) 125
Typ. Add Time (ns) 24
Typ. Total Power (mW) 455

2 1 2322 2120 1918

L ) L] L) *)

ApBp A18Bq

A2B2 A3B3
Cn+4

W OO ©® N

9 10 LR 13

Vee = Pin 24
GND = Pin 12
74181
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g,: MODE SELECT—FUNCTION TABLE

MODE SELECT ACTIVE HIGH INPUTS
INPUTS & OUTPUTS
LOGIC ARITHMETRIC"
S3 S2 84 So (M=H) M=L)(Ch=H)
L L L L A A
L L L H A+B A+B
L L H L AB A+B
L L H H Logical O minus 1
L H L L AB A plus AB
L H L H B (A + B) plus AB
L H H L APB A minus B minus 1
L H H H AB AB minus 1
H L L L A+B A plus AB
H L L H A®DB Aplus B
H L H L B (A + B) plus AB
H L H H AB AB minus 1
H H L L Logical 1 A plus A*®
H H L H A+B (A + B) plus A
H H ™ L A+B (A+B)plus A
H H H H A A minus 1

“Each bit is shifted to the next more significant position
* *Arithmetic operations expressed in 28 complement notation

L = LOW voltage level
H = HIGH voltage level

74181

NP p——



S.8

MODE SELECT

ACTIVE LOW INPUTS

INPUTS & OUTPUTS
LOGIC ARITHMETIC™
S3 S2 $1 So M=H) M=L)(Cph=1L)
L L L L A A minus 1
L L L H AB AB minus 1
L L H L A+B AB minus 1
L L H H Logical 1 minus 1
L H L L A+B A plus (A + B)
L H L H B AB plus (A + B)
L H H L ADPB A minus B minus 1
L H H H A+B A+B
H | L L AB A plus (A + B)
H L L H A®B Aplus B
H L H L B AB plus (A + B)
H L H H A+B A+B
H H L L Logical O Aplus A*
H H L H AB AB plus A
H H H L AB AB plus A
H H H H A A

*Each bit is shifted to the next more significant position

* *Arithmetic operations expressed in 28 complement notation

L = LOW voitage level
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 (Po, P1, P2 and P3) and
carry generate (Go, G1, Gz and Gs) signals and an active HIGH
carry input (Cn) and provides anticipated active HIGH carries
(Catx Ca + y Ca+z).across four groups of binary adders. The
“182" also has active LOW carry propagate (P) and carry
generate (G) 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.

748 74
Typ. Carry Time (ns) 7 13
Typ. Total Power (mW) 260 180

4 3 2 1 1514 6 5

Po Go P1 G

P2 G2 P3 G3
G 10

13 —4 Cn

Lcn+x Cn+y Cn+z

12 11 9
Vcc = Pin 16
GND = Pin 8
74182
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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—As). 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 | 'NPUTS | OUTPUTS
MODE Cs |[WE | D, On
Write - Disable| L | L | L 2)
Outputs L|L|H (2)
Read L{H]|X Data 74189

Store - Disable

Outputs al 1} ed e 2

H = HIGH voltage level

L = LOW voltage level

X = Don't care

Data = Read complement of dats from addressed word
location

(2) = High impedance “off” state
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74189

2 4 6 10 12 3
CSs b1 62 D3 D4 WE
Ao
A4
A2
A3
04y O2 O3 O4
77377
5 7 9 1
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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
(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 (U/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 U/D input should be
changed only when either CE or CP is HIGH.

7418 74
Count Frequency (MHz) 20 20
Paraliel Load Asynchronous Asynchronous
Clear None None
Typ. Total Power (mW) 100 325

1" 15 1 10 9
6 1 1 1 |

PL Do Dy Dy Dj3

5 —uD RC fo— 13
4 —qCE
14 —{cp TC }— 12
Qo 0Oy Q2 Q3
Vee = Pin 16 | I | I
GND = Pin 8 3 6 7

380




N-STAGE COUNTER USING

RIPPLE CLOCK

DMECTION -
CONTROL L
uo RC 00 RC 00 RC -
iinaBLe CcE CE CcE
cLock cp [ [cr
SYNCHRONOUS N-STAGE COUNTER Figure B
USING RIPPLE CARRY/BORROW
CONTROL ! b
0/0 RC 00 RC 00 RCP—~=
ENARLE ——0f CE r—L——d cE D—l—c CE
— cp r- ce [— cp
cLocK ) 4 -
SYNCHRONOUS N-STAGE COUNTER Figure C
WITH PARALLEL GATED
OIMECTION CARRY/BORROW .
CONTROL
ENABLE =
00 [v],-] l_ 00
ce CcE CcE
—jce  1C cp TC —cp  tCp— -~
cLOCK I_ —
74190
MODE SELECT-FUNCTION TABLE
OPERATING INPUTS OUTPUTS
Ll PL U/o CE cP Dn Qn
L X X X L L
Parallel load L X X X H H
Count up H L | 1 X count up
Count down H H | 1 X count down
Hold “do nothing” H X H X X no change
TC AND RC TRUTH TABLE
INPUTS TERMINAL COUNT STATE OUTPUTS
u/p CE cp Qo Q4 Q2 Q3 TC RC
H X X H X X H L H
L H X H X X H H H
L L s H X X H H o
L X X L L L L L H
H H X L L L L H H
H L s L L L L H h
H = HIGH voltage level steady state. 741 90

L = LOW voltage lavel steady state.

!-LOWvoﬁmMmmuplmWh“wamm.

X = Don't care.
| = LOW-to-HIGH ciock transition.
T = 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 (U/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 u/d input should be
changed only when either CE or CP is HIGH.

Count Frequency (MHz) ZGI.S Zg
Parallel Load Asynchronous Asynchrous
Clear None None
Typ. Total Power (mW) 90 325
MODE SELECT-FUNCTION TABLE
OPERATING INPUTS OUTPUTS
MODE PL U/0 CE cp On Qn
Parallel load L X X X L L
L X X X H H
Count up H L | [] X count up
Count down H H ] [] X count down
Hoid “do nothing” H X H X X no change
74191
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D4 D 2 D 3
RC pO— 13
TC p— 12
Qy Qp Q3 J
2 6 7
VCC = Pin 16 7419
GND = Pin 8
TC AND RC TRUTH TABLE
INPUTS TERMINAL COUNT STATE OUTPUTS
U/D | CE CcP Qp Q4 Q2 Q3 TC RC
H 3 X H H H H L H
L H X H H H H H H
L L r H H H H H r
L X X L L L L L H
H H X L L L L H H
H L r L L L L H ir
H = HIGH voitage level steady state. 741 91

L = LOW voltage ievel steady state.

) = LOW voltage level one setup time prior to the LOW-t0-HIGH clock transition
X = Don’t care.

§ = LOW-to-HIGH clock transition

I = LOW pulse.




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 JK 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 (CPp) 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
(TCpb) 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 TCu to go LOW. TCu will
stay LOW until CPu goes HIGH again, duplicating the count-
up clock, although delayed by two gate delays. Likewise, the
TCp output will go LOW when the circuit is in the zero state
and the CPp goes LOW. The TC outputs can be used as the
clock input signals to the next higher order circuitin 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 (PL) inputis 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.

7418 74 U

Count Frequency (MHz) 25 20 6

Paraliel Load Asynchronous  Asynchronous Asynchronous

Clear Asynchronous-  Asynchronous- Asynchronous-
High High High

Typ. Total Power (W) 85 325 40

LOGIC EQUATIONS
FOR TERMINAL COUNT

Count Up
Count Down — — — o e — — —
74192  wook SELECT - FUNCTION TABLE
OPERATING WPUTS OUTPUTS
MOOE (wn|PL Do. Dy, D2, D3 |Go. Oy, 02, 03| Ty | TCo
Mix|x]ujx x x x{t L L v H L
Reset (Cloer)
M x|X|HW|x x x x|L L L L L] L]
Paraliel load tfefxfejer ¢ v i L L ot H L
tfuxiM|e ¢ v oL ¢ L L H H
LfLjLx|H X X H Qg=Dy L H
Litimw|x|n x x H Qp=Dy H|H
Coun vp LM [m|x x x x Count vp H®) | M
Coun down L mim| 1 |x x x x| Countdown H e
jidrfemmsd 74192

€ Tig = CPp ol tormmal covat doum RLLLLY
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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 (CPo) 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 (T'Cu) and terminal countdown (TCp)
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 TCu to go LOW. TCu will stay LOW until CPu goes
HIGH again, duplicating the countup clock, although delayed by two
gate delays. Likewise, the TCp output will go LOW when the circuit
is in the zero state and the CPp goes LOW. The TC 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 — Ds) 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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748 74 gﬂ.

