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INTRODUCTION 

The LSI Logic Data Book presents pertinent technical information on Texas Instruments complex bipolar and 
CMOS LSI logic integrated circuits. The bipolar LSI products described in this volume include: 

• The fastest TTL-compatible 8-bit processor slice chip set available. The chip set includes an 8-bit 
registered ALU, a 14-bit microsequencer, a 16- and 32-bit expandable barrel shifter, and a 16-word 
by 4-bit register file. 

• The fastest stand-alone 32-bit error detection and correction circuit (EDAC) 

• High-performance 16 x 4 and 16 x 5 "zero-fall-through" FIFOs (first in, first out) memory devices 
with 24-nanosecond fall-through times 

• A high-speed "flash" 32-bit barrel shifter (SN74AS8838). The SN74AS8838 is the first member of 
the Texas Instruments 32-bit processor chip set. 

Specifications on CMOS LSI products included in this volume describe the following: 

• The THCT1 01 0, which is the lowest power 16- x 16-bit multiplier and accumulator (MAC) available. 

• Two 64K and 256K DRAM controllers with inputs that are TTL- and CMOS-voltage compatible. 

• Two high-speed CMOS multilevel pipeline registers, which offer a reduction in power over previously 
available devices. 

To assist you in the selection of complex MSllogic components to complement a system design, the LSI Logic 
Data Book contains specifications on high-performance bus transceivers, readback latches, comparators, and 

. controllers. 

Many Texas Instruments i"eadership bipolar LSI functions use our new advanced bipolar technology, IMPACTm 
(IMPlanted Advanced Composed Technology). This unique innovation offers performance advantages in speed, 
power, and circuit density over preceding bipolar technologies. The process offers such features as: 

• 2 -JLm feature size 

• 7-p.m metal pitch 

• Walled emitters 

• Ion implantation 

• Oxide isolation 

• Composed masks 

This data book provides a functional index to all bipolar digital device types available or under development. 
Packaging dimensions given in the Mechanical Data section of this book are in metric measurement (and 
parenthetically in inches), which should simplify board layout for deSigners involved in metric conversion and 
new designs. The general information section includes an explanation of the function tables, parameter 
measurement information, and typical characteristics related to the products listed in this volume. 

Complete technical data for any Texas Instruments semiconductor/component product is available from your 
nearest TI field sales office, local authorized TI distributor, or by writing direct to: 

Texas Instruments Incorporated 
P.O. Box 225012, MS 308 
Dallas, Texas 75265 

We sincerely believe that you will find the new LSI Logic Data Book a meaningful addition to your technical library . 

IMPACT is a trademark of Texas Instruments 
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GLOSSARY 
TTL SYMBOLS, TERMS, AND DEFINITIONS 

INTRODUCTION 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council of the 
Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission (lEC) 
for international use. 

PART I - OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS) 

fmax Maximum clock frequency 

ICC 

ICCH 

ICCl 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that should 
cause changes of output logic level in accordance with the specification. 

Supply current 
The current into' the VCC supply terminal of an integrated circuit. 

Supply current, outputs high 
The current into' the VCC supply terminal of an integrated circuit when all (or a specified number) of the 
outputs are at the high level. 

Supply current, outputs low 
The current into" the VCC supply terminal of an integrated circuit when all (or a specified number) of the 
outputs are at the low level. 

IIH High-level input current 
The current into" an input when a high-level voltage is applied to that input. 

III lOW-level input current 
The current into' an input when a low-level voltage is applied to that input. 

10H High-level output current 
The current into" an output with input conditions applied that, according to the product specification, will 
establish a high level at the output. 

10l low-level output current 
The current into' an output with input conditions applied that, according to the product specification, will 
establish a low level at the output. 

lOS Short-circuit output current 
The current into' an output when that output is short-circuited to ground (or other specified potential) with 
input conditions applied to es.tablish the output logic level farthest from ground potential (or other specified 
potential). 

IOZH Off-state (high-impedance-state) output current (of a three-state output) with high-level voltage applied 
The current flowing into". an output having three-state capability with input conditions established that, 
according to the product specification, will establish the high-impedance state at the output and with a high­
level voltage applied to the output. 
NOTE: This parameter is measured with other input conditions established that would cause the output to 

be at a low level if it were enabled . 

• Current out of a terminal is given as a negative value. 
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GLOSSARY 
TTL SYMBOLS, TERMS, AND DEFINITIONS 

IOZL Off-state (high-impedance-state) output current (of a three-state output) with low-Ieval voltage applied 
The current flowing into' an output having three-state capability with input conditions established that, 
according to the product specification, win establish the high-impedance state at the output and with a low­
level voltage applied to the output. 

VIH 

VIK 

VIL 

VOH 

VOL 

NOTE: This parameter is measured with other input conditions established that would cause the output to 
be at a high level if it were enabled. 

High-level input voltage 
An input voltage within the more positive (less negative) of the two ranges of values used to represent the 
binary variables. 
NOTE: A minimum is specified that'is the lea~t-positive value of high-level input voltage for which operation 

of the logic element within sp~cification limits is guaranteed. 

Input clamp voltage 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing. 

Low-level input voltage 
An input voltage level within the less positive (more negative) of the two ranges of values used to represent 
the binary variables. 
NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which operation 

of the logic element within spE;lcification limits is guaranteed. 

High-level output voltage 
The voltage at an output terminal with input conditions applied that, according to the product specification, 
win establish a high level at the output. 

LOW-level output voltage 
The voltage at an output terminal with input conditions applied that, a.ccording to the product specification, 
win establish a low level at the output. 

ta Access time 
The time interval between the application of a specified input pulse and the availability of valid signals at 
an output. 

tdis Disable time (of a three-state or open-collector output) 
The propagation time between the specified referen'ce points on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance (off! state, 
NOTE: For 3-state outputs, tdis ; tpHZ or tpLZ. Open-collector outputs win change only if they are low 

at the time of disabling so tdis ; tpLH. 

ten Enable time (of a three-state or open-collector output) 
The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from a high-impedance (off! state to either of the defined active levels (high or low). 
NOTE: In the case of memories, this is the access time from an enable input (e.g., G). For 3-state outputs, 

ten; tpZH or tpZL. Open-collector outputs will change only if they are responding to data that would 
cause the output to go low so ten ; tpHL . 

• Current out of a terminal is given as a negative value. 
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th Hold time 

GLOSSARY 
TTL SYMBOLS, TERMS, AND DEFINITIONS 

The time interval during which a signal is retained at a specified input terminal after an active transition occurs 
at another specified input terminal. 
NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the 

system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is guaranteed. 

Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from one defined level (high or low I to the other defined level. (tod = tpHL or tpLH)· 

Propagation delay time, high-to-Iow-Ievel output 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from the defined high level to the defined low level. 

Disable time (of a three-state output) from high level 
The time interval between the specified reference points on the input and output voltage waveforms with the· 
three-state output changing from the defined high level to a high-impedance (off) state. 

tPLH Propagation delay time, low-to-high-Ievel output 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from the defined low level to the defined high level. 

tPLZ Disable time (of a three-state output) from low level 
The time interval between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from the defined low level to a high-impedance (off) state. 

tpZH Enable time (of a three-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to the defined high level. 

tpZL Enable time (of a three-stilte output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (offl state to the defined low level. 

tsr Sense recovery time 
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid data 
signals at the output. 

tsu Setup time 
The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal. 
NOTES: 1. The setup time is the actual time interval between two signal events and is determined by the 

system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest 
interval (between the active transition and the application of the other signal) for which correct 
operation of the digital circuit is guaranteed. 

tw Pulse duration (width) 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 
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GLOSSARY 
TTL SYMBOLS, TERMS, AND DEFINITIONS 

PART II - CLASSIFICATION OF CIRCUIT COMPLEXITY 

Gate Equivalent Circuit 

A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number of 
individual logic gates that would have to be interconnected to perform the same function . 

Large-Scale Integration, LSI 

A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 
context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. 

Medium-Scale Integration, MSI 

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or 
system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more equivalent 
gates or circuitry of similar complexity. 

Small-Scale Integration, SSI 

Integrated circuits of less complexity than medium-scale integration (MSI). 

Very-Large-Scale Integration, VLSI 

The descriptionof any IC technology that is much more complex than large-scale integration (LSI), and involves a much 
higher equivalent gate count. At this time an exact definition including a minimum gate count has not been 
standardized by JEDEC or the IEEE. 
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EXPLANATION OF FUNCTION TABLES 

The following symbols are used in function tables on TI data sheets: 

H 

L 

t 

~ 

x 
z 
a .. h 

00 

00 

On 

JL 
U 

TOGGLE 

high level (steady state) 

low level (steady state) 

transition from low to high level 

transition from high to low level 

value/level or resulting value/level is routed to indicated destination 

value/level is re·entered 

irrelevant (any input, including transitions) 

off (high·impedance) state of a 3·state·output 

the level of steady·state inputs at inputs A through H respectively 

level of 0 before the indicated steadY'state input conditions were established 

complement of 00 or level of Q before the indicated steady·state input conditions were established 

level of Q before the most recent active transition indicated by ~ or t 
one high·level pulse 

one low·level pulse 

each output changes to the complement of its previous level on each active transition indicated by 
,), or t. 

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid when· 
ever the input configuration is achieved and regardless of the sequence in which it is achieved. The output persists so 
long as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with t and/or +. this means the output is valid when­
ever the input configuration is achieved but the transition(s) must occur following the achievement of the steadY'state 
levels. If the output is shown as a .Ievel (H, L, 00, or 00), it persists so long as the steady·state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse,Il... or LJ, the pulse 
follows the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 

Among the' [lIost complex function t~bles in this book are those of the shift registers. These embody most of the 
symbols used in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal 
shift register, e.g., type SN74194. ' 

FUNCTION TABLE 

INPUTS OUTPUTS 

MODE SERIAL PARALLEL 
ac CLEAR S"1So CLOCK 

B C 0 
aA aB aD 

LEFT RIGHT A 

L X X X X X X X X X L L L L 

H X X L X X X x' x X aAO aBO aCO aDO 

H H H ! X X a b c d a b c d 

H L H ! X H X X X X H aAn aBn aCn 

H L H ! X L X X X X L aAn aBn aCn 

H H L t H X X X X X aBn, aCn aDn H 

H H ,L ! L X X X X X aBn aCn aDn L 

H L L X X X X X X X aAO aBO aCO aDO 

! The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs 
0' will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect,. 
:s 

1-10 

The second line shows that so long as the clock input'remains low (while clear is high), no other input has any effe!:! 
and the outputs maintain the levels they assumed before the steady-state combination of clear high arid clock low was 
established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second line 
implicitly shows that no further change in the outRuts will occur while the clock remains high or on the high-to·low 
transition of the clock. ' , 

The third line of the table represents synchronous parallel loading of the register and says that if Sl and SO are both 
high then, without regard to the serial input, the data entered at A will be at output OA, data entered at B will be at 
0B, and so forth, following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and Ipw-Ievel data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at OA is now at OB, the previous levels of OB and 
Oc are now at Oc and aD respectively, and the data previously at aD is no longer in the register. This entry of serial 
data and shift takes place' on the low-to·high transition of the clock when Sl is low and SO is high and the levels at 
inputs A through D have no effect. 

The sixth and seventh lines represent the loading of high· and low-level data, respectively, from the shift-left serial input 
and the shifting of previously entered data one bit; data previously at OB is now at OA, the previous levels of Oc and 
aD are now at OB and Oc, respectively, and the data previously at OA is no longer in the register. This entry of serial 
data and shift takes place on the low-to·high transition of the clock when Sl is high and SO is low and the levels at 
inputs A through D have no effect. 

The' last line shows that as long as both mode inputs are I'ow, no other input has any effect and, as in the second line, 
the outputS maintain the levels they assumed before the steady-state combination of clear hi!Jh and both mode ,inputs 
low was established. 
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SERIES 54ALS/74ALS AND 54AS/74AS DEVICES 

PARAMETER MEASUREMENT INFORMATION 

VCC 

UNDER TEST POINT 
FROM OUTPUT;q- TEST FROM OUTPUT TEST ~L 

UNDER TEST POINT Rl 
CL RL 

(S •• Not. A) 
FROM OUTPUT -11--... - .... - TEST 

UNDER TEST POINT CLI (Se. Not. A) _ CL'r­
(See Note A) 

R2 

LOAD CIRCUIT FOR 
BI.sTATE 

TOTEM·POLE OUTPUTS 
LOAD CIRCUIT FOR 

OPEN·COLLECTOR OUTPUTS 
LOAD CIRCUIT FOR 

THREE·STATE OUTPUTS 

NOTE A: CL includes probe and jig capacitance. 

TIMING 
INPUT 

DATA 
INPUT 

L 3.5V 

A1.3V 
___ -J :-------- 0.3V 

.. tsu ..,.- th ~ 

~. . -f-,--~~-,-- 3.5 V 
~'.3V ~ 

0.3V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT ~-,.;V-- - 3.5V 

JfI.~V ~O.3V 

~tPLH" !etPHL" 
IN'PHASE~I ' -:--VOH 
OUTPUT : 1.3 V : 1.3 V 

I : VOL 
~tPHL" ~tpLH" 

OUT~F~HASE~,~" ~ VOH 
OUTPUT ~~.~v 
(See Not. D) - - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

HIGH·LEVEL 
PULSE 

LOW·LEVEL 
PULSE 

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

OUTPUT ~ 3.5V 
CONTROL 1.3 V 1.3 V 

(low·leval I ~-------- 0.3V 
anabling) tPZL- ...... tPLZ 

I I I I 

I : I: '" 3.5 V 
WAVEFORM 1 ~ 1.3 V i :~3V 
SI CLOSED i ~..:-------::.!.==-,;= VOL 
(See Note B) tpZH ~ -.: rt-tPHZ 

WAVE.FORM 2 1 '\::,--::.{.::= VOH 
S10PEN 1.3V 0.3V 
(See Note B) "'0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE.sTATE OUTPUTS 

NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control~ 

C. All input pulses have the following characteristics: PRR " 1 MHz. tr ~ tf ~ 2 ns. duty cycle ~ 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S 1 is closed. 

TEXAS .. 
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FUNCTIONAL INDEX 

GATES AND INVERTERS 

POSITIVE-NAND GATES AND INVERTERS 

TECHNOLOGY 

STO 
DESCRIPTION TYPE AlS 

TTL 
AS H L LS 5 VOLUME 

Hex 2-lnput Gates '804 A 

0 0 0 0 

Hex Inverters 
'0' 

A 

'1004 

0 0 0 • 
Quadruple 2-lnput Gates 

'00 

'1000 A A · · . 0 

Triple 3-lnput Gates 
'10 

A 

'1010 A · · 0 0 

Dual 4·lnput Gates 
'20 

'1020 A · · 0 0 
B-Input Gates '30 

A 

l3.lnput Gates '133 

Dual 2-lnput Gates '8003 

POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS 

TECHNOLOGY 

DESCRIPTION TYPE 
STO 

TTL 
ALS AS H L 

Hex Inverters 
'05 

A 

'1005 

'01 

Quadruple 2-lnput Gate~ 
'03 

B 

'1003 A 

Triple 3·lnput Gates '12 
A 

Dual 4-lnput Gates '22 

POSITIVE-AND GATES 

DESCRIPTION TYPE 
STO 

TTL 

Hex 2-lnput Gates 'S08 

Quadruple 2-lnput Gates 
'08 

'100B 

Triple 3-lnput Gates 
'11 

'1011 

Dual 4-lnput Gates '21 

Triple 4-lnput AND/NAND '800 

• Denotes available technology_ 
.. Denotes planned new products. 

TECHNOLOGY 

ALS AS H 

A 

A 

A 

0 

.. 

LS 0 VOLUME 

0 • 

LS 0 VOLUME 

• · 
0 

A Denotes" A" suffix version available in the technology indicated_ 
8 Denotes "8" suffix version available in the technology indicated. 

POSITIVE-AND GATES WITH OPEN·COLLECTOR OUTPUTS 

TECHNOLOGY 

DESCRIPTION TYPE STa ALS AS H LS S VOLUME 

POSITIVE·OR GATES 

TECHNOLOGY 

DESCRIPTION TYPE "TO 
TTL 

ALS AS LO S VOLUME 

Hex 2-lnput Gates '832 A . . 
'32 

Quadruple 2-lnput Gates • 
'1032 A 

Triple 4-lnput OAINOA '802 • 
POSITIVE-NOR GATES 

TECHNOLOGY 

OTO 
DESCRIPTION TYPE 

TTL 
ALS AS L LS S VOLUME 

Hex 2-lnput Gates 'B05 A 

Quadruple 2-lnput Gates 
'02 

'1002 A 

Triple 3-lnput Gates '27 

Dual 4-lnput Gates with Strobe '25 

Dual 5-lnput Gates '260 

SCHMITT-TRIGGER POSITIVE-NAND GATES AND INVERTERS 

TECHNOLOGY 

DESCRIPTION 
OTO 

TYPE TTL ALS AS lS S VOLUME 

Hex Inverters 
'1' 
'1. 

0 

Octal Inverters '619 
'13 . 
'18 • Dual 4-lnput Positive-NAND 

Triple 4-lnput Positive-NAND '618 

'2' 
'132 . 0 0 

Quadruple 2-lnput Positive-NAND 

CURRENT -SENSING GATES 

DESCRIPTION 

H" 

DELAY ELEMENTS 

DESCRIPTION 

Inverting and Noninverting Elements, 

2-lnput NAND Buffers 

TECHNOLOGY 
TYPE VOLUME 

ALS AS LS 

'63 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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FUNCTIONAL INDEX 

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS 

AND-OR~INVERT GATES 

TECHNOLOGY 

DESCRIPTION TYPE ~ ALS AS H L LS S VOLUME 

'55 • • • 
'64 

'54 • 
'54 • 
'54 • • 
'51 • • • • • 

ANO-OR-INVERT OATES WITH OPEN-COLLECTOR OUTPUTS 

DESCRIPTION 

4-Wide 4-2-3-2 Input 

DESCRIPTION 

Ouat 4-lnput Positive-NOR 

with Strobe 

4-Wide AND-OR 

4-Wide AND-OR·INVERT 
2-Wide AND-OR-INVERT 

Dual 2-Wide AND-DR-INVERT 

DESCRIPTION 

Dual4-lnput 

Triple 3-lnput 

3-2-2-3 Input AND-OR 

EXPANDABLE GATES 

TECHNOLOGY 

TVPE 
STD 

TTL ALS AS H L LS VOLUME 

'23 

'52 
'53 • 
'55 · . . 
'50 • 

EXPANDERS 

TECHNOLOGY 

TYPE STD ALB AS 
TTl 

'eo • 
'61 
'62 

H VOWME 

• 

• Denotes available technology, 

"'Denotes planned new product~. 
A Denotes "A" suffix version available in the technology indicated. 

BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS 

TECHNOLOGY 

DESCRIPTION 
TVPE 

STD 

TTL ALB AS l' S VOLUME 

'07 • 
Hex 

'17 • 
'35 

'1035 

'06 · Hex Inverter '16 · '1005 • 
'26 · 

Quad 2-lnput Positive-NAND 
'36 

A 

'3' · '1003 A 

Quad 2-lnput Positive-NOR '33 
A 

BUFFERS, DRIVERS, AND BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 

TECHNOLOGY 

DESCRIPTION 

Noninverting 

Octal Buffars/Drivers 

Inverting Octal 

Buffars/Drivers 

Inverting and Noninverting 

Octal Buffers/Drivers 

Nonlnvarting Quad Transceivers 

Inverting Quad Transceivars 

TVPE 

'743 
'767 
'760 
'742 

'756 
'763 

'762 

'759 
'758 

STO 
ALS AS LS S VOLUME Tn .. 
.. 
• • 

• 
• 

1-14 
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FUNCTIONAL INDEX 

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS 

GATES. BUfFERS. DRIVERS, AND BUS TRANSCEIVERS 

WITH 3·ST ATE OUTPUTS 

TECHNOLOGY 

STO 
DESCRIPTION TYPE ALS AS LS S VOLUME 

Noninverting la-Bit Buffers/Drivers 

Inverting la-Bit BuffersfDrivers 

Noninverting TO-Bit TransceIVers 

Inverting la-Bit Transceivers 

Noninverting 9-8it Transceivers 

Inverting 9·8it Transceivers 

Noninverting 

Octal Buffers/Drivers 

Inverting Octal 

Butfers/Drivers 

Inverting and Noninverting 

Octal Buffers/Drivers 

Octal Transceivers 

Noninverting 

Hex Buffers/Drivers 

Inverting 

Hex.Buffers/Drivers 

Quad Buffers/Drivers 

with Independent 

Output Controls 

Noninverting 

Quad Transceivers 

Inverting 

Quad Transceivers 

Quad Transceivers with Storage 

12~lnput NAND Gate 

'29827 

'29826 

'29861 

'29862 
'29863 
'29864 

'241 

'244 

'465 

'467 

'541 

'1241 ~ 
'T244~ 

'231 

'240 

'466 

'468 

'540 

'1240' 

'230 

'245 

'1245 

'365 

'367 

'366 

'368 

'125 

'126 

'425 

'426 

'243 

'1243' 

'242 

'1242'1 
'226 
'134 

• Denotes available technology, 
.&. Denotes planned new products. 
( Denotes very low power. 

TTL .. .. .. .. LSI 

.. .. 
A . . 
A 

A 

A 

.. 
A 

A 

A 

A 

A 

A A 

A A 

A .. 
A A .. 

A 

A 

A .. 

A Denotes" A" suffix version available in the technology indicated. 
B Denotes "8" suffix version available in the technology indicated. 

SO-OHM/75·0HM LINE DRIVERS 

TECHNOlOGY 

DESCRIPTION S VOLUME 

Hex 2-lnput Positive-AND 

~H.~'~27-ln~p~"'~~~'~;t~;V~.-~OR~ ________ ~~7+~-+~~~~~ ____ ~ 
Quad 2-lnput Positive-NOR 

Dual 4-lnput Positive-NAND • c o 
'';:; 
CO 
E .. 
o -.5 

Cii .. 
CI) 
C 
CI) 

o 

TEXAS ." 
INSTRUMENTS 
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FUNCTIONAL INDEX 

BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS 

BUFFERS, CLOCK/MEMORY CRrvERS OCTAlBI-/TRI-DIRECTIONAL BUS TRANSCEIVERS 

G) 
CD 
:::s 
CD ... e. -:::s .... 
0 ... 
3 
I» .... S· 
:::s 

TECHNOLOGY 

DESCRIPTION TYPE 
STO 

TTL 
ALS AS H LS S VOLUME 

Hex 2-lnput Positive-NAND '804 
Hex 2-lnput Positive-NOR 'S06 
Hex 2-lnput Positive-AND '80B A 

Hex 2-lnput Positive-OR '832 A 

Hex Inverter '1004 

'34 • Hex Buffet 
'1034 A 

'37 • · Quad 2-lnput Positive-NAND A 

'1000 A 

'2. 
A 

Quad 2-lnput Positive-NOR 
'1002 A 

'1036 

Quad 2-lnput Positive-AND '1008 A 

Quad 2-lnput Positive-OR '1032 A 

Triple 3-lnput Positive-NAND '1010 A 

Tri Ie 3-lnput Positive-AND '10'1 A 

Triple 4-lnput AND-NAND 'BOO .. 
Triple 4-tnput OR-NOR '802 .. . • · Dual 4-lnput Positive-NAND 

'40 
A 

'1020 A 

Line Driver/Memory Driver 

with Series Damping Resistor 
'436 

Line Driver/Memory Driver '437 

BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS 

TYPE TECHNOLOGY 

DESCRIPTION 
OF 

OUTPUT 
TYPE AtS AS LS S VOLUME 

Quad with Bit Direction 3-State '446 

Controls 3-State '449 • 
OC '440 

OC '441 

3-State '442 
Quad Tridirection 

3-State '443 

3-State '444 

OC '448 

4-8it with Storage 3-State '226 • 
OCTAL BUS TRANSCEIVERS/MOS DRIVERS 

TECHNOLOGY 

DESCRIPTION TYPE 
STO 

TTL 
ALS AS LS S VOLUME 

Inverting Outputs, 3-State 
'2620 

'2640 
'2623 • True Outputs, 3-State 
'2645 

OCTAL BUFFERS AND LINE DRIVERS WITH INPUT/OUTPUT RESISTORS 

DESCRIPTION TYPE 

Input Resistors 
Inverting Outputs '746 

Noninverting Outputs '747 

Output Resistors 
Inverting Outputs '2540 

Noninverting Outputs '2541 

• Denotes available technology . 
.. Denotes planned new products, 

TECHNOLOGY 

STO 
ALS AS LS • VOLUME 

TTL 

A Denotes "A" suffix version available in the technology indicated, 
8 Denotes "8" suffix version available in the technology indicated. 

DESCRIPTION 

12 mAI24 mAI48 mA/64 mA 

Sink. True Outputs 

12 mA/24 rnA/48 mA/64 rnA 

Slnk,lnvertlngOUlputs 

12 mAI24 rnA/48 rnA/64 rnA 

Sink, True Outputs 

12 mA!24 rnAi48 rnA/64 rnA 

Sink, Inverting Outputs 

12 mAI24 mAI48 rnA/64 rnA 

Sink, Trua and 

Inverting OutputS 

Regis,tered With Multiplex 

12 mA/24 mA/48 mA/64 mA 

True Outputs 

Registered with Multiplexed 

12 rnAI24 mA/48 mA/64 rnA 

Inverting Outputs 

Universal Tranl\Ceiver/ 

Port Controllers 

1-16 ·TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

TYPE TECHNOLOGY 

OF TYPE 
ALS AS LS 

OUTPUT 

3-Sle!S '245 

OC '621 

3-Slete '623 

Power 

aC,3-Stets '639 

3-Slete '652 

OC,3-Slets 

OC '1621 
Very Low 

3-Slate '1623 
Power 

aC,3-Stale '1639 

3·Slate '620 

OC,3·Sttlle '638 
Power 

3·State '651 

DC,3·State '653 

3·Stata '1620 
Very Low 

OC '1622 
Power 

0(,::,3·Stale '1638 . 
A 

OC '641 
Low 

Power 
3-State '645 

Very Low OC '1641 

Power 3·State '1645 

Low 
3-State 

Power .. 
OC '642 

Very Low 3·State '1640 

Power OC '1642 

3·Stale '643 
Low 

Power 
OC '644 

Very Low 3·State '1643 

OC '1644 

3-State 

OC '647 

3·State '648 

DC '649 

3·State '852 

'856 

VOLUME 

3 & LSI 

.3 

3 & LSI 

3 & LSI 

3 & LSI 

3 & LSI 

3 & LSI 



FUNCTIONAL INDEX 

FLIP-FLOPS 

DUAL AND SINGLE FLlP·FLOPS QUAD AND HEX FLlp·FLOPS 

TECHNOLOGY TECHNOLOGY 

DESCRIPTION TYPE 
STO 

ALS AS H S DESCRIPTION 
NO. OF 

OUTPUTS TYPE 
STO 

ALS AS LS S VOLUME 
TTL 

L LS VOLUME 
FF, TTL 

'73 · · A 
'174 

'76 Q 

'78 · · A '378 

'103 o Type '171 

"06 
Q, Q '175 C 

'107 A 0 
Dua! J-K Edge·Tnggered '108 '379 

'276 '.;:0 
'109 J·K Q 

'376 C'CI 
A · E '112 .. OCTAL, 9-81T, AND 10-BIT O-TYPE FLlP·FlOPS ... 

'113 

'114 

'70 

Single J·K Edge- Triggered '101 

"02 

'73 

Dual Pulse-Tnggered 
'76 

'78 

'107 

'71 

'72 
Single Pulse· Triggered 

'104 

'105 

Dual J-K with Data 

Lockout 
'111 

5ingle J·K with Data 
'110 

Lockout 

DualO·Type '7' 

• Denotes available technology . 
... Denotes planned new products. 

A .. 
A .. 

A 

A · 
A · DESCRIPTION 

True Data 

· · True Data with Clear · · 
True With Enable 

Inverting 

Invertmg with Clear 

Inverting with Preset 

True · · A · Inverting 

True 

Inverting 

True 

Inverting 

True 

Inverting 

True 

Invertmg 

True 

Inverting 

A Denotes "A" suffix version available in the technology indicated. 
8 Denotes "8" suffix version available in the technology indicated. 

TEXAS ." 
INSTRUMENTS 

NO. OF 

BITS 

Octal 

Octal 

Octal 

Octal 

Octal 

Octal 

Octal 

Octal 

9·Bit 

9·Bit 

10-Bit 

10-Bit 

Octal 

Octal 

9·Bit 

9·Bit 

10·Bit 

10·Bit 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

TECHNOLOGY 
0 -STO C OUTPUT TYPE ALS AS LS S VOLUME 

TTL -
3·State '374 ca 
3-5tate '574 ... 

CD 
2·51ate '273 C 
3·5tate '575 CD 
3-5tate '874 0 
3-5tate '878 
2-5tate '377 

3-5tate '534 

3-State '564 A 

3-5tate '576 

3·5tate '577 A 

3·5tate '879 A 

3·5tate '876 A 

3·5tate '825 

3·5tate '826 

3·5tate '823 

3·5tate '824 

3·5tate '821 

3·5tate 'a22 
3 & LSI 

3·5tate '29825 .. 
3·5tate '29826 .. 
3·5tate '29823 .. 
3·5tate '29824 .. 
3·5tate '29821 .. 
3·5tate '29822 .. 

1-17 



FUNCTIONAL INDEX 

LATCHES AND MUL TIVIBRATORS 

DESCRIPTION 

Dual2-Bit 

Transparent 

S-R 

DESCRIPTION 

Single 

Duat 

QUAD LATCHES 

TECHNOLOGY 

OUTPUT TVPE 
STO 

TTL 
ALS AS L 

2·$t8te '75 

2-5tate '77 

2-5t8t9 '375 

2-~tate '279 

RETRIGGERABLE MONOSlASLE MULTIVIBRATORS 

TECHNOLOGY 

TVPE 
STO 

TTL 
ALS AS LS 

'122 · · '130 · '422 • 
'123 · • 
'423 · 

O;TYPE 

OCTAL. 9-BlT. AND 10-81T READ-BACK LATCHES 

TECHNOLOGY 

LS VOLUME 

A 

L VOLUME 

• 
2 

• 

DESCRIPTION 
NO. OF 

BITS 
TYPE 

STO 

TTL 
ALS AS LS ~ 

VOLUME 

Edge-Triggered Inverting 
Octal '996 .. 

and Noninverting, 

Octal '990 • 
9-Bit '992 • ,A 

Transparent .. 

10-Bit '994 
Octal '991 • 
9~Blt '992 I-'~:O+~:'=-+--I--::-I-+--t---i 3 & LSI 

Transparent Noninvertlng 

Transparent with Clear 

True Outputs 

Transparent with Clear 

Inverting Outputs 

10-8it 

Octal 

Octal 

'994 

'S66 

'667 

• Denotes available technology . 
... DenQtes planned new products. 

• 

A Denotes ., A" suffix versio(:1 av~ilable in t"e technology indicated. 
B Denotes "B" ~uffix version ava,ilable in the technology indicated. 

1-18 

OCTAL. 9-BIT, AND 10·BrT LATCt'lES 

TECHNOLOGY 

DESCRIPTION N~.:..~F OUTPUT TYPE ~~ ALS AS lS S VOLUME 

'268 

Transparent Octal 
3-State '373 • • 
3-State '573 

Dual4-Bit 
2-State '100 

Transparent 
Octal 2-5t8te '116 

3-State '873 
3-State '533 • 

Irw8ning Transparent Octal 3-St.ate '563 A 

3-State )580 A • 
Oual4-Bit 

Inverting Transparent 
Octal 3-State '8BO 

3-,$t8t8 '604 • 
2-lnput Multiplexed Octal 

OC '605 
3-State '606 

OC 'S07 

Addressable Octal 2-5t8te '259 • 
Multi-Mode Buffered Qctal 3-State '412 

True Octat 3-State '845 • 
Inverting Octal 3-State '846 .. 
True 9-Bit 3·State '843 
Inverting 9-Bit 3-State '844 

• ·3& lSI • 
True 10-Bit ~-State '841 

Irl1lerting 10-Bi~ 3-Stat '842 

MONostABlE MULTIVIBRATORS WITH SCHMITT·TRIGGER INPUTS 

TECHNOlOGY 

DESCRIPTION TYPE ~ IALS I AS ILS I • IL VOLUME 

Single '121 • • 2 
Dual !22l • • 



DESCRIPTION 

Sign'Pl'(ltected 

Parallel-In, 

Parallel-Out, 

Bidirectional 

Parallel-In, 

Parallel-Out, 

Regrstered 

Outputs 

Parallel-In, 

Parallel-OUI 

Serial-In 

Parallel-Out 

Parallel-In, 

Serial-Out 

Serial-In, 

Serial-Out 

NO, 

OF : BITS 

X 

X 

X 

X 

X 

16 

SHIfT REGtSTIERS 

MODES 

~ ~ 9 TYPE STO 

~ TTL 

X X '322 

'198 

X X X '299 

X X X '323 

X X X '194 

X X X '671 

X X X '672 

X X '199 

',. 
'95 

'99 

X X '178 

X X '179 

'195 

'295 

'395 

X X '673 

'184 

'674 

X X "65 

X X '166 

'91 

',. 

REGISTERS 

TECHNOLOGY 

ALS AS L LS S VOLUME 
DESCRIPTION 

Sign-Protected Register 

.. 

.. DESCRIPTION 

8 Words X 2 Bits .. 
4 Words x 4 Bits 

Dual 16 Words x 4 Bits 

64 Words x 40 Bits 

. • 
DESCRIPTION 

Quadruple Multiplexers 

with Storage 

.. 8-Bit Universal Shift 

Registers 

Quadruple Bus-Buffer .. Registers 

Octal Storage Register 

Dual-Rank 8-Bit .. Shift Registers 

8-Bit Diagnosticsf 

Pipeline Registers 

SHIFT REGISTERS WITH LATCHEfi 

DESCRIPTION 

Parallel-In, Parallel-Out 

with Output Latches 

Serial-In, Parallel-Out 

with Output Latches 

Parallel-In, Serial-Out, 

with Input Latches 

ParaUel 1/0 Ports with 

Input L.atches, Multiplexed 

Serial Inputs 

NO, 

OF 
BITS 

I. 
OUTPUTS 

3-8tate 

3-5tat8 
2-State 

Buffered 

3-St8t8 

OC 

OC 
2-State 
3-State 

3-State 

• Denotes available technology . 
... Denotes planned new products. 

TECHNOLOGY 

TVPE 
ALS AS LS 

VOLUME 

'671 

'672 .. 
'673 
'594 

'595 

'598 

'599 • 
'597 • 
'566 • 
'59Q 

A Denotes "A" suffix version available in the technology indicated. 
B Denotes "B" suffix version available in the technology indicated. 

TEXAs ", 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

FUNCTIONAL INDEX 

SIGN·PROTECTED REGISTERS 

REGISTER FILES 

TECHNOLOGY • OUTPUT TVPE 
.TO 

ALS AS LS 
VOLUME C 

TTL 0 
3-State '172 "';:; 

OC '170 ca 
3-5tate '670 E 3-5tate '870 

3-State '871 
3 & LSI ... 

3-State '8834 .. LSI 0 -OTHER REGISTERS .E 
TECHNOLOGY iii 

TYPE 
.TO 

_ ALS AS L LO 0 
VOLUME ... 

TTL Q) 
'98 C 

'298 
Q) 

0 
'398 

'399 

'299 .. 
'173 A 

'396 

'963 .. 
'964 .. 

'298 8 .. 3 & LSI 

'29819 .. 
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II 
Ci') 
CD 
j 
CD ... 
!!. 
S" ... 
0 ... 
3 
Q) ... 
O· 
j 

FUNCTIONAL INDEX 

COUNTERS 

SYNCHRONOUS COUNTERS - POSITIVE-EDGE TRIGGERED 

PARALLEL 
DESCRIPTION 

LOAD 
TYPE STO 

TTL 

TECHNOLOGY 

ALS AS L LS S 
VOLUME 

Sync '160 
A 

'162 
A • Sync 

Decade 
Sync '560 A 

Sync '668 

Sync '690 

Sync '692 • 
B · Sync '168 

Async '190 

Decade Up/Down 
Async '192 

Sync '568 A 

Sync '696 
Sync '698 

Decade Rate 1 Async 

Multipler, N10 Set-to-9 
'167 

Sync '161 

A • Sync '163 

4-Bit Binary 
Sync '561 A 

Sync '669 

Sync '691 

Sync '693 

Sync '169 
B · 

Async '191 

4-8it Binary • . Up/Down Async '193 • 
Sync '569 A 

Sync '697 

Sync '699 

6-Bit Binary 1 
'97 

Rate Muttipler, N2 

8-Bit Up/Down 
Async eLR '867 

3 & LSI 
Sync CLR '869 

• Denotes available technology, 
A Denotes II A" suffix version available in the technology indicated_ 
8 Denotes "8" suffix version available in the technology indicated, 

ASYNCHRONOUS COUNTERS (RIPPLE CLOCK) - NEGATIVE-EDGE TRIGGERED 

PARALLEL 
TECHNOLOGY 

DESCRIPTION TVPE STO VOLUME 
LOAD 

TTL 
ALS AS L LS S 

Set-to-9 '90 A . · '68 

"Decade Ye, '176 

Ye, '196 • . 
Set-to-9 '290 

None '93 A . · '69 

4-Bit Binary Ye, '177 
Ye, '197 

None '293 
Dlvide-by-12 None '92 A 

None '390 
Dual Decade 

Set-to-9 '490 

Dual4-Bit Binary None '393 

8-BIT BINARY COUNTERS WITH REGISTERS 

TVPE TECHNOLOGY 

DESCRIPTION OF TVPE 
ALS AS LS 

VOLUME 
OUTPUT 

Parallel Register 3-Stat9 '590 

Outputs OC '591 

Parallel Register Inputs 2-5tate '592 

Parallel I/O 3-5tate '593 

FREQUENCY DIVIDERS, RATE MULTIPLIERS 

TECHNOLOGY 

DESCRIPTION TYPE STO 

Tn 
ALS AS LS 

VOLUME 

50-to-l Frequency Divider '56 

60-to-l Frequency Divider '57 

60-Bit Binary Rate Multiplier '97 

Decade Rate Multiplier '167 

1-20 TEXAS. 
INSTRUMENTS 
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FUNCTIONAL INDEX 

DECODERS. ENCODERS. DATA SELECTORS/MUL TIPLEXERS AND SHIFTERS 

DATA SELECTORS/MULTIPLEXERS DECODERS/DEMULTIPLEXERS 

TYPE TECHNOLOGY TYPE TECHNOLOGY 

DESCRIPTION OF TYPE STO 
ALS AS L LS S 

VOLUME DESCRIPTION OF TYPE STO 
ALS AS L LS S 

OUTPUT TTL OUTPUT TTL 

2-51a1e 'ISO . 
4-10-16 

3-State '154 · 3·State '250 DC '159 · 16-to-' 
3-State '850 3 & LSI 4-10-'0 BCD to-Decimal 2-State '42 A . • 
3-State '851 4-10-10 Excess 3-to-

DuaI8-to-' 3-State '351 Decimal 
2-51ale '43 A 

2-State '151 
4-10-10 Excess 3 Gray-

to-Decimal 
2-State '44 A 

2·51ale '152 A '131 .. 
3-10-8 with Address 

8-10-' 
3-State '251 .. Latches 2-Slate '137 

.. 
3-State '354 .. 
2·Sla!e '355 3-10-8 

2-Slate '138 

3-State '356 3-State '538 .. 
DC '357 .. 

2-State '139 
2-51ale '153 Dual 2-10-4 

A . 
2-State '155 · A 

3-State '253 
DC '156 · DuaI4-to-' 

Dual '-10-4 Decoders 3-5tate '539 .. 
2-5tate '352 

CODE CONVERTERS 

3-5tate '353 TECHNOLOGY 

3-5tate '804 
DESCRIPTION TYPE STO 

DC '605 
TTL 

Octal 2-to-' with Storage 
3-5tate '606 

6-Line-BCD to B-Line Binary, or 4-Line to 4-Llne 
'184 

BCD 9's/BCD 10's Converters 
DC '607 

2-5tate '9. 6-Bit-Binary to 6-Bit BCD Converters '185 A 

BCD-to-Binary Converters '484 A 

Quad 2-to-l with Storage 
2-5tate '298 Binary-to-BCD Converters '485 A 

2-5tate '398 

2-5tate '399 
PRIORITY ENCODERS/REGISTERS 

2-5tate "57 
TECHNOLOGY 

TYPE STO DESCRIPTION 
ALS AS LS 

2-5tate '158 
TTL 

Full BCD '147 
Quad 2-to-' 

B . Cascadable Octal '148 
3-5tate '257 

A Cascadable Octal with 3-5tate Outputs '348 

3-5tate '258 
B . 4-Bit Case ad able with Registers 

6-to-l Universal 

Multiplexer 
3-5tate '857 

• Denot~s available technology_ 
~ Denotes planned new products. 

A 

DESCRIPTION 

4-8it 5hifter 

Parallel 16-Bit 

Multi-Mode 

Barrel Shifter 

32-Bit Barrel Shifter 

A Denotes II A" suffix version available in the technology indicated_ 
B Denotes "B" suffix version available in the technology indicated. 

TEXAS ~ 
'INSTRUMENTS 
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OUTPUT 

3-5tate 

3-5tate 

3-State 

'278 

SHIFTERS 

TECHNOLOGY 

TYPE STO 

TTL 
ALS AS L 

'350 

'897 

'8838 .. 

LS S 

VOLUME 

• I: 
0 

",j:; 
C'CI 

E ... 
0 .... 
I: 

C'CI ... 
CD 
I: 
CD 

e,:, 
VOLUME 

VOLUME 

VOLUME 

LSI 
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FUNCTIONAL INDEX 

DISPLAY DECODERS/DRIVERS. MEMORY/MICROPROCESSOR CONTROLLERS. 
AND VOLTAGE-CONTROLLED OSCILLATORS 

OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS MEMORY/MICROPROCESSOR CONTROLLERS 

OFF·STATE TECHNOLOGY 
DESCRIPTION TYPE 

TECHNOLOGY 
VOLUME 

DESCRIPTION OUTPUT TYPE STD VOLUME ALS AS LS S 

VOLTAGE TTL 
ALS AS L LS System Controllers (Universal or for '888) '890 LSI 

30 V '45 • Memory 
l Transparent, 4K,16K '600 A 

BCD-to-Decimal 
60 V '141 • Refresh 

Burst Modes 64K '601 A 

15 V '145 I Cycle Steal. 4K,16K 'S02 A 
Controllers 

64K '603 7V '445 Burst Modes 

30 V '46 A Memory Cycle Controller '608 

15 V '47 A • • Memory Mappers 
3-State '612 

5.5 V '4. OC '613 

5.5 V '4S Memory Mappers 3-State '610 
LSI 

30 V '246 with Output Latches OC '611 
BCD-to-Seven-Segment 

15 V '247 Multi-Mode Latches (80BOA Applications) '412 

7V '347 I 16K. 64K, 2967 .. 
7V '447 256K '2968 ... 

5.5 V '248 Dynamic Memory Controllers I 16K, 64K '6301 .. LSI 

6.5 V '249 256K, 1 MEG '6302 .. 
OPEN COLLECTOR DISPLAY DECODERSJOmVERS WITH COUNTERS/LATCH 

TECHNOLOGY 
CLOCK GENERATOR CIRCUITS 

DESCRIPTION TVPe TECHNOLOGY STD 

TTL 

VOLUME 
ALS AS 

DESCRIPTION TYPE STD VOLUME 

BCD Counter/4-Bit Latch/BCD-to-Decimal 

Decoder/Driver 

ALS AS LS S 

BCD Counter/4-Bit 

LatchfBCD-to-Seven-Segment 

Decoder/LED Driver 

BCD Counter/4-Bit 

Latch/BCD-to-Seven-Segment 

Oecoderllamp Driver 

'142 

'143 

'144 

VOLTAGE-CONTROLLED OSCILLATORS 

DESCRIPTION TECHNOLOGY 

No.· COMP'L RANGE 'm .. TVPe 

YCOs ZOUT 
ENABLE 

INPUT' "xt MH, 
LS 

Single V" V" V., No 20 '624 

Single Ve, V" Ve, Ve, 20 '62B 
Dual No V" V" No 80 '124 

Dual V" V" No No 20 '626 

Dual No No No No 20 "627 

Dual No V's Ve, No 20 '629 

TTL 

Quadruple Complementary-Output 

Logic Elements 
'265 

Dual Pulse Synchronizers/Drivers '120 

Crystal-Controlled Oscillators 
'320 

'321 

Digital Phase-Lock Loop '297 

Programmable Frequency '292 
Dividers/Digital Timers '294 

Triple 4-lnput AND/NAND Drivers '800 

Triple 4-lnput OR/NOR Drivers '802 

Dual VCO '124 

VOLUME 

,RESULTANT DISPLAYS USING '46A, '47A, '48, '49, 'L46, 'L47, 'LS47, 'LS48, 'LS49, 'LS347 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 

RESULTANT DISPLAYS USING '246, '247, '248, '249, 'LS247, 'LS248, 'LS249, 'LS447 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 

RESULTANT DISPLAYS USING '143, '144 

• DenDtes available technology, 
"'Denotes planned new products. 

li:1 
o 2 3 4 

A Denotes" A" suffix version available in the technology indicated. 

11:-II'J\ 
5 6 7 8 9 

.. .. 
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FUNCTIONAL INDEX 

COMPARATORS AND ERROR DETECTION CIRCUITS 

4-81T COMPARATORS PARITY GENERATORS/CHECKERS, 

eRROR DETECTION AND CORRECTION CIRCUITS 

NO. TECHNOLOGY 

DESCRIPTION OF TYPE STO 
AlS AS lS 

BITS TTL 
8 '180 

8-BIT COMPARATORS Odd/Even Parity 
'280 

. 
Generators/Checkers 

DESCRIPTION TECHNOLOGY 
'286 

P>Q P<Q OUTPUT OUTPUT AS lS 3-State '636 

OC '637 
No 

3-State 16 '616 

20-k!) 
2S 

OC 16 '617 • oc 
PLlII-Up 

2S 
Parallel Error 3-5tate 16 '630 

Detection/Correction OC 16 '631 
Yes 

Circuits 3-5tate 16 '8400 • '519 
3·5tate 32 '632 A • 

OC 32 '633 • No '684 
3·5tate 32 '634 • • 

OC 32 '635 • • 
FUSE-PROGRAMMABLE COMPARATORS 

oc 
DESCRIPTION 

2-S '885 3 & LSI 
16-Bit Identity Comparator 

Logic & Anth 

Latciled P&O 

Logic & Arilh 

ADDRESS COMPARATORS 

DESCRIPTION 
OUTPUT LATCHED 

ENABLE OUTPUT 

16-6it to 4-8it 
y" 

y" 

12-8it to 4-8it 
y" 

y" 

• Denotes available technology_ 

.Denotes planned new products. 

TYPE 

'677 

'678 

'679 

'680 

12-8it identity Comparator 

'866 
8-Bit Identity Comparator 

and 4-Bit Comparator 

TECHNOLOGY 
VOLUME 

AlS AS 

A Denotes "A" suffix version available in the technology indicated. 

TEXAS ", 
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TECHNOLOGY 

TYPE STO 

TTL 
AlS AS lS 

'526 

'528 

'527 

S 
VOLUME 

II . 
3 & lSI 

C 
0 

"';:::; 
3 & LSI ctI 

E ... 
LSI 0 .... 

C 
3 & LSI 

ctI ... 
CI) 
C 
CI) 

S 
VOLUME (!) 
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FUNCTIONAL INDEX 

ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS 

PARAllEL BINARY ADDERS 

TECHNOLOGY 

DESCRIPTION TVPE .TD 

TTL 
ALS AS H LS 

1·Bit Gated '80 
2-Bit '82 

4-81t 
'83 

'283 
A 

Dual l'-8it Carry-Save '183 

ACCUMULATORS, ARITHMETIC LOGIC UNITS, 

LOOK-AHEAD CARRY GENERATORS 

TECHNOLOGY 

S 
VOLUME 

DESCRIPTION TYPE STD VOLUME 

TTL 
ALS AS LS S 

4-81t Parallel Binary Accumulators 
'281 

'6S1 

,0 

'181 

4-81t Arithmetic Logic Unitsl 
r::=-t--t--+-,:A+-t---i 3 & LSI 

'''81 
FunctIon Generators 

'381 
A 

OTHER ARITHMETIC OPERATORS 

TECHNOLOGY 

DESCRIPTION TYPE STD 

TTL 
ALS AS H L 

Quad 2-lnput Exclusive-OR 

Gates with Totem-Pole 
'86 

0 

Outputs '386 

Quad 2-lnput Exclusive-OR 

Gates with Open-Collector '136 

Outputs 
Quad 2-lnput Exclusive- '266 

NOR Gates '810 .. 
Quad 2-tnput Exclusive-NOR 

Gates with Open-Collector '811 .. 
Outputs 

Quad Exclusive ORmOR 

Gates 
'135 

4-8it True/Complement 

Element 
'87 

BIPOLAR BIT -SLICE PROCESSOR "ELEMENTS 

LS S 

A 0 

A 

0 

C» 
r+ CASCADABLE TECHNOLOGY 

o· 
::::l 

'881 A 3 & lSI 

4-81t Arithmetic Logic Unit 
'382 

with Ripple Carry 

Look-Ah ••• C.", I, 6-8't 
"82 

Generators '282 

.. .. 
32-81t 'S82 A 3 & lSI 

Quad Serial Adder/Subtractor '385 

MULTiPliERS 

TECHNOLOGY 

DESCRIPTION TYPE STD VOLUME 

TTL 

2-Bit-by-4-Bit Parallel Binary Multipliers '261 

'284 • 
4-Bit-by-4-Bit Parallel Binary Multipliers 

'285 • 

25-MHz 6-Bit Binary Rate Multipliers '97 • 

25-MHz Decade Rate Multipliers '167 • 

8-Bit x 1-8it 2's Complement Multipliers '384 

• Denotes available technology. 

"Denotes planned new products. 

ALS AS LS S 

A Denotes" A" suffix version" available in the technology indicated. 

DESCRIPTION 

8-Bit Slice 

1-24 TEXAS ." 
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TO TYPE 
ALS 

N-BITS 
AS LS S 

No '887 

Veo '888 0 

Veo '895 .. 

VOLUME 

VOLUME 

LSI 



USER·PROGRAMMABlE READ-ONL V MEMORIES (PROMsl 
STANDARD PROM. 

DESCRIPTION 

16K-Bit Arrays 

BK·Bit Arrays 

4K·Bit Arrays 

lK-Bit Arrays 

256-Bit Arrays 

TYPE 

T8P285166 

T8P385166 

T8P388166 

TBP38SA165 

TBP38SA166 

T8P345162 

TBP34SA162 

TBP24581 

TBP24SA81 

TBP28S85A 

TBP28S86A 

TBP28SA86A 

T8P38S85 
T8P38S86 
TBP38SA85 

TBP38SA86 

T8P24541 

TBP24SA41 

T8P28542 

TBP28SA42 

T8P28846 

TBP28SA46 

T8P3BS22 

T8P3BSA22 

T8P24S10 

TBP24SA10 

T8P34S10 

TBP34SA10 

T8P18S030 

TBP1BSA030 

TBP3BS030 

T8P38SA030 

ORGANIZATION 

204BW x 88 

2048W x 88 

2048W x 88 
2048W x 88 

2048W x 68 

4096W x 48 
4096W x 48 
2048W x 48 
2048W x 48 

1024W x 88 

1024W x 88 

1024W x 88 

1024W x Be 

1024W x 88 

1024W x 88 

lQ24W x 88 

1024W x 48 

l024W x 48 

512W x Be 

512W x 68 

512W x Be 

S12W x 88 

256W x 88 

256W x 88 

256W x 48 

256W x 48 

256W x 4B 

256W x 48 

32W x 88 

32W x 88 

32W x 88 

32W x 88 

LOW-POWER PROMs 

DESCRIPTION 

16K-Bit Arrays 

SK-Bit Arrays 

4K-8it Arrays 

TYPE 

TBP;2BL 166 

T8P38L165 

T8P38L166 

T8P34L162 

T8P2SL85A 

TBP28L8eA 

TBP3BL85 

TBP38LB6 

TBP2BL42 

TBP2BL46 

TBP28L22 

2K-Bit Arrays TBP28LA22 

T8P38L22 

1K-Bit Arrays TBP34Ll0 

256-8it Arrays TBP38L030 

ORGANIZATION 

2048W x 88 

2048W x 88 

2Q48W x 88 

4096W x 4B 

1024W x BB 

1024W x B8 

1024W x 88 

1024W x 88 

512W x 88 

512W x 88 

256W x 88 

256W x 88 

256W x 88 

256W x 4B 

32W x B8 

• Denotes available technology. 
A Denotes planned new products. 

TYPE 

OUTPUT 

3-State 
3-State 
3-State 

oc 
oc 

3-State 

oc 
3-State 

OC 

3-State 
3-State 

OC 

3-State 

3-State 

OC 

OC 

3·State 

OC 

,3-State 

OC 

3-State 

OC 

3-State 

OC 

3-State 

OC 

3-State 

OC 

3-State 

OC 

3-State 

OC 

TYPE 

OUTPUT 

3-State 

3-State 

3-State 

.. 

.. 

.. .. .. .. 

3-State .. 

3-State .. 

3-State 

3-State 

3-State 

3-State 

3-State 

3-State 

OC 

• .. .. 
• 

3-State .. 

3-State 

3-State .. 

MEMORIES 

VOLUME 

VOLUME 

DESCRIPTION 

16K-Bit Arrays 

DESCRIPTION 

256-Bn Arrays 

64·Bit Arrays 

16·Bil Multiple-Port 

Register File 

16·61t Register File 

Dual 64-Bit 

Register Files 

DESCRIPTION 

16)( 4 

16)(5 

A Denotes "A" suffix version available in the technology indicated. 
B Denotes "B" suffix version available in the technology indicated. 

TEXAS ." 
INSTRUMENTS 

FUNCTIONAL INDEX 

REGISTERED PROMs 

TYPE ORGANIZA nON 
TVPE 

OUTPUT 
VOLUME 

T8P34R162 4096W )( 48 3·State 

TBP34SR1S5 4096W )( 48 3·State .. 

TBP38R166 204BW )( 88 3·State 

RANDOM-ACCESS READ-WRITE MEMORIES {RAMsl 

TECHNOLOGY 

ORGANIZATION OF TVPE STD VOLUME 
ALS AS LS S 

OUTPUT TTL 

3·State '201 
256x1 

OC '301 

DC '89 

3·State '189 A B 

16 x 4 3·S1ate '219 

DC '289 

DC '319 

8 " 2 3-State '172 

DC '170 ,., 
3·S1a19 '670 

16 x 4 3-Sta19 I-c.'":~::-~+--+--+-:-l-+--l 

FIRST-IN FIRST-OUT MEMORIES (FIFOsl 

TYPE TECHNOLOGY 

OF TYPE VOLUME 
ALS AS LS 5 

OUTPUT 

3-State 222 

3-State 224 
LSI 

3·S1ale 

3·State 228 

3·Stale 232 38< LSI 

3-State 225 LSI 

3·State 229 
1--:3".5::'.,,":',,-+"2'"33:-+-'-:-+--+-+----1 3 8< LSI 

II 
t: 
o 

',;:l 
CO 
E .. 
o -t: 

~ .. ,: 
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3 m .... 
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FUNCTIONAL INDEX 

PROGRAMMABLE 

PROGRAMMABLE LOGIC ARRAYS 

DESCRIPTION INPUTS' 
OUTPUTS TYPE 

NO. TYPE NO 

Active-low 'TIBPAl16lB-15 

Impact PAL' 16 ~ 'TIBPAl16R4-15 

• Registered 'TlBPAt16RB-1S --.-- 'TISPAL leRS·1S 

Active-Low 'TIBPAL ISlSA 

• 'TIBPAL1SR4A ,. High-Performance· PAL' --.-- Registered 'TISPAl1eRSA 

-7' 'TISPAlteRSA 

Active-Low 'TISPAL 16LSA-2 

~ 'TISPAL 16R4A-2 
Half-Power PAL' ,. 

'TlBPAl16R6A·2 ~ Registered 

• 'TISPAt 18R8A·2 

Active-Low 'PAL20LSA 

High·Performance PAL' 20 ~ 
'PAL2OR4A 

~ 
Registered 'PAL20RBA , 'PAL20RSA , Active-Low ·PAL20L8A·2 

Half-Power PAL' 20 · 'PAL20R4A·2 --.-- Registered 'PAL20R6A·2 --.-- 'PAL20R8A·2 

>0 Active-Low 'TlBPAL20L 10-20 

Exclusive-OR PAL' ~ 
'TlBPAL20X4-20 

+0 Registered 'TIBPAl2QXB·20 

'TIBPAl20Xl0·20 

ActIve-low 'TIBPAl20l10-35' 

EKclusive-OR PAL' 20 ~ 
'TIBPAl20X4·35 

+a Registered 'TIBPAl20XB-35 

'nSPAl20Xl0-35 

Active-low 'TISPAlR 19l8-2 5 

Re9istered-lnput PAL" " ~ 
'TIBPAlR19R4-25 

~ Registered 'nSPAlR19R6-25 

• 'nSPAlR19R8-25 

Active-low 'TIBPALR19l8-4Q 

" ~ 
'TI8PALR19R4-40 

Registered-Input PAL' 

~ Registered 'TI8PALR19R6-4Q 

• 'TIBPALR19R8-40 

Active-Low 'TIBPALT19L8-25 

Latched-Input PAL" " ~ 
'TIBPAL T19R4-25 

~ Registered 'TIBPAl T19R6-25 

• 'TIBPAL T19R8-25 

Active-low 'TIBPAl T19LB-40 

LatcnetJ.!l'IputPAl' " ~ 
'TIBPAl T19R4-40 

• Register~d 'TI8PAl T19R6-40 

r--;;- 'TIBPAl119flB-40 

Field-Programmable 
14 

3·State 'TlFPlA839 

14 ?C 32 )( 6 LOgic Arravs OC 'TlFPlA840 

, PAL is a registered trademark of Monolithic Memories Incorporated . 

• Denotes available technology . 

.. Denotes planned new products. 

NO. OF 
ALS 'VOLUME 

"NS 

20 

20 

20 

• • 2' • • 
• 

2' • 
• 

2' 

· 
2' · 

· 2' 

· · 2' · · · 2. · · · 2. · 
2' 
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

• Package Options Include the 'AS181A in 
Compact 300-mil or Standard SOO-mil DIPs. 
The 'AS881A is Offered in 300-mil DIPS. 
Both Devices are Available in Both Plastic 
and Ceramic Chip Carriers 

• Full Look-Ahead for High-Speed Operations 
on Long Words 

• Arithmetic Operating Modes: 
Addition 
Subtraction 
Shift Operand A One Position 
Magnitude Comparison 
Plus Twelve Other Arithmetic Operations 

• Logic Function Modes 
Exclusive-OR 
Comparator 
AND, NAND, OR, NOR 
, AS881 A Provides Status Register Checks 
Plus Ten Other Logic Operations 

• Dependable Texas Instruments Quality and 
Reliability 

logic symbol 

ALU 
so 16~ 

51 lSi 

}* 10. 
52 (4) 10 
S3 13) 

M (8) 
10 

Co 
171 

Pin numbers shown are JT, JW, NT, and NW packages. 

02661, DECEMBER 19B2-REVISED AUGUST 19B5 

SN54AS181A ... JT OR JW PACKAGE 
SN54AS881A ... JT PACKAGE 

SN74AS181A ... NT OR NW PACKAGE 
SN74AS881A ... NT PACKAGE 

(TOP VIEW) 

80 Vcc 

AO Al 
53 S1 

52 A2 

51 62 

50 A3 

c n 63 

M G 
1'0 Cn +4 
f'1 p 

F2 A~B 

GND F3 

SN54AS181A, SN54AS881A ... FK PACKAGE 
SN74AS181A, SN74AS881A ... FN PACKAGE 

(TOP VIEW) 

U 

&l I~ 115 ~ ~ ,< liD 

4 3 2 2B 27 26 

S2 5 25 

S1 6 24 

SO 7 23 

NC 8 22 

Cn 9 21 

M 10 20 

FO 11 19 

12131415161718 

~NOuMCDIC-
Iu.. ,u.. z Z I u.. II 

<.:l « 
NC - No internal connection 

TYPICAL ADDITION TIMES (CL - 15 pF RL - 280 Q T A - 25°C) - - -
NUM8ER ADDITION TIMES 

OF USING 'AS881A USING 'AS181A 

BITS AND'AS882 AND 'AS882 

1 to 4 5 ns 5 ns 

5 to 8 10 ns 10 ns 

9 to 16 14 ns 14 ns 

17 to 64 19 ns 19 ns 

PRODUCTION DATA documanls' contain informalion 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~=~~i~a{::I~~e ~!:~~~ti:r :IIO:::~:t:~~ not 

PACKAGE COUNT CARRY METHOO 

USING'S181 ARITHMETIC LOOK-AHEAD BETWEEN 

AND'S182 LOGIC UNITS CARRY GENERATORS ALUs 

11 ns 1 NONE 

18 ns 2 RIPPLE 

19 ns 3 or 4 1 FULL LOOK-AHEAD 

28 ns 5 to 16 2 to 5 FULL LOOK-AHEAD 

Copyright © 1982, Texas Instruments Incorporated 

TEXAS • 
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS . 

description 

The' AS 181 A and' AS881 A are arithmetic logic units (ALU)/function generators that have a complexity 
of 75 and 77 equi.valent gates, respectively, on a monolithic chip. These circuits perform 16 binary arithmetic 
operations on two 4~bit words as shown in Tables 1 and 2. These operations are selected by the four 
function-select lines (SO, S1, S2, S3) and include addition, subtraction, decrement, and straight transfer. 
When performing arithmetic manipulations, the internal carries must be enabled by applying a low-level 
voltage to the mode control input (M). A full carry look-ahead scheme is made available in these devices 
for fast, simultaneous carry generation by means of two cascade-outputs (pins 1 5 and 17) for the four 
bits in the package. When used in conjunction with the SN54AS882 or SN74AS882 full carry look-ahead 
circuits, high-speed arithmetic operations can be performed. The typical addition times shown previously 
illustrate the little additional time required for addition of long~r words when full carry look-ahead is 
employed. The method of cascading' AS882 circuits with these ALUs to provide multilevel full carry look­
ahead is illustrated under signal designations. 

If high speed is not of importance, a ripple-carry input (en) and a ripple-carry output (en + 4) are available. 
However, the ripple-carry delay has also been minimized so that arithmetic manipulations for small word 
lengths can be performed without external circuitry. 

The' AS 181 A and' AS881 A will accommodate active-high or active-low data if the pin designations are 
interpreted as follows: 

PIN NUMBER 
Active-low data (Table 1) 

Active-high data (Table 2) 

Subtraction is accomplished by l' s complement addition where the·1 's complement of the subtrahend 
is generated internally. The resultant output is A-B-1, which requires an end-around or forced carry to 
provide A-B. 

The 'AS181A and 'AS881A can also be utilized as a comparator. The A=B output is internally decoded 
from the function outputs (Fa, F1, F2, F3) so that when two words of equal magnitude are applied at 
the A and B inputs, it will assume a high level to indicate equality (A = B). The ALU must be in the subtract 
mode with en = H when performing this comparison. The A = B output is open-collector so that it can be 
wire-AND connected to give a comparison for more than four bits. The carry output (en + 4) can also be 
used to supply relative magnitude information. Again, the ALU must be placed in the subtract mode by 
placing the function select input S3, S2, S1, SO at L, H, H, L, respectively. 

ACTIVE·LOW DATA ACTIVE-HIGH DATA 
INPUT Cn OUTPUT Cn+4 

(FIGURE 1) (FIGURE 2) 

H H A;'B A< B 
H L A<B A>B 
L H A>B A<B 
L L A<B A;'B 

These circuits have b.een designed to not only incorporate all of the designer's requirements for arithmetic 
operations, but also to provide 16 possible functions of two Boolean variables without the use of external 
circuitry. These logic functions are selected by use of the four function-select inputs (SO, S1, S2, S3) 
with the mode-control input (M) at a high level to disable the internal carry. The 16 logic functions are 
detailed in Tables 1 and 2 and include exclusive-OR, NAND, AND, NOR, and OR functions. 
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SN54AS181A. SN54AS881A. SN74AS181A. SN74AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

description (continued) 

The' A5881 A has the same pinout and same functionality as the 'A5181 A except for the P, (3, and Cn +4 
outputs when the device is in the logic mode 1M = H). 

In the logic mode the' A5881 A provides the user with a status check on the input words A and 8, and 
the ouput word F. While in the logic mode the P, (3, and Cn +4 outputs supply status information based 
upon the following logical combinations: 

P=FO+F1 +F2+F3 
G=H 
Cn +4=PCn 

FUNCTION TABLE FOR INPUT BITS EQUAL/NOT EQUAL FUNCTION TABLE FOR INPUT PAIRS HIGH/NOT HIGH 

Cn 

H 

L 

X 

X 
X 

X 

SO-S3-H. S1-S2-L. and M-H SO-S1-S3-L. 52-H. and M-H 

OUTPUTS 
DATA INPUTS 

G P Cn +4 
Cn DATA INPUTS 

OUTPUTS 

G P Cn +4 

Ao~iio A1 =81 A2=82 A3~ii3 H L H H AOorBO=l Al or B1 ~ L A2orB2=L A30rB3=L H H 

Ao~iio ;6:1 =81 A2=B2 A3=B3 H L AOorBO=L A10rBl ~ L A2ori3z=L A30rii3=L H 
AO-:l:BO X X X H H X Ao~iio~H X X X H H 

X A1 :;t:Bl X X H H X X 1\1 =81 ",H X X H H 

X X A2*B2 X H H X X X A2~ii2~H X H H 

X X X A3:;t:ib H H X X X X A3~ii3~H H H 

The combination of signals on the 53 through 50 control lines determine the operation performed on the 
data words to generate the output bits Fi. 8y monitoring the j5 and Cn +4 outputs, the user can determine 
if all pairs of input bits are equal (see table above) or if any pair of inputs are both high (see table above). 
The' A58S1 A has the unique feature of providing an A = 8 status while the exclusive-OR( (3)) function 
is being utilized. When the control inputs (53, 52, 51, 50) equal H, L, L, H; a status check is 
generated to determine whether all pairs (Ai, Bi) are equal in the following manner: 
j5 = (AO (3) 801 + (A 1 €I 81) + (A2 €I 821 + (A3 €I 83). This unique bit-by-bit comparison of the data 
words, which is available on the totem-pole P output, is particularly useful when cascading' A5881 s. As 
the A = 8 condition is sensed in the first stage, the signal is propagated through the same ports used 
for carry generation in the arithmetic mode (P and G). Thus the A = 8 status is transmitted to the second 
stage more quickly without the need for external multiplexing logic. The A = 8 open-collector output allows 
the user to check the validity of the bit-by-bit result by comparing the two signals for parity. 

If the user wishes to check for any pair of data inputs (Ai, Bil being high, it is necessary to set the control 
lines (53,52,51,50) to L, H, L, L. The data pairs will then be ANDed together and the results ORed in 
the following manner: P = AOBO+A1B1 +A2B2+A3B3. 

S3 S2 S1 SO M I p'= FO+F1 +F2+F3 I 
L H L L H I Aolio+A1B1 +A2li2+A3B3 I 
H L L H H I lAO ~ BOHIA1 E9 B1)+IA2 E9 B2)+IA3 E9 B3) I 

signal designations 

In both Figures 1 and 2, the polarity indicators (~ ) indicate that the associated input or output is active­
low with respect to the function shown inside the symbol and the symbols are the same in both figures. 
The signal designations in Figure 1 agree with the indicated internal functions based on active-low data, 
and are for use with the logic functions and arithmetic operations shown in Table 1. The signal designations 
have been changed in Figure 2 to accommodate the logic functions and arithmetic operations for the active­
high data given in Table 2. The 'A5181A and 'A5881A together with 'A5882 and '5182 can be used 
with the signal designation of either Figure 1 or Figure 2. 
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

'AS181A 'AS181A 
'AS88'1A 'AS881A 

so (61 
ALU 

SO (6) 
ALU 

S1 (5) , .. .. 15) CP 
(15) - S1 (5) ,., .1S) CP 

(15/ X 

52 (4) ,., 0.15) CG 1m G" 52 (4) ,. .151 CG mY } } 31 
53 (3\ 6(P"'Q),Q 1141 A"'B 53 131 6(P=OIQ /141 A""S 

4 ,., .15) CO 06) Cn+4 

'AS882 
CPG 

C07 122) Cn+32 

FIGURE 1 
(USE WITH TABLE 1) 

TABLE 1 

SELECTION f-__ --,~---"A"'C"TI"'V"'E-"'LO"'W"-"D"-AT!!A'-------_____1 
M = H M = l; ARITHMETIC OPERATIONS, 

53 S2 81 so LOGIC 
FUNCTIONS 

en = l 
Ino carry) 

L L L L F - A F=AMINUSl 

l l H F:AR F=ABMINUSl 

L H L F=A+8 F",AsMINUSl 

L L H H F=l F=MINUS1(2'sCOMP) 

L H L L F '" A+'B F '" A PLUS (A + Bl 

L H L H F = 8 F = A8 PLUS IA + Bl 

l H H l F '" A G> B F = A MINUS B MINUS 1 

L H H H F=A+ri' F=A+'B 

H L l l F eo AS F = A PLUS (A + B) 

H l l H F~A @B F=APLUSB 

H l H L F = B F = AS PLUS (A + B) 

H L H H F eo A + B F '" (A + BI 
H H l L F=Q F:APLUSAt 

H H L H F" As F = A8 PLUS A 

H H H L F=AB F=A~PLUSA 

HHHHF=A F = A 

F.-A 

F = AS 

F "',AS 

en =H -
(wjthcarry) 

F = ZERO 

F = A PLUS (A + 51 PLUS 1 

F = AB PLUS (A + B) PLUS 1 

F = A MINUS B 

F '" (A + HI PLUS 1 

F '" A PLUS (A + S) PLUS 1 

F'" A PLUS B PLUS 1 
F = AS PLUS (A + B) PLUS 1 

F'" (A + 8) PLUS 1 

F '" A PLUS A PLUS 1 

F = AS PLUS A PLUS 1 

F '" AH'"PLUS A PLUS 1 

F",APLUS 1 

t Each bit is shifted to the next more significant position. 

M 'SI 
!\, 17' 

A. 

SElECTION 

sa 52 51 50 

L L L L 

L L L H 

L H L 

L H H 

L H L L 

L H L H 

L H H L 

L H H 

H 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 

TEXAS " INST~UMENTS 

, .. .lS1 CO !l61 Cn+4 

CI 

'AS882 
CPO 

COl /61 fn+8 

C03 Ill! Cn +16 

C05 
(171 t!n~24 

C07 t221l:n+32 

FIGURE 2 
(USE WITH TABLE 2) 

TABLE 2 

ACTlVE·HIGH DATA 

M-H M - L; ARITHMETIC OPERATIONS 

LOGIC ~n=H en = L 

FUNCTIONS (n~ carry) (with carry) 

F=A F =A F = A PLUS 1 

F=A+B F = A+ B F = (A + BI PLUS 1 

F = AB F '" A+ B F", (A + B) PLUS 1 

F=O F = MINUS 1 (2'5 COMPLI F =·ZERO 

F=AB F'" A PLUSAB F = A PLUS AS PLUS 1 

F=B F = fA + BI PLUS As F", (A + BI PLUS AS PLUS 1 

F"'ACDB F" A MINUS e MINUS 1 F:AMINUSB 

F=A8 F '" ABMINUS t F'A~ 
F=A+B F = APLUSAB F=APLUSABPLUSl 

F=ACDe F=APLUSB F = A PLUS B PLUS 1 

F '" B F '" (A+B) PLUSAB F '" (A" + 5J PLUS AS PLUS 1 

F '" AB F = AS MINUS 1 F '" AS 

F=l F '" APLUS At F = A ~LUS A PLUS 1 

F=A+B F = (A + BI PLUS A F = (A + 8J PLUS A PLUS 1 

F=A+8 F = fA + HI PLUS A F", (A + BI PLUSAPLUS 1 

F=A F =AMINUS 1 F = A 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



logic diagram (positive logic) 
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SN54AS181A. SN74AS181A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 
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SN54AS881A. SN14AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

logic diagram (positive logic) 

S3 ..!.:(3:.:..1 ~ __ ~ 
S2 (41 
Sl (51 
SO (61 

_ (181 
B3 

A3 (191 

.. _ (20) _B2 
r­
en 
C 
(1) 

< n' 
(1) 
til 
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SN54AS181A. SN54AS881A. SM74AS181A. SN74AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Off-state output voltage (A = B output only) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Operating free-air temperature range: SN54AS181A, SN54AS881A .......... -55°C to 125°C 

SN74AS181A, SN74AS881A .............. DoC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

Vee 

VIH 

VIL 

VOH 

IOH 

IOL 

TA 

Supply voltage 

High-level input voltage 

low~level input voltage 

High·level output voltage 

High-level output current 

Low-level output current 

Operating free-air temperature 

A = B output only 

All outputs except 

A=B and G 
G 
All outputs 

except G 
G 

TEXAS • 
INSTRUMENTS 

SN54AS' 

MIN NOM 

4.5 5 
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-55 
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SN74AS' 
UNIT 

MAX MIN NOM MAX 

5.5 4.5 5 5.5 V 

2 V 

p.8 0.8 V 

5.5 5.5 V 

-2 -2 rnA 

-3 -3 rnA 

20 20 rnA 

48 48 rnA 
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SN54AS181A. SN54AS881A. SN74AS181A. SN14AS881A 
AIUTHMETI~ LOGIC UNITS/FUNCTION GENERATORS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONOITIONS 
SN54AS' SN74AS' 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee - 4.5 V. II - -18 mA -1.2 -1.2 V 

Any output 
Vee - 4.6 V to 5.5 V. IOH -

VOH except A - B 
-2 mA vCC- 2 VCC-2 V 

G Vee - 4.5 V. IOH - -3 mA 2.4 3.4 2.4 3.4 V 

IOH A-B Vee = 4.5 V. VOH - 5.5 V 0.1 0.1 mA 

Any output 
Vee - 4.5 V. IOL - 20 mA 0.3 0.5 0.3 0.5 V 

VOL except G 
G Vee - 4.5 V. IOL - 48 mA 0.4 0.5 0.4 0.5 V 

M input 0.1 0.1 

Any A or B input 0.3 0.3 
II 

Any S input 
Vee - 5.5 V. VI - 7 V mA 

0.4 0.4 

Carry input 0.6 0.6 

M input 20 20 

Any A or B input 60 60 
IIH 

Any S input 
Vee - 5.5 V. VI - 2.7 V 

80 80 
~A 

earry input 120 120 

M input -2 -2 

IlL 
Any A or B input 

Vee - 5.5 V. VI - 0.4 V 
-6 -6 

mA 
Any S input -8 -8 

Carry jnput -12 -12 

All outputs except -30 -45 -112 -30 -45 -112 
IO~ A - B and IT VCC - 5.5 V. Va - 2.25 V mA 

G -165 -16? 

l'AS1B1A 135 200 135 200 
lee Vee - 5.5 V mA I 'AS8B1A 135 210 135 210 

tAli typical values are at VCC - 5 V, TA _.25°C. 
tThe output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, lOS. 
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SN54AS181A. SN54AS881A. SN74AS181~ SN74AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

switching characteristics (see Note 1) 

VCC=5V. 

CL=15pF. VCC=4.5 V 105.5 V. 

RL = 500 Q CL = 50 pF (15 pF for A=BI. 

FROM TO TEST (2BO Q for A = BI. RL = 500 Q (2BO Q for A=BI. 
PARAMETER UN(T 

(lNPUTI (OUTPUTI CONDITIONS TA=25°C TA=MIN 10 MAX 

'AS1B1A SN54AS181A SN74AS1B1A 

'AS8B1A SN54AS881A SN74AS881A 

MIN Typt MAX MIN Typt MAX MIN Typt MAX 

tpd Cn Cn +4 5 2 7 11 2 7 9 ns 

Any 
Cn +4 

M-OV. 51 =52-0V. 
6 tpd A or B 50=53=4.5 V (iWiiii model 

2 8 14 2 8 12 ns 

Any 
Cn +4 

M=OV.50=S3=OV. 
7 tpd A orB 51 -S2 =4.5 V (liiFI'model 

2 8 20 2 8 16 ns 

Ipd Cn Any F M = 0 V (SUM or DIFF model 5 3 6 11 3 6 9 ns 

Any G M-OV.S1 S2 o V. 
Ipd A or B SO=53=4.5 V (5UM model 

4 2 5 9 2 5 7 ns 

Any G M=O V. 50~"53=0 V. 
5 2 6 12 2 6 9 Ipd 51 =52 =4.5 V (DIFF model 

ns 
A or B 

Any p M=O V. 51 =52=0 V. 
5 2 6 11 2 6 8 Ipd AcrS 50=53=4.5 V 15UM model 

ns 

Any p M=O V. 50=53=0 V. 
5 2 6 13 2 6 10 Ipd AorS 51 =52 =4.5 V IDIFF model 

ns 

Ai or Fi M=O V. 51 =52-0 V. 
5 2 5 11 2 5 8 tpd Bi 50=53=4.5 V ISOliii model 

ns 

Ai or Fi 
M=O V. 50=51 =0 V. 

12 tpd Bi 51 =S2 =4.5 V IDIFF model 
5 2 6 2 6 10 ns 

Ai or 
Fi M =4.5 V ILOGIC model 6 tpd Bi 

2 6 16 2 6 11 ns 

Any ii 
A=B 

M=O V. 50=53=0 V. 
12 4 14 26 4 14 21 tpd orB S1 =52 =4.5 V IDIFF model 

ns 

additional • AS881 A switching characteristics involving status checks (see Note 1) 

VCC=5 V. VCC=4.5 V 10 5.5 V. 

CL = 15 pF. CL=50pF. 

FROM TO TEST RL =500 Q. RL =500 Q. 
PARAMETER UNIT 

(INPUT) IOUTPUTI CONDITIONS TA=25°C TA=MIN 10 MAX 

'A5881A SN54A5881A 5N74AS881A 
MIN TYpt MAX MIN Typt MAX MIN Typt MAX 

Any 
Cn =4.5V. M=4.5 V. 

Ipd A orB 
p SO=S3=4.5 V. 51 =52=0 V. 8 2 10 19 2 10 15 ns 

Equalily IAi = iii or Ai"!!!1 

Any 
Cn -4.5 V. M-4.5 V. 

Ipd AorS Cn +4 50=53=4.5 V. 51 =52=OV. 10 2 12 24 2 12 18 ns 

Equality (Ai = Bi or AiolBi) 

Any 
Cn =4.5 V. M=4.5 V. 

tpd A orB p 52=4.5 V. 50=51 =53=0 V. 8 2 10 19 2 10 15 ns 

(Ai=Bi=H or Ai or Bi=L) 

Any 
Cn =4.5 V. M -4.5 V. 

tpd AorS Cn +4 52=4.5 V. 50=51 =53=0 V. 11 2 13 25 2 13 19 ns 

(Ai"';Si=H or Ai or Bi=L) 

r,d = tpHL or tPLH 
All typical values are at VCC = 5 V. TA = 25°C. 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1, 
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

PARAMETER MEASUREMENT INFORMATION 

SUM MODE TEST TABLE 

FUNCTION INPUTS: SO-S3-4.5 V, S1-S2-M-0 V 

OTHER INPUT 
INPUT OTHER OATA INPUTS OUTPUT 

SAME BIT 
PARAMETER UNOER UNDER 

APPLY APPLY APPLY APPLY 
TEST TEST 

4.5 V GND 4.5 V GND 

tpLH 
Ai Bi None 

Remaining 
Cn Fi 

tpHL A and B 
tpLH Si Ai None 

Remaining 
Cn Fi 

tpHL A and § 

tPLH 
Ai Si None None 

Remaining p 
tpHL A and 8, en 

tpLH Si Ai None None 
Remaining p 

tpHL A and B, Cn 

tpLH Ai None Si Remaining Remaining 
G 

tpHL B A, en 
tpLH Si None Ai 

Remaining Remaining 
G 

tpHL B A, en 
tpLH 

Cn None None All All Any F 

tpHL A B or Cn +4 

tpLH Ai None Bi 
Remaining Remaining 

Cn +4 
tPHL B A, Cn 

tpLH Si None Ai Remaining Remaining 
Cn +4 

tpHL B A, Cn 

DIFF MODE TEST TABLE 

FUNCTION INPUTS: S1-S2-4.5 V, SO-S3-M-0 V 

OTHER INPUT 
INPUT OTHER DATA INPUTS OUTPUT 

PARAMETER 
SAME BIT 

UNDER UNDER 
APPLY APPLY APPLY APPLY 

TEST TEST 
4.5 V GND 4.5 V GND 

tpLH Ai None Sj Remaining Remaining 
Fi 

tpHL A B, Cn 

tpLH Bi Ai None 
Remaining Remaining Fi 

tpHL A B, Cn 

tpLH Ai None Bi None 
Remaining p 

tpHL A and 8, en 

tpLH 
8i 

-
None None 

Remaining p Ai 
tpHL A andB, en 

tpLH Ai 8i None None 
Remaining 

G 
tpHL A and B, Cn 

tpLH 
Si None Ai None 

Remaining 
G 

tpHL A and B, en 

tpLH Ai None 8i 
Remaining remaining 

A ~ B 
tpHL A B, en 

tpLH 
Si Ai None 

Remaining Remaining 
A ~ B 

tpHL A B, Cn 

tPLH All en + 4 Cn None None None 
tpHL A and S or any F 
tpLH 

Ai Si None None 
Remaining 

Cn +4 
tpHL A, B, en 
tPLH Si None Ai None 

Remaining 
Cn +4 

tPHL A, B. en 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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In-Phase 

Out-at-Phase 
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SN54LS222. SN54LS22' SN54LS227. SN54LS228 
SN74LS222. SN74LS22' SN74LS227. SN74LS228 

16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 

• Independent Synchonous Inputs and 
Outputs 

• 16 Words of 4 Bits Each 

• 3-State Outputs Drive Bus Lines Directly 

• Data Rates from 0 to 10 MHz 

• Fall-Through Time ... 50 ns Typ 

• Data Terminals Arranged for Optimum PC 
Board layout 

• Expandable Using External Gating 

description 

These 64-bit memories are low-Power Schottky 
memory arrays organized as 16 words of 4 bits 
each. They can be expanded in multiples of 
15m + 1 words or 4n bits, or both, (where n is 
the number of packages in the vertical array and 
m is the number of packages in the horizontal 
array) however some external gating is required 
(see Figure 1). For longer words using the 
'LS224 or 'LS228, the IR signals of the first-rank 
packages and OR signals of the last-rank 
packages must be ANDed for proper 
synchronization. 

TVPE 
INPUT-READV ENABLE AND 

OUTPUT-READ V ENABLE 
OUTPUT 

'LS222 Ves 3-State 

'LS224 No 3-State 

'LS227 Ves Open-collector 

'LS228 No Open-collector 

operation 

JANUARY 1981 REVISED MARCH 1985 

SN54LS222, SN54LS227 ... J PACKAGE 
SN74LS222, SN74LS227 ... J OR N PACKAGE 

(TOP VIEW) 

OE VCC 
IRE UNCK 

IR ORE 
LDCK OR 

DO 00 
NC NC 
D1 01 
D2 02 
D3 03 

GND CLR 

SN54LS224, SN54LS228 ... J PACKAGE 
SN74LS224. SN74LS228 ... J OR N PACKAGE 

(TOP VIEW) 

OE VCC 
IR UNCK 

LDCK OR 
DO 00 
D1 01 
D2 02 
D3 03 

GND CLR 

NC - No internal connection 

For chip carrier information 
contact the factory. 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. These FIFOs are designed to process data at rates from 0 to 10 MHz in a bit-parallel format, 
word by word. Data is written into the memory on a high-to-Iow transition at the load clock input (LDCK) 
and read out on a low-to-high transition at the unload clock input (UNCK). 

The memory is full when the number of words clocked in exceeds the number of words clocked out by 
16. When the memory is full, LDCK signals have no effect. When the memory is empty, UNCK signals 
have no effect. 

Status of the FIFO memory (see timing diagram) is monitored by the input ready (IR) and output ready 
(OR) flags that indicate "not full" and "not empty" conditions. The IR output will be high only when the 
memory is not full and the LDCK input is low. The OR output will be high only when the memory is not 
empty and UNCK is high. 

A low level at the clear (CLR) input resets the internal stack control counters and also sets IR high and 
OR low to indicate that old data remaining at the data outputs is invalid. Data outputs are noninverting 
with respect to the data inputs and are at high impedance when output enable (OE) is low. OE does not 
affect the IR and OR outputs. 

Copyright © 1979, Texas Instruments Incorporated 
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II 

SN54LS222. SN54LS224. SN54LS227. SN54LS228 
SN74LS222. SN74LS224. SN74LS227. SN74LS228 
16 X 4 SYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

functional block diagram (positive logic) 

OE I1 )[IJ 
m(II)[9J 

LOCK (4)[3J 

IREJJL-t»- -------- --- - -------p. 
('LS222, 'LS227 only I .h ~ 

r--;p~~::>-+---<e=E.J 

119)[,sJ 

UNCK---1>-~=====+4=====;=!)~ 

RING COUNTER 
CTR DIV 16 

1 
WRITE 2 

ADDRESS !~ 
~+ ;~ • 9 
CT-l I. 

11 
12 
13 

l;~ 
1 

RING COUNTER 

CTR DIV 16 '"' 

READ ~::-~~ ADDRESS ~::: 
t--+-++<I> + ~ ;: . .....: 

