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Am54S153 

Am54S157 
Am54S158 

Am54S160 

Am54S161 

Am54S174 

Am54S175 
Am54S181 

Am54S194 

Am54S195 

Am54S240 

Am54S241 

Am54S242 
Am54S243 

Am54S244 

Am54S251 
Am54S253 

Am54S257 

Am54S258 
Am54S350 
Am54S373 
Am54S374 
Am54S378 

Am54S379 
Am54S388 

Am54S399 

Am54S412 

Am54S533 
Am54S534 
Am74S138 

Am74S139 
Am74S151 

Am74S153 

Am74S157 
Am74S158 
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LOW-POWER SCHOTTKY MSl/LSI AND INTERFACE PRODUCTS 

HIGH SPEED SCHOTTKY MSI AND INTERFACE CIRCUITS 
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Quad Two-Input, High-Speed Register ............................... . 4-29 

Four-Bit Shifter with Three-State Outputs ............................ . 4-33 

Quad D Register with Standard and Three-State Outputs .............. . 4-47 
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Quad Bus Transceiver ................ , ............................ . 4-55 
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Dual 4-Line to 1-Line Data Selectors/Multiplexer ...................... . 4-77 

Quadruple 2-Line to 1-Line Data Selector/Multiplexer .................. . 4-81 

Quadruple 2-Line to 1-Line Data Selector/Multiplexer .................. . 4-81 
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Four-Bit High-Speed Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-99 

Four-Bit High-Speed Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-99 

Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 

Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 

Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 

Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
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Four-Bit Shifter with Three-State Outputs ............................. 4-112 
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Am74S253 
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SCHOTTKY AND LOW-POWER SCHOTTKY 
FUNCTIONAL SELECTOR GUIDE 

2. Standard Low-Power Schottky 
This guide divides the AMO Low-Power Schottky and 

Schottky TTL Product Line by function into three basic per

formance categories indicated by the examples below. Ex. 74LS174 Six Bit Register. !max= 30MHz (Min.) 

1. High-Performance, Low-Power Schottky Ex. 25LS174 Six 

Bit Register. !max = 40MHz (Min.) 
3. High-Speed Schottky 

DESCRIPTION 

DECADE(BCD)COUNTERS 

Asynchronous Clear, Synchronous Preset 

Synchronous Clear, Synchronous Preset 

Up-Down, Synchronous Preset 

Up-Down, Asynchronous Preset, Single Clock 

Up-Down, Asynchronous Preset, Dual Clock 

Up-Down, Synchronous Preset, Three-State 

BINARY HEXADECIMAL COUNTERS 

Asynchronous Clear, Synchronous Preset 

Synchronous Clear, Synchronous Preset 

Up-Down, Synchronous Preset 

Up-Down, Asynchronous Preset, Single Clock 

Up-Down, Asynchronous Preset, Dual Clock 

Up-Down, Synchronous Preset, Three-State 

DECODER/DEMULTIPLEXERS 

One-of-Ten Decoder/Demultiplexer, Polarity Control 

One-of-Eight Decoder/Demultiplexer 

One-of-Eight Decoder/Demultiplexer with Control Storage 

Dual One-of-Four Decoder/Demultiplexer 

One-of-Eight Decoder/Demultiplexer, Polarity Control 

Dual One-of-Four Decoder/Demultiplexer, Polarity Control 

MULTIPLEXERS 

Eight-Input Multiplexer 

Eight-Input Multiplexer with Control Storage 

Three-State Eight-Input Multiplexer 

Dual Four-Input Multiplexer 

Three-State Dual Four-Input Multiplexer 

Quad Two-Input Multiplexer; Non-Inverting 

Three-State Quad Two-Input Multiplexer; Non-Inverting 

Quad Two-Input Multiplexer; Inverting 

Three-State Quad Two-Input Multiplexer; Inverting 

MONOSTABLE (ONE-SHOT) 

Dual Retriggerable, Resettable Monostable Multivibrator 

HIGH-PERFORMANCE 
LOW-POWER 
SCHOTTKY 

25LS160A 

25LS162A 

25LS168A 
25LS190 

25LS192 

25LS2568 

25LS161A 

25LS163A 

25LS169A 

25LS191 

25LS193 

25LS2569 

25LS2537 

25LS138 
25LS2536 

25LS139 

25LS2538 

25LS2539 

25LS151 

25LS2535 

25LS251 

25LS153 

25LS253 

25LS157 

25LS257 

25LS158 
25LS258 

OPERATORS (ALU, MULTIPLIER, PRIORITY ENCODER, etc.) 

Four by Two Two's Complement Multiplier 

Four-Bit, Four-Way Shifter 

Four-Bit ALU/Function Generator 

Four-Bit ALU/Function Generator 

Four-Bit ALU/Function Generator 

Four-Bit Parallel Accumulator 

Priority Encoder: Eight Line to Three Line 

Four-Bit Serial Adder/Subtracter 

Priority Encoder, Three State 

Eight by One Serial/Parallel Two's Complement Multiplier 

Eight-Bit by Eight-Bit Multiplier/Accumulator 

Eight-Bit Comparator 

Eight-Bit Registered Comparator 

System Clock Generator and Driver 

25LS181 

25LS2517 
25LS381 

25LS281 
25LS148 

25LS15 
25LS2513 

25LS14 
25LS2516 

25LS2521 

25LS2524 

25LS2525 

1-8 

Ex. 74S174 Six Bit Register. !max= 75MHz (Min.) 

STANDARD 
LOW-POWER 
SCHOTTKY 

54/74LS160A 

54/74LS162A 

54/74LS168A 
54/74LS190 

54/74LS192 

54/74LS161A 

54/74LS163A 

54174LS169A 

54/74LS191 

54/74LS193 

54/74LS138 

54/74LS139 

54/74LS151 

54/74LS251 
54/74LS153 

54/74LS253 

54/74LS157 

54/74LS257 
54/74LS158 
54/74LS258 

54/74LS181 

54/74LS381 

54/74LS281 

54/74LS148 

HIGH-SPEED 
SCHOTTKY 

54/74S160/93S 1 0 

54/74S161/93S16 

54/74S138 

54/74S139/93S21 

54/74S151 

54/74S251 
54/74S153 

54/74S253 

54/74S15 7 /93S22 

54/74S257 

54/74S158 
54/74S258 

26S02 

25S05 

25S10/54/74S350 

54/74S181 

D 



FUNCTIONAL SELECTOR GUIDE (Cont.) 

DESCRIPTION 

PARITY CHECKER/GENERATORS 

Nine-Input Parity Checker/Generator 
Twelve-Input Parity Checker/Generator 

REGISTERS 

Four-Bit Register with Common Clock Enable 
Four-Bit Register with Two-Input Multiplexers on Inputs 
Four-Bit Register with Standard and Three-State Outputs 
Four-Bit, Two-Output Three-State Register 
Four-Bit Register with Common Clear 
Four-Bit Register; Shift Right, Left or Parallel Load 
Four-Bit Register; Shift Right or Parallel Load 
Six-Bit Register with Common Clock Enable 
Six-Bit Register with Common Clear 
Eight-Bit, Serial-In, Parallel-Out Register 
Eight-Bit Shift/Storage Register; Synchronous Clear 
Eight-Bit Shift/Storage Register; Asynchronous Clear 
Eight-Bit Shift-Storage Register with Sign Extend 
Octal D-Type Register, Common Clear 
Octal Transparent Latch (Three State, non-inverting) 
Octal Transparent Latch (Three-state, inverting) 
Octal D-Type Register (Three State, non-inverting) 
Octal D-Type Register (Three-state, inverting) 
Octal D-Type Register, Common Enable 
Octal D-Type Register, Common Enable and Clear, 

Three-State 

BUS INTERFACE 

Quad Bus Transceiver, Inverting (100mA) 
Quad Bus Transceiver, Non-Inverting (1 OOmA) 
Quad Bus Transceiver, Inverting 
Quad Bus Transceiver, Non-Inverting 
Quad Open-Collector Bus Transceiver 
Quad Three-State Bus Transceiver (Inverting) 
Quad Three-State Bus Transceiver (Non-Inverting) 
Quad Two l/P Transceiver with Three-State Receiver (O.C.) 
Quad Two l/P Transceiver with Parity (0.C.) 
Quad Two l/P Transceiver with Parity (0.C.) 
Quad Two l/P Transceiver with Three-State Receiver 

(Three-State) 
Quad Two l/P Transceiver with Parity (Three-State) 
Quad Two l/P Transceiver with Parity (Three-State) 
Octal Bus Driver, Inverting 
Octal Bus Driver, Non-Inverting 

(Complementary G, G inputs) 
Octal Bus Driver, Non-Inverting 
Octal Bus Driver, Low-Power. 
Octal Bus Driver, Low-Power, Inv. 
Octal Bus Driver, Low-Power. 
Octal Bus Driver, Low-Power, Inv. 
Octal Bidirectional Bus Transceiver 

* In development. 

HIGH-PERFORMANCE 
LOW-POWER 
SCHOTTKY 

25LS08 
25LS09 
25LS2518 
25LS2519 
25LS175 
25LS194A 
25LS195A 
25LS07 
25LS174 
25LS164 

25LS23 
25LS299 

25LS22 

25LS273B 
25LS373 

*25LS533 

25LS374 
*25LS534 

25LS377B 

25LS2520 

25LS242 
25LS243 

2905 
2906 
2907 

2915A 
2916A 

2917A 
25LS240 

25LS241 
25LS244 

71/81 LS95 
71/81LS96 
71/81LS97 
71/81 LS98 
8304 
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STANDARD 
LOW-POWER 
SCHOTTKY 

54/74LS379 
54/74LS399 

54/74LS175 
54/74LS194A 
54/74LS195A 
54/74LS378 
54/74LS174 
54/74LS164 

54/74LS299 

54/7 4LS273B 
54/74LS373 

* 54/7 4LS533 
54/74LS374 

* 54/7 4LS534 
54/7 4LS377B 

54/74LS242 
54/74LS243 

54/74LS240 

54/74LS241 
54/74LS244 

HIGH-SPEED 
SCHOTTKY 

82S62 
93S48 

25S08/54/74S379 
25S09/54/7 4S388 
25S 18/54/7 4S388 

54/74S175 
54/74S194 
54/74S195 
25S07/54/74S378 
54/74S174 

*54/74S373 
*54/74S533 
*54/74S374 
*54/74S534 

26S10 

26S11 

54/74S242 
54/74S243 
26S12/12A 
8TS12/12A 
8T28 

54/74S240 

54/74S241 
54/748244 
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ADVANCED MICRO DEVICES 
SCHOTTKY AND LOW-POWER SCHOTTKY MSI 

Advanced Micro Devices offers a complete line of Schottky and Low-Power Schottky MS! 
products. On the following pages are a selector guide for these products and brief data on 
several of the most useful parts. For complete data refer to our Schottky and Low-Power 
Schottky Data Book. 

Advanced Micro Devices offers two LS Logic families. 
• Am25LS - High Performance 
• Am54/74LS - Standard Performance 

Similar elements of hoth families are described on the same data sheet. K 
compared below. 

All Advanced Micro Devices' products are manufa ed to the quality assurance require-
ments of MIL-STD-883, Level C. According to ndbook 217B published by the Rome Air 
Development Center, the · ce s pnnc1 hority on component reliability, Level C 
integrated circuits are up to ten times more reliable han normal industry commercial parts. 
Even if you don't need the p res of Am25LS, you can buy our versions of 
54/74LS devices with the assurance that they are manufactured to the stringent quality 
standards of MIL-STD-883. 

Am25LS IMPROVED PERFORMANCE 
• Noise Margin 

At loL = 8mA, Am25LS guarantees VoL~ ...... ;..;..;..----
• Fan Out 

Over the military temperature range, Am25LS is specified I L = 8mA, 

10X 
MORE RELIABLI 

50mV MORE 
NOISE MARGIN 

TWICE THE-
FAN-OUT 

(8mA/0.36mA). 54LS is guaranteed at loL = 4mA only, for REDUCED SUPPL y 
• lsc (Max.) 

Am25LS has Isc upper limit controlledG5mA1Jlra ... x""'.J .... -------------CURRENT SPIKING' 
• Speed 

In this example, Am25LS164 has worst case clock to output delay specified up to 45% 
faster and fMAX at more than 40% faster than 54/74LS164: Most Am25LS devices 
similar improvements. 

SWITCHING SPEED SPECIFIED AT TEMPERATURE AND POWER SUPPLY EXTREMES 
The switching speeds of all new Am25LS devices are now being specified at: 

• Full 50pF load 
• Over the operating temperature range 

-Military -55°C to +125°C 

FASTER-

- Commercial 0°C to +70°C 
• Over the operating power supply range 

- Military 5 .OV ± 10% 
- Commercial 5 .OV ± 5% 

----------------MORE FULLY 

SPECIFIED -

PRICE 

Most Am25LS device list prices are the same or less than the equivalent 54/74LS 
standard performance device. 

2-2 



Am25LS164 • Am54LS/74LS164 
8-Blt Serial-In, Parallel-Out Shift Register 

DISTINCTIVE CHARACTERISTICS 

• Gated serial inputs 

• Asynchronous clear 

• Arn25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VOL at IQL = BmA 

I _.fr,; """"" 

FUNCTIONAL DESCRIPTION 

The Am25LS164 and Am54LS/74LS164 are eight-bit, serial 

in/parallel out shift registers built using advanced low-Power 

Schottky processing. A gated input provides enable/disable 

control over incoming data such that the data can be entered 

or logic zeros can be entered into the register. 

ii": '"~~1-µA source current at HIGH output 

-------------+-.,~ • 100% product assurance testing to MIL-STD-883 

- ~ements 

An asynchronous clear input can be used to simultaneously 

clear the eight flip-flops in the device. When the clear input is 

LOW, all internal flip-flops are forced LOW independent of 

the clock input. An incoming data bit is entered into the Ga 

flip-flop and the data in all internal flip-flops is shifted right on 

the LOW-to-HIGH transition of the clock input. 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=o"ctot70°C Vee~ s.ov •5% 

TA= -55°C to +125°C Vee= 5.0V • 10% MIN, - 4 50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

a ram~ -T~ Conditions IN01e 11 

The Am54LS/74LS164 is a standard performance version of 

the Am25LS164. See appropriate electrical characteristic tables 

for detailed Am25LS improvements. 

LOGIC DIAGRAM 

Am25LS164 

Typ. 
Min. Max. Units 

Output HIGH VoUage v - :_';--'." Volts Vee~ MIN ..• 1~,' ~ -440µA ~ 2.5 3.4 . . ~',~ 
_IN- _11ir- ~ ~··- _ _ 
Vee~ MIN 10L ~ 4.0mA ~ I ~· ~ 

__ .J__j..v;::o;;c._~olii"lll' l'l" ,i.~cw.----r~~':;:"l:"'l~-; U Po-~ volts 

_ IN - IH 0 ' IL ~ I IQL - 8 OmA I J...... 0.35 { O 45 '\. -- J - ~ -;;::~;~;;;-~,,.,,- -- -----~-~~ _ _...,~~~~ Am54LS/74LS164 

-

t·G""'""'' "';;"o'""OW I WL - -- -- ~,- t------i
1 

VIL Input LOW Level voltage for all mputs COM L o'K._ I Volts 

r--------t--- _ _ _ _ -• _ t- _ _ _ _-···~f's:] MAX ;,o V 

Vi lnputClampVoltage Vee MIN 11N 18mA .l. Lts / MAX 55ov 

~~~~-~~~Current-- ------t---~e; MA~-VIN 04 V -Dock,Clear -0.36 -- Nd1t1ons(Note1l Mm IN:;~2l Max. Units 

r---~c------------------j A,B ------+----=---~-- l~A } MIL 2.5 '~ Volts l 
'111" Vee MAx,v,N 2.1v 20 V------~-"-'--+-'"~------J 

-- --- --+·- ·---i-.. ---·-""""'. ~.laL~4_0mA l._ : 0.25 ~ I 

[_''-~"'"'H'G"_"""'"' ----1 Vee_: MAX v,N --~ '' __:A~ ILJ '''.'."'.''~"''o'~~mA ~-i 035_{] o.5 [)_""" J 
[ lse ~~;~~~:""'":_'evcrno<--1--vec_"__M'_"_ __________ -f---=:._ - ] _8' k '- ~H--<C-?j _2C r=- ~." j-~°'"J 
~ --~ - • I 

(Note4) 
~ ~' Volts . 

For condotions shown as MIN or MAX SWITCHING CHARACTERISTICS .......... ~ ----1- ----i 
2 Typical limlfs are a1 = 5.0V, 25 c (TA= .,.25°c, Vee= 5.0V) Am25LS Am54LS/74LS --1.5 _ Volts I 

0 "~' . should be sl 
---t ~ 

'", •ow""o""""°'""·"""''"' P"'m<tm D•"•iption Min. Typ. ~. Min. Typ. ~ Units TestConditions ---- ,.-----

~ -;:~: I ,o,>woo""' _ r----1 :¥IT-~-rrl+~· s -~''--t--"'-'-
~L_,_ . I .. Clea.'.'"-.. Outpu_t. . -. __ ·---. _ L. _JS. ~ ~ L;;l:__- ~ 36 ~ns 20 I ~oA 
r--t~ _ _j__~ck~rC~- ____ 17 I ::fi-:5 2~-- _ -~ CL=15pF "'-- -----!-

~L __ J ~-- ---------+---:10 ------t-------,-5 ~- RL-2.0kn I " 0.1 mA 

~-~~-~--~7--- 5.0 ~---
:~.. ~::~o~:::,T~;;;;;,~1- ;=-f=-~i -~~=-g F jl_~ 

'AC performance over the operai:1ng temperature range os guaranteed by te.rong del1ned in Group A. Subgroup 9 

2-3 

E 



Am25LS•Am54LS/74LS CROSS REFERENCE GUIDE 

Advanced Micro Devices offers both Am25LS, High Perfor
mance, and 54LS/74LS Standard Performance, low-power 
Schottky families. Am25LS devices may be substituted for 
54LS/74LS devices as shown in the table below. 

Products with different numbers corresponding to the similar 
Am25LS and 54LS/74LS functions are Texas Instruments sec
ond source part numbers to Advanced Micro Devices products. 

Am25LS Am54/74LS 
HIGH PERFORMANCE STANDARD PACKAGE 

LS LS DESCRIPTION PINS 
AM25LS07 AM54/74LS378 Six-Bit Register; Common Enable 16 
AM25LS08 AM54/74LS379 Four-Bit Register; Common Enable 16 
AM25LS09 AM54/74LS399 Four-Bit Register; Multiplexed Inputs 16 
AM25LS14 AM54/74LS384 Eight-Bit Serial/Parallel Two's Complement Multiplier 16 
AM25LS15 AM54/74LS385 Four-Bit Serial/Parallel Adder Subtracter 20 
AM25LS22 AM54/74LS322 Eight-Bit Serial/Parallel Register; Sign Extend 20 
AM25LS23 AM54/7 4LS323 Eight-Bit Universal Shift Register; Synchronous Clear 20 
AM25LS138 AM54/74LS138 One-of-Eight Decoder/Demultiplexer 16 
AM25LS139 AM54/74LS139 Dual One-of-Four Decoder/Demultiplexer 16 
AM25LS148 AM54/74LS148 Priority Encoder; Eight-Line to Three-Line 16 
AM25LS151 AM54/74LS151 Eight-Input Multiplexer 16 
AM25LS153 AM54/74LS153 Dual-Four-Input Multiplexer 16 
AM25LS157 AM54/74LS157 Quad Two-Input Multiplexer; Non-Inverting 16 
AM25LS158 AM54/74LS158 Quad Two-Input Multiplexer; Inverting 16 
AM25LS160A AM54/74LS160A Synchronous BCD Decade Counter; Asynchronous Clear 16 
AM25LS161A AM54/74LS161A Synchronous Four-Bit Binary Counter; Asynchronous Clear 16 
AM25LS162A AM54/74LS162A Synchronous BCD Decade Counter; Synchronous Clear 16 
AM25LS163A AM54/74LS163A Synchronous Four-Bit Binary Counter; Synchronous Clear 16 
AM25LS164 AM54/74LS164 Eight-Bit Serial-In, Parallel-Out Shift Register 14 
AM25LS168A AM54/7 4LS168A Synchronous BCD Decade Up-Down Counter; Programmable 16 
AM25LS169A AM54/74LS169A Synchronous Four-Bit Binary Up-Down Counter; Programmable 16 
AM25LS174 AM54/74LS174 Six-Bit Register; Common Clear 16 
AM25LS175 AM54/74LS175 Quad Register; Common Clear 16 
AM25LS181 AM54/74LS181 Four-Bit ALU/Function Generator 24 
AM25LS190 AM54/74LS190 BCD Decade Up-Down Counter; Down-Up Mode Control 16 
AM25LS191 AM54/74LS191 Four-Bit Binary Up-Down Counter; Down-Up Mode Control 16 
AM25LS192 AM54/74LS192 BCD Decade Up-Down Counter; Dual Clocks 16 
AM25LS193 AM54/74LS193 Four-Bit Binary Up-Down Counter; Dual Clocks 16 
AM25LS194A AM54/74LS194A Four-Bit Register; Shift Right, Left or Parallel Load 16 
AM25LS195A AM54/74LS195A Four-Bit Register; Shift Right or Parallel Load 16 
AM25LS240 AM54/74LS240 Octal Bus Driver; Inverting, Three State Outputs 20 
AM25LS241 AM54/7 4LS241 Octal Bus Driver; Non-Inverting, Three State Outputs (G, G inputs) 20 
AM25LS242 AM54/74LS242 Quad Bus Transceiver; Inverting 14 
AM25LS243 AM54/74LS243 Quad Bus Transceiver; Non-Inverting 14 
AM25LS244 AM54/74LS244 Octal Bus Driver; Non-Inverting, Three State Outputs 20 
AM25LS251 AM54/74LS251 Eight-Input Multiplexer; Three State Outputs 16 
AM25LS253 AM54/74LS253 Dual Four-Input Multiplexer; Three State Outputs 16 
AM25LS257 AM54/74LS257 Quad Two-Input Multiplexer; Non-Inverting, Three State Outputs 16 
AM25LS258 AM54/74LS258 Quad Two-Input Multiplexer; Inverting, Three State Outputs· 16 
AM25LS273 AM54/74LS273 Octal D-Register; Common Clear 20 

*AM25LS281 * AM54/7 4LS281 Four-Bit Parallel Accumulator 24 
AM25LS299 AM54/74LS299 Eight-Bit Universal Shift Register, Asynchronous Clear 20 

AM54/74LS322 See Am25LS22 20 
AM54/74LS323 See Am25LS23 20 

AM25LS373 AM54/74LS373 Octal Transparent Latch; Three State Outputs 20 
AM25LS374 AM54/7 4LS37 4 Octal D-Register; Three State Outputs 20 
AM25LS377 AM54/74LS377 Octal D-Register; Common Enable 20 
AM25LS378 AM54/74LS378 Six-Bit Register, Common Enable (25LS07) 16 
AM25LS379 AM54/74LS379 Four-Bit Register, Common Enable (25LS08) 16 
AM25LS381 AM54/7 4LS381 Four-Bit ALU/Function Generator (20 pin 25LS181) 20 

* In development. 
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HIGH PERFORMANCE 

LS 

AM25LS399 

AM25LS2513 

AM25LS2516 

AM25LS2517 

AM25LS2518 

AM25LS2519 

AM25LS2520 

AM25LS2521 

* AM25LS2524 

* AM25LS2525 

AM25LS2535 

AM25LS2536 

AM25LS2537 

AM25LS2538 

AM25LS2539 

AM25LS2568 

AM25LS2569 

*in development. 

Am25LS•Am54LSl74LS CROSS REFERENCE GUIDE (Cont.) 

Am54/74LS 
STANDARD 

LS 

AM54/74LS382 

AM54/74LS384 

AM54/74LS385 

AM54/74LS388 

AM54/74LS399 

* AM54/7 4LS533 

* AM54/7 4LS534 
AM54/7 4LS568 

AM54/7 4LS569 

AM54/74LS668 

AM54/7 4LS669 

AM54/7 4LS388 

See Am25LS2517 

See Am25LS14 

See Am25LS15 

See Am25LS2518 

DESCRIPTION 

Four-Bit Register, Multiplexed Inputs (25LS09) 

Inverting version of Am25/54/7 4LS373 

Inverting version of Am25/54/7 4LS37 4 

See Am25LS2568 

See Am25LS2569 

Slow Version of Am25/54/74LS168A 

Slow Version of Am25/54/74LS169A 

Priority Encoder; Three State Outputs, Eight-Line to Three-Line 

Eight-Bit by Eight-Bit Serial/Parallel Multiplier/Accumulator 

Four-Bit ALU/Function Generator; Overtlow Detection 

Quad Register with Standard and Three State Outputs 

Quad Register with Dual Three State Outputs 

Octal D-Register; Common Clear and Enable, Three State Oulputs 

Eight-Bit Comparator 

Registered Comparator 

System Clock Generator and Driver 

Eight-Bit Multiplexer; Control Storage 

Eight-Bit Decoder; Control Storage 

One-of-Ten Decoder; Three State Outputs 

One-of-Eight Decoder; Three State Outputs 

Dual One-of-Four Decoder; Three State Outputs 

BCD Decade Up-Down Counter; Three State Outputs 

Four-Bit Binary Up-Down Counter; Three State Outputs 
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PINS 

20 
16 

20 
16 

16 

20 
20 
20 

20 

16 

16 
20 
40 

20 

16 

20 

22 

20 
20 
20 
20 
20 
20 

20 
20 

20 
20 



DESIGNER'S GUIDE 
TO HIGH PERFORMANCE 

LOW-POWER SCHOTIKY LOGIC 
By David A. Laws and Roy J. Levy. 

1. 
THE NEW STANDARD LOGIC 

Low-power Schottky TTL integrated circuits are now firmly 
established as the standard logic configuration for new high 
performance system designs. They have essentially entirely 
replaced standard "gold-doped" TTL devices in all applications. 
In addition, they have relegated the other logic families to spe
cialized needs where the ultimate in high speed (ECL) or low 
power for battery operated operation (CMOS) is mandatory. 

This wide acceptance has been achieved because LS offered all 
of the important features of the earlier TTL families with two 
significant advantages: 

• LS circuits provide performance equal to that of standard 
TTL at between 20% and 50% of the power requirements. 
As a result, considerable system cost savings have been made 
in bulky power supplies and fans. 

• LS technology allows more complex designs to be fabricated 
on a given die size. A far wider selection of systems oriented 
MSI and LSI functions have therefore been developed in the 
LS family. 

Additional factors in their popularity is that the devices are im
plemented with the same technology, and are therefore totally 
compatible with the LSI bit-slice processors and supporting 
memories which today form the heart of most new high speed 
designs. Users of LS devices have been able to exploit these 
features to improve the performance and enhance the func
tional capability of their systems. In many cases this has been 
achieved at a lower total cost. 

Advanced Micro Devices is a leading supplier of low-power 
Schottky MSI and LSI devices. Two basic families of product 
are offered: 

AM54/74 LS Series 

• Typical tpd 1 Ons/gate at 2mW 
• Typical Register fmax = 40MHz 

Pin for pin and electrical alternate source devices to the 
standard performance LS logic family. 

AM25LS Series 

• Typical tpd 5ns/gate at 2mW 
• Typical Register fmax = 65MHz 

Advanced Micro Devices' proprietary high performance LS 
logic family. This includes both original designs and en
hanced specification versions of the AM54/74LS devices. 
Improvements include twice the fan-out over the military 
temperature range, higher noise margin and faster switching 
speeds. 

The AM25LS improved performance devices are offered by 
Raytheon Semiconductor and identified by 25LS part num· 
bers. Equivalent Fairchild and Motorola 9LS functions will 
come close to meeting AM25LS switctring speeds on certain 
products. 

The AM25LS proprietary designs have been carefully chosen 
to improve operation and reduce the cost of building high 
performance digital systems. A good example is the set of 
AM25LS14, 15 and 22 digital signal processing elements. Fair
child, Motorola and Texas Instruments have announced plans 
to alternate source many of the new Advanced Micro Devices' 
designs. 

Both the Am25LS and the Am54LS/74LS families can be 
freely intermixed. Together with the Am2900 series of bipolar 
microprocessor functions they will satisfy most of the design 
requirements of today's advanced systems. 

THE SCHOTTKY DIODE STRUCTURE 

The major components of switching delays in digital integrated 
circuits are listed in Figure 1. One of the most significant of 
these is the storage time constant of a transistor driven into 
saturation Ts. Standard TTL circuits minimize this parameter 
with a process technique known as gold doping. This increases 
the rate of recombination of charge stored in the base region. 

PARAMETERS DETERMINING FACTORS 

Td R, C 
Tf {3, Cob, Base Drive, Signal Amplitude 
Ts Storage Time Constant of a Saturated 

Transistor 
Tr Cob, Signal Amplitude 

Figure 1. Major Causes of Propagation Delay. 
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The desired result of improved speed is achieved. Unfortunately 

it also reduces available design ~ at low temperatures and is 

marginally effective when hot. This results in lowered perfor

mance over the full military temperature range. 

The development of the Schottky diode provides a more effec

tive solution. A feature of the Schottky diode is its lower 

forward voltage at a given current level compared to a diffused 

(P-N) diode of the same area, Figure 2. Connecting a Schottky 

diode between the base and collector of a transistor, Figure 3, 

will shunt excess base current drive from the base to the col

lector, once the collector drops to a low enough voltage to for

ward bias the Schottky. This prevents the build up of stored 

charge and eliminates the Ts component of the delay. 

10 

10-2 

>-
f- 10-3 u; 
~ 
0 10-4 

i 10-5 
~ 
u 

10-6 

10-7 
0 0.2 0.4 0.6 0.8 

DIODE FORWARD VOLTAGE 

Figure 2. Comparison of VF for Schottky and 

Diffused Diodes. 

\ 
Voe 

vseo ) 

\ ~: Vos 
VsE ) 

-::-

Figure 3. Schottky Clamped Transistor and its 

Conventional Circuit Symbol. 

SUBSTRATE 
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A Schottky diode is formed at a metal to semiconductor junc

tion when the semiconductor doping is at the level normally 

found in the collector region of TTL devices. A Schottky

clamped transistor is constructed by extending the metal con

tact for the base region over the collector as shown in Figure 4. 

The same metallization structure forms a simple ohmic contact 

at the base, collector and emitter contact windows because of 

the higher doping levels in the silicon at these locations. 

The selection of the forward voltage drop across the Schottky 

diode, Vsso. is a compromise between a high value to insure 

a minimum VQL but low enough to prevent charge storage in 

the base. Platinum silicide Schottky diodes provide this op-

timum voltage drop. Platinum is deposited and platinum-

silicide is formed by sintering and annealing. As aluminum has 

a high affinity for silicon, in order to prevent the aluminum 

interconnect metallization from diffusing through the platinum 

material, with resulting lower Vsso. a barrier of tungsten

titanium is evaporated after the platinum and before the alu- E 
minum metallization. This structure has been extensively eval-

uated and proven to have excellent reliability characteristics. 

It is now widely employed in the manufacture of Schottky 

devices. Reliability data is available from Advanced Micro 

Devices on request. 

CHARACTERISTICS OF SCHOTTKY DEVICES 

The primary reason for the development of Schottky devices 

was to improve AC (switching) performance and the first inte

grated circuits to employ this technique offered propagation 

delays as fast as 3ns. However, their fast rise and fall times and 

high power requirements have restricted their application to 

highest performance systems. More recently it was realized 

that the technique could be used to decrease the charging 

current required to achieve the 1 Ons speed specification of 

standard TTL gates. This insures considerably lower operating 

power requirements. The resulting family of devices are known 

as Low-Power Schottky (LS) circuits. 

While the low current characteristics of LS devices are extremely 

important, other features of Schottky devices have contributed 

significantly to improved overall performance; 

• Improved yield can be obtained to higher~ specifications 

which reduces the variation of a.c. performance at low 

tern peratures. 

• Elimination of the marginal effect of gold doping at high 

temperature improves switching speed at the upper end. 

• PNP transistors with useful ~ can now be fabricated. 

Since they reduce input load current requirements, they 

can be employed on inputs where loading is critical. 

Figure 4. Schottky Diode Clamped Transistor Structure. 
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• The shallow epitaxial layers employed (around 3.5µm) 
considerably reduce on chip capacitance and series 
resistance. This is a significant contributor to improved 
speed performance at low-power. 

• Other improvements in general circuit design flexibility 
include improved control over internal waveform ampli
tudes, lower junction leakage currents and location of 
parasitic capacitances at low impedance nodes. 

LOW-POWER SCHOTTKY FAMILIES 

The first application of the low power technology to a com
mercially available product was to redesign the most popular 
elements of the standard, gold-doped 54/74 TTL family in LS. 
This provided a set of functions pin-for-pin and speed com
patible with the earlier TTL parts, but requiring as little as 
20% of the power. The basic gate design for a 54 LS/74 LS 
element is shown in Figure 5. This offers a typical propagation 
delay of 10ns at 2mW power dissipation. Similar improvements 
have been made in power requirements for flip-flops and MSI 
functions. 

Vee 

20ki1 80kfl 

3.0k.H 

Tpo = 10ns (TYP) 
POWER/GATE= 2mW (TYP) 

VoH = 2.7V (MIN.) 
VoL = 0.5V (MAX.) 

12on 

OUTPUT 

Figure 5. Low-Power Schottky "74LS" TTL Gate. 
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This LS family offers many advantages to the system designers 
over the older standard TTL functions. 

• Lower supply currents permit the use of smaller, lower 
cost power supplies. 

• Reduced power dissipation generates less heat and sim
plifies cooling needs and allows increased board packing 
density. 

• Lower on-chip operating temperatures decrease IC failure 
rates, thus improving system reliability. 

• Lower operating currents reduce output spiking, leading 
to a decrease in noise generation and associated system 
problems. 

• As the input load current requirements of Low-Power 
Schottky are only 25% of standard TTL, the new cir
cuits are easier to interface with MOS elements, such as 
memories and microprocessors. 

• Provided input and output loading rules are obeyed, as 
the functions and pin-outs are identical to those of the 
earlier TTL families, it is easy to upgrade existing systems. 

In addition, no retraining of personnel is necessary before pro
ceeding with a new design using these improved circuits as 
most engineers are already familiar with the logic functions 
and capabilities of TTL. 
Later improvements in process technology and design tech
niques have led to what is essentially a second generation of 
LS devices. Generally described as high-performance LS, these 
products maintain the same power requirements as 54LS/ 
74 LS but offer such improvements as: 

• Up to 50% faster speed 
• Improved DC noise margin (50mV at full drive) 
• Twice the fan-out over the military temperature range 

The Advanced Micro Devices' Am25LS Family combines all 
these high-performance features into products which are direct 
replacements for the equivalent Am54 LS/74 LS MSI functions. 

INCREASED FUNCTIONAL COMPLEXITY 

As devices are operating at lower current levels, smaller area 
geometries can be employed. Thus, an LS design can often be 
produced on a smaller die than the equivalent standard TTL 
function. Further, the recent development of composite and 
self-aligning masking techniques allows even further reductions 
in device geometry sizes. These in turn result in faster speeds 
and the ability to manufacture more complex die. 

Lower power dissipation also allows considerably more compo
nents to be incorporated onto a single chip without exceeding 
the recommended chip operating temperature. 

The ability to produce large die at economical prices has im
proved the functional capability and variety of elements avail
able in the LS family compared to standard TTL. Thus, LS 
technology is being used to implement many high-performance 
LSI functions in memory, interface and microprocessor, as 
well as logic families. 

An important feature of all LS families is the new 20-pin Dual 
In-Line Package. This configuration fills the need for a package 
having the number of terminals necessary to accommodate the 
more complex products possible with LS, without the physical 
and cost disadvantages of the older 24-pin outline. 
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The 20-pin DIP has the same 300-mil center to center spacing 

between rows of pins as the popular 16-pin package. It there

fore occupies about one third the board space of the 24-pin 

DIP with only a minor trade-off in functional capability. For 

both user and manufacturer this package is also considerably 

easier and lower cost to handle and test. 

The 20-pin DIP is supplied in molded epoxy and hermetic ce

ramic versions. An hermetic ceramic flat pack is also available 

for military temperature range devices. 

supply and ground, leaves two pins available for control signals. 

Eight-bit devices are ideal for interfacing with popular eight-bit 

fixed instruction set MOS microprocessors. They are also useful 

in micro-programmable machines using bit slice processors im

plemented in multiples of eight-bits. An octal register device 

in a 20-pin package can reduce count by 50% over the two 

quad, or even more wasteful, two hex elements frequently used 
today. 

Functionally the 20-pin configuration is optimum for building 

octal functions. Eight input lines, eight output lines, power 
A significant proportion of new Advanced Micro Devices' LS 

products introduced recently are in the 20-pin package. 

PHYSICAL DIMENSIONS 
20-Pin Package 

Molded Dual-In-Line 

Ceramic Dual-In-Line 

:f f .: : : : : : : : : : I 
--1 I- 0.005 MIN. 

~ I 

~-~;; r- g ~;6 ~ 

~----.0045 pq 
~~~g ~JSEATING PLANE 

0125 j L --.--
1 

3• 0009 015o I v -- 0011 

0050 l--.J_ 0.090 ----11- 0.016 ~I __;JO 
0070 0.110 0.020 

Ceramic Flat Package 

l I gr 
l_ 

10 11 

0.015 J'g 
I 

6:6~~ '"'r~0-.3-3-5 --6:~~~ _____ .., 
l__t~-- 0.370 I I I I I 6:;:~ 

l 
0.005 
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2. D.C. Circuit Characteristics 

CIRCUIT CONFIGURATIONS 

The basic circuit design configuration of a Low-Power Schottky 
gate is similar to that of the original standard TTL elements. 
However, certain refinements have been made to optimize de
vice performance when fabricated with the LS process. 

In order to analyze the circuit configuration, Table 1 shows 
terms used in describing Advanced Micro Devices' LS circuits: 

TABLE 1 
D.C. CIRCUIT PARAMETER DEFINITIONS 

I 1 L The current out of an input at a specified LOW voltage. 
llH The current into an input at a specified HIGH voltage. 
IOL The current into an output when in the LOW state. 
IOH The current out of an output when in the HIGH state 

(pull-up circuit only). 
lsc The current out of an output in the HIGH state when 

shorted to ground. (Also called losl 
Vee The range of supply voltage over which the device is 

guaranteed to operate. 
V1 L The guaranteed maximum input voltage that will be re

cognized by the device as a logic LOW. 
V1H The guaranteed minimum input voltage that will be re

cognized by the device as a logic HIGH. 
VOL The maximum guaranteed logic LOW voltage at the out

put terminal while sinking the specified load current lo L· 
VoH The minimum guaranteed logic HIGH voltage at the out

put terminal when sourcing the specified source current 
IOH· 

c) High Threshold 

DTL 

Threshold@ 25°C 1.0V 

Cin 5.5pF 

ltL 0tR1N 

Input BV >15 

Gate Delay, ns 5+. 5-

Both the input and output structures of the LS devices them
selves have evolved through a number of configurations as 
designers have attempted to optimize circuit performance. 

Depending on the function of the device any one of four com
monly used inputs may be employed. The significant char
acteristics of each of these configurations are summarized in 
Figure 6. 

The first LS designs used the familiar multi-emitter TTL input 
of Figure 6a. However because of low breakdown voltage and 
slow speed it is now used only where the geometry offers a 
significant advantage in circuit mask layout. 

The second and still most widely used structure is the simple 
DTL style input of Figure 6b. This is the fastest version and it 
has good input breakdown voltage. In output functions having 
only a single gate delay between input and output, such as a 
three-state enable input, the low threshold of the DTL confi
guration causes the output node to be at a sufficiently low 
voltage to risk leakage problems at high temperature. The input 
of Figure 6c raises the threshold by one diode to overcome this 
problem (Figure 7). However because it is slower and uses 
more silicon area, its use is limited to special situations. A PNP 
input, Figure 6d, insures low d.c. loading for devices with 
common input/output pins such as the Am25LS23. 'However 
it is slow and has low breakdown voltage, comparable to the 
multi-emitter TTL structure. 

HIGH Vth TTL PNP 

1.4V 1.3V 1.5V 
4.5pF 3.5pF 4.0pF 

0tR1N 0tRtN 0tBPNP 

>15 "'8 "'8 

5+, 6.5- 5.5+, 7.5- 5+, 6.5-

Figure 6. Low-Power Schottky Input Configurations. 
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DTL 
JN PUTS 

l:.lLII I 

IM 
0.1 t-t-125"-l 25°+-.1Ju"'i~• "'r'.+--+--j 

1 D.2 H-tl'.~·~$~~::;p'f::'-t:~IGH VTH 
z ~ INPUTS 

~ 0.3 1-J,m-1--1+-1-+~-\·+-+-1-+--+-+-l--l 

0.4 ~H+--+-+--l-j-+55-0+--+--+--+-+--,_, 

0.5 f-.Lfu+..+-+-+-t-1-t..+-+-+-t-1 

-0.5 0.5 1.0 1.5 2.0 2.5 
V1N (VOLTS) 

Figure 7. LS Input Characteristics for DTL and 
High Threshqld Inputs. 

Figure 8 compares the early LS output configuration with the 
design most frequently used today. The change was made to 
provide clamping of positive ringing and to allow the higher 

lsc currents now specified (see section 3). The typical VoH 
versus IOH curves of Figure 9 are similar for both versions. 

01 

7.6kn 

THREE STATE 

CONNO~~TION -_l __ 
R "'25k.11 -

Early LS output 
configuration (obsolete). 

75Q 

STD 
0/P 

CONNECTION 
R = 4.0kil 

Present LS output 
configuration. 

Figure 8. Low-Power Schottky Output Configurations. 
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~20t--t--t-_,...ct---t----T·-T--t~c--i 

" 2 

1.0 2.0 3.0 4.0 4.5 
VoH (VOL TS} 

Figure 9. Typical VoH Versus loH for Low-Power Schottky. 

This example displays an lsc of approximately 35mA. Note E 
that both of these designs include the "squaring" network 
( R3, R4 and 05) at the base of the output pull down transistor, 
04, which was not included on standard TTL families. The 
result of this is a sharp transition of VoUT with V11J shown in 
Figure 10 for a simple gate function. 

w 
;; 4 

>:; 
0 

~ 3 

ii' 
f-

~ 2 
I 
f
::i 
0 1 
> 

0 

~ Vee~ 5.ov 

~ T25° 

+125J~ ~ -55° 

0 0.5 1.0 1.5 2.0 2.5 
V1N - !NPUT VOLTAGE 

Figure 10. Typical Output Versus Input Voltage 
Characteristic. 

The typical VOL versus IOL output characteristics of LS de· 
vices are shown in Figure 11. Most 74LS functions are specified 

at VOL= 0.4V at IOL = 4mA and 0.5V at BmA. Am25LS are 
specified at 0.45V for IOL = BmA. Some newer designs are 
being guaranteed at lo L of 12mA and 24mA. This curve in· 
dicates that lack of {3 at low temperature will not permit 
existing designs to be guaranteed to these higher values without 
severe yield loss. 

_10t-+-+---t--+--+---t-..,,---t--T-1 

"' ~ Bt-+-+---t--+--+---W-+t- 74LS 

2 

o~~~~~~~~--+-~~ 

0 0.1 0.2 0.3 0.4 0.5 
Vol {VOLTS) 

Figure 11. Typical LS Vol Versus loL Characteristics. 
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TABLE 2 

COMPARISON OF TTL DC PARAMETERS 

54LS/74LS LOW-POWER SCHOTTKY 25LS LOW-POWER SCHOTTKY 
Parameters Conditions Min. Typ. Max. Conditions Min. Typ. Max. Units 

loL = 4.0mA 0.4 loL = 4.0mA 0.4 
Vol v IOL = 8.0mA (COM'L Only) 0.5 IOL = 8.0mA (Mil, COM'L) 0.45 

MIL 2.5 3.4 MIL 2.5 3.4 
VoH IOH = -400µA loH = -440µA v 

COM'L 2.7 3.4 COM'L 2.7 3.4 

MIL 0.7 MIL 0.7 
V1L Logic LOW Logic LOW v 

COM'L 0.8 COM'l 0.8 

V1H Logic HIGH 2.0 logic HIGH 2.0 v 
l1L VIN= 0.4V -0.36 V1N = 0.4V -0.36 mA 

l1H V1N = 2.7V 20 V1N = 2.7V 20 µA 

54S/74S AND 25S SCHOTTKY TTL 

Parameter Condition Min. Typ. 

Vol IOL = 20mA 0.3 
MIL 2.5 3.4 

VoH loH = -1.0mA 
COM'L 2.7 3.4 

V1L Logic LOW 

V1H Logic HIGH 2.0 

l1L V1N = 0.5V 

l1H V1N = 2.7V 

INPUT/OUTPUT LEVELS 

The input thresholds and output logic levels of LS circuits 
have been designed as far as possible to be compatible with 
those of standard TTL. Table 2 shows the guaranteed d.c. 
parameters of the Am54/74LS and second generation Am25LS 
families. Input current requirements (11 H. I 1 Ll and therefore 
output drive needs (loH. loLl are significantly reduced over 
standard TTL. 

A one unit load input current at logic HIGH, l1H. forAm54LS/ 
74LS is 20µA, compared with 40µA for Am54/74 standard 
TTL. Similarly at logic LOW, I 1 Lis reduced to -0.36mA from 
-1.6mA. 

Corresponding reductions in the output drive requirements are 
loL = 4mA vs. 16mA at VoL = 0.4V and IOH = -400µA 
compared to BOOµA. 

FAN-OUT CAPABILITY 

The fan-out capability of a logic family indicates the number 
of inputs which can be driven by a single output. It is defined 
as the maximum output drive current divided by the input cur
rent available. 

Logic HIGH Fan-out= loHll1H 
Logic LOW fan-out= loLll 1 L 

STANDARD TTL 

Max. Condition Min. Typ. Max. Units 
0.5 loL = 16mA 0.2 0.4 Volts 

loH = -300µA 2.4 3.4 Volts 

0.8 Logic LOW 0.8 Volts 
Logic HIGH 2.0 Volts 

-2.0 V1N = 0.4V -1.6 mA 
50 V1N = 2.4V 40 µA 
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Table 3 shows the fan-out capabilities of typical functions 
from the three families. The lower current operating levels of 
LS devices allow them to be specified at a logic _LOW fan-out 
over the commercial range of more than twice that of standard 
TTL (22 vs. 10). The Am25LS family allows this advantage to 
be extended to the military range. 

D.C. NOISE MARGIN 

The D. C. noise margins of a digital system are defined from 
Figure 12 as follows: 

Logic HIGH Noise Margin= VOH1 - V1H2 
Logic LOW Noise Margin= V1 L2 - Vou 

These parameters for LS devices are shown in Table 2. LS has 
a minimum logic HIGH output voltage of VOH = 2.5V for 
military and 2.7V for the commercial temperature range. For 
standard TTL, VoH is 2.4V. V1H is 2.0V for both families. 

Table 3 compares the guaranteed noise margin values for the 
standard TTL and LS devices. LS devices offer improved mar
gin over standard TTL in the logic HIGH state, which is the 
most critical with regard to noise generation. At a similar fan
out, 10 for standard TTL and 11 for LS, noise margins in the 
LOW state are the same over the commercial range. 



TABLE 3 
FAN-OUT AND NOISE MARGIN 

COMPARISON OF TTL AND LS FAMILIES. 

a) LOGIC "HIGH" STATE 

INPUT OUTPUT FAN-OUT NOISE MARGIN 
FAMILY CURRENT CURRENT 

llH IOH MILITARY COMMERCIAL MILITARY COMMERCIAL 

54/74 40µA -BOOµA 20 20 400mV 400mV 

54LS/74LS 20µA --400µA 20 20 500mV 700mV 

25LS 20µA -440µA 22 22 500mV 700mV 

b) LOGIC "LOW" STATE 

INPUT OUTPUT FAN-OUT NOISE MARGIN 
FAMILY CURRENT CURRENT 

l1L IOL MILITARY 

54/74 -1.6mA 16mA 10 

54LS/74LS 
-0.36mA 4mA 11 

BmA No Spec. 

-0.36mA 4mA 11 
25LS 

BmA 22 

Military LS devices have a lOOmV lower noise margin in the 
LOW state than standard TTL. In most systems, this does not 
present a problem as the lower power supply currents being 
switched with LS generally result in lower system noise gen
eration. 

The logic levels guaranteed over the operating temperature 
ranges are of course worst case. Figures 13 and 14 show the 
typical values to be considerably better than these. 

Am25LS D.C. FEATURES 

The D.C. advantages offered by second generation Am25LS 
over 54/74LS devices can be seen from Table 3 as: 

1. In the logic LOW state at a fan-out of 22 (8mA), Am25LS 
has 50mV greater noise margin (350mV vs. 300mV). 

2. Am25LS products are guaranteed at a fan-out of 22 (8mA) 
over the military range. Am54LS is specified at fan-out of 
10 (4mA) only. 

3. Am25LS offers a symmetrical fan-out of 22 in both logic 
HIGH and logic LOW states, allowing full use of the logic 
LOW drive capability. 

TRANSITION 
REGION 

Figure 13. LS Logic "O" Noise Margin. 
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COMMERCIAL MILITARY 

10 400mV 

11 300mV 

22 No Spec. 

11 300mV 

22 250mV 

DRIVING DEVICE 

MINIMUM LOGIC 
"HIGH" OUTPUT 

3.0 VOLTAGE 

2.8 COM'L VoH1 

2.6 MIL 

2.41=::::::::::::===:: 

2.2 

2.0 

1.B 

1.6 

1.4 

1.2 

1.0 

3·STATE COM'L OR Mil 

NOISE 
IMMUNITY 

(HIGH LEVEL) 

MAXIMUM LOGIC 

~:: "L~~~~~g;ur v~J1s~if-
0.4 t------- NOISE 

0.2 IMMUNITY 
{LOW LEVEL) 

0.0 '--------

DRIVING 
DEVICE 

COMMERCIAL 

400mV 

400mV 

300mV 

400mV 

350mV 

DRIVEN DEVICE 

MINIMUM,LOGIC 
"HIGH" INPUT 

VOLTAGE 

MAXIMUM LOGIC 
"LOW" INPUT 

VOLTAGE 

DRIVEN 
DEVICE 

Figure 12. Input/Output Voltage Interface Conditions. 
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TA l°CI 

Figure 14. LS Logic "1" Noise Margin. 
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3. A.C. Characteristics 

INTRODUCTION 

Many Low-Power Schottky functions have been designed spe
cifically to replace standard TTL elements in existing system 
designs. Their A.C. performance characteristics usually meet 
or exceed the limits of the earlier devices. The switching terms 
which are used on data sheets to describe the A.C. performance 
of these designs are summarized in Table 4. The more impor
tant parameters are discussed in detail in this section. 

TABLE4 
DEFINITION OF SWITCHING TERMS 

(All switching times are measured at the 1.3V logic level unless 
otherwise noted.) 

fMAX The highest operating clock frequency. 
tPLH The propagation delay time from an input change to an 

output LOW-to-HIGH transition. 
tPH L The propagation delay time from an input change to an 

output HIGH-to-LOW transition. 
tpw Pulse width. The time between the leading and trailing 

edges of a pulse, measured at the 50% points. 
tr Rise time. The time required for a signal to change from 

10% to 90% of its measured values. 
tf Fall time. The time required fora signal to change from 

90% to 10% of its measured values. 
ts Set-up time. The time interval for which a signal must 

be applied and maintained at one input terminal before 
an active transition occurs at another input terminal. 

th Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs 
at another input terminal. 

tR ReJease time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release 
time falls within the set-up time interval and is specified 
by some manufacturers as a negative hold time). 

tHZ HIGH to disable. The delay time from a control input 
also change to the three-state output HIGH-level to high-
tPHZ impedance transition (measured at 0.5V change). 

tLz LOW to disable. The delay time from a control input 
also change to the three-state output LOW-level to high-
tPLZ impedance transition (measured at 0.5V change). 

tzH Enable HIGH. The delay time from a control input 
also change to the three-state output high-impedance to 
tpzH HIGH-level transition. 

tzL 
also 
tPZL 

Enable LOW. The delay time from a control input 
change to the three-state output high-impedance to 
LOW-level transition. 

PROPAGATION DELAYS 

The standard designations for delays through combinatorial 
logic networks are tPHL and tPLH· A delay from an input 
change to an output going LOW is called tpH L. while tPLH 
is the delay from an input change to an output going HIGH. 
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Figure 15 shows a typical waveform with the output changing 
during the interval indicated by the diagonal, sloping line. 
Note that all switching times shown are measured at the 1.3 
volt logic level. 

SAME PHASE f------t--- ~.:V 
INPUTTRANSITIO~='__L__I 1-~tPHL OV 

~ ==--VoH 
OUTPUT ------ -1.3V 

1PLH? i±'PHL Vol 

OPPOSJT_E_P-HA_S_E --,~ JL 3
V 

INPUTTRANSITION- f\.------/1--- ~:V 

Figure 15. Propagation Delay. 

Typical values for a single gate propagation delay tpH Lin Low
Power Schottky functions are 8-10ns into a 15pF load. Higher 
performance LS families, such as Am25LS, exhibit delays in 
the 4 - 6ns range. These propagation delays will increase by1 

2 - 4ns at an output loading of 50pF or approximately 0.1 ns 
per pF. See Figure 16. 

26 IS 
24 !\ 

-40 40 80 120 160 
TAl°C) 

Figure 16- Am25LS138 Typical Propagation Delays 
Address to Output (3 Levels). 

Table 5 shows the worst case delays through typical two and 
three deep gate MSI functions such as multiplexers and de
coders. Speed improvements attainable with the Am25LS 
higher performance LS devices at this level of complexity are 
shown to be in the range of 20 to 40%. Guaranteed delays into 
50pF loads are being specified on all new Am25LS data sheets. 
See Table 8. 
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TABLE 5 
COMPARISON OF AC PARAMETERS (TA= +25°C) 

LS138 3-Line to 8-Line Decoder/Demultiplexer Am25LS138 Am54LS138 
Am74LS138 

Parameters Description Test Conditions Min. Max. Min. Max. Units 

tPLH Two Level Delay 15 20 
ns 

tPHL Select to Output 21 41 

tPLH Three Level Delay 23 27 
ns 

Select to Output 39 tPHL 27 

tPLH 
Vee= 5.0V, RL = 2k!1, CL= 15pF 

15 18 
G2A or G2B to Output ns 

tPHL 23 32 

tPLH 18 26 
G1 to Output ns 

tPHL 27 38 

LS158 Quadruple 2-Line to 1-Line Data Selectors/Multiplexers Am25LS158 Am54LS158 
Am74LS158 

Parameters Description Test Conditions Min. Max. Min. Max. Units 

tPLH Data to Output 
9 12 

ns 
tPHL 11 12 

tPLH Strobe to 0 utput Vee= 5.0V, RL = 2k!1, CL= 15pF 
12 17 

ns 
tPHL 18 

tPLH 
Select to Output 

tPHL 

EDGE RATES 

The rise and fall times of Low-Power Schottky devices are sim
ilar to those of standard TTL. Into a 50pF load fall time, tf, is 
typically 6-Bns, while rise time, tr, is in the 9-12ns range. A.C. 
parameters are measured at tf.;;; 6ns and tr.;;; 15ns. 

As with standard TTL, careful P.C. board layout rules should 
be employed to avoid problems which can occur at these rela
tively fast edge rates. In particular, precautions should be taken 
to insure that transmission line effects do not cause false 
switching or ringing and oscillation problems on lines longer 
than 18 inches. See Section 4 for more information. 

SEQUENTIAL DEVICES 

Set,up time, ts, hold time, th. and release time, tR, are the 
most important parameters for specifying sequential elements 
such as latches, flip-flops and registers. 

For these synchronous devices, inputs must be stable for a cer
tain period of time before the clock or enable pulse. This inter
val is the region in time during which devices are "sampling" 
their inputs. As an example, consider a latch with a D input 
and an active LOW clock. The latch will store the information 
present on its input just before the clock goes HIGH. The ques
tion is, how long does the input level have to be present and 
stable before the clock goes HIGH? A particular device will 
"sample" its input at some exact instant, but in a group of de
vices some are slower than others. The result is an interval of 
some time called set-up time during which all devices, fast or 
slow, will "sample" their inputs. 

All devices exhibit a hold time. That is a period of time after 
the clock or enable pulse transition during which the data can
riot be changed without loss of input intelligence. This hold 
time occurs after the clock goes HIGH. Figure 17 shows the 
input requirements and definitions for data entry. Release 
time is negative hold time or the time period prior to the clock 
input after which the data can be released. Typical examples 
of LS· characteristics and the improvements attainable with 
high performance Am25LS sequential devices are shown in 
Table 6. 

2-15 

17 
20 20 

ns 
21 24 

Notes: 1. Diagram shown for HIGH data only. Output transition 

may be opposite sense. 
2. Cross hatched area is don't care condition. 

Figure 17. Set-up, Hold, and Release Time Definitions. 

fMAX. 

A frequently misunderstood parameter on data sheets is 
maximum clock frequency fMAX· This was defined by the 
early TTL manufacturers as the maximum toggle frequency 
which can be attained by the device under ideal conditions 
with no constraints on tr. tf, pulse width, or duty cycle. Al
though fMAX as specified cannot usually be attained in an 
operating system, it is a relatively easy parameter to test and 
provides a convenient measure of comparative performance 
b.etween different devices. For instance, Table 6 shows the 
Am54/74LS174 at fMAX = 30MHz (min.) while the high-per
formance Am25LS is specified at 40MHz (min.). Actual toggle 
frequency in a system must be determined from the specific 
signal conditions presented to the device. 
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TABLE 6 
SWITCHING CHARACTERISTICS (TA= 25°C) 

LS174/LS175 Hex/Quadruple D-Type Flip-Flops with Clear 

Parameters Description Test Conditions 
tPLH 

Clock to Output 
tPHL 

tPLH Clear to 0 Output, LS175 only 

tPHL Clear to Output 

Clock 

Am25LS174 
Am25LS175 

Min, Max 
23 

22 

25 

35 

17 

Am54LS174 
Am54LS175 
Am74LS174 
Am74LS175 

Min. Max. 
30 

35 

25 

35 

20 

Units 

ns 

ns 

l tpw Pulse Width 
Vee= 5.0V, RL = 2k!1, CL= 15pF 

ns 
Clear 20 20 

t, Data Set-up Time 

t, 
Set-up Time Clear Recovery (in-active) 
to Clock 

th Data Hold Time 

fMAX. Maximum Clock Frequency 

EFFECTS OF TEMPERATURE AND POWER 
SUPPLY VARIATIONS 

Standard TTL devices exhibit severe degradation in A.C. per
formance towards the recommended limits of the operating 
temperature and power supply voltage ranges. 

At elevated temperature and/or high Vee levels, charge storage 
begins to slow down A.G. response. At the other extreme, low 
temperature and/or low Vee. the loss of ~ causes a similar 
problem. These combined effects can cause more than 50% de
gradation in performance over the full military temperature 
and power supply extremes. 

As noted in Section 1, Low-Power Schottky technology re
duces the impact of both of these effects on performance. ~ 
degradation at cold temperatures is far less severe and Schott
ky clamping largely eliminates the effects of charge storage at 
high temperature. 

General guidelines for variation in the AC response over tem
perature and power supply variations are not easy to specify. 
Typical measured variations for a combinatorial and a sequen
tial device are shown in Figures 16 and 18. 

The system's designer would like a factor which will allow his 
system to meet specification with minimum design overkill. 
However, the component engineer often requires maximum 
delays to be guaranteed. For system design guidelines, the AC 
derating factors of Table 7 may be useful. 

It must be emphasized that the values of Table 7 are typical. 
However as it is unlikely that any given system will contain all 
worst case devices they will usually yield a fairly safe prediction 
of the system performance which can be ·achieved. 

Individual components will of course be slower than these 
typical numbers. These must be reflected on procurement 
specifications. A general rule of thumb would be to double the 
system design guidelines of Table 7. New Am25LS specifica
tions are now being published with worst case parameters 
guaranteed over the operating power supply and temperature 
ranges, as well as at a realistic system load condition of 50pF. 
A typical example of this format is shown in Table 8. 

SHORT CIRCUIT OUTPUT CURRENT 

To improve performance, in 1975 Tl lowered the short-circuit 
current I imiting resistor value. This increased the lsc ( IQS) 
range from ---6 to ---42mA up to ---30 to ---130mA. The overall 
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Figure 18. Typical A.C. Variations with Temperature and 
Power Supply for Am25LS193 Counter. 

TABLE 7 
GUIDELINES FOR TYPICAL VARIATION 
OF A.C. PARAMETERS WITH COMBINED 
TEMPERATURE AND Vee VARIATION 

Vee AC Derating Factor Variation 
Temperature Range (Nominal 5V) System Component 

COM'L, 0°C to +70°C None 5% 10% 

COM'L, 0°C to +70°C ±0.25V 15% 30% 

MIL, ---55°C to +125°C None 15% 30% 

MIL, -55°C to +125°C ±0.5V 25% 50% 



delay when driving very large capacitive loads (>150pF) was 
reduced somewhat as a result. However, the inherent circuit 
performance still dominates in normal applications such that 
the Am25LS and other high performance families remain 
faster even when driving large capacitive loads. 

As an attempt to offer standardized specifications, most 
manufacturers, including Advanced Micro Devices, Fairchild, 
Motorola, Raytheon, and Signetics, also lowered their short
circuit current limiting resistor values on new designs to pro-
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vide a typical lse of -60mA. Most manufacturers now specify 

-15 to -100mA to accommodate both old and new circuits. 
The maximum value of -100mA was chosen, as -130mA was 

felt to be too high for a noise sensitive system design. The 
Am25LS high performance family is specified even tighter, 

with the maximum lse limited to -85mA. 

Early in 1977 Tl changed their data sheets yet again to specify 

lse from -20mA to -100mA on regular outputs and -30mA 
to -130mA on three-state outputs. 

TABLE 8 
Am25LS2513 THREE-STATE PRIORITY ENCODER 

A.C. SPECIFICATION FORMAT FOR Vee AND TEMPERATURE 
EXTREMES AND 50pF LOAD CONDITION 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

tPLH 
T; to An (In-phase) 

tPHL 
tPLH 

T; to An (Out-phase) 
tPHL 

tPLH 
T; to EO 

tPHL 
tpLH 

Et to EO 
tPHL 

tPLH 

tPHL 
ET to An 

tzH 

tzL 
G1 or G2 to An 

tzH 
G3, G4, G5 to An 

tzL 

tHz 

tLz 
G1 or G2 to An 

tHz 
tLz 

G3, G4, G5 to An 

SWITCHING CHARACTERISTICS 

Test Conditions Min. 

CL= 15pF 
RL = 2.0kn 

CL= 5.0pF 
RL = 2.0kn 

Am25LS eOM'L 

Typ. Max. 

17 25 

17 25 

11 17 

12 18 

7.0 11 

24 36 
11 17 

23 34 

12 18 

14 21 

23 40 

20 37 

20 30 

18 27 
17 27 

19 28 

16 24 

18 27 

Am25LSMIL 

OVER OPERATING RANGE 
TA= 0°e to +70°e TA= -55°e to +125°e 
Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Test Conditions Min. Max. Min. Max. 

tPLH T; to An (In-phase) 31 37 

tPHL 30 34 

tPLH T; to An (Out·phase) 
22 27 

tPHL 22 25 

tPLH 
T; to EO 

15 18 

tPHL 48 60 

tPLH 
Et to EO 

CL= 50pF 19 21 
RL = 2.0kn tPHL 46 57 

tPLH 
Et to An 

22 25 

tPHL 27 32 

tzH 42 49 
G1 or G2 to An 

tzL 43 49 

tzH 
G3, G4, Gs to An 

36 43 

tzL 35 43 

tHz 34 40 
G1 or G2 to An 

tLz CL= 5.0pF 34 40 

tHz 
G3, G4, G5 to An 

RL =2.0kn 30 35 

tLz 31 35 
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4. Design Guidelines 

POWER SUPPLY CONSIDERATIONS 

The recommended power supply voltage (Vee) for all TTL 
circuits, including LS, is +5V. Commercial temperature range 
devices, designated 74LS or in the case of Am25LS with the 
suffix C, are specified with a ±5% supply tolerance (±250mV) 
over the ambient range 0°C to 70°C. Military range parts, des
ignated 54LS or in the case of Am25LS with the suffix M, are 
guaranteed with a ±10% supply tolerance (±500mV) over an 
ambient temperature range of -55°e to +125°e. The power 
supply should be well regulated with a ripple less than 5% and 
with regulation better than 5%. Even though LS devices gener
ate significantly smaller power supply spikes when switching 
than standard TTL, on-board regulation is still preferable to 
isolate this noise to one board. 

A low-inductance transmission line power distribution bus 
with good RF decoupling is necessary for large systems. On 
all boards, ceramic decoupling capacitors of 0.01µF to 0.1µF 
should be used at least one for every five packages, and one for 
every one-shot (monostable), line driver and line receiver pack
age. In addition, a larger tantalum capacitor of 20µF to 100µF 
should be included on each card. On boards containing a large 
number of packages, a low impedance ground system is essen
tial. The ground can either be a bus or a ground which is incor
porated with the Vee supply to form a transmission line power 
system. Separate power transmission systems can be attached 
to the board to provide this same feature without the cost of a 
multi-layer PC card. 

UNUSED INPUTS 

An unused input to an AND or NAND gate should not be left 
floating as it can act as an antenna for noise. On devices with 
storage, such as latches, registers and counters, it is particu
larly important to terminate unused inputs (MR, PE, PL, CP) 
properly since a noise spike on these inputs might change the 
contents of the memory. This technique optimizes switching 
speed as the distributed capacitance associated with the float
ing input, bond wire and package leads is eliminated. Toter
minate, the input should be held between 2.4V and the max
imum input voltage. One method of achieving this is to con
nect the unused input to Vee. Most LS inputs have a break
down voltage >7V and require no series resistor. Devices spe
cified with a maximum 5.5 volt breakdown should use a 1 k.11 
to 10k.11 current limiting series resistor to protect against Vee 
transients. Another method is to connect the unused input to 
the output of an unused gate that is forced HIGH. Do not con
nect an unused input to another input of the same NAND or 
AND function. Although recommended for standard TTL, with 
LS this increases the input coupling capacitance and reduces 
A.C. noise immunity. 

TRANSMISSION LINE EFFECTS 

The relatively fast rise and fall times of Low-Power Schottky 
TTL (5 to 15ns) can cause transmission line effects wittt inter
connections as short as 18 inches. With one TTL device driving 
another and the driver switching from LOW to HIGH, if the 
propagation delay of the interconnection is long compared to 
the signal rise time, the arrangement can behave like a trans
mission line driven by a generator with a non-linear output. 
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The initial voltage step at the output, just after the driver has 
switched, propagates down the line and reflects at the end. In 
the typical case where the line is open ended or terminated in 
an impedance greater than its characteristics impedance (ZoL), 
the reflected wave arrives back at the source and increases 
VouT. If the total round-trip delay is longer than the rise time 
of the driving signal, a staircase response results at the driver 
output and along the line. If one of the driven devices is con
nected close to the driver, the initial output voltage (VouTl 
seen by it might not exceed VIH· The state of the input is un
determined until after the round trip of the transmission line, 
thus slowing down the response of the system. 

The longest interconnection that should be used with LS de
vices without incurring problems due to line effects is in the 
10-12 inch range. 

With longer interconnections, transmission line techniques 
should be used for .maximum speed. Good system operation 
can be obtained by designing around 100 ohm lines. A 0.026 
inch (0.65mm) trace on a 0.062 inch epoxy-glass board 
(Er = 4.7) with a ground plane on the other side represents a 
100.11 line. 28 to 30 gauge wire (0.25 to 0.30mm) twisted pair 
line has a characteristic impedance of 100 to 115.11. 

LINE DRIVING AND RECEIVING 

For lines longer than 2 feet, twisted pairs of coaxial cable 
should be used. The characteristic impedance or the transmis
sion media should be approximately 120.11 such as twisted pairs 
of #26 wire or 100!1 coax. A possible choice is cables with a 
characteristic impedance R0 of 100!1 such as ribbon cable or 
flat cable with controlled impedance. Resistive pull-ups at the 
receiving end can be used to increase noise margin. Where re
flection effects are unacceptable, the line must be terminated 
in its characteristic impedance. A method shown in Figure 19 

Ro"" CHARACTERISTIC 
IMPEDANCE OF LINE 

ENABLE 

RA~Rg~2zo 

RA= Zo 

STROBE 

Figure 19. LS Driving Twisted Pair. 



has the output of the line tied to Vee through a resistor equiv
alent to the characteristic impedance of the line. As the output 
impedance of the LS driver is low and must sink the current 
through it, in addition to the current from the inputs being 
driven, a useful technique is to terminate the line in a voltage 
divider with two resistors, each twice the line impedance. This 
reduces the extra sink current by 50%. Where the line exceeds 
five feet in length it is preferable to dedicate gates solely to 
line drivi.ng. 

For additional noise immunity when driving long lines, a dif
ferential line driver and line receiver may be used. These dedi
cated line interface circuits drive a twisted pair of wires differ
entially, permit easy termination of lines and provide excellent 
common mode noise rejection. 

The Am26LS31 driver and Am26LS32 and Am26LS33 are 
quad differential line drivers and receivers satisfying the inter
face requirements of EIA RS-422 and 423 as well as military 
applications, Figure 20. They are designed to operate off the 
standard 5V power supplies of the LS logic devices. More 
applications information on line termination techniques is 
provided on the above mentioned device data sheets. 

CROSS-TALK AND RINGING 

These two problems may be experienced with all forms of high 
speed digital logic. Crosstalk is the coupling of energy from 
one circuit to another via real or parasitic capacitance and in
ductance. Ringing is the possible rebound of the signal into the 

DATA 
INPUT 

DATA 
OUT 

input threshold region (0.8 - 2.0V) following a HIGH-to-LOW 
level change. When a driver switches from a HIGH-to-LOW 
state the output voltage should tall below the threshold value. 
However, a line having a very low characteristic impedance 
does not allow transistor 05 in the NANO gate example to sat
urate, and the resulting output voltage may not be low enough 
to switch an adjacent device until two or more line delay times. 

The low current levels at which LS devices operate, coupled 
with the low output impedance in both HIGH and LOW Logic 
states, minimize crosstalk effects. Input clamp diodes provided 
on all LS devices are extremely effective in reducing ringing 
phenomenon. 

Care should be taken to insure that signals with tailing edges 
faster than 2.5-3ns/volt are not coupled into the input of an 
LS function. Even though the signal may not pass into the 
threshold region, it the pulse edge is fast enough, sufficient 
energy may be capacitively coupled into a sequential device to 2 cause it to change state: High speed Schottky elements in a 
test setup can exceed this limit. However in an active system, 
the edges will generally be slowed sufficiently to eliminate any 
problem. 

DATA 
OUT 

DATA 
OUT 

SHIELD OR COMMON GROUND RETURN 

Figure 20. Differential Line Driving and Receiving with the Am26LS31 and Am26LS32. 
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RELIABILITY REPORT 
SCHOTTKY AND LOW-POWER 

SCHOTTKY TTL DEVICES 
By Lawrence Drake and Jeff Kersey 

RELIABILITY TESTING OF SCHOTTKY DEVICES 

Reliability testing of AMO TTL devices using gold-doped and 
Schottky (S and LS) processes shows both technologies to be 
extremely stable. Life test data (MI L-STD-883, Method 1005 
for Group C, subgroup 5 testing 1000 hours, 125° C Operating 
Life) for 3610 parts yielded two failures - one slightly out 
of specification at 25°C only, the other suspected to have been 
damaged by handling. Even considering the two failures, the 
failure rate is only 0.05% per thousand hours at 125° C or 
0.0005% per thousand equivalent at 70°C (1 e v acceleration 
activation energy). Three lots (231 parts) were Schottky TTL 
devices. 

The basic design reliability of Schottky technology has been 
demonstrated in an extended life test on special circuit patterns 
devised so that individual circuit elements could be measured. 
Two groups of 22 of these special test patterns were stressed as 
indicated in Table 1 at 125°C. Change in the parameters were 
recorded at 11,000 hours for Group I and 10,000 hours for 
Group 11 and are presented in Tables 11 and 111. No device 
failures occured during these tests and no significant drifts or 
trends are evident. Several leakage parameters (I 1 H, ICEO, ILK) 
have high percentage changes but the absolute values are in the 
nanoamp range and approach the measurement systems re
solution limit. Decreases as well as increases in these currents 
occurred so trends are not indicated. 

Several devices (74LS174, 74LS175 and 25LS161) were 
checked for parameter drift during 1000 hour Life Tests at 
125°C using a MIL-STD-883, Method 1005, Condition C 
(Steady-State, Power and Reverse Bias) circuit. As can be seen 
from Tables IV, V and VI, no significant change occurred; 
again no device failures in any of these tests. The tests for the 
74LS174's and 74LS175 contained 4 reference or control 
units, not subjected to the test, but included in the pre and 
post-test measurements. In most instances the test parts para
meter shift was within measurement spread for the control 
units. 

Several Group C tests as previously mentioned have been run 
on Schottky devices. These tests as well as the ones previously 
discussed are presented in Table V 11. 

FAILURE MECHANISM OF TTL MSl/LSI CIRCUITS 

Standard TTL circuits: AMD's experience as well as that of 
the Military as reported in RADC Reports and other sources 
indicate that bond lead wire and package defects account for 
more than half of device failures. Diffusion and other bulk 
defect, oxide faults, metallization damage and other die fabri
cation anomalies cause 10 to 15% of failures. Surface problems 
contribute 20 to 40%. Die fabrication problems do cause some 
yield loss but are not time-stress dependent failure mechanisms. 
Thus assembly anomalies and surface effects are the usual life 
limiting items. 
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Schottky/LS Circuits: Schottky diodes made by a simple 
metal-semiconductor contact have a reverse characteristic 
that is predominantly edge leakage, Figure 1a. Most Schottky 
diodes have superimposed on them an annular diffused junc
tion diode of a higher breakdown than that expected of the 
Schottky diode. This "guard ring" allows the Schottky diode 
to avalanche breakdown as expected by theory, Figure 1 b. In 
addition non-guard ring Schottky diodes suffer degradation of 
the reverse leakage characteristics if biased into breakdown 
repeatly; for this reason our devices are designed so that no 
user accessible non-guard ring Schottky diodes exist. Other 
than this anticipated potential problem corrected by design 
there appear to be no distinct Schottky failure mechanisms in 
non-aluminum contact Schottky devices. 

SCHOTTKY PROCESSING DETAILS 

Processing of Schottky devices is identical to that of TTL 
devices, with the exception of the gold doping steps, to the 
point where contact openings have been etched. Following the 
contact etch, platinum is sputtered to form a uniform deposi
tion across the surface of the wafer. This is followed by a high
temperature sinter to form platinum silicide in each contact 
window. All unreacted platinum is stripped with an etchant 
not active on the platinum silicide. Platinum silicide remains in 
the contact windows and no photomasking was involved, just a 
selective etch. 

The next step is the deposition of the titanium tungsten barrier 
material followed by the aluminum layer. Both layers are then 
etched to delineate the circuit intra-connect pattern using stan
dard photomasking techniques. 

The entire process seems complicated at first glance because of 
the three-layer structure that results, but each layer serves a 
definite purpose. 

Platinum silicide forms the actual Schottky barrier junction and 
produces a reliable diode with stable and predictable character
istics. Platinum could conceivably be used as the current carry
ing intra-connect metallization but there is no platinum etch 
compatible with current photomasking materials. 

Tungsten is required to prevent the diffusion of aluminum into 
the platinum silicide junction; however, tungsten alone has a 
tendency to peel because of poor adherence to the Si02. The 
addition of titanium solves the adhesion problem and the re
sulting composite material has etch characteristics similar to 
aluminum so that only one photomasking and etch operation 
is necessary to define the intra-connects, rather than separate 
operations for Ti-W and A 1. 

Surface passivation and scratch protection is applied and etched 
in exactly the same manner as those devices using aluminum 
metallization only. 

Extensive life test data on this structure proves that it is a re
peatable, stable, and reliable process. 



COMMENTS 

Data has been presented from an ongoing reliability program 
for Schottky devices. No device failures have occurred in nearly 
one-half million unit hours of life testing at 125°C. Current 
data from various sources indicate that I e v is a conservative 
value for activation energy in calculating acceleration factors. 

a) Discrete Schottky Diode. 

bl Discrete Schottky 
"Guard-Ring" Diode. 

Reliability Report 

Using this value and a Poisson distribution an equivalent 70°C 
failure rate of no worse than 0.001 % per thousand hours is 
estimated at a 90% confidence. 

N EPI 

Schottky and LS integrated circuits provide improved perfor
mance over standard gold-doped TTL devices at the same high 
reliability experienced with these non-Schottky parts. 

SUBSTRATE 

c) Schottky Clamped Transistor. 

Figure 1. Schottky Device Construction. 
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Reliability Report 

TABLE I 
LIFE TEST BIAS CONDITIONS 

Standard Gate Gate ON 
Schottky-clamped 2-input TTL Output open 
NANO gate Vee= 5.ov 

Phase-Splitter Geometry Is= lmA 
1.0 mil emitter, non-guard ring le= 5mA 
Schottky clamp diode Emitter= GND 

Output Geometry Is =4mA 
4.5 mil emitter, guard-ring Schottky le= 20mA 
clamp diode Emitter= GND 

Resistors 
600.Q base resistor in series with a IR= 7.8mA 
40.Q emitter resistor. 

Schottky Diode 
0.5 mil x 3.0 mil, non-guard ring 10 = 10mA 
structure 

Meta II ization Run 
0.2 mil by approximately 60 mil I= 10mA 

Ambient Temperature 125°e 

TABLE II 
TEST PATTERN GROUP I 

11,000 HR DATA SUMMARY 

Average % 
Initial Average Average 

Structure Parameter Value !Delta! Delta 

Vos .179V H 1.1mV .61 

Standard VoL .398V (-) 8.3mV 2.1 

Gate VoH 2.954V (+) 6.3mV .21 

l1H .317µA (+) .34µA 107.0 

Vsc .626V (+) 5.0mV .8 

Phase- VsE .827V (+) 1.4mV .17 

Splitter VsAT .518V (+) 1.7mV .33 

Geometry hFE 58.00 (-) 3.2 5.5 

lcEO .04µA .03µA 83.0 

Vsc .621V (+) 2.1mV .34 

VsE .848V (+) 2.0mV .24 
Output 

VsAT .345V 3.4mV .99 Geometry 
hFE 66.00 1-1 1.3 1.97 

lcEO .025µA (-) .023µA 92.0 

Resistors v .527V (+) 4.7mV .89 

Vsso@ 100µA .398V (+) 8.0V 2.0 

Schottky Vsso@ 1omA .630V (+) 3.0mV .48 

Diode ILK .08µA (-) .06µA 79.0 

VsR 24.5V (+) 1.56V 6.4 

Metal Run v 117.0mV (+)42mV 35.9 
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Test 

No. 

101 

141 

143 

144 

200 

202 

204 

205 

206 

300 

302 

Structure 

Standard 

Gate 

Phase-

Splilter 

Geometry 

Output 
Geometry 

Resistors 

Schottky 

Diode 

Metal Run 

Parameter 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current@ 2.7V 

Input HIGH Current@ 7.0V 

Output HIGH Voltage 

Output Short-Circuit Current 

Output Leakage Current 

Output LOW Voltage at loL ~ 3mA 

Output LOW Voltage at loL ~ 4mA 

TABLE Ill 

TEST PATTERN GROUP II 

10,000 HR DATA SUMMARY 

Average 
Initial Average 

Parameter Value IDeltal 

Vos .249V (+) 2.3mV 

Vol .489V 1.7mV 

VoH 2.958V 3.6mV 

l1H .114µA (+) .09µA 

Vsc .563V (-) 2.0mV 

VBE .841V (+) 2.5mV 

VsAT .718V 1.4mV 

hFE 28.4 .2 

lcEO .298µA H .3µA 

Vsc .551V (+) 4.5mV 

VBE .849V (+) 1.9mV 

VsAT .432V 1.1mV 

hFE 62.0 .5 

lcEO 2.03µA (-) .32µA 

v .562V 1-1 2.4mV 

"'sso@ 100µA .328V (+) 2.1mV 

Vsso@ 10mA .566V (+) 3.0mV 

ILK .09µA .09µV 

VsR 24.9V 97mV 

v 124.0mV 6.4mV 

TABLE IV 

1000 HOUR LIFE TEST DATA 

FOR Am25LS161 

Limit Initial Value 

Min. Max. Min. Typ. 

-1.5 -.822 -.839 

-800 -493 -576 

40 0 0 

200 0 0 

2.5 3.04 3.07 

-15 -85 -32.0 -35.9 

- - 0 0 

0.4 .271 .295 

0.45 .223 .242 
--

Power-Supply Current, all Outputs HIGH 3;---1 18.0 21.2 

Power-Supply Current, all Outputs LOW 32 19.5 22.9 
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% 
Average 

Delta 

.92 

.35 

.12 

81.0 

.36 

.3 

.19 

.7 

101.0 

.82 

.22 

.25 

.8 

15.8 

.46 

.64 

.53 

100.0 

.39 

5.2 

Delta @ 1000 Hrs. 

Max. Min. Typ. Max. Units 

-.921 -.019 -.027 -.113 Volts 

-656 +1.0 -1.0 -2.3 µA 

0 0 0 0 µA 

0.9 0 0 1.4 µA 

3.11 ··.01 0 +.03 Volts 

-42.5 -.8 -1.4 -4.2 mA 

1.0 0 0 -1.0 µA 

.328 -.007 0 r-· .005 Volts 

.265 -.008 0 .005 Volts 

24.2 -.20 0 .60 mA 

25.7 -.20 0 .80 mA 
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TABLE V 
1000 HOUR LIFE TEST DATA 

FOR Am74LS174 

Parameter 

Substrate Leakage 

Min Vee to Function 

Schottky Voltage@ 100µA 

VoH, Output High Voltage 

lsc. Short-Circuit Output Current 

lcEX· Output Leakage 

Vo L 1 ·Output Low Voltage@ 4mA 

Vol2, Output Low Voltage@ BmA 

I 1 L, Input Low Current 

Vth· Input Threshold Voltage 

l1H, Input Leakage 

I 1s. Input Breakdown Current 

Vic. Input Clamp Diode 

Typical 
Initial 
Value 

OµA 

2.19V 

.484V 

2.92V 

26.38mA 

7.85µA 

.270V 

.328V 

171µA 

1.015V 

.04µA 

OµA 

.894V 

Average 
Percent 
Change 

0 

0 

0 

-.11 

0.3 

0 

0.05 

0 

-0.9 

0.2 

-12 

0 

0.6 

Ice. Supply Current@ 5.5V 13.54mA 0.3 

lcM, Supply Current@ 7V · --··--+-··1·s.46mA O 

tpd+· CP to 0 0 ---+--,-i .99ns 0 

tpd-· CP to 0 0 11 .44ns 0.1 

TABLE VI 
1000 HOUR LIFE TEST DATA 

FOR Am74LS157 

Typical 
Initial 

Parameter Value 

Substrate Leakage .7µA 
. 

Min Vee to Function 2.84V 

Schottky Voltage@ 100µA .452V 

VoH. Output HIGH Voltage 2.92V 2.92V 

lsc, Short-Circuit Output Current 26.4mA 

lcEX· Output Leakage OµA 

Vol 1 ·Output Low Voltage @4mA .277V 

Vol2, Output Low Voltage@ BmA .::i31V 

I 1 L· Input Low Current 313µA 

Vth• Input Threshold Voltage 1.0BV 

l1H. Input Leakage 0.5µA 

118, Input Breakdown Current OµA 

Vic. Input Clamp Diode .837V 

Ice. Supply Current@ 5.5V 10.1mA 

lcM, Supply Current@ 7V 13.48mA 

tpd+· 1A to 1Y 5.1 ns 

tpd-· 1A to 1Y 5.4ns 

2-24 

Average 
Percent 
Change 

o· 
0.09 

0.2 

0 

0.3 

0 

0 

0 

0.3 

0 

0 

0 

0 

0 

0 

0.3 

0 
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TABLE VII 
125°C LIFE TEST DATA 

Thousand 70°C Equivalent 
Device Test Type No. Parts Hours on Test Unit Hours Failures Failure Rate* 

Test Pattern I Design 22 11.000 Hr. 242 0 0.008% per thousand hours 

Test Pattern 11 Design 22 10.000 Hr. 220 0 0.009 

74LS174 Param. Drift 20 2,000 Hr. 80 0 0.02 

74LS175 Param. Drift 20 2,000 Hr. 80 0 0.02 

25LS161 Pa ram. Drift 100 1,000 Hr. 100 0 0.02 

74LS157 Group C Life 77 1,000 Hr. 77 0 0.02 

74LS161 Group C Life 77 1,000 Hr. 77 0 0.02 

74LS193 Group C Life 77 1,000 Hr. 77 0 0.02 

TOTAL DEVICE - 371 491 0 0.001 

*Equivalent failure rate at 70° C calculated from Poisson distribution of a zero defect sample and activation energy or 1.0 ev tor acceleration factor. 

Equivalent failure is not greater than the quoted value at 90% confidence. 
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LOW-POWER SCHOTTKY LS-MSl/LSI DATA SHEETS 

Definition of Standard Am25LS/54LS/7 4LS388 .................. 3-189 
Low-Power Schottky Terms ................. 3-2 Am25LS/54LS/7 4LS399 .................. 3-190 
Am25LS07 /08 ............................. 3-3 Am54LS/74LS424 ....................... 3-195 
Am25LS09 ................................ 3-7 Am54LS/7 4LS568/569 ................... 3-196 
Am25LS14 .............................. 3-11 Am54LS/74LS670 ....................... 3-198 
Am25LS15 .............................. 3-16 Am25LS2513 ........................... 3-199 
Am25LS22 .............................. 3-20 Am25LS2516 ........................... 3-205 
Am25LS23 .............................. 3-26 Am25LS2517 ........................... 3-216 
Am25LS/54LS/74LS138 ................... 3-30 Am25LS2518 ........................... 3-217 
Am25LS/54LS/74LS139 ................... 3-34 Am25LS2519 ........................... 3-222 
Am25LS/54LS/74LS148 ................... 3-39 Am25LS2520 ........................... 3-227 
Am25LS/54LS/74LS151 /251 ............... 3-44 Am25LS2521 ........................... 3-232 

Am25LS/54LS/74LS153/253 ............... 3-50 Am25LS2524 ........................... 3-236 
Am25LS/54LS/74LS157/158 ........ , ...... 3-55 Am25LS2525 ........................... 3-237 
Am25LS/54LS/74LS160A/161N162A/163A .. 3-59 Am25LS2535 ........................... 3-238 

Am25LS/54LS/74LS164 ................... 3-64 Am25LS2536 .................... · ....... 3-239 
Am25LS/54LS/74LS168A/169A ............ 3-69 Am25LS2537 ........................... 3-247 
Am25LS/54LS/74LS174/175 ............... 3-81 Am25LS2538 ........................... 3-252 
Am25LS/54LS/74LS181 ................... 3-85 Am25LS2539 ........................... 3-257 
Am25LS/54LS/74LS190/191 ............... 3-93 Am25LS2568/69 ........................ 3-262 
Am25LS/54LS/74LS192/193 ............... 3-99 Am26LS29/30 ........................... 3-268 
Am25LS/54LS/74LS194A/195A ........... 3-105 Am26LS31 ............................. 3-274 
Am25LS/54LS/7 4LS240 .................. 3-110 Am26LS32/33 ........................... 3-278 
Am25LS/54LS/7 4LS241 /244 .............. 3-114 Am2905 ................................ 3-295 
Am25LS/54LS/74LS242/243 .............. 3-118 Am2906 ................................ 3-301 
Am54LS/7 4LS245 ....................... 3-123 Am2907 ................................ 3-307 
Am25LS/54LS/74LS251 .................. 3-124 Am2915A .............................. 3-313 
Am25LS/54LS/7 4LS253 .................. 3-125 Am2916A .............................. 3-319 
Am25LS/54LS/7 4LS257 /258 .............. 3-126 Am2917 A .............................. 3-325 
Am25LS/54LS/7 4LS273B ................. 3-131 
Am25LS/54LS/74LS281 .................. 3-136 
Am25LS/54LS/7 4LS299 .................. 3-145 
Am25LS/54LS/74LS322 .................. 3-151 
Am25LS/54LS/7 4LS323 .................. 3-152 
Am54LS/7 4LS348 ................ , ...... 3-153 APPLICATION NOTES 
Am25LS/54LS/7 4LS373/533 .............. 3-154 
Am25LS/54LS/7 4LS37 4/534 .............. 3-158 
Am25LS/54LS/7 4LS377B ................. 3-163 

Understanding the Am25LS2517 
and the Am25LS381 ..................... 3-181 
The Am25LS2516 LSI 

Am25LS/54LS/7 4LS378/379 .............. 3-168 Multiplier/Accumulator .................... 3-211 
Am25LS/54LS/74LS381/Am25LS2517 ..... 3-173 Use of the Am26LS29, 30, 31 and 32 
Am25LS/54LS/7 4LS384 .................. 3-187 Quad Driver/Receiver Family in 
Am25LS/54LS/7 4LS385 .................. 3-188 EIAR5-422 and 423 Applications .......... 3-283 
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Definition of Standard Low-Power Schottky Terms 

DEFINITION OF A.C. SWITCHING TERMS 

(All switching times are measured at the 1.3V logic level unless otherwise 
noted.) 

f MAX The highest operating clock frequency. 

tPLH The propagation delay time from an input change to an out
put LOW-to-HIGH transition. 

t PH L The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 

tpw Pulse width. The time between the leading and trailing 
edges of a pulse. 

tr Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 

tf Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 

t 5 Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transiti1on occurs at another input terminal. 

th Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 

tR Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 

tHz HIGH to disable. The delay time from a control input change 
to the three-state output HIGH-level to high-impedance 
transition (measured at 0.5 V change). 

t LZ LOW to disable. The delay time from a control input change 
to the three-state output LOW-level to high-impedance transi
tion (measured at 0.5V change). 

tzH Enable HIGH. The delay time from a control input change 
to the three-state output high-impedance to HIGH-level 
transition. 

tzL Enable LOW. The delay time from a control input change 
to the three-state output high-impedance to LOW-level 
transition. 

DEFINITION OF D.C. TERMS 

H HIGH, applying to a HIGH volta_ge level. 

L LOW, applying to a LOW voltage level. 

I 

0 

Input. 

Output. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

1 iL LOW-level input current with a specified LOW-level 

voltage applied. 

1 iH HIGH-level input current with a specified HIGH-level 

voltage applied. 

loL LOW-level output current. 

loH HIGH-level output current. 

lsc Output short-circuit source current. 

Ice The supply current drawn by the device from the Vee 

power supply. 

V1L Logic LOW input voltage. 

V1H Logic HIGH input voltage. 

Vol LOW-level output voltage with loL applied. 

VoH HIGH-level output voltage with loH applied. 
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LOW-POWER SCHOTTKY 
PARAMETER MEASUREMENTS 

LOAD TEST CIRCUIT FOR THREE-STATE OUTPUTS 
TEST 
POINT Vee 

9 51~ 

'~~~~~~~~:; ; l +:E 
CL INCLUDES R ALL DIODES 

PROBE AND JIG I 1 1N916 OR 

~'"'""'' ~ "" ·~ 

Note: For standard totem pole outputs, remove R1; S1 and S2 closed. 

SET-UP, HOLD, AND RELEASE TIMES 

DATA -- •. :.~V INPUT 

1--«-1 'h--1 ov 

C 3V 

TIMING------+ l.3V 
INPUT _ 

1-':.i=;;i=------ :~ 

'~~~~ J/JJ--'flllllllllli :~v 
Notes: 1. Diagram shown for HIGH data only. Output transition may 

be opposite sense. 

2. Cross hatched area is don't care condition. 

PROPAGATION DELAY 

3V 

SAME PHASE ==f===E 1.3V 
INPUT TRANSITION 

tPLH tPHL~ ~ 
ov 

~_J VoH 

OUTPUT-~= 1.3V 

---~?T ~]C voe 
tPLH~ tPHL---r= JV 

OPPOSITE PHASE~ 
INPUT TRANSITION -- -- 1.3V 

---- OV 

PULSE WIDTH 

LOW-HIGH-LOW ~ 1 3V 
PULSE-~--,-:c= -- . 

1-'rw~I 
HIGH LOW-HIGH ~ v---- 1 3V 
~~~~~. 

ENABLE AND DISABLE TIMES 

Enable Disable 
3V 

CONTROL~.--1 -1. _ 1.3V 
INPUT :~ , 

OUTPUT I -~z~;sv 'Lz H o 5 v~~sv 
NORMALLY LOW s2'0PEN ~--"";;c ... __ +L-"k==f Voe 

f----l-'zH tt 'HZ+---1 I I 
I, ~'----'--- voH 

OUTPUT 1.3V ~ ~15V 
NORMALLY HIGH s 1 OPEN _'"'-'OV O.SV 

Notes: 1, Diagram shown for Input Control Enable-LOW and Input 

Control Disable-HIGH. 

2. S1 and S2 of Load Circuit are closed except where shown, 

Note: 1. Pulse Generator for All Pulses: Rate~ 1.0MHz; Z 0 =:o 50f2; 

tr ~ 15ns; tf ~ 6ns. 



Am25LS07· Am25LS08 
Hex/Quad Parallel D Registers With Register Enable 

DISTINCTIVE CHARACTERISTICS 

• 4-bit and 6-bit parallel registers 
• Common Clock and Common Enable 
• Positive edge triggered D flip flops 
• Am25LS d. c. parameters including: 

VoL ~ 0.45V at IQL ~ 8mA 
Fan-out over military range~ 22 
440µA source current 

• Second sourced by Tl as 54LS/74LS378 and 379 
• 100% product assurance screening to MI L-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS07 is a 6-bit Low Power Schottky register with 
a buffered common register enable. The Am25LS08 is a 
4-bit register with a buffered common register enable. The 
devices are similar to the Am54LS/74LS174 and Am54LS/ 
74LS175 but feature the common register enable rather 
than common clear. 

Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 

the enable is LOW, data on the D inputs is stored. in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re
gardless of the clock or data input transitions. 

LOGIC DIAGRAMS 

Am25LS07 

Do o, 02 03 04 D5 

CP 

CP eP CP GP GP GP 

0 0 

oo 01 02 03 04 05 

Am25LS08 

Do o, o, D3 

GP 

GP GP GP GP 

Q 0 a 0 Q 

Oo Oo o; a, a, o, 03 03 

CONNECTION DIAGRAMS LOGIC SYMBOLS 
Top Views 

Am25LS07 Am25LS08 Am25LS07 Am25LS08 

Vee 05 D5 D4 04 D3 03 ep Vee 03 03 D3 o, a, o, CP 

c DO o, o, 03 o, 05 Do o, o, 03 

Am25LS07 CP Am25LS08 
6·81T REGISTER 4-BIT REGISTER 

ao a, a, Q3 04 05 Do a, o, 03 

I I 
2 5 2 10 12 15 

I Oo Do o, 01 D2 o, GND I Oo oo Do D1 01 01 GND 

Vee= Pin 16 

Note: Pin 1 is marked for orientation. GND =Pin 8 
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Am25LS07 • Am25LS08 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=0°Cto+70°C Vcc=5.0V±5% (MIN.=4.75V MAX.=5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN. =4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee= MIN .. loH = -440µA COM'L 
VoH Output HIGH Voltage 

V1N = V1H or VIL MIL 

Vee= MIN. loL =4mA 
Vol Output LOW Voltage 

VIN= V1H or VIL loL =BmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW COM'L 
VIL Input LOW Level 

voltage for all inputs Mil 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX .. V1N = 0.4V 
Clock. E 
Others 

Clock, E 
l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

Others 

•1 Input HIGH Current Vee= MAX .. V1N = 7.0V 

•sc Output Short Circuit Current 
Vee= MAX. 

(Note 3) 

LS07 
•cc Power Supply Current Vee= MAX. (Note 4) 

LS08 

Min. 

2.7 

2.5 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

16 

11 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.8 
Volts 

0.7 

-1.5 Volts 

-0.36 mA 
-0.24 

20 
14 

µA 

0.1 mA 

-85 mA 

22 
mA 

18 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 
~~~~~~~~

~~~~~~~~
~~~~~~~~

~~~~~-~~
~~~~~~~~

~~~~~~-

Temper at u re (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7.0V 
~~~~~~~~

~~~--~~~
~~~~~~~~

~~~~~~~~
~~~~~-

DC Voltage Applied to Outputs for HIG_H_O_u_t_p_u_t_S_t_at_e ________________________ -_o_._5_V_to_+_V~c~c~m_a_x_. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30 mA 

DC Input Current -30mA to +5.0mA 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 

Parameters Description 

tPLH Clock to Output 

tPHL Clock to Output 

tpw Clock Pulse Width 

t, Data 

t, Enable 

th Data 

th Enable 

fmax (Note 1) Maximum Clock Frequency 

Min. Typ. Max. Units Test Conditions 

13 20 ns 

13 20 ns 

17 ns 

20 ns CL= 15pF 

30 ns RL = 2.Qk!:J, 

5.0 ns 

5.0 ns 

40 65 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 

pulse width or duty cycle. 
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Am25LS07 • Am25LS08 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LS MIL OVER OPERATING RANGE* 

TA = 0°C to + 70°C TA= -55°C to +125°C 
V cc = 5.0V ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH Clock to Output 30 35 ns 

tPHL Clock to Output 30 35 ns 
tpw Clock Pulse Width 26 30 ns 
ts Data 30 35 ns 
ts Enable 43 50 ns 

th Data 11 12 ns 
th Enable 11 12 ns 
fmax (Note 1) Maximum Clock Frequency 30 25 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 
Di The D flip-flop-data inputs. 

FUNCTION TABLE 

E Enable. When the enable is LOW, data on the Di inputs is 
transferred to the Oi outputs on the LOW-to-HIGH clock 
transition. When the enable is HIGH, the Qi outputs do not 
change regardless of the data or clock input transitions. 

Inputs Outputs 

CP Clock Pulse for the register. Enters data on the LOW-to
HIGH transition. 

Qi The TRUE register outputs. 
Q; The complement register outputs 

E 
H 
L 

L 

L 

L 

Di 

x 
x 
x 
L 
H 

CP Q; ai 

x NC NC 
H NC NC 
L NC NC 

t L H 
t H L 

H =HIGH NC= No Change 
L =LOW X =Don't Care 
t =LOW-to-HIGH Transition 
Ci; on Am25LS08 Only 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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Am25LS07 • Am25LS08 

APPLICATION 

Do Clot--

01 a1t--

o, § a,t--
INPUT 

DATA BUS 03 :<: 03t-----E 
WORD 1 

04 
< 

04t-----

Ds Os t--
CP E 

J 
Do Dot-----

01 
8 

D1t-----

o, '.'l a,1----

Yop--
03 :<: 

031----
-----iA E 

< 
04 04t--

WORD2 

Ds Ost--
CP E 

----i• Y1,.,. 

1 ~1 Am25LS139 

v,,.,. 
Do Dot----

ENABLE ----tjo Y3 
D1 a1t--

o, ~ a,t--

03 'i! 03t-----
WORD 3 

04 < 
04t-----

Ds Ost-----
CP E 

L=IJ 
Do Dot----

01 a1t--

o, 8 
02t--'.'l 

03 :() 
03t-----E 

WORD4 

04 
< 

04t-----

Ds Ost-----
eP E 

CLOCK IJ 
Selective Register Loading of Data on Synchronous Clock. 

Metallization and Pad Layout 

Am25LS07 Am25LS08 

E 1 16 
16 Vee 

Vee 

"o 2 1S Os Clo 1S 03 

Do 3 
14 Ds 

ao 14 03 
D1 4 13 04 

Do 
13 03 

n1 s 12 04 D1 12 D, 

D2 6 11 03 a; 11 52 

02 7 10 03 

CP 
o1 10 o, 

GND • 
GND CP 

DIE SIZE 0.075" X 0.084" DIE SIZE 0.075" X 0.061" 
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Am25LS09 
Quad Two-Input, High-Speed Register 

DISTINCTIVE CHARACTERISTICS 

• 4-bit register accepts data from one-of-two 4-bit input fields 
• Edge triggered clock action 
• Second sourced by T. I. as 54LS/74LS399 
• Am25LS d.c. parameters including: 

- VoL = 0.45V at IQL = 8mA 
- Fan-out over military range = 22 
- 440µA source current 

• 100% product assurance screening to Ml L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS09 is a dual port four-bit register using ad
vanced Low Power Schottky technology to reduce the 
effect of transistor storage time. The register consists of 
four D flip-flops with a buffered common clock, and a two
input multiplexer at the input of each flip-flop. A common 
select line, S, controls the four multiplexers. Data on the 
four inputs selected by the S line is stored in the four flip
flops at the clock LOW-to-HIGH transition. When the Sin
put is LOW, the D;A input data will be stored in the register. 
When the S input is HIGH, the D;8 input data will be 
stored in the register. 

LOGIC DIAGRAM 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

CP 
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LOGIC SYMBOL 

5 11 12 14 13 

Am25LS09 

a1 

10 

Vee= Pin 16 
GND =Pin 8 

03 

15 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L 

MIL 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Vee= 5.ov ± 5% 

Vee= 5.ov ± 10% 

(MIN.= 4.75V MAX.= 5.25V) 

(MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 11 

Vee= MIN., loH = -440µA COM'L 
VoH Output HIGH Voltage 

V1N = V1H or VIL MIL 

Vol Output LOW Voltage 
Vee= MIN. loL =4mA 

V1N = V1H or VIL loL =SmA 

V1H Input HIGH Level 
Guaranteed input. logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW MIL 
VIL Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 
Clock, S 

Others 
Clock, S 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V Others 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

lsc 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

'cc Power Supply Current Vee= MAX. (Note 4) 

Min. 

2.7 

2.5 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

11 

Am25LS09 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0,8 

-1.5 Volts 

-0.36 
-0.24 

mA 

20 

14 
µA 

0.1 mA 

-85 mA 

18 mA 

Notes: 1. For conditions shown as Ml N. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuou_s 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

SWITCHING CHARACTERISTICS 
(TA~ +25°C, Vee~ 5.0V) 

Parameters Description 

tPLH Clock to Q HIGH 

IPHL Clock to Q LOW 

lpw Clock Pulse Width 

ts Data Set-up Time 

ts Select Input Set-up Time 

th Data Hold Time 

th Select Input Hold Time 

fmax (Note 1) Maximum Clock Frequency 

Min. 

17 

20 

30 

5 

0 

40 

Typ, 

13 

13 

Max. 

20 

20 

-65°C to +150°C 

-55°C to +125°C 

-0.5 V to +7.0 V 

____________ -0.5 V to +Vee max. 

-0.5 V to +7.0 V 

30mA 

-30 mA to +5.0 mA 

Units Test Conditions 

ns 

ns 

ns 

ns CL= 15pF, 

ns RL = 2.0kn 

ns 

ns 

MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 

pulse width or duty cycle. 
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Am25LS09 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LS MIL 

OVER OPERATING RANGE* 
TA= 0°C to +70°C TA = -55°C to +125°C 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH Clock to Q HIGH 30 35 ns 

tPHL Clock to Q LOW 30 35 ns 

tpw Clock Pulse Width 26 30 ns 

ts Data Set-up Time 30 35 ns CL= 50pF 
ts Select Input Set-up Time 43 50 ns RL = 2.0kll 

th Data Hold Time 11 12 ns 

th Select Input Hold Time 4 5 ns 

fmax (Note 1) Maximum Clock Frequency 30 25 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 

DQA, D1 A· D2A, D3A The "A" word into the two-input 
multiplexer of the D flip-flops. 

Dos, 01 s, D2s, D3s The "B" word into the two-input 
multiplexer of the D flip-flops. 

Oo, 01, 02, 03 The outputs of the four D-type flip-flops of 
the register. 

S Select. When the select is LOW, the A word is applied to 
the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 

SELECT CLOCK 

s CP 

L t 

L t 

H t 

H t 

H =HIGH Voltage Level 
X == Don't Care 

DATA 

Di A 

L 

H 

x 
x 

CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. t = LOW-to-HIGH Transition 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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INPUTS OUTPUT 

DiB O; 

x L 

x H 

L L 

H H 

L = LOW Voltage Level 
i = 0, 1, 2, or 3 



APPLICATIONS 

256x4DYNAMIC 
SHIFT REGISTER 

CLOCK------+--<--------------------~ 

LOAD/RECIRCULATE------~ 

STATIC TEST/OPERATE-----------------------------~ 

Am25LS09 

Am25LS09 used in 258 x 4 memory system with load/recirculate control, and 1 x 4 static test capability for the system. MOS interface is one 

load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single step operation for testing 

purposes. 

WORD A WORDB ----

i1ll11 
DoA D1A D2A DJA Dos D1a ow D3g 

S1 s 
Am25LS09 

CP1 " 
Oo o, o, o, 

I I I I 
WORD 1 

i1ll11 
DoA D1A D2A DJA Dos 019 D2a D3g 

S2 s 
Am25LS09 

CP2 " 
Oo o, o, o, 

T T T T 
WORD 2 

illllr 
DoA D1A D2A OJA Doe Dis D2a D3a 

S3 s 
Am25LS09 

CP3 " 
°" o, a, o, 

I I l _I_ 
WORD3 

Am25LS09 used to store a word from either data bus A or data bus 8. 

o,. 

o, 
GND 

Metallization and Pad Layout 

------16 Vet.. 

-----15 03 

DIE SIZE 0.075" X 0.061 "" 
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Am25LS14 
8-Bit Serial/Parallel Two•s Complement Multiplier 

DISTINCTIVE CHARACTERISTICS 

• Two's complement multiplication without correction 
• Magnitude only multiplication 
• Cascadable for any number of bits 
• 8-bit parallel multiplicand data input 

• 25MHz minimum clock frequency 
• Second sourced by T.I. as the SN54LS/74LS384 
• 100% product assurance screening to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS14 is an 8-bit by 1-bit sequential logic element 
that performs digital multiplication of two numbers repre
sented in two's complement form to produce a two's comple
ment product without correction by using Booth's algorithm 
internally. The device accepts an 8-bit multiplicand (X input) 
and stores this data in eight internal latches. The X latches are 
controlled via the clear input. When the clear input js LOW, all 
internal flip-flops are cleared and the X latches are opened to 
accept new multiplicand data. When the clear input is HIGH, 
the latches are closed and are insensitive to X input changes. 

The multiplier word data is passed by the Y input in a serial 
bit stream - least significant bit first. The product is clocked 
out the S output least significant bit first. 

The multiplication of an m-bit multiplicand by an n-bit multi
plier results in an m + n bit product. The Am25LS14 must be 
clocked form + n clock cycles to produce this two's comple
ment product. Likewise, the n-bit multiplier (Y-input) sign bit 
data must be extended for the remaining m-bits to complete 
the multiplication cycle. 

The device also contains a K input so that devices can be cas
caded for longer length X words. The sum (S) output of one 
device is connected to the K input of the succeeding device 
when cascading. Likewise, a mode input (M) is used to indicate 
which device contains the most significant bit. The mode input 
is wired HIGH or LOW depending on the position of the 8-bit 
slice in the total X word length. 

LOGIC DIAGRAM 

CONNECTION DIAGRAM 
Top View 

ITR Vee 

X3 

x, X4 

x, X5 

Xo X5 

X7 

CP 

GND M 

Note: Pin 1 is marked for orientation. 