Count Frequency (MH2z) 25 20

Parallel Load Asynchronous Asynchronous Asynchronous

Clear Asynchronous- Asynchronous- Asynchrnous-
High High High

Typ. Total Power (mW) 85 325 40

LOGIC EQUATIONS FOR
TERMINAL COUNT

" " 1 L] 1
S T
M Dg Dy D2 [>1]
Toy o—"n
s—q4CPy
4—4CPp
TCpo—1
MR Op 0y D2 D3

Ve = Pin 18
sﬁg =ping 74193

MODE SELECT-FUNCTION TABLE
OPERATING INPUTS OUTPUTS
MODE MR | PT |cPy(cPp| D001.0203 | Q0.01.02,03 Tcy |TCo
Reset(clear) | H | X | X | L | X X X X L L LL H L
H| X! X]H]X X XX L L LL H H
Parallel ioad L] x{rjLrterteet L L L L H L
Ll x|HiLLLL L L L L H H
LiL|L|X]|HHHH H HHH L H
LIL|H|[X]|HHHH H HHH H H
Count up Liw|1|H]x XXX Count up HD) | H
Count down L|HIH]T|X X XX Count down H | K@)
H = HIGH voltage level NOTES
L = LOW voltage level b. TGy = CPy at terminal count up (HHHH)
X = Don't care —
| = LOW-10-HIGH clook transition <. ‘l’co-u’o-nmdemmm
74193
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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>Qs, etc.) or right to left (shift left, Qs—>Qz, 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 745194 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 datainputs 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 — Ds) are D-type inputs. Data
appearing on Do — Ds inputs when So and Si are HIGH are transfer-
red to the Qv — Qs 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.

748 74LS 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




2 2i 4 5 6 7
Dsp Do D D2 D3 DsL
10 Sq
11 CcP
MR Q, Q; Q, Q4
r 11
1 18 14 13 12
Vee = Pin 16
GND = Pin 8
74194
MODE SELECT - FUNCTION TABLE
OPERATING INPUTS OUTPUTS
MODE CP {MR | Sy | So|Dsr DsL |Dp| Qo Q@1 Q2 Q3
Reset (clear) X L X X X X X L L L L
Hold (do nothing) | X H [ib) | b)) | X X X | g Q1 Q2 Q3
Shift Left + H h [IB) | X 1 X | q1 a2 a3 L |
] H h [Ib) | X h X|[a e q3 H
"Shift Right Y THIK | h [ T X | X[ L g a1 Q2
t H i) [ h h X X H 90 Q1 Q2 |
Paraliel Load t TH | h [ h| X X |dy| dg dy dp ds
H = HIGH voltage level

h = HIGH voltage level one setup time prior to the LOW-1o-HIGH clock transition.

L = LOW voltege level

1| = LOW voltage levet-one setup time prior to the LOW-to-HIGH clock transition.
dy(Qp) = Lower case letters indicate the state of the referenced input (or output) one

setup time prior to the LOW-10-HIGH clock tranaition.

X = Don't cave

§ = LOW.-t0-HGH clock tranaition

NOTES

b. The HIGH-10-LOW transition of the 8o and 8 inputs on the §4/74 104 shouid only teke
place while CP is HIGH for coaveational operation.

74194




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 ontwoprimary modes: shift right (Qo—> Q1)
and parallel load, which are both controlled by the state of the
parallel enable (PE) input. Serial data enters the first flip-flop (Qo)
viathe] andK i inputs whenthe PEinput is HIGH, andis shifted one bit
in the direction Qo->Q:1->Q2->Qsfollowing 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
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 —
D) is transferred to the respective Qo — Qs outputs. Shift left
operation (Qs—>Qz) can be achieved by tying the Qn outputs to the
Dr-tinputs 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 logic operation, other than the setup
andreleasetimerequirements.

A LOW on the asynchronous master reset (MR) 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 MR transition should only occur while the clock is LOW to
avoid false clocking of the 74195.

748 74 7418
Shift Frequency (MH2) 70 30 30
Serial Data Input K X K
Asynchronous Clear Low Low Low

748 74 7418
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

390
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PE Do D, D> Dj
2 —1 J
10 — CP Q; p— M
3—4 K
mp Qp Q@9 Q Q3
T
1 15 14 13 12
VCC - Pin 16
GND = Pin 8
74195
MODE SELECT—FUNCTION TABLE
OPERATING INPUTS OUTPUTS
MODES MR|cP|PE| 4 | K| Da|0Qp @y Q2 Q3 @3
Asynchronous Reset L X X X X X L L L L H
Shift, Set First Stage Hl{d|[nin]|hn|X|H a a e @
Shift, ResetFirstStage | H | $ 1 h | 1 | 1 | X | L @ a1 @ @
Shift, Toggle FirstStage | H| [ h | n | 1 | X |G a0 a1 @ G2
Shift, RetainFirstStage | H | 1 | h | 1 | h | X |a 6 a1 a2 @2
Paralle! Load H| 31l 1| x| x|dy|do dy d2 d3 d3

H = HIGH Voltsge Level.

L = LOW Vottage Level.

X = Don't care.

I = LOW Votiage level one setud time prior 10 the LOW-1o-HIGH clock iransition.
h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition.

dy (q,) = Lower case letters indicate the state of the referenced input (or output) ore
setup time prior 10 the LOW-10-HIGH clock transition.

f- LOW-10-HIGH clock transition.

74195
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74196 PRESETTABLE DECADE RIPPLE CdUNTER

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 CPoinput, while the CP1
input triggers the divide-by-five section. The Qo output is
designed and specified to drive the rated fanout plus the CP1
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 CP1. Qo becomes
the low-frequency output and has a 50-percent duty cycle
waveform with the input connected to CP1 and Q3 driving
CPo. 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 — Ds3)
inputs into the flip-flops. The counter acts as a transparent
latch while the PL is LOW, and any change in the Dninputs will
be reflected in the outputs.

74 7418
Count Frequency (MHz) 50 30
Parallel Load Yes Yes
Clear Low Low

Typ. Total Power (mW) 240 60




1 ] 10 3 11
74196
PL D 0 D 1 D 2 D 3
8 —-———-q CPg
6 ——q CcP 1
1 R
3 Oi M Qg Q4 Q2 Qg
VCC = Pin 14
GND =Pin7
5 9 2 12
MODE SELECT—FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE
MR L [+ On Qn
Reset (Clear) L X X X L
Parallel Load H L X L L
H L X H H
Count H H ‘ X count
H = HIGH voliage level
L = LOW voitage level
X = Don't care
{ = HIGH-10-LOW Clock Transition
COUNT SEQUENCES
8cD DECADE () BI-QUINARY (€)
COUNT Q3 Q2 Q4 Qo COUNT Qo Q3 Q2 Q4
[+] L L L L [+] L L L L
1 L L L H 1 L L L H
2 L L H L 2 L L H L
3 L L H H 3 L L H H
4 L H L L 4 L H L L
[} L H L H [} H L L L
] L H H L ] H L L H
7 L H H H 7 H L H L
] H L L L ] H L H H
9 H L L H 9 H H L L
MOTES 74196

. Input applied to CPq: Qg connected to CPy.
€. inpu applied to GPy; Oy connected 1o CPo-