-

16 

COMP 

f'ts-P 
Q=P+1 

P=Q+1 

-Q 

P-Q 
EMPTY 

'6 

RAM 16 X 4 

, 
'--lA -

16 ORE\!~L --!»+-_-_-_-_-_-_ -__ ++---+------+-:-r""\.----H CT-l ,g ~ 
('LS222,'LS227onlyl -k -u------------~· jj~ 1 

R IS""; I r-+--- 2A-
40 '--___ -"'6'""'i V 16 16 

~~~n-:r--~C4 ~ 
I~--__________________ ~ ~-----------------~PC5 

~~ :~:::: 
02 (8)[6J 
03 (9)[7J 

lA,SD 

"LS222 and 'LS224 have 3~state ('\7loutputs. 
'LS227 and 'LS22B have open-collector (01 outputs. 

('LS222 and 'LS227 pin numbersl 
('LS224 and 'LS22B pin numbersl 

timing diagram 

INITIALIZEILOAD 2 WORDSI UNLOAD 2 WORDS I LOAD UNTIL FULL 

CLR --.J 

I-

(3)[2J IR 

(17)['4J OR 

UNLOAD 

INPUTS 
LOCK ~ 

I I I I I I 
UNCK ----7-,--;-, .,..-u-u iii: U--

I I I, I I I I 
o XXX>O<lWl @w2IXXXXXXXXXXXlW1IXXlW2f~»W15I>01W16IXXXXXXX 

I I I' I I ..,. 
, I I I I I I I I 
I I I I I I I I I 

{

IR II:: I ~ 
I I I I 

OUTPUTS OR ___ ~i------'U1 I u----
I I I I 

00-03 INVALID I WORD 1 IWORD 21 INVALID I I WORD 1 ~~ I WORD 2 
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logic symbols t 

'LS222 

FIFO 16 X 4 

OE (1) 
CTR 

EN7 
m(l1) 

CT=O 

LOCK (4) 

IRE (2) 

UNCK 
(19) 

ORE 
(18) 

G5 

DO (51 10 

01 (7) 

02 (8) 

03 (9) 

'LS227 

FIFO 16X4 

CTR 
EN7 

.2,3 

4,5 

G5 

DO (5) 10 

0' (7) 1----------1 
02 (8) 

(9) 
03 

SN54LS222. SN54LS22~ SN54LS227. SN54LS228 
SN74LS222. SN74LS224. SN74LS227. SN74LS228 

16 X 4 ~YNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

(3) 
IR 

(17) OR 

(16) QO 

('4) 
01 

(13) 02 

(12) 03 

(3) IR 

(17) OR 

(16) QO 

(14) 
01 

(13) 02 

(12) 03 

DO (4) 

01 IS) 

02 (6) 

03 (7) 

'LS224 

FIF016X4 

eTR 

(2) 
IR 

(14) OR 

(13) QO 

(12) 01 

(11) 02 

(10) 03 

(2) 
IR 

(14) OR 

(13) QO 

(12) 01 

(11) 02 

(10) 03 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 
These symbols are functionally accurate but do not show the details of implementation; for these, see the functional block diagram. The 
symbol represents the memory as if it were controlled by a single counter whose content is the number of words stored at that time. Output 
data is invalid when the counter content is O. ' 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (See Note 1) .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: 

SN54LS222, SN54LS224, SN54LS227, SN54LS228 . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
SN74LS222, SN74LS224, SN74LS227, SN74LS228 ...................... ooe to 70°C 

Storage temperature r~nge .......................................... - 65°C to 150°C 

NOTE 1: Voltage values are wit~ respect to network ground terminal. 

II 
en 
Q) 
(,) 

'S; 
Q) 

C 
Ci) .... 
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SN54LS222, SN54LS224, SN74LS222, SN74LS224 
16 X 4 SYNCHROBIOUS FIRST-IN FIRST-OUT MEMORIES 
WITH 3-STATE OUTPUTS . 

recommended operating conditions 

SN54LS' SN74LS' 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High~level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 
Q -1 -2.6· 

10H High-level output current 
IR. OR 

rnA 
-Q.4 -0.4 

Q 12 24 
10L Low-level output current 

IR. OR 
lilA 

4 8 

LPCK high 60 60 

LDCK low 15 15 

tw Pulse duration UNCK low 30 30 ns 

UNCK high 30 30 

CLR low 20 20 

D to LDCKl 50 50 

tsu Setup time LDCKl before UNCKl 50 50 ns 

UNeK! before LDCK! 50 50 

th Hold time D frorn LDCKl 0 0 ns 

TA Operating free-air terrperature -55 125 0 70 °e II electrical characteristics over recommended operating free-air temperature range (unless othQrwise 
noted) . 

PARAMETER TEST CONPITIONS! 
SN54LS' SN74LS' 

MIN TYP* MAX MIN TYP* 

VIK VCC ~ MIN. II ~ -18 rnA -1.5 

Q Vce - MIN. 10H ~ MAX 2.4 3.3 2.4 3.4 
VOH 

IR. OR Vee - MIN.- 10H - 0.4 rnA 2.5 3.4 2.7 3.4 

VCC - MIN. 10L - 12 rnA 0.25 0.4 0.25 
Q 

Vee - MIN. 10L - 24 rnA 0.35 
VOL 

Vee - MIN. 10L -' 4 rnA 0.25 0.4 0.25 
IR. OR 

Vec - MIN. 10L - 8 rnA 0.35 

10ZH Q VCC - MAX. Vo - 2.7 V 20 

10ZL Q Vec ~ MAX. Vo ~ 0.4 V -20 

II VCC - MAX, VI - 7 V 0.1 

IIH Vee - MAX. VI - 2.7 V 20 

IlL VCC ~ MAX. VI ~ 0.4 V -0.4 

10S§ 
Q -.30 -130 -30 

I 
Vec ~ MAX. 

IR, OR -20 -100 -20 

l Outputs high 84 135 84 

lee VCC ~ MAX. I Qutputs low 87 155 87 

I Outputs disabled 89 155 89 

tFor conditions shown as MIN or MAX, use the appro~riate value specified under recommended operating conditions. 
"All typical values are at Vee ~ 5 V. TA ~ 25°C. 

MAX 

- 1.5 

0.4 
0.5 

0.4 

0.5 

20 

-20 

0.1 

20 

-0.4 

-130 

-100 

135 

155 

155 

§Not more than one output should be shorted at a time, 'and duration of the short-circuit should not exceed one second. 
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V 

V 

V 

~A 

~A 

rnA 

~A 

rnA 

rnA 

rnA 



SN54LS222. SN54LS22' SN74LS2~2. SN74LS224 
16 X 4 SYNCHRONOUS FIRST·IN FIRST· OUT MEMORIES 

WITH 3·STATE OUTPUTS 

switching characteristics. Vee 5 V. TA 

'LS222 
PARAMETER FROM TO TEST CONDITIONS 

MIN TYP MAX 

tpLH fRE! fR 23 35 

tpHL fRE! fR 9 15 

tPLH ORE! OR 22 35 

tpHL ORE! OR 9 15 

tpLH LOCK! fR 25 40 

tpHL LOCKI fR 
RL = 2 kll, 

36 50 

tpLH LOCK! OR 
CL = 15 pF, 

48 70 
See Not,,'2 

tpLH UNCKI OR 29 45 

tpHL UNCKI OR 28 45 

tpLH UNCKI fR 49 70 

tpLH CLRI fR 36 55 

tpHL CLRI OR 25 40 

tpHL LOCKI Q 34 50 

tPLH UNCKI Q RL = 667 11, 54 80 

tpHL UNCKI Q CL = 45 pF, 45 70 

tpZL OEi Q See Note 2 22 35 

tpZH OEI Q 21 35 

tpLZ OEI Q RL - 667 Il, CL .- 5 pF, 16 30 

tPHZ OEI Q See Note 2 18 30 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

schematics of inputs and outputs 

EOUIVALENT OF CLEAR AND EOUIVALENT OF 

OUTPUT READY ENABLE INPUTS OTHER INPUTS 

Vcc VCC--'--

TYPICAL OF INPUT READY AND 

OUTPUT READY OUTPUTS 

---~-VCC 

13kfl NOM l!!kfl NOM 

INPU.-,T~ ...... ~-.-

INPU.:.T_--;IIIII---<.-

'LS224 

MIN TYP MAX 
UNIT 

ns 

ns 

ns 

ns 

25 40 ns 

36 50 ns 

48 70 ns 

29 45 ns 

28 45 ns 

49 70 ns 

36 55 ns 

25 40 ns 

34 50 ns 

54 80 ns 

45 70 ns 

22 35 ns 

21 35 ns 

16 30 ns 

18 30 ns 

TYPICAL OF 0 OUTPUTS 

----,--'VCC 

• CI) 
Q) 
U 
'S; 
Q) 

C -o 
...I 

TEXAS "I 
INSTRUMENTS 

2-17 

PO~T OFFICE BOX 2250'12 • DALLAS, TEXAS 75265 



SN54LS227, SN54LS228, SN74LS227, SN74LS228 
16 X 4 SYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 
WITH OPEN·COLLECTOR OUTPUTS ' 

recommended operatin~ conditions 

SN54lS' SN74lS' 

MIN No!\'! MAX MIN NOM MAX 
UNIT 

Vcc Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level i~put voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VOH High-level output voltage Q 5.5 5.5 V 

10H High-level output current IR, OR 0.4 -0.4 

10L Low-level output current 
Q 12 24 

IR, OR 
rnA 

4 8 

LOCK high 60 60 

LDCK low 15 15 

tw Pulse duration UI\iCK low 30 30 ns 

UNCK high 30 30 

CLR low 20 20 

D to LDCKl 50 50 

tsu Setup time LDCKl before UNCKI 50 50 ns 

UNCK! before LDCK! 50 50 

th Hold time D from LOCKl 0 0 ns 

TA Operating free-air temperature 55 125 0 70 °C IJ .,.""""" ,,,, ... ct."',,, OV.' ,.",mm.nded ...,atlng ",,~.I, tomp ..... m'.n .. lunl ... o''''WI" f!! noted) 

C 
CD 
< 
C)' 
CD en 

TEST CONDITIONSt 
SN54lS" SN74lS' 

PARAMETER 
TYP* TYP* MIN MAX MIN 

VIK VCC = MIN, 11=-18mA -'1.5 

10H Q Vec - MIN, VOH - 5.5 V 0.1 

VOH IR, OR Vec - MIN, 10H - -0.4 rnA 2.5 3.4 2.7 3.4 

VCC = MIN, IOl=12mA 0.25 0.4 0.25 
Q 

Vee - MIN, 10l - 24 mA 0.35 
VOL 

0.25 VCC - MIN, 10l - 4 rnA 0.25 0.4 
IR, OR 

Vce = MIN, lOt = 8 rnA 0.35 

10ZH Q VCC - MAX, Vo - 2.7 V 20 

10Zl Q VCC - MAX, Vo - 0.4 V -20 

II Vce = MAX, VI = 7 V 0.1 

IIH Vec - MAX, VI - 2.7 V 20 

III Vec - MAX, VI - 0.4 V -0.4 

10S§ IR, OR VCC = MAX -20 -100 -20 

L Outputs high 84· 135 84 

ICC VCC = MAX I Outputs low 87 155 87 

I Outputs disabled 89, 155 89 

tFor conditions shown as MIN or MAX, use th~ appropriate value specified under recommended oper~ting condition's. 
*AII typical values are at VCC = 5 V, TA = 25°C. . 

MAX 

-1.5 

0.1 

0.4 

0.6 

0.4 

0.5 

20 

-20 

0.1 

20 

-0.4 

-100 

135 

155 

155 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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V 

rnA 

V 

V 

~A 

~A 

mA 

~A 

rnA 

mA 

rnA 



SN54LS227, SN54LS228, SN74LS227, SN74LS228 
16 X 4 SYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

WITH OPEN·COLLECTOR OUTPUTS 

switching characteristics, Vee = 5 V, TA = 25°e 

'LS227 
PARAMETER FROM TO TEST CONDITIONS 

'LS228 

MAX 
UNIT 

tpLH IRE! IR 

tpHL IREI IR 

tpLH ORE! OR 

tpHL OREI OR 

tPLH LOCKl IR 

tpHL LOCK! IR 
RL = 2 kn, 

tPLH LDCK! OR 
CL=15pF, 

See Note 2 
tPLH UNCK! OR 

tpHL UNCK! OR 

tpLH UNCK! IR 

tpLH CLRl IR 

tpHL CLRl OR 

tpHL LOCKl Q 

tPLH UNCK! Q RL = 667 n, 
tpHL UNCK! Q CL = 45 pF, 

tpLH DE! Q See Note 2 

tpHL DE! Q 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 

schematics of inputs and outputs 

EQUIVALENT OF CLEAR AND 

OUTPUT READY ENABLE INPUTS 

VCC----t--

13 kn NOM 

INPU:.:T~-:III--+_ 

EQUIVALENT OF 

OTHER INPUTS 

Vcc--..... --
19 kn NOM 

INPUT .. 
y' 

MIN TYP MIN TYP MAX 

23 35 ns 

9 15 ns 

22 35 ns 

9 15 ns 

25 40 25 40 ns 

36 50 36 50 ns 

48 70 48 70 ns 

29 45 29 45 ns 

28 45 28 45 ns 

49 70 49 70 ns 

36 55 36 55 ns 

25 40 25 40 ns 

34 50 34 50 ns 

54 80 54 80 ns 

45 70 45 70 ns 

21 30 21 30 ns 

20 35 20 35 ns 

TYPICAL OF INPUT READY AND TYPICAL OF Q OUTPUTS 

OUTPUT READY OUTPUTS 
Vee 

OUTPUT 

-~ 

• U) 
CD 
U oS; 
CD 
Q 
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II 
r 
~ 
c 
CD 
< c;' 
CD 
fA 

SN54LS222. SN54LS22, SN54LS227. SN54LS228 
SN74LS222. SN74LS224. SN74LS227. SN74LS228 
16 X 4 SYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 

lOAD 
ClK 

INPUT 
READY 

- ...to. 
..... 

-

...t::. 
..... ... 
-

...t::. 
-"'-... 
I--

l..I:::=o 

" ~ 
5V-

CLR 

LDCK 

IR 

"RE 

DO 

01 

02 

03 

ClR 

LDCK 

IR 

IRE 

DO 

01 

02 

03 

CLR 

LDCK 

IR 

IRE 

DO 

01 

02 

03 

CLR 

LDCK 

IR 

IRE 

OO 

01 

02 

03 

TYPICAL APPLICATIONS INFORMATION 

L ~ OE 

~ 
CLR OE ~ CLR 

OR t-l2.!!!.t ..... LDCK OR ~ LDCK 

UNCK IR UNCK 
J 

IR 

ORE ~5V - IRE ORE !-+-SV - IRE 

QO DO 00 DO 

01 01 01 01 

02 02 02 02 

03 03 03 03 

l ClR L ClR DE -+SV DE f-+SV 

OR OPEN .,..J::::o ~ lDCK OR OPEN ~>LDCK 
UNCK IR UNCK IR 

ORE -4-5 V - IRE ORE r-+- 5V - IRE 

00 DO 00 DO 

01 01 01 01 

Q2 02 02 02 

03 03 Q3 03 

OE ...... 5V L ClR DE ...... 5V L CLR 

OR OPEN ~ ~ LOCK OR OPEN ~ > LOCK 

UNCK IR UNCK IR 

ORE --+-6V - - IRE ORE --+--5V - IRE 

00 DO 00 DO 

01 01 01 01 

02 02 02 02 

03 03 03 03 

L l DE f+5V CLR DE r+ 5V ClR 

OR OPEN --I:::. >LDCK OR OPEN LJ::.. > LOCK 

UNCK IR UNCK IR 

ORE f-'4-6V- IRE ORE f-+-5V~ IRE 
r-

00 DO QO DO 

01 01 Q1 01 

02 02 02 02 

03 03 03 03 

FIGURE 1. 46-WORD BY 16-BIT EXPANSION USING 'LS222 

11 '." II " Noninverting delay" 1 0 ns (e.g., 2 stages of 'LS041. 2 places . 
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OE 

OR 

UNCK 

ORE 

00 

Q1 

02 

03 

DE 

OR 

UNCK 

ORE 

00 

Q1 

02 

03 

DE 

OR 

UNCK 

ORE 

00 

Q1 

02 

03 

.OE 

OR 

UNCK< 

ORE 

00 

01 

02 

03 

-E 
OUTPUT 

NABlE 

UNLOAD 
ClK 

--+-< 

... 
~ 

~ 
i-

~ 

~ 
I-

~ 

.. 
-
--4-
-4-5 V 

-
OUTPUT 
READY 



SN14S225 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORY 

• Independent Asynchronous Inputs and 
Outputs 

• Organized as 16-Words of 5 Bits 

• DC to 10-MHz Data Rate 

• 3-State Data Outputs 

• 20-Pin, 300-mil, High-Density Package 

description 

This SO-bit active-element memory is a 
monolithic Schottky-clamped transistor­
transistor logic (STTL) array organized as 16 
words of five-bits each. A memory system using 
the SN74S225 can easily be expanded in 
mUltiples of 16 words or of 5 bits as shown in 
Figure 2. The three-state outputs controlled by 
a single enable, OE, makes bus connection and 
multiplexing easy. 

operation 

D1733. SEPTEMBER 1976-REVISED SEPTEMBER 1985 

SN74S225 ••. J OR N PACKAGE 

(TOP VIEW) 

ClK A VCC 
fR ClK B 

UNCK OUT CLR 
DO OR 
D1 UNCKfN 
D2 00 
D3 01 
D4 02 
OE 03 

GND 04 

A FIFO is a memory storage device that allows data to be written into andlor read from its array at 
independent data rates. The 'S225 FIFO will process data at any desired clock rate from DC to 10 MHz. 
The data is processed in a parallel format, word by word. 

Reading or writing is done independently utilizing separate asynchronous data clocks. Data may be written 
into the array on the low-to-high transition of either load clock input. Data may be read out of the array 
on the low-to-high transition of the unload clock input (normally high). Writing data into the FIFO may 
be accomplished in one of two manners: 1) In applications not requiring a gated clock control, best results 
will be achieved by applying the clock input to one of the clocks while tying the other clock input high. 
2) In applications needing a gated clock, the load clock (gate control) must be high in order for the FIFO 
to load on the next clock pulse. The clock A and B inputs can be used interchangeably for either clock 
gate control or clock input. 

Status of the 'S225 is provided by three outputs. Input ready monitors the status of the last word location 
and signifies when the memory is full. This output is high whenever the memory is available to accept 
any data. The unload clock output also monitors the last word location. This output generates a low-Iogic­
level pulse (synchronized to the internal clock pulse) when the location is vacant. The third status output, 
output ready, is high when the first word location contains valid data and unload clock input is high. When 
unload clock input goes low, output ready will go low and stay low until new valid data is in the first word 
position. The first word location is defined as the location from which data is provided to the outputs. 

The data outputs are non inverted with respect to the data inputs and are three-state with a common control 
input, output enable. When output enable is low, the data outputs are enabled to function as totem-pole 
outputs. A high-logic-level forces each data output to a high-impedance state while all other inputs and 
outputs remain active. 

The clear input invalidates all data stored in the memory array by clearing the control logic and setting 
output ready to a low-logic-level on the high-to-Iow transition of a low-active pulse. 

Copyright © 1979, Texas Instruments Incorporated 
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II 

SN74S225 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORY 

TABLE 1 INPUT FUNCTIONS 

Input Pin Description 

ClK A 1 load Clock A 

DO-D4 4-8 Data Inputs 

OE 9 Output Enable 

UNCKIN 16 Unload Clock 

ClR 18 Clear 

ClK 8 19 load Clock B 

GND 10 Ground pin 

VCC 20 Supply Voltage 

schematics of inputs and outputs 

EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 

vCC-----------1-------.--

INPUT - ..... --tll----t----I 

logic symbol t 

ClK A (1) 
elK B(19) 

00(4) 
01 (5) 
02(6) 
03(7) 
04(8) 

3-

40 

FUNCTION TABLES 

TABLE 2 OUTPUT FUNCTIONS 

Output Pin Description 
IR 2 Input Ready 

UNCK OUT 3. Unload Clock 

Q4-DO 11-15 Data Outputs 

OR 17 Output Ready 

EQUIVALENT OF DATA INPUTS TYPICAL OF ALL OUTPUTS 

VCC ----_--- -------~--VCC 

INPUT 

OUTPUT 

FIFO 16X5 

2 (3)UNCKOUT 

5.2 (2)'R 

1.3 (17)OR 
CTR 

CT<16 G2 
CT>O G3 

2+ 

1-1"1- C4 
2 Z5 

(15)00 6<;7 
(14)01 
(13)02 
(12)03 
(11)04 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617.-12 . 

. . 
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functional block diagram 

"' .. ~ 
'i :; 
MN 

"'''' co( 
Irw 
0::;: 
3:ii\ 

8 

SN74S225 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST· OUT MEMORY 

J!! 
o(~ 
1-1-
0(::1 
co 
/I 

~ 

8 Ci a a ~ I~ Ir 
Uz z-

0 ::I 

"'-Ijj]j E ~ <tOl\tMN.- m ................ -w----
~ 1 
'" 1 

1 
I 
1 
I 
1 
1 
1----
1 
1 
1 
1 
1 
1----
1 
1 
I 
1 
1 
1 
1----
I 
1 
1 
1 
I 

• U) 
Q) 
() 
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Q) 
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II 
r­en .-
c 

SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT M~MORY 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (!lee Note 1) . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. 7 V 
Input voltage .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature r'lnge ......................................... - 65 °e to 150 0 e 

NOTE 1: All voltage values are with respect to network ground terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

vee Supply voltage 4.75 5 5.25 V 

VIH High·level input: voltage 2 V 

Vil Low-level input voltage 0.8 V 

Q outputs -6.5 
IOH High-level output current mA 

All other outputs ~3.2 

Q outputs 16 
10l Low-level output current mA 

All other outputs 8 

elK A or elK B (highl 25 

tw Pulse duration UNCK IN !lowl 7 ns 

ClR (Iowl 40 

tsu 
Data (See Note 21 -20 

Setup time before ClK AI or ClK Bt ns 
ClR inactive 25 

th Hold time after ClK At or Cll< Bt 70 ns 

TA Opera~ing free-air temperature (j 70 °C 

CD NOTE 2: Data must be setup vvithin 20 ns after the load clock positive transition. 

< 
~. electrical characteristics over reco!T!mended operating free-air temperature range 
en (unless otherwise noted) . " 

PARAII!1ETER TEST CONDITIONS 

VIK VCC '" 4.75 V, II = -18 mA 

Q Vee = 4.75 V, IOW= -6.5.rnA 
VOH 

All others Ycc = 4.75 V, IOH = -3.2 mA 

Q VCC = 4.7p V, IOl = Iii mAO 
VOL 

All others Vec = 4.75 V, IOl =8 mA 

IOZH Vec = 5.25 V, Vo = 2.4 V 

IOZl Vce = 5.25 V, Vo = 0.5 V 

II VCC = 5.25 V, VI = 5.5 V 

Data '. 
IIH 

All others 
VCC = 5.25 V, VI = 2.7 V 

III 
Data 

All others 
VCC = 5.25 V, VI = 0.5 V 

IOS~ VCC = 5.25 V, Vo = 0 V 

ICC Vce = 5.25 V, (See Note·31 

tAli typical values are at VCC = 5 V, TA = 25°C. 
*Duration of the short circuit should not exceed one second. 
NOTE 3: ICC is measured with all inputs grounded and the output open. 

2-24 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 226012 • 'OALLAS, TeXAS 75265 

MIN 

2.4 

2.4 

-30 

Typt MAX UNIT 

-1.2 V 

2.9 
V 

2.9 

0.35 0.5 
V 

0.35 0.5 

50 ~A 

-50 ~A 

1 mA 

40 

25 
~A 

-1 

-0.25 
rnA 

-100 mA 

80 120 mA 



SN74S225 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORY 

sWitching characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

PARAMETERSt FROM 

fmax ClK A 

fmax ClK B 

fmax UNCK IN. 

tw UNCK OUT 

tdis 
OE 

ten 

tplH 
UNCK IN 

tpHl 
ClK A 

tPlH or 

ClK B 

tplH 
UNCK IN 

tpHl 

tpHl ClR 

ClK A 

tpHl or 

ClK B 

tpHl UNCK IN 

ClK A 

tpHl or 

ClK B • 

tPlH UNCK IN 

tplH ClR 

tPlH aRt 

t fmax == maximum clock fre'quency 
tw '" pulse width (output) 

TEST 
TO 

CONDITIONS 
MIN 

10 

Cl ~ 30 pF, 10 

See Note 4 10 

7 

Any Q 
Cl ~ 5 pF 

Any Q 

OR 

OR 

OR 

UNCK OUT 
Cl ~ 30 pF, 

See Note 4 

UNCK OUT 

IR 

IR 

IR 

Any Q 

Typi MAX UNIT 

20 MHZ 

20 MHz 

20 MHz 

14 ns 

10 25 

25 40 
ns 

50 75 

50 75 
ns 

190 300 ns 

40 60 
ns 

30 45 

35 60 ns 

25 45 ns 

270 400 ns 

55 75 ns 

255 400 ns 

16 35 ns 

10 20 ns 

t 1 == The arrow indicates that the low-ta-high (t) or high-ta-Iow (1) transition of the output ready (OR) output is used for reference. 
tplH '" propagation delay time, low-to-high-Ievel output. 
tpHl '" propagation delay time, high-to-Iow-Ievel output. 

tAil typical values are at VCC ~ 5 V, TA ~ 25°C. 
NOTE 4: Load circuit and voltage waveforms are shown in Section 1. 

• 
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SN74S225 
16 x 5' ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORY 

TYPICAL WAVEFORMS FOR A 16·WORD FIFO 

I CLR LJ 
CLKA ~~ ,...r"l~.---------/ 

INPUTS CLK B ~ ,...r"l'-------------41 
o _ORD2(JI:~3:: 

UNCK IN ~ I I U U I 

OUTPUTS{"~':~ ~ 
o ----------:WOROl WOROl IWORD2 IWORD3 i 

--------- lOAD' UNLOAD 
WORD 3-15 WORD 1 

..-,~--­
'WORD 16 

I I I I I I II I I I I I I I 

CLOCK 

NC 

5BIT{ DATA ' 
IN 

IR -

NC 

5BIT{' 
DATA 

IN 

CLEAR LOAD LOAD LOAD UNLOAD UNLOAD UNLOAD 
WORD 1 WORD 2 WORD 16 WORD 2 WORD 3-15 WORD 16 

~ CROSS HATCHING INDICATES IRRELEVANT INPUT CONOITIONS 

FIGURE 1_ TYPICAL WAVEFORMS FOR A 16·WORD FIFO 

(HIGHI- CLKB (HIGHI- !>CLK B (HIGHI- !>CLK B 
OR 

CLKA OR CLKA OR CLKA 

UNCK UNCK UNCK UNCK UNCK UNCK 
OUT IN OUT IN OUT' IN 

-IR NC- IR NC- IR 

"0 00 DO 00 DO 00 

01 01 01 01 01 . 01 

02 02 02 02 02 02 

03 a3 03 03 03 03 
04_' _ 

CLR OE04 . 04CiJi OE 04 D4CiJi 0E04 

1 1 --qi ~ I ~ 
CLR OE CLR DE CLR OE 

(HIGHI >CLK B (HIGHI- >CLK B' (HIGHI- >CLKB 

CLKA 
OR 

CLKA OR OR CLKA 

UNCK UNCK UNCK UNCK g~~K UN~~< 
OUT IN OUT IN 

-IR NC-IR NC-IR 

DO 00 DO DO DO 00 

01 01 01 01 01 01 

02 02 02 il2 02 02 

03 03 03 03 03 03 

04 04 D4 04 04 04 

'J.J- OR 

'--

--
--
--

I--

f---
t---
f---
f---
f---

UNCKIN 

10 -BIT 
ATA 
UT 

>0 
0 

FIGURE 2, EXPANDING THE 'S225 FIFO (4B WORDS OF 10 BITS SHOWN) 
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SN'54ALS229A. SN74ALS229A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 

• Independent Asychronous Inputs and 
Outputs 

• 16 Words by 5 Bits Each 

• Data Rates from 0 to 30 MHz 

• Fall-Through Time . , . 24 ns Typ 

• 3-State Outputs 

description 

These 80-bit memories utilize Advanced Low­
Power Schottky technology and feature high 
speed and fast fall-through times. They are 
organized as 16 words by 5 bits each. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array 
at independent data rates. These FIFOs are 
designed to process data at rates from a to 25 
megahertz in a bit-parallel format, word by word. 

Data is written into memory on a low-to-high 
transition at the load clock input (LOCK) and is 
read out on a low-to-high transition at the unload 
clock input (UNCK). The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LOCK signals will have no effect. When 
the memory is empty, UNCK signals have no 
effect. 

Status of the FIFO memory is monitored by the 
FULL, EMPTY, FULL - 2, and EMPTY + 2 output 
flags. The FULL output will be low whenever the 
memory is full, and high whenever not full. The 
FULL - 2 output will be low whenever the 
memory contains 14 data words. The EMPTY 
output will be low whenever the memory is 
empty, and high whenever it is not empty. The 
EMPTY + 2 output will be low whenever 2 words 
remain in memory. 

D2876, MARCH 1986-REVISED APRIL 1986 

SN54ALS229A , .. J PACKAGE 
SN74ALS229A ... OW OR N PACKAGE 

(TOP VIEW) 

DE VCC 
FULL - 2 EMPTY +2 

FULL UNCLK 
LDCK EMPTY 

DO 00 
D1 01 
D2 02 
D3 03 
D4 Q4 

GND RST 

SN54ALS229A ... FK PACKAGE 
SN74ALS229A ... FN PACKAGE 

4 

5 

6 

(TOP VIEW) 

N 
+ 
>­
~ ua. 

w u::;; 
o>w 

3 2 1 20 19 

9 1011 1213 

18 

17 

16 

15 

14 

A low level on the reset input (fiST) resets the internal stack control pointers and also sets EMPTY low 
and sets FULL, FULL - 2, and EMPTY + 2 high. The Q outputs are not reset to any specific logic level. The 
first low-to-high transition on LOCK, after either a RST pulse or from an empty condition, will cause EMPTY 
to go high and the data to appear on the Q outputs. It is important to note that the first word does not 
have to be unloaded. Data outputs are non inverting with respect to the data inputs and are at high impedance 
when the output enable input (OE) is low. OE does not affect the output flags. Cascading is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 

PRODUCTION DATA documents contain information 
eurrent as of ,Publication date. Products conform to 
these specifications per the terms of Texas 
Instruments standarif warranty. Production 
processing does not necessarily include testing of all 
parameters. 
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SN54ALS229A, SN74ALS229A 
16x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

logic symbol t 

FIFO 16X 5 

CTR 

RST ICT=16)G1 FULL 

FULL-2 

LOCK 
(4) 

11+/C2) EMPTY+2 

UNCK 
(18) 

3- EMPTY 

OE 
(1) 

EN4 

DO 
15) 

20 
(16) 

QO 

01 
(6) (15) 

Q1 

02 
(7) (14) 

Q2 

03 
(8) (13) 

Q3 

04 
(9) (12) 

Q4 

t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and lEG Publication 617-12. The symbol is functionally accurate but 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled 
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (eT) is O. 
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SN54ALS229A, SN14ALS229A 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

logic diagram (positive logic) 

aE tIl 

UNCK 

RST ..;t-'-";.;.I _____________ t 

16 16 

o 

COMP p-or-----+--------. 

P=O+2 1--.... --1 

P=Q-2 

RING COUNTER 
CTR alv 16 

5 

6 

WRITE 
ADDRESS 10 

11 
12 
13 

" 15 
16 

RING COUNTER 
eTR DIV 16 1 

2 
3 

• 
5 

READ 
ADDRESS B 

10 
11 

12 
13 

CT"'1 I. 
15 

16 

16 

RAM16X 5 

t171 EMiiTv 

131 
FULL 

t21 'Fl:iIT=2 

tlBI EMPTV+2 

• 
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SN54ALS229A, SN74ALS229A 
16x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

timing diagram 

00-03 I WORD 1 WORD 1 OR WORD 
4 

EMPTY I 
EMP'fY+2 ~ LJ I 

fulL 
I ~ Flii:i:=2 I 

I I LJ I ~ 
I I I 

INITIALIZE LOAD UNLOAD EMPTY FULL 
POINTERS W1 W2 • absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee .................................................... ; . . .. 7 V 
Input voltage ............................................ ~ . . . . . . . . . . . . . . . .. 7 V 
Voltage applied to a disabled 3-state output. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature r·ange:. SN54ALS229A ..................... - 55 DC to 125 DC 

SN74ALS229A ......................... oDe to 70 De 
Storage temperature range ......................................... - 65 DC to 150 DC 

recommended operating conditions 

SN54ALS229A SN74ALS229A 

MIN NOM MAX NOM 
UNIT 

MIN MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voitaga 2 2 V 

Vil Low-Ieval input voltage 0.8 0.8 V 

IOH High~level o·utput current 
Q outputs -1.0 -1.6 
Status flags -0.4 

rnA 
-0.4 

Q outputs 12 24 
IOL Low-level output current rnA 

Status flags 4 8 
LDCK Q 25 0 30 

fclock Clock frequency MHz 
UNCK 0 25 0 30 

'lIST low 20 15 

LDCK low 15 10 

tw Pulse duration LDCK high 25 20 ns 

UNCK low 15 10 

UNCK high 25 20 

I Data before LDCK; 10 10 
tsu Setup time I RSi' (inactive) before LDCKt 5 5 

ns 

th Hold time I Data after LOCK; 5 5 ns 

TA Operating free-air temperature -55 125 0 70 DC 
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SN54ALS229A, SN74ALS229A 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54AlS229A SN74ALS229A 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK VCC = 4.5 V, II = -18 rnA -1.2 -1.2 V 

Status flags VCC = 4.5 V to 5.5 V, 10H = -0.4 rnA VCC- 2 VCC-2 

VCC = 4.5 V, 10H = -1 rnA 2.4 3.3 
VOH a outputs V 

Vcc = 4.5 V, 10H = -2.6 rnA 2.4 3.2 

Vcc = 4.5 V, 10L = 12 rnA 0.25 0.4 0.25 0.4 
Q OUtputs 

Vcc - 4.5 V, 10l = 24 rnA 0.35 0.5 
VOL V 

Vcc '" 4.5 V, 10L = 4 rnA 0.25 0.4 0.25 0.4 
Status flags 

VCC - 4.5 V, 10l - 8 rnA 0.35 0.5 

10Zl-! VCC = 5.5 V, Vo = 2.7 V 20 20 ~A 

10Zl VCC = 5.5 V, Va = 0.4 V -20 -20 ~A 

II VCC = 5.5 V, VI = 7 V 0.1 0.1 rnA 

IIH VCC = 5.5 V, VI = 2.7V 20 20 ~A 

IlL VCC = 5.5 V, VI = 0.4 V -0.2 -0.2 rnA 

lOt VCC = 5.5 V, Va = 2.25 V -30 -112 -30 -112 rnA 

ICC VCC = 5.5 V 95 150 95 140 rnA 

t All typical values are at VCC = 5 V, T A = 25°C. 
t The output conditions have been chosen to produce a current that closely approximates one half of the true short~circuit output current, lOS. 

switching characteristics (see Note 1) 

Vcc - S V, VCC - 4.S V to S.5 v, 
Cl - so pF, Cl - 50 pF, 

FROM TO 
R1 - sod 0, R1 - sao 0, 

PARAMETER 
(OUTPUT) 

R2 - 500 0, R2 - 500O, UNIT 
(INPUT) 

TA = 2S oC TA - MIN to MAX 

'AlS229A SN54AlS229A SN74AlS229A 

MIN TYP MAX MIN MAX MIN MAX 

LOCK 25 30 
fmax MHz 

UNCK 25 30 

tpd 'LOCKt Any Q 24 47 7 54 7 50 ns 
tod UNCKt Any Q 19 29 9 35 9 33 ns 

tpLH LOCKt EMPTY 18 26 9 32 9 30 ns 

tpHl UNCKt EMPTY 18 25 9 32 9 29 ns 

tpHl RSn EMPTY 15 21 6 26 6 24 ns 

tpd LOCKt EMPTY +2 23 33 10 40 10 38 ns 

tpd UNCKt EMPTY + 2 20 29 9 38 9 35 ns 

tpLH RSn EMPfY+2 20 28 9 35 9 33 ns 

tpd LOCKt FUll-2 23 33 10 40 10 38 ns 

tpd UNCKt FUlL- 2 20 29 9 38 9 35 ns 

tpLH RSn FULL-2 20 28 9 3S 9 33 ns 

tpHL LOCKt FULL 21 28 10 35 10 33 ns 

tPLH UNCKt FULL 17 23 8 29 8 27 ns 

tPLH RSn FULL 18 27 8 33 8 31 ns 

ten OEt Q 8 13 1 16 2 1S ns 

tdis OE. Q 8 14 2 20 2 17 ns 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

• Independent Asynchronous Inputs and 
Outputs 

• 16 Words by 4 Bits Each 

• Data Rates From 0 to 30 MHz 

• Fall· Through Time ... 24 ns Typ 

• 3-State Outputs 

description 

These 64-bit memories use Advanced Low­
Power Schottky technology and feature high 
speed and fast fall-through times. They are 
organized as 16 words by 4 bits each. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array 
at independent data rates. These FIFOs are 
designed to process data at rates from D to 25 
megahertz in a bit-parallel format, word by word. 

Data is written intO memory on a low-to-high 
transition at the load clock input (LOCK) and is 
read out on a low-to-high transition at the unload 
clock input (UNCK). The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LOCK signals have no-effect on the data 
residing in memory. When the memory is empty, 
UNCK signals have no effect. 

02876, OCTOBER 1985-REVISEO APRIL 1986 

SN54ALS232A ... J PACKAGE 
SN74ALS232A ... 0 DR N PACKAGE 

(TOP VIEW) 

DE VCC 
FULL UNCK 

LOCK EMPTY 
00 ao 
01 a1 
02 a2 
03 a3 

GNO R5T 

SN54ALS232A ... FK PACKAGE 
SN74ALS232A ... FN PACKAGE 

5 

6 

01 
8 

(TOP VIEW) 

l:::l uG 
::J W u uz 
u.OZ>::J 

3 2 1 2019 

9 1011 1213 

M 0 U II- M ozzooO 
(!l a: 

18 

17 

16 

15 

14 

NC - No internal connection. 

EMPTY 

ao 
NC 
a1 
a2 

Status of the FIFO memory is mOnitored by the FULL and EMPTY output flags. The FULL output will be 
low when the memory is full, and high when the memory is not full. The EMPTY output will be low when 
the memory is empty, and high when it is not empty. 

A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low 
and sets FULL high. The outputs are not reset to any specific logic levels. The first low-to-high transition 
on LOCK, either after a RST pulse or from an empty condition, will cause EMPTY to go high and the data 
to appear on the Q outputs. It is important to note that the first word does not have to be unloaded. Data 
outputs are non inverting with respect to the data inputs and are at high impedance when the output-enable 
input (OE) is low. OE does not affect either the FULL or EMPTY output flags. Cascading is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 

PRODUCTION DATA documonts .0n18ln information Copyright @ 1984, Texas Instruments Incorporated 
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SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

logic symbol t 
FIFO 16X4 

CTR 

RsT 
LDCK 1(+/C21 (CT=16IG1 

(21 
FUll 

UNCK 3- (CT~0IG3 
(141 EriiPTY 

OE 

DO 4<;7 
(131 

00 

01 
(51 (121 

01 

02 
(61 (111 02 

03 (71 1101 03 

tThis symbol is in accordance with ANSI/IEEE Standard 91 ~1984 and lEe Publication 617-12. The symbol is functionally accurate but 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled 
'by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (eTI is O. 

logic diagram (positive logic) 
OE~(~II----i~o-------____________________________________________ -, 

RING 
COUNTER 

CTR DIV 161 
2 
3 
4 
5 
6 
7 

WRITE ~ 
ADDRESS 10 

11 
12 

CT'1 13 

L4-------------,HH~>+ 

14 
15 
16 

MY ~19::1 ____________ _+ READ 
ADDRESS 

~-------+++~CT=1 

16 
16 COMP 

P=Q~~-------~~ 

16 

RAM 16 X4 

P ~ __ ~L-~ __ - _________ ~(1~4~1 EMPTY 

Q 

P=Q-l p....---------<:l b-_~~~------------~(~2~1 FULL 

Pin numbers shown are for D, J, and N packages. 
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timing diagram 

LOCK 

UNCK 
I 

SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 

00-03 ~~~~·Ir----W-O-R-D-,--~u-----'r----~'~~~·'----------W-OR-D-'----~----'~~~~~~,~~ 

~ __ ~ __ ~r-----------7---------~~r---------------~---------------­
I 
I 

FULL L--J 
I 

INITIALIZE LOAD 
POINTERS WI 

UNLOAD 
W2 

EMPTY FULL 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, Vee __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS232A .................... - 55°C to 125°C 

SN74ALS232A ......................... ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

SN54ALS232A SN74ALS232A 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

Q outputs -1 -1.6 
IOH High-level output current mA 

FULL, EMPTY -0.4 -0.4 

IOL 
Q outputs 12 24 

Low-level output current mA 
FULL, EMPTY 4 8 

LOCK 0 25 0 30 
fclock Clock frequency MHz 

UNCK 0 25 0 30 

RST low 20 15 

LOCK low 15 10 

tw Pulse duration LOCK high 25 20 ns 

UNCK low 15 10 

UNCK high 25 20 

Data before LOCK! 10 10 
tsu Setup time ns 

RST (inactive) before LOCK! 5 5 

th Hold time Data after LOCK! 5 5 ns 

TA Operating free-air temperature -55 125 0 70 °c 
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SN54ALS232A, SN74ALS232A 
16 x 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 

electrical characteristics over recolJlmended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 
SN54ALS232A SN74ALS232A 

UNIT 
MIN Typt MAX MIN Typt MAX 

VIK Vcc = 4.5 V, II = -18mA -1.2 -1.2 V 

FULL, EMPTY Vcc = 4.5 V to 5.5 V, 10H = -0.4 mA Vce- 2 Vee- 2 

VOH Vcc = 4.5 V, 10H = -1 mA 2.4 3.3 V 
Q outputs 

Vcc = 4.5 V, 10H = -2.6 mA 2.4 3.2 

Vcc = 4.5 V, 10L = 12 mA 0.25 0.4 0.25 0.4 
Q outputs 

Vcc = 4.5 V, 10L = 24 mA 0.35 0.5 
VOL V 

FULL, EMPTY 
Vcc = 4.5 V, 10H = 4 mA 0.25 0.4 0.25 0.4 

Vce = 4.5 V, 10L = 8 mA 0.35 0.5 

10ZH Vcc = 5.5 V, Va = 2.7 V 20 20 ~A 

10ZL Vec = 5.5 V, Va = 0.4 V -20 -20 ~A 

II Vcc = 5.5 V, VI = 7 V 0.1 0.1 mA 

IIH Vcc = 5.5 V, VI = 2.7 V 20 20 ~A 

IlL Vec = 5.5 V, VI = 0.4 V -0.2 -0.2 mA 

lot Vce = 5.5 V, Va = 2.25 V -30 -112 -30 -112 mA 

Ice Vce = 5.5 V 75 125 75 125 mA 

- t All typical values are at VCC = 5 V, T A = 25°C. 
- t The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

r 
en switching characteristics (see Note 1) 

C 
CD 
< C;-
CD 
(I) 

PARAMETER 
FROM TO 

liN PUT) (OUTPUT) 

VCC - 5 V, VCC = 4.5 V to 5.5 V, 

CL - 50 pF, CL - 50 pF, 

Rl = 500O, R1 = 500O, 

R2 = 500O, R2 = 500O, 

TA - 25°C TA - MIN to MAX 

'ALS232A SN54ALS232A SN74ALS232A 

MIN TYP MAX MIN MAX MIN MAX 

LOCK 40 25 30 
f max 

UNCK 40 25 30 

tpd LDCKt Any Q 30 40 4 50 4 46 

tpd UNCKt Any Q 20 27 7 35 7 31 

tpLH LDCKt EMPTY 17 23 8 29 8 26 

tpHL UNCKt EMPTY 19 24 10 36 10 29 

tpHL RSH EMPTY 13 18 5 23 5 20 

tpHL LDeKt FULL 21 26 10 35 10 31 

tpLH UNCKt FULL 17 23 8 28 8 25 

tpLH RSH FULL 18 24 8 31 8 28 

ten OEt Q 7 12 1 16 1 14 

tdis OE! Q 10 16 2 23 2 21 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1, 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 

• Independent Asychronous Inputs and 
Outputs 

• 16 Words by 5 Bits Each 

• Data Rates from 0 to 30 MHz 

• Fall-Through Time . . . 24 ns Typ 

• 3-State Outputs 

description 

These SO-bit memories utilize Advanced Low­
Power Schottky technology and feature high 
speed and fast fall-through times. They are 
organized as 16 words by 5 bits each. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array 
at independent data rates. These FIFOs are 
designed to process data at rates from 0 to 25 
megahertz in a bit-paralle) format, word by word. 

Data is written into memory on a low-to-high 
transition at the load clock input (LOCK) and is 
read out on a low-to-high transition at the unload 
clock input (UNCK). The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LOCK signals will have no effect. When 
the memory is empty, UNCK signals have no 
effect. 

Status of the FIFO memory is monitored by the 
FULL, EMPTY, FULL-1, and EMPTY + 1 output 
flags. The FULL output will be low whenever the 
memory is full, and high whenever not full. The 
FULL -1 output will be low whenever the 
memory contains 15 data words. The EMPTY 
output will be low whenever the memory is 
empty, and high whenever it is not empty. The 
EMPTY + 1 output will be low whenever one 
word remains in memory. 

02876. JANUARY 1986-REVISED APRIL 1986 

SN54ALS233A ... J PACKAGE 
SN74ALS233A ... OW OR N PACKAGE 

(TOP VIEW) 

OE VCC 
FULL -1 EMPTY + 1 

FULL UNCK 
LOCK EMPTY 

00 00 
01 01 
02 02 
03 03 
04 04 

GNO RST 

SN54ALS233A ... FK PACKAGE 
SN74ALS233A ... FN PACKAGE 

(TOP VIEW) 

I~I~ ~ 
+ 
)0-I-uo.. 

U:2 >w 

3 2 1 2019 

LOCK 4 18 UNCK 
00 5 17 EMPTY 

01 6 16 00 
02 7 15 01 
03 8 14 02 

9 1011 1213 

<:t 0 II- <:t (') 
°15~OO 

A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low 
and sets FULL, FULL - 1, and EMPTY + 1 high. The Q outputs are not reset to any specific logic level. The 
first low-to-high transition on LOCK, after either a RST pulse or from an empty condition, will cause EMPTY 
to go high and the data to appear on the Q outputs. It is important to note that the first word does not 
have to be unloaded. Data outputs are non inverting with respect to the data inputs and are at high impedance 
when the output enable input (OE) is low. OE does not affect the output flags. Cascading is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 

Copyright © 1986, Texas Instruments Incorporated 
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SN54ALS233A. SN74ALS233A 
16 x5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

loqic symbol t 

FIFO 16X 5 

CTR 

CT=O (CT=16)Gl FULL 

FULL-l 

LOCK 
(4) 

1(+/C2) EMP'i'V+i 
UNCK 

(18) 
3- Eiiiiffi 

OE 
(1) 

EN4 

DO 
(5) 

20 
(16) 

00 

01 
(6) (15) 

01 

02 
(7) 

03 
(8) 

04 
(9) 

(14) 
Q2 

(13) 
03 

(12) 
Q4 

tThis symbol is in accordance with ANSI/IEEE Standard 91-1984 and lEG Publication 617-12_ The symbol is functionally accurate but 
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled 
by a single counter whose content is the number of words stored at the time . .output data is invalid when the counter content (eTl is O. 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

logic diagram (positive logic) 

OE 111 

RiT~I~I'~I __________________________ • 

DO 151 
01 161 

02 :;: 

~! 191 

Q 

COMP 
P-Q 1----------+---------------.. 

P-Q+II-----4'-i J""""'C_' 

P=Q-1 

RING COUNTER 
CTR DIV 16 1 

4 
5 
6 

WRITE 
ADDRESS 10 

11 
12 
13 
14 
15 
16 

RING COUNTER 
CTR blv 16 1 

2 

4 
5 
6 

READ 8 
ADDRESS 9 

10 
11 
12 
13 

CT=1 14 
15 
16 

16 

C3 

lA.3D 2A 1161 QO 
1151 Ql 
1141 Q2 
113) Q3 
112) Q4 

117) EMPTY 

131 FUiI 

12) 
FuLi:='i 

1191 
~ 

• CI) 
Q) 
CJ 

"S; 
Q) 

C 
Ci) 
....I 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 

QO-Q3 INVALID WORD' 
I 
f 

EMiiTV I 
I 
I 

EMPTY'+i !---J 
I 

FuIT I 
I 
I 
I 

f.ijiI::1 

INITIALIZE lOAO 
POINTERS Wl 

" I 

I 
UNLOAD EMPTY 

W2 

WORD 1 

LJ , 
I 

L.JI..-.J 
I 

FUll 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ........................................................... _ . .. 7 V 
Voltage applied to a disabled 3-state output ... .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS233A .... . . . . . . . . . . . . . . . .. - 55 °e to 125 °e 

SN74ALS233A ......................... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUS FIRST·IN FIRST·OUT MEMORIES 

recommended operating conditions 

SN54ALS233A SN74ALS233A 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

Q outputs -1· -1.6 
10H High-level output current mA 

Status flags -0.4 -0.4 

Q outputs 12 24 
10L Low-level output current mA 

Status flags 4 8 

LOCK 0 25 0 30 
fclock Clock frequency MHz 

UNCK 0 25 0 30 

j'ffi'f low 20 15 

LOCK low 15 10 

tw Pulse duration LOCK high 25 20 ns 

UNCK low 15 10 

UNCK high 25 20 

Setup time 
Oata before LOCKi 10 10 

tsu 
RST inactive before LOCKi 

ns 
5 5 

th Hold time Oata after LOCKi 5 5 ns 

TA Operating free-air temperature -55 125 0 70 DC 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 
SN54ALS233A SN74ALS233A 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK VCC = 4.5 V, II = -18 mA -1.2 -1.2 V 

Status flags VCC = 4.5 V to 5.5 V, IOH = -0.4 mA Vee- 2 Vee- 2 

VOH 
Q outputs 

Vce - 4.5 V, 10H - -1 mA 2.4 3.3 V 

Vce - 4.5 V, 10H - -2.6 mA 2.4 3.2 

Q outputs 
Vce = 4.5 V, 10L = 12 mA 0.25 0.4 0.25 0.4 

VCC - 4.5 V, 10L - 24 mA 0.35 0.5 
VOL 

Vce - 4.5 V, 0.4 
V 

Status flags 
10L - 4 mA 0.25 0.25 0.4 

Vec = 4.5 V, 10L = 8 mA 0.35 0.5 

10ZH Vec = 5.5 V, Vo = 2.7 V 20 20 ~A 

10Zl VCC - 5.5 V, Vo - 0.4 V -20 -20 ~ 
II VCC = 5.5 V, VI = 7 V 0.1 0.1 mA 

IIH Vce - 5.5 V, VI - 2.7 V 20 20 ~A 

III VCC - 5.5 V, VI - 0.4 V -0.2 -0.2 mA 

10' VCC = 5.5 V, Vo = 2.25 V -30 - 112 -30 - 112 mA 

ICC VCC = 5.5 V 88 143 88 133 mA 

tAli typical values are at VCC = 5 V, TA = 25 DC. 
:I: The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS-

II 
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SN54ALS233A, SN74ALS233A 
16 x 5 ASYNCHRONOUSFIRST·IN FIRST·OUT MEMORIES 

switching characteristics (see Note 1) 

Vcc - 5 V. VCC - 4.5 V to 5.5 V. 
CL - 50 pF. CL = 50 pF. 

FROM TO R1 = 500 n. R1 - 500 n. 
PARAMETER 

R2 - 500 n. (INPUT) (OUTPUTI R2 - 500 n. 
TA - 25°C TA - -MIN to MAX 

I 
'ALS233A SN54ALS233A SN74ALS233A 

II 
r­en -

fmax 

tod 

tpd 

tpLH 

tpHL 

tpHL 

tpd 

tpd 

tpLH 

tpd 

tpd 

tpLH 

tpHL 

tPLH 

tpLH 

ten 

tdis 

LOCK 

UNCK 

LOCKi 

UNCKi 

LOCKi 

UNCKi 

RSn 

LOCKi 

UNCKt 

RSn 

LOCKi 

UNCKi 

RSn 

LOCKi 

UNCKt 

RSn 

OEt 

OEI 

Any Q 

Any Q 

EMPTY 

EMPTY 

EMPTY 

EMPTY + 1 

EfVi15'f'i7TI 
EMPTY + 1 

FULL-I' 

FULL-1 

FULL-1 

FULL 

FULL 

FULL 
Q 

Q 

MIN TYP MAX MIN 

40 25 

40 25 

24 44 7 

19 29 9 

18 25 9 

18 25 9 

13 19 6 

22 31 10 

22 31 9 

19 27 8 

23 32 11 

23 32 11. 

20 28 10 

21 28 10 

17 24 8 

18 27 8 

• 8 13 1 

8 12 2 

c 
CD 
< n' 
CD 
til 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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'MAX MIN MAX 

30 

30 

52 7 48 

35 9 33 

30 9 28 

33 10 30 

24 6 22 

40 10 37 

40 10 37 

32 8 31 

38 12 36 

39 12 36 

34 11 32 

35 12 33 

29 9 27 

32 9 30 

16 2 15 

20 2 17 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



• 4-Line to 1-Line Multiplexer that can Select 
1 and 16 Data Inputs 

• Applications: 
Boolean Function Generator 
Paraliel-to-Seria.1 Converter 
Data Source Selector 

• Buffered 3-State Bus Driver Inputs Permit 
Multiplexing from N Lines to One Line 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The 'AS250 provides full binary decoding to 
select one of sixteen data sources with an 
inverting W output. The selected sources are 
buffered with symmetrical propagation delay 
times. This reduces the possibility of, transients 
occurring at the output. 

A buffered enable output (<3) may be used for 
n-line-to-one-line cascading. Taking the G high 
will place the output in a high-impedance state. 
In the high-impedance state, the output neither 
loads nor drives the bus lines significantly. 

The .enable (<3) does not affect the internal 
operations of the data selector/multiplexer. New· 
data can be set up while the outputs are 
disabled. 

The SN74AS250 is characterized for operation 
from ooe to 70 oe. . 

SN74AS250 
1-0F-16 DATA GENERATORS/MULTIPLEXERS 

WITH 3-STATE OUTPUTS 
02910, DECEMBER 1983 - REVISED JANUARY 1986 

SN74AS250 ... OW OR NT PACKAGE 

(TOP VIEW) 

E7 Vee 
E6 EB 
E5 E9 
E4 El0 
E3 Ell 
E2 E12 

, El E13 
EO E14 
G E15 

Vi A 
D B 

GND e 

SN74AS250 .. , FN PACKAGE 

(TOP VIEW) 

5 
6 

7 

8 

9 

10 

11 

U 
Lnco!'-U Ucocn 
wwwZ>ww 

4 3 2 1 282726 

12 131415161718 

I~ 0 ~ ~ U Dl « 
(!) 

NC - No internal connection 

25 

24 

23 

22 

21 

20 

19 

Ell 
E12 
Ne 
E13 
E14 
E15 

Copyright © 1983. Texas Instruments Incorporated 
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SN14AS250 
1·0F·16 DATA GENERATORS/MULTIPLEXERS 
WITH 3·STATE OUTPUTS 

logic symbol t logic diagram (positive logic) 

MUX EO 

G EN El 
A 

(lSI 

},~ (141 E2 
B 

C 
(131 

E3 

D 
(111 

(81 E4 
EO 0 

El 
(71 E5 

E2 
(61 

2 E6 

E3 
(51 

3 
(41 (101 Vii 

E7 
E4 4 "V DATA 

E5 
(31 

5 INPUTS E8 

E6 
(21 

6 
E9 

E7 
(11 

7 

E8 
(231 

8 El0 

E9 
(221 

9 Ell 
El0 

(211 
10 

Ell 
(201 E12 

11 

E12 
(191 

12 E13 

E13 
(181 

13 
(171 E14 

E14 14 

E15 
(161 

15 E15 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
A 'lEe Publicatin 617-12. 

Pin numbers shown are for OW or NT packages. 

B 

DATA 
SELECTS 

C 

c 

D 
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G A 

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 X 

SN74AS250 
1·0F·16 DATA GENERATORS/MULTIPLEXERS 

WITH 3·STATE OUTPUTS 

FUNCTION TABLE 

INPUT OUTPUT 

B C 0 Ei W 

L l l EO EO 

l l L E1 E1 

H L L E2 E2 

H L L E3 E3 

L H L E4 E4 

L H L E5 E5 

H H L E6 E6 

H H L E7 E7 

L .L H ES ES 

L L H E9 E9 

H L H E10 E10 

H L H E11 E11 

L H H E12 E12 

L H H E13 E13 

H H H E14 E14 

H H H E15 E15 

X X X X Z 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage. Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 1 50 °e 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VIH High·level input voltage 2 V 

VIL low-level input voltage O.S V 

IOH High-level output current -15 rnA 

IOL Low-level output current 4S rnA 

TA Operating free-air temperature 0 70 ·e 
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SN74AS250 
1-0F-16 DATA GENERATORS/MULTIPLEXERS 
WITH a-STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Vee = 4.5 V, II = -18mA -1.2 V 

Vee - 4.5 V to 5.5 V, IOH 2 mA Vee 2 
VOH V 

Vee - 4.5 V, IOH - 15 mA 2.4 3.3 

VOL Vee - 4.5 V, IOL - 48 mA 0.35 0.5 V 

IOZH Vee 5.5 V, Vo 2.7 V 50 ~A 

IOZL Vee = 5.5 V, Vo = 0.4 V -50 ~A 

II Vee - 5.5 V, VI - 7 V 0.1 mA 

IIH Vee - 5.5 V, VI-2.7V 20 ~A 

IlL Vee - 5.5 V, VI - 0.4 V -0.5 mA 

lot Vee = 5.5 V, Vo = 2.25 V -30 -112 mA 

I Outputs high 26 42 

lee Vee = 5.5 V I Outputs low 31 50 mA 

I Outputs disabled 30 48 

tAli typical values are at Vee = 5 V, TA = 25°e. . 
tThe output conditions have been chosen to produce a current tbat closely approximates one half of the true short-circuit output current, lOS. 

switching characteristics (see Note 1) 

Vcc - 4.5 V to 5,5 v,. 
CL - 50 pF, 

PARAMETER 
FROM TO Rl = 500O,. 

UNIT 
(INPUT) IOUTPUT) R2 - 500O, 

TA - ooC to 70·C 

MIN TYpT MAX 

tpLH Vii 3 8 
DATA ns 

tpHL 2 6 

tpLH ViI 4 13 
SELEeT ns 

tpHL 4 10 

tpZH ViI 2 7 
G ns 

tpZL 4 20 

tpHZ G ViI 2 6 
ns 

tpLZ 2 6 

tAli typical values are at Vee = 5 V, TA = 25°e. 
NOTE 1: Load circuit an~ voltage waveforms are shown in Section 1. 
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SN54ALS280, SN54AS280, SN74ALS280, SN74AS280 
9·BIT PARITY GENERATORS/CHECKERS 

• Generates Either Odd or Even Parity for 
Nine Data Lines 

• Cascadable for n-Bits Parity 

• Can Be Used to Upgrade Existing Systems 
Using MSI Parity Circuits 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These universal, monolithic, nine-bit parity 
generators/checkers utilize Advanced Schottky 
high-performance circuitry and feature odd and 
even outputs to facilitate operation of either odd 
or even parity application. The word-length 
capability is easily expanded by cascading. 

These devices can be used to upgrade the 
performance of most systems utilizing the' 180 
parity generator/checker. Although the' ALS280 
and 'AS280 are implemented without expander 
inputs, the corresponding function is provided by 
the availability of an input at pin 4 and the 
absence of any internal connection at pin 3. This 
permits the 'ALS280 and 'AS280 to be 
substituted for the' 180 in existing designs to 
produce an identical function even if the devices 
are mixed with existing' 180's, 

All 'AS280 inputs are buffered to lower the drive 
requirements. 

The SN54' family is characterized for operation 
over the full military temperature range of 
- 55 DC to 125 DC. The SN74' family is 
characterized for operation from ODe to 70 De, 

02661, DECEMBER 1982~, REVISED AUGUST 1985 

SN54ALS280, SN54AS280 , , , J PACKAGE 
SN74ALS280, SN74AS280 , , , D OR N PACKAGE 

(TOP VIEW) 

G VCC 
H F 

NC E 
D 

: EVEN C 
: ODD B 

GND A 

SN54ALS280. SN54AS280 ' , . FK PACKAGE 
SN74ALS280. SN74AS280 ... FN PACKAGE 

(TOP VIEW) 

U 
u u 

Il9Z>u.. 

1 20 19 

4 '18 

5 17 NC 
6 16 D 

15 NC 
8 14 C 

9 10 11 12 13 

0 OU <teD 
0 zz 
a 19 
~l 

NC -- No internal connection 

FUNCTION TABLE 

NUMBER OF INPUTS A OUTPUTS 

THRU I THAT ARE HIGH r EVEN rODD 

0,2,4,6.8 H L 

1,3.5.7,9 L H 

logic symbol t 

(8) 2k 
A 

B 
(9) 

c (10) 

(11 ) (5) l; 
0 EVEN 
E 

(12) 

(13) (6) l; 
F ODD 
G 

(1 ) 

H 
(2) 

I 
(4) 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for D, J, and N packages. 
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SN54ALS280, SN74ALS280 
9·BIT PARITY GENERATORS/CHECKERS 

logic diagram 

A (8) 

B (9) 

0 (11 ) 

E (12) 

• F
(13

) 

r­en -c 
~ G (1) 

Cr 
CD H (2) 
(II 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .......................................................... "... 7 V 
Operating free-air temperature range: SN54ALS280..... . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74ALS280 ........................ " ooe to 70°C 
Storage temperature range .......................................... - 65°C to 150°C 

recommended operating conditions 

SN~4ALS280 SN74ALS280 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

Vll low-level input voltage 0.8 0.8 V 

IOH High-level output current -1 -2.6 mA 

IOl Low-level output current 12 24 mA 

TA Operating free-air temperature -55 125 0 70 ·e 
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SN54ALS280, SN74ALS280 
9·81T PARITY GENERATORS/CHECKERS 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

SN54AlS280 SN74AlS280 
PARAMETER TEST CONOITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

V,K Vee = 4.5 V, " = -18 rnA -1.2 -1.2 V 

Vee = 4.5 V to 5.5 V, IOH = -0.4 rnA Vcc- 2 Vcc- 2 

VOH Vee - 4.5 V, 10H - -1 rnA 2.4 3.3 V 

Vee = 4.5 V, 10H = -2.6 rnA 2.4 3.2 

Vee = 4.5 V, 10l = 12 rnA 0.25 0.4 0.25 0.4 
VOL V 

Vee - 4.5 V, 10l - 24 rnA 0.35 0.5 

I, Vee = 5.5 V, V, = 7 V 0.1 0.1 rnA 

"H Vee = 5.5 V, V, = 2.7 V 20 20 ~A 

',l Vee - 5.5 V, V, - 0.4 V -0.1 -0.1 rnA 

la' Vee = 5.5 V, Va = 2.25 V -30 -112 -30 -112 rnA 

ICC Vee = 5.5 V 10 16 10 16 rnA 

tAli typical values are at Vee = 5 V, TA = 25°C. 
tThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS . 

switching characteristics (see Note 1) 

VCC = 5 V, VCC - 4.5 V to 5.5 V, 

Cl = 50 pF, Cl = 50 pF, 

FROM TO Rl - 500O, RL - 500O, 
PARAMETER UNIT 

(INPUT) (OUTPUT) TA = 25°C TA - MIN to MAX 

'AlS280 SN54ALS280 SN74ALS280 

MIll! TYP MAX MIN MAX MIN MAX 

tpLH 12 16 3 24 3 20 
Any E Even ns 

tPHL 12 17 3 24 3 20 

tpLH 12 16 3 24 3 20 
Any E Odd ns 

tpHL 13 18 4 26 4 22 

NOTE 1: load circuit and voltage waveforms are shown in Section 1. 
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SN54AS280. SN74AS280 
9-81T PARITY GENERATORS/CHECKERS 

logic diagram 

~ 

EVEN 

~ 

ODD 

absolute maximum ratings over operating free-air temllerature range (unless otherwise notedl 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Operating free-air temperature range: SN54AS280 ....................... - 55 °e to 125 °e 

SN74AS280 ........................... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 1 50 °e 

recommended operating conditions 

SN54AS280 SN74AS280 
MIN NOM MAX MIN NOM MAX 

UNIT 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High~level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output_current -2 -2 rnA 

IOL Low-level output current 20 20 rnA 
TA Operating free-air temperature -55 125 0 70 °C 

2-50 TEXAS ." 
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SN54AS280, SN74AS280 
9-81T PARITY GENERATORS/CHECKERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted 1 

SN54AS280 SN74AS280 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee - 4.5 V, 11--18rnA -1.2 -1.2 V 

VOH Vee - 4.5 V to 5.5 V, IOH - 2 rnA VCC- 2 VCC-2 V 

VOL Vee - 4.5 V, 10L - 20 rnA 0.35 0.5 0.35 0.5 V 

II Vee - 5.5 V, VI - 7 V 0.1 0.1 rnA 

IIH Vee - 5.5 V, VI - 2.7 V 20 20 p.A 

IlL Vee - 5.5 V, VI - 0.4 V -0.5 -0.5 rnA 

10' Vee - 5.5 V, Vo - 2.25 V -30 -112 -30 -112 rnA 

ICC Vee - 5.5 V 25 40 25 35 rnA 

tAli typical values are at Vee = 5 V, TA = 25°e. 
*The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

switching characteristics (see Note 11 

Vee = 4.5 V to 5.5 V, 

eL - 50 pF, 

FROM TO RL = 500 I), 
PARAMETER UNIT 

(lNPUTI (OUTPUT) TA = MIN to MAX 

·SN54AS280 SN74AS280 

MIN MAX MIN MAX 

tpLH 3 13 3 12 
Any E Even ns 

tpHL 3 12.5 3 11 

tpLH 3 13 3 12 
Any 1: Odd ns 

tpHL 3 12.5 3 11.5 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS280, SN54AS280, SN74ALS280, SN74AS280 
9·BIT PARITY GENERATORS/CHECKERS 

TXPICAL APPLICATION DATA 

25"LlNE PARITY/GENERATOR CHECKER 81"LlNE PARITY/GENERATOR CHECKER 

A A 
8 B 
C 1; 

0 EVEN 

E 
'ALS280/ 
'AS280 . 

F 1; 

C 1: 
000 

0 'ALS280/ 
E 'AS280 
F 

G 000 G 
H H 

I 

A A 
B 

1: B 
000 

C C 1; 

A 
B 
C 1; H = EVEN 

0 'ALS280/ 0 EVEN 
E 'AS280 E 'ALS280/ 

F F 'AS280 1: 

0 EVEN L=OOO 
e 'ALS280/ 

'AS280 
F 1: H=OOO 
G 000 L = EVEN G G 000 

H H H 
I 

A A 
B B 
C 1: C 1: 
0 EVEN 0 ODD 

E 'ALS280/ 
~ F 'AS280 

E 'ALS280/ 

F 'AS280 1: 

G ODD G TO OTHER 
H H 'AS280's 

I 

H = EVEN 
L =000 

H=OOO 
L = EVEN 

Three' ALS280/' AS280 can be used to implement a 25-line parity 
generator/checker. 

As an alternative, the E 000 outputs of two or three parity 
generators/checkers can be decoded with a 2-input ('S86 or 'LS86) 
or 3-input ('S135) exclusive-OR gate for 18- or 27-line parity 
applications. 

Longer word lengths can be implemented by cascading 
'ALS2801' AS280. As shown here, parity can be generated for word 
lengths up to 81 bits. 
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• Generates Either Odd or Even Parity for 
Nine Data Lines 

• Cascadable for n-Bits Parity 

• Direct Bus Connection for Parity Generation 
or for Checking by Using the Parity I/O Port 

• Glitch-Free Bus During Power Up/Down 

• Package Options Include both Plastic and 
Ceramic Carriers in Addition to Plastic and 
Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The SN54AS286 and SN74AS286 universal 
nine-bit parity generators/checkers feature a 
local output for parity checking and a 
48-milliampere bus-driving parity I/O port for 
parity generation/checking. The word-length 
capability is easily expanded by cascading. 

The XMIT control input is implemented 
specifically to accommodate cascading. When 
XMIT is low the parity tree is disabled and PE will 
remain at a high logic level regardless of the input 
levels. When XMIT is high the parity tree is 
enabled. The Parity Error output will indicate a 
parity error when either an even number of 
inputs (A through I) are high and Parity liD is 
forced to a low logic level. or when an odd 
number of inputs are high and Parity I/O is 
forced to a high logic level. 

SN54AS286, SN74AS286 
9·BIT PARITY GENERATORS/CHECKER 
WITH BUS DRIVER PARITY I/O PORT 

02809. DECEMBER 1983-REVISED AUGUST 1985 

SN54AS286 ... J PACKAGE 
SN74AS286 .. '. D OR N PACKAGE 

(TOP VIEW) 

G VCC 
H F 

XMIT E 
0 

PARITY ERROR C 
PARITY I/O B 

GND A 

SN54AS286 ... FK PACKAGE 
SN74AS286 ... FN PACKAGE 

XMIT 4 

NC 5 

I 6 

NC 7 

PARITY ERROR 8 

(TOPVIEWI 

U 
u U 

It!lZ>LL 

3 2 1 2019 

9 1011 1213 

NC - No internal connection 

18 

17 

16 

15 

14 

E 
NC 

o 

The I/O control circuitry was designed so that the I/O port will remain in the high-impedance state during 
power-up or power-down to prevent bus glitches. 

The SN54AS286 is characterized for operation over the full military range of - 55 ae to 125 ae. The 
SN74AS286 is characterized for operation from oae to 70 ae. 

Copyright © 1983, T~xas Instruments Incorporated 
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PRODUCTION DATA doc.mants contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does no~ 
naclssarily include testing of all parameters. 
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SN54AS286. SN74AS286 
9·BIT PARITY GENERATORS/CHECKER 
WITH BUS DRIVER PARITY I/O PORT 

FUNCTION TABLE 

NUMBER OF INPUTS 

(A THRU I) THAT 

ARE HIGH 

0,2,4,6,8 

1,3,5,7,9 

0,2,4,6,8 

1, 3, 5, 7, 9 

h - high input level 
H - high output level 

XMii' PARITY 

I/O 

I H 

I l 

h h 

h I 

h h 

h I 

I - low input level 
L -'low output level 

PARITY 

ERROR 

H 

H 

H 

l 

l 

H 

logic symbol t logic diagram (positive logic) 

A 

B 

C 

D 

F 

G 

(8) 

(9) 

(101 

(11) 

(12) 

(13) 

(1) 

(2) 

2K 

(61 PARITY 

I/O 

ERROR 

~ ERROR 
H 

(4) 

C 
CD 
< C)' 

XMiT 
(3) ENI 

CD 
(I) tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

Pin numbers shown are for D, J, and N packages. 

absolute maximum ratings over operating free·air temperature range 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ............................................................... 7 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54AS286 ........................ - 55 °e to 125°e 

SN74AS286 ......................... ,. ooe to 70 0 e 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 140°C 

recommended operating conditions 

Vec Supply voltage 

VIH High·level input voltage 

Vil low-level input voltage 

10H High-level output current 

10l Low-level output current 

TA Operating free-air temperature 

2-54 

SN54AS286 

MIN 

4.5 

2 

Parity error 

Parity I/O 

Parity error 

Parity I/O 

-55 

TEXAS • 
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MAX 

5.5 

0.8 

-2 

-12 

20 

32 

125 

SN74AS286 

MIN NOM MAX 
UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-2 
mA 

-15 

20 

48 
mA 

0 70 °c 



SN54AS286, SN74AS286 
9-BIT PARITY GENERATORS/CHECKER 
WITH BUS DRIVER PARITY I/O PORT 

electrical characteristics over recommended free-air temperature range 
(unless otherwise noted) 

SN54AS286 SN74AS286 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee = 4.5 V, II = -18 rnA -1.2 -1.2 V 

All outputs Vee = 4.5 V to 5.5 V, 10H = -2 rnA Vcc- 2 Vcc- 2 

Vee - 4.5 V, 10H - -3 rnA 2.4 2.9 2.4 3 
VOH V 

Parity 1/0 Vee = 4.5 V, 10H = -12 rnA 2.4 

Vee = 4.5 V, 10H = -15 rnA 2.5 

Parity error Vee - 4.5 V, 10L - 20 rnA 0.35 0.5 0.35 0.5 

VOL Vee = 4.5 V, 10L - 32 rnA 0.5 V 
Parity 1/0 

Vee = 4.5 V, 10L = 48 rnA 0.5 

Parity 1/0 Vee = 5.5 V, VI = 5.5 V 0.1 0.1 
II rnA 

AU other inputs Vee = 5.5 V, VI =7V 0.1 0.1 

Parity II0t 50 50 
IIH Vee = 5.5 V, VI = 2.7 V ~A 

All other inputs 20 20 

Parity II0t 0.5 -0.5 
IlL Vee = 5.5 V, VI = 0.4 V rnA 

All other inputs 0.5 -0.5 

10§ Vee = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 rnA 

I Transmit 30 43 30 43 
rnA lee I Receive 

Vee = 5.5 V 
35 50 35 50 

t All typical values are at Vee = 5 V, T A = 25°e. 
+For liD ports, the parameters IIH and IlL include the off-state current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

switching characteristics (see Note 1) 

Vcc = 4.5 V to 5.5 V, 

CL = 50 pF, 

FROM TO Rl = 500 n, 
PARAMETER UNIT 

(INPUT) (OUTPUT) R2 = 500 n, 
TA = MIN to MAX 

SN54AS286 SN74AS286 

MIN MAX MIN MAX 

tpLH 3 17 3 15 
Any A thru I Parity 1/0 

3 15 3 14 
ns 

tpHL 

tpLH 3 20 3 16.5 
Any A thru I Parity error ns 

tPHL' 3 18 3 16.5 

tpLH 3 10 3 9 
Parity 1/0 Parity error ns 

tpHL 3 10 3 9 

tpZH 3 14 3 13 

tpZL 
XMIT 

3 17 3 16 
Parity 1/0 ns 

tpHZ 3 13 3 11.5 

tpLZ 3 11 3 10 

NOTE 1: Load circuit and voltage waveforms ar shown in Section 1. 
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SN54AS286, SN74AS286 
9-BIT PARITY GEN~RATORS/CHECKER 
WITH BUS DRIVER PARITY I/O PORT 

TYPICAL APPLICATION DATA 

A 
B 
C 

'AS286 

D PAR ERR p..-----..... ------ BYTE 1 
E 
F 

G 
H 

...-----11 
XMIT 

'AS286 

A 

B 
C 
D PAR ERR 
E 
F 
G 
H 
1 

'AS286 

A 
B 

C 
D PAR ERR 
E 
F 
G 

H 

1 

XMIT 

'AS286 

A 
B 
C 
D PAR ERR 
E 

F 
G 
H 
1 

XMIT 

p..----~-+-------BYTE2 

~----~~-----~BYTE3 

p..-----~------ BYTE 4 

EVEN/ODD -t-t--~=====~-J 

FIGURE 1. 32-BIT PARITY GENERATOR/CHECKER 

Figure 1 shows a 32-bit parity generator/checker with output polarity-switching, parity error detection, and parity on every byte. 
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SN54AS286, SN74AS286 
9·BIT PARITY GENERATORS/CHECKER 
WITH BUS DRIVER PARITY I/O PO~T 

TYPICAL APPLICATION DATA 

'AS286 

A 
B 
C 
D PAR ERR 

'AS286 

A 
B 
C 
D PAR ERR 
E 
F 
G 
H PAR 110 
I 

H XMIT 

'AS286 

A 
B 
C 
D PAR ERR 

II E 
F 'AS286 
G 

A H PAR 110 
I B 

II) 
C 

PARITY Q) 
D 
E ERROR CJ 

'> 
PARITY 

Q) 
'AS286 0 110 

A 
B Cii c ...I 0 

'AS286 E 

A F 

B G 

C H 

D PAR ERR I 

H XMIT 
F 
G 'AS286 
H A 
I 

B 
XMIT C 

0 PAR ERR 
'AS286 E 

A F 

B G 

C H 

D PAR ERR I 

H XMIT 
F 
G 
H 
I 

XMIT 
H_====~-.J 

XMWf----------------------------------------------~ 
FIGURE 2. 90·BIT PARITY GENERATOR/CHECKER WITH PARITY ERROR DETECTION 

In Figure 2, a gO-bit parity generator/checker with the XMIT on the last stage is available for use with parity detection. 
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SN54LS610 THRU SN54LS613. SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

• Expands 4 Address lines to 1 2 Address 
lines 

• Designed for Paged Memory Mapping 

• Output Latches Provided on 'LS610 and 
'LS611 

• Choice of 3-State or Open-Collector Map 
Outputs 

• Compatible with TMS9900 and Other 
Microprocessors 

OUTPUTS MAP 
DEVICE 

LATCHED OUTPUT TYPE 

'LS61O Yes 3-State 

'LS611 Yes Open-Coli ector 

'LS612 No 3-State 

'LS613 No Open-Collector 

description 

Each 'LS610 through 'LS613 memory-mapper 
integrated circuit contains a 4-line to 16-line 
decoder, a 16-word by 12-bit RAM, 16 channels 
of 2-line to 1-line murtiplexers, and other 
miscellaneous circuitry on a monolithic chip. 
Each 'LS610 and 'LS611 also contains 12 
latches with an enable control. 

The memory mappers are designed to expand a 
microprocessor's memory address capability by 
eight bits, Four bits of the memory address bus 
(see System Block Diagram) can be used to 
select one of 16 map registers that contain 12 
bits each. These 12 bits are presented to the 
system memory address bus through the map 
output buffers along with the unused memory 
address bits from the CPU. However, 
addressable memory space without reloading the 
map registers is the same as would be available 
with the memory mapper left out. The 
addressable memory space is increased only by 
periodically reloading the map registers from the 
data bus. This configuration lends itself to 
memory utilization of 16 pages of 2(n -41 
registers each without reloading (n = number of 
address bits available from CPU). 

02549, JANUARY 1981-REVISED DECEMBER 1985 

SN54LS' ... JD PACKAGE 
SN74LS' ... JD OR N PACKAGE 

ITOP VIEW) 

RS2 VCC 
MA3 MA2 
RS3 RSl 

CS MAl 
STROBE RSO 

R/W MAO 
DO Dll 
Dl Dl0 

OA"{ D2 D9 
} DATA BUS I/O D3 DB BUS I/O 

D4 D7 
D5 D6 

MM C (NClt 

rDD ""} MOl M010 

MAP M02 M09 MAP 
OUTPUTS M03 MOB OUTPUTS 

M04 M07 
M05 M06 
GND ME 

SN54LS' ... FK PACKAGE 
SN74LS' ... FN PACKAGE 

ITOP VIEW) 

6 5 4 3 2 14443424140 

7 39 
8 38 

9 37 

10 36 
11 35 

12 34 
13 33 

14 32 

15 31 

MOl 16 

17 

18 19 2021 2223 2425262728 

N M ~ LO CI IW co " CX) 0) u 
0000z:20000z 
:2:2:2:21!l :2:2:2:2 

tThis pin has no internal connection on 'LS612 and 'LS613 
NC - No internal connection 

Copyright © 1981, Texas Instruments Incorporated 

fI 

PRODUCTION DATA documents contain information 
current I. of publication data. Products conform to 
spacifications per the terms of Texas Instruments 

:'~~~~~i~8r::I~~i ~~~~~ti:r :.~u:=::t!'~s not TEXAS "'I 
,INSTRUMENTS 

2-59 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



• 

SN54LS610 THRU SN54LS613, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

MEMORY ADDRESS BUS 

CPU 

SYSTEM BLOCK DIAGRAM 

SYSTEM 

These devices have four modes of operation: read, write, map, and pass. Data may be read from or loaded 
into the map register selected by the register select inputs (RSO thru RS3) under control of R/W whenever 
chip select (CS) is low. The data I/O takes place on the data bus DO thru D7. The map operation will output 
the contents of the map register selected by the map address inputs (MAO thru MA3) when CS is high 
and MM (map mode control) is low. The 'LS612 and 'LS613 output stages are transparent in this mode, 
while the 'LS610 and 'LS611 outputs may be transparent or latched. When CS and MM are both high 
(pass mode). the address bits on MAO thru MA3 appear at M08-M011, respectively, (assuming appropriate 
latch control) with low levels in the other bit positions on the map outputs. 

r- logic diagram (positive logic) 
~ 
C 
~ 8 < (lNTERNALI ALL 8 LOW FOR MOG-M07 --+---, 
~ 4 
~ en 

CS 

4 
MAO·MA3 

RSO·RS3 
4 

STROBE 

R/W 

00·011 
12 

RAM 16X12 

O} 0 "3 A"iS 

Cl (WRITE) 

A.1D A 

4 

12 

12 4 

12 12 

"LS610 and 'LS612 have 3-state (Q) map outputs. 
'LS611 and 'LS613 have open-collector (Q) map outputs. 

2-60 TEXAS ." 
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PIN 

NO. NAME 

7-12 DO thru D11 

29-34 

36.38.1,3 RSO thru RS3 

6 R/W 

5 STROBE 

4 CS 

35,37,39,2 MAO thru MA3 

14-19, MOO thru MOll 

22-27 

13 MM 

21 ME 

28 C 

40, 20 VCC,GND 

SN54LS610 THRU SN54LS613, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

DESCRIPTION 

1/0 connections to data and control bus used for reading from and writing to the map register 

selected by RSO-RS3 when CS is low. Mode controlled by R/W. 

Register select inputs for 1/0 operations. 

Read or write control used in 110 operations to select the condition of the data bus. When 

high, the data bus outputs Bre active for reading the map register. When low, the data bus is 

used to write into the register. 

Strobe input used to enter data into the selected map register during I/O operations. 

Chip select input. A low input level selects the memory mapper (assuming more than one 

used) for an I/O operation. 

Map address inputs to select one of 16 map registers when in map mode (MM low and CS 

high). 

Map outputs. Present the map register contents to the system memory address bus in the map 

mode. In the pass mode, these outputs provide the map address data on M08-MOll and low 

levels on MOO-M07. 

Map mode input. When low, 12 bits of data are transferred from the selected map register to 

the map outputs. When high (pass mode), the 4 bits present on the map address inputs 

MAO-MA3 are passed to the map outputs M08-MOll, respectively, while MOO-M07 are set 

low. 

Map enable for the map outputs. A low level allows the outputs to be active while a high input 

level puts the outputs at high impedance. 

Latch enable input for the 'LS610 and 'LS611 (no internal connection for 'LS612 and 'LS613). 

A high level will transparently pass data to the map outputs. A low level will latch the outputs. 

5 V power supply and network ground (substrate) pins. 

• 
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SN54LS610 niRU SN54LS613, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

schematics of inputs and outputs 

INPUT/OUTPUT PORTS, 00-011 
I/O 

PORT 

TYPICAL OF 'LS610, 'LS612 MAP OUTPUTS 

EQUIVALENT OF OTHER INPUTS 

vec---.---

INPUT 

MM Req = 1 kn NOM 
RS, STROBE: Req = 9 kn NOM 
es. RIW, MA: Req = 6 kn NOM 

TYPICAL OF 'LS6", 'LS613 MAP OUTPUTS 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ............. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: Data Bus 1/0 .............. : .......................... ~ . . . . . . .. 5.5 V 

All other inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Operating free-air temperature range: SN54LS610 through SN54LS613 ........ -55°e to 125°e 

SN74LS610 through SN74LS613 ........... ooe to 70 0 e 
Storage temperature range .................................. ~ . . . . . .. - 65 °e to 150 0 e 

NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54LS61L SN54LS612. SN74LS61L SN74LS612 
MEMORY MAPPERS WITH 3-STATE MAP OUTPUTS 

recommended operating conditions 

SN54LSS10 

SN54LSS12 

MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 

VIH High·level input voltage 2 

VIL Low-level input voltage 0.7 

MO -12 
IOH High-level output current 

D -1 

MO 12 
IOL Low-level output current 

D 4 

tAVCL 
Address setup time T 'LS61 0 only See Figure 2 30 
(AV before C low I 

tSLSH Duration of strobe input pulse 75 

tCSLSL CS setup time (CS low to strobe low I 20 

tWLSL R/W setup time (R/W low to strobe low) 20 

tRVSL RS setup time (RS valid to strobe low) 20 

tDVSH Data setup time (00-011 valid to strobe high) See Figure 1 75 

tSHCSH CS hold time (Strobe high to CS highl 20 

tSHWH R(W hold time (Strobe high to R/W high) 20 

tSHRX RS hold time (Strobe high to RS invalid) 20 

tSHDX Data hold time (Strobe high to DO-Dll invalid) 20 

TA Operating free-air temperature -55 125 
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SN74LSS10 

SN74LSS12 

MIN NOM MAX 

4.75 5 5.25 

2 

0.8 

-15 

-2.6 

24 

8 

30 

75 

20 

20 

20 

75 

20 

20 

20 

20 

0 70 

UNIT 

V 

V 

V 

mA 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

°c 
• 
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SN54LS610, SN54LS612, SN14LS610, SN74LS612 
MEMORY MAPP~RS WITH 3·STATE MAP OJjTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 

lEI 
r­en -

noted) . 

PARAMETER TEST CONDITIONSt . 

VIK Vee = MIN, II = -18 mA 

MO 
10H - -3 mA 

VOH 
Vee = MIN, VIH = 2 V, 

10H - MAX 

D 
VIL = MAX 

10H - MAX 

MO 
10L = 12 mA 

VOL 
Vee = MIN, VIH = 2 V, 10L = 24 mA 

VIL = MAX 10L - 4 mA 
0 

10L - 8 mA 

10ZH 
Vee - MAX, VIH = 2 V, 

VIL = MAX, Vo = 2.7 V 

10ZL 
MO Vee - MAX, VIH - 2 V, 

0 VIL = MAX, Vo = 0.4 V 

0 IVI = 5.5 V 
II Vee = MAX 

IVI - 7 V All others 

IIH Vee - MAX, VI - 2.7V 

IlL Vee = MAX, VI = 0.4 V 

10S§ 
IMO 

Vee = MAx 
0 

I Outputs high 

Ice Vee = MAX I Outputs low 

I Outputs disabled 

SN54LS61° SN74LS610 

SN54LSII12 SN74LS612 

MIN TVP* MAX MIN TYP* MAX 

-1.5 -1.5 

2.4 2.4 

2 2 

2'.4 2.4 

0.25 0.4 0.25 0.4 

0.35 0.5 

0.25 0.4 0.25 0.4 

0.35 0.5 

20 20 

-20 -20 

-400 -40P 

0.1 0.1 

0.1 0., 

20 20 

-0.4 -0.4 

-40 -225 -40 -225 

-30 -130 -30 -130 

112 1!l0 112 180 

112 180 112 Hio 
150 230 18P 230 

o 
~ 
< c:r t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
~ *AII typical values are at Vee = 5 V, TA = 25°e. 
(I) §Not mOTe than one output should be shorted at a time, and durat~on of the short-circuit should not exceed one second. 

switching characteristics. Vee - 5 V. TA - 25°e. eL 45 pF to QND 

FROM TO 'LS61° 'LS612 
PARAMETER TI;ST CONDITIONS 

{INPUT! (OUTPUT) MIN TYP MAX MIN TYP MAX 

tesLDV Access (enable) time es. PO-ll 28 50 26 50 

tWHOV Access (enab)e) time R/Wt 00-11 RL = 2 kll, 20 35 20 35 

tRVOV Access ~ime RS 00-11 See Figure 1, 49 75 39 75 

tWLDZ Disable time R/W. 00-11 See Notes 2 and 3 32 50 30 50 

tesHOZ Disable time CSt 00-11 42 65 38 65 

tELOV Access (enable) time iiim MOO-11 19 30 17 30 

tesHOV Access time eSt MOO-ll 56 85 48 !l5 

tMLOV Access time MM. MOO-l1 
RL = 66711, 

25 40 22 40 

teHoV Access time et MOO-11 24 40 

tAVOVl Access time (MiIi! low) MA MOO-11 
See Figure 2, 

46 70 39 70 

tMHOV Access time MMi MOO-l1 
See Notes 2 and 3 

24 40 22 40 

tAVOV2 
Propagation, time 

(MM high) 
MA M08-11 19 30 13 30 

tEHOZ Disable time .MEi MOO-11 14 25 14 25 

NOTES: 2. Access times are tested as tpLH and tpHL or tpZH or tpZL· Disable times are tested as tpHZ and tpLZ. 
3. Load circuits and voltage wave~orms are shown in Section 1. ' 
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UNIT 

V 

V 

V 

pA 

~A 

mA 

~A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

. ns 

ns 

ns 

ns 



SN54LS611, SN54LS613, SN74LS611, SN74LS613 
MEMORY MAPPERS WITH OPEN·COLLECTOR MAP OUTPUTS 

recommended operating conditions 

VCC 

VIH 

VIL 

VOH 

IOH 

IOL 

tAVCL 

tSLSH 

tCSLSL 

tWLSL 

tRVSL 

tOVSH 

tSHCSH 

tSHWH 

tSHRX 

tSHOX 

TA 

SN54LS611 

SN54LS613 

MIN NOM MAX 

Supply voltage 4.5 

High-level input voltage 2 

Low-level input voltage 

High-level output voltage MO 

High-level output current 0 

Low-level output current 
MO 

0 

Address setup time I 'LS611 only See Figure 2 30 
IAV before C low) 

Duration Of strobe input pulse 75 

CS setup time (CS low to strobe low) 20 

R/W setup time (R/W low to strobe low) 20 

RS setup time IRS valid to strobe low) 20 

Data setup time (00-011 valid to strobe high) See Figure 1 75 

CS hold time (Strobe high to CS high) 20 

R/W hold time (Strobe high to R/W high) 20 

RS hold time (Strobe high to RS invalid) 20 

Oaia hold time (Strobe high to 00-011 invalid) 20 

Operating free-air temperature -55 
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5 5.5 

0.7 

5.5 

-1 

12 

4 

125 

SN74LS611 

SN74LS613 

MIN NOM MAX 

4.75 5 5.25 

2 

0.8 

5.5 

-2.6 

24 

8 

30 

75 

20 

20 

20 

75 

20 

20 

20 

20 

0 70 

UNIT 

V 

V 

V 

V 

mA 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

°c 
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SN54LS6", SN54LS613, SN74LS6", SN74LS613 
MEMORY MAPPERS WITH OPEN·COLLECTOR MAP OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

III 
r­
C/) -

VIK 

VOH 

IOH 

VOL 

IOZH 

IOZL 

II 

IIH 

IlL 

IOS§ 

lee 

PARAMETER 

D 

MO 

MO 

D 

D 

D 

D 

All others 

D 

TEST CONDITIONSt 

Vee = MIN, II = -18 mA 

Vee = MIN, VIH - 2 V, 

VIL = MAX, IOH = MAX 

Vee - MIN, VIH - 2 V, VOH - 5.5 V 

IOL - 12 mA 

Vee = MIN, VIH = 2 V, IOL - 24 mA 

VIL = MAX IOL - 4 mA 

IOL = 8 mA 

Vee - MAX, VIH - 2 V, 

VIL = MAX, Vo = 2.7 V 

Vee - MAX, VIH - 2 V, 

Vo = 0.4 V 

I VI - 5.5 V 
Vee = MAX 

IVI = 7 V 

Vee - MAX, VI - 2.7 V 

Vee - MAX, VI - 0.4 V 

Vee = MAX 

I Outputs high 

Vee = MAX I Outputs low 

I Outputs disabled 

SN54LS611 SN74LS611 

SN54LS613 SN74LS613 

MIN TYP* MAX MIN TYP* MAX 

-1.5 -1.5 

2.4 2.4 

0.1 0.1 

0.25 0.4 0.25 0.4 

0.35 0.5 

0.25 0.4 0.25 0.4 

0.35 0.5 

20 20 

-0.4 -0.4 

0.1 0.1 

0.1 0.1 

20 20 

-0.4 -0.4 

-30 -130 -30 -130 

100 170 100 170 

100 170 100 170 

110 200 110 200 o 
CD < tFor conditions shown ·as MIN or MAX$ use the appropriate value specified under recommended operating conditions. c;" tAli typical values are at Vee = 5 V, TA = 25°e. 
CD §Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
fI) 

switching characteristics. Vee'" 5 V. TA - 25 oe. eL ,. 45 pF to GND 

FROM TO 'LS611 'LS613 
PARAMETER TEST CONDITIONS 

(lNPUTI (OUTPUTI MIN TYP MAX MIN TYP 

tesLDV Access (enablel time eSi DO-11 31 50 28 

tWHDV Access (enable I time RfWt DO-11 RL=2kll. 23 35 21 

tRVDV Access time RS DO-11 See Figure 1, 5; 75 47 

tWLDZ Disable time R/Wi DO-11 See Notes 2 and 3 32 50 31 

tesHDZ Disable time eSt DO-11 41 65 40 

tELQV Access (enable) time MEi MOO-11 21 30 19 

teSHQV Access time eSt MOO-11 57 90 53 

tMLQV Access time MM. MOO-11 25 40 25 

teHQV Access time et MOO-11 
RL = 667O, 

30 45 

tAVQV1 Access time (MM lowl MA MOO-11 
See Figure 2, 

47 70 44 
See Notes 2 and 3 

tMHQV Access time MMt MOO-11 31 50 31 

tAVQV2 
Propagation time 

(MM highl 
MA M08-11 21 30 20 

tEHOZ Disable time MEt MOO-11 15 25 15 

NOTES: 2. Access times are tested as tpLH and tPHL or tpZH or tpZL. Disable times are tested as tpHZ and tpLZ' 
3. Load circuits and voltage waveforms are shown in Section 1. 
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MAX 

50 

35 

75 

50 

65 

30 

90 

40 

70 

50 

30 

25 

UNIT 

V 

V 

mA 

V 

~A 

mA 

mA 

~A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SN54LS610 THRU SN54LS613. SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

explanation of letter symbols 

This data sheet uses a new type of letter symbol based on JEDEC Standard 100 to describe time intervals. 
The format is: 

tAB-CD 

where: subscripts A and C indicate the names of the signals for which changes of state or level or 
establishment of state or level constitute signal events assumed to occur first and last, respectively, 
that is, at the beginning and end of the time interval. 

Subscripts Band D indicate the direction of the transitions and/or the final states orlevels of the 
signals represented by A and C, respectively. One or two of the following is used: 

H high or transition to high 
L low or transition to low 
V a valid steady-state level 
X unknown, changing, or "don't care" level 
Z high-impedance (off) state. 

The hyphen between the Band C subscripts is omitted when no confusion is likely to occur. For these 
letter symbols on this data sheet, the signal names are further abbreviated as follows: 

SIGNAL NAME 
C 
CS 
DO-11 
MAO-MA3 
MOO-M011 

A AND C SUBSCRIPT 
C 

CS 
D 
A 
Q 

SIGNAL NAME 
ME 
MM 
RtW 
RSO-RS3 
STROBE 

TIMING DIAGRAMS 

A AND C SUBSCRIPT 
E 
M 
W 
R 
S 

CS\ f "cs" I~ _______________ .JI \~----
I+-'--tcsLsL~1 /4--tSHCSH---+! 

I I I 
1 I 

\~ __ ~I~ ____ ~: ____ -Jfl 
1 I 1 
j..-tWLSL -+!+-tSLSH--+-tSHWH-+! 

RfW 
"W" 

: I 1 I 
STROBE·--+-------~I------~i flr------~I------~------~------------------

"S" I ~ ·1 ! 
I !+tRVSL.j !+tSHRX+/ I 
I I I 1 1 

""'~"'r"~~~1 I 1_.;.-1 --......:---+---..... r~~=~ 
,~S~, AODRESS VALID I I ADDR~SS VALID NEWV~~~ESS 

I '---:-1 ----il~--_+_--J:'--....:.=;;..--

~tCSLD:! 
00·11 Hi.Z I 
"0" 

I 

14twLD/! 

OUTPUT I 
VALID 

14 ~14 .1 ~ 14 ~I ~ ~ 
tDVSH tSHDx I twHDv I tCSHDZ 1 tCSLDV I tRvDV I 

1 OUTPUT I 1 OUTPUT 
VALID VALID INPUT VALID 

FIGURE 1. WRITE AND READ MODES 
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SN54LS610 THRU SN54LS613, SN74LS610 THRU SN74LS613 
MEMORY MAPPERS 

TIMING DIAGRAMS 

"~:,, ---1 
I 

\XXxxxx 
I---tCSHOV~ 

1 

~:,--..... \: f 
I~ ____ I~ ________ ~ __ -J 

I+-tMLOV-+I 

1 

~:, ~~----------~:-------------------r----------------J~ 
C 

"C" 

MA0-3 
"A" 

---I tELOV I--- j. tEHOZ +I 
I 1 

----~I-----I\~ ___ __Jt 
I 11- I 

~tAVCL~ I 

C input and interval tCHOV 
only apply for 'LS610and 'LSS11. 

1 I I I 
.............. .,.1 _------:I---=-===--:'--------~ -.:==~ ~~7'r"7n~ 

I ADDRESS I II AVDDARLIEDSS 
I VALID I 

I I I I I 
HtAVOV1...j j4-tcHOV...J j4-tMHOV-.j j4-tAVOV2~ 

I I I I I 1 

M~~:~1 ~ ~ VALID ¥,.---V-A-LI-D--....... ~ ..... __ V_A_LI_D __ t..;;!1 ":=_ -~V=_A=_L=_ID= __ ~=_~_I~~V~A~L_I-D~t 
~'- ~ mo. ~ VAU. ~_ mo. { r 

31t8t8 outputs Hi-Z; open-collector outputs at H level. 

FIGURE 2. MAP AND PASS MODES 
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SN54ALS616, SN54ALS617, SN74ALS616, SN74ALS617 
16·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

• Detects and Corrects Single-Bit Errors 

• Detects and Flags Dual-Bit Errors 

• Built-In Diagnostic Capability 

• Fast Write and Read Cycle Processing 
Times 

• Byte-Write Capability 

• Dependable Texas Instruments Quality and 
Reliability 

description 

OUTPUT 

3·State 
Open-Coliector 

The 'ALS616 and 'ALS617 are 16-bit parallel 
error detection and correction circuits in 40-pin, 
600-mil packages. The EDACs use a modified 
Hamming code to generate a 6-bit check word 
from a 16-bit data word. This check word is 
stored along with the data word during the 
memory write cycle. During memory read cycles, 
the 22-bit words from memory are processed by 
the EDACs to determine if errors have occurred 
in memory. 

Single-bit errors in the 16-bit data word are 
flagged and corrected. Single-bit errors in the 
6-bit check word are flagged, but the data word 
will remain unaltered. The 6-bit error syndrome 
code will pinpoint the error-generating location. 

Dual-bit errors are flagged but not corrected. 
These errors may occur in any two bits of the 
22-bit word from memory. The gross-error 
condition of all lows or all highs from memory 
will be detected. Otherwise, errors in three or 
more bits of the 22-bit word are beyond the 
capabilities of these devices to detect. 

Read-modify-write (byte-control) operations can 
be performed with the 'ALS616 and 'ALS61 7 
EDACs by using output latch enable, LEDBO, and 
individual OEBO and OEB1 byte control pins. 

Diagnostics are performed on the EDACs by 
controls and internal paths that allow the user 
to read the contents of the DB and CB input 
latches. These will determine if the failure 
occurred in memory or in the EDAC. 

02840. APRil 1984-REVISED SEPTEMBER 1985 

SN54ALS616. SN54ALS617 ... JD PACKAGE 
SN74ALS616, SN74ALS617 ... JD OR N PACKAGE 

(TOP VIEW) 

LEOBD VCC 
MERR 51 

ERR 50 
NC NC 
NC NC 

NC NC 

GNO GNO 

NC DB15 
OBO OB14 

OBl DEBl 

DEBO OB13 

OB2 OB12 

OB3 OBll 

OB4 OB10 
OB5 OB9 
OB6 DBa 
OB7 CBO 
CB5 CBl 

CB4 CB2 

DECB CB3 

SN74ALS616. SN74ALS617 ... FN PACKAGE 

7 
8 
9 
10 
11 
12 
13 
14 
15 

(TOP VIEW) 

a: al U Ia: 1° uuul~~S U~oUu ZZzwo<:-,>cncnzz 

6 5 4 3 2 1 4443424140 
39 
38 
37 

36 
35 
34 
33 
32 
31 

NC 
GNO 

OB15 

OB14 
DEBl 

OB13 
OB12 
OBll 
OB10 

16 30 OB9 
17 29 NC 

1819202122232425262728 

NC- No internal connection 

The SN54ALS616 and SN54ALS617 are characterized for operation over the full military temperature range 
of - 55°C to 125°C. The SN74ALS616 and SN74ALS617 are characterized for operation from OOC to 
70°C. 

Copyright © 1984, Texas Instruments Incorporated 

• 

This document cantains information on products in 
mora thaD one pbase of development. Tlla status of 
each device is indicated on tha page(o) &pacifying its 
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SN54ALS616, SN54ALS617, SN74ALS616, SN74ALS617 
16·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 1. WRITE CONTROL FUNCTION 

MEMORY CONTROL DB OUTPUT LATCH 
CB 

ERROR FLAGS EDAC DB CONTROL 

CYCLE FUNCTION Sl SO 
DATA I/O 

OEBO & OEBI LEDBO 
CHECK I/O CONTROL 

ERR MERR 
OECB 

Generate Output 
Write L L Input H X 

check bits t 
L H H 

check word 

tSee Table 2 for details on check bit generation. 

memory write cycle details 

During a memory write cycle, the check bits (CBO thru CB5) are generated internally in the EDAC by six 
a-input parity generators using the l6-bit data word as defined in Table 2. These six check bits are stored 
in memory along with the original l6-bit data word. This 22-bit word will later be used in the memory 
read cycle for. error detection and correction. 

TABLE 2 PARITY ALGORITHM 

CHECK WORD 16-BIT DATA WORD 

BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
CBa X X X X X X X X 
CBl X X X X X X X X 
CB2 X X X X X X X X 
CB3 X X X X X X X X 
CB4 X X X X X X X X 

CB5 X X X X X X X X 

The six check ~its are parity bits derived from the matrix of data bits as indicated by "X" for each bit. 

error detection and correction details 

During a memory read cycle, the 6-bit check word is retrieved along with the actual data. In order to be 
able to determine whether the data from memory is acceptable to use as presented to the bus, the error 
flags must be tested to determine if they are at the high level. 

The first case in Table 3 represents the normal, no-error conditions. The EDAC presents highs on both 
flags. The next two cases of single-bit errors give a high on MERR and a low on ERR, which is the signal 
for a correctable error, and the EDAC should be sent through the correction cycle. The last three cases 
of double-bit errors will cause the EDAC to signal lows on both ERR and MERR, which is the interrupt 
indication for the CPU. 

TABLE 3 ERROR FUNCTION 

TOTAL NUMBER OF ERRORS ERROR FLAGS 

ERR MERR 
DATA CORRECTION 

16-BIT DATA WORD 6-BIT CHECK WORD 

a a H H Not applicable 

1 a L H Correction 

a 1 L H Correction 

1 1 L L Interrupt 

2 a L L Interrupt 

a 2 L L Interrupt 
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MEMORY EDAC CONTROL 

CYCLE FUNCTION S1 SO 

Read Read & flag H L 

Latch input 

Read data & check H H 

bits 

Output 

Read 
corrected data 

and 
H H 

syndrome bits 

tSee Table 3 for error description. 
:tSee Table 5 for error location. 

SN54ALS616, SN54ALS617, SN74ALS616, SN74ALS617 
16·BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 4. READ, FLAG, AND CORRECT FUNCTION 

CB 
DB CONTROL DB OUTPUT LATCH 

CHECK 1/0 CONTROL 
ERROR FLAGS 

DATA 1/0 
i>Eii0 & OEB 1 LEDBO ERR MERR 

OECB 

Input H X Input H Enabled t 

Latched Latched 

input H L input H Enabled t 

data check word 

Output Output 

corrected L X syndrome L Enabled t 

data word bits; 

Error detection is accomplished as the 6-bit check word and the 16-bit data word from memory are applied 
to the internal parity generators/checkers, If the parity of all six groupings of data and check bits are correct, 
it is assumed that no error has occurred and both error flags will be high. 

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error 
flag or flags will be set low. The two-bit error is not correctable since the parity tree can only identify 
single-bit errors. Both error flags are set low when any two-bit error is detected. 

Tl:Jree or more simultaneous bit errors can cause the EDAC to believe that no error, a correctable error, 
or an uncorrectable error has occurred and will produce erroneous results in all three cases. It should be 
noted that the gross-error conditions of all highs will be detected. 

As the corrected word is made available on the data I/O port (DBO thru DB 15). the check word I/O port 
(CBO thru CB5)' presents a 6-bit syndrome error code. This syndrome code can be used to locate the bad 
memory chip. See Table 5 for syndrome decoding. 
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SN54ALS616, SN54ALS617, SN74ALS616, SN74ALS617 
16·BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 5. SYNDROME DECODING 

SYNDROME BITS 
ERROR 

SYNDROME BITS SYNDROME BITS SYNDORME BITS 

'5 4 3 2 1 0 5 4 3 2 1 0 
ERROR 

5 4 3 2 1 0 
ERROR 

543 2 1 0 
ERROR 

L L L L L L 2-bit L H l L l L, une H L l L l L une H H l L l L 2-bit 

L L L L L H une L H L L l H 2-bit H L L l L H 2-bit H H l l l H DBB 

L L L L H L uhe l H l l H L 2-bit H l l l H l 2-bit H H l l H l une 

L L L L H H 2-bit l H l l H H DB5 H L l l H H OB15 H H l l H H 2-bit 

L L L H L L une L H l H l L 2-bit H l l H l L 2-bit H H l H l L OB9 

L L L H L H 2-bit L H L H l H DB4 H L l H l H OB14 H H l H L H 2-bit 

L L L H H L 2-bit l H L H H l DB3 H l l H H l OB13 H H l H H l 2-bit 

L L L H H H une L H l H H H 2-bit H l l H H H 2-bit H H l H H H CB3 

L L H L L L une L H H L l L 2-bit H L H l l L 2-bit H H H l l L une 

L L H L l H 2-bit l H H l l H DB2 H l H l l H OB12 H H H l l H 2-bit 

l L H l H l 2-bit L H H l H L DBl H L H l H L OBll H H H l H l 2-bit 

L i H l H H DB7 l H H l H H 2-bit H L H L H H 2-bit H H H L H H CB2 

l l H H l l 2-bit L H H H L L DBO H L H H l L DB10 H H H H l L 2-bit 

L l H H l H une l H H H l H 2-bit H L H H L H 2-bit H H H H l H CBl 

l l H H H L DBB L H H H H l 2-bit H l H H H l 2-bit H H H H H l CBO 

l l H H H H 2-bit l H H H H H CB5 H l H H H H CB4 H H H H H H none 

CB X = error in eheek bit X 
DB Y = error in data bit Y 
2-bit = double-bit error 
unc = uncorrectable multi bit error 

read-modify-write (byte control) operations 

The 'AL5616 and 'AL5617 devices are capable of byte-write operations. The 22-bit word from memory 
must first be latched into the DB and CB input latches. This is easily accomplished by switching from the 
read and flag mode (51 = H, 50 = L) to the latch input mode (51 = H, 50 = H). The EDAC will then 
make any corrections, if necessary, to the data word and place it at the input of the output data latch. 
This data word must then be latched into the output data latch by taking LEDBO from a low to a high. 

Byte control can now be employed on the data word through the OEBO or OEB1 controls. OEBO controls 
DBO-DB7 (byte a), OEB1 controls DB8-DB15 (byte 1). 

Placing a high on the byte control will disable the output and the user can modify the byte. If a low is 
placed on the byte control, then the original byte is allowed to pass onto the data bus unchanged. If the 
original data word is altered through byte control, a new check word must be generated before it is written 
back into memory. This is easily accomplished by taking control 51 and 50 low. Table 6 lists the read­
modify-write functions. 
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MEMORY 

CYCLE 
EDAC FUNCTION 

Read Read & Flag 

Read 
Latch input data 

& check bits 

Latch corrected 

Read data word into 

output latch 

Modify appropriate 

Modifyl byte or bytes & 

write generate new 

check word 

SN54ALS616, SN54ALS617, SN74ALS616, SN74ALS617 
16·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 6. READ-MODIFY-WRITE FUNCTION 

CONTROL 
DB OUTPUT 

CB 
BYTEn t OEBnt 

ERROR FLAG 
LATCH CHECK 1/0 

ERR MERR S1 SO 
LEDBO 

CONTROL 

H L Input H X Input H Enabled 

Latched Latched 

H H Input H L input H Enabled 

data check word 

Latched Hi-Z H ---- ---.,. 
H H 

output 
H H 

Output 
Enabled 

data Syndrome L 

word bits 

Input 

modified H 

BYTEO Output 
L L f---- -- - H L H H 

Output check word 

unchanged L 

BYTEO '. tOEBO controls DBO-OB7 (BYTEO), OEB1 controls OB8-0B15 (BYTE1) 

diagnostic operations 

The' ALS616 and' ALS617 are capable of diagnostics that allow the user to determine whether the EDAC 
or the memory is failing. The diagnostic function tables will help the user to see the possibilities for diagnostic 
control. 

In the diagnostic mode (S1 = L, SO = H), the checkword is latched into the input latch while the data 
input latch remains transparent. This lets the user apply various data words against a fixed known 
checkword. If the user applies a diagnostic data word with an error in any bit location, the ERR flag should 
be low. If a diagnostic data word with two errors in any bit location is applied, the MERR flag should be 
low. After the checkword is latched into the input latch, it can be verified by taking OECB low. This outputs 
the latched checkword. The diagnostic data word can be latched into the output data latch and verified 
via the LEDBO control pin. By changing from the diagnostic mode (S1 = L, SO = H), the user can verify 
that the EDAC will correct the diagnostic data word. Also, the syndrome bits can be produced to verify 
that the EDAC pinpoints the error location. Table 7 lists the diagnostic functions. 
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SN54ALS616. SN54ALS617. SN74ALS616. SN74ALS617 
16·811 PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 7. DIAGNOSTIC FUNCTION 

DB BYTE DB OUTPUT CB 

EDAC FUNCTION 
CONTROL ERROR FLAGS 

DATA 1/0 CONTROL LATCH CHECK 1/0 CONTROL 
ERR MERR S1 SO 

OEBn LEDBO OECB 

Read & flag H L 
Input correct 

data word 
H X 

Input correct 

check bits 
H H H 

Latch input check 
Input Latched 

word while data 
L H diagnostic H L input H Enabled 

input latch remains 
data word t check bits 

transparent 

Latch diagnostic Input Output latched 
L 

data word into L H diagnostic H H check bits Enabled 

output latch data word t 
-.---

Hi·Z ---.:1--
Latched Output 

Latch diagnostic 
input syndrome L 

data word into H H H H Enabled 
diagnostic bits 

input latch -.---- --H--data word Hi·Z 

Output diagnostic Output 
Output 

syndrome L 
data wqrd & H H diagnostic L H Enabled 

bits 
syndrome bits data word -.---- --H--

Hi·Z 

Output corrected Output Output 

diagnostic data corrected syndrome L 
H H L L Enabled 

word & output diagnostic bits 

syndrome bits data word 
--;,---- - H--Hi·Z 

tOiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic 
data word will contain errors in two bit locations. 
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SN54ALS616. SN54ALS617. SN74ALS616. SN74ALS617 
16·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

logic diagram (positive logic) 

DECODER 

so 

XIY 
SYNDROME 

0 GENERATOR 

0 
a., r--:;-

6 I >1 l4-- h -1 3 I 
1 h 

- 2 3 
CHECK-BIT ~ h 2f- .----- GENERATOR 

h 

Sl 

LATCHES h 
r---- h 

CBO-C 

L- Cl 
h 6 6 

B5 10 

'---
MUX 

[6 X-QR] 

BUFFERS ~ 1~ 
i---

GO 6 

<r L-- Gl 

~* 6 6 
0 ERROR 

DETECTOR 
DE CB EN 

LATCHES 
:---

'--- Cl 

- EN ERROR ~ffi 

OBO-DB7 
8 ~ 6/. 10 MULTI-ERROR ~MeiiR , 

OB8-D B15 
8 

10 

8, 8 BUFFERS 16 

<J BIT:IN-
ERROR 

ERROR DECODER 
CORRECTOR 

o EBO EN LATCHES =1 L- EN 

~* ~ - ~ 
~ 16 16 

EBI 10 

~ 16 

r< Cl 
[16X-OR] 

o 

BO 

*' ALS616 has 3-state 1'i7) check-bit and data outputs . 
• ALS617 has open-coliectorIO) check-bit and data outputs. 
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SN54ALS616, SN54ALS617, SN74ALS616, SN74ALS617 
16-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 V 
Input voltage: eB and DB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 

All others. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Operating case temperature range SN54ALS616, SN54ALS617, . . . . . . - 55 °e to 125°e 
Operating free-air temperature range, SN74ALS616, SN74ALS617 . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 °e to 150 °e 

recommended operating conditions 

SN54ALS616 SN74ALS616 

SN54ALS617 SN74ALS617 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High~level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage DB or CB l'ALS617 5.5 5.5 V 

ERR or MERR -0.4 -0.4 
IOH High-level output current I 'ALS616 

mA 
DB or CB -1 -2.6 

ERR or MERR 4 8 
IOL Low-level outp'ut current mA 

DB or CB 12 24 

tw Pulse duration LEDBO low 45 25 ns 

(11 Data and check word before SOi 
15 12 

(51 ~HI 

(21 SO high before LEDBOI (51 ~Hlt 45 45 

(31 LEDBO high before the earlier of 
0 0 

SOtor SH t 

(41 LEDBO high before 511 (SO~HI 0 0 
tsu Setup time 

(51 Diagnostic data word before S 1 i 
ns 

28 12 
(SO~HI 

(61 Diagnostic check word before the 

later of 51 j or 501 
15 12 

(71 Diagnostic data word before 
20 

LEDBOI (51 ~L and SO~Hlt 35 

(81 Read-mode, SO low and 51 high 35 30 

(91 Data and check word after SOi 
20 15 

(51 ~HI 

(101 Data word after 511 (SO ~ HI 20 15 
th Hold time ns 

( 111 Check word after the later of 
20 15 

SH or 501 

(121 Diagnostic data word after 
0 0 

LEDBOI (51 ~ L, SO ~ HI t 

teorr Correction time (see Figure 1) 70 65 ns 

TC Operating case temperature -55 125 °c 
TA Operating free-air temperature 0 70 °c 

tThese times ensure that corrected data is saved in the output data latch. 
:tThese times ensure that the diagnostic data word is saved in the output data latch. 
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SN54ALS616, SN74ALS616 
16-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

'ALS616 electrical characteristics over recommended operating temperature range (unless otherwise 
noted) 

SN54ALS616 SN74ALS616 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vcc ~ 4.5 V, II ~ -18 mA --1.5 -1.5 V 

All outputs Vcc - 4.5 V to 5.5 V, IOH .- -0.4 mA Vcc- 2 Vcc- 2 

VOH Vcc - 4.5 V, IOH - -1 mA 2.4 3.3 V 
DB or CB 

Vcc ~ 4.5 V, IOH ~ -2.6 mA 2.4 3.2 

ERR or MERR 
VCC ~ 4.5 V, IOH ~ 4 mA 0.25 0.4 0.25 0.4 

VCC - 4.5 V, IOL - 8 mA 0.35 0.5 
VOL V 

VCC ~ 4.5 V, IOL ~ 12 mA 0.25 0.4 0.25 0.4 
DB or CB 

IOL -- 24 mA 0.5 VCC - 4.5 V, 0.35 

SO or 51 VCC - 5.5 V, VI - 7 V 0.1 0.1 
II mA 

DB or CB VCC ~ 5.5 V, VI ~ 5.5 V 0.1 0.1 

SO or 51 20 20 
p.A IIH 

DB or CB' 
VCC ~ 5.5 V, VI~2.7V 

20 20 

SO or 51 -0.4 -0.4 
IlL DB or CBt 

VCC ~ 5.5 V, VI ~ 0.4 V mA 
-0.1 -0.1 

IO§ VCC ~ 5.5 V, Vo ~ 2.25 V -30 -112 -30 -112 mA 

ICC VCC ~ 5.5 V See Note 1 110 190 110 170 mA 

tAli typical values are at VCC ~ 5 V, TA ~ 25°C. 
+For 1/0 ports, the parameters I'H and I,L include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS· 
NOTE 1: ICC is measured with SO and 51 at 4.5 V and all CB and DB pins grounded. 

'ALS616 switching characteristics, Vee = 4.5 V to 5.5 V, eL = 50 pF, Te 
SN54ALS616, TA = ooe to 70 0 e for SN74ALS616 

FROM TO SN54ALS616 
PARAMETER TEST CONDITIONS 

IINPUT) (OUTPUT) MIN MAX 
DB and CB ERR 51 ~H, 50~L, RL=500!l 10 43 

tpd 
51 =L, SO~H, RL~500!l 10 43 DB ERR 

DB and CB MERR 51 ~H, 50~L, RL~500 {j 15 65 
tpd 

DB MERR 51 ~L, 50~H, RL~500!l 15 65 

tpd SO. and 5U CB Rl ~R2~500!l 10 60 

tpd DB CB 51-L. 50-L, Rl-R2-500 {j 10 60 

tpd LEDBO. DB 51 ~X, 50=H, Rl =R2~500!l 7 35 

tpd 511 CB 50-H, Rl-R2-500!l 10 50 

ten OECBI CB 50~H, 51 ~X, Rl =R2=500!l 2 30 

tdis OECB! CB 50=H, 51 =X, Rl =R2~500 (l 2 30 

ten OEBO and OEBU DB 50=H, 51 =X, Rl =R2=500!l 2 30 

tdis OEBO and OEB 1i DB 50=H, 51 ~X, Rl ~R2~ 500 (l 2 30 

SN74ALS616 

MIN MAX 
UNIT 

10 40 

10 40 
ns 

15 55 

15 55 
ns 

10 49 ns 

10 49 ns 

7 30 ns 

10 50 ns 

2 27 ns 

2 27 ns 

2 27 ns 

2 27 ns 
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SN54ALS617, SN74ALS617 
16·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

PRODUCT 
PREVIEW 

'ALS617 electrical characteristics over recommended operating temperature range (unless otherwise 
noted) 

SN54ALS617 SN74ALS617 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK VCC - 4.5 V, II - 18 mA 1.5 1.5 V 

VOH ERR or MERR VCC ~ 4.5 V to 5.5 V, 10H ~ -0.4 mA VCC- 2 VCC-2 V 

10H DB or CB VCC ~ 4.5 V, VOH ~ 5.5 V 0.1 0.1 mA 

ERR or MERR 
VCC - 4.5 V, 10H - 4 mA 0.25 0.4 0.25 0.4 

VCC - 4.5 V, 10L ~ 8 mA 0.35 0.5 
VOL V 

VCC - 4.5 V, 10L . 12 mA 0.25 0.4 0.25 0.4 
DB or CB 

VCC - 4.5 V, 10L - 24 mA 0.35 0.5 

50 or 51 VCC ~ 5.5 V, VI ~ 7 V 0.1 0.1 
II mA 

DB or CB VCC - 5.5 V, VI - 5.5 V 0.1 0.1 

50 or 51 20 20 
IIH 

DB or CBt 
VCC ~ 5.5 V, VI ~ 2.7 V ~A 

20 20 

50 or 51 -0.4 -0.4 
IlL 

DB or CBt 
VCC ~ 5.5 V, VI ~ 0.4 V mA 

··0.1 -0.1 

10§ ERR or MERR VCC ~ 5.5 V, Va ~ 2.25 V -30 -112 -30 -112 mA 

ICC VCC - 5.5 V See Note 1 110 110 mA 

t All typical values are at VCC ~ 5 V, T A ~ 25°C. 
+For I/O ports, the parameters IIH and IlL include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
NOTE 1: ICC is measured with 50 and 51 at 4.5 V and all CB and DB pins grounded. 

'ALS617 switching characteristics, VCC = 4.5 V to 5,5 V, CL 
for SN54ALS617, TA = O°C to 70°C for SN74ALS617 

PARAMETER 
FROM TO 

TEST CONDITIONS 

50 pF, TC 

SN54ALS617 

(INPUT) (OUTPUT) MIN Typt MAX 

DB and CB ERR 51 ~H, 50~L, RL~500!l 26 
tpd 

5 1 ~ L, 50 ~ H, RL ~ 500 !l DB ERR 26 

MERR 
51-H, 50-L, RL -500!l 40 

tpd DB and CB 
51 ooL, 50~H, RL ~500!l 40 

tpd 50! and 511 CB RL -680!l 40 

tpd DB CB 51 - L, SO - L, RL - 680 !l 40 

tpd LEDBOI DB 51 ~X, 50~H, RL ~680 Il 26 

tpd 511 CB 50-H, RL ~680 Il 40 

tpLH OECSI CS 51 ~X, 50~H, RL ~680 [J 24 

tPHL OECS! CB 51 ~X, 50~H, Rl ~680 Il 24 

tpLH OEBO and OEBlt DB 51 ~X, 50~H, RL ~680!l 24 

tpHL OEBO and OEBlt DB 51 ~X, 50~H, RL ~680!l 24 

t All typical values are at VCC ~ 5 V, TA ~ 25°C. 

Additional information on these products can be obtained from the factory as it becomes available. 

5N74ALS617 

MIN Typt MAX 
UNIT 

26 
ns 

26 

40 
ns 

40 

40 ns 

40 ns 

26 ns 

40 ns 

24 ns 

24 ns 

24 ns 

24 ns 

2·78 
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SN54ALS616. SN54ALS617. SN74ALS616. SN74ALS617 
16·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

r-----READ--..... ~~!.----------CORRECT-------------+i·1 

l4---'hl81 ~------, 

so-l rj ----------------------------------------~~ ________ _ 

Sl------;==========~::============~----------------------------''II tconectioo 
1 

:tsU(1)---r---th(9)~ r--tdis----' 

DBOTHRUDB15----~c===~'N~P~UT~D~A$T~A~W§D~R~D====~~~~~Ic=====~~O~U~TP~U~T~C~OR~R~E~CT~E~D~D~A~TA~W~OR~D~~~~~----
I4---ten ----Jll 

OEBOANDOEB1-------+----____ ~ ________ _i' 

, , I~-------------------------' 
I4---tsu(1)-----JJ0t4---th(9)~ riI--- --Ilol , , , 1 'di,! 

CBOTHRUCB5----i==~'~N~PU~T~C~HtEC~K~W~O~R~D====~~~~~=====><=~o~U~T~PU~T~S~Y~ND~R~O~M~E~C~OD~E~==~B8~~----
jlf--ten------Jlot 

, , 
__ 'pd~ 

ERR o/~h~Wi'WI&la,.---------V-A-L'-D~ER,..R:-F-L-AG:--------')0",,0£Hif>M 
~ tpd .1 

MEFffi ~~~~~50§~~~6kr------V-AL-'D~M=E=R=R-F-LA-G------~~~i?L§~ 

FIGURE 1. READ, FLAG, AND CORRECT MODE SWITCHING WAVEFORMS 

14-- th(81------Jli 

1 r'-----------------------, so 1 I I 
/4---READ .111 CORRECT -t- WRITE 

OUTPUT CORRECTED DATA WORD 

DBD THRU DB7 ----< iNPUT DAT~ WORD »»>ex »»» INPUT MODIFIED BYTE 0 

DBS THRU 0815 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

DEBQ 

OEBl 

cao THRU CBs INPUT CHECK WORD OUTPUT SVNDROME CODe OUTPUT CHECK WORD 

ERR \~ _____ ~V~A~L'~D~E~RR~FL~A~G _______ _JI 

~ VALIDMERR FLAG 7 
FIGURE 2. READ, CORRECT, MODIFY MODE SWITCHING WAVEFORMS 
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SN54AL8616, SN54ALS617, SN74ALS616, SN74ALS617 
16-BIT PARALLEL ERROR DETECtiON AND CORRECTION CiRCUITS 

so 

51 

OB. 
THRU 
0815 

L 
~'W(51-+j : rl---------------------------------------

~------------------~I------~I 
I fllf--th(101~ 
I I I 

OUTPUT DIAGNOSTIC OUTPUT CORRECTED 
DATA WORD DATA WORD INPUT VALID DATA WORD INPUT DIAGNOSTIC DATA WORD 

Iii 'd, • .,..... 

ffiffio--------~·----------------------+I------~:~--------,: ~~:1! 1 I I I r-
I tlUm:! .. ~ -:~I~~~.t; :.::.W~(~41 ____ ...j:~--------------_!)4-tpd+l 

LEaBO -------..... :----------------------+I-----!I I i LI....: ____________________ _ 
: : It--i-- thl121-----1li 

CBO 
THRU 

CBS 

f4-tsui61~th(11)~ : '-t--tPd4 
OUTPUT VALID CHECK WORD OUTPUT SYNDROME CODe 

I I 
I I 
I I 
I I 
I I 
l4--'pd---l !4--.Pd---! ______________________________ _ 

ERR --;- - - . \ VERIFY PROPER OPERATION OF ERR FLAG I VERIFY PROPER OPERATION OF ERR FLAG, FLAG SHOULD BE LOW 
_-+:~~~.J ~ ___ .!:"A':'~~~ !,E!I':H2.. __ __ J WITH A DIAGNOSTIC DAT/!tWQRD WITH A, SINGLE ERROR 
__ !!:-==!:! __ !I I4--'Pd~ ________________________________ _ 

MERR ____________ .J \. ~:F: :'l?£!! ~g~~!I~~~~R~ ~~.} '-____ V_ER_'.;;:'vV.;;IT.;;P.:'.;;2;..;Po;..;E,".;;A8:.;~.;;~;.:~.;;~i;.:ci.;;'6;..;'t..;;~A.;;F W,-,MO;;.E~.;;~,-,:'v.;;~_:_~_":.;;I;.;;~.;;3;;.:t_~_~_k_WO,-,BR_E_LO_W ____ __ 

FIGURE 3. DIAGNOSTIC MODE SWITCHING WAVEFORM 
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SN54ALS632A, SN54ALS633 THRU SN54ALS635 
SN14ALS632A, SN14ALS633 THRU SN14ALS635 

32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

• Detects and Corrects Single-Bit Errors 

• Detects and Flags Dual-Bit Errors 

• Built-In Diagnostic Capability 

• Fast Write and Read Cycle Processing 
Times 

• Byte-Write Capability ... 'ALS632A and 
'ALS633 

• Dependable Texas Instruments Quality and 
Reliability 

DEVICE PACKAGE BYTE-WRITE OUTPUT 

'ALS632A 52-pin yes 3-State 

'ALS633 52-pin yes Open-Collector 

'ALS634 4B-pin no 3-State 

'ALS635 48-pin no Open-Collector 

description 

The' ALS632A and' ALS633 through' ALS635 
devices are 32-bit parallel error detection and 
correction circuits (EDACs) in 52-pin (' ALS632A 
and' ALS633) or 48-pin (' ALS634 and' ALS635) 
600-mil packages. The EDACs use a modified 
Hamming code to generate a 7-bit check word 
from a 32-bit data word. This check word is 
stored along with the data word during the 
memory write cycle. During the memory read 
cycle, the 39-bit words from memory are 
processed by the EDACs to determine if errors 
have occurred in memory. 

Single-bit errors in the 32-bit data word are 
flagged and corrected. 

Single-bit errors in the 7-bit check word are 
flagged, and the CPU sends the EDAC through 
the correction cycle even though the 32-bit data 
word is not in error. The correction cycle will 
simply pass along the original 32-bit data word 
in this case and produce error syndrome bits to 
pinpoint the error-generating location. 

Dual-bit errors are flagged but not corrected. 
These errors may occur in any two bits of the 
39-bit data word from memory (two errors in the 
32-bit data word, two errors in the 7-bit check 
word, or one error in each word). The gross-error 
condition of all lows or all highs from memory 
will be detected. Otherwise, errors in three or 
more bits of the 39-bit word are beyond the 
capabilities of these devices to detect. 

NC 10 

DB3 11 
DB4 12 
DB5 13 

OEBO 14 
DB6 15 
DB7 16 
GND 17 
GND 18 
DBB 19 
DB9 20 

OEBl 21 
DB10 22 
DBll 23 
DB12 24 
0613 25 
DB14 26 

02661. DECEMBER 1982-REVISED 1985 

'ALS632A. 'ALS633 ... JD PACKAGE 

(TOP VIEW) 

LEDBO VCC 
MERR 51 

ERR 3 SO 
DBO 4 DB31 
DBl DB30 

OB29 
DB28 

DB4 DB27 
DB5 9 DB26 

OEBO OEB3 
DB6 DB25 
DB7 DB24 
GND GND 
DB8 DB23 
DB9 DB22 

OEBl OEB2 
DB10 DB21 
DBll DB20 
DB12 DB19 
DB13 DB18 
DB14 DB17 
DB15 DB16 

CB6 CBO 
CB5 CBl 
CB4 CB2 

OECB CB3 

'ALS632A, 'ALS633 . , , FN PACKAGE 

(TOP VIEW) 

9 8 7 6 5 4 3 2 1 686766 65 64 63 62 61 
60 

59 

58 
57 

56 

55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 

44 DB18 

NC - No internal connection 
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SN54ALS632A, SN54ALS633 THRU SN54ALS635 
SN74ALS632A, SN74ALS633 THRU SN74ALS635 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

Read-modify-write (byte-control) operations can be performed with the' ALS632A and' ALS633 EDACs 
by using output latch enable. LEDBO. and the individual OEBO thru OEB3 byte control pins. 

Diagnostics are performed on the EDACs by controls and internal paths that allow the user to read the 
contents of the DB and CB input latches. These will determine if the failure occurred in memory or in the 
EDAC. 

'ALS634, 'ALS635 . , . JD PACKAGE 'ALS634, 'ALS635 .. , FN PACKAGE 

(TOP VIEW) ITOPVIEW) 

MERR I'" ~OOl vCC ·N ..... O a:: UU C"lMN 
uummm~~uuu~ommmuu 

ERR 51 ZZOOOw z»wmOOOZz 

DBa so 98765432 1 6867666564636261 
DB1 DB31 10 60 NC 
DB2 DB30 11 59 
DB3 DB29 12 58 
DB4 DB28 13 57 
DB5 DB27 14 56 

DB26 15 55 
DB6 DB25 16 54 
DB7 DB24 17 53 
GND GND 18 52 
DB8 DB23 19 51 
DB9 DB22 20 50 

DB10 DB21 21 49 
DB11 DB20 22 48 
DB12 DB19 23 47 
DB13 DB18 24 46 

DB14 DB17 25 45 
DB15 DB16 26 44 

CB6 CBO v~~w~~~~~~"~~w~a~ 

CBS CB1 
uuu~um~·rMN~om~uu 

CB4 CB2 zzzmz~B~~~8~~moozz 
OECB CB3 o 0 00 

NC-No internal connection 

TABLE 1. WRITE CONTROL FUNCTION 

DB CONTROL DB OUTPUT LATCH CB 
ERROR FLAGS MEMORY EDAC CONTROL 

OEBn OR CHECK I/O CONTROL DATA I/O r ALS632A, 'ALS633) ERR MERR CYCLE FUNCTION S1 SO 
OEDB lEDBO OECB 

Write 
Generate 

check word 
L L Input H X 

Output 

check bitst 
L H H 

tSee Table 2 for details on check bit generation. 

memory write cycle details 

During a memory write cycle, the check bits (CBO thru CB6) are generated internally in the EDAC by seven· 
16-input parity generators using the 32-bit data word as defined in Table 2, These seven check bits are 
stored in memory along with the original 32-bit data word. This 32-bit word will later be used in the memory 
read cycle for error detection and correction. 
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CHECK WORD 

BIT 31 

CSO X 

CBl 

CB2 X 

CB3 

CB4 X 

CB5 X 

CBS X 

SN54ALS632A, SN54ALS633 THRU SN54ALS635 
SN74ALS632A, SN74ALS633 THRU SN74ALS635 

32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 2. PARITY ALGORITHM 

32-BIT DATA WORD 

30 29 2B 27 26 25 24 23 22 21 2019 1B 17 16 15 14 13 12 11 10 9 B 7 6 5 4 3 2 1 0 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X X 
X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

The seven check bits are parity bits derived from the matrix of data bits as indicated by "X" for each bit. 

error detection and correction details 

During a memory read cycle, the 7-bit check word is retrieved along with the actual data. In order to be 
able to determine whether the data from memory is acceptable to use as presented to the bus, the error 
flags must be tested to determine if they ·are at the high level. 

The first case in Table 3 represents the normal, no-error conditions. The EDAC presents highs on both 
flags. The next two cases of single-bit errors give a high on MERR and a low on ERR, which is the signal 
for a correctable error, and the EDAC should be sent through the correction cycle. The last three cases 
of double-bit errors will cause the EDAC to signal lows on both ERR and MERR, which is the interrupt 
indication for the CPU. 

TABLE 3. ERROR FUNCTION 

TOTAL NUMBER OF ERRORS ERROR FLAGS 

32-BIT DATA WORD ERR MERR 
DATA CORRECTION 

7-BIT CHECK WORD 

0 0 H H Not applicable 

1 0 L H Correction 

0 1 L H Correction 
1 1 L L Interrupt 

2 0 L L Interrupt 

0 2 L L Interrupt 

Error detection is accomplished as the 7-bi~ check word and the 32-bit data word from memory are applied 
to internal parity generators/checkers. If the parity of all seven groupings of data and check bits are correct, 
it is assumed that no error has occurred and both error flags will be high. 

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error 
flag or flags will be set low. Any single error in the 32-bit data word will change the state of either three 
or five bits of the 7-bit check word. Any single error in the 7-bit check word changes the state of only 
that one bit."ln either case, the single error flag (ERR) will be set low while the dual error flag IMERR) will 
remain high. 

Any two-bit error will change the state of an even number of check bits. The two-bit error is not correctable 
since the parity tree can only identify single-bit errors. Both error flags are set low when any two-bit error 
is detected. 

Three or more simultaneous bit errors can cause the EDAC to believe that no error, a correctable error, 
or an uncorrectable error has occurred and will produce erroneous results in all three cases. It should be 
noted that the gross-error conditions of all lows and all highs will be detected. 
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SN54ALS632A, SN54ALS633 THRU SN54ALS635 
SN74AlS632A, SN74ALS633 THRU SN74ALS635 
32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 4_ READ, FLAG, AND CORRECT FUNCTION 

MEMORY EDAC ONTROL 

CYCLE FUNCTION S1 

Read Read & flag H 

Latch input 

Read data & check H 

bits 

Output 

Read corrected data H 

& syndrome bits 

tSee Table 3 for error description. 
tSee Table 5 for error location. 

SO 

L 

H 

H 

DATA I/O 

Input 

Latched 

input 

data 

Output 

corrected 
data word 

DB CONTROL OB OUTPUT LATCH 

OEBn OR (' ALS632A, 'ALS633) CHECK I/O 

OEDB LEiiiiO 
H X Input 

Latched 

H l input 

check word 

Output 

L X syndrome 

bitst 

CB 
ERROR FLAGS 

CONTROL 
ERR iiiiERR 

OECB 

H Enabledt 

H Enabledt 

L Enabledt 

\ 

As the corrected word is made available on the data 1/0 port (OBO thru OB31), the check word 1/0 port 
(CBO thru CB6) presents a 7-bit syndrome error code. This syndrome error code can be used to locate 
the bad memory chip. See Table 5 for syndrome decoding . 
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SYNDROME BITS 
ERROR 

6 5 4 3 2 1 0 6 
L L L L L L L une L 

L L L L L L H 2-bit L 
L L L L L H L 2-bit L 

L L L L L H H une L 
L L L L H L L 2-bit L 

L L L L H L H une L 
L L L L H H L une L 

L L L L H H H 2-bit L 
L L L H L L L 2-bit L 
L L L H L L H une L 
L L L H L H L OB31 L 
L L L H L H H 2-bit L 

L L L H H L L une L 
L L L H H L H 2-bit L 
L L L H H H L 2-bit L 

L L L H H H H OB30 L 
L L H L L L L 2-bit L 
L L H L L L H une L 
L L H L L H L OB29 L 

L L H L L H H 2-bit L 
L L H L H L L OB28 L 

L L H L H L H 2-bit L 
L L H L H H L 2-bit L 
L L H L H H H OB27 L 
L L H H L L L OB26 L 
L L H H L L H 2-bit L 
L L H H L H L 2-bit L 
L L H H L H H OB25 L 

L L H H H L L 2-bit L 
L L H H H L H OB24 L 

L L H H H H L une L 
L L H H H H H 2-bit L 

SN54ALS632A, SN54ALS633 THRU SN54ALS635 
SN74ALS632A, SN74ALS633 THRU SN74ALS635 

32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 5. SYNDROME DECODING 

SYNDROME BITS 
ERROR 

SYNDROME BITS 
ERROR 

SYNDROME BITS 
ERROR 

5 4 3 2 1 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 
H L L L L L 2-bit H L L L L L L 2-bit H H L L L L L une 

H L L L L H une H L L L L L H une H H L L L L H 2-bit 
H L L L H L OB7 H L L L L H L une H H L L L H L 2-bit 

H L L L H H 2-bit H L L L L H H 2-bit H H L L L H H OB23 
H L L H L L OB6 H L L L H L L une H H L L H L L 2-bit 

H L L H L H 2-bit H L L L H L H 2-bit H H L L H L H OB22 
H L L H H L 2-bit H L L L H H L 2-bit H H L L H H L OB21 

H L L H H H OB5 H L L L H H H une H H L L H H H 2-bit 
H L H L L L OB4 H L L H L L L une H H L H L L L 2-bit 

H L H L L H 2-bit H L L H L L H 2-bit H H L H L L H OB20 

H L H L H L 2-bit H L L H L H L 2-bit H H L H L H L OB19 
H L H L H H OB3 H L L H L H H OB15 H H L H L H H 2-bit 

H L H H L L 2-bit H L L H H L L 2-bit H H L H H L L OB1B 

H L H H L H OB2 H L L H H L H une H H L H H L H 2-bit 
H L H H H L une H L L H H H L OB14 H H L H H H L 2-bit 

H L H H H H 2-bit H L L H H H H 2-bit H H L H H H H CB4 

H H L L L L DBa H L H L L L L une H H H L L L L 2-bit 

H H L L L H 2-bit H L H L L L H 2-bit H H H L L L H OB16 
H H L L H L 2-bit H L H L L H L 2-bit H H H L L H L une 

H H L L H H une H L H L L H H OB13 H H H L L H H 2-bit 
H H L H L L 2-bit H L H L H L L 2-bit H H H L H L L OB17 

H H L H L H OBl H L H L H L H OB12 H H H L H L H 2-bit 

H H L H H L une H L H L H H L OBll H H H L H H L 2-bit 

H H L H H H 2-bit H L H L H H H 2-bit H H H L H H H CB3 
H H H L L L 2-bit H L H H L L L 2-bit H H H H L L L une 

H H H L L H une H L H H L L H OB10 H H H H L L H 2-bit 
H H H L H L une H L H H L H L OB9 H H H H L H L 2-bit 

H H H L H H 2-bit H L H H L H H 2-bit H H H H L H H CB2 
H H H H L L une H L H H H L L OB8 H H H H H L L 2-bit 

H H H H L H 2-bit H L H H H L H 2-bit H H H H H L H CBl 

H H H H H L 2-bit H L H H H H L 2-bit H H H H H H L CBO 
H H H H H H CB6 H L H H H H H CB5 H H H H H H H none 

CB X= error in check bit X 
DB Y= error in data bit Y 
2-bit = double-bit error 
unc = uncorrectable multibit error 

read-modify-write (byte control) operations 

The' ALS632A and' ALS633 devices are capable of byte-write operations. The 39-bit word from memory 
must first be hitched into the DB and CB input latches. This is easily accomplished by switching from the 
read and flag mode (S1 = H, SO = L) to the latch input mode (S1 = H, SO = H). The EDAC will then 
make any corrections, if necessary, to the data word and place it at the input of the output data latch. 
This data word must then be latched into the output data latch by taking LEDBO from a low to a high. 

Byte control can now be employed on the data word through the OEBO through OEB3 controls. OEBO 
controls DBO-DB7 (byte 0), OEB 1 controls DBS-DB 1 5 (byte 1), OEB2 controls DB 16-DB23 (byte 2), and 
OEB3 controls DB24-DB31 (byte 3). Placing a high on the byte control will disable the output and the user 
can modify the byte. If a low is placed on the byte control, then the original byte is allowed to pass onto 
the data bus unchanged. If the original data word is altered through byte control, a new check word must 
be generated before it is written back into memory. This is easily accomplished by taking control S1 and 
SO low. Table 6 lists the read-modify-write functions. 
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SN54ALS632A, SN54ALS633 THRU SN54ALS635 
SN74ALS632A, SN74AlS633 THRU SN74ALS635 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 6. READ·MODIFY·WRITE FUNCTION 

MEMORY CONTROL 
DB OUTPUT 

EDAC FUNCTION OEBnt 
CYCLE 

BYTEnt LATCH CHECK I/O 
S1 SO 

LEDBO' 

Read Read & Flag H L Input H X Input 

Latch input data 
Latched Latched . 

Read 
& check bits 

H H Input H L input 

data . check word 

Latch corrected 
Latched Hi-Z 

------

Read data word into H H 
output 

H H 
Output 

output latch 
data Syndrome 

word bits 

Input 

Modify appropriate modified H 

Modify byte or bytes & BYTEO Output 
L L -Output-- ------ H 

/write generate new check word 

check word unchanged L 

BYTEO 

CB ERROR FLAG 

CONTROL ERR MERR 

H Enabled 

H Enabled 

H -------

L 
Enabled 

L H H 

tOEEio controls OBO-OB7 (BYTEOI. OEB 1 controls OBB-OB 1 5 (BYTE 1). OEB3 controls 0816-0823 (8YTE2). OE83 controls 0824-0B31 
(BYTE3). . 

diagnostic operations 

The' AL5632A and' AL5633 thru 'AL5635 are capable of diagnostics that allow the user to determine 
whether the EDAC or the memory is failing. The diagnostic function tables will help the user to see the 
possibilities for diagnostic control. 

In the diagnostic mode (51 = L, 50 = H), the checkword is latched into the input latch while the data 
input latch remains transparent. This lets the user apply various data words against a fixed known 
checkword. If the user applies a diagnostic data word with an error in any bit location, the ERR flag should 
be low. If a diagnostic data word with two errors in any bit location is applied, the MERR flag should be 
low. After the check word is latched into the input latch, it can be verified by taking OECB low. This outputs 
the latched checkword. With the' AL5632A and' AL5633, the diagnostic data word can be latched into 
the output data latch and verified. It should be noted that the 'AL5634 and' AL5635 do not have this 
pass-through capability because they do not contain an output data latch. By changing from the diagnostic 
mode (51 = L, 50 = H) to the correction mode (51 = H, 50 = HI. the user can verify that the EDAC 
will correct the diagnostic data word. Also, the syndrome bits can be produced to verify that the EDAC 
pinpoints the error location. Table 7 (' AL5632A and' AL5633) and Table 8 (' AL5634 and' AL5635) list 
the diagnostic functions. 
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EDAC FUNCTION 

Read & flag 

Latch input check 

word while data 

input latch remains 

transparent 

Latch diagnostic 

data word into 
output latch 

Latch diagnostic 

data word into 

input latch 

Output diagnostic 

data word & 

syndrome bits 

Output corrected 

diagnostic data 

word & output 

syndrome bits 

SN54ALS632A. SN54ALS633 THRU SN54ALS635 
SN74ALS632A. SN74ALS633 THRU SN74ALS635 

32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 7. 'ALS632A, 'ALS633 DIAGNOSTIC FUNCTION 

DB BYTE DB OUTPUT CB 
CONTROL ERROR FLAGS 

OATA 1/0 CONTROL LATCH CHECK 1/0 CONTROL 
ERR MERR 81 SO 

OEBn LEDBO OECB 

H L 
Input correct 

H X 
Input correct 

H H H 
data word check bits 

Input Latched 

L H diagnostic H L input H Enabled 

data word t check bits 

Input Output latched 
L 

L H diagnostic H H check bits Enabled 

data word t 
-------
Hi·Z 

--H---

Latched Output 

input syndrome L 
H H H H Enabled 

diagnostic bits ------- -----
data word Hi-Z H 

Output 
Output 

syndrome L 
H H diagnostic L H Enabled 

bits 
data word ------- ----

Hi-Z H 

Output Output 

corrected syndrome L 
H H L L Enabled 

diagnostic bits ------- ----
data word Hi-Z H 

tOiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data 
word will contain errors in two bit locations. 

TABLE 8. 'ALS634, 'ALS635 DIAGNOSTIC FUNCTION 

CONTROL DB CONTROL DB CONTROL ERROR FLAGS 
EDAC FUNCTION DATA 1/0 

OEDB 
CHECK 1/0 

OECB ERR MERR S1 SO 

Read & flag H L 
Input correct 

H 
Input correct 

H H H 
data word check bits 

Latch iflput check 
Input 

bits while data Latched input 
L H diagnostic H H Enabled 

input latch remains 
data word t 

check bits 

transparent 

Output input 
Input 

Output input 
L H diagnostic H L Enabled 

check bits 
data word t check bits 

Latch diagnostic Latched input Output 
L 

data into H H diagnostic H syndrome bits Enabled -------- ------
input latch data word Hi-Z H 

Output corrected Output corrected Output 
L 

diagnostic H H diagnostic L syndrome bits Enabled 

data word data word Hiz----- ---H---

tOiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data 
word will contain errors in two bit locations. 
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S1\I54ALS632A, SN54ALS633, SN74ALS632A, SN14ALS633 
32·81T PARALLEL ERROR DETECTIO~ AND CORRECTION CIRCUITS 

• ALS632A •• AL.S633 logic ~iagram (Poliitive logic) 

DECODER 

so 

81 

C 
C 

.,..... 1 

-2 

BO· 
B6 

CB 

OB7 DBO· 

DBa·D 

DB16·D 

DB24·0 

B15 

B23 

B31 

BO 

X/Y 

a a 

0 

0 

3 
1 
3 
2 

LATCHES 

'- C1 
7J 7 

1D , 

BUFFERS 

~77 
EN -

a 

a 

a 

a 

a a BUFFERS 

EN<J 

- * 

MUX 

~ GO 1f!..<-
~ G1 

7 
0 

LATCHES 

'--- C1 

10 

10 ~ 
10 

1D 

a 

7 

;---

32 

32 

B1 LATCHES 
- ~ 32 32 B2 10 

~ 
B3 

--C C1 

a 

LED BO 

*. ALS632A has 3·state ('\7l check· bit and data outputs . 
• ALS633 has open·collector (e) check· bit and data outputs. 

I SYNDROME 

~ 
GENERATOR 

=1 
I ;;'1 .~ h I 

h 
CHECK·BIT --+- ~ GENERATOR 

1'\ 
1'\ 
~ 
1'\ 

[7 
X·OR] 

7 

ERROR 
DETECTOR 

"- EN ERROR p-ERii 
7 MULTI· p-MEi'iR ERROR 

BIT·IN· 
ERROR ERROR 

CORRECTOR DECODER 

=1 EN 

'-- ~ 

32 
[32 

X-OR] 
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SN54ALS634, SN54ALS635, SN74ALS634, SN74ALS635 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

• ALS634 •• ALS635 logic diagram (positive logic) 

DECODER 

so 

Sl 

C 
C 

-1 

-2 

BO-
B6 

X/Y 
0 

0 

3 

1 

3 

2 

L~S 

"- Cl 
7 

10 
7 

MUX 

BUFFERS Kl GO If?..-
<I - Gl 

~ * 
7 

0 
CB EN 

-
LATCHES 

'--- Cl 

B31 32 32 
r lD DBO-D 

32 

BUFFERS 

<l 

* 
DB EN 

., ALS634 has 3-state (17) check-bit and data outputs. 
'ALS635 has open-collector IG) check-bit and data outputs. 

7 

~ 

I SYNDROME 

~ 
GENERATOR 
-:;-

7 I ;;'1 ~h L 

h 
CHECK-BIT h ~ GENERATOR + (See Table 2) r----.. 

" " h 
[7 

32 7 
X-OR! ---

ERROR 
DETECTOR 
(See Table 3) 

"- EN ERROR cr-ERR 

7 MUL TI-
cr- iiiiERR ERROR 

32 

BIT-IN· 
ERROR ERROR 

CORRECTOR DECODER 

=1 EN 

- 4-
l 32 

32 
[32 

x-ORl 
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SN54ALS632A, SN54ALS633 THRU SN54ALS63b 
SN74ALS632A,'SN74ALS633 THRU SN74ALS635 
32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) , ......... , ......... , .. , ........ , ...... , ....... 7 V 
Input voltage: eB and DB .. , .. , .. , ............. , .... , ... , ... , . . . . . . . . . . . . . .. 5.5 V 

All others, ..... , ...... , ... , .. , ............. , ......... , . . . . . . . .. 7 V 
Operating free-air temperature range: 

SN74ALS632A, SN74ALS633 thru SN74ALS635 , ............... ooe to 70°C 
Operating case temperature range: 

SN54ALS632A, SN54ALS633 thru SN54ALS635 , . , . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ., .... ,., ... , ...... , ............ ,........ - 65°C to 150°C 

recommended operating conditions 

SN54AlS632A SN74AlS632A 

SN54AlS633 SN74AlS633 

THRU THRU UNIT 

SN54AlS635 SN74AlS635 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4,5 5 5,5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL LowRlevel input voltage 0.8 0,8 V 

ERR or MERR -0.4 -0.4 
IOH High-level output current 

DB or CBl 'Al.S632A, 'ALS634 
rnA 

-1 -2.6 

ERR or MERR 4 8 
IOL Low-level output current rnA 

DB or CB 12 24 

tw Pulse duration lEDBO low 25 25 ns 

(1) Data and check word before SOt 

(S1 =H) 
15 10 

(2) SO high before LEDBOt (S1 = H) t 45 45 

(3) LEDBO high before the earlier of 
0 0 

SOl or S1I t 
(4) LEDBO high before'S 1t (SO = H) 0 0 

tsu Setup time 
(5) Diagnostic'data word before S1 t 

ns 

15 10 
(SO=H) 

(6) Diagnostic check word before the 

later of S 11 or SOt 
15 10 

(7) Diagnostic data word before 
25 20 

lEDBOt (SI =L and SO=H)t 

(8) Read-mode, SO low and S1 high ·35 30 

(91 Data and check word after SOi 
20 15 

(SI =H) r 
(10) Data word after S1t (SO = H) 20 15 

th Hold time 
(111 Check word after the later of 

ns 

SH or Sot 
20 15 

(12) Diagnostic data word after 
0 0 

lEDBOi (SI =L, SO=H)t 

teorr Correction time (see Figure 1) 65 58 ns 

TC Operating case temperature -55 125 °c 
TA Operating free-air temperature 0 70 °c 

tThese times ensure that corrected data is saved in the output data latch. 
tThese times ensure that the diagnostic data word is saved in the output data latch. 
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SN54ALS632A. SN54ALS634. SN74ALS632A. SN74ALS634 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

WITH 3-STATE OUTPUTS 

'ALS632A, 'ALS634 electrical characteristics over recommended operating temperature range (unless 
otherwise noted) 

SN54ALS632A SN74ALS632A 

PARAMETER TEST CONDITIONS SN54ALS634 SN74ALS634 UNIT 

MIN Typt MAX MIN Typt MAX 

VIK Vcc = 4.5 V. II = -18 mA -1.5 -1.5 V 

All outputs Vcc = 4.5 V to 5.5 V, IOH = -0.4 mA Vcc- 2 vcc- 2 
VOH Vcc = 4.5 V, IOH = -1 mA 2.4 3.3 V 

08 or CB 
VCC = 4.5 V, IOH = -2.6 mA 2.4 3.2 

ERR or MERR 
VCC = 4.5 V, IOL = 4 mA 0.25 0.4 0.25 0.4 

VCC = 4.5 V, IOL = 8 mA 0.35 0.5 
V VOL 

VCC = 4.5 V, IOl = 12 mA 0.25 0.4 0.25 0.4 
DB or CB 

VCC = 4.5 V, IOl = 24 mA 0.35 0.5 

SO or S1 VCC = 5.5 V, VI = 7 V 0.1 0.1 
II mA 

All others VCC = 5.5 V, VI = 5.5 V 0.1 0.1 

SO or S1 20 20 
p.A IIH 

All others' 
Vce = 5.5 V, VI = 2.7 V 

20 20 

SO or S1 -0.4 -0.4 
III 

All others' 
VCC = 5.5 V, VI = 0.4 V mA 

-0.1 -0.1 

IO§ VCC = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

ICC VCC = 5.5 V, See Note 1 150 250 150 250 mA 

t All typical values are at VCC = 5 V, T A = 25°C. 
t For 1/0 ports, the parameters IIH and IlL include the off-state output current. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
NOTE 1; ICC is measured with SO and S1 at 4.5 V and all CB and DB pins grounded. 

'ALS632A switching characteristics, Vee = 4.5 V to 5.5 V, eL 
for SN54ALS632A. TA = ooe to 70°C for SN74ALS632A 

50 pF. Te = -55°C to 125°C 

PARAMETER 
FROM TO SN54ALS632A SN74ALS632A 

TEST CONDITIONS 
(INPUT) IOUTPUT) MIN MAX MIN MAX 

UNIT 

DB and CB ERR S1 =H, 50=l, Rl=500 {J 10 43 10 40 
tpd ns 

DB ERR 51 = L, SO = H, RL = 500 {J 10 43 10 40 

DB and CB MERR 51 =H, 50=L, RL=500 {J 15 67 15 55 
tpd ns 

DB MERR 51 =l, SO=H, RL=500 {J 15 67 15 55 

tpd SOl and S1I CB R1 =R2=500 {J 10 60 10 48 ns 

tPLH SOl and 511 ERli' RL = 500!l 5 30 5 25 ns 

tpd 08 CB 51 =L, SO=L, R1 =R2=500 {J 10 60 10 48 ns 

tpd LEDBOI DB 51 =X, 50=H, R1 =R2=500!l 7 35 7 30 ns 

tpd S1t CB 50=H, R1 =R2=500!l 10 60 10 50 ns 

ten DECBI CB SO=H, 51 =X, R1 =R2=500!l 2 30 2 25 ns 

tdis DECBt CB 50=H, 51 =X, R1 =R2=500!l 2 30 2 25 ns 

ten OEBO thru OEB31 DB SO=H, 51 =X, R1 =R2=500!l 2 30 2 25 ns 

tdis OEBO thru OEB3t DB SO=H, 51 =X, R1 =R2= 500!l 2 30 2 25 ns 

• en 
Q) 
(,) 

"S; 
Q) 
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SN54ALS634. SN74ALS634 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
WITH 3·STATE OUTPUTS 

'ALS634 switching characteristics, Vee = 4.5 V to 5.5 V, eL = 50 pF, Te - -55 De to 125 De 
for SN54ALS634, TA - oDe to 70 De for SN74ALS634 

PARAMETER 
FROM TO SN54ALS634 

(INPUT) (OUTPUT) 
TEST CONDITIONS 

MIN MAX 

II 
r­
C/) -
c 
CD 
< n' 
CD 
til 

tpd 

tpd 

tpd 

tpLH 

tpd 

tpd 

ten 

tdis 

ten 

tdis 

DB and CB ER'R 

DB and CB MERR 

50~ and 5H CB 

50~ and 511 ERR 

DB CB 

51! CB 

OECB~ CB 

OECB! CB 

OEDB~ DB 

OED8! DB 

PRODUCTION DATA do.uments .. ntain information 
•• rrent as of publi.ation date. Produetc .onform to 
.peclfi.atlo .. p.r the terms of Te.a. Instrumants 

2·92 standard warranty. Production pro .... ing do .. not 
necassarily includa testing of all parameters. 

51 -H, 50-L, RL -500 II 10 43 

51 =L, 50=H, RL=500 II 10 43 

51-H, 50-L, RL -500 II 15 67 

51-L, 50-H, RL-500 II 15 67 

R1=R2=50011 10 60 

RL=50011 5 30 
51-L, 50-L, R1-R2-500 II 10 60 

50 H, R1 R2 500 II 7 35 

51 =X, 50=H, R1 =R2=500 II 2 30 

51 =X, 50=H, R1 =R2=500 II 2 30 

51 =X, 50=H, R1 =R2=500 II 2 30 

S1 =X, 50=H, R1 =R2=500 II 2 30 

TEXAS ." 
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SN74ALS634 

MIN MAX 
UNIT 

10 40 

10 40. 
ns 

15 55 
15 55 

ns 

10 48 ns 

5 25 ns 
10 48 ns 

7 30 ns 

2 25 ns 

2 25 ns 

2 30 ns 

2 25 ns 



PRODUCT 
PREVIEW 

SN54ALS633. SN74ALS633 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

WITH OPEN·COLLECTOR OUTPUTS 

'ALS633 electrical characteristics over recommended operating temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 
SN54ALS633 SN74ALS633 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

V,K Vcc - 4.5 V, 
" - -18 rnA -1.5 -1.5 V 

VOH ERR or MERR VCC = 4.5 V to 5.5 V, IOH = -0.4 rnA VCC- 2 VCC-2 V 

IOH DB or CB VCC - 4.5 V, VOH = 5.5 V 0.1 0.1 rnA 

ERR or MERR 
VCC - 4.5 V, lOL - 4 rnA 0.25 0.4 0.25 0.4 

VOL 
VCC - 4.5 V, IOL - 8 rnA 0.35 0.5 

VCC - 4.5 V, lOL - 12 rnA 0.25 
V 

DB or CB 
0.4 0.25 0.4 

VCC - 4.5 V, lOL - 24 rnA 0.35 0.5 

SO or Sl VCC - 5.5 V, V, - 7 V 0.1 0.1 

" All others VCC - 5.5 V, V, = 5.5 V 0.1 0.1 
rnA 

SO or Sl 20 20 
I'H 

All others' 
VCC = 5.5 V, V, = 2.7 V p.A 

20 20 

SO or Sl -0.4 -0.4 
I,L 

All others' 
VCC = 5.5 V, V, = 0.4 V rnA 

-0.1 -0.1 

lO§ ERR or MERR VCC = 5.5 V, Va = 2.25 V -30 -112 -30 -112 rnA 

ICC VCC - 5.5 V, See Note 1 150 250 150 250 rnA 

t All typical values are at VCC = 5 V, TA = 25°C. 
t For I/O ports, the parameters IIH and IlL include the off-state output current. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS­
NOTE 1: ICC is measured with SO and Sl at 4.5 V and all CB and DB pins grounded. 

'ALS633 switching characteristics, VCC == 4.5 V to 5.5 V, CL = 50 pF, TC == -55 DC to 125 DC 
for SN54ALS633, TA == ODC to 70 DC for SN74ALS633 

FROM TO SN54ALS633 SN74ALS633 
PARAMETER TEST CONDITIONS UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

DB and CB ERR Sl =H, SO=L, RL=500 I) 10 43 10 40 
tpd ns 

DB ERR Sl =L, SO=H, RL=500 0 10 43 10 40 

MERR 
Sl -H, SO-L, RL -5000 15 67 15 55 

tpd DB and CB ns 
Sl-L, SO-H, RL-500!l 15 67 15 55 

tpd SO. and SlI CB RL =680!l 10 75 10 60 ns 

tpLH SOl and SlI ERR RL -500!l 5 30 5 25 ns 

tpd DB CB Sl =L, SO=L, RL =680!l 10 70 10 60 ns 

tpd LEDBOI DB Sl =X, SO=H, RL =6800 15 70 15 50 ns 

tpd Sl! CB SO-H, RL-680!l 10 60 10 45 ns 

tpLH OECB! CB Sl =X, SO=H, RL=680!l 2 35 2 30 ns 

tpHL OECB. CB Sl =X, SO=H, RL=680 0 2 35 2 30 ns 

tpLH OEBO thru 0EEi3! DB Sl =X, SO=H, RL =6800 2 35 2 30 ns 

tpHL OEBO thru OEB31 DB Sl =X, SO=H, RL =680!l 2 35 2 30 ns 

II) 
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U 
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SN54ALS635, SN74ALS635 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
WITH OPEN·COLLECTOR OUTPUTS 

PRODUCT 
PREVIEW 

'ALS635 electrical characteristics over recommended operating temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 
SN54ALS635 SN74ALS635 

MIN Typt Typt 
UNIT 

MAX MIN MAX 

VIK Vee = 4.5 V. II = -18 rnA -1.5 -1.5 V 

VOH ERR or MERR Vee = 4.5 V to 5.5 V. 10H = -0.4 rnA VCC- 2 Vec-2 V 

10H DB or eB Vee - 4.5 V. VOH - 5.5 V 0.1 0.1 rnA 

ERR or MERR 
Vee - 4.5 V. 10L - 4 rnA 0.25 0.4 0.25 0.4 

VOL 
Vee - 4.5 V. 10L - 8 rnA 0.35 0.5 

Vee - 4.5 V. 10L - 12 rnA 0.25 
V 

DB or eB 
0.4 0.25 0.4 

Vee - 4.5 V. 10L - 24 rnA 0.35 0.5 

II 
SO or Sl Vee - 5.5 V. VI - 7 V 

All others Vee - 5.5 V. VI - 5.5 V 
rnA 

IIH 
SO or Sl 

All others* 
'Vee = 5.5 V. VI = 2.7 V p.A 

IlL 
SO or Sl 

All others* 
Vee = 5.5 V. VI = 0.4 V rnA 

10§ ERR or MERR Vee = 5.5 V. Va'" 2.25 V -30 -112 -30 -112 rnA 

ICC Vee = 5.5 V. 5ee Note 1 150 150 rnA B· tAli typical values are at Vee = 5 V. TA = 26°C. 
* For 1/0 ports. the parameters IIH and IlL include the off-state output current. t: § The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 

~ NOTE 1: ICC is measured with SO and 51 at 4.5 V and all eB and DB pins grounded. 

c 
CD 
< 
5" 
CD 
fI) 

'ALS635 switching characteristics, Vee = 4.5 V to 5.5 V, eL == 50 pF, Te "" -55 oe to 125°e 
for SN54ALS635, TA == ooe to 70 0 e forSN74ALS635 . 

PARAMETER 
FROM TO SN54ALS635 

(INPUT) . (OUTPUT) 
TEST CONDITIONS 

MIN Typt MAX 

DB and eB ERR 51 =H. SO=L. RL=500 11 26 
tpd 

DB ERR Sl =L. SO=H. RL=500 11 26 

DB and CB MERR 
51-H. SO-L. RL-500 11 40 

tpd 
Sl -L. SO -H. RL - 50011 40 

tpd SO. and SU eB RL -68011 40 

tpLH SO. and SU ERR RL=500 11 14 

tpd DB eB Sl -L. 50-L. RL -68011 40 

tpd S11 DB SO-H. RL -68011 40 

tpLH OITiiT eB Sl =X. 50=H. RL =68011 24 

tpHL 0EQi. eB Sl =X. SO=H. RL =68011 24 

tPLH ~i DB Sl =X. SO=H. RL =68011 24 

tpHL OEDB. DB Sl =X. SO=H. RL =68011 24 

t All typical values are at Vee = 5 V. TA = 25°C. 

PRODUCT PREVIEW do.uments contain informetion 
on produ.ts in the formaliv. or d •• ign ~ha .. of 
development. Characteristic data aRit ather 
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SN74ALS635 

MIN Typt MAX 

26 

26 

40 

40 

40 

14 

40 

40 

24 

24 

24 

24 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SN54ALS632A, SN54ALS633 THRU SN54AlS635 
SN74ALS632A, SN74ALS633 THRU SN74ALS635 

32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

If---READ---ott,. .... --------CORRECT----------*t~1 
I, 1 
tf---thIBI.----., I 

so-l Ir'-----------------------------------------Li ________ __ 
~ tcorraction------_·I 
+--tsu f11 _____ lh(9I--Ji1t 1 j+-1dis--*i 

-------~:==:!~~~'!!~~==~'~~~~====:Jt'~~~~~~~~~~~~~~----DBO THRU DB31 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 
1 

IIII--ten----JII 
1 

oawTHRU~3 I I LI __ ~ ______________________________ ~ 

~tSUfl)--r--th(91~ r--ldiS----" 

CBOTHRUC86 -----'( INPUT CHECK WORD ~ OUTPUT SYNDROME CODE >j»»»' 
: If--ten---lll 
1 

OEca I , 
---'pd~ 

EAR w/ffdhltj,tiliWffim/Ar--------------V-AL-,O""E=A=A,-F-LA-G----------------"')W4M~NlM 
i. 'pd .1 

FIGURE 1. READ. FLAG. AND CORRECT MODE SWITCHING WAVEFORMS 

~tt,(8J--+t 

so: I~----------------------------------~I 
j4---READ '1" CORRECT .... WRITE s'---1 : I~ ______________________ __ 

1 , 

DBOTHRUDB7 ---< INPUTDAT~WORD ~OUTPUTCORRECTEDDATA3»)D) t INPUT MOQIFIED BYTE 0 >2Zi»--
, 1 

D88THRU 0815 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

0816 THRU DB23 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

0824 THRU 0831 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

DESO -,~---------------~ 
DEB1 

~ ____________________ ~I ____________ ~r____ 

I 
0EB2 ------------...... ----., I r____ 

I 
I 

L-______________________________ :~----------------~r-------

_"'121_ ~""3'~ 

i:Ei5Bo ~~t"':~~~"'''\:~<:"<~~~t"':~~~'''~<:"<~~~ iW..?$/$/ff#ffiW/dI: ~ 
Io-,~ : 

DECO -----------------------.1 I r-
~.----------------~----------~I 

CBO THRU eB6 INPUT CHECK WORD OUTPUT SVNDROME CODe OUTPUT CHECK WORD 

\~ ________ ~V~A~LI~D~EA~A~F~LA~G~ ________ -'7 

\~ ______ ~V~A~LI~O~M~EA~A~F~L~AG~ ____ --J7 

FIGURE 2. READ. CORRECT. MODIFY MODE SWITCHING WAVEFORMS 
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SN54ALS632A, SN64ALS633 THR~ SN54ALS635 
SN74ALS632A, SN74ALS633 THRU SN74~LS635 
32·81T PARALLEL ~RROR' DETECTION' AND CORRECTION CIRCUITS 

so L r.wl.']I-________________________ _ 
~-----------------+I----~, " 

DBO THRU 0831 INPUT VALID DATA WORD 

I 

I. If---th(10)---ti 
I I I 

INPUT DIAGNOSTIC DATA WORD 

I I 1 

OUTP4T DIAGNOSTIC 
DATAWQRO 

1 I 
1 I 1 

OEBO----_-+l __________ ~---_+-----~ 
THRU ! 
OEB3 I 

CSO 
THRU 

CB6 

I 
1 
1 
1 

1 
I 
I 

tsum !- . ,- ot tsu(4) 
I 

1 1 
1 I I 

, 
1 I 

I I I 

I t.-+-'hl121~ , 
I I.-'.d_ 
I 1 

-r .... ....,~~::.:~~--~-"'------~ft-.. d ... 

I 

OUTPUT VALID CHECK WORD OUTPUT SVNDROME CODE 

FIGURE 3. DIAGNOSTIC MODE SWITCHING WAVEFORM 
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PRODUCT 
PREViEW 

SN54AS632. SN54AS634 
SN74AS632. SN74AS634 

32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

• Detects and Corrects Single-Bit Errors 

• Detects and Flags Dual-Bit Errors 

• Built-In Diagnostic Capability 

• Fast Write and Read Cycle Processing 
Times 

• Byte-Write Capability ... 'AS632 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The 'AS632 and 'AS634 devices are 32-bit 
parallel error detection and correction circuits 
(EDACs) in 52-pin (' AS632) or 48-pin (' AS634) 
600-mil packages. The EDACs use a modified 
Hamming code to generate a 7-bit check word 
from a 32-bit data word, This check word is 
stored along with the data word during the 
memory write cycle. During the memory read 
cycle, the 39-bit words from memory are 
processed by the EDACs to determine if errors 
have occurred in memory. 

Single-bit errors in the 32-bit data word are 
flagged and corrected. 

Single-bit errors in the 7-bit check word are 
flagged, and the CPU sends the EDAC through 
the correCtion cycle even though the 32-bit data 
word is not in error. The Correction cycle will 
simply pass along the original 32-bit data word 
in this case and produce error syndrome bits to 087 

pinpoint the error-generating location. 

Dual-bit errors are flagged but not corrected, 
These errors may occur in any two bits of the 
39-bit data word from memory (two errors in the 
32-bit data word, two errors in the 7-bit check 
word, or one error in each word). The gross-error 
condition of all lows elr all highs from memory 
will be detected. Otherwise, errors in three or 
more bits of the 39-bit word. are beyond the 
capabilities of these devices to detect. 

OE81 

OB10 
0811 

bB12 
0813 
0814 

10 
11 

12 

13 
14 
15 
16 
17 
18 
19 

20 
21 

22 

23 
24 

26 
26 

D2661, JANUARY 1986 

9 8 

·AS632 ... JD PACKAGE 
(TOP VIEW) 

LED80 vcc 
MERR 51 

50 
0831 

D81 0830 
D82 0829 
D83 0828 
084 0827 
085 9 D826 

OE80 
086 0825 
087 0824 
GND GNO 
.D88 D823 
089 

OE81 

0810 
D811 

0812 
D813 
0814 
0815 

C86 
C85 

C84 
OEC8 

·AS632 ... FN PACKAGE 
(TOP VIEW) 

7 6 5 4 3 2 1 6867666564636261 

vn~w~aa~~~n~~~~~a 

60 
59 

58 
57 

56 
55 OE83 

54 0825 

53 D824 

52 GNO 
51 GNO 
50 0823 
49 OB22 
48 OE82 
47 OB21 
46 0820 
46 DB19 
44 OB18 

NC-No internal connection 

Copyright © 1986. Texas Instruments Incorporated 
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SN54AS632, SN54AS634 
SN74AS632, SN74AS634 
32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

Read-modify-wriie (byte-control) operations can be performed with the' AS632 EDAC by using output 
latch enable, LEDBO, and the individual OEBO thru OEB3 byte control pins. . 

Diagnostics are performed on the EDACs by controls and internal paths that allow the user to read the 
contents of the DB and CB input latches. These will determine if the failure occurred in memory or in the 
EDAC. . 

'AS634 ... JD PACKAGE 'AS634 ... FN PACKAGE 
(TOP VIEW) (TOP VIEW) 

MERR vCC Ia: - 0 '" N~Oc:::a:: uu MMN 
uummm~~uuu_ommmuu 

ERR 51 ZZOOOw Z»WWDOOZZ 

OBO SO 98765432 1 686766656463626, 
OBl OB31 10 60 NC 
OB2 OB30 59 
OB3 OB29 12 58 
OB4 OB28 13 57 
OB5 OB21 14 56 

OEOB OB26 15 55 
OB6 OB25 16 54 
OB7 OB24 17 53 
GNO GNO 18 52 
OB8 OB23 19 
OB9 OB22 20 50 

OB10 OB21 21 49 
OBll OB20 22 48 
OB12 OB19 OB11 23 47 
OB13 OB18 24 46 

OB14 OB17 25 45 

OB15 OB16 26 44 

CB6 CBO V~~W~~~M~~n~~~~a~ 

CBS CBl 
uuu~U~~·rMN-O~~UU 

CB4 CB2 Z2ZmZ~B~~BBBB~ooZZ 
OECa CB3 o 0 00 

NC-No internal connection 

TABLE 1, WRITE CONTROL FUNCTION 

MEMORY 
DB CONTROL DB OUTPUT LATCH CB 

EOAC CONTROL 
OEBn OR ('AS632) ERROR FLAGS 

DATA 1/0 CHECK 1/0 CONTROL 
CYCLE FUNCTION S1 SO 

OEDB LEDBO OECB 
ERR MERR 

Write 
Generate 

check word 
L L Input H X 

Qutput 
L H H 

check bitst 

tSee Table 2 for details on check bit generation. 

memory write cycle details 

During a memory write cycle, the check bits (CBO thru CB6) are generated internally in the EDAC by seven 
16-input parity generators using the 32-bit data word as defined in Table 2, These seven check bits are 
stored in memory along with the original 32-bit data word. This 32-bit word will later be used in the memory 
read cycle for error detection and correction. 
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CHECK WORD 

BIT 31 

CBO X 

CBl 

CB2 X 

CB3 

CB4 X 

CB5 X 

CBB X 

SN54AS632. SN54AS634 
SN74AS632. SN74AS634 

32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 2. PARITY ALGORITHM 

32·BIT DATA WORD 

30 29 2B 27 26 25 24 23 22 21 20 19 lS 17 16 15 14 13 12 11 10 9 S 7 6 5 4 3 2 1 0 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X X 
X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

The seven check bits are parity bits derived from the matrix of data bits as indicated by "X" for each bit. 

error detection and correction details 

During a memory read cycle, the 7-bit check word is retrieved along with the actual data. In order to be 
able to determine whether the data from memory is acceptable to use as presented to the bus, the error 
flags must be tested to determine if they are at the high level. 

The first case in Table 3 represents the normal, no-error conditions. The EDAC presents highs on both 
flags. The next two cases of single-bit errors give a high on MERR and a low on ERR, which is the signal • 
for a correctable error, and the EDAC should be sent through the correction cycle. The last three cases 
of double-bit errors will cause the EDAC to signal lows on both ERR and MERR, which is the interrupt 
indication for the CPU. en 

TABLE 3. ERROR FUNCTION 

TOTAL .NUMSER OF ERRORS ERROR FLAGS 

32-SIT DATA WORD 7-SIT CHECK WORD ERR MERR 
DATA CORRECTION 

0 0 H H Not applicable 

1 0 L H Correction 
0 1 L H Correction 

1 1 L L Interrupt 

2 0 l l Interrupt 

0 2 l l Interrupt 

Error detection is accomplished as the 7-bit check word and the 32-bit data word from memory are applied 
to internal parity generators/checkers. If the parity of all seven groupings of data and check bits are correct, 
it is assumed that no error has occurred and both error flags will be high. 

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error 
flag or flags will be set low. Any single error in the 32-bit data word will change the state of either three 
or five bits of the 7-bit check word. Any single error in the 7-bit check word changes the state of only 
that one bit. In either case, the single error flag (ERR) will be set low while the dual error flag (MERR) will 
remain high. 

Any two-bit error will change the state of an even number of check bits. The two-bit error is not correctable 
since the parity tree can only identify single-bit errors. Both error flags are set low when any two-bit error 
is detected. 

Three or m9re simultaneous bit errors can cause the EDAC to believe that no error, a correctable error, 
or an uncorrectable error has occurred and will produce erroneous results in all three cases. It should be 
noted that the gross-error conditions of all lows and all highs will be detected. 
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SN54AS632, SN54AS634 
SN74AS632, SN74AS634 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 4. READ, FLAG, AND CORRECT FUNCTION 

MEMORY EDAC CONTROL 

CYCLE FUNCTION S1S0 

Read Read & flag H L 

Latch input 

Read data & check H H 

bits 

Output 

Read corrected data H H 

& syndrome bits 

tSee Table 3 for error description. 
tSee Table 5 for error location. 

DATA 1/0 

Input 

Latched 

input 

data' 

Output 

corrected 
data word 

DB CONTROL DB OUTPUT LATCH 
OEBn OR ('AS632) CHECK 1/0 

OEDB LEDBO 

H X Input 

Latched 

H L input 

check word 

Output 

L X syndrome 

bitst 

CB 
ERROR FLAGS 

CONTROL 

OECB 
ERR MEiiR 

H Enabledt 

H Enabledt 

L Enabledt 

As the corrected word is made available on the data 110 port (DBO thru DB31). the check word 110 port 
(eBO thru CB6) presents a 7·bit syndrome error code. This syndrome error code can be used to locate 
the bad memory chip. See Table 5 for syndrome decoding. 
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SYNDROME BITS 
ERROR 

6 5 4 3 2 1 0 6 
L L L L L L L unc L 
L L L L L L H 2-bit L 
L L L L L H L 2-bit L 
L L L L L H H unc L 
L L L L H L L 2-bit L 
L L L L H L H unc L 
L L L L H H L unc L 
L L L L H H H 2-bit L 
L L L H L L L 2-bit L 
L L L H L L H unc L 
L L L H L H L DB31 L 
L L L H L H H 2-bit L 
L L L H H L L unc L 

L L L H H L H 2-bit L 
L L L H H H L 2-bit L 
L L L H H H H DB30 L 
L L H L L L L 2-bit L 
L L H L L L H unc L 
L L H L L H L DB29 L 
L L H L L H H 2-bit L 
L L H L H L L DB28 L 
L L H L H L H 2-bit L 
L L H L H H L 2-bit L 
L L H L H H H DB27 L 
L L H H L L L DB26 L 
L L H H L L H 2-bit L 
L L H H L H L 2-bit L 
L L H H L H H DB25 L 
L L H H H L L 2-bit L 
L L H H H L H OB24 L 

L L H H H H L unc L 
L L H H H H H 2-bit L 

SN54AS632, SN54AS634 
SN74AS632, SN74AS634 

32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 5. SYNDROME DECODING 

SYNDROME BITS 
ERROR 

SYNDROME BITS 
ERROR 

SYNDROME BITS 
ERROR 

5 4 3 2 1 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 
H L L L L L 2-bit H L L L L L L 2-bit H H L L L L L unc 

H L L L L H unc H L L L L L H unc H H L L L L H 2-bit 

H L L L H L DB7 H L L L L H L unc H H L L L H L 2-bit 

H L L L H H 2-bit H L L L L H H 2-bit H H L L L H H DB23 

H L L H L L DB6 H L L L H L L unc H H L L H L L 2-bit 

H L L H L H 2-bit H L L L H L H 2-bit H H L L H L H DB22 

H L L H H L 2-bit H L L L H H L 2-bit H H L L H H L DB21 

H L L H H H DB5 H L L L H H H unc H H L L H H H 2-bit 

H L H L L L DB4 H L L H L L L unc H H L H L L L 2-bit 

H L H L L H 2-bit H L L H L L H 2-bit H H L H L L H DB20 

H L H L H L 2-bit H L L H L H L 2-bit H H L H L H L DB19 

H L H L H H DB3 H L L H L H H DB15 H H L H L H H 2-bit 

H L H H L L 2-bit H L L H H L L 2-bit H H L H H L L DB18 

H L H H L H DB2 H L L H H L H unc H H L H H L H 2-bit 

H L H H H L unc H L L H H H L DB14 H H L H H H L 2-bit 

H L H H H H 2-bit H L L H H H H 2-bit H H L H H H H CB4 

H H L L L L DBO H L H L L L L unc H H H L L L L 2-bit 

H H L L L H 2-bit H L H L L L H 2-bit H H H L L L H DB16 

H H L L H L 2-bit H L H L L H L 2-bit H H H L L H L unc 

H H L L H H unc H L H L L H H DB13 H H H L L H H 2-bit 
H H L H L L 2-bit H L H L H L L 2-bit H H H L H L L DB17 

H H L H L H DB1 H L H L H L H DB12 H H H L H L H 2-bit 

H H L H H L unc H L H L H H L DB11 H H H L H H L 2-bit 

H H L H H H 2-bit H L H L H H H 2-bit H H H L H H H CB3 
H H H L L L 2-bit H L H H L L L 2-bit H H H H L L L unc 

H H H L L H unc H L H H L L H DB10 H H H H L L H 2-bit 

H H H L H L unc H L H H L H L DB9 H H H H L H L 2-bit 

H H H L H H 2-bit H L H H L H H 2-bit H H H H L H H CB2 
H H H H L L unc H L H H H L L DBB H H H H H L L 2-bit 

H H H H L H 2-bit H L H H H L H 2-bit H H H H H L H CB1 

H H H H H L 2-bit H L H H H H L 2-bit H H H H H H L CBO 
H H H H H H CB6 H L H H H H H CB5 H H H H H H H none 

CB X= error in check bit X 
DB Y= error in data bit Y 
2-bit = double-bit error 
unc = uncorrectable multi bit error 

read-modify-write (byte control) operations 

The 'AS632 is capable of byte-write operations. The 39-bit word from memory must first be latched into 
the OB and CB input latches. This is easily accomplished by switching from the read and flag mode (S1 = H, 
SO = L) to the latch input mode (S1 = H, SO = H). The EOAC will then make any corrections, if necessary, 
to the data word and place it at the input of the output data latch. This data word must then be latched 
into the output data latch by taking LEOBO from a low to a high. 

Byte control can now be employed on the data word through the OEBO through OEB3 controls. OEBO 
controls OBO-OB7 (byte 0), OEB1 controls OB8-0B15 (byte 1), OEB2 controls OB16-0B23 (byte 2). and 
OEB3 controls OB24-0B31 (byte 3). Placing a high on the byte control will disable the output and the user 
can modify the byte. If a low is placed on the byte control, then the original byte is allowed to pass onto 
the data bus unchanged. If the original data word is altered through byte control, a new check word must 
be generated before it is written back into memory. This is easily accomplished by taking control S1 and 
SO low. Table 6 lists the read-modify-write functions. 

1m 
en 
Q) 
Co) 

':; 
Q) 

C 

en 
....I 

TEXAS ", 
INSTRUMENTS 

2-101 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



• r­
t/) 

o 
CD 
< n' 
CD en 

SN54AS632, SN54AS634 
SN74AS632, SN74AS634 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 6. READ·MODIFY·WRITE FUNCTION 

DB OUTPUT 
MEMORY CONTROL 

EOAC FUNCTION 
CYCLE S1 SO 

BYTEnt OEBnt LATCH CHECK 110 

LEOBO 

Read Read & Flag H L Input H X Input 

Latched Latched 

Read 
Latch input data 

H H Input H L input 
& check bits 

data check word 

Latched Hi-Z 
Latch corrected ------

Read data word into H H 
output 

H H 
Output 

data Syndrome 
output latch 

word bits 

Input 

Modify appropriate modified H 

Modify byte or bytes & BYTEO Output 
L L ------- ------ H 

Iwrite generate new Output check word 

check word unchanged L 

BYTEO 

CB ERROR FLAG 

CONTROL ERR MERR 

H Enabled 

H Enabled 

H -------
Enabled 

L 

L H H 

tOEBO controls OBO-OB7 (BYTEOI. OEB1 controls OB8-0B15 (BYTE1!. OEB3 controls OB16-0B23 (BYTE21, OEB3 controls OB24-0B31 
(BYTE31. 

diagnostic operations 

The 'AS632 and 'AS634 are capable of diagnostics that allow the user to determihe whether the EDAC 
or the memory is failing. The diagnostic function tables will help the user to see the possibilities for diagnostic 
control. 

In the diagnostic mode (51 = L, SO = H), the checkword is latched into the input latch while the data 
input latch remains transparent. This lets the user apply various data words against a fixed known 
checkword. If the user applies a diagnostic data word with an error in any bit location, the ERR flag should 
bll low. If a diagnostic data word with two errors in any bit location is applied, the MERR flag should be 
low. After the checkword is latched into the input latch, it can be verified by taking OECB low. This outputs 
the latched checkword. With the 'AS632, the diagnostic data word can be latched into the output data 
latch and verified. It should be 'noted that the' AS634 does not have this pass-through capability because 
they do not contain an output data latch. By changing from the diagnostic mode (51 = L, SO= H) to 
the correction mode (S1 = H, SO = H), the user can verify that the EDAC will correct the diagnostic data 
word. Also, the syndrome bits can be produced to verify that the EDAC pinpoints the error location, Table 7 
(' AS632) and Table 8 (' AS634) list the diagnostic functions. 
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CONTROL 
EDAC FUNCTION 

S1 SO 

Read & flag H L 

Latch input check 

word while data 

input latch remains 
L H 

transparent 

Latch diagnostic 

data word into L H 

output latch 

Latch diagnostic 

data word into H H 

input latch 

Output diagnostic 

data word & H H 

syndrome bits 

Output corrected 

diagnostic data 
H H 

word & output 

syndrome bits 

CONTROL 
EDAC FUNCTION 

S1 SO 

Read & flag H L 

Latch input check 

bits while data 

input latch remains 
L H 

transparent 

Output input 
L H 

check bits 

Latch diagnostic 

data into H H 

Input latch 

Output corrected 

diagnostic H H 

data word 

SN54AS632. SN54AS634 
SN74AS632. SN74AS634 

32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 7. 'AS632 DIAGNOSTIC FUNCTION 

DB BYTE DB OUTPUT CB 
ERROR FLAGS 

DATA 1/0 CONTROL LATCH CHECK 1/0 CONTROL 
ERR iiffiiii 

OEBn LEDBO 0ffiI 
Input correct 

H X 
data word 

Input correct 
H 

check bits 
H H 

Input Latched 

diagnostic H L input H Enabled 

data word t check bits 

Input Output latched 
L 

diagnostic H H check bits Enabled 

data word t ------- ----Hi-Z H 

Latched Output 

input syndrome L 
H H Enabled 

diagnostic bits ------- -----
data word Hi-Z H 

Output 
Output 

syndrome L 
diagnostic L H Enabled 

bits 
data word ------- ----

Hi-Z H 

Output Output 

corrected syndrome L 
L L Enabled 

diagnostic bits ------- ----
data word Hi-Z H 

TABLE 8. 'AS634 DIAGNOSTIC FUNCTION 

DB CONTROL DB CONTROL ERROR FLAGS 
DATA I/O 

OEDB 
CHECK 1/0 

OECB ERR MERR 

Input correct 
H 

Input correct 
H H H 

data word check bits 

Input 
Latched input 

diagnostic H H Enabled 

data word t 
check bits 

Input 
Output input 

diagnostic H L Enabled 

data word t check bits 

Latched input Output 
L 

diagnostic H !y~~~!.~i~_ Enabled ------
data word Hi-Z H 

Output corrected Output 
L 

diagnostic L syndrome bits Enabled 

data word H1:z----;- ---H---

tOiagnostic data is a data word with an error in one bit location except when testing the MERR error flag. In this case, the diagnostic data 
word will contain errors in two bit locations. 
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SN54AS632, SN74AS632 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

• AS632 logic diagram (positive logic) 

DECODER 

so - 1 

S1 -2 

C 
C 

BO· 
B6 

CB 

DB7 DBO· 

DBB·D 

08.16·0 

DB24·D 

B15 

B23 

B31 

BO 

B1 

OE B2 

OE B3 

LED BO 

X/Y 
0 

0 

3 
1 

3 
2 

8 a a 

.L~S 

'-'- C1 
7 

10 
7 

Br;rS ...a 
-4- 7 

EN 

- -
8 

B 

8 

8 

a BUFFERS 

EN<J 
a -

- ~ 
~ 
a 

I J 
SYNDROME 

L, GE~OR 

I 
=1 

7 >1 f----?,.- 0--.... I 

0--.... 
CHECK·BIT 0--.... ~ GENERATOR + 

~ 

~ 

~ 

----
MUX [7 

GO 1~ 32 7 
~ 

G1 
7 ERROR 0 

DETECTOR 
LATCHES 

C1 

10 . - EN ERROR o-:--ERi'i 

10 ~ 7 MULTI· D--MEiiR ERROR 
10 

10 

32 

BIT·IN· 
ERROR ERROR 

CORRECTOR DECODER 

LATCHES =1 - EN 
:.....- -+-32 32 10 

32 
-<l C1 [32 

X-OR] 
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SN54AS634, SN74AS634 
32·81T PARALLEL ERROR DETECTIN AND CORRECTION CIRCUITS 

. AS634 logic diagram (positive logic) 

DECODER 

so 

S1 

C 

C 

-1 

- 2 

BO· 
B6 

CB 

DBO·D B31 

DB 

XIY 
0 

0 

3 

1 

3 

2 

LATCHES 

'- Cl 
7 7 

10 

""""--

BUFFERS ~ 
~~ '--

7 

EN 

-
-

32 32 

32 

MUX 

GO ,.;.... 
G1 

7 
0 

LATCHES 

Cl 

~ 
lD 

BUFFERS 

<] 

EN 

I ) SYNDROME 

~ 
GENERATOR 
r--:;-

7 I ;'1 
~ h I 

h 
CHECK·BIT h r--- GENERATOR f-+.-
(See Table 2) r-----. 

r-----. 
~ 

h 
[7 

32 7 
X·OR] --

ERROR 
DETECTOR 
(See Table 3) 

- EN ERROR p--ER"R 
7 MUL TI· p--MERR 

ERROR 

32 

BIT·IN· 
ERROR ERROR 

CORRECTOR DECODER 

=1 "- EN 

- ~ 1 32 
32 

[32 
X·OR] 
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SN54AS632, SN54AS634 
SN74AS632, SN74AS634 
32-81T PARALLEl ERROR DETECTION AND CORRECTION CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: CB and DB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 

All others. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
. Operating free-air temperature range: 

SN74AS632, SN74AS634 .................................. OoC to 70°C 
Operating case temperature range: 

SN54AS632, SN54AS634 .............................. -55°C to 125°C 
Storage temperature range ......................................... - 65 °C to 150°C 

recommended operating conditions 

SN54AS632 SN74AS632 

SN54AS634 SN74AS634 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

Vil Low·level input voltage 0.8 0.8 V 

ERR or MERR -0.4 -0.4 
IOH High·level output current 

08 or CB 
mA 

-1 -2.6 

Low-level output current 
ERR or MERR 4 8 

IOl 
DB or CB 

mA 
12 24 

tw Pulse duration lEDBO low 25 25 ns 

11) Data and check word before Sot 

151 =HI 
15 10 

121 SO high before lEDBOi (51 = H) t 45 45 

(3) lEDBO high before the earlier of 
0 0 

SOl or S1l t 

(41 lEDBO high before S1t (SO = H) 0 0 
tsu Setup time 

(51 Diagnostic data word before 51 i 
ns 

(SO=HI 
15 10 

(6) Diagnostic check word before the 
15 10 

later of S1l or SOi , 
17) Diagnostic data word before 

25 20 
lEDBot (S1 =l and SO=H)t 

(8) Read-mode, SO low and 51 high 35 30 

(9) Data and check word after SOi 

(51 =H) 
20 15 

(10) Data word after S1t (SO - H) 20 15 
th Hold time ns 

(11) Check word after the later of 
20 15 

SU or SOi 

(12) Diagnostic data word after 
0 0 

lEDBOt (51 =l, 50=H)t 

teorr Correction time (see Figure 1) 65 58 ns 

TC Operating case temperature 55 125 °C 

TA Operating free-air temperature 0 70 °c 

t These times ensure that corrected data is saved in the output data latch. 
t These times ensure that the diagnostic data word is saved in the output data latch. 
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SN54AS632. SN54AS634. SN74AS632. SN74AS634 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

WITH 3·STATE OUTPUTS 

, AS632, , AS634 electrical characteristics over recommended operating temperature range (unless 
otherwise noted) 

SN54AS632 SN74AS632 

PARAMETER TEST CONDITIONS SN54AS634 SN74AS634 UNIT 

MIN Typt MAX MIN Typt MAX 

VIK Vcc - 4.5 V. II ~ -18mA -1.5 -1.5 V 

All outputs Vcc - 4.5 V to 5.5 V, IOH - 0.4 mA Vce 2 Vee 2 

VOH 
DB or CB 

VCC - 4.5 V, 10H - -1 mA 2.4 3.3 V 

VCC - 4.5 V, 10H - -2.6 mA 2.4 3.2 

ERR or MERR 
VCC ~ 4.5 V, 10H ~ 4 mA 0.25 0.4 0 .. 25 0.4 

VOL 
VCC - 4.5 V, 10L - 8 mA 0.35 0.5 

VCC - 4.5 V, 
V 

DB or CB 
10L - 12 mA 0.25 0.4 0.25 0.4 

Vce ~ 4.5 V, 10L ~ 24 mA 0.35 0.5 

SO or S1 Vee - 5.5 V, VI - 7 V 0.1 0.1 
II 

All others Vee - 5.5 V, 
mA 

VI - 5.5 V 0.1 0.1 

DB or eB* 20 20 
IIH 

All athers* 
Vee ~ 5.5 V, VI ~ 2.7 V ~A 

20 20 

SO or S1 -0.4 -0.4 
IlL 

All others:t: 
Vee ~ 5.5 V, VI = 0.4 V mA 

-0.1 -0.1 

lo§ Vee ~ 5.5 V, Vo ~ 2.25 V -30 -112 -30 -112 mA 

Ice Vee - 5.5 V, See Note 1 150 150 mA 

NOTE 1: lee is measured with SO and S1 at 4.5 V and all eB and DB pins grounded. 

'AS632 switching characteristics, VCC - 4.5 V to 5.5 V, CL 50 pF, TC - 55 DC to 125 ac 
for SN54AS632, T A .. 0 DC to 70 ac for SN74AS632 

FROM TO SN54AS632 SN74AS632 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

DB and eB ERR S1 ~H, SO~L, RL ~500 II 17 17 
tpd ns 

DB ERR S1 ~L, SO~H, RL ~500 II 17 17 

DB and eB MERR S1 ~H, SO~L, RL~500 II 26 26 
tpd ns 

DB MERR S1 ~L, SO~H, RL =500 II 26 26 

tpd SOl and SlI eB R1 -R2 -500 II 26 26 ns 

tpLH SOl and SlI ERR RL ~ 500 II 9 9 ns 

tpd D8 eB S1 ~L, SO-L, R1 -R2-500 II 26 26 ns 

tpd LEDBOI DB S1 ~x, SO~H, R1 ~R2~500 II 17 17 ns 

tpd S11 C8 SO-H, R1-R2-500 II 26 26 ns 

ten OECBI CB SO~H, S1 ~x, R1 ~R2~500 II 12 12 ns 

tdis OECBl CB SO~H, S1 ~x, R1 ~R2~500 II 12 12 ns 

ten OEBO thru OEB31 DB. SO~H, S1 ~x, R1 ~R2=500 II 12 12 ns 

tdis OEBO thru OEB31 DB SO~H, S1 =X, R1 =R2~ 500 II 12 12 ns 

tAli typical values are at VCC ~ 5 V, TA ~ 25°C. 
:t: For I/O ports, the parameters IIH and IlL include the off-state output current. 
§ The output conditions have been chosen ·to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS634. SN74AS634 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 
WITH 3·STATE OUTPUTS 

'AS634 switching characteristics. Vee = 4.5 V to 5.5 V. el50 pF. Te 
for SN54AS634. TA = OOC to 70 0 e for SN74AS634 

FROM TO SN54AS634 
PARAMETER TEST CONOITIONS 

Typt (INPUT) (OUTPUT) MIN MAX 

ERR 
51 ~H, 50~L, RL~500!l 17 

Ipd DB and CB 
51 ~L, 50~H, RL~500!l 17 

MERR 
51-H, 50--L, RL-500 n 26 

tpd DB and CB 
51-L, 50-H, RL~500!l 26 

Ipd 50! and 51! CB R1 ~R2~500 n 23 

'pLH 50! and 51! ERR RL ~ 500!l 9 

Ipd DB CB 51 - L, SO - L, R 1 - R2 - 500 n 23 

tpd 511 CB SO-H, R1-R2--500!l 23 

len OECB! CB 51 ~x, 50~H, R1 ~R2~500 n 12 

tdis OECBI CB 51 ~X, SO~H, R1 ~R2~500 n 12 

ten OEDB! DB 51 ~X, 50~H, R1 ~R2~500 n 12 

tdis OEDBI DB 51 ~X, 50~H, R1 ~R2~500 n 12 

t All typical values are at VCC ~ 5 V, T A ~ 25°C, 
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SN54AS632, SN54AS634 
SN74AS632, SN74AS634 

32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

:----READ---o.i4~----------CORRECT-----------., 

If---t h!81----JJit : 

~-l ri--------------------------------------------;I~' ________ ___ 

:--- teorreetion-------~·I 

:tluI1I---r--thI91-+: ! ~tdiS-----' 
DBO THRU DB31---~:==~IN~PU~T~D~A~T~A~w~a~RD~=~~~~~, ===~~au~T~p~uT~c~a~R~R~EC~T~ED~DA~T~A~w~a~R~Dj~~~i---

: If---ten--tot 

OE~THRUOE~----~,----~:-----4I~'------------------~ 
IIf--tsu ll1----11t4-- th l91--li1 r-tdis--'" 

, " ~~~~~~~~~==~~~~ '~_-ceo THRU C86 ------t INPUT CHECK WORD ~_ OUTPUT SYNDROME CODE »»»»' 
; M--ten--tl 

_____ '.d~ 
ERR W$4';.i/WaW$/~,...-------VA-L-,D"""'ER"'R=-F-L-AG----------.,)0".aAvg;;wA 

if....----- tpd lit 

FIGURE 1. READ. FLAG, AND CORRECT MODE'SWITCHING WAVEFORMS 

t4--- thlSI-----*t 

so: ri-----------------~~..,I 
I4---REAO tit CORRECT at- WRITE 

S'-1 : 1 , , 
'; OUTPUT CORRECTED DATA WORD I_""""======-::-..... ""'~ 

DBO THRU DB7 ---{ INPUT DATAWDRD >ZZ?X::)( »») INPUT MODIFIED BYTE 0 >ZtZ»--
, 

088THRU 0815 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

0816 THRU DB23 INPUT DATA WORD OUTPUT CORRECTEO DATA WORD 

0824 THRU 0831 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

rnrno--------------~----, L-____________ ~ 

~ ___________________________ ~ _______________ ~r____ 

~~-------------------------r---------------~r----
DEB3 --------;...---, I r____ 

I 
~t5U12I_____1101 ,....t,u(31-i1 

i:EoBo '<'~""~""'0::""0::'"'0..'_':"'"0..'_':""0::""'0..'_':""0::'"'0..~""" #///#//$/$/////////4 : 
~'w---.l : 

aEca ------------..,1 I 

ceo THRU CB6 INPUT CHECK WORD OUTPUT SYNDROME CODE OUTPUT CHECK WORD 

\~ __________ ~V~AL~I~D~ER~R~F~L~A~G __________ _'I 

\~ ________ V_AL_'~a_M_ER_R_F~L~A~G ______ _J1 

FIGURE 2. READ; CORRECT. MODIFY MODE SWITCHING WAVEFORMS 
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SN54AS632, SN54AS634 
SN74AS632, SN74AS634 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

so L 
~'w"'''''',-_________________ ",;, ____ _ 
i r s, 

DBO THRU DB31 INPUT VALID DATA WORD INPUT DIAGNOSTIC DATA WORD OUTPUT DIAGNOSTIC 
DATA WORD 

I I I I 

OEBO---------:~------------------~i~------~------__1! : r-----
~~~~: ! I .~,--------------------I~-----------JI I '~17I1!~ .... -i.'1~~~~::.: ... ~14:.' _____ 'I-______________ ~I4-'pd~ 

LEDBO _________ :~I---------------------!~--~I !! ~I ____________________ ___ 
: : 1<--+'''''2,-41 

ceo 
THRU 

CB6 

I4-tsuI61~thl"l~ : i.--tpd4 
OUTPUT VALID CHECK WORD OUTPUT SYNDROME CODE 

FIGURE 3. DIAGNOSTIC MODE SWITCHING WAVEFORM 
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SN54ALS646 THRU SN54ALS649. SN54AS646. SN54AS648 
SN74ALS646 THRU SN74ALS649. SN74AS646. SN74AS648 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

• Independent Registers for A and B Buses 

• Multiplexed Real-Time and Stored Data 

• Choice of True or Inverting Data Paths 

• Choice of 3-State or Open-Collector Outputs 

• Included Among the Package Options Are 
Compact 24-pin 300-mil Wide DIPs and 
Both 28-pin Plastic and Ceramic Chip 
Carriers 

• Dependable Texas Instruments Quality and 
Reliability 

DEVICE OUTPUT LOGIC 

'ALS646, 'AS646 3-State True 

'ALS647 Open-Collector True 

'ALS648, 'AS648 3-State Inverting 

'ALS649 Open-Collector Inverting 

description 

These devices consist of bus transceiver circuits, 
with 3-state or open-collector outputs, D-type 
flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from 
the data bus or from the internal storage 
registers. Data on the A or B bus will be clocked 
into the registers on the low-to-high transition 
of the appropriate clock pin (CAB or CBA). The 
following examples demonstrate the four 
fundamental bus-management functions that 
can be performed with the octal bus transceivers 
and registers. 

Enable (G) and direction (DIR) pins are provided 
to control the transceiver functions. In the 

02661, DECEMBER 1983-NOVEMBER 1985 

SN54ALS'. SN54AS' ... JT PACKAGE 
SN74ALS', SN74AS' ... DW OR NT PACKAGE 

(TOP VIEW) 