x, 
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x, x, 

., 
ADDER/SUBTRACTOA AND REGISTERS 

SUM 

~~~~~~~-icp 

15 

10 

LOGIC SYMBOL 

11 12 13 14 2 3 4 5 

Vcc=Pin16 

GND::::Pin8 

CLR 



Am25LS14 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25LS14Xe TA= 0°C to +70°C Vee= 5.0V ±5% (eOM'L) MIN.= 4.75V MAX.= 5.25V 

Am25LS14XM TA"" -55°C to +125°C Vee= 5.0V ±10% (MIL) MIN.= 4.5V MAX.= 5.5V 

Typ. 
Parameters Description Test Conditions(Note 1) Min. (Note 2) Max. Uniu 

Vee= MIN., loH = -1.0mA MIL 2.5 3.4 

VoH Output HIGH Voltage Volts 
V1N = V1H or V1L COM'L 2.7 3.4 

Vee= MIN. 10 L =8.0mA 0.4 

Output LOW Voltage Volts 
VoL V1N = V1H or V1L loL =12mA 0.45 

V1H Input HIGH Level 
Guaranteed input logical HIGH 2.0 Volts 
voltage for all inputs 

V1L Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts 
voltage for all inputs 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA -1.2 Volts 

X,M -0.48 

K,CLR -1.2 
mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 
CP -1.6 

y -3.2 

X,M 20 

K,CLR 30 
µA 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 
CP 40 

y 80 

11 Input HIGH Current Vee= MAX., V1N = 5.5V 1.0 mA 

isc 
Output Short Circuit Current Vee= MAX. -15 -85 mA 
(Note 3) 

Ice Power Supply Current Vee= MAX. 91 155 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Duration of the short circuit test should not exceed.one second. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°Cto +150°C 

Temperature (Ambient) Under Bias -55°Cto +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -O:!iv to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am25LS14 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

tPLH 
Clock to Output 

tPHL 

tPHL Clear to Output 

ts 
Y to Clock 

th 

ts 
K to Clock 

th 

ts 
Xj to Clear 

th 

Clock (HIGH) 
tpw 

Clock (LOW) 

tpw Clear Pulse Width 

ts Clear Recovery Time (_Inactive State) 

fmax (Note 1) Maximum Clock Frequency 

Min. Typ. Max. Units Test Conditions 

13 20 
ns 

13 20 

17 25 ns 

32 
ns 

0 

18 

0 
ns 

CL=15pF 

13 RL = 2.0k!1 

0 
ns 

15 

15 
ns 

20 ns 

18 ns 

25 30 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr. tf, 
pulse width or duty cycle. 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LS MIL OVER OPERATING RANGE* 

TA=0°Cto+70°C TA= -55°C to +125°C 
Vee= 5.ov ± 5% Vee= 5.ov ± 103 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 24 27 
Clock to Output ns 

tPHL 27 30 

tPHL Clear to Output 33 37 ns 

ts 38 45 
Y to Clock ns 

th 0 0 

ts 24 30 
K to Clock ns 

th 0 0 

ts 19 23 
CL= 50pF 

Xj to Clear ns RL = 2.0k!1 
th 0 0 

Clock (HIGH) 18 22 
tpw 

Clock (LOW) 18 
ns 

22 

tpw Clear Pulse Width 33 38 ns 

ts 
Clear Recovery Time 

20 30 ns (Inactive State) 

fmax (Note 11 Maximum Clock Frequency 20 15 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 
Xo, X1, X2, X3, X4, X5, Xs, X7 The eight data inputs for 
the multiplicand (X) data. 

Y The serial input for the multiplier (Y) data-least signifi
cant bit first. 

S The serial output for the product of X • Y-least signifi
cant bit first. 

CP Clock. The buffered common clock input for the serial/ 
parallel multiplier. All functions occur on the LOW-to-HIGH 
transition of the clock. 

CLR Clear. The buffered common clear for all flip-flops 
within the device. When the clear is LOW all flip-flops are 
cleared. Also the buffered X-input latch enable. When the 
clear input is LOW, the X latches will accept new X-input 
data. 
K The sum expansion input to the serial/parallel multiplier. 
Allows for cascading devices. 

M The mode control input for the most significant bit of 
the multiplier. It is used in conjunction with cascading to 
determine the most significant bit. 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

Note: Actual current flow direction shown. 

FUNCTION TABLE 

INPUTS 

CLR CP K 

L 

cs 

L 

H 

H 

H 

H 

H 

H =HIGH 

L =LOW 

M 

H 

-

X; 

OP 

INTERNAL OUTPUT 

v v_, s 

- L L 

L L AR 

H AR 

H L AR 

H H AR 

t =LOW-to-HIGH transition 

CS = Connected to S output of higher order device 

OP = Xi latches open for new data ( i = 0, 7) 

AR= Output as required per Booth's algorithm 

FUNCTION 

Most Significant Multiplier Device 

Devices Cascaded in Multiplier String 

Load New Multiplicand and Clear Internal Sum and Carry Registers 

Device Enabled 

Shift Sum Register 

Add Multiplicand to Sum Register and Shift 

Subtract Multiplicand from Sum Register and Shift 

Shift Sum Register 

Metallization and Pad Layout 

DIE SIZE 0.097" X 0.137" 
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Am25LS14 

INPUTS NOM R 
Xi 16kil 
y 4kSl 

CLR 6kn 
CP 4kil 
K 6kil 
M 15k0 



Am25LS14 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C AM25LS14PC 
Hermetic DIP 0°C to +70°C AM25LS14DC 

Dice 0°C to +70°C AM25LS14XC 
Hermetic DIP -55°C to +125°C AM25LS14DM 

Hermetic Flat Pak -55°C to +125°C AM25LS14FM 
Dice -55°C to +125°C AM25LS14XM 

APPLICATIONS 
See also Digital Signal Processing Applications Section for more information. 

Am25LS14 

SERIAL/PARALLEL 

CLOCK ENABLE 

S!GN EXTEND 

CLOCK 

OUTPUT CONTROL 

CLOCK 

CLEAR 

24-BIT MULTIPLICAND 

M 

CLR 

CP 

Am25LS14 

Basic 24-Bit Serial/Parallel Connection 

_Q_ 
'----1 DA 

RE SER/PAR 

H---1 o, 
L---1 MUX 

H ------g CLEAR Am25LS22 
Oo SE B·BIT SHIFT REGISTER 

CP 
OE 

DY7DY5DY5DY 4DY3DYzDY1 DYo 

CP 
X7 X5 X5 X4 X3 Xz X1 Xo 

y 
Am25LS14 

L ----1 K SERIAL/PARALLEL 

L _______, M MULTIPLIER 

CLR 
s 

1 

8-Bit by 8-Bit Multiplier, Bus Organized, 
with 8-Bit Truncated Product 
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M 

CLR 

CP 

Am25LS14 

PRODUCT 
SERIAL 
OUTPUT 

MULTIPLIER INPUT 



Am25LS15 
Quad Serial Adder/Subtractor 

DISTINCTIVE CHARACTERISTICS 

• Four independent adder/subtractors 
• Use with two's complement arithmetic 
• Magnitude only addition/subtraction 
• Second sourced by T.I. as Am54LS/74LS385 
• 100% product assurance screening to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS15 is a serial two's complement adder/subtractor 
designed for use in association with the Am25LS14 serial/ 
parallel two's complement multiplier. Th is device can also be 
used for magnitude only or one's complement addition or 
subtraction. 

Four independent adder/subtractors are provided with com
mon clock and clear inputs. The add function is A plus Band 
the subtract function is A minus B. The clear function sets the 
internal carry function to logic zero in the add mode and to 
logic one in subtract mode. This least significant carry is self 
propagating in the subtract mode as long as zeroes are applied 
to the A and B inputs at the LS B's. Al I internal flip-flops 
change state on the LOW-to-HIGH clock transition. 

The Am25LS15 is particularly useful for recursive or non
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 

LOGIC DIAGRAM 
(One of Four Similar Functions) 

CLOg--i:>o--------------------+-------------- ~ggeo;~~=TRACTORS 

s, 
ADD/ 

SUBTRACT 

.-----------OICP 

SET c, 

CLR 

SUM 

CLR 

l TO 3 OTHER 

CL~!:~ --[>o~*---f">c>--------------------------~--- ADDER/SUBTRACTORS 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 

5 4 3 

Ai s1 51 

CLOCK 

CLEAR 

6 7 B 15 14 13 16 17 18 

A2 82 52 A3 83 53 A4 84 54 

Am25LS15 
QUAD ADDER/SUBTRACTOR 

12 19 

Vee= Pin 20 

GND =Pin 10 



Am25LS15 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L 

MIL 

TA= 0°c to +10°c 

TA= -55°C to +125°C 

Vee= 5.ov ± 5% 

Vee= 5.ov ± 10% 

(MIN.= 4.75V MAX.= 5.25V) 

(MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I 

Vee= MIN., IOH = -440µA MIL 
VoH Output HIGH Voltage 

VIN= V1H or V1L COM'L 

Vee= MIN. loL =4.0mA 
Vol Output LOW Voltage 

VIN= V1H or VIL loL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Ill Input LOW Current Vee= MAX., V1N =0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

isc Output Shprt Circuit Current 
Vee= MAX. 

(Note 3) 

Ice Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

48 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.36 

20 

0.1 

-85 

75 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For _cond_iti?ns shown as Min. or Ma~., use t~e appropriat: value spe_cified under Electrical Characteristics for the applicable device type. 
2. Typical l1m1ts are at Vee"" 5.0V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs HIGH, measured after a LOW-to-HIGH clock transition. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 
DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 
DC Output Current, Into Outputs 

DC Input Current 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 
Parameters Description 

tPLH 
Clock to Output 

tPHL 

tPHL Clear to Output 

t, 
A, B,S 

th 

t, Clear Recovery 

th Clear Hold Time 

J HIGH 
tpw Clock 

LOW 

tpw Clear LOW 

fmaxlNote 11 Maximum Clock Frequency 

Min, 

10 

0 

25 

0 

17 

17 

20 

30 

Typ. 

14 

14 

20 

40 

-65°C to +150°C 

-55°C to +125°C 

-0.5Vto+7.0V 

-0.5V to +Vee max 

-0.5V to +7.0V 
30mA 

-30mA to +5.0mA 

Max. Units Test Conditions 

22 
ns 

22 

30 ns 

ns 

ns 
CL= 15pF 

RL = 2.0kn 
ns 

ns 

ns 

MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on the tr, tf, 
pulse width or duty cycle. 
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SWITCHING CHARACTERISTICS Am25LS COM'L Am25LS MIL 
OVER OPERATING RANGE* 

TA = 0°C to + 70°C TA= -55°Cto +125°C 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH Clock to Output 
33 38 

ns 
tPHL 33 38 

tPHL Clear to Output 43 50 ns 

ts 17 20 
A, 8, S ns 

th 4 5 CL= 50pF 

ts Clear Recovery 37 42 ns RL = 2.0kO 

th Clear Hold Time 4 5 ns 

Clock l HIGH 26 30 
tpw LOW 

ns 
26 30 

tpw Clear LOW 30 35 ns 

fmaxlNote 1) Maximum Clock Frequency 23 20 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

A 1, A2, A 3, A4 The "A" input into each adder/subtractor 

81, 82, 83, 84 The "8" input into each adder/subtractor 

S1, S2. S3, S4 The add subtract control for each adder/ 
subtractor. When S is LOW, the F function 
is A+8. When S is HIGH, the F function 
is A-8. 

F1, F2, F3, F4 The four independent serial outputs of the 
adder/subtractor. 

FUNCTION TABLE 

Internal 
External Inputs Point Output 

CP CLR s A B c c, F Function 

x L L x x L L L 
Clear 

x L H x x H H L 

L H x x x NC NC NC 

H H x x x NC NC NC 

t H L L L L L L 

t H L L L H L H 

t H L L H L L H 
t H L L H H H L 

Add 
t H L H L L L H 

t H L H L H H L 
I H L H H L H L 
t H L H H H H H 
t H H L L L L H 

t H H L L H H L 
t H H L H L L L 
t H H L H H L H 

Subtract 
t H H H L L H L 
t H H H L H H H 
t H H H H L L H 
t H H H H H H L 

c Data In the Carry Flip-Flop Before the Clock Trnnsit!on 
c 1 Data In the Carry Flip-Flop After the Clock 

X Don't Care 
NC No Change 
H HIGH 
L LOW 

LOW-to-HIGH Transition 

3-18 

CP Clock 

CLR Clear 

The clock input for the device. All internal 
flip-flops change state on the LOW-to-HIGH 
transition. 
When the clear input is LOW, the four 
independent adder/subtractors are asynchro
nously reset. The sum flip-flop is always set 
to logic "O". The carry flip-flop is set to 
logic "O" in the add mode and logic "1" in 
the subtract mode. 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

vcc~~~~~~~~-+-~~~I~~~~~~-+-~~ 

[1 J 
"" 

Note: Actual current flow direction shown. 
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APPLICATIONS 

The normal butterfly network associated with the Cooley
Tukey Fast Fourier Transform (FFT) algorithm is shown 
below. Here we assume A, B, C, D and W are all complex 
numbers such that: 

A= AR+iA1 

B=BR+iB1 

W= WR+iW1 

The outputs C and D are also complex numbers and are 
evaluated as: 

C = CR+iC1 =(AR +BRWR -B1Wi)+i(A1 +BRW1 +B1WR) 

D = CR+iD1=(AR-BRWR+B1W1 )+j (A1-BRW1-B1WR) 

The four multiplications can be implemented using four 
Am25LS14 serial-parallel multipliers (the appropriate number 
of bits must, of course, be used). The additions and the 
subtractions are implemented using the Am25LS15 quad serial 
adder/subtractors. This diagram depicts only the basic data 
flow; binary weighting of the numbers, rounding, truncation, 
etc. must be handled as required by the individual design 
parameters. 

Also see Digital Signal Processing Applications section for 
more information. 

FAST FOURIER TRANSFORM (FFT) BUTTERFLY 

~IN 
Am25LS22 

BAWA 1/4 Am25LS15 F 6 
1/4 Am25LS15 Ft--8-BIT REG Go y Am25LS14 s A (A- Bl (A+ B) 

6 

6R 

x 6 A 

WR~ 
6 

x A 

-T-1N 

B1WR 
'-- ~ 1/4 Am25LS15 .Ft--Am25LS22 Go f-- r- y Am25LS14 s IA- Bl 

6 

el ~IN Am25LS22 Go y Am25LS14 sf d r-6 
1/4 Am25LS15 Ft--(A+ Bl 

6 
A x 

61 

W1:"4 
6 

x 6 A 

~IN 
BRWI 

1/4 Am25LS15 1/4 Am25LS15 Ft--Am25LS22 

~ri 
y Arn25LS14 s A {A+ B) 

F 6 (A- B) 
8 

D1 

An FFT butterfly connection for complex arithmetic inputs and outputs. 

Functional Diagram Metallization and Pad Layout 
for F FT Butterfly Connection eP 20 Vee 

'1 19 F4 

S1 18 s, 
•1 17 64 

w Al 16 A4 

A2 15 A3 

., 14 63 
s, 13 S3 

" 
12 F3 

GND 10 11 eLR 

DIE SIZE 0.095" X 0.095" 
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Am25LS22 
8-Bit Serial/Parallel Register With Sign Extend 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs with multiplexed input 
• Multiplexed serial data input 
• Sign extend function 
• Second sourced by T.I. as Am54LS/74LS322 
• 100% product assurance screening to MI L-STD-883 

requirements 

REGISTER 
ENABLE 

Ds o-'---t+r-
MUX 

SELEg: ol_'.::.l:>:~c 

CLR 

FUNCTIONAL DESCRIPTION 

The Am25LS22 is an eight-bit serial/parallel register built using ad
vanced Low-Power Schottky processing. The device features an eight
bit parallel multiplexed input/output port to provide improved bit 
density in a 20-pin package. Data may also be loaded into the device in 
a serial manner from either input DA or 09. A serial output, Oo, is 
also provided. 

The Am25LS22 ls specifically designed for operation with the 
Am25LS14 serial/parallel two's complement multiplier and provides 
the sign extend function required for this device. 

When the Register Enable (RE) input is HIGH, the register will retain 
its current contents. Synchronous parallel loading is accomplished by 
applying a LOW to RE and applying a LOW to the Serial/Parallel (S/PI 
input. This places the three-state outputs in the high-impedance state 
independent of OE and allows data that is applied on the input/output 
lines (DY;) to be clocked into the register. When the S/P input is HIGH, 
the device will shift right. The Sign Extend (SE) input is used to repeat 
the sign in the 07 flip-flop. This occurs whenever SE is LOW when the 
SHIFT mode is selected. When SE is high, the serial two-input multi
plexer is enabled. Thus, either DA or Ds can be selected to load data 
serially. The register changes state on the LOW-to-HIGH transiti.on of 
the clock. A clear input (CLR) is used to asynchronously reset all flip
flops when a LOW is applied. 

LOGIC DIAGRAM 

Oo 

CLEAR <>'---cC>o-----+-r---~-t--t--t-~-+-t--+-'--f--t-~-~+-j-+-~-t--i--

CLOCK o----<:»----+-~~--+--t-~---t---t-~--f--t~-~+-t-~--+---t-~---t---t-~---,__,-. 

THREE 
STATEo--"'-------=!~>o---r--t--t----r-t--t----,~t-C---;--t-t-----r---t---t----r-t--t----,~t-r-----, 

CONTROL 
OE 

DY7 

CONNECTION DIAGRAM 
Top View 

Vee s SE Ds DY5 DY4 DY2 DYo Go CP 

DY5 

17 o, 

DA 

19 

DY1 

LOGIC SYMBOL 

18 

RE S/P SE 

Am25LS22 
8-BIT SERIAL PARALLEL REGISTER 

DYQ 

CLEAR 0---9 

CLOCK 11 
CP 

OE 0-- 8 
DY 7 DY 6 DY 5 DY4 DY3 ov, DY 1 DYo Oo 

RE S/P DA DY7 DY5 DY3 DYJ OE CLR GND 16 

Note: Pin 1 is marked for orientation. 
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Vee== Pin 20 

GNO =Pin 10 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L 

MIL 

TA= 0°c to +10°c 
TA= -55°C to +125°C 

Vee= 5.ov ± 5% 

Vee= 5.ov ± 10% 

(MIN.= 4.75V MAX.= 5.25V) 

(MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions !Note 1 I 

MIL 

Vee= MIN. 
OcJ, IOH = -440µA 

COM'L 
VoH Output HIGH Voltage 

VtN = VtH or VIL DY;, IOH = -1.0mA MIL 

DY;, IOH = -2.6mA COM'L 

Vee= MIN. loL = 4.0mA 
Vol Output LOW Voltage 

VIN= V1H or VIL IOL =8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

SE 

l1L Input LOW Current Vee= MAX., V1N = 0.4V s 

Others 

SE 

l1H Input HIGH Current 
Vee= MAX., V1N = 2.7V s 
(Except DY;) 

Others 
-

V1N=7.0V OE, S/P, RE, CP, CLR 

Vee= MAX., SE 
'1 Input HIGH Current 

(Except DY;) V1N=5.5V s 
Others 

Off State (High Impedance I Vo=2.4V 
•oz Output Current (DY;) Vee= MAX. 

Vo=0.4V 

isc 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

'cc Power Supply Current Vee= MAX. 

Min. 

2.5 

2.7 

2.4 

2.4 

2.0 

-15 

Typ, 
(Note 21 

40 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-1.08 

-0.72 

-0.36 

60 

40 

20 

0.1 

0.3 

0.2 

0.1 

40 

-100 

-85 

65 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage (OE, S/P, RE, CP, CLR) -0.5V to +7.0V 

DC Input Voltage (Others) -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

3-21 



Am25LS22 

SWITCHING CHARACTERISTICS lTA = +25°e, Vee= 5.0V) 

Parameters Description Min. Typ. Max. Units Test Conditions 

tPLH 16.5 24 
Clock to DY; ns 

tPHL 18 26 

tPHL Clear to DY; 23 30 ns 

tPLH 16.5 24 RL = 2.0kn, Clock to Oo ns 
tPHL 18 26 CL=15pF. 

tPHL Clear to Oo 23 30 ns 

tzH 13 21 

tzL OE to DY; 
18 26 

ns 
tHz 13 21 RL = 2.0kn, 

~z 18 26 I CL,= 5pF 

tzH 18 26 
! 

RL = 2.0kn, 

tzL 23 32 I CL=15pF 
SER/PAR to DY; ns 

tHz 18 26 RL = 2.0kn, 

tLz 23 32 CL= 5pF 

ts RE to Clock 20 _j_ 

ts SE to Clock 10 l 
ts S to Clock 15 i 

l DA and Ds to Clock 15 
ns 

ts 

t, DY; (Load) to Clock 15 

ts Clear Recovery to Clock 8.0 i RL = 2.0kn, 

ts S/P to Clock 15 1 CL= 15pF 
----t-- ns 

th Any Input 0 

th Clear Hold 0 ns 

} HIGH 8.0 
tpw Clock ns 

LOW 8.0 I 

tpw Clear 20 l ns 

fmax(Note 1) Maximum Clock Frequency 35 50 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 

L 

t 
x 

FUNCTION TABLE 

INPUTS 

Mode Clear Register Serial/ Sign Mux 
Enable Parallel Extend Select 

OE* Clock DY7 DY6 

L x 
Clear 

L x 

Parallel Load H L 

H L 

Shift Right 
H L 

Sign Extend H L 

Hold H H 

LOW 
Clock LOW-to-HIGH Transition 
Don't Care 

x 

x 

L 

H 

H 

H 

x 

x 

x 

x 

H 

H 

L 

x 

H 
NC 
z 

x L x L L 

x H x z z 

x x t D7 D5 

L L t DA y7n 

H L t DB y7n 

x L t y7n y7n 

x L t NC NC 

HIGH 

No Change 
High-Impedance Output State 

OUTPUTS 

DY5 DY4 DY3 DY2 DY1 DYo 

L L L L L L 

z z z z z z 

D5 D4 DJ D2 D1 Do 

y6n y5n y4n y3n y2n y1n 

y6n y5n y4n y3n Y2n Y1n 

y6n Ysn y4n y3n y2n y1n 

NC NC NC NC NC NC 

Oo 

L 

L 

Do 

v,n 

Y1n 

v,n 

NC 

*When the OE input is HIGH, all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not 
affected. 

D7, D6 •.. Do= the level of the steady-state input at the respective DY n terminal is loaded into the flip-flop while the flip-flop outputs (except 
Go) are isolated from the DY n terminal. 

DA, Dg =the level of the steady-state inputs to the serial multiplexer input. 

Y7n. Ysn· .. Yon= the level of the respective On flip-flop prior to the last Clock LOW-to-HIGH transition. 
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SWITCHING CHARACTERISTICS Am25LS COM'L Am25LS MIL 
OVER OPERATING RANGE* 

TA= 0°c to +70°C TA= -55°C to +125°C 
Vee= 5.ov ±5% Vee = 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 35 41 
Clock to DY; ns 

tPHL 38 44 

tPHL Clear to DY; 43 50 ns 

tPLH 35 41 Ct= 50pf Clock to Clo ns 
tPHL 38 44 RL = 2.0kO 

tPHL Clear to a0 43 50 ns 

tzH 32 36 

tzL 38 44 
OE to DY; ns 

tHz 28 31 CL= 5.0pf 

tu 34 39 RL = 2.0kO 

tzH 38 44 CL= 50pF 

tZL 46 53 RL = 2.0kO 
SER/PAR to DY; ns 

tHz 34 39 CL= 5.0pf 

tu 42 48 RL = 2.0kO 

ts RE to Clock 30 35 

ts SE to Clock 17 20 

ts S to Clock 24 27 
ns 

ts DA and De to Clock 24 27 

ts DY; (load) to Clock 24 27 

ts Clear Recovery to Clock 15 17 CL= 50pF 
ts S/P to Clock 24 27 RL = 2.0kO 

ns 
th Any Input 4 5 

th Clear Hold 4 5 ns 

1 HIGH 15 17 
tpw Clock ns 

l LOW 15 17 

tpw Clear 30 35 ns 

fmax(Note1) Maximum Clock Frequency 26 23 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

3-23 



Am25LS22 

DEFINITION OF FUNCTIONAL TERMS 

DYi 

Oo 

SIP 

The multiplexed parallel input/output port to the 
device. Data may be parallel loaded into the 
register or data can be read in parallel from the 
register on these pins. These outputs can be forced 
to the high-imp~dance state, i = 0 through 7. 

The continuous output from the Oo flip-flop of 
the register. This output "is used for serial shifting. 

Register Enable. When RE is LOW, the register 
functions are enabled. When RE is HIGH, the 
register functions (parallel load, shift right and sign 
extend) are inhibited. 

Serial/Parallel. When S/P is LOW, the register can 
be synchronously parallel loaded. Th is input forces 
the register output buffers to the high-impedance 
state independent of the OE input. When S/P is 
HIGH, the register contents are shifted right on 
the clock LOW-to-HIGH transition. 

Sign Extend. When the SE input is LOW, the 
contents of the 07 flip-flop will be repeated in 
the 07 flip-flop as the register is shifted right. 
When SE is HIGH, the two-input multiplexer 
(DA and Ds) is enabled to enter data during the 
serial shift right. The 07 flip-flop (DY7) is nor
mally considered the MSB of the register for 
arithmetic definitions. 

DA, Ds The serial inputs to the device. 

S Multiplexer Select. When S is LOW, the DA serial 
input is selected. When S is HIGH, the DB serial 
input is selected. 

CLR Clear. The asynchronous clear to the register. 

CP 

OE 

When the clear is LOW, the outputs of the flip
flops are set LOW independent of all other inputs. 
When the clear is HIGH, the register will perform 
the selected function. 

Clock. The clock pulse for the register. Register 
operations occur on the LOW-to-HIGH transition 
of the clock pulse. 

Output Control. When the OE input is HIGH, the 
eight DYi outputs are in the high-impedance state. 
When OE is LOW, data in the eight flip-flops will 
be present at the register parallel outputs unless 
S/P is LOW. 

INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DYi Only Other Pins 

Note: Actual current flow direction shown. 
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APPLICATION 

CONTROL I 
INPUTS 

l L 

J_ l_ j_ 1 
SE S/P RE SE S/P RE 

L--P L-S 

.--1 DA Do 1-------<DA 

CLR Am25LS22 ~----1--'"':itcLR Am25LS22 

r---i CP 

,-d OE 
DY7 DY6 DY5 DY4 DY3 DY2 DY 1 DYo 

CLEAR--+---!--t-----t--+--t--1----t---!--t--+--~ 

CLOCK---<1---t-----t--+--t--l---t---t--t--+-----' 

O"E----+-----t--+---+--1----+---1--+--+-----~ 

MSB LSB 

UPPER BYTE 

16-BIT DATA BUS 

Am25LS22 Am25LS22 
SYSTEM UPPER BYTE LOWER BYTE 

OPERATION -
SE S/P RE OE SE S/P RE 

Load lower byte and 
H H L x x L L 

extend lower byte sign 
to upper byte L H L H x x H 

x L L x x x x 
Load upper byte and 
extend upper byte sign 
while shifting value to 

H H L H H H L lower byte position 

Read 16-bit word to Bus x x x L x x x 

MSB LSB 

LOWER BYTE 

FUNCTION 

OE Description 

x Load from Bus 

7 clock cycles to 
H extend sign 

x Load from Bus 

8 clock cycles to extend 

H 
upper byte sign and shift 
upper byte into lower byte 
position 

L Unload 

Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two's complement 8-bit bytes 
tor arithmetic operations in a 16-bit machine. If the upper byte value is to be used, it is shifted to the lower bit posi
tions and its sign is extended. It the lower byte value is to be used, it is held in place while the sign is extended down
ward from the MSB position of the upper byte. 

Metal\ ization and Pad Layout 

RE 20 Vee 
S/P 19 

1B 5E 

DA 17 DB 

OY7 16 DYs 

DY5 15 DY4 

DY3 14 DY2 

DY 1 13 DY a 

6E 12 Do 

CLR 11 CP 

10 GND 

DIE SIZE 0.096" X 0.112" 
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Am25LS23 
8-Bit Shift/Storage Register with Synchronous Clear 

DISTINCTIVE CHARACTERISTICS 

• Synchronous clear 
• Three-state outputs 
• Common input/output pins 
• Cascadable shifting 
• Second sourced by T.I. as 54LS/74LS323 
• 100% product assurance screening to MIL-STD-883 

requirements 

St so 

SR 
SHIFT 
RIGHT-'-"'---+-'=-+, 

SERIAL 
INPUT 

CLEAR 
eLR 

OUTPUT t G1 2 

CONTROLS G2 
3 

13 

DYo DY1 

CONNECTION DIAGRAM 
Top View 

Vee s, SL a, DY7 DY5 DY3 DY1 ep SR 

Am25LS23 

So G1 G2 DY5 DY4 DY2 DYo QO CLA GND 

Note: Pin 1 is marked for orientation. 

FUNCTIONAL DESCRIPTION 

The Am25LS23 is an 8-bit universal shift/storage register with 
3-state outputs. The function is similar to the Am25LS299 
with the exception of a synchronous clear function. Parallel 
load inputs and register outputs are multiplexed to allow the 
use of a 20-pin package. Separate continuous outputs are &lso 
provided for flip-flops Oo and 07. 

Four modes of operation are possible - Hold (store), Shift
left, Shift-right arid .Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is packaged in a 
standard 20-pin package. 

LOGIC DIAGRAM 

14 15 

DY2 DY3 DY4 DY5 

12 

ep eLR 

11 SR 

18 SL 

Oo 

DYo DY1 

13 
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16 

DY5 DY7 

LOGIC SYMBOL 

19 

So s, 

Am25LS23 
8-BIT SHIFT REGISTER 

DY2 DY3 DY4 DY5 

14 15 

Vee= Pin 20 

GND =Pin 10 

G1 

DY5 

SL 
SHIFT 
LEFT 
SERIAL 
INPUT 

G2 

o, 

DY7 

16 

17 

El 
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ELECTRICAL CHARACTERISTICS The following conditions apply unless otherwise specified: 

COM'L TA= o'c to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I Min. 

l MIL 2.5 
Vee= MIN. ao.01 IOH = -440µA l 

VoH Output HIGH Voltage VIN= V1H or 
COM'L 2.7 

Vol 
MIL, IOH = -1.0mA 2.4 

DY0-DY7 
COM'L, IOH = -2.6mA 2.4 

Vee= MIN. loL = 4.0mA 

Vol Output LOW Voltage 
VIN= V1H or Vil IOL =8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

Guaranteed input logical LOW Mil 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

SQ. S1 
l1L Input LOW Current Vee= MAX .. V1N = 0.4V 

All others 

Vee= MAX., V1N = 2.7V So, S1 
l1H Input HIGH Current 

(Except DY;) All others 

so. S1 
Vee= MAX .. V1N = 7V 

(;1, (;2· CLR, CP 
11 Input HIGH Current 

(Except DY;) 
V1N = 5.5V Others 

loz 
Off-State (High Impedance) Vo=0.4V 

Output Current 
Vee= MAX. 

Vo=2.4V 

lsc Output Short Circuit Current Vee= MAX. -15 
(Note 31 

Ice Power Supply Current Vee= MAX. (Note 4) 

Typ. 
(Note 2) 

0.25 

0.35 

38 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.8 

-0.4 

40 

20 

0.2 

0.1 

0.1 

-100 

40 

-85 

60 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. 

4. lcc - measured with clock input HIGH and output controls HIGH. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Outp!Jt State -0.5V to +Vee max. 

DC Input Voltage (SQ, S1, G1, G2. CLR, CP) -0.5V to +7.0V 

DC Input Voltage (Others) --------------------------------_""'0-.5-cV-c-to-+-.,5-.5-V 

DC Output Current, Into Outputs 30mA 
------- ---------
DC Input Current -30mA to +5.0mA 

SWITCHING CHARACTERISTICS (TA~ +25°C, Vee= 5.0V) 

Parameters Description Min. Typ. Max. Units Test Conditions 

tPLH Clock to Oo or 07 
18 26 

ns 
tPHL 23 28 

tPLH 
Clock to DY; 

18 26 

IPHL 21 
ns 

28 

ts S1. So Set-up Prior to Clock 12 ns CL= 15pF 

ts OYj or SR, SL Set-up Prior to Clock 12 ns RL = 2.0kl1 

tpw Pulse Width (Clock) 15 ns 

ts Clear to Clock 15 ns 

tzH S1. So. G1. G2 to DY; 18 30 

tzL 20 30 
ns 

tLz 
t--

S1. So. G1. G2, to DY; 
22 33 CL= 5.0pF 

IHz 16 23 
ns 

RL ~ 2.0kl1 

fmax Maximum Clock Frequency (Note 1 I 35 50 MHz 

Note 1. Per industry conventron, fmax 1s the worst case value of the maximum device operating frequency with no constraints on tr. tf, 

pulse width or duty cycle. 
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Am25LS23 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LS MIL OVER OPERATING RANGE* 

TA = 0°C to +70°C TA = -55°C to + 125°C 
Vee= 5.ov ±5% Vee = 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 
Clock to 0 0 or 07 38 44 

ns 
tPHL 40 47 
tPLH 38 44 Clock to DY; ns 
tPHL 40 47 
ts S1, So Set-up Prior to Clock 20 23 ns CL= 50pF 
ts DY; or SR, SL Set-up Prior to Clock 20 23 ns RL = 2.0kfl 
tpw Pulse Width (Clock) 24 27 ns 
ts Clear to Clock 24 27 ns 

tzH 
S1, So, G1, G2 to DY; 

43 50 
ns 

tZL 43 50 
tLz 

S1, So, G1, G2 to DY; 
43 50 CL= 5.0pF 

ns 
tHz 30 35 RL = 2.0kfl 

fmax Maximum Clock Frequency (Note 1) 26 23 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

SR Shift right data input to 07 So,S1 Mode selection control lines used to control 

SL Shift left data input to Oo 
input (output during load) conditions 

G1,G2 Active LOW input to control three-state output 

Clear Active LOW synchronous input forcing the Oo in active LOW AND configuration 

through 07 register to see LOW conditions, Oo,07 The only two direct outputs; used to cascade 

EJ visable only if outputs are enabled shift operations 

DY0-DY7 Input/Output line dependent on mode and out-
Clock A LOW-to-HIGH transition will result in the put control. Input only with mode select 

register changing state to next state as described LOAD. Output in all other modes but subject 
by mode and input data condition to output select (G 1, G2). 

TRUTH TABLE 

INPUTS OUTPUTS INPUTS/OUTPUTS 
FUNCTION 

c;, G"2 SR SL CLEAR CLOCK So s, Oo 07 DYo DY1 DY2 DY3 DY4 DY5 DYs DY7 

Clear x x L t (Note 11 L L L L L L L L L L L L 

x x x x x x H L NC NC z z z z z z z z 
Output x x x x x x L H NC NC z z z z z z z z Control 

x x x x x x H H NC NC z z z z z z z z 

Hold x x H x L L L L NC NC NC NC NC NC NC NC NC NC 
M Load (Note 21 x x H t H H L L A H A B c D E F G H 
0 Shift Right L x H t H L L L L DY5 L DYo ov, DY2 DY3 DY4 DY5 DYs 
D Shift Right H x H t H L L L H DYs H DYo ov, DY2 DY3 DY4 DY5 DYs 
E Shift Left x L H t L H L L DY1 L DY1 DY2 DY3 DY4 DY5 DYs DY7 L 

Shift Left x H H t L H L L DY1 H DY1 DY2 DY3 DY4 DY5 DYs DY7 H 

L =LOW Z = High Impedance t =Transition LOW·to-HIGH Notes: 1. Either LOW to observe outputs. 
H =HIGH X = Don't Care NC = No Change 2. Jn this mode DYi are inputs. 
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Am25LS23 

SHIFT 
RIGHT -----1 

Do 

SERIAL 

Do 

DYo 

SR 

CLEAR 

So 

S1 

Oo 

OUTPUT -+-+---+--~ 
LEFT 

D1 

DY1 

INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DY i Only Other Pins 

[ 

D2 D3 D4 o, 

DY2 DY3 DY4 DY5 

Am25LS23 

DRIVING OUTPUT DRIVEN JNPUT 

Note: Actual current flow direction shown. 

D5 o, 

DY5 DY7 

SL 

eLK 

G1 

o, 
o, 

APPLICATION 

INPUT/OUTPUT DATA 

DYo DY1 DY2 DY3 DY4 DY5 DY5 DY7 

~----JSR SL 
SHIFT 
LEFT 
INPUT 

CLEAR CLK 
Am25LS23 

SERIAL 
~---+--+-OUTPUT 

RIGHT 

CLOCK--+---+------------------+-._----+-+------------------+-~ 

cg~~~gr--+---+-----------------~.._------+--+-----------------~ 

16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register. 

Metallization and Pad Layout 

So 20 Vee 

G1 19 S1 

18 SL 

G2 17 o, 

DY6 16 DY7 

DY4 15 OY5 

DY2 14 DY3 

DYo 13 DY1 

Oo 12 CP 

CLR 9 11 SR DIE SIZE 
GND 10 0.096" x 0.112" 
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Am25LS138 • Am54LS/74LS138 
3-Line To 8-Line Decoder/Demultiplexer 

DISTINCTIVE CHARACTERISTICS 

• Inverting and non-inverting enable inputs 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VoL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MIL-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS138 is a 3-line to 8-line decoder/demultiplexer 
fabricated using advanced Low-Power Schottky technology. 
The decoder has three buffered select inputs A, B and C 
that are decoded to one of eight Y outputs. 

One active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. When the enable input 
function is in the disable state, all eight Y outputs are HIGH 
regardless of the A, B and C select inputs. 

The Am54 LS/74LS138 is a standard performance version 
of the Am25LS138. See appropriate electrical characteristic 
tables for detailed Am25LS improvements. 

CONNECTION DIAGRAM 
Top View 

A C G2A G2B G1 Y7 GND 

Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 

LOGIC SYMBOL 

G1 

G2A 

G2B 

Yo Y1 Y2 Y3 Y4 Y 5 Y5 Y7 

15 14 13 12 11 10 

Vee~ Pin 16 
GND ~Pin 8 

Yo 

v, 

Y2 

Y3 

Y4 

EJ 
Y5 

y6 

Y7 



Am25LS/54LS/74LS 138 

ELECTRICAL CHARACTERISTICS Am25LS138 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA =0°Cto+70°C Vee= 5.0V ± 5% (MIN. =4.75V MAX.= 5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee= MIN., 10 H = -440µA L MIL 

VoH Output HIGH Voltage 
V1N = V1H or V1L l COM'L 

Vol Output LOW Voltage 
Vee= MIN. L loL = 4mA 

V1N = V1H or V1 Lj_ IOL = 8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all mputs 

V1L Input LOW Level 
Guaranteed input logical LOWL Ml L 

voltage for all inputs j COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Ill Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

'cc Power Supply Current Vee= MAX. (Note 4) 

ELECTRICAL CHARACTERISTICS Am54LS/74LS138 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=0°Cto+70°C Vcc=5.0V±5% (MIN.=4.75V MAX.=5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee= MIN., loH = -400µA 1 MIL 
VoH Output HIGH Voltage 

V1N = V1H or VIL l COM'L 

Vol Output LOW Voltage 
Vee= MIN. 1 All, loL = 4mA 

V1N = V1H or V1Lj_74LSonly,IOL =8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOWL Ml L 

voltage for alt inputs J COM'L 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

lsc 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

•cc Power Supply Current Vee= MAX. (Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

6.3 

Typ. 
(Note 2) 

3.4 

3.4 

6.3 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 

0.8 
Volts 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-85 mA 

10 mA 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 

0.8 
Volts 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-85 mA 

10 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0 V, 25°C ambient and maximum loading. 

• 3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Outputs enabled and open. 

MAXIMUM RA TINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7.0V 
--------------------------------

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 
--------- -----------------------

DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS138 
SWITCHING CHARACTERISTICS 
(TA - +25°e Vee - 5 OV) - -

Am25LS Am54LS/74LS 

Pere meters Description Min. Typ. Max. Min. Typ. Mex. Units Test Conditions 

tPLH Two Level Delay 10 15 13 20 
tPHL Select to Output 14 21 27 41 

ns 

tPLH Three Level Delay 15 23 18 27 
tPHL Select to Output 18 27 26 39 

ns 
CL= 15pF 

tPLH G2A or G2B 10 15 12 18 RL = 2.0k!l 
tPHL to Output 15 23 21 32 

ns 

tPLH 12 18 17 26 G1 to Output 
18 27 25 38 

ns tPHL 

Am25LSONLY 
Am25LS COM'L Am25LS MIL SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* TA= 0°c to +70°C TA= -55°C to +125°C 
V cc = 5.0V ±5% Vee= s.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 
tpLH Two Level Delay 24 27 

ns 
tPHL Select to Output 31 36 
tPLH Three Level Delay 34 39 

ns 
tPHL Select to Output 39 -45 

CL= 50pf 
tPLH G2A orG2B 24 27 RL = 2.0kO ns 
tPHL to Output 34 39 
tpLH G1 to Output 27 32 

ns 
tPHL 39 45 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

A, B, C Select. The three select inputs to the decoder. 

G1 The active-HIGH enable input. A LOW on the Gl in
put forces all Y outputs HIGH regardless of any other 
inputs. 

Am25LS • Am54LS/74LS 
LOW POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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G2A, G2B The active-LOW enable input. A HIGH on 
either the G2A or G2B input forces all Y outputs HIGH 
regardless of any other inputs. 

Yo, Y1, Y2, Y3, Y4, Y5, Vs. Y7 The eight decoder outputs. 

FUNCTION TABLE 

Inputs 

Enable Select 
Outputs 

Gl G2A G2B C B A Yo v, Y2 Y3 Y4 Y5 Vs Y7 

L x x xx x H H H H H H H H 

x H x xx x H H H H H H H H 

x x H xx x H H H H H H H H 

H L L L L L L H H H H H H H 

H L L L L H H L H H H H H H 

H L L L H L H H L H H H H H 

H L L L H H H H H L H H H H 

H L L H L L H H H H L H H H 

H L L H L H 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 H H H H H H H H H L 

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



Am25LS/54LS/7 4LS138 

APPLICATION 

Y7 15 

So 
Y5 14 

S1 
Y5 13 

s, m Y4 12 

SELECT M 

G2A ~ Y3 11 

Y7 10 
G2B 

Y1 

S3 G1 

Yo 

DECODE 
DATA OUTPUT 

Y7 

Y5 

Y5 

i)j 
Y4 

G2B ~ Y3 

DATA G2A 
Y7 

Y1 

GT 

Yo 

H =HIGH 

ONE-OF-SIXTEEN DEMULTIPLEXER 

Metallization and Pad Layout 

Vee 

DIE SIZE 0.065" X 0.065" 
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Am25LS139 • Am54LS/74LS139 
Dual 2-Line To 4-Line Decoder/Demultiplexer 

DISTINCTIVE CHARACTERISTICS 

• Two independent decoders/demultiplexers 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VoL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MIL-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS139 is a dual 2-line to 4-line decoder/demulti
plexer unit fabricated using advanced Low-Power 
Schottky technology. Each decoder has two buffered 
select inputs A and B which are decoded to one of four Y 
outputs. 

An active LOW enable can be used for gating or can be 
used as a data input for demultiplexing applications. 
When the enable is HIGH, all four Y outputs are HIGH, re
gardless of the A and B inputs. 

The Am54LSf74LS139 is a standard performance version 
of the Am25LS139. See appropriate electrical characteris
tic tables for detailed Am25LS improvements. 

LOGIC DIAGRAM 
(One Decoder Shown) 

CONNECTION DIAGRAM 
Top View 

lG 

•YO 

Note: Pin 1 is marked for orientation. 

lG 

lA 

18 
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Y1 

LOGIC SYMBOL 

15 

14 

13 
1YO 1Y1 1Y2 1Y3 

Vee= Pin 16 

GND=Pin8 

2G 

2A 

2B 
2YO 2Y 1 2Y2 2Y3 

12 11 10 9 



Am25LS/54LS/74LS139 

Am25LS139 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 11 

Vee= MIN .. loH = -440µA l MIL 
VoH Output HIGH Voltage 

V1N = V1H or V1L l COM'L 

Vee= MIN., l loL = 4mA 
Vol Output LOW Voltage 

V1N = V1H or VIL J loL =SmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW l MIL 
V1L Input LOW Level voltage for alt inputs COM'L 

V1 Input Clamp Voltage Vee= MIN .. I 1N = -18mA 

I 1 L Input LOW Current Vee = MAX .. V1N = 0.4V 

l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

11 Input HIGH Current Vee= MAX .. V1N = 7.0V 

•sc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

ice Power Supply Current Vee= MAX. (Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
{Note 2) 

3.4 

3.4 

6.8 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-85 mA 

11 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are clt Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ice is measured with all outputs enabled and open. 

MAXIMUM RATINGS(Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 
DC Input Current -30 mA to +5.0 mA 
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Am25LS/54LS/74LS139 

Am54LS/74LS139 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +10°e Vee= 5,0V ± 5% (MIN,= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vee=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions <Note 1) 

Vee= MIN., loH = -400µA l MIL 
VoH Output HIGH Voltage 

V1N = V1H or VIL l eOM'L 

Vee= MIN., l All, loL = 4mA 

Vol Output LOW Voltage 
V1N = V1H or VIL l 74LS only, loL = BmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW l MIL 

V1L Input LOW Level voltage for all inputs eOM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

11 L Input LOW Current Vee = MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

•se 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

•cc Power Supply Current Vee= MAX. (Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 l 

Typ. 
(Note 2) 

3.4 

3.4 

6.8 

Max, Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-100 mA 

11 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at V cc = 5.0V, 25° C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice is measured with all outputs enabled and open. 

SWITCHING CHARACTERISTICS 
(TA - +25°C Vee - 5 OV) - -

Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH Select to Output, 8 12 13 20 

'PHL 2 Levels of Delay 12 18 
ns 

22 33 

tPLH T Select to Output, 13 20 18 29 CL=15pF 

tPHL 3 Levels of Delay 14 21 25 38 
ns 

RL=2.0k!l 

tPLH Enable to Output, 8 12 16 24 

tPHL 2 Levels of Delay 12 18 
ns 

21 32 

Am25LS ONLY Am25LS COM'L Am25LS MIL 
SWITCH I NG CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°Cto +125°C 

Vee = 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH Select to Output 20 23 
ns 

tPHL 2 Levels of Delay 27 32 

tPLH Select to Output 30 35 CL= 50pF 
ns 

tPHL 3 Levels of Delay 31 36 RL = 2.0kfl 

~LH Enable to Output 20 23 
ns 

tPHL 2 Levels of Delay 27 32 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS139 

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 

A, B Select. The two select inputs to the decoder. 
INPUTS OUTPUTS 

G Enable. The enable input to the decoder. A HIGH input 
forces all four Y outputs HIGH regardless of the A and 
B inputs. 

ENABLE SELECT 
G B 

Yo, Y1, Y2, Y3 The four decoder outputs. H x 
L L 

L L 

L H 

L H 

H =HIGH 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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A Yo Y1 Y2 

x H H H 

L L H H 

H H L H 

L H H L 

H H H H 

L =LOW X "" Don't care 

Y3 

H 

H 

H 

H 

L 



Am25LS/54LS/74LS139 

APPLICATIONS 

INPUTS 

(lo•••HoOoOoOOoOo•oo•oooo 7 8 •••••oouuuon•••••••15 16oooOOOOHOOHOOOOHOHo23 

r---
ENABLE~1G1 ~ IY3,K>--+-+-<>--<-+-+---+--+------l--1>--t-+-+---+--+--+-------<>--<-+-+--+--+--+-+----~ i 1v210--+-l-ll-l-+-+-++------l-ll-I-+-+-++-+----~ 

r---tA < 
~ 1Vtl0--+-l-il-i-+-+-t--t--------, 

r- 1a S 1volo-i 

'----

Ao -i-+--~..--i 
A1-i-+----.-+~ 
A2 -i-+---t-+-+~ 
"3-J ... ---' 

S Do D1 D2 DJ 04 05 05 07 

Am2SLS251 
8 INPUT MULTIPLEXER 

MULTIPLEXER OUTPUT MUL TtPLEXER OUTPUT 

32-INPUT DEMULTIPLEXER 

DATA INPUT 

BIT-1 

l 
lG 

lA 

1/2 OF Am25LS139 

l 

BIT-2 

l 
2G 

2A 

1/2 OF Am25LS139 

r---1 '" .-- 28 

WORD 
1 

lYO 1Y1 1Y2 1Y3 

r 
WORD 

2 

2YO 2Y1 2Y2 

T 
_e-
T 

WORD 
3 

2Y3 

1 

WOAD 
4 

DATA ROUTING USING ONE Am25LS139 AS A DEMULTIPLEXER FOR TWO BITS 

Metallization and Pad Layout 

1Y1 5 

lY2 6----J 

1Y3 7----~ 
B 

GNO 

~----15 2G 

14 2A 

2Y1 

~----10 '2Y2 

2YJ 

DIE SIZE 0.065" X 0.065" 
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Am25LS148 • Am54LS/74LS148 
Eight-Line To Three-Line Priority Encoder 

DISTINCTIVE CHARACTERISTICS 

• Encodes eight inputs in priority 
• Provides a 3-bit binary vector 
• Indicates data present for all inputs 
• Cascadable using available signals 
• See Am25 LS2513 for three-state output version of the 

Am25LS148 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VoL at loL = 8mA 
- Twice the fan-out over military range 
- 440µA source currefit at high output 

• 100% product assurance screening to MI L-STD-883 
requirements 

LOGIC DIAGRAM 

iQ 
(10) 

(11) 

112) 

{13) 

111 

121 

131 

141 

151 
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FUNCTIONAL DESCRIPTION 

These TTL Encoders perform priority decoding from 8 inputs 
and provide a binary weighted code of the priority order of 
the inputs on three active_LOW outputs (A2, Al!__A0 ). An 
active LOW enable input (El) and enable output (EO) allows 
cascading without the need for external circuitry. Enable 
input Ei HIGH will force all outputs HIGH. The enable 
output is LOW when all inputs (iQ to fll a!!_ HIGH and the 
enable input is LOW. A LOW group signal (GS) indicates that 
one of the 8 inputs is LOW. When the enable input is LOW, 
the enable output is the logic inverse of the group signal. 

The Am54LS/74LS148 is a standard performance version of 
the Am25LS148. See appropriate electrical characteristic tables 
for detailed Am25 LS improvements. 

Note: The Advanced Micro Devices' LS148 products were designed 
prior to publication of data sheets by T.I. Review specifications for 
possible differences. 

LOGIC SYMBOL 

10 11 12 13 

'o 

ED 

15 

Vcc=Pin16 

GND =Pin 8 

14 

El 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 



Am25LS148 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

MIL TA=-55°Cto+125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee =MIN., loH = -440µA MIL 
VoH Output HIGH Voltage 

V1N = V1H or V1L COM'L 

Vee= MIN. loL = 4.0mA 

Vol Output LOW Voltage VIN= V1H or V1L 
loL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

El, lo 
Ill Input LOW Current Vee= MAX., V1N = 0.4 v 

All others 

Ei. To 
l1H Input HIGH Current Vee= MAX .• V1N = 2.7V 

All others 

Input HIGH Current 
El, lo 

11 Vee= MAX., V1N = 7.0V 
All others 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

Power Supply Current Condition a 
•cc Vee =MAX. 

(Note 4) Condition b 

Min. 

2.5 

2.7 

2.0 

-15 

Am25LS/54LS/74LS148 

Typ. 
(Note 2) 

3.4 

3.4 

11 

10 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.4 

-0.8 

20 

40 

0.1 

0.2 

-85 

19 

16 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. a. T7, ET Gnd all others open. 

b. Ta -T7, Ei open, 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

3-40 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7.0V 

-0.5V to +Vee max. 

-0.5V to +7.0V 

30mA 

-30 mA to +5.0 mA 



Am25LS/54LS/74LS148 
Am54LS/74LS148 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

MIL TA=-55°Cto+125°C Vee= 5.0V ±10% MIN. =4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN., 'oH = -400µA, MIL 
VoH Output HIGH Voltage 

V1N = V1H or V1L COM'L 

Vee= MIN. All, 'oL = 4.0mA 
Vol Output LOW Voltage 

V1N = V1H or V1L 
74LS only, IOL =8.0mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

v, Input Clamp Voltage Vee= MIN., l1N = -18mA 

El, lo 
l1L Input LOW Current Vee= MAX., v,N = 0.4 v 

All others 

El, lo 
l1H Input HIGH Current Vee= MAX .• v,N = 2.7V 

All others 
- . 

El, lo 
•1 Input HIGH Current Vee= MAX .• V1N = 7.0V 

All others 

•sc Output Short Circuit Current 
Vee= MAX. 

(Note 3) 

Power Supply Current Condition a 
'cc Vee= MAX. (Nete 4) Condition b 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

12 

10 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 
mA 

-0.8 

20 

40 
µA 

0.1 
mA 

0.2 

-100 mA 

20 
mA 

17 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. a. 17, Ei G nd all others open, 

b. Ta-+ T7. Ei open. 

ENABLE 
IN 
El 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

'o 
,, 

'2 
x x x 
H H H 

x x x 
x x x 
x x x 
x x x 
x x x 
x x L 

x L H 

L H H 

H ==HIGH Voltage Level 
L == LOW Voltage Level 
X == Don't Care 

INPUTS 

13 14 

x x 
H H 

x x 
x x 
x x 
x L 

L H 

H H 

H H 

H H 

TRUTH TABLE 

GROUP OUTPUTS 
SELECT 

15 15 17 GS Ao Ai A2 

x x x H H H H 

H H H H H H H 

x x L L L L L 

x L H L H L L 

L H H L L H L 

H H H L H H L 

H H H L L L H 

H H H L H L H 

H H H L L H H 

H H H L H H H 
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ENABLE 
OUT 

EO 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 



Am25LS/54LS/74LS148 

SWITCHING CHARACTERISTICS 
(TA; +25°e. Vee; 5.0V) 

Parameters Description 

ii to An (In Phase Output) 

ii to An (Out-of-Phase Output) 

~to EO 

~'_t_PL_H __ __,I ~toGs 
tPHL 
---+---

tpLH 
El to A; 

Ei to GS 

Am25LS Am54LS/74LS 

Min. Typ. Max. Min. Typ. Max. Units 

12 18 12 18 

9 14 17 25 
ns 

16 24 24 36 

12 18 19 29 
ns 

7 11 12 18 

23 35 23 40 
ns 

32 48 32 55 

12 18 14 21 
ns 

13 20 13 25 
--+-------t-----t----+-----1 

8 12 17 25 
ns 

12 17 12 17 
--+-----1---+-------+-----l ns 

9 14 24 36 
~-----+---------------

t PL H 
-- --i--~9:-----t--~14-:----i------t-~1~4--j----,-2-1---t------j 

r----------+-2-5--+--3-5--+-----+--25--+-3-5----1 El to EO 

Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L Am25LS Mil 
f----------------1----------1 

TA;0°Cto+70°C TA;-55°Cto+125°C 

Vee; 5.ov ±5% Vee; 5.ov ±10% 

Min. Max. Min. Max. 

tPLH ] 23 27 

ns 

Units 

ns r tPHL ii to An (In Phase Output) t-------+--- 21 27 

l~-- j ---··-------- -----t---3-3-----t-----+--3-9-----t-----

li to A;; (Out-of-Phase Output) ns 
tPHL 30 34 

[~tPLH __ ~1 ii to EO 15 16 

tPHL 50 60 
t--------·-+------------"-----·----t------+--------r-----+-------l-----

tpLH : lj to GS 75 90 
tpH L j t-------- ··---3--0---,----·--i---3-3 _ ___, 

tPLH l - - 28 33 

I 

tpH l I EI to A; 21 25 

tPLH : 26 30 
1--------<i Ei to GS 26 ----t-·--------+----30---< 

1--. _tP_H_L ___ _j_____ ____________ -+--·---+--------l-----r------t------~ 
l1 tPLH 1 19 22 

1 Ei to EO 
60 75 

ns 

ns 

ns 

ns 

ns 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Test Conditions 

CL;15pF 
RL; 2.0kf! 

Test Conditions 

CL; 50pF 
RL; 2.0kf! 

I 

E 



Am25LS/54LS/74LS148 

APPLICATION 

ENABLE El 

GS 

'15 

'14 

P13 

'12 
'11 A to---+--+_,,__, 

'10 
INTERRUPT 

P9 EO 

Ps 

El 

GS 

P7 
VECTOR 

p6 

P5 

P4 
A 

P3 
74LSOO ,, 

P1 ED 

Po 

Priority interrupt encoding expanded to 16. 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

DEFINITION OF FUNCTIONAL TERMS 

An Address Data Outputs. Low address of most significant 
low data input (n = 0, 2). 

Ei Low Enable Input. Enable input HIGH forces all out
puts HIGH. 

EO Low Enable Output. Indicates that enable input is LOW 
Vee and no input is active. 

Note: Actual current flow direclion shown. 

3-43 

GS Low Group Signal. It enable input is LOW, indicates 
when any input is active. 

Ii Data Inputs. Designates one of the eight active LOW 
inputs (i = 0-7). 

Metallization and Pad Layout 

T4 1 --------, 16 Vee 
T5 2-----~ 15 E6 

T6 3 
14 Gs 

T7 4 --+1 .. 91 
ET 5 --+1~9' 

13 T3 
12 T2 

11 T1 

~---10 T0 

Ao 

DIE SIZE 0.082" X 0.085" 



Am25LS151 
Am25LS251 

• Am54LS/74LS151 
• Am54LS/74LS251 

Eight-Input Multiplexers 

DISTINCTIVE CHARACTERISTICS 

• Switches one-of-eight inputs to two complementary outputs 

• Standard, 'LS151 and three-state, 'LS251 output versions 

• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VOL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS 151 and the Am25LS251 are eight-input 
multiplexers that switch one of eight inputs onto the 
inverting and non-inverting outputs under the control of a 
three-bit select code. The inverting output W is one gate 
delay faster than the non-inverting output Y. 

The Am25LS151 provides an active-LOW strobe. When the 
strobe is HIGH, the inverting output (W) is HIGH and the 
non-inverting output (Y) is LOW. 

The Am25LS251 features a three-state output for data bus 
organization. The active-LOW strobe, or "output control" 

applies to both the inverting and non-inverting output. 
When the output control is HIGH, the outputs are in the 

high-impedance state. When the output control is LOW, 
the active pull-up output is enabled. 

The Am54LS/74LS151 is a standard performance version of 
the Am25LS151. See appropriate electrical characteristic tables 

for detailed Am25LS improvements. 

CONNECTION DIAGRAM 
Top View 

D3 D2 D1 Do Y W S GND 

Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 

'LS251 ONLY 

ti 
Do~------=r-==t-11:::1""1)-----

k o, ~--t----+--+-,-t--lt-t"1)-----

k 
04~---+----+-+-~!:::~±:::-±:::lt-t-.., 

ti D5~--+--++-+-+--it:'.'-t:::IJ-t-..,}--

k 
Ds ---1---t--H--i!:::-t:t-+f:::j-t'"""I)--

o,---t---+-t-+-t+t:::L-Lt-_,-,)----

... 

A -t> 

10 

11 

-..-

LOGIC SYMBOL 

15 14 13 12 

w 

VCC =Pin 16 

GND =Pin 8 



Am25LS/54LS/74LS151/251 

Am25LS151 • Am25LS251 
ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25VI 
MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I 

LS151XM 
VoH Output HIGH Voltage loH = -440µA 

LS151XC 

LS251XM Vee= MIN., loH = -1 mA 

LS251XC V1N = V1H or V1L loH = -2.6mA 

Output LOW Voltage 
loL =4mA 

Vol 
loL = BmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all ,inputs 

V1L Input LOW Level 
Guaranteed input logical LOW 1 MIL 
voltage for all inputs j COM'L 

v, Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L lnput LOW Current Vee= MAX., V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

loz 
Off-State (High-Impedance) Vee= MAX. Vo= 2.4V 

Output Current (LS251 only) V1N = V1H or V1L Vo=0.4V 

isc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

LS151 (Note 4) 

ice Power Supply Current Vee= MAX. 
LS251 (Note 5) J 

Am54LS/74LS151 • Am54LS/74LS251 

Min. 

2.5 

2.7 

2.4 

2.4 

2 

-15 

A 

B 

Typ. 
(Note 21 

3.4 

3.4 

3.4 

3.2 

6.0 

6.1 

7.1 

ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions I Note 1 I 

I 
54LS151 

VoH Output HIGH Voltage 
74LS151 

loH = -400µA 

Vee= MIN., 54LS251 loH = -1mA 
1---

V1N = V1H or V1L. loH = -2.6mA 74LS251 

Vol Output LOW Voltage 
All, loL = 4mA 

74LS only, loL = 8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

V1L Input LOW Level 
Guaranteed input logical LOW 154LS 
voltage for all inputs j 74LS 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

Ill Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

loz 
Off-State (High-Impedance) Vee - MAX. Vo= 2.4V 

Output Current (LS251 only) V1N = V1H or V1L Vo= 0.4V 

lsc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

LS151 (Note 4) 

ice Power Supply Current Vee= MAX. 
LS251 I Note 51 l A 

B 

Min. 

2.5 

2.7 

2.4 

2.4 

2 

-15 

Typ. 
(Note 21 

3.4 

3.4 

3.4 

3.2 

6.0 

6.1 

7.1 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 mA 

20 µA 

0.1 mA 

20 µA 
-20 

-85 mA 

10 

10 mA 

12 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 Volts 
0.8 

-1.5 Volts 

-0.4 mA 

20 µA 

0.1 mA 

20 µA 
-20 

-100 mA 

10 

10 mA 

12 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are Vee= 5.0V, 25°e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ice is measured with all outputs open and all inputs at 4.5V. 
5. Ice is measured with all outputs open and all data and select inputs at 4.5V under conditions: 

A) Strobe grounded. 8) Strobe at 4.5V. 
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Am25 LS/54 LS/74LS151 /251 

MAXIMUM RATINGS (Above which the useful life may be impaired). 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground--P-o-te_n_t-ia-l~(c--Pi_n_1_6_to~Pi,_n-8'"')-Cc-o-n-t-in_u_o_u_s ______________________ 0_._5_V-to_+_7 .-0-V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to+ Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Output 30mA 
---------------------~·----------------~ 

DC Input Current -30mA to +5.0mA 

Am25LS151 • Am54LS/74LS151 
SWITCHING CHARACTERISTICS 
(TA= 25°C, Vee= 5.0V) 

Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 27 41 27 43 
A, B, or C to Y; 4 Levels of Delay ns 

tPHL 20 30 18 30 

tPLH 16 23 14 23 
A, 8, or C to W; 3 Levels of Delay ns 

tPHL 22 32 20 32 

tPLH 16 24 20 32 
Any D to Y ns 

tpH L 11 17 16 26 CL=15pF 

tPLH 7 12 13 21 RL = 2.0kl1 
Any D to W ns 

tPHL 10 15 12 20 

tPLH 22 33 26 42 
Strobe to Y ns 

tPHL 15 23 20 32 El 
tPLH 11 17 15 24 

Strobe to W ns 
tPHL 16 24 18 30 

Am25LS151 ONLY 
Am25LS COM'L Am25LS MIL 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 

V cc = 5.0V ±5o/c Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH A, B or C to Y; 4 Levels of Delay 57 66 ns 
tPHL 43 50 

tPLH A, B or C to W; 3 Levels of Delay 
34 39 ns 

tPHL 46 53 

tPLH Any D to Y 
35 41 

ns 
tPHL 26 30 CL= 50pF 

tPLH 20 23 RL = 2.0k11 
Any D to W ns 

tPHL 24 27 

tPLH Strobe to Y 
47 54 ns 

tPHL 34 39 

tPLH Strobe to W 
26 30 ns 

tPHL 35 41 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS151/251 
Am25LS251 • Am54LS/74LS251 

SWITCHING CHARACTERISTICS 
(TA= 25°e, Vee= 5.0V) 

Parameters Description 

tPLH 
A, B, or C to Y; 4 Levels of Delay 

tPHL 

tPLH 
A, B, or C to W; 3 Levels of Delay 

1PHL 

1PLH 
Any D to Y 

tPHL 

1PLH 
Any D to W 

1PHL 
tzH 

Output Enable to Y 
tzL 

tzH 
Output Enable to W 

tzL 

tHz 
Output Enable to Y 

1Lz 

tHz 

1LZ 
Output 'Enable to W 

Am25LS251 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
A, B or C to Y; 4 Levels of Delay 

tPHL 

lPLH 
A, B or C to W; 3 Levels of Delay 

tPHL 

tPLH 
AnyDtoY 

tPHL 

tPLH 
AnyD to W 

tPHL 

tzH 
Output Enable to Y 

tzL 

lzH 
Output Enable to W 

tZL 

tHz 
Output Enable to Y 

tLz 

tHz 
Output Enable to W 

tLz 

Am25LS Am54LS/74LS 

Min. Typ. Max. Min. Typ. Max. 

29 44 29 45 

20 30 28 45 

16 24 20 33 

21 32 21 33 
16 24 17 28 

11 17 18 28 

8 12 10 15 

9 14 9 15 

8 12 17 45 
13 19 26 40 

10 15 17 27 
11 18 24 40 
18 27 30 45 
12 18 15 25 
19 29 30 55 
12 18 15 25 

Am25LS eOM'L Am25LS MIL 

TA= 0°C to +70°C TA = -55°C to +125°C 

Vee= 5.ov ±5% Vee = 5.ov ±10% 
Min. Max. Min. Max. 

61 71 

43 50 

35 41 

46 53 

35 41 

26 30 

20 23 

22 26 

20 23 

29 33 

24 27 

27 32 

35 41 

24 27 

38 44 
24 27 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Units Test eond itions 

ns 

ns 

ns 
CL= 15pF 
RL = 2.0kl1 

ns 

ns 

ns 

ns 
CL= 5.0pF 
RL = 2.0ki1 

ns 

Units Test Conditions 

ns 

ns 

ns 
CL= 50pF 
RL = 2.0k11 

ns 

ns 

ns 

ns 
CL= 5.0pF 
RL = 2.0k11 

ns 



FUNCTION TABLE 

INPUTS 

SELECT 
c B 

x x 
L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

H =HIGH 
L =LOW 

A 

x 
L 

H 

L 

H 

L 

H 

L 

H 

LS251 
LS151 Output 
Strobe Control 

s s 
H H 

L L 

L L 

L L 

L L 

L L 

L L 

L L 

L L 

X =Don't Care 
Z =High Impedance 

OUTPUTS 

LS151 LS251 
Output Output 
y w y w 
L H z z 

- -
Do Do Do Do 
Dl o, D, o, 

D2 02 D2 02 

D3 03 D3 03 

D4 04 D4 04 

D5 D5 D5 D5 

Ds os Ds Ds 
-

07 D7 D1 D1 

Do-D7 =The output will follow lhe HIGH-level or LOW-level of 
the selected input. 

Do-57 =The output will follow the complement of the HIGH
level or LOW-level of the selected input. 

Am25LS/54LS/74LS151/251 

DEFINITION OF FUNCTIONAL TERMS 

A, B, C The three select inpULS of the multiplexer. 

Do. D,, D2. D3. 
D4, D5. Ds. D 7 The eight data inputs of the multiplexer. 

Y The true multiplexer output. 

W The complement multiplexer output. 

S Strobe. On the Am25LS151, a HIGH on the strobe 
forces the Y output LOW and the W output HIGH. 

S Output Control. On the Am25LS251, a HIGH on the 
output control (or strobe) forces both the Wand Y outputs 
to the high-impedance (off) state. 

Am25LS. Am54LSn4LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

'LS251 

THREE-STATE OUTPUT 

DRIVING OUTPUT DRIVEN INPUT 

'LS151 

STANDARD OUTPUT 

DRIVING OUTPUT 

Note: Actual current flow direction shown. 
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DRIVEN INPUT 



Am25LS/54LS/74LS151/251 

0························ 7 

APPLICATIONS 

LOGIC FUNCTION GENERATION 

~-+-f--+-o------ Vee 

Am25LS151 
Am25LS251 

w 

z == ABco + Aaco + ACo +AB + ACO + scD 

32-INPUT MULTIPLEXER 

INPUTS 

'8 ·······················15 16·······················23 24 ....................... 31 

.-;-
ENABLE ~1G1 § !YJIO--hH-+-+-+-+-+------+-+-+-+-+-H-t-----+-+-H-t-+-++-----, 

r-----JiA ~ 1Y2 

~ IY1 IO--HH-+-+-+-+-+-----, 
rim S 1vofo-, 

'-----

Ao-;~----e--1 

Aj -<~---+-+--I 
A2 -;~---+-+--I 
A3-

A4-

S Do DJ 02 03 04 05 Dfi D7 

'LS251 
8-INPUT MULTIPLEXER 

MULTIPLEXER OUTPUT 

S Do 01 D;> 03 04 05 05 07 S Do D1 D2 03 04 05 05 07 

,--A 'LS251 

r-;: ~ 9-INPUT MUL TIPL!:XER 

r--A 'LS251 

r-;: ~ 8-INPUT MULTIPLEXER 

l 

MULTIPLEXER OUTPUT 

'LS151 
Metallization and Pad Layouts 

'LS251 

Do 4 

y 5 

w 6 

DIE SIZE 0.057" X 0.057" 
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8 
GND 

DIE SIZE 0.057" X 0.057" 



Am25LS153 • Am54LS/74LS153 
Am25LS253 • Am54LS/74LS253 

Dual 4-Line To 1-Line Data Selectors/Multiplexers 

DISTINCTIVE CHARACTERISTICS 

• Performs serial to parallel conversion 
• Standard, 'LS153, and three-state, 'LS253, output versions 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VoL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

These dual four-input multiplexers provide the digital 
equivalent of a two-pole, four position switch with the posi
tion of both switches set by the logic levels supplied to 
the select inputs A and B. Each section of the Am25LS153 
has a separate active-LOW enable (strobe) input that forces 
the output of that section LOW when a HIGH level is 
applied regardless of the other inputs. 

The Am25LS253 features a three-state output to inter
face with bus-organized systems. Each section of the 
Am25LS253 has a separate active-LOW output control 
that disables the output driver (high-impedance state) of 
that section when a HIGH logic level is applied regardless 
of the other inputs. 

The Am54LS/74LS153 and 253 are standard performance 
versions of the Am25LS153 and 253. See appropriate electri
cal characteristic tables for detailed Am25LS improvements. 

LOGIC DIAGRAM 

2G 2C3 2C2 2C1 

L~530NL_Y_ 

OUTPUT 
2Y 

CONNECTION DIAGRAM 
Top View 

Vee 2G A 2C3 2C2 2C1 2CO 2Y 

1G B 1C3 1C2 1C1 1CO 1Y GND 

Note: Pin 1 is marked for orientation. 

2CO A 1C3 

G = Strobe on 'LS153 
G = Output Enable on 'LS253 

14 

15 
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1C2 

OUTPUT 
1Y 

1C1 1CO 

LOGIC SYMBOL 

to 11 12 13 

1G 

1CO 1C1 1C2 1C3 2CO 2C1 2C2 2C3 

1G DATA 1 

A SELECT 

B SELECT 

2G 
OUTPUT 

1Y 

VCC =Pin 16 

GND =Pin 8 

DATA 2 

OUTPUT 
2Y 



Am25LS/54LS/74LS153/253 

Am25LS153 • Am25LS253 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 11 

LS153XM 
IQH =-440µA 

LS153XC 
VoH Output HIGH Voltage 

LS253XM Vee= MIN., loH =-tmA 

LS253XC V1N = V1H or V1L IQH = -2.6mA 

Output LOW Voltage 
loL-4mA 

VoL loL =SmA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

V1L Input LOW Level Guaranteed input logical LOW 1 Ml L 
voltage for all inputs j_COM'L 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

Off-State (HIGH Impedance) Vo= 2.4V 

•oz Output Current Vee= MAX. 
Am25LS253 Only Vo =0.4V 

•sc 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

Vee= MAX. L LS153 
Ice Power Supply Current 

(Note 4) J LS253 

Min. Typ.(Note 2) Max. Units 

2.5 3.4 

2.7 3.4 
Volts 

2.4 3.4 

2.4 3.2 

0.4 

0.45 
Volts 

2 Volts 

0.7 Volts 
0.8 
-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

20 
µA 

-20 

-15 -85 mA 

6.2 10 
mA 

7 12 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical lirnits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of th-e short circuit test should not exceed one second. 

4. Ice is measured with all outputs open and all inputs grounded. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

DEFINITION OF FUNCTIONAL TERMS 

1Ci. 2Ci Data Inputs. fhe four data inputs to each multi

plexer; i = 0, 1, 2, and 3. 

1Y, 2Y Multiplexer Outputs. The output of each four-input 

multiplexer. 

A, B Select Inputs. The inputs used to determine which of 

the four data inputs are selected for the output. 

G (An'125LS153) Strobe. An active-LOW strobe used to enable 

the output. A HIGH level input forces the output LOW 

regardless of the other inputs. 

G (Am25LS253) Output Control. An active-LOW three-state 

control used to enable the output. A HIGH level input forces 

the output to the high-impedance (off) state. 

Select 

B A Co 

x x x 
L L L 

L L H 

L H x 
L H x 
H L x 
H L x 
H H x 
H H x 
H =HIGH 

-65°C to +150°C 

-55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +Vee max. 

-0.5Vto+7.0V 

30mA 

-30 mA to +5.0 mA 

FUNCTION TABLE 

INPUTS OUTPUTS 

LS153 LS253 LS153 LS253 
Data Strobe Output Output Output 

Control 

c, C2 C3 G G y y 

x x x H H L z 

x x x L L L L 

x x x L L H H 

L x x L L L L 

H x x L L H H 

x L x L L L L 

x H x L L H H 

x x L L L L L 

x x H L L H H 

L= LOW X = Don't Care Z =High Impedance 
Note: A & Bare common to both 4 input multiplexers. 
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Am25LS/54LS/74LS153/253 
Am54LS/74LS153 • Am54LS/74LS253 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=0°Cto+70°C Vcc=5.0V±5% (MIN.=4.75V MAX.=5.25V) 
MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 11 

54LS153 
loH =-400µA 

74LS153 
VoH Output HIGH Voltage 

54LS253 Vee= MIN., loH =-1mA 

74LS253 V1N = V1H or V1L loH =-2.6m.t 

Vol Output LOW Voltage All, IOL =4m.C. 
74LSonly,IOL =8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

V1L Input LOW Level 
Guaranteed input logical LOWN l 54LS 
voltage for al I inputs l 74LS 

Vi Input Clamp Voltage Vee= MIN., V1N = -18mA 

l1L Input LOW Current Vee= MAX., v,N = 0.4V 

IJH Input HIGH Current Vee= MAX., V1N = 2.7V 

'1 Input HIGH Current Vee= MAX., V1N = 7.0V 

Off-State (HIGH Impedance) Vo =2.4V 

'oz Output Current Vee= MAX. 
Am54LS/74LS253 Only Vo= 0.4V 

'sc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

Vee= MAX. l LS153 
'cc Power Supply Current 

(Note 4) LS253 

Min. Typ.(Note 21 Max. Units 

2.5 3.4 

2.7 3.4 

2.4 3.4 
Volts 

2.4 3.2 

0.4 
0.5 

Volts 

2 Volts 

0.7 Volts 
0.8 
-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

20 
µA 

-20 

-15 -100 mA 

6.2 10 
mA 

7 12 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electr.ical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ice is meas~red with all outputs open and all inputs grounded. 

Am25LS153/54LS153 
SWITCHING CHARACTERISTICS 
(TA= +25 C, Vee= 5.0V) 

Parameters Description Min. 

tPLH 

tPHL 
Data to Output 

tPLH 

tPHL 
Select to Output 

tpLH 

tPHL 
Strobe to Output 

Am25LS153 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
Data to Output 

tPHL 

tPLH 
Select to Output 

tPHL 

tPLH 
Strobe to Output 

tPHL 

Am25LS 

Typ. 

10 

10 

19 

15 

16 

12 

Am54LS/74LS 

Max. Min. Typ. Max. Units 

15 10 15 
ns 

16 17 26 

29 19 29 
ns 

23 25 38 

24 16 24 

18 21 32 
ns 

Am25LS COM'L Am25LS MIL 

TA= 0°c to +70°C TA= -55°C to +125°C 

V cc = 5.0V ±5% Vee= 5.ov ±10% 

Min. Max. Min. Max. 

24 27 

25 29 

42 48 

34 39 

35 41 

28 32 

*AC performance over the operating temperature range, is guaranteed by testing defined in Group A, Subgroup 9. 
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Units 

ns 

ns 

ns 

Test Conditions 

CL= 15pF 

RL = 2.0k!1 

Test Conditions 

CL= 50pF 
RL = 2.0kO 



Am25LS/54LS/74LS153/253 

Am25LS253/54LS253 
SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 

Parameters Description 

tPLH 
Data to Output 

tPHL 
tpLH 

tpHL 
Select to Output 

tzH 
tzL 

Output Control to Output 

IHz 

ILZ 
Output Control to Output 

Am25LS253 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH Data to Output 
IPHL 

tPLH Select to Output 
IPHL 

tZH Output Control to Output 
lzL 

!Hz Output Control to Output 
tLZ 

Min. 

Am25LS Am54LS/74LS 

Typ. Max. Min. Typ. Max. Units 

10 15 17 25 
ns 

7 12 13 20 

20 30 30 45 
ns 

15 23 21 32 

17 25 15 28 
ns 

12 18 15 23 

12 18 27 42 

13 18 18 
ns 

27 

Am25LS COM'L Am25LS MIL 

TA = 0°C to +70°C TA = -55°C to + 125°C 

V cc = 5.0V ±5% Vee = s.ov ±10% 

Min. Max. Min. Max. Units 

24 27 ns 
20 23 

43 50 
ns 

34 39 

37 42 ns 
28 32 

28 32 
ns 

28 32 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

'LS153 

STANDARD OUTPUT 

Am25LS • 54LS/74LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

'LS253 

THREE-STATE OUTPUT 

Test Conditions 

CL=15pF 

RL = 2.0kn 

CL= 5.0pF 
RL = 2.0kn 

Test Conditions 

CL= 50pF 
RL = 2.0kO 

CL= 5.0pF 
RL = 2.0kO 

DRIVING OUTPUT DRIVEN INPUT DRIVING OUTPUT DRIVEN INPUT 

Vee ~~~~~~~~-....~~~, ~~~~~~t-~~ 

[:J 

Note: Actual current flow direction shown. 
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BUS 
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--0 E 

Am25LS/54LS/74LS153/253 

APPLICATIONS 

WORD A WORD B WORD C WORD D WORDE WORD F 

I J 

..---

1 l l 
1A2A3A4A 1B 28 38 48 1eo 1C1 1C2 1e3 2eo 2C1 2C2 2e3 1eo 1C1 1C2 1e3 2eo 2C1 2C2 2C3 

,---0 1G r----0 1G 

'LS257 r A 'LS253 A 'LS253 

B B 
1Y 2Y 3Y 4Y t--< 2G +----< 2G 

1Y 2Y 1Y 2Y 

'LS253 DUAL 4-INPUT MULTIPLEXER IN A BUS-ORGANIZED SYSTEM 

Metallization and Pad Layout 

'LS153 'LS253 

Vee Vee 

1G 1 
16 

15 2G 1G 1 
16 

15 2G 

8 2 14 A 8 2 14 A 

1C3 3 13 2C3 1C3 3 13 2C3 

1C2 4 12 2C2 1C2 4 12 2C2 

1C1 5 11 2C1 1C1 5 11 2C1 

1CO 6 10 2CO 1CO 6 10 2CO 

1Y 7 2Y 1Y 7 2Y 

GND GND 

DIE SIZE 0.055" X 0.055" DIE SIZE 0.055" X 0.055" 
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Am25LS157 • Am54LS/74LS157 
Am25LS158 • Am54LS/74LS158 

Quadruple 2-Line To 1-Line Data Selectors/Multiplexers 

DISTINCTIVE CHARACTERISTICS 

• Selects four of eight data inputs with single select line and 
overriding strobe 

• Inverting 'LS158 and Non-inverting 'LS157 configurations 
• Standard TTL outputs 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VoL 
- Twice the fan-out over military range 
-440µA source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

These data selectors/multiplexers are used to select a 4-bit 
word from one of two sources. The four outputs at the 
Am25LS157 present true data with respect to the input 
data. The four outputs of the Am25LS158 present inverted 
data with respect to the inputs and also minimize propaga
tion delay. A common active-HIGH strobe (active-LOW 
enable) is provided on all devices. 

A single select line, S, is used to select one of the two 
multiplexer input words. When the select is LOW, the A 
input word is present at the output. When the select is 
HIGH, the B input word is present at the output. 

The Am54LS/74LS157 and 158 are standard performance 
versions of the Am25LS157 and 158. See appropriate electrical 
characteristic tables for detailed Am25LS improvements. 

LOGIC DIAGRAMS 

lA 

1B 

1Y 

2A 

20 

2Y 

GND 

Am25LS157 
Am54LS/74LS157 

CONNECTION DIAGRAMS 
Top Views 

Vee 

1A 

4A 10 

4B fY 

4Y 2A 

3A 20 

30 2Y 

3Y GND 

Note: Pin 1 is marked for orientation. 

15 
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Am25LS158 
Am54LS/74LS158 

4A (14) 

40 -'-'(13~(-----1--t-t-.,--"""'I 

STROBE G -1"'15~1 oi:>---_....J 

LOGIC SYMBOL 

2 3 5 6 11 10 14 13 

1A 16 2A 2B 3A 38 4A 48 

1Y 

'LS157 

15 

2Y 3Y 4Y 

12 

Vee~ Pin 16 

GND ~Pin 8 

2 3 5 6 11 10 14 13 

lA 16 2A 28 3A 38 4A 48 

s 
'LS158 

1Y 2Y 3Y 4Y 

12 



Am25LS/54LS/74LS157/158 
Am25LS157 • Am25LS158 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= o'c to +70°C Vee= 5.0V ± 5% IMIN. = 4.75V MAX.= 5.25V) 
MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Not~ 1) 

Vee= MIN., loH = -440µA MIL 
VoH Output HIGH Voltage 

V1N = V1H or VIL COM'L 

Vee= MIN. 110L =4mA 
Vol Output LOW Voltage 

V1N = V1H or V1L J10L=8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
VIL Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 
Sor G 
Aor 8 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 
Sor G 
Aor 8 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 
Sor G 

Aor 8 

•sc 
Output Short Circuit Current 

Vee =MAX. 
(Note 3) 

•cc Power Supply Current 
Vee= MAX. l LS157 
(Note 4) l LS158 

Min. Typ.(Note 2) Max. 

2.5 3.4 

2.7 3.4 

0.4 

0.45 

2 

0.7 

0.8 

-1.5 

-0.36 

-0.4 

20 
20 

0.1 

0.1 

-15 -85 

9.7 16 

4.8 8 

Notes: 1. For conditions shown as Ml N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ice is measured with all outputs open and 4.5 V applied to all inputs. 

Am54LS/74LS157 • Am54LS/74LS158 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 
MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN., loH = -400µA Am54LS 
VoH Output HIGH Voltage 

V1N = V1H or VIL Am74LS 

Vee= MIN. lAll, loL = 4mA 
Vol Output LOW Voltage 

V1N = V1H or V1L l74LS only, loL = 8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW Am54LS 
V1L Input LOW Level voltage for all inputs Am74LS 

v, Input Clamp Voltage Vee= MIN., l1N = -18mA 

Ill Input LOW Current Vee= MAX., V1N = 0.4V 
Sor G 
Aor8 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 
Sor G 
Aor B 

Sor G 
11 Input HIGH Current Vee= MAX., V1N = 7.0V 

Aor B 

lsc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

•cc Power Supply Current 
Vee= MAX. l LS157 
(Note 4) l LS158 

Min. Typ.(Note 2) 

2.5 3.4 

2.7 3.4 

2 

-15 

9.7 

4.8 

Max. 

0.4 

0.5 

0.7 

0.8 

-1.5 

-0.8 
-0.4 

40 
20 

0.2 

0.1 

-100 

16 

8 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typi_cal limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ice is measured with all outputs open and 4.5V applied to all inputs. 

3-56 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 



Am25LS/54LS/74LS157/158 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

Am25LS157 • Am54LS/74LS157 
Am25LS158 • Am54LS/74LS158 
SWITCHING CHARACTERISTICS 

-65°C to +150°C 

-55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +Vee max. 

-0.5 V to +7.0 V 

30mA 

-30mA to +5.0mA 

(TA= +25°C, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

LS157 8 12 9 14 
tPLH Data to Output 

LS158 9 
ns 

5 7 12 
LS157 8 12 9 14 

tPHL Data to Output 
LS158 

ns 
7 11 7 12 

LS157 12 18 13 20 
tPLH Strobe to Output ns 

CL= 15pF LS158 8 12 11 17 
LS157 10 16 14 21 RL = 2.0k.11 

tPHL Strobe to Output 
LS158 

ns 
11 17 12 18 

LS157 15 23 15 23 
tPLH Select to Output ns 

LS158 13 20 13 20 
LS157 14 21 18 27 

tPHL Select to Output ns 
LS158 14 21 16 24 

Am25LS ONLY Am25LS COM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +10°c TA= -55°Cto +125°C 

V cc = 5.0V ±5% Vee = 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

LS157 20 23 
tPLH Data to Output 

LS158 
ns 

16 18 
LS157 20 23 

tPHL Data to Output 
LS158 

ns 
18 21 

Strobe to Output 
LS157 28 32 

tPLH LS158 
ns 

20 23 CL= 50pF 

.. Strobe to Output 
LS157 25 29 RL = 2.0kO 

tPHL LS158 
ns 

26 30 
LS157 34 39 

tPLH Select to Output 
LS158 

ns 
30 35 

LS157 31 36 
tPHL Select to Output 

LS158 
ns 

31 36 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 
1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 

1 B, 2B, 3B, 4B The data inputs for the 4-bits of the B word. 

1Y, 2Y, 3Y, 4Y The four outputs of the multiplexer. The 
input data is inverted at the output.on .the Am25LS158 and 
non-inverted at the output for the Am25LS157. 

G Strobe. When the strobe is HIGH, the four outputs of the 
Am25LS157 are LOW and the outputs of the Am25LS1 58 are 
HIGH. When the strobe is LOW, the devices are enabled to 
pass data. 

S Select. When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 
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FUNCTION TABLE 

INPUTS OUTPUTS 
Strobe Select Data Data LS157 LS158 

G s A B y y 

H x x x L H 
L L L x L H 
L L H x H L 
L H x L L H 
L H x H H L 

H =HIGH L= LOW X = Don't Care 



Am25LS/54LS/74LS157 /158 

APPLICATION 

FUNCTION TABLE 

State Select Output 
Number ll4 Sa S2 s, So w x v z 

0 0 0 0 0 0 A c B D 
1 0 0 0 0 1 D B A c 

10 
1_3 1_2 I -1 io 11 12 13 

So-

2 0 0 0 1 0 c A D B 
3 0 0 0 1 1 B D c A 

S1 Am25S10 4 0 0 1 0 0 D A c B 
OE 5 0 0 1 0 1 c D B A 

Yo Y1 Y2 Y3 6 0 0 1 1 0 B c A D 
15 14 12 11 7 0 0 1 1 1 A B D c 

8 0 1 0 0 0 B D A c 
9 0 1 0 0 1 A c D B 

10 0 1 0 1 0 D B c A 
11 0 1 0 1 1 c A B D 
12 0 1 1 0 0 c B D A 
13 0 1 1 0 1 B A c D 
14 0 1 1 1 0 A D B c 

10 1_3 1_2 I -1 lo 11 12 13 
S2 So 15 0 1 1 1 1 D c A B 

S3 S1 Am25S10 
16 1 0 0 0 0 State 9 

13 
OE 17 1 0 0 0 1 State 10 

Yo Y1 Y2 Y3 18 1 0 0 1 0 State 11 
-::- 15 14 12 11 19 1 0 0 1 1 State 8 

20 1 0 1 0 0 D A B c 
21 1 0 1 0 1 c D A B 
22 1 0 1 1 0 B c D A 
23 1 0 1 1 1 A B c D 

24 1 1 0 0 0 State 3 
25 1 1 0 0 1 State 0 

11 10 14 13 26 1 1 0 1 0 State 1 
1A 18 2A 28 3A 38 4A 48 27 1 1 0 1 1 State 2 

S4 28 1 1 1 0 0 c B A D 
Am25LS157 29 1 1 1 0 1 B A D c 

STROBE 
15 

G 30 1 1 1 1 0 A D c B 
1Y 2Y 3Y 4Y 31 1 1 1 1 1 D c B A 

12 

w 

Two Am25S10 four-bit shifters are used in conjunction with an Am25LS157 multiplexer to perform all 
possible permutations on four inputs. The number of combinations possible on n items is given as n!. 
Thus, for n equal to 4,24 combinations are possible. The Function Table shows all 32 combinations ofthe 
5-bit select code including the 8 redundant states. This connection can be particularly useful in security 
systems and certain random number generation schemes. The eight redundant states can be placed at other 
select field locations through proper design. 

Am25LS157 
Am54LSn4LS157 

1A 2---f•• 

1B 3 ---t••ic 

Vee 
16 

GNO 

DIE SIZE 0.057" X 0.057" 

Metallization and Pad Layouts 

14 4A 

13 48 

12 4Y 

11 3A 

3Y 
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1A 2 

18 3 

iY 4 

2A 5 

Am25LS158 
Am54LSn4LS158 

Vee 
16 

B 
GND 

DIE SIZE 0.057" X 0.057" 

14 4A 

13 48 

12 4v 

11 3A 

El 



Arn25LS160A/161A/162A/163A 
Arn54LS/7 4LS160A/161 A/162A/163A 

Synchronous Four-Bit Counters 

DISTINCTIVE CHARACTERISTICS 

• Synchronous presettable counters 
• Decade ('LS160A and 'LS162A) and binary ('LS161 A and 

'LS163A) counters 
• Asynchronous ('LS160A and 'LS161A) and synchronous 

('LS162A and 'LS163A) clear inputs 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VoL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MIL-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

LOGIC DIAGRAMS 

Am25LS160A Synchronous Decade Counter 

CLR l 
CLEAR~>o---~--'--/-'-'----r--=-t~--.,...--'1------.., 

CP"::'O>o---.,-t--C--,-T---j--r-t----t-~ 

CLOCK 2 

The Am25LS160A, Am25LS161A, Am25LS162A and ENr':2.0L ___ --':::==========:P15' 
Am25LS163A synchronous, presettable counters have inter-
nal look-ahead carry and ripple carry output for high-speed 
counting applications. The Am25LS160A and Am25LS162A 
are decade counters and the Am25LS161 A and Am25LS163A 
are 4-bit binary counters. Counting or loading occurs·on the 
positive transition of the clock pulse. A LOW level on the 
load input causes the data on the A, B, C and D inputs to be 
shifted to the appropriate Q outputs on the next positive 
clock transition. The load need meet only the set-up and 
hold time requirements with respect to the clock. 

The Am25LS160A and the Am25LS161A feature an asyn
chronous clear. A LOW level at the clear input sets the Q 

outputs LOW regardless of the other inputs. The Am25LS 
162A and Am25LS163A have a synchronous clear. A LOW 
level at the clear input sets the Q outputs LOW after the next 

positive clock transition regardless of the enable inputs. 

Both count-enable inputs P and T must be HIGH to count. 
Count enable T is included in the ripple carry output gate for 
cascading connection. The enable P or T inputs need meet 
only the set-up and hold time requirements with respect to 
the clock. 

The Am54LS/74LS160A series are standard performance 
versions of the Am25LS160A series counters. See appro
priate electrical characteristic tables for detailed Am25LS 
improvements. 

CONNECTION DIAGRAM 
Top View 

CARRY 
OUTPUT 

Vee QA 03 Oc Oo ENT LOAD 

CLR CP A 0 EN P GNO 

Note: Pin 1 is marked for orientation. 
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Am25LS162A synchronous decade counters are similar; how
ever, the clear is synchronous as shown for the Am25LS163A 
binary counters. 

Am25LS163A Synchronous Binary Counter 

Og 13 Oc 12 Oo 11 

Am25LS161 A synchronous binary counters are similar; how
ever, the clear is asynchronous as shown for the Am25LS160A 
decade counters. 

LOGIC SYMBOL 

10 CARRY 15 

CP 
OUTPUT 

Gg Ge Go 

14 13 12 11 Vcc~Pin16 
GND ~Pin 8 



Am25 LS/54 LS/74LS160A/ 161A/162A/ 163A 

Am25LS160A, 161A, 162A and 163A 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN,= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% IMIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I 

VoH Output HIGH Voltage 
Vee= MIN .. loH = -440µA MIL 
V1N = V11,1 or V1L COM'L 

Vee= MIN. loL = 4.0mA 
Vol Output LOW Voltage 

V1N = V1H or V1L loL = 8.0mA 

V1H Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 

V1L 
Guaranteed input logical LOW MIL 

In put LOW Level 
voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

A, B, C, D, EN P, CP 

Ill Input LOW Current Vee= MAX., V1N = 0.4V 
Load, ENT 

Clear '160A, '161A 

Clear '162A, '163A 

A,B,C, D, EN P,CP 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 
Load, ENT 

Clear '160A, '161A 

Clear '162A, '163A 

A, B, C, D, EN P, CP 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 
Load, ENT 

Clear '160A, '161 A 

Clear '162A, '163A 

•sc 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

•ccH 
Power Supply Current 

Vee= MAX. (Note 4) All Outputs HIGH 

•ccL 
Power Supply Current Vee= MAX. (Note 51 
All Outputs LOW 

Min. Typ.(Note 21 Max. Units 

2.5 3.4 

2.7 3.4 
Volts 

0.25 0.4 
Volts 

0.35 0.45 
--

2.0 Volts 

0.7 

0.8 
Volts 

·-
-1.5 Volts 

-0.4 

-0.8 
mA 

-0.4 

-0.4 
·--~ 

20 

40 
µA 

20 

20 

0.1 

0.2 
mA 

0.1 

0.1 

-15 -85 mA 

18 31 mA 

19 32 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. lccH is measured with the load input HIGH, then again with the load input LOW, with all other inputs HIGH and all outputs open. 
5. lccL is measured with the clock input HIGH, then again with the clock input LOW, with all other inputs LOW and all outputs open. 

MAXIMUM RA TINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

3-60 



Am25LS/54LS/74LS160A/161A/162A/163A 

Am54LS/74LS160A, 161A, 162A and 163A 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L 

MIL 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Vee= 5.ov ± 5% 

Vee= 5.ov ± 10% 

(MIN.= 4.75V MAX.= 5.25V) 

(MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions !Note 11 

VoH Output HIGH Voltage Vee= MIN., loH = -400µA MIL 
V1N = V1H or V1L COM'L 

Vee= MIN. All, loL = 4mA 
Vol Output LOW Voltage 

V1N = V1H or V1L 74LSonly,IOL =8mA 

V1H Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 

V1L Input LOW Level 
Guaranteed input logical LOW MIL 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

A, B, C, D, EN P 

Ill Input LOW Current Vee= MAX., V1N = 0.4V 
Load, EN T, CP 

Clear '160A, '161A 

Clear '162A, '163A 

A, B, C, D, EN P 

Input HIGH Current Vee= MAX., V1N = 2.7V 
Load, CP, ENT 

l1H 
Clear '160A, '161A 

Clear '162A, '163A 

A, B, C, D, EN P 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 
Load, CP, EN T 

Clear '160A, '161 A 

Clear '162A, '163A 

•sc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

•ccH 
Power Supply Current Vee= MAX. (Note 4) 
All Outputs HIGH 

•ccL 
Power Supply Current Vee= MAX. (Note 5) 
All Outputs LOW 

Min. Typ, (Note 2) Max. Units 

2.5 3.4 

2.7 3.4 
Volts 

0.25 0.4 

0.35 0.5 
Volts 

2.0 Volts 

0.7 
0.8 

Volts 

-1.5 Volts 

-0.4 

-0.8 mA 
-0.4 

-0.8 

20 

40 

20 
µA 

40 

0.1 

0.2 
mA 

0.1 

0,2 

-15 -100 mA 

18 31 mA 

19 32 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at VCc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. tccH is measured with the load input HIGH, then again with the load input LOW, with all other inputs HIGH and all outputs open. 

5. lc<;:L is measured with the clock input HIGH, then again with the clock input LOW, with all other inputs LOW and all outputs open. 
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Am25LS/54LS/74LS160A/161A/162A/163A 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

lPLH 20 30 20 35 
Clock to Carry Output ns 

lPHL 18 28 18 35 

lPLH 10 18 13 24 
Clock to Q Output with Load Input HIGH ns 

lPHL 12 20 18 27 

lPLH 8 14 9 14 
Enable T to Carry Output ns 

lPHL 8 14 9 14 

lPLH 10 18 13 24 
Clock to Q Output with Load Input LOW ns 

lPHL 12 20 18 27 
CL~15pF 

lPHL Clear to Q Output (Note 1) 18 28 20 28 ns 
RL ~ 2.0k!I. 

Clock 25 25 
tpw Pulse Width ns 

Clear 20 20 

Data - A, B, C, D 20 20 

Enable P 20 20 
ts Set-up Time ns 

Load, Enable T 20 20 
Clear (Note 2) 20 20 

th Hold Time - Any Input 3 3 ns 
fmax(Note 31 Maximum Clock Frequency 35 50 25 32 MHz 

Notes: 1. Measured from clear input on 'LS160A and 'LS161A. Measured from clock input on 'LS162A and 'LS163A. 
2. Applies to 'LS162A and 'LS163A only. 
3. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 

pulse width or duty cycle. 

Am25LS ONLY 
Am25LS COM'L Am25LS MIL 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA = -55°C to +125°C 

Vee= 5.ov ±5% Vee = 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 
Clock to Carry Output 

43 50 
ns 

tPHL 40 47 

tPLH Clock to Q Output 28 32 
ns 

tPHL with Load Input HIGH 30 35 

tPLH 
Enable T to Carry Output 

18 21 
ns 

tPHL 18 21 

tPLH Clock to Q Output 28 32 CL= 50pF ns 
tPHL with Load Input LOW 30 35 RL = 2.0k!l 

tPHL Clear to 0 Output (Note 1) 41 47 ns 

Clock 37 42 
tpw Pulse Width ns 

Clear 30 35 

Data - A, 8, C, D 30 35 

Enable P 30 35 
ts Set-up Time ns 

Load, Enable T 30 35 

Clear (Note 2) 30 35 

th Hold Time - Any Input 8 9 ns 

fmax(Note3) Maximum Clock Frequency 26 23 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS160A/161A/162A/163A 

DEFINITION OF FUNCTIONAL TERMS 

CP Clock pulse. Enters data or counts on the positive-going 

edge. 

Am25LS • Am54LS/74LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

CLR Clear. On the Am25LS160A and Am25LS161 A, the clear 

is asynchronous. A LOW on the clear sets all four flip-flops 

LOW. On the Am25LS162A and Am25LS163A the clear is 

synchronous. A LOW on the clear sets all four flip-flops LOW 

after the next positive-going clock edge. 

Load Load. When the load is LOW, data on the A, B, C and 

D inputs is transferred to the output on the positiQe-going 

clock edge. When the load is HIGH, the counter is enabled. 

EN P Enable P. Parallel count enable. Must be HIGH to count. 

EN T Enable T. Serial trickle count enable. Must be HIGH 

to count. 

A, B, C, D The four counter parallel inputs. 

OA, Os, Oc, Oo The four counter outputs. 

Carry Output Carry look-ahead circuitry for cascading. Will be 

HIGH when the four-bit counter is maximum (1001 for BCD 

and 1111 for binary). 

APPLICATIONS 

l J j J J j J J J 

°"' t". D I CD A l CD A 8 c 8 c D 

g~~:0T J- - ENT 
CARRY 

1-ENP OUTPUT 
ENT 

ABLE I- ENT .....__ENP .------ EN P 

.....--!> CP .--- eP ,.....- CP 

,, 

LOAD 

~~J~-c 
ENT 
LOW - DIS 

r<' CLRoA o, De Do re CLR QA Os De Do r<' CLR QA 

CLEAR 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 

J J J J j J j 
s c D CD A s c D 

CARRY CARRY I-
OUTPUT 

ENT OUTPUT .---- EN P 

r-- ep 

Os De Do r= CLR QA o, De Go 

High·speed, look-ahead carry counter for BCD (Am25LS160A or Am25LS162A) or binary (Am25LS161A or 

Am25LS163A). Can count modulo N, N1·to-N2, or Npo-N maximum. 

Metallization and Pad Layout 

eLR 16 vee 

15 
CARRY 
OUTPUT ep 

14 GA 

A 
13 Os 

12 Oe 

11 Go 

EN P 10 ENT 

GND LOAD 

DIE SIZE 0.072"' X 0.082" 
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Am25LS164 • Am54LS/74LS164 
8-Bit Serial-In, Parallel-Out Shift Register 

DISTINCTIVE CHARACTERISTICS 

• Gated serial inputs 
• Asynchronous clear 

• Am25LS devices offer the following improvements over 
Am54/74LS 
- Higher s"peed 
- 50mV lower VoL at IOL = BmA 
- Twice the fan-out over military range 
- 440µA source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS164 and Am54LS/74LS164 are eight-bit, serial 
in/parallel out shift registers built using advanced Low-Power 
Schottky processing. A gated input provides enable/disable 
control over incoming data such that the data can be entered 
or logic zeros can be entered into the register. 

An asynchronous clear input can be used to simultaneously 
clear the eight flip-flops in the device. When the clear input is 
LOW, all internal flip-flops are forced LOW independent of 
the clock input. An incoming data bit is entered into the Oa 
flip-flop and the data in all internal flip-flops is shifted right on 
the LOW-to-HIGH transition of the clock input. 

The Am54LS/74LS164 is a standard performance version of 
the Am25LS164. See appropriate electrical characteristic tables 
for detailed Am25LS improvements. 

LOGIC DIAGRAM 

CLEAR-"...~~~<l[>c>--~~~~~~~~,-~~--<r--~~~~~~~~~~,-~~--, 

CLOCK-'-~~--l>C>-.-~-+-~...-~+-~+-~+-~..-~f---.~-+~-+-~-+-~+-~+-~ 

SERIAL (A 
INPUTS B 

CONNECTION DIAGRAM 
Top View 

Vee OH OG OF o, eLR ep 

S OA Os Oc Oo GND 

Note: Pin 1 is marked for orientation. 

Os Oe Oo 
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10 

o, 

CLEAR 

CLOCK 

DA Os 

11 

LOGIC SYMBOL 

A 

Oc Oo OE 

10 

Vee= Pin 14 

GND=Pin7 

o, 

11 

13 

OG OH 

12 13 



Am25LS/54LS/74LS164 

Am25LS164 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25 v 

MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 11 

Vee= MIN., loH = -440µA MIL 
VoH Output HIGH Voltage 

VIN~ V1H or V1L COM'L 
·-+---·-· 

Vee= MIN. loL =4.0mA 

Vol Output LOW Voltage VIN= V1H or VIL 
loL =8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Clock, Clear 
l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

A,B 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

ice 
Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.5 

2.7 

2.0 

I 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

0.25 

0.35 

16 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 
mA 

-0.4 

20 µA 

0.1 mA 

-85 mA 

27 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with outputs open, serial inputs grounded, and a momentary ground, then 4.5V applied to the clear input. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5Vto+7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

DEFINITION OF FUNCTIONAL TERMS Metallization and Pad Layout 

A,B 

Clear 

The serial inputs to the device. If either the A input 
is LOW or the B input is LOW, the OA flip-flop will be 
set LOW on the LOW-to-HIGH transition of the clock. 

An asynchronous master reset for the eight flip-flops 
in the device. When the clear input is LOW, all 
internal flip-flops are set LOW independent of the 
clock. 

QA-OH The eight true outputs of the eight-bit register. 

Clock The clock input to the register. Data is entered into 
the register on the LOW-to-HIGH transition of the 
clock input. 
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Oo 6 

GND 7 --+-.Mil!: CLR 

=====...__ 
CP 8 

DIE SIZE 0.066" X 0.090" 



Am25LS/54LS/74LS164 

Am54LS/74LS164 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

MIL TA=-55°Cto+125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I 

Output HIGH Voltage 
Vee= MIN., loH = -400µA J MIL 

VoH 
V1N = V1H or V1L COM'L 

Vee= MIN. All, IOL = 4.0mA 
Vol Output LOW Voltage 

V1N = V1H or Vil 
74LS only, loL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW } Mil 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., Vi N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 31 

•cc 
Power Supply Current 

Vee= MAX. 
(Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

0.25 

0.35 

16 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 mA 

20 µA 

0.1 mA 

-100 mA 

27 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not.exceed one second. 

4. Measured with outp_uts open, serial inputs grounded, and a momentary ground, then 4.5V applied to the clear input. 

Am25LS. Am54LSn4LS 
LOW POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN 1NPUT 

Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS164 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 14 20 17 27 
Clock to Output 

22 
ns 

tPHL 15 21 32 

tPHL Clear to Output 19 29 24 36 ns 

tpw Clock or Clear 17 20 ns CL= 15pF 

ts Data 10 15 ns RL = 2.0k!1. 

th Data 5.0 5.0 ns 

ts Clear Recovery Time 20 - - ns 

fmax!Note 1) Maximum Clock Frequency 35 42 25 36 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on tr, t 1, pulse width or duty cycle. 

Am25LSONLY Am25LS COM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°e to +70°C TA= -55°Cto+125°e 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 26 30 
Clock to Output ns 

tPHL 30 35 

tpHL Clear to Output 37 42 ns 

tpw Clock or Clear 22 25 ns CL= 50pF 

t, Data 13 15 ns RL = 2.0kn. 

th Data 5 5 ns 

ts Clear Recovery Time 25 30 ns 

fmax!Note 1) Maximum Clock Frequency 25 20 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Sl:'bgroup 9. 
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Am25 LS/54LS/74LS164 

TRUTH TABLE 

Serial 
Function Clear Clock QA Os Oc Oo OE OF OG OH 

A B 

Clear L x x x L L L L L L L L 

H t L L L QA Og Oc Oo OE QF QG 

Shift H t L H L QA Og Oc Oo OE QF QG 
Right H t H L L OA Os Oc Oo QE OF QG 

H t H H H QA Og Oc Oo QE OF QG 

L ~LOW t =LOW-to-HIGH transition 

H =HIGH X = Don't care 

ORDERING INFORMATION 

Am25LS164 SN54/74LS164 
Package Temperature Order Order 

Type Range Number Number 

Molded DIP 0°C to +70°C AM25LS164PC SN74LS164N 
Hermetic DIP 0°C to +70°C AM25LS164DC SN74LS164J 

Dice 0°C to +70°C AM25 LS164XC SN74LS164X 

EJ Hermetic DIP -55°C to +125°C AM25LS164DM SN54LS164J 
Hermetic Flat Pak -55°C to +125°C AM25LS164FM SN54LS164W 

Dice -55°C to +125°C AM25LS164XM SN54LS164X 

APPLICATION 

CLEAR-----------------------, 

CLOCK--------1+------------,1 

CLK CLR CLK CLR 

DATA ----I A IN ,----1 A IN 

Am25LS164 Am25LS164 
ENABLE ---1 BIN H---iBIN 

QA Os Oc Go OE OF QG OH QA Os Ge Go OE OF QG OH 

16-Bit Serial In Parallel Out Register. 
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Am25LS168A • Am25LS169A 
Am54LS/74LS168A • Am54LS/74LS169A 

Synchronous Four-Bit Programmable Up-Down Counter 

DISTINCTIVE CHARACTERISTICS 

• All operations are synchronous 
• Internal look-ahead carry logic for high-speed counting 
• Ripple carry output provided for cascading 
• One line up/down control 
• Changes state on LOW-to-HIGH transition of clock 

• Am25LS devices offer the following improvements over 
Am54/74LS 
- Higher speed 
- 50mV lower VOL at IOL = 8mA 
- Twice the fan-out over military range 
-440µA source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The 'LS168A and 'LS169A are fully synchronous program
mable up/down counters. Al I operations occur on the positive 
edge of the clock input. Proper operation only requires the 
user to meet the set-up and hold times. With the LOAD input 
LOW the outputs will be programmed by the parallel data 
inputs on the LOW-to-HIGH transition of the clock. Counting 
is enabled only when EN T and EN Pare LOW. The up/down 
inputs (U/D) control of the direction of the count. HIGH 
counts up and LOW counts down. Internal Look-Ahead Carry 
logic and active LOW ripple carry output (RCO) allows for 
high-speed counting and cascading. During up count, the RCO is 
LOW at binary 9 for the 'LS168A (binary 15 for the 'LS169A) 
and upon down count, it is LOW at binary 0 (same for the 
'LS169A). Cascaded operation requires only the RCO to be 
connected to the succeeding block at ENT. 

The Am54LS/74LS168A and 169A are standard performance 
versions of the Am25LS168A and 169A. See appropriate elec
trical characteristic tables for detailed Am25LS improvements. 

LOGIC DIAGRAMS 
'LS168A 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

3-69 

U/5 

10 ENT 

EN P 

LOAD 

CP 

'LS169A 

LOGIC SYMBOL 

A 

RCO 15 

QA o, Oc Do 

14 13 12 11 

Vee= Pin 16 

GND =Pin 8 



Am25LS168A • Am25LS169A 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX."" 5.25V 

MIL TA=-55°Cto+125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.~ 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN., loH = -440µA, MIL 
VoH Output HIGH Voltage 

V1N = V1H or VIL COM'L 

Vee= MIN. loL =4.0mA 

Vol Output LOW Voltage 
V1N = V1H or V1L 

loL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

ENT 
Ill Input LOW Current Vee= MAX., V1N = 0.4 v 

All others 

ENT 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

All others 

ENT 
•1 Input HIGH Current Vee= MAX., V1N = 7.0V r-----

All others 

•sc Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc Power Supply Current Vee= MAX. 
(Note 41 

Am25LS/54LS/74LS168A/169A 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note2) 

3.4 

3.4 

20 

I 
I 

Max. Units 

Volts 

.0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.6 
mA 

-0.4 

30 

µA 
20 

0.15 
mA 

0.1 

-85 mA 

34 mA 

Notes: 1. For ~ond_iti~ns shown as MIN. or MA~., use :he appropria_te value sp~cified under Electrical Characteristics for the applicable device type. 
2. Typical l1m1ts are at Vee= 5.0 V, 25 e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs grounded; outputs open; measured after a ground then 4.5 Von the clock input. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS168A/169A 

Am54LS/74LS168A • Am54LS/74LS169A 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vcc=5.0V±5% MIN.=4.75V MAX.=5.25V 

MIL TA= -55°C to +125°C Vcc=5.0V±10% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I 

Vee= MIN., loH = -400µA, J MIL 
VoH Output HIGH Voltage 

VIN= V1H or V1L COM'L 

Vee= MIN. All, IOL = 4.0mA 

VoL Output LOW Voltage 
VIN= V1H or VIL 

74LS only, IOL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW } MIL 
V1L Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

f-----------· ··~-·· 

-
ENT 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 
All others 

ENT 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

All others 

ENT 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

All others 

isc Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc 
Power Supply Current 

Vee= MAX. 
(Note 4) 

Min. 

2.5 

2.7 

2.0 

----· 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

20 

Max. 

0.4 

0.5 

0.7 

0.8 

-1.5 

-0.6 

-0.4 

30 

20 

0.15 

0.1 

-100 

34 

N ates: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0 V, 25° C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs grounded; outputs open; measured after a ground then 4.5 Von the clock input. 

FUNCTION TABLE 

INPUTS OUTPUTS 

CP A B c D LOAD ENT ENP U/D RCO QA Os De Do COMMENTS 

t x x x x H L L H A/R(l) (QT ·CK)+ 1 Count Up 

t x x x x H L L L A/R(2) (QT·CKI -1 Count Down 

t x x x x H H x x NC NC Count Inhibit 
t x x x x H x H x NC NC 

NC x x x x H L x H L H H H H Overflow ('LS169A) 

x x x x H L x H L (H x x H) ('LS168A) 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

NC x x x x H H x H H H H H H Overflow Inhibit ('LS169A) 

x x x x H H x H H 
NC x x x x H L x L L 
NC x x x x H H x L H 

t L H L H L L L x H 

Notes: 1. LOW for one clock cycle when maximum count is reached; otherwise HIGH. 

2. LOW for one clock cycle when minimum count is reached; otherwise HIGH. 

H =HIGH 
L ~LOW 
X = Don't Care 

(QT ·CKl =Output State Prior to Clock Edge. 
AIR= Assumes Required State at Output. 
NC= No Change. 
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(H x x H) ('LS168A) 

L L L L Underflow 
L L L L Underflow Inhibit 

L H L H Load Example 



Am25LS/54LS/74LS168A/169A 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test eond itions 

tPLH 23 35 23 35 
Clock to Ripple Carry 

19 35 
ns 

tPHL 23 35 

'PLH 13 20 13 20 
Clock to Any Q 

15 23 
ns 

tPHL 15 23 

tPLH 
Enable T to Ripple Carry 

10 14 10 14 

9 14 
ns 

tPHL 10 14 

'PLH 17 25 17 25 
Up/Down to Ripple Carry 

17 29 
ns CL=15pF 

IPHL 19 29 

tpw Clock Pulse Width 25 25 
RL = 2.0kil 

ns 

A,B,C,D 20 20 

EN P, ENT 20 
ns 

20 
ts Set-up 

Load 25 25 

Up/Down 30 30 
ns 

th Hold, any Input 0 0 ns 

f max(Note 1) Maximum Clock Frequency 25 2 25 32 MHz 

Note 1. Per industry convention, fmax if the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width or duty cycle. 

Am25LSONLY Am25LS eOM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

IPLH 49 57 
Clock to Ripple Carry ns 

IPHL 49 57 

tPLH 30 35 
Clock to Any Q ns 

IPHL 34 39 

IPLH - 22 26 
Enable T to Ripple Carry ns 

IPHL 22 26 

tPLH 36 42 
CL= 50pF 

Up/Down to Ripple Carry ns RL = 2.0k!"l 
IPHL 42 48 

lpw Clock Pulse Width 36 42 ns 

A,B,C,D 30 35 

ENT, EN _P 30 35 
ns 

ts Set-Up 
Load 36 42 

Up/Down 43 50 
ns 

th Hold 0 0 ns 

fmax(Note 1) Maximum Clock Frequency 19 17 MHz 

*AC performance over operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS168A/169A 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 

DEFINITION OF FUNCTIONAL TERMS 

CP 

A,B,C,D 

ENP 

ENT 

QA, QB, QC, QD 

LOAD 

RCO 

U/D 

Clock Pulse. All functions of the counter 
occurs on the positive edge. 

The four programmable data inputs. 

Parallel Count Enable. Must be LOW to 
count. 

Enables RCO (serial trickle) for cascading 
counters. Must be LOW to count. 

The four counter outputs. 

A LOW enables parallel load of counter 
outputs from inputs. Must be HIGH to 
count. 

Ripple Carry Output. Output will be 
LOW on the maximum count on up 
count, and on 0000 on the down count. 

Up/Down Count Control. HIGH counts 
up and LOW counts down. 

Metallization and Pad Layouts 

CP 2 

A 3 

B 4 

c 5 

D 6 

ENP 7 

'LS168A 

~--------- 16 Vee 

~------- 15 RCO 

12 "c 

DIE SIZE 0.084" X 0.099" 
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CP 2 

A 3 

B 4 

c 5 

D 6 

ENP 7 

'LS169A 

~---------16 Vee 
~-------15 RCO 

13 0 8 

12 "c 

11 o0 

10 ENT 

DIE SIZE 0.084" X 0.099" 



Am25LS/54LS/74LS168A/169A 

ORDERING INFORMATION 

Am54LS/ 
Am25LS168A Am25LS169A 74LS168A 

Package Temperature Order Order Order 
Type Range Number Number Number 

Molded DIP 0°C to +70°C AM25 LS168APC AM25 LS169APC SN74LS168AN 

Hermetic DIP 0°C to +70°C AM25LS168ADC AM25LS169ADC SN74LS168AJ 

Dice 0°C to +70°C AM25LS168AXC AM25LS169AXC SN74LS168AX 

Hermetic DIP -55°C to +125°C AM25LS168ADM AM25LS169ADM SN54LS168AJ 

Hermetic Flat Pak -55°C to +125°C AM25LS168AFM AM25LS169AFM SN54LS168AW 

Dice -55°C to +125°C AM25LS168AXM AM25LS169AXM SN54LS168AX 

APPLICATIONS 

DB Dg D10D11 

ABCO ABCD 
ENT RCOIO-----CI ENT RCOIO-----QEN T 

CP-_..+-t-+---------t-+-+-+-+---------+-t-t-+------~ 

LOAD----+---------t-~-+--------_._t-+-------~ 

U/D------11-+---------t----e-t----------<>-+-----------' 

Am54LS/ 
74LS169A 

Order 
Number 

SN74LS169AN 
SN74LS169AJ 
SN74 LS169AX 
SN54LS169AJ 
SN54LS169AW 
SN54LS169AX 

RCO 

Synchronous 4-Bit BCD Programmable Up/Down Counter with Hold on Underflow and Overflow, enabled 

by LOAD, Single count sequence per load cycle. 

LS169A 

RCO 1------CIEN T 

CP 

CLOCK---+---------' 

COUNTER ENABLE--._....-------~ 

Programmable Divide By N. 
Example: Divide By 127, Load (N-1) or 126 = 01111110. 
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RCO OUTPUT 
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Am25LS170 ·Am25LS670 
Am54LS/74LS170·Am54LS/74LS670 

4-BY- 4 Register File with 3-State or Open Collector Outputs 

DISTINCTIVE CHARACTERISTICS 

• Separate read/write addressing 
• Simultaneous read and write 
• 4-word by 4-bit organization 
• Am25LS170 has open collector outputs 
• Am25LS670 has three-state outputs 
• Cascadable tom words of n bits (Mod 4) 
• Used as 

- Scratchpad memory 
- Buffer storage with timing synchronizing 
- Storage for fast multiply (signal processing) 

• Am25LS devices offer the following improvements over 
Am54/74LS 
- Higher speed 
- 50mV lower Vol at IQL ~ 8mA 
- Twice the fan-out over military range 
- 440µA source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 
requirements 

(1) 02 

(2) D3 

(14) WA 

(13) w6 

WRITE 
DECODE 

(12) Gw----~ 
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FUNCTIONAL DESCRIPTION 

The Am25LS170 and 670 are 16-bit low-power Schottky 
register files. The file is organized as 4 words of 4-bits each 
with separate on-chip address decoding for read and write. 
This permits simultane.ous read and write operations either to 
the same or different addresses. 

Four data inputs are used to supply the 4-bit data word to be 
stored. The WA and WB inputs supply the write address while 
the Gw supplies the write enable. Four data outputs (Oo to 
03) are selected from data word cells by the RA and RB 
address. The output is available if the read enable GR is LOW. 
The register file performs a non-destructive readout. The 
Am25LS170 has open collector tput for convenience of 
collector ORing while the A 70 provides three-state 
outputs for bus selection. 

01------1 

Q 

Q 

Qt------i 

andard performance 
ppropriate electrical 

5LS improvements. 

(101 o1 

(9) 02 

OUTPUTS 
LS170 OC 
LS670 3·STATE 

17) 03 

(4) Rs 

..__ ____ (11)GR 



Am25LS/54LS/74LS170/670 

CONNECTION DIAGRAM 
Top View 

LOGIC SYMBOL 
15 

o, o, D3 o, 

WB 

12 GW 
o, o, 03 04 

'° 9 

Note: Pin 1 Is marked for orientation. 
Vee= 1s 

Am25LS170 • Am25LS670 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 

GND=B 

eOM'L TA=0°eto+70°e Vee=5.0V±5% (MIN.=4.75V,MAX.=5.25V) 
MIL TA=-55°Cto+125°e Vce=5.0V±10% (MIN.=4.50V,MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

VoH 
Output HIGH Voltage Vee-MIN. MIL, IOH - -1.0mA 

('LS670 Only) V1N = V1H or V1L COM'L, loH = -2.6mA 

10 L =4.0mA 

Vol Output LOW Voltage 
Vee =MIN., 

V1N = V1H or V1L 10 L =8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

Any D, R, orW 

l1L Input LOW Current Vee= MAX .• V1N = 0.4V GR (LS170) or GW 

GR (LS670) 

Any D, R, orW 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V GR (LS170) or GW 

GR (LS670) 

Any D, R, orW 

11 Input HIGH Current Vee= MAX., V1N = 7.0V GR (LS170) or GW 

GR (LS670) 

loH 
Output Leakge Vee= MIN., VoH = 5.5V, 
('LS170 Only) V1N = V1H or V1L 

Off-State (High-Impedance) Vo =0.4V 
loz Output Current ('LS670 Only) 

Vee= MAX. 
Vo= 2.7V 

•sc Output Short Circuit Current (Note 3) Vee =MAX. 

I 170 
Ice Power Supply Current (Note 4) Vee= MAX. 

670 

Min. 

2.4 

2.4 

2.0 

-15 

•• 
., 
GR 11 

Typ. 
(Note 2) 

0.25 

0.35 

25 

30 

Max. Units 

Volts 

0.4 

Volts 
0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 

-0.72 mA 

-1.08 

20 

40 µ.A 

60 

0.1 

0.2 mA 

0.3 

20 µ.A 

-20 
µ.A 

20 

-85 mA 

40 
mA 

50 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with 4.5V applied to all data inputs and both enable inputs, all address inputs grounded and all outputs open. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC .Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS170/670 

Am54LS/74LS170 • Am54LS/74LS670 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 
COM'L TA =0°Cto +70°C Vee =5.0V ± 5% (MIN. =4.75V, MAX.=5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V,MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions I Note 1) Min. 
Typ. 

(Note 2) Max. Units 

Output HIGH Voltage Vee= MIN. MIL, IOH = -1.0mA 2.4 3.4 
VoH (' LS670 Only) V1N = V1H or V1L COM'L, IOH = -2.6mA 2.4 3.4 

All, loL = 4.0mA 0.4 

Vol Output LOW Voltage 
Vee= MIN., 

74LS Only, V1N = V1H or V1L 0.5 
IOL =8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

Guaranteed input logical LOW MIL 0.7 
VIL Input LOW Level 

voltage for all inputs COM'L 0.8 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA -1.5 

Any D, R, orW -0.4 

l1L Input LOW Current Vee= MAX., V1N = 0.4V GR (LS170) or GW -0.8 

GR ILS670) -1.2 

Any D, R, or W 20 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V GR (LS170) or GW 40 

GR (LS670) 60 

Any D, R, or W 0.1 

11 Input HIGH Current Vee= MAX., V1N = 7.0V GR ILS170) or GW 0.2 

GR (LS670) 0.3 

loH 
Output Lea kge Vee= MIN., VoH = 5.5V, 

20 ('LS170 Only) V1N = V1H or V1L 

Off-State (High-Impedance) Vo =0.4V -20 
loz Output Current ('LS670 Only) Vee= MAX. 

Vo= 2.7V 20 

lsc Output Short Circuit Current (Note 3) Vee= MAX. -15 -100 

} 170 25 40 
Ice Power Supply Current (Note 4) Vee= MAX. 

670 30 50 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with 4.5V applied to all data inputs and both enable inputs, all address inputs grounded and all outputs open. 

"' DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 

D1 - D4 Data Input. Input data bit 1 through bit 4 repre
senting one word to be entered into the device. 

WRITE INPUTS WORD 

RA Rs Read Word Select. Selects word 0 through word 3 
to be read out. 

GR Read Enable. Gates output of LS170 and enables 
three-state output on LS670.; 

WA Ws Write Word Select. Selects which word is to be 
written. 

Gw Write Enable. The selected word will be written 
when the Gw goes LOW. 

01 - Q4 Output data bits 1 through 4 available during read 
select (GR) otherwise HIGH for LS170 (open col· 
lector) or high impedance for LS670 (three-state). 

WB WA Gw 
L L L 

L H L 

H L L 
H H L 

x x H 

READ INPUTS 

RB RA GR 

L 
H L 

H L L 
H H L 

LS170 Only: 
x x H 

LS670 Only: 
x x H 

0 2 

O=D NC NC 
NC Q=D NC 
NC NC O=D 
NC NC NC 
NC NC NC 

OUTPUTS 

01 02 03 

WoBo WoB1 WoB2 
W1Bo W1B1 W1B2 
W2Bo W2B1 W2B2 
W3Bo W3B1 W2B2 

H H H 

z z z 

3 

NC 
NC 
NC 

Q=D 
NC 

04 

WoB3 
W1B3 
W2B3 
W3B3 

H 

z 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

µA 

mA 

mA 

Notes: 1. H =HIGH level, L =LOW level, X =Don't Care, Z =HIGH 
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impedance. 
2. (Q""'D) the selected F/F will assume the state of Din· 
3. NC= the level of Q previously established (no change). 
4. WjBj = i =the word read, 

j = the bit read. 



SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. 

tpLH 
Read Select RA, Rs to O; 

tPHL 

tPLH 
Write Enable Gw to O; 

tPHL 

tPLH 
Data Di to Oj 

tPHL 

tPLH 
Read Enable GR to O; 

tPHL 

ts D; to Gw 

ts WA. Ws to Gw 

tH D; to Gw 

tH WA, Ws to Gw 

tpw Gw or GR 

TLATCH Latch Time for New Data 

Am25LS170 ONLY 
Am25LS COM'L Am25LS MIL 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. 

tPLH 
RA. Rs. to O; 

tPHL 

tPLH 
GwtoO; 

tPHL 

tPLH 
D; to Q; 

tPHL 

tPLH 
GR to O; 

tPHL 

ts D; to Gw 

ts WA. Wg to Gw 

tH D; to Gw 

tH WA. Ws to Gw 

tpw Gw or GR 

TLATCH Latch Time for New Data 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

LS670 
DRIVING OUTPUT DRIVEN INPUT 

I 

[!J 
I 
I 
I 
I 
I 

I 
I 

0---<0---K 1----+ 

Ii 
I 

I 
I 
I 
I 
I 

Note: Actual current flow direction shown. 
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'LS170 
DRIVING OUTPUT 

Am25LS/54LS/74LS170/670 

Units Test Conditions 

ns 

ns 

ns 

CL= 15pF 
ns 

RL = 2.0kn 
I 

ns 

I ns 
I 

ns I 
ns I 

ns j 
ns 

Units Test Conditions 

ns 

ns 

ns 

CL= 50pF 
ns 

RL = 2.0kn 

ns 

ns 

ns 

ns 

ns 

ns 

LIQH 
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Am25LS670 • Am54LS/74LS670 
SWTCHING CHARACTERISTICS 
(TA= 25°e, Vee= 5.0V) 

Parameters Description 

tPLH 
Read Select RA, RB to Qi 

tPHL 

tPLH 
Write Enable Gw to Qi 

tPHL 

tPLH 
Data Di to Oj 

tPHL 

tzH 

tzL 
Read Enable GR to Qi 

tHz 

tLz 

t, Di to Gw 

t, WA, WB to Gw 

tH Di to Gw 

tH WA, WB to Gw 

tpw Gw or GR 

TLATCH Latch Time for New Data 

Am25LS670 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH Read Select 

tPHL RA, RB, to Qi 

tPLH Write Enable 

tPHL GwtoOi 

tPLH 
Data Dj to Oj 

tPHL 

tzH 

tzL 
Read Enable GR to Qi 

tHz 

tLz 

ts Di to Gw 

ts WA, Ws toGw 

tH Di to Gw 

tH WA, Ws to Gw 

tpw Gw or GR 

TLATCH Latch Time for New Data 

Am25LS Am54LS/74LS 

Min. Typ. Max. Min. Typ. Max. 

Am25LS COM'L Am25LS MIL 

TA= ci0 c to +70°C TA= -55°C to +125°C 
Vee= 5.ov ±5% Vee= 5.ov ±10% 

Min. Max. Min. Max. 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Units Test Conditions 

ns 

ns 
CL= 15pF 

RL = 2.0kn 
ns 

ns 

CL= 5.0pF 
ns 

RL = 2.0kn 

ns 

ns 

ns CL= 15pF 

ns RL = 2.0kn 

ns 

ns 

Units Test Conditions 

ns 

ns 
CL= 50pF 

ns 
RL = 2.0k!1 

ns 

ns CL= 5.0pF 
RL = 2.0kn 

ns 

ns 

ns CL= 50pF 

ns RL = 2.0kn 

ns 

ns 



Am25 LS/54 LS/74LS170/670 

ORDERING INFORMATION 

Am54LS/ Am54LS/ 
Am25LS170 Am25LS670 74LS170 74LS670 

Package Temperature Order Order Order Order 
Type Range Number Number Number Number 

Molded DIP 0°C to +70°C AM25LS170PC AM25LS670PC SN74LS170N SN74LS670N 
Hermetic DIP 0°C to +70°C AM25LS170DC AM25LS670DC SN74LS170J SN74LS670J 

Dice 0°C to +70°C AM25LS170XC AM25LS670XC SN74LS170X SN74LS670X 
Hermetic DIP -55°C to +125°C AM25LS170DM AM25LS670DM SN54LS170J SN54LS670J 

Hermetic Flat Pak -55°C to +125°C AM25LS170FM AM25LS670FM SN54LS170W SN54LS670W 
Dice -55°C to +125°C AM25LS170XM AM25LS670XM SN54LS170X SN54LS670X 

APPLICATION 

Delay variable by clock times offset 0, 1, 2, 3. System is expandable in width and length and is the basis of 
a digital auto correlator. 

Variable Digital Delay Buffer 
(Auto Correlator) 
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Am25LS174 • Am54LS/74LS174 
Am25LS175 • Am54LS/74LS175 

Hex/Quadruple D-Type Flip Flops With Clear 

DISTINCTIVE CHARACTERISTICS 

• 4-bit and 6-bit para I lei registers 
• Common clock and common clear 
• Positive edge-triggered D flip-flops 

• Am25LS devices offer the following improvements over 
Am54/74LS 
- Higher speed 
- 50mV lower VoL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS174 is a six-bit register and the Am25LS175 
is a four-bit register built using advanced Low Power 
Schottky technology. The registers consist of D-type flip
flops with a buffered common clock and an asynchronous 
active LOW buffered clear. 

When the clear is LOW, the Q outputs are LOW independent 
of the other inputs. Information meeting the set-up require
ments of the D inputs is transferred to the Q outputs on the 
positive-going edge of the clock pulse. 

For versions of these devices having a common enable 
rather than clear see Am25LS07 and Am25LS08. 

The Am54 LS/74 LS174 and 175 are standard performance 
versions of the Am25LS174 and 175. See appropriate 
electrical characteristic tables for detailed Am25LS im
provements. 

LOGIC DIAGRAMS 

'LS174 

o, 

Oo o, o, 

'LS175 

Do o, 

CP 

CP CP 

co co 
a 

Cl 

Oo Do o, o, 

CONNECTION DIAGRAMS 
Top Views 

'LS174 'LS175 

Vee 05 05 04 04 03 03 CP Vee 03 03 D3 o, a, o, CP 

Cl Oo Oo Do D1 01 o, GND 

Note: Pin 1 is marked for orientation. 
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CP 

co 

a, 

Do D1 
CP 

CL 
Oo 01 

03 04 05 

D2 03 

CP 

co 
6 

o, 03 03 

LOGIC SYMBOLS 

'LS174 

11 13 14 

o, D3 04 D5 

a, 03 04 05 

10 12 15 

Vee= Pin 16 

GNO=Pin8 

'LS175 

12 13 

Do 01 o, D3 
CP 

3 2 6 7 11 10 14 15 



Am25LS/54LS/74LS174/175 

ELECTRICAL CHARACTERISTICS The following conditions apply unless otherwise specified: 
COM'L TA= D°C to +7D°C Vee= 5.DV ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.DV±1D% (MIN.=4.5DV MAX.=5.5DV) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I Min. 

Output HIGH Voltage 
Vee= MIN., loH = --44DµA 1 MIL 2.5 

VoH 
V1N = V1H or VIL l COM'L 2.7 

Vol Output LOW Voltage 
Vee= MIN [ioL=4mA 

V1N = V1H or VIL J10L = 8mA 

V1H Input HIGH Level 
Guaranteed input logical 

2.D HIGH voltage for all inputs 

Input LOW Level 
Guaranteed input logical 1 MIL 

V1L LOW voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = D.4V 1 Clock, CL 
Others 

l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

11 Input HIGH Current Vee= MAX .. V1N = 7.DV 

isc 
Output Short Circuit Current 

Vee= MAX. -15 
(Note 3) 

Power Supply Current } LS174 
ice (Note 4) 

Vee= MAX. 
LS175 

~m54LS/74LS174/175 

Typ. 
(Note 2) 

3.4 

3.4 

16 

11 

::LECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 
~OM'L 

~IL 

TA= D°C to +7D°C 

TA = -55° C to + 125° C 

Vee= 5.Dv ± 5% 

Vee= 5.Dv ± 1D% 

(MIN.= 4.75V MAX.= 5.25V) 

(MIN.= 4.5DV MAX.= 5.5DV) 

JC CHARACTERISTICS OVER OPERATING RANGE 
>arameters Description Test Conditions (Note 1 I 

Vee= MIN .. loH = -4DDµA T Am74LS 
VoH Output HIGH Voltage j Am54LS V1N = V1H or V1L 

Vee= MIN 1 All, IOL = 4mA 
Vol Output LOW Voltage 

V1N = V1H or V1L J 74LS only, loL =8mA 

V1H Input HIGH Level 
Guaranteed input logical 
HIGH voltage for all inputs 

Guaranteed input logical J Am54LS 
V1L Input LOW Level LOW voltage for all inputs Am74LS 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX .. V1N = D.4V 

l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

11 Input HIGH Current Vee =MAX .. V1N = 7.DV 

ise 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

Power Supply Current J LS174 
Ice Vee= MAX. 

(Note 4) LS175 

Min. 

2.7 

2.5 

2.D 

-15 

Typ. 
(Note 21 

3.4 

3.4 

16 

11 

Max. Units 

Volts 

D.4 
Volts 

D.45 

Volts 

D.7 
Volts 

D.8 

-1.5 Volts 

-D.36 mA 
-D.24 

2D µA 

D.1 mA 

-85 mA 

26 
mA 

18 

Max. Units 

Volts 

D.4 
Volts 

D.5 

Volts 

D.7 
Volts 

D.8 

-1.5 Volts 

-DAD mA 

2D µA 

D.1 mA 

-1DD mA 

26 
mA 

18 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open and 4.5V applied to the data and clear inputs. Measured after a momentary ground, then 4.5V applied to the dock input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, .Into Outputs 

DC Input Current 

3-82 

-65°C to +150°C 

-55°C to +125°C 

-0,5V to +7.0V 

-0.5 V to +Vee max. 

-0.5V to +7.0V 

30mA 

-30 mA to +5.0 mA 



Am25LS/54LS/74LS174/175 

SWITCHING CHARACTERISTICS 
(TA= +25°C Vee= 5 OV) 

Parameters Description 

tPLH 
Clock to Output 

tPHL 
tPLH Clear to Q Output, LS175 only 

tPHL Clear to Output 

l Clock 
tpw Pulse Width 

Ctear 

ts Data Set-up Time 

t, 
Set·Up Time Clear Recovery 
(in-active) to Clock 

th Data Hold Time 

fmax Maximum Clock Frequency (Note 1) 

Am25LS 

Min. Typ. 

15 

13 
16 

23 

17 
20 

20 

20 

5 
40 65 

Am54LSl74LS 

Max. Min. Typ. Max. Units Test Conditions 

23 20 30 

20 ~3 
ns 

35 

25 16 25 

35 23 
ns 

35 

20 CL= 15pF ns 
20 RL = 2.0k!1 
20 ns 

25 ns 

5 ns 

30 40 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on tr. tf, pulse width or duty cycle. 

Am25LSONLY Am25LS COM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°c to +70°C TA = -55°C to +125°C 

V cc = 5.0V ±5% Vee = 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 34 39 
Clock to Output 

30 35 
ns 

tPHL 
tpLH Clear to Q Output, LS175 only 37 42 ns 

tPHL Clear to Output 50 57 ns 

1 Clock 26 30 CL= 50pF 
tpw Pulse Width J Clear ns 

RL = 2.0kO 30 35 

ts Data Set-up Time 30 35 ns 

ts 
Set-up Time Clear Recovery 

(In-active) to Clock 
30 35 ns 

th Data Hold Time 11 12 ns 

fmax Maximum Clock Frequency (Note1) 30 26 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 

Di The D flip-flop data inputs. 

CL Clear. When the clear is LOW, the Oi outputs are LOW, 

regardless of the other inputs. When the clear is HIGH, data 

can be entered in the register. 

Am25LS • Am54LS/74LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown. 
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CP Clock pulse for the register. Enters data on the positive 
transition. 

Qi The TRUE register outputs. 

Qi The complement register outputs. 

FUNCTION TABLE 

INPUTS OUTPUTS 

Clear Clock Di Qi Qi 

L x x L H 

H L x NC NC 

H H x NC NC 

H t L L H 

H t H H L 

H =HIGH X =Don't Care 
L = LOW NC = No Change 
t =LOW-to-HIGH Transition 

Note: Q; on Am25LS175 only. 
Qi on Am54LS/74LS175 only. 



Am25LS/54LS/74LS174/175 

APPLICATION 

Do Go 
0---

Dl Dl 
0---

~ 
WORD A 

D' 
~ o, 

0---

D3 03 
CP CL 0---

CLOCK 1 

CLEAR 1 

RECIRCULATE Do Do 
0---

IN A 
RC 

OUT A D1 01 

'NB Am4055/5055 OUT B WORD 8 
QUAD 128·BIT '3 

INC 
STATIC SHIFT OUT C o, o, 

REGISTER 

IND OUT D 
CP 

03 03 
CP CL 

CLOCK 

CLOCK 2 

CLEAR 2 

Do Oo 
0----

D1 01 

:0: WORD C 

a, ~ o, 

D3 03 

CP CL 0---

CLOCK3~ 
CLEAR 3 

Low-Power Schottky registers interface directly with many MOS shift registers. 

Metallization and Pad Layouts 

'LS174 'LS175 

16 Vee 

CI 16 Vee Go 15 03 

Oo 15 05 

14 D5 
Do 3 

Go 14 OJ 
Dl 4 

13 D4 

01 5 
12 G4 

Do 
13 03 

Dl 
12 D2 

D, 6 
11 D3 6i 11 a, 

G' 
10 G3 

GND 9 CP 01 10 G' 

GND CP 

DIE SIZE 0.075" X 0.084" DIE SIZE 0.075" X 0.061" 
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Am25LS181 • Am54LS/7 4LS181 
Four-Bit Arithmetic Logic Unit/Function Generator 

DISTINCTIVE CHARACTERISTICS 

• Performs 16 arithmetic operations including add, subtract, 
double and compare 

• Full look-ahead capability for high speed arithmetic oper
ation on long words 

• Am25LS devices offer the following improvements over 
Am54/74LS 
- Higher speed 
- 50mV lower VOL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS181 is a 4-bit, high-speed rnrallel Arithmetic 
Logic Unit (ALU)/Digital Function Generator. When the mode 
control (M) is LOW the 16 arithmetic operations are performed 
under the control of the four select inputs. When the mode 
control is HIGH the sixteen logic operations are performed on 
an individual bit basis between the two 4-bit parallel words 
under the control of the four select inputs. 

An internal full look-a.head carry scheme is used for high-speed 
arithmetic operations and provision is made for further look
ahead by including both carry propagate (P) and carry generate 
(G) outputs. 

An open collector output A = B is used to signal the equiva
lence of the two parallel words. The open collector feature 
allows for the equivalence function to be expanded as a 
wired-AND connection for larger word lengths. 

In many systems, the carry output Cn+4 is connected to the 
next higher Cn to provide ripple block arithmetic. The ALU. 
can be used with either active HIGH or active LOW inputs and 
can be ripple expanded or fu II look-ahead expanded in either 
mode. The connection pattern is identical for either logic 
representation. 

The Am54LS/74LS181 is a standard performance version of 
the Am25LS181. See appropriate electrical characteristic 
tables for detailed Am25LS improvements. 

CONNECTION DIAGRAM 
Top View 

s3 s2 s1 s0 en M F0 F 1 

Note: Pin 1 is marked for orientation. 

GND 

3-85 

S3 
s, 
S1 
So 

81 

A1 

Ao-----. 

LOGIC DIAGRAM 

Cn+4 

,, 

A"'B 

F1 

M --D<----------H 

LOGIC SYMBOLS 

ACTIVE LOW 

2 1 23 22 21 20 19 18 

c, Ao Bo A1 B1 ., s, A3 B3 
16 Cn+4 

M 
So A=B 14 

S1 G 0--17 
S2 
s, 15 

'o '1 '2 F3 

I 
9 10 11 13 

ACTIVE HIGH 

2 1 23 22 21 20 19 18 

Ao Bo A1 B1 A2 82 A3 B3 
16 c, 

Cn+4 
M 
So A =B 14 

S1 
17 

S2 
S3 15 

'o '1 '2 F3 

Vee =Pin 24 

10 11 13 GND =Pin 12 



Am25LS/54LS/74LS181 

Am25LS181 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

Parameters Description Test Conditions I Note 1 I Min. (Note 21 Max. Units 

Output HIGH Voltage Vee= MIN., loH = -440µA MIL 2.5 3.4 
VoH Volts 

(Except A= B Output) V1N = V1H or V1L COM'L 2.7 3.4 

Vee= MIN. loL -4mA 0.4 

Vol Output LOW Voltage 
V1N = V1H or VIL 

loL = 8mA 0.45 Volts 
G, IQL = 16mA 0.55 

V1H Input HIGH Level 
Guaranteed input logical HIGH voltage 

2.0 Volts 
for all inputs 

Guaranteed input logical LOW voltage MIL 0.7 
V1L Input LOW Level 

for all inputs 
Volts 

COM'L 0.8 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA -1.5 Volts 

loH 
Output HIGH Current 
for A = B Output 

Vee= MIN., VoH = 5.5V 
100 µA 

V1N = V1H or VIL 

M -0.36 

Ai or Bj -1.08 
l1L Input LOW Current Vee= MAX., V1N = 0.4V mA 

S; -1.44 

Cn -2.0 

M 20 

Aj or Bi 60 
l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

S; 
µA 

80 

en 100 

M 0.1 

Ai or Bi 0.3 
11 Input HIGH Current Vee= MAX., V1N = 5.5V mA 

S; 0.4 

Cn 0.5 

•sc Output Short Circuit Current 
Vee= MAX. -15 --85 mA I Note 3) I Except A = B Output) 

MIL 
A 

20 32 

Power Supply Current (Note 4) 
COM'L 20 34 •cc Vee= MAX. mA 
MIL 21 35 

B 
COM'L 21 37 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
4. lee is measured under two conditions - tvP. and max. apply to both. 

A. Sj, M, Aj at 4,5V; all other inputs grounded; outputs open. 
B. Si, Mat 4.5V; all other inputs grounded; outputs open. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 
------------------------------------

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous -0.5V to+ 7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. ---------·---- ,, ________ ,, _________ _ 
DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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Am25 LS/54LS/74LS181 

Am54LS/74LS181 
E LE CTR ICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L 

MIL 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Vee= 5.ov ± 5% 

Vee= 5.ov ± 10% 

(MIN.= 4.75V MAX.= 5.25V) 

(MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions IN ote 1 I 

VoH 
Output HIGH Voltage Vee= MIN .. loH = -400µA MIL 

I Except A = B Output) V1N = V1H or Vil COM'L 

All outputs, IOL = 4mA 

Vee= MIN. 
Am74LS only 

Vol Output LOW Voltage 
V1N = V1H or VIL 

All outputs, loL = 8mA 

G, IOL = 16 mA 

P, loL = 8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH voltage 
for all inputs 

Guaranteed input logical LOW voltage Mil 
V1L Input LOW Level 

for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN .. l1N = -18mA 

loH 
Output HIGH Current Vee= MIN .. VoH = 5.5V 

for A = B Output V1N = V1H or V1L 

M 

Ill Input LOW Current Vee= MAX., V1N = 0.4V 
Ai or B; 

S; 

Cn 

M 

Aj or Bj 
l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

S; 

Cn 

M 

•1 Input HIGH Current Vee= MAX .. V1N = 5.5V 
Ai or Bi 

S; 

Cn 

•sc Output Short Circuit Current 
Vee= MAX. 

(Note 31 I Except A= B Output) 

MIL 
A 

•cc Power Supply Current (Note 4) Vee= MAX. 
COM'L 

Mil 
B 

COM'L 

Typ. 
Min. (Note 21 Max. 

2.5 3.4 

2.7 3.4 

0.25 0.4 

0.35 0.5 

0.47 0.7 

0.35 0.6 

2.0 

0.7 

0.8 

-1.5 

100 

-0.36 

-1.08 

-1.44 

-2.0 

20 

60 

80 

100 

0.1 

0.3 

0.4 

0.5 

-15 -100 

20 32 

20 34 

21 35 

21 37 

Notes: 1. For _cond_iti~:rns shown as MIN. or M~X., use_ the appropri~te value s~ecified under Electrical Characteristics for the applicable device type. 
2. Typical ltm1ts are at Vee= 5.0V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. lee is measured under two conditions - typ. and max. apply to both. 

A. Sj, M, Ai cit 4.5V; all other inputs grounded; outputs open. 
B. Sj, Mat 4.5V; all other inputs grounded; outputs open. 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

µA 

mA 

µA 

mA 

mA 

mA 



Am25LS181 • Am54LS/74LS181 
SWITCHING CHARACTERISTICS 
(TA= 25°C, Vee= 5.0V) 

(CL= 15pF, RL = 2.0krl) 

Parameter From (Input) To (Output) 

Am25LS181 Am54LS/74LS181 

Min. Typ. Max. Min. Typ. Max. 

tPLH 25 18 27 

tpH L Cn Cn+4 14 13 20 

tPLH - 19 17 26 

tPHL Cn Fi 18 13 20 

tPLH Ai or Bi G 25 19 29 

tPHL 23 15 23 

tPLH Ai or Bi G 25 21 32 

tPHL 25 17 26 

tPLH A; or B; P 26 20 30 
fyHL W ~ ~ 

IPLH A; or Bi p 26 20 30 

IPHL 26 22 33 

tPLH Ai or Bi Fi (i ;;, il 28 21 32 
tPHL 19 13 20 

IPLH Ai or Bi Fi (j ;;, i) 30 21 32 
tPHL 19 15 23 

IPLH - - - 31 22 33 
Ai or Bj Fi 

IPHL 25 19 29 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Am25LS/54LS/74LS181 

Test Conditions 

M =OV 
(SUM or DIFF mode) 

M = OV, So= S3 = 4.5V, 
S1 = S2 = OV (SUM mode) 

M = OV, So = S3 = OV, 
S1 = S2 = 4.5V (DI FF mode) 

M = OV,So = S3 =4.5V, 
S1 = S2 = OV (SUM mode) 

M = OV, So = S3 = OV, 

S1 = S2 = 4.5V (DI FF mode) 

M = OV, So = S3 = 4.5V, 
S1 = S2 = OV (SUM mode) 

M = OV, So= S3= OV, 
S1=S2=4.5V (DIFF mode) 

M = 4.5V (LOGIC mode) 

IPLH Ai or Bi Cn+4 33 25 38 ns M = OV, So= S3 = 4.5V, 
tPHL 31 25 38 S1 = S2 =OV (SUM mode) 

tpLH Ai or Bi Cn+4 35 27 41 ns M = OV, So= s3 = OV, 
IPHL 35 27 41 S1 =S2=4.5V (DIFF mode) 

IPLH - 50 33 50 M=OV,So=S3=0V, 
Ai or Bi A = B ns 3 tpH L 45 41 62 S1 = S2 = 4.5V (DI FF mode) 

IPLH Ai or Bi Fi+l 36 ns S1 = S2 = M = OV 
tpH L 53 So= S3 = 4.5V (SUM mode) 

~-----+----+---+-------+------+----+~C---------------< 

IPLH AiorB; Fi+l 36 ns So=S3=M=OV 
tPHL 53 S1=S2=4.5V (DIFF mode) 

OPERATION TABLE 

ACTIVE-HIGH DATA ACTIVE-LOW DATA 

M=H 
M = L; Arithmetic Operations 

M=H 
M = L; Arithmetic Operations 

SELECTION 
Logic Cn = H Cn = L Logic Cn = L Cn = H 

S3 S2 S1 So Functions (No Carry) (With Carry) Functions (No Carry) (With Carry) 

L L L L F =A F=A F =A Plus 1 F=A F =A Minus 1 F=A 

L L L H F=A+B F=A+B F = (A+ Bl Plus 1 F =AB F =AB Minus 1 F =AB 

L L H L F =AB F=A+B F = (A+ B) Plus 1 F=A+B F =AB Minus 1 F =AB 

L L H H F = 0 F = Minus 1 (2's Campi.I F =Zero F = 1 F =Minus 1 (2's Campi.) F =Zero 

L H L L F =AB F =A Plus AB F =A Plus AB Plus 1 F=A+B F =A Plus IA+ Bl F =A Plus {A+ B) Plus 1 

L H L H F=B F = (A+ B) Plus AB F = (A+ Bl Plus AB Plus 1 F = B F =AB Plus (A+ Bl F =AB Plus (A+ B) Plus 1 

L H H L F=A•B F = A Minus B Minus 1 F =A Minus B F =Am B F = A Minus 8 Minus 1 F =A Minus 8 

L H H H F =AB F =AB Minus 1 F =AB F=A+B F=A+B F =(A+ Bl Plus 1 

H L L L F=A+B F =A Plus AB F = A Plus AB Plus 1 F =AB F =A Plus (A+ Bl F = A Plus (A + Bl Plus 1 

H L L H F=A•B F =A Plus B F =A Plus B Plus 1 F =A• B F =A Plus B F = A Plus B Plus 1 

H L H L F=B F = (A+ Bl Plus AB F =(A+ B) Plus AB Plus 1 F=B F =AB Plus (A+ B) F = AB Plus (A + Bl Plus 1 

H L H H F =AB F =AB Minus 1 F "'AB F=A+B F=A+B F = (A+ Bl Plus 1 

H H L L F = 1 F =A Plus A* F =A Plus A Plus 1 F=O F =A Plus A* F = A Plus A Plus 1 

H H L H F=A+B F = (A+ Bl Plus A F = (A+ Bl Plus A Plus 1 F =AB F =AB Plus A F = AB Plus A Plus 1 

H H H L F=A+B F = (A+ B) Plus A F = (A+ Bl Plus A Plus 1 F =AB F =AB Plus A F = AB Plus A Plus 1 

H H H H F=A F =A Minus 1 F=A F=A F=A F =A Plus 1 

*Each bit is shifted to the next more significant position. 
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Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 
(CL = 50pF, RL = 2.0k!l) 

Parameters From (Input) To (Output) 

F; 

A;orB; G 

A; orB; 

A; orB; p 

A;orB; F; (i"' n 

A; orB; F; (i"' n 

A; or B; F; 

A; or B; 

A; or B; A=B 

A; orB; 

A; orB; 

Am25LS COM'l 

TA= 0°C to +70°C 
Vee= 5.ov ±5% 
Min. Max. 

37 

22 

29 
28 

37 

34 

37 

37 

38 

38 

38 

38 

41 

29 

43 

29 

44 

37 

47 

44 

5a 
50 

69 

62 

51 

69 

51 

69 

Am25LS Mil 

TA= -55°C to +125°C 
Vee = 5.ov ±10% 
Min. Max. 

42 

26 

33 

32 

42 

39 

42 

42 

44 

44 

44 

44 

47 

33 

50 

33 

51 

42 

54 
51 

57 
57 

8a 
72 

59 

80 

59 

80 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test Conditions 

M = OV 

(SUM or DIFF mode) 

M = OV, So = S3 = 4.5V, 

S1 = S2 = OV (SUM mode) 

M = av, s0 = s3 = av, 
S1 = S2 = av (DIFF mode) 

M = OV, So = S3 = 4.5V, 

S1 = S2 = av (SUM mode) 

M = av, So = S3 = 4.5V, 

S1 = S2 = 4.5V (DIFF mode) 

M = av, So = S3 = 4.5V, 

S1 = S2 = OV (SUM mode) 

M = av, s0 = S3 = av, 
S1 = S2 = 4.5V (DIFF mode) 

M = 4.5V (LOGIC mode) 

M = av, So = S3 4.5V, 

S1 = S2 = av (SUM mode) 

M = OV, So = S3 av, 
S1 = S2 = 4.5V (DIFF mode) 

M = ov, S0 = s3 = av, 
S1 = S2 = 4.5V (DIFF mode) 

S1 = S2 = M = OV, 

S0 = S3 = 4.5V (SUM mode) 

So = S3 = M = OV, 

S1 = S2 = 4.5V (DIFF mode) 



DEFINITION OF FUNCTIONAL TERMS 

Ao. A1. A2, A3 The A data inputs. 

Bo. 81, 82. B3 The B data inputs. 

So. S1, S2. S3 The control inputs used to determine the 
arithmetic or logic function performed. 

Fo. F1. F2. F3 The data outputs of the ALU. 

M The mode control inputs used to select either the arith
metic or logic operations. 

Cn The carry-in input of the ALU. 

Cn+4 The carry-look-ahead output of the four-bit input field. 

G The carry-generate output for use in multi-level look
ahead schemes. 

P The carry-propagate output for use in multi-level look
ahead schemes. 

A= B The open collector comparator output that can be used 
to determine equivalence. This output is HIGH whenever the 
four F outputs are HIGH. 

Am25LS/54LS/74LS181 

USER NOTES 

1. Throughout this data sheet, the active LOW input and 
output terminology has been used. For the active HIGH 
definition, the nomenclautre shown under the active 
HIGH logic symbol should be substituted. 

2. Arithmetic operations are performed on a word basis. 
3. Logic operations are performed on a bit basis. 
4. Arithmetic in 1 's complement notation requires an end 

around carry. 
5. Subtraction in 2's complement notation requires a carry 

in (Cn =HIGH) for the active LOW case and (Cn =LOW) 
for the active HIGH case. 

6. The A = B output only indicates that the four F outputs 
are all HIGH. 

LOW POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown. 
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Parameter 

tPLH 

tPHL 

'PLH 

IPHL 

tPLH 

tPHL 

tPLH 

tPHL 

tPLH 

tPHL 

tPLH 

tPHL 

tPLH 

tPHL 

tpLH 

tPHL 

tPLH 

tPHL 

tPLH 

tPHL 

tPLH 

tPHL 

Parameter 

tpLH 

Parameter 

tPLH 

tPHL 

tpLH 

tPHL 

Under Test 

Ai 

Bi 

Ai 

Bi 

Ai 

-
B; 

Ai 

Bi 

-
A; 

Bi 

Cn 

Input 
Under Test 

A; 

B; 

Input 
Under Test 

-
A; 

-
B; 

DIFF MODE TEST TABLE 
FUNCTION INPUTS: S1 = S2 = 4.5V, So= S3 = M = OV 

Other Input Other Data Inputs 
Same Bit 

Apply4.5V Apply OV Apply4.5V Apply OV 

None Bi 
-

Remaining B, Cn Remaining A 

Ai 
-

Remaining B, Cn None Remaining A 

None Bi None Remaining A and 8, Cn 

- -
Ai None None Remaining A and 8, Cn 

-
None None Remaining A and 8, Cn B; 

- - -
None A; None Remaining A and B, Cn 

None Bi Remaining A Remaining B, Cn 

-
None Remaining A Remaining 8, Cn A; 

Bi 
- -

None None Remaining A and B, C0 

Ai 
- -

None None Remaining A and B, Cn 

None None All Aand8 None 

SUM MODE TEST TABLE 
FUNCTION INPUTS: So= S3 = 4.5V, S1 = S2 = M = OV 

Other Input 
Same Bit 

Apply 4.5V Apply OV 

B; None 

None 

B; None 

A; None 

None B; 

None 

None 

None 

None None 

Other Data Inputs 

Apply4.5V ApplyOV 

Remaining A and B 

Remaining A and B 

None Remaining A andB, Cn 

None Remaining A andB, Cn 

Remaining 8 Remaining A, Cn 

Remaining B Remaining A, Cn 

Remaining 8 Remaining A, Cn 

Remaining B Remaining A, Cn 

AllA All B 

LOGIC MODE TEST TABLE 
FUNCTION INPUTS: S1=S2=M=4.5V, So= S3 = OV 

Other Input Other Data Inputs 
Same Bit 

Apply4.5V ApplyOV Apply4.5V ApplyOV 

-
None None Remaining A and B, Cn B; 

Ai 
- -

None None Remaining A and B, Cn 
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Output 
Under Test 

Fi 

Fi 

p 

-p 

G 

-
G 

A=B 

A=B 

Cn+4 

Cn+4 

Any F 

or Cn+4 

Output 
Under Test 

F; 

Cn+4 

Cn+4 

Any F 
or Cn+4 

Output 
Under Test 

-
F; 

-
F; 

Output 
Waveform 

In-
Phase 

Out-of-
Phase 

In-
Phase 

Out-of-
Phase 

In-
Phase 

Out-of-
Phase 

In-
Phase 

Out-of-
Phase 

Out-of-
Phase 

In-
Phase 

In-
Phase 

Output 

Waveform 

In
Phase 

In
Phase 

In
Phase 

In
Phase 

In
Phase 

In
Phase 

Out-of
Phase 

Out-of
Phase 

In
Phase 

Output 
Waveform 

Out-of-
Phase 

Out-of-
Phase 
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APPLICATIONS 

H =ADO 

l =SUBTRACT 

CLOCK CP 

CLA 
Ao Bo A1 81 A2 82 A3 B3 A4 84 As 85 A5 85 A1 ,, As ,, Ag Bg A10 e10 A 11 s11 

CLEAR 

So 
Ao so Ai 'i A2 82 A3 83 

So 
Ao Bo Ai 'i A2 82 A3 83 

So 
Ao Bo 

Si Si Si 

'2 Am25LS181 s, Am25LS181 s, Am25LS181 

S3 S3 S3 

c, Cn+4 c, c, c,,.. 
A=B 'o 'i '2 F3 A=B 'o 'i " 

,, A=B 'o " " F3 

Yo Yi v, Y3 A=B Y4 Ys Y5 Y7 Yg Yg ylO v,, 

12-BIT ADDER/SUBTRACTOR (2's COMPLEMENT) 

FUNCTION TABLE 
A= Active HIGH B = Active LOW 

If one input is defined active-HIGH and the second input 
is defined active-LOW, the sixteen arithmetic and logic 
functions of the ALU are reordered as shown in the 
function table. 

Ao 'o Al B1 A2 82 A3 83 c, 
Cn+4 

M 

4BIT ( So A=B 
ALU Si 

Am25LS181 
SELECT 

s, "G" 

S3 
Oi a, "P'' 

Oo 02 

So s, s, s, Arithmetic (M = L, C, = H) 

L L L L A 

H L L L A+B 

L H L L A+B 

H H L L minus 1 (2's comp.) 

L L H L A plus AB 

H L H L AB plus [A+ BJ 

L H H L A plus B 

H H H L AB minus 1 

L L L H A plus AB 

H L L H A minus B minus 1 

L H L H AB plus [A+ BJ 

H H L H AB minus 1 

L L H H A plus A (2 x A) 

H L H H A plus [A+ BJ 

L H H H A plus [A+ BJ 

H H H H A minus 1 

L = Low Voltage Level 
H = High Voltage Level 

Metallization and Pad Layout 

Bo 
Ao 

53 
s2 
si 
so 
c, 

M 

Fo 

Fi 10 

F2 11 

~---- 23 A1 

~---22 B1 

21 A2 
20 B2 
19 A3 

18 83 

17 G 
16 Cn+4 

15 p 

~---14 A=B 

L------ 13 f3 

DIE SIZE: 0.078'" X 0.092'" 
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Logic (M =H) 

A 

AB 

AB 

Logic 'O' 

AB 

B 

AE!)B 

AB 

A+B 

AE!)B 

B 

AB 

Logic '1' 

A+B 

A+B 

A 



Am25LS190 
Am25LS191 

• Am54LS/74LS190 
• Am54LS/7 4LS191 

Synchronous Counters With Up/Down Mode Control 

DISTINCTIVE CHARACTERISTICS 

• Single up/down countline 
• Parallel load inputs and parallel count outputs 
• Ripple clock output for cascading 

• Am25LS devices offer the following improvements over 
Am54/74LS 
- Higher speed 
- 50mV lower VoL 
- Twice the fan-out over military range 
- 440µA source current 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS190 and Am25LS191 are BCD and binary 
synchronous up/down counters. The counter flip-flops are 
triggered on the LOW-to-HIGH transition of the clock input 
if the enable input is LOW. If the enable input is HIGH, 
counting is inhibited. 

The direction of the count sequence is controlled by the 
up/down input. When the up/down input is LOW, the counter 
will count up. When the up/down input is HIGH, the counter 
will count down. 

The load input is used to asynchronously jam new data into 
the counter via the parallel data inputs. When the load input 
is LOW, the counter flip-flop outputs will follow the parallel 
data inputs regardless of the clock input. 

The max.Im in. count output is HIGH for a complete clock 
cycle when the counter overflows {binary 9 or binary 15) or 
underflows {binary 0). The ripple clock output is LOW for the 
LOW part of the clock cycle when the overflow or underflow 
condition exists. The counters are cascaded by connecting the 
ripple clock output to the enable input of the succeeding 
counter when parallel counting, or connecting the ripple clock 
output to the clock input when the parallel enable connection 
is used. The min./max. count output is used in high-speed 
look-ahead connection schemes. 

The Am54LS/74LS190 and 191 are standard performance ver
sions of the Am25LS190 and 191. See appropriate electrical 
characteristic tables for detailed Am25LS improvements. 

CONNECTION DIAGRAM - Top View 

Qe 

QA CLOCK 

RIPPLE 
CLOCK 

UPI MIN.I 
DOWN MAX. 

Qc LOAD 

QD 

GND 

11 

14 
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LOGIC DIAGRAMS 

Am25LS190 Decade Counter 

Am25LS191 Binary Counter 

LOGIC SYMBOL 

15 10 

UP/DOWN MIN.IMAX. 12 

LOAD 
RIPPLE 

CLOCK CLOCK 13 

QA QB QC Go 

Vcc=Pin16 
GND=Pin8 



ELECTRICAL CHARACTERISTICS Am25LS190 • Am25LS191 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MA:X. = 5.25VI 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1 I 

VoH 
Vee= MIN., loH = -440µA MIL 

Output HIGH Voltage 
VtN = VtH or VIL COM'L 

Vee= MIN. toL =4mA 
Vol Output LOW Voltage 

V1N = VtH or V1L toL = BmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

Vt Input Clamp Voltage Vee= MIN., l1N = -1BmA 

Enable G 
l1L Input LOW Current Vee= MAX., V1N = 0.4V 

Others 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 
Enable G 

Others 

Vee= MAX., V1N = 7.0V 
Enable G 

•1 Input HIGH Current 
Others 

tsc 
Output Short Circuit Current 

Vee= MAX. 
(Note 3) 

tee Power Supply Current 
Vee= MAX. 
(Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 

Am25LS/54LS/74LS190/191 

' 
l 

I 

Typ. 
(Note 2) 

3.4 

3.4 

0.2 

20 

; 

I 
I 
i 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

O.B 

-1.5 Volts 

·-
-1.0B 

mA 
-0.36 

60 
µA 

20 

0.3 
mA 

0.1 

-85 mA 

35 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs grounded and all outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into to Outputs 

DC Input Current 
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--65°C to +150°C 

-55°C to +125°C 

-0.5V to +7.0V 
-0.5V to +Vccmax. 

-0.5V to + 7 .OV 

30mA 

-30mA to 5.0mA 
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ELECTRICAL CHARACTERISTICS Am54LS/74LS190 • Am54LS/74LS191 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= D°C to +7D°C Vee= 5.DV ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.DV±10% (MIN.=4.50V MAX.=5.5DV) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1 I 

Vee= MIN., loH = -4DDµA MIL 
VoH Output HIGH Voltage 

V1N = V1H or VIL COM'L 

Vee= MIN. 1All loL =4.0mA 
Vol Output LOW Voltage 

V1N = V1H or V1L jAm74LS, loL = 8.0mA 
-----

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW MIL 
VIL Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Enable G 
l1L Input LOW Current Vee= MAX., V1N = 0.4V 

Others 

Enable G 
l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

Others 

Vee= MAX., V1N = 7.DV 
Enable G 

11 Input HIGH Current 
Others 

isc Output Short Circuit Current Vee= MAX. 
(Note 31 

!----· 

ice Power Supply Current Vee= MAX. 
(Note 41 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

0.25 

0.35 

20 

Max. Units 

Volts 

DA 
Volts 

0.5 

Volts 

D.7 
Volts 

0.8 

-1.5 Volts 

-1.08 
mA 

-0.4 

6D 
µA 

20 

0.3 
mA 

0.1 

-100 mA 

35 mA 

Notes: 1. For conditi?ns shown as MIN. or M~X., use the appropriate value specified unde,r Electrical Characteristics for the applicable device type. 

2. Typical limits are at V CC "' 5.0V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs grounded and all outputs open. 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 22 33 22 33 
Load to Q ns 

tPHL 26 39 33 50 

tPLH A, B, C, D to QA, Os. 14 22 2D 32 

QC, QD Respectively 
ns 

tPHL 24 39 27 40 

tPLH 11 18 13 20 
Clock to Ripple Clock 

15 21 
ns 

'PHL 16 24 

tPLH 14 21 16 24 
Clock to Q ns 

tPHL 21 30 24 36 

'PLH Clock to Min./Max. 
26 39 28 42 

ns 
CL= 15pF tPHL 27 39 37 52 

tPLH 30 45 3D 45 RL = 2.0kl1 
Up/Down to Ripple Clock 

30 
ns 

tPHL 45 30 45 

tPLH 21 33 21 33 
Up/Down to Min./Max. 

22 33 
ns 

tPHL 22 33 _.._ 
'PLH 12 19 21 33 

Enable to Ripple Clock 
17 

ns 
tPHL 27 21 33 

fmax Max. Clock Frequency (Note 11 25 30 20 25 MHz 

tpw Clock Pulse Width 25 25 ns 

tpw Load Pulse Width 25 35 ns 

ts Data Set-up Time 12 20 ns 

ts Count Enable 30 40 ns 

'h Data Hold Time D 0 ns 

t, MR-CP 20 ns 

Note 1. Per industry convention, fmax is the worst case value of the maximum device opera:ting frequency with no constraints on tr, tf, pulse width or duty cycle. 
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Am25LS ONLY Am25LS COM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°Cto +125°C 

Vee= 5.ov ±5% Vee = 5.ov ±10% 
Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH Load to Q 47 54 
ns 

tPHL 55 63 

tPLH A, B, C, D to QA, Os 33 38 
Oc, 0 0 Respectively 

ns 
tPHL 55 63 

tPLH 
Clock to Ripple Clock 28 32 ns 

tPHL 31 36 

tPLH Clock to Q 31 36 ns 
tPHL 43 50 

tPLH Clock to Min./Max. 55 63 
ns 

tPHL 55 63 

tPLH 
Up/Down to Ripple Clock 

63 72 RL = 2.0kO 
ns 

tPHL 63 72 CL= 50pF 

tPLH 
Up/Down to Min./Max. 47 54 ns 

tPHL 47 54 

tPLH 
Enable to Ripple Clock 

29 33 
ns 

tPHL 39 45 

fmax Maximum Clock Frequency (Note 1) 19 16 ns 

tpw Clock Pulse Width 37 42 ns 

tpw Load Pulse Width 37 42 ns 

ts Data Set-up Time 20 23 ns 

ts Count Enable 39 45 ns 

th Data Hold Time 4 5 ns 

t, MR - CP 30 35 ns 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

' 
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DEFINITION OF FUNCTIONAL TERMS 
A, B, C, D The four parallel data inputs to the counter 

flip-flops. 

QA, 0 8, Oc, Oo The four outputs of the counter. 

Clock The clock input causes the counter to change state 

in the count mode. The counter flip-flops trigger on the 

LOW-to-HIGH transition of the clock. 

Enable The enable input can be used to enable or inhibit 

counting. When the enable input is HIGH, counting is 

inhibited. 

Up/Down The up/down input controls the direction of the 

count sequence. When the up/down input is LOW, the 

counter will count up (positive logic definitions). 

Load The load input is used to parallel enter new data via 

the A, B, C and D inputs. When the load input is LOW, the 

counter will follow the parallel inputs regardless of the 

clock input. 

Min./Max. The min./rnax. output is HIGH when the counter 

is in either the overflow or underflow state. 

Ripple Clock The ripple clock output is LOW when the 

counter is in either the overflow or underflow state and 

the clock is LOW. 

FUNCTION TABLE 

Clock 

x 
x 
x 
x 
x 
x 

t 

' 

INPUTS 

Enable 
Up/Dn G A B c D Load 

x H 

x x 
x x 
x x 
x x 
x x 

L L 

H L 

x 
L 

H 

H 

L 

H 

x 

x 

H =HIGH 
L =LOW 

x 
L 

H 

L 

H 

L 

x 

x 

X = Don't Care 

x x 
L L 

H H 

L H 

L H 

H L 

x x 

x x 

t =LOW-to-HIGH Transition 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown. 

H 

L 

L 
L 

L 

L 

H 

H 

OUTPUTS 

Min./ Ripple COMMENTS 

QA Os Oc Oo Max. Clock 

NC NC NC NC NC NC Inhibit 

L L L L H CK Underflow 

H H H H H CK 191 Overflow 

H L L H H CK 190 Overflow 

L H L H L H Examples of no Overflow 

H L H L L H or Underflow 

A/R 
A/R & 

Count Up Count Up 
CK 

Count Down A/R 
A/R & 

Count Down 
CK 

NC = No Change 
CK =LOW if Clock is LOW, HIGH if Clock is HIGH 
A/R =Assumes State Required by Counter Output 
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UP/DOWN 

De 

Oo 

GND 

Metallization and Pad Layout 

15 A 

14 CLOCK 

13 RIPPLE 
CLOCK 

12 MIN.IMAX 

11 LOAD 

10 c 

DIE SIZE 0.069" X 0.105" 
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APPLICATIONS 

UP/DOWN--+-----------+-----------; 

CLOCK -+--o----------+--0----------+, 
LOAD-+--f--.---------+--1--.---------+--f-; 

DD Di D2 D3 D4 D5 D5 D7 

LOAD LOAD 

CLOCK CLOCK 
UP/DOWN RIPPLE UP/DOWN RIPPLE 
ENABLE CLOCK ENABLE CLOCK 

QA a, De QD QA a, De QD 

Wo w, w, W3 W4 W5 w, W7 

Ds Dg D10 Dll 

LOAD 

CLOCK 
UP/DOWN 

ENABLE 

QA a, Oe QD 

w, Wg W10 W11 

SYNCHRONOUS PARALLEL COUNTING WITH RIPPLE ENABLE 

UP/DOWN --<>---------------<>--------------.---------------; 

CLOCK ~f--+------------'f-+-------------+-.-------------+. 

LOAD --!-l--.------------f-1--.-------------f-+-;o------------+-f-; 

A 
LOAD 

CLOCK 
UP/DOWN 

A 

LOAD 
CLOCK 
UP/DOWN 

MIN.IMAX ENABLE MIN.IMAX. ~----1 :>o-l ENABLE 
QA Og Oc Oo QA Os De Oo 

SYNCHRONOUS COUNTING WITH FULL LOOK-AHEAD 
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Am25LS192 • Am25LS193 
Am54LS/74LS192 • Am54LS/74LS193 

Decimal and Hexadecimal Up/Down Counters 

DISTINCTIVE CHARACTERISTICS 

• Separate up and down clocks 
• Asynchronous parallel load 

• Am25LS devices offer the following improvements over 
Am54/74LS 
- Higher speed 
- 50mV lower VOL at IQL ~ BmA 
- Twice the fan-out over military range 
- 44011A source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 
The 'LS192 and 'LS193 are four-bit up/down counters using advanced 
Low-Power Schottky processing. The 'LS192 counts in the BCD mode 
and the 'LS193 counts in the binary mode. These counters have separate 
count-up and count-down clock inputs (CPu and CPo, respectively). 
The Qi outputs change state synchronously on the LOW-to-HIGH tran
sition on either the up clock input or the down clock input. Only one 
clock input can be LOW at a time or erroneous counting will result. 

Each of the four flip-flops can be preset to a logic HIGH or g logic LOW 
by means of four parallel inputs (A, B, C, and DJ. When the parallel load 
input (P""[J goes LOW, all four flip-flops set to the state of the direct 
inputs (A, B, C, and D) independent of the clock inputs. An active 
HIGH master reset (MR) is provided which overrides both the clock and 
parallel load inputs forcing all Qi outputs LOW. 

Two terminal count outputs are gated with the clock inputs to provide 
clock signal to other counters. The TCo output goes LOW when the 
counter is in state 0000 and the count down clock goes LOW. The TCu 
goes LOW when the count up goes LOW and the counter is in state 
1001 l'LS192) or state 1111 ('LS193). The TCu and TCo outputs can 
drive the count up and count down clocks on the next counter in a 
series. The Qi outputs of such a connection scheme are not synchronous 
on cascaded counters in th is series. 

LOGIC DIAGRAM 

A 

(LO,;:})-oD_....,~~~~rt-~~-,-~~~~~~-,-t-~~,-~~~~~~r-t~~--;~~~~~~_,--t-~---, 
CPU-::: 

(UP COUNT) -V 

(DOWNCOU~fi-{--{;: ~><>-~L-~~+-~--j~--l~~~~~-t~~-+-~--"-~~~~~-+-~~t-~--<-~~~~~t--~~i-----i 
MR ~ (CLEAR)-{--{;: ~><>-~~~~-"--~--j~~~~~~~-"~~-+-~~~~~~~--"-~~+-~~~~~~~ 

TCo 
{BORROW 
OUTPUT) 

'LS192 Decade Counter only - - - - - - - 'LS193 Hexadecimal Counter only -- -- --

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 ls marked for orientation. 

3-99 

LOGIC SYMBOL 

11 15 10 

PL 

12 

CPD TCo 13 

MR QA QB Ge Oo 

14 

Vee= Pin 16 

GND=Pin8 



Am25LS/54LS/74LS192/193 

Am25LS192 • Am25LS193 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25LS192XC/Am25LS193XC 
Am25LS192XM/Am25LS193XM 

Parameters Description 

VoH Output HIGH Voltage 

Vol Output LOW Voltage 

V1H Input HIGH Level 

V1L Input LOW Level 

V1 Input Clamp Voltage 

l1L Input LOW Current 

l1H Input HIGH Current 

11 Input HIGH Current 

TA= 0°C to +70°C 
TA= -55°C to +125°C 

Vee= 5.0V ± 5% (COM'L) 
Vee= 5.0V ± 10% (MIL) 

Test Conditions !Note t) 

Vee= MIN., loH = -440µA 1 MIL 

V1N = V1H or VIL l COM'L 

Vee= MIN., l loL = 4.0mA 

V1N = V1H or VIL J 10L = 8.0mA 

Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW 1 MIL 

voltage for all inputs l COM'L 

Vee= MIN., I 1N = -18mA 

Vee= MAX., V1N = 0.4V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 7.0V 

lsc Output Short Circuit Current Vee= MAX. 
(Note 31 

Ice Power Supply Current Vee= MAX. (Note 4) 

MIN.= 4.75V 
MIN.= 4.50V 

Min. 

2.5 

2.7 

2.0 

-15 

MAX.= 5.25V 
MAX.= 5.50V 

Typ. 
(Note 2) Max. 

3.4 

3.4 

0.25 0.40 

0.35 0.45 

0.7 

0.8 

-1.5 

-0.4 

20 

0.1 

-85 

19 34 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical characteristics for the applicable device type. 

2. Typical limits are at Vee"" 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. ICC is measured with all outputs open; clear and load inputs grounded; and all other inputs at 4.5V 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5Vto+7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +V cc max. 

DC Input Voltage -0.5 V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS192/193 

Am54LS/74LS192 • Am54LS/74LS193 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am74LS192X/74LS193X 
Am54LS192X/54LS193X 

TA= 0°c to +10°c 
TA= -55°C to +125°C 

Vee= 5.0V ± 5% ICOM'L) 
Vee~ 5.0V ± 10% (MIU 

Parameters Description Test Conditions (Note 1 I 

Vee= MIN., loH = -400µA l MIL 
VoH Output HIGH Voltage 

VIN= V1H or V1L l COM'L 

Vee= MIN., 

MIN.= 4.75V 
MIN.= 4.50V 

Min. 

2.5 

2.7 

l All, loL = 4.0mA 
Vol Output LOW Voltage 

VIN= V1H or V1L J 74LS only, loL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
VIL Input LOW Level 

voltage for all inputs l COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

isc 
Output Short Circuit Current 

Vee= MAX. -15 
(Note 3) 

•cc Power Supply Current Vee= MAX. (Note 41 

MAX.= 5.25V 
MAX.= 5.50V 

Typ. 
(Note 2) 

3.4 

3.4 

0.25 

0.35 

19 

Max, 

0.40 

0.50 

0.7 

0.8 

-1.5 

-0.4 

20 

0.1 

-100 

34 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limites are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice is measured with all outputs open; clear and load inputs grounded; and all other inputs at 4.5V 

Am25LS • 54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS192/193 

SWITCHING CHARACTERISTICS 
Am25LS Am54LS/74LS (TA= 2s0 e. Vee= 5.0V) 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 24 34 25 38 
CPu or CPo to On 

28 39 
ns 

tPHL 31 47 

tPLH 10 15 17 26 CPu to TCu 
10 

ns 
tPHL 15 21 33 

tPLH 10 15 16 24 
CPo toTCo 

17 
ns 

tPHL 11 21 33 

tPLH 13 18 -
A-0 to On Output 

27 38 
ns 

tPHL -
tPLH 35 49 -

A-D to TCu Output ns 
tPHL 19 27 -

tpLH 26 36 -
tPHL 

A-D to TCo Output ns 
28 39 -

tPHL MR Input to On Output 20 29 22 35 ns 

tPLH MR Input to TCu Output 25 35 - ns 

tPHL MR Input to TCo Output 16 22 - ns 

tPLH 20 29 27 40 
CL= 15pF PL Input to On Output ns 

tPHL 25 36 29 40 RL = 2.0k.n 
tPLH 31 45 -

PL Input to TCu Output 
30 

ns 
tPHL 42 -

tPLH 30 42 -PL Input to TCo Output ns 
tPHL 24 34 -

Data Set-up Time Load 1 5.0 - ns 
ts 

A-0 Input to PL Input Load 0 15 20 ns 

ts Set-up Time, PL Input to CPu or CPo 9.0 - ns 

ts 
Set-up Time, Clear Recovery 

5.0 - ns (In-Active) to CPu or CPo 

th Data 0 0 ns 
CPu 11 20 

tpw(O) Pulse Width CPo 11 20 ns 

PL 9.0 20 

tpw(1) Pulse Width MR 15 20 ns 

fmax 
Maximum Clock Frequency, 

35 45 25 32 MHz Count Up or Down (Note 1) 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr. tf, pulse width or duty cycle. 
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Am25LS192, Am25LS193 ONLY 
Am25LS COM'L Am25LS MIL SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ± 5% Vee= 5.ov ± 10% 

Parameters Description Min. Max. Min. Max. 

tPLH 44 52 
CPu or CPo to On 

tPHL 54 67 

tPLH 22 26 
CPu to TCu 

tPHL 23 27 

tPLH 22 26 
CPo to TCo 

tPHL 23 27 

tPLH 26 31 
A-D to On Output 

tPHL 52 63 

tPLH 66 80 
A-D to TCu Output 

tPHL 38 46 

tPLH 50 60 
A-D to TCo Output 

tPHL 54 66 

tPHL MR Input to On Output 41 50 

tPLH MR Input to TCu Output 49 60 

tPHL MR Input to TCo Output 32 38 

tPLH 41 50 
PL Input to On Output 

tPHL 53 67 

tPLH 63 79 
PL Input to TCu Output 

60 tPHL 75 

tPLH 60 75 
PL Input to TCo Output 

tPHL 48 60 

Data Set-up Time Load 1 5.0 5.0 
ts A-D Input to 

PL Input Load 0 20 23 

Set-up Time, 
13 18 ts 

PL Input to CPu or CPo 

ts 
Set-up Time, Clear Recovery 

7.0 9.0 
(In-Active) to CPu or CPo 

th Data 0 0 

CPu 15 17 

tpw(O) Pulse Width CPo 15 17 

PL 13 17 

tpw(1) Pulse Width MR 18 21 

fmax 
Maximum Clock Frequency, 

25 20 
Count Up or Down (Note 1) 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Metallization and Pad Layout 
'LS192 

16 Vee B 1 

15 A QB 2 

14 MR 

13 Teo 
12 TCu QA 3 

ePo 4 

11 PL CPu 5 

QC 6 
10 c 

QD 7 

DIE SIZE 0.075'" X 0.096'" 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns-

MHz 

'LS193 

Test Conditions 

CL= 50pF 
RL = 2.0kil 

15 A 

14 MR 

13 TC 0 

12 TCu 

11 PL 



Am25 LS/54LS/74LS192/ 193 

FUNCTION TABLE 

INPUTS OUTPUTS 

Clock Data Conditions 

Up Down Clear Load A B c D QA Os Oc Oo Borrow Carry 

x L H x x x x x L L L L L H 

x H H x x x x x L L L L 
Clear 

H H 

x x L L Do D1 02 D3 Do D1 D2 D3 x x Load 

H t L H x x x x Count Down H H Except at borrow 

H L L H x x x x L L L L L H 
Borrow 

H H L H x x x x L L L L H H 

t H L H x x x x Count up H H Except at carry 

L H L H x x x x H H H H H L Carry (193 only) 
H H L H x x x x H H H H H H 

L H L H x x x x H L L H H L 

H H L H x x x x H L L H H H 
Carry (192 only) 

H ~HIGH X = Don't care D = A LOW or a HIGH and the respective output 

L ~LOW t = LOW"to-HIGH transition will assume the same state. 

DEFINITION OF FUNCTIONAL TERMS 

MR Clear. The clear input to the counter overrides all CPD Count down. A clock input causing the counter 
other inputs. When the clear input is HIGH, the to change state in a decreasing binary number 
0 outputs are set LOW independent of the other direction. The state change occurs on the LOW-to-
inputs. HIGH transition. 

PL Load. The load input performs asynchronous QA, Os, The four outputs of the counter representing the 

parallel load of the data on the A, B, C, and D oc,oD LSB to MSB, respectively. 

inputs. When the lo~d input is LOW, the Oi out- Tcu Carry output. A clock output that indicates the 
puts will follow the parallel inputs regardless of maximum upper binary number has been reached. 
the clock inputs. For the 'LS192, TCLJ indicates that the "9" state 

A,B,C,D The four parallel inputs to the counter flip-flops. 
has been reached and the up clock is LOW. For the 
'LS193, TCu indicates that the "15" state has 

CPLJ Count up. A clock input causing the counter to been reached and the up clock is LOW. 

change state in an increasing binary number direc- TCD Borrow output. A clock output indicating that the 
tion. Counting occurs on the LOW-to-HIGH transi- "O" state has been reached and the down clock is 
ti on of the clock. LOW. 

APPLICATION 

INPUT 

l l l l l l l l 
A B c 0 A B c 0 

UP CLOCK CPu TCu CPu TCu I--- CARRY 

DOWN CLOCK CPo Am25LS192 
TCo CPD 

Am25LS192 
TCo 1--- BORROW 

Am25LS193 Am25LS193 

.---i PL MR 1-----i .--- PL MR 1-----i 
QA QB QC QD QA QB QC QD 

LOAD 

CLEAR 

OUTPUT 

8-Bit Up/Down Counter with Parallel Load 
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Am25LS194A • Am54LS/74LS194A 
Am25LS195A • Am54LS/74LS195A 

Four-Bit High-Speed Shift Registers 

DISTINCTIVE CHARACTERISTICS 

• Shift right or parallel load with JK inputs on Am25LS195A 
• Shift left, right, parallel load or do nothing on Am25LS194A 
• Fully synchronous shifting and parallel loading 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VOL 

LOGIC DIAGRAMS 

'LS194A 

A 

- Twice the fan-out over military range 
- 440µA source current 

S10-f'><>-.---l------i------.l--~---.l--

Soo-f>o-t7--+-+-1-t1-+r--+-+-1-t1-+.--l--+-+--Hr--l+--+-+-++...-+, 
• 100% product assurance screening to MI L-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS194A and Am25LS195A are 4-bit registers that 
exhibit fully synchronous operation in all operating modes. 
The Am25LS195A can either parallel load all four register 
bits via the parallel inputs (A, B, C, D) or shift each of the four 
register bits right one place. The shifting or parallel loading is 
under control of the shift/load input (S/L). When the shift/ 
load input is LOW, data is loaded from the parallel data inputs; 
when the shift/load input is HIGH, data is loaded from the 
register bits on the left. The first bit, QA, is loaded via the 
J and K inputs in the shift mode. 

The Am25LS194A operates in four modes under control 
of the two select inputs, So and S1. The four modes are 
parallel load (data comes from the parallel inputs). shift right 
(data comes from the flip-flop to the left, with the QA bit 
input from R), shift left (data comes from the flip-flop to the 
right, with the Q0 input from L). and hold or do nothing 
(each flip-flop receives data from its own output). 

For both devices the outputs change state synchronously 
following a LOW-to-HIGH transition on the clock input, GP. 
Both devices have an active-LOW synchronous clear (CLR) 
which forces all outputs to the LOW state (Oo HIGH) inde
pendent of any other inputs. 

Because all the flip-flops are D-type they do not catch O's or 
1 's, and the only requirements on any inputs is that they meet 
the short set-up and hold time intervals with respect to the 
clock LOW-to HIGH transition. 

The Am54LS/74LS194A and 195A are standard performance 
versions of the Am25LS194A and 195A. See appropriate 
electrical characteristic tables for detailed Am25LS improve
ments. 

CLA A A 

CONNECTION DIAGRAMS 
Top Views 

'LS194A 'LS195A 
Vee oA oa ac a0 OD CP SIL 

L GND CLR A K A D GND 

TO 

11 
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So R 
s, 
CP 
CLR 

'LS195A 

LOGIC SYMBOLS 
'LS194A 

QA Os Oc Oo 

15 14 13 12 

10 

Vee : Pin 16 
GND ==Pin 8 

'LS195A 

J S/L A 

Os Oc Oo 

15 14 13 12- 11 



Am25LS194A • Am25LS195A 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee= MIN., loH = --440µA l MIL 
VoH Output HIGH Voltage 

VIN= V1H or VIL l COM'L 

Vee-MIN. ltoL =4mA 
Vol Output LOW Voltage 

V1N = V1H or VIL JioL =SmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW } MIL 

V1L Input LOW Level 
voltage for al I inputs COM'L 

V1 Input.Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2,7V 

It Input HIGH Current Vee= MAX., V1N = 7.0V 

tsc 
Output Short Circuit Current 

Vee= MAX, 
(Note 3) 

tee Power Supply Current Vee= MAX. J LS194A (Note 4) 

LS195A (Note 5) 

Min. 

2.5 

2.7 

2 

-15 

Am25LS/54LS/74LS194A/195A 

Typ. 
(Note 2) 

3.4 

3.4 

15 

14 

Max. 

0.4 

0.45 

0,7 

0.8 

-1.5 

-0.4 

20 

0,1 

-85 

23 

21 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Outputs open. Inputs A, B, C, D grounded. Inputs So. S1, Clear, L, R, at 4.5V. Measured after a momentary ground, then 4.5V applied to clock. 

5. Outputs open. S/L grounded. A, 8, C, D, J, Kat 4.5 V. Measured after applying a momentary ground then 4.5V to the clear followed by ground 

then 4. 5 V to clock. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 V to +7.0 V 

-D-C~V-o-lt_a_g_e_A~.-p-p-li-ed~t-o-O~u-tp_u_t_s_f_o_r_H~IG~H-O~
u-t-p-ut~S-ta_t_e~~~~~~~~~~~~~~~~~~~~~~~~~_-0-.5-V~t-o-+~V·cc max. 

DC Input Voltage -0.5 V to +7.0 V 

DC Output Current, Into Outputs 30 mA 

DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS194A/195A 

Am54LS/74LS194A • Am54LS/74LS195A 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 
MIL/ TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Para1meters Description Test Conditions (Note 1) 

VoH 
Vee= MIN., loH = -400µA l Am74LS Output HIGH Voltage 
V1N=V1HorV1L l Am54LS 

Vol 
Vee-MIN. l All, IOL = 4mA Output LOW Voltage 
V1N = V1H or V1L j 74LS only, loL = 8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 Am54LS VIL Input LOW Level 
voltage for all inputs l Am74LS 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

llH Input.HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

J LS 194A (Note 4) •cc Power Supply Current Vee= MAX. 
LS195A (Note 51 

Min. 

2.7 

2.5 

2 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

15 

14 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 mA 

20 µA 

0.1 mA 

-100 mA 

23 

21 
mA 

Notes: 1. For conditions shown as MIN. or MA0X., use the appropriate value specified under Electrical Characteristics for the applicable device type. 2. Typical limits are at Vee= 5.0V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one.second. 4. Outputs open. Inputs A, B, C, D grounded. Inputs So, s,, Clear, L, R, at 4.5V. Measured after a momentary ground, then 4.5V applied to clock. 5. Outputs open. S/L grounded. A, 8, C, D, J, K at 4.5 V. Measured after applying a momentary ground then 4.5 V to the clear followed by ground then 4.5 V to clock. 

Am25LS194A • Am54LS/74LS194A 
SWITCHING CHARACTERISTICS 
(TA= 25°C, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 
tPLH Clock to Output 13 21 14 22 ns 
tPHL Clock to Output 12 18 17 26 ns 
tPHL Clear to Output 17 26 19 30 ns 
lpw Clock Pulse Width 17 20 ns 
lpw Clear Pulse Width 17 20 ns CL= 15pF 
ts Mode Control Set-up Time 25 30 ns RL = 2.0k!1 
ts Data Input Set-up Time 16 20 ns 
ts Clear Recovery to Clock 20 25 ns 
th Data Hold Time 0 0 ns 
fmax (Note 11 Maximum Clock Frequency 35 55 25 36 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width or duty cycle. 

Am25LS194A ONLY 
Am25LS COM'L Am25LS MIL SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* TA = 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 
tPLH Clock to Output 31 36 ns 
tPHL Clock to Output 28 32 ns 
tPHL Clear to Output 38 44 ns 
tpw Clock Pulse Width 26 30 ns 
tpw Clear Pulse Width 26 30 ns CL= 50pF 
ts Mode Control Set-up Time 37 42 ns RL = 2.0k!l 
ts Data Input Set-up Time 25 29 ns 
ts Clear Recovery to Clock 30 35 ns 
th Data Hold Time 4 5 ns 
fmax(Note1) Maximum Clock Frequency 26 23 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS195A • Am54LS/74LS195 
SWITCHING CHARACTERISTICS 
(TA= 25°C, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH Clock to Output 13 21 14 22 ns 

tPHL Clock to Output 12 18 17 26 ns 

tPHL --+ci~ar to Output 17 26 19 30 ns 

tpw Clock Pulse Width 16 16 ns 

tpw Clear Pulse Width 12 12 ns 

ts Mode Control Set-up Time 25 25 ns CL= 15pF 

ts Data Input Set-up Time 15 15 ns RL = 2.0k!1 

~· 
Clear Recovery to Clock 20 25 ns 

th Data Hold Time 0 0 ns 

Shift/Load Release Time 0 0 
tR Am54LS/74LS195A Only 

ns 

fmaxlNote 1 I Maximum Clock Frequency 35 55 30 39 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 

pulse width or duty cycle. 

Am25LS195A ONLY Am25LS COM'L Am25LS MIL 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°c TA= -55°Cto +125°C 

Vee = 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH Clock to Output 31 36 ns 

tPHL Clock to Output 27 32 ns 

tPHL Clear to Output 38 44 ns 

tpw Clock Pulse Width 25 29 ns 

tpw Clear Pulse Width 20 23 ns CL= 50pF 

ts Mode Control Set-up Time 37 42 ns RL = 2.0kfl 

ts Data Input Set-up Time 24 27 ns 

ts Clear Recovery to Clock 30 35 ns 

th Data Hold Time 4 5 ns 

tR 
Shift/Load Release Time 

Am54LS/74LS195A Only 
4 5 ns 

fmaxlNote 1) Maximum Clock Frequency 26 23 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

'LS194A FUNCTION TABLE 'LS195A FUNCTION TABLE 

INPUTS OUTPUTS INPUTS OUTPUTS 

Mode Serial Parallel Shift/ Serial Parallel 

FUNCTION Clear 
S1 So 

Clock Clear Clock 
Left Right A B c D aA as De QD Load K A B c D QA 09 De QD iio 

Clear x x x x x x x x x L L L L x x x x x x x x H 

No H x x L x x x x x x NC NC NC NC H x L x x x x x x NC NC NC NC NC 

Change H x x H x x x x x x NC NC NC NC H x H x x x x x x NC NC NC NC NC 

Parallel H H H x x Do 01 D2 D3 Do D1 D2 03 
H x x Do D1 D2 DJ Do o, D2 03 'D3 

Load H H L H x x x x QA QA Q9 De (le 

Shift H L H x L x x x x L QA 09 Oc H H L L x x x x L QA Os Oc (le 

Right H L H x H x x x x H QA Os Oc H H H H x x x x H QA 09 De Oc 

Shift H H L L x. x x x x Os De Oo L H H H x x x x QA QA Os De Cic 

Left H H L H x x x x x Os De QD H 

Hold H L L x x x x x x x NC NC NC NC H =HIGH X = Don't Care 

L =LOW NC= No Change 

t =LOW-to-HIGH transition. 

H =HIGH X = Don't Care Di = May be a HIGH or a LOW and the respective output will assume the 

L =LOW NC= No Change same state. 

t =LOW-to-HIGH transition. Notes 1. If the J and K inputs are tied together, the common line becomes a 

Di= May be a HIGH or a LOW and the respective output will assume the 

same -state. 
D-Type input to the first bit in the shift mode. 

2. ~inear feedback shi_!t counters can be made by connecting the o0 and 

Oo outputs to the Kand J inputs, respectively. 

3.108 



Am25LS/54LS/74LS194A/195A 

DEFINITION OF FUNCTIONAL TERMS 

J, K The logic inputs used for controlling the QA flip-flop of 
the Am25LS195A register when S/L is HIGH. 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT CLR Clear. The asynchronous master reset input. 
CP Clock pulse for the register. Enters data on the LOW-to
HIGH transition. 

S/L Shift/Load. The input for selection of parallel or serial 
shifting for the Am25LS195A register. S/L LOW selects 
parallel entry. 

S0 , S1 The mode select inputs of the Am25LS194A. 
A, 8, C, D The four parallel data inputs for the register. 
R The serial input to the QA flip-flop of the Am25LS194A in 
the right shift mode. 
L The serial input to the QD flip-flop of the Am25LS194A in 
the left shift mode. 

QA, Os, Oc, OD The four true outputs of the register. 
OD The complement output of the QD flip-flop. (Am25LS 
195A only). 

Note: Actual current flow direction shown. 

APPLICATION 

12-BIT SHIFT-LEFT, SHIFT-RIGHT, PARALLEL LOAD REGISTER 

So-----------------+-------------~ 
S1----.-+------------...-+------------~ 

CLOCK-<!>-t-+-------------.--t-+-----------_.., 
SHIFT 
RIGHT ---<-+--+---~ 

IN 

CLEAR-----....... -t---+__,f--+----+--+-------!--+--+--+---t-+-------' 
SHIFT -------. 
LEFT 
OUT 

CLR 1 

R 2 

A 3 

8 4 

e 5 

D 6 

L 7 

'LS194A 

GND 

Vee 
16 

Metallization and Pad Layouts 

14 0 8 

13 Oc 

12 Oo 
11 CP 
10 s, 

CLR 1 

J 2 

R 3 

A 4 

8 5 

e 6 

D 7 

'LS195A 

GND 

Vee 
16 

Aa Ag A10 A11 

D 

'LS194A 

•• 89 810 B11 

14 Os 

13 Oc 

12 Do 

11 00 
10 CP 

S/L 

DIE SIZE 0.067" X 0.080" DIE SIZE 0.067" X 0.080" 
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Am25LS240• Am54LS/74LS240 
Octal Three-State Inverting Drivers 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs drive bus lines directly 

• Hysteresis at inputs improve noise margin 
• PNP inputs reduce D.C. loading on bus lines 

• Data-to-output propagation delay times - 18ns MAX. 

• Enable-to-output - 30ns MAX. 
• Am25LS240 specified at 48mA output current 

• 20 pin hermetic and molded DIP packages 

• 100% product assurance testing to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The 'LS240 is an octal inverting line driver fabricated using 

advanced low-power Schottky technology. The 20-pin 

package provides improved printed circuit board density for 

use in memory address and clock driver applications. 

Three-state outputs are provided to drive bus lines directly. 

The Am25LS240 is specified at 48mA and 24mA output sink 

current, while the Am54n4LS240 is guaranteed at 12mA over 

the military range and 24mA over the commercial range. 

Four buffers are enabled from one common line and the 

other four from a second enable line. 

Improved noise rejection and high fan-out are provided by 

input hysteresis and low current PNP inputs. 

LOGIC DIAGRAM 

CONNECTION DIAGRAM 
Top View 

1G Vee 

1A1 2G 

2Y4 1Y1 

1A2 2A4 

2Y3 1Y2 

1A3 2A3 

2Y2 1Y3 

1A4 2A2 

2Y1 1Y4 

GND 2A1 

Note: Pin 1 is marked for orientation. 

2Y1 

2Y2 

2Y3 

2Y4 

3-110 

INPUTS OUTPUT 

G A y 

H x z 
L H L 

L L H 

Note: All devices have input hysteresis. 

LOGIC SYMBOL 

11 13 15 17 

1A1 1A2 1A3 1A4 2Al 2A2 2A3 2A4 

1G 'LS240 2G 

1Y1 1Y2 1Y3 1Y4 2Yl 2Y2 2Y3 2Y4 

18 16 14 12 

Vee 0 Pin 20 

GND 0 Pin 10 

19 



Am25LS/54LS/74LS240 

Am25LS240 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 
MIL TA= -55°C to +125°C Vee = 5.0V ± 10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee = MIN., VrH = 2.0V 

VoH High-Level Output Voltage 
loH = -3.0mA, VrL = VrLMAX. 
Vee= MIN., MIL, loH = -12mA 
VrL = 0.5V COM'L, loH= -15mA 

All loL = 12mA 
VoL Low-Level Output Voltage Vee= MIN. All loL = 24mA 

COM'L loL = 48mA 

VrH High-Level Input Voltage Guaranteed input logical HIGH 
voltage for all inputs 

VrL 
1 COM'L 

Low-Level Input Voltage J MIL 

VrK Input Clamp Voltage Vee = MIN., Ir = -18mA 
Hysteresis (Vr+ - Vr_) Vee= MIN. 

lozH 
Off-State Output Current, 

Vee= MAX. Vo= 2.7V High Level Voltage Applied 
Off-State Output Current, 

VrH = 2.0V 
•ozL Low-Level Voltage Applied VrL = VrLMAX. Vo= 0.4V 

1, 
Input Current at Maximum 

Vee = MAX., v, = 7.0V Input Voltage 

lrH High-Level Input Current, Any Input Vee MAX., VrH ~ 2.7V 
lrL Low-Level Input Current Vee= MAX., VrL = 0.4V 

lsc Short Circuit Output Current (Note 3) Vee= MAX. 

Vee= MAX. 
All Outputs HIGH 

Ice Supply Current All Outputs LOW 
Outputs open 

Outputs at Hi-Z 

Min. 

2.4 

2.0 

2.0 

2.0 

0.2 

-50 

Typ. 
(Note 2) 

3.4 

0.25 

0.35 

0.4 

13 

26 

29 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vee= 5.0V, TA= 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

MAXIMUM RATINGS above which the useful life may be impaired 
Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 
DC Input Voltage 

DC Output Current 

DC Input Current 

3-111 

Max. Units 

Volts 

0.4 

0.5 Volts 

0.55 

Volts 

0.8 

0.7 
Volts 

-1.5 Volts 

Volts 

20 
µ.A 

-20 

0.1 mA 

20 µ.A 

-200 µ.A 

-225 mA 

23 

44 mA 

50 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7.0V 

-0.5V to +Vee max. 

-0.5V to +7.0V 

150mA 

-30mA to +5.0mA 



Am25 LS/54 LS/7 4 LS240 

Am54LS/74LS240 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= o·c to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA= -55°Cto +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee = MIN., V1H = 2.0V 

VoH High-Level Output Voltage 
loH = -3.0mA, V1L = V1LMAX. 

Vee= MIN., MIL, loH = -12mA 

V1L = 0.5V COM'L, loH= -15mA 

Vol Low-Level Output Voltage Vee= MIN. 
All, loL = 12mA 

COM'L, IOL = 24mA 

V1H High-Level Input Voltage 
Guaranteed input logical HIGH 
voltage for all inputs 

V1L Low-Level Input Voltage t COM'L 

MIL 

V1K Input Clamp Voltage Vee= MIN., 11 = -18mA 

Hysteresis (VT+ - VT_) Vee= MIN. 

lozH 
Off-State Output Current, 

Vee= MAX. Vo= 2.7V 
High Level Voltage Applied 

Off-State Output Current, 
V1H = 2.0V 

loZL Low-Level Voltage Applied 
V1L = V1LMAX. Vo= 0.4V 

11 
Input Current at Maximum 

Vee = MAX., V1 = 7.0V 
Input Voltage 

l1H High-Level Input Current, Any Input Vee MAX., V1H = 2.7V 

l1L Low-Level Input Current Vee= MAX., V1L = 0.4V 

lsc Short Circuit Output Current (Note 3) Vee= MAX. 

All Outputs HIGH 

Ice Supply Current 
Vee= MAX. 

All Outputs LOW 
Outputs open 

Outputs at Hi-Z 

Min. 

2.4 

2.0 

2.0 

2.0 

0.2 

-50 

Typ. 
(Note 2) 

3.4 

0.25 

0.35 

0.4 

13 

26 

29 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value sµecified under recommended operating conditions. 

2. All typical values are Vee= 5.0V, TA= 25"e. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

Metallization and Pad Layout 

20 Vee 

1G 19 2G 
1A1 

18 1Y1 
2Y4 17 2A4 
1A2 16 1Y2 
2Y3 15 2A3 
1A3 

14 1Y3 
2Y2 13 2A2 
1A4 

2Y1 12 1Y4 

GND 10 11 2A1 

DIE SIZE 0.060" X 0.103" 
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Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.8 

0.7 
Volts 

-1.5 Volts 

Volts 

20 
µA 

-20 

0.1 mA 

20 µA 

-200 µA 

-225 mA 

23 

44 mA 

50 



Am25LS/54LS/74LS240 

SWITCHING CHARACTERISTICS 
(TA - +25°C Vee - 5 OV) - ' -

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 
High-to-Low-Level Output 

tpzL Output Enable Time to Low Level 

tpzH Output Enable Time to High Level 

tpLz Output Disable Time from Low Level 

tpHz Output Disable Time from High Level 

Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 
High-to-Low-Level Output 

tpzL Output Enable Time to Low Level 

tpzH Output Enable Time to High Level 

tpLz Output Disable Time from Low Level 

tpHz Output Disable Time from High Level 

Am25LS240 

Min. Typ. Max. 

8.0 12 

12 16 

19 27 

14 20 

14 23 

10 18 

Am25LS COM'L 

TA= 0°C to +10°c 
Yee = 5.0Y ±5% 
Min. Max. 

16 

22 

37 

27 

31 

25 

Am54LS/74LS240 
Test Conditions 

Min. Typ. Max. Units (Notes 1-5) 

9.0 14 ns 

12 18 ns CL= 45pf 
RL = 667.!l 

20 30 ns 

15 23 ns 

15 25 ns CL= 5.0pf 

10 18 ns RL = 667.!l 

Am25LS MIL 

TA= -55°C to +125°C 
Yee = 5.0Y ±10% 
Min. Max. Units Test Conditions 

19 ns 

25 ns 
CL= 45pf 

RL = 667.!l 

42 ns 

31 ns 

36 ns CL= 5.0pf 

28 ns RL = 667.!l 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PR A <; 1.0MHz, ZouT ~ 50fl 

and tr :ii;;;; 2.5ns, tf <; 2.5ns. 
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Am25LS241 • Am54LS/74LS241 
Am25LS244• Am54LS/74LS244 

Octal Three-State Buffers 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs drive bus lines directly 
• Hysteresis at inputs improve noise margin 
• PNP inputs reduce D.C. loading on bus lines 
• Data-to-output propagation delay times - 18ns MAX. 
• Enable-to-output - 30ns MAX. 
• Am25LS241 and 244 specified at 48mA output current 

• 20 pin hermetic and molded DIP packages 
• 100% product assurance testing to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The 'LS241 and 'LS244 are octal buffers fabricated using 
advanced low-power Schottky technology. The 20-pin pack

age provides improved printed circuit board density for use 
in memory address and clock driver applications. 

Three-state outputs are provided to drive bus lines directly. 

The Am25LS241 and Am25LS244 are specified at 48mA and 

24mA output sink current, while the Am54LS/74LS241 and 
Am54LS/74LS244 are guaranteed at 12mA over the military 
range and 24mA over the commercial range. Four buffers are 
enabled from one common line and the other four from a 
second enable line. 

The 'LS241 has enable inputs of opposite polarity to allow 

use as a transceiver without overlap. The 'LS244 enables are 
of similar polarity for use as a unidirectional buffer in which 

both halves are enabled simultaneously. 

Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 

LOGIC DIAGRAMS 

'LS241 

1Y1 2A1 2Y1 

'LS241 
1Y2 2A2 2Y2 

INPUTS OUTPUTS 

1G 2G A y 
1Y3 2A3 2Y3 H L x z 

L H H H 

L H L L 
1Y4 2A4 2Y4 

2G 

Note: All devices have input hysteresis. 

CONNECTION DIAGRAMS 
Top Views 

Vee 1G 

2G 1A1 

1Y1 2Y4 

2A4 1A2 

1Y2 2Y3 

2A3 1A3 

1Y3 2Y2 

2A2 1A4 

1Y4 2Y1 

2A1 GND 

Note: Pin 1 is marked for orientation. 
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'LS244 

1Y1 2Al 2Y1 

1Y2 2A2 2Y2 

1Y3 2A3 2Y3 

1Y4 2A4 2Y4 

2G 

LOGIC SYMBOLS 

11 13 15 17 

1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 

1G 'LS241 2G 

1Y1 1Y2 1Y3 1Y4 2Y1 2Y2 2Y3 2Y4 

18 16 14 12 

11 13 15 17 

1A1 1A2 1A3 1A4 2A1 2A2 2A3 2A4 

1G 'LS244 2G 

1Y1 1Y2 1Y3 1Y4 2Y1 2Y2 2Y3 2Y4 

18 16 14 12 

'LS244 

INPUTS OUTPUT 

G 

H 

L 

L 

A 

x z 
H H 

L L 

19 

19 

Vee= Pin 20 

GND=Pin10 



Am25 LS/54 LS/7 4 LS241 /244 

Am25LS241 • Am25LS244 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= o·c to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.2.5V) 
MIL TA= -55°C to +125°C Vee = 5.0V ± 10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee = MIN., V1H = 2.0V 

VoH High-Level Output Voltage 
loH = -3.0mA, Vil = V1lMAX. 
Vee= MIN., MIL, loH = -12mA 
V1l = 0.5V COM'L, loH = -15mA 

All lol = 12mA 

Vol Low-Level Output Voltage Vee= MIN. All lol = 24mA 

COM'L, fol= 48mA 

V1H High-Level Input Voltage Guaranteed input logical HIGH 
voltage for all inputs 

V1l 
1 COM'L 

Low-Level Input Voltage J MIL 

V1K Input Clamp Voltage Vee= MIN., 11 = -18mA 
Hysteresis (VT+ - VT_) Vee= MIN. 

lozH 
Off-State Output Current, 

Vee= MAX. Vo= 2.7V High Level Voltage Applied 
Off-State Output Current, 

V1H = 2.0V 
loZL Low-Level Voltage Applied V1l = V1lMAX. Vo= 0.4V 

,, Input Current at Maximum 
Vee= MAX., V1 = 7.0V Input Voltage 

•1ti High-Level Input Current, Any Input Vee = MAX., V1H = 2.7V 
l1l Low-Level Input Current Vee= MAX., Vil= 0.4V 

lsc Short Circuit Output Current (Note 3) Vee= MAX. 

All Outputs HIGH 

•cc Supply Current 
Vee= MAX. 

All Outputs LOW 
Outputs open 

Outputs at H i-Z 

Min. 

2.4 

2.0 

2.0 

2.0 

0.2 

-50 

Typ. 
(Note 2) 

3.4 

0.25 

0.35 

0.4 

13 

27 

32 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vee= 5.0V, TA= 25°e. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

MAXIMUM RATINGS above which the useful life may be impaired 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 
----

DC Input Voltage 

DC Output Current 

DC Input Current 

3-115 

Max. Units 

Volts 

0.4 

0.5 Volts 

0.55 

Volts 

0.8 
Volts 

0.7 

-1.5 Volts 

Volts 

20 
µA 

-20 

0.1 mA 

20 µA 

-200 µA 

-225 mA 

23 

46 mA 

54 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7.0V 

-0.5V to +Vee max. 

-0.5V to +7.0V 

150mA 

-30mA to +5.0mA 



Am25 LS/54 LS/7 4 LS241 /244 

Am54LS/74LS241 • Am54LS/74LS244 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee = MIN., V1H = 2.0V 

VoH High-Level Output Voltage 
loH = -3.0mA, V1L = V1LMAX. 

Vee= MIN., MIL, loH = -12mA 

Min. 

2.4 

2.0 

Typ. 
(Note 2) 

3.4 

V1L = 0.5V COM'L, loH= -15mA 2.0 

All, loL = 12mA 0.25 
Vol Low-Level Output Voltage Vee= MIN. 

COM'L, loL = 24mA 0.35 

V1H High-Level Input Voltage 
Guaranteed input logical HIGH 2.0 
voltage for all inputs 

V1L Low-Level Input Voltage 
l COM'L 

jMIL 

V1K Input Clamp Voltage Vee= MIN., 11 = -18mA 

Hysteresis (VT+ - VT_) Vee= MIN. 0.2 0.4 

lozH 
Off-State Output Current, 

Vee= MAX. Vo= 2.7V 
High Level Voltage Applied 

Off-State Output Current, 
V1H = 2.0V 

lozL Low-Level Voltage Applied 
V1L = V1LMAX. Vo= 0.4V 

11 
Input Current at Maximum 

Vee= MAX., V1 = 7.0V 
Input Voltage 

l1H High-Level Input Current, Any Input Vee = MAX., V1H = 2.7V 

l1L Low-Level Input Current Vee = MAX., V1L = 0.4V 

lsc Short Circuit Output Current (Note 3) Vee= MAX. -50 

Vee= MAX. 
All Outputs HIGH 13 

Ice Supply Current All Outputs LOW 27 
Outputs open 

Outputs at Hi-Z 32 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 

2. All typical values are Vee= 5.0V, TA= 25°e. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

Metallization and Pad Layouts 

'LS241 'LS244 

~20 
Vee 

1G l.iiiii:ii 19 2G 1G 

1A1 18 1Y1 
1A1 

2Y4 17 2A4 
2Y4 

1A2 16 1Y2 
1A2 4 

2Y3 15 2A3 
2Y3 5 

1A3 14 1V3 
1A3 

2Y2 13 2A2 
2Y2 

1A4 1A4 

2Y1 12 1¥4 2Y1 

GND 10 11 2A1 GND 10 

DIE SIZE 0.060" X 0.103" DIE SIZE 0.060" X 0.103" 

3-116 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.8 
0.7 

Volts 

-1.5 Volts 

Volts 

20 
µA 

-20 

0.1 mA 

20 µA 

-200 µA 

-225 mA 

23 

46 mA 

54 

20 Vee 

19 2G 

18 1Y1 

17 2A4 

16 1Y2 

15 2A3 

14 1Y3 

13 2A2 

12 1Y4 

11 2A1 



Am25 LS/54 LS/7 4 LS241 /244 

SWITCHING CHARACTERISTICS 
(TA - +25°C Vee - 5 OV) - -

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 
High-to-Low-Level Output 

tpzL Output Enable Time to Low Level 

tpzH Output Enable Time to High Level 

tpLz Output Disable Time from Low Level 

tpHz Output Disable Time from High Level 

Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 

High-to-Low-Level Output 

tpzL Output Enable Time to Low Level 

tpzH Output Enable Time to High Level 

tpLz Output Disable Time from Low Level 

tpHz Output Disable Time from High Level 

Am25LS241 
Am25LS244 

Min. Typ. Max. 

10 15 

12 18 

20 30 

15 23 

15 25 

10 18 

Am25LS COM'L 

TA= 0°c to +70°C 

Vee= 5.ov ±5% 

Min. Max. 

21 

25 

41 

31 

34 

25 

Am54LS/74LS241 
Am54LS/74LS244 

Test Conditions 
Min. Typ. Max. Units (Notes 1-5) 

12 18 ns 

12 18 ns 
CL= 45pF 
RL = 6670 

20 30 ns 

15 23 ns 

15 25 ns CL= 5.0pF 

10 18 ns RL = 6670 

Am25LS MIL 

TA= -55°C to +125°C 

Vee= 5.ov ±10% 

Min. Max. Units Test Conditions 

24 ns 

28 ns 
CL= 45pF 

RL = 6670 

47 ns 

47 ns 

36 ns CL= 5.0pF 

28 ns RL = 6670 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

,~g:Y:ui~, ~i3v . /,..1-3v ____ 3v 
ENABLING) l'------i t----'+----- OV 

t-"-- 1ZL I 1Lz 

WAVEFORM1~~4.5V s,&s2 L:lCLOSED ~ 
OPEN 1.3V \ ICLOSE~ ~1.5V 

~~osv-r- OL 
tzH-----1 tHz u.zv n ~\1 

I ;....__...!....~ voH 
51 OPEN \ · 1<-s1 < & < s-2 ""CI_ ""1.5V 
52 CLOSED --- ""0V CLOSED WAVEFORM 2 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
4. Pulse generator characteristics: PRR ,;;; 1.0MHz, Zour = 500, t, ,;;; 15ns, t1 ,;;; 6ns. 
5. When measuring tPLH and tPHL• switches S1 and S2 are closed. 
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Am25LS242 • Am54LS/74LS242 
Am25LS243 • Am54LS/74LS243 

Quad Bus Transceivers with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs drive bus lines directly 
• Hysteresis at inputs improve noise margin 
• PNP inputs reduce D.C. loading on bus lines 
• Data to output propagation delay times - 18ns MAX. 
• Enable to output - 30ns MAX. 
• Am25LS242 and Am25LS243 are specified at 48mA output 

current 
• 100% product assurance testing to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The 'LS242 and 'LS243 are quad bus transceivers designed 
for asynchronous two-way communications between data 
buses. 

The 'LS242 and 'LS243 have the two 4-line data paths con
nected input-to-output on both sides to form an asynchron
ous transceiver/buffer with complementing enable inputs. 
The 'LS242 is inverting, while the 'LS243 presents non
inverting data at the outputs. 

Three-state outputs are provided to drive bus lines directly. 
The Am25LS242 and Am25LS243 are specified at 48mA and 
24mA output sink current, while the Am54/74LS242 and 243 
are guaranteed at 12mA over the military range and 24mA 
over the commercial range. 

Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 

Am54LS/74LS242 
LOGIC DIAGRAMS 

CONNECTION DIAGRAMS 
Top Views 

GAB 1• 14 Vee GAB 1• 

NC 13 GBA NC 

TA 12 NC IA 

2A • 'LS242 11 18 2A 4 'LS243 

iA 10 2ii 3A 

4A ... 4A 

GND .. GND 

Note: Pin 1 is marked for orientation 

Am54LS/74LS243 

Note: All devices have input hysteresis. 

14 Vee 

13 GBA 

12 NC 

11 18 

10 28 

38 

48 

2A 3A 

'LS242 

2B 38 

11 10 
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LOGIC SYMBOLS 

Vee= Pin 14 

GND =Pin 7 

11 

2A 3A 

'LS243 

28 38 

10 



Am25LS/54LS/74LS242/243 

Am25LS242 • Am25LS243 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply unless Otherwise Specified: 
COM'L TA= o·c to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 
MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee = MIN., V1H = 2.0V 

VoH High-Level Output Voltage 
loH = -3.0mA, V1L = V1LMAX. 
Vee= MIN., MIL, loH = -12mA 
V1L = 0.5V COM'L, loH= -15mA 

All loL = 12mA 

Vol Low-Level Output Voltage Vee= MIN. All loL = 24mA 

COM'L, loL = 48mA 

V1H High-Level Input Voltage 
Guaranteed input logical HIGH 
voltage for all inputs 

V1L Low-Level Input Voltage } 
COM'L 
MIL 

V1K Input Clamp Voltage Vee = MIN., 11 = -18mA 
Hysteresis (Vr+ - Vr_) Vee= MIN. 

lozH 
Off-State Output Current, 

Vee= MAX. Vo= 2.7V High Level Voltage Applied 
Off-State Output Current, 

V1H = 2.0V 
lozL Low-Level Voltage Applied V1L = V1LMAX. Vo= 0.4V 

11 
Input Current at Maximum 

Vee = MAX., V1 = 7.0V Input Voltage 

l1H High-Level Input Current, Any Input Vee = MAX., V1H = 2.7V 

l1L Low-Level Input Current Vee= MAX., V1L = 0.4V 

•sc Short Circuit Output Current (Note 3) Vee= MAX. 
All Outputs 

'LS242, 'LS243 HIGH 
Vee= MAX. 

All Outputs 
Ice Supply Current Outputs open LOW 'LS242, 'LS243 

(Note 4) 
Outputs at 'LS242 

Hi-Z 'LS243 

Min. 

2.4 

2.0 
2.0 

2.0 

0.2 

-50 

Typ. 
(Note 2) 

3.4 

0.25 

0.35 

0.4 

22 

29 

29 

32 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 

2. All typical values are Vee= 5.0V, TA= 25°e. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

4. For 'LS242 and 'LS243 Ice is measured with transceivers enabled in one direction only, or with all transceivers disabled. 

MAXIMUM RATINGS above which the useful life may be impaired 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current 

DC Input Current 

3-119 

Max. Units 

Volts 

0.4 

0.6 Volts 

0.55 

Volts 

0.8 
Volts 

0.7 

-1.5 Volts 

Volts 

20 
µA 

-20 

0.1 mA 

20 µA 

-200 µA 

-225 mA 

38 

50 mA 

50 

54 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7.0V 

-0.5V to +Vee max. 

-0.5V to +7.0V 

150mA 

-30mA to +5.0mA 



Am25 LS/54LS/7 4LS242/243 

Am54LS/74LS242 • Am54LS/74LS243 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee = MIN., V1H = 2.0V 

VoH High-Level Output Voltage 
loH = -3.0mA, V1L = V1LMAX. 

Vee= MIN., MIL, loH = -12mA 

V1L = 0.5V COM'L, loH= -15mA 

Low-Level Output Voltage Vee= MIN. 
All, loL = 12mA 

VoL COM'L, loL = 24mA 

V1H High-Level Input Voltage 
Guaranteed input logical HIGH 
voltage for all inputs 

V1L 
1 COM'L 

Low-Level Input Voltage J MIL 

V1K Input Clamp Voltage Vee= MIN., 11 = -18mA 

Hysteresis IVT + - VT_) Vee= MIN. 

loZH 
Off-State Output Current, 

Vee= MAX. Vo= 2.7V 
High Level Voltage Applied 

Off-State Output Current, 
V1H = 2.0V 

lozL Low-Level Voltage Applied 
V1L = V1LMAX. Vo= 0.4V 

11 
Input Current at Maximum 

Vee= MAX., V1 = 7.0V 
Input Voltage 

l1H High-Level Input Current, Any Input Vee MAX., V1H = 2.7V 

l1L Low-Level Input Current Vee = MAX., V1L = 0.4V 

•se Short Circuit Output Current (Note 3) Vee= MAX. 

All Outputs 'LS242, 'LS243 

Vee= MAX. 
HIGH 

All Outputs 
Ice Supply Current Outputs open 

LOW 
'LS242, 'LS243 

(Note 4) 
Outputs at 'LS242 

Hi-Z 'LS243 

Min. 

2.4 

2.0 

2.0 

2.0 

0.2 

-50 

Typ. 
(Note 2) 

3.4 

0.25 

0.35 

0.4 

22 

29 

29 

32 

Notes: 1. For conditions shown as MIN' or MAX., use the appropriate value specified under recommended operating conditions. 

2. All typical values are Vee= 5.0V, TA= 25°e. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

4. For 'LS242 and 'LS243 Ice is measured with transceivers enabled in one direction only, or with all transceivers disabled. 

Metallization and Pad Layouts 

Vee 14 Vee 14 

GAB 13 GBA GAB 

11 'Ill 
TI\ 1A 

10 2ll 
2A 2A 

3B 
3A 3A 

4A 4A 

GND 

DIE SIZE 0.060" x 0.103" DIE SIZE 0.060" x 0.103" 
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Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.8 

0.7 
Volts 

-1.5 Volts 

Volts 

20 
µA 

-20 

0.1 mA 

20 µA 

-200 µA 

-225 mA 

38 

50 mA 

50 

54 

El 



Am25LS/54LS/74LS242/243 

Am25LS242 • Am54LS/74LS242 
SWITCHING CHARACTERISTICS 
(TA = + 25°C, V cc = 5.0V) 

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 
High-to-Low-Level Output 

tpzL Output Enable Time to Low Level 

tpzH Output Enable Time to High Level 

tpLz Output Disable Time from Low Level 

tpHz Output Disable Time from High Level 

Am25LS242 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATION RANGE* 

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 
High-to-Low-Level Output 

tpZL Output Enable Time to Low Level 

tPZH Output Enable Time to High Level 

tpLZ Output Disable Time from Low Level 

tpHz Output Disable Time from High Level 

Am25LS243 • Am54LS/74LS243 
SWITCHING CHARACTERISTICS 
(TA = +25°C, Vee = 5.0V) 

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 
High-to-Low-Level Output 

tpzL Output Enable Time to Low Level 

tPZH Output Enable Time to High Level 

tpLz Output Disable Time from Low Level 

tPHZ Output Disable Time from High Level 

Am25LS243 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATION RANGE* 

Parameters Description 

tPLH 
Propagation Delay Time, 
Low-to-High-Level Output 

tPHL 
Propagation Delay Time, 
High-to-Low-Level Output 

tPZL Output Enable Time to Low Level 

tPZH Output Enable Time to High Level 

tPLZ Output Disable Time from Low Level 

tpHz Output Disable Time from High Level 

Am25LS24.2 

Min. Typ. Max. 

8.0 12 

12 16 

20 30 

15 23 

15 25 

10 18 

Am25LS COM'L 

TA= 0°C to +70°C 

Vee= 5.ov ±5% 

Min. Max. 

16 

22 

37 

29 

33 

25 

Am25LS243 

Min. Typ. Max. 

10 15 

12 18 

20 30 

15 23 

15 25 

10 18 

Am25LS COM'L 

TA= 0°C to +70°C 

Vee= 5.ov ±5% 

Min. Max. 

21 

25 

41 

33 

36 

25 
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Am54LS/74LS24.2 
Test Conditions 

Min. Typ. Max. Units (Notes 1-5) 

9.0 14 ns 

12 18 ns 
CL= 45pF 
RL = 6670 

20 30 ns 

15 23 ns 

15 25 ns CL= 5.0pF 

10 18 ns RL = 6670 

Am25LS MIL 

TA = -55°C to +125°C 

Vee = 5.ov ±10% 

Min. Max. Units Test Conditions 

19 ns 

25 ns 
CL= 45pF 

RL = 6670 

42 ns 

33 ns 

38 ns CL= 5.0pF 

28 ns RL = 6670 

Am54LS/74LS243 
Test Conditions 

Min. Typ. Max. Units (Notes 1-5) 

12 18 ns 

12 18 ns CL= 45pF 
RL = 6670 

20 30 ns 

15 23 ns 

15 25 ns CL= 5.0pF 

10 18 ns RL = 6670 

Am25LS MIL 

TA= -55°C to +125°C 

Vee = s.ov ±10% 

Min. Max. Units Test Conditions 

24 ns 

28 ns 
CL= 45pF 

RL = 6670 

47 ns 

49 ns 

38 ns CL= 5.0pF 

28 ns RL = 6670 



Am25LS/54LS/74LS242/243 

SWITCHING CHARACTERISTICS TEST CONDITIONS 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

TEST 
POINT 

9 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

1Cg;~~~L ~1.3V . j/':'1-.Jv--------~ JV 
ENABLING) I~ t---'+---------- ov 

rtzLI tLz 

WAVEFORM 1 1 ""4.5V 51 & s2 I ~J~LOSED , 3 ..,, 5V 

~~::--1 . v / 'Hz IC•LOSE·D~~ I v~L 
It o.svv 

S10PEN 1.3V ,s,&s2~ ... ~.:v 
52 CLOSED ""ov CLOSED 

WAVEFORM 2 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 3 4. Pulse generator characteristics: PAR.;; 1MHz, ZouT"' 50!1, tr.;; 15ns, tf.;; 6ns. 
5. When measuring tPLH and tPHL· switches S1 and S2 are closed. 

~------

Am54LS/74LS242 

CONTROL 
INPUTS 

GAB GBA 

H H 
L H 
H L 
L L 

I = Input 

0 =Output 

0 =Inverting Output 

DATA 
OUTPUTS 

A B 

0 I 

ISOLATED 
I 0 

H =HIGH 

L= LOW 

FUNCTION TABLES 

Am54LS/74LS243 

CONTROL DATA 
INPUTS OUTPUTS 

GAB GBA A B 

H H 0 I 
L H . . 
H L ISOLATED 
L L I 0 

*Possible destructive oscillation may occur if the transceivers are enable in both directions at once. 
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Am54LS/74LS245 
Octal Bus Transceiver 

Advanced Micro Devices has no current 
plans to manufacture this product. 
See the Am8304 for a recommended 
improved Octal Bus Transceiver. 
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Am25LS251 • Am54LS/74LS251 
Eight-Input Multiplexers 

Am25LS251 •Am54LS/74LS251 data 
is combined with the Am25LS151. 

See Am25LS151 data sheet for full 
information. 

FUNCTIONAL DESCRIPTION 

The Am25LS151 and the Am25LS251 are eight-input 

multiplexers that switch one of eight inputs onto the 

inverting and non-inverting outputs under the control of a 

three-bit select code. The inverting output W is one gate 

delay faster than the non-inverting output Y. 

The Am25LS251 provides an active-LOW strobe. When the 

strobe is HIGH, the inverting output (W) is HIGH and the 

non-inverting output (Y) is LOW. 

The Am25LS251 features a three-state output for data bus 

organization. The active-LOW strobe, or "output control" 

applies to both the inverting and non-if"]verting output. 

When the output control is HIGH, the outputs are in the 

high-impedance state. When the output control is LOW, 

the active pull-up output is enabled. 

The Am54LS/74LS251 is a standard performance version 

of the Am25LS251. See appropriate electrical characteristics 

tables for detailed Am25LS improvements. 

LOGIC DIAGRAM 

'LS251 ONLY 

1--L Do------c--J-+1::-1---r--)------

H. 
o,---t---+--t--rl-t--li-r-..,~ 

-02---t---+---+-t-l--Li-r-.., 
t--t-t::l )-

r-1 
I I 
I I 
I I 
I I 
I I 
I I 
I 
I 
I 

~1 :=====ii:::::=:===:::::::=Ji"./.,_l __ w 

1--L 
03---t---+-1-+~t-1-t--ll-r""'I 

Fr7 

b 
o,---t---t-+-1-+~!-j-t--li-r-..,~ 

CONNECTION DIAGRAM LOGIC SYMBOL 

Top View 

D3 D2 D1 Do Y W S GND 

Note: Pin 1 is marked for orientation. 
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11 

15 14 13 12 

w y 

VCC=Pin 16 

GND =Pin 8 



Am25LS253 • Am54LS/74LS253 
Dual 4-Line to 1-Line Data Selectors/Multiplexers 

Am25LS253 • Am54LS/74LS253 data 
is combined with the Am25LS153. 

See Am25LS153 data sheet for full 
information 

FUNCTIONAL DESCRIPTION 

These dual four-input multiplexers provide the digital 
equivalent of a two-pole, four position switch with the posi
tion of both switches set by the logic levels supplied to 
the select inputs A and B. Each section of the Am25LS153 
has a separate active-LOW enable (strobe) input that forces 
the output of that section LOW when a HIGH level is 
applied regardless of the other inputs. 

The Am25LS253 features a three-state output to inter
face with bus-organized systems. Each section of the 
Am25LS253 has a separate active-LOW output control 
that disables the output driver (high-impedance state) of 
that section when a HIGH logic level is applied regardless 
of the other inputs. 

The Am54LS/74LS153 and 253 are standard performance 
versions of the Am25LS153 and 253. See appropriate electri
cal characteristic tables for detailed Am25LS improvements. 

LOGIC DIAGRAM 

2G 2C3 2C2 2C1 

OUTPUT 
2Y 

CONNECTION DIAGRAM 
Top View 

Vee 2G A 2C3 2C2 2C1 2CO 2Y 

lG B 1C3 1C2 1C1 1CO lY GND 

Note: Pin 1 is marked for orientation. 

2CO 1C3 

G = Strobe on 'LS153 
G = Output Enable on 'LS253 

14 

15 
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1C2 

OUTPUT 
1Y 

1C1 1CO 

LOGIC SYMBOL 

10 11 12 13 

1G 

1CO 1C1 1C2 1C3 2CO 2C1 2C2 2C3 

1GM;--.-1 -

A SELECT 

8 SELECT 

2G 
OUTPUT 

1Y 

VCC=Pin16 

GND =Pin 8 

DATA 2 

OUTPUT 
2Y 



Am25LS257 • Am54LS/74LS257 
Am25LS258 • Am54LS/74LS258 

Quadruple 2-Line To 1-Line Data Selectors/Multiplexers With 3-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs 
• Pin-outs identical to standard TTL 'LS1 57 and 'LS158 

devices 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VOL 
- Twice the fan-out over military range 
- 440µA source ·current 

• 100% product assurance screening to MIL-STD 883 
requirements 

FUNCTIONAL DESCRIPTION 

The 2-line to 1-line data selector multiplexer can be used to 

transfer data to a common data bus directly by using the 
three-state capability of the device. With the output control 

(OE) HIGH, the four outputs of the data selector are in the 

high impedance state. With the output control LOW, the 

selected four bits (A or B inputs) are bussed onto the four 
data lines. 

The Am54LS/74LS257 and 258 are standard performance 

versions of the Am25LS257 and 258. See appropriate electri

cal characteristic tables for detailed Am25LS improvements. 

LOGIC DIAGRAMS 

'LS257 

CONNECTION DIAGRAM 
Top View 

Vee OE 4A 4B 4Y 3A 38 3Y 

1A 16 1Y 2A 2B 2Y GND 

Note: Pin 1 is marked for orientation. 

15 
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'LS258 

LOGIC SYMBOLS 

'LS257 

2 3 5 6 11 10 14 13 

1Y 2Y 3Y 4Y 

12 

'LS258 

2 3 5 6 11 10 14 13 

1A 18 2A 2B 3A 38 4A 48 

15-0 OE 

VCC =Pin 16 

GND =Pin 8 

1Y 2Y 3Y 4Y 

? 
7 12 



Am25 LS/54 LS/7 4 LS257 /258 
Am25LS257 • Am25LS258 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA=0°Cto+70°C Vcc=5.0V±5% (MIN.=4.75V MAX.=5.25V) 
MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

MIL, loH = -1mA 
VoH Output HIGH Voltage Vee= MIN., 

V1N = V1H COM'L, loH = -2.6mA 

or V1L loL =4mA 
Vol Output LOW Voltage 

IOL =SmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL V1L Input LOW Level 
voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

I 1 L Input LOW Current Vee= MAX., V1N = 0.4V 
S, OE 

Others 

S, OE 
l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

Others 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 
S, OE 

I--
Others 

Off-State (HIGH Impedance) Vo= 2.4V 'oz Output Current Vee= MAX. 
Vo= 0.4V 

tsc Output Short Circuit Current (Note 3) Vee= MAX. 
·-----

All Outputs HIGH 
LS257 

LS258 
Power Supply LS257 

Ice All Outputs LOW Vee= MAX. Current 
(Note 4) LS258 

All Outputs OFF LS257 

LS258 

Min. 

2.4 

2.4 

2 

-15 

Typ. 
(Note 2) 

3.4 

3.2 

6.3 

4.3 

8.2 

6.1 

9.7 

7.2 

Max. 

0.4 

0.45 

0.7 
0.8 

-1.5 

-0.36 

-0.4 

20 

20 

0.1 

0.1 

20 

-20 

-85 

10.0 

8.0 

13.5 

11.0 

15.3 

11.2 

Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. TypicaJ limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time and duration of the short circuit test should-not exceed one second. 
4. Ice is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

mA 

mA 

mA 

mA 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5 V to +7.0 V 
D_C_V_o_l_ta_g_e_A_p_p_li_ed_to_O_u_t_p_u_ts __ fo_r_H_ig_h_O_u_tp_u_t_S_t_a_te ________________________ ~-0.5 V to +Vee max. 
DC Input Voltage -0.5 V to +7.0 V 
DC Output Current, Into Outputs 30 mA 
DC Input Current -30 mA to +5.0 mA 
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Am25LS/54LS/74LS257 /258 

Am54LS/74LS257 • Am54LS/74LS258 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.25V) 

MIL TA= -55°C to +125°C Vee= 5.0V ± 10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1 l 

54LS, loH = -1mA 

VoH Output HIGH Voltage Vee= MIN., 

V1N = V1H 
74LS, loH = -2.6mA 

or V1L All, loL =4mA 
Vol Output LOW Voltage 

74LS only, loL = 8mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Input LOW Level 
Guaranteed input logical LOW 54LS 

V1L voltage for all inputs 74LS 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

I tL Input LOW Current Vee= MAX., V1N = 0.4V 
s 
Others 

l1H Input HIGH Current 
s 

Vee= MAX., V1N = 2.7V 
Others 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 
s 
Others 

Off-State (HIGH Impedance! Vo= 2.4V 

•oz Output Current 
Vee= MAX. 

Vo= 0.4V 

•sc Output Short Circuit Current (Note 3) Vee= MAX. 

All Outputs HIGH 
LS257 

LS258 

Power Supply LS257 
•cc All Outputs LOW Vee= MAX. 

Current (Note 4) LS258 

All Outputs OFF 
LS257 

LS258 

Min. 

2.4 

2.4 

2 

-15 

Typ. 
(Note 2) 

3.4 

3.2 

5.9 

4.1 

9.2 

6.2 

10 

7.0 

Max. 

0.4 

0.5 

0.7 

0.8 

-1.5 

-0.8 

-0.4 

40 

20 

0.2 

0.1 

20 

-20 

-100 

10 

8 

16 

11 

17 

12 

Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee"" 5.0V, 25°C ambient and maximum loading. 

3. Not more than one outp.ut should be shorted at a time and duration of the short circuit test should not exceed one second. 

4. Ice is measured with all outputs open and all possible inputs grounded white achieving the stated output conditions. 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

mA 

mA 

mA 

mA 

El 



Am25 LS/54 LS/7 4 LS257 /258 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description Min. 

LS257 
lPLH Data to Output 

LS258 
LS257 

lPHL Data to Output 
LS258 

lPLH Select to Output 
LS257 
LS258 
LS257 

tPHL Select to Output 
LS258 

tzH 
Control to Output 

tzL 
tHz 

Control to Output 
'LZ 

Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH Data to Output 
LS257 
LS258 

tPHL Data to Output 
LS257 
LS258 

Select to Output 
LS257 

tPLH 
LS258 

tPHL Select to Output 
LS257 
LS258 

tzH 
Control to Output 

tzL 

!Hz 
Control to Output 

tLz 

Am25LS 

Typ. Max. 

8 12 
6 12 
8 12 
7 12 

I 14 21 

I 14 21 

I 14 21 
14 21 

! 13 20 
13 20 
12 20 
13 20 

Am25LS COM'L 

TA= 0°C to +70°C 
V cc = 5.0V ±5% 
Min. Max. 

20 

20 

20 

20 

31 

31 

31 

31 

30 
30 

26 

26 

Am54LS/74LS 

Min. Typ. Max. Units Test Conditions 

12 18 
ns 

12 18 
12 18 

ns 
12 18 
14 21 CL=15pF 

ns 
RL = 2.0k!l 14 21 

14 21 
ns 

14 21 
I 

20 I 30 
ns 

20 30 
14 21 CL= 5.0pF ns 

RL = 2.0kn 14 21 

Am25LS MIL 

TA= -55°C to +125°C 
Vee = 5.ov ±10% 
Min. Max. Units Test Conditions 

23 
ns 

23 

23 
ns 

23 

36 CL= 50pF ns 
RL = 2.0kO 36 

36 
ns 

36 

35 
ns 

35 

30 RL = 2.0kO 
ns 

CL= 5.0pF 30 
*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEFINITION OF FUNCTIONAL TERMS 
1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 
18, 28, 38, 48 The data inputs for the 4-bits of the B word. 
1Y, 2Y, 3Y, 4Y The four outputs of the multiplexer. 

OE Output Control When the output control is HIGH, the 
four outputs are in the high impedance state. When" the output 
control is LOW, the selected A or B input is present at the output. 
S Select When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 

FUNCTION TABLE 

INPUTS OUTPUTS 

Output 
Control Select A 8 'LS257 'LS258 

H x x x z z 
L L L x L H 
L L H x H L 
L H x L L H 
L H x H H L 

H =HIGH L =LOW X =Don't Care Z =High Impedance 
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Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 



ENABLE ----Of 

52----------------~ 

51------------------~ 

APPLICATION 

A 
Yo 

1/20F 
Am54LS/74LS139 

Am25 LS/54 LS/7 4 LS257 /258 

So--+--+-----------._._+------------<>->-----------~ 

WORD A WORD B 

1A 2A3A4A 1B 28 38 48 

OE 

'LS257 

1Y 2Y 3Y 4Y 

WORDC WORD D 

'LS257 

1Y 2Y 3Y 4Y 

WORD E WORDF 

1A2A3A4A1B2B384B 

OE 

'LS257 

lY 2Y 3Y 4Y 

WORD G WORD H 
~~ 

'LS258 

1Y 2Y 3Y 4Y 

-----------<>--+-------------t--+---i>---e--------+-----------+---+--}b!~ABUS 

CLOCK 

Arn25LS08 

ENABLE 

8-Word, 4-Bit Multiplexer 

Metallization and Pad Layout 

'LS257 'LS258 

Vee 
16 

15 OE s 1 15 5E 

1A 2 14 4A 1A 2 14 4A 

1B 3 13 4B 1B 3 13 4B 

1Y 4 12 4Y 1Y 4 12 4Y 

2A 5 11 3A 2A 5 11 3A 

2B 6 10 3B 2B 6 10 3B 

2Y 7 3Y 2Y 7 3Y 

GNO GNO 

DIE SIZE 0.057" X 0.057" DIE SIZE 0.057"" X 0.057"" 
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Am25LS273B • Am54LS/74LS273B 
8-Bit Register with Clear 

DISTINCTIVE CHARACTERISTICS 

• Eight-bit, high-speed parallel registers 
• Buffered outputs to eliminate output commutation 
• Positive edge-triggered D-type flip-flops 
• Common clock and common clear 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- 50mV lower VOL at loL = 8mA 
- Twice the fan-out over military range 
- 440µA source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS273B and the Am54LS/74LS273B are eight-bit 
registers built using Advanced Low-Power Schottky Tech
nology. These registers consist of D-type flip-flops with a 
buffer common clock and an asynchronous active LOW 
buffered common clear. 

When the clear input is LOW, the Q outputs are LOW, 
independent of the other inputs. Information meeting the; 
set-up and hold time requirements of the D inputs is trans
ferred to the Q outputs on the LOW-to-HIGH transition of 
the clock input. These devices are supplied in the 20-pin 
space saving package featuring 0.3-inch centers between rows 
of leads. 

Note: The B designation identifies buffered output versions pro
vided to eliminate output commutation. 

LOGIC DIAGRAM 

Do D1 o, D3 D4 D5 o, o, 

CP 

CP D CP D 

CD CD CD CD CD CD CD CD 

CL 

Oo 01 o, 03 o, 05 o, 07 

CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 

13 14 17 18 

07 D7 D5 05 05 D5 D4 o, CP 

Do o, o, D3 D4 D5 o, 07 

11 CP 

CL 

Do o, o, 03 04 05 o, 07 

12 15 16 19 CL Oo Do o, 01 o, o, D3 03 GND 

Vee= Pin 20 
Note: Pin 1 is marked for orientation. GND =Pin 10 
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Am25LS273B 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

Ml L TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.SOV 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN., loH = --440µA 1 
VoH Output HIGH Voltage 

V1N = V1H or VIL l 
Vee= MIN. loL =4.0mA 

Vol Output LOW Voltage V1N = V1H or V1L 
loL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW l 
VIL Input LOW Level voltage for all inputs l 
V1 Input Clamp Voltage Vee= MIN., I 1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

MIL 2.ii 

COM'L 2.7 

2.0 

MIL 

COM'L 

-15 

Am25LS/54L S/74LS273B 

Typ. 
(Note 2) 

3.4 

3.4 

17 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.36 

20 

0.1 

-85 

27 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open and 4.5 V applied to the data and clear input. Measured after a momentary ground, then 4.5 V applied to the clock input. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 
-65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 

DC Input Voltage 
-0.5 V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS273B 

Am54LS/74LS273B 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 
MI L TA = -55° C to + 1 25° C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN .• loH = --400µA J VoH Output HIGH Voltage 
VIN= V1H or VIL 

MIL 

COM'L 

Vee~ MIN. All, loL = 4.0mA 
Vol Output LOW Voltage 

V1N = V1H or VIL 
74LS only, loL = 8.0mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL V1L Input LOW Level 
voltage for all inputs l COM'L 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc Output Short Circuit Current 
Vee= MAX. 

(Note 3) 

•cc Power Supply Current 
Vee= MAX. (Note 41 

-

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

17 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

--0.4 mA 

20 µA 

0.1 mA 

-100 mA 

27 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 4. All outputs open and 4.5 V applied to the data and clear input. Measured after a momentary ground, then 4.5 V applied to the clock input. 

DEFINITION OF FUNCTIONAL TERMS 

Di The D flip-flop data inputs. 

CL Clear. When the clear is LOW, the Qi outputs are LOW, 
regardless of the other inputs. When the clear is HIGH, 
data can be entered in the register. 

CP Clock pulse for the register. Enters data on the positive 
transition. 

Qi The TRUE register outputs. 
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FUNCTION TABLE 

Clear 

L 
H 
H 
H 

H 

H =HIGH 
L ~LOW 

INPUTS 

Clock 

x 
L 
H 

t =LOW-to-HIGH Transition 

OUTPUT 

Di Oi 

x L 
x NC 
x NC 
L L 
H H 

X = Don't Care 
NC= No Change 

J 



Am25LS/54LS/74LS273B 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 

Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units 

tPLH 21 32 21 32 

Clock to Output 
ns 

tPHL 26 38 26 38 

tPHL Clear to Output 28 39 28 39 ns 

Clock Pulse Width} 
HIGH 20 20 

tpw LOW 25 25 
ns 

tpw Clear Pulse Width 25 25 ns 

ts Data Set-up 20 20 ns 

th Data Hold 10 10 ns 

ts 
Set-up, Clear Recovery 

25 25 
(In-Active) to Clock 

ns 

I max I Note 1) Maximum Clock Frequency 30 40 30 MHz 

Note 1. Per industry convent1on, fmax 1s the worst case value of the maximum device operatmg frequency with no consta1nts on tr, tf, 

pulse width or duty cycle. 

Am25LS ONLY 
SWITCHING CHARACTERISTICS 

Am25LS COM'L Am25LS MIL 

OVER OPERATING RANGE* TA=0°Cto+70°C TA= -55°C to +125°C 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units 

tPLH Clock to Output 
36 40 ns 

tPHL 49 60 

tPHL Clear to Output 50 60 ns 

1 HIGH 25 30 

tpw Clock Pulse Width 

l 30 
ns 

LOW 35 

tpw Clear Pulse Width 25 25 ns 

ts Data Set-up 20 20 ns 

th Data Hold 12 15 ns 

Set-up, Clear Recovery 
---i 

ts (In-Active) to Clock 
25 25 ns J 

I maxi Note 1 I Maximum Clock Frequency 25 20 MHz 

•AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS • Am54LS/74LS 

LOW-POWER SCHOTTKY INPUT /OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 

20kD. 

Metallization and Pad Layout 

CL 

Oo 

Do 

o, 

o, 

Oz 

Dz 

DJ 

03 

GND 10 

CP 11 

DIE SIZE 0.080" X 0.111" 
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Test Conditions 

CL= 15pF 

RL = 2.0kl1 

Test Conditions 

CL= 50pF 

R L = 2.0kl1 



Am25LS/54LS/74LS273B 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pak 
Dice 

B·BIT 
COMMON 

DATA BUS 

ORDERING INFORMATION 

Am54LS/ 
Temperature Am25LS273B 74LS273B 

Range Order Number Order Number 
0°C to +70°C AM25LS273BPC SN74LS273BN 
0°C to+70°C AM25LS273BDC SN74LS273BJ 
0°C to +70°C AM25LS273BXC SN74LS273BX 

-55°C to + 12s0c AM25LS273BDM SN54LS273BJ 
-55°C to +125°C AM25LS273BFM SN54LS273BW 
-55°C to +125°C AM25LS273BXM SN54LS273BX 

APPLICATION 

,----CLOCK-~ 

_[£ENABLE 

I OUTPUT 
CONTROL 

I EN OE 

l 
Oo Yot-----

o, Y1t-----

l 
o, 

0 Y2t-----

D3 
~ 

Y3~ 

± D4 
~ 

Y4~ 'i! 

+ 
D5 ~ Y5~ 

o, Y5~ 

o, Y7t-----

i CP 
-
CL 

~DEVICEl 
L---~CE1 
I 
l 

Do Oo ~ o, o,~ 

± o, 02 ~ M 

+ 
D3 

~ 
03 t-----

D4 
E 

04 t-----
D5 ~ 05 t-----I a, o, 

t-----J_ 
D7 o, t-----

i 
CP CL 

~DEVICE2 L ___ _::CE2 
I 

± Do Oo~ 

o, o,~ 

+ o, 02~ M 

I 
D3 o,~ 

D4 N 04 t-----

± 
E 

D5 ~ o,~ 

+ 
o, o, t-----
D7 o, t-----

I 
CP CL 

DEVICE 1 
DATA 

CLEAR 

CLOCK 

DEVICE 2 
DATA 

CLEAR 

CLOCK 

DEVICE 3 
DATA 

CLEAR L CLOCK 

------

~DEVICE3 
DEVICE 3 

Am25LS273 8-bit registers are shown used as device data input registers on a common 8-bit data bus. 

3-135 



Am25LS281 • Am54LS/74LS281 
4-Bit Parallel Binary Accumulator 

DISTINCTIVE CHARACTERISTICS 

• Four-bit binary accumulator 
• Fifteen-function ALU 

8 arithmetic functions 
7 logic functions 

• Edge-triggered register 
• Full shifting capability 

Logical shift up 
Logical shift down 
Arithmetic shift up 
Arithmetic shift down 
Parallel load 
Hold 

• Expandable 
Ripple expansion with Cn, Cn+4 __ 
Look-ahead carry expansion with P, G, Cn and Am2902 
high-speed look-ahead carry generator 

• No dynamic hazard 
The Am25LS281 and Am54LS/74LS281 do not have 

the dynamic hazard found on the A inputs of the 

SN54S/74S281. 

Note: The Advanced Micro Devices: LS281 products were designed 
prior to publication of data sheets by T.I. Review specifications for 

possible differences. 

BLOCK DIAGRAM 

<--+-+------< 5103 

,--;---7-----l--- Cn+4 

,_---t---- P 
,-'\_~~~~~~..t-~~-t~~G 

CONNECTION DIAGRAM 
Top View 

A, A2 Rs, RSo RC 5103 A3 en G Cn+4 p GND 

Note: Pin 1 is marked for orientation. 
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FUNCTIONAL DESCRIPTION 

The Am25LS281 • Am54LS/74LS281 is a four-bit parallel 
binary accumulator. As shown in the block diagram, it con

sists of an ALU, a shift multiplexer, an edge-triggered B 

register, and the necessary instruction decoding logic. 

The ALU performs 15 functions, 8 arithmetic and 7 logical, 

as defined by Tables 1 and 2. All ALU operations are per

formed on the Ao-A3 inputs and/or the internal B register. 

The 7 logical functions are performed on an individual bit 

basis between the Ao-A3 inputs and the internal B register. 

The result of the ALU operation is available at the F0-F 3 
outputs. 

An internal full look-ahead carry scheme is used for high

speed arithmetic operations and provision is made for further 

look-ahead by including both carry propagate (P) and carry 

generate (G) outputs. In slower systems, the carry output 

Cn+4 can be connected to the next higher Cn to provide 
ripple block arithmetic. 

The Fo-F3 outputs are also used as inputs to the shift multi

plexer which either performs one of four shift functions on 

the data or passes the data unaltered. The outputs of the shift 

multiplexer are loaded into the internal B register on the LOW 

to-HIGH transition of the clock input unless both register select 

inputs (RSo, RS1) are high. As shown in Table 3, the shift 

multiplexer and clock enable for the B register are controlled 

by the register select (RSo, RS1) and register control (RC) 

inputs. The shift multiplexer is expanded by connecting the 

SI03 input/output to the SIOo of the next most significant 
device. 

The arithmetic shift functions allow the shifting of a number 

without effecting the sign bit, the most significant bit of the 

most significant device. When cascading devices, the RC input 

of all the devices except the most significant device should be 

connected to ground. The RC input of the most significant 

device then determines whether an arithmetic shift or a logical 

shift is performed on the entire word. 

The ALU section of the device has been redesigned to elimi

nate the dynamic hazard present at the A inputs on the 

SN54S/74S (T.I.) device. On the AMO device, any time a 

function is performed using only the B register as an input, 

the A input is inhibited at the ALU input. 

21 

20 

19 

18 

17 

5 

22 

LOGIC SYMBOL 

23 

16 15 14 13 

10 

9 

11 

Vee= Pin 24 
GND =Pin 12 



Am25LS/54LS/7 4LS281 

Am25LS281 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 
COM'L TA= 0°c to +70°C Vee= 5.0V ± 5% {MIN.= 4.75V MAX.= 5.25V) 
MIL TA=-55°Cto+125°C Vcc=5.0V±10% (MIN.=4.50V MAX.=5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

Vee= MIN,, 'OH= -440µA, VoH Output HIGH Voltage 
V1N = V1H or V1L 

loL =4.0mA 

VoL Output LOW Voltage 
Vee= MIN., 

IOL =8.0mA 
V1N = V1H or V1L 

loL = 16mA IG only) 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
VIL Input LOW Level 

voltage for all inputs 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

1 MIL 

l COM'L 

1 MIL 

l COM'L 

Ao·A3, RSo. RS1' RC, SIOo 

l1L Input LOW Current Vee= MAX., V1N = 0.4V CP, SI03 

ASo·AS2. M, Cn 

Ao·A3, RSo. RS1' RC, SIOo. 
l1H Input HIGH Current Vee= MAX., V1N = 2.7V ASo·AS2, M, Cn 

CP,$103 

_ 1V1N=5.5V Clock, SIOo. $103 
11 Input HIGH Current Vee - MAX., _I 

V1N = 7.0V Others 

1sc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

Ice 
Power Supply Current 

Vee= MAX. (Note 5) 

Typ. 
Min. (Note 2) Max. Units 

2.5 3.4 
Volts 

2.7 3.4 

0.4 

0.45 Volts 

0.55 

2.0 Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 

-0.72 mA 

-0.24 

20 
µA 

40 

1.0 
mA 

1.0 

-15 -85 mA 

43 71 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with RSo, RS1 in a state such that the threestate output is OFF. 
5. Test Conditions: ASo, AS1, AS2 =HIGH. RSo, RS1, RC, Cn. M, CP, Ao, Al, A2• A3 ~ GND. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage (Clock, SIOo, SI03) -0.5 V to +5.5V 
DC Input Voltage (Others) -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30 mA to +5.0 mA 
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Am25LS/54LS/7 4LS281 

Am54LS/74 LS281 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise specified: 

COM'L TA= o'c to +70°e Vee= 5.0V ± 5% (MIN.= 4.75V MAX.= 5.2SV) 

MIL TA= -55°Cto +125°C Vee= 5.0V ± 10% (MIN. =4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

Parameters Description Test Conditions (Note 1 l Min. !Note 2) Max. Units 

Vee= MIN., loH = -440µA, 1 MIL 2.5 3.4 

VoH Output HIGH Voltage 
V1N = V1H or VIL r COM'L 

Volts 
2.7 3.4 

All, loL = 4.0mA 0.4 

Vol Output LOW Voltage 
Vee= MIN .• 74LS only, loL = 8.0mA 0.5 Volts 
V1N = V1H or VIL 

All, loL = 16mA IG only) 0.55 

V1H Input HIGH Level 
Guaranteed input logical HIGH 2.0 Volts 
voltage for a II inputs 

Guaranteed input logical LOW 1 MIL 0.7 

VIL Input LOW Level voltage for all inputs r COM'L 
Volts 

0.8 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA -1.5 Volts 

Ao-A3, RSo. RS1. RC, SIOo -0.36 

l1L Input LOW Current Vee= MAX .. V1N = 0.4V CP, SI03 -0.72 mA 

AS0-AS2. M, Cn -0.24 

Ao-A3. RSo. RS1. RC, SIOo. 20 

IJH Input HIGH Current Vee= MAX., V1N = 2.7V AS0-AS2. M, Cn µA 

CP, SI03 40 

1 V1N =5.5V Clock, SIOo. SI03 1.0 

11 Input HIGH Current Vee= MAX. r V1N = 7.0V 
mA 

Others 1.0 

'sc 
Output Short Circuit Current Vee= MAX. -15 -100 mA 

(Note 3) 

1cc 
Power Supply Current Vee= MAX. 43 71 mA 
(Note 5) 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C, ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with RSo, RS1 in a state such that the three

state output is OFF. 
5. Test Conditions: ASQ, AS1, AS2 =HIGH. RSo. RS1, RS, Cn, M, CP, Ao, A1, A2, A3 = GND. 

DEFINITION OF FUNCTIONAL TERMS 

Ao. A1, A2, A3 The A data inputs to the ALU. 

ASo, AS1, AS2 The control inputs used to determine the 

arithmetic or logic function performed by 

the ALU. 

The data outputs of the ALU. 

The mode control input used to select either 

the arithmetic or logic operations of the 

ALU. 

The carry-in input of the ALU. 

The carry-look-ahead output of the four

bit field. 

The carry-generate output for use in multi

level look-ahead schemes. 

P The carry-propagate output for use i'1 multi

level look-ahead schemes. 

RSo. RS1, RC The control inputs used to determine the 

shift function performed by the shift multi

plexer and generate the clock enable signal 

for the B register. 

SIOo The low order serial input/output used to 

expand the shift multiplexer. 

CP 

The high order serial input/output used to 

expand the shift multiplexer. 

The clock input. The internal B register is 

loaded on the low-to-high transition of the 

clock input. 
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Am25LS/54LS/74LS281 

SWITCHING CHARACTERISTICS 
IT A= +25°e. Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 16 
Cn to Cn+4 ns tPHL 15 

tPLH 25 
Ao-A3 to Cn+4 ns tPHL 23 

tPLH 34 
Cn to Fo-F3 ns tPHL 28 

tPLH 
Ao-A3 to G 18 

ns tPHL 17 

IPLH 
Ao-A3 to P 21 

tPHL 23 
ns 

tPLH 29 
An to Fn ns tPHL 23 

tPLH 38 
Ao to SIOo ns tPHL 36 

tPLH 39 
A2, A3 to SI03 ns tPHL 36 

tPLH 
Fo to SIOo ns tPHL 

tPLH 
F2, F3 to SI03 ns tPHL 

tPLH CL=15pF 
RC to SI03 ns RL = 2.0k.11 tPHL 

tPLH 40 
AS0-AS2. M to Fo-F3 ns tPHL 33 

tPLH 41 
AS0-AS2. M to Cn+4 ns tPHL 40 

t, 
Ao-A3 to CP ns th 

t, 
Cn to CP ns th 

t, 
AS0-AS2, M to CP ns th 

t, 
SIOo to CP ns th 

t, 
SI03 to CP ns th 

t, 
RSo. RS1, RC to CP ns th 

CP Pulse Width l HIGH 
tpw 

LOW ns 

fmaxlNote 11 Clock FrequencY (Shift Mode.) MHz 
Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width or duty cycle. 
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SWITCHING CHARACTERISTICS 
(TA - +25°e Vee - 5 OV) - -

Am25LS Am54LS/74LS 

Parameters 

tzH 

tzL 

tHz 

tLz 

1ZH 
lzL 

1HZ 

tLz 

lPLH 

lPHL 

lPLH 

lPHL 

lPLH 

lPHL 

lPLH 

lPHL 

lPLH 

lPHL 

lPLH 

tPHL 

tPLH 

lPHL 

lPLH 

tpHL 

Description Min. Typ. 

9 

RSo. RS1 to SIOo 
8 

29 

18 

9 

8 
RSo. RS1 to SI03 

25 

17 

AS0-AS2, M to P 
32 

30 

AS0-AS2, M to G 
33 

32 

CP to Fo-F3 

CP to Cn+4 

CP to P 

-
CP to G 

CP to SIOo 

CP to SI03 

TABLE1 
ARITHMETIC FUNCTIONS 

Mode Control (M); Low 

ALU ACTIVE-HIGH DATA 

Max. Min. Typ. 

FUNCTION TABLES 

SELECTION Cn = H Cn = L 

AS2 AS1 A So (with carry) (no carry) 

L L L Fo= L, F1 = F2= F3= H Fn = H 

L L H F = B Minus A F = B Minus A Minus 1 

L H L F =A Minus B F =A Minus B Minus 1 

L H H F =A Plus B Plus 1 F =A Plus B 

H L L F=BPlus1 Fn = Bn 

H L H F = B Plus 1 Fn = Bn 

H H L F =A Plus 1 Fn =An 

H F=AP1us1 
-

H H Fn =An 

TABLE 3 
SHIFT MODE FUNCTIONS 

REG. SEL. B REGISTER AFTER 

Am25LS/54LS/74LS281 

Max. Units Test Conditions 

CL= 15pF 
ns RL = 2.0kn 

CL= 5.0pF 
ns 

RL = 2.0k!1 

CL= 15pF 
ns RL = 2.0k!1 

CL= 5.0pF 
ns RL = 2.0k!1 

ns 

ns 

ns 

ns 
CL= 15pF 

RL = 2.0k!1 
ns 

ns 

ns 

ns 

TABLE 2 
LOGIC FUNCTIONS 

Mode Control (M); High 
Carry Input (Cnl; X (Irrelevant) 

ALU 
ACTIVE-HIGH 

SELECTION 
DAT A FUNCTION 

AS2 AS1 A So 

L L L Fn = L 

L x H Fn =An ill Bn 
---

L H L Fn =An ill Bn 

H L L Fn = AnBn ---
H L H Fn =An+ Bn 

H H L Fn = AnBn 

H H H Fn.=An+Bn 

SERIAL 

INPUTS OP.ERA Tl ON L 4 H CLOCK TRANSITION INPUTS/OUTPUTS 

RS1 RSo RC aao 

L L x Load B Reg. (F 4 B) fo 

L H L Shift Up (2F 4 B) SIOo 

L H H Arith. Shift Up SIOo 

H L L Shift Down (F/2 4 B) f1 

H L H Ari th. Shift Down f1 

H H x Hold Bo 

Osn =Output of the B register (internal). 

fn =Quiescent state Of Fn output prior to L---7 HCP transition. 

Bn =Quiescent state of Osn output prior to L ---i- HCP transition. 

Z =High impedance state (output OFF). 
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aa1 aa2 Os3 SIOo SI03 

f1 f2 f3 z z 
fo f1 f2 z F3 

fo fi B3 z F2 

f2 f3 SI03 Fo z 
f2 5103 B3 Fo z 
B1 B2 B3 z z 



Am25LS/54LS/74LS281 

Am25LSONLY 
Aml5LS COM'L Am25LS MIL SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ± 5% Vee= 5.ov ± 103 

Parameters Description Min. Max. Min. Max. Units Test Conditions 
tPLH 

Cn to CN+4 ns tPHL 

tPLH 
Ao-A3 to Cn+4 ns tPHL 

tPLH 
Cn to Fo-F3 ns tPHL 

tPLH -
Ao-A3 to G ns tPHL 

tPLH 
Ao-A3 to P ns tPHL 

tPLH 
An to Fn ns tPHL 

tPLH 
Ao to SIOo ns tPHL 

tPLH 
A2, A3 to SI03 ns tPHL 

tPLH 
Fo to SIOo ns tPHL 

tPLH 
F2, F3 to SI03 ns tPHL 

tPLH CL= 50pF 
RC to SI03 ns RL = 2.0k!1 tPHL 

tPLH 
AS0-AS2, M to Fo-F3 ns tpHL 

tPLH 
AS0-AS2, M to Cn+4 ns tPHL 

ts 
Ao-A3 to CP ns th 

t, 
Cn to CP ns th 

ts 
AS0-AS2, M to CP ns th 

ts 
SIOo to CP ns th 

t, 
SI03 to CP ns th 

ts 
RSo, RS1, RC to CP ns th 

CP Pulse Width l HIGH 
tpw 

LOW ns 

fMax. Clock Frequency (Shift Mode) MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/7 4LS281 

Am25LSONLY 
SWITCHING CHARACTERISTICS 

Am25LS COM'L Am25LS MIL 

OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tzH CL= 15pF 
ns 

tzL 
RSo. RS1 to SIOo 

RL = 2.0kn 

tHz 
CL= 5.0pF 

ns 
RL = 2.0kn 

tLz 

tzH 
CL= 15pF 

ns 
RL = 2.0kn 

tzL 
RSo, RS1 to S\03 

tHz 
CL= 5.0pF 

ns 
RL = 2.0kn 

tLz 

tPLH 
ASo·AS2. M top ns 

tPHL 

tPLH -
AS0-AS2, M to G ns 

tpHL 

IPLH 
CP to Fo·F3 ns 

tPHL 

IPLH 
CP to Cn+4 ns 

tPHL I CL= 50pF 

tPLH CP to P l RL = 2.0kn 
ns 

IPHL 

tPLH CPtoG ns 

tpHL 

tPLH CP to SIOo ns 

IPHL 

IPLH 
CP to S\03 ns 

tPHL 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

TABLE 4. G, P AND CARRY FUNCTIONS FOR OUTPUTS 

DEFINITION 
INPUTS OF TERMS OUTPUTS 

M AS2 AS1 A So Pn Gn p G Cn+4 

L L L L N.A. N.A. L H Cn 

H An+ Bn 
- ---

G3 + P3G2 + P3P2G1 + P3P2P1 Go G + P · Cn 
L L L An. Bn P3P2P1Po 

L L H L An+ Bn An·B P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1 Go G + P · Cn 
---

L L H H An+ Bn An. Bn P3P2P1 Po G3 + P3G2 + P3P2G1 + P3P2P1 Go G + P · Cn 

L H L L Bn N.A. P3P2P1Po H P. Cn 

- ---
L H L H Bn N.A. P3P2P1Po H P. Cn 

---
L H H L An N.A. P3P2P1Po H P. Cn 

L H H H An N.A. P3P2P1 Po H p. Cn 

H L L L N.A. N.A. L H Cn 
- -

H L L H An+ Bn An ·Bn P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1 Go G + P · Cn 

H L H L An+ Bn An. Bn P3P2P1 Po G3 +f'3G2 + P3P2G1 + P3P2P1Go G + P · Cn 

- -
H L H H An+ Bn An. Bn P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1 Go G + P · Cn 

H H L L N.A. An· Bn L G3 + G2 + G1 +Go G + Cn 

H H L H N.A. An· Bn L G3 + G2 + G1 +Go G + Cn 

H H H L N.A. An. Bn L G3 + G2 + Gi +Go G + Cn 

H H H H N.A. An· Bn L G3 + G2 + G 1 + Go G + Cn 

N.A. =Not Applicable. 
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Am25LS/54LS/74LS281 

DRIVEN INPUT 

CP 
SIOo 

SI03 

INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVEN INPUT DRIVEN INPUT 

DRIVING OUTPUT DRIVING OUTPUT 

RSo 

RC 

SI03 

G 
Cn+4 10 

11 

[ 

Metallization and Pad Layout 

DIE SIZE0.111" X 0.121" 
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[ 

I 
-=-

Fo-F3 
p 
Ci 

Cn+4 

23 Ao 

22 CP 

21 SIOo 

20 ASo 
19 AS1 

18 AS2 

17 M 



Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pak 
Dice 

ORDERING INFORMATION 

Am25LS281 

Temperature Order 

Range Number 

0°C to +70°C AM25LS281 PC 

0°C to +70°C AM25LS281 DC 

0°C to +70°C AM25LS281XC 

-55°C to +125°C AM25LS281 DM 

-55°C to +125°C AM25LS281 FM 

-55°C to +125°C AM25 LS281 XM 

APPLICATION 

Am25 LS/54 LS/7 4LS281 

Am54LS/ 
74LS281 

Order 
Number 

SN74LS281N 
SN74LS281J 
SN74LS281 X 
SN54LS281J 
SN54LS281W 
SN54LS281 X 

RSo,1---,,,_-~------~------~------~ 

SIOo 

CARRY IN 

INPUTS 

M AS2 AS1 A So 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H H L 

H H H H 

N.A.: Not Applicable. 

RSO,l RC 

SJ00 

Am25LS281 
c, 

RS0,1 RC 

SIOO 

Am25LS281 
c, 

Am2902 

Rso,1 RC 

SIOo 

Am25LS281 
c, 

RS0,1 RC 

S!00 
Am25LS281 

Cn Cn+4 CARRY OUT 

16-Bit Binary ALU/Accumulator with Full Look-Ahead Carry. 

TABLE 4. G, P AND CARRY FUNCTIONS FOR OUTPUTS 

DEFINITION 
OF TERMS OUTPUTS 

Pn Gn p G 

N.A. N.A. L H 

An+ Bn 
-

P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1Go An. Bn 

An+ Bn An·B P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1 Go 

An+ Bn An. Bn P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1Go 

Bn N.A. P3P2P1Po H 
-
Bn N.A. P3P2P1Po H 

An N.A. P3P2P1Po H 
-
An N.A. P3P2P1Po H 

N.A. N.A. L H 

An+ Bn An· Bn 
---

G3 + P3G2 + P3P2G1 + P3P2P1 Go P3P2P1Po 

An+ Bn An. Bn P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1 Go 
- ---

An+ Bn An· Bn P3P2P1Po G3 + P3G2 + P3P2G1 + P3P2P1 Go 

N.A. An. Bn L G3 + G2 + G1 +Go 

N.A. An· Bn L G3 + G2 + G1 +Go 

N.A. An . Bn L G3 + G2 + G1 +Go 

N.A. An · Bn L G3 + G2 + G1 +Go 
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Cn+4 

Cn 

G + P · Cn 

G + P · Cn 

G + P · Cn 

p. Cn 

P. Cn 

P. Cn 

P. Cn 

Cn 

G + P · Cn 

G + P · Cn 

G + P · Cn 

G + Cn 

G + Cn 

G + Cn 

G + Cn 



Am25LS299 • Am54LS/74LS299 
8-Bit Universal Shift/Storage Register 

DISTINCTIVE CHARACTERISTICS 

• Four operational modes: shift left, shift right, parallel load, 
hold 

• Common input/output pins 
• Three-state outputs 
• Buffered asynchronous master clear 
• Separate shift right serial input and shift left serial input 

for easy cascadability 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VOL at IOL = 8mA 
- Twice the fan-out over military range 
- 440µA source current at HIGH output 

• 100% product assurance screening to Ml L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS299 and Am54LS/74LS299 are eight-bit universal 
shift/storage registers with three-state outputs. Four modes of 
operation are possible: hold (store), shift left, shift right, and 
load data. 

Parallel load inputs and register outputs are multiplexed to 
reduce the total number of package pins. Separate continuous 
outputs are also provided for flip-flop A and H. These de
vices can be cascaded to N·bit words easily. 

A separate active low asynchronous clear input is used to 
reset the register. Whenever the clear input is LOW, all internal 
flip-flops are set LOW independent of all other inputs. See the 
Am25LS23 for the identical logic function to the Am25LS299 
and Am54LS/74LS299, but with synchronous clear capability. 

Note: The Advanced Micro Devices' LS299 products were designed 
prior to publication of data sheets by T.J. Review specifications for 
possible differences. 

LOGIC DIAGRAM 

SL 
SHIFT 

18 LEFT 
lrH--tt---SERIAL 

INPUT 

CLOCK~12'-----f>o-.+---+-.---l+f---1-~-+++---+--.----+H--~--t+-f---1-~-t+t---+--.----TIH--~--t+l--f-, 
CP 

Oo-'----++-<--~ Y-+--~ ~1--+--~ ~1--+--~ ~1--+--~ ~+--+--~ ~+--+--~ ~t--+----<+-1707 
CL~~~-9 --

OUTPUT f G1 2 

CONTROLS l G2 
3 

DYo 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

14 

DY3 DY 4 

11 

18 

8 
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15 16 

DY5 DY5 DY 7 

LOGIC SYMBOL 

12 19 

CP CLR So s, G1 G2 

Se 

s, 
Oo o, 17 

DYo DY 1 DY2 DY3 DY4 DY5 DYS DY7 

13 14 15 16 

Vee~ Pin 20 
GND ~Pin 10 



Am25LS299 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0 v ±5% Ml N. = 4.75 v MAX. = 5.25 v 

MIL TA=-55°~to+125°C Vee=5.0V±10% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Oo,07 
loH = 1 MIL 

Vee= MIN. 
-440µA l COM'L 

VoH Output HIGH Voltage V1N = V1H or 
Ml L, IOH = -1.0mA 

V1L DY0-DY7 
COM'L, loH = -2.6mA 

Vee= MIN. loL =4.0mA 

Vol Output LOW Voltage 
V1N = V1H or V1L 

loL = 8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

So, S1 
l1L Input LOW Current Vee= MAX .. V1N = 0.4V 

All Others 

Input HIGH Current So, S1 
l1H (Except DY;) Vee= MAX., V1N = 2.7V 

All Others 

So,S1 
Input HIGH Current V1N=7.0V 

G1. G2. CLR, CP 11 (Except DY;) Vee= MAX., 

V1N = 5.5V All Others 

loz 
Off.State (High-Impedance) Vo=0.4V 

Output Current at DY; 
Vee= MAX. 

Vo= 2.4V 

lsc Output Short Circuit Current 

(Note 3) 
Vee= MAX. 

•cc 
Power Supply Current 

Vee= MAX. 
(Note 4) 

Min. 

2.5 

2.7 

2.4 

2.4 

2.0 

-15 

Am25LS/54LS/74LS299 

Typ. 
(Note 2) 

0.25 

0.35 

38 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.8 

-0.4 

40 

20 

0.2 

0.1 

0.1 

-100 

40 

-85 

60 

Units 

Volts 

V.olts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

µA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX.~ use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time, Duration of the short circuit test should not exceed one second. 

4. Ice measured with clock input HIGH and output controls HIGH. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage (G1, G2, CLR, CP, SQ, S1) -0.5V to +7.0V 

DC Input Voltage (Others) -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 
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Am25LS/54LSn4LS299 

Am54LS/74LS299 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 
MIL TA= -55°C to +125°C Vcc=5.0V±10% MIN.=4.50V MAX.=5.50V 
DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

loH = l MIL 
Vee= MIN. ao.01 

--400µA l COM'L VoH Output HIGH Voltage V1N = V1H or 
MIL, IOH = -1.0mA V1L DY0-DY7 
COM'L, loH = -2.6mA 

Vee= MIN. loL =4.0mA 
Vol Output LOW Voltage 

V1N = V1H or V1L loL =8.0mA 
74LS only 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL V1L Input LOW Level 
voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

So,S1 l1L Input LOW Current Vee= MAX., V1N = 0.4V 
All Others 

Input HIGH Current So,S1 l1H (Except DY;) Vee= MAX., V1N = 2.7V 
All Others 

Input HIGH Current So,S1 •1 (Except DY;) Vee= MAX., V1N = 5.5V 
All Others 

•oz 
Off-State (High-Impedance) Vee= MAX. 

Vo =0.4V 
Output Current at DY; 

Vo=2.4V 

•sc 
Output Short Circuit Current 

Vee= MAX. (Note 3) 

Ice 
Power Supply Current 

Vee= MAX. (Note 4) 

Min. 

2.5 

2.7 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

0.25 

0.35 

35 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.8 
mA 

-0.4 

40 
µA 

20 

0.2 
mA 

0.1 

-100 
µA 

40 

-100 mA 

60 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 4. Ice measured with clock input HIGH and output controls HIGH. 

DEFINITION OF FUNCTIONAL TERMS 

Clear 

Clock 

Shift right data input to Oo 
Shift left data input to 07 
Active LOW synchronous input forcing the Oo 
through 07 register to see LOW conditions, 
visable only if outputs are enabled 
A LOW-to-HIGH transition will result in the 
register changing state to next state as described 
by mode and input data condition 
Mode selection control lines used to control 
input (output during load) conditions 
Active LOW input to control three-state output 
in active LOW AND configuration 
The only two direct outputs; used to cascade 
shift operations 

DY0-DY7 Input/Output line dependent on mode and out
put control. Input only with mode select 
LOAD. Output in all other modes but subject 
to output select (G1, G2). 
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Metallization and Pad Layout 

So 1-----~ 
G1 2 

r------ 20 Vee 
r-----19 St 

r---:1::==:-t-t:-t-::-----;;:-:i 

CLA 9 ----' 
GND 10 -----~ 

DIE SIZE 0.096" X 0.112" 

16 DY7 

15 DY5 

14 DY3 

13 DY1 

12 CP 



Am25LS/54LS/74LS299 

SWITCHING CHARACTERISTICS 
Am25LS Am54LS/74LS 

(TA= +25°e. Vee= 5.0V) 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

'PLH 18 26 30 
Clock to O; ns 

IPHL 22 28 34 

1PLH 18 26 30 
Clock to DY; ns 

tPHL 22 28 34 

tPHL Clear to DYo · DY7 25 35 35 ns 

tPHL Clear to Oo or 07 25 35 35 ns 

tpw Pulse Width (Clock) 15 20 ns 
CL= 15pF 

RL = 2.0kn 
ts S1, So Set-up Time 12 15 ns 

ts 
DY; or SR, SL Data 
Set-up Time 

12 15 ns 

'h Hold Time 3.0 3.0 ns 

tzH - - 20 30 40 
S1, So. G1, G2 to DY; 

20 30 
ns 

tzL 40 

'LZ S1, So, G 1, G2 to DY; 
2-2 33 40 CL= 5.0pF 

ns 
RL = 2.0kn 'HZ 15 23 30 

fmax Maximum Clock Frequency (Note 1) 30 45 25 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 

pulse width or duty cycle. 

Am25LS ONLY Am25LS COM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 

Vee= 5.ov ± 5% Vee= 5.ov ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tp LH 
Clock to O; 

38 44 
ns 

IPHL 41 47 

'PLH 38 44 
Clock to DY; ns 

'PHL 41 47 

IPHL Clear to DYo · DY7 50 57 ns 

'PHL Clear to Oo · 07 50 57 ns 

tpw Pulse Width (Clock) 24 27 ns CL= 50pF 

ts S1, So Set-up Time 20 23 ns 
RL = 2.0kn 

ts 
DY; or SR, SL Data 
Set-up Time 

20 23 ns 

th Hold Time 8 9 ns 

tzH 
S1, So, G1,G2 to DY; 

43 50 
I ns 

tzL 43 50 

'LZ 
S1, so, G1, G2 to DY; 

43 50 CL= 5.0pF 
ns 

RL = 2.0kSl 
'HZ 34 39 

fmax Maximum Clock Frequency (Note 1) 23 20 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/7 4LS299 

TRUTH TABLE 

INPUTS OUTPUTS INPUTS/OUTPUTS 
FUNCTION 

SR SL CLEAR CLOCK So s, c;, G"2 ao 07 DYo DY1 DY2 DY3 DY4 DY5 DY5 DY7 

Clear x x 

x x 
Output x x 
Control 

x x 

Hold x x 
M Load (Note 2) x x 
0 Shift Right L x 
D Shift Right H x 
E Shift Left x L 

Shift Left x H 

L =LOW 

H =HIGH 

Z =High Impedance 

X = Don't Care 

L 

x 
x 
x 

H 

H 

H 

H 

H 

H 

x (Note 1) L L L L L L 

x x x H L NC NC z z 
x x x L H NC NC z z 
x x x H H NC NC z z 

x L L L L NC NC NC NC 

t H H L L A H A- B 

t H L L L L DY5 L DYo 

t H L L L H DY5 H DYo 

t L H L L DY1 L DY1 DY2 

t L H L L DY1 H DY1 DY2 

t =Transition LOW-to-HIGH 

NC = No Change 

Am25LS. Am54LSn4LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

L L L L L L 

z z z z z z 
z z z z z z 
z z z z z z 

NC NC NC NC NC NC 

c D E F G H 

DY1 DY2 DY3 DY4 DY5 DY5 

DY1 DY2 DY3 DY4 DY5 DY5 

DY3 DY4 DY5 DY5 DY7 L 

DY3 DY4 DY5 DY5 DY7 H 

Notes: 1. Either LOW to observe outputs. 
2. In this mode DYi are inputs. 

DY; ONLY OTHER PINS 

DRIVING OUTPUT DRIVEN tNPUT 

Note: Actual current flow direction shown. 
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SHIFT 
RIGHT 

Do 

SERIAL 
OUTPUT 

LEFT 

CLEAR 

CLOCK 

OUTPUT 
CONTROL 

MODE ( 
CONTROL 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pak 
Dice 

l 1 
DY O DY l 

SR 

r--4 CLEAR 

.-----! So 

r-1 s, 
00 

J 

Am25LS/54LS/74LS299 

ORDERING INFORMATION 

Am54LS/ 
Am25LS299 74LS299 

Temperature Order Order 

Range Number Number 

D°C to +75°C AM25 LS299PC SN74LS299N 

D°C to +75°C AM25LS299DC SN74LS299J 

D°C to +75°C AM25LS299XC SN74LS299X 

-55°C to +125°C AM25LS299DM SN54LS299J 

-55°C to +125°C AM25LS299FM SN54LS299W 

-55°C to +125°C AM25LS299XM SN54LS299X 

APPLICATION 

INPUT/OUTPUT DATA 

I I l I I I I 1 l l 1 1 l l 
DY2 DY3 DY4 OY 5 DY5 DY 7 DYo DY l DY2 DY3 DY 4 DY5 DY 6 DY 7 SHIFT 

LEFT 
INPUT 

SL SR 

CLK ~ ~ CLEAR 
Am54LS/74LS299 Arn54LS/74LS299 G1h ,----! So 

G2ri1 .-Is, 
07 Oo 1 ~ J 

16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register. 
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SL 

CLK ~ 

c, lo---, 

G'ul o, 

T ~ SERIAL 
OUTPUT 
RIGHT 



Am25LS322 • Am54LS/74LS322 
8-Bit Serial/Parallel Register with Sign Extend 

The 'LS322 is Texas Instruments' 
planned second source to Advanced 
Micro Devices' Am25LS22. 

See Am25LS22 data sheet for full 
information. 

FUNCTIONAL DESCRIPTION 
The Am25LS22 is an eight-bit serial/parallel register built using ad
vanced Low-Power Schottky processing. The device features an eight
bit parallel multiplexed input/output port to provide improved bit 
density in a 20-pin package. Data may also be loaded into the device in 
a serial manner from either input DA or 09. A serial output, Oo, is 
also provided. 

The Am25LS22 is specifically designed for operation with the 
Am25LS14 serial/parallel two's complement multiplier and provides 
the sign exiend function required for this device. 

When the Register Enable (RE) input is HIGH, the register will retain 
its current contents. Synchronous parallel loading is accomplished by 
applying a LOW to RE and applying a LOW to the Serial/Parallel (S/P) 
input. This places the three-state outputs in the high-impedance state 
independent of OE and allows data that is applied on the input/output 
lines (DY;) to be clocked into the register. When the S/P input is HIGH, 
the device will shift right. The Sign Extend (SE) input is used to repeat 
the sign in the 07 flip-flop. This occurs whenever SE is LOW when the 
SH I FT mode is selected. When SE is high, the serial two-input multi
plexer is enabled. Thus, either DA or Ds can be selected to load data 
serially. The register changes state on the LOW-to-HIGH transition of 
the clock. A clear input (CLR) is used to asynchronously reset all flip
flops when a LOW is applied. 

LOGIC DIAGRAM 

CLEARo-'--q)~~~-t-~+-~-++-+-~-+-+-+-_.__+-+-+-+-+-+-t--"'-+-t--~'---t-J-~-<--jf-+f-+~ 

CLOCK~1~1 -o~~~-t-~+-~-++-_.__~-+--J--+---+--+-<~~f--+->~---j-+-+~-+--+-~~-+-+-~ 

