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A Corporate Dedicatiori to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none.

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.

Al

Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitédt und
Zuverlédssigkeit verpflichtet

National Semiconductor Corporation ist fihrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitat und
hoher Zuverlédssigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC Ausféllen zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial tiber Entwurf und Herstellung bis zur
Auslieferung, die Qualitdt und die Zuverldssigkeit der Pro-
dukte von National Semiconductor sind uniibertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
fiir andere erstrebenswert sind. Auch ihre Anspriiche steig-
en stédndig. Sie als unser Kunde kénnen sich auch weiterhin
auf National Semiconductor verlassen.

La Qualité et La Fiabilité:

Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d’une trés grande
qualité et d’une fiabilité exceptionelle. National a été le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectueux et a augmenter la durée de vie des produits.
Depuis les matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif & atteindre par les autres so-
ciétés. Et nous continuons & vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance a National
Semiconductor Corporation, en produisant des systémes
d’une trés grande qualité standard.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un'industria al ver-
tice nella costruzione di circuiti integrati di altd qualita ed
affidabilita. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I'allun-
gamento della vita dei prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilitd National non é seconda a nes-
Suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. |l nostro desiderio di per-
fezione & d’altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli
di' qualita.

A bl

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORA-

TION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to per-
form, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably ex-

pected to result in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support de-
vice or system, or to affect its safety or effectiveness.

National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000

TWX (910) 339-9240

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time
without notice, to change said circuitry or specifications.
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Definition of Terms

Data Sheet Identification Product Status

Definition

Formative or
In Design

This data sheet contains the design specifications for product
development. Specifications may change in any manner without notice.

First
Production

This data sheet contains preliminary data, and supplementary data will
be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full
Production

This data sheet contains final specifications. National Semiconductor
Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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Gates
Inputs/ No. of
Function Device Gate Gates Leads
NAND/NAND Buffer
Quad 2-Input NAND 54F/74F00 2 4 14
Triple 3-Input NAND 54F/74F10 3 3 14
Dual 4-Input NAND Schmitt Trigger 54F/74F13 4 2 14
Dual 4-Input NAND 54F/74F20 4 2 14
8-Input NAND 54F/74F30 8 1 14
Quad 2-Input Positive NAND Buffer 54F/74F37 2 4 14
Quad 2-Input NAND Buffer (OC) 54F/74F38 2 4 14
Dual 4-Input Positive NAND Buffer 54F/74F40 4 2 14
Quad 2-Input Positive NAND Schmitt Trigger 54F/74F132 2 4 14
AND
Quad 2-Input AND 54F/74F08 2 14
Triple 3-Input AND 54F/74F 11 3 3 14
OR/NOR/Exclusive-OR
Quad 2-Input NOR 54F/74F02 2 4 14
Triple 3-Input NOR 54F/74F27 3 3 14
Quad 2-Input OR 54F/74F32 2 4 14
Quad 2-Input Exclusive-OR 54F/74F86 2 4 14
Invert/AND-OR-Invert
Hex Inverter 54F/74F04 1 6 14
Hex Schmitt Trigger Inverter 54F/74F14 1 6 14
Dual AND-OR-Invert 54F/74F51 3/3/2/2 14
AND-OR-Invert 54F/74F64 4/2/3/2 14
Dual Edge Triggered Flip Flops
Function Device Clock Direct Direct Leads
Inputs Set Clear
Dual D Positive 54F/74F74 e Yes Yes 14
Dual JK Positive 54F/74F109 ~ Yes Yes 16
Dual JK Negative 54F/74F112 ~ Yes Yes 16
Dual JK 54F/74F113 ~ Yes 14
Dual JK Negative (Common Clocks & Clears) 54F/74F114 ™~ Yes Yes 14

xi
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Mulitiple Flip-Flops
. Clock Master Broadside TRI-STATE®
Function Device ) Leads
Inputs Reset Pinout Outputs
Hex D Flip-Flop 54F/74F174 e Yes 16
Quad D Flip-Flop 54F/74F175 e Yes 16
Octal D Flip-Flop 54F/74F273 e Yes 20
Octal D Flip-Flop 54F/74F374 e Yes 20
Octal D Flip-Flop w/Clock Enable 54F/74F377 e 20
Parallel D Register w/Enable 54F/74F378 e 16
Parallel D Register w/Enable 54F/74F379 e 16
Octal D Flip-Flop 54F/74F534 e Yes 20
Octal D Flip-Flop 54F/74F564 e Yes Yes 20
Octal D Flip-Flop 54F/74F574 e Yes Yes 20
10-Bit D Flip-Flop 54F/74F821 e Yes Yes 24
9-Bit D Flip-Flop 54F/74F823 e Yes Yes Yes 24
8-Bit D Flip-Flop 54F/74F825 -~ Yes Yes Yes 24
Octal Flip-Flop w/Serial Scanner 54F/74F978 e Yes Yes 24
Registers
Function Device Clock Leads
Inputs

Parallel D Register w/Enable 54F/74F378 e 16

Quad Parallel D Register w/Enable 54F/74F379 - 16

Quad 2-Port Register 54F/74F398 ~ 20

Quad 2-Port Register 54F/74F399 e 16

Serial Data Polynomial Generator/Checker 54F/74F402 e 16

Data Access Register 54F/74F407 _ 24

Register Stack—16 x 4 RAM TRI-STATE Output Register 54F/74F410 e 18

Register/Counter/Comparator 54F/74F701 e 24

Dual Pipeline Register 29F524 e 28

Dual Pipeline Register 29F525 e 28
Latches

. Enable Broadside . TRI-STATE
Function Device Inputs Pinout Inverting: Outputs Leads

Dual 4-Bit Addressable Latch 54F/74F256 1(L) 16
8-Bit Addressable Latch 54F/74F259 1(L) 16
Octal Latch 654F/74F373 1(L) & 1(H) Yes 20
Multimode Buffered 8-Bit Latch 54F/74F412 Yes 24
Multimode Buffered 8-Bit Latch 54F/74F432 Yes Yes 24
Octal D Latch 54F/74F533 1(L) & 1(H) Yes Yes 20
Octal D Latch 54F/74F563 1(L) & 1(H) Yes Yes Yes 20
Octal D Latch 54F/74F573 1(L) & 1(H) Yes Yes 20
10-Bit D Latch 54F/74F841 1(L) & 1(H) Yes Yes 24
9-Bit D Latch 54F/74F843 1(L) & 1(H) Yes Yes 24
8-Bit D Latch 54F/74F845 3(L) & 1(H) Yes Yes 24
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Counters
Function Device Parallel | pocet | UP/ | TRISTATE | ) o ds
Entry Down Outputs

Presettable 4-Bit BCD Decade 54F/74F160A S A 16
Presettable 4-Bit Binary 54F/74F161A S A 16
Presettable 4-Bit BCD Decade 54F/74F162A S S 16
Presettable 4-Bit Binary 54F/74F163A S S 16
4-Bit BCD Decade 54F/74F168 S Yes 16
4-Bit Binary 54F/74F169 S Yes 16
4-Bit BCD Decade w/Preset & Ripple Clock 54F/74F190 A Yes 16
4-Bit Binary w/Preset & Ripple Clock 54F/74F191 A 16
4-Bit BCD Decade w/Separate Up/Down Clocks 54F/74F192 A A Yes 16
4-Bit Binary w/Separate Up/Down Clocks 54F/74F193 A A Yes 16
8-Bit Binary 54F/74F269 S Yes 24
16-Stage Programmable 54F/74F525 A 28
4-Bit BCD Decade 54F/74F568 S S/A Yes Yes 20
4-Bit Binary 54F/74F569 S S/A Yes Yes 20
8-Bit Binary 54F/74F579 S S Yes Yes 20
Register/Counter/Comparator 54F/74F701 S Yes Yes 24
8-Bit Binary 54F/74F779 S Yes Yes 16
S = Synchronous

A = Asynchronous

Shift Registers

No. of Serial Parallel | TRI-STATE
Function Device Bits Inputs Inputs Outputs Leads

Shift Right, Serial-In, Parallel-Out 54F/74F164 8 2 14
Bidirectional, Universal 54F/74F194 4 2 Yes 16
Universal Octal Shift/Storage w/Common{/O Pins | 54F/74F299 8 2 Yes Yes 20
Octal Serial/Parallel w/Sign Extend 54F/74F322 8 2 Yes Yes 20
Universal Octal Shift/Storage w/Synch. Reset 54F/74F323 8 2 Yes Yes 20
4-Bit Cascadable 54F/74F395 4 1 Yes Yes 16
Octal w/Output Latches 54F/74F595 8 1 Yes 16
Octal w/Input Latches 54F/74F597 8 1 Yes 16
Octal w/Input Latches 54F/74F598 8 1 Yes Yes 20
Serial-In, Serial/Parallel-Out (Common 1/0 Pin) 54F/74F673A 16 1 Yes 24
Serial/Parallel-In, Serial-Out 54F/74F674 16 1 Yes Yes 24
Serial-In, Serial/Parallel-Out 54F/74F675A 16 1 24
Serial/Parallel-In, Serial-Out 54F/74F676 16 1 Yes 24

Xiii
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Buffers/Line Drivers

Function Device N;i't:f Inverting Noninverting B':i::il:’ e Leads
Quad Buffer (TRI-STATE) 54F/74F125 4 Yes 14
Octal Buffer/Line Driver (TRI-STATE) 54F/74F240 8 Yes 20
Octal Buffer/Line Driver (TRI-STATE) 54F/74F241 8 Yes 20
Octal Buffer/Line Driver (TRI-STATE) 54F/74F244 8 Yes 20
Hex Bufter/Driver (TRI-STATE) 54F/74F365 6 Yes 16
Hex Inverter/Buffer (TRI-STATE) 54F/74F366 6 Yes 16
Hex Inverter/Buffer (TRI-STATE) 54F/74F368 6 Yes 16
Octal Buffer/Line Driver (TRI-STATE) 54F/74F540 8 Yes Yes 20
Octal Buffer/Line Driver (TRI-STATE) 54F/74F541 8 Yes Yes 20
10-Bit Buffer/Line Driver 54F/74F827 10 Yes Yes 24
10-Bit Buffer/Line Driver 54F/74F828 10 Yes Yes 24
Transceivers/Registered Transceivers
Function Device Registered Enable Features Leads
Inputs

Quad Bus Transceiver 54F/74F242 1(L) & 1(H) 14
Quad Bus Transceiver 54F/74F243 1(L) & 1(H) 14
Octal Bidirectional Transceiver 54F/74F245 1(L) TRI-STATE Inputs 20
Octal Registered Transceiver 54F/74F543 Yes 6(L) 24
Octal Registered Transceiver 54F/74F544 Yes 6(L) Inverting in Both Directions 24
Octal Bidirectional Transceiver 54F/74F545 1(L) TRI-STATE Inputs 20
Octal Registered Transceiver 54F/74F550 Yes 4(L) Status Flags 28
Octal Registered Transceiver 54F/74F551 Yes 4(L) Status Flags, Inverting 28
Octal Registered Transceiver 54F/74F552 Yes 2(L) Parity & Flag 28
Octal Bidirectional Transceiver 54F/74F588 1(L) GPIB Compatible 20
Octal Bus Transceiver 54F/74F620 2(H) Inverting 20
Octal Bus Transceiver 54F/74F623 2(H) 20
Octal Bus Transceiver 54F/74F646 Yes (L) &1(H) ) 24
Octal Bus Transceiver 54F/74F648 Yes 1(L) & 1(H) Inverting 24
Octal Bus Transceiver 54F/74F651 Yes 1L &1(H) Inverting/Noninverting 24
Octal Bus Transceiver 54F/74F652 Yes 1(L) & 1(H) Inverting (O.C.) 24
Octal Bidirectional Transceiver 54F/74F657 1(L) & 1(H) 8-Bit Pairty Gen./Checker 24
Read-Back Transceiver 54F/74F702 4(L) Bidirectional Control 24
Octal Registered Transceiver 29F52 Yes 4(L) 24
Octal Registered Transceiver 29F53 Yes 4(L) Inverting 24
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Multiplexers
Enable True Complement
Function Device Inputs Output Output Leads
8-Input 54F/74F151A 1(L) Yes Yes 16
Dual 4-Input 54F/74F153 2(L) Yes 16
Quad 2-Input 54F/74F157A 1(L) Yes 16
Quad 2-Input (Inverting) 54F/74F158A 1(L) Yes 16
8-Input (TRI-STATE) 54F/74F251A 1(L) Yes Yes 16
Dual 4-Input (TRI-STATE) 54F/74F253 2(L) Yes 16
Quad 2-Input (TRI-STATE) 54F/74F257A 1(L) Yes 16
Quad 2-Input (TRI-STATE, Inverting) 54F/74F258A 1(L) Yes 16
Quad 2-Input w/Storage 54F/74F298 Yes 16
4-Input w/Shift (TRI-STATE) 54F/74F350 (L) Yes 16
Dual 4-Input 54F/74F352 2(L) Yes 16
Dual 4-Input (TRI-STATE) 54F/74F353 2(L) Yes 16
Quad 2-Port Register 54F/74F398 Yes Yes 20
Quad 2-Port Register 54F/74F399 Yes 16
Decoders/Demultiplexers
Function Device Address Enable Output Outputs Leads
Inputs Enable
1-0f-8 Decoder/Demultiplexer 54F/74F138 3 2(L) & 1(H) 8(L) 16
Dual 1-of-4 Decoder/Demulitiplexer 54F/74F139 2&2 (L) &1 (L) 4(L) & 4(L) 16
1-0f-10 Decoder (TRI-STATE) 54F/74F537 4 1(L) & 1(H) 1(L) 10(H) 20
1-of-8 Decoder (TRI-STATE) 54F/74F538 3 2(L) & 2(H) 2(L) 8(H) 20
Dual 1-of-4 Decoder (TRI-STATE) 54F /74539 28&2 1L&1L) | (L) &1(L) | 4(H)&4(H) 20
Octal Decoder/Demultiplexer w/Latches 54F/74F547 3 1(L) & 2(H) 8(L) 20
Octal Decoder/Demultiplexer w/Acknowledge | 54F/74F548 3 2(L) & 2(H) 8(L) 20
Adders/Subtractors
T - Master Carrv
runciion Device Reset Lookahead Leads
Binary Full Adder w/Fast Carry 54F/74F283 Yes 16
Quad Serial Adder/Subtractor 54F/74F385 Yes 20
4-Bit BCD Adder 54F/74F583 Yes 16
8-Bit Serial/Parallel Multiplexer 54F/74F784 20
w/Adder Subtractor
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Comparators
Function Device Features Leads
8-Bit |dentity Comparator 54F/74F521 Expandable 20
8-Bit Comparator 54F/74F524 Expandable, Registered 20
Register/Counter/Comparator 54F/74F701 Expandable 24
Divider
Function Device Features Leads
16-Stage Programmable Counter/Divider 54F/74F525 Crystal Oscillator 28
ALUs
Function Device No. of Arithn.letic ’ Logic Features Leads
Bits Functions Functions
Arithmetic Logic Unit 54F/74F181 4 16 16 Carry Generate/ 24
Propagate Outputs
Arithmetic Logic Unit 54F/74F381 4 3 3 Carry Generate/ 20
Propagate Outputs
Arithmetic Logic Unit 54F/74F382 4 3 3 Ripple Carry Expansion 20
BCD Adder/Subtractor 54F/74F582 4 2 Lookahead & Ripple 24
Carry Expansion
ALU Support
Function Device No. of Features Leads
Bits
Carry Lookahead Generator 54F/74F182 4 Carry Lookahead Generator 16
for 4 ALUs
4-Bit Shifter (Specialized Multiplexer) 54F/74F350 4 Expandable Shifter 16 .
ALU/Function Generator 54F/74F881 48&4 24
FIFOs
Function Device Input Output Leads
16 x 4 FIFO Buffer Memory 54F/74F403 Serial/Parallel Serial/Paralle! 24
FIFO RAM Controller 54F/74F411 20
64 x 4 FIFO Buffer Memory 54F/74F413 Parallel - Serial/Parallel 16
64 x 4 FIFO Buffer Memory 54F/74F433 Serial/Parallel Serial/Parallel 24
Memories
Function Device TRI-STATE Leads
Outputs
16 x 4 RAM 54F/74F189 Yes 16
16 x 4 RAM 54F/74F219 Yes 16
16 x 4 FIFO Buffer Memory 54F/74F403 Yes 24
64 x 4 FIFO Buffer Memory 54F/74F413 16
64 x 4 FIFO Bufter Memory 54F/74F433 Yes 24




Memory Support
Function Device Features Leads
Data Access Register 54F/74F407 TRI-STATE Outputs 24
Register Stack—16 x 4 RAM 54F/74F410 TRI-STATE Output Register 18
FIFO RAM Controller 54F/74F411 40
Parallel Check Bit/Syndrome Bit Generator 54F/74F420 TRI-STATE Outputs 48
32-Bit Error Detection & Correction 54F/74F632 Latched, TRI-STATE Outputs 52
1 Megabit Dynamic RAM Controller 54F/74F968 TRI-STATE Outputs 52
Dynamic RAM Controller 29F68 TRI-STATE Outputs 48
Cyclic Redundancy Checker-Generator
Function Device Polynomial Expandable Leads
Length
Cyclic Redundancy Check Generator/Checker 54F/74F401 16 14
Serial Data Polynomial Generator/Checker 54F/74F402 64 Yes 16
Parity Generator/Checker
Function Device Features Leads
Parity Generator/Checker 54F/74F280 Odd/Even Outputs, 9-Bits In 14
Parallel Check Bit/Syndrome Bit Generator 54F/74F420 48
Error Detection and Correction
Function Device Leads
32-Bit Error Detection and Correction 54F/74F632 52
Microprocessor Support
Function Device Leads
8-Line to 3-Line Priority Encoder 54F/74F148 16
TTL to ECL Translators
Function Device Complementary Latched Features
Hex TTL-ECL Translator F100124 Yes Enable Input
Hex ECL-TTL Translator F100125 Yes Common Mode Rejection = +1V
Octal ECL-TTL Transceiver F100128 Yes ECL Output Cut-Off State

For further information on TTL to ECL translators, refer to the F100k databook.

xvii
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Circuit Characteristics

FAST® Technology

FAST (Fairchild Advanced Schottky TTL) circuits are made
with the advanced lIsoplanar Il process, which produces
transistors with very high, well-controlled switching speeds,
extremely small parasitic capacitances and fr in excess of
5 GHz. Isoplanar is an established National process, used
for years in the manufacture of bipolar memories, CMOS,
subnanosecond ECL and I3L™ (Isoplanar Integrated Injec-
tion Logic) LSI devices.

In the isoplanar process, components are isolated by a se-
lectively grown thick oxide rather than the pt isolation re-
gion used in the planar process. Since this oxide needs no
separation from the base-collector regions, component and
chip sizes are substantially reduced. The base and emitter
ends terminate in the oxide wall; masks can thus overlap
the device area into the isolation oxide. This overlap feature
eliminates the extremely close tolerances normally required
for base and emitter masking, and the standard photolitho-
grahic processes can be used.

Figure 1-1 shows the relative size of phase splitter transis-
tors (Q2 in Figure 1-3) used in Schottky, Low Power
Schottky and FAST circuits. The LS-TTL transistor is small-
er than that of S-TTL because of process refinements, shal-

lower diffusions and smaller operating currents. The relative
size of the FAST and FAST LSI transistors illustrate the
reduction afforded by the Isoplanar process. This in turn
reduces junction capacitances, while the use of oxide isola-
tion reduces sidewall capacitance. The end result of these
reductions is an increase in frequency response by a factor
of three or more. Figure 1-2 shows the frequency response
of two sizes of transistors made with the Isoplanar Il pro-
cess. Because they have modest, well-defined loads and
thus can use smaller, faster transistors, internal gates of
MSI devices are faster than SSI gates such as the 'FO0 or
'FO2. SSI gates, on the other hand, are designed to have
high output drive capability and thus use larger transistors.

As is the case with other modern LS| processes, the shal-
lower diffusions and thinner oxides make FAST devices
more susceptible to damage from electrostatic discharge
than are devices of earlier TTL families. Users should take
the usual precautions when handling FAST devices: avoid
placing them on non-conductive plastic surfaces or in plas-
tic bags, make sure test equipment and jigs are grounded,
individuals should be grounded before handling the devices,
etc.

Collector
— Emitter
Base ¢
Schottky
Diode E
B
SD
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e s Dioxide
Diffusion —,
-
Planar Washed Emitter Isoplanar Isoplanar Il
Schottky LS LSI FAST
TL/F/9592-1

FIGURE 1-1. Relative Transistor Sizes in Various TTL Families
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FAST Technology (continued)
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FIGURE 1-2. Isoplanar Transistor Frequency Response

FAST Circuitry

The 2-input NAND gate, shown in Figure 1-3, has three
stages of gain (Q1, Q2, Q3) instead of two stages as in
other TTL families. This raises the input threshold voltage
and increases the output drive. The higher threshold makes
it possible to use pn diodes for the input AND function (D1
and D2) and still achieve an input threshold of 1.5V.

The capacitance of these diodes is comparatively low,
which results in improved AC noise immunity. The effect of
the threshold adjustment can be seen in the voltage transfer
characteristics of Figures 1-4, 1-5 and 71-6. At 25°C (Figure
7-5) the FAST circuit threshold is nearly centered between
the 0.8V and 2.0V limits specified for TTL circuits. This gives
a better balance between the HIGH- and LOW-state noise
margins The + 125°C characteristics (Figure 1-6) show that
the FAST circuits threshold is comfortably above the 0.8V
specification, more so than in S-TTL or LS-TTL circuits. At
—55°C, the FAST circuit threshold is still well below the
2.0V specification, as shown in Figure 1-4.

FAST circuits contain several speed-up diodes to help dis-
charge internal capacitances. Referring again to Figure 1-3,
when a HIGH-to-LOW transition occurs at the D1 input, for
example, Schottky diode D3 acts as a low-resistance path
to discharge the several parasitic capacitances connected
to the base of Q2. This effect only comes into play, howev-
er, as the input signal falls below about 1.2V; D3 does not
act as an entry path for negative spikes superimposed on a
HIGH input level. When Q2 turns ON and its collector volt-
age falls, D7 provides a discharge path for capacitance at
the base of Q6. Whereas D3, D4 and D7 enhance switching
speed by helping to discharge internal nodes, D8 contrib-
utes-to the ability of a FAST circuit to rapidly discharge load
capacitance. Part of the charge stored in load capacitance
passes through D8 and Q2 to increase the base current of
Q3 and increase Q3's current sinking capability during the
HIGH-to-LOW output voltage transition.

Veo
b 10k S0
:,10!( :, 4.9k S 45,
D1 I"/—-
— a1 Qs
r_.B% D3 J\q
D2
r_D_S D4

L%Dﬂ

4>

FIGURE 1-3. Basic FAST Gate Schematic
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FAST Cil’CUitl’y (Continued)

In addition to the 2K-Q4-3K squaring network, which is stan-
dard for Schottky-clamped TTL circuits, FAST circuits con-
tain a network D9-D10-D11-Q7 whose purpose is to provide
a momentary low impedance at the base of Q3 during an
output LOW-to-HIGH transition. The rising voltage at the
emitter of Q5 causes displacement current to flow through
varactor diode D9 and momentarily turn ON Q7, which in
turn pulls down the base of Q3 and absorbs the displace-
ment current that flows through the collector-base capaci-
tance (not shown) of Q3 when the output voltage rises.
Without the D9-Q7 network, the displacement current
through the collector-base capacitance acts as base cur-
rent, tending to prolong the turn-off of Q3 and allow current
to flow from Q6 to ground through Q3.

50
Vo= 5.0V
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TL/F/9592-4
FIGURE 1-4. Transfer Functions at Low Temperature

The collector-base capacitance of Q3, although small, is
effectively multiplied by the voltage gain of Q3. This phe-
nomenon, first identified many years ago with vacuum tube
triodes, is called the Miller effect. Thus the D9-Q7 network
is familiarly called the ‘Miller Killer' circuit and its use im-
proves the output rise time and minimizes power consump-
tion during repetitive switching at high frequencies. Diode
D10 completes the discharge path for D9 through D7 when
Q2 turns on. D11 limits how low Q7 pulls down the base of
Q3 to a level adequate for the intended purpose, without
sacrificing turn-on speed when a circuit is cycled rapidly.
Also shown in Figure 1-3 is a clamp diode, D12, at the out-
put. This diode limits negative voltage excursions due to
parasitic coupling in signal lines or transmission line effects.

The Schottky clamping diodes built into the transistors pre-
vent saturation, thereby eliminating storage time as a factor
in switching speed. Similarly, the speed-up diodes tend to
minimize the impact of other variables on switching speed.
The overall effect is to minimize variation in switching speed
of FAST circuits with variations in supply voltage and ambi-
ent temperature (Figures 1-7 and 7-8). Propagation delay is
specified not only under nominal supply voltage and temper-
ature conditions, but also over the recommended operating
range of Vgg and Ty for both military and commercial grade
devices.
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TL/F/9592-5
FIGURE 1-5. Transfer Functions at Room Temperature

The internal switching speed of a logic circuit is only one
aspect of the circuit’s suitability for high-speed operations at
the system or subsystem level; the other aspect is the ability
of the circuit to drive load capacitance. FAST circuit outputs
are structured to sink at least 20 mA in the LOW state, the
same as S-TTL. This capability plus the effect of the afore-
mentioned feedback through D8 assures that the circuit can
rapidly discharge capacitance. During a LOW-to-HIGH tran-
sition, the pull-up current is limited by the 45Q resistor, ver-
sus 550 for S-TTL. Therefore, FAST circuits are inherently
more capable than S-TTL of charging load capacitance.

Figure 1-9 shows the effects of load capacitance on propa-
gation delays of FAST, S-TTL and LS-TTL NAND gates. The
curves show that FAST gates are not only faster than those
of earlier families, but also are less affected by capacitance
and exhibit less skew between the LOW-to-HIGH and
HIGH-to-LOW delays. These improved characteristics of-
fered by FAST circuits make it easier to predict system per-
formance early in the desian phase, before loading details
are precisely known. The curves show that the skew be-
tween HIGH-to-LOW and LOW-to-HIGH delays for the
FAST gate is only about 0.5 ns over a broad range of load
capacitance, whereas the skew for the S-TTL gateis 1 ns or
greater, depending on loading.
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FIGURE 1-6. Transfer Functions at High Temperature
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Circuit Characteristics

FAST Circuitry (Continued)
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Output Characteristics

Figure 1-10 shows the current-voltage characteristics of a
FAST gate with the pull-down transistor Q3 turned ON.
These curves illustrate instantaneous conditions in dis-
charging load capacitance during an output HIGH-to-LOW
transmission. When the output voltage is at about 3.5V, for
example, the circuit can absorb charge from the load capac-
itance at a 500 mA rate at +25°C. From this level the rate
decreases steadily down to about 100 mA at 1.5V. In this
region from 3.5V to 1.5V, part of the charge from the load
capacitance is fed back through D8 (Figure 7-3)} and Q2 to
provide extra base current for Q3, boosting its current sink-
ing capability and thus reducing the fali time. Below the 1.5V
level, Q3 continues to discharge the load capacitance, but
without extra base current from D8. At about 0.5V, the inte-
gral Schottky clamp diode from base to collector of Q3
starts conducting and prevents Q3 from going into deep
saturation.
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FIGURE 1-10. Output LOW Characteristics— 'F00
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Output Characteristics (continued)

On a greatly expanded scale, the output LOW characteris-
tics of a gate are shown in Figure 1-11. With no load, the
output voltage is about 0.1V, increasing with current on a
slope of about 7.50. When the load current increases be-
yond the current-sinking capability of Q3, the output voltage
rises steeply. It can be seen that the worst-case specifica-
tion of 0.5V max at 20 mA load is easily met. Similar charac-
teristics for a buffer shown in Figure 7-12, over a broader
current range. The curves are well below the output LOW
voltage specification of 0.55V max at 48 mA over the mili-
tary temperature range or 64 mA over the commercial tem-
perature range.
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FIGURE 1-12. Output LOW Characteristics—'F244
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FIGURE 1-13. Output HIGH Characteristics— 'FO0

The output HIGH characteristics of a FAST gate are shown
in Figure 1-13. At low values of output current the voltage is
approximately 3.5V. This value is just the supply voltage
minus the combined base-emitter voltages of the Darlington
pull-up transistors Q5 and Q6 (Figure 1-3). For load currents
above 16 mA or 18 mA, the voltage drop across the 45Q
Darlington collector resistor becomes appreciable and the
Darlington saturates. For greater load currents the output
voltage decreases with a slope of about 509, which is large-
ly due to the 450 resistor. The value of current where a
characteristic intersects the horizontal axis is the short-

circuit output current lpg. This is guaranteed to be at least
60 mA for a FAST gate, compared to 40 mA for S-TTL. This
parameter is an important indicator of the ability of an output
to charge load capacitance. Thus the FAST specifications
insure that an output can charge load capacitance faster, or
force a higher LOW-to-HIGH voltage step into the dynamic
impedance of a long interconnection.

The output HIGH characteristics of a buffer are shown in
Figure 1-14. These are similar in shape to Figure 1-13 but at
higher levels of current. The output HIGH voltage of a buffer
is guaranteed at two different levels of load current. With a
3 mA load, Vpy is guaranteed to be at least 2.4V for both
military and commercial devices. Vo is also guaranteed to
be at least 2.0V with a 12 mA load for military or 15 mA load
for commercial devices. In addition, the short-circuit output
current of a buffer is guaranteed to be at least 100 mA.
When an output is driving a long interconnection, the initial
LOW:-to-HIGH transition is somewhat less than the final, qui-
escent HIGH level because of the loading effect of the line
impedance. The full HIGH voltage level is only reached after
the reflection from the far end of the line returns to the
driver. The initial LOW-to-HIGH voltage step that an output
can force into a line is determined by drawing a load line on
the graph containing the output HIGH characteristic and
noting the voltage value where the load line intersects the
characteristic. For example, if a FAST gate is driving a 10002
line, a straight line from the lower left origin up to the point
5V, 50 mA intersects the —55°C characteristic curve at
about 2.8V. This indicates that the gate output voltage will
rise to 2.8V initially, and the 2.8V signal, accompanied by
28 mA of current, will travel to the end of the line. If not
terminated, the 28 mA is forced to return to the driver,
whereupon it unloads the driver and the output voltage rises
to the maximum value. Similarly, a 50Q load line drawn on
the buffer characteristic shows an intercept voltage of 2.5V.
In both cases, the initial voltage step is great enough to
pass through the switching region of any inputs that might
be located near the driver end of the lline, and thus would
not exhibit any exaggerated propagation delay due to the
loading effect of the line impedance on the driver output.
Thus the FAST output characteristics insure better system
performance under adverse loading conditions.
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Circuit Characteristics

Input Characteristics

The input of a FAST circuit represents a small capacitance,
typically 4 pF to 5 pF, in parallel with an |-V characteristic
that exhibits different slopes over different ranges of input
voltage. Figure 1-15 shows the input characteristic of a
FAST gate at three temperatures. In the upper right, the flat
horizontal portion is the V|- characteristic. In this region,
all of the current from the 10 kQ input resistor (Figure 71-3) is
flowing into the base of Q1 and the only current flowing in
the input diode is the leakage current ;4. When the input
voltage decreases to about 1.7V (+25°C), current starts to
flow out of the input diode and the curve shows a knee. At
this point some of the current from the 10 kQ resistor is
diverted from the base of Q1. When the input voltage de-
clines to about 1.4V the curve shows another knee; at this
point, substantially all of the current from the 10 kQ resistor
flows out of the input diode. The portion of the curve be-
tween 1.4V and 1.7V input voltage is the active region, es-
sentially corresponding to the FAST transfer function in Fig-
ure 1-5.
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FIGURE 1-15. Input Characteristics— 'F00

Below 1.4V input, the characteristic has the slope of the
10 kQ input resistor. When the input voltage declines to
about —0.3V, the Schottky clamping diode starts conduct-
ing and the current increases rapidly as the input voltage
decreases further.

The input characteristics of a buffer, shown in Figure 1-16,
differ from those of a gate in two respects. One is the loca-
tion of the transition region along the horizontal axis. A buff-
erinput has a hysteresis characteristic about 400 mV wide,
such that the transition region shifts left or right accordingly
as the input voltage transition is HIGH-to-LOW or LOW-to-
HIGH, respectively. The curves in Figure 1-16 apply to the
HIGH-to-LOW input voltage transition. The other difference
between buffer and gate characteristics is the slope of the
characteristic follows this value, rather than the 10 kQ slope
of a gate input.
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FIGURE 1-16. Input Characteristics— 'F244

The characteristics of an input Schottky clamp diode are
shown in Figure 7-17, for much larger values of current than
those of Figures 1-15 and 7-76. The purpose of the clamp
diode is to limit undershoot at the end of a line following a
HIGH-to-LOW signal transition. For example, an output sig-
nal change from +3.5V to +0.5V into a 1009 line propa-
gates to the end of the line, accompanied by a 30 mA cur-
rent change. If the line is terminated in a high impedance
the 3V signal change doubles, driving the terminal voltage
down to —2.5V. With the clamp diode, however, the nega-
tive excursion would be limited to about —0.7V. The same
HIGH-to-LOW signal change on a 500 line would be
clamped at about —1.0V. Figure 1-18 shows the typical
breakdown characteristics for a FAST input.
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TRI-STATE® Outputs e
A partial schematic of a circuit having a TRI-STATE output ance. In this High Z condition, the output leakage is guaran- -~
is shown in Figure 1-19. When the internal Output Enable teed not to exceed 50 pA. In the case of a transceiver, each 9
(OE) signal is HIGH, the circuit operates in the normal fash- data pin is an input as well as an output and the leakage ]
ion to provide HIGH or LOW output drive characteristics. specification is increased to 70 pA. In the High Z state, o
When OE is LOW, however, the bases of Q1, Q2 and Q5 output capacitance averages about 5 pF for a 20 mA output Q
are pulled down. In this condition the output is a high imped- and about 12 pF for a 64 mA output. g
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Circuit Characteristics

Glossary

Currents—Positive current is defined as conventional cur-
rent flow into a device. Negative current is defined as con-
ventional current flow out of a device. All current limits are
specifed as absolute values.

Icc Supply Current—The current flowing into the Vg sup-
ply terminal of a circuit with the specified input conditions
and the outputs open. When not specified, input conditions
are chosen to guarantee worst-case operation.

iy Input HIGH Current—The current flowing into an input
when a specified HIGH voltage is applied.
IiL Input LOW Current—The current flowing out of an input
when a specified LOW voltage is applied.

lon Output HIGH Current—The current flowing out of the
output when it is in the HIGH state. For a turned-off open-
collector output with a specified HIGH output voltage ap-
plied, the lgy is the leakage current.

loL Output LOW Current—The current flowing into an out-
put when it is in the LOW state.

los Output Short Circuit Current—The current flowing out
of a HIGH-state output when that output is short circuited to
ground (or other specified potential).

lozH Output OFF Current HIGH—The current flowing into
a disabled TRI-STATE output with a specified HIGH output
voltage applied.

lozL Output OFF Current LOW—The current flowing out of
a disabled TRI-STATE output with a specified LOW output
voltage applied.

Voltages—All voltages are referenced to the ground pin.
Negative voltage limits are specified as absolute values (i.e.,
—10.0V is greater than —1.0V).

Ve Supply Voltage—The range of power supply voltage

over which the device is guaranteed to operate within the

specified limits.

Vep (Max) Input Clamp Diode Voltage—The most nega-
tive voltage at an input when a specified current is forced
out of that input terminal. This parameter guarantees the
integrity of the input diode, intended to clamp negative ring-
ing at the input terminal.

Vi Input HIGH Voltage—The range of input voltages that
represents a logic HIGH in the system.

Viy (Min) Minimum Input HIGH Voltage—The minimum
allowed input HIGH in a logic system. This value represents
the guaranteed input HIGH threshold for the device.

ViL Input LOW Voltage—The range of input voltages that
represent a logic LOW in the system

ViL (Max) Maximum [nput LOW Voltage—The maximum
allowed input LOW in a system. This value represents the
guaranteed input LOW threshold for the device.

Vo (Min) Output HIGH Voltage—The minimum voltage at
an output terminal for the specified output current oy and
at the minimum value of Vgc.

VoL (Max) Output LOW Voltage—The maximum voltage
at an output terminal sinking the maximum specified load
current Ig|.

VT + Positive-Going Threshold Voltage—The input volt-
age of a variable threshold device (i.e., Schmitt Trigger) that
is interpreted as a V| as the input transition rises from be-
low VT — (Min).

VT — Negative-Going Threshold Voltage—The input volt-
age of a variable threshold device (i.e., Schmitt Trigger) that
is interpreted as a V)_as the input transition falls from above
VT+ (Max).

AC Switching Parameters

ft Maximum Transistor Operating Frequency-—The fre-
quency at which the gain of the transistor has dropped by
three decibels.

fmax Toggle Frequency/Operating Frequency—The
maximum rate at which clock pulses may be applied to a
sequential circuit. Above this frequency the device may
cease to function.

tpLy Propagation Delay Time—The time between the
specified reference points, normally 1.5V on the input and
output voltage waveforms, with the output changing from
the defined LOW level to the defined HIGH level.

tpHL Propagation Delay Time—The time between the
specified reference points, normally 1.5V on the input and
output voltage waveforms, with the output changing from
the defined HIGH level to the defined LOW level.

tw Pulse Width—The time between 1.5V amplitude points
on the leading and trailing edges of a pulse.

th Hold Time—The interval immediately following the active
transition of the timing pulse (usually the clock pulse) of
following the transition of the control input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure its continued recogni-
tion. A negative hold time indicates that the correct logic
level may be released prior to the active transition of the
timing pulse and still be recognized.

ts Setup Time—The interval immediately preceding the ac-
tive transition of the timing pulse (usually the clock pulse) or
preceding the transition of the control input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure its recognition. A nega-
tive setup time indicates that the correct logic level may be
initiated sometime after the active transition of the timing
pulse and still be recognized.

tpHz Output Disable Time (of a TRI-STATE Output) from
HIGH Level—The time between the 1.5V level on the input
and a voltage 0.3V below the steady state output HIGH lev-
el with the TRI-STATE output changing from the defined
HIGH level to a high impedance (OFF) state.

tpLz Output Disable Time (of a TRI-STATE Output) from
LOW Level—The time between the 1.5V level on the input
and a voltage 0.3V above the steady state output LOW level
with the TRI-STATE output changing from the defined LOW
level to a high impedance (OFF) state.

tpzy Output Enable Time (of a TRI-STATE Output) to a
HIGH Level—The time between the 1.5V levels of the input
and output voltage waveforms with the TRI-STATE output
changing from a high impedance (OFF) state to a HIGH
level.

tpzL Output Enable Time (of a TRI-STATE Output) to a
LOW Level—The time between the 1.5V levels of the input
and output voltage waveforms with the TRI-STATE output
changing from a high impedance (OFF) state to a LOW lev-
el.

trec Recovery Time—The time between the 1.5V level on
the trailing edge of an asynchronous input control pulse and
the same level on a synchronous input (clock) pulse such
that the device will respond to the synchronous input.




Logic Symbols and Terminology

The definitions of LOW and HIGH logic levels are: LOW- a
voltage defined by V) ; HIGH- a voltage defined by V|y. A
LOW condition represents logic ‘0'; a HIGH condition, logic
1"

The logic symbols used to represent the FAST devices fol-
low MIL-STD-806B for logic symbols. Elements are repre-
sented by rectangular blocks with appropriate external
AND/OR gates when necessary. A small circle at an exter-
nal input means that the specific input is active-LOW; (it
produces the desired function, in conjunction with other in-
puts, if its voltage is the lower of the two logic levels in the
system). A circle at the output indicates that when the func-

tion designated is true, the output is LOW. Generally, inputs
are at the top and left and outputs appear at the bottom and
right of the logic symbol. An exception is the asynchronous
Master Reset in some sequential circuits which is always at
the left hand bottom corner.

Inputs and outputs are labeled with mnemonic letters as
illustrated in Table 1-1. Note that an active LOW function
labeled outside of the logic symbol is given a bar over the
label, while the same function inside the symbol is labeled
without the bar. When several inputs or outputs use the
same letter, subscript numbers starting with zero are used in
an order natural for device operation.

TABLE 1-1
Label Meaning Example
Ix General term for inputs to
combinatorial circuits. | | | | | | | |
—s, o M2l sy
—* F151
-Oc z z
TL/F/9592-20
J, K Inputs to JK, SR and D
S,R flip-flops and latches. J) $
D
S S
—s P of— — ° o}—
'F112 'F112
—Qfcr —Q\cp
—K JO— —« oJO—
Cp [
TL/F/9592-21
Ax, Sx Address or Select inputs, used to select an
input, output, data route, junction, or |
memory location. -ole 0
—1A
° 259
—A2 MR Q; Q; Q, Q5 Q, Q5 Qg Q7
TL/F/9592-22
LE Enable, active LOW on all TTL/MSI. A latch
can receive new data when its Enable input EEEEEEN
is in the active state. Dg Dy Dy Dg Dy Dg Dg Dy
—]= 'F373
~O40E
0y 04 0, O3 04 Og O O
TL/F/9592-23
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Circuit Characteristics

Logic Symbols and Terminology (continued)
TABLE 1-1 (Continued)

Label Meaning Example
PE Parallel Enable, a control input used to
synchronously load information in paraliel l I I I
into an otherwise autonomous circuit. e |43 Po Py P Py
P Parallel data i hi i I
arallel data inputs to shift registers and —er F160A 1cb—
counters.
—cp
=Ol\R g, 0, 0, Q5
TL/F/9592-24
PL Parallel Load; similar to Parallel Enable
except that PL overrides the clock and l I I I
forces parallel loading asynchronously. ~ Po Py P2 P3
—-{ /o
—Qce 'F190 ke P_
R P Tch—
—QJPL
Qp Q) 0z Q3
TL/F/98592-25
MR Master Reset, synchronously resets all *R = MR on 'F160A/'F161A
outputs to zero, overriding all other inputs. | 1] | SR on *F162A/'F163A
— pe Po Py Py Py
SR Synchronous Reset, resets all outputs
to zero with active edge of clock. ] Cep
= CET ‘F16XA TCp—
—cp
—O'" a0 0, 0
TL/F/9592-26
cP Clock Pulse, genrally a HIGH-to-LOW-to-HIGH
transition. An active HIGH clock (no circle) l I I I
means outputs change on LOW-to-HIGH —q pe Fo Pt P2 Ps
clock transition —{cep
CE, CEP, Clock Enable inputs for counters. e F16XA T L_
CET
—]cpP
—O'R  0p 0y 0, 0
TL/F/9592-27
Zx, Ox, Fx General terms for outputs of
combinatorial circuits I I l l l l l l
loa 'ta lob '1b loc Me lod ha
OE
'ﬂ 'F258
—S

TL/F/9592-28




Logic Symbols and Terminology (continued)
TABLE 1-1 (Continued)
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Label Meaning Example
Qx General term for latch and flip-flop outputs.
If they pass through an enable gate before I ' I I
exiting the package, Q or Q changes to ~OlrE Po Py P2 Py
OorO. —]cer
—1CET ‘F16X cl—
TC Terminal Count output (1111 for up binary ¢ "
counters, 1001 for up decimal counters, or i
0000 for down counters). —O'" g, 0, 0, Q5
TL/F/9592-29
OE Output Enable, used to force TRI-STATE
outputs into the high impedance state. I l I I l l I I
Dg Dy D, D3 Dy Ds Dy Dy
—]cp
'F374
—~OfoE
0y 0y 0, O3 04 05 Og Oy
TL/F/9592-30
This nomenclature is used throughout this book and may 2. National devices, after removal from their shipping mate-
differ from nomenclature used on other data books, where rial, should be placed leads down on a grounded surface.
outputs use alphabetic subscripts or use number sequences Under no circumstances should they be placed in polysty-
starting with one. rene foam or non-conducting plastic trays used for ship-
. ment and handling of conventional ICs.
Handllng Precautions for 3. Individuals and tools should be grounded before coming
Semiconductor Components in contact with these devices.

4. Do not insert or remove devices in sockets with power
applied. Ensure that power supply transients, such as oc-
cur during power turn-on or off, do not exceed maximum
ratings.

5. After assembly on PC boards, ensure that static dis-
charge cannot occur during handling, storage or mainte-
nance. Boards may be stored with their connectors sur-
rounded with conductive foam.

The following standard handling precautions should be ob-

served for oxide isolation, shallow junction processed parts,

such as FAST or 100k ECL:

1. All National devices are shipped in conducting foam or
antistatic tubes. When they are removed for inspection or
assembly, proper precautions should be used.
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National
Semiconductor

Ratings, Specifications and Waveforms

For convenience in system design, the input loading and
fan-out characteristics of each circuit are specified in terms
of unit loads.

One unit load in the HIGH state is defined as 20 pA; thus
both the input HIGH leakage current, ||y, and the output
HIGH current-sourcing capability, lpy, are normalized
to 20 pA. The specified Iy for a typical FAST® single load
input is 20 pA or 1.0 U.L. The IpH rating for a FAST output
depends upon whether the device has a standard or
TRI-STATE® output or if the device is a buffer/line driver.
The lpy rating for a standard FAST device is 1.0 mA or 50
U.L., while TRI-STATE is 3.0 mA or 150 U.L. and line driver/
buffers specify loy of 12.0 mA or 600 U.L.

Similarly, one unit load in the LOW state is defined as
0.6 mA and both the input LOW current, Ij_, and the output
LOW current-sinking capability, 1o, are normalized to
0.6 mA. The specified maximum I_for a typical FAST single
load input is 0.6 mA or 1.0 U.L. However, the Ig_ rating
differs among standard, TRI-STATE and buffer/line driver
outputs. The Ig rating for a standard output is 20 mA or
33.3 U.L. FAST devices with TRI-STATE outputs specify loL
at 24 mA or 40 U.L. for commercial temperature range and
20 mA or 33.3 U.L. for military temperature range. The lgy
rating for a FAST buffer/line driver output is 64 mA or
106.6 U.L. for the commercial temperature range and 48 mA
or 80 U.L. over the military temperature range.

On the data sheets the input and output load factors are
listed in the Input Loading/Fan-Out table. The tables from

the 54F/74F373 Transparent Latch and the 29F52 Regis-
tered Transceiver are reproduced below.

In the second column from the right, the 54F/74F373 input
HIGH/LOW load factors are 1.0/1.0 with the first number
representing hy and the second representing Ij.. The 29F52
has input HIGH/LOW load factors of 1.0/1.0 for the typical
FAST single load inputs and 3.5/1.083 for the register in-
puts. For testing procurement purposes, these unit load
specifications can easily be translated into actual test limits
by multiplying the HIGH/LOW load factors by 20 pA and
0.6 mA respectively. The current limits are listed as well.

Also in this column are the output HIGH/LOW output load
factors, with the first number representing loH and the sec-
ond representing lo|.These load factors can be translated
to actual test limits by multiplying them by 20 uA and 0.6 mA
respectively. These are shown in the far right column. The
54F/74F373 output HIGH/LOW drive factors are
150/40 (33.3) which translate into an Igy of 3.0 mA and lo|
of 24 mA for commercial grade and 20 mA for military
grade. The 29F52 A-Register outputs are TRI-STATE out-
puts with HIGH/LOW drive factors of 150/40 (33.3) indicat-
ing an lon of 3 mA and lp. of 24 mA for commercial and
20 mA for military. The B-Register outputs specify unit load
factors of 600/106.6 (80) translating into an loy of 12 mA
and lo|. of 64 mA for commercial and 48 mA for military.

Unit Loading/Fan Out 29F52: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW Output lgy/loL
Ap-A7 A-Register Inputs 3.5/1.083 70 uA/0.65 mA
A-Register Outputs 150/40 (33.3) —3mA/24 mA (20 mA)
Bp-B7 B-Register Inputs 3.5/1.083 70 nA/0.65 mA
B-Register Outputs 600/106.6 (80) —12mA/64 mA (48 mA)
OEA Output Enable A-Register 1.0/1.0 20 pA/—0.6 MA
CPA A-Register Clock 1.0/1.0 20 pA/—0.6 mA
CEA A-Register Clock Enable 1.0/1.0 20 pA/—0.6 mA
OEB Output Enable B-Register 1.0/1.0 20 uA/—0.6 MA
CPB B-Register Clock 1.0/1.0 20 pA/—0.6 mA
CEB B-Register Clock Enable 1.0/1.0 20 pA/—0.6 mA
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Ratings, Specifications and Waveforms

Unit Loading/Fan Out 54F/74F373: see Section 2 for U.L. definitions

29F
Pin Names Description u.L. Input i/l
HIGH/LOW Output lon/loL
Do-D7 Data Inputs 1.0/1.0 20 uA/—0.6 mA
LE Latch Enable Input (Active HIGH) 1.0/1.0 20 pA/—0.6 mA
OE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
0p-07 TRI-STATE Latch Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA)

AC Loading and Waveforms

Figure 2-1 shows the AC loading circuit used in characteriz-
ing and specifying propagation delays of all FAST devices,
unless otherwise specified in the data sheet of a specific
device. The use of this load, which differs somewhat from
previous 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 tran-
sitions. This more closely resembles the loading to be ex-
pected in average applications and thus gives the designer
more useful delay figures. The net effect of the change in
AC load is to increase the observed propagation delay by an
average of about 1 ns.

