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DATA CLASSIFICATION

Product Preview

This heading on a data sheet indicates that the device is in the formative stages or in design
(under development). The disclaimer at the bottom of the first page reads: “This document contains
information on a product under development. Motorola reserves the right to change or discontinue
this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling, preproduction, or first
production stages. The disclaimer at the bottom of the first page reads: “This document contains
information on a new product. Specifications and information herein are subject to change without
notice.”

Fully Released

A fully released data sheet contains neither a classification heading nor a disclaimer at the bottom
of the first page. This document contains information on a product in full production. Guaranteed
limits will not be changed without written notice to your local Motorola Semiconductor Sales Office.
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Alphanumeric Index of Devices

MC74ACXX Devices — CMOS Input Levels

Device Description Page
MC74ACO00 Quad 2-Input NAND Gate 5-2
MC74AC02 Quad 2-Input NOR Gate 5-5
MC74AC04 Hex Inverter 5-8
MC74ACO08 Quad 2-Input AND Gate 5-11
MC74AC10 Triple 3-Input NAND Gate 5-15
MC74AC11 Triple 3-Input AND Gate 5-19
MC74AC14 Hex Inverter Schmitt Trigger 5-23
MC74AC32 Quad 2-Input OR Gate 5-27
MC74AC74 Dual D Flip-Flop 5-31
MC74AC86 Quad 2-Input Exclusive-OR Gate 5-36
MC74AC109 Dual JK Positive Edge-Triggered Flip-Flop 5-39
MC74AC132 Quad 2-Input NAND Schmitt Trigger 5-44
MC74AC138 1-0f-8 Decoder/Demultiplexer 5-48
MC74AC139 Dual 1-of-4 Decoder/Demultiplexer 5-54
MC74AC151 8-Input Multiplexer 5-60
MC74AC153 Dual 4-Input Multiplexer 5-66
MC74AC157 Quad 2-Input Multiplexer 5-72
MC74AC158 Quad 2-Input Multiplexer 5-78
MC74AC160 BCD Decade Counter, Asynchronous Reset 5-84
MC74AC161 4-Bit Binary Counter, Asynchronous Reset 5-95
MC74AC162 BCD Decade Counter, Synchronous Reset 5-84
MC74AC163 4-Bit Binary Counter, Synchronous Reset 5-95
MC74AC174 Hex D Flip-Flop with Master Reset 5-104
MC74AC190 Up/Down Decade Counter 5-110
MC74AC194 4-Bit Bidirectional Universal Shift Register 5-117
MC74AC240 Octal Buffer/Line Driver 5-123
MC74AC241 Octal Buffer/Line Driver 5-128
MC74AC244 Octal Buffer/Line Driver 5-133
MC74AC245 Octal Bidirectional Transceiver 5-138
MC74AC251 8-Input Multiplexer 5-143
MC74AC253 Dual 4-Input Multiplexer 5-149
MC74AC256 Dual 4-Bit Addressable Latch 5-155
MC74AC257 Quad 2-Input Multiplexer 5-161
MC74AC258 Quad 2-Input Multiplexer 5-167
MC74AC259 8-Bit Addressable Latch 5-173
MC74AC273 Octal D Flip-Flop 5-181
MC74AC299 Octal Shift/Storage Register 5-187
MC74AC323 Octal Shift/Storage Register 5-195
MC74AC350 4-Bit Shifter 5-202
MC74AC352 Dual 4-Input Multiplexer 5-209
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Device

MC74AC353
MC74AC373
MC74AC374
MC74AC377

MC74AC378
MC74AC521
MC74AC533
MC74AC534

MC74AC540
MC74AC541
MC74AC563
MC74AC564

MC74AC568
MC74AC569
MC74AC573
MC74AC574

MC74AC620
MC74AC623
MC74AC640
MC74AC643

MC74AC646
MC74AC648
MC74AC810
MC74AC825

MC74AC843
MC74AC845
MC74AC4020
MC74AC4040

Description

Dual 4-Input Multiplexer

Octal D Latch

Octal D Flip-Flop

Octal D Flip-Flop with Clock Enable

Parallel D Register with Enable
8-Bit Identity Comparator

Octal Transparent Latch

Octal D-Type Flip-Flop

Octal Buffer/Line Driver
Octal Buffer/Line Driver
Octal D Latch

Octal D Flip-Flop

4-Bit Bidirectional Decade Counter
4-Bit Bidirectional Binary Counter
Octal D Latch

Octal D Flip-Flop

Octal Bidirectional Transceiver
Octal Bidirectional Transceiver
Octal Transceiver

Octal Bidirectional Transceiver

Octal Bus Transceiver and Register
Octal Bus Transceiver and Register
Quad 2-Input Exclusive-NOR Gate
8-Bit D Fiip-Fiop, Noninverting

9-Bit Transparent Latch
8-Bit Transparent Latch
14-Stage Binary Counter
12-Stage Binary Counter

Page

5-215
5-220
5-225
5-230

5-235
5-240
5-247
5-252

5-258
5-258
5-264
5-269

5-274
5-274
5-284
5-289

5-294
5-299
5-304
5-309

5-314
5-322
5-328

E£_nn4
9"99 1

5-338
5-345
5-352
5-356
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MC74ACTXX Devices — TTL Input Levels

Device

MC74ACTO00
MC74ACTO02
MC74ACT04
MC74ACTO08

MC74ACT10
MC74ACT11
MC74ACT14
MC74ACT32

MC74ACT74
MC74ACT86
MC74ACT109
MC74ACT132

MC74ACT138
MC74ACT139
MC74ACT151
MC74ACT153

MC74ACT157
MC74ACT158
MC74ACT160
MC74ACT161

MC74ACT162
MC74ACT163
MC74ACT174
MC74ACT194

MC74ACT240
MC74ACT241
MC74ACT244
MC74ACT245

MC74ACT251
MC74ACT253
MC74ACT256
MC74ACT257

MC74ACT258
MC74ACT259
MC74ACT273
MC74ACT299

MC74ACT323
MC74ACT350
MC74ACT352
MC74ACT353

Description

Quad 2-Input NAND Gate
Quad 2-Input NOR Gate
Hex Inverter

Quad 2-Input AND Gate

Triple 3-Input NAND Gate
Triple 3-Input AND Gate
Hex Inverter Schmitt Trigger
Quad 2-Input OR Gate

Dual D Flip-Flop

Quad 2-Input Exclusive-OR Gate

Dual JK Positive Edge-Triggered Flip-Flop
Quad 2-Input NAND Schmitt Trigger

1-0f-8 Decoder/Demultiplexer

Dual 1-of-4 Decoder/Demultiplexer
8-Input Multiplexer

Dual 4-Input Multiplexer

Quad 2-Input Multiplexer

Quad 2-Input Multiplexer

BCD Decade Counter, Asynchronous Reset
4-Bit Binary Counter, Asynchronous Reset

BCD Decade Counter, Synchronous Reset
4-Bit Binary Counter, Synchronous Reset
Hex D Flip-Flop with Master Reset

4-Bit Bidirectional Universal Shift Register

Octal Buffer/Line Driver
Octal Buffer/Line Driver
Octal Buffer/Line Driver
Octal Bidirectional Transceiver

8-Input Multiplexer

Dual 4-Bit Multiplexer

Dual 4-Bit Addressable Latch
Quad 2-Input Multiplexer

Quad 2-Input Multiplexer
8-Bit Addressable Latch
Octal D Flip-Flop

Octal Shift/Storage Register

Octal Shift/Storage Register
4-Bit Shifter

Dual 4-Input Multiplexer
Dual 4-Input Multiplexer
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5-8
5-11

5-15
5-19
5-23
5-27

5-31
5-36
5-39
5-44

5-48
5-54
5-60
5-66

5-72
5-78
5-84
5-95

5-84
5-95
5-104
5-117

5-123
5-128
5-133
5-138

5-143
5-149
5-155
5-161

5-167
5-173
5-181
5-187

5-195
5-202
5-209
5-215
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Device

MC74ACT373
MC74ACT374
MC74ACT377
MC74ACT378

MC74ACT521
MC74ACT533
MC74ACT534
MC74ACT540

MC74ACT541
MC74ACT563
MC74ACT564
MC74ACT573

MC74ACT574
MC74ACT620
MC74ACT623
MC74ACT640

MC74ACT643
MC74ACT646
MC74ACT648
MC74ACT810

MC74ACT825
MC74ACT843
MC74ACT845

Description

Octal D Latch

Octal D Flip-Flop

Octal D Flip-Flop with Clock Enable
Parallel D Register with Enable

8-Bit Transparent Comparator
Octal Transparent Latch-
Octal D-Type Flip-Flop

Octal Buffer/Line Driver

Octal Buffer/Line Driver
Octal D Latch

Octal D Flip-Flop

Octal D Latch

Octal D Flip-Flop
Octal Bidirectional Transceiver
Octal Bidirectional Transceiver
Octal Transceiver

Octal Bidirectional Transceiver
Octal Bus Transceiver and Register
Octal Bus Transceiver and Register
Quad 2-Input ExIcusive-NOR Gate

8-Bit D Flip-Flop
9-Bit Transparent Latch
8-Bit Transparent Latch
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5-289
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Functional Selection

Abbreviations
S = Synchronous
A = Asynchronous
B = Both Synchronous and Asynchronous
2S = 2-State Output
3S = 3-State Output
N = Available Now
P = Planned (See FACT Selector Guide, SG-122 for latest
availability status)
Inverters Flip-Flops
Type of Clock
Description Output |No. | AC |[ACT Description Edge [No.|AC |ACT
Hex 2S 04 N | N Dual D w/Set & Clear Pos 74| N | N
Dual JK w/Set & Clear Pos [109| N | N
AND Gates 8-Bit D, Non-Inverting Pos |825| P | P
Type of .
Description Output |No.| AC |ACT Multlplexers
Type of
Quad 2-Input 2S 08| N[N .
Triple 3-Input 25 mninlnwn Description Output |No.| AC (ACT
Quad 2-to-1, Non-Inverting 28 157| N [ N
NAND Gates 3s |257| P | P
Type of Quad 2-to-1, Inverting gg ;gg : 'I:
Description Output | No. | AC |ACT Dual 4-to-1, Non-Inverting 2S 13| N | N
Quad 2-Input 2S 00| N[N 3S 253 N | N
Triple 3-Input 2S 10| N | N Dual 4-to-1, Inverting 2S 352| P | N
N 3S 363 N | N
OR Gates 8-to-1 25 |151| P | N
Type of 3S 251 P | N
Description Output | No.| AC JACT Decoders/Demultiplexers
Quad 2-Input 2S 32 N[N
Type of
NOR Gates Description Output |No. | AC |ACT
et HEHE
Description Output |No.| AC |ACT “or
Quad 2-Input 28 02| N|N Latches
. ) No. of | Type of
Exclusive OR/NOR Gates Description Bits | Output | No. | AC |ACT
Type of Transparent, Non-Inverting 8 3S 373| N [ N
Descripti + Non-
escription Output | No. | AC |[ACT 9 3s aa3|l p | p
Quad 2-Input XOR 28 86| N[N 9 3S 845( P | P
Quad 2-Input XNOR 28 810 N | N Octal, Non-Inverting 8 3S 573| P | P
. . Transparent, Inverting 8 3S 633| P | P
Schmitt Triggers 8 3 |563| P | P
Type of Dual 4-Bit Addressable 8 2S 256 P | P
Description Output | No. | AC |ACT Addressable 8 25 B9 NP
Hex, Inverting 2S 14 N|N
NAND Gate, Quad 2-Input 2S 132| N [ N
FACT DATA
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Shift Registers

Mode*
No. of | Type of
Description Bits Output | SR | SL | Hold | Reset | No. | AC | ACT
Parallel In-Parallel Out, Bidirectional 4 2S X X X | A 194 P P
8 3s X X X S 323 P P
*SR = Shift Right
SL = Shift Left
Asynchronous Counters — Cascadable Synchronous Counters —
Negative Edge-Triggered Positive Edge-Triggered
Description Load | Set | Reset | No. [ AC |ACT Type of
14-Stage Binary X 2020 | N Description Output | Load | Reset | No. | AC (ACT
12-Stage Binary X 4040 | N Decade 28 S A 160 | P | N
28 S S 162 PN
Buffers/Line Drivers Decade, Up/Down 25 A 190 | N | P
Type of 3S S B 568 | P | P
o 4-Bit Binary 28 S A 161 PP
Description Output | No.| AC |[ACT 25 s s 63 | N | P
Octal, Non-Inverting 3S 241| P [ N 4-Bit Binary, 3S S B 569 P|P
3S 244 N [ N Up/Down
Bus Pinout 3S 541 N [ N
Octal, Inverting 3S |240| N | N Comparators
Bus Pinout 3S 540 N [ N
Type of
Transceivers Description Output |P=Q|P>Q | P<Q [No.|AC |ACT]
Type of 4-Bit Identity 2S X 521 P | P
Description Output |No. | AC |ACT Arithmetic Operators
Octal, Non-Inverting gg étzlg E l'\’l Type of
3s 640l N | N Description Output | No. | AC [ACT
Octal, Inverting 3S 620 P | P 4-Bit Barrel Shifter 3S 350( P | P
3s 643| P | P
Octal, Non-Inverting with 3S 646| N [ P
Register Mux Latch
Octal, Inverting with Register 3S 648 P | P
Mux Latch
MSI Flip-Flops/Registers
No. of | Type of | Setor | Clock
Description Bits Output | Reset | Enable No. AC ACT
D-Type, Non-Inverting 4 28 X 377 N N
6 2S A 174 N P
6 28 X 378 N N
8 2S A 273 N N
8 3S 574 P P
D-Type, Inverting 8 3S 564 P P
FACT DATA
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FACT Descriptions and Family Characteristics

FACT — Logic

Motorola FACT logic offers a unique combination of high
speed, low power dissipation, high noise immunity, wide fan-
out capability, extended power supply range and high
reliability.

This data book describes the product line with device spec-
ifications as well as material discussing design considerations
and comparing the FACT family to predecessor technologies.

The sub two-micron silicon gate CMOS process utilized in
this family has been proven in the field. It has been further
enhanced to meet and exceed the JEDEC standards for
74ACXX logic.

For direct replacement of LS, ALS and other TTL devices,
the "ACT circuits with TTL-type input thresholds are included
in the FACT family. These include the more popular bus
drivers/transceivers as well as many other 74ACTXXX
devices.

Characteristics

® Full Logic Product Line
® Industry Standard Functions and Pinouts for SSI, MSI and
LSI
® Meets or Exceeds JEDEC Standards for 74ACXX Family
® TTL Inputs on Selected Circuits
o High Performance Outputs
Common Output Structure for Standard and Buffer
Drivers
Output Sink/Source Current of 24 mA
Transmission Line Driving 50 ohm (Commercial)
Guaranteed
® Operation from 2—6 Volts Guaranteed
® Temperature Range —40°C to +85°C (Commercial)
® Improved ESD Protection Network
® High Current Latch-Up Immunity

Interfacing

FACT devices have a wide operating voltage range (Vo
= 2 to 6 Vdc) and sufficient current drive to interface with
most other logic families available today.

Device designators are as follows:

"AC — This is a high-speed CMOS device with CMOS input
switching levels and buffered CMOS outputs that can drive
=24 mA of IoH and I current. Industry standard 'AC
nomenclature and pinouts are used.

"ACT — This is a high-speed CMOS device with a TTL-to-
CMOS input buffer stage. These device inputs are
designed to interface with TTL outputs operating with a
Vcc =5V = 0.5V with Vo4 =2.4V and VoL =
0.4 V.These devices have buffered outputs that will drive
CMOS or TTL devices with no additional interface circuitry.
'ACT devices have the same output structures as 'AC
devices.

Low Power CMOS Operation

If there is one single characteristic that justifies the exis-
tence of CMOS, it is low power dissipation. In the quiescent
state, FACT draws three orders of magnitude less power than
the equivalent LS or ALS TTL device. This enhances system

reliability; because costly regulated high current power sup-
plies, heat sinks and fans are eliminated, FACT logic devices
are ideal for portable systems such as laptop computers and
backpack communications systems. Operating power is also
very low for FACT logic. Power consumption of various tech-
nologies with a clock frequency of 1 MHz is shown below.

FACT = 0.1 mW/Gate
ALS = 1.2 mW/Gate
LS = 2.0 mW/Gate
HC = 0.1 mW/Gate
5004
400+
C = 50 pF @ 1 MHz
= 300+
3
8
200+
100+ CL = FIXTURE CAPACITANCE
@1 MHz
0 t : +
0 2 4 6

Vce (VOLTS)

Figure 2-1. Icc versus Vcg

Figure 2-1 illustrates the effects of Ic versus power supply
voltage (Vge) for two load capacitance values: 50 pF and
stray capacitance. The clock frequency was 1 MHz for the
measurements.

AC Performance

In comparison to LS, ALS and HC families, FACT devices
have faster internal gate delays. Additionally, as the level of
integration increases, FACT logic leads the way to very high-
speed systems.

The example below describes typical values for a
74XX138, 3-to-8 line decoder.

FACT = 6.0ns @ C_ = 50 pF
ALS = 120ns @ Cp = 50 pF
LS = 220ns @ C|_ = 15 pF
HC = 175ns@ CL = 50 pF

AC performance specifications are guaranteed at 5 V +
0.5V and 3.3V =+ 0.3 V. For worst case design at 2V Voo
on all device types, the formula below can be used to deter-
mine AC performance.

AC performance at 2 V Voo = 1.9 x AC specification at
33V

FACT DATA
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Multiple Output Switching : ! ~, [
Propagation delay is affected by the number of outputs 6 3
switching simultaneously. Typically, devices with more than 5 £  SLOPE = 500 __|
one output will follow the rule: for each output switching, 4 ) /
derate the databook specification by 250 ps. This effect typ- HIGH-to-LOW /* N
. . L X / 7 VOH”OH
ically is not significant on an octal device unless more than 3 v LNE17
four outputs are switching simultaneously. This derating is % 5 Vov/loL 7 SLOPE =
valid for the entire temperature range and 5 V +'10% VgC. g \\ ) / 50Q
! > / l
Noise Immunity 1 & |/ LOW-toHIGH
The noise immunity of a logic family is also an important 0 N\ /" AN
equipment cost factor in terms of decoupling components, -1 X Fo—
power supply dynamic resistance and regulation as well as 2
layout rules for PC boards and signal cables. —g2 —o4 0 o1 02

The comparisons shown describe the difference between
the input threshold of a device and the output voltage, CURRENT (A)

[VIL - VoLI/|VIH — VoH | at 4.5 V Ve,
Figure 2-2. Gate Driving 50 Ohm Line

FACT = 1.25/1.25V Reflection Diagram
ALS = 0.4/0.7V
LS = 0307V@475VVce Begin analysis at the VoL (quiescent) point. This is the
HC = os81.25v intersection of the Vo /oL curve for the output and the V|N/
B IiN curve for the input. For CMOS inputs and outputs, this
Output Characteristics point will be approximately 100 mV. Then draw a 50 ohm

load line from this intersection to the VoH/IoH curve as
shown by Line 1. This intersection is the voltage that the
incident wave will have. Here it occurs at approximately
3.95 V. Then draw a line with a slope of —50 ohms from this
first intersection point to the V|N/l|N curve as shown by Line
2. This second intersection will be the first reflection back
from the input gate. Continue this process of drawing the load
lines from each intersection to the next. Lines terminating on

All FACT outputs are buffered to ensure consistent output
voltage and current specifications across the family. Both ’AC
and 'ACT device types have the same output structures. Two
clamp diodes are internally connected to the output pin to
suppress voltage overshoot and undershoot in noisy system
applications which can result from impedance mismatching.
The balanced output design allows for controlled edge rates
and equal rise and fall times.

All devices ('AC or 'ACT) are guaranteed to source and the Vor/IOH curve should have positive slopes while lines
sink 24 mA. Commercial devices, 74AC/ACTXXX, are capa- terminating on the V|N/IN curve should have negative
ble of driving 50 ohm transmission lines. slopes. ) .

Each intersection point predicts the voltage of each
loL/loH Characteristics reflected wave on the transmission line. Intersection points

on the VoH/loH curve will be waves travelling from the driver
to the receiver while intersection points on the V|N/ljN curve
will be waves travelling from the receiver to the driver.

Figures 2-3a, 2-3b, 2-3c and 2-3d show the resultant wave-
forms. Each division on the time scale represents the prop-
agation delay of the transmission line.

FACT = 24/—24 mA

ALS = 24/—15mA

LS = 8/-04mA@ 4.75V VoG
HC 4/-4 mA

Dynamic Output Drive

Traditionally, in order to predict what incident wave voltages
would occur in a system, the designer was required to do an
output analysis using a Bergeron diagram. Not only is this a 5
long and time consuming operation, but the designer needed
to depend upon the accuracy and reliability of the manufac- 4—
turer-supplied ‘typical’ output I/V curve. Additionally, there
was no way to guarantee that any supplied device would
meet these ‘typical’ performance values across the operating
voltage and temperature limits. Fortunately for the system
designers, Motorola has taken the necessary steps to guar-
antee incident wave switching on transmission lines with 0
impedances as low as 50 ohms for the commercial temper-

VOLTS (V)

RECEIVER
ature range. -t= T ~ DRIVER
Figure 2-2 shows a Bergeron diagram for switching both I |

HIGH-to-LOW and LOW-to-HIGH. On the right side of the 1 0 1 2 3 4 5 6 7 8 9 10 11
graph (loyt > 0); are the Vo and I|4 curves for FACT logic

while on the left side (loyt < 0), are the curves for Vo and TIME (1 PROPAGATION DELAYDIY)
liL. Although we will only discuss here the LOW-to-HIGH

transition, the information presented may be applied to a Figure 2-3a. Resultant Waveforms Driving
HIGH-to-LOW transition. 50 Ohm Line — Theoretical
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s 5|
(2] i
5 :
e ,_| ;
"
03
1 — RECEIVER
"""" = DRIVER
N Y T
50 100 150 200 250 300 350 400 450
TIME (ns)
Figure 2-3b. Resultant Waveforms Driving
50 Ohm Line — Actual
7
RECEIVER
S DRIVER
5
4—
s
s g
2
e 2
1_.
0—] | — N —
N N
1 N S N A
-1 0 1 2 3 4 5 6 7 8 9 10 1

TIME (1 PROPAGATION DELAY/DIV)

Figure 2-3c. Resultant Waveforms Driving
50 Ohm Line — Theoretical

While this exercise can be done for FACT, it is no longer
necessary. FACT is guaranteed to drive an incident wave of
enough voltage to switch another FACT input.

We can calculate what current is required by looking at the
Bergeron diagram. The quiescent voltage on the line will be
within 100 mV of either rail. We know what voltage is required
to guarantee a valid voltage at the receiver. This is either
70% or 30% of V. The formula for calculating the current
and voltage required is | (Voq — V))/Zo | at V|. For Voq =
100 mV, V)4 = 3.85V, Voo = 5.5V and Z, = 50 ohms,
the required IoH at 3.85 V is 75 mA. For the HIGH-to-LOW
transition, Voq = 5.4 V, V| = 1.35 V and Z, = 50 ohms,

———— RECENVER
———— DRIVER

VOLTS (V)

N S N O O |
5 100 150 200 250 300 350 400 450

TIME (ns)

Figure 2-3d. Resultant Waveforms Driving
50 Ohm Line — Actual

loL is 75 mA at 1.65 V. FACT’s I/O specifications include
these limits. For transmission lines with impedances greater
than 50 ohms, the current requirements are less and switch-
ing is still guaranteed.

It is important to note that the typical 24 mA drive speci-
fication is not adequate to guarantee incident wave switching.
The only way to guarantee this is to guarantee the current
required to switch a transmission line from the output quies-
cent point to the valid V| level.

The following performance charts are provided in order to
aid the designer in determining dynamic output current drive

of FACT devices with various power supply voltages.

7
6

5 B

4 \\

VOLTAGE (V)

| Nvoo sy
. \ 111

v

L

—150 —200 mA

—100
CURRENT (mA)

Figure 2-4. Output Characteristics Von/IoH, ’AC00
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7 Choice of Voltage Specifications

Vec = 55V 6 To obtain better performance and higher density, semi-
fvcc =5V Vg = 45V 5 conductor technologies are reducing the vertical and hori-

zontal dimensions of integrated device structures. Due to a
4 number of electrical limitations in the manufacture of VLSI
\ \ devices and the need for low voltage operation in memory

\ \ cards, it was decided by the JEDEC committee to establish
N interface standards for devices operating at 3.3 V = 0.3 V.
~ To this end, Motorola guarantees all of its devices operational
\ ! at 3.3 V = 0.3 V. Note also that AC and DC specifications
I — 0 are guaranteed between 3 and 5.5 V. Operation of FACT

logic is also guaranteed from 2 to 6 V on Vgc.

VOLTAGE (V)

s Operating Voltage Ranges

IRTE SRR TERTERT S R S

200 mA 150 100 50 0

CURRENT (mA) FACT = 2to6V
. o ALS = 5V = 10%
Figure 2-5. Output Characteristics VoL /IgL, ’"AC00 LS = 5V + 5%
HC = 2to6V
T Voo = 5V, Tp = 25°C Vil 10
cc=5V.Ta= ININ SPEED versus POWER
6 -
5T 8
= 4t
=
g 37 z | e ols
5 24 >
=} 5
T 2
w
o1 5
—14 =z 4
=
-2 + } } 1 E o ALS
-02 =01 0 0.1 0.2 =
CURRENT (mA) 2
® FAST ohS
Figure 2-6. Input Characteristics ViN/IIN ®FACT L E;\|ST
0.001 0.3 1 3 10
Figure 2-8. Logic Family Compariso POWER PER GATE (mW)  (NOT TO SCALE)
i -8. ic Fami mparisons
9 9 v P Figure 2-7. Internal Gate Delays
GENERAL CHARACTERISTICS (All Max Ratings)
- FACT .
Symbol Parameter Ls ALS HCMOS Unit
‘AC ‘ACT
Vecegpp | Operating Voltage 5+5% | 5+10% 2106 2t0 6 2t06 v
Range
Ta 74 Series | OPerating Oto +70 | 0to 470 | —40to +85 | -—40to +85 | —40to +85 °c
Temperature Range
VIH (min) 2 2 3.15 3.15 2
Input Voltage (limits)
ViL (max) 0.8 0.8 0.9 1.35 0.8 v
VOH (min) 2.7 2.7 Vee-0.1 Vee-0.1 Vec-0.1 \"
Output Voltage (limits)
VoL (max) 0.5 0.5 0.1 0.1 0.1 Vv
IIH 20 20 +1 +1 +1 pA
Input Current
im —400 -200 -1 -1 -1 uA
IoH Output Current at -0.4 -04 -4@\Vcc—-08 |-24@Vec—-08|-24@Vec—08( mA
loL Vo (limit) 8 8 4@04V 24@04V 24 @04V mA
DC Noise Margin
DCM LOW/HIGH 0.3/0.7 0.4/0.7 0.8/1.25 1.25/1.26 0.7/2.4 Vv
Note: All DC parameters are specified over the commercial temperature range.
FACT DATA
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FACT Replaces LS, ALS, HCMOS

Motorola’s Advanced CMOS family is specifically designed
to outperform the LS, ALS and HCMOS families. Figure 2-7
shows the relative position of various logic families in speed/
power performance. FACT exhibits 1 ns internal propagation

Figure 2-8. Logic Family Comparisons, cont’d.

SPEED/POWER CHARACTERISTICS. (All Typical Ratings)

delays while consuming 1 uW of power.

The Logic Family Comparisons table below summarizes
the key performance specifications for various competitive
technology logic families.

Symbol Parameter LS ALS HCMOS FACT Unit
Ig Quiescent Supply Current/Gate 0.4 0.2 0.0005 0.0005 mA
PG Power/Gate (Quiescent) 2 1.2 0.0025 0.0025 mW
tp Propagation Delay 7 5 8 5 ns
— Speed Power Product 14 6 0.02 0.01 pJ
fmax Clock Frequency D/FF 33 50 50 160 MHz
PROPAGATION DELAY (Commercial Temperature Range)
Product Ls ALS HCMOS FACT Unit
tPLH/tPHL 74XX00 Ty 10 > 8 > ne
Max 15 1" 23 8.5 ns
tPLHAPHL 24XX74 Typ 25 12 23 8 ns
(Clock to Q) Max 40 18 44 10.5 ns
tPLHAPHL 74xX163 Typ 18 10 20 5 ns
(Clock to Q) Max 27 17 52 10 ns

Conditions: (LS) Vcc = 5V, CL = 15 pF, 25°C;

(ALS/HC/FACT) Vce = 5V, = 10%, CL = 50 pF, Typ values at 25°C, Max values at 0 to 70°C for ALS, —40 to +85°C for HC/FACT.

Circuit Characteristics

Power Dissipation

One advantage to using CMOS logic is its extremely low
power consumption. During quiescent conditions, FACT will
consume several orders of magnitude less current than its
bipolar counterparts. But DC power consumption is not the
whole picture. Any circuit will have AC power consumption,
whether it is built with CMOS or bipolar technologies.

Power consumption of a circuit can be calculated using the
formula:

Pp = [(CL + Cpp)*Vcc* Vsl + [la* Vecl
where

Pp = power dissipation (W)

CL = load capacitance (Farad)

Cpp = device power capacitance (Farad)

Vcc = power supply (Volt)

Vs = output voltage swing (Volt)

f = frequency of operation (Hz)

Il = quiescent current (Amp)

Power consumption for FACT is dependent on the supply
voltage, frequency of operation, internal capacitance and
load. Vg will be Vcc and IqQ can be considered negligible
for CMOS. Therefore, the simplified formula for CMOS is:

Pp = (CL + Cpp) Vec? f

Cpp values for CMOS devices are calculated by measur-
ing the power consumption of a device at two different fre-
quencies. Cpp is calculated in the following manner:

1. The power supply voltage is set to Vo = 5 Vdc.

2. Signal inputs are set up so that as many outputs as
possible are switching, giving a worst-case situation per
JEDEC Cpp conditions (see Section 3).

3. The power supply current is measured and recorded at
input frequencies of 200 kHz and 1 MHz.

4. The power dissipation capacitance is calculated by solv-
ing the two simultaneous equations

P1 = (Cpp*Vcc2+ 1) + (Icc* Veo)
P2 =(Cpp*Vcc?+f) + (Iicc* Vee)
giving

CpD = (P1-P2)Vcc2(f —f2)
or

CpD = (1 —12)/Vcelf1 —f2)
where

I1 = supply current at f{ = 200 kHz.
lo = supply current at fo = 1 MHz.

On FACT device data sheets, Cpp is a typical value and
is given either for the package or for the individual device
function, if there is more than one (i.e., gates, flip-flops, etc.),
within the package.
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Figure 2-9. Power Demonstration Circuit Schematic

The circuit shown in Figure 2-9 was used to compare the
power consumption of FACT versus ALS devices.

Two identical circuits were built on the same board and
driven from the same input. In the circuit, the input signal was
driven into four D-type flip-flops which act as divide-by-2 fre-
quency dividers. The outputs from the flip-flops were con-
nected to the inputs of a '138 decoder. This generated eight

400
350 +
30+
250+
£ 201
&
3 1504 &—— ALS CIRCUIT
< \ALS  STOPPED
100 4 ] FUNCTIONING
50+
0 4 4 + +
0 20 40 60 80 100
FREQUENCY (MHz)

Figure. 2-10. FACT versus ALS Circuit Power

non-overlapping clock pulses on the outputs of the '138,
which were then connected to an '04 inverter. The input fre-
quency was then varied and the power consumption was
measured. Figure 2-10 illustrates the results of these
measurements.

Below 40 MHz, the FACT circuit dissipates much less
power than the ALS version. It is interesting to note that when
the frequency went to zero, the FACT circuit's power con-
sumption also went to near zero; the ALS circuit continued
to dissipate almost 100 mW. Another advantage of FACT is
its capabilities above 40 MHz. At this frequency, the first
74ALS74 D-type flip-flop ceased to operate. Once this
occurred, the entire circuit stopped working and the power
consumption fell to its quiescent value. The FACT device,
however, continued functioning beyond the limit of the fre-
quency generator, which was 100 MHz.

This graph shows two advantages of FACT circuits (power
and speed). FACT logic delivers increased performance in
addition to offering the power savings of CMOS.

Refer to Section 3 for test philosophies regarding power
dissipation.

Specification Derivation

At first glance, the specifications for FACT logic might
appear.to be widely spread, possibly indicating wide design
margins are required. However, several effects are reflected
in each specification.

Figures 2-11a through 2-11e illustrate how the data from

FACT DATA




the characterization of actual devices is transformed into the
specifications that appear on the data sheet. This data is
taken from the 'AC245.

Figure 2-11a shows the data taken (from one part) on a
typical, single path, tp|_ from An to Bn, over temperature at
5 V; there is negligible variation in the value of tpy| . The
next graph, Figure 2-11b, depicts data taken on the same
device; this set of curves represents the data on all paths A
to B and B to A. The data on this plot indicates only a small
variation for tpHL.

The graphs in Figures 2-11a and 2-11b include data at 5 V;
Figure 2-11c shows the variation of delay times over the
standard 5 + 0.5 V voltage range. Note there is only a + 6%
variation in delay time due to voltage effects.

Now refer to Figure 2-11d which illustrates the process
effects on delay time. This graph indicates that the process
effects contribute to the spread in specifications more than
any other factor in that the effects of the theoretical process
spread can increase or decrease specification times by 30%.
Because this 30% spread represents considerably more than
+3 standard deviations, this guarantees an increase in the
manufacturability and the quality level of FACT product. To
further ensure parts within specification will pass on testers
at the limits of calibration, tester guardbands are
incorporated.

8T Vec =5V

74

6+

54

44

34 -
|

14

0 } t } ! —t } |
—-60 —40 -20 0 20 40 60 80 100 120

TEMPERATURE (°C)

Figure 2-11a. tpyL, An to Bn, Single Path

With voitage and process effects added (Figure 2-11e), the
full range of the specification can be seen. For reference, the
data sheet values are shown on the graph.

11
1.08
1.06
1.04
1.02

1
0.98
0.96
0.94
0.92
0.9 ! |

y T 1
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5
VOLTS
Figure 2-11c. Voltage Effects on Delay Times

0.6 } 1
N TYP MAX
PROCESS WINDOW
T Vee =5V Figure 2-11d. FACT Process Effects on Delay Times
74
64 8
54 7
g6 COMMERCIAL
% 5l MAXIMUM
MAXIMUM / =
ad // sy ROOM TEMP
=
S TYPICAL g °
| MINIMUM g 2 TYPICAL
- o 1
1
0 . COMMERCIAL MINIMUM
1
-60 —40 —-20 0 20 40 60 80 100 120 -5 =3 —15 5 25 45 65 85 105 125
TEMPERATURE (°C) TEMPERATURE (°C)
Figure 2-11e. tpHL, A to B, with Voltage
Figure 2-11b. tpyL, A to B, All Paths and Process Variation
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This linear behavior with temperature and voltage is typical ap DELAY (ns)
of CMOS. Although the graphs are drawn for a specific 30 \
device, other part types have very similar graphical repre- 28 £ T
sentations. Therefore, for performance-critical applications, % £ >~ =
where not all variables need to be taken into account at once, 24 .J:L= 1000 pF, tpriy
the user can narrow the specifications. For example, all parts 22 £ — =
in a critically timed subcircuit are together on a board, so it 20 F O 10 h =
may be assumed the devices are at the same supply and 18 — .L\—LP PHL
temperature. 16 =< L= 40 i
The same reasoning can be applied to setup and hold " e T — =]
times. Consider the 'AC74. The setup time is 3 ns while the }g i L — CL = 470 pF, tpHL.
hold time is 0 ns. Theoretically, if these numbers were vio- g £ CL=220pRtpH_| (o 20 pF g
lated, the device would malfunction; however, in actuality, the 6 — o = 50T L L P PLH
device probably will not malfunction. Looking at the typical 4 E C PP —— —i— ]
setup and hold times gives a better understanding of the 2 CL = 50 pF, tpy |
device operation. ok o b b v b L
At 25°C and 5 V, the setup time is 1.5 ns while the hold 3 35 4 45 5 55 6
time is —1.5 ns. They are the same; a positive setup time Ve (VOLTS)
means the control signal to be valid before the clock edge, Figure 2-12. Propagation Delay versus Vcc ('AC00)
a positive hold time indicates the control signal will be held
valid after the clock edge for the specified time, and a negative DELAY (ns)
hold time means the control signal can transition before the 2F o g
clock edge. FACT devices were designed to be as immune 20 F VoG = 45V, 7 L
to metastability as possible. This is reflected in the typical 18 E NL 17
specifications. The true ‘critical’ time where the input is actu- E tPLH P’ A
ally sampled is extremely short: less than 50 ps. 16 Vee =5V 1> =
By applying the same reasoning as we did to the propa- 1L tPLH L =
gation delays to the setup and hold times, it becomes obvious F Voo =55V| L] P =M
that the spread from setup to hold time (3 ns worst-case) 12 F //%, L EF Ve = 45V
. . F z £ [
really covers devices across the entire process/temperature/ 10 = PHL
voltage spread. The real difference between the setup and oF j’} tPHL Vec =5V
hold times for any single device, at a specified temperature t 1A LA T\/m =55V
; ik s A
and voltage, is negligible. 7
4F
Capacitive Loading Effects 2f
In addition to temperature and power supply effects, capac- 0 Bdunleaondinndis i didunbdnnlos boadandi dd,
itive loading effectspfor loads greater than 50 pF should be 10 200 30 40 500 60 70 0 00 1000
taken into account for propagation delays of FACT devices. LOAD CAPACITANCE (pF)
Minimum delay numbers may be determined from the table Figure 2-13. Propagation Delay versus Ci_ ('AC00)
below. Propagation delays are measured to the 50% point of
the output waveform. FACT devices have been specifically designed to reduce
the possibility of latch-up occurring; Motorola accomplished
o Voltage (V) this by lowering the gain of the parasitic transistors, reducing
i 3 45 55 Units substrate and p-well resistivity to increase external drive cur-
rent required to cause a parasitic to turn ON, and careful
trise 31 22 19 ps/pF design and layout to minimize the substrate-injected current
tfall 18 13 12,5 ps/pF coupling to other circuit areas.
TA = 25°C 0
The two graphs following, Figures 2-12 and 2-13, describe 9T Ve =5V
propagation delays on FACT devices as affected by varia- gt TA = 25°C
tions in power supply voltage (Vcc) and lumped load capac- 74
itance (CL). Figures 2-14 and 2-15 show the effects of lumped
load capacitance on rise and fall times for FACT devices. z 6T
@ -
Latch-up £ i
A major problem with CMOS has been its sensitivity to s
latch-up, usually attributed to high parasitic gains and high
input impedance. FACT logic is guaranteed not to latch-up 2T
with dynamic currents of 100 mA forced into or out of the 1+
inputs or the outputs under worst case conditions (Tp = 0 ! I ' 4 1
125°C and Vo = 5.5 Vdc). At room temperature the parts 0 10 2 30 40 50
can typically withstand dynamic currents of over 450 mA. For
most designs, latch-up will not be a problem, but the designer LOAD CAPAGITANGE (¢F)
should be aware of its causes and how to prevent it. Figure 2.14. t;jge versus Capacitance
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Figure 2-15. tf5) versus Capacitance

Electrostatic Discharge (ESD) Sensitivity

FACT circuits show excellent resistance to ESD-type
damage. FACT logic is guaranteed to have 2000 V ESD
immunity on all inputs and outputs using Human Body
Model (1500 ohms, 100 pF). FACT parts do not require any
special handling procedures. However, normal handling
precautions should be observed as in the case of any semi-
conductor device.

Figure 2-17 shows the ESD test circuit used in the sen-
sitivity analysis for this specification. Figure 2-18 is the pulse
waveform required to perform the sensitivity test.

The test procedure is as follows: five pulses, each of
2000 V, are applied to every combination of pins with a five
second cool-down period between each pulse. The polarity
is then reversed and the same procedure, pulse and pin
combination used for an additional five discharges. Continue
until all pins have been tested. The voltage is increased and
the testing procedure is again performed; this entire process
is repeated until failure is detected. This is done to thoroughly
evaluate all pins.

P-CHANNEL MOS N-CHANNEL MOS
D A~ outrr —~ -Vss ’
 NeuT 100%
-1 tRISE < 15 ns
Y —\ 2 — "g’ 90% IDECAY =< 350 ns
N+ | P+ P+ N+ N+ | P+ J
~ \ P— WELL = (R2 + Rg) Cy = 300 s
/] o =
§
far]
N-SUBSTRATE S 368%
" . . 10%
Figure 2-16. CMOS Inverter Cross Section with tRISE
Latch-up Circuit Schematic
tPEAK IDECAY
TIME
Figure 2-18. ESD Pulse Waveform
R1 = 800k Q (MIN)
360 (MAX) HIGH VOLTAGE Rp = 1500 €2
| e | o RELAY |
| S | S|
CHAQ DISCHARGE —°
CALIBRATE
——o
TEST
Cq = 100 pF
REGULATED =
HIGH VOLTAGE DC
DUT WAVEFORM
SUPPLY VOLTMETER TERMINALS
R3 = 1500 Q
—

Figure 2-17. ESD Test Circuit
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Ratings, Specifications and Waveforms

Specifying FACT Devices

Traditionally, when a semiconductor manufacturer com-
pleted a new device for introduction, specifications were
based on the characterization of just a few parts. While these
specifications were appealing to the designer, they were often
too tight and, over time, the IC manufacturers had difficulty
producing devices to the original specs. This forced the man-
ufacturer to relax circuit specifications to reflect the actual
performance of the device.

As a result, designers were required to review system
designs to ensure the system would remain reliable with the
new specifications. Motorola realized and understood the
problems associated with characterizing devices too
aggressively.

To provide more realistic and manufacturable specs,
Motorola devised a systematic and thorough process to
generate specifications. Devices are selected from multiple
wafer lots to ensure process variations are taken into
account. In addition, the process parameters are measured
and compared to the known process limits.

This method of characterizing parts more accurately rep-
resents the product across time, voltage, temperature and
process rather than portraying the fastest possible device.
FACT circuits are therefore guaranteed to be manufacturable
over time without the need to respecify timing.

These specification guidelines allow designers to design
systems more efficiently since the devices used will behave
as documented. Unspecified guardbands no longer need to
be added by the designer to ensure system reliability.

Power Dissipation — Test Philosophy

In an effort to reduce confusion about measuring Cpp, a
JEDEC standard test procedure (Appendix E) has been
adopted which specifies the test setup for each type of device.
This allows a device to be exercised in a consistent manner
for the purpose of specification comparison. All device mea-
surements are made with Voc = 5 V at 25°C, with 3-state
outputs both enabled and disabled.

Ratings and Specifications
Figure 3-i. Absolute Maximum Ratings1

Gates — Switch one input. Bias the remaining inputs such
that the output switches.

Latches — Switch the Enable and D inputs such that the
latch toggles.

Flip-Flops — Switch the clock pin while changing D (or bias
J and K) such that the output(s) change each clock cycle.
For parts with a common clock, exercise only one flip-flop.

Decoders — Switch one address pin which changes two
outputs.

Multiplexers — Switch one address pin with the correspond-
ing data inputs at opposite logic levels so that the output
switches. :

Counters — Switch the clock pin with other inputs biased
such that the device counts.

Shift Registers — Switch the clock pin with other inputs
biased such that the device counts.

Transceivers — Switch one data input. For bidirectional
devices enable only one direction.

Parity Generator — Switch one input.
Priority Encoders — Switch the lowest priority input.

Load Capacitance — Each output which is switching should
be loaded with the standard 50 pF.

If the device is tested at a high enough frequency, the static
supply current can be ignored. Thus at 1 MHz, the following
formula can be used to calculate Cpp:

CppD = Icc/(Vee) (1 x 108) — Equivalent Load Capacitance

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \
Vin DC Input Voltage (Referenced to GND) -05toVcc+05 \
Vout DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Source/Sink Current, per Pin +50 mA
Icc DC Vcc or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65t0 +150 °C

1Absolute maximum ratings are those values beyond which damage to the device may occur. Obviously the databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply, temperature, output/input loading variables. Motorola does not recommend

operation of FACT circuits outside databook specifications.
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Figure 3-2. Recommended Operating Conditions

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage AC 29 >0 59 \
'ACT 45 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \"
Vec@3.0V 150
tr SZ%UI;:\i/?:eznei::gt-I-Si:;;'\(i?tﬁ‘:pl)ts Vcc @45V 40 nsiV
Vec @55V 25
e S ¥ e
pt Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

-

. Vin from 30% to 70% Vg see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

DC Characteristics for ’AC Family Devices

74AC 74AC
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
(\")] —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 21 2.1 VouT = 0.1V
Input Voltage 4.5 2.25 3.15 3.156 \ orVee - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.35 \ orVgec — 0.TV
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 2.9 lout = —50 KA
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = VL or ViH
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 IoH -24mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 0.1 0.1 A"
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 HA V| = Vcc, GND
loLp +Minimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IOHD Output Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent -

Supply Current 5.5 8.0 80 nA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA

3-3



DC Characteristics for ’ACT Family Devices

74ACT 74ACT
Vee = 259 TA = i
Symbol Parameter W) TA = 25°C _40° to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 20 v Vout =01V
Input Voltage 55 15 2.0 20 orVgc — 0.1V
viL Maximum Low Level 45 15 0.8 0.8 v VouT = 0.1V
Input Voltage 5.5 15 0.8 0.8 orVgc — 01V
VoH Minimum High Level 45 4.49 4.4 4.4 v louT = —50 A
Output Voltage 55 5.49 54 5.4
"IN ;= ViLor ViH
45 3.86 3.76 \ | ~24 mA
55 4.86 476 OH  _24ma
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v loyTt = 50 KA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = Vi or ViH
45 0.36 0.44 \" | 24 mA
55 0.36 0.44 oL 24 mA
N Maximum Input _
Leakage Current 5.5 +0.1 1.0 uA V| = Vcg, GND
AlceT Additional Max. Icc/Input 55 0.6 1.5 mA Vi=Vcc - 21V
loLb tMinimum Dynamic 55 75 mA VoLD = 1.65V Max
[ Output Current 55 75 mA | VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 RA VIN = Vgg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
OPEN tpzH
= OPEl 1
TEST LOAD Phz
2xVee tpzL
triz

tf=3ns —

50 £ SCOPE

Figure 3-3. AC Tri-State Loading Circuit

AC Loading and Waveforms

Loading Circuit
Figure 3-3 shows the AC loading circuit used in charac-
terizing and specifying propagation delays of all FACT
devices ('AC and 'ACT) unless otherwise specified in the data
sheet of a specific device.
The use of this load, differs somewhat from previous
- (HCMOS) practice, provides more meaningful information
and minimizes problems of instrumentation and customer
correlation. In the past, +25°C propagation delays for TTL
devices were specified with a load of 15 pF to ground; this
required great care in building test jigs to minimize stray

capacitance and implied the use of high impedance, high
frequency scope probes. FAST circuits changed to 50 pF of
capacitance allowing more leeway in stray capacitance and
also loading the device during rising or falling output transi-
tions. This more closely resembles the inloading to be
expected in average applications and thus gives the designer
more useful delay figures. We have incorporated this scheme
into the FACT product line. The net effect of the change in
AC load is to increase the average observed propagation
delay by about 1 ns.
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The 500 ohm resistor to ground can be a high frequency
passive probe for a sampling oscilloscope, which costs much
less than the equivalent high impedance probe. Alternately,
the 500 ohm resistor to ground can simply be a 450 ohm
resistor feeding into a 50 ohm coaxial cable leading to a
sampling scope input connector, with the internal 50 ohm
termination of the scope completing the path to ground. This
is the preferred scheme for correlation. (See Figure 3-3.) With
this scheme there should be a matching cable from the device
input pin to the other input of the sampling scope; this also

serves as a 50 ohm termination for the pulse generator that
supplies the input signal.

Shown in Figure 3-3 is a second 500 ohm resistor from
the device output to a switch. For most measurements this
switch is open; it is closed for measuring one set of the
Enable/Disable parameters (LOW-to-OFF and OFF-to-LOW)
of a 3-state output. With the switch closed, the pair of 500
ohm resistors and the 2 x Vcc supply voltage establish a
quiescent HIGH level.

’ACxx Devices
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IMMUNITY IMMUNITY
Figure 3-4a. Test Input Signal Levels
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Figure 3-4b. Test Input Signal Levels
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Test Conditions

Figures 3-4a and 3-4b describe the input signal voltage
levels to be used when testing FACT circuits. The AC test
conditions follow industry convention requiring V| to range
from 0 V for a logic LOW to 3 V for a logic HIGH for 'ACT
devices and 0 V to V¢ for ’AC devices. The DC parameters
are normally tested with VN at guaranteed input levels, that
is V|H to V|L_ (see data tables for details). Care must be taken
to adequately decouple these high performance parts and to
protect the test signals from electrical noise. In an electrically
noisy environment, (e.g., a tester and handler not specifically
designed for high speed work), DC input levels may need to
be adjusted to increase the noise margin to allow for the extra
noise in the tester which would not be seen in a system.

Noise immunity testing is performed by raising Vi to the
nominal supply voltage of 5 V then dropping to a level cor-
responding to V| characteristics, and then raising again to
the 5 V level. Noise tests can also be performed on the V)
characteristics by raising VN from 0 V to V||, then returning
to 0 V. Both V) and V) noise immunity tests should not
induce a switch condition on the appropriate outputs of the
FACT device.

Good high frequency wiring practices should be used in
constructing test jigs. Leads on the load capacitor should be
as short as possible to minimize ripples on the output wave-
form transitions and to minimize undershoot. Generous
ground metal (preferably a ground plane) should be used for
the same reasons. A V¢ bypass capacitor should be pro-
vided at the test socket, also with minimum lead lengths.

Rise and Fall Times

Input signals should have rise and fall times of 3 ns and
signal swing of 0 V to 3.0 V V¢ for 'ACT devices or 0 V to
Vg for 'AC devices. Rise and fall times less than or equal
to 1 ns should be used for testing fmax or pulse widths.

CMOS devices, including 4000 Series CMOS, HC, HCT
and FACT families, tend to oscillate when the input rise and
fall times become lengthy. As a direct result of its increased
performance, FACT devices can be more sensitive to slow
input rise and fall times than other lower performance
technologies.

DATA Vini
IN N
W
1pxx. [e— tpxx |[-e—
-
DATA v,
out mo

Figure 3-5. Waveform for Inverting and
Non-Inverting Functions

*Vmi = 50% Vg for 'AC devices; 1.5 V for 'ACT devices
Vmo = 50% for 'AC/'ACT devices

It is important to understand why this oscillation occurs.
Consider the outputs, where the problem is initiated. Usually,
CMOS outputs drive capacitive loads with low DC leakage.
When the output changes from a HIGH level to a LOW level,
or from a LOW level to a HIGH level, this capacitance has
to be charged or discharged. With the present high perfor-
mance technologies, this charging or discharging takes place
in a very short time, typically 2-3 ns. The requirement to
charge or discharge the capacitive loads quickly creates a
condition where the instantaneous current change through
the output structure is quite high. A voltage is generated
across the Vo or ground leads inside the package due to
the inductance of these leads. The internal ground of the chip
will change in reference to the outside world because of this
induced voltage.