~~~~~~~~~~---'==L:)o---r-+-t-~-r-t--t-~~-t--t-~~-t-t-~r +-+---~-+-+-~~-+-+-~ 
CONTROL 

err 

CONNECTION DIAGRAM 
Top View 

DY7 

Yee s SE D9 DY6 DY4 DY2 DYo Oo CP 

16 

DY5 

J 
15 

DY4 

17 Da 

OY3 

14 

DY2 DY1 

LOGIC SYMBOL 

18 

RE S/P SE 

Am25LS22 

13 

OYQ 

DA 
8-BIT SERIAL PARALLEL REGISTER 

19 
DY7 DYS DY 5 DY4 DY3 ov, ov, DYo 

Oo 

CLEAR 

CLOCK 

QE 

"o 

RE S/P DA DY7 DY5 DY3 DY1 O't CLR GND 
16 15 14 13 12 

Note: Pin 1 is marked for orientation. 
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Vee= Pin 20 
GND =Pin 10 

11 



Am25LS323 • Am54LS/74LS323 
8-Bit Shift/Storage Register with Synchronous Clear 

The 'LS323 is Texas Instruments' 
planned second source to Advanced 
Micro Devices' Am25LS23. 

See Am25LS23 data sheet for full 
information. 

FUNCTIONAL DESCRIPTION 

The Am25LS23 is an 8-bit universal shift/storage register with 
3-state outputs. The function is similar to the Am25LS299 
with the exception of a synchronous clear function. Parallel 
load inputs and register outputs are multiplexed to allow the 
use of a 20-pin package. Separate continuous outputs are also 

provided for flip-flops Oo and 07. 

Four modes of operation are possible - Hold (store). Shift
left, Shift-right arid.Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is packaged in a 
standard 20-pin package. 

LOGIC DIAGRAM 

S1 so 

SHIFT 

S~l~I~~ -'-"'----+--='--h, 11 

INPUT 

CLEAR 9 

OUTPUT( G1 2 

CONTROLS G2 
3 

CONNECTION DIAGRAM 
Top View 

13 

DY1 

Note: Pin 1 is marked for orientation. 

14 

OY3 
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11 

18 

19 

SR 

s, 

So 

S1 

Oo OY0 

15 

DY 5 

DY1 

13 

16 

DY7 

LOGIC SYMBOL 

Arn25LS23 
8-BIT SHIFT REGISTER 

OY2 OY3 OY4 OY5 DY5 

14 15 

Vee~ Pin 20 

GND =Pin 10 

SHIFT 
18 LEFT 

SERIAL 
INPUT 

CLEAR 

CLK 

G1 

G2 

OY7 o, 

16 17 

12 



Am54LS/74LS348 
Three-State Priority Encoder 

Advanced Micro Devices has no current 
plans to manufacture this product. 
See the Am25LS2513 for a recommended 
alternative Three-State Priority Encoder 
offering greater functional flexibility. 
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Am25LS373 • Am54LS/74LS373 
Octal Latches with Three-State Output 

DISTINCTIVE CHARACTERISTICS 

• 8 latches in a single package 
• Three-state outputs interface directly with bus organized 

systems 
• Hysteresis on latch enable input for improved noise margin 

• Am25LS devices offer the following improvements over 

Am54/74LS 

- Higher speed 
- Twice the fan-out over military range 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS373 and Am54LS/74LS373 are octal latches 
with three-state outputs for bus organized system applications. 
The latches appear to be transparent to the data (data changes 
asynchronously) when latch enable, G, is HIGH. When G is 

LOW, the data that meets the set-up times is latched. Data 

appears on the bus when the output enable, OE, is LOW. When 

OE is HIGH the bus output is in the high-impedance state. 

Note: An inverting version of this device, to be called Am54LS/ 
74LS533, is also in development. 

LOGIC DIAGRAM 

Am25LS/54LS/74LS373 

LATCH 
ENABLE 

Outputs Yo through Y7 are inverted on the Am25LS/54LS/74LS533. 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 
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11 

OE 

LOGIC SYMBOL 

Do 

Yo 

13 14 

D1 o, D3 D4 D5 

Arn25LS373 
Am54LS/74LS373 

Y1 Y7 Y3 Y4 

12 

Vee= Pin 20 

GND=Pin10 

Y5 

15 

17 18 

o, D7 

Y6 Y7 

16 19 



Am25LS/54LS/74LS373 

Am25LS373 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Ve.e = 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

Ml L TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.SOV MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 l 

Vee= MIN. loH=-1.0mA 
VoH Output HIGH Voltage 

V1N = V1H or V1L loH =-2.6mA 

Vee= MIN. loL = 12mA 
Vol Output LOW Voltage 

V1N = V1H or V1L 
IOL = 24mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 

l MIL 

l COM'L 

I MIL 
V1L Input LOW Level 

voltage for all inputs l COM'L 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX .. V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•• Input HIGH Current Vee= MAX .• V1N = 7.0V 

•oz 
Off-State .!High-Impedance) Vee= MAX. l Vo=0.4V 
Output Current Vo= 2.4V 

•sc 
Output Short Circuit Current Vee= MAX. 
(Note3) 

•cc 
Power Supply Current Vcc=MAX. 
(Note4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3A 

3.4 

24 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 mA 

20 µA 

0.1 mA 

-20 

20 
µA 

-85 mA 

40 mA 

Note&:: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test sh.ould not exceed one second. 
4. Inputs grounded; outputs open. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful lite may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

_DC Voltage Applied to Outp\lts for High Output State -0.5V to +Vee ma~. 
DC Input Voltage --0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS373 

Am54LS/74LS373 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vcc=5.0V±5% MIN.=4.75V MAX.=5.25V 

MIL TA= -55°C to +125°C Vcc=5.0V±10% MIN.=4.50V MAX:=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Noto 1) 

Vee= MIN. loH =-1.0mA 1 MIL 
VoH Output HIGH Voltage 

V1N = V1H or V1L T loH = -2.SmA .COM'L 

Vee= MIN. All, loL = 12mA 

Vol Output LOW Voltage V1N = V1H or V1L 
74LS only, loL = 24mA 

V1H Input HIGH.Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
V1L Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

llH Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX •• V1N = 7.0V 

•o 
Off-State (High-Impedance) Vcc=MAX. 1 Vo=0.4V 

Output Current Vo =2.4V 

•sc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc 
Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

0.25 

0.35 

24 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 mA 

20 µ.A 

0.1 mA 

-20 

20 
µ.I'. 

-100 mA 

40 mA 

Notes.: 1. F"or conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test sh.ould not exceed one second. 

4. Inputs grounded; outputs open:-

FUNCTION TABLE 

Inputs Internal Outputs Function 
OE G Di Oi Yi 

H x x x z Hi-Z 

L H L H L Transparent 
L H H L H 

L L x NC NC Latched 

H =HIGH NC= No Change 
L= LOW Z; High Impedance 
X = Don't Care 
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DEFINITION OF FUNCTIONAL TERMS 

Di The latch data inputs. 

G The latch enable input. Data is latched upon and set-up 

and hold times are referenced to the HIGH-to-LOW 

transition of G. 

Yi The three-state latch outputs. 

OE The output enable control. When OE is LOW, the out

puts Yi are enabled. When OE is HIGH, the outputs Yi 

are in the high impedance (off) state. 



Am25LS/54LS/74LS373 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 

Parameters Description 

1PLH Enable to Output 
1PHL 

tPLH 
Data Input to Output 

1PHL 
t5 (H) HIGH Data to Enable 

t 5(L) LOW Data to Enable 

th(H) HIGH Data to Enable 

th(L) LOW Data to Enable 

tpw Enable Pulse Width 

tzH 
OE to Y; 

tzL 

tHz 
OE to Y; 

1LZ 

Am25LSONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Parameters Description 

tPLH 
Enable to Output 

tPHL 

tPLH 

tPHL 
Data Input to Output 

t 5 (H) HIGH Data to Enable 

t 5(L) LOW Data to Enable 

th(H) HIGH Data to Enable 

th(L) LOW Data to Enable 

tpw Enable Pulse Width 

tzH 
OE to Y; 

tzL 

tHz 
OE to Y; 

tLz 

Min. 

Am25LS Am54LS/74LS 

Typ. Max. Min. Typ. Max. 

20 30 

18 30 

12 18 

12 18 
0 

0 

10 

10 

15 

15 28 

25 36 

12 20 

15 25 

Am25LS COM'L Am25LS MIL 

TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ±5% Vee= 5.ov ±10% 

Min. Max. Min. Max. 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual- current flow direction shown. 
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Units Test Conditions 

ns 

ns 

ns 

ns CL= 45pF 

RL = 667n 
ns 

ns 

CL= SpF 
ns 

RL = 6670 

Units Test Conditions 

ns 

ns 

ns 

CL= 45pF 
ns RL =667n 

ns 

ns 

CL= SpF 
ns RL = 6670 



Am25LS374 • Am54LS/74LS374 
8-Bit Register With Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Eight-bit, high speed parallel registers 
• Positive, edge-triggered, D-type flip-flops 
• Buffered common clock and buffered common three-state 

control 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- 50mV lower VoL at IOL; 8mA 
- Twice the fan-out over military range 
- 440µA source current at HIGH output 

• 100% product assurance screening to MIL-STD-883 
requirements 

Note: The Advanced Micro Devices: LS374 products were de
signed prior to publication of data sheets by T.I. Review specifi
cations for possible differences. 

FUNCTIONAL DESCRIPTION 

The Am25LS374 and Am54LS/74LS374 are eight-bit registers 
built using advanced Low-Power Schottky technology. These 
registers consist of eight D-type flip-flops with a buffered 
common clock and a buffered three-state output control. 
When the output enable (OE) input is LOW, the eight outputs 
are enabled. When the OE input is HIGH, the outputs are in 
the three-state condition. 

Input data meeting the set-up and hold time requirements of 
the D inputs is transferred to the Y outputs on the LOW-to
H IG H transition of the clock input. 

The device is packaged in a space-saving (0.3-inch row spacing) 
20-pin package. 

Note: An inverting version of this device, to be called Am54LS/ 
74LS534, is also in development. 

LOGIC DIAGRAM 

Am25LS/54LS/74LS374 

D1 

v, 

Outputs Yo through Y7 are inverted on the Am25LS/54LS/74LS534. 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 
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11 CP 

OE 

LOGIC SYMBOL 

• 13 14 

Do D1 o, 03 04 05 

Am25LS374 
Am54LS/74LS374 

Yo Y1 v, Y3 Y4 Y5 

12 15 

Vee= Pin 20 

GND =Pin 10 

17 18 

D5 D7 

Y5 Y7 

16 19 



Am25LS/54LS/74LS374 

Am25LS374 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

Ml L TA= -55°C to +125°C Vee= 5.0V ±10% MlN. = 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN. loH = -1.0mA, MIL 
VoH Output HIGH Voltage 

V1N = V1H or VIL loH = -2.6mA, COM'L 

Vee= MIN. loL =4.0mA 
Vol Output LOW Voltage 

V1N = V1H or VIL 
loL =8.0mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW l MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

Off-State (High-Impedance) Vee= MAX. 
Vo=0.4V 

loz 
Output Current Vo= 2.7V 

•sc Output Short Circuit Current 
Vee= MAX. 

(Note 3) 

•cc Power Supply Current Vee= MAX. (Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 21 

3.4 

3.4 

27 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

--0.36 mA 

20 µA 

0.1 mA 

-20 

20 
µA 

-85 mA 

45 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one outpUt should be shorted at a time. Duration of the short circuit test shouid not exceed one second. 
4. All outputs open; all Dj inputs and OE= 4.5V. Apply momentary ground, then 4.5V to clock input. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5Vto+7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30 mA to +5.0 mA 
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Am25LS/54LS/74LS374 

Am54LS/74LS374 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'l TA= 0°C to +70°C 

Ml L TA= -55°C to +125°C 

Vee= 5.ov ±5% 
Vee= 5.ov ±10% 

MIN.=4.75V 

MIN. =4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

MAX.= 5.25V 
MAX.= 5.50V 

Parameters Description Test Conditions (Note 1) 

Vee= MIN. loH = -1.0mA I 
VoA Output HIGH Voltage 

V1N = V1H or V1L loH = -2.6mA J 
Vee= MIN. All, loL = 4.0mA 

Vol Output LOW Voltage 

MIL 

COM'L 

V1N = V1H or V1L 
74LS only, loL = 8.0mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW l MIL 
V1L Input LOW Level voltage for all inputs l COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

loz 
Off-State (High-Impedance) Vee= MAX. 

Vo= 0.5V 
Output Current Vo= 2.4V 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note3) 

ice 
Power Supply Current Vee= MAX. (Note 41 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

27 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

...0.4 mA 

20 µ.A 

0.1 mA 

-20 

20 
µ.A 

-100 mA 

45 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable 'device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one outpUt should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open; all Di inputs and OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 

Di The D flip-flop data inputs. 

CP Clock Pulse for the register. Enters data on the LOW-to-
HIGH transition. 

Yi The register three-state outputs. 

OE Output Control. An active-LOW three-state control used 
to enable the outputs. A HIGH level input forces the 
outputs to the high impedance (off) state. 
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FUNCTION 

Hi-Z 

LOAD 
REGISTER 

H =HIGH 
L= LOW 
X = Don't Care 

OE 

H 

H 

L 
L 

H 

H 

INPUTS INTERNAL 

Clock Di Qi 

L x NC 

H x NC 

L L 

H H 

L L 

H H 

NC = No Change 
Z =High Impedance 
t =LOW-to-HIGH transition 

OUTPUTS 

Vj 

z 

z 

L 
H 

z 

z 

El 



Am25LS/54LS/74LS374 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

1PLH Clock to Y; 
18 28 28 

ns 
1PHL 22 37 37 

l LOW 25 25 
tpw Clock Pulse Width ns 

HIGH 20 20 CL= 15pF 

ts Data 20 20 ns RL = 2.0k!1 

th Data 10 1 10 ns 

tzH OE to Y; 
11 14 28 

ns 
tzL 14 21 36 

tHz OE to Y; 
20 30 29 CL= 5.0pF 

ns 
tLz 25 36 35 RL = 2.0k!1 

fmax Maximum Clock Frequency (Ngt~ ~) 45 30 MHz 

Note 1. Per industry convention, fmax is the wOr~t5~s~.val 'mum device operating frequency with no constraints on tr, tf, pulse 

width or duty cycle. /~rj, 
,,--·-,, 
t.~-_/.,,, 

,.;;• 

Am25LSONLY .A~'t:s'J;p Am25LS MIL 
SWITCHING CHARACTERISTICS -,,__ 

"'·~ 

OVER OPERATING RANGE* TA = 0 o (;if'q:1~f!J".~/) 0 
to +125°C 

V~~~ 5.0V ::::t(.;·;l~::~ 
v ±10% 

Parameters Description Max. Units Test Conditions 

1PLH 36 ··c:c 4 44 
Clock to Y; ns 

tPHL 47 57 

l LOW 30 35 
tpw Clock Pulse Width ns 

l HIGH 25 30 CL= 50pF 

ts Data 15 20 ns RL = 2.0k!1 

th Data 12 15 ns 

1ZH OE to Y; 
20 25 

tzL 39 
ns 

30 

tHz 
OE to Y; 

35 40 CL= 5.0pF 
ns 

tLz 39 42 RL = 2.0k!1 

fmax Maximum Clock Frequency (Note 1) 25 20 MHz 

*AC performance over the operating temperature r'ange is guaranteed by testing defined in Group A, Subgroup 9. 

ORDERING INFORMATION 

Am54LS/ 
Am25LS374 74LS374 

Package Temperature Order Order 
Type Range Number Number 

Molded DIP 0°e to +70°e AM25LS374Pe SN74LS374N 
Hermetic DIP 0°e to +70°e AM25LS374De SN74LS374J 

Dice 0°e to +70°e AM25LS374Xe SN74LS374X 
Hermetic DIP -55°e to +125°e AM25LS374DM SN54LS374J 

Hermetic Flat Pak -55°e to +125°e AM25LS374FM SN54LS374W 
Dice -55°e to +125°C AM25LS374XM SN54LS374X 
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Am25LS/54LS/74LS374 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 

Yo 

Do 

DJ 

Y1 

Y2 

D2 

D3 

Y3 

GND 10 

CP 11 

APPLICATIONS 

CLOCK 1 

l i5E1=1 

OE CP 

Yo Do 

Y1 D, 

Y2 D, 

Y3 D3 

Y4 D4 

Y5 D5 

Y5 D5 

.---- Y7 D1t---

Ao Do Yo 

Al o, v, 

A2 o, Y2 

A3 D3 Y3 

A-BUS 
A4 D4 Y4 

A5 D5 Y5 

A5 o, Y5 

A1 D1 • Y7 

OE CP 

i5E2~ 
CLOCK 2 

Metallization and Pad Layout 

DIE SIZE 0.080" X 0.111" 

'o ., 
., 
B3 

B-BUS 
B4 

B5 

•• 
,, 

Two Am25LS374's can be used as a bi-directional bus driver/register. The above connection shows separate 
clocks and three-state controls. 
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Am25LS377B • Am54LS/74LS377B 
8-Bit Register With Register Enable 

DISTINCTIVE CHARACTERISTICS 

• Eight-bit, high speed parallel registers 
• Positive, edge-triggered, D-type flip-flops 
• Buffered common clock and buffered common clock enable 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- 50mV lower VoL at IOL = 8mA 
- Twice the fan-out over military range 
- 440µA source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS377B and the Am54LS/74LS377B are eight-bit 
registers built using advanced Low-Power Schottky technology. 
These registers consist of eight D-type flip-flops with a 
buffered common clock and a buffered common clock enable. 

When the clock enable (E) input is LOW, new data is entered 
into the flip-flop register on the LOW-to-HIGH transition of 
the clock input. When the(E)input is HIGH, the register will 
retain the present data independent of the clock inputs. 

The device is packaged in a space-saving (0.3-inch row spacing) 
20-pin package. 

Note: The B designation identifies buffered output versions pro
vided to eliminate output commutation. 

LOGIC DIAGRAM 

Oo 01 o, 03 04 o, 05 07 

CONNECTION DIAGRAM 
LOGIC SYMBOL 

Top View 

13 14 17 18 

Vee 07 D7 D5 05 o, D5 D4 04 eP 

Do Dl D, D3 D4 D5 D5 D7 

11 eP 

OE 

Oo 01 a, 03 04 05 05 a, 

12 15 16 19 

Oo Do Dl 01 o, D, D3 03 GND 

Vee= Pin 20 
Note: Pin 1 is marked for orientation. GND=Pin10 
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Am25LS377B 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee"' 5.0V ±5% MIN."" 4.75V MAX.= 5.25V 

Ml L TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 11 

Vee= MIN., loH = -440µA I VoH Output HIGH Voltage 
V1N = V11-1. or V1L 

Vee= MIN. loL =4.0mA 

Vol Output LOW Voltage VIN= V1H or VIL 
loL =8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW l V1L Input LOW Level voltage for all inputs 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•• 
Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc 
Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

MIL 2.5 

COM'L 2.7 

2.0 

MIL 

COM'L 

-15 

Am25 LS/54LS/74LS377B 

Typ. 
(Note 2) 

17 

Max. 

0.4 

0.45 

0.7 

0.8 

-1.5 

-0.36 

20 

0.1 

-85 

28 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open, E = GND, all Di inputs= 4.5V. Apply momentary ground, then 4.5V to clock input. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +V cc max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 
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Am25LS/54LS/74LS377B 

Am54LS/74LS377B 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA== 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 
MIL TA=-55°Cto+125°C Vee= 5.0V ±10% MIN.== 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee =MIN., loH = -400µA l MIL VoH Output HIGH Voltage 
VIN= V1H_ or VtL l COM'L 

Vee= MIN. All, loL = 4mA 
Vol Output LOW Voltage 

VIN= VJH or VtL 
74LS only, loL = 8mA 

VJH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
VJL Input LOW Level 

voltage for all inputs COM'L 

Vt Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

ltH Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc Power Supply Current Vee= MAX. (Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

17 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

--0.4 mA 

20 µA 

0.1 mA 

-100 mA 

28 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open, E = GND, all Di inputs= 4.5V. Apply momentary ground, then 4.5V to clock input. 

FUNCTION TABLE 

INPUTS 

E Di 

H x 
L x 
L x 
L L 

L H 

OUTPUTS 

CP Qi 

X NC 
H NC 

L NC 

L 
H 

H =HIGH NC= No Change 
L = LOW X = Don't Care 
t =LOW-to-HIGH Transition 
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DEFINITION OF FUNCTIONAL TERMS 

Di The D flip-flop data inputs. 
E Enable. When the enable is LOW, data on the Di inputs 

is transferred to the Qi outputs on the LOW-to-HIGH 
clock transition. When the enable is HIGH, the Qi out
puts do not change regardless of the data or clock input 
transitions. 

CP Clock Pulse for the register. Enters data on the LOW-to
HIGH transition. 

Qi The TRUE register outputs. 



Am25 LS/54LS/74LS377B 

SWITCHING CH R CTE S S A A RI TIC 
(TA= +25°e, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 
18 27 18 27 

Clock to Output 
ns 

tpHL 23 35 23 35 

1 HIGH 20 20 

tpw Clock Pulse Width J 25 25 
ns 

LOW 

ts Data 20 20 ns 

th Data 10 10 ns 
CL= 15pF 
RL = 2.0kn 

1 Active State 25 25 

ts Clock Enable 
ns 

J 1 nactive State 20 20 

th Clock Enable 5 5 ns 

fmax Maximum Clock Frequency (Note 1 l 30 40 30 40 ns 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width 

or duty cycle. 

Am25LSONLY Am25LS COM'L Am25LS MIL 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 32 37 
Clock to Output ns 

tPHL 45 54 

1HIGH 25 25 

tpw Clock Pulse Width ns 

jLOW 25 30 

ts Data 20 20 ns CL= 50pF 

th Data 12 15 ns RL = 2.0kn 

1 Active 27 30 

ts Clock Enable j 1nactive 

ns 
22 25 

th Clock Enable 5 5 ns 

fmax Maximum Clock Frequency (Note 1) 25 20 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS • Am54LS/74LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 

Metallization and Pad Layout 

DIE SIZE 0.080" X 0.111" 
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Am25LS/54LS/74LS377B 

ENABLE ----0 G 

APPLICATION 

CLEAR------, 

OUTPUT ENABLE---...&.--, l 
OE CLR 

---.----------1Do Yot-----
---1---.---------101 Y1t---
---+-+-.--------1 D2 ~ Y2t-----

INPUT 
DATA BUS 

---+-+---t-.-------1 03 ~ Y3r--

---+-+-+-+-.------1 D4 ~ Y4t---

Am25LS139 

---+-+---t-+-t--1-----105 ~ 
---i--i--+-+--t---t--1----tD5 Y5t---

---i--i--+--t---t---t---t--1---I07 Y7!---

YoP------

CP E 

t-+-+-+-+-+-+-+-;----ioa Oot---
t-+-+-+-+-+-+-;----io1 o1 t---

t-+-+-+--t--t-;----iD2 
t-+-+-t--t--1r-1 D3 

t-+-+-t--t--1 D4 

t-t--+- D5 
+-t- o, 

CP E 

~J 
Y1l:>-----t--t---t---t---t---t---t---t---t---~ 

Y2 p------
O-+-+-+-+-+-+-+-+-tOO 

O-+-+-+-+-+-+--t-'101 

O-+-+--+---+---+--+-t02 

O-+-+-+-+-t---< D3 
O-+-+-+-+-< 04 

t-+-t--t--1 05 

+-t-+- 05 

Oo r--

01 t--
o, r--

03 r--

04r--

05 t---
05 r--

t-t- o7 o 7 r--
CP E 

~+--+--+--+-+-+-+-+-1 Do Oot--
~+--+-+-+-+-+-+-1 o1 o1 t--

-+-+-+-+-+--t-1 D2 02 r--

~t-t--1---t---tD4 04t-----
~t--t--1r--!05 Ost---

'--t-t-1 05 05 t--
'--t- o7 o7 t--

CP E 

CLOCK--------+------------~J J 

Selective Register Loading of Data on Synchronous Clock. 
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Am25LS378 • Am25LS379 
Am54LS/74LS378 • Am54LS/74LS379 

Hex/Quad Register With Register Enable 

DISTINCTIVE CHARACTERISTICS 

• Four-bit and six-bit high-speed parallel registers 

• Common clock and common reyister enable 

• Positive edge-triggered D flip-flops 

• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 

- 50mV lower VoL at IQL = 8mA 

- Twice the fan-out over military range 

- 440µA source current at HIGH output 

• 100% product assurance screening to MI L-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

These four-bit and six-bit registers are built usiny advanced 

Low-Power Schottky processiny_ Each register features a 

buffered common clock as well as a buffered common register 

enable. These devices are second source versions of the popular 

Am25LS07 and Am25LS08. 

Both registers will find application in digital systems where 

the information is associated with a logic gatiny signal. They 

are ideally suited for a microprogrammed machine where a 

microprogram control bit provides the register enable signal. 

When the register enable is LOW, data on the D inputs is 

stored in the register on the LOW-to-HIGH transition of the 

clock. When the enable input is HIGH, the register will not 

change state regardless of the clock or data input transitions. 

LOGIC DIAGRAMS 

Am25LS378 • Am54LS/74LS378 

Am25LS379 • Am54LS/74LS379 
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Am25LS/54LS/7 4LS378/379 

LOGIC SYMBOLS CONNECTION DIAGRAMS 
Top Views 

LS378 LS379 LS378 LS379 

CP 

J 2 

Vee= Pin 16 
GNO:Pin8 Note: Pin 1 is marked for orientation. 

Am25LS378 • Am25LS379 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C 

MIL TA=-55°Cto+125°C 

vcc=5.0V±5% 

Vee= s.ov ±10% 

(MIN.= 4.75V 

(MIN.= 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

MAX. = 5.25 VI 
MAX.= 5.50V) 

Parameters Description Test Conditions (Note 11 

Vee= MIN., loH =-440µA 
VoH Output HIGH Voltage 

VIN= V1H or VIL 

MIL 

COM'L 

Vee= MIN. loL = 4.0mA 
Vol Output LOW Voltage 

V1N = V1H or V1L 
loL = 8.0mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Clock, E 
l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

Others 

Clock 
l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

Others 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

Power Supply Current LS378 
•cc (Note 4) 

Vee= MAX. 
LS379 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

16 

11 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 
mA 

-0.24 

20 
µA 

14 

0.1 mA 

-85 mA 

22 
mA 

18 
Notes: 1. For conditions shown as M f N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee"" 5.0V, 25°e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applic~d to the clock input. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5 V to +V cc max. 
DC Input Voltage -0.5 V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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Am25 LS/54LS/7 4LS378/379 

Am54LS/74LS378 • Am54LS/74LS379 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C 

MIL TA=-55°Cto+125°C 

Vee~ 5.0V ±5% (MIN.= 4.75V MAX.= 5.25V) 

Vee= 5.0V ±10% (MIN.= 4.50V MAX.= 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 l 

Vee= MIN., loH = -400µA 1 VoH Output HIGH Voltage 
V1N = V1H or V1L 

MIL 

COM'L 

Vee~ MIN, All, loL = 4.0mA 

Vol Output LOW Voltage V1N = V1H or V1L 
74LS only, loL = BmA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW [ MIL 

V1L Input LOW Level voltage for all inputs l COM'L 

V1 Input Clamp Voltage Vee~ MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

•sc Output Short Circuit Current Vee= MAX. 
!Note 3) 

Power Supply Current l LS378 

•cc Vee= MAX. 
(Note 4) l LS379 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

16 

11 

Max. Units 

Volts 

0.4 
Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.4 mA 

20 µA 

0.1 mA 

-100 mA 

22 
mA 

18 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed_one second. 

4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5Vapplied to a clock input. 

DEFINITION OF FUNCTIONAL TERMS 

Di The D flip-flop data inputs. 

E Enable. When the enable is LOW, data on the Di inputs is 

transferred to the Qi outputs on the LOW-to-HIGH clock 

transition. When the enable is HIGH, the Qi outputs do not 

change regardless of the data or clock input transitions. 

CP Clock Pulse for the register. Enters data on the LOW-to

HIGH transition. 

Qi The TRUE register outputs. 

Oi The complement register outputs 

FUNCTION TABLE 

Inputs Outputs 

E Di CP Qi oi 

H x x NC NC 

L x H NC NC 

L x L NC NC 

L L l L H 

L H t H L 

H =HIGH NC= No Change 

L =LOW X =Don't Care 

t =LOW-to-HIGH Transition 

O:; on LS379 Only 
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Am25LS • Am54LS/74LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 

EJ 



Am25 LS/54 LS/7 4 LS378/379 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 13 20 17 27 Clock to Output ns 
tPHL 13 20 18 27 
tpw Clock Pulse Width 17 20 ns 
t, Data 20 20 ns CL=15pF 
th Data 5.0 5.0 ns RL = 2.0k.11 
t, Clock Enable 25 25 ns 
th Clock Enable 5.0 5.0 ns 
fmax Maximum Clock Frequency {Note 1) 40 65 30 40 MHz 

Note 1. Per industry convention, tmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width or duty cycle. 

Am25LS ONLY 
SWITCHING CHARACTERISTICS 

Am25LS COM'L Am25LS MIL 

OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ±5% Vee= 5.ov ±103 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 30 35 Clock to Output ns 
tPHL 30 35 
tpw Clock Pulse Width 26 30 ns 
t, Data 30 35 ns 

CL= 50pF 
th Data 11 12 ns RL=2.0k.11 
t, Clock Enable 33 38 ns 
th Clock Enable 11 12 ns 

fmax Maximum Clock Frequency (Note 11 30 26 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Metallization and Pad Layout 

LS378 LS379 
E' 1 16 Vee 16 Vee 

Do 2 15 a, Oo 15 03 

Do 3 14 Ds 

6Q 14 03 

D1 4 13 D4 

Do 13 D3 
a1 5 12 04 

D1 12 D2 

D2 6 11 D3 a; 11 02 

02 7 10 a, 
a1 10 02 GND 8 GP 

GND CP 

DIE SIZE 0.075" X 0.084"' DIE SIZE 0.061" X 0.075" 
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Am25 LS/54LS/7 4LS378/379 

ORDERING INFORMATION 

Am54LS/ Am54LS/ 

Am25LS378 Am25LS379 74LS378 74LS379 

Package Temperature Order Order Order Order 

Type Range Number Number Number Number 

Molded DIP 0°C to +70°C AM25LS378PC AM25LS379PC SN74LS378N SN74LS379N 

Hermetic DIP 0°C to +70°C AM25LS378DC AM25LS379DC SN74LS378J SN74LS379J 

Dice 0°C to +70°C AM25LS378XC AM25LS379XC SN74LS378X SN74LS379X 

Hermetic DIP -55°C to +125°C AM25LS378DM AM25LS379DM SN54LS378J SN54LS379J 

Hermetic Flat Pak -55°C to +125°C AM25LS378FM AM25LS379FM SN54LS378W SN54LS379W 

Dice -55°C to +125°C AM25LS378XM AM25LS379XM SN54LS378X SN54LS379X 

APPLICATION 

Do Dor--

D1 01r---

INPUT 
D2 02r---

DATA BUS D3 031--
WORD 1 

D4 D4r---

D5 05r---
CP E 

,--J 1 
Do Dor--

E1 
D1 00 D11--

SELECT { : 

D, ~ D,1--

Yap--
D3 'E D3I--

-A <t 
D4 D41--

D5 051--
CP E 

-B Y1 ('-'" 

1 ~1 Am25LS139 

WORD 2 

Y2h. 

Do Dor--

----{) G 

o, 00 011--
Y3 ::; o, i D2t----

03 'E D3t----

ENABLE 

WORD 3 

04 
<t 

04t----

05 D5 
1--

CP E 

l-J J 
Do Dor--

o, 
00 D11--

o, 
~ 

D,1--

03 
E DJt----

WORD 4 

04 
<t 

o,r---

05 05 t----
CP E 

CLOCK IJ 
Selective Register Loading of Data on Synchronous Clock. 

3-172 



Am25LS381 • Am54LS/74LS381 
Am25LS2517 

Arithmetic Logic Unit/Function Generator 

DISTINCTIVE CHARACTERISTICS 

• Three arithmetic functions 
• Three logic functions 
• Preset and clear functions 
• Space-saving 20-pin package 
• Carry output (Cn+4l and overflow (OVR) outputs on 

Am25LS2517 
• Generate and propagate outputs for full lookahead carry 

on Am25LS381 
• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VOL at IQL = 8mA 
- Twice the fan-out over military range 
- 440µA source current at HIGH output 

• 100% product assurance testing to MI L-STD-883 
requirements 

LOGIC DIAGRAM 

en 15 

•o '•<ct;::::=;:f1=;~J-i 

A2~1~9_;~--"----'fFFf'fl.J 
83 16 

c,.4 } 14 '2517 
o!-3 ON~Y 

OVR 

Note: The Advanced Micro Devices' LS381 products were designed 
prior to publication of data sheets by T.I. Review specifications for 
possible differences. Am25LS2517 has been second sourced as the 
54/74LS382. 
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FUNCTIONAL DESCRIPTION 

The Am25LS381 and Am54LS/74LS381 are arithmetic logic 
units (ALU)/function generators that perform three arithmetic 
operations and three logic operations on two 4-bit words. The 
device can also output forced 0000 (clear) or 1111 (preset). 
These eight operations are selected using three function select 
inputs So. S1 and S2 as shown in the function table. Full 
carry look ahead is used over the four-bit field within the 
device. When devices are cascaded, multi-level full carry look
ahead is implemented using a '182 carry look ahead generator 
and the G and P outputs on the Am25LS381 or Am54LS/ 
74LS381. The device is packaged in a space-saving (0.3-inch 
row spacing) 20-pin package. If the Cn+4 carry output func
tion is required, the Am25LS2517 should be used. 

The Am25LS381 is a high-performance version of the 
Am54LS/74LS381. Improvements include faster a. c. specifi
cations, higher noise margin and twice the fan-out over the 
military temperature range. 

The Am25LS2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 
operations are selected using three function select inputs So. 
S1 and S2 as shown in the function table. Full carry look
ahead is used over the four-bit field within the device. When 
devices are cascaded, the carry output (Cn+4 l is connected to 
the carry input (Cnl of the next device. The Am25LS2517 
can also detect two's complement overflow. The overflow 
output (OVR) is defined logically as Cn+3 al Cn+4· 

LOGIC SYMBOLS 

Am25LS2517 Am25LS381 
Am54LS/74LS381 

3 4 1 2 19 18 17 16 3 4 1 2 19 18 17 16 

s, 
s, 

s so Fo ,, 
11 

OVA 

F3 

12 

s, 
13 6 s, 

Vee= Pin 20 
GND =Pin 10 

CONNECTION DIAGRAMS 
Top Views 

12 

Am25LS2517 Am25LS381 
Am54LS/74LS381 

Note: Pin 1 Is marked for orientation. 

13 



Am25LS/54LS/74LS381 • Am25LS2517 

Am25LS381 •Am25LS2517 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V t5% MIN.= 4.75V MAX.= 5.25V 

Ml L TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 I 

Vee= MIN., loH = -440µA J MIL 
VoH Output HIGH Voltage 

V1N = V1H or VIL COM'L 

Vee= MIN. 
loL =4.0mA 

Vol Output LOW Voltage V1N = V1H or V1L loL =8.0mA 

G, IOL = 16mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW J 
MIL 

V1L Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Any S 

Any A or B 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 
'LS381, Cn 

'LS2517, Cn 

Any S 

Any A or B 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 
'LS381,Cn 

'LS2517, Cn 

Any S 

Any A or B 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 
'LS381, Cn 

Vee= MAX., V1N = 5.5V 'LS2517, Cn 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

Am25LS381 
Mil 

Power Supply Current Vee= MAX. Am25LS2517 
Ice (Note 4) Am25LS381 

COM'L 
Am25LS2517 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

25 

27 

Max. 

0.4 

0.45 

0.55 

0.7 

0.8 

-1.5 

-0.36 

-1.44 

-1.08 

-1.44 

20 

80 

60 

80 

0.1 

0.4 

0.3 

0.4 

-85 

40 

43 

43 
j------

47 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MlN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: LS381: So =S 1 =S2 = GND, all other inputs open. 

LS2517: So= Cn =open, all other inputs= GND. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage (Except Am25LS2517, Cn input= 5.5V) -0.5 V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am25LS/54LS/74LS381 • Am25LS2517 

Am54LS/74LS381 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 
MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.SOV 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameten Description Test Conditions I Note 1) 

Vee= MIN., loH = --400µA 
VoH Output HIGH Voltage 

V1N = V1H or VIL 

loL =4mA 

MIL 

COM'L 

VoL Output LOW Voltage Vee= MIN. 74LS only, loL = 8mA 
V1N = V1H or V1L P, IOL = 8.0mA 

G, loL = 16mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW MIL 
V1L Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Any S 
l1L Input LOW Current (Note 5) Vee= MAX., V1N = 0.4 v 

Others 

Any S 
l1H Input HIGH Current (Note 5) Vee= MAX., V1N = 2.7V 

Others 

Any S 
•1 Input HIGH Current (Note 5) Vee= MAX., V1N = 7.0V 

Others 

•sc Output Short Circuit Current 
(Note 3) 

Vee= MAX. 

•cc Power Supply Current 
(Note 4) 

Vee= MAX. 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

25 

Max. Units 

Volts 

0.4 

0.5 
Volts 

0.5 

0.65 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

--0.4 
mA 

-1.6 

20 
µA 

80 

0.1 
mA 

0.4 

-100 mA 

43 mA 

Notes: 1. For _cond.iti~ns shown as MIN. or M~X., use .the appropri~te value s~ecified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: LS381: So= S1 = S2 = GN D, all other inputs open. 

LS2517: So= Cn =open, all other inputs= GND. 
5. Limits chosen by AMD based on SN54S/74S381, T.I. LS data unavailable. 

DEFINITION OF FUNCTIONAL TERMS 

Ao. A1, A2, A3 
Bo,B1,B2.B3 

So.S1.s2.S3 

The A data inputs. 
The B data inputs. 

FUNCTION TABLE 

The control inputs used to determine the 
arithmetic or logic function performed. Selection Arithmetic/Logic 

Fo. F1, F2, F3 
Cn 

Cn+4 

OVR 

The data outputs of the ALU. 
The carry-in input of the ALU. 
The carry-look-ahead output of the four-bit 
input field. 

The carry-generate output for use in multi
level look-ahead schemes. 
The carry-propagate output for use in multi
level look-ahead schemes. 

S2 S1 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

H =High Level, L = Low Level 

So 
L 

H 

L 

H 

L 

H 

L 

H 

Overflow. This pin is logically the Exclusive
OR of the carry-in and carry-out of the MSB 
of the ALU. At the most significant end of 
the word, this pin indicates that the result 
of an arithmetic two's complement operation 
has overflowed into the sign-bit. 

See Truth Table for full description. 
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Operation 

Clear 

8 Minus A 

A Minus B 

A Plus B 

A©B 

A+B 
AB 

Preset 



Am25LS/54LS/74LS381 • Am25LS2517 

SWITCHING CHARACTERISTICS 
(T A= +2 5°C V cc= 5. OV) 

Am25LS Am54LSn4LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 14 19 26 

Cn to F; 
16 23 

ns 

IPHL 
30 

IPLH 16 24 30 
Ai or Bj to Fj 

23 35 
ns 

IPHL 
40 

IPLH 20 30 35 
Si to Fi 

25 37 
ns 

IPHL 
40 

IPLH Ai or Bj to G 20 27 35 

('LS381 Only) 15 
ns 

IPHL 22 30 

. IPLH Ai or Bj to P 17 24 34 

('LS381 Only) 
-- ns 

tPHL 15 23 30 

tPLH S; to G or P 32 48 55 CL= 15pf 

IPHL ('LS381 Only) 23 35 
ns RL = 2.0kn 42 

IPLH A; or B; to OVR 23 34 -

('LS2517 Only) 24 36 
ns 

IPHL 
-

IPLH Aj or Bj to Cn+4 21 32 -

IPHL ('LS2517 Only) 24 36 
ns 

-

tPLH S; to OV-R or Cn+4 27 41 -

tPHL ('LS2517 Only) 37 55 
ns 

-

IPLH Cn to Cn+4 14 21 -

IPHL ('LS2517 Only) 15 22 
ns 

-

IPLH Cn to OVR 15 22 -

IPHL ('LS2517 Only) 15 22 
ns 

-

EJ 
Am25LSONLY Am25LS COM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* TA= 0°C to +70°C TA= -55°C to +125°C 

Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

IPLH 
27 30 T 

Cn to F; 
ns 

IPHL 35 42 I 

1PLH 
32 36 

Aj or Bj to Fj 
ns 

IPHL 
44 50 

IPLH 38 42 
S; to F; 

ns 

IPHL 
48 55 

IPLH Aj or Bi to G 37 40 

('LS381 Only) 
ns 

IPHL 
31 36 

IPLH Aj or Bj to P 34 39 

('LS381 Only) 
ns 

IPHL 
34 42 

IPLH Si to G or P 57 63 CL= 50pF 

('LS381 Only) 
ns RL = 2.0kn 

IPHL 47 55 

IPLH A; or B; to OVR 41 45 

('LS2517 Only) 
ns 

IPHL 
47 55 

tPLH Ai or Bj to Cn+4 38 40 

('LS2517 Only) 
ns 

tPHL 46 52 

IPLH S; to OVR or Cn+4 52 60 

('LS2517 Only) 
ns 

1PHL 66 75 

IPLH Cn to Cn+4 28 32 

('LS2517 Only) 
ns 

IPHL 
28 30 

IPLH Cn to OVR 30 35 

('LS2517 Only) 
ns 

IPHL 28 30 

"'AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Path 
In Out So S1 S2 
Cn Any F 1 0 0 

Cn F; 1 0 0 

A; G 1 1 0 
-

B; G 1 1 0 

A; p x x 1 

B; p 1 1 0 

A; F; 0 1 0 

A; F; 0 1 0 

B; F; 0 1 0 

B; F; 0 1 0 

A; F;+1 0 1 0 

B; F;+1 1 0 0 

So F; - 0 0 

So G - 1 0 

So p - 1 0 

s, F; 0 - 0 
s, G 1 - 0 

S1 p 1 - 0 

S2 F; 0 1 -

S2 G 1 1 -

S2 j5 1 1 -

X == Don't care 

Am25LS/54LS/74LS381 
TEST TABLE 

Same Bit Other Data Bits 
Cn 4.5V GND 4.5V GND 
- - - All A's & B's -

- B; Ai All A's & B's -

x B; - All B's All A's 

x A; - All B's All A's 

x B; - All A's & B's -
x A; - All B's All A's 
0 - B; - A's & B's 
1 - B; - A's & B's 
0 - A; - A's & B's 
1 - A; - A's & B's 

1 B; - A's & B's -
1 A; - A's & B's -

1 B; A; All B's All A's 

x - - A's & B's -
x - - All B's All A's 
1 A; B; All A's All B's 
x - - A's&B's -
x - - All A's All B's 
1 A; B; All A's All B's 
x - - A's & B's -
x - - All A's All B's 

TRUTH TABLE 

INPUTS OUTPUTS 

Output 
Waveform 

out-of-phase 

in-phase 

out-of-phase 

out-of-phase 

out-of-phase 

out-of-phase 

out-of-phase 

in-phase 

out-of-phase 

in-phase 

out-of-phase 

out-of-phase 

in-phase 

out-of-phase 

out-of-phase 

in-phase 

out-of-phase 

out-of-phase 

in-phase 

in-phase 

out-of-phase 

G p 

CLEAR 0 0 0 X X X 0 0 >------------+--·-·----~l-~o--+-~o-~o--4-,~-~,-~,--,~+-~,-+-~o__, 
0 0 

0 1~ ! ~ ~ ~ ~ ~ ! ! 
10000001 0 

B MINUS A 

1 0 1 1 1 1 1 0 0 
1 1 0 1 0 0 0 1 1 
1110000 1 0 !-------------1------------+---o-' - ··o-·--a-· 1 1 1 1 1 0 

0 0 1 0 0 0 0 1 1 
1 1 1 0 0 
1 1 1 1 0 
0 0 0 1 0 
0 0 0 1 1 
1 1 1 0 0 
0 0 0 1 0 

--o--o~---o->---,-~ 

1 1 1 1 0 

, 01! ~~I~ 
f-----------+--- l_J__,___l_l_ ~ -------t 0 0 0 0 

0 0 1 1 

A MINUS B 

0 1 0 1 1 1 1 1 0 
A PLUS B 1 0 0 1 1 0 1 1 l 0 0 

1 0 0 1 0 0 0 1 1 
1 0 1 0 o a o , o 
1 1 0 0 0 0 0 1 0 
1 1 1 1 1 1 1 0 0 r------------t-,.----------1-~x~r-~o --- a· - - 5-·--0 --0-0--+--o-+-0-

~ ~~ ~ ~ ~~~ ~ x 1, 000 0 0 ---------- ---------t-~x~t-~o ---0 0 0 0 0 a--+--o~ 

~ ~ ~ ~ ~ ~ ~1~ 

A <I> B 

A+B 

x 1 1 1 1 1 1 1 ---1---x-+--o--o·- --o-~-o --o 
x 0 1 0 0 0 
x 1 0 0 0 0 

AB 

x 1 1 1 1 1 
·t-------x----1--0--0-l--,---,--,~ 

PRESET x 0 1 1 1 1 
x 1 0 1 1 1 
x 1 1 1 1 1 
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Path 
In Out So S1 S2 Cn 

Cn Any F 1 0 0 -

Cn F; 1 0 0 -

A; F; 0 1 0 0 

A; F; 0 1 0 1 

A; OVRF 0 1 1 1 

A; Cn+4 0 1 1 1 

B; F; 0 1 0 0 

B; F; 0 1 0 1 

B; OVRF 0 1 1 0 

B; Cn+4 0 1 1 0 

A; F;+1 0 1 0 1 

B; F;+1 1 0 0 1 

So F; - 0 0 1 

So OVRF - 1 1 0 

So Cn+4 - 1 1 0 

s, F; 0 - 0 1 

S1 OVRF 0 - 1 x 

S1 Cn+4 0 - 1 x 
S2 F; 0 1 - 1 

S2 OVRF 0 1 - 0 

S2 Cn+4 0 1 - 0 

Am25LS2517 
TEST TABLE 

Am25LS/54LS/74LS381 • Am25LS2517 

Sarne Bit Other Data Bits Output 
4.5V GND 4.5V GND Waveform 

- - A's & B's None out-of-phase 

B; A; A's & B's None in-phase 

- B; None A's & B's out-of-phase 

- B; None A's & B's in-phase 

B; - A's & B's None in-phase 

B; - A's & B's None in-phase 

- A; None A's & B's out-of-phase 

- A; - A's & B's in-phase 

A; - A's & B's None out-of-phase 

A; - A's & B's None out-of-phase 

B; - A's & B's None out-of-phase 

A; - A's & B's None out-of-phase 

B; A; All B's All A's in-phase 

- - A's & B's None out-of-phase 

- - None A's & B's out-of-phase 

A; B; All A's All B's in-phase 

- - None A's & B's in-phase 

- - None A's & B's in-phase 

A; B; All A's All B's in-phase 

- - None A's & B's in-phase 

- - None A's & B's in-phase 

X = Don't care 

FUNCTION .. s, 
CLEAR 

TRUTH TABLE 

INPUTS 

s, 
OUTPUTS 

0 xxoooo 111 

1xxoooo111 
r-----------t------,~,-r-~,---o ---,-----·~, -~,--~,_,_

~, __,__-,~ 

0 0 1 0 1 1 1 0 1 

0 1 0 0 0 0 0 0 0 

8 MINUS A 0 1 1 1 1 1 1 0 i 0 

1 0 0 0 0 0 0 0 1 

~ ~~~~~~6j~ 
1 1100000 1 

-----+-~,---t-~,--0 1 1 1 1 0 0 

6 ~ ~ 6 ~ ~ ~ 6 1 ~I 
~ ~~~~~~61~ A MINUS 8 

1 0 1 1 0 0 0 0 0 

~ ~ ~~~~~16!~ 
·-----+-~:-+~:--·i~ -~--~----r--·--r-m, .! ---r-

, 0 6 ~ ~ ~ ~ ~ ~ 61~ 
1 0 0 1 0 0 0 I 0 I 0 
, 0 1 0 0 0 0 0 1 

A PLUS B 

1 1 ~ ~ ~ ~ ~- 6j ~ 
r---------i---------ro~ -+-t- ~ ~ ~ ~ ~ 6 i 6 I 

I g ; ~ 6 6 6 6 ~ I ~ 'i 

A@B O O 

1 l 1 i l l l l 11 1 J 
66~~~~~661 
0 1 0 1 1 1 1 0 0 

1 
1 1 1 1 1 1 0 

0000000 

~ ~6i~i~616 
1 1 1 1 1 1 1 1 I 1 

r----------r------+--c:~~:.--~:>-+~:-0:--:-~:-+--;c-'r~;~ 

0 1 0 0 0 0 0 1 1 

0 1 1 1 1 1 1 0 0 

1 000000, 1 AB 

1 0 1 0 0 0 0 0 0 

11000001 1 

1 

PRESET 

0 0 1 1 1 
0 1 1 1 1 
1 0 1 1 1 

1 1 1 1 1 
0 0 1 1 1 
0 1 1 1 1 
1 0 1 1 1 
1 1 1 1 1 

1 0 0 

, I o o 

u u ! 
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Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Vcc------------.--~1--------....-~ 

[:] 

Note: Actual current flow direction shown. 

USER NOTES 

1. Throughout this data sheet, the active HIGH input and out
put terminology has been used. 

2. Arithmetic operations are performed on a word basis. 
3. Logic operations are performed on a bit basis. 

S1 

s, 

Fo 
Fl 

Metallization and Pad Layout 

20 Vee 
19 A2 

18 s, 
17 A3 

16 83 

15 c, 
14 p 

~---13 G 
~----12 F3 

GND 10-----~ ·------- 11 F2 

DIE SIZE 0.091" X 0.108" 

4. Arithmetic in 1 's complement notation requires an end 
around carry. 

5. Subtraction in 2's complement notation requires a carry in 
(Cn =HIGH) for the active HIGH case. 
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APPLICATIONS 

Gour 

F; F7 flYTE 
OVERFLOW 

TYPICAL SPEED CALCULATIONS 

Output 
Path F Cn+4, OVR 

Aj or Bi to Cn+4 24 ns 24 ns 

Cn to Cn+4 15 ns 15 ns 

Cn to Cn+4 15 ns 15 ns 

Cn to Fj 16 ns 

Cn to Cn+4• OVR 15 ns 

16-Bit Speed 70 ns 69 ns 

The Am25LS2517 in a 16-Bit Ripple Carry ALU Connection. 

OVERFLOW 

s, 
s, 

G, P1 Cri+v 

Am2902 

TYPICAL SPEED CALCULATIONS 

Output 

Path F Cn+4, OVR 

Aj or Bj to G or P 20 ns* 20 ns* 

Gi or Pi to CJ+j 8 ns 8 ns 

(.l\m 29021 

Cn to F 16 ns 

Cn to Cn+4, OVR 15 ns 

16-Bit Speed 44 ns 43 ns 

• Note that Si to G or P may be longer path. 

The Am25LS2517 and Am25LS381 in a 16-Bit Carry Lookahead ALU Connection. 
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UNDERSTANDING 
THE Am25LS2517 AND THE Am25LS381 

By John R. Mick 

INTRODUCTION 

The heart of most digital arighmetic processors is the arithme
tic logic unit (ALU). The ALU can be thought of as a digital 
subsystem that performs various arithmetic and logic oper
ations on two digital input variables. The Am25LS2517 and 
the Am25LS381 are Schottky TTL arithmetic logic units/ 
function generators that perform eight arithmetic/logic opera
tions on two four-bit input variables. In most ALU's, speed is 
generally a key ingredient. Therefore, as much parallelism in 
t~e operation of the arithmetic logic unit as possible is desired. 

The Am25LS381 ALU is designed to operate with a '182 carry 
lookahead generator to perform multi-level full carry lookahead 
over any number of bits. Therefore, the Am25 LS381 has both 
the carry generate and carry propagate outputs required by the 
'182 carry lookahead generator. The Am25LS2517, on the 
other hand, does not have the carry generate and carry propa
gate functions, but rather has the carry output (Cn+4l and a 
two's complement overflow detection signal (OVR) available 
at the output. The net result is that a very high-speed 16-bit 
arithmetic logic unit/function generator can be designed and 
assembled using three Am25LS381 's, one Am25LS2517, and 
one Am2902 (the Am2902 is a high-speed version of the '182 
carry lookahead generator). 

UNDERSTANDING THE FULL ADDER 

The results of an arithmetic operation in any pos1t1on in a 
word depends not only on the two-input operand bits at that 
position, but also on all the lesser significant operand bits of 
the two input variables. The final result for any bit, therefore, 
is not available until the carries of all the previous bits have 
rippled through the logic array starting from the least signifi
cant bit and propagating through to the most significant bit. A 
full adder is a device that accepts two individual operand bits 
at the same binary weight, and also accepts a carry input bit 
from the next lesser significant weight full adder. The full 
adder then produces the sum bit for this bit position and also 
produces a carry bit to be used in the next more significant 
weight full adder carry input. The truth table for a full adder is 

v0 xo v, x, 

A A 

s, 

shown in Figure 1. From this truth table, the equations for the 
full adder: 

S=AIDBIDC 
Co= AB + BC +AC, 
where A and B are the input operands to the full adder and 
C is the carry input into the adder. 

The sum output, S, represents the sum of the A and B operand 
inputs and the carry input. The carry output, Co, represents 
the carry out of this cell and can be used in the next more sig
nificant cell of the adder. Full adder cells can be cascaded as 
depicted in Figure 2 to form a four-bit ripple carry parallel 
adder. 

Inputs Outputs 

A B c s Co 
0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

Figure 1. Full Adder Truth Table. 

Note that once we have cascaded devices as shown in Figure 2, 
we may wish to discuss the equations for the i-th bit of the 
adder. In so doing, we might describe the equations of the full 
adder as follows: 

Sz 

Si = Ai ID Bi ID Ci 
Ci+1 = AiBi + BiCi + AiCi 
where the Ai and Bi are the input operands at the i-th bit, 
and the C; is the carry input to the i-th bit. (Note that the 
equations for this adder are iterative in nature and each 
depends on the result of the previous lesser significant bits 
of the adder array.) 

A A 

Co 

83 

Figure 2. Cascaded Full Adder Cells Connected as a Four-Bit Ripple-Carry Full Adder. 
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The connection scheme shown in Figure 2 requires a ripple 

propagation time through each full adder cell. If a 16-bit adder 

is to be assembled, the carry will have to propagate through all 

16 full adder cells. What is desired is some technique for antici
pating the carry such that we will not have to wait for a ripple 

carry to progagate through the entire network. By using some 

additional logic, such an adder array can be constructed. Th is 

type of adder is usually called a carry lookahead adder. 

A FOUR-BIT CARRY LOOKAHEAD ADDER 

Looking back to the equations developed for i-th bit of an 
adder, let us now rewrite the carry equation in a slightly dif

ferent form. When we factor the Ci in this equation, the new 
equation becomes: 

Ci+1 =Ai Bi+ Ci (Ai+ Bi) 

From the above equation, let us now define two additional 

equations. These are: 

Gi = AiBi 

Pi= Ai+ Bi 

With these two new auxiliary equations, we can now rewrite 
the carry equation for the i-th bit as follows: 

Ci+1 = Gi + PiCi 
Note that we have now developed two terms: the Pi term is 

known as carry propagate and the Gi term is known as carry 

generate. An anticipated carry can be generated at any stage of 

the adder by implementing the above equations and using the 

auxiliary functions Pi and Gi as required. 

It is interesting to note that the sum equation can also be 

written in terms of these two auxiliary equations, Pi and Gi. 
For this case, the equation is: 

Si= (Ai+ Bil (Ai Bil Ell Ci 

The auxiliary function Gi is called carry generate, because if it 
is true, then a carry is immediately produced for the next adder 

stage. The function Pi is called carry propagate because it 
implies there will be a carry into the next stage of the adder if 

there is a carry into this stage of the adder. That is, Gi causes a 
carry signal at the i-th stage of the adder to be generated and 

presented to the next stage of the adder while Pi causes an 
existing carry at the input to the i-th stage of the adder to 

propagate to the next stage of the adder. 

Let us now write all of the sum and carry equations required 

for a full four-bit lookahead carry adder. 

so = Ao (j) Bo (j) c 0 
S1 = A1 (j) 81 (j) [Go+ PoCol 
S2 = A2 (j) B2 (j) [G1 + P1Go + P1P0Col 
S3 = A3 (j) B2 (j) [G2 + P2G1 + P2P1 Go+ P2P1 PoCol 

Ci+4 = G3 + P3G2 + P3P2G1 + P3P2P1 Go+ P3P2P1 Paco 

An important point to note is that all of the sum equations and 

the final carry output equation, Ci+4. can be written in terms 

of the Ai. Bi. and Co inputs to the four-bit adder. The confi
guration as described above is shown in Figure 3. This figure is 

divided into two parts - the upper blocks show the auxiliary 

function generator circuitry required to implement the Pi and 

Gi equations while the lower block implements the logic re
quired to generate the sum output at each bit position. 

A serious drawback to the lookahead carry adder is that as the 

word length is increased, the carry functions become more and 

more complex, eventually becoming impractical due to the 
large number of interconnections and heavy loading of the Gi 

and Pi functions. The auxiliary function concept can be ex
tended, however, by dividing the word length into fairly small 
increments and defining blocks of auxiliary functions G and P. 

Understanding the Am25LS2517 and the Am25LS381 

Figure 3. Full Four-Bit Carry-Lookahead Adder. 

It is possible for a given block, to define a function G as the 

carry out generated with the block; and P can be defined as 

the carry propagate over the block. If the block size is set at 

four bits, then the functions for G and P for this block can be 
defined as follows: 

G = G3 + P3G2 + P3P2G1 + P3P2P1 Go 

P = P3P2P1Po 

It is important to note that neither of these terms involves a 

carry-in (Col to the block, so no matter how many blocks are 
tied in an adder, all the blocks have stable G and P functions 
available in a minimum number of gate delays. 

The G and P functions can be gated to produce a carry-in to 

each four-bit block, as a function of the lesser significant 

blocks. The carry-in to a block in is therefore: 

Cn = Gn-1 + Pn-1 Gn-2 + Pn-1 Pn-2Gn-3 + ... 

+ Pn-1 Pn-2Pn-3 ... P2P1 PoCo 

Finally, the carry-in to each of the bits in a four-bit block must 
include a term for the actual least significant carry-in; note, 

therefore, that the equations for the four-bit full adder pre
sented above include a term for carry-in at each bit position. 
Figure 4 shows the logic diagram for the Am25LS381 arith
metic logic unit/function generator while Figure 5 shows the 

logic diagram for the Am25LS2517 arithmetic logic unit/ 
function generator. Note the generate and propagate outputs 
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Understanding the Am25LS2517 and the Am25LS381 

Figure 4. Logic Diagram of The Am25LS381. 

on the Am25LS381, and the carry output and overflow output 
on the Am25LS2517. Figure 6 gives the function table for both 
the Am25LS2517 and Am25LS381. Figure 7 shows the tech
nique for cascading three Am25LS381 's, one Am25LS2517, 
and one Am2902 in a full 16-bit high-speed carry lookahead 
connection. Figure 8 shows a connection scheme using only 
four Am25LS2517's in a 16-bit arithmetic logic unit con
nection where the carries are rippled between the devices. 
Each Am25LS2517 does use internal carry lookahead over the 
four-bit block. 

In summary, the ripple carry method can be used in conjunction 
with the lookahead technique in several ways. 
1. Lookahead carry over sections of the adder and ripple 

carry between these sections of the adder can be used. This 
method is often the most efficient in terms of hardware for 

Figure 5. Logic Diagram of the Am25LS2517. 

Selection Arithmetic/Logic 

S2 s, So Operation 

L L L Clear 

L L H B Minus A 

L H L A Minus B 

L H H A Plus B 

H L L Ae B 

H L H A+B 

H H L AB 

H H H Preset 

H = High Level, L = Low Level 

Figure 6. Function Table for the Am25LS2517 
and Am25LS381. 

Figure 7. Full Lookahead Carry 16-Bit Adder. 
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Understanding the Am25LS2517 and the Am25LS381 

So 
s, 
s, 

Figure 8. Connection of 16-Bit ALU Using Ripple Carry. 

a given speed requirement. It does not require the use of a 
lookahead carry generator such as the Am2902. 

2. Lookahead carry across 16-bit blocks with a ripple carry 
between 16-bit blocks can be used. This technique is 
usually called two-level carry lookahead addition. This tech
nique results in very high-speed arithmetic function gener
ation and makes a reasonable tradeoff between the speed 
and hardware for word lengths greater than 16 bits. 

3. Full lookahead carry across all levels and all block sizes can 

be used. This is the highest speed arithmetic logic unit con
nection scheme. For word sizes up to 64 bits, it is referred 
to as three-level lookahead carry addition. Such a 64-bit 
ALU requires the use of five Am2902 carry lookahead gen
erator units in addition to the 15 Am25LS381 devices and 
one Am25LS2517 as shown in Figure 9. 

OVERFLOW 

When two's complement numbers are added or subtracted, the 
result must lie within the range of the numbers that can be 
handled by the operand word length. Numbers are normally 
represented either as fractions with a binary point between the 
sign bit and the rest of the word, or as integers where the binary 

c, Am2902 c. Am2902 

Cn+:io; Cn+y Cn+z 

~--------+--" Cn Am2902 

ToC32 

point is after the least significant bit. The actual choice for the 
location of the binary point is really up to the design engineer, 
as the hardware configuration required for either technique is 
identical. It is also possible to use number notations that in
clude both integer and fractional representations in the same 
numbering scheme. Overflow is defined as the situation where 
the result of an arithmetic operation lies outside of the num
ber range that can be represented by the number of bits in the 
word. For example, if two eight-bit numbers are added and the 

result does not lie within the number range that can be re
presented by an eight-bit word, we say that an overflow has 
occured. This can happen at either the positive end of the 
number range or at the negative end of the number range. The 
logic function that indicates that the result of an operation is 
outside of the representable number range is: 

OVR=CsEllCs+1 El 
where Cs is the carry-in to the sign bit and Cs+1 is the 
carry-out of the sign bit. 

Thus, for a four-bit A LU with the sign bit in the most signifi
cant bit position, the overflow can be defined as the Cn+4 
term exclusive OR'ed with the Cn+3 term. 

c, Am2902 c, Am2902 

ToC52 ToC55 ToC50 

Figure 9. 64-Bit ALU with Full Carry Lookahead Using 5 Am2902's, 15 Am25LS381's and 1 Am25LS2517. 
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Understanding the Am25LS2517 and the Am25LS381 

SPEED OR DELAY 

Usually, the most important parameter in the design of any 
arithmetic logic unit is speed. How fast can two numbers be 
added? Is ripple carry sufficient or should carry lookahead 
over the entire adder array be used? In order to answer these 
questions, the design engineer must first evaluate the speed of 
the ALU required in his system. Then he can evaluate the var
ious alternatives based on the number of bits in the word 
being used in the design. 

The calculation of the speed (add or subtract time) of a 16-bit 
adder is straightforward and will be discussed in detail. It 
should be mentioned that the speed of the adder while in the 
logic mode is simply the propagation delay from the Ai or 
Bi inputs to the Fi outputs (35ns maximum at 25° C and 5V 
for the Am25LS2517). 

LOOKAHEAD CARRY 

The typical method for building 16-bit ALU's is to employ a 
carry lookahead generator such as the Am2902. Such a 16-bit 
design would incorporate three Am25LS381 's, one Am25LS 
2517, and one Am2902. For the 16-bit full carry lookahead 
adder in the add or subtract mode as shown in Figure 7, the 
maximum propagation delay for data-in to data-out is cal
culated as follows: 

DATA PATH DELAY 
16-BIT LOOKAHEAD ADDER/SUBTRACTOR 

(+5V and 25°C Maximum Delays) 

Path 
Output 

Fi Cn+4 OVR 

Ai or Bj to G or P 27 27 27 
G; or P; to C;+j (Am2902) 10 10 10 

Cn to Fi 23 - -

Cn to Cn+4 or OVR - 22 22 

TOTAL 
16-bit delay 60 59 59 

Units 

ns 
ns 
ns 
ns 

ns 

The data path for this computation begins at the least signifi
cant 4-bit device, propagates through the Am2902, and then 
ends at the most significant 4-bit device. Actually, the delay 
to the outputs of the most significant device (MSD), then 
second MSD, or third MSD is identical. 

Thus, the above speed is identical if a 12-bit ALU is fabricated. 
This results because the same types of combinatorial propaga
tion delays are involved. 

We should also investigate the delay of this adder with regard 
to the select inputs as shown in Figure 7. Again, we may cal
culate the 16-bit full carry lookahead add/subtract delay as 
follows: 

16-BIT LOOKAHEAD ADDER DELAY 
FOR SELECT INPUTS 

(+5V and 25°C Maximum Delays) 

Path 
Output 

F; Cn+4 OVR 

Sj to G or P 48 48 48 
G; or P; to C;+j (Am2902) 10 10 10 
Cn to Fi 23 - -

Cn to Cn+4 or OVR - 22 22 

TOTAL 
16-bit delay 81 80 80 

Units 

ns 
ns 
ns 
ns 

ns 

Let us examine the speed of a 64-bit arithmetic logic unit 
fabricated as shown in Figure 9. The worst case path for this 
design is as fol lows: 

DATA PATH DELAY 
64-BIT LOOKAHEAD ADDER/SUBTRACTOR 

(+5V and 25°C Maximum Delays) 

Path 
Output 

Fi Cn+4 OVR 

Ai or Bj to G or P 27 27 27 
G; or P; to G; or P; (Am2902) 14 14 14 

G; or P; to C;+j (Am29021 10 10 10 
Cn to C;+j 1Am2902) 14 14 14 

Cn to Fi 23 - -

Cn to Cn+4 or OVR - 22 22 

TOTAL 
16-bit delay 88 87 87 

Units 

ns 

ns 

ns 
ns 
ns 
ns 

ns 

The above example demonstrates the speed improvement 
when using carry lookahead over the entire array. When this 
64-bit example is compared with the previous 16-bit example, 
it will be found that the only difference ls the addition of two 
Am2902 delays. 

RIPPLE CARRY 

The slowest speed ALU design employs the ripple carry tech
nique. When four-bit devices such as the Am25LS2517 are 
employed in such an ALU, the speed is usually computed 
using the combinatorial delay terms in the following manner. 
1. Select the longest combinatorial delay in the least signifi

cant device from any input to the carry output, Cn+4· This 
is usually from the A or B inputs to the carry output. 

2. Add the carry input to carry output propagation delay as 
many times as required to represent each of the interme
diate four-bit ALU's. 

3. Finally, take the propagation delay from the carry input to 
the ALU adder outputs. 

When the above rules are followed, the total worst case propa
gation delay over the entire ALU bit width is derived. 

If we consider the ripple carry adder/subtracter configuration 
as shown in Figure 8, the propagation delay for the data input 
to data output path is computed as follows: 

DATA PATH DELAY 
16-BIT RIPPLE CARRY ADDER/SUBTRACTOR 

(+5V and +25°C Maximum Delays) 

Path 
Output 

Units 
Fi Cn+4 OVR 

Ai or Bj to Cn+4 36 36 36 ns 

Cn to Cn+4 22 22 22 ns 

Cn to Cn+4 22 22 22 ns 

Cn to Ft 23 - - ns 

Cn to Cn+4 or OVR - 22 22 ns 

TOTAL 
16-bit delay 103 102 102 ns 

In this connection, the maxi~um delay begins at the least sig
nificant device and propagates through the most significant 
device via the ripple carry path. 

The select to output delay is computed in a similar manner 
using Si to Cn+4 as the first term and is found to be: 

Si to Fi= 122ns; Si to Cn+4 = 12ns; Si to OVR = 121ns 
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The ripple carry computational examples show the speed 

of a 16-bit ALU function/generator built using four Am25LS 
2517's. 

COMPARING THE '2517/'381 WITH THE '181 

To compare the performance of the Am25LS2517 and 

LS381, we should evaluate the various '181 ALU's connected 

in a 16-bit configuration with the Am2902 carry lookahead 

generator used in all configurations as shown in Figure 7. The 

comparison for the Ai or Bi to Fi add/subtract time is as 
follows: 

COMPARISON OF 16-BIT ADDER/SUBTRACTOR 

DATA DELAY USING 4 ALU's AND 1 Am2902 

Maximum 
Add/Subtract 

Delay 
ALU Device +5V and 25°C 

Am74S181 37ns 

Am74181 64ns 

Am74LS181 69ns 

Am25LS181 55ns 

Am25LS381 /Am25LS2517 60ns 

*Note: Of this power, 94mA is the Am2902 

CARRY 
IN 

'181 

A 

Cn+x 

Maximum 
Power* 

Vee= +5.25V 

914mA 

694mA 

242mA 

242mA' 

266mA 

A 

Am2902 

Understanding the Am25LS2517 and the Am25LS381 

Even more important is the comparison of "System Speed" 

normally associated with the ALU function. If we assume the 

system configuration as shown in Figure 10, then a reasonable 

comparison of speed for Ai or Bi to OVERFLOW can be made 

as follows: 

SPEED AND POWER 

FOR ALU SYSTEMS OF FIGURE 10 

All 
Path "S" 

Aj or Bi to G 15 
orP 

G or P to C;+j 
(Am2902) 

10 

C0 to OVR -

Cn to F3 12 

Inverter 5 

MUXtoOVR 
('151) 

12 

TOTAL 54 

POWER 993 

•no 25LS 

All All 
25LS 74LS 

26 33 

10 10 

- -

19 26 

20· 20 

24 32 

99 121 

253 253 

STATUS REG 

Q 0 

All 
Gold 'LS381 
Doped 'LS2517 

25 27 

10 10 

- 22 

19 -

22 -

27 -

103 59 

748 266 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

mA 

a) The '181 Connection 

CARRY 
IN 

c" 

c" 

A 

'381 c" 

A 

'381 c" 

Cn+y G 

Am2902 

A 

'381 Cn '2517 
Cn+41----·-~ 

OVR 

0 D 

STATUS REG 

Q Q 

b) The '381 /'2517 Connection 

Figure 10. The Normal ALU System. 

SUMMARY 

The Am25LS381 and Am25LS2517 offer superior perfor

mance utilizing the space saving 20-pin package. The data add/ 

subtract time compares very favorably with the 74181 and 

74S181 with a considerable reduction (1 /3 to 1 /4) in dissi-

pated power. The Am25LS381 and Am25LS2517 combina

tion provide the OVR function not currently available or 

easily to implement on any '181 configuration. The 20-pin 

package configuration offers at least a 2: 1 saving in PC board 

area compared to the '181 24-pin package approach. 
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Am25LS384 • Am54LS/74LS384 
8-Bit Serial/Parallel Two's Complement Multiplier 

The 'LS384 is Texas Instruments' planned second source to Advanced Micro 
Devices' Am25LS14. See Am25LS14 data sheet for full information. 

FUNCTIONAL DESCRIPTION 

The Am25LS14 is an 8-bit by 1-bit sequential logic element 
that performs digital multiplication of two numbers repre
sented in two's complement form to produce a two's comple
ment product without correction by using Booth's algorithm 
internally. The device accepts an 8-bit multiplicand (X input) 
and stores this data in eight internal latches. The X latches are 
controlled via the clear input. When the clear input is LOW, all 
internal flip-flops are cleared and the X latches are opened to 
accept new multiplicand data. When the clear input is HIGH, 
the latches are closed and are insensitive to X input changes. 

The multiplier word data is passed by the Y input in a serial 
bit stream - least significant bit first. The product is clocked 
out the S output least significant bit first. 

The multiplication of an m-bit multiplicand by an n-bit multi
plier results in an m + n bit product. The Am25LS14 must be 
clocked for m + n clock cycles to produce this two's comple
ment product. Likewise, the n-bit multiplier (Y-input) sign bit 
data must be extended for the remaining m-bits to complete 
the multiplication cycle. 

The device also contains a K input so that devices can be cas
caded for longer length X words. The sum (S) output of one 
device is connected to the K input of the succeeding device 
when cascading. Likewise, a mode input (M) is used to indicate 
which device contains the most significant bit. The mode input 
is wired HIGH or LOW depending on the position of the 8-bit 
slice in the total X word length. 

LOGIC DIAGRAM 

CLEAR 
ICLR) 

GP 

ADDER/SUBTRACTOR AND REGISTERS 

SUM 

c(~~fK ---l:>c>--+----------+-----------+----+---~ 

CONNECTION DIAGRAM 
Top View 

= Vee 

X3 

x, X4 

X1 X5 

Xo x, 

X7 

GP 

GND M 

Note: Pin 1 is marked for orientation. 
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Am25LS385 • Am54LS/74LS385 
Quad Serial Adder/Subtractor 

'LS385 is Texas Instruments' planned 
second source to Advanced Micro 
Devices' Am25LS15. 

See Am25LS15 data sheet for full 
information. 

FUNCTIONAL DESCRIPTION 

The Am25LS15 is a serial two's complement adder/subtractor 

designed for use in association with the Am25LS14 serial/ 

parallel two's complement multiplier. This device can also be 

used for magnitude only or one's complement addition or 

subtraction. 

Four independent adder/subtractors are provided with com

mon clock and clear inputs. The add function is A plus Band 

the subtract function is A minus B. The clear function sets the 

internal carry function to logic zero in the add mode and to 

logic one in subtract mode. This least significant carry is self 

propagating in the subtract mode as long as zeroes are applied 

to the A and B inputs at the LSB's. All internal flip-flops 

change state on the LOW-to-HIGH clock transition. 

The Am25LS15 is particularly useful for recursive or non

recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 

LOGIC DIAGRAM 
(One of Four Similar Functions) 

CP 
T030THER 

CLOCK ---1->o--------------------.--------------- ADDER/SUBTRACTOAS 

s, 
ADD/-~-~

SUBTRACT 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

")o--1f----------------lo 
SUM 

.------------jCP 
CLR 

SET c, 

CARRY 

CLR 

LOGIC SYMBOL 

5 4 3 6 7 8 15 14 13 16 17 18 

Al B1 S1 A2 B2 S2 A3 B3 53 A4 B4 S4 

CLOCK 
Am25LS15 

QUAD ADDEA/SUBTAACTOR 
11 CLEAR 

,, 
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Am25LS388 • Am54LS/74LS388 
Quad D Register with Standard and Three-State Outputs 

The 'LS388 is Texas Instruments' 
planned second source to Advanced 
Micro Devices Am25LS2518. 

See Am25LS2518 data sheet for full 
information. 

LOGIC DIAGRAM 

Do Oo 

a, 

a, 

03 

D, 

STANDARD 
OUTPUTS 

THREE-STATE 
OUTPUTS 

FUNCTIONAL DESCRIPTION 

The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up and 
hold requirements on the D inputs is transferred to the 0 
outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the 0 outputs is enabled at the three
state Y outputs when the "output control" (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 

The Am25 LS2518 is a 4-bit, high-speed register intended for 
use in real-time signal processing systems where the standard 
outputs are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am25LS2518 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 

LOGIC SYMBOL 

12 15 

CP 

DE 
Oo a, 02 03 Yo v, Y2 Y3 

2 5 11 14 3 6 10 13 

Vcc=Pin16 

GND =Pin 8 

CONNECTION DIAGRAM 
Top View 

Note; Pin 1 is marked for orientation. 
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Am25LS399 • Am54LS/74LS399 
Quad Two-Input Register 

DISTINCTIVE CHARACTERISTICS 

• Four-bit register accepts data from one of two 4-bit 

input fields 
• Positive, edge-triggered clock 

• Am25LS devices offer the following improvements over 

Am54/74LS 
- Higher speed 
- 50mV lower VOL at IOL = 8mA 
- Twice the fan-out over military range 

- 440µA source current at HIGH output 

• 100% product assurance screening to MIL-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS399 and Am54LS/74LS399 are dual input 

port, four-bit registers built using advanced Low-Power 

Schottky processing. The registers consist of four D-type 

flip-flops with a buffered common clock. Each flip-flop has 

a two-input multiplexer at its data input such that it can be 

loaded with incoming data from one of two sources. A 

buffered common select line, S, controls the four 2-input 

multiplexers. 

Data on the four inputs selected by the S line is stored in 

the four flip-flops on the LOW-to-HIGH transition of the 

clock. When the S input is LOW, the DiA input data will be 

stored in the register. When the S input is HIGH, the DiB 

input data will be stored in the register. 

The Am54LS/74LS399 is a standard performance version of 

the Am25LS399. See appropriate electrical characteristic 

tables for detailed Am25LS improvements. 

LOGIC DIAGRAM 

Dos 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

CP 

0 

a, 
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Am25 LS/54LS/74 LS399 

Am25LS399 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

MI L TA = -55° C to + 1 25° C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1 > 

Vee= MIN .• loH = -440µA 
VoH Output HIGH Voltage 

VIN= V1H or Vil 

MIL 

COM"L 

Vee= MIN. loL = 4.0mA 
Vol Output LOW Voltage 

V1N = V1H or V1L 
loL =8.0mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW Mil 
VIL Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Clock 
l1L Input LOW Current Vee= MAX., V1N = 0.4V 

Others 

Clock 
l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

Others 

11 Input HIGH Current Vee= MAX., V1N = 7.0V 

isc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

ice 
Power Supply Current 

Vee= MAX. (Note 4) 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

11 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 
mA 

-0.24 

20 
µA 

14 

0.1 mA 

-85 mA 

18 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with select and clock inputs at 4.5 V, all data inputs at 0 V, all outputs open. 

Am25LS • Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous 
DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 
DC Output Current, Into Outputs 

DC Input Current 

3-191 

-65°C to +150°C 
-55°C to +125°C 

-0.5V to +7.0V 

-0.5V to +Vee max. 
-0.5 V to +7.0V 

30mA 

-30mA to +5.0mA 



Am25LS/54LS/74LS399 

Am54LS/74LS399 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MJN. = 4.75V MAX.= 5.25V 

MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
(Note 2) Parameters Description Test Conditions (Note 11 Min. Max. Units 

Vee= MIN., loH = -400µA 1 MIL 2.5 3.4 
VoH Output HIGH Voltage Volts 

VIN= V1H or VIL COM'L 2.7 3.4 

Vee= MIN. All, loL = 4.0mA 0.4 

Vol Output LOW Voltage 
V1N = V1H or VIL 

Volts 

74LS only, loL = 8.0mA 0.5 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 0.7 
V1L Input LOW Level voltage for all inputs 

Volts 
COM'L 0.8 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA -1.5 Volts 

l1L Input LOW Current Vee= MAX., Vi N = 0.4 v -0.4 mA 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 20 µA 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 0.1 mA 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

-15 -100 mA 

•cc 
Power Supply Current Vee= MAX. 11 18 mA 
(Note 4) 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with select and dock inputs at 4.5 V, all data inputs at 0 V, all outputs open. 

FUNCTION TABLE 

SELECT CLOCK DATA INPUTS OUTPUT 

s CP DiA DiB Qi 

L L x L 

L H x H 

H x L L 

H x H H 

H ==HIGH Voltage Level L = LOW Voltage Level 
X == Don't Care i = 0, 1, 2, or 3 
t ==LOW-to-HIGH Transition 

DEFINITION OF FUNCTIONAL TERMS 

DQA, D1A, D2A, D3A The "A" word into the two-input 
multiplexer of the D flip-flops. 

Dos. D1 s. D2B· D3B The "B" word into the two-input 
multiplexer of the D flip-flops. 

Oo, 01, 02, 03 The outputs of the four D-type flip-flops of 
the register. 

S Select. When the select is LOW, the A word is applied to 
the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 

CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. 
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Am25LS/54 LS/74LS399 

SWITCHING CHARACTERISTICS 
(TA= +25°e. Vee= 5.0V) Am25LS Am54LS/74LS 

Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 

tPLH 13 20 18 27 
Clock to Output ns 

tPHL 13 20 21 32 

tpw Clock Pulse Width 17 20 ns 

ts Data 20 20 ns CL=15pF 
th Data 5.0 5.0 ns RL ~ 2.0k!l 

ts Select 30 30 ns 

th Select 0 0 ns 

fmax Maximum Clock Frequency (Note 1) 40 65 30 40 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no contraints on tr, tf, 
pulse width or duty cycle. 

Am25LSONLY Am25LS COM'L Am25LS MIL 
SWITCHING CHARACTERISTICS 

TA= 0°C to +70°C TA= -55°C to +125°C OVER OPERATING RANGE* 
Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 30 35 
Clock to Output ns 

tPHL 30 35 
tpw Clock Pulse Width 26 30 ns 

t, Data 30 35 ns CL= 50pF 
th Data 11 12 ns RL = 2.0k.n 
ts Select 43 50 ns 

th Select 4 5 ns 

fmax Maximum Clock Frequency (Note 1) 30 26 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 

WORD A 

Sl 

eP1 

S2 

eP2 

S3 

eP3 

GNO 

APPLICATION 

i] 1111 
DoA D1A D2A DJA Dos D1s D2s D3s 

, 
Am25LS399 

ce 

Oo a, o, o, 

I T I I 
WORD 1 

llll11 
DoA DIA D2A D3A Dos Dis D2B D3s 

, 
Am25LS399 

ce 

Oo o, o, o, 

I I I I 
WORD 2 

111111 
DoA D1A D2A D3A Dos D1s D2s D3s 

, 
Am25LS399 

ce 
Oo a, a, a, 
T T T T 

WORD 3 

Am25 LS/54 LS/7 4LS399 

Metallization and Pad Layout 

16 Vee 

15 03 

14 03A 

13 035 

12 025 

11 02A 

10 a, 

eP 

DIE SIZE 0.075" X 0.061" 

WORD B ----

Am25LS399 used to store a word from either data bus A or data bus B. 
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Am54LS/7 4LS424 
Clock Generator and Driver for 8080A Compatible Microprocessors 

The SN54LS/74LS424 is Texas Instruments 
second source part number to the AMO/Intel 
8224 device. 
See the current issue of the Am8224 data 
sheet for full information. 
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Am54LS/74LS568 • Am54LS/74LS569 
Four-Bit Up/Down Counters with Three State Outputs 

The 54LS/74LS568 and 54LS/74LS569 are 
other manufacturers alternate source part 
numbers to the Advanced Micro Devices' 
Am25LS2568 and Am25LS2569. 

See the Am25LS2568 and Am25LS2569 data 
sheets for full information. 
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Am54LS/74LS668• Am54LS/74LS669 
Synchronous Up/Down Decade and Binary Counters 

The SN54LS/74LS668 and SN54LS/74LS669 are 
reduced speed versions of the 54LS/74LS168A 
and 54LS/7 4LS169A. 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee = 5.ov ±5% MIN.= 4.75V MAX.= 5.25V 
MIL TA= ~55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
DC Characteristics are the same as the 54LS/74LS168A and 54LS/74LS169A devices. 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) Am54LS/74LS 

Parameters Description Min. Typ. Max. Units Test Conditions 
IPLH 

Clock to Ripple Carry 26 40 
tPHL ns 

40 60 

tPLH 
Clock to any Q 

18 27 
tPHL ns 

18 27 

tPLH - 11 17 
tPHL 

Enable T to Ripple Carry ns 
29 45 

tPLH 
Up/Down to Ripple Carry 22 35 

CL= 15pF ns tPHL 26 40 RL = 2.0k11 
lpw Clock Pulse Width 25 ns 

A, B, C, D 20 
EN P, ENT 20 

ns 
Is Set-up 

Load 25 
Up/Down ns 

30 

th Hold, any Input 0 ns 
fmax(Note 1) Maximum Clock Frequency 25 MHz 

Note 1. Per industry convention, f max is the worst case value of the maximum device operating frequency with no constraints on t,, t1, pulse 
width or duty cycle. 

Three-state output, 20-pin versions are also 
available as the Am25LS2568 and 
Am25LS2569. 

3-197 



Am25LS670 • Am54LS/74LS670 
4-By-4 Register File with 3-State or Open Collector Outputs 

Am25LS670 • Am54LS/74LS670 data 
is combined with the Am25LS170. 

See Am25LS170 data sheet for full 
information. 

(1) D2 

(2) 03 

WRITE 
DECODE 

(12) Gw----~ 

FUNCTIONAL DESCRIPTION 

The Am25LS170 and 670 are 16-bit low-power Schottky 

register files. The file is organized as 4 words of 4-bits each 

with separate on-chip address decoding for read and write. 

This permits simultaneous read and write operations either to 

the same or different addresses. 

Four data inputs are used to supply the 4-bit data word to be 

stored. The WA and Ws inputs supply the write address while 

the Gw supplies the write enable. Four data outputs (Oo to 

03) are selected from data word cells by the RA and Rs 

address. The output is available if the read enable GR is LOW. 

The register file performs a non-destructive readout. The 

Am25LS170 has open collector output for convenience of 

collector ORing while the Am25LS670 provides three-state 

outputs for bus selection, 

provements. 

Ot------t (101 o1 

Q (9) 02 

OUTPUTS 
LS170 QC 
LS670 3-ST ATE 

Q {7) 03 

01------1 

.__ __ {4)RB 

.__ ___ (ll)GR 
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Am25LS2513 
Three-State Priority Encoder 

DISTINCTIVE CHARACTERISTICS 

• Encodes eight lines to three-line binary 
• Expandable 
• Cascadable 
• Three State inverted output version of Am54LS/74LS/ 

25LS148 
• Gated three-state output 
• Advanced Low-Power Schottky processing 
• 100% product assurance screening to MI L-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS2513 Low-Power Schottky Priority Encoder 
performs priority encoding of 8 inputs to provide a binary
weighted code of the priority order of the 3 tri-state active 
HIGH outputs Ao, Aj, A2. Three active LOW and two active 
HIGH inputs in AND-OR configuration allow control of the 
tri-state outputs. The use of the input enable (8) combined 
with the enable output (EO) permits cascading without addi
tional circuitry. Enable input (El) HIGH will force all outputs 
LOW subject to the tri-state control. The enable output is 
LOW when all inputs To through T7 are HIGH and the enable 
input is LOW. 

LOGIC DIAGRAM 

T, 

F----1 
I ~: I I o, X>--+---4>--t-----------4f-------~ 

~-----_J Ao Ai 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 ls marked for orientation. 
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LOGIC SYMBOL 

18 15 16 17 1 2 3 4 

lo 1, 1, 13 14 15 Is 17 

Am25LS2513 

EO Ao Ai 

19 

El o, 12 

o, 13 

G3 11 

G4 

A2 
G5 14 



Am25LS2513 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=0°Cto+70°C Vcc=5.0V±5% MIN.=4.75V MAX.= 5.25 V 

MAX.= 5.50V 
MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 

MIL, loH =-1.0mA 

Vee= MIN. COM'L, loH = -2.6mA 

VoH Output HIGH Voltage 
VIN= V1H or VIL _ 1MIL 

EO, loH = -440µA l COM'L 

Vee= MIN. 
loL =4.0mA 

Vol Output LOW Voltage 
V1N = V1H or VIL loL =8.0mA 

IOL = 12mA1An Outputs) 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW l MIL 
V1L Input LOW Level voltage for all inputs l COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Vee= MAX. El,G1 ,G2,G3,G4,G5,la 
l1L Input LOW Current 

V1N =0.4V All others 

Vee= MAX. El,G1 .G2.G3,G4,G5,lo 

l1H Input HIGH Current 
V1N =2.7V All others 

Vee= MAX. El .G1 ,G2.G3,G4,G5, lo 
11 Input HIGH Current 

VIN= 7.0V All others 

io 
Off-State (High-Impedance) Vee= MAX. 

Vo= 0.4V 

Output Current Vo =2.4V 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

Ice 
Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.4 

2.4 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.2 

3.4 

3.4 

15 

Am25LS2513 

Max .. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

0.4 
mA 

0.8 

20 
µA 

40 

0.1 
mA 

0.2 

-20 

20 
µA 

-85 mA 

24 mA 

Notes: 1. For ~ond_iti~ns shown as Ml N. or MA
0
X., use .the appropri~le value s~ecified under Electrical Characteristics for the appl\cable device type. 

2. Typ1cal l1m1ts are at Vee= 5.0V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs and outputs open. 

Am25LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +V cc max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 
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Am25LS2513 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 
Parameters Description 

tPLH T; to An (In-phase) 
tPHL 

tPLH T; to An (Out-phase) 
lPHL 

tPLH T; to EO 
tPHL 

tpLH - -
El to EO 

tPHL 

lPLH -
El to An 

tPHL 

tzH 
G1 or G2 to An 

tzL 

tzH - - -
G3, G4, G5 to An 

tzL 

tHz 
G1 or G2 to An 

tLz 

tH-z - - -
G3, G4, G5 to An 

tLz 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH T; to An (In-phase) 
tPHL 

tPLH T; to An (Out-phase) 
tPHL 

tPLH T; to EO 
tPHL 

tPLH Ei to EO 
'PHL 

'PLH 

lPHL 
El to An 

tzH 

tzL 

tzH 

tzL 

lHz 

tLz 

tHz 

Min. Typ. 

17 

17 

11 

12 

7.0 

24 

11 

23 

12 

14 

23 

20 

20 

18 

17 

19 

16 

18 

Am25LS COM'L 

TA= 0°C to +70°C 
Vee= 5.ov ±5% 

Min. Max. 

31 

30 

22 

22 

15 

48 

19 

•46 

22 

27 

42 

43 

36 

35 

34 

34 

30 

31 

Max. Units 

25 

25 

17 

18 

11 

36 

17 

34 

18 

21 

40 

37 

30 

27 

27 

28 

24 
----1 

27 

Am25LS MIL 

TA= -55°C to +125°C 
Vee= s.ov ±10% 

Min. Max. 

37 

34 

27 

25 

18 

60 

21 

57 

25 

32 

49 

49 
43 

43 

40 

40 

35 

35 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

*AC performance over the operating tempera-cure range is guaranteed by testing defined in Group A, Subgroup 9. 

Note: i = 0 to 7 
n = 0 to 2 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test Conditions 

CL= 15pF 
RL = 2.0kD. 

CL= 5.0pF 
RL = 2.0kD. 

Test Conditions 

CL= 50pF 
RL = 2.0kn 

CL= 5.0pF 
RL = 2.0k!:i 



DEFINITIONS OF FUNCTIONAL TERMS 

AO, A1,A2 
ET 

G1, G2 
G3, G4. G5 
To-1 

El 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Three-state, active high encoder outputs 

Enable input provided to allow cascaded oper

ation 
Enable output provided to enable the next lower 

order priority chip 

Active high three-state output controls 

Active low three-state output controls 

Active low encoder inputs 

TRUTH TABLE 

Inputs Outputs 

lo 11 12 13 14 15 15 17 Ao A1 A2 EO 

x x x x x x x x L L L H 

H H H H H H H H L L L L 

x x x x x x x L H H H H 

x x x x x x L H L H H H 

x x x x x L H H H L H H 

x x x x L H H H L L H H 

x x x L H H H H H H L H 

x x L H H H H H L H L H 

x L H H H H H H H L L H 

L H H H H H H H L L L H 

H =HIGH Voltage Level 

L ""' LOW Voltage Level 

X = Don't Care 

For Gi = H, G 2 = H, G3 = L, G4 = L, G 5 = L 

Gl G2 G3 G4 G5 Ao A1 A2 

H H L L L Enabled 

L x x x x z z z 
x L x x x z z z 
x x H x x z z z 
x x x H x z z z 
x x x x H z z z 

Metallization and Pad Layout 

Ao 

Z =HIGH Impedance DIE SIZE 0.082 X 0.085 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVING OUTPUT 

Note: Actual current flow direction shown. 
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DRIVEN INPUT 

Am25LS2513 

20 Vee 

19 E6 

18 lo 

17 13 

16 12 

15 11 

14 G5 

13 Gz 

12 G1 

11 03 

10 GND 

E 



Am25LS2513 

APPLICATION 

:~ ~ :~ ~~ 1------~ 
P51 ~ 15 Ao 1----., 
:: ~ :~ Am25LS2513 -
P~-.(j., G1t-----t---+--1!----t-(,--i::::::::il----l-!---<-l--..e 
'''.~" o,~ -P56-~•o ~3R l 
rEI EO G:l1-

'[.__ _____ -t---1-+-----t--t---+---r'-A_1.J'-,.i~'(}-1-Y_1+-----, 
P55 ~ 17 A2 1------+--+-1 
p~~16 Aif-----1--~ 
:~:=; 15 Ao 

Ps~ ~ ;~ Am25LS2513 

P5Q--<'. 12 Gl l-----t---+--11-------1-+-... 
P49---< 11 G1 l-----.+--\--;f------1_... 
P4a --0 10 G3 1------+--+---<r-------. 

P" EO ~:Fl 
'['---------t---1-+-----+--+---+---r'-A_21 ..,~..,_1_v2-1-----., 

1A4........ 1Y4 

v 

2A1_""- 2Y1 

v 

~ :~ ~~ 1----~>--+-- ~'I ~-----a 15 Ao v~ VECTOR ~-----~I Vee .---- V2 OUTPUT ~-----~I~ Am25LS2513 I ?~ r-- v 1 
,------<JI 12 GT p ,- Vo 

r---9:~ ~!~ 
~El EO Gs rt 
- 1: -

REQUEST 

v 
7-----g17 A21------+--+---<l------f--j--\-----1-----+------+---------r-~~15 All------+----------f--t--1-----1-----+------+-----------~ s--115 A01-----+--------r-+--+-----<-----+-------+-------------
; ~ 14 Am25LS2513 bJVcc 
~~:~ G1 
~--9 '1 G2 
o----tj10 ~;1------------r-+--0E1 EO Gs 

'(_'----------------------f-'-2A_4~ .... ~>0-~2Y_4-t------' 
1G V 2G 

64 Input Priority Encoder Connected for Parallel Enable 
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ORDERING INFORMATION 

Am25LS2513 
Package Temperature Order 
Type Range Number 

Molded DIP 0°Cto+70°C AM25LS2513PC 

Hermetic DIP 0°C to +70°C AM25LS2513DC 
Dice 0°C to +70°C AM25LS2513XC 

Hermetic DIP -55°Cto+125°C AM25LS2513DM 
Hermetic Flat Pak -55°C to +125°C AM25LS2513FM 

Dice -55°C to +125°C AM25LS2513XM 

PRIORITY ENCODED RST INTERRUPT 

INSTRUCTION FOR THE Am9080A 

~-----------<>-- +5.0V 

DBo 

OB1 

DB2 

Am8228 
OB3 

OB4 
Am9080A DATA t--7'f-

OB5 

OB5 

OB7 

+5.0V _____ ____,,__, 

11 l l 
Gi G2 El G4 G5 

To Ao 

11 Ai 

12 A2 

ACTIVE 
LOW 

INTERRUPTS 

-------IT3 
Am25LS2513 

------114 

-------tl5 

------tl5 

-------IT7 

T09080A INT --i----fi-.B-K __ _,J 

+5.0V __ _.__,\/V'.,--J ___ __, 
INTA FROM 8228 ____ ,_.BK_~ 
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* 

DATA 
BUS 
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Am25LS2516 
Eight-Bit By Eight-Bit Serial/Parallel Multiplier with Accumulator 

DISTINCTIVE CHARACTERISTICS 

• Two's complement, two-bit lookahead carry-save arithmetic 
• Microprogrammable - four-bit instruction code for load, 

multiply, and read operations 
• Cascadable, two devices perform full 16-bit multiplication 

without additional hardware 
• Eight-bit byte parallel, bidirectional, bussed 1/0 
• On-chip registers and double length accumulator 
• Overflow indicator 
• Three-state shared bus input/output lines 
• High-speed architecture provides clock rates of 20MHz (Typ) 
• 100% product assurance screening to MI L·STD-883 

requirements 

LOGIC SYMBOL 

36 BUSO 'o 33 

BUS 1 32 

37 BUS 2 '2 31 

BUS3 13 27 

38 BUS4 5E 28 

BUS 5 MSP 15 

39 BUS6 23 

40 BUS 7 Y1 17 

11 X7 Yo 16 

10 Vee x_1 22 
Am25LS2516 

12 GND GND 30 

26 eLK ·avFL 34 

19 SUM lN ODD SUM OUT ODO 21 

18 SUM IN EVEN SUM OUT EVEN 20 

ACC UH JN ODD ACC UH OUT ODD 

ACC UH IN EVEN ACC UH OUT EVEN 35 

ACC LH IN ODD ACC ADD OUT ODD 25 

ACC LH IN EVEN ACC ADD OUT EVEN 24 

13 YR INOOD YfiOUTODD 

14 YfiOUT EVEN 29 

CONNECTION DIAGRAM 

BUS 5 

BUSJ 

BUS 1 

ACC UH OUT ODD 

ACC UH IN ODO 

ACC UH IN EVEN 

ACC LH IN ODD 

ACC LH IN EVEN 

YR OUT ODD 

Vee 

X7 

GND 

YR IN ODD 

YR1N EVEN 

MSP 

Yo 

Y1 

SUM IN EVEN 

SUM INOOD 

SUM OUT EVEN 

BUS 7 

BUSS 

BUS4 

BUS2 

BUSO 

ACC UH OUT EVEN 

OVFL 

'o ,, 
,, 
GND 

YR OUT EVEN 

Ol' 
13 

CLK 

ACC ADD OUT ODO 

ACC ADD OUT EVEN 

LSP x_, 
SUM OUT ODD 

MPA-336 

MPR-337 

FUNCTIONAL DESCRIPTION 

The Am25LS2516 is an eight-bit by eight-bit multiplier and 
accumulator employing serial/parallel, two's complement, 
carry-save arithmetic to deliver a 16-bit product in eight clock 
cycles. The device is fully cascadable for use in high-speed, 
real-time, digital signal processing applications. 

The device includes an eight-bit X Register prior to the X latch 
providing X hold for chain or overlapping calculations. The X 
and Y registers are loaded by clocking prior to the beginning 
of a multiply cycle, the data supplied by the bidirectional bus 
or the accumulator register. The double length, 16-bit output 
is multiplexed onto the eight-bit bus; either the upper or lower 
halves of the result can be read at any one time. 

The accumulator and the Y register are both organized as dual
rank shift registers, allowing them to shift two bits at a time. 
The serial inputs and outputs of the Y register, the low and 
high order halves of the accumulator and the two-bit serial 
accumulator adder output, both serially and in parallel, are all 
available at external pins to provide cascadability. 

LOGIC DIAGRAM 

X7 

YRIN { 

13 

} YROUT 14 8-SIT Y REG 

15 

MSP 

OVFL OVFL 
IND 

ACC UH { 8-BIT } ACC UH 
INPUT REG ACC OUTPUT 

~) 1...,--,,-~ CONTROL 

,.26_ ........ 
ep~ 

x_1 

} SUM OUT 

) ACC ADD 
OUTPUT 

LSP 

) ACC LH 
INPUT 

MPR-338 
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Am25LS2516 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA=0°Cto+70°C Vcc=5.0V±5% MIN.=4.75V MAX.=5.25V 

MIL TA=-55°Cto+125°C Vcc=5.0V±10% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

(Bus Inputs/Outputs) 

Parameters Description Test Conditions (Note 11 

VoH Output HIGH Voltage 
Vee= MIN. 

loH = -1.0mA 
V1N = V1H or VIL 

Vee= MIN. 

Vol Output LOW Voltage V1N = V1H or V1L 
IOL =4.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW 1 MIL 

V1L I rl'put LOW Level voltage for all inputs COM'L 

Vi Input Clamp Voltage Vee= MIN .. l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 5.5V 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

(Non-Bus Inputs/Outputs) 

VoH Output HIGH Voltage 
Vee= MIN. 

loH = -1.0mA 
V1N = V1H or V1L 

Vee= MIN. YROUT, loL = 15mA 

Vol Output LOW Voltage YIN= V1H or V1L 
Others IOL = 4.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Yo. Y1 

V1L Input LOW Level 
Guaranteed input logical LOW 

Others, Ml L 
voltage for all inputs 

Others, COM'L 

Vi Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX .. V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

11 Input HIGH Current Vee= MAX., V1N = 5.5V 

lsc 
Output Short Circuit Current 

(Note 3) 
Vee= MAX. 

•cc 
Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.4 

2.0 

-30 

2.5 

2.0 

-30 

Typ. 
(Note 2) 

See Table 1 

See Table 1 

See Table 1 
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Max. Units 

Volts 

0.4 Volts 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.8 mA 

60 µA 

0.2 mA 

-100 mA 

Volts 

0.5 
Volts 

0.4 

Volts 

0.8 

0.7 Volts 

0.8 

-1.5 Volts 

mA 

µA 

mA 

-100 mA 

315 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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TABLE 1 

Terminals 

Yin, IQ, 11, 13,0E 

Sum in, X-1. 12, 

Bus 0-7 

CP, LSP 

ACC in all 

MSP 

Yo, Y1 

l1L l1H 

0.4mA 20µA 

0.8mA 40µA 

0.8mA 50µA 

1.6mA 80µA 

2.0mA 120µA 

2.6mA 140µA 

7.2mA 360µA 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 

11 

0.1mA 

0.2mA 

0.3mA 

0.4mA 

0.6mA 

0.7mA 

-2.0mA 

Parameters Description 

tPHL YR Register Out 
tPLH 

tPHL 
Sum Out 

tPLH 

tPHL ACC Adder Out 
tPLH 

tPHL 
ACC UH Out 

tPLH 

tPHL ACC Bus 
tPLH 

tPHL 
OVFL 

tPLH 

tPHL 
X7 

tPLH 

tzH 
tzL 

OE to Bus 
tHz 

tLz 

ts X Register (Bus) 

ts Y Register (Bus) 

ts x - 1 

ts Sum In 

ts Y Register (Serial) 

ts ACC LH In 

ts ACC UH In 

ts Y EVEN and Y ODD 

ts Instruction 

th Hold Time on All Inputs 

Min. 

25 

25 

33 

33 

25 

8 

8 

33 

5 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage (Pins 5, 6, 7, 8, 18, 19, 26) 

DC Input Voltage (Other pins) 

DC Output Current, Into Outputs 

DC Input Current 
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Typ. Max. Units Test Conditions 
15 
12 

ns 

13 

13 
ns 

20 
27 

ns 

13 
ns 

12 CL= 15pF 
22 RL = 2.0k!l 

ns 
25 
17 

16 
ns 

20 

15 
ns 

11 

8 
ns 

28 CL= 5.0pF 
ns 

22 RL = 2.0k!l 

ns 

ns 

ns 

ns 

ns CL= 15pF 
ns RL = 2.0k!l 
ns 

ns 

ns 

ns 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +6.3V 

-0.5V to +Vee max. 