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 CP1 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 — Ds3) 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 7418
Count Frequency (MHz) 50 30
Parallel Load Yes Yes
Clear Low Low
Typ. Total Power (mW) 240 60
MODE SELECT—FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE
MR PL cpP Dp Qn
Reset (Cloar) L X X X L
Paraliel Load H L X L L
H L X H H
Count H H } X count
H = HIGH voitage level X = Don't care
L = LOW voitage level | = HIGH-10-LOW Clock Transsion

74197
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LOGIC SYMBOL

1 4 10 3 1"
PL Dp Oy D, D3
8 —O CPg
s —l cP,
13 —Q A Q 0y 0 Qg
Vog = Pin 14 s ¢ 2 n
GND = Pin 7
74197
COUNT SEQUENCE
4-BIT BINARY(P)
COUNT
Q3 Q2 09 Q
o L L L L
1 L L L H
2 L L H L
3 L L H H
4 L H L L
5 L H L H
6 L H H L
7 L H H H
8 H L L L
9 H L L H
10 H L H L
11 H L H H
12 H H L L
13 H H L H
14 H H H L
16 H H H H
- 74197

b. Qg conected to CP,; input applied to CPg
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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 memory 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->Q, etc.) or right to
left (shift left, Q7—>Qs, 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
datainputs (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 — D7) are D-type inputs. Data appear-
ing on Do — D7 inputs when So and S1 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
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MODE SELECT—FIMPT'ON TABLE

INPUTS OUTPUTS
OPERATING MODE —

CP|MR| S1 | So |Psa |DsL |Dn|Q0 Q1...Q8 Q7
Reset (clear) Xx{Lfx{x{x|x|x|Lt ...t t
Hold (do nothing) tIH| @] | x | x | X|a ar...98 a7
Shift Left t|H|n || x [1 {x]a a2...97 L

t|H| n [ x | h [X|ay a2...a7 H
Shift Right tH]®| n |1 | X |X|L a-..05 g8

$|H{K| h | h | X |X|H a...05 Q8
Parallel Load tlH|lnln|n ]| x |dodo d1...08 d7

74198

H = HIGH voltage level

h = HIGH voitage level one setup time prior to the LOW-to-HIGH clock transition

L = LOW voltage level

I= Lowmuomummm'mmmmuowmmumnm

dy (aq) = Lower case letters indicate the state of the referenced input {or output) one
setup time prior to the LOW-to-HIGH clock transition

X = Don't care

= LOW-to-HIGH clock iransttion

NOTE

b The HIGH-to-LOW trasition of the Sg and S inpets on the 54/74198 should osly take
place while CP 18 HIGH for conventional operation.

3 5 7 9 15 17 19 2

I B |

1—4S0 ©0p Dy D2 D3 Dg Ds Dg D7

— DL

» B 8

—DSR

11 —jJcPmpr Q0 Q1 Q2 Q3 Q4 Qs Qe Q7
13 4 6 8 10 14 16 18 20
Voe = 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—>Q1)
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 s shifted one bit in the
direction Qo—»>Q:1>Q2->Qs, 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—Dn)is transferred to the respective (Qo—Qr)outputs.

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, Dn 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
CE 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 3K
Asynchronous Clear Low
Shift-Right Mode Yes
Shift-Left Mode No
Load Yes
Hold Yes

Typ. Total Power (mW) 360




23 3 5 7 9 16 18 20 22

D4 Ds De D7

11 —Cy CE

MR Qo Q1 Q2 Q3 Q4 Qs Qe Q7

R
14 4 6 8 10 15 17 19 21
VCC=Pin24
GND = Pin 12 74199

MODE SELECT—FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODES

MR|cP| CE |[PE| J | K |Dn| Q0 09...Q¢ Q7
Reset (clear) LIx| x [ x]|x|[x|x|L L..L L
Shift, Set First Stage H| ¢ | h|h|h|X|H q...95 qg
Shift, Reset First Stage H |t { h| 1|1 [X]|L Q...q95 ag
Shift, Toggle First Stage H| ¢ | h|h|V|X |G q.--95 Q6
Shift, Retain First Stage H ¢ I h| I |[h|X|a Q-.---95 98
Parallel Load Hlt | 1 |1 |x|Xx]|dy|do dy...d¢ d7
Hold (do nothing) Hit | n®|x|x|x|x|a a1...-a6 a7

H = HIGH voltage level steady state

h = HIGH voltage lavel one setup ime pros 10 the LOW-10-HIGH clock transdion

L = LOW voitage level steady state

1 = LOW voltage leve!l one setup ime priof 10 the LOW-10-HIGH clock transition

X = Don't Care

dy (G} = Lower case letters mdicate the state of the referenced input {or oviput) one
setup ime prior 10 the LOW-10-HIGH clock iransition

§ = LOW-10-HIGH clock transstion

NOTE

b The LOW-10-HIGH transstion of CE shouid only occur wile CP 18 HIGH for conventione!
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 (B),
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 Ve 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 (Rp. 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 Rex=2k
and Cex=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 internal com-
pensation and s 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 Ve ranges for more than six decades of timing
capacitance (10pF to 10uF) 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 In2
tw (out) = (0.7Cext Rext




In circuits where pulse cutoff is not critical, timing
capacitance of up to 1000uF 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.

748
Positive Inputs 1
Negative Inputs 1
Output Pulse Range (ns to s) 20ns — 70s
Typ. Total Power (mW) 23

3,1
Rp
Vee = Pin 16 o
GND = Pin 8 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,
S1 and S2) controlling the switch position. Assertion (Y) and
negation ( (Y) outputs are both provided. The output enable
input (OE) is active LOW. The logic function provided at the
output, when activated is:

Y=0E Q0 +S0*S2+I1+SoeS1 ¢S +1I S0
*S1+S2+heSoeS1 e +LeST
*Se+I5+S0¢S1eS2+I6°SoeS1eS2 +1I7
*Soe+S1eS2).

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. Allbut
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.

748 74 7418
Type of Output 3-State 3-State 3-State
Typ. Delay, Data to Inverting Output (ns) 45 1 17
Typ. Delay, Data to Noninverting Output (ns) 8 18 21
Typ. Delay, From Enable (ns) 14 17 21

Typ. Total Power (mW) 275 185 35
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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 S1). 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=OFE:+(oaeS1eSo+ ISt
S0+ Ioa* S1¢So + Isa » S1 ¢ So)

Yb=-6Eb‘(10b°§'.§-0+Ilb'§
*So+IzbeS1eSo+ Isp « S1 e 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.

74L8
Type of Output 3-State
Typ. Delay, Data to 12
Noninverting Output (ns)
Typ. Delay, From Enable (ns) 16
Typ. Total Power (mW) 35
Truth Table
SELECT OUTPUT
INPUTS DATA INPUTS ENABLE OUTPUT
So  S1 lo " 2 I3 oF Y
X X X X X X H 2
L L L X X X L L
L L H X X X L H
H L X L X X L L
H L X H X X L H
L H X X L X L L
L H X X H X L H
H H X X X L L L
H H X X X H L H
H = HIGH voitage level
L= LOW.I voltage level
23 = beoh mpucance (0 stats 74253
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15

1 6 5 4 3 10 1M 12 13
Fé R *1
OEa '0a '1a '2a '3a 'ob ' '2b 'ab OFp
2'—‘51
Ya Yb
| |
7 9
Voe = Pin 16
GND = Pin 8

74253
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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 = E = LOW), addressed outputs
will follow the level of the D inputs wiii 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
CIR| E | D |Ap A1 |Q9 Q1 02 Q3
Clear L H X X X L L L L
Demultiplex L L d L L |Q=d L L L
(active HIGH decoder L L d H L L Q=d L L
when D=H) L L d L H L L Q=d L
L L d H H L L L Q=d
Store (do nothing) H H X X X g 91 Q2 4q3
Addressable H L d L L |Q=d qy q2 4q3
latch H L d H L Qo Q=d q2 q3
H L d L H | a0 qy Q=d q3
H L d H H g 4q q2 Q=d
H = HIGH voltage level steady stste.
L = LOW voitage lavel steady state.
X = Don't care.
d = HIGH or LOW data one setup time prior to LOW-10-HIGH
Ensbie transition.
q = Lower case lettera indicste the stete of the referenced
output established during the last cycie in which it was
addressed of cleared.
74256
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a Dp

18a—| E

1—4Ag

Qop Q1p Q2b Q3p

s s 6 7 g 10 1M 12
Vee = Pin 16
GND =Pin 8
74256
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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 I 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 (OE) 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.