Consider the input. If the internal ground changes, the input
voltage level appears to change to the DUT. If the input rise
time is slow enough, its level might still be in the device
threshold region, or very close to it, when the output switches.
If the internally-induced voltage is large enough, it is possible
to shift the threshold region enough so that it re-crosses the
input level. If the gain of the device is sufficient and the input
rise or fall time is slow enough, then the device may go into
oscillation. As device propagation delays become shorter, the
inputs will have less time to rise or fall through the threshold
region. As device gains increase, the outputs will swing more,
creating more induced voltage. Instantaneous current change
will be greater as outputs become quicker, generating more
induced voltage.

Package-related causes of output oscillation are not
entirely to blame for problems with input rise and fall time
measurements. All testers have Vg and ground leads with
a finite inductance. This inductance needs to be added to the
inductance in the package to determine the overall voltage
which will be induced when the outputs change. As the ref-
erence for the input signals moves further away from the pin
under test, the test will be more susceptible to problems
caused by the inductance of the leads and stray noise. Any
noise on the input signal will also cause problems. With FACT
logic having gains as high as 100, it merely takes a 50 mV
change in the input to generate a full 5 V swing on the output.

I
CONTROL Vi
IN
—>] troc [—
CLOCK Vi
tPHL
tPLH
OUTPUT Vin Vo

Figure 3-6. Propagation Delay, Puise Width
and tyec Waveforms
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Enable and Disable Times

Figures 3-8 and 3-9 show that the disable times are mea-
sured at the point where the output voltage has risen or fallen
by 10% from the voltage rail level (i.e., ground for tp| 7z or
Ve for tpHz). This change enhances the repeatability of
measurements, reduces test times, and gives the system
designer more realistic delay times to use in calculating min-
imum cycle times. Since the high impedance state rising or
falling waveform is RC-controlled, the first 10% of change is
more linear and is less susceptible to external influences.
More importantly, perhaps from the system designer’s point
of view, a change in voltage of 10% is adequate to ensure
that a device output has turned OFF. Measuring to a larger
change in voltage merely exaggerates the apparent Disable
time and thus penalizes system performance since the
designer must use the Enable and Disable times to devise
worst case timing signals to ensure that the output of one
device is disabled before that of another device is enabled.

Propagation Delay, fjmax, Set, Hold, and
Recovery Times

A 1 MHz square wave is recommended for most propa-
gation delay tests. The repetition rate must necessarily be
increased for testing fmax. A 50% duty cycle should always
be used when testing fyax. Two pulse generators are usually
required for testing such parameters as setup time (tg), hold
time (tn), recovery time (tRec) shown in Figure 9.

Electrostatic Discharge

Precautions should be taken to prevent damage to devices
by electrostatic discharge. Static charge tends to accumulate
on insulated surfaces such as synthetic fabrics or carpeting,
plastic sheets, trays, foam, tubes or bags, and on ungrounded
electrical tools or appliances. The problem is much worse in
a dry atmosphere. In general, it is recommended that indi-
viduals take the precaution of touching a known ground

handling davicesg Tn effactivaly
nanGing Gevices. 10 enetuvery

damage to FACT devices, it is recommended that individuals
wear a grounded wrist strap when handling devices. More
often, handling equipment, which is not properly grounded,
causes damage to parts. Ensure that all plastic parts of the
tester, which are near the device, are conductive and con-
nected to ground.

avoid alaptrastatin

before avoid electrostatic

DATA
IN

CONTROL (CLOCK)

INPUT Vi
trec—m
31
MR 1
OR >< Vi
CLEAR it

Figure 3-7. Setup Time, Hold Time and Recovery Time

ouTPUT Vi
CONTROL . m
7}
tpzH tPHZ
m Vee
DATA v M R 0% Vee
out mo

Figure 3-8. 3-State Output High Enable
and Disable Times

L
OUTPUT N Vo
CONTROL ) '
7
tPzL
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Sk v
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GND
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L

Figure 3-9. 3-State Output Low Enable
and Disable Times

*Vmi = 50% Vg for 'AC devices; 1.5 V for 'ACT devices
Vmo = 50% V¢ for 'AC/'ACT devices
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Design Considerations

Today’s system designer is faced with the problem of keep-
ing ahead when addressing system performance and relia-
bility. Motorola’s Advanced CMOS helps designers achieve
these goals.

FACT logic was designed to alleviate many of the draw-
backs that are common to current technology logic circuits.
FACT logic combines the low static power consumption and
the high noise margins of CMOS with a high fan-out, low
input loading and a 50 ohm transmission line drive capability
(comparable to Motorola’s FAST bipolar technology family)
to offer a complete family of sub 2-micron SSI and MSI
devices.

Performance features such as advanced Schottky speeds
at CMOS power levels, advanced Schottky drive, excellent
noise, ESD and latch-up immunity are characteristics that
designers of state-of-the-art systems require. FACT logic
answers all of these concerns in one family of products. To
fully utilize the advantages provided by FACT, the system
designer should have an understanding of the flexibility as
well as the trade-offs of CMOS design. The following section
discusses common design concerns relative to the perfor-
mance and requirements of FACT.

There are six items of interest which need to be evaluated
when implementing FACT devices in new designs:

e Thermal Management — circuit performance and long-
term circuit reliability are affected by die temperature.

® Interfacing— interboard and technology interfaces, battery
backup and power down or live insert/extract systems
require some special thought.

® Transmission Line Driving — FACT has line driving capa-
bilities superior to all CMOS families and most TTL
families.

e Noise effects — As edge rates increase, the probability of
crosstalk and ground bounce problems increases. The
enhanced noise immunity and high threshold levels
improve FACT's resistance to crosstalk problems.

® Board Layout — Prudent board layout will ensure that most
noise effects are minimized.

® Power Supplies and Decoupling — Maximize ground and
Vcc traces to keep Voc/ground impedance as low as
possible; full ground/Vcc planes are best. Decouple any
device driving a transmission line; otherwise add one
capacitor for every package.

Thermal Management

Circuit performance and long-term circuit reliability are
affected by die temperature. Normally, both are improved by
keeping the IC junction temperatures low.

Electrical power dissipated in any integrated circuit is a
source of heat. This heat source increases the temperature
of the die relative to some reference point, normally the ambi-
ent temperature of 25°C in still air. The temperature increase,
then, depends on the amount of power dissipated in the circuit
and on the net thermal resistance between the heat source
and the reference point. See Section 2 for calculation of FACT
power consumption.

The temperature at the junction is a function of the pack-
aging and mounting system’s ability to remove heat gener-
ated in the circuit — from the junction region to the ambient
environment. The basic formula for converting power dissi-
pation to estimated junction temperature is:

Ty = Ta + Pp(dyc + fca) Q)
or
Ty = Ta + Pp(6yp) e
where
Ty = maximum junction temperature
TA = maximum ambient temperature
Pp = calculated maximum power dissipation including
effects of external loads (see Power Dissipation
in section II).
6)c = average thermal resistance, junction to case
dca = average thermal resistance, case to ambient
9Ja = average thermal resistance, junction to ambient

This Motorola recommended formula has been approved
by RADC and DESC for calculating a “practical” maximum
operating junction temperature for MIL-M-38510 (JAN)
devices.

Only two terms on the right side of equation (1) can be
varied by the user — the ambient temperature, and the device
case-to-ambient thermal resistance, ca. (To some extent
the device power dissipation can also be controlled, but under
recommended use the Vg supply and loading dictate a fixed
power dissipation.) Both system air flow and the package
mounting technique affect the 6 thermal resistance term.
)¢ is essentially independent of air flow and external mount-
ing method, but is sensitive to package material, die bonding
method, and die area.

Figure 4-1. Thermal Resistance Values for Standard I/C Packages

Thermal Resistance in Still Air

Package Description

1. Al plastic packages use copper lead frames.
2. Body style DIL is “Dual-In-Line.”

No. Body Body Body Die Die Area Flag Area 6yc (°C/Watt)
Leads Style Material WxL Bonds (Sq. Mils) (Sg. Mils) Avg. Max.
14 DiL Epoxy 1/4" x 3/4" Epoxy 4096 6,400 38 61
16 DIL Epoxy 1/4" x 3/4" Epoxy 4096 12,100 34 54
20 DIL Epoxy 0.35" x 0.35” Epoxy 4096 14,400 N/A N/A
NOTES:

3. Standard Mounting Method: Dual-In-Line Socket or P/C board with no contact between bottom of package and socket or P/C board.
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For applications where the case is held at essentially a
fixed temperature by mounting on a large or temperature-
controlled heat sink, the estimated junction temperature is
calculated by:

Ty = Tc + Pp(6yc) @)

where Tc = maximum case temperature and the other
parameters are as previously defined.

The maximum and average 9, resistance values for stan-
dard IC packages are given in Figure 4-1. In Figure 4-2, this
basic data is converted into graphs showing the maximum
power dissipation allowable at various ambient temperatures
(still air) for circuits mounted in the different packages, taking
into account the maximum permissible operating junction
temperature for long term life (= 100,000 hours for ceramic
packages).

Figure 4-2. Ambient Temperature Derating Curves
__ (Plastic Dual-In-Line Package Test Environment)
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Air Flow

The effect of air flow over the packages on 4 (due to a
decrease in 6ca) reduces the temperature rise of the pack-
age, therefore permitting a corresponding increase in power
dissipation without exceeding the maximum permissible
operating junction temperature.

Even though different device types mounted on a printed
circuit board may each have different power dissipations, all
will have the same input and output levels provided that each
is subject to identical air flow and the same ambient air tem-
perature. This eases design, since the only change in levels
between devices is due to the increase in ambient temper-
atures as the air passes over the devices, or differences in
ambient temperature between two devices.

The majority of users employ some form of air-flow cooling.
As air passes over each device on a printed circuit board, it
absorbs heat from each package. This heat gradient from the
first package to the last package is a function of the air flow
rate and individual package dissipations. Figure 4-3 provides
gradient data at power levels of 200 mW, 250 mW, 300 mW,
and 400 mW with an air flow rate of 500 lfom. These figures
show the proportionate increase in the junction temperature
of each dual in-line package as the air passes over each

device. For higher rates of air flow the change in junction
temperature from package to package down the airstream
will be lower due to greater cooling.

Figure 4-3. Thermal Gradient of Junction Temperature
(16-Pin Dual-In-Line Package)

Power Dissipati Ji ion Temp Gradient
(mw) (°C/Package)
200 0.4
250 0.5
300 0.63
400 0.88

Devices mounted on 0.062" PC board with Z axis spacing of 0.5".
Air flow is 500 Ifpm along the Z axis.

Optimizing The Long Term Reliability of
Plastic Packages

Todays plastic integrated circuit packages are as reliable
as ceramic packages under most environmental conditions.
However when the ultimate in system reliability is required,
thermal management must be considered as a prime system
design goal.

Modern plastic package assembly technology utilizes gold
wire bonded to aluminum bonding pads throughout the elec-
tronics industry. When exposed to high temperatures for pro-
tracted periods of time an intermetallic compound can form
in the bond area resulting in high impedance contacts and
degradation of device performance. Since the formation of
intermetallic compounds is directly related to device junction
temperature, it is incumbent on the designer to determine
that the device junction temperatures are consistent with sys-
tem reliability goals.

Predicting Bond Failure Time:

Based on the results of almost ten (10) years of +125°C
operating life testing, a speciai arrhenius equation has been
developed to show the relationship between junction tem-
perature and reliability.

11554.267

- -9
(1) T = (6.376 x 10-9)e [273_15 -

Where: T = Time in hours to 0.1% bond failure (1 failure
per 1,000 bonds).
Ty = Device junction temperature, °C.
And:

(2) Ty =Ta + Ppoga = Tp + ATy

Where: Ty = Device junction temperature, °C.
TA = Ambient temperature, °C. .
Pp = Device power dissipation in watts.
6Ja = Device thermal resistance, junction to air,
°C/Watt.
ATy = Increase in junction temperature due to on-

chip power dissipation.

Table 1 shows the relationship between junction temper-
ature, and continuous operating time to 0.1% bond failure,
(1 failure per 1,000 bonds).
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TABLE 1 — DEVICE JUNCTION TEMPERATURE versus
TIME TO 0.1% BOND FAILURES.

Junction
Temperature °C Time, Hours Time, Years
80 1,032,200 117.8
90 419,300 47.9
100 178,700 20.4
110 79,600 9.4
120 37,000 4.2
130 17,800 20
140 8,900 1.0

Table 1 is graphically illustrated in Figure 4-4 which shows
that the reliability for plastic and ceramic devices are the same
until elevated junction temperatures induces intermetallic fail-
ures in plastic devices. Early and mid-life failure rates of
plastic devices are not effected by this intermetallic
mechanism. '

Figure 4-4. Failure Rate versus Time
Junction Temperature
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Procedure

After the desired system failure rate has been established
for failure mechanisms other than intermetallics, each device
in the system should be evaluated for maximum junction
temperature. Knowing the maximum junction temperature,
refer to Table 1 or Equation 1 to determine the continuous
operating time required to 0.1% bond failures due to inter-
metallic formation. At this time, system reliability departs from
the desired value as indicated in Figure 4-4.

Air flow is one method of thermal management which
should be considered for system longevity. Other commonly
used methods include heat sinks for higher powered devices,
refrigerated air flow and lower density board stuffing. Since
6CA is entirely dependent on the application, it is the respon-
sibility of the designer to determine its value. This can be
achieved by various techniques including simulation, mod-
eling, actual measurement, etc.

The material presented here emphasizes the need to con-
sider thermal management as an integral part of system
design and also the tools to determine if the management
methods being considered are adequate to produce. the
desired system reliability.

Interfacing

FACT devices have outputs which combine balanced
CMOS outputs with high current line driving capability. Each
standard output is guaranteed to source or sink 24 mA of
current at worst case conditions. This allows FACT circuits
to drive more loads than standard advanced Schottky parts;
FACT can directly drive ALS, AS, LS, HC and HCT devices.

Figure 4-5. Interfacing FACT to NMOS, CMOS and TTL

T
=

Vee

NMOS
ACIACT CMOS or
TTL

<

FACT devices can be directly driven by both NMOS and
CMOS families, as shown in Figure 4-5, operating at the same
rail potential without special considerations. This is possible
due to the low input loading of FACT product, guaranteed to
be less than 1 A per input.

Some older technologies, including all existing TTL fami-
lies, will not be able to drive FACT circuits directly; this is due
to inadequate high level capability, which is guaranteed to
2.4 V. There are two simple approaches to the TTL-to-FACT
interface problem. A TTL-to-CMOS converter can be con-
structed employing a resistor pull-up to Vo of approximately
4.7 k ohms, which is depicted in Figure 4-6. The correct HIGH
level is seen by the CMOS device while not loading down
the TTL driver.

Figure 4-6. V| Pull-Up on TTL Outputs
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Unfortunately, there will be designs where including a pull-
up resistor will not be acceptable. In these cases, such as a
terminated TTL bus, Motorola has designed devices which
offer thresholds that are TTL-compatible (Figure 4-7). These
interfaces tend to be slightly slower than their CMOS-level
counterparts due to an extra buffer stage required for level
conversion.
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Figure 4-7. TTL Interfacing to 'ACT
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ECL devices cannot directly drive FACT devices. Interfac-
ing FACT-to-ECL can be accomplished by using TTL-to-ECL
translators and 10125 ECL-to-TTL translators in addition to
following the same rules on the TTL outputs to CMOS inputs
(i.e., a resistor pull-up to Vo of approximately 4.7 k ohms).
The translation can also be accomplished by a resistive net-
work. A three-resistor interface between FACT and ECL logic
is illustrated in Figure 4-8a. Figures 4-8b and 4-8c show the
translation from ECL-to-FACT, which is somewhat more com-
plicated. These two examples offer some possible interfaces
between ECL and FACT logic.

Figure 4-8a. Resistive FACT-to-ECL Translation
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Figure 4-8b. Single-Ended ECL-to-’AC Circuit
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Figure 4-8c. Differential Output ECL-to-’AC Circuit
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It should be understood that for FACT, as with other CMOS
technologies, input levels that are between specified input
values will cause both transistors in the CMOS structure to
be conducting. This will cause a low resistive path from the
supply rail to ground, increasing the power consumption by
several orders of magnitude. It is important that CMOS inputs
are always driven as close as possible to the rail.

Figure 4-9. Crystal Oscillator Circuit Implemented
with FACT ’AC00
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Line Driving
With the available high-speed logic families, designers can
reach new heights in system performance. Yet, these faster
devices require a closer look at transmission line effects.
Although all circuit conductors have transmission line prop-
erties, these characteristics become significant when the
edge rates of the drivers are equal to or less than three times
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the propagation delay of the line. Significant transmission line
properties may be exhibited in an example where devices
have edge rates of 3 ns and lines of 8 inches or greater,
assuming propagation delays of 1.7 ns/ft for an unloaded
printed circuit trace.

Of the many properties of transmission lines, two are of
major interest to the system designer: Zge, the effective
equivalent impedance of the line, and tpde. the effective prop-
agation delay down the line. It should be noted that the intrin-
sic values of line impedance and propagation delay, Zg and
tpd, are geometry-dependent. Once the intrinsic values are
known, the effects of gate loading can be calculated. The
loaded values for Zge and tpde can be calculated with:

Zoo = —20__
oe T+Ci/C|
tode = tpd V1+Ct/Cl

where C; = intrinsic line capacitance and Cy = additional
capacitance due to gate loading.

The formulas indicate that the loading of lines decreases
the effective impedance of the line and increases the prop-
agation delay. Lines that have a propagation delay greater
than one third the rise time of the signal driver should be
evaluated for transmission line effects. When performing
transmission line analysis on a bus, only the longest, most
heavily loaded and the shortest, least loaded lines need to
be analyzed. All lines in a bus should be terminated equally;
if one line requires termination, all lines in the bus should be
terminated. This will ensure similar signals on all of the lines.

There are several termination schemes which may be
used. Included are series, parallel, AC parallel and Thevenin
terminations. AC parallel and series terminations are the most
useful for low power applications since they do not consume
any DC power. Parallel and Thevenin terminations experi-
ence high DC power consumption.

Termination Schemes

Figure 4-10. Termination Schemes
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Series Terminations

Series terminations are most useful in high-speed appli-
cations where most of the loads are at the far end of the line.
Loads that are between the driver and the end of the line will
receive a two-step waveform. The first wave will be the inci-
dent wave. The amplitude is dependent upon the output
impedance of the driver, the value of the series resistor and
the impedance of the line according to the formula

Vw = VcC * Zoe/(Zoe + Rs + Zg)

The amplitude will be one-half the voltage swing if Rg (the
series resistor) plus the output impedance (Zg) of the driver
is equal to the line impedance. The second step of the wave-
form is the reflection from the end of the line and will have
an amplitude equal to that of the first step. All devices on the
line will receive a valid level only after the wave has propa-
gated down the line and returned to the driver. Therefore, all
inputs will see the full voltage swing within two times the
delay of the line.

Parallel Termination

Parallel terminations are not generally recommended for
CMOS circuits due to their power consumption, which can
exceed the power consumption of the logic itself. The power
consumption of parallel terminations is a function of the resis-
tor value and the duty cycle of the signal. In addition, parallel
termination tends to bias the output levels of the driver
towards either Vg or ground. While this feature is not desir-
able for driving CMOS inputs, it can be useful for driving TTL
inputs.

AC Parallel Termination

AC parallel terminations work well for applications where
the delays caused by series terminations are unacceptable.
The effects of AC parallel terminations are similar to the
effects of standard parallel terminations. The major difference
is that the capacitor blocks any DC current path and helps
to reduce power consumption.
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Thevenin Termination

Thevenin terminations are also not generally recom-
mended due to their power consumption. Like parallel ter-
mination, a DC path to ground is created by the terminating
resistors. The power consumption of a Thevenin termination,
though, will generally not be a function of the signal duty
cycle. Thevenin terminations are more applicable for driving
CMOS inputs because they do not bias the output levels as
paralleled terminations do. It should be noted that lines with
Thevenin terminations should not be left floating since this
will cause the input levels to float between V¢ or ground,
increasing power consumption.

FACT circuits have been designed to drive 50 ohm trans-
mission lines over the full commercial temperature range.
This is guaranteed by the FACT family’s specified dynamic
drive capability of 86 mA sink and 75 mA source current.
This ensures incident wave switching on 50 ohm transmission
lines and is consistent with the 3 ns rated edge transition
time.

FACT devices also feature balanced output totem pole
structures to allow equal source and sink current capability.
This gives rise to balanced edge rates and equal rise and
fall times. Balanced drive capability and transition times elim-
inate both the need to caicuiate two different deiay times for
each signal path and the requirement to correct signal polarity
for the shortest delay time.

FACT product inputs have been created to take full advan-
tage of high output levels to deliver the maximum noise immu-
nity to the system designer. V|4 and V|_are specified at 70%
and 30% of V¢ respectively. The corresponding output lev-
els, VoH and VoL, are specified to be within 0.1 V of the
rails, of which the output sourcing or sinking 20 pA or less.
These noise margins are outlined in Figure 4-11.

Figure 4-11. Input Threshold
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CMOS Bus Loading

CMOS logic devices have clamp diodes from all inputs and
outputs to Vo and ground. While these diodes increase
system reliability by damping out undershoot and overshoot
noise, they can cause problems if power is lost.

Figure 4-12 exemplifies the situation when power is
removed. Any input driven above the Vgc pin will forward-
bias the clamp diode. Current can then flow into the device,
and out Vcc or any output that is HIGH. Depending upon
the system, this current, I\, can be quite high, and may not
allow the bus voltage to reach a valid HIGH state. One pos-
sible solution to eliminate this problem is to place a series
resistor in the line.

Figure 4-12. Noise Effects
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Noise Effects

FACT offers the best noise immunity of any competing
technology available today. With input thresholds specified
at 30% and 70% of Vcc and outputs that drive to within
100 mV of the rails, FACT devices offer noise margins
approaching 30% of Vcc. At 5 V Vcg, FACT's specified
input and output levels give almost 1.5 V of noise margin for
both ground- and Vg c-born noise. With realistic input thresh-
olds closer to 50% of Vcc, the actual margins approach
25V.

However, even the most advanced technology cannot
alone eliminate noise problems. Good circuit board layout
techniques are essential to take full advantage of the superior
performance of FACT circuits.

Well-designed circuit boards also help eliminate manufac-
turing and testing problems.

Another recommended practice is to-segment the board
into a high-speed area, a medium-speed area and a low-
speed area. The circuit areas with high current requirements
(i.e., buffer circuits and high-speed logic) should be as close
to the power supplies as possible; low-speed circuit areas
can be furthest away.

Decoupling capacitors should be adjacent to all buffer
chips; they should be distributed throughout the logic: one
capacitor per chip. Transmission lines need to be terminated
to keep reflections minimal. To minimize crosstalk, long signal
lines should not be close together.

Crosstalk

The problem of crosstalk and how to deal with it is becom-
ing more important as system performance and board dens-
ities increase. Crosstalk is the capacitive coupling of signals
from one line to another. The amplitude of the noise gener-
ated on the inactive line is directly related to the edge rates
of the signal on the active line, the proximity of the two lines
and the distance that the two lines are adjacent.

Crosstalk has two basic causes. Forward crosstalk, Figure
4-13a, is caused by the wavefront propagating down the
printed circuit trace at two different velocities. This difference
in velocities is due to the difference in the dielectric constants
of air (e, = 1) and epoxy glass (e = 4.7). As the wave
propagates down the trace, this difference in velocities will
cause one edge to reach the end before the other. This delay
is the cause of forward crosstalk; it increases with longer
trace length, so consequently the magnitude of forward cross-
talk will increase with distance.
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Reverse crosstalk, Figure 4-13b, is caused by the mutual
inductance and capacitance between the lines which is a
transformer action. Reverse crosstalk increases linearly with
distance up to a critical length. This critical length is the dis-
tance that the signal can travel during its rise or fall time.

Although crosstalk cannot be totally eliminated, there are
some design techniques that can reduce system problems

Figure 4-13a. Forward Crosstalk on PCB Traces
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This figure shows traces taken on a test fixture designed to
exaggerate the amplitude of crosstalk pulses.

resulting from crosstalk. FACT’s industry-leading noise mar-
gins make systems immune to crosstalk-related problems
easier to design. FACT’s AC noise margins, shown in Figures
4-14a and 4-14b, exemplify the outstanding immunity to
everyday noise which can effect system reliability.

Figure 4-13b. Reverse Crosstalk on PCB Traces
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This figure shows traces taken on a test fixture designed to
exaggerate the amplitude of crosstalk pulses.
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Figure 4-14a. High Noise Margin
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Figure 4-14b. Low Noise Margin
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With over 2 V of noise margins, the FACT family offers
better noise rejection than any other comparable technology.

In any design, the distance that lines run adjacent to each
other should be kept as short as possible. The best situation
is when the lines are perpendicular to each other. For those
situations where lines must run parallel, the effects of cross-
talk can be minimized by line termination. Terminating a line
in its characteristic impedance reduces the amplitude of an
initial crosstalk pulse by 50%. Terminating the line will also
reduce the amount of ringing. Crosstalk problems can also
be reduced by moving liens further apart or by inserting
ground lines or planes between them.

Figure 4-15. Effects of Termination on Crosstalk

Ground Bounce

Ground bounce occurs as a result of the intrinsic charac-
teristics of the leadframes and bondwires of the packages
used to house CMOS devices. As edge rates and drive capa-
bility increase in advanced logic families, the effects of these
intrinsic electrical characteristics become more pronounced.

Figure 4-16a shows a simple circuit model for a device in
a leadframe driving a standard test load. The inductor L1
represents the parasitic inductance in the ground lead of the
package; inductor L2 represents the parasitic inductance in
the power lead of the package; inductor L3 represents the
parasitic inductance in the output lead of the package; the
resistor R1 represents the output impedance of the device
output, and the capacitor and resistor C| and R|_represent
the standard test load on the output of the device.

Figure 4-16a. Output Model
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Figure 4-16b. Output Voltage
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Figure 4-16¢c. Output Current
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The three waveforms shown in Figures 4-16b, ¢ and d,
depict how ground bounce is generated. The first waveform
shows the voltage (V) across the load as it is switched from
a logic HIGH to a logic LOW. The output slew rate is depen-
dent upon the characteristics of the output transistor, the
inductors L1 and L3, and Ci, the load capacitance. The sec-
ond waveform shows the current that is generated as the
capacitor discharges [| = Cy +dV/df]. The third waveform
shows the voltage that is induced across the inductance in
the ground lead due to the changing currents [Vgp =
—L e« (dl/dt)].

There are many factors which affect the amplitude of the
ground bounce. Included are:

e Number of outputs switching simultaneously: more outputs
results in more ground bounce.

Type of output load: capacitive loads generate two to three
times more ground bounce than typical system traces.
Increasing the capacitive load to approximately 60-70 pF
increases ground bounce. Beyond 70 pF, ground bounce
drops off due to the filtering effect of the load. Moving the
load away from the output reduces the ground bounce.
Location of the output pin: outputs closer to the ground pin
exhibit less ground bounce than those further away.
Voltage: lowering Vg reduces ground bounce.

Test fixtures: standard test fixtures generate 30 to 50%
more ground bounce than a typical system since they use
capacitive loads which both increase the AC load and form
LCR tank circuits that oscillate.

Ground bounce produces several symptoms:

Altered device states. FACT logic does not exhibit this

symptom.

e Propagation delay degradation. FACT devices are char-
acterized not to degrade more than 250 ps per additional
output switching.

Undershoot on active outputs. The worst-case undershoot
will be approximately equal to the worst-case quiet output
noise.

Quiet output noise. FACT logic’s worst-case quiet output
noise has been measured to be approximately
500-1100 mV in actual system applications.

Observing either one of the following rules is sufficient to
avoid running into any ofthe problems associated with ground
bounce:

First, use cautionwhendrivingasynchronous TTL-level
inputs from CMOS octal outputs, or

Second, use caution when running control lines (set,
reset, load, clock, chip select) which are glitch-sensitive
through the same devices that drive data or address
lines.

Whenitis not possible to avoid the above conditions, there
are simple precautions available which can minimize ground
bounce noise. These are:

Locate these outputs as close to the ground pin as
possible.

Use the lowest Vcc possible or separate the power

-supplies.

Use board design practices which reduce any additive
noise sources, such as crosstalk, reflections, etc.

Design Rules

The set of design rules listed below are recommended to
ensure reliable system operation by providing the optimum
power supply connection to the devices. Most designers will
recognize these guidelines as those they have employed with
advanced bipolar logic families.

Use multi-layer boards with Voc and ground planes, with
the device power pins soldered directly to the planes to
insure the lowest power line impedances possible.

Use decoupling capacitors for every device, usually 0.1 uF
should be adequate. These capacitors should be located
as close to the ground pin as possible.

Do not use sockets or wirewrap boards whenever possible.
Do not connect capacitors from the outputs directly to
ground.

Decoupling Requirements

Motorola Advanced CMOS, as with other high-

performance, high-drive logic families, has special decou-
pling and printed circuit board layout requirements. Adher-
ing to these requirements will ensure the maximum advan-
tages are gained with FACT products.

Figure 4-17. Power Distribution Impedances

Vee
1/16" GLASS-EPOXY
GROUND PLANE

A5 Q Vgo

IMPEDANCE
116" BOARD

B100Q Ve Vee

IMPEDANCE
Voo 1/16” BOARD
GND C)68 2 Ve
032 IMPEDANCE
EPOXY GLASS 116" BOARD
E)20 Vg D)100 @ Vg
IMPEDANCE IMPEDANCE
FACT DATA

4-10



Local high frequency decoupling is required to supply
power to the chip when it is transitioning from a LOW to a
HIGH value. This power is necessary to charge the load
capacitance or drive a line impedance. Figure 4-17 displays
various Vcc and ground layout schemes along with asso-
ciated impedances.

For most power distribution networks, the typical imped-
ance is between 50 and 100 ohms. This impedance appears

in series with the load impedance and will cause a droop in
the Vo at the part. This limits the available voltage swing
at the local node, unless some form of decoupling is used.
This drooping of rails will cause the rise and fall times to
become elongated. Consider the example described in Figure
4-18 to calculate the amount of decoupling necessary. This
circuit utilizes an ’AC240 driving a 100 ohm bus from a point
somewhere in the middle.

Figure 4-18. Octal Buffer Driving a 100 Ohm Bus

E— Buffer Output Sees Net 50 Q) Load.
DATA BUS —| 50 2 Load Line on IgH—VoH Characteristic
Shows Low-to-High Step of Approx. 4.8 V
; 49v
100 1
Vour ;
0.1V {0
BUFFER GROUND .
PLANE — l |«<—4.0ns
10F8 P
| 94 mA
I
| j
OH 0
100V
Worst-Case Octal Drain = 8 x 94 mA = 0.75 Amp.

Being in the middle of the bus, the driver will see two 100
ohm loads in parallel, or an effective impedance of 50 ohms.
To switch the line from rail to rail, a drive of 94 mA is needed;
more than 750 mA will be required if all eight lines switch at
once. This instantaneous current requirement will generate
a voltage across the impedance of the power lines, causing
the actual Vg at the chip to droop. This droop limits the
voltage swing available to the driver. The net effect of the
voltage droop will lengthen device rise and fall times and slow
system operation. A local decoupling capacitor is required to
act as a low impedance supply for the driver chip during high
current conditions. It will maintain the voltage within accept-
able limits and keep rise and fall times to a minimum. The
necessary values for decoupling capacitors can be calculated

with the formula given in Figure 4-19.
In this example, if the Vg droop is to be kept below 0.1 V
and the edge rate equals 4 ns, a 0.03 uF capacitor is needed.
Itis good practice to distribute decoupling capacitors evenly
through the logic, placing one capacitor for every package.

Capacitor Types

Decoupling capacitors need to be of the high K ceramic
type with low equivalent series resistance (ESR), consisting
primarily of series inductance and series resistance. Capac-
itors using 5ZU dielectric have suitable properties and make
a good choice for decoupling capacitors; they offer minimum
cost and effective performance.

Figure 4-19. Formula for Calculating Decoupling Capacitors

Voo BUS
Voc Zcc —l

BYPASS CAPACITORS

1 a=cv
T =07 < caviat

C = IAYAV
At = 4x10—9

SPECIFY Vg DROOP = 0.1V MAX.

o = 0T0x4x 10-9
01
SELECT Cg = 0.047 uF

=30x10~9 = 0.030 uF

Place one decoupling capacitor adjacent to each package
driving any transmission line and distribute others
evenly throughout the logic.
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TTL-Compatible CMOS Designs Require Delta Icc

Consideration

The FACT product line is comprised of two types of
advanced CMOS circuits: 'AC and 'ACT devices. 'ACT indi-
cates an advanced CMOS device with TTL-type input thresh-
olds for direct replacement of LS and ALS circuits. As this
"ACT series is used to replace TTL, the Delta IccT specifi-
cation must be considered; this spec may be confusing and
misleading to the engineer unfamiliar with CMOS.

It is important to understand the concept of Delta IccT
and how to use it within a design. First, consider where Delta
IccT initiates. Most CMOS input structures are of the totem
pole type with an n-channel transistor in a series with a p-
channel transistor as illustrated below.

Figure 4-20. cMOS Input Structure
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These two transistors can be modeled as variable resistors
with resistances varying according to the input voltage. The
resistance of an ON transistor is approximately 50 ohms while
the resistance of an OFF transistor is generally greater than
5 Mohm. When the input to this structure is at either ground
or Vg, one transistor will be ON and one will be OFF. The
total series resistance of this pair will be the combination of
the two individual resistances, greater than 1 uA. When the
input is between ground and Vg, the resistance of the ON
transistor will increase while the resistance of the OFF tran-
sistor will decrease. The net resistance will drop due to the
much larger value of the OFF resistance. The total series
resistance can be as low as 600 ohms. This reduction in,
series resistance of the input structure will cause a corre-
sponding increase in Icc as current flows through the input
structure. The following graph depicts typical Icc variance
with input voltage for an 'ACT device.

INPUT PAD

_

Figure 4-21. Icc versus Input Voltage for 'ACT Devices
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The Delta I specification is the increase in Icc. For each
input at Vgc-2.1 V, the Delta Icc value should be added to
the quiescent supply current to arrive at the circuit's worst-
case static Icc value.

Fortunately, there are several factors which tend to reduce
the increase in Icc per input. Most TTL devices will be able
to drive FACT inputs well beyond the TTL output specification
due to FACT’s low input loading in a typical system. FAST
logic outputs can drive 'ACT-type inputs down to 200 mV and
up to 3.5 V. Additionally, the typical Icc increase per input
will be less than the specified limit. As shown in the graph
above, the Icc increase at Vog-2.1 V is less than 200 uA
in the typical system. Experiments have shown that the Icc
of an 'ACT240 series device typically increases only 200 A
when all of the inputs are connected to a FAST device instead
of ground or Vcc.

It is important when designing with FACT, as with any TTL-
compatible CMOS technology, that the Delta Icc specifica-
tion be considered. Designers should be aware of the spec’s
significance and that the data book specification is a worst-
case value; most systems will see values that are much less.
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Testing Advanced CMOS Devices with I/0 Pins

There are more and more CMOS families becoming avail-
able which can replace TTL circuits. Although testing these
new CMOS units with programs and fixtures which were
developed for bipolar devices will yield acceptable results
most of the time, there are some cases where this approach
will cause the test engineer problems.

Such is the case with parts that have a bidirectional pin,
exemplified by the '245 Octal Transceiver. If the proper testing
methods are not followed, these types of parts may not pass
those tests for Icc and input leakage currents, even when
there is no fault with the devices.

CMOS circuits, unlike their bipolar counterparts, have static
Icc specification orders of magnitude less than standard load
currents. Most CMOS I specifications are usually less than
100 wA. When conducting an IcG test, greater care must be
taken so that other currents will not mask the actual Igg of
the device. These currents are usually sourced from the
inputs and outputs.

Since the static Icc requirements of CMOS devices are
so low, output load currents must be prevented from masking
the current load of the device during an IgG test. Even a
standard 500 ohm load resistor will sink 10 mA at 5 V, which
is more than twice the Icc level being tested. Thus, most
manufacturers will specify that all outputs must be unloaded
during IcG tests.

Another area of concern is identified when considering the
inputs of the device. When the input is in the transition region,
Icc can be several orders of magnitude greater than the
specification. When the input voltage is in the transition
region, both the n-channel and the p-channel transistors in
the input totem-pole structure will be slightly ON, and a con-
duction is created from Vo to ground. This conduction path
leads to the increased IcG current seen in the IgG vs. VIN
curve. When the input is at either rail, the input structure no
longer conducts. Most I testing is done with all of the inputs
tied to either Vo or ground. If the inputs are allowed to float,
and the input structure will conduct an order of magnitude
more current than the actual Icc of the device under test
which is being measured by the tester.

Figure 4-22. Icc versus ljy
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When testing the Icc of a CMOS '245, problems can arise
depending upon how the test is conducted. Note the structure
of the '245’s 1/O pins illustrated below.

Figure 4-23. ’245 1/0 Structure
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Each I/O pin is connected to both an input device and an
output device. The pin can be viewed as having three states:
input, output and output disabled. However, only two states
actually exist.

Figure 4-24. I/O Pin Internal Structure
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The pin is either an input or an output. When testing the
Icc of the device, the pins selected as outputs by the T/R
signal must either be enabled and left open or be disabled
and tied to either rail. If the output device is disabled and
allowed to float, the input device will also float, and an exces-
sive amount of current will flow from Vcc to ground. A simple
rule to follow is to treat any output which is disabled as an
input. This will help insure the integrity of an Icc test.

Another area which might precipitate problems is the mea-
surement of the leakages on 1/O pins. The I/O pin internal
structure is depicted below.

The pin is internally connected to both an input device and
an output device; the limit for a leakage test must be the
combined Iy specification of the input and the Igz specifi-
cation of the output. For FACT devices, ||\ is specified at
+1 pA while Igz is specified at =5 uA. Combining these
gives a limit of +6 wA for I/O pins. Usually, /O pins will show
leakages that are less than the |gz specification of the output
alone.

Testing CMOS circuits is no more difficult than testing their
bipolar counterparts. However, there are some areas of con-
cern that will be new to many test engineers beginning to
work with CMOS. Becoming familiar with an understanding
these areas of concern prior to creating a test philosophy will
avert many problems that might otherwise arise later.
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Testing Disable Times of 3-State Outputs in a
Transmission Line Environment

Traditionally, the disable time of a 3-state buffer has been
measured from the 50% point on the disable input, to the
10% or 90% point on the output. On a bench test site, the
output waveform is generated by a load capacitor and a pull-
up/pull-down resistor. This circuit gives an RC charge/
discharge curve as shown below.

Figure 4-25. Typical Bench 3-State Waveform
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ATE test sites generally are unable to duplicate the bench
test structure. ATE test loads differ because they are usually
programmable and are situated away from the actual device.
A commonly used test load is a Wheatstone bridge. The
following figure illustrates the Wheatstone bridge test struc-
ture when used on the MCT 2000 test-system to duplicate
the bench load.

Figure 4-26. MCT Wheatstone Bridge Test Load

The voltage source provides a pull-up/pull-down voltage
while the current sources provide IoH and Ig_. When devices
with slow output slew rates are tested with the ATE load, the
resultant waveforms closely approximate the bench wave-
form, and a high degree of correlation can be achieved. How-
ever, when devices with high output slew rates are tested,
different results are observed that make correlating tester
results with bench results more difficult. This difference is due
to the transmission line properties of the test equipment. Most
disable tests are preceded by establishing a current flow
through the output structure. Typically, these currents will be
between 5 mA and 20 mA. The device is then disabled, and
a comparator detects when the output has risen to the 10%
or 90% level.

Consider the situation where the connection between the
device under test (DUT) and the comparator is a transmission
line. Visualize the device output as a switch; the effect is
easier to see. There is current flowing through the line, and
then the switch is opened. At the device end, the reflection
coefficient changes from 0 to 1. This generates a current
edge flowing back down the line equal to the current flowing
in the line prior to the opening of the switch. This current
wave will propagate down the line where it will encounter the
high impedance tester load. This will cause the wave to be
reflected back down the line toward the DUT. The current
wave will continue to reflect in the transmission line until it
reaches the voltage applied to the tester load. At this point,
the current source impedance decreases and it will dissipate
the current. A typical waveshape on a modern ATE is depicted
in Figure 4-23.

Figure 4-27. Typical ATE 3-State Waveform
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Transmission line theory states the voltage level of this
current wave is equal to the current in the line times the
impedance of the line. With typical currents as low as 5 mA

Figure 4-28. Measurement Stepout
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and impedances of 50 to 60 ohms, this voitage step can be
as minimal has 250 mV. If the comparator was programmed
to the 10% point, it would be looking for a step of 550 mV at
5.5 V V. Three reflections of the current pulse would be
required before the comparator would detect the level. It is
this added delay time caused by the transmission line envi-
ronment of the ATE that may cause parts to fail customers’
incoming tests, even though the device meets specifications.
The figure below graphically shows this stepout.

Point A represents the typical 50% measurement point on
tester driven waveforms. Point B represents the point at which
the delay time would be measured on a bench test fixture.
Point C represents where the delay time could be measured
on ATE fixtures. The delay time measured on the ATE fixture
can vary from the bench measured delay time to some greater
value, depending upon the voltage level that the tester is set.
If the voltage level of the tester is close to voltage levels of
the plateaus, the results may become non-repeatable.
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Data Sheets




MOTOROLA

Quad 2-Input NAND Gate

e Outputs Source/Sink 24 mA

e 'ACT00 Has TTL Compatible Inputs

MC74AC00
MC74ACT00

QUAD 2-INPUT
NAND GATE

T
1 = 1] Vec ?
G B 14
N SUFFIX
(] 1] CASE 646-06
Eﬁ m PLASTIC
4 &
anp 7] 3] " \aft:@
D SUFFIX
CASE 751A-02
PLASTIC
MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vce DC Supply Voltage (Referenced to GND) —-05t0 +7.0 \"
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \"
Vout DC Output Voltage (Referenced to GND) -0.5to Vgc+0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

Operating Conditions.
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MC74AC00 e MC74ACTO00

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
vee Supply Voltage ‘AC 2.0 5.0 6.0 v
‘ACT 45 . 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee A
Vec@3.0V 150

Input Rise and Fall Time (Note 1)

tr 1 'AC Devices except Schmitt Inputs Vec @45V 40 nsiV
Vcc @55V 25
Input Rise and Fall Time (Note 2) Vcc @45V 10
tro 1 'ACT Devi Schmitt | nsiV
evices except Schmitt Inputs ’ Vec @55V 8.0
Ty Junction Temperature (PDIP) . ! 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
loH Output Current — High : -24 mA
loL Output Current — Low ) ' 24 mA

. Vin from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

DC CHARACTERISTICS
74AC 74AC
Vee _ TA = . e
Symbol Parameter W) Ta = +25°C —40°C to +85°C Pmts Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 Vout =01V
Input Voltage 4.5 2.25 3.156 3.15 \" orVgc - 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.35 \ orVcc - 0.1V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 2.9 louT = —50 A
Output Voltage 4.5 4.49 4.4 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViL or VIH 5
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H —24mA
5.5 4.86 4.76 -24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 04 0.1 \"
5.5 0.001 0.1 0.1
*VIN = VL or Viy
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
Y] Maximum Input -

Leakage Current 5.5 +0.1 +1.0 uA V| = Vg, GND
loLp 1tMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
I0HD Output Current 55 ~75 mA VOHD = 3.85V Min
Icc Maximum Quiescent ’ =

Supply Current 5.5 4.0 40 nA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: |y and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.
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MC74AC00 ® MC74ACT00

DC CHARACTERISTICS
74ACT 74ACT
Vee _ o TA = N i
Symbol Parameter ) TA = +25°C —40°C to +85°C | Un!ts ’ Conditions )
Typ Guaranteed Limits
VIH Minimum High Level 45 1.5 2.0 2.0 v VouT = 0.1V
Input Voltage 5.5 15 2.0 2.0 orVgec — 0.1V
ViL Maximum Low Level 45 0.8 0.8 v VouTt =01V
Input Voltage 5.5 0.8 0.8 orVee - 0.1V
VOH Minimum High Level 45 4.49 4.4 4.4 v IoUT = —50 pA
Output Voltage 5.5 5.49 - 5.4 5.4 ]
*VIN = ViL or Vi
45 3.86 3.76 \ | —24mA
55 4.86 4.76 OH —24mA
VoL Maximum Low Level 4.5 ' 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
' *VIN = VL or VIH
4.5 0.36 0.44 Vv | 24 mA
5.5 0.36 0.44 oL 24 mA
Y] Maximum Input _
Leakage Current 5.5 *0.1 +1.0 ;{.A V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vcec—-21V
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IOHD Output Current 55 -75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 nA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
i Ta = —40°C ]
* = Of
Symbol Parameter V((‘;g Té\ _ ;: 5: to +85°C Units ::g
L=>0P CL = 50 pF g
Min Typ Max Min Max
. 33 2.0 7.0. 9.5 2.0 10.0
tpLH Propagation Delay 5.0 15 " 6.0 8.0 15 8.5 ns 3-5
N 33 1.5 5.5 8.0 1.0 8.5
tPHL Propagation Delay 50 . 15 45 6.5 1.0 7.0 ns 3-5
*Voltage Range 3.3is 3.3V * 03V
Voltage Range 6.0 is 5.0 V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C -
* = 0
Symbol Parameter V&‘,’ 2‘ - ;:5: to +85°C Units :l'g'
L=50p CL = 50 pF .
Min Typ Max Min Max
tPLH Propagation Delay 5.0 1.5 5.5 9.0 1.0 9.5 ns 35
tPHL Propagation Delay 5.0 1.5 4.0 7.0 1.0 8.0 ns 35
*Voltage Range 5.0is 5.0V = 0.5V
CAPACITANCE
Symbol Parameter VTa;:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vece =50V
Cpp Power Dissipation Capacitance 30 pF Ve =50V
FACT DATA
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@ MOTOROLA MC74AC02
MC74ACTO02

Quad 2-|nput NOR Gate QUAD 2-INPUT

NOR GATE

® Outputs Source/Sink 24 mA
® 'ACT02 Has TTL Compatible Inputs

4] - 1a] VcC B
altfy 1

N SUFFIX
CASE 646-06
PLASTIC

] [ Bl BT BT BT ED

GND [7] " :
D SUFFIX
CASE 751A-02
PLASTIC
MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 \
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \"
Vout DC Output Voltage (Referenced to GND) —-0.5to Vcc+0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65 to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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MC74AC02 ¢ MC74ACT02

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v Sunply Vol 'AC 2.0 5.0 6.0 v
upply Voltage
ce P 9 ‘ACT 45 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee "
Vecc @ 3.0V 150

Input Rise and Fall Time (Note 1)

tr tf 'AC Devices except Schmitt Inputs Vec @4sv 40 sV
Vec @ 5.5V 25

Input Rise and Fall Time (Note 2) Vcc @45V 10
ty, tf , X X ns/V

ACT Devices except Schmitt Inputs Vee @ 55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vjn from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi, from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
. 74AC 74AC
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
(\)] —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouTt = 0.1V
Input Voltage 45 2.25 3.15 3.15 Y orVge - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouT = 0.1V
Input Voltage 4.5 2.25 1.35 1.35 Vv orVce —- 0.1V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 2.9 louT = —50 nA
Output Voltage 4.5 4.49 4.4 4.4 \"
55 5.49 5.4 5.4
*VIN = VL or Vi4
3.0 2.56 2.46 Y -12mA
45 3.86 3.76 lOH ~24 mA
55 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 4.5 0.001 0.1 0.1 \
55 0.001 0.1 0.1
*VIN = VjLor ViH
3.0 0.36 0.44 v 12 mA
4.5 0.36 0.44 loL 24 mA
55 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 HA V| = Vcc, GND
loLp TMinimum Dynamic 5.5 75 mA VoLDp = 1.65V Max
IOHD Output Current 55 —75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent -

Supply Current 5.5 4.0 40 nA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.

Note: IjN and Igc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc.