-0.5V to +5.5V 

-0.5V to +7.0V 

30mA 

-30mA to +5.0mA 



FUNCTION 

CP 

13 

12 

It 

'o 

BUS 

X7 

Y OUT EVEN 

Y OUT ODD 

SUM OUT EVEN 

SUM OUT ODD 

ACC ADO OUT EVEN 

ACC ADD OUT ODD 

ACC UH OUT EVEN 

ACC UH OUT ODD 

OVFL 

I 
w 

"" 0 
00 

I 
CP 

LOAD X 

LOAD Y 

STROBE X 

TCL 

SHIFT ACC 

CLEAR ACC 

MUX 

OEN 

OVFLEN 

CSAV ACC 

A14 

At5 

As 

A5 

Ao 

Ai 

TIMING DIAGRAMS 

HOLD SHIFT SHIFT HOLD I 

~1~1~1~1~1~1~1~1~1~ ~1~1~ ~ ~1~1~ ~ ~1~ I RUH I RLH I NOP I 
120 l2i [22 I 0 I i 2 I 3 I 4 I 5 I 6 I 7 I B I 9 io I 11 I i2 i3 i4 I i5 I is i7 ia ] t9 

t___j L__J 

______r--1 ~'--~~~~~~~~~~~~~~~~~~ 

I z I Xt I Yt I z I z 
I Xo1 I Xo1 I Xo1 I Xt1 I x11 

I Yo7 I Yo7 I Yo1 I .v10 I Yi2 

I Yo1 I Yo1 I Yo7 I Ytt I Yt3 

~war0/~w~ •io 

~$//,/~~•ii 
~~~a0:_%;;1Aio 

Wffe~~~A11 
I Aoa I 11oa I 11oa I Aos I o 

I Aog I Aog I Aog I Aog I o 

I Fo I Fo I Fo I Fo I 

L....-1 

~~w~~t 
I Aoi4 I Aoi• I Aoi4 I Aoi4 I o 

I Ao15 I Aoi5 I Aoi5 I Aoi5 I o 

IAos IAos ]Aos IAos lo 

I Ao1 I Ao1 I Ao1 I Ao1 I o 

]Aoo IAoo IAoo IAoo lo 

I Aoi \ Ao1 [ Aoi I A01 [ o 

KEY: 

~ Data invalid 

I z 
I Xi7 

I Yi4 

I Yi5 

I •i2 

I Pi3 

I Ai2 

! AlJ 

I o 
I o 
I o 

I z I z 
I X17 I Xi7 

I Yt6 I Y17 

I Y17 I Y17 

I Pi4 I P15 

I Pi5 I Pi7 

I A14 I A15 

I Ai5 I A11 

I o I o 
I o I o 

I 0 I 

I Ct2 I Ci4 I Cts 

I A10 I Ai2 I Ai4 

I A11 I At3 I Ai5 

I o I o I o 

I o I o I o 

I o I o I o 

I o I o I o 

I x2 1 z I Y2 I z I z I z I z I z I z I z I z I z I Au I AL I z [ 

I Xt7 I X17 I Xi7 I X27 I X27 I X27 I X27 I X27 I X27 I X27 I X27 I X27 I X27 I X27 I X27 I 
I Yt7 I Yi7 I Yt7 I Y20 I Y22 I Y24 I Y25 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I 
I Yt7 I Y17 I Yt7 I Y2i I Y23 I Y25 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I Y27 I 

I Pia I Pi10 I P112 I P114 I P20 I •22 I P24 I P25 I P2a I •210 I P2i2 I P2i4 w~~ 

I Ptg I P11i I P113 I P115 I P2i I P23 I P25 I P27 I P29 I P211 I P2i3 I P2i5 ;:@"~~ 

I ;ta I A110 I A112 I A114 I A20 I A22 I A24 I A26 I A2B I A210 I Am I A2i4 w,,Ww~ 
I A19 I A111 I A113 I A115 I A2t I A23 I A25 I A27 I Aw I A211 I A2i3 I A2i5 ~~Wffe 

I A10 I Ai2 I Ai4 I A15 I A19 I A,,o I A112 I A1t4 I A20 I A22 I A24 I A26 I A2a I A2a I A2a I 
I A,, I Ai3 I A15 I A11 I A19 I A11 i I A113 I A115 I A2i I A13 I A25 I A27 I Aw I Aw I A29 I 
I 0 I 0 I 0 I 0 I Ft I F1 I Ft I Fi I Fi I Fi I Ft I Fi I F2 I F2 I F2 I 

I cia I ci10 I c112 I C114 I i I c22 I C24 I c2s I c2a I c210 I c212 I c2i4 ~~~ 

I A15 I A18 I A110 I A112 I At i4 I A20 I A22 I A24 I A2s I A29 I A2io I A2i 2 I A2i4 I A21• I A2t4 I 
I A11 I A19 I A111 I A113] A115 I A2i I A23 I A25 I A21 I Aw I A211 I A2i3 I A2t5 I A215 I A2i5 I 
I o I A10 I At2 I Ai4 I Arn I A10 I A11o I A112] Ait4 I A2o I A22 I A24 I A25 I A25 I A2B I 

I o I A11 I Ai3 I Ai5 I A11 I A19 I A111 I A113] A115 I A2t I A23 I A25 I A11 I A21 I A21 I 
I o I o I o I o I A10 I A12 I A14 I A15 I A18 I A11o I A111 I A114 I A2o I A2o I A2o I 

I 0 I 0 I 0 I 0 I A,, I Ai3 I Ai5 I A11 I A19 I A,,, I A113 I A115 I A2i I A2t I A2i I 

Note: Variables shown are general. 
For this example: 

P1=X1Y1 Ai=P1 F1=0 

P2=X2Y2 A2=P1+P2 

m 

)> 
3 
N 
C11 
r 
~ 
C11 .... 
O> 



Am25LS2516 

Mnemonic 

YLHC 

YUHC 

YLHA 

YUHA 

LYCA 

LYCA 

LYHA 

LYSA 

RLHA 

RUHA 

XLHA 

XUHA 

NOOP 

MULT 

LXHA 

LXSA 

*Active LOW 

13 12 11 •o 
0 0 a a 

a a a 1 

a a 1 a 

a a 1 1 

a 1 a a 

0 1 a 1 

0 1 1 0 

0 1 1 1 

1 0 a a 

1 0 a 1 

1 0 1 0 

1 a 1 1 

1 1 0 0 

1 1 a 1 

1 1 1 a 

1 1 1 1 

FUNCTION TABLE 

CLR LOAD LOAD XFER CLR 
Function M x y x A* 

LHA-+ Y, XFER X, CLR A 
1 a 1 1 a 

CLR M, READ OVFL 

UHA-+ Y, XFER X, CLR A 
1 a 1 1 a 

CLR M, READ OVFL 

LHA-+Y, XFER X 
1 a 1 1 1 

CLR M, READ OVFL 

UHA-+ Y, XFER X 
1 a 1 1 1 

CLR M, READ OVFL 

LOAD Y, XFER X, 
1 a 1 1 a 

CLR A, CLR M 

CLR A 
1 0 1 1 0 LOAD Y, XFER X, CLR M 

LOAD Y, XFER X, 
1 a 1 1 1 

HOLD A, CLR M 

LOAD Y, XFER X, SHIFT A 
1 0 1 1 1 CLR M, MULTIPLY 

READ LHA 
0 0 0 0 1 READ OVFL 

READ UHA a a a a 1 
READ OVFL 

LHA-+ X 
0 1 0 a 1 READ OVFL 

UHA-+ X a 1 a a 1 READ OVFL 

NO OP 
0 0 a a 1 OVFLEN AFTER MUL T 

MULTIPLY 
SHIFT A 

a 0 a a 1 

LOAD X, a 1 a 0 1 HOLD A 

LOAD X, SHIFT A a 1 a 0 1 MULTIPLY 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

Other Outputs 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown 
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SHFT 
A MUX OE Remark:s 

a a 1 

a 1 1 

a a 1 

a 1 1 

0 a 0 
Same Fune. 
as 0101 

1 1 0 
Same Fune. 
as 0100 

0 0 0 

1 1 0 
OVFLEN in 
Next State 

0 0 1 

0 1 1 

a a 1 

a 1 1 

a 0 a Must Prc'd 
Any Output 

1 1 0 

a a a 

1 1 a 

Bus Outputs 

DRIVING OUTPUT 



DEFINITION OF FUNCTIONAL TERMS 

Bus 0-Bus 7 - Bi-directional 8-bit data bus. 

X7 - Interconnection link from more significant 
byte if cascading (output). 

X1 - Interconnecting link between devices to 
least significant byte if cascading (input) 
link X7 to X1 to cascade - must be 
ground if not used. 

Accum Upper - Accumulator output upper byte, even bit. 
Half out, even 

Accum Upper - Accumulator output upper byte, odd bit. 
Half out, odd 

Accum Upper - Accumulator input, upper byte, even bit. 
Half input even 

Accum Upper - Accumulator input, upper byte, odd bit. 
Half input odd 

Accum Lower - Accumulator input, lower byte, even bit. 
Half input even 

Accum Lower - Accumulator input, lower byte, odd bit. 
Half input odd 

- "Y" register output, even (link to "Y 0"). 

- "Y" register output, odd (link to "Y 1 "). 

YR out even 

YR out odd 

YR in even - "Y" register input, even (link for cascading) 

YR in odd 

Yo 

Y, 

ground when not used. 

- "Y" register input, odd (link for 
cascading) ground when not used. 

- Multiplier odd input (link to Y reg. odd). 

- Multiplier even input (link to Y reg. even). 
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Sum In even - Multiplier input even for cascading link to 

Sum In odd 

more significant byte, for standalone, 
ground. 

- Multiplier input odd for cascading link to 
more significant byte, for standalone, 
ground. 

Sum out even - Multiplier output even (link to sum in even 
for cascading) can be used directly. 

Sum out odd 

Ace Add out, 
even 

Ace Add out, 
odd 

LSB 

onfl 

MSB 

CP 
OE 

- Multiplier output odd (link to sum output 
odd for cascading) can be used directly. 

- Adder output even, for LSB (Hi) output 
equal sum of Accum and multiplier, for 
LSB (low) output equal sum of accumu
lator and zero. 

- Same as above except odd bit instead of 
even. 

- Control for summing adder - See Accu
mulator Add outputs for definition. 

- 4-bit instruction field - provide cycle for 
cycle control of device function. 

- Stored overflow indicator used only on 
least significant byte. Requires proper 
execution of instruction to operate. 

- Control for "Y" reg. and multiplier to indi
cate Most Significant Byte - Activates 
sign extension and negative waiting for 2's 
compliment - Low. for lesser significant 
bytes and High for Most Significant 
Byte only. 

- Clock Pulse 

- 3 state enable for Bus 0-Bus 7 outputs. 



THE Am25LS2516 LSI 
MULTIPLIER/ACCUMULATOR 

By Roy Levy 

The Am25LS2516 is an 8-bit Multiplier/Accumulator de
signed for medium performance, minimum power, real time 
signal processing applications such as digital filtering, Fast 
Fourier Transforms, and statistical correlation. Using two's 
complement carry-save arithmetic, this 40-pin LSI device 
delivers a 16-bit product in eight clock cycles. This will permit 
two devices to be cascaded to achieve a 16-bit by 16-bit 
multiplication in 940ns when used over the full military 
operating range. 

A functional block diagram of the Am25LS2516 is shown in 
Figure 1. The key elements are an 8-bit X input register 
followed by an 8-bit X latch, an 8-bit Y register, four 2-bit 
multipliers, a 2-bit adder, two 8-bit accumulators (high order 
and low order), a byte selecting multiplexer and instruction 
decode logic. These components, equivalent to approxi
mately 625 gate elements, are integrated onto a single chip 
fabricated using Advanced Micro Devices' high
performance, Low-Power Schottky technology. The on-chip 
accumulator is provided to minimize component count and 
power dissipation in a high density system. It also allows 
completion of a multiply and accumulate operation in the 
same time normally required for a multiply only. Other LSI 
multipliers currently available require the accumulator func
tion to be provided externally. 

l/OBUS 

8-BIT Y REG 

-OE 
- SUM IN 

I 4 INST CONTROL 

Figure 1. 8-Bit by 8-Bit Multiplier Block Diagram with 
External Connections Required to Accumulate 
A 16-Bit Product. 
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MULTIPLIER OPERATION 

The Am25LS2516 is configured around an eight-line com
mon input/output bidirectional bus. X and Y input and ac
cumulator output data are routed via these bus lines. A two
rank register/latch combination is used for the X input to 
allow chaining of successive multiplies without losing a 
clock pulse; i.e., multiply and load vs. multiply. The latch 
holds the "X" data for the multiplier, allowing the X register 
to be loaded during any remaining multiply cycles. The "Y" 
Register can be parallel loaded, by command, from the 8-bit, 
on-chip bus from either the incoming 8 bits, or the Ac
cumulator High or Accumulator Low Register (separate 
commands). The "Y" Register provides the 2-bit-at-a-time 
shift and the sign extend which allows the four 2-bit cells to 
operate in a serial by parallel mode. The multiplier produces 
a 2-bit product for each clock, LSB's first. Its output is ac
cepted by the 2-bit adder as well as presented to external 
pins for expansion. A control gating array is provided to test 
for overflow during the last edd cycle of the operation; i.e., 
cycle 8 for8-bit multiply and cycle 16for16-bit multiply. The 
timing and control of this specific cycle is accomplished by 
the microcode chosen. The "no-op" and "L YSA" instruc
tions are provided for this purpose. The first cycle of a no-op 
following a multiply will cause the results of the overflow test 
to be stored. Two 8-bit accumulators are provided which 
must be externally connected in either an 8-bit, 16-bit, or 
greater configuration. 

These accumulators as well as the Y Register, are both or
ganized as dual-rank shift registers, which allow them to shift 
two bits at a time. The serial inputs and outputs of the Y 
Register and the low and high order halves of the ac
cumulator are all brought out to external pins for cascading 
the device. 

The accumulator output is available both serially and in par
allel. The accumulator results are available one bit later than 
the multiply cycle and the accumulator stops shifting during 
read cycles. If the device is used to compute X • Y products 
without accumulation, a minimum of two overhead cycles 
must accompany each multiply - - one for reading the upper 
(lower) half of the accumulator and one for clearing of the 
accumulator during the loading of the X or Y Registers. An 
output multiplixer selects the high or low order accumulator 
contents for presentation to the bus in parallel 8 bits at a time. 

The heart of this device is an 8-bit multiplier (Figure 2) made 
up of four 2-bit cells. Each cell has three inputs (2 bits wide), 
two dual carry-save full adders, with four flip-flops for tem
porary storage (two for carry-save and two for partial pro
duct). The multiplier is actually subdivided into two separate 
adders with appropriate carry-save. The last adder forms a 
partial sum representing 0, 1X, 2X, or 3X by using combina
tions of X and 2X. The control of this combination is Y 0 and 
Y1, respectively, to form Y0Xn + Y;Xn+1. This sum (nX) is 
the input for the second adder. The second adder combines 
the first adder (nX) sum with the stored partial product 



shifted two places plus carry to form a new partial product. 

PoMSB + Io + C = PoLSB 

P1MSB + L1 + c = P1LSB 

The two partial product bits of the least significant cell are 

made available to the SUM mer and the SUM out terminals. 

The LSB input controls the SUM out providing a pass 
through or add dependent on polarity. 

PROGRAMMING THE MULTIPLIER 

The Am25LS2516 is an externally programmed device con
trolled by four instruction lines. This programmability pro
vides a key to its flexibility. Sixteen microinstructions (see 

Table 1) are provided, which can be grouped into three major 
functions: Data Move, Read, and Multiply. 

Instruction 0-4: The first instructions ("O", "1 ", "2", "3") load 
the "Y" Register from the Accumulator (high or low), load the 
"X" Register while either clearing or not clearing, respec
tively, the Accumulator. 

The next four instructions ("4", "5", "6", "7") load the "Y" 

Register from external "bus" and Holds on the accumulators 
and multiplier. 

Instruction "7" is unique and is used to execute a chain 
multiply. It provides the last multiply operation while loading 
the "Y" Register, transferring the "X", and clearing the mul
tiplier. 

Instructions "8" and "9" provide the read-out (upper and 
lower halves) of the Accumulator. 

Instructions "A" and "B" internally transfer the respective 
halves of the Accumulator to the "X" Register - another 

method of chain calculating. 

Instruction "C" is a true no-op and provides an idling in

struction without disabling the clock. NOTE: The operations 
of the instruction are in some cases stored by clocking the 
instructions into an instruction register, accounting for a 

The Am25LS2516 

clocked delay in operations. Specifically, the shifting of the 

Accumulator is an internally stored command and as such is 

started and stopped one clock cycle late, allowing the Ac

cumulator to complete its data shifting during the first no-op 
cycle following a multiply and starting it one clock cycle after 

the multiplying cycle is started. 

Instruction "D" is a single iteration of the multiply and must 
be used for each bit in the multiplier minus one. The last bit of 
the multiplier will be handled by a no-op ("C") or a loadY and 
multiply (7). 

MNEMONIC 

YLHC 

YUHC 

YLHA 

YUHA 

LYCA 

LYCA 

LYHA 

LYSA 

ALHA 

RUHA 

XLHA 

XUHA 

NOOP 

MULT 

INSTRUCTION 
13121110 

TABLE I 

IN HEX FUNCTION REMARKS 

A 

LHA-+Y, XFER X, CLR A 
CLR M, READ OVFL 

---------+--------j 
READ UHA 
READ OVFL 

----+----------l 
LHA-+X 
READ OVFL 

- ---·------ ---+---------; 
UHA-+Y 
READ OVFL 
NOOP ---~- Enable overflow 

store 
----j----------

MULTIPLY 

SHIFT A t-' 
LX_H_A---+------~- LOAD X, HOLD A --- ----

LXSA 

"continue multiplying instructions 

LOAD X, SHIFT A 
MUl TIPLY 

FROM X LATCH 

MSB 

CARRY 
STORE 

CO B1 

co 

ADDER 

E1 

A1 ADDER B1 

E1 

PARTIAL 
PROD REG 

C1 

C1 

Po >-----+--------+------~ 

GATE 

BO 

co 

CARRY 
STORE 

AO C1 
ADDER 

EO 

BO ADDER AO C1 

EO 

PARTIAL 
PROD REG 

~------Po 
NEXT LSB 

·p· >----~ ~---------------------P4 

Figure 2. Am25LS2516 Multiplier Cell. 
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The Am25LS2516 

Instruction "E" provides a load "X" Register and Hold. 

Instruction "F" provides an intermediate instruction which 
can be executed during a multiply. It allows the "X" Register 
to load without disturbing the "X" Latch, while continuing 
the iteration of the multiply. 

Instructions "C" and "7" also provide sampling and storage 
of the overflow condition. 

APPLICATION OF THE MULTIPLIER 

The flow diagram for an 8-bit two's complement multiply is 
shown in Figure 3, together with the required program 
micro-steP.s. Figure 4 extends this to include accumulate, 
intermedi~te load ofX and chain calculations. Figures 5a and 
b show the external connection of two Am25LS2516 devices 
to execute a 16-bit by 16-bit multiplication. A 32-bit product is 

EXT COUNTER 
VALUE ~~~. 

completed in 16 clock cycles. This same technique may be 
extended in a similar fashion to longer word lengths. The 
flowchart of Figure 6 demonstrates a 16-bit two's comple
ment multiply without accumulate, modified to a 12-bit by 
12-bit function. 

The Am25LS2516 Multiplier/Accumulator is the most com
plex LSI product manufactured to date with Low Power 
Schottky technology. It will be extremely useful in high
density applications where minimum package count is a 
primary consideration. The device itself performs an 8 x 8 or 
16 x 16 multiplication in approximately twice the time of 
parallel multipliers currently available, but using only one 
quarter the power in the multiplier portion of the function. In 
a fully configured system using both techniques, the 
Am25LS2516 performance begins to approach that of the 
parallel multiplier plus supporting devices. 

LOOPING OF MULTIPLY 
USING EXTERNAL CONTROL 

PROGRAM MICRO STEPS 

# INST IN HEX 

1 E 
2 4 
3 D 
4 D 
5 D 
6 D 
7 D 
8 D 
9 D 
10 c 

IDLE 

Figure 3. 8-Bit Two's Complement Multiply without Accumulate or Chain. 
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The Am25LS2516 

PROGRAM MICRO STEPS 

# 

2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

IDLE 

INST IN HEX 

E 

4 
D 

D 

D 

F 

D 

D 

D 

D 

D 
D 
D 

D 

D 
D 

c 
c IDLE 

c 

EXT COUNTER 
VALUE 

LOAD X, 
MULTIPLY, 

SHIFT A 

LOAD Y, 
TRANSFER X, 

CLEAR M, 
MULTIPLY 

NO-OP 

LOOPING OF MULTIPLY 
USES EXTERNAL CONTROL 

Figure 4. 8-Bit Two's Complement Multiply with Accumulate, Intermediate Load and Chain Calculations. 

INDICATES 1st OR 2nd DEVICE 

FLOW PATH DURING MULTIPLY 

Figure Sa. Interconnection of Two Am25LS2516 (8 x 8 Multiplier) Devices to Execute a 16 x 16 Multiply. 
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The Am25LS2516 

MSB BUS -,8 L_'-<f-i---1--J BUS 0 

H BUS1 

~ BUS2 

H BUS3 

p-- BUS 4 

~ BUSS ,.._ BUS 6 

'--- BUS 7 

X7 

Vee Vee 

.-- GND 

.-- CLK ,.._ r- SUM IN ODD 

~ I- SUM IN EVEN 

ACC UH IN ODD 

ACC UH IN EVEN 

ACC LH !NODD 

MSP 

4 • 
~---+--+---------------+--+-/~.L..._.--tl-- INSTRUCTION 

lo~ 

11 1--1 
1, 1--1 
13 f--' 

5E f-i 
MSB f-+---. 
LSB ~ 

v, t---+-

.,..___ BUSO 

~ BUSl 

~ BUS2 

~ BUS3 

t-- BUS 4 

t---i BUS 5 

t----j BUS 6 

L--j BUS 7 

X-1 t---+----+--t---t X 7 

Yo t--+- ~ Vee 

GND f-..._-+--+--t~l--f GND 

OVFl CLK 

SUM OUT ODD SUM IN ODD 

SUM OUT EVEN SUM IN EVEN 

ACC UH OUT ODD ACC UH IN ODO 

ACC UH OUT EVEN t---+---+---+--t--tf--t ACC UH IN EVEN 

ACC ADD OUT ODD ACC lH IN ODD 

LSP 

lo I-< 
1, I-< 
1, I-< 
13 I

CE t-
MSB i---4 
LSB t--f---" 

v, t-t----, 
Yo 1--+--i 

x_, 1--4 
GND ~ 

OVFL t-t-r-;r-;r-;- OVERFLOW 

SUM OUT ODD I-+-+-+-' 

SUM OUT EVEN 1-t-t-t-~ 

ACC UH OUT ODD 1-t-t-t-~ 

ACC UH OUT EVEN 1-t-t-t-, 

ACC UH IN EVEN ACC ADD OUT EVEN ACC UH IN EVEN 

ACC ADD OUT ODD 

ACC ADD OUT EVEN 

Y OUT ODD 1--+--+--+--t--t--f Y JN ODD 

Y OUT EVEN t---+---+---+--t--tf--t VIN EVEN 

.CLOCK--+-+-+--+-----------------' 

Y OUT ODD 1-+-t-< 
Y OUT EVEN 1---t--4 

Figure Sb. Two Devices Cascaded in 16-Bit by 16-Bit Multiplier Application with 32-Bit Accumulated Product. 

a) WIRE X LOAD BITS 0 -- 12 NORMAL 
W1RE 13, 14, 15 TO BIT 12 (SIGN EXTEND) 

b) WIRE Y LOAD SAME ASX 

PROGRAM MICRO STEPS AS IN FIGURE 3 
ALLOWING 11 "O" CODES AND 1 "C" CODE. 

LOOPING OF MULTIPLY 
USING EXTERNAL CONTROL 

FINAL AESUL TS LEFT HANO OR 
MOST SIGNIFICANT JUST I Fl ED 

i.e. FOR 12 x 12, 223 APPEARS 
AT THE MOST SIGNIFICANT 
BIT POSITION OF MOST SIGNIFICANT 
BYTE. 

Figure 6. 16 Bit Two's Complement Multiply without Accumulate Modified 
to 12 x 12 (Using Two Am25L52516 Devices Interconnected). 
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Am25LS2517 
Arithmetic Logic Unit/Function Generator 

Am25LS2517 data is combined with 
the Am25LS381. 

See Am25LS381 data sheet for full 
information. 

LOGIC DIAGRAM 

en 15 

•o< • .-L:t;::::::::ffii=c=!'l-,_, 

A 2 ~19e_~_j-->~ffl.J 

B3 16 

Note: The Advanced Micro Devices' LS381 products were designed 
prior to publication of data sheets by T.I. Review specifications for 

possible differences. 

FUNCTIONAL DESCRIPTION 

The Am25LS381 and Am54LS/74LS381 are arithmetic logic 

units (ALU)/function generators that perform three arithmetic 
operations and three logic operations on two 4-bit words. The 
device can also output forced 0000 (clear) or 1111 (preset). 
These eight operations are selected using three function select 

inputs So. S1 and S2 as shown in the function table. Full 
carry look ahead is used over the four-bit field within the 
device. When devices are cascaded, multi-level full carry look

ahead is implemented using a '182 carry look ahead generator 
and the G and P outputs on the Am25LS381 or Am54LS/ 
74LS381. The device is packaged in a space-saving (0.3-inch 
row spacing) 20-pin package. If the Cn+4 carry output func
tion is required, the Am25LS2517 should be used. 

The Am25LS381 is a high-performance version of the 

Am54LS/74LS381. Improvements include faster a. c. specifi

cations, higher noise margin and twice the fan-out over the 
·military temperature range. 

The Am25LS2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 3 operations are selected using three function select inputs So. 
S1 and S2 as shown in the function table. Full carry look-
ahead is used over the four-bit field within the device. When 
devices are cascaded, the ca.rry output (Cn+4l is connected to 

the carry input (Cn) of the next device. The Am25LS2517 
can also detect two's complement overflow. The overflow 

output (OVR) is defined logically as Cn+3 Ell Cn+4· 
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LOGIC SYMBOLS 

Am25LS2517 

3 4 1 2 19 18 17 16 

Cn+4 

F3 

12 

s, 
OVR 

13 6 S1 

So 

Vee~ Pin 20 
GND =Pin 10 

Am25LS381 
Am54LS/74LS381 

3 4 1 2 19 18 17 16 

'o 

11 12 

CONNECTION DIAGRAMS 
Top Views 

Am25LS2517 Am25LS381 
Am54LSn4LS381 

Note: Pin 1 is marked for orientation, 

13 

14 



Am25LS2518 
Ouad D Register With Standard And Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Low-power Schottky version of the popu[ar Am2918 and 
Am25S18 

• Four standard totem-pole outputs 
• Four three-state outputs 
• Four D-type flip-flops 
• Second sourced by T. I. as the SN54/74 LS388 
• 100% product assurance screening to MI L-STD-883 

requirements 

LOGIC DIAGRAM 

Do 0 Oo 

01 

02 

03 

Dl 

D3---+---l 

CLOCK GP -p.o-

STANDARD 
OUTPUTS 

THREE-STATE 
OUTPUTS 
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FUNCTIONAL DESCRIPTION 

The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up and 
hold requirements on the D inputs is transferred to the Q 
outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three
state Y outputs when the "output control" (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 

The Am25LS2518 is a 4-bit, high-speed register intended for 
use in real-time signal processing systems where the standard 
outputs are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am25LS2518 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 

LOGIC SYMBOL 

12 15 

Do Dl D2 D3 

CP 

OE 
Oo 0 1 0203YoY1 Y2 Y3 

2 5 11 14 3 6 

Vcc=Pin16 

GND=Pin8 

10 13 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 



Am25LS2518 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

Ml L TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

1 MIL 

Vee= MIN. 
Q, loH = -660µA l 

COM'L 
VoH Output HIGH Voltage 

V1N = V1H or V1L y l MIL, loH = -1.0mA 

l COM'L, loH = 2.6mA 

Vee= MIN. 
loL = 4.0mA 

Vol Output LOW Voltage 
V1N = V1H or VIL loL =8.0mA 

loL = 12mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
V1L Input LOW Level voltage for all inputs l COM'L 

V1 Input Clamp Voltage Vee= MIN .. l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•• Input HIGH Current Vee= MAX., V1N = 7.0V 

•oz 
Off-State (High-Impedance) Vee= MAX. l Vo=0.4V 

Output Current Vo=2.4V 

•sc Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.5 

2.7 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

17 

Am25LS2518 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-20 
µA 

20 

-85 mA 

28 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ice is measured with all inputs at 4.SV and all outputs open. 

Am25LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 
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Am25LS2518 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

!PLH 
Clock to Qi 

tPHL 

lPLH 
Clock to Yi (OE LOW) 

!PHL 

tpw Clock Pulse Width J 
ts Data 

th Data 

tzH 
OE to Yi 

tzL 

!Hz 
OE to Yi 

tLz 

LOW 

HIGH 

fmax Maximum Clock Frequency (Note 1) 

Min. 

18 

15 

15 

5.0 

35 

Typ. Max. Units Test eond itions 

18 27 
ns 

18 27 

18 27 
ns 

18 27 

ns CL=15pF 
RL = 2.0kn 

ns 

ns 

7.0 11 
ns 

8 12 

14 21 CL= 5.0pF 
ns 

RL = 2.0kn· 12 18 

50 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 

SWITCHING CHARACTERISTICS 
Am25LS eOM'L Am25LS MIL OVER OPERATING RANGE* 

TA= 0°e to +70°e TA= -55°C to +125°C 

Vee= 5.ov ±5% Vee= s.ov ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

!PLH 38 45 
Clock to Qi 

38 
ns 

tPHL 45 

tPLH Clock to Y; (OE LOW) 
35 40 

35 40 
ns 

tPHL 

l LOW 20 20 CL= 50pF 
tpw Clock Pulse Width ns RL = 2.0kn HIGH 20 20 

ts Data 15 15 ns 

th Data 5.0 5.0 ns 

tzH 
OE to Yi 

15 17 
ns 

tzL 16 17 

tHz 
OE to Y; 

27 30 CL= 5.0pF 
tLz 24 

ns 
RL = 2.0k!'! 30 

fmax Maximum Clock Frequency (Note 1) 30 25 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

Di The four data inputs to the register. 

Oj The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non
inverted. 

Yj The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non
inverted. A HIGH on the "output control" input forces the 
Yi outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yi outputs. 

ae 
H 
H 
H 
H 
L 
L 
L 
L 

L- LOW 

H- HIGH 

INPUTS 

CLOCK 
CP 

L 
H 
t 
t 
t 
t 
-
-

X = Don't care 

Am25LS2518 

TRUTH TABLE 

D 

x 
x 
L 
H 
L 
H 
-
-

OUTPUTS 
NOTES 

Q y 

NC z -
NC z -
L z -
H z -
L L -
H H -
L L 1 
H H 1 

NC= No change 
t =LOW to HIGH transition 
Z = High impedance 

Note: 1. When OE is LOW, the Y output will be in the same logic 

state as the Q output. 

"o 2 

Yo 3 

01 4 

a1 s 

Y1 6 

Metallization and Pad Layout 

eP 

DIE SIZE 0.083" X 0.099" 

Am25LS 

16 Vee 

15 03 

14 0, 

13 Y3 

12 o, 
11 a, 

10 v, 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown. 
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Am25LS2518 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C AM25LS2518PC 
Hermetic DIP 0°C to +70°C AM25LS2518DC 

Dice 0°C to +70°C AM25LS2518XC 
Hermetic DIP -55°C to +125°C AM25LS2518DM 

Hermetic Flat Pak -55°C to +125°C AM25LS2518FM 
Dice -55°C to +125°C AM25LS2518XM 

APPLICATIONS 

8 8 8 
og~?JeERR/ DECODER/ DECODER I 

DRIVER DRIVER 

n 

INPUT( 
DATA -----...++----++-+-1'----.-1-+----J-+-++----.-+-lf-----f-+-I-+~ 

-----T+-+--t-----t-t-Hc---.-t-H-------t-+-+--t-rt-Hr------t-;---t-t--, 

8 
DECODER/ 

DRIVER 

Mn( iD~ BUS ----------+-"--------j-+---------j_._-------+-"------ BUS 

CLOCK 

LENGTH (A 
CONTROL B 

ENABLE 

,----, 
--; A ~Yo 

c;i Y7 -
8 ~ Y2ln... 

---0 G S Y3JV'" 

'------' 

The Am25LS2518 used as display register with bus interrogate capability. 

J I I 
Do GP 00 "o GP Oo Do CP Oo 
Di o, Di o, D, o, 
D2 02 D2 02 D2 00 02 
D3 ~ 03 D3 

"l 
03 D3 

~ 
03 

Yo ~ y 0 1--------1 Yot----
E Y1r-----, E Y1 r-----, E Y1t---< < < 

Y2f----i Y2~ y2 f----i 
DE Y3!--, DE Y3i--, DE Y3f-i 

J J J 

The Am25LS2518 as a variable length (1, 2, 3 or 4 word)shift register. 
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Do CP 

Di 

D2 

D3 

~ 
E 
< 

DE 

Oo 

o, 
02 

03 

Yo 

Y1t---

Y2i---

Y3h 

Xo 
x, 
X2 

X3 

} DATA 
BUS 



Am25LS2519 
Quad Register With Two Independently Controlled Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Two sets of fully buffered three-state outputs 

• Four D-type flip-flops 
• Polarity control on W outputs 
• Buffered common clock enable 
• Buffered common asynchronous clear 
• Separate buffered common output enable for each set of 

outputs 

• 100% product assurance screening to MI L-STD-883 

requirements 

17 

I 
ENABLE 

LOGIC DIAGRAM 

GP 
CLOCK 

19 18 

Cl.A POL 
CLEAR POLARITY 

14 

OE-Y OE-W 
OUTPUT ENABLE 

FUNCTIONAL DESCRIPTION 

The Am25LS2519 consists of four D-type flip-flops with a 

buffered common clock enable. Information meeting the 

set-up and hold time requirements of the D inputs is trans

ferred to the flip-flop outputs on the LOW-to-HIGH transition 

of the clock. Data on the Q outputs of the flip-flops is enabled 

at the three-state outputs when the output control (0 E) input 

is LOW. When the appropriate OE input is HIGH, the outputs 

are in the high impedance state. Two independent sets of 

outputs - W and Y - are provided such that the register can 

simultaneously and independently drive two buses. One set of 

outputs contains a polarity control such that the outputs can 

either be inverting or non-inverting. 

The device also features an active LOW asynchronous clear. 

When the clear input is LOW, the Q output of the internal 

flip-flops are forced LOW independent of the other inputs. 

The Am25LS2519 is packaged in a space saving (0.3-inch row 

spacing) 20-pin package. 

17 

19 

18 

GP 

GLR 

OE-Y 

OE-W 

POL-W 

LOGIC SYMBOL 

13 16 

Wo w, W2 W3 Yo v, Y2 Y3 

2 5 12 15 3 6 11 14 

Vee= Pin 20 

GND =Pin 10 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 
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Am25LS2519 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 
MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN. MIL, loH =-1.0mA 
VoH Output HIGH Voltage 

V1N = V1H or VIL COM'L, loH = -2.6mA 

Vee= MIN. 
loL =4.0mA 

VoL Output LOW Voltage 
V1N = V1H or V1L loL =8.0mA 

loL = 12mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
V1L Input LOW Level 

voltage for all inputs J COM'L 

V1 Input Clamp Voltage Vee= MIN., I 1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

Off-State (High-Impedance) } Vo=0.4V 
1oz Output Current 

Vee= MAX. 
Vo= 2.4V 

•sc Output Short Circuit Current Vee= MAX. 
(Note 3) 

Power Supply Current } MIL •cc Vee= MAX. (Note 4) 
COM'L 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

24 

24 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-20 

20 
µA 

--85 mA 

36 
mA 

39 
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0 V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 

Am25LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5Vto+7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30 mA to +5.0 mA 
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SWITCHING CHARACTERISTICS 
(TA; +25°e, Vee; 5.0V) 

Parameters Description 

tPHL Clock to Y; 
tPHL 

tpLH Clock to W; 

tpHL (Either Polarity) 

tpHL Clear to Y; 

tPLH Clear to W; 
tPHL 

tpLH Polarity to W; 
tPHL 

tpw Clear 

tpw Clock Pulse Width l LOW 

HIGH 

ts Data 

th Data 

ts Data Enable 

th Data Enable 

ts 
Set-up Time, Clear 
Recovery (Inactive) to Clock 

tzH Output Enable to W or Y 
tzL 

tHz 
Output Enable to W or Y 

tLZ 

fmax Maximum Clock Frequency (Note 1) 

Min. 

18 

15 

18 

15 

5 

20 

0 

20 

35 

Am25LS2519 

Typ. Max. Units Test Conditions 

22 33 

20 30 
ns 

24 36 

24 36 
ns 

29 43 ns 

25 37 

30 45 
ns 

23 34 

25 37 
ns 

CL= 15pF 

ns RL = 2.0kO 

ns 

ns 

ns 

ns 

ns 

15 ns 

11 17 

13 20 
ns 

13 20 CL= 5.0pF 

11 17 
ns 

RL = 2.0kO 

45 MHz 
CL= 15pF 
RL = 2.0kO 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 

pulse width or duty cycle. 

Am25LS COM'L Am25LS MIL 

SWITCHING CHARACTERISTICS TA= 0°C to +10°c TA= ~55°C to +125°C 

OVER OPERATING RANGE* Vee= 5.ov ±5% Vee = 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 39 42 
Clock to Y; ns 

tPHL 39 45 

tPLH Clock to W; 41 43 
ns 

tPHL (Either Polarity) 44 48 

tPHL Clear to Y; 52 58 ns 

tPLH 42 43 
Clear to W; ns 

tPHL 51 53 

tPLH 41 45 
Polarity to W; ns 

tPHL 42 44 CL= 50pF 

tpw Clear 20 20 ns RL = 2.0kO 

1 LOW 20 20 
tpw Clock ns 

HIGH 20 20 

ts Data 15 15 ns 

th Data 10 10 ns 

ts Data Enable 25 25 ns 

th Data Enable 0 0 ns 

ts 
Set-up Time, Clear 23 24 ns 
Recovery (Inactive) to Clock 

tzH 24 27 
Output Enable to W; or Y; ns 

tzL 29 35 

tHz 33 45 CL= 5.0pF 
Output Enable to W; or Y; ns 

tLZ 22 26 RL = 2.0kO 

fmax Maximum Clock Frequency (Note 1) 30 25 MHz 
CL= 50pF 
RL = 2.0kO 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2519 

FUNCTION TABLE 

INPUTS FUNCTION INTERNAL OUTPUTS 
CP Di E CLR POL OE-W OE-Y Q Wj Y1 
x x 

Output Three-State Control x x 
x x 
x x 

W; Polarity x x 
x x 

Asynchronous Clear 
x x 
x x 
t x 
t L 

Clock Enabled t L 
t H 
t H 

x 
x 
x 
x 
x 
x 
x 
x 
H 
L 
L 
L 
L 

L= LOW 
H =HIGH 

x 
x 
x 
x 
x 
x 
L 
L 

H 
H 
H 
H 
H 

Z = High Impedance 

x 
x 
x 
x 
L 
H 
L 
H 

x 
L 
H 
L 
H 

DEFINITION OF FUNCTIONAL TERMS 

CP 

Any of the four D flip-flop data lines. 

Clock Enable. When LOW, the data is entered 
into the register on the next clock LOW-to
H IGH transition. When HIGH, the data in the 
register remains unchanged, regardless of the 
data in. 

Clock Pulse. Data is entered into the register on 
the LOW-to-HIGH transition. 

OE-W, OE-Y Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, the out
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set. 

Yi Any of the four non-inverting three-state out
put lines. 

Wi Any of the four three-state outputs with polarity 
control. 

POL Polarity Control. The Wi outputs will be non
inverting when POL is LOW, and when it is 
HIGH, the outputs are inverting. 

CLR Asynchronous Clear. When CLR is LOW, the 
internal 0 flip-flops are reset to LOW. 

H L 
L H 
H H 
L L 

L L 
L L 

L L 
L L 

x x 
L L 
L L 
L L 
L L 

X = Don't Care 
NC = No Change 

NC 
NC 
NC 
NC 

NC 
NC 
L 
L 

NC 
L 
L 
H 
H 

t =LOW to HIGH Transition 

z Enabled 
Enabled z 

z z 
Enabled Enabled 

Non-Inverting Non-Inverting 
Inverting Non-Inverting 

L L 
H L 

NC NC 
L L 
H L 
H H 
L H 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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DATA 
INPUTS 

CONTROL 
INPUTS 

D3 

D2 

Dl 

Do 

CP 

CL 

OE-W 

OE·Y 

POL 

W3 

W2 

W1 

Wo 

Am25LS2519 

Y3 

v, 
Y1 

Yo 

Am25LS2519 

APPLICATION 

DATA BUS 

330,Q. 

).. HP5082-4650 
LEDS 

OTHER DISPLAY 
INPUTS 

Convenient Register Content Monitor or Test Point n 
1--------------tu 

Metallization and Pad Layout 

20 Vee 
19 CLR 

Do 1 18 POL 

Wo 2 17 

16 D3 

Yo 3 
15 W3 

Dl 4 

W1 5 14 Y3 

Y1 6 
13 D2 

12 W2 

OE-W 7 

OE-Y 8 11 Y2 

CP 9 

GND 10 

DIE SIZE 0.083" X 0.099" 
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Am25LS2520 
Octal D·Type Flip-Flop With Clear, Clock Enable And Three-State Control 

DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 
• Buttered common asynchronous clear input 
• Three-state outputs 
• 8-bit, high-speed parallel register with positive edge-triggered, 

D-type tlip-tlops 
• Am25LS Family offers improved sink current, source 

current and noise margin 
• 100% product assurance screening to MI L-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS2520 is an 8-bit register built using advanced 
Low-Power Schottky technology. The register consists ot 
eight D-type flip-flops with a buttered common clock, a 
buttered common clock enable, a buttered asynchronous clear 
input, and three-state outputs. 

When the clear input is LOW, the internal flip-flops ot. the 
register are reset to logic 0 (LOW), independent ot all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

When the three-state output enable (OE I input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state ot the tlip-tlop 0 output, 

The clock enable input (El is used to selectively load data 
into the register_ When the E input is HIGH, the register will 
retain its current data. When the Eis LOW, new data is entered 
into the register on the LOW-to-HIGH transition ot the clock 
input. 

This device is packaged in a space-saving (0.4-inch row spacing) 
22-pin package. 

LOGIC DIAGRAM 

Yo Y1 Y2 Y3 y 4 Y5 Y5 Y7 

CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 

13 14 17 18 
Vee . E 0E Y7 D1 D5 Y5 Y5 Ds D4 Y4 

Do Dl D, D3 D4 Ds D5 D1 

21 

10 eP 

20 OE 
Yo Y1 Y2 Y3 Y4 Y5 Y5 Y7 

eLR Yo Do Dl Y1 Y2 D2 D3 Y3 ep GND 

12 15 16 19 

Vee= Pin 22 
Note: Pin 1 is marked for orientation. GND =Pin 11 
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Am25LS2520 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee ""5.0 v ±5% Ml N. = 4.75 v MAX.= 5.25 v 

Ml L TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.SOV 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions I Note 1 l 

Vee= MIN. MIL,loH=-1.0mA 

VoH Output HIGH Voltage 
V1N = V1H or V1L COM'L, loH = -2.6mA 

Vee= MIN. loL =4.0mA 

VOL Output LOW Voltage V1N = V1H or V1L 
loL =8.0mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW ] MIL 

V1L In put LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX .. V1N = 0.4V 

l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

11 Input HIGH Current Vee= MAX .. V1N = 7.0V 

Off-State (High.Impedance) Vo=0.4V 
•o Vee= MAX. 

Output Current Vo= 2.4V 

•sc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

Ice 
Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

24 

Am25LS2520 

Max. Units 

Volts 

0.4 
Volts 

0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µ.A 

0.1 mA 

-20 

20 
µ.A 

-85 mA 

37 mA 

Notes: 1. For conditions shown as Ml N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open, E = GND, Di inputs= CLR =OE= 4.5V. Apply momentary ground, then 4.5V to clock input. 

Am25LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +t50°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am25LS2520 

SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

tPLH Clock to Yi (OE LOW) 
tPHL 

tPHL Clear to Y 

ts Data (Di) 

th Data (Di) 

ts Enable (E) l 
th Enable (E) 

Active 

Inactive 

ts Clear Recovery (In-Active) to Clock 

l HIGH 
tpw Clock 

LOW 

tpw Clear 

tzH 

tzL 
OE to Yi 

tHz 
OE to Y; 

tLz 

fmax Maximum Clock Frequency (Note. 1) 

Min. Typ. Max. Units Test Conditions 

18 27 
ns 

24 36 

.22 35 ns 

10 3 ns 

10 3 ns 

15 10 
ns 

CL= 15pF 20 12 

0 0 ns 
RL = 2.0kn 

11 7 ns 
20 14 

25 13 
ns 

20 13 ns 

9 13 
ns 

14 21 

20 30 CL= 5.0pF ns 
RL = 2.0kn 24 36 

40 MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse 
width or duty cycle. 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LS MIL OVER OPERATING RANGE* 

TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ± 5% Vee= 5.ov ± 10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 

tPLH 33 39 
Clock to Yi (OE LOW) ns tPHL 45 54 

tPHL Clear to Y 43 51 ns 
ts Data (Di) 12 15 ns 
th Data (D;) 12 15 ns 

Enable (E) J 
Active 17 20 

ts ns 
Inactive 20 23 CL= 50pF 

th Enable IE) 0 0 ns RL = 2.0kn 

ts Clear Recovery (In-Active) to Clock 13 15 ns 

L HIGH 25 30 
tpw Clock ns l LOW 30 35 

tpw Clear 22 25 ns 
tzH - 19 25 OE to Y; ns tzL 30 39 
tHz 

OE to Yi 
35 40 CL= 5.0 pF 

ns 
RL = 2.0kn tLz 39 42 

fmax Maximum Clock Frequency (Note 1) 25 20 MHz 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

Di The D flip-flop data inputs. 

CLR When the clear input is LOW, the Qi outputs are 

LOW, regardless of the other inputs. When the 

clear input is HIGH, data can be entered into the 

register. 

CP Clock Pulse for the Register; enters data into the 

register on the LOW-to-HIGH transition. 

The register three-state outputs. 

Clock Enable, When the clock enable is LOW, 

data on the Di input is transferred to the Oi 
output on the LOW-to-HIGH clock transition. 

When the clock enable is HIGH, the Qi outputs 

do not change state, regardless of the data or clock 

input transitions. 

OE Output Control. When the OE input is HIGH, 

the Yi outputs are in the high impedance state. 

When the OE input is LOW, the TRUE register 

data is present at the Yi outputs. 

Vee 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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Function 

Hi-Z 

Clear 

Hold 

Load 

H ~HIGH 
L =LOW 

OE 

H 

H 

L 

H 

L 

H 

H 

L 

L 

X =Don't Care 

C01 1 

Yo 2 

Do 3 

01 4 

Y1 5 

Y2 6 

o, 7 

03 8 

Y3 9 

GP 10 

GND 11 

Am25LS2520 

FUNCTION TABLE 

Inputs 
CLR E Di 

x x x 

L x x 
L x x 

H H x 
H H x 

H L L 

H L H 

H L L 

H L H 

Internal Outputs 

CP Oi Yi 

x x z 
x L z 
x L L 

x NC z 
x NC NC 

t L z 
t H z 
t L L 

t H H 

NC =No Change 
t =LOW-to-HIGH Transition 
Z =High Impedance 

Metallization and Pad Layout 

22 Vee 

21 E 

20 OE 

19 Y7 

18 07 

17 Da 
16 Ya 

15 Y5 
14 05 

13 04 

12 Y4 

DIE SIZE 0.080"x0.111" 

E1 



Am25LS2520 

INSTRUCTION REGISTER { 

MAPPING PROM { 

MICROPROCESSOR { 
SEQUENCER 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP D°C to +7D°C AM25 LS252DPC 
Hermetic DIP D°C to +7D°C AM25 LS252DDC 

Dice D°C to +7D°C AM25 LS252DXC 
Hermetic DIP -55°C to +125°C AM25 LS252DDM 

Hermetic Flat Pak -55°C to +125°C AM25LS252DFM 
Dice -55°C to +125°C AM25LS252DXM 

APPLICATIONS 
16-BIT DATA BUS 

Am25LS2520 

12 

PROM ARRAY 
MICROPROGRAM { 
MEMORY 

~~--.~~~~~,-~~~~...,...~~~~--,~~~~~,-~~~~...,...~~~~--,~~~ 

PIPELINE 
REGISTER 

16 

1 

Am25LS2520 

Am25LS2520 Am25LS2520 Am25LS2520 

56-BIT PIPELINE REGISTER 

A typical Computer Control Unit for a microprogrammed machine. 

16 

Am25LS240 Am25LS240 

16 

DAT A BUS 

ADDRESS BUS 

16 16 

Am25LS2520 Am25LS2520 

16 

1/0 DEVICE #1 110 DEVICE -='2 

The Am25LS252D is a useful device in interfacing with the Am9D8DA system buses. 
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Am25LS2521 
Eight-Bit Equal-To Comparator 

DISTINCTIVE CHARACTERISTICS 

• 8-bit byte oriented equal comparator 
• Cascadable using E 1 N 
• High-speed, Low-Power Schottky technology 

• tpd A• B to EouT in 9ns 

• Standard 20-pin package 
• 100% product assurance screening to MI L-STD-883 

requirements 

CONNECTION DIAGRAM 

Note: Pin 1 is marked for orientation 

FUNCTIONAL DESCRIPTION 

The Am25LS2521 is an 8-bit "equal to" comparator capable 
of comparing two 8-bit words for "equal to" with provision 
for expansion or external enabling. The matching of the two 
8-bit inputs plus a logic LOW on the E1 N produces an active 
LOW on the output EouT· 

The logic expression for the device can be expressed as: 

EouT ; (Ao 0 Bo) (A1 0 BJ) (A2 0 B2l (A3 0 B3) (A4 0 B4l 
(A50 B5) (A70 B1) EIN· It is obvious that the expression is 
valid where Ao - A7 and Bo - B7 are expressed as either 
assertions or negations. This is also true for pair of terms i.e. 

Ao ca:i_ be compared with Bo at the same time A1 is compared 
with B1. It is only essential that the polarity of the paired 
terms be maintained. 

LOGIC DIAGRAM 

3-232 

LOGIC SYMBOL 

18 17 16 15 14 13 12 11 9 8 7 6 5 4 3 2 

EouT 

19 

Vee= Pin 20 

GND =Pin 10 



Am25LS2521 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vee=5.0V±5% MIN.=4.75V MAX.=5.25V 
MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 11 

Vee= MIN. 
loH = -440µA VoH Output HIGH Voltage 

VIN= V1H or V1L 

Vee= MIN. 
loL =4.0mA 

Vol Output LOW Voltage 
V1N = V1H or V1L loL =8.0mA 

loL = 12mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage tor all inputs 

Guaranteed input 1ogical LOW 
VIL Input LOW Level 

voltage for all inputs 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX .• V1N = 0.4 v 

IJH Input HIGH Current Vee= MAX .• V1N = 2.7 v 

11 Input HIGH Current Vee= MAX .• V1N = 7.0V 

•sc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

ice 
Power Supply Current Vee= MAX. (Note 4) 

Mil 

COM'L 

MIL 

COM'L 

Ai. Bi 

E 

Ai, Bi 

E 

Ai, Bi 

E 

Min. 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

27 

Max. Units 

Volts 

0.4 

0.45 Volts 

o.~ 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 
mA 

-0.72 

20 
µA 

40 

0.1 
mA 

0.2 

-85 mA 

40 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. E = GND, all other inputs and outputs open. 

MAXIMUM RATINGS (Above which the useful life mav be impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 

(TA= +25°e, Vee= 5.0V) 

Parameters Description 

tPLH A; or B; to Equal 
tPHL 

tPLH E to Equal 
tPHL 

SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

tPLH A; or B; to 

tPHL Equal Output 

tPLH E to Equal Output 
tPHL 

Min. Typ. 

9 
9 

5 
6 

Am25LS COM'L 

TA= o•c to +10°c 
Vee= 5.ov ±5% 

Min. Max. 

20 
19 

10.5 
12.5 

Am25LS2521 

Max. Units Test Conditions 

15 
15 

ns 
CL= 15pF 

7 RL = 2.0kO 

8 
ns 

Am25LS MIL 

TA= -55°C to +125°C 

Vee = 5.ov ±10% 

Min. Max. Units Test Conditions 

22 
21 

ns 
CL= 50pF 

12 RL = 2.0kO 

15 
ns 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

DEANITION OF FUNCTIONAL TERMS 

Ao-A1 
Bo-87 
E1N 

Eour 

A input to comparator 
B input to comparator 
Enable active LOW 
EQUAL output active LOW 

Metallization and Pad Layout 

-------- 20 Vee 

------- 19 EouT 

9-llf--- 16 8 & 

.~m-111--- 15 "" 

9<--- 14 B5 

;-;i Im-Ill--- 13 "s 

'------ 11 .A4 

~------- 10 GND 

DIE SIZE 0.063'' x 0.074" 
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Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 



Am25LS2521 

APPLICATION 

MAX. ENABLE (HIGH-to-LOW) DELAY 
OVER 16-BITS 

(Commercial Range) 

tpHL 
A; or B; 

19ns 
to EouT 

tpHL 
E1N to 12.5ns 
EouT 

Total 31.5ns 

MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP D°C to +7D°C AM25LS2521 PC 
Hermetic DIP D°C to +7D°C AM25LS2521 DC 

Dice D°C to +7D°C AM25LS2521XC 
Hermetic DIP -55°C to +125°C AM25LS2521 OM 

Hermetic Flat Pak -55°C to +125°C AM25LS2521 FM 
Dice -55°C to +125°C AM25LS2521 XM 
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Am25LS2524 
Registered Comparator 

DISTINCTIVE CHARACTERISTICS 

• Eight-bit bi-directional register with bus oriented input

output 
• Independent serial input-output to register 

• Register to bus comparator with equal to greater than and 

less than outputs 
• Cascadable in groups of eight bits 

• Comparator has open collector status outputs controlled 

by status enable 
• Compare performed at 2's complement or magnitude 

• Controlled by 2-bit function code 

• Standard 20-pin package 
• 100% product assurance screening to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS2524 is an eight-bit bi-directional register with 

parallel input and output plus serial input and output pro

gressing from LSB to MSB. Also attached to the inputloutput 

is an eight-bit comparator with one port tied to the register 

output and the other port tied to the inputloutput pins. The 

device outputs are three open collector, active HIGH outputs 

representing "equal to", "greater than", "less than". Provi

sion has been made to disable these outputs (to OFF state) by 

the use of Status Enable. The device functions are controlled 

by two control lines, S0S1, to execute shift, load, hold, and 

readout. 

A mode control has been provi 

ment as well as magnitude c 

and parallel, are loaded by 
An output is also provi 

commodate wider bit fie 

to allow two's comple
. All data inputs, serial 

edge of the input clock. 
ing the device to ac
. ig ht bits per device. 

LOGIC DIAGRAM 

ov, Ao 

ov, A, 

ov, Az 

OV3 
AJ 

ov, A4 

ov, A5 

ov, °" As 

ov, °" COMPARATOR 

A, 

(88\TI 

'o 
CLOCK 

CP ,, 
'2 

B3 

'• 
B5 

So 

s, 

~--+-L>o_c -o > ~~~~ <I ACTIVE 

~~~~~ 0---------------+--+-+---_.-------------+ .. -_-_-_-_-:_-:_-~,>-oc-Q. COLLECTOR 

CASCADE/ 
D--t----<J SERIAL OUT 

cso 

~~~~~o---~><>--------------...... -------------------~ 
CSI 
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Am25LS2525 
System Clock Generator and Driver 

DISTINCTIVE CHARACTERISTICS 

• Single chip clock generator and driver 
• Five different clock output waveforms for Am2900 and 

other bipolar and MOS systems 
• Crystal controlled for stable system operation 
• Oscillator to 33MHz - oscillator output for external system 

timing 
• Clock halt, single-step and wait controls 
• Variable cycle lengths - 1-of-8 different cycle lengths may 

be programmed 
• 20-Pin package 
• 100% product assurance screening to MIL-STD-883 

requirements 

LOGIC DIAGRAM 

TANK C>----. 

{
x, 

CRYSTAL 

X2 

(

L1 

CYCLE t 2 
LENGTH 

L3 
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FUNCTIONAL DESCRIPTION 

The Am25LS2525 is a single-chip general purpose clock 
generator/driver. It is controlled by a crystal, selected by the 
designer, and is microprogrammable to meet a variety of 
system speed requirements. The Am25LS2525 generates 
five different clock output waveforms tailored to meet the 
needs of Am2900 and other bipolar and MOS microproces
sor based systems. Also, variable cycle lengths may be gen
erated under microprogram control. One-of-eight different 
cycle lengths may be microprogrammed using the Cycle 
Length inputs L1, L2, and L3. 

The Am25LS2525 oscillator runs at frequencies up to 33 MHz. 
An input pin is provided for a tank circuit which allows the 
use of overtone mode crystals. A buffered oscillator output is 
provided for external system timing. 

Clock halt, single-step and wait contr 
Am25LS2525. The HALT REQ i 
clocks resume when the HAL 
SINGLE-STEP input, which 

re provided for the 
s the clocks; the 
deactivated. The 
when the clocks 
cycle. The WAIT are halted, generates · 

REQ input stops Am25LS2525 in a 
"wait" state. I emainstopped until an 

ignal is received. The WAIT 
e Am25LS2525 is in the "wait" 

EADY inputs are pulse sensitive 
y the HALT REQ input. 

ycle lengths may be microprogrammed using 
and L3 inputs. There are five clock output 

ms for each of the eight possible cycle lengths. 

HLT 

--0 SINGLE STEP 

WAIT REQ 

--0 READY 

LOGIC SYMBOL 

TANK 

osc 

Am25LS2525 WAIT ACK 

CLOCK OUTPUTS 

CONNECTION DIAGRAM 
Top View 

Note; Pin 1 is marked for orientation. 

Vee= Pin 20 
GND =Pin 10 



Am25LS2535 
Eight Input Multiplexer With Control Register 

DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 
• On-chip Multiplexer Select and Polarity Control Register 

• Output polarity control for inverting or non-inverting 

output 
• Common register enable 
• Asynchronous register clear 
• Three-state output for expansion 
• Am25LS features improved noise margin, higher drive, and 

faster operation 

• 100% product assurance screening to MI L-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS2535 is an eight-input Multiplexer with Control 

Register. The device features high speed from clock to output 

and is intended for use in high speed computer control units 

or structured state machine designs. 

The Am25LS2535 contains an internal register which holds 

the A, B and C multiplexer select lines as well as the POL 

(polarity) control bit. When the Register Enable input (RE) is 

LOW, new data is entered into the register on the LOW-to

H IGH, transition of the clock. When RE is HIGH, the register 

retains its current data. An asynchronous clear input (CLR) is 

used to reset the register to a logic LOW level. 

The A, Band C register outputs select one of eight multiplexer 

data inputs. A HIGH on the Polarity Control flip-flop output 

causes a true (non-inverting) multiplexer output, and a LOW 

causes the output to be inverted. In a computer control unit, 

this allows testing of either true or complemented flag data at 

the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows these

lected multiplexer input to be passed to the output. When ME 

is HIGH, the output is determined only by the Polarity Control 

bit. 

The Am25LS2535 also features a three-state Output Enable 

control (OE) for expansion. When OE is LOW, the output is 

enabled. When OE is HIGH, the output is in the high imped

ance state. 

CONNECTION DIAGRAM 
Top View 

B CP CLR POL GND 

Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 

LOGIC SYMBOL 

1 19 18 17 14 13 12 11 

15 

Vee= Pin 20 

GNO= Pin 10 

16 



Am25LS2535 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 
MIL TA=-55°Cto+125°C Vcc=5.0V±10% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions I Note 1) 

Vee= MIN. MIL, loH = -2.0mA 
VoH Output HIGH Voltage 

VIN= V1H or V1L COM'L, loH = -6.5mA 

Vee= MIN. 
loL =4.0mA 

Vol Output LOW Voltage 
V1N = V1H or V1L loL =8.0mA 

loL = 20mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
V1L Input LOW Level 

voltage for all inputs l COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

Vee= MAX., ME, OE", RE 
'1L Input LOW Current 

V1N=0.4V DN,A,B,C,POL,CP,CLR 

l1H Input HIGH Current 
Vee= MAX., 

VIN= 2.7V 

ME, OE, RE 

DN, A, B, C, POL, CP, CLR 

Vee= MAX., ME, OE, RE 11 Input HIGH Current 
V1N=5.5V DN,A,B,C,POL,CP,CLR 

1oz 
Off-State (High-Impedance) Vee= MAX. 

Vo=0.4V 
Output Current Vo= 2.4V 

•sc Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc Power Supply Current 
Vee= MAX. (Note 4) 

Min. 

2.4 

2.4 

2.0 

-40 

Typ. 
(Note 2) 

3.4 

3.2 

97 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.72 
mA 

-2.0 

40 
µA 

50 

0.1 
mA 

1.0 

-50 

50 
µA 

-100 mA 

148 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the appllcable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. o 1 -07 , A, B, C, POL, ME, CLR at GND. All other inputs and outputs open. 

Measured after a momentary ground then 4.5 V applied to clock input. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

tPLH Clock to Y POL - LOW 
tPHL 

tPLH Clock to Y POL - HIGH 
tPHL 

tPLH Dn toY 
tPHL 

tPLH 

tPHL 
CLR to Y 

tPLH ME toY 
tPHL 

tZL 

tzH OE to Y 
tLz 

tHz 
A,B,C,POL 

ts 
RE 

ts CLR Recovery 

Clock 
tpw Clear (LOW) 

th A,B,C,POL,RE 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH Clock to Y, POL-L 
tPHL 

tPLH Clock to Y, POL-H 
tPHL 

tPLH ON to Y 
tPHL 

tPLH -
CLR to Y 

tPHL 

tPLH ME to Y 
tPHL 

tzL OE to Y 
tzH 

tLz OE to Y 
tHz 

A, B, C POL 
ts 

RE 
ts CLR Recovery 

Clock 
tpw 

Clear (LOW) 

tH A,B,C, POL, RE 

Min. Typ. Max. Units 

21 32 

19 29 
ns 

16 24 

19 29 
ns 

10 16 

13 19 
ns 

22 33 

22 33 
ns 

12 18 

12 18 
ns 

8 14 

8 14 
ns 

10 17 

10 17 
ns 

10 

15 
ns 

5 ns 

10 

10 
ns 

0 ns 

Am25LS COM'L Am25LS MIL 

TA= 0°C to +70°C TA = -55°C to +125°C 

Vee= 5.ov ±5% Vee = 5.ov ±10% 

Min. Max. Min. Max. 

40 47 

34 38 

29 33 

35 41 

19 21 

22 24 

39 45 

39 45 

22 26 

19 20 

19 24 

22 29 

24 30 

24 30 

11 12 

18 20 

6 7 

11 12 

11 12 

3 3 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Test Conditions 

CL= 15pF 

RL = 2.0kO 

CL= 5.0pF 

RL = 2.0kO 

CL= 15pF 

RL = 2.0kn 

Units Test Conditions 

ns 

ns 

ns 
CL= 50pF 

ns 
RL = 2.0kO 

ns 

ns 

CL= 5.0pF 
ns 

RL = 2.0kO 

ns 

ns CL= 50pF 

ns 
RL = 2.0kO 

ns 



Am25LS2535 

FUNCTION TABLE 

INPUTS INTERNAL INPUTS OUTPUT MODE 
c B A POL RE CLR CP Oc Os QA 0POL ME OE y 

Clear x x x x x L x L L L L H L H 

i l l L L Bo 
x H z 

Reg. Disable x x x x H H x NC NC NC NC L L Di/Di 
(Note 1) 

Select L L L L/H L H L L L L/H L L Do/Do 
(Multiplex) L L H L L H 51!01 

L H L L H L D2/D2 
L H H L H H D3/D3 
H L L H L L D4/D4 
H L H H L H D5/D5 
H H L H H L D5/D5 
H H H H H H D7/D7 

Multiplexer x x x x x H x x x x L H L H 
Disable x x x H H L L 
Tri-state 
Output x x x x x H z 
Disable 

NC= No Change 

x "" Don't Care 

Note 1: The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop. 

DEFINITION OF FUNCTIONAL TERMS 
A, B, C Multiplexer Select Lines. One of eight multiplexer 

data inputs is selected by the A, B and C register 
outputs. 

POL Polarity Control Bit. AH IGH register output causes 
a true (non-inverted) output and a LOW causes the 
output to be inverted. 

ME Multiplexer Enable. When LOW, it enabled the 
8-input multiplexer. When HIGH, the Y output is 
determined by only the Polarity Control bit. 

RE Register Enable. When LOW, the Multiplexer Select 
and Polarity Control Register is enabled for load;ng. 
When HIGH, the register holds its current data. 
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D1-Ds 

CP 

y 

Clear. A LOW asynchronously resets the Multiplexer 
Select and Polarity Control Register. 

Data Inputs to the 8-input multiplexer. 

Clock Pulse. When RE is LOW, the Multiplexer 
Select and Polarity Control Register changes state 
on the LOW-to-HIGH transition of CP. 

Output Enable. When LOW, the output is enabled. 
When HIGH, the output is in the high impedance 
state. 

The chip output. 



Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN OUTPUT 
ep 

Note: Actual current flow direction shown. 

INSTRUCTION l 
INPUTS 

FROM PIPELINE 
REGISTER 

TEST 
INPUTS 

10 

,, 
12 

13 

14 

15 

16 

-

-

Do 
D1 

D, 

D3 

04 

D5 

D5 

D1 

Do 

D1 

D2 

D3 

D4 

D5 

D5 

D1 

~ ., 
I-
:> 
0 

Am29811 

TEST 

t 
l 
y 

ME I-

~ 
RE ~ 

~ p 
E 

" e 

B 

A 
OE 

1 
l 
OE 

ME 

~ RE 

~ 
p 

" e 
B 

A 
y 

l 

eLR 

POL 

GND 

D1 

D5 

D5 

D4 
y 

APPLICATION 

•o 

•1 

PUP 

IT 
Am2911 

Y; ~ 

UNCONDITIONAL 

Am25LS2535 

Metallization and Pad Layout 

A 

10 RE 

ME 

Do ,, 
12 

20 Vee 

19 D1 

13 18 D2 

14 17 D3 

15 16 OE 

DIE SIZE 0.080" X 0.099" 

MICROPROGRAM 

A; 
MEMORY 

OUTPUTS 

11 
1 
Do D1 

Am25LS175 
PIPELINE REGISTER 

°" n1 a1 

A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 
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Am25LS2536 
Eight-Bit Decoder With Control Storage 

DISTINCTIVE CHARACTERISTICS 

• 8-bit decoder/demultiplexer with control storage 
• 3-state outputs 
• Common clock enable 
• Common clear 
• Polarity control 
• Advanced Low Power Schottky Process 
• 100% product assurance screening to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS2536 is an eight-bit decoder with control stor
age. It provides a conventional 8-bit decoder function with 
two enable inputs which may also be used for data input. 
This can be used to implement a demultiplexer function. In 
addition, the exclusive "OR" gate allows for polarity control 
of the selected output. The 3-state outputs are ·enabled by a 
LOW on the (OE) output enable. 

The three control bits representing the output selection and 
the single bit polarity control are stored in "D" type flip-flops. 
These flip-flops have both Clear, Clock, and Clock Enable 
functions provided. The G1 andG2 input provide either polar
ity for input control or data. 

LOGIC DIAGRAM 
8-Bit Decoder /Demultiplexer with Control Storage 

CLOCK 
ENABLE CLEAR 

CE CLR-... ~~-
Y7 Y5 Y5 Y4 Y3 v, Y1 Yo 

CONNECTION DIAGRAM LOGIC SYMBOL 

OE 

19 G1 Y1 11 

TB G2 v, 12 
Am25LS2536 

Y3 13 

Y4 14 

Y5 15 

Y5 16 
CP CLR CE A B C POL OE Yo GND 

Y7 17 
A B C POL Vee= 20 

Note: Pin 1 is marked for orientation. GND = 10 
4 5 ' 7 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1 I 

Vee= MIN. loH = -2.6mA, COM'L 

VoH Output HIGH Voltage 
VIN= V1H or VIL loH = -1.0mA, MIL 

Vee= MIN. loL = 24mA, COM'L 

VoL Output LOW Voltage 
V1N = V1H or V1L 

loL = 12mA, MIL 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
V1L Input LOW Level voltage for all inputs l COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

Off-State (High-Impedance) Vee= MAX. 
Vo=0.4V 

lo Output Current Vo= 2.4V 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 31 

ice 
Power Supply Current Vee= MAX. 
(Note 41 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.2 

3.4 

0.4 

0.35 

37 

' 
! 

I 

I 
l 
1 
f 
l 
I 

Am25LS2536 

Max. Units 

Volts 

0.5 
Volts 

0.4 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

I 

-0.4 
I 

mA 

20 µA 

I 
0.1 I 

mA 

-20 

20 
µA 

-85 mA 

56 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test Conditions: A= B = C = G1 = G2 =OE= CE= GND; CLK = CLR =POL= 4.5V. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65° C to +150° C 

Temperature (Ambient) Under Bias -55° C to +125° C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

bC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 

Parameters Description 

tPLH G,t0Yo-Y7 
TPLH 

tPLH G2toYo -Y7 
tPHL 

tPLH CPto Yo - Y7 
tPHL 

tPLH 
tPHL 

CLRtoYo-Y7 

ts Clock Enable to CP 
th 

ts A, B, C, POL to CP 
th 

tHz OEtoYo-Y7 
tLz 

tzH OE to Yo -Y7 
tzL 

ts Set-up Time, Clear Recovery to CP 

tpw Pulse Width J 
Clock 

Clear 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
G1 to Yo- Y7 

tPHL 

tPLH 
G2t0Yo-Y7 

IPHL 

IPLH CPto Y0 - Y7 
tPHL 

tPLH 
CLRtoYo-Y7 

tPHL 

ts 
Clock Enable to CP 

th 

ts 
A, B, C, POL to CP 

th 

tHz 
OEtoYo-Y7 

tLz 

tzH 
OE to Yo -Y7 

lzL 

ts Set-up Time, Clear Recovery to CP 

tpw Pulse Width l C)ock 

Clear 

Min. Typ. Max. Units 

17 25 
23 34 

ns 

20 30 
26 3!1 

ns 

24 36 ns 
30 45 

24 36 
31 46 

ns 

25 
ns 

0 

15 
0 

ns 

9 14 
11 17 

ns 

15 22 
16 24 

ns 

20 ns 

15 
ns 

15 

Am26LS COM'L Am2SLS MIL 

TA= ooc to +10°c TA= -ss•c to +t2s•c 
Vee = S.OV ±5% Vee = s.ov ±10% 
Min. Max. Min. Max. 

29 31 

39 42 

34 37 

44 48 

40 42 

51 55 

47 54 

58 66 

27 30 

0 0 

17 20 

0 0 

17 18 

27 34 

25 27 

28 30 

23 25 

17 20 

15 15 

•AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Test Conditions 

CL= 45pF 
AL= 66711 

CL= 45pF 
AL= 66711 

CL= 45pF 
AL= 66711 

Units Test Conditions 

ns 

ns 

ns 
CL= 45pF 
RL = 66711 

ns 

ns 

ns 

CL= 5.0pF ns 
AL= 66711 

ns 

ns 
CL= 5.0pF 
RL = 66711 

ns 



FUNCTION TABLE 

Internal 
Inputs Registers 

Mode c B A POL CE CLR G* OE CP ac as aA apoL Yo 

x x x x x L L L x L L L L H 
Clear 

x x x x x L H L x L L L L L 

Hold x x x x H H NC L 1 NC NC NC NC NC 

Select L L L H L H H L 1 L L L H H 

L L H H L H H L t L L H H L 
L H L H L H H L t L H L H L 
L H H H L H H L t L H H H L 
H L L H L H H L t H L L H L 
H L H H L H H L t H L H H L 

H H L H L H H L t H H L H L 
H H H H L H H L t H H H H L 
L L L L L H H L t L L L L L 
L L H L L H H L t L L H L H 

L H L L L H H L t L H L L H 

L H H L L H H L t L H H L H 

H L L L L H H L t H L L L H 

H L H L L H H L 1 H L H L H 

H H L L L H H L t H H L L H 

H H H L L H H L t H H H L H 

x x x H L H L L t x x x H L 
x x x L L H L L t x x x L H 

Output x x x x x x x H x NC NC NC NC z 
Disable 

NC= No Change X = Don't Care Z = High~lmpedance t = Low-to-High Transition 

DEFINITION OF TERMS 

CLR CLEAR - When the CLEAR input is LOW, the control 

register outputs (QA, 0 8, Oc, Opod are set LOW 
regardless of any other inputs. 

CP CLOCK - Enters data into the control register on the 

LOW-to-HIGH transition. 

CE CLOCK ENABLE - Allows data to enter the control 

register when CE is LOW. When CE is HIGH, the O; 
outputs do not change state, regardless of data or 
clock input transitions. 

A,B,C Inputs to the control register which are entered on 

the LOW-to-HIGH clock transition if CE is LOW. 

POL Input to the control register bit used for determin
ing the polarity of the selected output. 

G1 Active LOW part of the expression G = G1G2 [or G = 

(G1) G2] where G is either data input for the selected 
Y n or is used as an input enable. 

Active HIGH part of the expression G = G1G2. 

The three-state outputs. When active (OE = LOW), 
one of eight outputs is selected by the code stored in 
the control register, with the polarity of all eight 
determined by the bit stored in the POL flip-flop of 

the control register. The selected output can further 
be controlled by G according to the expression 

YsELECTED = G e OpoL· 

OUTPUT ENABLE. When OE is HIGH the Y n outputs 
are in the high impedance state; when OE is LOW 
the Y n's are in their active state as determined by the 

other control logic. The OE input affects the Y n out
put buffers only and has no effect on the control 
register or any other logic. 
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Three-State Outputs 

Y1 Y2 Y3 Y4 Y5 Vs Y7 

H H H H H H H 

H H H H H H H 

NC NC NC NC NC NC NC 

L L L L L L L 
H L L L L L L 
L H L L L L L 
L L H L L L L 
L L L H L L L 
L L L L H L L 
L L L L L H L 

L L L L L L H 

H H H H H H H 

L H H H H H H 

H L H H H H H 

H H L H H H H 

H H H L H H H 

H H H H L H H 

H H H H H L H 

* H H H H H H L G1 G2 G 
L L L L L L L 

H H H H H H H 
L L L 
L H H 

z z z z z z z H L L 
H H L 

Metallization and Pad Layout IJ 
20 Vee 

19 G1 

18 G2 

17 Y7 

16 Y5 

15 Y5 

Y4 

13 Y3 

DIE SIZE 0.084" X 0.099" 



Am25LS2537 
One-Of-Ten Decoder With Three-State Outputs And Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs 
• Separate output polarity control 
• Inverting and non-inverting enable inputs 
• Does not resj'lond to codes above nine 

FUNCTIONAL DESCRIPTION 

The Am25LS2537 is a demultiplexer/one-of-ten decoder that 
accepts four active high BCD inputs and selects one-of-ten 
mutually exclusive outputs. The device features three-state 
outputs as well as a buffered common polarity control such 

• A.C. parameters specified over operating temperature and 
power supply ranges 

that the outputs are mutually exclusive active-low or mutually 
exclusive active-high. The logic design of the Am25 LS2537 
ensures that all outputs are unselected when the binary codes 
greater than nine are applied to the inputs. The inputs A, B, 
C, and D of the Am25 LS2537 correspond to the respective 
binary weight of 1, 2, 4, and 8. 

• 100% product assurance screening to MIL-STD-883 
requirements 

LOGIC DIAGRAM 

A E1 E2 POL 

The output enable (OE) input controls the three-state outputs. 
When the OE input is HIGH, the outputs are in the high im
pedance state. When the OE input is LOW, the outputs are 
enabled. The polarity (POL) input is used to drive the Y out-
puts to either the active-HIGH state or the active-LOW state. 
When the POL input is LOW, the outputs are active-HIGH. 
When the POL input is HIGH, the Y outputs are active-LOW. 
The device features one active-HIGH and one active-LOW 
enable input which can be used for gating the decoder or can 

Y1 be used with incoming data for demultiplexing applications. 

The Am25LS2537 is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. The device also features Am25 LS 

v, family faster switching specifications, higher noise margin, 
and twice the fan-out over the military temperature range 
when compared with Am54LS/74LS devices. 

15 

14 
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E2 

OE 

LOGIC SYMBOL 

6 7 16 17 

POL A B C D 

3 2 1 19 18 8 9 11 12 13 

Vee= Pin 20 
GND =Pin 10 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L =TA= 0°C to +70°C Vee= 5.0V ±5% MIN.= 4.75V MAX.= 5.25V 

MI L = TA = -55° C to + 125° C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) 

Vee= MIN. MIL, loH = -1.0mA 

VoH Output HIGH Voltage 
V1N = V1H or V1L COM'L, loH = -2.6mA 

Vee= MIN. 
IOL =4.0mA 

Output LOW Voltage 
Vol (Note 5) V1N = V1H or V1L loL =8.0mA 

loL = 12mA 

V1H Input HIGH level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
V1L Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 

•1 Input HIGH Current Vee= MAX., V1N = 7.0V 

Off-State (High-Impedance) Vee= MAX. 
Vo =0.4V 

loz Output Current Vo=2.4V 

•sc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc 
Power Supply Current Vee= MAX. 
(Note4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

25 

Am25LS2537 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-20 

20 
µA 

-85 mA 

40 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A= B = C = D == E1 = GND; E2 ==POL= OE= 4.5V. 

5. VoL is specified with total device loL = 60mA (max.). 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 
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SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

IPLH 

IPHL 
A, B, C, D to Y; 

IPLH 
E1 to Y; 

IPHL 

IPLH 

IPHL 
E°2 to Y; 

IPLH 
POLtoY; 

IPHL 

tzH 

IZL 
0 E Control to Y; 

!Hz 

tLz 
OE Control to Yj 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

IPLH 
A, B, C, D to Y; 

IPHL 

IPLH 
El to Y; 

IPHL 
IPLH f2 to Y; 
IPHL 

IPLH 
POL to Y; 

IPHL 

tzH 
OE Control to Yi 

tzL 

!Hz -
OE Control to Yj 

tLz 

Min. Typ. Max. Units 

22 33 
ns 

17 25 
19 28 

ns 
21 31 
21 31 

ns 
23 34 

18 27 
ns 

21 31 

22 33 
ns 

14 21 

19 28 
ns 

23 34 

Am25LS COM'L Am25LS MIL 

TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ± 5% Vee= 5.ov ± 10% 

Min. Max. Min. Max. 

41 48 

32 39 
34 40 
38 45 
38 45 
42 49 
32 37 
42 52 
44 55 
23 25 
33 37 
38 42 

"'AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Test Conditions 

CL=15pF 

RL = 2.0kn 

CL= 5.0pF 
RL = 2.0kn 

Units Test Conditi.ons 

ns 

ns 

CL= 50pF ns 
RL = 2.0kn 

ns 

ns 

CL= 5.0pF ns 
RL = 2.0k!l 



FUNCTION TABLE 

FUNCTION 

3-State 

Disable 

Active-HIGH Output 

Active-LOW Output 

H =HIGH 
L= LOW 

OE E1 
H. x 
L H 
L H 
L x 
L x 
L L 
L L 
L L 
L L 
L L 

L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 

L L 
L L 

L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 

X = Don't Care 
Z = High Impedance 

INPUTS 

E2 POL D 

x x x 
x L x 
x H x 
L L x 
L H x 
H L L 
H L L 
H L L 
H L L 
H L L 

H L L 
H L L 
H L L 
H L H 
H L H 
H L H 
H L H 
H L H 
H L H 

H L H 

H L H 

H H L 
H H L 
H H L 
H H L 
H H L 
H H L 
H H L 
H H L 
H H H 

H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 

DEFINITION OF FUNCTIONAL TERMS 

A, B, C, D To select inputs to the decoder. 

c 
x 
x 
x 
x 
x 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 

E1 The active-LOW enable input. A HIGH on the E1 
input inhibits the decoder function regardless of 
any other inputs. 

E2 The active-HIGH enable input. A LOW on the E2 
input forces all the decoder functions to the 
inactive state regardless of any other inputs. 

B 

x 
x 
x 
x 
x 
L 
L 
H 
H 
L 

L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 

L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
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A Yo 
x z 
x L 
x H 
x L 
x H 

L H 
H L 
L L 
H L 
L L 

H L 
L L 
H L 
L L 
H L 
L L 
H L 
L L 
H L 

L L 
H L 

L L 
H H 
L H 
H H 
L H 
H H 
L H 
H H 

L H 

H H 
L H 
H H 
L H 
H H 
L H 
H H 

POL 

OE 

Y; 

Am25LS2537 

OUTPUTS 

v, Y2 Y3 Y4 Y5 Y5 Y7 Ya Yg 

z z z z z z z z z 
L L L L L L L L L 

H H H H H H H H H 

L L L L L L L L L 

H H H H H H H H H 

L L L L L L L L L 

H L L L L L L L L 

L H L L L L L L L 

L L H L L L L L L 

L L L H L L L L L 

L L L L H L L L L 

L L L L L H L L L 

L L L L L L H L L 

L L L L L L L H L 

L L L L L L L L H 

L L L L L L L L L 

L L L L L L L L L 

L L L L L L L L L 

L L L L L L L L L 

L L L L L L L L L 

L L L L L L L L L 

H H H H H H H H H 

L H H H H H H H H 

H L H H H H H H H 

H H L H H H H H H 

H H H L H H H H H 

H H H H L H H H H 

H H H H H L H H H 

H H H H H H L H H 

H H H H H H H L H 

H H H H H H H H L 
H H H H H H H H H 

H H H H H H H H H 
H H H H H H H H H 

H H H H H H H H H 

H H H H H H H H H 
H H H H H H H H H 

The polarity control for the output function. 

When the polarity control is HIGH, the outputs 
are active-LOW. When the POL input is LOW, 
the outputs are active-HIGH. 
Output Enable. An active-LOW three-state control 
used to enable the outputs. A HIGH level input 
forces the output to the high impedance (off) 

state. 
Decoder outputs. The ten outputs of the decoder. 



Am25LS2537 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

Metallization and Pad Layout 

------- 20 Vee 

DRIVING OUTPUT DRIVEN INPUT 

POL 

CiE 

A 

Y5 

Y5 

GND 10 -----~ 

-----19 Y3 

----18 v4 

17 

16 

~1F~ill9-llt-- 15 El 

14 E2 

~---13 Yg 

~------ 12 Ya 

~------- 11 Y7 

Note: Actual current flow direction shown. DIE SIZE 0.081" X 0.096" 

APPLICATIONS 

A 

A El 

E2 

POL Am25LS2537 

OE 

Yo v, Y2 Y3 Y4 Y5 Y5 Y7 Ys Yg 

12345678910 

A E2 El 

POL Am25LS2537 OE 

11 12 13 14 15 16 17 18 19 20 

POLARITY 

One-of-Twenty Decoder with Active-High or Active-Low Output Polarity. 
Could be used for 1/0 Decoding in an Am9080A system. 

Yg 

THUMB-WHEEL Ya 

SWITCH Y7 

A :;; Y5 

~ 
Y5 

E2 Y4 
'£! 

El 
<( Y3 

v, 
POL v, 

OE 
Yo 

POLARITY 
CONTROL 

BCD to Decimal (One-of-Ten) Decoder. 
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Am25LS2538 
One-of-Eight Decoder 

With Three-State Outputs And Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs 
• Buffered common output polarity control 
• Inverting and non-inverting enable inputs 

• A. C. parameters specified over operating temperature and 

power supply ranges 

• 100% product assurance screening to MI L-STD-883 
requirements 

FUNCTIONAL DESCRIPTION 

The Am25LS2538 is a three-line to eight-line decoder/ 
demultiplexer fabricated using advanced Low-Power Schottky 
technology. The decoder has three buffered select inputs
A, B, and C-that are decoded to one-of-eight Y outputs. Two 
active-HIGH and two active-LOW enables can be used for 
gating the decoder or can be used with incoming data for 

demultiplexing applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 
separate active-LOW output enables (OE) inputs are provided. 
If either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active-HIGH and when the POL input is HIGH, the Y outputs 
are active-LOW. 

The device is packaged in a space saving (0.3-inch row 

spacing) 20-pin package. It also features Am25LS family 
improved switching specifications, higher noise margin, and 

twice the fan-out over the military temperature range when 
compared with Am54LS/74LS devices. 

LOGIC DIAGRAM 
One-of-Eight Decoder 

E1-----...... -
~ lO-.+++--.i,.+-f-+t-t+--.>-H--l--.iH-t-+t-t+---<1>-H--t--, 

ENABLE ( 
E3 

" 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 
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16 E1 

15 '2 

14 E3 

13 E4 

OE1 

OE2 

LOGIC SYMBOL 
12 17 

POL A 

Yo Y1 Y2 Y3 Y4 Y5 Y5 Y7 

3 2 1 19 18 8 9 11 

Vee= Pin 20 

GNO=Pin10 

El 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vcc=5.0V±5% MIN.=4.75V MAX.=5.25V 
Ml L TA= -55°C to +125°C Vcc=5.0V±10% MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 1) 

Vee= MIN. loH = -1.0mA (MIL) 
VoH Output HIGH Voltage 

V1N = V1H or VIL IOH = -2.6mA (COM'LI 

loL =4.0mA 
Vee= MIN. 

Vol 
Output LOW Voltage 

loL = 8.0mA 
(Note 5) V1N = V1H or V1L 

loL = 12mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
V1L Input LOW Level 

voltage for all inputs J eOM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Input LOW Current Vee= MAX., V1N = 0.4V 

l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

11 Input HIGH Current Vee= MAX .. V1N = 7.0V 

Off-State (High-Impedance) Vo =0.4V 
loz Vee= MAX. Output Current Vo=2.4V 

lsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

ice 
Power Supply Current 

Vee= MAX. (Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

21 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-20 

20 
µA 

-85 mA 

34 mA 

Notes: 1. For .cond.itions shown as MIN. or M~X., use_the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0 V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: A= B = C = E1 = E2 = GND: E3 = E4 =POL= 5E1 = OE2 = 4.5V. 
5. VoL is specified with total device loL = 60mA (max.). 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30 mA to +5.0 mA 
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SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

tPLH 

tPHL 
A, 8, C to Y; 

tPLH Ej, E2 to Y; 
tPHL 

tPLH 
E3, E4 to Y; 

tPHL 

tPLH 
POLtoY; 

tPHL 

tzH 
OE1. OE2 to Y; 

tzL 

tHz 
OE1. OE2to Y; 

tLz 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

tPLH 
A, 8, C to Y; 

tPHL 

tPLH - -
E1,E2toY; 

tPHL 

tPLH 
E3, E4 to Y; 

tPHL 

tPLH 
POL to Y; 

tPHL 

tzH 
OE1, OE2 to Y; 

tzL 

tHz - -
OE1, OE2 to Y; 

tLz 

Min. Typ. 

20 

15 

19 

20 

21 

23 

16 

20 

17 

14 

17 

20 

Am25LS eOM'L 

TA= 0°C to +70°C 

Vee= 5.ov ± 5% 

Min. Max. 

36 

29 

34 

38 

38 

43 

29 

39 

38 

23 

29 

33 

Am25LS2538 

Max. Units Test Conditions 

30 
ns 

22 

28 
ns 

30 

31 CL=15pF 
ns RL = 2.0k!! 34 

24 
I ns 

30 

25 

J ns 
21 

25 CL= 5.0pF 
ns RL = 2.0k!1 30 

Am25LS MIL 

TA= -55°C to +125°C 

Vee= 5.ov ± 10% 

Min. Max. Units Test Conditions 

42 
ns 

37 

39 
ns 

45 

45 CL= 50pF 
ns Rl = 2.0k!1 52 

34 
ns 

49 

45 
ns 

25 

33 CL= 5.0pF 
ns 

RL = 2.0kll 36 

"'AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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Metallization and Pad Layout 

Y2 1--- ------- 20 Vee 

Yo 

17 c 

~------12 POL 

GND 10 -----~ 

DIE SIZE 0.081" X 0.096" 
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DEFINITION OF FUNCTIONAL TERMS 

A, B, C, D The three select inputs to the decoder/de
multiplexer_ 

POL 

The active LOW enable inputs. A HIGH on 
either the E1 or E2 input forces all decoded 
functions to be disabled. 

The active LOW enable inputs. A LOW on 
either E3 or E4 inputs forces all the decoded 
functions to be inhibited. 

Polarity Control. A LOW on the polarity con· 

FUNCTION TABLE 

FUNCTION 

High Impedance 

Disable 

Active-HIGH Output 

Active-LOW Output 

H =HIGH L =LOW 

H 
x 

L 
L 
L 
L 
L 
L 

L 
L 

L 
L 
L 
L 
L 
L 
L 

L 

L 
L 
L 
L 

L 
L 

L 
L 

x 
H 

L 
L 

L 
L 
L 

L 
L 
L 

L 
L 

L 
L 

L 
L 

L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

x 
x 
H 
H 
x 
x 
x 
x 
x 
x 

L 
L 

L 
L 
L 
L 

L 

L 

L 
L 
L 

L 
L 
L 

L 
L 

X "' Don't Care 

x 
x 

x 
x 
H 
H 
x 
x 
x 
x 

L 
L 

L 
L 
L 

L 
L 
L 

L 
L 
L 
L 

L 
L 
L 
L 

INPUTS 

x 
x 

x 
x 
x 
x 
L 

L 
x 
x 

H 

H 
H 

H 
H 

H 
H 
H 

H 
H 
H 
H 

H 
H 
H 

H 

x 
x 

x 
x 
x 
x 
x 
x 
L 
L 

H 
H 
H 
H 
H 
H 

H 
H 

H 
H 
H 

H 
H 
H 
H 
H 

x 
x 

L 
H 
L 
H 

L 
H 
L 
H 

L 
L 
L 
L 
L 
L 

L 
L 

H 
H 

H 
H 

H 
H 
H 
H 

Z""' High Impedance 
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x 
x 

x 
x 
x 
x 
x 
x 
x 
x 

L 
L 
L 
L 
H 
H 

H 
H 

L 
L 
L 

L 
H 

H 
H 
H 

B 

x 
x 

x 
x 
x 
x 
x 
x 
x 
x 

L 
L 
H 
H 

L 
L 
H 

H 

L 
L 
H 
H 

L 

L 
H 

H 

x 
x 

x 
x 
x 
x 
x 
x 
x 
x 

L 
H 
L 
H 
L 
H 
L 
H 

L 
H 
L 
H 
L 
H 
L 
L 

trol input forces the output to the active-HIGH 
state while a HIGH on the polarity control 
input forces the Y outputs to the active-LOW 
state. 

Output Enable. When both the OE1 and OE2 
inputs are LOW, the Y outputs are enabled. If 
either OE1 or OE2 input is HIGH, the Y out
puts are in the high impedance state. 

The eight outputs for the decoder/demultiplexer. 

z 
z 
L 
H 

L 
H 
L 
H 
L 
H 

H 
L 
L 
L 
L 
L 
L 
L 

L 
H 
H 
H 

H 
H 
H 

H 

z 
z 
L 
H 
L 
H 
L 
H 
L 
H 

L 
H 
L 
L 
L 
L 
L 

L 

H 
L 
H 

H 
H 
H 
H 
H 

z 
z 
L 
H 
L 
H 
L 

H 
L 
H 

L 
L 
H 
L 
L 
L 
L 

L 

H 
H 

L 
H 
H 

H 
H 
H 

OUTPUTS 

z 
z 
L 
H 
L 
H 
L 
H 
L 
H 

L 

L 
L 
H 
L 
L 

L 

L 

H 
H 
H 
L 
H 
H 
H 
H 

z 
z 
L 
H 
L 
H 

L 

H 
L 
H 

L 
L 
L 
L 
H 

L 
L 

L 

H 
H 
H 

H 
L 
H 
H 
H 

z 
z 
L 
H 
L 
H 
L 

H 
L 
H 

L 
L 

L 
L 
L 
H 
L 
L 

H 
H 
H 
H 
H 

L 
H 
H 

z 
z 
L 
H 
L 
H 

L 
H 
L 
H 

L 
L 
L 
L 
L 
L 
H 

L 

H 
H 

H 
H 
H 
H 
L 
H 

z 
z 
L 
H 
L 
H 

L 
H 

L 
H 

L 
L 

L 
L 
L 
L 
L 
H 

H 
H 
H 

H 
H 
H 
H 
L 



ENABLES { 

APPLICATIONS 

A B C D E 

l l il 11 11 -' 
A B C E1 E2 A B C E3 ,, A B C ,, E3 A B C 

E3 p_H '41-- H E4t-- H 

'4 E2h ''h Y; v, Y; v, 

T f f· f~ 
0-7 8-15 16-23 24-31 

One-of-thirty two decoder without additional decoding devices. 

Can be used for 1/0 decoding in an Am90BOA system. 

'--1 E3 

~,, 

~ POL 

FROM 
MICROPROGRAM MEMORY 

POL A 

J 

A B c ,, 

Am25LS2538 

A B c '4 

E4 t---- H '--1 E3 

~ ,, Am25LS2538 

.-I POL 

E3 

Yo Y1 Y2 Y3 Y4 Y5 Y5 Y7 OE~ Yo Y1 Y2 Y3 y 4 Y5 Y5 

0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 

16·BIT DATA BUS 

~ 
Arn2901 

DATA 
MICROPROCESSOR 

INPUT ARRAY 

'4~ ,, 
,, 

''h 
Y7 OEQ 

15 

Am25LS2538 

OUTPUT 
CONTROL 

Two Am25 LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bit 

select function to perform bit manipulation in a microprocessor system. 

Examples: 

D c B A POL 0 2 3 4 5 6 7 8 9 101112131415 Function 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Bit Select 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Bit Select 

0 0 0 Bit Mask 

0 0 0 Bit Mask 
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Am25LS2539 
Dual One-Of-Four Decoder With Three-State Outputs And Polarity Control 

DISTINCTIVE CHARACTERISTICS 

• Two independent decoders/demultiplexers 
• Three-state outputs 
• Buffered common polarity control 
• A. C. parameters specified over operating temperature and 

power supply ranges 
• 100% product assurance screening to MI L-STD-883 

requirements 

LOGIC DIAGRAM 

18 1A ~ 

1 POL 10E 

2i' 

28 2A 

2POL 20E 

1Yo 

1Y1 

1Y2 

1Y3 

2Yo 

2Y 1 

2Y2 

2Y3 
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FUNCTIONAL DESCRIPTION 

The Am25LS2539 is a dual two-line to four-line decoder/ 
demultiplexer fabricated using advanced Low-Power Schottky 
technology. Each decoder. has two buffered select inputs
A and B which are decoded to one-of.four Y outputs. An 
enable input (E) is used for gating or can be used as a data 
input for demultiplexing applications. When the enable input 
goes.HIGH, all four decoder functions are inhibited. 

An output enable (OE) input is used to control the three
state outputs of the device. When the OE input is LOW, the 
outputs are enabled. When the OE input is HIGH, the outputs 
are in the high impedance (off) state. The device also has 
separate buffered polarity (POL) inputs to force the outputs 
to either an active-HIGH state or an active-LOW state. When 
the POL input is LOW, the outputs are active-HIGH and when 
the POL input is HIGH, the outputs are active-LOW. The 
device is packaged in a space saving (0.3 inch row spacing) 
20-pin package. The device features Am25LS family improved 
switching specification, higher noise margin, and twrce the 
fan-out over the military temperature range when compared 
with Am54LS/74LS devices. 

15 

14 

LOGIC SYMBOLS 

13 

lPOL 1A 18 2POL 

1E 

10E 

1Yo 1Y 1 1Y2 

12 11 

16 

1Y3 

Vee""' Pin 20 
GND~Pin10 

2E 

20E 

2Yo 2Y1 

CONNECTION DIAGRAM 
Top View 

Vee 2Y3 

2Y2 2Y1 2Yo 2 POL 2ciE 

Note: Pin 1 is marked for orientation. 

17 18 

2A 2B 

2v2 2Y3 

19 



ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA= 0°C to +70°C Vee= 5,0V ±5% MIN.= 4.75V MAX.= 5.25V 

MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1 > 

Vee= MIN. MIL, loH = -1.0mA 

VoH Output HIGH Voltage 
VIN= V1H or VIL COM'L, loH = -2.6mA 

loL =4.0mA 

Output LOW Voltage 
Vee= MIN. 

Vol V1N = V1H or V1L 
loL =8.0mA 

(Note 5) 
loL = 12mA 

V1H Input HIGH Level 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW I MIL 
VIL Input LOW Level voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN .. I 1N = -18mA 

l1L Input LOW Current Vee= MAX .. V1N = 0.4 v 

l1H Input HIGH Current Vee= MAX .. V1N = 2.7V 

,, Input HIGH Current Vee= MAX .. V1N = 7.0V 

•oz 
Off-State (High-Impedance) Vee= MAX. 

Vo =0.4V 

Output Current Vo=2.4V 

•sc Output Short Circuit Current Vee= MAX. 
(Note 3) 

•cc Power Supply Current Vee= MAX. 
(Note 4) 

Min. 

2.4 

2.4 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.4 

22 

Am25LS2539 

Max. Units 

Volts 

0.4 

0.45 Volts 

0.5 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

-0.36 mA 

20 µA 

0.1 mA 

-20 
µA 

20 

-85 mA 

37 mA 

Notes: 1. For conditions shown as Ml N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable Clevice type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one outpUt should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A= B = E = GND; POL= OE= 4.5V. 

5. VoL is specified with total device loL = 60mA (max.). 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5Vto+7.0V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5 V to +7.0V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 
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Am25LS2539 

SWITCHING CHARACTERISTICS 
(TA= +25°C, Vee= 5.0V) 

Parameters Description 

tPLH 
A, B to Y; 

tPHL 

tPLH E to Y; 
tPHL 

tPLH 
POL to Y; 

tPHL 

tzH 
OE to Y; 

tzL 

tHz 
OE to Y; 

tLz 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

'PLH 
A, B, to Y; 

'PHL 

PLH 
E to Y; 

tPHL 

tPLH 
POL to Y; 

'PHL 

tzH 
OE to Y; 

tzL 

'HZ 
OE to Y; 

'LZ 

Min. Typ. Max. Units 
22 33 

ns 
17 25 

19 28 

21 31 
ns 

16 24 

19 28 
ns 

15 23 

15 22 
ns 

19 28 

23 34 
ns 

Am25LS COM'L Am25LS MIL 

TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= s.ov ± 5% Vee= 5.ov ± 10% 

Min. Max. Min. Max. 

41 48 

34 42 

34 40 

38 45 

29 34 

39 49 

38 45 

24 25 

33 37 

36 37 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown. 
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Test Conditions 

CL= 15pf 
RL = 2.0kn 

CL= 5.0pf 
RL = 2.0kn 

Units Test Conditions 

ns 

ns 
CL= 50pf 
RL = 2.0kn 

ns 

ns 

ns 
CL= 5.0pf 
RL = 2.0kn 



DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 

A,B 

E Enable 

POL 

Select the two select inputs to the decoder/ 

demultiplexer. 

The enable input to the decoder. A HIGH 

input forces the decoding functions to be 

inhibited regardless of the A and B inputs. 

Polarity Input. The polarity input forces the 

outputs either an active-HIGH state or an 

active-LOW state. A LOW on the polarity 

input forces the output active-HIGH. A 

HIGH on the polarity input forces the 

outputs active-LOW. 

Output Enable. A LOW on the OE input 

enables the outputs. A HIGH on the OE 

inputs forces the outputs to the high im
pedance (off) state. 

Function 
Inputs 

OE E POL 

High Impedance H x x 
L H L 

Disable 
L H H 

L L L 

Active-High L L L 
Output L L L 

L L L 

L L H 

Active-Low L L H 
Output L L H 

L L H 

H=HIGH .X=Oon'tCare 
Yo. Y1. Y2, Y3 The four decoder/demultiplexer outputs. 

L = LOW Z =High Impedance 

2Y2 

2Y1 

2Yo 

2 POL 

20E 

1A 

1B 

1Y3 

1Y2 

Metallization and Pad Layout 

,------- 20 vcc 
,------ 19 2Y3 

r---- 18 28 

17 2A 

16 2i' 

15 fE 

14 fOE 

GND 10-----

~--- 13 lPOL 

~----- 12 1Yo 

'---------- 11 1Y1 

DIE SIZE 0.081" X 0.096" 
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B A Yo 

x x z 
x x L 

x x H 

L L H 

L H L 

H L L 

H H L 

L L L 

L H H 

H L H 

H H H 

Am25LS2539 

Outputs 

Y1 Y2 Y3 

z z z 
L L L 

H H H 

L L L 

H L L 

L H L 

L L H 

H H H 

L H H 

H L H 

H H L 



Am25LS2539 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C AM 25 LS2539PC 
Hermetic DIP 0°C to +70°C AM25LS2539DC 

Dice 0°C to +70°C AM25LS2539XC 
Hermetic DIP -55°C to +125°C AM25LS2539DM 

Hermetic Flat Pak -55°C to +125°C AM25LS2539FM 
Dice -55°C to +125°C AM25LS2539XM 

APPLICATIONS 

CLOCK CP Am25LS163 

1A 1B 2A 2B 

1E 

1/2 Am25LS2539 t POL 1/2 Am25LS2539 2POL 

10E 

0 1 3 

CLOCK 

0 _J L 
"! .... __ ..... .___ ..... I 

-,-------. 

FOUR PHASE CLOCK GENERATOR 
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Am25LS2568 • Am25LS2569 
Four-Bit Up/Down Counters With Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• 4-bit synchronous counter, synchronously programmable 

• Both synchronous and asynchronous clear inputs 

• Three-state counter outputs interface dir.ectly with bus 

organized systems 

• Internal look-ahead carry logic and two count enable lines 

for high speed cascaded operation 
• Ripple carry output for cascading 
• Clock carry output for convenient modulo configuration 

• Fully buffered outputs 
• Second sourced as the 54 LS/7 4 LS568 and LS569 

• Advanced low-power Schottky technology 
• 100% product assurance screening to MI L-STD-883 

requirements 

LOGIC DIAGRAMS 

Am25LS2568 

QE-0<>------------~ 

ACLR-~-----~ 

SCLR-rt,;:!1L>i===:::::i::1[) 

LOAD --==1rJ.,_j___-j»-

CEP 
CET 

CP+-----<e»-----H 

U/5 -+--------++--

Am25LS2569 

SCLR 
LOAD 

eeo 

VA 

VB 

Ye 

Vo 

Rea 

eco 
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FUNCTIONAL DESCRIPTION 

The Am25LS2568 and Am25LS2569 are programmable up/ 

down BCD aml Binary counters respectively with three

state outputs for bus organized systems. All functions except 

output enable (OE) and asynchronous clear (ACLR) occur on 

the positive edge of the clock input (CP). 

With the LOAD input LOW, the outputs will be programmed 

by the parallel data inputs (A, B, C, D) on the next clock edge. 

Counting is enabled only when CEP and GET are LOW and 

LOAD is HIGH. The up-down input (U/D) controls the direc

tion of count, HIGH counts up and LOW counts down. In

ternal look-ahead carry logic and an active LOW ripple carry 

output (RCO) allows for high-speed counting and cascading. 

During up-count, the RCO is LOW at binary 9 for the 

LS2568 (binary 15 for the LS2569) and upon down-count, 

it is LOW at binary 0. Normal cascaded operations requires 

only the RCO to be connected to the succeeding block at GET. 

When counting, the clocked carry output (CCO) provides a 

H IG H-LOW-H IGH pulse for a duration equal to the LOW time 

of the clock pulse and only when RCO is LOW. Two active 

LOW reset lines are. available, synchronous clear (SCLR) and 

a master reset asynchronous clear (ACLR). The output control 

(OE) input forces the counter output into the high imepdance 

state when HIGH and when LOW, the counter outputs are 

enabled. 

12 --0 
11 --0 

LOGIC SYMBOL 

U/iS 
eEP 
eET 
LOAD 
ep 

A 

VA VB Ve Vo 

16 15 14 13 

Vcc=Pin20 

GND =Pin 10 

ACLR 
SCLR 

OE 
ReO 
eeo 

CONNECTION DIAGRAM 
Top View 

17 
19 
18 

U/5 CP A D CEP ACLR SCLR GND 

Note: Pin 1 is marked for orientation. 



Am25LS2568 • Am25LS2569 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 
COM'L TA= 0°C to +70°C Vcc=5.0V±5% MlN.:4.75V MAX.=5.25V 

MIL TA= -55°C to +125°C Vee= 5.0V ±10% MIN.= 4.50V MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Parameters Description Test Conditions (Note 11 

Y; 
MIL, loH =-1.0mA 

Vee= MIN. 
COM'L, loH = -2.6mA 

VoH Output HIGH Voltage V1N = V1H 

or V1L RCO, I MIL 
IOH = -440µAl cco COM'L 

Vee= MIN. loL =4.0mA 
Vol Output LOW Voltage 

VtN = V1H or VIL 
loL =8.0mA 

VtH Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 1 MIL 
VIL Input LOW Level 

voltage for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

ACLR, OE, U/D, Load 

l1L Input LOW Current Vee= MAX., 
A, B, C, D, CP, CEP 

V1N=0.4V 
CET, SCLR 

ltH Input HIGH Current Vee= MAX., V1N = 2.7V 

It Input HIGH Current Vee= MAX., V1N = 7.0V 

Off-State (High-Impedance) Vee= MAX. 
Vo=0.4V 

toz Output Current Vo=2.4V 

tsc 
Output Short Circuit Current Vee= MAX. 
(Note 3) 

tee 
Power Supply Current Vee= MAX. (Note 4) 

Min. 

2.4 

2.4 

2.5 

2.7 

2.0 

-15 

Typ. 
(Note 2) 

3.4 

3.2 

3.4 

3.4 

28 

Max. Units 

Volts 

0.4 

Volts 
0.45 

Volts 

0.7 
Volts 

0.8 

-1.5 Volts 

0.3 

0.4 mA 

0.65 

20 µA 

0.1 mA 

-20 

20 
µA 

-85 mA 

43 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. OE ::o HIGH, all other inputs::; GND, all outputs open. 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(TA= +25°e, Vee= 5.0V) 

Parameters Description 

tPLH 

tPHL 
Clock to Any Q; Load = LOW 

tPLH 
Clock to Any Q; Load = HIGH 

tPHL 

tPLH 
CET to RCO 

tPHL 

tPLH 
U/D to RCO 

tPHL 

tPLH 
Clock to RCO 

tPHL 

tPLH Clock to CCO 
tPHL 

tPLH 
CET or CEP to CCO 

tPHL 

tPLH ACLR to Any Q 
tPHL 

A,B,C,D 

SCLR 

•s Set-up Load 

U/D 

CET, CEP 

ts SCLR Recovery (inactive) to Clock 

th Data Hold 

fmax Maximum Clock Freyuency (Note 1) 

tpw Clock Pulse Width 

tpzH 
OE to Any Q; Enable 

tpzL 

tpHz OE to Any Q; Disable 
•PLZ 

Min. 

20 

20 

30 

30 

25 

28 

0 

25 

20 

Am25 LS2568 • Am25 LS2569 

Typ. Max. Units Test Conditions 

12 18 
ns 

18 27 

12 18 ns 
18 27 

11 16 
ns 

6 10 

15 23 
ns 

13 20 

24 35 ns 
16 24 

10 15 
ns 

8 13 

8 12 CL= 15pF 
ns 

17 25 RL = 2.0kn 

N.A. N.A. ns 
17 26 

ns 

ns 

ns 

40 MHz 

ns 

11 
ns 

19 

18 ns CL= 5.0pf 

24 RL = 2.0kn 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 

pulse width or duty cycle. 

INPUTS 

CP D c B A LOAD CET CEP V/D 

t x x x x H L L H 

t x x x x H L L L 

t x x x x H H x x 
t x x x x H L H x 

rt. x x x x x L L H 

t x x x x x L H H 

rt. x x x x x L L H 

t x x x x x L H H 
t x x x x x H x H 

t x x x x x H x H 
rt. x x x x x L L L 

t x x x x x L H L 

t x x x x x H x L 

t L H L H L x x x 
t x x x x x x x H 

rt. x x x x x L L L 

t x x x x x L H L 

t x x x x x H x L 
x x x x x x x x H 
rt. x x x x x L L L 

x x x x x x L H L 

x x x x x x H x L 
x x x x x x x x x 

(Or - CP) = Output state prior to clock edge 
NC = No change 

FUNCTION TABLE 

OUTPUTS 

ACLR SCLR OE RCO cco Yo Ye Ye YA FUNCTION 

H H L AIR AIR (Or - CP) + 1 Count up 

H H L AIR AIR (QT - CP) - 1 Count Down 

H H L H H NC NC NC NC Count Inhibit 

H H L AIR H NC NC NC NC Count Inhibit 

H H L L rt. H H H H Overflow (LS2569) 

H H L L H H H H H Overflow (LS2569) 

H H L L rt. H L L H Overflow (LS2568) 

H H L L H H L L H Overflow (LS2568) 

H H L H H H H H H Overflow Inhibit (LS2569) 

H H L H H H L L H Overflow Inhibit (LS2568) 

H H L L rt. L L L L Underflow 

H H L L H L L L L Underflow 

H H L H H L L L L Underflow Inhibit 

H H L H H L H L H Load Example 

H L L H H L L L L Clear (Synchronous) 

H L L L rt. L L L L Clear (Synchronous) 

H L L L H L L L L Clear (Synchronous) 

H L L H H L L L L Clear (Synchronous) 

L x L H H L L L L Asynchronous Clear 

L x L L rt. L L L L Asynchronous Clear 

L x L L H L L L L Asynchronous Clear 

L x L H H L L L L Asynchronous Clear 

x x H x x Hi-Z Output Disabled 

AIR = Assumes required output state; X = Don't care 

High except during Overflow and Underflow 
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Am25LS2568 • Am25LS2569 

SWITCHING CHARACTERISTICS 
Am25LS COM'L Am25LS MIL OVER OPERATING RANGE* 

TA= 0°C to +70°C TA= -55°C to +125°C 
Vee= 5.ov ±5% Vee= 5.ov ±10% 

Parameters Description Min. Max. Min. Max. Units 

tPLH 
Clock to Any Q; Load = 

22 24 
ns LOW 

tPHL 35 40 
tPLH 

Clock to Any Q; Load = HIGH 22 24 
ns 

tPHL 35 40 
tPLH 

CET to RCO 18 19 
ns 

tPHL 17 21 
tPLH 

U/D to RCO 26 28 
ns 

tPHL 26 30 
tPLH 

Clock to RCO 39 40 
ns tPHL 33 39 

tPLH 
Clock to CCO 17 18 

ns tPHL 22 27 
tPLH 

CET or CEP to CCO 
16 17 

ns tPHL 36 45 
tPLH 

ACLR to Any Q N.A. N.A. 
ns tPHL 37 45 

A,B,C,D 25 30 

SCLR 25 30 
t, Set-up Load 38 45 ns 

U/D 40 50 

CET,CEP 33 40 

ts SCLR Recovery (inactive) to Clock 39 50 ns 

th Data Hold 0 5 ns 
fmax M~ximum Clock Frequency (Note 1) 20 18 MHz 
tpw Clock Pulse Width 27 35 ns 
tzH 

OE to Any Q; Enable 15 17 
ns tzL 26 19 

tHz 
OE to Any Q; Disable 23 27 

ns tLz 30 36 

*AC performance~er the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
N .A. not applicable. 

Metallization and Pad Layouts 

Am25LS2568 Am25LS2569 

zo Vee 
19 ACO 

u/D cco u/D 

17 0. 

16 YA 
CP CP 

A 15 Ye A 

14 Ye 

0 
CEP 13 Yo CEP 

ACLR 
1Z CET 

ACLR 

SCLR 11 LOAD SCLR 

GNO 10 GNO 10 

DIE SIZE 0.087" X 0.103" DIE SIZE 0.087" X 0.103" 
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Test Conditions 

CL= 50pF 
RL = 2.0k.11 

CL= 5.0pF 
RL = 2.0k.11 

20 Vee 
19 RCO 

18 cco 

17 15E 

16 YA 

15 Ye 

14 Ye 

13 Yo 

12 CET 

11 LOAD 



Am25LS2568 • Am25LS2569 

DEFINITION OF FUNCTIONAL TERMS 

A,B,C,D 

CEP 

CP 

U/D 

The four programmable data inputs. 

Count Enable Parallel. Can be used to 
enable and inhibit counting in high speed 
cascaded operation. CEP must be LOW to 

count. 

Count Enable Trickle, Enables the ripple 
carry output for cascaded operation. Must 
be LOW to count. 

Clock Pulse. All synchronous functions 
occur on the LOW-to-HIGH transition of 
the clock. 

Enables parallel load of counter outputs 
from data inputs on the next clock edge. 

Must be HIGH to count. 

Up/Down Count Control. HIGH counts up 
and LOW counts down. 

ACLR Asynchronous Clear. Master reset of 

counters to zero when ACLR is LOW, 

independent of the clock. 

SCLR Synchronous clear of counters to zero on 

the next clock edge when SCLR is LOW. 

OE A HIGH on the output control sets the 
four counter outputs in the high imped
ance, and a LOW, enables the output. 

YA• YB• Y C• Yo The four counter outputs. 

RCO Ripple Carry Output. Output will be LOW 
on the maximum count on up-count. Upon 
down-count, RCO is LOW at 0000. 

CCO Clock Carry Output. While counting and 

RCO is LOW, CCO will follow the clock 
HIGH-LOW-HIGH transition. 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

RCO, CCO 
DRIVING OUTPUT 

Yi 
DRIVING OUTPUT 

Note: Actual current flow direction shown. 
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Am25LS2568 • Am25LS2569 

ORDERING INFORMATION 

Am25LS2568 Am25LS2569 
Package Temperature Order Order 

Type Range Number Number 
Molded DIP 0°C to +70°C AM25LS2568PC AM25LS2569PC 

Hermetic DIP 0°C to +70°C AM25LS2568DC AM25LS2569DC 
Dice 0°C to +70°C AM25LS2568XC AM25LS2569XC 

Hermetic DIP -55°C to +125°C AM25LS2568DM AM 25 LS2569DM 
Hermetic Flat Pak -55°C to +125°C AM25LS2568FM AM25LS2569FM 

Dice -55°C to +125°C AM25LS2568XM AM25LS2569XM 

APPLICATION 

LOAD1 uto, COUNT 1 LOAD2 U/02 COUNT 2 

A-0 A-0 A-0 A-0 CP ACLR CP ACLR CP ACLR CP ACLR 
U/i5 ~ OE U/i5 ~ OE U/0 !':l OE U/5 ~ OE 
LOAD 5 LOAD 

LOAD ~ LOAD ~ 
~ CET E CET ~ 

CET 'i! 
CET E ~ ~ ~ ~ 

CEP 
YA-0 

RCO CEP 
VA-0 

CEP 
YA-D 

RCO CEP 
YA-D 

MICROPROGRAMMABLE DUAL-EVENT 8-BIT COUNTERS 
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Am26LS29 
Quad Three-State Single Ended RS-423 Line Driver 

DISTINCTIVE CHARACTERISTICS 

• Four single ended line drivers in one package for maximum 

package density 
• Output short-circuit protection 
• Individual rise time control for each output 

• 500 transmission line drive capability 
• High capacitive load drive capability 

• Low Ice and IEE power consumption (26mW/driver typ.) 

• Meets all requirements of RS-423 
• Three-state outputs for bus oriented systems 
• Outputs do not clamp line with power off or in hi-impedance 

state over entire transmission line voltage range of RS-423 

• Low current PNP inputs compatible with TTL, MOS and CMOS 

• Available in military and commercial temperature range 

• Advanced low power Schottky processing 

• 100% reliability assurance screening to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am26LS29 is a quad single ended line driver, designed for 

digital data transmission. The Am26LS29 meets all the require

ments of EIA Standard RS-423 and Federal STD 1030. It features 

four buffered outputs with high source and sink current, and 

output short circuit protection. 

A slew rate control pin allows the use of an external capacitor to 

control slew rate for suppression of near end cross talk to receiv

ers in the cable. 

The Am26LS29 has three-state outputs for bus oriented systems. 

The outputs in the hi-impedance state will not clamp the line over 

the transmission line voltage of RS-423. A typical full duplex 

system would use the Am26LS29 line driver and up to twelve 

Am26LS32 line receivers or an Am26LS32 line receiver and up to 

thirty-two Am26LS29 line drivers with only one enabled at a time 

and all others in the three-state mode. 

The Am26LS29 is constructed using advanced low-power 

Schottky processing. 

LOGIC DIAGRAM 

ORDERING INFORMATION 

Package Temperature 
Type Range 

Hermetic DIP -55°C to +125°C 
Hermetic Flat Pak -55°C to +125°C 

Dice -55°C to +125°C 
Hermetic DIP D°C to + 70°C 
Molded DIP 0°C to +70°C 

Dice 0°C to +70°C 

INPUT A 

INPUT 8 

INPUT C 

INPUT 0 

Vee-

GROUND -

VEE --

Order 
Number 

AM26LS29DM 
AM26LS29FM 
AM26LS29XM 
AM26LS29DC 
AM26LS29PC 
AM26LS29XC 

---- SR CONTROL A 

OUTPUT A 

OUTPUT B 

OUTPUT C 

OUTPUT 0 

CONNECTION DIAGRAM 
Top View 

Vee 
SLEW RATE 
CONTROL A 

INPUT A OUTPUT A 

INPUT B OUTPUT B 

ENABLE 
SLEW RATE 
CONTROL B 

GND 
SLEW RATE 
CONTROL C 

INPUT C OUTPUT C 

INPUT D OUTPUT 0 

VEE SLEW RATE 
CONTROL D 

Note: Pin 1 is marked for orientation. 
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Am26LS29 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 

Supply Voltage 

V+ 

V-
Power Dissipation 

Input Voltage 

Output Voltage (Power Off) 

Lead Soldering Temperature ( 10 seconds) 

E LE CTR ICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 
Am26LS29XM (MIL) TA= -55°C to +125°C Vee= 5.0V ±5%, VEE= -5.0V ±5% 
Am26LS29XC ICOM'L) TA= 0°C to +70°C Vee= 5.0V ±5%, VEE= -5.0V ±5% 

DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 

Parameters Description Test Conditions 

Vo 
Output Voltage V1N = 2.4V 

Vo 
RL = ~ 

V1N = 0.4V 
VT 

Output Voltage V1N = 2.4V 
VT RL = 450.11 

V1N = 0.4V 
lvTl- lvTI Output Unbalance lvccl = lvEE I. RL = 450n 
Ix+ 

Output Leakage Power Off Vee= VEE= ov 
Vo= 10V 

Ix- Vo= -10V 
Is+ 

Output Short Circuit Current V1N = 2.4V 
Is- Vo=OV 

V1N = 0.4V 
ls1ew Slew Control Current VsLEW =VEE+ 0.9V 
Ice Positive Supply Current V1N = 2.4V, RL = ~ 
IEE Negative Supply Current V1N = 0.4V, RL = ~ 

lo Off State (High Impedance) Vee= MAX. Vo= 10V 
Output Current Vo= -10V 

V1H High Level Input Voltage 

V1L Low Level Input Voltage 

V1N = 2.4V 
l1H High Level Input Current 

V1N.;; 15V 

l1L Low Level Input Current V1N = 0.4V 
Vi Input Clamp Voltage llN = -12mA 

AC CHARACTERISTICS 
Vee= 5.0V, Vee= -5.0V, TA= 25°C 

Parameters Description Test Conditions 

Min. 

4.0 

-4.0 

3.6 

-3.6 

2.0 

Sr+ Positive Slew Rate RL = 450!1, CL = 500pF, Fig. 1 
Cc= 50pF 

Cc= OpF 

Cc= 50pF Sr- Negative Slew Rate RL = 450!1, CL = 500pF, Fig. 1 
Cc= OpF 

Src Slew Rate Coefficient RL = 450!1, CL = 500pF, Fig. 1 

tLz 

!Hz 
RL = 450!1, CL = 5.0pF, Cc = OpF 

Output Enable to Output 
tzL 

RL = 450!1, CL = 500pF, Cc = OpF tzH 

Notes: 1. Typical limits are at Vee= 5.0V, VEE= -5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
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Typ. 
(Note 1) 

4.4 

-4.4 

4.1 

-4.1 

0.02 

2.0 
-2.0 

-70 

60 

±110 

15 
-9 

2.0 

-2.0 

1.0 

10 

-30 

-65°C to +150°C 

7.0V 

-7.0V 

600mW 

-0.5 to +15.0V 
±15V 

300°C 

Max. Units 

6.0 Volts 

-6.0 Volts 

Volts 

Volts 

0.4 Volts 

100 µA 

-100 µA 
-150 mA 

150 mA 

µA 

25 mA 

-10 mA 

100 µA 
-100 µA 

Volts 

0.8 Volts 

40 µA 

100 µA 

-200 µA 

-1.5 Volts 

Typ. 
Min. (Note 1) Max. Units 

3.0 µs 

120 300 ns 

3.0 µs 

120 300 ns 

.06 µs/pF 

180 300 

250 350 

250 350 
ns 

180 300 



INPUT tr.;;; 10ns 

OUTPUT 

BLl-006 

SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 

t1 .;;; 10ns 

--2oµs----2oµs 

Vss 

~ 
I 

~ 
;:: 
w 

"' ;;: 

Figure 1. Rise Time Control. 

Slew Rate (Rise or Fall Time) 
Versus External Capacitor 

1k 

100 

10 

1 
10 

v 

11 
lL 

~ 

100 1k 10k 

CAPACITANCE - pF BLl-010 

Am26LS29 EQUIVALENT CIRCUIT 

2 A INPUT 
{3) B INPUT 
16) C INPUT 
(7) 0 INPUT 

TO OTHER 
THREE DRIVERS 

"• 
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a,, 

a,. 
F.T. 

16 ASLEW 
(13) BSLEW 
(12) C SLEW 
{9) DSLEW 

CL 

100pF I 

a, 

BLl-007 

15 A OUT 
l14) BOUT 
(111 C OUT 
ilO) D OUT 

BLl-011 



Am26LS30 
Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 

DISTINCTIVE CHARACTERISTICS 

• Dual RS-422 line driver or quad RS-423 line driver 
• Driver outputs do not clamp line with power off or in 

hi-impedance state 
• Individually three-state drivers when used in differential mode 
• Low Ice and lee power consumption 

RS-422 differential mode 35mW/driver typ. 
RS-423 single-ended mode 26mW/driver typ. 

• Individual slew rate control for each output 
• 500 transmission line drive capability (RS-422 into virtual 

ground) 
• Low current PNP inputs compatible with TTL, MOS and CMOS 
• High capacitive load drive capability 
• Exact replacement for DS 16/3691 
• Advanced low power Schottky processing 
• 100% reliability assurance screening to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am26LS30 is a line driver designed for digital data transmis
sion. A mode control input provides a choice of operation either as 
two differential line drivers which meet all of the requirements of 
EIA Standard RS-422 or four independent single-ended RS-423 
line drivers. 

In the differential mode the outputs have individual three-state 
controls. In the hi-impedance state these outputs will not clamp 
the line over a common mode transmission line voltage of± 1 OV. 
A typical full duplex system would be the Am26LS30 differential 
line driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS30 differen
tial drivers. 

A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv
ers in the cable. 

The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 

LOGIC DIAGRAMS 
Logic for Am26LS30 with 

Mode Control HIGH (RS-423) 

~ SRCONTROLA 

INPUT A --v- OUTPUT A 

~ SRCONTROLB 

INPUT B --v- OUTPUT B 

~ SRCONTROLC 

INPUTC --v- OUTPUTC 

~ SRCONTROLD 

INPUT D --v- OUTPUT D 

Vee--

GROUND -

Vee -- MODE 
--- CONTROL BLl-002 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Hermetic DIP -55°C to +125°C AM26LS30DM 
Hermetic Flat Pak -55°C to +125°C AM26LS30FM 

Dice -55°C to +125°C AM26LS30XM 
Hermetic DIP 0°c to+ 70°C AM26LS30DC 
Molded DIP 0°C to +70°C AM26LS30PC 

Dice 0°c to +70°C AM26LS30XC 
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Note: 

Logic for Am26LS30 with 
Mode Control LOW (RS-422) 

SA CONTROL A ENAlliB~ OUTPUT A 
INPUT A 

OUTPUT B 

SR CONTROL B 

INPUT 0 

ENABITC 

Vee---

GROUNQ--

VEE---

SR CONTROL C 

OUTPUT C 

OUTPUT D 

SR CONTROL 0 

__ MODE 
CONTROL 

BLl-0-03 

CONNECTION DIAGRAM - Top View 

v . ~SLEWRATE 
CC L.. 1--1 CONTROL A 

INPUT Ac 2 15 p OUTPUT A 

INPUT/ENABLE B c 3 14 p OUTPUT B 

MODE ri 4 13 h SLEW RATE 
. L.. Am26LS30 1--1 CONTROL B 

GNO ri 5 12 h SLEW RATE , Li f---J CONTROL C 

INPUT/ENABLE c q 6 11 pouTPUT c 

INPUT 0 q 7 10 p OUTPUT 0 

Pin 1 is marked Vee rl 8 9 h SLEW RATE ' L-1 1--' CONT,ROL D for orientation. 
BLl-005 



ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Supply Voltage 

V+ 

V-
Power Dissipation 

Input Voltage 

Output Voltage (Power Off) 

Lead Soldering Temperature (10 seconds) 

ELECTRICAL CHARACTERISTICS over the operating temperature range 

The Following Conditions Apply Unless Otherwise Specified: 

Am26LS30XM (MIL) TA= -55°C to +125°C 

Am26LS30XC (COM"L) TA= 0°C to +70°C 

EIA RS-422 Connection. Mode Voltage= 0.8V 

Vee= 5.0V ±10%, VEE= GND 

Vee= 5.0V ±5%, VEE= GND 

DC CHARACTERISTICS over the operating temperature range 

Parameters Description Test Conditions (Note 3) Min. 

Vo V1N = 2.0V 

Vo 
Differential Output Voltage, VA, 8 RL = oo 

V1N = 0.BV 

VT V1N = 2.0V 2.0 

VT 
Differential Output Voltage, VA, 8 RL = 1oon 

V1N = 0.8V -2.0 

Vos. Vos Common Mode Offset Voltage RL = 1oon 

ivTl- ivTI Difference in Differential Output Voltage RL = 1oon 

lvosl- lvosl Difference in Common Mode Offset Voltage RL = 1oon 

Vss [vT-VT[ RL = 1oon 4.0 

VcMR Output Voltage Common Mode Range VENABLE= 2.4V ±10 

lxA Vee =OV 
VcMR = 10V 

IXB 
Output Leakage Current 

VcMR = -10V 

iox 
Off State (High Impedance) VcMR <;; 10V 

Output Current 
Vee= MAX. 

VcMR;;;. -10V 

VoA = 6.0V 
V1N = 2.4V 

Vos= OV 
lsA. Isa Output Short Circuit Current 

VoA = OV 
V1N = 0.4V 

Vos= s.ov 

Ice Supply Current 

V1H High Level Input Voltage 2.0 

VIL Low Level Input Voltage 

l1H High Level Input Current V1N = 2.4V 

V1N <;; 15V 

l1L Low Level Input Current V1N = 0.4V 

V1 Input Clamp Voltage l1N = -12mA 

AC CHARACTERISTICS 
EIA RS-422 Connection, Vee= 5.0V, VEE= GND, Mode= 0.4V, TA= 25°C 

Parameters Description Test Conditions Min. 

Ir Differential Output Rise Time Fig. 2, RL = 1 oon, CL = SOOpF 

1, Differential Output Fall Time Fig. 2, RL = 100fl, CL= SOOpF 

lpoH Output Propagation Delay Fig. 2, RL = 100fl, CL= SOOpF 

lpoL Output Propagation Delay Fig. 2, RL = 100fl, CL= SOOpF 

Notes: 1. Typical limits are at Vee= 5.0V, Vee= GND, 25°C ambient and maximum loading. 

2. Symbols and definitions correspond to EIA RS-422 where applicable. 

3. RL connected between each output and its complement. 
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Typ. 
(Note 1) 

3.6 

-3.6 

2.4 

-2.4 

2.5 

0.005 

0.005 

4.8 

80 

-80 

-80 

80 

18 

1.0 

10 

-30 

Typ. 
(Note 1) 

120 

120 

120 

120 

Am26LS30 

-65°C to +150°C 

7.0V 

-7.0V 

600mW 

-0.5 to +15.0V 

±15V 

300°C 

Max. Units 

6.0 Volts 

-6.0 Volts 

Volts 

Volts 

3.0 Volts 

0.4 Volts 

0.4 Volts 

Volts 

Volts 

100 µ.A 

-100 µ.A 

100 µ.A 

-100 µ.A 

150 mA 

-150 mA 

-150 mA 

150 mA 

30 mA 

Volts 

0.8 Volts 

40 µ.A 

100 µ.A 

-200 µ.A 

-1.5 Volts 

Max. Units 

200 ns 

200 ns 

200 ns 

200 ns 



Am26LS30 

E LE CTR ICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 
Am26LS30XM (MIL) TA= -55°C to +125°C Vee= 5.0V ±10%, VEE= -5.0V ±10% 
Am26LS3axc (COM'L) TA= a'c to +7a'c Vee= 5.av ±5%, VEE= -5.aV ±5% 
RS-423 Connection, Mode Voltage ;;> 2 .av 

DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 

Parameters Description Test Conditions 

Vo V1N = 2.4V Output Voltage RL = = Vo V1N = 0.4V 
VT V1N=2.4V 
VT 

Output Voltage RL =45a!1 
V1N = 0.4V 

lvTl-lvTI Output Unbalance lvccl = lvEEi. RL = 450!1 
Ix+ 

Output Leakage Power Off Vee= VEE= av 
Vo= 6.aV 

Ix- Vo= -6.0V 
15+ V1N = 2.4V 
15-

Output Short Circuit Current Vo =OV 
V1N=0.4V 

lsrew Slew Control Current VsLEW =VEE+ 0.9V 
ice Positive Supply Current V1N = 2.4V, RL = = 
IEE Negative Supply Current V1N = a.4V, RL = = 
V1H High Level Input Voltage 

V1L Low Level Input Voltage 

l1H High Level Input Current 
V1N = 2.4V 

V1N <;; 15V 

Ill Low Level Input Current V1N = a.4V 

Vr Input Clamp Voltage l1N = -12mA 

AC CHARACTERISTICS 
RS-423 Connection, Vee = 5.0V, VEE = -5.0V, Mode = 2.4V, TA = 25'C 

Parameters Description Test Conditions 

Min. 

4.a 

-4.a 

3.6 

-3.6 

2.0 

Sr+ Positive Slew Rate Fig. 1, RL = 450fl, CL = 500pF 
Cc= 50pF 

Cc= 0 

Cc= 50pF Sr- Negative Slew Rate Fig. 1, RL = 450!1, CL = 500pF 
Cc= O 

Src Slew Rate Coefficient Fig. 1, RL = 450fl, CL = 500pF 

tpoH Output Propagation Delay Fig. 1, RL = 450fl, CL = 500pF, Cc = 0 

lpoL Output Propagation Delay Fig. 1, RL = 450!1, CL = 500pF, Cc = 0 
Notes: 1. Typical limits are at Vee= 5.0V, VEE= -5.0V, 25'C ambient and maximum loading. 

2. Symbols and definitions correspond to EIA RS-423 where applicable. 
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Min. 

Typ. 
(Note 1) 

4.4 

-4.4 

4.1 

-4.1 

a.a2 

2.a 

-2.0 

-80 

80 
±14a 

18 

-1a 

1.0 

1a 

-3a 

Typ. 
(Note 1) 

3.0 

120 

3.0 

120 

.06 

180 

180 

Max. Units 

6.a Volts 

-6.a Volts 

Volts 

Volts 

0.4 Volts 

1ao µA 

-100 µA 

-150 mA 

150 mA 

µA 

30 mA 

-22 mA 

Volts 

0.8 Volts 

4a µA 

10a µA 

-2oa µA 

-1.5 Volts 

Max. Units 

µ.S 

300 ns 

µ.S 

300 ns 

µ.s/pF 

300 ns 

300 ns 



Am26LS31 
Quad High Speed Differential Line Driver 

DISTINCTIVE CHARACTERISTICS 

• Output skew - 2.0ns typical 

• Input to output delay - 12ns 

• Operation from single +5V supply 

• 16-pin hermetic and molded DIP package 

• Outputs won't load line when Vee= 0 

• Four line drivers in one package for maximum package 

density 

• Output short-circuit protection 

• Complementary outputs 

• Meets the requirements of EIA standard RS-422 

• High output drive capability for 1 OOD terminated trans-

mission lines 

• Available in military and commercial temperature range 

• Advanced low-power Schottky processing 

• 100% reliability assurance screening to Ml L-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am26LS31 is a quad differential line driver, designed for 

digital data transmission over balanced lines. The Am26LS31 

meets all the requirements of EIA standard RS-422 and federal 

standard 1020. Is is designed to provide unipolar differential 

drive to twisted-pair or parallel-wire transmission lines. 

The circuit provides an enable and disable function common 

to all four drivers. The Am26LS31 features 3-state outputs 

and logical OR-ed complementary enable inputs. The inputs 

are all LS compatible and are all one unit load. 

The Am26LS31 is constructed using advanced low-power 

Schottky processing. 

LOGIC DIAGRAM 

Package 
Type 

Hermetic DIP 
Flat Pak 

Dice 
Hermetic DIP 
Molded DIP 

Dice 

ENABLE ENABLE 
INPUT 

D 
INPUT 

c 

GND V CC OUTPUT OUTPUT OUTPUT OUTPUT 
O+ D- C+ C-

ORDERING INFORMATION 

Temperature 
Range 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

0°C to +70°C 
0°C to +70°C 
0°C to +70°C 

Order 
Number 

AM26LS31DM 
AM26LS31 FM 
AM26LS31XM 
AM26LS31DC 
AM26LS31PC 
AM26LS31XC 
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INPUT 
B 

OUTPUT OUTPUT 
B+ B-

INPUT 
A 

OUTPUT OUTPUT 
A+ A-

CONNECTION DIAGRAM 
(Top View) 

INPUT A +5.0V 

A OUTPUTS ( 

INPUT D 

} D OUTPUTS 

ENABLE 

B OUTPUTS ( 

ENABLE 

} C OUTPUTS 

INPUT B 

GND INPUT C 

Note; Pin 1 is marked for orientation. 



Am26LS31 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 
Supply Voltage 

Input Voltage 

Output Voltage 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 
Am26LS31 XM (MIL) TA= -55°C to +125°C Vee= 5V ± 100A. 

Vcc=5V±5% Am26LS31XC (COM'L) TA= 0°C to +70°C 

Parameters Description Test Conditions 

VoH Output HIGH Voltage Vee= Min .• toH = -20mA 

Vol Output LOW Voltage Vee= Min., loL = 20mA 

VtH Input HIGH Voltage Vee= Min. 

VtL Input LOW Voltage Vee= Max. 

l1L Input LOW Current Vee= Max., VtN = 0.4V 

l1H Input HIGH Current Vee= Max., VtN = 2.7V ,, Input Reverse Current Vee= Max., V1N = 7.0V 

to 
Off-State (High Impedance) 

Vee= Max. ] Vo= 5.5V 
Output Current Vo= 0.5V 

v, Input Clamp Voltage Vee= Min., I 1N ~ 18mA 

tse Output Short Circuit Current Vee= Max. 

tee Power Supply Current Vee= Max., all outputs disabled 

tPLH Input to Output Vee= 5.0V, TA= 25°C, Load= Note 2 

'PHL Input to Output Vee= 5.0V, TA = 25°C, Load= Note 2 

SKEW Output to Output Vee = 5.0V, TA = 25°C, Load= Note 2 

tLz Enable to Output Vee= 5.0V, TA= 25°C, CL= 10pF 

tHz Enable to Output Vee= 5.0V, TA= 25°C, CL= 10pF 

tzL Enable to Output Vee= 5.0V, TA= 25'e, Load= Note 2 

tzH Enable to Output Vee= 5.0V, TA= 25°e. Load= Note 2 

Notes: 1. All typical values are Vee= 5.0V, TA= 25°C. 

2. CL= 30pF, VIN= 1.3V to VouT = 1.3V, VpuLSE = OV to +3.0V, See Below. 

AC LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 

TEST 
POINT Vee 

FROM OUTPUT -e--+-----<,St ~ 
UNDER TEST 

'------<~ 

ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 
Enable Disable 

Notes: 1. Diagram shown for Ena'bi'eLOW. 
2. s 1 and s 2 of Load Circuit are closed except where shown. 

Min. 

2.5 

2.0 

-30 

Typ. 
(Note 1) 

3.2 

0.32 

-0.20 

0.5 

0.001 

0.5 

0.5 

-0.8 

-60 

60 

12 

12 

2.0 

23 

17 

35 

30 

PROPAGATION DELAY 
(Notes 1 and 3) 

3. Pulse Generator for Alt Pulses: Rate..::;; 1.0MHz; Z 0 = 50.f2; tr..::;; 15ns; tf.;;:;: 6.0ns. 
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7.0V 

7.0V 

5.5V 

-65°C to +150°C 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

--0.36 mA 

20 µA 

0.1 mA 

20 
µA 

-20 

-1.5 Volts 

-150 mA 

80 mA 

20 ns 

20 ns 

6.0 ns 

35 ns 

30 ns 

45 ns 

40 ns 



DATA 
INPUT 

EQUIVALENT CIRCUIT (1/4 Am26LS31) 

D15 

R33 

GK 

D17 

R34 

TYPICAL APPLICATION 

DATA 
OUT 

SHIELD OR COMMON GROUND RETURN 
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R40 
(FEED THAU) 

DATA 
OUT 

TO OTHER 
THREE 
DRIVERS 

Am26LS31 

DATA 
OUT 



Am26LS31 

., 
~ 
0 
?. 
.... 
"' 0 
> 

5.0 

4.0 

Guaranteed VoH and Vol 
(TA= -55°e to +125°e) 

llJll 
tJJcJ~v 

1- VoH@ Vee= 5.0V 
3.0 

2.0 

1.0 

0 
0 4.0 

IJIII 
VoH@ Vee= 4.SV 

11111 
VoL@ 4.5V <;Vee<; 5.5V 

IlilI 
8.0 12 16 

loL OR -loH (mAJ 

20 

Metallization and Pad Layout 

INPUT A 

CHANNEL A { 
2 

OUTPUTS 

3 

ENABLE 

CHANNEL B I s 
OUTPUTS 

6 

INPUT 8 

GND 

DIE SIZE 0.067" X 0.084" 
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VouT Versus Vee 

5.0 ~------------

4.0 l--+-+.----+---1--1--+--1--l 

-55°C. 

~ 3.0 1--+-~~2s0c--+--+--+----< 
~ +125°C-+--1----+--> 

>8 2.0 I 

15 

.. I 
13 

12 ,, I 
10 

1.0 

PIN 4 < 0.BV, PIN 12;;;;. 2.0V 
RL = 10kn TO GROUND 
AREA INSIDE ENVELOPE 
IS LOW IMPEDANCE. 1-sorn 
AREA OUTSIDE ENVELOPE 
IS HIGH IMPEDANCE (;.1/4Mf!J 

0 '---'--~--~------' 
0 1.0 2.0 3.0 4.0 

VouT (VOLTS) 

INPUT D 

CHANNEL D 
OUTPUTS 

ENABLE 

CHANNEL C 
OUTPUTS 

INPUT C 



Am26LS32 • Am26LS33 
Quad Differential Line Receivers 

DISTINCTIVE CHARACTERISTICS 

• Input voltage range of 15V (differential or common mode) 
on Am26LS33; 7V (differential or common mode) on 
Am26LS32 

• ±0.2V sensitivity over the input voltage range on Am26LS32; 
±0.5V sensitivity on Am26LS33 

• The Am26LS32 meets all the requirements of RS-422 and 
RS-423 

• 6k minimum input impedance 
• 30mV input hysteresis 
• Operation from single +5V supply 
• 16-pin hermetic and molded DIP package 
• Fail safe input·output relationship. Output always high 

when inputs are open. 
• Three-state drive, with choice of complementary output 

enables, for receiving directly onto a data bus. 
• Propagation delay 17ns typical 
• Available in military and commercial temperature range 

• Advanced low-power Schottky processing 
• 100% reliability assurance screening to MIL-STD-883 

requirements 

FUNCTIONAL DESCRIPTION 

The Am26LS32 is a quad line receiver designed to meet the 

requirements of RS-422 and RS-423, and Federal Standards 

1020 and 1030 for balanced and unbalanced digital data 

transmission. 

The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range· of ±7V. 

The Am26LS33 features an input sensitivity of 500mV over 

the input voltage range of ±15V. 

The Am26LS32 and Am26LS33 provide an enable and disable 

function common to all four receivers. Both parts feature 3-

state outputs with 8mA sink capability and incorporate a fail 

safe input-output relationship which keeps the outputs high 

when the inputs are open. 

The Am26LS32 and Am26LS33 are constructed using Ad

vanced Low-Power Schottky processing. 

LOGIC DIAGRAM 

GND Vee OUTPUT D OUTPUT C 

ORDERING INFORMATION 

Am26LS32 Am26LS33 

Package Temperature Order Order 
Type Range Number Number 

Hermetic DIP -55°C to +125°C AM26LS32DM AM26LS33DM 

Flat Pak -55° C to +125° C AM26LS32FM AM26LS33FM 

Dice -55° C to +125° C AM26LS32XM AM26LS33XM 

Hermetic DIP 0°Cto+70°C AM26LS32DC AM26LS33DC 

Molded DIP 0°c to +70°c AM26LS32PC AM26LS33PC 

Dice o"c to +70°c AM26LS32XC AM26LS33XC 
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OUTPUT B OUTPUT A 

CONNECTION DIAGRAM 
Top View 

INPUTS A { 

Vee 

} INPUTS B 

OUTPUT A 

ENABLE OUTPUT B 

OUTPUT C ENABLE 

INPUTS e { 

OUTPUT D 

} INPUTS D 

GND 

Note: Pin 1 is marked for orientation. 



Am26LS32 • Am26LS33 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Supply Voltage 7.0V 
Common Mode Range ±25V 
Differential Input Voltage ±25V 
Enable Voltage 7.0V 
Output Sink Current 50mA 
Storage Temperature Range -65°C to +165°C 

ELECTRICAL CHARACTERISTICS Over the operating temperature range 
The following conditions apply unless otherwise specified: 
Am26LS32XM, Am26LS33XM (MIL) 
Am26LS32Xe, Am26LS33Xe (eOM'L) 

TA= -55°e to +125°e 
TA= 0°C to +70°C 

Vee= 5.ov ± 10% 
Vee= 5.ov ± 5% 

Typ. 
(Note 1) Parameters Description Test Conditions Min. Max. Units 

1 Am26LS32, -7V .. VcM .. +7V a.2 a.a6 a.2 
VTH Differential Input Voltage VoUT =Vol or VoH Volts l Am26LS33, -15V .. VcM .. +15V a.5 a.12 a.5 

R1N l~put Resistance -15V.; VcM.; +15V (One input AC ground) 6.ak 8.5k n 
l1N Input Current !Under Test) V1N = +15V, Other Input -15V.; VIN.; +15V 2.3 mA 

l1N Input Current (Under Test) V1N = -15V, Other Input -15V.; V1N <;; +15V -2.8 mA 

Vee= Min., A V1N = +1.aV COM'L 2.7 3.4 
VoH Output HIGH Voltage Volts 

VENABLE= a.av, loH = -44aµA MIL 2.5 3.4 

Vee= Min., AV1N = -1.aV loL =4.amA a.4 
Vol Output LOW Voltage Volts 

VENABLE= a.av loL =s.amA a.45 

V1L Enable LOW Voltage a.a Volts 

V1H Enable HIGH Voltage 2.a Volts 

V1 Enable Clamp Voltage Vee= Min., l1N = -18mA -1.5 Volts 

Off-State (High Impedance) Vee= Max. 
Vo= 2.4V 2a lo µA Output Current Vo= 0.4V -20 

l1L Enable LOW Current V1N =a.4V -0.2 -0.36 mA 

l1H Enable HIGH Current V1N =2.7V 0.5 20 µA 

11 Enable Input High Current V1N = 5.5V 1 100 µA 

isc Output Short Cir cu it Current Vo= OV, Vee= Max .. 6V1N = +1.0V -15 -50 -85 mA 

Ice Power Supply Current Vee= Max., All V1N = GND, Outputs Disabled 52 70 mA 
VHYST Input Hysteresis TA = 25°C. Vee = 5.0V. VcM = OV 30 mV 

tPLH Input to Output TA= 25°C, Vee= 5.0V, CL= 15pF, see test cond. below 17 25 ns 

tPHL Input to Output TA = 25°C, Vee = 5.0V, CL= 15pF, see test cond. below 17 25 ns 

tLz Enable to Output TA= 25°C, Vee= 5.0V,CL = 5pF, see test cond. below 20 3a ns 

tHz Enable to Output TA =25°C, Vee =5.av,cl =5pF,seetest cond.below 15 22 ns 

tzL Enable to Output TA= 25°C, Vee= 5.0V, CL= 15pF, see test cond. below 15 22 ns 

tzH Enable to Output TA= 25°C, Vee= 5.0V. CL= 15pF, see test cond. below 15 22 ns 

Note: 1. All typical values are Vee= 5.0V, TA= 25°C. 

LOAD TEST CIRCUIT 
FOR THREE·STATE OUTPUTS 

CL INCLUDES 

PROBE AND JIG I CAPACITANCE 

TEST 
POINT 

PROPAGATION DELAY 
(Notes 1 and 3) 
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ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 

ENABLE_~~~~;~ 
INPUT:.;:--- !\___ 

0
·V 

tzL tLZ I 
OUTPUT - - 4.5 V 0.5 V 

NORMALLY 1.3V -1.5V 
LOW 520PEN V 1--f-: 'zH 'Hz -!IT OL 

OUTPUT~~~ VOH 
NORMALLY S OPEN 1.3V 1'-t- -1.5V 

HIGH 1 - -av 0.5V 

Notes: 

1. Diagram shown for Enable LOW. 
2. S1 and S2 of Load Circuit are closed except 

where shown. 
3. Pulse Generator for All Pulses: Rate.;;;; 1.0MHz; 

Z 0 = SOU; tr ~ 1 Sns; tf ~ 6.0ns. 
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LINE TERMINATION 

It is important in a digital communication system to have the 
minimum amount of noise generated by undesired reflections 
at the driver and receiver. There are numerous ways of match
ing to the line. The line can be matched at the driver, at the 
receiver or both, each method has advantages and disadvan
tages. Generally for any but the longest lines it is sufficient 
to match at one place, and only when there are discontinuities 
in the line, party line operation, or lack of a reasonable match 
at the opposite end of the line is the extra hardware of match
ing at both ends justified. The majority of transmission lines 
have fairly low characteristic impedances (in the range of 
50 to 200 ohms) and the currents involved for a reasonable 
voltage swing are quite large. It is more difficult to couple 
n.oise into this low impedance, but it is also more difficult to 
drive, and line drivers must have the ability to supply large 
currents. 

Various matching techniques that can be employed are shown 
in Figure 1. These impedance charts are useful in showing what 
happens to wave fronts traveling down a line, when the line 
delay is longer than the wave front transition. The DC input 
characteristic of the receiver, including any external compo
nents, is plotted on the V-1 graph together with the output 
characteristic of the driver, including any external components 
used at the driving end. There are always quiescent points -
points where the driver and receiver characteristics cross. These 
points represent the DC voltage/current conditions, which must 
eventually be satisfied. To determine the effect of switching 
from one quiescent point to the other, a line with a slope 
equal to the characteristic impedance of the transmission line 
is plotted, starting at the initial quiescent point and ending at 
the applicable output impedance characteristic. The point of 
intersection gives the voltage and current at the output of the 
driver (and the input of the transmission line immediately after 
the driver switched states). From this point a line having an 
equal but opposite slope is drawn to the input characteristic 
and, at the intersection shows the voltage/current conditions 
of the wave front at the input of the receiver. This procedure 
is repeated to the output characteristic and so on at each 
intersection of the characteristic, the voltage/current relation
ship for a particular reflection is given. The resulting time/ 
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voltage relationships for the traveling wavefront at the two 
ends of the transmission line are shown alongside. 

From the graphs several important features can be seen. If the 
line is not matched at either end considerable transient voltage 
swings can occur. In fact if the input and output character
istics are at right angles to one another, the reflections con
tinue for an infinite time if the line is assumed to have zero 
loss. Most lines have extremely low losses, and, therefore, 
a very undesirable situation exists if the line is not matched at 
either end. 

If the line is matched at the receiver, a voltage wave of con
stant amplitude travels down the line and is absorbed at the 
termination. Note whether the line is terminated to ground or 
to the power supply the system consumes DC power, either 
in the HIGH logic level or in the LOW logic level. In order 
to reduce the power dissipation, a blocking capacitor can be 
used in series with the receiver termination. The capacitor can 
be chosen to look like a short circuit to the voltage wavefront 
but stop DC (current) flow. Since the capacitor must be charged 
and discharged through the line, the data rate is reduced, when 
this technique is employed. 

If the line is matched with a series resistor at the driver, then 
the line input initially rises to one half the final voltage. This 
wave front travels down the line and is reflected at the receiver. 
When the reflection reaches the driver the voltage at the driver 
rises to its final amplitude. The receiver, however, sees one 
transition from the initial to the final amplitude. When the 
driver switches from HIGH to LOW a similar situation occurs, 
in which the input of the line sees at first a step to one half the 
final value and, two line delays later, the final LOW condition. 
This back matching mode of operation consumes no DC power 
if the input impedance of the receiver is infinite. The advantage 
of the method is that if the input impedance of the receiver 
is high, very little power is dissipated and current only flows 
during the transition time, which is twice the line delay time. 
If back matching is used in a balanced system the terminating 
series resistance must be divided into two equal resistances 
with resistors inserted in series with each wire in order to 
maintain a balanced system. 
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USE OF THE Am26LS30, 31 AND 32 
QUAD DRIVER/RECEIVER FAMILY IN 
EIA RS-422 and 423 APPLICATIONS 

By David A. Laws and Roy J. Levy 

INTRODUCTION 
Today's high-performance data processing systems de
mand significantly faster data communications rates than 
are possible with the EIA RS-232 specifications in use for the 
past ten yea rs. 

Two new standards prepared by the Electronia Industries 
Association address this need. EIA RS-423 is an unbalanced, 
bipolar voltage specification designed to interface with RS-
232C, while greatly enhancing its operation. It permits the 
communication of digital information over distances of up to 
2000 feet and at data rates of up to 300 Kilobaud. EIA 
RS-422 is a balanced voltage digital interface for com
municaton of digital data over distances of 4000 feet or 
data rates of up to 10 megabaud. 

Advanced Micro Devices has developed a family of 
monolithic Low-power Schottky quad line drivers and re
ceivers to meet the requirements of these specifications. 
The Am26LS29 and 30 line drivers and the Am26LS32 re
ceiver meet all requirements of RS-423 while the 
Am26LS31 differential line driver and the Am26LS32 re
ceiver meet the requirements of RS-422. 

A second receiver element, the Am26LS33 is available for 
use in high common mode noise environments, exceeding 
the common mode voltage requirements of RS-422 and RS-
423. 

This application note reviews the use of these devices in 
implementing the new standards. Emphasis is given to the 
EIA RS-422 balanced interface. 

a) Single Wire With Common Ground. 

EIA STANDARD SPECIFICATIONS 
Two basic forms of operation are available for transmission 
of digital data over interconnecting lines. These are the 
single ended and differential techniques. 
The single-ended form uses a single conductor to carry the 
signal with the voltage referenced to a single return conduc
tor. This may also be the common return for other signal 
conductors. Figure la. 

The single-ended form is the simplest way to send data as it 
requires only one signal line per circuit. This simplicity, how
ever, is often offset by the inability of this form to allow 
discrimination between a valid signal produced by the 
driver, and the sum of the driver signal plus externally in
duced noise signals. 

A solution to some of the problems inherent in the single
ended form of operation is offered by the differential form of 
operation. Figure 1 b. This consists of a differential driver 
(essentially two single-ended drivers with one driver always 
producing the complementary output signal level to the 
other driver), a twisted pair transmission line and a differen
tial line receiver. The driver signal appears as a differential 
voltage to the line receiver, while the noise signals appear as 
a common mode signal. The two signals, therefore, can be 
discriminated by a line receiver with a sufficient common 
mode voltage operating range. 

The Electronic Industries Association, EIA, has defined a 
number of specifications standardizing the interface be
tween data terminal equipment and data circuit terminating 
equipment based on both single-ended and differential op
eration. 

,.:;:: =f?"----zo_l,__ _____________ +·----zo--EN_A_B_" =Cr-"'" 
b) Two Wire Balanced System. 

DATA 

ENABLE 
--zo I 

I 
I 

1--zo 
I 
I 

Figure 1. Data Communication Techniques. 

Copyright © 1978 by Advanced Micro Devices. Inc. 

3-283 

DATA 

ENABLE BLl·014 



The most widely used standard for interfacing between data 
terminal equipment and data communications equipment 
today, is EIA RS-232C, issued in August 1969. The RS-232C 
electrical interface is a single-ended, bipolar-voltage, unter
minated circuit. This specification is for serial binary data 
interchange over short distances (up to 50 feet) at low rates 
(up to 20 Kilobaud). It is a protocol standard as well as an 
electrical standard, specifying hand shaking signals and 
functions between terminal and the communications 
equipment. As already noted, single-ended circuits are sus
ceptible to all forms of electromagnetic interference. Noise 
and cross talk susceptibility are proportional to length and 
bandwidth. RS-232C places restrictions on both. It limits slew 
rate of the drivers (30V/µ,s) to control radiated emission on 
neighboring circuits and allows bandwidth limiting on the 
receivers to reduce susceptibility to cross talk. The length 
and slew rate limits can adequately control reflections on 
unterminated lines, and the length and bandwidth limits are 
more than adequate to reduce susceptibility to noise. 

a) EIA RS-232C Generator Output. 

Vss = IV1 - Vil 

Use of the Am26LS29, 30, 31 and 32 

Like EIA RS-232C, the new EIA RS-423 is also a single-ended, 
bipolar-voltage unterminated circuit. It extends the distance 
and data rate capabilities of this technique to distances of up 
to 4000feet at data rates of 3000 baud, or at higher rates of up 
to 300 Kilobaud over a maximum distance of 40 feet. 

EIA RS-422 is a differential, balanced voltage interface capa
ble of significantly higher data rates over longer distances. It 
can accommodate rates of 100 Kilobaud over a distance of 
4000 feet or rates of up to 10 megabaud. These performance 
improvements stem from the advantages of a balanced con
figuration which is isolated from ground noise currents. It is 
also immune to fluctuating voltage potentials between sys

tem ground references and to common mode electromag
netic interference. Figure 2 compares the driver output 
waveforms for the three EIA standard configurations, while 
Table I compares-the key characteristics required by drivers 
and receivers intended for these applications. Since RS-232C 
has been in use for many years, RS-422 and 423 parameter 
values have been selected to facilitate an orderly transition 
from existing designs to new equipment. 

n 
Vsg 

-->c-,;""'::; 0.9 V SS 

---'--- 1.1 V55 

V55 = Difference in steady 
state voltages 

RL = 3KO to 7KO 
v55 min. = ±5V; Vss max. = ±25V 

b) EIA RS-422 Generator Output. 

n 
Vss 

0.1Vss 

0.1Vss 

~~ ..... ::::0.9Vss 
--"--- 1.1Vss 

to = Time duration of the unit interval 
at the applicable modulation rate 

tr "' 0. 1to when to "' 200ns 

Vss = Difference in steady state voltages 
Vss = IV1 - Vil 

t, ,;;; 20ns when to < 200ns 
Vss min. = 2V; Vss max. = 6V 

c) EIA RS-423 Generator Output. 

Vss = IVt - Vil 
Vss = Difference in steady 

state voltages 
v55 min. = ±3.6V; Vss max. = ±6V 

Figure 2. Driver Output Waveforms. 
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TABLE I 
KEY PARAMETERS OF EIA SPECIFICATIONS 

Characteristics EIA RS-232C EIA RS-423 EIA RS-422 Units 

Form of Operation Single Ended Single Ended Differential 

Max. cable length 50 2000 4000 Feet 

Max. data rate 20K 300K 10M Baud 

Driver output 6 volts 
voltage, open ±25 ±6 between Volts (Max.) 
circuit* outputs 

Driver output 2 volts 
voltage, Loaded ±5 to ±15 ±3.6 between Volts (Min.) 
output* outputs 

Driver output resis- Ro= 3000 100µ,A between 100µ,A between Min. 
tance power off -6 to +6V +6 and -.25V 

Driver output short 
circuit current lsc ±500 ±150 ±150 mA (Max.) 

Driver output slew 30 V/µ,sec Max. Slew rate must be No control 
rate controlled based necessary 

upon cable length 
and modulation 
rate 

Receiver input 3K to 7K ;;.4K ;;.4K 0 
resistance R;n 

Receiver input -3 to +3 -0.2 to +0.2 -0.2 to +0.2 Volts (Max.) 
thresholds 

Receiver input 
voltage -25 to +25 -12 to +12 -12 to +12 Volts (Max.) 

* ± indicates polarity switched output. 

INTEGRATED CIRCUIT CHARACTERISTICS 
Most semiconductor manufacturers offer integrated circuits 
designed to satisfy the old RS-232C standard. A number of 
them have designs in progress to meetthe new EIAspecifica
tions. Products available from Advanced Micro Devices to 
meet these needs are shown in Table II. 

input loading, one-half the normal fan-in. Since there are two 
inverters from each input to output, the driver is non
inverting. When operating in the RS-423 mode, the 
Am26LS29 and 30 require both +5V and -5V nominal value 
power supplies. This allows the outputs to swing symmetri
cally about ground - producing a true bipolar output. The 
Mode Control (Pin 4) of the Am26LS30 should be HI or tied to 

TheAm26LS29,30, 31 and32 area family of quad drivers and 
receivers designed specifically to meet the new EIA stan
dards. These products utilize Low-Power Schottky technol
ogy to incorporate four drivers or four receivers, together 
with control logic, in the standard 16-pin package outlines. 

The Am26LS29/30 and the Am26LS32 are driver and receiver 
pairs designed to implement the single-ended EIA RS-423 
standard. TheAm26LS31 is a differential line driver designed 
for use with the Am26LS32 receiver in a differential mode to 
meet EIA RS-422. 

Am26LS29 AND Am26LS30 QUAD 
RS-423 LINE DRIVERS 
The Am26LS29 and 30 consist of four single-ended line driv
ers designed to meet or exceed the requirements of RS-4Z3. 
The buffered driver outputs are provided with sufficient 
source and sink current capability to drive 50 ohm to a virtual 
ground transmission line and high capacitive loads. The 
Am26LS29 has a three-state output control while the 
Am26LS30 has a Mode Control input that allows it to operate 
as a dual RS-422 driver (with suitable power supply change
s), Figure 3. 

Each of the four driver inputs, as well as the Enable/Mode 
Control Input is a PNP Low-Power Schottky input for reduced 
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TABLE II 
ADVANCED MICRO DEVICES' 

EIA COMPATIBLE DEVICES 

EIA Standard Drivers Receivers 
Am1488 Am1489, 1489A 
Quad Driver Quad Receivers with 

response control pin 
Am9616 Am9617 

RS-232C Triple Driver with Triple Receiver with 
logic control optional hysteresis 
Am2616 Am2617 
Quad Driver also Quad Receiver specified 
specified for CCITI over MIL range 
V.24 and MIL-188C 

RS-422 Am26LS31 Am26LS32 
Quad Differential Quad Differential Driver 
with three-state sing le-ended Receiver 
control gating 

RS-423 Am26LS29 Am26LS32 
Quad Driver with Quad single-ended/ 
three-state output Differential Receiver 

Am26LS30 
Quad Driver with 
slew rate control 



a) Logic Diagrams 

Am26LS29 

INPUT A 

INPUT 8 

INPUT C 

INPUT D 

V+--

GROUND --

v---

b) Circuit Diagram for Am26LS30 
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Am26LS30 
RS-423 Operation (Mode Control HIGH) 

~SR CONTROL A 

INPUT A -v--- OUTPUT A 

~ SRCONTROLB 

INPUTB -v--- OUTPUT B 

~SR CONTROLC 

INPUTC -v--- OUTPUT C 

~ SR CONTROL 0 

INPUT D -v--- OUTPUT D 

v+--

GROUND--

V----
MODE 

--- CONTROL 

16 A SLEW 
1131 BSLEW 
1121 CSLEW 
(91 DSLEW 

Figure 3. Am26LS29 and Am26LS30 Drivers. 

Vee· Each output is designed to drive the RS-423 load of 50 
ohms with an output voltage equal or greaterthan +3.6 volts 
in the HI state and -3.6 volts in the LO state. Each output is 
current limited to 150mA max. in either logic state. A Slew 
Rate control pin is brought out separately for each output to 
allow output ramp rate (rise and fall time) control. This pro
vides suppression of near end cross talk to other receivers in 
the cable. Connecting a capacitor from this node to that 
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driver's respective output will produce a ramp (10% to 90%) 
of 50ns typical for each picofarad of capacitance in that 
capacitor. RS-423 establishes recommended ramp rates ver

sus length of line driven and modulation rate, Figure 4. 

The Am26LS30 can be used at low data rates as a dual EIA 

RS-422 driver with three-state outputs by connecting the VEE 

supply and the mode control input to ground. 
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Am26LS31 QUAD RS-422 DRIVER 
The Am26LS31 is a quad differential line driver designed to 
meet the RS-422 specification while operating with a single 
+5 volt supply. A common enable and disable function con
trols all four drivers, Figure 5. The driver features high speed, 
de-skewed differential outputs with typical propagation de
lays of 12ns and residual skew of 2ns. Both differential line 
outputs are designed for three-state operation to allow 
two-way half duplex and multiplex, data bus applications. 

Table Ill is a summary of the essential requirements of the 
RS-422 standard. Section A describes the key characteristics 
satisfied by the Am26LS31 driver. 

The balanced differential line driver consists of two halves, 
each of which is similar to a Low-power Schottky TTL gate 
with equal source and sink current capability. The two halves 
are emitter coupled in a differential input configuration. One 
side of the input circuit is tied to a fixed TTL bias threshold 
and the other side is tied to a sink diode in normal DTL/TTL 
fashion. This configuration offers complementary outputs 
with very low skew, dependent only upon component match
ing, a necessity to meet RS-422. 
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The circuit diagram of the driver is shown in Figure 6. The 
emitter-coupled input circuit is formed by 02 and 03, which 
are biased by a current source. This source is a current 
mirror, formed by 01 which supplies the current, and D6 
which is diode connected transistor matched to 01. The fixed 
bias for 03, formed by D5 and D6, is 2Vse· A 2Vse bias, less 
the D2 Schottky diode drop, provides the normal Low-power 
Schottky TTL threshold, V1L = 0.7V. R19 provides a boost to 
O.BV for a full 400mV TTL noise margin. The differential 
outputs of the emitter coupled stage, A and A, drive emitter 
followers 014 and 015, which provide the required speed 
and matching characteristics. The emitter followers, drive 
phase splitters 04 and 05, which in turn drive totem-pole 
outputs. The outputs at the line interface are of standard 
Low-power Schottky TTL configuration, except that circuit 
values are modified to provide high sourcing capability. The 
outputs are designed to source or sink 20mA each, so that 
they can generate a voltage of at least 2.0V across a 100 ohm 
load, as required by RS-422. Additional circuitry has been 
included to make the line outputs three-state for two-way 
bus applications. The Am26LS31 meets the RS-422 require
ment that the driver not load the line in the powered down 
condition Ox "' 1 OOJ.LA) or if the power supply to that device 
should fail. 

Am26LS32 QUAD RS-422 AND 423 RECEIVER 
The Am26LS32 is a quad line receiver which, operating from 
a single 5 volt supply, can be used in either differential or 
single-ended modes to satisfy RS-422 and 423 applications 
respectively. A complementary enable and disable feature, 
similar to that on the driver, controls all four receivers, Figure 
7. The device's three-state outputs, which can sink BmA, 
incorporate a fail-safe input-output relationship which keeps 
the outputs high when the inputs are open. 

The Am26LS32 meets the receiver input specification of 
Table Ill, a 200mV threshold sensitivity with common mode 
rejection exceeding the supply line potentials, (greater than 7 
volts). The same design feature of the input circuit which 
provides the common mode rejection also insures excellent 
power supply ripple rejection, which is important when 
switching the high currents involved in a system's interfaces. 
Furthermore, unlike operational amplifiers, where the DC 
common mode and power supply rejection ratios roll off 
with open loop gain, the full rejection capability of this line 
receiver is maintained at high frequencies. The receiver hys
teresis of typically 30mV, provides differential noise immuni
ty. Signals received on long lines can have slow transition 
times, and without hysteresis, a small amount of noise 
around the switching threshold can cause errors in the re
ceiver output. 

INPUT 
B 

INPUT 
A 

GND Vee OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
02 01 C2 C1 82 81 A2 A1 

Figure 5. Am26LS31 Logic Diagram. 
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TABLE Ill 
SUMMARY OF EIA RS-422 STANDARD FOR A BALANCED DIFFERENTIAL INTERFACE 

A. Line Driver 

Open Circuit Voltage (either logic state) 
Differential 
Common Mode 

!Vdol"' 6.0V 
IVernol"' 3.0V 

Differential Output Voltage (across 100 ohm load) 

Either logic state IV di "'max (0.5Vdo• 2.0V) 

Output Impedance 

Either logic state RG"' 100 ohms 

Mark-Space Level Symmetry (across 100 ohm load) 

Differential IVdsl - IVdMI "'0.4V 

Common Mode IVernsl - IVernMI "'0.4V 

Output Short Circuit Current (to ground) 

Either Output Ilse I"' 150mA 

Output Leakage Current (power off) 

Voltage Range -0.25V "' Vx"' +6.0V 

Either Output at Vx \lxl "' 100µ,A 

Rise and Fall Times (across 100 ohm load) 

T = Baud Interval (t,, t1) "' max (0.1T, 20ns) 

Ringing (across 100 ohm load) 

Definitions 

V dSS = V d (steady state) 
Vss = Vds-VdM (steady state) 

Limits (either logic state) 

Percentage 
Absolute 

IVd-Vdssl"' 0.1Vss 
2.0V"' IVdl"' 6.0V 

C. Interconnecting Cable 

Type 

B. Line Receiver 

Signal Voltage Range 

Differential 
Common Mode 

IVdl "'6.0V 
IVeMI "'7.0V 

Single-Ended Input Current (power ON or OFF) 

Either Input at Vx IV xi= 10V 

Other Input Grounded \lvl "' 3.25mA 

Single-Ended Input Bias Voltage (other input grounded) 

Either Input Open Circuit IV6 1"' 3.0V 

Single-Ended Input Impedance (other input grounded) 

Either Input RL "' 4000 ohms 

Differential Threshold Sensitivity 

Common Mode Voltage Range 
Either Logic State 

Absolute Maximum Input Voltage 

Differential 
Single-Ended 

Input Balance (threshold shift) 

!Verni"' 7.0V 
IVTI"' 200mV 

1Vdi"'12V 
IVxl"' 10V 

Common Mode Voltage Range !Verni"' 7.0V 
Differential Threshold (500 ohms in series with each 

input) 
Either Logic State IV1 I "' 400mV 

Termination (optional) 

Total Load Resistance (differential) RT> 90 ohms 

Multiple Receivers (bus applications) 

Up to 10 receivers allowed. Differential threshold sen
sitivity of 200mV must be maintained. 

Hysteresis (optional) 

As required for applications with slow rise/fall time at 
receiver, to control oscillations. 

Fail Safe (optional) 

As required by application to provide a steady MARK or 

SPACE condition under open connector or driver 
power 

OFF condition. 

Twisted Pair Wire or Flat Cable Conductor Pair 

Conductor Size 

Copper Wire (solid or stranded) 
Other (per conductor) 

Capacitance 

Mutual Pair 
Stray 

Pair-to-Pair Cross Talk (balanced) 

Attenuation at 150KHz 

3-288 

24 AWG or larger 
R "'30 ohms/1000 ft. 

C "' 20pF/ft. 
C "'40pF/ft. 

A;,, 40dB 

El 
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Figure 6. Am26LS31 Circuit Diagram (Only one driver shown). 

The balanced differential line receiver is a three-stage circuit. 
The input stage consists of a low-impedance differential cur
rent amplifier with series resistor inputs to convert line signal 
voltage to current and provide a moderate input impedance. 
The input resistors provide an impedance greater than 6K on 
each input, power on or power off, which exceeds the re
quirements of RS-422 and RS-423. This is one advantage of 
the current amplifier input circuit. Another advantage is that 
is can operate with immunity to common mode voltages 
above Vee and below ground. The differential threshold 
sensitivity of this circuit is 200mV, as required by RS-422. The 
second stage is a differential voltage amplifier, which inter
faces to the single-ended output stage through an emitter 
follower. The output stage is a standard Low-power Schottky 
TTL totem-pole output with three-state capability. 

The full circuit is shown in Figure 8. Resistors R20 and R21 , 
which connect the non-inverting input to V cc and the invert
ing input to ground, provide the fail-safe feature, which 
guarantees a HIGH logic state for the receiver output when 
there is no signal on the line. The differential voltage 
amplifier in the second stage is formed by 06 and 03 which 
are biased by current source 09. The hysteresis in the re-
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ceiver switching characteristic is.provided by 04 and 05, a 
differential pair biased by current source 06, whose collec
tors are connected in positive feedback to the input pull-up 
circuits. A small amount of current is switched by 04 and 05, 
which must be overcome by the different voltage signal, 
resulting in the hysteresis. The output stage is driven from 
one side of the differential second stage by emitter follower 
017, which is a multiple emitter transistor. the second emit
ter is the control point for the three-state output.017 drives 
the phase splitter 012, which in turn drives the three-state 
totem pole output. The remainder of the circuit is the output 
enable control logic. This three-state capability on the re
ceiver TTL side of the interface is a useful feature for mod
ularizing two-way bus design. 

A mask option of the input resistors (R1, R2, R20 and R21) 
modifies the receiver characteristics to improve operation 
in high common mode noise environments. This device, 
known as the Am26LS33, has these resistors at twice the 
value of the Am26LS32. An input differential or common 
mode voltage range of± 15 volts is achieved at the expense 
of a minor decrease of input threshold sensitivity, to 
±500mV from ±200mV. 
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GND Vee OUTPUT D OUTPUT C OUTPUT B OUTPUT A 

Figure 7. Am26LS32 Logic Diagram. 

"20 
16 

L __ 
Ag 

R14 

I L __ _J 

015 

R16 

Ag 

Dg 

Note: R3 and R4 values for Am26LS32 are half the Am26LS33 values. 

Figure 8. Am26LS32 and Am26LS33 Circuit Diagram (Only one receiver shown). 
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APPLICATIONS IN MIXED RS-232 AND 422/3 
SYSTEMS 
A system implemented with the RS-422 differential output 
cannot be used to drive an RS-232C system directly. An 
RS-423 single-ended driver, such as the Am26LS29 or 
Am26LS30, may be used provided certain precautions are 
observed. 

1. Although the RS-423 driver output specification of be
tween 4 to 5V does not meet the RS-232C specification of 
6V, operation is usually satisfactory with RS-232C receiv
ers. This is achieved because the short cable lengths per
mitted by RS-232C cause very little signal degredation 
and because of the low source impedance of the RS-423 
driver. 

2. RS-232C specifies that the rise time for the signal to pass 
through the ±3.0V transition region shall not exceed 4% 
of the signal element duration. RS-423 requires much 
slower rise times, specified from 10% to 90% of the total 
signal amplitude, to reduce cross talk for operation over 
longer distances. Therefore, the RS-423 driver in the 
equipment must be waveshaped. This is achieved by 
selection of a capacitor value for the Am26LS30 to simul
taneously meet the requirements of both RS-423 and RS-
232C for data rates covered by RS-232C. 

3. RS-423 specifies one common return ground for each 
direction of transmission, RS-232C requires only one 
for both directions of transmission. Care must be taken 
to insure that a return ground path has been created 
when interfacing between the two systems. 

4. RS-232C does not require termination, while it may be 
necessary for RS-422 and 423. Detailed consideration of 
termination is covered in the next section. 

Note that RS-422 and RS-423 specifies that receivers should 
not be damaged by voltages up to 12V, while RS-232C allows 
drivers to produce output voltages up to 25V. The Am26LS32 
receiver has been designed to avoid this hazard and can 
withstand input voltages of ±25 volts. 

RS-422 TRANSMISSION LINE FEATURES 
Any time a receiver and transmitter are connected with more 
than a few inches of a wire, problems due to reflections can 
arise if care is not exercised to terminate the line correctly. 
RS-422 describes the cable as a twisted pair of approximately 
120!1 impedance terminated in a resistor Rr. Rr is not 
specified because there are two extreme values which may 
be chosen forthe two following general classes of usage: (1) 
single direction transmission; and (2) multi-direction and 
multiple source transmission (party line). Considering the 
cable impedance only, the termination should equal the 
cable impedance of 120!1. However this reduces the termi
nated cable resistance as seen by the driver to only 600, with 
resulting loading of the output signal. This loading causes a 
reduction of S/N ratio at the received terminal due to the 
decrease in signal voltage swing. The solution lies in a com
promise between an Rr of 1200 which provides maximum 
power transfer at a reduced S/N ratio or RT of 2400 which 
causes a mis-match of 2-to-1 but no S/N reduction. The 
choice is left to the user as it is system dependent. Both 
schemes will work for an average line length and should only 
approach the margins at maximum line length and 
maximum bit rates. 

Electronic Industries Association, when preparing EIA Stan-
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da rd RS-422 conducted their tests with 24 gauge twisted pair 
wire. The resulting length vs. data rate, is published as a 
guideline in RS-422 (Figure 9). This shows two important 
results: (1) Unmodulated baseband (NRZ) signalling is not 
recommended at distances greater than 4000 feet; (2) At data 

100k 1M 10M 

DATA RATE - BAUDS 

Figure 9. Data Rate Versus Cable Length for Balanced, 
Twisted Pair Cable (From EIA RS-422). 

rates above about 100KHz, the maximum cable length for 
acceptable signal quality is inversely proportional to data 
rate. 

Result (1) above is due to the DC resistance of the cable. For a 
4000foot cable with a DC resistance of 30 ohms/1000 feet, the 
DC series loop resistance is 2400. The minimum allowable 
terminated differential load impedance is 900. The DC vol
tage attentuation is 90/(90-240) = 1/4(6db), which is arbitrar
ily chosen as the maximum allowable limit. 

Result (2) is due to line losses. Laboratory tests using the 
26LS31 Line Driver connected to the 26LS32 Line Receiver by 
800 feet of ordinary 20 AWG twisted pair (Beldon #8205 
plastic-jacketed wire), terminated in its characteristic impe
dance of 100!1 were evaluated. The input waveform was a 
500KHz square wave with (10% to 90%) rise and fall times of 
less than 10ns. The output waveform produced rise and fall 
times which together accounted for approximately one-half 
the period (t, + t1 = 500ns). This was due to line loss and 
constant capacity. The energy per cycle of the output 
waveform is approximately 25% lower than that of the input. 
The input rise and fall times are not a function of line length, 
assuming matching termination. The output rise and fall 
times are dependent upon length in a complex manner. 
Furthermore, it can be shown by observation that they build 
up along the line. 

Many good reference sources are available on the subject of 
transmission lines (References 1, 2, 3 and 4). These will 
provide background information to the following discussion. 

Seshadri in Reference (1) has analyzed a line with series 
resistance losses and has shown that rise time varies with 
the square of the length. This shows series resistance to be a 
function of the square root of frequency. However when one 
tries to use this result in combination with the previous 
result, it becomes apparent just how difficult the problem is. 
In Reference (2), the authors point out that skin depth implies 
a frequency dependent series inductance as well as resis
tance, and that one cannot be considered without the other. 



They go on to show how this leads to the same result; 

namely that rise and fall times vary with the square of dis

tance. 

No attempt will be made to explain here why Figure 5 shows 

maximum length varying inversely with f_requency rather 

than with the square of frequency. Certainly many complex 

factors are involved. Our laboratory observations showed a 

dependence somewhere in between linear and square law. 

The Am26LS31 Quad Line Driver and the Am26LS32 Quad 

Line Receiver are capable of good, clean operation to the 

distance limits and data rate ·limits of RS-422. 

SYSTEM APPLICATIONS 

The Am26LS30, 31, 32 and 33 can be combined in various 

DATA 

ENABLE 

Am26LS29 OR 
Am26LS30 

50QCOAX 

Use of the Am26LS29, 30, 31 and 32 

signaling networks. Using Am26LS29, Am26LS30 and 

Am26LS32, Figure 10, a unidirectional RS-423 communica

tion can be constructed. Allowing for the voltage variation 

described earlier, RS-232C requirements can be satisfied. It 

should be noted that the Am26LS29 or Am26LS30 is used 

above to meet the bipolar requirements. If a single-ended 

line, Figure 11, is required without a bipolar requirement, the 

Am26LS31 can be used by biasing the reference terminal of 

the receiver to approximately 1.5 volts. Note that additional 

resistors will enhance fail safe operation. 

Figure 12 shows the use of the Am26LS31 and Am26LS32 to 

meet a balanced line, single direction RS-422 application. If 

bidirectionality is required, an additional termination should 

be added as shown in Figure 13. 

Am26LS32 

RT DATA 

Figure 10. Unidirectional RS-423 (partial RS-232C). 

Am26LS31 

DATA 
son COAX RT 

ENABLE 

Figure 11. Single-Ended Line Without Bipolar Requirement. 

Am26LS31 

RT 

TWISTED PAIR 

a) RS-422 Application_ 

Am26LS31 

RT 

b) Improved Fail-Safe Margin. 

Figure 12. 
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DATA 
OUT 

THREE-STATE 
ENABLE 

DATA 
IN 

ENABLE 

Am26LS30/32 

RT RT 

TWISTED PAIR 

Figure 13. Bidirectional RS-422. 

TWISTED PAIR 

Am26LS30/32 

figure 14. Party Line Configuration. 

a) Full Duplex Four-Wire Data Communication RS-422 Interface (with Data Modem). 

Am26LS30/32 Am26LS30/32 

DTE DCE 

TERMINAL MODEM LEASED 
LINES 

Figure 15. 
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Am26LS30/32 

OCE 

MODEM 

ENABLE 

Am26LS30/32 

Am26LS30/32 

DTE 

TERMINAL 

DATA 
OUT 

DATA 
IN 

THREE-STATE 
ENABLE 



b) Full Duplex Four-Wire Data Communication 
RS-422 Interface (without Data Modem). 

Am26LS31/32 Am26LS3l/32 

Figure 15. (Cont.I 

The high speed capability of RS-422 has attracted the in
terest of many computer designers for use in the party 
line mode (Figure 14). The most common usage is that of 
a four wire full duplex exchange system (Figure 15). This 
mode of operation involves two pairs of wires each han
dling a single direction of traffic. The outgoing direction 
consists of one driver (Am26LS30 or Am26LS31) and n 
receivers (Am26LS32 or Am26LS33). The incoming direc
tion consists of one receiver (Am26LS32 or Am26LS33) 
and n drivers (Am26LS30 or Am26LS31 ). This seems ex
tremely simple to organize. However, problems arise 
when system ground is considered. If the network of re
ceiver and driver span a moderate to long physical dis
tance, ground loop noise or differences are developed 
changing the voltage that appears at the terminals of all 
receivers and drivers except for the one driver that is ac-

REFERENCES 

Use of the Am26LS29, 30, 31 and 32 

tive. It remains the system reference as long as it is ac
tive. This induced or system developed voltage is referred 

to as Common Mode voltage (CMV) and as such must be 
considered as a device parameter. All manufacturers 
specify CMV capability of their receiver in compliance 
with RS-422 (approx. 7 volts plus signal) but there is no 

specification for drivers. If the dimensions of the system 
are short compared to 1/4 wave length of the maximum 
date rise and fall times, the CMV can be assumed to be 
minimal and drivers with single voltage supply and lim
ited negative CMV can be used, i.e., Am26LS31. If the sys
tem dimensions are large, the CMV will cause problems 
in that the driver will clamp to the ground the moment 
the collective or apparent voltage swings below minus 0.5 
volts relative to the driver ground, causing a short in the 
line and increasing level shift and noise. The clamping is 
caused in part by conduction of the l/C substrate diode. 
The problem can be avoided by using a driver with an 
output common mode range (Am26LS30). The Am26LS30 

guarantees an output CMV range of ±10 volts about the 
driver ground reference. New international standards are 
under consideration to specify this mode of operation. In 
conclusion, a good system of 4 wire full duplex for data 
communication would use as an outgoing pair an 
Am26LS30 line driver and up to 12 - Am26LS32 line re
ceivers, with a termination at the near and far ends of the 
cable. The same system would use as an incoming pair 
an Am26LS32 line receiver and up to 32 - Am26LS30 line 
drivers with only one enabled at a time and all others in 
three-state mode with cable termination at both near and 
far ends of the cable. 

Many other applications are possible using this family of 
devices. Although the designs are based on the require
ments of the EIA data communications specifications, 
they are not limited to these situations. Aircraft buses and 
internal equipment interconnections will benefit from the 
features offered by these products. 

1. Seshadri, S. R., Fundamental of Transmission Lines and Electromagnetic Fields, (U. of Wisconsin), Addison-Wesley, 
Reading, Mass., 1971. 

2. Adler. R. B., L. J. Chu, and R. M. Fano, Electromagnetic Energy Transmission and Radiation, (MIT), John Wiley & Sons, 
New York, 1963. 

3. Matick, R. E., Transmission Lines for Digital and Communication Networks, (IBM), McGraw-Hill, New York, 1969. 
4. Reference Data for Radio Engineers, (ITI), Fifth Edition, Howard W. Sams & Company, Indianapolis, 1974. 
5. Electronic Industries Association, 2001 Eye Street, N.W. Washington, D.C., RS Standard Proposal, RS-232C, August, 

1969. 
6. Electronic Industries Association, 2001 Eye Street, N.W. Washington, D.C., RS Standard Proposal 1220, Rev. RS-422, 

September 21, 1976. 
7. Electronic Industries Association, 2001 Eye Street, N.W. Washington, D.C., RS Standard Proposal 1221, Rev. RS-423, 

September 21, 1976. 
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Am2905 
Quad Two-Input OC Bus Transceiver With Three-State Receiver 

Distinctive Characteristics 
• Quad high-speed LSI bus-transceiver 
• Open-collector bus driver 
• Two-port input to D-type register on driver 
• Bus driver output can sink 100 mA at 0.8V max. 

FUNCTIONAL DESCRIPTION 
The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multi· 
plexer on each. The flip-flop outputs are connected to four 
open-collector bus drivers. Each bus driver is internally con
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches that feature three-state outputs. 

This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS in· 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. Tlhe 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 
The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when Sis HIGH, the Bi data is stored. 
The buffered common clock (D RCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (R LE) input. When the R LE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted and OE LOW). When the RLE 
input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three· 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C AM2905PC 
Hermetic DIP 0°C to +70°C AM2905DC 

Dice 0°C to +70°C AM2905XC 
Hermetic DIP -55°C to +125°C AM2905DM 

Hermetic Flat Pak -55°C to +125°C AM2905FM 
Dice -55°C to +125°C AM2905XM 
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• Receiver has output latch for pipeline operation 
• Three-state receiver outputs sink 12 mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

MI L -STD-883 

13 

23 

11 

12 

LOGIC SYMBOL 

4 3 8 9 16 15 20 21 

Ao Bo Ai B1 A2 B2 A3 B3 

Ro 

DRCP 

BE Am2905 

R2 
RLE 

OE R3 

BUSo BUS1 BUS2 BUS3 

17 19 

Vee= Pin 24 

GND 1 =Pin 6 

GND2 =Pin 18 

CONNECTION DIAGRAM 
Top View 

m Vee 

Ro DRCP 

Bo R3 

Ao 83 

BU So A3 

GND1 BUS3 

sus, GND2 

Al BUS2 

•1 A2 

R1 •2 
ilE R2 

0E 

Note: Pin 1 is marked for orientation. 

10 

14 

22 



LOGIC DIAGRAM 

SELECT 

D~~~~~ ORCP 0--I:><:>-----------' 

BUS 
ENABLE BE O--ot.>------------------' 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2905XC (COM'L) TA= 0°C to +70°C VccMtN. = 4.75V Vee MAX.= 5.25V 

Am2905XM (MIL) TA= -55°C to +125°C Vee MIN.= 4.50V Vee MAX.= 5.50V 

Am2905 

OE 0---ot>---, 

RECEIVER 
~-------< 10---0 ALE LATCH 

ENABLE 

MPR-065 

-65°C to +150°C m 
-55°C to +125°C 

-0.5V to +7V 

-0.5V to +Vee max. 

-0.5V to +7V 

30mA 

200mA 

-30mA to +5.0mA 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

Parameters Description Test Conditions I Note 1) Min. (Note 2) Max. Units 

IOL =40mA 0.32 0.5 

Vol Bus Output LOW Voltage Vee= MIN. IOL = 70mA 0.41 0.7 Volts 

loL = 1oomA 0.55 0.8 

Vo= 0.4V -50 

lo Bus Leakage Current Vee= MAX. 
Vo= 4.5V 

Mil 200 µA 

eOM'L 100 

lo FF 
Bus Leakage Current Vo =4.5V 100 µA 

(Power OFF) 

Receiver Input HIGH MIL 2.4 2.0 
VTH Bus enable= 2.4V Volts 

Threshold eOM'L 2.3 2.0 

Receiver Input LOW Bus enable= 2.4V 
MIL 2.0 1.5 

Volts 
VTL 

Threshold eOM'L 2.0 1.6 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2905XC(COM'L) TA=0°Cto+70°C VccMIN.~4.75V 
Am2905XM MIL) TA= -55°C to +125°C Vee MIN.= 4.50V 

Vee MAX.= 5.25V 
Vee MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1 I 

Receiver Output Vee= V1N MIL, loH = -1.0mA VoH 
HIGH Voltage V1N =VIL or V1H COM'L, loH = -2.6mA 

IOL = 4mA 

Vol 
Receiver Output Vee= MIN. 

loL =8mA LOW Voltage V1N=V1LorV1H 
loL = 12mA 

V1H 
Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

Input LOW Level Guaranteed input logical LOW [MIL V1L 
(Except Bus) for all inputs l COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA (Except Bus) 

l1L 
Input LOW Current Vee= MAX., V1N = 0.4V (Except Busl 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V (Except Busl 

11 Input HIGH Current Vee= MAX., V1N = 5.5V (Except Bus) 

Receiver Off~State 1Vo=2.4V lo Vee= MAX. Output Current l Vo= 0.4 V 

lsc Receiver Output Vee= MAX. 
Short Circuit Current 

ice Power Supply Current Vee= MAX., All inputs= GND 

Min. 

2.4 

2.4 

2.0 

-12 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Am2905XM 

Typ. 
Parameters Description Test Conditions Min. (Note 21 Max. 

tPHL 
Driver Clock (DRCPI to Bus 

21 40 

tPLH CL (BUS)= 50pF 21 40 

tPHL RL (BUS)= 50!1 13 26 Bus Enable (BE) to Bus 
IPLH 13 26 
ts 25 Data Inputs (A or Bl 
th 8.0 

ts 33 Select Input (S) 
th 8.0 

tpw Driver Clock (DRCP) Pulse Width 
(HIGH) 28 

tPLH Bus to Receiver Output 18 37 
IPHL (Latch Enable) CL~15pF 18 37 
tPLH RL = 2.0 k!1 21 37 Latch Enable to Receiver Output 
tPHL 21 37 
ts 

Bus to Latch Enable (RLEI 
21 

th 7.0 
tzH 14 28 
tzL 

Output Control to Receiver Output 
14 28 

lHz 14 28 Output Control to Receiver Output 
tLz 14 28 

Typ. 
(Note 2) 

3.4 

3.4 

0.27 

0.32 

0.37 

Max. 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.5 

-0.36 

20 

100 

20 

-20 

-65 

69 105 

Am2905XC 

Typ. 
Min. (Note 21 Max. 

21 36 

21 36 

13 23 

13 23 

23 

7.0 

30 

7.0 

25 

18 34 

18 34 

21 34 

21 34 

18 

5.0 

14 25 

14 25 

14 25 

14 25 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

µA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

DRIVEN INPUT BUS DRIVING OUTPUT 

Ri 

Note: Actual current flow direction shown. 

TYPICAL PERFORMANCE CURVES 

Bus Output Low Voltage 
Versus Ambient Temperature 

1.0 .--1--T~~1-.,.-"T""....,.-.--.,.--. 

v'ee 0 +5.DV 

0.8 r--+---t----lt-+-+--t---t---+---1 
0.61---+--+-1 8us = tOOmA--+-+---

0.4 t:::i"""--1-"'""'"ll~B;;:_Ul:;.-"'""'"170 ... m ... A"'F""-"l"""".:j"::::J 

18us - 40mA 

0.2 1---+--+--+-I '1+--+--+--+----+---i 

o~ ..... -+~'-~~-+-'-~~ 
-55 -35 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE - °C 

~ 
0 
> 
I 

w 
l'J 

"' '::; 
0 
> 
5 

~ 
"' I 
f-

"' w 

~ 
~ 
"' 
f

> 

Receiver Threshold Variation 
Versus Ambient Temperature 

2.5 ,-,.--,----,-.,.-"T""-,.-.--....--. 

2.4 t--+--+-t-+-+-+-t-+--l 

2.3 1---+-v-e~e-"~5-.5-v+--+--+-t--+--< 

2.2 lZ 
2 .1 l--+-Y'--'l~v.;;ce;;;--5.r-25_v,__+-1---1 
2or-M1L:+-- l _ _i T~eoM'L 

' Vee- 4.75V _/-
1.9 1--1--..,'>ic--"!-\_""""'i'----1~""""+---1---1 
1.81--F.:--.....,,~*"""f'+-l-~d Vee 4.sv 
1.7 t--+--+-t-+--+ ~f-+--+--~ 

1.6 t--+--+-t-+--+--+-t--+--l 

1.5 ~~-+~-~~-+_,___.__, 
-55-35-15 5 25 45 65 85 105125 

TA - AMBIENT TEMPERATURE - °C 

SWITCHING WAVEFORMS 

DRIVER 
CLOCK 

A, Bors 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 
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FUNCTION TABLE 

INPUTS INTERNAL 
BUS OUTPUT TO DEVICE 

s Ai Bi DRCP BE RLE OE Di Oj BU Si Rj 

x x x x H x x x x z x 
x x x x x x H x x x z 
x x x x H L L x L L H 
x x x x H L L x H H L 

x x x x x H x x NC x x 
L L x t x x x L x x x 
L H x t x x x H x x x 
H x L t x x x L x x x 
H x H t x x x H x x x 
x x x L x x x NC x x x 
x x x H x x x NC x x x 
x x x x L x x L x H x 
x x x x L x x H x L x 

X = Don't care H ~HIGH 
L ~LOW 

Z =HIGH Impedance 
NC= No change t =LOW-to-HIGH transition 

DEFINITION OF FUNCTIONAL TERMS 

Ao. A1, A2. A3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bo. B1, B2, B3 The "B" word data input into the two 
input multiplexers of the driver register. 

s 

DRCP 

Bus0, Bus1 
BUS2.BUS3 

Ro. R1. R2. R3 

Select. When the select input is LOW, the 
A data word is applied to the driver reg
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 

The four driver outputs and receiver in
puts (data is inverted). 

The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

Receiver Latch Enable. When R LE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH, the four three state receiver out
puts are in the high-impedance state. 

Vee 

3-299 

FUNCTION 

Driver output disable 

Receiver output disable 

Driver output disable and receive data 
via Bus input 

Latch received data 

Load driver register 

No driver clock restrictions 

Drive Bus 

i ~ 0, 1, 2, 3 

LOAD TEST CIRCUIT 

Arn2905 

BUS 

"• 50U 

eB 
SOpF 

~(NOTE 1) 

TEST 
POINT 

e, 

15pF I 
!NOTE 11 ":" 

TEST 
POINT 

R1 
5kU 

Metallization and Pad Layout 

Vee 

RLE 24 
23 

Ro 22 

Bo 21 

Ao 20 
BU So 19 

GND 1 18 

sus, 17 
Al 16 

Bl 15 

"1 10 14 

iiE 11 13 
12 

5E 

DIE SIZE 0.080" X 0.130" 

s2l 

DRCP 

R3 

83 

A3 

BUS3 

GND2 

BUS2 

A2 

•2 

R2 
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APPLICATIONS 
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CONTROL 

SCAATCHPAD 
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BUS 

ADDRESS 
BUS 
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L=:J 

, MASTER 
CONTROL 

B CONTROL 

Am2905 

BUS 

CONTROL 
BUS 

The Am2905 is a universal Bus Transceiver useful for many system data, address, control and 

timing input/output interfaces. 

ADDRESS 

CONTROL 

l 
REMOTE 

OPERATION 

Using the Am2905 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2906 
Quad Two-Input OC Bus Transceiver With Parity 

Distinctive Characteristics 

• Quad high-speed LSI bus transceiver. 
• Open-collector bus driver. 
• Two-port input to D-type register on driver. 
• Bus driver output can sink 100 mA at 0.8V max. 
• Internal odd 4-bit parity checker/generator. 

FUNCTIONAL DESCRIPTION 

The Am29D6 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open
collector bus drivers. Each bus driver is internally con
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 

This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS in
puts) are one LS unit load. The open-collector bus output 
can sink up to 1DD mA at D.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When Sis LOW, the Ai data is stored 
in the register and when Sis HIGH, the Bi data is stored. 
The buffered common clock (D RCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver outp.ut. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted). When the R LE input is HIGH, 
the latch will close and retain the present data regardless of 
the bus· input. 

The Am29D6 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is en
abled, parity is generated and if the driver is in the high
impedance state, the BUS parity is checked. 

3-3D1 

• Receiver has output latch for pipeline operation. 
• Receiver outputs sink 12 mA. 
• Advanced low-power Schottky processing. 
• 100% reliability assurance testing in compliance with 

Ml L-STD-883. 

13 

23 

11 

LOGIC SYMBOL 

4 3 8 9 16 15 20 21 

Ao Bo 

DRCP 

BE 

RLE 

BUSo 

•1 '1 •2 '2 A3 B3 

ODD 

Ro 

Am2906 Rl 

R2 

R3 

aus 1 BUS2 BUS3 

17 19 

Vee= Pin 24 

GND1 =Pin 6 

GND2 =Pin 18 

CONNECTION DIAGRAM 
Top View 

RLE Vee 

Ro DRCP 

'o R3 

Ao B3 

BUSo A3 

GND1 BUS3 

aus1 GND2 

A1 BUS2 

'1 A2 

Rl s, 
BE R2 

ODD 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pak 
Dice 

Temperature 
Range 

D°C to +7D°C 
D°C to +7D°C 
D°C to +7D°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

12 

10 

14 

22 

Order 
Number 

AM29D6PC 
AM29D6DC 
AM29D6XC 
AM29D60M 
AM29D6FM 
AM29D6XM 



LOGIC DIAGRAM 

SELECT 

g~~~~R DACP 0--------~ 

~~~BLE BE 0---------------<>I>-' 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2906Xe 1eoM'L) TA= 0°e to +10°e Vee MIN.= 4.75V 

Am2906XM{MIL) TA'='-55°Cto+125°C VccMIN.=4.50V 
Vee MAX.= 5.25V 
Vee MAX.= 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

Parameters Description Test Conditions (Note 1 l Min. (Note 2) 

loL = 40mA 0.32 

Vol Bus Output LOW Voltage loL = 70mA 0.41 

loL = 100mA 0.55 

Vo= 0.4V 

10 Bus Leakage Current Vee= MAX. 
Vo =4.5V 

MIL 

eOM'L 

IOFF 
Bus Leakage Current Vo= 4.5V 
(Power OFF) 

VTH 
Receiver Input HIGH MIL 2.4 2.0 

Bus enable= 2.4V 
Threshold COM'L 2.3 2.0 

Receiver Input LOW MIL 2.0 
VTL Bus enable= 2.4V 

Threshold COM'L 2.0 
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ODD 
PARITY 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7V 

-0.5V to +Vee max. 