The 500Q resistor to ground, in Figure 2-1, acts as a ballast,
to slightly load the totem-pole pull-up and limit the quiescent
HIGH-state voltage to about +3.5V. Otherwise, an output
would rise quickly to about + 3.5V but then continue to rise
very slowly to about +4.4V. On the subsequent HIGH-to-
LOW transition the observed tpyy. would vary slightly with
duty cycle, depending on how long the output voltage was
allowed to rise before switching to the LOW state. Perhaps
more importantly, the 5009 resistor to ground can be a high
frequency passive probe for a sampling scope, which costs
much less than the equivalent high impedance probe. Alter-
natively, the 5000 load to ground can simply be a 4500
resistor feeding into a 5002 coaxial cable leading to a sam-
pling scope input connector, with the internal 500 termina-
tion of the scope completing the path to ground. Note that
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 5002 termination for the pulse genera-
tor that supplies the input signal.

Also shown in Figure 2-1is a second 5000 resistor from the
device output to a switch. For most measurements this
switch is open; it is closed for measuring a device with
open-collector outputs and for measuring one set of the En-
able/Disable parameters (LOW-to-OFF and OFF-to-LOW)
of a TRI-STATE output. With the switch closed, the pair of
5009 resistors and the +7.0V supply establish a quiescent
HIGH level of +3.5V, which correlates with the HIGH level
discussed in the preceding paragraph.

Figure 2-5 shows that the Disable times are measured at
the point where the output voltage has risen or fallen by
0.3V from the quiescent level (i.e., LOW for tp 7z or HIGH for
tpHz), compared to a AV of 0.5V used in previous practice.
This change enhances the repeatability of measurements
and gives the system designer more realistic delay times to

use in calculating minimum cycle times. Since the rising or
falling waveform is RC-controlled, the first 0.3V of change is
more linear than the first 0.5V and is less susceptible to
external influences. More importantly, perhaps, from the
system designer’s point of view, a AV of 0.3V is adequate to
ensure that a device output has turned OFF; measuring to a
AV of 0.5V 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.

Figure 2-2 describes the input signal voltages recommend-
ed for use when testing FAST circuits. The AC input signal
levels follow industry convention of Viy switching 0 to 3
volts. DC low input levels are typically 0 to V|, and high
input levels are typically V|q to Vgg. Input thresholds are
guaranteed during Vo and Vop tests. High level noise im-
munity is the difference between Vo and Viy. Low level
noise immunity is the difference between V|_ and Voi.
Noise-free V| or V| levels should not induce a switch on
the appropriate output of the FAST device. When testing in
an automatic test environment, extreme caution should be
taken to ensure that input levels plus noise do not go into
the transition region.

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 Vgg bypass capacitor should be pro-
vided at the test socket, also with minimum lead lengths.
Input signals should have rise and fall times of 2.5 ns and
signal swing of OV to +3.0V. Rise and fall times < 1 ns
should be used for testing fmax or pulse width. A 1.0 MHz
square wave is recommended for most propagation delay
tests. The repetition rate must necessarily be increased for
testing fmax. A 50% duty cycle should always be used when
testing fmax. TWO pulse generators are usually required for
testing such parameters as setup time, hold time, recovery
time, etc.

Precautions should be taken to prevent damage to devices
by electrostatic charge. Static charge tends to accumulate
on insulated surfaces, such as synthetic fabrics or carpet-
ing, plastic sheets, trays, foam, tubes or bags, and on un-
grounded electrical tools or appliances. The problem is
much worse in a dry atmosphere. In general, it is recom-
mended that individuals take the precaution of touching a
known ground before handling devices. To effectively avoid
electrostatic damage to FAST devices it may be necessary
for individuals to wear a grounded wrist strap when handling
devices.
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Ratings, Specifications and Waveforms

Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
please contact the National Semiconductor Sales F . .
. Copet N . ) ree Air Ambient Temperature
Office/Distributors for availability and specifications. Military —55°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Mititary +4.5V to +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —-0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Vg
TRI-STATE Output —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig|_ (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
54F/74F
Symbol Parameter Units | Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 Recognized as a LOW Signal
Vco Input Clamp Diode Voltage -1.2 Min } Iy = —18 mA, Non I/O Pins
VoH Output HIGH 54F 10% Veo 25 loH = —1 mA, Standard or TRI-STATE Outputs
Voltage 54F 10% Ve 24 lon = —3 mA, TRI-STATE or Buffer/Line Driver Outputs
54F10% Vog | 2.0 loH = —12 mA, Buffer/Line Driver Outputs
74F 10% Ve 2.5 loy = —1mA, Standard or TRI-STATE Outputs
74F 10% Vee 24 v Min | loq = —3 mA, TRI-STATE or Buffer/Line Driver Outputs
74F 10% V¢o 20 lon = —12 mA, Buffer/Line Driver Outputs
74F 5% Vgg 2.7 loH = —1mA, Standard or TRI-STATE Outputs
74F 5% Voo 27 lon = —3 mA, TRI-STATE or Buffer/Line Driver Outputs
74F 5% Vco 20 lon = —15 mA, Buffer/Line Driver Outputs
VoL Output LOW 54F 10% V¢ 0.5 loL = 20 mA, Standard or TRI-STATE Outputs
Voltage 54F 10% Vce 0.55 loL = 48 mA, Buffer/Line Driver Outputs
74F 10% Vcc 0.5 \% Min | lo = 20 mA, Standard Outputs
74F 10% Vo 0.5 loL = 24 mA, TRI-STATE Outputs
74F 10% Vge 0.55 loL = 64 mA, Buffer/Line Driver Outputs
hH Input HIGH Current 20 rA | Max | V|y = 2.7V, Non I/0O Pins
e Input LOW Current —-0.6 mA | Max | Vjy = 0.5V, 1.0 U.L. Input
-1.2 mA | Max | Viy = 0.5V, 2.0 U.L. Input
n{—08) mA May | Vi = D5V, n L. Input
! Input HIGH Ci t V|N = 7.0V, Non I/0 Pins
Bvi npu urren 100 pA | Max IN on 1
Breakdown Test
| = 5.5V, Pi
laviT nput HIGH Current 10 mA | Max ViN = 5.5V, I/0 Pins
Breakdown Test (1/0)
lozn Output Leakage Current 50 pA | Max | Vout = 2.7V, TRI-STATE Outputs, Non I/0
lozL QOutput Leakage Current —50 nA | Max | Voyt = 0.5V, TRI-STATE Outputs, Non I/0
iy + lozy | Output Leakage Current 70 pA | Max | Vi;0 = 2.7V, I/0 Pins
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DC Electrical Characteristics (continueg)

54F/74F
Symbol Parameter Units Vee Conditions
Min Typ Max
L + lozL Output Leakage Current -650 nA Max Viso = 0.5V, I/0 Pins
los Output Short-Circuit Current —60 —-150 mA Max Vourt = 0V, Standard or TRI-STATE Outputs
—100 —-225 mA Max Vour = 0V, Buffer/Line Driver Outputs
Icex Output HIGH Leakage Current 250 pA Max Vout = Vce
Izz Bus Drainage Test 500 pA 0.0v Vout = Vce, TRI-STATE Outputs
! Open Collector, Output \ = V¢, 0.C. Outputs
ore P P 250 pA | Min our = Yee P
OFF teakage Test
lccH Power Supply Current mA Max Vout = HIGH
lccL Power Supply Current mA Max Vout = LOW
lccz Power Supply Current mA Max Vout = HIGHZ

2.7
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Design Considerations

FAST® is a high-speed logic family that achieves speeds
typically 30% faster than the Schottky family with a corre-
sponding power reduction of approximately 75%. It is fabri-
cated with an advanced oxide isolation technique, Isoplanar
11, which produces transistors with very high, well-controlled
switching speeds, extremely small parasitic capacitances
and fr in excess of 5 GHz.

Since the family is designed to be pin-compatible with other
TTL families such as Schottky, Low Power Schottky and
standard TTL, existing designs can be easily upgraded.
FAST logic offers significant improvement over the Schottky
family in addition to improved speed and power specifica-
tions. Other key advantages are higher input threshold lev-
els (improving noise margins), reduced input loading, and
increased output drive. The FAST family contains a full com-
plement of circuits for more efficient design capabilities:
small scale integration, medium scale integration and large
scale integration.

Fairchild engineers had some specific design objectives in
mind when they developed the FAST logic family. The pri-
mary objective was the improvement of the circuit speed-
power performance versus earlier TTL families. Another im-
portant objective was increasing threshold levels to improve
DC noise immunity. Other goals were maintaining or improv-
ing the output drive of Schottky for improved line driving
capability, and reducing input loading for increasing the
overall fanout out of the family. Output and input voltage
levels, functions and pinouts were standardized to previous
TTL families to maintain compatibility.

The primary design consideration was to improve speed
while reducing power. The speed of any device is limited by
the charge storage of the transistors. The time required to
remove this charge is proportional to the capacitance and
current available. Thus, to improve the speed, either the
internal resistor values must be lowered to increase the
available current and therefore remove the charge faster,
such as in the Schottky family, or the capacitance must be
reduced.

The speed-power curve shown in Figure 3-1a was used em-
pirically to determine the optimum operating power level for
the FAST family. Several internal gates programmed at a
variety of power levels were produced on a wafer and the
propagation delay of an internal gate for each power level
was measured.

a.
45
40
35
30
7]
Y
20 \\ FAST 1.75ns @ 4 mW ]
N
15
10
0 2 4 6 8 10 12 14
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3
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T I i
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8 \ ‘\ L | —
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o (ST
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GATE DELAY = ns
TL/F/9607-2
FIGURE 3-1. Speed-Power Product

As can be seen from the curves, power levels significantly
below 4 mW per gate exhibit a dramatic degradation in per-
formance. Power levels significantly above 4 mW, however,
appear to have passed the point of diminishing returns with
only minor improvements in propagation delay resulting
from increased power. It was therefore concluded that the
FAST family could be biased at 4 mW achieving a 1.75 ns
propagation delay.
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Design Considerations

Figure 3-1b compares the FAST logic family with previous
TTL and ECL logic families. Each curve groups families with
similar technologies. The first line, known as “gold doped,”
groups together the 7400 and the 74H families into one
technology grouping. These saturating logic families can be
seen to have a relatively poor speed-power curve.

The second curve notes the Schottky, Low Power Schottky
and 10k ECL families. They use non-gold doped, soft satu-
rated (Baker clamped) or current steering logic in order to
achieve their speed-power performance; however, they still
employ the planar technology. The last curve, which shows
the FAST family with its ECL counterpart, the 100k ECL
family, employs the Isoplanar technology. With FAST Iso-
planar technology, 3 ns propagation delays at only 4 mW
power dissipation are achieved with SS! devices.

Threshold and Noise Margins

The noise margins most often cited for TTL obtained by
subtracting the guaranteed maximum input HIGH level, V|y,
of a driven input from the guaranteed minimum output HIGH
level, Vou, of the driving source, and subtracting the guar-
anteed maximum output LOW level, Vg, of the driver from

the guaranteed minimum input LOW level, V., of a driven
circuit. The guaranteed worst-case values of these parame-
ters vary slightly among the various circuit families and are
summarized in Table lll-l. Note that although the 9000 Se-
ries V|y and V|_ specifications have different limits at differ-
ent temperatures, they are grouped with the 54/74 family in
the table as a matter of convenience. Note also that the
VoL limit listed for 74LS is 0.5V, whereas these circuits are
also specified at 04.V at a lower level of lg| . Noise margins
calculated in this manner are quite conservative, since it is
assumed that both the driver output characteristics are
worst-case and that Vgg is on the low side for the driver and
on the high side for the receiver.

Figure 3-2 shows how load capacitance affects the propa-
gation delay of Low Power Schottky, Schottky and FAST
gates, flip-flops, registers and decoders, etc. As would be
expected, Low Power Schottky TTL shows greater sensitivi-
ty since LS output drive capability is not as great as either
Schottky or FAST. Significantly, FAST is less affected than
Schottky by load capacity. Figure 3-2 shows propagation
delay versus load capacitance for buffers and line drivers
since they are designed for greater output drive.

TABLE llI-.. Parameter Limits

Military Commercial
TTL Families (—55°Cto +125°C (0°C to +70°C) Units
Vi Vi Voo Vou | Vi ViH VoL VoH
TTL Standard TTL, 9000, 54/74 0.8 2.0 0.4 2.4 0.8 2.0 0.4 2.4 \
FAST 54F/74F 0.8 2.0 0.5 2.4 0.8 2.0 0.5 2.5 \
S-TTL Schottky TTL, 54S/74S, 93S 0.8 2.0 0.5 25 0.8 2.0 0.5 2.7 \'
LS-TTL Low Power Schottky TTL, 54LS/74LS 0.7 2.0 0.4 2.5 0.8 2.0 0.5 2.7 \

VoL and Voy are the voltages generated at the output. V) _and V| are the voltages required at the input to generate the appropriate levels. The numbers given

above are guaranteed worst-case values for standard outputs.
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Threshold and Noise

Margins (Continued)

Notice also that for Schottky, the HIGH-to-LOW output tran-
sition is more affected than its LOW-to-HIGH transition,
while for FAST both transitions are equally affected. This
indicates a better balance in the design of the FAST output,
and minimizes pulse stretching and compressing.
Designers are cautioned that curves of this type do not ap-
ply when the load capacitance is distributed along an inter-
connection.

Test and Specification

Improvements

Because the circuitry and technological improvements
(feedback and speedup diodes and the Miller Killer circuitry)
yield well-controlled AC parameters, the FAST family can be
specified over extremes of external influences. FAST is the
first TTL logic family which does not require derating esti-
mates for worst-case design. This has been accomplished
by specifying minimum and maximum propagation delays
over the operating temperature and supply voltage ranges
with 50 pF loading.

In order to achieve easier correlation with our customers’
needs, a change in the actual AC test load was needed.
Previously, most TTL families were measured with three se-
rial diodes in parallel with the load capacitor. For the FAST
logic family, a 50 pF capacitance in parallel with a 5000
resistor is employed. This facilitates fabrication of low ca-
pacitance test jigs. It also provides better correlation with
customers’ measurements of propagation delay. Passive
5000 scope probes, which are less expensive and easier to
use than the high impedance FET input scope probes, can
be employed. This facilitates measurement of the AC per-
formance on automatic test equipment and yields more con-
servative AC figures than are achieved with the previous AC
load technique.

Design Considerations

There are areas of concern which need to be addressed
when designing with any high performance logic family.
These topics include: transmission line concepts, printed
circuit board layout, interfacing between technologies, open
collector outputs, fanout, and unused inputs.

For additional information, please refer to National’'s FAST
Applications Handbook.

Transmission Lines

Practical transmission lines, cables and strip lines used for
TTL interconnections have a characteristic impedance be-
tween 300 and 1509. FAST is capable of driving a 50 line
under worst-case conditions.

These considerations, applicable only when the round trip
delay of the line is longer than the rise or fall time of the
driving signal (2td > tr), do not affect most TTL interconnec-
tions. Short interconnections do not behave like a resistive
transmission line, but more like a capacitive load. Since the
rise time of different TTL outputs is known, the longest inter-
connection that can be tolerated without causing transmis-
sion line effects can easily be calculated and is listed in
Table lll-II.
TABLE lil-ll. PC Board Interconnections

i
TTL Family |Rise Time| Fall Time |MaX Interconnection
Length
54/74,54/74LS| 6-9ns 4-6ns |18in. (45cm)
54S/74S 4-6ns 2-3ns [9in.(22.5cm)
FAST 1.8-2.8ns|1.6-2.6 ns|7.5in. (19 cm)

Assuming 1.7 ns/foot propagation speed, typical for epoxy fiberglass PC
boards with ¢, = 4.7.

Slightly longer interconnections show minimal transmission
line effects; the longer the interconnections, the greater the
chance that system performance may be degraded due to
reflections and ringing.

Transmission Line Effects

The fast rise and fall times of TTL outputs (2.0 ns to 6.0 ns)
produce transmission line effects even with relatively short
(<2 ft) interconnections. Consider one TTL device driving
another and switching from the LOW to the HIGH state. If
the propagation delay of the interconnection is long com-
pared to the rise time of the signal, the arrangement be-
haves like a transmission line driven by a generator with a
non-linear output impedance. Simple transmission line theo-
ry shows that the initial voltage step at the output just after
the driver has switched is
ve —20_

Zo + Ro
where Zg is the characteristic impedance of the line, Rg is
the output impedance of the driver, and Vg is the equivalent
output voltage source in the driver, (i.e., Vcc minus the for-
ward drop of the pull-up transistors).
Figure 3-3 shows how the initial voltage step can be deter-
mined graphically by superimposing lines of constant im-
pedance of the static input and output characteristics of TTL
elements. The constant impedance lines are drawn from the
intersection of the V|y and Vg characteristics which is the
quiescent condition preceding a LOW-to-HIGH transition.
After this transition the Von characteristic applies, and the
intersection of a particular impedance line with the Voy
characteristic determines the initial voltage step. The Von
characteristic shown in Figure 3-3 has an Rg of about 800
and Vg of approximately 4.0V, for calculation purposes.

Vout =
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Design Considerations

Transmission Line Effects (continued)
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FIGURE 3-3. Initial Output Voltage of TTL Driving Transmission Line

This initial voltage step propagates down the line and re-
flects at the end, assuming the typical case where the line is
open-ended or terminated in an impedance greater than its
characteristic impedance Zgp. Arriving back at the source,
this reflected wave increases Voyr. If the total round-trip
delay is larger than the rise time of the driving signal, there
is a staircase response at the driver output and anywhere
along the line. If one of the loads (gate inputs) is connected
to the line close to the driver, the initial output voltage Vout
might not exceed V|y. This input is then undetermined untit
after the round trip of the system. Figure 3-4 shows the 'FOO
driver output waveform for four different line impedances.
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For Zg of 250 and 509, the initial voltage step is in the
threshold region of a TTL input and the output voltage only
rises above the guaranteed 2.0V V|y level after a reflection
returns from the end of the line. If Vout is increased to
>2.0V, by either increasing Zg or decreasing Rp, additional
delay does not occur. Rg is characteristic of the driver out-
put configuration, varying between the different TTL speed
categories. Zg can be changed by varying the width of the
conductor and its distance from ground. Tabtle Ill-lIl lists the
lowest transmission line impedance that can be driven by
different TTL devices to insure an initial voltage step of
2.0V.
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FIGURE 3-4. TTL Driving Transmission Line
Note that the worst-case value, assuming a +30% tolerance on the current limiting resistor and a —10% tolerance on Vg, is

80% higher than the value for nominal conditions.




Transmission Line Effects (Continued)

TABLE llI-11l. Transmission Line Driving Capability

Collector Lowest Transmission Line Impedance O

TTL Family or Resistor Worst Case Nominal Best Case

Device RO (R + 30%) (R — 30%)
54/74 130 241.4 204.8 136.8 84.6 75.8
54S/74S 55 110.0 92.2 61.1 375 334
5440/7440 100 185.7 157.5 105.2 65.1 58.3
548/74S40 25 50.0 41.9 27.7 17.0 15.2
54F/74F00 45 66.2 57.7 40.9 27.6 25.0
54F/74F258 25 36.76 32,0 227 15.3 13.9
54F/74F240 15 22.0 19.2 13.6 9.2 8.3
Supply Voltage (Vo) 4.50 4.75 5.00 525 5.50

A graphical method provides excellent insight into the ef-
fects of high-speed digital circuits driving interconnections
acting as transmission lines. A load line is drawn for each
input and output situation. Each load line starts at the previ-
ous quiescent point, determined where the previous load
line intersects the appropriate characteristic. The magnitude
of the slope of the load lines is identical and equal to the
characteristics impedance of the line, but alternate load
lines have opposite signs representing the change in direc-
tion of current flow. The points where the load lines inter-
sect the input and output characteristics represent the volt-
age and current value at the input or output, respectively, for
that reflection. The results, Figure 3-5, are shown with and
without the input diode and illustrate how the input diode on
TTL elements assists in eliminating spurious switching due
to reflection.

Transmission Line Concepts

The interactions between wiring and circuitry in high-speed
systems are more easily determined by treating the inter-
connections as transmissions lines. A brief review of basic
concepts is presented and simplified methods of analysis

a. With Input Diode

- - ~ Theoretical
— Actual

20 40 60 80 100 120 140 160 180
TL/F/8607-10

are used to examine situations commonly encountered in
digital systems. Since the principles and methods apply to
any type of logic circuit, normalized pulse amplitudes are
used in sample waveforms and calculations.

Simplifying Assumptions

For the great majority of interconnections in digital systems,
the resistance of the conductors is much less than the input
and output resistance of the circuits. Similarly, the insulating
materials have very good dielectric properties. These cir-
cumstances allow such factors as attenuation, phase distor-
tion and bandwidth limitations to be ignored. With these sim-
plifications, interconnections can be dealt with in terms of
characteristic impedance and propagation delay.

Characteristic Impedance

The two conductors that interconnect a pair of circuits have
distributed series inductance and distributed capacitance
between them, and thus constitute a transmission line. For
any lenath in which these distributed parameters are con-
stant, the pair of conductors have a characteristic imped-

b. Without Input Diode
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FIGURE 3-5. Ringing Caused by Reflections
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Design Considerations

Characteristic Impedance {continued)

ance Zq. Where quiescent conditions on th_{é'line are deter-
mined by the circuits and terminations, Zg is the ratio of
transient voltage to transient current passing by a point on
the line when a signal change or other electrical disturbance
occurs. The relationship between transient voltage, tran-
sient current, characteristic impedance, and the distributed
parameters is expressed as follows:

V/1 = Zg = Lo/Co
where Lo = inductance per unit length, and Co = capaci-

tance per unit length. Zg is in ohms, Lo in henries, and Co
in farads.

Propagation Velocity

Propagation velocity (v) and its reciprocal, delay per unit
length &, can also be expressed in terms of Lg and Co. A
consistent set of units is nanoseconds, microhenries and
picofarads, with a common unit of length. -
v = 1/{LoCo & = J[pCo
These equations provide a convenient means of determin-
ing the Lo and Cp of a line when delay, length and imped-
ance are known. For a length 1 and delay T, § is the ratio
T/1. To determine Lo and Cg, combine thgse equations.
Lo =820 3
Co = 6/Z2p
More formal treatments of transmission 1me effects are
available from many sources. .

4

A

Termination and Reflection

A transmission line with a terminating resistor is shown in
Figure 3-6. As indicated, a positive step ;unction voltage
travels from left to right. To keep track of (eﬂectlon polari-
ties, it is convenient to consider the lower;! mnductor as the
voltage reference and to think in terms of uun'ent flow in the
top conductor only. The generator is assqmed to have zero
internal impedance. The initial current 11 is determined by V4
and Zo.

Vsl — h— w'T
" - —_—
vl’ ’f
+ : +
1) >
v =1 v R
'.@ =g A [ ?’ !
TL/F/9607-12
LINELENGTH = 1 DELAY =T =18
FIGURE 3-6 3

If the terminating resistor matches the ling:impedance, the
ratio of voltage to current traveling along the Ilne is matched
by the ratio of voltage to current which must, by Ohm’s law,
always prevail at Rt. From the viewpoint of the voltage step
generator, no adjustment of output current is ever required;
the situation is as though the transmission line never existed
and Rt has been connected directly across the terminals of
the generator.

From the Ry viewpoint, the only thing the line did was delay
the arrival of the voltage step by the amount of time T.

When Ry is not equal to Zg, the initial current starting down
the line is still determined by V4 and Zg but the final steady
state current, after all reflections have died out, is deter-
mined by V4 and Rt (ohmic resistance of the line is as-
sumed to be negligible). The ratio of voltage to current in the

Jinitial wave is not equal to the ratio of voltage to current

demanded by Ry. Therefore, at the instant the initial wave
arrives at Ry, another voltage and current wave must be
generated so that Ohm’s law is satisfied at the line-load
interface. This reflected wave, indicated by V; and I, in Fig-
ure 3-6, starts to return toward the generator. Applying
Kirchoff's laws to the end of the line at the instant the initial
wave arrives results in the following:
li + Iy = It = currentinto Rt

Since only one voltage can exist at the end of the line at this
instant of time, the following is true:
V] + Vr = VT
thus,
It = V1/Rt = (V1 + V)/RT
also,
l1 = Vy/Zpand|, = -V, /Zp
with the minus sign indicating that V, is moving toward the
generator.
Combining the foregoing relationships algebraically and
solving for V, yields a simplified expression in terms of Vy,
Zo and Rt. .
: _VitVe vy . Ve

The term in parentheses is called the coefficient of reflec-
tion (p). With Ry ranging between zero (shorted line) and
infinity (open line), the coefficient ranges between —1 and
+1 respectively. The subscript L indicates that p|_ refers to
the coefficient at the load end of the line.
This last equation expresses the amount of voltage sent
back down the line, and since
Vi=Vi+V,
then
Vr=Vi(1+p)
VT can also be determined from an expression which does
not require the preliminary step of calculating p.. Manipulat-
ing (1 + py) results in
1+ pL=1+ (Rt — Zo)/(Rt + Zo)
= 2(R7/(Rr + Zo)
Substituting, this gives
= 2 (R7/(RT + Z0)) V4
The foregoing has the same form as a simple voltage divid-
er involving a generator V4 with internal impedance, Zo,
driving a load Rr, except that the amplitude of Vy is dou-
bled.
The arrow indicating the direction of V; in Figure 3-6 correct-
ly indicates the V, direction of travel, but the direction of I,
flow depends on the V, polarity. If V, is positive, I, flows
toward the generator, opposing 11. This relationship be-
tween the polarity of V, and the direction of I, can be de-
duced by noting that if V, is positive it is because Ry is
greater than Zop. In turn, this means that the initial current I,
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Termination and Reflection (continued)

is larger than the final quiescent current, dictated by V4 and
Rt. Hence I, must oppose |4 to reduce the line current to the
final quiescent value. Similar reasoning shows that if V; is
negative, I; flows in the same direction as 1.

It is somewhat easier to determine the effect of V; on line
conditions by thinking of it as an independent voltage gener-
ator in series with Rt. With this concept, the direction of |, is
immediately apparent; its magnitude, however, is the ratio of
Vi to Zp, i.e., Rt is already accounted for in the magnitude
of V. The relationships between incident and reflected sig-
nals are represented in Figure 3-7 for both cases of mis-
match between Rt and Zp,

The incident wave is shown in Figure 3-7a, before it has
reached the end of the line. In Figure 3-7b, a positive V is
returning to the generator. To the left of V, the current is still
l4, flowing to the right, while to the right of V, the net current
in the line is the difference between |1 and Ir. In Figure 3-7c,
the reflection coefficient is negative, producing a negative
V;. This, in turn, causes an increase in the amount of current
flowing to the right behind the V, wave.

a. Incident Wave

Source Impedance, Multiple

Reflections

When a reflected voltage arrives back at the source (gener-
ator), the reflection coefficient at the source determines the
response to V,. The coefficient of reflection at the source is
governed by Zp and the source resistance Rg.
ps = (Rs — Z0)/(Rs + Zo)
If the source impedance matches the line impedance, a re-
flected voltage arriving at the source is not reflected back
toward the load end. Voltage and current on the line are
stable with the following values.
Vr=V;+V,

If neither source impedance nor terminating impedance
matches Zg, multiple reflections occur; the voltage at each
end of the line comes closer to the final steady state value
with each succeeding reflection. An example of a line mis-
matched on both ends is shown in Figure 3-8. The source is
a step function of Vgg = 5.0V amplitude occurring at time
t0. The initial value of V4 starting down the line is 2.4V due
to the voltage divider action of Zg and Rg. The time scale in
the photograph shows that the line delay is approximately
6 ns. Since neither end of the line is terminated in its char-
acteristic impedance, multiple reflections occur.

b. Reflected Wave for Rt > Zp

v Ve ly=1,
—_—
|
Vi ty— LR
v, 1 ye_— 1 ...
Vi
t<T —1—
T<t<21
.
t
| DISTANCE [
TL/F/9607-13 TL/F/9607-14
c. Reflected Wave for Rt > Zg
Iy r _J I+ 1,
We_ 1= .
]
1
T<t<2T } vr

TL/F/9607-15

FIGURE 3-7. Reflections for Ry = Zg
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Design Considerations

Source Impedance, Multiple Reflections (continued)

FAST OUTPUT

250

L_AAA
VW

7y=500

Rs

Vee

FAST OUTPUT

---------------- .

\l]

v,

| RrS300n

TL/F/9607-16

FIGURE 3-8. Multiple Refiections Due to Mismatch at Load and Source
Vo = Veg — 2 Vgg = 3.6V

_@-500 _
PS= G5 sgn - 00

initially, V4 =

TL/F/9607-17
H = 20 ns/div.
V = 1V/div.
The amplitude and persistence of the ringing shown in Fig-
ure 3-8 become greater with increasing mismatch between
the line impedance and source and load impedances. The
difference in amplitude between the first two positive peaks
observed at the open end is

Vr = Vir=(1+p)Vy—(1+p)Vqp2p3s
=1+ p) V1 (1 — p2Lp2)
The factor (1 — p2g) is similar to the damping factor associ-

ated with lumped constant circuitry. It expresses the attenu-
ation of successive positive or negative peaks of ringing.

Lattice Diagram

In the presence of multiple reflections, keeping track of the
incremental waves on the line and the net voltage at the
ends becomes a bookkeeping chore. A convenient and sys-
tematic method of indicating the conditions which combine
magnitude, polarity and time utilizes a graphic construction
called a lattice diagram. A lattice diagram for the line condi-
tions of Figure 3-8 is shown in Figure 3-9.

Zo
Vo =
Zo+Rs ©7 {50+ 20

(14p)=40.67
Phadl

Suw:
+2.4Y

(3.6Y) = 2.4V

Al

8T —1=<

8T —1=

p==0.
—_—

(300 — 50)

= =0
PL= (300 + 500
Vi
33 p=+071] (1 4p)=4171
phdidy P
Sow:
4107
-096v
+3.14Y
S
»00% ’
TTe--lT003y
Te. -
Lereu I -0.05Y
o2 et n s
P -
+0.01y
+0.01Y
- i by %17
Y

TL/F/9607-18

FIGURE 3-9. Lattice Diagram for the

Circuit of Figure 3-8
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Lattice Diagram (Continued)

The vertical lines symbolize discontinuity points, in this case
the ends of the line. A time scale is marked off on each line
in increments of 2T, starting at t0 for V4 and T voltages
traveling between the ends of the line; solid lines are used
for positive voltages and dashed lines for transmission mul-
tipliers p and (1 + p) at each vertical line, and to tabulate
the incremental and net voltages in columns alongside the
vertical lines. Both the lattice diagram and the waveform
photograph show that V4 and Vy asymptomatically ap-
proach 3.4V, as they must with a 3.4V 'source driving a light-
ly loaded line.

Shorted Line

The open-ended line in Figure 3-8 has a reflection coeffi-
cient of 0.71 and the successive reflections tend toward the
steady state conditions of zero line current and a line volt-
age equal to the source voltage. In contrast, a shorted line
has a reflection coefficient of —1 and successive reflections
must cause the line conditions to approach the steady state
conditions of zero voltage and a line current determined by
the source voltage and resistance.

Shorted line conditions are shown in Figure 3-10a with the
reflection coefficient at the source end of the line also nega-
tive. A negative coefficient at both ends of the line means
that any voltage approaching either end of the line is reflect-
ed in the opposite polarity. Figure 3-10b shows the re-
sponse to an input step-function with a duration much long-
er than the line delay. The initial voltage starting down the
line is about 2.4V, which is inverted at the shorted end and
returned toward the source as —2.4V. Arriving back at the
source end of the line, this voltage is multiplied by (1 + pg),
causing a —1.61V net change in V4. Concurrently, a reflect-
ed voltage of +0.80V (—2.4V times pg of —0.33) starts
back toward the shorted end of the line. The voltage at V1 is
reduced by 50% with each successive round trip of reflec-
tions, thus leading to the final condition of zero volts on the
line.

When the duration of the input pulse is less than the delay
of the line, the reflections observed at the source end of the
line constitute a train of negative pulses, as shown in Figure
3-10c. The amplitude decreases by 50% with each succes-
sive occurrence as it did in Figure 3-10b.

Series Termination

Driving an open-ended line through a source resistance
equal to the line impedance is called series termination. It is
particularly useful when transmitting signals which originate
on a PC board and travel through the back-plane to another
board, with the attendant discontinuities, since reflections
coming back to the source are absorbed and ringing thereby
controlled. The amplitude of the initial signal sent down the
line is only half of the generator voltage, while the voltage at
the open end of the line is doubled to full amplitude
(1 + pL = 2). The reflected voltage arriving back at the
source raises V4 to the full amplitude of the generator sig-
nal. Since the reflection coefficient at the source is zero, no
further changes occur and the line voltage is equal to the
generator voltage. Because the initial signal on the line is
only half the normal signal swing, the loads must be con-
nected at or near the end of the line to avoid receiving a 2-
step input signal.

A TTL output driving a series-terminated line is severely lim-
ited in its fanout capabilities due to the IR drop associated
with the collective | drops of the inputs being driven. For
most TTL families other than FAST it should not be consid-
ered since either the input currents are so high (TTL, S, H)
or the input threshold is very low (LS). In either case the
noise margins are severely degraded to the point where the
circuit becomes unusable. In FAST, however, the I of
0.6 mA, if sunk through a resistor of 250 used a series
terminating resistor, will reduce the low level noise margin
15 mV for each standard FAST input driven.
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Design Considerations

Series Termination (continued)
a. Reflection Coefficients for Shorted Line
FAST OUTPUT

commsccnrcrcvencnaccey

TL/F/9607-19
ps = —0.33 pL= -1

b. Input Pulse Duration > Line Delay c. Input Pulse Duration < Line Delay

TL/F/19607-21 ) TL/F/9607-20
V = 1V/div.
H = 20 ns/div.
FIGURE 3-10. Reflections of Long and Short Pulses on a Shorted Line
TABLE llI-1V. Relative Dielectric All the above information on impedance and propagation
Constants of Various Materials delays are for the circuit interconnect only. The actual im-
Material . pedance and propagation delays will differ from this by the
r loading effects of gate input and output capacitances, and
Air 1.0 by any connectors that may be in line. The effective imped-
Polyethylene Foam 1.6 ance and propagation delay can be determined from the
Cellular Polyethylene 1.8 following formula:
Teflon 241 Zo

Polyethylene 23 CL

Polystyrene 25 Zo' = \/1 + ( Co) Q

Nylon 3.0 cl
Silicon Rubber 3.1 tep =vLoCo - tpD’ = tpD 4 h + (66)

Zgg:;ngf:i:mde (PVC) 22 where C|_ is the total of all additional loading.
Delrin 3'7 The results of these formulas will frequently give effective

impedances of less than half Zp, and interconnect propaga-

Epoxy Glass 47 tion delays greater than the driving device propagation de-
Mytar 5.0 lays, thus becoming the predominant delay.
Polyurethane 7.0
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Series Termination (continued)

Series termination has limited use in TTL interconnect
schemes due to the voltage drop across RTs in the LOW

A B state, reducing noise margins at the receiver. Series termi-
Zy nation is the ideal termination for highly capacitive memory
arrays whose DC loadings are minimal. RTs values of 10§}
I I to 500 are normally found in these applications.
= = Four possibilities for parallel termination exist:

TL/F/9607-22 A.Zo' to Vgc. This will consume current from Vg when

FIGURE 3-11. Unterminated output is LOW:

The maximum length for an unterminated line can be deter- B.Zo' to GND. This will consume current from Vg when
mined by output is HIGH;

Imax = T¢/2tpg C. Thevenin equivalent termination. This will consume half
and for FAST, t, = 3 ns, s0 Inax = 10 inches for trace on the current of A and B from the output stage, but will
GIO epoxy glass PC. have reduced noise margins, and consume current from
The voltage wave propagated down the transmission line (V Vec with outputs HIGH or LOW. If used on a
step) is the full output drive of the device into Zg'. Reflec- TRI-STATE® bus, this will set the quiescent line voltage
tions will not be a problem if I < Iyay. Lines longer than |may to hatf.
will be subject to ringing and reflections and will drive the D. AC Termination. An RC termination to GND, C = 3tr/Zp.

inputs and outputs below ground.

This consumes no DC current with outputs in either state. If
this is used on a TRI-STATE bus, then the quiescent voltage
on the line can be established at Voc or GND by a high
value pull up (down) resistor to the appropriate supply rail.

TL/F/9607-23
FIGURE 3-12. Series-Terminated

a.RTto Ve b. RT to GND
RT = Zgo' RT = Zo'

e %1—47 il

TL/F/9607-24

TL/F/9607-25

¢. Thevenin Termination d. AC Termination to GND
RT = 2Z¢’ Rt + Xcr = Zo'

RT
A B A . B
7y 77
5 . SRR S
g % ! ! RT
TL/F/9607-26

TL/F/9607-27

FIGURE 3-13. Parallel Terminated

3-13
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Design Considerations

Decoupling
0.1"
Vee
% Glass Epoxy_/
Ground Plane
a)500 Vee
Impedance Vee
1
G Board
b) 1000 Vee
Impedance
Vee
Gnd
032"
Epoxy Glass
)20 Voo
Impedance

\ / 0.
Gm,

4" o
Vee _/ D
Gnd

% Board

) 680 Voo

Impedance
d)100Q Vee
Impedance

TL/F/9607-28

FIGURE 3-14. Typical Dynamic Impedance of Unbypassed Vcc Runs

This diagram shows several schemes for power and ground
distribution on logic boards. Figure 3-14 is a cross-section,
with a, b, and ¢ showing a 0.1 inch wide Vcg bus and
ground on the opposite side. Figure 3-14d shows side-by-
side Voc and ground strips, each 0.04 inch wide. Figure
3-14e shows a four layer board with embedded power and
ground planes. :

In Figure 3-14a, the dynamic impedance of Vg with respect
to ground is 5092, even though the V¢ trace width is gener-
ous and there is a complete ground plane. In Figure 3-14b,
the ground plane stops just below the edge of the Vg bus
and the dynamic impedance doubles to 100Q. In Figure
3-14c, the ground bus is also 0.1 inch wide and runs along
under the V¢ bus and exhibits a dynamic impedance of
about 68Q. In Figure 3-144d, the trace widths and spacing
are such that the traces can run under a DIP, between two

—IN\

1000

Data Bus

Buffer

_D

1of 8

1000

rows of pins. The impedance of the power and ground
planes in Figure 3-14e is typically less than 29.

These typical dynamic impedances point out why a sudden
current demand due to an IC output switching can cause a
momentary reduction in Vg, unless a bypass capacitor is
located near the IC.

Decoupling capacitors should be used on every PC card, at
least one for every five to ten standard TTL packages, one
for every five 'LS and 'S packages, one for every three
FAST packages, and one for every one-shot (monostable),
line driver and line receiver package. They should be good
quality rf capacitors of 0.01 wF to 0.1 uF with short leads. It
is particularly important to place good rf capacitors near se-
quential (bistable) devices. In addition, a larger capacitor
(preferably a tantalum capacitor) of 2.0 uF to 20 nF should
be included on each card. \

Buffer Output Sees Net 509 Load.
500 Load Line on lpy~VoH Characteristic
Shows LOW-to-HIGH Step of Approx. 2.5V.

Worst-Case Octal Drain = 8 X 50 mA = 0.4 Amp.

TL/F/9607-29

FIGURE 3-15. Icc Drain Due to Line Driving
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Decoupling (Continued)

This diagram illustrates the sudden demand for current from
Vce when a buffer output forces a LOW-to-HIGH transition
into the midpoint of a data bus. The sketch shows a wire-
over-ground transmission line, but it could also be a twisted
pair, flat cable or PC interconnect.

The buffer output effectively sees two 1000 lines in parallel
and thus a 500 load. For this value of load impedance, the
buffer output will force an initial LOW-to-HIGH transition
from 0.2V to 2.7V in about 3 ns. This net charge of 2.5V into
a 50 load causes an output-HIGH current change of 50 mA.
If all eight outputs of an octal buffer switch simultaneously,
in this application the current demand on Vgg would be
0.4A. Clearly, a nearby Vg bypass capacitor is needed to
accommodate this demand.

Q=cv
Ve Bus | = CAV/At
C = 1AVAV
Vee At = 3 x 109
1=0.4A

L

Bypass Capacitors

cg:l:

TL/F/9607-30
FIGURE 3-16. Vcc Bypass Capacitor for Octal Driver
Specify Vgg Droop = 0.1V max.
0.4 x 3 x10-9
C=-————01 =12 x10~9% = 0.012 pF
Select Cg = 0.02 uF

A Vcc bus with bypass capacitors connected periodically
along its length is shown above. Also shown is a current
source representing the current demand of the buffer in the
preceding application.

The equations illustrate an approximation method of esti-
mating the size of a bypass capacitor based on the current
demand, the drop in Vg that can be tolerated and the
length of time that the capacitor must supply the charge.
While the demand is known, the other two parameters must
be chosen. A V¢ droop of 0.1V will not cause any appre-
ciable change in performance, while a time duration of 3 ns
is long enough for other nearby bypass capacitors to help
supply charge. If the current demand continues over a long
period of time, charge must be supplied by a very large
capacitor on the board. This is the reason for the recom-
mendation that a large capacitor be located where V¢
comes onto a board. If the buffers are also located near the
connector end of the board, the iarge capacitor helps supply
charge sooner.

GROUND COMB
(BELOW)

Design Guidelines

GROUND

A good ground system is essential for a PC card containing
a large number of packages. The ground can either be a
good ground bus, or better, a ground plane which, incorpo-
rated with the Vg supply, forms a transmission line power
system. Power transmission systems, which can be at-
tached to a PC card to give an excellent power system with-
out the cost of a multilayer PC card, are commercially avail-
able. Ground loops on or off PC cards are to be avoided
unless they approximate a ground plane.

With the advent of FAST, with considerably faster edge
rates and switching times, proper grounding practice has
become of primary concern in printed circuit layout. Poor
circuit grounding layout techniques may result in crosstalk
and slowed switching rates. This reduces overall circuit per-
formance and may necessitate costly redesign. Also when
FAST chips are substituted for standard TTL-designed print-
ed circuit boards, faster edge rates can cause noise prob-
lems. The source of these problems can be sorted into
three categories:

1. Vg droop due to faster load capacitance charging;

2. Coupling via ground paths adjacent to both signal sourc-
es and loads; and

3. Crosstalk caused by parallel signal paths.

Ve droop can be remedied with better or more bypassing
to ground. The rule here is to place 0.01 uF capacitors from
Vg to ground for every three FAST circuits used, as near
the IC as possible. The other two problems are not as easily
corrected, because PC boards, may already be manufac-
tured and utilized. In this case, simply replacing TTL circuits
with FAST compatible circuits is not always as easy as it
may seem, especially on two-sided boards. In this situation
IC placement is critical at high speeds. Also when designing
high density circuit layout, a ground-plane layer is imperative
to provide both a sufficiently low inductance current return
path and to provide electromagnetic and electrostatic
shielding lhus prevenling noise problem 2 and reducing, by
a large degree, noise problem 3.

TWO-SIDED PC BOARD LAYOUT

When considering the two-sided PC board, more than one
ground trace is often found in a parallel or non-paralle! con-
figuration. For this illustration parallel traces tied together at
one end are shown. This arrangement is referred to as a
ground comb. The ground comb is placed on one side of the
PC board while the signal traces are on the other side, thus
the two-sided circuit board.

TL/F/9607-31

FIGURE 3-17

suolelapisuo) ubisaqg



Design Considerations

Design Guidelines (continued)

TL/F/9607-32

FIGURE 3-18
Figure 3-18 illustrates how noise is generated even though are remotely located. What is significant, and must be em-
there is no apparent means of crosstalk between the cir- phasized here, is that circuit packages A and B accept their
cuits. If package A has an output which drives package D ground link from the same trace. Hence, circuit A may well
input and package B output drives package C input, there is couple noise to circuit B via the common or shared portion
no apparent path for crosstalk since mutual signal traces of the trace. This is especially true at high switching speeds.
Ground Strip
Inductance \' \,
YN Y'Y M 9 Strip #1
D
¢ 4
ommon 1 3
To paimt = Y YN YT 4 YY M Strip #2
-
Y Y Y. —htan' Strip #3

TL/F/9607-33

FIGURE 3-19. Ground Trace Coupling




Design Guidelines (continued)

Ground trace noise coupling is illustrated by a model circuit
in Figure 3-19. With the ground comb configuration, the
ground strips may be shown to contain distributed induc-
tance, as is indeed the case. Referring to Figure 3-19 we
can see that if we switch gate A from HIGH to LOW, the
current for the transition is drawn from ground strip number
two. Current flows in the direction indicated by the arrow to
the common tie point. It can be seen that gate B shares
ground strip number two with gate A from the point where
gate B is grounded back to the common tie point. This
length is represented by L1. When A switches states there
is a current transient which occurs on the ground strip in the
positive direction. This current spike is caused by the
ground strip inductance and it is “felt” by gate B. If gate B is
in a LOW state (Vo) the spike will appear on the output
since gate B's Vo level is with reference to ground. Thus if
gate B's ground reference rises momentarily Vo will also
rise. Consequently, if gate B is output to another gate (C in
the illustration) problems may arise.

SUPPLY VOLTAGE AND TEMPERATURE

The normal supply voltage V¢ for all TTL circuits is +5.0V.
Commercial grade parts are guaranteed to perform with a
+10% supply tolerance (£500 mV) over an ambient tem-
perature range of 0°C. Military grade parts are guaranteed to
perform with £10% supply tolerance (+£500 mV) over an
ambient temperature range of —55°C to +125°C.

The actual junction temperature can be calculated by multi-
plying the power dissipation of the device with the thermal
resistance of the package and adding it to the measured
ambient temperature Ty or package (case) temperature Tg.
For example, a device in ceramic BDIP (8JA 100°C/W) dissi-
pates typically 145 mW. At +55°C ambient temperature, the
junction temperature is
Ty = (0.145 X 100) + 55°C

Designers should note that localized temperatures can rise
well above the general ambient in a system enclosure. On a
{arge PC board mounted in a herizental plane, fer examele,
the local temperature surrounding an IC in the middle of the
board can be quite high due to the heating effect of the

<
[

=

TL/F/9607-34

surrounding packages and the very poor natural convection.
Low velocity forced air cooling is usually sufficient to allevi-
ate such localized static air conditions.

INTERFACING

All TTL circuits are compatible, and any TTL output can
drive a certain number of TTL inputs. There are only subtle
differences in the worst-case noise immunity when low pow-
er, standard and Schottky TTL circuits are intermixed.
Open-collector outputs, however, require a pull-up resistor
to drive TTL inputs reliably.

While TTL is the dominating logic family, and many systems
use TTL exclusively, there are cases where different semi-
conductor technologies are used in one system, either to
improve the performance or to lower the cost, size and pow-
er dissipation. The following explains how TTL circuits can
interface with ECL, CMOS and discrete transistors.

Interfacing TTL and ECL—Mixing ECL and TTL logic fami-
lies offers the design engineer a new level of freedom and
opens the entire VHF frequency spectrum to the advan-
tages of digital measurement, control and logic operation.

The main advantages gained with ECL are high speed, flexi-
bility, design versatility and transmission line compatibility.
But application and interfacing cost problems have tradition-
ally discouraged the use of ECL in many areas, particularly
in low cost, less sophisticated systems.

The most practical interfacing method for smaller systems
involves using a common supply of +5.0V to +5.2V. Care
must be exercised with both logic families when using this
technique to assure proper bypassing of the power supply
to prevent any coupling of noise between circuit families.
When larger systems are operated on a common supply,
separate power buses to each logic family help prevent
problems. Otherwise, good high frequency bypassing tech-
niques are usually sufficient.

ECL devices have high input impedance with input pull-
down resistors (> 20 k) to the negative supply. In the TTL
to ECL interface circuits in Figure 3-20, it is assumed that
the ECL devices have high input impedance.

b.
_ + 5V
-
4700 3 =
<
i ECL g
7500 &
-5V

TL/F/9607-35

FIGURE 3-20. TTL-to-ECL Conversion
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Design Considerations

Design Guidelines (continued)

All circuits described operate with £5% ECL and +10%
TTL supply variations, except those with ECL and TTLon a
common supply. In those cases, the supply can be +10%
with ECL. All resistors are 14,W, £5% composition type.