FACT DATA
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MC74AC02 ¢ MC74ACT02

DC CHARACTERISTICS
74ACT 74ACT
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
V) —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 4.5 15 2.0 2.0 v VouTt =0.1V
Input Voltage 55 15 2.0 2.0 orVgc - 01V
ViL Maximum Low Level 4.5 15 0.8 0.8 Y Vout =01V
Input Voltage 5.5 15 0.8 0.8 orVgeg - 01V
VOH Minimum High Level 4.5 4.49 4.4 44 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor VY
4.5 3.86 3.76 \ | -24mA
55 486 476 OH ~24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor Viy
45 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 nA V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 15 mA Vi =Vce - 21V
loLp tMinimum Dynamic 55 75 mA VoLp = 1.65V Max
I0HD Output Current 55 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent -
Supply Current 55 4.0 40 pA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C "
* = O
Symbol Parameter V((‘;g -Ig\ : ;02 SFC to +85°C Units :;g
L=50P CL = 50 pF .
Min Typ Max Min Max
. 3.3 15 5.0 7.5 1.0 8.0
tPLH Propagation Delay 5.0 15 20 6.0 10 6.5 ns 3-5
. 3.3 15 5.0 7.5 1.0 8.0
tPHL Propagation Delay 5.0 15 45 65 10 7.0 ns 3-5
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C 3
* = o X
Symbol Parameter V((‘;g 1;? _ ;02 5'5 to +85°C Units :;g
L=30p CL = 50 pF .
Min Typ Max Min Max
tPLH Propagation Delay 5.0 15 8.5 1.0 9.0 ns 3-6
tPHL Propagation Delay 5.0 1.5 9.5 1.0 10 ns 3-6
*Voltage Range 5.0is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter V;‘I,:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =560V
CpD Power Dissipation Capacitance 30 pF Vee =50V
FACT DATA
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@ MOTOROLA MC74AC04
MC74ACTO4

Hex Inverter

o Qutputs Source/Sink 24 mA
® 'ACT04 Has TTL Compatible Inputs

HEX INVERTER

A} T
E—? E Vee 14
E Y E 1
(] 12] N SUFFIX
[ Y i CASE 646-06
Y PLASTIC
EB— m
] Y 5] 14 (@'
anp [7] 2] 1
D SUFFIX
CASE 751A-02
PLASTIC
MAXIMUM RATINGS*

Symbol ' Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 Vv
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \Y
Vout DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 Vv
lin 1 oc Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature ~65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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MC74AC04 o MC74ACT04

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter o Min Typ. Max Unit
v Suppiv Vol ‘AC . 2.0 5.0 6.0
u oltage " v
- cc ) PPy 9 ‘ACT . 45 5.0 5.5
Vin. Vout. DC Input Voltage, Output Voltage (Ref. to GND) 0 Vece \"
Vcc@3.0V ‘| 150
- Input Rise and Fall Time (Note 1) N
tr. tf 'AC Devices except Schmitt Inputs Vec @45V _ 40 nsiV
. Vec @55V " 25
ot Input Rise and Fall Time (Note 2) ‘ Vcc @45V 10 Y
vt 'ACT Devices except Schmitt Inputs Vee @5.5V 8.0
Ty Junction Temperature (PDIP) : 140 °c
TA Operating Ambient Temperature Range -40 25 85 °C
IoH : Output Current — High -24 mA
loL Output Current — Low 24 mA
1. Vjp from 30% to 70% Vcc; see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
e Vece _ o Ta = " .
Symbol ) Parameter W) Ta = +25°C —40°C to +85°C »Umts Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 21 2.1 VouT =01V
Input Voltage 4.5 2.25 3.15 3.15 \ orVge — 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VQUT =01V
Input Voltage 4.5 2.25 1.35 1.35 \s orVgec - 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 29 louT = —50 A
Output Voltage : 45 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
; *VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 10H —-24mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 0.1 0.1 Vv .
5.5 0.001 0.1 0.1
*VIN =ViLorViy
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 oL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input - -

Leakage Current 5.5 +0.1 +1.0 uA V| = Vce, GND
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V-Max
I0HD Output Current | s ‘ -75 mA | VOHD = 3.85V Min
lcc Maximum Quiescent ' : VIN = V

Supply Current 55 40 40 kA IN cc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duratioh 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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MC74AC04 e MC74ACTO04

DC CHARACTERISTICS
74ACT 74ACT
Vee _ o TA = . oee
Symbol Parameter i) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v VouT = 0.1V
Input Voltage 5.5 15 2.0 2.0 orVgc ~ 0.1V
ViL Maximum Low Level 4.5 15 0.8 0.8 v Vout =01V
Input Voltage 5.5 15 0.8 0.8 orVgc — 01V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor Viy
45 3.86 3.76 v | -24mA
55 4.86 476 OH -24mA
VoL Maximum Low. Level 45 0.001 0.1 0.1 v louT = 50 xA
Output Voltage 55 0.001 0.1 0.1
*VIN = Vi or Vi4
4.5 0.36 0.44 Vv | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 *1.0 nA V| = Vge, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vcec - 21V
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
IOHD Output Current 55 -75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 | HA VIN = Vge or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output lpaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
: Ta = —40°C "
* = f
Symbol Parameter V(‘\:IC) Té\ = ‘5‘025;: to +85°C Units :"g
L=50p CL = 50 pF .
Min Typ Max Min Max
. 33 1.5 4.5 9.0 1.0 10
tPLH Propagation Delay 50. - 15 4.0 70 10 7.5 ns 3-5
. 33 1.5 4.5 8.5 1.0 9.5
tPHL Propagation Delay 5.0 15 35 6.5 10 7.0 ns 3-5
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0 is 5.0 V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT " 74ACT
= . TA = —40°C "
Symbol Parameter V((‘;I();* ? ~ -;02 5:._: to +85°C Units :g
L=50p CL = 50 pF .
Min Typ Max Min Max
tPLH Propagation Delay 5.0 1.5 8.5 1.0 9.0 ns 3-6
tPHL Propagation Delay 5.0 15 8.0 1.0 8.5 ns 3-6 ’
*Voltage Range 5.0 is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter V:yl:e Units Test Conditions
CiIN Input Capacitance 4.5 pF Ve =50V
Cpp Power Dissipation Capacitance 30 pF Vcec =50V
FACT DATA
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Quad 2-Input AND Gate QUAD 2-INPUT
AND GATE
e Outputs Source/Sink 24 mA
® 'ACT08 Has TTL Compatible Inputs
Al v'
O] [14] Vee 14
(B EE N SUFFIX
CASE 646-06
(] 7] PLASTIC
] im
5 &
GND [7 8] 1
D SUFFIX
CASE 751A-02
PLASTIC
MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 Vv
Vin DC Input Voltage (Referenced to GND) ~0.5to Vcc+0.5 v
Vout DC Output Voltage (Referenced to GND) -0.5to Vg +0.5 Vv
lin DC Input Current, per Pin +20 mA
lout DC Qutput Sink/Source Current, per Pin =50 mA
Icc DC Vcc or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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MC74AC08 e MC74ACT08

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v s v Vol ‘AC 2.0 5.0 6.0 v
upply Voltage
ce i ‘ACT 45 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \"
Veec @ 3.0V 150

Input Rise and Fall Time (Note 1) N

tr. ¥ "AC Devices except Schmitt Inputs Vec @45V 40 nsiV
Veec @5B.5V 25

Input Rise and Fall Time (Note 2) Vcc @45V 10
tr, tf ) . . ns/V

ACT Devices except Schmitt Inputs Veec @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High ~24 mA
loL Output Current — Low 24 mA

1. Vin from 30% to 70% V¢c: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vip from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
v) A ~40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 21 2.1 VouTt = 0.1V
Input Voltage 45 2.25 3.15 3.15 \ orVgc - 01V
5.5 2.75 3.85 3.856
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouT =01V
Input Voltage 45 2.25 1.35 1.35 \ orVgc - 01V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 29 louT = —50 nA
Output Voltage 4.5 4.49 4.4 4.4 \%
5.5 5.49 5.4 5.4
*VIN = ViL or Vi
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 10H —24 mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 45 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = VL or Vi
3.0 0.36 0.44 v 12 mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input _

Leakage Current 55 *0 1.0 KA Vi = Ve, GND
loLb tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
I0HD Output Current 55 —75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _

Supply Current 5.5 4.0 40 RA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.

TMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢,

FACT DATA
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MC74AC08 © MC74ACT08

DC CHARACTERISTICS

74ACT 74ACT
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
v) —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v Vout =01V
Input Voltage 5.5 1.5 2.0 2.0 orVgcc — 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 v Vout =01V
Input Voltage 5.5 15 0.8 0.8 orVge - 0.1V
VOH Minimum High Level 45 4.49 4.4 44 v lout = —50 LA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor ViH
45 3.86 3.76 \" | —-24mA
55 4.86 476 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v ) louT = 50 LA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = Vi or Viy
4.5 0.36 0.44 Vv \ 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
X +0. +1.0 A V| = Vcc, GND
Leakage Current 55 =01 * s ! cC
AlceTr Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi =Vcc - 21V
loLb TMinimum Dynamic 5.5 75 mA VoLDp = 1.65V Max
I0HD Output Current 55 —75 mA VOHD = 3.85V Min
Icc Maximum Quiescent A ViN =V, ND
Supply Current 55 4.0 40 Iz IN ccorG
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Vect Tp = +25%C Ta = -40°C Fig
Symbol Parameter cC = to +85°C Units ’
(V) CL = 50 pF CL = 50 pF No.
Min Typ Max Min Max
. 3.3 1.5 7.5 9.5 1.0 10.0
tPLH Propagation Delay 5.0 15 55 75 1.0 8.5 ns 35
R 1. 7.0 8.5 1.0 9.0
tPHL Propagation Delay gg 1.: 55 7.0 1.0 75 ns 3-5
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V

FACT DATA
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MC74AC08 ¢ MC74ACTO08

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
Ta = —40°C .
* = o
Symbol Parameter v:\:l‘i TCA _ ;02 ch to +85°C Units :llg
L=30p CL = 50 pF -
Min Typ Max “Min’ Max - ; '
tPLH Propagation Delay 5.0 1.5 9.0 1.0 10.0 ns 3-5
tPHL Propagation Delay 5.0 1.5 9.0 1.0 10.0 ns 35
*Voltage Range 5.0is 5.0V = 0.5V
CAPACITAI\!‘GE
Symbol : Parameter VTa‘I,:e Units Test Conditions
CIN Input.Capacitance 4.5 pF Vee = 50V
CpD Power Dissipation Capacitance 20 pF Vecec =50V

FACT DATA
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@ MOTOROLA MC74AC10
MC74ACT10

Triple 3-Input NAND Gate TRIPLE 3-INPUT
NAND GATE

® Outputs Source/Sink 24 mA
® 'ACT10 Has TTL Compatible Inputs

0

-

\
E Vee 14
B} [13] 1
] iz] N SUFFIX
CASE 646-06
]
E E . PLASTIC
G 7o)
6 9 >
E j ) 14 o
GND [7] 0| 1
D SUFFIX
CASE 751A-02
PLASTIC
MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) —-05to +7.0 \"
Vin DC Input Voltage (Referenced to GND) —-0.5to Vcc+0.5 "
Vout DC Output Voltage (Referenced to GND) —0.5to Vcc+0.5 Vv
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg- Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions. !

FACT DATA
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MC74AC10 ¢ MC74ACT10

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v Suoply Vol ‘AC 2.0 5.0 6.0 v
u oltage
: cc PPy 9 '‘ACT 4.5 5.0 5.5
Vin. Vout DC Input Voltage, Output Voltage (Ref. to GND) : 0 ) Vee V
Vecc@3.0V 150
Input Rise and Fall Time (Note 1) N ;
tr ¥ 'AC Devices except Schmitt Inputs Vec @45V 40 nsiv
Vec @55V 25
Input Rise and Fall Time (Note 2) Vcc @45V 10
tr, tf h . . ns/V
ACT Devices except Schmitt Inputs Vcc @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 ‘ 25 85 °C
IoH Output Current — High ~24 mA
loL Output Current — Low 24 mA
1. Vjn from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi, from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Vece _ o TA = e .
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 VouT = 0.1V,
Input Voltage 4.5 2.25 3.15 3.15 v orVec - 0.1V
5.5 2.75 3.856 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouTt =01V
Input Voltage 45 225 7| 1.35 1.35 \ orVgc - 01V
5.5 2.75 . 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 29 louT = —50 wA
. Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IoH —24 mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 kA
Output Voltage 45 0.001 0.1 0.1 \Z
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12 mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input =
Leakage Current 5.6 +0.1 *1.0 kA VI = Vcc, GND
loLb TMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IoHD Output Current 55 —75 mA VOHD = 3.85V Min
Icc Maximum Quiescent -
Supply Current 5.5 4.0 40 nA VIN = Vgc or GND

*All outputs loaded; th

hold

on input

d with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢c.

FACT
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MC74AC10 e MC74ACT10

DC CHARACTERISTICS

74ACT 74ACT
Vece _ o TA = . o
Symbol Parametgr ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v Vout =01V
Input Voltage 55 1.5 2.0 2.0 orVgcc — 0.1V
ViL Maximum Low Level 45 1.5 0.8 0.8 v VouTt =01V
Input Voltage 5.5 1.5 0.8 0.8 orVgc — 0.1V
VOH Minimum High Level 45 4.49 4.4 4.4 v loyT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLorViH
45 3.86 3.76 28 \ —-24 mA
55 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 LA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor ViH
4.5 0.36 0.44 \ ) 24 mA
55 0.36 0.44 oL 24mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 £1.0 pA V| = Vcc, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vgec -21V
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
I0HD Output Current 55 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 nA VIN = Vg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C .
* = X o .
Symbol Parameter V((\;I(); 2'\ _ ;02 5;: to +85°C Units :"g
L=>0Pp Cp = 50 pF .
Min Typ Max Min Max
. 3.3 1.5 6.0 9.5 1.0 10.5
tPLH Propagation Delay 5.0 15 45 7.0 1.0 8.0 ns . 35
. 3.3 1.5 5.5 8.5 1.0 10.0
tPHL Propagation Delay 5.0 15 4.0 6.0 1.0 65 ns 3-5
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
FACT DATA
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MC74AC10 e MC74ACT10

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
Ta = —40°C .
* = o
Symbol Parameter V(Cv(): Té‘\ _ ;oz 5:_: to +85°C Units ;'g
L=30p CL = 50 pF -
Min Typ Max Min Max
tPLH Propagation Delay 5.0 1.5 9.0 1.0 10.0 ns 3-5
tPHL Propagation Delay 5.0 15 8.0 1.0 85 ns 3-5
*Voltage Range 5.0 is 5.0V + 0.5V
CAPACITANCE
Symbol Parameter V:‘Il:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vcec =50V
CpD Power Dissipation Capacitance 25 pF Vee = 50V

FACT DATA
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@ MOTOROLA MC74AC11
MC74ACT11

Triple 3-Input AND Gate TRIPLE 3INPUT

AND GATE

@ Outputs Source/Sink 24 mA
® 'ACT11 Has TTL Compatible Inputs

T
a = 1] Veo 14
s ,

G 12] N SUFFIX
@ B o
B m
o B W
anp [7] 8] 1
D SUFFIX
CASE 751A-02
PLASTIC

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 Vv
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 v
Vout DC Output Voltage (Referenced to GND) —0.5to Vg +0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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MC74AC11 ® MC74ACT11

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v Supply Vol 'AC 2.0 5.0 6.0 v
uj oltage
ce PPl 9 'ACT 45 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vce \"
' Vec @3.0V 150
Input Rise and Fall Time (Note 1) "
tr 'AC Devices except Schmitt Inputs Vec@asv 40 nsiV
Vec @55V 25
ot Input Rise and Fall Time (Note 2) Vec @45V 10
r tf , . 5 ns/V
ACT Devices except Schmitt Inputs Voo @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA
1. Vijn from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Vece _ o TA = . sy
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouTt = 0.1V
Input Voltage 45 2.25 3.15 3.15 % orVec — 0.1V
5.5 2.75 3.856 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt = 0.1V
Input Voltage 45 2.25 1.35 1.35 \ orVeec ~ 0.1V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 29 louT = —50 kA
Output Voltage 45 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = Vi or Vi4
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IoH —24mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 4.5 0.001 0.1 0.1 )
5.5 0.001 0.1 0.1
"IN = ViLor VIH
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input =
Leakage Current 5.5 +0.1 +1.0 uA V| = Vce, GND
loLp TMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 RA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: ljy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vgc.

FACT DATA
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MC74AC11 e MC74ACT11

DC CHARACTERISTICS
74ACT 74ACT
Vce = o TA = . .
Symbol Parameter W) TA = +25°C —40°C to +85°C Units Cond|t|on§
'Typ Guaranteed Limits
ViH Minimum High Level | 45 1.5 2.0 2.0 v Vout =01V
Input Voltage - - 5.5 1.5 2.0 2.0 ) orVec - 01V
Vit Maximum Low Level : 45 1.5 0.8 0.8 V.o VouTt =01V
Input Voltage o 5.5 1.5 0.8 0.8 orVgec - 01V
VOH Minimum High Level 45 4.49 44 4.4 v " | louT = —-50 kA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor Vi -
45 ; 3.86 3.76 v | ~24mA
5.5 4.86 476 ‘ OH  _24maA
VoL Maximum Low Level 45 0.001 0.1 0.1 v ; louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViL or ViH
4.5 0.36 0.44 \' | 24 mA
5.5 0.36 0.44 oL 24 mA
] Maximum Input _
Leakage Current 5.5 +0.1 +1.0 HA V| = Vce, GND
Alcer Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vcec - 21V
loLb tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
I0HD Output Current 55 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent -
Supply Current 55 4.0 40 7y VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
. - o TA = —40°C "
Symbol Parameter V(({,,(); ? _ ;oz 5'? to +85°C Units :;'g
L=30p CL = 50 pF :
Min Typ Max Min Max
) 33 15 5.5 95 1.0 10.0 '
tPLH Propagation Delay 5.0 15 4.0 8.0 10 85 ns 35
" 3.3 1.5 5.5 8.5 1.0 9.5
tPHL Propagation Delay 5.0 15 40 7.0 10 75 ns 35
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA

5-21



MC74AC11 ¢ MC74ACT11

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
_ o TA = —40°C -
Symbol Parameter Vg’g* .2\ — -;-02 5'? to +85°C Units :::
L=50p CL = 50 pF -
Min Typ Max Min Max
tPLH Propagation Delay 5.0 1.5 9.5 1.0 10.5 ns 3-5
tPHL Propagation Delay 5.0 1.5 9.5 1.0 10.5 ns 35
*Voltage Range 5.0is 5.0V + 0.5V
CAPACITANCE
Symbol Parameter V:yl:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee = 5.0V
Cpp Power Dissipation Capacitance 20 pF Vge =50V
FACT DATA
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@ MOTOROLA MC74AC14
v MC74ACT14

- -
Hex Inverter Schmitt Trigger HEX INVERTER
; SCHMITT TRIGGER

The MC74AC14/74ACT14 contains six logic inverters which accept standard
CMOS input signals (TTL levels for MC74ACT14) and provide standard CMOS out-
put levels. They are capable of transforming slowly changing input signals into
sharply defined, jitter-free output signals. In addition, they have a greater noise
margin than conventional inverters.

The MC74AC14/74ACT14 has hysteresis between the positive-going and

negative-going input thresholds (typically 1.0 V) which is determined internally by 14

transistor ratios and is essentially insensitive to temperature and supply voltage

variations. !

® Schmitt Trigger Inputs N SUFFIX -
® Outputs Source/Sink 24 mA CASE 646-06
® 'ACT14 Has TTL Compatible Inputs PLASTIC

14\%) 2 !
;

FUNCTION TABLE
Input Output D SUFFIX
A ) CASE 751A-02
PLASTIC
L H
H L
\\_‘/
Ej 1] Vec.
[=] ils‘l
Gy
A I-—_Tl
Lip— 111§
Ce Y:_T_I
avo [7] %]
MAXIMUM RATINGS*
Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 \"
Vin DC Input Voltage (Referenced to GND) —-0.5to Vgc+0.5 \"
Vout DC Output Voltage (Referenced to GND) -0.5to Vgc+0.5 Vv
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should berestricted to the Recommended
Operating Conditions.

FACT DATA
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MC74AC14 ¢ MC74ACT14

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v Suboly Vol 'AC 2.0 5.0 6.0 v
up oltage
ce Py 9 'ACT 45 5.0 5.5 ‘
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee Vv
Vec@3.0Vv 150

Input Rise and Fall Time (Note 1) N

tro ¥ 'AC Devices except Schmitt Inputs Vec@asv 40 nsiV
Vec @5.5V 25

Input Rise and Fall Time (Note 2) Vcc@4sv 10
tr tf , 3 ) ns/V

ACT Devices except Schmitt Inputs Ve @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IOH Outpﬁt Current — High —-24 mA
loL Output Current — Low 24 mA

1. Vjn from 30% to 70% V¢ see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
v) —40°C to +85°C
Typ Guaranteed Limits
VoH Minimum High Level 3.0 2.99 2.9 29 louT = —50 KA
Output Voltage 4.5 4.49 4.4 4.4 \"
5.5 5.49 5.4 5.4
*VIN = Vi or ViH
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 IoH —-24mA
5.5 4.86 4.76 -24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 45 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = VILor ViH
3.0 0.36 0.44 v 12 mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 nA V| = Vcc, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IOHD Output Current 55 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 4.0 40 nA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Igc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vee:

FACT DATA
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MC74AC14 e MC74ACT14

DC CHARACTERISTICS
74ACT 74ACT
Vce _ o TA = . i
Symbol Parameter W) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VoH Minimum High Level 45 4.49 4.4 44 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViL or Viy
45 3.86 3.76 \ | -24mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 KA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor Viy
45 0.36 0.44 \" I 24 mA
55 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 55 +0.1 1.0 uA V| = Vcc, GND
AlceTt Additional Max. Icc/Input 5.5 0.6 15 mA Vi=Vgc-21V
loLD tMinimum Dynamic 5.5 ’ 75 mA VoLp = 1.65V Max
10HD Output Current 55 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 55 4.0 40 uA ViN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.

FACT DATA
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INPUT CHARACTERISTICS (unless otherwise specified)

MC74AC14 ¢ MC74ACT14

v, 74AC 74AC
Symbol Parameter (S? Typ@ |Ta = —40°| Units Test Conditions
TA = 25°C | to +85°C
. 3.0 2.2 - i
Maximum Positive ; 7
Vi+ “Threshold 4.5 3.2 2.0 \ TA = Worst Case
5.5 3.9
- . 3.0 0.5
Vi Minimum Negative 45 0.9 0.8 V| Ta = Worst Case
Threshold
5.5 1.1
) 3.0 12 12
Vh(max) .';| Maximum Hysteresis 4.5 1.4 : \" Ta = Worst Case
: 5.5 1.6
3.0 0.3
Vh(min) Minimum Hysteresis 4.5 0.4 0.4 Vv Ta = Worst Case
5.5 0.5
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74AC 74AC
TA = —40°C -
* = 0
Symbol Parameter VR,(; 1;? —= ;02 5;: to +85°C Units :llg
L P CL = 50 pF :
Min Typ Max Min Max
. 33 1.5 9.5 13.5 1.5 15.0
tPLH Propagation Delay 5.0 15 70 100 15 1.0 ns 3-5
. 3.3 1.5 7.5 11.5 1.5 13.0
tPHL Propagation Delay 5.0 15 6.0 85 15 95 ns 3-5
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
TA = —40°C .
* = o
Symbol Parameter Vee Ta = +25°C to +85°C Units Fig.
V) Ci = 50 pF ~ T No.
- i CL = 50 pF
Min Typ Max Min Max
tPLH Propagation Delay 5.0 1.5 11.5 1.0 12,5 ns 3-5
tPHL Propagation Delay 5.0 1.5 10.0 1.0 1.0 ns 3-5
*Voltage Range 5.0is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter VTa‘Il:e Units Test Conditions
Cin Input Capacitance 4.5 pF Vee = 5.0V
Cpp Power Dissipation Capacitance 25 pF Vece = 5.0V
FACT DATA
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Quad 2-Input OR Gate QUAD 2-INPUT
OR GATE
o Outputs Source/Sink 24 mA
® 'ACT32 Has TTL Compatible Inputs
O—" [ B
E 2] ‘N SUFFIX
4 11 CASE 646-06
[: : PLASTIC
G} i)
14 *
GND [T 3] ;
D SUFFIX
CASE 751A-02
PLASTIC
MAXIMUM RATINGS* '

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 \
Vin DC‘lnput Voltage (Referenced to GND) -0.5to:Vcc+0.5 Vv
Vout DC Output Voltage (Referenced to GND) —-0.5to Vcc+0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg . Storage Temperature ' —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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RECOMMENDED ,OPERATING CONDITIONS

MC74AC32 e MC74ACT32

Symbol Parameter Min Typ Max Unit
v s v Vol '‘AC 2.0 5.0 6.0 v
u oltage
cc PPy g ‘ACT 45 . 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 ‘ Nce Y
Vcc@3.0V 150
Input Rise and Fall Time (Note 1) e p
tr b 'AC Devices except Schmitt Inputs Vec @45V 40 oSV,
Vec@5.5V 25
ot Input Rise and Fall Time (Note 2) Vcc@4sV 10 sV
vt 'ACT,Devices except Schmitt Inputs Vec @5.5V 8.0
Ty . Junction Temperature (PDIP) 140 °c
TA Operating Ambient Temperature Range —-40 25 85 °C
IoH || Output Current — High -24 mA
loL - Output Current — Low 24 mA
1. Vin from 30% to 70% V¢ see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Vee _ o TA = . oer
Symbol Parameter W) TA = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouT = 0.1V
Input Voltage 4.5 2.25 3.15 3.15 Vv orVec — 0.1V |
5.5 2.75 3.85 3.85
Vi Maximum Low Level 3.0 15 0.9 - 0.9 VoyTt =01V
Input Voltage 4.5 2.25 1.35 1.35" \ orVce — 0.1V
5.5 2,75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 29 loyT = —50 LA
Output Voltage 4.5 4.49 4.4 - 4.4 \Y
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IOH -24mA
5.5 4.86 4.76 —-24mA°
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 pA
Output Voltage 45 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input -

Leakage Current 5.5 +0.1 +1.0 uA V| = Vce, GND
loLp TMinimum Dynamic 5.5 75 mA VoLp = 1.66V Max
IoHD Output Current 55 75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 4.0 40 HA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: I and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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MC74AC32 e MC74ACT32

DC CHARACTERISTICS
74ACT 74ACT
Symbol Parameter Vee TA = +25°C Ta = Units Conditions
(v) —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v Vout =01V
Input Voltage 55 15 2.0 2.0 orVgec - 0.1V
ViL Maximum Low Level 45 1.5 0.8 0.8 v Vour =01V
Input Voltage 55 15 0.8 0.8 orVcc - 0.1V
VoH Minimum High Level 4.5 4.49 4.4 4.4 v lout = —-50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor VIH
45 3.86 3.76 \ | —-24mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VijLor VIH
4.5 0.36 0.44 " | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input =
Leakage Current 5.5 =01 =1.0 uA V| = Vcc, GND
AlccT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vge - 21V
loLd 1TMinimum Dynamic 5.5 75 mA VoLD = 1.65 V Max
IoHD Output Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 nA VIN = V¢ or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C "
* = Of
Symbol Parameter V((\;I(; Té\ _ ;: S 'S to +85°C Units :g
L=30p CL = 50 pF -
Min Typ Max Min Max
. 33 15 7.0 9.0 15 10.0
tPLH Propagation Delay 5.0 15 5.5 75 10 85 ns 35 5
. 33 15 7.0 8.5 1.0 9.0
tPHL Propagation Delay 50 15 5.0 7.0 1.0 75 ns 3-5
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
FACT DATA
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MC74AC32 ¢ MC74ACT32

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
Ta = —40°C "
* = o
Symbol Parameter Vee s e to +85°C units | 19
L P CL = 50 pF -
Min Typ Max Min Max
tPLH Propagation Delay 5.0 15 9.0 1.0 10.0 ns 3-6
tPHL Propagation Delay 5.0 15 9.0 1.0 10.0 ns 3-6
*Voltage Range 5.0 is 5.0V + 0.5V
CAPACITANCE
Symbol Parameter v.:‘::e Units Test Conditions
CIN Input Capacitance 4.5 pF Vce = 5.0V
CpDp Power Dissipation Capacitance 20 pF Vee = 5.0V
FACT DATA
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@ MOTOROLA MC74AC74
MC74ACT74

Dual D-Type Positive DUAL D-TYPE POSITIVE

EDGE-TRIGGERED

Edge-Triggered Flip-Flop FLIP-FLOP

The MC74AC74/74ACT74 is a dual D-type flip-flop with Asynchronous Clear and
Set inputs and complementary (Q, Q) outputs. Information at the input is trans-
ferred to the outputs on the positive edge of the clock pulse. Clock triggering
occurs at a voltage level of the clock pulse and is not directly related to the transi-
tion time of the positive-going pulse. After the Clock Pulse input threshold voltage
has been passed, the Data input is locked out and information present will not be
transferred to the outputs until the next rising edge of the Clock Pulse input.

1

Asynchronous Inputs: N SUFFIX
LOW input to Sp (Set) sets Q to HIGH level CASE 646-06
LOW input to Cp (Clear) sets Q to LOW level PLASTIC

Clear and Set are independent of clock

Simultaneous LOW on Cp and Sp makes both Q and Q HIGH ¢
14 \&@\fﬂ
;

® Outputs Source/Sink 24 mA
® 'ACT74 Has TTL Compatible Inputs

D SUFFIX
CASE 751A-02
LOGIC SYMBOL PLASTIC
D1 Sp2
01 o~ 0, Q@
—1CPq —CP
Q1 jo— Q
oo ! 0,2~
7 ?
PIN NAMES
D1, D2 Data Inputs
CPq, CP2 Clock Pulse Inputs
Cp1. Cp2 Direct Clear Inputs
SD1, Sp2 Direct Set Inputs

Q1,Q1, Q2 Qo Outputs

TRUTH TABLE (Each Half)

Inputs Outputs
Sp|Cp | CP| D Q| Q
L H X X H L
H L X X L H
L L X X H H
H H J H H L
H H I L L H
H H L X Qo | Qo

= HIGH Voltage Level

= LOW Voltage Level

= Immaterial

=_LOW-to-HIGH Clock Transition

o) = Previous Q(Q) before
LOW-to-HIGH Transition of Clock

ol

ol

FACT DATA

5-31



MC74AC74 e MC74ACT74

LOGIC DIAGRAM

cP

ol

Cp

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 v
Vin DC Input Voltage (Reférenced to GND) -0.5to Vgc+0.5 \
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Tempera}ure —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Typ Max Unit
Vee Supply Voltage AC 290 50 &0 \
'ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \
Vec@3.0V 150
o
Vec@5.5V 25
W | S ann S ot ¥ e
Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

. Vin from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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DC CHARACTERISTICS )
) . 74AC 74AC
Vee - TA= ] "
Symbol Parameter ) TA = +25°C —40°C to +85°C | - Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 -2 Vout =01V
Input Voltage 45 2.25 3.15 3.5 v orVec - 0.1V
5.5 2.75 3.85 3.85
ViL B Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.35 ) orVgc - 01V
5.5 2.75 1.65 1.65 '
VOoH Minimum High Level 3.0 2.99 2.9 2.9 louT = —50 A
Output Voltage 4.5 4.49 4.4 4.4 \%
5.5 5.49 5.4 5.4
*VIN =ViLorViH
3.0 2.56 2.46 Y, -12mA
45 3.86° 376 © | loH -24mA
. 5.5 4.86 4.76 —-24mA
VoL Maximum Low Level 3.0 0.002 0.1 "0 louT = 50 pA
; Output Voltage 4.5 0.001 0.1 0.1 \Y
5.5 0.001 0.1 0.1
ol *VIN = Vi or Vi
. 3.0 0.36 0.44 v 12mA
45 0.36 0.44 oL 24 mA
5.5 0.36 0.44 ! 24 mA
IN - Maximum Input -

Leakage Current 5.5 +0.1 *1.0 pA - V| = Vg, GND
loLp ) 1tMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
I0HD Output Current 55 75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _ )

Supply Current 5.5 4.0 40 nA VIN' =.Vcc or GND

*All outputs loaded; thresholds on input iated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0,V are guaranteed to be less than or.equal to the respective limit @ 6.5 V V¢g.

FACT DATA
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DC CHARACTERISTICS
74ACT 74ACT
Vce = 4259 TA = g -
Symbol Parameter W) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 1.5 2.0 2.0 v Vout = 0.1V
Input Voltage 55 1.5 2.0 2.0 orVgc — 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 v VouTt = 0.1V
Input Voltage 5.5 15 0.8 0.8 orVgc — 0.1V
VoH Minimum High Level 45 4.49 44 44 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor Vi
4.5 3.86 3.76 \' \ —24 mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louTt = 50 A
Output Voltage 55 0.001 0.1 0.1
L *VIN = ViL or Vi
45 0.36 0.44 \" | 24 mA
55 0.36 0.44 oL 24 mA
N Maximum Input _
Leakage Current 5.5 *0.1 +1.0 nA V) = Vce, GND
AlccT Additional Max. Icc/Input 5.5 0.6 15 mA Vi =Vee - 21V
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 ~75 mA | VoHD = 385V Min
Icc Maximum Quiescent _
Supply Current 55 4.0 40 HA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
' 74AC 74AC
. Ta = —40°C "
* . = o
Symbol Parameter V((;,/(_): LA _ ;02 5;: to +85°C Units Eg
L=50p CL = 50 pF "
Min Typ Max Min Max
Maximum Clock 33 100 125 95
fmax Frequency 5.0 140 160 125 MHz | 33
Eropaga_tion Delay _ 3.3 5.0 8.0 12.0 4.0 13.0 ¥
tPLH Cpn or Spn to Qp or Tp 5.0 35 6.0 9.0 3.0 10.0 ns 36
Eropagation Delay 3.3 4.0 10.5 12.0 3.5 13.5 y
tPHL Cpn or Spn to Qp or Ty, 5.0 3.0 8.0 95 25 | 105 ns 36
Propagation Delay 33 4.5 8.0 13.5 4.0 16.0 g
tPLH CPp to Qp or Op, 50 | 35 60 | 100 | 30 | 108 | " 36
Propagation Delay 33 35 8.0 14.0 3.5 14.5 g
tPHL CPp to Qp or Oy 5.0 25 6.0 10.0 25 10.5 ns 36
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
FACT DATA
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AC OPERATING REQUIREMENTS

74AC 74AC
Ta = —40°C )
* = o
Symbol Parameter Vﬁg .2'\ _ ;02 5'? to +85°C Units :g
L=50p CL = 50 pF o
Typ Guaranteed Minimum
t Set-up Time, HIGH or LOW 33 1.5 4.0 4.5 ns 3.9
S Dp to CP, 5.0 1.0 3.0 3.0
Hold Time, HIGH or LOW 33 -2.0 0.5 0.5
th Dp, to CPp 5.0 -15 05 0.5 ns 39
CPp, or Cpn or Spn 33 3.0 55 7.0 g
tw Pulse Width 5.0 25 45 5.0 ns 36
t Recovery Time 3.3 -25 0 0 ns 3.9
rec Cpn or Spn to CP 5.0 -2.0 0 0
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0 is 5.0V = 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
TA = —40°C .
* - 0
Symbol Parameter V((\:I(): . Té\ — ;02 5;: to +85°C Units ::g
L=>50p CL = 50 pF '
Min Typ Max Min Max
fmax MZ::Z::; Clock 5.0 145 210 125 MHz 33
Propagation.Delay
tPLH - Con of Spn 10 Oy or Ty 5.0 3.0 5.5 9.5 2.5 10.5 ns 3-6
tPHL g;’pfﬁ%'sn t[;e(';y ord 5.0 3.0 6.0 10.0 3.0 115 ns 36
n n n n
tPLH (P:;fpfg gmzng'ay 5.0 40 75 11.0 4.0 13.0 ns 3-6
n n n
tPHL Z'F?pfggi"gr')g'av 5.0 35 6.0 10.0 3.0 1.5 ns 3-6
n n n
*Voltage Range 5.0is 5.0 V = 0.5 V
AC OPERATING REQUIREMENTS
i 74ACT 74ACT
Ta = —-40°C "
* = o
Symbol Parameter V((\:,(): -‘;‘:‘\ _ ;02 5;: to +85°C Units :Ilg
L=50p CL = 50 pF '
Typ Guaranteed Minimum
tg ge‘;‘:’pcgme' HIGH or LOW 5.0 1.0 3.0 35 ns 39
n n
th g"'?o-r(i:"‘:e' HIGH or LOW 5.0 -05 1.0 1.0 ns 39
n n
tw SPn o7 CDn of SDn 5.0 3.0 5.0 60 ns | 36
Recovery Time 0 0 3.9
trec Cpn or Spn to CP 5.0 —25 ns -
*Voltage Range 6.0is 5.0 V * 0.5V
CAPACITANCE
Symbol Parameter V;yl:e Units - Test Conditions
CIN Input Capacitance 4.5 ) pF Vee =50V
CpD Power Dissipation Capacitance 35 pF Vee = 5.0V
FACT DATA
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MC74ACT86

Quad 2-Input Exclusive-OR Gate QUAD 2INPUT

EXCLUSIVE-OR GATE
e Outputs Source/Sink 24 mA

A (
1 - 14] Ve
E : 14
B 3 ,
3 —l_U J: 12
] [12] N SUFFIX
i Q_,——E CASE 646-06
PLASTIC
H 1]
eV L& &
14§ fcg\‘,@ﬁ
GND 7] 5] p
D SUFFIX
CASE 751A-02
PLASTIC
MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 \
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 Vv
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.
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RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v Surnlv Vol ‘AC 2.0 5.0 6.0 v
upply Voltage
cc 'ACT 45 5.0 55
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee Vv
Vec @30V 150

Input Rise and Fall Time (Note 1)

tr 1 'AC Devices except Schmitt Inputs Vcc @45V 40 ns/V
Vec @55V 25
Input Rise and Fall Time (Note 2) Vcc @45V 10
tr 1 'ACT Devi t Schmitt Input nsiV
X evices except Schmitt Inputs Vee @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High —24 mA
loL Output Current — Low 24 mA
1. Vjp from 30% to 70% V¢ see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Vee _ o TA = . cor
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 Vout =01V
Input Voltage 4.5 2.25 3.15 3.15 Vv orVgc - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.35 \ orVggc - 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 29 louT = —50 KA
Output Voltage 4.5 4.49 4.4 4.4 \"
55 5.49 54 5.4
*VIN = ViL or Vi
3.0 2.56 2.46 v -12mA
45 3.86 3.76 loH —24mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louTt = 50 uA
Output Voltage 4.5 0.001 0.1 0.1 \
5.5 0.001" 0.1 0.1
*VIN = VL or ViY
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input 1 -

Leakage Current 5.5 +0.1 *1.0 pA V| = Vg, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IoHD Output Current 55 ~75 mA | VoHD = 3.85V Min
Icc Maximum Quiescent 40 A Vin = V.

Supply Current 55 40 ’L IN cc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 55V Vce.

FACT DATA
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DC CHARACTERISTICS .
74ACT 74ACT
Vece _ o Ta = . .
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v VouTt =01V
Input Voltage 5.5 1.5 2.0 2.0 orVgc - 0.1V
VIL Maximum Low Level 4.5 1.5 0.8 0.8 v VouT = 0.1V
Input Voltage 5.5 1.5 0.8 .08 ) orVce — 0.1V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 kA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor Viy
s 45 3.86 3.76 ' | —-24mA
5.5 4.86 476 OH ~24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 pA
Output Voltage 5.5 0.001 0.1 0.1 .
*VIN = ViLorViy
4.5 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24mA
Y] Maximum Input .
Leakage Current 55 +0.1 =10 RA Vi = Vce, GND
AlceT Additional Max. Icc/input 5.5 0.6 1.5 mA Vi=Vee - 21V
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
1OHD Output Current 55 ~75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent =
Supply Current 5.5 4.0 40 RA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C "
* = o
Symbol Parameter Vg/c) ? - ;02 5: to +85°C Units :llrg)
L L4 CL = 50 pF .
Min Typ Max Min Max
Propagation Delay 33 2.0 6.0 11.5 15 12,5 g
tPLH Inputs to Outputs 5.0 15 45 8.5 1.0 9.0 ns 35
Propagation Delay 33 2.0 6.5 11.5 1.5 12.5 g
tPHL Inputs to Outputs 5.0 1.5 4.5 8.5 1.0 9.0 ns 35
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C "
* =
Symbol Parameter V((\;I(; 1;? _ ;: 5‘:: to +85°C Units ::g
L=30p CL = 50 pF '
Min Typ Max Min Max
tPLH Propagation Delay 5.0 1.5 8.5 9.5 1.0 10.0 ns 3-5
tPHL Propagation Delay 5.0 1.5 7.0 9.5 1.0 10.5 ns 35
*Voltage Range 5.0is 5.0V + 0.5 V
CAPACITANCE
Symbol Parameter V;VI:e Units Test Conditions
CIN Input Capacitance 4.5 pF Ve =50V
CpD Power Dissipation Capacitance 35 pF Veec =50V
FACT DATA
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@ MOTOROLA MC74AC109
MC74ACT109

Dual JK Positive DUAL JK POSITIVE

EDGE-TRIGGERED

Edge-Triggered Flip-Flop FLIP-FLOP

The MC74AC109/74ACT109 consists of two high-speed completely independent
transition clocked JK flip-flops. The clocking operation is independent of rise and
fall times of the clock waveform. The JK design allows operation as a D flip-flop
(refer to MC74AC74/74ACT74 data sheet) by connecting the J and K inputs

together.
Asynchronous Inputs: 18
LOW input to Sp (Set) sets Q to HIGH level 1
LOW input to Cp (Clear) sets Q to LOW level N SUFFIX
Clear and Set are independent of clock _ CASE 648-08
Simultaneous LOW on Cp and Sp makes both Q and Q HIGH PLASTIC
® QOutputs Source/Sink 24 mA
® 'ACT109 Has TTL Compatible Inputs . /
1
LOGIC SYMBOL D SUFFIX
g 4 CASE 751B-03
—~y ol -, g PLASTIC
— CP —CP
K¢ Q- K o al- ~ =T
% = o] 78] Vec
W& | cop8 e
PIN NAMES (18 o S
J1,J2, K1, K2 Data Inputs P [P Ko—{13) K,
CPq, CP2 Ciock Puise inputs - .
Cp1. Cp2 Direct Clear Inputs So1 E}ofsor cp—{12] C7
Sp1.Sp2 __ Direct Set Inputs 0 [E}a, solo—11] Sz
Q1, Qg, Q1, Q2 Outputs ~
0 [}da: | {aof—{i0q 5
TRUTH TABLE GND [8 9] 0
Inputs Outputs
Sp Co ¢ J K| a @
L H X X X H L
H L X X X L H
L L X X X H H
H H I L L L H
H H I H L Toggle
H H T L H | Qo Qp-
H H I H H H L
H H L X X | Qp

H = HIGH Voltage Level

L = LOW Voltage Level

I = LOW-to-HIGH Clock Transition

X =_Immaterial _

Qo(Qg) = Previous Qp(Qg) before
LOW-to-HIGH Transition of Clock

FACT DATA
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LOGIC DIAGRAM (one half shown)

=i

Please note that this diagram is provided only for the understandiﬁg of logic operations and should not be used to estimate
propagation delays.

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 Vv
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 \"
Vout DC Output Voltage (Referenced to GND) '—0.5to Vcc+0.5 Vv
lin DC Input Current, per Pin *20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Rating:
Operating Conditi

ions.

RECOMMENDED OlsERATING CONDITIONS

s are those values beyond which damage to the device may occur. Functional égeralion should be restricted to the Recommended

Symbol Parameter Min Typ Max Unit
'AC 2.0 5.0 6.0
Vee Supply Voltage \
'ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \"
Vcc@3.0V 150
Input Rise and Fall Time (Note 1)
tr "AC Devices except Schmitt Inputs Vec @45V 40 nsiv
Vec@55V 25
ot Input Rise and Fall Time (Note 2) Vcc @45V 10 sV
v i 'ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
loH Output Current — High —-24 mA
loL Output Current — Low 24 mA

1. Vjp from 30% to 70% Ve see individual Data Sheets for devices that differ from the typical input rise and fall times.

2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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DC CHARACTERISTICS
74AC 74AC
Vce = +25° TA = " ;
Symbol Parameter V) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouT =01V
Input Voltage 45 2.25 3.1 3.15 \ orVec - 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 Vout =01V
Input Voltage 45 2.25 1.35 1.35 v orVec — 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 29 louT = —50 LA
Output Voltage 4.5 4.49 4.4 4.4 v
5.5 5.49 5.4 5.4
CVIN = Vi or Viy
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H -24mA
5.5 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 LA
Output Voltage 45 0.001 0.1 0.1 v
5.5 0.001 0.1 0.1
*VIN = ViL or iy
3.0 0.36 0.44 v 12mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 pA V| = Vcc, GND
loLb tMinimum Dynamic 5.5 75 mA VoLD = 1.65 V Max
I0HD Output Current 55 ~75 mA | VOHD = 385V Min
Icc Maximum Quiescent _

Supply Current 5.5 4.0 40 uA VIN = Vcc or GND

*All.outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.

Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢c.

FACT DATA
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DC CHARACTERISTICS

MC74AC109 e MC74ACT109

74ACT 74ACT
Vce = o Ta = ; i
Symbol Parameter ) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v VouT =01V
Input Voltage 55 15 2.0 2.0 orVge — 0.1V
ViL Maximum Low Level 4.5 15 0.8 0.8 v VouTt = 0.1V
Input Voltage 5.5 1.5 0.8 0.8 orVce - 0.1V
VoH Minimum High Level 45 4.49 4.4 4.4 v louT = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VjLor VIH
4.5 3.86 3.76 \ | —24 mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 kA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VL or ViH
4.5 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 1.0 uA V| = Ve, GND
AlceTt Additional Max. lcc/Input 5.5 0.6 1.5 mA Vi=Vgc -21V
loLb tMinimum Dynamic 5.5 75 mA VoLDp = 1.65V Max
10HD Output Current 55 ~75 mA | VoHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 55 4.0 40 HA VIN = V¢ or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (Figures and Waveforms — Seée Section 3)
74AC 74AC
— —40°
Symboi Parameter Vee* Ta = +25%C TQO_-F%;L‘OCC Units Fig.
V) CL = 50 pF CL = 50 pF No.
Min Typ Max Min Max
Maximum Clock 33 125 100
fmax Frequency 5.0 150 125 MHz 33
Propagation Delay 33 4.0 13.5 3.5 16.0
tPLH CPp to Qp or Op 5.0 25 100 | 20 | 105 ns 3-6
Propagation Delay 33 3.0 14.0 3.0 14.5
tPHL CPp to Qp, or Op 5.0 2.0 10.0 15 10.5 ns 36
Propagation Delay 33 3.0 12.0 25 13.0
t M < _ |
PLH Cpn or Spn to Qp or Oy 5.0 25 9.0 20 | 100 | ™ 36
Propagation Delay 3.3 3.0 12.0 3.0 13.5
1] = = — X
PHL CDn of Spn to Qp, or O 5.0 2.0 95 2.0 105 ns 36
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
FACT DATA
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AC OPERATING REQUIREMENTS

74AC 74AC
Ta = —40°C )
* = o
Symbol Parameter vg,(): Té\ - ;02 5;: to +85°C Units :llg
L =3P CL = 50 pF :
'i'yp Guaranteed Minimum
¢ Set-up Time, HIGH or LOW 33 6.5 7.5 ns 3.9
s Jp or Ky to CPp 5.0 45 5.0
Hold Time, HIGH or LOW 33 0 0
th Jn or Kq to CPp 5.0 05 05 ns 39
t Pulse Width 33 4.0 4.5 ns 3.6
w CPy, or Cpp or Spn 5.0 35 35
Recovery Time 3.3 0 0
trec Cpn or Spp, to CP 5.0 0 o ns 39
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C .
* - 0
Symbol Parameter V((‘;g Té'\ — ;: 5FC to +85°C Units ::g.
L=30p CL = 50 pF o
Min Typ Max Min Max
Maximum Clock
fmax Frequency 5.0 145 125 MHz 33
Propagation Delay y
tpLH CPp to Qp of Op 5.0 4.0 11.0 35 13.0 ns 36
Propagation Delay g
tPHL CPp 10 Qp of Op 5.0 3.0 10.0 2.5 11.5 ns 36
Propagation Delay g
tpLH Con or Spn o Oy or Gn 5.0 2.5 9.5 2.0 10.5 ns 36
Propagation Delay g
tPHL Con of Spn 0 Qp or Gn 5.0 2.5 10.0 2.0 11.5 ns 36
*Voltage Range 5.0 is 5.0 V = 0.5V
AC OPERATING REQUIREMENTS
74ACT 74ACT
= o Ta = —40°C .
Symbol Parameter V&();' .Ig'\ _ ;02 5'_.0 to +85°C Units Eg
L=30p CL = 50 pF -
Typ Guaranteed Minimum
Set-up Time, HIGH or LOW
= . X . 25 -
ts Jn or Kn to CPp 5.0 2.0 ns 3-9
Hold Time, HIGH or LOW
7. 1n . 2. 2.0 X
th Jn or Kn to CPpy 50 0 ns 39
Pulse Width
= = X . 6.0 -
tw CPy or Cpn o Son 5.0 5.0 ns 3-6
Recovery Time ¥
trec Cbn or Spn, to CP 5.0 0 0 ns 3-9
*Voltage Range 5.0 is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter V;‘I’:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =50V
Cpp Power Dissipation Capacitance 35 pF Vee =50V
FACT DATA
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Quad 2-Input NAND
Schmitt Trigger

The MC74AC/74ACT132 contains four 2-input NAND gates which 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. The Schmitt trigger uses positive
feedback to effectively speed-up slow input transitions, and provide different input
threshold voltages for positive and negative-going transitions. This hysteresis
between the positive-going and negative-going input threshold is determined by
resistor ratios and is essentially insensitive to temperature and supply voltage
variations.

® Schmitt Trigger Inputs
® Outputs Source/Sink 24 mA
® 'ACT132 Has TTL Compatible Inputs

FUNCTION TABLE

Inputs Output
A B %
L L H
L H H
H L H
H H L
H = HIGH Voltage Level L = LOW Voltage Level

MC74AC132
MC74ACT132

QUAD 2-INPUT
NAND
SCHMITT TRIGGER

1

N SUFFIX
CASE 646-06
PLASTIC

\{f

1

D SUFFIX
CASE 751A-02
PLASTIC

PIN CONFIGURATION

@ 4] vec
o o
G @E
G— ]
5 10
E@ @z
N [7] (8]

J Suffix — Case 632-08 (Ceramic)
N Suffix — Case 646-06 (Plastic)
D Suffix — Case 751A-02 (SOIC)

FACT DATA
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RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v . Subply Voliade . 'AC 2.0 5.0 6.0 v
upply Voltage ’
cc '‘ACT 4.5 5.0 5.5
Vin.Vout DC Input Voltage, Output Voltage- (Ref. to GND) 0 - Vee \'
' ‘ Vee @3.0V 150
Input Rise and Fall Time (Note 1)
tr 'AC Devices except Schmitt inputs Vec @45V 40 nsiV
: Vecc@5.5V 25
ot Input Rise and Fall Time (Note 2) Vec @45V 10 ns/V
v if 'ACT Devices except Schmitt Inputs Vec @5.5V ‘80
Ty Junction Temperature (PDIP) ' 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
lOH Output Current — High . . —24 mA
loL Output Current — Low ' 24 mA
1. Vin from 30% to 70% V¢c: see individual Data Sheets for devices that differ from the typical input rise and fall times. ' :
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times. ’
DC CHARACTERISTICS
74AC . 74AC
Symbol Parameter Vee | 1p = t25C Ta = Units Conditions
i v) A —40°C to +85°C
Typ "' Guaranteed Limits
VOH Minimum High Level 3.0 2.99 29 2.9 louT = —50 nA
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = VL or V4
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IoH ~24 mA
5.5 4.86 4.76 —-24mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 uA
Output Voltage 4.5 0.001 0.1 0.1 v
5.5 0.001 0.1 0.1
*IN = ViLorViy -
3.0 0.36 0.44 v 12mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input =
Leakage Current 5.5 +0.1 +1.0 MA V| = Vce, GND
loLp TMinimum Dynamic 5.5 75 mA VoLDp = 1.65V Max
IoHD Output Current 55 75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 55 4.0 40 HA VIN = Vcg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: ||y and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vce.