-0.5V to +5.5V 

30mA 

200mA 

-30mA to +5.0mA 

Max. Units 

0.5 

0.7 Volts 

0.8 

-50 

200 µA 

100 

100 µA 

Volts 

1.5 
Volts 

1.6 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 
Am2906XC (COM'L) TA= 0°C to +70°C Vee MIN.= 4.75V Vee MAX.= 5.25V 

Vee MAX.= 5.5V 
Am2906XM (Ml L) TA= -55° c to +125°C Vee MIN. 4.5V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Note 1 l 

Receiver Output Vee= MIN. MIL loH =-1mA 
HIGH Voltage V1N = V1L or V1H COM'L loH = -2.6mA VoH 
Parity Output Vee= MIN., loH = -660µA MIL 
HIGH Voltage V1N = V1H or V1L COM'L 

loL = 4mA 

VoL Output LOW Voltage Vee= MIN. 
loL =8mA (Except Bus) V1N=V1LorV1H 
loL = 12mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

V1L Input LOW Level Guaranteed input logical LOW MIL 
(Except Bus) for all inputs COM'L 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 
(Except Bus) 

l1L 
Input LOW Current 

Vee= MAX., V1N = 0.4V (Except Bus) 

l1H 
Input HIGH Current 

Vee= MAX., V1N = 2.7V (Except Bus) 

•1 
Input HIGH Current 

Vee= MAX., V1N = 5.5V (Except Bus) 

•sc 
Output Short Circuit Current Vee= MAX. (Except Bus) 

ice Power Supply Current Vee= MAX., All inputs= GND 

Min. 

2.4 

2.4 

2.5 

2.7 

2.0 

-12 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Am2906XM 

Typ. 
Parameters Description Test Conditions Min. (Note 2) Max. 

tpHL 21 40 Driver Clock IDRCP) to Bus 
tpLH CL (BUS) = 50pF 21 40 
tPHL 

Bus Enable (BE) to Bus 
RL (BUS)= 50!1 13 26 

tpLH 13 26 
ts 

25 Data Inputs (A or Bl 
th 

8.0 
ts . 33 Select Inputs (S) 
th 8.0 
tpw Clock Pulse Width (HIGH) 28 
tPLH Bus to Receiver Output 18 37 
tPHL (Latch Enabled) 18 37 
tPLH 21 37 Latch Enable to Receiver Output CL= 15pF tPHL 21 37 
ts RL = 2.0k!1 

21 
th 

Bus to Latch Enable (RLE) 
7.0 

tPLH A or B Data to Odd Parity Output 21 40 
tPHL (Driver Enabled) 

21 40 
tpLH Bus to Odd Parity Output 21 40 
tPHL (Driver Inhibited, Latch Enabled) 

21 40 
tpLH Latch Enable (RlE) to 21 40 
tPHL Odd Parity Output 

21 40 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

72 

Max. 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.2 

-0.36 

20 

100 

-65 

105 

Am2906XC 
Typ. 

Min. (Note 2) Max. 

21 36 

21 36 

13 23 

13 23 

23 

7.0 

30 

7.0 

25 

18 34 

18 34 

21 34 

21 34 

18 

5.0 

21 36 

21 36 

21 36 

21 36 

21 36 

21 36 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee""" 5.0V, 25°e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

''" 

DRIVEN INPUT 

BE= 3.3kn 
1 ALE= Skn 

QE,,, skn 
A, B,S= 10kU I 
DRCP = 10kn 

I BUS 

I )'0 

iJ 
I 
I 
I 

BUS DRIVING OUTPUT 

Note: Actual current flow direction shown. 

TYPICAL PERFORMANCE CURVES 

Bus Output Low Voltage 
Versus Ambient Temperature 

1.0 ~J-c_c'_= +_s_I_v~~-I~~~~ 

O.B l-+-+--+-1 +--+-+T--+-t---1 
0.6 f-+--+- j BUS = 1 00 mA ---+---+---1 

laus = 7DmA 
0.4 ~l'=*=~~'l""'""!'l=t~:::i 

Igus= 40mA 

0:==1==1 = -55 -35 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE - °C 

~ 

':; 
0 
> 
I 

w 

"' ~ 
0 
> 
:: 
0 

~ 
cc 
r 
f
cc 
w 
> 
w 
~ 
I 
f

> 

Receiver Threshold Variation 
Versus Ambient Temperature 

2.5 ,---...,--,..---,-~...,-~-~~~ 

2.4 f-+-+--+-+--+--+-f-+---1 
2.3 t---t-~--+-+--+--+->--+---< 

Vcc-5.SV 

2.2 IZ 
2_1 Vee s.2sv 

2.01- M1Lt-- vcl J_75 ~-3sOM'L 
1.9 I~ 
1.8 

Vee 4.sv 
1. 7 t---t--+---+-+--+--+-f--+---< 

1.6 f-+-+--+-+--+--+f-f-+---1 
1 .5 '--'---'---'-"--'--'-~'--..__-' 

-55 -35-15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE - °C 

SWITCHING WAVEFORMS 

I \ f 
3.0V 

DRIVER 1.3V 
CLOCK 

ov 

I l't'"-1 A. 8 or S ~ 1/////////1/ ... ~ 'E~::
 INPUT 

OV 

tPLH~ 

f f-

\-BUS 
OUTPUT 

'PHl±:l 'PlH~ I:= 
RECEIVER \ F OUTPUT 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 
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FUNCTION TABLE 

INPUTS INTERNAL 
BUS OUTPUT TO DEVICE 

s Aj Bi DRCP BE ALE OE Di Qi BU Si Ai 

x x x x H x x x x z x 
x x x x x x H x x x z 
x x x x H L L x L L H 
x x x x H L L x H H L 

x x x x x H x x NC x x 
L L x t x x x L x x x 
L H x t x x x H x x x 
H x L t x x x L x x x 
H x H t x x x H x x x 
x x x L x x x NC x x x 
x x x H x x x NC x x x 
x x x x L x x L x H x 
x x x x L x x H x L x 

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

Z ""'HIGH Impedance 
NC= No change t = LOW-to"HIGH transition 

DEFINITION OF FUNCTIONAL TERMS 

Ao. A1• A2. A3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bo. 81. 82. 83 The "B" word data input into the two 
input multiplexers of the driver register. 

s 

DRCP 

8us0• 8US1 
BUS2. 8US3 

Ro, R1. R2. R3 

Select. When the select input is LOW, the 
A data word is applied to the driver reg
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 

The four driver outputs and receiver in
puts (data is inverted). 

The. four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

Receiver Latch Enable. When R LE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HIGH, the receiver latches are closed 
and wi II retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH, the four three state receiver out
puts are in the high-impedance state. 
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FUNCTION 

Driver output disable 

Receiver output disable 

Driver output disable and receive data 
via Bus input 

Latch received data 

Load driver register 

No driver clock restrictions 

Drive Bus 

i = 0, 1, 2, 3 

LOAD TEST CIRCUIT 

R 

TEST 
POINT 

Am2906 OR 1-_..,_ .... _,,__-to--
PAR!TY 

CL 15pFI 
._ __ __,sm ... u ___ _. (NOTE 1( -=-

R9 
son 

C9 
SO pf 

~(NOTE 1) 

"' 5k!l 

Metallization and Pad Layout 

22 R3 

21 B3 

20 A3 

19 BUS3 

17 BUS2 
16 A2 

15 62 

14 R2 

DIE SIZE 0.080" X 0.130" 



APPLICATIONS 

SELECT ---<>----------------~t-------------~ 

CLOCK --+_,f-----------------.--+------------~ 

A 

DRCP ORCP DRCP 

Am2906 Am2906 

BE BE BE 

RLE RLE RLE 

ODO BUS ODO BUS 

BITS 
12-15 

~~~BLE _...._---"f-------+---- - --+--+-----+-------+---------+-~ 

~~~~E ---<>-------+- - ----+-t-B-IT-S--+------f--------.J 

BITS 
0-3 

BITS 
4-7 

8-11 

Am82S62 

EVEN 

Generating or checking parity for 16 data bits. 

DATA 

CONTROL 

ODD/EVEN 
CONTROL 
L =EVEN 
H =ODD 

CHECK 
PARITY OUTPUT 

Am2906 

ODD BUS 

Using the Am2906 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2907 
Quad Bus Transceiver With Three-State Receiver And Parity 

Distinctive Characteristics 

• Quad high:speed LSI bus-transceiver 
• Open-collector bus driver 
• D-type register on driver 
• Bus driver output can sink 100 mA at 0.8 V max. 
• Internal odd 4-bit parity checker/generator 

FUNCTIONAL DESCRIPTION 

The Am29D7 is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open
collector bus drivers. Each bus driver is internally connected 
to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches, that feature three-state outputs. The device also con
tains a four-bit odd parity checker/generator. 
This LSI bus transceiver is fabricated using advanced low· 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The open-collector bus output can sink 
up to 10D mA at D.8 V maximum. The BUS input differential 
amplifier contains disconnect protection diodes such that the 
bus is fail-safe when power is not applied. The bus enable input 
(BE) is used to force the driver outputs to the high-impedance 
state. When BE is HIGH, the driver is disabled. The open
collector structure of the driver allows wired-OR operations to 
be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Ai data into this driver register on the LOW-to-HIGH 
transition. 

Data from the A input is inverted at the BUS output. Like
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable ( R LE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and are controlled by a 
buffered common three-state control (OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 
The Am29D7 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 

3·3D7 

• Receiver has output latch for pipeline operation 
• Three-state receiver outputs sink 12 mA 
• Advanced Low-Power Schottky processing 
• 100% reliability assurance testing in compliance with 

MI L-STD-883 

t9 

11 

LOGIC SYMBOL 

13 17 

DRCP ODD 

RLE 
Ro 

Arn2Q07 Rt 

BE 

OE R3 

BUSQ BUS1 BUS2 BUS3 

14 16 

Vee= Pin 20 

GND1 =Pin 5 

GND2 =Pin 15 

CONNECTION DIAGRAMS 
Top Views 

DIP 

m Vee 

Ro DRCP 

Ao RJ 

BUSo AJ 

GND1 BUS3 

BUS1 GND2 

Ai BUS2 

Rt A2 

BE R2 

ODD OE 

TD 

t2 

18 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

*Hermetic Flat Pak 
Dice 

*Available on special order 

D°C to +7D°C 
D°C to +7D°C 
D°C to +7D°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

AM29D7PC 
AM29D7DC 
AM29D7XC 
AM29D7DM 
AM29D7FM 
AM29D7XM 



g~~~~R DRCP 

~~~BLE BE o-----------<D--' 

LOGIC DIAGRAM 

RECEIVER 
"--------o<·l---oRLE LATCH 

ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except BUS) 
-------------------------------

DC Output Current, Into Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2907XC (COM'L) TA::: 0°C to +70°C Vee MIN.= 4.75V 

Am2907XM {MIL) TA== -55°C to +125°C Vee MIN.::: 4.50V 

Vee MAX.= 5.25V 

Vee MAX.= 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

Parameters Description Test Conditions (Note 1 l Min. (Note 2) 

IQL =40mA 0.32 

VoL Bus Output LOW Voltage Vee= MIN. IOL = 70mA 0.41 

loL = 100mA 0.55 

Vo=0.4V 

10 Bus Leakage Current Vee= MAX. MIL 
Vo=4.5V 

COM'L 

IOFF Bus Leakage Current (Power Off) Vo =4.5V 

MIL 2.4 2.0 
VTH Receiver Input HIGH Threshold Bus Enable = 2.4 V 

COM'L 2.3 2.0 

MIL 2.0 
VTL Receiver Input LOW Threshold Bus Enable= 2.4 V 

COM'L 2.0 
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PARITY 

_,,·c '" .,so·cEI 
-55°C to +125°C 

-0.5Vto+7V 

-0.5 V to +Vee max. 

-0.5 V to +5.5 V 

30mA 
----

200 mA 

-30 mA to +5.0 mA 

Max. Units 

0.5 

0.7 Volts 

0.8 

-50 

200 µA 

100 

100 µA 

Volts 

1.5 
Volts 

1.6 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2907XC (COM'L) TA= 0°C to +70°C Vee MIN.= 4.75V Vee MAX.= 5.25V 
Am2907XM (MIL) TA= -55°C to +125°C Vee MIN. =4.50V Vee MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions(Note 1) Min. 

Receiver Vee= MIN. 1 MIL: loH = -1mA 2.4 
VoH 

Output HIGH Voltage V1N =Vil or V1H l COM'L: loH = -2.6mA 2.4 
Parity Vee= MIN., loH = -660µA L MIL 2.5 

VoH 
Output HIGH Voltage V1N = V1H or V1L l COM'l 2.7 

1 loL = 4mA 

Vol 
Output LOW Voltage Vee= MIN. [ 

loL = 8mA 
(Except Bus) V1N = V1L or V1H l 

loL = 12mA 

V1H 
Input HIGH Level Guaranteed input logical HIGH 

2.0 (Except Bus) for all inputs 

Input LOW Level Guaranteed input logical LOW l Mil 
Vil 

(Except Bus) for all inputs l COM'L 

V1 
Input Clamp Voltage 

Vee= MIN., l1N = -18mA 
(Except Bus) 

l1L 
Input LOW Current 

Vee= MAX., V1N = 0.4 v 
(Except Bus) 

l1H 
Input HIGH Current 

Vee= MAX., V1N = 2.7 v 
(Except Bus) 

11 
Input HIGH Current 

Vee= MAX., V1N = 5.5 v 
(Except Bus) 

lsc 
Output Short Circuit 

Vee= MAX. -12 
Current (Except Bus) 

Ice Power Supply Current Vee= MAX., All Inputs= GND 

Off-State Output Current 1Vo=2.4 V 
lo 

(Receiver Outputs) 
Vee= MAX. l Vo= 0.4 V 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Am2907XM 
Typ. 

Parameters Description Test Conditions Min. (Note 21 Max. 

tPHL 
Driver Clock (DRCP) to Bus 

21 40 

tPLH Cl (BUS) = 50pF 21 40 

tPHL 
Bus Enable (BE) to Bus 

RL (BUS) = 50.11 13 26 

tPLH 13 26 

ts 25 

th 
A Data Inputs 

8.0 

tpw Clock Pulse Width (HIGH) 28 

tPLH Bus to Receiver Output 18 37 

tPHL (Latch Enabled) 18 37 

tPLH 
Latch Enable to Receiver Output 

21 37 

tPHL 21 37 

ts 
CL= 15pF 

Bus to Latch Enable IRLEI RL=2.0k.11 
21 

th 7.0 

tPLH A Data to Odd Parity Out 21 40 

tPHL (Driver Enabled) 21 40 

tPLH Bus to Odd Parity Out 21 40 

tPHL (Driver Inhibit) 21 40 

tPLH Latch Enable (RLE) to Odd 21 40 

IPHL Parity Output 21 40 

tzH 14 28 

!zL 
Output Control to Output 

14 28 

!Hz CL= 5.0pF 14 28 
Output Control to Output 

!Lz RL = 2.0k.11 14 28 

Typ, (Note 21 Max. 

3.4 

3.4 

3.4 

3.4 

0.27 0.4 

0.32 0.45 

0.37 0.5 

0.7 

0.8 

-1.2 

-0.36 

20 

100 

-65 

75 110 

20 

-20 

Am2907XC 
Typ. 

Min. (Note 21 Max. 

21 36 

21 36 

13 23 

13 23 

23 

7.0 

25 

18 34 

18 34 

21 34 

21 34 

18 

5.0 

21 36 

21 36 

21 36 

21 36 

21 36 

21 36 

14 25 

14 25 

14 25 

14 25 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

mA 

mA 

µA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

DRIVEN INPUT 

R; 

''" 

Note: Actual current flow direction shown. 

TYPICAL PERFORMANCE CURVES 

Bus Output Low Voltage 
Versus Ambient Temperature 

1.0 ..--,-.,--.,...--,-.,--..,..--1-.-.,--. 
v'cc J +5.~.v 

O.B t----+-+--1-1 --+--+--+-+T --+--1 

0.6 ~'sus = 100mA---+-+-

0.4 ~~'*=~,;.;B;;;Us;;,==70,..m,..;"'!'"'"'"!""""°t::::'.l 
'eus"" 40mA 

0: :~:~:~1:~1:~--1.:~1:~:~:: 
-55 -35 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE - °C 

5 
0 
> 
w 

"' ~ 
0 
> 
'3 

~ 
I 
I-

"' w 
> w 
~ 
I 
I

> 

Receiver Threshold Variation 
Versus Ambient Temperature 

2.5 .-..,---r--,-.,-..,....-,.-,---. 
I 

2 .4 >----+--+--.--+--+---+-+---+--< 

2.3 r--rcv~c~c-_-e5~.5~v-+--+---+-+---+--< 

2.21-+.o"fo~~-::-1.:::":.J....4-.~d 
2.1 JL.. Vcc-s.2sv 

2.or-M1L~ I_ I .J~OM'L 
1.9 l--+---l~~l"v,,.c~c,..-,..•"'.7-5 v"'·~,..p--+-l 

1.B 1-~v c'"c-.~.5"'v"l'"""""'l"""+-l-k:l 
1. 7 t--+--+---+-+---+--+--.--t--1 

1.6 l-+--+-+-+-+--+---j-t--1 
1.5 1-.J--'---J.-.l.-.J--'---'-.L-...I 
-55 -35 -15 5 25 45 65 85 105 125 

TA -AMBIENT TEMPERATURE - °C 

SWITCHING WAVEFORMS 

DRIVER 
CLOCK 

A INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

Note: Bus to Reciever output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2907 

TRUTH TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE 

Ai DRCP BE RLE OE Di Oi Bi Ri 

x x H x x x x H x 
x x x x H x x x z 
x x H L L x L L H 

x x H L L x H H L 

x x x H x x NC x x 
L t x x x L x x x 
H t x x x H x x x 
x L x x x NC x x x 
x H x x x NC x x x 
x x L x x L x H x 
x x L x x H x L x 

Z = High Impedance X =Don't Care H =HIGH 
L= LOW NC= No Change t =LOW-to-HIGH Transition 

PARITY OUTPUT FUNCTION TABLE 

BE ODD PARITY OUTPUT 

L ODD ~ Ao Ell A1 Ell A2 Ell A3 

H ODD ~ Oo Ell 01 Ell 02 Ell 03 

DEFINITION OF FUNCTIONAL TERMS 

DRCP Driver Clock Pulse. Clock pulse for the driver register. 

BE Bus Enable. When the Bus Enable is LOW, the four 
drivers are in the high impedance state. 

BUSo, BUS1, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 

Ro, ·R 1. R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B inputs is non
inverted. 

RLE Receiver Latch Enable. When R LE is LOW, data on the 
BUS inputs is passed through the receiver latches. When R LE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 

ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 

OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 

Vee 
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FUNCTION 

Driver output disable 

Receiver output disable 

Driver output disable and receive data 
via Bus input 

Latch received data 

Load driver register 

No driver clock restrictions 

Drive Bus 

i = 0, 1, 2, 3 

LOAD TEST CIRCUIT 

A 
Am2907 OR 

PARITY 

BUS 

R9 
50n 

e, 
50pF 

I(NOTE 1) 

TEST 
POINT 

CL 

(NOTE 1) 15pF I 
TEST 
POINT 

R1 
Skn 

Metallization and Pad l,ayout 

ALE 1 

Ro 2 

Ao 3 

BU So 4 

GND1 5 

aus1 6 

Ai 7 

R1 • 
8E 9 

ODD 

DIE SIZE 0.088" X 0.103" 

s,1 

19 DRCP 

18 R3 

17 A3 

16 BUS3 

15 GND2 

14 BUS2 

13 A2 

12 R2 ,, DE 



1/0 
BUS ---1 BUS 

APPLICATIONS 

S BUS 

I 
A 

Am2907 
ADDRESS REGISTER 

BUS 

I Am2918 1---i STATUS REGISTER 

A 
Am2907 MAIN 
DATA BUS MEMORY 

REGISTER 

R 

A 
Am2909 

Am2907 MICROPROGRAM 
SEQUENCER 

R 

1 
ROM/PROM 

MICROCODE 

l 
Am2918 

MICROWORD 
REGISTER 

A BUS 

The Am2907 can be used as an 1/0 Bus Transceiver and Main Memory 1/0 Transceiver 
in high-speed Microprocessor Systems. 

DATA 

ADDRESS 

CONTROL 

FLAGS Y 

I Am2901 
BIPOLAR 

MICROPROCESSOR 

D 

Using the Am2907 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2915A 
Quad Three-State Bus Transceiver With Interface Logic 

Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver 
• Three-state bus driver 
• Two-port input to D-type register on driver 
• Bus driver output can sink 48mA at 0.5V max. 
• Receiver has output latch for pipeline operation 

FUNCTIONAL DESCRIPTION 

The Am2915A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D·type edge-triggered 
flip-flops with a built-in two-input multiplexer on each. The 
flip-flop outputs are connected to four three-state bus drivers. 
Each bus driver is internally connected to the input of a 
receiver. The four receiver outputs drive four D-type latches 
that feature three-state outputs. 

. This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up 
to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. The VoH and Vol of 
the bus driver are selected for compatibility with standard and 
Low-Power Schottky inputs. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls the 
four multiplexers. When S is LOW, the Ai data is stored in the 
register and when Sis HIGH, the Bi data is stored. The buffered 
common clock (DRCP) enters the data into this driver register 
on the LOW-to-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out
put. Thus, data is non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that is control led from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted and OE LOW). When the RLE input is HIGH, the 
latch will close and retain the present data regardless of the 
bus input. The four latches have three-state outputs and are 
controlled by a buffered common three-state control (OE) 
input. When OE is HIGH, the receiver outputs are in the high
impedance state. 

ORD~lNG INFORMATION 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pak 
Dice 

Temperature 
Range 

0°C to +70°C 
0°C to +70°C 
0°C to +70°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

Order 
Number 

AM2915APC 
AM2915ADC 
AM2915AXC 
AM2915ADM 
AM2915AFM 
AM2915AXM 

• Three-state receiver outputs sink 12mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

Ml L-STD-883 
• 3.5V minimum output high voltage for direct inter

face to MOS microprocessors 

LOGIC SYMBOL 

4 3 8 9 16 15 20 21 

Ao Bo A1 81 A2 82 A3 83 

13 Ao 

23 DACP 
A1 10 

11 BE Am2915A 

A2 14 
ALE 

12 OE A3 22 

BU So eus1 BUS2 BUS3 

17 19 

Vee= Pin 24 

GND1 ""Pin 6 

GND2 =Pin 18 

CONNECTION DIAGRAM 
Top View 

ALE Vee 

"o ORCP 

•o A3 

Ao 83 

BUSo A3 

GND1 BUS3 

eus1 GND2 

A1 BUS2 

., A2 

Ai •2 

8E A2 

5E 

Note: Pin 1 is marked for orientation. 
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Am2915A 

LOGIC DIAGRAM 

OE o---ot>-, 

RECEIVER 
'---------<:l,O------ORU LATCH 

ENABLE 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2915AXe (eOM'L) TA= 0°e to +70°C·· Vee MIN.= 4.75V Vee MAX.= 5.25V 

Am2915AXM (MIL) TA= -55°e to +125°e Vee MIN.= 4.50V Vee MAX.= 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. 

Vol Bus Output LOW Voltage Vee= MIN. 
loL =24mA 

IOL =48mA 

VoH Bus Output HIGH Voltage Vee= MIN_ 
1 eOM'L, IOH = -20mA 

l MIL, loH = -15mA 
2.4 

Vo =0.4V 

lo 
Bus Leakage Current Vee= MAX. 

Vo= 2.4V 
(High Impedance) Bus enable = 2.4 V 

Vo =4.5V 

IOFF 
Bus Leakage Current Vo=4.5V 

(Power OFF) Vee= OV 

V1H Receiver Input HIGH Threshold Bus enable= 2.4 V 2.0 

eOM'L 
VIL Receiver Input LOW Threshold Bus enable= 2-4 V 

MIL 

ise Bus Output Short Circuit Current 
Vee= MAX. 

Vo=OV 
-50 -120 

3-314 

MPR-161 

-65°C to +150°C n 
-55°C to +125°C liil 

-0.5V to +7V 
-0.5V to +Vee max. 

-0.5V to +7V 

30mA 

100mA 

-30mA to +5.0mA 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-.200 

50 µA 

100 

100 µ.A 

Volts 

0.8 
Volts 

0.7 

-225 mA 



Am2915A 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2915AXC (COM'L) TA= 0°C to +70°C Vee MIN.= 4.75V Vee MAX.= 5.25V 
Am2915AXM (MIL) TA= -55°C to +125°C Vee MIN.= 4.SOV Vee MAX.= 5.SOV 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Note 1) Min. 

Vee =MIN. 1 Ml~: loH = -1.0mA 2.4 

VoH 
Receiver 

VIN= V1L or V1H l COM'L: loH = -2.6mA 2.4 Output HIGH Voltage 
Vet:= 5.0V, loH = -100µA 3.5 

loL =4.0mA 

VoL 
Output LOW Voltage Vee= MIN. 

loL =B.OmA 
(Except Bus) V1N = V1L or V1H 

loL = 12mA 

V1H 
Input HIGH Level Guaranteed input logical HIGH 

2.0 (Except Bus) for all inputs 

V1L 
Input LOW Level Guaranteed input logical LOW MIL 
(Except Bus) for all inputs COM'L 

V1 Input Clamp Voltage (Except Bus) Vee= MIN., l1N = -1BmA 

l1L Input LOW Current (Except Bus) Vee= MAX., V1N = 0.4 v BE, RLE 

All other inputs 

l1H Input HfGH Current (Except Bus) Vee= MAX .. V1N = 2.7V 

•1 Input HIGH Current (Except Bus) Vee= MAX., V1N = 7.0V 

•sc Output Short Circuit Current Vee= MAX. -30 
(Except Bus) 

•cc Power Supply Current Vee= MAX. 

•o 
Off-State Output Current 

Vee= MAX. 
Vo-2.4V 

(Receiver Outputs) Vo=0.4V 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Am2915AXM 
Typ. 

Parameters Description Test Conditions Min. (Note 2) Max. 
IPHL 21 36 

Driver Clock (DRCP) to Bus 
IPLH CL (BUS) = 50pF 21 36 

tzH. tzL 
Bus Enable (BE) to Bus 

RL (BUS) = 130!1 13 26 

!Hz, tLz 13 21 

ts 15 

th 
Data Inputs (A or B) 

B.O 

ts 2B 
Select Input (S) 

th B.O 

tpw Driver Clock (DRCP) Pulse Width 
20 

(HIGH) 

tPLH Bus to Receiver Output 1B 33 

tPHL (Latch Enable) CL= 15pF 1B 30 
IPLH 

Latch Enable to Receiver Output 
RL = 2.0k!1 21 33 

IPHL 21 30 

ts 
Bus to Latch Enable (RLE) 

15 

th 6.0 

tzH, •zL 14 26 

IHZ· ILZ 
Output Control to Receiver Output 

CL =5pF, RL =2.0kn 14 26 

Typ. 
(Note 2) 

3.4 

3.4 

0.27 

0.32 

0.37 

63 

Max. 

0.4 

0.45 

0.5 

0.7 

O.B 

-1.2 

-0.72 

-0.36 

20 

100 

-130 

95 

50 

-50 

Am2915AXC 
Typ. 

Min. (Note 2) Max. 

21 32 

21 32 

13 23 

13 1B 

12 

6.0 

25 

6.0 

17 

1B 30 

1B 27 

21 30 

21 27 

13 

4.0 

14 23 

14 23 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

mA 

mA 

µA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DRIVEN INPUT 

17kS1 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

BUS 

son 5kfl 

DAIV1NG OUTPUT 

J t ''LI 
BUS J 

OUTPUT, ODD 

INPUT A 
OR 

INPUT B 

DRIVER 
CLOCK 

A, Bors 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

F 

Note: Actual current flow direction shown. 

SWITCHING TEST CIRCUIT 

r TEST 
RL 

POtNT 
2.0k.11 

R 
Am2915A OR 

000 

·~! I"CL 5.0kn 

BUS RL 
130Q 

s, 

SWITCHING WAVEFORMS 

~ 
*CL= 15pF fortPLH.tPHL· 

tzL, tzH 

CL= 5pF for tHz, tLz 

3.0V 

13V f \ f--
f--'~'h-1 I 

~ I 1/////////1/ I ~ ~:~ 
OV 

'PLH---l f-- 'PHL--1 r-
1 ,...- VOH I \-2.ov 

-------,-,-"LB ''L"~ t= ::: 
\ F 

Note: Bus to Reciver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 
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Am2915A 

FUNCTIONAL TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE 
FUNCTION 

s A; B; DRCP BE RLE OE D; O; BUS; R; 

x x x x H x x x x z x Driver output disable 
x x x x x x H x x x z Receiver output disable 

x x x x H L L x L L H Driver output disable and receive data 
x x x x H L L x H H L via Bus input 

x x x x x H x x NC x x Latch received data 

L L x t x x x L x x x 
L H x t x x x H x x x 
H x L t x x x L x x x Load driver register 

H x H t x x x H x x x 
x x x L x x x NC x x x 

No driver clock restrictions x x x H x x x NC x x x 
x x x x L x x L x H x 

Drive Bus x x x x L x x H x L x 
H HIGH Z HIGH Impedance X Don't Care i = 0, 1, 2, 3 
L LOW NC No Change t LOW-to-HIGH Transition 

DEFINITION OF FUNCTIONAL TERMS 

Ao. Ai. A2, A3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bo. Bi, B2, B3 The "B" word data input into the two 
input multiplexers of the driver register. 

s 

DRCP 

Select. When the select input is LOW, the 
A data word is applied to the driver reg
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 

BUSo. BUS1 The four driver outputs and receiver in-
Bus2, Bus3 puts (data is inverted). 

Ro, R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH, the four three state receiver out
puts are in the high-impedance state. 

Metallization and Pad Layout 

RLE 1 23 DRCP 

Ro 2 22 R3 

•o 3 21 B3 

Ao 4 20 A3 

BUSo 5 19 BUS3 

GND1 6 18 GND2 

BiJS1 7 17 BUS2 

•1 B 16 A2 

•1 9 15 •2 

R1 10 14 R7 

OE 

DIE SIZE .074" X .130" 
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ADDRESS 
AND 

DATA DISPLAY 

r-=J_ 
A 

A 

R 

Cl 
CONTROL B 

ALU 

OUT 

B CONTROL 

Am2915A 

BUS 

DATA 
BUS 

APPLICATIONS 

A 

R 

IN 
CONTROL 

SCRATCHPAD 

OUT 

B CONTROL 

Arn2915A 

BUS 

ADDRESS 
BUS 

f-- .-

A 

R 

L_J 

MASTER 
CONTROL 

B CONTROL 

Am2915A 

BUS 

CONTROL 
BUS 

The Am2915A is a universal Bus Transceiver useful for many system data, address, control and 

timing input/output interfaces. 

DATA 

ADDRESS 

CONTROL 

Am2915A 

] 
REMOTE 

OPERATION 

Using the Am2915A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2916A 
Quad Three-State Bus Transceiver With Interface Logic 

Distinctive Characteristics 
• Quad high-speed LSI bus-transceiver 
• Three-state bus driver 
• Two-port input to D-type register on driver 
• Bus driver output can sink 48mA at 0.5V max. 
• Internal odd 4-bit parity checker/generator 
• Receiver has output latch for pipeline operation 

FUNCTIONAL DESCRIPTION 

The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type edge
triggered flip-flops with a built-in two-input multiplexer on 
each. The flip-flop outputs are connected to four three-state 
bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches. The device also contains a tour-bit odd parity checker/ 
generator. 

The LSI bus transceiver is fabricated using advanced low-power 
Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink 
up to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when Sis HIGH, the Bi data is stored. The 
buffered common clock (DRCP) enters the data into this 
driver register on the LOW-to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out
put. Thus, data in non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that is controlled from the buffered receiver latch enab.ie 
(R LE) input. When the R LE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted). When the RLE input is HIGH, the latch will close 
and retain the present data regardless of the bus input. 

The Am2916A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled). odd parity is generated based 
on the A or B field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 
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• Receiver outputs sink 12mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

Ml L-STD-883 
• 3.5V minimum output high voltage for direct inter

face to MOS microprocessors 

13 

23 

11 

LOGIC SYMBOL 

4 3 8 9 16 15 20 21 

Ao Bo 

DRCP 

BE 

ALE 

BUSo 

A1 •1 A2 •2 

Am2916A 

sus, BUS2 

17 

Vee= Pin 24 

GND1 =Pin 6 

GND2 =Pin 18 

A3 83 

000 

Ro 

R1 

"2 

R3 

BUS3 

19 

CONNECTION DIAGRAM 
Top View 

RLE Vee 

Ro ORCP 

•o R3 

Ao B3 

eusa A3 

GND1 BUS3 

sus, GND2 

A1 BUS2 

•1 A2 

"1 •2 

8E "2 

ODO 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Temperature 
Type Range 

Molded DIP 0°C to +70°C 
Hermetic DIP 0°C to +70°C 

Dice 0°C to +70°C 
Hermetic DIP -55°C to +125°C 

Hermetic Flat Pak -55°C to +125°C 
Dice -55°C to +125°C 

12 

10 

14 

Order 
Number 

AM2916APC 
AM2916ADC 
AM2916AXC 
AM2916ADM 
AM2916AFM 
AM2916AXM 



LOGIC DIAGRAM 

SELECT 

g~~~~R DRCP 0------------' 

~~~BLE BE 0-----------------ol>--' 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2916AXC(COM'L) TA=0°Cto+70°C VccMIN.=4.75V VccMAX.=5.25V 

Am2916AXM (MIL) TA= -55°C to +125°C Vee MIN.= 4.50V Vee MAX.= 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions I Note 11 Min. Typ. 

loL = 24mA 

Vol Bus Output LOW Voltage Vee= MIN. 
IOL = 48mA 

VoH Bus Output HIGH Voltage Vee= MIN. 
[ eoM'L, loH = -20mA 

l MIL, IOH = -15mA 
2.4 

Vo=0.4V 

•o 
Bus Leakage Current Vee= MAX. 

Vo= 2.4V 
(High Impedance) Bus enable = 2.4 V 

Vo=4.5V 

IOFF Bus Leakage Current Vo=4.5V 

(Power OFF) Vee= OV 

V1H Receiver Input HIGH Threshold Bus enable= 2.4 V 2.0 

eOM'L 

V1L Receiver Input LOW Threshold Bus enable= 2.4 V 
MIL 

•se Bus Output Short Circuit Current 
Vee= MAX. 

Vo=OV 
-50 -120 
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Am2916A 

ODD 
PARITY 

MPR-169 

-65°C to +150°C 3 -55°C to +125°C 

-0.5V to +7V 

-0.5V to +Vee max. 

-0.5V to +7V 

30mA 

100mA 

-30mA to +5.0mA 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-200 

50 µA 

100 

100 µA 

Volts 

0.8 
Volts 

0.7 

-225 mA 



Am2916A 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2916AXC (COM'L) TA= 0°C to +70°C 
Am2916AXM (MIL) TA=-55°Cto+125°C 

Vee MIN.= 4.75V 
Vee MIN.= 4.50V 

Vee MAX.= 5.25V 
Vee MAX.= 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 
(Note2) 

SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 

Parameters 

tpw 

tPHL 

tPLH 

tPHL 

Description 

Driver Clock (DRCPJ to Bus 

Bus Enable (BE) to Bus 

Data Inputs IA or B) 

Select Inputs (S) 

Clock Pulse Width (HIGH) 

Bus to Receiver Output 
(Latch Enabled) 

Latch Enable to Receiver Output 

Bus to Latch Enable (R LE) 

A or B Data to Odd Parity Output 
(Driver Enabled) 

Bus to Odd Parity Output 
(Driver Inhibited, Latch Enabled) 

Latch Enable (RLEJ to 
Odd Parity Output 

Test Conditions 

CL (BUSI= 50pF 

RL (BUSI= 130!1 

CL= 15pF 

RL = 2.0kl1 

Min. Max. Units 
2.4 3.4 

2.4 3.4 Volts 

3.5 
-----+----1------------1------+-------< 

2.5 3.4 
Volts 

2.7 3.4 

0.27 0.4 

t------t-------r---~22__-+-~ 
0.37 0.5 

Volts 

2.0 Volts 

0.7 
Volts 

0.8 

-1.2 Volts 
-----j-------r---------+-------j 

-0.72 
mA 

-0.36 
--------j------------r---------j---------r----~ 

20 µA 

100 µA 

Am2916AXM 
Typ. 

-30 

-20 

-130 

-100 

75 110 

Am2916AXC 
Typ. 

Min. !Note 21 Max. Min. (Note 21 Max. 

21 36 21 32 

21 36 21 32 

13 26 13 23 

13 21 13 18 

15 12 

8n 6n 

mA 

mA 

Units 

ns 

ns 

ns 

t-------j------i-------------t----,_----T-----y--------1 
28 25 

ns 
8.o 6n 

.--------j-------r----+-----r---- -----y------j w 17 ns 

18 33 18 30 
ns 

18 30 18 27 

21 33 21 30 
ns 

21 30 21 27 

15 13 
ns 

6.0 4.0 

32 46 32 42 
1------+----+-----+----+-- ns 

26 40 26 36 
r-------t----i-----+-----,-----<--------j--~ 

21 36 21 32 
ns 

21 36 21 32 

21 36 21 32 
1------+-----------t-------+------+-----t-----t ns 

21 36 21 32 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
2. Typical limits are at Vee= 5.0V, 25°e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test shoul not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

DRIVEN INPUT BUS DRIVING OUTPUT 

J 

INPUT A 
OR 

INPUT B 

DRIVER 
CLOCK 

A INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

17k.Q son 5kn 

f 

Note: Actual current flow direction shown. 

R 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

!Vee 

Rl 
2.0k.Q 

s, 

Am2916A OR 1--~---------t( ~----I 
ODD 

BUS 

f 

Vee I Rl J: ·cl 

l130f! 
S3 

1.0kll 

SWITCHING WAVEFORMS 

\ 

5.0k.Q 

I 
I 1·-1··1 

~ 1/////////1/ ''"~ tPLH----l 

OUTPUT, ODD 

*CL~ 15pF fortPLH.tPHL· 
tzL,tzH 

CL~ 5pF for tHz, tLz 

3.0V 

1.3V 

ov 

~ 
30V 

1.3V 

OV 

r-
VOH 

2.0V f ~ 
1PHl±:l 

1PlH~ I:: Vol 

VOH 

\ F 1.3V 

Vol 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 
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Am2916A 

FUNCTION TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE 
FUNCTION 

s Ai Bi DRCP BE RLE OE Di Oi BU Si Ri 

x x x x H x x x x z x Driver output disable 
x x x x x x H x x x z Receiver output disable 

x x x x H L L x L L H Driver output disable and receive data 
x x x x H L L x H H L via Bus input 

x x x x x H x x NC x x Latch received data 

L L x t x x x L x x x 
L H x t x x x H x x x 
H t x x x x x 

Load driver register x L L x 
H x H t x x x H x x x 
x x x L x x x NC x x x 

No driver clock restrictions x x x H x x x NC x x x 
x x x x L x x L x H x 

Drive Bus x x x x L x x H x L x 
X = Don't care i = 0, 1, 2, 3 H =HIGH 

L ~LOW 
Z =HIGH Impedance 
NC = No change t = LOW-to-HIGH transition 

DEFINITION OF FUNCTIONAL TERMS 

Ao. A 1, A2, A3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bo. Bi, B2, B3 The "B" word data input into the two 
input multiplexers of the driver register. 

s 

DRCP 

Select. When the select input is LOW, the 
A data word is applied to the driver reg
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 

BUSo. Bus, 

BUS2.BUS3 

The four driver outputs and receiver in
puts (data is inverted). 

Ro, R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

RLE Receiver Latch Enable. When R LE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When R LE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH, the four three state receiver out
puts are in the high-impedance state. 

Metallization and Pad Layout 

Ro 2 

Bo 3 

Ao 
BUSo 

GND1 6 

B1 9 

R1 10 

BE 11 

DIE SIZE .074 .. X .130 .. 
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23 DRCP 

20 A3 

19 BUS3 

13 s 



APPLICATIONS 

SELECT----<-------------------
-.---------------~ 

CLOCK _ _.__,___ ________ - - - ------4-----------
--~ 

A A 

DRCP DRCP DRCP 

Am2916A Am29l6A 

BE BE BE 

RLE RLE RLE 

ODD BUS OOD BUS 

BITS 

~~~BLE --+--r-------+-- - - - - -+--+--+-+--------+'-'---'5-----e~+--~ 

~~l~~E -----<----------+--- - - --+--+B-IT_S _ _. ______ +-----------' 

BITS 
0-3 

BITS 
4-7 

8-11 

Am82S62 

EVEN 

Generating or checking parity for 16 data bits. 

DATA 

ADDRESS 

CONTROL 

ODD/EVEN 
CONTROL 
l" EVEN 
H ~ODD 

CHECK 
PARITY OUTPUT 

Am2916A 

ODD BUS 

Using the Am2916A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2917A 
Quad Three-State Bus Transceiver With Interface Logic 

Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver 
• Three-state bus driver 
• D-type register on driver 
• Bus driver output can sink 48mA at 0.5V max. 
• Internal odd 4-bit parity checker/generator 
• Receiver has output latch for pipeline operation 

UNCTIONAL DESCRIPTION 

The Am2917 A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four three
state bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches, that feature three-state outputs. The device also con
tains a four-bit odd parity checker/generator. 

The LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up to 
48mA at 0.5V maximum. The bus enable input (BE) is used to 
force the driver outputs to the high-impedance state. When BE 
is HIGH, the driver is disabled. 

The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (D RCP) 
enters the Ai data into this driver register on the LOW-to
H IGH transition. 

Data from the A input is inverted at the BUS output. Like
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (R LE) 
input. When the R LE input is LOW, the latch is open and the 
receiver outputs will follow the bus inputs (BUS data inverted 
and OE LOW). When the RLE input is HIGH, the latch will 
close and retain the present data regardless of the bus input. 
The four latches have three-state outputs and are controlled 
by a buffered common three-state control (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 

The Am2917A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled). odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 
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• Three-state receiver outputs sink 12mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

MIL-STD-883 
• 3.5V minimum output high voltage for direct inter

face to MOS microprocessors 

LOGIC SYMBOL 

13 17 

AQ Al A2 AJ 

19 DRCP OOD 

1-0 RLE 
Ro 

BE 

11-0 OE 

Am2917A 

BUSo BUS1 BUS2 BUS3 

14 16 

Vee= Pin 20 

GND 1 =Pin 5 

GND2 =Pin 15 

R1 

R2 

R3 

CONNECTION DIAGRAM 
Top View 

Vee 

DRCP 

R3 

AJ 

BUS3 

GND2 

BUS2 

R1 A2 

R2 

5E 

10 

12 

16 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pak 
Dice 

Temperature 
Range 

0°C to +70°C 
0°C to +70°C 
0°C to +70°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

Order 
Number 

AM2917APC 
AM2917ADC 
AM2917AXC 
AM2917ADM 
AM2917AFM 
AM2917AXM 



Ao 

~~~~~R DRCP 

~~~BLE B~ C>-------------<:>D>---' 

LOGIC DIAGRAM 

RECEIVER 
L-------<>(:f--ORLE LATCH 

ENABLE 

Am2917A 

PARITY 

MPR·177 

MAXIMUM RATINGS (Above which the useful life may be impaired) EJ 
Storage Temperature -65°C to +150°C 

T-em_p_e_r-at_u._r_e_(_A_m_b-ie_n._t_)_U_n_d_e_r_Bi~ ----------. ---------_-5.5°C to +125°C 

---------. - ·--------------------- --------------

Supply Voltage to Ground Potential -0.5 V to+ 7 V 
-----------

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vee max. 
--------------------------------------

DC Input Voltage -0.5 V to +7 V 

DC Output Current, Into Outputs (Except BUS) 30 mA 

DC Output Current, Into Bus 100 mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2917AXC (COM'L) TA= 0°C to +70°C Vee MIN.= 4.75V 

Am2917AXM(MILI TA=-55°Cto+125°C VccMIN.=4.50V 
Vee MAX.= 5.25V 

Vee MAX.= 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. 

Vol Bus Output LOW Voltage 
loL = 24mA 

Vee= MIN. 
IOL = 48mA 

VoH Bus Output HIGH Voltage Vee= MIN. 
1 eOM'L, loH = -20mA 

l MIL, loH = -15mA 
2.4 

Vo=0.4V 

•o 
Bus Leakage Current Vee= MAX. 

Vo=2.4V 
(High Impedance) Bus enable = 2.4 V 

Vo=4.5V 

IOFF Bus Leakage Current Vo=4.5V 

(Power OFF) Vee= ov 

V1H Receiver Input HIGH Threshold Bus enable= 2.4 V 2.0 

eOM'L 
V1L Receiver Input LOW Threshold Bus enable= 2.4 V 

MIL 

Bus Output Short Circuit Current 
Vee= MAX. 

-50 -120 
ise Vo =OV 

3·326 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-200 

50 µ,A 

100 

100 µ,A 

Volts 

0.8 
Volts 

0.7 

-225 mA 



Am2917A 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2917AXe(eOM'L) TA=o0 eto+70°e VeeMIN.=4.75V VeeMAX.=5.25V 
Am2917AXM (Ml LI TA = -55°e to +125°e Vee Ml N. = 4.50V Vee MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Note 11 

Vee= MIN. l MIL: loH = -1.0mA 
Receiver VoH 
Output HIGH Voltage V1N = V1L or V1H l COM'L: loH = -2.6mA 

Vee= 5.0V, loH = -100µA 

Parity Vee= MIN., loH = -660µA MIL VOH 
Output HIGH Voltage VIN= V1H or V1L COM'L 

loL = 4.0mA 

Vol 
Output LOW Voltage Vee= MIN. 

loL = 8.0mA (Except Bus) V1N = V1L or V1H 
loL = 12mA 

V1H Input HIGH Level Guaranteed input logical HIGH 
(Except Busl for all inputs 

V1L 
Input LOW Level Guaranteed input logical LOW MIL 
(Except Bus) for all inputs COM'L 

V1 Input Clamp Voltage (Except Bus) Vee= MIN., l1N = -18mA 

l1L l nput LOW Current (Except Bus) Vee= MAX., V1N = 0.4 v 
BE,RLE 

- All other inputs 

l1H Input HIGH Current (Except Bus) Vee= MAX., V1N = 2.7 v 
11 Input HIGH Current (Except Bus) Vee= MAX., V1N = 7.0V 

lsc 
Output Short Circuit Current Vee= MAX. RECEIVER 
(Except Bus) 

PARITY 

Ice Power Supply Current Vee= MAX. 

lo 
Off~State Output Current 

Vee= MAX. 
Vo=2.4V 

(Rece_iver Outputs) Vo=0.4V 

SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 

Min. 
2.4 

2.4 

3.5 

2.5 

2.7 

2.0 

-30 

-20 

Am2917AXM 
Typ. 

Parameters Description Test Conditions Min. (Note 2) Max. 
tPHL CL (BUS) = 50pF 21 36 Driver Clock (DRCP) to Bus 

ALBUS)= 130n tPLH 21 36 
tzH. tzL 

13 26 
'HZ· 'LZ 

Bus Enable (BE) to Bus 
13 21 

's 15 
A Data Inputs 

th 8.0 
tpw Clock Pulse Width (HIGH) 20 
tPLH Bus to Receiver Output 18 33 
'PHL (Latch Enabled) 

18 30 
'PLH 21 33 Latch Enable to Receiver Output 
'PHL 21 30 
's 15 

Bus to Latch Enable (RLE) CL= 15pF th 6.0 

'PLH 
RL = 2.0kn 

A Data to Odd Parity Out 32 46 
'PHL (Driver Enabled) 

26 40 
'PLH Bus to Odd Parity Out 21 36 
'PHL (Driver Inhibit) 

21 36 

'PLH Latch Enable (RLEI to Odd 21 36 
tPHL Parity Output 

21 36 
tzH, tzL 

14 26 Output Control to Output 
'HZ· 'LZ cL_=5pF, RL =2.0kn 14 26 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

63 

Max. 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.2 

-0.72 

-0.36 

20 

100 

-130 

-100 

95 

50 

-50 

Am2917AXC 
Typ. 

Min. (Note 2) Max. 

21 32 

21 32 

13 23 

13 18 

12 

6.0 

17 

18 30 

18 27 

21 30 

21 27 

13 

4.0 

32 42 

26 36 

21 32 

21 32 

21 32 

21 32 

14 23 

14 23 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

mA 

mA 

µA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee== 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 

INTERFACE CONDITIONS 

DRIVEN INPUT BUS 

J 

lNPUT A 
OR 

INPUT B 

DRIVER 
CLOCK 

A INPUT 

17kU 

Am2917A 

BUS 

son 5kr! 

f 

Note: Actua! current flow direction shown. 

I 

SWITCHING TEST CIRCUIT 

TEST 
PO!NT 

f Vee 

AL 
2.okn 

s, 

SWITCHING WAVEFORMS 

\ 1-1·1 
~ 1/////////1/ 

f 
I 

DRIVING OUTPUT 

60r! 

OUTPUT, ODD 

*CL= 15pF for 'PLH· tpH L· 
tzL, tzH 

CL= 5pF for tHz, tLz 

3.0V 

1.3V 

ov 

3.0V 

~ 1.3V 

ov 

tPLH---1 

f ''"'~ ~ 

t BUS 
OUTPUT 

'PHLB 1PLH~ r-.= 
RECEIVER \ F OUTPUT 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 

3-328 

VoH 

2.0V 

VOL 

VOH 

13V 

Vol 
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Am2917A 

FUNCTION TABLE 

INPUTS INTERNAL 
BUS OUTPUT TO DEVICE 

Ai DRCP 

x x 
x x 
x x 
x x 
x x 
L t 
H t 

x L 

x H 

x x 
x x 

H =HIGH 
L= LOW 

FUNCTION 
BE RLE OE Di Oi BU Si Ri 

H x x x x z x Driver output disable 
x x H x x x z Receiver output disable 

H L L x L L H Driver output disable and receive data 
H L L x H H L via Bus input 

x H x x NC x x Latch received data 
x x x L x x x 
x x x H x x x 

Load driver register 

x x x NC x x x 
No driver clock restrictions x x x NC x x x 

L x x L x H x 
Drive Bus 

L x x H x L x 
Z :=High Impedance X"" Don't Care i = 0, 1, 2, 3 
NC= No Change t = LOW-to-HIGH Transition 

PARITY OUTPUT FUNCTION TABLE DEFINITION OF FUNCTIONAL TERMS 

BE 

L 

H 

RLE 

Ro 

Ao 
BU So 

GND1 

BUS1 

Al 

R1 

iiE 

ODD PARITY OUTPUT 

ODD = Ao w A1 w A2 Ell A3 

ODD = Oo © 01 ED 02 Gl 03 

Metallization and Pad Layout 

Vee 
1 19 DRCP 

2 18 R3 

3 17 A3 

4 16 BOS3 

5 15 GND2 

6 14 BUS2 
7 13 A7 

8 12 R2 

9 11 OE 

DIE SIZE .074" X .130" 
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DRCP Driver Clock Pulse. Clock pulse for the driver register. 

BE Bus Enable. When the Bus Enable is LOW, the four 
drivers are in the high impedance state. 

BUSo, BUS1, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 

Ro, R i, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B inputs is non
inverted. 

RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When R LE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 

ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 

OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 



1/0 
BUS 
~ 

Am2917A 

APPLICATIONS 

S BUS 

l 
A 

Am2917A 
ADDRESS REGISTER 

BUS 

I Am2918 I-STATUS REGISTER 

A 

Am2917A MAIN 
DATA BUS MEMORY 

REGISTER 

R 

FLAGS Y 

A 
Am2909 

BUS Am2917A MICROPROGRAM I Am2901 

SEQUENCER BIPOLAR 

R 
MICROPROCESSOR 

I 
ROM/PROM 

MICROCODE 

l 
Am2918 

M!CROWORD 
REGISTER 

R BUS 

The Am2917A can be used as an 1/0 Bus Transceiver and Main Memory 1/0 Transceiver 

in high-speed Microprocessor Systems. 

DATA 

ADDRESS 

CONTROL 

Using the Am2917 A and Am8T26 io a terminated Bus system for the Am9080 MOS Microprocessor. 
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HIGH SPEED SCHOTTKY S-MSI AND INTERFACE DATA SHEETS 

Definition of Standard Schottky Terms ....... 4-2 Am54S/7 4S350 ......................... 4-11 2 
Am25S05 ................................. 4-3 Am54S/74S373/S533 .................... 4-114 
Am25S07 /08 .............................. 4-9 Am54S/74S374/S534 .................... 4-115 
Am25S09 ................................ 4-29 Am54S/74S378/S379 .................... 4-118 
Am25S10 ................................ 4-33 Am54S/7 4S388 ......................... 4-116 
Am25S18 ................................ 4-47 Am54S/74S399 ......................... 4-120 
Am26S02 ................................ 4-51 Am54S/74S412 ......................... 4-122 
Am26S10/S11 ........................... 4-55 Am3212/8212 ........................... 4-123 
Am26S 12/S 12A .......................... 4-60 Am8T26 ................................ 4-130 
Am54S/74S138 .......................... 4-65 Am8T26N8T28 ......................... 4-135 
Am54S/74S139/93S21 .................... 4-69 Am82S62 .............................. 4-140 
Am54S/74S151 /S251 ..................... 4-73 Am8304 ................................ 4-144 
Am54S/74S153/S253 ..................... 4-77 Am93S10/S16 .......................... 4-148 
Am54S/74S157'S158/93S22 ............... 4-81 Am93S48 .............................. 4-152 
Am54S/74S160/S161 ..................... 4-85 
Am54S/74S174/S175 ..................... 4-89 
Am54S/74S181 .......................... 4-93 APPLICATION NOTES 
Am54S/74S194/S 195 ..................... 4-99 
Am54S/7 4S240/S241 /S242/S243/S244 .... 4-103 Schottky TIL MSI Registers ............... 4-13 
Am54S/74S257/S258 .................... 4-108 Am25S10 Four-Bit Shifter ................. 4-37 
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Definition of Standard Schottky Terms 

DEFINITION OF A.C. (SWITCHING) TERMS 
(All switching times ar0 mea~ured at the 1.5 V logic level unless 

otherwise noted.) 

IMAX The highest operating clock frequency. 

tPLH The propagation delay time from an input change to an out

put LOW-to-HIGH transition. 

t PH L The propagation delay time from an input change to an 

output HIGH-to-LOW transition. 

tpw Pulse width. The time between the leading and trailing 

edges of a pulse. 

tr Rise time. The time required for a signal to change from i 0% 
to 90% of its measured values. 

tf Fall time. The time required for a signal to change from 90% 

to 10% of its measured values. 

t 5 Set-up time. The time interval for which a signal must be 

applied and maintained at one input terminal before an 

active transition occurs at another input terminal. 

th Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 

tR Release time. The time interval for which a signal may 

be indeterminant at one input terminal before an active 

transition occurs at another input terminal. (The release time 

falls within the set-up time interval and is specified by some 

manufacturers as a negative hold time). 

tHz HIGH to disable. The delay time from a control input change 
to the three-state output HIGH-level to high-impedance 

transition (measured at 0.5 V change). 

t LZ LOW to disable. The delay time from a control input change 

to the three-state output LOW-level to high-impedance transi

tion (measured at 0.5V change). 

tzH Enable HIGH. The delay time from a control input change 

to the three-state output high-impedance to HIGH-level 

transition. 

tzL Enable LOW. The delay time from a control input change 

to the three-state output high-impedance to LOW-level 

transition. 

DEFINITION OF D.C. TERMS 

H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

I Input. 

0 Output. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

I 1L LOW-level input current with a specified LOW-level 

voltage applied. 

liH HIGH-level input current with a specified HIGH-level 

voltage applied. 

loL LOW-level output current. 

loH HIGH-level output current. 

lsc Output short-circuit source current. 

Ice The supply current drawn by the device from the Vee 

power supply. 

V1L Logic LOW input voltage. 

V 1H Logic HIGH input voltage. 

V0 L LOW-level output voltage with loL applied. 

V0 H HIGH-level output voltage with loH applied. 
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SCHOTTKY PARAMETER MEASUREMENTS 
FOR THREE-STATE OUTPUTS 

LOAD TEST CIRCUIT 

SET-UP, HOLD, AND RELEASE TIMES 

Notes: 1. Diagram shown for HIGH data only. Output transition may 

be opposite sense. 

2. Cross hatched area is don't care condition. 

PROPAGATION DELAY 

PULSE WIDTH 

LOWHIGHLOW -~ ______ 15V 
PULSE-_____:;:-- - - - re= ---

i--'PW-1 
HIGH LOW HIGH ~ v-- 1 5V 

PULSE-------=--

ENABLE AND DISABLE TIMES 

Enable Disable 
3V 

CONTROL -~2 --f- 1 5V 
INPUT 

OV 

'ZL 'LZt! --~45V 05V 

OUTPUT I _ 15V ~~15V 
NORMALLY LOW S OPEN ' 

2 VOL 

i--+'ZH 'HZ I I 
' c----.'.--,,'----'-- Vo H 

OUTPUT 1.5V ~ ~1 5V 
NORMALLY HIGH s1 OPEN 

-"'-'OV 05V 

Notes: 1. Diagram shown for Input Control Enable-LOW and Input 

Control Disable-H lG H. 
2. s 1 and s 2 of Load Circuit are closed except where shown. 

Note: 1. Pulse Generator for All Pulses: Rate ~ 1.0MHz; Z 0 = 50!1; 

tr ...:;; 2.5 ns; tf ~ 2.5 ns. 



Am25S05 
Four-Bit by Two-Bit 2's Complement Multiplier 

Distinctive Characteristics 
• Provides 2's complement multiplication at high speed 

without correction. 
• Can be used in a combinatorial array or in a time 

sequenced mode. 
• Multiplies two 12-bit signed numbers in typically 

115 ns. 

FUNCTIONAL DESCRIPTION 
The Am25S05 is a high-speed digital multiplier that can multiply numbers represented 
in the 2's complement notation and produce a 2's complement product without 
correction. The device consists of a 4x2 multiplier that can be connected to form 
iterative arrays able to multiply numbers either directly, or in a time sequenced 
arrangement. The device assumes that the most significant digit in a word carries a 
negative weight, and can therefore be used in arrays where the multiplicand and 
multiplier have different word lengths. The multiplier uses the quaternary algorithm 
and performs the funct!on S"' XY + K where K is the input field used to add partial 
products generated in the array. At the beginnrng of the array the K inputs are avail
able to add a signed constant to the least s1qnificant pa..-t of the product. Multiplication 
of an m bit number by an n bit number in an array results in a product having m+n 
bits so that all possible combinations of product are accounted for. If a conventional 
2's complement product is required the most significant bit can be ignored, and 
overflow conditions can be detected by comparing the last two product digits. 
A number of connection schemes are possible. Figure 1 shows the connection scheme 
that results in the fastest multiply. If higher speed is required an array can be split 
into several parts, and the parts added with high-speed look-ahead carry adders. 
Provision is made in the design for multiplication in the active high (positive logic) 
or active low (negative logic) representations simply by reinterpreting the active level 
of the input operands, the product. and a polarity control P. 

• Multiplies in active HIGH (positive logic) or active 
LOW (negative logic) representations. 

• Reduced input loading as compared to Am2505. 
• 100% reliability assurance testing in compliance with 

MIL-ST D-883. 

ACTIVE LOW 

'3' 

LOGIC SYMBOLS 

u u~~ 
Ain25S05 

4'2 
2's COMPLEMENT 

MULTIPLIER Cnt4 

So S1 S2 S3 S4 S5 

Vee~ Pin 24 

GND=Pin12 

5 4 3 1 19181716 

LOGIC DIAGRAM 
x_,~~~~~~~~--~~~ 

y,~=5E~~~~~±:~s;r=>''f~-;:~=i=1=================;=1=~===============i=F=ft===============i=!=t-I-~~~~~~~ 

So s, 

Am25S05 ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 0°Cto+75°C AM25S05PC 
Hermetic DIP 0°C to +75°C AM25S05DC 

Dice 0°C to +75°C AM25S05XC 
Hermetic DIP -55° C to +125° C AM25S05DM 

Hermetic Flat Pak -55°C to +125'C AM25S05FM 
Dice -55°C to +125°C AM25S05XM 
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CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 



Am25S05 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S05XC, DC, PC 
Am25S05XM, DM 
Am25S05FM 

Parameters 

VoH 

Vol 

V1H 

V1L 

l1LINote21 

l1H (Note 2) 

lsc 

ice 

TA= 0°C to +75°C 
TA= -55°C to +125°C 

Tc= -55°C'to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Unit Load 
Input LOW Current 

Unit Load 
Input HIGH Current 

Input HIGH Current 

Output Short Circuit Current 

Power Supply Current 

Vee= 4.75 v to 5.25 v 
Vee= 4.50 v to 5.50 v 
Vee= 4.50 v to 5.50 v 

Test Conditions 

Vee= MIN., loH = -1.0mA l XM 

V1N = V1H or VIL l XC 

Vee= MIN., loL = 20mA 

VIN= V1H or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MAX., V1N = 0.5V 

Vee= MAX .. V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

Vee= MAX., VouT = o.ov 

Vee= MAX., y 1 =.OV 

Note 1. Typical Limits are at Vee== 5.0V, 25°C Ambient and maximum loading. 

I 

Min. Typ. (Note 1) Max. Units 

2.5 3.3 i 
·-~----1 ---·· Volts 

2.7 I 3.3 

1 \ 
I Volts I Q3 j Q5 

·+- ,______, 
2.0 l 

I Volts 

1 0.8 Volts I 
I 

---+--· 

-2.0 mA 

! 
50 µA ! 

I 1.0 mA 
.. 

-40 I -100 mA 

I 

. --

I 120 175 mA 

Note 2. Actual input currents are obtained by multiplying unit load current by the input load factor. (See loading rules) 

Switching Characteristics (V cc = 5 V, TA = 25° C, CL = 15 pF' R L = 280S1 ) 

Parameters From (Input) To (Output) Test Conditions 

Cn+4 

So,1,2,3 

Any k Cn+4 

Any k So,1,2,3 

Any k 

See Test Table 

Any x Cn+4 

Any x So,1,2,3 

Any x 

Any y Cn+4 
l 

Any y 

l 
So,1,2,3 

Any y 

4-4 

Min. 

4 
4 

6 

Typ. 

8 
9 T 

Max. 

12 
14 

Units 

ns 

ns 12 
10 

18 
15 5 

f--~~~-t-~--~~-t-~~~--j~-~-~------l 

7 15 22 ns J 

c-~-6~~t--~13~~~~-2_0~-+---~------' 
I 3 6.5 12 I ns I 

5 10 ' 15 I I f---------+--------+----- I 
I 6 13.5 I 20 J ns 1 

j :1;; : ~ I :: , 
r---w-- 21 ) 32 ! ns 

10 21 I 32 I 

~ ;~:~ l ~~--~-~-
f-----·--+- I 

11 23 34 ns 

i------1-2---+- __ ?_O __ +-~-- --+------j 

I 11 23 34 ns l 11 23 34 

12 
12 

25 
25 

37 
37 

ns J 



Am25S05 

SWITCHING TIME TEST TABLE 

Input 

en 

ko 

k1 

k2 

k3 

k3 

x_1 

xo 

x1 

x2 

x3 

x3 

x4 

Y-1 

YO 

Y1 

DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

Outputs 

Cn+4,So123.S45 

Cn+4.So123.S45 
Cn+4,S123,S45 
Cn+4,S23,S45 

S3 

S45 

Cn+4,So123.S45 

Cn+4,So123,S45 
Cn+4,S123,S45 
Cn+4,S123,S45 

S3 

S45 

S45 

Cn+4,So123,S45 

Cn+4,So123,S45 
Cn+4.So123,S45 

H HIGH, applying to a HIGH logic level or when used with Vee 
to indicate high Vee value. 
I Input. 
L LOW, applying to LOW logic level or when used with Vee to 
indicate low Vee value. 
0 Output. 

FUNCTIONAL TERMS 

Cn The carry input to the high-speed adder. 
Cn+4 The carry output from the high-speed adder. 
k; The constant field used for accumulating partial products. 
i = 0, 1, 2, 3. At the beginning of the array the K field can be used 
to add a 2's complement number to the least significant half of 
the double length product. 
P The polarity control input. This input must be at a low-logic 
level for numbers in the active high logic representation, and held 
high for numbers in the active low logic representation. 
Si The product outputs. i = 0, 1, 2, 3, 4, 5. 
Xi The multiplicand inputs. i =-1,0, 1,2,3,4. At the first column 
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Inputs at OV (remaining inputs at 4.5V) 

P, Y_1, Y1,All X 

P, Y_1, Y1, All X 
P, Y_1, Yj, All X 

P, Y_1, Y1. All X 
P, Y_1, Y1, All X 
P, Y_1, Y1, All X, Cn 

-----j 

P, Y1,All k 
P, Y_1, Y1,All k 
P, Y_1, Y1, All k 
P,Y_1,Y1,Allk 
P,Y_1,Y1,Allk 

P,Y_1,Y1,Allk,Cn 
P, Y1, All k, Cn 

P, X1, X2, X3, X4, All k 
P, X1, X2. X3, X4, All k 
Xo, X1. X2, X3, X4, All k 

of the array x_1 must be held at logic 'O', and at the last column 
of the array x4 is connected to x3. 
Yi The multiplier inputs. i = -1, 0, 1. 

At the first row of the array y_ 1 must be held at logic 'O'. 

OPERATIONAL TERMS: 

l1l Forward input load current. 
loH Output HIGH current, forced out of output in VoH test. 
lol Output LOW current, forced into the output in Vol test. 
Ice The current drawn by the device from Vee power supply 
with input and output terminals open. 
I 1H Reverse input load current. 
Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 
V1H Minimum logic HIGH input voltage. 
Vil Maximum logic LOW input voltage. 
V1N Input voltage applied in I 1l, l1H tests. 
VoH Minimum logic HIGH output voltage with output HIGH 
current loH flowing out of output. 
Vol Maximum logic LOW output voltage with output LOW 
current lol flowing into output. 



GND 

GND 
Yo 
v, 

GND 

GND 

Ye-+-t---1 
Y7 -.-+--+----1 

GND--+-+----1 

YB-t-+--~ 
Yg---f-+-------< 

APPLICATION 

x_1•0•1•2•3'4 <ok1•2k3 

~-----I,_' 1------1 

Y10 v0 

v,, v, 
'----~'" 

GND---~ 

Critical speed carries between columns have been interchanged with 2's complement carry-ins Y5, Y7, Yg, 

Y 11 for highest speed. 

Figure 1. High Speed 12x12 2's Complement Multiplication 
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Am25S05 

MSI INTERFACING RULES 

Interfacing 
Digital Family 

Equivalent 
Input Unit Load 
HIGH LOW 

Advanced Micro Devices 54/7400 Serie~ 1.25 
---
Advanced Micro Devices 9300/2500 Series 1.25 
~---·-- ------

FSC Series 9300 1.25 

Tl Series 54/7400 1.25 
--------··--··--· 
Signetics Series 8200 2.5 

·---· 
National Series OM 75/85 1.25 

DTL Series 930 15 

OPERATION TABLE 
Y Multiplier Operation 

Y-1 YO 

0 0 
1 0 
0 1 
1 1 
0 0 
1 0 
0 1 
1 1 

USER NOTES 

-- X Multiplicand Y1 

0 K+O 
0 K+ X 
0 K+X 
0 K + 2X 
1 K-2X 
1 

I 

K-X 
1 K-X 
1 K-0 

Active Low Inputs and Outputs 
'1' =Low, 'O' =High, P =High 

Active High Inputs and Outputs 
'1' = High, 'O' =Low, P = Low 

1.25 

1.25 

1.25 

1.25 

2.5 

1.25 

1.25 

1. Arithmetic in the multiplier is performed in the 2's com
plement notation, which requires a carry in at the first 
stage. This is accomplished by connecting the Yi 
multiplier bit to the appropriate carry input terminal 
i = 1, 3, 5 ... 

2. The multiplier can perform multiplication in either the 
active high (positive logic) or active low (negative logic) 
representations by reinterpreting the active logic level 
and by grounding or leaving the polarity control pin P 
open circuit respectively. 

3. Multiplication can be performed in number representa· 
tions other than 2's complement by either correcting 
the 2's complement product or adding in a correction at 
the beginning of the multiplication at the K inputs. 2's 
complement numbers are represented as: X 2 = x -x5 2n-1 

Number 
representation 

2's complement 
1 's complement 
Unsigned 

(magnitude) 

Correction 

None 
Add Xs Y2 + YsX2 + XsYs at k inputs 

Extend multiplier and multiplicand 
one bit at the least significant end. 
Form XoYo + YoX + XoY with con
ditional adder and add to array shifted 
two places up at k inputs. Force 
k5, Ys, Xs = 0. 
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Am25S05 LOADING RULES IN UNIT LOADS 
Input 

Unit Load Fanout 
Input Input Output Output 

Input/Output Pin No.'s HIGH LOW HIGH LOW 

x4 1 0.2 0.2 
---·-----------

Cn 2 0.2 0.2 

0.2 

x2 4 0.4 0.4 

5 0.4 0.4 

XO 6 0.4 0.4 

x_1 7 0.2 0.2 

So 8 20 10 

S1 9 20 10 

10 20 10 

11 20 10 

GND 12 

13 20 10 

14 20 10 

15 20 10 

16 2 2 

17 2 2 

18 2 2 

19 2 2 

p 20 

Y1 21 0.6 0.6 

YO 22 0.6 0.6 

Y-1 23 0.6 0.6 

Vee 24 

A Schottky TTL Unit Load is defined as 50µA at 2.7V at the HIGH 
Logic Level and -2.0 mA at 0.5 Vat the LOW Logic Level. 

Sign magnitude Xs = 0, y 5 = 0 None 
Xs = 1, Ys = 0 Form [(XY) 2 + 2n-1 y] 
x, = 0, Ys = 1 Form [(XY) 2 + 2n-1 x] 
Xs = 1, Ys = 1 Add 2n-1 (x + y)- 22n-2 

4. For the highest speed array with the multipliers arranged 
in a parallelogram structure carries between certain mul
tipliers are exchanged with the y carry-ins needed for 
2's complement subtract. The delays in the array are 
then equalized as best possible as shown in Figure 1. 

5. For higher speed multiplication the array can be split 
into several parts that can be added together with nigh
speed adders. 

6. Rounding off to a single length product can be achieved 
by adding a '1' to the array at the most significant 
positive k input of the array, ignoring the most signifi
cant product digit, and using the remainder of the most 
significant part of the product. 

7. Truncation of a product without round off enables some 
of the multipliers in the array to be removed. 



Am25S05 

CONNECTION SCHEMES TYPICAL MULTIPLICATION TIMES 

PARALLELOGRAM 
CARRIES STAY 
IN SAME ROW 

2 
PARALLELOGRAM 
CARRIES FROM 
LOWER ORDER 
MULTIPLIERS SKIP 
TO ALTERNATE ROWS 
WHERE POSSIBLE 

3 
SPLIT INTO 
TWO PARTS WHICH 
ARE ADDED WITH 
HIGH-SPEED 

,.JJW.J-.....:;J.J....J..J.....~ CARRY LOOKAHEAD Aoroi::c 

HIGH SPEED SCHOTTKY 

..,_.......,.,--...,.,-r.,-~...,.,...,..,.....~ CARRY LOOKAHEAD ADDER 

Array Total 
Size Multiplication 
Bits Time (ns) 

4x4 35 

8x8 75 

12x12 115 

12x12 82 

16x16 155 

16x16 111 

16x16 98 
20x20 195 
20x20 130 

24x24 235 
24x24 149 
24x24 125 

28x28 275 

28x28 168 
32x32 315 
32x32 187 

32x32 152 

~ Am25S05 

Fig. 2 

Metallization and Pad Layout 

., 
c,, 

27 <o 

•2 
,, ,, 

p ., 
,0 'o 

•o '8 ,, 
'7 ''2 
'6 '3 

so 

s, 

s, '° M S4 

S3 " n c,, ' 

DIE SIZE 0.088" X 0.110" 
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Package Count 

Am25S05 Am54S/74S181 

2 
8 

; 

18 
18 5 

32 
32 7 

32 16 

50 
50 9 

72 
72 11 

72 24 

98 
98 13 

128 
128 15 

128 32 

Y ~ (y_1 YO v1l 2A 
X = (x_ 1 xo x 1 x 2 x 3 ) 2 8 

ll 



Am25S07·Am25S08 
Hex/Quad Parallel D Registers With Register Enable 

Distinctive Characteristics • Positive edge triggered D flip-flops 
• 4-bit and 6-bit high-speed parallel registers 
• Common clock and common enable 

• 100% reliability assurance testing in compliance with 
MI L-STD-883. 

FUNCTIONAL DESCRIPTION 

The Am25S07 is a 6-bit, high-speed Schottky register with 
a buffered common register enable. The Am25S08 is a 4-bit 
register with a buffered common register enable. The de
vices are similiarto the Am54S/74S174 and Am54S/74S175 
but feature the common register enable rather than 
common clear. 

Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re
gardless of the clock or data input transitions. 

CP 

LOGIC DIAGRAMS 

Am25S07 

Do D! D2 

CP 

CP CP CP 

o o o 

oo o, 02 

Am25S08 

Do D1 

CP 

CP CP 

il o Q o 

BO Oo a, o, 

ORDERING INFORMATION 

Am25S07 Am25S08 
Package Temperature Order Order Vee 05 

Type Range Number Number 

Molded DIP 0°C to +70°C AM25S07PC AM25S08PC 
Hermetic DIP 0°C to +70°C AM25S07DC AM25S08DC 

Dice 0°C to +70°C AM25S07XC AM25SOBXC 
Hermetic DIP -55°C to +125°C AM25S07DM AM25S08DM 

Hermetic Flat Pak -55°C to +125°C AM25S07FM AM25SOBFM 
Dice -55°C to +125°C AM25S07XM AM25S08XM Do 
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LOGIC SYMBOLS 

Am25S07 

I 3 4 6 11 13 14 

Am25S07 
6-BIT REGISTER 

2 5 7 10 12 15 

D3 

CP 

o 

o, 

D2 

CP 

il o 

a, o, 

Vee= Pin 16 
GND =Pin 8 

D4 

CP 

o 

04 

D3 

CP 

o 

il3 03 

CP 

Am25S08 

" 
Do o, o, 

Am25508 
4-BIT REGISTER 

Do o, a, 

I I 
3 2 6 7 

D5 

CP 

o 

05 

CONNECTION DIAGRAMS 
Top Views 

Am25S07 Am25S08 

D5 D4 04 D3 03 CP Vee U3 a, D3 D, a, 

Do Di o, D, a, GND Oo ilQ Do D, a; 

Note: Pin 1 is marked for orientation. 

13 

03 

03 

I 

o, CP 

o, GND 



Am25S07/08 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 
---------------------------------

Supp I y Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERrSTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S07XC, Am25S08XC 

Am25S07XM, Am25S08XM 

Parameters 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

VoH Output HIGH Voltage 

Vee= 5.0V ±5% (COM'L) 

Vee= 5.0V ±10% (MIL) 

MIN.= 4.75V 

MIN.=4.5V 
MAX.= 5.25V 
MAX.= 5.5V 

Test Conditions (Note 1) Min. Typ.(Note 2) Max. 

Vee= MIN., loH = -1 mA 1,__x_c_-+-_2_._7 __ -+ ___ 3_._4 __ --+------+ 

V1N = V1H or VIL XM 2.5 3.4 

Units 

Volts 

--------1-~V~c-c-=~M-IN., loL = 20mA --- -----·----j-----------+-----+-------+ 

Volts 

Volts 

0.5 

!-------+----- -----· 

Output LOW Voltage 

----------------+--~-~-~-r:-n-~e-1:-d--~-~-:-u1t-~-o-g-ic_a_I H-1 G-H----+-----1---------+ -----1--------1 

Input HIGH Level voltage for all inputs 2.0 
1-------+-------------------t-----------------------t----+-------------1------1------l 

0.8 Volts VIL Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 

1-------1------------------+--
V 1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

-+-----------+--------- -1----1.-2--+------1 
Volts 

1--------1----
mA 

µA 

mA 

mA 

mA 

Vee= MAX., V1N = 0.5V -2 l1L Unit Load 
(Note 3) Input LOW Current 

~~--- u,:;i;-L:",,ad --- ---------+--- - ------- ---

Vee= MAX., V1N = 2.7V 50 
~-3) Input Hl~H Cur~ -·----~---------------t------+--------+------+-------1 

11 Input HIGH Current Vee= MAX., V1N = 5.5V ! 1.0 
!---:-'------+-·-- ------ ---------·· 1--- -------------+------+--------+------!------< 

lsc Output Short Circuit Current (Note 4) Vee= MAX. -40 -100 
r-------- ----------- ---- -----r--------r-scff ---- ----- ---90------l--1-4_4_-+ ___ __, 

Ice Power Supply Current (Note 5) Vee= MAX. J ------+------ ----+----~--< 
SOB 60 96 

Notes: 1. For conditions shown as Ml N. or MA
0
X., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25 C ambient and maximum loading. 
3. Actual input currents"" Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 

Switching Characteristics (TA~ +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH Clock to Output 4 8 12 ns 

tPHL Clock to Output 4 11.5 17 ns 

tpw Clock Pulse Width 7 ns 

ts Data Vcc=5.0V, CL= 15pF, RL = 280f! 5.5 ns 

ts Enable 9 ns 

th Data 3 ns 

th Enable 3 ns 
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Am25S07/08 

Am25S07 LOADING RULES 
(In STTL Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH 

E 
oo 2 20 

Do 3 

D1 4 

o1 5 20 

D2 6 

02 7 20 

GND 8 

CP 9 

03 10 20 
---·-

D3 11 

04 12 20 

D4 13 

D5 14 

05 15 20 

Vee 16 

A Schottky TTL Unit Load is defined as 50µA 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

DEFINITION OF FUNCTiONAL TERMS 
Di The D flip-flop data inputs. 

LOW 

10 

10 

10 

10 

10 

10 

measured at 

E Enable. When the enable is LOW, data on the Di inputs is 
transferred to the Oi outputs on the LOW-to-HIGH clock 
transition. When the enable is HIGH, the Qi outputs do not 
change regardless of the data or clock input transitions. 

CP Clock Pulse for the register. Enters data on the LOW-to
H IGH transition. 

Oi The TRUE register outputs. 

Oj The complement register outputs 

FUNCTION TABLE 

Inputs Outputs 

E Di CP Qi oi 

H x x NC NC 

L x H NC NC 

L x L NC NC 

L L t L H 

L H t H L 

H =HIGH NC= No Change 
L =LOW X =Don't Care 
t = LOW-to-HIGH Transition 
Qi on Am25S08 Only 
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Am25S08 LOADING RULES 
(In STTL Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

E 
oo 2 20 10 

oo 3 20 10 

Do 4 
--·-------·-----

D1 5 

a1 6 20 10 

o1 7 20 10 

GND 8 
--·-------·- --------

CP 9 

02 10 20 10 

02 11 20 10 
---------- --------

D2 

D3 

03 

03 

Vee 

12 

13 

14 20 

15 20 
·--- ----------------- -------------- -

16 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT 

Note: Actual current ftow direction shown. 

10 

10 



Am25S07/08 

APPLICATIONS 

Do Oor--
o, o,r--
02 02 r--INPUT Am25S07 

DATA BUS D3 03r--
WORD 1 

D4 04r--
D5 05 r--CP E 

J 
Do Oor--
o, o1r--
D2 02 r--Am25S07 WORD 2 -A Yop-- 03 03r--
D4 o,r--

l 05 CP 05 r--E -B yl 

1 J J Am54S/74S 139 

Y2 h-

Do Dor--

ENABLE ---Oc Y3 
o, o,r--
o, o, r--Am25S07 
03 03r--

WORD 3 

04 04r--
05 05 r--CP E 

J J 
Do Oor--
o, o,r--

10, 
'' o, r-- WORD 4 

03 03 r--
04 04r--

~D~ 05 r--
E 

CLOCK J J 
Selective Register Loading of Data on Synchronous Clock. 

Metallization and Pad Layout 

Am25S07 Am25S08 

E 1 16 Vee 
E 1 16 vee 

Oo 2 15 05 

14 D5 
Oo 2 15 03 

Do 3 

D1 4 13 D4 no 3 14 03 
12 04 DO 4 13 D3 

01 5 

D2 6 11 D3 D1 5 12 D2 
Qi 6 11 52 

02 7 10 03 01 7 10 02 

GND 8 9 CP GND 8 9 CP 

DIE SIZE: 0.070" X 0.083" DIE SIZE: 0.067" X 0.073" 
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SCHOTTKY TTL MSI 
REGISTERS 

By John R. Mick 

INTRODUCTION 

There is a continual emphasis on higher and higher speed 
digital systems. Many TTL MSI functional blocks are now 
standard items and most high speed digital systems use large 
numbers of th!lse devices for storage and control. With the 
advent of Schottky technology, the most popular of these 
functional storage and control blocks are now available at 
still higher speeds. In addi.tion, several new, very useful 
variations of these products are available so that the digital 
systems designer now has a compreh1msive set of register 
functions available for todays high speed designs. 

THE Am54Sn4S194 AND Am54Sn4S195 
SHIFT REGISTERS 

The logic diagrams of these advanced Schottky registers to
gether with the logic symbol representing their logic function 

are shown in Figure 1. These devices are perhaps the most 
popular four bit shift registers and are useful for a variety of 
storage and control functions. 

For both registers, the outputs change state synchronously 
following a LOW-to-HIGH transition on the clock input, CP. 
Both devices have an active-LOW synchronous clear (CLR) 
which forces all outputs to the LOW state (Oo HIGH) in
dependent of any other inputs. All control inputs are buffered 
to present only one Schottky TTL load to the system, and all 
outputs can drive 10 Schottky loads in the LOW state and 20 
in the HIGH state. Because all the flip-flops are D-type, they 
do not catch O's or 1 's, and the only requirements on any of 
the inputs is that they meet the short set-up and hold time 
intervals with respect to the clock LOW-to-HIGH transition. 

The Am54S/74S194 shift register operates in four modes 
under control of the two select inputs, So and S1 • The four 

LOGIC DIAGRAMS 

Am54Sn4S194 
A 

S1<>-[,..,...07--~-~~---.-~;--------j~---.-~;--------j~---.-~;--t~~ 

•o<>-t,..,...'7---+-+-1--tt----11~-+-+-1--tt----11~-+-+-1--tt----11~-+-+-+--tt---h 

LOGIC SYMBOLS 

So R 

10 •1 

11 CP 

CLR 

A 

Am54S/74S194 

QA Go Ge Go 

15 14 13 12 

Vee= Pin 16 
GND=Pin8 

10 

Am54Sn4S195 
A 

Am54S/74S195 

oe ac Oo 

15 14 13 12 11 

Figure 1. Logic Diagrams and Logic Symbols for the Am54Sn4S194 and Am54Sn4S195 Shift Registers. 

4-13 



modes are parallel load (data comes from the parallel inputs), 
shift right (data comes from the flip-flop to the left, with the 
QA bit input from R), shift left (data comes from the flip-flop 
to the right, with the Q0 input from L), and hold or do nothing 
(each flip-flop receives data from its own output). It should be 
noted that on the Am54S/74S194 register there are no 
restrictions on the So and S1 select inputs when the clock is 
LOW as there are on the Am54/74194 shift register. 

The Am54S/74S195 can either parallel load all four register 
bits via the parallel inputs (A, B, C, D) or shift each of the 
four register bits right one place. The shifting or parallel load
ing is under control of the shift/load input (S/L). When the 
shift/load input is LOW, data is loaded from the parallel data 
inputs; when the shift/load input is HIGH, data is loaded from 
the register bits on the left. The first bit, QA, is loaded via the 
J and K inputs in the shift mode. The Function Tables for the 
Am54S/74S194 and Am54S/74S195 registers are shown in 
Figure 2. 

THE Am25S07 AND Am54S/74S174 SIX-BIT REGISTERS 

The logic diagrams and logic symbols representing these 6-bit 
registers are shown in Figure 3. Both devices consist of six 
D-type positive edge triggered flip-flops with a buffered com
mon clock. Each flip-flop has a separate D input and a separate 
Q output. 

The Am54S/74S174 register has an asynchronous active-LOW 
buffered clear input. When the clear input is LOW, the Q out
puts are LOW independent of the clock or D inputs. 

The Am25S07 is similar to the Am54S/74S174 except the 
common clear input is replaced by a common active-LOW 

Registers 

clock enable (E). When the clock enable input is .LOW, the 
data on the D inputs are stored in the register on the positive 
going edge of the clock. When the clock enable is HIGH, the 
register will not change state regardless of the clock or data in
puts transitions. 

This clock enable (or strobe) is extremely useful in many ap
plications since it removes the necessity of gating the clock line 
of the register. Thus, the register can be controlled to enter 
data as required without additional clock propagation delay. 
There are no restrictions on this clock enable. The only re
quirement is that the clock enable input and data inputs meet 
the set-up and hold times with respect to the clock LOW-to
H IGH transition. The Function Tables for the Am54S/74S174 
and Am25S07 registers are shown in Figure 4. 

THE Am25S08 AND Am54S/74S175 FOUR-BIT REGISTERS 

The logic diagrams for these four-bit registers and the logic 
symbols representing them are shown in Figure 5. Both de
vices consist of four D-type positive edge triggered flip-flops 
with a buffered common clock. Each flip-flop has a separate D 
input and separate Q and Q outputs. Having both outputs 
available makes these registers particularly useful for general 
purpose decoding and control applications. 

These devices are similar to the Am25S07 and Am54S/74S174 
registers in that the Am25S08 has a buffered clock enable in
put and the Am54S/74S175 has an asynchronous active-LOW 
buffered clear input. The operation is similar to that described 
in the previous section and the Function Tables are as shown 
in Figure 4. 

FUNCTION TABLES 

Am54S/74S194 

INPUTS OUTPUTS 
Mode Serial Parallel 

FUNCTION Clear rs,--so Clock 
Left Right A B c DQAOeQcOo 

Clear L x x x x x x x x x L L L L 
No H x x L x x x x x x NC NC NC NC 
Change H x x H x x x x x x NC NC NC NC 

Parallel H H H t x x Do D1 D2 D3 Do Di D2 D3 Load 
Shift H L H t x L x x x x L QA Qe Qc 
Right H L H t x H x x x x H QA QeQc 
Shift H H L t L x x x x x Q5QcQoL 
Left H H L t H x x x x x Q5QcQoH 
Hold H L L x x x x x x x NC NC NC NC 

H =HIGH X = Don't Care 
L = LOW NC= No Change 
.t = LOW-to-HIGH transition. 
Dj =May be a HIGH or a LOW and the respective output will assume the 

same state. 

Am54S/74S195 

INPUTS OUTPUTS 

Shift/ Serial Parallel 
Clear Clock Loed J 1< A B c D QA 0e Oc QD lio 

L x x x x x x x x L L L L H 

H x L x x x x x x NC NC NC NC NC 
H x H x x x x x x NC NC NC NC NC 

H L t x x Do Di D2 D3 Do Di D2 D3 153 
H H t L H x x x x QA QA Qe Oc Qc 
H H t L L x x x x L QA Qe Oc Qc 
H H t H H x x x x H QA QB Oc Qc 
H H t H L x x x x QA QA Qe Oc Qc 

H = HIGH X = Don't Care 
L = LOW NC = No Change 
t =LOW-to-HIGH transition. 
Di = May be a HIGH or a LOW and the respective output will assume the 

same state. 

Notes: 1. If the J and K inputs are tied together, the common line becomes a 
0-Type input to the first bit in the shift mode. 

2. Linear feedback shift counters can be made by connecting the Oo and 
Clo outputs to the Kand J inputs, respectively, 

Figure 2. Function Tables for the Am54S/74S194 and Am54S/74S195 Shift Registers. 
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Registers 

LOGIC DIAGRAMS 

Am25S07 

Do o, o, D3 D4 D5 

CP 

CP CP CP CP CP CP 

Q Q Q 

E-0 

CP 

EL 

oo o, o, 03 04 05 

Am54S/74S174 

Do D, D2 D3 D4 D5 

CP CP CP CP CP CP 

CD CD CD CD CD CD 

Q Q Q Q 

Oo o, o, o, 04 05 

LOGIC SYMBOLS 

11 13 14 

E Do o, 02 D3 04 o, 
Do D, D2 D3 D4 D5 

Am75S07 
CP 

Arn54S/74S174 
6-BIT REGISTER 

CL 
6-BIT REGISTER 

Do o, o, 03 04 n, Oo o, o, 03 04 05 

10 12 15 

Figure 3. Logic Diagram and Logic Symbols for Am25S07 and Am54S/74S174 Registers. 

Am25S07, Am25S08 

Inputs 
-
E Di 

H x 
L x 
L x 
L L 

L H 

H =HIGH 
L =LOW 

CP 

x 
H 

L 

t 
t 

Outputs 

Qi oi 

NC NC 

NC NC 

NC NC 

L H 

H L 

NC =No Change 
X = Don't Care 

t =LOW-to-HIGH Transition 

O; on Am25S08 Only 

FUNCTION TABLES 

Am54S/74S174, Am54S/74S175 

INPUTS OUTPUTS 

Clear Clock Di O; O; 

L x x L H 

H L x NC NC 

H H x NC NC 

H t L L H 

H t H H L 

H =HIGH X =Don't Care 
L = LOW NC = No Change 
t = LOW-to-HIGH Transition 

Note: O.i on Am54S/74S175 only 

Figure 4. Function Tables for Am25S07, Am25S08, Am54S/74S174 and Am54S/74S175 Registers. 
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LOGIC DIAGRAMS 

Am25S08 
Do o, D2 D3 

CP CP CP CP 

Q a Q Q Q Q Q 

Oo Oo 0, o, 02 o, 03 03 

Am54Sn4S175 
Do o, D2 D3 

CP CP CP CP 
CD CD CD CD 

Q Q Q Q 0 Q 

Go Oo 0, o, 02 o, 03 03 

LOGIC SYMBOLS 

12 13 

Do o, o, 03 Do o, D2 D3 

Am25S08 CP 
Am545/74S175 

4-BIT REGISTER 
4-B!T REGISTER 

Do o, o, 03 o, 

I 
3 2 " '° " " 3 2 6 7 11 10 14 15 

Vcc=Pin16 
GND=Pin8 

Figure 5. Logic Diagrams and Logic Symbols for Am25S08 and Am54Sn4S175 Registers. 

CP ----C>o--~-J 

CP 

LOGIC DIAGRAM 

LOGIC SYMBOL 

11 12 14 13 

Am25S09 

Oo o, o, 03 

10 15 

Vee= Pin 16 

GND=Pin8 

Figure 6. Logic Diagram and Logic Symbol for the Am25S09 Register. 
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Registers 

THE Am25S09 FOUR-BIT REGISTER 

This device is a four-bit register that features a quad two input 
multiplexer at the input of the register. This allows data to be 
stored in the register from either of two different data inputs. 
The logic diagram and logic symbol for this device is shown 
in Figure 6. 

The register consists of four D-type positive edge triggered 
flip-flops with a buffered common clock and a two-input 
multiplexer connected to the D input of each flip-flop. A buf
fered common select line, S, controls the state of the four 
multiplexers. When the S select input is LOW, the A input 
word wi.11 be stored in the register. When the S select input is 
HIGH, the B input word will be stored in the register as shown 
in the Function Table of Figure 7. This ability to select the 
register input from either of two data sources is particularly 
useful in many applications. The data from one of two sources 
may be programmed or perhaps an operate/manual test 
capability is performed. 

APPLICATIONS 

Applications for these registers are numerous. By having both 
four-bit and six-bit versions available, many general and 
special data storage applications are easily handled. Also, the 
registers with the clock enable input provide a unique 

DATA 
'N 

Six-Bit Shift Register with Clock Enable. 

Triple Two-Bit Register with Clock Enable. 

capability for many high-speed synchronous systems. With so 
many Schottky TTL registers available, the digital designer 
now has the right register for each data storage application. 
Applications for the registers previously described are shown 
on the remaining pages. 

FUNCTION TABLE 

SELECT CLOCK 
s CP 

L t 

L t 

H t 

H t 

H =HIGH Voltage Level 
X = Don't Care 

DATA 

Di A 

L 

H 

x 
x 

t = LOW-to-HIGH Transition 

INPUTS OUTPUT 

DiB Qi 

x L 

x H 

L L 

H H 

L = LOW Voltage Level 
i = 0, 1, 2, or 3 

Figure 7. Function Table for the Am25S09 Register. 

DATA ( B 
'N A 

Dual Three-Bit Shift Register with Clear. 

o, o, o, o, 

o, o, o, o, 

DATA 
o, o, o, o, 

DATA 

'N o, o, o, o, QD2 

o, o, o, o, 

Do Do Do Oo 

Two-Word Six-Bit Register with Clock Enable Load on the 
First Word and a Clear on the Second Word. 

One useful but often overlooked application for the Am25S07 and Am54S/74S174 is in a shift register 
connection with the output of one register stage acting as the input of the next register stage. Shift right (or 
left) connections for these devices are shown. If the Am25S08 or Am54S/74S 175 four-bit registers are 
conriected in a similar fashion, both the true and complement outputs are available. This is especially useful 
in some decoder applications. 

Figure 8. D-Type Registers Connected for Shifting. 
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So------------------.--------------~ 
51--.-+-------------.-1--------------~ 

CLOCK-<f"-11-+------------...-+-+------------~ 

Registers 

SHIFT 
RIGHT -~I-+-~ 

IN 

SHIFT 
LEFT 
IN 

CLEAR------+---t-+--+---t---+--+-----_..,-+--+--+-+---+-+----~ 

SHIFT -------4' 
LEFT 
OUT 

Am54S/74St94 

Bs 89 610 B11 

SHIFT 
RIGHT 
OUT 

The normal shift register connection for long words using the Am54S/74S194 features shift-right, shift-left, 
parallel load or hold data modes. It can be connected to circulate data in either direction or shift in O's or 
1's at either end. The Am54S/74S195 is connected in a similar fashion, however, the device can shift data 
in only one direction. Although the Am54S/74S195 is called a shift-right register, it can be used to shift data 
left by relabeling the shift and parallel inputs and the Q outputs. 

Figure 9. Connecting the Am54S/74S194 Shift Register for Longer Words. 

256x4 DYNAMIC 
SHIFT REGISTER 

CLOCK _____ _._-+--------------------~ 
LOAD/RECIRCULATE------~ 

STATIC TEST/OPERATE---------------------------~ 

The Am25S09 can be used in a 258 x 4 memory system with load/recirculate control, and 1 x 4 static test 
capability for the system. This circuit is especially useful in digital filtering where special algorithms require 
a static single step operation for testing purposes. MOS interface is one STTL unit load at each end. The re
quired pull-up and pull-down resistors are not shown. 

Figure 10. Using the Am25S09 with Dynamic Shift Registers. 
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Registers. 

WORD A WORDB ----

111111 
DoA D1A D2A OJA Dos D15 ow 035 

S1 5 

Am25S09 
CP1 " a, a, a, a, 

l l l T 
WORD 1 

illllr 
DoA D1A D2A OJA Doa D1a D2e D3a 

S2 5 

Am25S09 

CP2 " a, a, a, a, 

I I T } 
WOAD2 

illl11 
DoA D1A D2A 03A Doa D1B D2e 039 

S3 5 

Am25S09 

CP3 " ao a, a, a, 

T l l l 
WORD3 

The Am25S09 used to store a word from either data bus A or data bus B. 

Figure 11. Selective Bus Storage with the Am25S09 Register. 

~~OITIONAL 
CLOCK----.---------------------~-------------------~) 

LEFT/RIGHT STAGES 
SHIFT SELECT 

SHIFT 
LEFT 
OUT 

SHIFT 
RIGHT 

IN 

Am25S09 Am25S09 

The Am25S09 can be used as a shift-left, shift-right register under control of a single select input. This 
connection can also be used as a clocked last-in, first-out (LIFO) memory. The output data is available in 
either serial or parallel form. 

Figure 12. The Am25S09 as a LIFO Memory. 
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Registers 

l9 l' l' 16 _r 
2 Sil A B c D 

.____, J 

CLOCK ~CP Am545/74195 aop.-.!2J 
rl K 

CLR QA Os Oc Oo 

CLEAR 
j, 115 J,, J,, } 

NORMAL DEFINITIONS ALTERNATE DEFINITIONS 

PIN NO. PIN NO. 

12 13 14 15 12 13 14 15 
Decimal Decimal 

23 22 21 20 20 21 22 23 

0 0 0 0 0 0 0 0 0 0 

0 0 0 1 1 0 0 0 1 8 

0 0 1 0 2 0 0 1 0 4 

0 1 0 1 5 0 1 0 1 10 

1 0 1 0 10 1 0 1 0 5 

0 1 0 0 4 0 1 0 0 2 

1 0 0 1 9 1 0 0 1 9 

0 0 1 1 3 0 0 1 1 12 

0 1 1 0 6 0 1 1 0 6 

1 1 0 1 13 1 1 0 1 11 

1 0 1 1 11 1 0 1 1 13 

0 1 1 1 7 0 1 1 1 14 

1 1 1 0 14 1 1 1 0 7 

1 1 0 0 12 1 1 0 0 3 

1 0 0 0 8 1 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 

-
A high-speed modulo 15 linear feedback shift register takes advantage of the J and K inputs on 
the Am54S/74S195. The "decimal" sequence is determined by the weight assigned to the out-
put pins and many alternate definitions are possible. Registers of longer length can be built by 
cascading additional Am54S/74S195's. Binary state 15 (all 1's) is not self-correcting. The clear 
or parallel load should be used to initialize the register. 

Figure 13. Pseudo-Random Feedback Registers. 
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Registers 

Do aor--
Di a,r--

INPUT 02 Am25S07 ~ r--
DATA BUS 

°" ""r--
WORD 1 

D4 a.r--
D5 05 r--Cl'. E 

~J 
Do oar--
Di a,r--
D2 02 r--Am25507 WORD2 

-A YoP--J D3 03t---
D4 a.r--
D5 05 r--CP E -· v, 

l JJ Am54S/74S139 

v, 
Do aor--

ENABLE ---() G Y3 Di o,r--
02 02 r--Am25S07 
D3 o3r--

WORD 3 

D4 a.r--
D5 °" r--CP E 

J J 
Do aor--
Di o,r--
D, 02 r--Am25S07 
D3 03t---

WORD4 

D4 a.r--
D5 05t---

CP E 

CLOCK IJ 

The clock enable on the Am25S07 or Am25S08 can be used to perform selective register loading from a 
commo·n data bus. One-half of an Am54S/74S139 dual one-of-four decoder provides the select signals as 
controlled by the two-bit select field (A and B). The enable input (G) on the Am54S/74S139 can be used to 
inhibit loading of any of the four registers. 

Figure 14. Selecting Data for One Register. 
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SERIAL l B 
INPUT 

A 

LOAD/SHIFT 
CONTROL 

CLOCK 

-s 

-CP 

PARALLEL DATA INPUTS 

A1 'o ,, 

l l .cl 
DoA Dos DlA D10 D2A D2a D3A D3e 

Am25S09 

Oo a, a, 03 

A our Bour 

Often a need occurs to delay one or two signals by a few clock cycles. This example shows the Am25S09 
providing two clock delays for two input data paths. In addition, a parallel preset (or clear) is available via 
the load/shift control for initialization. Also, the data delayed by one clock cycle is available if needed. 

Figure 15. Dual Two· Bit Right-Shift Register with Full Parallel Load. 

ENABLE 

Am25S08 
CLOCK CP 

Am54S/74Sl51 

w 

FUNCTION TABLE 

Mplx. Mplx. 

Registers 

03 02 o, Oo Do State Input 

0 0 0 0 

0 0 0 1 

0 0 1 1 

. 0 1 1 1 

1 1 1 0 

1 1 0 1 

1 0 1 1 

0 1 1 0 

1 1 0 0 

1 0 0 0 

0 0 0 0 

1 

1 

1 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

3 

7 

6 

5 

3 

6 

4 

0 

0 

03 
0 

03 
0 
-
03 
0 

03 

03 
1 

03 

03 

The Am25S08 is shown combined with an Am54S/74S151 
eight-input multiplexer to build a 4-bit shift counter. This 
technique provides the ability to design many unique codes . 
By using the Am54S/74S251 eight-input multiplexer with 
three state outputs, the same register can be used with inter· 
changeable codes depending on which multiplexer output is 
enabled. The Am54S/74S195 can also be very useful in this 
application since both the 0 0 and Oo outputs are available 
and the J and K inputs can be tied to the multiplexer output 
to provide a D-type input. This device offers a direct clear as 
well as a parallel load for initialization to any counter state. 
However, the true and complement outputs are not available 
with the Am54S/74S195. 

Figure 16. Shift Register Generates Unique Counting Codes. 
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Registers 

S2 

S1 

CLOCK 

1 2 

9 
1_3 

S1 

1_2 

10 
So raOE 

Yo 

- 15 

3 4 

Ao Al 
1 

s 

9 
CP 

QA 

J2 

t 

S2 S1 So 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

13 4 5 6 7 

1_1 io. 11 12 13 

Am25S10 

Y1 Y2 Y3 

~ 12 11 

1 
• }s ,, I12 14 13 

Bo '1 Co C1 Do D1 

Am25S09 

QB De Do 

l' J10 115 

t I l 
I I 

W2 W3 

FUNCTION TABLE 

Wo Wr W2 W3 W4 

Do Di D2 D3 D4 

D7 Do Di D2 D3 

D5 D7 Do Di D2 

D5 D5 D7 Do Di 

D4 D5 D5 D7 Do 

D3 D4 D5 D5 D7 

D2 D3 D4 D5 D5 

Di D2 D3 D4 D5 

1 12 13 4 5 6 7 

9 
1_3 1_2 1_1 lo 11 12 13 

S1 

10 
So Am25S10 

140' Yo Y1 Y2 Y3 

-= 15~14 12 11 

1 l 
13 • I• }s 11 12 14 }13 

Ao Al Bo '1 Co C1 Do D1 
1 

s 

9 
Am25S09 

CP 

QA a, Oc Oo 

12 I' r r 
w, 

W5 Ws W7 

D5 D5 D7 

D4 D5 D5 

D3 D4 D5 

D2 D3 D4 

D1 D2 D3 

Do D1 D2 

D7 Do D1 

D5 D7 Do 

Two Am25S09 registers with the two input multiplexer can be used in conjunction with two Am25S10 
four-bit shifters to implement an eight-bit full end around shifter (barrel shifter) with storage. The Function 
Table shows the data rotation for the various three-bit select field states. 

Figure 17. Eight-Bit Full End Around Shift with Storage. 
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FUNCTION TABLE 

State Select Output 
Number S.i S3 S2 s, So w x y 

0 0 0 0 0 0 A c B 

1 0 0 0 0 1 D B A 

2 0 0 0 1 0 c A D 
10 

1_3 I -2 I -1 lo lz 13 
So 

S1 Am25S10 

OE 3 0 0 0 1 1 B D c 
Yo Y1 Yz Y3 4 0 0 1 0 0 D A c 

5 0 0 1 0 1 c D B 
-=- 15 14 12 11 

6 0 0 1 1 0 B c A 

7 0 0 1 1 1 A B D 

8 0 1 0 0 0 B D A 

9 0 1 0 0 1 A c D 

10 0 1 0 1 0 D B c 
10 

So 

I -3 I -2 I -1 lo lz 13 11 0 1 0 1 1 c A B 

S1 Am25S10 12 0 1 1 0 0 c B D 

OE 13 0 1 1 0 1 B A c 
Yo Y1 Yz Y3 

1 1 1 14 0 0 A D B -=- 15 14 12 11 

S4 

CLOCK 

15 0 1 1 1 1 D c A 

16 1 0 0 0 0 State 9 

17 1 0 0 0 1 State 10 

18 1 0 0 1 0 State 11 

19 1 0 0 1 1 State 8 

11 12 14 13 20 1 0 1 0 0 D A B 

21 1 0 1 0 1 c D A 

Am25S09 
22 1 0 1 1 0 B c D 

23 1 0 1 1 1 A B c 
01 Oz 24 1 1 0 0 0 State 3 

10 15 
25 1 1 0 0 1 State 0 

w 26 1 1 0 1 0 State 1 

27 1 1 0 1 1 State 2 

28 1 1 1 0 0 c B A 

29 1 1 1 0 1 B A D 

30 1 1 1 1 0 A D c 
31 1 1 1 1 1 D c B 

Two Am25S10 four-bit shifters are used in conjunction with an Am25S09 register to perform all possible 
permutations on four inputs. The number of combinations possible on n items is given as n!. Thus, for n 
equal to 4, 24 combinations are possible. The Function Table shows all 32 combinations of the 5-bit select 
code including the 8 redundant states. The four outputs are stored via the Am25S09 register. This con
nection can be particularly useful in security systems and certain random number generation schemes. The 
eight redundant states can be placed at other select field locations through proper design. 

Figure 18. Perform all Permutations on Four Inputs. 
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Registers 

x0 x1 x2 x3 

1 rnh lll 11 llr-
-= x_1 x0 x1 x2 x3 x4 ko k, k2 k3 '-1 x0 x 1 x2 x3 x4 ko k 1 k2 k3 

...------' Ll y_, 
Y, YO .---I Yo 

Y1 Am25S05 t----1 Y1 Am25S05 

c, c, 

f )P So s, S2 S3 S4 S5 Ji' So s, S2 S3 S4 S5 

I I T 

l l 
Do Di D, D3 D4 Ds Do Di D, D3 D4 D5 

CLR CLR 

Am54Sn4S174 Am54S/74S174 
I--! .---- CP .----- CP 

no n, n2 n3 n4 n, no n, n2 n3 n4 n5 

LJ I I 
CLEAR 

CLOCK 

P, 

The Am54S/74S174 register is used to hold the running partial product of an 8-bit serial-parallel 2's com
plement multiplier. The Am25S05 2's complement multiplier provides the combinatorial logic of Booth's 
algorithm. This connection multiplies a parallel X word by a serial Y word (LSB first) to give a resultant 
serial product word P (LSB first). If the entire product is to be taken in serial form, the Y input sign bit 
must be extended for the total number of clock cycles. For example, an 8-bit X multiplied by an 8-bit Y 
requires 16 clock cycles and the Y's sign must be extended for the last eight clock cycles. 

Figure 19. Serial-Parallel Multiplication. 
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DATA INPUT 
11 

MODE~~-~+--.~,0-100-1,~,-,~,-,~,-,~,-,+,-+0,----~+-=•:~=:,,=:,=,:,:,=,:,=,:,=,:,=:,,~--~ l rr-
MA o Bo Ai 81 A2 B2 AJ B3 

e1N----1'0 
,-----1So 

.-----I'' 
.--1 '' 

Am54S/74S1B1 
4 SIT ARITHMETIC 

LOGIC UNIT 

Cn+4 0------i C0 

Am54S/74S1B1 
4·BITARITHMETIC 

LOGIC UNIT 

I 
'o _.-+-t-+---+--1--+---+----_.-+--+-+--+---+--+---+----~ 
.,, ---4--+-+---+---t--+--f-----__.__+-+---+---t-+--f-----~ 
s, --~+--+---t--+--->------~+---+---t--t--,__----~ 
53 ---+--+--l--+--->-------~-+---t--+---1------~ 

~ ,-------' r--' 

AmS4S/74S16\ 
4 BIT ARITHMETIC 

LOGIC UNIT 

±± [[L:MULATOR ]_ ],_ 

''] 
ENABLE ---~-~---+--+--+--+---+--+--+----------~ 

' Do 0 1 D2 03 04 1' Do Di D2 03 04 05 

Oo 01 ,, ,, ,, ,, l Do Q! 
,, ,, 04 05 

CLOCK -----..-----i 

0 1 4 s 6 7 9 10 11 

DATA OUTPUT 

270 
n 

Vee 

The clock enable feature of the Am25S07 can be used to advantage in a high-speed arithmetic logic 

accumulator. Clearing is accomplished via one of the 16 select states of the Am54S/74S181. 

Figure 20. High-Speed Arithmetic Accumulator. 
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Registers 

FUNCTION TABLE 

Input Input 
CLOCK Divide By A B Output 

2 Oo H Oo CLEAR 
CP S/L A 

CLR 3 Oo 01 o1 

4 0:1 H 01 
A 

Am54S/74S195 

Oo o, o, 03 5 o1 02 02 

6 02 H 02 

Oo o, o, 03 7 02 03 03 

8 03 H 03 

H ~HIGH 

CLOCK------.---------------~ 

CLEAR-----.--!----------------, 

S/L A S/L A 
CP CP 

CLR CLR 
A Am54S/74S175 Am54S/74S 175 

Oo o, o, 03 Oo o, o, 03 

Oo o, o, 03 04 05 05 07 

FUNCTION TABLE 

Input Input 
Divide By A B Output 

9 03 04 04 
10 04 H 04 
11 04 05 05 
12 05 H 05 
13 05 05 05 
14 05 H 05 
15 05 07 07 
16 07 H 07 

H ~HIGH 

The Am54S/74S195 shift register can be used in conjunction with one two input NANO gate to form a 
divider chain of any length. The output waveform will be approximately a 50% duty cycle. One shift 
register can be used to cover the range of 7 2 through 7 8. Using two shift registers, the range of 7 9 through 
7, 16 is covered. If three shift registers are used, the range of 7 17 through 7 24 is possible; and so forth. 

Figure 21. Shift Register Counter of any Length. 
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B3 
•3 

A3 

., 

., 
A, 

'o 

'" w,, 

c,,.4 

•3 

o, a, 
D--ovERFLOW 

o, o, 

,, ., 03 a, w,, 
ISIGNI 

,, 
o, a, w,. 

,, 
,, ., a, o, w,, 

•o 
W12 ., 

Ao 

'" 

B3 
Cn+4 

w,, •3 
A3 

o, o, w,, 

,, o, a, Wm 

Wm 
., ,, o, a, w, 

,, 
w, ,, ., o, a, w, 

a, 
•o 

o, w, 

w, 'o 
'o 

'" 
w, 

., B3 Cn+4 

ISIGNI w, •3 

" a, a, w, ., ,, ., a, o, w, ,, 
., ,, 03 03 w, 

w, ,, ., 
o, a, w, 

'• 'o 
w, •o a, o, w, 

'o c, 
DATA 

w, 
INPUT 

., Cn+4 

., 

., ., ,, ., ., 
w, ., ,, 

•o 'o 
w, ., 

'o 
'" 

Am54S/74S181 in Add Mode. 

The Am54S/74S174 can be used as the accumulator register in a high-speed digital integrator. The data 

input is an 8-bit two's complement number while the data output is a 16-bit two's complement number. 

Provision is made to detect integrator overflow. The DC gain of the integrator for a single input sample is 

1 
256. Thus, the transfer function of this integrator is given as 

W= z; ~ 
n = 0 256 

A typical application for such an integrator is to smooth a video signal. For example, a bipolar analog signal 

is converted to an eight-bit 2's complement representation, via an A/D converter, passed through the in

tegrator, and then reconverted to an analog signal via a D/A converter. 

Figure 22. Digital Integrator. 
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Am25S09 
Quad Two-Input, High-Speed Register 

Distinctive Characteristics 
• Four-bit register accepts data from one of two 4-bit 

input fields. 
• Edge triggered clock action 
• High-speed Schottky technology. 

FUNCTIONAL DESCRIPTION 

The Am25S09 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four 
inputs selected by the S line is stored i.1 the four flip-flops 
at the clock LOW-to-HIGH transition. When the S input is 
LOW, the DiA input data will be stored in the register. 
When the S input is HIGH, the DiB input data will be 
stored in the register. 

• 100% reliability assurance testing in compliance with 
Ml L-STD-883. 

• Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 

-;'f--

CP 

LOGIC SYMBOL 

5 11 12 14 13 

Am25509 

a, a, 

10 15 

Vee= Pin 16 

GND=Pin8 

LOGIC DIAGRAM 

DQA Dos 

CP --1:::~----I CP 

a 

ORDERING INFORMATION 

Package Temperature 
Type Range 

Molded DIP 0°C to +70°C 
Hermetic DIP 0°C to +70°C 

Dice 0°C to +70°C 
Hermetic DIP -55°C to +125°C 

Hermetic Flat Pak -55°C to +125°C 
Dice -55°C to +125°C 

Order 
Number 

AM25S09PC 
AM25S09DC 
AM25S09XC 
AM25S09DM 
AM25S09FM 
AM25S09XM 

a, 
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CP 

02 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation 



Am25S09 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 V to +7 V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S09XC 

Am25S09XM 

Parameters 

VoH 

Vol 

V1H 

V1L 

v, 
l1L 
(Note3) 

f--llH 

(Note 3) ,, 
•sc 

•cc 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Unit Load 
Input LOW Current 

Unit Load 
Input HIGH Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 41 

Power Supply Current 

Vee= 5.0V ± 5% (COM'L) 

Vee= 5.0V ± 10% (MIL) 

MIN.=4.75V 

MIN.= 4.5V 

Test Conditions I Note 1) 

Vcc=MIN.,loH=-1.0mA l COM'L 

V1N = V1H or V1L l MIL 

Vee= MIN., 'OL = 20.0mA 

V1N = V1H or V1L 

Guaranteed input logical HIGH 

voltage for all inputs 

Guaranteed input logical LOW 

voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

Vee= MAX. 

Vee= MAX. (Note 5) 

MAX.= 5.25V 

MAX.= 5.5V 

Min. Typ.(Note 2) 

2.7 3.4 

2.5 3.4 

0.3 

2.0 

-40 

75 

Max. 

0.5 

0.8 

-1.2 

-2.0 

50 

1.0 

-100 

120 

Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents== Unit Load Current x 1nput Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outPuts open. 

Switching Characteristics (TA= +25°C) 

Parameters Description Test Conditions Min. Typ. Max. 

tPLH Clock to Q HIGH 8 12 

tPHL Clock to Q LOW 11.5 17 

tpw Clock Pulse Width 7 

ts Data Set-up Time Vee= 5.0V, CL= 15pF, RL = 280!1 5.5 

ts Select Input Set-up Time 10 

th Data Hold Time 3 

th Select Input Hold Time 3 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Am25S09 

FUNCTION TABLE 

SEL_ECT CLOCK 

s CP 

L t 

L t 

H t 

H t 

H =HIGH Voltage Level 
X = Don't Care 

DATA 

DiA 

L 

H 

x 
x 

t = LOW-to-HIGH Transition 

INPUTS OUTPUT 

DiB Qi 

x L 

x H 

L L 

H H 

L = LOW Voltage Level 
i = 0, 1, 2, or 3 

DEFINITION OF FUNCTIONAL TERMS 

DQA, D1A, D2A. D3A The "A" word into the two-input 
multiplexer of the D flip-flops. 

Dos, D1 s, D2s, D3B The "B" word into the two-input 
multiplexer of the D flip-flops. 

OQ, 01, 02, 03 The outputs of the four 0-type flip-flops of 
the register. 

S Select. When the select is LOW, the A word is applied to 
the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 

CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. 
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LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

s 
Oo 2 20 10 

DQA 3 

Dos 4 

018 5 

D1A 6 

a, 20 10 

GND 8 

CP 9 

02 10 20 10 

D2A 11 

D2s 12 

D3s 13 

D3A 14 

03 15 20 10 

Vee 16 

A Schottky TTL Unit Load is defined as 50 µA measured at 2.7 V 
HIGH and -2.0 mA measured at 0.5 V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown 



Am25S09 

APPLICATIONS 

CLOCK-------<>--t----------------------
LOAD/RECIRCULATE -------

STATIC TEST/OPERATE------------------------------

Am25S09 used in 258 x 4 memory system with load/recirculate control, and 1x4 static test capability for the system. MOS interface is one 

load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single step operation for testing 

purposes. 

WOAD A WORDS 

111111 
DoA DtA D2A OJA Dos D1B ow D3s 

S1 ' Am25509 

CP1 " 
ao a, o, D3 

I T I 1 
WORD 1 

illl11 
DoA D1A D2A OJA Dos 018 D2a D3a 

S2 ' Am25S09 

CP2 " 
Do D, D, D3 

l_l__l__J 
WORD 2 

JJ11J1 
DoA D1A D2A D3A Doe 01B D2a 033 

S3 ' Am25S09 

CP3 " 
Do D, a, 03 

I T I 1 
WORD3 

Am25S09 used to store a word from either data bus A or data bus B. 

Metallization and Pad Layout 

16 Vee 

Cl() 15 Q3 

DOA 3 14 DJA 

Dos 4 13 D3B 

D19 12 D2B 

DlA 11 D2A 

Q1 7 10 02 

GND ep 
DIE SIZE: 0.067" X0.073" 
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Am25S10 
Four-Bit Shifter With Three-State Outputs 

Distinctive Characteristics 
• Shifts 4-bits of data to 0, 1, 2 or 3 places under con

trol of two select lines. 
• Three-state outputs for bus organized systems. 

FUNCTIONAL DESCRIPTION 
The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two
bit select field So and S1. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger number of places with one delay. 

By suitable interconnection, the Am25S10 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the 
sign bit is repeated during a shift down; or end around, 
where the data word forms a continuous loop. 

• 6.5 ns typical data propagation delay 
• Alternate source is 54S/74S350 
• 100% reliability assurance testing in compliance with 

MI L-STD-883. 

s, 
10 So 

13 OE 

LOGIC SYMBOL 

1234567 

t_3 L2 1_, 'o '1 

Yo 

15 

Am25S10 

Y1 Y2 

14 12 

Vee= Pin 1s 
GND =Pin 8 

'2 13 

Y3 

11 

LOGIC DIAGRAM 

Yo Y1 Y2 Y3 

ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 

Package Temperature Order Vee Yo Y1 DE y2 Y3 •o •1 

Type Range Number 

Molded DIP 0°C to +70°C AM25S10PC 
Hermetic DIP 0°C to +70°C AM25S10DC 

Dice 0°C to +70°C AM25S10XC 
Hermetic DIP -55°C to +125°C AM25S10DM 

Hermetic Flat Pak -55°C to +125°C AM25S10FM 
'-3 '-2 '-1 'o '1 '2 GND 

Dice -55°C to +125°C AM25S10XM 
13 

Note: Pin 1 is marked for orientation 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

Am25S10 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7V 

-0.5 V to +Vee max. 

-0.5 V to +5.5 V 

30mA 

-30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S10Xe 

Am25S10XM 

Parameters 

VoH 

Vol 

V1H 

VIL 

V1 

l1L 
(Note 3) 

l1H 
(Note 3) 

•o 

11 

lsc 

•cc 

TA== 0°C to +70°C 

TA= -55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Unit Load 
Input LOW Current 

Unit Load 
Input HIGH Current 

Off State (High Impedance) 
0 utput Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 4) 

Power Supply Current 

Vee= 5.0V ± 5% (eOM'L) 

Vee= 5.0V ± 10% (MIL) 

MIN.= 4.75V 

MIN.=4.5V 

Test Conditions I Note 11 

Vee= MIN., l XM loH = -2mA 

V1N = V1H or V1L l xc loH = -6.5mA 

Vee - MIN., loL = 20mA 

V1N = V1H or V1L 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 

voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7 v 

Vee= MAX. 
1Vo=2.4V 

jVo=0.5V 

Vee= MAX., V1N = 5.5V 

Vee= MAX., Vour = O.OV 

Vee= MAX., All outputs open, 

All inputs= GND 

MAX.= 5.25V 

MAX.= 5.5V 

Min. Typ.(Note 2) 

2.4 3.4 

2.4 3.2 

2.0 

-40 

60 

Max. 

0.5 

0.8 

-1.2 

-2.0 

50 

50 

-50 

1.0 

-100 

85 

Notes: 1. For :ond.iti?ns shown as MIN. or MA
0
X., use .the appropri~te value s~ecified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25 C ambient and maximum loading. 

3. Actual input currents== Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Switching Characteristics (TA~ +25°C) 

Parameters Description Test Conditions Min. Typ. Max. 

tPLH 
5 7.5 

·Data Input to Output 
tPHL 

8 12 

tPLH 
11 17 

Select to Output Vee= 5.0V, CL= 15pF. RL = 280!:1 

tPHL 
13 20 

tzH -
19.5 

Output Control OE to Output 
tzL 

21 

tHz 
5 8 

Output Control OE to Output Vee= 5V, CL= 5pF, RL = 280!:1 
tLz 

10 15 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 



Am25S10 

DEFINITION OF FUNCTIONAL TERMS 

lj The seven data inputs of the shifter. 

OE Enable. When the enable is HIGH, the four outputs are in 
the high impedance state. When the enable is LOW, the selected 
Ii inputs are present at the outputs. 

So, S1 Select inputs. Controls the number of places the inputs 
are shifted. 

Yi The four outputs of the shifter. 

LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 
(Note 1 I XM xc 

1-3 1 1 - - -
'-2 2 1.5 - - -
'-1 3 1.5 - - -
lo 4 1.5 - - -
11 5 1.5 - - -
12 6 1.5 - - -
13 7 1 - - -
GND 8 - - - -
S1 9 1 - - -
So 10 1 - - -
Y3 11 - 40 130 10 

Y2 12 - 40 130 10 
---------

OE 13 1 - - -
Y1 14 - 40 130 10 

---- - -------- "-----------------------------
Yo 15 - 40 130 10 

Vee 16 - - - -

A Schottky TTL Unit Load is defined as 50µA measured at 2.7 V 
HIGH and -2.0mA measured at 0.5V LOW. 

Note: 1. The fan-in on l_2, l_1, lo. 11 and 12 will not exceed 1.5 
Unit Loads when measured at VIL= 0.5 V. As V1L is decreased to 
0 V, the input current l1L MAX. increases to -4, -6, -8, -6 and 
-4 mA respectively due to the decrease in current sharing with the 
internal select buffer outputs. 

Vee 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT j_ DRIVEN INPUT 

I 
son NOM I UNIT LOAD 

2.Bkn NOM 

"- t I j ----K I 
I 
I 

r--I <>--< 

~r 
I 

l,! I ''" I 12 ~ I 
I 
I 

'=':- I -= 

Note: Actual current flow direction shown. 
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~ 
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I 

/;. 

PERFORMANCE CURVES 
SWITCHING CHARACTERISTICS 

Data to Output 
(Typical) 

9.-..,.--.---.-.,--...,..---,.-.--. 

t--r- •• ll J--1 
sl--+--+-~~~~~1---1 

71---+---+---+-+---+---+-f---I 

6t--t--t---+-+---+--+-f--l 

4,__....__.___._..__....___,_....J'--1 
-75 -50 -25 0 25 50 75 100 126 

TA - AMBIENT TEMPERATURE - °C 

Select to Output 
(Typical) 

Q 1251--"*""~-+---+-+---+---+-f----i 
~ I\. 
112.0 1---+~~f'\ ........ -+----+---+-+---+--< 

I 11.5 t--t--t---t-+---+--+-4f--i 

~ 11.0 ,__....__.___._.._...._=....J'--' 
-75 -50 -25 0 25 50 75 100 125 

TA - AMBIENT TEMPERATURE - °C 

LOGIC EQUATIONS 

Yo= So S1 lo+ So S1 '-1 +So S1 '-2 +So S1 '-3 

Y1= "SQS1 l1+S()S1 lo +SoS1 L1+SoS1 '-2 

Y2= "SoS1l2+SoS111 +SoS1 lo +SQS1 '-1 

Y3= SoS1l3+SoS112 +SoS111 +SoS1 lo 

Note: For additional Information, see page 5-54 

TRUTH TABLE 

OE 51 So 13 12 11 •o '-1 L2 '-3 .Y3 Y2 Y1 

H x x x x x x x x x z z z 
L L L D3 D2 D1 Do x x x D3 D2 D1 

L L H x D2 Dl Do D-1 x x D2 D1 Do 

L H L x x D1 Do D_, D-2 x D1 Do D_1 

L H H x x x Do D_1 D-2 D-3 Do D-1 D_2 

H =HIGH X = Don't Care 
L =LOW Z = High Impedance State 

Yo 

z 
Do 

D_1 

D-2 

D.a 

Dn at input In may be either HIGH or LOW and output Ym will 
follow the selected Dn input level. 



APPLICATIONS 

0 1 2 3 8 9 10 11 

•o--<>-++-~-t-~-t-~-t-~+-~"-t-t-~-+~-t-~-t-~-t-~+-1-t-~-f-~-+~-+-~+-~~ 
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Am25S10 
FOUR·BIT SHIFTER 

By John R. Mick 

INTRODUCTION 

The Am25S10 is a high-speed MSI combinatorial logic block 
built using advanced Schottky technology. The device has the 
ability to shift four bits of data 0, 1, 2 or 3 places. The 
Am25S10 has two select lines that are decoded internally to 
determ.ine the number of places the data is shifted. The de· 
vice has seven data inputs 1-3, 1-2. 1-1. lo. 11, 12. and 13 
and 4 three-state data outputs Yo, Yi. Y2, and Y3 as shown 
in the logic symbol diagram of Figure 1. The three-state out· 
puts allow several devices to be bus organized for shifts of 
more than three places with a single level device propagation 
delay time. The three-state outputs are controlled by a single 
buffered ~ctive-LOW output control OE. When the output 
control is LOW, the data outputs will follow the. selected data 
inputs. When the output control is HIGH, the data outputs 
off°l!r a high-impedance to the data bus. 

FUNCTIONAL DESCRIPTION 

The logic equations describing the output shifting capability 
of the Am25S10 when the output control is LOW are: 

Yo= So s1 lo +So S1 1-1 +so S1 1_2 + So S1 1-3 

Y1 =So S1 11 + So S1 lo + So S1 1_1 + So S1 1-2 

Y2 =So S1 12 + So S1 11 +so S1 lo + So s, 1-1 

Y3 =So S1 13 +So S1 12 +so S1 11 + So S1 lo 

From these equations it is seen that each output is op
erationally equivalent to a four-input multiplexer with the 
inputs connected such that the select code generates successive 

'"' L2 L1 

one-bit shifts of the input data word. The logic diagram of 
Figure 2 shows the internal connection of each multiplexer 
with respect to the seven data inputs. Because of this internal 
connection scheme, several devices can be connected to per
form shifts of 0, 1, 2, or 3 places on words of any length. 

1 2 3 4 5 6 7 

51 
'-3 L2 L1 'o '1 '2 13 

10 So Am25S10 

13 OE 
Yo Y1 Y2 Y3 

15 14 12 11 

Vee= Pin 16 
GND = Pin 8 

Vee Yo Y1 i5E Y2 Y3 So 

Note: Pin 1 is marked for orientation 

Figure 1. Logic Symbol and Connection Diagram. 

'1 12 51 

Figure 2. Logic Diagram of the Am25S10. 
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The operation of the Am2SS10 is pictorially depicted in 
Figure 3. Here, the four shift positions of the data outputs 
with respect to the data inputs are shown via the dashed lines 
for the four possible select codes. Figure 4 shows a similiar 
operation only the notation now represents a seven-bit input 
word Ao through A5. The output code for each of the select 
field combinations applied to the So and S1 inputs is shown 
in the accompanying Function Table. In addition, the four 
outputs Yo through Y 3 can be forced to the high-impedance 
state by applying a HIGH to the "output control" input. This 
allows additional shifters to be cascaded on the same output 
lines, or the shifter array to be connected to a common data bus. 

I I I 
I I I I 

I I I 
I I I 

15 14 12 11 

Yo Y1 Y2 Y3 

I \ \ 
I \ \ 
I \ \ 
I I \ 

15 14 12 11 

Yo Y1 Y2 Y3 

Figure 3. The Four Shift Positions of the Am2SS10. 

10 So 

9 •1 
Am25S10 

13 
OE 

Yo Y1 Y2 Y3 

15 14 12 ,, 
Yo Y1 Y2 Y3 

FUNCTION TABLE 

S1 So Yo Y1 Y2 Y3 

0 0 A3 A4 As A6 

0 1 A2 A3 A4 As 

1 0 A1 A2 A3 A4 

1 1 Ao A1 A2 A3 

Positive Logic 

Figure 4. The Am2SS10 4-Bit Shifter Operation. 

Am25S10 

INPUT LOADING 

The logic diagram of Figure 2 shows the input connection 
scheme for the seven data inputs of the Am2SS10. Table I 
shows the number of multiplexer inputs connected to each 
data input as well as the expected an actual Unit Load 
weighting on each input. 

TABLE I 

Number of Expected Actual 
Pin Data Multiplexer Inputs Unit Unit 
# Input Connected Loads Loads 

1 1_3 1 1 1 

2 1_2 2 2 1.5 

3 1_1 3 3 1.S 

4 lo 4 4 1.5 

s 11 3 3 1.S 

6 12 2 2 1.S 

7 13 1 1 1 

Since the number of gate inputs for 1-2. 1-1, lo. 11 and 12 
data inputs is 2, 3, 4, 3, and 2 respectively, this could be ex
pected to be the unit load fan-in for these data inputs. How
ever, 11L current sharing occurs internally with the select 
buffer outputs to reduce the external fan-in. Since a Schottky 
TTL unit load is defined as -2.0mA measured at O.SV LOW, 
the maximum l1L when measured at V1L = O.SV is -3mA or 
1.S STTL unit loads. As the measure voltage Vil on these data 
inputs is decreased to OV, the measured input current on 1_2, 
'-1, lo, 11. and 12 can increase to an 11L maximum of -4, -6, 
-8, -6 and -4 mA respectively because of the decrease in 
current sharing with the internal select buffer outputs. 

A plot of the typical input voltage versus input current for the 
data inputs is shown in Figure S. This Figure shows the in
creased input current flow (negative current) as the input 
voltage is decreased. It also shows the effect of the input 
clamp diode as forward bias in applied. 

1_2& 12 1_3& 13 

~ -21--l~\.1;;A~::::17rL l 
~ _ 4 fOA @o.sv 1-~'f:V-
a: -6 ~ a -8 H ,~; & 11 µ10--+--+---<-f--I 

~ -10 l--IH--+--+--+--+---il--+-+-i 

z -12 t-t-+--+--+--+---t---il--+-+-i 
I -= -14 l-++--l--+--+--1---+-1--+--l 

- 16 l-f-+--l--+--+--1---+-l--+-i 

-18 ~-+-~-+--+--+---ii--+-~ 
-1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

VrL-INPUT VOLTAGE-VOL TS 

Figure S. Typical Input Current Characteristics. 
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Am25S10 

LOGIC EQUIVALENTS OF THE Am25S10 

The Am25S10 exhibits several symmetrical properties that 
may be of advantage in some designs. These symmetrical 
properties involve the labeling of the inputs and outputs and 
the polarity of the select inputs. By relabeling the inputs in 
reverse order, labeling the outputs in reverse order, and con
sidering the select inputs in positive logic (active-HIGH) or 
negative logic (active-LOW), eight logic equivalents for the de
vice are possible. Figure 6 shows the operation of the device 
for the four combinations of input and output definitions for 

SELECT PINS 

9 10 i 

Si So 1_3 

0 0 x 
0 i x 
i 0 x 
i i D_3 

s, So '-3 

0 0 x 
0 i x 
i 0 x 
i i 0_3 

Si So 13 

0 0 x 
0 i x 
i 0 x 
i i 03 

Si So 13 

0 0 x 
0 i x 
i 0 x 
i i 03 

2 

the positive logic notation while Figure 7 shows the operation 
of the device for the four combinations for the negative logic 
notation. The logic symbol for each set of definitions for the 
input pins and output pins is shown adjacent to the truth table. 

This relabeling of pins can provide the designer with some 
flexibility in printed circuit board layout. Likewise, the select 
code can be either positive logic or negative logic and the in· 
put data will be passed non-inverted. In some cases, the re· 
definition allows the designer to visualize shifting up versus 
shifting down for the same select code. 

DATA INPUT PINS DATA OUTPUT PINS 

3 4 5 6 7 11 12 14 15 

1_, l_i lo Ii 12 13 Y3 Y2 Yi Yo 

x x Do Di D2 D3 D3 D2 Di Do 
x D_i Do Di D2 x D2 Di Do D_t 

D_2 D -i Do Di x x Di Do D_i o_2 

D_2 D_i Do x x x Do D_i o_2 D_3 

I -2 1_, lo 1, 12 ' 13 Yo Yt Y2 Y3 

x x Do Dt D2 D3 D3 D2 Dt Do 
x D_i Do Di D2 x D2 Di Do D_i 

D_2 D_i Do Di x x Di Do D_i D_2 

D_2 D_i Do x x x Do D_i D_2 D_3 

12 Ii lo l_i 1_2 1_3 Yo Yi Y2 Y3 

x x Do D_i o_2 0_3 0_3 D_2 o_i Do 
x Di Do o_i o_, x o_2 D_i Do Di 

D2 Di Do D_i x x D_i Do Di D2 

D2 Di Do x x x Do Di 02 D3 

12 Ii lo I -i 1_, 1_3 Y3 Y2 Yi Yo 

x x Do o_i D_2 D_3 D_3 o_, D_i Do 
x Di Do o_i o_2 x D_2 o_i Do Dt 

D2 Di Do o_i x x o_i Do Di 02 

o, Di Do x x x Do Di D2 03 

Positive Logic (HIGH= 1, LOW= 0) for the select inputs. 

Figure 6. Four Possible Input and Output Combinations for the Positive Logic Definition. 

SELECT PINS DATA INPUT PINS DATA OUTPUT PINS 

9 io i 2 3 4 5 6 7 11 12 14 15 

Si So 1_3 1_2 l_i lo Ii 12 13 Y3 Y2 Yi Yo 

0 0 0_3 D_z D_i Do x x x Do o_i o_2 D_3 

0 i x o_2 D_i Do Di x x Di Do D_i D_, 

i 0 x x D_i Do Di Dz x Dz o, Do o_i 

i i x x x Do Di Dz 03 D3 Oz Di Do 

Si So 1_3 l_z l_i lo Ii lz 13 Yo Yi Y2 Y3 

0 0 D_3 D_z o_i Do x x x Do o_, D_2 D_3 

0 i x D_z 0 __ 1 Do Di x x Di Do D_i D_z 

i 0 x x D -i Do Di Dz x Dz Di Do D_i 

i i x x x Do Di Dz 03 03 Dz Di Do 

Si So 13 12 Ii lo l_i 1_, 1_3 Yo Yi Y2 Y3 

0 0 D3 D2 Di Do x x x Do Di Dz 03 
0 i x 02 Di Do D_i x x D_i Do Di Oz 
i D x x Di Do D_i D_z x D_z D_i Do Di 
i i x x x Do D_i D_z 0_3 0_3 D_z o_i Do 

Si So 13 12 Ii lo l_i I -2 1_3 Y3 Y2 Yi Yo 

0 0 D3 D2 Di Do x x x Do Di Dz 03 
0 i x o, Di Do o_i x x D_i Do Di Dz 
i 0 x x Di Do o_i D_2 x D_z o_i Do Di 
i i x x x Do D_i D_2 D_3 D_3 o_2 o_i Do 

Negative Logic {LOW= 1, HIGH= 0) for the select inputs. 

Figure 7. Four Possible Input and Output Combinations for the Negative Logic Definition. 
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Am25S10 APPLICATIONS 

The four-bit shifter is an ideal MSI element for high-speed 

shifting and scaling in digital systems. By suitable inter· 

connection of the inputs and outputs, shifts of any number 

of places up or down can be made with a propagation delay 

of only one device. Shifting can be logical, with zeroes pulled 

in at either or both ends of the shifting field; arithmetic, 

where the sign bit is repeated during a shift down; or end 

around, where the data word forms a continuous loop. The 

three-state outputs can be used to increase the number of 

places shifted and also facilitate rapid data bus access in bus 

organized systems. 

The Connection Diagram and Function Table of Figure g show 

a 16-bit word shifted up 0, 1, 2 or 3 places. In this example, 

the most significant bits (A13, A,4, A, 5 ) are discarded and 

logic zeroes are shifted in at the least significant end. 

Figure g shows a Connection Diagram and Function Table for 

a 12-bit word shifted down 0, 1, 2 or 3 places. In this example, 

zeroes are shifted into the most significant bits and the least 

significant bits are discarded. Notice that one of the alternate 

definitions and pin assignments has been used to define the 

Am25S10. 

A complete end-around barrel shift of 0, 1, 2, 3, 4, 5, 6 or 7 

places is shown in Figure 10. In this configuration, the three

state capability of the outputs is used to connect one of two 

Am25S10's to the data output under the control of the S2 and 

_J,l, 
~ 1l2 3 4 5 6 7 3 4 5 6 

~So 
1-J '-2 1_, lo 1, 1, 13 

~So 
1-J 1_2 1_, lo 1, 1, 

~s, Am25S10 
r2-1 s, 

Am25S10 

OE OE 

7 

13 

'f-0 
Yo Y1 Y2 Y3 

'F-<1 
Yo Y1 Y2 Y3 

So 

s, 
OE 

15 14 

FUNCTION TABLE 

s, So Yo Y1 

12 

Y2 

11 15 14 12 11 

Y3 Y4 Y5 Y5 Y7 

0 0 Ao A1 A2 A3 A4 A5 A5 A1 

0 1 0 Ao A1 A2 A3 A4 A5 A5 

1 0 0 0 Ao A1 A2 A3 A4 A5 

1 1 0 0 0 Ao A1 A2 A3 A4 

Positive Logic 

Am25S10 

S2 select inputs. This technique can be expanded for longer 

word lengths by using one-of-four or one-of-eight decoders to 

control the active· LOW "output control" input. 

A 13-bit two's complement scaler is shown in Figure 11. For 

this connection, the sign bit is pulled in at the most significant 

end and the least significant bits are truncated. Thus, the 13· 

bit two's complement binary output number is scaled to 1, 

1 /2, 1 /4, or 1 /g of its input value. 

A two· level 16-bit barrel shifter and its associated Function 

Table are shown in Figure 12. Only eight Am25S10's are re· 

quired to perform this function. For clarity, the intermediate 

level of inputs and outputs have been labeled Bi. The sixteen· 

bit output word can be bus connected and controlled via 

the OE input. 

Figure 13 demonstrates a unique way to convert a fixed point 

positive number to a floating-point mantisa and exponent. The 

priority encoder is used to determine the most significant bit 

position of the input word with a binary "1". The priority 

encoder output is a binary weighted code representing the 

number of places the input word is to be shifted up. This code 

controls the Am25S10 shifting array and shifts the input 

word such that the Yrbit of the mantisa is always a binary 

one (except for A= 0). The exponent is of the form 2-n where 

n is the value of the binary weighted code from the priority 

encoder. Thus, the output of this functional block is of the 
form Y2-n. 

,1 3 4 5 6 7 ,t 3 4 5 6 7 

~So 
1_3 1_2 1_, lo 1, 1, 13 

~So 
l.3 L2 1_, lo 1, 17 13 

r2-s1 Am25S10 
r2-- s, 

Am25S10 

po OE ['!tj OE 
Yo Y1 Y7 Y3 Yo Y1 Y2 Y3 

15 14 12 ,, 15 14 12 11 

Ya Yg Y10 Y11 Y12 Y13 Y14 Y15 

Ag Ag A10 A11 A12 A13 A14 A15 

A1 Ag Ag A10 A11 A12 A13 A14 

A5 A1 Ag Ag A10 A11 A12 A13 

A5 A5 A1 Ag Ag A10 A11 A12 

Figure 8. 16-Bit Shift-Up 0, 1, 2 or 3 Places. 
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Am25S10 

.,l. 1 l2 3 4 • 6 7 ,}, 3 4 • 6 7 ,l. 3 4 • 8 7 

~Sol3 ,, 
'1 lo J_11-2 t_3 
~ 

,, ,, 
'1 lo '-1 i_21_3 
~ 

13 12 '1 10 1_1 1_2 1_3 
•o •o 

~·1 Am25S10 ~·1 Am25S10 ~·1 Am25S10 

~ OE ~ OE p..q OE v, Y2 Y1 Yo Y3 Y2 Y1 Yo Y3 Y2 Y1 Yo 

15 14 12 11 15 14 12 11 15 14 12 11 

FUNCTION TABLE 

S1 So Yo Y1 Y2 Y3 Y4 Y5 Y5 Y7 Ya Y9 Y10 Y11 

0 0 Ao A1 A2 AJ A4 A5 A5 A1 Ag Ag A10 All 
0 1 A1 A2 AJ A4 As A5 A1 Ag Ag A10 All 0 
1 0 A2 AJ A4 As A5 A1 Ag Ag A10 All 0 0 
1 1 A3 A4 A5 A5 A1 Ag Ag A10 A11 0 0 0 

Positive Logic (Alternate Definitions) 

Figure g_ 12-Bit Shift-Down 0, 1, 2 or 3 Places. 

II I 
' ' ' ... ' ' ''.] , 2 3 4 5 6 1 ..,.,,,,_,,," "" JflE: ~,_,,,,_, '•" ""J@: :·'~'-''-• '•" ""J': ~·~·_,,_, '•"" ''J 

1 Am25S10 1 Am26S10 1 Am25S10 1 Am2fl510 

OE ll OE 13 Of_ 13 OE 
Yo v, Y2 Y] Vo Y1 Yz Y3 Yo v, Yz Y3 Yo v, V2 Y3 

; " " " " l ~· " " " " " " " J " " ,, 

FUNCTION TABLE 
82 S1 So Yo Y1 Y2 Y3 Y4 Y5 Y5 Y7 

0 0 0 Ao A1 A2 A3 A4 As A5 A1 
0 0 1 A1 Ao A1 A2 AJ A4 As A5 
0 1 0 A5 A1 Ao Al A2 AJ A4 As 
0 1 1 As A5 A1 Ao A1 A2 AJ A4 
1 0 0 A4 As A5 A1 Ao A1 A2 AJ 
1 0 1 Aa A4 As A5 A1 Ao A1 A2 
1 1 0 A2 AJ A4 As A5 A1 Ao A1 
1 1 1 A1 A2 AJ A4 As A5 A1 Ao 

Positive Logic 

Figure 10. Eight-Bit End Around-Shift 0, 1, 2, 3, 4, 5, 6 or 7 Places. 

4-41 



1 2 3 4 J 7 1 2 3 4 ,J. 7 1 2 3 4 •I• 7 

~So 
f-J L2 L1 10 11 12 13 

~So 
1-J L2 Lt io 11 !2 13 

~So 
1-J 1_2 1_, io 1, 12 13 

~S1 Am25S10 ris, Am25S10 rl•1 Am25510 

1r-q OE r9 OE 1Fo OE 
Yo Y1 Y2 Y3 Yo Y1 Y2 Y3 Yo Y1 Y2 Y3 

15 14 12 11 15 14 12 11 15 14 12 11 

FUNCTION TABLE 

SCALE S1 

1/S 0 

1/4 0 

1 /2 1 

1 1 

Positive Logic 

El 

So Yo Y1 Y2 Y3 Y4 Y5 Y5 Y7 Yg Yg Y10 

0 A3 A4 As A5 A1 As Ag A10 A11 s s 
1 A2 A3 A4 As A5 A1 As Ag A10 A11 s 
0 A1 A2 A3 A4 A5 A5 A1 As Ag A10 A11 
1 Ao A1 A2 A3 A4 A5 A5 A1 As Ag A10 

Figure 11. 13-Bit 2's Complement Scaler. 

l 

-:!.. 1 12 3 4 5 6 7 

- 10 L3 1_2 1_, !o 11 12 13 
sa~so 

s, _L_ s, 
Am25S10 

FUNCTION TABLE 

EXPONENT MANTISSA 

EO 

15 

Arn93lB 
PRIORITY ENCODER 

S2 S1 

0 0 

0 0 

0 1 
0 1 
1 0 

1 0 

1 1 
1 1 

Positive Logic 

So 

0 

1 
0 

1 
0 

1 
0 

1 

Yo Y1 Y2 

Ao A1 A2 
0 Ao A1 
0 0 Ao 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

Figure 13. Binary Scaling to Give Mantissa and Exponent. 
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Y3 Y4 Ys 

A3 A4 A5 
A2 A3 A4 
A1 A2 A3 
Ao A1 A2 
0 Ao A1 
0 0 Ao 
0 0 0 

0 0 0 

Am25S10 

Y11 s 

s s 
s s 
s s 

A 11 s 

II 
Y5 Y7 

A5 A1 
A5 A5 
A4 A5 
A3 A4 
A2 A3 
A1 A2 
Ao A1 
0 Ao 



Am25S10 

1 2 3 4 5 6 7 ~11 ' 5 6 7 111,l 4 5 6 7 111,l, 5 6 7 

.-------'-"-1 
l.3 L2 L1 lo 11 12 13 

~So 
1_3 1_ 2 1_ 1 10 1, 12 13 

~So 
L3L2 t-1 lo 11 12 13 

~So 
1.3 '-2 '-1 lo 11 12 13 

So 
,----.!-i S1 

Am25S10 
.----2-- S1 

Am25S10 
.----2-- S1 

Am25S10 
~S1 

Am25S10 

06 
Yo Y1 Y2 Y3 Yo Y1 Y2 Y3 

06 
Yo Y1 Y2 Y3 Yo Y1 Y2 

OE 

So 
S1 

f°OE 
15 

-t 
14 12 

T T 

f' 
11 - 115 -1" 12 

T + + T 

f' f° 
11 ~ l'' l'' 12 11 

~ T T T t t T T T 

S2--+-+-+-~+---+~+---+~----+-t-~t--+-~t--+-~-+-+-l~---l~-+----ll---+----' 

S3~---t-~-+--+~-+---+~~.._+-~+---+-~+---+-~~.__,~---l~-+----ll----+-~~ 

~~~---~-+--+~-+---+~~~--~+---+-~+---+-~~---4~---l~-+----11----+-~~~ 

FUNCTION TABLE 

S3 S2 s, So Yo Y1 Y2 Y3 Y4 Y5 Y5 Y7 Ya Yg Y10 Y11 Y12 

0 0 0 0 Ao A1 A2 A3 A4 As A5 A1 As Ag A10 All A12 
0 0 0 1 A15 Ao A1 A2 A3 A4 A5 A5 A7 As Ag A10 A11 
0 0 1 0 A14 A15 Ao A1 A2 A3 A4 A5 A5 A7 Aa Ag A10 
0 0 1 1 A13 A14 A15 Ao A1 A2 A3 A4 A5 A5 A7 As Ag 
0 1 0 0 A12 A13 A14 A15 Ao A1 A2 A3 A4 A5 A5 A1 As 
0 i 0 i A11 A12 A13 A14 Ai5 Ao Al A2 A3 A4 A5 A5 A1 

0 1 1 0 A10 A11 A12 A13 A14 A15 Ao Ai A2 A3 A4 A5 A5 
0 1 1 1 Ag A10 A11 A12 A13 A14 A15 Ao A1 A2 A3 A4 A5 
1 0 0 0 As Ag A10 A11 A12 A13 A14 A15 Ao A1 A2 A3 A4 
1 0 0 1 A1 As Ag A10 A11 A12 A13 A14 A15 Ao A1 A2 A3 
1 0 1 0 A5 A1 As Ag A10 A11 A12 A13 A14 A15 Ao Ai A2 
1 0 1 1 A5 A5 A7 As Ag A10 A11 A12 A13 A14 A15 Ao A1 
1 1 0 0 A4 A5 A5 A7 As Ag A10 A11 A12 A13 A14 A15 Ao 
1 1 0 1 A3 A4 A5 A5 A7 As Ag A10 A11 A12 A13 A14 A15 
1 1 1 0 A2 A3 A4 A5 A5 A1 As Ag A10 Ai1 A12 A13 A14 
1 1 1 1 A1 A2 A3 A4 A5 A5 A1 As Ag A10 All A12 A13 

Positive Logic 

Figure 12. Full 16-Bit Barrel Shifter. 
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Y13 Y14 

A13 A14 
A12 A13 
All A12 
A10 All 
Ag A10 
As Ag 

A1 As 

A5 A7 

A5 A5 

A4 A5 

A3 A4 
A2 A3 
A1 A2 

Ao A1 
A15 Ao 
A14 A15 

Y3 

T 

Y15 

A15 
A14 
A13 
A12 
All 
A10 
Ag 

As 
A1 
A5 
A5 
A4 
A3 
A2 
A1 
Ao 



FIXED MULTIPLIERS 

Digital systems requiring multiplication by a constant interger 
or constant fraction can make effective use of the Am25S10 
if the constant must be varied over several values. By using 
four-bit shifters and high-speed adders, very high-speed "con
stant coefficient" or fixed multipliers can be built. The tech
nique is shown diagrammatically in Figure 14. Here, the input 
word e is wired to the adder A inputs such that a shift of 
-t e is "built-in". The Am25S10 shifter is wired to the B in
puts of the adder such that its four select states represent pre
scaling of-;i-e. te. fr, e, and f,_ e of thee input word. If the 
OE input is used to disable the outputs (high impedance). the 
adder B inputs will assume the logical one state (HIGH). By 
adding a "one" at the adder carry input least significant end, 
the contribution of the B inputs to the sum output is zero and 
the adder A input will be passed to the output. Thus, the OE 
input can be used to generate a zero e value from the shifter. 