CAB VCC 
SAB CBA 
DIR SBA 
A1 G 
A2 B1 
A3 B2 
A4 B3 
A5 B4 
A6 B5 
A7 B6 
A8 B7 

GND B8 

SN54ALS'. SN54AS' ... FK PACKAGE 
SN74ALS', SN74AS' ... FN PACKAGE 

(TOP VIEW) 

~~~u tl;a;a 
Ou>UZ>UU> 

4 3 2 1 28 27 26 

A1 5 25 G 
6 24 81 

23 82 
8 22 NC 
9 21 83 
10 20 84 

A6 11 19 85 
12 13 14 15 1617 18 

r---OOOUOClf".tO 
««ZZ"''''''' 

t? 

NC - No internal connection 

transceiver mode, data present at the high-impedance port may be stored in either register or in both. The 
select controls (SAB and SBA) can multiplex stored and real-time (transparent mode) data. The circuitry 
used for select control will eliminate the typical decoding glitch which occurs in a multiplexer during the 
transition between stored and real-time data. The direction control determines which bus will receive data 
when enable G is active (low). In the isolation mode (control G high). A data may be stored in one register 
and/or B data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

The -, versions of the SN74ALS' parts are identical to the standard versions except that the recommended 
maximum IOL is increased to 48 milliamperes. There are no -1 versions of the SN54ALS' parts. 

The SN54' family is characterized for operation over the full military temperature range of - 55 ac to 125 ac. 
The SN74' family is characterized for operation from oac to 70 c e. 

Copyright © 1982, Texas Instruments Incorporated 
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SN74ALS646 THRU SN74ALS649. SN74AS646. SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
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INPUTS 

G DIR CAB CBA SAB SBA 

X X I X X X 

X X X I X X 

H X I 1 X X 

H X H or L H or L X X 

L L X X X L 

L L X H or L X H 

L H X X L X 

L H H or L X H X 

SN54ALS646 THRU SN54ALS649, SN54AS646, SN54AS648 
SN74ALS646 THRU SN74ALS649, SN74AS646, SN74AS648 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

FUNCTION TABLE 

DATA 1/0 OPERATION OR FUNCTION 

'ALS646, 'ALS64 7 'ALS64B, 'ALS649 

A1 THRU A8 B1 THRU B8 'AS646 'AS648 

Input Unspecified t Store A, B unspecified t Store A, B unspecified t 

Unspecified t Input Store B, A unspecified t Store B, A unspecified t 

Input Input 
Store A and B Data 

Isolation, hold storage 

Store A and B Data 

Isolation, hold storage 

Output Input 
Real~ Time B Data to A Bus 

Stored 6 Data to A Bus 

Real-Time B Data to A Bus 

Stored B Data to A 6us 

Real-Time A Data to 6 Bus Real-Time A Data to 6 Bus 
Input Output 

Stored A Data to B Bus Store A Data to B Bus 

tThe data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always 
enabled, i.e., data at the bus pins will be stored on every low-ta-high transition on the clock inputs, 

functional block diagrams (positive logic) 

'ALS646, 'AS646, 'ALS647 

----------~v----------~ TO 7 OTHER CHANNELS 

Pin numbers shown are for OW, JT, and NT packages. 

(20) 

B1 

'ALS648, 'AS648, 'ALS649 

(20) 

B1 

. TO 7 OTHERv CHANNELS 

• U) 
CD 
(,) 

'S: 
CD 
Q 

en .... 
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SN54ALS646 THRU SN54ALS649. SN54AS646. SN54AS648 
SN74ALS646 THRU SN74ALS649. SN74AS646. SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

logic symbols t 

'ALS646, 'AS646 

G 1211 
G3 

G 1211 

OIR 131 3 ENI IBAI OIR 131 

3 EN2 IABI 
COA 123, C4 CBA (231 

SBA 1221 G5 SBA 1221 

CAB 111 C6 CAB 111 

SAB 121 G7 SAO (21 

141 
1201 

141 ;>1 40 Bl 
AI AI 

7 
2'<1 

151 1191 151 
A2 82 A2 

161 1181 161 
A3 B3 A3 

171 1171 171 
A4 84 A4 

181 1161 181 
AS 85 AS 

191 1151 191 
A6 86 A6 

1101 1141 1101 

A7 B7 A7 

1111 1131 1111 

A8 B8 A8 

'ALS648, 'AS648 

G 121) 
G3 

G 1211 

OIR 131 3 ENI IBAI OIR 131 

3 EN2 IA81 
C8A 1231 C4 CBA (231 

SBA 1221 G5 SBA (221 

CAB 111 C6 CAB (11 

SA8 121 G7 SAD (2) 

141 
1201 

81 141 
AI AI 

\51 7 1191 151 
A2 82 A2 

\61 1181 \61 
A3 83 A3 

171 1171 \71 
A4 84 A4 

181 1161 \81 
AS 85 A5 

191 nSI 191 
A6 86 A. 

1101 \141 (101 

A7 87 A7 

\1.11 1131 \111 
A8 88 A8 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for OW, JT, and NT packages. 
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'ALS647 

G3 

3 ENI IBAI 

3 EN2 IABI 

C4 

G5 

C6 

G7 
1201 

4D Bl 
1 

7 ;;'1 

7 
20 

(19) 

82 

1181 
B3 

1171 
84 

1161 
B5 

1151 
86 

1141 
B7 

1131 
B8 

'ALS649 

G3 

3 ENI ·IBAI 

3 EN2 IA81 

C4 

G5 

C6 

G7 
(20) 

;>, 5 8' 

'5 
;>, 

7 (191 

82 

1181 
83 

071 
84 

1161 
85 

t151 
8. 

t141 
87 

(13) 

88 



SN54ALS646. SN74ALS646 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3·STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: Control inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

I/O ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS646. . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

SN74ALS646 .......................... ODC to 70 DC 
Storage temperature range ......................................... - 65 DC to 1 50 DC 

recommended operating conditions 

SN54ALS646 SN74ALS646 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -12 -15 mA 

10L Low-level output current 
12 24 

48 t 
mA 

fclock elock frequency 0 35 0 40 MHz 

tw Pulse duration, cloj:ks high or low 14.5 12.5 ns 

tsu Setup time, A before eABt or B before eBM 15 10 ns 

th Hold time, A after eABt or B after eBM 0 0 ns 

TA Operating free-air temperature -55 125 0 70 °e • CI) 
Q) 

tThe extended condition applies if Vee is maintained between 4.75 V and 5.25 V. (,) 
The 48-mA limit applies for the SN74AlS646-1 only. 'S;: 

Q) 
electrical characteristics over recommended operating free-air temperature range (unless otherwise C 
notedl 

PARAMETER TEST CONDITIONS 

VIK Vee = 4.5 V, II = -18 mA 

Vee - 4.5 V to 5.5 V, 10H - -0.4 mA 

Vee - 4.5 V, 10H = -3 mA 
VOH 

Vee - 4.5 V, 10H - -12 mA 

Vee - 4.5 V, 10H - -15 mA 

Vee = 4.5 V, 10l = 12 mA 

VOL Vee = 4.5 V, 10l = 24 mA 

(lOl = 48 mA for - 1 version I 

Control inputs Vee - 5.5 V, VI = 7 V 
II 

A or B ports Vee = 5.5 V, VI = 5.5 V 

Control inputs 
IIH 

A or B ports9 
Vee = 5.5 V, VI = 2.7 V 

Control inputs 
III 

A or B ports§ 
Vee = 5.5 V, VI = 0.4 V 

10' Vee = 5.5 V, Vo = 2.25 V 

I Outputs high 

lee Vee = 5.5 V I Outputs low 

I Outputs disabled 

tAli typical values are at Vee = 5 V, TA = 25°e 

.5N54ALS646 

MIN TYP* MAX 

-1.2 

vcc- 2 
2.4 3.2 

2 

0.25 0.4 

0.1 

0.1 

20 

20 

-0.2 

-0.2 

-30 -112 

47 76 

55 88 

55 88 

SN74AlS646 

MIN TYP* MAX 

-1.2 

Vcc- 2 
2.4 3.2 

2 

0.25 0.4 

0.35 0.5 

0.1 

0.1 

20 

20 

-0.2 

-0.2 

-30 -112 

47 76 

55 88 

55 88 

UNIT 

V 

V 

V 

mA 

~A 

mA 

mA 

mA 

en .... 

§For 1/0 ports, the parameters 'IH and 'lL include the off-state output current. 
~The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54ALS646, SN74ALS646 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3·STATE OUTPUTS 

• ALS646 switching characteristics (see Note 1) 

FROM TO 
PARAMETER 

liN PUT) (OUTPUT) 

Vcc - 5 V. VCC = 4.5 V to 5.5 V. 

CL = 50 pF. CL. = 50 pF. 

R1 - 500 n. R1 - 500 U. 

R2 - 500 Il. R2 = 500 Il. 

TA = 25°C TA - MIN to MAX 
'ALS646 SN54ALS646 SN74ALS646 

MIN TYP MAX MIN MAX MIN MAX 

lEI 
r­
tJ) -

fmax 

tpLH 

tpHL 

tpLH 

IpHL 

tPLH 

tpHL 

tPLH 

tpHL 

tPZH 

tpZL 

tpHZ 

tpLZ 

tpZH 

IpZL 

tpHZ 

tpLZ 

CBA or CAB A or B 

A or B B or A 

SBA or SABt 
A or B 

(with A or B high) 

SBA or SABt 
A or B 

(with A or B lowl 

IT A or B 

"IT A or B 

DIR A or B 

DIR A or B 

50 35 40 

20 25 10 35 10 

11 15 5 20 5 

11 17 5 22 5 

7.5 10 3 15 3 

24 32 15 40 15 

13 17 5 23 5 

17 22 8 30 8 

13 17 5 24 5 

10 15 3 20 3 

10 15 5 22 5 

6 8 1 12 1 

10 13 2 20 2 

22 28 10 38 10 

14.5 20 5 30 5 

6 8 1 12 1 

10 13 2 21 2 C 
CD < t These parameters are measured with the internal output state of the storage register opposite to that of the -bus input. 
c:;- NOTE 1: load circuit and voltage waveforms are shown in Section 1. 

CD 
en 
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30 

17 

20 

12 

35 

20 

25 

20 

17 

20 

10 

16 

30 

25 

10 

16 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SN54ALS647, SN74ALS647 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH OPEN-COLLECTOR OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Operating free-air temperature range: SN54ALS647. . . . . . . . . . . . . . . . . . . . . .. - 55 °e to 125 °e 

SN74ALS647 .......................... ooe to 70 0 e 
Storage temperature range ........................................ . -65°e to 150 0 e 

recommended operating conditions 

SN54ALS647 SN74ALS647 
UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

12 24 
10l Low-level output current 

48 t 
mA 

fclock Clock frequency 0 25 0 30 MHz 

tw Pulse duration, clocks high or low 20 16.5 ns 

tsu Setup time, A before eABi or B before eBA 1 15 10 ns 

th Hold time, A after eABi or B after eBAi 0 0 ns 

TA Operating free-air temperature -55 125 0 70 °e 

tThe extended condition applies if Vee is maintained between 4.75 V and 5.25 V. 
The 48-mA limit applies for the SN74AlS647-1 only. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54ALS647 SN74ALS647 
PARAMETER TEST CONDITIONS 

TYP~ Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee = 4.5 V, 11= -18 mA -1.2 -1.2 V 

10H Vee = 4.5 V, VOH = 5.5 V 0.1 0.1 mA 

Vee - 4.5 V, IOl-12mA 0.25 0.4 

VOL Vee - 4.5 V, 10l - 24 mA V 

(tOl = 48 mA for -1 versions I 
0.35 0.5 

A or B ports Vee - 5.5 V, VI - 7 V 0.1 0.1 
II mA 

Control inputs Vee - 5.5 V, VI = 7 V 0.1 0.1 

A or ports§ 20 20 
IIH Vee = 5.5 v, vI = 2.7 V ~A 

Control inputs 20 20 

Control inputs -0.2 -0.2 
III 

A or B ports§ 
Vee = 5.5 V, VI = 0.4 V mA 

-0.2 -0.2 

I Outputs high 35 60 35 60 
ICC Vee = 5.5 V mA I Outputs low 40 65 40 65 

tAli typical values are at Vee = 5 V, TA = 25°C 
§For 110 ports, the parameters IIH and IlL include the off-state output current. 

• II) 
Q) 
CJ 

"S; 
Q) 

C -en 
....I 
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SN54ALS647, SN74ALS647 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH OPEN·COLLECTOR OUTPUTS 

'ALS647 switching characteristics (see Note 1) 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

Vcc - 5 V. VCC ~ 4.5 V to 5.5 V, 

Cl = 50 pF. Cl = 50 pF. 

Rl - 680 n. Rl - 680 n. 
TA - 25°C TA = MIN to MAX 

'AlS647 SN54AlS647 SN74AlS647 

r­
C/) 

C 
(1) 

< ri' 
(1) 
en 

MIN TYP MAX MIN MAX MIN 

fmax 40 25 30 

tplH 38 50 19 72 19 
C8A or CAB A or B 

tpHL 12 20 6 24 6 

tpLH 35 39 17 70 17 
A or B B or A 

tpHL 10 13 4 19 4 

tPLH S8A or SA8t 40 51 20 72 20 
A or B 

tpHL (with A or B high)' 12 17 6 26 6 

tPLH SBA or SA8 t 40 51 20 72 20 
A or B 

tpHL . (with A or 8 low) 12 17 6 26 6 

tpLH 13 
20 27 10 37 10 

A or B 
tpHL 10 15 2 20 2 

tpLH 20 25 9 34 9 
DIR A or B 

22 tpHL 13 17 2 2 

tThese parameters are measured with the ,internal output state of the storage register opposite to that of the bus' input. 
NOTE 1: For load circuit and voltage waveforms, see page 1-120f The TTL Data Book. Volume 3, 1984. 

2-118 . TEXAS. 
INSTRUMENTS 

POST OFFICE BO~ 226012 • DALLAS. nXAS 75265 

MAX 

58 

22 

54 

16 

60 

22 

60 

22 
31 

17 
29 

19 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 



SN54ALS648. SN74ALS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: Control inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

I/O ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS648. . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74ALS648 . . . . . . . . . . . . . . . . . . . . . . . . .. DoC to 70°C 
Storage temperature range ..... . 

recommended operating conditions 

vee Supply voltage 

VIH High-level input voltage 

VIL Low~level input voltage 

10H High-level output current 

10L Low-level output current 

Iclock elock Irequency 

tw Pulse duration, clocks high or low 

tsu Setup time, A before eABT or B belore eBA T 

th Hold time, A alter eABt or Balter eBAi 

TA Operating free-air temperature 

tThe extended conditon applies il Vee is maintained between 4.75 V and 5.25 V. 
The 48-mA limit applies lor the SN74ALS648-1 only. 

SN54ALS648 

MIN NOM MAX 

4.5 5 5.5 

2 

0.8 

-12 

12 

0 35 

14.5 

15 

0 

55 125 

- 65°C to 150°C 

SN74ALS648 

MIN NOM MAX 
UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-15 mA 

24 

48 t 
mA 

0 40 MHz 

12.5 ns 

10 ns 

0 ns 

0 70 De 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST eON OITIONS 
SN54ALS648 

MIN Typf MAX 

SN74ALS648 

MIN Typf MAX 
UNIT 

VIK Vee = 4.5 V, II = -18 mA -1.2 -1.2 V 

vee - 4.5 V to 5.5 V, 10H = -0.4 mA vCC- 2 VCc-2 

Vee = 4.5 V, IOH = -3 mA 2.4 3.2 2.4 3.2 
VOH V 

Vee - 4.5 V, IOH - -12 mA 2 

Vee - 4.5 V, 10H = -15 mA 2 

Vee = 4.5 V, 10L = 12 mA 0.25 0.4 0.25 0.4 

VOL Vee = 4.5 V, 10L = 24 mA V 

IIOL = 48 mA lor - 1 version I 
'0.35 0.5 

Control inputs Vee = 5.5 V, VI = 7 V 0.1 0.1 
II mA 

A or B ports Vee = 5.5 V, VI = 5.5 V 0.1 0.1 

Control inputs 20 20 
IIH 

A or B ports§ 
Vee = 5.5 V, VI = 2.7 V 

20 
~A 

20 

Control inputs -0.2 -0.2 
IlL 

A or B ports§ 
·Vee = 5.5 V, VI = 0.4 V mA 

-0.2 -0.2 

10' Vee = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

I Outputs high 47 76 47 76 

lee Vee = 5.5 V I Outputs low 57 88 57 88 mA 

I Outputs disabled 57 88 57 88 

~AII typical values are at Vee = 5 V, TA = 25 De 
§For 1/0 pons, the parameters IIH and IlL include the off-state output current. 
1The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

I/) 
CD 
CJ oS 
CD 
C -UJ 
....I 

TEXAS ~ 
INSTRUMENTS 

2-119 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SN54ALS648. SN74ALS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3·STATEOUTPUTS . 

'ALS648 switching characteristics (s~e Note 1) 

Vce - 5 V, vcc - 4.5 V to 5.5 V, 
CL - 50 pF, CL - 50 pF, 

FROM TO 
R1 - 5000, R1 = 5000, 

PARAMETER 
(INPUT) (OUTPUT) 

R2 - 5000, R2 - 5000, 

TA - 25°C TA - MIN to MAX 

'ALS648 SN54ALS648 SN74ALS648 

MIN TYP MAX MIN MAX MIN MAX 

fmax 50 35 40 

tpLH 
CBA or CAB 

21 
A or B 

29 8 39 8 

tpHL 13 18 5 23 5 

tpLH 10 15 3 20 3 
A or B B or A a tpHL 6 2 12 2 

tpLH SBA or SABt 24 32 5 44 5 
Aor8 

tpHL (with A or B high) 15 21 4 26 4 

tPLH SBA or SABt 16 22 6 30 6 
A or B 

tPHL (with A or Blow) 14 19 6 25 6 

tpLH G 
12 18 4 25 4 

A or B 
tpHL 12 18 4 25 4 

tpLH G 
5 8 1 12 1 

A or B 
tpHL 7 12 2 21 2 

tpZH 14 22 4 35 4 
DIR A or B 

tpZL 10 17 3 25 3 

tPHZ 7 12 1 17 1 
DIR A or B 

tpLZ 7 q 2 22 2 

t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
NQTE1: Loaq circuit and voltage waveforms are shown in Section 1. 
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33 

20 

17 
10 

39 

22 

25 

21 

22 

22 

10 

15 

27 

19 

14 
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UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SN54ALS649. SN74ALS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH OPEN-COLLECTOR OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Operating free-air temperature range: SN54ALS649. . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74ALS649 .......................... ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

Vee Supply voltage 

VIH High-level input voltage 

Vil low~level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

fclock Clock frequency 

tw Pulse duration, clocks high or low 

tsu Setup time, A before eABt or B before eBA t 

th Hold time, A after eABt or B after eBAt 

TA Operating free-air temperature 

tThe extended condition applies if Vee is maintained between 4.75 V and 5.25 V. 
The 48-mA limit applies for the SN74ALS649-1 only. 

SN54AlS649 

MIN NOM MAX 

4.5 5 5.5 

2 

0.8 

5.5 

12 

0 25 

20 

15 

0 

-55 125 

SN74AlS649 
UNIT 

MIN NOM MAX 

4.5 5 5.5 V 

2 V 

0.8 V 

5.5 V 

24 

48 T 
mA 

0 30 MHz 

16.5 ns 

10 ns 

0 ns 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54AlS649 SN74ALS649 
PARAMETER TEST CONDITIONS 

MIN TYP* MAX MIN TYP* MAX 
UNIT 

VIK Vee ~ 4.5 V, II ~ -18 mA -1.2 -1.2 V 

IOH Vee - 4.5 V, VOH - 5.5 V 0.1 0.1 mA 

Vee ~ 4.5 V, IOl ~ 12 mA 0.25 0.4 

VOL Vee ~ 4.5 V, IOL ~ 24 mA V 
0.35 0.5 

(lOl ~ 48 mA for - 1 versions I 

A or B ports Vee ~ 5.5 V, VI ~ 7 V 0.1 0.1 
II mA 

Control inputs Vee ~ 5.5 V, VI ~ 7 V 0.1 0.1 

A or ports§ 20 20 
IIH 

Control inputs 
Vee ~ 5.5 V, V, ~ 2.7 V 

20 20 
~A 

Control inputs 
Vee ~ 5.5 V, VI ~ 0.4 V 

-0.2 -0.2 
mA IlL 

A or B ports§ -0.2 -0.2 

I Outputs high 40 60 40 60 
lee Vee ~ 5.5 V I Outputs low 

mA 
45 70 45 70 

tAli typical values are at Vee ~ 5 V, TA ~ 25°e 
§For I/O ports, the parameters IIH and IlL include the off-state output current. 

II 
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SN54ALS649, SN14ALS649 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH OPEN·COLLECTOR OUTPUTS 

• ALS649 switching characteristics (see Note 11 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

Vce a 5 V. VCC - 4.5 V to 5.5 V. 

CL - 50 pF. eL - 50 pF. 

RL - 680 D. RL - 680 D. 

TA - 25°C TA - MIN to MAX 
'ALS649 SN54ALS649 SN74ALS649 

MIN TYP MAX MIN MAX MIN MAX 

f max 40 25 30 

tPLH 40 52 19 77 19 
CBA or CAB A or B 

tPHL 12 18 6 22 6 

tpLH 30 41 13 65 13 
A or B B or A 

tPHL 6 9 2 11 2 

tpLH SBA or SABt 35 46 20 72 20 
A or B 

tpHL (with A or B high) 15 21 6 26 6 

tpLH SBA or SABt 35 46 20 72 20 
A or B 

tpHL (with A or Blow) 15 21 6 26 6 

tpLH (3 
16 22 8 28 8 

A or B 
13 18 2 23 2 tpHL 

tPLH 16 22 8 28 8 
OIR A or B 

tPHL 13 17 2 -23 2 

• "'~' ~,,_., ., m'~" w~ ",""m" .... ~ .. " '00 __ ."'_,,_~ .. _, " ., " .. "'"'. 
r- NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

~ 
C 
C!) 

< 
5" 
C!) 
(II 
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SN54AS646, SN54AS648, SN74AS646, SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage. Vce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: Control inputs .............................................. , ... , 7 V 

1/0 ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54AS646. SN54AS648 . . . . . . . . . . . .. - 55°C to 125°C 

SN74AS646. SN74AS648 ................ O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

SN54AS646 SN74AS646 

SN54AS648 SN74AS648 
UNIT 

MIN NOM MAX MIN NOM MAX 

vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -12 -15 rnA 

IOL Low-level output current 32 48 rnA 

fclock Clock frequency 0 75 0 90 MHz 

I Clock high 6 5 
tw Pulse duration I Clock high 

ns 
7 6 

tsu Setup time. A before eABt or B before eBA t 7 6 ns 

th Hold time. A after eABt or B after eBA t 0 0 ns 

TA Operating free-air temperature -55. 125 0 70 °e 

II 
II) 
Q) 
(,) 

electrical characteristics over recommended operating free-air temperature range (unless otherwise'S; 
noted) Q) 

C 
SN54AS646 SN74AS646 

PARAMETER TEST CONDITIONS SN54AS648 SN74AS648 UNIT en 
MIN Typt MAX MIN Typt MAX ....I 

VIK Vee = 4.5 V. II = -1B rnA -1.2 -1.2 V 

Vee = 4.5 V to 5.5 V. IOH = -2mA vcc- 2 vcc- 2 

Vee - 4.5 V. IOH - -3 mA 2.4 3.2 2.4 3.2 
VOH V 

Vee - 4.5 V. IOH = -12 mA 2 

Vee - 4.5 V. IOH - 15 mA 2 

Vee - 4.5 V, IOL - 32 mA 0.25 0.50 
VOL V 

Vee = 4.5 V, IOL = 48 mA 0.35 0.50 

Control inputs Vee - 5.5 V, VI - 7 V 0.1 0.1 
II mA 

A or B ports Vee - 5.5 V, VI - 5.5 V 0.1 0.1 

Control inputs 20 20 
IIH A or B ports:!: 

Vee = 5.5 V. VI = 2.7 V 
70 70 

p.A 

Control inputs -0.5 -0.5 
IlL A or B ports§ 

Vee = 5.5 V. VI = 0.4 V rnA 
-0.75 -0.75 

IO§ Vee = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 rnA 

Outputs high 120 195 120 195 

'AS646 Outputs low 130 211 130 211 

Outputs disabled 130 211 130 211 
ICC Vee = 5.5 V mA 

Outputs high 110 185 110 185 

'AS648 Outputs low 120 195 120 195 

Outputs disabled 120 195 120 195 

t All typical values are at Vee = 5 V, TA = 25°C 
:t:For lID ports, the parameters 'IH and IlL include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS646, SN54AS648, SN74AS646, SN74AS648 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3·STATE OUTPUTS 

• AS646 switching characteristics (see Note 11 

FRgM TO 
PARAMETER 

(INPUT) (OUTPUT) 

Vcc' = 4.5 V to 5.5 V. 

CL = 50 pF. 

R1 - 5000. 

R2 = 5000. 

TA = MIN to MAX 

SN54AS646 SN74AS646 

MIN MAX MIN MAX 

r0-m -

f max 

tpLH 

tpHL 

tpLH 

tPHL 

tpLH 

tpHL 

tpZH 

tpZL 

tpHZ 

tPLZ 

tpZH 

tpZL 

tpHZ 

tpLZ 

CBA or CAB A or B 

A or B B or A 

SBA or SABt A or B 

G A or B 

G A or B 

DIR A orB 

DIR A or B 

o . AS648 switching .characteristics (see Note 11 
(1) 

< 
5" 
(1) 
tn PARAMETER 

FROM TO 

(INPUT) (OUTPUTI 

75 90 

2 9.5 2 8.5 

2 10 2 9 

2 11 2 9 

1 8 1 7 

2 12 2 11 

2 10 2 9. 

2 10 2 9 

3 15 3 14 

2 11 2 9 

2 11 2 9 

3 19 3 16 

3 21 3 .18 

2 12 2 10 

2 12 2 10 

Vcc = 4.5 V to 5.5 v; 
CL - 50 pF. 

R1 = 500 O. 

R2 = 5000. 

TA - MIN to MAX 

SN54AS648 SN74AS648 

MIN MAX MIN MAX 

fmax 75 90 

tpLH 2 9.5 2 
CBA or CAB A or B 

tpHL 2 10 2 

tPLH 
A or B B or A 

2 9 2 

tpHL 1 8 1 

tpLH 
SBA or SABt 

2 12 2 
A or B 

tpHL 2 10 2 

tpZH G 
2 10 2 

A or B 
tPZL 3 18 3 

tpHZ cr 2 11 2 
A or B 

tpLZ 2 11 2 

tpZH 3 19 3 
DIR A or B 

tpZL 3 21 3 

tpHZ 2 12 2 
DIR A or B 

tpLZ 2 12 2 

t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

• Bus Transceivers/Registers 

• Independent Registers and Enables for A and 
B Buses 

• Multiplexed Real-Time and Stored Data 

• Choice of True and Inverting Data Paths 

• Choice of 3-State or Open-Collector Outputs 
to A Bus 

• Included Among the Package Options Are 
Compact 24-Pin 300-mil-Wide DIPs and 
Both 2B-Pin Plastic and Ceramic Chip 
Carriers 

• Dependable Texas Instruments Quality and 
Reliability 

DEVICE A OUTPUT B OUTPUT LOGIC 
'AL5651, 'A5651 3 State 3-51ale Inverting 
·AL5652. 'A5652 3-Sta'[e 3·51ale True 

'AL5653 Open Collector 3-State Invertiny 
'AL5654 Open-Collector 3-5tate True 

description 

These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged 
for mUltiplexed transmission of data directly from 
the data bus or from the internal storage 
registers. Enable GAB and GBA are provided to 
control the transceiver functions. SAB and SBA 
control pins are provided to select whether real­
time or stored data is transferred. The Circuitry 
used for select control will eliminate the typical 
decoding glitch which occurs in a multiplexer 
during the transition between stored and real­
time data. A low input level selects real-time 
data, and a high selects stored data. The 
following examples demonstrate the four 
fundamental bus-management functions that 
can be performed with the octal bus transceivers 
and registers. 

02661. DECEMBER 1983- REVISED NOVEMBER 1985 

SN54ALS·. SN54AS' ... JT PACKAGE 
SN74ALS·. SN74AS' ... OW OR NT PACKAGE 

(TOP VIEW) 

CAB VCC 
SAB CBA 
GAB SBA 

Al GBA 
A2 B1 
A3 B2 
A4 B3 
A5 B4 
A6 B5 
A7 B6 
AB B7 

GND B8 

SN54ALS·. SN54AS' ... FK PACKAGE 
SN74ALS·. SN74AS' ... FN PACKAGE 

Al 
A2 
A3 
NC 
A4 
A5 
A6 

NC -

6 

7 

8 

9 

10 

11 

(TOP VIEWI 

<ll<ll<ll U«« 
«««UU<ll<ll 
<!lCfJUZ>UCfJ 

4 3 2 1 28 21 26 

25 

24 

23 

22 

2" 
20 

19 

1213 14 15 16 17 18 

r-....OOQUOOl'CO 
««zz<ll<ll<ll 

<!l 

No internal connection 

B1 

B3 

Data on the A or B data bus, or both, can be stored in the internal D flip-flops by low-to-high transitions 
at the appropriate clock pins (CAB or CBA) regardless of the select or enable control pins. When SAB and 
SBA are in the real-time transfer mode, it is also possible to store data without using the internal D-type 
flip-flops by simultaneously enabling GAB ana GBA. In this configuration each output reinforces its input. 
Thus, when all other data sources to the two sets of bus lines are at high impedance, each set of bus 
lines will remain at its last state. 

The -1 versions of the SN74ALS651 through SN74ALS654 are identical to the standard versions except 
that the recommended maximum IOL is increased to 48 milliamperes. There are no -1 versions of the 
SN54ALS651 through SN54ALS654. 

The SN54' family is characteriozed for operation over the full military temperature range of - 55°C to 125°C. 
The SN74' family is characterized for operation ·from OOC to 70°C. 

Copyright © 1983. Texas Instruments Incorporated 

II 
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SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
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INPUTS 

GAB GBA CAB CBA SAB SBA 

L H H or l H or L X X 

L H , X X 

X H H or L X X 

H H xt X 

L X H or L , 
X X 

L L . X xt 
L L X X X L 

L L X H or L X 11 

H H X X L X 

H H H or L X H X 

H L H or L H or L H H 

SN54ALS651 THRU SN54ALS654, SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

FUNCTION TABLE 

OATA 1/0 OPERATION OR FUNCTION 

'ALS651, 'ALS653 'ALS652, 'ALS654 

A1 THRU A8 B1 THRU B8 'AS651 'AS652 

Isolation Isolation 
Input Input 

Store A and B Data Store A and B Data 

Input Unspecified t Store A, Hold 8 Store A, Hold B 

Input Output Store A in both registers Store A in both registers 

Unspecified t Input Hold A, Store B Hold A, Store B 

Output Input Store B in both registers Store B in both registers 

Real w Time B Data to A Bus Aeal-Time B Data to A Bus 
Output Input 

Stored B Data to A Bus Stored B Data to A Bus 

Aeal-Time A Data to B Bus Real-Time A Data to B Bus 
Input Output 

Stored A Data to B Bus Stored A Data to 8 Bus 

Output Output 
Stored A Data to B Bus and 

Stored B Data to A Bus 

Stored A Data to B Bus and 

Stored B Data to A Bus 

tThe data output functions may be enabled or disabled by various signals at the GAB or GSA inputs. Data input functions are always 
enabled, i.e., data at the bus pins will be stored on every low,to-high transition on the clock inputs. 

tSelect control =:" l: clocks can occur simultaneously. 

Select control '= H: clocks must be staggered in order to load both registers. 

logic diagrams (positive logicl 

'ALS651, 'AS651, 'ALS653 

l 
I 

rC}:::j::t+:t--.-----lj>--+--!-+-+: 
I 
I 1201 

H+-'-I __ - 81 

I 
I 
I 
I 
I 

...J 

, 
TO 7 OTHER CHANNELS 

Pin numbers shown are for OW. JT. and NT packages. 

'ALS652, 'AS652, 'ALS654 

TO 7 OTHER CHANNELS 

I 
I 
I 
I 
I 1201 
I 81 

I 
I 
I 
I 
I 

...J 

II) 
Q) 
(.) 

'S: 
Q) 

c 
en 
....I 
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SN54ALS651 THRU SN54ALS654,SN54AS651, SN54AS652 
SN74ALS651 THRU SN74ALS654, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

logic symbols t 

'ALS651, 'AS651 'ALS652, 'AS652 

(lBA (211 GRA 12'1 EN11aAI ENl [SA] 
GAB (3) EN2 [AB] GAB (31 EN21ABI 
CBA (231 C4 CSA (231 C4 
SSA (22) G5 SBA 1221 G5 
CAB (1) C6 CAB (11 C6 
SAB (2) G7 SAB (2) G7 

(201 (201 
/41 Bl 141 Bl 

AI AI 

/51 
, 

U91 (51 (191 
A2 B2 A2 B2 

161 "81 161 118) 

A3 B3 A3 B3 

(71 1171 (71 (171 
A4 B4 M B4 

/81 (161 (81 (161 
AS B5 AS B5 

• (91 (15) (91 (151 
A6 B6 A6 B6 

(101 1141 1101 1141 
A7 87 A7 B7 

r- In' 113) 1111 (131 

en A8 88 A$ 88 

-
C 
CD 'ALS653 'ALS664 
< 
C:)' G8A 1211 ENllSAI GSA 1211 ENl [SAl 
CD GAB (31 EN21ABI GAB 31 EN21ABI 
(I) eSA (23) C4 eSA 1231 C4 

S8A (nl G5 SSA (22) G5 
CAB (1) C6 CAB (1) C6 
SAB (21 G7 SA8 (21 il1 

(20) (201 
141 ;'1<1 81 141 81 

AI 1 AI 

151 
, 

(19) 151 1191 
A2 82 A2 82 

(61 Hal /61 (181 

A3 B3 A3 83 

(71 1171 171 (171 
A4 B4 A4 84 

181 ,'6) 181 (1&1 
AS 8S AS 85 

(91 11&1 191 (151 
A6 86 A6 86 

(101 (14) 1101 (141 
A7 87 A7 87 

'11' 1131 (111 1131 
A8 88 A8 88 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers sho¥\,n are for OW, JT, and NT packages. 
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SN54ALS651. SN54ALS652. SN74ALS651. SN74ALS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

absolute maximum ratings over operating free-air tamperature ranga (unless otherwise noted) 

Supply voltage, VCC ............................................................... 7 V 
Input voltage: Control inputs .......................................................... 7 V 

1/0 ports ............................................................ 5.5 V 
Operating free-air temperature range: SN54ALS651, SN54ALS652 ..................... - 55°C to 1 25°C 

SN74ALS651, SN74ALS652 ........................ O°C to 70°C 
Storage temperatura range ................................................. -65°Cto 150°C 

recommended operating conditions 
SN54ALS651 SN74ALS651 

SN54ALS652 SN74ALS652 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input vo~age O.B O.B V 

10H High-level output current -12 -15 rnA 

IOL Low~level output current 
12 24 

4Bt 
rnA 

fclock Clock frequency 0 35 0 40 MHz 

tw Pulse duration 
CBA or CAB high 14.5 12.5 

CBA or CAB low 14.5 12.5 
ns 

tsu Setup time before CAB! or CBA! A or 6 15 10 ns 

th Hold time after CAB! or CBA! A or B 5 0 ns 

TA Operating free-air temperature -55 125 0 70 °c 

tThe extended condition applies if Vec is maintained between 4.75 V and 5.25 V. The 4B-mA limit applies for the SN74ALS651 -1 
and SN74ALS652 -1 only. 

alectrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
SN54ALS651 SN74ALS651 

PARAMETER TEST CONDITIONS SN54ALS652 SN74ALS652 UNIT 

MIN TYP* MAX MIN TYP* MAX 

VIK VCC = 4.5 V, 11=-lBmA -1.2 -1.2 V 
VCC = 4.5 V to 5.5 V, 10H = -0.4 mA VcC-2 VCC-2 

VCC = 4.5 V, IOH = -3 mA 2.4 3.2 2.4 3.2 
VOH VCC = 4.5 V, IOH = -12 mA 

V 
2 

VCC = 4.5 V, IOH = -15 mA 2 
VCC = 4.5 V, 10L - 12 mA 0.25 0.4 0.25 0.4 

VOL VCC = 4.5 V, 10L = 24 mA 0.35 0.5 V 
(lOL = 48 mA for -lversionsl 

II 
Control inputs VCC = 5.5 V, VI = 7 V 0.1 0.1 

A or B ports VCC = 5.5 V, VI = 5.5 V 0.1 0.1 
mA 

IIH 
Control inputs 

VCC = 5.5 V, 
20 20 

A or B ports§ 
VI = 2.7V 

20 20 "A 

Conltol inputs -0.2 -0.2 
IlL A or 8 ports§ 

VCC = 5.5 V, VI = 0.4 V 
-0.2 -0.2 

rnA 

10' VCC = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

Outputs high 42 68 42 6B 

'ALS651 Outputs low 52 82 52 82 

OutPuts disabled 52 82 52 82 
ICC VCC = 5.5 V 

Outputs high 76 76 
mA 

47 47 

'ALS852 Outputs low 55 88 55 8B 

Outputs disabled 55 88 55 88 

*AII typical values are at Vee = 5 V,TA = 25°e. 
§For I/O ports, the parameters IIH and IlL include the off-state output current. 
~ The outp~t conditions ha,!!,e b~,en chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS· 
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SN54ALS651, SN54ALS652, SN74ALS651, SN74ALS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

• ALS651 switching characteristics (see Note 1) 

Vcc - 5 v. 

CL = 50 pF. 

FROM TO 
R1 - 5000. 

PARAMETER 
(INPUT) (OUTPUT) 

R2 - 5000. 

TA - 25 0 e 

'ALS651 

Vee - 4.5 V to 5.5 V. 

eL - 50 pF. 

R1 = 5000. 

R2 - 5000. 

TA = MIN to MAX 

SN54ALS651 SN74ALS651 

MIN TYP MAX MIN MAX MIN MAX 

II 
r­
tJ) -c 

fmax 
tpLH 

tpHL 

tpLH 

tpHL 

tpLH 

tpHL 

tpLH 

tpHL 

tpZH 

tpZL 

tpHZ 

tpLZ 

tpZH 

tpZL 

tpHZ 

tpLZ 

eBA or CAB A or B 

A or B B or A 

SBA or SABt 

(with A or B high) 
A or B 

SBA or sABt 

(with A or Blow) 
A or B 

G8A A 

GBA A 

GAB B 

GAB B 

~ • ALS652 switching characteristics (see Note 1) 

(;' 
CD en 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 

50 35 40 

20 27 10 38 10 32 

11 15 5 21 5 17 

9 13 4 20 4 18 

5 8 2 12 2 10 

24 31 13 45 13 38 

13 18 7 25 7 21 

15 20 8 30 8 25 

,13 18 7 25 7 21 

12 16 5 22 5 20 

11 15 5 21 5 18 

4 7 2 10 2 9 

7 10 3 16 3 12 

14 19 7 25 7 22 

13 18 7 25 7 21 

5 10 2 14 2 12 

7' 10 2 20 2 14 

Vcc - 5 V. Vcc - 4.5 V to 5.5 V. 

CL = 50 pF. CL = 50 pF. 

R1 .. 5000. R1 = 5000. 

R2 - 5000. R2 = 5000. 

TA = 25°C TA - MIN to MAX 

'ALS652 SN54ALS652 SN74ALS652 

MIN TYP MAX MIN MAX MIN MAX 

fmax 50 35 40 

tpLH 
CBA or CAB A or B 

20 25 10 35 10 

tpHL 11 15 5 20 5 

tpLH 11 15 5 20 5 
A or B B or A 

tpHL 8 10 3 15 3 

tpLH SBA or SABt 24 32 15 40 15 
A or B 

tpHL (with A or B high) 13 17 6 23 6 

tpLH SBA or SABt 17 22 8 30 8 

tpHL (with A or Blow) 
A or B 

13 17 5 24 5 

tpZH 
GBA 

10 15 3 20 3 
A 

tpZL 10 14 5 22 5 

tpHZ 
GBA 

6 8 1 12 1 
A 

20 tpLZ 10 13 2 2 

tpZH 15 20 8 25 8 
GAB B 

tpZL 12 ]6 6 21 6 

tpHZ 6 8 1 12 1 
GAB B 

tPLZ 10 13 2 21 2 

tThese parameters are measured with the Internal output state of the storage register OPPosite to that of the bus Input. 
NOTE 1.: Load circuit and voltage waveforms are ,shown in Section 1. 
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PRODUCT 
PREVIEW 

SN54ALS653. SN54ALS654. SN74ALS653. SN74ALS654 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 7 V 
Input voltage: All inputs and A I/O ports ................................................... 7 V 

B I/O ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 5.5 V 
Operating free-air temperature range: SN54ALS653, SN54ALS654 ..................... - 55 °e to 125 °e 

SN74ALS653,SN74ALS654 ................ .OOet070oe 
Storage temperature range ...................................... . . .... -65°ero150·e 

recommended operating conditions 

SN54ALS653 SN74ALS653 

SN54ALS654 SN74ALS654 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage A ports 5.5 5.5 V 

IOH High-level output current 8 ports -12 -15 mA 

IOL 
12 24 

Low-level output current 
4St 

mA 

fclock Clock frequency MHz 

tw Pulse duration 
CBA or CAB high 

ns 
CBA or CAB low 

tsu Setup time before CABt or CBA t A or B ns 

th Hold time after CABt or CBA t A or B ns 

TA Operating free-air temperature -55 125 0 70 ·C 

tThe extended condition applies if Vee is maintained between 4.75 V and 5.25 V. The 48-mA limit applies for the SN74ALS653~ 1 
and SN74ALS654 -1 only. 

II 
II) 
Q) 
(.) 

'S; 
Q) 

C 

CI) 
....I 

PRODUCT PREVIEW documents contain information 
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specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
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SN54ALS653. SN54ALS654. SN74ALS653. SN74ALS654 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

PRODUCT 
PREVIEW 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

r­
C/) -
C 
CD 
< 

VIK 

VOH 

10H 

VOL 

11 

IIH 

IlL 

10' 

lee 

PARAMETER 

B ports 

A ports 

Control inputs 

A or B ports 

Control inputs 

A or B ports t 

Control inputs 

A or B ports! 

B ports 

'ALS653 

'ALS654 

TEST CONDITIONS 

Vee - 4.5 V. 11--18mA 

Vee = 4.5 V to 5.5 V. 10H - -0.4 mA 

Vee = 4.5 V. 10H = -3 mA 

Vee = 4.5 V. 10H = -12 mA 

Vee = 4.5 V. 10H - -15 rnA 

Vee = 4.5 V. I VOH = 5.5 V 

Vee = 4.5 V. 10L = 12'rnA 

Vee = 4.75 V. 10L - 24 mA 
(lOL = 48 mA for -1 versions) 

Vee = 5.5 V. VI = 7 V 

Vee - 5.5 V. VI - 5.5 V 

Vee = 5.5 V. VI = 2.7 V 

Vee = 5.5 V. VI = 0.4 V 

Vee = 5.5 V. Vo = 2.25 V 

Outputs high 

. Outputs low 

Vee = 5.5 V 
Outputs disabled 

Outputs high 

Output. low 

Outputs disabled 

n' t All typical values are at Vee = 5 V. TA = 25°e. 

SN54ALS653 SN74ALS653 

SN54ALS654 SN74ALS654 UNIT 

MIN Typt MAX MIN Typt MAX 

-1.5 -1.5 V 

Vee-2 Vee-2 

2.4 3.2 2.4 3.2 
V 

2 

2 

0.1 0.1 mA 

0.25 0.4 0.25 0.4 

0.35 0.5 V 

0.1 0.1 

0.1 0.1 
rnA 

20 20 

20 20 
~A 

-0.1 -0.1 

-0.2 -0.2 
rnA 

-30 -112 -30 -112 mA 

52 52 

57 57 

58 58 
rnA 

60 60 

68 68 

68 68 

CD :t For liP ports. the parameters IIH and III include the off-state output current. 
(/) § The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS· 
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PRODUCT 
PREVIEW 

SN54ALS653, SN74ALS653 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

• ALS653 switching characteristics (see Note 11 

Vcc = 4.5 V to 5.5 V. 

CL = 50 pF. 

FROM TO 
RL = 880 Q. (A outputs) 

PARAMETER Rl = R2 = 500 Q. (B outputs) 
UNPUT) (OUTPUT) 

TA = MIN to MAX 

SN54ALS853 SN74ALS853 

MIN Typt MAX MIN Typt MAX 
fmax 

tpLH 
CBA A 

24 24 

tpHL 15 15 

tPLH 
CAB 

11 11 

tpHL 
B 

13 13 

tpLH 
A B 

10 10 

tpHL 12 12 

tpLH 
B A 

24 24 

tpHL 10 10 

tPLH SBAt 26 26 

tPHL 
A 

(with B high! 15 15 

tpLH SBAt 26 26 

tPHL 
A 

(with Blow! 15 15 

tpLH SABt 16 16 

tPHL (with A high) 
B 

16 16 

tpLH SABt 15 15 

tpHL (with A low) 
B 

15 15 

tpLH 
GBA A 

24 24 

tpHL 17 17 

tpZH 
GAB B 

19 19 

tpZL 22 22 

tpHZ 
GAB 

12 12 

tpLZ 
B 

14 14 

t All typical values are at VCC = 5 V. TA = 25°C. 
t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

Additional information on these products can be obtained from the factory as it becomes available. 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

n. 

ns 

n. 

ns 

ns 

ns 

U) 
CD 
CJ 

'> 
CD 
C -en ..... 

PRODUCT PREVIEW documents contsin informltion 
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SN54ALS654, SN74ALS654 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

'ALS654 switching characteristics (see Note 11 

Vee = 4.5 V to 5.5 V, 

el = 50 pF, 

Rl = 680 12, IA outputs) 

PRODUCT 
PREVIEW 

FROM TO 
PARAMETER Rl = R2 = 50012, 18 outputs) UNIT 

UN PUT) 10UTPUT) 
TA = MIN to MAX 

II 
r-
!e 
c 
CD 
< 
(=;' 
CD 
(I) 

fmax 

tPlH 
tpHl 

tPlH 
tpHL 

tPLH 

tpHL 

tpLH 

tPHL 

tpLH 

tPHL 
tpLH 

tPHL 
tpLH 

tPHL 

tpLH 

tpHL 

tpLH 

tpHL 

tpZH 

tpZL 

tpHZ 

tpLZ 

CBA 

CAB 

A 

B 

SBAt 

(with B high) 
S8At 

(with Blow) 
SBAt 

(with A high) 

SABt 

Iwith A low) 

GBA 

GAB 

GAB 

SN54AlS654 SN74AlS654 

MIN Typt MAX MIN TYpt MAX 

24 24 
A 

15 15 

B 
11 11 

13 13 

B 
8 8 

8 8 

A 
24 24 

10 10 

A 
26 26 

15 15 

A 
26 26 

15 15 

16 16 
B 

16 16 

B 
15 15 

12 12 
24 24 

A 
17 17 

8 
19 19 

22 22 

B 
12 12 

14 14 

t All typical values are at Vce = 5 V, T A = 25 ·C. ' 
:t: These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

Additional information on thes. products can be obtained from the factory as it becomes available. 
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SN54AS651. SN54AS652. SN74AS651. SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

absolute maximum ratings over operating free-air tamperature range (unless otherwise noted) 

Supply voltage, V CC ............................................................... 7 V 
Input voltage: Control inputs .......................................................... 7 V 

I/O ports ............................................................ 5.5 V 
Operating free-air temperature range: SN54AS651, SN54AS652 ...................... - 55 DC to 125°C 

SN74AS651, SN74AS652 .......................... ODCto 70°C 
Storage temperature range ................................................. - 65 DC to 1 50°C 

recommended operating conditions 

SN54AS651 SN74AS651 

SN54AS652 SN74AS652 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level in put voltage 0.8 0.8 V 

10H High-level output current -12 -15 mA 

10L Low-level output current 32 48 mA 

fclock 0 75 0 90 MHz 

C8A or CA8 high 
tw Pulse duration 

CSA or CA8 low 

6 5 

7 6 
ns 

tsu Setup time before CAB! or CBA! A or B 7 6 ns 

th Hold time after CAS! or eSA! A or B 0 0 ns 

TA Operating free-air temperature -55 125 0 70 DC 

electrical charecteristics over recommended operating free-air temperature range (unless otherwise noted) 

SN54AS651 SN74AS651 

PARAMETER TEST CONDITIONS SN54AS652 SN74AS852 UNIT 

MIN Tvpt MAX MIN Tvpt MAX 

VIK VCC = 4.5 V, II = -18 mA -1.2 -1.2 V 
VCC = 4.5 V to 5.5 V, IOH = -2 mA Vce-2 VCC-2 

VCC - 4.5 V, 10H - -3 mA 2.4 3.2 2.4 3.2 
VOH VCC - 4.5 V, 10H = -12 mA 

V 
2 

VCC = 4.5 V. 10H = -15mA 2 

VOL 
VCC - 4.5 V, 10L - 32 mA 0.25 0.50 

V 
Vce = 4.5 V, 10L - 48 mA 0.35 0.50 

Control inputs VCC = 5.5 V, VI = 7 V 0.1 0.1 
II Vee - 5.5 V, VI - 5.5 V 

mA 
A or B ports 0.1 0.1 

'IH 
Control inputs 

Vee = 5.5 V, VI = 2.7V 
20 20 

,.A 
A or B ports t 70 70 

IlL 
Control inputs 

VI = 0.4 V 
-0.5 -0.5 

mA 
A or B ports t Vec = 5.5 V, 

-0.75 -0.75 
IO§ Vec = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

Outputs high 110 185 110 185 

'AS651 Outputs low 120 195 120 195 

ICC VCC = 5.5 V 
Outputs disabled 130 195 130 195 

mA 
Outputs high 120 195 120 195 

'AS652 Outputs low 130 211 130 211 

Outputs disabled 130 211 130 211 

tAli typical values are at Vee = 5 V. TA = 25°C. 
lFor 1/0 ports, the parameters IIH and III include the off-state output current. 
§The output condi~ions have been chosen to produce a current that closely approximates one half of the true short·circuit output current, lOS 
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SN54AS651; SN54AS654, SN74AS651, SN74AS652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 

• AS651 switching characteristics (see Note 1) 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

Vee - 4.5 V to 5.5 V. 
CL = 50 pF. 

R1 = 500 Q. 

R2 = 5002. 

TA = MIN to MAX 

SN54AS651 SN74AS651 

MIN MAX MIN MAX 

II 
r­
CJ) -

fmax 

tpLH 

tPHL 

tPLH 

tpHL 

tpLH 

tpHL 

tPZH 

tPZL 

tpHZ 

tPLZ 

tPZH 

tpZL 

tPHZ 

tPLZ 

CBA or CAB 

A or B 

SBA or SABt 

GBA 

GBA 

GAB 

GAB 

c . AS652 switching characteristics (see Note 1) 
G) 

< 
c:;­
G) 
(II PARAMETER 

FROM 

(INPUT) 

A orB 

B or A 

AorB 

A 

A 

B 

B 

TO 

(OUTPUT) 

75 90 

2 9.5 2 8.5 

2 10 2 9 

2 9 2 8 

1 8 1 7 

2 12 2 11 

2 10 2 9 
2 11 2 10 

3 18 3 16 

2 10 2 9 

2 10 2 9 

3 12 :3 11 

3 20 3 16 

2 11 2 10 

2 12 2 11 

Vee - 4.5 V to 5.5 V. 
eL = 50 pF. 

R1 = 500 Q. 

R2 = 500 Q. 

TA = MIN to MAX 

SN54AS652 SN74AS652 

MIN MAX MIN MAx 
f max 75 90 

tpLH 
CBA or CAB 

2 9.5 2 

tPHL 
A or B 

2 10 2 

tpLH 2 11 2 

tPHL 
A or B BorA 

1 8 1 

tpLH 
SBA or SABt 

2 12 2 
A or B 

tPHL 2 10 2 

tpZH 
GBA 

2 11 2 

tPZL 
A 

3 3 18 

tpHZ 
GBA 

2 10 2 
A 

tPLZ 2 10 2 

tPZH 3 ; 2 3 
tpZL 

GAB B 
3 20 3 

tpHZ 2 11 2 

tPLZ 
GAB B 

2 12 2 

~ These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
NOTE 1: Load circuit and voltage waveforms are shown in Sectio~ 1. 
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SN54ALS666, SN54ALS667, SN74ALS666, SN74ALS667 
8-BIT D-TVPE TRANSPARENT READ-BACK LATCHES 

WITH 3-STATE OUTPUTS 

• 3-State I/O-Type Read-Back Inputs 

• Bus-Structured Pinout 

• Choice of True or Inverting Logic 
'ALS666 , , . True Outputs 
'ALS667 . . . Inverting Outputs 

• Preset and Clear Inputs 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramics DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 8-bit latches are designed specifically for 
storing the contents of the input data bus plus 
providing the capability of reading-back the 
stored data onto the input data bus, In addition, 
they provide a 3-state buffer type output and are 
easily utilized in bus-structured applications, 

The eight latches of the' ALS666 and' ALS667 
are transparent D-type, While the enable (e) is 
high, the Q outputs of the' ALS666 will follow 
the data (D) inputs, On the 'ALS667, the 0: 
outputs will provide the inverse. of what is 
applied to its data (D) inputs, On both devices, 
the Q or 0: output will be in the high-impedance 
state if either output control, OE 1 or OE2, is at 
a high logic level, 

Read-back is provided thru the read-back control 
input (OERB). When OERB is taken low, the data 
present at the output of the data latches will be 
allowed to pass back onto the input data bus, 
When it is taken high, the output of the data 
latches will be isolated from the data (D) inputs, 
The read-back control does not affect the 
internal operation of the latches; however, 
caution should be exercised not to create a bus­
conflict situation, 

The SN54ALS666 and SN54ALS667 are 
characterized for operation over the full military 
temperature iange of - 55 °e to 125°e, The 
SN74ALS666 and SN75ALS667 are 
characterized for operation from O°C to 70°C, 

02855, JUNE 1984-REVISED DECEMBER 1985 

SN54AlS666 ... JT PACKAGE 
SN74AlS666 .. , OW OR NT PACKAGE 

(TOP VIEW) 

20 
3D 
40 
NC 
50 
60 
70 

OERB VCC 
OE1 OE2 

10 10 
20 20 
3D 30 
40 40 
50 50 
60 60 
70 70 
80 80 

CLR PRE 
GNO C 

SN54AlS666 . , , FK PACKAGE 
SN74AlS666 . , , FN PACKAGE 

(TOP VIEW) 

5 

6 

7 

8 

9. 
10 

11 

4 3 2 1 282726 

12 1314151617 18 

CIa:: C U UIW d CXl-'ZZ a::CXl 
Ut!l a. 

25 20 
24 30 
23 40 
22 NC 
21 50 
20 60 
19 70 

NC-No internal connection. 

C.opyright © 1984, Texas Instruments Incorporated 

II 
fI) 
CD 
CJ 
'S 
CD 
C 

Cii ...., 
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SN54ALS6.66.SN54ALS667. SN74ALS666. SN74ALS667 
8-BIT D-TVPE TRANSPARENT READ-BACK LATCHES 
WITH 3-STATE OUTPUTS 

SN54ALS667 ... JT PACKAGE 
SN74ALS667 ... OW OR NT PACKAGE 

(TOP VIEW) 

SN54ALS667 ... FK PACKAGE 
SN74ALS667 ... FN PACKAGE 

40 

VCC 
OE2 

15 
20 
30 
40 
50 

60 60 
70 io 
80 80 

CLR PRE 

GNO '-4..:=--':;~ C 

NC-No internal connection. iii logic symbols t 

;ALS666 

r0-
t/) -
C 
CD 
< c:r 
CD en 

(22) 10 

(21) 2Q 

(20) 3Q 

(19) 40 

(18) 50 
(17) SO 

(16) 70 

(15) 80 

20 5 

30 6 

40 7 

NC 8 

50 9 

60 10 

70 11 

tThese symbols are in accordance with ANSIIIEEE Std 91-1984 and lEe Publication 617-12 
Pin numbers shown are for OW, JT, and NT packages. 
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ITOP VIEW) 

~I~ UN 
91~ ~ ~ ~I~I~ 
4 3 2 1 282726 

25 20 
24 30 
23 40 
22 NC 

50 
60 

19 io 
12 131415161718 

01'" a U UI~IO OOdi§Z 0.. 00 

'ALS667 



logic diagrams (positive logic) 

'ALS666 

10~/3~} ______ +-~~~ 

20 /4} 

30~/5~} ______ +-~~~ 

40~/6~}------~~~4 

50~/7~} ______ ~~~~ 

60~/8~) ______ +-~~~ 

70 /",9.c.} ------+-H ..... ~ 

80 /10} 

SN54ALS666. SN54ALS667. SN74ALS666. SN74ALS667 
8·BIT D·TYPE TRANSPARENT READ· BACK LATCHES 

WITH 3·STATE OUTPUTS 

'ALS667 

10~/3~} ______ +-~~~ 

20~/4~} ______ ~~~ 

30~/5~}------~H""'4 /20}ao. 

en 
Q) 
CJ 

'S; 
Q) 

40~/6~} ______ +-~ ..... ~ 

C -(J) 
..J 50~/7~} ______ +-~ ..... ~ 

60~/8~} ______ +-~ ..... ~ 

70~/9~} ______ ~~ ..... ~ 

80 /10} 

Pin numbers show n are for DW, JT, and NT packages. 
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SN54ALS666, SN54ALS667, SN74ALS666, SN74ALS667 
8-BIT OoTYPE TRANSPARENT READ-BACK LATCHES 
WITH 3-STATE OUTPUTS 

timing diagram 

DATA BUS X INPUT DATA ~ READ BACK ~ 
:::::::~I!::~~~~::~;:::~~LL~~ __________________ J~: ~ ____________ _ r-tsu ·r th~ I I L 

~tSU' ~L-. _________________________ ~i4-1 tdis-+' : \ l. _ I 
I4-tpd+t I4-tpd+j 

O----~I~~)k~------------------------------------~~~ 

INPUT DATA 

c 

CLR ~ H. PRE ~ H. DE1 ~ L. 0E2 ~ L 
*This setup time ensures the feadback circui~ will not create a conflict on the input data bus. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee ......................................................... 7 V' 
Input voltage (all inputs except D input) .......................................... 7 V 
Voltage applied to D inputs and to disabled 3-state outputs .......................... 5.5 V 
Operating free-air temperature range: SN54ALS666. SN54ALS667 . . . . . . . . .. - 55°C to 125°C 

SN74ALS666. SN74ALS6.67 .............. ooe to 70°C 
Storage temperature range ......................................... - 65°C to.·150 °e 

recommended operating conditions 

SN54ALS666 SN74ALS666 

SN54ALS667 SN74ALS667 UNIT 

MIN NOM MAX MIN NOM MAX. 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

Q -1 -2.6 
IOH High-level output current 

0 
mA 

-0.4 -0.4 
Q 12 24 

IOL Load-level output current mA 
0 4 8 

Enable C high 15 10 

tw Pulse duration CLR low 10 10 ns 

PRE low 10 10 

Setup time 
Data before CI 15 10 

tsu 
Data before OERBI 15 10 

ns 

th Hold time Data after CI 10 5 ns 

TA Operating free-air temperature -55 125 0 70 °c 
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SN54ALS666. SN54ALS667. SN74ALS666. SN74ALS667 
H·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 

WITH 3·STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted I 

SN54ALS666 SN74ALS666 
PARAMETER TEST CONDITIONS SN54ALS667 SN74ALS667 UNIT 

MIN TYPt MAX MIN TYPt MAX 
VIK Vee ~ 4.5 V, II ~ -18mA -1.2 -1.2 V 

All outputs Vee ~ 4.5 V to 5.5 V, IOH ~ -0.4 rnA VCC- 2 VCC-2 

VOH 
Q ora 

Vee - 4.5 V, IOH - -1 rnA 2.4 3.3 V 

Vee ~ 4.5 V, IOH - -2.6 rnA 2.4 3.2 

Vee ~ 4.5 V, IOL~ 4 rnA 0.25 0.4 0.25 0.4 
D 

IOL - 8 rnA Vee - 4.5 V, 0.35 0.5 
VOL V 

Q ora 
Vee ~ 4.5 V, IOL - 12 rnA 0.25 0.4 0.25 0.4 

Vee ~ 4.5 V, IOL ~ 24 rnA 0.35 0.5 

~ Q ora 
Vee ~ 5.5 V, Va ~ 2.7 V 20 20 

IOZL Vee ~ 5.5 V, Va - 0.4 V -20 -20 
~A 

o inputs Vee ~ 5.5 V, VI ~ 5.5 V 0.1 0.1 
II rnA 

All others Vee ~ 5.5 V, V~7V 0.1 0.1 

o inputs:!: 20 20 
IIH 

All others 
Vee ~ 5.5 V, V ~ 2,7 V 

20 20 
~A 

D inputs i -0.1 -0.1 
IlL Vee ~ 5.5 V, VI ~ 0.4 V rnA 

All others -0.1 -0.1 

lo§ Vee ~ 5.5 V, Va ~ 2.25 V -30 -112 -30 -112 rnA 

Q outputs high 25 50 25 50 

'ALS666 Q outputs low 40 73 40 73 

Vee ~ 5.5 V, a outputs disabled 30 55 30 55 
lee 

OERB high 
rnA 

Q outputs high 25 50 25 50 

'ALS667 Q outputs low 45 79 45 79 

Q outputs disabled 30 60 30 60 

t All typical values are at Vee ~ 5 V, TA ~ 25°e. 
t For 1/0 ports, the parameters IIH and IlL include the off-state output current. 
§ The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit output currents, lOS. 
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SN54ALS666. SN54ALS667. SN74ALS666. SN74ALS667 
8·BIT O·TYPE TRANSPARENT RE~O·BACK LATCHES 
WITH J·STATE OUTPUTS 

'ALS666 switching characteristics (see Figure 11 

Vcc - 5 V, 

FROM TO 
CL = 50 pF, 

PARAMETER TA - 25°C 

vcc - 4.5 V to 5.5 V, 

CL - 50 pF, 

TA - MIN to MAX 
(INPUT) (OUTPUT) 

'ALS666 . SN54ALS666 SN74ALS666 

MIN TVP MAX MIN MAX MIN MAX 

tpLH 
0 Q 

7 10 3 18 3 14 

tpHL 11 15 4 22 4 18 

tpLH 12 16 6 25 6 21 
C Q 

tpHL 16 21 8 32 8 27 

tpHL 
CLR 

Q 17 22 9 32 9 29 

tpHL 0 17 24 11 36 11 32 

tPLH 
PRE 

Q 13 18 7 28 7 22 

tpHL 0 17 22 9 35 9 28 

ten 
DERB 

11 17 4 25 4 21 
0 

tdis 6 11 1 18 1 14 

ten DEI, DE2 
11 17 4 25 4 21 

Q 
tdis 6 11 1 18 1 14 

• 'ALS667 switching characteristics (see Figure 11 

Vec - 5 V, Vee = 4.5 V to 5.5 V, 

r­
fJ) 

C 
CD 
< Cr 
CD 
(II 

PARAMETER 

tpLH 

tPHL 

tpLH 

tpHL 

tpLH 

tpHL 

tpHL 

tpLH 

ten 

tdis 

ten 

tdis 

ten = tpZH or tpZL 
tdis = tpHZ or tpLZ 

2·142 

FROM 

(INPUT) 

0 

C 

CLR 

PRE 

DERB 

DEI, DE2 

TO 
eL = 50 pF, CL = 50 pF, 

TA = 25°C TA - MIN to MAX 
(OUTPUT) 

'ALS667 SN54ALS667 SN74ALS667 

MIN TVP MAX MIN MAX MIN MAX 

0: 
13 17 6 24 6 20 

9 13 4 18 4 15 

0: 
18 23 9 35 9 28 

14 19 7 27 7 22 

Q 14 19 7 28 7 24 

0 17 23 8 30 8 26 

Q 17 23 8 30 8 25 

0 18 25 9 35 9 28 

11 17 4 25 4 21 
0 

6 11 1 20 1 14 

0: 
11 17 4 25 4 21 

6 11 1 20 1 14 
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SN54ALS666. SN54ALS667. SN74ALS666. SN74ALS667 
8-BIT OoTYPE TRANSPARENT READ-BACK LATCHES 

WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

7V 

~ 
Sl 

500 !l 

FROM OUTPUT --1>---4-.... - TEST 
UNOER TEST POINT 

TIMING 
INPUT 

DATA 
INPUT 

CL 500!l 

lSee Note A) 

LOAD CIRCUIT FOR 
Q OR 0: OUTPUTS 

./ 3.5V 

/,1.3V 
___ -J : - - - - - - - - 0.3 V 

... tsu ....... th~ 

~'-~~/- 3.5V 
-./1.3 V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3V 

INPUT ~-l.;V- - - 3.SV 

..../'f'.~ V ~ 0.3 V 

tpLH I0Il .1 ~tpHL 

IN·PHASE ~i ! : -1- - VOH 
OUTPUT I 1.3 V : 1.3 V 

, VOL 
tpHL~ I4----.t-tPLH 

I I 
OUT'()F-PHASE ~ , ~" . JL:: VOH 
OUTPUT ~~.~v 
lSee Note D) - - - VOL 

VOL TAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

7V 

~ 
Sl 

1 k!l 
FROM OUTPUT TEST 

UNDER TEST ~~--4I---1I---POINT 
CL 1 k!l 

LOAD CIRCUIT FOR D OUTPUTS 

HIGH·LEVEL 
PULSE 

LOW·LEVEL 
PULSE 

VOL TAGE WAVEFORMS 
PULSE WIDTHS 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

OUTPUT ~ 3.5V 
CONTROL 1.3 V 1.3 V 
(low·level , _: ________ 0.3 V 

enabling) tPZL""*-* --' If- tPLZ 
I I I I 

~I: II ~3.5V 
WAVEFORM 1 I 1.3 V I' ,-0.3 V 
Sl CLOSED I -=---:"---=-a== VOL 
ISee Note B) tpZH 4 -.ljf-tPHZ T. 

~------t-v 
WAVEFORM 2 , -----f- OH 
S10PEN 1.3 V 
IS .. Note B) 0.3 V "0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

S. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR :$ 1 MHz, tr = tf = 2 n5, duty cycle = 50%. 
D. When measuring propagation delay times of 3-5tate outputs, switch S, is open. 

FIGURE 1 

fI 
fI) 
CI) 
CJ 

'S: 
CI) 

o -en 
...I 
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SN54AS821. SN54AS822. SN74AS821. SN74AS822 
10-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AMD's AM29821 
and AM29822 

• Provides Extra Data Width Necessary for 
Wider Address/Data Paths or Buses with 
Parity 

• Outputs Have Undershoot Protection 
Circuitry 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Carriers in Addition to Plastic and 
Ceramic DIPs 

• Buffered Control Inputs to Reduce DC 
Loading Effects 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 10-bit flip-flops feature three-state 
outputs designed specifically for driving highly­
capacitive or relatively low-impedance loads. 
They are particularly suitable for implementing 
wider buffer registers, I/O ports, bidirectional bus 
drivers with parity, and working registers. 

The ten flip-flops are edge-triggered D-type flip­
flops. On the positive transition of the clock the 
Q outputs on the' AS821 will be true, and on the 
'AS822 will be complementary to the data input. 

A buffered output-control input can be used to 
place the ten outputs in either a normal logic 
state (high or low levels) or a high-impedance 
state. In the high-impedance state the outputs 
neither load nor drive the bus lines significantly. 
The high-impedance state and increased drive 
provide the capability to drive the bus lines in a 
bus-organized system without need for interface 
or pull-up components. The output control (OC) 
does not affect the internal operation of the flip­
flops. Old data can be retained or new data can 
be entered while the outputs are in the high­
impedance state. 

The SN54AS' family is characterized for 
operation over the full military temperature range 
of - 55°C to 125°C. The SN74AS' family is 
characterized for operation from OOC to 70°C. 

02825. DECEM8ER 1983-REVISED JANUARY 1986 

SN54AS821 ... JT PACKAGE 
SN74AS821 ... OW OR NT PACKAGE 

(TOP VIEW) 

vcc 
10 10 
20 20 

30 
40 40 
50 50 
60 6!} 
70 70 
80 80 
90 90 

100 
GNO CLK 

SN54AS821 ... FK PACKAGE 
SN74AS821 ... FN PACKAGE 

(TOP VIEW) 

4321282726 

3D ~: 25 30 
40 2' 40 

50 ~7 23 50 

NC ~. 22 NC 

60 ~. 21 60 
70 QlO 20 70 

80 Pll" " 
80 

12 13 14 15 16 11 18 

SN54AS822 ... JT PACKAGE 
SN74AS822 ., . OW OR NT PACKAGE 

(TOP VIEW) 

OC 1 vcc 
10 

22 20 
21 30 

40 5 20 40 
50 ,. 50 
60 ,. 60 
70 17 70 
80 ,. 80 
90 15 90 

100 ,. 100 
GNO 13 CLK 

SN54AS822 ... FK PACKAGE 
SN74AS822 ... FN PACKAGE 

(TOP VIEW) 

~'elg~~2~ 
4321282726 

3D 25 

10 

2' 
23 

22 

21 

20 

" 12 1314 15 16 17 18 

NC - No internal connection 

Copyright © .1983, Texas Instruments Incorporated 
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SN54AS821. SN74AS821 
10·BIT BUS INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

• AS821 FUNCTION TABLE (EACH FLiP-FLOPI 

INPUTS OUTPUT 

DC ClK 0 0 
l t H H 

l t l l 
l l X 00 
H X X Z 

'AS821 logic symbol t 

Dc 
ClK 

10 (23) 
10 

20 (22) 
20 

3D 
(4) (21) 

30 
40 

(5) (20) 
40 

50 
(6) (19) 

50 
60 

(7) (18) 
60 

70 (8) (17) 
70 

80 
(9) (16) 

80 
90 

(10) (15) 

(11 ) (14) 90 
100 100 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

lEe Publication 617-12. 

Pin numbers shown are for OW, JT, and NT packages. 

'AS821 logic diagram (positive logic) 

oc ..:(.:.;1 )'------<JI 

ClK 

10"::::':---+-1 

20.;.,(3;;";) __ -+-1 

3D .:..(4"") ___ +-1 

40..:;(5;;";)---+-1 

50 .:.;16:':') ___ +-1 

60..:.17:":) ___ +-1 

70 (8) 

80 .;.;.(9;':")_--1I--t 

90.:.(1,;.:0;.:..) __ --i_-t 

100.:.(,;.,11;.:..) ____ -t 
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SN54AS822, SN74AS822 
10·BIT BUS INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

'AS822 FUNCTION TABLE (EACH FLIP-FLOP} 

INPUTS OUTPUT 

DC CLK D a 
L 1 H H 

L 1 L L 

L L X 00 
H X X Z 

'AS822 logic symbol t 

10 (23} 
10 

25 (22} 
20 

30 
(21} 

30 
40 (20} 

40 
55 (19} 

50 
60 

(7} (IS} 
60 

71) (Si (17} 
70 

SO 
(9} (IS} 

SO 
90 

OO} 115} 90 

100 
(II} 

(14} 100 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

IEC Publication 617-12. 

Pin numbers shown are for DW, JT, and NT packages. 

'AS822 logic diagram (positive logic) 

Oc ..!1.!.!l)~ ___ 01 

25 (3) 

35 (4) 

40 !:15:.!.) ___ l-oI 

55 .!!IS:.!.) __ --1~~ 

SO .::17:':') ___ l-d 

70 IS) 

SO .!:19:.:.) __ --1~~ 

90 (10) 

100 (11) 

fI 
CI) 
Q) 
CJ 
'S; 
Q) 

C 

U) 
....I 
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SN54AS821, SN54AS822, SN74AS821, SN74AS822 
10-BITBUS INTERFACE FLIP-FLOPS WITH ]-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .,., .... , .. , ..... ".,., .. ,.,.,." .. ".".".,.".,.,.".,.,.,.. 7 V 
Voltage applied to a disabled 3-state output, ..... , . , . , . , ... , .. , .... , .... , . , . , ... , 5,5 V 
Operating free-air temperature range: SN54AS821, SN54AS822 , .. , . . . . . . . .. - 55°C to 125°C 

SN74AS821, SN74AS822 ., .. ,., .. ,.,",. ooe to 70°C 
Storage temperature range .. , ... , .. ,.,.,.,......................... - 65°C to 150°C 

recommended operating conditions 

SN54AS821 SN74AS821 

SN54AS822 SN74AS822 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4,5 5 5.5 V 

VIH HighMlevel input voltage 2 2 V 

Vil Low-level input voltage 0.8 0.8 V 

IOH High-level output current -24 -24 mA 

IOl Low-level output currrent 32 48 mA 

tw Pulse duration, elK high or low 9 8 ns 

tsu Setup time, data before elK! 7 6 ns 

th Hold time, data after elK! 0 0 ns 

TA Operating free-air temperature -55 125- 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless .otherwise 
noted) 

SN54AS821 SN74AS821 

PARAMETER TEST CONDITIONS SN54AS822 SN74AS822 UNIT 

MIN Typt MAX MIN Typt MAX, 

VIK Vee = 4.5 V, II = -18mA -1.2 -1.2 V 

Vee = 4.5 V to 5.5 V, IOH = -2 mA vCC- 2 VCC-2 

VOH Vee - 4.5 V, IOH - -15 mA 2.4 3.2 2.4 3,2 V 

Vee - 4.5 V, IOH - -24 mA 2 2 

Vee = 4.5 V, IOl = 32 mA 0.25 0.5 
VOL V 

Vee - 4.5 V, IOl - 48 mA 0.35 0.5 

IOZH Vee - 5.5 V, Va - 2.7 V 50 50 ~A 

IOZl Vee = 5.5 V, Va = 0.4 V -50 -50 ~A 

II Vee - 5.5 V, VI - 7 V 0.1 0.1 mA 

IIH Vee - 5.5 V, VI - 2.7 V 20 20 ~A 

III Vee = 5.5 V, VI - 0.4 V -0.5 -0.5 mA 

lot Vee = 5.5 V, ' Va = 2.25 V -30 -112 -30 -112 mA 

Outputs high 55 88 55 88 

'AS821 Outputs low 68 109 68 109 

Outputs disabled 70 113 70 113 
lee Vee = 5.5 V mA 

Outputs high 55 88 55 88 

'AS8,22 Outputs low 68 109 68 109 

Outputs disabled 70 113 70 113 

tAil typical 'values are at Vee = 5 V, TA = 25°e. 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS821. SN54AS822. SN74AS821. SN74AS822 
10-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

switching characteristics (see Note 1) 

Vcc - 4.5 V to 5.5 V. 

CL = 50 pF. 

R1 = 500 n. 
FROM TO R2 = 500 n. 

UNIT PARAMETER 
(INPUT) (OUTPUT) TA = MIN to MAX 

SN54AS821 SN74AS821 

SN54AS822 SN74AS822 

MIN MAX MIN MAX 

tpLH 3.5 9 3.5 7.5 
eLK Any Q ns 

tPHL 3.5 11.5 3.5 10.5 

IpZH 
oe 

4 12 4 11 
Any Q ns 

IpZL 4 13 4 12 

tpHZ 
oe 

2 10 2 8 
Any Q 

8 
ns 

IpZL 2 10 2 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54AS823, SN54AS824 
SN74AS823, SN74AS824 

9-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AM D's AM29823 
and AM29824 

• Provides Extra Data Width Necessary for 
Wider Address/Data Paths or Buses with 
Parity 

• Outputs Have Undershoot Protection 
Circuitry 

• Power-Up High-Impedance State 

• Buffered Control Inputs to Reduce DC 
Loading Effects 

• Package Options Include both Plastic and 
Ceramic Carriers in Addition to Plastic and 
Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 9-bit flip-flops feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing wider 
buffer registers, I/O ports, bidirectional bus 
drivers, parity bus interfacing and working 
registers. 

With the clock enable (CLKENI low, the nine D­
type edge-triggered flip-flaps enter data on the 
low-to-high transitions of the clock. Taking 
CLKEN high will disable the clock buffer, thus 
latching the outputs. The 'AS823 has 
noninverting D inputs and the 'AS824 has 
inverting D inputs. Taking the CLR input low 
causes the nine Q outputs to go low 
independently of the clock, 

A buffered output-control input (OClcan be used 
to place the nine outputs in either normal logic 
state (high or low levell or a high-impedance 
state, In the high-impedance state the outputs 
neither load nor drive the bus lines significantly, 
The high~impedance state and increased drive 
provide the capability to drive the bus lines in a 
bus-organized system without need for interface 
or pull-up components. The output control does 
not affect the internal operation of the flip-flops, 
Old data can be retained or new data can be 
entered while the outputs are in the high­
impedance state, 

02825, JUNE 1984-REVISEO JANUARY 1986 

SN54AS823 ... JT PACKAGE 
SN74AS823 ... OW OR NT PACKAGE 

{TOP VIEWI 

6C 2. VCC 
10 23 10 
20 3 22 20 
30 • 2' 30 
40 20 40 
50 ,. 50 
60 18 60 
70 17 70 
80 16 80 
90 10 ,. 90 

ClR 11 ,. ClKEN 
GNO 12 13 ClK 

SN54AS823 ... FK PACKAGE 
SN74AS823 . , . FN PACKAGE 

(TOP VIEW) 
u 

~~Ig~~~~ 
4321282726 

3D • 
40 6 2' 

50 23 

NC 22 

60 • 
70 10 

80 11 

12 13 14 15 16 17 18 

SN54AS824 ..• JT PACKAGE 
SN74AS824 ... OW OR NT PACKAGE 

{TOP VIEW) 

VCC 
10 

20 20 
3D 30 

40 
50 
60 

70 70 
80 80 
90 90 

EiJi ClKEN 
GNO ClK 

SN54AS824 ... FK PACKAGE 
SN74AS824 ... FN PACKAGE 

(TOP VIEW) 
u 

1~lelg ~ j'~ ~ 

4321282726 

25 30 
24 4Q 
23 50 
22 NC 
21 60 
20 7Q 

19 80 

Copyright @ 1984, Texas Instruments Incorporated 
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SN54AS823. SN54AS824. SN74AS823. SN74AS824 
9-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

The SN54AS' family is characterized for operation over the full military temperature range of - 55 °G to 
125°C. The SN74AS' family is characterized for operation from OOG to 70 oG. 

·AS823 FUNCTION TABLE 'AS823 logic diagram (positive logic) 

INPUTS OUTPUT 

OC ClR ClKEN ClK 0 Q 
DC ~(~1) ____________________ ~ 

l L X X X L CLit -'-'-'''-----.q 
L H L t H H CLKEN 

l H L t L L 

L H H X X Qo 
H X X X X Z 

(23) lQ 

• AS823 logic symbol t 

20 (3) (22) (1 ) 20 oc 
_(11) 
CLR 

Ci:KEiii (14) 
3D (4) (21) 

(13) 30 
CLK lC2 

(2) (231 
10 (31 I> V 10 

(221 
20 40 (5) (20) 

40 20 (4) (21) 
30 3D (5) (20) 
40 40 (6) (19) 
50 50 (6) (19) 50 50 (7) (181 

60 (8) 60 
(17) 

70 70 (9) (16) :g (10) 
80 

60 (7) (18) (15) 
90 60 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12 

70 
(8) (17) 70 

80 (9) (16) 80 

90 (10) (15) 
90 

Pin numbers shown are for DW, JT, and NT packages. 
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SN54AS824. SN74AS824 
9·BIT BUS INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

'AS824 FUNCTION TA8LE 

INPUTS OUTPUT 

OC CLR CLKEN CLK D 0 
L L X X X L 

L H L t H L 

L H L t L H 
L H H X X 00 
H X X X X Z 

• AS824 logic symbol t 

C> 
1231 10 V 
(22) 

20 
(21) 

30 
(201 

40 
(191 

50 
(181 

60 
1171 70 
(161 

80 
1151 

90 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for OW, JT, and NT packages. 

• AS824 logic diagram (positive logic) 

5C~~------------------Q 
CLR ..>..:..::!....----d 

10 (23) 10 

20 
(3) (22) 20 

3D (4) (21) 30 

40 
(5) (20) 

40 

50 (6) (19) 50 

60 
(7) (18) 60 

io 
(8) (17) 70 

80 (9) (16) 80 

90 (10) (15) 90 
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SN54AS823, SN54AS824, SN74AS823, SN74AS824 
9-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ................. :............................................ 7 V 
Voltage applied to a disabled 3-state output ................ , . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54AS823, SN54AS824 . . . . . . .. . . . .. - 55°C to 125°C 

SN74AS823, SN74AS824 ................ ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

SN54AS823 SN74AS823 

SN54AS824 SN74AS824 UNIT 

MIN NOM MAX MIN NOM MAX 

vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

Vil low-level input voltage O.S O.S V 

IOH High-level output current -24 -24 mA 

IOl Low-level output current 32 4S mA 

elR low 5 4 
tw Pulse duration ns 

elK high or low 9 S 

elR inactive S S 

tsu 
Setup time 

Data 7 6 ns 
before elKi 

elKEN high or low 7 6 

th Hold time, ClKEN or data after elKi 0 0 ns 

TA Operating free-air temperature -55 125 0 70 ~e 

~ electrical characteristics over recommended operating free-air temperature range (unless otherwise 
c;' noted) 
('j) 
en SN54ASS23 SN74ASS23 

PARAMETER TEST CONDITIONS SN54ASS24 SN74ASS24 UNIT 
MIN Typt MAX MIN Typt MAX 

VIK Vee - 4.5 V, II - -1SmA -1.2 -1.2 V 

vee - 4.5 V to 5.5 V, 10H - -2 mA Vee- 2 Vee- 2 

VOH vee - 4.5 v, 10H - -15 mA 2.4 ' 3.2 2.4 3.2 V 

Vee - 4.5 V, 10H - -24 mA 2 2 

VOL 
Vee - 4.5 V, 10l - 32 mA 0.3 0.5 

Vee - 4.5 V, 10l - 4S mA / 0.35 
V 

0.5 

10ZH Vee - 5.5 V, Vo - 2.7 V 50 50 ~A 

10Zl Vee - 5.5 V, Vo - 0.4 V -50 -50 ~A 

II Vee - 5.5 V, VI - 7 V 0.1 0.1 mA 

IIH Vee - 5.5 V, VI - 2.7V 20 20 ~A 

III Vee - 5.5 V, VI - 0.4 V -0.5 -0.5 mA 

10+ Vee - 5.5 V, Vo - 2.25 V -30 -112 -30 -112 mA 

Outputs high 49 SO 49 SO 

'ASS23 Vee - 5.5 V Outputs low 61 100 61 100 mA 

lee 
Outputs disabled 64 103 64 103 

Outputs high 49 SO 49 SO 

'ASS24 Vee - 5.5 V Outputs low 61 100 61 100 mA 

Outputs disabled 64 103 64 103 

tAli typical values are at Vee - 5 V, TA - 25°e. 
t:The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS823. SN54AS824. SN74AS823. SN74AS824 
9·BIT BUS INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

switching characteristics (see Note 1) 

VCC = 4.5 V to 5.5 V, 

Cl - 50 pF, 

R1 = 500 n, 
FROM TO R2 - 500 n, 

PARAMETER UNIT 
(INPUT) (OUTPUT) TA - MIN to MAX 

SN54AS823 SN74AS823 

SN54AS824 SN74AS824 

MIN MAX MIN MAX 

tplH 3.5 9 3.5 7.5 
ClK Any Q ns 

tpHl 3.5 12 3.5 11 

tpHl ClR Any Q 3.5 14 3.5 13 ns 

tpZH 
OC 

4 12 4 11 
Any Q ns 

tpZl 4 13 4 12 

tpHZ 
OC 

2 10 2 8 
Any Q ns 

tplZ 2 10 2 8 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

D flip-flop signal conventions 

It is normal TI practice to name the outputs and other inputs of a D-type flip-flop and to draw its logic 
symbol based on the assumption of true data (D) inputs, Then outputs that produce data in phase with 
the data inputs are called Q and those producing complementary data are called Q, An input that causes 
a Q output to go high or a Q output to go low is called Preset; an input that causes a Q output to go high 
or a Q output to go low is called Clear, Bars are used over these pin names (PRE and CLR) if they are 
active-low. 

The devices on this data sheet are second-source designs and the pin-name convention used by the original 
manufacturer has been retained. That makes it necessary to designate the inputs and outputs of the inver­
ting circuit D and Q, In some applications it may be advantageous to redesignate the inputs and outputs 
as D and Q. In that case, outputs should be renamed as shown below. Also shown are corresponding 
changes in the graphical symbol. Arbitrary pin numbers are shown in parentheses. 

Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. Also notice that the 
polarity indicators ( t:::.. ) on PRE and CLR remain since these inputs are still active-low, but that the presence 
or absence of the polarity changes at D, Q, and Q. Of course pin 5 (Q) is still in phase with the data input 
D, but now both are considered active high. 

CLR (5) PRE S (5) Q Q 

CLK C1 ClK C1 

0 10 (6) 0 10 
Q Q 

liRE s m R 

II 
U) 
Q) 
U 
'S 
Q) 

c -en 
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SN54AS825, SN54AS826 
SN74AS825, SN74AS826 

8-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AMD's AM29825 
and AM29826 

• Improved IOH Specifications 

• Multiple Output Enables Allow Multiuser 
Control of the Interface 

• Outputs Have Undershoot Protection 
Circuitry 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Buffered Control Inputs to Reduce DC 
Loading Effect 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 8-bit flip-flops feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing multiuser 
registers, I/O ports, bidirectional bus drivers, and 
working registers, 

With the clock enable (CLKEN) low, the eight D­
type edge-triggered flip-flops enter data on the 
low-to-high transitions of the clock. Taking 
CLKEN high will disable the clock buffer, thus 
latching the outputs. The 'AS825 has non­
inverting D inputs and the' AS826 has inverting 
is" inputs. Taking the CLR input low causes 
the eight Q outputs to go low independently of 
the clock, 

Multiuser buffered output-control inputs (OC 1, 
OC2, and OC3) can be used to place the eight 
outputs in either a normal logic state (high or low 
level) or a high-impedance state, In the high­
impedance state the outputs neither load nor 
drive the bus lines significantly. The high­
impedance state and increased drive provide the 
capability to drive the bus lines in a bus­
organized system without need for interface or 
pull-up components, The output controls do not 
affect the internal operation of the flip-flops, Old 
data can be retained or new data can be entered 
while the outputs are in the high-impedance 
state. 

02825, JUNE 1984-REVISEO JANUARY 1986 

SN54AS825 ... JT PACKAGE 
SN74AS825 ... OW OR NT PACKAGE 

(TOP VIEW) 

OCI VCC 
OC2 OC3 

10 
20 

3D 30 
4D 40 

50 
60 

70 70 
80 10 15 80 

ClR " ,. C1Jffij 

GND 12 13 ClK 

SN54AS825 ... FK PACKAGE 
SN74AS825 ... FN PACKAGE 

(TOP VIEW) 

4321282726 

20 5 25( 2Q 
3D 6 2~~ 30 
40 23~ 40 
NC 22[ NC 
5D 9 21 ~ 5Q 
60 10 20~ 60 
70 11 19( 7Q 

12131415161718 

010: 0 U "12 0 co...Jzz...Jwoo 
Uo u~ 

U 

SN54AS826 ... JT PACKAGE 
SN74AS826 ... OW OR NT PACKAGE 

(TOP VIEW) 

OCI VCC 
OC2 OC3 

10 
20 

3D 30 
40 
50 

60 60 
70 70 
80 10 15 80 

ClR " ,. C1Jffij 

GNO 12 13 ClK 

SN54AS826 ... FK PACKAGE 
SN74AS826 ... FN PACKAGE 

(TOP VIEW) 
N':- U(Y) 

elglg ~ ;;'Ig ~ 
4321282726 

20 b5 25 20 
3D fiG 24 30 
40 7 23 40 
NC 8 "22 NC 
50 • 21 50 
60 10 20 60 
70 " 

,. 70 
12131415161718 

Uo u:s 
010: 0 U "'12 0 oo...Jzz...JwQO 

u 
NC-No internal connection 

Copyright © 1984, Texas Instruments Incorporated 
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SN54AS82l SN54AS826. SN74AS825. SN74AS826 
8-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

The SN54AS' family is characterized for operation over the full military temperature range of - 55 °e to 
125°e. The SN74AS' family is characterized for operation from ooe to 70 0 e. 

'AS825 FUNCTION TABLE 'AS825 logic diagram (positive logic) 

INPUTS OUTPUT 

OC' CLR CLKEN eLK 0 0 

L L X X X L 

OCl 
(1 ) 

OC2 
(2) 

OC3 
(23) 

L H L t H H CLR 
L H L t L L CLKEN 

L H H X X 00 

H X X X X Z 

DC' ~ H if any of DC1, QC2, or DC3 are high. 

DC' ~ L if all of OC1, DC2, and DC3 are low. (22) 
10 

'AS825 logic symbol t 

20~ (21) 

Dcl 20 

OC2 EN 
OC3 

3D (5) 
CLR 

(20) 
30 

ClKEN 113) 
ClK lC2 

(3) (22) 40 (6) (19) 
40 

1D 20 ~ I!. 10 
(4) (21) 20 20 

3D 
15) (20) 30 

40 
(6) (19) 

40 50 (7) (18) 
50 

50 
(7) (18) 

50 

60 
(8) (17) 

60 
70 (9) (16) 

70 60 (8) (17) 
(10) (15) 60 

80 80 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
70 (9) (16) 

IEC Publication 617·12. 70 

80 (10) (15) 
80 

Pin numbers are for OW, JT, and NT packages. 
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SN54AS826. SN74AS826 
8·BIT BUS INTERFACE FLlP·FLOPS WITH 3·STATE OUTPUTS 

'AS826 FUNCTION TABLE • AS826 logic diagram (positive logic) 

INPUTS OUTPUT 

OC· ClR ClKEN ClK 0 Q 

l L X X X l 

L H L t H l 

L H L t L H 

L H H X X 00 
H X X X X Z 

OC· ~ H if any of OC 1, OC2, or OC3 are high, 

OC' ~ L if all of OC1, OC2, and OC3 are low. 
10 

(221 
10 

• AS826 logic symbol t 

OCl 
20_(4_1_ ~20 

OC2 EN 
OC3 

Ci:R 3D (51 (201 
30 

Ci:KEN 
ClK 

1221 10 40 
(61 (191 

40 10 [;, 

20 (211 20 

35 1201 30 

40 1191 40 50 171 (18) 
50 

50 I1S1 50 

65 1171 60 

70 1161 70 (SI (17) 

SO 1151 so 60 60 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
75 

(9) (16) 
IEC Publication 617-12 70 

SO 
(10) (15) 

SO 

Pin numbers shown are for DW, JT, and NT packages. 

• I/) 
Q) 
(.) 

":; 
Q) 

0 
CJ) 
...I 

TEXAS ." 
INSTRUMENTS 

2·159 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



II 
r­
tf) 

SN54AS825. SN54AS826. SN74AS825. SN74AS826 
8·81T 8US INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: 

SN54AS825, SN54AS826 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 °e to 125°e 
SN74AS825, SN74AS826 ..................................... ooe to 70 0 e 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 to 150 0 e 

recommended operating conditions 

SN54AS825 SN74AS825 

SN54AS826 SN74AS826 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

Vil Low-~evel input voltage 0.8 0.8 V 

10H High-level output current -24 -24 mA 

10l Low-level output current 32 48 mA 

elR low 5 4 
tw Pulse duration ns 

elK high or low 9 8 

ClR inactive 8 8 

tsu Setup time before elK! Data 7 6 ns 

elKEN high or low 7 6 

th Hold time, elKEN or data after elK! a a ns 

TA Operating free-air temperature -55 125 a 70 °e C 
CD 
< c:;' electrical characteristics over recommended operating free-air temperature range (unless otherwise 
CD noted) 
til 

SN54AS825 SN74AS825 

PARAMETER TEST CONDITIONS 
SN54AS826 

MIN TVpt MAX 

SN74AS826 

MIN TVpt MAX 
UNIT 

VIK Vee = 4.5 V, II = -18mA -1.2 -1.2 V 

Vee = 4.5 V to 5.5 V, IOH = -2 mA vCC- 2 VCC-2 

VOH Vee = 4.5 V, 10H = -15 mA 2.4 3.2 2.4 3.2 V 

Vee - 4.5 V, 10H - -24 mA 2 2 

Vee = 4.5 V, 10l = 32 mA 0.3 0.5 
VOL V 

Vee - 4.5 V, 10l - 48 rnA 0.35 0.5 

10ZH Vee - 5.5 V, Vo - 2.7 V 50 50 ~A 

10Zl Vee = 5.5 V, Vo = 0.4 V -50 -50 ~A 

II Vee - 5.5 V, VI - 7 V 0.1 0.1 mA 

IIH Vee - 5.5 V, VI - 2.7 V 20 20 ~A 

III Vee = 5.5 V, VI' = 0.4 V -0.5 -0.5 rnA 

10' Vec = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 rnA 

Outputs high 45 73 45 73 

'AS825 Vee = 5.5 V Outputs low 56 90 56 90 rnA 

.Outputs disabled 59 95 59 95 
lee 

Outputs high 45 73 45 73 

'AS826 Vee = 5.5 V Outputs low 56 90 56 90 mA 

Outputs disabled 59 95 59 95 

t All typical values are at Vee = 5 V, T A = 25°e. 
:1: The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS825, SN54AS826, SN74AS825, SN74AS826 
8-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

switching characteristics (see Note 11 

Vec ~ 4.5 V to 5.5 V. 

CL ~ 50 pF. 

Rl ~ 500 O. 

FROM TO R2 ~ 500 O. 
PARAMETER UNIT 

(INPUT) IOUTPUT) TA ~ MIN to MAX 

SN54AS825 SN74AS825 

SN54AS826 SN74AS826 

MIN MAX MIN MAX 

tpLH 3.5 9 3.5 7.5 
CLK Any Q ns 

tpHL 3.5 11.5 3.5 11 

tpHL CLR Any Q 3.5 14 3.5 13 ns 

tpZH 
OC 

4 12 4 11 
Any Q ns 

tpZL 4 13 4 12 

tpHZ Be 
2 10 2 8 

Any Q ns 
tpLZ 2 10 2 8 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

D flip-flop signal conventions 

It is normal TI practice to name the outputs and other inputs of a D-type flip-flop and to draw its logic 
symbol based on the assumption of true data (D) inputs. Then outputs that produce data in phase with 
the data inputs are called Q arid those producing complementary data are called 6. An input that causes 
a Q output to go high or a 6 output to go low is called Preset; an input that causes a 6 output to go high 
or a Q output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are 
active-low. 

The devices on this data sheet are second-source designs and the pin-name convention used by t/"','e original 
manufacturer has been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuit is and Q. In some applications it may be advantageous to redesignate the inputs and outputs as 
D and O. In that case, outputs Should be renamed as shown below. Also shown are corresponding changes 
in the graphical symbol. Arbitrary pin numbers are shown in parentheses. 

Notice that Q and 0 exchange names, which causes Preset and Clear to do likewise. Also notice that the 
polarity indicators ( t::.. ) on PRE and CLR remain since these inputs are still active-low, but that the presence 
or absence of the polarity indicator changes at D. Q. and Q. Of course pin 5 (Q) is still in phase with the data 
input D, but now both are considered active high. 

ClR R PRE S (5) Q Q 

ClK Cl CLK Cl 

0 (6) 0 10 
Q a 

PRE s ClR R 

• II) 
Q) 
(J 

'> 
Q) 

C 

CJ) 
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SN54ALS841, SN54AS841, SN54ALS842, SN54AS842 
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842 

10-BIT BUS INTERFACE O-TYPE LATCHES WITH 3-STATE OUTPUTS 

• 3-State Buffer-Type Outputs Drive Bus-Lines 
Directly 

• Bus-Structured Pinout' 

• Provide Extre Bus Driving Latches 
Necessary for Wider Address/Data Paths or 
Buses with Parity 

• Buffered Control Inputs to Reduce DC 
Loading 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 1 O-bit latches feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing buffer 
registers, 1/0 ports, bidirectional bus drivers, and 
working registers. 

The ten latches are transparent D-type. The 
'ALS841 and' AS841 have noninverting data (D) 
inputs. The' ALS842 and' AS842 have inverting 
5 inputs. 

A buffered output control (OC) input can be used 
to place the ten outputs in either a normal logic 
state (high or low levels) or a high-impedance 
state. In the high-impedance state, the outputs 
neither load nor drive the bus lines significantly. 
The high-impedance state and increased drive 
provide the capability to drive the bus lines in a 
bus-organized system without need for interface 
or pull-up components. 

The output control does not affect the internal 
operation of the latches. Old data can be retained 
or new data can be entered while the outputs 
are off. 

The -1 versions of the SN74ALS841 and 
SN74ALS842 parts are identical to the standard 
versions except that the recommended 
maximum 10L is increased to 48 milliamperes. 
There are no -1 versions of the SN54ALS841 
and SN54ALS842. 

0291 OECEMBER 1983-REVISED OCTOBER 1985 

SN54AlS841. SN54AS841 ... JT PACKAGE 
SN74ALS841. SN74AS841 ... ow OR NT PACKAGE 

(TOP VIEW) 

DC 2. vCC 
10 23 10 
20 3 22 20 
3D • 2' 3Q 
40 20 40 
50 ,. 50 
60 7 '8 60 
70 " 70 
80 '6 so 
90 ,. ,. 90 

100 " ,. 100 
GNO '2 " e 

SN54ALS841. SN54AS841 ... FK PACKAGE 
SN74ALS841. SN74AS841 ... FN PACKAGE 

(TOP VIEW) 
u 

~elg~~S!~ 

• 3 2 , 28 27 26 

30 • 2' 30 
40 6 2' 40 
50 7 23 50 
NC B 22 Ne 
60 9 2' 60 
70 ,. 2. 70 
so " 

,. 80 
121314151617 18 

COClUUdO CJ)ozz 00) 

-'" -
SN54ALS842, SN54AS842 ... JT PACKAGE 

SN74ALS842, SN74AS842 ... OW OR NT PACKAGE 

(TOP VIEW) 

DC 2. Vee 
10 23 10 
20 3 22 20 
3D 4 2' 30 
40 5 20 40 
50 ,. 50 
60 7 '8 60 
70 " 70 
80 16 so 
90 ,. I. 90 

100 " ,. 100 
GNO '2 " C 

SN54ALS842. SN54AS842 ... FK PACKAGE 
SN74ALS842. SN74AS842 ... FN PACKAGE 

(TOP VIEW) 
u 

1~lelg ~ ~~ ~ 

4 3 2 1 282726 

3D ~ 5 25 ~ 30 
40g6 24~4Q 
s5 ~7 23~ so 
NC 8 22~ NC 
60 9 21 ~ 60 
70 10 20~ 7Q 
85 11 19[ 80 

12131415161718 

Iglg ~ ~ u g g 
-'" -

NC- No internal connection 
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SN54ALSB41, SN54ASB41, SN54ALSB42, SN54ASB42 
SN74ALSB41, SN74ASB41, SN74ALSB42, SN74ASB42 
10·BIT BUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

The SN54ALS841, SN54AS841, SN54ALS842, and SN54AS842 are characterized for operation over 
the full military temperature range of - 55°C to 125°C. TheSN74ALS84 1, SN74AS841, SN74ALS842, 
and SN74AS842 are characterized for operation from OOC to 70°C. 

FUNCTION TABLES 

'ALS841. 'AS841 

INPUTS OUTPUT 

OC C D 0 

L H H H 

L H L L 

L L X 00 
H X X Z 

'ALS841, 'AS841 logic symbol t 

oc 
c 

lD 

2D 

3D 

4D 
(5) 

40 

5D 
(6) (19) 

50 

6D 
(7) (18) 

60 

7D 
(S) (17) 

70 

SD 
(9) (16) 

80 

9D 
(10) (15) 

90 

10D 
(tl) (14) 

100 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for OW. JT, and NT packages. 

• ALS842 •• ASB42 

INPUTS OUTPUT 

OC C D 0 

L H H L 
L H L H 

L L X 00 
H X X Z 

'ALS841, 'AS841 logic diagram (positive logic) 

(2) 
(23) 10 

lD 

(3) (22) 20 
2D 

(4) (21) 30 
3D 

(5) 
(20) 40 

4D 

(6) 
(19) 50 

5D 

(7) 
(18) 60 

6D 

7D 
(S) (17) 70 

(9) 
(16) 

SO 
1ID 

(10) (15) 90 
9D 

(14) 
100 

10D 
(11) 
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SN54ALS841, SN54AS841, SN54ALS842, SN54AS842 
SN74ALS841, SN74AS841, SN74ALS842, SN74AS842 

10-BIT BUS INTERFACE O-TYPE LATCHES WITH 3-STATE OUTPUTS 

• ALS842 •. AS842 logic symbol t • ALS842 •• AS842 logic diagram (positive logic) 

Dc 
c 

10 

20 

3D 

40 

50 

60 

70 

80 

90 

100 

40 

50 

60 

70 

80 

90 

100 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for OW, JT, and NT packages. 

10 

20 

3D 

40 

50 

60 

70 

80 

90 

100 

(2) 
(23) 10 

(3) 
(22) 

20 

(4) (21) 30 

(5) 
(20) 

40 

(6) 
(19) 

50 

(7) 
(18) 60 

(8) (17) 70 

(9) (16) 80 

(10) (15) 90 

(14) 
100 (11) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: 

SN54ALS841. SN54AS841.SN54ALS842. SN54AS842 ........... -55 DCto 125°e 
SN74ALS841. SN74AS841. SN74ALS842. SN74AS842 ............... ooe to 70 0 e 

Storage temperature range ......................................... - 65 DC to 150 0 e 
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SN54ALS841, SN14ALS841 
10·BITBUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

recommended operating conditions 

SN54AlS841 SN74AlS841 

MIN NOM MAX MIN NOM 
UNIT 

MAX 

Vee Supply voltage 4.5 5 5.5 4:5 5 5.5 V 

VIH High-level input voltage 2 2 V 

Vil low-level input voltage 0.8 0.8 V 

IOH High-level output current -1 -2.6 mA 

IOl Low-level output current 
12 24 

48 t 
mA 

tw Pulse duration, enable e high 25 20 ns 

tsu Setup time, data before enable e. 16 10 ns 

th Hold time, data after enable e. 7 5 ns 

TA Operating free-air temperature -55 125 0 70 °e 

tThe extended limit applies only if Vee is maintained between 4.75 V and 5.25 V. The 48 mA limit applies for SN74AlS841-1 only. 

electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54AlS841 SN74AlS841 

MIN TYP* MAX MIN TYP* MAX 

VIK Vee = 4.5 V, II =-18 mA -1.2 -1.2 

Vee - 4.5 V to 5.5 V, IOH - -0.4 mA Vee- 2 Vee- 2 

VOH Vee = 4.5 V, IOH = -1 mA 2.4 3.3 

Vee = 4.5 V, IOH - -2.6 mA 2.4 3.2 

Vee - 4.5 V, IOl = 12 mA 0.25 0.4 0.25 0.4 

Val Vee = 4.5 V, IOl = 24 mA 

1I0l = 48 mA for -1 versionsl 
0.35 0.5 

IOZH Vee -5.5 V, Va = 2.7 V 20 20 

IOZl Vee - 5.5 V, Va - 0.4 20 20 

II Vee = 5.5 V, VI - 7 V 0.1 0.1 

IIH Vee = 5.5 V, VI = 2.7 V 20 20 

III Vee - 5.5 V, VI - 0.4 V 0.1 0.1 

lo§ Vee = 5.5 V, Va = 2.25 V -30 -112 -30 -112 

I Outputs high 19 30 19 30 

ICC Vee = 5.5 V I Outputs low 38 62 38 62 

I Outputs disabled 23 40 23 40 

UNIT 

V 

V 

V 

~A 

~ 
mA 

~ 
mA 

mA 

mA 

* All typical values are at Vee = 5 V, T A = 25°e. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54ALS841, SN74ALS841 
10·BIT BUS INTERFACE O·TYPE LATCHES WITH 3-STATE OUTPUTS 

• ALS841 sWitching characteristics (see Note 1) 

Vcc - 5 V. Vcc - 4.5 V to 5.5 V. 
CL - 50 pF. CL - 50 pF. 

FROM TO 
Rl - 5000. Rl - 5000. 

PARAMETER R2 - 5000. R2 - 5000. UNIT 
(INPUT) (OUTPUT) 

TA - 25°C TA - MIN to MAX 

SN54/74ALS841 SN54ALS841 SN74ALS841 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

tpLH 8.5 11 2 15 2 13 
0 Q 

15' 
ns 

tPHL 8.5 11 2 2 13 

tpLH 14 18 7 25 7 21 
C Q ns 

tpHL 17 23 8 30 8 26 

tpZH 
OC 

7.5 10 2 14 2 12 
Q ns 

tpZL 7.5 10 2 14 2 12 

tpHZ 
OC Q 

6 8 2 12 2 10 
ns 

tpLZ 7 9 2 14 2 12 

NOTE 1: load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS842, SN74ALS842 
10-BIT BUS INTERFACE O-TYPE LATCHES WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54ALS842 SN74ALS842 
UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

Vil Low-level input voltage 0.8 0.8 V 

IOH High-level output cl,Jrrent -1 -2.6 mA 

12 24 
IOl Low-level output current 

48 t 
mA 

tw Pulse duration, enable e high 25 20 ns 

tsu Setup time, data before enable e. 16 10 ns 

th Hold time, data after enable e. 7 5 ns 

TA Operating free-air temperature -55 125 0 70 °e 

tThe extended limit applies only if Vee is maintained between 4.75 V and 5.25 V. The 48 mA limit applies for SN74AlS841-1 only. 

electrical characteristics over recommended operating free-air temperature range 
(unless otherwise notedl 

TEST CONDITIONS 
SN54ALS842 SN74ALS842 

PARAMETER 
MIN TYP* MAX MIN TYP* MAX 

VIK Vee = 4.5 V, II = -18 mA -1.2 -1.2 

Vee - 4.5 V to 5.5 V, IOH - -0.4 mA Vec- 2 VCC- 2 

VOH Vee = 4.5 V, IOH=-lmA 2.4 3.3 

Vee - 4.5 V, IOH - -2.6 rnA 2.4 3.2 

Vee - 4.5 V, IOl - 12 mA 0.25 0.4 0.25 0.4 

VOL Vee - 4.5 V, IOl - 24 rnA 

(lOL = 48 mA for -1 versions) 
0.35 0.5 

IOZH Vee - 5.5 V, VO- 2.7 V 20 20 

IOZl Vee = 5.5 V, Vo = 0.4 -20 -20 

II Vee = 5.5 V, VI = 7 V 0.1 0.1 

IIH Vee - 5.5 V, VI - 2.7 V 20 20 

III Vee - 5.5 V, VI - 0.4 V 0.1 0.1 

lo§ Vee = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 

I Outputs high 20 35 ,20 35 

lee Vee = 5.5 V I Outputs low 48 74 48 74 

I Outputs disabled 27 44 27 44 

* All typical values are at Vee = 5 V, TA = 25°e. 

UNIT 

V 

V 

V 

~A 

~ 
mA 

~A 

mA 

mA 

rnA 

§ The output conditions have been chosen to produce a current that closely approximates one half of the true short··circuit output current, lOS. 
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SN54ALS842. SN74ALS842 
10·BIT BUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

• ALS842 switching characteristics (see Note 1) 

VCC = 5 V, vcc - 4.5 V to 5.5 V, 

, CL = 50 pF, CL - 50 pF, 

FROM TO 
R1 - 500 n, R1 = 500 n, 

PARAMETER R2 = 500 n, R2 - 500 n, UNIT 
(INPUT) (OUTPUT) 

TA - 25°C TA - MIN to MAX 

'ALS842 SN54ALS842 SN74ALS842 

MIN TYP MAX MIN MAX MIN MAX 

tpLH IT 
11 15 4 22 4 18 

Q ns 
tpHL 8 11 3 17 3 13 

tpLH 17 23 8 31 8 27 
C Q ns 

tpHL 13 18 6 24 6 20 

tpZH 
OC 

8 10 2 14 2 12 
Q ns 

tpZL 8 11 2 14 2 12 

tpHZ DC 
6 8 1 12 1 10 

Q ns 
tpLZ 7 9 2 14 2 12 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54AS841. SN54AS842 
SN74AS841. SN74AS842 
10-BIT BUS INTERFACE O-TYPE LATCHES WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54AS841 

SN54AS842 

MIN NOM MAX 

Vee Supply voltage . 4.5 5 5.5 

VIH High-level input voltage 2 

VIL low-level input voltage 0.8 

10H High-level .output current -24 

10l Low-level output current 32 

tw Pulse duration, enable e high 5 

tsu Setup time, data before enable t ~ 3.5 

th Hold time, data after enable e~ 3.5 

TA Operating free-air temperature -55 125 

SN74AS841 

• SN74AS842 

MIN NOM MAX 

4.5 5 5.5 

2 

0.8 

-24 

48 

4 

2.5 

2.5 
0 70 

electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 

SN54AS841 SN74AS841 
PARAMETER TEST CONOITIONS SN54AS842 SN74AS842 

MIN Typt MAX MIN Typt MAX 

VIK Vee - 4.5 V, 11=-18mA -1.2 -1.2 

Vee = 4.5 V to 5.5 V, 10H = -2 mA vCC- 2 .VCC-2 

VOH Vee - 4.5 V, 10H - -,15 mA 2.4 3.2 2,4 3.2 

Vee = 4,5 V, 10H = -24 mA 2 2 

Vee'= 4.5 V, 10l = 32 mA 0.25 0.5 
VOL 

Vee = 4.5 V, 10l = 48 mA 0.35 0.5 

10ZH Vee = 5.5 V, Vo = 2.7 V 50 50 

10Zl Vee - 5.5 V, Vo - 0,4V 50 50 

II Vee - 5,5 V, , VI - 7 V 0.1 0.1 

IIH Vee - 5.5 V, VI - 2.7 V 20 20 

IlL Vee - 5.5 V, VI - 0.4 V -0.5 -0.5 

10' V-ce - 5.5 V, Vo -2.25 V -30 -112 -30 -112 

Outputs high 36 60 36 60 

'ASB41 Outputs low 58 94 58 94 

Outputs disabled 56 92 56 92 
lee Vee = 5,5 V 

38 62 38 62 Outputs high 

'AS842 Outputs low 60 97 60 97 

Outputs disabled 58 95 58 95 

t AII.typical values are at Vee = 5 V, TA = 25°e. 

UNIT 

V 

V 
V 

mA 

mA 

ns 

ns 

ns 

°e 

UNIT 

V 

V 

V 

pA 

pA 

mA 

pA 

mA 
mA 

mA 

t The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS841, SN54AS842 
SN74AS841, SN74AS842 

10·BIT BUS INTERFACE D·TYPE LATCHES WITH 3·STATE OUTPUTS 

• AS841 switching characteristics (see Note 1) 

Vee = 4.S V to 5.5 V, 

el = 50 pF, 

FROM TO 
R1 = 500 (I, 

PARAMETER R2 = 500 (I, UNIT 
IINPUT) (OUTPUT) 

TA = MIN to MAX 

SNS4AS841 SN74AS841 

MIN MAX MIN MAX 

tplH 1 8.5 1 6.5 
0 Q ns 

tpHl 1 10 1 9 

tpLH 2 13 2 12 
C Q ns 

tpHL 2 13 2 12 

tpZH DC 
2 13.5 2 10.5 

Q ns 
tpZL 2 15 2 13.5 

tpHZ DC 
1 10 1 8 

Q ns 
tpLZ 1 10 1 8 

• AS842 switching characteristics (see Note 1) 

Vee = 4.5 V to 5.5 V, 

el = 50 pF, 

FROM TO 
R1 = SOO (I, 

PARAMETER R2 = SOO (I, UNIT 
liN PUT) (OUTPUT) 

TA = MIN to MAX 

SNS4AS842 SN74AS842 

MIN MAX M)N MAX 

tplH 0 
1 11 1 8.5 

Q ns 
tpHL 1 10 1 9 

tpLH 2 13 2 12 
C Q ns 

tpHl 2 13 2 12 

tpZH 5C 2 14.5 2 12 
Q ns 

tpZl 2 15 2 12.5 

tpHZ OC 
1 10 1 8 

Q 
10 1 8 

ns 
tpLZ 1 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS843. SN54AS843. SN54ALS844. SN54AS844 
SN74ALS843. SN74AS843. SN74ALS844. SN74AS844 

9-BIT BUS INTERFACE O-TYPE LATCHES WITH 3-STATE OUTPUTS 

• 3-State Buffer-Type Outputs Drive Bus-Lines 
Directly 

• Bus-Structured Pinout 

• Provide Extra Bus Driving Latches 
Necessary for Wider Address/Data Paths or 
Buses with Parity 

• Buffered Control Inputs to Reduce DC 
Loading 

• Power-Up High Impedance 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 9-bit latches feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads, They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers, 

The nine latches are transparent Ootype. The 
'ALS843 and' AS843 have noninverting data (0) 
inputs, The' ALS844 and' AS844 have inverting 
o inputs, 

A buffered output control (OC) input can be used 
to place the nine outputs in either a normal logic 
state (high or low levels) or a high-impedance 
state. In the high-impedance state, the outputs 
neither load nor drive the bus lines significantly, 
The high-impedance state and increased drive 
provide the capability to drive the bus lines in a 
bus-organized system without need for interface 
or pull-up components, 

The output control (OC) does not affect the 
internal operation of the flip-flops, Old data can 
be retained or new data can be entered while the 
outputs are off. 

The -1 versions of the SN74ALS843 and 
SN74ALS844 parts are identical to the standard 
versions except that the recommended 
maximum IOL is increased to 48 milliamperes, 
There are no -1 versions of the SN54ALS843 
and SN54ALS844. 

02910, DECEMBER 1983-REVISED DECEMBER 1985 

SN54ALS843, SN54AS843 ... JT PACKAGE 
SN74ALS843, SN74AS843 .. , OW OR NT PACKAGE 

(TOP VIEWI 

DC vee 
10 10 

20 
30 

40 40 
50 50 

60 
70 
SO 

90 90 
PRE 

GNO e 

SN54ALS843, SN54AS843 ... FK PACKAGE 
SN74ALS843, SN74AS843 ... FN PACKAGE 

(TOP VIEWI 
d U 
~ 91g ~ ~~ ~ 
4 3 2 1 2827 'i6 

30 5 25 30 
40 6 24 40 
50 23 50 
NC 22 NC 
60 9 21 60 
7D P 10 20 7Q 

8D P 11 19 80 

g~~~~~'8 

SN54ALS844, SN54AS844 .. , JT PACKAGE 
SN74ALS844, SN74AS844 . " , OW OR NT PACKAGE 

(TOP VIEW) 

DC vcc 
1D 10 

20 
3D 30 
4D 40 

50 
6D 60 
75 70 
s5 so 
95 90 

PRE 

SN54ALS844, SN54AS844 , .. FK PACKAGE 
SN74ALS844, SN74AS844 ... FN PACKAGE 

(TOP VIEW) 
u 

1~lelg ~ ~~ ~ 

4 3 2 1 282726 

35 25 30 
45 24 40 
55 7 23 50 
NC 8 22 Ne 

65 9 21 60 
75 10 20 70 
s5 " 19 8G 

121314 15 16 17 18 

'~Id ~ ~ UI~ g 

NC - No internal connection 

Copyright © 1983, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN54ALS843, SN54AS843, SN54ALS844, SN54AS844 
SN74ALS843, SN74AS843, SN74ALS844, SN74AS844 
9·BIT BUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

The SN54ALS843, SN54AS843, SN54ALS844, and SN54AS844 are characterized for operation over 
the full military temperature range of ,- 55°C to 125°C. The SN74ALS843, SN74AS843, SN74ALS844, 
and SN74AS844 are characterized for operation from ooC to 70°C . 

·ALS843. ·AS843 FUNCTION TA8LE 

INPUTS OUTPUT 

PRE CLR OC C D a 
l x l X X H 

H l l X X l 

H H l H l l 

H H l H H H 

H H l l X 00 
X X H X X Z 

'ALS843, 'AS843 logic symbol t 

10 121 1231 10 

20 131 1221 20 

3D 141 1211 30 
4D 151 1201 40 

50 161 1191 50 

60 171 1181 60 

70 181 1171 70 

80 191 1161 80 

90 1101 1151 90 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

Pin numbers shown are for DW. JT. and NT packages. 

• ALS843 •• AS843 logic diagram (positive logic) 

DC 111 

PRE -,-,I 1",,41'----<l 

10 (21 

20 (31 

3D (41 

40 (5) 

50 61 

60 (7) 

70 8 

80 (9) (16)8Q 

90 (10) 
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SN54ALS843. SN54AS843. SN54ALS844. SN54AS844 
SN74ALS843. SN74AS843. SN74ALS844. SN74AS844 

9-BIT BUS INTERFACE OoTYPE LATCHES WITH 3-STATE OUTPUTS 

'AlSS44, 'ASS44 FUNCTION TASlE 

INPUTS OUTPUT 

PRE ClR QC C 0 Q 

L X L X X H 

H L L X X L 

H H L H L H 

H H L H H L 

H H L L X 00 
X X H X X Z 

• ALS844 •• AS844 logic symbol t 

(23) 10 

(22) 20 

f2113Q 

1201 40 
1191 50 

(18) 60 

1171 70 

1161 80 
1151 90 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

Pin numbers shown are for OW, JT, and NT packages. 

• ALS844 •• AS844 logic diagram (positive logic) 

oc 11) 

PRE .!:11:.:::c4)'---q J>o 

10 (2) 

20 (3) 

3D 14) 

4( 15) 

50 16) 

60 17) 

70 18) 

80 19) (16) 80 

90 110) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS', SN54AS' . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74ALS', SN74AS' ..................... ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150 °e 
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SN54ALS843. SN54ALS844 
SN74ALS843. SN74ALS844 
9·BIT BUS INTERFACE Ii·TYPE. LATCHES WITH 3·STATE OUTPUTS 

recommended operating conditions 

SN54AlSB43 

SN54AlSB44 

MIN NOM MAX 

Vee Supply voltage 4.5 5 55 

VIH High-level input voltage 2 

VIL Low-level input voltage 0.8 

IOH High-level output current -1 

IOL Low-Ievei output current 
12 

Pulse duration 
I a:R or PRE low 40 

tw' I e high 25 

tsu Setup time,. data before enable e. 16 

th Hold time, data after enable e. 7 

TA Operating free-air temperature -55 125 

SN74AlSB4g 

SN74AlSB44 UNIT 

MIN NOM MAX 

4.5 5 5.5 V 

2 V 

0.8 V 

-2.6 rnA 

24 

48 t 
rnA 

35 

20 
ns 

10 ns 

5 ns 

0 70 °e 

tThe 48-mA limit applies for SN74ALS843-1 and SN74ALS844-1 only and only if Vee is maintained between 4.75 V and 5.25 V. 

•

... . ." " electrical characteristics over recommended operating free· air temperature range (unless otherwise 
noted) 

SN54ALSB43 SN74Al5B43 

PARAMETER TEST CONDITIONS SN54AlSB44 SN74AlSB44 UNIT 

~ 

~ 
C 
CD 
< n' 
CD 
fI) 

VIK 

VOH 

VOL 

IOZH 

IOZl 

II 

IIH 

IlL 

lo§ 

lee 

'ALS843 

-
'ALS844 

MIN 

Vee - 4.5 V, II - -18mA 

Vee = 4.5 V to 5.5 V, IOH = -0.4 rnA VCC- 2 

Vee - 4.5 V, IOH - 1 rnA 2.4 

Vee - 4.5 V, IOH - -2.6 rnA 

Vee - 4.5 V, IOL - 12 rnA 

Vee 4.5 V, IOL 24 rnA 

Hol = 48 rnA for -1 versionsl 

Vee = 5.5 V, Vo = 2.7 V 

Vee = 5.5 V, Vo = 0.4 V 

Vee - 5.5 V, VI - 7 V 

vee = 5.5 V, VI = 2.7 V 

vee = 5.5 V, VI = 0.4 V 

Vee = 5.5 V, Vo = 2.25 V -30 

Outputs high 

Outputs low 

Outputs disabled 
Vee = 5.5 V 

Outputs high 

Outputs low 

Outputs disabled 

TYP* MAX MIN TYP* MAX 

-1.2 -1.2 V 

VCC-2 

3.3 V 

2.4 3.2 

0.25 0.4 0.25 0.4 
V 

0.35 0.5 

20 20 p.A 

-20 -20 I'A 
0.1 0.1 rnA 

20 20 I'A 
-0.1 -0.1 rnA 

-112 -30 -112 rnA 

21 36 21 36 

41 67 41 67 

25 42 25 42 

36 
rnA 

21 21 36 

41 72 41 72 

28 48 28 48 

tAil typical values are at Vee = 5 V, TA = 25°e. ' . 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54ALS843, SN54ALS844 
SN74ALS843, SN74ALS844 

9·BIT BUS INTERFACE D·TVPE LATCHES WITH 3·STATE OUTPUTS 

'ALS843 switching characteristics (see Note 1) 

Vcc - s v, vcc = 4.5 V to 5.5 V, 

CL = 50 pF, CL = 50 pF, 

FROM TO 
R1 - 500 n, R1 - 500 n, 

PARAMETER R2 - 500 n, R2 = soo n, 
(lNPUTI (OUTPUT) 

TA = 25°C TA = MIN to MAX 
'ALS843 SN54ALS843 SN74ALS843 

MIN TYP MAX MIN MAX MIN MAX 

tpLH 7 11 
0 Q 

2 15 2 13 

tPHL 11 15 4 20 4 18 

tpLH 
C Q 

12 18 5 25 5 21 

tpHL 16 23 8 30 8 26 

tpLH 
PRE Q 

13 19 5 25 5 22 

tpHL 19 26 4 35 6 30 

tpLH 
CLR Q 

19 26 4 35 6 30 

tpHL 14 21 6 27 6 23 

tpZH 
DC Q 

7 10 2 14 2 12 

tpZL 9 12 4 16 4 14 

tpHZ 
DC Q 

6 9 2 12 2 10 

tPLZ 7 10 2 14 2 12 

'ALS844 switching characteristics (see Note 1) 

VCC = 5 V, vcc = 4.S V to S.5 V, 

CL = 50 pF, CL = 50 pF, 

TO 
Rl = soo n, Rl = 500 n, 

FROM 
PARAMETER R2 = 500 n, R2 = 500 n, 

(INPUT) (OUTPUT) 
TA = 2SoC TA = MIN to MAX 

'ALS844 SN54ALS844 SN74ALS844 

MIN TYP MAX MIN 

tpLH 0 Q 
11 16 4 

tpHL 9 13 3 

tpLH 
C Q 

17 24 8 

tpHL 14 19 6 

tpLH 
PRE Q 

13 19 5 

tpHL 19 26 4 

tpLH 
CLR Q 

19 26 4 

tpHL 16 23 8 

tpZH 
DC Q 

10 15 2 

tpZL 12 18 3 

tpHZ 
DC Q 

7 10 1 

tPLZ 5 9 1 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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MAX MIN MAX 

22 4 20 

17 3 15 

32 8 29 

26 6 22 

25 5 22 

35 6 30 

35 6 30 

29 8 25 

19 4 17 

22 5 20 

12 1 11 

14 1 12 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 
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SN54AS843, SN54AS844 
SN74AS843, SN74AS844 
9·BIT BUS INTERFACE D·TYPE LATCHES WITH 3·STATE OUTPUTS 

recommended operating conditions 

SN54AS843 

SN54AS844 
MIN NOM MAX 

Vee Supply voltagl> 4.5 5 55 

VIH High-level input voltage 2 

Vil low-level input voltage 0.8 

10H High-level output current -24 

IOl Low-level output current 32 

tw Pulse duration, enable e high I elR or PRE low 5 
I e high 5 

tsu Setup time, data before enable. C.J. 3.5 

th Hold time, data after enable e ~ 3.5 

IPRE 17 
tr Recovery time 

lelR 16 

TA Operating free-air temperature -55 125 

SN74AS843 

SN74AS844 UNIT 

MIN NOM MAX 

4.5 5 5.5 V 

2 V 

0.8 V 

-24 mA 

48 mA 

4 

4 
ns 

2.5 ns 

2.5 ns 

15 
ns 

14 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54AS843 SN74AS843 

PARAMETER TEST CONDITIONS SN54AS844 SN74AS844 UNIT 

MIN TYpt MAX MIN Typt MAX 

VIK Vee = 4.5 V, 11= -18 mA -1.2 -1.2 V 

Vee = 4.5 V, 10H = -2 mA VCC- 2 VCC-2 

VOH Vee = 4.5 V, 10H = -15 mA 2.4 3.2 2.4 3.2 V 

Vee = 4.5 V, 10H = -24 mA 2 2 

VOL 
Vee = 4.5 V, 10l = 32 mA 0.25 0.5 

V 
Vee = 4.5 V, 10l = 48 mA 0.35 0.5 

IbZH Vee = 5.5 V, Vo = 2.7 V 50 50 I'A 

10Zl Vee = 5.5V, Vo = 0.4 V -50 -50 I'A 

II Vee = 5.5 V, VI = 7 V 0.1 0.1 mA 

IIH Vee = 5.5 V, VI = 2.7 V 20 20 I'A 

III Vee = 5.5 V, VI = 0.4 V -0.5 -0.5 mA 

lot Vee = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

Outputs high 37 62 37 62 

'AS843 Outputs low 56 92 56 92 

Outputs disabled 56 92 56 92 
ICC Vee = 5.5 V, mA 

Outputs high 39 64 39 64. 

'AS844 Outputs low 58 ' 95 58 95 
Outputs disabled 58 95 58 95 

tAli typical values are at Vee = 5 V, TA = 25°C. 
tThe output conditions have been chosen to·produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS843, SN54AS844 
SN74AS843, SN74AS844 

9·BIT BUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

• AS843 switching characteristics (see Note 1) 

Vcc = 4.5 V to 5.5 V. 
CL = 50 pF. 

R1 = 500 O. 
FROM TO 

R2 = 500 O. UNIT PARAMETER 
UN PUT) (OUTPUT) 

TA = MIN to MAX 

SN54AS843 SN74AS843 

MIN MAX MIN MAX 

tpLH 1 8.5 1 6.5 
0 Q ns 

tpHL 1 10 1 9 

tPLH 2 13 2 12 
C D ns 

tPHL 2 13 2 12 

tpLH PRE Q 2 12 2 10 ns 

tpHL CLR Q 2 14 2 13 ns 

tpZH 
DC 

2 13.5 2 10.5 
Q ns 

tpZL 2 15 2 13.5 

tpHZ 
DC 

1 10 1 1l 
Q ns 

tpLZ 1 10 1 8 

• AS844 switching characteristics (see Note 1) 

Vcc = 4.5 V to 5.5 V. 
CL = 50 pF. 

FROM TO 
R1 = 500 O. 

PARAMETER R2 = 500 n. UNIT 
UN PUT) (OUTPUT) 

TA = MIN to MAX 

SN54AS844 SN74AS844 

MIN MAX MIN MAX 

tpLH 
0 

1 11 1 8.5 
Q ns 

tpHL 1 11 1 10 

tpLH 
C D 

2 14 2 12.5 
ns 

tpHL 2 14 2 13 

tpLH PRE Q 2 12 2 10 ns 

tpHL CLR Q 2 14.5 2 13.5 ns 

tpZH 
DC 

2 14.5 2 12 
Q ns 

tpZL 2 15 2 13.5 

tpHZ 
OC 

1 10 1 8 
- Q ns 

tPLZ 1 10 1 8 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1 . 
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SN54ALS843, SN54AS843. SN54ALS844, SN54AS844 
SN74ALS843, SN74AS843. SN74ALS844, SN74AS844 
9-81T BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 

o latch signal conventions 

It is normal TI practice to name the outputs and other inputs of a D-type latch and to draw its logic symbol 
based on the assumption of true data (D) inputs. Then outputs that produce data in phase with the data 
inputs are called Q and those producing complementary data are called Q. An input that causes a Q output 
to go high or a Q output to go low is called Preset; an input that causes a Q output to go high or a Q 
output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are active low. 
The devices on this data sheet are second-source designs and the pin-name conventions used by the original 
manufacturer have been retained. That makes it necessary to designate the data inputs and outputs of 
the inverting circuit i5 and Q. 

In some applications it may be advantageous to redesignate the inputs and outputs i5 and Q for the 
noninverting circuits or D and Q for the inverting circuits. In that case signal names should change as shown 
below. Also shown are corresponding changes in the logic symbols. 

Notice that Q becoming Q causes PRE and CLR to exchange their names and their Sand R function labels. 
The presence or absense of polarity indicators ( t::.. ) changes at the data inputs and outputs, but not at 
PRE, CLR, and OC since these inputs are still active-low . 

10 121 

20 13) 

3D 14) 

40 15) 

50 16) 

60 17) 

70 18) 

80 19) 

90 110) 

123)1Q 

122) 2Q 

121) 3Q 

120) 4Q 

119) 5Q 

118) 6Q 

117) 7Q 

116) 8Q 

115) 9Q 

• ALS843 •• AS843 

• ALS844 •• AS844 
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SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 
SN74ALS845, SN74AS845,SN74ALS846, SN74AS846 

8-BIT BUS INTERFACE OoTYPE LATCHES WITH 3-STATE OUTPUTS 

• 3-State Buffer-Type Outputs Drive Bus-lines 
Directly 

• Bus-Structured Pinout 

• Provides Extra Bus Driving Latches 
Necessary for Wider Address/Data Paths or 
Buses with Parity 

• Buffered Control Inputs to Reduce DC 
Loading 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 8-bit latches feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads, They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers, 

The eight latches are transparent D-type, The 
'ALS845 and' AS845 have non inverting data (D) 
inputs, The 'ALS846 and 'AS846 have inverting 
D inputs, Since CLR and PRE are independent of 
the clock, taking the CLR input low will cause 
the eight Q outputs to go low. Taking the PRE 
input low will cause the eight Q outputs to go 
high, When both PRE and CLR are taken low, the 
outputs will follow the preset condition, 

The buffered output control inputs (OC1, OC2, 
and OC3) can be used to place the eight outputs 
in either a normal logic state (high or low levels) 
or a high-impedance state, In the high­
impedance state, the outputs neither load nor 
drive the bus lines significantly, The high­
impedance state and increased drive provide the 
capability to drive the bus lines in a bus­
organized system without need for interface or 
pull-up components, The output controls do not 
affect the internal operation of the latches, Old 
data can be retained or new data can be entered 
while the outputs are in the high-impedance 
state, 

02825, DECEMBER 1983·- REVISED JANUARY 1986 

SN54ALS845, SN54AS845 ... JT PACKAGE 
SN74ALS845, SN74AS845 , .. ow OR NT PACKAGE 

(TOP VIEW) 

DC' 2. vee 
DC2 23 DC3 

lD 3 22 10 

20 21 20 

3D 20 30 
4D I. 40 
5D I. 50 
6D 17 60 
7D I. 70 

SD 10 15 so 
eLR " " 

PRE 

GND 12 13 e 

SN54ALS845, SN54AS845 ... FK PACKAGE 
SN74ALS845, SN74AS845 , , , FN PACKAGE 

(TOP VIEW) 

01[Jlu u ~18 0 
~ooz>o.-

4 3 2 1 282726 

12131415 161718 

SN54ALS846, SN54AS846 ... JT PACKAGE 
SN74ALS846, SN74AS846 ... OW OR NT PACKAGE 

(TOP VIEW) 

DCl vee 
OC2 OC3 

10 
20 20 

35 30 
40 40 

50 
60 60 
75 70 

s5 so 
eLR PRE 

GND 

SN54ALS846, SN54AS846 ... FK PACKAGE 
SN74ALS846, SN74AS846 ... FN PACKAGE 

(TOP VIEW) 

lol[Jlu u ~18 0 ...-ooz > 0 .... 

4321282726 

12131415 16 17 18 

20 
30 

22 NC 
21 50 
20 60 
19 7Q 

NC - No internal connection 

Copyright © 1983, Texas Instruments Incorporated 
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SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846 
8·BIT BUS INTERFACE D·TVPE LATCHES WITH 3·STATE OUTPUTS 

The -1 versions of the SN74AlS845 and SN74AlS846 parts are identical to the standard versions except 
that the recommended maximum tOl is increased to 48 milliamperes. There are no -1 versions of the 
SN54ALS845 and SN54ALS846. 

The SN54ALS845, SN54AS845, SN54ALS846, and SN54AS846 are characterized for operation over 
the full military temperature range of - 55°C to 125°C. The SN74ALS845, SN74AS845, SN74ALS846, 
and SN74AS846 are characterized for operation from ooe to 70°C. 

FUNCTION TABLES 

• ALS845 •• AS845 • ALS846 .. ASS46 

INPUTS OUTPUT INPUTS OUTPUT 

PRE CLR OC1 OC2 OC3 C 0 0 PRE CLR OC1 OC2 OC3 C 0 0 
L H L L L X X H L H L L L X X H 

H L L L L X X L H L L L L X X L 

L L L L L X X H l L L L L X X H 

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

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

H H L L L L X 00 H H L L L L X 00 
X X X X H X X Z X X X X H X X Z 

X X X H X X X Z X X X H X X X Z 

X X H X X X X Z X X H X X X X Z 

r- logic symbols t 
C/) 

C 
CD 
< 
0' 
CD 
til 

10 13) 

20 14) 

3D 15) 

40 16) 

50 17) 

60 IS) 

7D 19) 

SO 110). 

• ALS845 •• AS845 

EN 

122) 10 

121) 20 

120) 30 

119) 40 

118) 50 

117) 60 

116) 70 

115) 80 

t These symbols are in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617·12. 

Pin numbers shown are for OW, JT, and NT packages. 
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SN54ALS845. SN54AS845. SN54ALS846. SN54AS846 
SN74ALS845. SN74AS845. SN74ALS846. SN74AS846 

8-BIT BUS INTERFACE OoTYPE LATCHES WITH 3·STATE OUTPUTS 

logic diagrams (positive logic) 

. ALS845 •. AS845 

10 (3) (22) 10 

20 (4) (21) 20 

3D (5) (20) 30 

40 (6) (19) 40 

50 (7) (18) 50 

60 (8) >-~-'-(1:..::7.!..) 60 

70 ..!:(9"") __ -+-++-l (16) 70 

80 (10) >-_-,-(1:..:5.!..) 80 

Pin numbers shown are for OW, JT, and NT packages. 

. ALS846. 'AS846 

OC1.,.,(1,,) ____ --, 

OC2~(2~)~ ____ ~ 
OC3 :.::(2::::3)'---___ -' 

PRE~ 
C (13) 

10 -,-(3_) ---++-<Jf 

20 (4) 

3D .:.(5.:.) __ -++-+-<>1 

50.:.:(7.:..) __ -++-+-<>1 

60_(8_) ---+-++-<Jf 

70~--+-++-01 

80 (10) 

(22) 10 

(21) 20 

(20) 30 

(19) 40 

(18) 50 

(17) 
>--j~-'-60 

>-_...:1.:..:15:.:.) 80 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Voltage applied to a disabled 3-state output: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: 

SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 . . . . . . . . . . . . . .. - 55°C to 125°C 
SN74ALS845, SN74AS845, SN74ALS846, SN74AS846 ................. -ooe to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
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SN54ALS845. SN74ALS845 
8·BIT BUS IIVTERFACE D:TYPE LATCHES WITH 3·STATE OUTPUTS 

recommended operating conditions 

SN54AlS845 SN74AlS845 

MIN NOM 
UNIT 

MAX MIN NOM MAX 

Vee Supply voltaae 4.5 5 5.5 4.5 5 5.5 V 

VIH Higp-Ievel input voltage 2 2 V 

Vil low-level input voltage 0.8 0.8 V 

IOH High-level output current -1 -2.6 mA 

IO~ 
12 24 

Low-!evel output current 
48 t 

mA 

Pulse duration I a:R or PRE low 40 35 
tw 

I e high 25 20 
ns 

tsu Setup' time. data before enable e. 16 10 ns 

th Hold time. data after enable e. 7 5 ns 

TA Operating free-air temperature -55 125 0 70 °e 

tThe extended limit applies only if Vee is maintained between 4.75 V and 5.25 V. The 48 mA limit applies for SN74AlS845-1 only. 

electricl'jl characterjstics over recommended operating free-air temperature range (unless otherwise IInGtedl 
PARAMETER 

VIK r­en -o 
CD 
< 
Q' 
(II 

VOH 

VOL 

IOZH 

IOZl 

II 

IIH 

III 

lo! 

lee 

TEST CONDITION!! 

Vee - 4.5 V. II = -18mA 

Vee - 4.5 V to 5.5 V. IOH - -0.4 mA 

Vee - 4.5 V. IOH - -1 mA 

Vce = 4.5 V. 10H = -2.6 rnA 

Vee - 4.5 V. IOl - 12 rnA 

Vee - 4.5 V. IOl - 24 mA 

(lOl = 48 rnA for -1 versions) 

Vee - 5.5 V. Va - 2.7V 

Vee - 5.5 V. Vo - 0.4 V 

Vee = 5.5 V. VI = 7 V 

Vee - 5.5 V. VI - 2.7 V 

Vee - 5.5 V. VI - 0.4 V 

Vee = 5.5 V. Va = 2.25 V 

I Outputs high 

Vee = 5.5 V I Outputs low 

I Outputs disabled 

SN54AlS845 SN74AlS845 

MIN TYP* MAX MIN TYP* MAX 
UNIT 

-1.2 -1.2 V 

vCC- 2 vCC- 2 

2.4 3.3 V 

2.4 3.2 

0.25 0.4 0.25 0.4 

0.35 0.5 
V 

20 20 ~A 

-20 -20 ~A 

0.1 0.1 mA 

20 20 ~A 

-0.1 -0.1 mA 

-30 -112 -30 -112 rnA 

21 36 21 36 

41 67 41 67 rnA 

25 42 25 42 

*AII typical values are at Vee = 5 V. TA = 25°e. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS· 

PRODUCTIO. DATA docum.nts contain infonnltion 
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SN54ALS845, SN74ALS845 
8-BIT BUS INTERFACE OoTYPE LATCHES WITH 3-STATE OUTPUTS 

switching characteristics (see Note 1) 

Vcc - 5 V, vcc - 4.5 V to 5.5 V, 
Cl - 50 pF, CL - 50 pF, 

FROM TO 
R1 - 500 n, R1 - 500 n, 

PARAMETER R2 = 500 n, R2 - 500 n, UNIT 
(INPUT) (OUTPUT) 

TA - 25°C TA - MIN to MAX 

'ALSB45 SN54ALSB45 SN74AlSB45 

MIN TYP MAX MIN MAX MIN MAX 

tPLH 7 11 2 15 2 13 
D 0 ns 

tpHL 11 15 4 20 4 18 

tpLH 
C 

12 18 5 25 5 21 
0 ns 

tpHL 16 23 8 30 8 26 

tpLH 
PRE 

13 19 5 25 6 22 ns 
0 

tpHL 19 26 4 35 6 30 ns 

tpLH 
CLR 

19 26 4 35 6 30 ns 
0 

tPHL 16 22 6 28 6 24 ns 

tpZH 
OC 

9 14 2 18 3 16 
0 ns 

tpZL 12 17 4 20 5 18 

tpHZ 
DC 

4 9 1 12 1 11 
0 ns 

tpLZ 6 11 2 14 2 12 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. II 
en 
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SN54ALS846, SN74ALS846 
8-BIT BUS INTERFACE D-TYPE LATCHES WITH 3-STATE OUTPUTS 

. recommended operating conditions 

SN54AlS846 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

VIH High-level input voltage 2 

Vil low-level input voltage 0.8 

IOH High-level output c~rrent 1 

IOl Low-level output current 
12 

I eLR or PRE low 
tw Pulse duration 

I e high 

tsu Setup time. data before enable e. 

th Hold time, data after enable C! 

TA Operating free-air temperature -55 125 

PRODUCT 
PREVIEW 

SN74AlS846 

MIN NOM MAX 
UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

2.6 mA 

24 
mA 

48t 

ns 

ns 

ns 

0 70 De 

tThe extended limit applies only if Vee is maintained between 4.75 V and 5.25 V. The 48 mA limit applies for SN74ALS846-1 only. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 

• noted) 

PARAMETER 

r en 
c 
CD 
< c:;' 
CD en 

VIK 

VOH 

VOL 

IOZH 

IOZl 

II 

IIH 

IlL 

lo§ 

ICC 

TEST CONDITIONS 

Vee ~ 4.5 V. 11~-18mA 

Vee - 4.5 V to 5.5 V. IOH - -0.4 mA 

Vee - 4.5 V. IOH - 1 mA 

Vee - 4.5 V. IOH - -2.6 mA 

Vee - 4.5 V. IOl - 12 rnA 

Vee ~ 4.5 V. IOl ~ 24 ~A 
IIOL ~ 48 rnA for -1 versionsl 

Vee - 5.5 V. Vo - 2.7 V 

Vee - 5.5 V, Vo - 0.4 V 

Vee - 5.5 V. VI - 7 V 

Vee - 5.6 V. VI - 2.7 V 

Vee - 5.5 V. VI - 0.4 V 

Vee ~ 5.5 V. Vo ~ 2.25 V 

. t Outputs high 

Vee ~ 5.5 V I Outputs low 

I Outputs disabled 

SN54ALS846 SN74AlS846 

TVP* TVP* 
UNIT 

MIN MAX MIN MAX 

-1.2 -1.2 V 

VCc·- 2 VCC-2 

2.4 3.3 V 

2.4 3,2 

0.25 0.4 

V 
0.35 0.5 

20 20 ~A 

20 20 ~A 

0.1 0.1 rnA 

20 20 ~A 

0.1 0.1 rnA 

-30 -112 -30 -112 rnA 

rnA 

* All typical values' are at Vee ~ 5 V. TA ~ 25°C. 
§ The output conditions have been chosen to prod~ce a current that closely approximates one half of the true short-circuit output current, lOS. 

Additional information, on these products can be obtained from the factory as it becomes available. 

::C:::~~J!Rf:l: 1:~:~s :~':l:!~g=f:~=:':i~~ 
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PRODUCT 
PREVIEW 

SN54ALS846, SN74ALS846 
8·BIT BUS INTERFACE D·TYPE LATCHES WITH 3·STATE OUTPUTS 

switching characteristics (see Note 11 

Vcc - 5 V. VCC - 4.5 V to 5.5 V. 

CL - 50 pF. CL - 50 pF. 

FROM TO 
R1 - 500 Il. R1 - 500 Il. 

PARAMETER R2 - 500 Il. R2 - 500 Il. UNIT 
(INPUT) (OUTPUT) 

TA - 25°C TA - MIN to MAX 
'ALS846 SN54ALS846 SN74ALS846 

MIN TYP MAX MIN MAX MIN MAX 

tPLH 
D Q ns 

tpHl 

tplH 
C Q ns 

tPHL 

tplH 
PRE Q 

ns 

tpHl ns 

tpLH 
CLR Q 

ns 

tPHl ns 

tpZH 
OC Q ns 

tpZl 

tpHZ 
OC Q 

.. 
ns 

tPlZ 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

Additional information on these products can be obtained from the factory as it becomes available. 
• en 
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on products in the formative Dr design ~h.se of 
development. Characteristic data anll other 

=:;!::t:::srr;:t dt:i:h'8~;:I~r T3i!::~~:~:~::'~ TEXAS • 
INSTRUMENTS 

2·187 

products withCJbt notice. POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SN54AS845, SN54AS846 
SN74AS845, SN74AS846 
8·BIT BUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

recommended operating conditions 

SN54AS845 

SN54AS846 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

VIH High-level input voltage 2 

VIL Low·level input voltage 0.8 

IOH High-level output current -24 

IOL Low-level output current 32 

Pulse duration 
L m or PR.E low 5 

tw I e high 5 

tsu Setup time, data before enable e" 3.5 

th Hold time, data after enable CJ. 3.5 

Recovery time 
I PRE 17 

tr I eLR 16 

TA Operating free-air temperature -55 125 

SN74AS845 

SN74AS846 UNIT 

MIN NOM MAX 

4.5 5 5.5 V 

2 V 

0.8 V 

-24 mA 

48 mA 

4 

4 
ns 

2.5 ns 

2.5 ns 

15 

14 
ns 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 

• noted) 

PARAMETER 

r­m -c 
CD 
< 
C=;' 
CD 
(I) 

VIK 

VOH 

VOL 

IOZH 

IOZL 

II 

IIH 

IlL 

lo~ 

lee 

'AS845 

'AS846 

TEST CONDITIONS 

Vee - 4.5 V, 11--18mA 

Vee ~ 4.5 V, IOH ~ -2 mA 

Vee - 4.5 V, IOH - -15 mA 

Vee - 4.5 V, IOH - -24 mA 

Vee ~ 4.5 V, IOL ~ 32 mA 

Vee - 4.5 V, IOL - 48 mA 

Vee - 5.5 V, Vo ~ 2.7V 

Vee - 5.5 V, Vo - 0.4 V 

Vee - 5.5 V, VI - 7 V 

Vee - 5.5 V, . VI - 2.7 V 

Vee ~ 5.5 V, VI ~ 0.4 V 

Vee ~ 5.5 V, Vo ~ 2.25 V 

Outputs high 

Outputs low 

Outputs disabled 
Vee ~ 5.5 V 

Outputs high 

Outputs low 

Outputs disabled 

tAli typical values are at Vee ~ 5 V, TA ~ 25°e. 

SN54AS845 SN74AS845 

SN54AS846 SN74AS846 UNIT 

MIN Typt MAX MIN Typt MAX 

-1.2 -1.2 V 

VCC- 2 VCC-2 

2.4 3.2 2.4 3.2 V 

2 2 

0.25 0.5 
V 

0.35 0.5 

50 50 ~A 

50 -50 ~A 

0.1 0.1 mA 

20 20 ~A 

-0.5 -0.5 mA 

-30 -112 -30 -112 mA 

35 58 35 58 

52 85 52 85 

52 85 52 85 

36 59 36 59 
mA 

53 87 53 87 

53 87 53 87 

*The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS845, SN54AS846 
SN74AS845, SN74AS846 

8·BIT BUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

'AS845 switching characteristics (see Note 1) 

Vcc - 4.5 V to 5.5 V. 
CL - 50 pF. 

FROM TO 
R1 - 500 O. 

PARAMETER R2 - 500 O. UNIT (INPUT) (OUTPUT) 
TA = MIN to MAX 

SN54AS845 SN74ASll45 

MIN MAX MIN MAX 

tpLH 1 8.5 1 6.5 
D Q ns 

tpHL 1 10 1 9 

tpLH 2 13 2 12 
C Q ns 

tpHL 2 13 2 12 

tpLH PRE Q 2 12 2 10 ns 

tPHL CLR Q 2 14 2 13 ns 

tpHL 
OC 

2 13.5 2 10.5 
Q ns 

tpZL 2 15 2 13.5 

tpHZ 
OC 

1 10 1 8 
Q ns 

tpLZ 1 10 1 8 

'AS846 switching characteristics (see Note 1) 

Vcc - 4.5 V to 5.5 V. 
CL - 50 pF. 

FROM TO 
R1 = 500 O. 

PARAMETER R2 - 500 O. UNIT 
(INPUT) (OUTPUT) 

TA - MIN to MAX 

SN54AS846 SN74AS846 

MIN MAX MIN MAX 

tPLH 1 11 1 8.5 
D Q ns 

tpHL 1 11 1 10 

tpLH 2 14 2 12.5 
C Q ns 

tpHL 2 14 2 13 

tpLH PRE Q 2 12 2 10 ns 

tpHL CLR Q 2 14.5 2 13.5 ns 

tpHL 
DC 

2 14.5 2 12 
Q ns 

tpZL 2 15 2 13.5 

tpHZ 
DC 

1 10 1 8 
Q ns 

'PLZ 
, 10 1 8 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54ALS845, SN54AS845, SN54ALS846, SN54AS846 
SN74ALS845, SN74AS845. SN74ALS846, SN74AS846 
8·BIT BUS INTERFACE O·TYPE LATCHES WITH 3·STATE OUTPUTS 

D latch signal conventions 

It is normal TI practice to name the outputs and other inputs of a O-type latch and to draw its logic symbol 
based on the assumption of true data (0) inputs. Then outputs that produce data in phase with the data 
inputs are called Q and those producing complementary data are called Q. An input that causes a Q output 
to go high or a Q output to go low is called Preset; and input that causes a Q output to go high or a Q 

output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are active low. 
The devices on this data sheet are second-source designs and the pin-name conventions used by the original 
manufacturer have been retained. That makes it necessary to designate the data inputs and outputs of 
the inverting circuit '5 and Q. 

In some applications it may be advantageous to redesignate the inputs and outputs '5 and Q for the 
noninverting circuits or 0 and Q for the inverting circuits. In that case signal names should change as shown 
below. Also shown are corresponding changes in the logic symbols. 

Notice that Q becoming Q causes PRE and CLR to exchange their names and their Sand R function labels. 
The presence or absence of polarity indicators (1::>.) changes at the data inputs and outputs, but not at 
CLRIPRE, OC1, OC2, and OC3 since these inputs are still active-low . 

10 (3) 

20 (4) 

3D (5) 

40 (6) 

50 (7) 

60 ~8) 
70 (9) 

so (10) 

EN 

(22) 10 

(21) 20 

(20) 30 

(19) 40 

(IS) 50 

(17) 60 

(16) 70 

(15)80 

(22) 10 

(21) 20 

(20) 30 

(19) 40 

(IS) 50 

(17) 60 

(16) 70 

(15) SO 

• ALS845 •• AS845 

'ALS846 •• AS846 
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SN74AS850, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS WITH 3·STATE OUTPUTS 

• 4·Line to 1·Line Data Selectors/Multiplexers 
That Can Select 1 of 16 Data Inputs. 
Typical Applications: 

Boolean Function Generators 
Parallel· to' Serial Converters 
Data Source Selectors 

• Cascadable to n,Bits 

• 3-State Bus Driver Outputs 

• 'AS850 Offers Clocked Selects; 'AS851 
Offers Enable-Controlled Selects 

• Has a Master Output Control (G) for 
Cascading and Individual Output Controls 
(GY, GW) for Each Output 

• Package Options Include both Plastic alld 
Ceramic Carriers in Addition to Plastic and 
Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These four-line to one-line data 
selectors/multiplexers provide full binary 
decoding to select one-of-sixteen data sources 
with complementary Y and W outputs, The 
'AS850 has a clock-controlled select register 
allowing for a symmetrical presentation of the 
select inputs to the decoder while the' AS851 
has an enable-controlled select register allowing 
the user to select and hold one particular data 
line. 

A buffered group of output controls (G, GY, GW) 
can be used to place the two-outputs in either 
a normal logic (high or low logic level) or a high­
impedance state. In the high-impedance state 
the outputs neither load nor drive the bus lines 
significantly. The high-impedance third state and 
increased drive provide the capability to drive the 
bus lines in a bus-organized system without the 
need for interface or pull-up components. 

02822, DECEMBER 1983, REVISED JANUARY 1986 

SN74AS850. SN74AS851 ... N PACKAGE 

(TOP VIEWI 

07 Vee 
06 08 
05 09 
04 010 
03 011 
02 012 
01 013 
00 014 
GY 015 

G Y 
GW 50 

eLK/5e' 51 
W 52 

GNO 53 

SN74AS850, SN74AS851 ... FN PACKAGE 

(TOP VIEW) 

03 
02 6 

01 7 

00 8 

9 

10 

11 

U 
.q.LOCOf"'-o. Ucom 
0000>00 

4 3 1 28 2726 

12131415161718 

25 

24 

23 

22 

21 

20 

19 

'ClK for 'AS850 or SC for 'AS851 

010 
011 
D12 
D13 
014 
015 
Y 

The output controls do not affect the internal operations of the data selector/multiplexer. New data can 
be setup while the outputs are in the high-impedance state. 

The SN74AS850 and SN74AS851 are characterized for operation from ooe to 70°C. 

PRODUCTION DATA documents contain 
information current as of publication date. 

Copyright © 1983, Texas Instruments Incorporated 
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SN74AS850, SN74AS851 
1 OF 16 DATA SEL~CTORS/MULTIPLEXERS 
WITH 3·STATE OUTPUTS 

INPUT SELI'CTION TABLE 

SELECT INPUTS 'AS850 'AS851 INPUT 

S3 S2 SI SO CLK SC SELECTED 

L L L ·L 1 L DO 

L L L H 1 L 01 

L L H L 1 L 02 

L L H H 1 L 03 

L H t L 1 L 04 

L H L H 1 L 05 

L H H L i L 06 

L H H H i L 07 

H L L L 1 L 08 

H L L H 1 L 09 

H L H L 1 L 010 

H L H H i L 011 

H H L L 1 L 012 

H H L H 1 L 013 

H H H L 1 L 014 

H H H H i L 015 

X X X X H or L H On 

On =' the input selected before the most-recent la";-ta-high 
transition of CLK or SC. 

logic symbols t 

'AS850 

MUX 

2~~~} 0 
G-

15 
2303 

o 

2 
3 
4 
5 
6 

7 
8 

9 
10 
11 

12 
13 
14 

15 

21 VI' 

22 VI' 

(191 Y 

(131 W 

t These symbols are in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12: 

2-192 TEXAS .. 
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OUTPUT FUNCTIQN TABLE 

G GY GW 
OUTPUTS 

Y W 

H X X Z Z 

L H L Z Z 

L L L 0 Z 
L H H Z D. 
L L H 0 is 

o = level of selected input 00-015 

'AS851 

G (101 
MUX 

G20 
GY 91 20EN21 
GW (111 20EN22 
sc (121 C23 
so (181 noo} " SI (171 
S2 (161 G-

S3 (151 15 
2303 

00 (81 0 
(191 Y (71 

21 VI' 01 (61 
02 (51 2 

03 (41 3 

04 (31 . 4 
(131 W 

05 (21 5 22 VI' 
06 (11 I; 

07 (271 7 

08 (261 8 

09 9 
010 (251 10 

(241 
11 011 (231 

012 (221 12 

013 (211 
13 

014 (20) 14 

015 15 
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SN74AS850, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS 

WITH 3-STATE OUTPUTS 

'AS850 logic diagrams (positive logic) (see inset for 'AS851) 

00 
(8) 

(7) 
01-

02 
(6) 

03 
(5) 

(4) 
D4 

(3) 
05 

06 
(2) 

(t) 
07 

OB (27) 

09 (26) 

010 (25) 

011 (24) 

012 (23) 

013 (22) 

014 
(21) 

015 (20) 

., 
IORI 

TEXAS ~ 
INSTRUMENTS 

'AS851 
SELECTION 
LATCHES 
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y 
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SN74AS850, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS 
WITH 3-STATe OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ............................................................... 7 V 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

SN74AS850 recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VIH High·level input voltage 2 V 

Vil Low-level input voltage O.B V 

IOH High-level output current -15 mA 

IOl Low-level output current 4B mA 

fclock elock frequency 0 60 MHz 

lelK high 8 
tw Pulse duration 

lelK low 8 
ns 

tsu Setup time, select inputs before elK! 10 ns 

th Hold time, select inputs after elK! 0 ns 

TA Operating free-air temperature 0 70 °e 

SN74AS850 electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Vee = 4.5 V, II = -1B rnA - 1.2 V 

VOH 
Vee - 4.5 V to 5.5 V, IOH - -2 rnA vcc- 2 

V 
Vee - 4.5 V, IOH - -15 rnA 2 3.3 

VOL Vee = 4.5 V, IOl = 48 rnA 0.35 0.5 V 

IOZH Vee - 5.5 V, Vo - 2.7 V 50 ~A 

IOZl Vee = 5.5 V, Vci = 0.4 V -50 ~A 

II Vee = 5.5 V, VI = 7 V 0.1 mA 

IIH Vee = 5.5 V, VI = 2.7 V 20 ~A 

10, G -1 
III 1 All others 

Vee = 5.5 V, VI = 0.4 V rnA 
-0.5 

10* Vee = 5.5 V, Va = 2.25 V -30 - 1 12 rnA 

I Outputs active 50 Bl 
lee Vee = 5.5 V I Outputs disabled 

mA 
52 B5 

t All typical values are at Vee = 5 V, TA = 25°e. 
t The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, lOS. 
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SN74AS850 switching characteristics (see Note 1) 

FROM 
PARAMETER 

(lNPUTI 

fmax 

tpLH 
Any 0 

tpHL 

tpLH 
Any 0 

tpHL 

tpLH 
CLK 

tpHL 

tpLH 
CLK 

tpHL 

tpZH G 
tpZL 

tPHZ G 
tpLZ 

tpZH G 
tpZL 

tpHZ G 
tpLZ 

tpZH 
GY 

tpZL 

tpHZ 
GY 

tpLZ 

tpZH 
GW 

tpZL 

tpHZ 
GW 

tpLZ 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

SN74AS850 
1 OF 16 DATA SELECTORS/MULTIPLEXERS 

WITH 3·STATE OUTPUTS 

Vcc - 4.5 V to 5.5 V. 
CL = 50 pF. 

TO Rl = 500 n. 
UNIT 

(OUTPUT) R2 = 500 n. 
TA = Ooc to 70°C 

MIN MAX 

60 MHz 

3 10.5 
Y ns 

3 11 

3 8 
W ns 

1 6 

3 14.5 
Y ns 

3 17.5 

3 15 
W ns 

3.5 13 

2 8 
Y ns 

3 11 

1 6 
Y ns 

2 8 

2 8 
W ns 

3 21 

1 6 
W ns 

2 8 

2 8 
Y ns 

3 11 

1 6 
Y ns 

2 8 

2 10 
W 

3 25 
ns 

1 6 
W ns 

2 11 
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SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS 
WITH 3·STATE OUTPUTS 

SN74AS851 recommended operating conditions 

Vee Supply voltage 

VIH High-level input voltage 

Vil Low-level input voltage, 

10H High-level output current 

10l Low-level output current 

tw Pulse duration, se low 

tsu Setup time, select inputs before SCI 

th Hold time, select inputs after set 

TA Operating f'ree-air temperature 

MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-15 rnA 

48 rnA 

10 ns 

4.5 ns 

0 ns 

0 70 °e 

SN74AS851 electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX .UNIT 

VIK Vee = 4.5 V, II = -18 rnA -1.2 e 

Vee = 4.5 V to 5.5 V, 10H = -2 rnA Vcc- 2 
VOH V 

Vee - 4.5 V, 10H - -15 mA 2 3.3 

VOL Vee - 4.5 V, 10l - 48 mA 0.35 0.5 V 

10ZH Vee = 5.5 V, Vo = 2.7V 50 ~A 

10Zl Vee = 5.5 V, Vo = 0.4 V -50 "A 
II Vee - 5.5 V, VI - 7 V 0.1 mA 

IIH Vee = 5.5 V, VI = 2.7 V 20 ~A 

10,G -1 
III I All others 

Vee = 5.5 V, VI = 0.4 V rnA 
-0.5 

10* Vee = 5.5 V, Vo = 2.25 V -30 -112 rnA 

I Outputs active 50 81 
ICC Vee = 5.5 V I Outputs disabled 

mA 
52 85 

t All typical values are at Vee = 5 V, TA = 25°C. 
:t:The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, lOS-

2-196 TEXAS. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TeXAS 75265 



SN74AS851 switching characteristics (see Note 1) 

PARAMETER 
FROM 

IINPUT) 

tPLH 
Any 0 

tpHL 

tpLH 
Any 0 

tpHL 

tpLH 
50. 51. 52. 53 

tpHL 

tpLH 

tPHL 
50. 51. 52. 53 

tpLH 
5C 

tpHL 

tpLH 
5C 

tpHL 

tpZH G 
tpZL 

tpHZ G 
tPLZ 

tpZH G 
tpZL 

tpHZ G 
tpLZ 

tpZH 
GY 

tpZL 

tPHZ 
GY 

tpLL 

tpZH 
GW 

tpZL 

tpHZ 
GW 

tpLZ 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS 

WITH 3·STATE OUTPUTS 

Vcc - 4.5 V to 5.5 V. 

CL = 50 pF. 

TO Rl = 500 n. 
UNIT 

10UTPUT) R2 = 500 n. 
TA = OoC to 70°C 

MIN MAX 

3 10.5 y ns 
3 11 

3 8 
W ns 

1 6 

3 18 y ns 
3 19 

3 16 
W ns 

3 15 

3 18 y ns 
3 20 

3 16 
W 

3 15 
ns 

2 8 
Y ns 

3 11 

1 6 
Y ns 

2 !j 

2 8 
W ns 

3 21 

1 6 
W ns 

2 8 

2 8 
Y 

3 11 
ns 

1 6 
Y 

2 8 
ns 

2 10 
W 

3 25 
ns 

1 6 
W ns 

2 11 

fI 
CI) 
CD 
CJ 

'S; 
CD 
C -(J) 
-' 
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SN74AS850, SN74AS851 
1 OF 16 DATA SELECTORS/MULTIPLEXERS 
WITH 3-STATE OUTPUTS 

TYPICAL APPLICATION DATA 

The' AS850 or 'AS85 1 can be used as a 1-of-16 Boolean function generator. Figure 1 shows the' AS850 
in one example. 

DISABLE 

COUNT 
DISABLE 

CLOCK 

2-198 

-

'AlS138 
~ 

-{>o--

IT: :-J G1 ~ 

G2A .... =-
G2B .... EN ~ 

~ I A-< 3 
4 

~1 5 
.-! 2 6~ r4 

7 ~ --
~ 

--..../ ~ 
GW 

ClK 

so 
S1 

S2 
S3 

DO 

~ 
01 
02 
03 - 04 

05 

06 

,---!!! 
08 
09 

'AS163 010 

CTRDIV16 011 
erR ....... 

5CT=O ....--t 012 
fi'rii'i'{ 

fr5J 
013 I-- M1 RCO 

M2 3CT=15 ~ 
ENT G3 ~ 
ENP G4 >-ClK r:;" C5/2,3.4+ .. 

....-
~ A 1,50 OA 

Fe> B OB 
C 

OC ~ 
0 

~L[) 

-t> 
FIGURE 1. 1-of-16 BOOLEAN FUNCTION GENERATOR 
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20EN21 
20EN22 

C23 
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23 03 
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1 21'\7 I--y 

2 
3 
4 

5 22'\7 ~ W 

6 

7 
8 

9 
10 
11 

12 
13 

14 
15 



CLOCK 

A 

B 

C 

o 
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SN74AS850 
l' OF 16 DATA SELECTORS/MULTIPLEXERS 

WITH 3·STATE OUTPUTS 

TYPICAL APPLICATION DATA 

'AS850 

~ G20 MUX 

~ 20EN21 
..2!!!. 20EN22 
CLK C23 

SO n",} , 81 

S2 Gi5 
83 2303 

-.!!l!. 0 

~ .....!ll1 21'\7 
~2 
--'21. 3 

~4 
~5 W 

22'\7 

~6 
-"!Z. 7 
.....m! 8 
-!!!! 9 
....Q1!! 10 
...!ll! 11 

~ 12 

~ 13 
~ 14 
~ 15 

~ y 

'AS850 
~ 

~ G20 MUX 

20EN21 

W 

GW 
~ 20EN22 

80 ~':'} , 81 

S2 G;S 
83 2303 

~ 0 
.....!:!.! 1 21'\7 ~ 
~ 2 
~ 3 
~ 4 

W ~ 5 22 
.....!!!! 6 
-.!!Z 7 
~ 8 
~ 9 

010 -= 10 
...g!! 11 
..£g 12 

~ 13 
..E.!! 14 
...!!1[ 15 

FIGURE 2. '·of·32 DATA SELECTOR/MUL TIPLEXER 
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SN74AS850 
1 OF 16 DATA SELECTORS/MULTIPLEXERS 
WITH 3-STATE OUTPUTS 

TYPICAL APPLICATION DATA 
CLOCK 

A 

B 

C 

o 

SO 
SI 
S2 

S3 

'AS850 

(l" G20 MUX 

~ 20EN21 
....!ill: 20EN22 

~ I>':,:,} • ~ 
SI 
S2 G-

15 
S3 23 03 

22 0 
-E.! 1 21 'V ~ 
~ 2 
~ 3 

~ • ~+-~ 5 22\7 
~ 6 

-.2Z 7 

~ B 

oTo 9 -= 10 

~ 11 
...gg 12 

-4!1 13 

~ I. 
..E.!1 15 

'AS850 

(l G20 MUX 

em:. 20EN21 
~ 20EN22 

~ 
t>~':'} . ~ 

SI 
S2 GiS 
S3 2303 

~ 0 

~ -E.:!. 1 21\7 
~ 2 

~ 3 
~ 4 

~I-~ 5 22\7 
-E.!l 6 

~ 7 
~B 
~9 
~ 10 ..gg 11 
..E2.!. 12 
...g.!! 13 
~ I. 
.J?.!.!! 15 

'AS850 

ll~ G20 MUX 

~ 20EN21 

~ 20EN22 

~ '':':'} . SO 
SI 
S2 G15 
S3 

23 03 
--E£ 0 

~ 1 21\7 
~ 2 

~ 3 
~ • ~5 
~6 

22\7 

......gz 7 

~ B 
~ 9 
..222. 10 
..E!!. 11 
..EE. 12 ...gg 13 
~ I. 
~ 15 

'AS850 

(3" G20 MUX 

~ 20EN21 
~ 20EN22 
~ 

~;':'} . SO 
SI 
S2 GiS 
S3 

23 03 

~ 0 
-E.! 1 21\7 
--"!! 2 
~3 
~4 
~5 22\7 
--.£2 6 
.2l 7 
--.£2 B 
~ 9 
~ 10 
..E!!. 11 
...!!E. 12 

-4!1 13 
~ I. 
.J?.!.!! 15 

FIGURE 3, 1-of-64 DATA SELECTOR/MULTIPLEXER 
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SN54AS852, SN74AS852 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

• Included among the Package Options are 
Compact, 24-Pin, 300-mil-Wide DIPs and 
Both 28-Pin Plastic and Ceramic Chip 
Carriers 

• Buffered 3-State Outputs Drive Bus Lines 
Directly 

• Cascadable to n-Bits 

• Eight Selectable Transceiver/Port Functions: 

AtoBorBtoA 
Register to fA or B 
Shifted to A from B or Shifted to 

B from A 
Off-Line Shifts (A and B Ports 

Transceiving or in High-Impedance 
State) 

Register Clear 

• Particularly Suitable for Use in Diagnostics 
Circuitry 

• Serial Register Provides: 

- Parallel Storage of Either A or B Input 
Data 

- Serial Transmission of Data from Either 
A or B Port 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The' A58 52 features two 8-bit I/O ports (A 1-A8 
and B l-B8!. and 8-bit parallel-load, serial-in, 
parallel-out shift register, and control logic. With 
these features, this device is capable of 
performing eight selectable transceiver or port 
functions, depending on the state of the three 
select lines 50, 51, and 52. These functions 

02810. JUNE 1984-REVISEO JANUARY 1986 

SN54AS852 ... JT PACKAGE 
SN74AS852 ... OW or NT PACKAGE 

(TOP VIEWI 

so VCC 
Sl ClK 
S2 SERIN 

A1 B1 

A2 B2 

A3 B3 

A4 B4 

A5 B5 

A6 B6 

A7 B7 

A8 B8 

GND 08 

SN54AS852 ... FK PACKAGE 
SN74AS852 ... FN PACKAGE 

(TOP VIEWI 
Z 

u"" it: N-OU U...Jw 
rnrnrnz>urn 
4 3 2 1 282726 

25 81 

24 82 

23 83 
22 NC 
21 84 

10 20 85 
11 19 

12131415161718 

NC-No internal connection 

include: transferring data from port A to port B or vice versa (i.e., the transceiver function), transferring 
data from the register to either port, serial shifting data to either port from the opposite port, performing 
off-line shifts (with A and B ports in high-impedance state), and clearing the register. The 'AS8~2 can 
simultaneously transfer data from A to B or B to A and perform an off-line serial shift of data in the register. 
5ynchronous parallel loading of the internal register can be accomplished from either port on the positive 
transition of the clock while serially shifting data in via the 5ERIN input. The' A5852 is ideally suited for 
applications implementing diagnostic circuitry to enhance system verification and/or fault analysis. All serial 
data is shifted right. All outputs are buffer-type outputs designed specifically to drive bus lines directly 
and all are 3-state except for 08, which is a totem-pole output. 

The 5N54AS852 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The 5N74AS852 is characterized for operation from ooe to 70°C. 

Copyright © 1983, Texas Instruments Incorporated 
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SN54AS852, SN74AS852 
8·BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

logic diagram (positive logic) 

Pin numbers shown are for OW, JT, and NT packages. 

2·202 
11"" ." 
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FOUR IDENTICAL CHANNELS NOT SHOWN 
INPUTS/OUTPUTS NOT SHOWN: 

161 A3 119) 83 
171 A4 (18) 84 
(8) A5 (17) 85 
(9) A6 (16) B6 
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MODE 
CLOCK 5ERIN A1 01 B1 A2 Q2 B2 

5251 SO 

L L L H or L X Z an Al Z 0" A2 

L L L t X Z Al A1 Z A2 A2 

L L H H or L X 81 On Z 82 an Z 

L L H t X 81 81 Z B282 Z 

L H L H or L X X an 01 X an 02 

L H L t X Z Al Al Z A2 A2 

L H H H or L X alan X 02 an X 

L H H t X 81 81 Z 82 B2 Z 

H L L H or L X Z an Al Z 0" A2 

H L L t H Z HAl Z 01 A2 

H L L t L Z L Al Z 01 A2 

H L H H or L X 81 an Z 82 0" Z 

H L H t H 81 H Z 82 Q1 Z 

H L H t L 81 L Z 82 01 Z 

H H L H or L X Z an Z Z an Z 

H H L t H Z H Z Z 01 Z 

H H L t L Z L Z Z 01 Z 

H H H H or L X Z an Z Z an 

H H H t X Z L Z Z L Z 

SN54AS852, SN74AS852 
8·BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

FUNCTION TABLE 

AS" as BS 
PORT 

A3 Q3 B3 A404 B4 AS as BS A7 07 B7 A8 08 B8 
FUNCTION 

Z an A3 Z an A4 Z an AS Z an A6 Z an A7 Z an A8 
A TO 8 

A A3 A3 Z A4A4 Z A5 A5 Z A6A6 Z A7 A7 Z AS A8 

83 an Z 84 an Z 85 an Z 86 an Z 87 an Z 8S an Z 
B TO A 

8383 Z 8484 Z B5 B5 Z 86 B6 Z 8787 Z 8S BS Z 

X an 03 X an 04 X an 05 X an 06 X an 07 X an as 

Z A3A3 Z A4 A4 Z A5 A5 Z A6 A6 Z A7 A7 Z AS AS 
ON TO 8N 

03 an X 040n X 05 an X 06 an X 07 an X as an X 

8383 Z 8484 Z B585 Z 8686 Z 8787 Z 8S B8 Z 
ON TO AN 

Z an A3 Z an A4 Z Un A5 Z an Ae Z an A7 Z an A8 SHIFT 

Z 02 A3 Z 03A4 Z 04A5 Z 05 AS Z 06A7 Z 07 A8 ANO 

Z 02A3 Z 03 A4 Z 04A5 Z 05 Ae Z oe A7 Z 07 A8 A TO 8 

83 an Z 84 an Z 85 an Z 86 an Z 87 an Z 8S 0" Z SHIFT 

83 02 Z B4 03 Z 85 04 Z 86 05 Z 87 oe Z 8807 Z AND 

83 02 Z 84 03 Z 85 04 Z 86 05 Z 87 oe Z 8S 07 Z B TO A 

Z an Z Z an Z Z an Z Z an Z Z an Z Z an Z 

Z 02 Z Z 03 Z Z 04"Z Z 05 Z Z 06 Z Z 07 Z SHIFT 

Z 02 Z Z 03 Z Z 04 Z Z 05 Z Z oe Z Z 07 Z 

Z Un Z Z an Z Z Un Z Z an Z Z an Z Z an Z 
CLEAR 

Z L Z Z L Z Z L Z Z L Z Z L Z Z L Z 

n = level of Qn(n = 1,2, ... 8) established on the most recent t transition of elK. Q1 through 08 are the shift register outputs; 
only 08 is available externally. The double inversions that take place as data travels from port to port are ignored in this table. 

logic symbol t 

so (1) 

51 12) 

52 13) 

CLK 123) 

A2 

IPORT CONTROLLER) 

12 

15 

10/2)100 

11/3)100 

1=0 

10/2)100 

11/3)100 

1=0 

10/2)100 

11/3)100 

12 

15 

33 

21' 

217 

Z35 

tThis symbol is in accordance with ANSI/IEEE Standard 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for DW, JT, and NT packages. 
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SN54AS852. SN74AS852 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

absolute maximum ratings over free-air 'temperature range 

Supply voltage, Vee, , ......... , ................... ' ......................... 7 V 
Input voltage: All inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

1/0 ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54AS852 ......... , .... ,........ - 55 °e to 125°e 

SN74AS852 ........................... ooe to 70 0 e 
Storage temperature range ........ , ............................. ,.. - 65 °e to 150 °e 

recommended operating conditions 

SN54AS852 SN74AS852 

MIN NOM NOM 
UNIT 

MAX MIN MAX 

VCC Supply voltage 4.5 5 5.5 4,5 5 5.5 V 

VIH High·level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

Al·A8, Bl-B8 12 -15 
IOH High-level output current 

08 
mA 

-2 -2 

Al-A8, Bl-B8 32 48 
IOL Low-Jevel output current 

08 20 
mA 

20 

fclock Clock frequency 0 45 0 50 MHz 

tw Duration of clock pulse 11 10 ns 

Setup time before CLK I 
Al-A8, Bl-B8, SERIN 5.5 5.5 

tsu 
SO, Sl, S2 5.5 5.5 

ns 

Al-A8, Bl-B8, SERIN 0 0 
th Hold-time, data after CLK 1 

SO, Sl, S2 0 0 
ns 

TA Operating free-air temperture -55 125 0 70 DC 

2-204 TEXAS ." 
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SN54AS852, SN74AS852 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54AS852 SN74AS852 

MIN Typt MAX MIN Typt MAX 

VIK Vee - 4.5 V. II - -1S rnA -1.2 -1.2 

A1-AS. B1-BS 
Vee = 4.5 V. IOH = -12 rnA 2.4 3.2 

VOH Vee - 4.5 V. IOH - 15 rnA 2.4 3.3 

All outputs Vee - 4.5 V to 5.5 V. IOH - -2 rnA Vcc- 2 Vcc- 2 

All outputs except QS 
Vce - 4.5 V. IOl = 32 rnA 0.3 0.5 

VOL Vee - 4.5 V. IOl - 4S rnA 0.35 0.5 

QS Vee - 4.5 V. IOl - 20 rnA 0.25 0.5 0.25 0.5 

50.51.52 
Vee = 5.5 V. 

0.3 0.3 

II elK and 5ERIN 
VI = 7 V 

0.1 0.1 

A1-AS. B1-BS Vee = 5.5 V. VI = 5.5 V 0.2 0.2 

50.51.52 60 60 

IIH elK and SERIN Vee = 5.5 V. VI = 2.7 V 20 20 

A1-AS. B1-BS; 70 70 

50.51.52 -1 -1 

III elK and SERIN Vee = 5.5 V. VI = 0.4 V -0.5 -0.5 

A1-AS. B1-BS; -0.5 -0.5 

IO§ 
Except QS -30 -112 -30 -112 

QS 
Vee = 5.5 V. Vo = 2.25 V 

-20 -112 -20 -112 

lee Vee = 5.5 V 136 220 136 220 

t All typical values are at Vee = 5 V. TA = 25 De. 
tFor 110 ports, the parameters IIH and III include the output currents IOZH and IOZL, respectively. 

UNIT 

V 

V 

V 

rnA 

~A 

rnA 

rnA 

rnA 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short~circuit output current. lOS· 

switching characteristics (see Note 1) 

Rl - 4.5 V to 5.5 V. 

Cl - 50 pF. 

Rl - 500 II. 
FROM TO R2 - 500 II. 

PARAMETER UNIT 
(INPUT) (OUTPUT) TA = MIN to MAX 

SN54ASS52 SN74AS852 

MIN MAX MIN MAX 

f max 45 50 MHz 

tPlH 
Any A port 

2 9 2 7.5 
Any B port 

3 12.5 3 
ns 

tpHl 11 

tPlH 
Any B port 

2 9 2 7.5 
Any A port 

3 12.5 3 11 
ns 

tpHl 

tPlH 
SO. S1. S2' 

AnyAorB 3 11.5 3 10 

3 12 3 10.5 
ns 

tpHl port 

tplH AnyAorB 2 11 2 9 
elK ns 

tPHl port 3 14 3 12.5 

tplH 2 10.5 2 S 
elK QS ns 

tPHl 3 11.5 3 10 

tpHZ 2 9 2 7 

Any A or B 3 13 3 10.5 
ns 

tPlZ 
SO. 51. 52 

tpZH port 2 9 2 7 

3 13 3 10.5 
ns 

tpZl 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
, The positive transition of 51 control pin will cause low-level data on the A or B bus to be invalid for 17.5 ns. 
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SN54AS852, SN74AS852 
8·BIT UNIVERSAL TRANSCEIViR PORT CONTROLLERS 

SERIAL IN 
CLK 

TYPICAL APPLICATION DATA 

BUS A TO BUS B OR 
SERIAL TRANSMISSION 

I REG I 
I 

AI 

I 

I 

I 

Ie 
I 

I 

I 
I 
Ie 
I 
I 

SERIAL 
OUT 

SERIAL IN TO A PORT 

SERIAL IN 

CLK 

BUS B TO BUS A OR 
SERIAL TRANSMISSION 

I 
I 
Ie 
I 
I 

I 
I 
IB 

I 
I 

SERIAL 
OUT 

SERIAL IN TO B PORT 

SERIAL IN _____ --, SERIAL IN _____ --, 

CLK-----, 

2-206 

I 
I 
I B Hi-Z 

I 
I 

SERIAL 
OUT 

CLK-----, 

Hi-Z 
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SN54AS856, SN74AS856 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

• Included Among the Package Options are 
Compact, 24-Pin, 300-mil-Wide DIPs and 
Both 28-Pin Plastic and Ceramic Chip 
Carriers 

• Buffered 3-State Outputs Drive Bus Lines 
Directly 

• Cascadable to n-Bits 

• Eight Selectable Transceiver/Port Functions: 

- Bto A 
- Register to A and/or B 
- Off-Line Shifts (A and B Ports in High-

Impedance State) 
- Shifted to A and/or B 

• Particularly Suitable for Use in Diagnostics 
Analysis Circuitry 

• Serial Register Provides: 

- Parallel Storage of Either A or B Input 
Data 

- Serial Transmission of Data from Either 
A or B Port 

- Readback Mode B to A 

• Dependable Texas Instruments Quality and 
Reliability 

description 

D2814, DECEMBER 1983-REVISED MARCH 1985 

SN54AS856 , , . JT PACKAGE 
SN74AS856 , .. OW or NT PACKAGE 

(TOP VIEW) 

A1 
A2 
A3 
NC 

OEB VCC 
OEA ClK 

MODE SERIN 
A1 B1 
A2 B2 
A3 B3 
A4 B4 
A5 B5 
A6 B6 
A7 B7 
A8 B8 

GND 08 

SN54AS856 , .. FK PACKAGE 
SN74AS856 .. , FN PACKAGE 

6 

7 

8 

(TOP VIEW) 

w z 
°1«lal u ~ 0: ~~~~~d~ 

A4 9 
A5 10 

A6 11 

4 3 2 1 28 27 26 

25 

24 

23 

22 

21 

20 

19 
121314151617 18 

NC-No internal connection 

The 'ASS 56 features two S-bit I/O ports (Al-AS and Bl-BS), an 8-bit parallel-load, serial-in, parallel-out 
shift register, and control logic. With these features, this device is capable of performing eight selectable 
transceiver or port functions, depending on the state of the three control lines OEA, OEB, and MODE. These 
functions include: transferring data from port A to port B or vice versa (i.e., the transceiver function), serial 
shifting data to either or both ports, and performing off-line shifts (with A and B ports active as transceivers 
in a high-impedance state). Synchronous parallel loading of the internal register can be accomplished from 
either port on the positive transition of the clock while serially shifting data in via the SERIN input. The 
'ASS 56 is ideally suited for applications needing signature-analysis circuitry to enhance system verification 
and/or fault analysis. All serial data is shifted right. All outputs are buffer-type outputs designed specifically 
to drive bus lines directly and all are 3-state except for as, which is a totem-pole output. 

The SN54ASS56 is characterized for operation over the full military temperaure range of - 55 °e to 125 °e. 
The SN74AS856 is characterized for operation from DoC to 70 oC. 

Copyright © 1983. Texas Instruments Incorporated 
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SN54AS856, SN74AS856 
8·BIT UNIVERSAL TRANSCEIVER PORT CONTROllERS 

logic diagram (positive logic) 

OEB~i1~) __ -d >-__________________________________ ~ 

OEA .:,:(2:!..) ---d >-____ ~ 

MODE .:,:(3::.<..) __ --1 

CLK.:.:(2=3~) __ ~ ~0------+4-+-------------, 

SERIN ..::(2=2:!....) --.0 ~>-------t+-t-, 

FOUR IDENTICAL CHANNELS NOT SHOWN 
INPUTS/OUTPUTS NOT SHOWN: 

(6) A3 (19) B3 
(7) A4 (18) B4 
(8) A5 (17) B5 
(9) A6 (16) B6 

2·208 TEXAS • 
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MODE 

OEA 0Eii 
CLOCK SERIN Al 01 Bl 

IIIIOOE 

L L L H or L X a1 a1 a1 

L L L t X a1 a1 a1 

L L H H or L X B1 a1 Z 

L L H t X B1 81 Z 

L H L H or L X Z a1 a1 

L H L t X Z 11.111.1 

L H H H or L X Z a1 Z 

L H H t X Z 11.1 Z 

H L L H or L X a1 On 01 

H L L t H H H H 

H L L t L L L L 

H L H H or L X a1 an Z 

H L H t H H H Z 

H L H t L L L Z 

H H L H or L X Z On a1 

H H L t H Z H H 

H H L t L Z L L 

H H H H or L X Z an Z 

H H H t H Z H Z 

H H H t L Z L H 

SN54AS856, SN14AS856 
8·BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

FUNCTION TABLE 

A2 02 B2 A3 03 B3 A404 B4 A505 B5 A6 06 B6 A707 B7 A8 as 88 FUNCTION 

a2 a2 a2 a3 a3 a3 a4 a4 a4 as as as a6 a6 a6 a7 Q7 a7 a8 a8 a8 
FEEDBACK 

a2 a2 a2 a3 a3 a3 a4 a4 a4 as as as a6 a6 a6 Q7 a7 a7 a8 aB a8 

B2 a2 Z B3 a3 Z B4 a4 Z B5 a5 Z B6 a6 Z B7 a7 Z BB a8 Z B to A 

8282 Z 8383 Z 8484 Z 8585 Z 8686 Z 8787 Z 88 B8 Z Ata Q 

Z 0202 Z a3 a3 Z a404 Z a505 Z 0606 Z Q7 07 Z a8a8 AtoQ 

Z 11.211.2 Z 11.311.3 Z A4A4 Z AS AS Z 11.611.6 Z 11.711.7 Z 11.811.8 Q to B 

Z a2 Z Z a3 Z Z a4 Z Z as Z Z a6 Z Z a7 Z z a8 Z 
Ata Q 

Z 11.2 Z Z 11.3 Z Z 11.4 Z Z 11.5 Z Z 11.6 Z Z 11.7 Z Z 11.8 Z 

a2 On a2 a3 an a3 a4 an a4 a5 On as a6 an a6 a7 an 07 08 On a8 SHIFT 

a1 a1 a1 a2 a2 a2 a3 03 a3 04a4 a4 as 05 as a6 a6 06 07 Q7 a7 TO 

01 a1 a1 a2 02 a2 03 a3 a3 a4a4a4 a5 05 as 060606 a7 a7 a7 A and B 

a2 an Z a3 an Z a4 an Z as On Z a6 an Z a7 an Z a8 On Z SHIFT 

a1 a1 Z a2 a2 Z a3 a3 Z a4 a4 Z a5 as Z a6 a6 Z a7 a7 Z TO 

01 a1 Z a202 Z 03 a3 Z a4a4 Z as 05 Z 0606 Z a7 a7 Z A 

Z On a2 Z an a3 Z an a4 Z On 05 Z an a6 Z an 07 Z On a8 SHIFT 

Z a1 a1 z a2a2 z a303 z a4a4 z a5 a5 Z a6a6 z a707 TO 

Z a1 a1 Z a2 a2 Z 03 a3 z ·a4 a4 Z 05 as Z a606 Z a707 8 

Z an Z Z On Z Z an Z Z On Z Z an Z Z an Z Z an Z 
SHIFT 

Z a1 Z Z 02 Z Z a3 Z Z a4 Z Z a5 Z Z 06 Z Z a7 Z 

Z a1 Z Z 02 Z Z 03 Z Z a4 Z Z 05 Z Z 06 Z Z 07 Z 

n = level of Qn(n = 1, 2 ... 8) established on most recent i transition of elK. Q1 through 08 are the shift register outputs; only 08 
is available externally. The double inversions that take place as data travels from port to port are ignored in this table. 

logic symbol t 

OE8 
ilEA 

MODE 

CLK 

SERIN 

Al 

11.2 

11.3 
11.4 
11.5 

11.6 

11.7 

A8 

111 
(21 

131 

1231 

(22) 
(4) 

15) 

(6) 

(7) 

(8) 

(9) 

(10) 

111) 

--"'- EN3 

" EN4 

." MO 
L..- Ml 

l2 ., 
>1 

l6 

27 

4- V<J 4 
- 8,0 
- 9,1 

>1 

4-
l10 

V<J 4 
- 11,0 
- 12,1 

". 

>1 

4-
228 

V<J4 
29,0 

- 30,1 

Pin numbers shown are for DW, JT, and NT packages. 

IPORT CONTROLLERI 

SRG8 

2 1 ->lC5 ., 
1=0 

6 1,50 (21) 
7 0,50 3C>V 

l8 4-I 

19 

1-0 

~) 10 0,50 3C>V 
211 

l12 
(19) 

1181 
(17) 

1161 

(15) 

1=0 (14) 
28 0,50 3C>V 

4.1 (13) 229 

230 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

BB 

08 
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SN54AS856, SN74AS856 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

absolute maximum ratings over free-air temperature range 

Supply voltage, Vee ................................................ " . . . . . . .. 7 V 
Input voltage: All inputs ... , ............... , ........ , . , . . . . . . . . . . . . . . . . . . . . . .. 7 V 

1/0 ports ................................ , .. , ..... , . . . . . . . . . .. 5.5 V 
Voltage applied to ,a disabled 3-state output .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54AS856 ....................... - 55°C to 125°C 

SN74AS856 ...................... , .... ooe to 70°C 
Storage temperature range .......................... ,.............. - 65°C to 1 50°C 

recommended operating conditions 

SN54AS856 SN74AS856 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC Supply voltage 4,5 5 5,5 4,5 5 5.5 V 

VIH High-level input voltage 2 2 V 

Vil Low-level input voltage 0,8 0,8 V 

IOH High-level output current 
A1-A8. B1-B8 -12 -15 

Q8 -2 
rnA 

-2 

IOl Low-level output current 
A1-A8, B1-B8 32 48 

Q8 20 
mA 

20 

,fclock Clock frequency 0 45 0 50 MHz 

tw Duration of clock pulse 11 10 ns 

Setup time before ClK t 
A1-A8, B1-B8 SERIN 5.5 5.5 

tsu 
OEB. OEA. MODE 5.5 5.5 

ns 

Hold-time. data after ClKt 
A1-A8. 81-88 SERIN 0 0 

th 
OEB. OEA. MODE 0 0 

ns 

TA Operating free-air temperature -55 125 0 70 °c 

2-210 TEXAS • 
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SN54AS856, SN74AS856 
8·BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 

SN54AS856 SN74AS856 
PARAMETER TEST CONDITIONS 

Typt Typt MIN MAX MIN MAX 

VIK Vee ~ 4.5 V, II ~ -18mA ~ 1.2 -1.2 

Al-A8 Vee ~ 4.5 V, 10H ~ -12 rnA 2 3.2 

VOH 81-B8 Vee ~ 4.5 V, 10H ~ -15 mA 2 3.3 

All outputs Vee - 4.5 V to 5.5 V, 10H - 2 mA Vcc- 2 Vcc-· 2 

Vee - 4.5 V, 10l - 32 rnA 0.25 0.5 

VOL 
All outputs except 08 

Vee ~ 4.5 V, 10l ~ 48 mA 0.35 0.5 

08 Vee - 4.5 V, 10l - 20 mA 0.5 0.5 

OEB, OEA, MODE 0.2 0.2 
Vee ~ 5.5 V, VI ~7V 

II elK and SERIN 0.1 0.1 

Al-A8, Bl-B8 Vee ~ 5.5 V, VI ~ 5.5 V 0.2 0.2 

OEB, OEA, MODE 40 40 

IIH elK and SERIN Vee ~ 5.5 V, VI = 2.7 V 20 20 

Al-A8, 81-B8~ 70 70 

OE8, OEA, MODE -1 -1 

III elK and SERIN Vee ~ 5.5 V, VI = 0.4 V -0.5 -0.5 

Al-A8, Bl-B8~ -0.5 -0.5 

10! 
Except 08 -30 -112 -30 -112 

Vee ~ 5.5 V, Vo ~ 2.25 V 
08 -20 -112 -20 -112 

lee Vee ~ 5.5 V 118 200 118 200 

TAli typical values are at Vee = 5 V, TA ~ 25°e. 

UNIT 

V 

V 

V 

mA 

pA 

mA 

mA 

mA 

tFor 110 ports, the parameters IIH and IlL include the output currents IOZH and IOZl. respectively. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

switching characteristics (see Note 1) 

vcc ~ 4.5 V to 5.5 V. 

CL. =" 50 pF. 

Rl - 500 Il. 

FROM TO R2 = 500 [J. 
UNIT PARAMETER 

(INPUT) (OUTPUT) TA - MIN to MAX 

SN54AS856 SN74AS856 

MIN MAX MIN MAX 

fmax 45 50 MHz 

tplH 2 8 2 7 
Any B port Any A port ns 

tpHl 2 10.5 2 9.5 

tplH tMODE~ 
AnyAorB 2 8.5 2 7.5 

20 19 
ns 

tpHl port 5 5 

tplH AnyAorB 2 8.5 2 7.5 
IMODE ns 

tpHl port 2 9.5 2 8 

tplH Any A or B 3 12 3 9 
elK ns 

tpHl port 3 12 3 11 

tplH 2 9 2 7.5 
elK 08 ns 

tpHl 2 10 2 9 

tpHZ 2 9 2 7 
ns 

tplZ 
OEA or i5EEi 

Any A or B 2 12 2 9.5 

tpZH port 2 8 2 7 
ns 

tpZl 2 11 2 10 

'The positive transition of the MODE control will cause low-level data at the A output Bus or stored in 0' to be invalid for 12 ns. 
NOTE1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54AS867, SN54AS869, SN74AS867, SN74AS869 
SYNCHRONOUS 8-BIT UP/DOWN COUNTERS 

• Included among the Package Options are 
Compact, 24-Pin, 300-mil-Wide DIPs and 
28-Pin Ceramic Chip Carriers 

• Fully Programmable with Synchronous 
Counting and loading 

• 'AS867 Has Asynchronous Clear, 'AS869 
Has Synchronous Clear 

• Fully Independent Clock Circuit Simplifies 
Use 

• Ripple Carry Output for n-Bit Cascading 

• Improved Performance Compared to 
Schottky TTL: 
- Typical Power Reduced by 38% 
- Maximum Count Frequency is 25% 

Higher 

• Dependable Texas Instruments Quality and 
Reliability 

description 

02661, DECEMBER 1982-AUGUST 1985 

SN54AS867, SN54AS869 .... JT PACKAGE 
SN74AS867, SN74AS869 .... OW OR NT PACKAGE 

ITOP VIEW) 

50 VCC 
51 ENP 
A OA 
B OB 

C Oc 
D OD 
E OE 
F OF 
G OG 
H OH 

ENT ClK 
GND ......... __ ........ RCO 

SN54AS867, SN54AS869 .... FK PACKAGE 

ITOP VIEW) 

~ 0 u ~I~ « «U)U)z>wO 
4 3 2 1 282726 

B 5 25 

C 6 24 

D 23 

NC 8 22 

E 9 21 

F 10 20 

G 11 19 

12131415 161718 

I If- Cl U /0 >£ I 
tlji3z~dO 

NC-No internal connection 

These synchronous presettable counters feature an internal carry look-ahead for cascading in high-speed 
counting applications. Synchronous operation is provided by having all flip-flops clocked simultaneously 
so that the outputs change coincident with each other when so instructed by the count-enable inputs and 
internal gating. This mode of operation helps eliminate the output counting spikes that are normally 
associated with asynchronous (ripple-clock) counters. A buffered clock input triggers the eight flip-flops 
on the rising (positive-going) edge of the clock waveform. 

These counters are fully programmable; that is, the outputs may each be preset to either level. The load 
mode circuitry allows parallel loading of the cascaded counters. As loading is synchronous, selecting the 
load mode disables the counter and causes the outputs to agree with the data inputs after the next clock 
pulse. 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without 
additional gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. 
Both count enable inputs (ENP and ENT) must be low to count. The direction of the count is determined 
by the levels of the select inputs (see Function Table). Input ENT is fed forward to enable the carry output. 
The ripple carry output thus enabled will produce a low-level pulse while the count is zero (all outputs 
low) counting down or 255 counting up (all outputs high). This low-level overflow carry pulse can be used 
to enable successive cascaded stages. Transitions at the enable ENP and ENT inputs are allowed regardless 
of the level of the clock input. All inputs are diode-clamped to minimize transmission-line effects, thereby 
simplifying system design. 

Copyright © 1983, Texas Instruments Incorporated 
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SN54AS867. SN54AS869. SN74AS867. SN74AS869 
SYNCHRONOUS 8·BIT UP/DOWN COUNTERS 

These counters feature a fully independent clock circuit. With the exception of the asynchronous clear 
on the 'AS867, changes at control inputs (SO, S1) that will modify the operating mode h'ave no effect 
on the Q outputs until clocking occurs. Anytime the ENP and/or ENT is taken high, RCO will either go 
or remain high. The function of the counter (whether enabled, disabled, loading, or counting) will be dictated 
solely by the conditions meeting the stable setup and hold times. 

The SN54AS867 and SN54AS869 are characterized for operation over the full military temperature range 
of - 55°C to 125°C. The SN74AS867 and SN74AS869 are characterized for operation from ° °C to 70°C. 

logic symbols t 

so (1) 

51 (2) 

'A5867 

CTROIV 256 

0,\ M..!!.. 
1,)'3 
G4 
G5 

=~-i>'C6/1.4.5-/3,4,5+ 

A (3) 

B (4) 

c (5) 

o (6) 

F 

G 
H (10) 

'AS869 

CTROIV 256 
0,\ MJ1. . 
1,)'3 
G4 

...!.!.::l......pC6/1.4,5-/3,4,5+ 

A (3) 

B (4) 

C (5) 

o (6) 

E (7) 

F (8) 

G (9) 

H (10) 

2,60 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12, 
Pin numbers shown are for OW, JT, and NT packages. 

FUNCTION TABLE 

51 SO FUNCTION 

L L Clear 

L H Count down 

H L Load 

H H Count up 

(13) RCO 

(22) OA 

(21) OB 

(20) Oc 

(19) 00 

(18) OE 

17) OF 
(16) OG 

(15) OH 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC ....................................................... 7 V 
Input voltage ............................................................. 7 V 
Operating free-air temperature range: SN54AS867, SN54AS869 ... . . . . . . . .. - 55°C to 125°C 

SN74AS867, SN74AS869 ............... ooC to 70°C 
Storage temperature range ........................................ - 65°C to 150°C 
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SN54AS867. SN54AS869. SN74AS867. SN74AS869 
SYNCHRONOUS 8-BIT UP/DOWN COUNTERS 

logic diagram (positive logic) 

A (31 

B (41 

c (51 

(61 
0 

E~(7~)--------------tr;::EE!~ 

(8) 

F----------t===~~ 

(91 
G---------------H-----+~~ 

H~(1~O~I------------~~~~~1 

Pin numbers shown are for OW. JT. and NT packages. L...;;;:::;......:.-__ -==...J 
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SN54AS867, SN74ASP67 
SYNCHRONOUS 8-JUT UP/OPWN COUNTERS WITH ASYNCHRONOUS CLEAR 

recommended operating conditions 

SN54AS867 SN74AS867 

MIN NOM MAX MIN NOM 
UNIT 

MAX 

Vee Supply volt~ge 4.5 5 5.5 4·5 5 5.5 V 

VIH High-Ievet input voltage 2 2 V 

VIL Low-level inp!Jt voltage 0.8 0.8 V 

IOH High-level output current -2 -2 mA 

IOL low-level output current 20 20 mA 

fclock Clock frequency 0 40 0 50 MHz 

twlclockl Duration 12.5 10 ns 

twlclear) Duration of clear pulse ISO and 51 low) 12.5 10 ns 

Data inputs A-H 5 4 ns 
Enable P (ENP) or 

9 
Enable T 100) 

8 ns 

tsu Setup timet SO or 51 lIoad) 11 10 ns 

SO or 51 Iclear) 11 10 ns 

SO or 51 Icount down) 42 40 ns 

SO or 51 Icaunt up) 42 40 ns 

th Hold time at any input with respect to clock! 0 0 ns 

tskew 
Skew time between SO and S 1 Imaximum to 

8 
avoid inadvertent clear) 

7 ns 

TA Operating free-air temperature -55 125 0 70 DC 
r-
~ tThis setup time is required to ensure stable data. 

~ electrical characteristics over recommended operating free-air temperature range. (unless otherwise 
< noted) 
c:r 
CD en PARAMETER TEST CONDITIONS 

VIK Vee - 4.5 V, II ~ 18 mA 

VOH Vee ~ 4.5 V to 5.5 V, IOH ~ -2 mA 

VOL Vee - 4.5 V, IOL - 20 mA 

II Vee - 5.5 V, VI -7V 

ENT 
IIH Vee ~ 5.5V, VI ~ 2.7 V 

Other inputs 

ENT 
IlL Vee ~ 5.5 V, VI ~ 0.4 V 

Other inputs 

loi Vee ~ 5.5 V, Va ~ 2.25 V 

ICC Vee - 5.5 V 

tAlI typical values are at Vee ~ 5 V, TA ~ 25 De. 

SN54AS867 SN74AS867 
Typt Typt 

UNIT 
MIN MAX MIN MAX 

-1.2 -1.2 V 

Vcc- 2 Vcc- 2 V 

0.34 0.5 0.34 0.5 V 

0.1 0.1 mA 

40 40 
~A 

20 20 

-4 -4 

-2 -2 
mA 

-30 -112 -30 -112 mA 

134 195 134 195 mA 

§The o~tput conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS869, SN74AS869 
SYNCHRONOUS 8-BIT UP/DOWN COUNTERS WITH SYNCHRONOUS CLEAR 

recommended operating conditions 

SN54AS869 SN74AS869 

MIN NOM 
UNIT 

MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current 2 2 mA 

IOL Low-level output current 20 20 mA 

fclack Clock frequency a 40 a 45 MHz 

twlclackl Duration 12.5 11 ns 

Data inputs A-H 6 5 ns 

Enable P IENPI or 
10 9 

Enable T IENTI 
ns 

tsu Setup time t SO or Sl Ilaadl 13 11 ns 

SO or Sl Iclearl 13 11 ns 

SO or Sl (count down) 52 50 ns 

SO or 51 (count upl 52 50 ns 

th Hold time at any input with respect to clock i a a ns 

TA Operating free-air temperature -55 125 a 70 °e 

tThis setup time is required to ensure stable data. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONOITIONS 
SN54AS869 SN74AS869 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee ~. 4.5 V, II ~ 18 mA -1.2 -1.2 V 

VOH Vee ~ 4.5 V to 5.5 V, IOH ~ -2 mA VCC- 2 VCC-2 V 

VOL Vee - 4.5 V, IOL ~ 20 mA 0.34 0.5 0.34 0.5 V 

II Vee ~ 5.5 V, VI ~7V 0.1 0.1 mA 

ENT 40 40 
IIH Vee ~ 5.5 V, VI ~ 2.7 V ~A 

Other inputs 20 20 

ENT -4 -4 
IlL Vee ~ 5.5 V, VI ~ 0.4 V mA 

Other inputs -2 -2 

lo§ Vee ~ 5.5 V, Vo ~ 2.25 V -30 -112 -30 -112 mA 

lee Vee - 5.5 V 125 180 125 180 mA 

"All typical values are at Vee ~ 5 V, TA ~ 25°e. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN54AS867, SN54AS869, SN74AS86~ SN74AS869 
SYNCHRONOUS 8·BIT UP/DOWN COUNTERS 

• AS867 switching characteristics (see note 1) 

FROM TO 
PARAMETER 

(INPUT OUTPUT 

fmax 
tPlH 

ClK REO 
tpHl 

tplH 
ClK Any Q 

tPHl 

tplH 
ENi' RCO 

tPHl 

tPlH ENP RCO 
tpHl 

Clear 
tpHl Any Q 

(50.51 low) 

• ~ AS869 switching characteristics (see note 1) 

r­en 
C 
(1) 

< c:r 
(1) 
(/I 

PARAMETER 

fmax 
tplH 

tPHl 

tplH 

tpHl 

tplH 

tpHl 

tPlH 

tpHl 

FROM 

(INPUT) 

ClK 

ClK 

ENi' 

ENP 

TO 

(OUTPUT) 

REO 

Any Q 

\ 

RCO 

RCO 

NOTE 1: Load circuit and voltage waveforms, are shown in Section 1. 
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VCC - 4.5 V to 5.5 V. 

CL - 50 pF. 

RL = 500 n. 

TA = MIN to MAX 

SN54AS867 SN74AS867 

MIN ,c MAX MIN MAX 

40 50 

5 31 5 22 
6 19 6 16 

3 12 3 11 

4 16 4 15 

3 19 3 10 

5 21 5 17 

5 14 5 14 

5 21 5 17 

7 23 7 21 

Vee - 4.5 V to 5.5 V. 

CL = 50 pF. 

Rl-500n 

TA = MIN to MAX 

SN54AS869 SN74AS869 

MIN MAX MIN MAX 

40 45- -

6 35 6 ;35 
6 20 6 18 

3 12 3 1_1 

4 16 4 15 

3 25 3 15 

6 21 6 17 

5 27 5 19 

6 21 6 18 

POST OFFICE BOX 225012 • DALLAS, TEXAS 76265 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

I,INIT 
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ns 

ns 

ns 
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SN54AS870, SN54AS871, SN74AS870, SN74AS871 
DUAL 16-BY-4 REGISTER FILES 

• 'AS870 in 24-Pin Small Outline, 300-mil DIP 
and Both Plastic and Ceramic 28-Pin Chip 
Carriers 

• 'AS871 in 28-Pin 600-mil DIP and Both 
Plastic and Ceramic Chip Carriers 

• 3-State Buffer-Type Outputs Drive Bus Lines 
Directly 

• Typical Access Time is 11 ns 

• Each Register File Has Individual Write 
Enable Controls and Address Lines 

• Designed Specifically for Multibus 
Architecture and Overlapping File Operations 

• Prioritized B Input Port Prevents Write 
Conflicts During Dual Input Mode 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These devices feature two 16-word by 4-bit 
register files. Each register file has individual 
write-enable controls and address lines, The 
'AS870 has two 4-bit data 1/0 ports 
(DQA1-DOA4 and DOB1-DOB4). The 'AS871 
has one 4-bit data 1/0 port (DOB 1-DOB4) with 
the other data port having individual data inputs 
(DA1-DA4) and data outputs (OA1-0A4), The 
data 1/0 ports can output to Bus A and Bus B; 
receive input from Bus A and Bus B, receive input 
from Bus A and output to Bus B, or output to 
Bus A and receive input from Bus B. To prevent 
writing conflicts in the dual-input mode, the B 
input port takes priority. Two select lines, SO and 
S 1, control which port has access to which 
register. S2 determines whether the A ports are 
in the input or the output modes and S3 does 
likewise for the B ports. The address lines 
(1AO-1A3 or 2AO-2A3) are decoded by an 
internal 1-of-16 decoder to select which register 
word is to be accessed. All outputs are 3-state 
buffer-type outputs designed specifically to drive 
bus lines directly. 

The SN54AS870 and SN54AS871 are 
characterized for operation over the full military 
temperature range of - 55 °e to 125°e. The 
SN74AS870 and SN74AS871 are characterized 
for operation from ooe to 70 oe. 

02661, DECEMBER 1S82-REVISED JANUARY 1S86 

SN54AS870 ... JT PACKAGE 
SN74AS870 ... OW OR NT PACKAGE 

(TOP VIEW) 

Vee 
S1 
2A3 

lA2 2A2 
lA3 • 2Al 
lW ,. 2AO 
S2 7 ,. >iN 

DOAl 17 S3 
OQA2 ,. 0084 
OQA3 10 ,. OOB3 
OQA4 11 ,. OOB2 

GND 12 13 DOBl 

SN54AS871 ... JO PACKAGE 
SN74AS871 ... N PACKAGE 

(TOP VIEW) 

DAl Vee 
DA2 OA4 

so OA3 
'AO S, 

lA' 2A3 
2A2 

2A' 
2AO 
tW 

OAl S3 
OQB4 

OA3 OOB3 
OA4 DaB2 
GND 0081 

SN54AS870 ... FK PACKAGE 
SN74AS870 ... FN PACKAGE 

DQAl 10 

DOA2 " 

(TOP VIEW) 
... 0 0 CO) « « 0 u u .... « 
........ (I')~>(/)N 

4321282726 

25 2A2 
24 2Al 
23 2AO 
22 NC 

21 iW 
20 53 
19 OOS4 

121314151617 18 

SN54AS871 ... FK PACKAGE 
SN74AS871 ... FN PACKAGE 

(TOP VIEW) 
o N r- Uo;t ("') 
« 0 cot « 0« « 
.... 0000>00 

4 3 2 ,'282'7"26 
lAl 5 2~~ 51 
lA2 6 24~ 2A3 
lA3 23~ 2A2 
,w 22~ 2Al 

52 9 21[ 2~ 
QAl 10 20~ 2W 

QA2 11 1ge 53 

:;,'314151617 18 

M~O .... NM"it 
«<tZIllIllIllO'J ooogggg 

NC-No internal connection 

Copyright © 1982, Texas Instruments Incorporated 
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SN54AS87G. SN54AS871. SN74AS870. SN74AS871 
DUAL 16-8Y-4 REGISTER FILES 

logic symbols t 

'AS870 

[REG FILE 16 X 41 

lAO (2) 

lAfs 
lAl (3) 

lA2 (4) 

lA3 is) 
ZAO (19) J2A fs 
2Al (20) 

2A2 (21) 

2A3 (22) 

so 111 COiG1O 
51 (23) el/Gll 
S2 (7) 

EN12 {Aoutl 

C3 (Bin) 

EN13 [Bout} 

c& 

RAM 16 X 1 DOBl 

MUX [REG 11 
MUX 

6 lA.O.2(1/~14D 

7 lA,i,3,4D lA Z8 
8,10 8 ;; 

RAM 16 X 1 

9,10 
[REG 21 

9 11 

6 2A,O,2(1/3)5D 

7 2A,1,3,50 2A Z. 

DQA2 (9) 

OQA3 (10) 

OQA4 (11) 

'These symbols are in accordance with ANSI/IEEE Std 9l-1984 
and lEG Publication 617-12. 

Pin numbers shown are for DW, JT, and NT packages. 

lAO (4) 

lAl (5) 

lA2 (6) 

lA3 (7) 

ZAO (21\ 

2Al (22) 

2A2 (23) 

2A3 (24) 

SO (3) 

51 (25) 

52 (9) 

}Afs 

}Afs 
CO/G10 

Cl/Gl1 

EN12 {Aoutl 

MUX 

6 

7 

'AS871 

[REG FI LE 16 X 41 

RAM 16 X 1 
[REG1] 

lA,tI,2(1/3)4D 

lA.1.3,4D lA 
RAM16Xl 

(REG 21 

2A,a,ziT ;3)50 

2A,1,3,50 2A 

Z7 

MUX 

13[>\7 
28 

8 i1 

9 11 

Z9 

DA2~1--1----~--~--------~---L----i QA2 
DA3~ru-~--------------------------~ 
0A3 DA4 QA4 
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logic diagram (positive logic) 

1AO 
1A1 
1A2 
1A3 

so 

51 

52 

53 

OA1 
{'AS87' I 

DQA1 
('AS870) 

QA1 
('ASS71) 

..... 

" :.:: 
----t/1,-

I fE-
'X .... 

J'.-
-

I 
I 
I 
I 

~ 
.--. 

I 
I 
I 

-----'-

~ 

DECODER 

r-'iiiNiY , , 
f5~ 3 . 

'---

=L.J 

8--

'6 

SN54AS87n. SN54AS871. SN74AS870. SN74AS871 
DUAL 16·BV·4 REGISTER FILES 

DECODER 

~ , 
" 0 , 

" 3 

4 

'---

~ 
'6 A~ 

" 
p~~p 

~ 
'6 Afs 

P~lP 
" 
~ 

---

~ 

2AO 
2A1 
2A2 
2A3 

OOSl 

THREE IDENTICAL CHANNElS NOT SHOWN 
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SN54AS870, SN54AS871, SN74AS870, SN74AS871 
DUAL 16-8Y-4 REGISTER FILES 

FUNCTION TABLE 

FILE SELECT 

SO S1 FILE SEL 

L L 1RTOA,1RTOB 

H L 2R TO A, 1R TO B 

L H 1 R TO A, 2R TO B 

H H 2R TO A, 2R TO B 

L L AT01R,1RTOB 

H L A TO 2R, 1R TO B 

L H A TO 1 R, 2R TO B 

H H A TO 2R, 2R TO B 

L L 1RTOA,BT01R 

H L 2R TO A, B TO 1 R 

L H 1 R TO A, B TO 2R 

H H 2R TO A, B TO 2R 

L L BTO 1R 

H L A TO 2R, B TO 1 R 

.L H ATO 1R, BTO 2R 

H H BTO 2R 

INPUT/OUTPUT 

S2 S3 1/0 SEL 

L L A OUT, BOUT 

H L A IN, BOUT 

L H A OUT, BIN 

H H AIN,BIN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: All inputs .. , ............................................ '. . . . . .. 7 V 

1/0 ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V . 
Voltage applied to a disabled 3-5tate output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
.operating free-air temperature range: SN54AS870, SN54AS871 ............. -55°e to 125°e 

SN74AS870, SN74AS871 ................ ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 

recommended operating conditions 

SN54AS870 SN74AS870 

SN54AS871 SN74AS871 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -12 -15 mA 

IOL Low-level output current 32 48 mA 

tw Duration of write pulse 12 12 ns 

Address before write~ 5 5 

tsu Setup times Data before write! 15· 15 ns 

Select before write! 12 12 

Address after writet 0 0 

th Hold times Data after writei 0 0 ns 

Select after writer 12 12 

TA Operating free-air temperature -55 125 0 70 °C 
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SN54AS870. SN54AS871. SN74AS87L SN74AS871 
DUAL 16·BY·4 REGISTER FILES 

"AS870 electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

SN54AS870 SN74AS870 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee ~ 4.5 V, II ~ -18 mA -1.2 -1.2 V 

Vee - 4.5 V to 5.5 V IOH - -2 mA vee 2 vce- 2 

VOH Vee ~ 4.5 V, IOH ~ -12 mA 2.4 3.2 V 

Vee - 4.5 V, IOH - -15 mA 2.4 3.2 

Vee - 4.5 V, IOl - 32 mA 0.25 0.5 
VOL V 

Vee ~ 4.5 V, IOL ~ 48 mA 0.35 0.5 

Control inputs Vee - 5.5 V, VI - 7 V 0.1 0.1 
II' mA 

DOA and 0 OB ports Vee - 5.5 V, VI ~ 5.5 V 0.2 0.2 

lW and 2W 20 20 

IIH Other control inputs Vee ~ 5.5 V, VI ~ 2.7V 40 40 ~A 

DOA and DaB ports" 50 50 

Control inputs -2 -2 
III 

DOA and DaB ports + Vee ~ 5.5 V, VI ~ 0.4 V mA 
-2 -2 

lo§ Vee - 5.5 V, Va - 2.25 V -30 -112 -30 -112 mA 

lee Vee ~ 5.5 V 120 190 120 190 mA 

"AS871 electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

SN54AS871 SN74AS871 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee ~ 4.5 V, II ~ -18 mA -1.2 -1.2 V 

Vee ~ 4.5 V to 5.5 V, IOH ~ -2 mA vee-- 2 vee -2 

VOH Vee - 4.5 V, IOH - -12 mA 2.4 3.2 V 

Vee ~ 4.5 V, IOH ~ -15 mA 2.4 3.2 

Vee ~ 4.5 V, IOl ~ 32 rnA 0.25 0.5 
Val V 

Vee ~ 4.5 V, IOl ~ 48 rnA 0.35 0.5 

IOZH OA outputs Vee ~ 5.5 V, Va ~ 2.7V 50 50 ~A 

IOZl QA outputs Vee ~ 5.5 V, Va ~ 0.4 V -50 -50 ~A 

Control and DA inputs Vee - 5.5 V, VI - 7 V 0.1 0.1 
II rnA 

DaB ports Vee ~ 5.5 V, VI ~ 5.5 V 0.2 0.2 

lW, 2W, and DA inputs 20 20 

IIH Other control inputs Vee ~ 5.5 V, VI ~ 2.7 V 40 40 ~A 

DaB ports" 50 50 

Control and DA inputs -2 -2 
III Vee ~ 5.5 V, VI ~ 0.4 V rnA 

DaB ports" -2 -2 

lo§ Vee ~ 5.5 V, Vo ~ 2.25 V -30 -112 -30 -112 rnA 

lee Vee - 5.5 V 120 190 120 190 rnA 

tAli typical values are at Vee = 5 V, TA = 25°e. 
+For I/O ports, the parameters I'H and IlL include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, lOS. 
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SN54AS870.SN54AS871. SN74AS870. SN74AS871 
DUAL 16·BY·4 REGISTER FILES . 

, AS870 switching characteristics (see Note 1) 

FROM TO 
PARAMETER 

IINPUT) (OUTPUT) 

Vcc - 4.5 V to 5.5 V. 
CL - 50 pF. 

R1 = 50011. 

R2 - 50011. 

TA - MIN to MAX 
SN54AS810 SN14ASS70 

talAI Any A Any DQ 

SO Any DQA 
ta(S) 

51 Any DQB 

52 Any DQA 
tdis 53 Any DQB 

52 Any DQA 
ten 

53 Any DQB 

W Any DQ 

tpd DQA Doll 

DQB DQA 

• 'AS871 switching characteristics (see Note 1) 

r­m 
PARAMETER 

FROM 

IINPUT) 

TO 

(OUTPUT) 

MIN MAX MIN 

5 20 5 

3 15 3 

3 15 3 

3 12 3 

3 12 3 

3 15 3 

3 15 3 

5 23 5 

5 25 5 

5 25 5 

Vcc - 4.5 V to 5.5 V. 
CL = 50 pF. 

A1 ,.. 50011. 

R2 = 50011. 

TA - MIN to MAX c 
CD 
< 
5' 

SN54AS871 SN74AS871 

CD 
(I) 

MIN 

talAI Any A Any QA or DQB 5 

SO Any QA 3 
ta(S) 

51 Any DQB 3 

S2 Any QA 3 
tdis 

S3 AnyDQB 3 

52 Any QA 3 
ten 

S3 Any DQB 3 

W Any QA or DQB 5 

tpd DA DOB 5 

DQB QA 5 

NOTE 1: Load circuit ~nd voltage waveforms are shown in Section 1. 
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MAX MIN 

20 5 

15 3 

15 3 

12 3 

12 3 

15 3 

15 3 

23 5 

26 5 

26 5 

UNIT 

MAX 

15 ns 

13 

13 
ns 

11 
·11 

ns 

12 

12 
ns 

19 

22 ns 

22 

UNIT 

MAX 

16 ns 

13 

13 
ns 

11 

11 
ns 

12 

12 
ns 

19 

23 ns 

23 



SN54AS877. SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

• Included Among the Package Options are 
Compact, 24-Pin, 300-mil-Wide Dips and 
Both 28-Pin Plastic and Ceramic Chip 
Carriers 

• Buffered 3-State Outputs Drive Bus Lines 
Directly 

• Cascaded to n-Bits 

• Eight Selectable Transceiver/Port Functions: 
AtoBorBtoA 
Register to A or Register to B 
Shifted to A or Shifted to B 
Off-Line Shifts (A and B Ports in High­

Impedance State) 
Register Clear 

• Particularly Suitable for Use in Signature­
Analysis Circuitry 

• Serial Register Provides: 
Parallel Storage of Either A or B Input 

Data 
Serial Transmission of Data from Either A 

or B Port 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The' ASS77 features two 8-bit I/O ports (A 1-AS 
and 81-8S), an S-bit parallel-load, serial-in, 
parallel-out shift register, and control logic. With 
these features, this device is capable of 
performing eight selectable transceivElr or port 
functions, depending on the state of the three 
select lines SO, 51, and S2. These functions 
include: transferring data from port A to port 8 
or vice versa (i.e., the transceiver function), 
transferring data from the register to either port, 

02661, DECEMBER 1982-REVISED 

SN54ASB77 ... JT PACKAGE 
SN74ASB77 ... OW OR NT PACKAGE 

A1 

A2 
A3 
NC 
A4 
A5 
A6 

(TOP VIEW) 

50 VCC 
51 ClK 
52 5ER)N 
A1 81 
A2 82 
A3 B3 
A4 B4 
A5 B5 
A6 B6 
A7 B7 
A8 B8 

GND Q8 

SN54ASB77 .... FK PACKAGE 
SN74AS877 .... FN PACKAGE 

5 

6 

7 

8 

9 

10 

11 

(TOP VIEW) 

z 
u ~ a: 

N ..... OU U....Jw 
U)U)U)z>uU) 

4 3 2 1 28 27 26 

25 

24 

23 

22 

21 

20 

19 

12 13 14 15 16 17 18 

NC - No internal connection 

B1 

1985 

serial shifting data to either port, performing off-line shifts (with A and 8 ports in high-impedance state). 
and clearing the register. Synchronous parallel loading of the internal register can be accomplished from 
either port on the positive transition of the clock while serially shifting data in via the SERIN input. The 
, ASS 77 is ideally suited for applications needing signature-analysis circuitry to enhance system verification 
and/or fault analysis. All serial data is shifted right. All outputs are buffer-type outputs designed specifically 
to drive bus lines directly and all are 3-state except for as, which is a totem-pole output. 

The SN54ASS77 is characterized for operation over the full military temperature range of - 55 °e to 125°C. 
The SN74AS877 is characterized for operation from ooe to 70 oe. 

Copyright © 1982, Texas Instruments Incorporated 

• 
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SN54AS877, SN74AS877 
a-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

FUNCTION TABLE 

MODE 

5251 SO 
CLOCK SERIN A1 01 B1 A2 02 B2 A3 03 B3 A404 B4 A5 05 B5 A6 06 B6 A7 07 87 A8 08 88 

PORT 

FUNCTION 

L l l H or l X Z On A1 Z On A2 Z On A3 Z On A4 Z On A5 Z On A6 Zan A7 Z On A8 
A TO B 

l L l 1 X Z A1 A1 Z A2 A2 Z A3 A3 Z A4 A4 Z A5 A5 Z A6 A6 Z A7 A7 Z A8 A8 

l l H H or l X B1 On Z B2 On Z B3 an Z B4 On Z B5 On Z B6 On Z B7 an Z B8 On Z 
B TO A 

l l H 1 X B1 B1 Z B2 B2 Z B3 B3 Z B4 B4 Z B5 B5 Z B6 B6 Z B7 B7 Z B8 B8 Z 

l H l H or l X X On 01 X On 02 X On 03 X On 04 X On 05 X On 06 X an 07 X On 08 
ON TO BN 

l H l 1 X Z A1 A1 Z A2 A2 Z A3 A3 Z A4 A4 Z A5 A5 Z A6 A6 Z A7 A7 Z A8 A8 

l H H H or l X 01 On X 02 On X 03 On X 04 On X 05 On X 06 On X 07 On X 08 On X 

l H H 1 X B1 B1 Z B2 B2 Z B3 B3 Z B4 B4 Z B5 B5 Z B6 B6 Z B7 B7 Z B8 B8 Z 
ON TO AN 

H l l H or L X Z On 01 Z On 02 Z On 03 Z On 04 Z On 05 Z On 06 Zan 07 Z On 08 SHIFT 

H l l 1 H Z H H Z 0101 Z 02 02 Z 03 03 Z 04 04 Z 05 05 Z 06 06 Z 07 07 TO 
H l l 1 l Z l l Z 0101 Z 02 02 Z 0303 Z 04 04 Z 05 05 Z 06 06 Z 0707 B 

H l H H or l X 01 On Z 02 On Z 03 On Z 04 On Z 05 an Z 06 On Z Q7 On Z 08 an Z SHIFT 

H l H 1 H H H Z 0101 Z 02·02 Z 0303 Z 0404Z 0505 Z 0606 Z 0707 Z TO 
H l H 1 l l l Z 0101 Z 0202 Z 0303 Z 0404 Z 0505 Z 0606 Z 0707 Z A 

H H l H or l X Z On Z Z On Z Z On Z Z On Z Z On Z Z On Z Z On Z Z On Z 
H H l 1 H Z H Z Z 01 Z Z 02 Z Z 03 Z Z Q4 Z Z 05 Z Z 06 Z Z 07 Z SHIFT 

H H l 1 l Z l Z Z 01 Z Z 02 Z Z 03 Z Z 04 Z Z 05 Z Z 06 Z Z 07 Z 

H H H Harl X Z On Z Z On Z Z On Z Z On Z Zan Z Z On Z Z On Z Z On Z 
CLEAR 

H H H 1 X Z l Z Z l Z Z L Z Z L Z Z L Z Z l Z Z l Z Z l Z 

n = level of Qn(n = 1, 2 ... 8) established on most recent t transition of elK. Q 1 thru 08 are the shift register outputs; only 08 is available 
externally. The double inversions that take place as data travels from port to port are ignored in this table. 

iogic symbol t 

so 111 
lPORT CONTROllER! 

S1 (2) 

S2 (3) 
SRG8 

ClK 

SERIN 

A1 (0/2)100 
12 

13 (1/3)100 2/4 

1=0 
A2 (0/2)100 ,. 

(1/3)100 2/4 

217 

;;>1 1=0 
AS (0/2)10D 

33 

34,1 (1/3)100 2/4 35 

35(316) 235 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for DW, JT, and NT packages. 

81 
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logic diagram (positive logic) 

SN54AS877, SN74AS877 
8·BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

(21) Bl 

FOUR IOENTICAL CHANNELS NOT SHOWN 
INPUTS/OUTPUTS NOT SHOWN: 

(6) A3 (19) 83 
(7) A4 (18) S4 
(8) A5 (17) 85 
(9) A6 (16) B6 

. (13) L-____ ~=_ __________ ~L-______________ ~Q8 

Pin numbers shown are for OW, JT, and NT packages. 
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SN54AS877. SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

absolute maximum ratings over free-air temperature range 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: All inputs ................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

1/0 ports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54AS877 ....................... - 55 °e to 125°e 

SN74AS877 ........................... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 

recommended operating conditions 

SN54AS877 SN74AS877 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High~level input voltage 2 2 V 

Vil Low~level input voltage O.S O.S V 

Al-AS. Bl-BB -12 -15 
IOH High-level output current mA 

OS -2 -2 

IOl low-level output current 
Al-AS.Bl-BS 32 4S 

mA 
OS 20 20 

Iclock Clock frequency 0 45 0 50 MHz 

tw Duration of clock pulse 11 10 ns 

Al-AS. Bl-BS 
5.5 5.5 

tsu Setup time before ClKi 5ERIN ns 

50.51.52 5.5 5.5 

Al-AS. Bl·BS a 0 
th Hold time. data alter ClKi 5ERIN ns 

50.51.52 0 a 
TA Operating free-air temperature -55 125 a 70 °c 
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SN54AS877, SN74AS877 
8-BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54AS877 SN74AS877 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vce ~ 4.5 V, II ~ -18 mA -1.2 -1.2 V 

Al-A8 Vee ~ 4.5 V, 10H ~ -12 mA 2 3.2 

VOH Bl-B8 Vee -- 4.5 V, 10H _. 15 mA 2 3.3 V 

All outputs Vee - 4.5 V to 5.5 V, 10H - -2 mA Vee- 2 Vee -2 

Vee ~ 4.5 V, 10L ~ 32 mA 0.25 0.5 

VOL 
All outputs except 08 

Vee - 4.5 V, 10L - 48 mA 0.35 0.5 V 

08 Vee - 4.5 V, 10L -- 20 mA 0.25 0.5 0.25 0.5 

SO, Sl, S2 0.3 0.3 
Vee ~ 5.5 V, VI ~ 7V 

II eLK and SERIN 0.1 0.1 mA 

Al-A8,81·88 Vee - 5.5 V, VI - 5.5 V 0.2 0.2 

SO, Sl, S2 60 60 

IIH eLK and SERIN . Vee ~ 5.5 V, VI ~ 2.7 V 20 20 ~A 

Al-A8,81·88" 70 70 

SO, Sl, S2 -1 ··1 

IlL eLK and SERIN Vee ~ 5.5 V, VI ~ 0.4 V -0.5 -0.5 mA 

A l-A8, 81·88" -0.75 -0.75 

Except 08 -30 -112 - 30 -112 
lo! Vee ~ 5.5 V, Va ~ 2.25 V mA 

08 -20 -112 -20 --112 

lec Vee ~ 5.5 V 136 220 136 220 mA 

tAli typical values are at Vee ~ 5 V, TA ~ 25°e. 
+For 110 ports, the parameters IIH and IlL include the output currents IOZH and IOZl. respectively. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS· 

switching characteristics (see Note 1) 

Vcc - 4.5 V to 5.5 V, 

CL = 50 pF, 

FROM 
Rl = 500 I). 

PARAMETER 
TO 

R2 = 500 I), UNIT 
(INPUT) (OUTPUT) 

TA = MIN to MAX 

SN54AS877 SN74AS877 

MIN MAX MIN MAX 

fmax 45 50 MHz 

tPLH 2 8.5 2 7 
Any A port Any B port 

3 10.5 3 9 
ns 

tpHL 

tPLH 2 9 2 7.5 
Any B port Any A port 

3 10.5 3 9 
ns 

tpHL 

tpLH 
SO, Sl, 52' 

Any A or B 3 11.5 3 10 

2 9.5 2 8 
ns 

tPHL port 

tpLH 
CLK 

Any A or B 2 11 2 9 
ns 

tpHL port 3 13 3 11.5 

tpLH 2 10.5 2 8 
eLK 08 ns 

tpHL 3 10 3 8.5 

tpHZ 2 7.5 2 6.5 

Any A or B 13 3 
ns 

tPLZ 
50,51,52 

3 10.5 

tpZH port 2 9 2 7 

tpZL 3 11.5 3 9.5 
ns 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
~The positive transition of S2 will cause low-level data at the A output Bus or stored in the shift register to be invalid for 12 ns. 

II) 
Q) 
(.) 

'S 
Q) 

c 
en 
~ 
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SN54AS877, SN74AS877 
8·BIT UNIVERSAL TRANSCEIVER PORT CONTROLLERS 

TYPICAL APPLICATION DATA 

BUS A TO BUS B OR 
SERIAL TRANSMISSION 

SERIA.L IN ------, 
CLK --<1>------, 

SERIAL 
OUT 

SERIAL IN TO A PORT 

SERIAL IN _____ .., 

CLK------, 

I 
I 
I B Hi-Z 

I 
I 

SERIAL 
OUT 

BUS B TO BUS A OR 
SERIAL TRANSMISSION 

SERIAL IN _____ -, 

CLK-..... ---, 

I 
I 
IB 
I 
I 

SERIAL 
OUT 

SERIAL IN TO B PORT 

SERIAL IN _____ -', 

CLK-----, 

Hi-Z 

I 
I 
IB 
I 
I 

SERIAL 
OUT 
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• Directly Compatible with 'AS181B, 
'AS11B1, 'AS881B, and 'AS1881 ALUs 

• Included among the Package Options are 
Compact, 24-Pin, 300-mil-Wide DIPs and 
Both 28-Pin Plastic and Ceramic Chip 
Carriers 

• Capable of Anticipating the Carry Across a 
Group of Eight 4-Bit Binary Adders 

• Cascadable to Perform look-Ahead Across 
n-Bit Adders 

• Typical Carry Time, Cn to Any Cn + i, is 
less Than 6 ns 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The' AS882A is a high-speed look-ahead carry 
generator capable of anticipating the carry 
across a group of eight 4-bit adders permitting 
the designer to implement look-ahead for a 
32-bit ALU with a single package or, by 
cascading 'AS882A's, full look-ahead is possible 
across n-bit adders. 

The SN54AS882A is characterized for operation 
over the full military temperature range of 
-55°C to 125°C. The SN74AS882A is 
characterized for operation from ooe to 70°C. 

Cn +8 

Cn +16 

Cn +24 

Cn +32 

'AS882A LOGIC EQUA nONS 

G1 +P1GO+P1POCn 

G3+P3G2+P3P2G1 + P3P2P1 GO 
+ P3P2P1 POCn 

G5 + P5G4 + P5P4G3 + P5P4P3G2 
+ P5P4P3P2G1 + P5P4P3P2P1 GO 
+ P5P4P3P2P1 POCn 

G7 + P7G6 + P7P6G5 + P7P6P5G4 
+ P7P6P5P4G3 + P7P6P5P4P3G2 
+ P7P6P5P4P3P2G 1 + P7P6P5P4P3P2P1 GO 
+P7P6P5P4P3P2P1POCn 

SN54AS882A, SN74AS882A 
32-81T LOOK-AHEAD CARRY GENERATORS 

02661. DECEMBER 1982 - REVISED NOVEMBER 1985 

SN54AS882A ... JT PACKAGE 
SN74AS882A ... OW OR NT PACKAGE 

(TOP VIEWI 

Cn vCC 
GO NC 
PO Cn +32 
G1 P7 
P1 G7 

Cn +8 P6 
G2 G6 
P2 Cn +24 
G3 P5 
P3 G5 

Cn +16 P4 
GND G4 

SN54AS882A ... FK PACKAGE 
SN74AS882A ... FN PACKAGE 

G1 5 
P1 6 

Cn +8 7 
NC 8 

(TOP VIEWI 

N 

'" u + 
Ifr (g J' ~ ;' ~ J' 
4 3 2 1 282726 

'" <00 U '<t '<t '"' 10. ~z Z((!)ID.((!) 
+(!)' 
<: 

U 

NC - No internal connection 

25 P7 
24 G7 
23 P6 
22 NC 

21 G6 
20 Cn +24 
19 P5 

Copyright © 1982, Texas Instruments Incorporated 
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SN54AS882A, SN74AS882A 
32·81T LOOK·AHEAD CARRY GENERATORS 

logic symbol f 

~_--1CI 

""""'-"""tCPO 

CPG 

C01 

C03 

C05 

C07 

(6) Cn+8 

(1;) 
Cn+16 

(17) Cn+24 

(22) Cn+32 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 
Pin numbers shown are for OW, JT, and NT packages. 
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67 

L 

X 

X 

X 

X 

X 

X 

X 

X 

135 

L 

X 

X 

X 

X 

X 

X 

133 G2 

L X 

X L 

X X 

X X 

X X 

G6 65 

X X 

L X 

X L 

X X 

X X 

X X 

X X 

X X 

X X 

G4 

X 

L 

X 

X 

X 

X 

X 

<h GO 

X X 

X X 

L X 

X L 

X X 

64 63 G2 01 

X X X X 

X X X X 

X X X X 

L X X X 

X L X X 

X X L X 

X X X L 

X X X X 

X X X X 

63 62 G1 

X X X 

X X X 

L X X 

X L X 

X X L 

X X X 

X X X 

FUNCTION TABLE 

FOR Cn + 16 OUTPUT 

INPUTS 

P3 P2 iS1 jio Cn 
X X X X X 

L X X X X 

L L X X X 

L L L X X 

L L L L H 

All other combinations 

60 

X 

X 

X 

X 

X 

X 

X 

L 

X 

SN54AS882A, SN74AS882A 
32·81T LOOK·AHEAD CARRY GENERATORS 

FUNCTION TABLE 

FOR Cn + 32 OUTPUT 

INPUTS 

P7 P6 P5 P4 

X X X X 

L X X X 

L L X X 

L L L X 

L L L L 

L L L L 

L L L L 

L L L L 

L L L L 

All other combinations 

FUNCTION TABLE 

FOR Cn +24 OUTPUT 

INPUTS 

P3 

X 

X 

X 

X 

X 

L 

L 

L 

L 

OUTPUT 

112 P1 Po Cn Cn +32 
X X X X H 

X X X X H 

X X X X H 

X X X X H 

X X X X H 

X X X X H 

L X X X H 

L L X X H 

L L L H H 

L 

OUTPUT 

60 P5 P4 P3 P2 1'1 PO Cn Cn +24 
X X X X 

X L X X 

X L L X 

X L L L 

X L L L 

L L L L 

X L L L 
All other combinations 

OUTPUT 

Cn ,,16 61 

H L 

H X 

H X 

H 

H 

L 

X 

X 

X 

X 

L 

L 

L 

60 

X 

L 

X 

X X 

X X 

X X 

X X 

X X 

L X 

L L 

FUNCTION TABLE 

FOR Cn + 8 OUTPUT 

INPUTS 

P1 PO Cn 
X X X 
L X X 

L L H 
All other combinations 

X H 

X H 

X H 

X H 

X H 

X H 

H H 

L 

OUTPUT 

Cn+B 
H 

H 

H 
L 

• U) 
CD 
CJ 
'S: 
,CD 
C 

Cii 
...I 

Any inputs not shown in a given table are irrelevant with respect to that output. 
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SN54AS882A, SN74AS882A 
32·81T LOOK·AHEAD CARRY GENERATORS 

logic diagram (positive logic) 

'P7 
(211 e::])-

P6 
(19) t=n--

P5 

1'4 

153 

(16) 

1?l1~ .. (14) 

110) 'lo---'=-

~ ~ 
1'2 

(B) 

~ 

P"1 
(5) 

}--

~ 
}--

1'0 
(3) 

II G7 

==t 
}--

.(20) 

r-
C/) G6 

liB) }--

-
C G5 

CD 
G4 < n' 

CD G3 
Ul 

(15) ;1L (13) 

(17) 

(9) n=r ~"--f 

~2 
(7) 

~ 

)---

Gl 
(4) 

L..........; 
}---

~O 
(2) 

(11) 
Cn + 16 

(6) 
Cn+B 

(1) 
" ... 

Pin numbers shown are for OW. JT. and NT packages. 
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SN54AS882A. SN74AS882A 
32-81T LOOK-AHEAD CARRY GENERATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Operating free-air temperature range: SN54AS882A . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74AS822A .......................... ooe to 70°C 
Storage temperature range ......................... '................ - 65°C to 150°C 

recommended operating conditions 

SN54AS882A SN74AS882A 
UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH Hjgh~level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 -2 mA 

IOL Low-level output current 20 20 mA 
TA Operating free-air temperature -55 125 0 70 °e 

• U) 
Q) 
CJ 
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Q) 
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SN54AS882A. SN74AS882A 
32-81T LOOK-AHEAD CARRY GENERATORS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54AS882A SN74AS882A 
UNIT PARAMETER TEST CONDITIONS 

TVpt TVpt MIN MAX MIN MAX 

VIK Vee = 4.5 V. II = -18 mA -1.2 -1.2 V 

VOH Vee = 4.5 V, to 5.5 V, 10H = -2 mA Vcc- 2 vcc- 2 V 

VOL Vee - 4.5 V, 10l - 20 mA 0.3 0.5 0.3 0.5 V 

en, PO, Pl 0.4 0.4 

GO,G6 0.8 0.8 

Gl,G2, G4 1.2 1.2 

G3,G5 1.5 1.5 
II Vee = 5.5 V, VI = 7 V mA 

G7 0.9 0.9 

P2, P3 0.3 0.3 

P4, P5 0.2 0.2 

P6, P7 0.1 0.1 

en, PO, Pl 80 80 

GO, G6 160 160 

Gl, G2,G4 240 240 

G3, G5 300 300 
IIH 

G7 
Vee = 5.5 V, VI = 2.7 V 

180 180 
~A 

P2, P3 60 60 

P4, P5 40 40 

P6, P7 20 20 

en, PO, Pl -2 -2 

GO,G6 -4 -4 

Gl, G2,G4 -6 -6 

G3, G5 -7.5 -7.5 
III Vee = 5.5 V, VI = 0.4 V mA 

G7 -4.5 -4.5 

P2, P3 -1.5 -1.5 

P4, P5 -1 -1 

P6, P7 -0.5 -0.5 

10' Vee = 5.5 V, Vo = 2.25 V -30 -130 -30 -130 mA 

ICC Vee = 5.5 V 44 70 44 70 mA 

tAli typical values are at Vee = 5 V, TA = 25°C. 
tThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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switching characteristics (see Note 1) 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 

tpHL 
Cn Any output 

tpLH 
PorG 

tpHL 
Cn +8 

tpLH 
P orG Cn +16 

tpHL 

tpLH 
P orG 

tpHL 
Cn +24 

tpLH PorG Cn +32 
tPHL 

NOTE 1: Load circuits and voltage waveforms are shown in Section 1. 

SN54AS882A, SN74AS882A 
32·81T LOOK·AHEAD CARRY GENERATORS 

Vcc - 4.5 V to 5.5 V. 

CL - 50 pF. 

RL - 500 II. 

TA - MIN to MAX 
UNIT 

SN54AS822A SN74AS882A 

MIN MAX MIN MAX 

2 10 2 9 
3 15 3 14 

2 8 2 7 

2 8 2 7 

2 8 2 7 

2 8 2 
ns 

7 

2 8 2 7 

2 11 2 10 

1.5 9 2 8 
2 13 2 12 

• CI) 

CD 