FACT DATA
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DC CHARACTERISTICS
74ACT 74ACT
Symbol Parameter Vee TA = +25°C Ta = Units Conditions
v) A —40°C to +85°C
) Typ Guaranteed Limits
VOH Minimum High Level 45 4.49 4.4 44 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor ViH
45 3.86 3.76 Vv | —24 mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VL or VI
4.5 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
IN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 nA Vi.= Ve, GND
Alcer Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vee - 21V
loLb tMinimum Dynamic 5.5 75 mA VoLD. = 1.65 V-Max
I0HD Output Current 55 -75 mA | VoHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 HA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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INPUT CHARACTERISTICS (unless otherwise specified)

Symbol Parameter \fs)c 74AC 74ACT | Units Test Conditions
) 30 | 32
Vis Yaximum Positive 45 32 20 V| Ta = Worst Case
55 3.9
. . 3.0 0.5
Vi Tamimum Negative 45 0.9 0.8 V| Ta = Worst Case
55 1.1
3.0 1.2 1
Vh(max) Maximum Hysteresis 45 1.4 ' \ Ta = Worst Case
55 1.6
3.0 0.3
Vh(min) Minimum Hysteresis 45 0.4 0.4 \" Ta = Worst Case
55 05

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
. Ta = —40°C "
* - O
Symbol Parameter V((‘:I(): LA = ;: 5: to +85°C Units :g
L=30p CL = 50 pF -
Min Typ Max Min Max
. 33 1.5 1.0
tPLH Propagation Delay 5.0 15 1.0 ns 3-5
. 33 15 1.0
tPHL Propagation pelay 5.0 15 10 ns 3-5
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C )
Vee* TA = +25°C o . Fig.
Symbol Parameter W CL = 50 pF ct:::g (;F Units No.
Min Typ Max Min Max
tPLH Propagation Delay 5.0 3.0 9.0 25 9.5 ns 36
tPHL Propagation Delay 5.0 3.0 9.0 25 9.5 ns 3-5
*Voltage Range 5.0is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter nyl:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vce = 5.0V
CpD Power Dissipation Capacitance 30 pF Vee = 50V
FACT DATA
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1-0f-8 Decoder/Demultiplexer

The MC74AC138/74ACT138 is a high-speed 1-of-8 decoder/demultiplexer. This
device is ideally suited for high-speed bipolar memory chip select address decod-
ing. The multiple input enables allow parallel expansion to a 1-of-24 decoder using
just three MC74AC138/74ACT138 devices or a 1-0f-32 decoder using four
MC74AC138/74ACT138 devices and one inverter.
® Demultiplexing Capability
® Multiple Input Enable for Easy Expansion
® Active LOW Mutually Exclusive Outputs
©® Outputs Source/Sink 24 mA
© 'ACT138 Has TTL Compatible Inputs

LOGIC SYMBOL

L1 4]

Ay A1 A2 E1 B E3

01 07 03 04 O5 07

TTTTT T

PIN NAMES

Ap-A2 Address Inputs
Eq-E2 Enable Inputs
E3 Enable Input
0g-07 Outputs

MC74AC138
MC74ACT138
1-OF-8 DECODER/
DEMULTIPLEXER

16
;
N SUFFIX
CASE 648-08
PLASTIC
1
D SUFFIX
CASE 751B-03
PLASTIC
AJ T
ro[o e [16] Vec
M [15] 0
A ] 4] 5,
£ [4] 73] 0,
8 12] 0
&3 [5] 1] 0
o [10] 5
GND [8] [9] Op
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FUNCTIONAL DESCRIPTION

The MC74AC138/74ACT138 high-speed 1-of-8 decoder/ device to a 1-0f-32 (5 lines to 32 lines) decoder with just
demultiplexer accepts three binary weighted inputs (Ag, four. MC74AC138/74ACT138 devices and one inverter
A1, A2) and, when enabled, provides eight mutually (See_Figure a). The MC74AC138/74ACT138 can be used
exclusive active-LOW outputs (Og-07). The MC74AC138/ as an 8-output demultiplexer by using one of the active
74ACT138 features three Enable inputs, two active-LOW LOW Enable inputs as the data input and the other Enable

(E,Ez)_and one active-HIGH (E3). All outputs will be HIGH inputs as strobes. The Enable inputs which are not used
unless E1 and E2 are LOW and E3 is HIGH. This multiple must be permanently tied to their appropriate active-
enabled function allows easy parallel expansion of the HIGH or active-LOW state.
TRUTH TABLE
Inputs . Outputs
Ey | Eo [ E3 | Ag | A1 | A2 |[Op | 01|02 | 03| 04| 05| Og | Oy
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
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

LOGIC DIAGRAM
AN Ay E1E B

07 Op Og 04 03 0y [o]] 09

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.
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Figure a: Expansion to 1-of-32 Decoding

lllgéf

Ay A Ay A A A E A Ay E Ay A1 Ay E
0g 0102 03 04 O5 O O7 0p 0102 03 04 05 O O7 Op 07 02 03 04 O5 O O7 0g 01 02 03 04 O5 Og O7
(o) 031
MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) —-05t0 +7.0 Vv
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 \
Vout DC Output Voltage (Referenced to GND) —-0.5to Vcc+0.5 Vv
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

occur. Functional operation

should be restricted to the Recommended

Symbol Parameter Min Typ Max Unit
‘AC 2.0 5.0 6.0
Vee Supply Voltage Vv
" 'ACT 4.5 5.0 5.5 )
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \'
Vec@3.0V 150
Input Rise and Fall Time (Note 1)
tro ¥ 'AC Devices except Schmitt Inputs Vec @45V 40 nsiV
Vec @5.5V 25
1 Input Rise and Fall Time (Note 2) Vec @45V 10 iy
vt 'ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —40 25 85 °C
I0H Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vip from 30% to 70% Vcg: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA

5-50




MC74AC138 @ MC74ACT138

DC CHARACTERISTICS
74AC 74AC
Vece _ o TA = . i
Symbol Parameter i) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 Vout =01V
Input Voltage 45 2.25 3.15 3.156 \ orVgc - 0.1V
5.5 275 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouTt = 0.1V
Input Voltage 4.5 2.25 135 1.35 v orVgc — 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 30 | 299 | 29 2.9 " | louT = -50 A
Output Voltage 4.5 4.49 44 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IoH ~24 mA
5.5 4.86 4.76 —-24mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 uA
Output Voltage 4.5 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViLor VY
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
N 5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 HA V| = Vcc, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 75 mA | VoHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 pA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.
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DC CHARACTERISTICS
74ACT 74ACT
Vce _ o TA = . .
Symbol Parameter W) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level 45 1.5 2.0 2.0 v VouTt = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVec — 0.1V
ViL Maximum Low Level 45 15 0.8 0.8 v Vout =01V
Input Voltage 5.5 1.5 0.8 0.8 orVgc — 01V
VoH Minimum High Level 45 4.49 44 44 v lout = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VILor VIH
45 3.86 3.76 \ ) —-24mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor ViH
45 0.36 0.44 Vv | 24 mA
5.5 0.36 0.44 oL 24 mA
IN Maximum Input _
Leakage Current 55 *01 =10 KA Vi = Vee GND
AlceT Additional Max. Icc/Input 5.5 0.6 15 mA Vi=Vec - 21V
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
10HD Output Current 55 -75 mA | VOHD = 385V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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AC CHARACTERISTICS (Figures and Waveforms — See Section 3)

74AC 74AC
Ta = —40°C "
* = .
Symbol Parameter V((‘;g .I;:A = ;02 5;? to +85°C - | Units ::g
L=30Pp CL = 50 pF -
Min Typ |- Max | Min:|" Max
Propagation Delay 33 1.5 8.5 13.0 1.5 15.0 Y
PLH Ar to Op, 50 | .15 65 95 15 105 ns 36
Propagation Delay . v 33 | 15 8.0 125 15 140 '
tPHL Ap to Op, ‘ 5.0 15 60 | 9.0 15. | 105 | ™ 36
Propagation Delay 3.3 1.5 11.0 15.0 1.5 16.0 g
tPLH £ or E3 to Op 5.0 15 80 | 10 | 15 120 | ™ 36
Propagation Delay 33 1.5 9.5 135 1.5 15.0 y
tPHL £ or Ep to Op, 5.0 15 70 | 95 15 | 105.| ™ 36
Propagation Delay 33 1.5 11.0 15.5 1.5 16.5 "
tPLH E3to Op 5.0 15 80 | 1o | 15 | 125 | ™ 36
Propagation Delay 33 15 85 | 130 | 15 | 140 ‘ i}
tPHL E3 to Op 50 | 15 | 60 | 80 10 | 95 ns 36
*Voltage Range 3.3is'3.3V = 0.3V
Volitage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
: 74ACT 74ACT
. _ Ta = —40°C )
Symbol Parameter v(“:"):' 1;? — ;oz 59: to +85°C Units :;g
L=30p CL = 50 pF "
Min Typ Max Min Max
tPLH Fropagation. Delay 50 | 15 | 70 | 105 | 15 | ns | ns | 38
- n n
Propagation Delay 36
tPHL An 10 Oy 5.0 15 6.5 105 15 1.5 ns -
tPLH g°§ra%:‘ig"6°°'“y 5.0 25 80 | 115 | 20 | 1256 | ns 36
n
tPHL g;og? %:ﬁtz%oe'ay 5.0 2.0 75 115 2.0 125 ns 36 5
. n
tPLH :;°t?%aﬁ°" Delay 50 | 25 | 80 | 120 | 20 | 130 | ns | 38
n
tPHL Er ey gion Delay 50 | 20 | 65 | 105 | 15 | 115 | ns | 36
n
*Voltage Range 5.0is 5.0V + 0.5V
CAPACITANCE ,
Symbol Parameter V;;:a Units Test Conditions
CIN Input Capacitance 4.5 ‘ pF Vcc = 5.0V
C Power Dissipation Capacitance 60 pF Vee = 5.0V
PD
FACT DATA
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Dual 1-of-4 : DUAL 1-OF-4
[ - DECODER/DEMULTIPLEXER
Decoder/Demultiplexer
The MC74AC139/74ACT139 is a high-speed, dual 1-of-4 decoder/demultiplexer.
The device has two independent decoders, each accepting two inputs and provid-
ing four mutually-exclusive active-LOW outputs. Each decoder has an active-LOW
Enable input which can be used as a data input for a 4-output demultiplexer. Each
‘half of the MC74AC139/74ACT139 can be used as a function generator providing all
four minterms of two variables. ) .16
® Multifunction Capability 1
® Two Completely Independent 1-of-4 Decoders ' N SUFFIX
® Active LOW Mutually Exclusive Outputs CASE 648-08
® Qutputs Source/Sink 24 mA PLASTIC
® 'ACT139 Has TTL Compatible Inputs
18@
1
- D SUFFIX
CASE 751B-03
LOGIC SYMBOL PLASTIC
E A A E A A 7
Ea [ [76] Vee
DECODER a DECODER b _
o Aga 2] [15] B,
o 01 0 O3 Op 01 02 03
AR AR AR B =
0pa 4] [13] A1p
‘ 01, [5] [72] Ogy
PIN NAMES 02,[6 11] 0
Ao, A1 Address Inputs _23[: O
E _  Enable Inputs ! 034 [7] 10} Oyp
0p-03 Outputs GND E 510

TRUTH TABLE

Inputs Outputs

E Ao | A1 | Og | Oq | O2 | O3
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

X = Immaterial
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LOGIC DIAGRAM

Atp

Opa O1a 024 03a

Please note that this diagram is provided only for the understanding of logic operations and should riot be used to estimate

propagation delays.

FUNCTIONAL DESCRIPTION

The MC74AC139/74ACT139 is a high-speed dual 1-of-
4 decoder/demultiplexer. The device has two indepen-
dent decoders, each of which accepts two binary
weighted inputs (Ag-A1) and pravides four mutually
exclusive active-LOW outputs (Og—03). Each decoder has
an active-LOW enable (E). When E is HIGH all outputs are
forced HIGH. The enable can be used as the data input
for a 4-output demultiplexer application. Each half of the
MC74AC139/74ACT139 generates all four minterms of
two variables. These four minterms are useful in some
applications, replacing multiple gate functions as shown
in Figure a, and thereby reducing the number of packages
required in a logic network.

Figure a: Gate Functions (each half)
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MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 \"
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 v
Vout DC Output Voltage (Referenced to GND) —-05to Vcc+0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Vg or. GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Rating
Operating Conditions.

s are those values beyond which damage to the device may occur. Functional operation

should be restricted to the Recommended

RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Typ Max Unit
‘AC « 2.0 5.0 6.0
Vee Suply Vohage ‘ACT 45 5.0 5.5 v
Vin Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee "
. Vecc@3.0V 150
W | ISt T e " o
Vec@5.5V 25
tr, t fznéuTt gisg and Fall Time (Note 2) Vec @45V 10 sV
evices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vjn from 30% to 70% Vg see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vip from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
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DC CHARACTERISTICS
74AC 74AC
Vece _ o TA = . ies
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 21 2.1 VouT =01V
Input Voltage 45 2.25 3.15 3.15 Vv orVec - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 Vout =01V
Input Voltage 4.5 2.25 1.35 1.35 \ orVeec — 01V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 2.9 louT = —-50 A
Output Voltage 4.5 4.49 4.4 44 \
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v —-12mA
4.5 3.86 3.76 IoH ~-24 mA
5.5 4.86 4.76 ~24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 55 *0.1 *1.0 A Vi = Vce. GND
loLb tMinimum Dynamic 55 75 mA VoLD = 1.65V Max
IOHD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent -

Supply Current 5.5 4.0 40 HA VIN = Vce or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢c.
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DC CHARACTERISTICS
74ACT 74ACT
Vee _ o TA = . oee
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v Vout =01V
Input Voltage 5.5 15 2.0 2.0 orVcc — 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 v VouT = 0.1V
Input Voltage 5.5 1.5 0.8 0.8 orVgec — 01V
VoH Minimum High Level 4.5 4.49 44 4.4 v louT = —50 pA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor ViH
45 3.86 3.76 v | —-24mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 nA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor VIH
45 0.36 0.44 ) | 24 mA
55 0.36 0.44 oL 24 mA
IIN Maximum Input -
Leakage Current 5.5 *01 1.0 KA V| = Vcc. GND
AlceT Additional Max. Ig¢/Input 5.5 0.6 1.5 mA Vi=Vge - 21V
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
IOHD Output Current 55 75 mA | VoD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Vcc or GND
*All outputs loaded; thresholds on input d with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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AC CHARACTERISTICS (Figures and Waveforms — See Section 3)

74AC 74AC
Ta = —40°C "
* = o
Symbol - Parameter V((\;/c) 2‘ ~ ;oz 5: to +85°C Units :9'
L=30p CL = 50 pF o
Min Typ Max Min Max
Propagation Delay 33 4.0 8.0 11.5 3.5 13
tPLH An to Op, 50 | 30 | 65 | 85 25 | 95 ns 36
Propagation Delay 33 3.0 7.0 10 25 1
tPHL A to Op, 5.0 25 5.5 7.5 20 85 ns 36
Propagation Delay 33 4.5 9.5 12 35 13
tPLH £, 10 Op 5.0 35 7.0 8.5 3.0 10 ns 6
Propagation Delay 33 4.0 8.0 10 3.0 1
tPHL Ep to Op 50 | 25 | 60 | 7.5 25 | 85 ns 36
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C "
* - ops
Symbol Parameter V((\:/(): Té“ __ ;: 5;’ to +85°C Units ::g
L=30p CL = 50 pF ‘
Min Typ Max Min Max
Propagation Delay y
tPLH An to 6n 5.0 15 6.0 85 1.5 9.5 ns 3-6
Propagation Delay -
tPHL An t0 Oy 5.0 15 6.0 9.5 15 105 ns 36
Propagation Delay
tPLH —ropag 5.0 25 | 70 10.0 2.0 11.0 ns 36
Ep to Op
tPHL Propagation Delay 5.0 20 7.0 95 15 | 105 ns 36
Ep to Op
*Voltage Range 5.0is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter V%',‘:’ Units Test Conditions
CIN Input Capacitance 45 pF Vce = 5.0V
Cep Power Dissipation Capacitance 40 pF Vee = 5.0V
FACT DATA

5-569
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1-0f-8 Decoder/Demultiplexer

The MC74AC151/74ACT151 is a high-speed 8-input digital multiplexer. It pro-
vides, in one package, the ability to select one line of data from up to eight
sources. The MC74AC151/74ACT151 can be used as a universal function generator
to generate any logic function of four variables. Both true and complementary out-
puts are provided.
® Outputs Source/Sink 24 mA
® ‘ACT151 Has TTL Compatible Inputs

LOGIC SYMBOL

dLLIIIIL

b 2 Bl ls5lsly
_._.SO
z z
PIN NAMES

lo-I7  Data Inputs
S0-S2 Select Inputs

E Enable Input

4 Data Output

z Inverted Data Output

TRUTH TABLE

Inputs Outputs

E |S2|S1|So| Z Z,
H X X X H L
L L L L To lo
L L L H T Iq
L L H L T2 I
L L H H i3 I3
L H L L N Ig
L H L H I3 I5
L H H L I3 le
L H H H{T |17

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

MC74AC151
MC74ACT151
1-OF-8
DECODER/DEMULTIPLEXER

16
1
N SUFFIX
CASE 648-08
PLASTIC
1
D SUFFIX
CASE 751B-03
PLASTIC
B[ - [16] Vee
L1E1 B 5] 14
h &3] 1] I5
o [3] 13] g
b4 E E I7
6 ) s
e[ [70] 1
GND [8] (915

FACT DATA
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MC74AC151 ¢ MC74ACT151

FUNCTIONAL DESCRIPTION

The MC74AC151/74ACT151 is a logic implementation
of a single pole, 8-position switch with the switch position
controlled by the state of three Select inputs, Sg, S1, S.
Both true and complementary outputs are provided. The
Enable input (E) is active LOW. When it is not activated,
the complementary output is HIGH and the true output
is LOW regardless of all other inputs. The logic function
provided at the output is:

Z= E'(Io'_go'g?]'§2+|1°So'§1°§2+
12°50°51°S2 +13°S0*S1°S2 +
1480°S1°S2 + 15°S0*S1:S2 +
16°S0°S1°S2 +17°S0*S1°S2)

LOGIC DIAGRAM

The MC74AC151/74ACT 151 provides the ability, in one
package; to select from eight sources of data or control
information. By proper manipulation of the inputs, the
MC74AC151/74ACT151 can provide any logic function of
four variables and its complement. )

P

L s S

o ——D—p—>

E

N
I

NI

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

FACT DATA
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MC74AC151 ¢ MC74ACT151

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) —-0.5t0 +7.0 Vv
Vin DC Input Voltage (Referenced to GND) -0.5to Vgcc+0.5 \"
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC -V¢c or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65 to +150 °C

*Maximum Rating;
Operating Condit

ions.

s are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Typ Max Unit
‘AC 2.0 5.0 6.0
Vee Supply Voltage ACT a5 50 55 v
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \"
Vec @3.0V 150
tr 1 'AG Dovices oxcept Sehmitt inputs Voc @45V 40 sV
Vcc@5.5V 25
W | e e S ¥ e
puts Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vin from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vip from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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MC74AC151 @ MC74ACT151

DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = . <.
Symbol Parameter W) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 Vout =01V
Input Voltage 4.5 225 3.16 3.15 v orVec — 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 09 | VouT = 0.1V
Input Voltage 4.5 2.25 1.35 1.35 \' orVgc — 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 2.9 louT = =50 KA
Output Voltage 4.5 4.49 4.4 4.4 \'
5.5 5.49 5.4 5.4
*VIN = VILor VIH
3.0 2.56 2.46 v ~12mA
45 3.86 3.76 I0H ~-24mA
5.5 4.86 4.76 . ~24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 45 0.001 0.1 0.1 \'
5.5 0.001 0.1 0.1
*VIN = Vj_or ViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 uA V| = Vcc, GND
loLd tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
I0HD Output Current 5.5 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 pA VIN = Vce or GND

*All outputs loaded; thresholds on input associated under test,

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: ljN and icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

d with outnut under test.
with cutput unde!

FACT DATA
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MC74AC151 © MC74ACT151

DC CHARACTERISTICS
74ACT 74ACT
Vece _ o TA = . ez
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v VouT = 0.1V
Input Voltage 6.5 1.5 2.0 2.0 orVcc — 0.1V
VIL Maximum Low Level 4.5 15 0.8 0.8 v VouTt = 0.1V
Input Voltage 5.5 15 0.8 0.8 orVge — 0.1V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VL or VI4
4.5 3.86 3.76 A | —24 mA
5.5 4.86 4.76 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VL or VIH
45 0.36 0.44 \" | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 LA V| = Ve, GND
AlceTt Additional Max. Igc/Input 5.5 0.6 15 mA Vi=Vgec —-21V
loLp 1tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IOHD Output Current 55 -75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Vg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74AC 74AC
_ Ta = —40°C
Symbol Parameter V.(.‘:IQ' T.f\ — ;(_,25? to +85°C Units ;‘9
v L=50p CL = 50 pF °
“Min Typ Max Min Max
Propagation Delay 3.3 3.0 115 18.0 3.0 20.0
tPLH SntoZorZ 50 | 25 85 | 130 | 20 | 150 | M 36
Propagation Delay 33 25 12 18.0 2.5 20.0
tPHL SntoZorZ 5.0 2.0 85 130 | 15 10 | M 36
Propagation Delay 33 2.5 8.0 13.0 2.0 14.0
tPLH EtoZorZ 5.0 2.0 6.0 00 | 15 | 10 | M | 36
Propagation Delay 3.3 1.5 8.5 13.0 15 14.0 g
tPHL EtozorZ 50 | 15 | 65 | 100 [ 15 | 10 | "y [ 36
Propagation Delay 3.3 25 9.5 14.0 2.0 15.5 g
tPLH IntoZorZ 5.0 15 70 | 105 | 15 | 10 | M 35
Propagation Delay 33 25 9.5 15.0 2.0 16.0 g
tPHL IntoZorZ 5.0 15 70 | 1o | 15 | 120 | ™ 35
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 5.0V + 0.5V
FACT DATA
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MC74AC151 e MC74ACT151

AC CHARACTERISTICS (Figures and Waveforms — See Section 3)

74ACT 74ACT
Ta = —40°C .
. = ioEC ‘
Symbol Parameter v((\:/(i “g'\ o ;ozsf . to +85°C . Uniits - ::9-
L= p CL = 50 pF 0.
Min Typ Max |  Min Max
tPLH g"’f;gam“ Delay 5.0 35 ‘ 55 | 30 | 170 | “ns 36
n ;
tPHL ;mf:%a“"" Defay 5.0 35 155 | 30 | 165 | ns 36
n
tPLH 1 &opsgation Delay 50 | 35 5 | 30 | 165 | ns | 36
n
tPHL Eronagation Delay 50 | 40 65 | 35 | 185 | ns | 36
n
tpLH g't‘; pggatm" Delay 5.0 25 95 25 10.0 ns 3-6
tPHL g'; p;gam“ Delay 5.0 25 2.0 25 10.0 ns 36
tPLH gr&p%gam" Delay 5.0 25 ‘| es 25 | 95 ns 36
tPHL g’:’o"%ga""" Delay 5.0 3.0 100 | 25 | 105 | ns 36
tPLH ,Pr‘:sazgati"" Delay 50 35 115 | 30 | 125 ns 36
n
tPHL :"‘:sazgatm" Delay 5.0 35 120 | 30 | 135 | ns 36
n
tPLH Fropagation Delay 50 | 35 120 | 30 | 130 | ns | 36
n :
tPHL. r“:zazgatm" Delay 5.0 4.0 125 | 30 | 140 ns 36
n -
*Voltage Range 5.0is 5.0V + 0.5V
CAPACITANCE
Symbol Parameter V;;:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =50V
Cpp Power Dissipation Capacitance 70 pF Vee = 5.0V
FACT DATA
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Dual 4'Input MUltlplexer DUAL 4-INPUT
MULTIPLEXER
The MC74AC153/74ACT153 is a high-speed dual 4-input multiplexer with com-
mon select inputs and individual enable inputs for each section. It can select two
lines of data from four sources. The two buffered outputs present data in the true
(non-inverted) form. In addition to multiplexer operation, the MC74AC153/
74ACT153 can act as a function’generator and generate any two functions of three
variables.
® Outputs Source/Sink 24 mA
® 'ACT153 Has TTL Compatible Inputs 16
1
N SUFFIX
CASE 648-08
LOGIC SYMBOL _ PLASTIC
bLILILL] )
a l0a 1a 1a 13a lob b 120 I3b Ep ;
D SUFFIX
—% CASE 751B-03
Za Zy PLASTIC
A
& [1] [16] vee
PIN NAMES s1[2 15]
loa—I3a Side A Data Inputs | (2] :]
lob-13b Side B Data Inputs sa 3] [14] S0
S0, S1  Common Select Inputs ha[a 13] hap
Ea Side A Enable Input . E 2 )
Ep Side B Enable Input Ma]s | 12] 12b
Z3 Side A Output loa [6 1] 1
Zp Side B Output E :]
% [7] [10] lop
GND { 8 zl Zp
TRUTH TABLE
ﬁ‘:l::; Inputs (a or b) Output
So | Sq E lo I 12 I3 z
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 Level
L = LOW Voltage Level
X = Immaterial
FACT DATA
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MC74AC153 ¢ MC74ACT153

FUNCTIONAL DESCRIPTION

The MC74AC153/74ACT153 is a dual 4-input multi- implementation of a 2-pole, 4-position switch, where the
plexer. It can select two bits of data from up to four position of the switch is determined by the logic levels
sources under the control of the common Select inputs supplied to the two Select inputs. The logic equations for
(So. S1). The two 4-input multiplexer circuits have indi- the outputs are shown below.

vidual active-LOW Enables (E3, Ep) which can be used to Za = Eg(lpa"S1°S0+115°51°S0 + 124°S1°S0 + 135°S1+So)
strobe the outputs independently. When the Enables (E,, ZZ _ E?J'(|(())?J'S1‘|'S%+|1-|ab-S11-S%+ |223b's11'§00+%ab-811'300)
Ep) are HIGH, the corresponding outputs (Z,, Zp) are

forced LOW. The MC74AC153/74ACT153 is the logic " . T

LOGIC DIAGRAM

2, Zy

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.

FACT DATA

5-67



MC74AC153 @ MC74ACT153

MAXIMUM RATINGS*

Symbol Parameter - Value Unit .

Vee DC Supply Voltage (Referenced to GND) : : -05t0 +70 = | - 'V
"Vin DC Input Voltage (Referenced to GND) ) -05t0Vee+05 |V
Vout DC Output Voltage (Referenced to GND) . -0.5to Vcc+0.5 \"
lin DC Input Current, per Pin ’ R +20 mA
lout DC Output Sink/Source Current, per Pin ‘ ; +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage AC 20 50 80 Vv
‘ACT 45 5.0 ' b5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to. GND) . 0 : Vee v
Vec@3.0V 150 -
to 'AC Devices except Sehitt Imputs Vec @45V o[ oV
Vcc @55V 25
- Input Rise and Fall Time (Note 2) Vec @45V 10 sV
ACT Devices except Schmitt Inputs Vec @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range - -40 25 85 °C
IoH Output Current — High —-24 mA
loL Output Current — Low 24 mA

1. Vin from 30% to 70% Vc: see individual Data Sheets for.devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see jndividual Data Sheets for devices that differ from the typical inpuit rise and fall times.

FACT DATA
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MC74AC153 ® MC74ACT153

DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = B s
Symbol Parameter W) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouT =01V
Input Voltage 45 2.25 3.15 3.15 ) orVgc — 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 4.5 225 1.35 1.35 " orVgc - 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 29 loyt = —-50 KA
Output Voltage 4.5 4.49 4.4 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViLor VIH
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 10H —24mA
5.5 4.86 4.76 -24mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louTt = 50 pA
Output Voltage 4.5 0.001 0.1 0.1 \"
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 oL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input -

Leakage Current 5.5 +0.1 +1.0 RA V| = Vcc, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IoHD Output Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 nA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: jN and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V.

FACT DATA
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MC74AC153 @ MC74ACT153

DC CHARACTERISTICS
74ACT 74ACT
Vece _ o TA = N .
Symbol Parameter W) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v VouTt = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVgc — 01V
VIL Maximum Low Level 4.5 1.5 0.8 0.8 v Vout =01V
Input Voltage 5.5 1.5 0.8 0.8 orVgc - 0.1V
VoH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VjLor V4
45 3.86 3.76 \ | —-24mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v IoUT = 50 nA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VL or VIH
4.5 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 nA V| = Vcc. GND
Alcct Additional Max. Icc/input 5.5 0.6 1.5 mA Vi=Vce -2V
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
IOHD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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MC74AC153 @ MC74ACT153

AC CHARACTERISTICS (Figures and Waveforms — See Section 3)

74AC 74AC
Tp = —40°C
* - 0 .
Symbol Parameter Vg[(,): 2\ : ;02 5FC to +85°C Units :II:
L=>0p CL = 50 pF :
Min Typ Max Min Max
Propagation Delay 33 25 95 15.0 25 17.5 g
tPLH Sp 10 Zn 5.0 2.0 65 | 110 | 20 | 125 ns 36
Propagation Delay 3.3 3.0 85 14.5 25 16.5
tPHL S to Zn 5.0 25 | 65 | 110 | 20 | 120 | ™ 36
Propagation Delay 3.3 25 8.0 13.5 20 |- 16.0
tPLH £, to Zn 5.0 15 55 95 15 | 110 ns 36
Propagation Delay 33 25 7.0 11.0 2.0 125
tPHL £ to Zp 5.0 2.0 5.0 8.0 15 9.0 ns 36
Propagation Delay 33 2.5 7.5 125 2.0 14.5
tPLH Int0 Zn 5.0 15 | 55 | 90 15 | 105 | " 5
Propagation Delay 33 1.5 7.0 11.5 1.5 13.0
tPHL In to Zn 5.0 15 5.0 85 15 | 100 ns 35
*Voltage Range 3.3is 3.3V * 0.3V
Voltage Range 5.0 is 5.0V = 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C ]
* = f
Symbol Parameter V((\:/(): 1;? _ ;02 5: to +85°C Units :::
L=50p CL = 50 pF -
Min Typ Max Min Max
tPLH Propagation Delay 5.0 3.0 70 | 15 | 20 | 135 ns 36
Sp to Zp
tPHL Fropagation Delay 5.0 3.0 70 | 115 | 25 | 135 | ns 36
ntoZp
tPLH Propagation Delay 5.0 2.0 65 105 2.0 125 ns 3-6
EptoZp
tPHL Propagation Delay 5.0 3.0 6.0 95 25 | 110 ns 36
Ento Zp
" Propagation Delay 5.0 25 55 9.5 2.0 11.0 ns 35
Into Zp
tPHL ‘ r’°paga“°“ Delay 5.0 2.0 55 95 20 | 110 ns 35
ntoZp
*Voltage Range 5.0 is 5.0 V = 0.5 V
CAPACITANCE
Symbol Parameter V:‘Il:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =50V
CpD Power Dissipation Capacitance 65 pF Vecc =50V
FACT DATA
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Quad 2-Input Multiplexer

The MC74AC157/74ACT157 is a high-speed quad 2-input multiplexer. Four bits of
data from two sources can be selected using the common Select and Enable
inputs. The four outputs present the selected data in the true (noninverted) form.
The MC74AC157/74ACT157 can also be used as a function generator.

® Outputs Source/Sink 24 mA
® 'ACT157 Has TTL Compatible Inputs

LOGIC SYMBOL

L1

E loa 1a lob b loc h1c lod hd

a I U

PIN NAMES

loa=lod Source 0 Data Inputs
l1a=l1d Source 1 Data Inputs
E Enable Input

S Select Input

Za-Zq Outputs

TRUTH TABLE

Inputs Outputs
E S lo 11 z
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

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

MC74AC157
MC74ACT157

QUAD 2-INPUT
MULTIPLEXER

16
1
N SUFFIX
CASE 648-08
PLASTIC

2

1
D SUFFIX
CASE 751B-03
PLASTIC

sh
loa (2]
ha 3]
Za E
lob [5]
b [6]
Zy E

GND E

- 18] Ve
V5] £

El loc
E] he
%
[11] lod
[10] 1
9] 24

FACT DATA
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MC74AC157 ¢ MC74ACT157

FUNCTIONAL DESCRIPTION

The ‘MC74AC157/74ACT157 'is a quad 2-input multi-
plexer. It 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
(Z) are forced LOW regardless of all other inputs. The
MC74AC157/74ACT157 is the logic implementation of a
4-pole, 2-position switch where the position of the switch
is determined by the logic levels supplied to the Select
input. The logic equations for the outputs are shown
below:

23 = E-(I1a-S+I03-§)
Zp = E(l1p*S+lgpeS)
Z¢ = E(11¢'S +1ge*S)
Z4 = E+(l1g°S +1gg°S)

LOGIC DIAGRAM

o ha lop b loc

A common use of the MC74AC157/74ACT157 is the
moving of data from two groups of registers to four com-
mon output busses. The particular register from which
the data comes is determined by the state of the Select
input. A less obvious use is as a function generator. The
MC74AC157/74ACT157 can generate any four of the six-
teen different functions of two variables with one var-
iable common. This is useful for implementing gating
functions. .

Z3 Iy

Z Z4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

FACT DATA
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MC74AC157 ¢ MC74ACT157

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee! DC Supply Voltage (Referenced to GND) -05to +7.0 \
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 Y
Vout DC Output Voltage (Referenced to GND) —-0.5to Vcc+05 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —-65to +150 °C

*Maximum Rating
Operating Conditi

ions.

RECOMMENDED OPERATING CONDITIONS

s are those values beyond which damage to the device may occur. Functional operation

should be restricted to the Recommended

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage AC 290 >0 6.9 v
'ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \
Vec@3.0V 150
tr !Z%ulgeﬁ\i::ezne‘i(::gtgzlﬂi?tﬁfpl)ts Vec @45V 40 nsiV
Vec @55V 25
W e enee S ¥ e
pt Schmitt Inputs Ve @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —40 25 85 °C
loH Output Current — High -24 mA
loL Output Current — Low 24 mA

. Vin from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.

2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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MC74AC157 ¢ MC74ACT157

DC CHARACTERISTICS
74AC 74AC
Vee = 1259 Ta= ] -
Symbol Parameter W) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouTt =01V
Input Voltage 4.5 2.25 3.156 3.15 v orVcc - 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 Yout =01V
Input Voltage 4.5 2.25 135 1.35 \ orVgcc — 0.1V
5.5 2.75 1.65 1.65 :
VOH Minimum High Level 3.0 2.99 2.9 29 lout = —50 pA
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = VL or ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 I0H —-24mA
5.5 4.86 4.76 -24mA
VoL Maximum Low Level 3.0° 0.002 0.1 0.1 louT = 50 pA
Output Voltage 4.5 0.001 0.1 0.1 A
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

. Leakage Current 55 £01 £1.0 KA Vi = Vec, GND
loLb tMinimum Dynamic 5.5 75 mA VoLD = 1.65 V Max
IOHD Output Current 5.5 -75 mA VOHD = 3.85V Min
lcc Maximum Quiescent -

Supply Current 5.5 8.0 80 pA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: ljy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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MC74AC157 e MC74ACT157

DC CHARACTERISTICS
74ACT 74ACT
Vee = +25% TA = -
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v Vout =01V
Input Voltage 5.5 15 2.0 2.0 orVgc — 0.1V
ViL Maximum Low Level 4.5 15 0.8 0.8 v VouT =0.1V
Input Voltage 5.5 15 0.8 0.8 orVgc — 01V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v IoUT = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor VIH
45 3.86 3.76 v | —-24mA
5.5 4.86 4.76 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 Y louT = 50 KA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor V4
45 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
N Maximum Input A -
Leakage Current 5.5 +0.1 +1.0 RA V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vec-21V
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
I0HD Output Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 RA VIN = Vg or GND
*All outputs loaded; thresholds on input iated with output under test,
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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MC74AC157 e MC74ACT157

AC CHARACTERISTICS (Figures and Waveforms — See Section 3)

74AC 74AC
Ta = —40°C <
* - o .
Symbol Parameter v(t\:;;' ? ~ ;oz 5;: to +85°C Units :"g
L=30p CL = 50 pF -
Min Typ Max Min Max. .
Propagation Delay 3.3 15 7.0 1.5 15 13.0
tPLH Sto Z, 5.0 15 55 90 | 15 10.0 ns 3:6
Propagation Delay 33 71 15 6.5 11.0 1.5 12.0
tPHL Sto Zy 50 | 15 | 50 | 85 | 10 .| 95 ns 36
Propagation Delay 33 1.5 7.0 115 15 " 13.0 ‘
tPLH Eto.zn 5.0 15 55 9.0 15 | 100 | ™ 36
Propagation Delay 33 15 6.5 11.0 15 12
tPHL Ep to Zn ‘ 5.0 15 55 9.0 1.0 95 ns 36
Propagation Delay 33 1.5 5.0 8.5 1.0 9.0
tPLH In to Zp 5.0 15 40 6.5 1.0 7.0 ns 35
Propagation Delay 33 1.5 5.0 8.0 1.0 9.0 . '
+ tPHL Into Zn 5.0 15 40 6.5 1.0 7.0 ns 35
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
TA = —40°C
* = o
Symbol Parameter V((\;g 1;? _ ;: 5: to +85°C Units :]lg
: L=50P CL = 50 pF -
Min Typ Max Min Max .
tPLH Fropagation Delay 5.0 2.0 9.0 15 | 100 | ns 36
n
tPHL Fropagation Delay 50 | 20 95 20 | 105 | ns 36
n
tPLH gm&agaﬁ” Delay 5.0 15 10 15 | 15 | ns 36
n n
tPHL Fropagation Delay 50 | 15 85 |. 10 | 90 n 36
. En n
tPLH Fropagation Delay 5.0 15 7.0 10 | ‘85 ns 35
n n
tPHL ropagation Delay 5.0 15 75 1.0 8.5 ns 35
n n
*Voltage Range 5.0is 5.0V + 0.5V
CAPACITANCE
Symbol Parameter VTa;:e Units Test Conditions
CIN Input Capacitance 45 pF Veec =50V
Cpp Power Dissipation Capacitance 50 pF Vee = 5.0V
FACT DATA
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Quad 2-Input Multiplexer

The MC74AC158/74ACT158 is a high-speed quad 2-input multiplexer. It selects
four bits of data from two sources using the common Select and Enable inputs.
The four buffered outputs present the selected data in the inverted form. The
MC74AC158/74ACT158 can also be used as a function generator.

® Outputs Source/Sink 24 mA

® 'ACT158 Has TTL Compatible Inputs

LOGIC SYMBOL

'SEREEENE

E loa Ma lob Mb loc 1 lod hd

24

—S
Za
PIN NAMES

loa-lod Source 0 Data Inputs
l1a—l1d Source 1 Data Inputs
E

Enable Input
S Select Input

Za-Zq  Inverted Outputs

TRUTH TABLE

Inputs

Outputs

lo

recexT|m
IIrrXxX|un
XX IrXx

Ir XXX

rIrCrII|N

H = HIGH Voltage Level
L = LOW Voltage Level
X =1m

Immaterial -

MC74AC158
MC74ACT158
QUAD 2-INPUT
MULTIPLEXER

16
1
N SUFFIX
CASE 648-08
PLASTIC
1
D SUFFIX
CASE 751B-03
PLASTIC
A - L4
sfa [16] Vec
loa E E E
ha ] mp
% [4] [13] I1¢
IQEE 12] Z;
tb [§] m
4T 0] g
“GND[E 9] Z

FACT DATA
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MC74AC158 ¢ MC74ACT158

FUNCTIONAL DESCRIPTION

The MC74AC158/74ACT158 quad 2-input multiplexer
selects four bits of data from two sources under the con-
trol of a common Select input (S) and presents the data
in inverted form at the four outputs. The Enable input (E)
is active-LOW. When E is HIGH, all of the outputs (Z) are
forced HIGH regardless of all other inputs. The
MC74AC158/74ACT158 is the logic implementation of a
4-pole, 2-position switch where the position of the switch
is determined by the logic levels supplied to the Select
input.

LOGIC DIAGRAM

loa: Ha lob b loc

A common use of the MC74AC158/74ACT158 :is the
moving of data from two groups of registers to four com-
mon output busses. The particular register from which
the data comes is determined by the state of the Select
input. A less obvious use is as a function generator. The
MC74AC158/74ACT158 can generate four functions of
two variables with one variable common. This is useful
for implementing gating functions.

e lod hd E s

Zy Zp

Z Z4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.
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MC74AC158 e MC74ACT158

MAXIMUM RATINGS*

Symbol Parameter Unit
Vee DC Supply Voltage (Referenced to GND) -05t0 +7.0' \
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 v
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \
lin DC Input Current, per Pin : mA
lout DC Output Sink/Source Current, per Pin mA
Icc DC Vcc or GND Current per Output Pin mA
Tstg Storage Temperature —65 to + 150 °C

*Maximum Rating
Operating Conditions.

s are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Typ Max Unit
‘AC 2.0 5.0 6.0
Vee Supply Voltage v w5 50 oy \"
Vin Vous DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee Vv
Vec@3.0V 150
tr !Rzult):\i/?:egnei::gtggﬂiﬂﬁt:pll(s Vecc @45V 40 nsiV
Vec @55V 25
oty Input Rise and Fall Time (Note 2) Vcc @45V 10 sV
ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

. Vin from 30% to 70% V¢c: see. individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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MC74AC158 ® MC74ACT158

DC CHARACTERISTICS

74AC 74AC
Symbol Parameter \:Sf’ Ta = +25°C _ 4o°g‘t\o=+ 85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level 3.0 15 2.1 2.1 Vout =01V
Input Voltage 45 2.25 3.15 3.15 v orVgc — 0.1V
5.5 2.75 3.85 3.85 )
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 4.5 225 1.35 1.35 \ orVgc — 01V
5.5 275 1.65 1.65
VoH Minimum High Level 3.0 2.99 289 29 louT = —50 KA
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = ViLor V4
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H -24mA
5.5 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 uA
Output Voltage 4.5 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViLor V|4
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input _

Leakage Current 5.5 +0.1 +1.0 HA V| = Vce, GND
loLd TMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
10HD Output Current 55 ~75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent

. VIN = Vi
Supply Current 5.5 8.0 80 RA IN cc or GND

*Ali outputs ioaded; threshoids on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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DC CHARACTERISTICS

MC74AC158 @ MC74ACT158

74ACT 74ACT
Vce _ o TA = . .
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 1.5 2.0 2.0 v VouTt = 01V
Input Voltage 5.5 1.5 2.0 2.0 orVgec - 0.1V
ViL Maximum Low Level 45 15 0.8 0.8 v VouTt =01V
Input Voltage 5.5 1.5 0.8 0.8 orVge — 01V
C
VOH Minimum High Level 45 4.49 4.4 44 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor VIH
45 3.86 3.76 \' | —-24 mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 louT = 50 KA
'
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor VIH
45 0.36 0.44 \" | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 0.1 =1.0 kA Vi = Vcc, GND
AlceTr Additional Max. Ic¢/Input 5.5 0.6 1.5 mA Vi=Vcc -21V
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
I0HD Output Current 55 ~75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = V¢g or GND
*All outputs loaded; thresholds on input d with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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MC74AC158 @ MC74ACT158

AC CHARACTERISTICS (Figures and Waveforms — See Section 3)

74AC 74AC
TA = —40°C "
* = o
Symbol Parameter vﬁg Té\ _ ;02 5;: ‘to +85°C Units :g
L=30p CL = 50 pF :
Min Typ Max “Min Max
Propagation Delay 3.3 1.5 115 1.5 125 g
tPLH StoZ, 5.0 15 2.0 1.0 95 ns 36
Propagation Delay 33 1.5 115 15 12.5 : ¥
tPHL S to Zp 5.0 15 9.0 | 15 10.0 ns | 36
Propagation Delay 3.3 1.5 12.0 - 15 13.0
PLH | EwoZ, 5.0 15 9.5 15 | 105 | " 36
Propagation Delay - 3.3 1.5 : 11.0 1.5 12.0
tPHL £, to 7, 5.0 15 85 1.0 95 ns 36
Propagation Delay 33 1.5 9.0 1.5 10.0 g
tPLH In 0 Zp 5.0 15 7.0 10 | 75 ns 35
' Propagation Delay 3.3 15 8.0 1.0 85 :
tPHL In to Zn 5.0 15 6.5 1.0 65 ns 35
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0 is 5.0V = 0.5V
AC CHARACTERISTICS (Figures and Waveforms — See Section 3)
74ACT 74ACT
TA = —40°C )
* = Of
Symbol Parameter V((‘:g 2‘ _ ;oz 5'5 to +85°C Units :g
L=30Pp CL = 50 pF :
Min Typ Max Min Max
tPLH ;’f:%iam” Delay 50 | 25 60 | 95 | 20 | 110 | 'ns 36
tPHL: Propagation Delay 5.0 15 55 90 | 15 10.0 ns 3-6
PHL Sto Zp ’ ' : ’ ’ '
Propagation Delay 1 ’
tpLH E 102, 5.0 15 55 95 15 05 ns 36
Propagation Delay 105 y
tPHL Ento 2, 5.0 15 5.5 95 1.5 . ns 3-6
Propagation Delay y
tPLH In to Zn 5.0 1.6 4.5 8.0 1.0 8.5 ns 3-6
tPHL r":gazga“"“ Delay 5.0 15 40 | 65 1.0 75 ns 36
n n
*Voltage Range 5.0 is 5.0 V + 0.5V
CAPACITANCE
Symbol Parameter v.:vh: Units Test Conditions
CIN Input Capacitance 4.5 pF ' Vee = 50V
CeD Power Dissipation Capacitance 45 pF Vce = 5.0V
FACT DATA
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Synchronous Presettable
BCD Decade Counter

The MC74AC160/74ACT160 and MC74AC162/74ACT162 are high-speed synchron-
ous decade counters operating in the BCD (8421) sequence. They are synchron-
ously presettable for application in programmable dividers and have two types of
Count Enable inputs plus a Terminal Count output for versatility in forming syn-
chronous multistage counters. The MC74AC160/74ACT160 has an asynchronous
Master Reset input that overrides all other inputs and forces the outputs LOW. The
MC74AC162/74ACT162 has a Synchronous Reset input that overrides counting and
parallel loading and allows all outputs to be simultaneously reset on the rising
edge of the clock.
® Synchronous Counting and Loading
® High-Speed Synchronous Expansion
® Typical Count Rate of 120 MHz
® Qutputs Source/Sink 24 mA
® '‘ACT160 and 'ACT162 Have TTL Compatible Inputs

LOGIC SYMBOL

d11]]

PE Py Py Py P3
— CEP
—q CET C —

cP

*R Qp 01 Qp Q3

YITTI

* MR for "160
* SR for '162

PIN NAMES

CEP Count Enable Parallel Input
CET Count Enable:Trickle Input
CP Clock Pulse Input

_ﬁ_ﬁ ("160) Asynchronous Master Reset Input
SR ("162) Synchronous Reset Input

Po-P3 Parallel Data Inputs

PE Parallel Enable Input

Qp-Q3 Flip-Flop Outputs

TC Terminal Count Output

MC74AC160
MC74ACT160
MC74AC162
MC74ACT162

SYNCHRONOUS
PRESETTABLE
BCD DECADE COUNTER

N SUFFIX
CASE 648-08
PLASTIC
16 (
;
D SUFFIX
CASE 751B-03
PLASTIC
A T
g6 - [76] Ve
] [15] T
Po (3] [13] 0
P 73] 01
P 3] 12 02
P3 E E Q3
cep [7] [10] CET
N [& [9] PE

FACT DATA
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MC74AC160 ® MC74ACT160 ® MC74AC162 ® MC74ACT162

FUNCTIONAL DESCRIPTION

The MC74AC160/74ACT160 and MC74AC162/
74ACT162 count modulo-10 in the BCD (8421) sequence.
From state 9 (HLLH) they increment to state 0 (LLLL). The
clock inputs of all flip-flops are driven in parallel through
a clock buffer. Thus all changes of the Q outputs (except
due to Master Reset of the '160) occur as a result of, and

“synchronous with, the LOW-to-HIGH transition of the CP
input signal. The circuits have four fundamental modes
of operation, in order of precedence: asynchronous reset
("160), synchronous reset ('162), parallel load, count-up
and hold. Five control inputs — Master Reset (MR, ’160),
Synchronous Reset (SR, 162), Parallel Enable (PE), Count
Enable Parallel (CEP) and Count Enable Trickle (CET) —
determine the mode of operation, as shown in the-Mode
Select Table. A LOW signal on MR overrides all other
inputs and asynchronously forces all outputs LOW. A
LOW signal on SR overrides counting and parallel loading
and allows all outputs to go LOW on the next rising edge
of CP. A LOW signal on PE overrides counting and allows
information on the Paraliel Data (Pp) inputs to be loaded
into the flip-flops on the next rising edge of CP. With PE
and MR ("160) or SR ('162) HIGH, CEP and CET permit
counting when both are HIGH. Conversely, a LOW signal
on either CEP or CET inhibits counting.

MODE SELECT TABLE
Action on the Rising
*SR PE CET CEP| Clock Edge (1)
L X X X Reset (Clear)
H L X X Load (Pn — Qp)
H H H H Count (Increment)
H H L X No Change (Hold)
H H X L No Change (Hold)

*For 162 only

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

The MC74AC160/74ACT160 and MC74AC162/
74ACT162 use D-type edge-triggered flip-flops and
changing the SR, PE, CEP and CET inputs when the CP
is in either state does not cause errors, provided that the
recommended setup and hold times, with respect to the
rising edge of CP, are observed.

The Terminal Count (TC) output is HIGH when CET is
HIGH and counter is in state 9. To implement synchron-
ous multistage counters, the TC outputs can be used with
the CEP and CET inputs in two different ways. Please refer
to the MC74AC568 data sheet. The TC output is subject
to decoding spikes due to internal race conditions and is
therefore not recommended for use as a clock or asyn-
chronous reset for flip-flops, counters or registers. In the
MC74AC160/74ACT160 and MC74AC162/74ACT162
decade counters, the TC output is fully decoded and can
only be HIGH in state 9. If a decade counter is preset to
an illegal state, or assumes. an illegal state when power
is applied, it will return to the normal sequence within
two counts, as shown in the State Diagram.

Logic Equations: Count Enable = CEP-CET-PE
TC = Qg*Q1+Q2*Q3°CET

STATE DIAGRAM

FACT DATA
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MC74AC160 ® MC74ACT160 ® MC74AC162 ® MC74ACT162

LOGIC DIAGRAM

Po Pq ] P3
NN ¢ 3 L
| |
| |
| |
P ———o—t— P : “60( [v3 : | I
l gL |
i CES ]
: ! [ : [0 ! DETAIL A DETAILA DETAIL A
! | 1 —9
! Lo Y DEALA
1
WR'160, |
SR '162 > |
Q Q1 Q Q3
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.
MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to0 +7.0 Vv
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \
Vout DC Output Voltage (Referenced to GND) —0.5to Vgc+0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Vcc or GND Current per Output Pin +50 mA
Tstg Storage Temperature —-65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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MC74AC160 ® MC74ACT160 ® MC74AC162 @ MC74ACT162

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 'AC 2.0 5.0 6.0 v
'ACT 45 5.0 55
Vin, Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \
Vec@3.0V 150

Input Rise and Fall Time (Note 1)

tr ¥ 'AC Devices except Schmitt Inputs Vec@45v 40 nsiV
Vcc@55V 25

ot Input Rise and Fall Time (Note 2) Vcc @45V 10 eV

v "ACT Devices except Schmitt inputs Vec @5.5V 8.0

Ty Junction Temperature (PDIP) 140 °C

TA Operating Ambient Temperature Range -40 25 85 °C

IoH Output Current — High -24 mA

loL Output Current — Low 24 mA

1. Vip from 30% to 70% V¢ see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = . o
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 21 Vout =01V
Input Voltage 4.5 2.25 3.15 3.16 \ orVgc - 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 4.5 2.25 1.35 1.35 \ orVgc — 0.1V
5.5 2.75 1.65 1.656
VOH Minimum High Level 3.0 2.99 2.9 29 louT = —50 wA
Output Voltage 45 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H -24 mA
5.5 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
Y] Maximum Input _

Leakage Current 5.5 +0.1 +1.0 uA V| = Vce, GND
loLd tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
lonp | Output Current 55 —75 ~ mA | Vowp - 385V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 MA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢e.