Figure 15 shows the actual connection diagram for a 12-bit 
two's complement fixed multiplier using the scheme of Figure 
14. The Y output weighting is the same as shown in the 

Am25S10 

Function Table of Figure 14. The OE input is tied directly to 
the adder least significant en input to complete the shifter 
"zero" output function. 

Figure 16 shows two shifter arrays used in conjunction with 
one adder. For the shifter A and shifter B select codes shown, 
twenty multiplication constants are realized with seventeen 
constants being unique. Other combinations could be used to 
realize different outputs. The combinations possible can be 
extended greatly by using multiple adders and multiple shift
ing arrays. For the example of Figure 16, the zero shifter out
put (high-impedance state) is used with only one shifter since 
only one en input is available. 

This technique for fixed constant multipliers can be applied 
to two's complement, one's complement, sign-magnitude, or 
magnitude only arithmetic. In so doing, the sign must be 
handled appropriately and the adder output word size and 
number range must be considered. For the one's complement 
case, the all ones representation for zero must be handled 
separately. 

SIGN 

c INPUT l~il _____ L--1:. r-A ---,IT 
-·" OUTPUTY 

WIRED SHIFT OF 
ONE PLACE"' 1/2 

r.--
Am25S10 Y : 

~SOF 

s 

Am54S/74S283 u 

1/4, 1/8, 1/16, 1/32 

.!, L l 
i5E-------------~ 

FUNCTION TABLE 

4-BIT SHIFTER A INPUT 
BINPUT OF 

OE S1 So #SHIFTS OF ADDER ADDER 

0 0 0 Two -t e +e 

0 0 1 Three te ..!..e 
2 

0 1 0 Four t;,e +e 

0 1 1 Five 31ie +e 

1 x x Hi-Z oe +e 

Positive Logic 

OUTPUT 
y 

ie 
4 

_s_e 
8 

_9_e 
1 6 

!2e 
32 

+e 

Figure 14. Parallel "Constant Coefficient" Multiplier Block Diagram and Function Table. 
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Am25S10 

l 
B3 

Cn+4 
S3 ~ 

~ A3 

.._ •2 S2 Yg 

C10- A2 Am54S/ 

t-2---- 13 Y3 
15 

•1 745283 

~1, Cg- A1 
S1 

...2..,- 11 Y2 
14 

Bo 
4 

lo Am25Sl0 Cs- Ao So 
5 1_, Y1 

12 c, 
Y7 

6 1_, 

7 
1_3 Yo 

11 

So s, OE 

J J L_ 83 
Cn+4 

S3 .._ 

C7- A3 

a, s, 
C5- A2 

Am54S/ 

.___1__ 13 Y3 
15 ., 745283 

2 1, c,_ At 
S1 

3 
11 Y2 

14 
Bo 

4 
lo Am25S10 C4- Ao So 

5 Y1 
12 c, 

1_1 

6 1_, 

7 1_3 Yo 
11 

So s, OE 

J] L 
Cn+4 .._ B3 S3 

C3- A3 

"2 s, Y, 
c,_ A2 

Am54S/ 
1 

13 Y3 
15 

•1 745283 .._ 
2 1, c,_ A1 

S1 

3 11 Y2 
14 

•o 
4 

lo Am25S10 Co- Ao Sor---
5 1_, Y1~ 

c, 

6 1_, 

__!___ 1_3 Yo t-22-
So S1 OE 

J J 

Figure 15. 12-Bit 2's Complement "Constant Coefficient" Multiplier. 
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CONCLUSION 

C INPUT 

SHIFTER 
A 

SELECT A 

SELECT 8 

SHIFTER A= C, ~. @, i 
SHIFTER B = @, i. f6, g. 0 

FIXED MULTIPLIER OUTPUTW 

~ c c c c 
4 8 16 32 

A 

c 2- c 
4 

-2.C 
8 

De 
[ 6 He 

.c. iC -t c -2.c He 2 [ 6 

c -}C 2-c 2-c -!-:,_ c 
4 8 [ 6 

c 1c ic f6c t,c 8 4 

OUTPUT W 

0 

c 

1c 
ic 
4 

-t c 

Figure 16. Two Shifter Arrays and One Adder Array in a Fixed Multiplier Connection. 

Am25S10 

The Am25S10 four-bit shifter is a new unique combinatorial 
logic element offering the system designer new shifting and 
scaling capability not previously available in a single package. 

The three-state output design of the Am25S10 provides in-11 
creased flexibility in its use and the advanced Schottky con· 
struction offers minimum propagation delay. The device can be ~ 
used to shift any number of bits any number of places; up, 
down or end-around. 
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Am,25518 
Quad D Register With Standard And Three-State Outputs 

Distinctive Characteristics 

• Advanced Schottky technology 
• Four D-type flip-flops 
• Four standard totem-pole outputs 

FUNCTIONAL DESCRIPTION 

The Am25S18 consists of four D-type flip-flops with a buffered 
common clock. Information meeting the set-up and hold 
requirements on the D inputs is transferred to the Q outputs 
on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three
state Y outputs when the "output control" (OE) input is LOW. 
When the OE input is HIGH, the Y outputs are in the high
impedance state. 

The Am25S18 is a 4-bit, high speed Schottky register intended 
for use in real-time signal processing systems where the 
standard outputs are used in a recursive algorithm and the 
three state outputs provide access to a data bus to dump the 
results after a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am25S18 is also useful in certain display appli
cations where the standard outputs can be decoded to drive 
LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 

ORDERING INFORMATION 

Package Temperature 
Type Range 

Molded DIP 0°C to +70°C 
Hermetic DIP 0°C to +70°C 

Dice 0°C to +70°C 
Hermetic DIP -55°C to +125°C 

Hermetic Flat Pak -55°C to +125°C 
Dice -55°C to +125°C 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

Order 
Number 

AM25S18PC 
AM25S18DC 
AM25S18XC 
AM25S18DM 
AM25S18FM 
AM25S18XM 
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• Four three-state outputs 
• 75 MHz clock frequency 
• 100% reliability assurance testing in compliance with 

Ml L-STD-883 

LOGIC DIAGRAM 

Do Q 

o, 

CLOCK CP -1 '>o-<"-<ol 

LOGIC SYMBOL 

12 15 

CP 

Am25S18 

OE 
ao a, a2 03 Yo Y, Y 2 Y 3 

2 5 11 14 3 6 10 13 

Vee= Pin 16 
GND=Pin8 

Do 

o, 

02 

03 

STANDARD 
OUTPUTS 

THREE-STATE 
OUTPUTS 



Am25S18 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am25S18Xe 
Am25S18XM 

Parameters 

VoH 

VoL 

V1H 

V1L 

Vi 

l1L 
(Note 3) 

l1H 
(Note 3) 

11 

•o 

•sc 

•cc 

TA= 0°C to +70°C 
TA= -55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage (Note 6) 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Y Output Off-State 
Leakage Current 

Output Short Circuit Current 
(Note4) 

Power Supply Current 

Vee= 5.0V ± 5% (eOM'L) 
Vee= 5.0V ± 10% (MIL) 

MIN.= 4.75V 
MIN.= 4.5V 

Test Conditions !Note 1 l 

[MIL 

MAX.= 5.25V 
MAX.= 5.5V 

Min. 

2.5 

Vee= MIN., 
a loH =-1mAJ 

COM'L 2.7 
VIN= V1H or V1L y 1 XM, IOH = -2mA 2.4 

J xc. loH = --6.5mA 2.4 

Vee= MIN., loL = 20mA 
V1N = V1H or VIL 

Guaranteed input logical HIGH 
2.0 voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

1 Vo= 2.4V 
Vee= MAX. 

l Vo= 0.4V 

Vee= MAX. -40 

Vee= MAX. (Note 5) 

Typ. 
(Note 2) 

3.4 

3.4 

3.4 

3.2 

80 

Max. 

0.5 

0.8 

-1.2 

-2.0 

50 

1.0 

50 

-50 

-100 

130 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, TA= 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load Current x Input Load Factor (see Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 
5. Ice is measured with all inputs at 4.5V and all outputs open. 
6. Measured on Q outputs with V outputs open. Measured on V outputs with Q outputs open. 

Switching Characteristics (TA= +25°C, Vee= 5.0V, R L = 28011) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH 6.0 9.0 
Clock to Q Output ns 

tPHL 8.5 13 

I HIGH 7.0 
tpw Clock Pulse Width ns 

I LOW 9.0 

ts Da~a CL= 15pF 5.0 ns 

th Data 3.0 ns 

tPLH Clock to Y Output 6.0 9.0 
tPHL (OE LOW) ns 

8.5 13 
tzH 12.5 19 

tzL 
CL= 15pF 

12 18 Output Control to Output ns 
tHz 

CL= 5.0pF 4.0 6.0 

tLz 7.0 10.5 

fmax Maxiinum Clock Frequency CL= 15pF 75 100 MHz 
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Am25S18 

Oe 

H 
H 
H 
H 
L 
L 
L 
L 

L= LOW 
H =HIGH 

INPUTS 

CLOCK 
CP 

L 
H 
t 
t 
t 
t 
-
-

X = Don't care 

TRUTH TABLE 

D 

x 
x 
L 
H 
L 
H 
-
-

OUTPUTS 
NOTES 

0 v 
NC z -
NC z -
L z -
H z -
L L -
H H -
L L 1 
H H 1 

NC= No change 
t = LOW to HIGH transition 
Z = High impedance 

Note: 1. When OE is LOW, the V output will be in the same logic 
state as the Q output. 

DEFINITION OF FUNCTIONAL TERMS 
Oj The four data inputs to the register. 

Oj The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non
inverted. 
Vj The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non
inverted. A HIGH on the "output control" input forces the 
Yi outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yi outputs. 

LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

Do 

Oo 2 20 10* 

Yo 3 40/130 10* 

D1 4 

01 5 20 10* 

V1 6 40/130 10• 

OE 7 

GND 8 

CP 9 

V2 10 40/130 10* 

02 11 20 10• 

D2 12 

V3 13 40/130 10• 

03 14 20 10* 

03 15 

Vee 16 

A Schottky TTL Unit Load is defined as 50µA measured at 2. 7V 
HIGH and -2.0mA measured at 0.5V LOW. 

•Fan-out on each Oj and Yi output pair should not exceed 15 unit 
loads (30mA) for i = 0, 1, 2, 3. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown. 
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INPUT( 
DATA 

A 

INTERROGATE 

DATA( 
BUS 

.----• -· ~ Yo 
E Y1 _, 
~ y2 

---0 Q s Y3 

'-------' 

8 
OECODERI 

DRIVER 

~ '--a, 0,1--
L.-.-a, a,f--

'-------- a, 
~ o,f---

•al---
"f--

" '>!---r 

APPLICATIONS 

8 8 
DECODER/ DECOOElll 

DRIVER DRIVER 

~ ~ .___,a, a,1-- yo, 0 1~ 
'--1a, a,f-- ._____.,, a,f--

.___,a, 
~ 

a,f--- .___,a, ~ a,f---
•of--- ~ •of---
'>f-- '>f--

ce •,1-- ce 
.,. ___ 

T I 

8 
DECODER/ 

DRIVER 

~ 
'----'a, Ga~ 

L.-.-a, o,f--
'-------- o, 

~ 
a,f---
•al---
'>I--

" •,1---r 

Am25S18 

.----• 
:~ ~ A:= 
"2 : 8 

Y3 ~ GP-
~ 

A 

CLOCK 

)
DATA 
BUS 

THE Am25S18 USED AS DISPLAY REGISTER WITH BUS INTERROGATE CAPABILITY. 

CLOCK 

Wo 
W1 

w, 
W3 

LENGTH (A 
CONTROL B 

ENABLE 

r---i 

-A ~Yo 
-B 

E Y1 

~ Y2 

---0 G s Y3 

......____. 

Do CP "o Do CP "o Do CP Oo Do CP "o 
Dl a1 Dl a1 Dl a1 Dl a1 
D, 

~ 
a, o, a, D' a, o, 

~ 
a, 

D3 iii a, D3 ~ a, D3 ~ a, o, ~ a, 

'E Yol-------, E Yol-------, E Yo~ E Yo~ < Y1!----- < 
Y11----- < Y1 !----- < Y1 t-----

Y2I-- Y2l-----i Y2 l-----i v, 1-------, 
QE Y3!--, QE Y3f- OE Y3!--, OE Y3h 

j 

THE Am25S18 AS A VARIABLE LENGTH (1, 2, 3 or 4 WORD) SHIFT REGISTER. 

Metallization and Pad Layout 

Vee 

Do 1 15 03 

"o 2 14 a, 

DIE SIZE 
Yo 3 13 Y3 0.077" x 0.079" 

01 4 12 o, 
a1 5 11 a, 

Y1 6 10 Y2 

5E 7 ep 

GND 
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Am26502 
Schottky Dual Retriggerable, Resettable Monostable Multivibrator 

Distinctive Characteristics 

• Advanced Schottky technology with PNP inputs 

• Retriggerable 0% to 100% duty cycle 

• 28 ns to oo output pulse width range 
• 100k.S1 maximum timing resistor value 

• Am26S02XM typical pulse width change of only 
1.0% over -55°C to +125°C with Rx= 100k.S1. 

• Am26S02XC typical pulse width change of only 0.4% 
over 0°C to +70°C with Rx= 100k.S1 

FUNCTIONAL DESCRIPTION 

The Am26S02 is a dual DC level sens1t1ve, retriggerable, 

resettable monostable multivibrator built using advanced 

Schottky technology. The output pulse duration and ac

curacy depend on the external timing components of each 

multivibrator. The Am26S02 features PNP inputs to reduce 

the input loading. 

Provision is made on each multivibrator circuit for triggering 

the PNP inputs on either the rising or falling edge of an 

input signal by including an inverting and non-inverting 

trigger input. These PNP inputs are DC coupled making 

triggering independent of the input rise or fall time. Each 

time the monostable trigger input is activated from the OR 

trigger gate, full pulse length triggering occurs independent 

of the present state of the monostable. 

The direct clear PNP input allows a timing cycle to be 

terminated at any time during the cycle. A LOW on the 

clear input forces the Q output LOW regardless of the 

To or I 1 inputs. 

The Am26S02XM has a typical pulse width change of only 

1.0% over the full military -55°C to +125°C temperature 

range and the Am26S02XC has a typical pulse width change 

of only 0.4% over the commercial 0°C to +70°C tempera

ture range with a Rx ; 1 OOkD. 

SCHEMATIC DIAGRAM 
(One Monostable Multivibrator Shown) 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to+ 70°C AM26S02PC 
Hermetic DIP. 0°C to+ 70°C AM26S02DC 

Dice 0°C to+ 70°C AM26S02XC 
Hermetic DIP -55°C to +125°C AM26S02DM 

Hermetic Flat Pak -55°C to +125°C AM26S02FM 
Dice -55°C to +125°C AM26S02XM 
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LOGIC SYMBOLS 

10 
Q 

Am26S02 
MM 1 

Am26S02 
MM2 

Q o--2-

CONNECTION DIAGRAM 

Q~ 

Vee= Pin 16 

GND=PinB 

Note: 
Pin 1 is marked 

Cx Rx/Cx C[i 11 TQ a ll GND for orientation. 



Am26S02 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 V to +7 V 

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am26S02Xe 
Am26S02XM 

Parameters 

VoH 

Vol 

V1H 

V1L 

V1 

l1L 
(Note3) 

l1H 
(Note 3) 

•1 

•sc 

•cc 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 4) 

Power Supply Current 

Vee= 5.0 v ±5% (eOM'L) MIN.= 4.75 v 
Vee= 5.0 v ±10% (MIL) MIN. =4.5 v 

Test Conditions (Note 11 

Vee= MIN, loH = -2mA 

V1N = V1H or V1L 

Vee= MIN., loL = 20mA 

V1N = V1H or VIL 

Guaranteed input logical HIGH voltage 
for all inputs 

Guaranteed input logical LOW voltage 
for all inputs 

Vee= MIN .• l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

Vee= MAX., VouT = 1.0V 

TA= 25°C Only 

Vee= 5.0V, l1x = 0.33mA (Notes 5·&6) 

MAX.= 5.25 V 
MAX.= 5.5 V 

Min. Typ.(Note 2) 

2.5 2.8 

0.38 

2.0 

-0.8 

-0.15 

0.1 

-8 -15 

48 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-0.4 mA 

20 p.A 

1.0 mA 

-35 mA 

69 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0 V, 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice is measured with pin 5 and 11 grounded and l1x applied to pins 2 and 14. 

6. l1x is the current into the RxCx node·to simulate Rx. 

Switching Characteristics (TA= +25°Cl 

Parameters Description Test Conditions Min. Typ. Max. Units 

'PLH loto n 13 20 ns 

tPHL 10 ton 15 23 ns 

'PLH 11 ton 12 20 ns 

tPHL 11 ton 12 20 ns 

tPLH Clear ton 21 ns 

Clear ton 
Vee= 5.0 V, RL = 280n, CL= 15pF, 

9 13 ns 
tPHL 

1 lo HIGH or 11 LOW 
Rx=Skn,Cx=OpF 

20 10 ns 

tpw Pulse Width l lo LOW or 11 HIGH 16 7 ns 

l Clear LOW 24 16 ns 

ts Clear Recovery (inactive) to Trigger -10 -22 ns 

lpwO 
Minimum Pulse Width n Output 

Vee= 5.0 V, Rx= 5.0 kn,Cx =OpF 
27 33 39 ns 

(Min.I RL = 1.0 kn 

tpwO Pulse Width Q Output 
Vcc-5.0V, RL = 280n,CL=15pF 

2.89 3.04 3.19 
Rx= 10 kn, Cx = 1000 pF (CK05 Type) 

p.s 

0°C to 70°C 5 100 
Rx Timing Resistor kn 

-55°C to +125°C 5 50 
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Am26S02 

DEFINITION OF FUNCTIONAL TERMS: LOADING RULES (In Unit Loads) 
Co Asynchronous direct CLEAR. A LOW on the clear in
put resets the monostable regardless of the other inputs. 

Fan-out 
Input Output Output 

lo Active-LOW input. With 11 LOW, a HIGH-to-LOW Input/Output Pin No.'s Unit Load HIGH LOW 

transition will trigger the monostable. ex Mono 1 

11 Active-HIGH input. With 10 HIGH, a LOW-to-HIGH 
transition will trigger the monostable. 

Q The TRUE monostable output. 

Q The Complement monostable output. 

Rx/ex 2 

Co 3 0.4 

•1 4 0.4 

lo 5 0.4 

a 6 40 10 

a 40 10 

GND 8 

FUNCTION TABLE Q Mono 2 9 40 10 

INPUTS OUTPUTS 
Q 10 40 10 

Co 1, lo a a lo 11 0.4 

•1 12 0.4 
L x x L H Co 13 0.4 
H H x L H Rxtcx 14 
H L t SL "'Lr 
H x L L H 

H t H SL "'Lr 

Cx 15 

Vee 16 

H HIGH 
A Schottky TTL Unit Load is defined as 50µA measured at 2.7V 
HIGH and -2.0mA measured at 0.5V LOW. 

L LOW 
LOW-to-HIGH Transition 

t HIGH-to-LOW Transition 
_n_ = LOW-HIGH-LOW Pulse 
Lr= HIGH-LOW-HIGH Pulse 

X = Don't Care 

Typical Normalized 
Output Pulse Width 

Versus Case Temperature 
Normalized Output Pulse Width 

Versus Operating Duty Cycle 
r 1.02 .-----.-,-.,--,..--,..-,--,-, 
b TA=25°C 

I 1.04 
l

Typical Normalized 
Output Pulse Width 

Versus Supply Voltage 

TA= 25°C 
§: Vee= s.ov 
~ 1.0l Rx= 10kn 

o 1.03 ;;: 
UJ 1.02 

Rx= 10kil z 
Cx = 1000pF 

~ Cx = lOOOpF 

1-
::> 
~ 
::> 
0 

5l 
N 
:::; 

"' " "' 

"l 
~ 1.0 1 

I- 1.00 

~ 0.99 
::> 
0 0.98 

~ 0.97 
:::; 

"' " "' 0 

0.96 

0.95 

lL 
JL 

JL 
L 

.k"' 
L 

l? o.sa~~~~~~~~~~~ z 0.94 
04.0 0 10 20 30 40 50 60 70 BO 90 100 4.5 5.0 5.5 

Tc - CASE TEMPERATURE - °C 

:r 
l
o 
~ lk 
w 

"l 

"' I-., 

Output Pulse Width Versus 
External Timing Capacitance 

~ 100 t-T:J;-t'f'--::J;-t-7'!'!
o 
I 

~~ 
10 100 1 k 

Cx - EXTERNAL TIMING CAPACITANCE - pF 

OPERATING DUTY CYCLE - % 
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co 3 

'1 4 

fQ 5 

0 6 

Vee - SUPPLY VOLTAGE - VOLTS 

Metallization and Pad Layout 

DIE SIZE 0.062" X 0.071" 

13 co 
12 1, 

11 TQ 

10 0 

6.0 



OPERATION RULES 

TIMING 

1. Timing components ex and Rx values. 

Operating Temperature Range 

0°C to 70°C 

Rx MIN. 5k.\/. 

Rx MAX. 100k.\/. 

ex any value 

2. Remote adjustment of timing. 

ex 
TERMINAL 

R1 + R2 = Rx 

R1 ;;;, Rx MIN. 

R2 <Rx MAX. -R1 

Rx/Cx TERMINAL 

' 

-55°C to +125°C 

5k.\/. 

50k.\/. 

any value 

Vee 

In the above arrangement, R1 and Cx should be as close as pos
sible to the device pins to minimize stray capacitance and ex
ternal noise pickup. The variable resistor R2 can be located 
remotely from the device if reasonable care is used. 

3. Pulse width change measurements. 

The pulse width tpwO is specified and measured with compo
nents of better than 0.1 % accuracy. If measurements are made 
with reduced component tolerances, the expected accuracy 

should be adjusted accordingly. Note that pulse width tempera
ture stability improves as Rx increases. 

4. Timing for ex<( 1000 pF. 

When using capacitor of less than or equal to 1000 pF in value, 
the output pulse width should be determined from the output 
pulse width versus external timing capacitance graph. 

5. Timing for ex > 1000 pF. 

For capacitors of greater than 1000 pF in value, the output 
pulse width, tpwO, is determined by 

where 

( 0.11) 
tpw0=0.30exRx 1 +Rx 

Rx is in kilohms 
ex is in picofarads 
tpwO is in nanoseconds 

rlvee

1 

--+----.--Vee 

ex ~6C10~3~:~~R 
0 Rx/Cx TERMINAL 

TO ex 
TERMINAL 

R1<(0.6 x Rx MAX. 

ex I 
TO .Cx 

TERMINAL 

TO Rx/Cx TERMINAL 
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6. Protection of electrolytic timing capacitors. 

If the electrolytic capacitor to be used as ex cannot withstand 
1.0 volt reverse bias, one of the two circuit techniques shown 
below should be used to protect the electrolytic capacitor 
from the reverse voltage. The accuracy of the pulse width may 
be dependent on the diode (transistor) characteristics. 

The output pulse width, tpwO for the diode circuit modifies 
the previous timing equation as follows: 

( 0.13) tpw0=0.26exRx 1 +~ 

The output pulse width for the transistor circuit is 

( 0.16) tpwO = 0.21 ex Rx 1 + ~ 

Notice that the transistor circuit allows values of timing re
sistor R2 larger than the Rx MIN.< Rx< Rx MAX. to obtain 
longer output pulse widths for a given ex· 

TRIGGER AND RETRIGGER 

1. Triggering. 

The minimum pulse width signal into input lo or input I 1 to 

cause the device to trigger is 20ns. Refer to the truth table 
for th.e appropriate input conditions. 

2. Retriggering. 

The retriggered pulse width, tpwrO, is the time during which 
the output is active after the device is retriggered during a 
timing cycle. It differs from the initial pulse width tpwO 
timing equation as follows. 

where tPLH is the propagation delay time from the lo or I 1 

input to the output. Note that tPLH is typically 14ns and 
therefore becomes relatively unimportant as tpwO increases. 

3. Rapid retriggering. 

A minimum retriggering time does exist. That is, the device 4 cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is approximately. 

CLEAR 

tretrig MIN. = 0.2 ex 
e is in picofarads 
t is in nanoseconds 

tPLH--1 L__ tpw Q ____j OUTPUT WITH 

I r--- -1 RETRIGGER 

_JJ L ... ---L 
OUTPUTWITHOUT/ ~ 
RETRIGGER 

lretrig. MIN lpwr Q 

INITIAL RETRIGGER 
TRIGGER PULSE 

PULSE 

A LOW on the clear inputs terminates the timing cycle. 
A new trigger cycle cannot be initiated while the clear is 
LOW. With the clear HIGH, the device is under the com
mand of the I 1 and To inputs. 



Am26S10 • Am26S11 
Quad Bus Transceivers 

Distinctive Characteristics 

• Input to bus is inverting on Am26S10 
• Input to bus is non-inverting on Am26S11 
• Quad high-speed open collector bus transceivers 
• Driver outputs can sink 100mA at 0.8V maximum 

FUNCTIONAL DESCRIPTION 

The Am26S10 and Am26S11 are quad Bus Transceivers 

consisting of four high-speed bus drivers with open-collector 

outputs capable of sinking 100mA at 0.8 volts and four 

high-speed bus receivers. Each driver output is connected 

internally to the high-speed bus receiver in addition to being 

connected to the package pin. The receiver has a Schottky 

TTL output capable of driving ten Schottky TTL unit 

loads. 

An active LOW enable gate controls the four drivers so 

that outputs of different device drivers can be connected 

together for party-line operation. The enable input can 

be conveniently driven by active LOW decoders such as 

the Am25LS139. 

The bus output high-drive capability in the LOW state 

allows party-line operation with a line impedance as low 

as 100!.1. The line can be terminated at both ends, and still 

give considerable noise margin at the receiver. The receiver 

typical switching point is 2.0 volts. 

The Am26S10 and Am26S11 feature advanced Schottky 

processing to minimize propagation delay. The device 

package also has two ground pins to improve ground current 

handling and allow close decoupling between Vee and 

ground at the package. Both GND1 and GND2 should be 

tied to the ground bus external to the device package. 

ORDERING INFORMATION 

Am26S10 Am26S11 

Package Temperature Order Order 
Type Range Number Number 

Molded DIP D°C to +7D°C AM26S1DPC AM26S11PC 
Hermetic DIP D°C to +7D°C AM26S1DDC AM26S11DC 

Dice 

Hermetic DIP 
Hermetic Flat Pack 

Dice 

0°C to +70°C AM26S1DXC 
-55°C to +125°C AM26S1DDM 
-55°C to +125°C AM26S10FM 
-55°C to +125°C AM26S10XM 

CONNECTION DIAGRAMS 
Top Views 

Note: Pin 1 is marked for orientation. 

AM26S11XC 
AM26S11DM 
AM26S11 FM 
AM26S11XM 

4-55 

• Bus compatible with Am2905, Am2906, Am2907 
• Advanced Schottky processing 
• PNP inputs to reduce input loading 
• 100% reliability assurance testing in compliance with 

MIL -STD-883 

12 4 5 11 13 

lo 11 12 13 

Zo 

Am26S10 21 

QUAD z, 
TRANSCEIVER 

ZJ 

Bo Bl B2 B3 

9 15 

lo 

LOGIC SYMBOLS 

12 4 5 11 13 

·E 10 11 12 13 

Zo 

Am26S11 Z1 

10 QUAD z, 
TRANSCEIVER 

Z3 14 

Vee =Pin16 

GND1=Pin1 

GND2 :=o Pin 8 

Bo 

LOGIC DIAGRAMS 

Am26S10 

Z1 

Am26S11 

•1 

Z1 

Bl B2 B3 

9 15 

13 

Z3 

Z3 

10 

14 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 

Output Current, Into Bus 

Output Current, Into Outputs (Except Bus) 
DC Input Current 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Am26S10Xe, Am26S11 Xe 
Am26S1 OXM, Am26S11 XM 

TA= 0°C to +70°C 
TA= -55°C to +125°C 

Vee= 5.0V ±5% (COM'L) 

Vee= 5.0V ± 10% (Ml L) 
MIN.= 4.75V 
MIN.= 4.5V 

Parameters Description Test Conditions !Note 1) 

Output HIGH Voltage Vee= Ml N., loH = -1.0mA MIL 
VoH 

(Receiver Outputs) V1N = V1L or V1H COM'L 

Vol 
Output LOW Voltage Vee= MIN., loL = 20mA 
(Receiver Outputs) V1N = V1L or V1H 

V1H 
Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

VIL 
Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs 

V1 
Input Clamp Voltage 

Vee= MIN., l1N = -18mA 
(Except Bus) 

Input LOW Current Enable 
l1L Vee =.MAX., V1N = 0.4V 

(Except Bus) Data 

Input HIGH Current Vee= MAX., V1N = 2.7V 
Enable 

l1H 
(Except Bus) Data 

11 
Input HIGH Current 

Vee= MAX., V1N = 5.5V 
(Except Bus) 

Output Short Circuit Current MIL 
•sc (Except Bus) 

Vee= MAX. (Note 3) 
COM'L 

Power Supply Current Vee= MAX. Am26S10 
lccL 

(All Bus Outputs LOW) Enable= GND Am26S11 

Bus Input/Output Characteristics 

Parameters Description Test Conditions IN ate 11 

loL =40mA 

Mil IOL = 70mA 

IOL = 100mA 
Vol Output LOW Voltage Vee= MIN. 

loL =40mA 

COM'L loL = 70mA 

!OL = 100mA 

Vo= 0.BV 

lo Bus Leakage Current Vee= MAX. MIL Vo =4.5V 

COM'L Vo= 4.5V 

IOFF Bus Leakage Current (Power Off) Vo =4.5V 

Bus Enable= 2.4V MIL 
VTH Receiver Input HIGH Threshold 

Vee= MAX COM'L 

Bus Enable= 2.4V MIL 
VTL Receiver Input LOW Threshold 

Vee= MIN COM'L 

MAX.= 5.25V 
MAX.= 5.5V 

Min. 

2.5 

2.7 

2.0 

-20 

-18 

Min. 

2.4 

2.25 

Typ. 
(Note 2) 

3.4 

3.4 

45 

Typ. 
(Note 2) 

0.33 

0.42 

0.51 

0.33 

0.42 

0.51 

2.0 

2.0 

2.0 

2.0 

Am26S10/11 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7V 
-0.5V to +Vee max. 

-0.5V to +5.5V 

200mA 

30mA 
-30mA to +5.0mA 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-0.36 
mA 

-0.54 

20 
µA 

30 

100 µA 

-55 
mA 

-60 

70 
mA 

80 

Max. Units 

0.5 

0.7 

0.8 
Volts 

0.5 

0.7 

0.8 

-50 

200 µA 

100 

100 µA 

Volts 

1.6 
Volts 

1.75 

Notes: 1. For .cond.iti~ns shown as Ml N. or MA
0
X., use .the appropri~te value s~ecified under Electrical Characteristics for the applicable device type. 

2. Typical l1m1ts are at Vee= 5.0V, 25 e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am26S10/11 

Switching Characteristics (TA= +25°e, Vee= 5.0V) 

Parameters Description Test Conditions 

tPLH 
Am26S10 

tPHL 

tPLH 
Data Input to Bus 

Am26S11 
tPHL Re= 500 
tPLH Ce = 50pF (Note 1 J 

Am26S10 
tPHL 

Enable Input to Bus 
tPLH 

Am26S11 
tPHL 

tPLH 
Bus to Receiver Out 

Re= 500, RL = 2800 

tPHL Cs= 50pF (Note 1), CL= 15pF 

t, Bus Re= son 
tf Bus Ce= 50pF (Note 1) 

Note 1. Includes probe and jig capacitance. 

TRUTH TABLES 
Am26S10 

Inputs Outputs Inputs 

E I 8 

L L H 

L H L 

H x y 

z 
L 

H 
y 

H =HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

E 

L 

L 

H 

Y = Voltage Level of Bus (Assumes Control by 

Another Bus Transceiver) 

Am26S10/11 

Min. Typ. Max. Units 

10 15 

10 15 
ns 

12 19 

12 19 

14 18 

13 18 
ns 

15 20 

14 20 

10 15 
ns 

10 15 

4.0 10 ns 

2.0 4.0 ns 

Am26S11 

Outputs 

T 8 z 
L L H 

H H L 

x y y 

Am26S10/Am26S11 SCHEMATIC DIAGRAM 

'"' 

4 i 

,-
1 
I 
I 
I 

/i5ii o---....---IF---l<f--' 
(13) 

2.7k.11 
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TO ONE 
OTHER 
DRIVER 

>---+--~-.__-+-~ 

Vee 

16 

110.11 

z 3 
161 

~------<J 110) 
{14! 

Vee =Pin16 

GND1=Pin1 

GND2 =Pin 8 

Connect for Am26S10 

Remove R1, 01, D1 for Am26S10 



Am26S10/11 

TYPICAL PERFORMANCE CURVES 

+5V 

100.11 

~ 
0 
> 
I 

w 

"' " '::; 
0 
> 
f
::> 
I= 
::> 
0 

"' 1ii 
I _, 
0 
> 

Typical Bus Output Low Voltage 
Versus Ambient Temperature 

1 · 0 ~T~l~T~~~~~~ 

Vee= +s.ov 

0.8 J 
0.5 t--t---1BJ = 100mA-O-t-+--t 

o.41'"""'"'!---~ls~u~~~=,;7,;;0m;;;A;,,~=~:t:::l 

lsus- 40mA 

0 :::-1~1-'-J_~-=--=-= 
-55 -35 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE - °C 

TYPICAL APPLICATION 

INPUTS 

10 1, 12 13 

Zo 

Z1 z, 
Z3 

Am26S10 

RECEIVER 
OUTPUTS 

STROBE 

INPUTS 

10 11 12 13 

Zo 

Z1 z, 
Z3 

Am26S10 

ADDRESS 

A 

1/2 OF Am25LS.139 

RECEIVER 
OUTPUTS 

Bo 

10 11 

Am26S11 

B1 B, 

toon PARTY·UNE OPERATION. 

Metallization and Pad Layout 
Am26S10 

GND1 1 15 83 GND1 1 

iio 2 80 2 

3 
14 Z3 

Zo Zo 3 

4 
13 13 

'o IQ 4 

5 
12 E 

11 '1 5 

11 1, 

Z1 6 Z1 6 

10 z, 
•1 7 •1 7 

GND2 8 ,, 
GND2 8 

DIE SIZE 0.059" X 0.075" 
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1, 

B3 

Receiver Threshold Variation 
Versus Ambient Temperature 

2.5~~~~-~~~-~~~ 

2.4 t--+--t--O-+--+--+-+--+----i 

2.3 t--fc--+---O=+--+--+-+--+----i Vee - s.sv 
2.2 t-1-''M.,..-+--1--+-+...i.;;;;;;J lL Vee - s.2sv 
2.1 r---r--r'-'l"""'l;;;;;;i;;;-~t--t--1 

2.0 t-M1 L\t---+::.£,I= I1~coM'L 
1.9 C!: 
l.s l-17,v~cc:-:74.;;;:5v:-!='F"t-+-~ 
1.7 f-+--+---l-+-+--+-l-+--l 
1.6 1---+--+-0-+--+--+-t--+----i 

-55-35-15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE - °C 

INPUTS 

13 10 11 1, 13 

Zo Zo 

Z1 RECEIVER Z1 

z, OUTPUTS Am26Sl1 z, 
Z3 Z3 

Bo B1 B' B3 

Am26S11 

DIE SIZE 0.059" X 0.075" 

RECEIVER 
OUTPUTS 

+5V 

100.11 

15 8, 

14 Z3 

13 13 

12 E 

11 1, 

10 z, 

e:, 

El 



Am26S10/11 

Am26S11 

!INPUT 

Am26S10 
I INPUT 

E INPUT 

B TEST POINT 

Z TEST POINT 

PULSE 
GENERATOR 

N0.1 

PULSE 
GENERATOR 

NO. 2 

tPLH---1 

E 
INPUT 

f 
'PHL~ I 

' 

SWITCHING CHARACTERISTICS 

TEST CIRCUIT 

Cs 

I 50pF 

":" (Note 1) 

il 
TEST 
POINT 

z 
TEST 
POINT 

CL 

I 15pF 
!Note 1) 

Note 1. Includes Probe and Jig Capacitance. 

WAVEFORMS 

I \ r- ~ lr'PLH _j ~'PHL tPHL ---1 

\ l- ' ~ lr'PLH 

I \ I 
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ALL DIODES 
1N916 OR 
EQUIVALENT 

---- 3.0V 

--1.5V 

ov 

3.0V 

1.5V 

ov 

VOH 

1.5Y 

VOL 

VoH 

1.5V 

VOL 



Am26S12·Am26S12A 
Quad Bus Transceiver 

Distinctive Characteristics 
• Quad high-speed bus transceivers 
• Driver outputs can sink 100mA at 0.7V typically 

• 100% reliability assurance testing in compliance with 
MI L-STD-883 

• Choice of receiver hysteresis characteristics 

FUNCTIONAL DESCRIPTION 

The Am26S12 • Am26S12A are high-speed quad Bus Transceivers con
sisting of four high-speed bus drivers with open-collector outputs 
capable of sin king 1 OOmA at 0. 7 volts and four high-speed bus receivers. 
Each driver output is brought out and also connected internally to the 
high-speed bus receiver. The receiver has an input hysteresis charac
teristic and a TTL output capable of driving ten TTL Loads. 
An active LOW, two-input AND gate controls the four drivers so that 
outputs of different device drivers can be connected together for party
line operation. The enable inputs can be conveniently driven by active 
LOW decoders such as the Am54S/74S139. 
The high-drive capability in the LOW state allows party-line operation 
with a line impedance as low _jS 1 oon. The line can be terminated at 
both ends, and still give con.;iderable noise margin at the receiver. The 

hysteresis characteristic of the Am26S12 receiver is chosen so that the 
receiver output switches to a HIGH logic level when the receiver input 
is at a HIGH logic level and moves to 1.4 volts typically, and switches 
to a LOW logic level when the receiver input is at a LOW logic level and 
moves to 2.0 volts typically. This hysteresis characteristic makes the 
receiver very insensitive to noise on the bus. 
The Am26S12A is functionally identical to the Am26S12 but has a 
different hysteresis characteristic so that the output switches with the 
input being typically at 1.2 volts or 2.25 volts. In both devices 
the threshold margin, the difference between the switching points, is 
greater than 0.4 volts. 

LOGIC DIAGRAM/SYMBOL 

7 9 2 5 11 14 

IQ ,, 13 

10 11 12 13 

Zo 

Am26S12 • Am26S12A Z1 
QUAD 

TRANSCEIVER " 10 

'3 13 

t· Bo ,, ., B3 

Bo 
., 

83 

12 15 

Vee= PIN 16 
Zo ,, 

" Z3 GND =Pin 8 

ORDERING INFORMATION CONNECTION DIAGRAM 

Am26S12 Am26S12A 
Top View 

Package Temperature Order Order 
Type Range Number Number 

Vee B3 13 Z3 ., 
'2 z, 

Molded DIP 0°C to +75°C AM26S12PC AM26S12APC 
Hermetic DIP 0°C to +75°C AM26S12DC AM26S12ADC 

Dice 0°C to +75°C AM26S12XC AM26S12AXC 
Hermetic DIP -55°C to +125°C AM26S12DM AM26512ADM 

Flat Pak ~55°C to +125°C AM26S12FM AM26S12AFM 
Dice -55° C to +125° C AM26S12XM AM26S12AXM 

l!ii 'o Zo Bi ,, z, GND 

Note: Pin 1 is marked for orientation. 
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Am26S12/12A 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16·to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for High Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

Output Current, Into Outputs (BUS) 200mA 

Output Current, Into Outputs (Receiver) 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am26S12XC·Am26S12AXC 

Am26S12XM-Am26S12AXM 

TA= 0°C to +75°C 

TA= -55°C to +125°C 

Parameters Description 

V CC= 5.0V ±5% (COM Range) 

V CC= 5.0V ±10% (Ml L Range) Note 1 

Test Conditions 

Ice Power Supply Current Vee =.MAX. 

Min. Typ.(Note 2) Max. Units 

46 1a mA 

r-------r-------------+--------··------------t- -- ··--+-·-··-----+-----+-----! 

1aa µA Vee= MAX. or av; 
VBus = 4.av; Driver in OFF State I Bus Bus Leakage Current 

Driver Characteristics 
coM·L loL = 1aamA a.7 a.8 Volts 

Vol Output LOW Voltage 
Vee= MIN. 

loL =6amA a.55 a.1 

(Note 1) 
V1N = V1H or V1L MIL Volts 

loL = 1aamA a.7 a.85 

V1H Input HIGH Voltage 2.a Volts 

VIL Input LOW Voltage a.8 Volts 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA -1.2 Volts 

11 
Input Current 

Vee= MAX., V1 = 5.5V 1.a mA 
at Maximum Input Voltage 

l1H 
Unit Load 

Vee= MAX., Vi= 2.4V 
Input HIGH Current 

1.a 4a µA 

l1L 
Unit Load 

Vee= MAX., Vi= a.4V 
Input LOW Current 

-0.4 -1.6 mA 

Receiver Characteristics 

VoH Output HIGH Voltage 
Vee= MIN., loH = -8aaµA 

2.4 Volts 
V1N = V1L (Receiver) 

VoL Output LOW Voltage 
Vee= MIN., loL = 2amA 

a.4 a.5 Volts 
V1N = V1 L (Receiver) 

Am26S12 1.8 2.a 2.2 

V1H Input HIGH Level Threshold E=H Volts 
Am26S12A 2.a5 2.25 2.45 

Am26S12 1.2 1.4 1.6 
V1L Input LOW Level Threshold E=H Volts 

Am26S12A 1.a 1.2 1.4 

VTM Input Threshold Margin E=H a.4 Volts 

•os Output Short Circuit Current Vee= MAX., VouT =a.av -2a -55 mA 

Notes: 1. For the Am26S12FM, Am26S12AFM the output current must be limited at 60mA or the maximum case temperature limited to 125°C for correct 

operation. 
2. Typical limits are at Vee= 5.0 V, 25° C ambient and maximum loading. 

Switching Characteristics (TA= 25°C, Vee= 5.0V) 

Parameters Description Conditions Min. Typ. Max. Units 

tPLH Turn Off Delay Input to Bus CLB = 15pF, RLB = 1aa.n 7 11 ns 

tPHL Turn On Delay Input to Bus CLB = 3aapF, RLB = 5a.n 14 21 ns 

tPLH Turn Off Delay Enable to Bus CLB = 15pF, RLB = 50.n 1a 15 ns 

tpHL Turn On Delay Enable to Bus CLB = 15pF, RLB = 5a.n 1a 15 ns 

tpLH Turn Off Delay Bus to Output CL=15pF 18 26 ns 

tPHI- Turn On Delay Bus to Output CL= 15pF 18 26 ns 
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SWITCHING CIRCUITS AND WAVEFORMS 

Frequency 5 MHz 

tr= tt = 2ns Measured Between 

1 V to 2 V Levels .. 

Figure 1. Bus Propagation Delays 

~-----"°""------3V 

"=i I'"' 
----1.5V 

z---

Figure 2. Receiver Propagation Delays 
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Am26S12/12A 

E 

L 
L 
H 

TRUTH TABLE 
Am26S 12/26812A 

Inputs Outputs 

ii 
L H 
H L 
x y 

H =HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Y = Voltage Level of Bus 

Table I 

z 
L 
H 
y j 

MSI INTERFACING RULES 

Interfacing 
Digital Family 

Advanced Micro Devices 9300/2500 Series 

FSC Series 9300 

Tl Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 

Table II 

Equivalent 
Input Unit Load 
HIGH LOW 

2 2 

12 

PERFORMANCE CURVES 

~ 

'.:; 
0 
> 
w 
(!) 
<( 

'.:; 
0 
> 
I-

ii' .... 
:J 
0 

0 
> 

Am26S12 Typical 
Receiver Input Characteristic 
3.6 

3.2 

2.8 

2.4 

2.0 

1.6 

1.2 

0.8 

0.4 
V1L V1H 

0 
1.2 t.4 1.6 1.8 2.0 2.2 2.4 

V1N-INPUT VOLTAGE-VOL TS 

Figure 3 

Am26S12A Typical 
Receiver Input Characteristic 

~ 3.2 

~ 2.B '-''-----'-_;_--'---i---l-~--·-• 

~ 2.4 '-''~--+-~~-l-+-·-
<( 
'.:J 2 .0 1-l'--<---+_;_~-L-+-~ ----· _J _ _LJ 

0 
> 1.6 '-''---'-'---'---~---~-I-I 
I-

ii 1.2 
.... 
5 0.8 
I 
0 0.4 
> 

1.2 1.4 1.6 1.8 2.0 2.2 

Vll'J-INPUTVOLTAGE -VOL TS 

Figure 4 

INPUT/OUTPUT CIRCUITRY 

+Vee +Vee BUS 

~--------- TO OTHER DRIVERS 
...,..~ ....... -

+Vee +Vee +Vee 

Figure 5 
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GND 

INPUTS 

'o 1, l2 13 

Zo 

z, RECEIVER 
Am26S12/26S12A Z2 OUTPUTS 

Z3 

+5V 

10on 

1oon PAATY·LINE OPERATION. 

Am26S12/26S12A APPLICATION 

ADDRESS 
STROBE 

1/2Am545/74S139 

GND GND 

INPUTS INPUTS 

10 11 '2 13 ,, i2 io 

Zo 

z, RECEIVER 
Am26S12/26S12A 

Z2 OUTPUTS Am26S12/26S12A 

Z3 

83 Bo ., 

Figure 6 

Metallization and Pad Layout 

•o 2 

Zo 3 

a, 4 

,,. 
z, 6 

80 Vee 83 
16 15 

7 8 9 

E GND E 

14 13 

13 Z3 

12 82 

1112 

10 Z2 

DIE SIZE: 0.071" x 0.072" 
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•2 83 

Am26S12/12A 

GND 

13 10 11 12 13 

Zo Zo 

z, RECEIVER z, RECEIVER 

Z2 OUTPUTS Am26S12/26S12A 
Z2 OUTPUTS 

Z3 Z3 

83 +5V 

10on 



Am54S/74S138 
3-Line to 8-Line Decoder/Demultiplexer 

Distinctive Characteristics 

• Advanced Schottky technology 

• Inverting and non-inverting enable inputs 

FUNCTIONAL DESCRIPTION 

The Am54S/74S138 is a 3-line to 8-line decoder/demulti
plexer fabricated using advanced Schottky technology. The 
decoder has three buffered select inputs A, B and C that 
are decoded to one of eight Y outputs. 

One active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. When the enable input 
function is in the disable state, all eight Y outputs are HIGH 
regardless of the A, B and C select inputs. 

ORDERING INFORMATION 

Package Temperature 
Type Range 

Molded DIP 0°C to +70°C 
Hermetic DIP 0°C to +70°C 

Dice 0°C to +70°C 
Hermetic DIP -55°C to +125°C 

Hermetic Flat Pak -55°C to +125°C 
Dice -55°C to +125°C 

CONNECTION DIAGRAM 
Top View 

A C G2A G:ZB G1 Y7 GND 

Note: Pin 1 is marked for orientation. 

Order 
Number 

SN74S138N 
SN74S138J 
SN74S138X 
SN54S138J 
SN54S138W 
SN54S138X 
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• Useful in memory decoders and high-speed data trans
mission 

• 100% reliability assurance testing in compliance with 
Ml L-STD-883 

LOGIC DIAGRAM 

A 

LOGIC SYMBOL 

A 

Gl 

G2A Am54S/74S138 

G2B 

Yo Y1 Y2 v 3 Y4 Y5 Y5 Y7 

15 14 13 12 11 10 9 

Vee ~Pin 16 
GND= Pin 8 



Am54S/74S138 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am74S13B 

Am54S13B 

Parameters 

VoH 

Vol 

V1H 

VIL 

V1 

l1L 
(Note 3) 

l1H 
(Note 3) 

•1 

•sc 

•cc 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 4) 

Power Supply Current 

Vee= 5.0V ±5% (eOM'L) 

Vee= 5.0V ±10% (MIL) 

MIN.= 4.75V 

MIN. =4.5V 

Test Conditions (Note 1 l 

Vee= MIN .• IOH = -1mA l MIL 

V1N = V1H or VIL l COM'L 

Vee= MIN .• loL = 20mA 

V1N = V1H or V1L 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN •• l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

Vee= MAX., VouT = o.ov 

Vee= MAX. (Note 5) 

MAX.= 5.25V 

MAX.= 5.5V 

Min. 

2.5 

2.7 

2.0 

-40 

Typ. 
(Note 2) 

3.4 

3.4 

49 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-2 mA 

50 µA 

1.0 mA 

-100 mA 

74 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 

2. Typical limits are at Vee= 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents= Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Outputs enabled and open. 

Switching Characteristics (TA = +25° C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH Two Level Delay 4.5 7 
ns 

tPHL Select to Output 7 10.5 

tPLH Three Level Delay 7.5 12 
ns 

tPHL Select to Output 
Vee= 5V, CL= 15pF, RL = 280f! 

8 12 

tPLH G2Aor G2B 5 8 
ns 

tPHL to Output 7 11 

tPLH 7 11 
G1 to Output ns 

tPHL 7 11 
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Am54S/74S138 

Inputs 

Enable 

G1 G2A 

L x 
x H 

x x 
H L 

H L 

H L 

H L 

H ·L 

H L 

H L 

H L 

H =HIGH 
L =LOW 

G2B 

x 
x 
H 

L 

L 

L 

L 

L 

L 

L 

L 

X = Don't care 

FUNCTION TABLE 

Outputs 
Select 

C B A Yo Y1 Y2 Y3 Y4 Y5 

x x x H H H H H H 

x x x H H H H H H 

xx x H H H H H H 

L L L L H H H H H 

L L H H L H H H H 

L H L H H L H H H 

L H H H H H L H H 

H L L H H H H L H 

H L H H H H H H L 

H H L H H H H H H 

H H H H H H H H H 

DEFINITION OF FUNCTIONAL TERMS: 

Y5 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

A, B, C Select. The three select inputs to the decoder. 

Y7 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

Gl The active-HIGH enable input. A LOW on the G1 in
put forces all Y outputs HIGH regardless of any other 
inputs. 

G2A, G2B The active-LOW enable input. A HIGH on 
either the G2A or G2B input forces all Y outputs HIGH 
regardless of any other inputs. 

Yo, Y1, Y2, Y3, Y4, Y5, Y5, Y7 The eight decoder outputs. 
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LOADING RULES (In Unit Loads) 

Fan-out 
Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 
A 1 

B 2 

c 3 

G2A 4 

G2B 5 

G1 6 

Y7 7 20 10 

GND 8 

Y5 9 20 10 

Y5 10 20 10 

Y4 11 20 10 

Y3 12 20 10 

Y2 13 20 10 

Y, 14 20 10 

Yo 15 20 10 

Vee 16 

A Schottky TTL Unit Load is defined as 50µA measured at 2. 7V HIGH 
and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT 

Note: Actual current flow direction shown. 



Am54S/74S138 

APPLICATION 

Y7 15 

So A 

14 

S1 
Y5 13 

s, Y4 12 
SELECT 

G2A Y3 11 

G2B 
Y2 10 

Y1 
G1 

Yo 

DECODE 
DATA OUTPUT 

Y7 
A 

Y5 

Y5 

Y4 

G2B Y3 

DATA G2A 
Y7 

Y1 
G1 

Yo 

H =HIGH 

ONE-OF-SIXTEEN DEMULTIPLEXER 

Metallization and Pad Layout 

Vee 

1 15 Yo 

B 2 14 Y1 

13 Y2 

c 3 

G2A 4 

G2B 
12 Y3 

G1 

11 Y4 

Y7 7 10 Y5 

GND 8 Y5 

DIE SIZE 0.065" X 0.070" 
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Am54S/74S139 · Am93S21 
Dual 2-Line to 4-Line Decoder/Demultiplexer 

Distinctive Characteristics 

• Advanced Schottky technology 
• 7.5ns typical propagation delay 

FUNCTIONAL DESCRIPTION 

The Am54S/74S139 and Am93S21 are dual 2-line to 4-line 
decoder/demultiplexer units fabricated using advanced 
Schottky technology. Each decoder has two buffered 
select inputs A and B which are decoded to one of four 
Y outputs. 

An active LOW enable can be used for gating or can be used 
as a data input for demultiplexing applications. When the 
enable is HIGH, all four Y outputs are HIGH, regardless 
of the A and B inputs. 

• Two independent decoders/demultiplexers 

• 100% reliability assurance testing in compliance with 
MI L-STD-883. 

1G 

1A 

18 

LOGIC SYMBOL 

15 

14 

13 
1YO 1Y1 1Y2 1Y3 

Vee= Pin 16 

GND =Pin 8 

2G 

2A 

2B 
2YO 2Y1 2Y2 2Y3 

12 11 10 9 

LOGIC DIAGRAM 
(One Decoder Shown) 

ORDERING INFORMATION 

Am54S/ 
74S139 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C SN74S139N 
Hermetic DIP 0°C to +70°C SN74S139J 

Dice 0°C to +70°C SN74S139X 
Hermetic DIP -55° C to +125° C SN54S139J 

Hermetic Flat Pak -55°C to +125°C SN54S139W 
Dice -55° C to +125° C SN54S139X 

Am93S21 
Order 

Number 

93S21PC 
93S21 DC 
93S21 XC 
93S21 DM 
93S21 FM 
93S21XM 
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CONNECTION DIAGRAM 
Top View 

Vee 2G 2A 28 2YO 2Y1 2Y2 2Y3 

1G 1A 18 1Y0 1Y1 1Y2 1Y3 GND 

Note: Pin 1 is marked for orientation. 



Am54S/74S139 

MAXIMUM RATINGS(Above which the useful life may be impaired) 

Storage Temperatur_e _________________________________________ -_6_5_0_C_t_o_+_1_5_0_0 _C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 V to +7 V 

DC Voltage Applied to Outputs for HIGH Output State -5.0V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30 mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am74S139, Am93S21 XC 

Am54S139, Am93S21 XM 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Parameters Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Vee= 5.0V ±5% (COM'L) 

Vee= 5.0V ± 10% (Ml LI 

MIN.=4.75V 

MIN.= 4.SV 

Typ. 

MAX.= 5.25V 

MAX.= 5.5V 

Test Conditions (Note 1) Min. (Note 2) Max. 

Vee= MIN., IOH = -1 mA 1 MIL 2.5 3.4 
V1N = V1 H or VIL 11---C-O_M_'_L_+---2-.-7----<--3-.4--+-----

Vee= MIN., loL = 20mA 

VIN= V1H or VIL 
Guaranteed input logical HIGH 
voltage for all inputs 

0.5 

2 

Guaranteed input logical LOW 
Vi L Input LOW Level voltage for all inputs 0.8 

Units 

Volts 

Volts 

Volts 

Volts 
1-------+-------------+---··-··-·-·------·----··-·-·-·----+-----l-------+-·-----+------i 

Vi Input Clamp Voltage Vee= MIN., l1N = - 18mA -1.2 Volts 

l1L Unit Load 
(Note 31 Input LOW Current Vee= MAX., V1N = 0.5 v -2 mA 

I 1 H Unit Load 
(Note 3) Input HIGH Current Vee= MAX., V1N = 2.7 v 50 µA 

11 Input HIGH Current Vee= MAX., V1N = 5.5 v 1.0 mA 

Output Short Circuit Current 
1sc (Note 4) Vee= MAX., VouT = 0.0 v -40 -100 mA 

Ice Power Supply Current Vee= MAX. (Note 5) 60 90 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents"" Unit Load Current X tnput Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Ice is measured with all outputs enabled and open. 

Switching Characteristics (TA= +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH 
5 7.5 

Select to Output, 2 Levels of Delay ns 
tPHL 6.5 10 

tPLH 7 12 
Select to Output, 3 Levels of Delay Vee= 5.0V, RL = 280!1, CL= 15pF ns 

tPHL 8 12 

tPLH 5 8 
Enable to Output, 2 Levels of Delay ns 

tPHL 6.5 10 
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Am54S/74S139 

FUNCTION TABLE 

INPUTS 

ENABLE 
G 

H 

L 

L 

L 

L 

H= HIGH 
L= LOW 
X = Don't Care 

SELECT 
B 

x 
L 

L 

H 

H 

A 

x 
L 

H 

L 

H 

OUTPUTS 

Yo Y1 Y2 

H H H 

L H H 

H L H 

H H L 

H H H 

DEFINITION OF FUNCTIONAL TERMS 

A, B Select. The two select inputs to the decoder. 

Y3 

H 

H 

H 

H 

L 

G Enable. The enable input to the decoder. A HIGH input 
forces all four Y outputs HIGH regardless of the A and 
B inputs. 

Yo. Y1, Y2. Y3 The four decoder outputs. 

LOADING RULES (In Unit Loads) 

Fan-out 
Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

1G 1 1 

1A 2 

18 3 

1YO 4 20 10 

1Y1 5 20 10 

1Y2 6 20 10 

1Y3 20 10 

GND 8 

2Y3 9 20 10 

2Y2 10 20 10 

2Y1 11 20 10 

2YO 12 20 10 

28 13 

2A 14 

2G 15 

Vee 16 

A Schottky TTL Unit Load is defined as 50µA measured at 2.7V 
HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

''" 

Note: Actual current flow direction shown. 
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ENABLE ---9 1G1 

.-11A s 

Ao 

A1 

A2 

A3-

A4 --.J 

APPLICATIONS 

32-1 nput Multiplexer 

INPUTS 

0 ••••••••••••••••••••••••• 7 8 •...•.•.••........•...... 15 16························· 23 

~ 1Y2 

~ 1Y1 IO---+-+-+-+--+-+-+-+----, 
1vop-

s DoD1D2D3 04 D5 06 D7 s Do D1 D2 D3 0 4 D5 D5 D7 s o0 o1 o2 03 D4 D5 [)6 07 
,_-A ,_-A 
,-- B Am54Si74S251 

,-- B Am54S/74S251 
8-INPUT MULTIPLEXER 8 INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 

1 l 1 

MULTIPLEXER OUTPUT 

DATA INPUT 

BIT-2 

l 
1G 2G 

~------11A ~-----j2A 

r-18 r---128 

1YO 1Y1 1Y2 1Y3 2YO 2Y1 2Y2 2Y3 

ADDRESS { :------+-----j---j--j---j------~ 

WORD 
1 

WORD 
2 

WORD 
3 

Data routing using one Am54S/74S139 as a demultiplexer for two bits. 

Metallization and Pad Layout 

Vee 
1G 1 15 2G 
1A 2 14 2A 

18 3 13 28 

1YO 4 12 2YO 

1Y1 5 11 2Y1 
1Y2 6 10 2Y2 

1Y3 7 g 2Y3 

GND 

DIE SIZE 0.073" X 0.060" 
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Am54S/74S139 

24 ·························31 

s Do D1 D2 D3 D4 D5 05 D7 
,--1A 

..---IB 

WORD 
4 

Am54S/74S251 
8-INPUT MULTIPLEXER 

1 



Am54Sn4S151•Am54S/74S251 
Eight-Input Multiplexers 

Distinctive Characteristics 
• Advanced Schottky technology 

• Switches one of eight inputs to two complementary 

outputs 

FUNCTIONAL DESCRIPTION 

The Am54S/74S151 and the Am54S/74S251 are eight

input multiplexers that switch one of eight inputs onto the 

inverting and non-inverting outputs under the control of a 

three-bit select code. The inverting output is one gate delay 

faster than the non-inverting output. 

The Am54S/74S151 provides an active-LOW strobe. When 

the strobe is HIGH, the inverting output (W) is HIGH and 

the non-inverting output (Y) is LOW. 

The Am54S/74S251 features a three-state output for data 

bus organization. The active-LOW strobe, or "output con

trol" applies to both the inverting and non-inverting output. 

When the output control is HIGH, the outputs are in the 

high-impedance state. When the output control is LOW, 

the active pull-up output is enabled. 

ORDERING INFORMATION 

Am545/ 
745151 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C 5N745151 N 

Hermetic DIP 0°C to +70°C 5N745151 J 

Dice 0°C to +70°C 5N745151 X 

Hermetic DIP -55°C to +125°C 5N545151J 

Hermetic Flat Pak -55°C to +125°C 5N545151W 

Dice -55°C to +125°C 5N545151 X 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

Am545/ 
745251 
Order 

Number 

5N745251 N 
5N745251 J 
5N745251 X 
5N545251J 
5N545251W 
5N545251 X 
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• Three-state output on Am54S/74S251 for bus organ
ized systems 

• 100% reliability assurance testing in compliance with 
MI L-STD-883 

LOGIC DIAGRAM 

Am54S/74S251 ONLY 

k 
oa~~~~~~~,---~rt-ti"""'\)-----, 

t::t. o, ~~-t--~~+--+-,-+-1-1i"""'\)----, 

o,~~+-~-+-t-+-Hi-=1:::i.=t"-\. 
U..-t:t=lt=:t=t-'}---' 

10 

11 A 

LOGIC SYMBOL 

15 14 13 12 

Am54S/74S151 
Am54S/74S251 

w 

Vee= Pin 16 
GND""'Pin8 

w 



Am54S/74S151 /251 
MAXIMUM RATINGS (Above which the useful life may be impaired). 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to+ Vee max. 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, Into Output 30mA 
DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am74S151, Am74S251 TA= 0°C to +70°C 

Am54S151, Am54S251 TA= -55°C to +125°C 

Parameters Description 

VoH Output HIGH Voltage 
545151 

74S151 

54S251 

74S251 

Vol Output LOW Voltage 

V1H Input HIGH Level 

V1L Input LOW Level 

V1 Input Clamp Voltage 

l1L Unit Load 
(Note 3) Input LOW Current 

l1H Unit Load 
(Note 3) Input HIGH Current 

11 Input HIGH Current 

lo(offl Off-State (High-Impedance) 
Output Current (S251 only) 

•sc 
Output Short Circuit Current 
(Note 4) 

•cc Power Supply Current 

Vee= 5.0V ±5% (eOM'L) 
Vee= 5.0V ±10% (MIL) 

Test Conditions (Note 1) 

Vee= MIN., 
loH =-tmA 

V1N = V1H or VIL loH = -2mA 

loH = -6.5mA 

Vee= MIN., loL = 20mA 

V1N = V1H or V1L 
Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX:, V1N = 0.5 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

Vee= MAX. Vo= 2.4V 

V1N = V1H or V1L Vo =0.5V 

Vee= MAX., VouT = o.ov 
Vee= MAX. S151 

(Note 5) S251 

MIN.= 4.75V MAX.= 5.25V 
MIN.= 4.5V Typ. MAX.= 5.5V 

Min. (Note 2) Max. Units 

2.5 3.4 

2.7 3.4 

2.4 3.4 
Volts 

2.4 3.2 

0.5 Volts 

2 Volts 

0.8 Volts 

-1.2 Volts 

-2 mA 

50 µA 

1 mA 

50 
µA 

-50 

-40 -100 mA 

45 70 mA 
55 85 

Notes: 1. For conditions shown as MIN: or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at V CC = 5.0V, 25° C ambient and maximum loading. 
3. Actual input currents= Un it Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Ice is measured with all outputs open and all inputs at 4.5V. 

Switching Characteristics (TA= +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH A, B, or C to Y; 4 Levels 12 18 
of Delay (S151 only) ns 

IPHL 12 18 

tPLH A, B, or C to Y; 4 Levels 12 18 
ns 

IPHL of Delay (S251 only) 13 19.5 

tPLH A, B, or C to W; 3 Levels 10 15 
ns 

tPHL of Delay Vee= 5.0V, RL = 280n, CL= 15 pF 9 13.5 

tPLH 8 12 
Any D to Y ns 

'PHL B 12 

tPLH 4.5 7 
Any D to W ns 

tPHL 4.5 7 

tPLH 11 16.5 
Strobe to Y (S151 only) ns 

tPHL 12 18 

tPLH 9 13 
Strobe to W (S151 only) ns 

tPHL 8.5 12 

tzH Output Enable to Y 13 19.5 
ns 

tzL (S251 only) 14 21 

tzH Output Enable to W 
Vee= 5.0V, RL = 280n, CL= 15pF 13 19.5 

ns 
tzL (S251 only) 14 21 

tHz Output Enable to Y 5.5 8.5 
ns 

tLz (S251 only) 9 14 

!Hz Output Enable to W 
Vee= 5.0V, RL = 280n, CL= 5 pF 

5.5 8.5 
ns 

tLz (S251 only) 9 14 
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Am54S/74S151/251 

FUNCTION TABLE 

INPUTS OUTPUTS 

S251 

S151 Output 
SELECT Strobe Control S151 Output S251 Output 

c B 

x x 
L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

H =HIGH 
L =LOW 

A s s 
x H H 

L L L 

H L L 

L L L 

H L L 

L L L 

H L L 

L L L 

H L L 

X = Don't Care 
Z =High Impedance 

y w y w 

L H z z 
Do 

-
Do Do Do 

D1 i51 D1 i51 

D2 i52 D2 D2 

D3 03 D3 03 
- -

D4 D4 D4 D4 

D5 05 D5 
-
D5 

D5 05 D5 05 
- -

DJ D1 D1 DJ 

Do-D7 =The output will follow the HIGH-level or LOW-level of 
the selected input. 

Bo-i57 =The output will follow the complement of the HIGH
level or LOW-level of the selected input. 

DEFINITION OF FUNCTIONAL TERMS 

A, B, C The three select inputs of the multiplexer. 

Do. D1, D2. D3. 
D4, D5, D5, D1 The eight data inputs of the multiplexer. 

Y The true multiplexer output. 

W The complement multiplexer output. 

S Strobe. On the Am54S/74S151, a HIGH on the strobe 

forces the Y output LOW and the W output HIGH. 

S Output Control. On the Am54S/74S251, a HIGH on the 

output control (or strobe) forces both the Wand Y outputs to 

the high-impedance (off) state. 

LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

D3 

Dz 2 

D1 3 

Do 4 

y 5 20 10 

w 6 20 10 

s 
GND 8 

c 9 

B 10 

A 11 

D1 12 

D5 13 

D5 14 

D4 15 

Vee 16 

A Schottky TTL Unit Load is defined as 50µA measured at 

2.7V HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown. 

4-75 



r--
E:NABLE ---C 1G1 

Ao -H----.-1 
Ai -t-1----<>-+--1 
A,-H--<H-+-1 
A3-

A4 

D3 

D2 

D1 3 
Do 4 
y 5 
w 6 

GND 8 

APPLICATIONS 

LOGIC FUNCTION GENERATION 

o-----r--+-------, 

.--r--r--r--..-------- Vee 

w 

r 
z ~ ABco + ABCD + ACo +AB + AcO + scO 

32-INPUT MULTIPLEXER 

INPUTS 

0 ••••••••••••••••••··•·••· 7 s ....................... , 15 16 ....................... 23 

Ar,,54S.74S251 
8 INPlJT MULTIPLEXER 

MULTIPLEXER OUTPUT MULTIPLELR OUTPUT 

Metallization and Pad Layout 

Arn54S/74S151 Am54S/74S251 

Vee Vee 
16 

15 D4 D3 
16 

14 D5 D2 

13 D5 D1 3 
D7 Do 4 

11 A y 5 -
w 6 

10 B s 7 
c 

GND 

DIE SIZE: 0.064" X0.067" 
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Am54S/74S151/251 

24 ....................... 31 

S Do Di D2 D3 04 D5 05 07 

,----- A 

r- B 8·1NPUT MULTIPLEXER 

•' 

15 D4 

14 D5 

13 D6 
12 D7 
11 A 

10 B 



Am54S/74S153 • Am54S/74S253 
Dual 4-Line To 1-Line Data Selectors/Multiplexers 

Distinctive Characteristics 

• Permits multiplexing from N lines to 1 line. 

• Performs parallel-to-serial conversion. 

FUNCTIONAL DESCRIPTION 

These dual four-input multiplexers provide the digital equiv
alent of a two-pole, four position switch with the position 
of both switches set by the logic levels supplied to the 
select inputs A and B. Each section of the Am54S/74S153 
has a separate active-LOW enable (strobe) input that forces 
the output of that section LOW when a HIGH level is ap

plied regardless of the other inputs. 
The Am54S/74S253 features a three-state output to inter
face with bus-organized systems. Each section of the 
Am54S/74S253 has a separate active-LOW output control 
that disables the output driver (high-impedance state) of 
that section when a HIGH logic level is applied regardless 
of the other inputs. 

• Am54S/74S253 provides three-state outputs for data 
bus organization. 

• 100% reliability assurance testing in compliance with 
Ml L-STD-883. 

14 

15 

LOGIC SYMBOL 

10 11 12 13 

1C1 1C2 1C3 2CO 2C1 2C2 2C3 

DATA 1 DATA 2 

Am54S/74S153 
Am54S/745253 

OUTPUT OUTPUT 
1Y 2Y 

Vee= Pin 16 
GND= Pin 8 

LOGIC DIAGRAM 

2G 2C3 2C2 

L_B5~Y-

2C1 

OUTPUT 
2Y 

ORDERING INFORMATION 

Am54S/ 
74S153 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C SN74S153N 
Hermetic DIP 0°C to +70°C SN74S153J 

Dice 0°C to +70°C SN74S153X 
Hermetic DIP -55°C to +125°C SN54S153J 

Hermetic Flat Pak -55°C to +125°C SN54S153W 
Dice -55°C to +125°C SN54S153X 

2CO A 1C3 

G = Strobe on Am54S/74S 1 53 
G =Output Enable on Am54S/74S253 

Am54S/ 
74S253 
Order 

Number 

SN74S253N 
SN74S253J 
SN74S253X 
SN54S253J 
SN54S253W 
SN54S253X 

4.77 

1C2 

OUTPUT 
1Y 

1C1 1CO 

CONNECTION DIAGRAM 
Top View 

V CC 2G A 2C3 2C2 2C1 2CO 2Y 

1G B 1C3 1C2 1C1 1CO 1Y GNO 

Note: Pin 1 is marked for orientation. 

1G 



Am54S/74S153/S253 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am74S153. Am74S253 

Am54S153. Am54S253 

TA= 0°C to +70°C 

TA= -55°Cto+125°C 

Parameters Description 

54S153 

VoH Output HIGH Voltage 
74S153 

54S253 

74S253 

Vol Output LOW Voltage 

V1H Input HIGH Level 

V1L Input LOW Level 

V1 Input Clamp Voltage 

l1L Unit Load 
(Note 3) Input LOW Current 

l1H Unit Load 
(Note 3) Input HIGH Current 

•1 Input HIGH Current 

Off-State (HIGH Impedance) 

•o Output Current 
Am54S/74S253 Only 

lsc 
Output Short Circuit Current 

(Note 4) 

•cc Power Supply Current 

Vee= 5.0V ±5% (eOM"L) MIN.= 4.75V 

Vee= 5.0V ± 10% (MIL) MIN.= 4.5V 

Test Conditions (Note 1) Min. 

Vee= MIN., 
loH=-1mA 

2.5 

2.7 

VIN= V1H or V1L loH = -2mA 2.4 

loH =-6.5mA 2.4 

Vee= MIN., loL = 20mA 

V1N = V1H or V1L 
Guaranteed input logical HIGH 2 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX., V1N =0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

Vo= 2.4V 
Vee= MAX. 

Vo =0.5V 

Vee= MAX., VouT = o.ov -40 

Vee= MAX. [ S153 

(Note 5) J S253 

MAX.= 5.25V 

MAX.= 5.5V 

Typ.(Note 2) 

3.4 

3.4 

3.4 

3.2 

45 

55 

Max. 

0.5 

0.8 

-1.2 

-2 

50 

1 

50 

-50 

-100 

70 

85 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load Current x Input Load Factor {See Loading Rules}. 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice is measured with all out.puts open and all inputs grounded. 

Switching Characteristics (TA= +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH 6 9 
Data to Output ns 

tPHL 6 9 

tPLH 11.5 18 
Select to Output Vee= 5.0V, RL = 280!1, CL= 15pF ns 

tPHL 12 18 

tPLH S153 10 15 
Strobe to Output ns 

tPHL S153 9 13.5 

tzH S253 
Vee= 5.0V, RL = 280!1, CL= 15pF 

13 19.5 
Output Control to Output ns 

tzL S253 14 21 

tHz S253 5.5 8.5 
Output Control to Output Vee= 5.0 v. RL = 280!1, CL= 5pF ns 

tLz S253 9 14 
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Am54S/74S153/S253 

FUNCTION TABLE 

INPUTS OUTPUTS 

Select 

B A 

x x 
L L 
L L 
L H 

L H 

H L 
H L 
H H 

H H 

H =HIGH 
L =LOW 

Co 

x 
L 
H 

x 
x 
x 
x 
x 
x 

Data 

c, C2 

x x 
x x 
x x 
L x 
H x 
x L 
x H 

x x 
x x 

S153 S253 S153 
Strobe Output Output 

Control 

C3 G G y 

x H H L 
x L L L 
x L L H 

x L L L 
x L L H 

x L L L 
x L L H 

L L L L 
H L L H 

X = Don't Care 
Z =High Impedance 

Note: A & B are common to both 4 input multiplexers. 

DEFINITION OF FUNCTIONAL TERMS: 

S253 
Output 

y 

z 
L 
H 

L 
H 

L 
H 

L 

H 

1Cj, 2Cj Data Inputs. The four data inputs to each multi
plexer; i = 0, 1, 2, and 3. 

1Y, 2Y Multiplexer Outputs. The output of each four-input 
multiplexer. 

A, B Select Inputs. The inputs used to determine which of 
the four data inputs are selected for the output. 

G' (Am54S/74S153) Strobe. An active-LOW strobe used to 
enable the output. A HIGH level input forces the output LOW 
regardless of the other inputs. 

G (Am54S/74S253) Output Control. An active-LOW three
state control used to enable the output. A HIGH level input 
forces the output to the high-impedance (off) state. 
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LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 
1G 

B 2 

1C3 3 

1C2 4 

1C1 5 

1CO 6 

1Y 7 20• 10 

GND 8 

2Y 9 20• 10' 

2CO 10 

2C1 11 

2C2 12 

2C3 13 

A 14 

2G 15 

Vee 16 

A Schottky TTL Unit Load is defined at 50µA measured at 2. 7V 
HIGH and -2.0 mA measured at 0.5V LOW. 

• 20 for the Am54S/74S153 
40 for the Am54S253 

1 30 for the Am 7 4S25 3 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Note: Actual current flow direction shown 



WORD A 

1_3 L2 L1 lo 11 12 13 _s, 
- SQ FOUA~~~S~~~FTER 
-qe 

Yo Yt Y2 Y3 

APPLICATIONS 

WORDB WORDC 

l 

1 l 1 
1CO 1C1 1C2 1C3 2CO 2C1 2C2 2C3 

~1G 

.--+----IA 
.--t---- B 

t----<i 2G 

Am54Si74S253 

1Y 2Y 

Am54S/74S153/S253 

WORDD WORDE 

J 

1CO 1C1 1C2 1C3 2CO 2C1 2C2 2C3 

~1G 

.--1----t A 

rt--• 
t----<i 2G 

Am54S/74S253 

1Y 2Y 

A---+---+---+---+---+-+-+-----+-------+-----' 

DATA 
BUS 

·---+---+---+---+-----+-+-----+-------+------' 
G---+---+---+---+-------+-----+-------+-------' 

lG 

8 
1C3 3 
1C2 4 
1C1 5 
lCO 6 

lY 

Am54S/74S253 Dual 4-lnput Multiplexer in a Bus-Organized System 

Am54S/74S153 

15 

14 
13 
12 
11 
10 

8 
9 

GND 

DIE SIZE: 0.059" X 0.062" 

Metallization and Pad Layout 

2G lG 

A 

2C3 1C3 
2C2 1C2 
2C1 1C1 
2CO lCO 

2Y 
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4 
5 
6 

Am54S/74S253 

8 
GND 

DIE SIZE: 0.059" X 0.062" 

15 2G 

14 A 

13 2C3 
12 2C2 
11 2C1 
10 2CO 

9 2Y 



Am54S/7 45157 • Am54S/74S158 • Am93S22 
Quadruple 2-Line To 1-Line Data Selectors/ Multiplexers 

Distinctive Characteristics 
• Schottky clamp provides improved A-C performance. 

• Selects four of eight data inputs with single select 
line and over-riding strobe. 

FUNCTIONAL DESCRIPTION 

These data selectors/multiplexers are used to select a 4-bit 
word from one of two sources. The four outputs at the 
Am54S/74S157 • Am93S22 present true data with respect 
to the input data. The four outputs of the Am54S/74S158 
present inverted data with respect to the inputs and also 
minimize propagation delay. A common active-HIGH strobe 
{active-LOW enable) is provided on all devices. 

A single select line, S, is used to select one of the two 
multiplexer input words. When the select is LOW, the A 

input word is present at the output. When the select is 
HIGH, the B input word is present at the output. 

• Inverting or non-inverting data output configurations. 

• 100% reliability assurance testing in compliance with 
MIL-STD-883 
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LOGIC SYMBOLS 

2 3 5 6 11 10 14 13 

1A 10 2A 20 3A 3B 4A 48 

lY 

Am54S/74S157 
Am93S22 

2Y 3Y 4Y 

Vee= Pin 16 

GNO=Pin8 

12 

15 

2 3 5 6 11 10 14 13 

1A 18 2A 28 3A 38 4A 48 

G 

lY 

Am54S/745158 

2Y 3Y 

Vee~ Pin 16 

GND=Pin8 

4Y 

12 

LOGIC DIAGRAMS 
Am54S/74S157 • Am93S22 

lA {2) 

18 131 

2A IS) 

3A (11) 

38 {10} 

4A (14) 

48 (13) 

STROBE G '-'ll;,Sl __ _..,-0,-""\ 

ORDERING INFORMATION 

Part Package Temperature 
Number Type Range 

Molded DIP 0°C to +70°C 
Hermetic DIP 0°C to +70°C 

Am545/ Dice 0°C to +70°C 

745157 Hermetic DIP -55°C to +125°C 
Hermetic Flat Pak -55°C to +125°C 

Dice -55°C to +125°C 

Molded DIP 0°C to +70°C 
Hermetic DIP 0°C to +70°C 

Am545/ Dice 0°C to +70°C 
745158 Hermetic DIP -55°C to +125°C 

Hermetic Flat Pak -55°C to +125°C 
Dice -55°C to +125°C 

Molded DIP 0°Cto +70°C 
Hermetic DIP 0°C to +70°C 

Am93522 Dice 0°C to +70°C 
Hermetic DIP -55°C to +125°C 

Hermetic Flat Pak -55°C to +125°C 
Dice -55°C to +125°C 

Order 
Number 

SN74S157N 
5N745157J 
5N74S157X 
5N545157J 
5N545157W 
5N54S157X 

5N745158N 
5N74S158J 
'SN745158X 
5N54S158J 
5N54S158W 
5N545158X 

93522PC 
93S22DC 
93522XC 
93S22DM 
93S22FM 
93S22XM 
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Am54S/74S158 

lA (2) 

2A (S) 

28 {G) 

3A (l1) 

38 (1D) 

4A (14) 

48 (13) 

STROBE G cc(l"-'S) __ -+-OI"'\ 

lA 

18 

2A 

2Y 

GNO 

CONNECTIONS DIAGRAMS 
Top Views 

Note: Pin 1 is marked for orientation. 



MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage T em peratu re 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

Am54S/74S157/158 

-65° C to +150°C 

-55°C to +125°C 

-0.5V to +7V 

-0.5 V to +Vee max. 

-0.5 V to +5.5 V 

30mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am74S157, Am74S158, Am93S22XC 

Am54S157, Am54S 158, Am93S22XM 

Parameters Description 

VoH Output HIGH Voltage 

Vol Output LOW Voltage 

V1H Input HIGH Level 

V1L Input LOW Level 

V1 Input Clamp Voltage 

l1L 
Input LOW Current 

(Note 3) 

l1H 
(Note3) 

Input HIGH Current 

11 Input HIGH Current 

TA= 0°c to +70°C Vee= 5.0V ±5% (COM'L) 
TA= -55°C to +125°C Vee= 5.0V ±10% (MIU 

Test Conditions (Note 1l 

Vee= MIN .. loH = -1 mA l MIL 

VIN= V1H or V1L COM'L 

Vee= MIN .. loL = 20mA 

VIN= V1H or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN., l1N = -18mA 

5 or G 
1--------1 Vee= MAX., V1N =0.5V 

A or B 

5 or G 

~ Vee= MAX .. V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

15c 
Output Short Circuit Current 

Vee= MAX., VouT = O.OV (Note 41 

Vee= MAX. l 5157 
•cc Power Supply Current 

(Note 51 5158 

MIN.=4.75V MAX.=5.25V 

MIN.=4.5V MAX.=5.5V 

Min. Typ.(Note 2) Max. 

2.5 3.4 

2.7 3.4 

0.5 

2 

0.8 

-1.2 

-4 

-2 

100 

50 

1 

-40 -100 

50 78 

39 61 

Notes: 1. For .cond.iti~ns shown as Ml N. or MA0X., use _the appropri~te value s~ecified under Electrical Characteristics for the applicable device type. 
2. Typical l1m1ts are at Vee"" 5.0V, 25 C ambient and maximum loading. 
3. Actual input currents== Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Ice is measured with all outputs open and 4.5 V applied to all inputs. 

Switching Characteristics (TA = +25°C) 

Parameters Description Test Conditions Min. Typ. Max. 
5157 5 7.5 

tPLH Data to Output 
5158 4 6 
5157 4.5 6.5 

tPHL Data to Output 
5158 4 6 
5157 8.5 12.5 

tPLH Strobe to Output 
5158 

i--· 
6.5 11.5 

5157 
Vee= 5.0V, CL= 15pF, RL = 280l1 

7.5 12 
tPHL Strobe to Output 

5158 7 12 
5157 9.5 15 

tPLH Select to Output 
5158 8 12 
5157 9.5 15 

tPHL Select to Output 
5158 8 12 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 



Am54S/74S157 /158 

FUNCTION TABLE 
INPUTS OUTPUTS 

Strobe 
G 
H 

L 

L 

L 

L 

H =HIGH 
L =LOW 

Select 
s 
x 
L 

L 

H 

H 

X"" Don't Care 

Data Data S157 
A B y 

x x L 

L x L 

H x H 

x L L 

x H H 

DEFINITION OF FUNCTIONAL TERMS 

S158 
y 

H 

H 

L 

H 

L 

1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 

1B, 2B, 3B, 4B The data inputs for the 4-bits of the B word. 

1Y, 2Y 3Y, 4Y The four outputs of the multiplexer. 

G Strobe When the strobe is HIGH, the four outputs of the 

Am54S/74S157 (Am93S22) are LOW and the outputs of the 

Am54S/74S158 are HIGH. When the strobe is LOW, the 

devices are enable to pass data. 

S Select When the select input is LOW, the A word is present 

at the output. When the select input is HIGH, the B word is 

present at the output. 
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LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

s 2 

1A 2 

1B 3 

1Y 4 20 10 

2A 5 
------

2B 6 
--------··---

2Y 7 20 10 

GND 8 

3Y 9 20 10 

3B 10 

3A 11 

4Y 12 20 10 

4B 13 
·---·--

4A 14 

G 15 2 
--------~-

Vee 16 

A Schottky TTL Unit Load is defined as 50µA measured at 

2.7V HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT 

Note: Actual current flow direction shown. 



STROBE ---+--------~ 

APPLICATION 

2 3 4 5 6 7 

MULTIPLEXER 1 j MULTIPLEXER 2 

o s 1 9 I o a 1 9 

I 

G 1A 18 2A 28 3A 38 4A 48 

Am54S/74S157 
Am93S22 

QUAD 2-INPUT 
MULTIPLEXER 

2Y 3Y 4Y 

STROBE----j--------, 

Ao ---+-------<>----< As Do 01 D2 03 04 05 05 07 

Ai---+-----e--!------< 
BCD 

ADDRESS A2 --+---<>---+--!-----! 

Am54S/74S151 
8-INPUT 

MULTIPLEXER 

w 

MULTIPLEXER 1 
OUTPUT 

Dual 10-lnput Multiplexer 

Am54S/74S157/158 

2 3 4 5 6 7 

Am54S/74S151 
8 INPUT 

MULTIPLEXER 

w 

MULTIPLEXER 2 
OUTPUT 

Two 10-input multiplexers are shown above with the select lines common to the two multiplexers. Inputs 
are selected by an 8421 BCD Address. 

1A 
18 

1Y 

2A 
28 

4 

Am54S/74S157 

Vee 
16 

Metallization and Pad Layouts 

14 4A 1A 
13 48 18 

12 4Y 1Y 
11 3A 2A 
10 38 2B 

27 

2 

3 

4 

7 

Am54S/74S158 

Vee 
16 

15 G 

14 4A 
13 48 

12 47 
11 3A 

10 38 

9 3Y 

DIE SIZE 0.065" X 0.069" DIE SIZE 0.065" X 0.069" 
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Am54S/745160· Am54S/74S161 
BCD Decade/Four-Bit Binary Counters 

Distinctive Characteristics 

• Fully synchronous counting 
• Fully synchronous parallel loading 
• Edge-triggered clock action 

FUNCTIONAL DESCRIPTION 

The Am54S/74S160 and Am54S/74S161 are fully syn

chronous 4-bit decimal and binary counters_ With the 

parallel enable (PE) LOW, data on the P0 -P3 inputs is 

parallel loaded on the positive clock transition_ When PE 

is HIGH and both count enables CEP and GET are also 

HIGH, counting will occur on the LOW-to-HIGH clock 

transition_ 

The terminal count state (1001 for the Am54S/74S160 and 

1111 for the Am54S/74S161) is decoded and ANDed with 

CET in the terminal count (TC) output. If CET is HIGH 

and the counter is in its terminal count state, then TC 

is HIGH. 

Both counters have an asynchronous master reset (MR). A 

LOW on the MR input forces the Q outputs LOW inde

pendent of all other inputs. The only requirements on 

the PE, CEP, CET and P0 -P3 inputs is that they meet the 

set-up time requirements before the clock LOW-to-HIGH 

transition. 

• Advanced Schottky technology 
• 100% reliability assurance testing in compliance with 

MIL-STD-883 

PE 

CEP 

10 CET 
2 CP 

MR 

LOGIC SYMBOL 

Po 

Oo 

14 

P1 P2 

01 o, 

13 12 

Vee =Pin 16 

GNO=Pin8 

P3 

03 

11 

TC 15 

LOGIC DIAGRAMS 

Am54S/74S160 Am54S/74S161 

Mli~1-«>~~--.--~-+~~-.-~-0~1 -13~~-.--~0-2r1-2 ~~ MR~~~-.---~--"+-'---~--.--~-01+"13'---~~---'02'+'12'--~ 

CPo-::--1>-~-.-f--~+--~;--t--~-+--~_,..-t-~-t-~-, CP 2 

CEP CEP 

15 
TC 

ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 

Am54S/ Am54S/ 
74S160 74S161 Vee TC Oo o1 o, 03 CET PI 

Package Temperature Order Order 
Type Range Number Number 

Molded DIP 0°C to +75°C SN74S160N SN74S161N 

Hermetic DIP 0°C to +75°C SN74S160J SN74S161J 

Dice cfc to +75°C SN74S160X SN74S161X 

Hermetic DIP -55°C to +125°C SN54S160J SN54S161J 

Hermetic Flat Pak -55° C to +125° C SN54S160W SN54S161W MR CP Po •1 ., P3 CEP GND 

Dice -55°C to +125°C SN54S160X SN54S161X 

Note: Pin 1 is marked for orientation. 
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Am54S/74S160/S161 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am74S160X, Am74S161 X 

Am54S160X, Am54S161 X 

TA= 0°C to +75°C 

TA= -55°C to +125°C 

Vee= 5.0V ± 5% (COM'L) 

Vee= 5.0V ± 10% (Ml L) 

Parameters Description Test Conditions (Note 1) 

VoH Output HIGH Voltage 
Vee= MIN .• loH = -1mA l MIL. 

V1N = V1H or V1L JcoM'L 

Vol Output LOW Voltage 
Vee= MIN .• loL = 20mA 

V1N = V1H or VIL 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

V1L Input LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

V1 Input Clamp Voltage Vee= MIN .• l1N = -18mA 

P; MR; CEP 

l1L Vee= MAX., CET 
Input LOW Current 

V1N = 0.5V (Note 3) PE 

CP 

P; MR; CEP 

l1H Vee= MAX., CET 

(Note 3) 
Input HIGH Current 

V1N = 2.7V PE 

CP 

11 Input HIGH Current Vee= MAX., V1N = 5.5V 

lsc 
Output Short Circuit Current 

Vee= MAX. 
(Note 4) 

Ice Power Supply Current Vee= MAX. (Note 5) 

MIN. = 4. 75V MAX. = 5.25V 

MIN.= 4.5V MAX. = 5.5V 

Typ. 
Min. (Note 2) Max. Units 

2.5 3.4 
Volts 

2.7 3.4 

0.35 0.5 Volts 

2.0 Volts 

0.8 Volts 

-1.2 Volts 

-2.0 

-3.0 
mA 

-4.0 

-5.0 

50 

75 

100 
µA 

125 

1.0 mA 

-40 -65 -100 mA 

82 127 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Outputs open; MR: OV; all other inputs HIGH. 

Metallization and Pad Layouts 

Am54S/74S160 Am54S/74S161 

Vee 

MR 1 15 TC MR 1 15 TC 

CP 2 CP 2 

'o 3 
14 Oo 

'o 3 
14 Oo 

'1 4 13 01 '1 4 13 01 

" 5 12 02 
" 5 

12 o, 

P3 6 
11 03 P3 6 

11 03 

CEP 7 10 CET CEP 7 10 CET 

9 PE 9 PE 

DIE SIZE 0.078'" X 0.096"' DIE SIZE 0.078"' X 0.096"' 
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Am54S/74S160/S161 

SWITCHING CHARACTERISTICS (TA= +25°) 

Parameters Description Test Conditions Min. Typ. Max. Units 

fMAX Count Frequency 70 100 MHz 

tPLH 6 9 

tPHL 
Clock to Q ns 

8.5 13 

tPLH 12 18 
Clock to TC ns 

tPHL 8 12 

tPLH 6.5 10 
CET to TC ns 

tPHL 6.5 10 

tPHL MR to Q 14 20 ns 

ts 
Recovery Ti me for MR 

6 ns 
(inactive) Vee= 5.0V, CL= 15 pF, RL = 280fl 
Master Reset Pulse 

13 tpw Width 
ns 

Clock Pulse Width HIGH 6 
tpw ns 

Clock Pulse Width LOW 10 

t, 8 
Data to Clock ns 

th 0 

t, PE to Clock 
16 

ns 
lh 0 

t, 12 
CEP or CET to Clock ns 

th 0 

APPLICATIONS 

SYNCHRONOUS MULTISTAGE COUNTING USING CET INPUT ONLY 

Po P1 P2 P3 Po P1 P2 P3 Po P1 P2 P3 Po P1 P2 P3 

TC TC 

Oo o, o, 03 Oo o, o, 03 Oo o, o, 03 Oo o, o, 03 
TO MORE 

I SIGNIFICANT 
STAGES 

CLOCK 

FASTER SYNCHRONOUS MULTISTAGE COUNTING USING CET AND CEP INPUTS 

PE Po P1 P2 P3 PE Po P1 P2 P3 PE Po P1 P2 P3 PE Po P1 ., P3 
CEP CEP CEP CEP TO MORE 

SIGNIFICANT 
TC TC TC TC STAGES 

(UPTO TOTAL) 

Oo o, o, 03 Oo o, o, 03 Oo o, o, 03 °" 
o, o, 03 
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Am54S/74S160/S161 

DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads) 
PE Parallel Enable. When PE is LOW, the parallel inputs, Po Fan-out 

through P3, are enabled. When PE is HIGH, the count function Input Output Output 

is possible. Input/Output Pin No.'s Unit Load HIGH LOW 

CEP Count Enable Parallel. CEP is one of the count enable MR 1 1 - -

inputs that must be HIGH for the counter to count. CP 2 2.5 - -
CET Count Enable Trickle. CET is one of the count enable 

Po 3 1 - -
inputs that must be HIGH for the counter to count. In ad-
dition, CET is included in the TC output gate and must be P1 4 1 - -

HIGH for TC to be HIGH. P2 5 1 - -

CP Clock Pulse. Causes the required output change on the P3 6 1 - -

LOW-to-HIGH transition (Edge-triggered). CEP 7 1 - -
MR Master Reset. When the asynchronous master reset is GND 8 - - -
LOW, the Oo through 0 3 outputs will be LOW regardless of 

PE 9 2 the other inputs. - -

Po. P1, P2. P3 The parallel data inputs for the four internal CET 10 1.5 - -

flip-flops. 03 11 - 20 10 

Oo, 01, Oi. 03 The four parallel outputs from the counter. 02 12 - 20 10 

TC Terminal Count. The terminal count output will be HIGH 01 13 - 20 10 
for CET HIGH and binary nine on the Am54S/74S160 or CET oo 14 - 20 10 
HIGH and binary 15 on the Am54S/74S161. 

TC 15 20 10 -

Vee 16 - - -

A Schottky TTL Unit Load is defined as 50µA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

FUNCTION TABLE 

INPUTS OUTPUTS 

CP MR PE CEP CET Po P1 P2 P3 Oo a, 02 03 

x L x x x x x x x L L L L 

t H L x x Do DJ D2 D3 Do D1 D2 D3 

t H H L L x x x x NC NC NC NC 

t H H L H x x x x NC NC NC NC 

t H H H L x x x x NC NC NC NC 

t H H H H x x x x COUNT 

H = HIGH NC = No Change 
L = LOW Di may be either HIGH or LOW 
X = Don't Care t LOW-to-HIGH Transition 

TERMINAL COUNT (TC) TRUTH TABLE SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Am54S/74S160 Am54S/74S161 Vee 
DRIVING OUTPUT l DRIVEN INPUT 

TC I 
CET Oo 01 Oz 03 CET Clo o1 02 03 son NOM I UNIT LOAD 

2.SkD NOM 

H H L L H H H H H H H ----:K t!k L x x x x L x x x x L 

x L x x x x L x x x L 

x x H x x x x L x x L 

Ll "'JI"~ x x x H x x x x L x L 

x x x x L x x x x L L 

H = HIGH 
L = LOW 
x = Don.'t Care 

Note: Actual current flow direction shown. 
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Am54S/74S174·Am54S/745175 
Hex/Quadruple D-Type Flip Flops With Clear 

Distinctive Characteristics • Positive edge-triggered D flip-flops 

• 4-Bit and 6-Bit high-speed parallel registers. 

• Common clock and common clear. 
• 100% reliability assurance testing in compliance with 

MIL-ST D-883. 

FUNCTIONAL DESCRIPTION 

The Am54S/74S174 is a six-bit, high-speed register and 
the Am54S/74S175 is a four-bit, high-speed register built 
using advanced Schottky technology. The registers consist 
of D-type flip-flops with a buffered common clock and an 
asynchronous active LOW buffered clear. 

CP 
Do D1 

LOGIC SYMBOLS 

11 13 14 

D2 D3 D4 D5 Do 

Am54S/74S174 
CP 

12 13 

D1 D2 D3 

Am54S/74S175 
6-BIT REGISTER 4-BIT REGISTER 

CL When the clear is LOW, the Q outputs are LOW independent 
of the other inputs. Information meeting the set-up require
ments of the D inputs is transferred to the Q outputs on the 
positive-going edge of the clock pulse. 

Oo a1 

LOGIC DIAGRAMS 

Am54S/74S174 

Do D1 D2 

CP CP CP 

CD CD CD 

01 02 

Am54S/74S175 

Do D1 

CP CP CP 
CD CD CD 

a G a G o 

Do Go a, 01 0, 

ORDERING INFORMATION 

Am545/ Am545/ Vee G5 D5 
745174 745175 

Package Temperature Order Order 
Type Range Number Number 

Molded OIP 0°C to +70°C 5N745174N 5N745175N 
Hermetic DIP 0°C to +70°C 5N745174J 5N745175J 

Dice 0°C to +70°C 5N745174X 5N745175X 
Hermetic DIP -55°C to +125°C 5N54S174J SN54S175J 

Hermetic Flat Pak -55°C to +125°C SN54S174W SN54S175W IT Go Do 
Dice -55°C to +125°C SN54S174X SN54S175X 

4-89 

02 03 C4 05 

10 12 15 3 2 6 7 11 10 14 15 

D3 

D 

Q 

G3 

D2 

G 

G2 

Vee= Pin 16 

GND =Pin 8 

D4 

CP 

CD 

Q 

G4 

D3 

CP 
CD 

o G 

03 G3 

CP 

CONNECTION DIAGRAMS 
Top Views 

D4 G4 D3 G3 CP Vee G3 03 D3 

D1 G1 D2 a, GND IT Go Go Do 

Note: Pin 1 is marked for orientation. 

D5 

Q 

05 

D2 02 G2 CP 

D1 o1 01 GND 



Am54S/74S174/175 

MAXIMUM RA TINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5 V to +7 V 
------------------·----------------------

DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 
-···--------------------------------------

30mA 
DC Output Current, Into Outputs 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am74S174, Am745175 

Am54S174, Am54S175 

Parameters 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

I Output HIGH Voltage 

Vee= 5.0V ±5% (eOM'L) MIN.= 4.75V 

Vee= 5.0V ±10% (MIU MIN.= 4.5V 

Test Conditions (Note 1) 

74S 

V1N=V1HorV1L 54S 

MAX.= 5.25V 

MAX.= 5.5V 

Min. Typ.(Note 2) 

2.7 3.4 

2.5 3.4 

Max. Units 

Volts 

r---- -·t---- --- -----
II Vee= MIN., loH = --1 mAJ l 

----r------t---------r-----r------1 

0.5 Volts 
/ Output LOW Voltage 

~- --11;;~~-;-~~-Le~~ 

I Vee= MIN., loL = 20 mA 

I V1 N = V~r_\,11 L - ---i-----+---------+-----+-------i 

Guaranteed input logical HIGH voltag_e __ ~- 2_0 
! 

Volts 
for all inputs _ 

f-----------J,------------- --- --G~;~-~~~ed~~-:;1~~~~1 LOW_v_~~ge l ----+---------+------>---v--o-lt_s____, 

!~ __ _Ln_fJUt~~v-iLe:I - - - -+·_for all_"'l'U __ t __ s __ _ 
/ Vi / Input Clamp Voltage 

1 

Vee= MIN., l1N = --1-B_m_A--------t----r----------t------r---V-o-lt-s--1 
! I 

0.8 

! ! --1.2 

/. llL / UnitLoad ---+-1,--
Vcc =MAX., V1N = 0.5V mA 

~~--3_2_ l.~-~~-~~-~?W.~~-rent ·~- -+ ______ -------------+---------+-----+-------; 
I --2 

! l1H I Unit Load j v =MAX v = 2 7V L µA 50 

+-
1.0 mA ~:~0,~3)-+--:~:~:::~~--~;::2----+-v~~:MAx~ v:~ = 5~v----- -----+--------

1 Output s-h;-;~ -Cir-c~i~--Curr~~1~-~M~-;-~·-:-~~~------- -40--+--------+-------i---m-A-----< 

-,:~~; ;",:;' ~'~"'- -1 v:: _:A< ~ -- -J>-------:-·:-~-:--+------J--------+----___, 
--100 

90 144 
mA 

60 96 

Notes: 1. For conditions shown as MIN_ or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents= Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. All outputs open and 4.5V applied to the data and clear inputs. Measured after a momentary ground, then 4.5V applied to the clock input. 

Switching Characteristics (TA~ +25°C) 

Parameters Description 

'PLH ____ __, 
Clock to Output 

~H~---+---------------
tPLH 

--·--

Clear to Output 

Clear 1 Clo_c_k ______ ___, Pulse Width 

Data Set-up Time 

Set-up Time. Clear Recovery (In-active) 

to Clock 
r-------j-------------------

---~ 

Data Hold Time th 
r--------1------------------j 

IMAX Maximum Clock Frequency 

Test Conditions 

Vee= 5.0V, CL= 15pF, RL = 280.\1 
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Min Typ Max. Units 

8 12 
ns 

11.5 17 

10 15 
ns 

13 22 

ns 
10 

--------
5 ns 

5 ns 

3 ns 

75 110 MHz 



Am54S/74S174/175 

Am54S/74S174 LOADING RULES (In Unit Loads) 

Input/Output Pin No.'s 
CL 

2 

Do 3 
~-"---·----

D1 4 
------

a1 5 

Input 
Unit Load 

Fan-out 
Output Output 
HIGH LOW 

20 10 

20 10 
----··-----------------

D2 6 

7 20 10 

GND 8 

CP 9 

__ a..:i._ _____ H> ____ _ 20 10 

D3 11 

C4 12 20 10 

D4 13 
----- -------------

D5 14 
--------

05 15 20 10 

Vee 16 

FUNCTION TABLE 

INPUTS OUTPUTS 

Clear Clock Di Qi Oi 
L x x L H 

H L x NC NC 

H H x NC NC 

H t L L H 

H t H H L 

H = HIGH X =Don't Care 
L = LOW NC = No Change 
t =LOW-to-HIGH Transition 

Note: O.i on Am54S/74S175 only 

Am54S/74S175 LOADING RULES (In Unit Loads) 

Input/Output 
CL 

Do 

a1 
a1 

GND 

CP 

Pin No.'s 
Input 

Unit Load 

Fan-out 
Output Output 
HIGH LOW 

20 10 

20 10 

20 10 

20 10 

-----------·---
D3 
--------

03 20 

15 20 

Vee 16 

DEFINITION OF FUNCTIONAL TERMS 
Di The D flip-flop data inputs. 

10 

10 

CL Clear. When the clear is LOW, the Qi outputs are LOW, 
regardless of the other inputs. When the clear is HIGH, data 
can be entered in the register. 

CP Clock pulse for the register. Enters data on the positive 
transition. 

Oi The TRUE register outputs. 
Oi The complement register outputs. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 
Vee--------.----'------..--

son NOM 

Note: Actual current flow direction shown. 
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Am54S/74S174/S175 

'--I B3 
.--1 A3 

'----+-i B2 
+------! A2 

'----f--IB1 
+--- Al 

~----+---< Bo 
-Ao 

~-----+--<B3 

~A3 

'---------+---lB2 
~A2 

.-----------<B1 
MSB ---<--------_____,Al 

.--------<Bo 
2MSB----l--+---------1Ao 

.-------183 
3 MSB --t--t----11---------1 A3 

.-----JB2 
3 LSB --+--+----11---+-------I A2 

,..-- Bl 

2 LSB --+--+----il---+----il-----1 AJ 

APPLICATION 

6.---- OVERFLOW 

Cn+4 

e, 

D3i---------

D21-------

011-----, 

Doi---~ 

'------160 

'------150 

'----------140 

'---------130 

6D,__.. _ _,_-+-+--+--'-----

5Dl------+--l---+-+-----
4Dl----..... --l---+-+-----

3Dl------.__-+--L-----

.--------~2D 201-------_. _ _,_ ___ _ 
______ __, 10 10 ._ ________ ..__ ___ _ 

Cnr4 

e, 

D31------' 

D21-----~ 

Dll-----, 

Doi---~ ~-------160 

'---------~50 

.---------140 

--------130 

------<20 

CK CLR 

6Dl----------~->--+--

5Dl--------.---l---1---l---

4Dl------o--!---1---1---1---

30 l------f--!---1---1---l---

2D 1----o-->--+-->--+-->--+--

Cn+4 

D31------' 

----+10 101--.--f--!--f--!---l---l---l--
CK CLR 

021--------' 

Dll---------' 

12-BIT 
OUTPUT 
WORD 

r- Bo 
LSB --+--+----i--+----i--+---1 Ao 

Doi---------' '------+--l---+--l---1---l---+--- CLOCK 
e, 

Vee 

{Am54S/74S181 in ADD mode) 

6-Bit Input, Integrate and Dump for 
Magnitude-Only Arithmetic (65 samples min. before overflow) 

Am54S/74S174 
Metallization and Pad Layouts 

Am54S/74S175 

Cl 1 16 Yee 

Do 2 15 05 

Do 3 14 05 

D1 13 D4 

01 12 04 

D2 6 11 03 

o, 7 10 D3 

GND 8 9 eP 

DIE SIZE: 0.070" x 0.083" DIE SIZE: 0.067" X 0.073" 
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Am54S/74S181 
Four-Bit Arithmetic Logic Unit/Function Generator 

Distinctive Characteristics 

• Advanced Schottky technology 
• Performs 16 arithmetic operations including add, sub

tract, double and compare. 
• Performs all 16 possible logic operations of two 

variables in typically 11 ns. 

• Typical 4-bit add time is 11 ns and carry time is 6ns. 
• Full look-ahead capability for high-speed arithmetic 

operation on long words. 
• 100% reliability assurance testing in compliance with 

Ml L-STD-883. 

FUNCTIONAL DESCRIPTION 

The Am54S/74S181 is a 4-bit, high-speed parallel Arithmetic 
Logic Unit (ALU)/Digital Function Generator. When the 
mode control (M) is LOW the 16 arithmetic operations are 
performed under the control of the four select inputs. 
When the mode control is HIGH the sixteen logic opera
tions are performed on an individual bit basis between the 
two 4-bit para I lel words under the control of the four· 
select inputs. 

An internal full look-ahead carry scheme is used for high
speed arithmetic operations and provision is made for 
further look-ahead by including both carry propagate (P) 
and carry generate ( G) outputs. 

LOGIC DIAGRAM 

ORDERING INFORMATION 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pak 

Dice 

Temperature 
Range 

D°C to +7D°C 
D°Cto+7D°C 
D°C to +7D°C 

-55°C to +125° C 
-55°C to +125° C 

-55°C to +125° C 

Order 
Number 

SN74S181N 
SN74S181J 

SN74S181 X 
SN54S181J 
SN54S181W 

SN54S181 X 

4-93 

An open collector output A = B is used to signal the 
equivalenoe of the two parallel words. The open collector 
feature allows for the equivalence function to be expanded 
as a wired-AND connection for larger word lengths. 

In many systems, the carry output Cn+4 is connected to 
the next higher Cn to provide ripple block arithmetic. The 
ALU can be used with either active HIGH or active LOW 
inputs and can be ripple expanded or full look-ahead ex
panded in either mode. The connection pattern is identical 
for either logic representation. 

LOGIC SYMBOLS 
ACTIVE LOW 

2 1 23 22 21 20 19 18 

c, Ao Bo 

M 
So 
s, 
S2 
S3 

Fo 

? 
9 

2 1 

c, Ao •a 

M 
So 
s, 
S2 
S3 

Fa 

Ai ., Az 82 

Am54S/74S181 

Fi >, 

10 11 

ACTIVE HIGH 

23 22 21 20 

Ai 81 A2 82 

Am54S/74S181 

Fi >, 

10 11 

Vee= Pin 24 
GND =Pin 12 

CONNECTION DIAGRAM 
Top View 

A3 63 
Cn+4 

A=B 

Fo 

13 

19 18 

A3 83 
Cn+4 

A =B 

y 

Fo 

13 

Bo Ao S3 S2 s1 So en M F0 F1 F2 GND 

Note: Pin 1 is marked for orientation. 

16 

14 

17 

15 

16 

14 

17 

15 



Am54S/74S181 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 
-----------------------------------------------

Supp I y Voltage to Ground Potential (Pin 24 to Pin 12) Continuous -0.5V to+ 7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 
-----------------------

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 

Am74S181 

Am54S181 

Parameters 

VoH 

Vol 

V1H 

VIL 

V1 

IOH 

l1L 

(Note 3) 

l1H 

{Note 3) 

11 

'sc 

ICC 

I 

r 
I 

TA= 0°C to +70°C 

TA=-55°Cto+125°C 

Vee= 5.0V 15% (COM'L) 

Vee= 5.0V ±10% (MIL) 

MIN.= 4.75V 

Ml N. = 4.5V 

MAX.= 5.25V 

MAX.= 5.5V 

Description Test Conditions (Note 11 Min. 

Output HIGH Voltage Vee= MIN., loH = -1mA l 54S 2.5 

(Except A=B Output) V1N = V1H or VIL 74S 2.7 

Output LOW Voltage 
Vee= MIN., loL = 20mA 

V1N=V1HorV1L 

Input HIGH Level 
Guaranteed input logical HIGH voltage 

2 
for all inputs 

Input LOW Level 
Guaranteed input logical LOW voltage 

for all inputs 

Input Clamp Voltage Vee= MIN., l1N = -18mA 
-- -·-----· 

Vee= MIN., VoH = 5.5V 
Output HIGH Current for A=B Output 

V1N = V1H or VIL 

M 

Ai or Bj 
Input LOW Current Vee= MAX., V1N = 0.5V 

S; 

Cn 

M 

Aj or Bi 
Input HIGH Current 

S; 
Vee= MAX., V1N = 2.7V 

Cn 

Input HIGH Current Vee= MAX., V1N = 5.5V 

Output Short Circuit Current 
Vee= MAX. -40 

(Note 41 (Except A= B Output) 

Vee= MAX. 

Power Supply Current (Note 51 Vee= MAX., TA= 125°C 
Am54S Flat Package (WI Only 

Typ. 
{Note 2) 

3.4 

3.4 

120 
·-· 

Max. 

0.5 

0.8 

-1.2 

250 

-2 

-6 

-8 

-10 

50 

150 

200 

250 

1 

-100 

180 

159 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

µA 

mA 

µA 

mA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. I CC is measured under two conditions - typ. and max. apply to both. 

A. Si, M, Ai at 4,5V; all other inputs grounded; outputs open. 
6. Si, Mat 4.5V; all other inputs grounded; outputs open. 
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Am54S/74S181 

SWITCHING CHARACTERISTICS (Vee= 5V, TA= 25°C, CL= 15 pf, RL = 280Q) 

Parameter From (Input) To (Output) Test Conditions Min. Typ. Max. Units 

tPLH 5 10.5 
Cn Cn+4 ns 

tPHL 7 10.5 
tPLH 

Cn F; 
M=OV 7 12 ns 

tPHL (SUM or DIFF mode) 6 12 
tPLH Ai or Bi G 

M =av, So= S3 = 4.5V, 8 12 ns 
tPHL S1 = S2 = av (SUM mode) 7 12 
tPLH 

AiorBi G 
M =av, s0 = S3 =av, 10 15 

S1 = S2 = 4.5V (DIFF mode) 
ns 

tPHL 10 15 

tPLH A;orB; p M =av, s0 = s3 = 4.5v, 7,5 12 ns 
tPHL S1 = S2 = av (SUM mode) 7.5 12 
tPLH A;orB; p M-OV,So-S3-0V, 10 15 ns 
tPHL S1 = S2 = 4.5V (DI FF mode) 10.5 15 
tPLH Ai or Bi Fj(i:>i) 

M - av, s0 - s3 = 4.5V, 10 16.5 ns 
tPHL S1 = S2 = av (SUM model 7 16.5 

tPLH Ai or Bi Fj(j>il 
M = OV, So= S3 = OV, 12 20 ns 

tPHL S1=S2=4.5V (DIFF mode) 9 22 

tPLH 
A;orB; F;+1 

M =av, So= S3 = 4.5V, 11 16.5 ns 
tPHL S1 = S2 = av (SUM mode) 11 16.5 
tPLH Ai or Bi F;+1 

M-OV,So=S3-0V, 14 20 ns 
tPHL S1 = S2 = 4.5V (DIFF mode) 14 22 
tPLH Ai or Bi F; M = 4.5V (LOGIC mode) 12 20 ns 
tPHL 9 22 
tPLH Ai or Bi M = OV, So= S3 = 4.5V, 12.5 18.5 ns 
tPHL Cn+4 s1 = s2 = av (SUM model 12.5 18.5 
tPLH 

A;orB; Cn+4 
M = OV, So= S3 =av, 14 23 

ns 
tPHL S1 = S2 = 4.5V (DIFF mode) 15 23 

tPLH 
Ai or Bi 

M =OV,So=S3 =OV, 15 23 A=8 
S1 = S2 = 4.5V (DI FF mode) 

ns 
tPHL 19 30 

OPERATION TABLE 

CONTROL INPUTS ACTIVE LOW INPUTS AND OUTPUTS ACTIVE HIGH INPUTS AND OUTPUTS 

So S1 S2 S3 Arithmetic (M = L, Cn = L) Logic (M = H) Arithmetic (M = L, Cn = H) Logic (M = H) 

-
L L L L A minus 1 A A A 
H L L L AB minus 1 AB A+B A+B 

L H L L AB minus 1 A+B A+B AB 

H H L L minus 1 (2's comp.) Logic '1' minus 1 (2's comp.) Logic 'O' 

L L H L A plus [A+ Bl A+B A plus AB AB 

H L H L AB plus [A+ Bl B AB plus [A+ Bl B 

L H H L A minus B minus 1 AffiB A mi lUs B minus 1 AffiB 

H H H L A+B A+B AB minus 1 AB 

L L L H A plus [A+ Bl AB A plus AB A+B 
·----

H L L H A plus B AffiB A plus B AffiB 

L H L H AB plus [A+ Bl B AB plus [A +Bl B 
---- -------

H H L H A+B A+B AB minus 1 AB 

L L H H A plus A (2 x A) Logic ·o· A plus A (2 x A) Logic '1' 

H L H H A plus AB AB A plus [A+ Bl A+B 

L H H H A plus AB AB 
. 

A plus [A+ Bl A+B 

H H H H A A A minus 1 A 

L = LOW Voltage Level 
H =HIGH Voltage Level 
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DEFINITION OF FUNCTIONAL TERMS 

Ao, A1. A2, A3 The A data inputs. 

Bo, 81, B2. 83 The B data inputs. 

So. s,; S2, S3 The control inputs used to determine the 
arithmetic or logic function performed. 

Fo. F1, F2, F3 The data outputs of the ALU. 

M The mode control inputs used to select either the arith
metic or logic operations. 

Cn The carry-in input of the ALU. 

Cn+4 The carry-look-ahead output of the four-bit input field. 

G The carry-generate output for use in multi-level look
ahead schemes. 

P The carry-propagate output for use in multi-level look
ahead schemes. 

A= B The open collector comparator output that can be used 
to determine equivalence. This output is HIGH whenever the 
four F outputs are HIGH. 

USER NOTES 

1. Throughout this data sheet, the active LOW input and 
output terminology has been used. For the active HIGH 
definition, the nomenclautre shown under the active 
HIGH logic symbol should be substituted. 

2. Arithmetic operations are performed on a word basis. 
3. Logic operations are performed on a bit basis. 
4. Arithmetic in 1's complement notation requires an end 

around carry. 
5. Subtraction in 2's complement notation requires a carry 

in (Cn =HIGH) for the active LOW case and (Cn =LOW) 
for the active HIGH case. 

6. The A = B output only indicates that the four F outputs 
are all HIGH. 

Am54S/74S181 

LOADING RULES (In Unit Loads) 

Output Drive 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

Bo 3 

Ao 2 3 

S3 3 4 

S2 4 4 

S1 5 4 

So 6 4 

Cn 7 5 

M 8 

Fo 9 20 10 

F"1 10 20 10 

F2 11 20 10 

GND 12 

F3 13 20 10 

A=B 14 0/C 10 

p 15 20 10 

Cn+4 16 20 10 

G 17 20 10 

83 18 3 

A3 19 3 

82 20 3 

A2 21 3 

81 22 3 

A1 23 3 

Vee 24 

0/C = Open Collector 

A Schottky unit load is defined as 50µA measured at 2.7V HIGH 
and -2.0 mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

A= B OUTPUT 
DRIVING OUTPUT 

(Except A=- B) 

Note: Actual current flow direction shown. 
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Am54S/74S181 

SUM MODE TEST TABLE 

FUNCTION INPUTS: So= S3 = 4.5V, S1 = S2 = M = OV 

Other Input Other Data Inputs 
Input 

Same Bit Output Output 
Parameter Under Test Apply 4.5V Apply OV Apply 4.5V Apply OV Under Test Waveform 

tPLH 
Ai Bi Rema'ining A and B F1(i~il 

In-
None Cn Phase tPHL 

tPLH Bi Ai None Remaining A and B Cn Fi!i;;;.) In-

tPHL Phase 

tPLH Ai Bi None Cn Remaining A and 8 Fi+1 
In-

tPHL Phase 

tPLH Bi Ai None Cn Remaining A and B Fi+1 
In-

tPHL Phase 

tPLH Ai Bi None None Remaining A andB, Cn p In-
fPHL Phase 

fPLH 
Bi Ai None None Remaining A andB,Cn p In-

fPHL Phase 

fPLH Ai None Bi Remaining B Remaining A, Cn G In-

fPHL Phase 

fPLH Bi None Ai Remaining 8 Remaining A, C0 G In-

fPHL Phase 

tPLH Ai None Bi Remaining B Remaining A, C0 Cn+4 
Out-of-

fPHL Phase 

fPLH Bi None Ai Remaining 8 Remaining A, C0 Cn+4 
Out-of-

tPHL Phase 

fPLH 
Cn None None All A AllB Any F In-

fPHL or Cn+4 Phase 

DIFF MODE TEST TABLE 

FUNCTION INPUTS: S1 = S2 = 4.5V, So= S3 = M = OV 

Other Input 
Other Data Inputs Same Bit 

Output Output 
Parameter Under Test Apply 4.5V Apply OV Apply 4.5V Apply OV Under Test Waveform 

tPLH 
Ai Bi Remaining A Remaining B, Cn Fi(i;;;.il 

In-
tPHL 

None 
Phase 

tPLH 
Bi Ai None Remaining A Remaining 8, Cn Fi(i;;;.,i) Out-of-

tPHL Phase 

tPLH 
Ai None Bi 

tPHL 
Remaining B, Cn Remaining A Fi+1 

In-
Phase 

tPLH 
Bi Ai None Remaining B, Cn Remaining A Fi+1 

Out-of-
tPHL Phase 

tPLH 
Ai None Bi None Remaining A and 8, Cn p In-

tPHL Phase 

tPLH Bi Ai None None Remaining A and B, Cn p Out-of-
tPHL Phase 

tPLH 
Ai Bi None None Remaining A and B, Cn G In-

tPHL Phase 

tPLH Bi None Ai None Remaining A and 8, Cn G Out-of-
tPHL Phase 

tPLH A1 None Bi 
tPHL 

Remaining A Bemaining B, Cn A"' B In-
Phase 

tPLH 
Bi Ai None Remaining A Remaining 8, Cn A"' B Out-of-

tPHL Phase 

tPLH 
Ai Bi None None Remaining A and B, Cn Cn+4 

Out-of-
tPHL Phase 

tPLH Bi None Ai 
tPHL 

None Remaining A and 8, Cn Cn+4 
In-

Phase 

tPLH 
Cn None None All.AandB None Any F In-

tPHL or Cn+4 Phase 

LOGIC MODE TEST TABLE 

FUNCTION INPUTS: S1 = S2 = M ~ 4.5V, So= S3 = OV 

Other Input 
Other Data Inputs 

Input Same Bit 
Output Output 

Parameter Under Test Apply 4.5V Apply OV Apply 4.5V Apply OV Under Test Waveform 

tPLH 
Ai 81 None None Remaining A and 8, Cn Fi 

Out-of-
tPHL Phase 

tPLH Bi Ai None None Remaining A and B, Cn Fi Out-of-
tPHL Phase 
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H =ADD 

L =SUBTRACT 

CLOCK CP 

CLR 
Ao Bo A1 B1 A2 82 A3 83 

CLEAR 

Al s, A2 B2 A3 B3 M 

Am54S/74S181 

c, Cn+4 
A"'B Fo Fi Fi F3 

A""B------' Yo v, Y2 Y3 

APPLICATIONS 
12-Bit Adder /Subtractor 

(2's Complement) 

A4 84 A5 85 

So 
Ao Bo Ai ,, 

s, 

A5 B5 

A2 B2 

S2 Am54S/74S181 

s, 
c, 

A=B Fo Fi F2 

Y4 Y5 v, 

A7 87 

A3 83 
M 

F3 

Y7 

Am54S/74S181 

As ,, Ag 89 Arn 810 Ai1 a,, 

So 
Ao Bo Ai ,, A2 82 A3 83 

s, 
s, Am54S/74S181 

S3 

c, Cn+4 
A=B Fo Fi Fi F3 

v, Yg Y10 v,, 

Function Table 

A= Active HIGH B = Active LOW 

so s, s, s, Arithmetic (M = L, C, =H) Logic (M = H) 

L L L L A A 

If one input is defined active-HIGH and the second input 

is defined active-LOW, the sixteen arithmetic and logic 

functions of the ALU are reordered as shown in the 

function table. 

H L L L A+ B AB 

L H L~--~13-----1- AB--
----------·--·-·------+--------

H H L L minus 1 (2's comp.) Logic 'O' 
----- ---- --------- - --t------

4·BIT 
ALU 

SELECT 

A=B 

"G" 

"P" 

L L H L A plus AB AB 

H L H L AB plus [A + BJ --t----13--
---.---- -- - ----"- ------

L H H L A plus B A$B 

H H H L AB minus 1 AB 

L L L H A plus AB A+B 
----~---

H L L H A minus B minus 1 A$B 
---------·----------

L H L H AB plus [A + BJ B 

H H L H AB minus 1 AB 

L L H H A plus A (2 x A) Logic '1' 

H L H H A plus [A+ BJ A+B 

L H H H A plus [A+ BJ A+B 

H H H H A minus 1 A 

L = Low Voltage Level 
H = High Voltage Level 

Metallization and Pad Layout 

Bo Vee 

Ao 2 
1 24 

23 ii, 

S3 3 22 s, 

s, 21 •2 
4 20 s, 

s, 5 
So 6 

19 A3 

c, 7 
18 83 

M 8 
17 o 
16 Cn+4 

'o 9 15 

F1 10 

DIE SIZE: ~ 0.083" X 0.091" 
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Am54S/74S194 ·Am54S/745195 
Four-Bit High-Speed Shift Registers 

Distinctive Characteristics 
• Parallel load or shift right with JK inputs on 

Am54S/74S195. 
• Shift left, right, parallel load or do nothing on 

Am54S/74S194 

• Fully synchronous shifting and parallel loading 
• Buffered common clock 
• Buffered common active-LOW clear 
• 100% reliability assurance testing in compliance with 

MI L-ST D-883 

FUNCTIONAL DESCRIPTION 
The Am54S/74S194 and Am54S/74S195 are 4-bit registers 
that exhibit fully synchronous operation in all operating 
modes. The Am54S/74S195 can either parallel load all 
four register bits via the parallel inputs (A, B, C, D) or shift 
each of the four register bits right one place. The shifting or 
parallel loading is under control of the shift/load input (S/L). 
When the shift/load input is LOW, data is loaded from the parallel 
data inputs; when the shift/load input is HIGH, data is loaded 
from the register bits on the left. The first bit, QA, is loaded via 
the J and K inputs in the shift mode. 

The Am54S/74S194 operates in four modes under control of the 
two select inputs, So and S1. The four modes are parallel load 
(data comes from the parallel inputs), shift right (data comes 
from the flip-flop to the left, with the QA bit input from R), 

LOGIC SYMBOLS 

So R J 
S/L A 

10 51 

11 ep Am54S/74S194 
10 eP 

Arn54S/74S195 

eLR QA QB Qe QD CLR0 A QB Qe QD 

15 14 13 12 15 14 13 12 11 

Vee~ Pin 16 
GNO=Pin8 

CONNECTION DIAGRAMS 
Top Views 

Vee QA Q' Qe QD eP S1 So Vee QA QB Qe QD ao eP S/L 

CLR R L GND CLR J K D GND 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Am54S/ Am54S/ 
745194 745195 

Package Temperature Order Order 
Type Range Number Number 

Molded DIP 0°C to +70°C 5N74S194N SN74S195N 
Hermetic DIP 0°e to +70°c SN74S194J 5N745195J 

Dice 0°C to +70°C SN745194X 5N74S195X 
Hermetic DIP -55°C to +125°C SN54S194J SN54S195J 

Hermetic Flat Pak -55°C to +125°C 5N545194W 5N545195W 
Dice -55°C to +125°C SN54S194X SN545195X 
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shift left (data comes from the flip-flop to the right, with 
the Qo input from L), and hold or do nothing (each flip-flop 
receives data from its own output). 
For both devices the outputs change state synchronously following 
a LOW-to-HIGH transition on the clock input, CP. Both devices 
have an active-LOW asynchronous clear (CLR) which forces all 
outputs to the LOW state (Oo HIGH) independent of any other 
inputs. All control inputs are buffered to present only one 
Schottky TTL load to the system, and all outputs can drive 10 
Schottky loads in the LOW state and 20 in the HIGH state. 
Because all the flip-flops are D-type they do not catch O's or 
1's, and the only requirements on any inputs is that they meet 
the short set-up and hold time intervals with respect to the 
clock LOW-to-HIGH transition. 

LOGIC DIAGRAMS 

Am54S/74S194 

S1o;~"'7--,~--t-~_,.-~_,.---j~~~~~-t-~~~~--t~

Soo;;><>r.c-+-+--t-~-tt-~-t-+-f-tt--tt--+--t-H~-tt-~-t-++--tt--h 

Am54S/74S195 

Oo 



Am54S/74S194/S 195 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5Vto+7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 
------·-------
DC Input Voltage -0.5V to +5.5V --------. ----------------· 
DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am 745194, Am 74S 195 

Am54S194, Am54S195 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Vee= 5.0 v ± 5% (eOM'L) 
Vee= 5.0 v ± 10% (MIL) 

Parameters Description Test Conditions (Note 1 I 

Vee= MIN., loH = -1 mA I Am74 
VoH Output HIGH Voltage 

V1N = V1H or VIL Am54 

Vol Output LOW Voltage 
Vee= MIN., loL = 20mA 

V1N = V1H or V1L 
r----

V1H Input HIGH Level Guaranteed input logical HIGH voltage 
for all inputs 

r-------
VIL Input LOW Level Guaranteed input logical LOW voltage 

for all inputs 

V1 Input Clamp Voltage Vee= MIN., l1N = -18mA 

l1L Unit Load 
Vee= MAX., V1N = 0.5 v 

(Note3) Input LOW Current 
f-----· 

l1H Unit Load 
Vee= MAX., V1N = 2.7 v 

(Note 3) Input HIGH Current 
---------- ----· 

11 Input HIGH Current Vee= MAX., V1N = 5.5 v 

lsc 
Output Short Circuit Current Vee= MAX. (Note4) 

S194 (Note 5 & 71 

54S195 
Ice Power Supply Current Vee= MAX. (Note 6) 

74S195 
(Note 6) 

MIN,=4.75V 
MIN.= 4.5 V 

Min. 

2.7 

2.5 

2 

I 
-40 

MAX. 5.25 V 
MAX.= 5.5 V 

Typ.(Note 21 

3.4 

3.4 

85 

70 

70 

Max. 

0.5 

0.8 

-1.2 

-2 

50 

1 

-100 

135 

99 

109 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load Current x Input Load Factor (See Loading Rules). 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 4 5. Outputs open. Inputs A, 8, C, D grounded. Inputs So, S1, Clear, L, R, at 4.5V. Measured after a momentary ground, then 4.5V applied to clock. 
6. Outputs open. S/L grounded. A, 8, C, D, J, Kat 4.5 V. Measured after applying a momentary ground then 4.5V to the clear followed by ground 

then 4.5 V to clock. 

7. For TA= 125°C; Ice MAX.= 110mA for Am54S194W. 

Switching Characteristics (TA= +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH Clock to Outpu_t 4 8 12 ns 

tPHL Clock to Output 4 11 16.5 ns 

tPHL Clear to Output 12.5 18.5 ns 

tpw Clock Pulse Width 7 ns 

tpw Clear Pulse Width 12 ns 

ts Mode Control Set-up Time 
Vee= 5.0V, CL= 15pF, RL = 280 n 11 ns 

ts Data Input Set·up Time 5 ns 

ts Clear Recovery to Clock 9 ns 

th Data Hold Time 3 ns 

tR 
Shift/Load Release Time 
Am54S/74S195 

6 ns 

fMAX. Maximum Clock Frequency 70 105 MHz 
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Am54S/74S194/S 195 

DEFINITION OF FUNCTIONAL TERMS 

J, K The logic inputs used for controlling the QA flip-flop' 

of the Am54S/74S195 register when S/L is HIGH. 

CLR Clear. The asynchronous master reset input. 

CP Clock pulse for the register. Enters data on the LOW
to-HIGH transition. 

S/L Shift/Load. The input for selection of parallel or 
serial shifting for the AM54S/74S195 register. S/L LOW 

selects parallel entry. 
So. S1 The mode select inputs of the Am54S/74S194. 

A, B, C, D The four parallel data inputs for the register. 

R The serial input to the QA flip-flop of the Am54S/ 
74S194 in the right shift mode. 

L The serial input to the Qo flip-flop of the Am54S/ 
74S194 in the left shift mode. 

QA, Os, Qc, Oo The four true outputs of the register. 

Clo The complement output of the Qo flip-flop. (Am54S/ 
74S195 only). 

FUNCTION TABLE 
Am54S/74S194 

INPUTS 
Mode Serial Parallel 

OUTPUTS 

FUNCTION Clear f-=--=--1 Clock>-----+-------< 
S1 So Left Right A B c D QA De De Do 

Clear 

No 
Change 

Parallel 
Load 

Shift 
Right 

Shift 
Left 

Hold 

L X X X XX XXXXLLLL 

H X X L X X X X X X NC NC NC NC 
H X X H XX XXX XNCNCNCNC 

H H H t 

H L H t x L XXXXLQAaeac 
H L H t X H X X X X H QA De 0c 
H H L I L XX XX X05QcOoL 
H H L I H XX XX XOeOcDoH 

H L L X XX XX X XNCNCNCNC 

H =HIGH X =Don't Care 
L = LOW NC = No Change 
t =LOW-to-HIGH transition. 
Di= May be a HIGH or a LOW and the respective output witl assume the 

same state. 

LOADING RULES (In Unit Loads) 

Am54S/ Am54S/ Fan-out 
74S195 74S194 Input Output Output 

Input/Output Input/Output Pin No.'s Unit Load HIGH LOW 

CLR CLR 1 

J R 2 

K A 3 

A B 4 
------------~------ ··----~ 

B C 5 

C D 6 

D L 7 

GND GND 8 

Shift/Load So 9 

--· ---·-------------------

11 
CP 

Co Co 12 
-------· 
Cc Cc 13 

14 

15 

Vee Vee 16 

FUNCTION TABLE 
Am54S/74S195 

INPUTS 

Sh"ft/ Serial Parallel 

20 10 

20 10 

20 10 

20 10 

20 10 

OUTPUTS 

Clear Loe' d Clock >----+---------< 
JR A e c D DADeDcDoOo 

L 

H 
H 

H 

H 
H 
H 
H 

x 
x 
x 

H 
H 
H 
H 

x 
L 
H 

XXXXXXLLLLH 

x x x x x x ~ ~ ~ ~ ~ 
X X X X X X NC NC NC NC NC 

L H 
L L 
H H 
H L 

x x 
x x 
x x 
x x 

H =HIGH X ==Don't Care 
L = LOW NC == No Change 
t =LOW-to-HIGH transition. 
Di = May be a HIGH or a LOW and the respective output will assume the 

same state. 

Notes: 1. If the J and K inputs are tied together, the common line becomes a 
D·Type input to the first bit in the shift mode. 

2. ~inear feedback sh!!t counters can be made by connecting the o0 and 
Go outputs to the Kand J inputs, respectively. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Vee _______ o_"_'v_1N_o .. a_u_T_•u_T_,_i ____ 0_"'_v_,•N.,_i_N_•u_T 

son NOM 
I 
I 

'1, tOH 1

1

1 

j'L 
----K-1--CA~ I~ 

y I~ l 

--+---4!---_-_-_~~ I! ··1~ 
~ I 

Note: Actual current flow direction shown 
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Am54S/74S194/S195 

APPLICATIONS 

HIGH-SPEED MOD 15 LINEAR FEEDBACK SHIFT REGISTER 

Sequence is 0, 1, 2, 5, 10, 4, 9, 3, 6, 13, 11, 7, 14, 12, 8, 0 (15 is non-self correcting; use clear to initialize) 

So 
s, 

CLOCK 

SHIFT 
RIGHT 
IN 

CLEAR 

CLR 1 

R 2 

A 3 

B 4 

c 5 

D 6 

L 7 

CLOCK 

CLEAR --1f-----' 

12-BIT SHIFT-LEFT, SHIFT-RIGHT, PARALLEL-LOAD REGISTER 

Ao Al A2 A3 A4 As A5 A1 

B c 0 B c 0 

Am54S/74S194 Am54S/74S194 

Os Oc Oo a• Oc Oo 

Bo . , •2 83 •• B5 •• 67 Ba 89 BlQ B11 

Metallization and Pad Layouts 

Am54S/74S194 

16 Vee CLR 

15 QA J 

14 09 R 

13 Ge A 

12 OD B 

c 
11 CP 0 

DIE SIZE 0.072" X 0.093" 
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1 

2 

3 

4 

5 

6 

7 

Am54S/74S195 

r----16 Vee 

====I=~ 

SIL 

DIE SlZE 0.072" X 0.093" 

15 QA 

14 09 

13 Oc 

12 Oo 

11 Go 

10 CP 

SHIFT 
LEFT 
IN 



Am54S/745240 · Am54S/74S241 
Am54S/74S242 · Am54S/74S243 

Am54S/745244 
Octal Buffers/Line Drivers/Line Receivers With Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Three-state outputs drive bus lines directly 
• Advanced Schottky processing 
• Hysteresis at inputs improve noise margin 
• PNP inputs reduce D.C. loading on bus lines 
• Vol of 0.55V at 64mA for Am74S; 48mA for Am54S 
• Data-to-output propagation delay times: 

Inverting - 7.0ns MAX 
Non-inverting - 9.0ns MAX 

• Enable-to-output - 15.0ns MAX 
• 100% reliability assurance testing in compliance with 

MIL-STD-883 
• 20 pin hermetic and molded DIP packages for Am54S/ 

745240, Am54S/74S241, and Am54S/74S244 

FUNCTIONAL DESCRIPTION 

These buffers/line drivers, used as memory-address drivers, 
clock drivers, and bus oriented transmitters/receivers, pro
vide improved PC board density. The outputs of the com
mercial temperature range versions have 64mA sink and 
15mA source capability, which can be used to drive termi
nated lines down to 1330. The outputs of the military tem
perature range versions have 48mA sink and 12mA source 
current capability. 

Featuring 0.2V minimum guaranteed hysteresis at each. 
low-current PNP data input, they provide improved noise 
rejection and high-fan-out outputs to restore Schottky TTL 
levels completely. 

The Am54S/74S240, Am54S/74S241 and Am54S/74S244 
have four buffers which are enabled from one common line, 
and the other four buffers are enabled from another common 
line. The Am54S/74S240 is inverting, while the Am54SI 
745241 and Am54S/74S244 present true data at the outputs. 

The Am54S/74S242 and Am54S/74S243 have the two 4-line 
data paths connected input-to-output on both sides to form 
an asynchronous transceiver/buffer with complementing 
enable inputs. The Am54S/74S242 is inverting, while the 
Am54S/74S243 presents non-inverting data at the outputs. 

CONNECTION DIAGRAMS 
Top Views 

Am54S/74S240 Am54S/74S241 Am54S/74S242 Am54S/74S243 Am54S/74S244 

1G Vee fG Vee fG Vee Vee 1G Vee 

1A1 2G 1A1 2G NC 2l NC 
2G 1A1 2G 

2Y4 1Y1 2Y4 1Y1 fAJY N NA/Y NC. 2Y4 1Y1 

1A2 2A4 1A2 2A4 2A!Y BA/Y 1A2 2A4 

2Y3 1Y2 2Y3 1Y2 3AiY 7A/Y 2Y3 1Y2 

1A3 2A3 1A3 2A3 4AlY 6AJY 1A3 2A3 

2Y2 1Y3 2Y2 1Y3 GND 5A/Y 2Y2 1Y3 

1A4 2A2 1A4 2A2 1A4 2A2 

2Y1 1Y4 2Y1 1Y4 2Y1 1Y4 

GND 2A1 GND 2A1 GND 2A1 

Note: Pin 1 is marked for orientation. 

ORDERING INFORMATION 

Package Temperature Order Number 

Type Range Am54S/74S240 Am54S/74S241 Am54S/74S242 Am54S/74S243 Am54S/74S244 

Hermetic -55°C to +125°C SN54S240J SN54S241J SN54S242J SN54S243J SN54S244J 
Dice -55°C to +125°C AM54S240X AM54S241X AM54S242X AM54S243X AM54S244X 

Hermetic 0°C to +70°C SN74S240J SN74S241J SN74S242J SN74S243J SN74S244J 
Molded 0°C to +70°C SN74S240N SN74S241N SN74S244N 

Dice 0°C to +70°C AM74S240X AM74S241X AM74S242X AM74S243X AM74S244X 
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Am54S/7 4S240/S241 /S242/S243/S244 

LOGIC DIAGRAMS 

Am54S/74S240 Am54S/74S241 Am54S/74S244 

2Y1 1A1 1Y1 2A1 2Y1 lAl 1Yl 2A1 2Y1 

2Y2 1A2 1Y2 2A2 2Y2 1A2 1Y2 2A2 2Y2 

2Y3 1A3 1Y3 2A3 2Y3 1A3 1Y3 2A3 2Y3 

2Y4 1A4 1Y4 2A4 2Y4 1A4 1Y4 2A4 2Y4 

fG 2G 2G 

Am54S/74S242 Am54S/74S243 

Note: All gates have input hysteresis. 

MAXIMUM RATINGS above which the useful life may be impaired 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential -0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +7.0V 

DC Output Current 150mA 

DC Input Current -30mA to +5.0mA 
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Am54S/7 4S240/S241 /S242/S243/S244 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Noted: 

Am54S240/S241 /S242/S243/S244 IM I LI 

Am74S240/S241/S242/S243/S244 (COM' LI 

TA= -55°C to +125°C Vcc{MIN.) = 4.50V 

TA= 0°c to +10°c Vcc(MIN.) = 4.75V 

VcclMAX.) = 5.50V 

VcclMAX.) = 5.25V 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions !Note 1 I 

V1H High-Level Input Voltage 

VIL Low-Level Input Voltage 

VIK Input Clamp Voltage Vee= MIN., 11 = -18mA 

Hysteresis (VT+ - VT_) Vee= MIN. 

Vee= MIN., V1L =0.8V 

VoH High-Level Output Voltage 
loH = -3.0mA 

f-------. . 
Vee= MIN., MIL, loH = -12mA 

V1 L = 0.5V eOM'L, loH = -15mA 

Vee= MIN. MIL, loL = 48mA 
Vol Low-Level Output Voltage 

V1L = O.BV COM'L, loL = 64mA 

lozH 
Off-State Output Current, 

Vee= MAX. Vo= 2.4V 
High Level Voltage Applied 

v 1H=2.ov 

lozL 
Off-State Output Current, VIL =0.8V Vo= 0.5V 
Low-Level Voltage Applied 

11 
Input Current at Maximum 

Vee= MAX., V1 = 5.5V 
Input Voltage 

l1H High-Level Input Current. Any Input Vee= MAX., V1H = 2.7V 

Any A 
Vee= MAX., V1L = 0.5V 

l1L Low-Level Input Current 
Any G 

1os Short-Circuit Output Current (Note 3) Vee= MAX. 

All Outputs MIL 

HIGH COM'L 

Am54S/74S240 All Outputs Vee= MAX. MIL 

Am54S/74S242 LOW Outputs open COM'L 

MIL 
Outputs at Hi·Z 

'cc Supply Current 
COM'L 

All Outputs MIL 

HIGH COM'L 

Am54S/74S241 
All Outputs Vee= MAX. MIL 

Am54S/74S243 
LOW 

Am54S/74S244 
Outputs open COM'L 

MIL 
Outputs at Hi-Z 

COM'L 

Min. 

2.0 

0.2 

2.4 

2.0 

2.0 

-50 

Typ. 
(Note 2) 

0.4 

3.4 

80 

80 

100 

100 

100 

100 

95 

95 

120 

120 

120 

120 

Max. 

0.8 

-1.2 

0.55 

0.55 

50 

-50 

1.0 

50 

-400 

-2.0 

-225 

123 

135 

145 

150 

145 

150 

147 

160 

170 

180 

170 

180 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 

2. All typical values are Vee= 5.0V, TA= 25° C. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

SWITCHING CHARACTERISTICS (Vee= 5V, TA= 25°e) 

Parameter Description Test Conditions 

IPLH 
Propagation Delay Time, 

Low-to-High~Level Output 

IPHL 
Propagation Delay Time, 

High-to-Low-Level Output CL= 50pF, RL = 90!1 (Note 3) 

1ZL Output Enable Time to Low Level 

tzH Output Enable Time to High Level 

tLz Output Disable Time from Low Level 
CL= 5.0pF, RL = 90!1(Note3) 

'HZ Output Disable Time from High Level 
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Am54S/74S240 
Am54S/74S242 

Min. Typ. Max. 

4.5 7.0 

4.5 7.0 

10 15 

6.5 10 

10 15 

6.0 9.0 

Am54S/7 4S241 
Am54S/74S243 
Am54S/74S244 

Min. Typ. Max. 

6.0 9.0 

6.0 9.0 

10 15 

8.0 12 

10 15 

6.0 9.0 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

µA 

mA 

µA 

µA 

mA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 



LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

Am54S/7 4S240/S241 /S242/S243/S244 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

1G 

H 

L 

L 

2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. ln the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PR R,;:;.:; 1.0MHz, ZouT ~ 50f2 

and tr.::;:;:: 2.5ns, tf < 2.5ns. 

FUNCTION TABLES 

Am54S/74S242 Am54S/74S240 
Am54S/74S241 
Am54S/74S243 

INPUTS 

2G A 

L x 
H L 

H H 

OUTPUTS INPUTS OUTPUT INPUTS OUTPUTS 
y G A y 1G 2G A y 

z H x z H L x z 
H L H L L H H H 
L L L H L H L L 

APPLICATIONS 

Am54S/74S241'S USED AS REPEATER/LEVEL RESTORER 

DRIVER RECEIVER 
1/8 'S241 1/8 'S241 

LONG LINE • 1 

~R1E1~e,~;i1R~RlE/~~~;4~R~R1;;~;z~~R+{>--
INPUT OUTPUT 

CL;T~ ;f: ;f; :t: 
-:;:- ~ ~ ...1... 

~ .. ~~=~-==n· --~==~a-·-=~-==f=\-==~=~~==~=~~~ 
1 2v-W--Y..- -- --'-'--'"'"- -- -~--'"" :J=l:_-..r--\..-J==-'c"--'--:J~=L O.Jv---- -- ---- --· --- -- ---- -- ---- --

INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

'S240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER -
4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 

OUTPUT { 
CONTROL 

SYSTEM AND/OR MEMORY-ADDRESS BUS 
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Am54S/74S244 

INPUTS OUTPUT 

G A 

H x z 
L H H 

L L L 

II 



Am54S/7 4S240/S241 /S242/S243/S244 

INDEPENDENT 4-BIT BUS 
DRIVERS/RECEIVERS 

IN A SINGLE PACKAGE 

OUTPUT 
PORTS 

INPUT 
PORTS 

APPLICATIONS (Cont.) 

PARTY-LINE BUS SYSTEM 

WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 

INPUT A 

TO OTHER 
BUFFERS -!---.---' 

OUTPUT A ---+----+---< 

BUS 
CONTROL 

H 

PARTY LINE 
MULTIPLE 

INPUTIOLJTPUT BUS 

RECEIVERS 
INPUT OUTPUT -----

B A 
B B 
A B 
A A 

NONE NONE 

INPUT B 

TO OTHER 
BUFFERS 

.,_ _ __,_ _ _,_ 0 UT PUT B 

BUS 
CONTROL 

H 
L 
L H 

Metallization and Pad Layout 

Am54S/74S240 • Am54S/74S241 • Am54S/74S244 

1G 
1A1 

2V4 

1A2 

2V3 

1A3 

2Y2 

1A4 

2V1 

GND 

DIE SIZE 0.093" X 0.109" 
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19 2G, (2G) 

18 1Y1 

17 2A4 

16 1V2 

15 2A3 

14 1V3 

13 2A2 

12 1Y4 

11 2A1 



Am54S/74S257 • Am54S/74S258 
Quadruple 2-Line To 1-Line Data 

Distinctive Characteristics 

• Three-state outputs interface directly with bus organ
ized systems 

• Schottky clamp provides improved AC performance 

FUNCTIONAL DESCRIPTION 

The 2-line to 1-line data selector multiplexer can be used to 
transfer data to a common data bus directly by using the 
three-state capability of the device. With the output control 
(OE) HIGH, the four outputs of the data selector are in the 
high impedance state. With the output control LOW, the 
selected four bits (A or B inputs) are bussed onto the four 
data lines. 

The typical propagation delay times from data input to 
output average 4.8ns for the Am54S/74S257 and 4ns for 
the Am54S/74S258. Also, to minimize the possibility that 
two outputs will attempt to drive the common bus to 
opposite logic levels, the output enable circuitry is designed 
such that the output disable times are shorter than the 
output enable times. 

• Pin assignments identical with Am54S/74S157 and 
Am54S/74S158 

• 100% reliability assurance testing in compliance with 
MIL-STD-883 

15 

LOGIC SYMBOL 

2 3 5 6 11 10 14 13 2 3 :, 6 11 10 14 13 

1 A 1B 2A 28 3A 38 4A 48 

OE 

1 A 1 B 2A 28 3A 36 4A 46 

15 ---0 OE 

Am54S.'74S257 

1Y 2Y 3Y 4Y 

12 

1-

Vee= Pin 16 

GNO"'-P1n8 

Am54S/74S?58 

lY 2Y 3Y 4Y 

? ? ? ? 
9 12 

Am54S257, Am74S257 LOGIC DIAGRAMS Am54S258, Am74S258 

ORDERING INFORMATION 

Am545/ 
745257 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +70°C 5N745257N 
Hermetic DIP 0°C to +70°C 5N745257J 

Dice 0°C to +70°C 5N745257X 
Hermetic DIP -55°C to +125°C 5N545257J 

Hermetic Flat Pack -55°C to +125°C 5N545257W 
Dice -55°C to +125°C 5N545257X 

Am545/ 
745258 
Order 

Number 

5N745258N 
5N745258J 
5N745258X 
5N545258J 
5N545258W 
5N545258X 
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CONNECTION DIAGRAM 
Top View 

Vee OE 4A 4B 4Y 3A 3B 3Y 

1A 16 1Y 2A 28 2Y GND 

Note: Pin 1 is marked for orientation on flat package only. 



Am54S/74S257 /258 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +12S°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

' 

Am74S257/S258 
Am54S257/S258 

Parameters 

VoH 

Vol 

V1H 

V1L 

V1 

l1L 

l1H 
(Note 3) 

•1 

•o 

•sc 

'cc 

TA= 0°C to +70°C 
TA= -55°C to+125°C 

Vee= 5.0V ±5% (Com'!) Min"" 4. 75V 

Min= 4.5V Vee= 5.0V ±10% (Mil) 

Description Test Conditions (Note 1 ) 

Vee= MIN., 54S, loH = -2mA 
Output HIGH Voltage V1N = V1H 

orV1L 74S, loH = -6.5mA 

Output LOW Voltage 
Vee= MIN., V1H = 2V 

V1L = 0.8V, IOL = 20mA 

Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 

Input Clamp Voltage Vee= MIN,, l1N = -18mA 

Unit Load S Input 
Input LOW Current Vee= MAX., V1N = 0.5V 

Any Other 

Unit Load S Input 
1·nput HIGH Current Any Other 

Vee= MAX., V1N = 2.7V 

Input HIGH Current Vee= MAX., V1N = 5.5V 

Off-State (HIGH Impedance) Vo= 2.4V 
Output Current 

Vee= MAX. 
Vo= 0.5V --

Output Short Circuit Current (Note 4) Vee= MAX., VouT = 0.0 v 

All Outputs HIGH 
Am54S/74S257 

Am54S/74S258 

Power Supply Current 
Vcc=MAX. Am54S/74S257 

All Outputs LOW 
(Note 5) Am54S/74S258 

All Outputs OFF 
Am54S/74S257 

Am54S/74S258 

Max= 5.25V 
Max= 5.5V 

Min. 

2.4 

2.4 

2 

-40 

-

Typ. 
(Note 2) 

3.4 

3.2 

44 
36 

60 

52 

64 

56 

I 

I 

Max. 

0.5 

0.8 

-1.2 

-4 

-2 

100 

50 

1 

50 

-50 

-100 

68 

56 

93 

81 

99 

87 

Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual Input Currents= Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one outp.ut should be shorted at a 'time and duration of the short circuit test should not exceed one second, 
5. Ice is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 

Switching Characteristics (TA= 25°C) 

Parameters Description Test Conditions Min Typ Max 
S257 5 7.5 tPLH Data to Output 
S258 4 6 
S257 4.5 6.5 tPHL Data to Output 
S258 4 6 
S257 

Vee= 5 V, RL = 280 n, CL= 15 pF 
8.5 15 tPLH Select to Output 

S258 8 12 

Select to Output 
S257 8.5 15 tPHL 
S258 7.5 12 

tzH 13 19.5 
tzL 

Control to Output 
14 21 

tHz 
Control to Output Vee= 5 V, RL = 280 n, CL= 5 pF 

5.5 8.5 
tLz 9 14 
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Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

µA 

mA 

mA 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 



FUNCTION TABLE 

Output 
Control 

H 

L 
L 
L 
L 

INPUTS 

Select 

x 
L 
L 
H 

H 

H =HIGH 
L =LOW 

FUNCTIONAL TERMS 

A 

x 
L 
H 

x 
x 

OUTPUTS 

Am54S/ Am54S/ 
B 74S257 74S258 

x z z 
x L H 

x H L 
L L H 

H H L 

X = Don't Care 
Z = High Impedance 

1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 

1B, 2B, 3B, 4B The data inputs for the 4-bits of the B word. 

1Y, 2Y, 3Y, 4Y The four outputs of the multiplexer. 

OE Output Control When the output control is HIGH, the 
four outputs are in the high impedance state. When the output 
control is LOW, the selected A or B input is present at the output. 

S Select When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 
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Am54S/74S257 /258 

LOADING RULES (In Unit Loads) 
Fan-out 

Input Output Output 
Input/Output Pin No.'s Unit Load HIGH LOW 

54S 74S 

s 2 

1A 2 

18 3 

1Y 4 40 130 10 

2A 5 

28 6 

2Y 7 40 130 10 

GND 8 

3V 9 40 130 10 

38 10 

3A 11 

4V 12 40 130 10 

48 13 

4A 14 

OE 15 

Vee 16 

A Schottky TTL Unit Load is defined as 50 µA measured at 2.7 V 
HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 

Note: Actual current flow direction shown 



Am54S/74S257 /258 

APPL I CATIONS 

~-----1•1 

Am9301 
52---------------~ Ao 

0 1 2 3 

51-----------------~ 

WORD G WORD R 

lA 2A3A 4A 18 28 38 48 
OE 

lA 2A 3A 4A 18 2B 38 48 

OE 

Am54S/74S257 Am54S/74S257 Am54Si74S257 Arn54S/74S258 

1Y 2Y 3Y 4Y lY 2Y 3Y 4Y 1Y 2Y 3Y lY 2Y 3Y 4Y 

----------<1~--+----------...--+---+--+--+------4>--+----------.--+-~\6!~ABUS 
01 o2 03 04 

CLOCK 

Am54S/74S 175 

CLEAR 

01 02 03 04 

I 

8-Word, 4-Bit Multiplexer 

APPLICATION BRIEF -THREE STATE OUTPUTS 

When a three-state Schottky output is in the high-impedance state, the maximum off-state leakage current is specified as 50µA at 2.4 V and 
-50µA at 0.5V. This leakage loading must be added to the input loading of the devices connected to the data bus for worst-case design. For 
this reason, the output HIGH source current of the three-state devices are specified with IQH == -2mA for the Am54S series and IQH == -6.5 
mA for the Am74S series. The output LOW sink current for all Am54S/74S devices is specified as loL == 20mA at 0.5 V. 
The high current sinking and sourcing capability allows many three-state outputs to be bus-organized and drive several TTL Inputs reliably. An 
example of the loH and IQL loading calculations is shown in Table I. The important factor for bus-organized three-state outputs is not to 
exceed either the HIGH-state or the LOW-state maximum loading. 

TABLE I 

NO. OF LOADING 
DEVICES ON BUS TYPE LOAD DATA BUS HIGH LOAD DATA BUS LOW LOAD 

36 54S/74S outputs Hi-Z 50µA x 36 = 1.8mA -50µA x 36 = -1.8mA 
4 54S/74S inputs 50µA x 4 = .2mA -2mA x 4 = -8.0mA 

2.0mA -9.8mA 1 Am54S ...., 50% MAXIMUM 
OUTPUT LOADING USED l Aml4S 

~ 31% ,..__, 50% 

Metallization and Pad Layouts 

Am54S/74S257 Am54S/74S258 
Vee Vee 

s 1 16 
15 0. s 1 16 

15 Oi' 

1A 14 4A 1A 14 4A 
1B 13 4B 1B 13 48 

1Y 12 4Y 1Y 4 12 4Y 
2A 11 3A 2A 5 11 3A 
2B 6 10 38 28 6 10 38 

2Y 7 
B 

3Y 2Y 7 3Y 
GND 

GNO 

DIE SIZE 0.065" X 0.069" DIE SIZE 0.065" X 0.069" 
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Am54S/74S350 
Four-Bit Shifter With Three-State Outputs 

Distinctive Characteristics • 6.5 ns typical data propagation delay. 
• Shifts 4-bits of data to 0, 1, 2 or 3 places under con

trol of two select lines. 
• Three-state outputs for bus organized systems. 

• 100% reliability assurance testing in compliance with 
MI L-STD-883. 

FUNCTIONAL DESCRIPTION 

The Am54S/74S350 is a combinatorial logic circuit that ac
cepts a four-bit data word and shifts the word 0, 1, 2 or 3 
places. The number of places to be shifted is determined by a 
two-bit select field S0 and 5 1. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger number of places with one delay. 

By suitable interconnection, the Am54S/74S350 can be used 
to shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either or 
both ends of the shifting field; arithmetic, where the sign bit 
is repeated during a shift down; or end around, where the 
data word forms a continuous loop. 

LOGIC DIAGRAM 

CONNECTION DIAGRAM 
Top View 

1_3 r_2 1_ 1 10 

Note: Pin 1 is marked f6r orientation 
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S1 

10 So 

13 OE 

LOGIC SYMBOL 

1 2 3 4 5 6 7 

1_3 1_2 l_t 'o '1 
,, 13 

Yo Y1 v, Y3 

15 14 12 11 

Vee= Pin 16 
GND =Pin 8 

El 



Am54S/7 4S350 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 
,,-----·----·· 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 V to +7 V 

DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

SN74S350 

SN54S350 

Parameters 

VoH 

Vol 

V1H 

V1L 

V1 

l1L 

l1H 

•o 

•1 

isc 

•cc 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Unit Load 
Input LOW Current 

Unit Load 
Input HIGH Current 

Off State (High Impedance) 
Output Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 3) 

Power Supply Current 

Vee= 5.0V ±5% (eOM'L) 

Vee= 5.0V ± 10% (MIL) 

MIN.= 4.75V 

MIN.= 4.5V 

Test Conditions (Note 1 I 

Vee= MIN., l MIL, loH = -2mA 

V1N = V1H or V1L JcoM'L, loH = -6.5mA 

Vee= MIN., loL =20mA 

VIN= V1H or V1L 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX. 
l Vo= 2.4V 

jv0 = o.sv 
Vee= MAX., V1N = 5.5V 

Vee= MAX., VouT = o.ov 

Vee= MAX., All outputs open, 

All inputs= GND 

MAX.= 5.25V 

MAX.= 5.5V 

Min. Typ.(Note 21 

2.4 3.4 

2.4 3.2 

2.0 

-40 

60 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-2.0 mA 

50 µA 

50 

-50 
µA 

1.0 mA 

-100 mA 

85 mA 

Notes: 1. For conditions shown as Ml N. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Switching Characteristics (TA = +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH 5 7.5 
-Data Input to Output ns 

tpHL 8 12 

tPLH 11 17 

tPHL 
Select to Output Vee= 5.0V, CL= 15pF, RL = 280!1 

13 20 
ns 

tzH 
Output Control OE to Output 

19.5 

tzL 

ns 
21 

tHz - 5 8 

tLz 
Output Control 0 E to Output Vee= 5V, CL= 5pF, RL = 280n 

10 
ns 

15 
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Am54Sn4S373 • Am54Sn4S533 
Octal Latches with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• 8 latches in a single package 
• Am54S/74S373 has non-inverting outputs 

• Am54S/74S533 has inverting outputs 
• Vol= 0.5V (max) at lol = 20mA 

• Three-state outputs interface directly with bus organized 

systems 
• Hysteresis on latch enable input for improved noise mar

gin 
• High speed - Clock to output 12ns typical 

• 100% product assurance screening to MIL-STD-883 
requirements 

LATCH 
ENABLE 

FUNCTIONAL DESCRIPTION 

The Am54S/74S373 is an octal latch with three-state outputs 

for bus organized system applications. The latching flip-flops 

appear to be transparent to the data (data changes asyn

chronously) when latch enable, G, is HIGH. When G is LOW, 
the data that meets the set-up times is latched. Data appears 

on the bus when the output enable, OE, is LOW. When OE is 

HIGH the bus output is in the high-impedance state. 

Am25S373 and Am25S533 versions are also available of
fering Vol= 0.5V (max) at lol = 32mA. 

Y3 

Outputs Yo through Y7 are inverted on the Am54S/74S533. 

Top View 

11 

OE 

Note: Pin 1 is marked for orientation. 

MPR-361 

LOGIC SYMBOL 

Do 

Yo 

8 13 14 

D1 o, 03 04 05 

Am54S/74S373 

Y1 Y2 Y3 Y4 

9 12 

Vee= Pin 20 

GND=Pin10 

Y5 

15 

MPR·360 

17 18 

o, 07 

Y6 Y7 

16 19 

MPR·362 
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Am54S/74S374 • Am54S/74S534 
8-Bit Registers with Three-State Outputs 

DISTINCTIVE CHARACTERISTICS 

• Eight-bit, high speed parallel registers 
• Am54S/74S374 has non-inverting outputs 
• Am54S/74S534 has· inverting outputs 
• Positive, edge-triggered, D-type flip-flops 
• Buffered common clock and buffered common three-

state control 
• Vol= 0.5V (max) at lol = 20mA 
• High speed - Clock to output 11 ns typical 
• 100% product assurance screening to MIL-STD-883 

requirements 

CP 
CLOCK 

OE 
OUTPUT 
ENABLE 

CP 

FUNCTIONAL DESCRIPTION 

The Am54/74S374 and Am54S/74S534 are eight-bit regis
ters built using high speed Schottky technology. The re
gisters consist of eight D-type flip-flops with a buffered 
common clock and a buffered three-state output control. 
When the output enable (OE) input is LOW, the eight out
puts are enabled. When the OE input is HIGH, the out
puts are in the three-state condition. 