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SN54AS882A, SN74AS882A 
32·81T LOOK·AHEAD CARRY GENERATORS 

TYPICAL APPLICATION DATA 

The application given in Figure 1 illustrates how the' AS882A can implement look-ahead carry for a 32-bit 
ALU (in this case, the popular' AS881 A) with a single package. Typical carry times shown are derived 
using the standard Advanced Schottky load circuit . 

FIGURE 1 

Likewise, Figure 2 illustrates the same 32-bit ALU using two' AS882s. This shows the worst-case delay 
from LSB to. MSB to be 19 ns as opposed to 25 ns in Figure 1. 

LSB A B 

1 t 
.------iC~ 

'ASB81A 

l" 
" 

;-----jCn 

1 1 
PO GO 

P1 61 '! Cn +8 P2 (;2 

6 ns):l! l 

'AS882A 

~ 

P3 ~~ G3 

:~; 

~ 

Cn + 16 P4 G4 

'AS882A 

A B 

11 
'AS881A 

-0 Cn 

P5 G5 Cn +24 P6 G6 

. 7 ns '-i!';:;.' .• '1" ::·iI'··':'.i.::~'i':;':··'·'\: .;: ,~.:'~'.:.' .': .• .,t .. ~~~, '.,: J,. .;0.". :;;;'1 •. ...:! ,.~."':o''''. .... ":::\;' "r-"._" 

FIGURE 2 

MSB 

P7 G7 
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• Included among the Package Options Are 
Compact, 24-Pin, 300-mil DIPs and Both 
2a-Pin Ceramic and Plastic Chip Carriers 

• Latchable P Input Ports with Power-Up 
Clear 

• Choice of Logical or Arithmetic 
(2's Complement) Comparison 

• Data and PLE Inputs Utilize P-N-P Input 
Transistors to Reduce DC Loading Effects 

• Approximately 35% Improvement in AC 
Performance Over Schottky TTL while 
Performing More Functions 

• Cascadable to n-Bits while Maintaining High 
Performance 

• 10% Less Power than STTL for an a-Bit 
Comparison 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These advanced Schottky devices are capable 
of performing high-speed arithmetic or logic 
comparisons. on two 8-bit binary or two's 
complement words. Two fully decoded decisions 
about words P and Q are externally available at 
two outputs. These devices are fully expandable 
to any number of bits without external gates. 
The P > Q and P < Q outputs of a stage 
handling less-significant bits may be connected 
to the P > Q and P < Q inputs of the next stage 
handling more-significant bits to obtain 
comparisons of words of longer lengths. The 
cascading paths are implemented with only a 
two-gate-Ievel delay to reduce overall 
comparison times for long words. Two 
alternative methods of cascading are shown in 
the typical application data. 

SN54AS885. SN74AS885 
8-BIT MAGNITUDE COMPARATORS 

02661, DECEMBER 1982-REVISED MARCH 1985 

SN54AS885 .... JT PACKAGE 
SN74AS885 .... OW OR NT PACKAGE 

(TOP VIEW) 

LlA VCC 
P<QIN PLE 
P>QIN P7 

Q7 P6 
Q6 P5 
Q5 P4 
Q4 P3 
Q3 P2 
Q2 Pl 
Ql PO 
QO P<QOUT 

GND P>QOUT 

SN54AS885 .... FK PACKAGE 
SN74AS885 .... FN PACKAGE 

(TOP VIEW) 

zz 
dd u 
~ci:I§~~~ll: 
4 3 2 1 282726 

Q7 5 25 P6 
06 6 24 P5 
Q5 7 23 P4 
NC 8 22 NC 

9 21 P3 
Q3 10 20 P2 
Q2 11 19 Pl 

12 131415 1611 18 

~oou ...... o 
ddzz:::>:::>o. 

(!) 00 
dd 
1\ V 
0.0. 

The latch is transparent when P Latch Enable (PLE) is high; the P input port is latched when PLE is low. 
This provides the designer with temporary storage for the P data word. The enable circuitry is implemented 
with minimal delay times to enhance performance when cascaded for longer words. The PLE and P and 
Q data inputs utilize p-n-p input transistors to reduce the low-level current input requirement to typically 
-0.25 mA, which minimizes dc loading effects. 

The SN54AS885 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN74AS885 is characterized for operation from OOC to 70°C. 

~RDDUCTIDN DATA Copyright © 1982, Texas Instruments Incorporated 
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SN54AS885, SN74AS885 
8-Blt MAGNITUDE COMPARATORS 

logic diagram (positive logic) 

LE~ ~ P7 07 

P7~'1O 
P7 

I"-P7 {g::D P6=06 

P6~P6 

P 

P5~ 
I- :: :gp P5=05, 

~ 
I"-

P5 

P4 !.!!!! ~ 
}, P3=03 ::r 
}' 

P3 !..!!! 
I"-

P3 }, P2=02 
:t 

- :~ }' 

P2 !.!!! Pl = 01 (141 
), P<O 

• 
I"-

P2 }J:t 
Pl~ 

Pl 
PO=OO 

- Pl ~ 
PO~ PO I }' II 

_ PO 

III 
07~~ 

~ ~ 
06 "x lSo-- II ~ Q6 

cis C::o-05 (61 "x 
. v 

~ .~. 
Q4 ~ 

j\~. ~~ 
... Q4 

.. _03 
03 X 

v03 

... 02 
02 X 

v G2 )--

1101..:. 01 
01 }--

v 01 

P>G 

00~00 
p<'"n-, 

i;; ..l'.. ARITH 
(1) r -v LOGIC 

Pin numbers shown are for OW. JT. and NT packages. 
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SN54AS885. SN74AS88~ 
8·BIT MAGNITUDE COMPARATORS 

logic symbol t 

COMP 

P 

P6 

P7 

P>Q 

QO 111) 
0 

01 (10) 

Q2 (9) 

OJ (8) 
0 

Q4 

Q6 

Q6 

07 7 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for OW, JT, and NT packages. 

FUNCT)ON TABLE 

COMPARISON L/P. 
OATAINPUTS INPUT INPUT 

PO-P7,00-07 P>O P<O 

LOGICAL H P>Q X 'X 

LOGICAL H P<Q X X 

LOGICAL* H P=Q H OR L H OR L 

ARITHMETIC L PAG Q X X 

ARITHMETIC L QAG P X X 

ARITHMETIC* L P=Q H OR L H OR L 

P>Q 

P<O 

OUTPUTS 

P>O P<O 

H L 

L H 

H OR L H OR L 

H L 

L H 

H OR L H OR L 

* In these cases the P> Q output will follow the P> Q input, and the P < Q output will 
follow the P < Q input. 
AG - arithmetically greater than 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee .......... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Operating free-air temperature range: SN54AS885 ....................... - 55°C to 125°e 

SN74AS885 ........................... O°C to 70 0 e 
Storage temperature range .... :.................................... - 65°C to 150 °e 
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SN54AS885. SN74AS885 
8-BIT MAGNITUDE COMPARATORS 

recommended operating conditions 

PARAMETER 
SN54AS88;; SN74AS885 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current 2 2 rnA 

10L _ Low-level output current 20 20 rnA 

tsu Setup time to PLE. 2 2 

Hold time after PLE. 4 4 
ns 

th 

TA' Operating free-air temperature -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise. 
noted) 

PARAMETER TEST CONDITIONS 
SN54AS885 SN74AS885 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee - 4.5 V, II - 18 rnA -1.2 -1.2 V 

VOH Vee - 4.5 to 5.5 V, 10H - -2mA Vee- 2 Vee- 2 V 

VOL Vee - 4.5 V, 10L ~ 20 rnA 0.35 0.5 0.35 0.5 V 

II Vee ~ 5.5 V, VI ~ 7 V 0.1 0.1 fA 

IIH 
L/A 

Others 
Vee ~ 5.5 V, VI ~ 2.7V 

40 40 

20 20 
fA 

L/A -4 -4 

IlL 
P> Qin 

Vee ~ 5.5 V, VI ~ 0.4 V -2 -2 rnA 
P < Qjn 

p, Q, PLE -1 -1 

lot Vee ~ 5.5 V, Vo ~ 2.25 V -20 '-112 -20 -112 rnA 

lee Vee ~ 5.5 V See Note 1 130 210 130 210 rnA 

t All typical values are at Vee ~ 5 V, TA ~ 25°e. 
:t:"'fhe output conditions have been chosen to produce a current that closely approximates one hatf of the true short-circuit current, lOS. 
NOTE1: ICC is measured with all inputs high except LlA., which is low. 

switching characteristics (see Note 2) 

Vee = 4.5 V to 5.5 V, 

el = 50 pF, 

PARAMETER 
FROM TO Rl - 500 g, 

UNIT 
IINPUT) (OUTPUT) TA - MIN to MAX 

SN54AS885 SN74AS885 

MIN Typt MAX MIN Typt MAX 

tPLH 8.5 14 8.5 13 
L/A ns 

tPHL 7.5 14 7.5 13 

tPlH P < Qin P < Q, 5 10 5 8 
5'.5 

ns 
tpHL P> Qin P>Q 10 5.5 8 

tpLH Any P or Q 13.5 21 13.5 17.5 

Data Input 10 17 10 15 
ns 

tpHL 

tAli typical values are at Vee ~ 5 V, TA ~ 25°e. 
NOTE 2: Load circuit and voltage waveforms are shown in Section 1. 
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SN54AS885. SN74AS885 
8·BIT MAGNITUDE COMPARATORS 

TYPICAL APPLICATION DATA 

The' AS885 can be cascaded to compare words longer than 8-bits. Figure 1 shows the comparison of two 
32-bit words; however, the design is expandable to n-bits. Figure 1 shows the optimum cascading arrangement 
for comparing words of 32 bits or greater. Typical delay times shown are at Vee = 5 V, T A = 25 De, and 
use the standard Advanced Schottky load of RL = 500 0, eL = 50 pF. 

PLE 

"' co co 
II> 

~ 

p>o (131 

H OR L 
P<Q (14! 

01 no) "' 02 '91 CIA 

03 181 '" 1231 
04 '" PO (TSI 

.61 " U6l 

'" .51 P2 \171 
07 ., 

P3 (181 

" \191 

" ,20' 
" (211 

" \221 

1'>0 '31 0'>0 (131 

'"'A 12' 1'<0 (14) 
H OR L 

QO \111 

m (101 

L/Ji. 111 02 19' 
19' 

PLE (23) 

'" '" pons) as 19' 
PI (16) '" P2 (171 ,., 
P3(181 
P4IT9) 

PSt201 H OR L 
P6(21) 

P7 (22) 

p>o '" \13\ 

H OR L 0><0 '21 (141 

co '" 01 no) LIltlT1 
02 ,91 
03 19' PLE(23/ 

04 '" PO US} 

"' A. '61 P1 (16) co 

'" .51 P2(17) !ll 
Q7 \41 Pll181 ~ 

N(9) 

ps(201 
P6(21) 

P7(22) 

P>Q (31 P>Q (13) 

H OR L 
P<Q \2\ \\41 

00 (111 

01 no) 
19' 

CD 19' O. '" A. '61 
'" 07 ,41 

13.5 ns 
-------~~TYPICAL ---""~~ 

" (16) 

"' " t17J co 
P3 (18) !ll 
" (19) ~ 
p, (2D~ 

PO (21) 

" '22' 
1'>0 '31 1'>0 

(131 p>O 
P<Q .21 p<o (14) 

P>O 
00 (111 
0> 1101 
02 .91 

IB' 
04 '" as 61 ,51 
07 '61 

13.5 ns 
--+ TYPICAL--' 

FIGURE 1. 32-BIT TO 72 (N)-BIT MAGNITUDE COMPARATOR 

II 
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SN54AS885, SN74AS885 
8·BIT MAGNITUDE COMPARATORS 

TYPICAL APPLICATION DATA 

The method shown in Figure 2 is the fastest cascading arrangement for comparing 16-bit or 24-bit words. Typical 
delay times shown are at Vee = 5 V, T A = 25 ae, and use the standard Advanced Schottky load of RL = 500 {2, 

eL = 50 pF. 

2-244 
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• STL-AS Technology 

• Parallel 8-Bit ALU with Expansion Inputs 
and Outputs 

• 13 Arithmetic and Logic Functions 

• 8 Conditional Shifts (Single and Double 
Length) 

• 4 Instructions that Manipulate Bits 

• Add and Subtract Immediate Instructions 

• Absolute Value Instruction 

• Signed Magnitude to/from Two's 
Complement Conversion 

• Single- and Double-Length Normalize 

• Select Functions 

• Signed and Unsigned Divides with Overflow 
Detection; Input does not Need to be 
Prescaled 

• Signed, Mixed, and Unsigned Multiplies 

description 

SN54AS887. SN74AS887 
8-BIT PROCESSORS 

FEBRUARY 1986 

• Three-Operand, 16-Word Register File 

• Full Carry Look Ahead Support 

• Sign, Carry Out, Overflow, and Zero-Detect 
Status Capabilities 

• Excess-3 BCD Arithmetic 

• Internal Shift Multiplexers that Eliminate the 
Need for External Shift Control Parts 

• ALU Bypass Path to Increase Speeds of 
Multiply, Divide, and Normalize Instructions 
and to Provide New Instructions such as Bit 
Set, Bit Reset, and Bit Test 

• 3-0perand Register Files to Allow an 
Operation and a Move Instruction to be 
Combined 

• Bit Masks that are Shared with Register 
Address Fields to Minimize Control Store 
Word Width 

• 3 Data Input/Output Paths to Maximize 
Data Throughput 

These 8-bit Advanced Schottky TTL integrated circuits are designed to implement high performance digital 
computers or controllers. An architecture and instruction set has been chosen that supports a fast system 
clock, a narrow micro-code word width, and a high system throughput. The powerful instruction set allows 
high-speed system architecture to be implemented and also allows an existing system's performance to 
be upgraded while protecting software investments. These processors are non-cascadable versions of the 
'AS888. They are designed for 8-bit applications only. 

The SN54AS887 is characterized for operation over the full military temperature range of - 55°C to 125 °e. 
The SN74AS887 and SN74AS887-1 are characterized for operation from ooe to 70 oe. 

Package options include both plastic and ceramic chip carriers in addition to a 68-pin grid array ceramic 
package. 

Copyright @ 1986. Texas Instruments Incorporated 
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SN54AS887. SN74AS887 
8·BIT PROCESSORS 

A 

B 

C 

0 

E 

F 

G 

H 

J 

K 

L 

SN54AS887. SN74AS887 ... GB PACKAGE 

ITOPVIEW) 

2 3 4 5 6 7 8 9 10 11 

• • • • • • • • • • 
·0 • • • • • • • 0 • • • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• 0 • • • • • • 0 • • • • • • • • • 

DB6 ~10 
DB5 ~11 
DB4 ~12 
DB3 Q13 

DB2 QI4 
OBI 15 

DBO 16 

SELY 17 

Y7 18 

Y6 19 

SN54AS887 ... FK PACKAGE 
SN74AS887 ..• FN PACKAGE 

(TOP VIEW) 

98765.432 16867666564636261 

60 CK 
59 DA7 

58 DA6 
57 DA5 
56 DA4 
55 DA3 
54 DA2 
53 DAI 
52 DAD 
51 GND 

Y5 20 50 EA 
Y4 21 49~ DEA 
Y3 J 22 48~ VCCI 
Y2 23 47[ VCC2 
Yl ~24 46[ 17 
YO ~25 45~ 16 

OEY J26 44[ 15 
2728293031323234353637383940 41 42,~ 

GB PACKAGE PIN ASSIGNMENTS 

PIN NAME PIN NAME PIN NAME PIN NAME 

A-2 Cn 8-9 OEY F-1D Y3 K-4 C2 

A-3 SiOO B-l0 YO F-ll DB2 K-5 AD 
A-4 QiOO B-ll Yl G-l DA2 K-6 A3 

A-5 0107 C-l 15 G-2 DAO K-7 WE 

A-6 Cn+S C-2 VCC2 G-l0 DBO K-S DB7 

A'7 N C-l0 Y4 G-ll 083 K-9 OEB 

A-S OVR C-ll Y6 H-l DA3 K-l0 E80 

A-9 ZERO 0-1 16 H-2 DAl K-l1 EBl 

A-l0 TEST 0-2 VCCI H-l0 DB6 L-2 CK 

B-1 12 0-10 Y5 H-ll DB4 L-3 Cl 

B-2 13 0-11 Y7 J-l DA4 L-4 C3 

B-3 11 E-l 17 J-2 DA5 L-5 Al 

B-4 10 E-2 OEA J-l0 SELY L-6 A2 

B-5 14 E-l0 Y2 J-l1 DB5 L-7 B3 

B-6 SI07 E-l1 DBl K-l DA6 L-S B2 

B-7 SSF F-l EA K-2 DA7 L-9 Bl 

8-S F-2 GND K-3 CO L-l0 BO 
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PIN GRID CHIP 
NAME 

ARRAY CARRIER 

A-l0 28 TEST 

B-7 29 SSF 

A-9 30 ZERO 

A-8 31 OVR 

A-7 32 N 

A-6 33 Cn +8 

B-6 34 5107 

A-5 35 0107 

A-4 36 Qj(j(j 

A-3 37 5100 

A-2 38 Cn 

B-4 39 10 

B-3 40 11 

B-1 41 12 

B-2 42 13 

B-5 43 14 

C-l 44 15 

0-1 45 16 

E-l 46 17 

C-2 47 VCC2 

0-2 48 VCCl 

E-2 49 OEA 

F-l 50 EA 

F-2 51 GI'JD 

G-2 52 DAO 

H-2 53 DAl 

G-l 54 DA2 

H-l 55 DA3 

J-1 56 DA4 

J-2 57 DA5 

K-l 58 DA6 

K-2 59 DA7 

L-2 60 CK 

K-3 61 CO 

L-3 62 Cl 

K-4 63 C2 

L-4 64 C3 

K-5 65 AO 
L-5 66 Al 

L-6 67 A2 

K-6 68 A3 

I/O 

I 

I/O 

110 

0 

0 

0 

110 

110 

110 

110 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

110 

110 

110 

110 

110 

110 
110 

110 

I 

I 

I 

I 

I 

I 

I 

I 

I 

SN54AS887, SN74AS887 
8-BIT PROCESSORS 

DESCRIPTION 

Test input pin. Connected to ground for normal operation. 

Special shift function. Used to transfer required information between packages during 

special instruction execution. 

Device zero detection, open collector. Input during certain special instructions. 

ALU overflow, low active. 

ALU negative, low active. 

ALU ripple carry output. 

Bidirectional shift pin, low active. 

ALU carry input. 

Instruction input. 

Low voltage power supply 12 V). 

110 interface supply voltage 15 V). 

DA bus enable, low active. 

ALU input operand select. High state selects external DA bus and low state selects 

register file. 

Ground pin. 

A port data bus. Outputs register file data lEA = 01 or inputs external data lEA = 11. 

Clocks all synchronous registers on positive edge. 

Register file write address select. 

Register file A port read address select. 

• en 
CD 
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-S; 
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SN54AS881, SN14AS881 
8·BIT PROC~SSORS 

PIN· GRID CHIP 

ARRAY CARRIER 
NAME I/O 

K'7 1 WE I 

L-7 2 B3 I 

L-8 3 82 I 

L-9 4 B1 I 

L-10 5 80 I 

K-10 6 EBO I 

K-11 7 EB1 I 

K-9 8 OEB I 

K-8 9 DB7 I/O 

H-10 10 DB6 1/0 

J-11 11 DB5 1/0 
H-11 12 DB4 1/0 

G-11 13 DB3 1/0 

F-11 14 DB2 1/0 

E-11 15 DB1 1/0 

G-10 16 DBO 1/0 

J-10 17 SELY I 

0-11 18 Y7 1/0 

C-11 19 Y6 1/0 

0-10 20 Y5 1/0 

C-10 21 Y4 1/0 
F-10 22 Y3 I/O 

E-10 23 Y2 1/0 

13-11 24 Y1 1/0 

B-10 25 YO 1/0 

B-9 26 OEY I 

F-2 27 G!IID 

2-248 

DESCRIPTION 

Register file (RFI write enable. Data is written into RF when WE is low and a low-to-high 

clock transition occurs. RF write is inhibited when 'WE is high. 

Register file B port read address select. (0 = LSBI. 

ALU input operand select. FBO and EB 1 selects the source of data that the S multiplexer 

provides for the S ~us. Independent control of the DB bus and data path selection allow 

the user to isolate the DB bus while the ALU continues to process data. 

DB bus enable. low active. 

B port data bus. Outputs register data (OEB = 01 or used to input external data 

(OEB = 11. (0 = LSIlI. 

Y bus select. high active. 

Y port data bus. Outputs instruction results (OEY = 0) or used to put external data into 

register file 10EY = 11. 

Y bus output enable, low active. 

Ground pin 
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functional block diagram 

16 X S 
REGISTER FILE 

4 
A3-AO .... -+--t-----t-.-------,r--J 

DA7-DAO .. ..-..:;S,<-I-..... ___ , 

OEA .. --+----' 
EA ........ --!---~;;iX] 

N 4-­

OVR 4--

Cn+S 4-­

ZERO 4+-

~ 44~-+--------i 
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architectural elements 

3·port register file 

Working registers consist of 128 storage elements organized into sixteen 8-bit words. These storage 
elements appear to the user as 16 positive edge-triggered registers. The three port addresses, one write 
(C) and two reads (A and B), are completely independent of each other to implement a 3-operand register 
file. Data is written into the register file when WE is low and a low-to-high clock transition occurs. The 
ADD and SUBTRACT immediate instructions require only one source operand. The B address is used as 
the source address, and the bits of the A address are used to provide a constant field. The SET, RESET, 
and TEST BIT instructions use the B addressed register as both the source and destination register while 
the A and C addresses are used as masks. These instructions are explained in more detail in the instruction 
section. 

S multiplexer 

The S multiplexer selects the ALU operand, as follows: 

EB1 EBO S bus 
Low Low RF data 
Low High MO data 
High Low DB data 
High High MO data 

DB port 

The 8-bit bidirectional DB port inputs external data to the ALU or outputs the register file. If OEB is low, 
the DB bus is active; if OEB is high, the DB bus is in the high impedance state. Notice that the DB port 
may be isolated at the same time that register file data is passed to the ALU. 

R mul~iplexer 

The R multiplexer selects the other operand of the ALU. Except for those instructions that require constants 
or masks, the R bus will contain DA if EA is high.or the RF data pointed to by A if EA is low. 

DA port 

ALU 

The 8-bit bidirectional DA port inputs external data to the ALU or outputs the regi.ster file. If OEA is low, 
the DA bus is active; if OEA is high, the DA bus is in the high-impedance state. 

Notice that the DA bus may be isolated while register file data is passed to the ALU. 

The shift instructions are summarized in Table 4 and illustrated in Figure 2. The ALU can perform seven 
arithmetic and six logical instructions on two 8-bit operands. It also supports multiplication, division, 
normalization, bit set, reset, test, byte operations, and excess-3 BCD arithmetic. These source operands 
are the outputs of the Sand R multiplexers. 

ALU and MO shifters 

ALU and MO shifters perform all of the shift, multiply, divide, and normalize functions. Table 4 shows 
the value of the SI07 and 0107 pins of the most significant package. The standard shifts may be made 
into conditional shifts and the serial data may be input or output with the aid of two three-state gates. 
These capabilities are discussed further in the arithmetic and logic section. 
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The multiplier-quotient (MO) register has specific functions in multiplication, division, and normalization. 
This register may also be used as a temporary storage register. The MO register may be loaded if the 
instruction code on pins 17-10 is E1-E7 or ES-EE (See Table 1). 

Y bus 

The Y bus contains the output of the ALU shifter if OEY is low and is a high impedance input if OEY is 
high. SEL Y must be low to pass the internal ALU shift bus and must be high to pass the external Y bus 
to the register file. 

status 

Four status pins are available on the most significant package, overflow (OVR), sign (N). carry out (Cn + 8), 
and zero (ZERO). The Cn + 8 line signifies the ALU result while OVR, ZERO, and N refer the status after 
the ALU shift has occurred. Notice that the ZERO pin cannot be used to detect whether an input placed 
on a high impedance Y bus is zero. 

divide BCD flip-flops 

The multiply-divide flip-flops contain the status of the previous multiply or divide instruction. They are. 
affected by the following instructions: 

DIVIDE REMAINDER FIX 
SIGNED DIVIDE OUOTIENT FIX 
SIGNED MULTIPLY 
SIGNED MULTIPLY TERMINATE 
SIGNED DIVIDE INITIALIZE 
SIGNED DIVIDE START 

SIGNED DIVIDE ITERATE 
UNSIGNED DIVIDE START 
UNSIGNED DIVIDE ITERATE 
UNSIGNED MULTIPLY 
SIGNED DIVIDE TERMINATE 
UNSIGNED DIVIDE TERMINATE 

en 
CD 
U oS 
CD 
o -en 

The excess-3 BCD flip-flops are affected by all instructions except NOP. The clear function clears these ..J 
flip-flops. They preserve the carry from each nibble (4-bits) in excess-3/BCD operations. 

test pin (test) 

This pin should be connected to ground. 

special shift function (SSF) pin 

Conditional shifting algorithms may be implemented via control of the SSF pin. The applied voltage to this 
pin may be set as a function of a potential overflow condition (the two most significant bits are not equal) 
or any other condition (see Group 1 instructions). 

instruction set 

The' AS887 bit-slice processor uses bits 17-10 as instruction inputs. A combination of bits 13-10 (Group 1 
instructions) and bits 17-14 (Group 2-5 instructions) are used to develop the 8-bit op code for a specific 
instruction. Group 1 and Group 2 instructions can be combined to perform arithmetic or logical functions 
plus a shift function in one instruction cycle. A summary of the instruction set is given in Table 1. 

TEXAS ." 
INSTRUMENTS 

2-251 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



II 
r­en 
c 
CD 
< 
c;' 
CD 
tn 

SN54AS887, SN74AS887 
8·BIT PROCESSORS 

TABLE 1. INSTRUCTION SET 

GROUP 1 INSTRUCTIONS 

INSTRUCTION BITS (13-101 
MNEMONIC FUNCTION 

HEX CODE' 

0 Accesses Group 4 instructi.ons 

1 ADD R+S+Cn 
2 SUBR R+S+Cn 
3 SUBS R+S+Cn 

4 INCS S+Cn 

5 INCNS S+Cn 

6 INCR R+Cn 

7 INCNR R+Cn 
8 Accesses Group 3 instructions 

9 XOR R XOR S 

A AND RAND S 

B OR R OR S 

C NAND R NAND S 

0 NOR R NOR S 

E ANDNR RAND S 

F Accesses Group 5 instructions 

GROUP 2 INSTRUCTIONS 

INSTRUCTION BITS (17-141 

HEX CODE 
MNEMONIC FUNCTION 

0 SRA Arithmetic Right Single 

1 SRAD Arithmetic Right Double 

2 SRL Logical Right Single 

3 SRLD Logical Right Double 

4 SLA Arithmetic Left Single 

5 SLAD Arithmetic Left Double 

6 SLC Circular Left Single 

7 SLCD Circular Left Double 

8 SRC Circular Right Single 

9 SRCD Circular Right Double 

A MQSRA Pass IF-VI and Arithmetic Right MQ 

B MQSRL Pass IF-VI and Logical Right MQ 

C MQSLL Pass IF-VI and Logical Left MQ 

0 MQSLC Pass IF-VI and Circular left MQ 

E LOADMQ Pass IF-VI and Load MQ IF = MQI 

F PASS Pass IF-VI 
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TABLE 1. INSTRUCTION SET (Continued) 

GROUP 3 INSTRUCTIONS 

INSTRUCTION BITS (17·10) 

HEX CODE 
MNEMONIC FUNCTION 

08 SETl Set Bit 

18 SETO Reset Bit 

28 TBI Test Bit 10nei 

38 TBO Test Bit IZerol 

48 ABS Absolute Value 

58 SMTC Sign Magnitude/Two's Complement 

68 ADD! Add Immediate 

78 SUBI Subtract Immediate 

88 Reserved 

98 Reserved 

A8 Reserved 

B8 Reserved 

C8 Reserved 

D8 Reserved 

E8 Reserved 

F8 Reserved 

GROUP 4 INSTRUCTIONS 

INSTRUCTION BITS (17-10) 

HEX CODE 
MNEMONIC FUNCTION 

00 Reserved 

10 SEL Select SIR 

20 SNORM Single Length Normalize 

30 DNORM Double Length Normalize 

40 DIVRF Divide Remainder Fix 

50 SDIVQF Signed Divide Quotient Fix 

60 SMUll Signed Multiply Iterate 

70 SMULT Signed Multiply Terminate 

80 SDIVIN Signed Divide Initialize 

90 SDIVIS Signed Divide Start 

AO SDIVI Signed Divide Iterate 

BO UDIVIS Unsigned Divide Start 

CO UDIVI Unsigned Divide Iterate 

DO UMULI Unsigned Multiply Iterate 

EO SDIVIT Signed Divide Terminate 

FO UDIVIT Unsigned Divide Terminate 

II 
U) 
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TABLE 1. INSTRUCTION SET (Concluded) 

GROUP 5 INSTRUCTIONS 

INSTRUCTION BITS (17·101 
MNEMONIC FUNCTION 

HEX CODE 

OF CLR Clear 

1F ClR Clear 

2F ClR Clear 

3F ClR Clear 

4F CLR Clear 

5F CLR Clear 

6F ClR Clear 

7F BCDBIN BCD to Binary 

SF Reserved 

9F EX3C Excess-3 Word Correction 

AF SDIVO Signed Divide Overflow Check 

BF ClR Clear 

CF ClR Clear 

DF BINEX3 Binary to Excess-3 

EF ClR Clear 

FF NOP No ·Operation 

instructions 

TABLE 2. GROUP 1 INSTRUCTIONS 

INSTRUCTION BITS (13-101 
MNEMONIC FUNCTION 

HEX CODE 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

A 

B 

C 

D 

E 

F 

Accesses Group 4 instructions 

ADD R+S+Cn 
SUBR R+S+Cn 

SUBS R+S+Cn 
INCS S+Cn 

INCNS S+Cn 
INCR R+Cn 

INCNR R+Cn 
Accesses Group 3 instructions 

XOR R XOR S 

AND RAND S 

OR R OR S 

NAND R NAND S 

NOR R NOR S 

ANDNR RAND S 

Accesses Group 5 instructions 
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Group 1 instructions (excluding hex codes 0, 8, and Fl. shown in Table 2, may be used in conjunction 
with Group 2 shift instructions to perform arithmetic or logical functions plus a shift function t in one 
instruction cycle (hex codes 0, 8, and F are used to access Group 4, 3, and 5 instructions, respectively). 
Each shift may be made into a conditional shift by forcing the special shift function (SSF) pin into the proper 
state. If the SSF pin is high or floating, the shifted ALU output will be sent to the output buffers. If the 
SSF pin is pulled low externally, the ALU result will be passed directly to the output buffers. Conditional 
shifting is useful for scaling inputs in data arrays or in signal processing algorithms. 

These instructions set the BCD flip-flop for the excess-3 correct instruction. The status is set with the 
following results (Cn + 8 is ALU carry out and is independent of shift operation; others are evaluated after 
shift operation). 

t Double·precision shifts involve both the ALU and MQ register. 

Status is set with the following results: 

Arithmetic 

N 
OVR 
Cn +8 
Z 

Logic 

N 
OVR 
Cn +8 
Z 

MSB of result 
Signed arithmetic overflow 
Carry out equal one 
Result equal zero 

MSB of result 
None (force to zero) 
None (force to zero) 
Result equal zero 

group 2 instructions 

TABLE 3. GROUP 2 INSTRUCTIONS 

INSTRUCTION BITS (17-141 

HEX CODE 
MNEMONIC FUNCTION 

0 SRA Arithmetic Right Single 

1 SRAD Arithmetic Right Double 

2 SRL Logical Right Single 

3 SRLD Logical Right Double 

4 SLA Arithmetic Left Single 

5 SLAD Arithmetic Left Double 

6 SLC Circular Left Single 

7 SLCD Circular Left Double 

8 SRC Circular Right Single 

9 SRCD Circular Right Double 

A MQSRA Pass IF-VI and Arithmetic Right MQ 

B MQSRL Pass IF-VI and Logical Right MQ 

C MQSLL Pass IF-VI and Logical Left MQ 

D MQSLC Pass IF-VI and Circular Left MQ 

E LOADMQ Pass IF-VI and Load MQ IF ~ MQI 

F PASS Pass IF-VI 

en 
CD 
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The processor's shift instructions are implemented using Group 2 instructions (Table 3). The connections 
are the same on all instructions including r:nultiply, divide, and normalization functions. 

The following external connections are required: 

SI07 to SIOO 
0107 to Q.IOO 

Single- and double-precision shifts are supported. Double-precision shifts assume the most significant half 
has come through the ALU and will be placed (if WE is low) into the. regil!ter file on the rising edge of 
the clock and the least significant half lies in the MO register. All Group 2 shifts may be made conditional. 
(see previous page) 

The following definitions apply. to Group 2 shift instructions: 
Arithmetic right shifts copy th~ sign of the number if no overflow occurs from the ALU calc:ulation; 

if overflow occurs, the sign bit is inverted. 
Arithmetic left shifts do not retain the sign of the number if an overflow occurs. A zero is filled into 

the LSB if not forced externally. 
Logical right shifts fill a zero in the MSB position if not forced externally. 
Circular right shifts fill the LSB in the MSB pOl'ition. 
Circular left shifts fill the MSB in the LSB position. 
Shifting left is defined as moving a bil position towards the MSB (doubling). 
Shifting right is defined as moving a bit towards the LSB (halving). 

SERIAL 110 19900 CRUI 

A ,..--------- ..... -....,. --., 
I 

GBA 
I 14 'LS446 

GAB-~-a 

DIR -4-----1 

I 
I 
I 

I 
I 

L ___________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I _ ___ ...J 

B 

'AS887 

FIGURE 1. SERIAL I/O 
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Serial input may be performed using the circuitry shown in Figure 1. A single-lor double-precision arithmetic 
left or logical right shift fills the complement of the data on 5100 and 5107 into the LSB or MSB of the 
data word(s). Note that if 5100 and 5107 are floating (HI-Z), a zero will be filled as an end condition. 

Serial output may be performed with circular instructions. 

The shift instructions are summarized in Table 4 and illustrated in Figure 2. In Figure 2 and all succeeding 
figures that illustrate instruction execution, the following definitions apply: 

OBT End fill for signed divide. 
MOF End fill for unsigned divide. 
SRF End fill for Signed mUltiply and the arithmetic right shifts. 

TABLE 4. SHIFT INSTRUCTIONS 

OP 
SHIFT FUNCTION* 

Si07 • §iOii Q107. QIOO 

COOEt WIRED VALUE WIRED VALUE 

ON Arithmetic Right Single ALU-LSB Output -
IN Arithmetic Right Double MQ-LSB Output ALU-LSB Output 

2N Logical Right Single Input to ALU-MSB ALU-LSB Output 

3N Logical Right Double Input to ALU-MSB ALU-LSB Output 

4N Arithmetic Left Single Input to ALU-LSB ALU-MSB OUtput 

5N Arithmetic Left Double Input to MQ-LSB MQ-MSB Output 

eN Circular Left Single ALU-MSB Output -

7N Circular Left Double ALU-MSB Output MQ-MSB Output 

aN Circular Right Single ALU-LSB Output -

9N Circular Right Double MQ-LSB Output ALU-LSB Output 

AN Ariihmetic Right IMQ only) MQ-LSB Output MQ-LSB Output 

BN Logical Right (MQ only) MQ-LSB Output Input to MQ-MSB 

eN Logical Left (MQ only) Input to MQ-LSB MQ-MSB Output 

ON Circular Left (MQ only) MQ-MSB Output MQ-MSB Output 

top Code N '" D. 8. or F; these select special instruction Groups 4.3, and 5 respectively. 
tShift 110 pins are active low. Therefore, inputs and outputs must be inverted if true 

logical values are required. 

Status is set with the following results: 

Arithmetic 

N 
OVR 
Cn +8 
Z 

Logic 

N 
OVR 
Cn +8 
Z 

Result MSB equal one 
Signed arithmetic overflow t 
Carry out equal one 
Result equal zero 

Result MSB equal one 
Zero 
Zero 
Result equal zero 

t For the SLA and SLAD instructions, OVR is set if signed arithmetic overflow or if the ALU result MSB XOR MSB-l equals one. 
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ARITHMETIC RIGHT SINGLE 

ARITHMETIC RIGHT DOUBLE 

FIGURE 2. SHIFT INSTRUCTIONS 
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LOGICAL RIGHT SINGLE 

FILLS ZERO IF NOT FORCEO 

LOGICAL RIGHT OOUBLE 

FILLS ZERO IF NOT FORCEO 

FIGURE 2. SHIFT INSTRUCTIONS (Continued) 
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2-260 

ARITHMETIC LEFT SINGLE 

FILLS ZERO IF NOT FORCED 

ARITHMETIC LEFT DOUBLE 

FILLS ZERO IF NOT FORCED 

FIGURE 2. SHIFT INSTRUCTIONS (Continued) 
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CIRCULAR LEFT SINGLE 

CIRCULAR LEFT DOUBLE 

FIGURE 2. SHIFT INSTRUCTIONS (Continued) 
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CIRCULAR RIGHT SINGLE 

CIRCULAR RIGHT DOUBLE 

FIGURE 2. SHIFT INSTRUCTIONS (Continued) 
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SERIAL DATA OUT 

LOGICAL RIGHT IMQ ONLY) 

FILLS ZERO IF NOT FORCED 

FIGURE 2. SHIFT INSTRUCTIONS (Continued) 
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LOGICAL LEFT (MQ ONLVj 

FILLS ZERO IF NOT FORCED 

CIRCULAR LEFT (MQ ONL VI 

FIGURE 2. SHIFT INSTRUCTIONS (Concluded) 
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Hex code 8 of Group instructions is used to access Group 3 instructions. Group 3 instructions are 
summarized in Table 5. 

TABLE 5. GROUP 3 INSTRUCTIONS 

INSTRUCTION BITS 117-10) 

OP CODE IHEX) 
MNEMONIC FUNCTION 

08 SET! Set Bit 

18 SETa Reset Bit 

28 TB1 Test 8it lOne) 

38 TBO Test Bit IZero) 

48 ABS Absolute Value 

58 SMTC Sign Magnitude/Two's Complement 

68 ADDI Add Immediate 

78 SUBI Subtract Immediate 

88 Reserved 

98 Reserved 

A8 Reserved 

B8 Reserved 

C8 Reserved 

08 Reserved 

E8 Reserved 

F8 Reserved 
• II) 
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'$ 
Q) 

c 
en 
....I 

TEXAS ." 
INSTRUMENTS 

2-265 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



r­
C/) 

C 
CD 
< n' 
CD 
til 

SN54AS887, SN74AS887 
8·BIT PROCESSORS 

set bit instruction (set 1): 17-10 = 0816 

This instruction (Figure 3) is used to force selected bits to one (any combination of zero to eight bits). 
The desired bits are specified by an 8-bit mask (C3-CO)::(A3-AO)t consisting of register file address ports 
that are not required to support this instruction. All bits that are in the same bit positions as ones in the 
mask are forced to a logical one. The B3-BO address field is used for both source and destination of this 
instruction. The 5 bus is the source word for this instruction. 5100 must be forced low for proper operation. 
If 5100 is high. data on the 5 bus is passed unaltered. The status set by the set bit instruction is as follows: 

N None (force to zero) 
OVR None (force to zero) 
Cn + 8 None (force to zero) 
Z Result equal zero 

t The symbol '::' is concatenation operator 

reset bit instruction (setO): 17-10 - 1816 

This instruction (Figure 3) is used to force selected bits' to zero. The desired bits are specified by an 8-bit 
mask (C3-CO)::(A3-AO) consisting of register file address ports that are not required to support this 
instruction. All bits in the selected byte(s) that are in the same bit positions as ones in the mask are reset. 
The B3-BO address field is used for both source and destination of this instruction. The 5 bus is the source 
word for this instruction. 5100 must be forced low for proper operation. If 5100 is high. data on the 5 
bus is passed unaltered. The status set by the reset'bit instruction is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 

-+ Result equal zero 

ZERO 

SI07 

QI07 

Cn+S 
p 

G 

SELECT 

TEST 

":" 

SIOO 

CiiOO 

Cn 

NOTES: 1. Force SIOO low for proper operation. 
2. Bit mask IC3·CO)::(A3·AO) will set desired bits to one. 

FIGURE 3. SET BIT (OR RESET BIT) 
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This instruction (Figure 4) is used to test selected bits for ones. Bits to be tested are specified by an 8-bit 
mask (C3-CO): :(A3-AO) consisting of register file address ports that are not required to support this 
instruction. Write Enable (WE) is internally disabled during this instruction. The test will pass if the selected 
byte has ones at all bit locations specified by the ones of the mask (Figure 5). The 5 bus is the source 
word for this instruction. 5100 must be forced low for proper operation. The status set by the test bit 
(one) instruction is as follows: 

N 
OVR 

Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Pass 

PASS/FAIL ZERO 

5107 

QI07 

cn+s 
j5 

G 

SELECT 

TEST 

= 
5100 

GlOO 

Cn 

NOTES: 1. Force SIOO low for proper operation. 
2. Bit mask (C3·CO)::(A3-AO) will define bits for testing. 
3. Pass/fail is indicated on Z ,output. 

FIGURE 4. TEST BIT 

test bit (zero) instruction (TBO): 17-10 = 3816 

This instruction (Figure 4) is used to test selected bits for ones. Bits to be tested are specified by an 8-bit 
mask (C3-CO):: (A3-AO) consisting of register file address ports that are not required to support this 
instruction. Write Enable (WE) is internally disabled during this instruction. The test will pass if the selected 
byte has zeros at all bit locations specified by the ones of the mask (Figure 6). The 5 bus is the source 
word for this instruction. 5100 must be forced low for proper operation. The status set by the test bit 
(zero) instruction is as follows: 

N 
OVR 

Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Pass 
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TEST PASSES "1" ZERO 

TEST FAILS "0" ZERO 

FIGURE 5. TEST BIT ONE EXAMPLES 

TEST PASSES •• 1" ZERO 

TEST FAILS "0" ZERO 

FIGURE 6. TEST BIT ZERO EXAMPLES 
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SN54AS887, SN74AS887 
8·BIT PROCESSORS 

This instruction is used to convert two's complement numbers to their positive value. The operand placed 
on the S bus is the source for this instruction. The' AS887 will test the sign of the S bus and force the 
SSF pin to the proper value. The status set by the absolute value instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Input MSB equal one 
Input equal 80 (hex) 
S = 0 
Result equal zero 

sign magnitude/two's complement instruction (SMTC): 17·10 - 5816 

This instruction allows conversion from two's complement representation to sign magnitude representation. 
or vice-versa. in one clock cycle. The operand placed on the S bus is the source for this instruction. 

When a negative zero (80 hex) is converted. the result is 00 with an overflow. If the input is in two's 
complement notation. the overflow indicates an illegal conversion. The status set by the sign 
magnitude/two's complement instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Result MSB equal one 
Input equal 80 (hex) 
Input equal 00 (hex) 
Result equal zero 

add immediate instruction (ADDI): 17-10 = 6816 

This instruction is used to add a specified constant value to the operand placed on the S bus. The constant 
will be between the values of 0 and 15. The constant value is specified by the unused register file address 
(A port) not required to support this instruction. Forcing the carry input will add an additional one to the 
result. The status set by the add immediate instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Result MSB equal one 
Arithmetic signed overflow 
Carry out equal one 
Result equal zero 

subtract immediate instruction (SUBI): 17-10 = 7816 

This instruction is used to subtract a specified constant value from the operand placed on the S bus. The 
constant value is specified by the unused register file address (A port) that is not required to support this 
instruction. The constant applied is the least significant four bits of a two's complement number. The device 
sign extends the constant over the entire word length. The status set by the subtract immediate instruction 
is as follows: 

N 
OVR 
Cn +8 
Z 

Result MSB equal one 
Arithmetic signed overflow 
Carry out equal one 
Result equal zero 
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group 4 instructions 

Hex code 0 of Group instructions is used to access Group 4 instructions. Group 4 instructions are 
summarized in Table 6. 

TABLE 6. GROUP 4 INSTRUCTIONS 

INSTRUCTION BITS (17·101 
MNEMONIC FUNCTION 

OP CODE (HEXI 

00 Reserved 

10 SEL Select SIR 

20 SNORM . Single Length Normalize 

30 DNORM Double Length Normalize 

40 DIVRF Divide Remainder Fix 

50 SDIVQF Signed Divide Quotient Fix 

60 SMUll Signed Multiply Iterate 

70 SMULT Signed Multiply Terminate 

80 SDIVIN Signed Divide Initialize 

90 SDIVIS Signed Divide Start 

AD SDIVI Signed Divide Iterate 

BO UDIVIS Unsigned Divide Start 

CO UDIVI Unsigned Divide Iterate 

DO UMULI Unsigned Multiply Iterate 

EO SDIVIT Signed Divide Terminate 

FO UDIVIT Unsigned Divide Terminate 

select SIR instruction (SEL): 17·10 - 1016 

This instruction is used to pass either the S bus or the R bus to the output depending on the state of the 
SSF input pin. Normally, the preceding instruction would test the two operands and the resulting status 
information would be used to force the SSF input pin. SSF = 0 will output the R bus and SSF = 1 will 
output the S bus. The status set by the select SIR instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Result MSB equal one 
None (force to zero) 
None (force to zero) 
Result e'qual zero 

single-length normalize instruction (SNORM): 17-10 = 2016 

This instruction will cause the contents af the MO register to shift toward the most significant bit. Zeros 
are shifted in via the 0100 input. The number of shifts performed can be counted and stored in one of 
the register files by forcing a high at the Cn input. When the two most significant bits are of opposite 
value, normalization is complete. This condition is indicated on the microcycie that completes the 
normalization at the OVR output. 

The chip contains conditional logic that inhibits the shift function (and also inhibits the register file increment) 
if the number within the MO register is already normalized at the beginning of the instruction (Figure 7). 

The status set by the single-length normalize instruction is as follows: 

N 
OVR 
Cn +8 
Z 

MSB of result 
MSB XOR 2nd MSB 
Carry out equill one 
Result equal zero 
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double-length normalize instruction (DNORM): 17-10 = 3016 

This irtstruction will cause the contents of a double-length word (register fiie contains the most significant 
half and the MO register contains the least significant half) to shift toward the most significant bit. Zeros 
are shifted in via the 0100 input. When the two most significant bits are of opposite value, normalization 
is complete. This condition is indicated on the microcycle that completes the normalization at the OVR 
output. 

The chip contains conditional logic which inhibits the shift function if the number is already normaiized 
at the beginning of the instruction (Figure 7). The most significant half of the operand must be placed 
on the S bus. The status set by the double-length normalize instruction is as follows: 

N 
OVR 
Cn +8 
Z 

multiply operations 

MSB of result 
MSB XOR 2nd MSB 
None (force to zero) 
Result equal zero 

The ALU performs three unique types of 8 by 8 multiplies each of which produces a 16-bit result (Figure 8). 
All three types of multiplication proceed via the following recursion: 

P(J + 1) = 2[P(J) + Multiplicand x M (8-J) 1 

where 

P(J) 

P(J+ 1) 

partial product at iteration number J 

partial product at iteration number J + 1 

J varies from 0 to 8 

M (8-J) = mode bit (unique to multiply type) 

2 denotes some type of shift (unique tei multiply) 

Notice that by proper choice of mode terms and shifting operations, signed, unsigned, and mixed multiplies 
(signed times unsigned) may be performed. ' 

All multiplies assume that the multiplier is stored in MO before the operation begins (in the case of mixed 
multiply, the unsigned number must be the multiplier). 

The' processor has the following multiply instructions: 

1. SIGNED MULTIPLY ITERAtE (SMUll): 17-10 = 6016 
2. SIGNED MULTIPLY TERMINATE (SMULT): 17-10 = 7016 
3. UNSIGNED MULTIPLY ItERATE (UMULI): 17-10 = D016 

The signed multiply iterate (SMUll) instruction performs a signed times signed iteration. This instruction 
interprets M(8-J) as tile 8-J bit of the multiplier. The shift is a double-precision right shift one bit. This 
instruction is repeated 7 times for a 8 x 8 signed multiply. This instruction will be used 7 consecutive 
times for a mixed multiplication. 

The signed multiply terminate (SMUL T) instruction provides correct (negative) weighting of the sign bit· 
of a negative multiplier in signed multiplication. The instruction is identical to signed multiply iterate (SMUll) 
except that M(8-J) is interpreted as -1 if the sign bit of the multiplier is 1, and 0 if the sign bit of the 
multiplier is O. 
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The unsigned multiply iterate (UMULI) performs an unsigned multiplication iteration. This instruction 
interprets M(8-J) as the 8-J bit of the multiplier. The shift is a double-precision right shift with the carry 
,out from the P(J) + Multiplicand x M(8-J) operation forced into bit 8 of P(J + 1). This instruction is used 
in unsigned and mixed multiplication. ' 

signed multiplication 

Signe'd multiplication performs a ten clock cycle, two's complement multiply. The instructions necessary 
to produce an algebraically correct result proceed in the following manner: 

Zero register to be used for accumulator 

Load MQ with multiplie'r 

SMUll (repeat 7 times) 

SMULT 

Sport 
R port 
F port 

Sport 
R port 
F port 

Accumulator 
Multiplicand 
Iteration Result 

Accumulator 
Multiplicand 
Product (MSH) 

At completion, the accumulator will contain the 8 most significant bits and MQ will contain the 8 least 
significant bits of the product. 

The status for the signed multiply iterate should not be used for any testing (overflow is not set by SMUll). 
The following status is set for the signed multiply terminate instruction: 

N 
OVR 
Cn +8 
Z 

Result MS8 equal one 
Forced to zero 
Carry out equal to one 
Double precision result is zero 

unsigned multiplication 

Unsigned multiplication produces an unsigned times unsigned product in ten clocks. The instructions 
necessary to produce an algebraically correct result proceed in the following manner: 

Zero register to be used for accumulator 

Load MQ with multiplier 

UMULI (8 times) Sport 
R.port 
F port 

Accumulator 
Multiplicand 
IteratiOn result (product MSH on final result) 

Upon completion, the accumulator will contain the 8 most significant bits and MQ will contain the 8 least 
significant bits of the product. 
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The status set by the unsigned multiply iteration is meaningless except on the final execution of the 
instruction. The status set by the unsigned mUltiply iteration instruction is as follows: 

N 
OVR 
Cn +8 
Z 

mixed multiplication 

Result MSB equal one 
Forced to zero 
Carry out equal to one 
Double-precision result is zero 

Mixed multiplication multiplies a signed multiplicand times an unsigned multiplier to produce a signed result 
in ten clocks. The steps are as follows: 

Zero register used for accumulator 

Load MQ with unsigned multipler 

SMUll (8 times) Sport 
R port 
F port 

Accumulator 
Multiplicand 
Iteration result 

Upon completion, the accumulator will contain the 8 most significant bits and MQ will contain the 8 least 
significant bits of the product. 

The following status is set by the last SMUll instruction: 

N 
OVR 
Cn +8 
Z 

divide operations 

Result MSB equal one 
Forced to zero 
Carry out equal to one 
Double-precision result is zero 

The divide uses a nonrestoring technique to perform both signed and unsigned division of a 16 bit integer 
dividend and an 8 bit integer divisor (Figure 9). It produces an 8 integer quotient and remainder. 

The remainder and quotient will be such that the following equation is satisfied: 

(Quotient) x (Divisor) + Remainder = Dividend 

The processor has the following divide instructions: 

1. UNSIGNED DIVIDE START (UDIVIS): 17-10 = B016 
2. UNSIGNED DIVIDE ITERATE (UDIVI): 17-10 = C016 
3. UNSIGNED DIVIDE TERMINATE (UDIVIT): 17-10 = F016 
4. SIGNED DIVIDE INITIALIZE (SDIVIN): 17-10 = 8016 
5. SIGNED DIVIDE OVERFLOW TEST (SDIVO): 17-10 = AF16 
6. SIGNED DIVIDE START (SDIVIS): 17-10 = 9016 
7. SIGNED DIVIDE ITERATE (SDIVI): 17-10 = A016 
8. SIGNED DIVIDE TERMINATE (SDIVIT): 17-10 = E016 
9. DIVIDE REMAINDER FIX (DIVRF): 17-10 = 4016 

10. SIGNED DIVIDE QUOTIENT FIX (SDIVQF): 17-10 = 5016 
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SDIVIN. SDIVS. SDIVI 

SDIVT 

FIGURE 9. DIVIDE OPERATIONS 
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The unsigned divide iterate start (UDIVIS) instruction begins the iterate procedure while testing for overflow. 
Overflow is reported when the first subtraction of the divisor from the MSH of the dividend produces carry 
out. The test detects quotient overflow and divide by zero. 

The unsigned divide iterate terminate (UDIVIT) instruction completes the iterate procedure generating the 
last quotient bit. 

The signed divide initialize (SDIVIN) instruction prepares for iteration by shifting the dividend and storing 
the sign of the dividend for use in the following instructions and overflow tests. 

The signed divide overflow test (SDIVO) checks for overflow possibilities. This instruction may be deleted 
from the divide operation if the OVR pin is ignored. If it is removed some overflow conditions will go 
undetected. WE must be high (writing inhibited) when this instruction .is used. 

The signed divide iterate start (SDIVISI instruction calculates the difference between the divisor and MSH 
of the dividend. Partial detection of overflow is also done during this instruction. Operations with like signs 
(positive quotient) and division by zero will overflow during this instruction (including zero divisor). Operations 
with unlike signs are tested for overflow during the signed divide quotient fix instruction (SDIVQF). Partial 
overflow results are s!lved and will be used during SDIVQF when overflow is reported. 

The signed divide iterate (SDIVI) instruction forms the quotient and remainder through iterative subtract/add­
shift operations of the divisor and dividend. One quotient bit is generated on each clock. 

The signed divide iterate terminate (SDIVIT) instruction completes the iterate procedure,. generating the 
last quotient bit. It also tests for a remainder equal to zero, which determines the action to be taken in 
the following correction (fix) instructions. 

The divide remainder fix (DIVRF) instruction corrects the remainder. If a zero remainder was detected by 
the previous instructions, the remainder is forced to zero. For nonzero remainder cases where the remainder 
and dividend have the same sign, the remainder is correct. When the remainder and dividend have unlike 
signs, a correction add/subtract of the divisor to the remainder is performed. -

The signed divide quotient fix (SDIVQF) instruction corrects the quotient if necessary. This correction 
requires adding one to the incorrect quotient. An incorrect quotient results if the signs of the divisor and 
dividend differ and the remainder is nonzero. An incorrect quotient also results if the sign of the divisor 
is negative and the remainder is zero. 

Overflow detection is completed during this instruction. Overflow may be generated for differing signs 
of the dividend and divisor. The partial overflow test result performed during SDIVIS is ORed with this 
test result to produce a true overflow indication. 
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The instructions necessary to perform an algebraically correct division of signed numbers are as follows: 

Load MQ with the least significant half of the dividend 

SDIVIN 

SDIVO 

SDIVIS 

Sport 
R port 
F port 

MSH of dividend 
Divisor 
Intermediate result 

S port Result of SDIVIN 
R port Divisor 
F port Test result 
(WE must be high) 

Sport Result of SDIVIN 
R port Divisor 
F port Intermediate result 

SDIVI (8N-2 times) Sport Result of SDIVIS (or SDIVI) 
R port Divisor 
F port Intermediate result 

SDIVIT Sport Result of last SDIVI 
R port Divisor 
F port Intermediate result 

DIVRF Sport Result of SDIVIT 
R port Divisor 
F port Remainder 

SDIVQF Sport MQ register 
R port Divisor 
F port Quotient 

The status of all signed divide instructions except SDIVIN. DIVRF. and SDIVQF is as follows: 

N 
OVR 
Cn +8 
Z 

Forced to zero 
Forced to zero 
Carry out equal to one 
Intermediate result is zero 

The status of the SDIVIN instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Forced to zero 
Forced to zero 
Forced to zero 
Divisor is zero 

The status of the DIVRF instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Forced to zero 
Forced to zero 
Carry out equal to one 
Remainder is zero 
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The status 9f the SDIVQF instruction is as follows: 

N 
OVR 

Cn +8 
Z 

Sign of quotient 
Divide overflow 
Carry out equal to pne 
Quotient is zero 

The quotient is stored in the MQ register and the remainder is stored in the register file location that originally 
held the most significant word of the dividend. If fractions are divided. the quotient must be shifted right 
one bit and the relT!ainder right three bits to obtain the correct fractional representations. 

The signed division algorithm is summarized in Table 7, 

TABLE 7. SIGNED DIVISION ALGORITHM 

OP CLOCK INPUT INPUT OUTPUT 

CODE 
MNEMONIC 

CYCl!:S SPORT R PORT F PORT 

E4 LOADMQ 1 Dividend (LSHI - Dividend (LSHI 

80 SDIVIN 1 Dividend (MSHI Divisor Remainder 

AF SDIVO 1 Remainder Divisor Test Result 

90 SDIVIS 1 Remainder Divisor Remainder 

AO SDIVI 7 Remaind~r Divisor Remainder 

EO SDIVIT 1 Remainder Divisor Remainder (Unfixed I 

40 DIVRF 1 Remainder (Unfixe~1 Divisor Remainder 

50 SDIVQF 1 MQ Register Divisor Quotient 

unsigned divide usage 

The instructions necessary to perform an algebraically correct division of unsigned numbers are as follows: 

Load MQ with the least significant half of the dividend 

UDIVIS Sport MSH of dividend 
R port pivisor 
F port Intermediate result 

UDIVI (8-1 times) Sport Result of UDIVIS (OR UDIVI) 
R port Divisor 
F port Intermediate result 

UDIVIT Sport Result of last \.JDIVI 
R port Divi!;or 
F port Remainder (unfixed) 

DIVRF Sport Result of UDIVIT 
R port Divispr 
F port Remainder 

The status of all unsigned divide instructions except UDIVIS is as follows: 

N 
OVR 

Cn +8 
Z 

Forced to zero 
Forced to zero 
Carry out equal to one 
Intermediate result is zero 
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Forced to zero 
Divide overflow 
Carry out equal to one 
Intermediate result is zero 
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If fractions are divided, the remainder must be shifted right two bits to obtain the correct fractional 
representation. The quotient is correct as is. The quotient is stored in the MQ register at the completion 
of the divide. 

The unsigned division algorithm is summarized in Table 8. 

TABLE B. UNSIGNED DIVISION ALGORITHM 

OP CLOCK INPUT INPUT OUTPUT 
MNEMONIC 

CODE CYCLES SPORT R PORT F PORT 

E4 LOADMQ 1 Dividend (LSH) - Dividend (LSH) 

BO UDIVIS 1 Dividend (MSH) Divisor Remainder 

CO UDIVI 7 Remainder Divisor Remainder 

FO UDIVIT 1 Remainder Divisor Remainder (Unfixed) 

40 DIVRF 1 Remainder (Unfixed) Divisor Remainder 

group 5 instructions 

Hex code F of Group instructions is used to access Group 5 instructions. Group 5 instructions are 
summarized in Table 9. 

TABLE 9. GROUP 5 INSTRUCTIONS 

INSTRUCTION BITS (17·10) 

OP CODE (HEX) 
MNEMONIC FUNCTION 

OF CLR Clear 

1F CLR Clear 

2F CLR Clear 

3F CLR Clear 

4F CLR Clear 

5F CLR Clear 

6F CLR Clear 

7F BCDBIN BCD to Binary 

SF Reserved 

9F EX3C Excess-3 Word Correction 

AF SDIVO Signed Divide Overflow Check 

BF CLR Clear 

CF CLR Clear 

DF BINEX3 Binary to Excess-3 

EF CLR Clear 

FF NOP No Operation 
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clear instructions (CLR) 

There are 11 clear instructions listed in Table S. The instructions force the ALU output to be zero and 
the BCD flip-flops to be cleared. The status set by the clear instruction is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force'to zero) 
None (force to zero) 
Activ,e (one) 

no operation instruction (NOP): 17-10 - FF16 

This instruction is identical to the clear instructions except that the BCD flip-flops retain their old value. 

excess-3 correction instructions (EX3C): SF16 

This instruction corrects excess-3 additions (subtractions). For correct excess-3 arithmetic, this instruction 
must follow each add/subtract. The operand must be on the Sport. 

NOTE: The previous arithmetic overflow should be ignored. 

The status set by the EX3C instruction is as follows: 

N 
OVR 
Cn +8 
Z 

radix conversions 

MSB of result 
Signed overflow 
Carry out equal one 
None (force to one) 

Conversions between decimal and binary number representations are performed with the aid of two special 
instructions: BINEX3 and BCDBIN. 

BCD to binary instructions (BCDBIN): 17-10 - 7F16 

This instruction (Figure 10) allows the user to convert a 2-digit BCD number to an 8-bit binary number 
in 12 clocks. This function sums the R bus, the S bus, and the Cn bit, performs an arithmetic left shift 
on the ALU res,ult, and simultaneously circular shifts the MQ left. The status set by the BCD to binary 
instruction is as follows: 

N 
OVR 
Cn +8 
Z 

MSB of result 
Signed arithmetic overflow t 
Carry out equal one 
,Result equal zero 

t Overflow may be the result of an ALU operation or the arithmetic left shift operation, 
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LOADMQ NUM 
SUB ACC, ACC, SLCMQ 
SUB, MSK, MSK, SLCMQ 
SLCMQ 

; LOAD MQ WITH BCD NUMBER 
; CLEAR ACC AND ALIGN MQ 

SLCMQ 
ADDIACC, MSK, 1510 
AND MQ, MSK, R1, SLCMQ 

ADD, ACC,·R1, R1, SLCMQ 

BCDBIN, R1, R1, ACC 

BCD~N, ACC, R1,ACC 

-AND MQ, MSK, R1 
ACC+R1 -+ ACC 

; CLEAR MSK AND ALIGN MQ 
; ALIGN 
; ALIGN 
; MSK = 1510 
; EXTRACT ONE DIGIT 
; ALIGN MQ 
; ACC + DIGIT 
; IS STORED IN R1 
; ALIGN MQ 
; 4 x (ACC + DIGIT) 
; IS STORED IN ACC 
; ALIGN MQ 
; 10 x (ACC + DIGIT) 
; IS STORED IN ACC 
; ALIGN MQ 
; FETCH LAST DIGIT 
; ADD IN LAST DIGIT 

The previous code generates a binary number by executing the standard conversion formula for a 2-digit 
BCD number. 

AB = A x 10 + B 

Notice that the conversion begins with the most significant BCD digit and that the addition is performed 
in radix 2. 

binary to excess-3 instructions (BINEX3): 17·10 = DF16 

This instruction (Figure 11) allows the user to convert an 8-bit binary number to 2-digit excess-3 number 
representation in 19 clocks. The data on the Rand S ports are summed with the MSB of the MQ register. 
The MQ register is simultaneously shifted left circularly. The status set by the binary to excess-3 instruction 
is as follows: 

N 
OVR 

Cn +8 
Z 

MSB of result 
Signed arithmetic overflow 
Carry out equal one 
Result equal zero 
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BCDBIN 

FIGURE 10. BCD TO BINARY 

BINEX3 

FIGURE 11. BINARY TO EXCESS·3 
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The following illustrates the binary to excess-3 conversion technique. 

Let NWM be a register containing an unsigned binary number 
Let ACC be an accumulator 

M1: 

M2: 
M3: 
L1: 

L2: 

LOADMQ NUM 

CLEAR ACC 
SEn ACC H/33/ 
BINEX3 ACC. ACC. ACC 

EX3C ACC. ACC 

; LOAD MQ WITH BINARY 
; NUMBER 
; CLEAR ACC 
; ACC -+ HEX/3333 ... 
; DOUBLE ACC AND ADD IN 
; MSB OF MQ 
; ALIGN MQ 
; EXCESS 3 CORRECT 
; REPEAT L 1 AND L2 
; 7 TIMES 

The previous code generates an excess-3 number by executing the standard conversion formula for a binary 
number. 

an2n+an_12n-1 +an_22n-2+ ... ao20 = [(2an+an-1)2+an-212 + ... ao 

Notice that the conversion begins with the most significant binary bit and that the addition is performed 
in radix-10 (excess-3). 

decimal arithmetic 

Decimal numbers are represented in excess-3 code. Excess-3 code numbers may be generated by adding 
three to each digit of a Binary Coded Decimal (BCD) number. The hardware necessary to implement excess-3 
arithmetic is only slightly different from binary arithmetic. Carries from one digit to another during addition 
in BCD occur when the sum of the two digits plus the carry-in is greater than or equal to ten. If both numbers 
are excess-3. the sum will be excess-6, which will produce the proper carries. Therefore. every addition 
or subtraction operation may use the binary adder. To convert the result from excess-6 to excess-3, one 
must consider two cases resulting from a BCD digit add: (1) where a carry-out is produced, and (2) where 
a carry-out is not produced. If a carry-out is not produced, three must be subtracted from the resulting 
digit. If a carry is produced, the digit is correct as a BCD number. For example. if BCD 5 is added to BCD 6. 
the excess-3 result would be 8 + 9 = 1 (with a carry). A carry rolls the number through the illegal BCD 
representations into a correct BCD representation. Binary 3 must be added to digit positions that produce 
a carry-out to correct the result to an excess-3 representation. Every addition and sub~raction instruction 
stores the carry generated from each 4-bit digit location for use by the excess-3 correction function. The 
correction instruction must be executed in the clock cycle immediately after the addition or subtraction 
operation. 
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absolute maximum rating over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee1 .................................. " . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, Vee2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. 3 V 
Input voltage .............................................................. 7 V 
High-level voltage applied to 3~state outputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating case temperature range: SN54AS887 .................... , . . . .. - 55 °e to 125°e 
Operating free-air temperature range: SN74AS887, SN74AS887-1 ............... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 

recommended operating conditions 

SN54AS887 
SN74AS887 

SN74AS887-1 UNIT 

MIN NOM MAX MIN NOM MAX 

vCCl 1/0 supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VCC2 STL internal logic supply voltage 1.9 2 2.1 1.9 2 2.1 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -1 -2.6 mA 

I All output except N and ZERO' 8 8 

10L low-level output current L N 16 16 mA 

I ZERO 48 48 

TC Operating case temperature -55 125 
°c 

TA Operating free-air temperature 0 70 

~ electrical characteristics over recommended operating free-air temperature range (unless otherw,ise 
< noted) 

n' 
(1) 
til PARAMETER TEST CONDITIONS 

VIK VCCl = 4.5 V. II = -18mA 

VCCl - 4.5 V to 5.5 V. 10H - -0.4 mA 

VOH 
All outputs 

VCCl - 4.5 V, 10H - -1 mA 
except ZERO 

VCCl - 4.5 V. 10H - 2.6 mA 

10H ZERO VCCl - 4.5 V, VOH - 5.5 V 

All outputs 
VCCl = 4.5 V, 10L = 8 mA 

VOL 
except N and ZERO 

N VCCl = 4.5 V. 10L = 16 mA 

ZERO VCCl = 4.5 V. 10L = 48 mA 
1/0 VCCl = 5.5 V. VI = 5.5 V 

II 
All others VCCl - 5.5 V, VI - 7 V 

IIHt VCCl = 5.5 V, VI = 2.7 V 

IlL t VCCl = 5.5 V, VI = 0.5 V 

10§ VCCl = 5.5 V, Vo = 2.25 v 

ICCl VCCl = 5.5 V 

ICC2 VCC2 - 2.1 V 

t All typical values are at VCC = 5 V, TA = 25°C. 
tFor I/O ports, the parameters IIH and IlL include the off-state current. 

SN54AS887 
SN74AS887 

SN74AS887-1 UNIT 

MIN Typt MAX MIN TYpt MAX 

- 1.2 -1.2 V 

VCc- 2 VCC- 2 

2.4 V 

2.4 

0.1 0.1 mA 

0.5 0.5 

0.5 0.5 
V 

0.5 0.5 

0.1 0.1 
mA 

0.1 0.1 

20 20 ~A 

-0.4 -0.4 mA 

-30 -112 -30 - 1 12 mA 

150 130 mA 

410 390 mA 

§The output conditions have,been chosen to produce a current that closely approximates one-half the true short-circuit current, I.qS· 
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SN54AS887, SN74AS887 
8·BIT PROCESSORS 

SN54AS887 maximum switching characteristics. Vee 
(see Note 1) 

4.5 V to 5.5 V. Te 

FROM TO (OUTPUTI 
PARAMETER zt (lNPUTI Y Cn +8 G. P N OVR DA DB 

A3-AO 
B3-BO 

62 42 48 69 62 60 18 18 

DA7-DAO, 
DB7-DBO 

47 28 28 58 50 42 - -

Cn 25 14 - 32 24 18 - -

EA 54 32 35 62 52 52 - -

EB 54 32 35 62 52 52 -- -

17-10 58 32 32 62 52 41 - -

tpd OEB - - - - - - - 14 
OEY 14 - - - - - - -

QIO (nl 
15 24 - - - - - -

Shift 
SIO Inl 

15 24 22 - - - - -
Shift 
CK 68 60 56 62 50 68 38 38 
OEA - - - - - 14 -

tload resistor Rl ~ 100 n. 
NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

SN74AS887 maximum switching characteristics. Vee 
Note 1) 

4.5 V to 5.5 V. TA 

FROM TO (OUTPUTI 
PARAMETER zt (lNPUTI Y cn +8 G,P N OVR DA DB 

A3-AO 
B3-BO 

54 36 42 60 52 50 18 18 

DA7-DAO, 
DB7-DBO 

44 26 26 52 46 38 - -

Cn 25 8 - 32 24 18 - -

EA 49 29 29 58 49 47 - -

EB 49 29 29 58 49 47 - -

17-10 55 30 30 60 49 39 - -

tpd DEB - 12 
OEY 12 - - - - - - -

QIO (nl 
15 24 - - - - - -

Shift 
SIO (nl 

15 - -
Shift 

24 19 - - -

CK 58 55 52 61 52 62 35 35 
OEA - - - - - - 12 -

tload resistor Rl ~ 100 n. 
NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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QIO 

65 

50 

32 
58 
58 
58 
-

-

-

-

70 
-

SID 

66 

50 

32 
58 
58 
58 
-
-

-

-

70 
-

UNIT 

ns 

II 
fI) 
Q) 
(,) 

o °e to 70 0 e (see oS; 

QIO SID 

58 58 

44 44 

31 31 
54 54 
54 54 
54 54 

- -

- -

- -

60 60 
- -

UNIT 

ns 

Q) 

C 

en .... 
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SN54AS887, SN74AS887 
8-BIT PROCESSORS . 

SN74AS887-1 maximum switching cha~acteristics. Vee = 4.5 V to 5.5 V. TA = oDe to 70 De (see 
Note 1) 

FROM TO IOUTPUT) 
PARAMETER G.P zt QTO SID 

UNIT 
(INPUT) Y Cn+S N OVR DA DB 

A3-AO 
44 

B3-BO 
30 36 50 44 44 17 17 41\ 48 

DA7-DAO. 
36 24 24 46 41 32 40 40 

DB7-DBO 
- -

Cn 22 8 - 27 21 16 - - 25 25 

EA 40 25 25 49 41 41 - - 44 44 

EB 40 25 25 49 41 41 - - 44 44 

17-10 46 27 27 50 42 35 - - 45 45 

tpd OEB - - - - - - - 12 - - ns 

DEY 12 - - - - - - - - -

QIO Inl 
14 20 

Shift 
- - - - - - - -

SIOlnl 
14 20 18 - - - - - -

Shift 

CK 5.0 46 46 50 50 50 30 30 50 50 

OEA - - - - - - 12 - -

t Load resistor R 1 = 100 II. 
NOTE1: Load circuit and voltage waveforms are shown in Section 1. 

register file write setup and hold times 

SN54AS887 SN74AS887 SN74AS887-1 
PARAMETER 

MIN 
UII!!T 

MIN MAX MIN MAX MAX 

C3-CO 8 7 6 

DB§ 14 12 11 

17-14 16 14 13 

13-10 24 22 21 

tsu OEY 4 3 3 ns 

Y7-YO 2 2 2 

WE 8 6 6 

QIOlnl. SIOlnl 6 5 5 

SELY 8 6 6 

C3-CO 0 0 0 

DB§ 0 0 0 

17-14 0 0 0 

13-10 0 0 0 

th OEY 6 5 5 ns 

Y7-YO 10 10 10 

WE 3 2 2 

QTOlnl. SIOlnl 0 0 0 

SELY 8 6 6 

§ DB Iduring select instruction 1 through Y port. 
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special instruction switching characteristics 

SN54AS887, SN74AS887 
8·BIT PROCESSORS 

The SSF pin is used internally during certain instructions. The following tables list the instructions which force 
the SSF pin during their execution. The propagation delay from various inputs is also shown. The parameter 
which limits normal system performance is indicated by a dagger. 

SN54AS887 SSF PIN DELAYS AND SETUP TIMES 

HEX INPUT - SSF Insl SSF SETUP 
MNEMONIC 

CODE Cn I(nl CK Bini TIME Insl 

SNORM 20 29 T 46 - 20 

DNORM 30 - 29 55 40T 20 

DIVRF 40 - 29 t 46 - 20 

SDIVQF 50 - 26 t - - 18 

SMUll 60 - 26 t 43 - 0 

SOIVIN 80 - 48 64 44t 0 

SDIVIS 90 26 t 51 64 55 0 

SOl VI AO 26 t 51 64 55 0 

UOIVIS BO 18 t 45 64 46 0 

UOIVI CO 18t 50 54 40 0 

UMULI DO - 25 t 48 - 0 

SOIVIT EO 26 t 50 56 54 0 

ABX 48 - 34 62 39 t 20 

SMTC 58 - 29 58 39 t 20 

BINEX3 DF - 29 t 58 - 18 

LOADMQ IArithl 23 t 34 62 40 0 
LOADMQ (Log) - 33 62 40t 0 

t This parameter limits normal system performance. -en 
...I 
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SN54AS887. SN74AS887 
8·BIT PROCESSORS 

SN74AS887 SSF PIN DELAYS AND SETUP TIMES 

MNEMONIC 
HEX INPUT -SSF Ins) 

CODE Cn lin) CK 
SNORM 20 - 26 40 
DNORM 30 - 26 52 
DIVRF 40 - 26 t 40 
SDIVQF 50 - 25 t -
SMUll 60 - 25 t 40 
SDIVIN 80 - 38 60 
SDIVIS' 90 24t 48 60 
SDIVI AO 24t 48 60 
UDIVIS BO 17t 43 60 
UDIVI CO 17t 44 52 
UMULI DO - 26 t ' 40 

SDIVIT EO 25 t 46 52 
ABX 48 - 32 60 
SMTC 58 - 26 52 
BINEX3 OF - 26 t 40 
LOADMQ IArith) 22t 32 50 
LOADMQ ILog) - 32 50 

t T.his parameter limits normal system performance. 
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SSF SETUP 

81n) TIME Ins) 
- 17 

37 t 17 
- 17 
- 17 

- 0 
40t 0 

52 0 

52 0 

45 0 

37 0 

- 0 

49 0 

38 17 

38 t 17 
- 17 

38 0 
38 t 0 



SN74AS887-1 SSF PIN DELAYS AND SETUP TIMES 

HEX INPUT - SSF (nsl 
MNEMONIC 

CODE Cn I(nl CK 
SNORM 20 - 23 t 28 
ONORM 30 - 23 40 
DIVRF 40 - 23 t 27 
SDIVQF 50 - 23 t -
SMUll 60 - 22t 27 
SDIVIN 80 - 35 46 
SDIVIS 90 22t 42 48 
SDIVI AO 22t 42 46 
UDIVIS 80 16t 42 46 
UDIVI CO 16t 36 46 
UMUlI DO - 22t 27 
SDIVIT EO 21t 40 44 
ABX 48 - 28 46 
SMTC 58 - 24 44 
BINEX3 OF - 23 t 27 
LOADMQ (Arith) 19 t 28 40 
LOADMQ (Log) - 28 35 

t This parameter limits normal system performance. 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

SN54AS887, SN74AS887 
8·BIT PROCESSORS 

SSF SETUP 

B(nl TIME (nsl 
- 14 

34 t 14 
- 14 
- 14 
- 0 

35 t 0 
42 0 
42 0 
38 0 
34 0 
- 0 

42 0 
30 t 14 
30 t 14 
- 14 

30 0 
30 t 0 II 

en 
Q) 
(.) 

'S; 
Q) 

o 
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....I 
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• STL-AS Technology 

• Parallel 8-Bit ALU with Expansion Inputs 
and Outputs 

• 13 Arithmetic and Logic Functions 

• 8 Conditional Shifts (Single and Double 
Length) 

• 9 Instructions that Manipulate Bytes 

• 4 Instructions that Manipulate Bits 

• Add and Subtract Immediate Instructions 

• Absolute Value Instruction 

SN54AS888, SN74AS888 
8-BIT PROCESSOR SLICES 

MARCH 1985-REVISED JANUARY 1986 

• Full Carry Look Ahead Support 

• Sign, Carry Out, Overflow, and Zero-Detect 
Status Capabilities 

• Excess-3 BCD Arithmetic 

• Internal Shift Multiplexers that Eliminate the 
Need for External Shift Control Parts 

• ALU Bypass Path to Increase Speeds of 
Multiply. Divide, and Normalize Instructions 
and to Provide New Instructions such as Bit 
Set, Bit Reset, Bit Test. Byte Subtract, Byte 
Add, and Byte Logical 

• Signed Magnitude to/from Two's 
• 3-0perand Register Files to Allow an 

Operation and a Move Instruction to be 
Combined Complement Conversion 

• Single- and Double-Length Normalize 

• Select Functions 

• Signed and Unsigned Divides with Overflow 
Detection; Input does not Need to be 
Prescaled 

• Signed, Mixed. and Unsigned Multiplies 

• Three-Operand, 16-Word Register File 

description 

• Byte Select Controlled by External 3-State 
Buffers that may be Eliminated if Bit and 
Byte Manipulation are not Needed 

• Bit and Byte Masks that are Shared with 
Register Address Fields to Minimize Control 
Store Word Width 

• 3 Data Input/Output Paths to Maximize 
Data Throughput 

These 8-bit Advanced Schottky TTL integrated circuits are designed to implement high performance digital 
computers or controllers. An architecture and instruction set has been chosen that supports a fast system 
clock, a narrow micro-code word width, and a high system throughput. The powerful instruction set allows 
high-speed system architecture to be implemented and also allows an existing system's performance to 
be upgraded while protecting software investments. These processors are designed to be cascadable to 
any word width 16 bits or greater. ' 

The SN54AS888 is characterized for operation over the full military temperature range of - 55 DC to 125°C. 
The SN74AS888 and SN74AS888-1 are characterized for operation from ooe to 70°C. 

Package options include both plastic and ceramic chip carriers in addition to a 68-pin grid array ceramic 
package. 

Copyright © 1982, Texas Instruments Incorporated 

• CI) 
Q) 
U oS; 
Q) 

C -en 
...J 

PRODUCTION DATA doc.monts contain information 
current as of publication date. Products conform to 
spacifications per the terms of Tans Instruments 
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SN54AS888. SN74AS888 
8-BIT PROCESSOR SLICES 

A 

B 

C 

0 

E 

F 

G 

H 

J 

K 

L 

SN54AS888. SN74AS888 ... G8 PACKAGE 

(TOP VIEW) 

2 3 4 5 6 7 8 9 10 11 

• • • • • • • • • • 
• 0· • • • • • • 0· 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• 0· • • • • • 0· 

• • • • • • • • 

DB6 10 
11 
12 

13 

14 

15 

16 
17 
18 
19 

20 
21 

22 

23 

24 

25 

26 

SN54AS888 ... FK PACKAGE 
SN74AS888 ... FN PACKAGE 

(TOP VIEW) 

Cl a.. u.. 0 a:: Z COl'" I'" 10 10 C 0 ..- N M V ZQ..(J)a:>-- +OOOOU-----
(!) a.. ff) ~1~1c..? JVi a a en 

G8 PACKAGE PIN ASSIGNMENTS 

PIN NAME PIN NAME PIN NAME PIN NAME 

A-2 Cn B-9 OEY F-1D Y3 K-4 C2 

A-3 5100 B-l0 YO F-ll DB2 K-5 AO 

A-4 0i50 B-ll Yl G-l DA2 K-6 A3 

A-5 0107 C-l 15 G-2 DAO K-7 WE 

A-6 (:n+8 C-2 VCC2 G-l0 DBO K-8 DB7 

A-7 GIN C-l0 Y4 G-ll DB3 K-9 OE8 

A-8 P/OVR C-ll Y6 H-l DA3 K-l0 EBO 

A-9 ZERO D-,l 16 H-2 DAl K-ll EBl 

A-l0 PPP 0-2 VCCl H-l0 DB6 L-2 CK 

B-1 12 0-10 Y5 H-l1 DB4 L-3 Cl 

B-2 13 0-11 Y7 J-l DA4 L-4 C3 

B-3 11 E-l 17 J-2 DA5 L-5 Al 

B-4 10 E-2 5EA J-l0 SELY L-6 A2 

B-5 14 E-l0 Y2 J-ll DB5 L-7 B3 

B-6 5107 E-ll DBl K-l DA6 L-8 B2 

B-7 SSF F-l EA K-2 DA7 L-9 Bl 

B-8 F-2 GND K-3 CO L-l0 BO 
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PIN GRID CHIP 

CARRIER 
NAME 

ARRAY 

A-l0 28 PPP 

B-7' 29 SSF 

A-9 30 ZERO 

A-8 31 P/OVR 

A-7 32 GIN 

A-6 33 Cn +8 

B-6 34 SI07 

A-5 35 0107 

A-4 36 0100 

A-3 37 5100 

A-2 38 Cn 

B-4 39 10 

B·3 40 11 

B-1 41 12 

B-2 42. 13 

B-5 43 14 

C-l 44 15 

D-l 45 16 

E-l 46 17 

C-2 47 VCC2 

D-2 48 VCCl 

E-2 49 OEA 

F-l 50 EA 

F-2 51 GND 

G-2 52 DAO 

H-2 53 DAl 

G-l 54 DA2 

H-l 55 DA3 

J-l 56 DA4 

J-2 57 DA5 

K-l 58 DA6 

K-2 59 DA7 

L-2 60 CK 

K-3 61 CO 

L-3 62 Cl 

K·4 63 C2 

L-4 64 C3 

K-5 65 AO 

L-5 66 Al 

L-6 67 A2 

K-6 68 A3 

1/0 

I 

1/0 

1/0 

0 

0 

0 

I/O 

I/O 

I/O 

I/O 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I 

I 

I 

I 

I 

I 

I 

I 

I 

SN54AS888, SN74AS888 
8·BIT PROCESSOR SLICES 

PIN FUNCTIONAL DESCRIPTION 

DESCRIPTION 

Package position pin. Tri-Ievel input used to define package significance during 

instruction execution. Leave open for intermediate positions, tie to Vee for most 

significant package, and tie to GND for least significant package. 

Special shift function. Used to transfer required information between packages during 

special instruction execution. 

Device zero detection, open collector. Input during certain special instructions. 

ALU propagate/instruction overflow for most significant package, low active. 

ALU generate/negative result for most significant package, low active. 

ALU ripple carry output. 

Bidirectional shift pin, low active. 

ALU carry input. 

Instruction input. 

Low voltage power supply 12 V). 

I/O interface supply voltage 15 VI. 

DA bus enable. low active. 
ALU input operand select. High state. selects external DA bus and low state selects 

register file. 

Ground pin. 

A port data bus. Outputs register file data lEA ~ 01 or inputs external data lEA ~ 1). 

Clocks all synchronous registers on positive edge. 

Register file write address select. 

Register file A port read address select. 

• 
-fn .... 
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SN54AS888. SN74AS888 
8·BIT PROCESSOR SLICES 

PIN GRID CHIP I/O NAME 
ARRAY CARRIER 

K-7 1 WE I 

L-7 2 B3 I 

L-8 3 B2 I 

L-9 4 Bl I 

L-l0 5 BO I 

K-l0 6 EBO I 

K-l1 7 EBl 1 

K-9 8 OEB I 

K-8 9 DB7 110 

H-l0 10 DB6 110 

J-l1 11 DB5 110 

H-l1 12 DB4 110 

G-l1 13 DB3 110 

F-ll 14 DB2 110 

E-ll 15 DBl 110 

G-l0 16 DBO 110 

J-l0 17 SELY I 

0-11 18 Y7 110 

C-l1 19 Y6 110 

0-10 20 Y5 110 

C-l0 21 Y4 110 

F-l0 22 Y3 110 

E-l0 23 Y2 110 

B-l1 24 Yl 110 

B-l0 25 YO 110 

B-9 26 OEY I 

F-2 27 GND 

2-296 

PIN FUNCTIONAL DESCRIPTION 

DESCRIPTION 

Register file (RF) write enable. Data is written into RF when WE is low and a low-ta-high 

clock transition occurs. RF write is inhibited when WE is high. 

Register file B port read address select. (0 = LSB). 

ALU input operand select. ESO and EB1 selects the source of data that the S multiplexer 

provides for the S bus. Independent control of the DB bus and data path selection allow 

the user to isolate the DB bus while the ALU continues to process data. 

DB bus enable, low active. 

B port data bus. Outputs register data (DEB = 0) or used to input external data 

(OEB = 1), (0 = LSB). 

Y bus select, high active. 

Y port data bus. Outputs instruction results (DEY = 0) or used to put external data into 

register file (OEY = 1). 

Y bus output enable, low active. 

Ground pin 
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functional block diagram 

16 X 8 
REGISTER FILE 

SN54AS888. SN74AS888 
8-BIT PROCESSOR SLICES 

4 
C3-CO 

WE 

CK 
4 

B3-BO 

OEB 
A3.AOC;~~-r--------Il __ -r ________ -r __ J-~======!===~t=~~ 

8 
DA7·DAO K:l~-+--+-1~-------, 

OEA 

EAC>~=+=====---S: 
G/N~ 

P/OVR~ 

Cn+8<:}--

ZER0D--

8 

SI07~~---r--------------; 

0107~~---+--------------~~F=~--~ ~--~~ 

PPPC>--

SSF~ 
8 

17.lOo!t­

OEY D~--+----------+----o.. 

SELY~------------~ 
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SN54AS888. SN74AS888 
8·BIT PROCESSOR SLICES 

architectural elements 

3-port register file 

Working registers consist of 128 storage elements organized into sixteen 8-bit words. These storage 
elements appear to the user as 16 positive edge-triggered registers. The three port addresses, one write 
(C) and two reads (A and B), are completely independent of each other to implement a 3-operand register 
file. Data is written. into the register file when WE is low and a low-to-high clock transition occurs. The 
ADD and SUBTRACT immediate instructions require only one source operand. The B address is used as 
the source address, and the bits of the A address are used to provide a constant field. The SET, RESET, 
and TEST BIT instructions use the B addressed register as both the source and destination register while 
the A and C addresses are used as masks. These instructions are explained in more detail in the instruction 
section. 

S multiplexer 

The S multiplexer selects the ALU operand, as follows: 

EB1 EBO S bus 
Low Low RF data 
Low High MO data 
High Low DB data 
High High MO data 

DB port 

Data is passed through the ALU or received from the register file on the 8-bit DB port. If OEB is low, the 
DB bus is active; if OEB is high, the DB bus is in the high impedance state. Notice that the DB port may 
be isolated at the same time that register file data is passed to the ALU. 

R mUltiplexer 

The R multiplexer selects the other operand of the ALU. Except for those instructions that require constants 
or masks, the R bus will contain DA if EA is high or the RF data pointed to by A if EA is low. 

DA bus 

ALU 

The DA bus is active (with register file data) if OEA is low. Notice that the DA bus may be isolated while 
register file data is passed to the ALU. 

The shift instructions are summarized in Table 4 and illustrated in Figure 2. The ALU can perform seven 
arithmetic and six logical instructions on two 8-bit operands. It also supports multiplication, division, 
normalization, bit set, reset, test, byte operations, and excess-3 BCD arithmetic. These source operands 
are the outputs of the Sand R multiplexers. 

ALU and MQ shifters 

ALU and MO shifters perform all of the shift, multiply, divide, and normalize functions. Table 4 shows 
the value of the SI07 and 0107 pins of the most significant package. The standard shifts may be made 
into conditional shifts and the serial data may be input or output with the aid of two three-state gates. 
These capabilities are discussed further in the arithmetic and logic section. 
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MQ register 

SN54AS888. SN74AS888 
8-BIT PROCESSOR SLICES 

The multiplier-quotient (MQ) register has specific functions in multiplication, division, and normalization. 
This register may also be used as a temporary storage register. The MQ register may be loaded if the 
instruction code on pins 17-10 is E1-E7 or E9-EE (See Table 1). 

Y bus 

The Y bus contains the output of the ALU shifter if OEY is low and is a high impedance input if OEY is 
high. SEL Y must be low to pass the internal ALU shift bus and must be high to pass the external Y bus 
to the register file. 

status 

Four status pins are available on the most significant package, overflow (OVR). sign (N). carry out (Cn + B), 
and zero (ZERO). The Cn + B line signifies the ALU result while OVR, ZERO, and N refer the status after 
the ALU shift has occurred. Notice that the ZERO pin cannot be used to detect whether an input placed 
on a high impedance Y bus is zero. 

divide BCD flip-flops 

The multiply-divide flip-flops contain the status of the previous multiply or divide instruction. They are 
affected by the following instructions: 

DIVIDE REMAINDER FIX 
SIGNED DIVIDE QUOTIENT FIX 
SIGNED MULTIPLY 
SIGNED MULTIPLY TERMINATE 
SIGNED DIVIDE INITIALIZE 
SIGNED DIVIDE START 

SIGNED DIVIDE ITERATE 
UNSIGNED DIVIDE START 
UNSIGNED DIVIDE ITERATE 
UNSIGNED MULTIPLY 
SIGNED DIVIDE TERMINATE 
UNSIGNED DIVIDE TERMINATE 

The excess-3 BCD flip-flops are affected by all instructions except NOP. The clear function clears these 
flip-flops. They preserve the carry from each nibble (4-bits) in excess-3/BCD operations. 

package position pin (PPPI 

The position of the processor in the system is defined by the voltage level applied to the package position 
pin (PPP). Intermediate positions are selected by leaving the pin open. Tying the pin to VCC makes the 
processor the most significant package and tying the pin to GND makes the processor the least significant 
package. 

special shift function (SSF) pin 

Conditional shifting algorithms may be implemented via control of the SSF pin. The applied voltage to this 
pin may be set as a function of a potential overflow condition (the two most significant bits are not equal) 
or any other condition (see Group 1 instructions). 

instruction set 

The' ASBBB bit-slice processor uses bits 17-10 as instruction inputs. A combination of bits 13-10 (Group 1 
instructions) and bits 17-14 (Group 2-5 instructions) are used to develop the B-bit op code for a specific 
instruction. Group 1 and Group 2 instructions can be combined to perform arithmetic or logical functions 
plus a shift function in one instruction cycle. A summary of the instruction set is given in Table 1. 
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TABLE 1. INSTRUCTION SET 

GROUP 1 INSTRUCTIONS 

INSTRUCTION BITS 113·10) 

HEX CODE 
MNEMONIC FUNCTION 

0 Accesses Group 4 instructions 

1 ADD R+S+Cn 

2 SUBR R+S+Cn 
3 SUBS R+S+Cn 
4 )NCS S+Cn 
5 INCNS S+Cn 

6 INCR R+Cn 

7 INCNR R+Cn 

8 Accesses Group 3 instructions 

9 XOR R XOR S 

A AND RAND S 

B OR R OR S 

C NAND R NAND S 

D NOR R NOR S 

E ANDNR RAND S 

F Accesses Group 5 instructions 

GROUP 2 INSTRUCTIONS 

INSTRUCTION BITS 117·)4) 

HEX CODE 
MNEMONIC FUNCTION 

0 SRA Arithmetic Right Single 

1 SRAD Arithmetic Right Double 

2 SRL Logical Right Single 

3 SRLD Logical Right Double 

4 SLA Arithmetic Left Single 

5 SLAD Arithmetic Left Double 

6 SLC Circular Left Single 

7 SLCD Circular Left Double 

8 SRC Circular Right Single 

9 SRCD Circular Right Double 

A MQSRA Pass IF-V) and Arithmetic Right MO 

B MQSRL Pass IF-V) and Logical Right MQ 

C MQSLL Pass IF-V) and Logical Left MQ 

D MQSLC Pass IF-V) and Circular Left MQ 

E LOADMO Pass IF-V) and Load MQ IF = MQ) 

F PASS Pass IF-V) 

2-300 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TABLE 1. INSTRUCTION SET (Continued) 

GROUP 3 INSTRUCTIONS 

INSTRUCTION BITS 117-10) 

HEX COOE 
MNEMONIC FUNCTION 

08 SET1 Set Bit 

18 SETO Reset Bit 

28 TB1 Test Bit (One) 

38 TBO Test Bit (Zero) 

48 ABS Absolute Value 

SN54AS888. SN74AS888 
8·BIT PROCESSOR SLICES 

58 SMTC Sign Magnitude/Two's Complement 

68 

78 

88 

98 

A8 

B8 

C8 

08 

E8 

F8 

INSTRUCTION BITS 117-10) 

HEX CODE 

00 

10 

20 

30 

40 

50 

60 

70 

80 

90 

AO 

BO 

CO 

DO 

EO 

FO 

ADDI Add Immediate 

SUBI Subtract Immediate 

BADD Byte Add R to S 

BSUBS Byte Subtract S from R 

BSUBR Byte Subtract R from S 

BINCS Byte Increment S 

BINCNS Byte Increment Negative S 

BXOR 8yte XOR Rand S 

BAND Byte AND Rand S 

80R Byte OR Rand S 

GROUP 4 INSTRUCTIONS 

MNEMONIC FUNCTION 

Reserved 

SEL Select SIR 

SNORM Single Length Normalize 

DNORM Double Length Normalize 

DIVRF Divide Remainder Fix 

SDIVQF Signed Divide Quotient Fix 

SMUll Signed Multiply Iterate 

SMULT Signed Multiply Terminate 

SDIVIN Signed Divide Initialize 

SDIVIS Signed Divide Start 

SDIVI Signed Divide Iterate 

UDIVIS Unsigned Divide Start 

UDIVI Unsigned Divide Iterate 

UMULI Unsigned Multiply Iterate 

SDIVIT Signed Divide Terminate 

UDIVIT Unsigned Divide Terminate 
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TABLE 1. INSTRUCTION SET (Concluded) 

GROUP 5 INSTRUCTIONS 

INSTRUCTION BITS (17-101 
MNEMONIC FUNCTION 

HEX CODE 

OF CLR Clear 

IF CLR Clear 

2F CLR Clear 

3F CLR Clear 

4F CLR Clear 

5F CLR Clear 

6F CLR Clear 

7F BCDBIN BCD to Binary 

8F EX3BC Excess-3 Byte Correction 

9F EX3C Excess-3 Word Correction 

AF SDIVO Signed Divide Overflow Check 

BF CLR Clear 

CF CLR Clear 

DF BINEX3 Binary to Excess-3 

EF CLR Clear 

FF NOP No Operation 

group 1 instructions 

TABLE 2. GROUP 1 INSTRUCTIONS 

INSTRUCTION BITS 113-101 

HEX CODE 
MNEMONIC FUNCTION 

0 Accesses Group 4 instructions 

1 ADD R + S + Cn 

2 SUBR R+S +Cn 

3 SUBS R+S+Cn 

4 INCS S+Cn 

5 INCNS S+Cn 

6 INCR R+C n 

7 INCNR R+C n 

8 Accesses Group 3 instructions 

9 XOR R XOR S 

A AND RAND S 

B OR R OR S 

C NAND R NAND S 

D NOR R NOR S 

E ANDNR RAND S 

F Accesses Group 5 instructions 
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Group 1 instructions (excluding hex codes 0, 8, and F). shown in Table 2, may be used in conjunction 
with Group 2 shift instructions to perform arithmetic or logical functions plus a shift function t in one 
instruction cycle (hex codes 0, 8, and F are used to access Group 4, 3, and 5 instructions, respectively). 
Each shift may be made into a conditional shift by forcing the special shift function (SS!') pin into the proper 
state. If the SSF pin is high or floating, the shifted ALU output will be sent to the output buffers. If the 
SSF pin is pulled low externally, the ALU result will be passed directly to the output buffers. Conditional 
shifting is useful for scaling inputs in data arrays or in signal processing algorithms. 

These instructions set the BCD flip-flop for the excess-3 correct instruction. The status is set with the 
following results (Cn + 8 is ALU carry out and is independent of shift operation; others are evaluated after 
shift operation). 

tDouble-precision shifts involve both the AlU and MQ register. 

condition code 

Arithmetic 

N 
OVR 

Cn +8 
Z 

Logic 

N 
OVR 
Cn +8 
Z 

MSB of result 
Signed arithmetic overflow 
Carry out equal one 
Result equal zero 

MSB of result 
None (force to zero) 
None (force to zero) 
Result equal zero 

group 2 instructions 

TABLE 3. GROUP 2 INSTRUCTIONS 

INSTRUCTION BITS (17-141 
MNEMONIC FUNCTION 

HEX CODE 

0 SRA Arithmetic Right Single 

1 SRAD Arithmetic Right Double 

2 SRL Logical Right Single 

3 SRLD Logical Right Double 

4 SLA Arithmetic Left Single 

5 SLAD Arithmetic Left Double 

6 SLC Circular Left Single 

7 SLCD Circular Left Double 

8 SRC Circular Right Single 

9 SRCD Circular Right Double 

A MOSRA Pass IF~YI and Arithmetic Right MO 

B MOSRL Pass IF~YI and Logical Right MO 

C MOSLL Pass IF~YI and Logical Left MO 

D MOSLC Pass IF~YI and Circular Left MO 

E LOADMO Pass IF~YI and Load MO IF = MOl 

F PASS Pass IF~YI 
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The processor's shift instructions are implemented by a combination of Group 2 instructions (Table 3) 
and certain wired connections on the packages used. The following external connections are required. 

On intermediate packages: 
SI07 is connected to SIOO of the next most significant package 
0107 is connected to 0100 of the hext most significant package 
SIOO is connected to SI07 of the next least significant package 
0100 is connected to 0107 of the next least significant package 

On the two end packages: 
SI07 on the most significant package is connected to SIOO of the least significant package 
0107 on the most significant package is connected to 0100 of the least significant package 

The connections are the same on all instructions including multiply, divide, CRC, and normalization functions. 

Single- and double-precision shifts are supported. Double-precision shifts assume the most significant half 
has come through the ALU and will be placed (if WE is low) into the register file on the rising edge of 
the clock and the least significant half lies in the MO register. All Group 2 shifts may be made conditional 
(see previous page). 

The following definitions apply to Group 2 shift instructions: 
Arithmetic right shifts copy the sign of the number if no overflow occurs from the ALU calculation; 

if overflow' occurs, the sign bit is inverted. 
Arithmetic left shifts do not retain the sign of the number if an overflow occurs. A zero is filled into 

the LSB if not forced externally. 
Logical right shifts fill a zero in the MSB position if not forced externally. 
Circular right shifts fill the LSB in the MSB position. 
Circular left shifts fill the MSB in the LSB position. 
Shifting left is defined as moving a bit position towards the MSB (doubling). 
Shifting right is defined as moving a bit towards the LSB (halving). 

Serial input may be performed using the circuitry shown in Figure 1 . A single:/or double-precision arithmetic 
left or logical right shift fills the complement of the data on SIOO and SI07 into the LSB or MSB of the 
data word(s). Note that if SIOO and SI07 are floating (HI-Z), a zero will be filled as an end condition. 

Serial output may be performed with circular instructions. 
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SERIAL I/O (9900 CRU) 

A ---------------------, 
~ 'LS446 I 

GBA --i---a ~------, 1 

GAB --;--Q )---;::::=:t==I 

OIR ---'----..... 

I 
I 
I 
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I 
1 
1 
1 
1 
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I 
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1 ____ - ____ - ____________ I 
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SIOO t------I 
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0I00t------I 

FIGURE 1. SERIAL 110 
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The shift instructions are summarized in Table 4 and illustrated in Figure 2. In Figure 2 and all succeeding 
figures that illustrate instruction execution, the following definitions apply: 

CRF CRC accumulator end fill. 
QBT End fill for signed divide. 
MQF End fill for unsigned divide. 
SRF End fill for signed multiply and the arithmetic right shifts. 

TABLE 4. SHIFT INSTRUCTIONS 

OP 
SHIFT FUNCTION* 

SI07 • SIOO 0107· QlOO 

CODEt WIRED VALUE WIRED VALUE 

ON Arithmetic Right Single ALU·LSB Output -

IN Arithmetic Right Double MQ·LSB Output ALU·LSB Output 

2N Logical Right Single Input to ALU·MSB ALU·LSB Output 

3N Logical Right Double Input to ALU·MSB ALU·LSB Output 

4N Arithmetic Left Single Input to ALU·LSB ALU·MSB Output 

5N Arithmetic Left Double Input to MQ·LSB MQ·MSB Output 

6N Circular Left Single ALU·MSB Output -

7N Circular Left Double ALU·MSB Output MQ·MSB Output 

8N Circular Right Single ALU·LSB Output -

9N Circular Right Double MQ·LSB Output ALU·LSB Ou.tput 

AN Arithmetic Right (MQ only) MQ·LSB Output MQ·LSB Output 

BN Logical Right (MQ only) MQ·LSB Output Input to MQ·MSB 

CN Logica.1 Left (MQ only) Input to MQ·LSB MQ·MSB Output 

ON Circular Left (MQ only) MQ·MSB Output MQ·MSB Output 

top Code N *" -0, 8, or F; these select special instruction Groups 4,3, and 5 respectively. 
+Shift 110 pins are active low. Therefore, inputs and outputs must be inverted if true 

logical values are required. 

Status is set with the following results: 

Arithmetic 

N 
OVR 

Cn +8 
Z 

Logic 

N 
OVR 

Cn +8 
Z 

Result MSB equal one 
Signed arithmetic overflow t 
Carry out equal one 
Result equal zero 

Result MSB equal one 
Zero 
Zero 
Result equal zero 

t For the SLA and SLAO instructions, OVR is set if signed arithmetic overflow or if the ALU result MSB XOR MSB·l equals one. 
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group 3 instructions 

Hex code 8 of Group instructions is used to access Group 3 instructions. Group 3 instructions are 
summarized in Table 5. 

TABLE 5. GROUP 3 INSTRUCTIONS 

INSTRUCTION BITS (17-10) 

OP C9DE (HEX) 
MNEM9NIC FUNCTION 

08 SETl Set Bit 

18 SETO Reset Bit 

28 TBl Test Bit (Onel 

38 TBO Test Bit (Zero I 

48 ABS Absolute Value 

58 SMTC Sign Magnitude/Two's Complement 

68 ADDI Add Immediate 

78 SUBI Subtract Immediate 

88 BADD Byte Add R to S 

98' BSUBS Byte Subtract S from R 

A8 BSUBR Byte Subtract R from S 

B8 BINCS Byte Increment S 

C8 BINCNS Byte Increment Negative S 

08 BXOR Byte XOR Rand S 

E8 BAND Byte AND Rand S 

F8 BaR Byte OR Rand S 
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This instruction (Figure 3) is used to force selected bits of a desired byte(s) to one (any combination of 
zero to eight bits). The desired bits are specified by an 8-bit mask (C3-CO)::(A3-AO) t consisting of register 
file address ports that are not required to support this instruction. All bits in the selected byte(s) that are 
in the same bit positions as ones in the mask are forced to a logical one. The 83-80 address field is used 
for both source and destination of this instruction. The desired byte is specified by forcing SIOO to a low 
value. Nonselected packages pass the byte through unaltered. The S bus is the source word for this 
instruction. The status set by the set bit instruction is as follows: 

N 
OVR 

Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Result equal zero 

t The symbol' :' is concatenation operator 

BYTE 
3 

I 

BYTE 
2 

I 
BYTE 

~/ ~/ 
INSTRUCTION 

ppp 

~ 
ppp 

\)PEN 

ZERO SSF r--t- ~ ZERO SSF r-- -
r--- 5107 5100 5107 5100 

r- 01070100 01070100 

- Cn+8 - Cn+8 

- p Cn I- - P Cn t-
- G -G 

CONOITIONAL \ ENABLE / 
I 

BYTE 

I 

~/ 
ppp 

IoPEN 

r-- ZERO SSF 1---
Si07 5100 

0107 0100 

- Cn +8 

- P Cn I-
-G 

FIGURE 3. SET BIT (OR RESET BIT) 

NOTES: 1. Force 5100 low to select byte. 
2. Bit mask (C3·CO)::(A3·AO) will set desired bits to one. 

reset bit instruction (setO): 17·10 = 1816 

BYTE 
o 

1 
/ 

pppjC 

r-- ZERO 

Sl07 SIOO ----0i0'i 0100 -- Cn+8 

- P Cn -
-G 

This instruction (Figure 3) is used to force selected bits of a desired byte(s) to zero (any combination of 
one to eight bits). 'The desired bits are specified by an 8-bit mask (C3-CO)::(A3-AO) consisting of register 
file address ports that are not required to support this instruction. All bits in the selected byte(s) that are 
in the same bit positions as ones in the mask are reset. The 83-80 address field is used for both source 
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and destination of this instruction. The desired byte is specified by forcing 5100 to a low value. Nonselected 
packages pass"the byte through unaltered. The 5 bus is the source word for this instruction. The status 
set by the reset bit instruction is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Result equal zero 

test bit (one) instruction (TB1): 17·10 - 2816 

This instruction (Figure 4) is used to test selected bits of a desired byte(s)(any combination of one to eight 
bits). Bits to be tested are specified by an 8-bit mask (C3-CO)::(A3-AO) consisting of register file address 
ports that are not required to support this instruction. Write Enable (WE) is internally disabled during this 
instruction. The desired byte is specified by forcing 5100 to a low value. The test will pass if the selected 
byte has ones at all bit locations specified by the ones of the mask (Figure 5). The 5 bus is the source 
word for this instruction. The status set by the test bit (one) instruction is as follows: " 

N None (force to zero) 
OVR None (force to zero) 
Cn +8 
Z 

None (force to zero) 
Pass 

BYTE 
3 

I 

BYTE 
2 

I 
BYTE 

~/ ~/ 
INSTRUCTION 

PPP 

~ 
PPP 

OPEN 

ZERO SSF r-- - r--'- ZERO SSF - I-
- 5107 SiOo Si07 SiOii 
- 01070100 Cii07 QiOij 

- Cn+8 - Cn+8 

- p cn ~ - ji cn -- G - G 

CONDITIONAL ,\ ENABLE 

I 

BYTE 

I 

~/ 
PPP 

OPEN 

- ZERO SSF - r-
Sl07 5100 

01070100 

- Cn+8 
-ji Cn -
-G 

FIGURE 4. TEST BIT 

NOTES: 1. Force SiOo low to select byte. 
2. Bit mask (C3-COI::(A3-AOI will define bits for testing. 
3. Pass/fail is indicated on Z output. 

BYTE 
a 

I 
/ 

P"jC 

- ZERO 

Si07 5100 -
01070100 -- Cn+8 

- ji Cn -
-G 

r PASS/FAIL 
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test bit (zero) instruction (TBO): 17·10 - 3B16 

This instruction (Figure 4) is used to test selected bits of a desired byte(s) (any combination of one to 
eight bits). Bits to be tested are specified by an 8·bit mask (C3-CO)::(A3-AO) consisting of register file 
address ports that are not required to support this instruction. Write Enable (WE) is internally disabled during 
this instruction. The desired byte is specified by forcing SIOO to a low value. The test will pass if the selected 
byte has zeros at all bit locations specified by the ones of the mask (Figure 6). The S bus is the source 
word for this instruction. The status set by the test bit (zero) instruction is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Pass 

MSS 

Rsil 11 II 11 10 101 0 I 0 I 

c::Allllllllllolololol ZERO c::AllI1111IJ1oI010Iol 

TEST PASSES "I" ZERO 0100 t----Iffi07 

TEST FAILS "0" ZERO 

MSS 

SIOO SI07 

"0" 

LSS 

A3-AO 

83-80 Rsil I q III I 0 I 0 10 I 0 I 

C3-CO 

c::AllllI1111101010101 ZERO c::AIIIIIIIIJlolololol 

0100 t----I0107 

SIOO SI07 

"0" 

FIGURE 5. TEST BIT ONE EXAMPLES 

"1" 

"I" 

A3-AO 

83-80 

C3-CO 

A3·AO 

83-80 
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MSS 

3-C0 

LSS 

R5 II II II II I 0 II I 0 III 

c::Allllllllllolllolll ZERO c::Alqqlllllolllolll 

TEST PASSES "I" ZERO 

MSS 

CiiOO r---iQ�o7 

SIOO SI07 

"0" 

C3-C0 

LSS 

c::AIIIIII 111101110 III ZERO c::Alti 111111101110 III 

TEST FAILS "0" ZERO QIOO 1----1 QI07 

"I" 

A3·AO 

83·80 

C3-CO 

A3·AO 

83·80 

C3-C0 

L-________________ !SI~0~0~-r-_1~S~10~7~ ____________ JS~1O~O~ 5107 

"0" "I" 

FIGURE 6. TEST BIT ZERO EXAMPLES 

absolute value instruction (ABS): 17-10 = 4816 

This instruction is used to convert two's complement numbers to their positive value. The operand placed 
on the S bus is the source for this instruction. The MSP will test the sign of the S bus and force the SSF 
pin to the proper value. All other packages use the SSF pin as input to determine instruction execution. 
The status set by the absolute value instruction is as follows: 

N 
OVR 

Cn +8 
Z 

Input MSB equal one 
Input equal 8000 (hex) 
S = 0 
Result equal zero 

sign magnitude/two's complement instruction (SMTC): 17-10 = 5816 

This instruction allows conversion from two's complement representation to sign magnitude representation, 
or vice-versa, in one clock cycle. The operand placed on the S bus is the source for this instruction. 

When a negative zero (8000 hex) is converted, the result is 0000 with an overflow. If the input is in two's 
complement notation, the overflow indicates an illegal conversion. The status set by the sign 
magnitude/two's complement instruction is as follows: 

N 
OVR 

Cn +8 
Z 

Result MSB equill one 
Input equal 8000 (hex) 
Input equal 0000 (hex) 
Result equal zero 
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This instruction is used to add a specified constant value to the operand placed on the S bus. The constant 
will be between the values of a and 1 5. The constant value is specified by the unused register file address 
(A port) not required to support this instruction. Forcing the carry input will add an additional one to the 
result. The status set by the add immediate instruction is as follows: 

N 
OVR 

Cn +8 
Z 

Result MSB equal one 
Arithmetic signed overflow 
Carry out equal one 
Result equal zero 

subtract immediate instruction (SUB!): 17-10 = 7816 

This instruction is used to subtract a specified constant value from the operand placed on the S bus. The 
constant value is specified by the unused register file address (A port) that is not required to support this 
instruction. The constant applied is the least significant four bits of a two's complement number. The device 
sign extends the constant over the entire word length. The status set by the subtract immediate instruction 
is as follows: 

N 
OVR 

Cn +8 
Z 

byte instructions 

Result MSB equal one 
Arithmetic signed overflow 
<:arry out equal one 
Result equal zero 

There are eight byte instructions in Group 3. These instructions modify selected bytes of the operand on 
the S bus. A byte is selected by forcing SIOO to a low value (same as SET1, SETa, T81, and TBO 
instructions). Multiple bytes may be selected only if they are adjacent to one another. 

NOTE: At least one byte must be nOr;lselected during these instructions. 

The nonselected bytes are passed through unaltered. Byte status is forced through the m'ost significant 
package except for the sign of the result (N), which is forced to zero (low). The status set by the byte 
instructions is as follows: 

N 
OVR 
Cn +8 
Z 

G 
j5 

Cn +8 
Z 

G 
p 
Cn +8 
Z 

(Most Significant Package) 

None (force to zero) 
Byte signed overflow 
Byte carry out equal one 
Byte result equal to zero 

(Selected BYTES-other than MSP) 

Normal generate 
Normal propagate 
Normal carry out 
Result equal to zero 

(Nonselected BYTES-other than MSP) 

No generate (force to one) 
Propagate' (force to zero) 
Cn 
None (force to one) 
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group 4 instructions 

Hex code 0 of Group instructions is used to access Group 4 instructions. Group 4 instructions are 
summarized in Table 6. 

TABLE 6. GROUP 4 INSTRUCTIONS 

INSTRUCTION BITS 117-10) 
MNEMONIC FUNCTION 

OP CODE (HEX) 

00 Reserved 

10 SEL Select SIR 

20 SNOR'M Single Length Normalize 

30 DNORM Double Length Normalize 

40 DIVRF Divide Remainder ,Fix 

50 SDIVQF Signed Divide Quotient Fix 

60 SMUll Signed Multiply Iterate 

70 SMULT Signed Multiply Terminate 

80 SDIVIN Signed Divide Initialize 

90 SDIVIS Signed Divide Start 

AO SDIVI Signed Divide Iterate 

BO UDIVIS Unsigned Divide Start 

CO UDIVI Unsigned Divide Iterate 

DO UMULI Unsigned Multiply ,Iterate 

EO SDIVIT Signed Divide Terminate 

FO UDIVIT Unsigned Divide Terminate 

select SIR instruction (SEL): 17-10 - 1016 

This instruction is used to pass either the S bus or the R bus to the output depending on the state of the 
SSF input pin. Normally, the preceding instruction would test the two operands and the resulting status 
information would be used to force the SSF input pin. SSF = 0 will output the R bus and SSF = 1 will 
output the S bus. The status set by the select SIR instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Result MSB equal one 
None (force to zero) 
None (force to zero) 
Result equal zero 

single-length normalize instruction (SNORM): 17-10 = 2016 

This instruction will cause the contents of the MO register to shift toward the most significant bit. Zeros 
are shifted in via the 0100 input. The number of shifts performed can be counted and stored in one of 
the register files by forcing a high at the Cn input. When the two most significant bits are of opposite 
value, normalization is complete. This condition is indicated on the microcycle that completes the 
normalization at the OVR output. 

The chip contains conditional logic that inhibits the shift function (and also inhibits the register file increment) 
if the number within the MO register is already normalized at the beginning of the instruction (Figure 7). 
The status set by the single-length normalize instruction is as follows: 

N 
OVR 
Cn +8 
Z 

MSB of result 
MSB XOR 2nd MSB 
Carry out equal one 
Result equal zero 
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double-length normalize instruction (DNORM): 17-10 = 3016 

This instruction will cause the contents of a double-length yvord (register file contains the most significant 
half and the MO register contains the least significant half) to shift toward the most significant bit. Zeros 
are shifted in via the 0100 input. When the two most significant bits are of opposite value, normalization 
is complete. This condition is indicated on the microcycle that completes the normalization at the OVR 
output. 

The chip contains conditional logic which inhibits the shift function if the number is already normalized 
at the beginning of the instruction (Figure 7). The most significant half of the operand must be placed 
on the S bus; The status set by the double-length normalize instruction is as follows: 

N 
OVR 

Cn+8 
Z 

multiply operations 

MSB of result 
MSB XOR 2nd MSB 
None (force to zero) 
Result equal zero 

The ALU performs three unique types of N by N multiplies each of which produces a 2N-bit result (Figure 8). 
All three types of multiplication proceed via the following recursion: 

P(J + 1) = 2[P(J) + Multiplicand x M (8N-J)] 

where 

P(J) 

N 

P(J+1) 

partial product at iteration number J 

number of 'AS888 packages that are cascaded 

partial product at iteration number J + 1 

J varies from 0 to 8N [N = 2 for 16 x 16 multiply] 

M (8N-J) = mode bit (unique to multiply type) 

2 denotes some type of shift (unique to multiply) 

Notice that by proper choice of mode terms and shifting operations, signed, unsigned, and mixed multiplies 
(signed times unsigned) may be performed. 

All multiplies assume that the multiplier is stored in MO before the operation begins (in the case of mixed 
multiply, the unsigned number must be the multiplier). 

The processor has the following multiply instructions: 

1. SIGNED MULTIPLY ITERATE (SMULl): 17-10 = 6016 
2. SIGNED MULTIPLY TERMINATE (SMULT): 17-10 = 7016 
3. UNSIGNED MULTIPLY ITERATE (UMULI): 17-10 = 0016 
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The signed multiply iterate (SMUll) instruction performs a signed times signed iteration. This instruction 
interprets M(BN'J) as the BN-J bit of the multiplier. The shift is a double-precision right shift one bit. This 
instruction is repeated 15 times for a 16 x 16 signed multiply. This instruction will be used 16 consecutive 
times for a mixed multiplication. 

The signed multiply terminate (SMUL T) instruction provides correct (negative) weighting of the sign bit 
of a negative multiplier in signed multiplication. The instruction is identical to signed mUltiply iterate (SMUll) 
except that M(BN-J) is interpreted as - 1 if the sign bit of the multiplier is 1, and 0 if the sign bit of the 
multiplier is O. 

The unsigned multiply iterate (UMULI) performs an unsigned multiplication iteration. This instruction 
interprets M(BN-J) as the BN-J bit of the multiplier. The shift is a double-precision right shift with the carry 
out from the P(J) + Multiplicand x M(BN-J) operation forced into bit BN of P(J + 1). This instruction 
is used in unsigned and mixed multiplication. 

signed multiplication 

Signed multiplication performs an BN + 2 clock two's complement multiply. The instructions necessary 
to produce an algebraically correct result proceed in the following manner: 

Zero register to be used for accumulator 

Load MQ with multiplier 

SMUll (repeat BN-1 times) 

SMULT 

Sport 
R port 
F port 

Sport 
R port 
F port 

Accumulator 
Multiplicand 
Iteration result 

Accumulator 
Multiplicand 
Product (MSH) 

At completion, the accumulator will contain the BN most significant bits and the MQ contains the BN least 
significant bits of the product. 

The status for the signed multiply iterate should not be used for any testing (overflow is not set by SMUll). 
The following status is set for the signed multiply terminate instruction: 

N 
OVR 
Cn+B 
Z 

Result MSB equal one 
Forced to zero 
Carry out equal to one 
Double precision result is zero 

unsigned multiplication 

Unsigned multiplication produces an unsigned times unsigned product in BN + 2 clocks. The instructions 
necessary to produce an algebraically correct result proceed in the following manner: 

Zero register to be used for accumulator 

Load MQ with multiplier 

UMULI (BN times) Sport 
R port 
F port 

Accumulator 
Multiplicand 
Iteration result (product MSH on final result) 
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Upon completion, the accumulator will contain the aN most significant bits and-the MQ contains the aN 
least significant bits of the product. 

The status set by the unsigned multiply iteration is meaningless except on the final execution of the 
instruction. The status set by the unsigned mUltiply iteration instruction is as follows: 

N 
OVR 

Cn+a 
Z 

mixed multiplication 

Result MSB equal one 
Forced to zero 
Carry out equal to one 
Double-precision result is zero 

Mixed multiplication multiplies a signed multiplicand times an unsigned multiplier to produce a signed result 
in aN + 2 clocks. The steps are as follows: 

Zero register used for accumulator 

Load MQ with unsigned multipler 

SMUll (aN times) Sport 
R port 
F port 

Accumulator 
Multiplicand 
Iteration result 

Upon completion, the accumulator will contain the aN most significant bits and the MQ will contain the 
aN least significant bits of the product. 

The following status is set by the last SMUll instruction: 

N 
OVR 
Cn+a 
Z 

divide operations 

Result MSB equal one 
Forced to zero 
Carry out equal to one 
Double-precision result is zero 

The divide uses a nonrestoring technique to perform both signed and unsigned division of a 16N bit integer 
dividend and an aN bit integer divisor (Figure 9). It produces an aN integer quotient and remainder. 

The remainder and quotient will be such that the following equation is satisfied: 

(Quotient) x (Divisor) + Remainder = Dividend 

The processor has the following divide instructions: 

1. UNSIGNED DIVIDE START (UDIVIS): 17-10 = B016 
2. UNSIGNED DIVIDE ITERATE (UDIVI): 17-10 = C016 
3. UNSIGNED DIVIDE TERMINATE (UDIVIT): 17-10 = F016 
4. SIGNED DIVIDE INITIALIZE (SDIVIN): 17-10 = a016 
5. SIGNED DIVIDE OVERFLOW TEST (SDIVO): 17-10 = AF16 
6. SIGNED DIVIDE START (SDIVIS): 17-10 = 9016 
7. SIGNED DIVIDE ITERATE (SDIVI): 17-10 = A016 
a. SIGNED DIVIDE TERMINATE (SDIVIT): 17-10 = E016 
9. DIVIDE REMAINDER FIX (DIVRF): 17-10 = 4016 

10. SIGNED DIVIDE QUOTIENT FIX (SDIVQF): 17-10 = 5016 
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The unsigned divide iterate start (UDIVIS) instruction begins the iterate procedure while testing for overflow. 
Overflow is reported when the first subtraction of the divisor from the MSH of the dividend produces carry 
out. The test detects quotient overflow and divide by zero. 

The unsigned divide iterate terminate (UDIVIT) instruction completes the iterate procedure generating the 
last quotient bit. 

The signed divide initialize (SDIVIN) instruction prepares for iteration by shifting the dividend and storing 
the sign of the dividend for use in the following instructions and overflow tests. 

The signed divide overflow test (SDIVO) checks for overflow possibilities. This instruction may be deleted 
from the divide operation if the OVR pin is ignored. If it is removed some overflow conditions will go 
undetected. WE must be high (writing inhibited) when this instruction is used. 

The signed divide iterate start (SDIVIS) instruction calculates the difference between the divisor and MSH 
of the dividend. Partial detection of overflow is also done during this instruction. Operations with like signs 
(positive quotient) and division by zero will overflow during this instruction (including zero divisor). Operations 
with unlike signs are tested for overflow during the signed divide quotient fix instruction (SDIVQF). Partial 
overflow results are saved and will be used during SDIVQF when overflow is reported. 

The signed divide iterate (SDIVI) instruction forms the quotient and remainder through iterative subtract/add­
shift operations of the divisor and dividend. One quotient bit is generated on each clock. 

The signed divide iterate terminate (SDIVIT) instruction completes the iterate procedure, generating the 
last quotient bit. It also tests for a remainder equal to zero, which determines the action to be taken in 
the following correction (fix) instructions. 

The divide remainder fix (DIVRF) instruction corrects the remainder. If a zero remainder was detected by 
the previous instructions, the remainder is forced to zero. For nonzero remainder cases where the remainder 
and dividend have the same sign, the remainder is correct. When the remainder and dividend have unlike 
signs, a correction add/subtract of the divisor to the remainder is performed. 

The signed divide quotient fix (SDIVQF) instruction corrects the quotient if necessary. This correction 
requires adding one to the incorrect quotient. An incorrect quotient results if the signs of the divisor and 
dividend differ and the remainder is nonzero. An incorrect quotient also results if the sign of the divisor 
is negative and the remainder is zero. 

Overflow detection is completed during this instruction. Overflow may be generated for differing signs 
of the dividend and divisor. The partial overflow test result performed during SDIVIS is ORed with this 
test result to produce a true overflow indication. 

signed divide usage 

The instructions necessary to perform an algebraically correct division of signed numbers are as follows: 

Load MO with the least significant half of the dividend 

SDIVIN 

SDIVO 

SDIVIS 

Sport 
R port 
F port 

MSH of dividend 
Divisor 
Intermediate result 

S port Result of SDIVIN 
R port Divisor 
F port Test result 
(WE must be high) 

Sport 
R port 
F port 

Result of SDIVIN 
Divisor 
Intermediate result 
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SDIVI (SN-2 times) Sport 
R port 
F port 

SDIVIT Sport 
R port 
F port 

DIVRF Sport 
R port 
F port 

SDIVQF Sport 
R port 
F port 

Result of SDIVIS (or SDIVI) 
Divisor 
Intermediate result 

Result of last SDIVI 
Divisor 
Intermediate result 

Result of SDIVIT 
Divisor 
Remainder 

MQ register 
Divisor 
Quotient 

SN54AS88~, SN74AS888 
8·BIT PROCESSOR SLICES 

The status of all signed divide instructions except SDIVIN, DIVRF, and SDIVQF is as follows: 

N 
OVR 

Cn+S 
Z 

Forced to zero 
Forced to zero 
Carry out equal to one 
Intermediate result is zero 

The status of the SDIVIN instruction is as follows:, 

N 
OVR 
Cn+S 
Z 

Forced to zero 
Forced to zero 
Forced to zero 
Divisor is zero 

The status of the DIVRF instruction is as follows: 

N Forced to zero 
OVR Forced to zero 
Cn+S 
Z 

Carry out equal to one 
Remainder is zero 

The status of the SDIVQF instruction is as follows: 

N 
OVR 
Cn+S 
Z 

Sign of quotient 
Divide overflow 
Carry out equal to one 
Quotient is zero 

The quotient is stored in the MQ register and the remainder is stored in the register file location that originally 
held the most significant word of the dividend. If fractions are divided, the quotient must be shifted right 
one bit and the remainder right three bits to obtain the correct fractional representations. 

-fn .... 

TEXAS ." 
INSTRUMENTS 

2·329 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



r-
en -
C 
CD 
< 
(i' 
CD en 

SN54AS888, SN74AS888 
8·BIT PROCESSOR SLICES. 

The signed division algorithm is summarized in Table 7. 

TABLE 7. SIGNED DIVISION ALGORITHM 

OP CLOCK INPUT INPUT 
MNEMONIC 

CODE CYCLES SPORT R PORT 

E4 LOADMQ 1 Dividend ILSH) -
80 SDIVIN 1 Dividend IMSH) Divisor 

AF SDIVO 1 Remainder IN) Divisor 

90 SDIVIS 1 Remairider IN) Divisor 

AO SDIVI BN-2t . Remainder IN) Divisor 

EO SDIVIT 1 Remainder IN) Divisor 

40 DIVRF 1 Remainder IUnfixed) Divisor 

50 SDIVQF 1 MQ Register Divisor 

t N = Number of cascaded packages. 

unsigned divide usage 

OUTPUT 

F PORT 

Dividend ILSH) 

Remainder IN) 

Test Result 

Remainder IN) 

Remainder IN) 

Remainder IUnfixed) 

Remarnder 

Quotient 

The instructions necessary to perform an algebraically correct division of unsigned numbers are as follows: 

Load MO with the least significant half of the dividend 

UDIVIS Sport MSH of dividend 
R port Divisor 
F port Intermediate re·sult 

UDIVI (BN-1 times) Sport Result of UDIVIS (OR UDIVI) 
R port Divisor 
F port Intermediate result 

UDIVIT Sport Result of last UDIVI 
R port Divisor 
F port Remainder (unfixed) 

DIVRF Sport Result of UDIVIT 
R port Divisor 
F port Remainder 

The status of all unsigned divide instructions except UDIVIS is as follows: 

N 
OVR 

Cn+B 
Z 

Forced to zero 
Forced to zero 
Carry out equal to one 
Intermediate result is zero 

The status of the UDIVIS instruction is as follows: 

N 
OVR 
Cn+B 
Z 

Forced to zero 
Divide overflow 
Carry out equal to one 
Intermediate result is zero 

If fractions are divided, the remainder must be shifted right two bits to obtain the correct fractional 
representation. The quotient is correct as· is. The quotient is stored in the MO register at the completion 
of the divide. 

The unsigned division algorithm is summarized in Table B. 
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TABLE 8. UNSIGNED DIVISION ALGORITHM 

OP CLOCK INPUT INPUT OUTPUT 
MNEMONIC 

F PORT CODE CYCLES SPORT R PORT 

E4 LOADMQ 1 Dividend (LSH) -- Dividend (LSH) 

BO UDIVIS 1 Dividend (MSH) Divisor Remainder (N) 

CO UDIVI BN-1 t Remainder (N) Divisor Remainder (N) 

FO UDIVIT 1 Remainder (N) Divisor Remainder (Unfixed) 

40 DIVRF 1 Remainder (Unfixed) Divisor Remainder 

t N := Number of cascaded packages. 

group 5 instructions 

Hex code F of Group instructions is used to access Group 5 instructions. Group 5 instructions are 
summarized in Table 9. 

TABLE 9. GROUP 5 INSTRUCTIONS 

INSTRUCTION BITS 117-10) 

OP CODE (HEX) 
MNEMONIC FUNCTION 

OF CLR Clear 

1F CLR Clear 

2F CLR Clear 

3F CLR Clear 

4F CLR Clear 

5F CLR Clear 

6F CLR Clear 

7F BCDBIN BCD to Binary 

SF EX3BC Excess-3 Byte Correction 

9F EX3C Excess-3 Word Correction 

AF SDIVO Signed Divide Overflow Check 

SF CLR Clear 

CF CLR Clear 

OF BINEX3 Binary to Excess-3 

EF CLR Clear 

FF NOP No Operation 

clear instructions (CLR) 

There are 11 clear instructions listed in Table 9. The instructions force the ALU output to be zero and 
the BCD flip-flops to be cleared. The status set by the clear instruction is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Active (one) 

no operation instruction (NOP): 17-10 = FF16 

This instruction is identical to the clear instructions except that the BCD flip-flops retain their old value. 
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8-BIT PROCESSOR SLICES 

excess-3 correction instructions (EX3BC, EX3C) 

Two excess-3 correction instructions are available: 

1. Excess-3 byte correction (EX3BC): 17-10 = SF16 
2. Excess-3. word correction (EX3C): 17-10 = 9F16 

One instruction supports the byte mode and the other supports the word mode. These instructions correct 
the excess-3 additions (subtractions) in either the byte or word mode. For correct excess-3 arithmetic, 
this instruction must follow each add/subtract. The operand must be on the Sport. 

NOTE: The previous arithmetic overflow should be ignored. 

The status of the EX3C instruction is as follows: 

N 
OVR 

Cn+S 
Z 

MSB of result 
Signed overflow 
Carry out equal one 
None (force to one) 

The status of the EX3BC instruction is as follows: 

N 
OVR 

Cn+S 
Z 

radix conversions 

None (force to zero) 
Byte signed overflow 
Carry out equal one 
None (force to one) 

Conversions between decimal and binary number representations are performed with the aid of two special 
instructions: BINEX3 and BCDBIN. . 

BCD to binary instructions (BCDBIN): 17-10 - 7F16 

This instruction (Figure 1 Q) allows the user to convert an N-digit BCD number to a 4N-bit binary number 
in 4iN-1) plus S clocks. This function sums the R bus, the S bus, and the Cn bit, performs an arithmetic 
left shift on the ALU result, and simultaneously circular shifts the MQ left. The status set by the BCD to 
binary instruction is as follows: 

N 
OVR 

Cn+S 
Z 

MSB of result 
Signed arithmetic overflow t 
Carry out equal one 
Result equal zero 

t Overflow may be the result of an ALU operation or the arithmetic left shift operation. 
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The following code illustrates the BCD to binary conversion technique. 

Let ACC be an accumulator register 
Let NUM be the register which contains the BCD number 
Let MSK be a mask register 

Ml: 
M2: 
M3: 
M4: 
M5: 
M6: 

L1: 

L2: 

L3: 

L4: 

M7: 
M8: 

LOADMO NUM 
SUB ACC, ACC, SLCMO 
SUB, MSK, MSK, SLCMO 
SLCMO 
SLCMO 
ADDI ACC, MSK, 1510 

AND MO,. MSK, R1, SLCMO 

ADD, ACC, R1, R1, SLCMO 

BCDBIN, R1, R1, ACC 

BCDBIN, ACC, R1, ACC 

AND MO, MSK, R1 
ACC+R1 -+ ACC 

; LOAD MO WITH BCD NUMBER 
; CLEAR ACC AND ALIGN MO 
; CLEAR MSK AND ALIGN MO 
; ALIGN 
; ALIGN 
; MSK = 1510 

; REPEAT L 1 THRU L4 
; N - 1 TIMES (N = number of 
; BCD digits) 
; EXTRACT ONE DIGIT 
; ALIGN MO 
; ACC + DIGIT 
; IS STORED IN R1 
; ALIGN MO 
; 4 x (ACC + DIGIT) 
; IS STORED IN ACC 
; ALIGN MO 
; 10 x (ACC + DIGIT) 
; IS STORED IN ACC 
; ALIGN MO 
; FETCH LAST DIGIT 
; ADD IN LAST DIGIT 

The previous code generates a binary number by executing the standard conversion formula for a BCD 
number (shown for 32 bits). 

ABCD = [(A x 10 + B) x 10 + C] X 10 + 0 

Notice that the conversion begins with the most significant BCD digit and that the addition is performed 
in radix 2. 

binary to excess-3 instructions (BINEX3): 17-10 - DF16 

This instruction (Figure 11 ) allows the user to convert an N-bit binary number to an N/4-bit excess-3 number 
representation in 2N + 3 cfocks. The data on the Rand S ports are summed with the MSB of the MO register. 
The MO register is simultaneously shifted left circularly. The status set by the binary to excess-3 instruction 
is as follows: 

N 
OVR 
Cn +8 
Z 

MSB of result 
Signed arithmetic overflow 
Carry out equal one 
Result equal zero 
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The following illustrates the binary to excess-3 conversion technique. 

Let NUM be a register containing an unsigned binary number 
Let ACC be an accumulator 

M1: 

M2: 
M3: 
L 1: 

L2: 

LOADMO NUM 

CLEAR ACC 
SET1 ACC H/33/ 
BINEX3 ACC, ACC, ACC 

EX3C ACC, ACC 

; LOAD MO WITH BINARY 
; NUMBER 
; CLEAR ACC 
; ACC .... HEX/3333 . 
; DOUBLE ACC AND ADD IN 
; MSB OF MO 
; ALIGN MO 
; EXCESS 3 CORRECT 
; REPEAT L 1 AND L2 
; N-1 TIMES 

The previous code generates an excess-3 number by executing the. standard conversion formula for a binary 
number. 

an2n+an_12n-1 +an_22n-2+ ... a020 = [( 2an+ an-1)2+an-212 + ... ao 

Notice that the conversion begins with the most significant binary bit and that the addition is performed 
in radix-10 (excess-3). 

decimal arithmetic 

Decimal numbers are represented in excess-3 code. Excess-3 code numbers may be generated by adding 
three to each digit of a Binary Coded Decimal (BCD) number. The hardware necessary to implement excess-3 
arithmetic is only slightly different from binary arithmetic. Carries from one digit to another during addition 
in BCD occur when the sum of the two digits plus the carry-in is greater than or equal to ten. If both numbers 
are excess-3, the sum will be excess-6, which will produce the proper carries. Therefore, every addition 
or subtraction operation may use the binary adder. To convert the result from excess-6 to excess-3, one 
must consider two cases resulting from a BCD digit add: (1) where a carry-out is produced, and (2) where 
a carry-out is not produced. If a carry-out is not produced, three must be subtracted from the resulting 
digit. If a carry is produced, the digit is correct as a BCD number. For example, if BCD 5 is added to BCD 6, 
the excess-3 result would be B + 9 = 1 (with a carry). A carry rolls the number through the illegal BCD 
representations into a correct BCD representation. Binary 3 must be added to digit positions that produce 
a carry-out to correct the result to an excess-3 representation. Every addition and subtraction instruction 
stores the carry generated from each 4-bit digit location for use by the excess-3 correction functions. These 
correction instructions (word or byte) must be executed in the clock cycle immediately afterthe addition 
or subtraction operation. 

Signed numbers may be represented in ten's complement form by complementing the excess-3 number. 
As an example, add the decimal number - 423 to the decimal number 24, which will be represented by 
BAA and 357 in excess-3, respectively. 

BAA 
357 
C01 
011 
934 

-6CC 
-399 

Sum 
Carry 
Excess-3 correct 
Complement 
Excess-3 to decimal 

Complements of excess-3 numbers may be generated by subtracting the excess-3 number from an excess-3 
zero fol·lowed by an excess-3 correct. 
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excess-3 to USASell conversion 

Input/outpUt devices or files represent numbers differently than high-speed central processing units. I/O 
devices handle all alphanumeric data similarly. CPUs handle more numeric data than alphabetic data and 
store numeric data in packed form to minimize calculation throughout and reduce memory requirements. 
To represent the cost of a shirt that was $10.96. the I/O device would handle the six USASCII characters 
"$" ... 1 ..... 0 .. :·,'·, .. 9 .. :·6 ... which would require 6 bytes of storage. In packed BCD, this number could 
be stored as 1096 in two bytes of data. The 'AS888 may be programmed to perform data format 
conversions such as converting excess-3 BCD to USASCII. 

The code below converts a packed word of excess-3 BCD to twp unpacked wo'rds of USASCII cOde. 
Instruction "MAIN1" reads the input ,word from memory into Register 0 (RO). For illustrative, purposes. 
suppose this data was 43C9. which represents the $10.96 shirt in excess.3 code. "MAIN2" and "MAIN3" 
generate a constant of 202016. which is an offset constant to convert excess-3 numbers to USASCII. 
"MAIN4" copies RO into R2 to set up the subroutine parameters and calls the subroutine "UNPACK". 
UNPACK2" strips off the upper byte leaving 00C9 in R2. "UNPACk2" and "UNPACJ<3" together shift 
the contents of R2 one character position and places the result OC90 into R3. "UNPACK4" performs a 
logical OR operation to produce OCD9 in register 2. "UNPACK5" clears the most significant nibble in each 
byte to produce OC09 in R2. "UNPACK6" adds the constant 2D2D16 to R2 to produce 3936 the USASCII 
representation of the numerals 96 and returns program control to "MAIN5". "MAIN5" through "MAIN9" 
align the two remaihing characters and call UNPACK and the process repeats. Finally the USASCII 
representation of 1096 is stored into memory. (Note that no attempt was made to pack the "$" or ..... 
characters.) 

Unpacking Excess-3 to USASCII: 

MAIN1: 
MAIN2: 
MAIN3: 

MAIN4: 

MAIN5: 
MAIN6: 
MAIN7: 
MAINS: 
MAIN9: 

MAIN10: 

MAIN11: 
UNPACK1: 
UNPACk2: 
UNPACK3: 
UNPACK4: 
UNPACK5: 

UNPACK6: 

READ. RFA(O) 
XOR. RFA(4). RFB(4). RFC(4) 
SET1. RFB(40). RDC(2). RFA(O). 
MSH. LSH 
MOVE. RFA(O). RFC(21. JSR(UNPACK) 

MOVE. RFA(2). RFC(1) 
AD DRS. RFB(O). RFA(O). RFC(O). SLC 
ADDRS. RFB(OI. RFA(O). RFC(O). SLC 
ADDRS. RFB(O). RFA(O), RFC(O). SLC 
ADDRS. RFB(OI. RFA(O). RFC(O). SLC 
JSR (UNPACK) 
STORE. RFA(1) 

StORE. RFA(2) 
SETO. RFB(2). RFC(F). MSH 
ADDRS. RFB(2). RFA(21. RFC(31. SLC 
AD DRS. RFB(3). RFA(3). RFC(3), SLC 
OR. RFB(2). RFA(3), RFC(2) 
SETO. RFB(21. RFC(FI. RFA(O). LSH. MSH 

ADDRS. RFB(2). RFB(41. RFC(2). RTS 

, , 

; R!:AD IN PACKED EXCESS-3 
; CLEAR R4 
; GENERATE HEXADECIMAL 
; 202016 
; COpy RFA(O) INTO RFA(2). 
; PROCEDURE CALL 
; TWO CHARACTERS IN R1 
; RO SHIFTED 2 
; RO SHIFtED 4 
; RO SHIFTED 6 
; RO SHIFTED 8 

; STORE USASCII. TWO 
; CHARACTERS IN R2 
; STORE USASCII 
; CLEAR MSH 
; SHIFT R2 TWO PLACES 
; SHIFT R3 TWO PLACES 
; OR R3 TO R2 
; CLEAR MOST SIGNIFICANT 4 
; BITS IN EACH BYTE 
; ADD HEX 20. RETURN 
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absolute maximum rating over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 V 
Input voltage .............................................................. 7 V 
High-level voltage applied to 3-state. outputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating caSE! temperature range: SN54AS888. . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Operating free-air temperature range: SN74AS888, SN74AS888-1 ............... OOC to 70°C 
Storljge temperature range ......................................... - 65°C to 150 °C 

recommended operating conditions 

SN54AS888 
SN74AS888 

SN74AS888-1 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC1 110 supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VCC2 STL internal logic supply voltage 1.9 2 2.1 1.9 2 2.1 V 

VIH High·level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -1 -2.6 rnA 

I All output except G and ZERO 8 8 

10L Low-level output current IG 16 16 rnA 

I ZERO 48 48 

TC Operating case temperature -55 125 
DC 

TA Operating free-air temperature 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONOITIONS 
SN54AS888 

SN74AS888 

SN74AS888-1 UNIT 

\ MIN Typt MAX MIN Typt MAX 

VIK VCC1 = 4.5 V, II = -18 rnA -1.2 -1.2 V 

VCC1 = 4.5 V to 5.5 V, IOH = -0.4 rnA VCC- 2 VCC-2 

VOH 
All outputs 

VCC1 = 4.5 V, IOH = -1 rnA 2.4 V 
except ZERO 

VCC1 = 4.5 V, 10H = -2.6 rnA 2.4 

10H ZERO VCC1 = 4.5 V, VOH = 5.5 V 0.1 0.1 rnA 

All outputs 
VCC1 = 4.5 V, 10L = 8 rnA 0.5 0.5 

except G and ZERO 
VOL G V 

VCC1 = 4.5 V, 10L = 16 rnA 0.5 0.5 

ZERO VCC1 - 4.5 V, 10L - 48 rnA 0.5 0.5 

1/0 VCC1 = 5.5 V, VI = 5.5 V 0.1 0.1 
II mA 

All others VCC1 = 5.5 V, VI = 7 V 0.1 0.1 

IIHt VCe1 = 5.5 V, VI = 2.7 V 20 20 ~A 

IlL t VCC1 = 5.5 V, Vi = 0.5 V -0.4 -0.4 rnA 

IO§ VCe1 = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

ICC1 VCC1 - 5.5 V 150 130 mA 

ICC2 VCC2 = 2.1 V 410 390 mA 

t All typical values are at Vee = 5 V, TA = 25 De. 
tFor I/O ports, the parameters IIH and I,l include the off-state current. 
§The output conditions have been chosen to produce a current that closely approximates one-half the true short-circuit current, lOS-
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SN54AS888 maximum switching characteristics. Vee 
(see Note 1) 

PARAMETER 
FROM 

(INPUT) 

A3-AO 
B3-BO 
OA7-0AO, 
DB7-DBO 
Cn 

EA 
EB 
17-10 

tpd DEB 
DEY 
010 (nl 
Shift 
SID Inl 
Shift 
CK 
OEA 
55Ft 

t Load resistor R 1 = 100 0. 
t For byte instructions only. 

Y Cn+S G. P 

62 42 48 

47 28 28 

25 14 -

54 32 35 
54 32 35 
58 32 32 
- - -

14 - -

15 - -

15 - -

68 60 56 
- - -
- - -

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

zt 

69 

58 

32 
62 
62 
62 
-

-

24 

24 

62 
-
-

4.5 V to 5.5 V. Te .. -55°e to 125°e 

TO (OUTPUT) 
UNIT 

N OVR OA OS 010 SIO 

62 60 18 18 65 ·66 

50 42 - - 50 50 

24 18 - - 32 32 
52 52 - - 58 58 

. 52 52 - - 58 58 
52 41 - - 58 58 
- - - 14 - - ns 
- - - - - -

-- - - - - -

22 - - - - -

50 68 38 38 70 70 
- - 14 - - -
- 14 - - - -

SN74AS888 maximum switching characteristics. Vee- 4.5 V to 5.5 V. TA ... ooe to 70 0 e (see 
Note 1) . 

PARAMETER 
FROM 

(INPUT) 

A3-AO 
B3-BO 
DA7-DAO, 
DB7-DBO 
Cn 

EA 
EB 
17-10 

tpd DEB 
OEY 

010 (nl 
Shift 
510 (nl 
Shift 
CK 
OEA 
55Ft 

t Load resistor R 1 = 100 0. 
* For byte instructions only. 

Y Cn+S G,P 

54 36 42 

44 26 26 

25 8 --

49 29 29 
49 29 29 
55 30 30 
- - -

12 - -

15 - -

15 - -

58 55 52 
- - -
- - -

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

zt 

60 

52 

32 
58 
58 
60 
-
-

24 

24 

61 
-

-

TO (OUTPUT) 
UNIT 

N OVR DA DB 010 SIO 

52 50 18 18 58 58 

46 38 - - 44 44 

24 18 - - 31 31 
49 47 - - 54 54 
49 47 - - 54 54 
49 39 - - 54 54 
- - - 12 - - ns 
- - - - - -

- - - - - -

19 - - - - -

52 62 35 35 60 60 
- - 12 - - -

- 12 .- - - -
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SN74AS888-1 maximum switching characteristics, Vee = 4.5 V to 5.5 V, TA = 0 °e to 70 °e (see 
Note 1) 

FROM 
PARAMETER 

(INPUT! 

A3-AO 

B3-BO 

DA7-DAO. 

DB7-DBO 

Cn 
EA 

EB 

17-10 

tpd DEB 

OEY 

OlOlnl 

Shift 

SIOlnl 

Shift 

CK 

OEA 

55Ft 

t Load resistor R1 = 100 O. 
:J: For byte instructions only. 

y Cn +8 G. P 

44 30 36 

36 24 24 

22 8 -

40 25 25 

40 25 25 

46 27 27 

- - .-
12 - -

14 - -

14 - -

50 46 46 

- - -

- - -

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

register file write setup and hold times 

PARAMETER 

C3-CO 

DB§ 

17-14 

13-10 

tsu OEY 

Y7-YO 

WE 

OlOInl. SIOlnl 

SELY 

C3-CO 

DB§ 

17-14 

13-10 

th OEY 

Y7-YO 

WE 

OlO(n), SIO(nl 

SELY 

§ DB (during select instruction) through Y port. 

TO (OUTPUTI 

zt UNIT 
N OVR OA 08 010 SID 

50 44 44 17 17 48 48 

46 41 32 - - 40 40 

27 21 16 - - 25 25 

49 41 41 - - 44 44 

49 41 41 - - 44 44 

50 42 35 -- - 45 45 

- -- - - 12 - - ns 

- - - - -- - -

20 - - - -- - -

20 18 - - - - -

50 50 50 30 30 50 50 

- - - 12 - - -

- - 12 - - - -

SN54AS888 SN74AS888 SN74AS888-1 
UNIT 

MIN MAX MIN MAX MIN MAX 

8 7 6 

14 12 11 

16 14 13 

24 22 21 

4 3 3 ns 

2 2 2 

8 6 6 

6 5 5 

8 6 6 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

6 5 5 ns 

10 10 10 

3 2 2 

0 0 0 

8 6 6 
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special instruction switching characteristics 

During various special instructions, the SSF pin is used to pass required information between the' AS888 
packages which make up a total system. 

For instance, during the multiplication process, the LSB of the multiplier determines whether an ADD/SHIFT 
or SHIFT operation is performed. During multiplication, the SSF pin of the least significant package (LSP) 
becomes an output pin while all other packages become input pins. 

Similarly, during normalization, the required operation depends on whether the two data MSBs are the 
same or different. Therefore, during normalization the SSF pin of the most significant package (MSP) 
becomes an output pin while all other packages become input pins. 

Tables 10, 11, and 12 list the instructions which force the SSF pin during their execution. The propagation 
delay from various inputs is also shown. The parameter which limits normal system performance is indicated 
by a dagger. 

TABLE 10. SN54AS888 SSF PIN DELAYS AND SETUP TIMES 

HEX SSF SOURCE INPUT - SSF (nsl SSF SETUP 
MNEMONIC 

CODE LSP MSP Cn I(n) CK Bini TIME (ns) 

CRC 00 X - 29 58 40t 20 
SNORM 20 X - 29 t 46 - 20 
DNORM 30 X - 29 55 40t 20 
DIVRF 40 X - 29 t 46 - 20 
SDIVQF 50 X - 26 t - - 1S 
SMUll 60 X - 26 t 43 - 0 
SDIVIN 80 X - 48 64 44t 0 
SDIVIS 90 X 26 t 51 64 55 0 
SDIVI AO X 26 t 51 64 55 0 
UDIVIS BO X 18 t 45 64 46 0 
UDIVI CO X 1St 50 54 40 0 
UMULI DO X - 25 t 48 - 0 
SDIVIT EO X 26 t 50 56 54 0 
ABX 48 X - 34 62 39 t 20 
SMTC 58 X - 29 58 39 t 20 
BINEX3 OF X - 29 t 58 - 18 
LOADMQ (Arithl X 23 t 34 62 40 0 
LOADMQ (Logi X - 33 62 40t 0 
BADD 88 t 18 t 58 62 49 -
8SUBS 98 18 t 58 62 49 -
8SU8R 

SOURCE 
18 t 49 A8 58 71 -

IS 
18 t 81NCS B8 58 60 49 -

BINCNS 
MOST 

18 t 58 49 C8 71 -
BXOR 08 

SIGNIFICANT 
58 - - - -

BAND 
BYTE 

58 E8 - - - -
BOR F8 

SELECTED 

+ 
- 58 - - -

EX3BC 8F - 58 46 49 t -

t This parameter limits normal system performance. 
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TABLE 11. SN74ASB88 SSF PIN DELAYS AND SETUP TIMES 

HEX SSF SOURCE INPUT - SSF (ns) 
MNEMONIC 

CODE LSP MSP Cn lin) CK 

CRC 00 X - 26 52 
SNORM 20 X - 26 t 40 
DNORM 30 X - 26 52 
DIVRF 40 X - 26 t 40 
SDIVQF 50 X - 25 t --

SMUll 60 X - 25 t 40 
SDIVIN 80 X - 38 60 
SDIVIS 90 X 24t 48 60 
SDIVI AO X 24t 48 60 
UDIVIS BO X 17t 43 60 
UDIVI CO X 17t 44 52 
UMULI DO X - 26 t 40 
SDIVIT EO X 25 t 46 52 
ABX 48 X -- 32 60 
SMTC 58 X - 26 52 
BINEX3 OF X - 26 t 40 
LOADMQ IArith) X 22t 32 50 
LOADMQ ILog) X - 32 50 
BADD 88 i 17t 52 55 
BSUBS 98 17t 52 55 
BSUBR 

SOURCE 17t A8 52 62 
IS 17t BINCS B8 52 55 

BINCNS C8 
MOST 17t 62 52 

SIGNIFICANT 
BXOR 08 - 52 -

BYTE 
BAND E8 - 52 -

SELECTED 
80R F8 

+ - 52 -
EX3BC 8F - 45 45 

t This parameter limits normal system performance, 
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B(n) 
37 t 

--

37 t 
-

-

-

40t 
52 
52 
45 
37 

-

49 
38 
38 t 

-

38 
38 t 
46 
46 
46 
46 
46 
-

-

-

46 t 

SSF SETUP 
TIME (ns) 

17 
17 
17 
17 
17 
0 
0 
0 
0 
0 
0 
0 
0 

17 
17 
17 

0 
0 

-
-

-
-

-
-

-
-

-
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TABLE 12. SN74AS888·1 SSF PIN DELAYS AND SETUP TIMES 

r­en 
c 
CD 
< 
c;' 
CD 
(I) 

2·342 

HEX SSF SOURCE INPUT - SSF (nsl 
MNEMONIC 

CODE LSP MSP Cn I(nl CK 

CRC 00 X - 23 42 
SNORM 20 X - 23 t 28 
ONORM 30 X - 23 40, 
DIVRF 40 X - 23 t 27 
SOIVOF 50 X - 23 t -

SMUll 60 X - 22t 27 
SOIVIN 80 X - 35 46 
SOIVIS 90 X 22t 42 48 
SOIVI AO X 22t 42 46 
UDIVIS BO X 16 t 42 46 
UOIVI CO X 16 t 36 46 
UMULI DO X - 22t 27 
SOIVIT EO X 21t 40 A4 

ABX 48 X - 28 46 
SMTC 58 X - 24 44 
BINEX3 DF X - 23 t 27 
LOAOMO (Arithl X 19 t 28 40 
LOAOMO (Logi X - 28 35 
BADD 88 t 16 t 42 42 
BSUBS 98 16 t 42 40 

SOURCE 
16 t 8SUBR A8 42 50 

IS 
16 t BINCS B8 42 46 

BINCNS C8 
MOST 

16 t 42 54 
BXOR 

SIGNIFICANT 
D8 - 42 -

BYTE 
BAND E8 - 42 -

SELECTED 
BOR F8 + - 42 -

EX3BC 8F - 42 42 

t This parameter limits normal system performance. 
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SSF SETUP 

B(nl TIME (nsl 

34 t 14 
- 14 

34 t 14 
- 14 
- 14 
- 0 

35 t 0 
42 0 
42 0 
38 0 
34 0 

- 0 
42 0 
30 t 14 
30 t 14 

- 14 
30 0 
30 t 0 
40 -

40 -

40 -

40 -

42 -

- -

- -

- -

42t -



• 14 Bits Wide-Addresses up to 16,384 
Words of Microcode with One Chip 

• Selects Address from One of Eight Sources 

• STL-AS Technology 

• Independent Read Pointer for Aid in 
Microcode Diagnostics 

• Supports Real-Time Interrupts 

• Two Independent Loop Counters 

• Supports 64 Powerful Instructions 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The 'AS890 is a powerful microsequencer that 
is the result of the implementation of Tl's 
Advanced Schottky and Schottky Transistor 
Logic. Approximately 2400 Schottky gate 
equivalents are used to construct this high­
performance sequencer. The 'AS890 can 
generate an address and provide register status 
in only 29 ns while typically requiring only 1.8 
watts of power. All internal STL logic in these 
devices operates on a 2-volt power supply that 
must be supplied externally. The information 
generated by the internal STL logic is 
communicated in the rest of the system via 
5-volt Advanced Schottky TTL-compatible I/O 
ports. 

The microsequencers select a 14-bit 
microaddress from one of eight sources to 
provide the proper microinstruction sequence for 
bit-slice processor or other microcode based 
systems. These high-performance devices are 
capable of addressing 16,384 control store 
memory locations either sequentially or via 
conditional branching algorithms. This multiway 
branching capability, coupled with a nine-word 
deep FILO (first in, last out) stack, allows the 
microprogrammer to arrange his code in blocks 
so that microprograms may be structured in the 
same fashion as such high-level languages as 
ALGOL, Pascal, or Ada.' 

Both polled and real-time interrupt routines are 
supported by the 'AS890 to enhance system 
throughput capability. Vectored interrupts may 
occur during any instruction, including PUSHes 
and POPs. 

NO. 
A2 
A3 
A .. 
A5 
A·6 
A·7 
A·8 

A·' 
A-tO 

B·1 
B2 
B3 
8·4 
8·5 

8·6 
8·7 
8·8 

SN54AS890, SN74AS890 
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02662, NOVEMBER 1982-REVISEO APRIL 1985 

SN74AS890 ... GS PACKAGE 

ITOP VIEW) 
INDEX 1 2 3 4 5 6 7 8 9 10 11 
SYMBO L 

A • • • • • • • • • • 
B • @ • • • • • • • @ • 
C • • • • 
0 • • • • 
E • • • • 
F • • • • 
G • • • • 
H • • • • 
J • • 

i 
• • 

K • @ • • • • • • @ • 
L • • • • • • • • 

AS890 

PIN PI" PIN PIN 
NAME NO. NAME NO. NAME NO. NAME 

ORBlO B·' STKWRN/RER F'lD Veet K4 DRA13 

ORBS B·l0 ZERO F-l1 MUX2 K·5 DRAl1 

DRB8 8-11 CK G·1 V5 K·6 DRAS 

DAB7 C1 V13 G·2 VOE K 7 ORA7 

DAB6 C2 V10 G·1D RC1 K 8 DRAO 

DAB5 C·1O CO G 11 MUXl K' ORAl 

DRB4 C·l1 51 H·1 V4 1<,·10 DRA3 

DRB3 0·1 V12 H·2 V6 K,·11 ORA2 

DRBl 0·2 V9 H-1D 80 L·2 82 
ORBl3 D10 52 H·lt MUXO L3 INC 
iN'f 011 SO J1 V3 L4 ORA12 

CRB12 E1 V11 J.2 V2 L5 ORAlO 

DRBll E·2 V8 J·l0 RC2 L6 DRA9 

83 E·tO VCC2 J·l1 aSEl L7 RA5E 
AaOE E-" RCO K·1 V1 L8 DRA6 

ORB2 F·1 V7 K2 VO L·9 DRAS 

DRBO F·2 GND K3 81 L 10 ORA4 

SN54AS890 ... FD PACKAGE 
SN74AS890 ... FN PACKAGE 

ITOP VIEW) 

9 B 76 5432 16867666564636261 

80 10 

OSEL 11 

MUXO g12 
MUX1 g13 
MUX2 Q14 

RCO 15 

RC1 16 

RC2 17 

so ,. 
S1 ,. 
S2 20 

IT 21 

VCC1 22 

VCC2 ,3 
CK 24 

ZERO 25 

so[ B2 

59~ YO 
58[ Y1 
57 Y2 

56[ Y3 

55 Y4 
54 Y5 
53 Y6 

52 YOE 
51 GNO 

50 Y7 

4. YB 

~8 Y9 
47 Y10 

46 Y11 

45 Y12 

STKWRN/RER 26 44 Y13 
V26~~~n~~~~v~~~~~~ 
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functional block diagram 

RAOE C>----<1I 

OSELD---~ 

STKWRN/RER 

INCC>-H 

STACK 
14x9 

STACI< 
POINTER 

READ 
POINTER 

14 14 14 

VUED-----+--------------~ 

2·344 TEXAS • 
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'O------<J RB'OE 

ZERO 

3 
RC2·RCO 

3 
S2-80 

CC 

3 
MUX2·MUXO 

..-_-=;4;.L-___ -<::J 83.80 

---a VCC1 

---a VCC2 
----<J GNO 

----<J CK 
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pin descriptions 

PIN NAME 

RAOE 

DRA6-DRAO 

OSEl 

MUX2-MUXO 

RC2-RCO 

S2-S0 

CC 

VCC1 

VCC2 
CK 

ZERO 

STKWRN/RER 

DRB6'-DRBO 

RiffiE 
ORB13-0RB7 

INT 

Y13-YB 

GND 

Y7 

'i'l5E 
Y6-YO 

INC 

DRA13-DRA7 

B3-BO 

description (continuedl 

I/O 

In 

In/Out 

In 

In 

In 

In 

In 

In 

Out 

Out 

In/Out 

In 

In/Out 

In 

In/Out 

In/Out 

In 

In/Out 

In 

In/Out 

In 

SN54AS890, SN74AS890 
MICROSEOUENCERS 

PIN FUNCTION 

Enables DRA output, active low 

Seven lSBs of the A direct data 110 port 

MUX control for the source to ORA. Low selects RA, 

high selects stack. 

MUX control for Y output bus (see Table 11 

Register/counter controls (see Table 31 

Stack control (see Table 21 

Condition code 

5-volt supply for TTL compatible 110 
2-volt supply for internal STL 

Clock 

Zero detect flag for register A and B 

Stack overflow, underflow/read error flag 

Seven LSBs of the B direct data 110 port (0 = LSBI 

Enables ORB output, active low 

Seven MSB. of the B direct data 110 port 

Active low selects INT RT register to stack 

Six MSBs of bidirectional Y port 

Ground 

Seventh bit of bidirectional Y port 

Enables Y output bus, active low 

Seven LSBs of bidirectional Y port (0 = LSBI 

Incrementer control 

Seven MSB. of direct B data 110 port 

1 6-way branch inputs on 

Two 14-bit load able registers/counters may be used for temporary storage of data or utilized as down 
counters for repetitive instructions such as multiplication and division or as loop counters when iterative 
routines are required. 

An additional feature is a 24-bit port that appends four user-definable bits to the DRA or DRB address 
value for support of 16-way branches for the execution of relative branch addressing schemes. 

Y output multiplexer 

The Y output multiplexer of the' AS890 is capable of selecting the next .branch address from one of eight 
locations. Addresses may be sourced from: 

1. The top of the 14-bit by 9-word address stack 
2. An external input on the DRA port, potentially a pipeline register 
3. An external input' on the DRB port, potentially a pipeline register 
4. Internal register/counter A 
5. Internal register/counter B 
6. An internal microprogram counter (MPC register) 
7. An external input onto the bidirectional Y output port 
8. A 16-way branch-4 bits appended to DRA, DRB, register/counter A or register/counter B. 
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The source of the next address is dependent upon the previous state of the microsequencer, the MUX 
controls (MUX2-MUXO), the condition code (CC) input, and the state of an internal status flag (status 
externally available at the ZERO output) that indicates that one of the on-chip registers is being decremented 
to zero. 

The entire instruction set may be made conditional by manipulation of the condition code (CC) input. 
Allowing the CC value to vary as a result of data orstatus provides for state-dependent or data-dependent 
branching. Unconditional branches may be achieved by forcing CC high when selecting control store 
addresses. Holding this pin low will provide for conditional or unconditional branches as dictated by the 
state of the zerocdetect flag. The required control signals for selection of the Y output source are listed 
in Table 1. Note that the dependence of the' AS890 on two variables for conditional branches and jumps 
allows a conditional branch or conditional jump to subroutine in any clock cycle. Also note that all multiplexer 
inputs are overridden when all of the stack control inputs are pulled low. This instruction resets the stack 
and read pointers to zero and places all lines of the Y output bus at the low level. 

TABLE 1. Y OUTPUT CONTROL 

MUX CONTROL Y OUTPUT SOURCE Y OUTPUT SOURCE 

RESET" 
CC = L 

MUX2 MUX1 MUXO 
ZERO = H 

Cc = H 
ZERO = L 

X X X YES ALL LOW ALL LOW ALL LOW 

L L L NO STK MPC ORA 

L L H NO STK MPC ORB 

L H L NO STK ORA MPC 

L H H NO STK ORB MPC 

H L L NO ORA MPC ORB 

H L H NO ORA' (16-WAY BRANCH) MPC ORB' (16-WAY BRANCH) 

H H L NO ORA STK MPC 

H H H NO ORB STK MPC 

L H 

H = high level. L = low level, X = irrelevant. 
'Reset command is implemented by setting 52-SO = LLL. 
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14-bit by 9-word address stack 

SN54AS890, SN74AS890 
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The positive-edge-triggered 14-bit address stack supplies on-board storage of nine control store addresses 
that support up to nine nested levels of microsubroutine, looping, and real-time interrupt functions. The 
stack pointer (SP), which operates as an up-down counter, is updated after the execution of each PUSH 
operation and before each POP. In a PUSH operation, the address stored in the MPC register is loaded 
into the stack location addressed by the stack pointer, and the stack pointer is incremented. This address 
is available at the ORA port by enabling ORA (RAOE low and OSEL high). 

A POP operation causes the stack pointer to be decremented on the first rising clock edge following the 
arrival of the POP instruction at the S2-S0 pins. The value that was indexed by the stack pointer is effectively 
removed from the top of the stack. All PUSH and POP instructions are conditionally dependent upon the 
stack control inputs (S2-S0). the condition code (CC), the input value, and the zero-detect status. The 
desired option may be selected using the stack control inputs listed in Table 2. 

TABLE 2. STACK CONTROL 

5TACK CONTROL 5TACK OPERATION. CC = l 

52 51 50 05El ZERO = l ZERO = H CC = H 

l L L X RESET/CLEAR RESET /C LEAR RESET/CLEAR 

L L H X CLEAR SP. RP HOLD HOLD 

L H L X HOLD POP POP 

L H H X POP HOLD HOLD 

H L L X HOLD PUSH PUSH 

H L H X PUSH HOLD HOLD 

H H L X PUSH HOLD PUSH 

H H H H READ READ READ 

H H H L HOLD HOLD HOLD 

The read pointer (RP) is a useful tool in debugging microcoded systems. A microprogrammer now has the 
ability to perform a nondestructive, sequential read of the stack contents from the DRA port. This cap.ability 
provides the user with a method of backtracking through the address sequence to determine the cause 
of overflow without affecting program flow, the status of the stack-pointer or the internal data of the stack. 
Placing a high value on all of the stack inputs (S2-S0) and OSEL places the 'AS890 into the read mode. 
At each low-to-high clock transition, the value pointed to by the read pointer is available at the ORA port 
and the read pointer is decremented. Microcode diagnostics are simplified by the ability of the' AS890 
to sequentially dump the contents of its stack. The bottom of the stack is detected by monitoring the 
STKWRN/RER (stack warning/read error) pin. A high will appear when the stack contains one word and 
a READ instruction is applied to the S2-S0 pins. This signifies that the last address has been read. The 
stack pointer and stack contents are un effected by the READ operation. Under normal PUSH and POP 
operations the read pointer is updated with the stack pointer and contains identical information." 

The STKWRN/RER pin alerts the system to a potential stack overflow or underflow condition. STKWRN/RER 
becomes active under two additional conditions. If seven of the nine. stack locations (0-8) are full (the 
stack pointer is at 7) and a PUSH occurs, the STKWRN/RER pin will produce a high-level signal to warn 
that the stack is approaching its capacity, and will be full after one more PUSH. Knowledge that overflow 
potential exists allows bit-slice-based systems to continuously process real-time interrupt vectors. This 
signal will remain high, if HOLD, PUSH, or POP instructions occur, until the stack pointer is decremented 
to 7. 

The user may be protected from attempting to POP an empty stack by monitoring STKWRN/RER before 
POP operations. A high level at this pin signifies that the last address has been removed from the stack 
(SP = 0). This condition remains until an address is pushed onto the stack and the stack pointer is 
incremented to one. 

Clearing the stack and read pointer is accomplished by placing low levels onto the stack control lines (S2-S0). 
This function overrides all of the Y output MUX controls and places the Y bus into a low state. 
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register/counters 

Two loadable 14-bit registers extend the looping and branching capabilities. Addresses may be loaded 
directly into register/counter A (RA) and register/counter B (RB) through the direct data ports DRA 13-DRAO 
and DRB13-DRBO. The values stored in these registers may either be held, decremented, or read as a result 
of the register control inputs (RC2-RCO), RAOE, and RBOE. All combinations of these functions are supported 
with the exception of a simultaneous decrement of both registers. Generation of iteration routines may 
be accomplished by loading RA and/or RB and operating them as a down counter. loop termination is 
acknowledged by the ZERO output going high to indicate that a register contains a binary one and that 
a decrement is about to take place. Because of this facility, a "decrement and branch on loop" termination 
m,ay be executed in the same clock cycle. 

The contents of RA are accessible to the DRA port when OSEl is low and the output bus is enabled by 
RAOE being low. Data from RB is available when DRB is enabled by RBOE being low. Note that contror 
of the registers is maintained while an external value is active on the DRA and DRB ports. A value being 
directed from the DRA and DRB buses to the output will not inhibit the decrement operation. 

Register/counter controls are listed in Table 3. 

TABLE 3. REGISTER CONTROL 

RC2 RC1 RCO REG A REG B 
L L L HOLD HOLD 

L L H DEC HOLD 

L H L LOAD HOLD 

L H H DEC LOAD 

H L L LOAD LOAD 

H L H HOLD DEC 

H H L HOLD LOAD 

H H H LOAD DEC 

til microprogram register and increment 

The microprogram register (MPC) and the incrementer (INC) provide the means for generating the next 
microprogram address for sequential addressing operations. The MPC may be loaded with either the outgoing 
address on the Y bus or may receive an external address for processing interrupt vectors. 

The current address on the Y bus is passed to the MPC at each rising clock edge, either unaltered (INC 
low) for repeating statements, or incremented by one (INC high) for addressing sequential control store 
locations. 

The MPC may also be externally loaded for subroutine and interrupt functions. Takin~ YOE high and forcing 
the new address onto the bidirectional Y bus loads the MPC with the new address at the positive clock 
edge. This value may also be incremented prior to storage in the MPC for sequential addressing of 
subroutines or interrupt routines. 

interrupts 

2-348 

Real-time vectored interrupt routines are supported for those applications where polling would impede 
system throughput. Any instruction, including PUSHes and POPs, may be interrupted. To process an 
interrupt, the following procedure should be followed: 

1. The bidirectional Y bus is placed into the high-impedance state by forcing YOE high. 

2. The interrupt entry point vector is then forced onto the Y bus and incremented to become the second 
microinstruction of the interrupt routine. This is accomplished by making INC high. 
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3. At 'the following clock edge, the second microaddress is stored in the MPC and the interrupted 
address will be stored in the INT RT register which always contains the outgoing value on the Y 
bus. This edge also causes the processor to begin execution of the first instruction of the interrupt 
routine. This first instruction must PUSH the address stored in the INT RT register onto the stack 
so that the proper return linkage is maintained. This is accomplished by making INT low and 
performing a PUSH. If this instruction were to be interrupted, the process would be repeated and 
the proper return linkage preserved. 

control inputs 

A listing of the response of internal elements to various control inputs is given in Table 4. 

TABLE 4. RESPONSE TO CONTROL INPUTS 

PIN NAME 
lOGIC lEVEL 

HIGH lOW 

RAOE ORA output in high-Z state ORA output is active 

RBOe ORB output in high-Z state ORB output is active 

We Y output in high-Z state Y output is active 

iNT MPC to stack INT RT register to stack 

OSEl StaCk to ORA buffer input RA to ORA buffer input 

INC Adds one to Y output and stores in MPC Passes Y output to MPC unaltered 

MUX2-MUXO Table 1 Table 1 

52-SO Table 2 Table 2 

RC2-RCO Table 3 Table 3 

instruction set 

Sixty-four microsequencing instructions enable the' AS890 to generate micro-addresses for up to 16,384 
locations. Any instruction can be made conditional depending upon the value of the externally applied 
condition code (CCl and the value stored in either of the internal register/counters. 

The required signals for selection of the Y output source were listed in Table 1. Suggested methods for 
implementing a few commonly used instructions are given in Table 5 and flowcharts showing execution 
examples are illustrated in Figure 1. 

It should be noted that the term jump refers to a subroutine call that must be accompanied by a return 
instruction. The term branch implies that a deviation from the program flow is accomplished but no return 
is required. 
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TABLE 5. SUGGESTED CODING FOR REPRESENTATIVE INSTRUCTIONS 

FUNCTION MNEMONIC MUX2 MUX1 MUXO S2 

Continue CONT X H X H 

Unconditional branch BR L L X H 

Conditional branch CBR H H X H 

Three-way branch BR2W H L L H 

Conditional loop on stack LOOPS L L X L 

Repeat REPEAT L L X H 

Loop on stack with exit LSWE L L X L 

Conditional jump to subroutine CJSR H H X H 

Jump to subroutine JSR L L X H 

Two-way jump to subroutine JSR2W H L L H 

Repeat until UNTIL L H X L 

Return from subroutine RTS L H X L 

Conditional return from subroutine CRTS L H X L 

Conditional return from subroutine or branch CRTSB L H X L 

Conditional branch and PUSH CBRP H H X H 

Conditional branch and POP CBRPO H H X L 

PUSH and continue PUSH L H X H 

POP and continue POP X H X L 

Exit from loop EXITLP L L X L 

Reset and clear stack/read. pointer RESET X X X L 

32-way branch BR32W H L H H 

Execute n times NEX L L X L 

S1 SO CC FIGURE 

H H H 1 (al 

H H H l(bl 

H H V llcl 

H H V lIdl 

H L L llel 

H H L llf1 

H L V llgl 

L H V llhl 

L H H lIil 

H L V llj1 

H L V l(kl 

H H L 1111 
H H V llml 

H H V llnl 

L H V 1101 
H H V llpl 

L L H 1(ql 

H L H 1(rl 

H L V llsl 

L L X 1(t1 
H H V llul 

H L L llvl 

H = high level, L = low level, X = irrelevant, V = varies (condition code value is dependent upon machine and data 
status and will vary accordingly). 
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I.) CONTINUE 
ICC FORCED) 

lei CONDITIONAL BRANCH 
IDEC DISABLED) 

NOTE 1: CC and ZERO are completed in the same clock cycle. 
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Ib) UNCONDITIONAL BRANCH 
ICC FORCED) 

Id) THREE-WAY BRANCH IDEC ENABLED)' 

FIGURE 1. INSTRUCTION SET FLOWCHARTS 

U) 
CI) 
C;) 

'$ 
CI) 

Q -(I) .... 
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(e) CONDITIONAL LOOP ON STACK 
(CC FORCED. DEC ENABLED)' 

(g) CONDIT!ONAL LOOP ON STACK 
WITH EXIT (DEC ENABLED)' 

NOTE 1: EC and ZERO are completed in the same clock cycle. 

(II REPEAT (CC FORCEO. DEC DISABLED)' 

(h) CONDITIONAL JUMP TO SUBROUTINE 
(DEC DISAI3L1iD)' 

FIGURE 1. INSTRUCTION SET FLOWCHARTS (continu~d) 
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iii JUMP TO SUBROUTINE 
(ff FORCED) 

(k) REPEAT UNT)L 
(DEC DISABLED) 

SN54AS890, SN74AS890 
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UI TWO-WAY JUMP TO SUBROUTINE 
(DEC DISABLED) 

(I) RETURN FROM SUBROUTINE 
(ff FORCED, DEC DISABLED) 

• 

FIGURE 1 _ INSTRUCTION SET FLOWCHARTS (continued) 
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SN54AS890, SN74AS890 
MICROSEOUENCERS 

(m) CONDITIONAL RETURN 
FROM SUBROUTINE 

(DEC DISABLED) 

(01 CONDITIONAL BRANCH 
AND PUSH (DEC DISABLEDI 

NOTE 1: CC and ZERO are completed in the same clock cycle. 

(n) CONDITIONAL RETURN FROM 
SUBROUTINE OR BRANCH 

(DEC ENABLEDI' 

(pi CONDITIONAL BRANCH 
AND POP (DEC DISABLED I 

FIGURE 1. INSTRUCTION SET FLOWCHARTS (continued) 
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(q) PUSH AND CONTINUE 
(CC FORCED) 

(5) EXIT FROM LOOP 
(DEC ENABLED) 1 

NOTE 1: Cc and ZERO are completed in the same clock cycle. 

SN54AS890, SN74AS890 
MICROSEOUENCERS 

(r) POP AND CONTINUE 
(CC FORCED) 

(I) RESET AND CLEAR 

II 
fI) 
Q) 
(,) 

'S; 
Q) 

o -en 
....I 

FIGURE 1. INSTRUCTION SET FLOWCHARTS (continued) 
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SN54AS890, SN74AS890 
MICROSEQUENCERS 

lu)32·WAY BRANCH 
IDEC DISABlED)2 

NOTES: 1. CC and ZERO are completed in the same clock cycle. 

r-----
I 
I 
I 
I 
I 
IL 

-. 
I 
I 
I 
I 
I 
I 
I 

I I L ___ !!. __ -' 

Iv) EXECUTE N TIMES 
ICC FORCED, DEC ENABLED)' 

2. The least significant four bits, ORA and ORB, will be stripped off and four new bits appended to them from the 83·80 port. 

FIGURE 1. INSTRUCTION SET FLOWCHARTS (concluded) 
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SN54AS890. SN74AS890 
MICROSEQUENCERS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, VCC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, V CC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 V 
Input voltage: All inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

I/O ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .......... 5.5 V 
Operating case temperature range, SN54AS890. . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Operating free-air temperature range, SN74AS890 ........................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

SN54AS890 SN74AS890 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCCl 1/0 supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VCC2 STL internal logic supply 

voltage 1.9 2 2.1 1.9 2 2.1 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltge 0.8 0.8 V 

10H High-level output current -1 -2.6 mA 

10L Low-level output current 
I All outputs 

except Y13-YO 
8 8 

mA 

I Y13-YO 12 12 

TC Operating case temperature -55 125 °c 

TA Operating free air temperature 0 70 °c 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 

PARAMETER 
SN54AS890 SN74AS890 

TEST CONDITIONS 
Typt Typt 

UNIT 
MIN MAX MIN MAX 

VIK VCCl = 4.5 V, II = -18 mA -1.2 -1.2 V 

VCCl - 4.5 V to 5.5 V, 10H - -0.4 mA VCC-2 VCC-2 

VOH VCCl ~ 4.5 V, 10H - -1 mA 2.4 3.4 V 

VCCl = 4.5 V, 10H = -2.6 mA 2.4 

All outputs 
VCCl = 4.5 V, 10L = 8 mA 0.5 0.5 

VOL except Y 1 3· YO V 

Y13-YO VCCl = 4.5 V, 10L = 12 mA 0.5 0.5 

Inputs VCC1 - 5.5 V, VI - 7 V 0.1 0.1 
II mA 

1/0 ports VCCl : 5.5 V. VI = 5.5 V 0.1 0.1 

Inputs 20 20 
IIH 

1/0 ports' 
VCC1 ~ 5.5 V, VI = 2.7 V ~A 

40 40 

IlL' VCCl = 5.5 V, VI = 0.4 V -0.4 -0.4 mA 

10 VCCl = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 rnA 

ICCl VCC1 - 5.5 V 185 178 mA 

ICC2 VCC2 _. 2.1 V 420 400 rnA 

t All typical values are at VCC = 5 V, TA = 25°C. 
:l:For 110 ports, the parameters IIH and IlL include output current IOZl and IOZl. respectively. 
§The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, lOS. 
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SN54AS89D 
MICROSEQUENCERS 

SN54AS890 maximum switching characteristics: VCC1 
TC - 55°C to 125°C (see Note 2) 

4.5 V to 5.5 V. VCC2 = 1.9 V to 2.1 V. 

FROM TO (OUTPUT) 
PARAMETER UNIT 

(INPUT) V ZERO ORA ORB STKWRN 

cc 32 

32 30 30 30 
CK 

53 t 42t 

DRA13-DRAO 16 

DR813-DRBO 16 

MUX2-MUXO 36 
ns 

tpd RC2-RCO 32 14 

S2-S0 32 

B2-BO 22 

OSEl 24 

VOE 16 

ten RAOE 16 ns 

RBOE 16 

VOE 16 

tdis RAOE 16 ns 

RBOE 16 

t Decrementing Register/Counter A or B and sensing a zero. 
NOTE 2: Load circuit and voltage waveforms are shown in Section 1 

SN54AS890 setup and hold times 

PARAMETER 
FROM 

TO (DESTINATION) MIN MAX UNIT 

CC Stack 10 

DRA13-DRAO RCA, INT RT 5 

DRB13-DRBO RCB, INT RT 5 

INC MPC 10 

INT Stack 10 

Stack 16 

tsu RC2-RCO RCA, RCB 10 

INT RT '14 
ns 

Stack 10 
S2-S0 

10 • INT RT 

MUX2-MUXO INT RT 14 

B3-BO INT RT 14 

V13-VO MPC 12 

th Any Input Any Destination 2 

SN54AS890 minimum clock requirements (see Note 3) 

PARAMETER MIN MAX UNIT 

twl(CK) Pulse duration, clock low 10 

twH(CK) Pulse duration, clock high 20 

55 t 
ns 

tc(CK) Clock cycle time 
45 

tOecrementing Register/Counter A or B and sensing a zero. 
NOTE 3: The total clock period of clock high and clock low must not be less than clock cycle time. The minimum pulse durations specified 

are only for clock high or clock low. but not for both simultaneously. 
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SN74AS890 
MICROSEOUENCERS 

SN74AS890 maximum switching characteristics: VCC1 
TA = ODC to 70 DC (see Note 21 

4.5 V to 5.5 V, VCC2 1.9 V to 2.1 V, 

FROM TO (OUTPUT) 
PARAMETER UNIT 

(INPUT) V ZERO ORA ORB STKWRN 

CC 29 

29 29 29 29 
CK 

50 t 39 t 

DRA13-DRAO 15 

DRB13-DRBO 15 
ns 

MUX2-MUXO 35 
tpd 

RC2-RCO 30 13 

52-SO 28 

B2-BO 20 

OSEL 18 

YOE 15 

ten RAOE 15 ns 

RBCiE 15 

VOE 16 

tdis RAOE 16 ns 
~ mroE 16 

t Decrementing Regis~er/Counter A or B and sensing a zero. 
NOTE 2: Load circuit and voltage waveforms are shown in Section 1. 

SN74AS890 setup and hold times 

PARAMETER 
FROM 

TO (DESTINATION) MIN MAX UNIT 

CC Stack 10 

DRA13-DRAO RCA, INT RT 5 

DRB13-DRBO RCB, INT RT 5 

INC MPC 10 

INT Stack 10 

Stack 14 

tsu RC2-RCO RCA, RCB 10 
ns 

INT RT 12 

52-SO Any Destination 10 

MUX2-MUXO INT RT 12 

63-60 INT RT 14 

Y13-YO MPC 10 

th Any Input Any Destination 2 

SN74AS890 minimum clock requirements (see Note 31 
PARAMETER MIN MAX UNIT 

twL(CK) Pulse duration, clock low 10 

twH(CK) Pulse duration, clock high 20 

50 t 
ns 

tc(CK) Clock cycle time 
36 

tDecrementing Register/Counter A or B and sensing a zero. 
NOTE 3: The total clock period of clock high and clock low must not be less than clock cycle time. The minimum pulse durations specified 

are only for clock high or clock low, but not for both'simultaneously. 
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SN74AS890·1 
MICROSEQUENCERS 

SN74AS890·1 maximum switching characteristics: VCC1 .. 4.5 V to 5.5 V, VCC2 = 1.9 V to 2.1 V. 
TA ... ODC to 70 DC (see Note 2) 

FROM TO (OUTPUT) 
PARAMETER UNIT 

(INPUT) Y ZERO ORA ORB STKWRN 

CC 2~ 

25 25 25 25 
CK 

42t 34 t 

ORA13-0RAO 14' 

DRB13-DRBO 14 

MUX2-MUXO 31 
ns 

tpd RC2-RCO 26 12 

52-SO 25 

B2-BO 19 

OSEL 17 

YOE 15 

ten RAOE 15 ns 

RBOE 15 

YOE 16 

tdis RAOE 16 ns 

fIBOt 16 

• t Decrementing Register/Counter A or B and sensing a zero, 
NOTE 2: Load circuit and voltage waveforms are shown in Section 1. ,... 
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SN74AS890·1 setup and hold times 

PARAMETER 
FROM 

TO (DEST(NATION) MIN MAX UNIT 

CC Stack 10 

DRA13-DRAO RCA, INT flT 5 

DRB13-DRBO RCB, INT RT 5 

INC MPC 10 

INT Stack 10 

Stack 14 

tsu RC2-RCO RCA,RCB 10 

INT RT 12 
ns 

52-SO Any Destination 10 

MUX2-MUXO INT RT 12 

B3-BO INT RT 14 

Y13-YO MPC 10 

th Any Input Any Destination 2 

SN74AS890-1 minimum clock requirements (see Note 3) 

PARAMETER MIN MAX UNIT 

twL(CKI Pulse duration, clock low 10 

twH(CK) Pulse duration, clock high 20 

42t 
ns 

telCK) Clock cycle time 
34 

tOecrementing Register/Counter A or B and sensing a zero. 
NOTE 3: The total clock period of clock high and clock low must not be less than clock cycle ~ime. The minimum pulse durations specified 

are only for clock high or clock low, but not for both simultaneously. 
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• STL-AS Technology 

• Parallel S-Sit ALU with Expansion Inputs 
and Outputs 

• 13 Arithmetic and Logic Functions 

• 8 Conditional Shifts (Single and Double 
Length) 

• 9 Instructions that Manipulate Bytes 

• 4 Instructions that Manipulate Bits 

• Add and Subtract Immediate Instructions 

• Absolute Value Instruction 

SN54AS895, SN74AS895 
8·BIT MEMORY ADDRESS GENERATORS 

NOVEMBER 1985-REVISEO APRIL 1986 

• Sign, Carry Out, Overflow, and Zero-Detect 
Status Capabilities 

• Excess-3 BCD Arithmetic 

• MQ Register is Externally Available through 
the DB Port 

• Internal Shift Multiplexers that Eliminate the 
Need for External Shift Control Parts 

• ALU Bypass Path to Increase Speeds of 
Multiply, Divide, and Normalize Instructions 
and to Provide New Instructions such as Bit 
Set, Bit Reset, Bit Test, Byte Subtract, Byte 
Add, and Byte Logical 

• Signed Magnitude to/from Two's 
• 3-0perand Register Files to Allow an 

Operation and a Move Instruction to be 
Combined 

Complement Conversion 

• Single- and Double-Length Normalize 

• Select Functions 

• Signed and Unsigned Divides with Overflow 
Detection; Input does not Need to be 
Prescaled 

• Signed, Mixed, and Unsigned Multiplies 

• Three-Operand, 16-Word Register File 

• Full Carry Look Ahead Support 

description 

• Byte Select Controlled by External 3-State 
Buffers that may be Eliminated if Bit and 
Byte Manipulation are not Needed 

• Bit and Byte Masks that are Shared with 
Register Address Fields to Minimize Control 
Store Word Width 

• 3 Data Input/Output Peths to Maximize 
Data Throughput 

These 8-bit Advanced Schottky TTL integrated circuits are designed to implement high performance digital 
computers or controllers. An architecture and instruction set has been chosen that supports a fast system 
clock, a narrow micro-code word width, and a high system throughput. The powerful instruction set allows 
high-speed system architecture to be implemented and also allows an existing system's performance to 
be upgraded while protecting software investments. These processors are designed to be cascadable to 
any word width 16 bits or greater. 

The only difference between the' AS888 Bit-Slice Processor and the' AS895 Memory Address Generators 
is the function of the DB port. The' AS888 DB port outputs the register file. The 'AS895 DB port can 
be used to read the MQ'register result during the same clock cycle that .the ALU result is available at the 
Y port. 

The SN54AS895 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN74AS895 and SN74AS895-1 are characterized for operation from DoC to 70°C. 

Package options include both plastic and ceramic chip carriers in addition to a 68-pin grid array ceramic 
package. 

Copyright © 1985, Texas Instruments Incorporated 
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SN54AS895, SN74AS895 
8·BIT MEMORY ADDRESS GENERATORS 

A 

B 

C 

0 

E 

F 

G 

H 
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L 

• 
• 
• 
• 
• 
• 
• 
• 
• 

SN54AS895. SN74AS895 ... G8 PACKAGE 

(TOP VIEW) 

2 3 4 5 6 7 8 9 10 11 

• • • • • • • • • 
0· • • • • • • 0 • • • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 

• 0 • • • • • • 0 • • • • • • • • • 

SN54AS895 ... FK PACKAGE 
SN74AS895 ... FN PACKAGE 

(TOP VIEW) 

9 B 7 6 5 4 3 2 1 68 67 666564 63 62 61 
DB6 10 60 

11 59 

12 58 
13 57 

DB2 14 56 
DBl 15 55 

16 54 
SELY 17 53 

Y7 lB 52 
Y6 19 51 
Y5 20 50 

Y4 21 49 
n n ~ 

Y2 23 47 
Yl 24 46 
YO 25 45 
O~ ~ ~ 

n~W.~~~~HHTI •• ~Maa 

GB PACKAGE PIN ASSIGNMENTS 

PIN NAME PIN NAME PIN NAME PIN NAME 

A-2 Cn B-9 DEY F-l0 Y3 K-4 C2 

A-3 5100 B-l0 YO F-11 DB2 K-5 AD 

A-4 QIOO B-l1 Yl G-l DA2 K-6 A3 

A-5 QI07 C-l 15 G-2 DAD K-7 WE 

A-6 Cn +8 C-2 VCC2 G-l0 DBO K-8 DB7 

A-7 GIN C-l0 Y4 G-l1 DB3 K-9 OEB 

A-8 P/OVR C-ll Y6 H-l DA3 K-l0 EBO 

A-9 ZERO 0-1 16 H-2 DAl K-l1 EBl 

A-l0 PPP 0-2 VCCl H-l0 DB6 L-2 CK 

B-1 12 0-10 Y5 H-l1 DB4 L-3 Cl 

B-2 13 0-11 Y7 J-l DA4 L-4 C3 

B-3 11 E-l 17 J-2 DA5 L-5 Al 

B-4 10 E-2 OEA J-l0 SELY L-6 A2 

B-5 14 E-l0 Y2 J-ll DB5 L-7 B3 

B-6 5107 E-ll DBl K-l DA6 L-8 B2 

B-7 SSF F-l EA K-2 DA7 L-9 Bl 

B-8 F-2 GND K-3 CO L-l0 BO 
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PIN GRID CHIP 

ARRAY CARRIER 
NAME 

A-l0 28 PPP 

B-7 29 SSF 

A-9 30 ZERO 

A-8 31 P/OVR 

A-7 32 GIN 

A-6 33 Cn +8 

B-6 34 5107 

A-5 35 0107 

A-4 36 0100 

A-3 37 5100 

A-2 38 Cn 

8-4 39 10 

B-3 40 11 

8-1 41 12 

B-2 42 13 

B-5 43 14 

C-l 44 15 

D-l 45 16 

E-l 46 17 

C-2 47 VCC2 

D-2 48 VCC' 

E-2 49 OEA 

F-l 50 EA 

F-2 51 GND 

G-2 52 DAO 

H-2 53 DAl 

G-l 54 DA2 

H-l 55 DA3 

J-l 56 DM 

J-2 57 DA5 

K-l 58 DA6 

K-2 59 DA7 

L-2 60 CK 

K-3 61 CO 

L-3 62 Cl 

K-4 63 C2 

L-4 64 C3 

K-5 65 AO 

L-5 66 Al 

L-6 67 A2 

K-6 68 A3 

1/0 

I 

1/0 

110 

0 

0 

0 

110 

1/0 

1/0 

110 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1/0 

110 

110 

110 

110 

110 

110 

110 

I 

I 

I 

I 

I 

I 

I 

I 

I 

SN54AS895. SN74AS895 
8·BIT MEMORY ADDRESS GENERATORS 

DESCRIPTION 

Package position pin. Tri-Ievel input use? to define package significance during 

instruction execution. Leave open for intermediate positions, tie to Vee for most 

significant package, and tie to GND for least significant package. 

Special shift function. Used to transfer required information between packages during 

special instruction execution. 

Device zero detection, open collector. Input during certain special instructions. 

ALU propagate/instruction overflow for most significant package, low active. 

ALU generate/negative result for most significant package, low active. 

ALU ripple carry output. 

Bidirectional shift pin, low ."Ictive. 

ALU carry input. 

Instruction input. 

Low voltage power supply (2 VI. 

110 interface supply voltage (5 VI. 

DA bus enable, low active. 

ALU input operand select. High state selects external DA bus and low state selects 

register file. 

Ground pin. 

A port data bus. Outputs register file data (EA = 0) or inputs external data (EA .- 1). 

Clocks all synchronous registers on positive edge .. 

Register file write address select. 

Register file A port read address select. 
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SN54AS895, SN74AS895 
8·BIT MEMORY ADDRESS GENERATORS 
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CD 
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PIN GRID 

ARRAV 

K-7 

L-7 

L-B 

L-9 

L-l0 

K-l0 

K-ll 

K-9 

K-8 

H-l0 

J-ll 

H-l1 

G-ll 

F-ll 

E-l1 

G-l0 

J-l0 

0-11 

C-ll 

0-10 

C-l0 

F-l0 

E-l0 

B-ll 

B-l0 

B-9 

F-2 

2·364 

CHIP 

CARRIER 

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 

NAME 1/0 

WE I 

B3 I 

B2 I 

Bl I 

BO I 

EBO I 

EBI I 

OE8 I 

DB7 I/O 

DB6 I/O 

DB5 I/O 

DB4 I/O 

DB3 I/O 

DB2 I/O 

OBI I/O 

DBO I/O 

SELV I 

V7 I/O 

V6 I/O 

V5 I/O 

V4 I/O 

V3 I/O 

V2 I/O 

VI I/O 

VO I/O 

OEV I 

GND 

DESCRIPTION 

Registerfile IRF) write enable. Data is written into RF when WE is low and a low-to-high 

clock transition occurs. RF write is inhibited when WE is high. 

Register file B port read address select. 10 = LSB). 

ALU input operand select. EBO and EB 1 selects the source of data that the S 

multiplexer provides for the S bus. Independent control of the .DB bus and data path 

selection allow the user to isolate the DB bus while the ALU continues to process data. 

DB bus enable, low active. 

B port data bus. Outputs MQ register data l'OEil = 0) or used to input external data 

l'OEil = 1), 10 = LSB). 

V bus select, high active. 

V port data bus. Outputs instruction results 10EV = 0) or used to put external data into 

register file 10EV = 1). 

Y bus output enable, low active. 

Ground pin 
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SN54AS895, SN74AS895 
8-BIT MEMORY ADDRESS GENERATORS 

functional block diagram 

A3-AO c>-~4 +-----l---r-----___ J:=~;!~E~ 
8 

DA7-DAO IO! ..... +--+ ... ----, 
OEA 

EAL>~=+===--A 
G/N~ 

P/DVR~ 

Cn+8<:}-

ZER0D--

QI07~""'-~-------===f===~-l 

PPPC>--

SSFD--
8 

17-IO~ 
OEVC>---+----~--~ 

SELVC>------~ 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

--<J VCC! 

--a VCC2 r,GND 

2-365 



.' 

SN54AS895, SN74AS895 
8·BIT MEMORY ADDRESS. GENERATORS 

archite-ctural elements 

3-port register file 

Working registers consist of 128 storage elements organized into sixteen 8-bit words. These storage 
elements appear to the user as 16 positive edge-triggered registers. The three port addresses, one write 
(C) and two reads (A and B), are completely independent of each other to implement a 3-operand register 
file. Data is written into the register file when WE is low and a low-to-high clock transition occurs. The 
ADD and SUBTRACT immediate instructions require only one source operand. The B address is used as 
the source address, and the bits of the A address are used to provide a constant field. The SET, RESET, 
and TEST BIT instructions use the B addressed register as both the source and destination register while 
the A and C addresses are used as masks. These instructions are explained in more detail in the instruction 
section. 

S multiplexer 

The S multiplexer selects the ALU operand, as follows: 

EB1 EBO S bus 
Low Low RF data 
Low High MO data 
High Low DB data 
High High MO data 

DB port 

The 8-bit bidirectional DB port inputs external data to the ALU or outputs the MO register. If OEB is low, the 
DB bus is active; if OEB is high, the DB bus is in the high impedance state. Notice that the DB port may 
be isolated at the same time that MO register data is passed to the ALU. 

R multiplexer 

The R multiplexer selects the other operand of the ALU. Except for those instructions that require constants 
or masks, the R bus will contain DA if EA is high or the RF data pointed to by A if EA is low. 

DA port 

ALU 

The 8-bit bidirectional DA port inputs external data to the ALU or outputs the register file. If OEA is low, 
the DA bus is active; if OEA is high, the DA bus is in the high-impedance state. Notice that the DA bus 
may be isolated while register file data is passed to the ALU. 

The shift instructions are summarized in Table 4 and illustrated in Figure 2. The ALU can perform seven 
arithmetic and six logical instructions on two 8-bit operands. It also supports multiplication, division, 
normalization, bit set, reset, test, byte operations, and excess-3 BCD arithmetic. These source operands 
are the outputs of the Sand R multiplexers. 

ALU and MO shifters 

ALU and MO shifters perform all of the shift, multiply, divide, and normalize functions. Table 4 shows 
the value of the SI07 and 0107 pins of the most significant package. The standard shifts may be made 
into conditional shifts and the serial data may be input or output with the aid of two three-state gates. 
These capabilities are. discussed further in the arithmetic and logic section. 
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MO register 

SN54AS895, SN74AS895 
8-BIT MEMORY ADDRESS GENERATORS 

The mUltiplier-quotient (MO) register has specific functions in multiplication, division, and normalization. 
This register may also be used as a temporary storage register. The MO register may be loaded if the 
instruction code on pins 17-10 is E1-E7 or E9-EE (See Table 1). 

Y bus 

The Y bus contains the output of the ALU shifter if OEY is low and is a high impedance input if OEY is 
high. SEL Y must be low to pass the internal ALU shift bus and must be high to pass the external Y bus 
to the register file. 

status 

Four status pins are available on the most significant package, overflow (OVR), sign (N), carry out (Cn + 8). 
and zero (ZERO). The Cn +8 line signifies the ALU result while OVR, ZERO, and N refer the status after 
the ALU shift has occurred. Notice that the ZERO pin cannot be used to detect whether an input placed 
on a high impedance Y bus is zero. 

divide BCD flip-flops 

The multiply-divide flip-flops contain the status of the previous multiply or divide instruction. They are • 
affected by the 'following instructions: 

DIVIDE REMAINDER FIX 
SIGNED DIVIDE OUOTIENT FIX 
SIGNED MULTIPLY 
SIGNED MULTIPLY TERMINATE 
SIGNED DIVIDE INITIALIZE 
SIGNED DIVIDE START 

SIGNED DIVIDE ITERATE 
UNSIGNED DIVIDE START 
UNSIGNED DIVIDE ITERATE 
UNSIGNED MULTIPLY 
SIGNED DIVIDE TERMINATE 
UNSIGNED DIVIDE TERMINATE 

fI) 
Q) 
CJ 

'S; 
Q) 

C -UJ 
The excess-3 BCD flip-flops are affected by all instructions except NOP. The clear function clears these .... 
flip-flops. They preserve the carry from each nibble (4-bits) in excess-3/BCD operations. 

package position pin (PPP) 

The position of the processor in the system is defined by the voltage level applied to the package position 
pin (Pppy. Intermediate positions are selected by leaving the pin open. Tying the pin to VCC makes the 
processor the most significant package and tying the pin to GND makes the processor the least significant 
package. 

special shift function (SSF) pin 

Conditional shifting algorithms may be implemented via control of the SSF pin. The applied voltage to this 
pin may be set as a function of a potential overflow condition (the two most significant bits are not equal) 
or any other condition (see Group 1 instructions). 

instruction set 

The' AS895 bit-slice processor uses bits 17-10 as instruction inputs. A combination of bits 13-10 (Group 1 
instructions) and bits 17-14 (Group 2-5 instructions) are used to develop the 8-bit op cod!! for a specific 
instruction. Group 1 and Group 2 instructions can be combined to perform arithmetic or logical functions 
plus a shift function in one instruction cycle. A summary of the instruction set is given in Table 1. 
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TABLE 1. INST~UCTION SET 

GROUP 1 INSTRUCTIONS 

INSTRUCTION BITS (13-10) 
MNEMONIC FUNCTION 

HEX CODE 

0 Accesses Group 4 instructions 

1 ADD R+S+Cn 
2 SUBR R+S+Cn 
3 SUBS R+~+Cn 
4 INCS S+Cn 
5 INCNS ~+Cn 
6 INCR R+Cn 
7 INCNR R+Cn 
8 Accesses Group 3 instructions 

9 XOR R XOR S 

A AND RAND S 

B OR R OR S 

C NAND R NAND S 

D NOR R NOR S 

E ANDNR RAND S 

F Accesses Group 5 instructions 

GROUP 21NSTRUCTIONS 

INSTRUCTION BITS (17-14) 

HEX CODE 
MNEMONIC FUNCTION 

0 SRA Arithmetic Right Single 

1 SRAD Arithmetic Right Double 

2 SRL Logical Right Single 

3 SRLD Logical Right Double 

4 SLA Arithmetic Left Single 

5 SLAD Arithmetic Left Double 

6 SLC Circular Left Single 

7 SLCD Circular Left Double 

B SRC Cirbular Right Single 

9 SRCD Circular Right Double 

A MOSRA Pass IF-VI and Arithmetic Right MO 

B MOSRL Pass IF-V) and Logical Right MO 

C MOSLL Pass IF-V) and Logical Left MO 

D MOSLC Pass IF-V) and Circular Left MO 

E LOADMO Pass IF-V) and Load MO IF~MO) 

F PASS Pass IF-VI 
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TABLE 1. INSTRUCTION SET (Continued) 

GROUP 3 INSTRUCTIONS 

INSTRUCTION BITS (17-10) 
MNEMONIC FuNCTION 

HEX CODE 

08 SEn Set Bit 

18 SETO Reset Bit 

28 TB1 Test Bit IOnel 

38 TBO Test Bit IZero) 

48 ABS Absolute Value 

58 SMTC Sign Magnitude/Two's Complement 

68 AODI Add Immediate 

78 SUBI Subtract Immediate 

88 BADD Byte Add R to S 

98 BSU!lS Byte Subtract S from R 

A8 BSU8R 8yte Subtract Ii from S 

B8 BINCS Byte Increment S 

C8 BINCNS Byte Increment Negative S 

D8 BXOR Byte XOR Rand S 

E8 BAND Byte AND Rand S 

F8 BOR Byte OR Rand S 

GROUP 4 INSTRUCTIONS 

INSTRUCTION BITS (17-10) 
MNEMONIC FUNCTION 

HEX CODE 

00 Reserved 

10 SEL Select SIR 

20 SNORM Single Length Normalize 

30 DNORM Double Length Normalize 

40 DIVRF Divide Remainder Fix 

50 SPIVQF Signed Divide Quotient Fix 

60 SMUll Signed Multiply Iterate 

70 SMULT Signed !"1u1tiply Terminate 

80 SDIVIN Signed' Divide Initialize 

90 SDIVIS Signed Divide Start 

AD SDIVI Signed Divide Iterate 

80 UDIVIS Unsigred Divide Start 

CO UDIVI Unsigned Divide Iterate 

DO UMULI Unsigned Multiply Iterate 

EO SDIVIT Signed Divide Terminate 

FO UDIVIT Unsigned Divide Terminate 

CI) 
CI) 
U 
'S 
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TABLE 1. INSTRUCTION SET (Concluded) 

GROUP 5 INSTRUCTIONS 

INSTRUCTION BITS (17·101 

HEX CODE 
MNEMONIC FUNCTION 

OF CLR Clear 

1F CLR Clear 

2F CLR Clear 

3F CLR Clear 

4F CLR Clear 

5F CLR Clear 

6F CLR Clear 

7F BCDBIN BCD to Binary 

8F EX3BC Excess~3 Byte Correction 

9F EX3C Excess-3 Word Correction 

AF SDIVO Signed Divide Overflow Check 

BF CLR Clear 

CF CLR Clear 

OF BINEX3 Binary to Excess-3 

EF CLR Clear 

FF NOP No Operation 

group 1 instructions 

TABLE 2. GROUP 1 INSTRUCTIONS 

INSTRUCTION BITS (13·10) 

HEX CODE 
MNEMONIC FUNCTION 

0 Accesses Group 4 instructions 

1 ADD R+S+Cn 

2 SUBR i'f+ S + Cn 

3 SUBS R+S+Cn 
4 INCS S+Cn 

5 INCNS S+Cn 

6 INCR R+Cn 

7 INCNR R+Cn 

8 Accesses Group 3 instructions 

9 XOR R XOR S 

A AND RAND S 

B OR R OR S 

C NAND R NAND S 

0 NOR R NOR S 

E ANDNR RAND S 

F Accesses Group 5- instructions 
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Group 1 instructions (excluding hex codes 0, 8, and F), shown in Table 2, may be used in conjunction 
with Group 2 shift instructions to perform arithmetic or logical functions plus a shift function t in one 