FACT DATA
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MC74AC160 ¢ MC74ACT160 ® MC74AC162 ® MC74ACT162

DC CHARACTERISTICS
74ACT 74ACT
Vce _ o TA = . i
Symbol Parameter W) TA = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 1.5 2.0 2.0 v VouTt = 0.1V
Input Voltage 5.5 15 2.0 2.0 orVcc — 0.1V
ViL Maximum Low Level 45 15 0.8 0.8 v VouTt = 0.1V
Input Voltage 55 1.5 0.8 0.8 orVgc - 01V
VOH - Minimum High Level 45 4.49 44 44 v louT = —50 uA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor VIH
45 3.86 3.76 A | —-24 mA
55 4.86 476 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v loyT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VL or VIH
4.5 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
N Maximum [nput _
Leakage Current 55 £0.1 =10 KA Vi = Ve, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vgec -21V
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
" loHD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Vg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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MC74AC160 ® MC74ACT160 ® MC74AC162 e MC74ACT162

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC160/162 74AC160/162
TA = —40°C ,
* - 0
Symbol Parameter V((‘:I(): 2‘ ~ ;: 5: to +85°C Units ::g
‘ L= S0P CL = 50 pF -
Min Typ Max Min Max
Maximum Count 33 87
fmax Frequency 5.0 118 MHz 33
Propagation Delay 33 75
tPLH CP to Qy, (PE Input HIGH) 5.0 5.5 ns 36
Propagation Delay 33 8.5
tPHL CP o Qp, (PE Input HIGH) 5.0 6.0 ns 36
Propagation Delay 3.3 9.5
tPLH CP to Qp, (PE Input LOW) 5.0 7.0 ns 36
Propagation Delay 33 9.5 : g
tPHL CP to Qp, (PE Input LOW) 5.0 7.0 ns 36
Propagation Delay 33 9.5 g
tPLH CPto TC 50 7.0 ns 36
Propagation Delay 33 1 g
tPHL CP 1o TC 50 8.0 ns 36
Propagation Delay 33 7.5 ¥
tPLH CETto TC 5.0 55 ns 36
Propagation Delay 33 85 g
tPHL CETto TC 5.0 6.0 ns 38
Propagation Delay 33 8.5 ¥
tPHL MR to Qp, (‘AC160) 5.0 6.0 ns 36
*Voltage Range 3.3is 3.0 V = 0.3V
Voltage Range 5.0is 5.0 V.= 0.5 V
FACT DATA
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AC OPERATING REQUIREMENTS

74AC160/162 74AC160/162
Ta = —40°C -
* =
Symbol Parameter V((‘;I(); Tg\ _ ;02 5;? to +85°C Units ::g
L p CL = 50 pF :
Typ Guaranteed Minimum
Setup Time, HIGH or LOW 33 5.5 g
ts Pp to CP ' 5.0 40 ns 39
Hold Time, HIGH or LOW 33 -7.0 g
th Pp to CP 5.0 -5.0 ns 39
Setup Time, HIGH or LOW 33 5.5 g
ts PE or SRto CP 33 4.0 ns 39
¢ Hold Time, HIGH or LOW 3.3 -75 ns 3.9
h PE or SR to CP 5.0 ~55
t Setup Time, HIGH or LOW 33 3.5 ns 3.9
s CEP or CET to CP 5.0 25
" Hold Time, HIGH or LOW 3.3 -4.5 ns 3.9
h CEP or CET to CP 5.0 -3.0
& Clock Pulse Width (Load) 33 3.0 ns 36
w HIGH or LOW 5.0 2.0
t Clock Pulse Width (Count) 3.3 3.0 ns 2.6
w HIGH or LOW 5.0 2.0
MR Pulse Width, LOW 33 45 :
tw ('AC160) 5.0 30 ns 36
Recovery Time 33 0 ¥
trec MR to CP (‘AC160) 5.0 0 ns 39
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
FACT DATA
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MC74ACT160
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT160 74ACT160
TA = —40°C )
* -
Symbol Parameter v((\:,(): A=l to +85°C units | HE
L=>p CL = 50 pF :
Min Typ Max Min Max
Maximum Count :
fmax Frequency 5.0 120 100 MHz 3-3
t | Grpagation Delay 50 | 20 | 60 | 100 | 20 |"10 | ns | 36
PLH CP to Qp, (PE Input HIGH) : - 2 X ! X
Propagation Delay : ]
tPHL CP to Qp (PE Input HIGH) 50 | 20 | 60 | 1007 20 [ 110 | ns 36
Propagation Delay
tPLH CP to Qp (PE Input LOW) 5.0 2.0 6.0 10.0 2.0 11.0 ns 3-6

Propagation Delay ; o . S, Y
bkt i Fatiagel s 11. -
tPHL CP to Qp, (PE Input LOW) 5.0 2.0 6.0 10.0 2.0 0 ns 3-6

Propagation Delay

tPLH op g 50 | 20 | 80 | 120 | 20 | 140 | ns 36
tPHL Z’P"f:gTagm" Delay 5.0 20 8.0 120 | 20 14.0 ns 36
PLH E'E"Tpfgi?" Delay 50 | 20 | 60 | 80 20 | 95 | ns 36
tPHL » Z'E‘?ff?r?" Detay 50 | 20 | 70 | 95 20 | 10| ns 36
tPHL :,,L;ptzg;tr:"“ Delay 5.0 15 6.0 9.5 15 | 10 ns 36
*Voltage Range 5.0is 5.0 V = 0.5V
5
FACT DATA
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MC74ACT162 :
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT162 74ACT162
TA = —40°C "
* =
Symbol Parameter v&? 1;? _ ;oz 5:: to +85°C Units :I'g
L P CL = 50 pF ‘ -
Min Typ Max Min Max
“Maximum Count
fmax | Frequency 5.0 120 100 MHz 33
Propagation Delay 6
tPLH CP t0.Qp, (PE Input HIGH) 5.0 2.0 6.0 10.0 2.9 11.0 ns 3-6
‘ Propagation Delay ¥
tPHL CP toQy, (PE Input HIGH) 5.0 2.0 6.0 10.0 2.0 710 ns 3-6
Propagation Delay .. -
tPLH CP to Qp (PE Input LOW) 5.0 2.0 6.0 10.0 2.0 11.0 ns 3-6
Propagation Delay ' X
tPHL CP to Qp (PE Input LOW) 5.0 20 6.0 10.0 2.0 11.0 ns 3-6
‘Propagation Delay : "
tPLH CP 1o TC 5.0 2.0 8.0 12.0 2.0 14.0 ns 36
tpH Propagation Delay 50 | 20 80 | 120 | 20 | 140 | s 36
L CPto TC - : - ’ g
Propagation Delay .
tpLH CET to1C 5.0 2.0 6.0 8.0 2.0 9.5 ns 36
t Propagation Delay 50 | 20 | 60 | 80 | 20| 95 ns | 36
PHL CETto TC " : - . . |

*Voltage Range 5.0is 5.0V = 0.5V

FACT DATA
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MC74ACT160
AC OPERATING REQUIREMENTS
74ACT160 74ACT160
Ta = —40°C "
» = o Fig.
Symbol Parameter v(?/% Tc‘:_ = ;:2 f to +85°C Units I\:g
CL = 50 pF
Typ Guaranteed Minimum
Setup Time, HIGH or LOW ¥
ts Pp to CP 5.0 4.0 6.5 8.0 ns 39
Hold Time, HIGH or LOW B _ ) g
th Pp to CP 5.0 4.0 0.5 ] ns 39
Setup Time, HIGH or LOW Y
ts PE or MR to CP 5.0 4.0 8.5 10.5 ns 39
Hold Time, HIGH or LOW _ ¥
th PE or MR to CP 5.0 4.0 0 0 ns 3-9
Setup Time, HIGH or LOW ¥
tg CEP or CET to CP 5.0 3.0 6.0 7.0 ns 39
Hold Time, HIGH or LOW
. -3 39
th CEP or CET to CP 50 30 0 0 ns
Clock Pulse Width (Load) ¥
tw HIGH or LOW 5.0 3.0 4.0 4.0 ns 3-6
Clock Pulse Width (Count)
. . X 3-6
tw HIGH or LOW 5.0 3.0 4.0 4.0 ns
MR Pulse Width, LOW
! : X . 3-6
tw ACT160) 5.0 2.0 4.0 6.0 ns
Recovery Time _ 3.9 .
trec MR to CP (ACT160) 80 10 0 0 ns
*Voltage Range 5.0is 5.0V = 0.5V
FACT DATA
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MC74ACT162
AC OPERATING REQUIREMENTS
74ACT 74ACT
‘ TA = —40°C ]
* = o
Symbol Parameter V(‘\:ﬁ 1;? - ;: 5'? to +85°C Units :llg
L p CL = 50 pF o
Typ Guaranteed Minimum
Setup Time, HIGH or LOW ¥
tg Pp to CP 5.0 4.0 7.0 10.0 ns 39
Hold Time, HIGH or LOW _ _ g
th Pp to CP 5.0 3.0 1.0 0 ns 39
tg ﬁ_gt:nopg;me, HIGH or LOW 5.0 4.0 7.0 10.0 ns 3.9
th ﬁ—é"i.';‘:e' HIGH or LOW 5.0 -3.0 -1.0 0 ns 39
Setup Time, HIGH or LOW g
ts SRt cp 5.0 5.0 10 11.5 ns 39
th %“:Jg;‘e' HIGH or LOW 5.0 -5.0 0 0 ns 3-9
ts Sewp Time. HIGH or LOW 5.0 3.0 6.0 7.0 ns | 39
Hold Time, HIGH or LOW _ ¥
th CET to CP 5.0 3.0 0 0 ns 3-9
tw Clock Puse idth (Load) 5.0 2.0 45 5.0 ns | 36
tw ﬁ'l‘c’;_'l‘ OP:“LSSV‘CV idth (Count) 5.0 20 40 45 ns 36
*Voltage Range 5.0is 5.0 V = 0.5V
CAPACITANCE
Val L
Symbol Parameter Lrue Units Conditions
Typ
CIN Input Capacitance 45 pF Vge = 5.0V
Cpp Power Dissipation Capacitance 45 pF Veec =50V
FACT DATA
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Synchronous Presettable
Binary Counter

The MC74AC161/74ACT161 and MC74AC163/74ACT163 are high-speed synchron-
ous modulo-16 binary counters. They are synchronously presettable for application
in programmable dividers and have two types of Count Enable inputs plus a Ter-
minal Count output for versatility in forming synchronous multistage counters. The
MC74AC161/74ACT161 has an asynchronous Master Reset input that overrides all
other inputs and forces the outputs LOW. The MC74AC163/74ACT163 has a Syn-
chronous Reset input that overrides counting and parallel loading and allows the
outputs to be simultaneously reset on the rising edge of the clock.
® Synchronous Counting and Loading
® High-Speed Synchronous Expansion
® Typical Count Rate of 125 MHz
® Qutputs Source/Sink 24 mA
® 'ACT161 and 'ACT163 Have TTL Compatible Inputs

LOGIC SYMBOL

dll]]

PE Pg Py Py P3
——— CEP
— CET T P
—] CP
*R Qo Q7 Q2 03

TITTI

* MR for '161
* SR for 163

PIN NAMES

CEP Count Enable Parallel Input
CET Count Enable Trickle Input
CP Clock Pulse Input

MR ('161) Asynchronous Master Reset Input

SR ("163) Synchronous Reset Input
Po-P3 Parallel Data Inputs

PE Parallel Enable Input
Qp-Q3 Flip-Flop Outputs

TC Terminal Count Output

MC74AC161

MC74ACT161
MC74AC163

MC74ACT163

SYNCHRONOUS
PRESETTABLE
BINARY COUNTER

N SUFFIX
CASE 648-08
PLASTIC
16
1
D SUFFIX
CASE 751B-03
PLASTIC
A T
R 6] Voo
Pz [15] T
P[] 73] Qo
o [13] 01
P[5] [
P3[6] E Q3
cep [T 0] CeT
6N [€] 5] PE

FACT DATA
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FUNCTIONAL DESCRIPTION

The MC74AC161/74ACT161 and MC74AC163/
74ACT163 count modulo-16 binary sequence. From state
15 (HHHH) they increment to state 0 (LLLL). The clock
inputs of all flip-flops are driven in parallel through a clock
buffer. Thus all changes of the Q outputs (except due to
Master Reset of the '161) occur as a result of, and syn-
chronous with, the LOW-to-HIGH transition of the CP
input signal. The circuits have four fundamental modes
of operation, in order of precedence: asynchronous reset
("161), synchronous reset ('163), parallel load, count-up
and hold. Five control inputs — Master Reset (MR, 161),
Synchronous Reset (SR, '163), Parallel Enable (PE), Count
Enable Parallel (CEP) and Count Enable Trickle (CET) —
determine the mode of operation, as shown in the Mode
Select Table. A LOW signal on MR overrides all other
inputs and asynchronously forces all outputs LOW. A
LOW signal on SR overrides counting and parallel loading
and allows all outputs to go LOW on the next rising edge
of CP. A LOW signal on PE overrides counting and allows
information on the Parallel Data (Py) inputs to be loaded

MODE SELECT TABLE

o Action on the Rising
*SR PE CET CEP | Clock Edge ( )

L X X X Reset (Clear)

H L X X Load (P, — Qp)

H H H H Count (Increment)

H H L X No Change (Hold)

H H X L No Change (Hold)

*For 163 only

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

into the flip-flops on the next rising edge of CP. With PE
and MR ('161) or SR ("163) HIGH, CEP and CET permit

_counting when both are HIGH. Conversely, a LOW signal

on either CEP or CET inhibits counting.

The MC74AC161/74ACT161 and MC74AC163/

74ACT163 use D-type edge-triggered flip-flops and
changing the SR, PE, CEP and CET inputs when the CP
is in either state does not cause errors, provided that the
recommended setup and hold times, with respect to the
rising edge of CP, are observed.
' The Terminal Count (TC) output is HIGH when CET. is
HIGH and counter is in state 15. To implement synchron-
ous multistage counters, the TC outputs can be used with
the CEP and CET inputs in two different ways. Please refer
to the MC74AC568 data sheet. The TC output is subject
to decoding spikes due to internal race conditions and is
therefore not recommended for use as a clock or asyn-
chronous reset for flip-flops, counters or registers.

Logic Equations: Count Enable =‘CEP‘CETf.P—E
TC = Q@*Q1°Q2°Q3-CET

STATE DIAGRAM

FACT DATA
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BLOCK DIAGRAM
BE Po P1 Py " P3
PE —
AN
=
'CEP —_—
CET
163 L
"O_NL_Y TC
CP ———Po—] L)
DETAIL A DETAIL A DETAILA
| |
'
|
|
WR"161 |
SR 163 .
Qg - Q Q) Q3
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.
MAXIMUM RATINGS*

Symbol Parameter \[alue Unit
Vece DC Supply Voltage (Referenced to GND) —-05t0 +7.0 "
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 \'
Vout DC Output Voltage (Referenced to GND) —0.5to Vcc+0.5 \

: lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin . =50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg ' Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functlonal operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
'AC 2.0 5.0 6.0
Vee Supply Voltage ACT a5 50 e \
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \"
. Vec@3.0V 150
wi | e mdra e e "
Vcc @55V 25
t t Input Rise and Fall Time (Note 2) Vcc @45V 10 sV
ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) . 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vjn from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = . i
Symbol Parameter ) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 21 VouTt = 0.1V
Input Voltage 4.5 2.25 3.15 3.15 Vv orVgc = 01V
55 2.75 3.85 3.85
VIL Maximum Low Level 3.0 15 0.9 0.9 Vout =01V
Input Voltage 4.5 2.25 1.35 1.35 \ orVgc — 0.1V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 29 2.9 lout = —50 A
Output Voltage 4.5 4.49 4.4 4.4 \'
5.5 5.49 5.4 5.4
*VIN = ViLor VIH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IOH —24mA
5.5 4.86 4,76 -24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 4.5 0.001 0.1 0.1 "
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12 mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 kA V| = Vg, GND
loLb tMinimum Dynamic 5.5 75 mA VoD = 1.656V Max
I0HD Output Current 55 -5 mA | VoHD = 3.85V Min
Icc Maximum Quiescent

X . A =
Supply Current 5.5 8.0 80 " VIN = V¢ or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time. .
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 VVce.

FACT DATA
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DC CHARACTERISTICS
74ACT 74ACT
Vce - o Ta= ; it
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level 45 15 2.0 2.0 v VouTt =01V
Input Voltage 5.5 15 2.0 2.0 orVec — 01V
ViL Maximum Low Level 45 15 0.8 0.8 v VouTt =01V
" Input Voltage 5.5 1.5 0.8 0.8 orVcc - 0.1V
VoH Minimum High Level 45 4.49 4.4 4.4 v louT = —50 nA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViL or VIH
45 3.86 3.76 Vv | —-24 mA
55 4.86 4.76 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor VIH
4.5 0.36 0.44 \ | 24 mA
55 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 HA V| = Vcc, GND
AlccT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vce - 21V
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 5.5 -75 mA | VoHD = 3.85V Min
Icc Maximum Quiescent -
Supply Current 5.5 8.0 80 MA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.

FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC161 74AC161
Ta = —-40°C I
* = o
Symbol Parameter V((\:Ic): 1;? — ;oz 5;: to +85°C Units :l'g
L=50p CL = 50 pF '
Min Typ Max Min Max
Maximum Count 33 70 11 60
fmax Frequency 5.0 10 | 167 95 MHz | 33
t Propagatiog_DeIay 33 2.0 7.0 12.0 15 13.5 ns 3.6
PLH CP to Qp (PE Input HIGH or LOW) | 5.0 15 5.0 9.0 1.0 95
t Propagation Delay 33 15 7.0 12.0 1.5 13.0 ns 3.6
PHL CP to Qp, (PE Input HIGH or LOW) | 5.0 15 5.0 9.5 15 | 100
Propagation Delay 33 3.0 9.0 15.0 25 16.5
tPLH CP to TC 5.0 20 60 | 105 15 | 115 ns 36
Propagation Delay 33 35 8.5 14.0 25 15.5
tPHL CPto TC 5.0 2.0 65 | 110 | 20 | 115 ns 36
Propagation Delay 33 2.0 5.5 9.5 15 11.0
tPLH CETto TC 5.0 15 35 6.5 1.0 7.5 ns 6
Propagation Delay 33 25 6.5 11.0 2.0 12.5
tPHL CET to TC 5.0 2.0 5.0 8.5 15 95 ns 36
Propagation Delay 33 2.0 6.0 12.0 1.5 135
tPLH MR to Qp 5.0 15 5.5 95 15 | 100 ns 38
Propagation Delay 3.3 35 10.0 15.0 3.0 17.5
tPHL MR to TC 5.0 25 85 | 130 25 | 135 ns 36
*Voltage Range 3.3is 3.0V *= 0.3V
Voltage Range 5.0is 5.0V + 0.5V
AC OPERATING REQUIREMENTS
74AC161 74AC161
_ g Ta = —40°C !
Symbol Parameter v&?‘ 2‘ — ;oz 5.? to +85°C Units :l'g
L=50p CL = 50 pF .
Typ Guaranteed Minimum
t Setup Time, HIGH or LOW 3.3 6.0 13.5 16.0 ns 3.9
S Pp to CP 5.0 35 85 10.5
t Hold Time, HIGH or LOW 33 -7.0 -1.0 -0.5 ns 3.9
h Pn to CP 5.0 -4.0 0 0
t §gtup Time, HIGH or LOW 3.3 6.5 1.5 14.0 ns 3.9
S PE to CP 5.0 4.0 7.5 8.5
" Hold Time, HIGH or LOW 33 -6.0 0 0 ns 3.9
h PE to CP 5.0 -35 05 1.0 _
t Setup Time, HIGH or LOW 33 3.0 6.0 7.0 ns 3.9
S CEP or CET to CP 5.0 2.0 45 5.0
th Hold Time, HIGH or LOW 33 -35 0 0 ns 3.9
CEP or CET to CP 5.0 -2.0 0 0.5
t Clock Pulse Width (Load) 33 2.0 35 4.0 ns 36
w HIGH or LOW 5.0 2.0 2.5 3.0
t Clock Pulse Width (Count) 33 2.0 4.0 4.5 ns 3.6
w HIGH or LOW 5.0 2.0 3.0 35
. " 33 3.0 5.5 75
tw MR Pulse Width, LOW 5.0 25 45 6.0 ns 3-6
Recovery Time 3.3 -2.0 -0.5 0
trec MR to CP 5.0 -10 0 05 ns 39
*Voltage Range 3.3is 3.3V *+ 0.3V
Voltage Range 5.0is 5.0V + 0.5V
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT161 74ACT161
Ta = —40°C
* =
Symbol Parameter vﬁg Té\ — ;02 5? to +85°C Units 'F\:g
L=50p CL = 50 pF -
Min Typ Max Min Max
Maximum Count
frnax Frequency 5.0 15 125 100 MHz 33
Propagation Delay "
tPLH CP to Qp, (PE Input HIGH of LOW) 5.0 1.5 8.0 10.0 15 135 ns 36
Propagation Delay ¥
tPHL CP to Qp, (PE Input HIGH or LOW) 5.0 15 8.0 10.0 1.5 125 ns 3-6
Propagation Delay
tPLH CPto TC 5.0 2.0 11.0 135 1.5 16.5 ns 3-6
tPH Propagation Delay 5.0 15 | 110 | 130 | 15 | 165 | ns 36
PHL CPto TC : i : . : :
Propagation Delay ¥
tPLH CET 10 T0 5.0 15 75 9.0 15 1.5 ns 36
Propagation Delay X
tPHL CET to TC 5.0 15 8.0 10.0 15 13.0 ns 36
Propagation Delay ¥
tPHL MR to Qp 5.0 15 8.0 9.5 15 12.0 ns 36
Propagation Delay g
tPHL MR toTC 5.0 25 10 115 2.0 14.5 ns 36
*Voltage Range 5.0 is 5.0V = 0.5V
AC OPERATING REQUIREMENTS
74ACT161 74ACT161
TA = —40°C -
* = ¥ . Fig.
Symbol Parameter V(‘\’,‘)’ Ta < e to +85°C units | 19
L=p CL = 50 pF '
Typ Guaranteed Minimum
Setup Time, HIGH or LOW .9
ts Pp to CP 5.0 7.0 8.5 115 ns 3
Hold Time, HIGH or LOW
. - -1 . -9
th Pr to CP 5.0 3.0 1.0 0.5 ns 3
Setup Time, HIGH or LOW ¥
tg PE to CP 5.0 6.0 75 10.5 ns 39
Hold Time, HIGH or LOW _ ¥
th PE to CP 5.0 35 0 0.5 ns 39
Setup Time, HIGH or LOW Y
tg CEP or CET to CP 5.0 4.0 5.5 9.5 ns 39
Hold Time, HIGH or LOW _ ¥
th CEP or CET to CP 5.0 2.0 0 0.5 ns 39
Clock Pulse Width (Load) Y
tw HIGH or LOW 5.0 2.0 45 6.5 ns 3-6
Clock Pulse Width (Count) ¥
tw HIGH or LOW 5.0 2.0 4.5 6.5 ns 3-6
tw MR Pulse Width, LOW 5.0 3.0 45 6.5 ns 3-6
Recovery Time ' 39
trec MR to CP 5.0 0 0 0.5 ns
*Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC163 74AC163
Ta = —40°C -
* - B
Symbol Parameter V(‘\:ﬁ 2\ _ ;02 5'? to +85°C Units :Ilg
L=50p CL = 50 pF -
Min Typ Max Min Max
Maximum Count 33 70 95 60
fmax Frequency 5.0 10 | 140 95 MHz | 3-3
Propagation Delay 33 2.0 7.5 125 1.5 135 g
tPLH CP to Qp, (PE Input HIGH or LOW) 5.0 15 55 9.0 1.0 95 ns 36
Propagation Delay 3.3 1.5 8.5 12.0 1.5 13.0 g
tPHL CP to Qp, (PE Input HIGH or LOW) | 5.0 15 6.0 95 15 | 100 ns 36
Propagation Delay 33 3.0 9.5 15.0 25 16.5 ~
tPLH CP to TC 5.0 2.0 7.0 105 | 15 115 ns 36
Propagation Delay 3.3 3.5 11.0 14.0 25 15.5 ~
tPHL CPto TC 5.0 2.0 80 | 110 | 20 | 15 ns 36
Propagation Delay 33 2.0 7.5 9.5 1.5 11.0 g
tPLH CETto TC 5.0 15 5.5 65 1.0 75 ns 36
Propagation Delay 3.3 25 8.5 11.0 2.0 125 ~
tPHL CET to TC 5.0 2.0 6.0 8.5 15 95 ns 36
*Voltage Range 3.3is 3.0V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC OPERATING REQUIREMENTS
74AC163 74AC163
TA = —40°C "
* = oy
Symbol Parameter Vgﬁ AT e to +85°C units | RO
L=30p CL = 50 pF -
Typ Guaranteed Minimum
Setup Time, HIGH or LOW 33 5.5 13.5 16.0
ts b i ap e a0 ar Py ns 3-9
- rn wur oV 4.V 0.0 1U.0
¢ Hold Time, HIGH or LOW 3.3 -7.0 -1.0 -05 ns 39
h P to CP 5.0 -5.0 0 [
¢ Setup Time, HIGH or LOW 33 5.5 14 16.5 ns 3.9
S SRto CP 5.0 4.0 9.5 11.0
t mld Time, HIGH or LOW 33 -7.5 -1.0 -0.5 ns 3.9
h SR to CP 5.0 -55 -05 0
t Setup Time, HIGH or LOW 33 5.5 11.5 14.0 ns 3.9
s PE to CP 5.0 4.0 75 8.5
4 Hold Time, HIGH or LOW 3.3 -75 -1.0 -0.5 ns 30
h PE to CP 5.0 -5.0 -05 0
t Setup Time, HIGH or LOW 3.3 3.5 6.0 7.0 ns 3.9
S CEP or CET to CP 5.0 2.5 45 5.0
¢ Hold Time, HIGH or LOW 33 -45 0 0 ns 39
h CEP or CET to CP 5.0 -3.0 0 05
N Clock Pulse Width (Load) 3.3 3.0 35 4.0 ns 36
w HIGH or LOW 5.0 2.0 2.5 3.0
t Clock Pulse Width (Count) 3.3 3.0 4.0 4.5 ns 3.6
w HIGH or LOW 5.0 2.0 3.0 35
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA
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MC74AC161 @ MC74ACT161 ® MC74AC163 ® MC74ACT163

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT163 74ACT163
Ta = —40°C .
* = o
Symbol Parameter V((\:/? TéA - ;02 S 'E to +85°C Units :llg
L P CL = 50 pF :
Min Typ Max Min Max
Maximum Count
fmax Frequency 5.0 120 140 105 MHz 33
Propagation Delay
tpLH CP to Qp (PE Input HIGH or LOW) 5.0 1.5 55 10.0 15 11.0 ns 36
Propagation Delay '
tPHL CP to Qp, (PE Input HIGH or LOW) 5.0 15 6.0 11.0 15 12.0 ns 3-6
Propagation Delay
tPLH CP to TC 5.0 2.5 7.0 11.5 2.0 13.5 ns 3-6
Propagation Delay
tPHL CP 1o TC 5.0 3.0 8.0 135 2.0 15.0 ns 36
4 Propagation Delay 50 | 20 | 55 | 90 15 | 105 | ns 36
PLH CETto TC - : - : : : :
Propagation Delay g
tPHL CET to TC 5.0 2.0 6.0 10.0 2.0 11.0 ns 36
*Voltage Range 5.0 is 5.0 V = 0.5 V
AC OPERATING REQUIREMENTS
74ACT163 74ACT163
Ta = —40°C )
* - o
Symbol Parameter Vﬁ/‘f Té“ _ ;: 5;: to +85°C Units :"g
L=30p CL = 50 pF "
Typ Guaranteed Minimum
Setup Time, HIGH or LOW
ts Pp to'CP 5.0 4.0 10.0 12.0 ns 3-9
Hold Time, HIGH or LOW _ g
th Pp to CP 5.0 5.0 0.5 0.5 ns 3-9
Setup Time, HIGH or LOW ¥
ts SF to CP 5.0 4.0 10.0 115 ns 39
Hold Time, HIGH or LOW _ _ y
th SR to CP 5.0 5.5 0.5 0.5 ns 3-9
Setup Time, HIGH or LOW y
tg BE to CP 5.0 4.0 8.5 10.5 ns 39
Hold Time, HIGH or LOW _ g
th PE to CP 5.0 -55 0.5 0 ns 39
Setup Time, HIGH or LOW .
ts CEP or CET to CP 5.0 2.5 5.5 6.5 ns 39
Hold Time, HIGH or LOW _ ¥
th CEP or CET to CP 5.0 3.0 0 0.5 ns 39
Clock Pulse Width
tw HIGH or LOW 5.0 2.0 3.5 3.5 ns 3-6
Clock Pulse Width (Count)
tw HIGH or LOW 5.0‘ 2.0 3.5 3.5 ns 3-6
*Voltage Range 5.0is 5.0 V + 0.5V
CAPACITANCE
Symbol Parameter Value Units Conditions
Type
CIN Input Capacitance 4.5 pF Vee = 5.0V
Cpp Power Dissipation Capacitance 45 pF Vee = 5.0V
FACT DATA
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@ MOTOROLA MC74AC174
MC74ACT174

Hex D FIip-FIop HEX D FLIP-FLOP
with Master Reset WITH MASTER RESET

The MC74AC174/74ACT174 is a high-speed hex D flip-flop. The device is used
primarily as a 6-bit edge-triggered storage register. The information on the D
inputs is transferred to storage during the LOW-to-HIGH clock transition. The
device has a Master Reset to simultaneously clear all flip-flops.

® Outputs Source/Sink 24 mA

® ‘ACT174 Has TTL Compatible Inputs LCh
1
N SUFFIX
CASE 648-08
LOGIC SYMBOL PLASTIC
Do Dy Dy D3 Dg Ds 1
—q cP 1
—ol MR D SUFFIX
CASE 751B-03
Qo 01 0p 03 Q4 Q5 PLASTIC
A} L4
R[] [16] Vce
PIN NAMES % 2] 1] 05
Do-Dg Data Inputs Do[3 14] Ds
CP Clock Pulse Input E :I
MR Master Reset Input D1 4] [13] D4
Da—0Dr NDutnute ~ = b— ~
Qp-Qps Outputs o 5] 77] 4
D, [6] 11] D3
TRUTH TABLE %7 [10] 0
Inputs Output GNp [€] 9] cp
MR CP D Q
L X X L
H I H H
H I L L
H L X Q
HIGH Voltage Level

H=
L = LOW Voltage Level

X = Immaterial

I = LOW-to-HIGH Transition of Clock

FACT DATA
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MC74AC174 ¢ MC74ACT174

FUNCTIONAL DESCRIPTION

The MC74AC174/74ACT174 consists of six edge-
triggered D flip-flops with individual D inputs and Q
outputs. The Clock (CP) and Master Reset (MR) are com-
mon to all flip-flops. Each D input’s state is transferred
to the corresponding flip-flop’s output following the
LOW-to-HIGH Clock (CP) transition. A LOW input to the

LOGIC DIAGRAM

MR cP Dg Dg D3

Master Reset (MR) will force all outputs LOW indepen-
dent of Clock or Data inputs. The MC74AC174/
74ACT174 is useful for applications where the true out-
put only is required and the Clock and Master Reset are
common to all storage elements.

Dz Dy Dy

E Ik

CD CD CD

[ [ [

LD Q D Q

cp cP (CP
CD CD CD

[ [

| |
Qs Qs

| I l

Q3 Q; i} Qo

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 v
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Vg or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

Operating Conditions.

FACT DATA
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MC74AC174 ¢ MC74ACT174

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
'AC 2.0 5.0 6.0
Vece Supply Voltage ACT w5 50 55 Vv
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee v
Vec @3.0V 150
e 'AC Dovios oxcapt Sohmit Inputs Vec @45V 40 nov
Vec @55V 25
4 1 Input Rise and Fall Time (Note 2) Vec @45V 10 nsiV
ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vijn from 30% to 70% Ve see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjn from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

DC CHARACTERISTICS

74AC 74AC
Symbol Parameter \:\%: Ta = +25°C _ 4o°glt\o=+ 85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 21 VouTt =01V
Input Voltage 4.5 2.25 3.156 3.15 \" orVge - 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouT = 01V
Input Voltage 4.5 2.25 1.35 1.35 Vv orVgec — 0.1V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 2.9 louT = —50 KA
Output Voltage 45 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 I0H —24mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 kA
Output Voltage 45 0.001 0.1 0.1 \"
5.5 0.001 0.1 0.1
*VIN = VL or VIH
3.0 0.36 0.44 v 12mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input -

Leakage Current 55 | £01 £1.0 KA Vi = Vec, GND
loLb tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
IOHD Output Current 55 ~75 mA VOHD = 3.85V Min
Icc Maximum Quiescent

X 80 A VIN = V
Supply Current 55 8.0 # IN cc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: IjN and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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MC74AC174 e MC74ACT174

DC CHARACTERISTICS
74ACT 74ACT
Vee = 4259 TA = . -
Symbol Parameter W) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits i
ViH Minimum High Level 45 | 15 2.0 2.0 v VouT = 0.1V
Input Voltage 5.5 15 2.0 2.0 orVgc — 01V
VIL Maximum Low Level 4.5 1.5 0.8 0.8 v | Vour =01V
Input Voltage 5.5 1.5 0.8 0.8 ' orVec — 0.1V
VoH Minimum High Level 45 4.49 4.4 44 v louT = —-50 A
Output Voltage 5.5 5.49 5.4 5.4
"IN = ViLorViH
4.5 3.86 3.76 \ | —24 mA
55 4.86 476 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VjLor ViH
4.5 0.36 0.44 v | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 uA V| = Vcc, GND
AlceTt “| Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vcc - 21V
loLp TMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 ~75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent ' -
Supply Current 5.5 8.0 80 nA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.

FACT DATA

5-107



MC74AC174 e MC74ACT174

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
Ta = —40°C )
* = f
Symbol Parameter V((\:,c) .I;:A _ ;02 5':: to +85°C Units FN'g
L=30p CL = 50 pF -
Min Typ ‘Max Min Max
Maximum Clock 3.3 90 100 70
fmax Frequency 5.0 100 | 125 100 MHz | 33
Propagation Delay 33 2.0 9.0 11.5 1.5 125 g
tPLH CPto Qp 5.0 15 6.0 85 1.0 95 ns 36
Propagation Delay 3.3 2.0 8.5 11.0 15 12.0 g
tPHL CPto Qp 5.0 15 6.0 8.0 1.0 9.0 ns 36
Propagation Delay 3.3 2.5 9.0 11.5 2.0 12,5 ’
tPHL MR to Qp 5.0 15 7.0 9.0 15 105 ns 36
*Voltage Range 3.3is'3.3V = 0.3V
Voltage Range 5.0 is 5.0 V = 0.5V
AC OPERATING REQUIREMENTS
' 74AC 74AC
TA = —40°C . :
) * = o
Symbol Parameter V((‘:g Té‘ _ ;02 5.? to +85°C Units :Ilg-
L =500 CL = 50 pF o
Typ Guaranteed Minimum
t Setup Time, HIGH or LOW 33 25 6.5 7.0 ns 3.9
S Dp to CP 5.0 2.0 5.0 5.5
) Hold Time, HIGH or LOW 3.3 1.0 3.0 3.0 ns - 3.9
h Dp, to CP 5.0 05 “30 3.0
= . 33 1.0 5.5 7.0
tw R Pulse Width, LOW 5.0 10 5.0 5.0 ns 3-6
t CP Pulse Width 33 1.0 5.5 7.0 36
w CF Pulse Wi 5.0 1.0 5.0 5.0 ns -
Recovery Time 33 0 25 25
frec VR to CP 5.0 0 2,0 2.0 ns 36
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 5.0V + 0.5V
FACT DATA
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MC74AC174 e MC74ACT174

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
. TA = —40°C .
* = 0,
Symbol ; Parameter V((\;/(); 1;‘:‘\ _ ;: 5'? to +85°C Units :;g
L=50p Cp= 50 pF -
: Min Typ Max. | Min Max
. Maximum Clock
fmax Frequency 5.0 165 140 ‘ MHz ‘ 33
Propagation Delay : : i
tPLH CPto Qp 5.0 1.5 10.}5 1.5 ‘ 11.5 ns 3-6
Propagation Delay . 1 g
tPHL "CPto Qpy 5.0 1.5 10.5 15 11.5 ns 3-6
Propagation Delay . : y :
tPHL VIR to Qp, 5.0 15 v 9.5 15 11.0 ns 3-6
*Voltage Range 5.0is 5.0V + 0.5V
AC OPERATING REQUIREMENTS
74ACT 74ACT
Ta = —40°C -
* = 0
Symbol Parameter V((\;g Té'\ _ ;: 5: to +85°C Units :llg
L =30P CL = 50 pF -
Typ Guaranteed Minimum
Setup Time, HIGH or LOW ¥
tg Dy, to CP 5.0 15 1.5 ns 39
Hold Time, HIGH or LOW ' g
th Dy, to CP 5.0 2.0 2.0 ns 39
tw MR Pulse Width, LOW 5.0 3.0 3.5 ns 3-6
CP Pulse Width
tw HIGH or LOW 5.0 3.0 35 ns 3-6
Recovery Time ¥
trec VR to CP 5.0 0.5 0.5 ns 3-6
*Voitage Range 5.0is 5.0V = 0.5V
CAPACITANCE
Symbol Parameter V:yl:e Units Test Conditions
CIN Input Capacitance 45 pF Vce = 5.0V
Cpp Power Dissipation Capacitance 85 pF Vece =50V
FACT DATA
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@ MOTOROLA

Up/Down Counter
with Preset and Ripple Clock

The MC74AC190 is a reversible BCD (8421) decade counter which features syn-
chronous counting and asynchronous presetting. The preset feature allows the
MC74AC190 to be used in programmable dividers. The Count Enable input, the
Terminal Count output and the Ripple Clock output make possible a variety of
methods of implementing multistage counters. In the counting modes, state
changes are initiated by the rising edge of the clock.
® High-Speed — 120 MHz Typical Count Frequency
® Synchronous Counting
® Asynchronous Parallel Load
® Cascadable
® QOutputs Source/Sink 24 mA

LOGIC SYMBOL
PL Py Py Py P3
—]Up RC Jo-
—Of CE
—d CP TC —
Q O 0 03
PIN NAMES
CE Count Enable Input
CP Clock Pulse Input
Po-P3  Parallel Data Inputs
PL Asynchronous Parallel Load Input

UmD Up/Down Count Control Input
Qp-Q3 Flip-Flop Outputs

RC Ripple Clock Output

TC Terminal Count Output

MC74AC190

UP/DOWN COUNTER
WITH PRESET
AND RIPPLE CLOCK

16
1

N SUFFIX
CASE 648-08
PLASTIC
16
1
D SUFFIX
CASE 751B-03
PLASTIC
AN 2
0 - [7e] Vee
2] 5] Po
o 3] 73] cp
te[3] 73] e
Un 5] [12] T
0[] |
03 [7] 7] P2
GND ] [9] P3

FACT DATA
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MC74AC190

FUNCTIONAL DESCRIPTION

The MC74AC190 is a synchronous up/down BCD
decade counter. It contains four edge-triggered flip-flops
with internal gating and steering logic to provide indi-
vidual preset, count-up and count-down operations.

Each circuit has an asynchronous parallel load capa-
bility permitting the counter to be preset to any desired
number. When the Parallel Load (PL) input is LOW, infor-
mation present on the Parallel Load inputs (Pg-P3) is
loaded into the counter and appears on the Q outputs.
This operation overrides the counting functions, as indi-
cated in the Mode Select Table.

A HIGH signal on the CE input inhibits counting. When
CE is LOW, internal state changes are initiated synchron-
ously by the LOW-to-HIGH transition of the clock input.
The direction of counting is determined by the U/D input
signal, as indicated in the Mode Select Table. CE and U/D
can be changed with the clock in either state, provided
only that the recommended setup and hold times are
observed.

Two types of outputs are provided as overflow/under-
flow indicators. The terminal count (TC) output is nor-
mally LOW. It goes HIGH when the circuits reach zero in
the count down mode or 9 in the count up mode. The TC
output will then remain HIGH until a state change occurs,
whether by counting or presetting or until U/D is changed.
The TC -output should not be used as a clock signal
because it is subject to decoding spikes.

The TC signal is also used internally to enable the Rip-
ple Clock (RC) output. The RC output is normally HIGH.
When CE is LOW and TC is HIGH, RC output will go LOW
when the clock next goes LOW and will stay LOW until
the clock goes HIGH again. This feature simplifies the
design of multistage counters, as indicated in Figures a
and b. In Figure a, each RC output is used as the clock
input for the next higher stage. This configuration is par-
ticularly advantageous when the clock source has a lim-
ited drive capability, since it drives only the first stage.
To prevent counting in all stages it is only necessary to
inhibit the first stage, since a HIGH signal on CE inhibits
the RC output pulse, as indicated in the RC Truth Table.
A disadvantage of this configuration, in some applica-
tions, is the timing skew between state changes in the
first and last stages. This represents the cumulative delay
of the clock as it ripples through the preceding stages.

A method of causing state changes to occur simulta-
neously in all stages is shown in Figure b. All clock inputs
are driven in parallel and the RC outputs propagate the
carry/borrow signals in ripple fashion. In this configura-
tion the LOW state duration of the clock must be long
enough to allow the negative-going edge of the carry/
borrow signal to ripple through to the last stage before
the clock goes HIGH. There is no such restriction on the
HIGH state duration of the clock, since the RC output of
any device goes HIGH shortly after its CP input goes
HIGH.

The configuration shown in Figure c avoids ripple
delays and their associated restrictions. The CE input for
agiven stage is formed by combining the TC signals from
all the preceding stages. Note that in order to inhibit
counting an enable signal must be included in each carry
gate. The simple inhibit scheme of Figures a and b
doesn't apply, because the TC output of a given stage is
not affected by its own CE.

MODE SELECT TABLE

Inputs

— T =T Mode

PL | CE|UD| CP

H L L Ir Count Up

H L H I Count Down

L X X X Preset (Asyn.)

H H X X No Change (Hold)

RC TRUTH TABLE
Inputs Outputs

PL CE TC* CcP RC
H L H ay o
H H X X H
H X L X H
L X X X H

*TC is generated internally

H = HIGH Voltage Level

L = LOW Voitage Levei

X = Immaterial

I = LOW-to-HIGH Transition

STATE DIAGRAM

COUNT UP ———>
COUNT DOWN - ==

FACT DATA
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MC74AC190

Figure a: N-Stage Counter Using Ripple Clock

DIRECTION . _ o
CONTROL I .
Up RC L—{UD RC Up RClo—--
ENABLE ————f CE —o] CE CE
CLOCK ———-—J cP cP cP

Figure b: Synchronous N-Stage Counter Using Ripple Carry/Borrow

DIRECTION -
CONTROL
L{Up  *e e S —Up Rcjo—--
ENABLE ———o CE o_\—o CE L CE
—cp —cp —icP
CLOCK o

Figure c¢: Synchronous N-Stage Counter With Parallel Gated Carry/Borrow

DIRECTION
CONTROL
ENABLE
L UD un uo
o—of CE _:Do—o CE o—of CE
— CP Tc—1 —c T —cr TC
CLOCK
FACT DATA

5-112



MC74AC190

LOGIC DIAGRAM

P2

P3

=

<+

v,

e —

JCLOCK K 4 CLOCK K J CLOCK K CLOCK K
PRESET PRESET PRESET PRESET
— CLEAR o CLEAR ad CLEAR 9| CLEAR
3 1 Q o a
Qg [o}} o)) Q3

Please note that this diagram is provided only for the understanding of the logic operations and should not be used to estimate
propagation delays.

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Veeo DC Supply Voltage (Referenced to GND) —-05to +7.0 v
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \"
Vout DC Output Voltage (Referenced to GND) -0.5to Vgc+0.5 v
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

Operating Conditions.
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MC74AC190

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v Supply Vol ‘AC 2.0 5.0 6.0 v
upply Voltage
ce 'ACT 4.5 5.0 5.5
Vin. Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \"
Vec@3.0V 150

Input Rise and Fall Time (Note 1) N

tr tf 'AC Devices except Schmitt Inputs Vec @45V 40 nsiV
Vec @5.5V 25

Input Rise and Fall Time (Note 2) Vcc@4sv 10
tr tf . : itt | ns/V

ACT Devices except Schmitt Inputs Vee @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
Ta Operating Ambient Temperature Range -40 25 85 °C
loH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vijn from 30% to 70% Vg see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
V) —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 VouTt =01V
Input Voltage 45 2.25 3.15 3.15 \ orVee - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouTt =01V
Input Voltage 4.5 2.25 1.35 1.35 v orVge - 01V
55 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 2.9 louT = —50 nA
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 54 5.4
*VIN = VL or VIH
3.0 2.56 2.46 v —-12mA
45 3.86 3.76 10H —-24 mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 45 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViL or ViH
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
55 0.36 0.44 24 mA
Y] Maximum Input -

Leakage Current 55 *01 *1.0 HA Vi = Ve, GND
loLd tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
10HD Output Current 55 ~75 mA | Voup = 385V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 HA VIN = V¢ or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Igc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcgc.
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MC74AC190

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC190 74AC190
Symbol Parameter V{\:I():* 2‘}_ == ;02 ::: Tl:o=+ ;;gc Units FN'g
CL = 50 pF )
Min Typ Max Min Max
fmax Frequondy 50 | 1o MHz | 33
teL oo 50 | 18 os | 20 | a0 | ™ | 30
tPHL Croon 50 | 18 100 | 20 | ms | ™ | 3
teL trote 50 | 28 ns | 70 | w0 | " | 8
teHL Crrote 20 | 2 125 | 20 | 130 | ™ | %8
teL crote 5o | 20 7 | 70 | s | ™ | 3
tPHL crrofe so | 18 50 | 20 | a5 | ™ | 3¢
teL Erode 20 | 18 50 | 20 | S0 | ™ | %8
tPHL Erohe 20 | 18 B0 | 20 | so | ™ | 39
teL UDwACE 50 | 18 85 | 20 | too | ™ | 3
tehL Upwre so | 2s 55 | 20 | 100 | ™ | 38
teL Upwrc 20 | 30 B0 | 20 | so | ™ | %
tPHL Wt 50 | 30 80 | 20 | s0 | ™ | 3
L Prioon 55 | 20 o | 18 | ms | " |
tehL Prtatn 20 | 20 95 | 18 | a0 | ™ | %8
teL oo 50 | 30 108 | 70 | 128 | ™ | 8
tPHL oo 50 | 20 e | 30 | o | m | as
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA
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MC74AC190

AC OPERATING REQUIREMENTS

74AC190 74AC190
Ta = —40°C
* -— L7
Symbol Parameter V((\:f): 2\ ~ ;: 5;: to +85°C Units ;ig.
L=30P CL = 50 pF o:
Typ Guaranteed Minimum
¢ Setup Time, HIGH or LOW 3.3 0.5 0.5 ns 3.9
S Pp to PL 5.0 0 0
" Hold Time, HIGH or LOW 33 0 0 hs 39
h Py, to PL 5.0 0 0
Setup Time, LOW 33 : 6.5 7.5
ts CE to CP 5.0 45 5.0 ns 39
" Hold Time, LOW 33 0 0 ns 2.9
h TEto CP 5.0 0 0
t ' Setup Time, HIGH or LOW 33 8.5 9.5 ns 3.9
s U/D to CP 5.0 5.0 6.0
" Hold Time, HIGH or LOW 33 0 0 ns 3.9
h U/ to CP 5.0 0 0
5 X 33 5.0 55
tw PL Pulse Width, LOW 5.0 35 40 ns 3-6
. 33 5.0 5.5
tw CP Pulse Width, LOW 5.0 35 4.0 ns 3-6
Recovery Time 33 0.5 0.5 ¥
trec PLto CP 5.0 0 [) ne 39
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
CAPACITANCE
Symbol Parameter V:;:e Units Test Conditions
CIN Input Capacitance 45 pF Ve =50V
Cep Power Dissipation Capacitance 75 pF Vee =50V
FACT DATA

5-116



MC74AC194
@ MOTOROLA MC74ACT194

4-Bit Bidirectional R v Hirgiig

UNIVERSAL SHIFT

Universal Shift Register REGISTER

The MC74AC194/74ACT194 is a high-speed 4-bit bidirectional universal shift reg-
ister. As a high-speed multifunctional, sequential building block, it is useful in a
wide variety of applications. It may be used in serial-serial, shift left, shift right,
serial-parallel, parallel-serial, and parallel-parallel data register transfers. The
'AC/ACT194 is similar in operation to the ‘AS195 universal shift register, with

added features of shift left without external connections and hold (do nothing) 16

modes of operation. 1

® Typical Shift Frequency of 150 MHz N SUFFIX
® Asynchronous Master Reset CASE 648-08
e Hold (Do Nothing) Mode PLASTIC

e Fully Synchronous Serial or Parallel Data Transfers

FUNCTIONAL DESCRIPTION 16 «“

The MC74AC/74ACT194 contains four edge-triggered 1
D flip-flops and the necessary interstage logic to syn- D SUFFIX
chronously perform shift right, shift left, parallel load and CASE 751B-03
hold operations. Signals applied to the Select (Sg, S1) PLASTIC

inputs determine the type of operation, as shown in the
Mode Select Table. Signals on the Select, Parallel data
(Po—P3) and Serial data (DgR, Dg|) inputs can change

T
when the clock is in either state, provided only that the wirl - E v,
. . CcC
recommended setup and hold times, with respect ot the
clock rising edge, are observed. A LOW signal on Master Dsr E E] Q
Reset (MR) overrides all-other inputs and forces the out- P
3 1a] Q1
puts LOW. OE :
go 3] 02
P2[3] [12) 3
MODE SELECT TABLE o @
I t: Output: DSLE E S
a nputs utputs
ol o[ 1%
R|S1 So|Dsr DsL| Pn Qo Q1 Q2 Q3
Reset L{X X|{X X|X|[L L L L
Hold H|{I | X X lao a1 92 a3 1110 9
. Hih || X | X (a1 92 q3 L L l l
Shift Left
' H{h 1| X h|X|a g2 a3 H . TP ;5o
=1 MR W
Shift Right H{!l h| I X|[X]|L g0 a1 a2 A —0 DSR 2
H hfh X |X|H g a1 a2 15 Qo Pob—3
Parallel Load H|h h| X X {pn|PO P1 P2 P3 14 N P1p—4
| = LOW voltage level one setup time prior to the LOW-to-HIGH clock Py pb—5
transition. , 13 —q Q2 P 6
h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock 3
transition. 12 —q4 Q3 DgL p—7
pn (an) = Lower case letters indicate the state of the referenced input
(or output) one setup time prior to the LOW-to-HIGH clock

transition.
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

FACT DATA

5-117



MC74AC194 ¢ MC74ACT194

LOGIC DIAGRAM

Po Pq P2 P3

s

So—>e

182

—

Dsr

S Q2 S Q3

cp cp

R R
LEAR] CLEA
Q

.
W—>o

Qo Qy Q2 Q3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation deiays.