Input data meeting the set-up and hold time requirements 
of the D inputs is transferred to the Y outputs on the 
LOW-to-HIGH transition of the clock input. 

The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 

Am25S374 and Am25S534 versions are also available of
fering Vol= 0.5V (max) at lol = 32mA. 

D7 

Y7 

Outputs Y0 through Y7 are inverted on the Am54/74S534. 

Top View 

Do 

11 CP 

OE 

Yo 

Note: Pin 1 is marked for orientation. 
MPR-364 
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LOGIC SYMBOL 

13 14 17 18 

o, o, D3 D4 D5 D5 D7 

Am54S/74S374 

v, v, Y3 Y4 Y5 Y5 Y7 

12 15 16 19 

Vee= Pin 20 

GND=Pin10 

MPR-363 
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Am54S/74S378 • Am54S/74S379 
Hex/Quad Parallel D Registers Wrth Register Enable 

Distinctive Characteristics • Positive edge triggered D flip-flops 
• 4-bit and 6-bit high-speed parallel registers 
• ·common clock and common enable 

• 100% reliability assurance testing in compliance with 
MI L-STD-883. 

FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 
The Am54S/74S378 is a 6-bit, high-speed Schottky register 
with a buffered common register enable. The Am54S/74S379 
is a 4-bit register with a buffered common register enable. 
The devices are similar to the Am54S/74S174 and Am54S/ 
745175 but feature the common register enable rather than 
common clear. 

Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state regard
less of the clock or data input transitions. 

CP 

LOGIC DIAGRAMS 

Am54S/74S378 

Do D1 D2 

CP 

CP CP CP 

0 0 

Oo 01 o, 

Am54S/74S379 

Do Di 

CP 

CP 

Q a 0 

°" Oo a; o, 

Am54S/74S378 

I 3 4 6 11 13 14 

E Do 01 02 03 04 D5 

2 5 7 10 12 15 

Vee= Pin 16 

GND =Pin 8 

D3 D4 

CP CP 

0 

o, 04 

D, D3 

CP CP 

a 0 a Q 

a, a, a, 03 

CONNECTION DIAGRAMS 
Top Views 

Am54S/74S378 Am54S/74S379 

Note: Pin 1 is marked for orientation. 
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Am54S/74S378 • Am54S/74S379 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vee max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERrSTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

SN74S378,SN74S379 

SN54S378,SN54S379 

TA= 0°C to +70°C 

TA= -55"c to +125°C 

Parameters Description 

VoH Output HIGH Voltage 

Vol Output LOW Voltage 

V1H Input HIGH Level 

VtL Input LOW Level 

Vt Input Clamp Voltage 

l1L 
Unit Load 
Input LOW Current 

l1H 
Unit Load 
Input HIGH Current 

11 Input HIGH Current 

•sc Output Short Circuit Current (Note 3) 

•cc Power Supply Current (Note 4) 

Vee= 5.0V ±5% (COM'L) 

Vee= 5.0V ±10% (MIL) 

Test Conditions (Noto 1 l 

Vee= MIN .. loH = -1 mA 1 COM'L 

V1N = V1H or V1L jMtl 

Vee= MIN., loL = 20mA 

VtN = V1H or V1L 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN .. l1N = -18mA 

Vee= MAX .. V1N = 0.5V 

Vee= MAX .. VtN = 2.7V 

Vee= MAX .. VtN = 5.5V 

Vee= MAX. 

Vee= MAX. l 8378 

S379 

MIN.= 4.75V 

MIN.= 4.5V 

MAX.= 5.25V 

MAX.= 5.5V 

Min. Typ.(Note 2) Max. 

2.7 3.4 

2.5 3.4 

0.5 

2.0 

0.8 

-1.2 

-2 

50 

1.0 

-40 -100 

90 144 

60 96 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Outputs open; enable grounded; data inputs at 4.5 V, measured after a momentary ground, then 4.5 V applied to the clock input. 

Switching Characteristics (TA= +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH Clock to Output 4 8 12 ns 

tPHL Clock to Output 4 11.5 17 ns 

tpw Clock Pulse Width 7 ns 

ts Data Vcc=5.0V, CL= 15pF, RL = 280.n 5.5 ns 

ts Enable 9 ns 

th Data 3 ns 

th Enable 3 ns 
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Am54S/74S388 
Quad D Register Wrth Standard And Three-State Outputs 

Distinctive Characteristics 

• Advanced Schottky technology 
• Four D-type flip-flops 
• Four standard totem-pole outputs 

FUNCTIONAL DESCRIPTION 

The Am54S/74S388 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up and 
hold requirements on the D inputs is transferred to the Q 

outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three
state Y outputs when the "output control" (OE) input is LOW. 
When the OE input is HIGH, the Y ouptuts are in the high
impedance state. 

The Am54S/74S388 is a 4-bit, high-speed Schottky register 
intended for use in real-time signal processing systems 
where the standard outputs are used in a recursive algorithm 
and the three state outputs provide access to a data bus to 
dump the results after a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am54S/74S388 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 
bus organized for occasional interrogation of the data as 
displayed. 

LOGIC DIAGRAM 

Qt STANDARD 

~----02 
OUTPUTS 

THREE-STATE 
OUTPUTS 

• Four three-state outputs 
• 75 MHz clock frequency 
• 100% reliability assurance testing in compliance with 

Ml L-STD-883 

LOGIC SYMBOL 

12 15 

CP 

OE 
Oo a, 02 03 Yo v, Y2 Y3 

2 5 11 14 3 6 10 13 

Vcc=Pin16 

GND =Pin 8 

CONNECTION DIAGRAM 
Top View 

Do C1o Yo D1 01 Y1 OE GND 

i-Jote: Pin 1 is marked for orientation. 
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Am54S/74S388 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

SN74S388 TA= 0°C to +70°C Vee= 5.0V :!: 5% (COM'L) MIN.=4.75V MAX. = 5.25V 
SN54S388 TA= -55°C to +125°C Vee= 5.0V' 10% (MIL) MIN.= 4.5V MAX. = 5.5V 

Typ. 
Parameters Description Test Conditions (Note 11 Min. (Note 2) Max. Units 

1MIL 2.5 3.4 
Q 'oH=-1mA J 

Vee= MIN .. COM'L 2.7 3.4 
VoH Output HIGH Voltage Volts 

V1N = V1H or VIL y l MIL, loH = -2mA 2.4 3.4 

l COM'L, loH = -6.5mA 2.4 3.2 

Vol Output LOW Voltage !Note 6) 
Vee= MIN., 'oL = 20mA 

0.5 Volts 
V1N = V1H or V1L 

V1H Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts voltage for all inputs 

V1L Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts voltage for al I inputs 

v, Input Clamp Voltage Vee= MIN., '1N = -18mA -1.2 Volts 

l1L Input LOW Current Vee= MAX., V1N = 0.5V -2.0 mA 

l1H Input HIGH Current Vee= MAX., V1N = 2.7V 50 µA 

,, Input HIGH Current Vee= MAX., V1N = 5.5V 1.0 mA 

Y Output Off-State } Vo= 2.4V 50 
lo 

Leakage Current 
Vee= MAX. 

Vo= 0.4V 
µA 

-50 

'sc 
Output Short Circuit Current 

Vee= MAX. -40 -100 mA !Note 3) 

'cc Power Supply Current Vee= MAX. !Note 4) 80 130 mA 

Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, TA= 25°e ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 
4. Ice is measured with all inputs at 4.5V and all outputs open. 
5. Measured on 0 outputs with Y outputs open. Measured on Y outputs with Q outputs open. 

Switching Characteristics (TA= +25°C, Vee= 5.0V, RL = 280£2) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH 6.0 9.0 
Clock to Q Output ns 

tPHL 8.5 13 

Clock Pulse Width 1 
HIGH 7.0 

tpw ns 
LOW 9.0 

ts Data CL=15pF 5.0 ns 

th Data 3.0 ns 

tPLH Clock to Y Output 6.0 9.0 
tPHL IOE LOW) ns 

8.5 13 
tzH 12.5 19 
tzL 

CL= 15pF 
12 18 Output Control to Output ns 

tHz· 4.0 6.0 CL= 5.0pF 
tLz 7.0 10.5 
fmax Maxifnum Clock Frequency CL - 15pF 75 100 MHz 
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Am54S/74S399 
Quad Two-Input, High-Speed Register 

Distinctive Characteristics 

• High-speed Schottky technology • Four-bit register accepts data from one of two 4-bit 
input fields 

• Edge triggered clock action 
• 100% reliability assurance testing in compliance with 

MI L-STD-883 

FUNCTIONAL DESCRIPTION 

The Am54S/74S399 is a dual port high-speed, four-bit regis
ter using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four inputs 
selected by the S line is stored in the four flip-flops at the 
clock LOW-to-HIGH transition. When the S input is LOW, the 
Di A input data will be stored in the register. When the S input 
is HIGH, the Dis input data will be stored in the register. 

LOGIC DIAGRAM 

Dos 

CP --l'!ll<>---4---l 

o, 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 
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Am54Sn4S399 

MAXIMUM RA TINGS (Above which the useful life may be impaired) 

Storage Temperature -65°c to +150°c 
Temperature (Ambient) Under Bias -55°C to +125°c 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 
DC Voltage Applied to Outputs for High Output State -0.5 V to +Vee max. 
DC Input Voltage -0.5 V to +5.5 V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30 mA to +5.0 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
SN74S399 

SN54S399 

Parameters 

VoH 

Vol 

V1H 

V1L 

v, 
l1L 

l1H 

1, 

•sc 

•cc 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

0 utput H I G H Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Unit Load. 
Input LOW Current 

Unit Load 
Input HIGH Current 

Input HIGH Current 

Output Short Circuit Current 
(Note 3) 

Power Supply Current 

Vcc=5.0V±5%(COM'L) MIN.=4.75V 

Vcc=5.0V±10%(MIL) MIN.=4.5V 

Test Conditions (Note 1> 
Vee= MIN., 'OH= -1.0mA 1 COM'L 

V1N = V1H or V1L l MIL 

Vee - MIN., 'oL - 20.0mA 

V1N = V1H or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.SV 

Vee= MAX. 

Vee= MAX. (Note 4) 

MAX.= 5.25V 

MAX.= 5.5V 

Min. Typ.(Note 2) 

2.7 3.4 

2.5 3.4 

0.3 

2.0 

-40 

75 

Max. Units 

Volts 

0.5 Volts 

Volts 

0.8 Volts 

-1.2 Volts 

-2.0 mA 

50 µA 

1.0 mA 

-100 mA 

120 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specifie.d under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 

Switching Characteristics (TA= +25°Cl 
Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH Clock to Q HIGH 8 12 ns 

tPHL Clock to Q LOW 11.5 17 ns 

tpw Clock Pulse Width 7 ns 

ts Data Set-up Time Vee= 5.0V, CL= 15pF. RL = 28011 5.5 ns 

ts Select Input Set-up Time 10 ns 

th Data Hold Time 3 ns 

th Select Input Hold Time 3 ns 
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Am54S/74S412 
Eight-Bit Input/Output Port 

The 545/745412 is Texas Instruments' second 
source part number to the AMO/Intel 8212 
device. 
See the Am8212 data sheet for full 
information. 

4-122 



Am3212·Am8212 
Eight-Bit Input/Output Port 

Distinctive Characteristics 
• Fully parallel, 8-bit data register and buffer replacing 

latches, multiplexers and buffers needed in micro
processor systems. 

• 4.0V output high voltage for direct interface to MOS 
microprocessors, such as the Am9080A family. 

• Input load current 250µA max. 
• Reduces system package count 

FUNCTIONAL DESCRIPTION 

All of the principal peripheral and input/output functions 
of a Microcomputer System can be implemented with the 
Am3212 • Am8212. The Am3212 • Am8212 input/output 
port consists of an 8-latch with 3-state output buffers along 
with control and device selection logic, which can be used to 
implement latches, gated buffers or multiplexers. 

LOGIC DIAGRAM 

MD 

STB 

Dl 1 
4 

oo, 

Dl 2 oo, 

D03 

I ,0 
D04 

15 
D05 

• Available for operation over both commercial and 
military temperature ranges. 

• Advanced Schottky processing with 100% reliability 
assurance testing in compliance with MI L-STD-883. 

• Service request flip-flop for interrupt generation 
• Three-state outputs sink 15mA 
• Asynchronous register clear with clock over-ride 

CONNECTION DIAGRAM 
Top View 

OS, Vee 

MD TNT 

01, 01, 

oo, DD a 

01, 01, 

oo, oo, 

01 3 01 6 

DD3 DD5 

Dl4 Dis 

D04 D05 

STB eLR 

GND os, 

Note: Pin 1 is marked for orientation. 

PIN DEFINITION 

Dl1-Dls DATA IN 

D01-DOs DATA OUT 

DS1-DS2 DEVICE SELECT 

MD MODE 

STB STROBE 

INT INTERRUPT (ACTIVE LOW) 

CLR CLEAR (ACTIVE LOW) 



FUNCTIONAL DESCRIPTION (Cont'd) 

Data Latch 

The 8 flip-flops that make up the data latch are of a "D" type 

design. The output (0) of the flip-flop will follow the data 

input (D) while the clock input (C) is high. Latching will occur 

when the clock (C) returns low. 

The data latch is cleared by an asynchronous reset input 

(CLR). (Note: Clock (C) Overrides Reset (CLR)). 

Output Buffer 

The outputs of the data latch (0) are connected to 3-state, 

non-inverting output buffers. These buffers have a common 

control line (EN); this control line either enables the buffer 

to transmit the data from the outputs of the data latch ( 0) 

or disables the buffer, forcing the output into a high im

pedance state. (3-state). This high-impedance state allows the 

Am3212 • Am8212 to be connected directly onto the micro

processor bi-directional data bus. 

Control Logic 

The Am3212 • Am8212 has control inputs DS1. DS2, MD 

And STB. These inputs are used to control device selection, 

data latching, output buffer state and service request flip-flop. 

DS1, DS2 (Device Select) 

These 2 inputs are used for device selection. When DS1 is low 

and DS2 is high (DS1 · DS2) the device is selected. In the 

selected state the output buffer is enabled and the service 

request flip-flop (SR) is asynchronously set. 

Am3212 • Am8212 

MD (Mode) 

This input is used to control the state of the output buffer and 

to determine the source of the clock input (C) to the data 

latch. 

When MD is high (output mode) the output buffers are en

abled and the source of clock (C) to the data latch is from the 

device selection logic (DS1 · DS2). 

When MD is low (input mode) the output buffer state is 

determined by the device selection logic (DS1 · DS2) and the 

source of clock (C) to the data latch is the STB (Strobe) input. 

STB (Strobe) 

This input is used as the clock (C) to the data latch for the 

input mode MD ~ 0) and to synchronously reset the service 

request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 

Service Request Flip-Flop 

The SR flip-flop is used to generate and control interrupts 

ii1 m.icrocomputer systems. It is asynchronously set by the 

CLR input (active low). When the (SR) flip-flop is set it is in 

the non-interrupting state. 

The output of the (SR) flip-flop (0) is connected to an in

verting input of a "NOR" gate. The other input to the "NOR" 

gate is non-inverting and is connected to the device selection 

logic (DS1 · DS2). The output of the "NOR" gate (INT) is 

active low (interrupting state) for connection to active low 

input priority generating circuits. 

TRUTH TABLE 

STB MD DS1-DS2 Data Out Equals CLR DS1 -DS2 STB SR* INT 

0 0 0 Three-State 0 0 0 1 1 

1 0 0 Three-State 0 1 0 1 Q. 

0 1 0 Data Latch 1 1 '-- 0 0 

1 1 0 Data Latch 1 1 0 1 0 

0 0 1 Data Latch 1 0 0 1 1 

1 0 1 Data In 1 1 \.._ 1 0 

0 1 1 Data In 

1 1 1 Data In 

CLR - Resets Data Latch 

- Sets SR Flip-Flop (no effect on Output Buffer) 

*Internal SR Flip-Flop 
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Am3212 • Am8212 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage 
Output Voltage 
Input Voltages 
Output Current (Each Output) 

-65°C to +150°C 

-55°C to +125°C 

-0.5V to +7.0V 

-0.5V to +7.0V 
-1.0Vto+5.5V 

125mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
pg212, og212, P3212, 03212 (COM'LI 
Amg212DM, MD3212 (MI LI 

TA= 0°C to +70°C 
TA= -55°C to +125°C 

Vee= 5.ov ± 5% 
Vee= 5.ov ± 10% 

DC CHARACTERISTICS 

Parameters Description 

IF 
l nput Load Current 
ACK, DS2, CR, DI 1 - Dig Inputs 

IF Input Load Current MD Input 

IF Input Load Current DS1 Input 

IR 
Input Leakage Current 
ACK, OS, CR, 011 - Dig Inputs 

IR Input Leakage Current MO Input 

IR Input Leakage Current DS1 Input 

Ve Input Forward Voltage Clamp 

V1L Input LOW Voltage 

V1H Input HIGH Voltage 

Vol Output LOW Voltage 

VoH Output HIGH Voltage 

lsc Short Circuit Output Current 

1101 
Output Leakage Current 
High Impedance 

Ice Power Supply Current 

AC CHARACTERISTICS (Note 3) 
Parameters Description 

tpw Pulse Width 

tpd Data to Output Delay 

twe Write Enable to Output Delay 

ts et Data Set~up Time 

th Data Hold Time 

t, Reset to Output Delay 

ts Set to Output Delay 

te Output Enable/Disable Time 

tc Clear to Output Delay 

CAPACITANCE (Note 4) 

F = 1.0MHz, VBIAS = 2.5V, Vee= +5.0V, TA= 25°e 

Parameters Description Typ. 

C1N DS1 MD Input Capacitance 9.0 

C1N 
DS2, CK, ACK, Dl1-Dl3 

5.0 Input Capacitance 

CouT DO 1 - 003 Output Capacitance 8.0 

Test Conditions 

VF= 0.45V 

VF= 0.45V 

Vf = 0.45V 

VR = 5.25V 

VR = 5.25V 

VR = 5.25V 

COM'L 
le= -5.0mA 

MIL 

COM'L 

MIL 

loL = 15mA 

COM'L 
IOH = -1.0mA 

MIL 

IOH = -0.5mA MIL 

Vo=OV 

Vo= 0.45V/5.25V 

Note 2 

Max. Units 

12 pf 

9.0 pF 

12 pF 

Notes: 1. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 

Min. 

2.0 

3.65 

3.3 

3.5 

-15 

Min. 

30 

15 

20 

2. CLR ""STB °"'HIGH; DS1 "'DS2 =MD= LOW; all data inputs are gound, alt data outputs are open. 
3. Conditions of Test: a) Input pulse amplitude= 2.5V 

b) Input rise and fall times 5.0ns 

Typ. 
(Note 11 

4.0 

4.0 

4.0 

90 

Typ. 
(Note 1) 

8 

12 

18 

18 

15 

14 

25 

Max. 

-0.25 

-0.75 

-1.0 

10 

30 

40 

-1.0 

-1.2 

o.g5 

o.go 

0.45 

-75 

20 

130 

Max. 

30 

40 

40 

30 

45 

55 

Units 

mA 

mA 

mA 

µA 

µA 

µA 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TEST LOAD (15mA and 30pF) 

Joon 

TO D. U. T. 0----.---... 

·3a''I 600.n 

c) Between 1.0V and 2.0V measurements made at 1.5V with 15mA and 30pF Test Load. 
4. This parameter is sampled and not 100% tested. 

*Including Jig and Probe 
Capacitance. 

4-125 



Am3212 • Am8212 

TIMING DIAGRAM 

DATA 1.SV ~--------:V¥ 
____ _/ . lr=='PW "!' ·,I'-------

STB od5S, • DS2 1.SV I \ 1.SV 
l--"''--1 .....___ ___ _ 

~Jr-----------

auTPuT __________ _:v}(~-----------

OS,• os2 _____ ' s_,v I i sv \ ______ _ 

~'El ISEENOTE) ~IO-J 
-------- ,--------~----0,-.SV VoH 

OUTPUT 
t 

------~ -.r==:::-_:::-_-_-,o.5_v -- VoL 
I" lPW • 1 

CLR-------l.-.5V~~---1?_V;f~---------

l--I• ---'C'-----i 

DO 1.5V 

DATA l.SVx---------=x 
____ _/J\__ · 1'-------
______ 1---__ 'S-ET_"""". 1 · tH I. 

L 15V 

-------"Dj ,---------------

OUTPUT------'~''----------------

STB or BS1 • DSz 

Q'-------
1 l.SVt\1.SV 

iN'f--------f--:-:~--------' ~~ 1,,)-'S --

STB 

Note: Alternative Test Load. 
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Am3212 • Am8212 

1 

Input Current Versus 
Input Voltage 

vcc=s.ov 

~ -1001--1-----t~lt-t~r 

~ 
0::: -150 1---C---f--tlfl-+--r~ 
::0 
u 
~ -2001---C--7"!'-fli-+--+---+-~---i 
z TA= 0°C 

>-
:l 
w 
0 
f-

"' f-
::0 
0 
0 
f-

"' f-

"' 0 

-250 1---f---t-ffH--+--+----l 

-300 L--''--'-LLL..l.--'---'---' 
-3 -2 -1 

30 

20 

10 

0 
0 

INPUT VOLTAGE - VOL TS 

Data to Output Delay 
Versus Load Capacitance 

Vcc=s.ov 
TA" 25°C 

---

50 100 150 200 250 300 

LOAD CAPACITANCE - pF 

INPUT DEVICE 

DI 

11 

STB 

Am3212 
Arn8212 

1] 2 13 

INPUT ------~ STROBE __ 

SYSTEM Am3212 
INPUT Am8212 

DO 

TYPICAL CHARACTERISTICS 

"' E 

~ 
"' ::0 
u 

~ 
f-
::0 
0 

I 

>-
:l 
w 
0 
f
::0 

:= 
::0 
0 
0 
f-

f°' 
"' 0 

100 

80 

60 

40 

20 

0 
0 

Output Current Versus 
Output LOW Voltage 

Vcc=s.ov 

0.2 0.4 0.6 0.8 

OUTPUT LOW VOLTAGE - VOL TS 

Data to Output Delay 
Versus Temperature 

Vcc==s.ov 

TEMPERATURE - °C 

LOGIC SYMBOLS 

"' E 
I 

~ 
"' "' 3 
~ 
f-
::0 
0 

>-
'.\ 
0 
f-., 
f
::0 
0 
0 
f-

-5 

-10 

-15 

-20 

-25 

-30 

Output Current Versus 
Output HIGH Voltage 

OUTPUT HIGH VOLTAGE -VOLTS 

Write Enable to Output Delay 
Versus Temperature 

40 

35 

30 

25 

20 

15 

10 
-25 

Vcc:'5ov 

JB I 
052 

_:-f-1-~ ----
!£"--

I:':::-- ~~ 

f-"'~ os, 

J 
25 50 

TEMPERATURE -- °C 

t++ 

t-+---j 

,+-
1 

75 100 

OUTPUT DEVICE 

Detailed 
DI 

13 

Symbolic 

DATA BUS DATA BUS 
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STB 
DO 

10 

_CLR~ 
os 1 

OUTPUT 
--------FLAG 

Am3212 SYSTEM 
Am8212 OUTPUT 



TYPICAL APPLICATIONS OF THE Am8212 

GATED BUFFER (3-STATE) 

By tying the mode signal low and the strobe input high, the 

data latch is acting as a straight through gate. The output 

buffers are then enabled from the device selection logic DS1 

and DS2. 

When the device selection logic is false, the outputs are 3-state. 

When the device selection logic is true, the input data from the 

system is directly transferred to the output. 

INPUT 
DATA 

(250µA) 

~-----01 CLR 

STB 

Am3212 
Am8212 

GATING (-
CONTROL 

(B'S']-DS2) '::._-::._-_---------~ 

Bi-Directional Bus Driver 

Two Am3212 • Am8212's wired back-to back can be used as 

a symmetrical drive, bi-directional bus driver. The devices are 

controlled by the data bus input control which is connected 

to DS1 on the first Am3212 • Am8212 and to DS2 on the 

second. While one device is active, and acting as a straight 

through buffer the other is in its 3-state mode. 

Interrupting Input Port 

The Am3212 • Am8212 accepts a strobe from the system 

input source, which in turn clears the service request flip-flop 

and interrupts the processor. The processor then goes through 

a service routine, identifies the port, and causes the device 

selection logic to go true - enabling the system input data 

onto the data bus. 

DATA 1------~' "\ 
sus,,__~~---,, 

DATA BUS -
CONTROL 

INPUT 
STROBE 

SYSTEM 
INPUT 

SYSTEM 
RESET 

CLR 

CLR 

STB 

Am3212 
Am8212 

PORT ( 
SfilCTION 
(DS 1 -DS2) !-------~ 
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STB 

Am3212 
Am8212 

STB 

Am3212 
Am8212 

Am3212 • Am8212 

DATA BUS 

OUTPUT 
DATA 
(15mA) 
(3.65V MIN.) 

DATA 
BUS 



Am3212 • Am8212 

TYPICAL APPLICATIONS OF THE Am8212 (Cont'd) 

Interrupt Instruction Port 

The Am3212 • Am8212 can be used to gate the interrupt 
instruction, normally RESTART instructions, onto the data 
bus. The device is enabled from the interrupt acknowledge 
signal from the microprocessor and from a port selection sig
nal. This signal is normally tied to ground. (DS1 could be 
used to multiplex a variety of interrupt instruction ports onto 
a common bus). 

RESTART 
INSTRUCTION 

(AST 0- AST 7) 

P~T ---
SELECTJON (DS1) ----~ 

STB 

Am3212 
Am8212 

INTERRUPT -------~ 
ACKNOWLEDGE ---

Am9080A Status Latch 

DATA BUS 

The input to the Am3212 • Am8212 latch comes directly 
from the Am9080A data bus. Timing shows that when 
the SYNC signal is true (DS1 input), and q'>1 is true, 

Output Port (With Hand-Shaking) 

The Am3212 • Am8212 is used to transmit data from the 
data bus to a system output. The output strobe could be a 
hand-shaking signal such as "reception of data" from the de
vice that the system is outputting to. It in turn, can interrupt 
the system signifying the reception of date. The selection of 
the port comes from the device selection logic. (DS1 · DS2). 

DATA BUS ,------- OUTPUT STROBE 

STB 

Am3212 SYSTEM OUTPUT Am8212 

iNT eLR -SYSTEM RESET 

} PORT SELECTION 
Vee (~CH CONTROL) 

(DS 1-DS2J 

(DS1 input) then the status data will be latched into the 
Am3212 • Am8212. The mode signal is tied high so that 
the output on the latch is active and evabled all the time. 

-- Do --- o, 
-- D2 -- 03 --3 

041---------...--+---+--+--+-----------
DATA BUS o, 

--Am9080A D5 l-------t-+--I--+--+-+-----"'"---------0,1------t-l-+--I--+--+-+-------------6 
D7l-----<..-l-l-+--I--+--+-+------------19 

SYNCI----~ 

CLOCK GEN 
& DRIVER 

15 

~TL) 

~Dl 
5 

16 

18 

20 
22 

STATUS LATCH 

Am3212 
Am8212 

4 
Dof--

i-2--
B 
t--

10 
t--

15 
t--

17 
t--

19 
f--

21 
~CLR 
I '1.__o.,;s2"-~M-D ~os.,;1__. 

~-----+--113 2 T 
f--

J 

Vee 
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Ds 

o, 
o, 

INTA 

WO 

STACK 

HLTA 

OUT 

Ml BASIC 
STATUS 

CONTROL 
INP 

BUS 

MEMR 

OBIN 



Am8T26 
Schottky Three-State Quad Bus Driver/Receiver 

Distinctive Characteristics 

• Advanced Schottky technology • 20ns max. driver propagation delay 

• 40mA driver sink current • 1 Bns max. receiver propagation delay 

• Three-state outputs on driver and receiver 

• PNP inputs 

• 100% reliability assurance testing in compliance with 

Ml L-STD-883 

FUNCTIONAL DESCRIPTION 

The Am8T26 is a high speed bus transceiver consisting of 

four bus drivers with three-state outputs and four bus 

receivers, also with three-state outputs. Each driver output 

is internally connected to a receiver input. Both the drivers 

and receivers have PNP inputs. 

One buffered common "bus enable" input is connected to 

the four drivers and another buffered common "receiver 

enable" input is connected to the receivers. A LOW on the 

bus enable (B/E) input forces the four driver outputs to the 

high-impedance state. A HIGH on the bus enable allows 

input data to be transferred onto the data bus. 

A HIGH on the receiver enable (R/E) input forces the four 

receiver outputs to the high-impedance state while a LOW 

on the receiver enable input allows the received data to be 

transferred to the output. The complementary design of the 

bus enable and receiver enable inputs allows these control 

inputs to be connected together externally such that a single 

transmit/receive function is derived. 

LOGIC DIAGRAM 

Do D1 

141 171 

05) 
B/E 

111 
R/E 

121 151 

Ro R1 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP 0°C to +75°C N8T26B 

Hermetic DIP 0°Cto +75°C N8T26F 

Dice 0°C to +75°C AM8T26XC 

Hermetic DIP -55°C to +125°C S8T26F 

Dice -55°C to +125°C AM8T26XM 
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15 

o, 
191 

R, 

B/E 

R/E 

LOGIC SYMBOL 

Do 

•o 

D1 o, 

Am8T26 

•1 ,, 

10 

Vee= Pin 16 

GND=Pin8 

131 

161 

(10) 

(13) 

R3 

12 

D3 

83 

13 

•o 

•1 

., 
B3 

"o 

R1 

R, 

Ra 

CONNECTION DIAGRAM 
Top View 

Vee B/E R3 B3 D3 R, ., D, 

R/E Ro •o Do R1 ., D1 GND 

Note: Pin 1 is marked for orientation. 

11 

14 



Am8T26 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

NBT26 
SBT26 

Parameters 

VoH 

VoL 

VoH 

VoL 

V1H 

V1L 

V1 

l1L 
(Note 3) 

l1H 
(Note 3) 

•sc 

•cc 

•o 

TA= 0°C to +75°C 
TA= -55°C to +125°C 

Vee= s.ov ±5% MIN.= 4.75V MAX.= 5.25V 

Description Test Conditions (Note 1) Min. 

Driver Output HIGH Voltage Vee= MIN., loH = -10mA 
2.6 V1N = V1H or V1L 

Driver Output LOW Voltage 
Vee= MIN., loL = 40mA 
V1N = V1H or V1L 

Receiver Output HIGH Voltage Vee= MIN., loH = -2mA 
2.6 V1N = V1H or V1L 

Receiver Output LOW Voltage 
Vee= MIN., loL = -16mA 
V1N = V1H or V1L 

Input HIGH Level 
Guaranteed input logical HIGH 

2.0 voltage for all inputs 

Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 

Input Clamp Voltage Vee= MIN., l1N = -5mA 

Input LOW Current Vee= MAX., V1N = 0.4V 

Input HIGH Current Vee= MAX., V1N = 5.25V 

Output Short Circuit Current 1 Driver -50 
(Note 4) Vee= MAX., VouT = o.ov l . 

-30 Receiver 
Power Supply Current Vee= MAX. 

Bus Leakage Current with Vee= MAX., Vsus = 2.6V 
Driver Off V1N = V1H or V1L 

Typ. 
(Note 2) 

3.1 

3.1 

Max. 

0.5 

0.5 

0.85 

-1.0 

-0.2 

25 

-150 
-75 

87 

100 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

µA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading, 
3, Actual input currents= Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Switching Characteristics (TA= +25°C, Vee= 5.0V) 

Parameters Description Test Conditions Min. Typ. Max. Units 
tPLH 

Driver Input to Bus Figure 1 16 20 
tPHL 16 20 

ns 

tPLH 13 18 
tPHL 

Bus to Receiver Output Figure 2 ns 
6 10 

tzL 29 38 
tLz 

Driver Enable to Bus Figure 3 ns 
35 43 

lzL Receiver Enable to 20 30 
ILZ Receiver Output 

Figure 4 
10 17 

ns 
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DEFINITION OF FUNCTIONAL TERMS 
Do, 01, 02, 0 3 The four driver inputs. 

Bo. B,, B2, B3 The four driver outputs and receiver inputs 
(data is inverted). 

Ro, R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the driver inputs is non
inverted. 

B/E Bus enable input. When the bus enable input is LOW, 
the four driver outputs are in the high-impedance state. 

R/E Receiver enable input. When the receiver enable input 
is HIGH, the four receiver outputs are in the high-impedance 
state. 

DRIVER FUNCTION TABLE 

INPUTS 

B/E 

L 

H 

H 

L= LOW 
H =HIGH 

i=0,1,2,or3 

Di 

x 
L 

H 

X = Don't Care 
Z =High Impedance 

OUTPUT 

Bi 

z 
H 

L 

Am8T26 

LOADING RULES (In Unit Loads) 

LOW Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 
R/E 1 1/8 

Ro 2 50 10 

Bo 3 1/16 250 25 

Do 4 1 /8 

R1 5 50 10 

B1 6 1/16 250 25 

01 1/8 

GND 8 

D2 9 1/8 

B2 10 1/16 250 25 

R2 11 50 10 

D3 12 1 /8 

B3 13 1/16 250 25 

R3 14 50 10 

B/E 15 1/8 

Vee 16 

A TTL Unit Load is defined as -1.6mA measured at 0.4V LOW 
and 40µA measured at 2.4V HIGH. 

RECEIVER FUNCTION TABLE 

INPUTS 

R/E 

H 

L 

L 

L= LOW 
H =HIGH 

i = 0, 1, 2, or 3 

Bi 

x 
L 

H 

X = Don't Care 
Z = High Impedance 

OUTPUT 

Ri 

z 
H 

L 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

BUS DRIVER 
OUTPUT 

RECEIVER 
OUTPUT ALL INPUTS 

Note: Actual current flow direction shown. 
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Am8T26 

PULSE 
GENERATOR 

2.6V 

8/E 

R/E 

Do 

o, 
02 

03 

2.6V 

AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY (Data In to Busl 

Vee= s.ov 2.6V 

6/E 

R/E 

Do 

o, 
o, 
03 

"::" 

Vee= s.ov 

80 

61 

82 

83 

Ro 

R1 

R2 

RJ 

•o ., 
82 

63 

Ro 

Rt 

R2 

R3 

30U 

300pF 2600 

Figure 1 

INPUT~ 
1PHL :::'_) r-- _.j r.:: 'PLH 

OUTPUT~ 
INPUT PULSE: 
tr= t1"' Sns (10% to 90%) 
freq= 10MHz (50% duty cycle) 
Amplitude = 2.6V 

PROPAGATION DELAY (Bus to Receiver Out) 

PULSE 
GENERATOR 

JOpF 

92n 

Figure 2 

2.6V 

INPUT PULSE: 
tr = t 1 "' 5ns ( 10% to 90%) 
freq= 10MHz (50% duty cycle) 
Amplitude"' 2.6V 

PROPAGATION DELAY (Bus Enable to Bus Output) 

60 ., 
82 

83 

Ro 

Rt 

"' 

SkH 
IPROBEJ 

5.0V 

2.4kU 70H 

Figure 3 

INPUT~ 
.,,:::'_) r- ~ t:''' 

OUTPUT ~1.SV !~ 
---~10% 

INPUT PULSE 
tr= t1 = Sns (10% to 90%) 
freq= SM Hz (50% duty cycle) 
Amplitude= 2.6V 

PROPAGATION DELAY· (Receive Enable to Receive Output) 
2.6V Vee 

80 

B/E 61 

R/E 82 

Do 63 

o, Ro 

o, Rt 

03 R2 

R3 
5Kn 

!PROBE) 

5.0V 

2.4kn 

30pF 

Figure 4 
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INPUT~ 
1LZ :::'_) I,:: _.j r- 1ZL 

OUTPUT~ 
INPUT PULSE 
tr= ti= Sns 110"4 to 90"kl 
freq" SMHz (50";(, duty cycle) 
Amplitude= 2.6V 



Do 
•o 

DATA I D1 

IN D' 

D3 

•1 •2 

Am8T26 

BIE RIE 

H =TRANSMIT 
L =RECEIVE 

B3 
Ro 

R1 

"' 
R3 

APPLICATION 

Do I DATA DATA I D1 

OUT IN D2 

03 

Metallization and Pad Layout 

Vee 
16 

RIE 1 15 

"o 2 14 

•o 3 13 

Do 4 12 

"1 5 11 

•1 6 10 

D1 7 

GND 

DIE SIZE 0.063" X 0.082" 
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•o 

BIE 

R3 

63 

D3 

"' ., 

D, 

•1 ., 
Am8T26 

B/E RIE 

H =TRANSMIT 
L =RECEIVE 

B3 

R1 
!DATA 

"' OUT 

Am8T26 

4-BIT BUS 
TO OTHER 
AmBT26's 

m 



Am8T26A·Am8T28 
Schottky Three-State Quad Bus Driver/Receiver 

Distinctive Characteristics 

• Advanced Schottky technology 
• 48mA driver sink current 
• Three-state outputs on driver and reciever 
• PNP inputs 
• Am8T26A has inverting outputs 
• Am8T28 has non-inverting outputs 

FUNCTIONAL DESCRIPTION 

The Am8T26A/Am8T28 are high speed bus transceivers 
consisting of four bus drivers with three-state outputs and 
four bus receivers, also with three-state outputs. Each driver 
output is internally connected to a receiver input. Both the 
drivers and receivers have PNP inputs. 

One buffered common "bus enable" input is connected to 
the four drivers and another buffered common "receiver 
enable" input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus enable allows 
input data to be transferred onto the data bus. 

A HIGH on the receiver enable (R/E) input forces the four 
receiver outputs to the high-impedance state while a LQ.W 
on the receiver enable input allows the received data tff~ 
transferred to the output. The complementary · f M;~:. 
bus enable and receiver enable inputs allo~~l • ·•-: 
inputs to be connected together externally su~1'. 
transmit/receive function is derived. 

Am8T26A 
Inverting Output (Three-State) 

114) 

ORDERING INFORMATION 

Am8T26A Am8T28 
Package Temperature Order Order 

Type Range Number Number 

Molded DIP D°C to +75°C N8T26AB N8T28B 
Hermetic DIP D°C to +75°C N8T26AF N8T28F 

Dice D°C to +75°C AM8T26AXC AM8T28XC 
Hermetic DIP -55°C to +125°C S8T26AF S8T28F 

Dice -55°C to +125°c AM8T26AXM AM8T28XM 

4-135 

• Driver propagation delay - 14ns max. for 8T26A; 
17 ns max. for 8T28 

• Receiver propagation delay - 14ns max. for 8T26A; 
17 ns max. for 8T28 

• 100% reliability assurance testing in compliance with 
MI L-ST D-883 

LOGIC SYMBOL 

12 

Do Dl D2 D3 
Ro 

15 B/E 
Rl 

Am8T26A 
R2 11 

R/E 
R3 14 

Bo Bl B2 B3 

10 13 

Do Dl D2 D3 

191 (12) 

(15) 
B/E 

131 
Bo 

161 
Bl 

(10) 
B2 

(13) 

B3 

111 
R/E ----0 

151 (11) (14) 

Ro Rl R2 R3 

CONNECTION DIAGRAM 
(Top View) 

Vee B/E R3 83 D3 R2 •2 Dz 

R/E Ro Bo Do R1 s, o, GND 

Note: Pin 1 is marked for orientation. 



MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Receiver) 

DC Output Current, Into Outputs (BUS) 

DC Input Current 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

The Following Conditions Apply Unless Otherwise Noted: 

N8T26A, NST28 TA=0°eto+75°e(eOM"L) MIN.=4.75V MAX.=5.25V 

S8T26A, S8T28 TA=-55°eto+125°e(MIL) MIN.=4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1 I 

Driver 
l1L Low Level Input Current V1N=0.4V 

l1L Low Level Input Current (Disabled) V1N=0.4V 

l1H High Level Input Current ID1N. DEi V1N =Vee MAX. 

Vol Low Level Output Voltage lo UT= 48mA (Note 51 

VoH High Level Output Voltage louT = -10mA, Vee= VeeMIN.INote 61 

las Short Circuit Output Current VouT = OV, Vee= VeeMAX.(Note 4) 

Receiver 
l1L Low Level Input Current V1N =0.4V 

l1H High Level Input Current IRE) V1N =Vee MAX. 

Vol Low Level Output Voltage louT = 20mA (Note 51 

VoH High Level Output Voltage 
iouT = -100µA, Vee= 5.ov 

IQLJT = -2.0mA (Note 6) 

ios Short Circuit Output Current VouT = OV, Vee= Vee MAX. 

Both Driver and Receiver 
VTL Low Level Input Threshold Voltage 

VTH High Level Input Threshold Voltage 

•o 
Low Level Output Off Leakage Current VouT = 0.5V 

High Level Output Off Leakage Current VouT = 2.4 v 

V1 Input Clamp Voltage l1N = -12mA 

PWR/ 1Am8T26A Vee= Vee MAX. 

•cc 
Power/Current Consumption l 

Am8T28 Vee= VccMAX. 

Switching Characteristics (TA= +25°C, Vee= 5.0V) Am8T26A 

Parameters Description Test Conditions Min. Typ. 

'PLH 10 
Driver Input to Bus Figure 1 

tpHL 10 

'PLH 9.0 
Bus to Receiver Output Figure 2 

'PHL 6.0 

tzL 19 
Driver Enable to Bus Figure 3 

tLz 15 

tzL Receiver Enable to 15 

Receiver Output 
Figure 4 

'LZ 
10 

Min. 

2.4 

-50 

3.5 

2.4 

-30 

0.85 

Max. 

14 

14 

14 

14 

25 

20 

20 

15 

Am8T26A • Am8T28 

-65°C to +1509C 

-55°C to +125°C 

-0.5V to +7V 

-0.5V to +Vee max. 

-0.5V to +5.5V 

30mA 

80mA 

-30mA to +5.0mA 

Typ. 
{Note2) Max. Units 

Min. 

-200 

-25 

25 

0.5 

-150 

-200 

25 

0.5 

-75 

2.0 

-100 

100 

-1.0 

457/87 

578/110 

Am8T28 
Typ. Max. 

13 17 

13 17 

12 17 

9.0 17 

21 28 

18 23 

18 23 

13 18 

µA 

µA 

µA 

Volts 

Volts 

mA 

µA 

µA 

Volts 

Volts 

mA 

Volts 

Volts 

µA 

µA 

Volts 

mW/mA 

Units 

ns 

ns 

ns 

ns 

Notes: 1. For cond1t1ons shown as MIN. or MAX., use the appropriate value spec1f1ed under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee"" 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents= Unit Load Current x Input Load Factor {See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Output sink current is supplied through a resistor to V CC· 

6. Measurements apply to each output and the associated data input independently. 
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Am8T26A • Am8T28 

DEFINITION OF FUNCTIONAL TERMS 
Do, 01, D2. 03 The four driver inputs. 
Bo, B,, B2, Ba The four driver outputs and receiver inputs 
(data is inverted). 
Ro, R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the driver inputs is non
inverted. 
B/E Bus enable input. When the bus enable input is LOW, 
the four driver outputs are in the high-impedance state. 
R/E Receiver enable input. When the receiver enable input 
is HIGH, the four receiver outputs are in the high-impedance 
state. 

DRIVER FUNCTION TABLE 

B/E 

L 

H 

H 

L= LOW 
H =HIGH 

INPUTS 

i = 0, 1, 2, or 3 

Am8T26A 
OUTPUT 

Di Bi 

x z 
L H 

H L 

X = Don't Care 
Z =High Impedance 

Am8T28 
OUTPUT 

Bi 

z 
L 

H 

LOADING RULES (In Unit Loads) 

LOW Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 
R/E 1 1/8 

Ro 2 50 10 

Bo 3 1/16 250 25 

Do 4 1/8 

R1 5 50 10 

81 6 1/16 250 25 

01 1/8 

GND 8 

02 9 1/8 

B2 10 1/16 250 25 

R2 11 50 10 

03 12 1/8 

83 13 1/16 250 25 

R3 14 50 10 

B/E 15 1/8 

Vee 16 

A TTL Unit Load is defined as -1.6mA measured at 0.4V LOW 
and 40µA measured at 2.4V HIGH. 

RECEIVER FUNCTION TABLE 

R/E 

H 

L 

L 

L= LOW 
H =HIGH 

INPUTS 

i = 0, 1, 2, or 3 

Am8T26A Am8T28 
OUTPUT OUTPUT 

Bi Ri Ri 

x z z 
L H L 
H L H 

X = Don't Care 
Z =High Impedance 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 

BUS DRIVER 
OUTPUT 

RECEIVER 
OUTPUT ALL INPUTS 

----....----+--------+-----"'!---Vee 

Note: Actual current flow direction shown. 
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PULSE 
GENERATOR 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

2.6V 

8/E 

RIE 

Oo 

o, 

D2 

D3 

2.6V 

Am8T26A • Am8T28 

AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY (Data In to Bus) 

Vee= s.ov 2.6V 

B/E 

RIE 

Oo 

o, 

D2 

D3 

Vee= s.ov 

80 

81 

•2 

83 

Ro 

"' 
"2 

R3 

8/E 

RIE 

Do 

o, 
D2 

D3 

•o ., 
•2 

83 

R1 

JOU 

300pF 2600 

Figure 1 

INPUT~ 
1PHL::'.j f-- ___j I:: 1PLH 

OUTPUT~ 

INPUT PULSE: 
tr= tf = 5ns (10% to 90%) 
freq= lOMHz (50% duty cycle) 
Amplitude= 2.6V 

PROPAGATION DELAY (Bus to Receiver Out) 

PULSE 
GENERATOR 

92U 

Figure 2 

2.6V 

INPUT PULSE: 
tr= lf = 5ns (10% to 90%) 
freq= 10MHz (50% duty cycle) 
Amplitude= 2.6V 

PROPAGATION DELAY (Bus Enable to Bus Output) 

Vee 5.0V 

•o 2.4kn 

81 

82 

83 
5kH 

{PROBE) 

"2 

Figure 3 

INPUT~ 
1zL::j ~ -j t: 1Lz 

OUTPUT ~1.5V !~ 
--~,o~:. 

INPUT PULSE 
tr= t1 = 5ns (10% to 90%) 
freq= 5MHz (50% duty cycle I 
Amplitude= 2.6V 

PROPAGATION DELAY (Receive Enable to Receive Output) 

2.6V Vee 

80 

8/E 81 

RIE 82 

Do 83 

o, Ro 

D2 ,, 
D3 "2 

R3 
5Kn 

{PROBE) 

5.0V 

2.4k.11 240.11 

30pF 

Figure 4 
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INPUT~ 
1LZ::'.j t: __J r- 1ZL 

OUTPUT _r.t_ 
INPUT PULSE 
tr - t1 = 5ns (10% to 9~-0) 
freq~ SM Hi (50% duty cycle) 
Amplitude= 2.6Y 



Am8T26A • Am8T28 

DD 

DATA I D1 

IN o, 
D3 

R/E 

Ro 

80 

Do 

Rl 

81 

Dl 

GND 

80 81 0, 

Am8T26A 

8/E R/E 

H =TRANSMIT 
L =RECEIVE 

83 

Am8T26A 

Ro 

Rl 

R' 

R3 

DIE SIZE 0.058" X 0.091" 

APPLICATION 

Do I DATA DATA I D1 

OUT IN D, 

D3 

Metallization and Pad Layouts 

16 Vee 
15 8/E R/E 

14 R3 Ro 

13 83 80 

12 D3 Do 

11 R2 Rl 

10 0, 
'1 

D, D1 

GND 
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80 81 0, 

Am8T26A 

8/E R/E 

H =TRANSMIT 
L =RECEIVE 

83 

Am8T28 

Ro 

Rl 

R2 

R3 

DIE SIZE 0.058" X 0.091" 

I DATA OUT 

16 

14 

13 

12 

11 

10 

Vee 
8/E 

R3 

83 

D3 

R2 

0, 

o, 

4-BIT BUS 
TO OTHER 
Am8T26's 



Am82562 
Nine-Input Parity Checker/Generator 

Distinctive Characteristics 

• ODD/EVEN parity outputs 
• Inhibit input to disable both outputs 

• High-speed expansion input - Pg 

FUNCTIONAL DESCRIPTION 

The Am82S62 is a g-bit parity generator/parity checker 

with both an ODD parity output and an EVEN parity out

put. The device can be used to detect errors in data trans

mission or data retrieval systems as well as to generate this 

parity check bit. 

The Am82S62 features one special high-speed input (Pg) to 

facilitate expansion. The propagation delay to the outputs 

through this path is considerably reduced when compared 

to the P1 through Ps paths. This short delay path allows 

parity checkers/generators of larger size than g-bits to be 

built with a minimum of additional delay. 

The device is built using advanced Schottky technology and 

incorporates PNP input transistors to reduce input loading 

to 0.4 STTL unit loads. The EVEN output is one gate 

propagation delay time shorter than the ODD output. 

• PNP inputs 

• Advanced Schottky technology 

• 100% reliability assurance testing in compliance with 
MI L-ST D-883. 

LOGIC SYMBOL 

1 2 3 4 10 11 12 13 5 

INHIB\T Am82S62 

ODD EVEN 

Vee = Pin 14 

GND = Pin 7 

LOGIC DIAGRAM 

ORDERING INFORMATION 

Package Temperature Order 

Type Range Number 

Molded DIP 0°C to+ 75°C N82S62A 

Hermetic DIP 0°C to +75°C N82S62F 

Dice 0°C to+ 75°C N82S62X 

Hermetic DIP -55°C to +125°C S82S62F 

Dice -55°C to +125°C S82S62X 
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CONNECTION DIAGRAM 
Top View 

,, Vee 

,, P3 

P3 P7 

P4 
,, 

Pg P5 

ODD EVEN 
OUTPUT OUTPUT 

GND INHIBIT 

Note: Pin 1 is marked for orientation. 



Am82S62 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to+125°C 

Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous -0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 

N82562 

582562 

Parameters 

VoH 

Vol 

V1H 

V1L 

Vi 

l1L 
(Note 3) 

l1H 
(Note 3) 

•1 

lsc 

Ice 

TA= 0°C to +75°C 

TA= -55°C to +125°C 
Vee= s.ov :t5% MIN.= 4.75V MAX.= 5.25V 

Description Test Conditions (Note 1) Min. 

Vee= MIN., loH = -1mA l 582 2.5 
Output HIGH Voltage 

V1N = V1H or V1L l N82 2.7 

Output LOW Voltage 
Vee= MIN., IOL - 20mA 

V1N = V1H or V1L 

Input HIGH Level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

Input LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

Input Clamp Voltage Vee= MIN., l1N = -18mA 

Vcc=MAX.,V1N=0.5V J P9 
Input LOW Current 

Others 

Input HIGH Current Vee= MAX., V1N = 4.5V 

Input HIGH Current Vee= MAX., V1N - 5.5V 

Output Short Circuit Current 
Vee= MAX., VouT = o.ov -40 (Note 4) 

Power Supply Current Vee - MAX. (Note 5) 

Typ. 
(Note 2) Max. 

0.5 

0.8 

-1.2 

-0.4 
-0.8 

10 

1.0 

-100 

67 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device tvpe. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load Current x Input Load Factor {See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. P 1 through Pg grounded; inhibit at 4.5V; outputs open. 

Switching Characteristics (TA=+ 25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH 
P1 through P8 to Even Output 

tPHL 
23 ns 

tPLH 
P1 through Pa to Odd Output 

lPHL 
28 ns 

tPLH 
P9 to Even Output 12 ns 

tPHL 

tPLH Vee= 5.0V, RL = 280n, CL= 15pF 
P9 to Odd Output 18 ns 

tPHL 

tPLH 

tPHL 
Inhibit to Even Output 9 ns 

tPLH 
Inhibit to Odd Output 9 

tPHL 
ns 
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TRUTH TABLE 

INHIBIT 
NUMBER OF P INPUTS OUTPUT 

LOW HIGH ODD EVEN 

L 0 9 H L 

L 1 8 L H 

L 2 7 H L 

L 3 6 L H 

L 4 5 H L 

L 5 4 L H 

L 6 3 H L 

L 7 2 L H 

L 8 1 H L 

L 9 0 L H 

H x x L L 

H HIGH 
L LOW 
X Don't Care 

DEFINITION OF FUNCTIONAL TERMS 

P1 through Pg The nine inputs to the parity tree. 

INHIBIT A HIGH on the inhibit input forces both the odd 

output and even output LOW regardless of the P inputs. When 

the inhibit is LOW, the odd and even outputs will always be 

of opposite phase. 

ODD The odd parity output of the device. When an odd 

number of P inputs are at a HIGH level, the odd output will 

be HIGH. 

EVEN The even parity output of the device. When an even 

number of P inputs are at a HIGH level, the even output will 

be HIGH. 

LOGIC EQUATIONS 

ODD Output= P1 EllP 2 @P3 EllP4 EllP5 EllP 6 EllP7 EllP9EllP9 

EVEN Output= P 1 EllP2 EBP 3EllP4 EllP5 EllP5EllP7EllP9EllP9 
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LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

P1 0.4 

P2 2 0.4 

P3 3 0.4 

P4 4 0.4 

Pg 5 0.2 

ODD 6 20 10 

GND 7 

INHIBIT 8 0.4 

EVEN 9 20 10 

P5 10 0.4 

P5 11 0.4 

P7 12 0.4 

Pa 13 0.4 

Vee 14 

A Schottky TTL Unit Load is defined as SOµA measured at 2. 7V 

HIGH and -2.0mA measured at O.SV LOW. 

SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT PNP 
DRIVEN INPUT 

Note: Actual current flow direction shown. 



Am82S62 

10 

11 

12 

13 

14 

15 

16 
ODD/EVEN INVERT 
CONTROL 

INHIBIT 

APPLICATION 

16-BIT PARITY GENERATOR WITH INVERT CONTROL 

P1 

P2 

P3 EVEN 

P4 

P5 Am82562 

P5 

P7 ODD 

Pa 

Pg 

INHIBIT 

P1 

P2 

P3 EVEN 

P4 

•• Am82S62 

•• 
P7 ODD 

•e 
Pg 

INHIBIT 

i 

Metallization and Pad Layout 

•1 1 

P2 2 14 Vee 

P3 
13 Pa 

P4 12 P7 
11 P5 
10 P5 

Pg 5 EVEN 
OUTPUT 

ODD 
a INHIBIT OUTPUT 

DIE SIZE 0.067" X 0.072" 
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NORMALLY 
EVEN OUTPUT 

NORMALLY 
ODO OUTPUT 



Am73/8304B 
Octal Three-State Bidirectional Transceiver 

DISTINCTIVE CHARACTERISTICS 

• 8-bit bidirectional data flow reduces system package count 
• Three-state inputs/outputs for interfacing with bus-oriented 

systems 
• PNP inputs reduce input loading 
• Vcc-1.15V VoH interfaces with TTL, MOS, and CMOS 
• 48mA, 300pF bus drive capability 
• Transmit/Receive and Chip Disable simplify control logic 
• 20 pin ceramic and molded DIP package 
• Low power - 8mA per bidirectional bit 
• Advanced Schottky processing 
• Bus port stays in hi-impedance state during power up/down 
• 100% product assurance screening to MIL-STD-883 

requirements 

GENERAL DESCRIPTION 

The Am73/8304Bs are 8-bit three-state Schottky transceivers. 
They provide bidirectional drive for bus-oriented microproces
sor and digital communications systems. Straight through 

bidirectional transceivers are featured, with 16mA drive capa
bility on the A ports and 48mA bus drive capability on the B 
ports. PNP inputs are incorporated to reduce input loading. 

One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a three
state condition. 

The output high voltage (VoH) is specified at Vcc-1.15V 

minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 

LOGIC DIAGRAM 

CHIP 
DISABLE -T"""lL--" 

(CD) 

., . , •• • • 

CONNECTION DIAGRAM LOGIC SYMBOL 

Top View 

A PORT 

Vee "o . , •2 B3 •• •s •• .., T/R 

Ao A1 A2 A3 A4 As A5 A1 

co 
Am73/8304B ,, T/R 

Bo ., 
•2 B3 •• Bs •• •1 

Ao A1 A2 A3 A4 As As A7 co GND 19 18 17 16 1S 14 13 12 

BPORT 

Vee = Pin 20 

Note: Pin 1 is marked for orientation. GND =Pin 10 
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Am8304B 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Supply Voltage 

Input Voltage 

Output Voltage 

Lead Temperature (Soldering, 10 seconds) 

ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 

Am7304B 

Am8304B 

TA= -55°C to +125°C 

TA= 0°C to +70°C 
VccMIN = 4.5V 
VccMIN = 4.75V 

VccMAX = 5.5V 
VccMAX = 5.25V 

DC ELECTRICAL CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions 
A PORT (Ao·A7) 

V1H Logical "1" Input Voltage CD = 0.8V, T/R = 2.0V 

V1L Logical "O" Input Voltage CD= 0.8V, Am83040B 
T/R = 2.0V Am7304B 

VoH Logical "1" Output Voltage CD= 0.8V, loH = -0.4mA 
T/R = o.8V loH = -3.0mA 

VoL Logical "O" Output Voltage CD= O.BV, loL = BmA 

T/R = O.BV Am8304B, IOL = 16mA 

los Output Short Circuit Current 
CD = 0.8V, T/R = O.BV, Vo = OV, 
Vee = MAX., Note 2 

l1H Logical "1" Input Current CD = 0.8V, T/R = 2.0V, V1 = 2.7V 

11 Input Current at Maximum Input Voltage CD = 2.0V, Vee = MAX., v, = Vee MAX. 

l1L Logical "O" Input Current CD = 0.8V, T/R = 2.0V, V1 = 0.4V 

Ve Input Clamp Voltage CD= 2.0V, l1N = -12mA 

Output/Input Three-State Current CD= 2.0V 
Vo= 0.4V 

loo 
Vo= 4.0V 

B PORT (Bo-81) 

V1H Logical "1" Input Voltage CD = 0.8V, T/R = 0.8V 

V1L Logical "O" Input Voltage CD = 0.8V, T/R = 0.8V 
Am8304B 
Am7304B 

loH = -0.4mA 
VoH Logical "1" Output Voltage CD = O.BV, T/R = 2.0V loH = -5mA 

loH = -10mA 

VoL Logical "O" Output Voltage CD = 0.8V, T/R = 2.0V 
loL = 20mA 

loL = 48mA 

los Output Short Circuit Current 
CD = 0.8V, T/R = 2.0V, Vo = OV, 
Vee= MAX .• Note 2 

l1H Logical "1" Input Current CD = 0.8V, T/R = 0.8V, V1 = 2.7V 

11 Input Current at Maximum Input Voltage CD = 2.0V, Vee = MAX., v, = Vee MAX. 

l1L Logical "O" Input Current CD = 0.8V, T/R = 0.8V, V1 = 0.4V 

Ve Input Clamp Voltage CD= 2.0V, l1N = -12mA 

loo Output/Input Three-State Current CD= 2.0V 
Vo= 0.4V 

Vo= 4.0V 

CONTROL INPUTS CD, T/R 

V1H Logical "1" Input Voltage 

V1L Logical "O" Input Voltage 

l1H Logical "1" Input Current V1 = 2.7V 

11 Input Current at Maximum Input Voltage Vee = MAX., v, = Vee MAX. 

l1L Logical "O" Input Current V1 = 0.4V 
T/R 

CD 

Ve Input Clamp Voltage l1N = -12mA 

POWER SUPPLY CURRENT 

Ice Power Supply Current 
CD = 2.0V, Vee = MAX., V1N = 0.4V 
CD= VINA= 0.4V, T/R = 2V, Vee= MAX. 
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Min. 

2.0 

Vcc-1.15 

2.7 

-10 

2.0 

Vcc-1.15 
2.7 
2.4 

-25 

2.0 

Typ. 
(Note 1) 

Vcc-0.7 
3.95 

0.3 

0.35 

-38 

0.1 

-70 

-0.7 

Vcc-0.8 
3.9 
3.6 

0.3 

0.4 

-50 

0.1 

-70 

-0.7 

0.5 

-0.1 

-0.25 

-0.8 

60 

80 

-65°C to +150°C 

7.0V 

5.5V 

5.5V 

300°C 

Max. Units 

Volts 

0.8 
Volts 

0.7 

Volts 

0.4 
Volts 

0.50 

-75 mA 

80 µA 

1 mA 

-200 µA 

-1.5 Volts 

-200 

80 
µA 

Volts 

0.8 
Volts 

0.7 

Volts 

0.4 
Volts 

0.5 

-150 mA 

80 µA 

1 mA 

-200 µA 

-1.5 Volts 

-200 
µA 

200 

Volts 

0.8 Volts 

20 µA 

1.0 mA 

-.25 
mA 

-.5 

-1.5 Volts 

100 

130 
mA 



AC ELECTRICAL CHARACTERISTICS (Vee= s.ov, TA= 25°C) 

Parameters Description Test Conditions 

A PORT DATA/MODE SPECIFICATIONS 

tpoHLA 
Propagation Delay to a Logical "O" from CD= 0.4V, T/R = 0.4V (Figure 1) 

B Port to A Port R1 = 1k, R2 = 5k, C1 = 30pF 

tpoLHA 
Propagation Delay to a Logical "1" from CD = 0.4V, T/R = 0.4V (Figure 1) 

B Port to A Port R1 = 1k, R2 = 5k, C1 = 30pF 

tPLZA 
Propagation Delay from a Logical "O" to Bo to B7 = 0.4V, T/R = 0.4V (Figure 3) 

Three-State from CD to A Port S3 = 1, Rs = 1 k, C4 = 15pF 

tPHZA 
Propagation Delay from a Logical "1" to Bo to B7 = 2.4V, T/R = 0.4V (Figure 3) 

Three-State from CD to A Port S3 = 0, Rs = 1 k, C4 = 15pF 

tpzLA 
Propagation Delay from Three-State to Bo to B7 = 0.4V, T/R = 0.4V (Figure 3) 

a Logical "O" from CD to A Port S3 = 1, Rs = 1 k, C4 = 30pF 

tpzHA 
Propagation Delay from Three-State to Bo to B7 = 2.4V, T/R = 0.4V (Figure 3) 

a Logical "1" from CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 

8 PORT DATA/MODE SPECIFICATIONS 

Propagation Delay to a Logical "O" from 
CD = 0.4V, T/R = 2.4V (Figure 1) j 

tpoHLB 'l R1 = 10011, R2 = 1k, C1 = 300pF 
A Port to B Port ~R1 = 66711, R2 = 5k, C1 = 45pF 

Propagation Delay to a Logical "1" from 
CD= 0.4V, T/R = 2.4V (Figure 1) J 

tpoLHB I l R1 = 10011, R2 = 1 k, C1 = 300pF 
A Port to B Port ~R1 = 66711, R2 = 5k, C1 = 45pF 

tpLZB 
Propagation Delay from a Logical "O" to Ao to A7 = 0.4V, T/R = 2.4V (Figure 3) 

Three-State from CD to B Port S3 = 1, Rs = 1 k, C4 = 15pF 

tpHZB 
Propagation Delay from a Logical "1" to Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 

Three-State from CD to B Port S3 = 0, Rs = 1 k, C4 = 15pF 

Propagation Delay from Three-State to 
Ao to A7 = 0.4V, T/R = 2.4V (Figure 3) 

tpzLB a Logical "O" from CD to B Port 
S3 - 1, Rs= 10011, C4 = 300pF 

S3 = 1, Rs= 66711, C4 = 45pF 

Propagation Delay from Three-State to 
Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 

tpzHB S3 = 0, Rs= 1k, C4 = 300pF 
a Logical "1" from CD to B Port 

S3 = 0, Rs = 66711, C4 = 45pF 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

Propagation Delay from a Logical "1" to 
CD = 0.4V (Figure 2) 

tpHZR Three-State from T/R to A Port 
S1 = 1, R4 = 10011, C3 = 300pF 

S2 = 0, R3 = 1 k, C2 = 15pF 

Propagation Delay from a Logical "O" to 
CD = 0.4V (Figure 2) 

tpLZR Three-State from T/R to A Port 
S1 = 0, R4 = 1k, C3 = 300pF 
S2 = 1, R3 = 1 k, C2 = 15pF 

Propagation Delay from a Logical "1" to 
CD = 0.4V (Figure 2) 

tPHZT Three-State from T/R to B Port 
S1 = 0, R4 = 1 k, C3 = 15pF 
S2 = 1, R3 = 5k, C2 = 30pF 

Propagation Delay f_!Em a Logical "O" to 
CD = 0.4V (Figure 2) 

tPLZT S1 = 1, R4 = 1 k, C3 = 15pF 
Three-State from T/R to B Port 

S2 = 0, R3 = 1k, C2 = 30pF 

tpRL 
Propagation Delay from Transmit Mode 

tPRL = tPHZT + tpoHLA 
to a Logical "O", T/R to A Port 

tPRH 
Propagation Delay from Transmit Mode 

tpR H = tPLZT + tpoLHA 
to a Logical "1", T/R to A Port 

tpn 
Propagation Delay from Receive Mode 

tpn = tPHZR + tpoHLB 
to a Logical "O", T/R to B Port 

tprH 
Propagation Delay from Receive Mode 

tprH = tPLZR + tpoLHB 
to a Logical "1 '', T/R to B Port 

Notes: 1. All typical values given are for Vee = 5.0V and TA = 25°C. 

2. Only one output at a time should be shorted. 

FUNCTIONAL TABLE 

Inputs Conditions 

Chip Disable 0 0 1 

Transmit/Receive 0 1 x 

A Port Out In Hl-Z 

B Port In Out Hl-Z 
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Typ. 
Min. (Note 1) Max. Units 

14 18 ns 

13 18 ns 

11 15 ns 

8 15 ns 

27 35 ns 

19 25 ns 

18 23 
ns 

11 18 

16 23 ns 

11 18 

13 18 ns 

8 15 ns 

32 40 
ns 

16 22 

26 35 ns 

14 22 

7 12 ns 

10 14 ns 

16 22 ns 

17 22 ns El 
25 40 ns 

30 40 ns 

25 35 ns 

26 35 ns 



Am8304B 

INPUT tr...._ -'lSV 

SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 

3.0V 

AnOABn _Yi 

OUTPUT _____ 
1_·...J/• 1 

1 
-.~-PD_L_" ____ _ 

BnORAn . 

15V \=='f 
1PDHL=B 

ov 
PULSE 

GENERATOR 

15V\_ 

Vee 

INPUT OUTPUT 

DEVICE 
UNDER 

TEST 

50'1 c,I 
-=-

t, =If < 1 Ons 
10%to 90% 

Note: C1 includes test fixture capacitance. 

Figure 1. Propagation Delay from A Port to B Port 
or from B Port to A Port. 

Vee 

Vee 

R1 

-::-

IN~~~ $'1-.v-----------1.5....,v \/ :~v 

I ---+05V I 05V 

A PORT C>---------<i--t 

Vee~ 

.---------<> B PORT 

A POAT 

OUTPU:iE 1£ '"'"~ §M •~< '"'"d §'''" 
• ~v ~v OUTPU~i _Ji 

t, =If< 10ns 
10% to90% 

S2"' 1 

PULSE 
GENERATOR 

DEVICE 
UNDER 
TEST 

T/R 

50'1 

R4 

Note: Cz and C3 include test fixture capacitance. 

Figure 2. Propagation Delay from T /R to A Port or B Port. 

INPg6 Yf1'1-.. v-----------,.-.v ... v---,,--- 3.0V 
Vee 

Vee 

I =t= ""~ ..____i--- ov PORT 
INPUT t---------o6~~~UT 

ou~~~lE JJ 
'PHZ ~ § ~LZ tpzL ~ I 

ou~~~~v ~ 

t, = If < 1 Ons 
10% to 90% 

PULSE 
GENERATOR 

INPUT DEVICE 
UNDER 

TEST 

1-..._-<>--f CD 

50'1 

Note: C4 includes test fixture capacitance. 
Port input is in a fixed logical condition. 

Figure 3. Propagation Delay from CD to A Port or B Port. 
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Am93S10 • Am93S16 
BCD Decade/Four-Bit Binary Counters 

Distinctive Characteristics 

• Fully synchronous counting 

• Fully synchronous parallel loading 

FUNCTIONAL DESCRIPTION 

The Am93S10 and Am93S16 are fully synchronous 4-bit 

decimal and binary counters. With the parallel enable (PE) 

LOW, data on the P0 -P3 inputs is parallel loaded on the 

positive clock transition. When PE is HIGH and both count 

enables CEP and GET are also HIGH, counting will occur 

on the LOW-to-HIGH clock transition. 

The terminal count state (1001 for the Am93S10 and 1111 

for the Am93S16) is decoded and ANDed with GET in the 

terminal count (TC) output. If GET is HIGH and the 

counter is in its terminal count state, then TC is HIGH. 

Both counters have an asynchronous master reset (MR). A 

LOW on the MR input forces the 0 outputs LOW in

dependent of all other inputs. The only requirements on 

the PE, CEP, GET and P0 -P3 inputs is that they meet the 

set-up time requirements before the clock LOW-to

H I GH transition. 

• Edge-triggered clock action 

• Advanced Schottky technology 

• 100% reliability assurance testing in compliance with 

MI L-STD-883. 

PE 

7 CEP 
10 CET 

CP 

MR 

LOGIC SYMBOL 

'o 

Go 

14 

'1 '2 

Am93S10 
Am93S16 

a1 a, 

13 12 

Vee =Pin 16 

GND =Pin 8 

P3 

a, 

11 

TC 15 

LOGIC DIAGRAMS 

Am93S10 

NIR~1--<1>~~--.-~-'-J~~-.-~~f--'-~---.~~+--~--. 
CP~~~~+--~-+-~--.-+--~-+-~-.--

+-~-+~--. 

~~'.-J:>,..+--1><>--+-+-+-~~-+++--1~~__.__+-~t--~~ 

CEP~7-:=r-}-~~-'-+-~~~J...f--j~~~-
'-~t--~~~ 

CETl~OL-)>--~~~1=========~==========~~~~15 

ORDERING INFORMATION 

' Am93S10 Am93S16 

Package Temperature Order Order 

Type Range Number Number 

Molded DIP 0°eto +75°e 93S10Pe 93S16Pe 

Hermetic DIP 0°C to +75°C 93S10De 93S16De 

Dice 0° C to +75°C 93S10Xe 93S16Xe 

Hermetic DIP -55° e to +125° e 93S10DM 93S16DM 

Hermetic Flat Pak -55°e to +125°e 93S10FM 93S16FM 

Dice -55° e to +125° e 93S10XM 93S16XM 

Am93S16 

MR~~~.....-~0_0+1_•~==.--~01_,_13~~..-~a'-+-"~~ 

CP 2 

~~'H>~-<:><>-~-t---t--~~~-+--+-~~~-t---+~~~ 

CEP°""{)~~--J--jf--~~--<'--+--~~--J~+-~~__J 
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Am93S 10 • Am93S 16 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 
-65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 
DC Input Voltage 

-0.5V to +5.5V 
DC Output Current, Into Outputs 

30mA 
DC Input Current 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am93S10Xe, Am93S16Xe 
Am93S1 OXM, Am93S16XM 

TA= 0°C to 75°C Vee: 5.0V ±5% (COM'L) 
TA= -55°C to +125°C Vee: 5.0V ±10% (MIL) 

Parameters Description Test Conditions (Note 1) 

Vee: MIN., loH: -lmA 1 XM VoH Output HIGH Voltage 
V1N: V1H or V1L l xc 

Vol Output LOW Voltage Vee: MIN., loL: 20mA 
VIN: ViH or VIL 

V1H Input HIGH Level Guaranteed input logical HIGH 

' voltage for all inputs 

V1L Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 

Vi Input Clamp Voltage Vee: MIN., l1N: -18mA 

P; MR; CEP 
l1L Vee: MAX., CET Input LOW Current 
(Note 3) V1N: 0.5V PE 

CP 

P; MR; CEP 
l1H Vee: MAX., CET 
(Note 3) 

Input HIGH Current 
PE V1N: 2.7V 

CP 
11 Input HIGH Current Vee: MAX., V1N: 5.5V 

'sc 
Output Short Circuit Current 

Vee: MAX. (Note 4) 

•cc Power Supply Current Vee: MAX. (Note 5) 

MIN. : 4. 75V MAX. : 5.25V 
MIN. = 4.5V MAX. : 5.5V 

Typ. 
Min. (Note 2) Max. Units 

2.5 3.4 
Volts 2.7 3.4 

0.35 0.5 Volts 

2.0 Volts 

0.8 Volts 

-1.2 Volts 

-2.0 

-3.0 
mA 

-4.0 

-5.0 

50 

75 

100 
µA 

125 

1.0 mA 

-40 -65 -100 mA 

82 127 mA 
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 2. Typical limits are at Vee=- 5.0V, 25°C ambient and maximum loading. 

3, Actual input currents"" Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 5. Outputs open; MR"" OV; all other inputs HIGH. 

Metallization and Pad Layouts 

Am93S10 Am93S16 

Vee 
Ml\ 1 15 TC MR 1 15 TC 

CP 2 
CP 2 Po 3 

14 Oo 
Po 3 

14 Oo 

" 4 
13 01 P1 ' 13 01 

P2 5 12 o, P2 5 12 o, 
P3 6 11 03 

P3 6 11 03 

CEP 7 10 CET 
CEP 7 10 CET 

PE 
9 PE 

DIE SIZE 0.078" X 0.096" DIE SIZE 0.078" X 0.096" 
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Am93S10 • Am93S16 

SWITCHING CHARACTERISTICS (TA= +25°) 

Parameters Description Test Conditions Min. Typ. Max. Units 

fMAX Count Frequency 70 100 MHz 

tPLH 6 9 

tPHL 
Clock to Q ns 

8.5 13 

tPLH 
Clock to TC 

12 18 
ns 

tPHL 
8 12 

tPLH 
6.5 10 

CET to TC ns 

tPHL 
6.5 10 

tPHL MR to Q 14 20 ns 

ts 
Recovery Time for MR 6 
(inactive) 

ns 

Vee= 5.0V. CL= 15 pF, RL = 280!1 
Master Reset Pulse 

tpw Width 
13 ns 

Clock Pulse Width HIGH 6 

tpw 
Clock Pulse Width LOW 

ns 
10 

ts 8 
Data to Clock ns 

th 0 

ts 
PE to Clock 

16 
ns 

th 0 

ts CEP or CET to Clock 
12 

ns 

th 0 

APPLICATIONS 

SYNCHRONOUS MULTISTAGE COUNTING USING CET INPUT ONLY 

Po P1 " P3 Po P1 " P3 PE 
CEP 

Po P1 '2 P3 PE 
CEP 

'o '1 " P3 

TC TC TC 

Oo o, 02 03 Oo o, 02 03 Oo o, 02 03 Oo o, 02 03 

I 
TO MORE 
SIGNIFICANT 
STAGES 

El 
FASTER SYNCHRONOUS MULTISTAGE COUNTING USING CET AND CEP INPUTS 

PE Po P1 " '3 PE Po P1 " P3 PE Po P1 P2 P3 PE Po P1 P2 P3 

CEP CEP CEP CEP TO MORE 
SIGNIFICANT 

GET TC GET TC GET TC TC STAGES 

CP CP CP 
{UP TO TOTAL) 

MR Go 01 02 a, MR Go a1 02 03 MR Do a1 02 o, QO a1 a2 a, 

CLOCK 
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Am93S 10 • Am93S 16 

DEFINITION OF FUNCTIONAL TERMS 
PE Parallel Enable. When PE is LOW, the parallel inputs, P0 
through P3, are enabled. When PE is HIGH, the count f~nction 
is possible. 
CEP Count Enable Parallel. CEP is one of the count enable 
inputs that must be HIGH for the counter to count. 
CET Count Enable Trickle. CET is one of the count enable 
inputs that must be HIGH for the counter to count. In ad
dition, CET is included in the TC output gate and must be 
HIGH for TC to be HIGH. 
CP Clock Pulse. Causes the required output change on the 
LOW-to-HIGH transition (Edge-triggered). 
MR Master Reset. When the asynchronous master reset is 
LOW, the Oo through 03 outputs will be LOW regardless of 
the other inputs. 

Po. P1, P2, P3 The parallel data inputs for the four internal 
flip-flops. 

Oo. 01, 02, 03 The four parallel outputs from the counter. 
TC Terminal Count. The terminal count output will be HIGH 
for CET HIGH and binary nine on the Am93S10 or CET 
HIGH and binary 15 on the Am93S16. 

LOADING RULES (In Unit Loads) 
Fan-out 

Output Output 
Input/Output Pin No.'s 

Input 
Unit Load HIGH LOW 

MR 

CP 2 2.5 

Po 3 

4 

5 

6 

CEP 

GND 8 

9 2 

CET 10 1.5 

11 20 10 

12 20 10 

01 13 20 10 

14 20 10 

TC 15 20 10 

Vee 16 

A Schottky TTL Unit Load is defined as 50µA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

FUNCTION TABLE 

INPUTS OUTPUTS 

CP MR PE CEP CET Po P1 

x L 

H 

H 

H 

H 

H 

H = HIGH 
L = LOW 
X = Don't Care 

x x 
L x 
H L 

H L 

H H 

H H 

x x x X X L L L L 

x Do D1 

L x x X X NC NC NC NC 

H x x X X NC NC NC NC 

L x x X X NC NC NC NC 

H x x x x COUNT 

NC = No Change 
Di may be either HIGH or LOW 
t LOW-to-HIGH Transition 

TERMINAL COUNT (TC) TRUTH TABLE SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

Am93S10 

H H L 

L X X 

X L X 

X X H 

x x x 
x x x 

H = HIGH 
L = LOW 
X = Don't Care 

L 

x 
x 

x 

H 

x 

03 CET 

H H 

X L 

x x 
x x 
x x 
L X 

H 

x 

L 

x 

x 
x 

Am93S16 

H 

x 
x 

L 

x 

x 

H 

x 
x 
x 
L 

x 

03 

H 

x 

x 
x 

x 
L 

TC 

H 

L 

L 

L 

L 

L 
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I 
I 

tij 
I~-·........-..-' 
I 

i "It 
I 
I 

Note: Actual current flow direction shown. 
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Am93S48 
Twelve-Input Parity Checker/Generator 

Distinctive Characteristics 

• Generates or checks parity over 12 bits 

• Advanced Schottky technology 

FUNCTIONAL DESCRIPTION 

The Am93S48 is a high-speed, 12-input parity checker or 

parity generator. The device is built using advanced 

Schottky technology and also incorporates PNP input 
transistors to reduce the input loading to only 0.4 STTL 

Unit Loads. 

Both an ODD parity output and an EVEN parity output 

are obtained with the same propagation delay. This is ac

complished by using an output structure that looks at the 

input as three 4-bit parity trees. 

• Same delay to EVEN and ODD parity outputs 

• 100% reliability assurance testing in compliance with 
MI L-STD-883. 

LOGIC SYMBOL 

11 12 13 14 15 1 2 3 4 5 6 7 

Am93S48 

PO PE 

Vee~ Pin 16 

GND~Pin8 

10 

LOGIC DIAGRAM 

~=l~D ODD 

''==l 13 

::=1~ 
'• =::::) ,, 

EVEN 

ORDERING INFORMATION CONNECTION DIAGRAM 
Top View 

Package Temperature Order Vee '• 13 ,, ,, 'o PE PO 

Type Range Number 

Molded DIP 0°C to +70°C 93S48PC 
Hermetic DIP 0°C to +70°C 93S48DC 

Dice 0°C to +70°C 93S48XC 
Hermetic DIP -55°C to +125°C 93S48DM 

Hermetic Flat Pak -55°C to +125°C 93S48FM 

Dice -55°C to +125°C 93S48XM 15 '• ,, '• lg '10 111 GND 

Note: Pin 1 is marked for orientation. 
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Am93S48 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vee max. 
DC Input Voltage -0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am93S48XC 

Am93S48XM 

Parameters 

VoH 

Vol 

V1H 

Vil 

Vi 

l1L 
(Note 3) 

l1H 
(Note 3) 

11 

•sc 

•cc 

TA= 0°C to +70°C 

TA= -55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 
Output Short Circuit Current 

(Note 4) 

Power Supply Current 

Vee= s.ov :±5% (COM'Ll 

Vee= 5.0V ±10% (MIU 

MIN.= 4.75V 

MIN.= 4.5V 

Test Conditions (Note 1 l Min. 

Vee= MIN., loH = -1mA 1 xc 2.7 

V1N = V1H or V1L l XM 2.5 
Vee= MIN., loL = 20mA 

V1N = V1H or V1L 
Guaranteed input logical HIGH 

2.0 voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vee= MIN., l1N = -18mA 

Vee= MAX., V1N = 0.5V 

Vee= MAX., V1N = 2.7V 

Vee= MAX., V1N = 5.5V 

Vee= MAX .. VouT = o.ov -40 

Vee= MAX. (Note 5) 

MAX.= 5.25V 

MAX.= 5.5V 

Typ. 
(Note 2) 

57 

Max. 

0.5 

0.8 

-1.2 

-0.8 

20 

1.0 

-100 

80 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

mA 

mA 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents= Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Both outputs open; all inputs at 4.5V. 

·switching Characteristics (TA; +25°C) 

Parameters Description Test Conditions Min. Typ. Max. Units 

tPLH lo through I 11 to 19 28 ns 
tPHL Even Output 19 28 ns 
tPLH lo through I 11 to 

Vee= 5.0V, CL= 15 pF, RL = 280!1 
19 28 ns 

tPHL Odd Output 19 28 ns 
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TRUTH TABLE 

NUMBER OF I INPUTS OUTPUT 

LOW 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

H = HIGH 
L = LOW 
X = Don't Care 

HIGH ODD EVEN 

12 L H 

11 H L 

10 L H 

9 H L 

8 L H 

7 H L 

6 L H 

5 H L 

4 L H 

3 H L 

2 L H 

1 H L 

0 L H 

DEFINITION OF FUNCTIONAL TERMS 

lo through 111 The twelve inputs to the parity tree. 

ODD The ODD parity output of the device. When an ODD 

number of I inputs are at a HIGH level, the ODD output 

will be HIGH. 

EVEN The EVEN parity output of the device. When an EVEN 

number of I inputs are at a HIGH level, the EVEN output 

will be HIGH. 

LOGIC EQUATIONS 

Odd Output = loElll 1Elll2'Bl3Elll 4Elll 5Elll 6ElllilllgElllgElll 10Elll 11 

Even Output= loElll 1Elll 2Elll 3Elll4Elll 5Elll 6Elll 7ElllgElllgElll 1oElll 11 
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LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No.'s Unit Load HIGH LOW 

15 0.4 

15 2 0.4 

17 3 0.4 

is 4 0.4 

lg 5 0.4 

110 6 0.4 

111 7 0.4 

GND 8 

PO 9 20 10 

PE 10 20 10 

10 11 0.4 

11 12 0.4 

12 13 0.4 

13 14 0.4 

14 15 0.4 

Vee 16 

A Schottky TTL Unit Load is defined as 50µA measured at 2. 7V 

HIGH and -2.0mA measured at 0.5V LOW. 

SCHOTTKY INPUT /OUTPUT 
CURRENT INTERFACE CONDITIONS 

DRIVING OUTPUT PNP 
DRIVEN INPUT 

Vee---------<.---+--------.~---
-

Note: Actual current flow direction shown. 

1.6kn 
NOM 



Am93S48 

10 

11 

12 

CLOCK 

ENABLE 

APPLICATIONS 

12-BIT PARALLEL ODD/EVEN PARITY CHECKER/GENERATOR 

Do Go 

D1 Gl 

o, ~ G' 

03 
~ 

G3 

04 G4 

05 G5 

CP E 

J1 
Do Go 

01 Gl 

o, ~ G' 

03 E G3 

1 ~ 

04 G4 

111 05 G5 

CP E 

11 'o '1 
,, 13 14 15 le 17 lg lg 110 111 

Am93S48 

EVEN ODO 

32-BIT PARITY CHECKER/GENERATOR 

ODD/EVEN INVERT CONTROL 

'o 

,, 
13 DOD 

14 

15 ,, Am93S48 

17 'o ,, 
EVEN 

10 '• ,, 
'10 13 ODD ODD 

12 '11 14 

15 ,, Am93S48 

21 'o 17 

" 'a EVEN EVEN 
23 ,, 

'• 24 13 ODO '10 
25 14 

'11 
28 15 

27 ,, Am93S48 

28 17 

29 'a EVEN 

30 '• 
31 '10 
32 '11 

Metallization and Pad Layout 

15 1 15 14 

,, 
14 13 

17 
13 ,, 

'• 4 
12 '1 lg 5 
11 'o 

110 6 10 PE 

PO 
GND 

DIE SIZE 0.067" X 0.072" 
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INTRODUCTION 

The significant cost reductions which have been achieved with digital integrated circuits in recent years have allowed digital processing techniques to be applied in many new fields. One of the most important of these is digital signal processing. 

Digital arithmetic processors are now used to perform frequency analysis, conelation and filtering functions which, at one time, were the exclusive province of analog systems. Digital signal processors have several obvious advantages over analog approaches. These include precision and programmability as well as insensitivity to temperature, power supply variations, and component aging. 

Digital signal processors are similar to general-purpose digital computers except for the need to perform large numbers of multiplications. The first digital signal processors frequently used general-purpose adders programmed to do the multiplication. More recently, integrated circuits such as the Advanced Micro Devices' Am2505 two's complement multiplier were introduced specifically for this function. The Am2505 was quickly accepted as the industry standard device for military applications. It was soon followed by high-speed, Am2505, and low-power, Am25L05, versions. Although these devices significantly reduced the cost and improved the performance of signal processors used for digital filters and Fast Fourier Transform analyzers, digital techiques were still only economically viable for very sophisticated applications. 

The development of low-power Schottky technology, which provides the same performance as standard TTL at up to one-fifth the power dissipation, now permits the design of low-cost MS/ and LSI devices suitable for use in general commercial digital signal processing systems. Advanced Micro Devices has recently introduced a number of products designed specifically for these applications. They include the Am25LS14 Serial/Parallel Multiplier, Am25LS15 Quad Adder/Subtractor and the Am25LS22 8-Bit Serial/Parallel Register. 

This handbook offers a general introduction to digital signal processing techniques. Particular emphasis has been given to the application of low-power Schottky integrated circuits in the design of digital filters. 

We hope that this information will aid engineers in implementing digital signal processing methods in cost conscious commercial systems. Typical applications include process control, data compression, data transmission, spectrum analyzers, medical electronics and special purpose instrumentation as well as hardware multiplication and division in high-speed minicomputer designs. 
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BASIC DIGITAL FILTER THEORY 

By John R. Mick 

INTRODUCTION 

Digital filtering applications are rapidly expanding as new 

developments in technology provide increased packing density 

in complex integrated circuits. Until recently digital filter 

processing algorithms have been used primarily in computer 

simulations, sampled data analysis and data reduction com

putations. The variety of complex integrated circuits suitable 

in size, weight, power and cost for real-time processing of 

video signals by digital techniques is increasing steadily. With 

the increasingly extensive application of digital processors to 

many systems, more and more importance is placed on the 

development of mathematical tools for the analysis and design 

of sampled data systems. In particular the classical methods of 

difference equation solutions are available to the designer as 

well as the "z-transform" calculus solutions. The latter analyti

cal method results in considerable simplification and under

standing of the problems associated with sampled-data systems. 

This application note presents a brief review of these concepts. 

A brief introduction to sampling theory is presented and a 

review of the difference equation as applicable to digital 

filtering follows. Several digital filter configurations are out

lined and a summary of the most useful transforms for de

signing digital filters is also presented. 

Definition 

The term "digital filter" refers to a computational algorithm 

performed on a sampled input signal resulting in a transformed 

output signal. The input signal is a sequence of numbers from 

either an analog-to-digital converter or a direct digital input 

source. The computational process can correspond to high

pass filtering, low-pass filtering, band-pass filtering, integration, 

differentiation etc. The output signal is either a direct digital 

sequence or a regenerated analog signal from a digital-to

analog converter. 

Advantages 

Several unique advantages are offered by the digital approach 

to signal processing. These include: 

1. Performance from unit to unit is stable and repeatable. 

2. Arbitrarily high precision is achieved that is limited only 

by the number of bits carried in memory and by the input 

and output resolution capabilities. 

3. No impedance matching problems exist in the digital 

domain. 

4. Critical filter break frequencies can be placed without 

restriction (influences the precision required). 

5. Component value variation problems normally associated 

with capacitors and resistors due to temperature changes 

or age are nonexistent. 

6. Greater flexibility is achieved since filter response can be 

changed by varying the proper arithmetic coefficients. 

7. The intrinsic possibility of time-sharing major implemen

tation sections exists (adders, subtracters, multipliers etc). 
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8. Small size results from integrated circuit implementation. 

9. Periodic calibration as is required with analog circuits is 

eliminated. 

10. Performance limitations of physical analog components are 

avoided. 

THE SAMPLING PROCESS 

It's convenient to think of the sampling process as an impulse 

modulation of a continuous input signal. Accordingly if the 

input signal v(t) is sampled every T seconds, an output signal 

results denoted v*(t). This is shown in Figure 1. 

SAMPLER 

~~ 

Figure 1. Sampler Representation. 

The ideal sampler is represented by using the Dirac delta 

function to express a unit impulse train Ii (t-nT). This notation 

represents impulses occurring at each t = nT seconds for n 

equal to positive integers. The ideal sampler liT (t) for a con

tinuous train of regularly spaced pulses is described for posi

tive time sequences by the following equation: 

liT(t) = L li(t-nT) 
n = 0 

(1) 

The sampler output signal is written in terms of a continuous 

input signal and the ideal sampler unit impulse train as 

v*(t) = v(t) L Ii (t-nT) 
n = 0 

(2) 

This equation is rewritten to include the input signal as a time 

function when t = nT as 

v*(t) = L v(nT) Ii (t-nT) 
n=O 

This equation shows that the sampler output is an impulse 

train with an amplitude equal to the continuous input signal 

amplitude at the sampling instant. 

The Laplace transform of the ideal sampler is the Laplace 

transform of the Dirac impulse train liT(t) and is given by 

£ [liT (t)] = £ [ ~ Ii (t-nT}J = ~ e-nTs 
n=O n=O 

(4) 
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since the Laplace transform of the unit impulse function o (t-nT) is e-nTs. 

Using equation 4, the Laplace transform of equation 3, the 
sampler output becomes 

V* (s) 2: v(nT)e-nTs (5) 
n=O 

This is very similar to the definition of the continuous Laplace 
transform 

V(s) = f:'(t)e- Stdt 
0 

(6) 

except that the integral is replaced by a summation evaluated 
at the sampling instants t = nT of the unit impulse train. 

Time Domain Sampling 

The time domain analysis of the above described sampler is 
best understood by considering a continuous sinusoidal input 
signal 

v(t) =A sin(wt) (7) 

Using equation 3, the sampler output for the sinusoidal input is 

V* (t) = 2: A sin(wnT) 8 (t-nT) 
n=O 

(8) 

Figure 2 shows the time domain response of a sinusoidal input 
signal, a sampler, and a sampler output as described by the 
above equations, where the sampling rate is considerably 
higher than the continuous input frequency. 

Using equation 5, the Laplace transform of equation 8 des
cribing the sampler output for the sinusoidal input is 

V*(s) = 2: A sin (wnT)e-nTs 
n=O 

V(t) 

'f\T 
(a) Input Signal 

( b) Ideal Sampler 

( c) Sampler Output 

Figure 2. Time Domain Sampling. 

(9) 
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The time domain analysis gives a useful picture of the sampler 
characteristics as a function of time; however, the complete 
picture also requires an analysis of the sampler in the frequency 
domain. 

Frequency Domain Sampling 

To examine the characteristics of the ideal sampler in the 
frequency domain, the Laplace transform of the ideal sampler 
as established in equation 4 is expanded as 

L e-nTs = 1 +e-st +e-2sT +e-3sT + ... 
n=O 

The closed form of this geometric series is 

L e-nTs = 
n = 0 1 - e-sT 

(10) 

( 11) 

Thus the Laplace transform of the sampler output is given by 
the convolution of the ideal sampler and the continuous input 
signal as 

V*(s) = V(s)*[-1-TJ 1 - e-s (12) 

Since convolution in the s-domain requires contour integra
tion21, only the result is stated; the sampler output for a con
tinuous input is 

V*(s) = _1_ 
T 

2: V(s+jnw,) 
n=-oo 

(13) 

It is important to note that the sampler and its output are 
periodic with period jw5 • This means V*(s) is equal to 
V*(s+jw5 ) and is represented in the s-plane by periodic strips 
along the jw axis. As a result, the sampler causes a periodic 
single line spectrum in the frequency domain occurring at each 
integer multiple of the sampling frequency. 

Assuming a continuous sinusoidal input signal 

v(t) =A sin (w8 t) (14) 

and a sampler operating at radian frequency Ws, the output 
spectrum is periodic with spurious sidebands located at all 
multiples of w,. The input spectrum is centered around each 
of these spurious multiples of the sampling frequency. This 
is shown in Figure 3. 

The Z-Transform 

The z-transform is used to describe a sampled data system in 
much the same way as the Laplace transform is used to des
cribe a continuous time system. The z-transform of a signal 
describes the signal at the sampling instant and therefore con
tains information about the corresponding time function at 
the sampling instants only. The z-transform is obtained by 
making the substitution 

or 

s=_1_1n(z) 
T 

(15) 

(16) 

where z is interpreted as a complex transform variable. Thus, 
every continuous signal that has a Laplace transform also has 
a z-transform by a simple substitution. 



(a) Input Signal Spectrum 

(b) Sampler Spectrum 

w, 

(c) Sampler Output Spectrum 

Figure 3. Frequency Domain Sampling. 

Since the Laplace transform of a sampler is periodic, the 

z-transform performs a change of variable which retains the 

s-plane pole-zero configuration while stripping the function of 

its repetitive character. Thus, the z-transform allows simple 

algebraic manipulation of the polynomials in the z-plane just 

as the Laplace transform does for the polynomials in the 

s-plane. 

The above substitution maps the periodic strip from -w5/2 to 

+w5/2 of the jw-axis of the s-plane onto the unit circle of the 

z-plane where w5 is the sampling frequency. The remainder of 

this strip in the left-hand, s-plane is mapped inside the unit 

circle in the z-plane. This is shown in Figure 4. 

jw 

(a) s-Plane 

(b) z-Plane 

Figure 4. S-Plane to z-Plane Transformation. 
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Successive w5 = 2rr/T strips of the left hand side of the s-plane 

are mapped into the same unit circle of the z-plane. Likewise, 

the corresponding right-half strip is mapped as the exterior of 

the unit circle in the z-plane. If a transfer function is to be 

stable, its poles are in the left half of the s-plane;thus, the poles 

of the transformed function must lie within the unit circle in 

the z-plane. It follows that the z-plane poles and zeros occur 

on the real axis or in complex conjugate pairs. 

The interval from -w5 /2 to +w5/2 is known as the Nyquist 

interval. This interval places a bound on the bandwidth of the 

input signal to the sampler such that if the input signal is not 

bandlimited to below the radian frequency w5/2, it cannot be 

recovered exactly at the output. Figure 5a shows the aliasing 

problems on the input spectrum after sampling if the input 

signal is not bandlimited while Figure 5b shows the spectrum 

of a bandlimited signal before and after sampling. 

Using the substitution z = esT on equation 3, the z-transform 

output for a sampled input signal is found as 

V*(z) = ~ v(nT)z-n (17) 

n=O 

where z-n is a delay operator and n is an integer representing 

the number of past unit delays. 

THE DIFFERENCE EQUATION 

In linear continuous (analog) filter theory, linear differential 

equations is one mathematical tool available to describe the 

transfer function. Similarly, in linear digital (sampled) filter 

theory, the linear difference equation is available as a mathe

matical tool for analysis and synthesis. 

BEFORE SAMPLING 

AFTER SAMPLING 

(a) Input Signal Not Bandwidth Limited 

BEFORE SAMPLING 

r1J r1J ""ITT'""' r1J r1J 
AFTER SAMPLING 

(b) Input Signal Bandwidth Limited 

Figure 5. Effect of Bandlimiting Before Sampling. 
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The linear difference equation is used to define the sampled 
output pulse amplitude y(t) as a function of the present input 
pulse and any number of past input and output pulses. A 
general form of the difference equation13 is 

N 
y(nT) = 2: 

i=O 

M 
A; x(nT-iT) + 2: B; y(nT-iT) 

i=1 
(18) 

where the notation x(nT) represents the present input sample 
and the x(iT) are past input samples. Similarly, y(nT) is the 
present output sample and the y(iT) are past output samples. 
The A; and B; coefficients are a set of constants which deter
mine the response of the filter. 

The z-transform of the general difference equation 18 is derived 
by using equation 17 and is given as 

N M 
y(z) = x(z) 2: A; z-i + y(z) 2: B;z-i (19) 

i=O i=1 

This equation is interpreted as: the present output is equal to 
the present and past inputs each multiplied by the respective 
coefficient A; plus the past outputs each multiplied by the 
respective coefficient B;. Equation 19 is rewritten in the normal 
transfer function form as 

H(z) =.'d..:!_ 
x(z) 

N 
2: 

i=O 

M 
1 - 2: B;z-i 

i=1 

(20) 

This is the general form of a transfer function in the z-plane 
that can be made equal to a transfer function in the s-plane to 
realize the sampled equivalent of a linear continuous filter. 

First Order Equation 

A first order difference equation is written as 

y(nT) =Ao x(nT) + A1 x(nT-T) + B1 y(nT-T) 

The z-transform of this difference equation is 

E0 (z) = AoE;(z) + A1z- 1 E;(z) + B1z-1 E0 (z) 

(21) 

(22) 

where E0 is used to represent the output signal and E; is used 
to represent the input signal. The transfer function is obtained 
by rewriting this equation as 

E0 (z) = H(z) = Ao+ A1 z-1 
E;(z) 1-B1z-1 (23) 

This transfer function can be implemented as shown in 
Figure 6. 

Second Order Equation 

A second order difference equation is written as 

y(nT) =Ao x(nT) + A1 x(nT-T) + A2 x (nT-2T) 

+B1 y(nT -T) + B2 y(nT-2T) 

The z-transform of this difference equation is 

E0 (z) "' AoE; (z) + A1 z- 1 E; (z) + A2z-2 E; (z) 

+ B1z-1E0 (z) + B2z-2 E0 (z) 

(25) 
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E, 

Ex= E; + B1 z- 1Ex 

E0 =AoEx +A1z- 1Ex 

Figure 6. Implementation of First Order 
Difference Equation. 

The transfer function is obtained by rewriting this equation as 

E0 (z) = H(z) =Ao+ A1z-1 + A2z-2 = Aoz2 + A1z +A2 (26 ) 
Ei(z) 1 - B1z-1 - B2z-2 z2 - B1z- B2 

This transfer function can be implemented as shown in 
Figure7. 

Difference Equation Summary 

The first and second order difference equations, their z-trans
form functions, and their circuit implementations serve as 
illustrative examples of the equivalence of the mathematical 
description and the hardware associated with digital filters. 
Since the z-transform is equal to the Laplace transform by 
means of the substitution z = esT, the first and second order 
implementations are mathematically related to s-plane transfer 
functions. A great wealth of information for design and syn
thesis of analog filters using Laplace transforms is available 
in the literature. It is therefore possible to use these procedures 
to design an equivalent analog transfer function, then trans
form this function to the z-plane and implement an equivalent 
digital filter using an appropriate configuration. 

DIGITAL FILTER CONFIGURATIONS 

If the output y(nT) of a digital filter is a function of the 
present and past input samples, the filter is termed non
recursive. That is, all B; of the general difference equation 
and zero. (Reference equation 27). If the past output samples 
are included in the algorithm, then the digital filter is termed 
recursive. 

Canonical Forms 

There are three canonical forms of realizing a general recursive 
digital filter. These are the direct form, the cascade form and 
the parallel form. 

In the direct form the output sequence is calculated by 
implementing the difference equation directly. Since the 
general equation is 

N 
y(nT) = 2: 

i=O 

M 
A; x(nT-iT) + 2: B; y(nT-iT) 

i= 1 
(27) 
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Ao + A1 z-1 + A2z-2 

1-81 z-1 - B2z-2 

Figure 7. Implementation of Second Order Difference Equation. 

y~nT) 

,-1 

Figure 8. Direct Canonical Form. 

the direct form digital filter takes the configuration of Figure 

8. Figure 9 depicts another configuration of the direct canonic 
form in which the memory elements (z-1) are shared by the 
feedback and feedforward loops. This direct form suffers from 

the fact that the pole locations are extremely sensitive func

tions of the coefficients B; for higher order filters 7. This 

directly affects the precision required for the entire digital 

filter. 

In the cascade form the digital filter is implemented from the 

transfer function written as a product of factors. 

H(z) 

K1 

n (1 + a;z-1 + b;z-2) 

A i=l 

K2 
n (1 + c;z-1 + d;z-2) 

i=l 

(28) 
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This configuration consists of a series of lower order filters 

connected in cascade as shown in Figure 10. The pole coeffi

cients c; and d; are not nearly as sensitive as the direct 
figuration 4 . Therefore, this form is especially practical for 

higher order filters. 

The parallel canonical form is implemented by writing the 

transfer function as a sum of partial fractions. 

H(z) =Ao+ K [s· a;+ b;z-1 J 
~ ' 1 + c·z-1 + d·z-2 

i=l I I 

(29) 

This configuration consists of a group of lower order filters 

each operating on the input signal with the output of the 

parallel bank of filters summed together as in Figure 11. 
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E; 

Figure 9. Direct Canonical Form With Feedback and Feedforward Loops Sharing the Same Memory. 

E, 

I 
I 
I 
I 

&'· 
Figure 10. Cascade Canonical Form. 

Other Configurations 

Figure 12 illustrates a recursive one-pole, one-zero building 
block while Figure 13 represents a recursive two-pole, two
zero building block. In these structures, the B; determine the 
pole locations in the z-plane while the A; determine the zero 
locations in the z-plane. 

A general recursive two-pole building block with the z-plane 
transfer function is shown in Figure 14. 

It is apparent that many digital filter configurations can be 
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designed. Each configuration has properties that may or may 
not be desirable depending on the particular application. Thus, 
each application must be treated individually and it is difficult 
to generalize that one configuration is always superior. 

SYNTHESIS TECHNIQUES 

There are three transform techniques that find the greatest 
application in the design of digital filters from continuous 
transfer functions. These are the standard z-transform, the 
bilinear z-transform and the matched z-transform. 



H1{z) 

Figure 11. Parallel Canonical Form. 

Figure 12. Recursive One-Pole Structure. 

Standard Z-Transform Method 

The standard z-transform, also known as the impulse invariant 

technique, utilizes the partial fraction expansion of the con

tinuous filter transfer function. This transformation preserves 

the impulse response of the sampled continuous filter and is 

best suited for low-pass and band-pass applications. 

In using this technique the Laplace transform partial fraction 

expansion terms are replaced by the appropriate z-transform 

terms. The substitutions used are shown in Table 1. 

From this it is seen that the standard z-transform technique 

gives a transfer function of the form 

K a; 

H(z)=Ao+ :1: 1-bz-1 
i=1 I 

L 
+ l: 

j=1 

where any of the above-coefficients may be zero. 

(30) 

Thus, the coefficients are defined uniquely and the digital 

filter can be implemented directly using one-pole and two

pole building blocks in the parallel canonical form as described 

in the previous section. 
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Bilinear Transformation Method 

The bilinear z-transform is an algebraic mapping transformation 

utilizing the substitution 

2(1-z-1 ) 

s = T(1 +z-1) (31) 

This transform maps a sampling interval from -jw5/2 to +jw5/2 

in the s-plane onto the unit circle in the z-plane. It should be 

noted however, that this transform does not yield a linear map 

as does the substitution z =est; that is, a non-linear warping of 

the frequency scale in the z-plane results. The magnitude of 

this warping is given by 

2 (woT) WA= T Tan - 2-
(32) 

where WA= s-plane frequency 

Wo = z-plane warped frequency 

In searching the literature on the bilinear z-transform,3·4,5 

another substitution is presented that is very similar to equa

tion 31; that is 

z-1 
s-+ -

z+1 

with the warping function given as 

WA -7 Tan ( w~ T) 

(33) 

(34) 

Occasionally this causes confusion since the units are not 

the same_ In practice, however, both substitutions yield the 

same pole-zero configuration since the w/T terms will factor 

and cancel. This is best understood by making the respective 

substitutions in a general transfer function for a complex 

pole-pair such as 

w2 
H (s) = -s2_+_2_o_w_s_+_w_2 (35) 

and comparing the z-plane pole positions that result. 

When using the bilinear z-transform care must be taken when 

the break frequencies are near the half sampling frequency. An 

illustration of this fact and an appreciation of the warping re

quired is best illustrated by an example. Table 2 shows various 

digital filter break frequencies and the required warped analog 

frequencies for a 1000 Hz sampling rate. Figure 15 shows 

graphically the non-linear frequency scale mapping of the 

bilinear z-transform. 

Thus the bilinear z-transform is a powerful tool in digital 

filtering and may be utilized with either the partial fraction 

expansion or the rational fraction form of the Laplace transfer 

function. It is especially useful in MTI radar filters since the 

break frequencies of the high-pass and band-pass filters used 

are normally very low compared with the sampling frequency. E 
This means that the warping is very small and the digital design 

very closely approximates the analog design. 

Matched Z-Transform 

The matched z-transform is somewhat of a compromise 

between the standard and bilinear z-transforms. It is an ex

ponential mapping transform which gives a z-plane transfer 

function with poles and zeros 1)1atched to those of the 

continuous function_ 

Real poles or zeros are mapped using the substitution 

(36) 
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E; •• 

,-1 

,-1 

Figure 13. Recursive Two-Pole Structure. 

E; .. 

(M +AB) 1- z-1 + -- z-2 [ A+ B +MN 1 J 
M +AB M +AB 

1-(N + C + AD)z-1 + (NC+ D)z-2 

Figure 14. General Two-Pole Building Block. 

while complex poles or zeros are mapped using the substitu
tion 

TABLE I. Standard z-Transform Substitutions. 

(s-a)2 + b2 -> 1-2z-1 e•T Cos(bT) + z-2e2aT (37) 

The resulting z-plane transfer function is normally factored 
into numerator and denominator polynomials that are easily 
implemented using one and two-pole building blocks in the 
cascade canonical form. 

The matched z-transform yields the same pole configuration 
as the standard z-transform; however, the zero configuration 
may require some modification to give satisfactory results. 
This usually entails the addition of zeros at the half sampling 
frequency (z~ -1) to give the desired result.a 
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f(t) 

e...,T 

sin (wot) 

cos (wot) 

F(s) F(z) 

1 z --
s+a z - e-aT 

WO z sin (woT) 
s2 + w02 z2 - 2z cos(wo T) + 1 

s z(z - cos (woT)) 
s2 + w02 z2 - 2z cos (wo T) + 1 



TABLE 11. Digital. Filter Warping Relation. 

1 
fA =-tan (rrfDT) 

rrT 
T = 10-3 seconds 

Desired 
Digital Filter Prewarped 

Break Frequency Analog Frequency tan(rrfD T) 

fo fA 
Hz Hz 

50 50.5 • . 15838 

100 103.2 .32492 

200 231 .72654 

250 318 1.0000 

300 438 1.3764 

400 978 3.0777 

450 2010 6.3138 

475 4050 12.706 

500 ? 00 
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DIGITAL FILTER DESIGN 

By John R. Mick 

There are several important considerations in determining 
parameters for the design of a digital filter. Many trade-offs 
exist in the selection of configuration, arithmetic, memory 
type, A/D converters, DI A converters etc. Some of the key 
parameters are examined here. 

The most important single item in the digital filter design is 
the selection of the configuration. Because of this, an analysis 
of both a two-pole filter section and a single-pole filter section 
are presented here. The analysis concentrates primarily on the 
high-pass filter characteristics; however, it can also be per
formed on band-pass or low-pass recursive digital filters. 

COMPLEX POLE ANALYSIS 

Since the implementation of many digital filters is typically a 
cascaded combination of two-pole sections composed of com
plex conjugate pairs of poles, it is important to examine this 
case in detail. The z-transform analysis of a normalized 
complex conjugate pair of poles in the s-plane follows and 
reveals several important equations for the design of digital 
filters. 

Assume a general two-pole transfer function of 

H(s) = K 
(s-s1) (s-s2) 

where s1 = (-x + jy) Wa 

s2 = (-x-jy)wa 

(1) 

such that these poles lie on a normalized unit circle in the s
plane and are scaled to their actual analog radian frequency 
by a multiplier Waas shown in Figure 1. 

Substituting s1 and s2 into H(s), the transfer function is 

H(s) = K 
(s + xw.)2 + (yw.)2 

(2) 

Expanding the denominator of this transfer function and 
remembering that x2 + y2 = 1, the resultant transfer function 
becomes 

H(s) = K 

s2 + 2xwas + wa2 
(3) 

This is similar to the usual textbook equation of 

(4) 

Clearly, x is equivalent to!: (zeta), the damping ratio, and wa 
is equivalent to Wn, the resonant break frequency. 

Since equation 3 describes a continuous analog function and 
since a digital filter usually is operating as a sampling system 
with a zero-order hold in the video channel before the filter, 
this continuous function is transformed to the z-plane for 
easier algebraic manipulation. Since high-pass filtering is to be 
described, the equivalent form of the bilinear z-transform is 
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Figure 1. General Two-Pole s-Plane Plot. 

used. Note that in a low-pass filter section, the zero locations 
do not affect the pole locations. This form uses the substitu
tion, s = (z -1 )/(z + 1). The z-plane transfer function becomes 

where a gain multiplier factors from the transfer function when 
it is put in standard form. The poles in the z-plane are 

1 -wa2 ± j2wav'1 -x2 z1 ,z2 = (6) 
1+2xw8 +w8 2 

Also, it is important to recognize that when using the bilinear 
z-transform, the analog radian break frequency w8 must be 
prewarped by the relation 

( woT) Wa =tan - 2- =tan (rrfo T) (7) 

where fo is the desired break frequency of the digital filter and 
T is the sampling interval. The prewarping is a function of the 
sampling rate which means that as the sampling rate is changed, 
the pole locations of the transfer function change. The transfer 
function derived in equation 5 is equivalent to the z-transform 
of a second order difference equation. This difference equa
tion is 

H(z) = Ao+A 1z-1 +A2z-2 
1 -B 1 z-1 -B2z-2 

(8) 

which can be rearranged to eliminate A2 and the variables 
renamed for convenience as 

H(z)=G[B+Az-1+,-2] =G[Bz2+Az+1] (g) 
1 -Cz-1 + Dz-2 z2 -Cz + D 

The DC gain (z = 1) of this transfer function is 

DCGain=G[B+A+l] (10) 
1-C+D 
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Ei ,-1 

~----'EA 

-"'G 
Eo [B+Az-1+z-2] 
E; 1 - Cz- l + Dz-2 

Figure 2. Canonical Two-Pole Digital Filter Implementation. 

Implementation of this transfer function is shown in Fig· 

ure 2. 

This analysis results in the general z-plane transfer function of 

equation 5 that is equivalent to the general s-plane transfer 

function for a complex conjugate pair. The transfer function 

of equation 5 determines the numerical values for the multi

pliers in the digital design and yields a digital filter that is 

equivalent to its analog counterpart. 

INTERNAL MAGNIFICATION -CANONICAL FORM 

The internal magnification within the digital filter building 

block is analyzed to determine the number of additional 

storage bits that must be provided in memory over and above 

the input quantization number of bits. This is accomplished 

by deriving the internal transfer function at each memory input 

(or output) and computing the peak magnification expected. 

Also, by setting z = 1, the DC magnification is determined. 

The internal transfer function at the memory output within 

the filter of Figure 2 is 

z-2 

1 - Cz-1 + Dz-2 z2 -Cz + D 
( 11) 

The magnitude squared of this internal transfer function is 

computed by multiplying the denominator polynomial by its 

complex conjugate. That is 

IEA 12 1 
E; =(z2-Cz+D)(z*2-Cz'+D) 

(12) 

which results in 

_p,_ = (13) IE 12 1 
E; 1 + C2 + D2 + 2D cos (2wT) - 2C(D + 1) cos(wT) 

Differentiating the denominator with respect to wand setting 

the result equal to zero yields 

d(DENOM) . . 
---- = 0=+2TC(D+1) sin(wT) -4DT s1n(2wT) (14) 

dw 

Thus, the frequency at which the peak internal magnification 

is reached is 

cos(wT) - C(D+1) ~1.0 
4D 

(15) 

f = _1_ cos-1 (C(D + 1)) 
2rrT 4D 

(16) 

Computing the peak magnitude at this frequency using the 

squared magnitude function yields 

(17) 

(1 -D)2 

which is the maximum magnification within this two-pole 

building block. One extra bit must be provided in both 

memories of this filter for each factor of two or fraction 

thereof as computed in this magnification for stable operation 

of the filter. Figure 3 shows the upper right hand quadrant of 

the z-plane, with contours of constant magnification factor, 

M, (same as MA) plotted thereon. The lower right hand 

quadrant is the mirror image of this plot since the poles appear 

as complex conjugate pairs. 
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The pole locations as seen from equation 

transfer function of this filter are 

c 
z1' z2 = 2 ± 

.v'~ 
J 

2 

11 for the internal 

(18) 

NORMALIZED REAL POLE POSITION 

M =MA of equation 17 

Figure 3. Peak Gain of Canonical Two-Pole Digital Filter 

for Pole Position in the z-Plane. 
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where 

A typical plot of these poles is shown in Figure 4. As these 
poles are moved toward the point z = 1 in Figure 4, the break 
frequency of the filter is lowered with respect to the sampling 
rate. From this, it can be seen that the real part of the pole 
is approaching 1.0; thus, the value of C is approaching 2.0. 
Likewise, the imaginary part of the pole is approaching 0.0; 
thus, the absolute value of C2 -4D is approaching zero. Since 
C is near 2.0, D is approaching 1.0 for this condition. When 
these values of C = 2 and D = 1 are inserted into the maximum 
magnification equation, it is found that the peak value goes 
to infinity. This is easily checked by looking at the DC gain of 
the internal transfer function by substituting z = 1; it is 

Mo = ~1 = __ 1 __ 
E; z = 1 1 - C + D 

(19) 

and for C = 2.0 and D = 1.0 is found to be infinite. The 
internal DC magnification for this two-pole building block 
is plotted as a function of pole position in Figure 5 for the 
upper right hand quadrant of the z-plane. The lower right 
hand quadrant is the mirror image since the poles occur in 
complex conjugate pairs. 

Im 

Figure 4. Internal z-Plane Pole Location of Two-Pole Section. 

INTERNAL MAGNIFICATION-IMPROVED FORM 

The canonical form two-pole, two-zero building block yields 
an internal transfer function that requires an increasing number 
of extra storage bits as the cut-off frequency is lowered with 
constant sampling rate. As the cut-off frequency is designed 
nearer to zero, the required extra bits can easily be five or 
ten times the total input quantization number of bits. This 
has an almost direct effect on the cost of the processor. There
fore, it is essential that a configuration is found that minimizes 
the internal magnification. The digital filter shown in Figure 6 
has this characteristic. The improvement is provided by the 
zero that is in the internal transfer function. This tends to 
cancel the effect of the poles and greatly reduces the internal 
magnification. 

The analysis of the filter configuration of Figure 6 demon
strates the improvement realized. The overall filter transfer 
function is 

H(z) = (z -1)2 
z2 -Cz+ D 

(20) 

The internal transfer function at the output of the first 
memory is 

Es= D + z (1 - C) 
E; z2 - Cz + D 

(21) 
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Figure 5. DC Gain of Canonical Two-Pole Digital Filter 
for Pole Position in the z-Plane. 

Notice the DC gain of this memory element is not a function 
of the coefficient values but is 

Es I = D + 1 -C = 1 
E; z = 1 1 - C + D 

(22) 

The frequency at which the peak magnitude within this part 
of the filter occurs is 

-(D2 + (1-C)2) 
cos(wT) =a= ± 

2D(1-C) 
(23) 

,/(D2+(1-C)2 )2 -(1-C) [CD(C-3D) - C(1-C)2-D(1-D)2] 

2D(1-C) 

f = - 1- cos-1 (a) 
21TT 

The peak magnitude reached at this frequency is 

(1-C)2 + D2 +2D(1-C) cos(wT) 

(24) 

(25) 

Ms= I ~~I= (1-D)2 + c2-2 (C+CD)cos(wT)+4Dcos2(wT) 

Examining the transfer function Es/E; shows that a discon
tinity exists at C = 1. Here the internal transfer function re
duces to 

H(z) =--D __ 
z2 -Cz + D 

(26) 

The peak frequency of H (z) for this condition can be deter
mined from 

cos(wT) = (l + D) ,,;;; 1.0 
4D 

and the peak magnitude at this frequency is 

Ms le= 1 =/~~I = J(1-D)~(1-_!._) 
4D 

(27) 

(28) 

The internal transfer function at the output of the second 
memory word of the filter in Figure 6 is 

EF =H(z)= 1-z (29) 
E; z2 -Cz + D 
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Filter Canonical Improved Form 
Coefficients z-Plane Magnification Memory #1 Memory #2 

c D Real I mag. DC Peak DC Peak DC Peak 

62/32 31/32 .97 .17 32.0 181.0 1.0 31.2 0.0 32.3 

61/32 31/32 .95 .17 32.0 90.9 1.0 15.1 0.0 16.1 

60/32 29/32 .94 .17 32.0 61.4 1.0 9.7 0.0 10.7 

58/32 27/32 .91 .15 32.0 39.0 1.0 5.4 0.0 6.4 

54/32 23/32 .84 .08 32.0 32.0 1.0 2.6 0.0 3.6 

50/32 20/32 .78 .12 32.0 16.0 1.0 1.7 0.0 2.7 

Table 1. Magnification Examples 

,-1 
MEMORY 2 

E0 (z-1 _ 1)2 

~ "' 1 - cz-1 + Dz-2 

Figure 6. Improved Two-Pole Digital Filter. 

The DC gain (z = 1) of this memory element is zero-a marked 
improvement from the canonical form. The frequency at which 
the peak magnitude occurs in this memory can be computed 
from 

cos(wT) = 1 ± C - l + D ,;;;; 1.0 

2vo 
the peak magnitude reached at this frequency is 

2-2cos(wT) 

(30) 

(31) 

( 1- D )2+c2-2 (C+CD )cos(wT) +40 cos2 (wT) 

An example of the improvement offered by the filter in 
Figure 6 is shown in Table 1 where the results of several 
examples using these equations are tabulated. As a result of 
this analysis it is obvious that an improved form of filter 
configuration exists. The equations are readily programmed on 
a general purpose digital computer to assist in the design 
phase by carrying out the computations for various arith
metic coefficients. 

SINGLE POLE ANALYSIS 

For systems where an odd number of poles in the digital 
processor provides acceptable performance, at least one real 
pole is required in the digital filter transfer function. To 
analyze this condition consider the s-plane plot for a single 
high-pass section. A "zero" is located at zero and a "pole" is 
located at -a on the real axis in the s-plane as shown in 
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Figure 7a. The resultant s-plane transfer function for the 
high-pass section is 

H(s) =-s
s +a 

(32) 

Using the equivalent bilinear form of the z-transform, the 
z-plane transfer function is 

H()-( 1 )[ z-1 ] 
z--,-:;; z+(a-1) 

(a+l) 

(33) 

and the pole and zero are plotted in Figure 7b. As in the two· 
pole analysis, the frequency scale must be prewarped due to 
the non-linear transformation to achieve the desired digital n 
filter implementation liil 
a=tan(w~T) (34) 

where a =design s-plane radian frequency 
w0 =desired digital filter cut-off radian frequency 

Figure 8 shows a one-pole, one-zero digital filter implemen
tation where the z-plane transfer function is 

z -1 
H(z)=

z-C 
(35) 
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The coefficient C is determined from 

1 -a 
C=--

1 +a 
(36) 

If the overall transfer function gain of the digital filter is 
critical, a gain multiplier equal to 1/(1 +a) must be placed after 
the single-pole section. The internal transfer function of this 
single-pole cell at the memory output EA is 

EA (z) z-1 (1-C) 1-C 

E; (z) 1 -cz-1 z- C 
(37) 

The peak gain occurs at DC for this filter and is computed by 
setting z = 1. For this filter configuration the DC gain is unity. 

JW Im 

s-plane 

(a) (b) 

Figure 7. Single-Pole s-Plane and z-Plane Plot. 

Figure 8. Single-Pole, Single-Zero Digital Filter. 

ARITHMETIC 

Once the digital filter configuration is selected, several other 
decisions must be made concerning the actual operations 
within this configuration. These decisions regarding the num
bering system, arithmetic .. multipliers etc. influence each 
other; however, throughout this discussion they are considered 
independently. 

The first of these decisions is the binary number system used. 
Since the arithmetic to be performed by the digital processor 
includes addition, subtraction, and multiplication of both 
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positive and negative numbers, the two's complement number· 
ing system is the best binary representation system for real· 
time digital processors. The two's complement representation 
is utilized throughout the digital filter as long as a bipolar 
numbering quantization scheme is required. 

The coefficient multipliers C, D and G of Figure 2 can be 
easily implemented using the Am25LS14 serial/parallel multi· 
plier. Likewise, the additions and subtractions required can be 
performed using the Am25LS15 quad serial adder/subtractor. 
The basic signal flow is shown in Figure 9. This figure is an 
oversimplification since it does not show all the timing and 
control as well as the delays required in the data path to 
enable the serial data to arrive at the appropriate adder inputs 
at the necessary sequence time. The figure does show the basic 
architecture required to implement the canonical two-.pole, 
two-zero building block using the Am25LS14 and Am25LS15. 
Also the figure does demonstrate a key point. That is, the 
entire arithmetic section (assuming 8-bit coefficients) can be 
implemented using five Am25LS14's and one Am25LS15; a 
significant hardware reduction compared to any other imple· 
mentation scheme. The delays, timing and control can be 
designed as required for each application. 

The hardware required to implement the improved two-pole, 
high-pass filter depicted in Figure 6 is demonstrated in Figure 
10. Here the required single flip-flop delay in the serial data 
path is shown. Thus all memories, multipliers, adder/sub
tractors and the D-type flip-flop can be clocked in unison and 
the LSB's reach the data path inputs in synchronism through
out the algorithm. 

This two-pole, high-pass filter arithmetic section is imple
mented using only one Am25LS15 and two Am25LS14's for 
8-bit C and D coefficients. The memory length can be as 
required for the design accuracy of the application. This 
example assumes that the digital number range has the required 
dynamic range to handle the maximum expected magnifica· 
tion within the filter. Round-off, truncation, overflow etc. can 
be handled in other ways as required by the design. If round
off is required an additional adder section can be placed in 
front of the memory and plus one added at the appropriate 
bit to perform the rounding. A microprogrammed state
machine approach is recommended as the control means to 
provide the required input signals and timing. Likewise one 
section of an Am25LS15 adder can be used to detect overflow 
if required. 

The single-pole, single-zero digital filter section as shown in 
Figure 8 can also be easily implemented using the Am25LS14, 
Am25LS15 and the serial memory as required. 

From these examples it is seen that the Am25LS14 and 
Am25LS15 can be used to perform all multiplication, addition 
and subtraction required in a digital filter algorithm imple· 
mented in serial/parallel hardware. While not specifically dis
cussed in these examples, it should be recognized that the 
Am25LS22 and Am25LS299 are also applicable to the 
memory portions of the filters. However care must be exer· 
cised when using the sign extend feature of the Am25LS22 
so that data for the next cycle is not lost. 

For example the first memory (left hand side) of Figure 10 
can be implemented using a single Am25LS22 (8-bit trun· 
cated word). 

The second memory (right hand side), however, requires 
an Am25LS22 preceded by an Am25LS299 (or another 
Am25LS22) so that the data out of the first adder can be 
retained while the sign extend function is being performed 
in this memory. 
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Figure 9. Canonical Two-Pole, Two-Zero Recursive Digital Filter Using the Am25LS14 and Am25LS15. 

FILTER GAIN 

The s-plane transfer function for a complex pair of poles 
yields a z-plane transfer function from which a gain multiplier 
is factored as shown in equation 5 and is 

K 
(38) 

While the K is in the initial s-plane transfer function assump
tion, the quantity 1/(1+2 x wa + wa2) is a constant that must 
be recognized as it is usually greater than 1.0. This means that 
in the cascade two-pole, building-block approach, the maximum 
input dynamic range to each section is increasing by this 

quantity. Therefore a gain coefficient multiplier may be re
quired between each two-pole building block to reduce the 
input dynamic range to the original A/D converter output 
equivalent. Likewise the gain at any point throughout the 
filter can be modified if the designer desires using the gain 
multiplier approach. 

Another form of gain that must be considered in the cascade 
implementation is the order in which the two-pole sections are 
placed. It is desirable to place the over-damped poles first in 
the cascade configuration followed by the under-damped poles. 
The reason for this requirement is that the under-damped pole 
pair transfer function has gain at or near the pole pair cut off 
frequency and thus the input dynamic range to the next cas
caded section is magnified. 
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OTHER CONSIDERATIONS 

In addition, there are other areas the designer can investigate in 

detail while designing digital filters. The most notable of these 
is the response of the filter to internal and external noise. It is 
not the intent of this application note to develop the general 
theory of noise in digital filters since to some extent. that 
already exists in the literature 1,2,3,4,5. 

Another consideration regards the A/D converter. The dynamic 
range of the A/D converter is selected as required where each 
bit provides six db dynamic range. The variance of the quan
tization steps (noise) associated with the A/D converter can 
be shown5 to be 

E2 
a2 =-

12 
(4-1)n 

where E is the quantization step. If the A/D converter is liil 
selected as having eight bits, E2 has 48 db range and the 
quantization noise power is a factor of 12 (11 db) below 
this level. 

Also of importance is the noise due to the multiplication 
truncation effect, sometimes called the "deadband" effect. 
Basically this noise causes the internal values within the 
filter to terminate prematurely. That is, the same steady-state 
value is not reached as could be reached if infinite-precision 
arithmetic is used. The easiest demonstration of this effect is 
to examine the actual hardware response (or computer simula-
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Figure 10. Two-Pole, High-Pass Recursive Digital Filter. 

tion) of a high-pass filter to an impulse input. After several 
iterations the filter will "hang up" as the edge of the deadband 
is reached. Thus it will not decay to zero as might be expected. 

Another effect which can sometimes result with a constant 
input is that a small steady-state oscillation can occur. Typically 
this behavior occurs as a low amplitude square wave with 
frequency of PRF/2. The cause of this oscillation is due to 
noise components which are introduced at the various multi
pliers within the filter each time the algorithm is iterated; the 
filter then magnifies the component at PRF/2. 

These intricacies demonstrate the need for exhaustive com
puter simulation of the filter, once designed, to insure opera
tion as desired. Simple Fortran math model programs that 
allow multiplier and memory truncation as well as A/D quan
tization effects to occur can quickly demonstrate the various 
characteristics of the filter. 

TEST EQUIPMENT 

One of the most important areas the digital designer must 
make provision for in the design of a digital filter is the 
ability to test the various components of the filter (adders, 
multipliers etc.) after the hardware is constructed. Two tech
niques can be applied in this application where each gives a 
partial testing capability. These two techniques are static 
testing and dynamic testing using special purpose test equip
ment. 

The digital filter should be designed to provide easy access to 
test points that contain data lines to all of the bits in a com
plete word. In this manner the complete word including sign 
is available to the special test set which contains both static 
readout capability and dynamic readout capability. 

Provision should be made in the design to allow any dynamic 
memories to be replaced by static memories. Thus the digital 
filter can be "single stepped" such that the outputs of the 
multipliers and adders can be monitored on readout devices 
such as lamps or octal display tubes. These readouts can be 
checked against a computer printout of an exact simulation of 
the digital filter and the test set. This gives the capability of 
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tracing any defective components or w1nng errors in the 
equipment. Manual switches are used to enter data into the 
filter and then the filter "stepped along." The corresponding 
output states are observed to demonstrate that no deviation 
occurs from the computer tabulation. This is equivalent to 
checking either the step response or the impulse response of 
the filter in slow motion depending on the input switch 
manipulation. 

In dynamic testing, digital-to-analog (D/A) converters within 
the test set can be plugged into the same test points as used 
in the static mode. The output from the D/ A converter is an 
analog signal viewable on an oscilloscope. Thus, the operation 
of the filter at various points can be checked at normal 
operating frequencies and the results observed to determine 
compliance to the desired performance. In the dynamic mode, 
the step response, impulse response or Bode response can be 
determined. 

It is important in working with digital filter designs to have a 
comprehensive test plan included as part of the design. If this 
is not done, it is almost impossible to "trouble-shoot" such a 
complex piece of equipment and the desired operation may 
never be completely verified. 

1 Rader, C. M., and B. Gold, "Effects of Quantization Noise in Digital 
Filters," (1966 Spring Joint Computer Conference, AF/PS Proceed
ings. Vol. 28, 1966), pp. 213-219. 

2Jackson, L. B., "On the Interaction of Roundoff Noise and Dynamic 
Range in Digital Filters," (Bell System Technical Journal, Vol. 49, 
No. 2, February, 1970), pp. 159-184. 

3Knowles, J. B .. and E. M. Olcayto, "Coefficient Accuracy and Digital 
Filter Response," (IEEE Transactions on Circuit Theory, Vol. CT-15, 
March, 1969), pp, 31-41. 

4Koivo, A. J., "Quantization Error and Design of Digital Control Sys
tems," (IEEE Transactions on Automatic Control, Vol. 1, February, 
1964). pp. 55-58. 

5Gold, B .. and C. M. Rader. Digital Processing of Signals, (McGraw· 
Hill, Inc., New York, 1969), Ch. 4. 



AIRBORNE MTI RADAR· 
A Digital Filter Application Example 

By John R. Mick 

A typical non-coherent airborne MTI radar system is shown 
in Figure 1. This system transmits an RF pulse of width T at 
a carrier frequency of fO that has a wave length A.. The receiver 
output is a video signal representing the echo return power 
of the ground patch that is defined by the antenna beam 
width, transmitter pulse width, and depression angle from the 
aircraft. This received signal contains both the fixed-target 
and moving-target information from each range cell. The 
fixed-target return is termed "clutter" since it represents 
the unwanted signal. The moving-target echo causes a doppler 
frequency envelope on the received signal and this doppler 
frequency is 

2 Vr 
cos (0) 

where 

fd doppler frequency in Hz 

Vr velocity of target in m/sec 

A. wave length of transmitted frequency in m 

e angle between radar antenna boresight and target 
velocity vector 

The MTI processor detects the moving-target doppler in the 
received video signal while rejecting the fixed-target clutter 
return by using a range-gated, high-pass filter. The term 
"range-gating" refers to the technique of applying individual 
segments of ground patch echo to corresponding individual 
high-pass filter elements. The range-gated processor can extract 
moving-target echos from the clutter return even if the clutter 

ANTENNA 
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PULSED 
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SYNCHRONIZER 

DISPLAY 

Figure 1. Typical Non-Coherent Airborne MTI 

Radar System. 
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echo is 20 or 30 db greater than the moving-target echo 
signal. 7 The output of the MTI processor is displayed on an 
appropriate display such as a cathode ray tube or solid state 
display. 

"Clutter is distinguished from receiver noise by its relatively 
narrow, low-frequency spectrum, which implies that these 
echoes are correlated from one sample to the next. Because 
of this property it is possible to reduce the effects of clutter 
with filters that reject energy at the clutter frequencies but 
that pass the doppler-shifted echoes from targets having higher 
velocities than the clutter. A processor that distinguishes 
moving targets from clutter by virtue of differences in their 
spectra is called a moving target indicator or simply MT1!"6 
The clutter spectral spread is effected by aircraft motion, 
antenna scanning, and radar imperfections. Radar imperfec
tions include transmitted frequency change, amplitude 
modulation of the transmitted pulse, pulse width jitter, and 
time jitter between the trigger pulse and transmitted pulse. 
Also, the clutter is effected by wind effects on the surface 
terrain foliage such as trees and bushes. 

The presence of a moving target within a range resolution cell 
causes an amplitude modulation of consecutive returns in that 
cell. A resolution cell has the width of the ground surface 
illuminated by the antenna azimuth beam width, and the 
length determined by the range resolution of the radar. After 
many returns, the resolution cell has an output waveform 
envelope defined by the moving-target doppler frequency fd 
described by equation 1. The output spectrum after the 
envelope detector in the receiver is shown in Figure 2. Here, 
the video spectrum for a single cell consists of a large clutter 
return along with a moving target return. 

Because of the spurious sidebands produced by the sampling 
process, the clutter spectrum is imaged at all integer multiples 
of the sampling rate, also known as the pulse repetition fre
quency (PR F ). Due to the envelope detection process of the 
intermediate frequency (IF) signal, all doppler frequencies 
are found to be "folded" into the positive frequency range 
from DC to one-half the sampling rate (PRF/2). In addition 
the moving-target spectrum is found on each side of the clutter 
spectrum at all integer multiples of the PR F. 

Figure 2. Receiver Output Spectrum. 
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DELAY LINE CANCELLERS 

Historically, the first MTI detection device used to extract 
the moving-target doppler echo in the presence of clutter was 
the delay line canceller. Usually, it consisted of an analog 
delay line length T = 1.0/PRF seconds and a subtractor as 
shown in Figure 3. 

DELAY LINE 

IN ---<O---J.__T_·_1_/P_R_F -~ 0" 

Figure 3. Single Delay Line Canceller. 

Here, successive returns of the radar from the same range cell 
are subtracted resulting in an output that is equal to the pulse
to-pulse fluctuations of the radar return. Since fixed targets 
have a constant amplitude return, the output is zero in the 
ideal system. When a moving target is added, there is a 
variation of return amplitude from pulse to pulse as defined 
by the doppler frequency envelope; thus, an output related 
to this variation results from the delay line canceller for this 
range cell. 

The amplitude response H(f) for the single delay line canceller 
is 

IH(f) I = K lsin (1TTf) I 

where T is the sampling interval, f is the input frequency, and 
K is a gain constant. Thus the delay line canceller has a 
transfer response that is a function of the inter-pulse period 
and is zero at DC and integer multiples of the PRF as shown 
in Figure 4. 

SINGLE 
CANCELLATION 

Figure 4. Frequency Response of Single-Delay-Line 
Canceller and Double-Delay-Line Canceller. 

A double delay line canceller can be used to increase the 
clutter rejection of an MTI system. Figure 5 shows two equiv
alent forms of a double delay line canceller. The z-1 notation 
is the unit delay operator and refers to a delay equal to one 
interpulse period of the radar. Each canceller has the transfer 
function 

Ea 

Ei 

(z-1 )2 

z2 
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The amplitude response for these cancellers is 

IH(f)I = K1 lsin 2 (1Tf'f)I 

(a) Cascaded Single Delay Lines 

INPUT 
,-1 

(b) Three Pulse Comparison 

Figure 5. Double Delay Line Canceller. 

As is seen, the double delay line canceller has a sine-squared 
response rather than the sine response of a single delay line 
canceller as shown in Figure 4. As a result, a greater attenua
tion of the clutter spectrum is realized. It is possible in theory 
to combine three, four or more delay lines in various configu
rations to give multiple zeros at the origin in the s-plane. 
However, these become very difficult to implement since 
very slight changes in delay time cause significant reductions 
in cancellation. Even the double delay line canceller is difficult 
to implement reliably. 

ANALOG RANGE-GATE FILTER 

The analog range-gated filter represents a more sophisticated 
radar technique for separating moving target returns from 
fixed target returns by detection of the doppler shift in 
frequency due to the target motion. The combinations of a 
moving target or targets with a larger fixed target within a 
resolution cell causes an amplitude modulation of consecutive 
returns from that cell.7 

A block diagram of a simple analog range-gated filter is shown 
in Figure 6. Here input switch S1 and output switch S1 are 
closed simultaneously for a period equal to the radar pulse 
width 7. 

This causes the radar echo return for the range cell to be 
stored on capacitor C1. The final voltage on C1 each time 
switch S1 closes, is equal to the instantaneous value of the 
radar video input at the end of each sampling interval r. 
Therefore, the input switch and capacitor form a zero order 
hold circuit. After input switch S1 is opened, the analog 
voltage equal to the return echo will remain as an input to 
filter number one. At the same time, the output switch s1 
applies the present output of the filter to the output line. 
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Figure 6. Simple Analog Range-Gated Filter. 

At the instant switches S1 are opened, switches S2 are closed 
for T seconds and action similar to that described above 
takes place. Likewise, when switches S2 are opened, switches 
S3 are closed and this continues sequentially until switches 
SN are activated. 

As is seen, each filter element receives radar echo return 
from successive range cells approximately equivalent of CT/2 
in range since a two-way trip is required for the radar energy 
and where c equals the speed of light. Thus each analog filter 
is gated to receive a small range patch of radar echo return; 
thereby, the name analog range-gated filter is derived. 

One important aspect of this type of MTI system is that since 
the filters are time multiplexed, the resolution cells are essen
tially independent. However successive returns are highly 
correlated since they represent echoes from essentially the 
same ground patch. The filter element used to extract the 
moving target doppler is designed to provide a very sharp 
rejection of the clutter spectrum while providing near uniform 
gain to the widest possible band of frequencies containing 
moving target echoes. This is accomplished with a sharp cut
off high-pass filter, usually with at least 24 db per octave 
attenuation. The amplitude response of the filter in one 
element of a range-gated filter is shown in Figure 7 and is 
compared with the response of a single delay line canceller. 

There are many variations that can be derived from the basic 
analog range-gated filter shown in Figure 6. These include 
input and output multiplexing schemes to reduce switching 
speed requirements, various analog filter cut-off frequency 
control techniques to allow the widest possible acceptance 
band for moving target frequencies as determined by the 
spectral spread of the clutter return, etc. Each configuration 
is still basically a device to separate the moving-target signal 
spectrum from the fixed-target signal spectrum. 
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DIGITAL RANGE-GATED PROCESSOR 

A digital range-gated processor is a highly sophisticated radar 
technique for extracting moving target echoes. The digital 
range-gated filter performs the identical function as the 
analog range-gated filter; however, the hardware implemen
tation of the two types of filters is notably different. 

A block diagram of a simple digital range-gated processor 
is shown in Figure 8. Here input switch S1 is closed for T 

seconds to store the final instantaneous value of the radar 
return echo voltage for the first range cell on capacitor C1. 
When switch S1 is opened switches S2 and S3 are closed. The 
second range cell video return is stored on capacitor C2. Thus, 
switches S1 and S3 along with capacitors C1 and C2 provide 
two first order hold circuits. Meanwhile switch S2 applies the 
voltage on C1 to the analog-to-digital (A/D) converter. In the 
A/D converter the analog voltage is quantitized to a binary 
number representation. After r seconds, S2 and S3 are opened 
and S1 and S4 are closed resulting in similar action. This 
process of alternating the S1, S4 pair and the S2. S3 pair 
continues until the desired range is covered by the processor 
and each resolution cell echo return in quantized. 

The binary output from the A/D converter is applied to the 
digital filter which, in effect, consists of N individual filters 
as in the previous analog example. Here, however, the arith
metic circuitry is implemented only once and is time shared 
among all filter elements in the processor. This is easily 
achieved since the individual filters operate sequentially. The 
output of each individual filter element is applied sequentially 
to the digital-to-analog (D/A) converter resulting in a con
tinuous video MTI output synchronous in range with the 
radar video input. 

One of the key advantages of the digital filter is that the 
arithmetic operations are all handled by the same hardware 
for each filter cell. This means each individual filter element 
has exactly the same transfer function. That is, each has 
exactly the same mid-band gain, cut-off frequency, and attenu
ation. In the case of individual analog filters, amplifier gains 
tend to differ and component values vary initially as well as 
with temperature and age. 

A digital memory word is required for each pole of each cell 
in the range-gated processor and no sharing is possible. The 
analog equivalent of this is the storage supplied by capacitors 
and inductors, since these are the components that provide the 
terms (sL and 1 /sC) associated with the poles in the Laplace 
transfer function. Many additional advantages of the digital 
filter approach to MTI radar exist. These will become apparent 
as the design criteria are examined in more detail. 

Figure 7. Spectral Response of Filter Element. 

El 
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Figure 8. Simple Digital Range-Gated Processor. 

SUMMARY 

Chronologically the delay line cancellers were the first MTI 
detection devices for pulse-doppler radar systems. An im
provement in detectability was added to the system by the use 
of the analog range-gated filter. This improvement is related 
to the sharper filter cut-off characteristic which increases the 
rejection to clutter. Likewise, additional canceller gain is 
supplied to the doppler signal from slower moving targets. 
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Understanding Booth's 
Algorithm in 2's Complement 

Digital Multiplication 
By John R. Mick 

INTRODUCTION 

At the present time, digital machines perform multiplication 

using either serial techniques, serial-parallel techniques, or 

all-parallel techniques. The multiplication speeds can be very 

slow to very fast depending on the exact hardware imple

mentation used and the hardware constraints imposed. 

The Am25LS14 can be used to perform multiplication of 

2's complement numbers with a minimum of hardware. The 

The new Am25LS14 provides the capability to perform very 

high speed direct hardware multiplications and is especially 

suited for real-time digital processing applications_ This device 

will find applications in minicomputers, recursive or non

recursive digital filters, Fast Fourier Transform processors, 

adaptive digital integrators and many other digital implemen

tations of special arithmetic algorithms. 

MULTIPLICATION DEFINITION 

According to Webster's Dictionary, multiplication is "a math

ematical operation that at its simplest is an abbreviated proc

ess of adding an integer to itself a specified number of times 

and that is extended to other numbers in accordance with laws 

that are valid for integers_" This definition is particularly 

appropriate for binary numbers in that all hardware binary 

multiplication schemes make an "add" or "no-add" decision 

and maintain the "weighting" rules of binary numbers. The 

two numbers involved in the operation are usually called the 

multiplicand (the number to be multiplied) and the multiplier 

(the number that multiplies) with the result being called the 

product (later in this application note the partial products or 

partial sums will be important). 

Binary multiplication is performed as in the following four 

digit example. The terms X and Y are: 

X xo(20) + x 1(21) + x2 (22) + x3 (23) 

X xo(1) + x1 (2) + x2(4) + x3(8) 

Y Yo(1 l + Y1 (2~ + Y2(4l + Y3(8) 

where xi and Yi can assume a "O" or "1" value for i = 

0, 1, 2 or 3. 

If X is the multiplicand and Y is the multiplier, the product S 

of X·Y is 

s = X • Y = Yo(1) [xo(1) + x1(2) + x2 (4) + x3(8)] 

+ Y1(2) [xo(l) + x1(2) + x2(4) + x3(8)] 

+ Y2(4) [xo(1) + x1 (2) + x2 (4) + x3(8)] 

+ Y3(8) [xo(1) + x1(2) + x2 (4) + x3 (8)] 

In the above example, it can be seen that three additions are 

required to generate the product S of X ·Y; the first two of 

these are usually called partial products or partial sums. In 

order to examine the weighting of the binary numbers in the 

above example, the complete partial product solution is shown 

in Figure 1 and the weights of the x terms and y terms have 

been combined. 

Multiplicand X3 (8) + X2 (4) + x1 (2) + xo (1) 

Multiplier Y3 (8) + Y2 (4) + Y1 (2) + Yo (1) 

X3YQ (8) + x2Yo 14) + X1YQ 12) + x 0y 0 11) 

X3Y1 (16) + X2Y1 (8) + X1Y1 (4) + XQY1 (2) 

Carry 132) + Ps4 (16) + Ps3 (8) + Ps2 (4) + Ps1 (2) + Ps0 (1) 

X3Y2 (32) + X2Y2 (16) + X1Y2 (8) + XQY2 (4) 

Carry 164) + Ps5 (32) + Ps4 (16) + Ps3 18) + Ps2 14) + Ps 1 12) + Ps0 11) 

X3Y3 (64) + X2Y3 (32) + X1Y3 (16) + XQY3 (8) 

s7 1128) + s6 164) + s5 (32) + 54(16) + s3 (8) + '2141 + '1 (2) + s0 11) 

Figure 1. Multiplication of Two Unsigned 4-bit Numbers X and Y. 
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The s7( 128) term represents the carry out of the final sum
mation. As is seen, the multiplication of two 4-bit unsigned 
words results in an 8-bit product. This can be extended to a 
general statement; that is, the multiplication of a m-bit un
signed number with a n-bit unsigned number gives a m + n bit 
resultant unsigned product. This number may be truncated of 
course and rules will be given later for determining the result
ing accuracy when the hardware is being reduced. 

It should be recognized that the product terms associated with 
Yo and Y1 can be added in one adder and the product terms 
associated with Y2 and Y3 can be added in a second adder at 
the same time; thereby giving two partial products after one 
adder propagation delay time. These two partial sums can then 
be added in a third adder to give the resultant product of 
the multiplication. 

One technique for reducing multiplication time that is pres
ently being used in serial and serial-parallel multipliers is to 
ignore addition when the multiplier bit is a logic "O." When 
this is done the number of terms to be added is equal to the 
number of 1's in the multiplier word. This method can be ex
tended in such a way that strings of 1 's can also be ignored
this leads to an important _new technique for performing high 
speed multiplication. This technique will be discussed in 
greater detail later. 

Two's Complement 

Sign Decimal 
bit Number 

-23 22 21 20 

-8 4 2 

o +7 

o 1 o +6 

0 1 0 1 +5 

o 1 0 0 +4 

0 0 +3 

0 0 1 0 +2 

0 o 0 1 +1 

0 0 o 0 0 

1 -1 

1 0 -2 

o -3 

1 0 0 -4 

0 1 1 -5 

0 1 o -6 

0 o 1 -7 

o o o -8 

Figure 2. Full Definition of a 4-bit Two's Complement 
Binary Number. 
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TWO'S COMPLEMENT NOTATION 

This section is presented as a quick review of the two's com
plement numbering system and is intended to give insight for· 
the designer not familiar with two's complement notation. The 
two's complement numbering system is a technique for de
scribing positive and negative numbers in a convenient no
tation. When contrasted with other numbering systems such 
as sign-magnitude and one's complement, it has the advantage 
of only having one representation for the number "zero." Also, 
two's complement numbers can be added or subtracted with
out concern for the sign of each number as the result will be 
correct in two's complement notation. 

Jn 2's complement notation, the sign bit is a logical "O" for 
positive numbers and a logical "1" for negative numbers. Four 
bits may be used to represent the numbers+ 7 to -8 as shown 
in Figure 2. Notice that the sign bit does carry magnitude 
information that has a negative value. 

From this example, it is readily apparent that the magnitude of 
the negative numbers is not represented by its associated 
magnitude bits if the sign bit is ignored as is the case for the 
positive numbers. One way to find the absolute magnitude of 
a negative 2's complement number is to invert all bits and 
add plus binary one as in the example below: 

1011 
0100 

+ 0001 

0101 

Negative 2's complement number 
Inverted 
One Added 

Result 

From this example, it is seen that the magnitude of this 
negative numbers is five. 

Likewise, to form a negative 2's complement number, the 
positive representation is taken, inverted, and plus binary one 
is added as shown. 

Positive number +3 
Bi nary representation 

Inverted 
One added 

Minus three in two's complement 

0011 
1100 

+ 0001 

1101 

The advantage of two's complement in many computers and 
digital processors is that addition and subtraction can be per
formed without regard to whether the numbers being added or 
subtracted are positive or negative. Examples of addition are 
shown in Figure 3. Note that overflows are discarded. 

0001 +1 0001 +1 1110 -2 
0101 +5 1111 -1 0110 +6 

0110 +6 (1) 0000 0 (1) 0100 +4 

0110 +6 1010 -6 1110 -2 
1110 -2 0011 +3 1101 -3 

(1) 0100 +4 1101 -3 (1) 1011 -5 

Figure 3. Examples of Two's Complement Addition. 



Subtraction is much like addition except that the number 

being subtracted (subtrahend) must be inverted and have one 

added to its value. It is then added to the minuend. This ad

dition of +1 represents no problem in the hardware because 

the carry in (cnl of the least significant adder can be used for 

this purpose - not an additional adder. Figure 4 shows 

examples of subtraction. 

Minuend 0001 +1 1110-2 1110-2 1010-6 
Subtrahend 0101 +5 0110 +6 1101 -3 1101 -3 

Minuend 0001 1110 1110 1010 
Inverted Subtrahend .!Q!Q 1QQ! 0010 0010 

Add 1011 0111 0000 1100 
Add One 0001 0001 0001 0001 

Result (Binary) 1100 1000 0001 1101 

Result (Decimal) -4 -8 +1 -3 

Figure 4. Examples of Two's Complement Subtraction. 

From these examples, one might conclude that multiplication 

is simply the product of one 2's complement n'umber with the 

other. Unfortunately, this is not correct for negative numbers. 

One obvious technique for multiplication in which negative 

numbers are represented by 2's complements is to determine 

the signs and magnitudes of the operands, multiply the 

magnitudes, and then if the result is negative, cast the result 

into 2's complement form. It seems preferable, however, to 

devise a scheme for multiplying such numbers more simply. 

Booth's method will be considered for this purpose. 

BOOTH'S ALGORITHM 

In the usual methods of digital multiplication, the multiplier 

digits are examined in turn and when the multiplier digit is a 

logical "1," the multiplicand is added to the running partial 

sum in the appropriate weight. For each multiplier digit, there 

is a relative one-digit shift between the multiplicand and 

partial sum whether there has been an addition or not. Booth's 

algorithm provides a tool whereby more than one shift at a 

time may be made, depending on the grouping of strings of 

logic 1 's or logic O's. This multiple shifting ability may be used 

to "speed up" the multiplication process. 

Ordinary multiplication (disregarding signed numbers) can be 

performed by summing a series of partial products, each of 

which is one bit of the multiplier word, Y, times the entire 

multiplicand word, X, times the weight of the Y multiplier bit. 

That is, 
n - 1 

7T ~ ~ 

i -0 

where n =number of bits in Y 

This method, usually designated "add and shift", is simply 

performed by ANDing the i-th multiplier bit, Yi• with the X 

value giving a result of X or 0, and then adding this result 

(X or 0) to the present partial product to generate a new 

partial product. The new partial product is then shifted one 

place toward the LSB. This divides it by 2 or, effectively, 

multiplies X by 2 relative to the partial product. The process 
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is then repeated for the next more significant bit of Y. This 

algorithm will work for 2's complement values of Y if for the 

most significant bit of Y, the sign bit, a subtraction rather 

than addition is performed. This results because the MSB of 

a 2's complement number effectively carries a negative rather 

than positive weight as shown in the following Y definition. 

Y = -Yn-1 (2n- 1) + Yn-2 (2n- 21 + Yn-3 (2n-3) + 

+ Yo (20) 

Booth's algorithm is a multiplication technique which can 

reduce the number of operations required for multiplication. 

It operates on the fact that a string of O's in the multiplier 

requires no additions but just shifting, and a string of 1 's 

in the multiplier running from bit weight 2r to weight 2s can 

be treated as 2s+1 _2r. For example, if Y = 001110 (LSB on 

right), then r = 1 and s = 3 and 24-21 = 14. While the add 

and shift algorithm for this example requires three additions 

(if additions are ignored for Yi = 0), Booth's algorithm re

quires only two operations. These are an addition at weight 

2s+1 and a subtraction at weight 2r. The algorithm can be 

verbally stated as follows: 

• Examine the multiplier bit by bit beginning with the least 

significant bit and shifting the partial product relative to 

the multiplicand as each bit is examined. 

• Subtract the multiplicand from the partial product when 

you find the first 1 in a string of 1 's, add the multiplicand 

to the partial product when you find the first 0 in a string 

of O's and do nothing when the bit is identical to the 

previous multiplier bit. 

The significant features of this algorithm are that: 

1. It can require n operations (compare, add/subtract, shift) 

for an n bit multiplier (of alternating O's and 1 's) but it 

usually requires fewer of these and the remainder are of 

the type compare, shift operations. 

2. It works for X in 2's complement because addition and 

subtraction logic are identical for unsigned and 2's com

plement numbers. 

3. It works for Y in 2's complement directly, because if Y 

ends in a string of 1 's, the last operation will be a sub

traction at the appropriate weight. 

The basic algorithm as developed by Booth is as follows: Yi is 

the i-th most significant bit of an n-bit multiplier representa

tion. Y-1 is zero. Yo is the least significant bit. Yn-1 is the 

sign bit. Xis the multiplicand. 

Starting with i = 0, Yi and Yi-1 are compared: 

1.) If Yi= Yi-1; add OX. 

2.) If Yi = 1 and Yi- 1 = O; subtract 1 X (the multi

plicand) from the partial product. (Add the 2's com

plement). 

3.) If Yi = 0 and Yi-1 = 1; add 1 X to the partial product. 

Two examples of this rules are shown in Figure 5. 
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Example 1: 

0 1 -9 
0 1 0 (0) +11 

0 0 0 0 0 1 0 0 YO Y-1 = 0 
0 0 0 0 0 0 0 0 Y1 YO 1 

1 1 0 1 1 Y2 0 Y1 1 

0 0 0 0 1 Y3 Y2 0 
0 Y4 0 Y3 

( 1) 1 1 0 0 1 1 0 1 -99 

Example 2: 

0 1 1 -5 
0 0 1 (0) -7 

0 0 0 0 0 0 1 0 Yo Y-1 0 

1 1 1 1 0 1 Y1 0 YO 1 

0 0 0 0 0 0 0 Y2 0 Y1 0 

0 0 0 1 0 Y3 Y2 0 

0 0 0 0 0 Y4 Y3 
(1) 0 0 0 1 0 0 0 1 1 +35 

Figure 5. Examples of Booth's Algorithm for Two's 
Complement Multiplication. 

Based on these rules as developed by Booth, it is a straight 
forward process to make a table of desired action for each of 
the four possible two-bit combinations under inspection. This 
is shown below. K is the partial product before this level of the 
algorithm and is zero initially. 

Table of Operation for Booth's Algorithm 

Yi-1 Yi Function Partial Product 

0 0 Do nothing K+O 

1 0 Add X K+X 

0 Subtract X K-X 

Do nothing K+O=K-0 

Note that when Yi = 0 and add is required and when Yi = 1 
a subtract is used. Also, when Yi EB Yi-1 = 1 the multiplicand 
is added (or subtracted) fromt eh running partial product K 
and when y i EB y i-1 = 0, zero is used. 

INTEGER MULTIPLICATION 

We can multiply 2's complement numbers in either integer or 
fractional form. The primary difference is in the thought 
process of the designer. When the binary patterns are treated 
as integers, the 2's complement numbers can be represented as 
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X X - Xs 2n-1 
V Y -Ys 2m-1 

where 

Xs sigh bit of X (one or zero) 

Ys sign bit of V (one or zero) 

x = magnitude bits of X (less sign) 

y magnitude bits of V (less sign) 

n number of bits in X word 

m number of bits in V word 

For example, if six bits are assumed for X, n = 6 and the sign 

bit has a weight of -26-1 = -25 = -32. The other magnitude 
bits have their normal weight and since there are five other mag
nitude bits, they are 20, 21, 22, 23, and 24. Thus, 2's comple
ment integer numbers for n = 6 bits are as shown below: 

Magnitude bits 

Integer 
-25 24 23 22 21 20 

Decimal 
Number Sign 

Equivalent -32 16 8 4 2 

14 0 0 0 

31 0 1 

0 0 0 0 0 0 0 

-7 1 0 0 

-25 0 0 1 

-32 0 0 0 0 0 

When the product of X and V is considered, the following 
equation results: 

The 2's complement product requires m + n bits in order to 
represent all possibilities. Note that there is only one con
dition where them + n bits are required; that condition being: 

X = -2n-1 and V = -2m-1 

This condition gives S = XV= 2m+n-2 which requires m + n 
digits in a 2's complement signed integer number. 

Consider n = 6 and m = 4, then Xs has weight -32 and Ys has 
weight -8. For X = -32 and V = -8, the product XV is +256. 
The 2's complement representation is 0100000000. Ten bits 
are required to properly represent the 2's complement number. 
All other combinations of values for X and V require only 
m + n -1 bits to represent the 2's complement number. For 
n = 6 and m = 4 in this case, the ninth bit represents the pro• 
duct sign. Consider (+ 7) x (-31) is equal to -217 or 

100100111. Notice that 1100100111, the ten bit 2's comple
ment representation is identical in value. 

The general requirement for the product solution of XV is: 

S = XV = s - ss 2m+n- 1 

and all binary operations must be carried through m + n bits 
in the product soltuion unless a simplification is assumed. 



FRACTIONAL MULTIPLICATION 

Fractional multiplication is identical with integer multiplication 
but the notation is changed. The fractional number range is 
usually limited to-1<;;;X<;;;1-2-(n-1). 

The fractional 2's complement binary numbers can be 
represented as: 

X = x 2-(n-1) - Xs 

y = y 2-(m-1) - Ys 

K = k 2-(p-l) - ks 

where the notation is as with integer arithmetic. The sign bit 

now has a weight of -20 = -1 and the other magnitude bits 

have their normal fractional weight. 

Two's complement numbers for n = 6 are as shown below. 

Fractional 
-20 2-1 2-2 2-3 r-4 2-5 

Equivalent 
1 /2 1/4 1/8 1/16 1/32 -1 

14/32 = 7/16 0 0 0 

31/32 0 1 1 1 1 1 

0 0 0 0 0 0 0 

-7/32 1 0 0 

-25/32 0 0 1 

-32/32 = -1 0 0 0 0 0 

Understanding Booth's Algorithm 

The notation difference in the fractional representation is that 

all the integer representations have been divided by 2(n-1). 

The fractional product XY is 

Again,m+n bits are required to cover all possible combinations. 

Note that X = -1 and Y = -1 results in XY = +1 which is be

yond the normal range. In order to cover this possibility, the 

sign bit should be given a weight of -2 (instead of -1 ); the 

next most significant bit is weight +1, the next is +1 /2, and so 

forth. If the -1 times -1 possibility is excluded only m+n-1 

bits are required. 

This general equation requires the sign bit to have a weight of 

-2 and all arithmetic to be carried to m+n bits to represent 

the two's complement solution. 
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A HIGH-SPEED SERIAL/PARALLEL MULTIPLIER 
THE Am25LS14* 

By John Mick, John Springer and Clive Ghest 

INTRODUCTION 

The Am25LS14 is a complete 8-bit Serial/Parallel Multiplier 
fabricated as a single 16-pin LSI chip. The device accepts a 
parallel two's complement or unsigned multiplicand and mul· 
tiplies it by any arbitrary length serial two's complement or 
unsigned multiplier. The resulting product is a correct and 
complete serial two's complement or unsigned product. The 
complete product of an 8 x 8 multiplication can be performed 
in 16 clock cycles. Any number of Am25LS14 devices can be 
cascaded with no additional logic, so that the parallel multipli· 
cand can be easily expanded to any number of bits. Mixed 
signed (two's complement) and unsigned multiplication is 
possible, generating a product in signed two's-complement 
form. 

MULTIPLIER CHARACTERISTICS 

The requirements for a good general purpose IC multiplier for 
use in a wide range of commercial applications are as follows: 

• It should be inexpensive 
• It should be fast 
• It should be easy to use 
• It should be adaptable to any word length 
• It should handle signed numbers in two's complement nota· 

tion without correction. 

The first two of these requirements tend to be incompatible 
and in the past have required two types of circuits: one which 
was designed to be as fast as possible and another which 
compromised speed for cost. The last two requirements limit 
the method used to perform the multiplication to an algorithm 
which works in two's complement notation and is the same 
for all bits, so that the "sign bit" is treated identically with the 
other bits. 

A7 
CLEAR 

Yo -Y __ 1 

A5 

CP 

11 17 13 14 2 3 4 'J 

Vee =PIN 16 

GND PIN 8 

Figure 2. Logic Symbol for the Am25LS14 (16-Pin Device) 

The Am25LS14 offers an optimum solution to these 
requirements. It operates by taking the whole multiplicand in 
parallel and utilizing a single bit at a time of the multiplier word 
to form partial products in an internal register. The output is a 
serial bit stream representing the product of the parallel 
multiplicand word and the serial multiplier word. 

THE LOGIC FUNCTION 

A simplified logic diagram of the Am25LS14 Serial/Parallel 
multiplier is shown in Figure 1 and the 16-pin logic symbol for 
the device is shown in Figure 2. The multiplier consists of four 
basic parts; a storage register used to hold the multiplicand 
word during the multiplication, the adder/subtractor logic 
containing both a partial product register and a carry/borrow 
register, a flip-flop and exclusive-NOR gate operating on the 
serial multiplier string presented at the Y input to provide a 

A5 A4 A3 A7 41 Ao 

ADOER!SUBTRACTOR AND REGISTERS 

SUM 

C{~i~K ---i>D-..... ----------;-------0----j----+----, 

Figure 1. Functional Logic Diagram for the Am25LS14 
*The Am25LS14 is manufactured under U.S. Patent No. 3,878,985 issued April 22, 1975. 
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control signal to the adder/subtractor logic, and a logic mode 

circuit to alter the multiplicand from two's complement to 

unsigned notation as controlled by the M input. The adder/ 

subtractor logic and product and carry/borrow register is 

iterative; that is, it consists of eight identical cells with a 

small change in the eighth cell to efficiently incorporate the 

multiplicand word sign logic. For a detailed description of the 

logic design of the Serial/Parallel multiplier, refer to the 

application note "Mechanization of the Serial/Parallel Multi

plier" by John R. Mick. 

Prior to a multiplication, the internal multiplier sum and carry 

registers are reset by applying a LOW to the clear input. The 

8-bit multiplicand data is applied to the X inputs and is 

latched into the multiplicand register as the clear input goes 

HIGH. This internal multiplicand storage is useful because the 

multiplicand need not be held constant during the multiplica

tion allowing these inputs to be bus organized. The Serial/ 

Parallel multiplier is now ready to receive the first least 

significant multiplier bit. The least significant bit of the multi

plier word is presented at the Y serial input and when the 

clock changes from LOW to HIGH, the multiplier produces the 

first least significant product bit at the serial data output, S. In 

each succeeding clock period, the next more significant mul

tiplier bit is presented at the Y input and the next more 

significant product bit is present at the S output. After 8 clock 

periods, the multiplier serial input string has been exhausted 

but the most significant half of the product is still in the 

internal registers of the Am25LS14 Serial/Parallel multiplier 

and must be clocked out. If the multiplier is an unsigned word, 

then during t·he extraction of the most significant half of the 

product, the multiplier Y input must be held at logic zero. If, 

however, the multiplier is a two's-complement signed word, 

then the most significant bit (sign bit) of the multiplier word 

must be repeated at the Y input until the complete product 

has been obtained. The multiplicand can be either an unsigned 

number or a two's-complement number depending upon the 

logic polarity of the mode input, M. This mode input should 

be held at a LOW logic level (ground) if the multiplicand is in 

two's-complement notation and the X 7 input is a two's 

complement sign bit, and it should be held at a HIGH logic 

level (pulled up through a register to Vccl if the 8-bit multi

plicand is unsigned (magnitude only number). 

Am25LS14 

The Am25LS14 

The K input is used for expansion purposes. To increase the 

length of the multiplicand word by using multiple devices, the 

S output of a higher order device is connected to the K input 

of the next lower order devices. The clear lines are connected 

together and the clock lines are connected together. All the 

mode inputs except the one on the most significant device are 

held at a HIGH logic level. Whether the multiplicand is signed 

or unsigned is determined only by the M input of the most 

significant device. A 24-bit by n-bit multiplier is shown in 

Figure 3. The K input is held LOW at the most significant 

device indicating a two's complement multiplicand. The multi

plier input can be any length, with n + 24 clock periods 

required for the multiplication. The resulting product is n + 24 

bits long. 

If the multiplicand is not an even multiple of 8 bits, then for 

an unsigned multiplicand the remaining most significant mul

tiplicand inputs are held LOW at logic zero, while for a 

two's-complement multiplicand, the remaining multiplicand 

inputs must be connected to the multiplicand sign bit so that 

the sign is extended and can be interpreted correctly. Figure 4 

shows a 12 x n Serial/Parallel multiplier connection for a 

two's-complement signed multiplicand. The resulting product 

is n + 12 bits long and only n + 12 clock periods are required 

to generate the correct product. 

The Function Table for the Am25LS14 multiplier operation is 

given in Figure 5. As shown, the K input is the sum expansion 

input and allows for the cascading of devices. The mode input, 

M, is used in conjuction with cascading to determine the most 

significant bit of the multiplicand and controls the multipli

cand sign definition. 

TIMING 

Although the Serial/Parallel multiplier requires only m + n 

clock periods to produce a full length product, (where m is the 

multiplicand word length and n is the multiplier word length) 

a practical system may use two additional clock periods. The 

first additional clock period is used to reset the multiplier at 

the beginning of a multiplication by using the clear input. This 

is shown in the timing diagram of Figure 6. This clears the 

partial product register, the carry/borrow register and the 

24·BIT MULTIPLICAND 

Am25LS14 
CLR 

CP 

Am25LS14 

PRODUCT 
SERIAL 
OUTPUT 

Figure 3. Three Am25LS14's Cascaded to Make a 1-Bit by 24-Bit Serial-Parall<?I Multiplier 
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Arn24LS14 OUTPUT 

Figure 4. A 12-Bit by N-Bit Two's Complement Multiplier Using Two Am25LS14's 

INPUTS INTERNAL OUTPUT 

FUNCTION 
CLR CP K M Xi Y V _1 

CS H 

OP -

H 

H 

H 

H H 

H H 

AR 

H AR 

AR 

H AR 

Most Significant Multiplier Device 

Devices Cascaded in Multiplier String 

Load New Multiplicand and Clear Internal Sum and Carry Registers 

Device Enabled 

Shift Sum Register 

Add Multiplicand to Sum Register and Shift 

Subtract Multiplicand from Sum Register and Shift 

Shift Sum Register 

H =HIGH 
L =LOW 
t =LOW-to-HIGH transition 
CS == Connected to S output 

of higher order device 
OP = Xi latches open for new 

data {i = 0, 7) 
AR= Output as required per 

Booth's algorithm 

Figure 5. Function Table Showing the Operation of the Am25LS14 

control flip flop, and loads the new multiplicand into the X 
holding latch. At this same time, the multiplier word can be 
loaded into a Parallel-to-Serial converter (such as the 
Am25LS22) ready for presenting to the Serial/Parallel multi
plier Y input. During the first time period after the clear 

signal, the least significant bit of the multiplier is presented to 
the Y input of the Am25LS14 and in the next clock period 
the first bit of the product, S0, is available at the S output of 
the device. For the next n--1 clock periods, the multiplier bits 
are presented one at a time to the multiplier Y input and the 

TIME 

PARALLEL 
MULTIPLICAND 

WORD 

CLEAR 

CLOCK 

DATA ON 
Y INPUT 

DATA ON 
S OUTPUT So s, s, S3 s, s, So 

Figure 6. Timing Diagram Showing 18 Clock Cycle Operation of 8 x 8 Multiplication 
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product bits are available one at a time from the S output. For 

the remaining m clock periods, the Serial/Parallel multiplier 

requires that either the most significant bit of the multiplier 

word, Y, be repeated (two's complement operation) or a string 

of zeroes be applied (if the multiplier is to be treated as an 

unsigned number) to the Y input. 