TTL to ECL conversion is easily accomplished with resis-
tors, which simultaneously attenuate the TTL signal swing,
shift the signal levels, and provide low impedance for damp-
ing ‘and immunity to stray noise pick-up. The resistors
should be located as near as possible to the ECL circuit for
optimum effect. The circuits in Figure 3-20 assume an un-
loaded TTL gate as the standard TTL source. ECL input
impedance is predominantly capacitive (approximately
3 pF); the net RC time constant of this capacitance with the
indicated resistors assures a net propagation delay gov-
erned primarily by the TTL signal.

a. Common Power Supply

5.9V
220
AAA
\A A
ECL
«—p} lénsm
-
> > <
Sk Sk < 2200
< >

TL/F/9607-36

b. Separate Power Supplies

-
>
N
>

A

Vv

\A g

< >
2400 %

=5.2V
TL/F/9607-37
FIGURE 3-21. ECL-to-TTL Conversion

When interfacing between high voltage swing TTL logic and
low voltage swing ECL logic, the more difficult conversion is
from ECL to TTL. This requires a voltage amplifier to build
up the 0.8V logic swing to a minimum of 2.5V. The circuits
shown in Figure 3-21 may be used to interface from ECL to
TTL.

The higher speed converters usually have the lowest fan-
out: only one or two TTL gates. This fanout can be in-
creased simply by adding a TTL buffer gate to the output of
the converter. Another option, where ultimate speed is re-
quired, is to use additional logic converters.

Interfacing FAST and CMOS—Due to their wide operating
voltage range, CMOS devices will function outside of the
standard =5V +10% supply levels. For our purposes, only
the case where both the FAST and CMOS devices are con-
nected to the same voitage source will be considered.

FAST outputs can sink at least 20 mA in the LOW state.
This is more than adequate to drive CMOS inputs to a valid
LOW level. Due to their output designs, though, FAST out-
puts are unable to pull CMOS inputs to above approximately
4.0V. If the CMOS device does not have TTL-compatible
input levels, the FAST output should be pulled with a resis-
tor to Vco. The value of this resistor will vary according to
the system. Factors that affect the selection of the value
are: edge rate— the smaller the resistor, the faster the edge
rate; fanout—the smaller the resistor, the greater the fanout;
and noise margins—the smaller the resistor, the greater the
output HIGH noise margin and the smaller the output LOW
noise margin. FAST outputs can directly drive TTL-compati-
ble CMOS inputs, such as the inputs on ACT or HCT devic-
es, without pull up registers.

Most CMOS outputs are capable of directly driving FAST
inputs. Be aware, though, that TTL inputs have higher load-
ing specifications than CMOS inputs. Care must be taken to
insure that the CMOS outputs are not overloaded by the
FAST input loading.

TTL Driving Transistors—Although high voltage, high cur-
rent ICs are available, it is sometimes necessary to control
greater currents or voltages than integrated circuits are ca-
pable of handling. When this condition arises, a discrete
transistor with sufficient capacity can be driven from a TTL
output. Discrete transistors are also used to shift voltages
from TTL levels to logic levels for which a standard interface
driver is not available.

The two circuits of Figure 3-22 show how TTL can drive npn
transistors. The first circuit is the most efficient but requires
an open-collector TTL output. The other circuit limits the
output current from the TTL totem pole output through a
series resistor.
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Design Guidelines (Continued)

Vee
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FIGURE 3-22. TTL Driving npn Transistors

Vee
R2 R3=R2
I:m 3IR3
ﬂ
Vour
R1
T_——. -VX -:l-

TL/F/9607-39
FIGURE 3-23. pnp Transistor Shifting TTL Output

Shifting a TTL Output to Negative Levels—The circuit of High Voltage Drivers—A TTL output can be used to drive
Figure 3-23 uses a pnp transistor to shift the TTL output to a high voltage, low current loads through the simple, non-in-
negative level. When the TTL output is HIGH, the transistor verting circuits shown in Figure 3-24. This can be usefu! for
is cut off and the output voltage is —Vx. When the TTL driving gas discharge displays or small relays, where the
output is LOW, the transistor conducts and the output volt- TTL output can handle the current but not the voltage. Load
age is current should not exceed g (—4 mA).

VouT = —Vx + Ry/Ra (Vgc — 2.0V)
if the transicter is not caturated, or slightly pesitive if the

transistor is allowed to saturate.
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Design Considerations

Design Guidelines (continued)
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FIGURE 3-25. Transistors Driving TTL
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FIGURE 3-24. Non-Inverting
High Voltage Drivers

TL/F/9607-40

Transistors Driving TTL—It is sometimes difficult to drive
the relatively low impedance and narrow voltage range of
TTL inputs directly from external sources, particularly in a
rough, electrically noisy environment. The circuits shown in
Figure 3-25 can handle input signal swings in excess of
+100V without harming the circuits. The second circuit has
input RC filter that suppresses noise. Unambiguous TTL
voltage levels are generated by the positive feedback
(Schmitt trigger) connection.

Open Collector Outputs

A number of available circuits have no pull-up circuit on the
outputs. Open collector outputs are used for interfacing or
for wired-OR (actually wired-AND) functions. The latter is
achieved by connecting open collector outputs together and
adding an external pull-up resistor.

The value of the pull-up resistor is determined by consider-
ing the fanout of the OR tie and the number of devices in
the OR tie. The pull-up resistor value is chosen from a range
between maximum value (established to maintain the re-
quired Vo with all the OR-tied outputs HIGH) and a mini-
mum value (established so that the OR tie fanout is not
exceeded when only one output is LOW).




Minimum and Maximum Pull-up

Resistor Values
Veemax) — Vol )
R =
X(MIN) (|0L ~ Np(LOW) » 1.6 mA
Veeming — VoH )
R =
X(MAX) (N,IOH + Np(HIGH) 40 pA
where:
Rx = External pull-up resistor
Ny = Number of wired-OR outputs
N2 = Number of input unit loads being driven

lon = Icex = Output HIGH leakage current

loL = LOW level fanout current of driving element
VoL = Output LOW voltage level (0.5V)
VoH = Output HIGH voltage level (2.5V)

Vee = Power Supply Voltage

Example: four 'F524 gate outputs driving four other gates or
MSI inputs.

5.5V — 0.5V 5.0V
Rxminy = (8.0 mA—24mA 56 mA) - 8930
45V — 2.5V 2.0v
Rx (Max) = (4.250 pA + 2 @40 pA " 1.08 mA) = 18520

where:
Ny =4
N2o(HIGH) = 4 e 0.5 U.L. = 2 U.L.
No(LOW) = 40375 U.L. = 1.5 U.L.

loH = 250 pA
loL = 8.0 mA
VoL = 0.5V
VoH = 2.5V

Any values of pull-up resistor between 89302 and 18529
can be used. The lower values yield the fastest speeds
while the higher values yield the lowest power dissipation.

Increasing Fanout

To increase fanout, inputs and outputs of gates on the same
package may be paralleled to those in a single package to
avoid large transient supply currents due to different switch-
ing times of the gates. This is not detrimental to the devices,
but could cause logic problems if the gates are being used
as clock drivers.

Unused Inputs

Theoretically, an unconnected input assumes the HIGH log-
ic level, but practically speaking it is in an undefined logic
state because it tends to act as an antenna for noise. Only a
few hundred millivolts of noise may cause the unconnected
input to go to the logic LOW state. On devices with memory
(flip-flops, latches, registers, counters), it is particularly im-
portant to terminate unused inputs (MR, PE, PL, CP) proper-
ly since a noise spike on these inputs might change the
contents of the memory. It is a poor design practice to leave
unused inputs floating.

If the logic function calls for a LOW input, such as in NOR or
OR gates, the input can be connected directly to ground.
For a permanent HIGH signal, unused inputs can be tied
directly to Vgg. An unused input may also be tied to a used
input having the same logic function, such as NAND and
AND gates, provided that the driver can handle the added
li. This practice is not recommended for diode-type inputs
in a noisy environment, since each diode represents a small
capacitor and two or more in parallef can act as an entry
port for negative spikes superimposed on a HIGH level and
cause momentary turn-off of Q2.
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54F/74F00 Quad 2-INPUtNAND Gate ... ..ottt it e e s 4-6
54F/74F02 Quad 2-Input NOR Gate .. .....oitii it i e eeens 4-9
BAF/TAFO4 HexX INVEIOr . ..ottt e e e e 4-12
54F/74F08 Quad 2-InpUut AND Gate . ......oiiiinii ittt e 4-15
S54F/74F10 Triple 3-InpUut NAND Gate . .. ...cv v vt it 4-18
54F/74F11 Triple 3-Input AND Gate . ..... ..o e i 4-21
54F/74F13 Dual 4-Input NAND Schmitt Trigger .........c.ccoiiiiiiiiiiii ... 4-24
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54F/74F20 Dual 4-Input NAND Gate . .. ... cov i e 4-30
54F/74F27 Triple 3-Input NOR Gate . ... ... ii ittt ittt et naaanas 4-32
B54F/74F30 8-Input NAND Gate .. ....tiiri ittt i e e 4-35
54F/74F32 Quad 2-InpUut OR Gate. . . ..o oottt i 4-38
54F/74F37 Quad 2-Input NAND BUffer . . ... ..ot e en 4-41
54F/74F38 Quad 2-Input NAND Buffer (Open Collector)...........cooviiiiiiiiiio.,. 4-44
54F/74F40 Dual 4-Input NAND Buffer. .. ..ottt e e et enn 4-47
54F/74F51 2-2-2-3 AND-OR-InvertGate .........oviriiiiiiii e 4-50
54F/74F64 4-2-3-2-Input AND-OR-InvertGate ..ot 4-53
54F/74F74 Dual D-Type Positive Edge-Triggered Flip-Flop ............ ...t 4-56
54F/74F86 Quad 2-Input Exclusive-OR Gate ...........ccoiiiniiiiiiiiiiiiiiiiieens, 4-60
54F/74F109 Dual JK Positive Edge-Triggered FIip-FIOp .......ovireiininiininnnenns 4-63
54F/74F112 Dual JK Negative Edge-Triggered Flip-Flop ........... ..o, 4-67
54F/74F113 Dual JK Negative Edge-Triggered Flip-Flop ...t 4-71
54F/74F114 Dual JK Negative Edge-Triggered Flip-Flop w/Common Clocks and Clears . . ... 4-75
54F/74F125 Quad Buffer (TRI-SSTATE) . . ..ottt eans 4-79
54F/74F132 Quad 2-Input NAND Schmitt Trigger. .. .....ooovviiiiiiiiiiii i ea 4-82
54F/74F138 1-0f-8 Decoder/Demultiplexer. ..., e 4-85
54F/74F139 Dual 1-of-4 Decoder/Demultiplexer ...........coiiiiiiiiiiiiiiiiinnnn. 4-89
54F/74F148 8-Line to 3-Line Priority ENcoder .........ooiiiiiiiii e 4-93
54F/7AF151A 8-Input MUtipIEXer. ...\ e e i e e e e 4-97
54F/74F153 Dual 4-Input Multiplexer . ... i i e 4-101
B54F/74F157A Quad 2-Input MUultiplexer ... i i i s 4-105
54F/74F158A Quad 2-Input Multiplexer (Inverted) ..., 4-109
54F/74F160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset). .. .... 4-113
54F/74F162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) ........ 4-113
54F/74F161A Synchronous Presettable Binary Counter (Asynchronous Reset)............. 4-120
54F/74F163A Synchronous Presettable Binary Counter (Synchronous Reset).............. 4-120
54F/74F164 Serial-In, Parallel-Out Shift Register .................. oot 4-126
54F/74F168 4-Stage Synchronous Bidirectional Counter .................ooviiiin.t. 4-130
54F/74F169 4-Stage Synchronous Bidirectional Counter ................ ..ot 4-130
54F/74F174 Hex D Flip-Flopw/MasterReset . . ...t 4-136
B4F/74F175 QUad D FIIp-FIop ..o ovv it e 4-140
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54F/74F182 Carry Lookahead Generator. . ... 4-150
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54F/74F190 Up/Down Decade Counter w/Preset and Ripple Clock ................ooetn 4-159
54F/74F191 Up/Down Binary Counter w/Preset and Ripple Clock . ................ ... ..., 4-164
54F/74F192 Up/Down Decade Counter w/Separate Up/Down Clocks . ...........oouttn 4-169
54F/74F193 Up/Down Binary Counter w/Separate Up/Down Clocks ............ovevnentn 4-174
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54F/74F241 Qctal Buffer/Line Driver w/TRI-STATE Outputs ........ccovveivineennnnnnen 4-187
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54F/74F242 Quad Bus Transceiver W/ TRI-STATE OQUPULS . ..o vv e viieeeennnnees 4191
54F/74F243 Quad Bus Transceiver wW/TRI-STATEOutput .. ...t 4-192
54F/74F245 Octal Bidirectional Transceiver w/TRI-STATEQutputs ...........ccvuvvnn... 4-195
54F/74F251A 8-Input Multiplexer w/TRI-STATEOUtpUtS . . . ..o iv et es 4-199
54F/74F253 Dual 4-Bit Multiplexer W/TRI-STATE OQUPULS . . . ..o v v ve i e 4-203
54F/74F256 Dual 4-Bit Addressable Latch ......... ... 4-207
54F/74F257A Quad 2-Input Multiplexer w/TRI-STATEQutputs. .. .......vevviiiennnannnn 4-209
54F/74F258A Quad 2-Input Multiplexer w/TRI-STATE Outputs (Inverting) ................. 4-213
54F/74F259 8-Bit Addressable Latch ... e 4-217
54F/74F269 8-Bit Bidirectional Binary Counter .........coviiiiiiiiiiiiii i 4-219
S4F/74F273 Octal D FIP-FIOp .« o\ vviit i e e e 4-223
54F/74F280 9-Bit Parity Generator/Checker. ........ooviiii i eeeiannns 4-225
54F/74F283 4-Bit Binary Full Adder w/FastCarmy .........coiiiviiiiiienniiiienennnnnnn 4-229
54F/74F298 Quad 2-Input Multiplexer with Storage . .......... ... 4-234
54F/74F299 8-Bit Universal Shift/Storage Register w/Common Parallel /O Pins . .......... 4-235
54F/74F322 8-Bit Serial/Parallel Register w/Sign Extend .............cccvviiiieei .. 4-240
54F/74F323 8-Bit Universal Shift/Storage Register w/Synchronous Reset and

CommON /O PINS « ettt e e e e 4-245
54F/74F350 4-Bit Shifter w/TRI-STATEOUPULS . .....viiie i i 4-250
54F/74F352 Dual 4-Input MURIPIEXEr . ... ovi i et ie e aees 4-256
54F/74F353 Dual 4-Input Multiplexer w/TRI-STATEOQUtpUtS . .. ..ot 4-260
54F/74F365 Hex Buffer/Driver w/TRI-STATEOUIPULS . . . ..t v i ieaes 4-264
54F/74F366 Hex Inverter/Buffer w/TRI-STATE QUtpUtS . ......ccviiiieein e ine 4-267
54F/74F368 Hex Inverter/Buffer W/TRI-STATE Outputs . .......cooiriiiiniiiiienannan. 4-267
54F/74F373 Octal Transparent Latch w/TRI-STATEQutputs .........coeeevvvineininnn.. 4-271
54F/74F374 Octal D-Type Flip-Flop w/TRI-STATEOutputs. . .........oooiiiiiiiii .. 4-275
54F/74F377 Octal D-Type Flip-Flopw/ClockEnable............ ... oo iin, 4-279
54F/74F378 Parallel D RegisterwithEnable ............ ... i i 4-281
54F/74F379 Quad Parallel RegisterwithEnable.............. ..o, 4-285
54F/74F381 4-Bit Arithmetic Logic Unit ... i 4-289
54F/74F382 4-Bit Arithmetic Logic Unit ........c.ooutiiiiiiiii i e 4-295
54F/74F385 Quad Serial Adder/Subtracter. ... ...ttt e e 4-301
54F/74F395 4-Bit Cascadable Shift Register w/TRI-STATEOutputs . ...........cooviennn 4-306
54F/74F398 Quad 2-Port Register. .. ... e e e 4-308
54F/74F399 Quad 2-Port Register. .. ...ttt e e e 4-308
54F/74F401 Cyclic Redundancy Check Generator/Checker ...............cociievnan. 4-313
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54F/74F521 8-Bit Identity Comparator . ........ovviiir i irriiiii e 4-388
54F/74F524 8-Bit Registered Comparator . ... e 4-392
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54F/74F525 16-Bit Programmable Counter ..........coviiiiiiineiiiiieiinienennen.
54F/74F533 Octal Transparent Latch w/TRI-STATEOutputs ..........c.coviiiiinnnnn...
54F/74F534 Octal D Flip-Flop w/TRI-STATEOUtPULS . . . . oo e vovee e
54F/74F537 1-0f-10 Decoder w/TRI-STATEOUtpULS . ....covvviiii it
54F/74F538 1-0f-8 Decoder W/ TRI-STATEOULPULS . ...ovtiiiiii i eieiiiieennnnnns
54F/74F539 Dual 1-of-4 Decoder w/TRI-STATEOutputs. ... ...covviiiennninnennn..
54F/74F540 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) ...................
54F/74F541 Octal Buffer/Line Driver w/TRI-STATEOutputs .........c.ocvvvviiennenn..
54F/74F543 Octal Registered TranSCeIVEr . ......cveentiireii i i eanenens
54F/74F544 Octal Registered Transceiver (Inverting in Both Directions) ...................
54F/74F545 Octal Bidirectional Transceiver w/TRI-STATEOutputs ...........ccovvvvuenn.
54F/74F547 Octal Decoder/Demultiplexer w/Address Latches and Acknowledge . .........
54F/74F548 Octal Decoder/Demultiplexer w/Acknowledge ............cccvviiiivninne,
54F/74F550 Octal Registered Transceiver w/StatusFlags .............ccooiviiiiininn,
54F/74F551 Octal Registered Transceiver w/StatusFlags ..................ocoiviat,
54F/74F552 Octal Registered Transceiver w/ParityandFlags .................co.ocvua..
54F/74F563 Octal D-Type Latchw/TRI-STATEOQutputs ...........coiiiiiiiiiiiiiinee,
54F/74F564 Octal D-Type Flip-Flop w/TRI-STATEOUtputS. . .. ..o ooviieiei e eenees
54F/74F568 4-Bit Bidirectional Decade Counter w/TRI-STATEOutputs ...................
54F/74F569 4-Bit Bidirectional Binary Counter w/TRI-STATE Outputs ....................
54F/74F573 Octal D-Type Latchw/TRISTATEOUIPULS .. .ovvvvr v e erneennennn.
54F/74F574 Octal D-Type Flip-Flop w/TRI-STATEQuUtpUts. .. ... coeiiiiieiiiiiieeiinns
54F/74F579 8-Bit Bidirectional Binary Counter w/TRI-STATEOutputs ....................
54F/74F582 4-Bit BCD ArithmeticLogicUnit..........cooiviiiiiiiiiii i,
BAF/74F583 4-Bit BCD Adder. .. ..o ittt ettt e i
54F/74F588 Octal Bidirectional Transceiver with IEEE-488 Termination Resistors and
TRI-SSTATE INPUtS/OUIPULS . . .ottt ci et eeennnrieannrnaans
54F/74F595 8-Bit Shift Register w/OutputLatches ... it
54F/74F597 8-Bit Shift Register. .. ...t et eeeiiiinnaannes
54F/74F598 8-Bit Shift Register. .. ... ..vii i e et e e
54F/74F620 Inverting Octal Bus Transceiver w/TRI-STATEOutputs . ..........ccvvennn..
54F/74F623 Inverting Octal Bus Transceiver w/TRI-STATEOQutputs . .....................
54F/74F632 32-Bit Parallel Error Detection and Correction Circuit ......................0.
54F/74F646 Octal Transceiver/Register w/TRI-STATEOQutputs ...............ccovuvnn.
54F/74F648 Octal Transceiver/Register w/TRI-STATEQutputs ................coviunae.
54F/74F651 Octal Transceiver/Register w/TRI-STATE Qutputs (Inverting) ................
54F/74F652 Octal Transceiver/Register w/TRI-STATEOutputs ...................oole.
54F/74F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and
TRI-STATE OUPUES . . ..ottt ittt ettt sannnnsannensnenans
54F/74F673A 16-Bit Serial-In, Serial/Parallel-Out Shift Register (Common Serial I/0 Pin) ...
54F/74F674 16-Bit Serial/Parallel-In, Serial-Out Shift Register (Common Serial /O Pin) ... ...
54F/74F675A 16-Bit Serial-In, Serial/Parallel-Out Shift Register .. ........................
54F/74F676 16-Bit Serial/Parallel-In, Serial-Out Shift Register ...........................
54F/74F701 Register/Counter/Comparator ..........ccoiiiiiieetiiiinneeeeennnnnnness
54F/74F702 Read-Back TransCeiver ........ooiiiiiiiii ittt eciiiinnas
54F/74F707 400 MHz 8-Bit TTL-ECL Register ........coiviiiiiiiiiiiii i
54F/74F710 400 MHz Single Supply TTL-ECL Shift Register .............covvviiiiiinn...
54F/74F779 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs ....................
B54F/74F821 10-Bit D-Type Flip-FIOP . .+ oottt ettt ei e
54F/74F823 9-Bit D-Type Flip-FIop . . . o e e
B54F/74F825 8-Bit D-Type FIip-FIOp . . .. .o e o e e
54F/74F827 10-Bit Buffer/LineDriver. . ...ttt
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Ordering Code: see sections
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Connection Diagrams

Pin Assignment
for DIP, SOIC and Flatpak
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TL/F/9454-2

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input g/l
HIGH/LOW Output lon/loL
An, Bn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC

4 (= 8 7 [
Ay NC O, NC B,

TL/F/9454-1




Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the Nationa! Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —-0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig. (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IIN = —18 mA
VoH Output HIGH 54F 10% Ve 2.5 loH= —1mA
Voltage 74F 10% V¢ 2.5 \ Min loH= —1mA
74F 5% Vcg 2.7 loH = —1mA
VoL Output LOW 54F 10% Voo 0.5 v Min loL = 20mA
Voltage 74F 10% Voo 0.5 oL —™ 20mA
IIH Input HIGH Current 20 nA Max ViN = 27V
Isvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
IiL Input LOW Current —0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
IcEx Output HIGH Leakage Current 250 pA Max Vout = Vce
lccH Power Supply Current 1.9 2.8 mA Max Vo = HIGH
lccL Power Supply Current 6.8 10.2 mA Max Vo = LOW

4.7
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C B R
Symbol Parameter Voo = +5.0V Té’ v=°°5; I:“ TA(,:Vc:c 50 c: ™ | units l;ig
CL = 50pF L P L P
Min Typ Max Min Max Min Max
tpLy Propagation Delay | 2.4 37 5.0 20 7.0 2.4 6.0 o | os
tPHL Aq Bnt0Op 15 3.2 43 15 6.5 15 5.3

4.8



National

Semiconductor

54F/74F02

Quad 2-Input NOR Gate

Ordering Code: see section 5

Connection Diagrams

Logic Symbol
IEEE/IEC Pin Assignment for
DIP, SOIC and Flatpak
Ay — =1 -
B — 0% 5 _1 -/ 14
o~ 0o = Vee
Ay— - Ao_z. iaz
B, —] 0y 3 12
Ay — 5 o,—% L1
B, — >— 02 "5 10 2
2 A— —— 0
Ay — - -l E
: ~— 03 B éii N
By — GND —= =— A3
TL/F/9465-3
TL/F/9455-2
Unit Loading/Fan Out: see section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW Output lon/loL
An Bn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC
A NC Oy NC By
EBER

4 [ (8 [ @
03 NC Ay NC B,

TL/F/9455-1

49

c0



02

Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for avallablility and specifications. Military —55°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0vV
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output -0.5Vto Ve
TRI-STATE® Output —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lo| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter SAF/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vco Input Clamp Diode Voltage —1.2 Vv Min IN = —18 mA
VoH Output HIGH 54F 10% Vo 25 loH = —1mA
Voitage 74F 10% V¢ 25 \ Min loy= —1mA
74F 5% V¢ 2.7 log = —1mA
VoL Output LOW 54F 10% Vgg 0.5 v Min loL = 20 mA
Voltage 74F 10% Voo 0.5 loL = 20 mA
K Input HIGH Current 20 pA Max ViN = 2.7V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
i Input LOW Current —0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = OV
lcex Output HIGH Leakage Current 250 HA Max Vout = Ve
lccH Power Supply Current 3.7 5.6 mA Max Vo = HIGH
lccL Power Supply Current 8.7 13.0 mA Max Vo = LOW

4-10




AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V Té’ V=ccs 0_ I\'I:III TA(’:VC: 50 c: ™ | units ;‘3
CL = 50 pF L==e L==>p
Min Typ Max Min Max Min Max
teLH Propagation Delay 25 4.4 55 25 75 25 6.5 ns 2-3
tpHL An, Bnto Oy 15 3.2 43 15 6.5 15 53

4-11
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National
Semiconductor

54F/74F04
Hex Inverter

Ordering Code: see Section 5

Logic Symbol Connection Diagrams
|IEEE/IEC Pin Assignment for Pin Assignment
- _ DIP, SOIC and Flatpak for LCC and PCC
Ay — ) _
Ay— L5, N Y 1 Ay NC 0y NC A
_ e '—-'Vcc [El @ E
Ay P 0, 5. —2 ? 13,
_ o 3
Ay — =— 0 Py Y_)las 0,3
Ay P— 0, 51 4 § 11 Ay GND [[@
A5 — P— 0s a3 Y _lo_; Ne
4 =
TL/F/9456-3 8 [ ; 9 Ag ;’5
A 5
o] Y s o
y
TL/F/9456-2 64 NC A4 NC (-]3
Unit Loading/Fan Out: see section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input hy/ly
HIGH/LOW Output Ion/loL
An Inputs 1.0/1.0 20 nA/—0.6 mA
On Outputs 50/33.3 —1 mA/20 mA

TL/F/9456-1

4-12



Absolute Maximum Ratings (vote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for avallability and specifications. Military —55°C 1o +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vcg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vgg = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee: Conditions
Min Max
ViH Input HIGH Voltage 2.0 Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 v Min IIN= —18mA
VoH Output HIGH 54F 10% Vgc 25 loH= —1mA
Voltage 74F 10% Vco 2.5 \ Min lon = —1mA
74F 5% Vco 2.7 loy= —1mA
VoL Output LOW 54F 10% Vco 0.5 v Min oL — 20mA
Voltage 74F 10% Vo 0.5 loL = 20 mA
i1 Input HIGH Current 20 pA Max VIN = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
i Input LOW Current —-0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lceEx Output HIGH Leakage Current 250 rA Max Vout = Voo
lccH Power Supply Current 4.2 mA Max Vo = HIGH
lccL Power Supply Current 15.3 mA Max Vo = LOW

vo
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F

Ta = +25°C . .

Ta, Vec = Mil Ta, Vcc = Com Fig

Symbol Parameter Vee = +56.0V i - Units

CL = 50 pF CL = 50 pF CL = 50 pF No

Min Typ Max Min Max Min Max

tpLH Propagation Delay 2.4 3.7 5.0 2.0 7.0 2.4 6.0 ns 2.3
tPHL Anto O, 1.5 3.2 4.3 15 6.5 15 5.3

414



National
Semiconductor

54F/74F08
Quad 2-Input AND Gate

80

Ordering Code: see Section 5

Logic Symbol Connection Diagrams
IEEE/IEC Pin Assignment Pin Assignment
for DIP, SOIC and Flatpak for LCC and PCC
Ag —1 &

0O By NC Ay NC 0,
8y — — wd— BEE
Aq —

' [ o‘ Bo_z E ‘—3 Az
By — 0,3 ﬁﬁﬁez r
Ay — |, A 4 1 0,
B, — 8, 10 5,
s o, 03 s
B an77 B o,

A NC 05 NC B,

TL/F/9457-1

TL/F/9457-2

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input lin/h
HIGH/LOW Outnut Igy/loe
An, Bp Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA

4-15
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Absolute Maximum Ratings (Note 1)

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
. N Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —-55°Cto +125°C Supply Voitage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vce Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vgg = 0V)
Standard Output —0.5Vto Veg
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lgp (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
VI Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min IN= —18mA
VoH Output HIGH 54F 10% Vgc 25 loy = —1mA
Voltage 74F 10% Vge 25 \ Min loH= —1mA
74F 5% Voo 27 lon = —1mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20 mA
Voltage 74F 10% Ve 0.5 loL = 20 mA
IH Input HIGH Current 20 pA Max ViN = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
IiL Input LOW Current —-0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vourt = 0V
1cEX Output HIGH Leakage Current 250 pA Max Vourt = Veo
lccH Power Supply Current 5.5 8.3 mA Max Vo = HIGH
lcoL Power Supply Current 8.6 12.9 mA Max Vo = LOW

4-16




AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Voc = Mil Ta, Vcc = Com Fig
Symbol Parameter Vee = +5.0V i - Units
CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tpLH Propagation Delay 3.0 4.2 5.6 2.5 7.5 3.0 6.6 s 2.3
tPHL An, Bhto Oy 25 4.0 5.3 2.0 7.5 25 6.3

417
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National

Semiconductor

54F/74F10
Triple 3-Input NAND Gate

Ordering Code: see Section 5

Logic Symbol

IEEE/IEC

Connection Diagrams

Pin Assignment for

&

TL/F/9458-3

DIP, SOIC and Flatpak

1

AO——

By
G
0
GND

\J
By I Co
A Qr':‘%éo

TL/F/9458-2

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input i/l
HIGH/LOW Output fon/loL
/_\n, Bn, Cn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC
Cy NC By NC A
EBE&

By NC A, NC O

TL/F/9458-1

418




Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
e N " Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voitage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —~0.5Vto Vce
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH input HIGH Voltage 2.0 Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \' Recognized as a LOW Signal
Vebp input Clamp Diode Voltage —-1.2 \ Min IiN= —18mA
VoH Output HIGH 54F 10% Voo 25 lon = —1mA
Voltage 74F 10% Voo 25 \ Min loH = —1mA
74F 5% Voo 2.7 lon = —1mA
VoL Qutput LOW EAF 10% Voo 0.5 v Min loL = 20 mA
Voltage 74F 10% Vg 0.5 loL = 20 mA
lIH Input HIGH Current 20 BA Max ViN = 27V
IBvI Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
he Input LOW Current —0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
IcEX Output HIGH Leakage Current 250 A Max | Vout = Vcc
lccH Power Supply Current 1.4 2.1 mA Max Vo = HIGH
lccL Power Supply Current 5.1 7.7 mA Max Vo = LOW

oL
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C .
Ta, Vec = Mil Ta, Vecc = Com . Fig
Symbol Parameter Vee = +5.0V I - Units
CL = 50pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tpLH Propagation Delay 2.4 3.7 5.0 2.0 7.0 2.4 6.0 ns 2_3
thHL An, Bp, Cnto Oy 15 3.2 43 1.5 6.5 1.5 5.3

4-20




National
Semiconductor

54F/74F11
Triple 3-Input AND Gate

Ordering Code: see Section 5

Logic Symbol
Pin Assignment for
IEEE/IEC DIP, SOIC and Flatpak
./
Ao — & pypunt 4 v
2 13
= =L
3 12
A= P
Co — B 4 11
{ A
¢ 5 10 B
Ay — s s 2
01— ( 5 I:_Cz
81— — oND—1 2o,
C1 —
TL/F/9459~2
Az e—
By — — 0,
Cp—
TL/F/9459-3
Unit Loading/Fan Cutt ses ssction 2 for U.L. dafinitions
54F/74F
Pin Names Description U.L. Input liy/li
HIGH/LOW Output lgn/loL
An, Bn, Cn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —~1mA/20 mA

Connection Diagrams

Pin Assignment
for LCC and PCC

C; NC B NC A,
BE@DEEE

By NC Ay NC 0,

TL/F/9459-1

4-21
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Absolute Maximum Ratings (Note 1)

" Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availablility and specifications. Military —55°C to + 125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —-0.5Vto +7.0v
Input Voltage (Note 2) -0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vog = 0V)
Standard Output —-0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated g (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
. Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
viL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Veo Input Clamp Diode Voltage -1.2 \ Min In= —18mA
VoH Output HIGH 54F 10% V¢g 25 loy = —1mA
Voltage 74F 10% V¢ 25 \ Min lon=—1mA
74F 5% Vg 27 loH = —1mA
VoL Output LOW 54F 10% Vg 0.5 v Min loL = 20mA
Voltage 74F 10% Vg 0.5 loL = 20 mA
IIH Input HIGH Current 20 RA Max ViN = 2.7V
lBvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
I Input LOW Current —-0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 -150 mA Max Vout = OV
IcEX Output HIGH Leakage Current 250 RA Max | Vout = Vcc
lccH Power Supply Current 6.2 mA Max Vo = HIGH
lcoL Power Supply Current 9.7 mA Max | Vo= LOW




AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V T(A:’ v:°5 0_ ':" TA(':V(:: 50 C: m Units :‘Iz
CL = 50 pF L p L p
Min Typ Max Min Max Min Max
teLH Propagation Delay 3.0 4.2 5.6 25 7.5 3.0 6.6 ns 2-3
tPHL An, Bn, Chto Oy 25 4.1 55 2.0 7.5 25 6.5

4-23
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National
Semiconductor

54F/74F13

Dual 4-Input NAND Schmitt Trigger

General Description

The 'F13 contains two 4-input NAND gates which accept
standard TTL input signals and provide standard TTL output
levels. They are capable of transforming slowly changing
input signals into sharply defined, jitter-free output signals.
In addition, they have a greater noise margin than conven-
tional NAND gates.

Each circuit contains a 4-input Schmitt trigger followed by
level shifting circuitry and a standard FAST® output struc-
ture. The Schmitt trigger uses positive feedback to effective-
ly speed-up slow input transitions, and provide different in-
put threshold voltages for positive- and negative-going tran-
sitions. This hysteresis between the positive-going and neg-
ative-going input threshold (typically 800 mV) is determined
by resistor ratios and is essentially insensitive to tempera-
ture and supply voltage variations.

Ordering Code: ses section 5

Logic Symbol Connection Diagrams
IEEE/IEC Pin Assignment Pin Assignment
v for DIP, SOIC and Flatpak for LCC and PCC
Ao — NC Co NC NC
A\ Dy NC &
By — _ e Ldve EpE@A
> 0g By == L
0= Ne=3 12g,
Do = co= i ne
Do 5 'LQCI
A— 5,4 9.0,
By — i 8.0
1 5, GND 04 5
¢y — )
b TL/F/9460-1 C1 NC NC NC B|
1 TL/F/9460-2

TL/F/9460-3

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW Output loy/loL
én. Bn, Cn, Dn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA

Function Table

Inputs Output
A B D [¢]
X x| n | e
X L X X H X ; lmmate(:ial .
X X L X H
X X X L H
H H H H L

4-24




Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
s ! Free Air Ambient Temperature
Distributors for availability and specifications. . Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vcc Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin ~0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vo = 0V)
Standard Output —0.5VtoVcg
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lp (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
V14 Positive-Going Threshold 1.5 2.0 \ 5.0
V- Negative-Going Threshold 0.7 11 \% 5.0
AVT Hysteresis (V14 -V1-) 0.4 — v 5.0
Veo Input Clamp Diode Voltage -1.2 \ Min IIN= —18 mA
VoH Output HIGH 54F 10% Vg 25 lon = —1mA
Voltage 74F 10% Vec 25 \ Min loH = —1mA
74F 5% Voo 27 lo — —1mA
VoL Output LOW 84F 10% Vg 0.5 v Min loL = 20 mA
Voltage 74F 10% Voo 0.5 loL = 20mA
IiH Input HIGH Current 20 pA Max VIN = 2.7V
Igvi Input HIGH Current VN = 7.0V
Breakdown Test 100 HA Max
IR Input LOW Current —-0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —-150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max Vourt = Vee
lccH Power Supply Current 4.5 8.5 mA Max Vo = HIGH
lecL Power Supply Current 7.0 10.0 mA Max Vo = LOW

4-25
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = t25°C
Ta Vee = Mil Tas Voo = Com Fig
Symbol Parameter Vee = +5.0V i - Units
CL = 50 pF Cp = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tPLH Propagation Delay 5.0 10.5 3.0 16.0 45 12.0 ns 2.3
tpuL An, Bn, Cp, Dn t0 Oy 9.5 17.5 8.5 22.0 9.5 18.5

4-26




National
Semiconductor

54F/74F14
Hex Inverter Schmitt Trigger

General Description

The 'F14 contains six logic inverters which accept standard
TTL input signals and provide standard TTL output levels.
They are capable of transforming slowly changing input sig-
nals into sharply defined, jitter-free output signals. In addi-
tion, they have a greater noise margin than conventional

effectively speed-up slow input transition, and provide differ-
ent input threshold voltages for positive and negative-going
transitions. This hysteresis between the positive-going and
negative-going input thresholds (typically 800 mV) is deter-
mined internally by resistor ratios and is essentially insensi-

inverters.

Each circuit contains a Schmitt trigger followed by a Darling-
ton level shifter and a phase splitter driving a TTL totem-
pole output. The Schmitt trigger uses positive feed back to

tive to temperature and supply voltage variations.

Ordering Code: see section 5

Logic Symbol Connection Diagrams
IEEE/IEC Pin Assignment Pin Assignment
| 1 - DIP, SOIC and Flatpak for LCC and PCC
o= o 5
] N\ e, I NC Oy NC |y
h—T -0, 60 zj 13|CC (=1 (7 (€1 =)
0] ‘g 5
3 12 =
o I o I gl Ty
~ 01— ‘Z 4
= o -0 Iz.—sj 10 64
- 52—6- S I3
o % ono 4 2.5,
ls— T 85 BE
TL/F/9461-1

04 NC 14 NC O
TL/F/9461-2

TL/F/9461-3

Unit Loading/Fan Out: ses Section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input i/l
HIGH/LOW Output lon/loL
In Input 1.0/1.0 20 nA/—0.6 mA
[e Output 50/33.3 —1mA/20 mA

Function Table

Input Output
A @)
L H
H L

HIGH Voltage Level

H=
L = LOW Voltage Level
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Absolute Maximum Ratings (vote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
Y peciiications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias ~55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢g Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) -0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voitage Applied to Output
in HIGH State (with Vo = 0V)
Standard Output —0.5Vto Voo
TRI-STATE® Qutput —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig|_ (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vece Conditions
Min Typ Max
VT+ Positive-Going Threshold 1.5 1.7 2.0 \ 5.0V
V1 Negative-Going Threshold 0.7 0.9 1.1 \ 5.0V
AVt Hysteresis (V14 -V1-) 0.4 0.8 A" 5.0V
Veo Input Clamp Diode Voltage -1.2 ) Min IN = —18mA
VoH Output HIGH 54F 10% V¢c 2.5 loH= —1mA
Voltage 74F 10% V¢ 2.5 \ Min loH = —1mA
74F 5% Vg 2.7 loH = —1mA
VoL Output LOW 54F 10% Vcc 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 20 mA
IH Input HIGH Current 20 MA Max ViN =27V
I Input LOW Current —0.6 mA Max ViN = 0.5V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
los Output Short-Circuit Current -60 —150 mA Max Vout = 0V
Icex Output HIGH Leakage Current 250 pA Max Vout = Ve
lccH Power Supply Current 25 mA Max Vo = HIGH
lccL Power Supply Current 25 mA Max Vo = LOW
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AC Electrical Characteristics: ses Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Veg = +5.0V Té’ V:% 0_ I:" TA(’:VC: 5_0 c: m Units ::g
CL = 50 pF L P L P
Min Max Min Max Min Max
tPLH Propagation Delay 4.0 10.5 4.0 14.0 4.0 11.5 ns 2_g
tPHL In— 0n 3.5 8.5 3.5 10.0 35 9.0

1]
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National

Semiconductor

54F/74F20

Dual 4-Input NAND Gate

Ordering Code: sce section 5
Logic Symbol

IEEE/IEC

&

TL/F/9462-3

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak
Ag 1 u &voc
B 2 13,
N3 125,
co-H 11 e
D=2 10¢,
5 -y
N &5,

TL/F/9462-2

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input g/l
HIGH/LOW Output loy/loL
An, B, Cp, Dpy Inputs 1.0/1.0 20 pA/—0.6 mA
Op Outputs 50/33.3 —1mA/20 mA

Pin Assignment

for LCC and PCC

Dg NC Gy NC NC
BDEERE

{4 S (8] (7 [i)
€y NC NC NC B,

TL/F/9462-1
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vce Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated IgL (MmA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IIN = —18mA
VoH Output HIGH 54F 10% Vco 2.5 loH = —1mA
Voltage 74F 10% Ve 25 \ Min loH = —1mA
74F 5% Vo 2.7 loH = —1mA
VoL Output LOW 54F 10% Vce 05 v Min loL = 20 mA
Voltage 74F 10% Veo 0.5 loL = 20 mA
I Input HIGH Current 20 rA Max Vin = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
L Input LOW Current —-06 mA Max ViN = 0.5V
los Output Short-Circuit Current —-60 —-150 mA Max Vout = 0V
IcEx Output HIGH Leakage Current 250 pA Max Vout = Vee
lccH Power Supply Current 0.9 1.4 mA Max Vo = HIGH
lccL Power Supply Current 3.4 5.1 mA Max Vo = LOW

AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
- Ta, Vec = Mil Ta, Vcc = Com Fig
Symbol Parameter Vee = +5.0V CL = 50 pF CL = 50 pF Units No
Cy = 50 pF
Min Typ Max Min Max Min Max
tpLH Propagation Delay 24 3.7 5.0 20 7.0 2.4 6.0 ns 2_3
tPHL An, Bp, Cn, Dnto Opy 1.5 3.2 43 1.5 6.5 1.5 5.3
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National
Semiconductor

54F/74F27
Triple 3-Input NOR Gate

Ordering Code: see section5

Logic Symbol Connection Diagrams
|IEEE/IEC Pin Assignment for Pin Assignment
DIP, SOIC and Flatpak for LCC and PCC
A’—
] _ "o Aq NC By NC €
2‘_ = P B, v BOEEER
‘ -4 % e,
A 3 12 - 3
2= _ C 0y
By == —0, B, 4 1" Ay
C— =S 10 .
1 By 35 ;
As— _ 6'_6 '9—03
23"' ~—0; N4 E 85,
: HEEDE

TL/F/9539-3 TL/F/9539-2

By NC Az NC 0,

Unit Loading/Fan Out: sce section 2 for U.L. definitions

54F/74F
Pin Names Description- u.L. Input liy/ly
HIGH/LOW Output loy/loL
An, Bn, Cy Data Inputs 1.0/1.0 20 nA/—0.6 mA
[e Data Outputs 50/33.3 —1mA/20 mA
Function Table
Inputs Output
An Bn cl‘l 'an
H = HIGH Voltage Level
L L L H L = LOW Voltage Level
X X H L X = Immaterial
X H X L
H X X L

TL/F/9539-1
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Absolute Maximum Ratings (ote 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ : .

Distributors for availability and specifications. Fn::i"/t\;:yAmblent Temperature _55°Cto +125°C

Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C

Ambient Temperature under Bias —55°Cto +125°C Supply Voltage

Junction Temperature under Bias -55°Cto +175°C Military +4.5Vto +5.5V

V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V

Input Voltage (Note 2) -0.5Vto +7.0V

Input Current (Note 2) —30mAto +5.0 mA

Voltage Applied to Output
in HIGH State (with Vo = 0V)

Standard Output —0.5VtoVco

TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output

in LOW State (Max) twice the rated lp. (mA)

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max

VIH Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min N = —18mA
VoH Output HIGH 54F 10% Vg 25 loH = —1mA

Voltage 74F 10% Vg 2.5 v Min loy = —1mA

74F 5% Vce 27 loH = —1mA

VoL Output LOW 54F 10% Ve 0.5 v Min | loL=20mA

Voltage 74F 10% V¢ 0.5 loL = 20mA
IIH Input HIGH Current 20 rA Max ViN = 2.7V
| | |
e Input LOW Current —-0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —-60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max Vout = Vcc
lccH Power Supply Current 4.0 5.5 mA Max Vo = HIGH
lccL Power Supply Current 8.7 12.0 mA Max Vo = LOW
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _aa _ .
Symbol Parameter Vce = +5.0V Té’ vicsg ':'I TAéVc__c 5_0 C: ™ | units I;Ig
CL = 50 pF L=30p L=P
Min Typ Max Min Max Min Max
tPLH Propagation Delay 2.0 3.8 6.0 1.5 6.5 ns 2-3
tPHL 1.0 26 4.0 1.0 4.5

434
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Semiconductor

54F/74F30
8-Input NAND Gate

Ordering Code: ses Section5

Logic Symbol

IEEE/IEC

Ay —i
Ay —
Ay —
Ay —
Ag =t
Ag —
Ay —i

&

TL/F/9560-4

Connection Diagrams

Pin Assignment
for DIP, Flatpak and SOIC

1 S 14
As ) ;Vcc
A 1LV
E 12,
! 1,

5 10
A NC

e 9

TL/F/9560-1

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input i/l
HIGH/1.0W Outnut lgs:/loe
Ao-Az Inputs 1.0/1.0 20 nA/—0.6 mA
(0] Output 50/33.3 —1mA/20 mA
Function Table
Inputs Output
A0 A1 A2 A3 A4 A5 A6 A7 0
L X X X X X X X H
X L X X X X X X H
X X L X X X X X H H = HIGH Voltage Level
x X X L X X X X H L = LOW Voltage Level
X X X X L X X X H X = Immaterial
X X X X X L X X H
X X X X X X L X H
X X X X X X X L H
H H H H H H H H L

LAyEl!
GND i@
NC [
om@
NC )

Pin Assignment
for LCC and PCC
Ay NC Ay NC A5
EIEE

[r4) 5] (&) 17 8l
NC NC A7 NC Ag

EA,
@As
[ne
B3 Vee
mNC

TL/F/9560-2
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
Free Air Ambient Temperature
Distributors for avallability and specifications. Military —55°C to +125°C
Storage Temperature ~65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —-0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated g (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs,
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vece Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \" Min INn= —18mA
VoH Output HIGH 54F 10% V¢ 25 loH= —1mA
Voltage 74F 10% Vg 25 V. Min lon= —1mA
74F 5% Vo 2.7 loH= —1mA
VoL Output LOW 54F 10% V¢ 0.5 v Min loL = 20 mA
Voltage 74F 10% Vg 0.5 loL = 20mA
1 Input HIGH Current 20 pA Max ViN = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
M Input LOW Current —-0.6 mA Max VIN = 0.5V
los Output Short-Gircuit Current —60 —-150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max | Vout = Vcc
lccH Power Supply Current 0.5 1.5 mA Max Vo = HIGH
leoL Power Supply Current 4.5 mA Max Vo = LOW
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations
74F 54F 74F
Ta= +25°C B _
Symbol Parameter Vgg = +5.0V Té’ V:cs ; r" TAéVC:' 50 c: ™ | units I;Ig
CL = 50 pF L=>e L=
Min Typ Max Min Max Min Max
tPLH Propagation Delay 1.0 3.7 5.0 1.0 55 ns 2-3
tPHL Anto O 1.5 2.8 5.0 1.5 55
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Semiconductor

54F/74F32
Quad 2-Input OR Gate

Ordering Code: see section s

Connection Diagrams

Pin Assignment for
DIP, SOIC and Flatpak

-/
Ag— —13 Vee
B, —4 135,
0p=2 12 g

Logic Symbol
IEEE/IEC
Ag — 21
By — % 1
A — L
81 — 1
Ay — 4
2 —o, Ay
- o o e
T T
85— oNp—Z 5 05

TL/F/9463-3

TL/F/9463-2

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW Output lon/loL
An, Bn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC

By NC Aj NC Oy
BIDOEBEBELE

[ (3 [l {7 8
A3 NC 0, NC B,

TL/F/9463-1
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the Natlonal Semiconductor Sales Office/ : .
: Free Air Ambient Temperature
Distributors for availablility and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) -0.5Vto +7.0V
Input Current (Note 2) -30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5VtoVge
TRI-STATE® Output -0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated o (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IN= —18 mA
VoH QOutput HIGH 54F 10% Ve 25 lon=—-1mA
Voltage 74F 10% Vco 2.5 v Min | loy = —1mA
74F 5% Vg 27 loh = —1mA
Voo Output LOW 54F 10% V¢ 05 v Min loL = 20 MA
Voltage 74F 10% Voo 0.5 loL = 20 mA
IH Input HIGH Current 20 nA Max VIN = 2.7V
Isvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
e Input LOW Current -0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max | Vour =0V
Icex Output HIGH Leakage Current 250 pA Max Vout = Ve
IccH Power Supply Current 6.1 9.2 mA Max Vo = HIGH
lecL Power Supply Current 10.3 15.5 mA Max Vo = LOW
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Ve = +5.0V Té’ v=cc50_ ':“ TAéV‘f 50 c:_.’ m Units ::2
CpL = 50pF L p L ‘ P
Min Typ Max Min Max Min Max
teLH Propagation Delay 3.0 4.2 5.6 3.0 7.5 3.0 6.6 ns 2_3
tPHL Ap, Bhto O, 3.0 4.0 5.3 2.5 7.5 3.0 6.3
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54F/74F37
Quad Two-Input NAND Buffer

Ordering Code: sce Section 5

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

_/ y
1 e

; § ——A;
12 g,

Logic Symbol
IEEE/IEC

Ag = &> - 60

By = Ao__1.
A P 0, 8—3
By — 0=
Ay — L5, A=
By — B,—S
A S Oy 56—
B — oND—L

1,
104

o

5_55

TL/F/9464-3

TL/F/9464-1

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input lyy/l.
HIGH/LOW Output lox/loL
An, Bn Inputs 1.0/1.0 20 pA/—1.2mA
On Outputs 600/106.6 (80) —12 mA/64 mA (48 mA)
Function Table
Inputs Output
A B o H = HIGH Voitage Level
L L H L = LOW Voltage Level
L H H
H L H
H H L

Pin Assignment
for LCC and PCC

By NC Ay NC Oy
(8] [1 [€] (5] [4]

Ag NC 0, NC B,

TL/F/9464-2
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for avallabllity and specifications. Military . —55°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias .—55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Mititary +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5VtoVce
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min In= —18mA
VoH Output HIGH 54F 10% Vco 24 loH = —3mA
Voltage 54F 10% Vo 2.0 loH= —12mA
74F 10% Vco 24 v Min loH= —3mA
74F 10% Vo 2.0 loH= —12mA
74F 5% Vcg 2.7 loH= —3mA
74F 5% Vcg 2.0 log = —15mA
VoL Output LOW 54F 10% Veo 0.55 v Min loL = 48 mA
Voltage 74F 10% Voo 0.55 loL = 64 mA
IIH Input HIGH Current 20 pA Max | ViN= 27V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
I Input LOW Current -1.2 mA Max ViN = 0.5V
los Output Short-Circuit Current -100 —225 mA Max | Voyr = 0V
lcex Output HIGH Leakage Current 250 pA Max | Vourt = Vco
lecH Power Supply Current 3.7 6.0 mA Max Vo = HIGH
locL Power Supply Current 28.0 33.0 mA Max | Vo= LOW
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Gonfigurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Voo = +5.0V Té' vjcso ':" T"év‘f o C:m Units ';'g
CL = 50 pF L P L p
Min Typ Max Min Max Min Max
tpLH Propagation Delay 2.0 3.2 5.5 1.5 6.5 ns 2_3
tPHL Ap, Bnto O, 1.5 2.4 4.5 1.0 5.0
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54F/74F38

Quad Two-Input NAND Buffer

(Open Collector)

Ordering Code: see Section 5

Logic Symbol Connection Diagrams
IEEE/IEC Pin Assignment Pin Assignment
for DIP, SOIC and Flatpak for LCC and PCC
By 0 . T B, NC Aq NC O
Ay —] Ap— —Vec EEE
! 5 2 13
B, —] 1 Bo—] A
1 =3 12
; S g S
27 S A —4 1.5
|: pp— 2 1 2
2 5 10
Ay — _ By s . Ay
B — =03 0] Q s
[ 85,
TL/F/9465-3
y
TL/F/9465-1 As NC 62 NC Bz

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input liy/ly
HIGH/LOW Output lon/loL
An, Bp Inputs 1.0/1.0 20 pA/—1.2mA
Op Outputs 0C*/106.6 (80) OC*/64 mA (48 mA)

*OC = Open Collector

Function Table
Inputs Output
A B 0
L L H
L H H
H L H
H H L

H = HIGH Voltage Level
L = LOW Voltage Level

TL/F/9465-2
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
. Free Air Ambient Temperature
Distributors for avallability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated gL (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Veo Input Clamp Diode Voltage —1.2 v Min N = —18 mA
VoL Output LOW 54F 10% Vcg 0.50 v Min loL = 20mA
Voltage 74F 10% Vo 0.50 loL = 20mA
IiH Input HIGH Current 20 nA Max VIN = 2.7V
Ipvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
o Input LOW Current -1.2 mA Max Vin = 0.5V
loHe Open Collector, Output . Vout = Vce
OFF Leakage Test 250 KA Min
lccH Power Supply Current 2.1 7.0 mA Max Vo = HIGH
lcoL Power Supply Current 26.0 30.0 mA Max Vo = LOW
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C "
Ta, Vcc = Mil Tas Voo = Com . Fig
Symbol Parameter Vee = +5.0V Units
= CL = 50 pF N
CL = 50pF CpL = 50 pF L p! o
Min Typ Max Min Max Min Max
tpLH Propagation Delay 6.5 9.7 125 6.5 145 6.5 13.0 ns 2.3
tpHL An, Bnto Oy 1.0 2.1 5.0 1.0 55 1.0 55

4-46




National
Semiconductor

54F/74F40
Dual 4-Input NAND Buffer

PRELIMI

NARY

Ordering Code: see section 5

Logic Symbol
Pin Assignment
IEEE/IEC for DIP, SOIC and Flatpak
&b \—/
Ay — Ag 12 1T‘;"cc
80 — _ Bo AI
. = -, 0O NC‘—B 'ZB,
0 =1 4 1
Co— —=NC
Dy — Do S I ‘0C1
60 5 LDI
A — oND L &5,
By — S 5, TL/F/9466-1
C1 c—
Dy —

TL/F/9466-3

Unit Loading/Fan Out: see section 2 for U.L. definitions

S4T/747
Pin Names Description U.L. Input i/l
HIGH/LOW Output lon/loL
An, Bp, Cn, Dy | Inputs 1.0/72.0 20 pA/—1.2mA
On Outputs 600/106.6 (80) —12mA/64 mA (48 mA)
Function Table
Inputs Output
A B C D [¢]
L X X X H
X L X X H
X X L X H
X X X L H
H H H H L
H = HIGH Voltage Level

= LOW Voltage Level
X = Immaterial

Connection Diagrams

Pin Assignment
for LCC and PCC
Dy NC Gy NC NC
EE

[ (3 (8 [ g
C; NCNC NC B,

TL/F/9466-2

4-47
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Absolute Maximum Ratings (ote 1)

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availabllity and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —-55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) -0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vo = 0V)
Standard Output —0.5Vto Vg
TRI-STATE® Output -0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated I (mA)
Note 1: Absolute maximum ratings are values beyond which the davice may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vco Input Clamp Diode Voltage —-1.2 \ Min N = —18 mA
Vou Output HIGH 54F 10% Vco 2.4 loH= —3mA
Voltage 54F 10% Vo 20 loH = —12mA
74F 10% Vco 2.4 v Min loH= —3mA
74F 10% Vco 2.0 loH = —12mA
74F 5% Veg 2.7 loH= —3mA
74F 5% Voo 2.0 loH = —15mA
VoL Output LOW 54F 10% Vo 0.55 v Min loL = 48 mA
Voltage 74F 10% Vco 0.55 loL = 64 mA
IIH Input HIGH Current 20 pA Max ViN = 2.7V
Ipvi Input HIGH Current ViIN = 7.0V
Breakdown Test 100 A Max
IiL Input LOW Current -1.2 mA Max | V|y = 0.5V
los Output Short-Circuit Current —-100 —225 mA Max | Voyr =0V
lcex Output HIGH Leakage Current 250 pA Max Vout = Voo
IccH Power Supply Current 1.6 4.0 mA. Max | Vo = HIGH
lcoL Power Supply Current 13.0 17.0 mA Max | Vo = LOW
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Vec = Mil Ta, Vcc = Com Fig
Symbol Parameter Vee = +5.0V i - Units
C, = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tPLH Propagation Delay 20 3.0 6.0 1.5 7.0 ns 2.3
tPHL An, Bn, Cn, Dnto Opy 1.5 25 5.0 1.0 55
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National

Semiconductor

54F/74F51

2-2-2-3 AND-OR-Invert Gate

Ordering Code: sce Section 5

Logic Symbol
IEEE/IEC
:o-—' x =1
s —]
Co — L6°
Dy — «
EO—'
Fo —t
n— « =1
By — -
¥o1
¢— &
Dy =

TL/F/9468-4

Connection Diagrams

Pin Assignment

Pin Assignment

for DIP, SOIC and Flatpak for LCC and PCC
< Dy NC €; NC By
L BHEEH
0,3
GND
NC
G, @ ™
Do

TL/F/9468-2

Unit Loading/Fan Out: see Section 2 for U.L. definitions

Ey NC Fo NC B
TL/F/9468-1

54F/74F
Pin Names Description U.L. Input /Iy,

HIGH/LOW Output lon/loL
/_\n, Bn, Cny D, En, Fn Inputs 1.0/1.0 20 pA/—0.6 mA
Oy Outputs 50/33.3 —1mA/20 mA

Function Table for 3-Input Gates Function Table for 2-Input Gates
Inputs Output Inputs Output

A By C Dy E Fo Go Aq By Cy Dy O
H H H X X X L H H X X L
X X X H H H L X X H H L
All other combinations H All other combinations H

H = HIGH Voltage Level
L = LOW Voitage Level
X = Immaterial
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voc = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its usefu! life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min Iy = —18 mA
VoH Output HIGH 54F 10% Vg 25 loH= —1mA
Voltage 74F 10% V¢g 2.5 \ Min loH = —1mA
74F 5% V¢ 27 lo = —1mA
VoL Output LOW 54F 10% Vo 0.5 v in loL = 20mA
Voltage 74F 10% Vg 0.5 o loL = 20 mA
IH Input HIGH Current 20 pA Max ViN = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 HA Max
i Input LOW Current —-0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 RA Max Vout = Vee
lecH Power Supply Current 1.9 3.0 mA Max Vo = HIGH
lccL Power Supply Current 5.3 8.5 mA Max Vo = LOW
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta= +25°C .
_ Ta Vee = Mil Ta, Vec = Comm N Fig
Symbol Parameter Vee = +5.0V CL = 50 pF CL = 50 pF Units No
Cp = 50 pF
Min Typ Max Min Max Min Max
teLH Propagation Delay 2.0 3.7 6.0 1.5 6.5 ns 2.3
tPHL An, Bn, Cp, D, Ep, Fnto O 1.0 26 4.0 1.0 4.5
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Semiconductor

54F/74F64

4-2-3-2-Input AND-OR-Invert Gate

Ordering Code: ses section 5

Connection Diagrams

Logic Symbol
IEEE/IEC Pin Assignment for
DIP, SOIC and Flatpak
Az —
By —] & >1 1 NS 14
2 - Ay — Vec
2 13 .
Ao — Az Bo
3 12
By — « B, " » Co
Co —1 — 0 A ~—D0y
5 10
Do — 91"—'1 _AS
3 9
C| —95
Ay —] ND—4 2 5
B— & -
TL/F/9467-2
C1 —
yp—
1 &
By i
TL/F/9467-3
Unit Lcading/Fan Cut: see Section 2 for U.L. deiinitions
54F/74F
Pin Names Description U.L. Input hy/hL
HIGH/LOW Output lox/loL
An, Bn, Cny Dpy Inputs 1.0/1.0 20 pA/—0.6 mA
[e] Output 50/33.3 —1mA/20 mA

Pin Assignment

for LCC and PCC

By NC Ay NC B,
B@DEEE

4 (3 [@ (7 @
Ag NC Do NC Gy

TL/F/9467-1

4-53
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Absolute Maximum Ratings (vote 1)

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ ; ;
Free Air Ambient Temperature
Distributors for avallability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias ~55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vcg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vgg = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lo| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter SAF/74F Units Vee Conditions
Min Typ Max
\ Input HIGH Voltage 2.0 \Y Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage ~1.2 Y Min IiIN= —18mA
VoH Output HIGH 54F 10% Voo 25 loH= —1mA
Voltage 74F 10% Vcc 2.5 \" Min loy = —1mA
74F 5% Vgg 2.7 loH= —1mA
VoL Output LOW 54F 10% Vco 0.5 v Min loL = 20mA
Voltage 74F 10% Veo 0.5 loL = 20 mA
I Input HIGH Current 20 pA Max VIN = 27V
lsvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
I Input LOW Current —-0.6 mA Max VIN = 0.5V
los Output Short-Circuit Current —60 —-150 mA Max Vout = 0OV
lcex Output HIGH Leakage Current 250 pA Max Vourt = Vo
lccH Power Supply Current 1.9 2.8 mA Max Vo = HIGH
lccL Power Supply Current 341 4.7 mA Max Vo = LOW
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C - -
Symbol Parameter Vee = +5.0V Té' V=cc5; ':" TA(-:VC__C 50 c: m Units '::g
C = 50pF L=op L=
Min Typ Max Min Max Min Max
tpLH Propagation Delay 25 4.6 6.5 25 8.5 25 7.5 ns 2-3
tpHL An, Bn, Cn, Dnto O 1.5 3.2 45 1.5 6.5 1.5 5.5
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National

Semiconductor

54F/74F74

Dual D-Type Positive Edge-Triggered Flip-Flop

General Description

The 'F74 is a dual D-type flip-flop with Direct Clear and Set ~ Asynchronous Inputs:

inputs and complementary (Q, Q) outputs. Information at the
input is transferred to the outputs on the positive edge of
the clock pulse. Clock triggering occurs at a volitage level of
the clock pulse and is not directly related to the transition
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.

LOW input to Sp sets Q to HIGH leve!

LOW input to Cp sets Q to LOW level

Clear and Set are independent of clock

Simultaneous LOW on Cp and Sp
makes both Q and Q HIGH

Ordering Code: see Section5

Logic Symbols

S

So1

—10, Qb—

— CP‘

uo—

Cp

TL/F/9469-3

IEEE/IEC
Sp1—s L .
Py —P>C, ‘
i N
Cor =R !
So2— l—20
CPy— 2
Dz_ -

;—Q
& 2
ch_h

Connection Diagrams

Pin Assignment

for DIP, SOIC, and Flatpak

. 14
[y pe
31_2 13 ,—,c:
i Cp
So1— Llcp,
5 0 -
Q= Sp2
= 6 9
] o
TL/F/9469-4 GND— il —Q

TL/F/9469-6

TL/F/9469-1

Pin Assignment
for LCC and PCC

Qy NC Spy NC CPy
(8] (D[l B[4

TL/F/9469-2
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Unit Loading/Fan Out: ses Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input g/l
HIGH/LOW | Output loy/loL
D4, D2 Data Inputs 1.0/1.0 20 pA/—0.6 mA
CP4, CP2 Clock Pulse Inputs (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
Cpb1, Cp2 Direct Clear Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA
Sp1, Sp2 Direct Set Inputs (Active LOW) 1.0/3.0 20 nA/—1.8 mA
Q1,Qy,Q2,Qp | Outputs 50/33.3 —1mA/20 mA
Truth Table
Inputs Outputs H (h) = HIGH Voltage Level
= = —= L () = LOW Voltage Level
SD cD ce D Q Q X = Immaterial
L H X X H L Qo = Previous Q (Q) before LOW-to-HIGH Clock Transition
H L X X L H Lower case letters indicate the state of the referenced input or output one
L L X X H H setup time prior to the LOW-to-HIGH clock transition.
H H ~ h H L
H H e | L H
H H L X Qo Qo

Logic Diagram

==l

[=1]

e

e—]>o

5
G

TL/F/9469-5
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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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availabllity and specifications. Military —55'Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vcc Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin ~0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vcg = 0V)
Standard Output —0.5VtoVce
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful lite impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vge Conditions
Min Typ Max
VIH Input HIGH Voltage 20 \ Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min | Iy= —18mA
VoH Output HIGH 54F 10% Vgg 2.5 loH= —1mA
Voltage 74F 10% Vg 25 v Min | lon= —1mA
74F 5% Vg 27 loH = —1mA
VoL Output LOW 54F 10% Vco 0.5 v Min loL = 20mA
Voltage 74F 10% Voo 0.5 loL = 20 mA
IIH Input HIGH Current 20 pA Max | VN =27V
v Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
L Input LOW Current -0.6 ViN = 0.5V
18 | ™ | M|y =o0sv
los Output Short-Circuit Current —-60 —150 mA Max | Voyt = OV
lcex gutput HIGH Leakage 250 LA Max Vout = Veo
urrent
lcc Power Supply Current 105 16.0 mA Max
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Ve = Mil | Ta,Vee = Com Fig
Symbol Parameter Vee = +5.0V - 7 Units
Cy = 50pF Cp = 50 pF CL = 50pF No
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 125 80 100 MHz | 2-1
tPLH Propagation Delay 3.8 5.3 6.8 3.8 8.5 3.8 7.8 ns | 2-3
tpHL CPhto QporQp 4.4 6.2 8.0 4.4 10.5 4.4 9.2
tpLH Propagation Delay 3.2 4.6 6.1 3.2 8.0 3.2 71 ns 2.3
tpHL Cpn or Spn to Qn or Qpy 3.5 7.0 9.0 3.5 11.5 3.5 10.5
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ - Fig
Symbol Parameter Vee = +5.0V Ta, Vee = Mil Ta, Vcc = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 2.0 3.0 2.0
ts(L) Dn to CPy 3.0 4.0 3.0 ns | 228
th(H) Hold Time, HIGH or LOW 1.0 2.0 1.0
thiL) Dp to CP, 1.0 20 1.0
tw(H) CP,, Pulse Width 4.0 4.0 4.0 ns 2-4
tw(L) HIGH or LOW 5.0 6.0 5.0
tw(L) Cpn or Spy, Pulse Width _
LOW 4.0 4.0 4.0 ns 2-4
trec Recovery Time _
Con or Spp to CP 20 3.0 2.0 ns 2-6
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National

Semiconductor

54F/74F86

2-Input Exclusive-OR Gate

Ordering Code: see section 5

Connection Diagrams

Logic Symbol
IEEE/IEC Pin Assignment for
DIP, SOIC and Flatpak
Ay =1 0
8, —] "0 d—> |,
n—] 2 _IT‘-Ly s,
— 0, By— LL__L Ay
By — 00._3. i.az
Ay — 4 v 11
— 0, A 0,
By — 5 J_l T
Ay — 6 L s
— 03 01— — 83
B3 — GND‘—7 —I_g L 8_03
TL/F/9470-3
TL/F/9470-2
Unit Loading/Fan Out: see section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input lix/ly
HIGH/LOW Output lon/loL
An, Bn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC
B, NC A; NC Oy
EE

4 (3 [ 2 &
A3 NC 0, NC B,

TL/F/9470-1
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Absolute Maximum Ratings (vote 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the Natlonal Semiconductor Sales Office/ ! ;

Distributors for availability and specifications. Frm;\;yAmbmnt Temperature —55°Cto +125°C

Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C

Ambient Temperature under Bias —55°Cto +125°C Supply Voltage

Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V

V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin -0.5Vto +7.0V

Input Voltage (Note 2) —0.5Vto +7.0V

Input Current (Note 2) ~30mAto +5.0mA

Voltage Applied to Output
in HIGH State (with Voo = 0V)

Standard Output ~0.5VtoVeg

TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output

in LOW State (Max) twice the rated Ig (MmA)

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functiona! operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max

VIH Input HIGH Voltage 20 \" Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vco Input Clamp Diode Voltage —-1.2 \ Min N = —18mA
VoH Output HIGH 54F 10% Vce 25 loH = —1mA

Voltage 74F 10% Vo 25 \' Min loy = —1mA

74F 5% Ve 27 loy= —1mA

Voo Output LOW 54F 10% Vo 05 v Min | 'oL=20mA

Voltage 74F 10% Vcc 0.5 loL = 20 mA
/TP Input HIGH Current 20 nA Max ViN = 2.7V
2| GeskdonTest o0 | A | wax | T
L Input LOW Current -0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
IcEX Output HIGH Leakage Current 250 MA Max Vout = Vce
lccH Power Supply Current 12 18 mA Max Vo = HIGH
leoL Power Supply Current 18 28 mA Max Vo = LOW
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Vo = Mil Ta, Vec = Com Fig
Symbol Parameter Vee = +5.0V Units
= = o
C = 50 pF CL = 50 pF CL = 50pF N
Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.0 4.0 5.5 25 7.0 3.0 6.5
tPHL An, Bhto Oy 3.0 4.2 5.5 3.0 7.0 3.0 6.5 ns 2-3
(Other Input LOW)
tpLH Propagation Delay 3.5 53 7.0 35 8.5 3.5 8.0
tPHL An, Bhto Oy 3.0 4.7 6.5 3.0 8.0 3.0 7.5 ns 2-3

(Other Input HIGH)
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National
Semiconductor

54F/74F109
Dual JK Positive Edge-Triggered Flip-Flop

General Description

The 'F109 consists of two high-speed, completely indepen-  Asynchronous Inputs:
dent transition clocked JK flip-flops. The clocking operation LOW input to Sp sets Q to HIGH lavel

is independent of rise and fall times of the clock waveform. LOW input to Cp sets Q to LOW level

The JK design allows operation as a D flip-flop (refer to 'F74 Clear and Set are independent of clock _

data sheet) by connecting the J and K inputs. Simultaneous LOW on Cp and Sp makes both Q and Q
HIGH

Ordering Code: ses section 5

Logic Symbols Connection Diagrams
Pin Assignment Pin Assignment

for DIP, SOIC and Flatpak for LCC and PCC

&

S,
5 D1 ob—
—]cp,
i 1 oo~
Cp1
? TL/F/9471-3
(4 [ {8 (2 (8
SCPoNC Ky 4
TL/F/9471-1 TL/F/9471-2
S,
3n ",
CPy
Ko Q,
Cp2
TL/F/9471-4
IEEE/IEC
Spr—bs
y—; —Q,
CPy=—t>C
Ry =K, P 0
ém_h R
sDz_h
Jp— _02
crz—‘
R, — >0,
Coz'h

TL/F/9471-6
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Unit Loading/Fan Out: ses section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW | Outputlgn/loL
Ji, J2, Ky, Ko Data Inputs 1.0/1.0 20 pA/—0.6 MA’
CP4, CP2 Clock Pulse Inputs (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
Cpo1, Cp2 Direct Clear Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA
Sp1, Sp2 Direct Set Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA
Q1,Qp,Qy, Q2 | Outputs 50/33.3 —1mA/20 mA
Truth Table
Inputs Outputs
Sp Cp CcP J K Q Q
L H X X X H L
H L X X X L H H (h) = HIGH Voltage Level
L () = LOW Voltage Level

L L X X X H H _~ = LOW-to-HIGH Transition

H H e l. i L H X = Immaterial

H H Ve h | Toggle Qo (@) = Before LOW-to-HIGH Transition of Clock

. = Lower case letters indicate the state of the referenced output one setup time

H H e I h 00‘ ) Q0 prior to the LOW-to-HIGH clock transition.

H H- e h h H L

H ‘H ‘L X X Qo Qo

Logic Diagram (one Half Shown)

—<t ="l >

:DJ":_F'LC
P

TL/F/9471-5
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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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ . .

Distributors for availability and specifications. Fr:;“/:: Ambient Temperature —55°C to +125°C

Storage Temperature —65°Cto +150°C Comr;yercial 0°C to +70°C

Ambient Temperature under Bias —55°Cto +125°C Supply Voltage

Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V

Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V

Input Voltage (Note 2) —0.5Vto +7.0vV

Input Current (Note 2) —30mAto +5.0mA

Voltage Applied to Qutput
in HIGH State (with Voo = 0V)

Standard Output —0.5VtoVee

TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output

in LOW State (Max) twice the rated I (MA)

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max

ViH Input HIGH Voltage 20 \) Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Veo Input Clamp Diode Voltage —-1.2 \ Min In = —18mA
VoH Output HIGH 54F 10% Vco 25 loH= —1mA

Voltage 74F 10% Ve 25 \ Min loH = —1mA

74F 5% Vg 2.7 loy = —1mA

VoL Output LOW 54F 10% Vcg 0.5 v Min loL = 20 mA

Voltage 74F 10% Vce 0.5 loL = 20 mA
IH Input HIGH Current 20 nA Max ViN =27V
Isvi Input HIGH Current ViN = 7.0V

Breakdown Test 100 rA Max
Il Input LOW Current —0.6 mA Max ViN = 0.5V (Jp, Kp)

-1.8 mA Max ViN = 0.5V (Cpn, Spn)

los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 MA Max VouT = Veo
lcc Power Supply Current 11.7 17.0 mA Max CP =0V
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta= +25°C
TasVec = Mil | Ta,Vec = Com Fig
= +4 A
Symbol Parameter Vee 5.0V CL = 50 pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min Max
frnax Maximum Clock Frequency 100 125 70 90 MHz | 2-1
tPLH Propagation Delay 3.8 5.3 7.0 3.8 9.0 3.8 8.0 ns | 2-3
tPHL CPp to Qpor Qy 4.4 6.2 8.0 4.4 10.5 4.4 9.2
:pLH gronggtlor;cl?elay 3.2 5.2 7.0 3.2 9.0 3.2 8.0 ns 2_3
PHL Dn 97 =Dn 35 7.0 9.0 35 115 | 35 105
QqorQp
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Vee = +5.0V Ta, Vee = Mil Tas Vec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 3.0 3.0 3.0
ts(L) Jnor K to CP 3.0 4.0 3.0 ns a6
th(H) Hold Time, HIGH or LOW 1.0 1.0 1.0
thiL) Jn orK;, to CPp 1.0 1.0 1.0
tw(H) CPp, Pulse Width 4.0 4.0 4.0 ns o4
twlL) HIGH or LOW 5.0 5.0 5.0
tw(L) Con, or Spp, Pulse Width,
LOW 4.0 4.0 4.0 ns 2-4
trec Recovery Time
Con Of Son to CP 2.0 20 2.0 ns 2-6
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54F/74F112

Dual JK Negative Edge-Triggered Flip-Flop

General Description

The 'F112 contains two independent, high-speed JK flip-
flops with Direct Set and Clear inputs. Synchronous state
changes are initiated by the falling edge of the clock. Trig-
gering occurs at a voltage level of the clock and is not di-
rectly related to the transition time. The J and K inputs can
change when the clock is in either state without affecting
the flip-flop, provided that they are in the desired state dur-
ing the recommended setup and hold times relative to the
falling edge of the clock. A LOW signal on Sp or Cp pre-
vents clocking and forces Q or Q HIGH, respectively. Simul-
taneous LOW signals on Sp and Cp force both Q and Q
HIGH.

Asynchronous Inputs:

LOW input to Sp sets Q to HIGH level
LOW input to Cp sets Q to LOW level
Clear and Set are independent of clock
Simultaneous LOW on Cp and Sp makes both Q

and Q HIGH

Ordering Code: see Section 5

Logic Symbols
S S
—s, ¥ o — —u, %2 o, —
—Qcp, —Qcpr,
—K|C o jo— -—ch Q, 0—
D1 02
(a) (o)
T TL/F/9472-3 T TL/F/9472-4
IEEE/IEC
Sp—Ds
y—4, —Q,
P —bbc,
e L -0
‘_’m-q R
Spp—
J— —Q;
TP, b
Ky — >_62
Tpp—D

TL/F/9472-8

Connection Diagrams

Pin Assignment
for DIP, SOIC and Fiatpak

_ -/ 16
CP1=1 — Vee
K|_2 Yy ¢ K Eém
3 L] _l— 14 <
=" 4501 Sprp F—Cp2
= 4 _r 9 g 13 —
So1—] CPy
sf 1]12
Q= —Ky
i} S, ._.lJ
_I 7 o2 sm'-L 10 _2
°2—‘| M By Pl
oo -2 L1,
Pin Assignment for LCC
Q, Qq NC Sy
(8]

TL/F/9472-1

TL/F/9472-2
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input lix/liL

HIGH/LOW Output lgn/loL
J1,J2, Ky, K2 Data Inputs 1.0/1.0 20 pA/—0.6 mA
CP4,CPy Clock Pulse Inputs (Active Falling Edge) 1.0/4.0 20 pA/—2.4 mA
Cp1,Cp2 Direct Clear Inputs (Active LOW) 1.0/5.0 20 nA/—3.0 mA
Sp1, Sp2 Direct Set Inputs (Active LOW) 1.0/5.0 20 pA/—3.0 mA
Q1,Q2,Qy, Qs Outputs 50/33.3 —1mA/20 mA

Truth Table
Inpu!s Outputs H(h) = HIGH Voitage Level
§D 60 CP J K Q 6 L{l) = LOW Voltage Level
X = Immaterial
L H X X X H L _ = HIGH-to-LOW Clock Transition
H L X X X L H Qo(Qg) = Before HIGH-to-LOW Transition of Clock
Lower case letters indicate the state of the referenced input or output one
L L X X X l-l H setup time prior to the HIGH-to-LOW clock transition.
H H ~ h h Qo Qo
H H ~ | h L H
H H ~ h | H L
H H ~ | | Qo Qo
Logic Diagram (One Half Shown)

ol

TL/F/9472-5

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto + 125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vce Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min IN= —18 mA
VoH Output HIGH 54F 10% Ve 2.5 loH= —1mA
Voltage 74F 10% Vo 25 v Min lon = —1mA
74F 5% Voo 2.7 loH = —1mA
VoL Output LOW 54F 10% Voo 0.5 v Min loL = 20mA
Voltage 74F 10% Vec 0.5 loL = 20mA
IH Input HIGH Current 20 MA Max VIN = 2.7V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 BA Max
I Input LOW Current -0.6 ViN = 0.5V (Jn, Kp)
-24 mA Max | VN = 0.5V (CPy)
-3.0 VIN = 0.5V (Cpn, Spn)
los Output Short-Circuit Current —-60 —-150 mA Max VouTt = 0V
lcex Output HIGH Leakage Current 250 HA Max Vout = Vce
lecH Power Supply Current 12 19 mA Max Vo = HIGH
lccL Power Supply Current 12 19 mA Max Vo = LOW
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C - _
Symbol Parameter Vee = +5.0V Té’ v:cso ':'I TAévf 50 c:m Units I;ig
Cy = 50 pF L= =P L==P
Min Typ Max Min Max Min Max
frmax Maximum Clock Frequency 85 105 80 MHz | 2-1
tPLH Propagation Delay 2.0 5.0 6.5 2.0 75 ns | 2-3
tPHL CP,to QorQp 20 5.0 6.5 2.0 75
tPLH Propagation Delay 2.0 4.5 6.5 2.0 7.5 ns | 2-3
tPHL Cpn Spnto Qp, Qpy 20 4.5 6.5 2.0 75
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Voo = +5.0V Tas Vee = Mil Tas Vece = Com Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW | 4.0 5.0
ts(L) JnorKpto CP, 3.0 3.5 ns | 2-6
th(H) Hold Time, HIGH or LOW 0 0
th(L) Jn or Kp to CP, 0 0
tyw(H) TP Pulse Width 45 5.0 ns | 2-a
tw(L) HIGH or LOW 4.5 5.0
tw(L) Puise Width, LOW 45 5.0 ns | 2-4
CDn or SDn
trec Recovery Time ~
Spn, Cpn to CP 4.0 5.0 ns | 2-6
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54F/74F113
Dual JK Negative Edge-Triggered Flip-Flop

General Description

The 'F113 offers individual J, K, Set and Clock inputs. When
the clock goes HIGH the inputs are enabled and data may
be entered. The logic level of the J and K inputs may be
changed when the clock pulse is HIGH and the flip-flop will
perform according to the Truth Table as long as minimum
setup and hold times are observed. Input data is transferred
to the outputs on the falling edge of the clock pulse.

Asynchronous input:

LOW input to Sp sets Q to HIGH level

Set is independent of clock

Ordering Code: sce section s

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
IEEE/IEC DIP, SOIC and Flatpak for LCC and PCC
Spi=b{s - \\ 1 Qy NC S5 NC 4
y—, — S | o B OEEE
o=, _ Ky CPy _
K K P 0y J1—3- J1CPKy 1—2-K2 @ S —
5 '_h 1 S=Ydsm |7 L, GND P
” —Q; o= foy of| so2l25 he TR
N o by EBE L g
N _ 1 . 9 Q, g 2 Q,
Ky— Q GND— T 0,
- B
TL/F/9473-6 TL/F/9473-1 S0 &y NC K,
S S
—, o1 o b— —, nzoz_
—o CP‘ —o CPZ
—% oo— —1k2 o 0—
TL/F/9473-3 TL/F/9473-4
Unit Loading/Fan Out: see Section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW | Output lon/loL
J1, J2, Ky, Ko Data Inputs 1.0/1.0 20 pA/—0.6 mA
CP,,CP, Clock Pulse Inputs (Acitve Falling Edge) 1.0/4.0 20 pA/—2.4 mA
Sp1, Sp2 Direct Set Inputs (Active LOW) 1.0/5.0 20 wA/—3.0 mA
Qy,Qp,Q4,Qp | Outputs 50/33.3 —1mA/20 mA

K,
@,
NG

Vee
&,

TL/F/9473-2
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Truth Table
Inputs Outputs
— — — H(h) = HIGH Voltage Level
Sp CP J K Q Q L() = LOW Voltage level
- = HIGH-to-LOW Clock Transition
L X X X H L X = Immaterial
H ~ h h Qo Qo Qo (Qo) = Before HIGH-to-LOW Transition of
H -~ : h L H Lower cat Clleoti:rs indicate the state of the referenced input or output prior
ower case icaie eierencea INpu
H ~ h ! H L to the HIGH-to-LOW clock transition.
H ~ | | Qo Qo
Logic Diagram (one Halt Shown)
1 1
I 1
i—o<}— —{>0—o
I 1

<

Please note that this diagram is provided only for the

TL/F/9473-5
ions and should not be used to estimate propagation delays.

ding of logic op
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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
X Free Air Ambient Temperature
Distributors for availability and specifications. Military —§5°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin -0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5Vto Veo
TRI-STATE® Qutput —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg| (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vece Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \" Min IN = —18 mA
VoH Output HIGH 54F 10% Vo 2.5 lon=—1mA
Voltage 74F 10% Vo 25 \ Min loH= —1mA
74F 5% Ve 2.7 loH= —1mA
Vor Output LOW 54F 10% Voo 0.5 v Min loL = 20mA
Voltage 74F 10% Vco 0.5 loL = 20 mA
iy Input HIGH Current 20 MA Max VIN = 27V
lgvi Input HIGH Current VN = 7.0V
Breakdown Test 100 pA Max
I Input LOW Current —-0.6 ViN = 0.5V (Jp, Kp)
—2.4 mA Max | V)y = 05V (CPp)
—-3.0 V|N = 0.5V (§Dn)
lozH Output Leakage Current 50 RA Max Vout = 2.7V
lozL Output Leakage Current —50 rA Max VouTt = 0.5V
los Output Short-Circuit Current —60 ~150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max Vout = Veo
lcc Power Supply Current 19 mA Max

el
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _ .
Symbol Parameter Vee = +5.0V Té’ Vfcs; ':" TA(’:VC: 50 c: ™ | units :lg
CL = 50 pF L p L P

Min Typ Max Min Max Min Max
fmax Maximum Clock Freguency 85 105 80 MHz | 2-1
tPLH Propagation Delay 2.0 4.0 6.0 2.0 7.0 ns 5.3
tpHL CPhtoQporQp 2.0 4.0 6.0 2.0 7.0
tpLH Propagation Delay 2.0 4.5 6.5 2.0 7.5 ns 2-3
tPHL Spnto Qnor Qp 2.0 45 6.5 2.0 7.5
AC Operating Requirements: see Section 2 for Waveforms

74F 54F 74F
Ta= +25°C o _ . Fig
Symbol Parameter Vee = +5.0V Ta, Vec = Mil Ta Vec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 5.0
ts(L) Jp or K, to CP 3.0 3.5 ns 26
th(H) Hold Time, HIGH or LOW 0 0
thL) Jnor K, to CPy, 0 0
tw(H) CP,, Pulse Width 4.5 5.0 N
tw(L) HIGH or LOW 4.5 5.0
tw(L) Spn, Pulse Width, LOW 45 5.0 ns 2-4
trec Sonto CPn. 40 50 ns | 2-6
Recovery Time

474
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54F/74F114
Dual JK Negative Edge-Triggered Flip-Flop
with Common Clocks and Clears

General Description

The 'F114 contains two high-speed JK flip-flops with com-  Asynchronous Inputs:

mon Clock and Clear inputs. Synchronous state changes LOW input to Sp sets Q to HIGH level
are initiated by the falling edge of the clock. Triggering oc- LOW input to CTp sets Q to LOW level
curs at a voltage level of the clock and is not directly related Clear and Set are independent of Clock
to the transition time. The J and K inputs can change when Simultaneous LOW on Cp and Sp

the clock is in either state without affecting the flip-fiop, pro- makes both Q and Q@ HIGH

vided that they are in the desired state during the recom-

mended setup and hold times relative to the falling edge of

the clock. A LOW signal on Sp or Cp prevents clocking and

forces Q or Q HIGH, respectively. Simultaneous LOW sig-

nals on Sp and Cp force both Q and Q HIGH.

Ordering Code: see Section 5

Logic Symbols Connection Diagrams
Pin Assignment Pin Assignment
for DIP, SOIC and Flatpak for LCC and PCC
Qq NC Spy NC
1 N TV BB

K== o g '——cr
5,3} 4o SoiPy 2 ¢
! 9, 2
T 4 . 1",
ol '__v‘
o2 P§
11 g 02

Ky CPp J.
Q 2 VY2 V2 f—Q.
TL/F/9474-3 7 Cz  So s 2
GND == 2 9, —Q,

IEEE/IEC TL/F/9474-1

&R

= TL/F/9474-2
P [}

S5 .

3=y -

1 ! )

K=K, !
Sp2 o,

J— 5

Ky 2

TL/F/9474-5
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input i/l
HIGH/LOW | Output lgy/loL
Ji,Ja, Ky, Ko Data Inputs 1.0/1.0 20 pA/—0.6 mA
CP Clock Pulse Input (Active Falling Edge) 1.0/8.0 20 pA/—4.8 mA
Cp Direct Clear Input (Active LOW) 1.0/10.0 20 pA/—6.0 mA
Sp1. Sp2 Direct Set Inputs (Active LOW) 1.0/5.0 20 pA/—3.0mA
Qq,Q2,Q4,Q2 | Outputs 50/33.3 —1mA/20 mA
Truth Table
Inputs Outputs
Sp Cp CcP J K Q Q
L H X X X H L
H L X X X L H
L L X X X H H
H H ~ h h Qq Qo
H H ™~ | h L H
H H ~ h | H L
H H ~ [ | Qo Qo
H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

™\~ = HIGH-to-LOW Clock Transition

Qo (Qp) = Before HIGH-to-LOW Transition of Clock

Lower case letters indicate the state of the referenced input or output one setup time prior to the HIGH-to-LOW clock transition.

Logic Diagram (one haif shown)

X

Q Q
1
ED §D
J K
cP
I v

TL/F/9474-4

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
Free Air Ambient Temperature
Distributors for avallablility and specifications. Military _55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0vV
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vgg = 0V)
Standard Output —0.5Vto Vco
TRI-STATE® Qutput —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IIN= —18 mA
VoH Output HIGH 54F 10% Vcg 2.5 lon = —1mA
Voltage 74F 10% Voo 2.5 \" Min loH= —1mA
74F 5% Vcg 2.7 lo = —1mA
VoL Output LOW 54F 10% Ve 0.5 “ . loL = 20mA
Voltage 74F 10% Voo 0.5 y loL = 20 mA
4 Input HIGH Current 20 pA Max | Vin= 27V
lgvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
IiL Input LOW Current —0.6 VIN = 0.5V (Jn, Kn)
-3.0 ViN = 0.5V (Spn)
—go | ™A | Max | v\ =05v(CH)
—-10.0 ViN = 0.5V (Cpp)
los Output Short-Circuit Current -60 —150 mA Max | Vourt =0V
lcex Output HIGH Leakage Current 250 HA Max Vout = Veo
lccH Power Supply Current 12.0 19.0 mA Max Vo = HIGH
lecL Power Supply Current 12.0 1.0 mA Max | Vo =LOW
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AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V Té’ V:cst-’- ':':m TA(’:V? 50 c: ™ | units I;ig
CL = 50 pF L P L P
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 75 95 70 MHz | 2-1
tPLH Propagation Delay 3.0 5.0 6.5 3.0 75 ns | 223
tpHL CPtoQuorQ, 3.0 55 7.5 3.0 8.5
tPLH Propagation Delay 3.0 45 6.5 3.0 75 ns | 2-3
tPHL Cpn or Spnto QnorQy 3.0 45 6.5 3.0 75
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Vec = +5.0V Tas Vec = Mil Ta, Vcc = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 5.0
ts(L) Jnor Kn to CP 3.0 35 s | 26
th(H) Hold Time, HIGH or LOW 0 0
thiL) Jnor K, to CP 0 0
tw(H) TP Pulse Width 45 5.0 ns | 24
twil) HIGH or LOW 4.5 5.0
twl() Cpn or Spn, Pulse Width, _
LOW 4.5 5.0 ns 2-4
trec Recovery Time 40 5.0 ns | 2-6

Spn, Con, to CP
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54F/74F125
Quad Buffer (TRI-STATE®)

Features
B High impedance base inputs for reduced loading

Ordering Code: see Section 5

Logic Symbol Connection Diagrams
Pin Assignment Pin Assignment
IEEE/IEC for DIP, SOIC and Flatpak for LCC and PCC
Bo — D1 -y N 1 By NC Ay NC 0
2 v }—o, Ag— ——Veo B@EER
Ao =B EN 2 13 3 N
By—] —— Ay
5 vi—o 0p—3] 12g, :
Aj—> i 1, 3
8 — M ' 0 5
R v—o, B, A3 :
2 6 9
By — 01__’ E{ EB—'BS
Ry V0 OND — =03
(B
TL/F/9475-4 TL/F/9475-1 A5 NC 0, NC B,
TL/F/9475-2
Unit Loading/Fan Out: see section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input liy/ly
HIGH/LOW Output lgy/loL
An.Bp Inputs 1.0/0.033 20 pA/—20 pA
Op Outputs 600/106.6 (80) —12 mA/64 mA (48 mA)
Function Table
Inputs Output
— H = High Voltage Level
c A o L = LOW Voltage Level
2Z = High Impedance
L L L X = Immaterial
L H H
H X z
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Milltary/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
: Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vcg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vgc = 0V)
Standard Output —0.5Vto Voo
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated I (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Veo Input Clamp Diode Voltage -1.2 \ Min IN= —18mA
VoH Output HIGH 54F 10% Voo 24 loH = —3mA
Voltage 54F 10% Voo 2.0 loH = —12mA
74F 10% Voo 24 v Min loH = —3mA
74F 10% Voo 20 loH = —12mA
74F 5% Voo 27 loH = —3mA
74F 5% Voo 2.0 loH = —156mA
VoL Output LOW 54F 10% Voo 0.55 v Min loL = 48 mA
Voltage 74F 10% Veo 0.55 loL = 64 mA
Ii4 Input HIGH Current 20 rA Max | ViN= 27V
lgv| Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
M Input LOW Current —20.0 rA Max | Viy = 0.5V
lozH Output Leakage Current 50 pA Max | Vour = 2.7V
lozL Output Leakage Current —50 pA Max | Vourt = 0.5V
los Output Short-Circuit Current —100 —225 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max | Vout = Vcc
12z Buss Drainage Test 500 pA 0.0V Vout = Veo
lccH Power Supply Current 18.5 24.0 mA Max | Vo= HIGH
lccL Power Supply Current 31.7 40.0 mA Max Vo = LOW
Iccz Power Supply Current 27.6 35.0 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F S54F 74F
Ta = +25°C
= Tas Ve = Mil Ta, Ve = Com Fig
Symbol Parameter Vee = +5.0V CL = 50 pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min Max
tPLH Propagation Delay 2.0 4.0 6.0 20 6.5 ns 2.3
tPHL 3.0 4.6 7.5 3.0 8.0
tpzH Output Enable Time 3.5 4.7 7.5 3.0 8.5 ns o5
tpzL 3.5 5.3 8.0 3.5 9.0
tpHZ Output Disable Time 1.5 3.9 5.5 1.5 6.0 ns 2-5
tpLz 1.5 4.0 6.0 1.5 6.5
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National
Semiconductor

54F/74F132

PRELIMINARY

Quad 2-Input NAND Schmitt Trigger

General Description

The *F132 contains four 2-input NAND gates which accept
standard TTL input signals and provide standard TTL output
levels. They are capable of transforming slowly changing
input signals into sharply defined, jitter-free output signals.
In addition, they have a greater noise margin than conven-

Each circuit contains a 2-input Schmitt trigger followed by
level shifting circuitry and a standard FAST® output struc-
ture. The Schmitt trigger uses positive feedback to effective-
ly speed-up slow input transitions, and provide different in-
put threshold voltages for positive and negative-going tran-
sitions. This hysteresis between the positive-going and neg-
ative-going input threshold (typically 800 mV) is determined

tional NAND gates.

by resistor ratios and is essentially insensitive to tempera-
ture and supply voltage variations.

Ordering Code: sce Section 5

Logic Symbol Connection Diagrams
IEEE/IEC Pin Assignment for Pin Assignment
DIP, SOIC and Flatpak for LCC and PCC
Ag — & _ _
B — P— 0p . "\ 14 By NC A; NC 0
(] Ag— —Vec EE
Ar— N D 50_2 iAZ
1 _
By — ao_-zE @&.Bz 5,3
Ay — _ 4 1= GND
- A 0
By — 02 B‘ 5 10 Az NC
1 3 5
Ay — _ =8 @] 9 03
BS P 05 01-—7 = ;"BS By
3 GND — —0;
TL/F/9477-3

(4 {5 [ (7 @
Az NC 0, NC B,

TL/F/9477-2

TL/F/9477-1

Unit Loading/Fan Out: see Section 2 for U.L. definitions

H=
L

-

OW Voltage Level

54F/74F
Pin Names Description U.L. Input liy/l
HIGH/LOW Output lgy/loL
An. Bn Inputs 1.0/1.0 20 pA/—0.6 mA
On Outputs 50/33.3 —1mA/20 mA
Function Table
Inputs Outputs

A B o

L L H

L H H

H L H

H H L

HIGH Voltage Level
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions !
contact the National Semiconductor Sales Office/ . .
. Free Air Ambient Temperature
Distributors for availabllity and specifications. Military _55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voc = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® QOutput —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated I (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
VT4 Positive-going Threshold 1.5 2.0 v 5.0
V- Negative-going Threshold 0.7 1.1 \ 5.0
AVt Hysteresis (VT+ — V1) 0.4 \ 5.0
Vebp Input Clamp Diode Voltage -1.2 \ Min In= —18mA
VoH Output HIGH 54F 10% Ve 25 loh = —1mA
Voitage 74F 10% Ve 25 Vv Min loH = —1mA
74F 5% Voo 27 loy = —1mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 20 mA
IiH Input HIGH Current 20 RA Max ViN = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
liL Input LOW Current —0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —60 -150 mA Max Vout = 0V
lcEx Output HIGH Leakage Current 250 pA Max Vout = Vee
lccH Power Supply Current 12.0 mA Max Vo = HIGH
lccL Power Supply Current 19.5 mA Max Vo = LOW
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AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Vec = Mil TasVec = Com Fig

Symbol Parameter Vce = +5.0v i - Units

CL = 50 pF Cp = 50 pF CL = 50 pF No

Min Typ Max Min Max Min Max

tPLH Propagangn Delay 7.0 ns 2-3
tPHL An, Bnhto Op 8.5
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54F/74F138
1-0f-8 Decoder/Demultiplexer

General Description

The 'F138 is a high-speed 1-of-8 decoder/demultiplexer.
This device is ideally suited for high-speed bipolar memory
chip select address decoding. The multiple input enables
allow parallel expansion to a 1-of-24 decoder using just
three 'F138 devices or a 1-0f-32 decoder using four 'F138
devices and one inverter.