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05t0 +7.0 v
Vin DC Input Voltage (Referenced to GND) —0.5to Vgc+0.5 v
Vout DC Output Voltage (Referenced to GND) —0.5to Vcc+0.5 \"
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Vcc or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

FACT DATA
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RECOMMENDED OPERATING CONDITIONS

Symbol Parameter - Min Typ Max Unit
v Suoply Vol : : - 'AC 2.0 5.0 6.0 v
cc ~ Supply Voltage :
'ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee v
Vec @3.0V ; 150

Input Rise and Fall Time (Note 1)

tr 'AC Devices except Schmitt Inputs Vec@45v 40 nsiV
Vec @55V 25

Input Rise and Fall Time (Note 2) Vcc @45V 10
tr tf ' . 5 ns/\V

ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —40 25 85 °C
loH Output Current — High -24 mA
loL Output Current — Low ‘ 24 mA

1. Vjp from 30% to 70% Vcc; see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Symbol Parameter Vee TA = +25°C Ta = Units . Conditions
v) A —40°C to +85°C
Typ Guaranteed Limits
VIH " Minimum High Level 3.0 15 2.1 2.1 Vout = 01V
Input Voltage 45 2.25 3.15 3.15 \ orVec — 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouTt = 0.1V
Input Voltage 4.5 2.25 1.35 1.35 ’ Vv orVgc — 0.1V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 29 louT = —50 KA
Output Voltage 4.5 4.49 4.4 4.4 \
55 |. 549 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
4.5 ' 3.86 3.76. IoH —24 mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 - louT = 50 uA
Output Voltage 4.5 0.001 0.1 0.1 \'
5.5 0.001 0.1. 0.1
. *VIN = VL or VIH
3.0 0.36 0.44 v 12mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input -

Leakage Current 55 01 *1.0 KA Vi = Vee. GND
loLd TMinimum Dynamic 5.5 75 mA VoLp = 1.656 V Max
IOHD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent -

Supply Current 5.5 8.0 80 nA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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DC CHARACTERISTICS.
74ACT - 74ACT
Vce _ o TA = . .
Symbol Parameter i) TA = +25°C —40°C to +85°C Units Conditions
Typ ‘.Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v VouTt = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVge — 0.1V
ViL Maximum Low Level 4.5 15 0.8 0.8 v VouTt = 0.1V
Input Voltage 55 15 0.8 0.8 orVgg — 01V
VOH Minimum High Level 45 4.49 44 44 v lout = —50 KA
Output Voltage: 5.5 5.49 5.4 5.4
) *VIN = ViLor ViH
4.5 3.86 3.76 Vv | —-24 mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor VI
45 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 uA V| = Vce, GND
Alcct Additional Max. lcc/Input 55 0.6 1.5 mA Vi=Vcc — 21V
loLD tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IOHD Output Current 55 -75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent s
Supply Current 6.5 8.0 80 HA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Symbol Parameter Vee* Ta = +25°C T%i;;? Units Fig.
V) L = 50 pF CL = 50 pF No.
Min Typ Max Min Max
Maximum Input 33
fmax Frequency 5.0 MHz 33
Propagation Delay 3.3 8.5
tPLH CPtoQ 50 65 ns | 36
Propagation Delay 3.3 8.5 )
tPHL CPtoQ 5.0 65 ns 36
Propagation Delay 33 75 y
tPHL Reset to Q 5.0 55 ns 36
*Voltage Range 3.3is 3.3V + 0.3 V.
Voltage Range 5.0is 5.0V = 0.5V
FACT DATA
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AC OPERATING REQUIREMENTS

74AC 74AC
. Ta = —40°C .
* = of
Symbol Parameter V&&); 2\ _ ;: 5’? to +85°C Units :g
L=30p CL = 50 pF "
Typ Guaranteed Minimum
Setup Time, HIGH or LOW 33
ts | sporsitocp , 5.0 ns 39
. 33
th Hold Time, CP to any Input 50 ns 3-9
. 33 :
ts .| Setup Time, Parallel Data to CP 5.0 ns 39
4 Hold Time, HIGH or LOW |33 29
h Data to CP 5.0 ns
" 3.3 2.0 5.5 7.0
tw CP Pulse Width 5.0 20 45 50 ns 3-6
=S " 33 2.0 55 7.0
tw MR Pulse Width 5.0 30 6.0 65 ns 3-9‘
Recovery Time 3.3 —-25 0 0 I
trec VR to CP 5.0 -15 0 0 ns 39
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C "
* = o
Symbol Parameter V((\:I‘-): 1;? _ ;02 ch to +85°C Units :g
L =309 CL = 50 pF "
Min Typ Max Min Max
Maximum Input ¥
fmax Frequency 5.0 MHz 33
Propagation Delay "
tPLH CPtoQ 5.0 ns 36
Propagation Delay 6
tPHL CPto Q 5.0 ns 3
Propagation Delay 10 -~
tPHL WA 10 Q 5.0 6.5 95 1.0 5 ns 36

*Voitage Range 5.0is 5.0V = 0.5V

FACT DATA

5-121



MC74AC194 e MC74ACT194

AC OPERATING REQUIREMENTS

5-122

74ACT 74ACT
TA = —40°C <
* - 0
Symbol Parameter Vgg Té\ = ;: 5: to +85°C Units :;g'
L=30p CL = 50 pF 0-
Typ Guaranteed Minimum
Setup Time, HIGH or LOW
ts Sp or S to CP 50 ns 39
th Hold Time, CP to any Input 5.0 ns 3-9
tg Setup Time, Parallel Data to CP 5.0 ns 39
Hold Time, HIGH or LOW
th Data to CP 50 ns &9
CP Pulse Width
tw HIGH or LOW 50 ns 39
tw MR Pulse Width, LOW 5.0 5.5 8.5 9.5 ns 39
Recovery Time
trec WA to CP 5.0 ns 3-9
*Voltage Range 5.0.is 5.0V + 0.5V
CAPACITANCE
Symbol Parameter V:vl:e Units Test Conditions
CIN Input Capacitance pF Vee = 5.0V
Cpp Power Dissipation Capacitance pF Vce = 5.0V
FACT DATA
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Octal Buffer/Line Driver
with 3-State Outputs

The MC74AC240/74ACT240 is an octal buffer and line driver designed to be
employed as a memory address driver, clock driver and bus oriented transmitter or
receiver which provides improved PC board density.

e 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers
® Outputs Source/Sink 24 mA
® 'ACT240 Has TTL Compatible Inputs

TRUTH TABLES

Inputs Outputs
OE1 | D | (Pins 12, 14, 16, 18)
L L H
L H L
H X z
Inputs Outputs
OE2 | D (Pins 3,5, 7, 9)
L L H
L H L
H X z

HIGH Voltage Level
LOW Voitage Level
Immaterial

High Impedance

[T ]

H
L
X
Z

MC74AC240
MC74ACT240

OCTAL BUFFER/LINE
DRIVER WITH
3-STATE OUTPUTS

20

" N SUFFIX
CASE 738-03
PLASTIC
2 (@
\ ;
DW SUFFIX
CASE 751D-03
PLASTIC
(300 ‘-:;-" %) Ve
k] <—+—7 OF
E—\ go ] 2
R\ =-f
ER1>T 1
o A\
= N F= =
NN =
[ o 7]
GND q\—_«h———ﬂl
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MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) ~05to +7.0 \"
Vin DC Input Voltage (Referenced to GND) —-0.5to Vcc+0.5 v
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
vee Supply Voltage AC 20 >0 &0 v
'‘ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \
Vec@3.0V 150
to 'AC Devices xcapt Sonit I Vec @45V % sV
Vec @55V 25
- Input Rise and Fall Time (Note 2) Vecc @45V 10 Yy
ACT Devices except Schmitt Inputs Vec @55V 8.0
T Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High : -24 mA
loL Output Current — Low 24 mA

1. Vjn from 30% to 70% Vcc; see individual Data Sheets for devices that differ from the typical input rise and fall times.
2, Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = . i
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 21 VouTt =01V
’ Input Voltage 45 2.25 3.15 3.15 \ orVec - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.35 v orVec — 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 29 louTt = —50 A
Output Voltage 4.5 4.49 4.4 4.4 \'
5.5 5.49 5.4 54
*VIN = Vi or Viy
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H —-24mA
5.5 4.86 4.76 -24mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 kA
Output Voltage 45 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = Vi or ViY
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
Y] Maximum Input _
Leakage Current 5.5 +0.1 +1.0 oA V| = Vgc. GND
loz Maximum VI (OE) = VL, VIH
3-State 5.5 +0.5 +5.0 pA V| = Vce VGND
Current Vo = Vce, GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
I0HD Output Current 55 -75 mA | VOHD = 385V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 pA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 6.5 V Vcc.
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DC CHARACTERISTICS

MC74AC240 ¢ MC74ACT240

74ACT 74ACT
Vee _ o Ta = . o
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level 4.5 1.5 2.0 2.0 v VouT = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVgc — 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 v VouT = 0.1V
Input Voltage 5.5 15 0.8 0.8 orVgc — 01V
VoH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VL or VIH
4.5 3.86 3.76 \ \ —-24 mA
55 4.86 476 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 LA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor ViH
45 0.36 0.44 \ | 24 mA
55 0.36 0.44 oL 24 mA
N Maximum Input _
Leakage Current 55 +0.1 +1.0 kA V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vgc - 21V
loz Maximum VI (OE) = V|, VIH
3-State 5.5 +0.5 +5.0 HA V| = Vce, VGND
Current Vo = Vcc, GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
10HD Output Current 55 75 mA | VoD = 3.85V Min
Icc Maximum Quiescent.. _
Supply Current 5.5 8.0 80 HA VIN = Vg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
Ta = —40°C "
* - of
Symbol Parameter V((\;/(; Té‘ _ ;: 5’? to +85°C Units :I'g
L P CL = 50 pF )
Min Typ Max Min Max
Propagation Delay 33 1.5 6.0 8.0 1.0 9.0 g
tPLH Data to Output 5.0 15 45 6.5 1.0 7.0 ns 35
Propagation Delay 3.3 1.5 5.5 8.0 1.0 8.5 g
PHL Data to Output 5.0 15 45 6.0 1.0 6.5 ns 35
. 33 1.5 6.0 10.5 1.0 11.0
tpzH Output Enable Time 50 15 5.0 7.0 10 8.0 ns 37
" 33 1.5 7.0 10.0 1.0 11.0
tpzL Output Enable Time 50 15 55 8.0 10 85 ns 3-8
. . 33 1.5 7.0 10.0 1.0 10.5
tPHZ Output Disable Time 50 15 6.5 9.0 1.0 95 ns 3-7
. . 33 15 75 10.5 1.0 11.5
tpLz Output Disable Time 5.0 15 65 9.0 1.0 95 ns 3-8
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C .
* = 0 3
Symbol Parameter V((\;/(; Té\ _ ;oz 5: to +85°C Units ::g
L P CL = 50 pF .
Min Typ Max Min Max
tpLH E;‘;Zizagﬁcpsf'ay 5.0 15 60 | 85 15 9.5 ns 35
Propagation Delay
tPHL Data to Output 5.0 15 5.5 75 15 85 ns 35
tpzH Output Enable Time 5.0 15 7.0 8.5 1.0 9.5 ns 37
tpzL Output Enable Time 5.0 2.0 7.0 9.5 1.5 10.5 ns 3-8
tPHZ Output Disable Time 5.0 2.0 8.0 9.5 2.0 10.5 ns 3-7
tpLz Output Disable Time 5.0 25 6.5 10.0 2.0 10.5 ns 3-8
*Voltage Range 5.0is 5.0V = 0.5V ,
CAPACITANCE
Symbol Parameter V;’;‘;e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee = 5.0V
CeDp Power Dissipation Capacitance 45 pF Vee =50V
FACT DATA
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Octal Buffer/Line Driver
with 3-State Outputs

The MC74AC241/74ACT241 is an octal buffer and line driver designed to be
employed as a memory address driver, clock driver and bus oriented transmitter or
receiver which provides improved PC board density.
® 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers
® Qutputs Source/Sink 24 mA
® ‘ACT241 Has TTL Compatible Inputs

TRUTH TABLES
Inputs Outputs
OE1 | D | (Pins 12,14, 16, 18)
L L L
L H H
H [ X z
Inputs Outputs
OEz | D (Pins 3,5, 7, 9)
H L L
H H H
L | X z

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

Z = High Impedance

MC74AC241
MC74ACT241

OCTAL BUFFER/LINE
DRIVER WITH
3-STATE OUTPUTS

1

N SUFFIX
CASE 738-03
PLASTIC
. (ﬁ
< 1
DW SUFFIX
CASE 751D-03
PLASTIC
og [ s 2] Voo
(B < ] OF;
= N=! 0
= A=
E\ 17
EQ )
i N
dN—
oo "0
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MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced.to GND) —-05to +7.0 \"
Vin DC Input Voltage (Referenced to GND) —0.5to Vgc+0.5 \
Vout DC Output Voltage (Referenced to GND) —0.5to Vcc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage Ac 29 50 80 \
'ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vce A"
Vec@3.0V 150
o
Vec @55V 25
TR B~ e S b ¥ e
Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

. Vjn from 30% to 70% Vcc; see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi, from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
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DC CHARACTERISTICS
74AC 74AC
Vee _ TA = . .
Symbol Parameter i) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 Vout =01V
Input Voltage 4.5 2.25 3.15 3.15 \' orVege - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 Vout =01V
Input Voltage 45 2.25 1.35 1.35 Vv orVgc — 01V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 29 louT = —50 KA
Output Voltage 45 4.49 4.4 4.4 Vv
5.5 5.49 5.4 5.4
*VIN = V|L or V|4
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IoH —24 mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 KA
Output Voltage 45 0.001 0.1 0.1 \
55 0.001 0.1 0.1
*VIN = VL or Vi
3.0 0.36 0.44 v 12mA
45 0.36 0.44 IoL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input _
Leakage Current 55 +0.1 +1.0 pA V| = Vg, GND
loz Maximum VI (OE) = V|, VIH
3-State 5.5 +0.5 +5.0 pA Vi = Vce: VGND
Current Vo = Vce: GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
10HD Output Current 55 -75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢c.
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DC CHARACTERISTICS
74ACT 74ACT
. Vce _ o TA = - e
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v Vout =01V
Input Voltage 5.5 1.5 2.0 2.0 orVcc — 01V
VIL Maximum Low Level 4.5 1.5 0.8 0.8 v VouTt = 0.1V
Input Voltage 55 15 0.8 0.8 orVgc — 0.1V
VoH Minimum High Level 45 4.49 4.4 4.4 v louT = —50 kA
Output Voltage 5.5 5.49 5.4 5.4
"IN = VILor ViH
45 3.86 3.76 v | —-24mA
5.5 4.86 476 OH ~24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor V4
4.5 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 55 +0.1 +1.0 nA V| = Vce, GND
Alcet Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Veec - 21V
oz Maximum VI (OE) = Vi, VIH
3-State 5.5 +0.5 +5.0 pA Vi = Vce VGND
Current Vo = Vcc, GND
loLb 1tMinimum Dynamic 6.5 75 . mA VoLDp = 1.65V Max
IoHD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Vcc or GND
*All'outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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MC74AC241 e MC74ACT241

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

5-132

74AC 74AC
; Ta = —40°C -
* — 0
Symbol Parameter v(‘\:ﬁ TcA — ;oz 5:_: to +85°C Units ::g
L=30Pp CL = 50 pF '
Min Typ Max Min Max
Propagation Delay 3.3 1.5 6.0 9.0 1.5 10.0 g
tPLH " Data to Output 5.0 15 5.0 7.0 1.0 7.5 ns 35
Propagation Delay 3.3 15 6.0 9.0 1.0 10.5 g
tPHL Data to Output 5.0 15 45 7.0 1.0 75 ns 35
" 3.3 1.5 6.5 125 1.0 13.0
tpzH Output Enable Time 5.0 15 55 9.0 1.0 95 ns 37
. 3.3 1.5 7.0 12.0 15 13.0
tpzL Output Enable Time 50 15 55 9.0 10 95 ns 3-8
" . 3.3 2.0 8.0 12.0 2.0 125
tPHZ Output Disable Time 5.0 15 65 10.0 10 10.5 ns 37
" . 3.3 1.5 7.0 125 1.0 135
tpLZ Output Disable Time 5.0 15 6.0 10.0 10 10.5 ns 3-8
*Voltage Range 3.3is3.3V = 0.3V
Voltage Range 5.0 is 5.0V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C -
* = o
Symbol Parameter VR/(; 2\ — ;02 5: to +85°C Units ::g
L=30p CL = 50 pF "
Min Typ Max Min Max
Propagation Delay : g
tPLH Data to Output 5.0 1.5 6.5 9.0 15 10.0 ns 35
4 Propagation Delay 5.0 15 | 70 9.0 15 | 100 | ns 36
PHL Data to Output . : : : . :
tpzH Output Enable Time 5.0 1.5 6.0 9.0 1.0 10.0 ns 3-7
tpzL Output Enable Time 5.0 1.5 7.0 10.0 1.5 11.0 ns 3-8
tPHZ Output Disable Time 5.0 1.5 8.0 10.5 1.5 115 ns 37
tpLZ Output Disable Time 5.0 2.0 7.0 10.5 1.5 11.5 ns 3-8
*Voltage Range 5.0is 5.0V = 0.5V
CAPACITANCE
Symbol Parameter V-:yl:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =50V
Cpp Power Dissipation Capacitance 45 pF Vee = 5.0V
4
FACT DATA




@ MOTOROLA MC74AC244
MC74ACT244

Octal Buffer/Line Driver S D ——

DRIVER WITH

with 3-State Outputs | ssTaTEOUTPUTS

The MC74AC244/74ACT244 is an octal buffer and line driver designed to be
employed as a memory address driver, clock driver and bus oriented transmitter/
receiver which provides improved PC board density.

® 3-State Outputs Drive Bus Lines or Buffer Memory Address Registers
® Outputs Source/Sink 24 mA
® 'ACT244 Has TTL Compatible Inputs

20V -
1
N SUFFIX
CASE 738-03
PLASTIC
TRUTH TABLES 20
Inputs Outputs . 1
OEq | D (Pins 12, 14, 16, 18) DW SUFFIX
T ¢ g
L H H
H X z
Inputs Outputs @1—-47— (%) Ve
OEz | D (Pins 3,5, 7, 9) IZ\ <% 15 OF,
N NS
H | X z E\ 1 o
Voltage L & — B
H = HIGH Voltage Level
L = LOW Voltage Level E\ & E
X = Immaterial \
Z = High Impedance E‘\—"{£ E
] ]
N
GND \—:——,E
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MC74AC244 @ MC74ACT244

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) —-05to +7.0 \'
Vin DC Input Voltage (Referenced to GND) : + —0.5to Vgc+0.5 "
Vout DC Output Voltage (Referenced to GND) —0.5to Vgc+0.5 TV
lin DC Input Current, per Pin *20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 ' °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol i Parameter Min Typ Max Unit
'‘AC 2.0 5.0 6.0
Vee Supply Voltage ACT s 50 e )
Vin. Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee '
‘ Vec@3.0V 150
t 'AC Devices except Sonmit Inputs Voo @45V 40 el
Vecc @55V 25
tr t !nput Rise_ and Fall Time (Npte 2) Vcc @45V 10 sV
ACT Devices except Schmitt Inputs Vec @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL . Output Current — Low 24 mA

. Vin from 30% to 70% V¢ see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vin from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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MC74AC244 ¢ MC74ACT244

DC CHARACTERISTICS
74AC 74AC
Vee = +25° TA= " -
Symbol Parameter W) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 21 2.1 VouT =01V
Input Voltage 4.5 2.25 3.15 3.15 \ orVgc - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.35 \ orVgec — 0.1V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 2.9 louT = —50 KA
Output Voltage 4.5 4.49 4.4 4.4 \'
5.5 5.49 54 5.4
*VIN = ViLor Viy
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 I0H —-24 mA
5.5 4.86 4.76 ~24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 4.5 0.001 0.1 0.1 \'
5.5 0.001 0.1 0.1
"IN = ViLor ViH
3.0 0.36 0.44 v 12 mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 *1.0 MA V| = Vce, GND
loz Maximum VI (OE) = Vi, VIH
3-State 5.5 +0.5 *5.0 HA V] = Vce VGND
Current Vo = Vge, GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
loHD Output Current 5.5 —75 mA VoHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Vgg or GND

*All outputs loaded; thr

on input

with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Ve.

FACT DATA
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MC74AC244 e MC74ACT244

DC CHARACTERISTICS
74ACT 74ACT
Vce - o TA = . .
Symbol Parameter V) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v Vout =01V
Input Voltage 5.5 15 2.0 2.0 orVgc - 01V
ViL Maximum Low Level 45 15 0.8 0.8 v Vout =01V
Input Voltage 5.5 1.5 0.8 0.8 orVgc - 01V
VOH Minimum High Level 45 4.49 44 44 v louT = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor ViH
4.5 3.86 3.76 Vv | —-24 mA
55 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor Viy
45 0.36 0.44 Vv | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 55 01 *1.0 KA Vi = Ve, GND
AlceT Additional Max. Icc/Input 55 0.6 1.5 mA Vi=Vgc - 21V
loz Maximum VI (OE) = V|, VIH
3-State 5.5 +0.5 +5.0 A V| = Vce, VGND
Current Vo = Vce, GND
loLb TMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Ve or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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MC74AC244 ¢ MC74ACT244

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
TA = —40°C
* - 0
Symbol Parameter vgg 1;‘:‘\ — ;: 5':: to +85°C Units ;i‘g)
L=50p CL = 50 pF -
Min Typ Max Min Max
Propagation Delay 33 2.0 6.5 9.0 15 10.0
tPLH Data to Output 5.0 15 50 | 7.0 10 | 75 ns 35
Propagation Delay 33 2.0 6.5 9.0 20 [ 100
tPHL Data to Output 50 | 15 | 50 | 70 | 10 | 75 ns 35
. 33 2.0 6.0 10.5 1.5 11.0
tpzZH Output Enable Time 5.0 15 5.0 7.0 15 8.0 ns 37
. 33 25 7.5 10.0 2.0 11.0
tpzL Output Enable Time 5.0 15 55 8.0 15 85 ns 3-8
. . 3.3 3.0 7.0 10.0 1.5 10.5
tPHZ Output Disable Time 5.0 25 65 9.0 10 95 ns 37
" . 3.3 25 7.5 10.5 25 115
tpLz Output Disable Time 5.0 20 65 9.0 20 95 ns 3-8
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
_ o Ta = —40°C
Symbol Parameter V((‘;g* 18'\ ~ ;: 5.? to +85°C Units :lig
L=30p CL = 50 pF .
Min Typ Max Min Max
Propagation Delay g
tPLH Data to Output 5.0 2.0 6.5 9.0 1.5 10.0 ns 35
Propagation Delay .
tPHL Data to Output 5.0 2.0 7.0 9.0 1.5 10.0 ns 35
tpzH Output Enable Time ’ 5.0 1.5 6.0 8.5 1.0 9.5 ns 37
tpzL Output Enable Time 5.0 2.0 7.0 9.5 15 105 ns 3-8 5
tpHZ Output Disable Time 5.0 2.0 7.0 9.5 1.5 105 ns 37
tpLz Output Disable Time 5.0 2.5 75 10.0 2.0 10.5 ns 3-8
*Voltage Range 5.0is 5.0 V + 0.5V
CAPACITANCE
Symbol Parameter V:yl:e Units Test Conditions
CIN Input Capacitance 45 pF Vee =50V
Cep Power Dissipation Capacitance 45 pF Vee = 5.0V
FACT DATA
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@ MOTOROLA

Octal Bidirectional Transceiver
with 3-State Inputs/Outputs

The MC74AC245/74ACT245 contains eight non-inverting bidirectional buffers
with 3-state outputs and is intended for bus-oriented applications. Current sinking
capability is 24 mA at both the A and B ports. The Transmit/Receive (T/R) input
determines the direction of data flow through the bidirectional transceiver. Trans-
mit (active-HIGH) enables data from A ports to B ports; Receive (active-LOW) ena-
bles data from B ports to A ports. The Output Enable input, when HIGH, disables

both A and B ports by placing them in a High Z condition.

® Noninverting Buffers
® Bidirectional Data Path

® A and B Outputs Source/Sink 24 mA
® 'ACT245 Has TTL Compatible Inputs

PIN NAMES

OF
T/R

Ap—-A7 Side A 3-State Inputs or 3-State Outputs
Bo-By Side B 3-State Inputs or 3-State Outputs

Output Enable Input
Transmit/Receive Input

TRUTH TABLES

Inputs

— — Outputs

OE | TR
L L Bus B Data to Bus A
L H Bus A Data to Bus B
H X High Z State

H
L
X

[l

HIGH Voltage Level
LOW Voltage Level
Immaterial

MC74AC245
MC74ACT245

OCTAL BIDIRECTIONAL
TRANSCEIVER
WITH 3-STATE

INPUTS/OUTPUTS

20

1
N SUFFIX
CASE 738-03
PLASTIC

-

DW SUFFIX
CASE 751D-03
PLASTIC

w0 M [20] Vce
Ao ] Has) o

A E-i%tﬂl—@ Bo

Ao Eﬁ:l;kl—ﬂ By

A3 Efﬂg—l_ﬂ B2

Ay E—EEQ—E B3

s o el @

Ag EEE@—E%

A7 [5] _];l_ﬁl Bs

GND @_ﬁ: mL
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MC74AC245 e MC74ACT245

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -05to +7.0 \%
Vin DC Input Voltage (Referenced to GND) -0.5to Vgc+0.5 \
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \"
lin DC Input Current, per Pin ] +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage ‘AC 2.0 5.0 6.0 v
'ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \
Vec @3.0V 150

Input Rise and Fall Time (Note 1)

tr 'AC Devices except Schmitt Inputs Vec @45V 40 nsiV
Vec @55V 25
Input Rise and Fall Time (Note 2) Vcc @45V 10
ty, tf , N X ns/\V
ACT Devices except Schmitt Inputs Vco @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA
1. Vin from 30% to 70% V¢ see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi, from 0.8V 10 2.0 V; see ual Data Sheets for devices that differ from the typical input rise and fall times
FACT DATA
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MC74AC245 e MC74ACT245

DC CHARACTERISTICS
74AC 74AC
Vece _ o TA = - i
Symbol Parameter W) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouTt =01V
Input Voltage 4.5 2.25 3.15 3.15 ) orVgcc — 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 Vout =01V
Input Voltage 4.5 2.25 1.35 1.35 \ orVgec — 0.1V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 29 louT = —50 A
Output Voltage 45 4.49 4.4 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IOH —-24mA
5.5 4.86 4.76 —-24mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = VjLor ViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 nA V| = Ve, GND
loz Maximum V| (OE) = Vi, VIH
3-State 5.5 +0.5 +5.0 HA VI = Vcc, VGND
Current Vo = Vce, GND
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65 V Max
1OHD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 55 4.0 40 uA VIN = V¢ or GND

*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.
Note: ljN and Igc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢c.

FACT DATA
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MC74AC245 e MC74ACT245

DC CHARACTERISTICS
74ACT 74ACT
Vece _ o TA = . .
Symbol Parameter V) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v Vout =01V
Input Voltage 5.5 1.5 2.0 2.0 orVec - 0.1V
ViL Maximum Low Level 45 15 0.8 0.8 v VouTt =01V
Input Voltage 5.5 1.5 0.8 0.8 orVec - 0.1V
VOH Minimum High Level 45 4.49 44 44 v louT = —50 uA
Output Voltage 5.5 5.49 5.4 5.4
"IN = VL or ViH
4.5 3.86 3.76 \ | —-24 mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 kA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VIL or ViH
4.5 0.36 0.44 \ \ 24 mA
55 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 55 *01 £10 A Vi = Vee, GND
AlceTr Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vcec - 21V
10z Maximum VI(OE) = Vi, VIH
3-State 5.5 +0.5 +5.0 HA V| = Vce, VGND
Current Vo = Vcc, GND
loLp TMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
10HD Output Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 55 4.0 40 nA VIN = Vcg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
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MC74AC245 ® MC74ACT245

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
Ta = —40°C -
* = o
Symbol Parameter V((\;g 1;? - ;02 5: to +85°C Units ::g
L P CL = 50 pF )
Min Typ Max Min Max
Propagation Delay 33 1.5 5.0 8.5 1.0 9.0 g
tPLH An to By or Bp to Ap 5.0 15 35 6.5 1.0 7.0 ns 35
Propagation Delay 33 1.5 5.0 8.5 1.0 9.0 g
tPHL An to B or By to Aq 5.0 15 35 6.0 1.0 7.0 ns 35
X 33 25 7.0 11.5 2.0 125
tPZH Output Enable Time 5.0 15 5.0 85 1.0 9.0 ns 37
" ! 33 25 7.5 12.0 2.0 135
tpzL Output Enable Time 5.0 15 55 9.0 1.0 9.5 ns 3-8
" . 33 2.0 6.5 12.0 1.0 125
tPHZ Output Disable Time 5.0 15 55 9.0 1.0 10.0 ns 3-7
. ) 33 2.0 7.0 11.5 1.5 13.0
tpLz Output Disable Time 5.0 15 55 9.0 1.0 10.0 ns 3-8
*Voltage Range 3.3is 3.3V = 03V
Voltage Range 5.0is 5.0V + 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
Ta = —40°C "
* =
Symbol Parameter V((‘;I(; 1;? — ;02 5°FC to +85°C Units ::g
L=30p CL = 50 pF '
Min Typ Max Min Max
Propagation Delay g
tPLH An to By or By to An 5.0 1.5 4.0 7.5 1.5 8.0 ns 3-5
tPHL Propagation Delay 50 | 15 | 40 | 80 | 10 | 90 ns 35
Anto By or 810 Ay
tpzH Output Enable Time 5.0 1.5 5.0 10 1.5 11.0 ns 3-7
tpzL Output Enable Time 5.0 15 5.5 10 15 12.0 ns 3-8
tPHZ Output Disable Time 5.0 15 5.5 10 1.0 11.0 ns 3-7
tpLz Output Disable Time 5.0 2.0 5.0 10 1.5 11.0 ns 3-8
*Voltage Range 5.0is 5.0V = 0.5V
CAPACITANCE
Symbol Parameter V:;:e Units Test Conditions
CIN Input Capacitance 45 pF Vee = 5.0V
Clo Input/Output Capacitance 15 pF Vee =50V
Cep Power Dissipation Capacitance 45 pF Vee =50V
FACT DATA
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@ MOTOROLA

8-Input Multiplexer
with 3-State Outputs

The MC74AC251/74ACT251 is a high-speed 8-input digital multiplexer. It pro-

vides, in one package, the ability to select one bit of data from up to eight sources.

It can be used as a universal function generator to generate any logic function of
four variables. Both true and complementary outputs are provided.

® Multifunctional Capability

® On-Chip Select Logic Decoding

o Inverting and Noninverting 3-State Outputs

e Outputs Source/Sink 24 mA

® 'ACT251 Has TTL Compatible Inputs

LOGIC SYMBOL

LTI

OE lp I Ip I3 g 15 lg Iy
—1s0

)

PIN NAMES

Sp-S2 Select Inputs

OE 3-State Output Enable Input
lp-l7  Multiplexer Inputs

Z 3-State Multiplexer Output
z Complementary 3-State Multiplexer Output
TRUTH TABLE
Inputs Outputs
OE Sz S1 So z z
H X X X z z
L L L L To lo
L L L H T I
L L H L T2 la
L L H H I3 I3
L H L L Ig lg
L H L H I I
L H H L Te I
L H H H Ty I7
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance

MC74AC251
MC74ACT251

8INPUT
MULTIPLEXER WITH
3-STATE OUTPUTS

N SUFFIX
CASE 648.08
PLASTIC
6 @
1
D SUFFIX
CASE 751B-03
PLASTIC
B - 1] Vee
b 2] [15] 14
e 13] l5
lo (4] 73] ls
23] 2] 7
2[¢] [11] S0
0 7] [10] $1
GND [E] (9] 52
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MC74AC251 e MC74ACT251

FUNCTIONAL DESCRIPTION
This device is a logical implementation of a single-pole,

8-position switch with the switch position controlled by
the state of three Select inputs, Sg, S1, S2. Both true and
complementary outputs are provided. The Output Enable
input (OE) is active LOW. When it is activated, the logic
function provided at the output is:
Z= _O—E'(I0-§0-§1 S+ |1'So°§1_'§2 +

12°§0°S1°S2 + 13*S0*S1°S2 +

|4~§0-§1-52 +15°S0*S1*Sa+ .

16°S0°S1+S2 +17°S0*S1°S2)

LOGIC DIAGRAM

When the Output Enable is HIGH, both outputs are in
the high impedance (High Z) state. This feature allows
multiplexer expansion by tying the outputs of up to 128
devices together. When the outputs of the 3-state devices
are tied together, all but one device must be in the high
impedance state to avoid high currents that would exceed
the maximum ratings. The Output Enable signals should
be designed to ensure there is no overlap in the active-
LOW portion of the enable voltages.

S Dc‘rn T oD

5t —DO———T—-O>

so—f—Dc T OD
> ‘

V3

_Y

z z

Please note that this diagram is provided only for the understanding of Iogic.operations and should not be used to estimate

propagation delays.
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MC74AC251 ¢ MC74ACT251

MAXIMUM RATINGS*

Symbol Parameter Value Unit
vce DC Supply. Voltage (Referenced to GND) ' -05to +7.0 \
Vin DC Input Voltage (Referenced to GND) -0.5to Vgc+0.5 "
Vout DC Output Voltage (Referenced to GND) —-0.5to Vgc+0.5 v
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vce Supply Voltage AC 290 50 6.0 \'
'ACT 45 5.0 5.5 ’
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vece \
Vecc@3.0V 150
trtf !R?Jult):\i/?:e:nei::gt .gg:mem(it‘tﬁ;epl’ts Vec @45V 40 ns/V
Vecc @55V 25
¥ Input Rise and Fall Time (Note 2) Vcc @45V 10 sV
' 'ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
loH Output Current — High -24 mA
loL Output Current — Low 24 mA

. Vjp from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vip from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
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DC CHARACTERISTICS
74AC 74AC
Vee _ TA = " .
Symbol Parameter W) Ta = +25°C —40°C o +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 VouTt = 0.1V
Input Voltage 45 2.25 3.15 3.15 \" orVcc - 01V
5.5 2.75 3.85 3.85
VIL Maximum Low Level 3.0 1.5 0.9 0.9 VouT =01V )
Input Voltage 45 2.25 1.35 1.35 \ orVgec - 0.1V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 29 louT = —50 A
Output Voltage 4.5 4.49 44 4.4 \
5.5 5.49 5.4 5.4
*VIN = ViL or V|4
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H -24mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 0.1 0.1 \2
5.5 0.001 0.1 0.1
*VIN = V)L or VIH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 HA V| = Vce, GND
loz Maximum VI (OE) = V|, VIH
3-State 5.5 +0.5 +5.0 HA V| = Vce, VGND
Current Vo = Ve, GND
loLb tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
I0HD Output Current 55 75 mA | VOHD = 385V Min
lcc Maximum Quiescent 55 8.0 80 A VIN = Vi GND
Supply Current ’ s IN = Vccor

*All outputs loaded; thresholds on input associated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: |y and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.
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DC CHARACTERISTICS
74ACT 74ACT
Vece _ o TA = N e
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 1.5 2.0 2.0 v Vout =01V
Input Voltage 5.5 15 2.0 2.0 orVgec —~ 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 v Vouyt =01V
Input Voltage 5.5 1.5 0.8 0.8 orVcc — 01V
VOH Minimum High Level 45 4.49 4.4 44 v IouT = —50 pA
Output Voltage 5.5 5.49 5.4 54
*VIN = ViLor VIH
4.5 3.86 3.76 \" | —-24 mA
5.5 4.86 476 OH —24mA
\7 Maximum Low Level 4.5 0.001 0.1 0.1 I = 50 uA
oL v ouT
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViL or VI
4.5 0.36 0.44 \' | 24 mA
5.5 0.36 044 oL 2amA
IIN Maximum Input _ '
Leakage Current 55 +0.1 *£1.0 uA V| = Vcc, GND
AlceT Additional Max. Icc/Input 5.5 0.6 15 mA Vi=Vcc - 21V
loz Maximum V| (OE) = V)L, VIH
3-State 5.5 +0.5 +5.0 HA V| = Vce VGND
Current Vo = Vce, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 55 8.0 80 uA VIN = Ve or GND
*All loaded; thresholds on input d with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C 2
* = O .
Symbol Parameter Vee Ta _ +25%C to +85°C Units :"9
V) CL = 50 pF CL = 50 pF o.
Min Typ Max Min Max
Propagation Délay 33 15 11.5 175 1.5 19.0 Y
tPLH SptoZorZ 5.0 15 | 85 | 125 | 15 | 135 | " 36
Propagation Delay 33 15 11.0 17.5 15 19.0 Y
tPHL SntoZorZ 5.0 15 | 80 | 125 | 15 | 135 | ™ 36
Propagation Delay 33 15 10.0 14.0 15 155 ¥
tPLH IntoZorZ 5.0 15 7.0 10.0 15 11.0 ns 35
Propagation Delay 33 1.5 9.0 14.0 1.5 15.5 g
| tPHL IntoZorZ 50 15 65 | 100 | 15 | 110 ns 35
Output Enable Time 33 1.5 7.5 11.0 1.5 12.0 g
tPZH OEtoZorZ 50 | 15 | 55 | 80 | 15 | 90 ns 37
Output Enable Time 33 15 75 | 110 | 15 | 120 ]
PZL OEtoZorZ 50 | 15 5.5 8.0 15 9.0 ns 38
Output Disable Time 33 15 8.5 115 1.5 13.0 g
tPHZ OEto ZorZ 5.0 15 7.0 9.5 15 10.0 ns 37
Output Disable Time 3.3 15 7.0 11.0 15 12.0 "
tPLZ OEtoZorZ 50 | 15 | 55 | 80 15 | 85 ns 38
*Voltage Range 3.3is 3.3V x 0.3V
Voltage Range 5.0 is 5.0V = 0.5V
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

5-148

74ACT 74ACT
! TA = —40°C "
* = o
Symbol Parameter V(‘\’,‘,’ Té‘ ol ;:5'? to +85°C Units ::g
L=30p CL = 50 pF :
Min Typ Max Min Max
Propagation Delay _
tPLH Spto2 or Z 5.0 25 7.0 15.5 2.0 17.0 ns 3-6
tPHL Propagation Delay 5.0 25 75 | 165 | 25 | 185 ns 36
SptoZorZ :
: Propagation Delay 12 g
tPLH 10 Z or 2 5.0 25 5.5 0 20 13.0 ns 35
Propagation Delay "
CtPHL IntoZorZ 5.0 25 6.5 12,5 25 14.0 ns 3-5
Output Enable Time )
. tPZH OEtoZor?Z 5.0 15 5.0 i 8.5 15 9.0 ns 37
: Output Enable Time
tpzL OFEtoZorZ 5.0 15 45 85 1.5 9.0 ‘ ns 3-8
Output Disable Time g
tPHZ OEtoZor? 5.0 2.0 6.0 12.0 2.0 13.0 ns 37
Output Disable Time
tpLz OEtoZor? 5.0 3.0 4.5 8.5 3.0 9.0 ns 3-8
*Voltage Range 5.0is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter V:;:e Units T_est Conditions
CIN Input Capacitance 4.5 pF Ve =50V
Cpp Power Dissipation Capacitance 70 pF Vee =50V
FACT DATA
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Dual 4-Input Multiplexer

with 3-State Outputs

The MC74AC253/74ACT253 is a dual 4-input multiplexer with 3-state outputs. It
can select two bits of data from four sources using common select inputs. The out-
puts may be individually switched to a high impedance state with a HIGH on the
respective Output Enable (OE) inputs, allowing the outputs to interface directly

with bus oriented systems.

® Multifunctional Capability

® Noninverting 3-State Outputs

® Outputs Source/Sink 24 mA

® 'ACT253 Has TTL Compatible Inputs

LOGIC SYMBOL

1Ll IT]1d

OEq I0a 11a 12a 13a lob l1b l2b 13b OFp
So.

—q51

Z Zh

PIN NAMES

loa=I3a Side A Data Inputs

lob—I3b Side B Data Inputs

Sg, 81 Common Select Inputs
OE4 Side A Output Enable Input
OEp Side B Output Enable Input

Za, Z,  3-State Outputs

TRUTH TABLE

Select Output

Inputs Data Inputs Enable Outputs
So | S1 lo I I2 I3 OE z
X X X X X X H z
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

Address inputs Sg and Sq are common to both sections.

= HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance

MC74AC253
MC74ACT253
DUAL 4-INPUT
MULTIPLEXER WITH
3-STATE OUTPUTS

16
1
N SUFFIX
CASE 648-08
PLASTIC
1
D SUFFIX
CASE 751B-03
PLASTIC
o5 3 = 6] Vee
$1[2] 5] Oy
3] [14] So
12 [4] ‘ 73] fab
ha[3] ‘ [12] b
Ioa €] [11] b
z,[7] [10] lop
GND [&] 9] 2
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MC74AC253 ® MC74ACT253

FUNCTIONAL DESCRIPTION

The MC74AC253/74ACT253 contains two identical
4-input multiplexers with 3-state outputs. They select two
bits from four sources selected by common Select inputs
(Sg, S1). The 4-input multiplexers have individual Output
Enable (OE,, OEp) inputs which, when HIGH, force the
outputs to a high impedance (High Z) state. This device
is the logic implementation of a 2-pole, 4-position switch,
where the position of the switch is: determined by the
logic levels supplied to the two select inputs. The logic

LOGIC DIAGRAM

I3b I2b b lob So

& 5y

equations for the outputs are shown:

Zy = ﬁa-(lo_a-§1'§o+l1a'§1'80+
123°S1°S0 +135°S1*So)

Zp = ﬁb'(lo_t,'§1-§0+l1b°§1'80+
125°S1°S0 +13p°S1°S0)

If the outputs of 3-state devices are tied together, all
but one device must be in the high impedance state to
avoid high currents that would exceed the maximum rat-
ings. Designers should ensure that Output Enable signals
to 3-state devices whose outputs are tied together are
designed so that there is no overlap.

$1 13a l2a ha I0a OE,

Ly il ?..' L

L ]

Zy

Z

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

FACT DATA

5-150



MC74AC253 o MC74ACT253

MAXIMUM RATINGS*

Symbol Parameter ' ) Value Unit
Vce DC Supply Voltage (Referenced to GND) -05t0 +7.0 v
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 \
Vout DC Output Voltage (Referenced to GND) —0.5to Vcc+0.5 )
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may. occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v s iy Vol ‘AC 2.0 5.0 6.0 v
u| oltage
cc PPl 9 '‘ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \
Vec @3.0V 150
Input Rise and Fall Time (Note 1)
tr 'AC Devices except Schmitt Inputs Vec@4sv 40 nsiV
Vcc@5.5V 25
Input Rise and Fall Time (Note 2) Vcc@45Vv 10
tr 'ACT Devices except Schmitt Inputs nsiV
Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
IOH Output Current — High —24 mA
loL Output Current — Low 24 mA

. Vin from 30% to 70% Vg see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vin from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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DC CHARACTERISTICS
74AC 74AC
Vece _ o TA = i . i
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 21 2.1 VouTt = 0.1V
Input Voltage 45 2.25 3.15 3.15 \ orVeec — 0.1V
5.5 2.75 3.85 3.85
VIL Maximum Low Level 3.0 15 0.9 0.9 VouT = 0.1V
Input Voltage 45 2.25 1.35 1.35 ' orVgec - 01V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 29 2.9 loyT = —50 A
Output Voltage 4.5 4.49 44 4.4 \"
5.5 5.49 5.4 5.4
*VIN = VjLor VIH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 : 10H —24mA
5.5 4.86 4.76 —-24mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 45 0.001 0.1 0.1 v
5.5 0.001 0.1 0.1
"IN = ViLor ViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 *1.0 nA V| = Vce, GND
oz Maximum VI (OE) = V|, VIH
3-State 5.5 +0.5 +5.0 pA V| = Vee: VGND
Current Vo = Vce, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V.Max
IoHD Qutput Current 55 75 mA | VoHp = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: iy and Igc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V.

FACT DATA
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DC CHARACTERISTICS
74ACT 74ACT
Vee = 4259 Ta= . ite i
Symbol Parameter W) TA = +25°C ~40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH | Minimum High Level 45 1.5 20 2,0 Ay VouT = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVgc - 0.1V
ViL Maximum Low Level . 4.5 15, | 08 0.8 v VouT =01V
- Input Voltage 5.5 1.5 0.8 - 0.8 orVec - 01V
Vou Minimum High Level 45 | 449 | 44 44 v IoUT = —50 uA
Output-Voltage - + 5.5 5.49 5.4 5.4
*VIN = ViLor VIH
45 3.86 3.76 1" | =24 mA
55 ‘ 4.86 476 : OH —24mA
VoL Maximum Low Level - 4.5 0.001 0.1 0.1 v louT = 50 KA
Output Voltage 5.5 0.001 0.1 0.1 )
‘ ‘ *VIN = VIL or Vi
4.5 0.36 0.44 v N PN 24 mA
55 0.36 0.44 _ oL 24 mA
IIN Maximum Input -
Leakage Current 55 +0.1 1.0 uA V| = Vce, GND
AlceTt Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi =Vce - 21V
loz Maximum VI (OE) = V|, VIH
3-State 5.5 +0.5 +5.0 uA Vi = Vcer VGND
Current ! Vo = Vce, GND
loLp tMinimum Dynamic ~ 55 75 mA VoLD = 1.65V Max
I0HD Output Current 55 —75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Vg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
_ o Ta = —40°C "
Symbol Parameter Vgg* Té\ — -;02 S :’ to +85°C Units zg
L=>0p CL = 50 pF -
Min Typ Max Min Max
Propagation Délay 33 2.0 155 | 20 175 ]
tPLH Sp to Z, 5.0 2.0 11.0 1.5 12,5 ns 36
Propagation Delay 33 25 16.0 2.0 18.0 g
tPHL Snto Z, 5.0 2.0 115 15 13.0 ns 36
Propagation Delay 33 1.5 14.5 1.5 17.0 g
tPLH In o Zn 5.0 15 100 | 15 | 115 ns 35
Propagation Delay 33 2.0 13.0 1.5 15.0 g
tPHL In to Zn 5.0 15 95 15 | 110 ns 35
" 33 1.5 8.0 1.0 8.6
tPzH Output Enable Time 5.0 15 6.0 1.0 6.5 ns 37
. 3.3 1.5 8.0 1.0 9.0
tpzL Output Enable Time 5.0 156 6.0 1.0 7.0 ns 3-8
" . 3.3 2.0 9.5 1.5 10.0
tPHZ Output Disable Time 5.0 20 8.0 15 8.5 ns 37
" " 33 1.5 8.0 1.0 9.0
tpLz Output Disable Time 5.0 15 7.0 1.0 75 ns 3-8
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
‘ Ta = —40°C )
* = O
Symbol Parameter Vgg 1;:‘\_ ;:5.5 to +85°C Uniits :"g
L=30Pp CL = 50 pF "
Min Typ Max Min Max
tpLH Propagation Delay 50 | 20 15 | 20 | 130 | ns | 36
SptoZp
tPHL Propagation Delay 5.0 3.0 130 | 25 | 145 ns 36
SptoZ,
tPLH Propagation Delay 5.0 25 100 | 20 11.0 ns 35
In to Zp
tPHL Propagation Delay 5.0 35 1.0 3.0 12,5 ns 35
Into Z,
tpzH Output Enable Time 5.0 2.0 7.5 1.5 85 ns 37
tpzL Output-Enable Time 5.0 2.0 8.0 15 9.0 ns 3-8
tPHZ Output Disable Time 5.0 3.0 9.5 25 10.0 ns 37
tpLz Output Disable Time 5.0 25 7.5 2.0 85 ns 3-8
*Voltage Range 5.0is 50V = 0.5V
CAPACITANCE
Value . Test
Parameter Typ Units Conditions
CIN Input Capacitance 4.5 pF Vee =50V
CpD Power Dissipation Capacitance 50 pF Vge =50V
FACT DATA
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Dual 4-Bit Addressable Latch

The MC74AC256/74ACT256 dual addressable latch has four distinct modes of
operation which are selectable by controlling the Clear and Enable inputs (see
Function Table). In the addressable latch mode, data at the Data (D) inputs is writ-
ten into the addressed latches. The addressed 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 unaf-
fected by the Data or Address inputs. To eliminate the possibility of entering erro-
neous data in the latches, the enable should be held HIGH (inactive) while the
address lines are changing. In the dual 1-of-4 decoding or demultiplexing mode
(MR = 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.

o Combines Dual Demultiplexer and 8-Bit Latch
o Serial-to-Parallel Capability

® QOutput from Each Storage Bit Available

® Random (Addressable) Data Entry

® Easily Expandable

® Common Clear Input

® Useful as Dual 1-of-4 Active HIGH Decoder

LOGIC SYMBOL

| |

D, Dp
—A : Eo—
—n MR |5
Qga @1a Q22 Q33 Qob Qb Q2b Q3p
T T T T 1 T T
[ T O R A

MODE SELECT-FUNCTION TABLE

Operating Inputs Outputs
Mode MR E D Ap Ai|Q 0O 0 Q3
Master Reset H X X X L L L L
L L d L L |Q=d L L L
Demultiplex (Active HIGH L L d H L L Q=d L L
Decoder 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 |agq a1 a2 a3
H L d L L (Q=d q1 a2 a3
Addressable H L d H L qo Q=d aq2 a3
Latch H L d L H qo 91 Q=d a3
H L d H H|ag a9 q2 Q=d
H = HIGH Voltage Level Steady State
L = LOW Voltage Level Steady State
X = Immaterial
d = HIGH or LOW Data one setup time prior to the LOW-to-HIGH Enable transition
q = Lower case letters indicate the state of the referenced output established during the last

cycle in which it was addressed or cleared.