748 7418
Type of Output 3-State 3-State
Typ. Delay, Data to Inverting Output (ns) - -
Typ. Delay, Data to Nonverting 5 12
Output (ns)
Typ. Delay, From Enable (ns) 14 20
Typ. Total Power (mW) 320 50
Truth Table
SELECT
ENABLE INPUT INPUTS |OUTPUT
OE S g 14 Y
H X X X (2)
L H X L L
L H X H H
L L L X L
L L H X H
H = HIGH voltage level
L = LOW voltage level
X = Don't care
(2) = High impedance (off) state 74257
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Sttt rl

OE lga 13 lob 'ib loc '1c lod 'wr

148
Y, Yo Ye Yd _J
4 7 12 9
Vce = Pin 16
GND = Pin 8
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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 lo inputs
are selected when the select input is LOW, and the I 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 748 7418
Typ. Delay, Data to Inverting 3-State 3-State
Output (ns) 4 12
Typ. Delay, Data to Noninverting o -
Output (ns)
Typ. Delay, From Enable (ns) 4 20
Typ. Total Power (mW) 280 35
Truth Table
OUTPUT |SELECT| DATA
ENABLE | INPUT |iNpUTS | OUTPUTS
OE S lo 14 Y
H X X X (2)
L H X L H
L H X H L
L L L X H
L L H X L

HIGH voltage level

LOW voltage level

Don't care

High impedance (off) state 74258

nonon M

EX(‘I




5 2 3 s 6 14 13 11 10
I

I T I A |

é |
OE 1ga 11a lob !1b toc !ic lod '1d

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 changing. 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‘ _INPUTS OUTPUTS
MODE |CLR| E | D [ Ag | Ay A2 Qg Q¢ Q2 Q3 Q4 Q5 Qg Q7
Clear L H X X X X L L L L L L L L
Demultiplex | L L d L L L lG=dL L L L L L L
kac!ive HIGH L L d H L L LO=dL L L L L L
decoder L L d L H L L LQ=dL L L L L
when D-H) L] L] L] L L] L] L L] . L] L] L] L] .
L] L] - L . . . - L L] L] L] L] L
. L] L) L] L] | L] . . . Ll L] . . .
L L d H H 1 H L L L L L L L Q=d
Store
(do nothing) H H x x x X | 9 91 92 93 94 95 98 97
Addressablel H L d L L L |Q=dqy 92 Q3 Q4 G5 98 97
latch H L d H L L |ap Q=d q2 q3 Q4 Qs 98 97
H| L |d|L|H L |a q Q=da3z a4 a5 96 97
L . L] . . . . . . . . . . .
L . L] L] L L] L . L . . L] -* .
. . L] L] . . L] . L] . . . . L]
H|L[d]|H|H H o a1 92 93 94 95 9¢ Q=d

H = HIGH voltage level steady state

L = LOW voitage leval sieady state

X = Don't care

d = HIGH or LOW data one setup time prior to LOW-to-HIGH Enabie transition

q = Lower case letters mndicate the atate of the referenced output established during the
ias? cycie m which it was addressed or clesred.

74259
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VCC = Pin 16
GND = Pin 8

74260 DUAL 5-INPUT POSITIVE NOR GATE

74259

E Vee

—CE_[

sicicicizicl:

GND | 7

[T ETE R ]

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 generated 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 1 2
Bo B1 B2 Ba Bg

"M — MO

12— M4

a—{m,

3— E
Qg Q,y Q, Q3 Qq
10 9 7 6 5

VCC = Pin 16

GND = Pin 8

74261
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FUNCTION TABLE

INPUTS OUTPUTS
E ™2 My Mo -7 Q3 Q2 Q4 Qo
L X X X L a3 a2 q1 a0
H L L L H L L L L
H L L H §4 Bg B3 B2 B4
H L H L Bg By B3 B2 By
H L H H By Ba B2 By Bo
H H L L Bs4 B3 B2 B4 Bo
H H L H B4 Bs B3 [P By
H H H L Bs B4 B3 B2 By
H H H H H L L L L

H = HIGH voltage level

L = LOW voltage level

q-Lmuummmam-m-dmmmmmmmn
the HIGH-10-LOW Enable transition.

S.-TMMWMMWMMMM.

74261

74266 QUAD 2-INPUT EXCLUSIVE-NOR

GATE WITH OPEN-COLLECTOR OUTPUTS

>

<

<

74266
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>
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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 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 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 13 14 17 18

vce = Pin 20

GND - Pin 10 74273

MODE SELECT - FUNCTION TABLE

INPUTS OUTPUTS

OPERATING MODE 3 cp On Gn
Reset (clear) L X X L
Load *1” H t h H
Load "0" H t 1 L

H = HIGH voltage level steady state. 74273

h = HIGH voltage level one setup ime prior to the LOW-10-HIGH clock transition.
L = LOW voltage ievel steady state.

| = LOW voitage level-one setup time prior 10 the LOW-to-HIGH clock transition.
X = Don't care.

§ = LOW-to-HIGH clock transition.
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74279 A QUAD S-R LATCH

i
l
|
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 (2 E) is HIGH when an even
number of data inputs (lo-Is) is HIGH. The odd parity output
(20) is HIGH when an odd number of data inputs is HIGH.

Expansion to larger word sizes is accomplished by tying
the Even outputs (2 E) of up to nine parallel devices to the
data inputs of the final stage.

748
Typ. Delay Time (ns) 13
Typ. Total Power (mW) 335

8 9 10 11 12 13 1 2 4

L]

lo Iy 12 I3 g Is s iz I

ZE 0

VCC = Pin 14
GND = Pin7

74280
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Truth Table

INPUTS OUTPUTS
Number of HIGH 2E | 20
data inputs (lg-1g)
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 (Ax plus Bn) plus
the incoming carry. The binary sum appears on the sum
outputs 1-34 and the outgoing carry (Cout) according to the
equation:

Cv + (A1 + B1) + 2(A2 + B2) + 4(A3 + B3) +8(A4 + B9 = 31
+ 232 +423 + 834 + 16Cour,
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 carry in is intended. Interchang-
ing inputs of equal weight does not affect the operation; thus,
Cin, A1 and B1 can arbitrarily be assigned to pins 5, 6, 7, etc.

7418

Typ. Carry Time (ns) 10

Typ. Add Time (ns) 15

Typ. Power Per Bit (mW) 24

PINS Cin |A1 A2 A3 Agq|By B2 B3 Bg|Zq4 Z2 Z3 Z4|Cour
logiclevels | L L H L H|H L L H|H H L L| H
Active HIGH o/o 1 0 11 0o o 1|1 1+ 0 O 1
Active LOW 1 /1 0o 1+ of/0o 1 1 0O O 1 1] 0

74283
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' s 6 3 2 14 15 12 11

‘ | 11 ]

Ay By Ay By A3 By Aq By

17— c\n Cour ’
3, 3, I3 I,
;7 - | T >
B
4 1 13 10
Ve = Pin 16
GND = Pin 8
74283
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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 operationis 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. iy -

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.

_{ woro u| N L8
1 j r ]
I =) = ]
e | T | gt
{1}
PPgRiin
5|
ay U8 i
a9 i
]
FLEN E
a2 |
|
4 W‘O;“’ 4 - L. - = — —
Gt 1 1 |
AEAD/WRITE
wE_®
(L] .r 2 BV T 4
o)
(L) 5y "* (7H 0y ()] 2} o
Vee = (18)
GND = (8)
( ) = Pin number 01 -2} 02 62 03 63 04 Oa
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MODE SELECT - FUNCTION TABLE

OPERATING INPUTS OUTPUTS
MODE s |WE|Dpy o

Write—Disable| L | L | L H
Outputs L|{L|H H
Read L|H|X Data

StoreDisable |y | x | x | ¥

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 (MS: « MSz), which overrides the clocks and the
MR inputs, setting the outputs to nine (HLLH).