Features
m Demultiplexing capability

® Multiple input enable for easy expansion
| Active LOW mutually exclusive outputs

Ordering Code: see Section 5

PIn Assignment
for LCC and PCC

Es £ NC £ Ay
BDEGEE

L'E
MI@

ZE
RS
R e

Logic Symbols Connection Diagrams
| 1 | PIn Assignment for DIP,
~olg, B A A& SOIC and Flatpak
£ \/
‘ﬂ 2 A 16 |-Vee
—E; A2 15=0y
0p 0y 05 O3 0, Og Og O 2 ~
WIS e A
E|— 4 13 —02 G:g
TL/F/9478-3 e 12}~ e
IEEE/IEC E3—16 11=0, 05 [
67- 7 10 -65
BIN/OCT oh— G, aods o}-5,
A 1! 1 P 51
A1 -2 ap— 52 TL/F/8476-1
A =14 3 P 63
X sp— 3,
3 =] sp— G
£y = EN =
1 6P~ 0O
£y =5 S
7 9,

TL/F/8478-6

Unit Loading/Fan Out: see Section 2 for U.L. dafinitions

54F/74F
Pin Names Description U.L. Input /I
HIGH/LOW | Outputlgy/loL
Ap-Az Address Inputs 1.0/1.0 20 pA/—0.6 mA
Ey, Ep Enable Inputs (Active LOW) 1.0/1.0 20 uA/—0.6 MA
E3 Enable Input (Active HIGH) 1.0/1.0 20 pA/—0.6 mA
Op-07 Outputs (Active LOW) 50/33.3 —1mA/20 mA

@A
@A
{INC
@ Ve
0Op

TL/F/9478-2
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Functional Description

The 'F138 high-speed 1-0f-8 decoder/demultiplexer ac-
cepts three binary weighted inputs (Ag, A1, Ap) and, when
enabled, provides eight mutually exclusive active LOW out-
puts (Og-O7). The 'F138 features three Enable inputs, two
active LOW (E4, E2) and one active HIGH (Eg). All outputs
will be HIGH unless Eq and E; are LOW and Ej is HIGH.
This multiple enable function allows easy parallel expansion

of the device to a 1-0f-32 (5 lines to 32 lines) decoder with
just four 'F138 devices and one inverter (See Figure 1). The
'F138 can be used as an 8-output demultiplexer by using
one of the active LOW Enable inputs as the data input and
the other Enable inputs as strobes. The Enable inputs which
are not used must be permanently tied to their appropriate
active HIGH or active LOW state.

Truth Table
Inputs Outputs

Eq E E3 Ag Aq Az Op 04 02 03 04 05 Og 07
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

Ay Ay A £ E E

TL/F/9478-4

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . )
N Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —-55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +56.5V
Ground Pin —-0.5Vto +7.0V
Input Voltage (Note 2) -0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functiona! operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min Iin= —18mA
Vou Output HIGH 54F 10% Vo 2.5 loH= —1mA
Voltage 74F 10% Vg 25 \ Min loH = —1mA
74F 5% Vg 2.7 lon = —1mA
VoL Output LOW 54F 10% Voo 0.5 v Min loL = 20mA
Voltage 74F 10% Vg 0.5 : ’ loL = 20mA
IIH Input HIGH Current 20 pA Max ViN = 2.7V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
i Input LOW Current —-0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current -60 —150 mA Max Vout = 0V
Icex Output HIGH Leakage Current 250 pA Max Vout = Veo
lccH Power Supply Current 13 20 mA Max Vo = HIGH
lccL Power Supply Current 13 20 mA Max Vo = LOW
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Vee = Mil Ta, Vcc = Com Fig
Symbol Parameter Vee = +5.0V o - Units
CL = 50 pF CL = 50 pF CpL = 50 pF No
Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.5 5.6 7.5 3.5 12.0 3.5 8.5 ns o_g
tPHL Anto O, 4.0 6.1 8.0 40 9.5 4.0 9.0
tPLH Propagation Delay 3.5 5.4 7.0 35 11.0 3.5 8.0 ns P
tpHL EyorExtoOp 3.0 5.3 7.0 3.0 8.0 3.0 75
tPLH Propagation Delay 4.0 6.2 8.0 4.0 12.5 4.0 9.0 ns P
tPHL Esto Op 3.5 5.6 7.5 3.5 8.5 3.5 8.5
Ao
A
X I I
- LR LR} o4
A3
A
H
— 123 - =
L 11 L1 1 L 11
A A 3 A A 3 A Ay 3 Ay A Mg 3

0 0y 0, O3 O, Oy 0y O;

O 04 0 O3 04 Os 04 Oy

0p 0y Oy O3 0, O Og O;

TYPYTTYY

FITYYYYY

FIGURE 1. Expanslon to 1-0f-32 Decoding

FYITYIYIYY

TL/F/9478-5
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54F/74F139

Dual 1-of-4 Decoder/Demultiplexer

General Description

The 'F139 is a high-speed, dual 1-of-4 decoder/demultiplex-
er. The device has two independent decoders, each accept-
ing two inputs and providing four mutually exclusive active
LOW outputs. Each decoder has an active LOW Enable in-
put which can be used as a data input for a 4-output demul-
tiplexer. Each half of the 'F139 can be used as a function
generator providing all four minterms of two variables.

Features

m Multifunction capability

m Two completely independent 1-of-4 decoders
m Active LOW mutually exclusive outputs

Ordering Code: see Section 5

Logic Symbols
&1 | o
E A A E A A
DECODER a DECODER b
0p 0y 0, O3 0y 0y 0, O3

9

TL/F/9479-3

T

TL/F/9479-4

IEEE/IEC

) 941 ~
/ 0 P— 0¢4

" 1p—0
A, —2 e
la 2> 0y

£y —SEN =
3 B 03&
>— Ogp
Aob e 0,

Agp = -
éb _pl ™ Oap
b ~ - OSb

TL/F/9479-7

Connection Diagrams

Pin Assignment
DIP, SOIC and Flatpak

- N\

e | 16 =Vec
Aga—12 15=E,
Ae—13 14]=Ag,
Oge =1 4 13=Aqp
0,5 12 =0y,
09— 11}=0y,
03,17 10 =0y
GND—{8 910y

TL/F/9479-1
Pin Assignment
for LCC and PCC
024 01a N Ope Are
63
[ ol o ]

03, (3] M BlAce

GND [
NC [T NG
03, [@ E3Vee

mE,

(O]
@) (i8] i8] {i7] 18)
Oy, gy NC Aqp, Agy

Unit Loading/Fan Out: see section 2 for U.L. definitions R IsaTe-2
54F/74F
Pin Names Description u.L. Input i/l
HIGH/LOW | Output lon/loL
Ao, Aq Address Inputs 1.0/1.0 20 pA/—0.6 mA
E Enable Inputs (Active LOW) 1.0/1.0 20 A/ —0.6 mA
0p-03 Outputs (Active LOW) 50/33.3 —1mA/20 mA
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Functional Description

The 'F139 is a high-speed dual 1-of-4 decoder/demultiplex-
er. The device has two independent decoders, each of
which accepts two binary weighted inputs (Ag-A1) and pro-
vides four mutually exclusive active LOW Outputs (Op-Og).
Each decoder has an active LOW enable (E). When E is
HIGH all outputs are forced HIGH. The enable can be used

Truth Table
' Inputs Outputs
E Ao Aq Op 04 O; 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 Leve!
L = LOW Voltage Level
X = Immaterial
Logic Diagram
Ea Aca

0Oga 613 623

%
%
%?

as the data input for a 4-output demultiplexer application.
Each half of the 'F139 generates all four minterms of two
variables. These four minterms are useful in some applica-
tions, replacing multiple gate functions as shown in Figure 1,
and thereby reducing the number of packages required in a
logic network.

E E
Ay Ay
E E
A1 A‘
E E
A1 Ai
E E
A A

TL/F/9479-6
FIGURE 1. Gate Functions (each half)

Ey Aob

{7

Ogp O1p O2p

Y
{

%
?

TL/F/9479-5

Please nots 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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Absolute Maximum Ratings (ote 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ : )

Distributors for availability and specifications. Frae“i/t\alr Ambient Temperature —55°Cto +125°C

Storage Temperature —65°Cto +150°C Comr;yercial 0°Cto +70°C

Ambient Temperature under Bias —55°Cto +125°C Supply Voltage

Junction Temperature under Bias —55°Cto +175°C Military +4.5V to +5.5V

Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0vV

Input Voltage (Note 2) —0.5Vto +7.0V

Input Current (Note 2) —30mAto +5.0 mA

Voltage Applied to Output
in HIGH State (with Vog = 0V)

Standard Output ~0.5Vto Ve

TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output

in LOW State (Max) twice the rated lg. (mA)

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol Parameter SaF/74F Units Vee Conditions
Min Typ Max

ViH Input HIGH Voltage ' 20 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Veb Input Clamp Diode Voltage -1.2 \ Min N = —18mA
VoH Output HIGH 54F 10% Vco 25 lon= —1mA

Voltage 74F 10% Vec 25 \ Min lon= —1mA

74F 5% Vce 27 loH = —1mA

VoL Output LOW 54F 10% Vce 0.5 v Min loL = 20 mA

Voltage 74F 10% Vco 0.5 i loL = 20 mA
in Input HIGH Current 20 MA Max ViN = 2.7V
IBvi Input HIGH Current ViN = 7.0V

Breakdown Test 100 KA Max
L Input LOW Current -0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 nA Max Vout = Vec
lcc Power Supply Current 13 20 mA Max
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Veg = +5.0V Te’ vjcso— I\'I:lll TAéVc__c 50 C: ™ | units I;Ig
CL = 50 pF L P L p
Min Typ Max Min Max Min Max
tpLH Propagation Delay 3.5 53 7.5 25 12.0 3.0 8.5 ns 2_3
tPHL AgorAqto O, 40 6.1 8.0 35 9.5 4.0 9.0
tPLH Propagation Delay 3.5 54 7.0 3.0 9.0 3.5 8.0 ns 2.3
tPHL E;t0 0, 3.0 4.7 6.5 25 8.0 3.0 75
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54F/74F148
8-Line to 3-Line Priority Encoder

General Description Features

The *F148 provides three bits of binary coded output repre- W Encodes eight data lines in priority
senting the position of the highest order active input, along  m Provides 3-bit binary priority code

with an output indicating the presence of any active input. It m Input enable capability
is easily expanded via input and output enables to provide
priority encoding over many bits.

m Signals when data is present on any input
m Cascadable for priority encoding of n bits

Ordering Code: see Section 5

Logic Symbols Connection Diagrams

Pin Assignment for

Lodddddd DIP, SOIC and Flatpak

lg 1y g I3 Iy 15 Ig | - -/
0o 't 72 '3 '4'5's '7 Tt 16 -VOC
e [ Ts={2 15|~E0
Tg=13 14]=6S
0 A A A 6 T4 13T
TP 9
TL/F/9480-3 4718 "n=h
A—{7 10T,
IEEE/IEC GND—18 4
_ HPRI/BIN - TL/F/9480-1
. I'

1/111 T
2 & P A,
2/112

I
N
—

e EZ L SNRTN N
T,y 14
N
D
I
I

5/115 124

_ 134 Bp—100
Tg 6/216 wd Pz
T 7/217 15 4
i ENovis 16T

17+

TL/F/9480-6

Unit Loading/Fan Out: ses section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input /I,

HIGH/LOW | Output lon/loL
To Priority Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
11-I7 Priority Inputs (Active LOW) 1.0/20 |20 nA/—1.2mA
El Enable Input (Active LOW) 1.0/1.0 |20 uA/—0.6mA
EO Enable Output (Active LOW) 50/33.3 —1mA/20 mA
GS Group Signal Output (Active LOW) 50/33.3 —1mA/20 mA
Ag-As Address Outputs (Active LOW) 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC

TL/F/9480-2
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Functional Description

The 'F148 8-input priority encoder accepts data from eight
active LOW inputs (lp—I7) and provides a binary representa-
tion on the three active LOW outputs. A priority is assigned
to each input so that when two or more inputs are simulta-
neously active, the input with the highest priority is repre-
sented on the output, with input line 7 having the highest
priority. A HIGH on the Enable Input (EI) will force all out-
puts to the inactive (HIGH) state and allow new data to set-
tle without producing erroneous information at the outputs.

Truth Table

A Group Signal output (GS) and Enable Output (EO) are
provided along with the three priority data outputs (Ap, A4,
Ag). GS is active LOW when any input is LOW: this indicates
when any input is active. EO is active LOW when all inputs
are HIGH. Using the Enable Output along with the Enable
Input allows cascading for priority encoding on any number
of input signals. Both EO and GS are in the inactive HIGH
state when the Enable Input is HIGH.

Inputs

Outputs

m
s

-
=
s
&

=
o

Iy

&

I

>
o
>l
>
N

rrrer- | I
mX XX X|XXXIX
ITrr XX X|XXXTIX
ITIIr X X|XXXIX
IIIr X|XXXIX
IIIIr|XXXIX

I IITIIT|r XXIX

IIIII|IrXIX

IIITIIXT|XTXITr IX

rrcrre|lchC-ITXI 8]
IrIrI|rIr-rIXT

ITrrI|TrrxTx
ITrIrxr|(rrrxTT
b o - . - - -

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

Logic Diagram

i 1 Ts Ts Ts

Y

Ay

Ay

Ay €0

TL/F/9480-4

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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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
Y Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°C to +125°C
Storage Temperature —-65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias ~55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —-0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5VtoVge
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vce Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Veo Input Clamp Diode Voltage -1.2 \" Min IN = —18mA
VoH Output HIGH 54F 10% Ve 25 loH = —1mA
Voltage 74F 10% Vg 25 Vv Min loH= —1mA
74F 5% Veo 27 loH= —1mA
VoL Output LOW 54F 10% Voo 0.5 v Min loL = 20 mA
Voltage 74F 10% Voo 0.5 loL = 20mA
IIH Input HIGH Current 20 RA Max ViN = 2.7V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
It Input LOW -0.6 mA Max Vin =05V (ip, El)
Current -1.2 mA Vin = 0.5V (I1-T7)
los Output Short-Circuit Current —60 —-150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 RA Max Vout = Vce
lccH Power Supply Current 35 mA Max | Vo = HIGH
lccL Power Supply Current 35 mA Max Vo = LOW
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Application
16-Input Priority Encoder
LSB ‘ MR
$0b686446448 0bbbbbddd
0123 456 76 0123 456 7 H
'F148 'F148
A A A 6 B0 A A A 6
[] [¢] T ? T O 0 0

i L|
A rd

AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

Ao

TL/F/9480-5

74F 54F 74F
Ta = +25°C
_ Tas Vee = Mil Ta, Vec = Com Fig
Symbol Parameter Vee = +5.0V CL = 50 pF CL = 50 pF Units No
Cp = 50 pF
Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.0 7.0 9.0 3.0 10.0 ns 5.3
tpHL Tnto A, 3.0 8.0 10.5 3.0 12.0
tPLH Propagation Delay 2.5 5.0 6.5 2.5 7.5 ns 2.3
tPHL IntoEO 2.5 55 75 2.5 8.5
tPLH Propagation Delay 2.5 7.0 9.0 25 10.0 ns 2.3
tpHL Tnto GS : 2.5 6.0 8.0 2.5 9.0
tPLH Propagation Delay 25 6.5 8.5 25 9.5 ns 2.3
tPHL Elto An 25 6.0 8.0 25 9.0
tPLH Propagation Delay 2.5 5.0 7.0 2.5 8.0 ns 2.3
tpHL EitoGS 2.5 6.0 7.5 25 8.5
tPLH Propagation Delay 25 5.5 7.0 2.5 8.0 ns o_3
tpHL Eito EO 3.0 8.0 10.5 3.0 12.0
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54F/74F151A
8-Input Multiplexer

General Description

The'F151Ais a high-speed 8-input digital multiplexer. It pro-  universal function generator to generate any logic function
vides in one package the ability to select one line of data  of four variables. Both assertion and negation outputs are
from up to eight sources. The 'F151A can be used as a  provided.

Ordering Code: see section 5

Logic Symbols Connection Diagrams
HRENEENE Pin Assignment for DIP, Pin Assignment
—olt by hls lyls g by SOIC and Flatpak for LCC and PCC
15 N2 2N |
—s, 151 16 [=Veo EZEEE
—s, z z =2 15}-1, (ol o )
? T =13 14f=15 £l (8]
lo— 4 13|15 GND [0 Bl
TL/F/9481-3 25 12 L, NC [NC
- s, @ @ Vec
IEEE/IEC 18 115 53 (&[N
E—7 10f=s, 0
MUX
il en GND—{ 8 9-s,
Soh Nk
So—1° TL/F/8481-1
P }69 TL/F/9481-2
1 7
s,—2
lg—{ 0
—1 —12
1,—2 —7
15— 3
I,—4
e E
e
,—7
TL/F/9481-5
Unit Loading/Fan Qut: see section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input Iiy/l,
HIGH/LOW | Outpution/loL
lo-17 Data Inputs 1.0/1.0 20 A/ —0.6 mA
So-S2 Select Inputs 1.0/1.0 20 nA/—0.6 mA
E Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
4 Data Qutput 50/33.3 —1mA/20 mA
4 Inverted Data Output 50/33.3 —1 mA/20 mA
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Functional Description Truth Table
The 'F151A is a logic implementation of a single pole, 8-po- Inputs Outputs
sition switch with the switch position controlled by the state — —
of three Select inputs, So, S1, S2. Both assertion and nega- E S2 $1 So z
tion outputs are provided. The Enable input (E) is active H X X X H L
LOW. When it is not activated, the negation output is HIGH L L L L i I
and the assertion output is LOW regardless of all other in- L L L H io IO
puts. The logic function provided at the output is: L L H L i1 |1
Z=E_’_(|0_S—2_S_1_S—o+|1_§2_§1SO+|2_§231§0+ 2 2
13825180 + 14S2S1Sp + 155281 Sp + -
lg S2.81 S + I7 S2 S1 So) L L H H '3 's
The 'F151A provides the ability, in one package, to select L H L L la la
from eight sources of data or control information. By proper L H L H !5 5
manipulation of the inputs, the ’F151A can provide any logic L H H L le ls
function of four variables and its negation. L H H H 7 Iz
H = HIGH Voltage Leve!
L = LOW Voltage Leve!
X = Immaterial
Logic Diagram
o I I, Iy s Is Is L
Sz—Do—T—oD
51—I >O—T—O| >
So—Do—T—oD
o>
L) \/ J J/ \\/ LJ N
7 2

TL/F/9481-4

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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Absolute Maximum Ratings (Note 1) Recommended Operating >
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —~0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —-30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Qutput —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated gL (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IIN= —18mA
VoH Output HIGH 54F 10% Vcg 25 loH = —1mA
Voltage 74F 10% Vo 2.5 \" Min loH= —1mA
74F 5% V¢e 2.7 loH= —1mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20 mA
Voitage 74F 10% V¢ 0.5 : loL = 20 mA
IiH Input HIGH Current 20 pA Max ViN= 27V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
e Input LOW Current -0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max Vout = Vcc
lcc Power Supply Current 13.5 21.0 mA Max Vo = HIGH
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AC Electrical Characteristics: see Section 2 for Wavetorms and Load Configurations

74F 54F 74F
Ta= +25C _ _
Symbol Parameter Voo = +5.0V Té’ V:cs . ':"' T“év‘f o c:'“ Units :'g
Cy = 50 pF L= 0P L= ooe
Min Typ Max Min Max Min Max
tpLH Propagation Delay 4.0 6.2 9.0 3.5 115 3.5 9.5 ns 2_3
tPHL SptoZ 3.2 5.2 7.5 3.0 8.0 3.2 7.5
tpH Propagation Delay 4.5 7.5 10.5 4.5 13.5 45 12.0 ns 2.3
tPHL SptoZ 4.0 6.2 9.0 4.0 9.5 4.0 9.0
tPLH Propagation Delay 3.0 47 6.1 3.0 75 3.0 7.0 ns 2.3
tPHL EtoZ 3.0 4.4 6.0 2.5 6.5 25 6.0
tpLH Propagation Delay 5.0 7.0 9.5 4.0 12.0 4.0 10.5 ns o_3
tPHL EtoZ 3.5 5.3 7.0 3.0 8.0 3.0 7.5
tpLH Propagation Delay 3.0 4.8 6.5 2.5 7.5 3.0 7.0 ns 2.3
tPHL IhtoZ 1.5 2.5 4.0 1.5 6.0 1.5 5.0
tPLH Propagation Delay 3.0 4.8 6.5 25 8.5 25 7.5 ns 2.3
tPHL IntoZ 3.7 5.5 7.0 3.5 9.0 37 7.5
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54F/74F153
Dual 4-Input Multiplexer

General Description

The 'F153 is a high-speed dual 4-input multiplexer with com-
mon select inputs and individual enable inputs for each sec-
tion. 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 'F153 can
generate any two functions of three variables.

Ordering Code: sco Section s

Logic Symbols Connection Diagrams
Pin Assignment

LIt for DIP, SOIC and Flatpak

Sy '0a Ma '2a 'sa fob hib b lss -
: S 1 16 =Veo
-olt, 52 15}-E,
o, Z 2, lsa—13 14}=s,
I l 12a—14 13~z
TUF/9482-3 =% 12[=hy
la—{6 1,
Z,—]7 10—ty
IEEE/IEC ol o2,
So 0} ¢ 0 TL/F/9482-1
ss—1J 3
B MUX
Eu..h EN
loa—10
lg =11 — 2,
l2a —12
Iy —| 3
Ep =D
lop =
I|b — —Zb
IZD —
I5p =

TL/F/9482-5

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description u.L. Input i/l

HIGH/LOW | Output Ign/loL
loa—I3a Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA
lob-!3b Side B Data Inputs 1.0/1.0 20 pnA/—0.6 mA
So, S4 Common Select Inputs 1.0/1.0 20 pA/—0.6 mA
Ea Side A Enable Input (Active LOW) 1.0/1.0 20 nA/—0.6 mA
Ep Side B Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
Za Side A Output 50/33.3 —1mA/20 mA
Zn Side B Output 50/33.3 —1mA/20 mA

Pin Assignment
for LCC and PCC

ba 1a NC g 30
B@DEEE

z, [ 315,
GND [[@ X Z)E,
NC [ X [T]NC
2,12 @ch
lop 31 E,
4] [i8) ) 7] 8]
hp by NC 13y So

TL/F/9482-2
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Functional Description

The 'F153 is a dual 4-input multiplexer. It can select two bits
of data from up to four sources under the control of the
common Select inputs (Sp, S1). The two 4-input multiplexer
circuits have individual active LOW Enables (E, Ep) which
can be used to strobe the outputs independently. When the
Enables (Ej, Ep) are HIGH, the corresponding outputs (Z,,
Zy) are forced LOW. The 'F153 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 equations for the outputs are as
follows:

Zy = Ea®(10a°S1°Sp + 11a*S1*Sp +
12a#S1°Sp + 132°S1*So)

Zp = Ep®(lop*S1#Sp + 11p°51°Sp +
12b°S1°Sp + I3,*S19S0)

The 'F153 can be used to move data from a group of regis-
ters 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 'F153 can generate two functions of three
variables. This is useful for implementing highly irregular
random logic.

Truth Table
Select
Inputs Inputs (a or b) Output
So S E lo I4 Iz 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 Leve!
L= LOW
X = Immaterial
Logic Diagram
Ea loa Ita 26 la Sy So o lp I2b lyy E

Zq

( E

)

Z
TL/F/9482-4

Please note that this diagram is provided only for the

ding of logic op

and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availabllity and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vce Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin ~0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated g (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vce Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 Vv Recognized as a LOW Signa!
Vep Input Clamp Diode Voltage -1.2 \" Min N = —18mA
VOH Output HIGH 54F 10% Vg 25 lon = —1mA
Voltage 74F 10% Voo 25 v Min loH = —1mA
74F 5% Vo 2.7 loH = —1mA
VoL Output LOW 54F 10% V¢ 0.5 v Min loL = 20mA
Voltage 74F 10% Vo 0.5 loL = 20mA
i1 Input HIGH Current 20 MA Max VIN = 2.7V
IBVI Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
L Input LOW Current -0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —60 -150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 nA Max Vour = Vce
lccL Power Supply Current 12 20 mA Max Vo = LOW
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Vec = Mil Ta, Voo = Com Fig
Symbol Parameter Vee = +5.0V ~ - Units
C, = 50pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tpLH Propagation Delay 4.5 8.1 10.5 4.5 14.0 4.5 12.0 ns 2.3
tpHL ShtoZ, 3.5 7.0 9.0 35 11.0 35 10.5
tpLH Propagation Delay 4.5 74 9.0 4.5 11.5 4.5 10.5 ns 23
tpHL EjtoZ, 3.0 5.7 7.0 25 9.0 25 8.0
tpLH Propagation Delay 3.0 53 7.0 25 9.0 3.0 8.0 ns 2-3
tpHL Into Z, 25 5.1 6.5 25 8.0 25 7.5
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54F/74F157A
Quad 2-Input Multiplexer

General Description

The 'F157A is a high-speed quad 2-input multiplexer. Four ~ the selected data in the true (non-inverted) form. The
bits of data from two sources can be selected using the ’F157A can also be used to generate any four of the 16
common Select and Enable inputs. The four outputs present  different functions to two variables.

Ordering Code: see section 5

Logic Symbols Connection Diagrams
Pin Assignment Pin Assignment
Lt for DIP, SOIC and Flatpak for LCC and PCC
1 Tob M1b loe 1c log !
E loa a Tob 'tb loc hic lod M it by M€ Z g
s s—{1 16 f=Vee B3
loa—] 2 15}-E : e
7, L, I, I ha=y3 14}l
1 1 | 7,4 131y,
TL/F/9483-3 '°b] > 121~
=6 11}-1og
IEEE/IEC M 101ha
oND—{8 9f-z,
F—nlen bog % NC i boe
TL/F/9483-1
s——61
71 L

loa =1 i MUX

e 7 24

2%

—Zd

—7

C

TL/F/9483-5

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input Iiy/IiL

HIGH/LOW Qutput lgn/loL
loa=log Source 0 Data Inputs 1.0/1.0 20 pA/—0.6 mA
l4a=l1d Source 1 Data Inputs 1.0/1.0 20 pA/—0.6 mA
E Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
S Select Input 1.0/1.0 20 uA/—0.6 mA
Z23-24 Outputs 50/33.3 —~1mA/20 mA

TL/F/9483-2
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Functional Description

The 'F157A is a quad 2-input multiplexer. 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

16 different functions of two variables with one variable
common. This is useful for implementing highly irregular
logic.

of all other inputs. The 'F157A is the logic implementation of Truth Table
a 4-pole, 2-position switch where the position of the switch
is determined by the logic levels supplied to the Select in- Inputs Output
put. The logic equations for the outputs are shown below: E s | 0 2
Zn=Ee (1S + Ign ) 0 1
A common use of the 'F157A is the moving of data from two H X X X L
groups of registers to four common output busses. The par- L H X L L
ticular register from which the data comes is determined by L H X H H
the state of the Select input. A less obvious use is as a L L L X L
function generator. The 'F157A can generate any four of the L L H X H
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Logic Diagram
loa Ha lob Iy loc le lod ha E S
i i 1 11 i 1
Zy 7 Z 4

TL/F/9483-4

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specitied devices are required, Conditions
contact the National Semiconductor Sales Office/ ; .
" " Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —-55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —-30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vog = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig|_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vge Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 Vv Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \" Min IN = —18mA
VOH Output HIGH 54F10% Ve | 25 loh= —1mA
Voltage 74F 10% Vo 25 \ Min | loy = —1mA
74F 5% Voo 2.7 lon= —1mA
VoL Output LOW 54F 10% Vg 0.5 v Min loL = 20mA
Voltage 74F 10% Ve 0.5 loL = 20mA
iy Input HIGH Current 20 RA Max | V|y = 2.7V
IBvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
e Input LOW Current ~0.6 mA Max | VN = 0.5V
los Output Short-Circuit Current —60 -150 mA Max | Voyrt = 0V
IcEX Output HIGH Leakage Current 250 nA Max | Vour = Vcc
lccH Power Supply Current 15 23 mA Max | Vo = HIGH
lcoL Power Supply Current 15 23 mA Max | Vo = LOW

4-107

viSiE



157A

AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V TCA’ V:‘:so_ ’:“ TAévc:c 50 c: ™ | units :llg
CL = 50 pF L P L P
Min Typ Max Min Max Min Max
tLH Propagation Delay 4.0 7.0 10.0 4.0 12.0 4.0 11.0 ns 2.3
tpHL StoZ, 3.0 5.0 7.0 3.0 9.0 3.0 8.0
tpLH Propagation Delay 5.0 7.0 9.5 5.0 13.0 5.0 11.0 ns 2-3
tpHL Etoz, 25 45 6.5 25 75 25 7.0
tpLH Propagation Delay 25 45 6.0 2.5 7.5 2.5 6.5 ns 2.3
tPHL Into Z, 25 4.0 5.5 1.5 7.5 2.0 7.0
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54F/74F158A
Quad 2-Input Multiplexer

General Description

The 'F158A is a high speed quad 2-input multiplexer. It se-
lects four bits of data from two sources using the common
Select and Enable inputs. The four outputs present the se-
lected data in the inverted form. The 'F158A can also gener-
ate any four of the 16 different functions of two variables.

Ordering Code: sco Section 5

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
Pl DIP, SOIC and Flatpak for LCC and PCC
-ole loa 1a fob "1 o0 e log 14 It lop NC Zy o
—1s s ~ 161=Vee lbzh] EE llz

loa 15|-E
. e} 14]=lg.

1
2
7, L, I, 2 3
7,4 13}
TYTYY * 1, bz
6
7
8

o, = —
TU/F/0484-3 06 ©
Iy = 1]1q
IEEE/IEC 2, 10]=ha
GND— ] =¥ i)
E EN TL/F/9484-1 bd Zl " "c loc
s 61 - TL/F/B4B4-2
la— 1  WUX "I
|1. 1 La
o e 2Y 7,
Iy —
lod B 37 7,
'1 d=—]
e By 7,
II =

TL/F/9484-5

Unit Loading/Fan Out: ses Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input /i

HIGH/LOW | Outputlon/loL
loa-lod Source 0 Data Inputs 1.0/1.0 20 pA/—0.6 mA
l1a—l1d Source 1 Data Inputs 1.0/1.0 20 pA/—0.6 MA
E Enable input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
S Select Input 1.0/1.0 20 pA/—0.6 MA
Za-Z4 Inverted Outputs 50/33.3 —1mA/20 mA
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Functional Description

The 'F188A quad 2-input multiplexer selects four bits of
data from two sources under the control of a common Se-
lect 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 'F158A 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.

A common use of the ’F158A is the moving of data from two
groups of registers to four common output busses. The par-
ticular 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 'F158A can generate four functions
of two variables with one variable common. This is useful for
implementing gating functions.

Logic Diagram

NI
o

Truth Table
Inputs Outputs
E ) lo I4 4
H X X X H
L L L X H
L L H X L
L H X L H
L H X H L
H = HIGH Voltage Leve!
L = LOW Voltage Level
X = Immaterial
Zn=EX (41nS + Ign D)
loe la lob hp loc Me lod ha E S
| 11N .l |
ib ic Zd
TL/F/9484-4

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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Absolute Maximum Ratings (vote 1) Recommended Operating 4
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ ; .
. Free Air Ambient Temperature
Distributors for avallability and specifications. Military —55°C o +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to + 70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5VtoVce
TRI-STATE® Output —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig|_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min In = —18mA
VOoH Output HIGH 54F 10% Vcco 2.5 loH = —1mA
Voltage 74F 10% V¢ 2.5 \" Min loH = —1mA
74F 5% Vg 2.7 loH = —1mA
VoL Output LOW 54F 10% Ve 0.5 v Min | oL =20mA
Voltage 74F 10% Veo 0.5 loL = 20 mA
v Input HIGH Current 20 RA Max ViN = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 HA Max
he Input LOW Current -0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = OV
Icex Output HIGH Leakage Current 250 pA Max Vout = Vce
Icc Power Supply Current 10 15 mA Max Vo = LOW
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol |  Parameter Vee = +5.0V Té’ Vjcso ':" TAéVc:c 5 c:m Units :'g
C_ = 50pF L= P L=
Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.0 5.5 8.5 3.0 10.5 3.0 9.5 ns 2-3
tPHL StoZ, 25 4.5 6.5 25 8.0 2.5 7.0
teLH Propagation Delay 2.5 4.5 6.0 25 8.0 2.5 7.0 ns 2-3
tPHL EtoZ, 2.0 4.0 6.0 2.0 7.0 2.0 6.5
tPLH Propagation Delay 25 4.0 5.9 25 8.5 2.5 7.0 ns 2_3
tPHL Into Z, 1.5 25 4.0 1.0 5.0 1.5 45
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54F/74F160A * 54F/74F162A

Synchronous Presettable BCD Decade Counter

General Description

The 'F160A and 'F162A are high-speed synchronous dec-
ade counters operating in the BCD (8421) sequence. They
are synchronously presettable for applications in program-
mable dividers. There are two types of Count Enable inputs
plus a Terminal Count output for versatility in forming syn-
chronous multistage counters. The 'F160A has an asyn-
chronous Master Reset input that overrides all other inputs
and forces the outputs LOW. The 'F162A has a Synchro-
nous Reset input that overrides counting and parallel load-

ing and allows all outputs to be simultaneously reset on the
rising edge of the clock. The 'F160A and 'F162A are high
speed versions of the 'F160 and 'F162.

Features

m Synchronous counting and loading
m High-speed synchronous expansion
m Typical count rate of 120 MHz

Ordering Code: see Section 5
Connection Diagrams

Pin Assignment for
DIP, SOIC and Flatpak

'F160A
_ \/
VR—{1 16 |~Vec
cr—{2 15f=1¢
P~ 3 14-q
- :
P4 13}-q,
PZJ 5 12}~q,
Ps—6 11}~05
cep~{7 10 f=cer
ono—{s of-7E
TL/F/9485-1
'F162A
_ U/
SR—{1 16~ Vee
cP—]2 15f=Tc
Po—3 141~
P—f4 13}~q,
Py—5 12}-0,
P3—6 1oz
cep—{7 10 f-cE7
an--J 8 9 FP_E

TL/F/9485-9

Pin Assignment
for LCC and PLCC

"F160A
Py Py NC Py Py
EBE
CEP 3] Ecp
GND MR
NC [ [TINC
PE B9 Vee
CET [ R
Q3 0y NC Q; Qp
TL/F/9485-2
'F162A
P3 P, NC Py Py
BGE@E
I RRR

Q3 Q; NC 0 Qq

TL/F/9485-10
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Logic Symbols
|EEE/IEC
"F160A 'F160A
| I | I CTRDIV1O
Po Py Py P MR ——  CT=0
—Olre o1 2" 3 . [
«—dqCEP
CET M2 1
——]CET Tt CET 63 3CT=9
i CeP o4
—OMR g @ 0, 05 CP 1> €5/2,3,4+
P P —
TL/F/9485-3 0 L0 _ (1) 0
, Py (2 Q
F162A Py —— (4) f—ouc,
Py —— (8 Q4
TL/F/9485-6
— 'F162A
—CET cp— CTRDIVIO
—]cr SR—=>4 5CT=0
Ol q, o, 0, 0 Pz—t m
l I l ' CET M2 Ic
cer g3 T=9
TL/F/9485-8
CEP G4
CPp ——— B €5/2,3,4+
Po=—1.50 (1) | e *)
P, — (2) 01
Pz — (4) = 02
Py = (8) —0Q;
TL/F/9485-7
Unit Loading/Fan Qut: see Section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW Output Ign/loL
CEP Count Enable Parallel Input 1.0/1.0 20 pA/—0.6 mA
CET Count Enable Trickle input 1.0/2.0 20 pA/—1.2mA
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
MR ('F160A) Asynchronous Master Reset Input (Active LOW) 1.0/1.0 20 nA/—0.6 mA
SR (F162A) Synchronous Reset Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Po-P3 Paralle! Data Inputs 1.0/1.0 20 pA/—0.6 mA
PE Parallel Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Qo-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA
TC Terminal Count Output 50/33.3 —1mA/20 mA
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Functional Description

The 'F160A and 'F162A 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 ('F160A) 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 ('F160A), synchronous reset ('F162A), parallel load,
count-up and hold. Five contro! inputs—Master Reset (MR,
*F160A), Synchronous Reset (SR, 'F162A), Paralle! 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 ail 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 informa-
tion on the Parallel Data (Pp) inputs to be loaded into the
flip-flops on the next rising edge of CP. With PE and MR
('F160A) or SR ('F162A) HIGH, CEP and CET permit count-
ing when both are HIGH. Conversely, a LOW signal on ei-
ther CEP or CET inhibits counting.

The 'F160A and 'F162A 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 ris-
ing edge of CP, are observed.

The Terminal Count (TC) output is HIGH when CET is HIGH
and counter is in state 9. To implement synchronous multi-
stage counters, the TC outputs can be used with the CEP
and CET inputs in two ditferent ways. Please refer to the
'F568 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 asynchronous reset for
flip-flops, counters or registers. In the 'F160A and 'F162A
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 ap-
plied, it will return to the normal sequence within two counts,
as shown in the State Diagram.

Logic Equations:
Count Enable = CEP x CET X PE
TC=QQX61 XﬁzXQaXCET

Mode Select Table State Diagram
P _— Action on the Rising o | n BaHall
*

SR PE CET CEP Clock Edge (")

L X X X Reset (Clear) ﬂ
H L X X Load (P, — Qp)

H H H H Count (Increment) n
H H L X No Change (Hold)

H H X L No Change (Hold) n

*For 'F162A only

H = HIGH Voltage Level
= LOW Voltage Level

X = Immateria!

TL/F/9485-4
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1554

-
o
Q
(¢}
o
]
[7e]
o
_ Po Py P2 P3 3
PE 9
"160A @ '162A
CEP ———
]
CET .
{62 &
y— ONLY
]
' 1 TC
' '
' )
' [
' [
- : DD
! [
]
e —— >0~ | I I
' [}
! 1
' 1
[} ]
' ]
1 ]
! ' DETAIL A DETAIL A DETAIL A
1 1)
' T —q — — —
] ]
' '
1] ]
MR'160A . OD
SR'162A I
Q Q L) Q3

TL/F/9485-5
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.




Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . )
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output -0.5VtoVego
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated loL (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its usetul life impalired. Functional operation under
these conditions Is not implied.
Note 2: Either voltage limit or current limit Is sufficient to protect Inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vge Conditions
Min  Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 Vv Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \' Min | Iy = —18mA
VoH Output HIGH 54F 10% Vo 25 IoH = =1mA
Voltage 74F10% Voo | 25 \'% Min | Joh=—1mA
74F 5% Vo 27 loH = —1mA
VoL Output LOW 54F 10% Voo 0.5 v Min loL = 20mA
Voltage 74F 10% Ve 0.5 loL = 20 mA
H Input HIGH Current 20 MA Max | ViN = 2.7V
Isvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 | pA | Max
M Input LOW -0.6 mA Max | VN = 0.5V (CP, CEP,Py,, MR ('F160A))
Current -1.2 mA Max | Viy = 0.5V (CET, SR ('F162A), PE)
los Output Short-Circuit Current —60 —150 mA Max | Vout = OV
Icex Output HIGH Leakage Current 250 rA Max | Vour = Vce
lcc Power Supply Current 37 55 mA Max | Vo = HIGH
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C - _
Symbol Parameter Vee = +5.0V Té’ v:cso ’:“ TA(’:VC: 50 C: ™ | units ::g
CL = 50 pF L= P L=
Min Typ Max Min Max Min Max
fmax Maximum Count Frequency 100 120 75 90 MHz | 2-1
teLH Propagation Delay, Count 35 55 75 35 9.0 35 85 ns 5.3
tPHL CP to Q,, (PE Input HIGH) 35 75 10.0 3.5 11.5 3.5 11.0
tPlH Propagation Delay, Load 4.0 6.0 8.5 4.0 10.0 4.0 9.5 ns a3
teHL CP to Qp, (PE Input LOW) 40 6.0 8.5 4.0 10.0 4.0 95
teLH Propagation Delay 5.0 10.0 14.0 5.0 16.5 5.0 15.0 ns 2.3
tPHL CPtoTC 5.0 10.0 14.0 5.0 15.5 5.0 15.0
tPLH Propagation Delay 25 4.5 75 2.5 9.0 2.5 8.5 ns 2_3
tPHL CETto TC 25 4.5 7.5 2.5 9.0 25 8.5
tPHL Propagation Delay =
MR to Q, CF160A) 55 9.0 120 5.5 14.0 5.5 13.0 ns 2-3
tPHL | Propagation Delay 45 80 105 | 45 125 | 45 115 | ns | 2-3
MR to TC ('F160A) ’ ’ ' ’ : ’ )
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AC Operating Requirements: ses Section 2 for Waveforms

V2ol « V09I

74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Vee = +5.0V Tas Ve = Mil Ta, Ve = Com Units No
Min Max Min Max Min Max

ts(H) Setup Time, HIGH or LOW 4.0 5.5 4.0 ns P
ts(L) Pp to CP ('F160A) 5.0 5.5 5.0
ts(H) Setup Time, HIGH or LOW 5.0 5.5 5.0
ts(L) P to CP (F162A) 5.0 5.5 5.0 ns 2.6
th(H) Hold Time, HIGH or LOW 2.0 2.5 2.0
thib) Pnhto CP 20 25 20
ts(H) Setup Time, HIGH or LOW 11.0 13.5 1.5
tsfL) PE or SR to CP 8.5 10.5 9.5 ns 226
th(H) Hold Time, HIGH or LOW 2.0 2.0 20
th(L) PE orSRto CP 0 0 0
ts(H) Setup Time, HIGH or LOW 11.0 13.0 1.5
ts(L) CEP or CET to CP 5.0 6.0 5.0 ns 26
th(H) Hold Time, HIGH or LOW 0 0 0
thil) CEP or CET to CP 0 0 0
tw(H) Clock Pulse Width (Load) 5.0 5.0 5.0 ns o4
tw(l) HIGH or LOW 5.0 5.0 50
tw(H) Clock Pulse Width (Count) 4.0 5.0 4.0
twll) TH or LOW 6.0 8.0 7.0 ns 2_4
tw(L) MR Pulse Width, LOW

(F160A) 5.0 5.0 5.0
trec Recovery Time _

MR to CP (F160A) 6.0 6.0 6.0 ns 2-6
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54F/74F161A ® 54F/74F163A

Synchronous Presettable Binary Counter

General Description

The 'F161A and 'F163A are high-speed synchronous modu-
lo-16 binary counters. They are synchronously presettable
for application in programmable dividers and have two types
of Count Enable inputs plus a Terminal Count output for
versatility in forming synchronous multi-stage counters. The
'F161A has an asynchronous Master-Reset input that over-
rides all other inputs and forces the outputs LOW. The
'F163A has a Synchronous Reset input that overrides
counting and parallel loading and allows the outputs to be
simultaneously reset on the rising edge of the clock. The
'F161A and 'F163A are high-speed versions of the 'F161
and 'F163.

Features

m Synchronous counting and loading
m High-speed synchronous expansion
u Typical count frequency of 120 MHz

Ordering Code: see Section 5

Connection Diagrams

Pin Assignment
for DIP, SOIC and Flatpak

'F161A

—_ -/

MR—{1 16 =Veo
cP—2 15f=1c
Po—13 14f=0Q,
Pi=4 13-y
P15 12f=0,
Py—16 1f=0;
CEP—7 10 p=CET
cno% 8 9f-PE

TL/F/9486-1

Pin Assignment
for DIP, SOIC and Flatpak

'F163A

_ \/

R—{1 16 f~Vee
cp—{2 15}=1c

Po—‘ 3 14}-q,

Py 4 13f-q,

R E 12}~q,

P3—6 11f-a;
cep—{7 10 f=cer
oND—{8 o|-FE

TL/F/9486-7

Pin Assignment
for LCC and PCC
'F161A

Py Py NC Py Py
BDEEE

05 0z NC Q; Qg

Pin Assignment
for LCC and PCC
'F163A
P3 Py NC Py Py
EEHAE

Q3 Q; NC Qy @

TL/F/9486-2

TL/F/9486-8
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Logic Symbols >
°
'F161A 'F163A >
W
>
Po Py Py Py
cH—
MRy 0 Q; Q3
TL/F/9486-3 TL/F/8486-9
|EEE/IEC IEEE/IEC
'F161A 'F163A
_ CTRDIV16 P
MR  CT=0 SR ——I CT=0
FE ! M PE t M1
M2
3CT=15 e TC M2
3CT=15 pmm—= TC
CET 63 cer — 63
CEP ——] ¢4 cep ——| 64
CP ——3>C5/2,3, 4+ . 5 C5/2,3, 4+
:0_"50 (;) ‘—20 Po——1,50 (1) ——q,
o e—1 . — @ 1—o
o 0 o P, — “ ——Q
3 3 Py = (8) ——
TL/F/0486-6 TL/F/9486-10
Unit Loading/Fan Out: ses Section 2 for U.L. definitions
54F/74F
PiaNames Tescliption U.L. Input i/l
HIGH/LOW Output lon/loL
CEP Count Enable Parallel Input 1.0/1.0 20 uA/—0.6 MA
CET Count Enable Trickle Input 1.0/2.0 20 pA/—1.2 mA
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 nA/—0.6 mA
MR (F161A) Asynchronous Master Reset Input (Active LOW) 1.0/1.0 20 pA/ —0.6 MA
SR ('F163A) Synchronous Reset Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Po-P3 Parallel Data Inputs 1.0/1.0 20 nA/—0.6 mA
PE Parallel Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Qo-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA
TC Terminal Count Output 50/33.3 —1 mA/20 mA
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Functional Description

The 'F161A and 'F163A count in modulo-16 binary se-
quence. From state 15 (HHHH) they increment to state 0
(LLLL). The clock inputs of all flip-flops are driven in paraliel
through a clock buffer. Thus all changes of the Q outputs
(except due to Master Reset of the 'F161A) occur as a re-
sult 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 (F161A), synchronous reset ('F163A), parallel load,
count-up and hold. Five control inputs—Master Reset (MR,
’F161A), Synchronous Reset (SR, 'F163A), 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 informa-
tion on the Parallel Data (Pp) inputs to be loaded into the

Mode Select Table

—_ e 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 'F163A only
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

flip-flops on the next rising edge of CP. With PE and MR
('F161A) or SR ('F163A) HIGH, CEP and CET permit count-
ing when both are HIGH. Conversely, a LOW signal on ei-
ther CEP or CET inhibits counting.

The 'F161A and 'F163A 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 ris-
ing edge of CP, are observed.

The Terminal Count (TC) output is HIGH when CET is HIGH
and the counter is in state 15. To implement synchronous
multi-stage counters, the TC outputs can be used with the
CEP and CET inputs in two different ways. Please refer to
the 'F568 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 asynchronous reset for
flip-flops, counters or registers.

Logic Equations: Count Enable = CEP e CET ¢ PE

TC=Qp*Q1*Qx*Q3*CET

State Diagram

TL/F/9486-5
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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the Natlonal Semiconductor Sales Office/ . .
. Free Air Ambient Temperature
Distributors for avallability and specifications. Military —855°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vcg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0v
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5VtoVeg
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lo;. (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs,
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vec Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 Vv Min In= —18 mA
VoH Output HIGH 54F 10% Vo 25 loH = —1mA
Voltage 74F 10% Ve 25 \ Min
74F 5% Voo 27
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20mA
Voltage 74F 10% Ve 0.5
liH Input HIGH Current 20 RA Max | Viy =27V
Igv Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
I Input LOW Current —-0.6 mA Max | Viy = 0.5V (CEP, CP, MR, Pg-Pg)
—-1.2 mA Max | Vi = 0.5V (CET, PE, SR)
los Output Short-Circuit Current —60 —150 mA Max | Vour = 0V
Icex Output HIGH Leakage Current 250 pA Max | VouT = Vco
lcc Power Supply Current 37 55 mA Max
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V Té' V:"so‘ ':" T"évff 5 c:"‘ Units ';'3
CL = 50pF L= L=>0P
Min Typ Max Min Max Min Max
fmax Maximum Count Frequency 100 120 75 90 MHz | 2-1
tpLH Propagation Delay 3.5 55 7.5 3.5 9.0 3.5 85
tPHL CP to Qp, (PE Input HIGH) 35 7.5 10.0 3.5 11.5 3.5 11.0 ns 2-3
tpLH Propagation Delay 4.0 6.0 8.5 4.0 10.0 4.0 9.5
tPHL CP to Qp, (PE Input LOW) 4.0 6.0 8.5 4.0 10.0 40 9.5
tPLH Propagation Delay 5.0 10.0 14.0 5.0 16.5 5.0 15.0 ns P
tPHL CPtoTC 5.0 10.0 14.0 5.0 15.5 5.0 15.0
tPLH Propagation Delay 2.5 45 7.5 25 9.0 2.5 8.5 ns 2.3
tPHL CETto TC 25 45 7.5 25 9.0 25 85
tpHL Propagation Delay -
MR to Q, (F161A) 5.5 9.0 12.0 55 14.0 5.5 13.0 ns 2-3
tpHL Propagation Delay -
MR to TC (F161A) 4.5 8.0 10.5 4.5 125 4.5 115 ns 2-3
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C o _ Fig
Symbol Parameter Voo = +5.0V Tas Vec = Mil Ta, Ve = Com Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 5.0 5.5 5.0
ts(L) P, to CP 5.0 55 5.0 ns 26
th(H) Hold Time, HIGH or LOW 2.0 2.5 2.0
th(L) PhtoCP 2.0 25 2.0
ts(H) Setup Time, HIGH or LOW 11.0 13.5 11.5
ts(L) PE or SR to CP 8.5 10.5 9.5 ns 2.6
th(H) Hold Time, HIGH or LOW 2.0 3.6 2.0
th(L) PEorSRtoCP 0 0 0
ts(H) Setup Time, HIGH or LOW 11.0 13.0 11.5
ts(L) CEPor CET to CP 5.0 6.0 5.0 ns P
th(H) Hold Time, HIGH or LOW 0 0 0
thiL) CEP or CET to CP 0 0 0
tw(H) Clock Pulse Width (Load) 5.0 5.0 5.0 ns 24
tw(l) HIGH or LOW 5.0 5.0 5.0
tw(H) Clock Pulse Width (Count) 4.0 5.0 4.0 ns 24
twll) HIGH or LOW 6.0 8.0 7.0
tw(l) MR Pulse Width, LOW
(F161A) 5.0 5.0 5.0 ns 2-4
trec Recovery Time
—_ X X A 2~
MA to CP (F161A) 6.0 6.0 6.0 ns 6
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54F/74F164
Serial-In, Parallel-Out Shift Register

General Description Features

The ’F164 is a high-speed 8-bit serial-in/parallel-out shift 8 Typical shift frequency of 90 MHz
register. Serial data is entered through a 2-input AND gate  m Asynchronous Master Reset
synchronous with the LOW-to-HIGH transition of the clock.  m Gated serial data input

The device features an asynchronous Master Reset which  m Fully synchronous data transfers
clears the register, setting all outputs LOW independent of

the clock.