instruction cycle (hex codes 0, 8, and F are used to access Group 4, 3, and 5 instructions, respectively). 
Each shift may be made into a conditional shift by forcing the special shift function (SSF) pin into the proper 
state. If the SSF pin is high or floating, the shifted ALU output will be sent to the output buffers. If the 
SSF pin is pulled low externally, the ALU result will be passed directly to the output buffers. Conditional 
shifting is useful for scaling inputs in data arrays or in signal processing algorithms. 

These instructions set the BCD flip-flop for the excess-3 correct instruction. The status is set with the 
following results (Cn + 8 is ALU carry out and is independent of shift operation; others are evaluated after 
shift operation). 

t Double~precisjon shifts involve both the ALU and MQ register. 

Status is set with the following results: 

Arithmetic 

N 
OVR 

Cn +8 
Z 

Logic 

N 
OVR 

Cn +8 
Z 

MSB of result 
Signed arithmetic overflow 
Carry out equal one 
Result equal zero 

MSB of result 
None (force to zero) 
None (force to zero) 
Result equal zero 

group 2 instructions 

TABLE 3. GROUP 2 INSTRUCTIONS 

INSTRUCTION BITS (17-14) 

HEX COOE 
MNEMONIC FUNCTION 

0 SRA Arithmetic Right Single 

1 SRAD Arithmetic Right Double 

2 SRL Logical Right Single 

3 SRLD Logical Right Double 

4 SLA Arithmetic Left Single 

5 SLAD Arithmetic Left Double 

6 SLC Circular Left Single 

7 SLCD Circular Left Double 

8 SRC Circular Right Single 

9 SRCD Circular Right Double 

A MQSRA Pass IF-Y) and Arithmetic Right MQ 

B MQSRL Pass IF-Y) and Logical Right MQ 

C MQSLL Pass IFeY) and Logical Left MQ 

D MQSLC Pass IF-Y) and Circular Left MQ 

E LOADMQ Pass IF-Y) and Load MQ IF = MQ) 

F PASS Pass IF-Y) 

en 
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The processor's shift instructions are implemented by a combination of Group 2 instructions (Table 3) 
and certain wired connections on the packages used. The following external connections .are required. 

On intermediate packages: 
STOi is connected to SIO'O of the next most significant package 
nT07 is connected to moo of the next most significant package 
SIO'O is connected to Si07 of the next least significant package 
moo is connected to nT07 of the next least significant package 

On the two end packages: . 
ST07 on the most significant package is connected to SIO'O of the least significant package 
nT07 on the most significant package is connected to moo of the least significant package 

The cont:lections are the same on all instructions including multiply, divide, and normalization functions. 

Single- and double-precision shifts are supported. Double-precision shifts assume the most significant half 
has come through the ALU ·and will be placed (if WE is low) into the register file on the rising edge of 
the clock and the least significant half lies in the MQ register. All Group 2 shifts may be made conditional 
(see previous page). 

The following definitions apply to Group 2 shift instructions: 
Arithmetic right shifts copy the sign of the number if no overflow occurs from the ALU calculation; 

if overflow occurs, the sign bit is inverted. 
Arithmetic left shifts do not retain the sign of the number if an overflow occurs. A zero is filled into 

the LSB if not forced externally. 
Logical right shifts fill a zero in the MSB position if not forced externally. 
Logical left shifts fill a zero in the LSB position if not forced externally. 
Circular right shifts fill the LSB in the MSB position. 
Circular left shifts fill the MSB in the LSB position. 
Shifting left is defined as moving a bit position towards the MSB (doubling). 
Shifting right is defined as moving a bit towards the LSB (halving). 

Serial input may be performed using the circuitry shown in Figure 1 . A single-lor double-precision arithmetic 
left or logical right shift fills the complement of the data on SIOO and SI07 into the LSB or MSB of the 
data word(s). Note that if SIOO and SIOO are floating (HI-Z), a zero wilt be filled as an end condition. 

Serial output may be performed with circular instructions. 
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SERIAL 1/0 (9900 CRUI 

A 

B 

'AS895 'AS895 'AS895 

QlOOt-----I 

FIGURE 1, SERIAL 1/0 
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The shift instructions are summarized in Table 4 and illustrated in Figure 2. In Figure 2 and all succeeding 
figures that illustrate instruction execution, the following definitions apply: 

QST ' End fill for signed divide. 
MQF End fill for unsigned divide. 
SRF End fill for signed multiply and the arithmetic right shifts. 

TABLE 4. SHIFT INSTRUCTIONS 

OP 
SHIFT FUNCTION* 

5107·5100 0107 • 0100 

CODEt WIRED VALUE WIRED VALUE 

ON Arithmetic Right Single ALU-LSB Output -

lN Arithmetic Right Double MQ-LSB Output ALU-LSB Output 

2N Logical Right Single Input to ALU-MSB ALU-LSB Output 

3N Logical Right Double Input to ALU-MSB ALU-LSB Output 

4N Arithmetic Left Single Input to ALU-LSB ALU-MSB Output 

5N Arithmetic Left Double Input to MQ-LSB MQ-MSB Output 

6N Circular left Single ALU-MSB Output -

7N Circular Left Doub!e ALU-MSB Output MQ-MSB Output 

8N Circular Right Single ALU-LSB Output -

9N Circular Right Double MQ-LSB Output ALU-LSB Output 

AN Arithmetic Right IMQ onlyl MQ-LSB Output MQ-LSB Output 

BN Logical Right IMQ only) MQ-~SB Output Input to MQ-MSB 

CN Logical Left IMQ only) Input to MQ-LSB MQ-MSB Output 

ON Circular Left IMQ only) MQ-MSB Output MQ-MSB Output 

top Code N *' 0,8, or F; these select special instruction Groups 4,3, and 5 respectively. 
tShift 110 pins are active low. Therefore, inputs and outputs must be inverted if true 

logical values are required. 

Status is set with the following results: 

Arithmetic 

N 
OVR 

Cn +8 
Z 

Logic 

N 
OVR 

Cn +8 
Z 

Result MSS equal one 
Signed arithmetic overflow t 
Carry out equal one 
Result equal zero 

Result MSS equal one 
Zero 
Zero 
Result equal zero 

t For the SLA and SLAD instructions, OVR is set if signed arithmetic overflow or if the ALU result MSB XOR MSB-l equals one. 
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group 3 instructions 

Hex code 8 of Group instructions is used to access Group 3 instructions. Group 3 instructions are 
summarized in Table 5. 

TABLE 5. GROUP 3 INSTRUCTIONS 

INSTRUCTION BITS 117-10) 

OP CODE (HEX) 
MNEMONIC FUNCTION 

08 SETl Set Bit 

18 SETO Reset Bit 

28 TBl Test Bit (One) 

38 TBO Test Bit (Zero) 

48 ABS Absolute Value 

58 SMTC Sign Magnitude/Two's Complement 

68 ADDI Add Immediate 

78 SUBI Subtract Immediate 

88 BADD Byte Add R to S 

98 BSUBS Byte Subtract S from R 

A8 BSUBR Byte Subtract A from S 

B8 BINCS Byte Increment S 

C8 BINCNS Byte Increment Negative S 

08 BXOR Byte XOR Rand S 

E8 BAND Byte AND Rand S 

F8 BOR Byte OR Rand S 
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This instruction (Figure 3) is used to force selected bits of a desired byte(s) to one. The desired bits are 
specified by an 8-bit mask (C3-CO): :(A3-AO) t consisting of register file address ports that are not required 
to support this instruction. All bits in the selected byte(s) that are in the same bit positions as ones in 
the mask are forced to a logical one. The 83-80 address field is used for both source and destination of 
this instruction. The desired byte is specified by forcing 5100 to a low value. Nonselected packages pass 
the byte through unaltered. The 5 bus is the source word for this instruction. The status set by the set 
bit instruction is as follows: 

)'oj 

OVR 
Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Result equal zero 

t The symbol '::' is concatenation operator 

BYTE 
3 

I 

BYTE 
2 

I BYTE 

~/ ~/ 
INSTRUCTION 

VCC 

pppl9 
PPP 

OPEN 

ZERO SSF I--- .....-- ZERO SSF - f-
- SI07 SIOO Si07 SiOo 

.....-- al07 aloo al070100 

- Cn+8 - Cn+8 

- p Cn t- - P Cn -- G -G 

CONDITIONAL \ ENABLE / 
I 

BYTE 
1 

I 

~/ 
PPP 

'OPEN 

- ZERO SSF I--f-
SI07 SIOO 

al07 aloo 

- Cn+8 

- p Cn t-
-G 

FIGURE 3. SET BIT (OR RESET 81T) 

NOTES: 1. Force!m515 ~ low to select byte. 
2. Bit mast (C3-COI::(A3-AOI will set desired bits to one. 

reset bit instruction (setO): 17-10 = 1816 

PPP 

- ZERO 

SI07 SiOo 
al07 i'iiOo 

- Cn+8 

- P Cn 
-Ii 

~ 

BYTE 
o 

I 
/ 

r--
I--

f--

This instruction (Figure 3) is used to force selected bits of a desired byte(s) to zero. The desired bits are 
specified by an a-bit mask (C3-CO)::(A3-AO) consisting of register file address ports that are not required 
to support this instruction. All bits in the selected byte(s) that are in the same bit positions as ones in 
the mask are reset. The 83-80 address field is used for both source and destination of this instruction. 
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The desires:! byte is specified by forcing SiOO to a low value. Nonselected packages' pass the byte through 
unaltered. The S bus is the source wprd for this instruction. The status s'et RY the reset bit instruction 
is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force t'1 zero) 
None (force to zero) 
Result equal zero 

test bit (one) instructl"n (TB1): 17-10 - 28HI 

This instruction (Figure 4) is used to test selected bits of a desired byte(s). Bits to be tested are specified 
by an B-bit m!lsk (C3-CO)::(A3-AO) consisting of register file address ports that are not required to support 
this instruction. Write Enable (WE) is internally disabled during this instruction. The desired byte is specified 
by forcing slqo to a low value. the test will pass if the selected byte has ones at all bit locations specified 
by the ones of the mask (Figure 5). The S bus is the source word for this instruction. The status set by 
the test bit (one) instruction is as follows: ' ' 

N 
OVR 

Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Pass 

BYTE 
3 

I 

BYTE 
2 

I BYTE 

~/ ~/ 
INSTRUCTION 

pppjC 
ppp PPEN 

ZERO SSF -f- r-- ZERO SSF r---
f--- Si07 SiOo Si07 Sffiii 

r-- iliO'i QiOij 0107 CiiOo - Cn+8 - Cn +8 

- p Cn 
,.... - p Cn f-

- G -0 

CONDITIONAL ,/\ 
ENABLE 

I 

BYTE 
1 

I 

~/ 
ppp 

~EN 

- ZERO $SF f-- .... 
Si07 SIOO 

Cii01 0100 

- Cn +8 
-p Cn I-
-0 

FIGURE 4. TEST BIT 

NOTES: 1, Force' SiOO ~ low to select byte, 
2, Bit mask (C3-CO)::(A3-AO) will define bits for testing. 
3. Passlfail is indicated on Z output. 

ppp 

r-- ZERO 

Sl07 SIOO 

Cii01 CiiOo ,.... Cn+81 

- p Cn 
-ij 

Il. 

BYTE 
o 

I 
/ 

t--
r-
f-

PASS FAIL 

2-384 TEXAS .If 
INSTRUMENTS 

POST OfFICE BOX 225012 • D"'~LA$, TEXAS 712&1 



SN54AS895. SN74AS895 
8·BIT MEMORY ADDRESS GENERATORS 

test bit (zero) instruction (TBO): 17·10 - 3816 

This instruction (Figure 4) is used to test selected bits of a desired byte(s). Bits to be tested are specified 
by an 8-bit mask (C3-CO)::(A3-AO) consisting of register file address ports that are not required to support 
this instruction. Write Enable (WE) is internally disabled during this instruction. The desired byte is specified 
by forcing 5100 to a low value. The test will pass if the selected byte has zeros at all bit locations specified 
by the ones of the mask (Figure 6). The 5 bus is the source word for this instruction. The status set by 
the test bit (zero) instruction is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Pass 

MSS LSS 

3-C0 

c::AI11111111101010101 ZERO c::AI11111111101010101 

TEST PASSES "1" ZERO 0100 ..... --.... 0107 

SIOO SiOi 

"0" 

MSS LSS 

A3·AO 

R5111110111010101~1 BJ.BO R5111111111 0 1010101 

C3-C0 

C::AI11111 1111 0 10 10 I 01 ZERO C::AI11111111101 010 101 

TEST FAILS "0" 
ZERO Qi"i)O 0107 

SiOo SI07 

"0" 

FIGURE 5. TEST BIT ONE EXAMPLES 

"1" 

"1" 

A3·AO 

BJ.BO 

CJ.CO 

A3·AO 

BJ.BO 

C3-C0 

iii07 
Si07 
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TEST PASSES "1" ZERO 

MSS 

c::AI,I'I'111101,10111 

01001----10107 

SiOo Si07 

"0" 

MSS 

A3-AO 

LSS 

LSS 

83-80 R5' "q 11 q 01,101,1 

TEST FAILS "0" ZERO 

C3-C0 

c::All 11 11 1,1101, 101,1 ZERO c::AI!J111111101110111 

Oloo ...... ---fili07 
SiOo 'Si07 

"0" 

FIGURE 6_ TEST BIT ZERO EXAMPLES 

absolute value instruction (ABS): 17-10 z 4B16 

"1" 

"I" 

A3-AO 

83-80 

C3-C0 

A3-AO 

83-80 

C3-C0 

This instruction is used to convert two's complement numbers to their positive value_ The operand placed 
on the 5 bus is the source for this instruction. The MSP will test the sign of the 5 bus and force the SSF 
pin to the proper value. All other packages use the SSF pin as input to determine instruction execution_ 
The status set by the absolute value instruction is as follows: 

N 
OVR 
Cn+S 
Z 

Input MSB equal one 
Input equal SOOO (hex) 
5 = 0 
Result equal zero 

sign magnitude/two's complement instruction (SMTC): 17-10 = 5816 

This instruction allows conversion from two's complement representation to sign magnitude representation, 
or vice-versa, in one clock cycle. The operand placed on the 5 bus is the source for this instruction_ 

When a negative zero (8000 hex) is converted, the result is 0000 with an overflow_ If the input is in two's 
complement notation, the overflow indicates an illegal conversion_ The status set by the sign 
magnitude/two's complement instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Result MSB equal one 
Input equal 8000 (hex) 
Input equal 0000 (hex) 
Result equal zero 
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This instruction is used to add a specified constant value to the operand placed on the S bus. The constant 
will be between the values of 0 and 15. The constant value is specified by the unused register file address 
(A port) not required to support this instruction. Forcing the carry input will add an additional one to the 
result. The status set by the add immediate instruction is as follows: 

N 
OVR 

Cn +8 
Z 

Result MSB equal one 
Arithmetic signed overflow 
Carry out equal one 
Result equal zero 

subtract immediate instruction (SUBI): 17·10 = 7816 

This instruction is used to subtract a specified constant value from the operand placed on the S bus. The 
constant value is specified by the unused register file address (A port) that is not required to support this 
instruction. The constant applied is the least significant four bits of a two's complement number. The device 
sign extends the constant over the entire word length. The status set by the subtract immediate instruction 
is as follows: 

N 
OVR 

Cn +8 
Z 

byte instructions 

Result MSB equal one 
Arithmetic signed overflow 
Carry out equal one 
Result equal zero 

There are eight byte instructions in Group 3. These instructions modify selected bytes of the operand on 
the S bus. A byte is selected by forcing SIOO to a low value (same as SET1, SETO, TB1, and TBO 
instructions). Multiple bytes may be selected only if they are adjacent to one another. 

NOTE: At least one byte must be nonselected during these instructions. 

The nonselected bytes are passed through unaltered. Byte status is forced through the most significant 
package except for the sign of the result (N), which is forced to zero (low). The status set by the byte 
instructions is as follows: 

N 
OVR 

Cn +8 
Z 

G 
P 
Cn +8 
Z 

G 
P 
Cn +8 
Z 

(Most Significant Package) 

None (force to zero) 
Byte signed overflow 
Byte carry out equal one 
Byte result equal to zero 

(Selected BYTES-other than MSP) 

Normal generate 
Normal propagate 
Normal carry out 
Result equal to zero 

(Nonselected BYTES-other than MSP) 

No generate (force to one) 
Propagate (force to zero) 
Cn 
None (force to one) 
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group 4 instructions 

Hex code 0 of Group instructions is used to access Group 4 instructions. Group 4 instructions are 
summarized in Table 6. 

TABLE 6. GROUP 4 INSTRUCTIONS 

INSTRUCTION BITS (17-10) 

OP CODE (HEX) 
MNEMONIC FUNCTION 

00 Reserved 

10 SEL Select SIR 

20 SNORM Single Length Normalize 

30 DNORM Double Length Normalize 

40 DIVRF Divide Remainder Fix 

50 SDIVQF Signed Divide Quotient Fix 

60 SMUll Signed Multiply Iterate 

70 SMULT Signed Multiply Terminate 

SO SDIVIN Signed Divide Initialize 

90 SDIVIS Signed Divide Start 

AO SDIVI Signed Divide Iterate 

BO UDIVIS Unsigned Divide Start 

CO UDIVI Unsigned Divide Iterate 

DO UMULI Unsigned Multiply Iterate 

EO SDIVIT Signed Divide Terminate 

FO UDIVIT Unsigned Divide Terminate 

select SIR instruction (SEL): 17-10 - 1016 

This instruction is used to pass either the S bus or the R bus to the output depending on the state of the 
SSF input pin. Normally, the preceding instruction would test the two operands and the resulting status 
information would be used to force theSSF input pin. SSF = 0 will output the R bus and SSF = 1 will 
output the S bus. The status set by the select SIR instruction is as follows: 

N 
OVR 

Cn +8 
Z 

Result MSB equal one 
None (force to zero) 
None (force to zero) 
Result equal zero 

single-length normalize instruction (SNORM): 17-10 = 2016 

This instruction will cause the contents of the MO register to shift toward the most significant bit. Zeros 
are shifted in via the 0100 input. The number of shifts· performed can be counted and stored in one of 
the register files by forcing a high at the Cn input. When the two most significant bits are of opposite 
value, normalization is complete. This condition is indicated on the microcycle that completes the 
normaltzation at the OVR output. 

The chip contains conditional logic that inhibits the shift function (and also inhibits the register file increment) 
if the number within the MQ register is already normalized at the beginning of the instruction (Figure 7). 
The status set by the single-length normalize instruction is as follows: 

N 
OVR 

Cn +8 
Z 

MSB of result 
MSB XOR 2nd MSB 
Carry out equal one 
Result equal zero 
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double-length normalize instruction (DNORM): 17-10 = 3016 

This instruction will cause the contents of a double-length word (register file contains the most significant 
half and the MO register contains the least significant half) to shift toward the most significant bit. Zeros 
are shifted in via the 0100 input. When the two most significant bits are of opposite value, normalization 
is complete. This condition is indicated on the microcycle that completes the normalization at the OVR 
output. 

The chip contains conditional logic which inhibits the shift function if the number is already normalized 
at the beginning of the instruction (Figure 7). The most significant half of the operand must be placed 
on the S bus. The status set by the double-length normalize instruction is as follows: 

N 
OVR 
Cn+S 
Z 

multiply operations 

MSB of result 
MSB XOR 2nd MSB 
None (force to zero) 
Result equal zero 

The ALU performs three unique types of N by N mUltiplies each of which produces a 2N-bit result (Figure S). 
All three types of multiplication proceed via the following recursion: 

P(J + 1) = 2[P(J) + Multiplicand x M (SN-J)] 

where 

P(J) 

N 

P(J + 1) 

partial product at iteration number J 

number of 'ASSSS packages that are cascaded 

partial product at iteration number J + 1 

J varies from 0 to SN [N = 2 for 16 x 16 multiply] 

M (SN-J) = mode bit (unique to mUltiply type) 

2 denotes some type of shift (unique to multiply) 

Notice that by proper choice of mode terms and shifting operations, signed, unsigned, and mixed multiplies 
(signed times unsigned) may be performed. 

All multiplies assume that the multiplier is stored in MO before the operation begins (in the case of mixed 
multiply, the unsigned number must be the multiplier). 

The processor has the following multiply instructions: 

1. SIGNED MULTIPLY ITERATE (SMUll): 17-10 = 6016 
2. SIGNED MULTIPLY TERMINATE (SMULT): 17-10 = 7016 
3. UNSIGNED MULTIPLY ITERATE (UMULI): 17-10 = 0016 

2-390 TEXAS ." 
INSlRUMENTS 

POST OFF.lCE BOX 2250'2 • DALLAS. TEXAS 75265 



l-
..J 
::I 
:E 
II) 

::::; 
::I 
:E 
II) 

"­
II) 

..J 

"-

"­
II) 

:E 

::::; 
::I 
:E 
::I 

SN54AS895, SN74AS895 
8·BIT MEMORY ADDRESS GENERATORS 

"­
II) 

...J 

"-

"­
I/) 

:E 

III 
Z e 
i= 
ct 
II: 
w 
II. e 
z e 
i= 
ct 
() 
::::; 
II. 
i= .... 
::I 
::iE 

cxi 
w 
II: 
::::I 
C!J 
u::: 

• (I) 
CD 
(J 

'S; 
CD 
0 

en 
...I 

TEXAS ~ 
INSTRUMENTS 

2·391 

POST OFFICE BOX 2250'2 • DALLAS. TEXAS 75265 



• r"'"::' en -o 
CD 
< 
(i' 
CD 
fI) 

SN54AS895, SN74AS895 
8·BIT MEMORY ADDRESS GENERATORS 

The signed multiply iterate (SMUll) instruction performs a signed times signed iteration. This instruction 
interprets M(BN-J) as the BN-J bit of the multiplier. The shift is a double-precision right shift one bit. This 
instruction is repeated 15 times for a 16 x 16 signed multiply. This instruction will be used 16 consecutive 
times for a mixed multiplication. 

The Signed multiply terminate (SMUL T) instruction provides correct (negative) weighting of the sign bit 
of a negative multiplier in signed multiplication. The instruction is identical to signed multiply iterate (SMUll) 
except that M(BN-J) is interpreted as -1 if the sign bit of the multiplier is 1, and 0 if the sign bit of the 
multiplier is O. 

The unsigned multiply iterate (UMULI) performs an unsigned multiplication iteration. This instruction 
interprets M(BN-J) as the BN-J bit of the multiplier. The shift is a double-precision right shift with the carry 
out from the P(J) + Multiplicand x M(BN-J) operation forced into bit BN of P(J + 1). This instruction 
is used in unsigned and mixed multiplication. 

signed multiplication 

Signed multiplication performs an BN + 2 clock two's complement multiply. The instructions necessary 
to produce an algebraically correct result proceed in the following manner: 

Zero register to be used for accumulator 

Load MQ with multiplier 

SMUll (repeat BN-l times) 

SMULT 

Sport 
R port 
F port 

Sport 
R port 
F port 

Accumulator 
MUltiplicand 
Iteration result 

Accumulator 
Multiplicand 
Product (MSH) 

At completion, the accumulator will contain the BN most significant bits and the MQ contains the BN least 
significant bits of the product. 

The status for the signed multiply iterate should not be used for any testing (overflow is not set by SMUll). 
The following status is set for the signed multiply terminate instruction: 

N Result MSB equal one 
OVR .-'" Forced to zero 
Cn+B 
Z 

Carry out equal to one 
Double precision result is zero 

unsigned multiplication 

Unsigned multiplication produces an unsigned times unsigned product in BN + 2 clocks. The instructions 
necessary to produce an algebraically correct result proceed in the following manner: 

Zero register to be used for accumulator 

Load MQ with multiplier 

UMULI (BN times) Sport 
R port 
F port 

Accumulator 
Multiplicand 
Iteration result (product MSH on final result) 
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Upon completion, the accumulator will contain the BN most significant bits and the MQ contains the BN 
least significant bits of the product. 

The status set by the unsigned multiply iteration is meaningless except on the final execution of the 
instruction. The status set by the unsigned multiply iteration instruction is as follows: 

N 
OVR 
Cn+B 
Z 

mixed multiplication 

Result MSB equal one 
Forced to zero 
Carry out equal to one 
Double-precision result is zero 

Mixed multiplication multiplies a signed multiplicand times an unsigned multiplier to produce a signed result 
in BN + 2 clocks. The steps are as follows: 

Zero register used for accumulator 

Load MQ with unsigned multipler 

SMUll (BN times) 

Result MSB equal one 
Forced to zero 

Sport 
R port 
F port 

N 
OVR 

Cn+B 
Z 

Carry out equal to one 
Double-precision result is zero 

divide operations 

Accumulator 
Multiplicand 
Iteration result 

The divide uses a nonrestoring technique to perform both signed and unsigned division of a 16N bit integer 
dividend and an BN bit integer divisor (Figure 9). It produces an BN integer quotient and remainder. 

The remainder and quotient will be such that the following equation is satisfied: 

(Quotient) X (Divisor) + Remainder = Dividend 

The processor has the following divide instructions: 

1. UNSIGNED DIVIDE START (UDIVIS): 17-10 = BO'16 
2. UNSIGNED DIVIDE ITERATE (UDIVI): 17-10 = C016 
3. UNSIGNED DIVIDE TERMINATE (UDIVIT): 17-10 = F016 
4. SIGNED DIVIDE INITIALIZE (SDIVIN): 17-10 = B016 
5. SIGNED DIVIDE OVERFLOW TEST (SDIVO): 17-10 = AF16 
6. SIGNED DIVIDE START (SDIVIS): 17-10 = 9016 
7. SIGNED DIVIDE ITERATE (SDIVI): 17-10 = A016 
B. SIGNED DIVIDE TERMINATE (SDIVIT): 17-10 = E016 
9. DIVIDE REMAINDER FIX (DIVRF): 17-10 = 4016 

10. SIGNED DIVIDE QUOTIENT FIX (SDIVQF): 17-10 = 5016 
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The unsigned divide iterate start (UDIVIS) instruction begins the iterate procedure while testing for overflow. 
Overflow is reported when the first subtraction of the divisor from the MSH of the dividend produces carry 
out. The test detects quotient overflow and divide by zero. 

The unsigned divide iterate terminate (UDIVIT) instruction completes the iterate procedure generating the 
last quotient bit. 

The signed divide initialize (SDIVIN) instruction prepares for iteration by shifting the dividend and storing 
the sign of the dividend for use in the following instructions and overflow tests. 

The signed divide overflow test (SDIVO) checks for overflow possibilities. This instruction may be deleted 
from the divide operation if the OVR pin is ignored. If it is removed some overflow conditions will go 
undetected. WE must be high (writing inhibited) when this instruction is used. 

The signed divide iterate start (SDIVIS) instruction calculates the difference between the divisor and MSH 
of the dividend. Partial detection of overflow is also done during this instruction. Operations with like signs 
(positive quotient) and division by zero will overflow during this instruction (including zero divisor). Operations 
with unlike signs are tested for overflow during the signed divide quotient fix instruction (SDIVQF). Partial 
overflow results are 'saved and will be used during SDIVQF when overflow is reported. 

The signed divide iterate (SDIVI) instruction forms the quotient and remainder through iterative subtract/add­
shift operations of the divisor and dividend. One quotient bit is generated on each clock. 

The signed divide iterate terminate (SDIVIT) instruction completes the iterate procedure, generating the 
last quotient bit. It also tests for a remainder equal to zero, which determines the action to be taken in 
the following correction (fix) instructions. 

The divide remainder fix (DIVRF) instruction corrects the remainder. If a zero remainder was detected by 
the previous instructions, the remainder is forced to zero. For nonzero remainder cases where the remainder 
and dividend have the same sign, the remainder is correct. When the remainder and dividend have unlike 
signs, a correction add/subtract of the divisor to the remainder is performed. 

The signed divide quotient fix (SDIVQF) instruction corrects the quotient if necessary. This correction 
requires adding one to the incorrect quotient. An incorrect quotient results if the signs of the divisor and 
dividend differ and the remainder is nonzero. An incorrect quotient also results if the sign of the divisor 
is negative and the remainder is zero. 

Overflow detection is completed during this instruction. Overflow may be generated for differing signs 
of the dividend and divisor. The partial overflow test result performed during SDIVIS is ORed with this 
test result to produce a true overflow indication. 

signed divide usage 

The instructions necessary to perform an algebraically correct division of signed numbers are as follows: 

Load MQ with the least significant half of the dividend 

SDIVIN 

SDIVO 

SDIVIS 

Sport 
R port 
F port 

MSH of dividend 
Divisor 
Intermediate result 

S port Result of SDIVIN 
R port Divisor 
F port Test result 
(WE must be high) 

Sport 
R port 
F port 

Result of SDIVIN 
-Divisor 
Intermediate result 
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SDIVI (SN-2 times) Sport 
R port 
F port 

SDIVIT Sport 
R port 
F port 

DIVRF Sport 
R port 
F port 

SDIVQF Sport 
R port 
F port 

SN54AS895. SN74AS895 
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Result of SDIVIS (or SDIVI) 
Divisor 
Intermediate result 

Result of last SDIVI 
Divisor 
Intermediate result 

Result of SDIVIT 
Divisor 
Remainder 

MQ register 
Divisor 
Quotient 

The status of all signed divide instructions except SDIVIN, DIVRF, and SDIVQF is as follows: 

N 
OVR 

Cn+S 
Z 

Forced to zero 
Forced to zero 
Carry out equal to one 
Intermediate result is zero 

The status of the SDIVIN instruction is as follows: 

N 
OVR 

Cn+S 
Z 

Forced to zero 
Forced to zero 
Forced to zero 
Divisor is zero 

The status of the DIVRF instruction is as follows: 

N Forced to zero 
OVR Forced to zero 

Cn+S 
Z 

Carry out equal to one 
Remainder is zero 

The status of the SDIVQF instruction is as follows: 

N 
OVR 

Cn+S 
Z 

Sign of quotient 
Divide overflow 
Carry out equal to one 
Quotient is zero 

The quotient is stored in the MQ register and the remainder is stored in the register file location that originally 
held the most significant word of the dividend. If fractions are divided, the quotient must be shifted right 
one bit and the remainder right three bits to obtain the correct fractional representations. 

The signed division algorithm is summarized in Table 7. 
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. TABLE 7. SIGNED DIVISION ALGORITHM 

OP CLOCK INPUT INPUT OUTPUT 
MNEMONIC 

R PORT F PORT CODE CYCLES SPORT 

E4 LOAOMO 1 Dividend ILSH) - Dividend ILSH) 

80 SOIVIN 1 Dividend IMSH) Divisor Remainder IN) 

AF SOIVO 1 Remainder IN) Divisor Test Result 

90 SOIVIS 1 Remainder IN) Divisor Remainder (N) 

AO SOIVI BN-2t Remainder IN) Divisor Remainder IN) 

EO SOIVIT 1 Remainder IN) Divisor Remainder IUnfixed) 

40 OIVRF 1 Remainder IUnfixed) Divisor Remainder 

50 SOIVOF 1 MO Register Divisor Quotient 

tN = Number of cascaded p~ckages. 

unsigned divide usage 

The instructions necessary to perform an algebraically correct division of unsigned numbers are as follows: 

Load MQ with the least significant half of the dividend 

UDIVIS Sport MSH of dividend 
R port Divisor 
F port Intermediate result 

UDIVI (8N·' times) Sport Result of UDIVIS (OR UDIVI) 
R port Divisor 
F port Intermediate result 

UDIVIT Sport Result of last UDIVI 
R port = Divisor 
F port Remainder (unfixed) 

DIVRF Sport Result of UDIVIT 
R port Divisor 
F port Remainder 

The status of all unsigned divide instructions except UDIVIS is as follows: 

N 
OVR 
Cn +8 
Z . 

Forced to zero 
Forced to zero 
Carry out equal to one 
Intermediate result is zero 

The status of the UDIVIS instruction is as follows: 

N 
OVR 
Cn +8 
Z 

Forced to zero 
Divide overflow 
Carry out· equal to one 
Intermediate result is zero 

If fractions are divided, the remainder must be shifted right two bits to obtain the correct fractional 
representation. The quotient is correct as is. The quotient is stored in the MQ register at the completion 
of the divide. 

The unsigned division algorithm is summarized in Table 8. 
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TABLE 8. UNSIGNED DIVISION ALGORITHM 

OP CLOCK INPUT INPUT OUTPUT 

CODE 
MNEMONIC 

CYCLES SPORT R PORT F PORT 

E4 LOADMQ 1 Dividend (LSH) - Dividend (LSH) 

BO UDIVIS 1 Dividend (MSH) Divisor Remainder (N) 

CO UDIVI 8N-l t Remainder (N) Divisor Remainder (N) 

FO UDIVIT 1 Remainder (N) Divisor Remainder (Unfixed) 

40 DIVRF 1 Remainder (Unfixed) Divisor Remainder 

t N = Number of cascaded packages. 

group 5 instructions 

Hex code F of Group instructions is used to access Group 5 instructions. Group 5 instructions are 
summarized in Table 9. 

TABLE 9. GROUP 5 INSTRUCTIONS 

INSTRUCTION BITS (17-10) 

OP CODE (HEX) 
MNEMONIC FUNCTION 

OF CLR Clear 

lF CLR Clear 

2F CLR Clear 

3F CLR Clear 

4F CLR Clear 

SF CLR Clear 

6F CLR Clear 

7F BCDBIN BCD to Binary 

SF EX3BC Excess-3 Byte Correction 

9F EX3C Excess-3 Word Correction 

AF SDIVO Signed Divide Overflow Check 

BF CLR Clear 

CF CLR Clear 

DF BINEX3 Binary to Excess-3 

EF CLR Clear 

FF NOP No Operation 

clear instructions (CLR) 

There are 11 clear instructions listed in Table 9. The instructions force the ALU output to be zero and 
the BCD flip-flops to be cleared. The status set by the clear instruction' is as follows: 

N 
OVR 
Cn +8 
Z 

None (force to zero) 
None (force to zero) 
None (force to zero) 
Active (one) 

no operation instruction (NOP): 17·10 - FF16 

This instruction is identical to the clear instructions except that the BCD flip-flops retain their old value. 
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excelis-3 correction instructions (EX3BC. EX3C) 

Two excess-3 correction instructions are available: 

1. Excess-3 byte correction (EX3BC): 17-10 = BF16 
2. Excess-3 word correction (EX3C): 17-10 = 9F16 

One instruction supports the byte mode and the other supports the word mode. These instructions correct 
the excess-3 additions (subtractions) in either the byte or word mode. For correct excess-3 arithmetic. 
this instruction must follow each add/subtract. The operand must be on the Sport. 

NOTE: The previous arithmetic overflow should be ignored. 

The status· of the EX3C instruction is as follows: 

N 
OVR 
Cn +8 
Z 

MSB of result 
Signed overflow 
Carry out equal one 
None (force to one) 

The status of the EX3BC instruction is as follows: 

N 
OVR 
Cn +8 
Z 

radix conversions 

None (force to zero) 
Byte signed overflow 
Carry out equal one 
None (force to one) 

Conversions between decimal and binary number representations are performed with the aid of two special 
instructions: BINEX3 and BCDBIN. (Figure 10) 

BCD to binary instructions (BCDaIN): 17-10 - 7F16 

This instruction (Figure 11) allows the user to convert an N-digit BCD number to a 4N-bit binary number 
in 4(N-1) plus 8 clocks. This function sums the R bus, the S bus. and the Cn bit. performs an arithmetic 
left shift on the ALU result, and simultaneously circular shifts the MQ left. The status set by the BCD to 
binary instruction is as follows: 

N 
OVR 
Cn +8 
Z 

MSB of result 
Signed arithmetic overflow t 
Carry out equal one 
Result equal Zero 

t Overflow may be the result of an ALU operation or the arithmetic left shift operation. 
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The following code illustrates the BCD to binary conversion techniqua. 

Let ACC be an accumulator register 
Let NUM be the register which contains the BCD number 
Let MSK be a mask register 

M1: 
M2: 
M3: 
M4: 
M5: 
M6: 

L1: 

L2: 

L3: 

L4: 

M7: 
M8: 

LOADMO NUM 
SUB ACC, ACC, SLCMO 
SUB, MSK, MSK, SLCMO 
SLCMO 
SLCMO 
ADDIACC, MSK, 1510 

AND MO, MSK, R1, SLCMO 

ADD, ACC, R1, R1, SLCMO 

BCDBIN, R1, R1, ACC 

BCDruN,ACC, R1,ACC 

AND MO, MSK, R1 
ACC+R1 .... ACC 

; LOAD MO WITH BCD NUMBER 
; CLEAR ACC AND ALIGN MO 
; CLEAR MSK AND ALIGN MO 
; ALIGN 
; ALIGN 
; MSK = 1510 

; REPEAT L 1 THRU L4 
; N - 1 TIMES (N = number of 
; BCD digits) 
; EXTRACT ONE DIGIT 
; ALIGN MO 
; ACC + DIGIT 
; IS STORED IN R1 
; ALIGN MO 
; 4 x (ACC + DIGIT) 
; IS STORED IN ACC 
; ALIGN MO 
; 10 x (ACC + DIGIT) 
; IS STORED IN ACC 
; ALIGN MO 
; FETCH LAST DIGIT 
; ADD IN LAST DIGIT 

The previous code generates a binary number by executing the standard conversion formula for a BCD 
number (shown for 32 bits). 

ABCD = [(A x 10 + B) x 10 + C] x 10 + 0 

Notice that the conversion begins with the most significant BCD digit and that the addition is performed 
in radix 2. 

binary to excess·3 instructions (BINEX3): 17·10 = DF16 

This instruction (Figure 12) allows the user to convert an N·bit binary number to an N/4·bit excess·3 number 
representation in 2N + 3 clocks. The data on the Rand S ports are summed with the MSB of the MO register. 
The MO register is simultaneously shifted left circularly. The status set by the binary to excess·3 instruction 
is as follows: 

N 
OVR 
Cn +8 
Z 

MSB of result 
Signed arithmetic overflow 
Carry out equal one 
Result equal zero 
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The followi'ng illustrates the binary to excess-3 conversion technique, 

Let NUM be a register containing an unsigned binary number 
Let ACC be an accumulator 

M1: 

M2: 
M3: 
L1: 

L2: 

LOADMQ NUM 

CLEAR ACC 
SEn ACC H!33! 
BINEX3 ACC, ACC, ACC 

EX3C ACC, ACC 

; LOAD MQ WITH BINARY 
; NUMBER 
; CLEAR ACC 
; ACC -+ HEX/3333 . 
; DOUBLE ACC AND ADD IN 
; MSB OF MQ 
; ALIGN MQ 
; EXCESS 3 CORRECT 
; REPEAT L 1 AND L2 
; N-1 TIMES 

The previous code generates an excess-3 number by executing the standard conversion formula for a binary 
number. 

an2n+an_12n-1 +an_22n-2+ , .. a020 = [(2an+an-1)2+an-212 + , .. ao 
Notice that the conversion begins with the most significant binary bit and that the addition is performed 
in radix-10 (excess-3). 

decimal arithmetic 

Decimal numbers are represented in excess-3 code. Excess-3 code numbers may be generated by adding 
three to each digit of a Binary Coded Decimal (BCD) number. The hardware necessary to implement excess-3 
arithmetic is only slightly different from binary arithmetic. Carries from one digit to another during addition 
in BCD occur when the sum of the two digits plus the carry-in is greater than or equal to ten. If both numbers 
are excess-3, the sum will be excess-6, which will produce the proper carries. Therefore, every addition 
or subtraction operation may use the binary adder. To convert the result from excess-6 to excess-3, one 
must consider two cases resulting from a BCD digit add: (1) where a carry-out is produced, and (2) where 
a carry-out is not produced. If a carry-out is not produced, three must be subtracted from the resulting 
digit. If a carry is produced, the digit is correct as a BCD number. For example, if BCD 5 is added to BCD 6, 
the excess-3 result would be B + 9 = 1 (with a carry). A carry rolls the number through the illegal BCD 
representations into a correct BCD representation. Binary 3 must be added to digit positions that produce 
a carry-out to correct the result to an excess-3 representation. Every addition and subtraction instruction 
stores the carry generated from each 4-bit digit location for use by the excess-3 correction functions. These 
correction instructions (word or byte) must be executed in the clock cycle immediately after the addition 
or subtraction operation. 

Signed numbers may be represented in ten's complement form by complementing the excess-3 number. 
As an example, add the decimal number - 423 to the decimal number 24, which will be represented by 
BAA and 357 in excess-3,.respectively. 

BAA 
357 
C01 
011 
934 

-6CC 
-399 

Sum 
Carry 
Excess-3 correct 
Complement 
Excess-3 to decimal 

Complements of excess-3 numbers may be generated by subtracting the excess-3 number from an excess-3 
zero followed by an excess-3 correct. 
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excess-3 to USASCII conversion 

Input/output devices or files represent numbers differently than high-speed central processing units. I/O 
devices handle all alphanumeric data similarly. CPUs handle more numeric data than alphabetic data and 
store numeric data in packed form to minimize calculation throughout and reduce memory requirements. 
To represent the cost of a shirt that was $10.96, the I/O device would handle the six USASCII characters 
"$", "1 ","0"," .","9" ,"6", which would require 6 bytes of storage. In packed BCD, this number could 
be stored as 1096 in two bytes of data. The 'AS895 may be programmed to perform data format 
conversions such as converting excess-3 BCD to USASCII. 

The code below converts a packed word of excess-3 BCD to two unpacked words of USASCII code. 
Instruction "MAIN 1" reads the input word from memory into Register 0 (RO). For illustrative purposes, 
suppose this data was 43C9, which represents the $10.96 shirt in excess-3 code. "MAIN2" and "MAIN3" 
generate a constant of 202016, which is an offset constant to convert excess-3 numbers to USASCII. 
"MAIN4" copies RO into R2 to set up the subroutine parameters and calls the subroutine "UNPACK", 
UNPACK2" strips off the upper byte leaving 00C9 in R2. "UNPACK2" and "UNPACK3" together shift 
the contents of R2 one character position and places the result OC90 into R3. "UNPACK4" performs a 
logical OR operation to produce OCD9 in register 2. "UNPACK5" clears the most significant nibble in each 
byte to produce OC09 in R2. "UNPACK6" adds the constant 202016 to R2 to produce 3936 the USASCII 
representation of the numerals 96 and returns program control to "MAIN5". "MAIN5" through "MAIN9" 
align the two remaining characters and call UNPACK and the process repeats. Finally the USASCII 
representation of 1096 is stored into memory. (Note that no attempt was made to pack the "$" or "." 
characters.) 

Unpacking Excess-3 to USASCII: 

MAIN1: 
MAIN2: 
MAIN3: 

MAIN4: 

MAIN5: 
MAIN6: 
MAIN7: 
MAIN8: 
MAIN9: 

MAIN10: 

MAIN11: 
UNPACK1: 
UNPACK2: 
UNPACK3: 
UNPACK4: 
UNPACK5: 

UNPACK6: 

READ, RFA(O) 
XOR, RFA(4), RFB(4), RFC(4) 
SET1, RFB(40)' RDC(2), RFA(D), 
MSH, LSH 
MOVE, RFA(O), RFC(2), JSR(UNPACK) 

MOVE, RFA(2), RFC(1) 
ADDRS, RFB(O), RFA(O), RFC(O), SLC 
ADDRS, RFB(O), RFA(O), RFC(O), SLC 
AD DRS, RFB(O)' RFA(O), RFC(O), SLC 
ADDRS, RFB(O), RFA(O), RFC(O), SLC 
JSR (UNPACK) 
STORE, RFA(1) 

STORE, RFA(2) 
SETO, RFB(2), RFC(F), MSH 
AD DRS, RFB(2), RFA(2)' RFC(3). SLC 
ADDRS, RFB(3), RFA(3), RFC(3), SLC 
OR, RFB(2)' RFA(3), RFC(2) 
SETO, RFB(2), RFC(F), RFA(O), LSH, MSH 

ADDRS, RFB(2), RFB(4), RFC(2). RTS 

; READ IN PACKED EXCESS-3 
; CLEAR R4 
; GENERATE HEXADECIMAL 
; 202016 
; COpy RFA(O) INTO RFA(2), 
; PROCEDURE CALL 
; TWO CHARACTERS IN R1 
; RO SHIFTED 2 
; RO SHIFTED 4 
; RO SHIFTED 6 
; RO SHIFTED 8 

; STORE USASCII, TWO 
; CHARACTERS IN R2 
; STORE USASCII 
; CLEAR MSH 
; SHIFT R2 TWO PLACES 
; SHIFT R3 TWO PLACES 
; OR R3 TO R2 
; CLEAR MOST SIGNIFICANT 4 
; BITS IN EACH BYTE 
; ADD HEX 20, RETURN 
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absolute maximum rating over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, Vee2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 V 
Input voltage .............................................................. 7 V 
High-level voltage applied to 3-state outputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating case temperature range: SN54AS895. . . . . . . . . . . . . . . . . . . . . . . . .. - 55 °e to 125°e 
Operating free-air temperature range: SN74AS895, SN74AS895-1 ............... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 1 50 °e 

recommended operating conditions 

SN54AS895 
SN74AS895 

SN74AS895-1 UNIT 

MIN NOM MAX MIN NOM MAX 

VCC1 I/O supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VCC2 STL internal logic supply voltage 1.9 2 2.1 1.9 2 2.1 V 

VIH High·level input voltage 2 2 V 

VIL Low-level input voltage 0.8 . 0.8 V 

10H High-level output current -1 -·2.6 mA 

l All output except G and ZERO 8 8 

10L Low-level output current iG 16 16 mA 

I ZERO 48 48 

TC Operating case temperature -55 125 
°c 

TA Operating free-air temperature 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 
SN54AS895 

SN74AS895 

SN74AS895-1 UNIT 

MIN Typt MAX MIN Typt MAX 

VIK VCCl = 4.5 V, II = -18mA -1.2 -1.2 V 

All outputs 
VCCl = 4.5 V to 5.5 V. 10H = -0.4 mA VCC-2 VCC-2 

VOH VCCl - 4.5 V, 10H - -1 mA 2.4 V 
except ZERO 

VCCl = 4.5 V. 10H = -2.6 mA 2.4 

10H ZERO VCCl - 4.5 V, VOH - 5.5 V 0.1 0.1 mA 

All outputs 
VCCl = 4.5 V, 10L = 8 mA 0.5 0.5 

VOL 
except G and ZERO 

V 
G VCCl = 4.5 V. IOL=16mA 0.5 0.5 

ZERO VCCl - 4.5 V. 10L - 48 mA 0.5 0.5 

II 
I/O VCCl = 5.5 V. VI = 5.5 V 0.1 0.1 

mA 
All others VCCl - 5.5 V, VI - 7 V 0.1 0.1 

IIH i VCCl = 5.5 V. VI = 2.7 V 20 20 ~A 

IlL i VCCl = 5.5 V. VI = 0.5 V -0.4 -0.4 mA 

10§ VCCl = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

ICCl VCCl = 5.5 V 150 130 mA 

ICC2 VCC2=2.1V 410 390 mA 

tAli typical values are at VCC = 5 V, TA = 25°C. 
iFor I/O ports. the parameters IIH and IlL include the off·state current. 
§The output conditions have been chosen to produce a current that closely approximates one-half the true short-circuit current, lOS. 
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SN54AS895 maximum switching characteristics. Vee = 4.5 V to 5.5 V. Te 
(see Note 11 . 

PARAMETER 
. FROM 
IINPUT) 

A3-AO 
B3-BO 
DA7-DAO, 
DB7-DBO 
Cn 
EA 
EB 
17-10 

tpd DEB 
DEY 
010 In) 
Shift 
SID In) 
Shift 
CK 
OEA 
SSFt 

t Load resistor Rl = 100 0. 
:t: For byte instructions only. 

Y Ci1+B G,P 

62 42 48 

47 28 28 

25 14 -
54 32 35 
54 32 35 
58 32 32 
- - -

14 - -

15 - -

15 - -

68 60 56 
- - -

- - -

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

TO 10UTPUT) 
zt N OVR 

69 62 60 

58 50 42 

32 24 18 
62 52 52 
62 52 52 
62 52 41 
- - -
- - -

24 - -

24. 22 -

62 50 68 
- - -

- - 14 

DA DB 

18 -

- -

- -
- -

- -

- -
- 14 
- -

- -

- -

38 30 
14 -

- -

010 SIO 
UNIT 

65 66 

50 50 

32 32 
58 58 
58 58 
58 58 
- - ns 
- -

- -

- -

70 70 
- .-
- -

SN74AS895 maximum switching characteristics. Vee = 4.5 V to 5.5 V. TA = oDe to 70 0 e (see 
Note 11 

PARAMETER 
FROM 

liN PUT) 
A3-AO 
B3-BO 
OA7-0AO, 
087-0BO 
Cn 
EA 
EB 
17-10 

tpd OEB 
DEY 
010 In) 
Shift 

. SID In) 
Shift 
CK 
OEA 
SSFt 

t Load resistor Rl = 100 0. 
t: For byte instructions only. 

Y Cn +8 G,P 

54 36 42 

44 26 26 

25 9 -

49 29 29 
49 29 29 
55 30 30 
- - -

12 - -

15 - -

15 - -

58 55 52 
- - -

- - -

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

zt 

60 

52 

32 
58 
58 
60 
-
-

24 

24 

61 
-

-

TO 10UTPUT) 
UNIT 

N OVR DA DB 010 SIO 

52 50 - - 58 58 

46 38 - - 44 44 

24 18 - - 31 31 
49 47 - - 54 54 
49 47 - - 54 54 
49 39 - - 54 54 
- - - 12 - - ns 
- - - - _. -

- - - - - -

19 - - - - -

52 62 35 25 60 60 
- - 12 - - -

- 12 - - - -
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SN74AS895·1 maximum switching characteristics. Vee = 4.5 V to 5.5 V. T A = 0 De to 70 De (see 
Note 11 

FROM 
PARAMETER 

(INPUT) 

A3·AO 

B3·BO 

DA7-DAO, 

DB7-DBO 

Cn 
EA 

EB 

17-10 

tpd OEB 

DEY 

.010 (n) 

Shift 

SID In) 

Shift 

CK 

OEA 

SSF' 

tload resistor R1 ~ 100 n. 
:I: For byte instructions only. 

Y Cn +8 G. P 

44 30 36 

36 24 24 

22 8 -

40 25 25 

40 25 25 

46 27 27 

- - -

12 - -

14 - -

14 - -

50 46 46 
- - -

- - -

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

register file write setup and hold times 

PARAMETER 

C3-CO 

DB§ 

17-14 

13-10 

tsu DEY 

Y7-YO 

WE 

OIO(n). SID In) 

SElY 

C3-CO 
DB§ 

17-14 

13-10 

th DEY 
Y7-YO 

WE 

OIOln), SID In) 

SElY 

§DB Iduring select instruction) through Y port. 

TO (OUTPUT) 

zt 
UNIT 

N OVR DA 08 QIO SIO 

50 44 44 17 - 48 48 

46 41 32 - - 40 40 

27 21 16 - - 25 25 

49 41 41 - - 44 44 

49 41 41 - - 44 44 

50 42 35 - - 45 45 

- - - - 12 - - ns 

- - - - - - -

20 - - - - - -

20 18 - - - - -

50 50 50 30 22 50 50 

- - - 12 - - -

- - 12 - - - -

SN54AS895 SN74AS895 SN74AS895-1 
UNIT 

MIN MAX MIN MAX MIN MAX 

8 7 6 

14 12 11 

16 14 13 

24 22 21 

4 3 3 ns 

2 2 2 

8 6 6 

6 5 5 

8 6 6 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

6 5 5 ns 

10 10 10 

3 2 2 

0 0 0 

8 6 6 
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special instruction switching characteristics 

During various special instructions, the SSF pin is used to pass required information between the' AS888 
packages which make up a total system. 

For instance, during the multiplication process, the LSB of the multiplier determines whether an ADD/SHIFT 
or SHIFT operation is performed. During multiplication, the SSF pin of the least significant package (LSP) 
becomes an output pin while all other packages become input pins. 

Similarly, during normalization, the required operation depends on whether the two data MSBs are the 
same or different. Therefore, during normalization the SSF pin of the most significant package (MSP) 
becomes an output pin while all other packages become input pins. 

Tables 10, 11, and 12 list the instructions which force the SSF pin during their execution. The propagation 
delay from various inputs is also shown. The parameter which limits normal system performance is indicated 
by a dagger. 

TABLE 10. SN54AS895 SSF PIN DELAYS AND SETUP TIMES 

HEX SSF SOURCE INPUT - SSF Ins) SSF SETUP 
MNEMONIC 

CODE LSP MSP Cn Ilnl CK Bini TIME Insl 
SNORM 20 X - 29 46 - 20 
DNORM 30 X - 29 55 40t 20 
DIVRF 40 X - 29 t 46 - 20 
SDIVOF 50 X - 26 t - --; 18 
SMUll 60 X - 26 t 43 - 0 
SDIVIN 80 X - 48 64 44t 0 
SDIVIS 90 X 26 t 51 64 55 0 
SDIVI AO X 26 t 51 64 55 0 
UDIVIS BO X 18 t 45 64 46 0 
UDIVI CO X 18t 50 54 40 0 
UMULI DO X - 25 t ' 48 - 0 
SDIVIT EO X 26 t 50 56 54 0 ) 

ABS 48 X - 34 62 39 t 20 
SMTC 58 X - 29 58 39 t 20 
BINEX3 OF X - 29 t 58 - 18 
LOADMO IArith) X 23 t 34 62 40 0 
LOADMO (Log) X - 33 62 40t 0 
BADD 88 t 18 t 58 62 49 -

BSUBS 98 18 t 58 62 49 -
BSUBR 

SOURCE 1St 58 71 49 A8 -
IS 

18 t 49 BINCS B8 58 60 -
MOST 1St 58 71 49 BINCNS C8 -

SIGNIFICANT 
BXOR 08 - 58 - - -

BYTE 
BAND E8 - 58 - - -

SELECTED 
BOR F8 + - 58 - - -
EX3BC 8F - 58 46 49 t -

tThis parameter limits normal system performance. 
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MNEMONIC 

SNORM 
DNORM 
DIVRF 
SDIVQF 
SMUll 
SDIVIN 
SDIVIS 
SDIVI 
UDIVIS 
UDIVI 
UMULI 
SDIVIT 
ABS 
SMTC 
BINEX3 
lOADMQ (Arith) 
LOADMQ (Log) 
BADD 
BSUBS 
BSUBR 
BINCS 
BINCNS 
BXOR 
BAND 
BOR 
EX3BC 

SN54AS895, SN74AS895 
8-BIT MEMORY ADDRESS GENERATORS 

TABLE 11. SN74AS895 SSF PIN DELAYS AND SETUP TIMES 

HEX SSF SOURCE INPUT - SSF (ns) SSF SETUP 
CODE lSP MSP Cn I(n) CK Bin) TIME (ns) 

20 X - 26 T 40 - 17 
30 X - 26 52 37 t 17 
40 X - 26 t 40 - 17 
50 X - 25 t - - 17 
60 X - 25 t 40 - 0 
80 X - 38 60 40t 0 
90 X 24t 48 60 52 0 
AO X 24t 48 60 52 0 
BO X 17t 43 60 45 0 
CO X 17t 44 52 37 0 
DO X - 26 t 40 - 0 
EO X 25 t 46 52 49 0 
48 X - 32 60 38 17 
58 X - 26 52 38 t 17 
OF X - 26 t 40 - 17 

X 22t 32 50 ·38 0 
X - 32 50 38 t 0 

88 t 17t 52 55 46 -

98 17t 52 55 46 -
SOURCE 17t 52 62 46 A8 -

IS 17t 88 52 55 46 -
MOST 17t C8 52 62 46 -SIGNIFICANT 

08 - 52 - - -
BYTE 

E8 - 52 - - -
SELECTED 

F8 

~ 
- 52 - - -

SF - 45 45 46 t -

II 
II) 
Q) 
(.) 

"S; 
Q) 

C -en 
....I 

tThis parameter limits normal system performance. 
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SN54AS895, SN74AS895 
8-BIT MEMORY ADDRESS GENERATORS 

TABLE 12. SN74AS895-1 SSF PIN D':LAYS AND SETUP TIMES 

lEI 
r­en 
c 
CD 
< n' 
CD en 

2-410 

HEX SSF SOURCE INPUT - SSF Insl 
MNEMONIC 

CODE LSP MSP Cn Ilnl CK 
SNORM 20 X - 23 28 
DNORM 30 X - 23 49 
DIVRF 40 X - 23 t 27 
SDIVOF 50 X - 23 t -
SMUll 60 X 22t 27 
SDIVIN 80 X - 35 46 
SDIVIS 90 X 22t 42 48 
SDIVI AO X 22t 42 46 
UDIVIS BO X 16t 42 46 
UDIVI CO X 16t 36 46 
UMULI DO X - 22t 27 
SDIVIT EO X 21t 40 44 
ABS 48 X - 28 46 
SMTC 58 X - 24 44 
BINEX3 OF X - 23 t 27 
LOADMO IArithl X 19 t 28 40 
LOADMO ILogl X - 28 35 
BADD 88 t 16 t 42 42 
BSUBS 98 16t 42 40 

SOURCE 
16 t BSUBR A8 42 50 

IS 
16 t BINCS B8 42 46 

BINCNS 
MOST 

16 t C8 
SIGNIFICANT 

42 54 
BXOR 08 - 42 -BYTE 
BAND E8 - 42 -

SELECTED 
BOR F8 

+ 
- 42 -

EX3BC 8F - 42 42 

tThis parameter limits normal system performance. 
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SSF SETUP 

Bini TIME Ins I 
- 14 

34t 14 
- 14 
- 14 
- 0 

35 t b 
42 0 
42 0 
38 0 
34 0 
- 0 

42 0 
30t 14 
30t 14 

- 14 
30 0 
30 t 0 
40 -

40 -

40 -

40 -

42 -

- -

- -

- -

42t -



• High-Speed "Flash" Shift Operations 

• Expandable to 32 Bits 

• Hexadecimal and Binary Normalization with 
Leading Zero Detection 

• Bit Reversal 

• Marge Capabilities 

• Taxas Instruments Quality and Reliability 

description 

The SN54AS897A and SN74AS897A are 
multipurpose 16-bit barrel shifters in a 68-pin 
ceramic pin-grid-array package, The devices are 
capable of several different types of shift 
operations, as well as other more specialized 
functions such as hexadecimal and binary 
normalization, bit replacement, and leading-zero 
detection. 

The unique feature of all barrel shifters is how 
the shift function is implemented, In 
conventional shift registers, shift operations are 
controlled by the number of input clock pulses 
applied. With barrel shifters, the desired number 
of positions to be shifted is determined by an 
input decoder. This form of implementation does 
not require an input clock and results in a shift 
operation that is restricted only by internal 
propagation delays, This delay is the same 
regardless of the number of positions to be 
shifted. The result is a high-speed "flash" type 
of shift. 

The' AS897 A offers the system designer a much 
broader range of capabilities than previous 
conventional shift registers. Normalization of 
data in floating-point computations, bit-reversal 
when generating Fast Fourier Transform (FFT) 
addresses, and insertion of stop/start bits in 
asynchronous data communications are just a 
few of the applications that are possible with this 
device, 

The' AS897 A can be operated as an 'AS897 by 
connecting the HEX/BIN pin (J1) to ground, 

SN54AS897A, SN74AS897A 
16-B11 PARALLEL/SERIAL BARREL SHIFTERS 

A 

B 

C 

o 

G 

H 

K 

• 
• 
• 
• 
• 
• 
• 
• 
• 

02886, OCT08ER 1985-REVISEO MARCH 1986 

SN54ASS97A,SN74ASS97A 
GS PIN-GRID ARRAY PACKAGE 

(TOP VIEW) 

4 6 8 9 lD 11 

• • • .. • • • • • 
0· • • • • • • 0· 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 

• 0· • • • • • 0· 
• • • • • • • • 

PIN ASSIGNMENT TABLE 

PIN PIN PIN PIN 

NO. NAME NO. NAME 

A2 ZNl FlO GNO 

A3 ZN2 Fll Y9 

A4 ZN3 Gl D. 

A5 GND G2 GND 

A6 i'ml'fM Gl0 Yll 

A7 2L Gll Y8 

A8 GNO Hl NC 

A9 16B/328 H2 D5 

Al0 OP Hl0 GND 

ill Dl. Hll Y7 

B2 D13 Jl HEX/Bill 

B3 D15 J2 D3 

B4 2NO Jl0 GND 

B5 VCC2 Jll GND 

B6 2N4 Kl D2 

B7 IP K2 Dl 

B8 VCC1 K3 VCCl 
B9 GND K4 Ml 

Bl0 S K5 GND 

Bll Y15 K6 CLK 

C1 D12 K7 GND 

C2 D9 K8 VCC2 
C10 Y13 K9 Y6 

C11 Y12 K10 Y4 

Dl D11 K11 Y5 

D2 'D8 L2 DO 

Dl0 Ne L3 M2 

Dll GND L4 MO 

E1 D10 L5 TP 

E2 D7 L6 OIT 
El0 Y14 L7 YO 

El1 Y10 LB Y1 

F1 GND L9 Y2 

F2 D6 L10 Y3 

NC-No internal connection 

Chip Carrier information available from factory upon request. 

Copyright @) 1985. Texas Instruments Incorporated 

fI 
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Q) 
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SN54AS897A, SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL SHIFTERS 

logic symbol t 

MO 
IL41 

Ml IK41 

M2 
(l3) 

IP 
187) 

OP 
(A10) 

NORM 

168/321 

fii 

OEV 

CLK 

DO 
(L2) 

01 
(K2) 

02 
(K1) 

03 
(J2) 

04 
IG1) 

d. IH2) 

06 
fF21 

07 
fE21 

06 
(02) 

09 
(C2) 

010 
IE1) 

011 
1011 

012 
IC1) 

013 
(82) 

01. 
(Bl 

01. 
(83) 

MO 

Ml 

M2 

IP 

OP 

16-BlT PARALLEUSERIAL BARREL SHIFTER 
'AS897A 

MO M1 M2 SHIFT OPERATION 
L L SHIFT RIGHT, S filL 
L H SHIFT lEFT, S fiLL 
H L SHIFT RIGHT, CIRCULAR 

L H H SHIFT lEFT. CIRCULAR 
L L L SHIFT RIGHT. S FilL. 

MERGE 
L L H SHIFT LEFT. S FilL. 

MERGE 
H SeT BIT N TO S 
H NORMALIZE. S FILL 

BITS IP OP OPERATION 
16 L X WITHOUT BIT REVERSAL 
16 H X WITH BIT REVERSAL 
16 X L 015-00 SHIFTED 
16 X H REGISTER DATA SHIFTED 

32 L X 015-00 LEAST SIG. INPUT 
32 H X 015-DO MOST SIG. INPUT 
32 X L Y15-YO LEAST 51G. OUTPUT 
32 X H Y15·YO MOST SIG. OUTPUT 

SHIFT POSITION CONTROL, BIT seT 
CONTROL, LEADING ZERO INDICATOR 

HEX NORMALIZATION MODE 

S BIT FlU, COUNTER/LATCH CONfiGURATION 

16-BIT COUNTER CONFIGURATION 

4-01T COUNTER CONFIGURATION 

CLOCK 

100AT~ ~v 

,. 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984. 
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(84) 
lNO 

(A21 
lNl 

IA3) 
lN2 

IA4J 
lN3 

(861 
lN4 

(A7) 
lL 

IL7) 
VO 

(LS) 
Vl 

(LSI V2 
(LtOI 

V3 
(K10) 

V4 
(K111 

V. 
(K9) 

fH11) 
V6 
V7 

IG11) 
V8 

IF111 v. 
(E1l) 

(G10) 
Vl0 

V11 
(Cl1) 

V12 
(C10) 

V13 
(El0) 

V14 
(8111 

Vl, 



SN54AS897A, SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL SHIFTERS 

functional block diagram (positive logic) 

MO 

Ml 

M2 

HEX/iii'iii 

16B/32B 

IP 

OP 

G 

L: 

:}MC 
HEX 

BINARY 

16 BIT 

32 BIT 

IP 

OP 

MC 
0 
1 
2 
3 
4 
5 
6 
7 

BITS 

16 
16 
16 

.---S 16 

32 
32 

r< NORM 32 
32 

NORM 

16 lEADING 
015-00 '-.--- ZERO 

DETECTOR 

16 & 

16 

REGISTER/ 
COUNTER 

CTR16 

1: ~ 
4CTR4 

ClK Cl/+ 

~ 1 

16 

S 

CONTROL -OPERATION -L EN J Shift right (-+nl. S fill 
Shift left (~nl. S fill 

A 4Xt> 'i7ff~' Shift right (-n). circular 
Shift left (-n), circular 

ZN3-ZND 

Shift right (-+n), S fill, merge 
Shift left (~nl. S fill. merge 
Set bit" to S 4 
Normalize (+-0). S fill 

IP OP OPERATION n 
0 X Without bit reversal 
1 X With bit reversal 
X 0 015-00 shifted 
X 1 Register data shifted en-0 X 015-00 least 5ig. input 
1 X 015-00 most 5ig. input 
X 0 V15-YO least sig. output Zl 

X 1 V1S-YO most sig. output 

4 EN t> 

n{r 
'i7 H .... 

(II 

ZN4 
G) 
CJ 

'S; 
G) 

~l or 
C 

Zl 

en 
...I 

OATA BIT SHIFT 
SELECT REVERSAL +-n/-+" 

MUX 

~ ~ I=" 

;...::.:. 

16 

16 

4N 
MERGE SOR Z 

~ Fill 

C 
~ ~ 16Xt>,,~ 

OEY 

YIS-YO 

16 
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SN54AS897A. SN74AS897A 
16·B11 PARALLEL/SERIAL BARREL SHIFTERS 

PIN 

NAME NO. 
I/O DESCRIPTION 

16B/32B A9 I When high, 16-bit operation is selected. When low, 32-bit operation is selected. 

ClK K6 I· Clock input. Loads the internal register on the low-ta-high transition. In 16-bit circular mode, acts as clock 

for the 16-bit/14-bit counter. 

00 l2 I 

01 K2 I 

02 K1 I 

03 J2 I 

04 G1 I 

05 H2 I 

06 F2 I 

07 E2 I 

08 02 I 
Input data bits 0 through 15 

09 C2 I 

010 E1 I 

011 01 I 

012 C1 I 

013 B2 I 

014 81 I 

015 63 I 

GNO A5 

GNO A8 

GNO B9 

GNO 011 

GNO F1 

GNO F10 

GNO G2 
Ground (All ground pins'should be used) 

GNO H10 

GNO J10 

GNO J11 

GNO K5 

GNO K7 

HEXIBIN J1 I Controls mode of operation for leading zero detector. When low, causes the number of leading binary zeros 

to be counted. When high, causes the number of binary zeros in leading hexadecimal groups (binary OOOOs) 

to be counted. When tied to ground, causes the' AS897 A to operate as an 'AS897. 

IP B7 I In the 16-bit mo~e, controls the bit-reversal option. A high logic level causes data selected by OP to be 

bit-reversed before it is passed to the shifter. When IP is low, data is passed unaltered. 

In the 32-bit mode, defines the data input position. When IP is high, 015-00 are in the most significant 

input position. W~en IP is low, 015-00 are in the least significant position. 

MO l4 I Shift instruction control. Determine the type of shift operation to be performed. See Table 1 for further 

M1 K4 I information. 

M2 l3 I 

NC 010 
No internal connection 

NC H1 

NORM A6 I A three-state control input for ZN4-ZNO 110 ports used only in normalize instructions. When iiiORiiiI is low, 

the number of leading zeros detected in the data present on 015-00 is output on ZN4-ZNO. When NOlUiiI' 
is high, ZN4-ZNO act only as inputs. 
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PIN 

NAME NO. 
I/O 

OEY L6 I 

OP A10 I 

S B10 I 

TP L5 I 

VCC1 B8 

VCC1 K3 

VCC2 85 

VCC2 K8 

YO L7 1/0 

Y1 L8 1/0 

Y2 L9 1/0 

Y3 L10 1/0 

Y4 K10 1/0 
yi; K11 1/0 

Y6 K9 I/O 

Y7 H11 1/0 

Y8 G11 1/0 

Y9 F11 1/0 

Y10 E11 1/0 

Y11 G10 1/0 

Y12 C11 110 

Y13 C10 1/0 

Y14 E10 1/0 

Y15 B11 1/0 

ZL A7 1/0 

ZNO B4 1/0 

ZN1 A2 1/0 

ZN2 A3 I/O 

ZN3 A4 1/0 

ZN4 B6 1/0 

SN54AS897A. SN74AS897A 
. 16-BIT PARALLEL/SERIAL BARREL SHIFTERS 

DESCRIPTION 

Control input for the Y15-YO 1/0 ports. When OEY is low, the Y outputs are enabled. 

In the 16-bit mode, controls the source of input data. A logic high on this input selects data from the 

register/counter. A low selects data on the 015-00 inputs. 

In the 32-bit mode, defines the package output positions. When OP is high, Y15-YO are in the most significant 

output position. When OP is low, Y15-YO are in the least significant output position. 

Specifies the logic level that will fill the bit position or positions vacated during all shift operations except 

16-bit circular. In the l6-bit circular mode, when S is high, the data latch operates as a l6-bit binary counter. 

When S is low, the register functions as a data latch. 

Functional testing input. When low, transforms the 16-bit counter into four 4-bit counters. During normal 

ope'ration, TP must be maintained at a high logic level. 

5-volt supply for TTL-compatible 1/0 

2-volt supply for internal Schottky Transistor Logie (STLI 

Input/output bits 0-15. As an input, they load the data register. A an output, they present the shifted data. 

An input/open-collector output used primarily in 32-bit applications. When the input at 015-00 is zero, 

the ZL output is high. The ZL outputs of cascaded packages are connected in a wired-AND configuration 

to detect if all inputs are zero. A recommended pull-up resistor of 200 to 680 0 must be provided externally 

for proper operation in the 32-bit mode. 

A four-bit code that performs the following functions in the 16-bit mode: 

1- As an input in shift instructions, specifies how many bit positions are to be shifted. 

2. As an input in replace instructions, specifies position of the bit to be replaced. 

3. As an input to the normalize instruction, specifies the number of left shifts to be performed. 

4. As an output from the normalize instruction, when NORM = L, specifies the number of leading zeros 

in the data on 015-00. 

ZN4 is concatenated with ZN3-ZNO for use in 32-bit shift operations as described above. In 16-bit 

normalization operations, ZN4 indicates when the input to the shifter is zero. In 16-bit left and right shifts 

and in shift and merge operations, a high on ZN4 causes all 16-bits to be filled with the logic level on 

the S input. 
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SN54AS897A, SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL' SHIFTERS 

description (continued) 

control block 

The control block decodes the M2-MO instruction inputs, 16B/32B configuration select, IP and OP data 
select/bit reversal options, and other control inputs and transmits the resulting control signals to the rest 
of the internal logic. 

instruction set 

M2 

L 

L 

L 

L 

H 

H 

H 

H 

The' AS897 A can operate in any of the eight user-programmable shift modes shown in Table 1. Selection 
of these instructions is controlled by pins M2-MO. 

TABLE 1. INSTRUCTION SET 

Ml MO DESCRIPTION 

L L Shift right the number of bit positions defined by ZN3-ZNO I 16-bit mode) or. ZN4-ZNO 132-bit mode). Fill vacated 

bit positions with logic level on S input. A high on ZN4 causes all bits in the 16-bit mode to be filled with the 

logic level on S. 

L H Shift left the number of bit positions defined by ZN3-ZNO 116-bit mode) or ZN4-ZNO 132-bit mode). Fill vacated 

bit positions with logic level on S input. A high on ZN4 causes all bits in the 16-bit mode to be filled with the 

logic level on S. 

H L Circular right shift the nu",ber or bit positions defined by ZN3-ZNO 116-bit mode) or ZN4-ZNO 132-bit model. 

H H Circular left shift the number of bit positions defined by ZN3-ZNO 116-bit model or ZN4-ZNO 132-bit model. 

L L Shift right the number of bit positions defined by ZN3-ZNO I 16-bit model or ZN4-ZNO 132-bit model. Fill vacated 

bit positions with logic level on S input. Merge result with data from the register/counter. A high on ZN4 causes 

all bits in the 16-bit mode to be filled with the logic level on S. 

L H Shift left the number of bit positions defined by ZN3-ZNO 116-bit model or ZN4-ZNO 132-bit model. Fill vacated 

bit positions with logic level on 5 input. Merge result with data from the register/counter. A high on ZN4 causes 

all bits in the 16-bit mode to be filled with the logic level on S. 

H L Set the bit position defined by ZN3-ZNO I 16-bit model or ZN4-ZNO 132-bit model to the logic level on the S input. 

H H If NORM is low. shift data left the number of bit positions defined by the leading-zero detector. Fill vacated bit 

positions with logic level On S input. O,utput number of leading zeros in 015-00 on ZN3-ZNO 116-bit model or 

ZN4-ZNO 132-bit model. Note: If NORM is high, this instruction performs like the left shift described above for 

M2 = L. MI = L. MO = H. 

mode configuration 

The 'AS897 A can be configured to operate on 16-bit or 32-bit words. Configuration is controlled by 
16B/32B. When 16B/32B is high, the' AS897 A operates in 16-bit mode. 

Figure 1 illustrates the connection of four' AS897 As to provide a 32-bit barrel shifter that can perform 
all Table 1 shift instructions. For 32-bit mode operation, the 16B/32B inputs of all 'AS897 A devices must be 
low and should be configured as shown in Figure 1. 
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SN54AS897A. SN74AS897A 
16-B11 PARALLEL/SERIAL BARREL SHIFTERS 

16 
D31-D16"'16,,1~--~~---.----------------. 

D15-DO~~---~r-------~~-------r-------_' 

Zl---~T~---;--------------r-------~----~-------'I 
ZN3-ZNO--+-_+-4 IT.--+-----+-+-T--If-----I--<T.--+----hll 

ZN4----~II-~Tf-----r~I-.-Tf------+~I~.-Tr------~JJ-,J 

'AS897A 'AS897A 'AS897A 
OP=H OP=H OP= l 
IP = H IP = l IP = H 

16B/328 ---:;} 16B/328 ---:;} 16B/328 '* 
'AS897A 
OP = l 
IP= l 

16B/328h 

M2~O~3~~1~~I~I+-______ ~1.++I+4 ______ ~1.++I~~ ____ ~111 
:: 11 1 1 

ClK ...- 1 
s-----~~+-----------~-r----------~r+----------~ 

NORM----~~------~~------~~------~ 

l16 116 

V31-V16 V15-VO 

FIGURE'_ 32-BIT BARREL SHIFTER 

data input/output 

Data can be input to the chip from two ports: 015-00, which passes data to the zero detector and to 
the shifter via the data select and bit-reversal multiplexers, and Y15-YO, which passes data to the 
register/counter. Y 15-YO is also used to output the shift result from the chip_ 

Data input and output positions in the 32-bit mode are defined by IP and OP (see Table 2). When IP is 
high, the 015-00 port is the most significant input position; when IP is low, the 015-00 input port is the 
least significant. If OP is high, the Y15-YO port is the most significant output position; if OP is low, the 
Y15-YO port is the least significant position. 

TABLE 2. IP AND OP CONTROLS 

16-BIT OPERATION 32-BIT OPERATION 
SIGNAL 

(16B/32B = H) (16B/32B - L) 

IP = L Bit-reversal option off o 15~DO is least significant input position 

IP = H Bit-reversal option on D 15-00 is most significant input position 

OP - L D 1 5-DO is shifted Y15-YO is least significant output position 

OP = H 
Register/counter data 

is shifted 
Y15-YO is most significant output position 

zero detector 

The zero detector detects the number of leading zeros at the 015-00 input port. If HEX/BIN is high, the 
zero detector counts only those binary zeros that are part of a leading hexadecimal zero group. For example, 
given the binary number 0000 0000 0001 0001, the leading-zero count will be decimal 11 if HEX/BIN 
is low and decimal 8 if HEX/BIN is high_ 

If all zeros are detected at the 0 port, the ZL output transistor will be turned off. If the ZL output pin is 
pulled up through the recommended pull-up resistor (see pin description table), the resulting signal will 
be high. If anything other than a zero is detected on the 015-00 inputs, the output transistor will be turned 
on; this will pull the ZL signal low. 
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SN54AS897A, SN74AS897A 
16-BIT PA~ALLEL/SERIAL BARREL SHIFTERS 

During data normalization (M2 = H, M1 = H, MO = H)' the zero-detector outputs the leading zero count 
to the ZN4-ZNO I/O ports, provided NORM is low. When NORM is high, ZN4-ZNO act only as inputs in 
this mode. For operations other than normalization, the state of NORM is irrelevant. 

In the data-normalization mode, a high logic level will be output on the ZN4 pin when the 015-00 bus 
contains all lows and NORM is low (see Table 3). 

TABLE 3. ZN41/0 PORT 

16·BIT CONFIGURATION 32·BIT CONFIGURATION 
SIGNAL I/O 

(168/328 - H) (168/328' - L) 

In shift-left, shift-right. and 

shift-and-merge modes, a 
With ZN3-ZNO indicates number of bits to be shifted in shift 

I high fills all bits with the 

logic level on the S input. 
operations and position of bit to be replaced in replace-bit mode. 

ZN4 Inactive in other modes. 

In the normalization mode, 
In the normalization mode. when NORM = L. ZN4-ZNO indicates 

0 
when "NORM = L. 

number of leading zeros detected in 015-00 and number of places 
indicates when the input 

to be shifted for normalization. 
to the shifter is zero 

• data selector multiplexer 

r­en -c 
CD 
< 
(=)' 
CD 
(I) 

The data selector multiplexer is used only in 16-bit operation (168/328 = H). OP controls the mux and 
selects the data to be presented to the bit-reversal block. OP high selects the register/counter; OP low 
selects 015-00 (see Table 2). 

bit reversal 

8it reversal is also available only in the 16-bit mode (168/328 = H) and is controlled by IP (see Table 2). 
When the bit-reversal option is selected (IP = H), data selected by OP is bit-reversed before it is passed 
to the shifter: the most significant bit becomes the least significant bit, the second most significant bit 
becomes the second least significant bit, and so forth. When the bit-reversal option is off UP = L), the 
data presented to the shifter is not altered. 

register/counter 

During most instructions, the register/counter operates as a data latch. Data on the Y15-YO bus is latched 
into the register/counter on the rising edge of the clock. Data can be input to the register/counter from 
the shifter (OEY = L) or from the bidirectional Y port (OEY = H). 

In the 16-bit circular-shift mode (168/328 = H, M2 = L, M1 = H, MO = X), the register counter will 
function as a 16-bit counter on the rising edge of the clock when S is high. Under these same conditions, 
the register/counter will function as four 4-bit counters when TP is low. In the 16-bit circular-shift mode, 
the register/counter .functions as a register when S is low. The counter option is not available for other 
instructions in the 16-bit mode or for any instructions in the 32-bit mode. 

shifter 

The shifter performs the operations specified by the M2-MO inputs (see Table 1). The number of bits to 
be shifted or the position of the bit to be replaced is specified by ZN3-ZNO (16-bit operation) or ZN4-ZNO 
(32-bit operation). 
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SN54AS897A, SN74AS897A 
16-BIT PARALLEL/SERIAL BARREL SHIFTERS 

During the shift and merge instruction (M2 = H, M1 = L, MO = X), the merge block ORs the shift result 
with data from the register/counter. 

S or Z fill 

During bit replacement (M2 = H, M 1 = H, MO = L) in the 16-bit mode, this block sets the bit specified 
on the ZN3-ZNO inputs with the logic level on the S input. This option works identically in the 32-bit mode, 
except that the bit to be replaced is specified on the Z4-Z0 inputs. During all other instructions except 
circular shifts, the S input specifies the logic level that will fill the bit position or positions vacated during 
the shift. 

Z fill is used in the 32-bit mode to selectively put the device outputs in a high-impedance state. This feature 
is necessary to properly select the correct bit locations that will combine to form the shifted output. An 
example of a 32-bit circular shift four positions to the right, which illustrates the Z-fill technique, is shown 
in Figure 2. 

ZN3-ZNO 

ZN4 

M2-MO 

ClK 

S 

NORM 

.. --

-"" 
p .. -

4 

T 

31 1 
1 

MOST SIGNIFICANT HALF LEAST SIGNIFICANT HALF 

I 000000001'11""1 0000000011111010 I 
31 A- 16 15 

J 
0 

T T I 
015-00 015-00 015-00 015-00 

168/328 

~ 
168/328 

~ 
168/328 

'* 
168/328 

'* IP = H IP = l IP = H IP = l 
OP=H OP= H OP= l op= l 

V1S·VO VI5-VO V1S·VO VI5-VO 

11 1 1 J I 1 1 

zzzZOOooooOO1111 llllZZZZZZzzzzzz 

1010ZZZZZZZZZZZZ ZZZZOOOOOOOOIIII 

T 
1 

T 
1 

101000000000111 1111000000001111 

FIGURE 2. 32-BIT Z-FILL TECHNIQUE 
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SN54AS897A, SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL SHIFTERS 

SHIFT OPERATION EXAMPLES 

Examples of 'AS897 A shift instructions are provided in the following paragraphs. Unless otherwise specified, 
the examples assume a 16-bit configuration. 

shift left or right 1M2 = L, M 1 = L, MO = XI 

When in the shift-right (MO = L) or shift-left (MO = H) modes, ZN3-ZNO define the number of bit positions 
to be shifted. If, for example, ZN3-ZNO is equal to a decimal 10, the data selected by OP will be shifted 
10 bit positions. The positions vacated during the shift operation are filled with the logic level being applied 
to the S input. NORM is inactive in all shift modes except normalization and is therefore shown as a don't 
care. If IP is high, the data selected by OP will be bit-reversed before it is passed to the shifter. 

Example 

Shift a 16-bit word on the data bus ten positions to the left and fill the least significant bits with highs. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS BiT DATA BIT 
NORMALIZE CONFIGURATION 

INSTRUCTION TO SHIFT REVERSAL SOURCE FILL 

M2-MO NORM ZN4-ZNO IP OP S 168/32B 

001 X 01010 0 0 1 1 

r- Assume 015-00 contains hex AF50: en -c 
CD 
< 
c:;' 
CD 
tn 

Input Oata 

Result 

01-5-00 

11010 1111 010100001 

Y15-YO 

101000011 1111 11111 

Example 

Shift a 32-bit word on the data bus 20 positions to the right. Fill vacated bit positions with highs. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS BIT I DATA BIT 
NORMALIZE CONFIGURATION 

INSTRUCTION TO SHIFT REVERSAL SOURCE FILL 

M2-MO NORM ZN4-ZNO IP I OP S 16B/32B 

000 X 10100 See Figure 1 1 1 

Assume 015-00 contains hex 7588 FCAE: 

031-016 015-00 

Input Oata 101110101101110111 111111100101011101 

Y31-Y16 Y15-YO 

Result 11111 1111 1111 11111 11111 0111 0101 10111 
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SN54AS897A, SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL SHIFTERS 

circular shift left or right 1M2 = L. M1 - H. MO - XI 

In this mode, data selected by OP is circular shifted left (MO = H) or right (MO = l) the number of bit 
positions specified by ZN3·ZNO. If, for example, the device is in the circular-shift-right mode (MO = l) 
and ZN3-ZNO contains a decimal five, the data selected by OP will be shifted right five positions. 

In all shift modes except 16-bit circular, the S input contains the bit used for end fill or bit replacement. 
In the 16-bit circular-shift mode, the S input controls whether the register/counter will operate as a 16-bit 
counter or as a data register. When S is high, the register/counter operates as a 16-bit binary counter; 
when S is low. the register/counter operates as a 16-bit data latch. Both functions are controlled on the 
positive edge of the ClK input. Data on Y15-YO will be latched into the register/counter on the rising edge 
of the clock when S is low. 

Example 

Circular shift a 16-bit word in the register/counter five positions to the right. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS BIT DATA 
NORMALIZE 

INSTRUCTION TO SHIFT REVERSAL SOURCE 

M2·MO NO"IiIIiI ZN4-ZNO IP OP 

010 X X010l 0 1 

Assume the register/counter contains hex A016: 

Input Data 

Result 

shift and merge 1M2 = H. M1 = L. MO XI 

Register/Counter 

110100000000101101 

Y15-YO 

11011 0101 000000001 

LATCH OR 

COUNTER 

S 

0 

CONFIGURATION 

16B/32B 

1 

In the shift-and-merge mode, data selected by OP is shifted by OP is shifted left (MO = H) or right (MO = l) 
the number of positions specified by ZN3-ZNO, bit positions vacated by the shift are filled by the logic 
level on S, and the result is ORed with data in the register/counter. 

Example 

Shift data on the data bus six positions to the left, and fill vacated positions with zeros. Merge the shifted 
data with data from the data register. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS BIT DATA END 

INSTRUCTION 
NORMALIZE 

TO SHIFT 
CONFIGURATION 

REVERSAL SOURCE FILL 

M2·MO NORM ZN4-ZNO IP OP S 16B/32B 

100 X 00110 0 0 0 1 

fI 
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SN54AS897A. SN74AS897A 
16·B11 PARALLEL/SERIAL BARREL SHIFTERS 

Assume 015-00 contains hex 6174 a'nd register/counter contains hex 320B: 

Input Data 

Intermediate 
Result 

015-00 

101100001011101001 

Shift Result 

10101 1101000000001 

Register/Counter 

Input Data 10011 0010000010111 

Y15-YO 

Result 10111 1111 0000 1011 I 

bit replacement 1M2 - H. M1 = H. MO L) 

In the bit-replacement mode. data in the bit position specified by ZN3-ZNO is replaced by the logic level 
on the S input. If. for example. ZN3-ZNO contains a decimal seven and S contains a logic high. bit 7 of 
the data selected by OP will be set high regardless of its original state. In the following example. OP has 
been set high to select data from the register/counter. Because IP has been set high. the data will be bit­
reversed before it enters the shifter. 

Example 

Bit-reverse the data in the register/counter and set bit 7 of the result to zero. 

SHIFT 

INSTRUCTION 
NORMALIZE 

M2-MO NORM 

110 X 

CONTROL SIGNALS 

POSITION OF BIT BIT DATA 

TO BE INSERTED REVERSAL SOURCE 

ZN4-ZNO 

X0111 

Input Data 

Intermediate 
Result 

Result 

IP OP 

1 1 

Register/Counter 

1011 0 0001 0011 01001 

Result after Bit-Reversal 

100101100100001101 

Y15-YO 

10010 110000000110\ 

INSERT 

BIT 

S 

0 

CONFIGURATION 

16B/~ 

1 
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SN54AS897A. SN74AS897A 
16·BI1 PARALLEL/SERIAL BARREL SHIFTERS 

data normalization 1M2 = H, M1 '" H, MO '"' L) 

The data·normalization mode shifts data on 015-00 to the left until a high logic level appears in the most­
significant-bit position of output Y15-YO if HEX/BIN is low. If HEX/BIN is high, only 4-digit groups containing 
leading zeros are shifted left. The number of positions shifted to accomplish this is determined by the leading­
zero detector. This count will be output on ZN3-ZNO when the NORM input is low. 

Since the leading-zero detector counts leading zeros in the D 1 5-DO input, the normalization is designed 
to operate on data from the data bus rather than the register/counter. Therefore OP is set low in the following 
example. The S input is programmed low so that all bit positions vacated during the shift will be filled 
with zeros. 

Example 

Perform a hex normalization on a 16-bit data word from the data bus. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS LEADING-ZERO BIT DATA 
NORMALIZE 

INSTRUCTION TO BE SHIFTED MODE REVERSAL SOURCE 

M2·MO NORM ZN4-ZNO HEX/BIN IP OP 

111 0 
Outputs leading 

1 0 0 
zero count 

Assume 015-00 contains hex 002B: 

Example 

Input Oata 

Leading-Zero 
Count 

Result 

015-00 

100000000001010111 

ZN3-ZNO 

1000 

Y15-YO 

110101011 000000001 

Perform a binary normalization on a 32-bit word from the data bus. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS LEADING-ZERO BIT .1 DATA 
INSTRUCTION 

NORMALIZE 
TO SHIFT MODE REVERSAL SOURCE 

M2·MO NORM ZN4-ZNO HEX/BIN IP I OP 

111 0 
Outputs leading 

0 See Figure 1 
zero count 

INSERT 

BIT 
CONFIGURATION 

S 168/32B 

0 1 

BIT 

FILL 
CONFIGURATION 

S 16B/328 

0 0 

II 
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SN54AS897A, SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL SHIFTERS 

Assume 031-00 contains hex 0000 3061 : 

031-016 015-00 

InputOata 100000000000000001 100111101011000011 

Leading-Zero 
Count 

Result 

ZN4-ZNO 

10010 1 

Y31-Y16 Y15-YO 

11111 0101 1000 01001 10000 0000 0000 00001 

IEEE floating-point normalization 

Floating-point normalization is used to preserve number resolution after subtraction or some other floating­
point algorithm that results in orders of magnitude reduction. Three 'AS897A devices can be configured 
to convert a 32-bit data word into the IEEE floating-point format shown in Figure 3 . 

1 BIT 8 BITS 

lsi E 

S - sign bit 
E - 8-bit exponent 
F - 23-bit fraction 

23 BITS 

F 

FIGURE 3. IEEE FLOATING-POINT FORMAT 
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SN54AS897A, SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL SHIFTERS 

Figure 4 shows the three-device configuration. The limitation of this application is that only 23 bits of 
the 32 bits are used in the significand, and the sign bit must be set from hardware. As an alternate to 
the IEEE floating-point format, the same hardware configuration can be used to normalize a 32-bit data 
word resulting in a 32-bit significand and a five-bit exponent. 

MANTISSA 
(MSBsl 

MANTISSA 
(LSBsl 

PREVIOUS 
EXPONENT 

SIGN 
BIT 

~ 

16 

,............. 

ZN4·ZNO 

5 
I 

16 

S 

'AS897A 

16 
o OP=H Y 

IP= H 
ZN ZL 

.~ 

16 

8 .. 
r 

t 
S 

'AS897A 

15 Y30·Y16 
0 Y 

OP=H 
IP = L 

J< .. 
ZN ZL 

1 ..... 
~ r 

I 
S 

'AS897A 

8 
o OP=L Y 

Y15·Y8 
IP= L 

ZN ZL 

P.Q 
a 

-
P 

Y30·Y8 

r ~, ~ 

8 23 

I 1 I 8 23 

FIGURE 4. THREE·DEVICE CONFIGURATION FOR IEEE FLOATING·POINT FORMAT 
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SN54AS897A. SN74AS897A 
16·B11 PARALLEL/SEIUAL BARREL SHIFTERS 

Examp'e 

'nput data in IEEE floating point format 

Sign Previous 
Bit Exponent Mantissa 

1 1001010011000100100010001000100011 

Input mantissa concatenated with: 0 0000 0000 to D3'1-DO of the 'AS897As 

D31-D16 D15-DO 

10001 001000100010100100010000000001 

Normalize mantissa and output the leading zero count on ZN4-ZNO. 

D31-D16 D15-DO ZN4-ZNO 

11001 0001 0001 000110001 00000000000011000111 

Pack result in IEEE floating point format 
Note: Exponent = old exponent - ZN4-ZNO 

Sign 
Bit Exponent Mantissa 

1001001101001000100010001000100001 

absolute maximum ratings over .operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 V 
Input voltage: I/O ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 

All other inputs ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Operating case temperature range: SN54AS897 A .. . . . . . . . . . . . . . . . . . . .. - 55°C to 125°e 
Operating free-air temperature range: SN74AS897A .......................... O°C to 70 0 e 
Storage temperature range ......................................... - 65°C to 150 °C 
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SN54AS897A, SN74AS897A 
16·BIT PARALLEl/SERIAL BARREl SHIFTERS 

recommended operating conditions 

VCCI Supply voltage 

VCC2 Supply voltage 

VIH High-level input voltage 

Vil Low-level input voltage 

VOH High-level output voltage Zl 

10H High-level output current 
ZN4-ZNO 

YI5-YO 

10l Low-level output current 
ZN4-ZNO 

Zl, YI5-YO 

tw Pulse duration 
ClK low 

ClK high 

YI5-YO 

tsu Setup time before ClK; 
st 

MO, Ml, M2t 

168/328 t 
YI5-YOt 

th Hold time after ClK; 
st 

MO, Ml, M2t 

168/328 t 

TA Operating free-air temperature 

TC Operating case temperature 

t These parameters only apply in the circular mode and with 168/328 high. 
1: These parameters only apply in the circular mode. 

SN54AS897A SN74AS897A 

MIN NOM MAX MIN NOM MAX 
UNIT 

4.5 5 5.5 4.5 5 5.5 V 

1.9 2 2.1 1.9 2 2.1 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

-0.4 -0.4 
mA 

-1 -2.6 

4 8 

12 24 
mA 

10 10 

10 10 
ns 

10 10 

15 14 
ns 

15 14 

20 18 

2 2 

0 0 

a 0 
ns 

8 8 

-55 0 70 DC 

125 DC 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 

PARAMETER TEST CONOITIONS 
SN54AS897A SN74AS897A 

TVpt TVpt 
UNIT 

MIN MAX MIN MAX 

VIK Vce = 4.5 V, II = 18 mA -1.5 -1.5 V 

10H Zl Vee - 4.5 V, VOH - 5.5 V 0.1 0.1 rnA 

All outputs Vee - 4.5 V to 5.5 V, 10H - -0.4 rnA Vec-2 Vce- 2 V 

VOH Vee = 4.5 V, 10H = -1 rnA 2.4 3.2 
YI5-YO V 

Vee - 4.5 V, 10H - 2.6 rnA 2.4 3.2 

Vee = 4.5 V, 10l = 4 mA 0.25 0.4 0.25 0.4 
ZN4-ZNO 

Vee - 4.5 V, 10l = 8 rnA 0.35 0.5 
VOL V 

Vee = 4.5 V, 10l = 12 mA 0.25 0.4 0.25 0.4 
Zl, VIS-YO 

Vee = 4.5 V, 10l = 24 mA 0.35 0.5 

1/0 ports t Vee = 5.5 V, VI = 5.5 V 0.1 0.1 
II mA 

All others Vee = 5.5 V, VI = 7 V 0.1 0.1 

1/0 ports t 40 40 
IIH 

All others 
Vee = 5.5 V, VI = 2.7 V 

20 20 
~mA 

III All inputs Vee = 5.5 V, VI = 0.4 V -0.4 -0.4 mA 

10§ Vce = 5.5 V, Vo = 2.25 V -30 -112 -30 -112 mA 

leel Vee - 5.5 V, See Note 1 100 90 mA 

lee2 Vee - 2.1 V, See Note 1 180 170 rnA 

t All typical values are at Vee = 5 V, TA = 25 De. 
t For I/O ports, the parameters IIH and IlL include the offstate output current. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
NOTE1: Supply currents Icel and leC2 are measured with MO, Ml, M2, IP, OP, S, ZN3-ZNO, 015-00, and OEY low; 16B/328, NORM, 

and elK high; and VI5-VO, Zl, and ZN4 open. 
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SN54AS897A. SN74AS897A 
16·BIT PARALLEL/SERIAL BARREL SHIFTERS 

switching characteristics over recommended operating temperature range 

Vcc - 4.5 V to 5.5 V, 

Cl - 50 pF, 

PARAMETER 
FROM TO Rl - 500 II, 

(INPUT) (OUTPUT) R2-50011 

SN54AS897A 

MIN MAX 

• r-
~ 
C 
CD 
< 
(5' 

tpd 

ten 

tdis 

015-00 YI5-YO 

S YI5-YO 

ZN3-ZNO YI5-YO 

IP YI5-YO 

OP YI5-YO 

MO, Ml, M2 YI5-YO 

CLKt YI5-YO 

015-00 Zl 

DIS-DOt ZN4-ZNO 

MO, Ml, M2§ ZN4-ZNO 

1681328 YI5-YO 

NORM~ ZN3-ZNO 

lID' YI5-YO 

ZN4,Zl YI5-YO 

MO, Ml, M2§ ZN4-ZNO 

1681328 Y~5-YO 

NORMt ZN3-ZNO 

lID' YI5-YO 

ZN4,Zl YI5-YO 

CD t This parameter, applies only to the circular mode with S high and OP high. 
(/) :j: These parameters apply only to the normalization mod~. 

§ These parameters apply only to the 32-bit mode 1168/328 = l). 
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37 

20 

24 

33 

33 

24 

47 

28 

28 

25 

29 

26 

22 

32 

22 

31 

14 

10 

30 

SN74AS897A 

MIN MAX 

33 

17 

22 

29 

29 

21 

42 

27 

26 

20 

26 

21 

19 

29 

20 

27 

12 

9 

26 

UNIT 

ns 

ns 

ns 
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PREVIEW 

SN54ALS963, SN54ALS964, SN74ALS963, SN74ALS964 
DUAL-RANK 8-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 

• Serial-to-Parallel and Parallel-to-Serial 
Conversions 

• Parallel I/O Registers 

• Data Exchangeable Between I/O Register 
and Shift Register 

• Choice of Synchronous and/or 
Asynchronous Clear 

• Independent or Dual Register Clocking 

• Functionally Similar to National 
Semiconductor DM74LS962 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The' ALS963 and' ALS964 each contain an 8-bit 
shift register in parallel with an 8-bit 1/0 register. 
In addition to serial-to-parallel and parallel-to­
serial conversions, these devices are capable of 
exchanging data between the shift and I/O 
registers. Control lines determine the mode of 
operation as shown in the function table. 

The 'ALS963 features individual shift and I/O 
register clock inputs whereas the 'ALS964 
features simultaneous register clocking through 
a single clock input. Clocking in both cases is 
achieved by positive transitions at the clock 
inputs. 

The clear function for the 'ALS963 is 
synchronous (active high). The 'ALS964 
features active-high synchronous and 
asynchronous clearing. 

The SN54ALS963 and SN54ALS964 are 
characterized for operation over the full military 
of - 55 °e to 125°C. The SN74ALS963 and 
SN74ALS964 are characterized for operation 
from ooe to 70 oe. 

D2881, NDVEMBER 1985 

SN54ALS963 , , , JT PACKAGE 
SN74ALS963 ..• OW OR NT PACKAGE 

(TOP VIEW) 

DE vcc 
SERIN A/OA 

GIN BlOB 
G2-1 C/OC 
SClR 0/00 

E/OE 
GSH F/OF 

SEROUT G/OG 
H/OH 

GND ClKl 

SN54ALS963 ... FK PACKAGE 
SN74ALS963 ... FN PACKAGE 

(TOP VIEW) 

~ u<C 

I:;::: ffilw oQ 
<!lOlO>": 

3 2 1 20 19 

9 1011 12 13 

18 BlOB 
17 C/Oc 
16 0/00 
15 E/OE 
14 F/OF 

SN54ALS964 .•. JT PACKAGE 
SN74ALS964 ... OW OR NT PACKAGE 

(TOP VIEW) 

DE vcc 
SERIN A/OA 

BlOB 

G2:-r C/OC 
SClR 0100 

E/OE 
GSH FIOF 

SEROUT G/OG 

H/OH 
GND AClR 

SN54ALS964 ... FK PACKAGE 
SN74ALS964 ... FN PACKAGE 

(TOP VIEW) 

~ u « 
I:;::: ffi IW oQ 
O(f) 0>« 

3' 2 1 2019 

G2·1 18 BlOB 
SClR 17 C/Oc 

Gl·2 6 16 0/00 
GSH ] 7 15 E/OE 

SEROUT 8 14[ F/OF 

,!;~gg.Q 
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SN54ALS963, SN74ALS963 . 
DUAL·RANK 8·BIT SHIFT REGISTERS WITH 3·STATE OUTPUTS 

• ALS963 logic symbol t 

ClK2 -"''---C> 

G1·2 

GSH 

SERIN 

c 
CD < tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 

n' 
CD • ALS963 register-level logic diagram en 

ClK2 GSH Gf2 SClR ClK1 

REG 2 REG 1 

SRG8 

'-- 3R 2,3R L..t::. 
.... 

M1 Lt::" M1 '----
.. J'o" 

M2 "- M2 

C3IT,2--> C3 

SERIN 1,2,30 1,30 r 1,30 
8 

I 1]8 r 2,30 
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SN54ALS963, SN74ALS963 
DUAL·RANK 8-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 

• ALS963 gate-level logic diagram (positive logic) 

_~(I~I------------------~==~=r ________________________ 1 OE __ 

GIN (31 

G2-1 --.:::(4~1-------;==~[)~ ____ r-1 

SERIN ..::(2::.1 ___ +++1+_-L...I 

• I (171 C/Qc 
• 5 SECTIONS (161 0/0 0 
• NOT SHOWN 1151 E/QE 

I (141 F/QF 
I 1131 G/QG 

>-~fl:.:.2,-1 H/QH 

L..... ___________ -; -:>_-,(::.:81_ SEROUT 

II 
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SN54ALS963. SN74ALS963 
DUAL-RANK 8-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 

• r­
tJ) 

c 
CD 
< 
C:;" 
CD 
(I) 

2-432 

~ GiN 

H H 

L H 

X L 

H H 

L H 

X L 

H H 

L H 

X L 

H H 

L H 

X L 

H H 

L H 

X L 

H H 

L H 

X L 

X H 

X X 

X H 

X L 

X L 

INPUTS 

~ lri"=2 cm:i 

H H H 

H H H 

H H H 

L H H 

L H H 

L H H 

H L X 

H L X 

H L X 

L L X 

L L X 

L L X 

H H L 

H H L 

H H L 

L H L 

L H L 

L H L 

X X X 

X X X 

X X X 

X X X 

X X X 

CLK1 

X 

X 

t 
t 
t 
t 
X 

X 

t 

t 
t 
t 

X 

X 

t 

t 

t 

t 

t 
X 

t 
t 

t 

'ALS963 

FUNCTION TABLE 

A/QA 

THROUGH 
CLK2 SCLR 

H/QH 

X L HI-Z 

X L OUTPUT 

X L INPUT 

X L HI-Z 

X L OUTPUT 

t L INPUT 

t L HI-Z 

t L OUTPUT 

t L INPUT 

t L HI-Z 

t L OUTPUT 

t L INPUT 

t L HI-Z 

t L OUTPUT 

t L INPUT 

t L HI-Z 

t L OUTPUT 

t L INPUT 

X H 

t H 

t H 

t H INPUT 

X H INPUT 

- TEXAS .." 
I'NSTRUMENTS 

OPERATION OR FUNCTION 

All data stable 

All data stable 

Enter data from I/O into Reg 1 

Copy data from Reg 2 to Reg 1 

Copy data from Reg 2 to Reg 1 

Reg 1 ORs data from Reg 2 and I/O 

Copy data from Reg 1 to Reg 2 

Copy data from Reg 1 to Reg 2 

Copy data from Reg 1 to Reg 2, 

enter new data from I/O into Reg 1 

Exchange data between registers 

Exchange data between registers 

Copy data from Reg 1 to Reg 2, 

Reg 1 ORs data from Reg 2 and I/O 

Shift data in Reg 2 

Shift data in Reg 2 

Shift data in Reg 2, enter new data 

from I/O into Reg 1 

Copy data from Reg 2 to Reg I, 

shift data in Reg 2 

Copy data from Reg 2 to Reg 1, 

shift data in Reg 2 

Reg 1 ORs data from Reg 2 and I/O, 

shift data in Reg 2 

Synchronously, clear Reg 1 

Synchronously clear Reg 2 

Synchronously clear both registers 

Enter data from I/O into Reg 1 and 

synchronously dear Reg 2 

Enter data from I/O into Reg 1 

POST OFFICE BOX 225012 • DALLAS, T'EXAS 75265 



• ALS964 logic symbol t 

SN54ALS964, SN74ALS964 
DUAL-RANK 8-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12 . 

• ALS964 register-level logic diagram 

CLK GSH ~ SCLR ACLR OE 

REG 2 REG 1 BUFFERS 

SRG8 t> 
R R -

Lt:::. 8r 
- 3R 2,3R 

..... J:::o, 
EN 

Ml Ml -
...... M2 "" M2 -

'C3/T,2- C3 

1,2,30 
8 8 

SERIN 1,30 

[ 1,30 11. r 2,30 I 8 1 
8 
, 

SE ROUT 

• U) 
Q) 
CJ .s: 
Q) 

o 

TEXAS ." 
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SN54ALS964,SN74ALS964 
DUAL·RANK 8·BIT SHift REGISTERS WITH 3·STATE OUTPUTS 

, ALS964 gate·level logic diagram (positive logic) 

0E~(~1I ____ ~ ______________ ~==:[=> __________________________ ~ 
GiN 

G2-1 ----;::::=~D---rl 
CLK 

SERIN -='------II-++-++---L../ 
>-lc+'(1:.::.9,-1 AIOA 

>1-'::( lc:;.81:.. BlOB 

L....-------I+f---f----j-'(17I C/oc 
: 5 S~CTlONS (161 0100 
• NOT SHOWN 1151 EJOE 
• I (141 FIOF 

I (131 G/OG 

'---________ -'-_______ --1 >-_(:..::.8,-1 SEROUT 
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INPUTS 

OE GIN G2-1 G1-2 GSH 

H H H H H 

l H H H H 

X L H H H 

H H L H H 

L H L H H 

X L L H H 

H H H L X 

L H H L X 

X L H L X 

H H L L X 

L H L L X 

X L L L X 

H H H H L 

L H H H L 

X L H H L 

H H L H L 

L H l H L 

X L L H L 

X H X X X 

X X X X X 
X L X X X 

SN54ALS964. SN74ALS964 
DUAL-RANK 8-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 

ClK 

X 

X 

t 
t 
t 
t 
t 
t 
t 

t 
t 
t 

t 
t 
t 

t 

1 

1 

1 
X 

t 

'AlS964 

FUNCTION TABLE 

AlGA 

THROUGH 
AClR SClR 

H/QH 

l l HI-Z 

L L OUTPUT 

L L INPUT 

L l HI-Z 

L l OUTPUT 

L L INPUT 

L L HI-Z 

L L OUTPUT 

L L INPUT 

L L HI-Z 

L L OUTPUT 

L L INPUT 

L L HI-Z 

L l OUTPUT 

L L INPUT 

L L HI-Z 

L L OUTPUT 

L L INPUT 

L H 

H X 

L H INPUT 

OPERATION OR FUNCTION 

All data stable 

All data stable 

Enter data from I/O into Reg 1 

Copy data from Reg 2 to Reg 1 

Copy data from Reg 2 to Reg 1 

Reg 1 ORs data from Reg 2 and 1/0 

Copy data from Reg 1 to Reg 2 

Copy data from Reg 1 to Reg 2 

Copy data from Reg 1 to Reg 2, 

enter new data from 1/0 into Reg 1 

Exchange data between registers 

Exchange data between registers 

Copy data from Reg 1 to Reg 2, 

Reg 1 ORs data from Reg 2 and I/O 

Shift data in Reg 2 

Shift data in Reg 2 

Shift data in Reg 2, enter new data 

from I/O into Reg 1 

Copy data from Reg 2 to Reg 1, 

shift data in Reg 2 

Copy data from Reg 2 to Reg 1, 

shift data in Reg 2 

Reg 1 ORs data from Reg 2 and I/O, 

shift data in Reg 2 

Synchronously clear Reg 1 and Reg 2 

Asynchronously clear Reg 1 and Reg 2 

Enter data from I/O into Reg 1 and 

synchronously clear Reg 2 

• 
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SN54ALS963, SN74ALS963 
DUAL-RANK 8-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 

• ALS963 typical sequence 

Illustrated below is the following sequence: 
1. Clear both registers to zero. 
2. Input 0011 0011 in Reg 1. 
3. Transfer 0011 0011 from Reg 1 to Reg 2. 
4. Input 01110111 into Reg 1. 
5. Shift contents of Reg 2. SERIN = 0 
6. Shift contents of Reg 2. SERIN = 1 
7. Exchange contents of Reg 1 with Reg 2. 

OE ----_ .... 

GsH 
~LR ~ ________________________________________________________ _ 

G2·1 

I 
I 

CLKI _______ ~ 

CLK2 ________ ~ 

LJ LJ 
LJ 

SERIN ________ ~--------------_+--~--~------------~r----l~---------------I 
SEROUT ~ 

I 
AIGA·HIGH ~ 00000000 H 00110011 1011101111 1011101111 11001101 

I_ .I+--+I..-.!- INPJT ~1+---HI,z_I_OUTPUT--+1 
I OUTPUT HI·Z Ii. I 

CONTENTS ~ I I I 
OF REG 1 ~ 00000000 I 00110011 I 01110111 I 11001101 

I I I I 
I I I I 

CONTENTS ~~~~~L---~~~~---JI---JI~~'~~~:!~~~~~~~~::~1!~::: OF REG 2 .l! 00000000 I 00110011 01110111 

f f 
CLEAR REG 1 LOAD LOAD 

AND REG 2 REG 1 REG 2 REG 1 REG 2 
SERIN = 0 

REG 2 
SERIN ~ 1 

2-436 TEXAS ." 
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SN54ALS964, SN74ALS964 
DUAL·RANK 8·BIT SHIFT REGISTERS WITH 3·STATE OUTPUTS 

'ALS964 typical sequence 

Illustrated below is the following sequence: 
1. Asynchronously clear Reg 1 and Reg 7 to zero, operate, then synchronously clear. 
2. Input 0011 0011 into Reg 1. 
3. Transfer 0011 0011 from Reg 1 to Reg 2 and input 0111 0111 into Reg 1. 
4. Shift contents of Reg 2, SERIN = 0 
5. Shift contents of Reg 2, SERIN = 1 
6. Exchange contents of Reg 1 with Reg 2. 

OE _______ --' 

SCLR~~ ________________________________________ ___ 

ACLR ~~~ __________________________________________________ ___ 

CLK -~--41 

SERIN ....;~ ____ ..!... ________________ -'" ______ ---I,.-,L ______ _ 
SEROUT ~§9~_~~~~ __________________________ ~ 

A/QA·H/QH ~ doooooool--t{~OO~l!l!OO~l~l]I=:O~l~l!l!Ol~l~l==]--------{I=Ill~0~0!1~10~1=: 
!+OUTPUr---.j I. 'NPUT----.... I4--H'.Z:--........ 14--0UTPUT--+j 

I I 
CONTENTS ~ ~ 
OF REG 1 ~ !!222! 00000000 I 00110011 I 01110111 11001101 

~:!~~~S ~~~~~~~~~~~ _____ ~OO~O~O~O~OO~O~t ____ f~I~O~Ol~l~O~O1~1~~~0~1~1~0~01~1~0~~~1~1~00~11~0~1~~~~0~1~11~0~1~1~1 ___ 

ASYN SYN LOAD LOAD REG 1 SHIFT SHIFT EXCHANGE 
CLEAR CLEAR REG 1 AND REG 2 REG 2 REG 2 

SERIN = 0 SERIN=l 

II) 
Q) 
Co) 

"S 
Q) 

Q -CJ) 
...J 
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SN54ALS963, SN54ALS964, SN74ALS963, SN74ALS964 
DUAL·RANK 8·BIT SHIFT REGISTERS WITH 3·STATE OUTPUTS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: All inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

1/0 ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS963, SN54ALS964 . . . . . . . . . .. - 55°C to 125°C 

. SN74ALS963, SN74ALS964 ............... ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

• ALS963 recommended operating conditions 

SN54AlS963 SN74AlS963 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

V,H High-level input voltage 2 2 v 
V,l Low-level input voltage 0.8 0.8 V 

IOH High-level output current -1 -2.6 mA 

I SEROUT 8 16 
IOl low-level output current I QA thru QH mA 

12 24 

fclock Clock frequency lat 50% duty cycle) 0 25 0 25 MHz 

ClK 1 high or low 20 20 
tw Pulse duration 

ClK2 high or low 20 20 
ns 

Data before ClK 1t 

GIN before ClK 1t 

Setup time 
'G'f:2 before ClK2t 

tsu ns 
'G2-T before ClK 11 

Gm:i before ClK2T 

SClR before ClK 1t or ClK2t 

th Hold time after ClK 11 or ClK2T ns 

TA Operating free-air temperature -55 125 0 70 °c 

• ALS964 recommended operating conditions 

SN54AlS964 SN74AlS964 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

V,H High-level input voltage 2 2 V 

Vil low-level input voltage 0.8 0.8 V 

IOH High·level output current 1 -2.6 mA 

ISEROUT 8 16 
IOl Low-level output current I 

12 
mA 

QA thru OH 24 

fclock Clock frequency lat 50% duty cycle) 0 25 0 25 MHz 

ClK high or low 20 20 
tw Pulse duration 

AClR low 
ns 

Data before ClKt 

GiN before ClKl 

Setup time 
'G'f:2 before ClKT 

tsu ns 
G2-T before ClKl 

Gm:i before ClKt 

SClR before ClKt 

th Hold time after ClK T ns 

TA Operating free-air temperature -55 125 0 70 °c 

2-438 TEXAS ." 
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SN54ALS963. SN54ALS964. SN74ALS963. SN74ALS964 
DUAL·RANK 8·BIT SHIFT REGISTERS WITH 3·STATE OUTPUTS 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

SN54ALS963 SN74ALS963 

PARAMETER TEST CONDITIONS SN54ALS964 SN74ALS964 UNIT 

MIN Typt MAX MIN Typt MAX 

VIK Vee = 4.5 V, II = -18 rnA -1.5 -1.5 V 

Vee - 4.5 V to 5.5 V, 10H = -0.4 rnA Vee- 2 Vee- 2 

VOH Vee = 4.5 V, 10H = -1 rnA 2.4 3.3 V 

Vee - 4.5 V, 10H - -2.6 rnA 2.4 3.2 

SEROUT 
Vee = 4.5 V, 10L = 8 rnA 0.25 0.4 0.25 0.4 

VOL 
Vee = 4.5 V, 10L = 16 rnA 0.35 0.5 

V 
Vee - 4.5 V, 10L - 12 rnA 0.25 0.4 0.25 0.4 

0A thru 0H 
Vee = 4.5 V, 10L = 24 rnA 0.35 0.5 

A thru H Vee = 5.5 V, VI = 5.5 V 0.1 0.1 
II 

Any other Vee - 5.5 V, 
rnA 

VI - 7 V 0.1 0.1 

IIHt Vee = 5.5 V, VI = 2.7 V 20 20 ~A 

IlL i Vee = 5.5 V, VI = 0.4 V -0.1 -0.1 rnA 

lo§ Vee = 5.5 V, Vo = 2.25 V -3q -112 -30 -112 rnA 

Outputs high 

'ALS963 Vee = 5.5 V Outputs low rnA 

lee 
Outputs disabled 

Outputs high 

'ALS964 Vee = 5.5 V Outputs low rnA 

Outputs disabled 

tAli typical values are at Vee = 5 V, TA = 25°e. 
iFor 1/0 ports lOA throuh OHI. the parameters IIH and IlL include the off-state output current. 
§the output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

II 
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SN54ALS963, SN54ALS964, SN74ALS963, SN74ALS964 
DUAL-RANK 8-BIT SHIFT REGiStERS WITH 3-STATE OUTPUTS 

• ALS963 switching characteristics (see Note 1) , 
vcc - 4.5 V to 5.5 V. 

CL - 50 pF. 

FROM TO 
R1 - 500 n. 

PARAMETER 
(INPUT) (OUTPUT) 

R2 - 500 n. 
TA - MIN to MAX 

SN54ALS963 SN74ALS963 

MIN TYP MAX MIN TYP MAX 

fmax 
CLK1 or 

CLK2 
Any a 25 30 25 30 

tPlH 10 10 
ClK1 Any a 

14 tpHL 14 

tplH 10 10 
ClK2 SEROUT 

tpHl 14 14 

tpHZ 
DE 

15 15 
Any a 

18 tPLZ 18 

tPZH OE 
12 12 

Any a 
tpZl 12 12 

• ALS964 switching characteristics (see Note 1) 

Vcc - 4.5 V to 5.5 V. 

CL - 50 pF. 

FROM TO 
R1 - 500 n. 

PARAMETER R2 - 500 n. 
(INPUT) (OUTPUT) 

TA - MIN to MAX 

SN54ALS964 SN74ALS964 

MIN TYP MAX MIN TYP MAX 

fmax CLK Any a 25 30 25 30 

tpLH 10 10 
CLK Any a 

tpHL 14 14 

tPlH 10 10 
CLK SERDUT 

tpHL 14 14 

tpHZ AClR Any a or SERDUT 14 14 

tPHZ 
DE 

15 15 
Any Q 

tplZ 18 18 

tpZH 
DE 

12 12 
Any a 

12 12 tpZl 

NOTE: Load circuit and voltage waveforms are shown in Section 1. 
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SN74ALS990, SN74ALS991 
8-BIT D-TYPE TRANSPARENT READ-BACK LATCHES 

• 3-State 110-Type Read-Back Inputs 

• Bus-Structured Pinout 

• Choice of True or Inverting Logic 
'ALS990 . , . True Outputs 
'ALS991 ... Inverting Outputs 

• Package Options Include Both Plastic and 
Ceramic Chip' Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 8-bit latches are designed specifically for 
storing the contents of the input data bus plus 
providing the capability of reading-back the 
stored data onto the input data bus. 

The eight latches of the' ALS990 and' ALS991 
are transparent Ootype. While the enable (C) is 
high, the Q outputs of the 'ALS990 will follow 
the data (0) inputs., For the' ALS991, the Q 
outputs will provide the complement of what is 
applied to its data (0) inputs. 

Read-back is provided through the read-back 
control input (OERB). When the control is taken 
low, the data present at the output of the data 
latches will be allowed to pass back onto the 
input data bus. When it is taken high, the output 
of the data latches will be isolated from the data 
(0) inputs. The read-back control does not affect 
the internal operation of the latches; however, 
precautions should be taken not to create a bus­
conflict situation. 

The SN74ALS990 and SN74ALS991 are 
characterized for operation from 0 °C to 70 oC. 

D2835, APRIL 1984-REVISED JANUARY 1986 

SN14ALS990 ... ow DR N PACKAGE 

(TOP VIEW) 

OERB ~ 1 U20[,! Vee 
10 2 19 lQ 
20 3 18 2Q 
30 4 17 3Q 
40 5 16 4Q 
50 6 15 5Q 
60 7 ,. 6Q 
70 8 13 7Q 
80 9 12 8Q 

GNO 10 11 e 

SN74ALS990 ... FN PACKAGE 
(TOP VIEW) 

00 ffi Ud lID U 

(\i .... 0 > ..... 

3 2 1 20 19 

9 1011 12 13 

DDUOO 
CO2 001'" 

<.? 

18 2Q 
17 3Q 
16 4Q 

15 5Q 
14 6Q 

SN74ALS991 ... OW OR N PACKAGE 

(TOP VIEW) 

OERB vee 
10 10 

20 25 

30 4 35 
40 40 

50 50 
60 65 

70 75 
80 

GNO e 

SN74ALS991 ... FN PACKAGE 

(TOP VIEW) 

Cl 0 ffi Uld lID U 

N ..... O> ..... 

3 2 1 20 19 

9 1011 12 13 

D D Ul010 
CO2 00,.... 

<.? 

18 25 
17 35 
16 4Q 

55 
65 

Copyright @ 1984, Texas Instruments Incorporated 
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PRODUCTION DATA documenls contain information 
currant as of publication data. Products conform to 
specifications per the terms of Texas Instruments 
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SN74ALS990, SN74ALS991 
8·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 

logic symbols t 

'ALS990 

iffiiij 

C 

(1) 
" EN2 

2-442 

10 

20 

3D 

40 

50 

60 

70 

80 

(11) 

(2) 

(3) 4-
(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

~1 
10 

~2 

(19) 

(18) 

(17) 

(16) 

(15) 

(14) 

(13) 

(12) 

OERB 

C 

10 
10 

20 20 

3Q 3D 

4Q 40 

50 50 

60 60 

70 70 

80 80 

TEXAS • 
INSTRUMENTS 

'ALS991 

(1) ~EN2 
(11) I Cl 

(2) 

., 
(3) l.-

10 

'\72 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

POST OFFICE BOX 226012 • DALLAS, TEXAS 7~265 

(;9) 
10 

(18) 
20 

(17) 
30 

(16) 
4Q 

(1Ii) 
50 

(14) 
60 

(13) 
70 

(12) 
80 



logic diagrams (positive logic) 

'AlS990 

c 

10 .-::=----+_~ 

20 --:'::':""'--++-1 

50 

70 '-:::':""'--++-1 

BO....:=.:.....---+_ ..... 

SN74ALS990, SN74ALS991 
, 8·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 

'AlS991 

c 

10 -'-"'----+-..... 

20 20 --:'::':""'--++4 

3Q :ii 

4Q 40 40 

50 

6Q 

70 

BO BO -'-'----+-..... 

• II) 
Q) 
U 0> 
Q) 

C 

Ui .... 
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SN74ALS990. SN74ALS991 
8-BIT O-TYPE TRANSPARENT READ-BACK LATCHES 

timing diagram 

c 

OERB 
I I I I 
I'"tpd~ j+tpcl!l 

Q ____ ~Xr-------------------------~~x:= 

t This setup time ensures the feadback circuit will no.t create a conflict on the input data bus. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, (OERB and e inputs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage applied to D inputs .................................................. 5.5 V 

• 

Operating free-air temperature range SN74ALS990, SN74ALS991 ................ oDe to 70 De 
Storage temperature range ......................................... - 65 De to 150 De 

recommended operating conditions 
r­en 
c 
CD 
< ri' 
CD 
(I) 

2-444 

Vee 

VIH 

VIL 

IOH 

IOL 

tw 

tsu 

th 

TA 

Supply voltage 

High·level input voltage 

Low-level input voltage 

High-level output current 
0 
D 

Low-level output current 
0 
D 

Pulse duration, enable e high 

I Data before e~ 
Setup time I Data before OERB~ 
Hold time I Data after e~ 

Operating free-air temperature 

TEXAS ." 
INSTRUMENTS 
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MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-2.6 

-0.4 
rnA 

24 
8 

rnA 

10 ns 

10 
ns 

10 

5 ns 

0 70 ·e 



SN74ALS990, SN74ALS991, 
8·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Vee = 4.5 V, II = -18 mA -1.2 V 

All outputs Vee = 4.5 V to 5.5 V, IOH = -0.4 mA Vcc- 2 
VOH V 

Q or Q Vee - 4.5 V, 10H - -2.6 mA 2.4 3.2 

Vee - 4.5 V, 10L - 4 mA 0.25 0.4 
D 

Vee = 4.5 V, 10L = 8 mA 0.35 0.5 
VOL V 

Q ora 
Vee - 4.5 V, 10L - 12 mA 0.25 0.4 

Vee = 4.5 V, 10L = 24 mA 0.35 0.5 

II 
OERB, e Vee = 5.5 V, VI = 7 V 0.1 

mA o inputs Vee = 5.5 V, VI - 5.5 V 0.1 

IIH 
OERB, e 20 

Vee = 5.5 V, VI = 2.7 V ~A 
o inputs:!: 20 

IlL 
OERB, e -0.1 

Vee = 5.5 V, VI = 0.4 V mA 
o inputs:!: -0.1 

lo§ Vee = 5.5 V, Va = 2.25 V -30 -112 mA 

'ALS990 
Q outputs high 27 50 

Vee = 5.5 V, OERB high 
Q outputs low 40 70 

lee mA 
Q outputs high 25 45 

, ALS991 
Q outputs low 45 75 

t All typical values are at Vee = 5 V, TA = 25 ae. 
tFor 110 ports, the parameters 'IH and III include the off~state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit output current. 10S-

II 
CI) 
Q) 
(,) 

'S; 
Q) 

o -fI) 
...I 
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SN74ALS990, SN74ALS991 
8·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 

• ALS990 switching characteristics 

PARAMETER 

tPLH 

tpHL 

tpLH 

tpHL 

ten 

tdis 

'en = tpZL or tpZH 
tdis = tpLZ or tpHZ 

FROM TO 

(INPUT) (OUTPUT) 

0 Q 

C Q 

OERB 0 

• ALS991 switching characteristics 

PARAMETER 

tpLH 

tpHL 

tpLH 

tpHL 

ten 
tdis 

ten = tpZL or tPZH 
tdis = tpLZ or tpHZ 

FROM TO 

(INPUT) (OUTPUT) 

0 0: 

C Q 

OERB 0 

Vee = 5 V, 

CL = 50 pF, 

TA - 25·C, 

See Figures 1 and 2 

MIN TYP MAX 

8 14 

11 22 

13 22 

16 23 

12 18 

10 18 

VCC = 5 V, 

CL = 50 pF, 

TA - 25·C, 

See Figures 1 and 2 

MIN TYP MAX 

12 15 

9 12 

17 21 

14 18 

12 17 

S 12 

2-446 TEXAS ." 
INSTRUMENTS 
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vce - 4,5 V to 5.5 V, 

eL - 50pF, 

TA = O·C to 70·C, UNIT 

See Figures 1 and 2 

MIN MAX 

4 17 

5 24 
ns 

6 26 

8 26 
ns 

4 21 

4 19 
ns 

vcc = 4.5 V to 5.5 V, 

CL = 50 pF, 

TA - O·C to 70·C, UNIT 

See Figures 1 and 2 

MIN MAX 

4 20 
ns 

4 15 

9 28 

7 23 
ns 

4 22 
ns 

4 17 



SN74ALS990, SN74ALS991 
8·BIT D·TVPE TRANSPARENT READ·BACK LATCHES 

PARAMETER MEASUREMENT INFORMATION 

FROM OUTPUTU: TEST 
UNDER TEST POINT 

CL 500!l 

(See Note A) 

.". 

LOAD CIRCUIT FOR 
Q OR a OUTPUTS 

FIGURE 1 

NOTE A: CL includes probe and jig capacitance. 

TIMING 
INPUT 

DATA 
INPUT 

./ 3.5V 

7,1.3V ___ -.J_:_ - -- -- -- 0.3V 

"'tsu~th-*t 
~'-~~/- 3.5 V 

J l .3V ~ 

VOLTAGE WAVEFORMS 
SETUP AIliD HOLD TIMES 

0.3V 

INPUT ~-I.;V- - - 3.5V 

~,."v ~0.3V 
tPLH~ ~tpHL 

~' I I _I-_VOH 
IN.PHASE I' I , 

OUTPUT I .1.3 V : 1.3 V 
I VOL 

tpHL-I4---iof ~tPLH 
I I 

OUT-DF·PHASE ~. ,,.1 v.::-: VDH 
OUTPUT ~~.~v 
(See Note D) - - - VOL 

VOL TAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

7V 

~ 
SI 

1 k!l 
FROM OUTPUT TEST 

UNDER TEST POINT 

CL 1 k!l 
(See Note A) 

LOAD CIRCUIT FOR 0 OUTPUTS 

FIGURE 2 

HIGH·LEVEL 

~ PULSE 

ft--- tw -----tI 
~tw~ 

~ LOW-LEVEL 1.3V 1.3V ____ 
PULSE 

VOL TAGE WAVEFORMS 
PULSE WIDTHS 

3.5 V 

0.3 V 

3.5 V 

0.3V 

OUTPUT ~ 3.5 V 
CONTROL 1.3 V 1.3 V 

(Jow-I.e.el I -1-------- 0.3V 
enablong) tPZL ~ ..... '''tPLZ 

I I I I 

~I: /: "'3.5V 
WAVEFORM 1 I 1.3V I I ,,0.3 V 
SI CLOSED I -'""----0.-:. .. == VOL 
(See Note B) tPZH ~ I T 

II .. Jf-~~f!..Z_ *_ 
WAVEFORM 2 ~-----f- VOH 
S10PEN 1.3V 
(See Note B) 0.3 V .. 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR '" 1 MHz, ·tr = tf = 2 ns. duty cycle = 50%. 
D. When measuring propagation delay times of 3-5tate outputs, switch 51 is open. 

• II) 
Q) 
(,) 

'S: 
Q) 

0 -en 
...I 
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SN74ALS992. SN74ALS993 
9-BIT D-TYPE TRANSPARENT READ-BACK LATCHES 

WITH 3-STATE OUTPUTS 

• 3-State 1/0-Type Read-Back Inputs 

• Bus-Structured Pinout 

• Choice of True or Inverting Logic 
• ALS992 . . . True Outputs 
• ALS993 . . . Inverting Outputs 

• Designed with 9 Bits for Parity Applications 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 9-bit latches are designed specifically for 
storing the contents of the input data bus plus 
providing the capability of reading-back the 
stored data onto the input data bus. In addition, 
they provide a 3-state buffer-type output and are 
easily implemented in parity applications. 

The nine latches of the' ALS992 and' ALS993 
are transparent Ootype. While the enable (e) is 
high, the Q outputs of the' ALS992 will follow 
the data (0) inputs. For the 'ALS993, the Q 
outputs will provide the complement of what is 
applied to its data (0) inputs. On both devices, 
the 0 or Q outputs will be in the 3-state condition 
when output enable OEO is high. 

Read-back is provided through the read-back 
control input (OERB). When the control is taken 
low, the data present at the output of the data 
latches will be allowed to pass back onto the 
input data bus. When it is taken high, the output 
of the data latches will be isolated from the data 
(0) inputs. The read-back control does not affect 
the internal operation of the latches; however, 
precautions should be taken not to create a bus­
conflict situation. 

The SN74ALS992 and SN74ALS993 are 
characterized for operation from ooe to 70 oe. 

D2836. APRIL 1984- REVISED JANUARY 1986 

SN74ALS992 ... OW DR NT PACKAGE 

(TOP VIEW) 

OERB Vee 
10 
20 

3D 30 
40 
50 
60 

7D 7Q 

8D 80 
90 
00"i 

GND e 

SN74ALS992 ... FN PACKAGE 

(TOP VIEW) 

3D 5 
40 6 

5D 7 

Ne 
60 
70 10 
80' 11 

4321282126 

121314151617 18 

°1a::aUUjdd O)...Jzz WO'l 
U", 0 

30 
40 
50 
NC 
60 
70 
80 

SN74ALS993 ... ow OR NT PACKAGE 

(TOP VIEW) 

OERB vee 
10 10 

20 
30 

4D 40 
50 

6D 7 60 
70 70 
80 86 

~o 90 
CLR 11 OEQ 

GNO 

SN74ALS993 ... FN PACKAGE 

(TOP VIEW) 

4 3 2 1 282726 

3D 5 25~ 30 
406 24[4~ 
50 7 23[ 50 
NC 8 22 [ NC 

60 9 ';f 6~ 
70 10 20L 70 
80 11 19t 80. 

12131415 161718 

NC-No internal connection 

Copyright @ 1984, Texas Instruments Incorporated 

• (I) 
Q) 
CJ 
'S: 
Q) 

o -en 
...I 

PRODUCTION DATA d ••• menls .ontsin inform.tion 
cu~rent as of publication date. Prodlllcts conf.rm to 
specifications par the terms of Taxas IQstrumlnts 
slandard warnnty. Production prooos.in. do .. not 
necesslrily i~clade testia. of III Alrameters. 
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SN74ALSa92. SN74ALS993 
9·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 
WITH 3·STATE OUTPUTS 

logic symbols t 

'ALS992 

(14) r.... EN3 OEO 
(1) 

" EN2 Qei:iB 

10 

20 

3D 

40 

50 

60 

70 

80 

90 

(11) ,... 
(13) 

(2) 

(3) I...-
(4) 

(5) 

(6) 

171 
(8) 

(9) 

(10) 

R 

Cl , 
10 

2~ 

CLF! 

C 
I'" 

(23) 
3~ 

10 
10 

(22) 
20 20 

(211 
3D 3D 

(20) 
40 40 

(19) 
50 50 

(18) 
60 60 

(17) 
70 70 

(16) 
80 80 

(15) 
go 90 

(14) " 
(1) 

" 111) " (13) 

(2) 

4-
(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(11)) 

r- tThese symbols are in accordance with ANSIIIEEE Std 91-1984 and IEC Publication 617-12. 
~ Pin numbers are for OW and NT packages. 

e 
CD 
< 
C:;' 
CD 
en 
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'ALS993 

EN3 

EN2 

R 

Cl , 
10 

2~ 

I'" 

3~ 
b", (23) 

(22) 

(21) 

(20) 

(19) 

(18) 

(17) 

(16) 

(15) 

2a 
3ii 
4a 
Sa 
6a 
7a 
8a 
9a 



logic diagrams (positive logic) 

'ALS992 

0Eiiii 
CLR """-'-'"---d 

c 

10 (21 

20 (31 

30 
(41 

40 
(51 

50 
(61 

60...:1.;.:71 __ -+-+_-1 

70 -,18"') __ ~~_-I 

80 ...:("'9)'--_-1-+_-1 

90 1101 

Pin numbers are for DW and NT packages. 

SN74ALS992. SN74ALS993 
9·BIT D·TYPE TRANSPARENT READ· BACK LATCHES 

WITH 3·ST ATE OUTPUTS 

'ALS993 

OEO 

OERB 

CLR 
C 

10 
(21 

20 (31 

30 
(41 3G 

40 (51 40 

50 
(61 sO 

60 ..!(~71~_-I-I""'~ 

70 181 

80 -,1~91'--_-I-+_-I 80 

90 (101 90 

II 
I/) 
CD 
U 
'$ 

CD 
C 

tn .... 
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SN74ALS992, SN74ALS993 
9·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 
WITH 3·STATE OUTPUTS . 

timing diagram 

DATABUS ___ J~ INPUTOATA ~ READ BACK }-{\. __ IN_P_U_T_D_A_T_A __ 

14--- 1511 _I. lh---+I 

I L c 
I tSU*~ I I ~ ~I ~ldi. 

I I 
~~ ~~ 

Q------~~~*~ _____________________________________________________________ ' ___ ~x:=:: 
eLR ~ H, 0TIi ~L 
*This setup time ensures the readback circuit will not create a conflict on the input data bus. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, (OERB, OE, CLR, and C inputs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage applied to D inputs and to disabled 3-state outputs' . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... -·65 DC to 150 DC 

recommended operating conditions 

MIN NOM MAX. UNIT 

vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

IOH High-level output current 
Q or Q 

0 

-2.6 
mA 

-0.4 

Q or Q 24 
IOL LOW-level output current mA 

0 8 

Enable e high 10 
tw Pulse duration ns 

eLR low 10 

Setup time 
Data before e. 10 

tsu 
Data before OERB. 10 

ns 

th Hold time Data after e. 5 ns 

TA Oper~ting free-air temperature 0 70 °e 

2-452 TEXAS ." 
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SN74ALS992, SN74ALS993 
9-BIT D-TYPE TRANSPARENT READ-BACK LATCHES 

WITH 3-STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) . 

PARAMETER TEST CONDITIONS MIN TVPt MAX UNIT 

VIK Vee - 4.5 V, II - -18 mA -1.2 V 

VOH 
All outputs Vee = 4.5 V to 5.5 V, 10H = -0.4 mA Vcc- 2 

V 
Q or Q Vee - 4.5 V, 10H - 2.6 mA 2.4 3.2 

Vee = 4.5 V, 10L = 4 mA 0.25 0.4 
D 

Vee - 4.5 V, 10L - 8 mA 0.35 0.5 
VOL V 

Q ora 
Vee = 4.5 V, 10L = 12 mA 0.25 0.4 

Vee - 4.5 V, 10l - 24 mA 0.35 0.5 

10ZH Q ora 
Vee = 5.5 V, Va = 2.7 V 20 

~ Vee - 5.5 V, Va - 0.4 V -20 
~A 

D inputs Vee - 5.5 V, VI - 5.5 V 0.1 
II mA 

All other Vee = 5.5 V, VI = 7 V 0.1 

o inputs+ 20 
IIH 

All other 
Vee = 5.5 V, VI = 2.7 V 

20 
~A 

D inputs t -0.1 
IlL Vee = 5.5 V, VI = 0.4 V mA 

All other -0.1 

lo§ Vee = 5.5 V, Va = 2.25 V -30 -112 mA 

Q outputs high 30 50 

'ALS992 Vee = 5.5 V, OERB high Q outputs low 50 80 mA 

Q outputs disabled 35 55 
lee 

Q outputs high 30 50 

'ALS993 Vee = 5.5 V, OERB high a outputs low 52 82 mA 

Qoutputs disabled 40 60 

tAli typical values are at Vee = 5 V, TA = 25°e. 
t For 1/0 ports, the parameters IIH and IlL include the off-state output current. 
§ The output conditions have been chosen to produce a current that closely approximates one half the true shortwcircuit output current, lOS. 

• II) 
CD 
CJ 

'S; 
CD 
c 
en 
..oJ 
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SN14ALS992, SN74ALS993 
9·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 
WITH 3·STATE OUTPUTS 

• ALS992 switching characteristics (see Figure 11 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpLH 
0 0 

tpHL 

tpLH 
C 'Q 

.tpHL 

tPHL 
CLR 

0 

tPHL 0 

ten 
OERB 0 

tdis 
ten 

OEO 0 
tdis 

• ALS993 switching characteristics (see Figure 11 

PARAMETER 

tpLH 

tpHL 

tpLH 
tpHL 

tpLH 

tpLH 

ten 

tdis 

ten 

tdis 

ten = tPL:H or tpZL 
tdis = tpHZ or tpLZ 

FROM TO 
(INPUT) (OUTPUT) 

0 IT 

C IT 

CLR 
0 
D 

OERB D 

om Q 

MIN 

MIN 

Vcc - 5 V. 
CL - 50 pF. 

TA - 25'C 
TYP MAX 

7 10 

9 13 

12 15 

15 19 

12 16' 

15 22 

11 17 

6 11 
11 16 

6 10 

Vce - 5 v. 
CL - 50 pF. 

TA - 25'e 
TYP MAX 

11 14 

8 11 

16 20 
13 16 

10 13 

15 22 

11 17 

6 11 

11 16 

6 10 

2·454 
TEXAS .., 

INSTRUMENTS 
POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

Vcc - 4.5 V to 5.5 V. 

CL - 50 pF. 
TA - O'C to 70'C 

UNIT 

MIN MAX 

3 14 

4 16 
ns 

6 20 

8 25 
ns 

6 20· 

8 26 
ns 

'4 21 

2 14 
ns 

4 18 

1 14 
ns 

Vec -' 4.5 V to 5.5 V. 
CL - 50 pF. 

UNIT 
TA - o'e to 70'e 
MIN MAX 

6 20 

4 15 
ns 

9 28 
7 22 

ns 

5 17 

8 26 
ns 

4 21 

2 14 
ns 

4 20 
1 12 

ns 



SN74ALS992. SN74ALS993 
9·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 

WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

7V 

~ 
SI 

500 !l 

FROM OUTPUT ~'"""""""""'-1""'- TEST 
UNDER TEST POINT 

TIMING 
INPUT 

DATA 
·INPUT 

CL 500!l 

LOAD CIRCUIT FOR 
a OR Q OUTPUTS 

./ 3.5V 

/".3V 
---~ :- - ---- -- 0.3 V 

... tsu#-th ..... 

~1--:l-:/-3.5V 
~'.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3V 

INPUT ~-,.~V- - - 3.5V 

~, • .>v '~0.3V 
tpLH~ I4---*-tPHL 

IN·PHASE ,: I ~' I I _I-_VOH 

OUTPUT I 1.3V I 1.3V 
1 VOL 

~HL~ ~~LH 
I I 

OUT .oF·PHASE "'\L. !/.:": VOH 
OUTPUT ~.3V 71.3V 

(S .. Note 01 
. - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

7V 

~ 
SI 

1 kU 
FROM OUTPUT TEST 

UNDER TEST -1-.... - ... -POINT 

CL"~ 1 kO 
(Soe Note AI 

LOAD CIRCUIT FOR D OUTPUTS 

HIGH-LEVEL 
PULSE 

LOW-LEVEL 
PULSE 

~---

~l.~V I.~V~ 
It-- tw ____ 

~'~\ltW.~ 
~---

VOLTAGE WAVEFORMS 
PULSE WIOTHS 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

OUTPUT ~ 3.5V 
CONTROL 1.3 V 1.3 V 

(low-level 1 -i-------- 0.3V 
enablingl tpZL ~ --: if"" tpLZ 

I I. I : ~ 3.5 V 
WAVEFORM 1 --n l •3 V i :~3V 
SI CLOSED . i ~-=--=-----=.I== VOL 

(Soe Note BI tPZH ~ ...: I!-~~H!_T*-_ V 

WAVEFORM2~-----f- OH 
S10PEN 1.3V 
(S .. Note BI 0.3 V ~O V 

VOLTAGE WAVEFORMS 
ENABLE AND OISABLE TIMES, THREE·STATE OUTPUTS 

S. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 15 for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR :s; 1 MHz, tr = tf = 2 n5 , duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S 1 is open. 

FIGURE 1 

fI 
(I) 
G) 
CJ 

'S; 
G) 

o 
CJ) 
....I 
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SN74ALS994, SN74ALS995 
10-BIT D-TYPE TRANSPARENT READ-BACK LATCHES 

• 3-State 1/0-Type Read-Back Inputs 

• Bus-Structured Pinout 

• Ciloice of True or Inverting Logic 
• ALS994 . . . True Outputs 
• ALS995 ... Inverting Outputs 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 1 O-bit latches are designed specifically for 
storing the contents of the input data bus plus 
providing the capability of reading-back the 
stored data onto the input data bus. 

The ten latches of the' ALS994 and' ALS995 are 
transparent Ootype. While the enable (C) is high, 
the Q outputs of the 'ALS994 will follow the 
data (0) inputs. For the' ALS995, the Q outputs 
will provide the inverse of what is applied to its 
data (0) inputs. 

Read-back is provided through the read-back 
control input (OERB). When the control is taken 
low, the data present at the output of the data 
latches will be allowed to pass back onto the 
input data bus. When it is taken high, the output 
of the data latches will be isolated from the data 
(0) inputs. The read-back control does not affect 
the internal operation of the latches; however, 
precautions should be taken not to create a bus­
conflict situation. 

The SN74ALS994 and SN74ALS995 a~ 
characterized for operation from OOC to 70°C. 

D2856. OCT08ER 1984-REVISED JANUARY 1986 

SN74ALS994 ... OW OR NT PACKAGE 

(TOP VIEW) 

OERB Vee 
10 10 
20 20 
30 30 
40 40 
50 50 
60 60 
70 70 
80 80 
90 90 

100 100 
GNO e 

SN74ALS994 ... FN PACKAGE 

(TOP VIEW) 

5 

6 

7 

8 

9 

10 

11 

4 3 2 1 282726 

12131415161718 

ClClClUUOO 
o>ozz 00> 

~(!) 

NC-No internal connection. 

25 

24 

23 

22 

21 

20 

19 

PRODUCTION DATA documlnts .ontain information 
cumnt as of publication data. Products conform to 
specifications pa, the terms of Texas Instruments 

:~':.!:~~;a{::I~~ ~::\::i:r :,o;::::::.::sr:- not 
TEXAS .. Copyright © 1984, Texas Instruments Incorporated 
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SN74ALS994. SN74ALS995 
10-BIT D-TYPE TRANSPARENT READ-BACK LATCHES 

SN74ALS995 ... ow OR NT PACKAGE 

(TOP VIEW) 

VCC 
10 
20 
30 
40 
50 
60 

7D 70 
8D 80 
9D 90 

10D 100 

GND'--I..;~""";;J-' C 

NC-No internal connection 

logic symbols t 

'ALS994 

(23) 

(22) 

(21) 

(20) 

(19) 

(18) 

(17 

(16) 

(15 

(14) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

3D 
4D 
5D 
NC 

6D 
7D 
8D 

SN74ALS995 ... FN PACKAGE 

(TOP VIEW) 

5 

6 

7 

8 

9 
10 

11 

ItO U 
C C ffi. U UIOIO 
",~oz>~", 

4321282726 

12 131415161718 

CCCUUIOIO o>ozz 00> 
~(!) 

'ALS995 

25 30 
24 40 
23 50 
22 NC 
21 60 

70 
80 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617·12. 

Pin numbers shown are for OW and NT packages. 
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logic diagrams (positive logic) 

'ALS994 

c 

10 --"12O';') ___ -+_-i 

20--,,13~) ___ -+~~ 

3D 
(4) 

40 
15) 

50 
(6) 

60 
m 

(8) 
70 ------t-< ...... 

80 ....:.19"') ___ -+_-1 

90~11~0~) ___ ~~ 

100 (11) 

Pin numbers shown are for DW and NT packages. 

SN74ALS994, SN74ALS995 
10-BIT D-TYPE TRANSPARENT READ-BACK LATCHES 

'ALS995 

OERB 

c 

10 ---!!12:!) ___ + ....... 

20 --,-13:::) ___ +-~ 

3D 
(4) 30 

15) 
4Ci 4Q 40 

50 
(6) 

5Ci 

60 
m 6Ci 60 

70....:.18::.:.) ___ -1-...... 

80 ---"19~) _ __'__-I-~ 80 

90 (10) 90 

100 --'-1.:.;11~) __ --1 ..... -I 10a 

• U) 
CI) 
U 

'S> 
CI) 

Q -tJ) 
...I 
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CD 
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CD 
en 

SN14ALS994, SN14ALS995 
10·BIT D·TYPE TRANSPARENT READ·BACK LATCHES 

timing diagram 

DATA BUS X INPUT DATA Ullill ___ oJ I !Irr!I!. READ BACK }---{,-__ I_N_P_U_T_D_A...;T.;.A,;,... _ 

t=tsu ,. th--l 

~tsu~ j.tcIis..j 

C L 
j.tpd.j I I j.tpd..j 

Q ____ ~I--~. *~ _________________________________________ I~~ 
tThis setup time ensures 'the readback circuit will not create a conflict on the input data bus. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (OERB and e) ................................................... , 7 V 
Voltage applied to 0 inputs .................................................. 5.5 V 
Operating free·air temperature range ...................................... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 1 50 °e 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V' 

VIH High·level input voltage 2 V 

VIL low-level input voltage 0.8 V 

Q or Q -2.6 
IOH High-level output current mA 

0 -0.4 
Qor Q 24 mA 

IOL low-level output current 
0 8 

tw Pulse duration, enable e high 10 ns 

Data before Cl 10 
tsu Setup time 

Data before OERBl t 
ns 

10 

th Hold time Input data after el 5 ns 

TA Operating free-air temperature 0 70 °e 

t This setup time ensures the read back circl:Iit will not create a conflict on the input data bus. 

2-460 
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SN74ALS994, SN74ALS995 
10·BIT D·TYPE TRANSPARENT READ· BACK LATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONOITIONS MIN Typt MAX UNIT 

VIK Vee = 4.5 V, II = -18 rnA -1.2 V 

All outputs Vec - 4.5 V to 5 5 V, IOH - 0.4 rnA Vcc- 2 
VOH V 

Q or Q Vee = 4.5 V, IOH = -2.6 rnA 2.4 3.2 

Vee - 4.5 V, IOl - 4 rnA 0.25 0.4 
D 

Vee = 4.5 V, 'Ol - 8 rnA 0.35 0.5 
Val V 

Q orQ 
Vee - 4.5 V, IOl - 12 rnA 9.25 0.4 

vee - 4.5 V, IOl - 24 rnA 0.35 0.5 

OERB, e Vee = 5.5 V, V, = 7 V 0.1 

" 
rnA o inputs Vee - 5.5 V, V, - 5.5 V 0.1 

OERB, e 20 
I'H Vee = 5.5 V, V, = 2.7 V pA 

D inputs; 20 

OERB, e -0.1 
',l Vee = 5.5 V, V, = 0.4 V rnA 

D inputs; -0.1 

IO§ Vee = 5.5 V, Va = 2.25 V -30 -112 rnA 

Q outputs high 30 50 
'AlS994 

Vee = 5.5 V, a outputs low 52 82 
ICC rnA 

OER8 high Q outputs high 30 50 
'AlS995 

Q outputs low 55 85 

tAli typical values are at Vee = 5 V, TA = 25°C. 
:I: For 110 ports, the parameters IIH and IlL include the off-state output current. 
§ The output conditions have been chosen to produce a current that closely approximates one-half the true short-circuit output current, lOS. 

U) 
CD 
(.) 

'S 
CD 
C 

Cii .... 

TEXAS -If 
INSTRUMENTS 

2-461 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SN74ALS994, SN74ALS995 
10·81T D·TYPE TRANSPARENT READ·BACK LATCHES 

• ALS994 switching characteristics (see Figure 11 

Vce - 5 v. 
FROM TO CL - 50 pF. 

PARAMETER 
(INPUT) (OUTPUT) TA - 25°C 

MIN TYP MAX 

tpLH 7 10 
0 {l 

tpHL 11 15 

tpLH 12 16 

'tPHL 
C Q 

16 21 

ten 
OERB 

11 17 
0 

tdis 9 13 

• ALS995 switching characteristics (see Figure 11 

• r­CJ) 

PARAMETER 

tpLH 

tpHL 

tpLH 

tpHL 

ten 

tdis 

C ten = tpZH or tpZL 
CD tdis = tpHZ or tpLZ 

< c)' 
CD 
en 

2·462 

FROM 

(INPUT) 

0 

C 

OERB 

VCC - 5 V. 
TO CL - 50 pF. 

(OUTPUT) TA - 25°C 
MIN TYP MAX 

0: 
12 16 

9 12 

0: 
17 23 

19 14 

12 18 
0 

8 12 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 15265 

Vee - 4.5 V to 5.5 V. 

CL - 50 pf. 
UNIT 

TA - O°C to 70 0 e 
MIN MAX 

3 14 

4 18 
ns 

6 21 
ris 

8 27 

4 21 

2 16 
ns 

VCC = 4.5 V to 5.5 V. 

CL - 50 pF. 

TA - ooC to 70°C 
UNIT 

MIN MAX 

6 20 

4 15 
ns 

9 28 

7 22 
ns 

4 21 

2 15 
ns 



SN74ALS994. SN74ALS995 
10-81T D-TVPE TRANSPARENT READ-BACK LATCHES 

PARAMETER MEASUREMENT INFORMATION 

FROM OUTPUT TEST 

UNDER TEST q: POINT 

TIMING 
INPUT 

DATA 
INPUT 

CL 500!l 

(Soe No •• AI 

LOAD CIRCUIT FOR 
a OR a: OUTPUTS 

./ 3.5V 

/,1.3V 
___ -J : - - - - - - - - 0.3 V 

""su#-'h-" 
~'I-'l-U- 3.5 V 

~1.3V ~ 

VOL TAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3V 

INPUT ~-1.;V- - - 3.5V 

....../f, ... v ~ 0.3V 

'PLH~ ~'PHL 

. ~'I I ' -I-_VOH IN.PHASE "I 
OUTPUT : 1.3 V : 1.3V 

I VOL 
'PHL~ ~tpLH 

I I 
OUT'()F·PHASE ~.~" v.:-: VOH 
OUTPUT .~~.~v 
(See No •• DJ . - - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

7V 

~ 
S1 

1 kll 
FROM OUTPUT TEST 

UNDER TEST ~-..... - ..... - POINT 

CL;'r:- 1 kll 
(So. No •• AJ 

LOAD CIRCUIT FOR D OUTPUTS 

~3.5V 

t.-- 'w --..0 0.3 V 

HIGH·LEVEL 
PULSE 

~:- 'w---*i 3.5V 

LOW·LEVEL ,'1.3V 1.3V_' __ _ 
~~ UV 

VOL TAGE WAVEFORMS 
PULSE WIDTHS 

OUTPUT ~ 3,5V 
CONTROL 1.3 V 1.3 V 
lIow·level " _1 ________ 0.3V 

enablingJ 'PZL~ --' .'PLZ 
I I (I 

~I: I: "'3.5V 
WAVEFORM 1 I 1.3 V I , ____ .. _0:,3 v 
S1 CLOSED, I ' -----a-- VOL 
(See No.e BI ' PZH4 ...: ""PHZ T 

~-----t-v 
WAVEFORM 2 , -----f- OH 
S10PEN 1.3V 
(S .. No.e BI 0.3 V "'0 V 

VOL TAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE·STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an put put with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR :s; 1 MHz, tr = tf == 2 n5, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S 1 is open. 

FIGURE 1 

• 
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ADVANCE 
INFORMATION 

SN74ALS996 
8·BIT D·TVPE EDGE·TRIGGERED READ·BACK LATCHES 

• 3·State I/O·Type Read-Back Inputs 

• Bus·Structured Pinout 

• Tic Determines True or Complementary 
Data at Q Outputs 

• Package Options Include Both Plastic and 
Ceramic Chip ,Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These a-bit registers are designed specifically for 
storing the contents of the input data bus plus 
providing the capability of reading-back the 
stored data onto that bus. The Q outputs are 
designed with bus-driving capability. 

The edge-triggered flip-flops enter the data on 
the low-to-high transition of the clock (ClK) 
when enable (EN) is low. Data can be read-back 
onto the data inputs by taking the read input (RD) 
low. in addition to having EN low. Whenever EN 
is high. both the read-back and write modes are 
disabled. Transitions on EN should only be made 
with ClK high in order to prevent false clocking. 

The polarity of the Q outputs can be controlled 
by the polarity input Tic. When Tic is high. Q 
will be the same as is stored in the flip-flops. 
When TIC is low, the output data will be 
inverted. The Q outputs can be placed in a high­
impedance state by taking the output control (G) 
high. The output control G does not affect the 
internal operations of the register. Old data can 
be retained or new data can be entered while the 
outputs are off. 

40 
50 
60 
NC 
70 
80 

02854. OCTOBER 1984-REVISEO JANUARY 1986 

OW OR NT PACKAGE 

(TOP VIEW) 

10 VCC 
20 10 
30 20 
40 30 
50 40 
60 50 
70 60 
80 70 
EN 80 
RO IT 

ClK TIC 
GNO ClR 

FN PACKAGE 

ITOP VIEW) 

U 
OOOU UOO 
MN ..... Z> ..... N 

4 3 2 1 282726 

5 25 

6 24 

7 23 

8 22 

9 21 

10 20 

11 19 

12 131415161718 

10 :.! 0 U 10: IU It!) 
a:d~zdi== 

30 
40 
50 
NC 
60 
70 
80 

NC-No internal connection. 

A low level at the clear input (ClR) resets the internal registers low. The clear function is asynchronous 
and overrides all other register functions. 

The -1 version of the SN74AlS996 is identical to the standard version except that the recommended 
maximum IOl is increased to 48 milliamperes. 

The SN74AlS996 is characterized for operation from ooC to 70°C. 

ADVANCE INFORMATION d •• u ... nts •• ntBin Copyright © 1984, Texas Instruments Incorporated 

fI 
U) 
CI) 
(J 

'S: 
CI) 

o -tn 
...I 

~=:~;h= .r::'~;.~~:~::~~~rst'1! 
~sIB and DIItar spacili_ are .ubject to chB", 
without notice. 
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SN74ALS996 . 
8·BIT D·TVPE EDGE·TRIGGERED READ·BACK LATCHES 

logic symbol t 

G (151 EN4 
TIC (141 

rn (131 

RD 
(101 

EN 
(91 

ClK 
(111 

10 
(11 

20 
(21 

3D (31 

40 (41 

50 (51 

60 (61 

70 
m 

80 (81 

(231 
10 

(221 
20 

(211 
30 

(201 
40 

(191 
50 

(181 
60 

(171 
70 

(161 
60 

logic diagram (positive logic) 

G~~--------------.----~ 
T/C~ 
m~ 

RO (101 

EN (91 

ClK -----i-/ 

10 _1_11 _____ -+~-I 

20 (2) 

3D (31 

40 14/ 

tThis symbol i"in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

50 ...:15::.:1~ ______ l-+~ 

60 ...:16~1~ ______ l-+~ 

70 ...:17,-,1~ ______ l-+.4-J 

80 181 

Pin numbers shown are for OW and NT packages. 
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timing diagram 

(TIC = HI 

CLK 

SN74ALS996 
8·BIT D·TYPE EDGE·TRIGGERED READ·BACK LATCHES 

I I 
I I 

j4---tsu--+t I I 
EN -----;1 : : i 

~---+I-~-~'----------------------~I----~I--~ 
I+-th~ tclis------"" I4-t.n+' I' ,... ..., I 

: I I , ~ ____________________ J 

~tp~ 

Q----LI 1S~-C=~~=EI 

ASYNC 
CLEAR 

WRITE READ-BACK 

"This hold time ensures the readback circuit will not create a conflict on the input data bus. 
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SN74ALS996 
8-BIT D-TVPE EDGE-TRIGGERED READ-BACK LATCHES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (G, RO; EN, ClK, ClR, and TIC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage applied to 0 inputs and to disabled 3-state outputs .......................... 5.5 V 
Operating free-air temperature range. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OoC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

MIN NOM 

VCC Supply voltage 4.5 5 

VIH High-level input voltage 2 

Vil Low-level input voltage 

IOH High-level output current 
Q 

0 

IOl Low-level output current 
Q 

0 

fclock Clock frequency 0 

ClR low 10 

tw Pulse duration ClK low 14.5 

ClK high 14.5 

Data before ClK! 15 

EN low before ClK! 10 
tsu Setup time 

ClK high before EN!' 15 

ClR high (inactive) before ClK! 10 

Data after ClK! 0 

th Hold time EN low after ClK! 5 

RD high after ClK! § 5 

TA Operating free-air temperature 0 

tThe 48-mA limit applies for the SN74AlS966-1 only and only if VCC is maintained between 4.75 V and 5.25 V. 
::j:This setup time guarantees that EN will not false clock the data register. 
§This hold time ensures there will be no conflict on the input data bus. 

MAX UNIT 

5.5 v 
V 

0.8 V 

2.6 
mA 

-0.4 

24 

48 t mA 

8 

35 MHz 

ns 

ns 

ns 

70 °c 
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SN74ALS996 
8·BIT D·TYPE EDGE·TRIGGERED READ·BACK LATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Vee = 4.5 V, 11= -18 mA -1.2 V 

All outputs Vee = 4.5 V to 5.5 V, IOH = -0.4 mA Vcc- 2 
VOH V 

Q Vee - 4.5 V, IOH - -2.6 mA 2.4 3.2 

Vee - 4.5 V, IOL - 4 rnA 0.25 0.4 
0 

Vee = 4.5 V, IOL = 8 rnA 0.35 0.5 

VOL Vee - 4.5 V, IOL = 12 rnA 0.25 0.4 V 

Q Vee = 4.5 V, IOL = 24 rnA 

IIOL = 48 rnA for -1 versions I 
0.35 0.5 

loZH Vee = 5.5 V, VI=2.7V 20 

~ 
Q /LA 

Vee - 5.5 V, VI - 0.4 V -20 

o inputs Vee - 5.5 V, VI - 5.5 V 0.1 
II mA 

All others Vee = 5.5 V, VI = 7 V 0.1 

o inputs' 20 
IIH 

All others 
Vee = 5.5 V, VI = 2.7 V 

20 
/LA 

o inputs' -0.1 
IlL All others 

Vee = 5.5 V, VI = 0.4 V rnA 
-0.1 

lo§ Vee = 5.5 V, Va = 2.25 V -30 -112 mA 

I Q outputs high 35 55 

lee 
Vee = 5.5 V, I Q outputs low 55 85 rnA 
OERB high I Q outputs disabled 42 65 

t All typical values are at Vee = 5 V, T A = 25 De. 
• For 1/0 ports, the parameters IIH and IlL include the off-state output current. 
§ The output conditions have been chosen to produce curren.t that closely approximates one half of the true short~circuit output current, lOS. 

switching characteristics (see Figure 1) 

PARAMETER 

fmax 

tpLH 

tpHL 

tpLH 

tpHL 

tPLH 

tpHL 

tpHL 

ten 

tdis 

ten 

tdis 

ten 

tdis 

ten = tpZH or tpZL 
tdis = tpHZ or tPLZ 

FROM 

(INPUT) 

eLK 

mc = H or LI 

eLR (Tie = LI 

eLR (Tie = HI 

Tic 

eLR 

RD 

EN 

G 

TO 

(OUTPUT) 

Q 

Q 

Q 

0 

0 

0 

Q 

vcc - 5 v, VCC = 4.5 V to 5.5 v, 
CL = 50 pF, CL - 50 pF, 

UNIT 
TA - 25 DC TA = ODC to 70 DC 

MIN TYP MAX MIN MAX 

40 35 MHz 

16 24 5 28 

16 24 5 28 
ns 

15 23 7 27 
ns 

13 19 7 23 

13 20 5 23 
ns 

13 20 5 23 

19 25 8 30 ns 

9 15 3 16 

10 16 3 19 
ns 

9 14 3 16 

10 16 3 19 
ns 

8 13 4 15 

4 8 1 
ns 

10 

• tI) 
Q) 
CJ oS; 
Q) 

o -f/) 
...J 
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SN74ALS996 
8·BIT D·TYPE EDGE·TRIGGERED READ·BACK LATCHES 

PARAMETER MEASUREMENT INFORMATION 

7V 

~ 
SI 

500 !l 

FROM OUTPUT -1-... - ..... - TEST 
UNDER TEST POINT 

TIMING 
INPUT 

DATA 
INPUT 

CL* 500!l 
(See Note AI 

LOAD CIRCUIT FOR 
Q OUTPUTS 

./., 3.5 V 

7,1.3V 
---~-:- - -- -- -- 0.3 V 

"'tsu~th~ 
~,-,~/- 3.5 V 

~1.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3V 

INPUT ~-I.;V- - - 3.5V 

--"'f I." v , ~ 0.3 V 

tpLH foil ~ ~tpHL 

IN.PHASE ~i i : -1- - VOH 
OUTPUT : 1.3 V : 1.3 V 

I VOL 
tpHL............... ----""'tPLH 

I I 
OUT .QF.pHASE ~ •• " JL:": VOH 
OUTPUT ~~.~v 
(S .. Note D) - - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

7V 

~ 
SI 

1 k!l 
FROM OUTPUT TEST 

UNDER TEST -1~--""'- POINT 

HIGH-LEVEL 
PULSE 

LOW-LEVEL 
PULSE 

CL 1 k!l 
(See Note A) 

LOAD CIRCUIT FOR 0 OUTPUTS 

~---
~, ... v •. ~V~ 

~ tw ----IJII 
~tw~ 
~ •• " ·~.ft •• .v-
~---

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

3.5V 

0.3 V 

3.5 V 

0.3 V 

OUTPUT ~ 3.5 V 
CONTROL 1.3 V 1.3 V 

(low·level I -:---- ---- 0.3 V 
enabling) tpZL ~ --: I'"" tPLZ 

I I I : .. 3.5 V 
WAVEFORM1~1.3V i :~3V 
Sl CLOSED i ~..:----~-:..I;;'; VOL 

{See No\eB) tPZH4 ...: !f-tPHZ T 

~-----*-V WAVEFORM 2 I -----f- OH 
S10PEN 1.3 V 
(See Note B) . 0.3 V .. 0 V 

VOL TAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR s 1 ,MHz, tr = tf = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-5tate outputs, switch S 1 is open. 

FIGURE 1 
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SN54AS1181. SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

• Package Options Include Compact 300-mil 
or Standard 600-mil DIPs and Both Plastic 
and Ceramic Chip Carriers 

• Full Look-Ahead for High-Speed Operations 
on Long Words 

• Arithmetic Operating Modes: 
Addition 
Subtraction 
Shift Operand A One Position 
Magnitude Comparison 
Plus Twelve Other Arithmetic Operations 

• Logic Function Modes 
Exclusive-OR 
Comparator 
AND, NAND, OR. NOR 

• Dependable Texas Instruments Quality and 
Reliability 

logic symbol t 

so (6) 
ALU 

S1 (5) }f. S2 
(41 

S 
(3) 

M 
(8) 

Cn 
(7) 

AO 
lio 

[2J 

[4J 

[8J 

01915, MAY 1985 

SN54ASl181 ... JT OR JW PACKAGE 
SN74ASl181 ... DW, NT, OR NW PACKAGE 

(TOP VIEW) 

BO VCC 
AO A1 

S3 B1 

S2 A2 

Sl B2 

SO A3 

C n B3 

M G 
FO Cn +4 
F1 j5 

F2 A=B 
GND F3 

SN54ASl181 ... FK PACKAGE 
SN74ASl181 ... FN PACKAGE 

S2 5 

Sl 6 

SO 

NC 8 

Cn 9 

M 10 

FO 11 

(TOP VIEW) 

U 
"'OOUU~~ 
001« 00 Z >1«100 

4 3 2 I 2827 26 

25 

24 

23 

22 

21 

20 

19 

12 131415 1617 18 

IU:: I~ ~ ~ 1[2 ':i Ill. 
GJ « 

NC - No internal connection 

A2 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for DW, JT, JW, NT, and NW packages. 

TYPICAL ADDITION TIMES ICl - 15 pF. Rl - 280 n, TA = 25°C 

. NUMBER ADDITION TIMES PACKAGE COUNT CARRY METHOD 

OF USING 'AS1181 USING 'AS181A USING'S181 ARITHMETIC lOOK-AHEAD BETWEEN 

BITS AND'AS882 AND'AS882 AND'S182 lOGIC UNITS CARRY GENERATORS AlUs 

1 to 4 5 ns 5 ns 11 ns 1 NONE 

5 to 8 10 ns 10 ns 18 ns 2 RIPPLE 

9 to 16 14 ns 14 n5 19 ns 3 or 4 1 FULL LOOK-AHEAD 

17 to 64 19 ns 19 ns 28 ns 5 to 16 2 to 5 . FULL lOOK-AHEAD 

Copyright © 1985, Texas Instruments Incorporated 

II 
en 
Q) 
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'S 
Q) 

c 
Ul 
-I 
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SN54AS1181. SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

description 

The' A5 1181 arithmetic logic units (ALU)/function generators have a complexity of 75 equivalent gates 
on a monolithic chip. These circuits perform 16 binary arithmetic operations on two 4-bit words as shown 
in Tables 1 and 2. These operations are selected by the four function-select lines (50, 51, 52, 53) and 
include addition, subtraction, decrement, and straight transfer. When performing arithmetic manipulations, 
the internal Carries must be en!lbled by applying a low-level voltage to the mode control input (M). A full 
carry look-ahead scheme is made available in these devices for fast, simultaneous carry generation by 
means of two cascade-outputs (pins 15 and 17) for the four bits in the package. When used in conjunction 
with the 5N54A5882 or 5N74A5882 full carry look-ahead circuits, high-speed arithmetic operations can 
be performed. The typical addition times shown previously illustrate the little additional time required for 
addition of longer words when full carry look-ahead is employed. The method of cascading' A5882 circuits 
with these ALUs to provide multilevel full carry look-ahead is illustrated under signal designations. 

If high speed is not of importance, a ripple-carry input (en) and a ripple-carry output (en + 4) are available. 
However, the ripple-carry delay has also been minimized so that arithmetic manipulations for small word 
lengths can be performed without external circuitry. 

The' A5 1181 will accommodate active-high or active-low data if the pin designations are interpreted as 
follows: 

PIN NUMBER 2 1 23 22 21 20 19 18 9 10 11 13 7 16 15 17 

Active-low data (Table 1) AO BO A1 81 A2 B2 A3 83 FO F1 F2 F3 cn Cn +4 p G 
Active-high .data (Table 2) AO BO A1 B1 A2 B2 A3 B3 FO F1 F2 F3 Cn Cn +4 X y 

5ubtraction is accomplished by 1 's complement addition where the 1 's complement of the subtrahend 
is generated internally. The resultant output is A - B -1, which requires an end-around or forced carry to 
provide A-B. 

The' A5 1181 can also be utilized as a comparator. The A = B output is internally decoded from the function 
outputs (FO, F1, F2, F3) so that when two words of equal magnitude are applied at the A and B inputs, 
it will assume a high level to indicate equality (A = B). The ALU must be in the subtract mode with en = H 
when performing this comparison. The A = B output is open-collector so that it can be wired-AND connected 
to give a comparison for more than four bits. The carry output (en +4) can also be used to supply relative 
magnitude information. Again, the ALU must be placed in the subtract mode by placing the function select 
input 53, 52, 51, 50 at L, H. H, L, respectively. 

ACTIVE-LOW DATA ACTIVE-HIGH DATA 
INPUT Cn OUTPUT Cn +4 

(FIGURE 1) (FIGURE 2) 

H H A2:B AsB 

H L A<B A>B 

L H A>B A<B 

L L AsB A2:B 

These circuits have been designed to not only incorporate all of the designer's requirements for arithmetic 
operations, but also to provide 16 possible functions of two Boolean variables without the use of external 
circuitry. These logic functions are selected by use of the four function-select inputs (SO, 51, 52, 53) 
with the mode-control input (M) at a high level to disable the internal carry. The 16 logic functions are 
detailed in Tables 1 and 2 and include exclusive-OR, NAND, AND, NOR, and OR functions. . 
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signal designations 

SN54ASl181. SN74ASl181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

In both Figures 1 and 2, the polarity indicators ( 1::::..) indicate that the associated input or output is active­
low with respect to the function shown inside the symbol and the symbols are the same in both figures. 
The signal designations in Figure 1 agree with the indicated internal functions based on active-low data, 
and are for use with the logic functions and arithmetic operations shown in Table 1 . The signal designations 
have been changed in Figure 2 to accommodate the logic functions and arithmetic operations for the active­
high data given in Table 2. The' AS1181 together with' AS882 and 'S182 can be used with the signal 
designation of either Figure 1 or Figure 2. 

'AS1181 

so (61 
ALU 

} 51 (5) 

S2 (41 

(31 

M 
(81 

Cn (71 
CI 

AO 

,--+-+-;;Cf-n ~Il::-I_--i CI 

,--:::Po,,-,,13::-) --""'I CPO 

(0 . .. 15) CP 

(0 ... 151 CG 

6(P=0)Q 

(0 ... 15) co 

'AS882 

CPG 

COl 

(151 P 

(171 G 

(141 A=B 

(16) Cn+4 

161 Cn+8 

C03 (11) Cn+16 

C05 (17) Cn+24 

C07 (22) Cn+32 

FIGURE 1 
(USE WITH TABLE 1) 

'AS1181 

so (61 

S1 151 

S2 (41 

S3 (3) 

M 
(81 

Cn m 

ALU 

} (0 ... 15) CP 

(0 ... 15) CG 

6(P=0)Q 

(0 ... 151 co 
CI 

AO 

'AS882 

CPG 

L-++,;;Cn~ll.:..) --""'ICI 
LX::;O:....::13::-) --""'I CPO 

Xl 

V1 

X2 

X6 

V6 

X7 

V7 

COl 

C03 

C05 

C07 

FIGURE 2 
(USE WITH TABLE 21 

Pin numbers shown for the 'AS1181 are for OW, JT, JW, NT, and NW packages. 

(151 x 

1111 V 

1141 A:::B 

(16) Cn+4 

16) Cn+8 

(11) Cn+16 

117) (;n+24 

122) Cn+32 

fI 

-en 
...J 
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SN54AS1181, SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

TABLE 1 

SELECTION 
ACTIVE·LOW OATA 

M=H M = L; ARITHMETIC OPERATIONS 

LOGIC Cn - L Cn :: H 
S3 S2 S1 SO 

FUNCTIONS Ino carry) (with carry) 

L L L L F-A F - AMINUS 1 FoA 

~ L L H F = AB F=ABMINUS1 F = AB 

L L' H L F=A+8 F = A8MINUS 1 F = A8 

L L H H F = 1 F = MINUS I 12', COM PI F = ZERO 

L H L L F '" A+'B F = A PLUS IA + BI F 0 A PLUS IA • iii PLUS 1 

L H L H F=ii F = AB PLUS IA + BI F 0 AB PLUS IA + iii PLUS 1 

L H H L F=AGlB F = A MINUS B MINUS 1 F = A MINUS B 

L H H H F=A+8 F=A+8 F = IA + iii PLUS 1 

H L L L F = AB F - A PLUS IA + BI F = A PLUS IA + BI PLUS 1 

H L L H F=AGlB F = A PLUSB F = A PLUS B PLUS 1 

H L H L F=B F = A8PLUS IA + BI F = A8PLUS IA + BI PLUS 1 

H L H H f=A+B F = IA + BI F = IA + BI PLUS 1 

H H L L F - 0 F = A PLUS At F = APLUSAPLUS 1 

H H L H F = A8 F = AB PLUS A F = AB PLUS A PLUS 1 

H H H L F = AB F = ASPLUSA F = ABPLUS A PLUS 1 

H H H H F=A F=A F = A PLUS 1 

TABLE 2 

SELECTION 
M=H 

ACTIVE·HIGH OATA 

M = L; ARITHMETIC OPERATIONS 

LOGIC Cn = H Cn = L 
S3 S2 S1 SO 

FUNCTIONS (no carry) (with carry) 

L L L L F=A F=A F = A PLUS 1 

L L L H F '" A"+B F = A + B F = IA + BI PLUS 1 

L L H L F = AB F=A+S F = IA + 81 PLUS ,. 

L L H H F = 0 F = MINUS 1 12',COMPLI F = ZERO 

L H L L F =AB F = A PLUS AS F = A PLUS A8PLUS 1 

L H L H F=B F = IA + BI PLUS A8 F = IA \ BI PLUS A8 PLUS 1 

L H H L F=AGlB F - A MINUS B MINUS 1 F=AMINUSB 

L H H H F = A8 F = A8 MINUS 1 F 0 A8 

H L L L F=A+8 F - A PLUS AB F = A PLUS AB PLUS 1 

H L L H F=AGlB F = A PLUSB F = A PLUS B PLUS 1 

H L H L F=B F = IA + 81 PLUS AB F = IA + BI PLUS AB PLUS 1 

H L H H F = AB F = AB MINUS 1 F = AB 

H H L L F = 1 F = A PLUS At F = A PLUS A PLUS 1 

H H L H F=A+8 F = IA + BI PLUS A F . IA • BI PLUS A PLUS 1 

H H H L F=A+8 F = IA + 81 PLUS A F = IA + 81 PLUS A PLUS 1 

H H H H F=A F = A MINUS 1 F=A 

t Each bit is shifted to the next more significant position. 
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logic diagram (positive logic) 

(3) 
S3 (4) 
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SN54ASl181. SN74ASl181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

'ASl181 

iF (17) 

~ 

(16) 
Cn+4 -

I ==~ (15) 

(13) 
--J.L) F3 

~ 
>,........ 111) 

~ (14) 

F2 

A=B 

11 

~ 
(10) 

Fl 

=n (9) 

I f=D 
FO 

Pin numbers shown are for OW, JT, JW, NT, and NW packages, 
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SN54AS1181, SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage. Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Off-state output voltge (A = B output only). . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . .. 7 V 
Operating free-air temperature range: SN54AS 1181 ...................... - 55°C to 125°C 

SN74AS1181 .......................... ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150 °e 

recommended operating conditions 

SN54ASl181 SN74ASl181 
MIN NOM MAX MIN NOM 

UNIT 
MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 
VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage A - B output only 5.5 5.5 V 
All outputs except 

-2 -2 rnA 
IOH High-level output current A=B and IT 

G output -3 -3 rnA 

All outputs except G 20 20 rnA 
IOL Low-level output current 

G output 48 48 rnA 

TA Operating free-air temperature -55 125 0 70 °e 
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SN54ASl181, SN74ASl181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONS 
SN54ASl181 SN74ASl181 

PARAMETER 
Typt Typt 

UNIT 
MIN MAX MIN MAX 

VIK Vee = 4.5 V, II = -18 rnA -1.2 -1.2 V 

Any output 
Vee = 4.5 V to 5.5 V, IOH = 

VOH except A = B 
-2 rnA vcc- 2 vcc- 2 V 

IT Vee = 4.5 V, IOH = -3 rnA 2.4 3 2.4 3 V 

IOH A = B Vee = 4.5 V, VOH = 5.5 V 0.1 0.1 rnA 

Any output 
Vee = 4.5 V, IOl = 20 rnA 0.3 0.5 0.3 0.5 V 

Val except IT 
G Vee = 4.5 V, IOl = 48 rnA 0.4 0.5 0.4 0.5 V 

M input 0.1 0.1 

Any A or B input 0.3 0.3 
II Vee = 5.5 V, VI = 7 V rnA 

Any 5 input 0.4 0.4 

Carry input 0.6 0.6 

M input 20 20 

Any A or B input 60 60 
IIH 

Any S input 
Vee = 5.5 V, VI = 2.7 V 

80 80 
~A 

Carry input 120 120 

M input -0.5 -0.5 

Any A or B input - 1.5 -1.5 
III Vee = 5.5 V, VI = 0.4 V rnA 

Any S input -2 -2 
Carry input -3 -3 

All outputs except -30 -112 -30 -112 
lOt A=B and G Vee = 5.5 V, Va = 2.25 V rnA 

G -30 -125 -30 -125 

ICC Vee - 5.5 V 74 117 74 117 rnA 

II 
en 
CD 
(,) 

"S; 
CD 
C -en 

tAli typical values are at Vce = 5 V, TA = 25°C. ....I 
t.The output conditions have been chosen to produce a current that closelv approximates one half of the true short-circuit output current, lOS. 
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SN54AS1181. SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

switching characteristics (see Note 1) 

PARAMETER 
FROM TO 

TEST CONDITIONS 
(INPUT) (OUTPUTI 

tpLH 
Cn Cn +4 

tPHL 

tpLH Any M-O V. 51-52-0 V. 

AorS Cn +4 
50=53=4.5 V (SUM model tpHL 

tpLH Any 
Cn +4 

M=O V. 50=53=0 V. 

AorS 51 = 52 =4.5 V (5iFF model tpHL 

tpLH 
Any F M = 0 V (5UM or i5iFF mode) Cn 

tpHL 

tpLH Any 
G 

M-O V. 51-52-0V. 

AorS 50=53= 4.5 V (SUM model tPHL 

tpLH Any G M=O V. SO=53= 0 V. 

51 =S2 = 4.5 V (DIFF model tpHL A or B 

tpLH Any - M-OV,S1-S2-0V, 

AorS 
P 

50=53= 4.5 V (5UM model tPHL 

tpLH Any - M=O V, 50=53= 0 V, 

AorS 
P 

51 = S2 = 4.5 V (i5iFF model tpHL 

tpLH Ai or Fi M=O V. 51 =52= 0 V, 

Bi 50=53= 4.5 V (SUM model tPHL 

tpLH Ai or Fi M-O V, 50-53- 0 V, 

Bi 51 =S2= 4.5 V (DIFF mode) tPHL 

tpLH Any 
Any F 

M-O V, 51-52- 0 V, 

AorS 50=53= 4.5, V (SUM model tPHL 

tpLH Any 
AnyF 

M=O V. 50=53= 0 V, 

AorS 51 =52= 4.5 V (DIFF model tpHL 

tPLH Ai or Fi Bi M= 4.5 V (LOGIC model 
tpHL 

tPLH Any M=OV, SO=S3= OV, 

AorS 
A=B 

51 =52= 4.5 V (5iFF model tpHL 

tpLH 
Any 5 

tpHL 
AnyF M = 0 V (ARITH model 

tpLH 
Any 5 

tpHL 
A=B M = 0 V (AFiii'H model 

tpLH 
Any 5 Cn +4 M = 4.5 V (LOGIC model 

tpHL 

tpLH 
Any 5 

tPHL 
G M = 0 V (AFiii'H model 

tpLH P M'= 4.5 V (LOGIC mode) Any 5 
tpHL 

tpLH 
Any F 

51 =52= 0 V, 
M 

(5UM model tpHL 50=53= 4.5 V 

tPLH 51 =52= 0 V, 
M A=B 

tpHL SO=53=4.5 V (5UM model 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

2-478 TEXAS • 
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Vcc - 4.5 V to 5.5 V. 

CL - 50 pF. 

RL - 5000. 

,TA - MIN to MAX 

SN54AS1181 SN74AS1181 

MIN MAX MIN MAX 

3 9 3 8.5 

2 7 2 6.5 

3.5 13 5 12 

3.5 12.5 5 12 

5 14.5 5 13 

5 13.5 5 12.5 

3 10.5 3 9 

3 8 3 7.5 

3 8.5 3 8 

2 7 2 6 

3 10.5 3 9.5 

2 9 2 7 

3 8.5 3 7.5 

2 7.5 2 6 

3 10.5 3 9 

3 8.5 3 8 

3 11 3 9.5 

3 9 3 7.5 

3 12 3 10.5 

3 11 3 9.5 

3 13.5 3 12 

3 13 3 11.5 

3 16 3 14.5 

3 13 3 12.5 

3 12.5 3 11 

3 10 3 9.5 

4 19 4 17 

5 18.5 5 15 

3 12.5 3 11 

3 11.5 3 11 

5 20 5 18 

5 21 5 18 

2 16.5 4,5 15.5 

3 12.5 3 12 

3 9.5 3 9 

2 6.5 2 6 

3 8.5 3 7.5 

2 6.5 2 6.5 

5 12 5 11.5 

5 12 5 11.5 

7 19 7 17.5 

8 21 8 17.5 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



INPUT 

PARAMETER UNDER 

TEST 

tpLH Ai 
tpHL 

tpLH Bi 
tPHL 

tpLH Ai 
tpHL 

tpLH Bi 
tpHL 

tpLH Ai 
tPHL 

tpLH Bi 
tPHL 

tpLH Cn 
tpHL 

tpLH Ai 
tPHL 

tpLH Bi 
tpHL 

tpLH Any 

tpHL A 
tpLH Any 

tpHL B 

SN54AS1181. SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

PARAMETER MEASUREMENT INFORMATION 

SUM MODE TEST TABLE 

FUNCTION INPUTS: 50-53-4.5 V. 51 ~s2=M-O V 

OTHER INPUT 
OTHER DATA INPUTS OUTPUT OUTPUT 

SAME BIT 

APPLY 
UNDER WAVEFORM 

APPLY APPLY APPLY 
TEST (SEE NOTE 11 4.5 V GND 4.5 V GND 

8i None 
Remaining 

Cn Fi In-Phase 
Aand B 

Ai None 
Remaining 

Cn Fi In-Phase A and B 

6i None None 
Remaining j5 In-Phase 

A and B. Cn 

Ai None None 
Remaining p In-Phase 

A and B. Cn 

None Bi Remaining Remaining IT In-Phase 
B A. Cn 

None Ai 
Remaining Remaining G In-Phase 

B A,Cn 

All All Any F 
None None In-Phase 

A B or Cn +4 

None Bi Remaining Remaining 
Cn +4 Out-of-Phase 

B A. Cn 

None Ai 
Remaining Remaining 

Cn +4 Out-of-Phase 
B A. Cn 

None Bi 
Remaining Remaining Any 

In-Phase 
B. A3 A. Cn F 

None Ai 
Remaining Remaining Any 

In-Phase 
A.B3 B. Cn F 

• U) 
Q) 
(,) 

'S; 
Q) 

C -(IJ ... 
NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54AS1181. SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

PARAMETER MEASUREMENT INFORMATION 

DifF MODE TEST TABLE 

FUNCTION INPUTS: S1-S2-4.5 V. SO-S3-Ni-O V 

OTHER INPUT 
OTHER DATA INPUTS INPUT 

SAME BIT 
PARAMETER UNDER 

APPLY ApPLY APPLY 
TEST 

APPLY 

4.5V GND 4.5 V GND 

tpLH 
Ai None iii 

Remaining Rel'!laining 

tpHL A B,Cn 

tpLH 
iii Ai None 

Remaining Remaining 

tpHL A ii, Cn 

tpLH 
Ai None Bi None 

Remaining 

tpHL A and 8, Cn 

tpLH 
iii Ai None None 

Remaining 

tpHL A and S, Cn 

tPLH 
Ai 8i None None 

Remaining 

tpHL A and S, Cn 

tpLH 
8i None Ai None 

Remaining 

tpHL A and B, Cn 

tPLH Ai None iii 
Remaining Remaining 

tPHL A B'Cn 

tPLH Bi Ai None 
Remaining Remaining 

tPHL A B,Cn 

tPLH All 
Cn None None None 

tpHL AandB 

tPLH Ai Si None None 
Remaining 

tpHL A, B, Cn 

tpLH 'iii None Ai None 
Remaining 

tPHL A,B, Cn 

tPLH Any Bi None A3 
Remaining 

tPHL A ft., B, Cn 

tPLH Any 
None Ai A3 

Remaining 

tpHL S ft., 'ii, Cn 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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OUTPUT OUTPUT 

UNDER· WAVEFORM 

TEST (SEE NOTE 11 

Fi In-Phase 

Fi Out-at-Phase 

p- In-Phase 

p- Out-at-Phase 

IT In-Phase 

IT Out-at-Phase 

A=B In-Phase 

A=B Out-at-Phase 

Cn +4 In-Phase 
or any F 

Cn +4 Out-at-Phase 

Cn +4 In-Phase 

Any 
In-Phase 

F 
Any 

Out-of-Phase 
F 



INPUT 

PARAMETER UNDER 

TEST 

tPLH 
Ai 

tpHl 

tplH 
iii 

tpHl 

INPUT 

PARAMETER UNDER 

TEST 

tpLH 
Ai 

tpHL 

tpLH 
iii 

tpHL 

tpLH 
Ai 

tpHL 

tpLH 
iii 

tpHL 

tpLH 
Ai 

tpHL 

tpLH 
iii 

tpHL 

tpLH 
Ai 

tpHL 

tPLH 
iii 

tpHL 

INPUT 

PARAMETER UNDER 

TEST 

tpLH 
Ai 

tpHL 

tpLH 
iii 

tpHL 

tpLH 
Ai 

tPHL 

tPLH iii 
tpHL 

SN54AS1181, SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

PARAMETER MEASUREMENT INFORMATION 

lOGIC MODE TEST TABLE 

FUNCTION INPUTS: S1-S2-M-4.5 V. SO-S3-0 V 

OTHER INPUT 
OTHER DATA INPUTS 

SAME BIT 

APPLY APPLY APPLY APPLY 

4.5V GND 4.5V GND 

B None None 
Remaining 

A andB. Cn 

Ai None None 
Remaining 

A andS. Cn 

INPUT BITS EQUAL/NOT EQUAL TEST TABLE 

FUNCTION INPUTS: SO=S3=M=4.5 V. S1 =S2=0 V 

OTHER INPUT 
OTHER DATA INPUTS 

SAME BIT 

APPLY APPLY APPLY APPLY 

4.5V GND 4.5 V GND 

iii None 
Remaining 

None 
A and B. Cn 

Ai None 
Remaining 

None 
A and EI. Cn 

None iii 
Remaining 

None 
A and Ii. Cn 

None Ai 
Remaining 

None 
A and Ii. Cn 

Bi None 
Remaining 

None 
A and B. Cn 

Ai None 
Remaining 

None 
A and B. Cn 

None Si 
Remaini~g 

None 
A and ii. Cn 

None Ai 
Remaining 

None 
A and B. Cn 

INPUT PAIRS HIGH/NOT HIGH TEST TABLE 

FUNCTION INPUTS: S2=M=4.5 V. SO=S1 =S3= OV 

OTHER INPUT 

SAME BIT 
OTHER DATA INPUTS 

APPLY APPLY APPLY APPLY 

4.5V GND 4.5V GND 

iii None 
Remaining Remai"ning 

A.Cn ii 

Ai None 
Remaining .Remaining 

ii.cn A 

Hi None 
Remaining Remaining 

A.Cn B 

Ai None 
Remaining Remaining 

ii.cn A 

OUTPUT OUTPUT 

UNDER WAVEFORM 

TEST (SEE NOTE 1) 

Fi Out-aI-Phase 

Fi Out-at-Phase 

OUTPUT OUTPUT 

UNDER WAVEFORM 

TEST (SEE NOTE 1) 

P Out-aI-Phase' 

P Out-aI-Phase 

P In-Phase 

P In-Phase 

Cn +4, In-Phase 

Cn +4 In-Phase 

Cn +4 Out-aI-Phase 

Cn +4 Out-aI-Phase 

OUTPUT OUTPUT 

UNDER WAVEFORM 

TEST (SEE NOTE 1) 

p In-Phase 

p- In-Phase 

Cn +4 Out-aI-Phase 

Cn +4 Out-aI-Phase 

• en 
CI) 
U 
':; 

CI) 

o -en ... 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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SN54AS1181, SN74AS1181 
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS 

INPUT 

PARAMETER UNDER 

TEST 

tpLH Any 

. tPHL 5 

tpLH Any 

tpHL 5 

INPUT 

PARAMETER UNDER 

TEST 

tPLH Any 

tpHL 5 

tpLH Any 

tpHL 5 

tPLH Any 

tpHL 5 

INPUT 

PARAMETER UNDER 

TEST 

tPLH 
M 

tpHL 

tpLH 
M 

tpHL 

PARAMETER MEASUREMENT INFORMATION 

SELECT INPUT/LOGIC MODE TEST TABLE 

FUNCTION INPUTS: M-4.5 V 

OTHER INPUT 

SAME BIT 
OTH.ER DATA INPUTS 

APPLY APPLY APPLY APPLY 

4.5 V GND 4.5V GND 

- -
Remaining 

A.BO,Cn 
B 

B.A2 
Remaining - -

A. Cn 

SELECT INPUT/ARITH MODE TEST TABLE 

FUNCTION INPUTS: M - 0 V 

OTHER INPUT 

SAME BIT 
OTHER.DATA INPUTS 

APPLY APPLY APPLY APPLY 

4.5V GND 4.5 V GND 

- - Remaining 
AD. BO 

A and B. Cn 

- - Remaining 
AD. BO A ardB. Cn 

Remaining 
AO.BO - -

A andB. Cn 

MODE INPUT/SUM MODE TEST TABLE 

FUNCTION INPUTS: :;;0-S3-4.5 V. S1-S2-0 V 

OTHER INPUT 

SAME BIT 
OTHER DATA INPUTS 

APPLY APPLY APPLY APPLY 

4.5V GND 4.5V GND 

- -
Remaining 

B2,A2,Cn A andB 

- - Remaining 
B1. A1. Cn A and B 

NOTE 1: load circuit and voltage waveforms are shown in Secti~n 'I. 
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OUTPUT OUTPUT 

UNDER WAVEFORM 

TEST (SEE NOTE 11 

Cn +4 Out-ol-Phase 

p In-Phase 

OUTPUT OUTPUT 

UNDER WAVEFORM 

TEST (SEE NOTE 11 

Any 
In-Phase f 

A=B In-Phase 

G In-Phase 

OUTPUT OUTPUT 

UNDER WAVEFORM 

TEST (SEE NOTE 11 

Any 
In-phase 

F 

A=B In-Phase 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

• Provides Control for 16K, 64K, and 256K 
Dynamic RAMs 

• Highest-Order Two-Address Bits Select One 
of Four Banks of RAMs 

• Supports Scrubbing Operations and Nibble­
Mode Access 

• Separate Output Enable for Multi-Channel 
Access to Memory 

• 48-Pin Dual-In-Line Package 

• 'ALS2968 is Designed to be 
Interchangeable with AMD AM2968 

description 

The' ALS2967 and' ALS2968 dynamic memory 
controllers (DMCs) are designed for use in 
today's high-performance memory systems, The 
DMC acts as the address controller between any 
processor and dynamic memory array. 

Two versions are provided that help simplify 
interfacing to the system dynamic timing 
controller, The 'ALS2967 offers active-low Row 
Address Strobe Input (RAS!) and Column 
Address Strobe Input (CAS!), while the 
'ALS2968 offers active-high Row Address 
Strobe Input (RAS!) and Column Address Strobe 
Input (CAS!) inputs. 

Using two 9-bit address latches, the DMC will 
hold the row and column addresses for any 
DRAM up to 256K. These latches and the two 
row/column refresh address counters feed into 
a 9-bit, 4-input MUX for output to the dynamic 
RAM address lines, A 2-bit bank select latch is 
provided to select one of the four RAS and CAS 
outputs. The two bits are normally obtained from 
the two highest-order address bits. 

D2900, JANUARY 1986 

SN64ALS2967, SN54ALS2968 ... JD PACKAGE 
SN74ALS2967, SN74ALS2968 ... JD OR N PACKAGE 

ITOPVIEWI 

CS CASI or CASI t 
MSEl RASO 

AO CASO 
A9 RAS1 
A1 CAS1 

A10 00 
A2 01 

A11 02 
A3 03 

A12 04 
A4 GND 

A13 DE 
GND VCC 

lE 05 
A5 06 

A14 07 
A6 08 

A15 RAS2 
A7 CAs2 

A16 RAS3 
A8 CAS3 

A17 RASI or RASlt 
SElO MCO 
SEl1 MC1 

t 'ALS2967 has active-low inputs CAS I and RASI; 'ALS2968 has 
active· high inputs CASI and RASI. 

The' ALS2967 and' ALS2968 have two basic modes of operation, read/write and refresh. During normal 
read/write operations, the row and column addresses are multiplexed to the dynamic RAM, with the 
corresponding RAS and CAS signals activated to strobe the addresses into the RAM, In the refresh mode, 
the two counters cycle through the refresh addresses. If memory scrubbing is not being implemented, 
only the row counter is used. When memory scrubbing is being performed, both the row and column counters 
are used to perform read-modify-write cycles. In this mode all RAS outputs will be active (low) while only 
one CAS output is active at a time, 

The SN54ALS2967 and SN54ALS2968 are characterized for operation over the full military temperature 
range of - 55°C to 125°C, The SN74ALS2967 and SN74ALS2968 are charactertzed for operation from 
QOC to 7QoC. 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

logic symbols t 

'ALS2967 'ALS2968 

DYNAMIC MEMDRY DYNAMIC MEMORY 
CONTROLLER CONTROLLER 

<I> <I> 
'ALS2967 'ALS2968 

DE (37) 
EN DE (37) 

EN 

MCO 

MCI 

MSEL 

cs 
RASI 

LE 

AO 

Al 

A2 

(26) 

~ } MODE 
"'0 

(43) 

(25) 
1 

(42) 

(2) 2 
(41) 

MSEL (40) (I) 3 CS (39) (27) 0 4 RASI (35) (14) 5 LE (34) 
(3) 6 

0 7 
(331 

(5) 
1 (32) 

(7) 8 
2 

00 MCO 

01 MCI 

02 MSEL 
03 cs 
04 RASI 
.05 LE 
06 

07 
AO 

08 
Al 

A2 

(26) 

~ } MODE 
0 

(25) 
1 

(2) 2 MSEL 
(I) 3 CS 
(271 0 4 RASI 
(14) 5 LE 
(3) 6 

0 7 (5) 
1 

(71 8 
2 

A3 

A4 

A5 

A6 

A7 

A8 

(9) 
3 

(11) 
4 >:~~R (15) 

~f 
(47) 

5 
(17) 

6 
(45) 

(19) 
7 

(31) 

(21) 
8 

(29) 

A3 

A4 

RASO A5 

RASI A6 

RAS2 A7 

RAS3 A8 

(9) 
3 

(II) 
4 

ROW 
(15) ADDR 

5 

f (17) 
6 

RAS ~ (19) 
7 

(21) 
8 

A9 

Al0 

All 

(4) 
0 

(6) 
1 

(8) 
2 

A9 

Al0 

All 

(4) 
0 

(6) 
1 

(8) 
2 

A12 

A13 

A14 

A15 

A16 

A17 

(10) 
3 

(121 COL 
4 ADDR (16) 
5 

={ 
(46) 

(18) 
6 

(44) 

(20) 
7 

(30) 

(22) 
8 

(28) 

A12 

A13 
CA§0 A14 
CA§1 A15 

CA§2 A16 

CA§3 A17 

(10) 
3 

(121 COL 
4 ADDR (16) 
5 

={ (18) 
6 

(20) 
7 

(22) 
8 

SELO 

SELl 

(23) 

~}SEL (24) 
SELO 

SELl 

(23) 

~ }SEL (24) 

CASI 
(48) 

CASI CASI 
(48) 

CASI 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

2-484 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225(}12 • DALLAS. TEXAS 75265 

(431 

(42) 

(41) 

(40) 

(39) 

(35) 

(34) 

(33) 

(32) 

(47) 

(45) 

(31) 

(29) 

(46) 

(44) 

(30) 

(28) 

00 

01 

02 

03 

04 

05 

06 

07 

08 

RASO 

RASI 

RAS2 

RAS3 

CA§0 

CA§1 

CAS2 

CA§3 



SN54ALS2967. SN74ALS2967. SN54ALS2968. SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

logic diagram (positive logic) 

DE 

MCO 

MCl 
MSEL 

co 

RASI 

LE 

AO 

Al 
A2 
A3 

A' 
AS 
A6 
A7 

AB 
A. 

Al0 
All 
A12 
A13 

Al' 
A1S 

Al. 
A17 

SELO 

SEll 

CASI 

1371 
(26) 

(25) 

(21 

(11 

COUNTER 0 

CTR20 
0 

{~ ~~ 
2p 

: f---/ L [ROWI 
5~ 

lCT-D 6 f---/ 
~~ 
O~ 

CT 10~ 
11~ 
12~ 
131-----/ 
1.1-----/ 

(COL) lS~ 
16~ 

r< I> +ICl 17 ------" 

J~I-<t>---< lB 
BCD 

(BANK] 
19~ . ALS2967 ONLY 

J~~ ___ 
. ALS2968 ONt V LATCHES 

114} ICl J L1 
OX 

~ (ROWI 
(SI 
171 
(91 

{"I 

r--!-- 0 
(151 10 
(171 
(19) 

~ 
~ 161 9X 

IBI [COll.iMNl 

110) 

1121 9 9 
(18) 10 
(18) 

(20) 

(221 

(BANK) 
1231 

10 
1241 

10 

~~---~~~~~~---~-
T 

J~ ___ ....:~S~~.!.O~L!.. ________ J 
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MUX 

EN 

~}G.9-1 3 

G. 

G5 .., 
OX 

0/1.4 

1.4 

2.4.5 

2.4.5 v-!.--

RAS DECODE 

DMUX 

EN 

~ 
0 v. 

1 
1 v. 

2 3 V. 
I--
O} 10 
1 G 13 10A.5V 

11.4.5'\1 

GS 12.4.5 V 

13.4.5V 

CAS DECODE 

DMUX 

EN 

r-x;v 
0 v. 

1 
1 G5 

2 G6 

2 3 v. 
I--

O}SZ12 
1 13 

0}6G ¥, 
1 (10{20.417 V 

111/21.417'\1 

G7 (12/22.417'\1 

113/23Al7V 

(431 

Ri '" (40) 

~ ~ (341 

~ 
~ 

1471 

(45) 

(311 

(29) 

(46) 

(441 

(30) 

(28) 

00 
01 
02 

03 

O' 
OS 
06 
Q7 

OB 

RAsa 

RAsl 

RAS2 

RA'§3 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

TABLE 1. PIN FUNCTION 

PIN NAME DESCRIPTION 

AO-A17 Address Inputs. AO·A8 are latched in as the nine-bit row address for the DRAM. These inputs drive 00-08 when the 

DMC is in the read/write mode and MSEL is low. A9-A 17 are latched in as the column address, and will drive 00·08 

when MSEL is high and the DMC is in the read"fwrite mode. The addresses are latched when the Latch Enable (LE) input 

signal is low. 

SELO, SELl Bank Select. These two inputs are normally the two highest-order address bits and are used in the read/write mode 

to select which bank of memory will be receiving the RAS and CAS signals after RASI (' ALS2967) or RASI (' ALS2968) 

and CAS I (' ALS2967) or CASI (' ALS2968) go active. 

LE Latch Enable. This active-high input causes the row, column, and bank select latches to become transparent, allowing 

the latches to accept new input data. A low input on LE latches the input data. 

MSEL Multiplexer Select. This input determines whether the row or column address will be sent to the memory address inputs. 

When MSEL is high, the column address is selected, while the row address is selected when MSEL is low. The address 

may come from either the address latch or refresh address counter depending on Mea and Me 1 (see Mode Control 

Function Table). 

CS Chip Select. This active-low input is used to enable the DMC. When CS is active, the DMC operates normally in all 

four modes. When CS goes high, the device will not enter the read/write mode. This allows other devices to access 

the same memory that the DMC is controlling. 

OE Output Enable. This active·low input enables/disables the output signals. When OE is high, the outputs of the DMC 

enter the high~impedance state. 

MCO-MCl Mode Controls. These inputs determine in which of the four modes the DMC operates. The description of each of the 

four operating modes is given in Table 2. 

00·08 Address Outputs. These address outputs feed the DRAM address inputs and provide drive for memory systems having 

capacitance of up to 500 picofarads. 

RASi or Row Address Strobe Input. During the normal memory cycles, the decoded RASn output (RASO, RAS 1, RAS2, or RAS3) 

RASI is forced low after receipt of an active Row Address Strobe Input Signal. In either Refresh mode, all four RAS outputs 

will be low while the Row Address Strobe Input signal is active. The RASI on the' ALS2967 is an active-low input while 

on the' ALS2968, RASI is an active-high input. (For more details see timing diagrams). 

RASO·RAS3 Row Address Strobe. Each olthe Row Address Strobe outputs provides a RAS signalto one of the four banks of dynamic 

memory. Each RASn output will go low when selected by SELO and SEL 1 after RASI (' ALS2967) or RASI (' AlS2968) 

goes active. All four go low in response to RASI (' ALS2967) or RASI (' ALS2968) while in the refresh mode. 

CAS I or Column Address Strobe Input. This input going active causes the selected CAS output to be forced low. The CASI 

CASI input on the' ALS2967 is active low input while on the' ALS2968, CAS I is active high input. (For more details see 

timing diagrams.) 

CASO·CAS3 Column Address Strobe. During normal Read/Write cycles the two selected bits (SELO, SEL'l) determine which CAS 

output will go active following CAS I (' ALS2967) or CASI (' ALS2968) going active. When memory scrubbing is being 

performed, only the CASn signal selected will be active. For non-scrubbing· cycles, all four CAS outputs will remain high. 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

TABLE 2. MODE-CONTROL FUNCTION TABLE 

OPERATING MODE 

Refresh Mode without Scrubbing. Refresh cycles are performed with only the row counter being used to generate 

the addresses. In this mode, all four RAS outputs are active while the four CAS outputs remain high. 

Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the row and column counters 

generating the addresses. MSEL is used to select either the row or the column counter. All four RAS outputs go low 

in response to RASi (' ALS2967) or RASI (' ALS2968), while only one CASn output goes low in response to CASI 

(' ALS2967) or CASI (' ALS2968). The bank counter keeps track of which CAS output goes active. This mode can 

also be used during system power~up so that the memory can be written with a known data pattern. 

Read/Write. This mode is used to perform read/write cycles. Both the Rowand Column addresses are multiplexed 

to the address output lines using MSEL. SELO and SEL 1 are decoded to determine which RASn and CASn 

outputs will be active. 

Clear Refresh Counters. This mode clears the three refresh counters (row. column, and bank) on the inactive transition 

of RASI (' ALS2967) or RASI (' ALS2968). putting them at start of the refresh sequence (see timing diagrams for more 

detail). In this mode, all four RAS outputs are driven low after the active edge of RASI (' ALS2967) or RASI (' ALS2968) 

so that DRAM wake-up cycles may also be performed. 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

TABLE 3, ADDRESS OUTPUT FUNCTIONS 

MODE 
MC1 

INPUTS 

MCO MSEL CS 
OUTPUTS 00-08 

Refresh without scrubbing L L X X Row counter address 

L H 
L X Row counter address 

Refresh with scrubbing 
H X Column counter address 

L L Row address t 

Read/write H L H L Column address t 

X H All L 

Clear refresh counter:;: H H X X All L 

TABLE 4, RAS OUTPUT FUNCTIONS 

INPUTS OUTPUTS 

'ALS2967 'ALS2968 

RASi RASI 
MC1 MCO SEL 1t SELOt CS RASO RAS1 RAS2 RAS3 

L H L L X X X L L L L 

L H L H X X X L L L L 

L L L L H H H 

L H L H L H H 

,L H H L H L L H H L H 

H H L H H H L 

X X H H H H H 

L H H H X X X L L L L 

H L X X X X X H H H H 

TABLE 5, CAS OUTPUT FUNCTIONS 

INPUTS OUTPUTS 

'ALS2967 'ALS2968 

CASI CASI 
MC1 MCO SEL1 t SELOt 

INTERNAL 
CS 

8C1 8CO 
CASO CAS1 CAS2 

L H L L X X X X X H H H 

L L X L H H 

L H X H L H 
L H L H X X 

H L X H H L 

H H X H H H 

L L X X L L H H 

L H X X L H L H 

L H H L H L X X L H H L 

H H X X L H H H 

X X X X H H H H 

L H H H X X X X X H H H 

H L X X X X X X X H H H 

CAS3 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 
H 

t If LE is low, outputs will be the levels entered when LE was last high. If LE is high, outputs will follow address inputs as selected by MSEL. * For' ALS2967, clearing occurs on the low-to-high transition of RASi; for' ALS2968, clearing occurs on the high~to-Iow transition of RASI. 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

read/write operation details 

~ 

During normal read/write operations, the row and column addresses are multiplexed to the dynamic RAM 
controlled by the MSEL input. The corresponding RASn and CASn output signals strobe the addresses 
into memory. The block diagram in Figure 1 shows a typical system interface for a one-megaword dynamic 
memory. The DMC is used to control the four banks of 256K memory. 

For systems where addresses and data are multiplexed onto a single bus, the DMC uses latches, (row, 
column, and bank) to hold the address information. Figure 5 shows a typical timing diagram using the 
input latches. The twenty input latches are transparent when latch enable (LE) is high, and latch the input 
data whenever LE is taken low. For systems in which the processor has separate address and data buses, 
LE may be permanently high (see timing diagram in Figure 4). 

9 • BANK1 256K X 16·BIT 
'ALS29671 

ADDRESS / 'ALS2968 

-" DYNAMIC - ... RAs1 
ADDRESS MEMORY 

CAS1 CONTROLLER -

~ 
4 Vi 

RAS -------------SELO,1 
Jo. BANK2 256K X 16·BIT 

4 
CAS 

" - RAS2 
MCO,1 RASI CASI MSEL r-- CAS2 

Vi 
2 -BANK3 - - 2;K~ ~-;; • 

" r-- RAS3 

r-- CAS3 .. MEMORY 
~ r-- Vi 

~ MEMORY CONTROL TIMING 
CONTROLLER ~-----------

W ~ .. 8ANK4 256K X 16·BIT 

'. RAs4 

CAS4 

W 

1J 
t DATA BUS DATA BUS ) 

FIGURE 1, 1-MEGAWORD X 16-IJIT DYNAMIC I\IIEMORY 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

read/write operations (continued) 

~ 

The DMC is designed with heavy-duty outputs that are capable of driving four banks of 16-bit wori:ls, 
including six checkbits used for error detection and correction. 

In addition to heavy-duty output drivers, the outputs are designed with balanced output impedances (25 (J 

both high and low). This feature optimizes the drive low characteristics, based on safe undershoot, while 
providing symmetrical drive high characteristics. It also eliminates the external resistors required to pull 
the outputs up to the MOS VOH level (VCC - 1.5 V). 

9 r.. BANKl 256K X l6-BIT CHECK-BITS 
'ALS2967/ ADDRESS / 
'ALS2968 ~ DYNAMIC ,..-- RASl 

ADDRESS 

~ 
MEMORY - ----. CASl 

CONTROLLER 

iiAS 
4 ----. W 

~--------- -----SELO.l ---'\ BANK2 256K X l6-BIT 

CAS 
4, 

~ , - RAS2 

MCO.l iiASi CASi MSEL - ....,....---t CAS2 

1 1 
----. W 

2 
~---------' ---------'\ BANK3 256K X l6-81T 

MEMORY - ~ RAS3 

TIMING - ----. CAS3 
II. 

! MEMORY CONTROL 
CONTROLLER ----. Vi 

r 
---'\ ~--------- ------

W 1----4 BANK4 .256K X l6-BIT 

RAS4 

CAS4 

Vi 

EDAC J 1J CONTROL 

EN I ] TRANSCEIVER 
'ALS6l6 DIR 

"'i T 
l6-BIT 

EDAC .. 
DATA BUS Eliii .. 

FIGURE 2. 1-MEGAWORD X 16-BIT DYNAMIC MEMORY WITH ERROR DETECTION AND CORRECTION 
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SN54ALS2967. SN74ALS2967. SN54ALS2968. SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

memory expansion 

~ 

~ 

With a 9-bit address path, the DMC can control up to one megaword when using 256K dynamic RAMs. 
If a larger memory size is desired, the DMC's chip select (CS) makes it easy to expand the memory size 
by using additional DMCs. A four-megaword memory system is shown in Figure 3. 

To maintain maximum performance in 32-bit applications, it is recommended that individual bus drivers 
be used for each bank. 

DMC 9 
ADDR 

,--. MC1 RAS ONE·MEGAWORD 

- GSO CAS 
MEMORY ARRAY 
4 BANKS (256K) 

iii W 

DMC 9 
/ ADDR 

~ MC1 RAS ONE·MEGAWORD 
MEMORY ARRAY 

r-- CS1 CAS 4 BANKS (256K) 

iii W 

DMC 9 
/ ADDR 

~ MC1 RAS ONE-MEGAWORD 

CS2 CAS 
MEMORY ARRAY 

I 
4 BANKS (256K) 

iii I~ 
IN 

ADDRESS DMC 9 
I ADDR 

~ MC1 RAS ONE-MEGAWORD 

2.1- CS3 CAS 
MEMORY ARRAY 
4 BANKS (256K) 

~ 
CAS --. IN r- RAS MSEL 

J--
CHIP J--

SELECT 
DECODER 

W 

... 
MEMORY 
CONTROL J I )I MEMORY TIMING CONTROLLER 

FIGURE 3. 4-MEGAWORD X 16-BIT DYNAMIC MEMORY 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

refresh operations 

The two 9-bit counters in the' ALS2967 and' ALS2968 support 128-, 256-, and 512-line refresh operations. 
Transparent, burst, synchronous, or asynchronous refresh modes are all possible. The refresh counters 
are advanced on the low-to-high transition of RASI on the' ALS2967, and on the high-to-Iow transition 
of RASI on the' ALS2968. The refresh counters are reset to zero on the low-to-high transition of RASI 
on the 'ALS2967, and on the high-to-Iow transition of RASI on the 'ALS2968, if Me1 and MCa are at 
a low logic lev\ll. See Figure 8 for additional timing details. 

When performing refresh cycles without memory scrubbing (MC1 and MCa both low), all four RAS outputs 
go low, while all CAS outputs are driven high. Typical timing for this mode of operation is shown in Figure 6 . 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Voltage applied to disabled 3-state output .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS2967, SN54ALS2968 ....... " - 55°C to 125°C 

SN74ALS2967, SN74ALS2968 ............. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

SN54ALS2967 SN74ALS2967 

SN54ALS2968 SN74ALS2988 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 . V 

IOH High-level output current -1 -2.6 mA 

IOL low-level output current 12 12 mA 

(23) RASi low or RASI high 15 15 

tw Pulse duration (24) RASi high or RASI low 15 15 ns 

(25) lE high 20 20 

(26) An before lH 5 5 

(27) SEln before lEI 5 5 
tsu Setup time 

(28) MeO or Mel before RASlt or RASII 25 25 
ns 

(29) SEln before RASiI or RASlt 15 15 

(30) An after LEI 5 5 
th Hold time 

SELn after LEI 
ns 

(31) 5 5 

TA Operating free-air temperature -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54ALS2967 SN74ALS2967 

PARAMETER TEST CONDITIONS SN54ALS2968 SN74ALS2968 UNIT 

MIN Typt MAX MIN Typt MAX 

VIK Vee = 4.5 V, II = -18 mA -1.5 -1.5 V 

Vee = 4.5 V, IOH = -1 mA 2.4 3.3 
VOH V 

Vee - 4.5 V, IOH - -2.6 mA 2.4 3.2 

Vee = 4.5 v, IOL = 1 mA 0.15 0.5 0.15 0.5 
VOL V 

Vee - 4.5 V, IOl - 12 mA 0.35 O.S 0.35 O.S 

IOl1: Vee = 4.5 V, Va = 2 V 30 30 mA 

IOZH Vee - 5.5 V, Va - 2.7 V 20 20 ~A 

IOZl Vee = 5.5 V, Va = 0.4 v -20 -20 /LA 

II Vee - 5.5 V, VI - 7 V 0.1 0.1 mA 

IIH vee - 5.5 v, VI = 2.7 V 20 20 ~A 

III Vee = 5.5 V, VI = 0.4 V -0.1 -0.1 mA 

lo§ Vee = 5.5 V, Va = 2.25 V -30 -112 -30 -112 mA 

lee Vee = 5.5 V mA 

tAli typical values are at Vee = 5 V, TA = 25°e. 
:l: Not more than one output should be tested at a time, and duration should not exceed 1 second. 
§ The output conditions have been chosen to produce a current .that closely approximates one half the true short-circuit output current, lOS. 
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SN54ALS2967, SN74ALS2967 
DYNAMIC MEMORY CONTROLLERS 

• ALS2967 switching characteristics. CL 50 pF 

FROM TO 
TEST CONDITIONSt PARAMETER 

(INPUT) (OUTPUT) 

tod(1) RASI. Any Q 

tpd(2) ~ ~n 

t od(3) CASI CASn 

tpd(4) Any A Any Q 

tpd(5) MSEL Any Q 

tpd(6) LEt Any Q 

tpd(7) LEt Any RAS 

tpdlS) LEt Any CAS 

tpd(9) MCO or MC1 Any Q 

tpd(10) MCO or MC1 Any RAS 

tpd(11) MCO or MC1 Any CAS VCC = 4.5 V to 5.5 V, 

tpd(12) C'S' Any Q TA = MIN to MAX 

tod(13) ~ Any RAS 

tpd(14) CS Any~ 

tpd(15) SELO or SEL1 AnyRAS 

~d(16) SELO or SEL1 Any CAS 

ten(17) OE. Any Q 

ten!1S1 GE. Any RAS 

ten(19) GE. Any CAS 

tdis(20) OEt Any Q 

tdis(21) GEt Any RAS 

tdis(22) OEt Any CAS 

SN54ALS2967 

MIN TVP* MAX 

12 

10 

S 

22 

14 

15 

15 

14 

15 

14 

12 

16 

12 

11 

12 

11 

14 

13 

13 

15 

13 

13 

< . ALS2967 switching characteristics. CL - 150 pF n' 
CD en 

FROM TO 
TEST CONDITIONSt 

SN54ALS2967 
PARAMETER 

(INPUT) (OUTPUT) MIN 

tpd(1) RASI Any Q 

tod(2) RASI RASn 

tpd(3) CASI CASn 

tpd(4) Any A Any Q 

tpd(5) MSEL Any Q 

tod(6) LEt Any Q 

tpd(7) LEi Any RAS 

tpd(B) LEt Any CAS VCC = 4.5 V to 5.5 V, 

tod(9) MCO or MC1 Any Q TA = MIN to MAX 

tpd(10) MCO or MC1 AnyRAS 

tpd(11) MCO or MC1 Any~ 

tpd(12) ~ Any Q 

tpd(13) CS Any RAS 

tod(14) CS Any CAS 

tpd(15) SELO or SEL1 Any RAS 

tpd(16) SELO or SEL1 Any CAS 

t See Figures 10, 11, 12, and 13 for test circuit and switching waveforms. 
tAli typical values at VCC = 5 V, TA = 25°C. 

2-494 TEXAS ." 
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17 

15 

14 

27 

19 

20 

20 

19 

20 

19 

17 

19 

14 

14 

15 

14 
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MAX 

SN74ALS2967 

MIN TVP* MAX 
UNIT 

12 ns 

10 ns 

" S ns 

22 ns 

14 ns 

15 ns 

15 ns 

14 ns 

15 ns 

14 ns 

12 ns 

16 ns 

12 ns 

11 ns 

12 ns 

11 ns 

14 ns 

13 ns 

13 ns 

15 ns 

13 ns 

13 ns 

SN74ALS2967 

M)N TVP* MAX 
UNIT 

17 ns 

15 ns 

14 ns 

27 ns 

19 ns 

20 ns 

20 ns 

19 ns 

20 ns 

19 ns 

17 ns 

19 ns 

14 ns 

14 ns 

15 ns 

14 ns 



• ALS2968 switching characteristics. CL - 50 pF 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONDITIONSt 

tpd(l) RASI Any Q 

t pd(2) RASI RASn 

tpd(3) CASI CJ\Sn 

tpd(4) Any A Any Q 

t pd(5) MSEL Any Q 

tod(6) LEt Any Q 

t pd(7) LEt Any RAS 

tpd(8) LEt Any CAS 

t od(9) MeO or MCl Any Q 

t pdll0) MCO or MCl Any RAS 

tpd(ll) MCO or MCl Any CAS VCC = 4.5 V to 5.5 V, 

tod(12) CS Any Q TA = MIN to MAX 

tpd(13) CS Any RAS 

tpd(14) CS' Any CJ\S 

tod(15) SELO or SELl Any RAS 

tpd(16) SELO or SEL1 Any CAS 

ten(17) lYEl Any Q 

t en(18) DEl Any RAS 

ten(19) DEl Any CJ\S 

tdis(20) OEt Any Q 

tdi.(21) DEt Any RAS 

tdis(22) OEt Any CJ\S 

• ALS2968 switching cbaracteristics. CL = 150 pF 

FROM TO 
TEST CONDITIONst PARAMETER 

(INPUT) (OUTPUT) 

t pd(l) RASI Any Q 

tpd(2) RASI RASn 

tpd(3) CASI CASn 

tpd(4) Any A Any Q 

t pd(5) MSEL Any Q 

tpd(6) LEt Any Q 

tpd(7) LEt Any RAS 

todlS) LEt Any CAS VCC = 4.5 V to 5.5 V. 

tjJd(9) MCO or MCl Any Q TA = MIN to MAX 

t pd(10) MCO or MCl Any RAS 

todll1) MCO or MCl Any CAS 

t pd(12) CS Any Q 

t pd(13) C's Any RAS 

t od(14) CS Any~ 

tpd(15) SELO or SEll Any RAS 

t pd(16) SELO or SEll Any CAS 

t See Figures 10, 11, 12, and 13 for test circuit and switching waveforms. 
* All typical values at VCC = 5 V, T A = 25°C. 

SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

SN54ALS2968 SN74ALS2968 

MIN TYP* MAX MIN TYP* MAX 
UNIT 

5 12 20 5 12 20 ns 

3 10 18 3 10 18 ns 

3 8 17 3 8 17 ns 

5 22 30 5 22 30 ns 

3 14 20 3 14 20 ns 

15 25 15 25 ns 

15 25 15 25 ns 

14 24 14 24 ns 

5 15 25 5 15 25 ns 

3 14 21 3 14 21 n. 

3 12 19 3 12 19 ns 

16 23 16 23 ns 

12 20 12 20 ns 

11 19 11 19 ns 

12 20 12 20 ns 

11 18 11 18 ns 

14 21 14 21 ns 

13 19 13 19 ns 

13 19 13 19 ns 

15 22 15 22 ns 

13 20 13 20 ns 

13 20 13 20 ns 

SN54ALS2968 SN74ALS2968 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

12 17 30 12 17 30 ns 

9 15 23 9 15 23 ns 

9 14 22 9 14 22 ns 

10 27 35 10 27 35 ns 

9 19 26 9 19 26 ns 

20 28 20 28 ns 

20 28 20 28 ns 

19 27 19 27 ns 

10 20 27 10 20 27 ns 

9 19 25 9 19 25 ns 

9 17 23 9 17 23 ns 

19 27 19 27 ns· 

14 22 14 22 ns 

14 22 14 22 ns 

15 23 15 23 ns 

14 22 14 22 ns 

• en 
Q) 
CJ 
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Q) 

c 
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SN544LS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLL~RS 

Q OUTPUTS 

MC INPUTS 

RASII"ALS29671 

RASII'ALS29681 

RASn OUTPUT 

MSEL 

CASII"ALS29671 

ROW ADDRESS VALID COLUMN' ADDRESS VALID ROW REFRESH ADD 
I I I 

I (1I111II4~ON'T CARE WillA 
_+ ___ -I-__ .~~~~~I+...,...---------'-tf"'"'" tpdl91 t4-

READ/WRiTE MohE: X REFRESH MODE 
--~------~------------+i~----~---------JI~-------------

I I I 
k-tl t "J. ! I I ( I 

1f-. __ tpd ...... 12_I-.I-li-____ '--tI _____ ~~ tpdl21-tt t I . I t 
---..... t I If-- thlARI t --11\ I ~'-----I--------

tsulARI -.\!!r I 

I ~ I I I tmI 
I -....t!: tpdl51~ --tI tpdl51 If--
II"-- t2t I' " \ ' I 
, , I 

• CASII"ALS29681 

I ~ I 'J I I , I . 
,_ t3 t ~tpdI31~ I+- tpdl31-+1 

I Ar-~I--i'----t~----~:-------------I tsulAd ---tI ~ I 
r en -c 
CD 
< 
c=r 
CD en 

CASn OUTPUT 

SEL INPUTS 

I \\\\\ HU 
-tI J4--tsu1291 

I 
:::x--.....,.-----~BA,.,.N"'K.."S".EL.."E".CT,......----------~\\\\'§DON·TCARE~.\i 

FIGURE 4. READ/WRITE CYCLE TIMING (MC1. MCO 1.01. (LE _ HI 

t Parameters tsulARI' tsulACI' and thlARI are timing requirements of the dynamic RAM. Parameters t1. t2. and t3 represent the minimum 
timing requirements at the inputs to the DMC that guarantee DRAM t!ming specifications and maxi~um system performance. The minimum 
requirem~nts f9r t1, t2, and t3 are as follows: 

t11minl = t pd(41 max + tsu(ARI min - t pd(21 min 
t2(minl = tpd(21 max + th(ARI min - t pd(51 min 
t3(minl = t2 min + tpd(51 max + tsulACI - tpd(31 min 

See the DRAM data sheet for applicable tsu(AR). tsu(AR). and th(AR). In addition, note that proPagation delay times given in the above 
equatio~s are functions of capacitive loading. The values used in these equations must relate to actual system capacitive loading. 

2-496 TEXAS • 
INSTRUM~NTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SN54ALS2967. SN74ALS2967. SN54ALS2968. SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

PROCESSOR ADDRESS 

Q OUTPUTS ROW ADDRESS VALID COLUMN ADDRESS VALID 

--------~----JW~I ~----------~R------------J 

~------~---~!-+-------+~-------~~-------
~ ----+i 

Me INPUTS READ/WRITE MODE MC1,O _ HL READ/WRIE MODE MC1,O .. HL 

--~~----~------~------------~--------------T---------
1 I 

,. I I I 1 I ................ --+-----------....... t---------..J .... tpd(2) .... 
~ t pd(2) --, 1- I 
~rl~I---~---------~---------~1 I 

RASI rALS2968) --------t----J1 t ;; !.- thlAR) t ----+l f\ ..... __ ..j..I·--------
tsulAR) ~ I ~I 

RASnOUTPUT-----~:;,::;---~--~_:I-1'~S\l-----------~----------------ill.~~ 
~~~~ ~ I I I 