Because the output from the divide-by-two sectionis not
internally connected to the succeeding stages, the device
may be operated in various counting modes. Ina BCD (8421)
counter, the CP1input must be externally connected to the Qo
output. The CPoinput receives the incoming count, producing
a BCD count sequence. In a symmetrical biquinary divide-
by-10 counter, the Qs output must be connected externally to
the CPo input. The input count is then applied to the CP
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 CP
input is used to obtain divide-by-five operation at the Q3
output.
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F

MS

10 CPq

—CT
11‘-cﬁcp1

Q1 0, 03

MR Qg

Vee =Pin1a | | | |
GND = Pin 7 12 13 9 5

BCD COUNT SEQUENCE—

F
-]

TRUTH TABLE
OUTPUT
COUNT
Qg Q¢ Q2 03
/] L L L L
1 H L L L
2 L H L L
3 H H L L
4 L L H L
5 H L H L
(] L H H L
7 H H H L
8 L L L H
] H L L H
NOTE Output O connected 10 input T

MODE SELECTION—TRUTH TABLE

RESETV/SET INPUTS OUTPUTS
MR 4 MR2 MS 4 MSo Qg Qq Q2 Q3
H H L X L L L L
H H X L L L L L
X X H H H L L H
L X L X Count
X L X L Count
L X X L Count
X L L X Count
H  HIGH voltage level
L LOW voltage ievet
X Dont 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 CP1
input of the device. A gate AND asynchronous master reset
(MR1 « MRy) is provided, which overrides both clocks and
resets (clears) all the flip-flops.

Because the output form the divide-by-two sectionis 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
CP1. The input count pulses are applied to input CPo. Simul-
taneous divisions of 2, 4, 8 and 16 are performed at the Qo,
Qi1, Q2 and Q3 outputs, as shown in the truth table. As a 3-bit
ripple counter, the input count pulses are applied toinput CP..
Simultaneous frequency divisions of 2, 4 and 8 are available at
the Q1, Q2 and Q3 outputs. Independent use of the first
flip-flop is available if the reset function coincides with reset of
the 3-bit nipple-through counter.

MODE SELECTION

RESET

INPUTS OUTPUTS

MR¢ MR2 Qp Q1 Q2 Q3

H H L L L L

L H Count 74293
H L Count

L L Count

H = HIGH voltage level
L = LOW voitage level
X = Don't care




10 CPy

1 CP
MR Qp Q7 Q2 Q3

12 13 9 5 4 8

Vee = Pin 14

GND = Pin 7 74293

Truth Table
OUTPUT
COUNT
Qp Q3 Q2 Q3

0 L L L L
1 H L L L
2 L H L L
3 H H L L
4 L L H L
5 H L H L
6 L H H L
7 H H H L
8 L L L H
9 H L L H
10 L H L H
1 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H

NOTE: Output Qo connected to Input CPa.
74293
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74295 4-BIT SHIFT REGISTER WITH 3-STATE OUTPUTS

The “295” is a 4-but 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)synchronouswith 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 (OE) 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 5
PE Dy D, D, D,
1 —1 Dg

8 — OE

0 0y Q, 04
oo T T T ]
GND = Pin 7 13 122 1 10

74295
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MODE SELECT—FUNCTION TABLE

REGISTER INPUTS REGISTER OUTPUTS
OPERATING MODES P | PE | Dg | Dy Q0 @ Q2 Q3
Paraliel Load ) [ | X L g 9% q2

| [ h X H g a1 a2
Shift right ‘ h X [ L L L L

' h X h |[H H H H

3-STATE BUFFER INPUTS OUTPUTS
OPERATING MODES

OE Qp, (Register) Qg, @1, 02,03
Read H L L

H H H
Disabled L X @

H = HIGH voitege level

n-mmwmmmwnmwowmm

L = LOW vollage ievel

|-L0Wmmmummmmmmmuowmwm

g-tmmmmmommummmmmmwn
the HIGH-to-LOW clock traasition

X = Don’t care

(D = High impedance ~olf" stete

| = HIGH-10-LOW clock transition 74295




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 (Io and
I1) 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.

7418
Frequency (MHz) 25
Delay time, To Noninverting 20
Output (ns)
Asynchronous Clear None
Typ. Total Power (mW) 65

loa '1a 'ob '4b loc '1¢ lod Fti1d
10 S
11— CcP

Q, Qp Q¢ Qd

15 14 13 12
VCC=Pin 16
GND = Pin 8

74298
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MODE SELECT—FUNCTION TABLE

OPERATING INPUTS OUTPUTS

MODE |CP|S|lo | 1 Qn
Load il x L
Source “0” | } || h | X H
Load binyp x [ L
Source “1” | |h] X | h H

H = HIGH voltage level

h = HIGH voltage level one setup time prior to the HIGH-to-
LOW clock transition

= LOW voltage level

| = 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 vaniety 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 S1)
inputs, the serial data (Dso and Ds7) inputs and the parallel data
[/00—1/07 inputs are edge-triggered, responding only to
the LOW-to-HIGH transition of the clock (CP) input. There-
fore, the only timing restriction is that the So, S1 and selected
data inputs must be stable one setup time prior to the positive
transition of the clock pulse. The master reset (MR) is an
asynchronous active LOW input. When LOW, the MK 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 (OE1 and
OE2) inputs are LOW, and one or both of the select inputs are
LOW, datain 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 OE: and
OE:zare 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/0 ports present one unit load to
the bus, because an input is tied to the /0 node. The enabled
3-state output is designed to drive heavy capacitive loads or
heavily loaded 3-state buses.
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1 1 19 18
| | 1 |
12 —{cp Dso So S4 Dsg7
9 MR
2 EO4
3 EO,

Qg 1/0g /04 1/03 1/03 /04 1/O5 1/Og 1/O7 Q7

8 7 13 6 14 5 15 4 16 17

Ve = Pin 20
GND = Pin 10 74299
MODE SELECT—FUNCTION TABLES
1
REGISTER INPUTS [REGISTER OUTPUTS
OPERATING MODES  |gR|cP |Sp | S1 |Dso |Dg7 |1/0n[Qp @1---Q¢ Q7
Reset (clear) LIX|X| X X X X |L L---L L
Shift right H h| 1 | x | x {L ap---a5 a8
H h| ) X | X |H gg---a5 Qs
Shift left H h | X |1 | X [qy az---a7 L
H h [ X h [ X |a1 a2---a7 H
Hold (do nothing) Wity v [ x| x| X |a ar---a8 a7
Parsilel load H h|{n [ x| x| 1 L te--L L
H hfn| x| xX|n|H H---H H
3.STATE 170 PORT | — INPUTS INPUTS/OUTPUTS
OPERATING MODE |OEq OE2| So 81 Qp (Register) 1709 ----1/07
Read register L L |L X L L
L L |L X H H
L L | x L L L
L L ix L H H
Load register X X |H H Qn=1/0p 1/Op = inputs
Disable 1/0 H X | X X X @
X H|X X X @
H = HIGH voltage level