Ordering Code: see Section5

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
| | DIP, SOIC and Flatpak for LCC and PCC
~OfMr A & A1 ~ 14]=Vee I%EI%
82 130, [ ]
i o3 12}~
Q 0 0; Q3 Q4 Q5 Q5 Q5 Q4 11}=0
TTTTTTT] N iy
TL/F/9487-3 03_ 6 9 rﬁ
GND=—7 -]
IEEE/IEC T
SRGB TL/F/9487-1 0‘ NC 05 NG 05
MR ——t LR TL/F/ea87-2
cp _lc1/.> |J
A &
B 1D Qo
9
o
LH
Q
_Q5
%
9

TL/F/9487-5

Unit Loading/Fan Out: sce section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input hiy/ly
HIGH/LOW | Output lon/loL
A B Data Inputs 1.0/1.0 20 pA/—0.6 mA
CcP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
MR Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
Qo-Q7 Outputs 50/33.3 —1mA/20 mA
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Functional Description

The 'F164 is an edge-triggered 8-bit shift register with serial
data entry and an output from each of the eight stages. Data
is entered serially through one of two inputs (A or B); either
of these inputs can be used as an active HIGH Enable for
data entry through the other input. An unused input must be
tied HIGH.

Each LOW-to-HIGH transition on the Clock (CP) input shifts
data one place to the right and enters into Qg the logical
AND of the two data inputs (A @ B) that existed before the
rising clock edge. A LOW level on the Master Reset (MR)
input overrides all other inputs and clears the register asyn-
chronously, forcing all Q outputs LOW.

Logic Diagram

Mode Select Table
Operating Inputs Outputs

Mode MR | A B | Q | 01-0

Reset (Clear) L X X L L-L
H o L 90~
. H | h L do-de
Shift I IO
H |h h|H] g

H({h) = HIGH Voltage Levels

L() = LOW Voltage Levels

X = Immaterial

an = Lower case letters indicate the state of the referenced input or output
one setup time prior to the LOW-to-HIGH clock transition.

mudll

Ci

Iallisal]

A
B b e b b o
>0

w —o >o0—

% Q o

L o Qs L ]
TL/F/9487-4

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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164

Absolute Maximum Ratings (Note 1)

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for avallability and specifications. Military —85°C o +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vgg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin -0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vgc = 0V)
Standard Output —0.5Vto Vo
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min In = —18 mA
VoH Output HIGH 54F 10% Voo 25 loH= —1mA
Voltage 74F 10% Ve 25 v Min lon= —1mA
74F 5% Voo 2.7 loH= —1mA
VoL Output LOW 54F 10% Ve 0.5 v Min loL = 20 mA
Voltage 74F 10% Vco 0.5 loL = 20 mA
K Input HIGH Current 20 rA Max VIN = 2.7V
Igvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
IiL Input LOW Current —0.6 mA Max VN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max VouyTt = 0OV
IcEX Output HIGH Leakage Current 250 pA Max VouT = Vec
lec Power Supply Current CP = HIGH
3 % mA | Max | mH — GND,A, B = GND

4-128




AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
_ Tas Vee = Mil | Ta, Voc = Com Fig
Symbol Parameter Vee = +5.0V CL = 50 pF CL = 50pF Units No
CL = 50pF
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 80 90 50 80 MHz | 2-1
tPLH Propagation Delay 3.5 6.0 8.0 3.5 11.0 4.5 9.0 ns 2.3
tPHL CPtoQp 5.0 7.5 10.0 4.0 13.0 5.0 11.0
tPHL | Propagation Delay 55 105 180 | 55 160 | 55 140 | ns |2-3
MR to Q,
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Vee = +5.0V Ta, Ve = Ml Ta Vec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 7.0 7.0 7.0
ts(L) AorBtoCP 7.0 7.0 7.0 ns | 2-6
th(H) Hold Time, HIGH or LOW 1.0 1.0 1.0
th(L) AorBtoCP 1.0 1.0 1.0
tw(H) CP Pulse Width 4.0 4.0 4.0 ns 24
twll) HIGH or LOW 7.0 7.0 7.0
twll) MR Pulse Width, LOW 7.0 7.0 7.0 ns 2-4
trec Recovery Time .
MR to CP 7.0 7.0 7.0 ns 2-6
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168 ® 169

National

Semiconductor

54F/74F168 » 54F/74F169
4-Stage Synchronous Bidirectional Counters

General Description

The 'F168 and 'F169 are fully synchronous 4-stage up/
down counters. The 'F168 is a BCD decade counter; the
'F169 is a modulo-16 binary counter. Both feature a preset

Features

capability for programmable operation, carry lookahead for
easy cascading and a U/D input to control the direction of
counting. All state changes, whether in counting or paralle!
loading, are initiated by the LOW-to-HIGH transition of the

clock.

m Asynchronous counting and loading
= Built-in lookahead carry capability
m Presettable for programmable operation

Ordering Code: sce Section 5

Logic Symbols

TL/F/9488-3

IEEE/IEC
'F168

_ CTRDIV10
Pet‘m (LOAD)
M2 (COUNT)
U/Bt M3 (UP)
M4 (DOWN)
CET—65 3,5<:T=9:j-T6
CEP—IMG6 450T=0
cpt P2,3,5,6+/C7
> 2,4,5,6-
Po——1,70 (1)
Py — (2)

Py et (4)
Py — (8)

—2q,

—q,

—u-q,

—Q3

TL/F/9488-8

'F169

PE M1 (LOAD)
M2 (COUNT)

u/ﬁ-E M3 (UP) 3,5CT=15

TC
M4 (DOWN) , o1 g

CET 65
CEP—M 66

cP 2,3,5,6+/C7

Po——1,70 (1) —Q
Py (2) —20
Py— (4) —Q,
P3— (8) Qs

TL/F/9488-9

Connection Diagrams

Pin Assignment for
DIP, SOIC and Flatpak

- -/

u/b~{1 16 f=Vec
cP—2 15=TC
Po~13 141-Q,
Pi~{4 13|—0,
P,~15 12}~0Q,
p;—{6 1=

CEP—y7 10 = CET

GND~18 9}—FE

Pin Assignment

for LCC and PCC

P3 Py NC Py Py
ElFE [

[i4] (3] [18] (7] (i8]
Q3 Oz NC Oy Qp

TL/F/9488-1

TL/F/9488-2
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input i/l

HIGH/LOW | Output lgy/loL
CEP Count Enable Parallel Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
CET Count Enable Trickle Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
Po-P3 Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA
PE Parallel Enable Input (Active LOW) 1.0/1.0 20 pnA/—0.6 mA
u/D Up-Down Count Contro! Input 1.0/1.0 20 pA/—0.6 mA
Qo-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA
TC Terminal Count Output (Active LOW) 50/33.3 -1 mA/20 mA

Functional Description

The 'F168 and 'F169 use edge-triggered J-K type flip-flops
and have no constraints on changing the control or data
input signals in either state of the clock. The only require-
ment is that the various inputs attain the desired state at
least a setup time before the rising edge of the clock and
remain valid for the recommended hold time thereafter. The
parallel load operation takes precedence over other opera-
tions, as indicated in the Mode Select Table. When PE is
LOW, the data on the Pg-P3 inputs enters the flip-flops on
the next rising edge of the clock. In order for counting to
occur, both CEP and CET must be LOW and PE must be
HIGH; the U/D input then determines the direction of count-
ing. The Terminal Count (TC) output is normally HIGH and
goes LOW, provided that CET is LOW, when a counter
reaches zero in the Count Down mode or reaches 9 (15 for

Logic Diagram

Py Py

'F168

the 'F169) in the Count Up mode. The TC output state is not
a function of the Count Enable Parallel (CEP) input level.
The TC output of the 'F168 decade counter can also be
LOW in the illegal states 11, 13, and 15, which can occur
when power is turned on or via parallel loading. If an illegal
state occurs, the 'F168 will return to the legitimate se-
quence within two counts. Since the TC signal is derived by
decoding the flip-flop states, there exists the possibility of
decoding spikes on TC. For this reason the use of TC as a
clock signal is not recommended (see logic equations be-
low).
1) Count Enable = CEP e CET ¢ PE
2) Up: (F168): TC = Qp * Q1 * Q2 * Qg * (Up) * CET
('F169): TC = Qp * Q1 * Q2 * Qg * (Up) ® CET
3) Down: TC = Qg * Q; *» Qo * Qg ® (Down) ® CET

o

I

4 [Q

v
.
.
H L
] I
; ¢ : n L
W T
' ' T
: : B
: ' Y Y_
: H T}
1 PH
' A o1 —
P ! B
/b E k-) : o —

v u ' |

| E : 1 I Y 1
H oN t_ H DETAIL A J DETAIL A J DETAIL A
' f J ' ENF|
: :
1 ] c—P
T i .
: : g
) )
1 .
1 1]
1} .
H H

Q 9 Qs TL/F/9488-4

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-131

691 « 891




168 * 169

Logic Diagram (continued)

’F169
PE ’D Po Py P2 Ps
CEP
[¥ad
| L_Poi
1
L1 L
L T
BT |——r -
BF|
w
N
DETAIL A J DETAIL A _] DETALL A
ENF,
P
Q
Q o a3

TL/F/9488-5

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Mode Select Table
— — N — Action on Rising
PE CEP CET u/D Clock Edge
L X X X Load (P, — Qp)
H L L H Count Up (Increment)
H L L L Count Down (Decrement)
H H X X No Change (Hold)
H X H X No Change (Hold)

State Diagrams
'F168

- - = Count Down
— Count Up

TL/F/9488-6

H=
L=
X =

HIGH Voltage Level
LOW Voltage Level
Immaterial

- = » Count Down
—= Count Up

TL/F/9488-7
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Absolute Maximum Ratings (note 1) Recommended Operating by
It Military/Aerospace specified devices are required, Conditions 3
3
¥ and &p . Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA

Voltage Applied to Output
in HIGH State (with Veg = 0V)

Standard Output —0.5VtoVce

TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output

in LOW State (Max) twice the rated Ig_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol Parameter S4F/74F Units | Vee Conditions
Min Typ Max

ViH Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Veo Input Clamp Diode Voltage -1.2 v Min IN= —18mA
VoH Output HIGH 54F 10% Vo 2.5 loH = —1mA

Voltage 74F 10% Vo 25 v Min loy = —1mA

74F 5% Veo 2.7 loy = —1mA

VoL Output LOW 54F 10% V¢ 0.5 v Min loL = 20mA

Voitage 74F 10% Voo 0.5 loL = 20 mA
IiH Input HIGH Current 20 RA Max Vin = 2.7V
IBvi Input HIGH Current ViN = 7.0V

Breakdown Test 100 HA Max
i Input LOW Current -0.6 Vin = 0.5V (except CET)

12 | ™A Max o~ 08V (CET)

los Output Short-Circuit Current —60 —-150 mA Max VouTt = 0V
lcex Output HIGH Leakage Current 250 MA Max Vout = Vee
lcoL Power Supply Current 35 52 mA Max Vo = LOW
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'F168
AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations
74F 54F 74F
Ta = +25°C
Ta, Vec = Ml Ta, Vcc = Com Fig
Symbol Parameter Vee = +5.0V It i Units
CL = 50pF CL = 50 pF CL = 50pF No
Min Typ Max Min Max Min Max
frax Maximum Count Frequency 100 115 90 MHz | 2-1
tPLH Propagation Delay 3.0 6.5 8.5 3.0 9.5 ns a3
tPHL CP to Qp, (PE HIGH or LOW) 4.0 9.0 11.5 4.0 13.0
tPLH Propagation Delay 5.5 12.0 15.5 5.5 17.0 ns o3
tPHL CPtoTC 4.0 8.5 11.0 4.0 12.5
tpLH Propagation Delay 25 4.5 6.0 2.5 7.0 ns 2_3
tPHL CETto TC 25 6.0 8.0 25 9.0
tPLH Propagation Delay 35 8.5 11.0 3.5 12,5 ns 2_3
tPHL U/DtoTC 4.0 12.5 16.0 4.0 18.0
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Vee = +5.0V Ta, Vec = Mil Ta, Vecc = Com Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 45
ts(L) Pnto CP 4.0 4.5 ns P
th(H) Hold Time, HIGH or LOW 3.0 3.5
thiL) Pnto CP 3.0 3.5
ts(H) Setup Time, HIGH or LOW 5.0 6.0
ts(L) CEP orCET to CP 5.0 6.0 ns o-6
th(H) Hold Time, HIGH or LOW 0 0
thil) CEPorCET to CP 0 0
ts(H) Setup Time, HIGH or LOW 8.0 9.0
ts(L) PE to CP 8.0 9.0 ns 26
th(H) Hold Time, HIGH or LOW 0 0
thil) PE to CP 0
ts(H) Setup Time, HIGH or LOW
ts(L) U/Dto CP ns 26
thiH) Hold Time, HIGH or LOW 0 0
th(L) U/DtoCP 0 0
tw(H) CP Pulse Width 5.0 5.5 ns o4
tw(l) HIGH or LOW 5.0 5.5
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’F169
AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations
74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Voo = +5.0V Té’ V:‘:s‘; n:" T“év“:s_oc:m Units ':3
Cy = 50pF L=30p L= op
Min Typ Max Min Max Min Max
fmax Maximum Count Frequency 90 60 70 MHz | 2-1
tPLH Propagation Delay 3.0 6.5 8.5 3.0 12.0 3.0 9.5 ns 2-3
tPHL CP to Qp, (PE HIGH or LOW) 4.0 9.0 11.5 4.0 16.0 4.0 13.0
tpLH Propagation Delay 5.5 12.0 15.5 55 20.0 5.5 17.5 ns 2_3
tPHL CPto TC 4.0 8.5 125 4.0 15.0 4.0 13.0
tPLH Propagation Delay 2.5 4.5 6.5 25 9.0 2.5 7.0 ns 2_3
tPHL CETtoTC 25 8.5 11.0 25 12.0 25 12.0
tPLH Propagation Delay 3.5 8.5 11.5 3.5 16.0 3.5 12.5 ns 2.3
tPHL U/Dto TC 4.0 8.0 12.0 4.0 14.0 4.0 13.0
AC Operating Requirements: sce section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Voo = +5.0V Ta, Vee = Mil Tas Vece = Com Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 4.5 4.5
ts(L) Pnto CP 4.0 45 45 ns -
th(H) Hold Time, HIGH or LOW 3.0 3.5 35
th(l) Pnto CP 3.0 3.5 3.5
ts(H) Setup Time, HIGH or LOW 7.0 8.0 8.0
ts(L) CEPorCETto CP 5.0 8.0 6.5 re o g
th(H) Hold Time, HIGH or LOW 0 0 0
thil) CEPorCETto CP 0.5 1.0 0.5
ts(H) Setup Time, HIGH or LOW 8.0 10.0 9.0
ts(L) PE to CP 8.0 10.0 9.0 ns o8
th(H) Hold Time, HIGH or LOW 0 1.0 0
th(L) PEtoCP 0 0 0
ts(H) Setup Time, HIGH or LOW 11.0 14.0 125
ts(L) u/BtoCP 7.0 12.0 8.5 ns oot
th(H) Hold Time, HIGH or LOW 0 o] [o]
th(L) U/DtoCP 0 0 0
ty(H) CP Pulse Width 4.0 6.0 45 ns oo
tw(Ll) HIGH or LOW 7.0 9.0 8.0
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National
Semiconductor

54F/74F174 Hex D Flip-Flop with Master Reset

General Description

The 'F174 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

Features

during the LOW-to-HIGH clock transition. The device has a

Master Reset to simultaneously clear all flip-flops.

m Edge-triggered D-type inputs
m Buffered positive edge-triggered clock
| Asynchronous common reset

Ordering Code: see section 5

Pin Assignment
for LCC and PCC

Dy Q4 NC D, Dy
EEEEE

4] (3 {8l (71 [
05 0 NC 0, g

Logic Symbols Connection Diagrams
Pin Assignment for
| | l | | I I DIP, SOIC and Flatpak
Dp Dy Dy D; Ds Dy D, — S
| o % Dy D2 Dy Dy D5 MR—{1 16 [=Vee
cp Q-2 15105
-0l Dp—3 14 }05
Dy—{4 1304
Q 0 Q Q Q5 Q Q5 o5 12f-q,
HEEREERR o 1105
TL/F/9489-3 e i
GND—{8 9 FCP
IEEE/IEC TL/F/9489-1
v R
cP <
Dp=—1 10 Qg
Dy — —Q
D, — —0,
D3 —— —o;
0, — —_—
Ds —— Qs

TL/F/9489-5

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input i/l
HIGH/LOW | Output lgy/loL
Do-Ds Data Inputs 1.0/1.0 20 nA/—0.6 mA
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 MA
MR Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
Qo-Qs Outputs 50/33.3 -1 mA/20 mA

TL/F/9489-2
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Functional Description Truth Table
The 'F174 consists of six edge-triggered D flip-flops with Inputs Outputs
individual D inputs and Q outputs. The Clock (CP) and Mas- —
ter Reset (MR) are common to all flip-flops. Each D input’s MR cpP Dn Qp
state is transferred to the corresponding flip-flop’s output L X X L
following the LOW-to-HIGH Clock (CP) transition. A LOW H e H H
input to the Master Reset (MR) will force all outputs LOW H - L L
independent of Clock or Data inputs. The 'F174 is useful for
applications where the true output only is required and the H = HIGH Voltage Level
Clock and Master Reset are common to all storage ele- L = LOW Voltage Level
ments. X = Immaterial
—/~ = LOW-to-HIGH Clock Transition
Logic Diagram
e D5 Dy 0, D Do
D ] Q ] Q I—u Q D Q
e———fcr cp cP cP cP
cb CD CD CD CcD

—0(S

1 {

|
9

%
TL/F/9489-4

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ " f
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias ~55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0vV
Input Voltage (Note 2) —0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Vg
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated g (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vece Conditions
Min Typ Max
VIH Input HIGH Voltage 20 \" Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 Vv Min N = —18 mA
VoH Output HIGH 54F 10% Veg 25 loH = —1mA
Voltage 74F 10% Vo 25 \ Min loH = —1mA
74F 5% Veg 27 loH = —1mA
VoL Output LOW 54F 10% Vg 0.5 v Min loL = 20mA
Voltage 74F 10% V¢ 0.5 loL = 20mA
I Input HIGH Current 20 nA Max ViN = 2.7V
IBVI Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
he Input LOW Current -0.6 mA Max VN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
IcEX Output HIGH Leakage Current 250 rA Max | Vourt = Vcc
lccH Power Supply Current CP=_r~
45 mA Max D, = MR = HIGH
looL Power Supply Current 45 mA Max Vo = LOW




AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta,Vee = Mil | Ta,Voce = Com Fig

Symbol Parameter Vee = +5.0V - - Units

CL = 50 pF CL = 50pF CL = 50pF No

Min Typ Max Min Max Min Max
frmax Maximum Clock Frequency 80 70 80 MHz | 2-1
tPLH Propagation Delay 3.5 5.5 8.0 3.0 10.0 35 9.0 ns 2-3
tPHL CPtoQ, 4.0 7.0 10.0 4.0 12.0 4.0 11.0
tpu | Propagation Delay 50 100 140 | 50 160 | 50 150 | ns | 2-3
MR to Qp

AC Operating Requirements: see Section 2 for Waveforms

74F 54F 74F

Ta = +25°C _ . Fig
Symbol Parameter Voo = +5.0V Tas Voc = Mil Ta, Vec = Com | Units No
Min Max Min Max Min Max

ts(H) Setup Time, HIGH or LOW 4.0 5.0 4.0
t5(L) Dn to CP 4.0 5.0 4.0 ns | o6
th(H) Hold Time, HIGH or LOW 0 2.0 0
th(L) Dnto CP 0 2.0 0
tw(H) CP Pulse Width 4.0 5.0 4.0 ns 2-4
tw(L) HIGH or LOW 6.0 7.5 6.0
tw(L) MR Pulse Width, LOW 5.0 6.5 5.0 ns 2-4
trec Recovery Time, MR to CP 5.0 6.0 5.0 2-6
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54F/74F175 Quad D Flip-Flop

General Description

The 'F175 is a high-speed quad D flip-flop. The device is
useful for general flip-flop requirements where clock and
clear inputs are common. The information on the D inputs is
stored during the LOW-to-HIGH clock transition. Both true
and complemented outputs of each flip-flop are provided. A
Master Reset input resets all flip-flops, independent of the
Clock or D inputs, LOW.

Features

m Edge-triggered D-type inputs

m Buffered positive edge-triggered clock
m Asynchronous common reset

m True and complement output

Ordering Code: sce section 5

Logic Symbols Connection Diagrams
IEEE/IEC Pin Assignment for Pin Assignment
DIP, SOIC and Flatpak for LCC and PCC
VR R - ~
_ \ Qy Dy NC Dy Qp
cp ci wR—{1 16f=vee BDEGEME
L Q{2 15}—05
% 2,3 14}-a
D, 1D 0 3
0—4 - [ Do~ 4 13 Fos
R — 0 914 5 121D,
1 S5, q,~s 14,
. -7 10f—Q, (]
024 2 GND~{8 9f-cp @[3 [ 6@
0, @, D, NC D3 G5
— Q3 TL/F79490-1 TL/F/9490-2
Dy ~— L 63
TL/F/9490-5
Do 0 D, 03
—]CP
—Olwr
Q@ 9 9 09 Q Q QO O

PIPI?T?

TL/F/9490-3

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F

Pin Names Description u.L. Input g/l

HIGH/LOW | Outputlgy/loL
Do-D3 Data Inputs 1.0/1.0 20 nA/—0.6 mA
cP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
MR Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
Qp-Q3 True Outputs 50/33.3 —1mA/20 mA
Qp-03 Complement Outputs 50/33.3 —1mA/20 mA
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Functional Description

The 'F175 consists of four edge-triggered D flip-flops with
individual D inputs and Q and Q outputs. The Clock and
Master Reset are common. The four flip-flops will store the
state of their individual D inputs on the LOW-to-HIGH clock
(CP) transition, causing individual Q and Q outputs to follow.
A LOW input on the Master Reset (MR) will force all Q out-
puts LOW and Q outputs HIGH independent of Clock or
Data inputs. The 'F175 is useful for general logic applica-
tions where a common Master Reset and Clock are accept-
able.

Logic Diagram

w e D3 D,

Y

l—D Q D Q

——C)CP Q CP Q

CcD

1 -
Q3 Q3

0, q,

Truth Table
Inputs Outputs
MR cp D, Qn [+
L X X L H
H e H H L
H e L L H
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
-/~ = LOW-to-HIGH Clock Transition
D4 Do
D Q D Q
cP Q CP Q
CD 0" CD
i ! 1
Q O Q %

TL/F/9490~4

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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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Recommended Operating

Conditions
Free Air Ambient Temperature

Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voc = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated IgL (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vce Conditions
Min Typ Max
Vi Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
" Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min In = —18mA
VoH Output HIGH 54F 10% V¢ 2.5 loH= —1mA
Voltage 74F 10% Vg 2.5 \ Min lon = —1mA
74F 5% Voo 2.7 loH= —1mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 20mA
I Input HIGH Current 20 RA Max ViN = 2.7V
lavi Input HIGH Current ViN = 7.0V
Breakdown Test 100 HA Max
it Input LOW Current —0.6 mA Max Viy = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max Vout = Voo
lcc Power Supply Current CP=_~
225 34.0 mA Max D, = MR = HIGH
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V Té’ V=°°5 o_ t_"' TA(’:VC: 50 C: ™ [ units :ls
Cy = 50pF L= %op L= 0P
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 140 80 100 MHz | 2-1
tPLH Propagation Delay 4.0 5.0 6.5 3.5 8.5 4.0 7.5 ns | 2-3
tPHL CPtoQporQp 4.0 6.5 8.5 4.0 10.5 4.0 9.5
tPHL | Propagation Delay 45 90 115 | 45 150 | 45 130 | ns |2-3
MR to Q,
oL | Propagation Delay 40 65 80 | 40 100 | 40 90 | ns |2-3
MR to Q,

AC Operating Requirements: see Section 2 for Waveforms

74F 54F 74F

Ta= +25°C _ - its | F19
Symbol Parameter Vee = +5.0V Ta, Ve = Mil Ta, Vcc = Com | Units No

Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 3.0 3.0 3.0
ts(L) Dnhto CP 3.0 3.0 3.0 ns 2.8
th(H) Hold Time, HIGH or LOW 1.0 1.0 1.0
th(L) Dn to CP 1.0 1.0 1.0
tw(H) CP Pulse Width 4.0 4.0 4.0 ns 2-4
tw(l) HIGH or LOW 5.0 5.0 5.0
twl(L) MR Pulse Width, LOW 5.0 5.0 5.0 ns 2-4
trec Recovery Time, MR to CP 5.0 5.0 5.0 ns 2-6
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54F/74F181
4-Bit Arithmetic Logic Unit

General Description Features
The *F181 is a 4-bit Arithmetic logic Unit (ALU) which can B Full lookahead for high-speed arithmetic operation on
perform all the possible 16 logic operations on two variables long words
and a variety of arithmetic operations. It is 40% faster than
the Schottky ALU and only consumes 30% as much power.
Ordering Code: see Section 5 ,
Logic Symbols Connection Diagrams
Active-HIGH Operands Active-LOW Operands Pin Assignment
6 6 6 6 é ‘5 6 6 | | l I l J | I for DIP, SOIC and Flatpak
—c, % Bo A By Ay By Ag By Coib— Ol Ay By Ay By Ap By Ay B3 - By N 24f-vee
—{u —M A2 234
_‘ 5% asB— 1o A=Bf— s3—3 2218,
-5 sjo—- —1I5 ob— s,—4 213,
I %2 X H 2045,
e L N el A B 19}-4s
TYYY RN “ o
TL/F/9491-3 TL/F/9491-4 _
Fo—9 16 [=Cres
Fi—{10 15 LF
Fo=f 11 14|=A=B
IEEE/IEC oND—12 13}-Fy
So—10 ALU TL/F/9491-1
Sy =t (0..15)CP L5
s;—| Mg ©0.18)P—3 Pin Assignment
s3 — 6(P=O) o b—A=B for LCC and PCC
M—4 (0...15) COF—Cre4 Fo M C,NC Sg S S,
c,—c jmjuje) BE
Ro-ofp - -
_ n b Ty fy [@s;
il F2 @4
- i
o ) P— Fy e i
B,=a NC 3] [mNe
A, =P - ?3 figl B8 Ve
s 0 pen
K;—h P ~ P08 1
I S ® P—Fs (RO
3 BREEGE

TL/F/9491-10 Cras G B3NC Ag By A,

TL/F/9491-2
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input /i,

HIGH/LOW | Output loy/loL
Ap-Agz A Operand Inputs (Active LOW) 1.0/3.0 |20 pA/—1.8mA
Bop-B3 B Operand Inputs (Active LOW) 1.0/3.0 [20 pA/—1.8mA
Sp-S3 Function Select Inputs 1.0/40 |20 pA/—2.4 mA
M Mode Control Input 1.0/1.0 |20 pA/—0.6 mA
Cn Carry Input 1.0/5.0 |20 pA/—3.0 mA
Fo-F3 Function Outputs (Active LOW) 50/33.3 | —1 mA/20mA
A=B Comparator Output 0C*/33.3 */20 mA
G Carry Generate Output (Active LOW) 50/33.3 —1mA/20 mA
P Carry Propagate Output (Active LOW)| 50/33.3 —1mA/20 mA
Ch+4 Carry Output 50/33.3 —1mA/20 mA

*0C-Open Collector

Functional Description

The 'F181 is a 4-bit high-speed parallel Arithmetic Logic
Unit (ALU). Controlled by the four Function Select inputs
(Sp-S3) and the Mode Control input (M), it can perform all
the 16 possible logic operations or 16 different arithmetic
operations on Active HIGH or Active LOW operands. The
Function Table lists these operations.

When the Mode Control input (M) is HIGH, all internal car-
ries are inhibited and the device performs logic operations
on the individual bits as listed. When the Mode Control input
is LOW, the carries are enabled and the device performs
arithmetic operations on the two 4-bit words. The device
incorporates full internal carry lookahead and provides for
either ripple carry between devices using the Cp, + 4 output,
or for carry lookahead between packages using the signals
P (Carry Propagate) and G (Carry Generate). In the Add
mode, P indicates that F is 15 or more, while G indicates
that F is 16 or more. In the Subtract mode P indicates that F
is zero or less, while G indicates that F is less than zero. P
and G are not affected by carry in. When speed require-
ments are not stringent, the 'F181 can be used in a simple
Ripple Carry mode by connecting the Carry output (C,+4)
signal to the Carry input (Cy,) of the next unit. For high speed
operation the device is used in conjunction with a carry look-
ahead circuit. One carry lookahead package is required for

each group of four 'F181 devices. Carry lookahead can be
provided at various levels and offers high speed capability
over extremely long word lengths.

The A=B output from the device goes HIGH when all four F
outputs are HIGH and can be used to indicate logic equiva-
lence over four bits when the unit is in the Subtract mode.
The A=B output is open collector and can be wired AND
with other A=B outputs to give a comparison for more than
four bits. The A=B signal can also be used with the Cp+ 4
signal to indicate A>B and A<B.

The Function Table lists the arithmetic operations that are
performed without a carry in. An incoming carry adds a one
to each operation. Thus, select code LHHL generates A
minus B minus 1 (2s complement notation) without a carry
in and generates A minus B when a carry is applied. Be-
cause subtraction is actually performed by complementary
additien (1s cemplement), & carry cut means borrow; thus a
carry is generated when there is no underflow and no carry
is generated when there is underflow. As indicated, this de-
vice can be used with either active LOW inputs producing
active LOW outputs or with active HIGH inputs producing
active HIGH outputs. For either case the table lists the oper-
ations that are performed to the operands labeled inside the
logic symbol.
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ ; .
. Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°C o +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —-55°Cto +175°C Military +4.5Vto £5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —-0.5Vto +7.0V
Input Voltage (Note 2) ~0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output ~0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated gL (MmA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vge Conditions
Min  Typ Max
ViH Input HIGH Voltage 2.0 Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min [ Iy = —18mA
VoH Output HIGH 54F10% Vo | 2.5 loh = —1mA
Voltage 74F 10% Vg 25 v Min | lop= —1mA
74F 5% V¢ 2.7 loH= —1mA
VoL Output LOW 54F 10% Vo 0.5 v Ao loL = 20mA
Voltage 74F 10% Vg 0.5 " 1oL = 20mA
I8} Input HIGH Current 20 HA Max | Viy = 2.7V
i1 Input HIGH Current VN = 7.0V
Breakdown Test 100 KA Max
IiL Input LOW Current —-0.6 ViN = 0.5V (M)
-1.8 Vin = 0.5V (Ag, Ay, Az, Bo, By, B3)
—oa4 | MA | Max = 0.5V (S, A B)
-3.0 VIN = 0.5V (Cp)
los Qutput Short-Circuit Current —60 —150 mA Max | Vout = OV (Fn, G,P,Ch+4)
lcex Output HIGH Leakage Current 250 LA Max | Vo = Voo (Frn G, P, Cn+4)
loHe Open Collector, Output . Vo = Vcc (A= B)
OFF Leakage Test 250 KA Min
lccH Power Supply Current 65.0 mA Max | Vo = HIGH
lccL Power Supply Current 65.0 mA Max | Vo = LOW
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Table 5-2 'F181 Operation Tables

Logic Arithmetic Arithmetic
So Sy S, S3 (M=H) (M=L, Co=Inactive) (M=L, Co=Active)
L L L L A A minus 1 A
66 6666 H L L L AeB A Bminus 1 AeB
L H L L A+B A B minus 1 AeB
Cr Ao By Ay By Ay By A3 By Cors— H H L L Logic “1” minus 1 (2s comp.) Zero_
— L L H L A+B Aplus (A + B) Aplus (A + B) plus 1
—s, ABl—| H L H L B AeBplus (A + B) AeBplus (A + B)plus 1
—]s F181 L H H L A®B A minus B minus 1 A minus B
' GfO-| H H H L A+B A+B A+ Bplus 1
1% L L L H AeB Aplus (A + B) Aplus (A + Bplus 1
—s 6 o/ K o/ PP M L L H A®B _AplusB _Aplus Bplus 1
? ? ? ? L H L H B AeBplus (A + B) AeBplus (A + B)plus 1
H H L H A+B A+B A+ Bplus 1
a. All Input Data Inverted L L H H Logic “0” AplusA(2 X A) AplusA (2 X A)plus 1
H L H H A*B AplusAeB AplusAeBplus1
L H H H AeB AplusAeB Aplus A*Bplus 1
H H H H A A Aplus 1
L L L L A A Aplus 1
H L L L A¥B A+B A+ Bplus 1
L H L L AsB A+B A+ Bplus 1
| | I I I I I I H H L L Logic “0” minus 1 (2s comp.) Zero
—Olc, %o Bo A1 By Az By A By e do- L L H L ReB Aplus (A *B) AplusAeBplus 1
néd H L H L B AeBplus (A + B) AeBplus (A + B)plus 1
s _ L H H L A®B A minus B minus 1 Aminus B
—I% 1ot e S I R " L AeB AeBminus 1 AsB
—s, o}— L L L H A;B AplusAeB AplusAeBplus1
—s, H L L H A® AplusB _ AplusB plu_s 1
—s; ¢ ; . . pl— L H L H B AeBplus(A + B) Ae®Bplus (A + B) plus 1
0 1 2 3 H H L H A*B A e Bminus 1 AeB
[ 1 1 | L L H H | Logicv” Aplus A (2 X A) AplusA(2 X A)plus 1
H L H H A+B Aplus (A +B) Aplus (A+B) plus 1
b. All Input Data True L H H H A+B Aplus (A + B) Aplus (A+B) plus 1
H H H H A A minus 1 A
L L L L A A minus 1 A
dlédldlédl HooL L L A+B AeBminus 1 AeB
—Jc 0 8 A By A B, A By L H L L AsB AeBminus 1 AeB
n Cos— | H H L L Logic “1” minus 1 {2s comp.) Zero
i B L L H L AeB Aplus(A + B) Aplus (A + B) plus 1
—% st T A B AeBplus(A + B) AsBplus (A + B) plus 1
—s, slo— L H H L A©B AplusB AplusBplus 1
—Is, H H H L A+B A+B A+ Bplus 1
—s; o f , v PlO— L L L H /-iB A !alus A + B) Aplus (A .+ B) plus 1
3 H L L H AGB A minus B minus 1 A minus B
? ¢ 99 L H L H B AeBplus(A + B) AeBplus (A + B) plus 1
H H L H A+B A+B A+ Bplus 1
c.Alnput Data Inverted; L L H H Logic “0” AplusA (2 X A) AplusA (2 X A)plus 1
B Input Data True H L H H AeB AplusAeB Aplus A e Bplus 1
L H H H AeB AplusAeB AplusAeBplus1
H H H H A A Aplus 1
L L L L A A Aplus 1
H L L L AeB A+B A+ Bplus 1
&1l L H L L A+B A+B A+ Bplus1
By A, By A, B, As B H H L L Logic 0" minus 1 (2s comp.) Zero
—Ofc, Mo Bt Bt Bk 3C..”O— L L H L A+B AplusAeB AplusAeBplus1
e L H L H L B AeBplus(A + B) AeBplus (A + B)plus 1
—Is, AB— H H L AGB Aplus B Aplus Bplus 1
—1s, Fi81 ob—| H H H L AeB A ® B minus 1 AeB
—s, L L L H AeB AplusAeB Aplus A B plus 1
pb— H L L H AeB A minus B minus 1 A minus B
B_fo Fi R s L H L H B AeBplus (A + B) AeBplus (A + B)plus 1
| | | | H H L H AeB AeBminus 1 AeB
L L H H Logic “1" AplusA(2 X A) AplusA (2 X A)plus 1
d. A Input Data True; H L H H A+B Aplus (A +B) Aplus (A+B) plus 1
B Input Date Inverted L H H H A+B Aplus (A + B) A plus (A+B) plus 1
H H H H A A minus 1 A
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Tas Vec = Mil Tas Ve = Com Fig
Symbol Parameter Vee = +5.0V i - Units
CL = 50 pF CL = 50 pF CL = 50 pF No
Path Mode Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.0 6.4 8.5 3.0 10.0 3.0 95 ns 2.3
tpHL CntoCp + 4 3.0 6.1 8.0 3.0 9.5 3.0 9.0
tPLH Propagation Delay 5.0 10.0 13.0 5.0 15.5 5.0 14.0 ns 2.3
tPHL AorBtoCp 4+ 4 Sum 40 9.4 12.0 35 16.5 4.0 13.0
tpLH Propagation Delay 5.0 10.8 14.0 5.0 17.0 5.0 15.0 ns 2_3
tPHL AorBto Ch+4 Dif 5.0 10.0 13.0 4.0 15.0 5.0 14.0
tpLH Propagation Delay 3.0 6.7 8.5 25 16.0 3.0 9.5 ns 2_3
tPHL ChtoF Any 3.0 6.5 8.5 25 12.0 3.0 9.5
tPLH Propagation Delay 3.0 5.7 75 25 9.0 3.0 85 ns 2.3
tPHL AorBorG Sum 3.0 5.8 7.5 25 9.5 3.0 85
tpLH Propagation Delay 3.0 6.5 8.5 2.5 11.5 3.0 95 ns 2-3
tPHL AorBtoG Dif 3.0 7.3 9.5 25 11.0 3.0 10.5
tPLH Propagation Delay 3.0 5.0 7.0 25 8.5 3.0 8.0 ns 2.3
tpHL AorBtoP Sum 3.0 55 7.5 3.0 9.5 3.0 85
tpLH Propagation Delay 3.0 58 75 25 11.0 3.0 85 ns 2_3
tpHL AorBtoP Dif 4.0 6.5 8.5 3.0 11.0 4.0 95
tpLH Propagation Delay 3.0 7.0 9.0 3.0 14.5 3.0 10.0 ns 2_3
tPHL AjorBitoF Sum 3.0 7.2 10.0 3.0 14.5 3.0 10.0
tpLH Propagation Delay 3.0 8.2 11.0 3.0 175 3.0 12.0 ns 2-3
tPHL AjorBitoF; Dif 3.0 5.0 11.0 3.0 14.5 3.0 12.0
tPLH Propagation Delay 4.0 8.0 10.5 3.5 16.5 4.0 11.5 ns a_g
tpHL AnyAorBtoAnyF Sum 4.0 7.8 10.0 4.0 13.5 4.0 11.0
tpLH Propagation Delay 4.5 9.4 12.0 3.5 17.5 4.5 13.0 ns 2.3
tpHL AnyAorBtoAnyF  Dif 3.5 9.4 12.0 3.0 14.0 35 13.0
tpLR Propagation Delay 4.0 6.0 9.0 3.5 14.5 4.0 10.0 ns a_g
tPHL AorBtoF Logic 4.0 6.0 10.0 3.0 15.5 40 11.0
tPLH Propagation Delay 11.0 18.5 27.0 8.0 35.0 11.0 29.0 ns s_3
tPHL AorBtoA=18B Dif 6.0 9.8 12.5 55 21.0 6.0 13.5
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54F/74F182

Carry Lookahead Generator

General Description

The 'F182 is a high-speed carry lookahead generator. It is

generally used with the 'F181 or 'F381 4-bit arithmetic logic

units to provide high-speed lookahead over word lengths of

more than four bits.

Features
AlLUs

over long word lengths

m Provides lookahead carries across a group of four

B Multi-level lookahead high-speed arithmetic operation

Ordering Code: see Section 5

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
IEEE/IEC DIP, SOIC and Flatpak for LCC and PCC
B A\ Py G3 NC Py G
cre &1 16[=Vee () (7 (&1 51 @]
Cn =i 21 1,21 =1 b Crax ﬁ‘_ 2 15 _ﬁz
3+ - _
) 1,2,4 F =1 Gp—13 14]-6,
Po = G2/210 5'; T L— Cray o4 13f-c,
So > 23 1,2,4,6 + =1 615 12f=Cpay
2= [T 3,46 1T [ Crez P16 11-c
— 5,6 1 3 nty
iy b Tt p7 10}-6
Kl [ 10,4,6,8 P P
Gyl 77 3.4,6.8 GND—]8 9Chez 4 {5 fig) 7] [
: sast oy G G
3 5,6,8 - 3
T3y 8 .84 6 TL/F/9492-1 ey
Gz - 79 94
TL/F/9492-6
Py Go Py G Py Gy Ps G
o G Py 6 Py G Py Gy clo—
e 1
plo—
Crex  Cnty Cnez

TL/F/9492-3

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input L/l

HIGH/LOW Output lon/loL
Cn Carry Input 1.0/2.0 20 pA/—1.2mA
Go, G2 Carry Generate Inputs (Active LOW) 1.0/14.0 20 nA/—8.4 mA
Gy Carry Generate Input (Active LOW) 1.0/16.0 20 uA/—9.6 mA
Gs Carry Generate Input (Active LOW) 1.0/8.0 20 pA/—4.8 mMA
Po, Py Carry Propagate Inputs (Active LOW) 1.0/8.0 20 pA/—4.8 mA
Ps Carry Propagate Input (Active LOW) 1.0/6.0 20 pA/—3.6 mA
Pa Carry Propagate Input (Active LOW) 1.0/4.0 20 pA/—2.4 mA
Cn+x—Cn+z Carry Outputs 50/33.3 —1mA/20 mA
G Carry Generate Output (Active LOW) 50/33.3 —1mA/20 mA
P Carry Propagate Output (Active LOW) 50/33.3 —1mA/20 mA

TL/F/9492-2
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Functional Description

The 'F182 carry lookahead generator accepts up to four
pairs of Active LOW Carry Propagate (Pg—Pg) and Carry
Generate (Go-Gg) signals and an Active HIGH Carry input
(Cp) and provides anticipated Active HIGH carries (Cp, + x,
Cn+y, Cn+2) across four groups of binary adders. The
'F182 also has Active LOW Carry Propagate (P) and Carry
Generate (G) outputs which may be used for further levels
of lookahead. The logic equations provided at the outputs
are:

Also, the 'F182 can be used with binary ALUs in an active
LOW or active HIGH input operand mode. The connections
(Figure 1) to and from the ALU to the carry lookahead gen-
erator are identical in both cases. Carries are rippled be-
tween lookahead blocks. The critical speed path follows the
circled numbers. There are several possible arrangements
for the carry interconnects, but all achieve about the same
speed. A 28-bit ALU is formed by dropping the last 'F181 or
'F381.

Cn+x = Go + PoCy
Cn+y = Gy + P1Gp + P1PoCh
Ch+z = Gp + P3Gy + PoP1Gp + PoP4PoCh
G = Gg + P3Gg + P3P2Gy + P3P2P1Gp
I
Truth Table
Inputs Outputs
Cn 60 -ISD 61 51 62 B2 63 ﬁ3 Cn+x cn+y Cn+z G P
X H H L
L H X L
X L X H
H X L H
X X X H H L
X H H H X L
L H X H X L
X X X L X H
X L X X L H
H X L X L H
H = HIGH Voltage Level
X X X X X H H L L = LOW Voltage Level
X X X H H H X L X = Immaterial
X H H H X H X L
L H X H X H X L
X X X X X L X H
X X X L X X L H
X L X X L X L H
H X L X L X L H
X X X X X H H H
X X X H H H X H
X H H H X H X H
H H X H X H X H
X X X X X L X L
X X X L X X L L
X L X X L X L L
L X L X L X L L
H X X X H
X H X X H
X X H X H
X X X H H
L L L L L
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Logic Diagram

¢ GoPo 6 Py 6, Py G5 Ps
. . 1 ! )Y ) A I B
| L1 1 [ 1L 1l 1 1 1 K
cnbx cMy cn+z G P

TL/F/9492-4
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

, c,
* aw Sp—— LTI ] - S—
p fo—— P fo—
A8
0] Cie ®
G Cnea Cy — ¢, Crod 4 Co Cy Cres €y Coa f— fg;’z')
A © A € Ay 6 A € ALye AL
P 3 P P [
F®
= {
sddd 44
Po Gp Py Gy Py Gy Py Gy Py Go Py Gy Py Gy Py Gy
O —o Cn 'F182 6jo— Cn F182 cjo—
Crox  Coty  Cnez PP Crax  Cnty  Coer PP—
9 | I
| L= I |

TL/F/9492-5
FIGURE 1. 32-Bit ALU with Rippled Carry between 16-Bit Lookahead ALUs
*ALUs may be either "F181 or 'F381
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
N X Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°C o +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C  gypply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vcg = 0V)
Standard Output —0.5V to Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated I (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vce Conditions
Min Typ Max
ViH Input HIGH Voltage 20 Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 Min In = —18mA
Vor Output HIGH 54F 10% V¢ 25 loH = —1mA
Voltage 74F 10% V¢c 25 \ Min | log= —1mA
74F 5% Voo 2.7 loH= —1mA
VoL Output LOW 54F 10% V¢g 0.5 v Min loL = 20mA
Voltage 74F 10% Vg 0.5 lcL = 20mA
i Input HIGH Current 20 MA Max | Vv = 2.7V
lgvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
i Input LOW —-1.2 ViN = 0.5V (Cpy
Current —24 Vin = 0.5V (P3)
-36 ViN = 0.5V (P2)
—ag | ™M~ 05V @, Po. )
—8.4 Vin = 0.5V (Go, Go)
—9.6 Vin = 0.5V Gy)
los Output Short-Circuit Current —-60 —150 mA Max | Vour = OV
loex Output HIGH Leakage Current 250 nA Max | Vour = Vco
locH Power Supply Current 18.4 28.0 mA Max | Vo = HIGH
lecL Power Supply Current 235 36.0 mA Max | Vo = LOW
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C . "
Ta, Vee = Mil Ta, Vcc = Com . Fig
Symbol Parameter Vee = +5.0V e - Units

CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max

tPLH Propagation Delay 3.0 6.6 8.5 3.0 12.0 3.0 9.5 ns a_3
tPHL Cnt0Cn+x Cn+y: Cn+z 3.0 6.8 9.0 3.0 11.0 3.0 10.0

:PL“ g"’%agztr'%" ?:'ay 25 6.2 8.0 25 110 | 25 9.0 w | as
PHL 0. o2 15 37 5.0 1.0 7.0 15 6.0

Cn+xCn+y 0rCn+z

:"L” %’°F§Qa;'r°g D:)'ay 25 6.5 8.5 25 110 | 25 95 o 1o

PHL 0. =1, BT H2 15 3.9 5.2 1.0 7.0 15 6.0
Cn+x Cn+y:i0rCn+z

tpLH Propagation Delay 3.0 7.9 10.0 3.0 12.0 3.0 11.0 ns 2-3
tPHL P4,Pp,0rP3t0 G 3.0 6.0 8.0 25 10.0 3.0 9.0

tPLH Propagation Delay 3.0 8.3 10.5 3.0 12.0 3.0 11.5 ns | 2-3
tPHL Gnto G 3.0 5.7 7.5 25 10.0 3.0 85

tPLH Propagation Delay 3.0 5.7 7.5 2.5 10.0 3.0 8.5 ns 2.3
tPHL PhtoP 25 4.1 5.5 25 8.0 25 6.5
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54F/74F189 64-Bit Random Access
Memory with TRI-STATE® Outputs

General Description

The 'F189 is a high-speed 64-bit RAM organized as a 16-
word by 4-bit array. Address inputs are buffered to minimize
loading and are fully decoded on-chip. The outputs are TRI-
STATE and are in the high impedance state whenever the
Chip Select (CS) input is HIGH. The outputs are active only

Features

in the Read mode and the output data is the complement of
the stored data.