..----+-_~...; th(30) jt-
LE~ ~I----~I~------~~~rl----------~ 

I I ..-~t_Pd_15_)_:::;I+------\t.-tPdI5)-.: 
MSEL ___ ~ __ tW-l'if_5-)-+t--tI---+-1 ____ r: ~ ___ ~I ____ __ 

------~I~~I----~------~ I I~ __ ~I ______ __ 
CAm rALS2967l I I I ,. I r: 

I I I J+- t pd(3) -+I t.-tpd(3)~ 

CASI rALS2968) ----__ II--__ I---+-: _____ ....J) t : I: \ ... ---:-1-------
________ +I __ ~I----~I-------ts-u-IA-C-)-~~--~~~ nril--------

CASn OUTPUT t I 1 . I \\\ I/d su(27)~ '4-- .-
I -+I th(31) ~ 

RASI r ALS2967) 

SELINPUTS ~~~~~~ __________ ~~~~~~~~~~~~~~~~~~~ ___ .A_NK_S_El_EC_T __ 

FIGURE 5. READ/WRITE CYCLE TIMING USING INPUT LATCHES (MC1, MCO H, LI 

t tsu(AR). tsuIAC). and thlAR) are timing requirements of the dynamic RAM. See the DRAM data sheet for applicable specifications. 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

Q OUTPUTS _.;.... __ -',~ ..... RO_W_R_EF_RE_S_" _AD_D_RE_SS_V_A_lID-J'-u::,-_N_EX_T_RO_W_R_E_FR_ES_"_A_DD_RE_S .... 5 , ... VA_lI_D_-,,~ ..... _~ ..... __ _ 
I I I 1 

CS ~il'ON'TCARi_:4*~:mr::~ 
14- t pdl9) -+I """0000'" I --+f tpdl9) I+--

Me INPUTS REFRESH MODE MC1,O = Ll REFRESH MODE MC1,O .. II READ/WRITE MODE 

I+-tpd(1)~ 

AASi (' ALS2967) \'--i-------Jl( : \'-____ --J/ 
I I 

RASI l 'ALS2968) j~",",I----~\l I j~------'\. 
-.....,t,..5u..,.IA~~) t ....I 1.-1 ~ t I ~:WIRH) t...... .... ----------

I !4-- t wIRL) ~ I I 
RASn OUTPUT ------~\'\,.\~ Jill ~'l'~ ...... ____ .&!JUlrfII 

FIGURE 6. REFRESH CYCLE TIMING (MC1. M~O - L. Ll WITHOUT SCRUBBING 

t tsulARI' twIRL), and tw(RH) are timing requirements of the dynamic RAM. See DRAM data sheet for applicable specifications. 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

QOUTPUTS ______ ~--J~~--RO-W--RE-F-RE-S-H-A-DD-R-ES-S-V-A-"-D-':~~CO-L-U_M_N_RE_F_RE_S_H_AO_D_R_ES_S_V_A_"_D'~'~~-'~I~----------... 
(4-tpdI9l-+/ 1 I k- tpdI9l+i 

MCINPUTS :=:JK~~ ____ +I ___________ RE_F_RE_S_H_M_O_DE __ M~ic_"~r_-_L_H ____________ ~ __ --J)(~------------------
~ t4t 14- 1 I I 

AASi ('ALS2967l ---""\\ .... _1-1 ________ ........ : ____ ...-J,----+-: ---------
I I l I+- tpdl2l-+j 

RASI ('ALS2968l --~..,I I I I+- thlARl t --.: : \ I 
tsulARlt~ i+1 1 1 I 

~nouTPuT----+:---~~~~~~--~--~I~:~----~I----h~0~~~~~----------
L t2t ~ j4- tpdl5l i4-tPdl5l-.l1 
- --------.. ~/' I 

MsEL ___ ~I-----~·i \~ __ ~I---------
I 1 I 

~('ALS2967l 1 \ I ',...--....;..1-------
14(4---- t3 t ~14- t~dl3l-+l If- tpdl3l --I 

CASI ('ALS2968l _________ ---JJ: I \~ ________ _ 

~ U, tsulACl t cAsnouTPUT* ________________________________________ ~~~ 

~ I!II 

FIGURE 7. REFRESH CYCLE TIMING (MC1. MCO .. L. HI WITH MEMORY SCRUBBING 

t Parameters tsu(AR). tsu(AC). and th(AR) are timing requirements of the dynamic RAM. Parameters t2, t3. and 14 represent the minimum 
timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The minimum 
requirement for t2. t3, and t4 are as follows: 

t21minl = tpdl2) max + thlAR) min - t pdl5) min 
t3lmin) = t2 min + tpd(5) max + tsulAC) - tpd(3) min 
t4lmin) = tpdl9l max + tsulAR) min - tpdl2l min 

See the DRAM data sheet for applicable tsuIAR). tsuIAC). and th{ARl' )n addition. note that propagation delay times given in the above 
equations are functions of capacitive loading. The values used in these equations must correspond to actual system capacitive loading. 

t A CASn output is selected by the bank counter. All other CASn outputs will remain high. 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

Q OUTPUTS ___________ \\~ ______________ "'{ ____ _ 

cs~~\\%\~~!l)?!n)R~RE_~ 
14 tsul281 ~ 

MC INPUTS--------* CLR REFRESH MOD~ MC1,O - HH X"' _____ _ 
j+-tWI231-+i 

-----------------~ TI~---------------------------RASII'ALS29671 ", 

I+--tw1241~ 

RASI (' ALS29681 /1 J 
~----------------~I ,~---------------------

-+I tpd(21 ~ 

• 

RASn OUTPUT \. I 

r- MSEL _R~;tt~A\tl' 

~ 
C 
CD 
< 
c;' 
CD 
(I) 

2-500 

FIGURE 8, REFRESH COUNTER RESET (MC1, MCO = H, H) 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

~~------------------------------------------------~~ 
A INPUTS .: ¥ X i 

"""""ten(17114- ~ tpd(911+- tpd(121~ I+- tdis(201.... I+-
Q OUTPUTS : «( , i X.-----) I }I"---__ , I »1-

I -+t tpd(9114- tpd(121....... r+- I -+t tpd(611+- I 
I I 1 J 

es I I ( }'---------t!----......;:-----
I I I I I 

Me INPUTS_-r:M~e;;;:O.:.;.1..;;-;..;H;.;: • .;.L 11....,;;M;;.;e~O.;.;.1...;-;..;.:l • .:.;.H..J,~M;;.;e~O.;.;.1...;-;..;.;.Hl:....:I-.:.:RE:;.:;A;;;D;:.;/W.:.:R.::.IT:_=E;..::M;;.;O;.:;D;.:.E __ -:I~M~e;;;:O.:.;.1...;-...;H+l:.-__ 

I I I I I I 

-+llen(1811+- I tpd(10l......l 14- I tpd(121-+t 14- II tdiS(211~ 14-
I I I I I I I 1 I I 

RAsnOUTPUT--+I--~~t::~:::~} ______ ~1 --~f~::::t: ::~(r-~I---\r----.~:--~X.C~~II~_-~~}~>~ 
I tdO - ... I ,",----II Lit I p (1 1 "'l ~ I .pd(131-+t..-- -~ pd(7114-, 

I I I I I \\...;.I _______ .Ji. 
I I tpd(151-+t 14- II I I 

I I I I I 
~ten(1911+-: tpd(111~ 14- : tpd(141.....r (4- I tdis(221.... I+- • 

CASn OUTPUT --~(:«d=:::!!=Jx.I'-__ -T-: -Ji",---.. : -oJIL \ : ~r· --#-
tpd(111~ 14-- I tpd(141~,...--- -+(tpd(811+-

SEl INPUTS ______ ..:8;;.;A;.::NK:;..;;.:SE=l;;,;Ee::.:T ____ --.J*\,,_-i:r-___ 8::;A;;;;N;;.;K..:S;:;:EL=E.::.CT~ ____ .JX 8ANK SELECT 

LE 

tpd(161~ 

RASI ("ALS29671 - L. RASI ("AlS29681 - H. MSEL - H or L. CAS( ("ALS29671 - L. CASI ("ALS29681 - H 

FIGURE 9. MISCELLANEOUS TIMING 
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SN54ALS2967, SN74ALS2967, SN54ALS2968, SN74ALS2968 
DYNAMIC MEMORY CONTROLLERS 

SWITCHING TEST CIRCUIT 

. Vcc 
FROM 

~1 LZ.ZL 
FROM 680 n S 

DEVICE . 
OUTPUT 2 

CL - 50 pF 1 HZ. ZH 

J ~ 

DEVICEtl OUTPUT r' ~:" 
• tpd specified at CL ~ 50. 150 pF 

FIGURE 10. CAPACITIVE LOAD SWITCHING FIGURE 11. THREE-STATE ENABLE/DISABLE 

TYPICAL SWITCHING CHARACTERISTICS 

lB' 
VOLTAGE WAVEFORMS TYPICAL OUTPUT DRIVER 

INPUT 

~ ____ 3V 

1.5VX ~.6V 
---..... --VCC 

R ~ 26 n 
r­
rn -
C 
en 
< ,;, 
en 
en 

___ ...JI~ ___ ...JI 
OV 

tpLH~ tPHL~ 

OUTPUT 2.4vrl kl 
. .~VOL 

OUTPUT TO 
--+ RAM ADDRESS 

OR CONTROL 
R ~ 26 n LINES 

OV 

------.------GND 

FIGURE 12. OUTPUT DRIVE LEVELS 

THREE-STATE TIMING 

3·STATE r"--------------~ - - - - - - - - - -- 3 V 

CONT~~~ _____ ,,1. ~ - - ----------~.~ V 

1414--......... 01- tpHZ tpZH I" ~I 
_____ ...:.1 __ ""\ I (DISA8LE) (ENABLE) I I VOH 

VOH I ~ VOH - 0.6 V : 1-------- 2.4 V 

: I (HIGH IMPEDANCE) : I 
: 'VOL-0.5V : \---------0.8V -----....;.1--...1' ): VOL 

VOL ... I .. I----I~ .. I-(DI~;~LE) (E~~ZJ_LE) ,.. ~I 

OUTPUT 

NOTE: Decoupling is needed for all AC tests 

FIGURE 13. THREE-STATE CONTROL LEVELS 
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PRODUCT 
PREVIEW 

SN54ALS6301, SN74ALS6301, SN54ALS6302, SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

• Provides Control for 16K, 64K. 256K, and 
1 M Dynamic RAMs 

• Highest-Order Two-Address Bits Select One 
of Four Banks of RAMs 

• Supports Scrubbing Operations and Nibble­
Mode Access 

• Separate Output Enable for Multi-Channel 
Access to Memory 

• 52-Pin Dual-In-Line Package 

description 

The' ALS6301 and' ALS6302 dynamic memory 
controllers (DMCs) are designed for use in 
today's high-performance memory systems, The 
DMC acts as the address controller between any 
processor and dynamic memory array, 

Two versions are provided that help simplify 
interfacing to the system dynamic timing 
controller. The' ALS6301 offers active-low Row 
Address Strobe Input (RASI) and Column 
Address Strobe Input (CASI), while the 
'ALS6302 offers active-high Row Address 
Strobe Input (RASI) and Column Address Strobe 
Input (CASI) inputs, 

Using two 1 O-bit address latches, the DMC will 
hold the row and column addresses for any 
DRAM up to 1 M, These latches and the two 
row/column refresh address counters feed into 
a 1 O-bit, 4-input MUX for output to the dynamic 
RAM address lines. A 2-bit bank select latch is 
provided to select one of the four RAS and CAS 
outputs. The two bits are normally obtained from 
the two highest-order address bits. 

02900, JANUARY 1986 

SN54AlS6301, SN54AlS6302 ... JD PACKAGE 
SN74AlS6301, SN74AlS6302 ... JD OR N PACKAGE 

(TOP VIEW) 

CS MSEL 
AO CAS( or CASI t 

A10 RASO 
A1 CASO 

A11 RAS1 
A2 CAS1 

A12 00 
A3 01 

A13 02 
A4 03 

A14 04 
GND GND 

TP OE 
LE VCC 

A5 05 
A15 06 

A6 07 
A16 08 

A7 09 
A17 RAS2 

A8 CAS2 
A18 RAS3 

A9 CAS3 
A19 RAS( or RASI t 

SELO MCO 
SEL1 MC1 

t, ALS6301 has active-low inputs CASi and RASI; 'ALS6302 has 
active-high inputs CAS I and RASI. 

The 'ALS6301 and 'ALS6302 have two basic modes of operation, read/write and refresh. During normal 
read/write operations, the row and column addresses are multiplexed to the dynamic RAM, with the 
corresponding RAS and CAS signals activated to strobe the addresses into the RAM. In the refresh mode, 
the two counters cycle through the refresh addresses. If memory scrubbing is not being implemented, 
only the row counter is used. When memory scrubbing is being performed, both the row and column counters 
are used to perform read-modify-write cycles. In this mode all RAS outputs will be active (low) while only 
one CAS output is active at a time. 

The SN54ALS6301 and SN54ALS6302 are characterized for operation over the full military temperature 
range of - 55°C to 125°C. The SN74ALS6301 and SN74ALS6302 are characterized for operation from 
O°C to 70°C. 

Copyright IE) 1986. Texas Instruments Incorporated 
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SN54ALS6301, SN74ALS6301, SN54ALS6302, SN14ALS6302 
DYNAMIC MEMORY CONTROLLERS 

logic-diagram (positive logic) 
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logic symbols t 
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OE 
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LE 

AO 
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SN54ALS6301. SN14ALS6301. SN54ALS6302. SN14ALS6302 
DYNAMIC MEMORY CONTROLLERS 

'ALS6302 

DYNAMIC MEMORY 
CONTROLLER 
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SN54ALS6301. SN74ALS6301. SN54ALS6302. SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

TABLE 1. PIN FUNCTION 

PIN NAME DESCRIPTION 
AO-AI9 Address Inputs. AO-A9 are latched in as the nine-bit row address for the DRAM. These inputs drive 00-09 when the 

DMC is in the read/write mode and MSEL is low. A I O-A 19 are latched in as the column address, and will drive OO-OS 

when MSEL is high and the DMC is in the read/write mode. The addresses are latched when the Latch Enable (LE) input 

signal is low. 

SELO, SELl Bank. Select. These two inputs are normally the two highest-order address bits and are used in the read/write mode 

to select which bank of memory will be receiving the ~ and CAS signals after RASi r ALS6301) or RASI r ALS6302) 

and ~ rALS6301) or CASI rALS6302) go active. 

LE Latch Enable. This active-high input causes the row, column, and bank select latches to become transparent, allowing. 

the latches to accept new input data. A 10w input on LE latches the input data. 

MSEL Multiplexer Select. This input determines whether the row or column address will be sent to the memory address inputs. 

When MSEL is high, the column address is selected, while the row address is selected when MSEL is low. The address 
may come from either the address latch or refresh address counter depending on MCO and MC I (see Mode Control 

Function Tablei. 

C"S Chip Select. This active-low input is used to enable the DMC. When ~ is active, the DMC operatas normally in all 

fQur modes. When ~ goes high, the davice will not anter the read/write mode. This allows other devices to access 

the same memory that the DMC is controlling . 

OE Output Enable. This active-low input enables/disables the o~tput signals. When ill: is high, the outputs of the DMC 
enter the high-impedance state. 

MCO-MCI Mode Controls. These inputs determine in which of the four modes the DMC operates. The description of each of the 

four operating modes is given in Table 2. 

OO-OS Address Outputs. These address outputs feed the DRAM address inputs and provide drive for memory systems having 

capacitance of up to 500 picofarads. 

RASi or Row Address Strobe Input. During the normal memory cycles, the decoded RASn output (RASO, RAS I, ~2, or RAS3) 

RASI is forced low after receipt of an active Row Address Strobe Input signal. In either Refresh mode. all four ~ outputs 

will be low while the Row Address Strobe Input Signal is active. The MSI on the' ALS6301 is an active-low input while 

on the' ALS6302, RASI is an active-high input. (For more details see timing diagrams). 

RASO-RAS3 Row Address Strobe. Each of the Row Address Strobe outputs provides a ~ Signal to one of the four banks of dynamic 

memory. Each ~n output will go low when selected by SELO and SEL 1 after J!iAS1 (' ALS6301) or RASI r ALS6302) 

goes active. All four go low in response to MSI r ALS6301) or RASI (' ALS6302) while in the refresh mode. 

CASi or Column Address Strobe Input. This input going active causes the selected CAS output to be forced low. The <:AID 
CASI input on the' ALS6301 is a9tive low input while on the' ALS6302, CASI is active high input. (For more details see 

timing diagrams.) 

CASO-CAS3 Column Address Strobe. During normal Read/Write cycles the two selected bits (SELO, SEll) determine which CAS 

output will go active following CASi r ALS6301 ) or CAS I r ALS6302) going active. When memory scrubbing is being 

performed, only the CASn signal selected will be active. For non-scrubbing cycles, ali four CAS outputs will remain high. 

TP This active-low test input asynchronously sets the row and column input latches high, while forcing the two bank 

select latches low. In normal operation, fi5 is tied high. 
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SN54ALS6301, SN74ALS6301, SN54ALS6302, SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

TABLE 2. MODE-CONTROL FUNCTION TABLE 

OPERATING MODE 
Refresh Mode without Scrubbing. Refresh cycles are performed with only the row counter being used to generate 

the addresses. In this mode, all four RAS outputs are active while the four ~ outputs remain high. 

Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the row and column counters 

generating the addresses. MSEL is used to select either the row or the column counter. All four ftAS outputs go low 

in response to RASI (' ALS6301) or RASI (' ALS63021. while only one ~n output goes low in response to CASi 
(' ALS6301) or CAS I (' ALS6302). The bank counter keeps track of which ~ output goes active. This mode can 

also be used d~ring system power-up so that the memory can be written with a known data pattern. 

Read/Write. This mode is used to perform read/write cycles. Both the Rowand Column addresses are multiplexed 

to the address output lines using MSEL. SELO and SEL 1 are decoded to determine which RASn and CASn 

outputs will be active. 

Clear Refresh Counters. This mode clears the three refresh counters (row, column, and bank) on the inactive transition 

of RASI (' ALS63011 or RASI (' ALS63021, putting them at start of the refresh sequence (see timing diagrams for more 

detaill. In this mode. all four RAS outputs are driven low after the active edge of ~ (' ALS6301) or RASI (' ALS63021 

so that DRAM wake-up cycles may also be performed. 
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PRODUCT 
PREVIEW 

SN74ALS8400 
EXPANDABLE ERROR CHECKER AND CORRECTOR 

• Direct Replacement for National 
Semiconductor DP8400 

• Fast Single- and Double-Error Detection 

• Fast Single-Error Correction and Functionally 
Expandable to 100% Double-Error 
Correction Capability 

• Double-Error Correction after Catastrophic 
Failure without Additional Check Bits or ICs 

• Functionally Expandable Capability Up to 
Triple-Error Detection 

• Expandable to and beyond 64 Bits with 
Additional 'ALS8400s 

• Complete Error Recording 

• Byte Parity Generating and Checking 

• Separate Byte Controls for Data Output in 
Byte-Write Operation 

• Syndrome 110 Port for Error Logging and 
Management 

• Full Memory Check Diagnostic and Check 
Bits Simulation Diagnostics Capability 

• Self-Test of 'ALS8400 on the Memory Card 
Under Processor Control 

• Complete Memory Failure Detection 

• Power-On Clears Data and Syndrome 
Latches 

description 

02921. APRIL 1986 

JD 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

005 D04 
006 003 
007 002 
DOS 001 
009 DOD 

0010 OBO 
0011 OLE 
0012 DLE 
0013 EO 
0014 AE 

0015 GND 
OB1 XP 

GND VCC 

CO E1 
C1 M2 
C2 M1 
C3 MO 
C4 50 
C5 51 

C6 52 
BPO(C7) 53 

CiES 54 
C5LE 55 

BP1 56 

The' ALS8400 is a monolithic Advanced Low-Power Schottky error checker and corrector (ECG) integrated 
circuit designed to aid in system reliability and integrity by detecting errors in memory data and correcting 
single- or double-bit errors. The ECC has a separate syndrome 110 bus, which can be used for error logging 
or error management. It can also be used in BYTE-WRITE applications (for up to 72 data bits) because 
it has separate byte controls for the data buffers. In 16- or 32-bit systems, the' ALS8400 will generate 
and check system byte parity, if required, for integrity of the data supplied from or to the processor. There 
are three latch controls to enable latching of data in various modes and configurations. 

The' ALS8400 is easily expandable to other data configurations. For 32-bit data bus with seven check 
bits, two' ALS8400s can be used in cascade with no other ICs. Three 'ALS8400s can be used for 48 
bits, and four' ALS8400s for 64 data bits, both using eight check bits. In all these configurations, single­
error and double-error detection and single-error correction are easy to implement. 

The' ALS8400 is characterized for operation from °C to 70°C. 

Copyright @ 1986, Texas Instruments Incorporated 

fI 
U) 
G) 
(.) 

'S: 
G) 

0 -til 
...I 

PRODUCT PREVIEW documanll ... nllin information 
on products in the farmati". Dr design ,haH of 
develapRllnt. Characteristic dati •• iI Dtller 

::.!i::t:::1 rr;:t dt-:ila::I~r T:::~~:::~:: TEXAS ." 
INSTRUMENTS 

2-509 

products without noti ... 
POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



r-
~ 
C 
CD 
< 
(i' 
CD 
tn 

SN74ALS8400 I 

EXPANDABLE ERROR CHECKER AND CORRECTOR 

PIN NAMES 1/0 DESCRIPTION 

AE 0 Any error output. In the normal read mode, when low, AE indicates no error and when high, indicates that 

an error has occurred. In any write mode, AE is permanently low. 

BPO/C7 110 Byte parity Olcheck bit 7. When XP is at 0 V, this pin is byte-O parity 110. In the normal write mode, BPO 

receives sys.tem byte-O parity, and in the normal read mode, outputs system byte-O parity. When the XP pin 

is open or at VCC, the BPO/C7 pin becomes the check bit C7 ItO, the eighth check bit for the memory check 

bits, for 48-bit expansion configuration and beyond. 

BP1/S7 110 Byte parity llsyndrome bit 7. When XP pin is at 0 V, this pin is byte 1 parity itO. In the normal write mode, 

BPl receives system byte-l parity, and in the normal read mode outputs system byte-l parity. When the 

XP pin is open or at Vce, the BP1/S7 pin becomes the syndrome bit S7 itO, the eighth syndrome bit, for 

48-bit expansion configuration and beyond. 

CSLE I Input check bit and syndrome latch enable. When high, the outputs of the check bit input latches follow input 

check bit and, if ~ is low, the outputs of the syndrome input latches fOllow the syndrome bit bus. 

CO-C6 110 Check-bit 110 port. A 7-bit bidirectional bus connected to the input of the check-bit input latches and the 

outputs of the check-bit output buffers. The check-bit output buffers are enabled whenever M2 pin is low. 

DLE I Input data latch enable. When high, outputs of the data input latches follow the input data bus. When low, 

the data input latches store the input data. 

DOO-D015 110 Data 110 port. A 16-bit bidirectional data bus connected to the input of the data input latches and the outputs 

of the data output buffers, with DOB-DO 15 also connected to the check-bit input latches. 

EO 0 Error 0 output. In the normal read mode, EO is high for a single~data error and low for other conditions. In 

the normal write mode, EO becomes PEe and is low if a parity error exists in byte-O as transmitted from the 

processor. 

El 0 Error 1 output. In the normal read mode, E 1 is high for a single-data error or a single check-bit error, and 

low for no error or a double error. In the normal write mode. E 1 becomes PE 1 and is low if a parity error exists 

in byte 1 as transmitted from the processor. 

GND System ground 

MO-M2 I Mode control inputs. These three controls define t~e eight major operational modes of the ECC. Table 1 

describes the modes. 

080,OBl I Output byte 0 and Output byte 1 enables. These inputs, when low, enable the outputs of the data output 

latches through the data output buffers onto the data bus. When 080 and OBl are high, the outputs of the 

data output buffers are placed in the high-impedance state. 

~ I Output enable syndromes. 110 control of the syndrome latches. When high, the outputs of the syndrome 

output buffer. are placed in the high-impedance state and external syndromes pass through the syndrome 

input latches with eSLE high. When ~ is low, the outputs of the syndrome output buffers are enabled and 

the generated syndromes appear on the syndrome bus, also eSLE is inhibited internally to the syndrome input 

latches. 

OLE I Output latch enable. When low, OLE enables the internally generated data to enter the data output latches, 

check bit output latches, and syndrome output latches. When ME is high, the latches store the data. 

SO-56 110 Syndrome 110 port. A 7-bit bidirectional bus connected to the input of the syndrome input latches and the 

outputs of the syndrome output buffers. 

VCC I 5-volt supply voltage input. 

XP I Multiexpansion input to a three-level comparator. With XP at 0 V, only 6 or 7 check bits are available for 

expansion up to 40 bits, allowing byte parity capability. With XP open or at Vce, expansion beyond 40 bits 

is possible, but byte-parity capability is no longer available. When XP is at VCC, check-bit generator bits 6 

and 7, the internally generated upper two check bits, are set low. When XP is o'pen, check-bit generator bits 

6 and 7 are set to word parity. 
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functional description 

SN74ALS84DD 
EXPANDABLE ERROR CHECKER AND CORRECTOR 

The' ALS8400, with its 16-bit bidirectional data bus connected to the memory data bus, monitors data 
between the processor arid memory. It uses an encoding matrix to generate six check bits from the 16 bits 
of data. In a write cycle, the data word and the corresponding check bits are written into memory. When 
the same location of memory is subsequently read, the ECC generates six new check bits from the memory 
data and compares them with the six check bits read from memory to create six syndrome bits. If there 
is a difference (causing some syndrome bits to go high), then that memory location contains an error and 
the ECC indicates the type of error with three error flags. If the error is a single-bit error, the ECC will 
automatically correct it. 

When the memory has more than one error, or better system integrity is preferred, double-error correction 
can be performed. One approach requires a further write-read cycle using complemented data and check 
bits from the ECC. If at least one of the two errors is a hard error, the ECC will correct both errors. This 
implementation requires no more memory check bits or ECCs than the single-error correct configuration . 
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PRODUCT 
PREVIEW 

• Advanced Schottky IMPACT-X'· Process 

• Three-Operand, 64-Word by 40-Bit Register 
File 

• Supports' AS888 and 'AS8832 Register File 
Expansion 

• Four 10-Bit Input Ports with Individual Parity 
Checkers and Write Enables 

• Four 10-Bit Output Ports with Individual 
Three-State Enables 

• Two Write Address Ports 

• Two Read Address Ports and Y Output Mux 
Permit LSH/MSH Swap Operations 

• 156-Pin Package 

• SomA Bus Drivers 

• Texas Instruments Quality and Reliability 

description 

The SN54AS8834 and SN74AS8834 are high 
speed, three-operand, 64-word register files in 
a 1 56-pin ceramic pin grid array. 

The register files are designed to support register 
file expansion for bit-slice systems using 
the' AS888 or 'AS8832. Internal parity checks 
and a 40-bit word width support I/O operations 
for graphics and 32-bit errOr detection and 
correction boards. 

The SN54AS8834 is characterized for operation· 
over the full military temperature range of 
-55°C to 125°C. The SN74AS8834 is 
characterized for operation from ooe to 70°C. 

IMPACT-X is a trademark of Texas Instruments 

SN54AS8834, SN74AS8834 
40~BIT REGISTER FILE 

02936. NOVEMBER 1985-REVISED MARCH 1986 

logic symbol t 

WEii1 [01' 

WER21N4 
WELt [Nf2) 

WEL21L141 

RAAO 1M" 
RAAl tJ41 
RAA21Lli 

RAA3 1J31 

RAMIKlI 

RAAS 1J21 

RABO IJ1 ! 
RABt (H41 

RAB2 1H31 

RA83 IH11 

RA84 IH21 

HA8S IG11 

If151 
.LJiR 

00'0141 

01 (0161 

02 [H131 

031H121 

O41H151 

DsIH14J 

061J151 
071J141 

081K151 

091K141 

010 i.151 

0" (J121 

D12 P12) 

D13'P141 

0141Nl11 

01610151 

01S lP111 
01,10141 

01S IM10! 
01gl0131 

D20lNl01 

021 (0121 

0221Pl01 

023 1Q111 

D24 IN9! 
.02510101 

D2B 1P91 

021 1091 

02s lM71 

029 1051 

030 1P11 

031 1041 

Ol2/PSI 

033 1031 

D34 1NSI 

036 1021 

03s 1P6! 

031 1P31 

038 IN61 

D39 1P41 

40-BIT REGISTER FILE 

ID9-DOI I 
1019-010) WE 

[02&-0201 

1039-0301 

A PORT ADR 

-Assa34 

I TeST PINS I [D9·DOI 

PARlTV CHECK [019-0101 
CLOCK 1029·0201 

MASTER OUTPUT ENABLE 1039·0301 

39 

(06) PAt 

IQ71 PAl 

IPSI Pl.1 

(MB) PL2 

IB151 yO 

IE141Yl 
IA151 Y2 
1014 Y3 

1013 Y4 

C141yS 
IC121 Y6 
(B121 V1 
IB131 yS 
IB111 V9 

IA141 V10 
(B10I Y11 

IA121V12 
IB91 Y13 

IA111Y14 
(D9I y,S 

IA10l Y16 
IC91 Yl7 
IA91 y,s 
188I Y19 
IB11 Y20 
(A61 Y21 
IC11 Y22 
IA51 Y23 

(D71Y24 

(A41 Y2G 
18&I V26 
(A31 Y27 
1851 Y28 
IA11 Y29 

1841 Y30 
IS21 Y31 
1C4I Y32 
{B31 Y33 
(031 Y34 
1021 Y36 

1E21V38 
1811 Y37 
IF2IY38 
IC11 Y39 

t This symbol is in accordance with ANSI/IEEE Std 91-1984. 

C~pyright © 1985, Texas Instruments Incorporated 
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SN54ASBB34, SN14AS8B34 
40-81T Il~GISTER FILE . 

PIN 
NO. NAME NO. 
Al Y29 B12 
A2 NC B13 
A3 Y27 B14 
A4 Y25 B15 
A5 Y23 Cl 
A6 Y21 C2 
A7 NC C3 
A8 NC C4 
A9 Y18 C5 
Al0 Y16 C6 
All Y14 C7 
A12 Y12 C8 
A13 NC C9 

.A14 Yl0 Cl0 
A15 Y2 Cll 
Bl Y37 C12 
B2 Y31 C13 
B3 Y33 C14 
B4 Y30 C15 
B5 Y28 01 
B6 Y26 02 
B7 Y20 03 
B8 Y19 07 
B9 Y13 08 
Bl0 Yll 09 
Bll Y9 013 

NC - No internal connection 

2-514 

SN54AS8834.SN74AS8834 
GB PIN-GRID-ARRAY PACI<A~E 

ITOPVIEWI 

1 2 3 4 5 6 7 8 9 10 l' 12 13 14 15 

A • • • • • • • • • • • • • • • 

s.·<!) ••••••••••• @. 
c • • • • • • • • • • • • • • • 
D • • • • • • • • • 
E • • • • • • 
F • • • • • • 
G • • • • • • • • 
H • • • • • • • • 
J • • • • • • • • 
K • • • • • • 
L • • • • • • 

M • • • • • • • • • 
N ••••••••••••••• 

PIN 

P e@_ ••••••••• e@. 
Q • • • • • • • • • • • • • • • 

PIN PIN 
NAME NO. NAME NO. NAME NO. 
Y7 
Y8 
NC 
YO 
Y39 
NC 
NC 
Y32 
VCCI 
GNOI 
Y22 
GNOI 
Y17 
GNOI 
VCCI 
Y6 
NC 
Y5 
NC 
NC 
Y35 
Y34 
Y24 
VCCI 
Y15 
Y4 

014 Y3 H12 03 
015 OEL2 H13 02 
El NC H14 05 
E2 Y36 H15 04 
E3 GNOI Jl RABO 
E13 GNOI J2 RAA5 
E14 Yl J3 RAA3 
E15 TP2 J4 RAAI 
Fl OERI J12 011 
F2 Y38 J13 GN02 
F3 GN02 J14 07 
F13 GN02 J15 06 
F14 ml Kl RAA4 
F15 AL/BR K2 GN02 
Gl RAB5 K3 GN02 
G2 AR/B[ K13 VCC2 
G3 VCC2 K14 09 
G4 l:iEB2 K15 08 
G12 miE Ll RAA2 
G13 TPI L2 WARO 
G14 00 L3 VCC2 
G15 01 L13 WALl 
HI RAB3 L14 WEL2 
H2 RAB4 L15 010 
H3 RAB2 Ml RAAO 
H4 RABI M2 WAR2 

TEXAS ..If 
INSTRUMENTS 
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M3 
M7 
M8 
Ml0 
M13 
M14 
M15 
Nl 
N2 
N3 
N4 
N5 
N6 
N7 
N8 
N9 
Nl0 
NIl 
N12 
N13 
N14 
N15 
PI 
P2 
P3 
P4 

PIN PIN 
NAME NO. NAME 
WAR3 P5 036 
028 P6 032 
PL2 P7 030 
018 P8 PL1 
WAL3 P9 026 
WAL2 Pl0 022 
NC Pll 016 
NC P12 012 
WAR4 P13 WAL5 
WAR5 P14 013 
WER2 P15 CLK 
038 01 WERI 
034 02 035 
VCCI 03 033 
GNOI 04 031 
024 05 029 
020 06 PRI 
014 07 PR2 
WELl 08 NC 
WAL4 09 027 
WALO 010 025 
NC all 023 
NC 012 021 
WARI 013 019 
037 014 017 
039 015 015 



PIN 

NAME NO. 

ALlBR F15 

AR/BL G2 

ClK P15 

DO G14 

01 G15 

02 H13 

03 H12 

04 H15 

05 H14 

06 J15 

07 J14 

08 K15 

09 K14 

010 l15 

011 J12 

012 P12 

013 P14 

014 Nll 

015 Q15 

016 Pll 

017 Q14 

018 Ml0 

019 Q13 

020 N10 

021 Q12 

022 Pl0 

023 Qll 

024 N9 

025 Ql0 

026 P9 

027 Q9 

028 M7 

029 Q5 

030 P7 

031 Q4 

032 P6 

033 Q3 

034 N6 

035 Q2 

036 P5 

037 P3 

038 N5 

039 P4 

GNOl E3 

GNDl E13 

GNOl C6 

GNOl C8 

GNOl Cl0 

GNOl N8 

1/0 

I 

I 

I 

I 

I 

I 

I 

DESCRIPTION 

SN54AS8834, SN74AS8834 
40·81T REGISTER FILE 

Output select for Y20-Y39 output data. High selects DA20-DA39; low selects DBO-DB19. 

Output select for YO-Yl0 output data. High selects DAO-DA19; low selects DA20-DA39. 

Clocks data into register file on rising edge. 

Input data bits 0 through 9 

Input data bits 10 through 19 

Input data bits 20 through 29 

Input data bits 30 through 39 

5-volt ground (All ground pins must be used.1 

FI 
II) 
G) 
(,) 

'S; 
G) 

C -CJ) .... 

TEXAS .. 
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SN54AS8834, SN14AS8834 
40·81T REGISTER fiLE 

PIN 
DESCRIPTION 

NAME NO. I/O 

GND2 F3 

GN02 F13 

GN02 J13 2-volt ground (All ground pins must be used.) 

GN02 K2 

GN02 03 
M8 PL2 0 Parity check result. High indicates odd number of high inputs on 030-039. 

MOE G12 I Master output enable, active low. Places VO-V39 and parity outputs in the high-impedance state when high. 

NC A2 

NC A7 

NC AS 

NC A13 

NC 614 

NC C2 

NC C3 

NC C13 

NC C15 
No internal connection 

NC 01 
NC El 

NC M15 

NC Nl 

NC N16 

NC Pl 

NC QS 

Om F14 V20-V29 output enable, active low 

0EI2 015 V30-V39 output enable, active low 

OERl 
I 

Fl YO-V9 output enable, active low 

M1t2 G4 Yl0·Y19 output enable, active low 

PL1 P8 "arity check result. High indicates odd number of high inputs on 020-029. 

PL2 M8 Parity check result. High indicates odd number of high inputs on 030-039. 
0 

PRl Q6 Parity check result. High indicates odd number of high inputs on 00-09. 
PR2 Q7 Parity check result. High indicates odd number of high inputs on 010·019. 

RAAO Ml 

RAAl J4 

RAA2 L1 

RAA3 J3 
I Register file A port read address select (0 = LSB) 

RAM Kl 
RAA5 J2 

RABO Jl 

RABl H4 

RAB2 H3 

RAB3 Hl 
I Register file A port read address select (0 = LSB) 

RAB4 H2 

RAB5 Gl 

TPl G13 

TP2 E15 
I Functional testing input. During normal operation, should be maintained high or open. 
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PIN 

NAME NO. 

VCCI C5 

VCCI Cll 

VCCI DB 

VCCI N7 

VCC2 G3 

VCC2 K13 

VCC2 L3 

WALO N14 

WAll L13 

WAL2 M14 

WAL3 M13 

WAL4 N13 

WAL5 P13 

WARO L2 

WARI P2 

WAR2 M2 

WAR3 M3 

WAR4 N2 

WAR5 N3 

WELl N12 

WIT2 Ll4 

WElil Ql 

WEli2 N4 

VO B15 

VI E14 

V2 A15 

V3 014 

V4 013 

V5 C14 

V6 C12 

V7 B12 

VB B1.3 

V9 Bl1 

Vl0 A14 

VII Bl0 

V12 A12 

V13 B9 

V14 All 

V15 09 

V16 Al0 

V17 C9 

VIS A9 

V19 BB 

110 

I 

I 

I 

0 

0 

DESCRIPTION 

5·volt supply for TTL-compatible 110 

2-volt supply for internal Schottky transistor logic 

Write address for 020-039 input data 

Write address for 00-019 input data 

020·029 write enable, active low 

030-039 write enable, active low 

00·09 write enable, active low 

01 0-0 1 9 write enable, active low 

Output data bits 0 through 9 

Output data bits 10 through 19 

TEXAS ." 
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40·81T REGISTER FILE 
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SN54As8834. SN74AS8834 
40·811 REGISTER FILE 

PIN 

NAME NO. I/O 
Y20 87 

Y21 A6 

Y22 C7 

Y23 A5 

Y24 07 
Output data bits 20 through 29 0 

Y25 A4 

Y26 86 

Y27 A3 

Y28 85 

Y29 A1 

Y30 84 

Y31 82 

Y32 C4 

Y33 83 

Y34 03 
0 Output data bits 30 through 39 

Y35 02 

Y36 E2 

Y37 B1 

Y38 F2 

Y39 C1 

DESCRIPTION 
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AUiiii • It \. 

liE[2 I a , 

0Ei:1~ 
elK • 

V3S-V30 

029·020 019-010 

V2S-V20 Y19-Y10 

ALS8834 REGISTER FILE 

LSI Devices II 

09-00 

PRI 

PR2 

WER2 

WAR5-WARO 

WER1 

RABS-RABO 

/ ,I • AR/ii: 

~ OERI 

~ • OER2 

V9-VO 

en 
:2 
U'I 
01=0 

oI=o:Do cen . = !!!= 
-fW 

=~ 
men 
~:2 en .... 
-fol=o 
m:Do 
=en 
~= -= r-W 
mol=o 
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SN54AS8834, ·SN74AS8834 
40·811 REGISTER FILE 

data input/output ports 

Data is input to the' AS8834 through four 10-bit data ports: 030-039, 020-029, 01Q-019 and 00-09. 
Data is output from the register file through four 1 O-bit output ports: Y30-Y39, Y20-Y29, Yl0-Y19 and 
YO-Y9. The Y ports are enabled by four active low output enables: OEL2 for Y30-Y39, OEL 1 for Y20-Y29, 
OER2 for Yl0-Y19, and OERl for YO-Y9. 

register file addressing 

Data is stored in the register file on the rising edge of the clock. Two write address ports and two read 
address ports operate independently to implement a 40-bit register file that supports MSHILSH swap 
operations. WALO-WAL5 is the write address for 020-039 input data; WARO-WAR5 is the write address 
for 00-019 input data. These separate write addresses permit the most significant and the least significant 
half of a word to be stored at different addresses. Register file writes are enabled by four write enables: 
WEL2 for 030-039, WELl for 020-029, WER2 for 010-019, and WERl for 00-09. 

Two read address lines are also provided: RAAO-RAA5 and RABO-RAB5. These lines control the selection 
of data to be output on internal data buses OAO-OA39 and 080-0B39 respectively. V-output data selection 
is controlled by ALIBR and ARIBL as shown in Table 1 . 

TABLE 1. OUTPUT FUNCTION TABLE 

SIGNAL RESULT SIGNAL RESULT RESULT WHEN COMBINE.D 

AL/BR Y20-Y39 AR/BL YO-Y19 Y20-Y39 YO-Y19 

H A20-A39 H AO-A19 A (MSH) A (LSH) 
H A20-A39 L 820-839 A (MSH) 8 (MSH) 
L 80-819 H AO-A19 8 (LSH) A (LSH) 
L 80-819 L 820-839 8 (LSH) B (MSH) 

parity checkers 

Two parity checkers are provided for data on the 0 input ports. A high on output signal!; PL2, PL 1, PR2 
or PRl indicate an odd number of high signals on data inputs 030-039, 020-029, 010-019 and 00-09 
respectively. 

master output enable 

When high, Master Output Enable, MOE, places the four Y output ports and the four parity output ports in the 
high-impedance state. 

2-520 TEXAS • 
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SN54AS8834, SN74AS8834 
40·811 REGISTER FILE 

absolute maximum ratings over operating temperature range (unless otherwise noted I 

Supply volt;:lge, VCC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, VCC2 ........................................................ 3 V 
Input voltage .............................................................. 7 V 
High-level voltage applied to 3-state outputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating case temperature range: SN54AS8834. . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Operating free-air temperature range: SN74AS8834 .......................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

PARAMETER 
SN54AS8834 SN74AS8834 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCCI I/O supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VCC2 STl internal logic supply voltage 1.9 2 2.1 1.9 2 2.1 V 

VIH High-level input voltage 2 2 V 

Vil low·level input voltage 0.8 0.8 V 

10H High-level output current -1 2.6 rnA 

10l Low-level output current 8 8 rnA 

TC Operating case temperature 125 DC 

TA Operating free-air temperature -55 0 70 DC 

electrical characteristics over recommended operating temperature range (unless otherwise notedl 

PARAMETER TEST CONDITIONS 
SN54AS8834 SN74AS8834 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK VCCI = 4.5 V, II = -18 rnA -1.2' -1.2 V 

VOH 
VCCI - 4.5 V, 10H - -1 rnA 2.4 

V 
VCCI - 4.5 V, 10H - -2.6 rnA 2.4 

Val VCCI = 4.5 V, 10l = 8 rnA 0.5 0.5 V 

10ZH VCCI - 5.5 V, Va - 2.7 V 20 pA 

10Zl VCCI - 5.5 V, Va - 0.4 V 0.4 rnA 

II VCCI - 5.5 V, VI- 7 V 0.1 0.1 rnA 

IIH VCCI - 5.5 V, VI - 2.7 V 20 20 pA 

III VCCI - 5.5 V, VI - 0.5 V -0.4 -0.4 rnA 

10~ VCCI = 5.5 V, Va = 2.25 V -30 -112 -30 -112 rnA 

ICCI VCCI - 5.5 V rnA 

ICC2 VCC2 - 2.1 V rnA 

tAli typical values are at VCC = 5 V, TA = 25 DC. 
t The output conditions have been chosen to produce a current that closely approximates one-half the true short-circuit current, lOS-

• 
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SN54AS8834. SN74~S8834 
40-81T REGISTER FILE 

timing requirements 

PARAMETER 

WE[1-WEl2 before elKt 

WERI-WER2 before elKt 

tsu Setup time WAlO-WAl5 before elKt 
WARO-WAR5 before elK; 

00-039 before elKt 

WEL1-WEl2 after elKt 

WERI-WER2 alter elKt 

th Hold time WAlO-WAl5 after elKt 

WARO-WAR5 after elK; 

00-039 after elK; 

SN54AS8834 SN74AS8834 
MIN MAX MAX 

UNIT 
MIN 

ns 

ns 

switching characteristics over recommended ranges of o'perating temperature and supply voltage (see 

II 
r­
tf) -c 
C\) 

< n' 
C\) 
(I) 

Note 1) . 