MC74AC256

MC74ACT256

DUAL 4-BIT
ADDRESSABLE
LATCH

16
1
N SUFFIX
CASE 648-08
PLASTIC
16
;
D SUFFIX
CASE 751B-03
PLASTIC
\_ 7
Ao[T] [16] Vee
M) [15] ¥R
LY ER 4] €
Qg (71 73] D
01a[E] [12] 03
0[5 7T o
0[] 7] 0
GND [ ] (9] Qop
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MC74AC256 ® MC74ACT256

LOGIC DIAGRAM

Ay A R Dp

Lo Lo Lo

mi
o
o

Qp, Q14 Q24 034 Qo Q1p Qb Q3p

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -0.5to +7.0 Vv
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 \Y
Vout DC Output Voltage (Referenced to GND) —-0.5to Vcc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Vcc or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage AC 20 >0 60 \"
'‘ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \"
Vec@3.0V 150
tr ¥ !Zzult):\i?:eznef(::gt-g;?n(i’:tolfpl)ts Vec @45V 40 nsiV
Vecc @55V 25
4, 1 !nput Rise. and Fall Time (Note 2) Vcc@45V 10 nsiV
ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IOH Output Current — High -24 mA
loL Output Current — Low 24 mA

. Vin from 30% to 70% Vg see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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DC CHARACTERISTICS
74AC 74AC
Vee _ " TA = . e
Symbol Parameter V) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouTt = 0.1V
Input Voltage 4.5 2.25 3.15 3.156 \ orVgc — 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 Vout =01V
Input Voltage 4.5 2.25 1.35 1.35 \ orVgec - 01V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 29 2.9 louT = —50 A
Output Voltage 4.5 4.49 4.4 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViLor ViH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IoH -24mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 4.5 0.001 0.1 0.1 \'
5.5 0.001 0.1 0.1
*VIN = ViLor VIH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 nA V| = Vce, GND
loLD tMinimum Dynamic 55 75 mA VoLD = 1.65 V Max
I0HD Output Current 55 75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 uA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: I\ and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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DC CHARACTERISTICS
74ACT 74ACT
Vee = +25° Ta = . -
Symbol Parameter ) TA = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level 45 15 2.0 2.0 v VouT = 0.1V
Input Voltage 5.5 15 2.0 2.0 orVge - 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 v VouTt =01V
Input Voltage 5.5 15 0.8 0.8 orVec - 01V
VoH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VL or VIH
45 3.86 3.76 \" | —24 mA
55 4.86 4.76 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 y louT = 50 A
Output Voltage 55 - | 0.001 0.1 0.1
*VIN = ViL or Vi
4.5 0.36 0.44 \Y | 24 mA
5.5 0.36 0.44 oL 24mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 1.0 uA V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 15 mA Vi=Vege - 21V
loLD +Minimum Dynamic 5.5 75 "mA VOLD = 1.65 V Max
I0HD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Vgg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
v Ta = —40°C .
* -
Symbol Parameter V((‘:I(); 2" ~ ;:5:: to +85°C Units :g
L =509 CL = 50 pF '
Min Typ Max Min Max
Propagation Delay 33 2.0 9.0 145 1.5 17.0 ¥
tPLH Dp to Qn 5.0 20 | 65 | 100 | 15 | ns [ " 35
Propagation Delay 33 2.0 9.0 13.5 15 16.0 g
tPHL Dp to Qn 5.0 20 | 60 | 95 15 | 10 | ™ 35
Propagation Delay 33 2.0 10.5 15.0 15 |. 175
tPLH EtoQp 5.0 2.0 70 | 105 | 15 | 125 ns 36
Propagation Delay 3.3 2.0 8.0 12,5 15 15.0
tPHL EtoQp 5.0 2.0 75 9.0 15 1.0 ns 36
Propagation Delay 3.3 2.0 12.0 19.0 15 225
tPLH Address to Qp 5.0 20 80 | 130 | 15 | 155 ns 36
Propagation Delay 3.3 2.0 10.0 16.0 15 19.0 g
tPHL Address to Qp 5.0 20 70 | 1o | 15 | 130 ns 36
Propagation Delay 33 2.0 8.0 12.0 15 135 ¥
tPHL MRto Q 50 | 20 | 60 | 90 | 15 | 100 | ™ 37
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
AC OPERATING REQUIREMENTS
74AC 74AC
TA = —40°C 3
* =
Symbol Parameter v((\:/‘i 2\ _ ;: 5:: to +85°C Units :z
L=50p CL = 50 pF "
Typ Guaranteed Minimum
t Setup Time, HIGH or LOW 3.3 3.5 45 ns 3.9
S Dpto E 5.0 25 35
Hold Time, HIGH or LOW 33 2.5 25 g
th Dpto E 5.0 20 20 ns 39
Setup Time 33 7.0 9.0 g
ts Address to E 5.0 4.0 6.0 ns 36
Hold Time 33 2.0 2.0
th Address to E 5.0 2.0 2.0 ns 36

*Voltage Range 3.3is 3.3V = 0.3V
Voitage Range 5.0is 5.0V + 0.5V

FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
Ta = —40°C ]
* = O
Symbol . Parameter V((‘:I(): 1;.? _ ;02 5.? to +85°C Units ::3
: L=50p CL = 50 pF :
Min Typ Max Min Max
tPLH Propagation Delay 50 | 20 | 65 | 115 | 15 | 130 | ns 35
n n
Propagation Delay
tPHL Dy to O 5.0 2.0 7.0 11.0 15 125 ns 3-5
n
tPLH ! E’t‘:)pggam" Delay 5.0 2.0 8.0 12.0 15 |7 140 ns 3-6
n
tPHL gr&pggaﬁ"" Delay 5.0 2.0 65 | 105 15 125 ns 36
n .
tPLH ,i;";’;ﬂ:‘{‘;"d"‘*'” 5.0 2.0 105 | 145 15 17.0 ns 36
n
tPHL hropagation Delay 5.0 20 90 | 125 | 15 | 145 | ns 36
n \
tPHL %’1298“"" Delay 5.0 2.0 7.0 105 15 115 | ns 37
*Voltage Range 5.0is 5.0V + 0.5V ‘
AC OPERATING REQUIREMENTS
74ACT 74ACT
Ta = —40°C )
* = o)
Symbol Parameter v((\:/(): Té\ _ ;: SFC to +85°C Units FN'g
L=>0p CL = 50 pF :
Typ Guaranteed Minimum
ts getltjgglme, HIGH or LOW 5.0 35 45 s 3.9
n
th gol?oTéme, HIGH or LOW . 5.0 25 25 ns 3.9
tg imgﬂez 5.0 55 6.5 ns 36
th :3';;';“; £ 5.0 25 25 ns 3-6
*Voltage Range 5.0 is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter V:yl:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =560V
Cpp Power Dissipation Capacitance 30.0 pF Vee =50V
FACT DATA
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@ MOTOROLA

Quad 2-Input Multiplexer
with 3-State Outputs

The MC74AC257/74ACT257 is a quad 2-input multiplexer with 3-state outputs.
Four bits of data from two sources can be selected using a Common Data Select
input. The four outputs present the selected data in true (noninverted) form. The
outputs may be switched to a high impedance state by placing a logic HIGH on the
common Output Enable (OE) input, allowing the outputs to interface directly with
bus-oriented systems. i

® Multiplexer Expansion by Tying Outputs Together
® Noninverting 3-State Outputs

MC74AC257
MC74ACT257

QUAD 2-INPUT
MULTIPLEXER WITH
3-STATE OUTPUTS

16
1

N SUFFIX
e Outputs Source/Sink 24 mA CASE 648-08
® 'ACT257 Has TTL Compatible Inputs PLASTIC
LOGIC SYMBOL ’6@
1
D SUFFIX
& l l 1 l I I I l CASE 751B-03
OE lgg 1a lob b loc h1c lod hd PLASTIC
-—4S
Al L
A S P 7 s[a 6] vee
R o ] 5] %
™ [j [74] loc
Z E [13] e
PIN NAMES
S Common Data Select Input iop (3] [12] Z
OE 3-State Output Enable Input '1bE E] lod
loa—lod Data Inputs from Source 0
11a—l1d Data Inputs from Source 1 Zb[z E hd
Z5-2 3-State Multiplexer Outputs r
a d P o p GND E E Zd
TRUTH TABLE
Output Select Data
Enable Input Inputs Outputs
OE s lo I z
H X X X z
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 = Immaterial
Z = High Impedance
FACT DATA
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MC74AC257 e MC74ACT257

FUNCTIONAL DESCRIPTION

The MC74AC257/74ACT257 is a quad 2-input multi-
plexer with 3-state outputs. It selects four bits of data
from two sources under control of a Common Data Select
input. When the Select input is LOW, the lgy inputs are
selected and when Select is HIGH, the |1y inputs are
selected. The data on the selected inputs appears at the
outputs in true (noninverted) form. The device is the logic
implementation of a 4-pole, 2-position switch where the
position of the switch is determined by the logic levels
supplied to the Select input. The logic equations for the

LOGIC DIAGRAM

outputs are shown below:
25 = OE+(115°S +l0a*S)
Zpy = OE~(l1p°S +lop:S)
Zg = OEx(l1¢*S+1gc*S)
Zq = OE«(l14*S +1pg*S)

When the Output Enable input (OE) is HIGH, the outputs
are forced to.a high impedance state. If the outputs are
tied together, all but one device must be in the high
impedance state to avoid high currents that would exceed
the maximum ratings. Designers should ensure the Out-
put Enable signals to 3-state devices whose outputs are
tied together are designed so there is no overlap.

G-

Z Z4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

FACT DATA
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MAXIMUM RATINGS*

Symbol Parameter ) Value Unit
Vee DC Supply Voltage (Referenced to GND) -05t0 +7.0 v
Vin DC input Voltage (Referenced to GND) —05to Vece+0.5 \"
Vout DC Output Voltage (Referenced to GND) -05toVec+05 Vv
lin DC Input Current, per Pin +20 mA
lout ) DC Output Sink/Source Current, per Pin 50 mA
Icc DC Ve or GND Current per Output Pin +50 mA

‘Tstg Storage Temperature —65 to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage AC 29 50 89 \
‘ACT 45 5.0 5.5
Vin: Vout DC Input Voitage, Output Voltage (Ref. to GND) 0 Vece Vv
Vec@3.0V 150
tro 1 l';]\?:ué:\i/?:e:neig:gtTsi::':.?n(i':ﬁtnepl)ts Vcc @45V 40 nsiV
Vec @55V | 25
t 4 Input Rise and Fall Time (Note 2) Vcc @45V 10 sV
} ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —40 25 85 °C
IOH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vjp from 30% to 70% Vg see individual Data Sheets for devices that differ from the typical input rise and fqll times.

2. Vijp from 0.8 V to 2.0 V; see individuai Data Sheets for devices that differ from the typica times.

put rise and faii

FACT DATA
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DC CHARACTERISTICS
74AC 74AC
Vece _ o TA = . e
Symbol Parameter W) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 21 VouT = 0.1V
Input Voltage 4.5 2.25 3.15 3.15 \ orVgc - 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 Vout =0.1V
Input Voltage 45 2.25 1.35 1.35 v orVcc — 0.1V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 2.9 29 louT = —50 KA
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 54
*VIN'=ViLor Viy
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 I0H —24mA
5.5 4.86 4,76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 loyT = 50 nA
Output Voltage 45 0.001 0.1 0.1 v
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input L
Leakage Current 5.5 +0.1 *1.0 uA V) = Vce, GND
1oz Maximum VI (OE). = V), VIH
3-State 5.5 +0.5 +5.0 pA V| = Vce VGND
Current Vo = Vce, GND
‘loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65 V Max
10HD Output Cufrent 55 75 mA VOHD = 3.85 V Min
Icc Maximum Quiescent S = o o R [ i
Supply Current 5.5 8.0 80 HA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: l|N and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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DC CHARACTERISTICS

74ACT 74ACT
Vee I iome Ta= : ‘ WP
Symbol Parameter ) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH *'Minimum High Level 4.5 15 20 . 2.0 : v VouTt = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVgec - 01V
VL Maximum Low Level 45 1.5 0.8 0.8 v VouT = 0.1V
Input Voltage 5.5 1.5 0.8 0.8 orVgcc - 01V
VOH Minimum High Level 4.5 4.49 a4 44 v | lout = —50 A
Output Voltage 5.5 5.49 ‘5.4 54 ' )
*VIN = VL or ViH
45 3.86 3.76 .V | i —24mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 LA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor Viy
4.5 0.36 0.44 Vv | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input ) _
Leakage Current 5.5 | =0 +1.0 HA V| = Vcc, GND
AlceT Additional Max. Igc/Input 5.5 0.6 15 mA Vi=Vgec -21V
loz Maximum V| (OE) = V|, VIH
3-State 55 *=0.5 +5.0 pA Vi = Vce. VGND
Current Vo = Vce, GND -
loLb tMinimum Dynamic 5.5 : 75 mA VoLD = 1.65 V Max
I0HD Output Current 5.5 » -75 mA VOHD = 3.85V Min
Icc : Maximum-Quiescent , e -
Supply Current 5.5 8.0 80 pA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
. Ta = —40°C .
* = O
Symbol Parameter VRI(); T@ _ -;02 5;: to +85°C Units ::g
L=50P CL = 50 pF )
Min Typ Max Min Max
Propagation Délay 33 1.5 5.0 8.5 1.0 9.0 g
tPLH In to Zp 5.0 15 40 6.0 1.0 7.0 ns 35
Propagation Delay 33 15 6.0 8.5 1.0 9.0 g
tPHL. In to Zp 5.0 15 45 6.0 1.0 7.0 ns 35
Propagation Delay 33 1.5 7.0 10.5 1.5 11.5 g
tPLH Sto Z, 5.0 15 5.0 7.5 1.0 85 ns 36
Propagation Delay 33 15 7.5 10.5 1.5 11.5 g
tPHL StoZp 5.0 15 55 7.5 1.0 85 ns 36
X 3.3 15 6.5 9.5 1.0 10.5
tpzH QOutput Enable Time 5.0 15 5.0 75 1.0 85 ns 37
) 33 1.5 5.5 9.0 1.0 10.0
tpzL Output Enable Time 5.0 15 5.0 85 10 95 ns 3-8
. X 33 1.5 5.5 10.0 1.0 11.0
tPHZ Output Disable Time 5.0 15 5.0 9.0 10 10.0 ns 3-7
. . 3.3 1.5 5.5 9.0 1.0 10.0
tpLz Output Disable Time 5.0 15 5.0 8.0 10 9.0 ns 3-8
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0 is 5.0 V = 0.5V
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

5-166

74ACT 74ACT
TA = —40°C "
= o
Symbol Parameter V((\;g‘ 2‘ — ;: 5: to +85°C Units :I'g
L=30p CL = 50 pF .
Min Typ Max Min Max
tPLH Propagation Delay 50 | 15 | 50 | 70 10 | 75 ns | 36
In to Zy
t Propagation Delay
PHL 5.0 2.0 6.0 7.5 1.5 85 ns 36
Into Zpy
Propagation Delay
tPLH 5.0 2.0 7.0 9.5 15 10.5 ns 3-6
Sto Z,
Propagation Delay
tPHL 5.0 25 7.0 105 2.0 1.5 ns 3-6
Sto Zp
tpzZH Output Enable Time 5.0 2.0 6.0 8.0 15 9.0 ns 37
tpzL Output Enable Time 5.0 2.0 6.0 8.0 1.5 9.0 ns 3-8
tPHZ Output Disable Time 5.0 25 6.5 9.0 1.5 10.0 ns 37
tpLZ Output Disable Time 5.0 2.0 6.0 7.5 15 85 ns 3-8
*Voltage Range 5.0is 50V = 0.5V
CAPACITANCE
Symbol Parameter V:;:e Units Test Conditions
CIN Input Capacitance 45 pF Vce =50V
Cep Power Dissipation Capacitance 50 pF Vece =50V
FACT DATA




@ MOTOROLA MC74AC258
MC74ACT258

Quad 2-Input Multiplexer QUAD 2INPUT

MULTIPLEXER WITH

with 3-State Outputs 3.STATE OUTPUTS

The MC74AC258/74ACT258 is a quad 2-input multiplexer with 3-state outputs.
Four bits of data from two sources can be selected using a common data select
input. The four outputs present the selected data in the complement (inverted)
form. The outputs may be switched to a high impedance state with a HIGH on the
common Output Enable (OE) input, allowing the outputs to interface directly with
bus-oriented systems. 16

e Multiplexer Expansion by Tying Outputs Together 1

e Inverting 3-State Outputs N SUFFIX
@ OQutputs Source/Sink 24 mA CASE 648-08
® 'ACT258 Has TTL Compatible Inputs PLASTIC

16

LOGIC SYMBOL 1

D SUFFIX
B-

ATl etastic

OE lpa ha lob b loc e lod 1d

% s - 6] Ve
Tc T loa 2] 15] OF

(N E [14] loc

YA D (73] e
PIN NAMES o [F 27
S Common Data Select Input e :
OE 3-State Output Enable Input t1p €] 1] log
loa—lod Data Inputs from Source 0 %0 [70) g
l1a—l1d4 Data Inputs from Source 1 _
Za-Zq 3-State Multiplexer Outputs ano & [5]%

~N
o

~N
o

TRUTH TABLE

Output Select Data
Enable Input Inputs

OE S lo

Outputs

=

rIrrIN|NI

H
L
L
L
L

rrIIX
Ir XXX
XXITrX

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

Z = High Impedance

FACT DATA

5-167



MC74AC258 ® MC74ACT258

FUNCTIONAL DESCRIPTION

The MC74AC258/74ACT258 is a quad 2-input multi-
plexer with 3-state outputs. It selects four bits of data
from two sources under control of acommon Select input
(S). When the Select input is LOW, the lgy inputs are
selected and when Select is HIGH, the l1x inputs are
selected. The data on the selected inputs appears at the
outputs in inverted form. The MC74AC258/74ACT258 is
the logic implementation of a 4-pole, 2-position switch
where the position of the switch is determined by the
logic levels supplied to the Select input. The logic equa-

LOGIC DIAGRAM

I0a ha lob b

tions for the outputs are shown below:
Zy = OE+(l13°S+lpaS)
Zp = OE*(l1p*S +1gp°S)
Z¢ = OE+(I1¢*S +loc*S)
Zq = OE+(I1g*S +lgg*S)

When the Output Enable input (OE) is HIGH, the outputs
are forced to a high impedance state. If the outputs of
the 3-state devices are tied together, all but one device
must be in the high impedance state to avoid high cur-
rents that would exceed the maximum ratings. Designers
should ensure the Output Enable signals to 3-state
devices whose outputs are tied together are designed so
there is no overlap.

o

Pléase note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

FACT DATA
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MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \"
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.6 \"
Vout DC Output Voltage (Referenced to GND) —0.5to Vcc+0.5 v
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
lcc DC V¢ or GND.Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Rating:
Operating Condit

ions.

RECOMMENDED OPERATING CONDITIONS

s are those values beyond which damage to the device may occur. Functional operation

should be restricted to the Recommended

Symbol Parameter Min Typ Max Unit
Vce Supply Voltage AC 290 >0 &0 \
'ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vce \
Vec @30V 150
I -t Vec@asv « e
_ Vcc @5.5V 25
W | e ot S ey ¥ rav
Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
10H Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vjp from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fail times.

2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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DC CHARACTERISTICS

MC74AC258 e MIC74ACT258

74AC 74AC
Symbol Parameter \:Sf Ta = +25°C _ 40"(?t\o=+ 85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 VouTt = 0.1V
Input Voltage 4.5 2.25 3.15 3.15 \ orVgcc — 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 Vout = 0.1V
Input Voltage 4.5 2.25 1.35 1.35 \ orVec - 0.1V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 29 2.9 louT = —50 A
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = VL or ViH
3.0 2.56 246 v -12mA
4.5 3.86 3.76 loH —-24 mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 4.5 0.001 0.1 0.1 \'Z
5.5 0.001 0.1 0.1
*VIN = VL or Vi
3.0 0.36 0.44 v 12mA
45 0.36 0.44 oL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 *1.0 HA V| = Vce, GND
oz Maximum VI (OE) = V)L, VIH
3-State 5.5 +0.5 +5.0 pA V| = Vce, VGND
Current Vo = Vce, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
loHD Output Currerfti 5.5 =75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: l|N and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

FACT DATA
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MC74AC258 ¢ MC74ACT258

DC CHARACTERISTICS
74ACT 74ACT
Vce _ TA = . .
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 1.5 2.0 2.0 v VouTt =01V
Input Voltage 5.5 1.5 2.0 2.0 orVgc - 01V
ViL Maximum Low Level 4.5 15 0.8 0.8 v VouTt =01V
Input Voltage 5.5 15 0.8 0.8 orVge - 01V
VOH Minimum High Level 45 4.49 4.4 44 v louT = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor VIH
4.5 3.86 3.76 v \ —-24 mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 nA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = VjLor VIH
45 0.36 0.44 \' | 24 mA
55 0.36 0.44 oL 24 mA
N Maximum Input =
Leakage Current 55 =01 +1.0 HA Vi = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vee - 21V
loz Maximum VI{OE) = ViL, VIH
3-State 5.5 +0.5 +5.0 pA V| = Vee. VGND
Current Vo = Vcc, GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IOHD Output Current 55 ~75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent -
Supply Current 5.5 8.0 80 pA VIN = Vcc or GND
*All outputs loaded; thresholds on input d with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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MC74AC258 ® MC74ACT258

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
: Tp = —40°C ;
* = of
Symbol Parameter V((‘;’(); 2'\ _ ;oz 5'? to +85°C Units ::\llg
SL=90p CL = 50 pF .
Min Typ ‘ Max Min Max
Propagation Delay 33 2.0 6.0 9.5 1.5 11.0 g
fPLH In to Zn 5.0 15 45 | ‘75 10 | ‘85 ns 35
Propagation Delay 33 2.0 5.0 8.5 1.5 9.5 g
tPHL In to Zp 5.0 15 4.0 6.5 10 | 70 ns 35
Propagation Delay 33 3.0 7.5 12.0 2.5 14.0 g
tPLH- StoZp 5.0 2.0 6.0 95 1.5 10.5 ns 36
Propagation Delay ‘33 2.5 75 11.5 2.0 13.0 ’
tPHL StoZy 50 | 15 55 9.0 15 | 100 ns 36
. 3.3 25 6.0 9.5 2.0 10.5
tPzH Output Enable Time 5.0 15 45 75 15 85 ns 3-7
: . 3.3 2.0 5.5 9.0 1.5 10.0
tpzL Output Enable Time 5.0 15 55 7.0 10 8.0 ns 3-8
. . 3.3 2.5 5.5 10.0 2.0 11.5
tPHZ Output Disable Time 5.0 20 55 8.5 15 2.0 ns 3-7
. . 33 2.0 5.5 9.0 2.0 10.0
tpLZ Output Disable Time 5.0 15 5.0 70 15 8.0 ns 3-8
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
TA = —40°C )
* - 0 |
Symbol Parameter v(‘\:ﬁ E\ _ ;02 5: to +85°C Units ::g
LEoer CL = 50 pF :
Min Typ Max Min Max
Demmn o i MNalads
tPLH Fhbtit ikt 5.0 2.0 6.5 8.5 15 95 ns 35
Into Zp
tPHL Propagation Delay 50 | 20 | 55 | 75 | 15 | 80 | ns | 35
In to Zpy
tPLH Propagation Delay 5.0 3.0 76 | 105 | 20 | 115 ns 36
Sto Z,
tPHL Propagation Delay 5.0 15 7.0 95 15 11.0 ns 36
Sto Z,
tpzH Output Enable Time 5.0 2.0 6.5 85 1.5 9.5 ns ‘37
tpzL Output Enable Time 5.0 2.0 6.5 8.5 1.5 9.5 ns 3-8
tPHZ Output Disable Time 5.0 1.5 7.0 9.0 1.0 10.0 ns 3-7
tpLz Output Disable Time 5.0 2.0 6.0 8.0 1.5 9.0 ns 3-8
*Voltage Range 5.0is 5.0V = 0.5V
CAPACITANCE
Symbol Parameter V:VI:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =50V
CpD Power Dissipation Capacitance 55 pF Ve =50V
FACT DATA
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MC74AC259
@ MOTOROLA MC74ACT259

8-Bit Addressable Latch ; 88T

ADDRESSABLE

The MC74AC259/74ACT259 is a high-speed 8-bit addressable latch designed for LATCH

general purpose storage applications in digital systems. It is a multifunctional
device capable of storing single line data in eight addressable latches, and also a
1-of-8 decoder and demultiplexer with active HIGH outputs. The device also:incor-
porates an active LOW Common Clear for resetting all latches, as well as an active
LOW Enabile. It is functionally identical to the ALS259 8-bit addressable latch.

o Serial-to-Parallel Conversion

Eight Bits of Storage with Output of Each Bit Available
Random (Addressable) Data Entry

Active High Demultiplexing or Decoding Capability N SUFFIX
Easily Expandable : CASE 648-08
Common Clear PLASTIC

2

1

D SUFFIX
FUNCTIONAL DESCRIPTION Ao s

The MC74AC259/74ACT259 has four modes of opera-
tion as shown in the Mode Selection Table. In the
addressable latch mode, data on the Data line (D) is writ-
ten into the addressed latch. The addressed latch will ~
follow the data input with all non-addressed latches ‘ no 0] [16] Ve
remaining in their previous states in the memory mode. M _
All latches remain in their previous state and are unaf- 1 E MR
fected by the Data or Address inputs. ) A [‘3_— [a]e

In the one-of-eight decoding or demultiplexing mode, ] [
the addressed output will follow the state of the D input Qo4 ] [131D
with all other outputs in the LOW state. In the clear mode

Q;

all outputs are LOW and unaffected by the address and ) o [E] [12] &7
data inputs. When operating the MC74AC/ACT2_59 as an 0 [E] [11] 05
addressble latch, changing more than one bit of the 5
address could impose a transient wrong address. There- Q3 [Z‘ E Qs
fore, this should only be done while in the memory mode.’
The Truth Table below summarizes the operations of the GND|8 ER
MC74AC/ACT259.

LOGIC SYMBOL
Lo |
E D
Ao
—1A

Ay
MR Qo Q1 O Q3 04 Q5 Qs Q7

TTTTTTTTI
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MODE SELECT TABLE

MC74AC259 e MC74ACT259

Mode

Memory

IrIr
—r—IXI

Clear

Addressable Latch

Active HIGH 8-Channel Demultiplexer

HIGH Voltage Level

H=
L = LOW Voltage Level

MODE SELECT-FUNCTION TABLE

in which it was addressed or cleared.

Operating Inputs
Mode MR E D AgA1A2/ Qg Q7 Q; Q3 Q4 Q5 Qg Q7
Master Reset L HXXXX| L L L L L L
L LdLLL|Q=d L L L L L L L
Demultiplex L LdHLL|[L Q=d L L L L L L
maverion |t LOLHLIL Losal Lot L
DeCOderWhen . . . . . . . . . . . . . .
D=H)
L LdHHH|L L L L L L L Q=d
Store
(Do Nothing) H HXXXX|a a1 92 93 a4 95 dg a7
H LdLLLQ=dagy g2 93 a4 95 G a7
H LdHLLig Q=dag2 93 a4 a5 dg a7
e T LALH LG w0 @ @
LatCh . . . . . . . . . . . . . .
LdHHH{q a1 a2 a3 a4 a5 qg Q=d
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
d = HIGH or LOW Data one setup time prior to the LOW-to-HIGH Enable transition
q = Lower case letters indicate the state of the referenced output established during the last cycle

FACT DATA
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%m
]

e
0
- Qs
MR ————>
04

fg Do
A Do

Qp

i

g ——Dop D~ =

]

|
f

=

Please note that this diagram is provided only for the understanding of logic
operations and should not be used to estimate propagation delays.

Q
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MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) —-05to +7.0 \
Vin DC Input Voltage (Referenced to GND) —0.5to Vcc+0.5 Vv
Vout DC Output Voltage (Referenced to GND) -0.5t0 Vcc+0.5 \
lin DC Input Current, per Pin *20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Ilcc DC Vcc or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Rating
Operating Conditions.

s are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Typ Max ) Unit
Vee Supply Voltage ’AC 20 50 80 v
‘ACT 4.5 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee Vv
Vec @3.0V 150
e 'AC Devices xcopt Sehmitt Inputs Ve @45V 0 noV
Vcc@5.5V 25
1 t !nput Rist? and Fall Time (I\!ote 2) Vcc@45Vv 10 sV
ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
loH Output Current — High -24 mA
loL Output Current — Low 24 mA

. Vi from 30% to 70% Vcc; see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi, from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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DC CHARACTERISTICS
74AC 74AC
Vee _ o TA = . i
Symbol Parameter ) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 | 21 24 - |l vour=o0av
Input Voltage 45 2,25 3.15 © 3.5 V. 1 orVegc — 01V
55 2.75 3.85 3.85 o ’
ViL Maximum Low Level 3.0 1.5 0.9 © 0.9 Vout =01V
. Input Voltage 45 2.25 1.35 1.35 v orVcc = 01V
5.5 275 1.65 1.65 ’
VOH Minimum High Level 3.0 2.99 2.9 2.9 louT = —50 KA
. Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = ViLor Vg
3.0 2.56 2.46 V. . -12mA
4.5 3.86 3.76 loH —-24 mA
5.5 4.86 4,76 —24 mA
VoL Maximum Low Level ' 3.0 0.002 0.1 0.1 louT = 50 nA
Output Voltage 4.5 0.001 | 0.1 0.1 \
5.5 0.001 0.1 0.1 ,
‘ *VIN = VIL or Vi
3.0 0.36 0.44 v 12mA
4.5 0.36 0.44 oL 24 mA
5.5 0.36 . 0.44 24 mA
IIN Maximum Input . -

Leakage Current . 5.5 +0.1 +1.0 pA V| = Vce, GND
loLp TMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 75 mA | Vo = 385V Min
Icc Maximum Quiescent

=V
Supply Current 5.5 8.0 80 nA VIN cc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ijy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.
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DC CHARACTERISTICS
74ACT 74ACT
Vece _ TA = . ie
Symbol Parameter W) TA = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level 45 15 2.0 2.0 v VouT = 0.1V
Input Voltage 5.5 15 2.0 2.0 orVgc — 01V
ViL Maximum Low Level 45 15 0.8 0.8 v VouTt = 0.1V
Input Voltage 5.5 15 0.8 0.8 orVgc — 01V
VoH Minimum High Level 45 4.49 44 44 v ’ louT = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VL or VIH
45 3.86 3.76 v I —-24mA
55 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor ViH
45 '0.36 0.44 \" | 24 mA
5.5 0.36 0.44 oL 24mA
N Maximum Input _
Leakage Current 55 0.1 1.0 KA V| = Vce, GND
AlceT Additional Max. Icc/Input 55 0.6 15 mA Vip=Vce - 21V
loLd tMinimum Dynamic 5.5 75 mA VoLD = 1.65 V Max
10HD Output Current 55 —75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Ve or GND
*All loaded; thresholds on input d with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
. TA = —40°C .
. * = o
Symbol Parameter v((\:l(): 1;? — -;-02 5'? to +85°C Units zg
L=50p CL = 50 pF .
Min Typ Max Min -Max
| Propagation Delay 33 2.0 9.0 14.5 1.5 17.0 g
tPLH DntoQn 50 | 20 | 65 | 100 | 15 | 115 ™ 35
Propagation Delay 3.3 2.0 9.0 13.5 15 16.0 "
tPHL Dp to Qn, 5.0 2.0 6.0 95 15 11.0 ns 35
) Propagation Delay 33 2.0 10.5 15.0 1.5 17.5
tPLH EtoQp 5.0 2.0 7.0 10.5 15 12,5 ns 36
Propagation Delay 33 © 2.0 8.0 125 1.5 15.0
tPHL EtoQ, 5.0 20 75 9.0 15 | 110 ns 36
Propagation Delay 3.3 2.0 12.0 19.0 15 225
tPLH Address to Qp 5.0 2.0 8.0 13.0 15 | 155 ns 36
Propagation Delay 3.3 2.0 10.0 16.0 1.5 19.0 g
tPHL. Address to Qp 5.0 2.0 7.0 11.0 15 13.0 ns 36
Propagation Delay 33 2.0 8.0 12.0 1.5 135 X
tPHL MR to Q 5.0 2.0 6.0 9.0 15 | 100 ns 37
*Voltage Range 3.3is 3.3V .+ 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
AC OPERATING REQUIREMENTS
74AC 74AC
TA = —40°C )
: * = o
Symbol ' Parameter Vﬁg 1;? _ ;02 5Fc to +85°C Units |F\|Ig
L=30p CL = 50 pF .
Typ Guaranteed Minimum
t Setup Time, HIGH or LOW 33 35 4.5 ns 3.9
s Dpto E 5.0 25 35
Hold Time, HIGH or LOW 33 2.5 25
th Dnto E 5.0 2.0 2.0 ns 39
Setup Time 3.3 7.0 9.0
ts Address to E 5.0 40 6.0 ns 36
Hold Time 33 2.0 2.0
th Address to E 5.0 2.0 2.0 ns 36

*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 6.0V = 0.5V
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

5-180

74ACT 74ACT
Ta = —40°C ]
* —_— 0
Symbol Parameter vgg .I;:A — ;: 5':: to +85°C Units ::\:g
L=30p CL = 50 pF -
Min Typ Max Min Max
tPLH E’°f:%at'°" Delay 5.0 2.0 65 11.0 1.5 12,5 ns 3.5
n n
tPHL g’°f:9(f”°" Delay 5.0 2.0 7.0 105 15 12,0 ns 35
n n
tPLH E’t‘:)pgga“"" Delay 5.0 2.0 105 | 140 15 165 ns 36
n
tPHL Fropagation Delay 5.0 2.0 90 | 120 | 15 | 140 | ns 36
n
tPLH ;:f d"raeg:‘t'g“o')e'ay 5.0 2.0 8.0 1.5 15 135 ns 36
n
tPHL i:;’d"raeg:‘t'g“ooe'ay 50 | 20 60 | 100 | 15 | 120 | ns 36
n
tPLH %‘;298"“ Delay 5.0 2.0 10.0 15 11.0 ns 3.7
*Voltage Range 5.0is 5.0 V = 0.5V
AC OPERATING REQUIREMENTS
74ACT 74ACT
TA = —40°C ]
* - 0
Symbol Parameter Vgg 2‘ : ;: ch to +85°C Units ::g
L =30p CL = 50 pF ’
Typ Guaranteed Minimum
ts gentj:glme, HIGH or LOW 5.0 3.0 4.0 ns 3.9
n
th hold Time, HIGH or LOW 50 25 25 ns | 39
n
tg ii‘(;’r‘;;":)eg 5.0 45 65 ns 36
th :Zfr;rs';"ti £ 5.0 25 25 ns 3-6
*Voltage Range 5.0is 5.0 V = 0.5 V
CAPACITANCE
Symbol Parameter VTa‘I,:e Units Test Conditions
CIN Input Capacitance 45 pF Vce = 5.0V
CpD Power Dissipation Capacitance 50.0 pF Vcc =50V
FACT DATA
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Octal D Flip-Flop

The MC74AC273/74ACT273 has eight edge-triggered D-type flip-flops with indi-
vidual 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 flip-
flop’s 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.

Ideal Buffer for MOS Microprocessor or Memory
Eight Edge-Triggered D Flip-Flops

Buffered Common Clock

Buffered, Asynchronous Master Reset

See MC74AC377 for Clock Enable Version

See MC74AC373 for Transparent Latch Version
See MC74AC374 for 3-State Version

Outputs Source/Sink 24 mA

'ACT273 Has TTL Compatible Inputs

LOGIC SYMBOL

L]

Dp D1 D2 D3 Dy Ds Dg D7

—cp

[«
i

=]
>
<7

s

=3
&
— e
=)
5
o
&
—e
S

—

PIN NAMES

Do-D7 Data Inputs

MR Master Reset

CP Clock Pulse Input
Qp-Q7 Data Outputs

MC74AC273
MC74ACT273

OCTAL D FLIP-FLOP

20
1

N SUFFIX
CASE 73803
PLASTIC
20 (@
<L :
DW SUFFIX
CASE 751D-03
PLASTIC
\_J
wR[1] 20] Ve
o[z] [19] &7
0 [3] 18] 07
o1 [4] [17] D
o 5] 18] 0
0 [e] [15] 05
Dy E E D5
o3 [e] 13] 04
o3[ [12] 04
GNp [10 [11]cp
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LOGIC DIAGRAM

Dp D1 Dy D3 D4 Ds Dg Dy
o —P> i
D Q Ho ok | Y0 @ D ‘Q D Q Dk Q D Q D Q
b cP b cp b cP b cP b CP b CP b CP b CP
Rp Rp Rp Rp Rp Rp Rp Rp
ol — 1"
0p 01 07 03 04 05 [ 07

Please note that this diagram is provided only for the understanding of logic operations and should not be used to éstimate
propagation delays.

MODE SELECT-FUNCTION TABLE

Inputs Outputs
Operating Mode —
MR CP Dp Qp
Reset (Clear) L X
Load ‘1’ H J H H
[Py I} r N 1
LOau v n - L L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
J = LOW-to-HIGH Clock Transition
MAXIMUM RATINGS*

Symbol . Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) : -05t0 +7.0 Vv
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 Vv
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 v
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature + —65to +150° °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.
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RECOMMENDED OPERATING CONDITIONS

Symbol . Parameter Min Typ Max Unit
‘AC 2.0 5.0 6.0 .
vee Supply Volage "ACT 45 5.0 55 v
Vin, Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee v
Vecc@3.0V 150

Input Rise and Fall Time (Note 1)

tr ¥ 'AC Devices except Schmitt Inputs Vcc @45V 40 : nsiV
Vcc @55V 25
4, t !nput Risg and Fall Time (Note 2) Vcc @45V 10 sV
ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
I0H Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vijn from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjn from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = . tat
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 Vout =01V
Input Voltage 45 2.25 3.15 3.15 \' orVgc - 01V
5.5 2.75 3.85 3.85
viL Maximum Low Level 3.0 1.5 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.36 \" orVgc — 0.1V
5.5 2.75 1.65 1.65
VOoH Minimum High Level 3.0 299 29 2.9 louT = —50 A
Output Voitage 45 4.45 44 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViLor VIH
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H -24mA 5
5.5 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 4.5 0.001 0.1 0.1 \
55 0.001 0.1 0.1
*VIN = ViL or Vi
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input -

Leakage Current 5.5 +0.1 +1.0 nA V| = Vcc, GND
loLD tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
loHD Output Current 5.5 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 HA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V.
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74ACT

74ACT
Symbol Parameter ‘:\‘if Ta = +25°C _ 40°g‘:o=+ 85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v VouTt =01V
Input Voltage 5.5 15 2.0 2.0 ) orVgc — 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 v VouTt =01V
Input Voltage 5.5 1.5 0.8 0.8 orVgc — 0.1V
VoH Minimum High Level 45 4.49 4.4 4.4 v loyT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = VL or Vi
4.5 3.86 3.76 \ lon' —24 mA
55 4.86 4.76 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
' VN = VL or Vi
45 0.36 0.44 \ | 24 mA
55 0.36 0.44 oL 24 mA
N Maximum Input . .
Leakage Current 5.5 +0.1 +1.0 pA VI = Vcc, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vee - 21V
loLb TMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
I0HD Output Current 55 ~75 mA | VOHD = 3.85 V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 MA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
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AC CHARACTERISTICS (For Figures and Waveforms — See Sectivoyn 3)

74AC 74AC
) Ta = —40°C -
* = °f .
Symbol Parameter V((\;g 2\ _ ;: 5'? to +85°C Units :llg
L=30p CL = 50 pF '
Min Typ Max Min Max
Maximum Clock . 33 920 125 75 '
fmax Frequency ' 5.0 140 175 125 MHz 33
Propagation Delay 3.3 4.0 7.0 125 3.0 | 140 g
tPLH Clock to Output 5.0 3.0 55 9.0 25 | 100 | ™ 36
Propagation Delay 33 4.0 7.0 13.0 35 14.5 g
tPHL Clock to Output 5.0 3.0 5.0 10.0 25 11.0 ns 36
. Propagation Delay 3.3 4.0 7.0 13.0 3.5 14.0 g
tPHL MR to Output 5.0 30 5.0 100 | 25 105 ns 36
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
AC OPERATING REQUIREMENTS
' 74AC 74AC
Ta = —40°C "
* =
Symbol Parameter V((‘;g 2\ _ ;oz 50':: to +85°C Units :llg
. L=50p CL =50 pF :
Typ Guaranteed Minimum
t Setup Time, HIGH or LOW 3.3 35 5.5 6.0 ns 3.9
s Data to CP 5.0 25 4.0 45
4 Hold Time, HIGH or LOW ) 3.3 -20 0 0 ns 39
h Data to CP 5.0 -1.0 1.0 1.0
¢ Clock Pulse Width 3.3 35 5.5 6.0 ns 36
w HIGH or LOW 5.0 25 4.0 45
R MR Pulse Width 3.3 2.0 5.5 6.0 ns 36
w HIGH or LOW 5.0 1.5 4.0 45
. Recovery Time 3.3 1.5 35 4.5 ns’ 3-9
rec MR to CP 5.0 1.0 2.0 3.0 5

*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 6.0 is 5.0 V. = 0.5V *
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
Ta = —40°C
* = o
Symbol Parameter V((\;’(i Té\ _ ;: 5.? to +85°C Units 23
L=>0p CL = 50 pF "
Min Typ Max Min Max
Maximum Clock
fmax Frequency 5.0 125 200 125 MHz 3-3
tPLH Propagation Delay 50 | 30 | 60 10 25 | 110 | ns 36
Clock to Output :
Propagation Delay .
tPHL Clock to Output 5.0 3.0 6.5 n 25 12.0 ns 36
Propagation Delay g
tPHL VR to Output 5.0 3.0 7.0 1 25 11.5 ns 36
*Voltage Range 5.0is 5.0V £ 0.5V
AC OPERATING REQUIREMENTS
74ACT 74ACT
_ o TA = —40°C "
Symbol Parameter v((\:,?’ TcA - ;oz 5::: to +85°C Units FN'g
L=50p CL = 50 pF .
Typ Guaranteed Minimum
Setup Time, HIGH or LOW g
ts Data to CP 5.0 3.0 45 5.0 ns 39
Hold Time, HIGH or LOW _ ¥
th Data to CP 5.0 25 2.0 2.0 ns 39
Clock Pulse Width
tw HIGH or LOW 5.0 25 4.0 45 ns 3-6
‘MR Pulse Width
tw HIGH or LOW 5.0 2.5 4.0 45 ns 36
Recovery Time _ ¥
trec MR to CP 5.0 1.0 2.0 3.0 ns 3-6
*Voltage Range 5.0 is 5.0 V = 0.5V
CAPACITANCE
Symbol Parameter V:vlt;e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =50V
Cpp Power Dissipation Capacitance 50 pF Veec =50V
FACT DATA
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MC74ACT299
-
8-Input Universal 8INPUT UNIVERSAL
- - SHIFT/STORAGE
Shift/Storage Register REGISTER WITH
- - COMMON
with Common Parallel I/0 Pins PARALLEL /O PINS
The MC74AC299/74ACT299 is an 8-bit universal shift/storage register with 3-state
outputs. Four modes of operation are possible: hold (store), shift left, shift right
and load data. The parallel load inputs and flip-flop outputs are multiplexed to
reduce the total number of package pins. Additional outputs are provided for flip-
flops Qq, Q7 to allow easy serial cascading. A separate active LOW Master Reset is
used to reset the register. 20
® Common Parallel I/0 for Reduced Pin Count 1
® Additional Serial Inputs and Outputs for Expansion N SUFFIX
® Four Operating Modes: Shift Left, Shift Right, Load and Store CASE 738-03
® 3-State Outputs for Bus-Oriented Applications PLASTIC
® Outputs Source/Sink 24 mA
® 'ACT299 Has TTL Compatible Inputs " m
1
DW SUFFIX
CASE 751D-03
LOGIC SYMBOL PLASTIC
l A
So[d = 20] Vee
DSp DS7 _ g
—_—s O [2] [15] 51
g; Q7 p— 0OEy E E DSy
OE 1106 [4] [17) 07
MR Qg 10, /01 102 1/03 1/04 /05 1/0g 1107 |/04E E 107
TIIIITIIII 10 [€] [15] 1105
10 7] [14] 103
Q] [13] 101
PIN NAMES =3 3] P
cP Clock Pulse Input wm [2] ji
DSp Serial Data Input for Right Shift GND ﬂ [11] DS
DSy Serial Data Input for Left Shift

So. S1 Mode Select Inputs

MR Asynchronous Master Reset

OE¢, OE2 3-State Output Enable Inputs

1/0g-1/07 Parallel Data Inputs or
3-State Parallel Outputs

Qp, Q7 Serial Outputs

FACT DATA
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LOGIC DIAGRAM

DS; Q7

— o2 107

—— 110

[l
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K ~—t—4>— 1105

& 0T 10

s P T 108

i

1101

i
£
Iy

M\ i

_100 2 q..pt,_._ 10p
So D>
[

S _ OE 113}
VR

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.
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FUNCTIONAL DESCRIPTIGN

TRUTH TABLE

The MC74AC299/74ACT299 contains eight edge- In

. R . . puts
triggered D-type flip-flops and the interstage logic nec- — Response
essary to perform synchronous shift left, shift.right, par- MR | S1 | So | CP
allel load and hold operations. The type of operation is L X X X | Asynchronous Reset;
determined by Sg and Sq, as shown in the Truth Table. | Qp-Q7 = LOW
All flip-flop outputs are brought out through 3-state buff- H H H | I | Parallel Load; /0 — Qp
ers to separate I/0 pins that also serve as data inputs in H L H | I | Shift Rights; DSg — Qo.
the parallel load mode. Qg and Q7 are also brought out Qg — Qy, etc. -
on other pins for expansion in serial shifting of longer H H:| L | T| shift Left; DS7— Q7,

: Q7 = Qg, etc.

words. S H| L | L[| X]| Hod

A LOW signal on MR overrides the Select and CP inputs - .

and resets the flip-flops. All other state changes are ini- e "_"(l)e\'l"\x"itl;z%i';ev"e"i'
tiated by the rising edge of the clock. Inputs can change X = Immaterial
when the clock is in either state provided only that the . I = LOW-to-HIGH Transition
recommended setup and hold times, relative to the rising
edge of CP, are observed. . ’
AHIGH signal on either OE1 or OE disables the 3-state
buffers and puts the I/O pins in the high impedance state.
In this condition the shift, hold, load and reset operations
can still occur. The 3-state buffers are also disabled by
HIGH signals on both Sg and S1q in preparation for a
parallel load operation. ’
MAXIMUM RATINGS*

" 'Symbol ’ Parameter Value Unit
Vee DC Supply \/oltagg (Referenced to GND) ~ —05t0 +7.0 \
Vin DC Input Voltage (Referenced to GND) —05to Ve +05 \
Vout DC Output Voltage (Referenced to GND) —05toVcc+0.5 \
lin DC Inﬁut Current, per Pin ? +20 mA
lout DC Output Sink/Source Current, per Pin =50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

Operating Conditions.
RECOMMENDED OPERATING CONDITIONS

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recom

mended

Symbol Parameter Min Typ Max Unit
‘AC 2.0 5.0 6.0
Vee ‘ Supply Voltage ACT a5 0o Py \
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vece Vv
Vec@3.0V 150
o
Vecc@5.5V 25
.~ Input Rise and Fall Time (Note 2) Vec@45V 10 nsV
ACT Devices except Schmitt Inputs Ve @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High —-24 mA
loL Output Current — Low 24 mA

. Vin from 30% to 70% V¢ see individual Data Sheets for devices that differ from the typical input rise and fall times.

2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
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DC CHARACTERISTICS
74AC 74AC
Vee = +25% TA= . .
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 VouT =01V
Input Voltage 4.5 2.25 3.15 3.156 \' orVgcc - 01V
’ 5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouT =01V
Input Voltage 45 | 225 1.35 1.35 \ orVgc - 0.1V
5.5 2.75 1.656 1.65
VOH Minimum High Level 3.0 2,99 29 29 louT = —50 KA
Output Voltage 4.5 4.49 4.4 44 \'
5.5 5.49 5.4 5.4
*VIN = ViLor VIH
3.0 2.56 246 v -12mA
45 3.86 3.76 10H —24mA
5.5 4.86 4.76 . —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 kA
Output Voltage 4.5 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViL or Viy
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 oL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _

Leakage Current 5.5 +0.1 +1.0 nA V| = Ve, GND
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
IoHD Qutput Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent -

Supply Current 5.5 8.0 80 nA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: i) and icc @ 3.0 V are guarantieed to be iess than or equai to the respective iimit @ 5.5 V V.

FACT DATA

5-190



MC74AC299 e MC74ACT299

DC CHARACTERISTICS
74ACT 74ACT
Vee _ o TA = . .
Symbol Parameter ) TA = +25°C _40°C to +85°C Units Conditions
' Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v VouT = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVgc - 01V
ViL Maximum Low Level 4.5 15 0.8 0.8 v VouTt =01V
Input Voltage 5.5 1.5 0.8 0.8 orVgc - 01V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v lout = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
"IN = VL or Vil
4.5 3.86 3.76 \ | —24 mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v loyT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
"IN = ViLor Viy
4.5 0.36 0.44 \ | 24 mA
55 0.36 0.44 oL 24 mA
IIN Maximum Input -
Leakage Current 5.5 +0.1 +1.0 HA V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 15 mA Vi=Vcc - 21V
loLD tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IoHD Output Current 5.5 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 nA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC
Ta = —40°C "
* = O
Symbol Parameter V((‘;g 2\ _ ;oz 5'? to +85°C Units ::g
L P Cp = 50 pF -
Min Typ Max Min Max
Maximum Input 3.3 90 80
fmax Frequency 5.0 130 105 MHz 338
Propagation Delay 3.3 8.5 20.5 7.0 22
tPLH CP to Qg or Q7 50 | 55 14 45 15 ns 36
Propagation Delay 3.3 8.5 215 7.0 23
tPHL CP to Qg or 07 50 | 55 145 | 50 16 ns 36
Propagation Delay 33 9.0 20.5 7.5 225
tPLH - CP o I/0p 5.0 6.0 145 | 50 16 ns 36
Propagation Delay 33 10 23 8.5 245
tPHL CP to 1/0p 5.0 6.5 16 60 | 175 ns 36
Propagation Delay 33 9.0 225 7.5 25.0
tPHL MR to 1/0p, 5.0 5.5 155 | 50 | 17.0 ns 36
Propagation Delay 33 9.0 215 75 24.0
tPHL MR to /0y, 5.0 5.5 150 | 50 | 165 ns 36
t Output Enable Time 33 7.0 18 6.0 19.5 3.7
PZH OE to /0y, 5.0 45 125 40 135 ns g
t Output Enable Time 33 7.0 18 6.0 20.5 s 38
PzL OE to /0y, 5.0 5.0 125 | 40 14 n
t _O_Utput Disable Time 33 6.5 185 5.5 19.5 3.7
PHZ OF to 1/0p, 5.0 35 14 3.0 15 ns -
t Output Disable Time 33 5.5 17 45 19 n 3.8
PLZ OF to /0y, 5.0 35 125 2.0 135 s

*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V = 0.5V
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AC OPERATING REQUIREMENTS

74AC 74AC
Ta = —40°C .
* - O
Symbol Parameter v((\:lti 2\ — ;02 5: to +85°C Units 'l:\llg
L=Pp CL = 50 pF g
Typ Guaranteed Minimum
« . |-Setup Time, HIGH or LOW 33 - 85 85 ns 39
S ; Sg or Sq to CP 5.0 5.0 5.5
t Hold Time, HIGH or LOW 33 0.5 0.5 ns 39
h Sg or Sq to CP 5.0 1.0 1.0
t e Setup Time, HIGH or LOW 3.3 5.5 6.0 ns 3.9
S & el 1/Opto CP 5.0 35 4.0
4 |, Hold Time, HIGH or LOW 33 0 o ns 39
h /0y to:CP 5.0 1.0 1.0
& Setup Time, HIGH or LOW 33 6.5 7.0 ns 26
S DSg or DS7 to CP 5.0 4.0 4.5
t Hold Time, HIGH or LOW 33 0 0.5 ns 36
h DSq or DS to CP 5.0 1.0 1.0
" 33 45 5.0
tw ‘ ‘ CP Pulse Width, LOW 5.0 35 a5 ns 3-6
_ ] 33 4.5 5.0
tw MR Pulse Width, LOW 5.0 35 35 ns 39
Recovery Time 33 1.5 1.5
trec MR to CP 5.0 1.5 15 ns 39
*Voltage Range 3.3 is33V + 03V
Voltage Range 5.0is 5.0 V + 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
_ o Ta = —40°C "
Symbol Parameter V((‘;I();* .Ig‘ ~ ;02 5'? to +85°C Units ;'g
L=30p CL = 50 pF -
Min Typ Max Min Max
Maximum Input g
fmax Frequency 5.0 120 110 MHz 33
Propagation Delay ¥
tPLH CP 1o Qg orQy 5.0 4.0 12.5 3.0 14 ns 36
Propagation Delay y 5
tPHL CP to Qg or 07 5.0 4.0 135 35 15 ns 36
Propagation Delay g
tPLH CP to /0 5.0 45 125 4.5 135 ns 3-6
Propagation Delay -
tPHL CP 1o 10, 5.0 5.0 15 45 16.5 ns 36
Propagation Delay ¥
tPLH . MR to Qg-or Q7 5.0 4.0 15 4.0 18 ns 3-6
Propagation Delay g
tPHL MR to Qg or Q7 5.0 4.0 14.5 35 17.5 ns 3-6
Output Enable Time .
tpzH OF to /0y, 5.0 25 12 1.5 13 ns 37
Output Enable Time ¥
tpzL OFt0 10, 5.0 2.0 12 15 135 ns 38
Output Disable Time -
tpHZ OEt0 10;, 5.0 2.0 12.5 2,0 135 ns 37
Output Disable Time g
tpLz OF to 110n 5.0 25 115 20 125 ns 3-8

*Voltage Range 5.0is 5.0V = 0.5V
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AC OPERATING REQUIREMENTS

5-194

74ACT 74ACT
_ o TA = —40°C "
Symbol Parameter V((\:g* Té\ ~ -;-02 5;: to +85°C Units :I'g
L=>0p CL = 50 pF :
Typ Guaranteed Minimum
Setup Time, HIGH or LOW ¥
ts So or S to CP 5.0 5.0 5.5 ns 39
Hold Time, HIGH or LOW
th So or S1 to CP 5.0 1.0 1.0 ns 39
Setup Time, HIGH or LOW g
tg /Op to CP 5.0 4.0 45 ns 39
Hold Time, HIGH or LOW g
th I0p to CP 5.0 1.0 1.0 ns 39
Setup Time, HIGH or LOW g
ts DSg or DS7 to CP 5.0 45 5.0 ns 3-6
Hold Time, HIGH or LOW -~
th DSg or DS to CP 5.0 1.0 1.0 ns 3-6
CP Pulse Width
tw HIGH or LOW 5.0 4.0 4.5 ns 39
tw MR Pulse Width, LOW 5.0 35 3.5 ns 39
Recovery Time g
trec WR to CP 5.0 15 15 ns 39
*Voltage Range 5.0is 5.0 V + 0.5V
CAPACITANCE
Symbol Parameter V:yl:e Units Test Conditions
CIN Input Capacitance 45 pF Vee =50V
Cpp Power Dissipation Capacitance 170 pF Vee =50V
FACT DATA
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Product Preview

8-Input Universal Shift/Storage
Register with Synchronous
Reset and Common /O Pins

The MC74AC323/74ACT323 is an 8-bit universal shift/storage register with 3-state
outputs. Its function is similar to the MC74AC299/74ACT299 with the exception of
Synchronous Reset. Parallel load inputs and flip-flop outputs are multiplexed to
minimize pin count. Separate serial inputs and outputs are provided for Qg and Q7
to allow easy cascading. Four operation modes are possible: hold (store), shift left,
shift right and parallel load.