® TRI-STATE outputs for data bus applications
m Buffered inputs minimize loading

m Address decoding on-chip

m Diode clamped inputs minimize ringing

Ordering Code: see section 5

Logic Symbols

>
~
o

Ay —3
€5 — 61

Dg—— 4,20

$o1 111

1111

Do By Dz D3
Ay

A
A
Ay
cs

YE 0y 0y 0, 0

99

IEEE/IEC

TL/F/9493-1

RAM 16 X 4

=]

1 EN (READ)
1 C2 (WRITE)

AV P—7~0,
b(i‘
haz

Dy — 03

TL/F/9493-4

Connection Diagrams

Pin Assignment
for DIP, SOIC and Flatpak

/
Ag—1 16 f=Vee
ts=2 15 |=A
WE—3 14]=A,
Dy—4 13145
0p—{5 12 Fos
D,~16 11}=0y
0—7 10}-D,
GND—18 9}=0,

TL/F/9493-2

Unit Loading/Fan Out: sce Section 2 for U.L. definitions

Pin Assignment

for LCC and PCC

D; O NC Dy WE

alajaja]n)

(o )
0,8
GND
NC (@
0,

35 Dy N A3 4y

54F/74F

Pin Names Description U.L. Input /I
HIGH/LOW Output lon/loL

Aog-Ag Address Inputs 1.0/1.0 20 pA/—0.6 mA

Ccs Chip Select Input (Active LOW) 1.0/1.0 20 pA/—1.2 mA

WE Write Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA

Do-Dg3 Data Inputs 1.0/1.0 20 A/ —0.6 mA

0p-03 Inverted Data Outputs 150/40 (33.3) | —3.0 mA/24 mA (20 mA)

TL/F/9493-3
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Function Table

Eputi Operation Condition of Qutputs
CS WE

L L Write High Impedance

L H Read Complement of Stored Data
H X Inhibit High Impedance

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

Block Diagram

Dp Dy Dp Dy

o}
DATA BUFFERS —

cs

Ag —
A - -
! DECODER ADDRESS :> 16,&’:5%2;13 "
Ay DRIVERS DECODER ARRAY
Ay — |

OUTPUT
BUFFERS

B, 0, 0, 05

TL/F/9493-5
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Absolute Maximum Ratings (vote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . ;
Free Air Ambient Temperature
Distributors for avallability and specifications. Military —55°C1o +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vce Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voc = 0V)
Standard Output —0.5VtoVee
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Naote 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions .
Min Typ Max
Vi Input HIGH Voltage 2.0 Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 Min IIN= —18mA
VoH Output HIGH 54F 10% Vco 25 loy = —1mA
Voltage 54F 10% Vce 2.4 loH = —3mA
74F 10% Voo 25 v Min loH= —1mA
74F 10% Vco 2.4 loy = —3mA
74F 5% Vco 2.7 loH= —1mA
74F 5% Vco 2.7 loy = —3mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL =20mA
Voltage 74F 10% Ve 0.5 loL = 24 mA
I Input HIGH Current 20 nA Max Vin = 2.7V
Igvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 pA Max
n Input LOW Current -0.6 Vin = 0.5V (except CS)
2 | ™A M s 0V S
lozH Output Leakage Current 50 pA Max Vour = 2.7V
lozL Output Leakage Current —50 nA Max | Vourt = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcEx Output HIGH Leakage Current 250 nA Max Vout = Veco
Izz Bus Drainage Test 500 nA 0.0v Vout = Ve
lccz Power Supply Current 37 55 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C . S -
Symbol Parameter Vec = +5.0V Té" Vzcgo :"" TA6V°=° 50 c:m Units ';'g
CL = 50pF L=>oe L= P
Min Typ Max Min Max Min Max
toLH Access Time, HIGH or LOW 10.0 185 26.0 9.0 32.0 10.0 27.0 ns 2.3
tpHL Anto Oy 8.0 135 19.0 8.0 23.0 8.0 20.0
tPzH Access Time, HIGH or LOW 3.5 6.0 8.5 35 105 3.5 9.5 ns 2_5
tpzL CSto O, 5.0 9.0 13.0 5.0 15.0 5.0 14.0
tPHZz Disable Time, HIGH or LOW 2.0 4.0 6.0 2.0 8.0 2.0 7.0 ns 2.5
tpLz CSto O 3.0 5.5 8.0 25 100 3.0 9.0
tpzH Write Recovery Time, 6.5 15.0 28.0 6.5 37.5 6.5 23.5 ns 2_5
tpzL HIGH or LOW WE to O, 6.5 11.0 15.5 6.5 17.5 6.5 16.5
tPHZ Disable Time, HIGH or LOW 4.0 7.0 10.0 35 12.0 4.0 11.0 ns a5
trLz WEto Op, 5.0 9.0 13.0 5.0 16.0 5.0 14.0
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta= +25°C . _ _ Fig
Symbol Parameter Vec = +5.0V Ta Vee = Mil Ta; Vcc = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 0 0 0
te(L) Anto WE 0 0 0
s(L) n ns | 2-6
th(H) Hold Time, HIGH or LOW 20 2.0 2.0
th(L) An to WE 2.0 2.0 2.0
ts(H) Setup Time, HIGH or LOW 10.0 11.0 10.0
ts(L) D, to WE 10.0 11.0 10.0
ns 2-6
th(H) Hold Time, HIGH or LOW 0 2.0 0
th(L) D, to WE 0 2.0 0
te(L) Setup Time, LOW
CSto WE 0 0 0
ns 2-6
th(L) Hold Time, LOW
TS to WE 6.0 7.5 6.0
tw(l) WE Pulse Width, LOW 6.0 75 6.0 ns | 2-4

*Ta = —40°Cto +125°C
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54F/74F190

Up/Down Decade Counter with Preset and Ripple Clock

General Description

The 'F190 is a reversible BCD (8421) decade counter fea-
turing synchronous counting and asynchronous presetting.
The preset feature allows the 'F190 to be used in program-
mable 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.

Features

® High-speed—125 MHz typical count frequency
m Synchronous counting

® Asynchronous parallel load

B Cascadable

Ordering Code: see Section 5
Logic Symbols

Pin Assignment for
DIP, SOIC and Flatpak

Connection Diagrams

Pin Assignment
for LCC and PCC

Py

l— Q]

1
2
CP gy 0 0y Q Q{3

CE—f4
TL/F/9494-1 U/o-{s

a6
IEEE/IEC 057
oND—~]8

CIRDIVIO
61

o -/

QUON & q
E [ME B @
()

16 =Vee
15—Pq
14}~cp
13}=RC

tE—n
U/0 M2 [powN)  2(cT=0)26 1
_EMJ[UP] 3(0T=s)zsP_

cP—e—11,2-/1,3+

64 6,1, 4P——FRC
PL—cs
Po—]5D 1] —0q,
Py—— [2] —aq,
Pp— [4] ——0,
P3 (8] —03

TL/F/9494-4

TL/F/9494-2 TL/F/9494-3

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input liy/li

HIGH/LOW | Output Ign/loL.
CE Count Enable Input (Active LOW) 1.0/3.0 20 pA/—1.8 mA
CcP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
Po~-P3 Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA
PL Asynchronous Parallel Load Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
u/D Up/Down Count Control input 1.0/1.0 20 uA/—0.6 mA
Qo-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA
RC Ripple Clock Output (Active LOW) 50/33.3 —1mA/20 mA
TC Terminal Count Output (Active HIGH) 50/33.3 —1mA/20 mA
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Functional Description

The 'F190 is a synchronous up/down BCD decade counter
containing four edge-triggered flip-flops, with internal gating
and steering logic to provide individual preset, count-up and
count-down operations. It has an asynchronous parallel
load capability permitting the counter to be preset to any
desired number. When the Parallel Load (PL) input is LOW,
information present on the Parallel Data inputs (Po—P3) is
loaded into the counter and appears on the Q outputs. This
operation overrides the counting functions, as indicated in
the Mode Select Table. A HIGH signal on the CE input inhib-
its counting. When CE is LOW, internal state changes are
initiated synchronously 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/underflow
indicators. The Terminal Count (TC) output is normally LOW
and goes HIGH when a circuit reaches zero in the count-
down mode or reaches 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 be-
cause it is subject to decoding spikes. The TC signal is also
used internally to enable the Ripple Clock (RC) output. The
RC output is normally HIGH. When CE is LOW and TC is
HIGH, the 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.
For a discussion and illustrations of the various methods of
implementing multistage counters, please see the 'F191
data sheset.

RC Truth Table Mode Select Table
__ Inputs Out_put _ Inputs Mode
CE TC* CP RC PL CE U/D CP
L H ar r H L L e Count Up
H X X H H L H e Count Down
X L X H L X X X Preset (Asyn.)
*TGC is generated internally H H X X No Change (Hold)
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
_/~ = LOW-to-HIGH Clock Transition
1 = LOW Pulse
State Diagram
COUNT UP——

(3] COUNT DOWN- -~
TL/F/9494-5




Logic Diagram

P U/ Py CE Py Py [ i

JCLOCK K ¥ CLOCK K CLOCK K JTCLOCK K
L OlPRESET CLEAR PRESET CLEAR Lol PRESET CLEAR PRESET CLEAR
Q Q Q Q Q Q Q Q
| I— | | I
R T Q Q Q, Q3

TL/F/9494-6
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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Absolute Maximum Ratings (ote 1)

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
" Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C  gypply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin -0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vgg = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig|_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voitage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vge Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voitage 0.8 \ Recognized as a LOW Signa!
Vep Input Clamp Diode Voltage -1.2 \ Min | Iy = —18 mA
VoH Output HIGH 54F10% Vg | 25 loH= —1mA
Voltage 74F 10% Vog 2.5 \ Min | log= —1mA
74F 5% Vo 2.7 loH= —1mA
VoL Output LOW 54F 10% Vg 0.5 v Min | loL=20mA
Voltage 74F 10% Vg 0.5 loL = 20 mA
7} Input HIGH Current 20 MA Max | VN = 2.7V
IBvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 HA Max
I Input LOW Current —-0.6 ViN = 0.5V, except CE
g | ™A Max L 05V, CE
los Output Short-Circuit Current —60 —150 mA Max | Vourt = OV
IceEx Output HIGH Leakage Current 250 nA Max | Vout = Vce
lcoL Power Supply Current 38 55 mA Max | Vo = LOW

4-162




AC Electrical Characteristics: seo Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Tas Vee = Mil | Ta, Vec = Com Fig
Symbol Parameter Vge = +5.0V i = Units
Cy = 50pF CL = 50 pF CL = 50pF No
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 125 75 90 MHz | 2-1
tpLH Propagation Delay 3.0 5.5 7.5 3.0 9.5 3.0 8.5
tPHL CPtoQp 5.0 8.5 11.0 5.0 13.5 5.0 12.0 ns | 223
tpLH Propagation Delay 6.0 10.0 13.0 6.0 16.5 6.0 14.0
tPHL CPtoTC 5.0 8.5 11.0 5.0 13.5 5.0 12.0
tPLH Propagation Delay 3.0 5.5 7.5 3.0 9.5 3.0 8.5
tpHL CPtoRC 3.0 5.0 7.0 3.0 9.0 3.0 8.0 ns | 2-3
tPLH Propagation Delay 3.0 5.0 7.0 3.0 9.0 3.0 8.0
tPHL CEtoRC 3.0 5.5 7.0 3.0 9.0 3.0 8.0
tpLH Propagation Delay 7.0 11.0 18.0 7.0 22.0 7.0 20.0
tPHL U/DtoRC 5.5 9.0 12.0 5.5 14.0 5.5 13.0 ns | 2-3
tpLH Propagation Delay 4.0 7.0 10.0 4.0 13.5 4.0 1.0
tPHL U/Dto TC 4.0 6.5 10.0 4.0 125 4.0 11.0
tpLH Propagation Delay 3.0 4.5 7.0 3.0 9.0 3.0 8.0 ns 2.3
tPHL Pnto Qp 6.0 10.0 13.0 6.0 16.0 6.0 14.0
tPLH Propagation Delay 5.0 8.5 11.0 5.0 13.0 5.0 12.0 ns | 2-3
tPHL PLtoQ, 5.5 9.0 12.0 5.5 14.5 5.5 13.0
AC Operating Requirements: See Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Voo = +5.0V Ta, Vee = Mil TaVcc = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.5 6.0 5.0
ts(L) PntoPL 4.5 6.0 5.0 ns 2.6
th(H) Hold Time, HIGH or LOW 2.0 2.0 2.0
th(L) Pnto PL 2.0 2.0 20
ts(b) Setup Time, LOW 10.0 105 10.0
CEtoCP
ns 2-6
th(L) Hold Time, LOW
CEtoCP 0 0 0
ts(H) Setup Time, HIGH or LOW 12.0 12.0 12.0
ts(L) U/Dto CP 12.0 12.0 12.0 ns 2.6
th(H) Hold Time, HIGH or LOW 0 0 0
th(L) U/DtoCP 0 0 0
tw(L) PL Pulse Width, LOW 6.0 8.5 6.0 ns -
tw(l) CP Pulse Width, LOW 5.0 7.0 5.0 ns 2-
trec Recovery Time PL to CP 6.0 7.5 6.0 ns -
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54F/74F191

Up/Down Binary Counter with Preset and Ripple Clock

General Description

The 'F191 is a reversible modulo-16 binary counter featur-
ing synchronous counting and asynchronous presetting.
The preset feature allows the 'F191 to be used in program-
mable dividers. The Count Enable input, the Terminal Count
output and Ripple Clock output make possible a variety of
methods of implementing muitistage counters. In the count-
ing modes, state changes are initiated by the rising edge of
the clock.

Features

m High-Speed—125 MHz typical count frequency
® Synchronous counting

m Asynchronous parallel load

m Cascadable

Ordering Code: see section 5
Logic Symbols

Pin Assignment for

Connection Diagrams

Pin Assignment

DIP, SOIC and Flatpak for LCC and PCC
o— > Q,UpN & G
P 16—Vee EDNEEE
— o2 154=p,
03 14 tcp 0 3@ @o,
TE—4 13}-F¢ GND P,
TL/F/9495-1 i /D_J 5 12b=1¢ NC [ [TNe
| = P3 & Vee
IEEE/IEC Q-6 1-PL P, B P,
Q3~17 10}=P,
CE—2461 CRDIVIS GND—18 9Py @@
U/Dt M2 [DOWN]  2(CT=0)Z6 T PL TC NC RC CP
M3[UP]  3(CT=15)z6] TLIF/9495-2 TL/F/9495-3
cptst,z-/nu
G4 6,1, 4 RC
PL—DM(5
po——{s0 1] —aq
Py—t [2) —0q,
Py =T 14) —a0,
Py— [8] Q3
TL/F/9495-4
Unit Loading/Fan Out: see section 2 for U.L. definitions
54F/74F
Pin Names Description u.L. Input i/l
HIGH/LOW | Output lon/loL
CE Count Enable Input (Active LOW) 1.0/3.0 (20 pA/—1.8mA
cP Clock Pulse Input (Active Rising Edge) 1.0/1.0 |20 pA/~0.6 mA
Po-P3 Parallel Data Inputs 1.0/1.0 |20 pA/—0.6 mA
PL Asynchronous Parallel Load Input (Active LOW)| 1.0/1.0 |20 pA/—0.6 mA
U/D Up/Down Count Control Input 1.0/1.0 |20 nA/—0.6 mA
Qp-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA
RC Ripple Clock Output (Active LOW) 50/33.3 —1mA/20 mA
TC Terminal Count Output (Active HIGH) 50/33.3 —1mA/20 mA
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Functional Description

The 'F191 is a synchronous up/down 4-bit binary counter. It
contains four edge-triggered flip-flops, with internal gating
and steering logic to provide individual preset, count-up and
count-down operations.

Each circuit has an asynchronous parallel load capability
permitting the counter to be preset to any desired number.
When the Parallel Load (PL) input is LOW, information pres-
ent on the Parallel Data inputs (Pg~P3) is loaded into the
counter and appears on the Q outputs. This operation over-
rides the counting functions, as indicated in the Mode Se-
lect Table.

A HIGH signal on the CE input inhibits counting. When CE is
LOW, internal state changes are initiated synchronously by
the LOW-to-HIGH transition of the clock input. The direction
of counting is determined by the U/D input signal, as indi-
cated 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/underflow
indicators. The Terminal Count (TC) output is normally LOW
and goes HIGH when a circuit reaches zero in the count-
down mode or reaches 15 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 be-
cause it is subject to decoding spikes.

The TC signal is also used internally to enable the Ripple
Clock (RC) output. The RC output is normally HIGH. When
CE is LOW and TC is HIGH, the 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 1 and 2. In Fig-
ure 1, each RC output is used as the clock input for the next
higher stage. This configuration is particularly advantageous
when the clock source has a limited 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 inhibils the RC oulput puise, as indicated in the
RC Truth Table. A disadvantage of this configuration, in
some applications, is the timing skew between state chang-
es in the first and last stages. This represents the cumula-
tive delay of the clock as it ripples through the preceding
stages.

A method of causing state changes to occur simultaneously
in all stages is shown in Figure 2. All clock inputs are driven
in parallel and the RC outputs propagate the carry/borrow
signals in ripple fashion. In this configuration the LOW state
duration of the clock must be long enough to allow the neg-
ative-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 3 avoids ripple delays
and their associated restrictions. The CE input for a given
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 sim-
ple inhibit scheme of Figures 17 and 2 doesn’t apply, be-
cause the TC output of a given stage is not affected by its
own CE.

Mode Select Table
Inputs Mode
PC CE u/D CP
H L L e Count Up
H L H e Count Down
L X X X Preset (Asyn.)
H H X X No Change (Hold)
RC Truth Table
Inputs Output
CE TC* CP RC

L H U ey

H X X H

X L X H

*TC is generated internally

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

-/~ = LOW-to-HIGH Clock Transition
L = LOW Pulse
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Logic Diagram

b 1 ! 1
CLOCK D_' CLOCK J CLOCK
PRESET CLEAR PRESET CLEAR L—0f PRESET CLEAR
Q Q Q [ Q [
J N | | I—
RC TC % Q, 0

TL/F/9495-5
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

DIRECTION
CONTROL
U/ R 7 /0 Rclo---
:N—ABEE—q cE 3 cE
CLOCK: cP cp cP

TL/F/9495-6
FIGURE 1. n-Stage Counter Using Ripple Clock

DIRECTION___ . ..
CONTROL L 1
U/ Re o—L—o /o RC /0 rcfo---
ENABLE—o cE CE L CE

CLOCK

1= . [
TL/F/9495-7

FIGURE 2. Synchronous n-Stage Counter Using Ripple Carry/Borrow

DIRECTION .
CONTROL
ENABLE —¢ $ --
/0 L /0 Lo/
CE CE CE

l— CP 1C l— cP TC l— CP Cp—--
CLOCK: -

FIGURE 3. Synchronous n-Stage Counter with Gated Carry/Borrow

TL/F/9495-8
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Absolute Maximum Ratings (vote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
s y p g Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C  gypply Voltage
Junction Temperature under Bias —56°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output -0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig. (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Ve Conditions
Min  Typ Max
Vi Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vco Input Clamp Diode Voltage —-1.2 \ Min | Iy = —18 mA
VoH Output HIGH 54F 10% Voo 2.5 loH = —1mA
Voltage 74F 10% V¢ 25 \ Min | log=—-1mA
74F 5% Vg 27 loH = —1mA
VoL Output LOW 54F 10% Voo 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 05 loL = 20 mA
i1 Input HIGH Current 20 MA Max | VN =27V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 HA Max
m Input LOW Current -0.6 VIN = 0.5V (except CE)
A M ity
—18 | ™ B | viy = 05V CE)
los Output Short-Circuit Current —60 —150 mA Max | Vour =0V
lcex Output HIGH Leakage Current 250 rA Max | Vourt = Vce
lcc Power Supply Current 38 55 mA Max
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V Té' V:°5; ':" T“év‘f o C:m Units ’:g
CL = 50pF L P L p
Min Typ Max Min Max Min Max
fmax Maximum Count Frequency 100 125 75 90 MHz | 2-1
tPLH Propagation Delay 3.0 5.5 7.5 3.0 9.5 3.0 8.5
tPHL CPtoQp 5.0 8.5 11.0 5.0 13.5 5.0 12.0 ns | 2-3
tpLH Propagation Delay 6.0 10.0 13.0 6.0 16.5 6.0 14.0
tPHL CPtoTC 5.0 8.5 11.0 5.0 135 5.0 12.0
tpLH Propagation Delay 3.0 5.5 7.5 3.0 9.5 3.0 8.5
tpHL CPtoRC 3.0 5.0 7.0 3.0 9.0 3.0 8.0 ns | 2.3
tPLH Propagation Delay 3.0 5.0 7.0 3.0 9.0 3.0 8.0
tpHL CEtoRC 3.0 55 7.0 3.0 9.0 3.0 8.0
tPLH Propagation Delay 7.0 11.0 18.0 7.0 22.0 7.0 20.0
tpHL U/DtoRC 5.5 9.0 12.0 5.5 14.0 55 13.0 ns | 23
tPLH Propagation Delay 4.0 7.0 10.0 4.0 135 4.0 11.0
tPHL U/DtoTC 4.0 6.5 10.0 4.0 125 4.0 11.0
tPLH Propagation Delay 3.0 4.5 7.0 3.0 9.0 3.0 8.0 ns 2.3
tPHL PhtoQn 6.0 10.0 13.0 6.0 16.0 6.0 14.0
tpLH Propagation Delay 5.0 8.5 11.0 5.0 13.0 5.0 12.0 ns 2.3
tpHL PLtoQ, 5.5 9.0 12.0 5.5 14.5 55 13.0
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Vee = +5.0V Tas Vee = Mil TasVec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 45 6.0 5.0
ts(L) Pnto PL 45 6.0 5.0 ns P
th(H) Hold Time, HIGH or LOW 2.0 2.0 2.0
th(L) PntoPL 2.0 2.0 20
(0 Setup Time LOW 100 10.5 10.0
CEto CP
ns 2-6
thiL) Hold Time LOW
CEtoCP 0 0 0
ts(H) Setup Time, HIGH or LOW 12.0 12.0 12.0
ts(L) U/DtoCP 12.0 12.0 12.0 ns 2.6
th(H) Hold Time, HIGH or LOW 0 0 0
th(L) U/Dto CP 0 0 0
twil) PL Pulse Width LOW 6.0 8.5 6.0 ns -4
twll) CP Pulse Width LOW 5.0 7.0 5.0 ns -
trec Recovery Time _
Pl toCP 6.0 7.5 6.0 ns 2-6
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54F/74F192
Up/Down Decade Counter

with Separate Up/Down Clocks

General Description

The 'F192 is an up/down BCD decade (8421) counter. Sep-
arate Count Up and Count Down Clocks are used, and in
either counting mode the circuits operate synchronously.
The outputs change state synchronously with the LOW-to-
HIGH transitions on the clock inputs.

Separate Terminal Count Up and Terminal Count Down out-
puts are used as the clocks for a subsequent stage without
extra logic, thus simplifying multistage counter designs. Indi-
vidual preset inputs allow the circuit to be used as a pro-
grammable counter. Both the Parallel Load (PL) and the
Master Reset (MR) inputs asynchronously override the
clocks.

Ordering Code: see Section 5

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
| 1| DIP, SOIC and Flatpak for LCC and PCC
—olrL Po Py Py Py
1 jo— \j Q Gy NC CPp Qg
% 160~ [ | 16[=Vee EDEEE
—1{%b MR q 0, 0, 05 -2 15}~p, o b b e |
TTTT1 Q3 14}~MR 03 31 [al
TL/F/9496-3 CPp—14 13-T0p GND (ol B T, Py
it NC [ [INC
R 12}=T5, b &V
|IEEE/IEC _ |50 3 cc
0,6 15l P mP,
CTRDIV10 i 10[—P;
MR cT=0 GND-—18 9—P3 @ [E e 7] @8
P _ _ PL 0y NC Ty MR
o 10T=9 P TCy TL/F/9496-1 T
TL/Ero105-2
cPp 1- = =
20T=0 e TCp
62
L c3
Po——30 (1) F—%
Py— (2) 0
Py —— @ —0;
Py — (8) —0s

TL/F/9496-6

Unit Loading/Fan Out: sece section 2 for U.L. definitions

54F/74F
Pin Names! Description U.L. Input liy/liL

HIGH/LOW/|Output lon/loL
CPy Count Up Clock Input (Active Rising Edge) 1.0/3.0 |20 pA/—1.8 mA|
CPp Count Down Clock Input (Active Rising Edge) 1.0/3.0 [20 pA/—1.8 mA|
MR Asynchronous Master Reset Input (Active HIGH) 1.0/1.0 |20 pA/—0.6 mA|
PL Asynchronous Parallel Load Input (Active LOW) 1.0/1.0 (20 pA/—0.6 mA|
Po-P3 |Parallel Data Inputs 1.0/1.0 |20 pA/—0.6 mA|
Qp-Q3 |Flip-Flop Outputs 50/33.3 | —1mA/20 mA
TCp Terminal Count Down (Borrow) Output (Active LOW)| 50/33.3 | —1 mA/20 mA
TCu Terminal Count Up (Carry) Output (Active LOW) 50/33.3 | —1 mA/20 mA

4-169

26l



192

Functional Description

The 'F192 is an asynchronously presettable decade coun-
ter. It contains four edge-triggered flip-flops, with internal
gating and steering logic to provide master reset, individual
preset, count up and count down operations.

A LOW-to-HIGH transition on the CP input to each flip-flop
causes the output to change state. Synchronous switching,
as opposed to ripple counting, is achieved by driving the
steering gates of all stages from a common Count Up line
and a common Count Down line, thereby causing all state
changes to be initiated simultaneously. A LOW-to-HIGH
transition on the Count Up input will advance the count by
one; a similar transition on the Count Down input will de-
crease the count by one. While counting with one clock in-
put, the other should be held HIGH, as indicated in the
Function Table. Otherwise, the circuit will either count by
twos or not at all, depending on the state of the first flip-flop,
which cannot toggle as long as either clock input is LOW.

The Terminal Count Up (TCy) and Terminal Count Down
(TCp) outputs are normally HIGH. When the circuit has
reached the maximum count state 9, the next HIGH-to-LOW
transition of the Count Up Clock will cause TCy to go LOW.
TCy will stay LOW until CPy goes HIGH again, thus effec-
tively repeating the Count Up Clock, but delayed by two
gate delays. Similarly, the TCp output will go LOW when the
circuit is in the zero state and the Count Down Clock goes
LOW. Since the TC outputs repeat the clock waveforms,
they can be used as the clock input signals to the next
higher order circuit in a multistage counter.
TCy = Qp* Q3 *CPy
TCo=Qp*Q1*Q22 Q3 *CPp

The 'F192 has an asynchronous parallel load capability per-
mitting the counter to be preset. When the Parallel Load
(PL) and the Master Reset (MR) inputs are LOW, informa-
tion present on the Parallel Data input (Po-P3) is loaded
into the counter and appears on the outputs regardiess of
the conditions of the clock inputs. A HIGH signal on the
Master Reset input will disable the preset gates, override
both clock inputs, and latch each Q output in the LOW state.
It one of the clock inputs is LOW during and after a reset or

load operation, the next LOW-to-HIGH transition of that
clock will be interpreted as a legitimate signal and will be
counted.

Function Table

MR PL CPy CPp Mode
H X X X Reset (Asyn.)
L L X X Preset (Asyn.)
L H H H No Change
L H e H Count Up
L H H -/~ Count Down
HIGH Voltage Level

= LOW Voltage Level
= Immaterial
-/~ = LOW-to-HIGH Clock Transition

H
L
X

State Diagram

——— COUNT UP
==+ COUNT DOWN

TL/F/9496-4
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Logic Diagram
ey W

(CARRY)  (BORROW)

So

(- x %sno———q >0

P3

o>

Py

oP>—a

Py

0 %
1 ) P
K ¢ 0P 0|>—°o

A A

f Py cPp MR

TL/F/9496~5
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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Absolute Maximum Ratings (vote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
Y pecilications. Military —55°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C  gupply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +55V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0vV
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated oL (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Voo Conditions
Min  Typ Max
ViH Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 Vv Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \" Min | Iy = —18mA
VoH Output HIGH 54F 10% Vo 25 loH= —1mA
Voltage 74F 10% Vo 25 \ Min | loy = —1mA
74F 5% Vcg 2.7 loy= —1mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20mA
Voltage 74F 10% V¢g 0.5 loL = 20 mA
liH Input HIGH Current 20 pA Max | VN = 2.7V
1av| Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
I Input LOW Current —-0.6 mA Max Vin = 0.5V, Except CPy, CPp
-1.8 Vin = 0.5V, CP, CPp
los Output Short-Gircuit Current —60 -150 mA Max | Voyt = 0OV
lcex Output HIGH Leakage Current 250 pA Max | Vout = Voo
lccL Power Supply Current 38 55 mA Max | Vo = LOW
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AC Electrical Characteristics: seo section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Ta, Vec = Mil | Ta, Voc = Com : Fig
Symbol Parameter Vee = +5.0V I o Units
Cy = 50 pF CL = 50 pF CL = 50pF No
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 125 75 90 MHz | 2-1
tpLH Propagation Delay CPy or 4.0 7.0 9.0 4.0 10.5 4.0 10.0 ns | 2-3
tpHL CPpto TCy or TCp 35 6.0 8.0 35 9.5 35 9.0
tpLH Propagation Delay 4.0 6.5 8.5 4.0 10.0 4.0 9.5 ns 2.3
tPHL CPy orCPp to Qp 5.5 9.5 12.5 5.5 14.0 5.5 13.5
tpLH Propagation Delay 3.0 4.5 7.0 3.0 8.5 3.0 8.0 ns 2-3
tpHL P, to Qp 6.0 11.0 14.5 6.0 16.5 6.0 15.5
tpLH Propagation Delay 5.0 8.5 11.0 5.0 13.5 5.0 12.0 ns 2.3
tPHL PLto Qp 5.5 10.0 13.0 5.5 15.0 55 14.0
tpHL Propagation Delay
MR to Q, 6.5 11.0 14.5 6.5 16.0 6.5 15.5
tpLH Propagation Delay
MR to TCy 6.0 10.5 13.5 6.0 15.0 6.0 14.5 ns | 2-3
tpHL Propagation Delay
MR to TCp 7.0 11.5 14.5 7.0 16.0 7.0 15.5
tPLH Propagation Delay 7.0 12.0 155 7.0 18.5 7.0 16.5 ns 2.3
tpHL PLto TCy or TCp 7.0 11.5 14.5 7.0 17.5 7.0 15.5
tPLH Propagation Delay 7.0 115 14.5 7.0 16.5 7.0 15.5 ns 2.3
tPHL P, to TCy or TCp 6.5 11.0 14.0 6.5 16.5 6.5 15.0
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
-~ . - Ta = +25°C _ _ i
Symboi Parameter Vee = +5.0V Tas Vee = Ml Ta,Vecc = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.5 6.0 5.0
ts(L) Pnto PL 4.5 6.0 5.0 ns 2.8
th(H) Hold Time, HIGH or LOW 2.0 2.0 20
th(L) P, to PL 2.0 2.0 2.0
tw(L) PL Pulse Width, LOW 6.0 7.5 6.0 ns 2-4
tw(l) CPy or CPp a
Pulse Width, LOW 5.0 7.0 5.0 ns 2-4
tw(l) CPy or CPp
Pulse Width, LOW 10.0 12.0 10.0 ns 2-4
(Change of Direction)
tw(H) MR Pulse Width, HIGH 6.0 6.0 6.0 ns 2-4
trec Recovery Time _
BL to CPy or GPp 6.0 8.0 6.0 ns 2-6
trec Recovery Time _
MR to CPy or CPp 4.0 4.5 4.0 ns 2-6
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National
Semiconductor

54F/74F193 Up/Down Binary Counter
with Separate Up/Down Clocks

General Description

The 'F193 is an up/down modulo-16 binary counter. Sepa-
rate Count Up and Count Down Clocks are used, and in
either counting mode the circuits operate synchronously.
The outputs change state synchronously with the LOW-to-
HIGH transitions on the clock inputs. Separate Terminal
Count Up and Terminal Count Down outputs are provided

that are used as the clocks for subsequent stages without
extra logic, thus simplifying multi-stage counter designs. In-
dividual preset inputs allow the circuit to be used as a pro-
grammable counter. Both the Parallel Load (PL) and the
Master Reset (MR) inputs asynchronously override the
clocks.

Ordering Code: sce section 5
Logic Symbols

Pin Assignment

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak for LCC and PCC
Po Py Py P
e T 0 &Py NG CPy Qg
CPy o ke L 16 [Vcc ERNEEE
CPp o jO— Q=2 15}=Py o o
MR Q, 0 0, Q Q-3 14]—MR N .
o O Q2 Q - P e ,
CPD: 4 13}-Tc, NCE] %rfc
cPy—5 12|=TC
TL/F/9497-1 u “ Py Voo
[ [ 11}~-PC P, P,
IEEE/IEC ;{7 10f-p,
CTROIV16 GND—{8 9}-py HEED
MR c1=0 PL TGy NC TCp MR
TL/F/9497-2
CP _ — _
v 2’ TCT=15 e 7T TL/F/9497-3
6t
CPp 1- - —
2CT=0 o TC,y
L c3
Pg =1 3D ) f—— Qg
Py ————t (2) b—0,
Py —— (4) —20,
Py i (8) —— 203

TL/F/9497-4

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F

Pin Names Description u.L. Input Lix/lL

HIGH/LOW/| Output loy/loL
CPy Count Up Clock Input (Active Rising Edge) 1.0/3.0 |20 pA/—1.8mA
CPp Count Down Clock Input (Active Rising Edge) 1.0/3.0 |20 puA/—1.8mA
MR Asynchronous Master Reset Input (Active HIGH) 1.0/1.0 |20 pA/—0.6 MA
PL Asynchronous Parallel Load Input (Active LOW) 1.0/1.0 |20 pA/—0.6 MA
Po-P3 Parallel Data Inputs 1.0/1.0 |20 uA/—0.6 mA
Qo-Q3 Flip-Flop Outputs 50/33.3 | —1 mA/20 mA
TCp Terminal Count Down (Borrow) Output (Active LOW)| 50/33.3 | —1 mA/20 mA
TCu Terminal Count Up (Carry) Output (Active LOW) 50/33.3 —1mA/20 mA
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Functional Description

The *F193 is a 4-bit binary synchronous up/down (revers-
ible) counter. It contains four edge-triggered flip-flops, with
internal gating and steering logic to provide master reset,
individual preset, count up and count down operations.

A LOW-to-HIGH transition on the CP input to each flip-flop
causes the output to change state. Synchronous switching,
as opposed to ripple counting, is achieved by driving the
steering gates of all stages from a common Count Up line
and a common Count Down line, thereby causing all state
changes to be initiated simultaneously. A LOW-to-HIGH
transition on the Count Up input will advance the count by
one; a similar transition on the Count Down input will de-
crease the count by one. While counting with one clock in-
put, the other should be held HIGH, as indicated in the
Function Table.

The Terminal Count Up (TCy) and Terminal Count Down
(TCp) outputs are normally HIGH. When the circuit has
reached the maximum count state 15, the next HIGH-to-
LOW transition of the Count Up Clock will cause TCy to go
LOW. TCy will stay LOW until CPy goes HIGH again, thus
effectively repeating the Count Up Clock, but delayed by
two gate delays. Similarly, the TCp output will go LOW when
the circuit is in the zero state and the Count Down Clock
goes LOW. Since the TC outputs repeat the clock wave-
forms, they can be used as the clock input signals to the
next higher order circuit in a multistage counter.
TCy=Qp*Q1*Q*Q3°CPy
TCh=0p*Q1*Q2203+TPp

The 'F193 has an asynchronous parallel load capability per-
mitting the counter to be preset. When the Parallel Load
(PL) and the Master Reset (MR) inputs are LOW, informa-
tion present on the Parallel Data input (Pp-P3) is loaded
into the counter and appears on the outputs regardless of
the conditions of the clock inputs. A HIGH signal on the
Master Reset input will disable the preset gates, override
both clock inputs, and latch each Q output in the LOW state.

If one of the clock inputs is LOW during and after a reset or
load operation, the next LOW-to-HIGH transition of that
clock will be interpreted as a legitimate signal and will be
counted.

Function Table
MR PL CPy CPp Mode
H X X X Reset (Asyn.)
L L X X Preset (Asyn.)
L H H H No Change
L H e H Count Up
L H H e Count Down

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

_/~ = LOW-to-HIGH Clock Transition

State Diagram

— COUNT UP
- =~ -+ COUNT DOWN

TL/F/9497-5
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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 shoutd not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
N Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C  gypply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0v
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voc = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functiona! operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter SaF/74F Units | Vgc Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min | Iy = —18mA
VoH Output HIGH 54F 10% Vco 25 . loH= —1mA
Voltage 74F 10% Vg 2.5 v Min | log= —1mA
74F 5% Voo 2.7 loH= —1mA
VoL Output LOW 54F 10% Voo 0.5 v Min loL = 20mA
Voitage 74F 10% Vcg 0.5 loL = 20mA
1%} Input HIGH Current 20 pA Max | VN =27V
Isvt Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
ho Input LOW Current —0.6 Vin = 0.5V (MR, PL, Pp)
—qg | ™A MaX Ly — 0V (CPy, CPp)
los Output Short-Circuit Current —60 —150 mA Max | Vout =0V
Icex Output HIGH Leakage Current 250 RA Max | Vout = Ve
lcc Power Supply Current 38 55 mA Max
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vge = +5.0V Té’ vgcso l:“ TA(’:V‘:: 50 C: ™ | units I;ig
CL = 50 pF L=p L=>P
Min Typ Max Min Max Min Max
fmax Maximum Count Frequency 100 125 75 90 MHz | 2-1
tpLH Propagation Delay 4.0 7.0 9.0 4.0 10.5 4.0 10.0
tpHL CPyorCPp to 35 6.0 8.0 3.5 9.5 35 9.0 ns | 2-3
TCy or TCp
tpLH Propagation Delay 4.0 6.5 8.5 3.5 10.0 4.0 9.5 ns 2_3
tPHL CPyorCPptoQp 55 9.5 12.5 55 14.0 55 135
tpLH Propagation Delay 3.0 4.5 7.0 3.0 8.5 3.0 8.0 ns 2_3
tPHL PnrtoQn 6.0 11.0 145 6.0 16.5 6.0 15.5
tpLH Propagation Delay 5.0 8.5 11.0 5.0 135 5.0 12,0 ns | 2-3
tPHL PLtoQ, 55 10.0 13.0 5.5 15.0 5.5 14.0
tpHL Propagation Delay
MR to Q, 5.5 11.0 14.5 5.0 16.0 55 15.5
tpLH Propagation Delay -
MR to TGy 6.0 10.5 13.5 5.0 15.0 6.0 14.5 ns | 2-3
tPHL Propagation Delay
MR to TCp 6.0 11.5 145 6.0 16.0 6.0 155
tpLH Propagation Delay 7.0 12.0 15.5 7.0 18.5 7.0 16.5 ns | 2-3
tPHL PL to TCy or TCp 7.0 11.5 14.5 6.0 17.5 7.0 156.5
tpLH Propagation Delay 7.0 11.5 145 6.0 16.5 7.0 155 ns 2_3
tpHL Pnto TCy or TCp 6.5 11.0 14.0 5.0 16.5 6.5 15.0
AC Operating Requirements: ses section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Voo = +5.0V Ta, Ve = Mil Ta,Vcc = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.5 6.0 5.0
ts(L P to PL 4.5 6.0 5.0
S( ) n ns 2.6
th(H) Hold Time, HIGH or LOW 2.0 2.0 2.0
thil) PntoPL 2.0 2.0 2.0
twil) PL Pulse Width, LOW 6.0 7.5 6.0 ns 2-4
Wik} CPy orCPp
Pulse Width, LOW 50 70 50 ns | 2-4
tw(l) CPyorCPp
Pulse Width, LOW 10.0 12.0 10.0 ns 2-4
(Change of Direction)
tw(H) MR Pulse Width, HIGH 6.0 6.0 6.0 ns 2-4
trec Recovery Time _
PT o CPy or CPp 6.0 8.0 6.0 ns 2-6
trec Recovery Time _
MR to Py or CPp 4.0 4.5 4.0 ns 2-6
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54F/74F194

4-Bit Bidirectional Universal Shift Register

Features
m Typical shift frequency of 150 MHz
B Asynchronous master reset
m Hold (do nothing) mode

m Fully synchronous serial or parallel data transfers

General Description

The 'F194 is a high-speed 4-bit bidirectional universal shift
register. As a high-speed, multifunctional, sequential build-
ing 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 'F194 is similar in operation to the 'F195 universal shift
register, with added features of shift left without external
connections and hold (do nothing) modes of operation.

Ordering Code: see section 5

Connection Diagrams

Pin Assignment

for LCC and PCC

Py Py NC Py Py
BONEBEE

TL/F/9498-1

Logic Symbols
Pin Assignment for
IEEE/IEC DIP, SOIC and Flatpak
" SRG4 N\
s R—{1 16}=vee
N ?}u% e H 15|~y
s “ P°+ 3 14}-q,
Ve /2 py=34 13}-q,
P15 12}-ag
°§R_ 1,40 o Ps—6 11f=cp
0 ——]3.40 b ~{7 10f-s,
r—1540 — oND—{8 sf-s
P, ——13,40 —aq, 0
Py —]3,4D
Dei —‘ 2,4D %

TL/F/9498-3

Unit Loading/Fan Out: see Section 2 for U.L. definitions

CP Q3 NC Q; 0,

TL/F/9498-2

pi 54F/74F
Names Description uL. Input s/
HIGH/LOW | Outputlon/loL
Sp, Sy Mode Control Inputs 1.0/1.0 20 pA/—0.6 mA
Po~P3 | Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA
Dsr Serial Data Input (Shift Right) 1.0/1.0 20 pA/—0.6 mA
DsL Serial Data Input (Shift Left) 1.0/1.0 20 pA/—0.6 mA
CcP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 MA
MR Asynchronous Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
Qp-Q3 | Parallel Outputs 50/33.3 —-1mA/20 mA
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Functional Description

The *F194 contains four edge-triggered D flip-flops and the
necessary interstage logic to synchronously perform shift
right, shift left, parallel load and hold operations. Signals
applied to the Select (Sp, S1) inputs determine the type of
operation, as shown in the Mode Select Table. Signals on
the Select, Parallel data (Po—P3) and Serial data (Dgg, Ds)

inputs can change when the clock is in either state, provid-
ed only that the recommended setup and hold times, with
respect to the clock rising edge, are observed. A LOW sig-
nal on Master Reset (MR) overrides all other inputs and
forces the outputs LOW.

Mode Select Table
Operating Inputs Outputs
Mode =1
MR $1 So Dgr Dsi Pn Qo Qq Q2 Q3
Reset L X X X X X L L L L
Hold H | | X X X do q1 qz q3
Shift Left H h X | X [« 71 qz a3 L
H h | X h X qd1 a2 q3 H
Shift Right H | h | X X L do [+ dz
H | h h X X H do a4 dz
Parallel Load H h h X X Pn Po p1 p2 P3
H (h) = High Voltage Level
L () = Low Voltage Level
Pn (Qn) = Lower case letters indicate the state of the referenced input (or output) one setup time prior to the LOW-to-HIGH clock transition.
X = Immaterial
Logic Diagram
) Py P2 Py
5|—DC [
S —| >0 L¢
| | | |
) ) - Ftb L : - tlj - Llj -L : )
5 Q s Q s 0 S 0
P P [ P
R R R R
CLEAR CLEAR CLEAR CLEAR

oo
a—>

L)

R

9

LH
TL/F/9498-4

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the Natlonal Semiconductor Sales Office/ . !
Free Air Ambient Temperature
Distributors for avallabllity and specifications. Military _55°Cto + 125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5V1to +5.5V
Ground Pin -0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voc = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lo| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min iy = —18mA
VoH Output HIGH 54F 10% Vcg 25 loH= —1mA
Voltage 74F 10% V¢o 25 Vv Min loH= —1mA
74F 5% Vco 2.7 loH = —1mA
VoL Output LOW 54F 10% Vce 0.5 v Min loL = 20mA
Veitags 74F 10% Ve 0.5 loL = 20 mA
iy Input HIGH Current 20 pA Max | Vin=27V
Igv| Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
M Input LOW Current -0.6 mA Max Vin = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = OV
IcEX Output HIGH Leakage Current 250 nA Max Vout = Vce
lcc Power Supply Current 33 46 mA Max
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C . .
Ta, Vec = Mil Ta, Vcc = Com " Fig
Symbol Parameter Vee = +5.0V i - Units
CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
fmax Maximum Shift Frequency 105 180 90 90 MHz | 2-1
tpLH Propagation Delay 3.5 5.2 7.0 3.0 8.5 3.5 8.0 ns a_g
tpHL CPtoQ, 35 55 7.0 3.0 8.5 35 8.0
tPHL Propagation Delay 45 86 120 | 45 145 | 45 140 | ns |2-3
MR to Qn
AC Operating Requirements: sce Section 2 for Waveforms
74F 54F 74F
Ta = +25C . . Fig
bol = =
Symbo Parameter Vee = +5.0V Ta, Vec = Mil Ta, Vec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 6.0 4.0
ts(L) P or Dgr or Dg|_ to CP 4.0 4.0 4.0 ns ag
th(H) Hold Time, HIGH or LOW 1.0 1.5 1.0
th(L) Pnor Dgg or Dg| to CP 0 1.0 1.0
ts(H) Setup Time, HIGH or LOW 10.0 10.5 11.0
ts(L) S, to CP 8.0 8.0 8.0 ns P
th(H) Hold Time, HIGH or LOW 0 0 0
thil) Snto CP 0 0 0
tw(H) CP Pulse Width, HIGH 5.0 5.5 5.5 ns -
twlLl) MR Pulse Width, LOW 5.0 5.0 5.0 ns -
trec Recovery Time MR to CP 9.0 9.0 11.0 ns -
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54F/74F219

64-Bit Random Access Memory with TRI-STATE®
Outputs

General Description Features

The 'F219 is a high-speed 64-bit RAM organized as a @ TRI-STATE outputs for data bus applications
16-word by 4-bit array. Address inputs are buffered to mini- @ Buffered inputs minimize loading

mize loading and are fully decoded on-chip. The outputsare @ Address decoding on-chip

TRI-STATE and are in the high-impedance state whenever g Diode clamped inputs minimize ringing

the Chip Select (CS) input is HIGH. The outputs are active
only in the Read mode. This device is similar to the 'F189
but features non-inverting, rather than inverting, data out-
puts.