FROM TO SN54AS8834 
PARAMETER 

(INPUT) (OUTPUTI MIN MAX 
030-039 Pl2 

020-029 Pll 

010-019 PR2 
00-09 PRI 

tpd RAAO-RAA5 YO-Y39 

RABO-RAB5 YO-Y39 

ALlBR Y20-Y39 

AR/Bl YO-Y19 

elK YO-Y39 t 

MOE 
Pl2-Pll or 

PR2-PRI 

MOE YO-Y39 

ten m2 Y30:Y39 

ml Y20-Y29 

l5E'R2 YIO-YI9 

OERI YO-Y9 

~ 
Pl2-Pl I or 

PR2-PRI 

~ YO-Y39 

tdis m2 Y30-Y39 

ml Y20-Y2~ 

l5E'R2 YIO-YI9 

OERI YO-Y9 

t When read and write address are already selected. 
NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 
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• High-Speed "Flash" Shift Operations 

• Shifts up to 32 Positions in Less than 25 ns 

• Performs Logical. Circular, and Arithmetic 
Shifts 

• 3·State Outputs Allow 32-Bit and 16-Bit 
Bus Interface 

• 24-mA Bus Drivers 

• 84-Pin Package 

• Uses Less than 1_ 5 W (Max) 

• Texas Instruments Quality and Reliability 

description 

The SN54AS8838 and SN74AS8838 are high­
speed 32-bit barrel shifters in an 84-pin ceramic 
pin-grid array_ The devices can shift up to 32 bits 
in a single instruction cycle of under 25 
nanoseconds_ Five basic shifts can be 
programmed: circular left and right, logical left 
and right. and arithmetic right_ 

Unlike conventional shift registers. whose shift 
operations are controlled by the number of input 
clock pulses applied, the number of positions to 
be shifted by the' AS8838 is determined by an 
input decoder. This form of implementation does 
not require an input clock, thus, the shift 
operation is restricted only by internal 
propagation delays_ The delay is the same 
regardless of the number of positions to be 
shifted. resulting in a high-speed "flash" shift. 

Three-state output controls allow the devices to 
be interfaced with 32- or 16-bit data buses_ 

The SN54AS8838 is characterized for operation 
over the full military temperature range of 
- 55°C to 125°C. The SN74AS8838 is 
characterized for operation from OOC to 70°C. 

A 

C 

D 

G 

H 

This document contains information on products in 
mora thaR onB phasa of development. Tile status of 
88eh davice is indicated on the page(sl specifying its 
electrical characteristics. TEXAS ." 
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SN54AS8838. SN74AS8838 
32·B11 BARREL SHIFTERS 

D2938. NOVEMBER 1985-REVISED MARCH 1986 

SN54AS8838.SN74AS8838 
G8 PIN-GRID-ARRAY PACKAGE 

(TOP VIEW) 

2 3 4 5 6 7 8 9 10 11 

• • • • • • • • • • • 
.-@ ••••••• @ • 

• • • • • • • :: ·0-:: • • • • • • 
• • • • • • 
• • • • 
• • • • • • • 
• @ • • • • • • • @ • 
• • • • • • • • • • • 

PIN PIN 

NO. NAME NO. NAME 

Al GND F9 YOEl 
A2 vCC2 FlO Y7 
A3 Y30 Fll Y6 
A4 Y28 Gl D20 
A5 Y25 G2 D19 
A6 Y23 G3 D18 
A7 GND G9 Y4 
A8 Y20 Gl0 Y5 
A9 Y18 Gll GNO 
Al0 Y16 Hl D17 
All GNO H2 016 
Bl D31 Hl0 Y2 
B2 GNO Hll Y3 
B3 Y31 Jl D15 
B4 Y29 J2 014 
B5 Y26 J5 07 
86 Y24 J6 02 
B7 Y22 J7 MUXl 
B8 Y19 Jl0 YO 
89 Y17 Jll Yl 
810 VCCl Kl Vcel 
Bl1 Y15 K2 013 
Cl D29 K3 Dll 
C2 D30 K4 D9 
C5 Y27 K5 D6 
C6 YOEM K6 D3 
C7 Y21 K7 DO 
Cl0 Y14 K8 SFT4 
Cl1 Y13 K9 GND 
Dl D27 Kl0 SFTl 
D2 D28 Kl1 SFTO 
Dl0 Y12 II GND 
Dll Yll l2 D12 
El D24 l3 Dl0 
E2 D25 l4 D8 
E3 D26 l5 D5 
E9 Yl0 l6 D4 
El0 Y9 l7 Dl 
Ell Y8 l8 MUXO 
Fl D23 19 SFT3 
F2 D22 L10 VCC2 
F3 D21 L11 SFT2 

Copyright © 1985. Texas Instruments Incorporated" 
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SN54AS8838, SN74AS8838 
32·B11 BARREL SHIFTERS 

logic symbol t 

00lK71 

01 1L71 

02 1J61 

03 1K61 

04 1L61 

05 1L51 

06 1K51 

07 1J51 
OSIL41 

OSlK41 

010 lL31 

01, IK31 

012 1L21 

013 1K21 

014 1J21 

015 1J11 

016 1H21 

017 1H11 

01S IG31 

019 1G21 

020 lG11 

021 1F31 

022 1F21 

023 1F11 

024 1E11 

025 1E21 

026 1E31 

027 1011 
02S 1021 

029 1C11 

030 lC21 

031 IBll 31 

t-

32·SIT BARREL SHIFTER 
'Asss3s 

MUXl MUXO 
L L 
L H 
H L 
H H 

SHIFT OPERATION 
LOGICAL LEFT 
LOGICAL RIGHT 
CIRCULAR LEFT 
ARITHMETIC RIGHT 

SHIFT POSITION CONTROL 

tThis symbol is in accordance with ANSl/lEEE'Std 91·1984. 
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PIN 

NAME NO. 

DO K7 

01 L7 

02 J6 

03 K6 

04 L6 

05 L5 

06 K5 

07 J5 

08 L4 

09 K4 

010 L3 

011 K3 

012 L2 

013 K2 

014 J2 

015 Jl 

016 H2 

017 HI 

018 G3 

019 G2 

020 Gl 

021 F3 

022 F2 

023 Fl 

024 El 

025 E2 

026 E3 

027 01 

028 02 

029 Cl 

030 C2 

031 Bl 

GNO Al 

GNO A7 

GNO All 

GNO B2 

GNO GIl 

GNO K9 

GNO L 1 

MUXO La 

MUXI J7 

SFTO Kl1 

SFTI KID 

SFT2 L 11 

SFT3 L9 

SFT4 K8 

VCCI BID 

VCC1 Kl 

VCC2 A2 

VCC2 LID 

1/0 

I 

I 

I 

Input data bits 0 through 31 

Ground (All ground pins must be used.) 

OESCRIPTION 

SN54AS8838, SN74AS8838 
32-B11 BARREL SHIFTERS 

Shift instruction control. Specifies the type of shift operation to be performed. See Table 1 for further information. 

Shift position control. Specifies the number of bit positions to shift. See Table 1 for further information. 

5-Volt supply for TTL-compatible 1/0 

2-Volt supply for internal Schottky Transistor Logic (STL) 

fI 
en 
Q) 
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Q) 
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SN54AS8838, SN74AS8838 
32·BIT BARREL SHIFTERS 

PIN 

NAME NO. I/O 
DESCRIPTION 

YO J10 

Y1 J11 

Y2 H10 

Y3 H11 

Y4 G9 

Y5 G10 0 Output data bits 0 through 10 

Y6 F11 

Y7 F10 

Y8 E11 

Y9 E10 

Y10 E9 

Y11 D11 

Y12 D10 

Y13 C11 

Y14 C10 

Y15 B11 

Y16 A10 

Y17 B9 

Y18 A9 

Y19 B8 

Y20 A8 

Y21 C7 0 Output data bits 11 through 31 

Y22 B7 

Y23 A6 

Y24 B6 

Y25 A5 

Y26 B5 

Y27 C5 

Y28 A4 

Y29 B4 

Y30 A3 

Y31 B3 

'i'OIT F9 I Control input for the Y 15-YO output port. When YOEl is low, Y 15· YO is enabled. 

YO EM C6 I Control input for the Y31-Y16 output port. When 'YOEM is low, Y31-Y16 is enabled. 
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SN54AS8838, SN74AS8838 
32·B11 BARREL SHIFTERS 

functional block diagram 

MUX 1-MUXO ... _2+-1 SHIFT 
CONTROL 

BLOCK SFT4-SFTO ... _5+-~ 
"------~ 

D31_DO .... .:3C;2~-I SHIFTER 
(WITH END FIll) 

.------ YOEM 

>...:1..,6 ..... _ Y31-Y16 

"">c...,;,;16;...+-_ Y15-YO 

L-___ YOEl 

data input/output 

Data is input to the' AS8838 through the D31-DO data port and output through two 16-bit data ports, 
Y31-Y16 and Y15-YO. Two 3-state output controls enable the Y data ports. The most significant half of 
the shift result is enabled when YO EM is low, the least significant half when YOEl is low . 

shift control block 

The shift control block decodes the MUX1-MUXO instruction inputs and the SFT4-SFTO shift position 
controls and transmits the resulting control signals to the shifter. MUX l-MUXO control shift instruction 
selection as shown in Table 1. SFT4-SFTO specify the number of bit positions to be shifted. For right shifts, 
the two's complement of the number of bit positions must be placed on SFT4-SFTO. 

TABLE 1. INSTRUCTION SET 

MUXl MUXO FUNCTION OPERATION 

l l logical left Shift Shift left the number of bit pOSitions defined by SFT 4-SFTO. Fill vacated bit positions 

with zeros. 

~ H Logical Right Shift Shift right the number of bit positions specified by the two's complement of 

SFT4-SFTO. Fill vacated bit positions with zeros. (A logicel right shift with 

SFT4-SFTO = 0 will fill all bits with zeros.) 

H L Circular Left Shift Circular left shift the number of bit positions defined by SFT4-SFTO. (A circular right 

shift can be performed by putting the two's complement of number of bits to be 

shifted on SFT4-SFTO.) 

H H Arithmetic Right Shift Shift right the number of bit positions defined by the two's complement of 

SFT4-SFTO. Fill vacated bit positions with the 031 input value (sign bit) (An 

arithmetic right shift with SFT4-SFTO = 0 will fill all bits with the sign bit.). 

• U) 
a) 
CJ 
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a) 
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SN54AS8838, SN74AS8838 
32·BITBARREL SHIFTERS 

shift operation examples 

logical shift left IM1 - MO = LLI 

In the shift left mode, SFT4-SFTO define the number of bit positions to be shifted. The following example 
shifts a 32-bit word 8 positions to the left and fills the vacated bit positions with zeros. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS 

INSTRUCTION TO SHIFT 

M2-MO SFT4·SFTO 

00 01000 

Assume 031-00 is hex ABC00123. 

031-00 

Input Oata 10101011 11001101 00000001 00100011.1 

Y31-YO 

~ Result 111001101 00000001 00100011 000000001 -C logical shift right IM1 - MO - LH) 
CD < In the shift right mode, the two's complement of the number of bit positions to be shifted must be placed n' on SFT4-SFTO. The following example shifts a 32-bit word 8 positions to the right and fills the vacated 
m bit positions with zeros. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS 

INSTRUCTION TO SHIFT 

M2-MO SFT4-SFTO 

01 11000 

~ssume 031-00 is hex ABC00123. 

031-00 

Input Oata 10101011 11001101 00000001 001000111 

Y31-YO 

Result 1000000001010101111001101000000011 

2-528 TEXAS ." 
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circular shift left IM1 - MO - HL) 

SN54AS8838, SN74AS8838 
32·BIT BARREL SHIFTERS 

In the circular shift left mode, SFT4-SFTO define the number of bit positions to be shifted. The following 
example circular shifts a 32-bit word 8 positions to the left. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS 

INSTRUCTION TO SHIFT 

M2-MO SFT4-SFTO 

10 01000 

Assume 031-00 is hex ABC00123. 

031-00 

Input Oata 110101011 11001101 00000001 001000111 

Y31-YO 

Result 111001101 00000001 00100011 1010 10111 

circular shift right IM1 - MO = HL) 

A circular right shift can be performed by placing the two's complement of the number of bit pOSitions 
to be shifted on SFT4-SFTO and using the circular left shift mode (Ml - MO = Hl,.). The following example 
circular shifts a 32-bit word 8 positions to the right. 

CONTROL SIGNALS 

SHIFT NUMBER OF BITS 

INSTRUCTION TO SHIFT 

M2-iIIIo SFT4-SFTO 

10 11000 

Assume 031-00 is hex ABC00123. 

031-00 

Input Oata 110101011 11001101 00000001 001000111 

Y31-YO 

Result 100100011 10101011 11001101 000000011 

II 
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SN54AS8838, SN74AS8838 
32·BIT BARREL SHIFTERS 

arithmetic shift right (M 1 - MO - HH) 

In the arithmetic shift right mode, SFT4·SFTO define the number of bit positions to be shifted. The following 
example shifts a 32-bit word 8 positions to the right and fills the vacated bit positions with the sign bit 
(031 from the input datal. 

CONTROL SIGNAl.s 

SHIFT NUMBER OF BITS 

INSTRUCTION TO SHIFT 

M2-MO SFT4-SFTO 

11 11000 

Assume 031-00 is hex ABC00123. 

031-00 

Input Data 110101011 11001101 00000001 00100011 I 
Y31-YO 

Result 1111111111010101111001101000000011 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, VCC1 ........................................................ 7 V 
Supply voltage, VCC2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 V 
Input voltage ............................................................ ~. 7 V 
Operating case temperature range: SN54AS8838. . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Operating free-air temperature range: SN74AS8838 .......................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

recommended operating conditions 

PARAMETER 
SN54AS8838 SN74AS8838 

MIN NOM MAX MIN NOM MAX UNIT 

VCCl 1/0 supply volt-age 4.5 5 5.5 4.5 5 5.5 V 

VCC2 STL internal logic supply voltage 1.9 2 2.1 1.9 2 2.1 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -1 2.6 rnA 

IOL Low-level output current 12 24 rnA 

TA Operating' free-air temperature -55 0 70 ·C 

TC Operatin,g case temperature 125 ·C 

2-530 TEXAS ~ 
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PRODUCT 
PREVIEW 

SN54AS8838 
32·91T BARREL SHIFTERS 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

SN54AS8838 
Typt MAX 

UNIT 

VIK VCCl = 4.5 V, 11= -18 rnA -1.2 V 

VCCl = 4.5 V to 5.5 V, 10H = -0.4 rnA VCC-2 
VOH V 

VCCl = 4.5 V, 10H= -1 rnA 2.4 

VCCI - 4.5 V, 10l = 12 rnA 0.4 
VOL V 

VCCI = 4.5 V, 10l = 24 rnA 

10ZH VCCI = 5.5 V, Vo = 2.7 V 20 ~A 

10Zl VCCl = 5.5 V, VI = 0.4 V -0.4 rnA 

II VCCl = 5.5 V, VI = 7 V 0.1 rnA 

IIH VCCl = 5.5 V, VI = 2.7 V 20 ~A 

III VCCI = 5.5 V, VI = 0.4 V -0.4 rnA 

lOt VeCl = 5.5 V, Vo = 2.25 V -30 -112 rnA 

ICCl VCC1 = 5.5 V 150 rnA 

ICC2 VCC2 = 2.1 V 145 rnA 

switching characteristics over recommended operating temperature range (see Note 1) 

Vcc - 4.5 V to 5.5 v, 
Cl - 50 pF, 

PARAMETER 
FROM TO Rl - 500 D, 

(INPUT) (OUTPUT) R2-500D 

SN54AS8838 

MIN Typt MAX UNIT 
MUX1-MUXO V31-YO 22 

tpd SFT4-SFTO V31-VO 22 ns 
031-00 V31-VO 22 

VOEl V15-VO 12 
ten ns 

YCmiil V31-V16 12 

%E[ V15-VO 6 
tdis ns 

VOEM V31-V16 6 

t All typical values are at VCel = 5 V, T A = 25 ·C . 
.f.The output conditions have been chosen to produce a current that closely approximates one-half the true short-circuit current, -'OS. 
NOTE 1: For load circuit and voltage waveforms, see pages 1-12 of The TTL Data Book, Volume 3, 1984. 
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SN74AS8838 
32-BIT BARREL SHIFTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 
SN74AS8838 

MIN MAX 
UNIT 

VIK VCC1 = 4.5 V, 11= -18 rnA -1.2 V 

VCC1 - 4.5 V to 5.5 V, IOH - 0.4 rnA Vee 2 

VOH VCC1 - 4.5 V, IOH- 1 mA V 

VCC1 = 4.5 V, IOH = -2.6 rnA 2.4 

Val 
VCC1 - 4.5 V, IOl - 12 mA 0.4 

V 
VCC1 = 4.5 V, IOl = 24 rnA 0.5 

IOZH VCC1 - 5.5 V, Va - 2.7 V 20 ~A 

IOZl VCC1 - 5.5 V, VI - 0.4 V -0.4 mA 

II VCC1 - 5.5 V, VI - 7 V 0.1 mA 

IIH VCC1 = 5.5 V, VI = 2.7 V 20 ~A 

III VCC1 - 5.5 V, VI - 0.4 V -0.4 rnA 

lot VCC1 = 5.5 V, Va = 2.25 V -30 -112 rnA 

ICC1 VCC1 - 5.5 V 150 mA 

ICC2 VCC2 - 2.1 V 145 rnA II t The output conditions have been chosen to produce a current that closely approximates one· half the true short·circuit current, lOS· 

switching characteristics (see Note 1) 
r-
~ 
c 
CD 
< c:;' 
CD 
(I) 

Vce - 5 V, 

el - 50 pF, 

FROM TO 
R1 - 500 (J 

PARAMETER R2 - 500 (J, 
(INPUT) (OUTPUT) 

TA - 25°C 
SN74AS8838 

MIN TYP 

MUX1-MUXO Y31-YO 22 

tpd SFT4·SFTO Y31·YO 20 

031-00 Y31-YO 22 

'7OIT Y15·YO 12 
ten 

YOEM Y31·Y16 12 

YaEL Y15·YO 6 
tdis 

YOEM Y31-Y16 6 

NOTE 1: Load circuit and voltage waveforms are shown in Section 1. 

PRODUCTlOIL DATA do.umonts .ontoin iaformotlon 
currant as of publication data. Products conform 'hi 
specifications par the terms of TaxBI Instruments 
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Vce - 4.5 V to 5.5 v, 
Cl - 50 pF, 

R1 - 500 (J, 

R2 - 500 (J, UNIT 
TA - ooe to 70°C 

SN74AS8838 

MAX MIN MAX 

26 29 

22 25 ns 

26 29 

15 17 
ns 

15 17 

8 10 

8 10 
ns 



PRODUCT 
PREVIEW 

• High-Speed 8-Bit Parallel Output Register 

• Serial Shadow Register with Right-Shift 
Only 

• 'ALS29818 Performs Parallel-to-Serial and 
Serial-to-Parallel Conversion 

• Designed Specifically for Use in Applications 
such as: 

Write Control Store ('ALS29818) 
Serial Shadow-Register Diagnostics 

• ' ALS29B 19 Provides Even-Parity Output 

• Low Power Dissipation ... 215 mW Typical 

• 'ALS29818 is Functionally Equivalent to 
AMD AM29818 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Ouality and 
Reliability 

description 

The' ALS29818 and' ALS29819 are 8-bit output 
registers with on-chip shadow register for use 
in applications such as write control store and 
shadow register diagnostics. 

The output registers of the 'ALS29818 and 
'ALS29819 are loaded in parallel from either the 
1/0 port (000-007) or the shadow register. 
The shadow register of the' ALS29818 is loaded 
serially from either the 1/0 port (YO- Y7) or the 
output register. The' ALS29819 shadow register 
is loaded serially from the 1/0 port (000-007). 
In addition, the 'ALS29819 provides a Parity­
Even (PE) output, which monitors parity of the 
output register. Operation of these devices is 
controlled by the Mode and SOl inputs as shown 
in the function table. 

The SN54ALS29818 and SN54ALS29819 are 
characterized for operation over the full military 
temperature range of - 55 ae to 125 ae. The 
SN74ALS29818 and SN74ALS29819 are 
characterized for operation from 0 ae, to 70 ae. 

SN54ALS29818, SN54ALS29819 
SN74ALS29818, SN74ALS29819 

8-BIT DIAGNOSTICS/PIPELINE REGISTERS 
02298, JANUARY 1986 

SN54ALS29818, , ,JT PACKAGE 
SN74ALS29818 , , , OW OR NT PACKAGE 

(TOP VIEW) 

OEY 1 Vee 
SRCLK 2 MODE 

YO 
DQ1 . Y' 
002 5 Y2 
003 6 

004 7 

DOS 
DOS 
007 10 

SOl 11 

GND 12 

SN54ALS29818 , , , FK PACKAGE 
SN74ALS29818, , ,FN PACKAGE 

(TOP VIEW) 

OQ1 5 

DQ2 6 
003 

Ne 
004 
005 10 

DOS 11 

'" w 

g~I~~~~~ 
4 J 2 1 282726 

121314 Hi 161118 

§g~~gg~ 
o 

25 Y' 
2' Y2 
23 Y3 
22 Ne 
21 Y4 
20 YS 
19 YS 

SN54ALS29819, , ,JT PACKAGE 
SN74ALS29819, , ,OW OR JT PACKAGE 

(TOP VIEW) 

PE 2. Vee 
SRCLK 23 MODE 

000 22 YO 

DO' • 21 Y' 
002 2. Y2 
Doa ,. Y3 
004 7 18 Y4 
005 H Y5 
DOS ,. YS 
007 ,. 15 Y7 
SOl 11 ,. SDO 

GND 12 13 ORClK 

SN54ALS29819, , , FK PACKAGE 
SN74ALS29819, , , FN PACKAGE 

(TOP VIEW) 

4 3 2 1 282726 

DQ1 5 25 Y1 
D02 6 24 V2 

OQ3 7 23 V3 
NCs nNe 

OQ4 9 21 Y4 
DQ5 10 20 V5 

006 11 19[ VB 
12131415161718 

gg~~g~~ 
o 

NC- No internal connection 

Copyright © 1986, Texas Instruments Incorporated 
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SN54ALS29818, SN54ALS29819 
SN74ALS29818, SN74ALS29819 
8·BIT DIAGNOSTICS/PIPELINE REGISTERS 

'ALS29818 FUNCTION TABLE 

INPUTS OUTPUT AND 1/0 

MODE OEY SOl SRCLK ORCLK SOO YO_Y7 oao-oa7 

L X X t X SR7 - HI-Z 

H H L t X 501 INPUT HI-Z 

H L L t No t SOl OUTPUT HI-Z 

L X X X t SR7 - INPUTt 

L X X t t SR7 - INPUTt 

H X X No t t 501 - -
H X X X X 501 - -

H L L t t 501 OUTPUT HI-Z 

H X H X X 501 - -

H X H t X 501 - OUTPUT 

tThe 000-0-07 outputs must be disabled before applying data to 000-007. 

'ALS29819 FUNCTION TABLE 

INPUTS OUTPUT AND 1/0 

MODE SOl SRCLK ORCLK SOO 
. YO-Y7 

PE 
OaO-OQ7 

L X t X SR7 OUTPUT HI-Z 

H L t X 
501 

(LI 
OUTPUT INPUT 

H L t t 
501 

ILl 
OUTPUT INPUT 

L X X t 
SR7 OUTPUT INPUT 

X L X t 

L X t t SR7 OUTPUT INPUT 

H H No t t 
501 

IHI 
OUTPUT OUTPUT 

H X X X 501 OUTPUT -

H H X X 
501 OUTPUT 

OUTPUT 
(HI HOLD 

L X X X 

X L X 
- OUTPUT HI-Z 

X 

2-534 TEXAS ~ 
INSTRUMENTS 

OPERATION OR FUNCTION 

Serial input, shift right, disable 000-007 

Parallel load shadow register from YO- Y7, 

disable 000- 007 

Parallel load shadow register from output 

register, disable 000-007 

Load output register from 000-1;>07 

Load output register from 000- 007 while 

shifting shadow register 

Load output register from shadow register 

Serial data in to serial data out 

Exchange data between registers, 

000-007 disabled 

Hold shadow register, transitions on SRCLK 

do not effect shadow register 

Enable 000-007 for parallel shadow 

register output 

OPERATION OR FUNCTION 

Serial input, shift right 

Parallel load shadow register from 

000-007 

Parallel load shadow register and output 

register from 000-007 

Load output register from 000-007 

Load output register from 000-007 while 

shifting shadow register 

Load output register from shadow register 

Serial data in to serial data out 

Hold shadow register, enable 000-007, 

transitions on SRClK ignored 

Disable 000-007 outputs 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



logic symbols t 

DEY 
ORCLK 

SRCLK 

MODE 

SOl 

000 

0D1 

002 

003 

004 

DOS 

006 

007 

111 

1131 

121 

1231 

1111 

131 

141 

151 

161 

171 
181 

191 

1101 

'AlS29818 

IPIPELINE REGISTER! 

EN8 

C7 

SRG8 

T-/C3 MUX 

M1/S.30.ENS ~t' M2/24/G5 27' 

L ~.30 ISHAOOW REGISTERI 
r 

30.'.2.30 

2'0 220 

4- VS 

3'.'.2.30 

2" 22' 

L.- V6 

37. '.2.30 
217 227 

L.- V6 

MUX J> 
,0.T 8V 

20.' 
70 

230 

MUX J> 
17.T 70 8V 

27.' 237 

1'41 

1221 

~ 
1211 

1201 

1191 

1181 

1171 

1161 

1151 

~ 

SOD 

YO 

Y' 
Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

SN54ALS29818, SN54ALS29819 
SN74ALS29818, SN74ALS29819 

8·BIT DIAGNOSTICS/PIPELINE REGISTERS 

'AlS29819 

IPIPELINE REGISTERI 

ORCLK 
1131 

C6 

SRCLK 

MODE 

SOl 

121 
SRG8 

'-/C2 MUX 
1231 M1I4EN5 d~ 1141 

1111 
23/G4 7 , 

L ~.20 ISHAOOW REGISTER] 
r 

SOD 

000 
131 

'.20/2'0 

L.... SV 

0D1 
141 

'.20/211 

L... 5V 

002 151 

003 161 

004 
171 

005 
181 

006 191 

007 
1101 

'.20/217 

4- 5V 
27 

10.60 J> 1221 
YO 

1211 Y1 
1201 Y2 
1191 Y3 
I1BI Y4 
1171 Y5 
1161 YS 

17.60 J> 
1151 Y7 

2k 

IEVEN PARITY 111 
PE 

FOR Y OUTPUTS] 

tThese symbols are in accordance with ANSIIIEEE Std 91-1984 and IEC Publication 617-12. 
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SN54ALS29818, SN54ALS29819 
SN74ALS29818; SN74ALS29819 
8·lm DIAGNOSTICS/PIPELINE REGISTERS 

logic diagrams (positive logic) 

'ALS29818 

OEy~ll~)~ ____________________________________________________ --, 

ORCLK~ll=3)~ ____________________ ------------------------, 

• 

SRCLK!!12o!.)-+-+->-----,S-H-AO-O-..W----. 

MOOE I",2",3)'-4--+-+--1 

110-3) 

REGISTER, 
SRGa 

171 

r- ,OQ7-0QO==:¢;:clr============::::J 
(I) a 

C 
CD 'ALS29819 

< ri' ORCLK~ll=3)~ ________________________________ _, 

CD 
(I) 

2·536 

SHAOOW 
REGISTER 

SRGa 

MOOE~12~3)~~t---'Ml 
SRCLK (2) 1-IC2 

SOllll) ,20 (Iii 
1,20 

MUX 

'----1--1 G 1 

'-----t--l 1 
.--t---------+--11 

a 110-3) a 
OQ7-0QO==~¢;~~======~~C===============~ 
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SN54ALS29818 
SN74ALS29818 

8-BIT DIAGNOSTICS/PIPELINE REGISTERS 

'ALS29818 gate-level logic diagram (positive logic) 

DQ2~ 
DQ3~ 
D04~ 
DQ5~ 
D06~ 

Pin numbers shown are for OW, JT, and NT packages. 

5 IDENTICAL SECTIONS 

NOT SHOWN 

~Y2 
~Y3 
~Y4 
~Y5 
~Y6 

• en 
(I) 
(,) 

-S; 
(I) 

c -CI) 
...I 
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SN54ALS29819 
SN74ALS29819 
8·BIT DIAGNOSTICS/PIPELINE REGISTERS 

'ALS29819 gate-level logic diagram (positive logic) 

ORCLK 

SRCLK -=~---------L)---, 

SOl 

MODE 

DOO~13~1 ___ -4-+-+~ ________ -+ ____ +-__ ~ 

001 ~1~4~1_--_-+-+-r~------__ -r ____ +-_~ 

002 _1_5) __ 

003 _I_S) __ 

004_1_7_) -
005 _1_8) __ 

DOS _1_9_)_ 

5 IDENTICAL SECTIONS 

NOT SHOWN 

D07~ll~O)~, _____ +-+-~~ _______________ -+ ___ ~ 

Pin numbers shown are for OW, JT, and NT packages. 
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~Y2 
2!!..Y3 

~Y4 
....ELY5 

~YS 
__ il'i'2 

---+-OY2 
__ il'i'3 

---+-OY3 

TO NEXT 
SHEET 

TO NEXT 
SHEET 

__ il'i'4 TO NEXT 

---+- OY4 SHEET 

---+-il'i's 
___ OY5 
___ OVS 
___ QY6 

Y7 

TO NEXT 
SHEET 



SN54ALS29819 
SN74ALS29819 

8·BIT DIAGNOSTICS/PIPELINE REGISTERS 

• ALS29819 gate-level logic diagram (positive logic) (continued) 

FROM PREVIOUS 
SHEET 

QY2 ---1f-4 ....... -t--t-<:1 

QY3 ~~-==:::(jl--,) 

Pin numbers shown are for OW, JT. and NT packages. 

• 
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SN54ALS29818, SN54ALS29819 
SN74ALS29818, SN74ALS29819 
8-BIT DIAGNOSTICS/PIPELINE REGISTERS 

absolute maximum ratings over operating free-air temperature range 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, any input or 1/0 port ............................................ 5.5 V 
Operating free-air temperature range: SN54ALS' . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74ALS' ............................. ooe to 70°C 
Storage temperature range ....................................... '.. - 65°C to 150°C 

recommended operating conditions 

SN54ALS29818 

SN54ALS29819 

MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 

V,H High-level input voltage 2 

VIL low-level input voltage 0.8 

IOH High-level output current 
YO-Y7 -3 
All others -1 

YO-Y7 16 
IOL Low-level output current 

All others 4 

fclock Clock frequency 
SRCLK 

ORCLK 

tw Pulse duration 
SRCLK high or low 

ORCLK high or low 

YO-Y7 

Setup time before SRCLKt 
MODE 

tsu 
SOl 

ORCLK ('ALS29818)t 

000-007 

tsu Setup time before ORCLKt MODE 

SRCLKt 

YO-Y7 

th Hold time after SRCLK t MODE 

SOl 

000-007 

th Hold time after ORCLK t MODE 

SOl ('ALS29819) 

TA Operating free-air temperature -55 125 

t This setup time ensures that the shadow register will see stable data from the dutput register. 
:j: This setup time ensures that the output register will see stable data from the shadow register. 

SN74ALS29818 

SN74ALS29819 UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

2 V 

0.8 V 

-3 
-1 

rnA 

24 

8 
rnA 

MHz 

ns 

ns 

ns 

ns 

ns 

0 70 °c 
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SN54ALS29818. SN54ALS29819 
SN74ALS29818. SN74ALS29819 

8·BIT DIAGNOSTICS/PIPELINE REGISTERS 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 

SN54ALS29818 SN74ALS29818 

PARAMETER TEST CONDITIONSt SN54ALS29819 SN74ALS29819 

MIN TYP* MAX MIN TYP* MAX 

VIK Vee ~ MIN. II ~ 18 mA -1.2 -1.2 

All outputs Vee - MIN to MAX. 10H - -0.4 mA Vcc- 2 Vcc- 2 

VOH YO-Y7 Vee - MIN. 10H~ -3 mA 2.4 3.2 2.4 3.2 

All others Vee ~ MIN. 10H~ -1 mA 2.4 3.2 

Vee - MIN. IOL - 4 mA 0.25 0.5 0.25 0.5 
All outputs 

Vee ~ MIN. 10L ~ 8 mA 0.35 0.5 
VOL 

YO-Y7 
Vee ~ MIN. IOL ~ 16 mA 0.25 0.5 0.25 0.5 

Vee - MIN. 10L - 24 mA 0.35 0.5 

MODE 0.4 0.4 

SReLK 0.3 0.3 
II Vee ~ MAX. VI ~ 5.5 V 

SOl. DEY 0.2 0.2 

All others 0.1 0.1 

MODE 80 80 

SReLK 60 60 
IIH Vee ~ MAX. VI ~ 2.4 V 

SDI.OEY 40 40 

All others§ 20 20 

MODE -0.4 -0.4 

SReLK -0.3 -0.3 
IlL Vee ~ MAX. VI ~ 0.5 V 

SDI.OEY -0.2 -0.2 

All others§ -0.1 -0.1 

lOS' Vee ~ MAX. Vo = 0 -75 -250 -75 -250 

ICC Vee - MAX (see Note 11 43 43 

t For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee ~ 5 V. TA ~ 25°C. 
§ For 1/0 ports. the parameters IIH and IlL include the off-state output current. 
, Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTE1: ICC is measured with all three-state outputs in the high-impedance state. 

UNIT 

V 

V 

V 

mA 

~A 

mA 

mA 

mA 

II 
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SN54ALS29818 
SN74ALS29818 
8-BIT DIAGNOSTICS/PIPELINE REGISTERS 

• ALS29818 switching characteristics (see Note 2) 

VCC - 5 V. 
TEST CL - 50 pF. 

FROM· TO 
PARAMETER CONDITIONS TA - 25°C 

(INPUT) (OUTPUT) 
See Figure 1 'ALS29818 

MIN TYP MAX 

fmax:~:~~~ 37 

37 

tpLH 8 
MODE SOO RL = 2 kll 

tpHL 8 

tPLH 8 
SOl SOO RL = 2 kll 

tPHL 8 

tpLH Rl = 1 kll. 9 
ORCLK YO-Y7 

tPHL R2 = 280 Il 9 

tpLH 13 
SRCLK SOO RL = 2 kll 

tPHL 13 

tpLH 
SRCLK 000-007 

Rl - 5 kll. 

tPHL R2 = 2 kll 

tpzH R1 = 5 kll. 16 
SRCLK 000-007 

tpZL R2 = 2 kll 19 

tpHZ 
SRCLK 000-007 

R1 - 5 kll. 16 

tpLZ R2 = 2 kll 19 

tPHZ OEY 
Rl - 1 kll. 7 

YO-Y7 
tPLZ R2 = 280 Il . 10 

tpZH 
OEY 

Rl = 1 kll. 6 
YO-Y7 

tpZL R2 = 280 Il 9 

VCC - MIN TO MAX. t 

CL - 50 pF. 

TA - MIN TO MAXt 

SN54ALS29818 SN74ALS29818 

MIN MAX MIN MAX 

c=r t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
(1) 
(I) 
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SN54ALS29819 
SN74ALS29819 

8·BIT DIAGNOSTICS/PIPELINE REGISTERS 

• AlS29819 switching characteristics (see Note 2) 

VCC - 5 V, vcc .; MIN TO MAX, t 

TEST Cl - 50 pF, Cl - 50 pF, 
FROM TO 

PARAMETER CONDITIONS TA - 25°C TA - MIN TO MAXt UNIT 
(INPUT) IOUTPUT) 

See Figure 1 'AlS29819 SN54AlS29819 SN74AlS29819 

MIN TVP MAX MIN MAX MIN MAX 

'max :~:~~~ 37 
MHz 

37 

tpLH 
MODE 500 RL ~ 2 kll 

8 
ns 

tpHL 8 

tpLH 8 
501 SDO RL ~ 2 kll ns 

tpHL 8 

tpLH 9 
ORCLK YD-V7 RL ~ 2 kll ns 

tpHL 9 

tpLH 9 
ORCLK PE RL ~ 2 kll ns 

tpHL 5 

tpLH 13 
SRCLK 500 RL ~ 2 kll ns 

tpHL 13 

tpLH R1 - 5 kll, 12 
SRCLK DOD-OQ7 ns 

tpHL R2 ~ 2 kll 12 

tpZH MODE R1 ~ 5 kll, 7 

or 501 
DOD-D07 ns 

tpZL R2 ~ 2 kll 9 

tpHZ MODE R1 ~ 5 kll, 7 

or 501 
DOD-D07 

R2 ~ 2 kll 9 
ns 

tpLZ 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

• U) 
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SN54ALS29818,· SN54ALS29819 
SN74ALS29818, SN74ALS29819 
8·BIT DIAGNOSTICS/PIPELINE REGISTERS 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT VCC 

FROM OUTPUT ~""-IIIII-" 

Sl", R2 I 
FROMOUTPUT __ ~~~~I--' __ or ~ 

UNDER TEST 

SWITCH POSITION TABLE 

UNDER TEST 

LOAD CIRCUIT FOR 
BI-STATE 

TOTEM-POLE OUTPUTS 

TIMING 
INPUT 

3V 

~.5V ___ .J_, __ ------OV 

.. tsu ...... th .... 

~' . -L---3V 
DATA 1.5 V I 1.5 V 
INPUT 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT Jl.5V \~~--3V 
: I 0 V 

tPLH~ ~tPHL 
IN-PHASE I /1 I ~'-6~ VOH 
OUTPUT I • 1.5V I e 

, I VOL 
tpHL~ ~tpLH 

OUT-OF-PHASE \1.5 V ~ VOH 

OUTPUT • I' '''':' VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

TEST Sl S2 
ALL DIODES 
lN916 OR 
lN3064 

tPLH 

tPHL 

Closed Closed 

Closed Closed 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

HIGH-LEVEL 
PULSE 

LOW-LEVEL 
PULSE 

tpZH Open Closed 

tpZL Closed Open 

tpHZ Closed Closed 

tpLZ Closed Closed 

~---3V 

-../l,.5V 1.5V~ 

:.-- tw ---.: 0 V 

~.5V tWl.5~ 3V 

--- - OV 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

OUTPUT 
CONTROL ~1.5V r:::- 3V 

~ s--L1~'~--OV 
tpZL -+I j4-- I 

I I tpLZ -+l I+-
!£

'---II---~4'5V 
WAVEFORM 1 I 1.5V ~I ~1.5V 
ISee Note BI I I 

I --=. VOL "' ..... ?~'t~l4-.L LO.3 V I .:l[-VOH 
WAVEFORM 2 -1 5 V 

ISee Note BI _~: _____ ~i~ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s '0 MHz, Zo = 50 0. tr S 2.5 ns, 
tf S 2.5 ns. 

FIGURE 1 
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PRODUCT 
PREVIEW 

SN54ALS29821, SN54ALS29822 
SN74ALS29821, SN74ALS29822 

10-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AMD's AM29821 
and AM29822 

• Provides Extra Data Width Necessary for 
Wider Address/Data Paths or Buses with 
Parity 

• Outputs Have Undershoot Protection 
Circuitry 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Carriers in Addition to Plastic and 
Ceramic DIPs 

• Buffered Control Inputs to Reduce DC 
Loading Effects 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 10-bit flip-flops feature three-state 
outP!lts designed specifically for driving highly­
capacitive or relatively low-impedance loads. 
They are particularly suitable for implementing 
wider buffer registers, I/O ports, bidirectional bus 
drivers with parity, and working registers, 

The ten flip-flops are edge-triggered D-type flip­
flops, On the positive transition of the clock the 
Q outputs on the' ALS29821 will be true, and 
on the' ALS29822 will be complementary to the 
data input. 

A buffered output-control (OC)input can be used 
to place the ten outputs in either a normal logic 
state (high or low levels) or a high-impedance 
state. In the high-impedance state the outputs 
neither load nor drive the bus lines significantly, 
The high-impedance state and increased drive 
provide the capability to drive the bus lines in a 
bus-organized system without need for interface 
or pull-up components. The output control does 
not affect the internal operation of the flip-flops. 
Old data can be retained or new data can be 
entered while the outputs are in the high­
impedance state. 

The SN54'family is characterized for operation 
over the full military temperature range of 
- 55°C to 125°C. The SN74' family is 
characterized for operation from OOC to 70°C, 

02825, JANUARY 1986 

SN54ALS29821 ... JT PACKAGE 
SN74ALS29821 ... OW OR NT PACKAGE 

ITOP VIEW) 

Dc VCC 
10 
20 
30 

40 40 
50 50 

60 
70 

80 80 
90 90 

100 100 
GNO ClK 

SN54ALS29821 ... FK PACKAGE 
SN74ALS29821 ..• FN PACKAGE 

ITOPVIEW) 

OolL)u~oa 
N-OZ> .... N 

4321282726 

30 5 25~ 30 
4D ~~ 40 
50 23~ 50 
NC 22[ NC 

60 21[ 60 
70 10 20[ 70 
80 11 19( 80 

12 13 14 151617 18 

SN54ALS29822 ... JT PACKAGE 
SN74ALS29822 •. , OW OR NT PACKAGE 

ITOPVIEW) 

VCC 
10 10 
20 20 
3D 30 
40 40 

50 
60 

70 70 
80 80 
90 90 

100 100 
GNO ClK 

SN54ALS29822 ... FK PACKAGE 
SN74ALS29822 . , , FN PACKAGE 

ITOPVIEW) 

3D 
40 
50 
NC 

60 
70 
80 

1~1~lg~~~~ 
4 3 2 1 282726 

25 

24 
23 

22 

21 ~ 
g10 20 

p11 19 

12131415161118 

tcIOCu~OO 
CD~(5Z0~cn 

30 
40 
50 
NC 

60 
70 
80 

NC - No internal connection 

Copyright © 1986, Texas Instruments Incorporated 
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SN54ALS29821. SN74ALS29821 
10·BIT BUS INTERFACE FLlP·FLOPS WITH 3·STATE OUTPUTS 

'AlS29B21 FUNCTIOI\I TABU: (EACH FLiP-FlOPI 

INPUTS OUTPUT 

DC ClK 0 Q 

l t H H 

l t L L 

L L X 00 
H X X Z 

'ALS29821 logic symbol t 

oc 
elK 

10 10 
20 20 
30 30 
40 40 
50 50 
60 60 
70 70 
80 BO 
90 90 

100 100 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for OW, JT, and NT packages. 

'ALS29821 logic diagram (positive logic) 

Oc ..:.(.:.:1) ____ 01 

20.;.(3';')---1--1 

3D ..:.;(4::.1 ___ 1--,1 

40..:;(5:':')---1--,1 

50 ..:;(6;.:.1 __ --11--,1 

60 ..:.;(7..:;) __ ---'1--,1 

70..:;(B;':') ___ I--,I 

80 .;.(9;..;,1 __ ........ 1--1 

90 (101 

100 -'(1.;..1..;.1 ___ --1 

Pin numbers shown are for OW, JT, and NT packages. 
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SN54ALS29822, SN74ALS29822 
10·01T BUS INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

'AlS29822 FUNCTION TABLE lEACH FLIP-FLOP) 

INPUTS OUTPUT 

OC ClK 0 Q 

L T H L 

L T L H 

L L X 00 
H X X Z 

'ALS29822 logic symbol t 

10 1231 lQ 

20 1221 2Q 

30 141 (21) 
3Q 

40 
151 1201 4Q 

50 
161 (19) 

5Q 
60 171 1181 

6Q 
to 181 1171 

7Q 

80 
191 1161 

8Q 

90 
(101 !lSI 9Q 

100 
1111 1141 10Q 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12_ 

Pin numbers shown are for OW, JT, and NT packages_ 

'ALS29822 logic diagram (positive logic) 

Oc ..:.ll!!) ____ 01 

20..:.;13::':') ___ 1-<1 

30 .:..(4::':') ___ 1-<1 

40 15) 

50 161 

60 ..::(7:':') ___ ~d 

70 (8) 

80 (9) 

90 (10) -

_ (11) 
100 

Pin numbers shown are for OW, JT, and NT packages. 
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SN54AS29821, SN54AS29822, SN74AS29821, SN74AS29822 
10·81T BUS INTERFACE FLIp· FLOPS WITH 3·STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee ......................................................... 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Input current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Output current .................................................. - 30 mA to 5 mA 
Operating free-air temperature range: SN54ALS29821, SN54ALS29822 . . . . . .. - 55 °e to 125°e 

SN74ALS29821, SN74ALS29822 ........... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 

recommended operating conditions 

SN54AlS29821 SN74AlS29821 

SN54AlS29822 SN74AlS29822 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

Vil Low-level input voltage 0.8 0.8 V 

IOH High-level output current -15 -24 mA 

IOL Low~level output currrent 32 48 mA 

tw Pulse duration, eLK high or low ns 

tsu Setup time, data before eLKt ns 

th Hold time. data after eLKt ns 

TA Operating free-air temperature -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54AlS29821 SN74AlS29821 
PARAMETER TEST CONDITIONSt SN54AlS29822 SN74AlS29822 

MIN TYP* MAX MIN TYP* MAX 

VIK Vee ~ MIN, II ~ -18 mA -1.2 -1.2 

Vee ~ MIN to MAX, IOH ~ -0.4 mA Vec- 2 Vce- 2 

VOH Vee - MIN, IOH - -15 mA 2.4 3.3 

Vee ~ MIN, IOH ~ -24 mA 2.4 3.2 

VOL 
Vee ~ MIN, IOL - 32 mA 0.25 0.4 0.25 0.4 

Vee ~ MIN, IOL ~ 48 mA 0.35 0.5 

IOZH Vee ~ MAX, Vo = 2.4 V 20 20 

IOZl Vee - MAX, Vo - 0.4 V -20 -20 

II Vee - MAX, VI ~ 5.5 V 0.1 0.1 

IIH Vee ~ MAX, VI ~ 2.7 V 20 20 

IlL Vee ~ MAX, VI - 0.4 V -0.1 -0.1 

IOS§ Vee ~ MAX, Vo = 0 -75 -250 -75 -250 

Outputs high 

'ALS29821 Outputs low 

lee Vee ~ MAX 
Outputs disabled 48 48 

Outputs high 

'ALS29822 Outputs low 

Outputs disabled 48 48 

t For conditions shown as MIN or Mf',X, use the appropriate value specified under recommended operating conditions. * All typical values are at Vee ~ 5 V, TA ~ 25°e. 
§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

Additional information on these products can be obtained from the factory as it becomes available. 

UNIT 

V 

V 

V 

pA 
pA 

mA 

pA 

mA 

mA 

mA 
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switching characteristics 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 

tPHL 
CLK Any Q 

tpLH 

tpHL 

tpZH 

tPZL 
OC Any Q 

tpZH 

tpZL 

tPHZ 

tpLZ 
OC Any Q 

tpHZ 

tpLZ 

SN54ALS29821, SN54ALS29822, SN74ALS29821, SN74ALS29822 
10·BIT BUS INTERFACE FLlP·FLOPS WITH 3·STATE OUTPUTS 

Vee - 5 V, Vee = MIN TO MAX, t 

TEST TA - 25°C TA - MIN TO MAXt 

eONOITIONS 'ALS29821 SN54ALS29821 SN74ALS29821 UNIT 

See Figure 1 'ALS29822 SN54ALS29822 SN74ALS29822 

MIN TYP MAX MIN MAX MIN MAX 

CL = 300 pF 

CL = 50 pF 
6 

7 

ns 

CL = 300 pF 

CL = 50 pF 
12 

11 

ns 

CL = 50 pF 

ns 

CL = 5 pF 
5 

6 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

Additional information on these products can be obtained from the factory as it becomes available. II 
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SN54AS29821, SN54AS29822, SN74AS29821, SN74AS29822 
10·BIT BUS INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT VCC 

_--iHlHlI-_,-... -<r
Sl 

'" RL I FROM OUTPUT ~ 

UNDER TEST 180 !l 

LOAD CIRCUIT 

TIMING 3 V 

___ ...J4'.:.5~ _____ OV INPUT 

.. tsu ...... th~ 

DATA 1.5 V I 1.5 V ~l -'----3V 

INPUT 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT .¥1.5 V \. ~~- - 3 V 

-" I· OV 

tPLHH ~tPHL 
IN-PHASE I " I 'S:1-!;~ VOH 
OUTPUT I . 1.5V I ~ 

I 1 VOL 
tpHL ~ I4---*-tPLH 

\
1 ~VOH OUT.OF-PHASE 1.5 V 1.5 V 

OUTPUT . . -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY"TIMES 

NOTES: A. CL includes probe and jig capacitance. 

SWITCH POSITION TABLE 

TEST Sl S2 

tpLH Closed Closed 

tpHL Closed Closed 

tpZH Open Closed 

tpZL Closed Open 

tpHZ Closed Closed 

tPLZ Closed Closed 

HIGH-LEVEL ~- --3 V 
PULSE ---./f 1.5 V 1.5 V "---

:.-- tw ---..: 0 V 

:e-- tw ~ 3V 
LOW·LEVEL 
PULSE 

~1.5V ··1.5V.v-" 
~---ov 

VOLTAGE WAVEFORMS 

OUTPUT 
CONTROL 

PULSE DURATIONS 

~1.5V -F3V 

~ r-Li~'~-- - 0 V 

tpZL -+I j4- I 
I I tPLZ -+! ~ 
~

1---11---=4'5V 
WAVEFORM 1 I 15 V ~I =1.5 V 
(See Note BI I' I __ t. 

I -~ VOL 

,~- ;-t~l+-..L LO.3V 
I -.%- VOH 

WAVEFORM 2 -1 5 V 
(See Note B) 1.5V - . 

0.3 V 
-------- =OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE·STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 500, tr ::; 2.5 ns, 

tf " 2.5 ns. 

FIGURE 1 
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PRODUCT 
PREVIEW 

SN54ALS29823, SN54ALS29824 
SN74ALS29823, SN74ALS29824 

9-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AMD's AM29823 
and AM29824 

• Provides Extra Data Width Necessary for 
Wider Address/Data Paths or Buses with 
Parity 

• Outputs Hava Undarshoot Protaction 
Circuitry 

• Powar-Up High-Impedance State 

• Buffered Control Inputs to Raduce DC 
Loading Effects 

• Packaga Options Include both Plastic and 
Ceramic Carriers in Addition to Plastic and 
Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 9-bit flip-flops feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing wider 
buffer registers, I/O· ports, bidirectional bus 
drivers, parity bus interfacing and working 
reIJisters. 

With the clock enable (CLKEN) low, the nine D­
type edge-triggered flip-flops enter data on the 
low-to-high transitions of the clock. Taking 
CLKEN high will disable the clock buffer, thus 
latching the outputs. The 'ALS29823 has 
non inverting D inputs and the' ALS29824 has 
inverting D inputs. Taking the CLR input low 
causes the nine Q outputs to go low 
independently of the clock. 

A buffered output-control input (OC)can be used 
to place the nine outputs in either normal logic 
state (high or low level) or a high-impedance 
state. In the high-impedance state the outputs 
neither load nor drive the bus lines significantly. 
The high-impedance state and increased drive 
provide the capability to drive the bus lines in a 
bus-organized system without need for interface 
or pull-Up components. The output control does 
not affect the internal operation of the flip-flops. 
Old data can be retained or new data can be 
entered while the outputs are in the high­
impedance state. 

02825. JANUARY 1986 

SN54ALS29823 ... JT PACKAGE 
SN74ALS29823 ... OW OR NT PACKAGE 

(TOP VIEW) 

DC 2' VCC 
10 23 10 
20 3 22 20 
3D 21 30 
40 20 40 
50 6 I. 50 
60 7 18 60 
70 11 7Q 
80 16 80 
90 10 15 90 

ClR 11 I. aJmJ 
GNO 12 13 ClK 

SN54ALS29823 ... FK PACKAGE 
SN74ALS29823 ... FN PACKAGE 

(TOP VIEW) 
u 

~Slg~~2~ 
4 3 2 , 2827 26 

25 
2. 

23 
22 

21 

20 

12131415 161718 

Clla: Cl U "'IZ d cn...JZZ...JWOl 
UC,!) u~ 

U 

SN54ALS29824 •.. JT PACKAGE 
SN74ALS29824 ... OW OR NT PACKAGE 

(TOP VIEW) 

DC 2' VCC 
10 2 23 10 
20 3 22 20 
3D • 21 30 
40 5 20 40 
50 I. 50 
60 18 60 
70 11 70 
80 16 80 
90 10 15 90 

ClR 11 I. ClKEN 
GNO 12 13 ClK 

SN54ALS29824 ... FK PACKAGE 
SN74ALS29824 ... FN PACKAGE 

(TOP VIEW) 
U 

1~ISlg ~ ~2 ~ 

4 3 2 1 282726 

30 25 30 
40 24 40 
50 23 50 
NC 22 NC 
s15 9 21 60 

in 10 20 7Q 

80 11 19 SO 
121314151617 18 

IClIa: Cl U "'IZ d O'l...Jzz...JwCJ) 
Ue.!) u~ 

U 

Copyright © 1986, Texas Instruments Incorporated 
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SN54ALS29823, SN54ALS29824, SN74ALS29823, SN74ALS29824 
9·BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

The SN54AS' family is characterized for operation over the full military temperature range of - 55°C to 
125°C. The SN74AS' family is characterized for operation from ooe to 70 Q e. 

'AlS29823 FUNCTION TABLE 'ALS29823 logic diagram (positive logic) 

INPUTS OUTPUT 

OC ClR ClKEN ClK 0 0 

L L X X X L 
L H L t H H 

L H L t L L 

L H H X X 00 
H X X X X Z 

(231 10 

'ALS29823 logic symbol t 

II) 20 (31 1221 20 
OC 
_Ill) 
CLA 

C'LKEN 1.14) 
3D 141 (211 30 

(13) 
CLK lC2 

(2) (23) 
10 (3) [> V 10 

40 (51 (201 (22) 
20 40 20 (4) (21) 
30 3D (5) (20) 
40 40 (6) 

50 (7) 
(19) 

.50 50 (61 (191 50 
(18) 

60 (8) 60 
1111 

70 19) 70 
(16) 

80 
:~ (10) (15) 

90 60 171 (181 60 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12 70 (81 (171 70 

80 (91 (16) 80 

90 (101 (151 90 

Pin numbers shown are for OW, JT, and NT packages. 
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SN54ALS29824, SN74ALS29824 
9·BIT BUS INTERFACE FLlp·FLOPS W'ITH 3·STATE OUTPUT~ 

'ALS29824 FUNCTION TABLE 'ALS29824 IOl:!ic diagram (positive logic) 
INPUTS 

OC CLR CLKEN CLK D 

L L X X X 

L H L t H 

L H L t L 

L H H X X 

H X X X X 

'ALS29824 logic symbol t 

~~ __ ~~n22)10 
20 
30 
40 
50 

60 
70 

80 
90 

OUTPUT 

0 
L 

L 

H 

Cl() 

Z 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for OW, JT, and NT packages. 

TEXAS ." 
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(231 10 

1221 20 

(211 30 

·"~II 
"">--+..!.I1;.::S,,-1 50 

1181 60 

rn 
Q) 
U 

"S; 
Q) 

C 
">--+..!.(1.:..:7.!..) 70 U5 .... 

(161 80 

1151 SO 
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SN54ALS29823, SN54~LS29824, SN74ALS29923, SN74ALS29824 
9·Bll BUS INTERfACE FLlp·FLOPS WITH 3·STATE OUTPUTS " " 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltag!l. Vee .. '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ....... ' ... ' ............. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Input current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. 100 mA 
Output current .................................................. - 30 mA to 5 mA 
Operating free-air temperature range: SN54ALS29823. SN54ALS29824 . . . . . .. - 55 DC to 125 DC 

SN74ALS29823. Sf\j74ALS29824 ........... oDe to 70 De 
Storage temperature range ......................................... - 65 DC to 150 DC 

recommended operating conditions 

SN54ALS29823 SN74ALS29823 
SN54ALS29824 SN74ALS29824 UNIT 

MIN NOM MAX MIN NOM MAX 
Vrr Supply voltage 4.5 5 5.5 4.76 5 6.26 V 

V"·l High·level input voltage 2 2 v 
Vil low-level input voltage O·ll 0.8 V 

IOH High-level output current -15 -24 mA 

IOl Low-level output current 32 48 mA 
CUi low 

tw Pulse duratipn 
ClK high or low 

ns 

Setup time 
ClR inactive 

tsu Data ns 
before ClKt 

ClKEN hiah or low 

th Hold time. ClKEN or data after ClKt ns 

TA Operating. free-air temperature -66 125 0 70 °c 

2-554 TEXAS ." 
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SN54ALS29823, SN54ALS29824, SN74ALS29823, SN74ALS29824 
9·BIT BUS INTERFACE FLlP·FLOPS WITH 3·STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54ALS29823 SN74ALS29823 

PARAMETER TEST CONDITIONSt SN54ALS29824 SN74ALS29824 

MIN TYP* MAX MIN TYP* MAX 

VIK Vee ~ MIN II ~ -18 rnA -1.2 -1.2 

Vee - MIN to MAX, 10H - -0.4 rnA Vee- 2 Vee- 2 

VOH Vee - MIN, 10H - -15 rnA 2.4 3.3 

Vee ~ MIN, 10H ~ -24 rnA 2.4 3.2 

VOL 
Vee - MIN, 10L - 32 rnA 0.25 0.4 0.25 0.4 

Vee - MIN, 10L - 48 rnA 0.35 0.5 

10ZH Vee - MAX, Vo - 2.4 V 20 20 

10Zl Vee - MAX, Vo - 0.4 V -20 -20 

II Vee - MAX, VI - 5.5 V 0.1 0.1 

IIH Vee - MAX, VI - 2.7 V 20 20 

IlL Vee - MAX, VI - 0.4 V -0.1 -0.1 

10S§ Vee - MAX, Vo ~ 0 -75 -250 -75 -250 

Outputs high 

'ALS29823 Outputs low 

lee Vee ~ MAX 
Outputs disabled 48 48 

Outputs high 

'ALS29824 Outputs low 

Outputs disabled 48 48 

t For conditions shown as MIN or MAX, use appropriate value specificed under recommended operating conditions. 
t All typical values are at Vee ~ 5 V, T A ~ 25°e. 
§ Not more than one output should be shorted at a time and duration of the short circuit should not e~ceed one second. 

Additional Information on these products can be obtained from the factory as it becomes available. 

UNIT 

V 

V 

V 

pA 

pA 

rnA 

pA 

rnA 

rnA 

rnA II 
o 
CD 
(,) 

oS; 
CD 
C -UJ 
....I 
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SN54ALS29823. SN54ALS29824. SN74ALS29823. SN74ALS29824 
9·BIT BUS INTERFACE FLlP·FLOPS WITH 3·STATE OUTPUTS 

switching characteristics 

Vee - 5 V, Vee - MIN TO MAX, t 

FROM TO 
TEST TA - 25°C TA - MIN TO MAXt 

PARAMETER CONDITIONS 'ALS29823 SN54ALS29823 SN74ALS29823 
(lNPUTI (OUTPUTI 

See Figure 1 'ALS29824 SN54ALS29824 SN74ALS29824 

MIN TYP MAX MIN MAX MIN MAX 

tpLH 
CL = 300 pF 

tpHL 
CLK Any Q 

tpLH 5.5 

tPHL 
CL = 50 pF 

6.5 

tpHL CLR Any Q CL = 50 pF 13 

tpZH 
CL = 300 pF 

tpZL DC Any Q 
tpZH 

CL = 50 pF 
12 

tpZL 11 

tpHZ 
CL = 50 pF 

tpLZ 
OC Any Q 

tpHZ 5 

UNIT 

ns 

ns 

ns 

ns 

CL = 5 pF 
tpLZ 5.5 

• t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

r­m 
Additional information on these products can be obtained from the factory as it becomes available. 

- - D flip .. flop signal conventions 
o 
CD 
< 
S' 
CD 
(I) 

2-556 

It is normal TI practice to name the outputs and other inputs of a D-type flip-flop and to draw its logic 
symbol based on the assumption of true data (D) inputs. Then outputs that produce data in phase with 
the data inputs are called Q and those producing complementary data are called Q. An input that causes 
a Q output to go high or a Q output to go low is called Preset; an input that causes a Q output to go high 
or a Q output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are 
active-low. 

The devices on this data sheet are second-source designs and the pin-name convention used by the original 
manufacturer has been retained, That makes it necessary to designate the inputs and outputs of the inver­
ting circuit D and Q. In some applications it may be advantageous to redesignate the inputs and outputs 
as D and Q. In that case, outputs should be, renamed as shown below. Also shown are corresponding 
changes in the graphical symbol. Arbitrary pin numbers are shown in parentheses. 

Notice that Q and Q exchange names, which causes Preset and Clear to do likewise. Also notice that the 
polarity indicators ( 1::::.., ) on PRE and CLR remain since these inputs are still active-low. but that the presence 
or absence of the polarity changes at D. Q. and Q. Of course pin 5 (Q) is still in phase with the data input 
D. but now both are considered active high. 

CLR R 

CLK Cl 

0 lD 

PRE S 

(51 Q 

(61 a 

PRE 

CLK 

0 

CIA 

TEXAS • 
INSTRUMENTS 
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SN54ALS29823, SN54ALS29824, SN74ALS29823, SN74ALS29824 
9-011 BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT VCC 

_ ......... ~-i'I ....... -<-rSl ,; RL I FROM OUTPUT ~ 

UNDER TEST 180 !l 

LOAD CIRCUIT 

ALL DIODES 
lN916 OR 
lN3064 

TIMING ./.------ 3 V 

INPUT ___ .-J4_1.:.5 ~-----O V 

.. 'su ...... th-et 

~: -:----3V 
DATA 1.5 V 1.5 V 
~~T OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT $1.5 V \~~--3V 
---" I· OV 

tpLH -f.----.! j4---+f tpHL 

IN-PHASE I " I i'-!i~ VOH 
OUTPUT I 1.5V: e 

, 1 VOL 
tpHL~ I4---+1-tpLH 

OUT-OF-PHASE \1.5 V F VOH 
OUTPUT • . __ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

SWITCH POSITION TA8LE 

TESt Sl S2 

tpLH Closed Closed 

tPHL Closed Closed 

tpZH Open Closed 

tpZL Closed Open 

tpHZ Closed Closed 

tpLZ Closed Closed 

HIGH-LEVEL ~---3 V 
PULSE ---../f 1.5 V 1.5 V ~ 

:.-- tw --.: 0 V 

LOW-LEVEL 
PULSE 
~:--- tw -: 3V 

1.5 V 1.5 V 
----OV 

VOLTAGE WAVEFORMS 

OUTPUT 
CONTROL 

PULSE DURATIONS 

~1.5V -r::- 3V 

~ r-L1~'~--OV 
tpZL -+I j+- I 

:'\~---[ -J~--.m I I I 
WAVEFORM 1 I 15V ~I =1.5V 
(See Note 8) I' I __ t. 

I -. VOL 

~, ..... F~t~l4-i LO.3 V 
I - - VOH 

WAVEFORM 2 -1 5 V 
(See Note B) 1.5 V - . 

0.3 V 
-------- =OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE-STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR ~ 10 MHz, Zo == 50 n. tr :s: 2.5 ns, 
tf :s 2.5 ns. 

FIGURE 1 

• U) 
CI) 
U 
"S 
CI) 
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PRODUCT 
PREVIEW 

SN54ALS29825, SN54ALS29826 
SN74ALS29825, SN74ALS29826 

8-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AMD's AM29825 
and AM29826 

• Improved IOH 'Specifications 

• Multiple Output Enables Allow Multiuser 
Control of the Interface 

• Outputs Have Undershoot Protection 
Circuitry 

.• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Buffered Control Inputs to Reduce DC 
Loading Effect 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 8-bit flip-flops feature three-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing multiuser 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 

With the clock enable (CLKEN) low, the eight D­
type edge-triggered flip-flops entilr data on the 
low-to-high transitions of the clock. Taking 
CLKEN high will disable the clock buffer, thus 
latching the outputs. The' ALS29825 has non­
inverting D inputs and the 'ALS29826 has 
inverting 5 inputs. Taking the CLR input low 
ca~ses the eight Q outputs to go low 
independently of the clock. 

Multiuser buffered output-control inputs (OC 1, 
OC2, and OC3) can be used to place the eight 
outputs in either a normal logic state (high or low 
level) or a high-impedance state. !n the high­
impedance state the outputs neither load nor 
drive the bus lines significantly. The high­
impedance state and increased drive provide the 
capability to drive the bus' lines in a bus­
organized system without need 'for interface or 
pull-up components. The output controls do not 
affect the internal operation of the flip-flops. Old 
data can be retained or new data can be entered 
while the outputs are in the high-impedance 
state. 

02829. JANUARY 1986 

SN54ALS29825 ... JT PACKAGE 
SN74ALS29825 ... OW OR NT PACKAGE 

(TOP VIEW) 

DCl 24 VCC 
DC2 23 DC3 

10 3 22 lQ 
20 • 21 2Q 
3D • 2. 3Q 
40 ,. 4Q 
50 7 18 5Q 
60 17 60 
70 ,. 7Q 
80 ,. ,. 8Q 

CLR 11 ,. CLKEN 
GNO 12 13 ClK 

SN54ALS29825 ..• FK PACKAGE 
SN74ALS29825 ..• FN PACKAGE 

(TOP VIEW) 

20 • 
3D • 
40 
NC 
50 • 
60 ,. 
70 11 

N.... (,)M 

elglg!i j'lg ~ 
4321282726 

12 1314 15161718 

CIa:CU"IZO CO-'ZZ-'WCD 
UC] u:s 

U 

2. 2Q 

2' 3Q 
23 '4Q 
22 NC 
21 5Q 
20 6Q ,. m 

SN54ALS29826 ... JT PACKAGE 
SN74ALS29826 ... OW OR NT PACKAGE 

(TOP VIEW) 

DCl 2. VCC 
DC2 23 DC3 

10 3 22 lQ 
20 21 2Q 
3D 20 3Q 
40 ,. 4Q 
50 7 18 5Q 
60 17 6Q 
70 ,. 7Q 
80 ,. ,. 8Q 

CiJi 11 ,. ClKEN 
GNO 12 13 elK 

SN54ALS29826 ... FK PACKAGE 
SN74ALS29826 ... FN PACKAGE 

215 5 

3D • 
40 7 

NC 
50 
60 ,. 
70 11 

(TOP VIEW) 

• 3 2 1 282726 

12 13 14 1516 17 18 

CIa: C U "'IZ 0 CO-'zZ-'Wco 
UC,!) U:::; 

U 

25~ 2Q 

24~ 3Q 
23 4Q 
22 NC 
21 5Q 
20 6Q ,. 7Q 

NC - No internal connection 

Copyright © 1986, Texas Instruments Incorporated 
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SN54ALS29825, SN54ALS298Z& 

:~~:Ai::~:~~R~:J:~~~~.:~~:S WITH 3·STATE OUTPUTS 

The SN54"family is characterized for operation over the full military temperllture range of - 55°C to 125 °G. 
The SN74' family is characterIzed for operation' from (}OC to 70°C. 

'AlS29825 FUI\ICTION TABLE 

INPUTS OUTPUT 

OC* ClR CU<!'N ClK 0 Q 

L L X X X L 

L H L t H H 

L H L t L L 

L H H X X Go 
H X X X X Z 

ITC* = H if any of OC1, OC2, or ITC3 is high. 

ITC* = L if all of ITCl, OC2, and OC3 are low. 

'ALS29825 logic symbol t 

OCI 
OC2 
OC3 

ErR 
CLiffij 

Cli< 

10 10 

20 20 

3D 30 

40 40 

50 50 

60 60 
][j 70 
80 80 

t This symbol is in accordance with ANSI/IEEE Std 91·1984 and 
IEC Publication 617·12 ' 

Pin numbers shown are for OW, JT, and NT packages. 

'ALS29825 logic diagram (positive logic) 

OC3~~~----------~~ 

CIA -7!-':-----q 
~ 

(22) 10 

20 (4) 

,3D (5) (20) 30 

40 (61 (19) 40 

50 (7) (18) 50 

60 (8) (17) 60 

70 (!I) (16) 70 

80, (10) (15) 80 

Piry numbers are for OW, JT, 'and NT packages. 
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SN54ALS29825, SN54ALS29826 
SN74ALS29825, SN74ALS29826 

8-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

'AlS29826 FUNCTION TA8LE 

INPUTS OUTPUT 

OC· ClR ClKEN ClK D 

L L X X X 

l H L t H 

L H L t L 
L H H X X 

H X X X X 

OC' = H if any of OC1, OC2, orOC3 is high. 

OC' = L if all of OCl, OC2, and OC3 are low. 

'ALS29826 logic symbol t 

OCI 
OC2 EN 
OC3 
m 

CLi<"Erii 
CLK 

10 V (221 lQ 

25 
(211 20 

3D 
(201 30 

45 
(191 40 

50 
(181 50 

60 (111 60 
70 (1617Q 

80 
(101 (151 80 

Q 

L 

L 

H 

00 
Z 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEO Publication 617-12. 

Pin nutnbers are for OW, JT, and NT packages. 

'ALS29826 logic diagram (positive logic) 

>-+.:.:(2:::.21:""10 

~2Q 

30(SI (2°1 30 

45 (61 

s5 r11 (181 so 

60 (81 (171 60 

75 (91 (161 
70 

85 (101 (lSI 80 

Pin numbers shown are for OW, JT, and NT packages. 

absolute maximum ratings over operatihg free-air temperature range (unless otherwise noted) 

Supply voltage, vee ........ ; ................ _ ................. _ ......... _ . .. 7 V 
Input voltage . _ ..•.......... _ .......... _ .-...... _ ..... _ .................... , 7 V 
Voltage applied to a disabled 3-state output ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Input current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100 mA 
Output current .................................................. - 30 mA to 5 inA 
Operating free-air temperature range: 

SN54ALS29825, SN54ALS29826 . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°e 
SN74ALS29825, SN74ALS29826 ................................ OOC to 70 0 e 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 to 150 °e 

en 
CD 
CJ IS: 
CD 
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SN54ALS29825, SN54ALS29826 
SN74ALS29825, SN74ALS29826 
8-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

recommended operating conditions 

SN54AlS29825 

SN54AlS29826 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

VIH High-level input voltage 2 

Vil low-level input voltage 0.8 

IOH High-level output current -15 

IOl Lo,w-Ievel output current 32 

elR low 

tw Pulse duration elK high 

elK low 

eLR inactive 

tsu Setup time before eLKt Data 

eLKEN high or low 

Hold time, data after elKt 
Data 

th 
elKEN 

TA Operating free-air temperature -55 125 

SN74AlS29825 

SN74AlS29826 UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

2 V 

0.8 V 

-24 mA 

48 mA 

ns 

ns 

ns 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54ALS29825 SN74ALS29825 

PARAMETER TEST CONDITIONSt SN54AlS29826 SN74AlS2!!826 

MIN TYP* MAX MIN TYP* MAX 

VIK Vee = MIN, 11=-18mA -1.2 -1.2 

Vee - MIN to MAX, IOH - 0.4mA VCC- 2 VCC-2 

VOH Vee - MIN, IOH - -15 mA 2.4 3.3 

Vee = MIN, IOH = -24 mA 2.4 3.2 

VOL 
Vee - MIN, IOl - 32 mAo 0.25 0.4 0.25 0.4 

Vee - MIN, IOl - 48 mA 0.35 0.5 

IOZH Vee - MAX, Vo = 2.4 V 20 20 

IOZl Vee - MAX, Vo - 0.4 V -20 -20 

II Vee - MAX, VI - 5.5 V 0.1 0.1 

IIH Vee = MAX, VI = 2.7 V 20 20 

III Vee = MAX, VI = 0.4 V -0.1 -0.1 

IOS§ Vee = MAX, Vo = 0 -75 -250 -75 -250 

Outputs high 

'ALS29825 Outputs low 

Outputs disabled 48 48 
ICC Vee = MAX 

Outputs high 

'AlS29826 Outputs low 

Outputs disabled 48 48 

t For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
* All typical values are at Vee = 5 V, TA = 25°C . 

. § Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

Additional Information on these products can be obtained from the factory as It becomes available. 

UNIT 

V 

V 

V 

~A 

~ 
mA 

~A 

mA 

mA 

mA 
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switching characteristics 

FROM TO 
PARAMETER 

!INPUT) (OUTPUT! 

tPlH 

tPHl ClK Any Q 
tPLH 

tpHl 

tpHL Wi Any Q 

tpZH 

tpZl m:- Any Q 
tpZH 

tPZl 

tpHZ 

tPLZ OC Any Q 
tPHZ 
tpLZ 

SN54ALS29825, SN54ALS29826 
SN74ALS29825, SN74ALS29826 

8-BIT BUS INTERFACE FLIP-FLOPS WITH 3-STATE OUTPUTS 

VCC - 5 V, Vcc - MIN TO MAX,t 

TEST TA - 25°C TA - MIN TO MAXt 

CONDITIONS 'AlS29825 SN54ALS29825 SN74AlS29825 UNIT 

See Figure 1 'AlS29826 SN54AlS29826 SN74AlS29826 

MIN TYP MAX MIN MAX MIN MAX 

CL = 300 pF 

ns 

CL=50pF 
6 
7 

CL - 50 pF 13 ns 

CL = 300 pF 

ns 

CL = 50 pF 
12 

11 

CL = 50 pF 

ns 

CL = 5 pF 
5 

6 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

Additional Information on these products can be obtained from the factory as it becomes available. 

o flip-flop signal conventions 

It is normal TI practice to name the outputs and other inputs of a Ootype flip-flop and to draw its logic 
symbol based on the assumption of true data (01 inputs. Then outputs that produce data in phase with 
the data inputs are called Q and those producing complementary data are called O. An input that causes 
a Q output to go high or a 0 output to go low is called Preset; an input that causes a 0 output to go high 
or a Q output to go low is called Clear. Bars are used over these pin names (PRE and CLR) if they are 
active-low. 

The devices on this data sheet are second-source designs and the pin-name convention used by the original 
manufacturer has been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuit 0 and Q. In some applications it may be advantageous to redesignate the inputs and outputs as 
o and O. In that case, outputs should be renamed as shown below. Also shown are corresponding changes 
in the graphical symbol. Arbitrary pin numbers are shown in parentheses. 

Notice that Q and 0 exchange names, which causes Preset and Clear to do likewise. Also notice that the 
polarity indicators (~) on PRE and CLR remain since these inputs are still active-low, but that the presence 
or absence of the polarity changes at 0, Q, and O. Of course pins 5 (Q) is still in phase with the data 
input 0, but now both are considered active high. 

erR R PiiE S (5) a 0 
ClK Cl ClK C1 

0 10 (6) 0 10 
Q 0 

PRE s m R 
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II 

SN54ALS29825, SN54ALS29826 
SN74ALS29825, SN74ALS29826 
8·BIT BUS INTERFACE FLlp·FLOPS WITH 3·STATE OUTPUTS 

PARAMETE;R MEASUREMENT INFORMATION 

TEST 
POINT VCC 

_4~""---I"""_<f'S1 '" RL I FROM OUTPUT ~ 
UNDER TEST 180 [l 

SWITCH POSITION TABLE 

TEST S1 S2 

LOAD CIRCUIT 

ALL DIODES 
1N916 OR 
1N3064 

TIMING/. 3 V 

INPUT ___ ~4_1~ ~ _____ 0 V 

.. tsu ........ th~ 

~' -1----3V 
DATA 1.5 V 1.5 V 
INPUT.. 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT ~1.5 V \. 1.5-;- - 3 V 

~ I· ov 
tPLHH ~tPHL 

IN-PHASE I " I ~1-6-;: VOH 
OUTPUT I . 1.5V: e 

1 I VOL 
tpHL~ I4---*-tPLH 

OUT-OF-PHASE \1.5 V ;r;;:v VOH 
OUTPUT . . __ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

tpLH Closed Closed 

tPHL Closed Closed 

tpZH Open Closed 

tpZL Closed Open 

tpHZ Closed Closed 

tPLZ Closed Closed 

HIGH-LEVEL ~- --3 V 
PULSE ----I"T 1.5 V 1 .. 5 V ~ 

LOW·LEVEL 
PULSE 

:.-- tw~ OV 

:--- tw -: 3V 
~1.5V1.5V~ 
~---OV 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

~
3V 

OUTPUT ~.5V 1.5V 
CONTROL I I . 

I -----OV 

tPZL-+I ~ I 
I I tPLZ -+! ~ 
~

1---11---=4'5V 

WAVEFORM 1 I 1.5V ~I =1.5V 
ISee Note BI I I 

I --=~ VOL 
tpZH-+I I+-tPHZ-+! I+- LO.3 V 

~I ~:OH WAVEFORM 2 I 1 5 V = 1.5 V 
ISee Note B) . .3 V 

-------- =OV 

VOLTAGE WAVEFORMS 
ENABLE AND OISABLE TIMES. THREE·STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

e. All input pulses are supplied by generators having the following characteristics: PRR !S 10 MHz, Zo = 50 0, tr :s 2.5 ns, 
tf S 2.5 ns. . . 

FIGURE 1 
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PRODUCT 
PREVIEW 

SN54ALS29827, SN54ALS29828 
SN74ALS29827, SN74ALS29828 

10-BIT BUFFERS AND BUS DRIVERS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AM29827 and 
AM29828 

• 3-State Outputs Drive 8us Lines or Buffer 
Memory Address Registers 

• P-N-P Inputs Reduce D-C Loading 

• Data Flow-Thru Pinout (All Inputs on 
Opposite Side from Outputs) 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 10-bit buffers and bus drivers provide 
high-performance bus interface for wide data 
paths or busses carrying parity, 

The three-state control gate is a 2-input NOR 
such that if either G 1 or G2 is high, all ten 
outputs are in the high-impedance state. 

The 'ALS29827 provides true data and the 
'ALS29828 provides inverted data at the 
outputs, 

The SN54' family is characterized for operation 
over the full military temperature range of 
- 55 °e to 125°e. The SN74' family is 
characterized for operation from ooe to 70 oe. 

02912, JANUARY 1986 

SN54ALS' ... JT PACKAGE 
SN74ALS' ... OW OR NT PACKAGE 

(TOP VIEW) 

Gl VCC 
Al Yl 

A2 Y2 

A3 Y3 

A4 Y4 

Y5 

Y6 

A7 Y7 

AB YB 

A9 Y9 

Al0 Yl0 

GND <32 

SN54ALS' ... FK PACKAGE 
SN74ALS' ... FN PACKAGE 

(TOP VIEW) 

U 
N ........ U U ..... N 
<I: <l:1t:lZ>>->-

4 3 2 1 2827 26 

A3 5 25 

A4 6 24 

A5 7 23 

NC 8 22 

A6 9 21 

A7 10 20 Y7 

AB 11 19 YB 
12 13 14 15 1617 18 

Copyright © 1986, Texas Instruments Incorporated 
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SN54ALS29827, SN54ALS29828 
SN14ALS2982.7, SN74ALS29828 
10·BIT BUFFERS AND BUS DRIVERS WITH 3·STATE OUTPUTS 

logic symbols t 

'ALS29827 

Al (21 (231 VI Al (21 
A2 (31 (221 V2 A2 (31 
A3 (41 (211 V3 A3 141 
A4 (51 (201 V4 A4 (5) 

AS (61 1191 V5 AS (61 

AS 111 (181 V6 A6 (71 

A7 (81 (171 V7 A7 (81 

AS (91 (16) VS AS (91 

A9"01 (151 V9 A9"01 
Al0 (111 (l'I V10 A10 (11) 

tThese symbols are in accordance with ANSI/IEEE SId 91-1984. and lEe Publication 617-12. 

logic diagrams (positive logic) 

'ALS29827 

Gl (11 Gl (11 

G2 (131 G2 (131 

Al (21 (231 Vl Al (21 

A2 (31 (221 V2 A2 (31 

A3 (41 (211 V3 A3 (41 

A4 (51 (201 V4 A4 (51 

AS (61 (191 V5 AS (61 

A6 (71 (181 V6 A6 (71 

A7 (SI (171 
V7 

A7 (SI 

AS (91 (161 
VB AS (91 

A9 (101 (lSI V9 A9 (101 

Al0 (111 (141 Vl0 Al0 (111 

Pin numbers shown are OW, JT. and NT packages. 
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'ALS29828 

(231 VI 
(221 V2 

(211 V3 

(201 V4 

(191 V5 

1181 V6 

(171 V7 

1161 V8 

(151 V9 

(14) V10 

'ALS29828 

(231 Vl 

(221 V2 

(211 V3 

(201 V4 

(191 V5 

(lSI V6 

(171 V7 

(161 VB 

1151 V9 

(141 Vl0 



SN54ALS29827. SN54ALS29828 
SN74ALS29827. SN74ALS29828 

10-BIT BUFFERS AND BUS DRIVERS WITH 3-STATE OUTPUTS 

absolute maximum ratings Qver operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled 3-state output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS29827, SN54ALS29828 . . . . .. - 55°C to 125°C 

SN74ALS29827, SN74ALS29828 .......... ooe to 70°C 
Storage temperature range ....................... . . . . . . . . . . . . .. - 65,oe to 150°C 

recommended operating conditions 

SN54ALS29827 SN74ALS29827 

SN54ALS29828 SN74ALS29828 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 2 V 

Vll Low-level input voltage 0.8 0.8 V 

IOH High-level output current -15 -24 rnA 

IOL Low-level output current 32 48 rnA 

TA Operating free-air temperature 55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54ALS29827 SN74ALS29827 

PARAMETER TEST CONDITIONS t 
SN54ALS29828 SN74ALS29828 

Typt Typt MIN MAX MIN MAX 

VIK Vee - MIIII, II - -18 rnA -1.2 -1.2 

Vee - MIN to MAX, IOI-! - 0.4 rnA Vee 2 Vee 2 

Vee - MIN, IOH - -15 rnA 2 
VOl-! Vee - MIN, IOH - -24 rnA 2 

Vee - MIN. IOL - 32 rnA 0.25 0.4 0.25 0.4 
VOL 

Vee - MIN, IOL - 48 rnA 0.35 0.5 

IOZH Vee ~ MAX, Vo ~ 2.4 V 20 20 

IOZl Vee - MAX, Vo - 0.4 V 20 20 

II Vee - MAX, VI - 5.5 V 0.1 0.1 

IIH Vee - MAX, VI - 2.7 V 20 20 

IlL Vee - MAX, VI - 0.4 V 0.1 0.1 

IOS§ Vee ~ MAX, Vo ~ 0 -75 -250 -75 -250 

Outputs high 16 16 

'ALS29827 Vee ~ MAX Outputs low 20 20 

Outputs disabled 19 19 
lee Outputs high 12 12 

'ALS29828 Vee ~ MAX Outputs low 16 16 

Outputs disabled 14 14 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee ~ 5 V, TA ~ 25°e. 
§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

Additional information on ,these products can be obtained from the factory as it becomes available. 

UNIT 

V 

V 

V 

pA 

~A 

rnA 

~A 

rnA 

rnA 

rnA 

rnA 
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SN54ALS29827, SN54ALS29828 
SN74AL~29it21, SN7,4ALS29828 " 
10·BIT BUFFERS AND BUS DRIVERS WITH 3·STATE OUTPUTS 

switching characteristics 

Vcc· 5 V, VCC. MIN TO MAX,t 

FROM TO 
TesT TA .,25°C 

" 
TA • ,MiN TO MAXt 

PARAMETER 
(OUTPUT) 

CONDITIONS 'ALS29821 SN54ALS29827 SN74ALS29827 
(INPUT) 

See Figure 1 " 'ALS29828 SN54ALS29828 SN74ALS298~8 
MIN TYP MAX MIN MAX MIN MAX 

tpLH 8 

tpHL 
CL = 300 pF 

11 
A Y 

tpLH 5 

tpHL 
CL=50pF 

5 
tpZH 11 

tpZL 
CL = 300 pF 

18 (l" Y 
tpzH 7 

tP'lL 
CL = 50 pF 

10 , 
tpHZ 

CL = 50 pF 
11 

tpLZ G y Ii 
tpHZ, 

CL = 5 pF 
4 

4 tpLZ 

II, t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 

Additional information on these products cen be obtained from the factory as it becomes available. 

c 
~ 
5' 
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SN54ALS29827, SN54ALS29828 
SN74ALS29827, SN74ALS29828 

10·BI1 BUFFERS AND BUS DRIVERS WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT VCC 

_~~""~""""I--<f'S1 " RL I FROM OUTPUT ~ 

UNDER TEST 180 0 

LOAD CIRCUIT 

ALL DIODES 
1N916 OR 
1N3064 

TIMING ./. 3 V 

INPUT ___ -"4_1.:.5 ~ _____ ~ V 

... t.u ....... th .... 

~' -:----3V 
DATA , 1,5 V 1.5 V 
INPUT 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT ~1.5V \~~--3V 
~ I· OV 
tPLH I • j'f---+f- tpHL 

IN-PHASE r f" ' I i1-!;~ VOH 
OUTPUT I • 1.5V I e 

I I VOL 
tpHl ~ I4---*-tpLH 

OUT-OF-PHASE \11.5 V ~ VOH 

OUTPUT • f:'f>":' VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

SWITCH POSITION TABLE 

TEST S1 S2 

tpLH Closed Closed 

tpHL Closed Closed 

tpZH Open Closed 

tpZL Closed Open 

tpHZ Closed Closed 

tpLZ Closed Closed 

HIGH-LEVEL 
PULSE 

~---3V 

---""f 1.5 V 1.5 V l'...-
:.-- tw ----.I 0 V 

LOW-LEVEL 
PULSE 
~:--- tw -: 3V 

1.5V 1.5V 

--- - OV 
VOLTAGE WAVEFORMS 

OUTPUT 
CONTROL 

PULSE DURATIONS 

~1.5V F 3V 

~ r-Li~'~--OV 
tpzl -III j+- I 

I I tPLZ~ ~ 

~
1---ll---=4'5V 

WAVEFORM 1 I V ~I =1.5V 
(See Note B) I 1.5 

I 1--
-~ VOL 

tpZH-+! I4t .... ........ LO.3 V 
I PHZ"CP' r--i 
~~-VOH 

WAVEFORM 2 -1 5 V 
(See Note B) 1.5 V - . 

.3 V 
-------- =OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE-STATE OUTPUTS 

B. Waveform i is for an output with internal conditions such that the output is low except When disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz. Zo = 50 Dr tr :S 2.5 ns, 
tf S 2.5 ns. ' 

FIGURE 1 
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PRODUCT 
PREVIEW 

SN54ALS29861, SN54ALS29862 
SN74ALS29861, SN74ALS29862 

10-BIT BUS TRANSCEIVERS WITH 3-ST A TE OUTPUTS 

• Functionally Equivalent to AM29861 and 
AM29862 

• Choice of True or Inverting Logic 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 10-bit bus transceivers are designed for 
asynchronous two-way communication 
between data buses, The control function 
implementation allows for maximum flexibility in 
timing, 

These devices allow data transmission from the 
A bus to the B bus or from the B bus to the A 
bus depending upon the logic levels at the enable 
inputs (GBA and GAB). 

The enable inputs can be used to disable the 
device 50 that the buses are effectively isolated, 

The SN54' family is characterized for operation 
over the full military temperature· range of 
- 55 °e to 125°e, The SN74' family is 
characterized for operation from ooe to 70 oe, 

FUNCTION TABLE 

INPUTS OPERATION 

GAB GBA ALS29B61 ALS29862 

L H A to B A to B 

H L B to A B to A 

H H Isolation Isolation 

L L Latch A and B Latch A and B 

(A=B) (A=B) 

D2915, JANUARY 1986 

SN54ALS' . , , JT PACKAGE 
SN74ALS' . , . OW OR NT PACKAGE 

(TOP VIEW) 

GAB VCC 
Al Bl 
A2 B2 
A3 B3 
A4 B4 
A5 B5 
A6 B6 
A7 B7 
A8 B8 
A9 B9 

Al0 Bl0 
GND GBA 

SN54ALS' , , , FK PACKAGE 
SN74ALS' , , , FN PACKAGE 

(TOP VIEW) 

5 

6 

8 

9 

10 
11 

al U 
"'-«U U_", 
« « l(!l Z > al al 

4 3 2 1 282726 

12 131415161718 

OlOClU«OOl 
«-ZZal-al 

« (!l l(!l al 

NC - No internal connection 

25 
24 

23 
22 

21 

20 

19 

B3 
B4 
B5 
NC 
B6 
B7 
B8 

Copyright © 1986, Texas Instruments Incorporated 
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SN54ALS29861, SN54ALS29862 
SNi4ALS29861, SN74ALS29862 
1 O-BITBUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

logic symbols t 

'ALS29861 

c 
CD < tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
51 Pin numbers shown are for OW, JT, and NT packages. 

CD 
en 
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logic diagrams 

'ALS29S61 

GAB 

A2 ..;.13;;.:.1_--If-41--1 ":>!-++----,1:=;22::,.1 B2 

A3 ..;.14..;.1 ---II-1......-t 1211 B3 

A4 ..;.15..;.1_--11-11--1 >-..... +----'1;:.;20;;..1 B4 

A5 ..;.16..;.1_--If-41--1 1191 B5 

A6 ..:.17:.:,1_--1I--4H >-..-+-_1_1S..;..1 B6 

A7 ..;.IS..;.I_--If-41--1 1171 B7 

AS _19..;.1_--11-11--1 >-..... +-_1;.;.16:.;..1 BS 

SN54ALS29861, SN54ALS29862 
SN74ALS29861, SN74ALS29862 

10·BIT BUS TRANSCEIVERS WITH 3·STATE OUTPUTS 

'ALS29S62 

GAB 

A1 1231 
B1 

A2 131 1221 B2 

A3 141 1211 B3 

A4 151 1201 B4 

161 1191 B5 
A5 

A6 
I7J 11S1 B6 

A7 lSI 1171 
B7 

AS 
191 1161 BS 

A9 1101 1151 B9 

A10 ..;.1.:.;11,,-1 __ ..... -1 :> ....... >-+_...:1.;..14::..1 B10 A10 1111 1141 
B10 

Pin numbers shown are for OW, JT, and NT packages. 
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SN54ALS29861, SN54ALS29862 
SN74ALS29861, SN74ALS29862 
10·BIT BUS TRANSCEIVERS WITH 3·STATE OUTPUTS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vee ......................................................... 7 V 
Input voltage: All inputs and I/O ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54ALS29861, SN54ALS29862 ...... -55°e to 125°e 

SN74ALS29861. SN74ALS29862 .......... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 

recommended operating conditions 

SN54ALS29861 SN74ALS29861 

SN54ALS29862 SN74ALS29862 UNIT 

MIN NOM MAX MIN NOM MAX 

Vcc Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low·level input voltage 0.8 0.8 V 

10H High-level output current 15 24 mA 

10L Low-level output current 32 48 mA 

TA Operating free-air temperature -55 125 0 70 °C· 

II electrical characteristics over recommended operating free-air temperature range (unless otherwise 
oo~ : 

.... 
en -
c 
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< 
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SN54.ALS29861 SN74ALS29861 

PARAMETER TEST CONDITIONSt SN54ALS29862 SN74ALS29862 

MIN TYP* MAX MIN TYP* MAX 

VIK Vcc - MIN. II - -18 mA -1.2 -1.2 

Vcc = MIN to MAX. 10H = -0.4 mA VCc- 2 VCC-2 

VOH VCC = MIN, 10H = -15 mA 2 

VCC - MIN, 10H = -24 mA 2 

VCC - MIN, 10L - 32 mA 0.25 0.4 0.25 0.4 

"OL VCC - MIN, 10L - 48 mA 0.35 0.5 

II VCC - MAX, VI - 5.5 V 

IIH 
Control inputs 

VCC = MAX, 
20 20 

A or B ports§ 
VI = 2.7 V 

20 20 

IlL 
Control inputs 

VCC = MAX, 
-0.1 -0.1 

A or B ports§ 
VI = 0.4 V 

-0.1 -0.1 

lOS' VCC = MAX, Vo = 0 -75 -250 -75 -250 

Outputs high 28 28 
'ALS29861 Outputs low 38 38 

ICC VCC = MAX 
Outputs disabled 36 36 

Outputs high 22 22 

'ALS29862 Outputs low 30 30 

Outputs disabled 28 28 

t For conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
* All typical values are at VCC = 5 V, TA = 25°C. 
§ For I/O ports, the parameter. IIH and IlL include the off-state output current. 
, Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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V 

V 

V 

mA 

~A 

mA 

mA 

mA 



• ALS29861 switching characteristics 

TEST 
FROM TO 

CONDITIONS PARAMETER 
(INPUT) (OUTPUT) 

See Figure 1 

tPLH 

tpHL 
Cl = 300 pF 

A or B B or A 
tpLH 

tpHl 
CL = 50 pF 

tpZH GAB 
tpZl 

Cl = 300 pF 

or AcrB 
tpZH 

GBA 
tpZL 

Cl = 50 pF 

tPHZ 
GAB 

tpLZ 
CL = 50 pF 

or A or B 
tpHZ 

GBA 
tpLZ 

CL = 5 pF 

• ALS29862 switching characteristics 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

TEST 

CONDITIONS 

See Figure 1 

tpLH 

tpHL 
CL = 300 pF 

A or B B or A 
tpLH 

tpHL 
Cl=50pF 

tpZH 
GAB 

tpZL 
CL = 300 pF 

or A or B 
tpZH 

GBA 
tpZL 

CL = 50 pF 

tpHZ 
GAB 

tpLZ 
CL = 50 pF 

or A or B 
tpHZ 

GBA 
tpLZ 

CL = 5 pF 

S~54ALS2986~ SN54ALS29862 
SN74ALS29861. SN74ALS29862 

10·BIT BUS TRANSCEIVERS WITH 3·STATE OUTPUTS 

Vee - 5 V, Vee - MIN TO MAX, t 

TA - 25°C TA - MIN TO MAxt 
UNIT 

'ALS29861 SN54ALS29861 SN74ALS29861 

MIN TVP MAX MIN MAX MIN MAX 

8 

11 
ns 

5 

5 

11 

17 
ns 

7 

10 

11 

5 

4 
ns 

4 

Vee = 5 V, Vee - MIN TO MAX, t 

TA - 25°C TA - MIN TO MAXt 
UNIT 

'ALS29862 SN54ALS29862 SN74ALS29862 

MIN TYP MAX MIN MAX MIN MAX 

7 

11 

4 
ns 

5 

11 

17 
ns 

7 

10 

11 

5 
ns 

4 

4 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

Additional information on these products can be obtained from the factory as it becomes available. 
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S~54ALS29861, SN54ALS29862 
SN74AtS29861, ·SN74A~S29862. . . 
10·BIT BUS TRANSCEIVERS WITH 3·STATE OUTPUTS 

. . . 
PARAMETER MEASUREMENT INFORMATION 

I 
TES:r." 
POINT . Vec 

_ ......................... -<.,..Sl",. RL I 

SWITCH POSITION TA8LE 

fROM OUTPUt . ~ 
UNDER TEST 180 kO 

TEST Sl S2 

tPLH Closed Closed 

TIMING 
INPUT 

LOAD CIRCUIT 

ALL DIODES 
1111916 OR 
lN3064 

. 3V 
~.5V . 

""------'. 1.- - - - - -- 0 " 
~tsu~th1 

DATA ~;;-;-3 V 
INPUT ~ •. ~. . '~OV 

VOLTAGE WAVEfORMS 
SETUP AND HOLD TIMES 

INPUT .i 1.5 V \. ;:; -; -- - 3 V 

---ft I. Ov 

tPLHh . ~tPHL 
iN.PHASE· fl' 1- i.:;-~ VOH 
OUTPUT : .. ' 1.5 V : ~V 

I . I VOL 
tpHL ~ I4---*- tpLH 

OUT.Of.PHASE \'" !I:':"': VOH 
OUTPU+l.5. V 71.5 V 

• -- VOL 

VOLTAGE WAVEfORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

tPHL Closed Closed 

tpZH Open Closed 

tPZL Closed Open 

tpHZ Closed Closed 

ti>Lz Closed Closed 

HIGH.LEVEL ~--:"':"'3V 
PULSE 1.5 V 1.5 V 

. I.-- tw --.-I 0 V 

LOW·LEVEL 
PULSE 

OUTPUT 
CONTROL 

·~tw~ 3V 
~1.5V ·~.5V~ 
~---()V 

VOLTAGE WAVEfORMS 
PULSE DURATioNS 

~1.5V ~3V 
~ r-L1~'=-' - - 0 V 

tPZL.... J4-- 1 

WAVEFORM 1 I I I I 1 5 V : t -'-~1-1~ -- < •• " 

\Ses Note 8) I 1.5V ~I ~ . 
1 1--

--X VOL 
tpZH-+I I+-: . a.J ....... Lo 3 V 

I tpHZ.... r-i . 
~~-VOH 

WAVEfORM 2. ~1 5 V 
{See Note BI 1.5 V . . . 

0.3V 
-------- ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE·STATE OUTPUTS 

S. Waveform i is for an oUlput with iliternal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output ;"ith internal conditions such that the output is high except when disabled by the output control. 

C . All input pulses are supplied by generators having the following characteristics: PAA :s 10 MHz, Zo = 50 0, tr :s 2.5 ns, 
tf :s 2.5 ns. 

FIGURE 1 

2·576 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



PRODUCT 
PREVIEW 

SN54ALS29863. SN54ALS29864 
SN74ALS29863. SN74ALS29864 

9-81T BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

• Functionally Equivalent to AM29863 and 
AM29864 

• Choice of True or Inverting Logic 

• Power-Up High-Impedance State 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

description 

These 9-bit bus transceivers are designed for 
asynchronous two-way cDmmunication 
between data buses. The control function 
implementation allows for maximum flexibility in 
timing. 

These devices allow data transmission from the 
A bus to the B bus or from the B bus to the A 
bus depending upon the logic levels at the enable 
inputs (GBA 1. GBA2. GAB1, and GAB2). 

The SN 54' family is characterized for operation 
over the full military temperature range of 
- 55°C to 125°C. The SN74' family is 
characterized for operation from OOC to 70°C. 

FUNCTION TABLE 

D291 5, JANUARY 1986 

SN54AlS' ... JT PACKAGE 
SN74AlS' ... OW OR NT PACKAGE 

(TOP VIEW) 

GBA1 Vee 
A1 B1 

B2 
B3 

A4 B4 
A5 B5 
A6 B6 
A7 B7 
A8 B8 
A9 B9 

GBA2 GAB2 
GND GAB1 

SN54AlS' ... FK PACKAGE 
SN74ALS' ... FN PACKAGE 

6 

7 

8 

9 
10 

11 

(TOP VIEW) 

4 3 2 1 2827 26 

25 

24 

23 

22 

21 

20 

19 

12131415 161718 

NC ~ No internal connection 

ENABLE INPUTS OPERATION 

GABl GAB2 GBAl GBA2 'ALS29863 'ALS29864 

L L L L Latch A and B Latch A and B 

L L H X 
A to B A to B 

L L X H 

H X L L 
B to A 

X 
B to A 

H L L 

H X H X 

H X X H 

X H X H 
Isolation Isolation 

X H H X 

Copyright ©' 1986; Te)(as Instruments Incorporated 
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II 

SN54ALS29863, SN54ALS29864 
SN74ALS29863, SN74ALS29864 
9·BIT BUS TRANSCEIVERS WITH 3·STATE OIJTPUTS 

logic symbols t 
'ALS2S863 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

logic diagrams 

'ALS29863 

A2 (31 (221 B2 

A3 (41 (211 83 

A4 (51 (201 B4 

A5 (61 1191 B5 

A8 (71 I1S1 lUi 

A7 (SI 1171 B1 

AS (91 (161 B8 

A. I101 1161 B, 

Pin numbers shown ar~ for OW, JT, and NT packages. 

2-578 TEXAS • 
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AS 171 

A7 (81 

AS (91 

A9 (101 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

'ALS29864 
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(221 82 

(211 83 

(201 B4 

1191 B6 

I1SI B6 

(171 B7 

1161 B8 
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SN54ALS29863. SN54ALS29864 
SN74ALS29863. SN74ALS29864 

9-BIT BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: All inputs and I/O ports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54AlS29863, SN54AlS29864 . . . . . .. - 55 °e to 125°e 

SN74AlS29863, SN74AlS29864 ........... ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 

recommended operating conditions 

SN54ALS29863 SN74ALS29863 

SN54ALS29864 SN74ALS29864 UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High·level input voltage 2 2 v 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -15 -24 mA 

10L Low-level output current 32 48 mA 

TA Operating free-air temperature -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherWise. 
noted) 

SN54AlS29863 SN74AlS29863 

PARAMETER TEST CONOITIONSt SN54ALS29864 SN74ALS29664 

MIN Typf MAX MIN Typf MAX 

VIK vee = MIN, II = -18 mA -1.2 -1.2 

Vee - MIN to MAX, 10H - 0.4 mA Vee 2 Vee 2 

VOH Vee - MIN, 10H - -15 mA 2 

Vee = MIN, 10H = -24 mA 2 

Vee - MIN, 10H - 32 mA 0.25 0.4 0.25 0.4 
VOL 

Vee - MIN, 10L - 48 mA 0.35 0.5 

II Vee = MAX, VI = 5.5 V 

Control inputs 20 20 
IIH 

A or 8 ports§ 
Vee = MAX, VI = 2.7 V 

20 20 

Control inputs -0.1 -0.1 
IlL Vee = MAX, VI = 0.4 V 

A or B ports§ -0.1 -0.1 

lOS' Vee = MAX, Vo = 0 -75 -250 -75 -250 

Outputs high 26 26 

·ALS29863 Outputs low 35 35 

Outputs disabled 34 34 
lee Vee = MAX 

Outputs high 20 20 

'ALS29864 Outputs low 27 27 

Outputs disabled 26 26 

t For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
fAil typical values are at Vee = 5 V, TA = 25°e. 
§ For 1/0 ports, the parameters IIH and IlL include the off-state output current. 
, Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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SN54ALS29863, SN54ALS29864 
SN74ALS29863, SN74ALS29864 
9·BIT BUS TRANSCEIVERS WITH 3·STATE OUTPUTS 

• ALS29863 switching characteristics 

TEST 
Vcc - SV, 

PARAMETER 
FROM TO 

CONDITIONS 
TA - 2SoC 

(IN PUll (OUTPUll 
See Figure 1 

'ALS29863 

MIN TYP MAX 

tpLH 
CL = 300 pF 

8 

tpHL 11 
A or B B or A 

tpLH 
CL = 50 pF 

5 

tpHL 5 

tpZH 
GAB CL = 300 pF 

11 

tpZL 17 
or A or B 

7 tpZH 
GBA CL = 50 pF 

tpZL 10 

tpHZ 
GAB CL=50pF 

11 

tpLZ 5 
or A or B 

4 tpHZ 
GBA CL = 5 pF 

tpLZ 4 

Vcc - MIN TO MAX, t 

TA - MIN TO MAX t 
SNS4ALS29863 SN74ALS29863 

MIN MAX MIN MAX 

•• ALS29864 switching characteristics 

TEST 
Vcc - S v, Vcc - MIN TO MAX, t 

FROM TO TA - 2SoC TA - MIN TO MAX t 
PARAMETER CONDITIONS 

r-
!e 
c 
;, 
(') 
~ 
(I) 

tPLH 
tpHL 

tPLH 

tPHL 
tpZH 

tpZL 

tpZH 

IPZL 
tpHZ 

tpLZ 

tpHZ 

tpLZ 

(lNPUlI 

A or B 

tiAB 

or 

GBA 

GAB 

or 

GBA 

(OUTPUll 
See Figure 1 

CL = 300 pF 
B or A 

CL=50pF 

CL = 300 pF 

A or B 

CL=50pF 

CL=50pF 

A or B 

CL = 5 pF 

'ALS29864 SN54ALS29864 SN74ALS29864 
MIN TYP MAX MIN MAX MIN MAX 

7 
11 

4 

5 

11 

17 

7 

10 

11 

5 

4 

4 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

Additional information on these products can be obtained from the factory as it becomes available. 
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SN54ALS29863, SN54ALS29864 
SN74ALS29863, SN74ALS29864 

9·BIT BUS TRANSCEIVERS WITH 3·STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT VCC 

Sl~ RL 
FROM OUTPUT_ ....... -+11 ....... _cr 

UNDER TEST 

LOAD CIRCUIT 

180 n 
ALL DIODES 
lN916 OR 
lN3064 

TIMING ./.r---- 3 V 

INPUT ___ ...J.-C:_l .:..5 ~ __ ---0 V 

... tsu~th~ 

~I -:----3V 
DATA 1.5 V 1.5 V 
INPUT 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT ~1.5V \~5~--3V 
...J, I· OV 

tPLH~ ~tPHL 
IN-PHASE I " I ~,-,,~ VOH 
OUTPUT I 1.5 V: e 

, I VOL 
tpHL~ ~tpLH 

OUT-OF· PHASE \1.5 V F VOH 

OUTPUT • . VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

SWITCH POSITION TABLE 

TEST Sl S2 

tPLH Closed Closed 

tpHL Closed Closed 

tpZH Open Closed 

tpZL Closed Open 

tpHZ Closed Closed 

tpLZ Closed Closed 

HIGH·LEVEL ~---3V 
PULSE ~I.::>V I.:>V~OV 

~tw~ 

~tw-: 3V 

~~~~EVEL ~ OV 

OUTPUT 
CONTROL 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

~15V ~3V 
~ s--L1~~---OV 

tPZL~ ~ I 

~I J_~L~1. .-!~ __ ~4.5V 
I I I 

WAVEFORM 1 I 15V ~I ~1.5V 
(See Note 81 I' I __ t:. 

I --. VOL 
tpZH-+I 14-: .... ....... Lo 3 V 

I tpHZ..... i""""i . 

~~-VOH 
WAVEFORM 2 _ 1 5 V 
(See Note BI 1 .5 V - . 

0.3 V 
-------- ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR :$ 10 MHz, 20 = 50 Q, tr :$ 2.5 ns, 

tf :5 2.5 ns. 

FIGURE 1 

r.n 
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THCT1 0 1 ~-160M, THCT1 01 0-140E, THCT1 010-100 
Hi-BIT BY 16-BIT MULTIPLl~RS/ACCUMULATORS 

• 16-Bit by 16-Bit Parallel 
Multiplicationl Accumulation 

• 35-Bit-Wide Accumulator 

• Inputs are TTL-Voltage Compatible 

• Outputs Capable of Driving up to 10 LSTTL 
Loads 

• Single 5-V Power Supply 

• Low Power Dissipation . . . 150 mW 
Typical 

• Pin-for-Pin Compatible with TRW TDC1010J 
(DIP only) and AI\iI29510 (DIP only) 

• High-Speed Twin-Well CMOS Process 

• Package Options Include Ceramic and 
Plastic Chip Carriers and DIPs 

• Dependable Texas Instruments Quality and 
Reliability . 

description 

The THCT1 01 0 is a TTL-voltage-compatible, 
low-power, high-speed 16-bit by 16-bit 
multiplier/accumulator for digital signal 
processing, digital filters, fast Fourier 
transformations, array processing, and 
microprocessor throughput enhancement. These 
devices are pin-for-pin equivalent to the TRW 
TOC 1 01 OJ but dissipate 20 times less power, 
The lower power dissipation causes the 
differences between junction and ambient 
temperatures to be minimized and, therefore, 
eliminates the heat-sink requirements and 
increases reliability. High speed is achieved by 
using a modified Booth algorithm, a feed-forward 
carry circuit, and a conditional sum adder that 
enhances the final adder stage of the multiplier. 

The THCT1 01 0 inputs consist of three registers, 
a 16-bit X input, a 16-bit Y input, and an input 
control register. The 35-bit output product 
register consists of a 16-bit most-significant­
product (MSP) bus, a 16-bit least-significant­
product (LSP) bus that is shared with the 16-bit 
Y input bus, and a 3-bit extended-product (XTP) 
bus (PR32 through PR34); see the functional 
block diagram, The input registers are 

02834, SEPTEMBER 1984-REVISED SEPTEMBER 1985 

JD OR N DUAL·IN·LINE PACKAGE 

(TOP VIEWI 

X6 X7 
X5 XB 

X9 
Xl0 

X2 Xll 
Xl X12 

X13 
YO/PRO Xl. 
Vl/PRI X15 
V2/PR2 10 oo:s 
V3/PR3 11 AND 
Y4/PR4 12 SUB 
V5/PR5 13 ACC 
VS/PRS 14 ClK K 
Y7tPA7 I. elK v 

GND 16 vCC 
VB/PRB 17 TC 
Y9/PR9 18 5EX 

Vl0/PR10 " PREl 
Vll/PR1, OEMS 
V'2/PR'2 44 elK PR 
V'3/PR'3 43 PR34 
Y14/PR14 42 PR33 
Y15/PR15 41 PR32 

PR'S 40 PR3' 
PR'7 3. PRJO 

PR'B 27 3. PR29 
PR'9 2. 37 PR2e 
PR20 2. 36 PR27 
PR2l 30 3. PR2S 
PR22 31 34 PR25 
PR23 32 33 PR24 

FK OR FN CHlp·CARRIER PACKAGE 

(TOP VIEWI 

O .... NC")~tll 
O ..... NM'<tLnCOr-..COcn .... ..- ................... xxxxxxxxxxxxxxxx 

9 8 7 6 5 4 3 2 16867666564636261 

YlfPR1 10 60 GELS 
Y2/PR2 11 

Y3/PR3 12 
Y4/PR4 13 
Y5/PR5 14 
Y6tPR6 15 
Y7/PR7 g 16 

GND 17 

VCC ~I. 
VB/PRS g'9 
Y9/PR9 ~ 20 

Yl0/PR10 Q21 
Yl1/PA11 22 
Y12/PR12 23 
Y13/PR13 24 
Y14/PR14 25 
Y15/PR15 26 

NC-No internal connection 

59 AND 

58 SUB 
57 ACC 
56 ClK X 

55 ClK Y 

54 VCC 
53 GND 
52 NC 
51 TC 
so OEX 
49 PREl 
48 OEMS 
47 eLK PR 
46 PR34 
45 PR33 
44 PR32 

Caution, These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates, 

Copyright @ 1984. T eX8S Instruments Incorporated 
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THCT1010-160M, THCT1010-140E, THCT1010-100 
16-BI1 BY 16;BIT MULTIPLIERS/ACCUMULATORS 

indepe~dently controlled by ClK X and ClK Y, and the prod!Jct regi~ters are Ootype positiv!'l-edge-triggered 
flip~flops. Separate tllree-state output enables are provided for each output product register. TlJese, in 
combination with the independent input clocks, allow operation on a microprocessor bus. 

The THCT1 01 0 has a round control (RNO) that rounds thE! product to the 1 !'I most significant bits. The 
preload control (PREl) is used in conj!Jnction with the output enables to initialize the contents of the (Jutput 
registers. TheTHCT1 01 0 will perform multiplication and addition, multiplication and subtraction, or straight 
multiplication depending upon the states of the accumulate control (ACe) and subtractor control (SUB). 
The TC control provides the callability of formatting the input data to be either two's complement or unsigriec! 
magnitude. 

The THCT1 01 0-160M is characterized for operation over the 'full military temperature range of - 55°C 
to 125°C. The THCT1010-140E is characterized for operation from -40°C to 85°C. The THCT1010-100 
is characterized for operation from 00e: to 70°C. 
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PIN 

NO. NAME 

56-64, 1-7 X15 thru XO 

8 15,17-24 YO/PRO 

thru 

Y15/PR15 

25-43 PR16 thru PR34 

44 ClK PR 

45 OEMS 

46 PREl 

47 OEX 

48 TC 

50 ClK Y 

51 ClK X 

52 ACC 

53 SUB 

54 RND 

55 OITS 

THCT1010·160M, THCT1 010·140E, THCT1010·100, 
16·BIT BY 16·BIT MULTIPLIERS/ACCUMULATORS 

DESCRIPTION 

X data inputs, X 15 is the most-significant bit. The data is loaded into the X register on 

the rising edge of ClKX. 

110 ports for least significant product (lSP) bits of output product register, input ports for 

Y data. YO/PRO is the least significant bit. The mode is controlled by the PREl and OEMS 

pins. 

1/0 ports for output product register bits. PR 16 through PR31 are the most-significant 

product (MSP) bits. PR32 through PR34 are the extended product (XTP) bits. The mode is 

controlled by PREL, OElS, OEX. 

Product clock input. On the low-to-high transition, latches the lSP, MSP, and XTP into 

the output product register. 

Active-low output enable for MSP output product register. When high, causes the PR31 

through PR16 outputs to be in the high-impedance state. 

Preload control. When high, the output product register's outputs are disabled. When an 

output enable (OElS, OEMS, OEX) is high, preload data can be entered into the output 

product register from the PR 1/0 lines on the rising edge of ClK PRo 

Active-low output enable for XTP output product register. When high, causes the PR32 

through PR34 outputs to be in the high-impedance state. 

Two's complement control. When TC is high, the input data is in two's complement 

format. When TC is low, the input data is in unsigned magnitude format. The TC signal is 

loaded into the control register on the rising edge of ClK X orClK Y. • Y clock input. On the low-to-high transition, clocks data in from the Y inputs. 

X clock input. On the low-to-high transition, clocks data in from the X inputs. 

Accumulator control. When ACC is high and SUB is low, the content of the output 

product register is added to the next product generated. The sum is then placed in the 

output product register on the rising edge of ClK PR. When ACC is low, the product is 

stored directly into the output register on the rising edge of ClK PRo The ACC Signal is -loaded into the control register at the rising edge of ClK X or ClK Y. 

Subtraction control. When SUB and ACC are high, the content of the output product ~ 
register is subtracted from the next product generated. The result is then placed in the 

output product register on the rising edge of ClK PR. When SUB is low and ACC is high, 

the addition operation is performed instead of subtraction. When ACC is 10V\(, SUB is a 

"Don't Care". The SUB signal is loaded into the control register on the rising edge of ClK 

X or ClK Y. 

Round control. When high, causes the product of the X and Y inputs to be rounded to the 

19 most significant bits by adding a 1 to the MSB of the lSP. The RND signal is loaded 

into the control register on the rising edge of ClK X or ClK Y. 

Active-low output enable for lSP output product register. When high, causes the PRO 

through PR15 outputs to be in the high-impedance state. 

Pin numbers shown are for the JD and N packages. 
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THCT1 01 0·160M, THCT1 01 0·140E, THCT1 01 0·1 00 
16·BI1 BY 16·BI1 MULTIPLIERS/ACCUMULATORS 

PRELOAD FUNCTION TABLE 

PREl OEX OEMS OElS XTP MSP 

L L l L (PR32-PR34) !PR16-PR31) 

L L L H (PR32-PR34) (PR16-PR31) 

L L H L (PR32 - PR34) Z 

L L H H (PR32-PR34) Z 
L H L L Z (PR16-PR31) 

L H L H Z (PR16-PR31) 

L H H L Z Z 
L H H H Z Z 

H L L L Z Z 
H L L H Z Z 

H L H L Z PL 

H L H H Z PL 

H H L L PL Z 

H H L H PL Z 

H H H L Pl PL 

H H H H PL PL 

lSP 

(PRO-PR15) 

Z 

(PRO-PR15) 

Z 

(PRO-PR15) 

Z 

(PRO-PR15) 

Z 
Z 
PL 

Z 
PL 

Z 

PL 

Z 
PL 

PL = Output buffers at high impedance or output disabled. Preload data supplied externally at 
output pins will be loaded into the output register on the rising edge of eLK PRo 

r-' logic symbol 

~ 
·0 
CD 
< Cr 
CD 
til OEMS 

OEX 

CLK PR 

PREL 

RND 

ACC 

SUB 

TC 

CLK x 
CLK Y 

16 X 16 MULTIPLIER! 
ACCUMULATOR 

<I> 
THCnOl0 

i46) 

(54) 

-="---C> PRODUCT CLOCK 

PRELOAD 

(52) 

(53) 
(48) 

ROUND 

ACCUMULATE 
SUBTRACT 

2', COMPLEM~NT 

(51) 

(50) 
..!::.!!...-(:>CLK x 
-"""---C> CLK Y 

HI-+-':;:(~~) YO-PRO 

Y(lN) 7 (15) Y7-PR7 

XO 171 

X6 (1) 

X7 (64) 

X15 (56) 

6 15 (24) Y15-PR 15 

7 X(lN) . 

• {16 (~5) PR16 

;5 PR(OUT) V 3'4 
t---,(4.;.:3;:..) PR34 

Pin numbers shown are for the JD and N packages. 
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THCT1 01 0-160M, THCT1 01 0-140E, THCT1 01 0-1 00 
16-BIT BY 16-BIT MULTIPLIERS/ACCUMULATORS 

logic diagram (positive logic) 

ClK 

PR 

PR 

El 

DE 
DE 

LS 

MS 

~ EX 

~-*C1 
XO 1D 16X 

ClK 

X15-

NO R 

A 

S 

CC 

UB 

TC 

ClK Y 

16 
,r.,C1 

16 

) 
16 

[ C1 REG 

.,C1 

10 r 
10 f-
10 r-
10 r-

~ 16 

MULTI· C1 PLiER 
ARRAY C2 

ADDERI 
SUB· '--< EN 16X '\l -TRACTOR 16 

1.20 1.20 ~ 
~ EN 16X '\l 16 '---C 

r.J3 
1.20 1.20 

3 
'---< EN 3X '\l 

~ 1.20 1.20 

PR31-PR16 

PR34-PR32 

Y15-YO 
PR15-PRO 

1016X 

16 

Pin numbers shown are for the JD and N packages. 

absolute maximum ratings over operating free-air temperature range t 

Supply voltage range, Vee ........................................... -0.5 V to 7 V 
Input diode current, 11K (VI < 0 or VI > Vee). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
Output diode current, 10K (Vo < 0 or Vo > VCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
Continuous output current, 10 (VO = 0 to Vee) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Continuous current through Vec or GND pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 50 mA 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ...................... 300°C 
Storage temperature range ......................................... - 65°C to 150°C 

tStresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings 
only and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating 
conditions" is not implied. Exposure to absolute-maximurn-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

THCT1010-160M THCT1010-140E THCT1010·100 
UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage I Vee - 4.5 V to 5.5 V 2 2 2 V 

VIL Low-level input voltage I Vee ~ 4.5 V to 5.5 V 0 0.8 0 0.8 0 0.8 V 

VI Input voltage 0 Vee 0 Vec 0 Vee V 

Vo Output voltage 0 Vee 0 Vee 0 Vee V 

tt Input transition (rise and fall) times 0 500 0 500 0 500 ns 

TA Operating free-air temperature -55 125 -40 85 0 70 °e 
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THCT1 01 0·160M, THCT1 01 0·140E, THCT1 010·100 
16·81T BY 16·81T MULTIPLIERS/ACCUMULATORS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TA - 25°C THCT1010-1S0M 
THCT1010-140E 

PARAMETER TEST CONDITIONS VCC THCT1010-100 UNIT 

MIN TVP MAX MIN MAX MIN MAX 

VI = VIH or Vll, IOH = - 20 I'A 4.5 V. 4.4 4.4 4.4 
VOH V 

VI - VIH or Vll, 10H - -4 rnA 4.5 V 3.86 3.7 3.76 

VI - VIH or Vll, IOl - 20 I'A 4.5 V 0.1 0.1 0.1 
VOL V 

VI - VIH or Vll, IOl - 4 rnA 4.5 V 0.32 0.4 0.37 

.11 VI = 0 to Vee 5.5 V ±5 ±100 ±1000 ±1000 nA 

IOZ Vo = Vee or 0, VI = VIH or Vil 5.5 V ±0.01 ±0.5 ±10 ±5 I'A 

ICCt VI = VCC or O. 10 = 0 5.5 V 0.75 2 1 rnA 

4.5 V 

Ci to 3 10 10 10 pF 

5.5 V 

tSee Figure 4. 

_ timing requirements over recommended operating free-air temperature ,range (unless otherwise noted) 

_ THCT1010-160M. THCT1010-140E 

Vcc 
TA - 25°C THCT1010-1S0M THCT1010-140E 

UNIT 
MIN MAX MIN MAX MIN MAX 

4.5 V 20 30 25 
tw Pulse duration, clocks X and V high or low 

5.5 V 20 30 
ns 

25 
Setup time, X input before ClK XI 4.5 V 10 30 25 

tsu 
or V input before eLK VI 5.5 V 10 30 25 

ns 

4.5 V 6 12 10 
th Hold time, X input after ClK XI 

5.5'V 6 12 10 
ns 

Hold time, V input after ClK VI 4.5 V 1 7 5 
th 

or preload data after ClK PRI 5.5 V 1 
ns 

7 5 

THCT1010-100 

VCC 
TA - 25~C THCT1010-100 

MIN MAX MAX 
UNIT 

MIN 

tw Pulse duration, clocks X and V high or low 4.75 V 20 25 ns 

tsu Setup time, X input before ClK Xl or V input before ClK VI 4.75 V 10 20 ns 

1 X input after elK XI 4.75 V 6 10 ns 
th Hold time .1 V input after elK VI or preload data after elK PRI 4.75 V 1 5 ns 
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THCT101~160M, THCT101~140l THCT101~100 
16·BIT BY 16·BIT MULTIPLIERS/ACCUMULATORS 

switching characteristics over recommended operating free·air temperature range (unless otherwise 
noted). CL - 50 pF (see Figure 3) 

THCT1010·160M. THCT1010·140E 

TA - 25°C THCT1010-160M THCT1010-140E 
UNIT PARAMETER VCC 

MIN TYP MAX MIN MAX MIN MAX 

4.5 V 45 65 55 
tpd Propagation delay time 

60 
ns 

5.5 V 50 

4.5 V 35 65 45 
ten Enable time ns 

5.5 V 60 40 

4.5 V 35 60 45 
tdis Disable time ns 

5.5 V 55 40 

4.5 V 100 160 140 
tmacc Multiply/accumulate time ns 

5.5 V 140 120 

Power dissipation capacitance No load, TA = 25°e 750 pF typ 

THCT1010·100 

TA - 25°C THCT1010-100 
UNIT VCC 

MIN TypT MAX MIN MAX 

tpd Propagation delay time 4.75 V 35 45 ns 

ten Enable time 4.75 V 30 40 ns 

tdis Disable time 4.75 V 30 40 ns 

t macc Multiply/accumulate time 4.75 V 90 100 ns 

tTypical values are at Vee = 5 V. 

PARAMETER MEASUREMENT INFORMATION 

TC,RND, ~ 1.3V'C.. 3V 

ACC, SUB : : 0 V 

: : 3V 
X INPUT ~ 1.3VV--
V INPUT ~ If--- 0 V 

~tsu"""th--.j 

~I ----3V 
ClKX 1.3V 1.3V 

ClK v ~tw--.l 0 V 

~tmacc--1_--..... _--..... ----- 3V 
~K~ 13V 1.3V ___________ --JI '-----------jl ov 

~tpd---l I 

.J.1.3 V \1.3 V! /, __ -I.! -------.~ :: 
ktdiS* ten*~ I tsu 10 .1. Ih4 
~I ~"'---------'\ .... iL \lr.:::-\ ....... _.....:H.::i-::Z~ __ .... 'eVV\/V\/\/I\ VALID OUTPUT n. PR~;~:D ~ 

,~==~-==~. 
INPU/MODE 

OUTPUTS 

PREL ----------------------~/ 
tThe measurement points for enable and disable times are as shown in Figure 2. 

FIGURE 1. VOLTAGE WAVEFORMS 
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THCT101 O·160M, THCT1010·140E, THCT1010·100 
16·BIT BY 16·BIT MULTIPLIERS/ACCUMULATORS 

PARAMETER MEASUREMENT INFORMATION 

~ 3V 

oru,OEMs,OEX ~1.3V t·~--------- OV 

OUTPUT 
WAVEFORM 1 
(See Note) 

OUTPUT 
WAVEFORM 2 

I '--________ ..1 I 

I+--tPZl--.l If--tplZ~ 
I I I 

I !IF "Vcc 

! \1.3 V -1-10% 
I' ----- VOL 

If--tpZH~ 

Ir---------~--------~ 
(Soe Noto) 

11.3 V ~-----VOH 
________ J If---tpHZ~ .. ov 

NOTE: Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditons such that the output is high except when disabled by the output control. 

FIGURE 2. DETAILED VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

TEST 

Tvce 
S1 

FROM OUTPUT .,.-_PO .... I .. N_T ..... yRl/Il_ ........ 
UNDER TEST 

PARAMETER 

~ ten 
tpZL 

tdis 
tPHZ 

~ 
tpd or tt 

Rl 

1 kll 

1 kll 

-

clt S1 S2 

OPEN CLOSED 
50 pF 

CLOSED OPEN 

OPEN CLOSED 
50 pF 

CLOSED OPEN 

50 pF OPEN OPEN 

t CL includes probe and test fixture capacitance 
lOAD CIRCUIT 

FIGURE 3. LOAD CIRCUITS 

TYPICAL CHARACTERISTICS 

100 

90 

80 

70 

60 

50 .. 
30 

20 

10 

o 

SUPPLY CURRENT vs CLOCK FREQUENCY 

Vee = 5 V 
TA = 25°C / 

/ 
V 

CL=SOpf ~"20PF 7'" 
/' 

V V 
/' V 

/ ,..-:;"'- V CL-O 

~ ,p 

0123.45678910 
Clock Frequency-MHz 

FIGURE 4 
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THC11010-160M, THC11 01 0-140E, THCT1 01 0-1 00 
16-BIT BY 16-BIT MULTIPLIERS/ACCUMULATORS 

THERMAL INFORMATION 

THERMAL RESISTANCE 

JUNCTION-TO-CASE JUNCTION-TO-FREE-AIR 

PACKAGE PINS THERMAL RESISTANCE. R6JC THERMAL RESISTANCE. R6JA 
(OC/WI (OC/WI 

FK 68 8 36 
FN 68 
JD 64 9 32 
N 64 

ORDERING INSTRUCTIONS 

THCT 1010 - 100 

~-;-pre-fi0~--~------------------~! ;' 
(2. Circuit DeSignator)l---------'-------------~ 

3. Speed Selectionl------------------------' 

-100 ... 100 ns t macc (THCT1010-100 only) 
-140 ... 140 ns t macc (THCn010-140E only) 
- 160 ... 160 ns tmacc (THCT 101 0-160M only) 

4. Packagel-------~----------------~ 

FK (Ceramic leadless chip carrier) 
FN (Plastic leaded chip carrier) 
JD (Ceramic DIP) 

N (Plastic DIP) 

5. Temperature Range l---------------------J 

M ... -55°C to 125°C 
E ... -40°C to 85°C 

(Blank) . . . ooC to 70°C 

JD E 
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PRODUCT 
PREVIEW 

• Inputs are TTl- and CMOS-Voltage 
Compatible 

• Interfaces Mechanical Devices to Data Bus 

• Identifies and Measures Forward or 
Backward Rotation or Direction 

• Measures Pulse Duration and Frequency 

• Cascadable 16-Bit Up/Down Counter 

• 8-Bit Parallel 3-State Bus with Each Output 
Capable of Driving up to 15 lSTTl loads 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The THCT2000 direction discriminator can 
determine the direction and displacement of a 
mechanicai device based on input signals from 
two transducers in quadrature. It can also 
measure a pulse duration using a known clock 
rate, or a frequency over a known time interval. 
It includes a 16-bit counter, which can be used 
separately. Several of these devices may be 
cascaded to provide accuracy greater than 
16-bits, 

The device may be used in many diverse 
applications, and is specifically designed foruse 
in many types of microprocessor-based systems, 
Some of the possibilities include motor controls, 
robotics, tracker balls (mice), lathe or tooling 
machines, automobiles, and conveyer belts or 
other transport mechanisms. 

The THCT2000M is characterized for operation 
over the full military temperature range of 
- 55°C to 125°C, The THCT2000E is 
characterized for operation from - 40°C to 
85°C. 

PRODUCT PREVIEW d .. umonts contain in'ormation 
... products i. the fermative or dosign ~h .. e 0' 
development. Characteristic data ana other 
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THCT2000M, THC12000E 
DIRECTION DISCRIMINATORS 

02889, NOVEMBER 1985 

THCT2000M ... JD PACKAGE 
THCT2000E ... JD OR N PACKAGE 

(TOP VIEW) 

CS Vee 
RO a 
00 Bi 
01 WE 
02 RESET 
03 lSB/MSB 

GNO elK 
04 B 
05 A 
06 MO 
07 Ml 
BO M2 
co REAOY 

GNO RLI/RLO 

THCT2000M ... FK PACKAGE 
THCT2000E ... FN PACKAGE 

ITOP VIEW) 

.u 
o 81~ I~ ~Iu 100 
4321282726 

5 25 

6 24 

7 23 

8 22 

9 21 

10 20 

11 19 

12131415161718 

10 10 0 10 1>- N ~ alUZ~C:::: 
(!J~« 

1- w 
~a: 
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THCT2000M. THCT2000E 
DIRECTION DISCRIMINATORS 

logic symbol t 

A 1201 

BI211 

Mol191 

M1 1181 

M21171 

DIRECTION 
DISCRIMINATOR .. 

THCT2000 
UP MAXCT 

DOWN MINCT 

A I DIRECTION 
B SIGNALS 

o I MODE ! SELECT 

o 

REGISTER 3 
4 

5 
ClK 1221 CLOCK 6 

RESET 1241 7 

1151 
RLlIRITi READY 

lS81MSB 1231 lSBIMSB BYTE SELECT 

es l11 

RO I21 iii WE 1251 

tThis symbol is in accordance with ANSIIIEEE Std 91·1984. 

r-
~ functional block diagram 

C 
CD 
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tn 
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A 

B 

MO Ml M2 

MEASUREMENT 
lOGIC 

ClOCK~~-C~~~ __ ~ __ J 

RESET 

CS 

RO 

WE 

lSB/MSB 

Ril/lID) 

CONTROL 
lOGIC 

iliCi 

I' 

12 
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141 01 
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161 03 
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1101 06 
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1161 READY 

07·06 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



PIN 

NAME NUMBER 

A, B 20,21 

BI 26 

BO 12 

CI 27 

CLK 22 

CO 13 

CS 1 

00-07 3,4,5,6, 

S, 9, 10, 11 

GND 7,14 

LSB/MSB 23 

MO,M1,M2 19, 1S, 17 

RD 2 

Jmm'i' 16 

RESET 24 

RLI/RLO 15 

VCC 28 

WE 25 

DESCRIPTION 

Signal measurement inputs. 

THCT2000M, THCT2000E 
DIRECTION DISCRIMINATORS 

Cascade input for counting down. In mode 0, 81 is used as the clock input for counting down. 

Triggering occurs on the high-ta-Iow transition. 

Counter output underflow signal. Active (low) for a duration equal to the low level of the input clock. 

Cascade input for counting up. In mode 0, CI is used as the clock input for counting up. Triggering 

occurs on the high-ta-Iow transition. 

Clock input. Used for internal synchronization and control timing. 

Counter output overflow signal. Active (low) for a duration equal to the low level of the input clock. 

Chip select input. This active-low input is used to enable read and write functions. For additional 

details, see read and write timing diagrams. 

Counter load inputs/register output data lines. 

Pins 7 and 14 are both internally connected to the ground rail of the integrated circuit but both should 

be connected to the system ground for proper operation. 

Byte select input. During read operations, a high level selects the least significant byte, while a low 

level selects the most significant byte. For write operations, this input directs the data on the bus 

into the least significant or most significant byte position of the counter. See write timing diagrams 

for additional details. 

Mode select inputs. 

Read input. When active (low) in conjunction with CS low, the data stored in the output register will 

be present on the data bus as selected by the LSS/MSB input. See read timing diagrams for additional 

details. 

Ready output. When active (Iowl, this output indicates to the processor that it may complete the read 

or write operation. READY is synchronous with the negative-going edge of CLK. This output requires 

a puliup resistor (1 kll nominal). 

Counter and control logic reset. When active (low), the counter is asynchronously reset to zero while 

the control logic is asynchronously initialized to' the proper state as determined by the mode control 

inputs. The output register is not affected by RESET. 

Register load input/register load output (open drain). This pin can be used as an input to directly load 

the output register, or it can be used as an output to detect whenever the output register has been 

loaded. When used as an output, a pullup resistor (1 kG nominal) is required. See read timing diagrams 

for additional details. 

Power supply voltage. 

Write enable input. When active (low) in conjunction with CS low, the data present on 00-07 will be 

asynchronously loaded into the counter as selected by LSB/MSB. See write timing diagrams for 

additional details. 
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• Inputs are TTL- and CMOS-Voltage 
Compatible 

• Controls Operation of 64K and 256K 
Dynamic RAMs 

• Creates Static RAM Appearance 

• One Package Contains Address Multiplexer, 
Refresh Control, and Timing Control 

• Directly Addresses and Drives Up to 2 
Megabytes of Memory Without External 
Drivers 

• Operates from Microprocessor Clock 
No Crystals, Delay lines, or RC 
Networks 
Eliminates Arbitration Delays 

• Refresh May Be Internally or Externally 
Initiated 

• Versatile 
Strap-Selected Refresh Rate 
Synchronous, Predictable Refresh 
Selection of Distributed, Transparent, 
and Cycle-Steal Refresh Modes 
Interfaces Easily to Popular 
Microprocessors 
Asynchronous RESET Function Provided 
in FK and FN Packages 

• High-Performance Si-Gate CMOS 
Technology 

• Strap-Selected Wait State Generation for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or Interleave 
Controller with the Microprocessor System 
(Including Multiple Controllers) 

• 3-State Outputs Allow Multiport Memory 
Configuration 

• Performance Range: 
125 ns ALE low to CAS low 

• Compatible with TMS4500A/B and with VTI 
VL4500A and VL4502 

• Available in Plastic and Ceramic Chip 
Carriers in Addition to Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

THCT4502 
DYNAMIC RAM CONTROLLER 

02905, OCTOBER 19B5 

THCT4502 , .. JD OR N PACKAGE 

(TOP VIEWI 

ACW 1 ACR 

CASO RASl 

RAO RASa 

CAO ALE 

MAO cs 
MAl RENO 

CAl ROY 
ClK 
RAS3 

CA2 RAS2 

MA2 CAS, 

GNO GNO 

MA3 REN' 
CA3 VCC 
RA3 MAS 

MA4 CAB 

CA4 RAB 

RA4 REFREQ 

MAS TWST 

CAS FSO 

RA5 FS' 
RA6 RA7 

CA6 CA7 

MA6 MA7 

THCT4502 , .. FK OR FN PACKAGE 

(T.QPVIEWI 

~ 0 0 0lglslocl~lg 0 > UUSSCCCUUCC~IOO~QUU 
ZZ~~U~U<~~~<UOC~22 

NC 10 

NC 11 

9 B 7 6 54 3 2 16867666564636261 

60 NC 
59 NC 

CA, 12 58 ClK 
RA' 13 57 RAS3 
RA2 14 56 RAS2 
CA2 15 55 CAS, 
MA2 16 54 GND 
GND 17 53 RENl 
GND 18 52 VCC 
MA3 19 51 VCC 
CA3 20 50 MAS 

RAS3 21 49 CAB 
MA4 22 48 RAB 
CA4 23 47 RESET 
RA4 24 46 REFREQ 

NC 25 45 NC 
NC 26 44 NC 

V~~~~U~M~~n.~~M~U 

NC - No internal connection 

CoPyri9.ht © , 985, Te)/jas Instruments Incorporated 
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THCT4502 
DYNAMIC RAM CONTROLLER 

description 

The THCT4502 is a monolithic DRAM system controller providing address multiplexing, timing, control 
and refresh/access arbitration functions to simplify the interface of dynamic RAMs to microprocessor 
systems. 

The controller contains an 18-bit multiplexer that generates the address lines for the memory device from 
the 18 system address bits and provides the strobe signals required by the memory to decode the address. 
A 9-bit refresh counter generates up to 512 row addresses required to refresh. 

A refresh timer is provided to generate the necessary timing to refresh the dynamic memories and ensure 
data retention. 

The THCT 4502 also contains refresh/access arbitration circuitry to resolve conflicts between access 
requests and memory-refresh cycles. 

The THCT4502 is characterized for operation from OOC to 70°C. 

functional block diagram 

RAO 
131 

RAI 181 

RA2 191 

RA3 (151 ROW 1'1. 

RA4 

RAS 

1181 ADDRESS 

1211 LATCH V 

RA6 1221 

RA7 271 

RA8 
1321 

L.-
CAO 

141 

CAl 171 

CA2 101 

CA3 141 COLUMN 1'1. 

CA4 

CA5 

1171 ADDRESS 

(20) LATCH 

CA6 

CA7 

CAS 

1231 

1261 
REFRESH: ~ 1331 COUNTER 

ALE 
1451 !-- I 

t--l 
1441 es 

RENO 
(43) I SELECT 

RENT 

Acii 

TWST 

FSO 
FSI 

136) 

1481 

111 

1311 

1301 

1291 

1281 

141 
ClK 

REm (FK and FN packages only 11441 

I 

Pin numbers shown are 'for JD and N packages. 

LATCH 

V <€}-~ __ tARBITER ~ 
. t t 

REFRESH r---
RATE r--

GENER· 

r- ATOR r + 
1 

'" 
'" 
'" 

MULTI. '\J 
PLEXER 

'" 
'" 
'" 
'" 
'" 

t t 
'" 
'" 
'" 

TIMING 

AND 'V 
CONTROL 

'" 
'" 

t 

151 MAO 

161 MAl 

1'1' MA2 

1131 
MA3 

(16) 
MA4 

1191 MA5 

1241 MA6 

(251 
MA7 

1341 
MA8 

1461 RAsO 

1471 

1391 

1401 

121 

1381 

1421 ROY 
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pin descriptions 

RAO-RAS 

CAO-CAS 

MAO-MAS 

ALE 

RENO. REN1 

ClK 

ROY 

Input 

Input 

Output 

Input 

Input 

Inputs 

Input 

Input 

Input 

Output 

Output 

Output 

THCT4502 
DYNAMIC RAM CONTROLLER 

Row Address - These address inputs are used to generate the row address 
for the multiplexer. 

Column Address - These address inputs are used to generate the column 
address for the multiplexer. 

Memory Address - These three-state outputs are designed to drive the 
addresses of the dynamic RAM array. 

Address latch Enable - This input is used to latch the 1S address inputs. 
CS. RENO. and REN1. This also initiates an access cycle if CS is low. The 
rising edge (low level to high level) of ALE returns all RAS outputs to the 
high level. 

Chip Select - A low on this input enables an access cycle. The trailing 
edge of ALE latches the chip select input. 

RAS Enable 0 and 1 - These inputs are used to select one of four banks 
of RAM when CS is low. When REN1 is low. the lower banks are enabled 
via CASO. RASO. and RAS1. When REN1 is high. the higher banks are 
enabled via CAS 1. RAS2 and RAS3. RENO selects RASO and RAS2 when 
low. or RAS1 and RAS3 when high. (see Table 2). 

Access Control. Read; Access Control. Write - A low on either of these 
inputs causes the column address to appear on MAO-MAS and a low-going 
pulse from CAS. The rising edge of ACR or ACW terminates the cycle by 
forcing RAS and CAS high. When ACR and ACW are both low. MAO-MAS. 
RASO. RAS1. RAS2. RAS3. CASO and CAS1 go into a high-impedance 
(floating) state. 

System Clock - This input provides the master timing to generate refresh 
cycle timings and refresh rate. Refresh rate is determined by the TWST. 
FS 1. and FSO inputs. 

Refresh Request - This input should be driven by an open-collector or open­
drain output. On input. a low-going edge initiates a refresh cycle and will 
cause the internal refresh timer to be reset on the next falling edge of the 
ClK. As an output. a low-going edge signals an internal refresh request 
and that the refresh timer will be reset on the next low-going edge of ClK. 
REFREQ will remain low until the refresh cycle is in progress and 
the current refresh address is present on MAO-MAS. (Note: REFREQ 
contains an internal active pullup with a nominal resistance of 10 kn. which 
is disabled when REFREQ is low). 

Row Address Strobe - These three-state outputs are used to latch the 
row address into the bank of DRAMs selected by RENO and REN1. On 
refresh. all RAS signals are active. 

Column Address Strobe - These three-state outputs are used to latch the 
column address into the DRAM array. 

Ready - This totem-pole output synchronizes memories that are too slow 
to guarantee microprocessor access time requirements. This output is also 
used to inhibit access cycles during refresh when in cycle-steal mode. 
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THCT4502 
DYNAMIC RAM CONTROLLER 

pin descriptions (continued) 

TWST Input 

FSO, FS1 Inputs 

Input 

Timing/Wait Strap - A high on this input indicates a wait state should be 
added to each memory cycle. In addition it is used in conjunction with FSO 
and FS 1 to determine refresh rate and timing or initialize the controller. 

Frequency Select 0; Frequency Seiect 1 - These are strap inputs to select 
Mode and Frequency of operation as shown in Table 1. 

RESET - Active'low input to initialize the controller asynchronously. 
Refresh Address is set to IFF16, internal refresh requests, synchronizer, 
and frequency divider are cleared. (Note: RESET contains an internal pullup 
resistor with a nominal resistance of 100 kO, which allows this pin to be 
left open.) 

tThis function is available only in the FK and FN packages. 

TABLE 1. STRAP CONFIGURATION 

WAIT 

STRAP INPUT MODES 
STATES MINIMUM CLOCK 

FOR CLOCK REFRESH CYCLES 

MEMORY REFRESH FREQUENCY FREQUENCY FOR EACH 
TWST FS1 FSO ACCESS RATE (MHz) (kHz) REFRESH 

L L L t 0 EXTERNAL - REFREQ 4 

~ L H 0 EXTERNAL - REFREO 3 
l H l 0 ClK + 61 3.904 64-9S t 3 
l H H 0 ClK + 91 5.824 64-88§ 4 

H l l 1 ClK + 61 3.904 64-9S t 3 
H l H 1 ClK + 91 S.824 64-7S t 4 

H H l 1 ClK + 106 6.784 64-73 t 4 

H H H 1 ClK + 121 7.744 64-83' 4 

t This strap configuration resets the Refresh Timer Circuitry. 
:t: Upper figure in refresh frequency is the frequency that is produced if the minimum clock frequency of the next select state is used. 
§ Refresh frequency if clock frequency is 8 MHz. 
, Refresh frequency if clock frequency is 10 MHz. 

TABLE 2. OUTPUT STROBE SELECTION 

. CONTROL INPUT SELECTED OUTPUT 

REN1 RENO RASO RAS1 RAS2 RAS3 CASO CAS1 

l l X X 

l H X X 

H l X X 

H H X X 

NOTE: Changing the logic value of REN1 after a low-to-high transition of ALE and before ACX rises causes the other CAS to fall. Both 
CAS Signals remain low until ACX rises. 

functional description 

The THCT4502 consists of six basic blocks: address and select latches, refresh rate generator, refresh 
counter, the multiplexer, the arbiter, and the timing and control block. 
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address and select latches 

THCT4502 
DYNAMIC RAM CONTROLLER 

The address and select latches allow the DRAM controller to be used in systems that multiplex address 
and data on the same lines without external latches. The row address latches are transparent, meaning 
that while ALE is high, the output at MAO-MA8 follows the inputs RAO-RA8. 

refresh rate generator 

The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The 
counter divides the clock frequency according to the configuration straps as shown in Table 1 . The counter 
is reset when a refresh cycle is requested or when TWST, FS1, and FSO are low. The configuration straps 
allow the matching of memories to the system access time. Upon power-up it is necessary to provide 
a reset signal by driving all three straps to the controller (or RESET for devices in the FK and FN packages 
only) low. A systems power-on reset (RESET) can be used to do this by connecting it to those straps 
that are desired high during operation. During this reset period, at least four clock cycles should occur. 

refresh counter 

The refresh counter contains the address of the row to be refreshed. The counter is decremented after 
each refresh cycle. A low-to-high transition on TWST sets the refresh counter to 1FF16 (51110). 

multiplexer 

The multiplexer provides the DRAM array with row, column, and refresh addresses at the proper times. 
Its inputs are the address latches and the refresh counter. The outputs provide up to 18 multiplexed 
addresses on nine lines. 

arbiter 

The arbiter provides two operational cycles: access and refresh. The arbiter resolves conflicts between 
cycle requests and cycles in execution, and schedules the inhibited cycle when used in cycle-steal mode. 

timing and control block 

The timing and control block executes the operational cycle at the request of the arbiter. It provides the 
DRAM array with RAS and CAS signals. It provides the CPU with a ROY signal. It controls the multiplexer 
during all cycles. It resets the refresh rate generator and decrements the refresh counter during refresh 
cycles. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Supply voltage range, VCC (See Note 1) ................................ -1.5 V to 7 V 
Input diode current, 11K (VI < 0, VI > VCC) .................................. ± 20 mA 
Output diode current, 10K (Vo < 0, Vo > VCC) ............................... ± 20 mA 
Continuous output current, 10 (VO = 0 to Vcc) ............................... , ± 35 mA 
Continuous current through VCC or GND pins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 70 mA 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FK or JD package ....... 300°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: FN or N package ........ 260°C 

t Stresses beyond those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. This is stress rating only, 
and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Voltage values are with respect to network ground. 
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THCT4502 
DYNAMIC RAM CONTROLLER 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High·level input voltage 2 VCC+ O.5 V 

VIL Low·level input voltage -0.5 O.S V 

Vo Output voltage 0.5 VCC+O.5 V 

tt Input transition (rise and fall) time 0 500 ns 

TA Operating free·air temperature 0 70 °C 

t The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS VCC 
TA - 25°C 

MIN TYP MAX 
MIN MAX. .UNIT 

MAO-MAS, 
10H = -20 ~A 4.5 V 4.4 4.4 

RASO"':'RAS3, 

CASO-CASl 10H = -6 rnA 4.5 V 3.S6 3.76 
VOH High-level output voltage 

10H = -20 ~A 4.5 V 
V 

4.4 4.4 
ROY 

10H = -4 rnA 4.5 V 3.S6 3.76 

REFREO 10H - -20 ~A 4.5 V 4 3.S 

ROY, REFREQ 10L - 20 ~A 4.5 V 0.1 0.1 

10L - 4 rnA 4.5 V 0.32 0.37 

VOL Low-level output voltage MAO-MAS, 

RASO-RAS3, 
10L = 20 ~A 4.5 V 0.1 0.1 V 

CASO, CAS1 10L = 6 rnA 4.5 V 0.32 0.37· 

IIH High-level input current except REFREO VI = 5.5 V 5.5 V 0.1 1 ~A 

REFREQ -5 -50 

IlL Low-javel input current RESET VI = 0 5.5 V -100 -250 ~A 

All others -0.1 -1 

10Z* 
Off-state output current 

Vo = 0 to 5.5 V 5.5 V ±5 ±50 ~A 
(3-state outputs only) 

ICC Supply current 
VI - Vce or 0, 

10 = 0 
5.5 V 5 15 rnA 

AICC§ Supply current change 
One input at 0.5 V or 2.4 V, 

Other inputs at 0 V or VCC 
5.5 V 1.4 2.4 3 rnA 

Ci Input capacitance 
VI = 0, 

5.5 V 
f = 1 MHz 

5 10 10 pF 

.+ This parameter, 10Z, the high impedance-state output current, applies only for three-state outputs and transceiver 1/0 pins. 
§ This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather thim 0 V or V CC. 
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THCT4502 
DYNAMIC RAM CONTROLLER 

timing requirements over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

tc(C) 

tw(CH) 

tw(Cl) 

tAEl-Cl 

tCl-AEl 

tCl-AEH 

tw(AEH) 

tAV-AEl 

tAEl-AX 

tAEl-ACl 

tACH-Cl 

tACl-CH 

tROl-Cl 

twJROI.,l 
tw(ACl) 

trasat 

NOTES: 1. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 

9. 

PARAMETER 
THCT4502-125 

MIN MAX 
UNIT 

ClK cycle time 100 ns 

ClK high pulse duration 45 ns 

ClK low pulse duration 45 ns 

Time delay, ALE low to ClK starting low (see Note 1) 25 ns 

Time delay, ClK low to ALE starting low (see Note 1) 15 ns 

Time delay, ClK low to ALE 15 ns 
Pulse width ALE high 45 ns 

Time delay, address REN I, CS valid to ALE low 10 ns 

Time delay, ALE low to address not valid 15 ns 

Time delay, ALE low to ACX low (see Notes 3, 4, 5, and 6) th1RAI+30 ns 
Time delay, ACX high to ClK low (see Notes 3 and 7) 30 ns 

Time delay, ACX low to ClK starting high (to remove ROY) 30 ns 

Time delay, REFREO low to ClK starting low (see Note 8) 35 ns 

Pulse width REFREQ low 30 ns 
ACX low width (see Note 9) 120 ns 
Power-up reset 4tcCLK ns 

Coincidence of the trailing edge of ClK and the trailing edge of ALE should be avoided as the refresh/access occurs on the 
trailing ClK edge. 
If ALE rises before ACX and a refresh request is present, the falling edge of ClK after tCl-AEH will output the refresh address 
to MAO-MA 7 and initiate a refresh cycle. 
These specifications relate to system timing and do not directly reflect device performance. 
On the access grant cycle following refresh. the occurrence of CAS low depends on the relative occurrence of ALE low to 
ACX low. If ACX occurs prior to or coincident with ALE, then CAS is timed from the ClK high transition that causes RAS 
low. If ACX occurs 20 ns or more after ALE, then CAS is timed from the ClK low transition following the ClK high transition 
causing RAS low. 
For maximum speed access (internal delays on both access and access grant cyclesl. AC"X should occur prior to or coincident 
with ALE. 
th(RA) is the dynamic memory row address hold time. ACX shoulci follow ALE by tAEl-CEl in systems where the required 
th(RA) is greaterthan tREl-MAX minimum. 
The minimum of 20 ns is specified to ensure arbitration will occur on falling ClK edge, tACH-Cl also affects precharge til)1e 
such that the minimum tACH-Cl should be equal or greater than: tw(RH) - twlCl) + 30 ns (for a cycle where ACX high 
occurs prior to ALE high) where tw(RH) is the DRAM RAS precharge time. 
This parameter is necessary only if refresh arbitration is to occur on this low-going elK edge (in systems where refresh is 
synchronized to external events). 
The specification tw(ACl) is designed to allow a CAS pulse. This assures normal operation of the device in testing and system 
operation. 
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THCT4502 
DYNAMIC RAM CONTROLLER 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 

tAEl-REl 

tRAV-MAV 

tAEH-MAV 

tAEl-RYl 

tAEl-CEl 

tAEH-REH 

tACl-MAX 

tMAV-CEl 

tACl-CEl 

tACH-REH 

tACH-CEH 

tACH-MAX 

tCH~RYH 

tRFl-RFl 

tCH-RFl 

tCl-MAV 

tCH-RRl 

tMAV~RRl 

tCl-RFH 

tCH-RFH 

tCH-RRH 

tCH-MAX 

NOTES: 10. 

11. 

PARAMETER TEST CONDITIONS 
THCT4502-125 

MIN MAX 
UNIT 

Time delay, ALE low to RAS starting low Cl = 180 pF 45 ns 

Time delay, row address valid to memory address valid CL = 360 pF 50 ns 

Time delay, ALE high to valid memory address CL - 360 pF 90 ns 

Time delay, ALE to ROY starting low ITWST - 1 
Cl = 40 pF 

or refresh in progress) 
40 ns 

Time delay, ALE low to CAS starting low (see Note 10) CL - 360 pF 50 125 ns 

Time delay, ALE high to RAS starting high Cl = 180 pF 50 ns 

Row address valid after ACX CL - 360 pF 15 ns 

Time delay, memory address valid to CAS starting IQw CL - 360 pF 0 ns 

Time delay, ACX low to CAS starting low (see Note 10) CL =,360 pF 40 100 ns 

Time delay, ACX to RAS starting high Cl - 180 pF 55 ns 

Time delay, ACX high to CAS starting high CL = 360 pF 5 45 ns 

Column address valid after ACX high CL - 360 pF 10 ns 

Time delay, ClK high to ROY starting high 
Cl = 40 pF 60 

(after ACX low) (see Note II) 
ns 

Time delay, REFREQ external till supported by 
CL = 40 pF 35 

REFREQ internal 
ns 

Time delay, ClK high till REFREO internal starting low CL=40pF 50 ns 

Time delay, ClK low till refrefresh address valid Cl - 360 pF 100 ns 

Time delay, ClK high till refresh RAS starting low CL - 180 pF 10 60 ns 

Time delay, refresh address valid till refresh RAS low Cl = 180 pF 5 ns 

Time delay, ClK low to REFREQ starting high 
Cl = 40 pF 70 ns 

(3 cycle refresh) 

Time delay, ClK high to REFREQ starting high 
CL = 40 pF 

(4 cycle refresh) 
70 ns 

Time delay, ClK high to refresh RAS starting high CL = 160 pF 5 60 ns 

Refresh address valid after ClK high Cl - 360 pF 10 ns 

The falling edge of CAS occurs when both ALE low to CAS low time delay (tAEl-CEl) and.ACX low to CAS low time delay 
(tACl-CEl) have elapsed, i.e .. if ACX goes low prior to (tAEL-CEl - tACl-CEl) after the falling edge of ALE, the falling edge 
of CAS" is measured from the falling edge of ALE (tAEL~CELi. Otherwise, the access time increases and the falling edge of 
CAS" is measured from the falling edge of ACX (tACl-CEl). 
ROY returns high on the rising edge of ClK. If TWST = 0, then on an access grant cycle ROY goes high on the same edge 
that causes access RAS low. If TWST = 1, then ROY goes to the high level on the first rising ClK edge after ACX goes low 
on access cycles and on the next riSing edge after the edge that causes access RAS Iowan access grant cycles (assuming 
ACXlow). 
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THCT4502 
DYNAMIC RAM CONTROLLER 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) (continued) 

PARAMETER TEST CONDITIONS 
THCT4502-125 

MIN MAX 
UNIT 

tCH-REl Time delay. ClK high till access RAS starting low Cl = 180 pF 60 ns 

tCl-CEl 
Time delay. ClK low to access CAS starting low 

Cl = 360 pF 100 ns 
(see Note 121 

tCl-MAX Row address valid after ClK low Cl = 360 pF 25 ns 

tREl-MAX Row address valid after RAS low CL - 360 pF 25 ns 

tAEH-MAX Column address valid after ALE high Cl = 360 pF 10 ns 

tdis Output disable time (3-state outputs) Cl = 360 pF 125 ns 

ten Output enable time (3-state outputs) Cl - 360 pF 75 ns 

tCAV-CEl 
Time delay, column address valid to 

Cl = 360 pF 0 ns 
CAS starting low after refresh (see Note 12) 

tCH-CEl 
Time delay. ClK high to access CAS starting low 

Cl = 360 pF 180 ns 
(see Note 13) 

tt(CEl) CAS fall time Cl = 360 pF 20 ns 

tt(CEH) CAS rise time Cl = 360 pF 50 ns 

tt(REl) RAS fall time Cl = 180 pF 30 ns 

tt(REH) RAS rise time Cl = 180 pF 40 ns 

tt(MAV) Address transition time Cl - 180 pF 40 ns 

tt(RYl) ROY fall time Cl = 40 pF 20 ns 

tt(RYH) ROY rise time Cl - 40 pF 50 ns 

NOTES: 12. The occurrence of CAS low is guaranteed not to occur until the column address is valid on MAX. 
13. On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to 

ACX low. If ACX occurs prior to or coincident with ALE then CAS is timed from the ClK high transition that causes RAS low. 
If ACX occurs 20 ns or more after ALE then CAS is timed from the ClK low transition following the ClK high transition 
causing RAS low. (See Refresh Cycle Timing Diagram) 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT---------t 
UNDER TEST 1 

r Cl 

FIGURE 1. LOAD CIRCUIT 
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,...--'""ft' ........... ,.j90 .. 3V 
1.3 V 1.3 V 

10.. I 1'-__ " 
.CL.AEL.J..-..! ............. M.:I ;.-~ ... .;;.:"'"'{:::C:-:Llli I." 1 

~.W{AEHI---'~' • L oJ 'CL.AEH 

CLK 

1 ~'AEL.CL ~r==---~--'"' 
ALE ~'.3V \,.3V I f,.3V \. -- 3V 

----'1 I· 1'1 I "--OV 
I 1 1 I 
'AV·AEL It -I- -I 'AEL·AX I I I 
II . 1 

RENO.RENI. I. 1 ..._---3V 
ROW.COL.Cs_ 1.3V ...... ___ OV 

I'~ I ~'AEL'ACL~'ACL.CH-----I 1 ~'ACH.CL~ 
, ~I . I 1 'r-nrrr.77T.77T.r7Tl'TT7'7T77r"-3 V 
I ~ 1.3 V I 1 1 3 V6/111111/111111 
I I ----oV 

'AEL.RELI_ . !'I 1 Iii ~ 14-"{REHI 

I I 1 --l 0 k-"{RELI I I 'I\CH.RE;;:t : 

~ I I ~Of~'0": I i'AEH':~oH~"',9"}"'~------ VOH . 
'RAV.MAVIII I ~ 1_ • ~'-----------VOL 

I I' I I I I ~'AEH.~AX.., . 

(ACR or ACWI 

~~iiiiiiiiijii~;;~~~~~~~~~~;;~~~~~~==~~=>~t~AC~H~'~M~A~X~~~~VOH MAO·MAS £ ~ VOL 

u..:~_--VOH 

~~~~-----------VOH 

RDY 
1'-I=---------T'~,- ---- ------ - - - -- - - VOL 

!4-----·AEL·CEL-------.) 

NOTE 14: All transition times (tt) are measured between 10% and 90% points. 

FIGURE 2. ACCESS CYCLE TIMING 

CLK -.l \,.3 V 
I 

.RQL.CL-i".---~~ 

I \ ,.3V-f 
I 
I 

REFREQ 

{EXTERNAL' 

1.3 V 

, 
'CH.RFL'-"~W· ---~~I 

REffiQ 
!lNTERNALI 

I OV 

'wIRQLII. ~ 
If--tRFL.RFL--'--+! 

fiGURE 3. REFRESH REQUEST TIMING 

t,~;-----VOH 

VOL 

NOTE 15: All input pulses are supplied by generators having the following characteristics: PRR s 1 MHz, Zout = 50 (I, tr = 6 ns, tf = 6 ns. 
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THCT4502 
DYNAMIC RAM CONTROLLER 

~. 3V 

ACR·ACW ~\.1_.3_V __________ --It~3~ __________ 0 V 

OUTPUT 

WAVEFORM 1 

(See Note 16) 

OUTPUT 

WAVEFORM 2 

I I 
If---ten---+l If--tdis~ 
, I I , 
II ~ ~vcc 

I "' : ~-----VOL 
14--ten---.l 

I 

I' ~------t':I----"'tl 9900%%- - - - - - VOH 

(See Note 16) . :'--_______ OJ j4-- tdis----+l ~O V 

VOLTAGE WAVEFORMS 

NOTE 16: Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the access controls. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the access controls. 

FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS 

rEi Ii \ ! \ CLK\ ;f \~_...I ,"-__ ..J, I I , I , , 
I I , , 

ALE! :/ i \ 
ACX I I I~--~--------~~---~~------

--~:---+-~\~t~~~*\ 
I 

: tcL.RFH~ I 

---:---:--~ ___ }I ~ I ~ : 
r-+tcL-MAY KtcH-MAX ,,-+'CL-MAX 

MAO·MA7 ==x: REFRESH ADDRESS X\. _____ R_O_W_A_D_D.,....R_E_SS-:-__ .....,._J/X~ ___ _ 
: j.-.!-tCH-RRL j.-.!-tCH.RRH tC~-RELH tcAY-CELi----! 

RAS l ~~--------~Jt' ! "'~_~! ___ ~! __ __ 
\'-tMAV-RRL+! : tCL-CEL*~~I------tl~ 

I--- tCH-CEL t 1'---
t On access grant cycle following refresh, CAS low and address multiplexing are timed from ClK high transition ItCH-CEl) if ACX low 

occurs prior to or coincident with the falling edge of ALE. 
* On access grant cycle following refresh, CAS low and address multiplexing are timed from ClK low transition ItCl-CEll if ACX low occurs 

20 ns or more after the falling edge of ALE. 
NOTE 15: All input pulses are supplied by generators having the following characteristics: PRR s 1 MHz, Zout = 500, tr = 6 ns, tf = 6 ns. 

FIGURE 5. REFRESH CYCLE TIMING (THREE CYCLE) 
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ClK 

ALE ---+------~~f----+_------------~------------~~----~-------­
ACX--~l~'----~--~\~-t~~~*\ 

I tcH-RFH~ ,------i:--------i---~:__---
REFREQ --~I---r--~----------------__4~ 

MAO-MA7 

RAS 

CAS 

tcl-MAV 

REFRESH ADDRESS 

~tcH.RRl 
----:-I-....;.........,:i. 

tcH-MAX 

I I~--------------------f 
141 .. --~~t-IMAV.RRl tCl-CEl * ~. ~ 

!.---tCH-CEl t 4'\. 
t On access grant cycle following refresh. CAS low and address mUltiplexing are timed from ClK high transition ItCH-CEl) if ACX low 

occurs prior to or coincident with the falling edge of ALE. 
jo On access grant cycle following refresh. CAS low and address multiplexing are timed from ClK low transition ItCl-CEL) if ACX low occurs 

20 ns or more after the falling edge of ALE. 
NOTE 15: All input pulses are supplied by generators having the following characteristics: PRR :s 1 MHz. lout = 50 Il. tr = 6 ns. tf = 6 ns. 

FIGURE 6. REFRESH CYCLE TIMING (FOUR CYCLE) 

ACCESS I 
I 2 I 3 

REFRESH/ACCESS GRANT I 
I w, I W2 I 2 I 3 

ACCESS I 
I 2 I 3 2 I 

FIGURE 7. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE. TWST IS LOW) 
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CLK 
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REFRESH/ACCESS GRANT I 
W1 I W2 I W3 I 2 I 3 I 4 f 1 I 2 I 

ALE h I 1 ' ~_'....:.-I --..:.....-...!...---.:-_h,,-;--\ ---,:...-
I I I I I I 

ACX I I 
(ACR or ACiNI, """":""_l-- I I I I 

MAX ~ COLUMN REFRESH ~ COLUMN' ~ 

... i I I I I I I I I I 
CAi I i \! Iii \! ! Ii i '+ 

iiEFiiE<i I \\\ \\\\\\\\\\ I \ I I I I II 
I I I 1.\\ 

ROY I I , , I \.!.... -----!...-----.!..___J!I I , , I , 
FIGURE 8. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE. TWST IS LOW) 

\ 
REFRESH/ACCESS GRANT 

3 1 I W1 I W2 I Wa I 2 3 J 1 I W1 I -en 
CLK I 
ALE 5.\....:..-1 ~I----'ku-I --!..I-..!.-~~ 

_AC~ hi I I~II II 
(ACR or ACWI I I I~""';"---+--:------:---

.;..-~ 

COLUMN REFRESH 
'-----J 

.... 

MAX COLUMNI 

!Ilil I~I---!.-
CAS --!.....-I ---'--.1 \ ! ! /;--1 ~-----. ,-"--~I II i \\.....:.-! --:-

REFREQ I \\\\\)\\ \}\l I I I I 
ROY ~ I I ~ I V;....-, ---I-
FIGURE 9. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE. TWST IS HIGH) 
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I 1 I Wl 

ACCESS 

2 I 3 4 1 1 I Wl 

REFRESH/ACCESS GRANT 

W2 I W3 I W4 2 I 3 

ClK 

AlEhl '1\1 I 1-
IACRAo~~cw)hl I I hi I I !il~ , . 1 I I'--~-':""I -';-1 _~--:"_-;'I-J . 

MAX ~ COLUMN xx: REFRESH ~ COLUMN x== 
M'i'! lin ! ~! II f 
, .. I 1 \! ! ! i 1 1\ I if 

REFREQ ,\\\ '\, ~"1\\\)\~ I II I I 
ROY T\!Jt I II \J Ii I 

FIGURE 10, TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE, TWST IS HIGH) 
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ICC vs CLOCK FREQUENCY vs lOAD 

./ 
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~ 

o~ 
V' 
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/' 

/v 
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fClKIMHz) 

t load is 360 pF for CAS and MA outputs, 180 pF for all RAS outputs. 