® Common Parallel I/O for Reduced Pin Count

® Additional Serial Inputs and Outputs for Expansion

® Four Operating Modes: Shift Left, Shift Right, Load and Store
® 3-State Outputs for Bus-Oriented Applications

@ Outputs Source/Sink 24 mA

® 'ACT323 Has TTL Compatible Inputs

LOGIC SYMBOL

DSg DSy
So
S
cp U8 o

OE:
SR Qo 10g V01 10y 103 104 105 10g 107

R

Ol |

PIN NAMES

CP Clock Pulse Input

DSp Serial Data Input for Right Shift
DSy Serial Data Input for Left Shift
So, S1 Mode Select Inputs

SR Synchronous Master Reset

OE1, OEp 3-State Output Enable Inputs
1/0g-1/07 Multipled Parallel Data Inputs or
3-State Parallel Data Outputs
Serial Outputs

MC74AC323
MC74ACT323
8-INPUT UNIVERSAL
SHIFT/STORAGE
REGISTER WITH
SYNCHRONOUS RESET
AND COMMON
1/0 PINS

20
1
N SUFFIX
CASE 738-03
PLASTIC
x (@
1
DW SUFFIX
CASE 751D-03
PLASTIC
so[F] - 2q] Vee
05 2] [19] S1
0, 3] ig] 057
106 [a] 7] &7
1104 [5] [16] 107
102 [€] [15] 105
10 [7] 1] 103
0 [E] 73] 109
5 E [77] cp
GND |[q [13] DSp

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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LOGIC DIAGRAM
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-Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate
propagation delays.
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FUNCTIONAL DESCRIPTION

The MC74AC323/74ACT323 contains eight edge-
triggered D-type flip-flops and the interstage logic nec-
essary to perform synchronous reset, shift left, shift right,
parallel load and hold operations. The type of operation
is determined by Sp and S as shown in the Mode Select
Table. All flip-flop outputs are brought out through 3-
state buffers to separate I/O pins that also serve as data
inputs in the parallel load mode. Qg and Qy are also
brought out on other pins for expansion in serial shifting
of longer words.

A LOW signal on SR overrides the Select inputs and
allows the flip-flops to be reset by the next rising edge

TRUTH TABLE
Inputs

— Response

SR|Sq|Sg|CP

L | X | X | J |Synchronous Reset; Qg-Qy = LOW

H H H | I |Parallel Load; /O — Qp

H L H | 1 | Shift Right; DSg — Qg, Qg — Q1, etc.

H | H L | J |Shift Left; DS7 — Q7, Q7 — Qg, etc.

H L | L | X [Hold
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
I = LOW-to-HIGH Clock Transition

MAXIMUM RATINGS*

of CP. All other state changes are also initiated by the
LOW-to-HIGH CP transition. Inputs can change when the
clock is in either state provided only that the recom-
mended setup and hold times, relative to the rising edge
of CP, are observed.

AHIGH signal on either OEq or OE3 disables the 3-state
buffers and puts the I/O pins in the high impedance state.
In this condition the shift, hold, load and reset operations
can still occur. The 3-state buffers are also disabled by
HIGH signals on both Sg and S in preparation for a
parallel load operation.

Value Uﬁit

Symbol Parameter

Vee DC Supply Voltage (Referenced to GND) —-05to +7.0 \"

Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5

Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 v

lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65 to + 150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

Operating Conditions.
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RECOMMENDED OPERATING CONDITIONS

MC74AC323 e MC74ACT323

Symbol Parameter Min Typ Max Unit
v Supply Vol ‘AC 2.0 5.0 6.0 v
ul oltage
ce PPl 9 ‘ACT 45 5.0 5.5
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee Vv
Vec@3.0V 150

Input Rise and Fall Time (Note 1)

tr ¥ 'AC Devices except Schmitt Inputs Vec @45V 40 nsiV
Vec @55V 25

- Input Rise and Fall Time (Note 2) Vcc@4sVv 10

r i B N . ns/V

ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vjp from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = " .
Symbol Parameter ) Ta = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 Vout =01V
Input Voltage 4.5 2.25 3.15 3.15 Vv orVgc — 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouT =01V
Input Voltage 4.5 2.25 1.35 1.35 A orVgc - 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 2.9 louT = —50 A
Output Voltage 45 4.49 4.4 4.4 \
5.5 5.49 5.4 5.4
*VIN = VL or V|4
3.0 2.56 2.46 v —12 mA
45 3.86 3.76 I10H —24 mA
5.5 4.86 4.76 —-24mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 KA
Output Voltage 45 0.001 0.1 0.1 Vv
5.5 0.001 0.1 0.1
*VIN = ViL or Vi
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
Y] Maximum Input _

Leakage Current 5.5 +0.1 +1.0 nA V| = Vg, GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65 V Max
I0HD Output Current 55 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _

Supply Current 5.5 8.0 80 HA VIN = Vg or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 6.5 V V.
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DC CHARACTERISTICS

74ACT 74ACT
Syﬁbol Parameter Vee TA = +25°C Ta = Units Conditions
. (v) —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v VouTt =01V
Input Voltage 5.5 1.5 2.0 2.0 orVgc — 0.1V
ViL Maximum Low Level 45 15 0.8 0.8 v VouTt =01V
Input Voltage 5.5 15 0.8 0.8 orVgcc — 04V
VoH Minimum High Level 45 4.49 44 4.4 v louT = —50 LA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor Viy
45 3.86 3.76 \" | -24mA
5.5 4.86 476 OH —24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 nA
Output Voltage 5.5 0.001 0.1 0.1
"IN = ViLor ViH
4.5 0.36 0.44 \" | 24 mA
55 0.36 0.44 oL 24mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 £1.0 uA V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 1.5 mA V| =Vgec -21V
loLd 1tMinimum Dynamic 55 75 mA VoLp = 1.65V Max
I0HD Output Current 55 -75 mA | VoHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 nA VIN = Vcc or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C s
St Voot Ta = +25°C ) Fia
Symbol Parameter '("\:,‘3‘ ol ;0‘ 'F‘ to +85°C Units No.
L=30p CL = 50 pF
Min Typ Max Min Max
Maximum Input 3.3 55 g
fmax Frequency 5.0 130 MHz 33 5
Propagation Delay 3.3 31 -~
tPLH CP to Qg or Q7 5.0 12 ns 36
Propagation Delay 3.3 30 g
tPHL CP to Qq or Q7 5.0 13 ns %6
Propagation Delay 3.3 28 g
tPLH CP to 1/0p 5.0 1 ns 36
Propagation Delay 3.3 28 g
tPHL CP to /Oy, 5.0 12 ns 36
" 3.3 24
tpzH Output Enable Time 5.0 10 ns 37
) 33 24
tpzL Output Enable Time 5.0 10 ns 3-8
" " 3.3 25
tPHZ Output Disable Time 5.0 13 ns 37
. " 33 24
tpLZ Output Disable Time 5.0 12 ns 3-8
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 50V + 0.5V
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AC OPERATING REQUIREMENTS

MC74AC323 e MC74ACT323

74AC 74AC
Ta = —40°CcH{ "
* = of
Symbol Parameter V(‘\:ﬁ Té\ - ;—oZ sls to +85°C
L P Cp = 50 pF
Typ Guaranteed Minimum
t Setup Time, HIGH or LOW 33 12 ns 3.9
s Sg or Sq to CP 5.0 5.0
Hold Time, HIGH or LOW 33 0
th S or S1 to CP 5.0 0 ns 39
t Setup Time, HIGH or LOW 33 5.0 ns 3.9
s 1/0p, DS, DS7 to CP 5.0 5.0
t Hold Time, HIGH or LOW 33 0 ns 39
h /0, DSg, DS7 to CP 5.0 0
Setup Time, HIGH or LOW 3.3 4.0 g
's SRtoCP 5.0 2.0 ns 39
Hold Time, HIGH or LOW 3.3 0 g
th SRto CP 5.0 0 ns 39
CP Pulse Width 33 9.0
tw HIGH or LOW 5.0 4.0 ns 36
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0V + 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
TA = —40°C "
* = of
Symbol Parameter Vf\:ﬁ 2\ _ ;oz 5':: to +85°C Units :llg
L=30p CL = 50 pF -
Min Typ Max Min Max
Maximum Input
fmax Frequency 5.0 120 125 110 MHz 3-3
Propagation Delay
tPLH CP to Qg or Q7 5.0 5.0 9.0 12.5 4.0 14 ns 3-6
Propagation Delay
tPHL CP to Qg or Q7 5.0 5.0 9.0 135 4.5 15 ns 3-6
Propagation Delay X
tPLH CP to 1I0p 5.0 5.0 85 125 45 14.5 ns 3-6
Propagation Delay g
tPHL CP to I/0p 5.0 6.0 10 14.5 5.0 16 ns 3-6
tpzH Output Enable Time 5.0 3.5 7.5 1 3.0 12,5 ns 37
tpzL Output Enable Time 5.0 35 7.5 11.5 3.0 13 ns 3-8
tPHZ Output Disable Time 5.0 4.0 8.5 125 3.0 13.5 ns 3-7
tpLz Output Disable Time 5.0 3.0 8.0 11.5 25 12,5 ns 3-8
*Voltage Range 5.0is 5.0V = 0.5V
FACT DATA
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AC OPERATING REQUIREMENTS

74ACT 74ACT
Ta = —40°C
* = of
Symbol Parameter V&(i- 18\ _ ;: 5:,: to +85°C Units ::g
L =509 CL = 50 pF -
Typ Guaranteed Minimum
ts g:‘z’r’;’?z'c':,m” orLow 50 20 50 50 ns | 39
th :g'ngs":‘:) HiGH or LOW 50 0 15 15 ns | 39
ts 38‘:”02(’)”‘%3{2?: oo Low 5.0 1.0 40 45 ns 39
Hold Time, HIGH or LOW
th /Op, DSp, DS7 to CP 50 0 10 10 ns 39
Setup Time, HIGH or LOW
ts SR to CP 5.0 1.0 25 25 ns 3-9
Hold Time, HIGH or LOW
th SRto CP 5.0 0 1.0 1.0 ns 39
tw Frise e 5.0 2.0 4.0 45 ns 36
*Voltage Range 5.0 is 5.0 V + 0.5V
CAPACITANCE
Symbol Parameter \?y':g Units Test Conditions
CIN Input Capacitance 4.5 pF Vee =50V
CeD Power Dissipation Capacitance ) 170 pF Vee =50V
FACT DATA
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Product Preview
4-Bit Shifter
With 3-State Outputs

The MC74AC350/74ACT350 is a specialized multiplexer that accepts a 4-bit word
and shifts it 0, 1, 2 or 3 places, as determined by two Select (Sg, S1) inputs. For
expansion to longer words, three linking inputs are provided for lower-order bits;
thus two packages can shift an 8-bit word, four packages a 16-bit word, etc. Shift-
ing by more than three places is accomplished by paralleling the 3-state outputs of
different packages and using the Output Enable (OE) inputs as a third Select level.
With appropriate interconnections, the ‘AC/ACT350 can performm zero-backfill,
sign-extend or end-around (barrel) shift functions.

® Linking Inputs for Word Expansion
® 3-State Outputs for Extending Shift Range

FUNCTIONAL DESCRIPTION

The MC74AC350/74ACT350 is operationally equivalent
to a 4-input multiplexer with the inputs connected so that
the select code causes successive one-bit shifts of the
data word. This internal connection makes it possible to
perform shifts of 0, 1, 2 or 3 places on words of any length.

A 7-bit data word is introduced at the |, inputs and is
shifted according to the code applied to the select inputs
So, S1. Outputs Og-O3 are 3-state, controlled by an
active-LOW output enable (OE). When OE is'LOW, data
outputs will follow selected data inputs; when HIGH, the
data outputs will be forced to the high-impedance state.
This feature allows shifters to be cascaded on the same
output lines or to a common bus. The shift function can
be logical, with zeros pulled in at either or both ends of
the shifting field; arithmetic, where the sign bit is
repeated during a shift down; or end around, where the
data word forms a continuous loop.

LOGIC EQUATIONS

00=S0 51 1lp+S0 S11-1+S9 S11-2+Sp S11-3
01=S0 S111+S0 S1l0+S0 S11-1+S0 S111-2
02=508112+Sp S1 14 +S0S11l0+S0 S11-1
03=50 S113+S0 S112+S9 S111+Sg S1 1o

TRUTH TABLE

Inputs Outputs
OE Sq So Op 01 02 03
H X X z z z z
L L L lo Iq I2 I3
L L H 11 lo I I2
L H L o I-q lo Ih
L H H I3 l-g I_q lo

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

MC74AC350
MC74ACT350

4-BIT SHIFTER
WITH 3-STATE
OUTPUTS

N SUFFIX
CASE 648-08
PLASTIC

o

1

D SUFFIX
CASE 751B-03
PLASTIC

1.3 [7]
() E
113
lo E
11 E
I2 E
13 7]

GND[g]

~

[16] Ve
15] 0o
[14] 01
73] OF
[12] 0,
71] O3
[19] So
5] s1

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

FACT DATA
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MC74AC350 e MC74ACT350

LOGIC SYMBOL

13 T 1Io

OE S1S0
31
15—0p -2 —§
_

14— 0, -1
!o‘—"4
12 —402 5

11— 03 h
I2 —6
I3 7

LOGIC DIAGRAM

$1

-

So

-

L

F ¢

FACT DATA
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MC74AC350 e MC74ACT350
APPLICATIONS

16-Bit Shift-Up 0 to 3 Places, Zero Backfill

1 7 8 91011 12131415

11 ] ‘ 11 |
s‘;-a'-z'-ﬂo hizi3 ldz lakilo 112 13 s$~a l2lilo 1213 $3l-2l.1 o123
F——s1 —{s1 —{s1 St
l—“’osvg Yy Y2 Y ~°°5° Yy Y Y3 ﬁoi Yy Y2 v ITO\EO Y1 Y3 Y
3
5 6 7 8 10 1 12 13 14 15
$1{So
L| L |[NO SHIFT
L | H|SHIFT 1 PLACE
H| L |SHIFT 2 PLACES
H | H [SHIFT 3 PLACES
8-Bit End Around Shift 0 to 7 Places
12 4567

]
s(lial-z'd o213 I lqlo iz 13 56-3'-2'-1 ol 213 L3l-al.ylo 12 13

P

S5 So
—s1 —{s1 —s St
O . OE OE OE
M Yo i Y2 Y3 Yo Y1 Y, Y3 M Yo 1 Y2 . Yo Y1 Yz Y
s

4 5
S2|S1{So S2[S1{So
L|L|{L[NOSHIFT H H | SHIFT END AROUND 5
L | L |H|[SHIFT END AROUND 1 H|H| L |SHIFT END AROUND 6
L {H|L|SHIFT END AROUND 2 H H | SHIFT END AROUND 7
L | H|H|SHIFT END AROUND 3
H|L|L|[SHIFT END AROUND 4
13-Bit Twos Complement Scaler
121110 9 87656 4 1 s
{ | | [ l | [ [ [ 1]
"’-3'-2 Lilohl2 13 5\0-3 i2l1lo W12 13 sé»("-Z'-l ol 1213
—] S1 $1 Sq
I"OEVO Y1 Y2 Y ’_‘ °5,, Y1 Y2 Y f D“:'lo Y1 Y2 Y3
= T = =
Rt |
12 11 10 2 1 s
S1[So SCALE
LiL+38 1/8
L{H+4 1/4
H|L+2 1/2
H|H NO CHANGE 1

FACT DATA
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MAXIMUM RATINGS*

Symbol ) Parameter Value Unit
Vece DC Supply Voltage (Referenced to GND) -0.5to +7.0 \
Vin DC Input Voltage (Referenced to GND) ~0.5to Vcc+0.5 \"
Vout DC Output Voltage (Referenced to GND) -0.5to Vgc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
‘AC 2.0 5.0 6.0
vee Supply Voltage ‘ACT 45. 5.0 5.5 v
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \'
Vec@3.0V 150

Input Rise and Fall Time (Note 1)

tr 1 'AC Devices except Schmitt Inputs Vec @45V 40 nsiV
Vec @55V 25
Input Rise and Fall Time (Note 2) Vcc@45sV 10
tr, tf , . . ns/V
ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
IOH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vjp from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA
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MC74AC350 ® MC74ACT350

DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = . i
Symbol Parameter ) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 VouT =01V
Input Voltage 45 2.25 3.16 3.15 \ orVgeg = 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 Vout = 0.1V
Input Voltage 4.5 2.25 1.35 1.35 \ orVgc — 01V
5.5 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 29 louT = —50 A
Output Voltage 45 4.49 4.4 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViLor Viy
3.0 2.56 2.46 v —-12mA
4.5 3.86 3.76 IoH —24 mA
5.5 4.86 4.76 -24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 45 0.001 0.1 0.1 \
5.5 0.001 0.1 0.1
*VIN = ViLorViH
3.0 0.36 0.44 v 12mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 nA V| = Vg, GND
loz Maximum VI(OE) = V|, VIH
3-State 5.5 +0.5 +5.0 pA Vi = Vce: VGND
Current Vo = Vce, GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.66 V Max
I0HD Output Current 55 -75 mA | VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Ve or GND

*All outputs loaded; thresholds on input associated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Y¢cc.

FACT DATA
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MC74AC350 e MC74ACT350

DC CHARACTERISTICS

74ACT 74ACT
Vece _ o TA = . .
Symbol Parameter ) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v Vout =01V
Input Voltage 5.5 1.5 2.0 2.0 orVgc - 0.1V
ViL Maximum Low Level 45 1.5 0.8 0.8 v VouT = 0.1V
Input Voltage 5.5 1.5 0.8 0.8 orVcec - 01V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 KA
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViL or VIH
45 3.86 3.76 v | —-24mA
5.5 4.86 476 OH  _24ma
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor ViH
45 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
Y] Maximum Input _
Leakage Current 5.5 +0.1 +1.0 nA V| = Vce, GND
Alcct Additional Max. Icc/Input 5.5 0.6 15 mA Vp=Veec - 21V
10z Maximum VI (OE) = VL, ViH
3-State 5.5 +0.5 +5.0 nA V| = Vee: VGND
‘Current Vo = Vge, GND
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.656V Max
I0HD Output Current 55 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 nA VIN = Ve or GND
*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C .
* = °f .
Symbol Parameter V((\:I(): Té“ _ ;-02 5FC to +85°C Units :;3
L=>0P CL = 50 pF -
Min Typ Max Min Max
Propagation Delay 33 "
tPLH In to On 5.0 ns 35
Propagation Delay 33 "
tPHL In to Op 5.0 ns 35
Propagation Delay 33 g
tPLH Sp to Op 5.0 ns 36
Propagation Delay 3.3 g
tPHL Sp to Op 5.0 ns 36
3.3
tpzH Output Enable to Op 5.0 ns 37
33
tpzL Output Enable to Op, 5.0 ns 3-8
3.3
tPHZ Output Enable to Oy 5.0 ns 37
33
tpLz Output Enable to Op 5.0 ns 3-8
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA
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AC‘CHARACTERISTICS (For Figures and Waveforms — See Section 3)

5-208

74ACT 74ACT
TA = —40°C "
* - 0
Symbol Parameter v((\:lt): 1@ — ;02 5;2 to +85°C ~ Units " | - :g
L=30p CL = 50 pF .
Min Typ Max Min Max

Propagation Delay ~
tPLH In to On 5.0 ns 3-6

Propagation Delay 3
tPHL In to On 5.0 ns 3-6

Propagation Delay : "
tPLH Sp o Op 5.0 ns 3-6

Propagation Delay -
tPHL S to Op 5.0 ns 3-6
tPZH Output Enable to Op, 5.0 ns 37
tpzL Output Enable to Op 5.0 ns 3-8
tPHZ Output Enable to Oy, 5.0 ns 3-7
tpLZ Output Enable to Op, 5.0 ns 3-8

*Voltage Range 5.0is 5.0V + 0,5V
CAPACITANCE
Symbol Parameter V;;:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vee = 5.0V
CeD Power Dissipation Capacitance 40.0 pF Vecec =50V
FACT DATA




@ MOTOROLA MC74AC352
|mMc7aAcT352

tak - g N
Dual 4'Input Mllltlplexer DUAL 4-INPUT
MULTIPLEXER

The MC74AC352/74ACT352 is a very high-speed dual 4-input multiplexer with

common Select inputs and individual Enable inputs for each section. It can select
two bits of data from four sources. The two buffered outputs present data in the
inverted (complementary) form. The MC74AC352/74ACT352 is the functional equiv-
alent of the MC74AC353/74ACT353 except with inverted outputs.
® Inverted Version of the MC74AC353/74ACT353
® Separate Enables for Each Multiplexer
o Outputs Source/Sink 24 mA
® 'ACT352 Has TTL Compatible Inputs

N SUFFIX
CASE 648-08
PLASTIC

LOGIC SYMBOL

DLLLLLLLL i

1
Ea loa 11a 12a 13a lob M1b 2b 13p Ei
—Is, a 10a '1a '2a 13a l0b "b '2b 13b Fb D SUFFIX
CASE 751B-03
— S PLASTIC
Z Zp
Y i —
B[ [16] Ve
s1 2] 5] By
PIN NAMES | S,
3a L3 14] 90
lpa—13a Side A Data Inputs B 5]
lob-13p Side B Data Inputs Iz [4] 73] 35
S0, S1 Common Select Inputs 1, 5 73] b
Ea Side A Enable Input ta (5 B
Ep _  Side B Enable Input loa [€] [11] b
Za, Zp,  Multiplexer Outputs %] 73] 00
GND [E] 9%
TRUTH TABLE
Select Inputs Inputs (a or b) Outputs
So Sq E lo Iq Iz I3 z
X X H X X X X H
L L L L X X X H
L L L H X X X L
H L L X L X X H
H L L X H X X L
L H L X X L X H
L H L X X H X L
H H L X X X L H
H H L X X X H L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
FACT DATA
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MC74AC352 e MC74ACT352

FUNCTIONAL DESCRIPTION
The MC74AC352/74ACT352 is a dual 4-input multi-
plexer. It selects two bits of data from up to four sources
under the control of the common Select inputs (Sg, S1).
The two 4-input multiplexer circuits have individual
active LOW Enables (Ea, Ep) which can be used to strobe
the outputs independently. When the Enables (E,, Ep)
are HIGH, the corresponding outputs (Z3, Zp) are forced
HIGH.
The logic equations for the outputs are shown below:
Zy = Eg(lpa51S0+11a°51°So +
123°§1-50 +132°51°So)
Zp = Epe(lopS1°So+11p°S1°Sp +
12°S1°Sp +13p°S1°So)

LOGIC DIAGRAM

The MC74AC352/74ACT352 can be used to move data
from a group of registers to a common output bus. The
particular register from which the data came would be
determined by the state of the Select inputs. A less
obvious application is as a function generator. The
MC74AC352/74ACT352 can generate two functions of
three variables. This is useful for implementing highly
irregular random logic.

mi
o

So lob b lab I3b

—a9
—o
|

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

FACT DATA
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MC74AC352 ® MC74ACT352

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vee DC Supply Voltage (Referenced to GND) —-05to +7.0 \'
Vin DC Input Voltage (Referenced to GND) —0.5t0 Vcc+0.5 \
Vout DC Output Voltage (Referenced to GND) -05to Vgc+0.5 "
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
'‘AC 2.0 5.0 6.0
Vee Supply Voltage ACT w5 50 Py A
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee '
Vcc@3.0V 150
tr !Zléuéeﬁ\i/?:eznei::gtgtr:?:n(i’:tolt:pl)ts Vec @45V 40 nsiV
Vec @55V 25
ot Input Rise and Fall Time (Note 2) Vcc@4sV 10 sV
ACT Devices except Schmitt Inputs Vec @5.5V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IOH Output Current — High -24 mA
loL Output Current — Low 24 mA

1. Vin from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vi from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

FACT DATA

5-211



MC74AC352 e MC74ACT352

DC CHARACTERISTICS A
74AC 74AC
Vce _ o TA = . e o
Symbol Parameter ) TA = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 Vouytr =01V
Input Voltage 45 2.25 3.15 3.15 v orVgc - 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 Vout =01V
Input Voltage 45 2.25 1.35 1.35 \" orVcc — 01V
5.5 2.75 1.65 1.65
VoH Minimum High Level 3.0 2.99 29 29 louT = —50 nA
Output Voltage 4.5 4.49 4.4 4.4 \
5.5 5.49 54 5.4
*VIN = ViL or Viy
3.0 2.56 2.46 v -12mA
4.5 3.86 3.76 IoH —-24 mA
5.5 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 45 0.001 0.1 0.1 V.
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input _

v Leakage Current 5.5 +0.1 +1.0 pA V| = Vce, GND
loLp tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
I0HD Output Current 55 75 mA | Voup = 3.85V Min
lcc Maximum Quiescent 55 40 40 oy ViN = Vg or GND

Supply Current

*All outputs loaded; th

on input

with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: )y and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢c.

FACT DATA
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DC CHARACTERISTICS
74ACT 74ACT
" Vce - Ta = . -
Symbol . ; Parameter V) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIR Minimum High Level 45 1.5 2.0 2.0 v VouT =01V
Input Voltage 5.5 15 2.0 2.0 orVgc — 01V
VIL. Maximum Low Level 45 15 08 - 0.8 v VouTt =01V
’ Input Voltage 5.5 15 0.8 0.8 orVcc — 0.1V
VoH Minimum High Level 4.5 4.49 44 44 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
) *VIN = ViLor ViH
4.5 3.86 3.76 A" | ~24 mA
55 4.86 4.76 OH —24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 A
Output Voltage 6.5 0.001 0.1 0.1
*VIN = ViLor Viy
4.5 0.36 0.44 \% \ 24 mA
55 0.36 0.44 oL 24 mA
N Maximum Input _
Leakage Current 5.5 +0.1 +1.0 HA Vi = Vce, GND
Alcet Additional Max. Icc/Input 55 0.6 15 mA Vi=Vcc - 21V
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
loHD Output Current 55 ~75 mA | VOHD = 385V Min
Icc Maximum Quiescent _
Supply Current 5.5 4.0 40 pA VIN = Vcc or GND
*All puts loaded; thresholds on input iated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C "
* = . o
Symbol Parameter vﬁﬁ 1@ _ ;: 5:'.: to +85°C Units :"g
L=30p CL = 50 pF .
Min Typ Max Min Max
Propagation Delay 33 2.0 85 15.0 1.0 175 g
tPLH Sp to Zn 5.0 2.0 65 170 | 10 | 125 ns 36
Propagation Delay 33 2.0 8.0 14.5 1.0 16.5 g
tPHL Sp to Zn 5.0 2.0 6.0 11.0 1.0 12.0 ns 36
' Propagation Delay 33 2.0 6.0 13.5 1.0 16.0 g
tPLH Ep to Zp 5.0 2.0 45 9.5 10 | 110 ns 36
Propagation Delay 3.3 2.0 5.5 11.0 1.0 125 g
tPHL Ento Zy 50 | 20 | 40 | 80 10 | a0 ns 36
Propagation Delay 33 2.0 7.0 125 1.0 14.5 g
tPLH In to Zn 50 | 20 | 50 9.0 10 | 108 | ™ 35
Propagation Delay 33 2.0 7.0 11.5 1.0 13.0 g
tPHL In to Zn 50 | 20 | 50 | 85 10 | 100 | ™ 35
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

5-214

74ACT 74ACT
Ta = —40°C )
* -
Symbol Parameter V((\;g 2\ = ;'025‘:: to +85°C Units 'l:llg
L =30p CL = 50 pF -
Min Typ Max Min Max
tpLH ;mf:%am" Delay 5.0 3.0 6.0 9.0 1.0 9.5 ns 36
ntoZp
tPHL ;mfoa%atm" Delay 5.0 3.0 6.0 9.0 1.0 95 ns 36
nto Zp
tPLH g"’t";gz.a“" Delay 5.0 2.0 45 8.0 1.0 85 ns 36
n n
tPHL Fropagation Delay 50 | 20 45 8.0 1.0 85 ns 36
ntoZp
Propagation Delay
tPLH In to 'zn 5.0 2.0 5.5 8.5 1.0 9.0 ns 3-56
Propagation Delay
tPHL In to -Z—n 5.0 2.0 6.5 8.5 1.0 9.0 ns 35
*Voltage Range 5.0is 5.0V = 0.5 V
CAPACITANCE
Symbol Parameter V;;:e Units Test Conditions
CIN Input Capacitance 4.5 pF Vec = 5.0V
Cp Power Dissipation Capacitance 50 pF Vec =50V
D
FACT DATA




@ MOTOROLA MC74AC353
MC74ACT353

Dual 4-Input Multiplexer DUAL 4:NPUT

MULTIPLEXER

with 3-State Outputs WITH 3-STATE OUTPUTS

The MC74AC353/74ACT353 is a dual 4-input multiplexer with 3-state outputs. It
can select two bits of data from four sources using common Select inputs. The
outputs may be individually switched to a high impedance state with a HIGH on
the respective Output Enable (OE) inputs, allowing the outputs to interface directly
with bus-oriented systems.

® Inverted Version of the MC74AC253/74ACT253 16

e Multifunction Capability 1

® Separate Enables for Each Multiplexer N SUFFIX
® Outputs Source/Sink 24 mA CASE 648-08
® 'ACT353 Has TTL Compatible Inputs PLASTIC

LOGIC SYMBOL ©

HEEEEEEP b surrix

OEa l0a l1a 12a 13a lob b 12b lap OF CASE 751B-03
—s a 10a 1a '2a 13a lob b '2b '3b UEb PLASTIC
—_ 5
Z Z
Al T
Y T o5, [0 6] Vee
12 [15] OF,
PIN NAMES 1 (] [12] So
loa—!3a Side A Data Inputs |
lob-13p Side B Data Inputs 2 4] [13] 3o
Sg, S1 Common Select Inputs I1a 5] 2] 20
OE, Side A Enable Input |
OEp  Side B Enable Input loa (€] 1] b
Za, Zp  Multiplexer Outputs 7] [19] oo
anp [£] 5] 2,
TRUTH TABLE
Select Output
Inputs Data Inputs Enable Outputs
So S1 lo I I I3 OE z
X X X X X X H z
L L L X X X L H
L L H X X X L L
H L X L X X L H
H L X H X X L L
L H X X L X L H
L H X X H X L L
H H X X X L L H
H H X X X H L L
Address inputs Sg and S1 are common to both sections.
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
FACT DATA
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MC74AC353 ® MC74ACT353

FUNCTIONAL DESCRIPTION
The MC74AC353/74ACT353 contains two identical

4-input multiplexers with 3-state outputs. They select two
bits from four sources selected by common Select inputs
(So, S1)- The 4-input multiplexers have individual Output
Enable (OE,, OEp) inputs which, when HIGH, force the
outputs to a high impedance (High Z) state. The logic
equations for the outputs are shown below:
Zy = Uﬁa°(|0_a'§1-§o+l1a-§1‘30+

123°S1Sg +135°S1°Sp)
Zp, = OEpr(lgp*S1°S0+11p*51°S0 +

12b°51°S0 +13p°S1°So)

LOGIC DIAGRAM

0fp I3 I2b Wb lob So

v

If the outputs of 3-state devices are tied together; all
but one device must be in the high impedance state to
avoid high currents that would excéed the maximum rat-
ings. Designers should ensure that Output Enable signals
to 3-state devices whose outputs are tied together are
designed so that there is no overlap.

<t
<l

Zp

HS
H

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

MAXIMUM RATINGS*

Symbol Parameter ' Value Unit
Vee DC Supply Voltage (Referenced to GND) —0.5:t0 +7.0 \
Vin DC Input Voltage (Referenced to GND) —-0.5to Vgc+0.5 \"
Vout ' DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 v
lin DC Input Current, per Pin =20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC Ve or GND Current per Output Pin +50 mA
Tstg Storage Temperature : 1= 65 to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional .operation should be restricted to the Recommended

Operating Conditions.
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MC74AC353 @ MC74ACT353

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v s v Vol ‘AC 2.0 5.0 6.0 Vv
:VCCive Ul oltage
, cc": . pply Voitag ‘ACT 45 5.0 5.5
‘ Vin,kV‘oug : ' D’C‘Inﬁut Voltage, Output Voltage (Ref. to GND) 0 VCC v
IRy} i Vec@3.0Vv 150
: Input Rise and Fall Time (Note 1) .
tn Y "AC Devices except Schmitt Inputs Vcc @45V 40 ns/V
Vec @55V 25
ot Input Rise and Fall Time (Note 2) Vcc @45V 10 sV
v if "ACT Devices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range —-40 25 85 °C
IoH Output Current — High -24 mA
loL Output Current — Low 24 mA
1. Vjp from 30% to 70% Vcc: see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vjp from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Vce _ o TA = . i
Symbol Parameter ) Ta = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 3.0 1.5 2.1 2.1 Vout =01V
Input Voltage 4.5 2.25 3.15 315 \ orVgc — 01V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 1.5 0.9 0.9 VouTt =01V
Input Voltage 45 2.25 1.35 1.35 \" orVgg — 0.1V
S 55 2.75 1.65 1.65
VOH Minimum High Level 3.0 2.99 29 29 louT = —50 A
Output Voltage 45 4.49 4.4 4.4 \"
5.5 5.49 5.4 5.4
*VIN = ViL or Viy
3.0 2.56 2.46 v -12mA
45 3.86 3.76 10H —-24 mA
5.5 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 pA
Output Voltage 45 0.001 0.1 0.1 Vv
5.5 0.001 0.1 0.1
*VIN = ViLor Vi
3.0 0.36 0.44 v 12 mA
4.5 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input -
Leakage Current 55 £0.1 +1.0 kA V| = Vcc, GND
loz Maximum VI {OE) = VL, VIH
3-State | 5.5 +0.5 +5.0 nA V| = Vce, VGND
Current Vo = Vce, GND
loLp tMinimum Dynamic 5.5 75 mA VoLDp = 1.65V Max
IoHD Output Current 5.5 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent -
Supply Cutrent 5.5 8.0 80 nA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated. with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V¢c.
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MC74AC353 ® MC74ACT353

DC CHARACTERISTICS
74ACT 74ACT
Vece _ o TA = . rex oo
Symbol Parameter ) TA = +25°C _40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 4.5 1.5 2.0 2.0 v VouT =01V
Input Voltage 5.5 15 2.0 2.0 orVcc — 0.1V
ViL Maximum Low Level 4.5 1.5 0.8 0.8 Vv VouT =01V
Input Voltage 5.5 15 0.8 0.8 orVgc — 0.1V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v louT = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViLor VIH
4.5 3.86 3.76 Vv | —24 mA
55 4.86 476 OH -24mA
VoL Maximum Low Level 45 0.001 0.1 0.1 v louT = 50 A
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViL or ViH
4.5 0.36 0.44 \" | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 *1.0 nA V| = Vce, GND
Alcet Additional Max. Icc/Input 5.5 0.6 1.5 mA Vi=Vce - 21V
loz Maximum_ VI (OE) = VIL, VIH
3-State 5.5 +0.5 +5.0 A Vi = Vce, VGND
Current Vo = V¢, GND
loLb tMinimum Dynamic 5.5 75 mA VoLp = 1.65V Max
IoHD Output Current 5.5 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 55 8.0 80 nA ViN = Ve or GND
*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
Ta = —40°C "
* - 0
Symbol Parameter v((\:/‘i 2\ — ;: 5::: to +85°C Units ::3
L=50p CL = 50 pF "
Min Typ ‘Max Min Max
Propagation Delay 33 3.0 15.5 2.0 17.5 -~
tPLH Sn to Zn 5.0 3.0 11.0 20 | 125 ns 36
Propagation Delay 33 3.0 16.0 2.0 18.0 g
tPHL Sn to Zp 5.0 3.0 15 2.0 13.0 ns 36
Propagation Delay 33 2.0 14.5 1.0 17.0 '
tPLH In to Zn 5.0 2.0 10.0 1.0 115 ns 36
Propagation Delay 33 2.0 13.0 1.0 15.0
1 = -
PHL In to Zn 50 2.0 95 1.0 11.0 ns 36
tpzH Output Enable Time gg :8 gg gg gg ns 37
tpzL Output Enable Time gg :8 gg g: 33 ns 3-8
tPHZ Output Disable Time :g gg gg :g 18050 ns 3-7
tpLz Output Disable Time gg %8 gg :g 32 ns 3-8
*Voltage Range 3.3is 33V = 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA
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MC74AC353 @ MC74ACT353

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT 74ACT
TA = —40°C N
* = °f
Symbol Parameter v&‘): 1;':"\ - ;02 5::: to +85°C Units :;g
L P CpL = 50 pF -
Min Typ Max Min Max
Propagation Delay -
tPLH Sp to Z, 5.0 3.0 8.5 25 9.0 ns 3-6
Propagation Delay
tPHL S toZ 5.0 3.0 8.5 25 9.0 ns 3-6
nto Zp
Propagation Delay
tPLH I to 2 5.0 2.0 8.0 15 85 ns 3-6
ntoZp
tPHL Propagation Delay 50 | 20 8.0 15 | 90 ns 36
ntoZp
tpzH Output Enable Time 5.0 1.0 7.0 1.0 7.5 ns 37
tpzL Output Enable Time 5.0 1.0 7.5 1.0 8.0 ns 3-8
tPHZ Output Disable Time 5.0 1.0 9.0 1.0 10 ns 37
tpLz Output Disable Time 5.0 1.0 7.0 1.0 9.0 ns 3-8
*Voltage Range 5.0is 5.0V + 0.5V
CAPACITANCE
Symbol Parameter V;vl:e Units Test Conditions
CIN Input Capacitance 45 pF Ve =50V
CeD Power Dissipation Capacitance 50 pF Vee =50V
FACT DATA
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Octal Transparent Latch
with 3-State Outputs

The MC74AC373/74ACT373 consists of eight latches with 3-state outputs for bus
organized system applications. The flip-flops appear transparent to the data when
Latch Enable (LE) is HIGH. When LE is LOW, the data that meets the setup time is
latched. Data appears on the bus when the Output Enable (OE) is LOW. When OE
is HIGH, the bus output is in the high impedance state.

® Eight Latches in a Single Package

® 3-State Outputs for Bus Interfacing
® Outputs Source/Sink 24 mA

® 'ACT373 Has TTL Compatible Inputs

LOGIC SYMBOL

L1

Do D1 Dy D3 D4 D5 Dg D7

—ie

—~of OE
0p 01 02 03 04 O Og 07

Frrrrrl

PIN NAMES

Do-D7 Data Inputs

LE Latch Enable Input
OE Output Enable Input
0p-07 3-State Latch Outputs

TRUTH TABLE

Inputs Outputs
OE LE Dp On
H X X Z
L H L L
L H H H
L L X Op
HIGH Voltage Level

H=

L = LOW Voltage Level

Z = High Impedance

X = Immaterial

Og = Previous Og before LOW-to-HIGH
Transition of Clock

MC74AC373
MC74ACT373

OCTAL TRANSPARENT
. LATCH WITH -
3-STATE OUTPUTS

20
1

‘N SUFFIX
CASE 738-03
PLASTIC
20
1
DW SUFFIX
. CASE 751D-03
PLASTIC
o [ - %] Vee
0o 2] [19] 07
Do L3} E D7
D1 (4] 7] Dg
01 L5} E Os
0y L¢] E (]
) 7] D5
03 [E] 73] D4
03[¢] [72] 04
GND 1] 11) LE
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MC74AC373 e MC74ACT373

FUNCTIONAL DESCRIPTION

The MC74AC373/74ACT373 contains eight D-type
latches with 3-state standard outputs. When the Latch
Enable (LE) input is HIGH, data on the Dy, inputs enters
the latches: In this condition the latches are transparent,
i.e., a latch’'output will change state each time its D input
changes: When LE‘is LOW, the latches store the infor-
mation that was present on the D inputs a setup time

LOGIC DIAGRAM

Do Dy Dy D3

preceding the HIGH-to-LOW transition of LE. The 3-state
standard outputs are controlled by the Output Enable
(OE) input. When OE is LOW, the standard outputs are
in the 2-state mode. When OE is HIGH, the standard out-
puts are in the high impedance mode but this does not
interfere with entering new data into the latches.

Dy Ds

[ b b e

[=]]
ol

ol

H

p—of
—Of &

b bn s

- 2

s allisad

Y Y

_? ‘

%>

4,{&—?

01 02

03 04 05 0Op 07

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate

propagation delays.

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vece DC Supply Voltage (Referenced to GND) -0.5to +7.0 \
Vin DC Input Voltage (Referenced to GND) -0.5to Vcc+0.5 \"
Vout DC Output Voltage (Referenced to GND) -0.5to Vcc+0.5 \
lin DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended

Operating Conditions.
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MC74AC373 e MC74ACT373

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
v Sunply Vol 'AC 2.0 5.0 6.0 v
upply Voltage
cc v 9 ‘ACT 45 5.0 55
Vin: Vout DC Input Voltage, Output Voltage (Ref. to GND) 0 Vee \
Vec@3.0V 150
Input Rise and Fall Time (Note 1)
tr ¥ ‘AC Devices except Schmitt Inputs Vecc @45V 40 nsiV
Vec@5.5V 25
Input Rise and Fall Time (Note 2) Vcc@45Vv 10
i 'ACT Devi Schmitt Input nsiV
evices except Schmitt Inputs Vec @55V 8.0
Ty Junction Temperature (PDIP) 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
loH Output Current — High -24 mA
loL Output Current — Low 24 mA
1. Vi from 30% to 70% Vcc; see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. Vip from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.
DC CHARACTERISTICS
74AC 74AC
Symbol Parameter Vee Ta = +25°C Ta = Units Conditions
[\")] —40°C to +85°C
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 21 2.1 VouT =01V
Input Voltage 45 2.25 3.15 3.15 \ orVgcc — 0.1V
5.5 2.75 3.85 3.85
ViL Maximum Low Level 3.0 15 0.9 0.9 Vout =01V
Input Voltage 4.5 2.25 1.35 1.35 \ orVgc — 0.1V
5.5 2.75 1.65 1.656
VoH Minimum High Level 3.0 2.99 2.9 29 louT = —50 A
Output Voltage 4.5 4.49 4.4 4.4 v
5.5 5.49 5.4 5.4
*VIN = ViLor Vi
3.0 2.56 2.46 v -12mA
45 3.86 3.76 IoH —-24 mA
5.5 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 0.1 0.1 louT = 50 A
Output Voltage 45 0.001 0.1 0.1 v
5.5 0.001 0.1 0.1
*VIN = ViLor ViH
3.0 0.36 0.44 v 12 mA
45 0.36 0.44 loL 24 mA
5.5 0.36 0.44 24 mA
N Maximum Input =
Leakage Current 5.5 +0.1 +1.0 nA Vi= Vce, GND
loz Maximum VI(OE) = Vi, VIH
3-State 5.5 +0.5 +5.0 A Vi = Vce VGND
Current Vo = Vce, GND
loLp TMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
IOHD Output Current 5.5 -75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 HA VIN = Vcc or GND

*All outputs loaded; th

on input

tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Iy and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V V.

with output under test.
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MC74AC373 ¢ MC74ACT373

DC CHARACTERISTICS
74!-\CT 74ACT
. Vee _ o Ta = . e
Symbol Parameter W) TA = +25°C —40°C to +85°C Units Conditions
Typ Guaranteed Limits
VIH Minimum High Level 45 15 2.0 2.0 v Vout =01V
Input Voltage 5.5 1.5 2.0 2.0 orVcc — 0.1V
VIL Maximum Low Level 45 1.5 0.8 0.8 v Vout = 0.1V
Input Voltage 5.5 1.5 0.8 0.8 orVgcc — 0.1V
VOH Minimum High Level 4.5 4.49 4.4 44 v loyt = —50 A
Output Voltage 5.5 5.49 5.4 5.4
*VIN = ViL or V|4
4.5 3.86 3.76 \ | —24 mA
5.5 4.86 476 OH -24mA
VoL Maximum Low Level 4.5 0.001 0.1 0.1 v louT = 50 nA
Output Voltage 5.5 0.001 0.1 0.1
*VIN = ViLor Vi
4.5 0.36 0.44 \ | 24 mA
5.5 0.36 0.44 oL 24 mA
IIN Maximum Input _
Leakage Current 5.5 +0.1 +1.0 HA V| = Vce, GND
AlceT Additional Max. Icc/Input 5.5 0.6 15 mA Vi=Vcc — 21V
loz Maximum VI (OE) = V|, VIH
3-State 5.5 +0.5 +5.0 wA V| = Vce: VGND
‘Current Vo = Vg, GND
loLp tMinimum Dynamic 5.5 75 mA VoLD = 1.65V Max
IOHD Output Current 55 ~75 mA VOHD = 3.85V Min
Icc Maximum Quiescent _
Supply Current 5.5 8.0 80 pA VIN = Vg or GND
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74AC 74AC
_ o TA = —40°C .
Symbol Parameter V(“:g* -‘g\ — ;: 5;: to +85°C Units :g
L=50Pp CL = 50 pF '
Min Typ Max Min Max
Propagation Delay 33 1.5 10 135 15 15 g
tPLH Dp, to Op 5.0 15 7.0 9.5 15 10.5 ns 35
Propagation Delay 3.3 1.5 9.5 13 1.5 14.5
tPHL Dp to Op 5.0 15 7.0 95 15 | 105 ns 35
Propagation Delay 33 1.5 10 135 1.5 15 g
tPLH LE to Op, 5.0 15 75 95 15 | 105 ns 36
' Propagation Delay 33 15 95 12,5 1.5 14 ]
tPHL LE to Op, 50 | 15 | 70 | 95 | 15 | 105 | " 36
. 33 1.5 9.0 115 1.0 13
tpZH Output Enable Time 5.0 15 70 85 10 95 ns | 37
) 33 1.5 85 115 1.0 13
tpzL Output Enable Time 5.0 15 6.5 8.5 1.0 9.5 ns 3-8
. . 3.3 1.5 10 125 1.0 14.5
tPHZ Output Disable Time 5.0 15 8.0 1 1.0 12.5 ns 3-7
. . 33 15 8.0 115 1.0 125
tpLZ Output Disable Time 5.0 15 65 85 10 10 ns 3-8
*Voltage Range 3.3is 3.3V + 0.3V
Voltage Range 5.0is 5.0 V = 0.5V
FACT DATA
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MC74AC373 e MC74ACT373

AC OPERATING REQUIREMENTS ¢ !

74AC 74AC
_ o TA = —40°C "
Symbol Parameter V((‘;,();* 2\ ~ ;oz 5FC to +85°C Units :]lg
L=30p CL = 50 pF "
Typ Guaranteed Minimum ;
. Setup Time, HIGH or LOW 33 35 55 60 ° ns
S Dp to LE 5.0 2.0 4.0 45 G e
Hold Time, HIGH or LOW 33 -3.0 1.0 1.0 '
th Dp, to LE 5.0 _15 1.0 1.0 ns 39
. 3.3 4.0 5.5 6.0 ) "
tw LE Pulse Width, HIGH 5.0 20 40 45 ns 3-6
*Voltage Range 3.3is 3.3V = 0.3V
Voltage Range 5.0 is 5.0V + 0.5V
AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)
74ACT 74ACT
. oo TA = —40°C .
Symbol Parameter V&();* 1;? — ;02 5;: to +85°C Units :z
L=30p CL = 50 pF -
Min Typ Max Min Max
Propagation Delay X
tPLH Dn to Op 5.0 25 85 10 1.5 1.5 ns 35
tPHL Fropagstion Delay 50 | 20 | 80 10 15 | 115 | ns | 35
n to Op
Propagation Delay -
tPLH LE to O, 5.0 2.5 8.5 " 2.0 ns | ns 3-6
Propagation Delay : g
tPHL LE to Oy, 5.0 2.0 8.0 10 1.5 11.5 ns 3-6
tpzH Output Enable Time 5.0 2.0 8.0 9.5 1.5 10.5 ns 37
tpzL Output Enable Time 5.0 2.0 75 9.0 1.5 105 ns 3-8
tPHZ Output Disable Time 5.0 25 9.0 1 25 125 ns 37
tpLZ Output Disable Time 5.0 1.5 7.5 85 1.0 10 ns 3-8
*Voltage Range 5.0is 5.0V = 0.5V
AC OPERATING REQUIREMENTS
74ACT 74ACT
Ta = —40°C )
* - L7
Symbol Parameter v&? 1;? ~ ;025: to +85°C Units ::?,
L=>0p CL = 50 pF '
Typ Guaranteed Minimum
Setup Time, HIGH or LOW ¥
ts Dp, to LE 5.0 3.0 7.0 v 8.0 ns 39
Hold Time, HIGH or LOW o ¥
th Dy, to LE 5.0 0 0 1.0 ns 39
tw LE Pulse Width, HIGH 5.0 2.0 7.0 8.0 ns ° 3-6
*Voltage Range 5.0is 5.0 V + 0.5V
CAPACITANCE
Symbol Parameter V:yl:e Units Test Conditions
CIN Input Capacitance 45 pF Vece =50V
Cep Power Dissipation Capacitance 40 pF Veec =50V
FACT DATA
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@ MOTOROLA MC74AC374
MC74ACT374

Octal D-Type Flip-Flop OCTAL D-TYPE

FLIP-FLOP WITH

with 3-State Outputs 3.STATE OUTPUTS

The MC74AC374/74ACT374 is a high-speed, low-power octal D-type flip-flop fea-
turing separate D-type inputs for each flip-flop and 3-state outputs for bus-oriented
applications. A buffered Clock (CP) and Output Enable (OE) are common to all flip-

flops.
® Buffered Positive Edge-Triggered Clock
e 3-State Outputs for Bus-Oriented Applications 20
® Outputs Source/Sink 24 mA 1
® See MC74AC273 for Reset Version N SUFFIX
® See MC74AC377 for Clock Enable Version CASE 738-03
® See MC74AC373 for Transparent Latch Version PLASTIC
® See MC74AC574 for Broadside Pinout Version
® See MC74AC564 for Broadside Pinout Version with Inverted Outputs
® 'ACT374 Has TTL Compatible Inputs 2
1
DW SUFFIX
LOGIC SYMBOL CASE 751D-03
PLASTIC
Do Dy Dy D3 Dy D5 Dg D7 —
—ce e[ [20] Voo
—oj OE 02 79) O
0p 01 07 03 04 05 0g 0 o] 3107
[TTTTTT] % pa
o] [17] 0
o1 ] 6] O
PIN NAMES 0, [€] [75) 05
Do-D7 Data Inputs
CP Clock Pulse Input Dz[Z E D5
OE 3-State Output Enable Input 03] E]D4
0p-0O7 3-State Outputs
03] [17] 04
GND |[q‘ 1] cp

TRUTH