n-umvonmuvummmwmwwnummmm

L = LOW voitege level

l-memwmmwtmwwmmmmmmmm

q.,-Lmuunmnmmmnmumm«mwmmwnm
LOW-10-HIGH clock traneition

X = Don't cere

(2) = High impedance “off" state

4 = LOW-10-4GH clock transition 74299




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 S1) inputs,
the synchronous reset (SR) input, the serial data (Dso and Ds7)
inputs and the parallel data I/00 -- I/01 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, S
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 Ds input of the preceding register, and
tying the Q- 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/Qutput port has three modes of
operation. When the two output enable (OE: and OE:2) 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 OE1 and OE: 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/0 ports present one unit load to
the bus, because an input is tied to the I/0 mode. The enabled
3-state output is designed to drive heavy capacitive loads or heavily
loaded 3-state buses.
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1. 1 19 18
12—lcp Pso So Sj Ds7
9 SR
2 EO,
3 EOa
Qg 1/Oq 1/04 1/02 1/03 1/04 1/05 1:0g 1107 Q7
8 7 13 6 14 5 15 4 16 17
Vee = Pin 20
GND = Pin 10 74323
MODE SELECT—FUNCTION TABLES
REGISTER INPUTS REGISTER OUTPUTS
OPERATING MODES | SR |CP |So | 81 |Dso |Ds7 [1/0n|Qp Q1---0g Q7
Reset (clear) vl fx ] x [ x| x| x|t bte-er ot
Shift right nlefn] o |1 | x| x|t go---q5 aqs
hjt|h| ] h X | X |H qo---a5 Qg
Shift left nft o n x|t} x |q q2---a7 L
h|t | h X h X |[qy q2---q7 H
Hold (do nothing) hlt )1t | x| x| X |agay---a8 az
Parallel load nlslnln | x| x|t |L L---r t
hnltln|n | x| x| h|[H H---H H
3-STATE 170 PORT | INPUTS INPUTS/OUTPUTS
OPERATING MODE |OEq OE2 | So 59 | Qn (REGISTER) | 1/0g.---1/07
Read register L Lt x L L
Lt L |t x H H
L L{X L L L
L L |x H H
Load register X X |H H Qp = 1/0q 1/0q = inputs
Disable 170 H X | X X X @
X H| X X X @
74323

H = HIGH voltage level.

= HIGH voltage level one setup time prior to LOW-to-HIGH clock transition.

L = LOW voltage level.

| = LOW voltage level one setup time prior 10 the LOW-10-+HIGH clock transition.
%-Lmuummmmmumo'mwmmmmmmnm

LOW-10-HIGH clock traneition.
X = Don't care.
(2) = High impedance “off” state.
| = LOW-t0-HIGH clock transition.

74323




74350 4-BIT SHIFTER WITH 3-STATE QUTPUTS

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:

M Logical with logic zeros filled in at either end of the
shifting field.

M Arithmetic where the sign bit is extended during a
shift down.

M 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 (OE)
input controls the state of the outputs. The outputs are in the
high-impedance off state when OE is HIGH, and they are
active when OE is LOW.

Truth Table
OE | Sy So|ll3 N2 14 o Ly L2 L3 |[¥Y3 Y2 Y1 Yo
H X X X X X X X X X 4 4 4 z
L L L D3 D2 Dy D X X X | b3 D2 Dy Dg
L L H X D Dy Do D X X D> Dy Do D,y
L H L X X Dy Dgp D4y D X Dy Dg D.y D.p
L H H X X X Dp D.y D D3 |Dg D.y D.2 D3

H = HIGH voltage level

L = Low voitage level

X = Don’t care

(Z) = High impedance (off) state

Dy, = HIGH or LOW state of the referenced I, input

74350
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5 6 7
3 L2 I h k2 I3 l
9 — S1
10 — So
13 —o0] OE
Yo Yq Y2 Y3 4
15 14 12 11
Vce = Pin 18 74350

GND = Pin 8
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74363 OCTAL TRANSPARENT LATCH WITH 3-STATE QUTPUTS

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 (OE) 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 Vi, or to over 3.5V at minimum Vec.
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 (OE) controls all eight 3-state
buffers independent of the latch operation. When OE 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

INPUTS OUTPUTS
OPERATING MODES INTERNAL REGISTER
OE | E | Dp Qo-Q7
H L
Enable & read register t H H : :;
’ L L ! L L

Latch & read register L L h H n
Latch register & H L | L (r4]
disable outputs H L h H (2)

H = HIGH voltege level

h = HIGH voltage one setup time prior to the HIGH-to-LOV! enabie transition

L = LOW voitage level

| = LOW voltage level one setup time prior to the HIGH-to-LOW enabie transition
(Z) = High impedance “off" state

74363
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Voo = Pin 20
GND = Pin 10

74363

1f 17 18
Os De D7
Qs Qg Q7
]
15 16 19




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 (OE) 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 on the clocking operation.

The 3-state output buffers are designed to drive heavily
loaded 3-state buses, MOS memories, or MOS microproces-
sors. The output HIGH level differs from the normal 3-state
buffer by driving the output about 1V closer to Ve, or to over
3.5V at minimum V. This feature makes these devicesideal
for driving MOS memories or microprocessors with
thresholds of 2.4V to 3.5V. The active LOW output enable
(OE) 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.

MODE SELECT—FUNCTION TABLE

INPUTS QUTPUTS
OPERATING MODES INTERNAL REGISTER
OE cp Dn 00’07
Load & read register L { I L L
Lt |n H H
Load register & H t 1 L 2
disable outputs H { h H (2

H = HIGH voltage leve!

h = HIGH voitage leve! one setup time prior to the LOW-to-HGH clock trensition
L = LOW voltage leve!

| = LOW voltage level one aetup time prior to the LOW-10-HIGH clock transition
{Z) » High impedance "oft" state

'- LOW-to-HIGH clock transition

74364
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13 14 18

D3 D4 Ds Dg D7

Q3 Q4 Qs Q¢ Q7

12 15 16 19

Voo = Pin 20
GND = Pin 10

74364
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74365 HEX BUFFER/DRIVER (3-STATE)

74
12

Typ. Delay Time (ns)

Typ. Power Per Gate (mW)

¥ 9 5]

16| Vee

ad
pa:t
ad

15 O_Ez

14] |

131 Y

0] |

I

1 |6
Y |7
GND | 8
74365
Truth Table
INPUTS OUTPUTS
OE4 | OE2 \ Y
L L L L
L L H H
X H X (Z)
H X X (2)
L = LOW voltage level.
H = HIGH voltage level.
X = Don't care.
(2) = High impedance (of!) state.

8
o

74365



74366 HEX INVERTER BUFFER (3-STATE)

74
Typ. Delay Time (ns) 1"
Typ. Power Per Gate (mW) 49
pem—
OEy |1 16| Vee
1|2 15| OE2
Y |3 _ﬁ_ 14] |
' [ _? Y—J3| ¥
Y |s L ._f 12] )
1 e —%__ ] v
Y |7 -—J Lﬁ— 10] !
GND |8 “—9| V¥
74366
Truth Table
INPUTS OUTPUTS
OE1 | OE2 ] Y
L L L H
L L H L 74366
X H X (2
H X X (2

LOW voltage level.

HIGH voltage level.

Don't care.

High impedance (off} state.

RxITr




74367 HEX BUFFER/DRIVER (3-STATE)

Typ. Delay Time (ns) 12
Typ. Power Per Gate (mW) 54
[ 1
OE |1 E 16| Vee
'
| 2 }: 15| OE
Y 3] { 14] |
| 4 } 131 Y
Y 5 12] |
| 6 111 v
}’
Y 7 E 10]
GND 8 9 Y
74367
Truth Table
INPUTS OUTPUTS
OE I Y
L L L
L H H 74367
H X (2)

LOW voltage level
HIGH voltage level
Don't care

NXIr
1)

High tmpedance toff! state



74368 HEX INVERTER BUFFER (3-STATE)

74
Typ. Delay Time (ns) 1
Typ. Power Per Gate (mW) 49

e U

o

<|
-4

Ew |
GND | 8 9

<|

[
Lr

74368
Truth Table
INPUTS OUTPUTS
OE I Y
L L H
L H L 74368
H X 2
L LOW voltage level
H HIGH voltage level.
X Don't care.
(¥ 4] High impedance ioff) state.
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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 (OE) 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
builtin 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 (OE) controls all eight
3-state buffers independent of the latch operation. When OE
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

INPUTS OouTPUTS
OPERATING MODES .