Ordering Code: see Section 5

Logic Symbol Connection Diagrams
Pin Assignment for Pin Assignment
DIP, SOIC and Flatpak for LCC and PCC
[ 111 A PR = I 281 o W
Dy Dy D, D. = —Vee (8]
¢s Do Dy Dz D3 "o
9 G P 15}-4, {2 )
I WE—]3 14}, 0@
—M Dp— 4 13}-ay GND 0l B
" 05 12|05 NC
—A o2 .
3 0,—{s =05 0,
—OWE o, 0, 0, 05 07 10f-o,
111 GND—{ 8 90,
TL/F/9500-1 03 D3 NC A3 A,

TL/F/9500-2

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input I/l

HIGH/LOW Output lgn/loL
Ao-As3 Address Inputs 1.0/1.0 20 pA/—0.6 MA
CS Chip Select Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
WE Write Enable Input (Active LOW) 1.0/1.0 20 nA/—0.6 mA
Do-D3 Data Inputs 1.0/1.0 20 pA/—0.6 mA
0p-03 TRI-STATE Data Outputs 150/40 (33.3) —3mA/24 mA (20 mA)

TL/F/9500-3
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Function Table

Inputs

—————{ Operation | Condition of Outputs
CS WE

L L Wirite High Impedance

L H Read True Stored Data

H X Inhibit High Impedance

H = HIGH Voltage Level
L = LOW Voltage Level

X = Immaterial

Block Diagram

Do Dy Dy D3

DATA BUFFERS

[ 1]

Ag —] ||
At ——1 pecoper = aooress e b
Ay ] DRIVERS | ] DECODER g
Ag —l -
QUTPUT
BUFFERS
0y 0y 05 03

WE
[

TL/F/9500-4
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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
: X Free Air Ambient Temperature
Distributors for availability and specifications. Military _55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Cutput
in HIGH State (with Vo = 0V)
Standard Output —0.5V to Vg
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Io (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Veo Input Clamp Diode Voltage —-1.2 \ Min = —18mA
VoH Output HIGH 54F 10% Voo 25 lon= —1mA
Voltage 54F 10% V¢g 24 lop = —3mA
74F10% Ve | 256 y Min | loH= —1mA
74F 10% V¢e 24 lon = —3mA
74F 5% Vcg 27 lon = —1mA
74F 5% Vg 27 loH = —3mA
VoL Output LOW 54F 10% Vcc 0.5 loL = 20mA
Voltage 74F 10% Vce 0.5 \ Min loL = 24 mA
IH Input HIGH Current 20 MA Max | Vjy =27V
Isvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 pA Max
I Input LOW ~0.6 ViN = 0.5V (An, WE, Dp)
Current -1.2 mA Max Vin = 0.5V (CS)
lozH Output Leakage Current 50 pA Max | Vour =27V
lozL Output Leakage Current ~50 RA Max VouT = 0.5V
los Output Short-Circuit Current -60 —150 mA Max Vout = OV
lcex Output HIGH Vout = Vco
lLeakage Current 250 pA Max
Izz Bus Drainage Test 500 pA 0.0v Vout = Vco
lcc Power Supply Current 37 55 mA Max
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _ .
Symbol Parameter Vee = +5.0V Té’ V:csg '::" TA(’:VC:C 50 c: ™| units ';'g
CL = 50pF L p L p
Min Typ Max Min Max Min Max
tpLH Access Time, HIGH or LOW | 10.0 18.5 26.0 9.0 32.0 10.0 27.0 ns | 2-3
tpHL Anto Op 8.0 13.5 19.0 8.0 23.0 8.0 20.0
tpzH Access Time, HIGHor LOW | 3.5 6.0 8.5 35 10.5 35 9.5
trzL CStoOp 5.0 9.0 13.0 5.0 15.0 5.0 14.0 ns | 2-5
tpHz Disable Time, HIGH or LOW 20 4.0 6.0 2.0 8.0 2.0 7.0
trz CSto O, 3.0 55 8.0 25 10.0 3.0 9.0
tpzH Write Recovery Time 6.5 20.0 28.0 6.5 37.5 6.5 29.0
tpzL HIGH or LOW, WE to Op, 6.5 11.0 15.5 6.5 17.5 6.5 16.5 s | 25
teHz Disable Time, HIGH or LOW 4.0 7.0 10.0 3.5 12.0 4.0 11.0
trLz WEto Oy 5.0 9.0 13.0 5.0 15.0 5.0 14.0
AC Operating Requirements: ses section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Voe = +5.0V Ta, Vcc = Mil TasVec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 0 0 0
ts(L) Apto WE 0 0 0 ns Py
th(H) Hold Time, HIGH or LOW 2.0 2.0 2.0
th(L) Anto WE 20 2,0 20
ts(H) Setup Time, HIGH or LOW 10.0 11.0 10.0
ts(L) Dn to WE 10.0 11.0 10.0 ns P
th(H) Hold Time, HIGH or LOW 0 2.0 0
tn(L) Dn to WE 0 2.0 0
ts(L) g_gtt:g%ge, LOW 0 0 0
ns 2-6
th(L) Hold Time, LOW
CStoWE 6.0 7.5 6.0
tw(L) WE Pulse Width, LOW 6.0 7.5 6.0 ns 2-4
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54F/74F24054F/74F241¢54F/74F244
Octal Buffers/Line Drivers with TRI-STATE® Outputs

General Description Features

The 'F240, 'F241 and 'F244 are octal buffers and line driv-  ® TRI-STATE outputs drive bus lines or buffer memory
ers designed to be employed as memory and address driv- address registers

ers, clock drivers and bus-oriented transmitters/receivers ~ ® Outputs sink 64 mA (48 mA mil)

which provide improved PC and board density. m 12 mA source current

| Input clamp diodes limit high-speed termination effects

Ordering Code: sce Section 5

Connection Diagrams

'F240
Pin Assignment Pin Assignment
for LCC and PCC for DIP, SOIC and Flatpak
15 0g Iy Og Iy —_ 1 20
EE OF, 2 Tvcc
[ =3 T
OI‘_4 17 ?°
s 16 -
par i
5’ 7] 14 ;
673 13 ?
Iy=——t lg
@@ 5= 12 5
02 15 0y 14 Op o= AL

TL/F/9501-2

TL/F/9501-1

'F241
Is Og |y 05 Iy 1 20
BOEEE 08— s Vee
LT 3
HUEEDE 0=
0, 15 0y Iy Op 7 10

TL/F/9501-4

TL/F/9501-3

'F244

Is Og 13 05 |y &= 2
EBAEGE =] e Ve
=1 OE.
0773 TING
o @0, %= T
GND (@ iyl lfy @Al ,‘._;. = I
hm A G ok %71 T
03 [@ B9 Ve Iy—— Iy
I3 [30E; 05— =0
I‘ 8 13 |z
33— s
o] 12 o,

0y 15 04 Iy Og 710 1

coer ) corr
oSNNS |
l:‘ﬁl:,;:y:;a&);::g;s

TL/F/9501-6

TL/F/9501-5
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Logic Symbols
IEEE/IEC IEEE/IEC IEEE/IEC
’F240 'F241 'F244
OF) =B EN OF | — EN OF; - EN
lp — vP—0, lo — > v—0, lo — > vh—0,
h— Pp— 04 ly — — 04 lh = — 04
|2 — p— 62 l2 -— —02 lz — — 02
Iy i > 03 I3 — 03 Iy — 03
OFE, - EN 0E, —{ EN OFE, =B EN
I vpP—0, I, — > v—o0, I, — > vil—o,
ls — = I — — 05 ls — — 05
ls — P— 0 lg — — Og lg — — 0g
Iy — — 0, Iy = — 0, Iy — — 0,
TL/F/9501-7 TL/F/9501-8 TL/F/9501-9
Unit Loading/Fan Out: see section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input L/l
HIGH/LOW Output lgn/loL
OE,, OEp TRI-STATE Output Enable Input (Active LOW) 1.0/1.667 20 pA/—1 mA
OEp TRI-STATE Output Enable Input (Active HIGH) 1.0/1.667 20 pA/—1 mA
lo-17 Inputs ('F240) 1.0/1.667* 20 pA/—1 mA
lo-l7 Inputs ('F241, 'F244) 1.0/2.667* 20 pA/—1.6 MA
0g-07,00-07 | Outputs 150/106.6 (80) | —12mA/64 mA (48 mA)
*Worst-case 'F240 enabled; *F241, 'F244 disabled
Truth Tables
'F240 'F244
OE;, Din | O | OEp Don | Oz OE, Din | O [ OE; | Dan | Oon
H X z H X Zz H X V4 H X z
L H H L H H L H H L H H
L L L L L L L L L L L L
, H = HIGH Voltage Level
F241 L = LOW Voltage Level
— X = Immaterial
OFE | Din | Om | OEp | Dan | Oo Z = High impedance
H X 4 L X z
L H H H H H
L L L H L L
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . |
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —-0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output -0.5Vto Vo
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated I (MmA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vco Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min | In= —18mA
VoH Output HIGH 54F 10% Vg 24 loH = —3mA
Voltage 54F10% Vg | 2.0 loH = —12mA
74F10% Veo | 24 v Min loH = —3mA
74F10% Vcc | 2.0 loh = —12mA
74F 5% Vog 2.7 loy = —3mA
74F 5% Ve 20 loH = —15mA
VoL Output LOW 54F 10% Ve 0.55 Y Min | loL = 48mA
Voltage 74F 10% Vco 0.55 loL = 64 mA
7] Input HIGH Current 20 pA Max | Viy = 2.7V
Ivi Input High Current ViN = 7.0V
Breakdown Test 100 BA | Max
e Input LOW Current 10 | | max | Vin =08V (OE, OEy, OEy, Dy, ('F240))
—-1.6 ViN = 0.5V (D, (F241, 'F244))
lozH Output Leakage Current 50 pA Max | Vout = 2.7V
lozL Output Leakage Current —50 pA | Max | Voyt = 0.5V
los Output Short-Circuit Current —100 —225 | mA | Max | Voyt = OV
lcex Output HIGH Leakage Current 250 nA Max | Vout = Veo
17z Bus Drainage Test 500 pA | 0.0V | Vout = Voc
lccH Power Supply Current ('F240) 19 29 mA | Max | Vo = HIGH
lccL Power Supply Current ('F240) 50 75 mA | Max | Vo = LOW
lccz Power Supply Current ('F240) 42 63 mA | Max | Vo =HIGHZ
IccH Power Supply Current Vo = HIGH
(F241, 'F244) 40 60 | mA | Max
lccL Power Supply Current Vo = LOW
(F241, 'F244) 60 90 | mA | Max
lccz Power Supply Current Vo =HIGHZ
(F241, 'F244) 60 90 | mA | Max
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AC Electrical Characteristics: see section 2 for Wavetorms and Load Configurations

74F 54F 74F
Ta = +25°C - .
Ta,Vce = Mil | Tpa, Voo = Com . Fig
Symbol Parameter Vee = +5.0V - = Units

CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max

tPLH Propagation Delay 3.0 5.1 7.0 3.0 9.0 3.0 8.0 ns | 2-3
tPHL Data to Output ('F240) 2.0 3.5 4.7 2.0 6.0 2.0 5.7
tpzH Output Enable Time ('F240) 2.0 3.5 4.7 2.0 6.5 2.0 57

tozL 4.0 6.9 9.0 4.0 10.5 4.0 10.0 ns | o-s
tpHZ Output Disable Time ('F240) 2.0 4.0 5.3 2.0 6.5 2.0 6.3
tpLz 2.0 6.0 8.0 2.0 125 2.0 9.5

tpLH Propagation Delay 25 4.0 5.2 2.0 6.5 2.5 6.2 ns | 2-3
tpHL Data to Output (‘(F241, 'F244) 2.5 4.0 5.2 2.0 7.0 2.5 6.5
tpzH Output Enable Time 2.0 43 5.7 2.0 7.0 2.0 6.7

tpzL (‘'F241,F244) 2.0 5.4 7.0 2.0 8.5 2.0 8.0 ns | 25
trHZ Output Disable Time 2.0 4.5 6.0 2.0 7.0 20 7.0
tpLz ('F241,°F244) 2.0 4.5 6.0 2.0 7.5 2.0 7.0
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54F/74F242
Quad Bus Transceiver with TRI-STATE® Ouiputs

National
 Semiconductor

General Description

The 'F242 is a quad bus transmitter/receiver designed for
4-line asynchronous 2-way data communications between

data busses.

ADVANCED INFORMATION

Features

o 2-way asynchronous data bus communication
a Input clamp diodes limit high-speed termination effects

Connection Diagrams

Logic Symbol
IEEE/IEC Pin Assignment
for LCC and PCC
B2 ENt Ky Ne Ay N Ky
£ El@E
- - ﬂ .
AO-E; Vi —d—~ By _ -
i e R oIt
— - 2
"2 Rl :
Ni
NC [ SRR E]PJC
3 = By 2 O4— B9 Vee
AZ i i BZ I52 [_ EZ
- _ {HHHI
T3 -
By NC By NC NC
TL/F/9578-3 TL/F/9578-1
Truth Table
Inputs Inputs/Outputs
E1 En A R,
L L Input =A
L H N/A N/A
H L z z
H H A=B Input
H = HIGH Voltage Level
L = LOW Voltage Level
Z = High Impedance
N/A = Not Allowed Due to Excessive Currents

Pin Assignment

for DIP, SOIC
and Flatpal
. -/ s,
y 13.%
NC=5] e,
o 12
A 3,
PRl 25,
A 25,
oNp 4 S5

[

TL/F/9578-2
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54F/74F243
Quad Bus Transceiver with TRI-STATE® Outputs
General Description Features

The 'F243 is a quad bus transmitter/receiver designed for B 2-Way asynchronous data bus communication

4-line asynchronous 2-way data communications between  m Input clamp diodes limit high-speed termination effects
data busses.

Ordering Code: see Section 5

Logic Symbol Connection Diagrams
Pin Assignment Pin Assignment
IEEE/IEC for DIP, SOIC and Flatpak for LCC and PCC
£y ~—] EN1 A NC A NC A
Ey—DNEN2 BEEE

T T
" T
" T

A B TL/F/9502 =
st j‘ g - By NC By NC NC

TL/F/9502-3

TL/F/9502-2

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input lip/1yL
HIGH/LOW Output lon/loL
[ Enable Input {(Active LOW) 1.0/1.67 20 pA/—1mA
Eo Enable Input (Active HIGH) 1.0/1.67 20 pA/—1mA
An, Bn Inputs 3.5/2.67 70 pA/—1.6 mA
Outputs 600/106.6(80) | —12 mA/64 mA(48 mA)
Truth Table
Inputs Inputs/Outputs
EI Ez An Bn H = HIGH Voltage Level
_ L = LOW Voltage Level
L L Input B=A Z = High Impedance
L H N/A N/A N/A = Not Allowed
H L z z
H H A=B Input
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Free Air Ambient Temperature

Recommended Operating

Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5VtoVce
TRI-STATE Qutput —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated g (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vce Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min Iy = —18 mA
VoH Output HIGH 54F 10% Vo 24 loH = —3mA (An, Bp)
Voltage 54F 10% Vg 2.0 loH = —12mA (An, Bp)
74F 10% Vg 2.4 v Min loH = —3mA (An, Bp)
74F 10% Vo 2.0 loH = —12 mA (An, Bp)
74F 5% Vo 2.7 loH = —3mA (Ap, Bp)
74F 5% Voo 2.0 loi1= —15mA (A, Bp)
VoL Output LOW 54F 10% Vcg 0.55 v Min | oL =48 mA (An, Br)
Voltage 74F 10% Vce 0.55 loL = 64 mA (Ap, Bp)
IiH Input HIGH Current 20 MA Max | VN =27V
Iavi Input HIGH Current VIN = 7.0V (E4, E2)
M
Breakdown Test 100 KA ax
IsviT Input HIGH Current VIN = 5.5V (An, Bp)
Breakdown Test (1/0) 1.0 mA | Max
I Input LOW Current -1.0 mA Max | VN = 0.5V (Ey, E2)
Iy + lozn | Output Leakage Current 70 nA Max | Vour = 27V (A, Bp)
L+ lozL Output Leakage Current —-1.6 mA Max | Vout = 0.5V (Ap, Bn)
los Output Short-Circuit Current —100 —225 mA Max | Vout = OV (An, Bn)
lcex Output HIGH Leakage Current 250 pA Max | Vourt = Vcc
lccH Power Supply Current 64 80 mA Max | Vo = HIGH
lccL Power Supply Current 64 90 mA Max [ Vo =LOW
lccz Power Supply Current Al 90 mA Max | Vo =HIGHZ
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C . .
Tas Vee = Mil Ta, Vcc = Com Fig
Symbol Parameter Vce = +5.0V Units
= 50 pF CL = 50 pF No
CL = 50pF Ci. = 50p L= S0P
Min Typ Max Min Max Min Max
tpLH Propagation Delay 25 4.0 5.2 2.0 6.5 2.0 6.2 ns 5-3
tPHL Anto By, Bpto Ap 25 4.0 5.2 2.0 85 2.0 6.5
tpzH Output Enable Time 20 43 5.7 2.0 8.0 2.0 6.7
tpzL EqtoBp, Eato A 20 5.8 7.5 20 10.5 2.0 8.5 ns 25
tpHZ Output Disable Time 2.0 4.5 6.0 1.5 7.5 1.5 7.0
tpLz EytoBy,, Eato Ay 2.0 45 6.0 2,0 8.5 20 7.0
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54F/74F245
Octal Bidirectional Transceiver with TRI-STATE® Outputs

General Description Features

The 'F245 contains eight non-inverting bidirectional buffers ~ ® Non-inverting buffers

with TRI-STATE outputs and is intended for bus-oriented  m Bidirectional data path
applications. Current sinking capability is 24 mA (20 mA Mil)  m A outputs sink 24 mA (20 mA Mil)
at the A ports and 64 mA (48 mA Mil) at the B ports. The g g outputs sink 64 mA (48 mA Mil)
Transmit/Receive (T/R) input determines the direction of

data flow through the bidirectional transceiver. Transmit (ac-

tive HIGH) enables data from A ports to B ports; Receive

(active LOW) enables 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.

Ordering Code: sce section 5

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
I O DIP, SOIC and Flatpak for LCC and PCC
—ole Ao Ay Ay As Ay As Ag Ay oy’ \\/ 20, Ag As Ay Ag Ay
_ pg—2 19 O_CEC EEE
i 19
By By By By B, Bs Bg By A,—3 FEB
L o
HEREERR AZJHE—‘_'—@EB, A& B J Gla
TL/F/9503-3 A= 1 165 GND BRI [ aq
3 15 2 el =
1= =85 B, (sl @R
IEEE/IEC st 4, 8g (12 s B Ve
_ AG'_ﬂ 2 S u-‘igs Bg OE
T;; Tsm e R
& 29 18
3 EN2 (AB) GND By
B4 B3 By By By
A vi_ q By TLIF/9503-1 TL/F/9503-2
A= L8,
A 5,
Ay— 5
A — 8,
Ag =4 —6>—8;
As—> 85
Ay = 5,

TL/F/9503-4
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Unit Loading/Fan Out: ses section 2 for U.L. definitions

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

Immaterial

54F/74F
Pin Names Description U.L. Input I/l
HIGH/LOW Output lgn/loL
OE Output Enable Input (Active LOW) 1.0/20 20 pA/—1.2mA
T/R Transmit/Receive Input 1.0/2.0 20 pA/—1.2 mA
Ap-A7 Side A Inputs or 3.5/1.083 70 pA/—0.65 mA
TRI-STATE Outputs 150/40(38.3) —3mA/24 mA (20 mA)
Bo-B7 Side B Inputs or 3.5/1.083 70 pA/—0.65 mA
TRI-STATE Outputs 600/106.6(80) | —12 mA/64 mA (48 mA)
Truth Table
— Inputs — Output
OE T/R
L L Bus B Data to Bus A
L H Bus A Datato Bus B
H X High Z State
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Absolute Maximum Ratings (Note 1)

Recommended Operating

Spe

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
Free Air Ambient Temperature
Distributors for availability and specifications. Military ~55°C to + 125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5VtoVcee
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vce Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \" Min | IIyn= —18mA
VoH Output HIGH 54F 10% Voo 24 lon = —3 mA (Ap)
Voltage 54F 10% V¢c 2.0 loq = —12mA (Bp)
74F 10% V¢ 24 v Min loH = —3 mA (An)
74F 10% Voo 2.0 lo4 = —12mA (Bp)
74F 5% Vce 2.7 loy = =3 mA (A,)
74F 5% Vcc 2.0 loH = —15mA (Bp)
VoL Output LOW 54F 10% Vcc 0.5 loL = 20mA (Ap)
Voltage 54F 10% V¢ 0.55 v Min loL = 48 mA (Bp)
74F 10% Vce 0.5 loL = 24 mA (An)
74F 10% Ve 0.55 loL = 64mA (Bp)
IIH Input HIGH Current 20 MA Max | Viy = 2.7V
lavi Input HIGH Current Vin = 7.0V (OE, T/R)
Breakdown Test 100 HA Max
IBviT Input HIGH Current VIN = 5.5V (Ap, Bp)
Breakdown Test (1/0) 10| mA | Max
I Input LOW Current -1.2 mA Max | V)y = 0.5V (T/R, OE)
IIH + lozn | Output Leakage Current 70 HA Max | Vout = 2.7V (An, Bp)
i + lozr. | Output Leakage Current —650 HA Max | Vourt = 0.5V (An, Bp)
los Output Short-Circuit Current —60 —-150 mA Max Vout = OV (Ap)
—100 —225 Vout = 0V (Bp)
lcex Output High Leakage Current 250 HA Max | VouT = Vcc (An Br)
7z Bus Drainage Test 500 pA 0.0V | Vout = Vco (An Br)
lccH Power Supply Current 70 90 mA Max | Vo = HIGH
lcoL Power Supply Current 95 120 mA Max | Vo = LOW
lccz Power Supply Current 85 110 mA Max | Vo = HIGH Z
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 74F
Ta = +25°C
_ Ta, Vec = Mil Ta, Vec = Com Fig
Symbol Parameter Vee = +5.0V CL = 50pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min Max
tPLH Propagation Delay 25 4.2 6.0 2.0 7.5 20 7.0 ns 2-3
tPHL AptoBporBhto Ap 25 4.2 6.0 20 7.5 2.0 7.0
tpzH Output Enable Time 3.0 53 7.0 25 9.0 2.5 8.0
tpzL 35 6.0 8.0 3.0 10.0 3.0 9.0 ns 2§
tpHz Output Disable Time 2.0 5.0 6.5 20 9.0 20 75
tpLz 2.0 5.0 6.5 2.0 10.0 2.0 75
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54F/74F251A
8-Input Multiplexer with TRI-STATE® Outputs

General Description Features

The 'F251A is a high-speed 8-input digital multiplexer. It pro- B Multifunctional capability

vides, in one package, the ability to select one bit of data W On-chip select logic decoding

from up to eight sources. It can be used as a universal func-  m Inverting and non-inverting TRI-STATE outputs
tion generator to generate any logic function of four vari-

ables. Both assertion and negation outputs are provided.

vise

Ordering Code: ses Section 5

Logic Symbols Connection Diagrams
1 | l l | l L | Pin Assignment for Pin Assignment
DIP, SOIC and Flatpak for LCC and PCC
—ds, o bW 213 1415 0 K _
0
_] J ZINY )
St 5= 161~Vee B DEGBE
—% l,~2 151, el b b N b B
Qe z z =3 1415 GE@ G,
? [ Ip—{4 13 |-l GND [0} @
715 12} Nem [ne
TL/F/9504-3 5| 6 " —87 32 @ n . VCC
IEEE/IEC _Z 0 s1 l‘
0E—7 10},
MUX
&= . GND—{8 =S, {14 [l i8] (7] 8)
NC |
% _l 0 TL/F/9504-1 S0 b 6 5
Sy —ip G g TL/F/9504-2
Sy |
lo —
Iy —] vi—
I — vp—1

ls——
Iy —]
IS—

N O e N = O N

Iy —]

TL/F/9504-5

Unit Loading/ Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description u.L. Input hy/Ii

HIGH/LOW Output loy/loL
Sp-S2 Select Inputs 1.0/1.0 20 uA/—0.6 mA
OE TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 wA/—0.6 mA
lo-l7 Multiplexer Inputs 1.0/1.0 20 pA/—0.6 MA
V4 TRI-STATE Multiplexer Output 150/40 (33.3) | —3 mA/24 mA (20 mA)
V4 Complementary TRI-STATE Multiplexer Output | 150/40 (33.3) | —3 mA/24 mA (20 mA)
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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, Sq, Sp. Both assertion and
negation outputs are provided. The Output Enable input

maximum ratings. The Output Enable signals should be de-
signed to ensure there is no overlap in the active LOW por-
tion of the enable voltages.

(OE) is active LOW. When it is activated, the logic function Truth Table
provided at the output is:
Z = ﬁ'(lo‘go‘a °_'_§2 + '1’30'§1'§2 + Inputs Outputs
1205095195y + 13959*S1S; + OE Sz S4 So 2 z
142S0eS19Sz + 159500S1#S; +
16950*S19So + 170S08S1S5) H X X X Z
When the Output Enable is HIGH, both outputs are in the L L L L !0 lo
high impedance (High Z) state. This feature allows multi- L L L H b I
plexer expansion by tying the outputs of up to 128 devices L L H L l2 l2
together. When the outputs of the TRI-STATE devices are
tied together, all but one device must be in the high imped- L L H H I3 I3
ance state to avoid high currents that would exceed the L H L L I4 I
L H L H I5 I
L H H L Ts lg
L H H H I7 Iz
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
Logic Diagram
o I Iy Iy Iy Is lg Iy
S2 ———I >O—rol >
s —-Do——ro[>
So —| >O——T—4 >
VY Y Y Y Y

TL/F/9504-4

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for avallabllity and speclflcatlc:ns. ] Military —55°Clo +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voc = 0V)
Standard Output —0.5VtoVeo
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated g (MA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage fimit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vcc Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 Vv Min IN= —18 mA
VoH Output HIGH 54F 10% Vcg 25 lon = —1mA
Voltage 54F 10% Vcc 2.4 loH = —3mA
74F 10% Vce 25 v Min loH = —1mA
74F 10% Vg 24 loH = —3mA
74F 5% Vco 2.7 loH = —1mA
74F 5% Vg 2.7 loH = —3mA
VoL Output LOW 54F 10% Vcg 0.5 v Min loL = 20mA
Voltage 74F 10% Vcc 0.5 loL = 24mA
I Input HIGH Current 20 nA Max | VN = 2.7V
lavi Input HIGH Current ViN = 7.0V
Breakdown Test 100 rA Max
I Input LOW Current —-0.6 mA Max | VN = 0.5V
lozH Output Leakage Current 50 LA Max | Vout = 2.7V
lozL Output Leakage Current —50 LA Max | Vout = 0.5V
los Output Short-Circuit Current —60 —150 mA Max | Vout =0V
lcex Output HIGH Leakage Current 250 pA Max | Vour = Vco
Izz Bus Drainage Test 500 MA 0.0V | Vour = Vcc
lcoL Power Supply Current 15 22 mA Max | Vo = LOW
lccz Power Supply Current 16 24 mA Max | Vo =HIGHZ
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AC Electrical Characteristics: sce section 2 for waveforms and Load Configurations

74F 54F 74F
Ta = +25°C "
Ta, Vec = Mil Ta, Vec = Com . Fig
Symbol Parameter Vee = +5.0V - ~ Units
G, = 50pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tpLH Propagation Delay 3.5 6.0 9.0 35 115 3.5 9.5 ns 2-3
tPHL SptoZ 3.2 5.0 75 3.2 8.0 3.2 75
tPLH Propagation Delay 4.5 75 10.5 3.5 140 4.5 125 ns o_3
tpHL SptoZ 4.0 6.0 8.5 3.0 10.5 40 9.0
tPLH Propagation Delay 3.0 5.0 6.5 25 8.0 3.0 7.0 ns o_3
tpHL IhtoZ 1.5 2.5 4.0 1.5 6.0 1.5 5.0
tPLH Propagation Delay 3.5 5.0 7.0 25 9.0 2.5 8.0 ns 2_g
tPHL IntoZ 3.5 55 7.0 3.5 9.0 3.5 7.5
tpzH Output Enable Time 2.5 43 6.0 2.0 7.0 25 7.0
tpzL OEtoZ 25 43 6.0 25 75 25 6.5 ns | 25
tpHz Output Disable Time 2.5 4.0 5.5 2.5 6.0 25 6.0
tpLz OEtoZ 1.5 3.0 4.5 1.5 5.0 1.5 4.5
tpzH Output Enable Time 3.5 5.0 7.0 3.0 8.5 3.0 7.5
tpzL OEtoZ 3.5 5.5 7.5 3.5 9.0 3.5 8.0 ns P
tpHz Qutput Disable Time 2.0 3.8 5.5 2.0 55 20 55
tpLz OEtoZ 1.5 3.0 45 1.5 55 15 45
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54F/74F253
Dual 4-Input Multiplexer with TRI-STATE® Outputs

General Description Features

The 'F253 is a dual 4-input multiplexer with TRI-STATE® W Multifunction capability

outputs. It can select two bits of data from four sources B Non-inverting TRI-STATE outputs
using common select inputs. The output 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.

Ordering Code: see section 5

Logic Symbols Connection Diagrams
I I I l l I | l Pin Assignment for Pin Assignment
0F, loa lta 12a 13a fob hb f2b I3 DIP, SOIC and Flatpak for LCC and PCC
_J So — u 'Oa 'Ia NC IZal.’m
—s, 0E, ~{1 16|—Vee B DNEEE
~0f o, z, z, s;2 15 |- 0E, { bl o b b )
l T l3a—13 14f=s,
TL/F/9505-3 2= 4 131 13p
lia—5 12|~
IEEE/IEC loa—] 6 | N
z,—7 10 }=lg .
s,—0) GND—{8 =1, 4 (= [ 7] (@
63 lip lgpNC I3 S
Sy—11 1b 126N I3b 20
TL/F/9505-1
TLIF/9505-2
_ MUX
OE, =™ EN
lon— 0
I'B—- 1 v '——'Za
Ia—]2
135— 3
O, =
'Ob_
lp =] 2
25 =]
I35

TL/F/9505-5

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input /i)

HIGH/LOW Output lon/loL
loa=l3a Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA
lob~=l3b Side B Data inputs 1.0/1.0 20 pnA/—0.6 mA
Sp~54 Common Select Inputs 1.0/1.0 20 pA/—0.6 mA
OE, Side A Output Enable Input (Active LOW) 1.0/1.0 20 nA/—0.6 mA
OEp Side B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
Za 2y TRI-STATE Outputs 150/40(33.3) | —3 mA/24 mA (20 mA)
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Functional Description

This device contains two identical 4-input multiplexers with
TRI-STATE outputs. They select two bits from four sources
selected by common Select inputs (Sg, S1). The 4-input mul-
tiplexers 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 equations for the outputs are shown below:
Zy = OEq®(loa® 51250 + 11a® 510 Sp +
loa ® Sy ® So + gz ® Sy * So)
2, =0OEp e (lop*S1*So + lip®*S1 ¢S +
l2p @ S1 ¢ S + lap ® Sy * So)

If the outputs of TRI-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. De-
signers should ensure that Output Enable signals to TRI-
STATE devices whose outputs are tied together are de-
signed so that there is no overlap.

Truth Table
Select Output
Inputs Data Inputs Enable Output
Sp Sq lo I4 12 I3 OE 4
X X X X X X H 4
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 Sy are common to both sections.
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
Logic Diagram
OF, Iy Iy hp lop So S I3a 120 lta loa  OE,

v

Zy

Zl
TL/F/9505-4

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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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —-55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0v
Input Voltage (Note 2) —0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —-0.5Vto Ve
TRI-STATE Output ~0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 Min N = —18mA
VoH Output HIGH 54F 10% Vcc 25 loH= —1mA
Voltage 54F 10% Vco 24 loy = —3mA
74F 10% Voo 25 v Min loH = —1mA
74F 10% Ve 2.4 loy = —3mA
74F 5% Vg 27 loH = — 1 mA
74F 5% Vo 27 loy= —3mA
VoL Output LOW 54F 10% Vec 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 24 mA
IiH Input HIGH Current 20 nA Max ViIN =27V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
IiL Input LOW Current —-0.6 mA Max VinN = 0.5V
lozH Output Leakage Current 50 pA Max Vout = 2.7V
lozL Output Leakage Current —50 pA Max Vout = 0.5V
los Output Short-Circuit Current —60 -150 Vout = 0V
-100 —p5 | MA | Max )y =0V
lcex Output HIGH Leakage Current 250 nA Max Vout = Vce
Izz Bus Drainage Test 500 pA 0.0V Vout = Vece
lccH Power Supply Current 11.5 16 mA Max Vo = HIGH
lccL Power Supply Current 16 23 mA Max Vo = LOW
lccz Power Supply Current 16 23 mA Max Vo =HIGHZ
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AC Electrical Characteristics: sece Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ -
Symbol Parameter Vge = +5.0V Té’ V:csg l:" TA(’:vc: 50 C: ™ | units :‘g
Cy = 50 pF L= 0P L=>0p
Min Typ Max Min Max Min Max
tpLH Propagation Delay 45 8.5 11.5 3.5 15.0 45 13.0 ns 2-3
tPHL SptoZ, 3.0 6.5 9.0 25 11.0 3.0 10.0
tPLH Propagation Delay 3.0 55 7.0 25 9.0 3.0 8.0 ns 2.3
tpHL Into Z, 25 45 6.0 2.5 8.0 25 7.0
tpzH Output Enable Time 3.0 6.0 8.0 2.5 10.0 3.0 9.0
tpzL 3.0 6.0 8.0 25 10.0 3.0 9.0 ns o5
tpHzZ Qutput Disable Time 2.0 3.7 5.0 2.0 6.5 2.0 6.0
tpLz 2.0 44 6.0 2.0 8.0 20 7.0
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54F/74F256

Dual 4-Bit Addressable Latch

General Description

The 'F256 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 written into the ad-
dressed latches. The addressed latches will follow the Data
input with all unaddressed latches remaining in their previ-
ous states.

In the memory mode, all latches remain in their previous
states and are unaffected by the Data or Address inputs. To
eliminate the possibility of entering erroneous data in the
latches, the enable should be held HIGH (inactive) while the
address lines are changing. In the 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 unaffect-
ed by the Address and Data inputs.

ADVANCED INFORMATION

Features

m Combines dual demultiplexer and 8-bit latch
m Serial-to-paralle! capability

m Output from each storage bit available

m Random (addressable) data entry

m Easily expandable

m Common clear input

B Useful as dual 1-of-4 active HIGH decoder

Logic Symbols Connection Diagrams
| | Pin Assignment Pin Assignment
—]a D, D, for DIP, SOIC and Flatpak for LCC and PCC
—IA -1 = 16 =V, QZAQHNCQOa Da
—olt 4o Vec EEGE
_ A2 15 =R (ol )
—O[ MR Qga Qya Q24 Osa Qop 91b 25 3p 5,3 Y
PP TT T 00— 4 13}-0,
TL/F/9506-3 05 12}~z
02‘—' 6 1 —OZb
IEEE/IEC 07 1|0y
O GND—18 ] ST HEEDE
g 005, NC D, E
CL; - TL/F/9506-1 TP 85062
e
DX 5,70
_!» c7 [ e
0
4R
O )
3
Ayt 1 2 — 0,5
E—y 3 [— Qa
6, 8D
c8 Qb
0 !
4R
1 — Q1p
2 _QZb
3 Q3

TL/F/9506-5
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Mode Select-Function Table

Operating Inputs Outputs
Mode MR E D Ao Aq Qo Qq Q2 Q3
Master Reset L H X X X L L L L
Demultiplex L L d L L Q=d L L L
(Active HIGH L L d H L L Q=d L L
Decoder L L d L H L L Q=d L
when D = H) L L d H H L L L Q=d
Store
(Do Nothing) H H X X X 9o Rl 92 as
H L d L L Q=d [ a2 a3
Addressable H L d H L do Q= a2 a3
Latch H L d L H do q4 Q= q3
H L d H H do a4 d2 Q=d
H = HIGH Voltage Leve! 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.
Logic Diagram
3 D, Ay A MR Dy
|-(>°-—[>° DorDey Lo, L’?
]
1l
1l
1l
I I %{ Il ol
O O1q 029 0za g Oy Oz 03p
TL/F/9506-4

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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54F/74F257A
Quad 2-Input Multiplexer with TRI-STATE® Outputs

General Description Features

The 'F257A is a quad 2-input multiplexer with TRI-STATE B Multiplexer expansion by tying outputs together
outputs. Four bits of data from two sources can be selected @ Non-inverting TRI-STATE outputs

using a Common Data Select input. The four outputs pres-  m Input clamp diodes limit high-speed termination effects
ent the selected data in true (non-inverted) form. The out-

puts 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.

Ordering Code: see section 5

Logic Symbols Connection Diagrams
Pin Assignment Pin Assignment
[ 11ty for DIP, SOIC and Flatpak for LCC and PCC
loa Ne lob 'tb loc M log 14 7 i b NC Zg b
—OfoE s—{1 16 FV°° BEDEGEE
-5 loa =2 15 b= OF (X ol X b )
I, I, I, 4 a3 14 =1l 2, (8] Bllga
T T 1 7,4 131, °:g g:c
TL/F/9507-3 lop=]5 121~1, 7,@ B Vee
S0m 1=log Iy @ B 31 6€
IEEE/IEC K 191 A PLAF
ELE B ] ¥ M EEEE
_ I log Ze NC hye b
o: zr: TL/F/9507-1 TL/F/9507-2
MUX D
loa = 1 vi—z
ha —q1 °
lop =1
p—Z,
hb 4
log = l—la
hd
loc =1
2
e = ¢

TL/F/9507-5

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input i/l

HIGH/LOW Output lon/loL
S Common Data Select Input 1.0/1.0 20 pA/—0.6 mA
OE TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 MA
loa=lod Data Inputs from Source 0 1.0/1.0 20 pA/—0.6 mA
l1a=l1d Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 MA
Za~-2Z4 TRI-STATE Multiplexer Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA)
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Functional Description

The 'F257A is a quad 2-input multiplexer with TRI-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 |1 inputs are selected. The data on the selected
inputs appears at the outputs in true (non-inverted) form.
The device is the logic implementation of a 4-pole, 2-posi-
tion switch where the position of the switch is determined by
the logic levels supplied to the Select input. The logic equa-
tion for the outputs is shown below:
Z,=0OEe(,*S+ Ipn*S)

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

Logic Diagram

OF  loa ha lob b

Zy Z

24

Truth Table
Select Data
Input Inputs Output
S lo 14 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
HIGH Voltage Level
LOW Voltage Level
log s

TL/F/9507-4

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




Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . f
N Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5Vto Ve
TRI-STATE Output -0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig|_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min N = —18mA
VOH Output HIGH 54F 10% Ve 25 lon = —1mA
Voltage 54F 10% Vo 2.4 loH= —3mA
74F 10% Vce 25 v Min loy= —1mA
74F 10% Ve 2.4 lon = —3mA
74F 5% Ve 27 lon= —1mA
74F 5% Vco 2.7 loH = —3mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20mA
Voltage 74F 10% Vcc 0.5 loL = 24mA
H Input HIGH Current 20 pA Max VIN = 2.7V
lgvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
iL Input LOW Current —0.6 mA Max Vin = 0.5V
lozH Output Leakage Current 50 pA Max Vourt = 2.7V
lozL Output Leakage Current —50 pA Max Vout = 0.5V
los Output Short-Circuit Current —-60 -150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max Vout = Veo
77 Bus Drainage Test 500 HA 0.0v Vout = Veo
lccH Power Supply Current 9.0 15 mA Max Vo = HIGH
lecL Power Supply Current 14.5 22 mA Max Vo = LOW
lccz Power Supply Current 15 23 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see section 2 for Waveforms and Load Gonfigurations

74F 54F 74F
Ta = +25°C _ -
Symbol Parameter Vee = +5.0V Té’ v:cso ':" T“év": 5 C:"' Units ';'g
Cy = 50 pF L= 0P L=oe
Min Typ Max Min Max Min Max
tPLH Propagation Delay 25 4.5 5.5 2.0 7.0 2.0 6.0 ns o_3
tPHL Into Zp, 2.0 42 5.5 1.5 7.0 2.0 6.0
tpLH Propagation Delay 4.0 10.1 9.5 3.5 11.5 3.5 10.5 ns 2-3
tPHL StoZ, 25 6.5 7.0 25 9.0 25 8.0
tpzH Output Enable Time 20 5.9 6.0 20 8.0 2.0 7.0
tpzL 25 5.5 7.0 25 9.0 25 8.0 ns 2.5
tpHz Output Disable Time 2.0 43 6.0 2.0 7.0 2.0 7.0
tpLz 2.0 4.5 6.0 20 8.5 2.0 7.0
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54F/74F258A

Quad 2-Input Multiplexer with TRI-STATE® Outputs

General Description

The 'F258A is a quad 2-input multiplexer with TRI-STATE
outputs. Four bits of data from two sources can be selected

Features
m Multiplexer expansion by tying outputs together
= Inverting TRI-STATE outputs

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.

Ordering Code: see section 5

Logic Symbols
L1111l

Connection Diagrams

Pin Assignment

Pin Asslgnment

1a Ya lob Mb oc te lod Mg for DIP, SOIC and Flatpak for LCC and PCC
—0foe N lib b NC Zy g
—s s 16=Vee B@DEE@R
. 2z 1 loa=]2 15 =0E O )
99 o P .
I,—4 13|14
TL/F/9508~3 I ] 5 12b=3 Ne [
- 6 i 4
IEEE/IEC 'tb 0d lig
7,7 10]=lg4
_ GND—{8 k-2, [ (8 68 @ i@
O AT
S Gl TL/F/9508-1
MUX b
S V=12,
lia—1
lgp = -
ob 7,
hp =
loe =1 -
Oc - Zc
lye =
log = -
od 7
14—
TL/F/9508-5
Unit Loading/Fan Out: see Section 2 for U.L. definitions
54F/74F
Pin Names Description U.L. Input iy/li
HIGH/LOW Output lgn/loL
S Common Data Select Input 1.0/1.0 20 pA/—0.6 mA
OE TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pnA/—0.6 mA
loa-lod Data Inputs from Source 0 1.0/1.0 20 nA/—0.6 mA
l4a=l1d Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 mA
Za-Z4 TRI-STATE Inverting Data Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA)

TL/F/9508-2
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Functional Description

The 'F258A is a quad 2-input multiplexer with TRI-STATE
outputs. It selects four bits of data from two sources under
control of a common Select input (S). When the Select input
is LOW, the Iy inputs are selected and when Select is
HIGH, the 14 inputs are selected. The data on the selected
inputs appears at the outputs in inverted form. The 'F258A
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 equation for
the outputs is shown below:

Z,=0OE*(4n*S+ Ipn*S)

When the Output Enable input (OE) is HIGH, the outputs are
forced to a high impedance OFF state. If the outputs of the
TRI-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. Designers should
ensure that Output Enable signals to TRI-STATE devices
whose outputs are tied together are designed so there is no
overlap.

Truth Table
Output Select Data
Enable Input Inputs Output
OE S o I‘ z H = HIGH Voltage Leve!
H X X X zZ L = LOW Voltage Level
X = Immaterial
L H X L H Z = High Impedance
L H X H L
L L L X H
L L H X L
Logic Diagram
OF  loa ha lop hb loc he lod hg s
Z, Z, z, Z

TL/F/9508-4

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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Absolute Maximum Ratings (Note 1)

Recommended Operating

It Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
Free Air Ambient Temperature
Distributors for availability and specifications. Military _E5°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Voo
TRI-STATE Output —-0.5Vto +5.5Vv
Current Applied to Output
in LOW State (Max) twice the rated lp (MmA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \" Min In= —18mA
VoH Output HIGH 54F 10% Vce 2.5 loH= —1mA
Voltage 54F 10% Vce 24 loH = —3mA
74F 10% Vce 25 v Min loH = —1mA
74F 10% Vcg 2.4 loy = —3mA
74F 5% Voo 27 o ™ —1mA
74F 5% Vg 2.7 loH = —3mA
VoL Output LOW 54F 10% Vcc 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 24 mA
i Input HIGH Current 20 pA Max ViN = 2.7V
Igvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
TR Input LOW Current -06 mA Max ViN = 0.5V
lozH Output Leakage Current 50 A Max | Vour =27V
lozL Output Leakage Current —50 pA Max | Vour = 0.5V
los QOutput Short-Circuit Current —60 -150 mA Max Vout = 0V
IcEX Output HIGH Leakage Current 250 pA Max | Vout = Vco
Izz Bus Drainage Test 500 nA 0.0v Vout = Vcc
IccH Power Supply Current 6.2 9.5 mA Max | Vg = HIGH
lccL Power Supply Current 15.1 23 mA Max | Vo= LOW
lccz Power Supply Current 11.3 17 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

- 74F 54F 74F
Ta = +25°C
_ Tas Vee = Mil Ta, Vee = Com Fig
Symbol Parameter Vee = +5.0V CL = 50pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min Max
tpLH Propagation Delay 2.5 5.3 2.0 7.5 2.0 6.0 ns 5.3
tPHL Ihto Z,, 1.0 4.0 1.0 6.0 1.0 5.0
tPLH Propagation Delay 3.0 7.5 3.0 9.5 3.0 8.5 ns 2.3
tPHL StoZ, 25 7.0 25 9.0 25 8.0
tpzH Output Enable Time 2.0 6.0 20 8.0 2.0 7.0
tpzL 25 7.0 25 9.0 25 8.0
ns 2-5
teHz Output Disable Time 20 6.0 1.5 7.0 2.0 7.0
tpLz 2.0 6.0 2.0 8.5 2.0 7.0
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B54F/74F259
8-Bit Addressable Latch

General Description Features

The 'F259 is a high-speed 8-bit addressable latch designed W Serial-to-serial conversion

for general purpose storage applications in digital systems.  m Eight bits of storage with output of each bit available
It is a multifunctional device capable of storing single line  m Random (addressable) data entry

data in eight addressable latches, and also a 1-0f-8 decoder g Active high demultiplexing or decoding capability
and demuitiplexer with active HIGH outputs. The device g Gommon clear

also incorporates an active LOW Common Clear for reset-

ting all latches, as well as an active LOW Enable. It is func-

tionally identical to the 9334 and 93L34 8-bit addresssable

latch.
Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
) ] DIP, SOIC and Flatpak for LCC and PCC
D
£ L\ Q Qi N Qg 4
A A1 16 [=Vee DEEE
A M2 15 |-k
Ay A—13 14-E o33 Ea
L GOND [T @
WR qy Q, 0, Q3 Q, Q5 Qg Q7 Q14 13p-0 NCE :%
Frrrrrr Nl i 121-9 u@ B8 Ve
TL/F/9509-1 %-1° B 0 0@ TR
{7 10f-05
|IEEE/IEC GND=18 o ] BE
Q O;NC D E
Ay —] o} TL/F/9509-2 L 10505-3
pM—{ Pl
Ay—i2
[ []
p—i29
MR =D4210
-1+-9,00
. o
10,38 0
T ‘.D '—-O,
~+10, 1R
-1=9,20
- l—o.
10,28 2
=-9,30
_ — o
10,38 3
9,40
L+ 10,3 &
-+=9,50
_ o
10,58 S
i =
410,88
9,70
- — o
T-w.m 7

TL/F/9509-4
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Logic Diagram

— Qg

—05

i

—0

.—00

TL/F/9509-5
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-218




National
Semiconductor

54F/74F269

8-Bit Bidirectional Binary Counter

General Description

The 'F269 is a fully synchronous 8-stage up/down counter
featuring a preset capability for programmable operation,
carry lookahead for easy cascading and a U/D input to con-
trol the direction of counting. All state changes, whether in
counting or parallel loading, are initiated by the rising edge
of the clock.

Features

m Synchronous counting and loading
m Built-in lookahead carry capability
m Count frequency 100 MHz

B Supply current 113 mA typ

m 300 mil slimline package

Ordering Code: ses Section 5

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
HEEEEEN DIP, SOIC and Flatpak for LCC and PCC
—ofpe Fo P1 P2 Py Py Ps Pg Py ~ N _ Q; Q; Qg NCU/D PE Py
—usp u/p—1 24—FPE DRBDEDEE
—olcer clo— 02 23|-p, (o o b 0}
—oleor Q=13 22}~P,
—4 21f~p
1 9 0y 0, 05 04 05 06 07 22 5 2 Pz
37 "3
Ferrritl Pl 19b-v,
4 cc
TL/F/9510-1 ool i
IEEE/IEC Nl 171=Ps
‘ Q{9 16{-Pg
I CIR DIV 256 - -
PE M1(LOAD) a0 15 'Z
M2 (COUNT) =11 14}=1C
v/ M3 (UP) ter—{12 13}-cer TL/F/9510-3
M4 (DOWN)
G6 TL/F/9510-2
cer
— (]
o Fi tion Tabl
cP 2,3,4,4/C7 unction Table
245" PE | CEP | CET | u/D | cp Function
Po——1,7D (1) Q L X X X | -~ | Parallel Load All
Py— (2) ——Q Flip-Flops
Py — (4) —20, H H X X | - | Hold
P3— (8) —203 H X H X " | Hold (TC Held HIGH)
Pyl (16) —0, H L L H -~ | CountUp
Pg ——i (32) —— Qs H L L L —/~ | Count Down
Ps (64) % H = HIGH Voltage Level
Py i (128) }—2Q; L = LOW Voltage Level
X = Immaterial
3,5,6,CT=256 c _/~ = Transition LOW-to-HIGH
4,5,6,CT=0

TL/F/9510-4
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW | Outputlgy/loL
Po—-P7 Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA
PE Parallel Enable Input (Active LOW) 1.0/1.0 20 A/ —-0.6 mA
u/b Up-Down Count Control Input 1.0/1.0 20 pA/—0.6 mA
CEP Count Enable Parallsl Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
CET Count Enable Trickle Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
cP Clock Input 1.0/1.0 20 pnA/—0.6 mA
TC Terminal Count Output (Active LOW) 1.0/1.0 20 pA/—0.6 mA
Qo-Q7 Flip-Flop Outputs 50/33.3 —1mA/20 mA
Logic Diagram
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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ . .

Distributors for availability and specifications. F":z"‘:\:ry’\mb'em Temperature _ESCio +125°C

Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C

Ambient Temperature under Bias —55°Cto +125°C Supply Voltage

Junction Temperature under Bias ~55°Cto +175°C Military +4.5Vto +5.5V

V