It is possible to perform an m + n multiplication using only 

one additional clock cycle. This requires that the clear pulse is 

presented at the same time as Y 0, the least significant Y 

multiplier bit. Since the minimum clear pulse width is 20ns 

and the clear recovery time is 18ns, the time duration must be 

at least 38ns minimum for this clock period. A timing diagram 

for this mode of operation is shown in Figure 7. 

Many applications, especially when using two's complement 

operands, do not required a full n + m bit product but only an 

m + n-1 bit product. For example, if fractional operands in 

TIME 

PARALLEL 
MULTIPLICAND 

WORD 

CLEAR 

CLOCK 

DATA ON 
Y INPUT 

DATA ON 
S OUTPUT 

Yo Y1 Y2 

L 

I 

So s, 

Y3 Y4 Ys Y5 Ys Ys 

s, 

I 

S3 s, Ss s, S7 

Ys 

5a 

The Am25LS14 

the number range of -1to1-2-ln-lland -1to1-2-lm-llare 

assumed, only the case of -1 times -1 requires m + n bits to 

represent the product. Al I other combinations can be repre

sented correctly in two's complement notation by m + n -1 

bits. That is, when dealing with fractions, only one bit to the 

left of the binary point carrying a weight of -1 is required ex

cept for the one special case. This can be used to remove one ad

ditional clock cycle from the multiplication process as shown in 

Figure 8. The same reasoning applies to integer representations 
where the largest negative numbers are -2(m-11 and -21n-11. 

Only m + n bits are required to handle the case of (-21m-1)) 

(-2 ln-ll). All other products require only m + n-1 bits for a 

correct two's complement product. Let's take an example. If 

m = 4 and n = 3, then seven bits are required to represent (-8)• 

(-4) = (+32) in two's complement. All other products for a 

3-bit and 4-bit multiplicand and multiplier can be represented 

correctly in two's complement form with a 6-bit representa

tion. 

Ys Ys Ys Ys Ys Ys Yo Y1 v, 

s, S10 s,, s,, S13 S14 Sis so Si 

Figure 7. Timing Diagram Showing 17 Clock Cycle Operation of 8 x 8 Multiplication 

TIME 

PARALLEL 
MULTIPLICAND 

WORD 

CLEAR 

DATA ON 
Y INPUT 

DATA ON 
S OUTPUT 

Tis To Ti T2 T3 T4 Ts T5 Tl Ta Tg 'io T11 T12 T 13 T14 Tis To 

Ys Yo Yi Y2 Y3 y 4 Ys v, Ys Ys Ys Y5 Ys Ys Ys Ys Yo 

S14 So s, s, S3 S4 Ss s, S7 s, s, S10 s,, s,, s,, S14 

Figure 8. Timing Diagram Showing 16 Clock Cycle Operation for an 8 x 8 Multiplication 

(Assumes a 15-Bit Product Representation) 
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The Am25LS14 

ROUNDING AND TRUNCATION 

Truncation is performed in the Am25LS14 by ignoring the 
appropriate number of least significant bits (LSB's). Unfor
tunately, no clock cycles can be saved when truncating 
because the product is being developed LSB first. Therefore, 
the truncated bits are the first bits out of the Am25LS14 
multiplier. The subsystem must be clocked the total number 
of times (m + n) to develop the two's complement product. 
This does have the advantage of saving register bits to hold the 
product from the device. 

To date, the recommended method of rounding is to use one
fourth of an Am25LS15 to perform rounding. This technique 
involves adding a one at the bit prior to the LSB of the final 
product using one input of the Am25LS15. The product from 
the multiplier is connected to the other input. This does re
quire one extra clock cycle to implement rounding. This 
technique works for any combination of multiplicand bits, 
multiplier bits and desired product bits. 

APPLICATIONS 

Eight-Bit by Eight-Bit Multiplier 

A circuit which generates a 16-bit product from an 8-bit by 
8-bit multiplication is depicted in Figure 9. This sub-system 
consists of one Am25LS14 serial/parallel multiplier and two 
Am25LS22 8-bit registers. This configuration accepts an 8-bit 
multiplicand and an 8-bit multiplier from an 8-bit data bus. It 
will return a 16-bit product (8-bit upper byte and B•bit lower 
byte) using the same 8-bit bus. 

The Am25 LS22 is an 8-bit register designed for performing 
various functions with the Am25LS14. It can be used to hold 
the multiplier word initially, perform the sign-extend function 
and then hold part of the product. It has separate serial 
input/output capability as well as shared parallel input/outputs. 

The timing sequence for controlling this circuit is shown in 
Figure 10. Twenty-two clock cycles are used in this example 
to fully load, multiply and unload the multiplier subsystem. 
Thus, such an arrangement can be used with any of the popular 
8-bit MOS microprocessors such as the 8080, 6800, 2650, FB 
and others. This allows the multiplication to be performed 
outside of the MOS microprocessor with about two to three 
orders of magnitude improvement in speed. 

Referring to the timing sequence of Figure 10, the multiplier 
word is loaded into the Am25LS22 register at time T1 and 
the multiplicand word is loaded in the Am25LS14 latches 
during time T1. The multiplicand and multiplier words must 
be loaded in this order since there is no hold function on the 
Am25LS14 multiplier. 

During time T2 through T10, the least significant product bits 
are generated and clocked into holding register B. Meanwhile 
the multiplier sign bit is being extended in Register A. The 
sign extend is performed only for the eight clock cycles T 2 
through Tg. During time T11 through T18 , the most significant 
8-bits of the product are developed in the Am25LS14 multi
plier. Ta is used to load the product sign bit from the mul
tiplier into the Am25LS22 B register. During the time T1 
through Ts. the least significant half of the product is trans
ferred from register B to register A. The remaining two clock 
cycles, T 19 and T20 are used to unload the product upper and 
lower byte back onto the 8-bit data bus. 

The control signals required for this multiplier are shown in 
Figures 9 and 10. Notice that the clear input to the Am25LS14 
and the Serial/Parallel (S/P) input to the Am25LS22 can be 
connected together with the appropriate don't cares elim
inated. Other control signals to the Am25LS22 include the 
register enable (RE), sign extend (SE), and the three-state 
control (OE). These signals can be generated using a counter 
and combinatorial logic gates or a counter and small PROM. 

SERIAL/ 
PARALLEL--t-----------_ir-------+f---t------------E~~~~~ --+--------Tr-----_lf--------jf---+------1 l 

yoA 
H ------t DB 

L-MUX 

H-CLEAR 

SIGN EXTEND ----j SE 

,.-------i Go 

,..-1 GP 

"A" 
Am25LS22 

SER/PAR 

8-BIT SHIFT REGISTER 

L___jDA 

H ---1 DB 

L -----1 MUX 

H ---j CLEAR 

H ------j SE 

L----4Do 

CLOCK ---I CP 

SER/PAR 

cg~;;g~ ----t-+-.q OE DY7 DY5 DY5 DY4 DY3 OYz DY1 DYo 
A '-----r-r--r--r---r-r--r---r--~ 

cg~;;g[ ----ol OE DY7 DY6 OY5 DY4 DY3 DY2 DY1 DYo 
B '-----r-r--r--r---r-r--r--r---~ 

'------tY ,_, 
L-M 

------nlCLR 

t-+---+----+-+-+-+-+-----~T"-----+-f--+f---+----+---J---l----1------1-- By 
t-+-+--+-+-+--+----------~.___1+-..J---J---+---l--l----l---Bs t--+--+--t-t---+--------------._+---i---+-+-+----l---B5 

t-+-+--+'-+-----------------._-+--+__...j-+------J- 84 MULTIPLIER 
t--+--+--t----------------._-1---1---J-----1-- 83 ~~SUT/OUTPUT 

l-----+--+-----------------._-l---l-----i--B2 
t--+-------------------._-1----J----B, 

Am25LS14 
SERIAL/PARALLEL 

MULTIPLIER 

1 

1-----------------------._ __ __j._80 

Figure 9. An 8-Bit by 8-Bit Multiplier with a Full 16-Bit Product Store_ 
The Inputs and Outputs are Bus Organized on an 8-Bit Bus 
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Am25LS14 Am25LS22's 

TIME 1/0 BUS y CLR s S/P RE SE OE FUNCTION 
A B 

To Multiplier x x x L L x H H Load Multiplier IY) 

T1 Multiplicand x L x x H x H H Load Multiplicand IX) 

T2 x Yo H L H L L H H 

TJ x Y1 H So H L L H H 

T4 x Y2 H s, H L L H H 

T5 x Y3 H S2 H L L H H Present Yi to multiplier. Read Si into Register B. 

T6 x Y4 H S3 H L L H H Extend Y sign. 

T7 x Y5 H S4 H L L H H 

T3 x Y5 H S5 H L L H H 

Tg x Ys H S5 H L L H H 

T10 x Ys H S7 H L H H H 

T11 x Ys H S3 H L H H H 

T12 x Ys H Sg H L H H H 

T13 x Ys H S10 H L H H H Continue Multiplication using Ys in register. Load 

T14 x Ys H S11 H L H H H least significant part of product into Register A 

T15 x Ys H S12 H L H H H and most significant in Register B. 

T15 x Ys H S13 H L H H H 

Tn x Ys H S14 H L H H H 

T13 x x H S15 H L H H H Load MSB into Register. 

Product 

T19 Lower x x x x H x L H Unload product Lower byte onto bus. 

Byte 

Product 

T20 Upper x x x x H x H L Un load product Upper byte onto bus. 

Byte 

H HIGH L LOW X = Don't Care 

Figure 10. Timing Sequence for an 8 x 8 Multiplier with Full 16-Bit Product Register 

1/4 LS15 

Am25LS22 Oo y Am25LS14 s 
AR8R 

A lA-8) F DA Am25LS22 DYi k-REGISTER MULTIPLIER REGISTER 

DYi X; B Oo 

ls 8 l l BR 
J_ 

AR X; DA 

r-Jv Am25LS14 s 
A1BR Am25LS22 DYi k-MULTIPLIER REGISTER 

Am25LS22 Oo y Arn25LS14 s 
A1B1 Am25LS22 DYi ~ REGISTER MULTIPLIER REGISTER 

DYi X; DA 

T, 8 I I s, 

A1 X; B Oo 

~y 
Am25LS14 s 

ARBI 
A (A+B) F DA Ari25LS22 DYi k-MULTIPLIER REGISTER 

1/4 LS15 
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COMPLEX ARITHMETIC MULTIPLIER 

The Am25LS14 serial/parallel multiplier, the Am25LS15 
adder/subtractor, and the Am25LS22 eight-bit register can be 
used to perform rapid multiplication in complex arithmetic 
processors. In complex arithmetic notation, each variable is 
assumed to have a real part and an imaginary part. Thus, 
complex variables Ac and Be may be represented as: 

Ac= AR+ iA1 

Be= BR+ iB1 

The product of Ac and Be is, of course, complex product Pc 
where: 

Pc = PR + iP1 = Ac Be 
Pc= (AR+ iA1) (BR + jBi) 
Pc= (ARBR -A1B1) + j(ARB1 + A1BR) 

From this discussion, the real and imaginary values of the 
product Pc are readily identified. These are: 

PR =AR BR - A1 B1 
P1 = ARB1 + A1BR 

The circuitry required to implement this complex multiplier 
is shown in Figure 11. In this example, the real and imaginary 
values of the Ac variable are loaded into the two Am25LS22 
registers. The real and imaginary values of the Be variable are 

y 
MULTIPLIER 

(8-BITSl 

XA (8-BITSJ 

Am25LS14 

Xe 18-BITS) 

x, 

Am25LS14 

loaded into the latches of the Am25LS14. This loading of the 
data could be performed simultaneously using all four inputs 
AR, A1, BR and B1 or it could be performed sequentially 
using a pair of inputs or a single input at a time. 

Once the incoming Ac and Be data have been loaded, the 
devices are clocked such that the four intermediate products 
are formed as shown in Figure 11. Then, two of the four 
adder/subtractors in the Am25LS15 are used to complete 
the generation of real product term PR and the imaginary 
product term P1. 

These product terms PR and P1 can be loaded into four addi
tional Am25LS22 registers to hold the double length product 
terms PR and P1 (assume least significant bit truncation). 
After the complex multiplication has been completed, the 
PR and P1 variables can be returned to the processor, memory 
or other destination by using the parallel bus outputs of the 
Am25LS22. 

OTHER APPLICATIONS 

Other examples of applications using the Am25LS14 as well 
as the Am25LS15 and Am25LS22 are shown in Figures 12 
through 15. Each of these applications is intended to give the 
design engineer a new approach to solving numerical problems 
involving digital multiplication. 

Xe (8- BITS) 

Am25LS14 

Xo (8-BITSI 

x, 

Am25LS14 PRODUCT 
40-BITS 

Four Am25LS14's can be used to implement the product of five variables Y, XA, X8 , Xe 
and Xo. If each input variable is eight bits, a 40-bit product results and the multiplier array 
must be clocked 40 times. This requires the 8-bit Y variable to be sign extended for 32 
additional clock cycles. 

Figure 12. Multiple Operand Multiplications 
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Am25LS22 a,>----...--~-. 

2 

3 

4 

FUNCTION 

P=X·Y+Y 

P=X·Y-Y 

=Y (X + 1) 

=Y (X -11 

P=X·Y+Y+l =Y(X+1)+1 

P=Y-X·Y =Y (1 -XI 

FLIP 
FLOP 

x, 

Am25LS14 

Am25LS15 

ADD/SUBTRACT 

NOTES 

'LS15 in add mode 

'LS15 in subtract mode 

'LS15 is subtract mode for 
clear and add mode for multiply 

'LS15 A & 8 inputs reversed 

One Am25LS14, Am25LS15 and Am25LS22 can be used to perform several arithmetic 

functions. Four such functions are shown above. All use a product equal to the multiplicand 

times the multiplier in combination with a function of the multiplier. Additional combina

tions are possible, especially if more flip-flops are used to change the relative weight of the 

multiplier or product function. 

SE 

RE 

MULTIPLIER INPUT 

Am25LS22 

OE SIP 

MULTIPLICAND INPUT ----

Figure 13. 

MULTIPLICAND INPUT 

The Am25LS14 

Am25LS14 OUTPUT 

l~~~to~ -~--+----------------~ 

CLOCK-----<>-----------------~ 

CLR 

CP 

A 12-bit by 8-bit unsigned multiplication is performed by tying the four most significant 

multiplicand bits LOW to logic zero. The Am25LS22 is loaded with the 8-bit unsigned 

multiplier. As the multiplier is shifted, a "zero-fill" is accomplished using the DA input on 

the Am25LS22. Note the MSB M-input is HIGH on the most significant Am25LS14. 

Figure 14. 
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(Al 
SERIA 
INPUT 

L-

SIGN 
EXTEN 

LOAD 
MUL TIPLICAN 

CLOC 

± 
D ---0 

D 

K 

DY 7 

DA 

s 

SE 

DY6 DY 5 DY4 DY 3 

AM25LS22 

OE RE S/P 

-l l r 
H 

l l 
l lll l 

DY 2 OY 1 DYo X7 Xe xb X4 X3 Xz x 1 Xo 

Oo y Am25LS14 sf--

CP f ~ CLR CP 

..... 
v 

One Am25LS14 and Am25LS22 can be used to perform the function A 2 on an input vari
able A. The 8-bit value for A is loaded into the Am25LS22 register in serial form using the 
DA input. Once loaded, the A value can be transferred to the Am25LS14 multiplicand 
latches via the DY; outputs. Then the product of A·A is formed resulting in A2 at the 
Am25LS14 output. 

Figure 15. 
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MECHANIZATION OF THE Am25LS14 
SERIAL/PARALLEL MULTIPLIER 

By John R. Mick 

The Am25LS14 Serial/Parallel Multiplier uses Booth's algorithm 

to give the correct two's complement product without the need 

of post multiplication correction. The algorithm requires that 

two bits of the multiplier are examined at each time period. 

These bits are Ya, the multiplier bit at the present time ta, and 

Ya-1, the multiplier bit at the previous time ta_1. The assump

tion is made that at each time, ta, it is the last multiplier bit 

in the word and, therefore, it carries a negative weight; if it is 

a logic one, a subtraction takes place at this weight. If this 

was not the last bit in the word, a correction takes place 

during the next time period. The logic, therefore, not only has 

to examine the multiplier bit Ya in the current time but also 

the previous Ya-1 in order to discover whether a correction is 

necessary. 

The algorithm is performing the function: 

n-1 
S = ~X {Ya (-2a) + Ya-1 (2a-1 )} 

a=O 

where: S = the product X • Y, 

X =the multiplicand 

Ya =the current multiplier bit 

Ya-1 =the previous multiplier bit 

-2" =two's complement weight of the current 
multiplier bit 

+2a-1 =two's complement weight of the previous 
multiplier bit 

n =total number of bits in the multiplier 

Obviously, if at ta, Ya is a one and X is positive, then S is 

negative. If X is negative, then Sis positive for Ya= 1 at a= n-1 

which is exactly what is required at the last bit operation 

during a two's complement multiplication. 

The four possibilities of YaYa-1 give the following requirements 

in order to satisfy Booth's algorithm. 

YaYa-1 

0 0 

0 

Function 

No arithmetic operation. Shift partial product rela
tive to multiplier. 

Add multiplicand to partial product, S, and shift 

new partial product. 

0 Subtract multiplicand from partial product, S, and 

shift new partial product. 

No arithmetic operation (perform correction by 

executing both add and subtract of equation 1). 

Shift partial product relative to multiplier. 

The last entry with YaYa-1 = 1, 1 is made up of an addition 

and a subtraction of the multiplicand at weights offset by 2. 

This is used to perform the correction associated with the 

previous iteration where Ya was also a logic 1 and given nega· 

tive weight. Since a shift has now taken place, the addition of 

(Xya_12•-l) cancels the previous subtraction of -Xy8 28 be

fore the shift and has the effect of extending the sign of the 

running partial product. 

IMPLEMENTING THE CARRY 

The next consideration in the Am25LS14 Serial/Parallel Mul

tiplier is the carry scheme to be used for the arithmetic section. 

Since an essential characteristic of the design is a very high 

processing rate, the carry scheme must have as few a number 

of gate delays as possible. There are many look-ahead carry 

schemes but they all suffer from two problems. The carry 

network becomes increasingly complex as the word length is 

increased and in any practical scheme, additional delay is in

curred for longer word lengths. What is required is a method 

where the carry delay is short and independent of the word 

length of the multiplicand. 

One method of obtaining this result is called a "stored carry 

adder" and is particularly suited to serial/parallel arithmetic. 

The concept is straightforward but is complicated in the 

Am25LS14 because not only are carries generated but also 

borrows. (It assists understanding if these borrows are treated 

as negative carries.) In the stored carry scheme, when an addi

tion (or subtraction) takes place, instead of the carry (borrow) 

being presented to the next arithmetic stage so as to affect the 

next sum bit and be used to generate the carry at that stage for 

the next stage, the carry is stored in a flip-flop at the same 

stage and incorporated into the arithmetic at the next time 

iteration of the addition (subtraction). 

A combinatorial design of an MSI Serial/Parallel Multiplier 

is shown in Figure 1. The inputs to the Am25LS181 adder/ 

subtracter are the partial product and the multiplicand. The 

multiplicand is gated by a function of the YaYa-1 multiplier 

bits by using the mode control of the Am25LS181. The sum 

or new partial product out of the 'LS181 adder/subtracter is 

shifted one place down and stored in the next lower stage 

partial product register made up of the Am25LS174's. In each 

adder stage, the generated carry goes to the next higher adder 

stage internally. 

The stored carry concept is shown in Figure 2. Here, the inputs 

to the full adder are the partial product, the multiplicand 

gated by the YaYa-1 and the previously stored carry generated 
at the same stage during the previous cycle. The outputs of the 

full adder are the sum which is stored in the sum partial 

product flip-flop at the next lower stage and the carry which 

is stored in the carry flip-flop at the same stage and is not 

shifted down. The stored carry concept uses an additional 

flip-flop per multiplicand bit compared to the standard MSI 

approach, but the delay between consecutive clock pulses is 

short and remains the same, independent of the number of 

stages. In the MS\ approach, the total propagation delay is a 

function of the length of the Am25LS181 adder network. 

It is possible to have a combination of combinatorial carry 
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Figure 2. This Carry Save Cell Could Be Used in a Shift and Add Algorithm for a Serial/Parallel Multiplication 
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and stored carry by storing every second or fourth carry 

generated and so on. However, the best compromise between 

delay and complexity appears to be satisfied in low-power 

Schottky technology by incorporating an extra carry flip-flop 

at each multiplicand stage and storing the carry for each 

full adder. 

UNDERSTANDING THE ITERATIVE 

CELL OF THE Am25LS14 

In order to fully understand the iterative cell of the Am25LS14, 

it is necessary to view the cell block diagram of Figure 2. What 

is desired is to define the logic operation of the multiplicand 

enable gate and the full adder/subtractor. From the develop

ment of Booth's algorithm, it has been shown that Yo and y_1 

(Ya and Ya-1 respectively) control the add/subtract function 

as well as the pass multiplicand/pass zero function. The full 

adder/subtractor and control gate, therefore, must have y0 , 

Y-1 and x; as inputs. Also, the carry saved from the previous 

iteration is an input, C;, as well as the sum bit, S;, from the 

previous iteration. The adder/subtractor must generate a new 

sum bit, So, and a new carry/borrow bit, C0 . 

For any multiplication, there is only one value of x; at each 

cell. That is, x; is either a logic 1 or a logic 0. Thus, each case 

tor xi can be treated separately. Let us assume that xi = 0 as 

the input to cell shown in Figure 2. It is soon recognized that 

based on Booth's algorithm, the required operation is add 

nothing, subtract nothing or do nothing. Thus, if the carry 

flip-flop is reset initially, the only possible logic 1 into the 

cell is at the S; input since x; = 0 and C; = 0 initially. This 

results because the value at both the B and C inputs to the 

adder/subtractor are always zero. Therefore, the carry flip

flop can never be set to a one because the carry out is 

always zero. Thus, So is always set equal to the value at Band 

the cell executes a simple pass function. This is shown in the 

top 16 states of Table I. Table I shows all the combinatorial 

output states of the adder/subtractor as a function of the five 

input variables to the cell; these are x;, Yo. Y-1 • S; and C;. 

The more interesting case, obviously, is the condition where 

the x; input is a logic 1 for the multiplicand bit at this cell. 

The easiest way to explain this case is to view the last 16 

states of Table I. This should result in considerable misunder

standing not to mention the initial frustration. 

Let's try to take this table apart and make some sense out of 

it. First of all, remember that due to the operation of 

Booth's algorithm, additions and subtractions must be inter

leaved. Two additions or two subtractions cannot be sequential. 

This is an extremely important key in understanding the cell 

operation. 

In Table I, notice that states 16 through 19 execute a do 

nothing based on Booth's algorithm since Yo = 0 and y_1 = 0. 

Likewise, states 20 through 23 execute an add the multipli

cand to the running partial product since Yo = 0 and y_1 = 1. 

States 24 through 27 requires the multiplicand to be sub

tracted from the running partial product and states 28 through 

31 are also do nothing. It is essential to observe that only 

one time cycle can be spent in states 20 through 23 or 24 

through 27. This is because two additions or subtractions 

cannot be sequential. Also, certain states result in definite 

possible state transitions depending on the new vov1 value. 

For example, state 24 can only lead to states 21, 23, 29 or 31. 

State 23 can only go to states 16, 18, 24 or 26 on the next 

cycle and so forth. However, once in states 16 through 19, 

you can remain in states 16 through 19 indefinitely, and once 

in states 28 through 31 you can remain in states 28 through 

31 indefinitely. 

Mechanization of the Am25LS14 

So what? After careful scrutinization, it will be realized that 

the sum, So, and carry, C0 , outputs of the adder/subtractor 

cell of Figure 2 can only represent the function of the block 

if the following is true: 

• To define the operation of states 16 through 23, the So 

output is weight 1 and C0 is weight 2. 

• To define the operation of states 24 through 31, the So 

output is weight 1 and Co is weight -2. 

This results in the carry/borrow definition for the adder/sub

tractor. Remembering that the running partial product is 

shifted before the next cycle, the ci input of the full adder/ 

subtractor is, of course, at weight +1 or -1 after the shift. 

Once Table I is accepted, all that remains is to generate the 

required logic for the cell. That is, the logic equations for So 

and Co. Simply stated, the equations for the adder/subtractor 

cell are as follows: 
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So = S; Ell Ci Ell [X; {y_, Ell Voll 

Co=(S;EllYol [C;EllXi (YoEllY-1)] 

These are the equations implemented in each cell of the 

Am25LS14 with a slight modification to the MSB cell. 

State 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Table I 
Function Table for an Am25LS14 Cell 

X; Yo Y-1 Si Ci 

0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 1 0 0 
0 0 1 0 1 
0 0 1 0 
0 0 1 1 1 

0 1 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 0 
0 1 1 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 

0 1 1 
0 0 
0 1 

0 
1 

So Co 

0 0 

0 

0 

0 

0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 

E 
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y 

CLOCK ----STAGE 7----~1---STAGE 6----1 ----STAGE 0----

Figure 3. 

LOGIC DIAGRAM 

A full logic depiction of the Am25LS14 is shown in Figure 3. 
Each of the seven least significant cells of the device are 
identical. These are the cells shown as stage 0 through stage 6. 

5-40 

Only the eighth (MSB) cell (stage 7) has a modification to 
handle the Mode (M) and expansion (K) inputs to allow cas
cading. Also, the sum flip-flop output is connected to the 
opposite side compared to the other cells. 



HOW TO MULTIPLY AND/OR DIVIDE 
IN TWO'S COMPLEMENT HARDWARE 

By Roy Levy 

A question that is asked of our application group almost daily 

is "How do I multiply and divide in two's complement hard

ware". AMO has designed a family of integrated circuits to 

aid systems' and subsystems' designers in solving some of the 

complicated arithmetic problems. These circuits are: 

• Am25S05 - Schottky Four-Bit by Two-Bit Two's Com

plement Multiplier.* 
• Am2505 - TTL Four-Bit by Two-Bit Two's Comple

ment Multiplier. 
• Am25L05 - Low-Power Four-Bit by Two-Bit Two's 

Complement Multiplier. 

• Am2503 - Successive Approximation Register. 

• Am25L03 - Low-Power Successive Approximation 

Register. 
• Am25LS22 - Eight-Bit Serial/Parallel Register with Sign 

Extend. 
• Am25LS14 - Eight-Bit Serial/Parallel Two's Comple

ment Multiplier. 
• Am25LS15 - Quad Serial Adder/Subtractor. 

The problem of two's complement multiply can be solved 

using AM D devices in either of two ways dependent on speed 

requirements. One is by using the Am25LS14 and performing 

a serial by parallel multiply and iterating the algorithm through 

all "Y" bits of the serial multiplier word (see Figure 1 ). This 

particular solution assumes the use of an eight-bit data bus 

and loads an eight-bit multiplicand "into Am25LS14 in two's 

complement notation and an eight-bit multiplier into the first 

Am25LS22. After 17 clock cycles, the 16-bit product will be 

forced into the two 8-bit Am25LS22 registers. 

The second and faster method of two's complement multi

plication is that of Figure 2. This method employs the use of 

the Am25S05. The connection symbology will be seen in 

Figure 3. This implementation can be modified for speed or 

*Further applications of the Am25S05 are shown in "The Am25S05, 

Am2505 and Am25L05 2's Complement Digital Multipliers" appli

cation note contained in the Advanced Micro Devices' Schottky and 

Low-Power Data Book. 

APPLICATIONS 

LOAD "X" 

CLR 

Am25LS14 s0 ,_ __ _,s, 

CLK CLK 

power by substituting the Am2505 or Am25L05 for the 

Am25S05; Table A shows a comparison of power and speed 

for these devices. Table B shows the trade-off when applied 

to a multiplier array. Rearranging the inputs allows for 

multiply in a modified number system; i.e., Sign-magnitude 

or two's complement by one's complement (see Figures 3 and 

4). 

Division can be accomplished by using the recursion algorithm 

(or trial and error). In this method (Figure 5), a trial 

quotient is formed and the product of the trial quotient and 

division is tested against the actual dividend and the result 

(sign) noted. If the sign is positive, the MSB quotient is set to 

a one; if not, a zero is stored. This procedure is repeated for 

all bits of the desired quotient-MSB first, LSB last. The 

output of this divide is available in serial or in parallel form. 

Specifically, the divisor, dividend and trial quotient are all 

treated as two's complement numbers. Note that the first 

trial vlaue is integer -1. The operations performed are: 

For Os, the sign digit of the quotient: 

D 
If 07 = 0 and - 2 <P, Set Os= 0 Otherwise Os= 1 

D 
If 07 = 1 and - 2 <P, Set Os= 1 Otherwise Os= 0 

For the remaining quotient digits: 

If 07 = 0 and Ti-1 o+12 < P, Set Qi = I otherwise Oi = 0 
2 

If 07 = 1 and Ti-1 D+~ < P, Set Oi = 0 otherwise Oi = 1 

where Ti is the i th trial value held in the SAR. 

Since the complement of the most significant bit of the reg

ister is used rather than the true output so that resetting the 

register presents -1 to the multiplier array, the change in 

DY; 

Am25LS22 

OUTPUT 
ENABLE 

MS B's LOAD "Y" 

OE LD 

OH,_ __ __, S; 

CLK 

DY, 

Am25LS22 

OUTPUT 
ENABLE 

LSB's 

SE 

CLOCK----+------------~"------------
-~ 

SIGN 
EXTEND 

Figure 1. Bus Oriented 8-Bit x 8-Bit Multiplier with 16-Bit Product. 
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Yo-------1 
v,--.-----1 

y 2 ---+---I 
y 3 ---+---I 

y 4 ---+-t---1 
Ys--.-+-t---1 

Yo----t-----1 
v,----t-----1 

Xo------X7 Ko------K7 

8 x 8 MUL TIPUER 
ARRAY 

Ao --------------A15 

Figure 2. 8 x 8 Multiplication Array for 2's Complement Numbers. Both the Actual Connection Diagram 
and System Block Diagram are Shown. 
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Figure 3. 

CONNECTION DIAGRAMS 

Within this Appendix, the symbol shown at left below is used to represent the Am25S05, Am2505, or 

Am25L05. The symbol at left should be interpreted as equivalent to the symbol at right. 

Ir; 5 4 3 1 ISlf.I 1116 

Table A-1 is a summary of the typical switching characteristics for each path through the multiplier. 

TABLE A 

TYPICAL SWITCHING CHARACTERISTICS 

CPHL :tPLH) 

PATH Am25S05 Am2505 Am25L05 UNIT 

Cn.to Cn+4 8.5 13.5 32.5 ns 

Cn to So3 11.0 16.5 36.0 ns 

Cn to S45 14.0 19.5 44.0 ns 

k to Cn+4 8.25 13.5 31.0 ns 

k to So3 11.5 16.5 36.5 ns 

k to $45 14.0 21.5 51.5 ns 

X to Cn+4 17.5 21.0 63.5 ns 

'X to So3 21.0 25.0 70.0 ns 

X to S45 22.5 29.5 85.0 ns 

Y to Cn+4 21.5 33.0 75.0 ns 

Y to So3 23.0 35.0 83.5 ns 

Y to S45 25.0 38.5 93.5 ns 

lcc(TYP.) 120 90 30 mA 
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TABLE B 

TYPICAL SPEED & POWER 

FOR 
TWO'S COMPLEMENT MULTIPLICATION 

ARRAY SIZE Am25S05 

Y•X 
# SPEED POWER 

DEVICES ns WATTS 

4x4 2 39 1.2 

4x8 4 55 2.4 

4x12 8 64 4.8 

8x8 8 76 4.8 

8x12 12 94 7.2 

8x16 16 102 9.6 

12x12 18 115 10.8 

12x16 24 132 14.4 

12x20 30 141 18.0 

16x16 32 153 19.2 

16x20 40 171 24.0 

16x24 48 179 28.0 

20x20 50 192 30.0 

20x24 60 209 36.0 

20x28 70 218 42.0 

24x24 72 230 43.2 

24x28 84 248 48.0 

24x32 96 256 52.8 

28x28 98 269 54.0 

28x32 112 286 62.4 

32x32 128 307 72.0 

NOTE: With Curry's Interchanged to Reverse Speed. 

algorithm between the sign bit and the rest of the bits is 
automatically taken care of. 

The D/2 factor in the equations is used to round off the 
quotient. A double length dividend is assumed. The Am9324 
comparator array is wired for a two's complement comparison 
with the sign digit of the product and dividend crossed over, 
the divident sign bit forming part of the multiplier word and 
the product sign bit forming part of the dividend word. 

It is evident that the divider can be used as either a divider or 
a multiplier (Figure 6) by substituting the inputs, outputs and 
providing buffering. The required control function is subject 
to the specific usage. Figure 7 indicated the application with 
bus-oriented computers such as Am9080A, 8080A, 6800, 
etc. To achieve this configuration, it will be necessary to add 
storage registers and three-state drivers. As most machines are 
clocked, the Divisor/Multiplier and dividend registers must be 
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Am2505 Am25L05 

SPEED POWER SPEED POWER 
ns WATTS ns WATTS 

60 0.9 145 0.3 

83 1.8 186 0.6 

96 3.6 219 1.2 

115 3.6 262 1.2 

143 5.4 320 1.8 

156 7.2 353 2.4 

175 8.1 396 2.7 

203 10.8 454 3.6 

216 13.5 487 4.5 

235 14.4 530 4.8 

263 18.0 588 6.0 

276 21.6 621 7.2 

295 22.5 664 7.5 

323 27.0 722 9.0 

336 31.5 755 10.5 

355 32.4 798 10.8 

383 36.0 856 12.0 

396 39.6 889 13.2 

415 40.5 932 13.5 

443 46.8 990 15.6 

475 54.0 1066 18.0 

provided to retain this data for the period of operation. In 
order to avoid interference with the bus structure, all replies 
must be isolated from the data bus until requested by the 
machine (CPU). Certain exceptions can be made if the sys
tem will tolerate a temporary clock, stoppage while the 
multiplier/divider is operating. Although the operation is fast, 
timing consideration must be factored. The slowest operation 
(divide) will produce results in 16 clock pulses after comple
tion of the loading and statusing operations. The typical 
sequence is as follows: 

Multiply Sequence Divide Sequence 

1. Load status 1. Load status 
2. Load multiplicand 2. Load LSB dividend 
3. Load multiplier 3. Load MSB dividend 
4. Sequence "" four clocks 4. Load divisor 
5. Read LSB product 5. Sequence "" 12 clocks 
6. Read MSB product 6. Read quotient 



8 x 8 MULTIPLICATION 
ARRAY 

(REFERENCE FIGURE A·l) 

Ao Al A2 A3 A4 As A5 A1 As Ag A10 AnA12A13-

NOT USED 

How to Multiply And/Or Divide 

Figure 3. 8 x 8 Multiplication Array for Sign-magnitude Numbers. 

Xo------X7 

Ao--------------A15 

x = x _ x,12n-1) (2's Complement Number) 

Y 1 = y - Ysl2m-1-1) (1 's Complement Number) 

XY 1 = XY + YsX (2's Complement Product 

Figure 4. 2's Complement Multiplicand, l's Complement Multiplier and 2's Complement Product. 
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Figure 5. 2's Complement Rounded Division. 
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Figure 6. 2's Complement Multiplier/Divider. 
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M/D 

CONTROL 
SEQUENCER 

ADDRESS BUS 

"C" 
DIV!SOR/ 

MUL TIPUER REGISTER 

DATA BUS 

"B" 
PRODUCT 

3STATE GATE 16-BIT 

16 
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DIVIDEND REGISTER 
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DIVISOR/ 
MULTIPLIER 

QUOTIENT PRODUCT MULTIPLICAND DIVIDEND 

CLEAR CLOCK 

MULTIPLIER/DIVIDER 
PER FIGURE 6 

SUGGESTED PARTS 

A - 2 ea. Am25LS374 
B - 2 ea. Am25LS240 

C - 1 ea. Am25LS374 
D - 1 ea. Am25LS138 

Figure 7. 8-bit by 8-bit Multiplier/Divider. 
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The Am25S05, Am2505 and Am25L05 Schottky, Standard and 
Low Power TTL 2's Complement Digital Multipliers 

ByJohn R. Mick 

INTRODUCTION 

This application note is an updated and expanded version of 

the "A 2's complement Digital Multiplier - the Am2505" 

application note by R.C. Ghest, published in November, 1971. 

The device is now available in three technologies. The Am25S05 

is a very high speed 2's complement multiplier built using ad

vanced Schottky technology. The Am2505 is a standard power 

MSI element for medium speed applications. The Am25L05 is 

a low-power MSI circuit for slower speed applications. 

The Am25S05, Am2505, and Am25L05 can be used in 

iterative arrays to perform multiplication of 2's complement 

numbers with a minimum of hardware. The new Am25S05 

provides the capability to perform very high speed direct hard

ware multiplications and is especially suited for real-time 

digital processing applications. These devices will find applica

tions in minicomputers, recursive or non-recursive digital 

filters, Fast Fourier Transform processors, adaptive digital 

integrators and many other digital implementations of special 

arithmetic algorithms. 

At the present time, digital machines perform multiplication 

using either serial techniques, serial-parallel techniques, or all

parallel techniques. The multiplication speeds can be very slow 

to very fast depending on the exact hardware implementation 

used and the hardware constraints imposed. The Am25S05, 

Am2505, and Am25L05 are particularly suited for either all 

parallel multiplication or serial-parallel multiplication. 

MUL Tl PLICATION DEFINITION 

According to Webster's Dictionary, multiplication is "a math

ematical operation that at its simplest is an abbreviated proc

ess of adding an integer to itself a specified number of times 

and that is extended to other numbers in accordance with laws 

that are valid for integers." This definition is particularly 

appropriate for binary numbers in that all hardware binary 

multiplication schemes make an "add" or "no-add" decision 

and maintain the "weighting" rules of binary numbers. The 

two numbers involved in the operation are usually called the 

multiplicand (the number to be multiplied) and the multiplier 

(the number that multiplies) with the result being called the 

product (later in this application note the partial products or 

partial sums will be important). 

Binary multiplication is performed as in the following four 

digit example. The terms X and Y are: 

x xo(20) + x1 (21) + x2(22) + x3(23) 

X xo(1) + x 1 (2) + x2(4) + x3(8) 

Y Yo(1) + Y1 (2) + Y2(4) + y 3 (s) 

where xi and Yi can assume a "O" or "1" value for i 

0, 1, 2 or 3. 

If X is the multiplicand and Y is the multiplier, the product S 

of X·Y is 

S ~ X • Y YQ(1) [x0 (1) + x 1(2) + x2(4) + x3(8)] 

+ Y1 (2) [x0 (1) + x 1 (2) + x2(4) + x3(8)] 

+ Y2(4) [xo(1) + x 1 (2) + x 2 (4) + x 3 (8)] 

+ Y3(8) [xo(1) + x 1 (2) + x2(4) + x 3 (8)] 

In the above example, it can be seen that three additions are 

required to generate the product S of X ·Y; the first two of 

these are usually called partial products or partial sums. In 

order to examine the weighting of the binary numbers in the 

above example, the complete partial product solution is shown 

in Figure 1 and the weights of the x terms and y terms have 

been combined. 

Multiplicand 

Multiplier 

x 3 181 + 

Y3 181 + 

X2 141 

Y2 141 

+ x1 12) 

+ Y1 121 

+ XQ 111 

+ Yo 111 

X3YQ 181 + x2Yo 141 + X1YQ 121 + x 0y 0 111 

X3Y1 1161 + X2Y1 181 + X1Y1 141 + XoY1 121 

Carry 1321 + Ps4 1161 + Ps3 18) + Ps2 141 + Ps 1 121 + Ps0 111 

X3Y21321 + X2Y2 1161 + X1Y2 181 + XQY2 141 

Carry 164) + Ps5 1321 + Ps4 l16) + Ps3 181 + Ps2 141 + Ps1 12) + Ps0 111 

x3y 3 1641 x2y 3 1321 + x 1y 3 1161 + XQY3 18) 

s7 11281 + s6 1641 + s5 1321 s4 1161 + s3 181 + '2141 + '1 (21 + s0 111 

Figure 1. Multiplication of Two Unsigned 4-bit Numbers X and Y 
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The s7( 128) term represents the carry out of the final sum
mation. As is seen, the multiplication of two 4-bit unsigned 
words results in an 8-bit product. This can be extended to a 
general statement; that is, the multiplication of a m-bit un
signed number with a n-bit unsigned number gives a m + n bit 
resultant unsigned product. This number may be truncated of 
course and rules will be given later for determining the result
ing accuracy when the hardware is being reduced. 

It should be recognized that the product terms associated with 
Yo and Y1 can be added in one adder and the product terms 
associated with Y2 and Y3 can be added in a second adder at 
the same time; thereby giving two partial products after one 
adder propagation delay time. These two partial sums can then 
be added in a third adder to give the resultant product of 
the multiplication. 

One technique for reducing multiplication time that is pres
ently being used in serial and serial-parallel multipliers is to 
ignore addition when the multiplier bit is a logic "O." When 
this is done the number of terms to be added is equal to the 
number of l's in the multiplier word. This method can be ex
tended in such a way that strings of l's can also be ignored
this leads to an important new technique for performing high 
speed multiplication. This technique will be discussed in 
greater detail later. 

Two's Complement 

Sign Decimal 
bit Number 

-23 22 21 20 

-8 4 2 

0 1 +7 

0 1 0 +6 

0 0 1 +5 

0 0 0 +4 

0 0 1 +3 

0 0 1 0 +2 

0 0 0 1 +1 

0 0 0 0 0 

1 -1 

1 0 -2 
0 1 -3 

1 0 0 -4 

0 1 -5 

0 0 -6 

0 0 -7 

0 0 0 -8 

Figure 2. Full Definition of a 4-bit Two's Complement 
Binary Number 

TWO'S COMPLEMENT NOTATION 

This section is presented as a quick review of the two's com
plement numbering system and is intended to give insight for· 
the designer not familiar with two's complement notation. The 
two's complement numbering system is a technique for de
scribing positive and negative numbers in a convenient no
tation. When contrasted with other numbering systems such 
as sign-magnitude and one's complement, it has the advantage 
of only having one representation for the number "zero." Also, 
two's complement numbers can be added or subtracted with
out concern for the sign of each number as the result will be 
correct in two's complement notation. 

In 2's complement notation, the sign bit is a logical "O" for 
positive numbers and a logical "1" for negative numbers. Four 
bits may be used to represent the numbers+ 7 to -8 as shown 
in Figure 2. Notice that the sign bit does carry magnitude 
information that has a negative value. 

From this example, it is readily apparent that the magnitude of 
the negative numbers is not represented by its associated 
magnitude bits if the sign bit is ignored as is the case for the 
positive numbers. One way to find the absolute magnitude of 
a negative 2's complement number is to invert all bits and 
add plus binary one as in the example below: 

1011 
0100 

+ 0001 

0101 

Negative 2's complement number 
Inverted 
One Added 

Result 

From this example, it is seen that the magnitude of this 
negative numbers is five. 

Likewise, to form a negative 2's complement number, the 
positive representation is taken, inverted, and plus binary one 
is added as shown. 

Positive number +3 
Binary representation 

Inverted 
One added 

Minus three in two's complement 

0011 
1100 

+ 0001 

1101 

The advantage of two's complement in many computers and 
digital processors is that addition and subtraction can be per· 
formed without regard to whether the numbers being added or 
subtracted are positive or negative. Examples of addition are 
shown in Figure 3. Note that overflows are discarded. 

0001 +1 0001 +1 1110 -2 
0101 +5 1111 -1 0110 +6 

0110 +6 (110000 0 (1)0100 +4 

0110 +6 1010 -6 1110 -2 
1110 -2 0011 +3 1101 -3 

(1)0100 +4 1101 -3 (1) 1011 -5 

Figure 3. Examples of Two's Complement Addition 
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Subtraction is much like addition except that the number 

being subtracted (subtrahend) must be inverted and have one 

added to its value. It is then added to the minuend. This ad

dition of +1 represents no problem in the hardware because 
the carry in (en) of the least significant adder can be used for 

this purpose - not an additional adder. Figure 4 shows 

examples of subtraction. 

Minuend 0001 +1 1110-2 1110-2 1010-6 
Subtrahend 0101 +5 0110 +6 1101 -3 1101 -3 

Minuend 0001 1110 1110 1010 
Inverted Subtrahend 1010 1001 0010 0010 

Add 1011 0111 0000 1100 
Add One 0001 0001 0001 0001 

Result (Binary) 1100 1000 0001 1101 

Result (Decimal I -4 -8 +1 -3 

Figure 4. Examples of Two's Complement Subtraction. 

From these examples, one might conclude that multiplication 

is simply the product of one 2's complement number with the 

other. Unfortunately, th is is not correct for negative numbers. 

One obvious technique for multiplication in which negative 

numbers are represented by 2's complements is to determine 

the signs and magnitudes of the operands, multiply the 

magnitudes, and then if the result is negative, cast the result 

into 2's complement form. It seems preferable, however, to 

devise a scheme for multiplying such numbers more simply. 

Booth's method will be considered for this purpose. 

BOOTH'S ALGORITHM 

In the usual methods of digital multiplication, the multiplier 

digits are examined in turn and when the multiplier digit is a 

logical "1," the multiplicand is added to the running partial 

sum in the appropriate weight. For each multiplier digit, there 

is a relative one-digit shift between the multiplicand and partial 

sum whether there has been an addition or not. Booth's 

algorithm provides a tool whereby more than one shift at a 

time may be made, depending on the grouping of strings of 

logic 1's or logic O's. This multiple shifting ability may be used 

to "speed up" the multiplication process. 

The basic algorithm as developed by Booth is as follows: Yi is 

the i·th most significant bit of an n-bit multiplier representa

tion. Y-1 is zero. YQ is the least significant bit. Yn-1 is the 
sign bit. Xis the multiplicand. 

Starting with i = 0, Yi and Yi-1 are compared: 

1.) If Yi= Yi-1; add OX. 

2.) If Yi = 1 and Yi-l = O; subtract 1X (the multi
plicand) from the partial product. (Add the 2's com

plement). 

3.) If Yi= 0 and Yi-1=1; add 1X to the partial product. 

Two examples of these rules are shown in Figure 5. 
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Example 1: 

1 0 1 1 -9 
0 1 0 1 (0) +11 

0 0 0 0 0 1 0 0 YO Y-1 = 0 

0 0 0 0 0 0 0 0 Y1 YO 

1 1 0 1 1 Y2 0 Y1 

0 0 0 0 1 Y3 1 Y2 0 

0 1 1 Y4 0 . Y3 

(1) 1 1 0 0 1 1 1 0 1 -99 

Example 2: 

0 .1 1 -5 
0 0 1 (0) -7 

0 0 0 0 0 0 1 0 YO 1 Y-1 0 

1 1 1 1 0 1 Y1 0 YO 1 

0 000000 Y2 0 Y1 0 

0 0 0 1 0 Y3 Y2 0 

0 0 0 0 0 Y4 Y3 

(1) 0 0 0 1 0 0 0 1 1 +35 

Figure 5. Examples of Booth's algorithm for two's com
plement multiplication 

Based on these rules as developed by Booth, it is a straight 

forward process to make a table of desired action for each of 

the four possible two-bit combinations under inspection. This 

is shown below. K is the partial product before this level of the 

algorithm and is zero initially. 

Table of Operation for Booth's Algorithm 

Yi-1 Yi Function p,,,;,; Prndoc' m 
0 0 Do nothing K+O 

1 0 Add X K+X 

0 Subtract X K-X 

Do nothing K+O=K-0 

As stated earlier, one of the initial goals is to develop an 

algorithm that provides the ability to look ahead more than 

one bit at a time. Therefore, the above table for one multiplier 

bit Yi is expanded to Table I for two multiplier bits, Yi 

and Yi+1· 
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TABLE I - BOOTH'S ALGORITHM FOR TWO MUL Tl
PLIER BITS TAKEN SIMULTANEOUSLY. 

Input For For Net Result 
Yi-1 Yi Yi+1 Yi-1• Yi Yi• Yi+1 Yi-1• Yi• Yi+1 

0 0 0 K+O K+O K+O 

1 0 0 K+X K+O K+X 

0 1 0 K-X K+2X K+X 

1 1 0 K-0 K+2X K+2X 

0 0 1 K+O K-2X K-2X 

1 0 1 K+X K-2X K-X 

0 1 1 K-X K-0 K-X 

1 1 1 K-0 K-0 K-0 

From Table I for two multiplier bits, the following con
clusions can be drawn: 

1.) The Yi+1 bit can be used as an add/subtract control 
where logic "O" is add and logic "1" is subtract. 

2.) The function Yi-1 <ll Yi can be used as a X weight 
control indicating the addition or subtraction of X 
to the partial product K. 

3.) The function Yi-1 Yi Vi+1 + Yi-1 Yi Yi+1 can be 
used as a 2X weight control indicating the addition or 
subtraction of 2X to the partial product K. 

4.) When in the subtract mode, the 2's complement of 
X (X plus one) is added. Thus the xi bits are ex
clusive OR'ed with the add/subtract control Yi+1 · 
The plus one is generated in the partial product LSB 
by connecting the Yi+1 to the first cn of the adder 
used to add X and K. 

5.) When 2X is being subtracted, the carry into the 
second LSB of the partial product is generated by 

connecting the first cn to Yi+1 and x_ 1 to logic 0. 

Thus, all required functions of Table I can be implemented 
using combinatorial logic elements. The resultant output is a 
"partial product" of the total multiplication product. Re
member that if Yi+1 is 1, then y has been treated as a negative 
number up to that point so the partial product may not really 
be correct yet. 

Both Yi-1 <ll Yi and Yi-1 Yi Yi+1 + Yi-1 Yi Yi+1 are 
symmetric functions. This provides the ability to change from 
positive logic to negative logic (X = X, Y = Y) with the com
binatorial functions remaining unchanged. 

THE AM25S05 

The Am25S05 is an advanced Schottky MSI circuit that 
implements the algorithm previously developed in this appli
cation note. It can be used to multiply signed or unsigned 
numbers in various number representations and performs 
multiplications in either positive or negative logic. This dis
cussion applies to the Am2505 and Am25L05 as well; but the 
Am25S05 has been assumed to provide a single device for 
discussion purposes. 

The logic diagram of the Am25S05 is shown in Figure 6. The 
logic symbols and connection diagram are shown in Figure 7. 
The Am25S05 consists of five parts: a multiplier decoder, a 
shifting array, a complementer, a high speed adder, and a 
overflow and sign control. 

1.) Multiplier Decoder 

The multiplier decoder generates the required control signals 
for the shifting array and complementer. First, it decodes 
whether OX, 1 X or 2X of the X multiplicand is to be added to 
the incoming partial product. Second, the multiplier decoder 
generates the add/subtract command. The decoder generates 
the functions. 

A = Yi-1 <ll Yi 

B = Yi-1 Yi Yl+1 + Yi-1 Yi Yi+1 

c = p Yi+1 + P(Yi+1A + Yi-1 Yi) 

1X used 

2X used 

add/subtract 

(P input LOW = positive logic; P input HIGH = negative 
logic; P defined true for negative logic). 

The "zero" times the multiplicand is obtained by AB. The P 
input controls the add/subtract sequence so that the multiplier 
can work in either the positive or negative logic representation. 
The function includes terms to handle logic "OX" independent 
of the positive or negative logic representation when the de
coding functions A and Bare both false. 

2.) Shifting Array 

The shifting array generates 0, 1 or 2 times the multiplicand 
and applies this to the complementer. X is inverted through 
the shifting array and "O" is implemented as all HIGH's out 
of the array. The x_ 1 input is used to shift up the next lower 
order bit for the 2X function. 

3.) Complementer 

The complementer consists of a set of exclusive-NOR circuits 
controlled by the add/subtract function. The add command 
applies a "O" to each exclusive-NOR while a subtract applies 
a "1" to each exclusive-NOR. The add command thereby 
causes each output of the shifting array to be inverted. Thus, 
the xi inputs are applied non-inverted to the high speed adder 
in the add mode and applied inverted in the subtract mode. 

4.) High-Speed Adder 

The high-speed adder is a 4-bit high-speed parallel carry look
ahead adder that adds the selected function of the multiplicand, 
X, to the partial product presented at the K inputs. The adder 
also has a carry input, Cn; a carry output Cn+4; and four sum 
outputs, So to S3. 

5.) Overflow and Sign Control 

At the most significant end of the array, i.e. where the sign 
bits are processed, a problem arises when an overflow occurs 
as a result of (a) an addition or subtraction or (b) the need to 
use 2X in the adder. To overcome these overflow situations, 
the sign digits of the multiplicand and partial product must be 
repeated twice. Luckily some logic minimization is possible 
and the S4 and s5 outputs, which are the most significant bits 
of the 6-bit signed product, can be generated quite easily. 
These two outputs are required only at the most significant 
end of each iterative step of a multiplication. In order to re-
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Figure 6. Logic Diagram for the Am25S05 

ACTIVE LOW ACTIVE HIGH 

1918 1716 1918 1716 
24 23 22 21 20 19 18 17 16 15 14 13 

Am25S05 

'3 2 

20---0 p 

8 9 10 11 

Figure 7. Logic Symbol and Connection Diagram for the Am25S05 

duce input loading on x3, an additional x4 input is provided 

which is a part of this overflow circuitry. The x4 input must be 

connected to x3 at the most significant end of the array only 

and can be left unconnected elsewhere. 

ITERATIVE ARRAYS USING THE Am25S05 

Since the Am25S05 is a 2 x 4 multiplier and performs the 

arithmetic function S = XY + K, it can be used as an iterative 

cell in multiplication schemes. The number of multiplier de

vices required for the multiplication of a n-bit X by an rn·bit 

Y is given by 

Number of devices= (-i-) (-~) 
where X and Y are the multiplicand and multiplier, re

spectively. (Note - fractions must be rounded up). 

When the array is extended, only the So through S3 outputs 

are used in the partial product until the most significant end 

of the array is reached. Then, the s4 and s5 outputs are used 

for the most significant bits. Thus, a 4 x 2 multiplication 

gives a 6-bit output; an 8 x 2 multiplication gives a 10-bit out

put; a 12 x 2 multiplication gives a 14-bit output and so forth. 

For the 12 x 2 multiplication case, So through S3 are the 

outputs of the two least significant multipliers and s0 through 

S5 are the outputs of the most significant multiplier to provide 

the 14-bit result. When the multiplier array is expanded in the 

Y direction, it is expanded on a row by row basis. The S out

puts of one row are connected to the K inputs of the follow
ing row that are shifted up by two bits in the X direction 

(A weight of 22 = 4). The two least s1gnif1cant output bits m 
not connected (So and s1) provide two of the array outputs. 
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Figure 8 shows four Am25S05's connected to form a 4 x 8 

array that produces a 2's complement product from a 4-bit 2's 

complement multiplier and an 8-bit 2's complement multi-

plicand. The scheme is shown for the positive logic representa-

tion; for the negative logic representation, P must be held high 

rather than LOW, and 'l's and 'O's must be reinterpreted. 

Since the first iteration is treated as if the previous operation 

were an addition, the x_ 1 and y_ 1 inputs are held at logic 

'O'. The S4 and S5 outputs are ignored except at the most signi· 

ficant edge of the array. The K inputs allow the accumulation 
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MUL TIP LICANO 

XoX1 X2 X3X4 X5 X5X7 

MULTIPLIER G---1 ~~: xo xi xi x3 x4 

Yo---+-+-+--<-+--+-+-+----....-. YQ Am25S05 

"' 2·s COMPLEMENT 

ll 0 
y;_ 

MULTIPLIER Cn+4f------------t-+--lC" Cn+41 
Y3- G--0 P 

1111 1 

r------~J J L LLL 

~--+--+---+-llllL 

t-G-+-

•--1•0•1•2•3x4 ko kJk2k3 ,_, 
,, Arn25S05 

" '"' 2'> COMPLEMENT 
c., MULTIPLIER Cn+4 

j-o p s, s, s, S3 s, S5 

li 0 
"-1 XQ XJ X2 x3 X4 

r----v-1 
.---'o 
r-'' >-------------r--r--t--ic" 
G~ P 

'"' 2's COMPLEMENT 
MULTIPLIER Cn+4t---

Figure 8. 2's Complement 8 x 4 Multiplication. Active High Levels 

of partial products as information passes through the array. 

Since at the first stage the partial product does not exist, the 
K inputs can be used to add in a number at the least significant v1 

end of the product. Otherwise the K inputs should be held at 
logic 'O'. This feature is very useful as many arithmetic 
processes consist of a series of multiplication and additions, 
and these K inputs may save additional devices. For multi· 
plication with longer word lengths, the array can be extended 
in both the X and Y directions. 

Figure 10 shows the straightforward method of stacking multi· 
pliers so as to accumulate partial products and generate a re· 
sultant product. 

Figure 9 diagrammatically shows the connection scheme for 
the 12 x 12 multiplier of Figure 10, the straightforward parallel
ogram structure. The longest propagation delay path is shown 
by the arrow. The typical propagation delay of this path is 
computed as shown in Table 11. Note that this is not the 
maximum speed connection. 

In the diagram of Figure 9, the shorthand notation inside the 
individual multiplier notation represents the "system" bit 
numbers connected to the Yo and x0 bits respectively. Thus, 
if the system words are A and B, 4 ·8 represent A4 is con· 
nected to YQ of that multiplier element and s8 is connected 
to xo of that multiplier element. Remember, each individual 

Am25S05 is labeled Y-1· YQ. Y1. x_,, xa. x1, x2. x3 and x4. 
When connected in an iterative system, these inputs should be 

relabeled to Yi-1• Yi• Yi+1· Xj-1• xi, xj+1· Xj+2• Xj+3 and 
Xj+3 (not Xj+4). Then the ij nomenclature inside the element 
is for the subscript of the system bit numbers. 
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Figure 9. Diagrammatical Representation of Standard 
12 x 12 Parallelogram Structure and Longest 
Propagation Path 

TABLE II - CALCULATION OF TYPICAL PROPAGATION 
DELAY FOR PARALLELOGRAM 12 x 12 MULTIPLIER 

tPLH tPHL tPLH + tPHL 
Typical Typical 2 

Yi to Cn+4 23 ns 20 ns 21.5 ns 

Cn to Cn+4 8 ns 9 ns 8.5 ns 

Cn to So3 12 ns 10 ns 11.0 ns 

k; to Cn+4 6.5 ns 10 ns 8.25 ns 

4 Additional 
C0 to So3 and 77.0 ns 
kj to Cn+4 paths 

Cn to S45 15 ns 13 ns 14.0 ns 

Total 140.25 ns 



GNO 

GND 
Yo 
Y1 

GND 

Y2 

Y3 

GND 

Y4 
Y5 

GND 

Y5 
Y7 

GND 

II II I 
I I II I 
I II I I 
II ii 1 
II II I 

I I I I 
A4 As 1 \ 
I 11 I 
I II I I 
I I I I 1 
11 II I 
11 1 11 

II 11 I 
1111 I 
I 11 11 
II 1 11 
1 II 11 

Ys--------1 
Y9-<1>--------I 

Y10--------< 
Y11 V1 

'-------f<;, 
GND--------<>I 

Am25S06 .., 
:>·~~L~~c~~NT 

Figure 10. 12 x 12 Multiplier in Parallelogram Structure 
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GNO 

GNO 
Yo 
v, 

GNO 

Y4---t-r-i 
Y5---+-r-i 

GND-+---+--1 

YB---t--+----1 
Yg-+-t-+----t 

Y10---+-------i 
v,,---+-------i 

GND-----<ll 

Figure 11. High Speed 12 x 12 2's Complement Multiplication 
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A second, faster configuration for the connection of a 12 x 12 

multiplier in a parallelogram-type structure is shown in the 

connection diagram of Figure 11 and diagramatically in Figure 

12. The significant difference between the connection in 

Figure 11 and the connection in Figure 10 involves they inputs 

connected to the carry inputs. Notice in Figure 10 that there 
are y inputs going into carry inputs down the left edge of the 

array to add "1" at the LSB of the partial product during sub

traction. Every odd Yi+1 goes into a carry of weight i. How
ever, within the array there are carry signals lying in the 

critical speed path with the same weight as these y inputs. By 

interchanging some of these y inputs with carries higher up in 

the array, it is possible to shorten the critical speed path. For 

example, the carry out of the first Am25S05 has a weight of 

24 as does the y5 input in the third row carry in. By inter

changing these two signals as shown in Figure 11, the first 
Am25S05 is removed from the critical speed path. The carry 

between the first and second devices in the second row has a 

weight of 26 and may be interchanged with the- y 7 signal. 

This interchanging may be continued across and down the 

array wherever applicable. The general philosophy of this 

method is to equalize the delays through the array from the 

top to all parts of the output rather than having some output 

bits available very rapidly and others more slowly. The result 

is that the longest propagation delay path will also be de

creased. Table 111 shows the computation for the typical 

propagation delay of the longest path for this connection. 

Y5 Y7 Yg Y11 

Figure 12. Diagrammatical Representation of High-Speed 
12 x 12 Parallelogram Structure and Longest 
Propagation Path 

TABLE 111- CALCULATION OF TYPICAL PROPAGATION 
DELAY FOR 12x12 MULTIPLIER WITH CARRIES MOVED 

tPLH tPHL tPLH + tPHL 
Typical Typical 2 

v; to So3 23 ns 23 ns 23 ns 

k; to s03 13.5 ns 9.5 ns 11-5 ns 

k; to Cn+4 6.5 ns 10 ns 8.25 ns 

Cn to So3 12 ns 10 ns 11.0 ns 

2 Additional 
ki to Cn+4 and 2(8-25 +11.0)ns 38-5 ns 
Cn to So3 paths 

kj to Cn+4 6.5 ns 10 ns 8.25 ns 

Cn to S45 15 ns 13 ns 14.0 ns 

Total 114.5 ns 

Am25S05/ Am2505/ Am25L05 

A third configuration for a 12 x 12 multiplier is shown 

diagrammatically in Figure 13. In this structure, four of the 

Am25S05's have been moved vertically while maintaining the 

relative partial sum weights. This results in an increase in 

speed over the standard parallelogram structure by decreasing 

the maximum propagation path length. The speed of this 

triangular structure, Figures 13 and 15, is the same as that of 

the parallelogram structure with carries moved, Figures 11 

and 12. 

Figure 14 diagrammatically illustrates the connection scheme 

for 16 x 16 arrays connected in the three types of structures 
previously described. In each method the carry-in connection 
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4·0 

2-0 

0·0 0·4 

Figure 13. Diagrammatical Representation of 12 x 12 
Multiplier in Triangular Array 

Fig.14(a) 

Fig.14(b) 

Fig.14(c) 

Figure 14. 16 x 16 Multiplier Connection Schemes 
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•• ., ., ., Xo ... X2 K4 K5 Xs X10 Ka Kto 
· x 1 X3 Ks K1 

GND----+-1--------l~--++++-++++--+Hr-t----I 
Yo----+-1--------l~--++++-++++--+Hl+-----I v, ~---++-------l+----++++-++++--++-l+---1 

Y2-+-1-......--+-+--------l~--++++-++++--+Hi+--++----I 
Y3-+-i....+--+-!--------l~--++++-++++--+Hl+--++----I 

Xg X11 Kg Kn 

Figure 15. Connection for 12 x 12 Configuration in the Triangular Array. 
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TABLE IV- TYPICAL MULTIPLICATION TIME IN NANO
SECONDS. 

Array Size Number of 
YxX Am25S05's 

4x4 2 

4x8 4 

4 x 12 6 

8x8 8 

8 x 12 12 

8 x 16 16 

12 x 12 18 

12 x 16 24 

12 x 20 30 

16 x 16 32 

16 x 20 40 

16 x 24 48 

20 x 20 50 

20 x 24 60 

20 x 28 70 

24 x 24 72 

24 x 28 84 

24 x 32 96 

28 x 28 98 

28 x 32 112 

32 x 32 128 

Time (ns) 
Method 1 

39 

55 

64 

94 

102 

111 

141 

149 

157 

188 

196 

205 

235 

243 

251 

282 

290 

299 

329 

337 

376 

Time (ns) 
Method 2 
Method 3 

76 

94 

102 

115 

132 

141 

153 

171 

179 

192 

209 

218 

230 

248 
256 

269 

286 

307 

to the en level is shown. If no connection is shown, it is 
assumed that en+4 is connected to the next en· Table IV 
shows the delays and package count for various size multi
plier arrays using these three connection methods. 

FASTER MULTIPLICATION USING ADDITIONAL ADDERS 

If faster multipliers are required, the multiplication array can 
be split into several parts and the partial products from these 
parts added using high-speed carry look-ahead adders. This 
method results in a substantial increase in speed - especially 
for larger multipliers - with relatively few additional packages. 
One connection for a 16 x 16 multiplier using one level of ad
ditional partial product adders is shown diagrammatically 
in Figure 16. 

This method involves breaking the array into two 8 x 16 in
directly structured arrays. The first contains all X connections 
and the Y connections to the 0, 1, 4, 5, 8, 9, 12 and 13 bits. 
The second array contains all X connections and the Y con
nections to the 2, 3, 6, 7, 10, 11, 14 and 15 bits. In all cases, 
the Yi-1 bit is connected to the correct weight bit. For ex
ample, Yi-1 is connected to bit 5 for YQ = 6 and Y1 = 7. 
Notice that for both 8 x 16 structures, the Yi-1 bits are 
cross cou pied to the other array. The typical speed computa
tion for this connection is shown in Table V. 

Another connection scheme for a 16 x 16 multiplier using 
three additional partial product adders (two levels) is shown in 
Figure 17. Here, the multiplier is broken into four 4 x 16 
arrays. Then the outputs of two of the arrays are combined in 
one high-speed adder and at the same time the outputs of the 
other two arrays are combined in another high speed adder. 
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1 PATH 

I TWO 

I 
I 

40 80 

Figure 16. Multiplier Connection with One Level of Ad
ditional Adders 

TABLE V-CRITICAL PROPAGATION DELAY PATH FOR 
16 x 16 MILTIPLIER WITH ONE LEVEL OF ADDERS. 

tPLH tPHL 
Path One Typical Typical 

Yi to So3 23.0 ns 23.0 ns 

ki to Cn+4 6.5 ns 10.0 ns 

Cn to So3 12.0 ns 10.0 ns 

ki to So3 13.5 ns 9.5 ns 

ki to Cn+4 6.5 ns 10.0 ns 

Cn to Cn+4 8.0 ns 9.0 ns 

Cn to So3 12.0 ns 10.0 ns 

A to Cn+4 Am54S/74S181 Assumed 

Cn to F Am54S/74S181 Assumed 

Path Two 

Yi to So3 23.0 ns 23.0 ns 

ki to Cn+4 6.5 ns 10.0 ns 

Cn to Cn+4 8.0 ns 9.0 ns 

4 Additional 

Cn to Cn+4 
4(8.5 ns) 

Cn to So3 12.0 ns 10.0 ns 

B to Cn+4 Am54S/74S181 Assumed 

Cn to F Am54S/74S181 Assumed 

tPLH + tPHL 

Total 

2 

23.0 ns 

8.25 ns 

11.0 ns 

11.5 ns 

8.25 ns 

8.5 ns 

11.0 ns 

12.5 ns 

7.0 ns 

101.0 ns 

23.0 ns 

8.25 ns 

8.5 ns 

34.0 ns 

11.0 ns 

12.5 ns 

7.0 ns 

Total 104.25 ns 

-105 ns 

The resultant sums of the two high speed adders are combined 
in a third high speed adder which gives the total multiplication 
result. The typical speed computation for the longest path of 
this connection is shown in Table VI. 

The advantage of the scheme shown in Figure 17 is that about 
one-half of the total delay is in the external adder. A further 
decrease in the average multiplication time can be achieved by 
storing the partial sums in registers or latches, then adding the 
stored parts in the high speed adders. This results in a two-step 
time sequenced mode of operation. 

TIME-SEQUENCED MULTIPLIERS 

The Am25S05 can be used as the main element in a time
sequenced multiplier. This is illustrated in Figure 18. The 
multiplier and partial product are shifted two places after each 
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iteration. Three single-length registers are required: one holds 
the multiplicand; the other two hold the double-length pro
duct. The least significant part of this double-length register 
originally holds the multiplier, which is sequentially shifted 
out during the computation. A shift of two places is obtained 
by splitting the multiplier and partial product into odd and 

_even parts and placing the odd bits in one shift register and the 
even bits in the other. A shift of one place of both registers 
then effectively acts as a shift of two places. 

The scheme can be extended to use any number of even multi

plier bits. As the number of bits increases, the multiplication 
time increases, and the amount of ancillary hardware increases. 
When Am25S05's are used in a combinational array, the array 
does not require any additional devices. Time-sequenced 
multipliers are worthwhile mainly if the word lengths are long 
or if the auxiliary registers can be shared with other arithmetic 
operations. This is one example of a serial-parallel multiplier. 

INTEGER MULTIPLICATION 

The Am25S05 can multiply 2's complement numbers in either 
integer or fractional form. The primary difference is in the 
thought process of the designer. When the binary patterns are 
treated as integers, the 2's complement numbers can be rep
resented as 

X x-xs2n-1 

y Y -Ys 2m-1 

K k - ks 2P-1 

where 

XS sign bit of X (one or zero) 

Ys sign bit of Y (one or zero) 

ks sign bit of K (one or zero) 

x magnitude bits of X (less sign) 

y magnitude bits of Y (less sign) 

k magnitude bits of K (less sign) 

n number of bits in X word 

m number of bits in Y word 

p number of bits in K word 

For example, if six bits are assumed for X, n = 6 and the sign 

bit has a weight of -26-1 = -25 = -32. The other magnitude 
bits have their normal weight and since there are five other mag
nitude bits, they are 20, 21, 22, 23, and 24. Thus, 2's comple
ment integer numbers for n = 6 bits are as shown below: 

Magnitude bits 

Integer 
-25 24 23 22 21 20 

Decimal 
Number Sign 

Equivalent -32 16 8 4 2 

14 0 0 0 

31 0 1 1 1 1 1 

0 0 0 0 0 0 0 

-7 1 1 0 0 

-25 0 0 1 1 1 

-32 0 0 0 0 0 
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Figure 17. Multiplier Connection with Two Levels of Ad
ditional Adders 

TABLE VI - CRITICAL PROPAGATION DELAY PATH 
FOR 16x 16 MULTIPLIER WITH TWO LEVELS OF ADDERS 

tPLH tPHL tpLH + tpHL 
Typical Typical 2 

Y; to Cn+4 23.0 ns 20.0 ns 21.5 ns 

Cn to So3 12.0 ns 10.0 ns 11.0 ns 

k; to Cn+4 6.5 ns 10.0 ns 8.25 ns 

Cn to Cn+4 8.0 ns 9.0 ns 8.5 ns 

Cn to So3 12.0 ns 10.0 ns 11.0 ns 

A to Cn+4 Am54S/74S181 Assumed 12.5 ns 

Cn to F Am54S/74S181 Assumed 7.0 ns 

A to Cn+4 Am54S/74S181 Assumed 12.5 ns 

Cn to Cn+4 Am54S/74S181 Assumed 7.0 ns 

Cn to F Am54S/74S181 Assumed 7.0 ns 

Total 106.75 ns 

When the product of X and Y is considered, the following 
equation results: 

S = XY = XsYs 2m+n-2 - xys 2m-1 - yxs 2n-1 + xy 

The 2's complement product requires m + n bits in order to 
represent all possibilities. Note that there is only one con
dition where them+ n bits are required; that condition being: 

X = -2n-1 and Y = -2m-1 

This condition gives S = XY = 2m+n-2 which requires m + n 
digits in a 2's complement signed integer number. 

Consider n = 6 and m = 4, then xs has weight -32 and Ys has 
weight -8. For X = -32 and Y = -8, the product XY is +256. 
The 2's complement representation is 0100000000. Ten bits 
are required to properly represent the 2's complement number. 
All other combinations of values for X and Y require only 
m + n -1 bits to represent the 2's complement number. For 
n = 6 and m = 4 in this case, the ninth bit represents the pro' 
duct sign. Consider (+7) x (-31) is equal to -217 or 
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100100111. Notice that 1100100111, the ten bit 2's comple
ment representation is identical in value. 

The general requirement for the product solution of XY is: 

S = XY = s - ss 2m+n-1 

and all binary operations must be carried through m + n bits 
in the product soltuion unless a simplification is assumed. 

In the Am25S05 (as well as the Am2505 and Am25L05), the 
sum output, S, of the device is: 

S = XY + K. 

This can be seen in Figure 6. 

The devices are designed such that in an iterative array, the K 
inputs to the adder are available only at the initial least 
significant partial product input. Thus in an iterative system, 
the sum is defined as: 

The ks term can contribute at weight 2n-1 and the k term at 
weight 20 = 1. Thus, m + n bits are sufficient to contain all 
possible values of S = XY + K. 

FRACTIONAL MULTIPLICATION 

Fractional multiplication using the Am25S05 is identical with 
integer multiplication but the notation is changed. The frac
tional number range is usually limited to -1<X~ 1-2-(n-1 l. 

The fractional 2's complement binary numbers can be 
represented as: 

X = x 2-(n-1) - Xs 

y = Y 2-(m-1) -Ys 

K = k 2-(p-1) - ks 

where the notation is as with integer arithmetic. The sign bit 
now has a weight of -20 = -1 and the other magnitude bits 
have their normal fractional weight. 

Two's complement numbers for n = 6 are as shown below. 

Fractional 
-20 2-1 2-2 2-3 r4 2-5 

Equivalent 
-1 1/2 1/4 1/8 1/16 1/32 

14/32 = 7/16 0 0 0 

31/32 0 1 1 1 

0 0 0 0 0 0 0 

-7/32 1 1 1 0 0 1 

-25/32 0 0 1 

-32/32 = -1 0 0 0 0 0 

The notation difference in the fractional representation is that 
all the integer representations have been divided by 2(n-1l. 

The fractional product XY is 

S = XY = XsYs-XsY 2-(m-1) _Ys x 2-(n-1) + xy 2-(m+n-2) 

Again, m+n bits are required to cover all possible combinations. 
Note that X = -1 and Y = -1 results in XY = +1 which is be
yond the normal range. In order to cover this possibility, the 
sign bit should be given a weight of -2 (instead of -1 ); the 
next most significant bit is weight +1, the next is +1 /2, and so 
forth. If the -1 times -1 possibility is excluded only m+n-1 
bits are required. 

The Am25S05 used in an iterative structure produces a frac
tional sum S = XY + K, but the K inputs are now at the same 
weight as the least significant partial product inputs. Thus 
K = k 2-(m+n-2) - ks 2-(m-1). The sum is: 

( 1) 2-(n-1) 
S = XY + K = XsYx - (XsY +ks) 2- m- - Ys x 

+ (xy + k) 2-(m+n-2) 

This general equation requires the sign bit to have a weight of 
-2 and all arithmetic to be carried to m+n bits to represent 
the two's complement solution. 

In conventional minicomputer 2's complement multiplication 
of fractional numbers, the product, S, has only m+n-1 bits 
and is constrained in the range of -1~S.;;1-2-(m+n-2) 
with the most significant bit (sign bit) having a weight of -1. 
Outside of this range, an overflow indication is given. The 
Am25S05 produces a product of m+n digits so that all 
product results XY+K are correctly represented and the sign 
bit has weight -2. Notice that if K = 0 (the condition in con
ventional machine multiplication), m+n digits are required only 
for X = Y = -1. Thus if S is used with m+n-1 bits, the most 
significant bit of the Am25S05 array can be ignored, and an 
overflow indication can be generated by S_2 ffi S+1 (S5 "'S4 
on the most significant Am25S05 output). 

In fractional notation, the K inputs add to the least significant 
end of the adder. If K is negative, the ks bit is in effect re
peated completely across the most significant part of the pro· 
duct via the x4 input and S4 and s5 outputs. If a double length 
K addition is required, an adder can be- appended to the most 
significant part of the product with the carry-in terminal con
nected to ks so that the "l"s across the most significant part 
of the product are removed and the desired most significant 
bits added. Figure 19 shows a 4 x 4 multiplication with double 
length addition while Figure 20 shows numeric examples of 
4 x 4 multiplications. 

In the connection scheme of Figure 19, an Am25S05 has been 
used as an adder to provide the desired overflow operation at 

the most significant end of the word. With the y input con
nection shown, the adder performs S = X plus K with the S4 
output correct for this 2's complement number range. The S5 
output is not used. If K is limited to the range of -1-1/8 < K 

63 < 64 , an adder such as the Am54S/74S181 or Am54S/74S283 

can be used to perform the addition of the most significant K 
bits. In this case only 8 bits will be required to represent the 

63 
product and it will be in the range of -2 < S < 1 64 . 
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Figure 19. 4 x 4 Fractional Double Length Multiplication and 

Addition. 

ROUND-OFF 

It is often convenient to use only the most significant half of 

a product. This product should be rounded off; that is, it 

should approximate the best n-bit answer possible. This can be 

done by examining the least significant half of the product, 

and if it is greater than or equal to a certain value, (normally 

1/2 that of the least significant digit of the truncated product) 

adding a '1' to its most significant position. 

Forming a rounded t-bit product from a conventional pro

duct constrained within the range -1 < S < 1-2-(m+n-2) 

can be accomplished by adding a '1' to the K input at weight 

Am25S05/ Am2505/ Am25L05 

Frac-
tional 

OVER- -1 1 /2 1 /4 1 /8 1/16 1/32 1/64 value 

FLOW 

Example #1 
x 0 0 5/8 

y 0 0 3/8 

XY 0 0 0 0 1 1 15/64 

+K lo 0 0 ol 0 0 3/64 

Sign extended via k5 

XY+K 0 0 0 0 0 0 18/64 

Example #2 
x 1 0 0 0 -7/8 

y 0 0 0 1/2 

XY 0 0 0 0 -28/64 

+K 11 1 I -1/64 

Sign extended via k5 

XY+K 1 0 0 0 -29/64 

Example #3 
x 0 -3/8 

y 0 0 -7/8 

XY 0 0 0 0 0 1 

+K 10 0 0 01 0 0 0 0 0 

Sign extended via k5 

XY+K 0 0 0 0 0 21/64 

Figure 20. Three Examples of Two's Complement 4 x 4 Multi

plications 

2-t. For the case where t = m = n, this is one k position lower 

than the K sign digit. An example of rounding fort= m = n = 4 

is shown below. 

x 0. 0 1 = 3/8 
y 0. 1 0 = 5/8 

XY 00. 0 0 1 1 1 = 15/64 

+K 00. 0 0 0 0 0 

s 00. 0 0 0 

Rounded t-bit product from the 2t-bit product is 

s 0. 0 0 = 1/4 

For the case m = 4 and n = 8, the sum of n+m is 12. If a six bit 

rounded product is desired, a "1" is added at weight 2-6. If an 

eight bit rounded product is desired, a one is added at 

weight 2-8. 

If the sum output is not constrained as before but covers the 

range -2 < S ,;;; 2-2-(m+n-2), care must be taken when 

rounding. For the case where m = n is rounded to m(or n) bits 

the "1" is to be added at the ks (sign) weight. The multiplier 

would treat this as a negative ks sign bit and it would be ex

tended up through the array most significant bit. Therefore, 

this connection cannot be made. It is recommended that for 

this case, the ks sign bit be connected to logic "O" and all 

lower order k bits be connected to logic "1". This comes very 

near the desired rounding criteria; otherwise an additional 

adder is required at the output to add a one at the ks 

weight only. 
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TABLE VII - WORST CASE EFFECT OF TRUNCATION BY REMOVING MUL Tl PLIERS 

12 bit Truncated Bits 

LSB 

213 212 211 210 29 28 27 26 25 

14 13 12 11 10 9 8 7 6 

0-i 1 

1 0 0 

1 1 1 1 

1 0 0 1 1 

1 1 1 1 

1 0 0 0 ©- 1 

1 1 1 1 

1 0 1 1 1 1 1 

1 1 1 1 1 

1 0 0 1 1 1 0 1 

TRUNCATION 

If the user is prepared to accept a truncated product where the 
product is incorrect by some fraction of a least significant 
digit, the number of IC's required for the multiplication can be 
reduced. The designer can determine the accuracy required for 
his application and remove packages as long as the error does 
not exceed the desired accuracy. 

A simple procedure for examining the effects of removing each 
Am25S05 is as follows. Each 4 x 2 multiplier can effect 5 bits 
of the output partial product by its So, S1, S2, S3, and Cn+4 
output. As each package is removed, the effect on each bit 
level can be evaluated by summing the total bits involved. 

This is best shown by an example. Assume a 12 x 12 multi· 
plier with a 24-bit result (Reference Figure 12). When theO•O 
multiplier (yx) is removed, the 5 LSB's are effected. If the 
2 •O multiplier is removed, then the first eight LSB's are effected 
as shown in Table VII. If the 0·4 multiplier is also removed, 
then two multipliers have been removed from row one and one 
multiplier from row two. Only the first nine bits of row one 
can be effected by the removal of two multipliers. Since 
Cn+4 of 0 ·O was considered before, the So bit of 0 ·4 cannot be 
added a second time. Therefore, when the 0· 4 multiplier is 
removed, only the S1, S2. S3 and Cn+4 bits effect the result. 
This is shown in Table VII by cancelling the So bit of"0·4 
removed". When the 4·0 multiplier is removed from row 3 the 
So, S1, S2. S3 and Cn+4 bits effect the result. When the 2 ·4 
multiplier is removed from row 2, the So bit cannot be con· 
side red. 

Thus, from Table VI I it can be seen that when 0·0, 2·0, 0·4, 4·0 
and 2·4 are removed, the first 12 LS B's are effected and the 12 
bit sum output will be accurate to about 3/4 LSB at this point. 
Thus, 5 multiplier packages can be removed from a 12 x 12 
multiplier and maintain a 3/4 LSB accuracy. Note that 18 
devices are required for full accuracy. If the 6·0 multiplier 

24 23 22 21 20 Multiplier 

5 4 3 2 1 removed 

TI 1 1 1 1 O·O removed 

1 1 2·0 removed 

1 I 1 0 1 1 effect 

©J 0·4 removed 

1 1 0 1 1 effect 

1 4·0 removed 

0 1 0 1 1 effect 

2·4 removed 

0 1 0 1 1 effect 

6·0 removed 
0 1 0 1 1 effect 

is removed from row 4, the 12-bit result will be accurate to 
about 1 LSB, but only 12 devices are required rather than 18. 

One further note on truncation; when a binary word is 
truncated, the accuracy is not ±1 LSB or ±1/2 LSB, etc. The 
truncated result can never increase the magnitude of the LSB 
because this would include rounding. Thus, a truncated result 
is always the sum, S, plus zero magnitude of the LSB and 
minus 1, 1/2 or 1/4 (or any other number) LSB. The mag
nitude always becomes more negative for either positive 
or negative numbers. 

From this discussion, it should be apparent that the designer 
can remove packages and truncate the product to any desired 
bit length and accuracy. When the product is truncated, no 
speed increase usually occurs, since the removed mul.tipliers 
are not in the longest critical speed path. This assumes that the 
highest speed connection is being used. 

MULTIPLICATION IN OTHER NUMBER REPRESENTA
TIONS 

Although 2's complement multiplication is the one most widely 
used, multiplication in other number representations often 
must be performed. The Am25S05 can be used to perform 
these multiplications if appropriate care is used and the proper 
connections are made. 

UNSIGNED (Magnitude-only) MUL Tl PLICATION 

The most straightforward technique to perform magnitude
only multiplication is to generate two "always positive" two's 
complement numbers. This is accomplished by adding a logic 
"O" as the most significant bit of each word, thereby generating 
a positive sign bit. This increases both the X and Y word 
lengths by one bit. The Am25S05 can be used ''.as is" to per
form this multiplication and the two most significant multiplier 
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sum bits are ignored. Thus, if m = 4 and n = 6 in a magnitude

only representation, a 5 x 7 multiplier configuration is re

quired. The two MSB's of the 12-bit sum are ignored which 

result in a 10-bit product solution in a magnitude-only 

representation. Note that the multiplier still performs XY + 

K and m + n bits are sufficient to contain all possibilities. 

(A 6 x 8 connection is actually used). 

A second technique for unsigned multiplication also requires 

extending the word length one bit, but need not require a 

larger array. A logic "O" is appended to each word as a 

positive sign· bit; then the LSB of each word is considered 

separately. 

Xe = xo + 2x - xs2n 

Ye=vo+2Y-Ys2m 

Since Xs = Ys = 0, the extended product is 

Xe Ye= 4xy + 2xv0 + 2vxo + xovo 

A n-bit by m-bit multiplier array can be used to generate 4xy 

and a conditional adder can be used to generate 2xvo + 2vxo. 

The term from this adder can be added to the multiplier array 

at the K input. The 1, 2 and 4 show the proper weighting for 

each term. The term xovo is just an AND function and cannot 

produce a carry output. The first stage of the conditional 

adder produces the first bit of the product. The remaining 

product digits are produced at the output of the multiplier 

array. The sign digits Xs, Ys and ks are held at logic 0 and the 

two most significant multiplier sum bits are ignored. The ad

vantage of this connection is that the conditional adder is con

nected to the K inputs and in some cases the total multipli

cation time may be faster than if the above method is used. 

It should also be noted that depending on the word lengths 

being used, it may only be necessary to extend one of the input 

words (X or Y) beyond the iterative array convenient length. 

Then it may be possible to use the K inputs as most of the 

conditional adder. 

SIGN-MAGNITUDE MULTIPLICATION 

The most straightforward technique for performing sign mag

nitude multiplication is to split the sign from the magnitude 

and perform the magnitude multiplication as described in the 

magnitude-only section. The sum sign bit is ss = XsYs + XsYs = 

Xs ® Ys, which can be performed in an external exclusive-OR 

circuit. Note that for a sign magnitude notation, m = 5 and 

n = 7 only m+n-1 = 11 bits are needed for the sign-mag

nitude XY product. Caution - care must be taken when using 

the K inputs because a negative product plus K may be positive 

and no provision is made for this in the sign bit representation. 

The notation used for a sign-magnitude word is: 

Xsm = x(1-2xsl 

Ysm = y(1-2ysl 

The Xsm Ysm product is Ssm = Xsm Ysm = xy(1-2xs)(1-2Ysl= 

xy(1-2xs -2Ys + 4XsYsl 

The Am25S05 2's complement multiplier produces the pro

duct: S = XY = XsYs 2m+n-2 _ XYs 2m-1 - yxs 2n-1 + xy 

Am25S05/ Am2505/ Am25L05 

The resulting solution for the sign magnitude multiplication 

if the signs are included in the Am25S05 connection is 

Ssm = (XY - XsYs 2m+n-2 + XYs 2m-1 + YXs 2n-1) 

(1-2xs -2Ys + 4XsYsl 

There are four conditions for XsYs and the correction required 

in each case is as shown below: 

00 

10 
01 
11 

XY (no correction) 

-XY-y2n-1 

-XY- x2m-1 
XY - 2m+n-2 + x2m-1 + y2n-1 

Since the terms to be added begin at weight 2m-1, 2n-1 or 

2m+n-2, they must operate on the most significant part of the 

product. Therefore, additional adders are required at the out

put to make the proper connection. The technique of keeping 

the sign bits separate from the multiplier array and setting 

K = 0 is recommended. 

5-65 

ONE'S COMPLEMENT MULTIPLICATION 

One's complement multiplication does not have a straight

forward method as do unsigned or sign-magnitude multipli

cation schemes. The notation used to represent a 1's 

comp.lement number is 

S1 

X1 = x - Xs (2n-1 -1) 

Y1 =y-ys(2m-1 _1) 

X1y1 =xv + XYs(1-2m-1) + YXs(1-2n-1) + 

XsYs(1-2n-1 _ 2m-1 + 2m+n-2) 

If the X and Y word length are the same, then m = n and the 

product reduces to: 

S1 =X1Y1 =xy + (xys +yxs)(1-2n-1) + XsYs(1-2n + 22n-2) 

The Am25S05 product for m = n is 

XY = XsYs 22n-2 - (xys + yxsl 2n-1 + xy 

Remembering the definitions for X and Y in 2's complement, 

the solution for the one's complement multiplication sum 

form= n is 

S1 XY + XYs + YXs + XsYs (1-2-2n-1) 

S1 XY + Xs Y.+ Ys X + XsYs 

Note that the one's complement word relates to the two's 

complement word as 

X1 

Y1 

Therefore, the one's complement solution can also be given as 

The four conditions for xsy s with m = n are: 
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X1Y1 Result X1 Y1 Result X1Y1 Result 
Correction Requires 2's Complement Correction Requires 1's Complement Correction Requires l's Complement 

XsYs Inputs and 2's Complement Addition Inputs and 1's Complement Addition Inputs and 2's Complement Addition 

00 XY XY XY 
10 XY +Y XY +Y1 XY + Y1-1 
01 XY +X XY+ X1 XV+ X1-1 
11 XY + X + Y+ 1 XY + X1 + Y1-1 XY+X1+Y1+1 

Since the correction to be added is at weight 20 = 1, the K in
puts can conveniently be used for this purpose. Note that two 
designs have been described. The first requires having both 
one's complement numbers X 1 and Y 1 available converted to 
2's complement numbers X and Y. The second requires only 
one's complement numbers but requires an addition of -1 
(in one's complement notation). Thus, a conditional adder can 
be used to produce Xs Y 1 + y sX 1 - Xs y s• and the sum can be 
added to the multiplier at the K inputs. 

If m is not equal to n, then the product X 1Y1 • using the 
Am25S05 is s1=X 1Y1 =XY+xys+Yxs+XsYs (1-2n-1-2m-1 ). 
Note that the same type of solution is possible as with m = n. 
S1 =X1Y1 =XY+ysX1 +xsY,-XsYs· 

Thus, a conditional adder can be used and the solution is 
identical with the four conditions shown for XsYs when m = n. 
The only difference is that the adder will use them and n word 
lengths which must be extended sufficiently to cause repetition 
of the sign bit across the multipliers array. 

THE Y-1 BIT 

It has been stated repeatedly that the multiplier array per
forms the function S = XY + K. This result assumes that the 
Y-1 system bit is held at zero. If Y-1 is held at logic "1", the 
array function becomes S = XY + K + X = X (Y+1) + K which 
may be expanded to include Y-1 as S = XY + K + Y-1 X = 
X (Y+y-l) + K where Y-1 is either logic 1 or 0. There are some 
applications of the multiplier array that can take advantage of 
this ability to add X to the product XY. 

A B 

l l 
Am25S05's 

Am25S05's 

S=Ax2+Bx+C 

Figure 21. Polynomial Evaluation 

APPLICATIONS 

The multiplier is ideal for hardware multiplication in general 
and special purpose computers, digital filter circuits, Fast 
Fourier Transform (FFT) processors, and special purpose 
digital machines. In the applications described in the following 
figures, the multiplier array is shown as a box which performs 
the function S = XY + K. Care must be exercised in scaling 
the numbers appropriately. Likewise, various other registers 
and adders are assumed to have a word length sufficient to 
handle the accuracy and magnification required. Figure 21 
shows two multiplier arrays connected to generate a quad
ratic in x. This can be extended to form polynomials with 
higher powers of x. 

A multiplier array connected to perform higher order poly
nomial evaluation in a time sequenced mode is shown in Fig· 
ure 22. Note that the output register is initialized to 0 and the 
constants seque.ntially applied to the K input. 

F_igure 23 shows a single-pole, low-pass, recursive digital filter. 
The z-plane pole location is at z = C where C is a constant. 
The register is used as the unit time delay operator z-1. The 
K inputs can be used for the least significant bits of the data 

CLEAR-

Am74S174's 
REGISTERS 

Am74S153's 

MULTIPLEXER 

Am25S05's 

REGISTER 

Am74S174's 

OUTPUT 

OPERATION 

TIME OUTPUT 

Ax+ B 
Ax2+sx+C 
Ax3+ sx2 + Cx+ D 

Figure 22. Time Sequenced Polynomial Evaluation 
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input Ei. In some designs, only the K input bits are required 

for the entire Ei input word. The DC gain at z = +1 is 1/(1-C). 

A single pole, high-pass recursive digital filter is shown in 

Figure 24. The z-plane pole location is at z = C. Note the 

z-plane zero at z = 1 which results in a DC gain of 0, i.e., a 

high-pass filter. 

A two-pole, low-pass recursive digital filter of canonical form 

is shown in Figure 25. This block produces a complex con

jugate pair of poles in the z-plane when l4DI >IC2i.The pole 

locations are z1. z2 =t±jVlc2=4'DI. This configuration can 
2 

be used as a two-pole building block in more complex 

Butterworth or Chebychef filters. The DC gain is 1/(1-C+D). 

This value is usually very close to the peak internal ·build up 

which occurs at a frequency just below the filter break fre

quency. Also shown is the case in which the input word length 

has been extended to full length. 

E,-_Or ~ 
- = H(z) = -
Ei (z) z-C 

L 
Am25S05's 

y 
Am54/74S174's 

INPUT -- K S f"'--1 D REGISTER a OUTPUT 

r--lx 
Figure 26 shows a general two-pole, two-zero recursive canonical 

structure. By appropriately selecting the A, B, C, and D con

stants in this configuration, the building block can be used as 

a high-pass, low-pass, or band-pass digital filter. The DC gain 

is (1+A+B)/(1-C+D). The pole locations are the same as for 

Figure 24. The zero pair will be complex if A is negative and 

l4BI > IA2i. If A= -2 and B = 1, then the zeros are at (z-1)2 

and a two-pole, high-pBss filter results. Figure 23. Single-Pole, Low Pass Recursive Digital Filter 

8> I 
Ei --~----0--c=J---01-----+---- Eo 

!_ ''" ~t----
~ = H(z) 
Ei(z) z-C z-C 

"'"""~·µ n_ I ADDER 

INPUT--~l-------·-1--,~:~~ ... "-----ouTPUT 

Figure 24. Single-pole, High-pass Recursive Digital Filter. 
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,-1 ,-1 1-----.--- Eo 

z2- Cz+ D 

LI OUTPUT 
Am74S174's Am74S174's 

A 

+ s D REGISTER Q 0 REGISTER Of-----i ,----0 

INPUT MSB's 
ADDERS 
Am74S283's 

Am25S05's 

A f--------- x 
~s + 

B s K INPUT 

Am25S05's YI 
x c 

s K 

YI 
-D 

Figure 25. Two-pole, Low-pass Recursive Digital Filter 

Eo (z) 

Ei(zJ 
H(z) "' 

(M+AB) [1-~~ z-1+h-+AB 2- 2] 
1-(N+C+ AD)z-1 + (NC+ D)z--2 -- ---

Figure 27. General Two-pole, Two-zero Recursive Digital Filter Building Block 
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ADDERS 
Am74S283's 
{4 Places) 

MSB's 

LS B's 

A Am25S05's 

Lx 

Am74S174's 

REGISTER 

Am25S05's 

H(z) 
Bz2+Az+1 

z2-cz+D 

Am25S05/ Am2505/ Am25L05 

r-M_ss_·, _______ n___ OUTPUT 

B Am25S05's w---
LSB~uo I--+--- K S A + 

8 
y 

MS B's 
LSB's 

Am74S174's 

REGISTER 

1------ INPUT 

Am25S05's 

-D 

Figure 26. Canonical Two-pole, Two-zero Recursive Digital Filter. 
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A general two-pole building block is shown in Figure 27. There 
are several options for arranging the multipliers and adders 
depending on the application. The z-plane transfer function is 
also shown in Figure 27. The multiplier constants locate the 
poles and zeros of the filter. Also, the internal characteristics 
of the filter can be adjusted using the constants. 

In all of the digital filter examples shown, the single unit delay 
register, z-1, can be replaced with multi-word resisters. Thus, 
the arithmetic structure can be time shared by sequentially 
changing the multiplier constants. Also, such things as comb 
filters or range-gated filters can be designed using long word 
length registers. Remember, however, that each pole imple
mented requires one memory word and no sharing is possible. 
A non-recursive digital filter is shown in Figure 28. These 
structures are useful as equalizers and for certain filter applica
tions. These structures have a finite transient response whereas 
the recursive filter transient response tends to be infinite. 

This same non-recursive structure can be implemented as shown 
in Figure 29. Here one multiplier and one register are used in a 
time-sequenced mode. Thus, with the non-recursive structure, 
both the multipliers and memory may be time shared. The 
coefficients A, B, C, etc., are evaluated by determining the 
transient response of the filter desired and implementing the 
z-transform constants as the multiplier constants. As shown, 
each constant is stored in a separate register and then multi
plexed to the multiplier. This may be more convenient for 
adaptive filters. Otherwise, the constants can be stored in a 
shift register that is connected to the Y input of the multiplier. 

,-1 ,-1 

A 0 

-Eo(zJI 
Ei {z) i = 6 

=A+ Bz- 1 + cz- 2 + oz-3 + ez-4 + Fz-5 

Am25S05's 0-XY s L-A-m-7-48-1-74_.,_. 
REGISTER 

CONTROL 

MULTIPLEXER Am74Sl51's 

Az5 + Bz4 + cz3 + oz2 + Ez + F 

CLEAR 

Am74S174's 
REGISTERS 

TIME __ ! 
'o 
'1 
'2 
t3 

'B 

'o 
E1 F 
E2E + E1F 
E3D + E2E + e1F 

Figure 29. Time Sequenced Non Recursive Digital Filter 

,-1 

0 

Azs + Bz4 + cz3 + oz2 + Ez + F 

,-1 

REGISTERS~ Am54S/74S174's 
MULTIPLIERS= Am25S05's 
ADDER = Am54S/74S283's 

Figure 28. Non-recursive Digital Filter 
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Figure 30 shows how the square root of a number is formed 
using a multiplier array built with Am25S05 digital multipliers 

as the function generator. The successive approximation reg
isters provide the estimate that is then squared and compared 

with the number whose root is required. If the square of the 
trial value is less than the number whose root is desired, then a 
"1" is fed back to change the register bit under consideration. 

The time to achieve a square root is essentially n+1 multiply 
times. The network can easily be modified to perform op
erations of the type r = (X2 + y2 + z2) 1/2. The multiplier 

array can be used to generate the various squares, add the 
products and then compare the result against a trial value de

rived from the same multiplier array. The time required would 

then be n+4 multiplication times. 

Another application frequently used is the division operation. 

This can be performed by multiplying the trial value, n, by the 

divisor and comparing the result against the dividend. If the 
dividend is larger then the trial value has to be increased; if the 
dividend is smaller then the trial value has to be reduced. The 
operation is fairly straightforward for unsigned division; with 

signed division a few problems occur. 

D 

GNO --d E 

s 

Am25S05/ Am2505/ Am25L05 

For 2's complement integer division the logic is shown in 

Figure 31. 

The divisor, dividend and trial quotient are all treated as 2's 
complement numbers. The first trial value is all ones (-1 ). 

The operations performed are: 

For Os, the sign digit of the quotient: 

If o7 = O and - ~ <P Set Os= 0 Otherwise Os= 1 

If D7 = 1 and - ~ < P Set Os = 1 Otherwise Os= 0 

For the remaining quotient digits; 

D< . If D7 = 0 and Ti-1 D +2 P Set Qi= 1 Otherwise Qi= 0 

If D7 = 1 and Ti-1 D +~<P Set Qi= 0 Otherwise Qi= 1 

where Ti is the i th trial value held in the SAR. 

Am2503 SAR cc 
CLOCK~ CP 

07 Os 05 04 03 02 01 Do 

T 

GND 

TT 
H 

_, 7 _o ____ s_1 _-,--x---
K 

0 

y 
8x8MULTIPLIER 

8 Am25SOS's 

'--11 
s 

0 15 

rnnn J TT 

'----L-....., 

l 1-:J JJ l 111 
AoA1 A2A3A4 Bo 81 B2 83 64 Ao Al A2 A3 A4 Bo 81 62 83 84 

GND--0 E Am9324 5-BIT G~ E Am9324 5-BIT 
COMPARATOR COMPARATOR 

A>B A<B A=B A>B A<B A=B 

1 1 1 

Figure 30. Square Root Evaluation by Recursion 
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GND~ E 

CLOCK- CP 

a, 

GND 

D S 

Am2503SAA 

I 

Do-+-1-++-1-++<>-----------1 o-,',--x---' o 

0 Sx 8 MULTIPLIER 

T.CDMP~~~~~i 
7 

r 8 A:25S05" 

D7-+.->-------------; O 

GN.£.o 

A>B 

Am93245-BIT 
COMPARATOR 

GN.£..q 

I 

GND~ 

A>B 

A>B 

I 

Am93245-BIT 
COMPARATOR 

l 

A<B 

L..: 
_l 

Am93245-BIT 
COMPARATOR 

A<B 

J 

CC lo-+- QUOTIENT AVAILABLE 

b. 
6 7 

15 

1 

J 

A~B 

T 

GN!:..o 

A>B 

Am93245-BIT 
COMPARATOR 

A<B 

J 

Figure 31. 2's Complement Rounded Division 

I 

a 
ROUNDED 
2's COMPLEMENT 
QUOTIENT 

p 

2's COMPLEMENT 
DIVIDEND 

Since the complement of the most significant bit of the reg
ister is used rather than the true output so that resetting the 
register presents -1 to the multiplier array, the change in 
algorithm between the sign bit and the rest of the bits is 

• automatically taken care of. 

The D/2 factor in the equations is used to round off the 
quotient. A double length dividend is assumed. The com
parator is wired for a 2's complement comparison with the 
sign digit of the product and dividend crossed over, the divi
dend sign bit forming part of the multiplier word and the 
product sign bit forming part of the dividend word. 
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APPENDIX A 

CONNECTION DIAGRAMS 

Within this Appendix, the symbol shown at left below is used to represent the Am25S05, Am2505, or 

Am25L05. The symbol at left should be interpreted as equivalent to the symbol at right. 

Table A-1 is a summary of the typical switching characteristics for each path through the multiplier. Table 

A-2 is a summary of speed and power for various size multiplier arrays using the parellelogram connection 

with carries interchanged (Reference Fig. A-1 and A-2). 

TABLE A-1 

TYPICAL SWITCHING CHARACTERISTICS 

( tPHL: tPLH) 

PATH Am25S05 Am2505 Am25L05 UNIT 

Cn_to Cn+4 8.5 13.5 32.5 ns 

Cn to So3 11.0 16.5 36.0 ns 

Cn to S45 14.0 19.5 44.0 ns 

k to Cn+4 8.25 13.5 31.0 ns 

k to So3 11.5 16.5 36.5 ns 

k to S45 14.0 21.5 51.5 ns 

X to Cn+4 17.5 21.0 63.5 ns 

X to So3 21.0 25.0 70.0 ns 

X to S45 22.5 29.5 85.0 ns 

Y to Cn+4 21.5 33.0 75.0 ns 

Y to So3 23.0 35.0 83.5 ns 

Y to S45 25.0 38.5 93.5 ns 
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TABLE A-2 

TYPICAL SPEED & POWER 

FOR 
TWO'S COMPLEMENT MULTIPLICATION 

ARRAY SIZE Am25S05 Am2505 Am25L05 

Y•X 
# SPEED POWER SPEED POWER SPEED POWER 

DEVICES ns WATTS ns WATTS ns WATTS 

4x4 2 39 1.2 60 0.9 145 0.3 
4x8 4 55 2.4 83 1.8 186 0.6 
4x12 8 64 4.8 96 3.6 219 1.2 

8x8 8 76 4.8 115 3.6 262 1.2 
8x12 12 94 7.2 143 5.4 320 1.8 
8x16 16 102 9.6 156 7.2 353 2.4 

12x12 18 115 10.8 175 8.1 396 2.7 
12x16 24 132 14.4 203 10.8 454 3.6 
12x20 30 141 18.0 216 13.5 487 4.5 

16x16 32 153 19.2 235 14.4 530 4.8 
16x20 40 171 24.0 263 18.0 588 6.0 
16x24 48 179 28.0 276 21.6 621 7.2 

20x20 50 192 30.0 295 22.5 664 7.5 
20x24 60 209 36.0 323 27.0 722 9.0 
20x28 70 218 42.0 336 31.5 755 10.5 

24x24 72 230 43.2 355 32.4 798 10.8 
24x28 84 248 48.0 383 36.0 856 12.0 
24x32 96 256 52.8 396 39.6 889 13.2 

28x28 98 269 54.0 415 40.5 932 13.5 
28x32 112 286 62.4 443 46.8 990 15.6 
32x32 128 307 72.0 475 54.0 1066 18.0 
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Yo----i v,----i 

Y2---t---I 
Y3---l---I 

Yf---1--1----1 Y5---------1 

Ys----1-----1 v,-------1 

~------~ ~------~ 

Yo 

I 
I 
I 
I 
I 
I 

Y7 

8 x 8 MULTIPLIER 
ARRAY 

Ag--------------A15 

Am25S05/ Am2505/ Am25L05 

Figure A-1. 8 x 8 Multiplication Array for 2's Complement Numbers. Both the Actual Connection Diagram 
and System Block Diagram are Shown. 
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y2 - -, - I 

Y3 ---,r-r----, 

y'--r-r-----, 
Y5 - ,,- -,- I I 

y 6 ---.
-.---

-, 

Y7 - - - y- T- r - - - ' 

YB------,,-,,- __ -- -, 

Yg-~--,-
-,-____ 1 

Y 10 -----.----r -- -- l 

Y" --,--, ____ r-- ----, 

v,, -----.--r---
---, 

v,3 --.-----.--r----- l 

"' ' - - - - . 
v,s - - -- - -- -----r-----, 

Figure A-2. 16 x 16 2's Complement Multiplication Array. 
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Yo-------< 
v, --------l 

YJ-1-1-1-+----f---j 
v, -1-1-++---+--l 
Y5-;f-+-i--+----f---j 

y7--lf-+-+--+-t-f-+-+-+---I 
y8--1f-+-+--+-t-i-+-+-+----I 
Yg -H-++-+-1--+-++--l 

v, -f-+-----l v, -f-+-----l 
Y3 -f-+----+--1 

v,_,--+-+-+-+-1--+-4 
v,_,--+-+-+-+-1--+-4 
Y7--lf-+-+--+-t-f-+---I 

Yg-lf-+-!--f--+-if-++--f--4 
y '° -l--++-+-+-1--++-+-4 
y" --<--+-+-+-t-f-+-+--+---1 

Am54S/74S181 in ADD mode. 

Am25S05/ Am2505/ Am25L05 

Figure A·5. 12 x 12 Multiplication Array Using one Level of Adders. (Similar to Figure 16 on 12 x 12 Array.) 
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Yo-------1 
y 1 ----<J>-1 

y 3 -+-+-+-t--r----1 
y 4 --+-+-+-t-t---1 
y 5 --+---+-+-+-+---< 

Y1--------j 
Y2--------j 

y 3 ----<J>-1 

y 5 -+-+-+-t--1----i 
y 6 -+-+-+-t--1----i 
y 7 -+-+-t-t-1--1 

v, -------1 
Y3--------j 

y 9 ------.>--! 

y 11 -+-t--<-+--+-+ 
y 12 -+-+-t-t-1--1 
y 13 -+-+-+-t--1----i 

Cg C11 

(Continued next page) 

Figure A-6. 16 x 16 Multiplier Using Two Levels of Adders, (Reference Fig. 17). 
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Yg ____ -i 

Y10------I 

Y,,----<>-< 

y 13 --+--+-+-+-1-i 
y 14 --+--+-+-+-t--t 
Y15 

H ~HIGH 

Am54S/74S181 in ADD mode. 

Am25S05/ Am2505/ Am25L05 

Dg D11 

Figure A-6. (Can't) 16 x 16 Multiplier Using Two Levels of Adders, (Reference Fig. 17). 
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v, 

Bx 8 MULTIPLICATION 
ARRAY 

{REFERENCE FIGURE A-1) 

Ao Ai A2 A3 A4 As As A1 Ag Ag A10 A11 Ai2A13 -
NOT USED 

Figure A-7. 8 x 8 Multiplication Array for Sign-magnitude Numbers. 
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I 
I 
I 
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Xo------X7 

8XBMULTIPLIER 

ARRAY 

~--------------~ 

X = x - x5(2n-11 (2's Complement Number) 

Y 1 = Y - y5(2m-l -1) (1 's Complement Number) 

XY 1 = XY + y5X (2's Complement Product) 

Figure A-8. 2's Complement Multiplicand, 1's Complement Multiplier and 2's Complement Product. 
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Figure A-9. 8 x 8 Multiplier for Unsigned Numbers Using the Product Xe Ye= 4xy + 2xvo + 2vxo + XoYo-
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Figure A-10. Multiplication of Two 8-bit 1's Complement Numbers Resulting in a 16-bit 1's Complement Product. 
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PACKAGE OUTLINES 

H-8-1 

METAL CAN PACKAGES 

H-10-1 

AMO Pkg. H-8-1 H-10-1 G-12-1 

Common T0-99 T0-100 T0-8 

Name Metal Metal Metal 
Can Can Can 

38510 A-1 A-2 Appendix C 
-

Parameters Min. Max. Min. Max. Min. Max. 

A .165 .185 .165 .185 .155 .180 

e .185 .215 .215 .245 .390 .410 

e1 .090 .110 .105 .125 .090 .110 

F .013 .033 .013 .033 .020 .030 

k .027 .034 .027 .034 .024 .034 

k1 .027 .045 .027 .045 .024 .038 

L .500 .570 .500 .610 .500 .600 

L1 .050 .050 

L2 .250 .250 

°' 45° BSC 36° BSC 45° 

</lb .016 .019 .016 .019 

</>b1 .016 .021 .016 .021 .016 .021 

</>D .350 .370 .350 .370 .590 .610 

</>D1 .305 .335 .305 .335 .540 .560 

</>D2 .120 .160 .120 .160 .390 .410 

0 .015 .045 .015 .045 

Notes: 1. Standard lead finish is bright acid tin plate or gold plate. 
2. <jib applies between L1 and L2. <jlb1 applies between L1 and 0.500" 

beyond reference plane. 

6-2 
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PACKAGE OUTLINES (Cont.) 

MOLDED DUAL IN-LINE PACKAGES 
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PACKAGE OUTLINES (Cont.) 

P-24-1 

Trl 
J_~ 

.:'..;j~s, 

MOLDED DUAL IN-LINE PACKAGES (Cont.I 

P-28-1 

L E::::::::::::1 
s,-11- SEATING 

PLANE 

hi- D _ll 
'"=~I I --i-~-' --1·1-- -b1 b-11- /-' _,,_\ 

t~''"''~~ t= _L_ PLANE u - 'T 

P-40-1 

1 _e::::::::::::::::::1 
51-lf- SEATING 

A D -1 " T' 
J_ w 
~~-tf9-
! -1·1- --1 ~b1 b-11- 1~'2-\ 

AMO Pkg. P-8-1 P-10-1 P-14-1 P-16·1 P-18-1 P-20-1 P-22-1 P-24-1 P-28-1 P-40-1 

Parameters Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

A .150 .200 .150 .200 .150 .200 .150 .200 .150 .200 .150 .200 .150 .200 .170 .215 .150 .200 .150 .200 
b .015 .022 .015 .020 .015 .020 .01 5 .020 .015 .020 .015 .020 .015 .020 .015 .020 .015 .020 .015 .020 
b1 .055 .065 .055 .065 .055 .065 .055 .065 .055 .065 .055 .065 .055 .065 .055 .065 .055 .065 .055 .065 

.009 .011 .009 .011 .009 .011 .009 .011 .009 .011 .009 .011 .009 .011 .009 .011 .009 .011 .009 .011 
D .375 .395 .505 .550 .745 .775 .745 .775 .895 .925 1.010 1.050 1.080 1.120 1.240 1.270 1.450 1.480 2.050 2.080 
E .240 .260 .240 .260 .240 .260 .240 .260 .240 .260 .250 .290 .330 .370 .515 .540 .530 .550 .530 .550 
E2 .310 .385 .310 .385 .310 .385 .310 .385 .310 .385 .310 .385 .410 .480 .585 .700 .585 .100 .585 .100 

.090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 
L .125 .1so .125 .150 .125 .1so .125 .150 .125 .150 .125 .150 .125 .160 .125 .160 .125 .160 .125 .160 
a .01s .060 .01s .060 .015 .060 .015 .060 .015 .060 .015 .060 .015 .oso .015 .060 .015 .060 .015 .oso 
s, .010 .030 .040 .070 .040 .065 .010 .040 .030 .040 .025 .055 .015 .045 .035 .065 .040 .070 .040 .070 

Notes: 1. Standard lead finish is tin plate or solder dip. 
2. Dimension E2 is an outside measurement. 
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PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN~LINE PACKAGES 

0-8-1 0-8-2 

ro· l. 1 4 

-I •1 I-- -I S1 I--
I-------D ' I 
Tf~J, .• T,NGH 

I ! LPLANE ,_ -

, I a 

L ~' ---l f-b f--<1---J 

0-14-1 0-14-2 

u:::::::1 
_j ~•1 ____:j ~s1 

D 1-E1~ 

l~_j_ SEATING R-~ Q PLANE c 

=f: I I ' -+-b L '--/~" 

0-14-3 

0-16-1 0-16-2 

I[::::::1 
__j l--•1 ~ ~s1 

!-~D _lo SEATIN~El 
l_______L PLANE 

I ~ ,-,~ ~~· ~ " 
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PACKAGE OUTLINES (Cont.) 

HERMETIC DUAL IN-LINE PACKAGES (Cont.) 

D-18-1 D-18-2 

A I D I 

t~j_SEATIN~· PLANE 

I ----c,--;-
Lc -1. 1- -H-b ~,,__j 

D-20-1 D-20-2 

n: : : : : : : : : : I 
---:j f--s, 

D-22-1 D-22-2 

D-24-1 and D-24-4 D-24-2 
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PACKAGE OUTLINES (Cont.) 

AMO Pkg. 

Common 
Name 
38510 
Appendix C 
Parameters 
A 
b 

D 
E 

L 
Q 

Standard 
Lead 
Finish 

AMO Pkg. 

Common 
Name 
38510 
Appendix C 
Parameters 
A 

D 
E 

L 
Q 

Standard 
Lead 
Finish 

HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
D-28-1 D-28-2 

D 
SEAnNG~ 
PLANE _i_, ~ 

D-40-2 D-48-2 

D-8-1 

CERDIP 

Min. Max. 

.130 .200 

.016 .020 

.050 .070 

.009 .011 

.370 .400 

.240 .285 

.300 .320 

.090 .110 

.125 .150 

.Q15 .080 

.004 
30 13° 

D·21l-2 
SIDE· 

BRAZED 

Min. Max. 

.100 .200 

.015 .022 

.040 .065 

.008 .013 

.950 1.010 

.260 .310 

.290 .320 

.090 .110 

.125 .160 

.020 .060 

.005 

bore 

t r~::::::c~~r~:::::::: 1 
s1-ll--

D-8-2 D-14-1 D-14-2 
D-14-3 

(Note 2) D-16-1 D-16-2 D-18-1 D-18-2 D-21>-1 

SIDE
BRAZED 

CERDIP 
SIDE

BRAZED 
METAL 

DIP 
CERDIP 

SIDE
BRAZED 

CERDIP 
SIDE· 

BRAZED 
CERDIP 

D-1(1) D-1(3) D-1(1) D-2(1) D-2(3) 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

.100 .200 .130 .200 .100 .200 .100 .200 .130 .200 .100 .200 .130 .200 .100 .200 .140 .220 

.015 .022 .016 .020 .015 .022 .015 .023 .016 .020 .015 .022 .016 .020 .015 .022 .016 .020 

.040 .065 .050 .070 .040 .065 .030 .070 .050 .070 .040 .065 .050 .070 .040 .065 .050 .070 

.008 .013 .009 .011 .008 .013 .008 .011 .009 .011 .008 .013 .009 .011 .008 .013 .009 .011 

.500 .540 .745 .785 .690 .730 .660 .785 .745 .785 .780 .820 .870 .920 .850 .930 .935 .970 

.260 .310 .240 .285 .260 .310 .230 .265 .240 .310 .260 .310 .280 .310 .260 .310 .245 .285 

.290 .320 .290 .320 .290 .320 .290 .310 .290 .320 .290 .320. .290 .320 .290 .320 .290 .320 

.090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .110 .090 .no .090 .110 

,. ,00 ,. ,00 ,. .100 '00 ,00 ,. ,00 .125 .160 .125 .150 .125 .160 .125 .150 

.020 .080 .015 .080 .020 .080 .020 .080 .015 .080 .020 .080 .015 .060 .020 .060 .015 .080 

.005 .D10 .005 .020 .005 .005 .005 .005 .005 

30 13° 30 13° 30 13° 30 13° 30 13° 

bore bore bore bore 

0·22·1 D-22-2 0·24-1 0·24-2 D-24-4 D-28·1 D-28-2 0-4().2 D-48-2 

CERDIP SIDE· 
BRAZED 

Min. Max. Min Max. 

.140 .220 .100 .200 

.016 .020 .015 .022 

.045 .065 .030 .060 

.009 .011 .008 013 

1.045 1.110 1.050 1.110 

.360 .405 .360 .410 

.390 .420 .390 .420 

.090 .110 .090 .110 

.125 .150 .125 .160 

.015 .060 020 .060 

.005 .005 

3° 13° 

bore 

CERDIP 

0-3(1) 

Min. Max 

.150 .225 

.016 .020 

.045 .065 

.009 .011 

1.230 1.285 

.510 .545 

.600 .620 

.090 .110 

.120 .150 

.015 .060 

.010 

SIDE· 
BRAZED 

CERVIEW CERDIP 

D-3(3) 

Min. Max. Min Max. Min. Max. 

.100 .200 .150 .225 .150 .225 

.015 .022 .016 .020 .016 .020 

.030 .060 .045 .065 .045 .065 

.008 .013 .009 .011 .009 .012 

1.170 1.200 1.235 1.280 1.440 1.490 

.550 .610 .510 .550 .510 .545 

.590 .620 .600 .630 .600 .620 

.090 .110 .090 .110 .090 .110 

.120 .160 .120 .150 .125 .100 

.020 .060 .015 .060 .Q15 .080 

.005 .010 .010 
30 13° 3° 13° 

bore 

SIDE
BRAZED 

Min. Max. 

.100 .200 

.015 .022 

.030 .060 

.008 .013 

1.380 1.420 

.560 000 

.590 620 

.090 .110 

.120 .100 

.020 .060 

.005 

SIDE
BRAZED 

Min. Max. 
.100 .200 

.015 .022 

.030 .060 

.008 .013 

SIDE· 
BRAZED 

Min. Max. 
100 .200 

.015 .022 

.030 .060 

.008 .013 

1.960 2.040 2.370 2.430 

.550 .610 .570 .610 

.590 .620 590 .620 

.090 .110 .090 .110 

.120 .160 .125 .160 

.020 .060 020 .060 

.005 .005 

bore bore 

Notes: 1. Load finish b is tin plate. Finish c is gold plate. 
2. Used only for LM108/LM108A. 
3. Dimensions E and D allow for off-center lid, meniscus and glass overrun. 
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PACKAGE OUTLINES (Cont.) 

F-10-1 

F-14-1 and F-14-2 
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_L 
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I 

FLAT PACKAGES 
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A F t::''i_J I 
-r 1 

Note: Notch is pin 1 index on cerpack. 
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~ 011==== + " 11==== 
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PACKAGE OUTLINES (Cont.) 

FLAT PACKAGES (Cont.) 
F-28-1 F-42-1 

AMO Pkg. F-10-1 F-10-2 F-14-1 F-14-2 F-16-1 F-16-2 F-20-1 

Common CERPACK 
METAL 

CERPACK 
METAL 

CERPACK 
METAL 

CERPACK 
NAME FLAT PAK FLAT PAK FLAT PAK 

38510 F-4 F-4 .F-1 F-1 F-5 
Appendix C 

- -

Parameters Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

A .045 .080 .045 .080 .045 .080 .045 .085 .045 .085 .045 .085 .045 .085 

b .015 .019 .012 .019 .015 .019 .012 .019 .015 .019 .015 .019 .015 .019 

c .004 .006 .003 .006 .004 .006 .003 .006 .004 .006 .003 .006 .004 .006 

0 .230 .255 .235 .275 .230 .255 .230 .270 .370 .425 .370 .400 .490 .520 

01 .275 .280 .410 

E .240 .260 .240 .260 .240 .260 .240 .260 .245 .285 .245 .285 .245 .285 

E1 .275 .280 .275 .280 .290 .305 .290 

e .045 .055 .045 .055 .045 .055 .045 .055 .045 .055 .045 .055 .045 .055 

L .300 .370 .300 .370 .300 .370 .300 .370 .300 .370 .300 .370 .300 .370 

L1 .920 .980 .920 .980 .920 .980 .920 .980 .920 .980 .920 .980 .920 .980 

Q .Q10 .040 .010 .040 .010 .040 .010 .040 .020 .040 .010 .040 .020 .040 

S1 .005 .005 .005 .005 .005 .005 .005 

Standard 
Lead b c b c b c b 
Finish 

AMO Pkg. F-24-1 F-24-2 F-24-3 F-28-1 F-42-1 

Common CERPACK 
METAL METAL METAL CERAMIC 

Name FLAT PAK FLAT PAK FLAT PAK FLAT PAK 

38510 F-6 F-8 - - -
Appendix C 

Parameters Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

A .050 .090 .045 .090 .045 .090 .045 .080 .070 .115 

b .015 .019 .015 .019 .015 .019 .015 .019 .017 .023 

c .004 .006 .003 .006 .003 .006 .003 .006 .006 .012 

0 .580 .620 .360 .410 .380 .420 .360 .410 1.030 1.090 

01 .420 .440 .410 1.090 

E .360 .385 .245 .285 .380 .420 .360 .410 .620 .660 

E1 .410 .305 .440 .410 .660 

e .045 .055 .045 .055 .045 .055 .045 .055 .045 .055 

L .265 .320 .300 .370 .250 .320 .270 .320 .320 .370 

L1 .920 .980 .920 .980 .920 .980 .955 1.000 1.300 1.370 

Q .020 .040 .010 .040 .010 .040 .010 .040 .020 .060 

S1 .005 .005 0 0 .005 

Standard 
Lead b c c c c 
Finish 

Notes: 1. Lead finish bis tin plate. Finish c is gold plate. 
2. Dimensions E1 and D1 allow for off-center lid, meniscus, and glass overrun. 
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F-22-1 

METAL 
FLAT PAK 

-
Min. Max. 

.045 .090 

.015 .019 

.003 .006 

.380 .420 

.440 

.380 .420 

.440 

.045 .055 

.250 .320 

.920 .980 

.010 .040 
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ORDERING INFORMATION 

All Advanced Micro Devices' products listed are stocked locally and distributed nationally by Franchised Distributors. See back of this 
book for the location nearest you. Please consult them for the latest price revisions. For direct factory orders, call Advanced Micro 
Devices, 901 Thompson Place, Sunnyvale, California 94086, (408) 732-2400, TWX: 910-339-9280, TELEX: 34-6306. 

Minimum Order 

The minimum direct factory order is $100.00 for a standard product. 

The minimum direct factory order for Class B, burned-in, product is $250.00. 

Proprietary Product Ordering, Package and Temperature Range Codes 

The following scheme is used to identify Advanced Micro Devices' proprietary products. 

AM 25LS 138 PC-B 

/---~:dditional 
/ ~ ~ocessing 

Family 
Identification 

Package Style 

D = Hermetic DIP 
F = Flat Package 
p = Molded DIP 
X =Dice 

Device 
Type 

Temperature Range 

C = Commercial 
0°c to +70°C 

M =Military 
-55°C to +125°C 

Package 
Style 

Temperature 
Range 

Additional Processing 

B = Burn-in (Signifies full MIL-STD-883 
Class B product for military temperature 
range devices) 
T = Additional high temperature testing 

Second Source Product Ordering, Package and Temperature Range Codes 
An order number and marking system identical to the original manufacturer's is used for the Advanced Micro Devices' 
pin-for-pin and electrically equivalent circuit. 

The following example is the ordering scheme for Advanced Micro Devices' second source to Texas Instruments' products. 

Package Style 

J = Hermetic DIP 
N = Molded DIP 
W = Flat Package 
X =Dice 

SN 74 LS 138 N-~ 

/~ 
Temperature 

Range 
Device 
Type 

Temperature Range 

7 4 = Commercial 
0°C to +70°C 

54 =Military 
-"55°C to + 125°C 
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range devices) 
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STANDARD PRODUCT PROCESSING AND OPTIONS 

1. AMO STANDARD PRODUCT - CLASS C PROCESSING 

All products manufactured by Advanced Micro Devices, including Bipolar Logic and Interface, Memory and Microprocessors, Linear and 

MOS/LSI meet the quality requirements of MIL-M-38510. In addition all products, both commercial and military temperature range 

receive the 100% screening procedures defined in the current revision of MIL-STD-883, Method 5004, Class C. This processing is 

described in Advanced Micro Devices' Product Assurance Document 15-010. 

a) Internal visual inspection: Method 2010. Condition B. 

b) High temperature storage: Method 1008, Condition C; 150°C, 24 hours. 

c) Temperature cycling: Method 1010, Condition C; -65°C, 150°C, 10 cycles. 

d) Constant acceleration: Method 2001, Condition E; 30,000 g., Y1 plane. (Hermetic packages only.) 

e) Fine leak: Method 1014, Condition A; 5 x 10-8 atm cc per second. (Hermetic packages only.) 

f) Gross leak: Method 1014, Condition C,, Step 2. (Hermetic packages only.) 

g) Continuity test at 100°C to 0.01 % AQL. '(Molded packages only.) 

h) Final electrical test: 100% D.C. and functional testing at 25°C and Group A sample per Method 5005. 

To order this product, use the order number shown for the product desired. Example: AM2501 OM for full military temperature range part 

in dual-in-line package, AM2501 DC for commercial temperature range in dual-in-line package. 

As noted, all material is processed to Class C and no additional price adders are imposed to deliver this level of reliability. 

2. CLASS B PROCESSING 

Military Temperature Range 

Standard product is upgraded to Class B with a 160-hour burn-in at 125°C followed by 100% electrical testing of D.C. parameters at 25°C, 

125°C, -55°C and A.C. parameters at 25°C. 

Burn-in conditions are steady state power (MIL-STD-883, Method 1015.1, Condition B) for linear circuits, and steady state power and 

reverse bias (Condition C) for all others. Standard burn-in circuit specifications for any device are available upon request. Condition D 

burn-in is available to special order. Consult your local AMO sales office for price and delivery. 

To order this product, use the order number shown for the product desired and add the suffix "B''. Example: AM2501 DM-B for military 

temperature product in dual-in-line package with burn-in as described, SN54LS174W-B for military temperature range product in flat 

pack with burn-in. This processing meets all of the requirements of MIL-STD-883, Class B product. 

Commercial Temperature Range 

Standard AMO Class C commercial temperature range product is burned-in for use in non-military systems to a modified Class B 

program. A 160 hour burn-in, to a method meeting the requirements of Method 1015.1, Conditions A and B, is followed by the standard 

Class C electrical test procedures. 

To order this level of screening, use the order number shown for the commercial device and add the suffix "B''. Examples: 

AM25LS175DC-B and SN74LS153N-B. 

3. CLASS S PROCESSING (FORMERLY CLASS A) 

Class S processing is recommended only for applications where replacement is extremely difficult and reliability is imperative. This 

material is only produced to special order. Consult AMO for further details. 

4. DICE 

To assist hybrid manufacturers on prototype products, all AMO dice are available in quantities of 10 pieces or more. All dice are supplied 

in carriers, are glass scratch protected, and except for some LSI devices, are subjected to complete functional and parametric testing. 

Advanced Micro Devices' dice·are 100% optically inspected to meet MIL-STD-883, Method 2010 Cond. B quality levels. Detailed 

information on additional extended dice testing and processing is available by contacting Advanced Micro Devices. 
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PRODUCT ASSURANCE 
MIL-M-38510 • MIL-STD-883 

AMO Document 15-010 Rev. D 

The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, aod 
confirms the product quality at critical points. Standardization under this program assures that all products meet military and 
government agency specifications for reliable ground applications. Further screening for users desiring flight hardware and other 
higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts. 

The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must 
perform reliably with minimum field service. 

Two military documents provide the foundation for this program. They are: 

MIL-M-38510- General Specification for Microcircuits 
MIL-STD-883 - Test Methods and Procedures for Microelectronics 

MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated 
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (-55°C to + 125°C) operation meet these 
quality requirements of MIL-M-38510. 

MIL-STD-883 defines detail testing and inspection methods for integrated circuits. Three ofthe methods are quality and processing 
standards directly related to product assurance: 

Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly 
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at 
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B. 

Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and 
screening stresses. The classes are: 

Class C - Used where replacement can be readily accomplished. Screening steps are given in the AMO processing flow 
chart. 

Class B - Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class 
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening 
requirements are the same. 

Class A - Used where replacement is extremely difficult and reliability is imperative. Class A screening selects extra 
reliability parts by expanded visual and X-ray inspection, further burn-in, and tighter sampling inspection. 

All hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to 
MIL-STD-883, Class C. 

Optional extended processing to MIL-STD-883, Class Bis available for all AMO integrated circuits. Parts procured to this screening 
are marked with a "-B" following the standard part number, except that linear 100, 200 or 300 series are marked"/8838". 

All molded integrated circuits receive Class C screening exceptthat centrifuge and hermeticity steps are omitted for solid-package 
parts. 

Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels for each class are 
given for Group A (electrical), Group B (mechanical quality measurements related to the user's assembly environment), Group C 
(die related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and D may be specified by 
the user. Tables I, II, Ill and IV give standard test groupings and quality levels for Class B screened devices. These quality levels are 
used as a minimum for all tests for either Class B or Class C parts. 
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MANUFACTURING, SCREENING AND INSPECTION 
FOR 

INTEGRATED CIRCUITS 

All integrated circuits are screened to MIL-STD-883, Method 5004, Class C; quality conformance inspection where 

required is performed to Class B quality levels on either Class B or Class C product. 

All full-temperature-range (-55°C to + 125°C) circuits are manufactured to the workmanship requirements of MIL-M-

38510. 

The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510. 

HERMETIC PACKAGE 
PROCESS 

2 

3 

4 

5 

6 

7 

8 

9 

STANDARD PROCESSING 
CLASS C 

Steps 1 Through 25 

INSPECTION 

Purchased or fabricated starting materials are inspected for conformance 

to specified requirements. Inspection follows written procedures, and 

records are analyzed for supplier quality negotiations. 

WAFER FABRICATION 

Repeated masking, etching and diffusion processes produce finished dice 

in wafer form. 

IN-PROCESS INSPECTION 

Each wafer is inspected prior to irreversible process steps. 

FINISHED WAFER INSPECTION 

Sample wafers from each finished diffusion lot are inspected to confirm 

lot quality before release for test and assembly. 

WAFER ELECTRICAL TEST 

Electrical probe test of every die. A computer-controlled system measures 

static and dynamic parameters and identifies dice that do not meet 

electrical requirements. 

DIE SEPARATION 

Wafers are separated into individual dice and electrical rejects are removed. 

VISUAL INSPECTION 

Separated dice are inspected and selected at high magnification. 

QUALITY INSPECTION 

Decisions at the 100% inspection are reviewed through periodic random 

sampling, confirming product quality and revealing any need for operator 

retraining. 

DIE ATTACH 
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MOLDED PACKAGE 
PROCESS 



10 

11 

12 

13 

14 

15a 

15b 

16 

17 

18 

19 

20 

QUALITY INSPECTION 

Strength of die attachment, position of die and visual quality of eutectic 
wetting are confirmed periodically by inspecting random samples and 
push-testing the attached dice. 

WIRE BOND 

Hermetic: Aluminum wires, ultrasonic bonding. 

Molded: Gold wires, thermocompression bonding. 

QUALITY INSPECTION 

Weld strength, bond size and position, wire dress and general workmanship 
are confirmed periodically by comparing random samples with assembly 
instructions and quality standards. Bond strength is plotted on statistical 
control charts, providing early warning of process drifts. 

INTERNAL VISUAL INSPECTION 

Assembled but unsealed units are individually inspected at low and high 
power. 

QUALITY STANDARDS: 

All devices - MIL-STD-883, Method 2010, Condition B (latest revision). 
Full temperature devices - MIL-M-38510, Para. 3.7 for workmanship (re
bonding limits). 

QUALITY INSPECTION 

Decisions at the 100% inspection are reviewed through periodic random 
sampling, providing confirmation of product quality and revealing any 
need for operator retraining. 

FINAL SEAL 

(Hermetic devices) 

ENCAPSULATE 

(Molded Devices) 

HIGH TEMPERATURE STORAGE 

Ml L-STD-883, Method 1008, Cond. C: 150°C, 24 hr 

TEMPERATURE CYCLE 

MIL-STD-883, Method 1010, Cond. C: -65°C, +150°C, 10 cycles 

CENTRIFUGE 

MIL-STD-883, Method 2001, Cond. E: 30,000 G 

SEAL (HERMETICITY) TEST 

MIL-STD-883, Method 1014, Cond. A or B: Fine Leak 
MIL-STD-883, Method 1014, Cond. C2: Gross Leak 

ELECTRICAL TEST 

MIL-STD-883, Method 5004, Para. 3.1.12: Static, dynamic, functional 
tests at 25°C or in certain products at the most critical extreme tempera
ture to assure accuracy of device selection. 
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21 

22 

23 

24 

25 

QUALITY GROUP A ELECTRICAL TEST (TABLE I) 

MIL-STD-883, Method 5005. See the table below. Quality levels 

as defined for Class 8 are applied to both Class 8 and Class C 

parts. Proven correlations supported by periodic reconfirma
tion may be used for some parameters. 

MARK, INSPECT, PACK FOR SHIPMENT 

QUALITY INSPECTION, PRE-SHIPMENT 

Confirmation of marking, physical quality, and product identity. 

QUALITY INSPECTION FOR SHIPMENT RELEASE 

Confirmation of product type, count, package. 
Confirmation of completion of all process requirements. 
Confirmation of required documentation. 

SHIP TO CUSTOMER 

This AMD standard product meets screening requirements of 
MIL-STD-883, Class C. 

!--------------------------------------------------------------

Subgroup 1 - Static tests at 25° C 

GROUP A ELECTRICAL TESTS 
From MIL-STD-883, Method 5005, Table I 

Subgroups 

Subgroup 2 - Static tests at maximum rated operating temperature 

Subgroup 3 - Static tests at minimum rated operating temperature 

Subgroup 4 - Dynamic tests at 25°C - Linear devices 

Subgroup 5 - Dynamic tests at maximum rated operating temperature - Linear devices 

Subgroup 6 - Dynamic tests at minimum rated operating temperature - Linear devices 

Subgroup 7 - Functional tests at 25°C 

Subgroup 8 - Functional tests at maximum and minimum rated operating temperatures 

Subgroup 9 -Switching tests at 25°C - Digital devices 

Subgroup 10 - Switching tests at maximum rated operating temperature - Digital devices (Note 2) 

Subgroup 11 -Switching tests at minimum rated operating temperature - Digital pevices (Note 2) 

LTPO 
(Note 1) 

5 

5 

5 

10 

10 

10 

Initial 
Sample Size 

45 

32 

32 

45 

32 

32 

45 

22 

32 

10 

10 

1. Sampling plans are based on LTPD tables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen 

unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to an acceptance number 

of 2. The minimum reject number in all cases is 3. 
2. These subgroups are usually performed during initial device characterization only. 
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OPTIONAL EXTENDED PROCESSING 
CLASS B 

Steps 101 Through 110 

Advanced Micro Devices offers several extended processing options to meet customer 
high-reliability requirements. These are defined in AMO document 00-003. The flow chart 
below outlines Option B, a 160-hr. burn in. Military temperature range devices processed to 
this flow (in the left column) meet the screening requirements of MIL-STD-883, Class B. 

MILITARY RANGE 

HERMETIC PACKAGES 

COMMERCIAL RANGE 

HERMETIC OR 
MOLDED PACKAGES 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

BEGINNING MATERIAL 

Standard product taken after completion of step 20 (electrical test) 

BURN IN 

MIL-STD-883, Method 1015: 160 hr, 125°C, or time-temperature equiva
lents as allowed by Method 1015. 

FINAL ELECTRICAL TEST 

MIL-STD-883, Method 5004. 

Military: Testing subgroups as defined for Class B. Static and functional 
at 3 temperatures, dynamic or switching at room temperature. 
Commercial: Repeat step 20. 

QUALITY GROUP A ELECTRICAL SAMPLE (TABLE I) 

MIL-STD-883, Method 5005 and Table I. Quality levels as defined for 
Class B. 

QUALITY CONFORMANCE TESTS, GROUPS B, C, AND D 

MIL-STD-883, Method 5005. Sample life and environmental tests if re
quired by purchase order. Further information on specifying this is given 
in AMO document 00-003. 

DATA PREPARATION AND REVIEW 

MARK, INSPECT, PACK FOR SHIPMENT 

Standard AMO parts with this burn-in option are marked with" -8" after 
the part number, except that linear 100, 200 or 300 series are marked 
"/8838". 

QUALITY INSPECTION, PRE-SHIPMENT 

Confirmation of marking, physical quality, and product identity. 

QUALITY INSPECTION FOR SHIPMENT RELEASE 

Final review of shipment against order. 

SHIP TO CUSTOMER 

Military temperature range parts meet screening requirements of MIL
STD-883, Class B. 
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OTHER OPTIONS 

Document 00-003, "Extended Processing Options", further defines Option B as well as other 
screening or sampling options available or special order. Available options are listed here for 
reference. 

Option Description Effect 

A Modified Class A screen Provides space-grade product, fol-
(The AMO-A program) lowing most Class A requirements 

of MIL-STD-883, Method 5004. 

B 160-hr operating burn in Upgrades a part from Class C 
to Class B. 

x Radiographic inspection (X-ray) Related to Option A. Provides 
limited internal inspection of 
sealed parts. 

s Scanning Electron Microscope Sample inspection of metal 
(SEM) metal inspection coverage of die. 

v Preseal visual inspection to More stringent visual inspection 
MIL-STD-883, Method 2010, of assemblies and die surfaces 
Cond.A prior to seal. 

p Particle impact noise (PIN) Detects loose particles of 
screen with ultrasonic detection. approximately 0.5 mil size or larger, 

which could affect reliability in 
zero-G or high vibration applications. 

a Quality conformance inspection Samples from the lot are stressed 
(Group B, C and D life and and tested per Method 5005. 
environmental tests) The customer's order must state 

which groups are required. 
Group B destroys 16 devices; 
Group C, 92 devices; Group D, 
60 devices. 

Document 15-010 Rev. D, July 1, 1977 (editorial changes to clarify options) 
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SALES OFFICES AND REPRESENTATIVES 
SOUTHWEST AREA 
Adva~d Micro DevlcH 
9595Wilshire Boulevard 
Su•te40t 
Beverly Hills, Cah1om1a90212 
Tel (213) 278·9700 

(213)278-9701 
TWX. 910-490·2143 

Advanced Micro Devicls 
1414 West Broadway Road 
Srnte239 
Tempe. Ar1zona85282 
Tel (602) 244·9511 
TELEX 668-325 
TWX 910-951-4216 

Advane.d Micro Device& 
1201 Dove Street 
Srnte 250 
Newport Beach. CA 92660 
Tel· (714) 752-6262 

Advanced Micro Devices 
13777No. Central Expy 
Suite 1008 
Dallas. Texas 75243 
Tel: (214) 234-5886 
TWX 910-867-4795 

NORTHWEST AREA 
Advanced Micro Devices 
10050No. WolfeRoad 
Bldg. SW2 
Sui!e 230 
Cupertino.CA95014 
Tel (408) 446-2700 
TELEX. 34-6306 
TWX 910-339-9280 

Advanced Micro Devices 
7100 Broadway 
Bldg 6, Penthouse 
Su1teQ 
Denver,C080221 
Tel. (303) 427·3307 
TWX 910·931-2562 

Advanced Micro Devices 
6443 S.W Beaverton Hoghway 
Suite 410 
Portland, OR97221 
Tel. (503) 292-2666 
TWX 910-464·4792 

MID-AMERICA AREA 
Advanced Micro Devices 
1111 Plaza Drive, Suite 420 
Schaumburg, IL60195 
Tel 13121882-8660 
TWX 910·291-3589 

Advanced Micro Devices 
8009 34\h Ave. S 
Bloommgton. Minnesota 55420 
Tel(612)854-6500 

(612)854-6520 

Advanced Micro Devices 
Commerce Center 
1631 N.W Proless•onal Plaza 
Su1te204 
Columbus. 0H43220 
Tel. (614) 457-7766 

~:,v;0n~~~:~;_:N Devices 
L•voma. M1ch1gan48150 

~·p~n-~~~--i~~~ 

Advanced Micro Devices International Sales Representatives and Distributors 
International Sales Offices 
BELGIUM 
Advanced Micro Devices 
412. AvenuedeTervuren 
8.P. 9 
1150 Brussels. Belgium 
Tel: {02) 771 9993 
TELEX. 61028 

FRANCE 
Advanced Micro Devices, S.A 
Sil1c314-lmmeubleEssen 
20 Rue Saannen 
94588 Rung1s Cedex, France 
Tel: (1) 686·91·86 
TELEX: 202053 

GERMANY 
Advanced Micro Devices 
Mikro Elektromk GmbH 
Her2og-Hemrich-S!rasse3 
D-8000 M(mchen2 
West Germany 
Tel: Sammel-Nr. (G 89) 539588 
TELEX. 0-523883 

Advanced Micro Devices 
Mikro Elektromk GmbH 

Advanced M•cro Devices 
M1kro Elektromk GmbH 
Bliro Si.idwes1deutschld 
Robert-Le1cht·Strasse 120 
0-7000 Stuttgart-Va•hingen 
West Germany 
Tel. 0711·681001 
TELEX. 7·255680 

JAPAN 
Advanced Micro Devices. K.K 
Da.n•-Sayama Bldg .. 91h Floor 
1·4. 3 Chome N1shr·Shmjuku 
St.oon1uku-ku. Tokyo 1BO Japan 
Tel (03) 346·0363 
TELEX· 2324064 

UNITED KINGDOM 
Advanced Micro Devices. U K. Ltd 
16 Grosvanor Place 
London. S.W. 1. England 
Tel (01) 235-6380 

{01)235-6388 
(011235-5389 

TELEX· 88-68-33 

AUSTRALIA 
A.J. Ferguson Ply. Ltd 
44 Prospect Rd 
P1ospect, S. Austraha 5082 
Tel· (8) 269·1244 
TELEX 82635 

Rand O Electronics 
Post Office Box 206 

~~~~~~ 3125 

Tel· {0312888232 
TLX: AA33288 

Rand D Electronics 
P.O. Box 57 
Crows Nesl NSW 2065 
Sydney, Australia 
Tel 4395488 
TLX- (790) 25468 

AUSTRIA 
Elba1ex GmbH 
Bre1tenfurthe1str. 381 
A-1235Wien/Austna 
Tel 869158 

:~J!!0 
TLX 13128 

BELGIUM 
MCA Tron<X 
62 Route Du Condroz 
4200 Ougree Belgoum 
Tel 041-362780 
TELEX 42052 

DENMARK 
AdvancedElec1ronicofDenmark 
Godthabsve17 
OK-2000-Copenhagen 
Denmark 
Tel· (45) (1) 19 44 33 
TLX. 055 + 224 31 + Advel OK 

FINLAND 
KomdelOy 
ltaportt1 IC 
02210Espoo21 
Tel: (0) 8038976 Of 882875 
TELEX 121926 

FRANCE 
A>M 
40, Rue des Tilleuls 
92100 Boulogne. France 
Tel 603 6640 
TELEX AMM 200 491 

Radio Television Francaise 
73. Av Ch. De Gaulle 
92202 Neuolly-sur-Seme 
Tel. 747·11·01 
TELEX 611985 

Ropel S.A 
Department Ces1me 
Allee de la Rochelle 
Centre Commercial NBR 3 
~;;~coeMassyEst 
Tel (1) 920 82 89 
TLX220429 

U.S. and Canadian Sales Representatives 

CALIFORNIA 
(Northern) 
12 Incorporated 
455 Aldo Avenue 
Santa Clara. California 95050 
Tel (408) g55.0400 
TWX 910-338-0192 

k~~~'~';,-:~~)lnc 
7827 Convoy Court 
Suite 407 
San Diego. Cal1forn1a 92111 
Tel(7141278-2150 
TWX 910-335-1267 

CANADA (Eastern) 
V1tel Electron.cs 
3860 Cote Vellu 
Suote 210 
St Lauren!. Quebec 
Canada H4R 1V4 
Tel· 1514) 331-7393 
TELEX 05-821762 
TWX 610-422-3908 

Sh1ppong 
V1tel Electron.cs 
84 Main Street 
Champlain, New York 12919 

CANADA (Western) 
Venture Eleclronocs 
P.O. Box 3034 
Bellevue, Wash1ngton98009 
Tel 12061454-4594 
TLX 32·8951 

COLORADO 
R2 Marketing 
PO. Box 554 
Parker, Colo<ado 80134 
Tel· 1303) 841-5822 

CONNECTICUT 
Scientific Components 
350 South Main Street 
Cheshire. Connectocu1 06410 
Tel 1203) 272-2160 

FLORIDA 
Conley & Associates. Inc 
P.O Sox 309 
235 Sou1h Central Ave 
Oviedo. Flor1da32765 
Tel1305)365·3283 
TWX·810·856-3520 

GEORGIA 
Electron•cManufacturersAgents 
2800 Forest Vale Lane 
Suite VI 
Norcross. Georg•a 30093 
Tel (404) 448·2921 

GERMANY 
Cosmos Electronic GmbH 
Hegels!rasse 16 
D-8000 Mun1ch83 
West Germany 
Tel (089) 602088 
TELEX: 0-522545 

Cosmos Electromc GmbH 
BuroSayemNord 
8340 Neumarilt 
Kanalweg 33, West Germany 
Tel· 09181-9731 

EVB·Elektron1k 
Gabriel MaxStr. 72 
D-8000 Muenchen 90 
Tel. 089-644055 
TELEX. 0·5245 

ESV-Elektronik 
Oststr 129 
0·4000 Duesseldorl 
Tel 0211-84846 
TELEX. 0-8587267 

EBV-Elektron1k 
In Der Me1neworth 9A 
D-3006 Burgwedel 1 
Tel05139·4570 

EBV-Elektronik 
Myl1usstr 54 
D·BOOO Frankfurt 1 
Tel:0611·720416 
TELEX 0-413590 

Elbatex GmbH 
Cac1l1ens1rasse24 
D-7100 Heilbronn 
West Germany 
Tel 0713-89001 
TELEX 728·362 

HOLLAND 
Arcobel BV 
VanAlmondestrnat6 
B.O. Box 344 
oss 
Holland 
Tel 04120-24200 

04120·27574 
TELEX 00835 

HONG KONG 
Ace Enterprise 
Suite 1212 
363 Nathan Road 
Kowloon, Hong Kong 
Tel· 3-302925 

3·302927 

MIDATLANTIC AREA 
Advanced Micro Devices 
99 Powerhouse Road 
Suite 303 
Roslyn Heights.NY 11577 
Tel(516)484-4990 

(516)484-4991 
TWX 510-223-0649 

Advanced Micro Devices 
5806NewbrookAve 
E Syracuse, N.Y 13057 
Tel (315) 437-7546 
TELEX 93-7201 

Advanced Micro Devices 
2 Kilmer Road 
Edison, NewJersey08817 
Tel (201) 985-6800 

INDIA 

~!~'Wa~~~~f~~cs 
Mama Parmanand Marg 
Bombay400004 
India 
Tel· 384214 
TELEX 0113152 

IRELAND 
ITIElectromcServ1ces 
142 Ph1bsborough Rd 
Ph1bsborough 
Dublin 
Ireland 

ISRAEL 
Talv1tan Electronics 
P.O Box21104 
9, B1ltmorStrl!et 
Tel-Aviv, Israel 
Tel 444572 
TELEX- VITKO 33400 
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NORTHEAST AREA 
Advanced Micro Devices 
300 New Boston Park 
Woburn, Massachusetts 10801 
Tel (6171 933-1234 

SOUTH AMERICA 
lntectra 
2349 Charleston Road 
Mountain V•ew. Cal>fom1a 94043 
Tel 967·BB18 

967-8825 
CABLE INTECTRA 

PENNSYLVANIA 
(Western) 
Bacon Electronrc Sales 
115 South Hogh Street 
Waterford, Pennsylvania 16441 
Tel (8141796-2381 

SOUTHEAST AREA 

:~;~~~~t~m~;~r~a~~~e~1ke 
Balt•more, MD2122B 
Tel (3011 744·8233 

Advanced .Micro Devices 
1001 N.W. 62ndS1reel 
Suite 300L 
Ft.Lauderdale,FL33309 
Tel(305)771·6510 
TWX· 510-955-9490 

~~~~~~1c,AND 
Thurgauerslr 74 
CH-8048 Zuench 
Tel· 00411-512121 
TELEX 0045-53461 



U.S. AND CANADIAN STOCKING DISTRIBUTORS 

ALABAMA 
Hamilton/Avnet Electronics 
805 Oster Dr. N W 
Huntsville, Alabama 35805 
Tel (205) 533-1170 

Hall-Mark Electronics 
4739 Commercial Drive 
Huntsville, Alabama 35805 
Tel (205) 837-8700 

ARIZONA 
Liberty Electronics 
8155 North 24th Avenue 
Phoenix, Arizona 85021 
Tel (602) 249-2232 

Ham1tton1Avnet Electronics 
2615 S 21st Street 
Phoenix. Arizona 85034 
Tei· (602) 275-7851 
TWX· 910-951-1535 

CALIFORNIA 
Avnet Electronics 
350 McCormick Avenue 
Irvine Industrial Complex 
Costa Mesa. Cahlorrna 92626 
Tel (714) 754-6064 
TWX 910-595-1928 

Bell Industries 
1161 N. Fa1roaks Avenue 
Sunnyvale, Callfornia 94086 
Tel {408) 734-8570 
TWX 910-339-9378 

Elmar Electronics 
2288 Charleston Road 
Mountain View, Callforn1a 94042 
Tel (415) 961-3611 
TWX 910-379-6437 

Hamilton Electro Sales 
10912 W. Washington Blvd 
Culver C1ty, Callforma 90230 
Tel (213) 558-2100 

(714) 522-8220 
TWX 910-340-6364 

910-340- 7073 
TELEX 67-36-92 

Ham1lton1Avnet Electromcs 
575 Easl M1ddlel1eld Road 
Mountain View, California 94040 
Tel. (415) 961-7000 
TWX 910-379-6486 

Hamilton/Avnet Electronics 
8917 Complex Drive 
San Diego. Callforma 92123 
Tel (714) 279-2421 
TELEX 69-54-15 

Liberty Electromcs 
8248 Mercury Court 
San Diego. Cal1forn1a 92111 
Tel (714) 565·9171 
TWX 910-335-1590 

Schweber Electronics 
17811 Gillette 
Irvine, Callforma 92714 
Tel {714) 556-3880 

(213) 924-5594 
TWX 910-595-1720 

Liberty Electronics 
124 Maryland Avenue 
El Segundo, CA 90545 
Tel (213) 322-8100 
TWX 910-348-7140 

910-348-7111 

CANADA 
Ham1lton1Avnet Electronics 
2670 Paulus 
St Laurent, Quebec. Canada H4S1G2 
Tel (514) 331-6443 
TWX· 610-421-3731 

Ham11ton1Avnet Electromcs 
6291-16 Dorman Road 
M1ss1ssauga, Ontario. Canada L4V1H2 
Tel (416) 677-7432 
TWX 610-492-8867 

Ham1lton,Avnet Electromcs 
1735 Courtwood Crescent 
Ottawa, Ontario. Canada K2C3J2 
Tel (613) 226-1700 
TWX 610-562-1906 

RAE Electronics 
1629 Mam Street 
Vancouver, British Columbia 

Canada V6A2W5 
Tel (604) 687-2621 
TELEX 0454550 

Future Electromcs 
564 7 Ferner Street 
Montreal. Quebec. Canada H4P2K5 
Tel (514) 735-5775 
Shipping 
12 Mercer Rd 
Natick. Massachusetts 01760 

Future Electronics 
44 Fasken Drive 
Umt 24 
Aexdale, Ontario, Canada 
Tel (416) 677-7820 

Future Etectromcs 
130 Albert Street 
Ottawa, Ontario, Canada K1 P564 
Tel. (613) 232-7757 

COLORADO 
Elmar Electronics 
6777 E 50th Avenue 
Commerce City, Colorado 80022 
Tel (303) 287-9611 
TWX· 910-936-0770 

Ham1tton1Avnet Electromcs 
5921 N. Broadway 
Denver, Colorado 80216 
Tel· (303) 534-1212 
TWX 910-931-0510 

Century Electronics 
8155 W 48th Avenue 
Weatr1dge, Colorado 80033 
Tel (303) 424-1985 
TWX· 910-938-0393 

CONNECTICUT 
Ham1lton1Avnet Electronics 
643 Danbury Road 
Georgetown, Connecticut 06829 
Tel !203) 762-0361 

Schweber Electronics 
Finance Drive 
Commerce Industrial Park 
Danbury, Connecticut 0681 O 
Tel (203) 792-3500 

Arrow Electronics 
295 Treadwell Street 
Hamden, CT 06514 
Tel (203) 248-3801 
TWX 710-465-0780 

Wilshire Electronics 
2554 State Street 
Hamden, Connecticut 06517 
Tel (203) 281-1166 
TWX 710-465-0747 

FLORIDA 
Arrow Electromcs 
115 Palm Road N.W 
Swte 10 
Palm Bay, Florida 22905 
Tel (305) 725-1480 

Arrow Electronics 
1001 N.W 62nd St., Suite 402 
Ft Lauderdale, Florida 33300 
Tel· (305) 776-7790 

Hall-Mark Electronics 
7233 Lake Ellenor Dr 
Orlando. Fiona 32809 
Tel {305) 855-4020 
TWX 810-850-0183 

Ham1ltoniAvnet Electronics 
6800 N.W. 20th Ave 
Ft Lauderdale. Florida 33309 
Tel· (305) 971-2900 

Schweber Electromcs 
2830 North 28 Terrace 
Hollywood, Florida 33020 
Tel· (305) 927-0511 
TWX: 510-954-0304 

Summit Electronics of Florida 
1200 Stirling Road 
Bwld1ng #6 
Dama. Florida 33004 

GEORGIA 
Arrow Electronics 
3406 Oak Cliff Road 
Doraville, GA 30340 
Tel (404) 455-4054 
TWX. 810-757-4213 
Ham1tlon,Avnet Electronics 
6700 1-85 
Suite 2B 
Norcross, Georgia 30071 
Tel (404) 448-0800 

Schweber Electronics 
4126 Pleasantdale Road 
Atlanta, Georgia 30340 
Tel (404) 449-9170 

ILLINOIS 
Arrow Electronics 
492 Lunt Avenue 
Schaumburg, Illinois 60193 
Tel. (312) 893-9420 

Hamilton/Avnet Electronics 
3901 North 25th Avenue 
Schiller Park. llt1no1s 60176 
Tel· {312) 678-6310 
TWX 910-227-0060 

Schweber Electromcs 
1275 Brummel Avenue 
Elk Grove Village, Ulmoes 60007 
Tel (312) 593-2740 
TWX 910-222-3453 

!';ANSAS 
rla!!-Mark. Electronics 
11870 West 91st Street 
Congleton Industrial Park 
Shawnee M1ss1on. Kansas 66214 
Tel !913) 888-4747 
TWX 510-928-1831 

Ham1lton1Avnet Electronics 
37 Lenexa Industrial Center 
9900 Pflumm Road 
Lenexa, Kansas 662t5 
Tel (913) 888-8900 

MARYLAND 
Arrow Electronics 
4801 Benson Avenue 
Baltimore, Maryland 21227 
Tel· (301) 247-5200 

Hall-Mark Electronics 
665 Amberton Drive 
Baltimore, Maryland 21227 
Tel (301) 796-9300 
TWX 710-862-1942 

Ham1lton1Avnet Electronics 
7235 Standard Drtve 
Hanover, Maryland 21076 
Tel. (301) 796-5000 
TWX: 710-862-1861 
TELEX· 8-79-68 

Schweber Electronics 
9218 Gaither Rd 
Gaithersburg. MD 20760 
Tel (301) 840-5900 

MASSACHUSETTS 
Arrow Electromcs 
96D Commerce Way 
Woburn, Massachusetts 01801 
Tel (617) 933-8130 

Ham1lton1Avnet Electromcs 
100 East Commerce Way 
Woburn, Massachusetts 01801 
Tel· (617) 933-8020 
TWX· 710-393-1201 

Schweber Electronics 
213 Third Avenue 
Waltham, Massachusetts 02154 
Tel· (617) 890-8484 

W1lsh1re Electronics 
One Wilshire Road 
Burlington, Massachusetts 01803 
Tel (617) 272-8200 
TWX 710-332-6359 

MICHIGAN 
Arrow Electronics 
3921 Varsity Drive 
Ann Arbor, Michigan 48104 
Tel: (313) 971-8820 
TWX· 810-223-6020 

Ham1tton/Avnet Electronics 
12870 Farmington Road 
L1voma, M1ch1gan 48150 
Tel. (313) 522-4700 
TWX. 810-242-8775 

Schweber Electronics 
33540 Schoolcraft 
L1voma, M1ch1gan 48150 
Tel· (313) 525-8100 

MINNESOTA 
Arrow Electronics 
9700 Newton Avenue South 
Bloomington, Minnesota 55431 
Tel: (612) 888-5522 

Hall-Mark Electronics 
9201 Penn Avenue South 
Suite 10 
Bloomington, Minnesota 55431 
Tel· (612) 884-9056 
TWX. 910-576-3187 

Hamilton/Avnet Electronics 
7449 Cahill Ad 
Edina. Minnesota 55435 
Tel (612) 941-3801 

Schweber Electronics 
7402 Washington Avenue South 
Eden Prame, Minnesota 55343 
Tel (612) 941-5280 

MISSOURI 
Hall-Mark Electronics 
13789 Rider Trail 
Earth City, Missouri 63045 
Tel (314) 291-5350 
TWX· 910-760-0671 

Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood, Missouri 63042 
Tel· (314) 731-1144 
TELEX 44-23-48 

NEW JERSEY 
Arrow Electronics 
Pleasant Valley Road 
Moorestown, New Jersey 08057 
Tel. (609) 235-1900 

Arrow Electronics 
285 Midland Ave 
Saddle Brook. NJ 
Tel· (201) 797-5800 
TWX 710-988-2206 

Ham1tton1Avnet Electronics 
218 Little Falls Road 
Cedar Grove, New Jersey 07009 
Tel (201) 239-0800 
TWX 710-994-5787 

Hamilton/Avnet Electronics 
113 Gaither Dnve 
East Gate Industrial Park 
Mt. Laurel. New Jersey 08057 
Tel (609) 234-2133 

Schweber Electronics 
43 Belmont Dnve 
Somerset, New Jersey 08873 
Tel: (201) 469-6008 
TWX 710-480-4733 

Wilshire Electronics Group 
921 Bergen Avenue 
Jersey City. New Jersey 07306 
Tel (201) 653-4939 
TWX 710-730-5314 

Wilshire Electronics 
1111 Pauhson Avenue 
Clltton, New Jersey 07015 
Tel· (201) 340-1900 
TWX 710-989-7052 

NEW MEXICO 
Century Electromcs 
121 Elizabeth N.E. 
Albuquerque. New Mexico 87123 
Tel: (505) 292-2700 
TWX: 910-989-0625 

Ham1lton1Avnet Electronics 
2450 Baylor Dnve S.E. 
Albuquerque, New Mexico 87119 
Tel. (505) 765-1500 

NEW YORK 
Arrow Electronics 
900 Broad Hollow Road 
Farmingdale, New York 11735 
Tel: (516) 694-6800 

Hamilton/Avnet Electromcs 
167 Clay Road 
Rochester, New York 14623 
Tel (716) 442-7820 

Hamilton/Avnet Electronics 
70 State Street 
Westbury L I., New York 11590 
Tel· (516) 333-5800 
TWX· 510-222-8237 

Ham1tton1Avnet Electronics 
6500 Joy Road 
E. Syracuse. New York 13057 
Tel· (315) 437-2642 
TWX. 710-541-0959 

Schweber Electronics 
2 Town Line Circle 
Rochester, New York 14623 
Tel: (716) 461-4000 

Schweber Electronics 
Jericho Turnpike 
Westbury, New York 11590 
Tel (516) 334-7474 
TWX. 510-222-9470 

510-222-3660 

Summit Distributors, Inc 
916 Mam Street 
Buffalo, NY 14202 
Tel: (716) 884-3450 

Wilshire Electromcs 
1855 New Highway, Um! B 

r~~; 1 ~s~~~~~ NY t 1735 
Tel. (516) 293-5775 
TWX 510-224-6109 

Wilshire Electronics 
1260 Scottsville Road 
Rochester, NY 14623 
Tel. (716) 235-7620 
TWX. 510-253-5226 

W1lsh1re Electromcs 
1 o Hooper Road 
Endwell, NY 13760 
Tel (607) 754-1570 
TWX 510-252-0194 

NORTH CAROLINA 
Arrow Electromcs 
1377-G South Park Drive 
Kernersville, NC 27284 
Tel (919) 996-2039 

Hall-Mark Electronics 
1208 Front Street, Bu1ldmg K 
Raleigh, North Carolina 27609 
Tel· (919) 832-4465 
TWX. 510-928-1831 

Hamilton/Avnet Electronics 
2803 Industrial Drive 
Raleigh, NC 27609 
Tel (919) 829-8030 

OHIO 
Arrow Electromcs 
23500 Mercantile Road 
Cleveland, Ohio 44122 
Tel· (216) 464-2000 
TWX· 810-427-9298 

Arrow Electronics 
3100 Plainfield Road 
Kettering, OhlO 45432 
Tel· (513) 253-9176 
TWX 810-459-1 611 

Hamilton/Avnet Electronics 
118 Westpark Road 
Dayton, Ohio 45459 
Tel (513) 433-0610 
TWX· 810-450-2531 

Hamilton/Avnet 
761 Beta Dnve. Suite E 
Cleveland, Ohio 44143 
Tel: (216) 461-1400 

Schweber Electronics 
23880 Commerce Park Road 
Beachwood, Ohio 44122 
Tel (216) 464-2970 

Sheridan1Cmc1nnat1 
10 Knoltcrest Drive 
Cincinnati, Ohio 45222 
Tel (513) 761-5432 
TWX· 810-461 -2670 

PENNSYLVANIA 
Hall-Mark Electronics 
458 P1ke Road 
Pike Industrial Park 
Huntingdon Valley, 
Pennsylvania 19006 
Tel (215) 355-7300 
TWX: 510-667-1750 

Schweber Electromcs 
101 Rock Road 
Horsham, Pennsylvania 19044 
Tel (215) 441-0600 

TEXAS 
Halt-Mark Electronics 
9333 Forest Lane 
Dallas, Texas 75231 
Tel: (214) 234-7300 
TWX: 910-867-4721 

Hall-Mark Electronics 
8000 Westglen 
Houston, Texas 77063 
Tel: (713) 781-6100 
TWX· 910-881-2711 

Hamilton/Avnet Electronics 

6!~1~s~ 1f~x~~~~~40 
Tel· (214) 661-8661 
TELEX 73-05-1 1 

Hamilton/Avnet Electronics 
3939 Ann Arbor Street 
P.O. Box 42802 
Houston, Texas 77042 
Tel. (713) 780-1771 

Schweber Electronics 
14177 Proton Road 
Dallas, Texas 75240 
Tel· (214) 661-5010 
TWX· 910-860-5493 

Schweber Electronics 
7420 Harwin Drive 
Houston, Texas 77036 
Tel· (713) 784-3600 

UTAH 
Century Electromcs 
2258 South 2700 West 
Salt lake City, Utah 84119 
Tel (801) 972-6969 
TWX· 910-925-5686 

Hamilton/Avnet Electronics 
1585 West 21 00 South 
Salt Lake City, Utah 84119 
Tel: (801) 972-2800 

WASHINGTON 
Hamrlton/Avnet Electromcs 
13407 Northrup Way 
Bellevue, Washington 98005 
Tel: (206) 746-8750 
TWX 910-443-2449 

Liberty Electronics 
1750 132nd Avenue N.E. 
Bellevue. WA 98005 
Tel (206) 453-8300 

WISCONSIN 
Arrow Electronics 
2925 South 160th St 
New Berlin, Wisconsin 53151 
Tel (414) 782-2801 
TWX· 510-227-8390 

Hamilton/Avnet Electromcs 
2975 Moorland Road 
New Berhn, Wisconsin 53151 
Tel. (414) 784-4510 

ADVANCED 
//llCRO 

DEVICES, INC. 
901 Thompson Place 

Sunnyvale 
California 94086 
(4<18) 732-2400 

TWX: 910-339·9280 
TELEX: 34-11306 

TOLL FREE 
(800) 538-8450 
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