OE E Dpn |INTERNAL REGISTER Qo-Q7
Enable & read register L H L L L

L H H H H
Latch & read register L L I L L

L L h H H
Latch register & H L | L (2)
disable outputs H L h H (2)

H = HIGH voltagel level

h = HiGH voltage one setup time prior 10 Ihe HIGH-10-LOW enable transition

L = LOW voltage level

t = LOW voltage level one setup ime prior 1o ihe HIGH-10-LOW enable tranation
{Z) = High i/mpedance "off" atate

74373
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Ve = Pin 20
GND = Pin 10

74373
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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 (OE) 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 (OE) 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

INPUTS OUTPUTS
OPERATING MODES — INTERNAL REGISTER
OE | CP | Dy Qg-Q7
. L t | L L
Load & read register L ' h H H
Load register & H ] | L (2)
disable outputs H { h H 2)

H = HIGH voltage level 74374

h = HIGH voltage level one setup time prior 1o the LOW-to-HIGH clock transition
L = LOW volage level

| = LOW voltage ievel one setup lime prior to the LOW-to-HIGH clock transition
(Z) = HGH impedance "off" state

’ = LOW-to-HIGH clock tranaition

74374




Vee = Pin 20
GND = Pin 10

74374
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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 HIGH-to-LOW transition of the enable will be
stored in the latch. The latched outputs remain stable as long
as the enable i1s LOW.

1 7 9 15
Do D,y D2 D3
4 E 0_1
12 E 2.3
Q G, ©@y @y Q@ 0, Q3 0
VCC =Pin 16| I j I ] l ‘ T
GND =Pin 8 3 2 5 6 11 10 13 14
74375
MODE SELECT- FUNCTION TABLE
INPUTS OUTPUTS
OPERATING
MODE ola -
Data Enabled L | L H
H|H L
74375
Data Latched X | q q
H = HIGH voltage level
L = LOW voitage 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.
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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-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 7 8 13 14 17 18

Do D1 D2 D3 Da Ds Ds D7
11—4 CP

1—QJCE

2 5 6 9 12 15 16 19
GND = Pin 10

MODE SELECT—FUNCTION TABLE

OPERATING MODE o m;‘rs br ow:;:u‘rs
Load “1" t ] h H
Load “0" t 1 1 L
Hold (do nothing) t h X no change
X H X no change

H = HIGH voltage level steady state

N = HIGH voltage level one setup time prior 10 the LOW-to-HIGH clock iransiion.
L = LOW voltage level steady siate.

| = LOW voltage lsvel one setup time prior 10 the LOW-to-HIGH clock transtion.
X = Don't care

§ = LOW-t0-HIGH clock traneition. 74377
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74378 HEX 0 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 (CE) 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 1 13 14
Dy D, D, D, Dy Dg
99— CP
1 —Ol Cce
Qg Q, Q, Q4 Q, Qg

2 5 7 10 12 15
Vce = Pin 16 74378
GND = Pin 8
MODE SELECT~-FUNCTION TABLE
- OPERATING MODE 5 mr(::%rs o OULZUTS
Load “1" t ! h H
Load 0" t I 1 L
Hold (do nothing) { h X no change
X H X no change

H = HIGH voltage level steady state.

h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock traneition.
L = LOW vottage level steady state.

i = LOW vottege level one setup lime prior 10 the LOW- 10-HIGH Clock transition.
X = Don’t care.

§ = LOW-10-HIGH 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 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-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.

q 5 12 13

I

3 2 6 7 1" 10 14 15

Vee = Pin 16 74379
GND = Pin 8
MODE SELECT—FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE = oE Bn 0n o
Load " 1" ] | h H L
Load “0" t | | L H
Hold (do nothing) 1 h X no change
X H X no change

H = HIGH voltage level steady state.

h = HIGH voltage level one mupommoomuow-ommmm.

L = LOW voltage level steady stste.

| = LOW voltage level one mwnmmuomuow-cmmmm,
= Don't care.

; = LOW-10-HIGH clock traneition. 74379
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74390 DUAL DECADE RIPPLE CDUNTER

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 CP1 input of the divide-by-five
section. For biquinary decade operation (50 percent duty
cycle output), the Qs output is connected to the CPo input,
and Qo becomes the decade output.

The master resets (MRa and MR»v) are active HIGH
asynchronous inputs to each decade counter. These inputs
operate on the portion of the counter identified by the aand b
suffixes in the pin configuration. A HIGH level on the MR
input overrides the clocks and sets the four outputs LOW.

1/2 390

VCC = Pin 16
GND = Pin 8
214 3.13 511 6.10 7.9

743380
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BCD COUNT SEQUENCE
For 1/2 the “390"

OUTPUT
COUNT o ———a, 03
0 L L L L
1 H L L L
2 L H L L
3 H H L L
4 L L H L
5 H L H L
6 L H H L
7 H H H L
8 L L L H
9 H L L H

NOTE
Output Qg 18 connected 10 Input Z‘._P_, with counter input on
50-

74390

BI-QUINARY COUNT SEQUENCE
For 1/2 the “390"

OUTPUT
COUNT o — @, a3
0 L L L L
1 L H L L
2 L L H L
3 L H H L
4 L L L H
5 H L L L
6 H H L L
7 H L H L
8 H H H L
9 H L L H

NOTE
Output Qg 18 conaected 10 input CPg with counter iput on

CP,. 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
(CP: and CPv) 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.

172 *393"
Q 4

Qp

2.12 3.1 4.10 5.9 6.8

74393

—— -1

COUNY SEQUENCE
FOR 1 2 THE “393"

74393

CONAIVEWN - O

IrIFICFICFXCXCICIC
IIrrIIrrIICCIICC
IIIXrrrrIIIICCCC
IZIIIIIIIFrFrrrrrrr




GND |

14| VCC

13

121
1]

10 |

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-Ds) into the
register synchronous with the HIGH-to-LOW transition of
the clock input (CP). 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 therightin the direction (Qo> Q1>
Q2—>Qs3) 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 (MR) 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 (OF) controls all four 3-state buffers
independent of the register operation. 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 nor load the bus when OE is HIGH. The output from the
last stage is brought out separately. This output (Q3) is tied to
the serial data input (Ds) of the next register for serial
expansion applications. The Q3 output 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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1 15 14 13 12
Vee = Pin 16
GND = Pin 8 74395
MODE SELECT—FUNCTION TABLE
REGISTER INPUTS OUTPUTS
OPERAT'NG MODE ﬁﬁ cﬁ PE Ds Dn °0 Q 1 02 03
Reset (clear) L X X X X L L L L
Shift right H| 4 1 1 [ x [ L e a1 a2
Ho| 4 I} h | X |H g a a2
Parallel load H 4 h X | L L L L
H i h X h H H H H
3-STATE BUFFER INPUTS OUTPUTS
OPERATING MODES O Qp, (register) Q0,01,02,Q3 Q3
Read L L L L
L H H H
Disable butfers H L (2) L
H H (2) H
H = HIGH voltage level
h = HIGH voltage level one setup time prior 10 the HIGH-to-LOW clock transition
L = LOW voltage level
| = LOW voltage level one setup time prior 10 the HIGH-10-LOW clock transition
Qp= memmmmnmolmmmmmmw«mwwm
HIGH-10-LOW clock transition
X = Don't care
(2) = High impedance "ofi” state
| = HIGH-10-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 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.

t‘i T 7 6 14 15 17 1|6
toa 1a lob b loc '1c tod '1d
1—a S
11— CP _ _ _ _
Q; Qj Qp OQp Q¢ Q¢ Qg Qg
2 3 9 8 12 13 19 18
VCC = Pin 20
GND = Pin 10 74398
MODE SELECT—FUNCTION TABLE
OPERATING INPUTS OuTPUTS
MODE cp ] 1o I Qn Qn
Load Source “0" ; : rI‘ ; :; ':
Load Source “1" ; : ; r" : ':

H = MIGH voltage level

h = HIGH voltage lavel one selup ime pnot to the LOW 10-HIGH clock transhion
L = LOW vollage leveil

1= LOW vollage fevel one setup time prior 10 the LOW-to-HIGH clock transition
X = Don’t care

} = LOW.-t0-HIGH clock transition 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 1M 12 14 13
T I T
loa "1a fob b loc l1c lod 1d

1—4s

9—{CP

Qa Qp Q¢ Qg
I I | |
2 7 10 15
Vg = Pin 16
GND = Pin 8 74399

MODE SELECT—FUNCTION TABLE

INPUTS OUTPUTS
cpP s 1o 1 Qn

OPERATING MODE

Load Source “0"

Load Source “1°

—_ e | —-—

x
Ir Ir

TF >
XX | T -

H = HIGH voltage level
1 = HIGH voltage level one setup time prior to the LOW-10-
HIGH clock transition
L = LOW voltage level
| = LOW voltage level one setep bime prior 10 the LOW-to-
HIGH clock transition
X = Don’t care
§ = LOW-t0-HIGH clock Wraneition 74399
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74445 BCD-TO-DECIMAL DECODER/DRIVEIi (0.C)

The “445” is a 1-0f-10 decoder with open collector out-
puts. This decoder accepts BCD inputs on the Ao to As
address lines and gensrates 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 As 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 14 13 12
] 1 l I
Ag Ay A, Ajy

Ve = Pin 16
GND = Pin 8 74445

Truth Table
Az A2 Ay A9 | O ] 2 3 4 5 é 7 8 9
L L L L L H H H H H H H H H
L L L H H L H H H H H H H H
L L H L H H L H H H H H H H
L L H H H H H L H H H H H H
L H L L H H H H L H H H H H
L H L H H H H H H L H H H H
L H H L H H H H H H L H H H
L H H H H H H H H H H L H H
H L L L H H H H H H H H L H
H L L H H H H H H H H H H L
H L H L H H H H H H H H H H
H L H H H H H H H H H H H H
H H L L H H H H H H H H H H
H H L H H H H H H H H H H H
H H H L 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 = HIGH voltage levels

L = LOW voltage ieveis 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 (CP) 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— BCD COUNT SEQUENCE—
FOR 1/2 THE “490" FOR 1/2 THE “480"
RESET/SET INPUTS OUTPUTS OUTPUT
MR MS Qo Q¢ Q2 Q3 COUNT | Qo Q4 Q2 Q3
H X L L L L 0 L L L L
X H H L L H 1 H L L L
L L Count 2 L H L L
- i
L = LOW voltsge level 4 L L H L
X = Don't care L] H L H L
74490 e L H H L
7 H H H L
8 L L L H
9 H L L H
NOTE _
Output Qg comnected to input CcPy
74490




MR Qo Q4 Q2 Q3

R

214 313 511 6.10 7.9
VCC = Pin 16
GND = Pin 8 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 (PE)
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 bef(ﬁ_t_hq_ﬁw-to;l_ilGH 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 (MR) is an asyn-
chronous overriding clear function which forces all stages toa
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)
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. 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
tothe LOW time of the clock pulse when TCis 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/D) input; a HIGH will cause the count to increase, and a
LOW will cause the count to decrease.

The active LOW output enable (OE) 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.

1—{Ju b PE D¢ D4 D2 D3
2—4CP
TC 19
7 CEP
12 CET
GC 18
9 SR
8 MR OE Qg Q4 Q; Q3
17 16 15 14 13
Ve = Pin 20
GND = Pin 10
74568
3-STATE BUFFER INPUTS OUTPUTS
OPERATING MODES OF Qp - Counter 06.01:02:03
Read counter L L L
L H H
Disable outputs H L @
N H @
74568
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MODE SELECT—FUNCTION TABLE

COUNTER INPUTS COUNTER STATES
OPERATING MODES Wr|cp 3R | u/D | PE| CEP | GET|Dn |G0 Q1 02 03
Asynchronous Reset L{X|X X X X X X|L L L L
Synchronous Reset H ! I X | X L L X{L L L L
Parallel load Hit|h X | X X 1{L L L L
Hlt]|h | X [ X X |h|H H H H
Count up Hit|h h | h | | X count up
Count down H|t]|h I h | | X count down
Hold (do nothing) H h X h h X | X no change
H h X h X h X no change
TERMINAL COUNT TRUTH TABLE
INPUTS COUNTER STATES OUTPUTS
cp u/do | Cep | CET | @p Q1 Q2 Q3 TC GC
H L L L L L L L L H
L L L L L L L L L L
X L H L L L L L L H
X L X H L L L L H H
H H L L H X X H L H
L H L L H X X H L L
X H H L H X X H L H
X H X H H X X H H H

H = HIGH voltage level

h = HIGH voitage level one setup time prior 10 the LOW to HIGH clock transdion
L = LOW voltage ievel

1 = LOW vottage level 0ne setup fime pnof 10 the LOW to-HIGH clock traneios
X = Don't care

(2) = High impedance "oft" stste

{ ** LOW-10-HIGH clock transition
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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 (C 'ET » 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 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 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/D) input; a HIGH will cause the
count to increase, and a LOW will cause the count to de-
crease. _

The active LOW output enable (OE) 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.

1 3 4 5 6
1—4 u/D PE Do D4 D2 D3
2—q4CP - ;3_19
7 —C} CEP
12 —C} CET
g_c SR GC —18
8—C{MR OE Qo Q1 Q2 Q3
T
17 16 15 14 13
VCC = Pin 20
GND = Pin 10
74569
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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 wnting
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 W) 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-
tersis 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 to 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 lon 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. TotalPower(mWw) 135
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15 1

" W, WE b Dy D Dy
13 wB
s —1 Ry
4 —— Rg
11 —Of RE Qg 0@, 0 04
e
GND = Pin 8 L A
74670
WRITE MODE SELECT TABLE
OPERATING|  INPUTS INTERNAL
MODE WE | Dp LATCHES(b)
Write Data L L L
L H H
Data
Latched H X no change
NOTE
b The Write Address (W, & Wp) to the “intarnal latches™
must be stable while WE 1s LOW for conventional oper-
atios 74670
READ MODE SELECT TABLE
INPUTS OUTPUTS
IOPERATING RE INTERNAL Qn
MODE LATCHES(C)
Read L L L
L H H
Disabled X (¢4)
NOTE
c. The Read Address (R4 & Rp) changes to select the
“internat latches" are not ined by WE or RE oper-
ation.

H = HIGH voltage leve!
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.

Vep (Max) Input clamp diode voltage: The most negative
voltageataninput whenthespecified currentis 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.

VmInput HIGH voltage: The range of input voltages recog-
nized by the device as a logic HIGH.

Vi (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.

ViInput LOW voltage: The range of input voltages recog-
nized by the device as a logic LOW.

Vi (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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VM 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.

Von (Min)Output HIGH voltage: The minimum guaranteed
HIGH voltage at an output terminal for the specified output
current lon and at the minimum Vec value.

VoL (Max) Output LOW voltage: The minimum guaranteed
LOW voltage at an output terminal sinking the specified
load current lot.

Vr+ Positive-going threshold voltage: The input voltage of a
variable threshold device which causes operation accord-
ing to specification as the input transition nses from below
V- (Min).

V1- 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
Vr+(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.

Im 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.

Ton Qutput 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 lon is the current flowing out of an output whichis in the
HIGH state.

Iow Output LOW current: The current flowing into an output
which is in the LOW state.

Tos Output short-circuit current: The current flowing out of an
output whichis in the HIGH state when that output is short
circuit to ground.

Tozu Output off current HIGH: The current flowing into a
disabled 3-state output with a specified HIGH output vol-
tageapplied.

Tozr 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

fmax The maximum clock frequency: The maximum input
frequency at a clock input for predictable performance.
Above this frequency the device may cease to function.

teLuPropagation 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.

teuL Propagation 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.

tenz 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.

tpLz 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.

teza 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.

tezL 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 wavetorms 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 pnor to the active transition of the
timing pulse and still be recognized.

ts 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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