FIGURE 11. 
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ORDERING INSTRUCTIONS 

THCT 

~~----~--------------~;' 
Circuit Designator 

Speed Selection 

-125, , ,125 ns, ALE to CAS low 

Package 

N, JD (Dual in-line packages) 
FK, FN (Chip carrier packages) 

TEXAS ~ 
INSTRUMENTS 
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THCT4502 
DYNAMIC RAM CONTROLLER 

4502 - 125 JD 

II 
fI) 
Q) 
CJ 

'S; 
Q) 

C 
(/) 
..J 
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PRODUCT 
PREVIEW 

• Four 8-Bit Registers 

• Dual 2-Level or Single 4-Level Pipeline 
Registers 

• Any One of Four Registers Selectable for 
Output 

• High-Speed Low-Power CMOS Logic 

• Fully TTL Compatible 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The THCT29520 and THCT29521 are high­
speed CMOS multilevel pipeline registers. They 
are interchangeable with the Advanced Micro 
Device bipolar AM29520 and AM29521 but 
dissipate a fraction of the power, 

THCT29520, THCT29521 
MULTILEVEL PIPELINE REGISTERS 

02925, NOVEMBER ,9B5-REVISED APRIL ,986 

NT OR OW PACKAGE 

(TOP VIEW) 

10 Vee 
11 so (MUX SEll 

DO S1 (MUX SELl 
D1 YO 
D2 Y1 
D3 Y2 
D4 Y3 
D5 Y4 
D6 Y5 
D7 Y6 

elK Y7 
GND OE 

The THCT29520 and THCT29521 contain four 8-bit positive-edge-triggered registers. The registers can 
operate as one set of 4-level pipeline registers or two sets of 2-level pipeline registers, The output can 
be selected from anyone of the four registers, 

The THCT29520 and THCT29521 differ in the way data is transferred in the dual 2-level register modes 
(I = 01 or 10). For the THCT29520, new data is written into the first-level register while the old data 
in the first-level register is shifted into the second-level register, For the THCT29521, new data is written 
over the old data in the first-level register, The data in the second-level register remains unchanged. 

The THCT29520 and THCT29521 are characterized for operation from OOC to 70°C. The THCT29520E 
and THCT29521 E are characterized for operation from - 40°C to 85 °C. 

THCT29520 MODES 

"~ BE1 o--B-€] B E1 
81 82 o~ BB B B 

11,10 - 00 11,10 - 01 11,10 - 10 11,10-11 
SHIFT A 8 SHIFT 8 SHIFT A HOLD 

11 10 OPERATION A1 A2 81 82 

L L SHIFT A 8 0 A10 A20 81 0 
L H SHIFT 8 A10 A20 0 81 0 
H L SHIFT A 0 A10 81 0 820 
H H HOLD A10 A20 81 0 820 

Copyright © , 985, Texas Instruments Incorporated 
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THCT29520, THCT29521 
MULTILEVEL PIPELINE REGISTERS 

THCT29521 MODES 

.~ BEl D~ B 
81 82 D-€] B B B 
11. 10 - 00 11. 10 - 01 11.10-10 
SHIFT A 8 LOAD 8 LOAD A 

11 10 OPERATION A1 A2 81 

L L SHIFT A B D A10 A20 
L H LOAD B Al0 A20 0 

H L LOAD A 0 A20 B10 
H H HOLD A10 A20 B10 

OUTPUT FUNCTION TABLE 

INPUTS OUTPUT 

~ S1 SO y 

L L L B2 
L L H Bl 
L H L A2 
L H H Al 
H X X Z 

B EJ 

B B 
11.10 _ 11 

HOLD 

82 

B10 

B20 

B20 

B20 

< logic symbols t C:;' 
(1) 
en 

OE (131 

SO (231 

Sl (221 

10 (11 

11 121 

CLK 1111 

THCT29520 

PIPELINE REGISTER 

EN (OUTPUT ENABLEI 

~ } G ~ (REGISTER SELECT) 

~ } M ~ (MOOE SELECT] 

25 (CLOCK) 

_ (131 

~~ (231 

Sl (221 

10 (11 
11 (21 

CLK (111 

THCT29521 

PIPELINE REGISTER 

EN (OUTPUT ENABLE] 

~ } G' ~ (REGISTER SELECT) 

~ } M ~ (MODE SELECT) 

Z5 (CLOCK] 

8 x MUX 

Z7 13 
8 x MUX 

Z7 13 

(AlI 

DO (31 
'il (211 VO DO (31 

01 (41 Z8 12 'il (201 Vl 01 (41 

02 (51 (A2) 'il (191 V2 02 151 
03 (61 'il (lBI V3 03 (61 
04 (71 Z6 

'il (17 V4 D4 (71 26 

05 (81 Z9 11 'il (161 Y5 05 (81 
06 (91 'il (151 VB 06 (91 

07 (101 8 240 (141 V7 07(101 
6 (811 'il 

10 
(82) 

tThese symbols are in accordance with ANSIIIEEE Std 91-1984 and lEe Publication 617-12. 
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(201 Vl 

(191 V2 

(181 V3 

(171 V4 
(161 V5 

(151 V6 

(141 V7 



logic diagram (positive logic! 

OE 113) 

SO 
123) 

Sl 
122) 

10 11) 

11 
12) T 

ClK 

~ Al 01 ° 
111) ~0:4;'C4 J 

~, 8x r' 8 4D 
QL 
~ 

ill-
.!!L 
.QL 

.!!!L 

.!!L 

8 

A2 

li~~:L4.J 
L, 8 

W4D 8x 

r' 
'-1.;' r1 

THCT29520, THCT29521 
MULTILEVEL PIPELINE REGISTERS 

I ~,'N ° GO ,} 3 

h' 
8)( MUX 

3 

'V r-E-!l-
'V~ 

2 'V rJ.!.!!L 
'V r--lill 
'V -1ill 

'V ~ 

YO 

Yl 

Y2 

Y3 
Y4 

Y5 

DO 
01 
02 

03 

04 

05 

06 
07 l.!.QL 

8 

b9: 8x MUX ~8 Bl 

~~tL4J 
'V ..Jill 

'V ~ Y6. Y7 

8 w' 8x [7 
1 4D B2 

c.i°l M ~ , 3 

OC4/lC4· 

L, 8 

.b::I4D 8x FO 
• The label "OC4/2C4" means that the clock in register A2 affects the eight data inputs of that register, collectively labeled "40", only 

in modes 0 and '201,10 = L Land H L, respectively). This logic diagram applies specifically for the THCT29520. For the THCT29521, 
the labels marked with the asterisks in registers A2 and B2 would both be reduced to "OC4" indicating that these clocks have effect 
only in mode 0 in that device. Otherwise this diagram applies to both devices. 

absolute maximum rating over operating free-air temperature range (see Note 1! 

Supply voltage, VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Input diode current, 11K (VI < 0 or VI > VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
Output diode current, 10K (VO < 0 or Vo > VCC .............................. ± 20 mA 
Continuous output current, 10 (VO = 0 to VCC! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±35 mA 
Continuous current through VCC or GND. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 70 mA 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ...................... 300°C 
Storage temperature range ......................................... - 65 DC to 150 °C 

NOTE 1: Stress beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress 
ratings only and functional operation of the device at these or any other conditions beyond those indicated in the "recommended 
operating conditions" section of this specificatiQn is not implied. Exposure to absolute~maximum-rated conditions for extended 
periods may affect device reliability. 

U) 
Q) 
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THCT29520. THCT29521 
MULTILEVEL PIPELINE REGISTERS 

recommended operating conditions 

Vee Supply voltage 

VIH High-level input vOltage 

VIL Low-level input voJtage 

VI Input voltage 

Vo Output voltage 

tt Input transition (rise and fall) time 

TA Operating free-air temper"ture 

THCT29520E 

THCT29521.E 
MIN NOM MAX 

4.5 5 5.5 

2 

0 0.8 

0 Vee 
0 Vee 
0 500 

-40 85 

THCT29520 

THCT29521 UNIT 

MIN NOM MAX 

4.5 5 5.5 V 

2 V 

0 0.8 V 

0 Vee V 

0 Vee V 

0 500 ns 
-0 70 °e 

electrical characteristics over recommended operating temperature range. VI - VIH or VIL (unless 
otherwise noted) . 

TA = 25°C 
THCT29520E THCT29520 

PARAMETER TEST CONDITIONS vCC THCT29521E THCT29521 

MIN TVP MAX MIN MAX MIN MAX 

loti = -20 ~A 4.5 V 4.4 4.499 4.4 4.4 
VOH 

4.3 10H - -8 mA 4.5 V 3.9 3.8 3.8 

10L- 20 ~A 4.5 V 0.001 0.1 0.1 0.1 
VOL 

10l - 8 mA 4.5V 0.17 0.26 0.33 0.33 II 
II Vi - 0 to vee 5.5 V ±0.1 +100 ±1000 ±1000 

10Z VI = 0 or Vee 5.5 V ±0.01 ±0.5 ±5 ±5 

lee 
VI < 0.5 V or > 2.4 V, 

10 = 0 
4.5 V 8 80 80 

4.5 V 

ei to 3 10 10 10 

5.5 V 

timing requirements over recommended operating free-air temperature range 

PARAMETER 

tw Pulse duration, elK high or low 

tsu Setup time before elKi 

th Hold time after elKi 

2-616 

VCC 

4.5 V 

5.5 V 

4.5 V 

5.5 V 

4.5 V 

5.5 V 

TA - 2~oC 
THCT29520E 

THCT29521E 

MIN TVP I\iIAX MIN MAX 

6 12 

5 10 

10 15 

8 13 

0 0 

0 0 

TEXAS + 
INSTRUMENTS 
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THCT29520 

THCT29521 

M,N MAX 

12 

10 

15 
13 

0 

0 

UNIT 

V 

V 

nA 

~ 

~A 

pF 

UNIT 

ns 

ns 

ns 



THCT29520. THCT29521 
MULTILEVEL PIPELINE REGISTERS 

switching characteristics over recommended free-air temperature range. CL - 50 pF (unless otherwise 
noted) See Note 2 

TA - 25°C 
THCT29520E THCT29520 

PARAMETER FROM TO VCC THCT29521E THCT29521 UNIT 

MIN TYP MAX MIN MAX MIN MAX 

4.5 V 18 27 26 
tpd ClK 1 Y ns 

5.5 V 16 25 24 

4.5 V 17 27 26 
tpd SO,S1 Y ns 

5.5 V 15 25 24 

DE j 
4.5 V 10 16 15 

ten Y ns 
5.5 V 7 15 14 

DE 1 
4.5 V 14 20 20 

tdis Y ns 
5.5 V 13 20 20 

4.5 V 7 12 12 
tt Y ns 

5.5 V 7 12 12 

Power dissipation capacitance t No load, r A = 25°C 

tNo load dynamic power dissipation, Pd = Cpd VCC2 f + ICC VCC 
NOTE 2: For load circuit and voltage waveforms. see page 1-14 of the High-Speed CMOS Logic Data Book, 1984. II 
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• Fast Address to Match Valid Delay - Three 
Speed Ranges: 35 ns, 45 ns, 55 ns 

• 512 x 9 Internal RAM 

• 300-Mil 24-Pin Ceramic Side-Brazed or 
Plastic Dual-In-Line or Small Outline 
Packages 

• Max Power Dissipation: 660 mW 

• On-Chip Parity Generation and Checking 

• Parity Error Output/Force Parity Error Input 

• On-Chip Address/Data Comparator 

• Asynchronous, Single-Cycle Reset 

• Easily Expandable 

• Fully Static 

• Reliable SMOS (Scaled NMOS) Technology 

• TTL- and CMOS-Compatible Inputs and 
Outputs 

description 

TMS2150 
CACHE ADDRESS COMPARATOR 

D2911, MARCH 1982-REVISED SEPTEMBER 1985 

OW, JD. OR NT PACKAGE 

(TOP VIEW) 

RESET VCC 
A5 Al 
A4 AO 
A3 A8 
A2 A7 
D3 A6 
DO D5 
Dl D4 
D2 D7 
IN D6 
PE MATCH 

GND S 

This S-bit-slice cache address comparator consists of a high-speed 512 x 9 static RAM array, parity 
generator, parity checker, and 9-bit high-speed comparator. It is fabricated using N-channel silicon gate 
technology for high speed and simple interface with MOS and bipolar TTL circuits. The cache address 
comparator is easily cascadable for wider tag addresses or deeper tag memories, Significant reductions 
in cache memory component count, board area, and power dissipation can be achieved with this device. 

When 5 is low and W is high, the cache address comparator compares the contents of the memory location 
addressed by AD-AS with the data on 00-07 plus generated parity, An equality is indicated by a high level 
on the MATCH output. A low-level output from PE signifies a parity error in the internal RAM data, PE 
is an N-channel open-drain output for easy OR-tying. Ouring a write cycle (5 and W low), data on 00-07 
plus generated even parity are written in the 9-bit memory location addressed by AD-AS. Also during write, 
a parity error may be forced by holding PE low. 

A RESET input is provided for initialization. When RESET goes low, all 512 x 9 RAM locations are cleared 
and the MATCH output is forced high. 

The cache address comparator operates from a single + 5 V supply and is offered in a 24-pin 300-mil ceramic 
side brazed or plastic dual-in-line packages. The device is fully TTL compatible and is characterized for 
operation from DoC to 70°C. 

MATCH OUTPUT DESCRIPTION 

MATCH ~ VOH if: lAO-AS] ~ 00·07 + parity, 

or: RESET ~ VIL, 

or: S ~ VIH. 

or: Vii ~ VIL 

MATCH ~ VOL if: lAO-AS] '" 00-07 + parity, 

with RESET ~ VIH, 

S ~ VIL, and Vii ~ VIH 

FUNCTION TABLE 

OUTPUT FUNCTION 

MATCH PE DESCRIPTION 

L L Parity Error 

L H Not Equal 

H L Undefined Error 

H H Equal 

Copyright © 1983, Texas Instruments Incorporated 
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TMS2150 
CACHE ADDRESS COMPARATOR 

functional block diagram (positive logic) 

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

122) R 
AO~~------------------~O 
A1 ~1~23~) ________________ ~ 

A2 ~(~5)~ ________________ ~ 
A3 _(=4~) __________________ ~ 
A4 ~(~3~) ________________ ~ 

A5 (2) 

AS (19) 

A7 (20) 

A8 121) 

00 17) 

01 _(;.:.8:-) --i 
02 (9) 

03 lSI 

04 (17) 

05 (18) 

OS _(:..;.1-o.:5)_-i 
11S) 

07 -------t 

S 113) 

Vi 110) 

RAM 512X9 

A-.!!... 
511 

COMP 

>-________ ~11~4~) MATCH 

1111 PE 

This diagram has been changed to correct errors in previous versions. No functional change has been made in the chip. 
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TMS2150 
CACHE ADDRESS COMPARATOR 

PIN FUNCTIONAL DESCRIPTION 

PIN 
DESCRIPTION 

NAME NO. 

RESET 1 RESET input. Asynchronously clears entire RAM array and forces MATCH high when RESET is at 

VIL and IN is at VIH. 

AO 22 
A1 23 

A2 5 

A3 4 

A4 3 
Address inputs. Address 1 of 512-by-9-bit random~access memory locations. Must be stable for 

A5 2 
the duration of the write cycle. 

A6 19 

A7 20 

A8 21 

DO 7 

D1 8 

D2 9 

D3 6 Data inputs. Compared with memory location addressed by AD-AS when W is at VIH and S is at 

D4 17 VIL' Provide input data to RAM when Vii is at VIL and S is at VIL. 

D5 18 

D6 15 

D7 16 

W 10 Write control input. Writes DO through 07 and generated parity into RAM and forces MATCH high 

when Vii is at VIL and -S is at VIL. Places selected device in compare mode if \iii is at VIH. 

PE 11 Parity error input/output. During write cycles, PE can force a parity error into the 9-bit location specified 

by AO through A8 when PE is at VIL. For compare cycles, fiE at VOL indicates a parity error in the 

stored data. PE is an open-drain output so an external pull-up resistor is required. 

GND 12 Ground 

S 13 Chip select input. Enables device when S is at VIL. Deselects device and forces MATCH high when 

S is at VIH. 

MATCH 14 When MATCH output is at VOH during a compare cycle, DO through D7 plus parity equal the contents 

of the 9-bit memory location addressed by AD through AB. 

VCC 24 5-V supply voltage 

absolute maximum ratings over operating free-air temperature range (unless otherwise specified) 

Supply voltage range, VCC (see Note 1) ..... 
Input voltage range, any input. 
Continuous power dissipation .. 
Operating free-air temperature range .... 
Storage temperature range ... 

NOTE 1: All voltage values are with respect to GND. 

recommended operating conditions 

PARAMETER 

Supply voltage. VCC 

High-level input voltage, VIH 

Low-level input voltage, VIL (See Note 2) 

Operating free-air temperature, T A 

MIN 

4.5 

2 

1 

0 

-1.5 to 7 V 
-1.5 to 7 V 

1W 
. .. 00Ct070°C 
- 65°C to 1 50°C 

NOM MAX UNIT 

5 5.5 V 

6 V 

0.8 v 
70 'c 

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for 
logic voltage levels only. 
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TMS2150 
CACHE ADDRESS COMPARATOR 

electrical characteristics. over recommended operating free-air temperature range (unless otherwise 
noted) 

TMS2150-4 

PARAMETER TEST CONDITIONS TMS2150-3 TMS2150-5 UNIT 

MIN TYP MAX MIN TYP MAX 

VOH(M} MATCH high-level output voltage 
10H = -2 rnA, VCC = 4.5 V 2.4 2.4 

V 
10H - -20 ~A, VCC - 4.5 V 3.5 3.5 

VOl(M} MATCH low-level output voltage 10l - 4 rnA, VCC - 4.5 V 0.4 0.4 V 

VOl(PE} PE low-level output voltage 10l = 12 rnA, VCC = 4.5 V 0.4 0.4 V 

II Input current VI - 0 V to 5.5 V 10 10 ~A 

10l(PE} PE output sink current VOL = 0.4 V, VCC = 4.5 V 12 12 rnA 

lOS Short-circuit MATCH output current Vo - GND, VCC - 5.5 V 150 -150 rnA 

ICCl Supply current (operative) RESET = VIH 145 135 mA 

ICC2 Suply current (reset) RESET = VIL 155 145 mA 

Ci Input capacitance VI = 0 V, f = 1 MHz 5 5 pF 

Co Output capacitance Vo - 0 V, f - 1 MHz 6 6 pF 
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TMS2150 
CACHE ADDRESS COMPARATOR 

switching characteristics over recommended ranges of supply voltage and operating free-air temperature 

TMS21S0-3 TMS21S0-4 TMS21S0-S 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

ta(AI Access time from address to MATCH 35 45 55 ns 

ta(A-PI Access time from address to PE 45 55 65 ns 

ta(SI Access time from S to MATCH 20 25 35 ns 

tp(DI Propagation time, data inputs to MATCH 20 35 45 ns 

tp(R-MHI Propagation time, RESET low to MATCH high 30 30 40 ns 

tp(S-MHI Propagation time,S high to MATCH high 20 25 35 ns 

tp(W-MHI Propagation time, W low to MATCH high 20 25 35 ns 

tp(W-PHI Propagation time, W low to PE high 20 25 35 ns 

tv(AI MATCH valid time after change of address 5 5 5 ns 

tv(A-PI PE valid time after change of address 15 15 15 ns 

timing requirements over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER 
TMS21S0-3 TMS21S0-4 TMS21S0-5 

UNIT 
MIN MAX MIN MAX MIN MAX 

tclWI Write cycle time, without writing PE 30 40 50 ns 

tcPE(WI Write cycle time, writing PE (see Note 3) 35 40 50 ns 

tclrdl Read cycle time 35 45 55 ns 

twlRLI Pulse duration, RESET low 35 35 45 ns 

tw(WL) Pulse duration, W low, without writing PE 20 25 30 ns 

twPE(WLI Pulse duration, W low, writing PE (see Note 3) 35 40 45 ns 

tsu(AI Address setup time before W low a 0 0 ns 

tsu(DI Data setup time before W high 20 25 30 ns 

tsu(PI PE setup time before W high (see Note 3) 20 25 30 ns 

tsu(SI Chip select setup time before W high 20 25 30 ns 

tsu(RHI RESET inactive setup time before first tag cycle 0 0 0 ns 

thlA) Address hold time after W high 0 0 5 ns 

th(D) Data hold time after W high 5 5 10 ns 

th(PI PE hold time after W high 0 0 5 ns 

thlSI Chip select hold time after W high 0 0 0 ns 

tAVWH Address valid to write enable high 30 40 50 ns 

NOTE 3: Parameters twPE(WL) and tsu{P} apply only during the write cycle time -when writing a parity error, tcPE(W)' 

ac test conditions 

Input pulse levels ........ . 
Input rise and fall times ... . 
Input timing reference levels, 
Output timing reference level .... , 
Output loading ....... . 

GND to 3 V 
5 ns 

1,5 V 
1,5 V 

. See Figures 1 and 2 
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TMS2150 
CACHE ADDRESS COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

41.0n 

TEST 
POINT 

FROM OUTPUT __ ...... __ .. 
UNDER TEST 

820n 115 PF 

FIGURE 1. PE OUTPUT LOAD CIRCUIT 

compare cycle timing (see Note 4) 

14 tel,dl 
I 

AO·A8 ~ ADDRESS VALID 

I 
14 talAl 

I I 
~I 

I 
00·07 ~ DATA VALID I 

I 

: 14 tplOl ~I 
I I 

S I 
~ I 

I I 
I I I 
I I I 
I If--talSl--+l 

I '<XXXX)()( MATCH I 
I 
If--taIA.Pl~ 

I 

PE \J 

~I 

~ 

I 
I 
I 
I 
I 
I 
)'I 

: 

TEST 
POINT Vcc 

960n 

FROM OUTPUT 
UNDERTEST--.... -----e 

510n 

FIGURE 2. MATCH OUTPUT LOAD CIRCUIT 

ADDRESS VALID ~ 

X DATA VALID XX 

~ 
I 

~ tvlAl 
tplS·MHl It ~ 

I 
I I 

~ J 
tvlA.Pl-lt---.i 

) 
NOTE 4: Input pulse levels are 0 V and 3 V, with rise and fall times of 5 ns. The timing reference levels on the input pulses are 0.8 V 

and 2.0 V. The timing reference level fo, output pulses is 1.5 V. See Figures 1 and 2 for output loading. 
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TMS2150 
CACHE ADDRESS COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

write cycle timing (see Note 4) 

AD-A8 

00-07 

PE (INPUT) 

MATCH 

PE IOUTPUTI 

14I1t11--_________ tc�Wl/tcPE�WI ________ -+l.1 
Isee Note 31 

~ tsulPI ~ k--thIPI~ I Iso. Note 31 

______ \~ __ ~: __ _J~ 
tpIW-MHI ... ·Illf---...... ~ 

\ I 
____ ~ ________ ~:~ ______ J~ \~---

!tI--tpIW-PHI-+! 

reset cycle timing (see Note 4) 

\ ~ 
If---twIRLI~ I+--tsuiRHI-----+I 

~I-F-I-R-S-T-T-A-G-C-Y-C-L-E 
ADDRESS 

MATCH ______ -::~---'~ 
j,.14-----tl~f--tpIR-MHI 

\\------
NOTES: 3. Parameters twPEIWLI and tsulP) apply only during the write cycle time when writing a parity error, tcPEIW)' 

4. Input pulse levels are 0 V and 3 V, with rise and fall times of 5 ns. The timing reference levels on the input pulses are 0.8 V 
and 2.0 V. The timing reference level for output pulses is 1.5 V. See Figures 1 and 2 for output loading. 
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• Controls Operation of 8K, 16K, 32K. and 
64K Dynamic RAMs 

• Creates Static RAM Appearance 

• One Package Contains Address Multiplexer, 
Refresh Control. and Timing Control 

• Directly Addresses and Drives Up to 256K 
Bytes of Memory Without External Drivers 

• Operates from Microprocessor Clock 
- No Crystals, Delay Lines. or RC 

Networks 
- Eliminates Arbitration Delays 

• Refresh May Be Internally or Externally 
Initiated 

• Versatile 
- Strap-Selected Refresh Rate 
- Synchronous. Predictable Refresh 
- Selection of Distributed, Transparent, and 

Cycle-Steal Refresh Modes 
- Interfaces Easily to Popular 

Microprocessors 

• Strap-Selected Wait-State Generation for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or Interleave 
Controller with the Microprocessor System 
(including Multiple Controllers) 

• 3-State Outputs Allow Multiport Memory 
Configuration 

• Performance Ranges of 150 ns, 200 ns. or 
250 ns 

description 

The TMS4500A is a monolithic DRAM system 
controller designed to provide address multi­
plexing, timing, control and refresh/access 
arbitration functions to simplify the interface of 
dynamic RAMs to microprocessor systems. 

TMS4500A 
DYNAMIC·RAM CONTROLLER 

02674. JANUARY 1982-REVISED AUGUST 1985 

TMS4500A ... NL PACKAGE 

(TOP VIEW) 

ClK VCC 
ROY REFREQ 

RENl TWST 

cs FSO 
ALE FSl 

RASO RA7 
RAS1 CA7 

ACR MA7 
ACW MA6 
CAS CA6 

RAO RA6 
CAO RA5 
MAO CA5 
MAl MA5 
CAl RA4 
RAl CA4 
RA2 MA4 

CA2 RA3 
MA2 CA3 
GND MA3 

TMS4500A ... FN PACKAGE 

(TOP VIEW) 

1

0 

LoU z~::£: u~tno.-­
--'ICIlwo.....JU Uw$:Cf)(f) 
«ua:a:uz>a:~u..L.L 

6 5 4 3 2 1 44 43 42 4 1 40 

39 RA7 
38 CA7 

9 37 MA7 

10 36 MA6 

CAS 11 35 CA6 

NC 12 34 

RAO 13 33 

CAO 14 32 RA5 

MAO 15 31 CA5 
MAl 16 30 MA5 

CAl 17 29 RA4 
1819202122232425262728 

.--NNNOOMC"1C"')'<tq­««««zz««««« 
O::O::U:;;;<9<9:;;;UO:::;;;U 

The controller contains a 16-bit multiplexer that generates the address lines for the memory device from 
the16 system address bits and provides the strobe signals required by the memory to decode the address. 
An 8-bit refresh counter generates the 256-row addresses required for refresh. 

A refresh timer is provided that generates the necessary timing to refresh the dynamic memories and assure 
data retention. 

The TMS4500A also contains refresh/access arbitration circuitry to resolve conflicts between memory 
access requests and memory refresh cycles. The TMS4500A is offered in a 40-pin, 600-mil dual-in-line 
plastic package and 44-pin, 650-mil square plastic chip carrier package. It is characterized for operation 
from OOC to 70°C. 

Copyright © 1983, Texas Instruments Incorporated 
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TMS45DtJA 
DYNAMIC-RAM CONTROLLER 

BLOCK DIAGRAM 

RAO·RA7 '--+---t 

CAO·CA7 '-.."t.~~ 

AlE _____ ..... 

CS 

REN1 

ACR 

ACW 

REFREQ 

TWST ----------t~ 

FW --------~~ 
FSI ----------t~ 

ClK ---------tl-------.... 

MULTI­
PLEXER 

8 

V I--,,.c...-..J MAO·MA7 

I---t-RAW 

TIMING 
vt---t- RAS1 

AND 
CON.TROl 

Vt---.-CAS 

t---.-RDY 

pin descriptions 

RAO-RA7 

CAO-CA7 

MAO-MA7 

ALE 

Input 

Input 

Output 

Input 

Input 

Row Address - These address inputs are used to generate the row 
address for the multiplexer. 

Column Address - These address inputs are used to generate the column 
address for the multiplexer. 

Memory Address - These three-state outputs are designed to drive the 
addresses of the dynamic RAM array. 

Address Latch Enable - This input is used to latch the 16 address inputs, 
CS and REN1. This also initiates an access cycle if chip select is valid. 
The rising edge (low level to high level) of ALE returns RAS to the high 
level. 

Chip Select - A low on this input enables an access cycle. The trailing 
edge of ALE latches the chip select input. 
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pin descriptions (continued) 

REN1 Input 

ACR, ACW Input 

ClK Input 

Input/Output 

Output 

Output 

RDY Output 

TWST Input 

FSO, FS1 Input 

TMS4500A 
DYNAMIC-RAM CONTROLLER 

RAS Enable 1 - This input is used to select one of two banks of RAM 
via the RASO and RAS 1 outputs when chip select is present. When it 
is low, RASO is selected; when it is high, RAS1 is selected. 

Access Control, Read; Access Control, Write - A low on either of these 
inputs causes the column address to appear on MAO-MA7 and the 
column address strobe. The rising edge of ACR or ACW terminates the 
cycle by ending RAS and CAS strobes. When ACR and ACW are both 
low, MAO-MA7, RASO, RAS1, and CAS go into a high-impedance 
(floating) state. 

System Clock - This input provides the master timing to generate refresh 
cycle timings and refresh rate. Refresh rate is determined by the TWST, 
FS 1, FSO inputs. 

Refresh Request - (This input should be driven by an open-collector 
-output.) On input, a low-going edge initiates a refresh cycle and will cause 
the internal refresh timer to be reset on the next falling edge of the ClK. 
As an output, a low-going edge signals an internal refresh request and 
that the refresh timer will be reset on the next low-going edge of ClK. 
REFREQ will remain low until the refresh cycle in progress and the current 
refresh address is present on MAO-MA7. (Note: REFREQ contains an 
internal pull-up resistor with a nominal resistance of 10 kilohms.) 

Row Address Strobe - These three-state outputs are used to latch the 
row address into the bank of DRAMs selected by REN 1. On refresh both 
signals are driven. 

Column Address Strobe - This three-state output is used to latch the 
column address into the DRAM array. 

Ready - This totem-pole output synchronizes memories that are too 
slow to guarantee microprocessor access time requirements. This output 
is also used to inhibit access cycles during refresh when in cycle-steal 
mode. 

Timing/Wait Strap - A high on this input indicates a wait state should 
be added to each memory cycle. In addition it is used in conjunction with 
FSO and FS1 to determine refresh rate and timing. 

Frequency Select 0; Frequency Select 1 - These are strap inputs to 
select Mode and Frequency of operation as shown in Table 1. 
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TMS4500A 
DYNAMIC·RAM CONTROLLER 

TABLE 1. STRAP CONFIGURATION 

WAIT 

STATES CLOCK 
STRAP INPUT MOOES 

FOR MINIMUM FOR EACH 

MEMORY REFRESH ClK FREO. REFRESH FOR EACH 

TWST FSl FSO ACCESS RATE (MHz) FREO. (kHz) REFRESH 

l L L t 0 EXTERNAL - REFREQ 4 

L L H 0 CLK+31 1,984 64·95' 3 

l H L 0 CLK+46 2,944 64·85' 3 

L H H 0 CLK+61 3,904 64-82§ 4 

H L L 1 CLK+46 2,944 64-85' 3 

H L H 1 ClK+61 3,904 64-80' 4 

H H L 1 CLK+76 4,864 64-77' 4 

H H H 1 ClK+91 5,824 64-88' 4 

t This strap configuration resets the Refresh Timer circuitry. 
+: The highest frequency in the refresh frequency column is the frequency that is produced if the minirTlUm elK frequency of the next select 

state is used. 
§ The highest frequency in the refresh column is the refresh frequency if the ClK frequency is 5 MHz . 

• 

' The highes't frequency i~ the refresh column is the refresh fr~quency if the elK frequency is 8 MHz. 

functional description 
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TMS4500A consists of six basic blocks; address and select latches, refresh rate generator, refresh counter, 
the multiplexer, the arbiter, and timing and control block, 

address and select latches 

The address and select latches allow the DRAM controller to be used in systems that multiplex address 
and data on the same lines without external latches. The row address latches are transparent, meaning 
that while ALE is high, the output at MAO-MA7 follows the inputs RAO-RA7. 

refresh rate generator 

The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The 
counter divides the clock frequency according to the configuration straps as shown in Table 1. The counter 
is reset when a refresh cycle is requested or when TWST, FS1 and FSO are low. The configuration straps 
allow the matching of memories to the system access time. 

Upon Power-Up it is necessary to provide a reset signal by driving all three straps to the controller low 
to initialize internal counters. A system's low-active, power-on reset (RESET) can be used to accomplish 
this by connecting it to those straps that are desired high during operation. During this reset period, at 
least four clock cycles should occur. 

refresh counter 

The refresh counter contains the address of the row to be refreshed. The counter is decremented after 
each refresh cycle. [A low-to-high transition on TWST sets the refresh counter to FF16 (25510),] 

multiplexer 

The multiplexer provides the DRAM array with row, column, and refresh addresses at the proper times. 
Its inputs are the address latches and the refresh counter. The outputs provide up to 16 multiplexed 
addresses on eight lines. 
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arbiter 

TMS4500A 
DYNAMIC·RAM CONTROLLER 

The arbiter provides two operational cycles: access and refresh. The arbiter resolves conflicts between 
cycle requests and cycles in execution, and schedules the inhibited cycle when used in cycle-steal mode. 

timing and control block 

The timing and control block executes the operational cycle at the request of the arbiter. It provides the 
DRAM array with RAS and CAS signals. It provides the CPU with a ROY signal. ft controls the multiplexer 
during all cycles. It resets the refresh rate generator and decrements the refresh counter during refresh 
cycles. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted I t 

Supply ,voltage range, VCC (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 V to 7 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 V to 7 V 
Continuous power dissipation ................................................ 1.2 W 
Operating free-air temperature range ...................................... ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

t Stresses beyond those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating II 
Conditions" section of.this specification is not implied. Exposure to absolute maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Voltage values are with respect to the ground terminal. 
(/) 

recommended operating conditions Q) 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, V CC 4.5 5 5.5 V 

High·level input voltage, VIH 2.4 6 V 

Low-level input voltage, VIL -1t 0.8 V 

High-level output current, IOH -1 mA 

Low-level output current, IOL 4 mA 

Short-circuit output current, lOS § -50 mA 

Operating free-air temperature, T A 0 70 °c 

t The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 

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

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted I 

PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT 

IMAO-MA7, ROY 2.4 

VOH High-level output voltage iRASO, RAS1, CAS 
VCC = 4.5 V, 10H = -1 mA 

2.7 V 

i REFREQ VCC = 4.5 V, IOH = -100 !LA 2.4 

VOL Low-level output voltage Vec - 4.5 V, 10L - 4 mA 0.4 V 

IIH High-level input current except REFREO VI = 5.5 V 10 !LA 

I REFREO -1.25 mA 
IlL Low-level input current I All others 

VI = 0 
-10 !LA 

IOZ Off-state output current VCC = 5.5 V, Vo = 0 to 4.5 V ±50 !LA 

ICC Operating supply current TA - OoC 100 140 mA 

Ci Input capacitance VI = 0, f = 1 MHz 5 pF 

Co Output capacitance Vo = 0, f = 1 MHz 6 pF 

, All typical values are at V CC = 5 V, T A = 25°C. 
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TMS4500A 
DYNAMIC·RAM CONTROLLER 

timing requirements over recommended supply voltage range and operating free·air temperature (unless 
otherwise noted) 

tclC) 

twlCH) 

twlCL) 

tt 

tAEL-CL 

tCL-AEL 

tCL-AEH 

twIAEH) 

tAV-AEL 

tAEL-AX 

tAEL-ACL 

tACH-CL 

tACL-CH 

tRQL-CL 

twIRQL) 

twIACL) 

NOTES: 1. 

2. 

3. 
4. 

5. 

6. 

7. 

B. 

9. 

TMS4500A·15 TMS4500A-20 TMS4500A-25 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

CLK cycle time 100 120 140 

eLK high pulse duration 40 40 40 

elK low pulse duration 40 45 45 

Transition time, all inputs 50 50 50 

Time delay, ALE low to CLK 
10 10 15 

starting low Isee Note 1) 

Time delay, CLK low to ALE 
10 

starting low Isee Note 1) 
10 15 

Time delay, CLK low to ALE 
15 

starting high Isee Note 2) 
20 20 

Pulse duration, ALE high 50 60 60 

Time delay, address REN 1, CS 
5 10 15 

valid to ALE low ns 

Time delay, ALE low to address 
10 

not valid 
10 10 

Time delay, ALE low to ACX low 
thlRA) +30 th(RA) +40 thIRA)+50 

Isee Notes 3, 4, 5, and 6) 

Time delay, ACX high to CLK low 

Isee Notes 3 and 7) 
20 20 20 

Time delay, ACX low to CLK 

starting high (to remove ROY) 
30 30 30 

Time delay, REFREQ low to CLK 

starting low Isee Note 8) 
20 20 20 

Pulse duration, REFREQ low 20 20 20 

ACX low duration Isee Note 9) 110 140 175 

Coincidence of the trailing edge of elK and the trailing edge of ALE should be avoided as the refresh/access occurs on the 
trailing CLK edge. A trailing edge of CLK should occur during the interval from ACX high to ALE low. 
If ALE rises before ACX and a refresh request is present, the falling edge of CLK after tCL-AEH will output the refresh address 
to MAO-MA7 and initiate a refresh cycle. 
These specifications relate to system timing and do not directly reflect device performance. 
On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to 
ACX low. If ACX occurs prior to or coincident with ALE then CAS is timed from the CLK high transition that causes RAS 
low. If ACX occurs 20 ns or more after ALE then CAS is timed from the CLK low transition following the CLK high transition 
causing RAS low. 
For maximum speed access (internal delays on both access and access grant cycles), ACX should occur prior to or coincident 
with ALE. 
thlRA) is the dynamic memory row address hold time. ACX should follow ALE by tAEL-CEL in systems where the required 
thlRA) is greater than tREL-MAX minimum. 
The minimum of 20 ns is specified to ensure arbitration will occur on falling ClK edge, tACH-Cl also affects precharge time 
such that the minimum tACH-CL should be equal or greater than: twlRH) - twlCL) + 30 ns Ifor a cycle where ACX high 
occurs prior to ALE high) where twlRH) is the DRAM RAS precharge time. 
This parameter is necessary only if refresh arbitration is to occur on this low-going ClK edge (in systems where refresh is 
synchronized to external events). 
The specification tw(ACl) is designed to allow a CAS pulse. This assures normal operation of the device in testing and system 
operation. 

2-632 
TEXAS ..., 

INSTRUMENTS 
POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



TMS4500A 
DYNAMIC-RAM CONTROLLER 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 11 

TEST TMS4500A-15 TMS4500A-20 TMS4500A-25 
PARAMETER UNIT 

CONDITIONS MIN MAX MIN MAX MIN MAX 

tAEl-REl 
Time delay, ALE low to 

RAS starting low 
35 40 50 

tRAV-MAV 
Time delay, row address valid to 

Cl = 160 pF 45 50 60 
memory address valid 

tAEH-MAV 
Time delay, ALE high to 

65 75 90 
valid memory address 

tAEl-RYl 
Time delay, ALE to RDY starting 

Cl = 40 pF 
low ITWST. = 1 or refresh in progress I 

40 40 40 

tAEl-CEl 
Time delay, ALE low to CAS 

60 150 70 200 80 250 
starting low Isee Note 101 

tAEH-REH 
Time delay, ALE high to RAS 

starting high 
30 30 40 

tACl-MAX Row address valid after ACX low 15 20 25 

tMAV-CEl 
Time delay, memory address 

0 0 0 
valid to CAS starting low 

Cl = 160 pF 

tACl-CEl 
Time delay, ACX low to CAS 

40 100 45 130 50 165 
starting low Isee Note 101 

tACH-REH 
Time delay, ACX to RAS 

starting high 
30 40 50 

tACH-CEH 
Time delay, ACX high to CAS 

5 30 
starting high 

10 40 15 50 

Column address valid after 
ns 

tACH-MAX 
ACX high 

10 15 15 

tCH-RYH 
Time delay, ClK high to RDY starting 

high lafter ACX low I Isee Note 111 
40 45 60 

tRFl-RFl 
Time delay, REFREO external till 

supported by REFREO internal 
Cl = 40 pF 30 35 35 

tCH-RFl 
Time delay, ClK high till REFREQ 

internal starting low 
30 35 45 

tCl-MAV 
Time delay, ClK low till refresh 

address valid 
75 100 125 

tCH-RRl 
Time delay, ClK high till 

refresh RAS starting low 
10 50 15 60 20 80 

tMAV-RRl 
Time delay I refresh address 

valid till refresh RAS low 
5 5 5 

tCl-RFH 
Time delay, ClK low to REFREQ Cl = 160 pF 
starting high 13 cycle refresh I 

50 55 75 

tCH-RFH 
Time delay, ClK high to REFREO 

starting high 14 cycle refresh I 
50 55 75 

tCH-RRH 
Time delay, elK high to refresh 

RAS starting high 
5 35 10 45 10 60 

tCH-MAX Refresh address valid after ClK high 15 20 25 
-- -- -- --NOTES: 10. The falling edge of CAS occurs when both ALE low to CAS low time delay ItAEl-CEll and ACX low to CAS low time delay 

ItACl-CELi have elapsed, Le" if ACX goes low prior to ItAEl-CEl - tACl-CEll after the falling edge of ALE, the falling 
edge of CAS is measured from the falling edge of ALE ItAEl-CEll. Otherwise, the access time increases and the falling 
edge of CAS is measured from the falling edge of ACX ItACl-CELi. 

11. RDY returns high on the rising edge of eLK. If TWST = 0, then on an access grant cycle ROY goes high on the same edge 
that causes access RAS low. If TWST = 1 , then RDY goes to the high level on the first rising ClK edge after ACX goes low 
on access cycles and on the next rising edge after the edge that causes access RAS low on access grant cycles (assuming 
ACX lowl. 
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TMS4500A 
DYNAMIC·RAM CONTROLLER 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) (continued) 

TEST TMS4500A-15 TMS4500A-20 TMS4500A-25 
PARAMETER UNIT 

CONDITIONS MIN MAX MIN MAX MIN MAX 

tCH-REL 
Time delay. CLK high till access 

RAS starting low 
60 70 95 

tCL-CEL 
Time delay, elK low to access 

Cl = 160 pF 125 140 185 CAS starting low (see Note 12) 

tCl-MAX Row address valid after ClK low 25 30 40 

tREl-MAX Row address valid after RAS low 25 30 35 

tAEH-MAX Column address valid after ALE high 10 15 20 

tdis Output disable time (3-state outputs) 100 125 165 

ten Output enable time (3-8tate outputs) 75 80 105 

tCAV-CEl 
Time delay, column address valid to Cl = 160 pF 

CAS starting low after refresh 
0 0 0 

Time delay. ClK high to access 
180 200 235 

ns 
tCH-CEl CAS starting low (see Note 12) 

tACl-Cl ACX low to ClK starting low Cl = 40 pF 25 35 45 

tACl-RYH ACi( low to ROY starting high CJ.=40pF 40 50 60 

tCl-ACl ClK low to ACi( starting low Cl=40pF 0 0 0 

tt(CEL) CAS fall time 15 20 25 

tt(CEH) CAS rise time 
Cl = 320 pF 

30 35 45 

tt(REL) ~falltime 15 20 25 

tt(REH) ~risetime Cl = 160 pF 15 20 25 

tt(MAV) Address transition time 20 20 25 

tt(RYl) ROY fall time 10 15 20 

tt(RYH) ROY rise time 
Cl = 40 pF 

20 25 35 

CI) NOTE 12: On the access grant cycle following refresh. the occurrence of CAS low depends on the relative occurrence of ALE low 
(I) to ACX low. If ACX occurs prior to or coincident with ALE then CAS is timed from the CLK high transition that causes RAS 

low. If ACX occurs 20 ns or more after ALE then CAS is timed from the CLK low'transition following the CLK high transition 
causing RAS low. (See Refresh Cycle Timing Diagram) 

PARAMETER MEASUREMENT INFORMATION 

""~~;:'"f.., , l f~: ~ ',: '" 
FIGURE 1 - LOAD CIRCUIT 
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access cycle timing 

ClK 

ALE 

TMS45DDA 
DYNAMIC·RAM CONTROLLER 

ROW ~~~~~.~----, ~=;~~~~~~~~~~~~~~~~~~~~X>~~~~ r------­
RENI 

COL cs ~Wl4.:>L~::.J 1< --- - - , 

RAS 

ROY 

refresh request timing 

ClK~ "' / 

'ROl-ClH 
REFREO 

(EXTERNAL) ~ .r\ 
ReFREci q 'w(ROl) :-

(INTERNAL) re-- tRFL-AFL----tJ1 

\ 
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TMS45DOA 
DYNAMIC·RAM CONTROLLER 

ready timing (ACX during ClK high) (see notes 13 thru 16) 

ClK ~ ~~ __ ---,I 
ALE '\ ! 
~I !"--tACl-Cl--+l 

ACX 

tAEl'RY.~tACl.RY.H 

ROY. "\ 1,.------
RDY starting high is timed from ACX law (tACl.RYHI for the condition ACX going low while ClK high. 

ready timing (ACX during ClK low) (see notes 13 thru 16) 

ClK ~ \F------'~ 
ALE ~~ ____________ ~_l_.A_C_L~~ ___ ~~--~------------~---

I 

ACX 

ROY. 

=+ tCH.RY.H""1 r-­
'\~-~ 

\'--______ Jr 
RDY starting high is timed from ClK high (tCH.RYHI for the condition ACX going low while ClK low. 
NOTES: 13. For RDY high transition (during normal· access I to be timed from the rising edge of ClK, ACX must occur tCl-ACl after 

the falling edge of ClK. 
14. For ACX prior to the falling edge of ClK by tACl-Cl' the RDY high transition will be tACl-RYH. 
15. tACl.Cl is a limiting parameter for control of RDY to be dependent upon ACX low. 
16. During the interval for tACl.Cl < MINIMUM to tCl-ACl > MINIMUM, the control of RDY may vary between the rising 

clock edge or falling edge of ACX. 

output 3-state timing 

ACR-ACW 

OUTPUTS 
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TMS4500A 
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refresh cycle timing (three-cycle) 

ClK \ X \o:...._--J 
~I------J 0-

(, \ ;: \ r 
1 1 

1 1 I 
1 1 ! :/ :1\ 

ALE ----~I--------~ 1 I~-----~----------------~--------~------------ACX ____ +-______ ~~----~~~~~ 
1 1 
1 I 

: \ t §t\ 1 I 
I 

I tCl-RFH~ I 
___ ~:~~----~------------:/r--~I------------------~------~I------------REFREQ 1 ~ I I 

~tCl-MA~ ktCH-MAX ~tCl-MAX 
MAO-MA7 ==x: REFRESH ADDRESS X ROW ADDRESS X~-:-____ _ 

: H-tCH-RRL ~tCH-RRH tCH-RElH tcAV-CEL~ 

RAS ~ T\1. ________ .....lIl ! \! ! 
j..tMAV-RRl+! I tCl_CELt'~ ~ 

\'---tCH-CEL t~'--
refresh cycle timing (four-cycle) 

ClK 

ALE 
ACX ~----~~~~--------~------------~----~-----\ti t \ 

tCH-RFH~ 
REFREQ ___ ~-;~ __ ~ ________ ~~ 

MAO-MA7 

tcL-MAV 

REFRESH ADDRESS 

~tCH-RRL 
------;I~-...:.. __ i 

tcH-MAX 

I I~ ____________________ ~ 
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I 
I 
I tCl_CELt ~ 

j..-tCH-CEl t 4"\. 
t On access grant cycle following refresh, CAS low and address multiplexing are timed from ClK high transition ItCH-CEll if ACX low 

occurs prior 10 or coincident with the falling edge of ALE. 
:t: On access grant cycle following refresh, CAS low and address multiplexing are timed from elK low transition (tel-eEL) if ACX low occurs 

20 ns or more after the falling edge of ALE, ' 
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INTRODUCTION 

The purpose of this Application Report is to assist the 
designers of high-performance digital logic systems in the 
use of the new series of Advanced Schottky-clamped* TTL 
integrated circuits. 

Detailed electrical characteristics of these devices are 
provided and, if available, tables have been included that 
compare specific parameters of the devices with those of 
other logic families. In addition, interfamily information is 
provided to allow system designers to mix logic families in 
the same circuit. This allows the designer to use the relative 
merits of each logic family in high preformance state-of-the­
art designs. 

The major subject areas covered in this Application 
Report are as follows: 

• Advanced Schottky process 
• Fanouts 
• Transfer characteristics 
• Input and output parameters 
• Speed and power information 
• Noise margins 
• Power supply considerations 
• Noise sources and their abatement 
• Back panel and printed circuit wiring 

guidelines 
• Line driving and receiving 

INTRODUCTION TO 
ADVANCED SCHOTTKY-CLAMPED TTL 

Series 54174 transistor-transistor logic (TTL) has, since 
its introduction in 1965, become the most popular digital 
integrated circuit logic family ever offered. Its popularity 
has allowed the development of high-volume production 
techniques which have made it the most economical approach 
to the implementation of major portions of medium-to-high 
performance digital logic systems. These systems range from 
simple decision making to highly complex real-time computer 
installations that handle worldwide data processing. 

The proliferation of and economical impact of these 
digital logic systems has created a demand for constant 
improvement in efficiency. In response to demand, Texas 
Instruments examined the advantages gained by Schottky 
clamping. An increase in speed and performance was 
discovered in the use of Schottky barrier-diode clainping. 
The process was patented in the United States and the 
Schottky series 54S17 4S catalog parts were made available 
in the early 1970s. A series 54LS174LS was introduced later. 
The series 54LS174LS was slower that the 54S174S series 
but had a much lower power consumption. 

"Integrated Schottky·Barrier·diode-clamped transistor is patented by Texas 
Instruments Incorporated, U.S. Patent Number 3,463,975. 

Recent innovations in integrated circuit design have 
made it possible to develop two new families: the Advanced 
Schottky (54ASI74AS) series and the Advanced Low-Power 
Schottky (54ALSI74ALS) series. The 'ALS and • AS series 
provide considerable higher speeds than the 'LS and 'S series, 
respectively. The 'ALS series offers a substantial reduction 
in power consumption over the 'LS series, and the 'AS series 
offers a substantial reduction in power consumption over the 
'S series. The 'ALSI' AS series is pin-to-pin compatible with 
the 'LSI'S series. 

SPEED-POWER SWTS FILLED BY 'ALS 
AND 'AS TTL 

Digital integrated circuits have historically been cruiracterized 
for both speed and power. The series 54S174S devices contain 
19 mW NAND gates and 125-MHz flip-flops and the series 
54LS174LS devices contain 2-mW NAND gates and 45-MHz 
flip-flops. Either of these logic families could be used to 
design a 2-MHz system, therefore categorization strictly on 
the basis of power and speed is inconclusive with respect 
to system efficiency. To provide a means of measuring the 
overall circuit efficiency and performance, a speed-power 
product efficiency index for integrated circuits was 
developed. The rating of an integrated circuit is obtained by 
multiplying the gate propagation delay by the gate power 
dissipation. 

Table 1 provides propagation delay tilJ!.es, power 
dissipation, and speed-power product for the Texas 
Instruments TTL series. In addition, it provides flip-flop 
frequency for each family as an indicator of system 
performance. The speed-power product rating system 
(measured in picojoules) is divided into circuits where speed 
is the prime factor and circuits where low-power is the prime 
factor. The 'ALS series speed-power product is 
approximately 4 times less than that of the 'LS series and 
the 'AS series speed-power product is approximately 4 times 
less than the'S series. Figure 1 is a graphic analysis of the 
speed-power points for the various TTL families. 

ADDITIONAL ADVANTAGES OFFERED BY 
'ALS AND 'AS DEVICES 

The ' ALS and 'AS devices offer the following additional 
advantages: 

1. TTL compatible with 54174, 54S174S, 54L174L, 
54LSI74LS, and 54H174H series gates for 
selectively upgrading existing systems 

2. Suppresses the effects of line ringing and 
significantly reduces undershoot 

3. Higher thresholds (noise immunity) and better 
stability across operating free-air temperature 
range 

4. Input current requirement reduced by up to 50% 
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Table 1. Typical Perfonnance Characteristics by TTL Series 

MINIMIZING POWER MINIMIZING DELAY TIME 

PROP PWR SPD/PWR MAXIMUM PROP PWR SPD/PWR MAXIMUM 

CIRCUIT TECHNOLOGY FAMILY DELAY DISS PRODUCT FLIP-FLOP FREQ FAMILY DELAY DISS PRODUCT FLIP-FLOP FREQ 

Insl ImWI IpJ) 

Gold Doped 
TTL 10 10 100 

L TTL 33 1 33 

LS TTL 9 2 18 
Schottky Clamped 

'ALS 4 1.2 4.8 

l!! 
~ 30 
1;; 
Cl 20 .. 
';;' 
0 
.J 

.E 
III 10 
E 
i= 
> 
~ 5 Q 
c 
0 

'j, 3 
il 
£. 2 
& 
~ 
~ « 1 

.54L 

.54n4LS 
• 54n4 

• 54n4H 

.54n4ALS 

• 54n4S 

• 54n4AS 

1 2 3 5 10 20 30 

Typical Power Dissipation-mW 

Figure 1. Speed-Power RelatioJ1Ships of 
Digital Integrated Circuits 

5. Fanout is doubled 
6. Terminated lines or controlled impedance circuit 

boards are normally not required. 
7. The' AS series offers shorter propagation delays 

and higher clock frequencies with relatively low 
power consumption. 

8. The maximum flip-flop frequency has been 
increased to 200 MHz. 

CONCEPTS OF DEFINING SERIES 'AS AND 
'ALS 

Both the ' ALS and 'AS series are electrically and pinout 
compatible with existing TTL series. The 'ALS series is 
suitable for replacing all TTL families except in the very 
highest frequency applications. Replacement with' ALS will 
result in lower power consumption, smaller power supply 
current spikes, and, in some cases, better noise immunity 
than the other families. In those cases where a very high 
operating frequency is required, the 'AS series can be used. 
The 'AS devices require less than one-half of the supply 
current of the'S series and has approximately twice the 
clocking frequency. The 'ALS devices are ideal for 
improving effeciency at the lower speeds. The ' AS devices 

3-10 

IMHz) Ins) ImW) IpJ) IMHz) 

35 TTL 10 10 100 35 

3 H TTL 6 22 132 50 

45 S TTL 3 19 57 125 

70 'AS 1.7 8 13.6 200 

are ideal for replacement of high-speed logic families 
including ECL 10K series. 

Compatibility With Other TTL Families 

To ensure complete electrical compatibility in systems 
using or intending to use a mixture of existing TTL families 
and the new ' ALSI' AS families, specific guidelines have been 
implemented. These guidelines ensure the continuation of 
desirable characteristics and incorporate newer techniques 
to improve performance and/or simplify the use of TTL 
families. Figure 2 illustrates the comparison of essential 
pariuneters of each family and shows that complete 
compatibility is maintained throughout the 54174 families . 

Fanout 
The compatible ratings for fanout simplify the 

implementation of logic and provide a freedom of choice in 
the use of any of the seven performance ranges to design 
a digital logic system. Any of the Texas Instruments TTL 
series gates can be used to drive any other gate without the 
use of an interface or level-shifting circuit. The use of totem­
pole-(push-pull) type output stages provides a low output 
impedance and the capability for both sourcing and sinking 
current. The output is easily adapted for driving MOS and 
CMOS circuits as well as the interface circuits between the 
output and the devices it controls. Figure 3 illustrates fanout 
capability . 

USING THE SCHOTTKY BARRIER DIODE 

The Advanced Schottky Family has been developed from 
two earlier concepts: the Baker Clamp and the Schottky 
Barrier-Diode (SBD) , The use of the Baker Clamp and SBD 
concepts resulted in the Schottky Clamped Transistor. The 
Schottky clamped transistor produced the increased switching 
speed associated with the S series integrated circuits. The 
additional advances that have led to the development of ' ALS 
and 'AS gates and the actual gates are discussed later. 

Analysis of the Schottky Clamped Transistor 
The use of the Baker Clamp, shown in Figure 4, is a 

method of avoiding saturation of a discrete transistor. The 
diode forward voltage is 0.3 V to 0.4 V as compared to 
0.7 V for the hase-emitter junction diode. When the transistor 
is turned on, base current drives the tninsistor toward 
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~
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N·P·N SILICON 
TRANSISTOR 

Figure 4. Baker Clamp 

saturation. The collector voltage drops, the germanium diode 
begins to conduct forward current, and excess base drive is 
diverted from the base-collector junction of the transistor. 
This causes the transistor to be held out of deep saturation, 
the excess ba~e charge to not be stored, and the turn-off time 
to be dramatically reduced. 

A germanium diode cannot be incorporated into a 
monolithic silicon integrated circuit. Therefore, the 
germanium diode must be replaced with a silicon diode which 

~
BD 

. N-P-N SILICON 
TRANSISTOR 

MONOLITHIC COMPOSITION 

C ,-< 
E 

SYMBOL FOR MONOLITHIC 
SBD-CLAMPED TRANSISTOR 

Figure 5. The Schottky-Clamped Transistor 

has a lower forward voltage drop than the base-collector 
junction of the transistor. A normal p-n diode will not meet 
this requirement. The SBD illustrated in Figure 5 can be used 
to meet the requirement. 

The SBD illustrated in Figure 6 is a rectifying metal­
semiconductor contact formed between a metal and a highly 
doped N semiconductor. 
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-j""'-J J+--'~ 
COMPOSITION SYMBOL 

Figure 6. Schottky Barrier-Diode 

The qualitative physics of an SBO is illustrated in 
Figure 7. The valence and conduction bands in a metal 
overlap make available a large number of free-energy states. 
The free-energy states can be filled by any electrons which 
are injected into/the conduction band. A finite number of 
electrons exist in the conduction band of a semiconductor. 
The number of electrons depends mainly upon the thermal 
energy and the level of impurity atoms in the material. When 
a metal-semiconductor junction is formed, free electrons flow 
across the junction from the semiconductor, via the 
conduction band, and fill the free-energy states in the metal. 
This flow of electrons builds a depletion potential across the 
barrier. This depletion potential opposes the electron flow 
and, eventually, is sufficient to sustain a balance where there 
is no net electron flow across the barrier. 

Under forward bias (metal positive), there are many 
electrons with enough thermal energy to cross the barrier 
potential into the metal. This forward bias is called "hot 
injection. " Because the barrier width is decreased as forward 
bias Vp increases, forward current will increase rapidly with 
an increase in Vp. 

When the SBO is reverse biased, electrons in the 
semiconductor require greater energy to cross the barrier. 
However, electrons in the metal see a barrier potential from 
the side essentially independent of the bias voltage and a smaIl 
net reverse current will flow. Since this current flow is 
relatively independent of the' applied reverse bias, the reverse 
current flow will not increase significantly until avalanche 
breakdown occurs. 

A simple metal-n semiconductor collector contact is an 
ohmic contact while the SBO contact is a rectifying contact. 
The difference is controlled by the level of doping in the 
semiconductor material. As the doping is increased, the 
contact becomes more ohmic. Figure 8 illustrates the current­
voltage characteristics according the doping applied. 
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E 

Current in the SBO is carried by majority carriers. 
Current in the p-n junction is carried by minority carriers. 
The resultant minority carrier storage causes the switching 
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LIGHT N DOPING 

----~ __ --~~--------V 

MEDIUM DOPING 

OHMIC 

----------~----------V 

HEAVY DOPING 

Figure 8. Metal-N Diode Current-Voltage 
Characteristics 
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Figure 7. Schottky Barrier-Diode Energy Diagrams 
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time of a p-n junction to be limited when switched from 
forward bias to reverse bias. A p-n junction is inherently 
slower than an SBD even when doped with gold. 

Another major difference between the SBD and p-n 
junction is the forward voltage drop. For diodes of the same 
surface area, the SBD will have a larger forward current at 
the same forward bias regardless of the type of metal used. 
The SBD forward voltage drop is lower at a given current 
than a p-n junction. Figure 9 illustrates the current. carriers 
and forward current-voltage characteristics differences 
between the SBD and p-n junction. The SBD meets the 
requirements of a silicon diode which will clamp a silicon 
n-p-n transistor out of saturation. 

III e 

d METAL I N 

II 
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CURRENT CARRIERS 
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FORWARO I·V CHARACTERISTIC 

Figure 9. Differences Between P-N and 
Schottky Barrier-Diodes 

The Advanced Schottky process differs from the 
Schottky process in that it uses ion implantation of impurities 
instead of diffusion. Ion implantation gives greater control 
on the depth of doping and resolution. Because of a thinner 
epitaxial layer and smaller all around geometries, smaller 
parasitic capacitances are encountered. The performance of 
the SBD is also enhanced by the use of oxide isolation of 
the transistors. This reduces the collector-substrate 
capacitance. Figure JO illustrates the 'LSI'S process which 
consists of conventional masks, junction isolation, and a 
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Figure 10. Standard Process (,LSI'S) 
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EMITTER SCHOTTKY COLLECTOR 

p 
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Figure 11. Advanced Process (' ALSI' AS) 

standard metal system and Figure 11 illustrates the ' ALSI' AS 
process which consists of composed masks, ion implantation, 
oxide isolation, and a standard metal system . 

Analysis of 'ALS and • AS NAND Gates 
The' ALS and' AS NAND gates in Figures 12 and 13 

combine the desirable features of improved TTL circuits with 
the technological advantages of full Schottky clamping, ion 
implantation, and oxide isolation to achieye very fast 
switching times at a reduced speed-power product. The 
improvements and advantages are as follows: 

1. Full Schottky clamping of all saturating 
transistors virtually eliminates storing excessive 
base charge and significantly enhances turn-off 
time of the transistors. 

2. Elimination of transistor storage time provides 
stable switching times across the temperature 
range. 

3. An active turn-off is added to square up the 
transfer characteristic and provide an improved 
high-level noise immunity. 
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Figure 12. ' ALSOOA NAND Gate Schematic 

4. Input and output clamping is implemented with 
Schottky diodes to reduce negative-going 
excursions on the inputs and outputs. Because 
of its lower forward voltage drop and fast 
recovery time, the Schottky input diode provides 
improved clamping action over a conventional 
p-n junction diode. 

5. The ion implantation process allows small 
geometries giving less parasitic capacitances so 
that switching times are decreased. 

6. The reduction of the epi-substrate capacitance 
using oxide isolation also decreases switching 
times. 

A key feature of the • ALS and • AS families is the 
improvement in typical input-threshold voltage. Figure 12 
is a schematic diagram of the • ALSOOA NAND gate. 
Figure 13 is a schematic diagram of the • ASOO NAND gate. 
The input threshold voltage of the devices is determined by 
the equation: 

3-14 

VT = VBE of Q2 + VBE of Q3 
+ VBE of Q5 - VBE of QIA 
(or VBE of QIB) (I) 

From Eq. (I) it can be determined that the input 
threshold voltage is two times VBE or approximately 1.4 V. 
Low-level input current IlL is reduced in the 
• ALSOOAI' ASOO gates because of the improved input 
circuits. Buffering by transistors QIA (or QIB) and Q2 
causes a significant reduction in low-level input current. Low­
level input current is determined by the equation: 

IlL = Vee - VBE of QIA 
- VI/[R(hpE of QIA +1)] (2) 

By using Eq. (2) low-level input current is reduced by 
at least the factor of hpE of QIA + I and is typically 
- !O pA for the • ALSOOA and - 50 pA for the • ASOO. High­
level output voltage VOH is determined primarily by Vee, 
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Figure 13. 'ASOO NAND Gate Schematic 

resistors R4 and R 7, and transistors Q6 and Q7. With no 
load, the high-level output voltage is approximately equal 
to Vee - V BE of Q6 because the voltage across resistor 
R4 is 0 V. For medium-level currents, the high-level output 
voltage is equal to Vee - VBE of 'Q6 - VBE of Q7 
because of the Darlington gain of transistors Q6 and Q7. The 
current through resistor R3 is typically less than I p,A and, 
therefore, the voltage drop is negligible. As conduction 
through transistors Q6 and Q7 is increased, the voltage drop 
across limiting resistor R 7 will increase until the Schottky 
clamping diode of transistor Q6 starts to become forward 
biased. At this point, the current through resistor R3 (and 
the voltage drop) is no longer negligible and the high-level 
output voltage is determined by: 

VOH = Vee - IOH through R7 x R7 
- VeE of Q6 - VBE of Q7 (3) 

Low-level output voltage VOL is determined by the turning 
on of transistor QS. When the input is high and transistor 

Q2 is turned on, high-current transistor QS is turned on by 
a current path through transistor Q3 and resistor R3. 
Sufficient base drive is supplied to keep transistor QS fully 
turned on at an apparent output resistance of 14 0 for' ALS 
and 60 for 'AS. 

The fanout is up to 40 for a 'S4ALS device that is driving 
a 'S4ALS device and up to 80 for a '74ALS device, that is 
driving a '74ALS device and provides a guaranteed low-level 
output current of 4 rnA and 8 rnA, respectively. 

The increase in speed-power product of '54ALSI'74ALS 
devices, a factor four times better than' S4LS/'74LS devices, 
is due to the design consideration of the quiescent and 
switching operations of the circuit. In the quiescent state, 
transistor Q2 allows the use of a reduced low-level input 
current. This reduces the fanout and reduces the overall 
quiescent current requirements. 

The design of diodes D2 and D3 (or transistor Q8) and 
transistor Q4 enhances the speed-power product of the 
device. Transistor Q4 reduces the tum-off time and 
consequently the current transients caused by conduction 
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overlap' of transistor Q5. The same plinciple is used by diodes 
02 and 03 and transistor Q3 in turning off transistor Q7. 
In addition, the active turn-off design produces a square 
transfer characteristic. . 

The • ASOO gate has additioilal circuits not on the 
• ALSOOA gate. The ci.rcuits are added to enhance the 
throughput of the • AS Family. 

Transistor Q 1 0 has been added as a discharge path for 
the base-collector capacitance of transistor Q5. Without 
transistor Q 10, rising voltages at the collector of transistor 
Q5 would force current, via the base-collector capacitance; 
into the base of transistor Q5 causing it to turn on. However, 
diode 010 caUses transistor Q 10 to turn on (during rising 
voltage) and keeps transistor Q5 turned off. Diodes 06 and 
09 serve as a discharge path for capacitor-diode 010. 

CIRCUIT PARAMETERS 
Worst -case testing of • ALSI' AS devices provides a 

margin of safety . [All dc limits shown on the data sheet are 
guaranteed over the entire temperature range ( - 55 DC to 
125°C) for series 54ALS/54AS and OOC to 70°C for series 
74ALSI74AS)]. In addition, the dc limits are guaranteed over 
the entire supply voltage range (4.5 V to 5.5 V). 

Transfer Characteristics 
Since the most common application for a logic gate is 

to drive a similar logic gate, the input and output logic levels 

must be compatible. The input and output logic levels for 
, ALSI' AS devices are as follows: 

VIL - The voltage value required for a low-level 
input voltage that guarantees operation 

VIH - The voltage value required for a high-level 
input voltage that guarantees operation 

VOL - The guaranteed maximum low-level output 
voltage of a gate 

VOH - The guaranteed minimum high-level output 
voltage of a gate. 

With the exception of high-level ouput voltage' (which 
is a direct function of supply voltage), these values remain 
virtually unchanged over the temperature range and under 
normal operating conditions of the device. 

Ailalysis of the input and output response characteristics 
of 'ALSI' AS TTL gates is necessary to understand the 
operation of these devices in most system applications. The 
dc response characteristics can best be depicted by an input 
voltage VI versus output voltage Vo transfer plot. 

Figure 14 plots the 'ALSI' AS characteristics as 
compared with members of other TTL logic families. 

As shown in Figure 14, the 'ALS and • AS devices 
exhibit a much better output savings when compared with 
standard TTL devices. The better high-level output voltage 
is primarily because of the active turn off of the low-level 
output transistor. The diode voltage drop in the normal output 
is replaced by a low-current VBE voltage drop. This provides 

5 TRANSFER FUNCTION 
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Figure 14. Input Voltage vs Output Voltage of 'ALSI'AS 
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a better high-level noise immunity in 'ALS and and 'AS over 
standard TTL devices. 

Input Characteristics 
To use ' ALSI' AS devices fully, a knowledge of the input 

and output characteristics is required. This is particularly true 
when a device interfaces with a device not in the same TTL 
series. In addition, knowledge of voltage and current 
relationships for all elements is important for proper design. 

Figure 15 illustrates a typical plot for input current II 
versus input voltage, VI, characteristics for' ALSI' AS gate 
inputs during normal operation. A typical series 54174 
characteristic plot is also shown for reference. Any device 
used to drive a TTL gate must source and sink current. 
Conventionally, current flowing toward a device input 
terminal is designated as positive and current flowing out 
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of a device input terminal is designated as negative. Low­
level input current is negative current because it flows out 
of the input terminal. High-level input current is a positive 
current because it flows into the input terminal. 

For transmission line conditions, a more accurate plot 
of the reverse bias section of these curves is required. These 
curves, Figure 16, are characteristic of the input clamping 
diode. 

Low-Level Input Current 
Figure 17 illustrates the de equivalent of a standard 

, ALSI' AS input circuit and shows the input current paths 
during a low-level input state. The low-level input current 
is primarily determined by resistor Rl. However, low-level 
input current is also a function of the supply voltage, the 
ambient temperature, and the low-level input voltage. To 
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Figure 15. Input Current vs Input Voltage 
for TTL Families 
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Figure 16. Low-Level Input Current vs High-Level 
Input Voltage for TTL Families" 

assure desired device operation under all possible conditions, 
the worst-case test is performed on all devices. Supply 
voltage is taken to the highest allowable value to cause the 
low-level input currl;lnt to be at a maximum. With the 
exception of the input under test, all unused inputs are taken 
to a high level. This enhances any contribution of these inputs 
to the low-level input current of the emitter under test. 

Input Clamping Diode Test 
The quality of the input clamping SBD (D2 in Figure 17) 

is tested by ensuring that the forward voltage drop is not 
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Figure 17. DC Equivalent Input Circuit for 
Series • ALS Gate 

greater than - 1.2 V for • AS and - 1.5 V for • ALS with 
a forward current of 18 rnA. These values are guaranteed 
at minimum supply voltage and are valid across the operating 
temperature range. The characteristic of the input diode is 
illustrated in Figure 16. 

High-Level Input Current 
Another input parameter that must be measured and 

controlled is high-level input current. To ensure desired 
device operation under all possible conditions, the worst-case 
test is performed with all unused inputs grounded and supply 
voltage at its maximum value. T~s provides the highest value 
of low-level input current. Those devices with a high~level 
input current of sufficient magnitude to cause a degradation 
of high-level output voltage at an output must be screened out. 

Input BrealuJown 'lest 
An additional high-level input current test is performed 

to check for base-emitter breakdown under the application 
of the full range of input voltages. This test is performed 
under the worst-case supply voltage conditions and is 
important because the base-emitter junction is small and can 
easily be overdissipated during the breakdown conditions . 

Output Characteristics 
The most versatile TTL output configuration is the push­

pull (totem-pole) type. The totem-pole output has a low 
output impedance drive capability at both high and low logic 
levels. Both • ALS and • AS families use this configuration 
and have fanouts of 40 in both the high- and low-level states. 

High-Level Output Characteristics 
The ability of the totem-pole output to supply high-level 

output current is parametrically tested by applying a high­
level input current value during measurement of high-level 
output voltage. However, the quality of the output stage is 
best indicated by parametrically measuring its current 
sourcing los capability when connected to ground. Figure 18 
shows the equivalent output circuit under high-level output 
conditions. 

Figure 19 illustrates typical high-level characteristics. 
When measuring worst-case high-level output voltage, 
minimum supply voltage is used. A worst-case low-level 



input voltage is applied to an input and all unused inputs are 
tied to supply voltage. 
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Figure 18. Equivalent Output Circuit for 
• ALSI' AS Gates 

4 

!:; 2 
o 
> 

Low-Level Output Characteristics 
Figure 20 shows that section of the output drive circuit 

which produces a low-level output voltage VOL. This 
characteristic is also tested at minimum supply voltage. 
Figure 21 illustrates the typical curve. 

Switching Speed 
Two switching-speed parameters are guaranteed on 

Series • ALS and 'AS gates: propagation delay time for a 
high-level to a low-level at the output tpHL, and a low-level 
to high-level transition time tpLH' Both parameters are 
specified with respect to the input pulse using standard test 
conditions as follows: 

Vee = 4.5 V to 5.5 V 
CL= 50 pF 
RL= 500 
TA = MIN to MAX 

Under these conditions, times in me order of 4 ns for' ALS 
and 1. 7 ns for' AS are typical. Figures 22 and 23 illustrate 
how the propagation delay time for' ALS and 'AS devices 
vary with load capacitance. 

Most current in the output stage is drawn when both 
output transistors are on (i.e., during output transitions, the 
average power dissipation of a gate with a totem-pole output 
increases with operating frequency). This is caused by more 
high-current transitions per second at the output as the 
frequency increases. Figure 24 illustrates the effect for both 
'ALS and 'AS devices. 
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Figure 19. High-Level Output Voltage vs High-Level Output Current 
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DC Noise Margins 
Noise margin is a voltage specification which guarantees 

the static dc immUllity of a circuit to adverse operating 
conditions. Noise margin is defined as the difference between 
the worst-case input logic level (VIH minimum or VIL 

'ALS 

maximum) and the guaranteed worst-case output (VOH 
minimum 'or VOL maximum) specified to drive the inputs. 
Table 2 lists the worst-case output limits for the 'AS and 
'ALS families. 

~------------~--~OUTPUT 

'AS "::' 

Figure 20. Low-Level Output Circuit for' ALSI' AS Gates 
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Figure 21. Low-Level Output Voltage vs Low-Level Output Current 
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Figure 24. Power Dissipation per Gate vs Frequency 

Specified Logic Levels and Thresholds 
The high-level noise margin is obtained by subtracting 

VOH minimum from VlH minimum. The low-level noise 
margin is obtained by subtracting VIL maximum from VOL 
maximum. The worst-case high-level noise margin is 
guaranteed to be at least 500 m V for both 'AS and 'ALS 
devices and at least 300 mV for low-level noise immunity 
across the operating free-air temperature 'ranges. 

The usefulness of noise margins at the system design 

II level is the ability of a device to be impe"rvious to noise sPike, s 
at the input. The input voltage falls into one of three 
categories: low-logic state (between ground and 0.8 V). 
threshold region (between 0.8 V and 2 V), or high-logic state 
(between 2 V and V Cc). If an input voltage remains 
exclusively in the low-logic or high-logic state, it can undergo 

any excursions within that state. A level change from 5.5 V 
to 2 V or from ground to 0.8 V should not affect the output 
state of the device. To guarantee an expected output level 
change, the appropriate input has to undergo a change from 
one input state to the other input state (i.e., a transition 
through the threshold region). If a device will not remain 
in the correct state when voltage excursions on the input are 
occurring, it is violating its truth table. 

Noise Rejection 
The ability of a logic element to operate in a noise 

environment involves more than the dc or ac noise margins 
previously discussed. To present a problem, an externally 
generated noise pulse must be received into the system and 
cause a malfunction. Stable logic systems with no storage 

Table 2. Worst Case Output Parameters 

PARAMETER 'AS 'ALS 'AS 'ALS 

IV) 10°C to 70°C) 10°C to 70 °C) I - 55°C to 125°C) I - 55°C to 125°C) 

VIHIMIN) 2 2 2 2 

VILIMAX) 0.8 0.8 0.8 0.8 

VOHIMIN) @ ee = 4.5 V' 2.5 2.5 2.5 2.5 

VOLIMAX) 0.5 0.5 0.5 0.4 

High Level Noise 

Margin IVOH-VIH) 
0.5 0.5 0.5 0,5 

Low Level Noise 
0.3 

Margin IVIL -VOL) 
0.3 0.3 0.4 

'Actual specification for VOHlmin) is Vee - 2 V. 
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elements are practically impervious to ac noise. However, 
large dc voltages could cause noise problems. Systems with 
triggerable storage elements or those operating fast enough 
for the noise to appear as a signal are much more susceptible 
to noise. 

The noise voltage must be radiated or coupled into the 
circuit. The amount of noise required to develop a given 
voltage is a function of the circuit impedance. Because of 
the low output impedance of TTL circuits, noise immunity 
is improved. Noise is transferred from the source (with some 
arbitrary impedance) through a coupling impedance to the 
impedance of the circuit under consideration. 

Figure 25 shows a circuit where the coupling impedance 
is stray capacitance and the load impedance is provided by 
the gates. The relatively tight coupling of this circuit and 
the loading effect on the driving source is significant enough 

Figure 25. Stray Coupling Capacitance 

to be considered. However, since the source effect is difficult 
to assess and is in a direction to improve rather than degrade 
the noise rejection, its effects are ignored. This results in 
a worst-case type of response indication. In the case of 
radiated noise, the source resistance is a definite factor in 
noise coupling and essentially replaces the reactive coupling 
impedance. 

By ignoring the driving source impedance to make 
conditions more nearly standard, it is possible to determine 
a set of curves relating the developed noise pulse to the noise 
source amplitude, the noise rise or fall time, the coupling 
impedance, and the load impedance. Curves have been 
developed! for several different input waveforms. Since the 
• ALS waveform is essentially a ramp with a dvivt of I V ins 
(approximately 2.5 Vins for 'AS), the most applicable curve 
is that for a ramp input. 

Figure 26(a) shows the equivalent circuit from which 
the ramp response plot in Figure 26(b) was developed. The 
input pulse shown in Figure 26(c) is a ramp input. 

where 
Ej = Maximum input voltage and 
T = Total rise time of input voltage 

The output pulse is represented analytically by 

where 

RC 
T=-

T 

O(i) = T (I -e - ilr ) 

eo(i) 
O(i)= -

Ei 

with holding for unit time. This is followed by an 
exponentially decaying voltage with a time constant T. Values 
of T and i on the figure are normalized by the value of the 
total rise time of the stimulated noise pulse ej. Using 
Figure 26(b), the pulse width and amplitude of the coupled 
noise pulse can be estimated. 

As an example, using the circuit shown in Figure 25, 
apply a noise pulse of 3 V in amplitude and rising at I V ins 
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Figure 26. Evaluations of Gate Response to 
Fast Input Pulses 
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with gate 2 at a high-logic state. Assume a nominal output 
impedance of 58 n (30 n for' AS) and coupling capacitance 
of 10 pF. Use the following formula: 

T I · . T -~ - 3 t ota rise time -I V/ns** - ns 

RC 
T =Y 

(10 x 10 -12)(58) 
3 

0.58 x 10- 9 = 0.19 ns 
3 

**2.5 V/ns for 'AS 

t 1.2 ns for 'AS 

To convert the normalized values of T and i in 
Figure 26(b) to actual values, multiply by 3 ns. The output 
voltage scale will be multiplied by 3 V. Using the T = 0.19 
curve gives a peak eo of 0.57 V (0.19 x 3) and a pulse width 
of 3 ns at the 50% points. To determine whether this pulse 
will cause interference, enter these values (0.57 V and 3 ns) 
on the graph shown in Figure 27. Since the gates have 
approximately 1.8 V of noise immunity at this point, they 
should not be affected. 

If an open-collector gate is used with a passive I kn pull­
up resistor, the situation would change. Use the following 
formula: 

Total rise time 

T = 

3 V 3 ns t iVTriS** = 

(10 x 10- 12)(1 x 103) 
3 

10 x 10- 9 10 
3 = T ns 

**2.5 Vlns for 'AS 

t1.2 ns for 'AS 

Nowthe amplitude (from the curves) approaches 2.58 V 
(0.86 x 3) and the pulse width at the 50% points is 
approximately 8.52 ns (2.84 x 3). The next gate will 
propagate this pulse. 

This example is an oversimplification. The coupling 
impedances are complex (but resolvable into RLC series 
coupling elements) and the gate output impedance changes 
with load. Our purpose is to show why and how the low 
impedance of the active TTL output rejects noise and to make 
a comparison with a passive pull-up. 

The ability to operate in a noisy environment is an 
interaction of the built-in operating margins, the time required 
for the device to react, and the ease with which a noise 
voltage is developed. In all cases, except the ability to react 
to short noise pulses, the TTL design has emhasized noise 
rejection. 

Nothing has been discussed concerning noise in devices 
other than gate circuits. Many MSI devices are complex gate 
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networks and, because' of their small size, are more superior 
in a noisy environment operation than their discrete gate 
equivalents. Noise tolerance of latching devices is implied 
in the setup times, hold times, clock pulse widtJi, data pulse 
widths, and similar parameters. Output impedances and input 
noise margins are quite similar to those of the gates and may 
be treated in a similar manner. If a latching device does 
become noise triggered, the effective error is stored and does 
not disappear with the noise. 

Parameter measurement information is shown in 
Figure 28. 
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Figure 27. Theoretical Required Pulse 
Width vs Pulse Amplitude for' AS and • ALS Inputs 

GUIDELINES FOR SERIES' ALSI' AS TTL 
SYSTEM DESIGN 

System layout and design requirements for Advanced 
Schottky TTL circuits are essentially the same as those 
guidelines which have previously been established and are 
applicable for all high-performance digital systems. Tables 3 
through 6 provide a brief summary of the solutions to most 
design decisions needed to implement systems using 
AdvancJct Schottky TTL. Supplementary data which may be 
useful for developing specific answers to unique problems 
is provided later. 
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LOAD CIRCUIT FOR 
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TIMING 
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1.3V 
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If--th~ 
j4-tsu...... I 
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(See Note 2) 0.3 V 
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M-tPHL" I 

I 
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1.3V 
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(See Note 3) 
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NOTES: 1. CL includes probe and jig capacitance. 
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PULSE ----.Ii 1.3V ~ 
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(LOW·LEVEL 
ENABLING) 
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(See Note 4) 

WAVEFORM 2 
S10PEN 
(See Note 4) 

:'-'-tw----.l 0.3 V 

~tw-----" 

~
I 3.5V 

1.3V 1.3V 

----0.3V 
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~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE·STATE OUTPUTS 

2. All input pulses have the following characteristics PRR :s 1 MHz. tr = tf = 2 ns, duty cycle = 50%. 
3. When measuring propagation delay times of 3~state outputs, switch 51 is open. 
4. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

Figure 28. Parameter Measurement Information 

POWER SUPPLY REGULATION 

Power supply regulation cannot be treated as if it is an 
independent characteristic of the device involved. Power 
supply regulation, along with temperature range, affects noise 
margins, fanout, switching-speed, and several other 
parameters. The characteristics most affected are noise 

margin and fanout. When these two parameters are within 
the specified limits, the power-supply regulation will 
normally be within specified limits. However, on a device 
where auxiliary parameters are more critically specified, a 
more restrictive power-supply regulation is normally 
required. When power-supply regulation is slightly outside 
the specified limits for TTL devices, the device may still 
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operate satisfactorily. However, if high ambient-noise levels 
and ~xtreme temperatures are encountered; failures may 
occur. 

results in an increase in high-level output voltage). Because 
of this relationship, high-level output voltage for' ALSI' AS 
devices is specified as supply voltage - 2 V (Vee - 2 V). 

Application of a supply voltage above 7 V (absolute 
maximum rating) will result in damage to the circuit. 

Since power dissipation in the package is directly related 
to supply voltage, the maximum recommended supply 
voltage for TTL devices is specified at 5.5 V. This provides 
an adequate margin to ensure that functional capability and 
long~term reliability are not jeopardized. 

Since high-level output voltage is directly related to 
supply voltage, the output current of the device is also directly 
related. The output current value is established by choosing 
output conditions to produce a current that is approximately 
one-half of the true short-circuit current. 

High-level output voltage is almost directly proportional 
to supply voltage (I.e., a drop in supply voltage causes a drop 
in high-level output voltage and an increase in supply voltage 

It is advantageous to regulate or clamp the maximum 
supply voltage at 5.5 V including noise ripple and spikes. 
When this conditions exists, unused AND and NAND gates 
can be connected directly to the supply voltage. 

Table 3. Guidelines for Systems Design for Advanced Schottky TTL 

ITEM GUIDELINE 

Single wire connections Wire lengths up to approximately 12 inches may be used. A form of ground plane is desirable. 

Use point-ta-point routing rather than parallel. If the wire is longer than 12 inches, use either a 

dense ground plane with the wire routed as close to it as possible, or use a twisted-pair cable. 

Coaxial and twisted-pair cables Design around approxirnately 80 n to 100 () of characteristic impedance. Cross talk increases at 

higher impedances. Use a coaxial cable of 93 (I impedance (e.g., Microdot 293-39131. For twisted-

pair cable, use number 26 or number 28 wire with the insulation twisted at the rate of 30. turns 

per foot. 

Transmission-line-ground Ensure that transmission-line ground returns are carried through at both transmitting and receiving 

ends. Vee decoupling ground, device ground, and transmission-line ground should have a common 

tie point. 
, 

Cross talk Use point-to-point back-panel wiring to minimize noise pickup between lines. Avoid long unshielded 

parallel runs. However, if they must be used, they should carry signals that propagate in the same 

direction. 

Reflections Reflections occur when data interconnects become long enough that 2-line propagation delays 

are pulse transition times. For series TTL, reflections are normally of no importance for lines shorter 

than 12 inches. 

Resistive pull-up If fanout of driving output permits, use approximately 300 n of resistive pull-up at the receiving 

end of long cables. This provides added noise margin and more rapid rise times. 

Table 4. Guidelines for Printed Circuit Board Layout for Advanced Schottky TTL 

ITEM GUIDELINE 
Signal connections Whenever possible, distribute loads along direct connections. Signal leads should be kept as short as possible. 

However, lead lengths of up to 15 inches will perform satisfactorily. This is especially for large boards that 

use a ground plane, ground, andlor Vee plane. In addition, it will perform satisfactorily for small boards using 

ground mesh or grid. In high-frequency applications, avoid radial fanouts and stubs. If they must be used to 

drive some loads, reduce lead length proportionally and avoid sharp bends. Normal on-board fanouts and 

interconnections do not require terminations. Response of lines driving large numbers or highly capacitive loads 

can be improved with terminations of 300 {} to Vee and 600 0 to ground in parallel with the last load if fanout 

of the driving output permits. 

Conductor widths Signal-line widths down to 0.015 inch are adequate for most signal leads. 

Signal-line spacing Signal-lead spacing on any layer down to 0.015 in.ch can be used especially if care is taken to avoid adjacent 

use of maximum length and minimum spacing. Increase spacing wherever layout plarmits. Pay particular attention 

to clock andlor other sensitive signals. 

Insulator material Thickness of insulation material used for a multilayer board is not critical. If ground and Vee planes or meshes 

are used, their capacitive proximity can be used to reduce the number of decoupling capacitors needed and 

this also supplements the supply bypass capaCitor. 
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Table 5. Guidelines for General Usage of Advanced Schottky TTL 

ITEM GUIDELINE 

Power supply For RF bypass supply primary, maintain ripple and regulation at less than or equal to 10%. 

VCC decoupling Decouple every 2 to 5 packages with RF capacitors of 0.01 to 0.1 p.F. Capacitors should be located as near 

as possible to the decoupled devices. Decouple line driving or receiving devices separately with 0.1 p.F 'capacitors 

between VCC and the ground pins. 

On-board grounding A ground plane is essential when the PCB is relatively large (over 12 inches). Smaller boards will work with 

ground and/or VCC mesh or grid. 

System grounding Try to simulate bus bars with a width to thickness ratio greater than or equal to 4. This can be accomplished 

by multiple parallel wires or by using flat braid. Performance will be enhanced when a copper or silver-copper 

bus is used. The width to thickness ratio required will vary between systems, but greater than or equal to 4 

will satisfy most systems. 

Table 6. Guidelines for Gates and Flip-Flops Using Advanced Schottky TTL 

ITEM GUIDELINE 

Data input rise and fall times Reduce input rise and fall times as driver output impedance increases. Rise and fall times should 

be equal to or less than 15 ns/V and essentially free of noise ripple. 

Unused input of AND and NAND Tie the unused input of AND and NAND gates and the unused preset and/or clear inputs of 

gates and unused preset and flip-flops as follows: 

clear inputs of flip-flops 1. Directly to Vcc. if the input voltage rating of 5.5 V maximum is not exceeded. 

2. Through a resistor equal to or greater than 1 kll to VCC. Several inputs can be tied to one 

resistor. 

3. Directly to a used input of the same gate. if maximum fanout of driving device will not be 

exceeded. Only the high-level loading of the driver is increased. 

4. Directly to an unused gate output, if the gate is wired to provide a constant high-level output. 

Input voltage should not exceed 5.5 V. 

Unused input of NOR gates Tie unused input to used input of same gate. if maximum fanout of driving device will not be 

exceeded or tie unused input to ground. 

Unused gates Tie input of unused NAND and NOR gates to ground for lowest power drain. Tie inputs of unused 

AND gates high and use output for driving unused AND or NAND gate inputs. 

Increasing gate/buffer fanout Connect gates of same package in parallel. 

Clock pulse of flip-flops Drive clock inputs with a TTL output. If not available. rise and fall times should be less than 50 nslV 

and free of ripple noise spikes. 

SUPPLY VOLTAGE RIPPLE When ripple voltage is modulated onto the input voltage, 
the amplitude depends on the source impedance (Figure 29). 
The amplitude can be determined by the following equation: Ripple in the supply voltage is generally considered a 

part of the supply voltage regulation. However, when 
combined with other effects (e,g., slow rise times), ripple 
voltage is more significant 

The effect of ripple voltage V R can appear on either the 
supply yoltage Vee or the ground supply GND. When ripple 
appears on the supply yoltage, it causes modulation of the 
input signal. The extent of the effect depends upon circuit 
parameters and source impedance. 

The turning on of transistor Q5, shown in Figures 12 
and 13, is controlled by the voltage at the base of transistor 
Q2 with respect to ground in accordance with the formula: 

VB= VBE of Q2 + VBE of Q3 + VBE of Q5 

AVR= VR(R"~": Ri) 

= VR (Rl !1i3RZ) 

where Rl = source impedance 
i3 = gain of transistor Q 1. 

Ripple voltage has the effect of adding extra pulses to 
the input signal (Figure 30). When ripple voltage appears 
in the ground supply, the threshold voltage is modulated and 
extra pulses occur (Figure 31). 
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Although decreasing the source impedance will reduce 
the effects of ripple voltage, it cannot be eliminated entirely 
because the emitter-base junction has an apparent resistance 
of approximately 30 b. Because of cancellation between the 
driving gate and the driven gate, low-frequency ripple is not 
a problem. 

+5V 

GATED 
CONSTANT 
CURRENT 
SOURCE 

R1 

-5V -= -= 
Figure 29. Effect of Source Impedance on Input Noise 
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VOH 1------. 

VOL L-___ .--:=-===-____ -I. T 

Figure 30. Spurious Output Produced by Supply 
Voltage Ripple 

VCC 

Vo 

': when V I is constant. an 

increase in V R wilt result 

in a decrease in V. 

Figure 31. Effect of Ground Noise on Noise Margin 

NOISE CONSIDERATIONS 

Extraneous voltages and .currents (called noise) 
introduced into a digital logic circuit are discussed in the 
following paragraphs. Figure 32(a) is a typical digital logic 

PRESET 
J Q 

JC>---QCLQCK 

K Q 
CLEAR 

(o) 

(b) (e) 

Figure 32. Typical Logic Circuit with Noisy Input 

circuit consisting of a NAND gate and a J-K flip-flop. When 
a small noise pulse is coupled onto the clock input 

. [(Figure 32(b)], the flip-flop does not respond and the Q 
output is correct. However, when a large noise pulse is 
coupled onto the clock input [(Figure 32(c)], the flip-flop 
sees the pulse as a clock transition and an erroneous Q output 
occurs. Therefore, it is essential to protect digital logic 
circuits from noise: 

Noise Types and Control Methods 
The noise types encountered in digital logic systems, 

their source, and the method of controlling them are as 
follows: 

1. External noise - External noises radiated into 
the system. The sources include circuit breakers, 
motor brushes, arcing relay contacts, and 
magnetic-field-generating. The methods of 
controlled to be considered are shielding, 
grounding, or decoupling. 

2. Power-line noise - Noise coupled through the 
ac or dc power distribution system. The initial 
sources and controlling methods are the same as 
for external noise. 

3. Cross talk - Noise induced into signal lines from 
adjacent signal lines. Controlling methods to 
consider are shielding, grounding, decoupling, 
and, where possible, increasing the distance 
between the signal lines. 

4. Signal-current noise - Noise generated in stray 
impedances throughout the circuit. The 
controlling methods to consider are shielding, 
grounding, decoupling, and, where possi):>le, 
reduction of stray capacitance in the circuit. 

5. Transmission-line reflections - Noise from 
unterminated transmission lines that cause 
ringing and overshoot. The method of control 
is to use, where possible,· terminated 
transmission lines. 

6. Supply-current spikes ..:.. Noise caused by 
switching several digital loads simultaneously. 
The controlling method is to design, where 
possible, the system so that digital loads are not 
switched simultaneously. 



Shielding 
In addition to its own internally generated noise, 

electrical equipment must operate in an extremely noisy 
environment. Noise pulses, which may come from a number 
of sources, consist of an electrostatic field, and 
electromagnetic field, or both. The noise waveform must he 
prevented from entering the equipment. This is accomplished 
by shielding. Since the noise fields are usually changing at 
a rapid rate, the shield required to exclude them may be very 
small. For effective exclusion, the sensitive circuits must he 
completely shielded. 

Aluminum or similar materials are effective in stopping 
electrostatic noise. However, only a ferrous metal can 
successfully protect equipment against magnetic fields. While 
it is helpful to connect the system to earth ground, the shield 
system must be complete and must he grounded to the system 
ground to prevent the shield from coupling noise into th~ 
system. 

External noise may be conducted into the system by the 
power lines. Decoupling and filtering of these lines should 
be standard design procedure. 

Grounding and Decoupling 
The total propagation delay is of secondary importance 

in generation of internal noise. The actual transition time 
determines the amplitude and frequency spectrum of the 
generated signal at the higher harmonics. Application of the 
Fourier integral to series 'ALSI' AS waveforms shows 
frequency components of significant amplitude that exceed 
100 MHz. Because of the frequency spectrum generated 
when an 'ALS/' AS device switches, a system using these 
devices must consider problems caused by radio frequency 
(RF) even though the repetition rates may be only a few 
megahertz. The transient currents generated by charging 
capacitors, changes in the levels of dc, line driving, etc., 
must he considered. In Figure 33 for example, a gate driving 
a'transmission line is represented by a voltage source E, 
having an output impedance Zs connected to an impedance 
ZO, and loaded with a resistance RL. 

Until after a reflected pulse returns from the termination 
of the transmitting device, line termination is not a factor 
in drive current. In a practical TTL circuit, the line 
termination must he high relative to the line impedance. For 

LINE INPUT' Zo 

.,,-- ...... 
/ " 

Z. 
I \ 

\ 
~ , 

" 'LINE 
" I CURRENT " / ' ....... _.,."" Ilina 

R 

Figure 33. Diagram Representing a Gate Driving a 
Transmission Line 

explanation purposes, assume that the source voltage is 5 V 
in amplitude, the output impedance of the source is 50 0 and 
the line impedance is 50 0. When the source voltage makes 
the transition from 0 V to 5 V, the voltage across the input 
of the line VI is determined by the following equation: 

Zo 
VI= E--- =2.5 V 

Zs + Zo 

where E = source voltage 
Zo = line impedance 
Zs = source impedance 

For the 50 o line to become charged, the current that 
must flow onto the line is determined by the following 
equation: 

Iline 
Zo 

2.5 

50 
= SOmA 

In addition, this current flows in the ground returri, 
which, in this case, is the transmission-line ground. If the 
line and return are originated and terminated close to the 
driving and receiving devices, there is no discontinuity in 
the line. Where the ground is poorly returned, the current 
flow sees the discontinuity in the cable as a high impedance 
and a noise spike is generated (Le., the ground current sees 
a low impedance and a current cancellation if the ground is 
properly' carried through and, if not, it sees a high 
impedance). Figure 34 presents a specific example. Assume 
that the gate driving the line is switched from the high to 
low state. Current flow is indicated by the arrow marked 
with an I. Since the line is improperly returned to the driver, 
a pulse is developed across the impedance. A possible 
consequence is the false output of gate 3 (03). 

If the ground return is properly connected, the proper 
,results are obtained. The impedance discontinuity is 
eliminated and current cancellation occurs at the ground 
point. Undesirable voltage spikes are then eliminated. Two 
empirical rules to reduce transmission-line currents have been 
established and have been found to be effective (Figure 35). 

I. Carry all returns, including twisted pair and 
coaxial cables, to a good ground termination. 
Ground line returns close to the driving and 
receiving devices. 

*Impedance of poor ground return 

Figure 34. Noise Generation Caused by Poor 
Transmission-Line Return 
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2. Decouple the supply voltage of line-driving and 
line-receiving gates with a O.I-p.F disk ceramic 
capacitor. 

As the devices change state, current levels change 
because of the different device currents required in each state, 
the external loading, the transients caused by charging and 
discharging capacitive loads, and the conduction overlap in 
the totem-pole output stage. When a gate changes states, its 
internal supply current changes from high to low (these values 
are stated on the data sheet for each device). In addition, 
any capacitance, stray or otherWise, must be charged or 
discharged for a logic state change. The capacitance must 
be charged by a current determined by 

dv 
I = C dt (4) 

If the total stray capacitance on a gate output, the logic-level 
voltage excursion, and the associated rise or fall times are 
known, then the ideal-case instantaneous current during the 
transition can be calculated. 

vcc----~----------

Broken' arrow shows path of line-charging current 

Figure 35. Ideal Transmission-Line 
Current Handling 

From Eq. (4) it can be determined that the current 
transient for charging load capacitance will increase with 
higher speed TTL circuits. Therefore, the Series 

3 54ALS174ALS devices will have lower transient current than 
the Series 54AS174AS devices. Another parameter that 
should be considered is the value of R7 (shown in Figures 12 

, and 13). Resistor R7 acts as a limit on the charging current. 
l> The current required for charging load capacitance CL 

"C (Figure 36) is supplied by the supply voltage when the 
"5!. transition is from logic low to logic high at the output of 
ri' gate I (GI). When the output ofGl goes from high to low, 
CI) ... 
O· 
j 

~ 
(I) 
"C o 
:: 
til 
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ICC 
----~~------~------~-----'VCC 

CL includes all capacitance: stray. device, etc. 

Figure 36. Circuit with Effective Capacitive Loading 

the load capacitance is shorted to ground by transistor Q5 
(shown in Figures 12 and 13) and has no effect on supply 
current. 

A characteristic common to all TTL totem-pole output 
stages contributes an additional current transient when the 
output changes, from a logic low to a logic high. This 
transient, or spike, is caused by the overlap in conduction 
of the output transistors Q7 and Q5 (shown in Figures 12 
and 13). The situation arises because transistor Q7 can turn 
on faster than transistor Q5 can turn off. This places a direct 
circuit consisting of transistors Q7 and Q5 and resistor R4 
between supply voltage and ground: For all series' ALS TTL 
circuits, the maximum possible peak current can be 
determined by 

Vcc 
ICCmax = 

VCEQ6 - VBEQ7 - VCEQ5 

R7 

However, due to the active turnoff circuit (consisting of R5, 
R6, and Q4), Q5 will be only slightly in the linear region 
and the current spike will be less. 

The total supply-current switching transient is then a 
combination of three major effects: the difference in high­
level and low-level supply current, the charging of load 
capacitance, and the conduction overlap. Tests were 
performed to demonstrate these effects. The results, are shown 
in Figure 37. Six types of series TTL devices were tested 
with no load (i.e., the oscilloscope was connected to the 
output only when measuring Vo and the photographs were 
double exposed). This was to approximate the effects of 
conduction overlap isolated from the transient caused by 
charging load capacitance. Different vertical scales were used 
on some of the photographs. 

The results are almost as predicted. The low-power 
devices have the lower transients. Since it is the fastest 
circuit, the SN74ASOO device should be highest. However, 
a decrease is shown. and the reason for the decrease is 
explained (Figure 39). The additional circuits to reduce 
conduction overlap of the output transistors result in a smaller 
transient even though the typical switching time is 1.7 ns 
compared to 9 ns for the Series 54174LS. 

The second series of tests shown'in Figure 37 cover a 
capacitive load of 50 pF. For this test, all of the supply 
current transient peaks increase in amplitude and width. 

Because of the larger transient currents, voltage spikes 
on the supply voltage measured at the Ie package are also 
increased . 

From these tests, it can be concluded that the condition 
to be avoided (the only one that can be avoided) is 
unnecessary stray capacitance in circuit wiring. The charging 
of load capacitance, in most cases, overshadows the other 
two effects with respect to noise produced on the supply 
voltage line by switching current transients. 

The flow paths of these currents have been investigated 
to determine the grounding and decoupling necessary to 
counteract their effects. Supply voltage decoupling may be 
accomplished by one of two methods. Maintaining low 
impedance from the individual circuit supply voltage to 



VOUT 
5V 

ICC lOrnA 

VCC 0.2 V 

a) SN74S00 no load b) SN74SOO load: CL ~ 50 pF 

VOUT 5V 

ICC 0.2 V 

VCC 5V 

c) SN74LSOO no load d) SN74LSOO load: CL = 50 pF 

VOUT 5V 

ICC lOrnA 

VCC 0.2 V 

e) SN74ASOO no load f) SN74ASOO load: CL = 50 pF 

NOTES: 1. Vee ~ 5 V 3. Rise and fall times of input pulse are 1 ns 
2. Sweep is 50 ns/dlvision 4. Vertical scales are in units shown per division 

Figure 37(a). Supply-Current Transient Comparisons 

5V 

20mA 

0.2 V 

5mA 

20mA 

0.2V 

5V 

0.2 V en ... ... 
o 
Q. 
Q) 
a: 
c 
o 

"';: 
CI:I 
"~ 
C. 
Q. 

oCt 

3-31 



VOUT 5V 5V 

ICC 20mA 50mA 

VCC 0.2 V O.2V 

gl SN74AS1000 no load hI SN74AS1000 load: CL = 50 pF 

VOUT 5V 5V 

ICC 5mA 20mA 

VCC 0.2 V 0.2 V 

iI SN74ALSOOA no load H SN74ALSOOA load: CL = 50 pF 

VOUT 5V 5V 

ICC 20mA 20mA 

VCC 0.2 V 0.2V 

kl SN74ALS1000Ano load "SN74ALS1000A load: CL = 50 pF 

NOTES: 1. Vee = 5 V 3. Rise and fall times of input pulse are 1 ns 
2. Sweep is 50 ns/division 4. Vertical scales are in units shown per division 

Figure 37(b). Supply-Current Transient Comparisons 
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ground is common to both methods. In the first method, the 
supply voltage line may be considered as a transmission line 
back to a low impedance supply. The positive bus can be 
laminated with a ground bus to form a strip transmission line 
of extremely low impedance. This line can be electrically 
approximated with lumped capacitances as shown in 
Figure 38. The inductances are usually a distributed 
component which must be minimized to lower the line 
impedance. 

DIELECTRIC I zo=.fiJC 

~:~:TIJ1 
COPPER 

Figure 38. Transmission-Line Power Buses 

The second method is to consider the supply voltage bus 
as a dc connecting element only and to provide a low­
impedance path near the devices for the transient currents 
to be grounded (Figure 39). 

Figure 39. Capacitive Storage Supply 
Voltage System 

For effective filtering and decoupling, the capacitors 
must be able to supply the change in current for a period 
of time greater than the pulse width of this current. Since 
the problem is essentially one of dc changes due to logic state 
coupled with high-frequency transients associated with the 
changes, two different values of time constant must be 
considered. Capacitors combining the high capacitance 
required for long periods with the low series reactance 
required for fast transients are prohibitive in cost and size. 
A good compromise is the arrangement shown in Figure 40. 

The typical component values may be found for the RF 
capacitor C 1 by assuming that the parameters have common 
values as follows: 

.lICC= 50 mA 
.lV= 0.1 V 
.IT= 20 ns 

Then the equation is as follows: 

CI = .lIce 

.lV/.lT 

(50)(20) x 10 -12 

0.11(20 x 10 -9) 

50 x 10- 3 

0.1 

0.01 p.F 

= 10,000 x 10- 12 

The same method may be used for the low-frequency 
capacitor C2. However, the factor .lT, which was a worst­
case transient time for calculating C2, now becomes a bit 
ambiguous. An analysis of the current cycling on a statistical 
basis is the best method in all but the simplest systems. The 
recommended procedure is to decouple using 10 p.F to 50 p.F 
capacitors. 

D_I~ST~R~IB~U.T_E_D_L ____ ~ ______ -1~ ______ • VccBUS 

C1 
0.01 jtF 

Figure 40. Commonly Used Power Distribution and 
Decoupling System 

A discrete inductance of 2 p.H to 10 p.H is sometimes 
used for additional decoupling. However, its benefits are 
questionable and its usefulness should be 'evaluated for the 
individual system. The low-pass filter formed must be 
capable of keeping the transients confined and off the 
distribution bus. The Possibility of resonance in the inductor 
or LC combination must be considered . 

Noise spikes on the supply voltilge line that do not force 
the gate output below the threshold level do not present a 
serious problem. Downward spikes as large as 3 V can be 
tolerated on the supply voltage line without propagating 
through the logic system. The system designer can be 
confident that supply voltage noise can be handled even with 
minimal consideration. 

Ground noise, however, cannot be treated lightly. Pulses 
on a high-impedance ground line can easily exceed the noise 
threshold. Only if a good ground system is maintained can 
this problem be overcome. If proper attention is paid to the 
ground system, noise problems can be minimized. 

The concept of a common-ground-plane structure as used 
in RF and high-speed digital systems is quite different from 
the concept of the common-ground point as used in low­
frequency circuits. The more closely the chassis and ground 
can approach to being an integral unit, the better the noise 
suppression characteristics of the system. Consequently, all 
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parts of the chassis and ground bus system must be bound 
tightly together both electrically and mechanically. Floating 
or poorly grounded sections not only break the integrity of 
the ground system, but may actually act as a noise distribution 
system. 

For grounds and decoupling on printed circuit boards, 
the most desirable arrangement is a double-clad or multilayer 
board with a solid ground plane or a mesh. Where component 
density prohibits this, the ideal should be relaxed only as far 
as necessary. Cross talk and ground noise can be reduced 
on large boards with a ground plane. Some suggestions for 
board grounds where a plane is not practical are as follows: 

1. Use as wide a ground strap as possible. 
2. Form a complete loop around the board by 

bringing both sides of the board through separate 
pins to the system ground. 

The supply voltage line can provide part of the ground 
mesh on the board, provided it is properly decoupled. For 
a TTL system, a good guideline is 0.01 ,.F per synchronously 
driven gate and at leasrO.l ,.F for each 20 gates, regardless 
of synchronization. This capacitance may be lumped, but is 
more effective if distributed over the board. A good rule is 
to permit no more than 5 inches of wire between any two 
package supply-voltage points. Radio-frequency-type 
capacitors must be used for decoupling. Disk ceramics are 
best. It is sometimes a good practice to decouple the board 
from the external supply-voltage line with a 2.2 ,.F capacitor. 
However, this is optional and the RF capacitors are still 
required. In addition, it is recommended that gates driving 
long lines have the supply voltage decoupled at the gate 
supply voltage terminal and that the capacitor ground, device 
ground, and transmission-line ground be connected to a 
common point. 

Cross Talk 
When currents and voltages are impressed on a 

connecting line in a system, it is impossible for adjacent lines 
to remain unaffected. Static and magnetic fields interact and 

3 opposing ground currents flow, creating linking magnetic. 
fields. These cross-coupling effects are lumped together and 
called cross talk. 

Back-Pllnellnterconnections 
Interconnecting signal lines can be grouped into three 

broad categories: coaxial lines, twisted-pair lines, and straight 
wire lines. Because of the low impedance and shielding 
characteristics of coaxial cable, its cross talk is minimal and 
is not a problem with TTL. 

Figure 41 illustrates a practical type of signal 
transmission line. The mutual reactances Lm and Cm which 
form the noise coupling paths and the line parameters Ls and 
Cg which govern the line impedance, will vary with the type 
ofline used. Since cross talk is a function of the ratio of the 
mutual impedances to the line characteristic impedances, the 
selection of transmission-line type must be at least partially 
a factor in cross-talk considerations. 
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Figure 41. Equivalent Circuit for Sending Line 

The use of direct-wired connections is the simplest and 
lowest cost method, but they are also the poorest for noise 
rejection. If the lead is not cabled tightly together with similar 
leads, direct leads up to 12 inches in length can be used. 

When the length of the signal line is increased, the line 
impedance is seen by the driving and receiving gates. As 
shown in Figure 42, a pulse sent along the sending line G3 
and G4 will be coupled via the coupling impedance Zc onto 
the receiving line Gland G2, which can be in either of the 
two logic states. The extent to which cross talk will occur 
depends on the type of lines used and their relationship to 
each other. 

SENDING LINE 

(Zc) - COUPLING IMPEDANCE 

Figure 42. Equivalent Circuit for Cross Talk 

The voltage impressed on the sending line by gate G3 
is determined by the equation: 

where 

(5) 

V G3 = open-circuit logic voltage swing generated 
by gate G3 

RS3 = output impedance of gate G3 
Zo = line impedance . 

VSL= voltage impressed on the sending line. 

The relationship for the equation is illustrated in 
Figures 43 and 44. 

The coupling from the sending line to the receiving line 
can be represented by taking coupling impedance Zc into 



RS 

(Zo) 
T 
I 

Figure 43. Capacitive Cross Talk Between 
Two Signal Lines 

account. An equivalent circuit to represent the coupling from 
the sending line to the receiving line is shown in Figure 44. 

As the voltage impressed on the sending line propagates 
farther along the line, it can be represented as voltage source 
VSL with a source impedance of ZOI (Figure 45). VSL is 
then coupled to the receiving line via the coupling 
capacitance, where the impedance looking into the line is 
line impedance in both directions. Therefore the equation 
becomes 

VRL= VSL 

Zo 

2 

(1.5 Zo + Zc) 

The voltage impressed on the receiving line (VRLl then 
propagates along the receiving line to gate G2 which can be 
considered as an open circuit and voltage doubling occurs. 
Therefore: 

VG3( I )f Zo ) 
1.5 + ~~ \RS3 + Zo 

In the switching period, the transistor has a very low output 
impedance. Then RS3«ZO and Vin(2) can be simplified to 
the following: 

The term V in(2)/v G3 can be defined as the cross-talk 
coupling constant. 

The worst -case for signal line cross talk occurs when 
sending and receiving lines are close together but widely 
separated from a ground return path. The lines then have 
a high characteristic impedance and a low coupling 
impedance. 

For example, if we assume a coupling impedance of 
50 pF at 150 MHz with a line impedance of approximately 
200 {l then: 

Vin(2) = 0.62 
VG3 

This level is unsatisfactory because none of the very high­
speed logic circuits has a guaranteed noise margin greater 
than one-third of the logic swing. Such potential cross talk 
can be avoided by not using the close spacing of conductors. 

Zo Zc T 
vSL Zo Zo VRL 

1 
Figure 45. Equivalent Cross-Talk Network 

Mutual coupling can be reduced by using coaxial cable 
or shielded twisted pairs. When mutual inductance and 
capacitance are decreased, line capacitance is increased and 
imposes restrictions on the driver. Coaxial cable combines 
very high mutual impedance with low characteristic 
impedance and shielding. It effectively eliminates cross talk, 
but is necessary in only the noisiest environments. Twisted 
pairs are adequate for most applications and are typically less 
expensive and easier to use. 
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Figure 44. Coupling Impedances Involved in Cross Talk 
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Printed Circuit Card Conductors 
Signal interconnections on a two-sided or multilayer 

printed circuit card can be grouped into two general 
categories: microstrip lines and strip lines. The microstrip 
line (Figure 46) consists of a signal conductor separated from 
a ground plane by a dielectric insulating material. A strip 
line (Figure 47) consists of a signal conductor within a 
dielectric insulating material and the conductor being centered 
between two parallel conductor planes. The important 
features of these type of printed circuit conductors are that 
the impedances are highly predictable, can be closely 
controlled, and the process is relatively inexpensive because 
standardprinted circuit board manufacturing techniques are 
used. Typical impedances of these types of conductors with 
respect to their physical size and relative spacings are shown 
in Tables 7 and 8. 

Table 7. Typical Impedance of Microstrip Lines 

Dimensions Lina Impedance Capacitance 

H (mils) W(mils) Zo (0) per Foot, (pF) 

6 20 35 40 
6 15 40 35 

15 20 56 30 
15 15 66 26 
30 20 80 20 
30 15 89 18 
60 20 105 16 
60 15 114 14 

100 20 124 13 
100 15 132 12 

Relative dielectric constant = 5 

MICROSTRIP 

T 

Table 8. Typical Impedance of Strip Lines 

Dimensions 
H'a - H'b = W(mlls) 

Line Impedance Capacitance 

(mils) 
Zo (Il) par Foot (pF) 

6 20 27 80 
6 15 32 70 

10 20 34 67 
10 15 40 56 
12 20 37 57 
12 15 43 48 
20 20 44 48 
20 15 51 42 
30 20 55 39 
30 15 61 35 

Relative dielectric constant =5. and H'a = H'b 

Cross talk on a printed circuit board is also a function 
of the mutual reactances and the line parameters which 
govern the line impedance. A microstrip line and a strip line 
are, by definition, conductors placed relatively close to a 
ground plane. Therefore, they have at least one inherent 
property which tends to reduce cross talk. In addition, the 
thickness (H) of the dielectric and the spacing (S) of the 
conductors can be implemented selectively to reduce the 
amount of possible cross talk. The' effects of these two 
dimensions on cross talk have been evaluated and are shown 
graphically in Figure 48. The data shown can be used to 
estimate the maximurri crosstalk which will be encountered 
under the most unfavorable conditions. 

1 
T 

I 
~~~~~~~~~~~~~ 

Figure 46. Microstrip Line 

! 
s=~~~~~ 

Figure 47. Strip Line 
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Figure 48. Line Spacing Versus 
Cross-Talk Constant 

Transmission-Line Driving Reflections 

120 140 

When the interconnections used to transfer digital 
information become long enough so that line propagation 
delay is equal to or greater than the pulse transition times, 
the effects of reflections must be considered. These 
reflections are created because most TTL interconnections 
are not terminated in their characteristic impedance. 
Reflections lead to reduced noise margins, excessive delays, 
ringing, and overshoot. Some method must be used to 
analyze these reflections. Because neither the gate input nor 
output impedance is linear, basic transmission-line equations 
are applicable but unwieldy. Transmission-line characteristics 
of TTL interconnections can be analyzed by using a simple 
graphic technique. 

Figure 49 shows piecewise linear plots of a gate input 
and both (logic-high and logic-low) states of the output for 
a typical TTL device. The output curves are plotted with 
positive slopes. The input is inv'erted because it is at the 
receiving end of a transmission line. The logic-high and logic­
low intersections are indicated on the plot. These points are 
the steady-state values which will be observed on a lossless 
transmission line (Figure 50). 

Figure 50 shows a typical TTL interconnection using 
a twisted-pair cable which, in this example, has a 
characteristic impedance of approximately 30 D. To evaluate 
a logic-high to logic-low' AS transition see Figures 51 and 
52. The equation -I/Zo (Zo = 30 D), which represents the 
transmission line, is superimposed on the output characteristic 
curves in the Bergeron plot. Since evaluation of a logic-high 
to logic-low transition is desired, the - IIZ0 line starts at 
the point of intersection of the impedance curves of the input 
and output for a logic-high state. The slope -IIZo then 
proceeds toward the logic-low output curve. At time to, the 
driver output voltage is determined by the intersection of 

« 
E 
I 

'C 
f 
l; 
(.) 

Voltage-V 

Figure 49. TTL Bergeron Diagram 

30n TWISTED 
A PAIR B 

i 
Vdrivers' Vreceivers 

-t- -t-
Figure 50. 'ALSI' AS Driving Twisted Pair 

-IIZo and the logic-low output curve (1.2 V). The 
transmission-line slope now becomes IIZ0 and 
is drawn toward the input curVe. At time 
t\ [t(n+ I) -tn = time delay oflinel, the receiving gate sees 
-0.7 V. Now the line slope changes back to -IIZ0 and 
the output curve for a logic low is approached. This action 
continues until the logic-low intersection is reached. 
Figure 52 plots driver and receiver voltages versus time for 

this example. II 
A logic-low to logic-high transition is treated in 

approximately the same manner (Figure 53). The Bergeron 
line - I/ZO starts at the intersection for a logic low. At time 
tn, the driver output rises to 2.2 V and, at time tl, the . I/) 

receiving gate input goes to approximately 4.35 V. Both t: 
output and input voltages are plotted in Figure 54. &. 

Figures 55 through 58 illustrate 'ALS transitions and Q) 

are treated in the same manner as the • AS. a: 
The scope photographs in Figures 59 through 66 show I: 

the effectiveness of the graphic techniques. In most cases, 0 
the calculated and experimental values of voltage steps agree ",t:; 

CO within reason. The ringing that appears for the open wire "~ 
is not immediately obvious. This is because the input and "C.. 
output curves in this region lie practically along the positive Q. 
horizontal axis. At the scale used for graphic analysis, it is <c 
difficult to go much beyond the first few reflections. The 
graphic analysis is idealized and stray capacitance and 
inductance are not considered. 
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Figure 52. 'AS -ve Voltage/Time Plot 
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TRANSITION (1 .... 0) 

Figure 59. Oscilloscope Photograph of 'ASOOI - ve 
Trausition Using 50-Ohm Line 

ov 

TRANSITION (0 .... 1) 

Figure 60. Oscilloscope Photograph of 'ASOO + ve 
Transition Using 50-Ohm Line 

ov 

TRANSITION (1 .... 0) 

Figure 61. Oscilloscope Photograph of 'ASOO - ve 
Transition Using 25-0hm Line 

ov 

TRANSITION (0 .... 1) 

Figure 62. Oscilloscope Photograph of 'ASOO + ve 
Transition Using 25-0hm Line 

ov 

TRANSITION (1 .... 0) 

Figure 63. Oscilloscope Photograph of 'ALSOOA - ve 
Transition Using 50-Ohm Line 

ov 

TRANSITION (0 .... 1) 

Figure 64. Oscilloscope Photograph of 'ALSOOA + ve 
Transition Using 50-Ohm Line 
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TRANSITION (1 -+ 0) 

Figure 65. OscUloscope Photograph of • ALSOOA - ye 
Transition Using 25-Ohm Line 

ov 

TRANSITION (0 -+1) 

Figure 66. OscUloscope Photograph of • ALSOOA + ve 
Transition Using 25-Ohm Line 
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Appendix A 
Normalized Load Factors 

Normalizing output drive capability and input current requirements can be very useful to designers of systems using 
two or more of the TI TTL series of devices. It provides a set of load factors (input cuurent requirements in 
Table A-I), which ~ be summed and compared directly to the fanout capability (see Table A-2) of the output being considered. 
The load factor values shown are valid for any input rated at one unit load. 

The loading of these type of outputs can be checked from any column. However, most designs use one of the series 
as the basic building block and, since the tables cover each series individually, the designer has the choice of working from 
the column containing· the normalized fanout. As an example, the designers of a system using series' AS as the basic circuit 
will probably find that the use of the 'ASOO and 'AS 1000 columns will suit best because both fanout and load factors are 
expressed for these series of devices. 

The use of these simple and easy-to-remember numbers was developed within each series to rilake the verification of 
output loading a matter of counting the number of inputs connected to a particular output. When mixtures of series are used, 
a common denominator (normalized factor) becomes useful. 

USE OF TABLES A-I AND A-2 

Every possible combination of the seven 54174 TTL families is included in these tables. If, for example, the existing 
system used 74S series logic and it is desired that some of it be replaced by series 74ALS logic, a quick check should be 
made on whether the 'ALS can be supplied with sufficient input current. By taking the 74S row and' ALS, column figures 
of 2.5 and 20 are obtained for high- and low-level loads, respectively (see Table A-I). This indicates that, for high logic 
levels, two and one-half' ALS gates can be driven for each'S series gate removed. However, if more 74S series gates are 
being driven by this 'ALS device, the fanout between' ALS and'S series gate is required, you can now use Table A-2. 

The 'ALS row and the'S column are chosen. The figures are 8 for the high-logic level and 4 for the low-logic level. 
In this case the lowest figure is taken so that the interconnection is reliable for both logic states. So each 'ALS gate inserted 
will drive 4 'S series gates. 

Table A-I. Normalized Input Currents 

INPUT INPUT CURRENT NORMALIZED 
SERIES I/O CURRENT 

ImAI '00 'HOO 'LOO 'LSOO 'SOO 'ASOO 'ALSOOA 'AS1000 'ALS1000A 

54/7400 HI 0.04 1 0.8 4 2 0.8 2 2 2 2 

54/7400 LO 1.6 1 0.8 8.89 4 0.8 3.2 16 3.2 16 

54H/74HOO HI 0.05 1.25 1 5 2.5 1 2.5 2.5 2.5 2.5 

54H/74HOO LO 2 1.25 1 11.11 5 1 4 20 4 20 

54/74LOO HI 0.01 0.25 0.2 1 0.5 0.2 0.5 0.5 0.5 0.5 
54/74LOO LO 0.18 0.11 0.09 1 0.45 0.09 0.36 1.8 0.36 1.8 

54L5/74LSOO HI 0.02 0.5 0.4 2 '1 0.4 1 1 1 1 

54LS/74LSOO LO 0.4 0.25 0.2 2.22 1 0.2 0.8 4 0.8 4 

545174500 HI 0.05 1.25 1 5 2.5 1 2.5 2.5 2.5 2.5 

545/74500 LO 2 1.25 1 11.11 5 1 4 20 4 20 

54AS/74A500 HI 0.02 0.5 0.4 2 1 0.4 1 1 1 1 

54A5/74A500 LO 0.5 0.31 0.25 2.78 1.25 0.25 1 5 1 5 

54ALS/74AL500A HI 0.02 0.5 0.4 2 1 0.4 1 1 1 1 

54AL5/74AL500A LO 0.1 0.06 0.05 0.56 0.25 0.05 0.2 1 0.2 1 

54A51 000 HI 0.02 0.5 0.4 2 1 0.4 1 1 1 1 

54A51 000 LO 0.5 0.31 0.25 2.78 1.25 0.25 1 5 1 5 

54AL51000A HI 0.02 0.5 0.4 2 1 0.4 1 1 1 1 
64AL51000A LO 0.1 0.06 0.05 0.56 0.25 0.05 0.2 1 0.2 1 
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Table A-I is normally used (in combination with Table A-2) when repl~ing one logic family with another in an existing 
system. 

Table A-2 is normally used when originally designing a system which employs several TTL families to optimize 
performance. . 

SERIES 

54/7400 

54/7400 

54H/74HOO 

54lj/74HOO 

54LOO 

54LOO 

74LOO 

74LOO 

54L5/74LSoo 

54LSOO 

74LSOO 

545/74S00 

54S/74S00 

54AS/74ASOO 

54AS/74ASOO 

54ALS/74ALSOOA 

54ALSOOA 

74ALSOOA 

54ASlPOO 

54A51 000 

74AS1000 

74AS10oo 

54ALS1000A 

54ALSloo0A 

74ALS1000A 

74ALS10ooA 

'Input Current HI 

t Input Curent LO 

Table A-2. Fanout Capability (Output Currents Norm~ed to Input Currents) 

OUTPUT 
OUTPUT ORIVE NORMALIZED 

'00 'HOO 'LOO 'LSOO 'SOO 'ASOO 'AUiOOA 'AS1000 
I/O CURRENT 

·HI 0.04 0:05 0.01 0.02 0.05 0.02 0.02 0.02 
(mA) 

tLO 1.6 2 0.18 0.4 2 0.5 0.1 0.5 
HI 0.4 10 8 40 20 8 20 20 20 

LO 16 10 8 88.89 40 8 32 160 32 
HI 0.5 12.5 10 50 25 10 25 25 25 

LO 20 12.5 10 111.11 50 10 40 200 40 

HI 0.1 2.5 2 10 5 2 5 5 5 
LO 2 1.25 1 11.11 5 1 4 20 4 

HI 0.2 5 4 20 10 4 10 10 10 

LO 3.6 2.25 1.8 20 9 1.8 7.2 36 7.2 

HI 0.4 10 8 40 20 8 20 20 20 

LO 4 2.5 2 22.22 10 2 8 40 8 

LO 8 5 4 44.44 20 4 16 80 16 

H! 1 25 20 100 50 20 50 50 50 

LO 20 12.5 10 111.11 50 10 40 200 40 

HI 2 50 40 200 100 40 lOci 100 100 

LO 20 12.5 10 111.11 50 10 40 200 40 

I'll 0.4 10 8 40 20 8 20 20 20 

LO 4 2.5 2 22.22 10 2 8 40 8 

LO 8 5 4 44.44 20 4 16 80 16 

HI 40 1000 800 4000 2000 800 2000 2000 2000 

LO 40 25 20 222.22 100 20 80 400 80 
HI 48 1200 960 4800 2400 960 2400 2400 2400 

LO 48 30 24 266.67 120 24 96 480 96 

HI 1 ~5 20 100 50 20 50 50 50 

LO 12 7.5 6 66.67 30 6 24 120 24 

HI 2 65 52 260 130 52 130 130 130 

LO 24 15 12 133.33 60 12 48 240 48 

'ALS100011 

0.02 
0.1 

20 

160 

25 

200 

5 

20 

10 

36 

20 

40 

80 
50 

200 

100 

200 

20 

40 

80 

2000 

400 

2400 

480 

50 

120 

130 

240 
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Appendix B 
Letter Symbols, Terms, and Definitions 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council of 
the Electronics Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission (IEC) 
for international use. The definitions are grouped into sections applying to voltages, currents, switching characteristics, and 
<;lassification of circuit complexity. 

VOLTAGES 

Vm High-level input voltage 
An input voltage level within the more positive (less negative) of the two ranges of values used to represent the 
binary variables. A minimum value is specified which is the least-positive (most-negative) value of high-level input 
Voltage for which operation of the logic element within specification limits is guaranteed. 

VIL Low-level input voltage 
An input voltage level within the less positive (more negative) of the two ranges of values used to represent the 
binary variables. A maximum value is specified which is the most-positive (least-negative) value oflow-level input 
voltage for which operation of the logic element within specification limits is guaranteed. 

VT + Positive-going threshold voltage 
The voltage level at a transition-operated input that causes operation of the logic element according to specification: 
as the input voltage rises from a level below the negative-going threshold voltage, VT - . 

VT _ Negative-going threshold voltage 
The voltage level at a transition-operated input that causes operation of the logic element according to specification 
as the input voltage falls from a level above the positive-going threshold voltage, VT + . 

VOH High-level output voltage 
The voltage at an output terminal for a specified output current IoH with input conditions applied that according 
to the product specification will establish· a high level at the output. 

VOL Low-level output voltage 
The voltage at an output terminal for a specified output current IOL with input conditions applied that according 
to the product specification will establish a low level at the output. 

VO(on) On-state output voltage 
The voltage at an output terminal for a specified output current with input conditions applied that according to 
the product specification will cause the output switching element to be in the on state. 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 

VO(off) Off-state output voltage 
The voltage at an output terminal for a specified output current with input conditions applied that according to 
the specification will cause the output switching element to be in the off state. 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 

CURRENT 

1m High-level input current 
The current flowing into* an input when a specified high-level voltage is applied to that input. 

IlL Low-level input current 
The current flowing into * an input when a specified low-level voltage is applied to that input. 

"Current flowing out of a tenniilal is a negative value. 
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lOB High-level output current 

IO(om 

The current flowing irito * the output with a specified high-level output voltage VOH applied. 

Note: This parameter is usually specified for open-collector outputs intended to drive other logic circuits. 

Off-state output current 
The current flowing into * an output with a specified output voltage applied and input conditions applied that according 
to the prOduct specification will cause the output switching element to be in the off state. 

Note: This pararrietei' is usually specified for open-collector outputs' intended to drive devices other than logic circUits 
or for three-state outputs. 

lOS Short-circuit output current . 
The cUrrent flowing into* an output when that output is short-circUited to ground (or other specified potential) 
with input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential) . 

ICCH Supply current, output(s) high 
The current flowing into* the Vce supply terminal of a circuit when the reference output(s) is (are) at a high-level 
voltage. 

ICCL Supply current, output(s) low 
The current flowing into* the Vee supply terminal of a circUit when the reference output(s) is (are) at a low-level 
voltage. 

DYNAMIC CHARACTERISTICS 

fmax 

tLZ 

IItPHL 

Maximum clock frequency 
The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while 
maintaining stable transitions oflogic level at the output with input conditions established that shoUld. cause a change 
of output state with each clock pulse. 

Output diSable time (of a three-state output) from high level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from the defined high level to a high-impedance (off) state. 

Output disable time (of a thfee-state output) from low level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from the defined low level to a high-impedance (off) state. 

Propagation delay tUite, low-to-high-level output 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 

Propagation delay time, high-to-low-level output 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined high level to the defmed low level. 

tTLB Transition time, low-to-high-leveloutput _ 
Th~ time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing 
from the defined low level to the defined high level. 

tTHL Transition time, high-to-low-level output 
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing 
from the defined high level to the defined low level. 

tw Average pulse width 
The time between 50 % amplitude points (or other specified reference points) on the leading and trailing edges 
of a pUlse. 

·Current flowing out of a terminal is' a negative value. 
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th Hold time 
The time interval for which a signal or pulse is retained at a specified input terminal after an active transition occurs 
at another specified input terminal. 

trelease Release time 
The time interval between the release from a specified input terminal of data intended to be recognized and the 
occurrence of an active transition at another specified input terminal. 

Note: When specified, the interval designated "release time" falls within the setup interval and constitutes, in 
effect, a negative hold time. 

tsu Setup time 
The time interval for which a signal is applied and maintained at a specified input terminal before an active transition 
occurs at another specified input terminal. 

tZH Output enable time (of a three-state output) to high level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from a high-impedance (off) state to the defined high level. 

tZL Output enable time (of a three-state output) to low level 
The time between the specified reference points on the input and output voltage waveforms with the three-state 
output changing from a high-impedance (off) state to the defined low level. 

CLASSIFICATION OF CIRCUIT COMPLEXITY 

Gate equivalent circuit 
A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number 
of individual logic gates that would have to be interconnected to perform the same function. 

LSI Large-scale integration 
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 
context a major subsystem or system, whether logical or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. 

MSI Medium-scale integration 
A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem 
or system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more 
equivalent gates or circuitry of similar complexity. 

SSI Small-scale integration 
Integrated circuits of less complexity than medium-scale integration (MSI). 

*Current flowing out of a terminal is a negative value. • II) 
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IMPORTANT NOTICE 

Texas Instruments (Til reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. TI advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 

TI warrants performance of its semiconductor products, including SNJ 
and SMJ devices, to current specifications in accordance with TI's 
standard warranty. Testing and other quality control techniques are 
utilized to the extent TI deems such testing necessary to support this 
warranty. Unless mandated by government requirements, specific 
testing of all parameters of each device is not necessarily performed. 

In the absence of written agreement to the contrary, TI assumes no 
liability for TI applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
unde.r any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 
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INTRODUCTION 

NEED FOR ERROR CORRECTION 
With memory systems continuing to expand and the ex­
pectation of 256K DRAMs in the near future, it has 
become increasingly important that system designers 
consider error detection and correction. Generally, the 
larger the chip density, the greater the probability for 
device errors. It is easy to recognize this probability when 
one considers that a 32-bit X 64K memory, using 64K 
DRAMs, equates to approximately 2.1 million bits of 
information. This expands to 8.4 million bits of information 
when using 256K DRAMs. For memory sizes larger than 
1/2 million bits, it is generally considered that error 
detection and correction is required to guarantee high 
reliability. 

The SN54/74ALS632A, SN54/74ALS633 through 
SN54/74ALS635 provide a simple solution to these 
requirements in 32-bit machines. In addition, the 'ALS632A 
and ALS633 provide the necessary hardware to perform byte­
write operations which are typically used in the more 
advanced systems. To ensure the integrity of the error 
detection and correction circuit itself, diagnostic capabilities 
have been provided in all four devices. 

The 'ALS632A series devices are not limited to only 
32-bit systems. They can easily be, implemented in 16- or 
24-bit systems. In the case of 16-bit systems, the additional 
memory needed for holding the check bits can be reduced 
when compared to conventional16-bit EDAC's. 

The pin function table and mechanical data for the 
'ALS632A, ALS633 through 'ALS635 are shown 
respectively as Table I and Figure I. 

OPERATIONAL DESCRIPTION 

WRITE MODE 
During a memory write cycle, the EDAC is required 

to generate a 7-bit check word to accompany the 32-bit 
data word before being written into memory. To place 
the 'ALS632A, 'ALS633 through 'ALS635 in the write 
mode, simply take SI and SO low. Output enable controls 
OEBO through OEB3 for the 'ALS632A, 'ALS633, or OEDB 
for the 'ALS634, 'ALS635, must be taken high before the 
data word can be applied. Output enable control OECS must 
be taken low to pass the check word to the external bus. 

The check word will be generated in not more than 
48 ns· after the data word has been applied. The 'ALS632A 
series EDACs can be made to appear transparent to memory,. 
during the write mode, because typical write times of most 
DRAMs are much larger than the propagation delay of data 
to check word. 

*These times are based on SN74ALS632A data. 

READ-FLAG-CORRECT OPERA nON 
During a memory read cycle, the function of the 

'ALS632A series EDACs is to compare the 32-bit data word 
against the 7 -bit check word previously stored in memory. 
It will then flag and correct any single-bit error which may 
have occurred. Single bit errors will be detected through the 
ERR flag and double bit errors will be detected through the 
MERR. flag. Figure 2 shows a typical timing diagram of the 
read-flag-correct operation. 

When SO is taken high, the EDAC will internally 
begin the correction process, although it should be noted 
that the error flags are enabled while in the read mode. For 
many applications, the simplest operation can be obtained 
by always executing the correction cycle, regardless if a 
single-bit error has occurred. 

IMPORTANT TIMING CONSIDERATIONS FOR READ· 
FLAG-CORRECT MODE 

The most frequently asked question for an EDAC is 
how fast can a correction cycle be executed. Before SO can 
be taken high, the data and check word must be set up at 
least 10 ns·. In addition, the data and check word must be 
held for at least 15 ns· after SO goes high. This ensures the 
data and check word is saved in the EDAC;s input latches. 
After the hold time has been satisfied, the source which is 
driving the data bus can be placed in high impedance and 
the EDAC's output drivers can be enabled. This is 
accomplished by taking DEBO through DEB3 ('ALS632A, 
'ALS633) or DEDB ('ALS634, 'ALS635) low. 

If the minimum data set up time is used as a reference, 
and the output drivers are enabled after the minimum data 
hold time, then correction will be accomplished in not 
more than 58 ns·. 

READ MODIFY-WRITE OPERATIONS .. ., 
The'ALS632A and 'ALS633 contain the necessary 3 

hardware to perform byte-write operations. The' ALS634 
and 'ALS635 are not capable of byte-write operations . 
because they do riot contain an output data latch or 
individual byte controls. When performing a read-modify­
write function, typically the user would first want to 
perform the read-flag-correct cycle as discussed before, and 
shown in Figure 2. This ensures that corrected data is used 
at the start of the modity-write operation. 

The corrected data is then latched into the output 
data latch by taking LEDBD from low to high. Upon 
completing this, modifying any byte or bytes is easily 
accomplished by taking the appropriate byte control DEBO 
through 0EB3 high. This allows the user to place the 
modified byte or bytes back onto the data bus while 
retaining the other byte or bytes. An example of a read-
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This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

'ALS632A, ALS633 ••• JO PACKAGE 'AI.S634, 'ALS635 •••• JO PACKAGE 
(TOP VIEW) (TOP VIEW) 

LEOBO VCC MERR VCC 
ME'ii'R 51 ERR 51 

ERii 51). OBO SO 
OBO OB31 OBl OB31 
OBl OB30 OB2 0B30 
OB2 OB29 OBl OB29 
OB3 OB28 0B4 OB28 
0B4 OB27 OB5 OB27 
0B5 OB26 OEOB OB26 

OEBO OEB3 OBB 0825 
OBB OB25 OB7 OB24 
OB7 OB24 Gillo GNO 
GNO GNO OB8 OB23 
OB8 OB23 OB9 OB22 
OB9 01122 oBl0 OB21 

OEiil oBll OBlO 
OB;O OB12 OB19 
OBll OB20 OB13 OB18 
OB12 OB19 OB14 OB17 
OB13 OB18 OB15 oB16 
OB14 OB17 CB6 CBO 
OB15 OB16 CB5 tBl 

CBB CBO CB4 CB2 
CB5 CBl OECB CB3 

.CB4 CB2 
OECB CB3 

Ii Ii f A9 '''·-'1 
.!2§.:' - :~:~~~: -.1~ ~ ---I-

J~ 90. "9010'075)~:rh jt"52 10.060) 
MAX 1,0210.040) 

~~~10.Ol0) ~ 
2,54 10.100) T.P. 0,3810.015) 
PIN SPACING 
(See Note al 

~ DIM 
4B 62 

A ± 0,25 ·(0.010) 15,24 (0.600) 15,24 (0.600) 

BMAX 6.2.2 12.45) 67,3 (2.65) 

CNOM 16.0 (0.690) 15,010.590) 

ALL DIMENSIONS ARE IN MiLLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE: a. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

Figure 1. Mechanical Data for 'ALS632A, 'ALS633 through 'ALS63S 

5.1 10.200) 
MAX 

3.0510.120) 
MIN 



Table I. Pin Function for 'ALS632A, 'ALS633 through 'ALS63S 

PIN NAME DESCRIPTION 

Selects the operating mode of the EOAC 
Sl SO MODE OPERATION 
L L WRITE Input dataword and output checkword 
H L READ& FLAG Input dataword and output error flags 

S1,8O 
H H CORRECT Latched input data and checkword/output corrected 

Data and error syndrome code 
L H DIAGNOSTIC Input various datawords against latched 

checkword/output valid error flags 

DBa through OB31 1/0 port for entering or outputing data 

Three state control for the data 1/0 port. A high allows data to be entered, and 
WO through 0Es3 low outputs the data. Each pin controls S data liD ports (or one byte). OEiio 
(ALS632A, 'AL5633) controls DBa through OB7, OEBl controls DBS through DB15, OEB2 controls DB16 through 

DB23, and 0EB3 controls DB24 through DB31. 

OEDB Three state control for the data 1/0 port. When low allows data to outputed and a high allows 
(ALS634, ALS635) data to be entered. 

t:Ei5iio Controls the dataword output latch. When low, the data output latch is transparent. When high. the 
latch stores whatever data was setup at its inputs when the last low to high transistion occured on the pin. 

CSO through CS6 
1/0 Port for entering or outputing the checkword. It is also used to output the syndrome error code 
during the error correction mode. 

6ECs Three state control for the checkword 1/0 port. A high allows data to be entered and a low 
allows either the checkword or syndrome code (depending on EDAC mode) to be outputed. 

ERR Single error output flag, a low indicates at least a single bit error. 

MERR Multiple error output flag, when low indicates two or more errors present 

_READ--...-, ......... ----------coRRECT-------------..~I 
" I _ .. 'BI-----tt , I 1-__________________________________________________ -;' 

so -, I L.I ___ _ 

S1---~========~:::=========~-------------~ 'tcorraction lit _ .... "' __ .. 1.,__ : _'d',_ 
-------~I::::~~~~~~::::~'~~~~~::::::*'::~~~~~~~~~~~jl~2Z~~ ' __ __ DBO THRU DB31 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

I 
M---ten--f!f , 

OEio THRU 0ei3 , , ~I----------------------------------------~ 
~ .... 111---r-.h'.,~ '-""': 

CBOTHRUC~ ________ ~::~'!NP~U~T~C~H~E~Ck~WO~R~D::::~~~~~::::::J<:::!o~U~TP~U~T~S~Y~N~D~RO~M~E~C§O~D~E::::~~~~~----
~ten---ai 

0iCii I 

I---'pd-----l 
ERR w#4J%il9W//~...--------------V-A-lI-D"'ER=R=-F-L-AG----------------~)0~~"'70,..'!I,..'yr.t"?''7r6?'l,..0~~.,. 

~ 'pd ~ 
MERR W'&W&5YtJWd0-'MPA-------------V-A-L-'D""'M=E=R=R,.-F-LA-G--------------.... }0%;yAW0?1 

Figure 2. Read-Flag-Correct Timing Diagram 

modify·write for byte 0 is shown in Figure 3. Since the 
check word is no longer valid for the modified data word, a 
new one is easily generated by taking SO and Sl low. After 
the appropriate propagation delay, the new check word will 
be available. 

IMPORTANT TIMING CONSIDERATIONS FOR READ­
MODIFY WRITE OPERATIONS 

LEDBO should not be brought from low to high until 
45 ns· after SO goes high. Thi~ will ensure that corrected 
data is latched into the data output latches. On the other 
hand, LEDBO should be brought high no later than 0 ns* 
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before SO and SI goes low. Again, this is to ensure that the 
corrected data is stored into the data output latches. Also 
of importance is the new check word will be available no 
later than 48 ns* after SO and S I goes low. 

DIAGNOSTIC MODE OPERATION 
The purpose of the diagnostic mode is to provide the 

user with the capability of easily detecting when the EOAC 
or memory. is failing. There are several possibilities as to 
how a user might employ this feature, but Figure 4 shows a 
typical timing diagram of some diagnostics which can be 
performed with these devices. Generally, the user would 
first place the EOAC in the read mode (SO = L, SI = H), 
then apply a valid check word and data word. A valid check 
word is one in which the user knows what the associated 
data word. The user would next place the EOAC into the 
diagnostic mode by taking SO high, and SI low. This latches 
the valid check word into its input latches but leaves the 
data input latches transparent. To verify that the valid 
check word was latched properly, OECS can be taken low 
causing the valid check word to be placed back onto the 
bus. Since the data input latches remain transparent, this 
allows the user to apply various diagnostic data words 

14--- ",,8l--41 

against the valid check word. A diagnostic data word is 
one in which either a single or double bit error exists. In 
either case, the error flags should respond. The output data 
latch can be verified by taking LEOBO high and confirming 
the stored diagnostic data word is the same. This is made 
possible because error correction is disabled while in the 
diagnostic mode (SO = H, SI = L). Taking SI high and 
IiffiBo low will verify that the EOAC will correct the data 
word. Also, the error syndrome code can be verified by 
taking OECS low. It should be noted that only the 'ALS632A 
and 'ALS633 are capable of this pass through verification 
of the diagnostic data word. The 'ALS634 and 'ALS635 
do not have the output data latch required to perform this 
function. 

16-BIT SYSTEMS USING THE ALS632A SERIES EDACs 
The 'ALS632A series EOACs can reduce the memory 

size required in 16-bit systems where conventional 16-bit 
EOACs (6.check bits, 16 data bits) are presently used. 
Figure 5 shows the typical system architecture for the 
l6·bit EOAC. In this system, 88 devices would be required 
for the 22-bit X 256K memory array, assuming 64K ORAMs 
are used. It is easy to see that 27.3%, or 24 devices, are 

so: rl-------------------------------------,I 
I4---READ _I' CORRECT -it WRITE 

S1 --.J : I 
I I 
I OUTPUT CORRECTED DATA WORD I 

DeoTHRUDB7 ---< INPUT DATt WORD wx::::x >$) t 
I I 

INPUT"MOOIFIED BYTE 0 

088 THRU DB15 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

DB16 THRU DB23 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

0824 THRU DB31 INPUT DATA WOAD OUTPUT CORRECTED DATA WORD 

OEBO 

OEBl 
~ ______________________ ~I ____________ ~r_____ 

I 

L--------------------------------4~1 ________________ ~r_____ 
I 

~------------------------------~:r_-----------------Jr-----
it--.... '2l_ jt-.... l3l~ 

rn;;;o ..... ~""~"<"<~,..,..»\. ... ~ ..... ~"'"~ ... ~~ ..... ~"'~-~ M$&M'//I////WI/4': ~ 
1.-• ..--./ : 

~------------------------,l I r-------
~·--------------------~Ir_-------------JI 

CBOTHRU cae INPUT CHECK WORD OUTPUT SYNDROME CODE OUTPUT CHECK WORD 

\~ __________ V~A~L~'D~E~R~R~F=LA~G~ ________ _'I 

\1.. __ -----V~A~L~'D~M:::E~R~R~F=LA;::G~------i7 . 

Figure 3. Read-Modify-Write Operation 
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required for storing the check bits. When using the'ALS632A 
series EDACs, the memory required for the check bits can 
be reduced to 17.9%, or only 14 devices. This reduces the 
total number of DRAMs required by 10 devices. Figure 6 
shows the architecture when using the 32·bit EDAC. The 

four 'LS646s are used to group two 16-bit data words into 
one 32·bit data word. In addition, this type of system can 
be used in byte·write operations where the other system 
cannot. 

so 

81 

DBO THRU DB31 

L 
1'·15�]1-________________________ _ 

~----------------~,------~, I If--ttw(101---IJI 
1 I I 

NPUT VALID DATA WORD INPUT DIAGNOSTIC DATA WORD 

I I 1 

OUTPUT DIAGNOSTIC 
DATA WORD 

1 1 1 I I OIEBO------+-----------+----+-----; THRU 
OEB3 

LiDiiO 

coo 
THRU 

CBO 

i 1 
I 

t ... (7) !- -,- M tsul41 I 
1 I 

I 1 1 
I I I 

I I I 

~'h"2I----o1 --------~,------------------+---~ I 
I 

,....tsu(61~thll1l...., 

16-BIT 
CPU 

A 
V 
I'.. 

'II 

I 
I 
I I.--.... --M 
I 1 

OUTPUT VALID CHECK WORD OUTPUT SVNDROME CODe 

Figure 4. Diagnostic Mode Timing Diagram 
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CHECK·BITS 
6 X4 (64K DRAMs) 

NORMAL 16·BIT 
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16 X 4 (64K DRAMs) 

TOTAL MEMORY: 88 DEVICES 

Figure 5. 16-Bit System using Conventional 16-Bit EDAC 
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16-BIT 
CPU 

'LS646 

'LS646 

'ALS632A 

SERIES 

Figure 6. 16-Bit System using 32-Bit EDAC 

7 

MEMORY 
39-BIT WIDE BY 256K DEEP 

MEMORY FOR 
CHECK-BITS 
7 X 2 (64K DRAMs) 

32-BIT 
MEMORY 
32 X 2 (64K DRAMs) 

TOTAL MEMORY: 78 DEVICES 

Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 

Texas Instruments assumes no responsibility for infringement of patents or rights of others based on Texa~ Instruments applications assistance or product 
specifications, since TI does not possess full access to data concerning the use or applications of customer's products. TI also assumes no responsibility 
for customer product designs. 
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MEMORY MAPPING USING SNS4/74LS610 THRU SNS4/74LS613 

Author 
Thomas J. Tyson 

Contributors 
Deene Ogden, Jim Gallia and Dennis Frailey 

Low Power Schottky Applications Group 

INTRODUCTION 

Microprocessors, due to the advent of high density semi· 
conductor memories (Le., 64K or larger), are being used 
more and more in systems featuring memory structures 
larger than 64K bytes. The majority of the microprocessors 
in use or available today have a 16·bit address bus, with a 
maximum addressing capability of 64K words. Due to this 
limitation, some sort of memory mapping is necessary to 
adapt these microprocessors to applications where large 
memory structures are required. 

TMS9900 case). In order to access more pages, the memory 
mapper RAM array must be reloaded with 16 new page 
addresses. This is done by the microprocessor via the data 
bus with the mapper in the WRITE mode. (A more detailed 
description of the modes of operation will be given later in 
this report.) 

FUNCTIONAL DESCRIPTION 

A functional block diagram of the SN54/74LS6IO 
memory mapper, which consists mainly of: a 4-bit 2-to·I 
multiplexer, a 16 X 12-bit RAM array, a 12·bit 2·to·I 
multiplexer, 24 3·state buffers, control logic and in the case 
of '18610 and '18611, a 12·bittransparent latch, as shown 
in Figure 2. Table I lists the functional differences between 
the '18610, '18611, 'LS612, and 'LS613. Table II lists the 
function of each pin. 

Depending on the state of the input control signals 
(Le., ES, R/Y!, STROBE, MM, and ME), the mapper can be 
operated in three basic modes of operation, I/O (READ 

The memory mappers (SN54/74LS610 through 
SN54/74LS613) from TI were designed to alleviate this 
addressing limitation. These devices employ a paged memory 
mapping technique in expanding the system memory address 
bus by 8 bits, thus effectively increasing the system 
addressing capability by a factor of 28 or 256. For micro· 
processors with a 16·bit address bus (such as the Z-80, the 
8085 and the 6800), this results in an. increase in the 
maximum addressing capability from 64K bytes to 16M 
bytes and for the TMS9900 (which has a 15·bit address 
bus), the result is an increase from 32K words to 8M words 
(word = 2 bytes). 

or WRITE), MAP and PASS. An explanation of each mode 3 
and the control signals necessary to achieve that mode of 

In the mapping operation, the four MSBs of the 
microprocessor address word are used to access one of the 
sixteen 12·bit registers of the memory mapper's 16 X 12·bit 
RAM array. Each mapper register is capable of holding a 
12·bit address which will be termed the page address and 
will be used as the 12 MSBs of the memory address bus. 
The remaIning 12 bits (11 in the case of the TMS9900) of 
the microprocessor address bus will be transferred directly 
to memory from the microprocessor and will be used to 
address the memory locations within each page. (See 
Figure 1) 

The memory will be organized into 2x pages (where x 
equals the number of bits of the page address) with 2n- 4 

words or bytes (where n is the bit length of the micro· 
processor address bus) per page. Once loaded, the mapper 
can access only 16 pages or 64K bytes (32K words in the 

operation is given below: (Refer to Table III) 

Input/Output Mode 
In this mode a page address can be loaded either 

into a mapper register or can be read from a memory 
mapper register depending on the state of the R/W (READ/ 
WRITE) input. This input signal controls either the READ 
or WRITE function of the I/O Mode. 

WRITE Mode 
One of the sixteen 12·bit registers is loaded with a 

page address via the DO·D 11 I/O ports from the micro· 
processor. The address of the selected register is inputted 
via the RSO·RS3 inputs and is usually the four LSBs of the 
microprocessor address word. The chip select (CS), the 
strobe (STROBE) and RiW controls should all be low. 
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Table L Device Comparison MAP Mode 

Map OutpUll NIIP 
Device Latched Output Typo 

SN54/74LS610 Ves 3-5tate 

SN54/74LS6l1 Ves Open-<:ollector 

SN54/74LS612 No 3-$tete 
SN54/74LS613 No Open-eollector 

READ Mode 
The contents of one of the sixteen 12·bit registers is 

read from the mapper via the OO·D11 I/O ports. As in the 
WRITE mode, the mapper register is selected by the address 
on the RSO·RS3 inputs. Again chip select (CS) should be 
low, while the R!W should be kept high. 

The contents of one of the sixteen 12·bit memory 
mapper registers is outputted to the system address bus via 
the MOO·MOll outputs. The address on MAO·MA3 selects 
the mapper register and is usually the four MSBs of the 
microprocessor address word. the chip seiect (CS) must 
be inactive (high), the map mode (MM) control and the 
map eriable (ME) must both be active (low). The n-4 
LSBs, where n equals the microprocessor address bit length, 
of the microprocessor address bus will be transferred directly 
to memory from the microprocessor, while the remaining 
12 MSBs of the system address bus will be driven onto the 
bus by the memory mapper. 

Table II. Pin Functions 

Pin Pin Name Functlo",,1 D_rlptlon 

7·12 DO thru 011 110 connections to dati and control bus uled for raadlng from and writing to 
29..:14 tha ma .. raglster satected by RSO.RS3 wh.n CS is low. MOda coritrolled by RiW. 

(DO corresponds to MOO and is the moot .igRifit;arlt bit.) 

36,38,1,3 RSOthru RS3 Raglstar satect inpUts for 110 operitions. (FlS3 Is the I .. st Significant bit,) 

6 RIW Raad or writ. control uled in 110 operations to select tha condition of ttie data 
bus. When high, the date bus outputsara activa for reeding the map ragister. 
When low, the data bus is used to writa into the register •. 

5 STROBE Strobe input uled to ,ntar data into the .alectid map ragist.r during 1/0 
op .... tlons. 

4 CS Chip select inpUt. A low Input level .ilects the memory mipper (a.suming more 
than oni uled) for an I/O operation. 

35,37,39,2 MAOthru MA3 Map addr ... Inpull to seiact on. of 16 map ragistari wh.n in m,.. mode (MM low 
and CS high). (MA3 is thilla .. t significant bit.) 

14·19 MOO thru MOll Map outputs. Prasent the map ragistar contants to the systam niamory address 
22·21 bu. in the map mode. In the pa" modo, thasa outputs provide tlie mop address 

data on MOS-M011 and low levelS on MOO·M01. (MOll Is thallOst 
significarlt bit.) 

13 !\liM Map mod. input. Whan low, 12 bits of data are tra"$terrad from the salected 
map ,oiJistar to tha map output., When high (pass modal, tho four bill presant 
on the map address Inputs are passed to tha map outputs, 

21 ME Map .nabl. for tho map outputs. A low I"al allows tha outputs to be active while 
a high inpUt level puts the outputs at high impadanca. 

28 C Latch eneble input for the 'LS610 end 'LS611 (no internal connection for 'LS612 
and 'LS613). A high level will transparantly pass data to the map outputs. A low 
level will latch the outputs. 

40,20 VCC,GND Power IUpply (5 V) and network ground (lUbstrate) pins. 
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Table Ill. Modes o[ Operation 

MAPPER 110 
iNPUTS WRITE (LOADI READ (VERIFYI ' MAP PASS 

C§ ACtive (Low) ACtive (Low) Inactive (High) Inactive (High) 

STROliE ACtive (Low) Don't Care Don't Care Don't Cere 

RJW Low High Don't Care Don't Cere 

MM Don't Cere DOn't Cere Active (Low) Inactive (High) 

Me Inactive (Highl Inactive (High) Active Active 

RSO-RS3 Address of Address of Don't Cere Don't Care 
Selected Register Selected Register 

MAO,MA3 Oon't Cere Don't Care Address of Address of 
Selacted Register Selected Register 

Moo-M011 High Impedance High Impedance Velid Address Valid Address 

00-011 Register contents Register contents Input Mode Input Mode 
to be loaded (input) to be read (output) 

PASS Mode 
The four LSBs (M08-MOll) of the memory mapper 

address bus (MOO-MOll) will be the same a. the address 
on the MAO-MA3 input bus, while the remaiirlng eight 
MSBs of the memory mapper address bus Will all be low. 
The chip select (CS) aild the I!lBP ,mode (MM) should both 
the inactive (high); map enable (ME) should be active. Irt 
other words, the address on the system addresS bus will be 
the same as the address outputted by the microprocessor, 
and the memory mapper becomes transparent to the ~stem. ' 

SYSTEMS INTEGRATION 

The flexibility of the memory mapper is such that it 
can be used with microprocessors that have either an 8-bit 
or' a 16.bit data bus. In order to use the memory mapper 
to its Jullest potential (i.e., expand the addresS bus by eight 
bits) with an 8-blt microprocessor, the 12·bit page address 
must be multiplexed into the mapper via the 8-bit data bus. 
This means that the time it normally takes to load or read 
the memory mapper will be at lell$t dC;lUbled and extra 
external circuitry Will be necessary. If the requirement of 
the ~stem is such that the address bus needs to be increased 
by only four bits" then there is no need for multiplexing in 
the page address. Of course this means that the ailcWiss bus 
is expanded to only 20 bits resulting in a l-megabyte 
addressing capability. Next in this report, we Will look at 
two 8·bit ~stems utllizlng the 'LS612 memorY mapper. 

TMS999S-Based System 
Figure 3 shows a TMS9995-1>ased ~stem using the 

'LS612 to expand the address bus by four bits. The 
tMS9995 is an 8-bit microprocessor with a 16-1>it address 
bus. This system employs the Programmable System 
Interface (i'MS990 I) to control the operation of the mapper. 
The control of the mapper is software programmable via 
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the I/O ports of the TMS990 1. Since the mapper registers 
are viewed as part of the logical memory space, an address 
decode (ADO) of the 12 MSBs is gated with a CRU bit to 
select the mapper for a READ or WRITE operation. The 
specific mapper register is then seillcted by the foUr LSBs of 
the microprocessor address bus (AI5-AI2) via the RSO-RS3 
inputs of the mapper. Table IV shows the state of the three 
control signals PO, PI and ADO and the corresponding 
mode of operation of the mapper. When piliced in the I/O 
mode, the READ or WRITE operation is then contiolled 
by memory' signals from the microprocessor (i.e.; WE/ 
CRUCLK, MEMEN, and DB IN). On POWER-UP and 
RESET, the I/O ports of the '9901 are put into the input 
mode. The pull-up resistors lU and R2 Will ensure the 
mapper is placed in the pass mode during POWER-UP and 
RESET. The resultant address bus is 20 bits wide, and 
SAI9 is the LSB. 

Z-80-Based System 
Figure 4 shows another 8-blt (Z.80-based) ~stem 

us\ng the TI memory mapper. In this case, the control of 
the mapper is implemented by two flip-flops feeding MM 
and <:S. These flip-flops are progranirned by the Z-80 aild 
are addressed by the data bus, DO-D1. Table V shows the 
necessary states of DO and D I to Set the mapper in its 
proper mode of operation. Again during POWER-UP or 
RESET, the t'llp-flops are both cleared by RST, which is 
supplied by the ~stem and which puts the mapper in the 
pass mode. 

Table IV. TMS9900j'LS61O Control Signals 

MEMORY MAPPER CONTROL SIGNALS 
.MODE OF OPERATION P1 Po ADO 

MAP L H L 
PASS H H L 

I/O H L L 
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Table v. Z-80/LS'610 Control Signals 

CONTROL SIGNA!-S MEMORY MAPPER 

DO Dl (ADO) lORa IIIIODE OF OPERATION 

L L t PASS 

H L t MAP 

L H t 1/0 

TMS9900-Based System 
One Qf the limitations of using an 8·bit microprocessor 

with the memory mapper, without mllitiplexing the page 
address, Is that the address bus can Qnly be expanded four 
bits. In a l6·blt system, one based on a l6-blt micro· 
processor like the TMS9900,no extra circuitry is necessary 
to load the mapper with the full l2-bit address. Figure 5 
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shows a TMS9900 with an SN54/74LS612 for memory 
mapping. The cQntrol of the mapper is implemented In the 
same fashion as the system using the TMS9995 mentioned 
previously In the report. The resultant addressing capability 
Is eight megawQrds. These TI microprocessors have set aside 
address 'space for RESET, XOP and INTERRUPT 
VECTORS, . which are addressed when the !Uicroprocessor 
performs 'a context switch. During a context switch, the 
microprocessor must be able to address these locations 
which ~e part of the logical address (i.e., locations that are 
capable of being addressed by the microprocessor Indepen· 
delltly). Qnemethod, besides placing the mapper Into the 
pass mode, is to load the memory mapper register whose 
4-blt address is OR 'with the address of the fIrst page of 
physical memory. This, like the pass mode, will effectively 
make the memory mapper appear to be transparent. 
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Figure 5_ TMS9900 with Memory Mapper 

Another point worth noting is that in all three of the 
previously mentioned systems, the ME input was always 
connected to ground_ This. caused the mapper address 
buffers to be enabled during all modes of operation of the 
mapper. This is only a problem during the I/O mode where, 
when loading the mapper register, other memory locations 
are also being written into. The method used to avoid 
destroying data already in memory was to put the mapper 
into the pass mode during the I/O operation. This was 
accomplished simply by pulling MM input high, thus 
making the system address equal to the microprocessor 
address. 

MuItimapper Systems 
In a system employing a single memory mapper, the 

maximum active addressing capability is only 16 pages, if 
increased addressing capabilities are needed, the mapper 
must be reloaded_ To avoid this procedure, another mapper 
may be added to the system_ This will not increase the 
overall addressing capability of the system, but it will 
double the amount of active pages and will also afford 
twice the active addressing capability_Even though the 
control of two mappers is a little more detailed than the 
control of one, the same basic methods employed in the 
systems with one mapper can be used here_ 
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TIMING 

The subject of how the mapper affects the critical 
timing parameters of the memory READ/WRITE cycles 
and what changes, if any, are needed to accommodate the 
mapper, have not been discussed in this report. First, 
looking at the I/O mode of operation where the mapper 
registers are either loaded or read from, it is seen that the 
mapper registers can be regarded as standard common 
I/O, static RAMs, with maximum access times (RS to valid 
MO, TA = 25°C, CL = 50 pF, Vee = 5 V) of 75 ns. Once 
the I/O mode is set (CS = low), the only two signals 
necessary to read or write into the mapper are STROBE 
and RiW. As shown in the previously mentioned system, 
these signals were supplied directly from the micro­
processor with no wait states neC/lssary. to perform either 
function. This will be the case with most microprocessors. 

In the MAP and PASS mode, the main concern is 
the maximum access time (MA to MO). This access time is 
specified at a maximum of 70 ns, which, depending on the 
timing of the microprocessor and the memory used, mayor 
may not cause any problems. In the Z-80-based system, no 
wait states were introduced by the mapper because the 
memory control signals become active 95 ns after the 
microprocessor address bus became valid. This gives the 
address bus sufficient time to settle down. 

In conclusion, it can be said that for most micro­
processors and memory available at the time of this writing, 
the operation of the mapper does not adversely affect the 
memory cycle timing and is flexible enough to be used with 
almost all microprocessors. 

SUMMARY 

The possible uses of the memory mapper and the 
various techniques that can be employed to control its 
operation are numerous and only some examples were 
shown in this report. Some of the other possible applications 
of the mapper include: (1) achieving system addressing 
capability greater than 16 megabytes is accomplished by 
reducing the number of mapper registers used by a factor 
of 2, thus increasing the size of each page by the same 
factor of 2 without affecting the total amount of pages; 
(2) being used in systems employing DMA; (3) memory 
protection which can be accomplished by sacrificing one 
Of two bits of the page address, and gating these bits with 
the memory control signals. 

Another technique that may be employed in 
controlling the modes of operation of the mapper is to use 
PROMs. 

Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 

Texas Instruments assumes no responsibility for infringement of patents or rights of others based on Texas Instruments applications assistance or product 
specifications, since TI does not possess full access to data concerning the use or applications of customer's products. TI also assumes no responsibility 
for customer product designs. 
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IMPORTANT NOTICE. 

Texas Instruments (TI) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. TI advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 

In the absence of written agreement to the contrary, TI assumes no 
liability for 11 applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of 11 covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 
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Section 1 

Introduction 

Bit-slice technology has gained widespread acceptance 
among CPU designers over the past several years as a means 
of increasing system speed and reducing the discrete logic 
needed for CPU construction. TI's recent entries on the 
market, the SN74AS888 8-bit processor slice and its 
companion microsequencer, the SN74AS890, increase 
processing throughput per unit area to an extent never before 
realized in bit -slice systems, making them well suited to the 
construction of high-speed systems with flexible instruction 
sets. 

This is the first in a series of application books 
addressed to users of TI' s bit-slice products. It discusses ways 
to take advantage of the 'AS888/'AS890's increased speed 
in the areas of CPU design and floating point processing, 
compares their performance with similar products, and 
presents a means of achieving optimum speed by adding an 
adaptive clock circuit to an 'AS8881 'AS890 system. Also 
included is a 2910 emulator, which allows users to take 
advantage of the 'AS890's increased speed and greatly 
expanded addressing range, while still retaining existing 2910 
software. Brief abstracts of the papers in this volume are 
given below. 

Section 2, "2910 Microprogram Contruller Emulation 
using the 'AS890 Microsequencer," converts the 16 
instructions of the 2910 into 'AS890 commands, using 
programmable array logic (PALs) for fast emulation. By 
using the emulator, accessible microcode store can be 
quadrupled from 4,096 to 16,384 memory locations, and 
advantage can be taken of the 'AS890's deeper stack. 

Section 3, "Minimum Cycle Time Delay Calculations 
for a 16-Bit System," examines some timings for systems 
using TI's 'AS888-1I'AS890-1, AMD's Am290ICI2910A, 

and AMD's Am2903A12910A. Four cases are considered: 
addition, addition followed by a shift of the result, unsigned 
integer multiplication and unsigned integer division. 

Section 4, "32-Bit CPU Design with the 
'AS8881 'AS890," takes a look at constructing a central 
processing unit by cascading four 'AS888s to form a 32-bit 
ALU and the 'AS890 sequencer to address a control store 
containing the system microcode. Microcode and assembly 
code are given for an instruction fetch routine and for 
unsigned multiplications. 

Section 5, "An Adaptive Clock Generator to Increase 
'AS888 System Speed," uses an adaptive circuit to generate 
clock pulses for an 'AS888-based system. The clock cycle 
length is optimally matched to the propagation delay of the 
'AS888 for each individual instruction, further increasing 
the speed of the system. The circuit is linked to the 'AS888 
with a PROM that decodes 888 instructions into cycle 
lengths. A BASIC program calculates instruction lengths and 
generates a file that can be transmitted to a Data 110 PROM 
programmer. 

Section 6, "Floating Point Design using the 
'AS8881 'AS890, " provides a model for floating point system 
design, illustrating the step by step development of a utility 
to compute sin(x). By developing a sin(x) algorithm, a 
microprogram is generated and hardware requirements are 
identified in an interactive manner. 

The application notes in this volume were prepared by 
the following members of VLSI Systems Engineering: 

Bob Myers (Sections 3 and 4) 
Richard Nawrocki (Section 2) 
Rick Noblitt (Sections 5 and 6) 
Please contact the authors at 214/995-4720 if you need II 

additional information. 
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Section 2 

2910 Microprogram Controller Emulation using the 'AS890 Microsequencer 

The 'AS890 microsequencer, with its powerful 
instruction set, can be microprogrammed to emulate the 
popular 2910 microprogram controller. By converting the 
16 instructions of the 2910 into the appropriate 'AS890 
commands, 2910 users can both quadruple accessible 
microcode stOre from 4,096 to 16,384 memory locations and 
take advantage of the 'AS890's deeper stack, while retaining 
existing microprograms and preserving prior investments in 
software without loss of system performance. Programmable 
Read Only Memory (PROM) can be used to implement the 
system, or TI's Programmable Array Logic PAL® can be 
selected for faster emulation. 

EMULATOR CONFIGURATION 
The DRB inputs of the 'AS890 are used as the 2910 

emulator's D (direct data) inputs. iSRP and JRP (2910 
instructions 5 and 7) conditionally select the counter/register, 
requiring the counter/register contents to be available through 
the Y-output multiplexer. The 'AS890 does not directly 
support this function, but it can be accomplished by enabling 
either the DRA or DRB ports as an output and selecting the 
appropriate path through the Y -multiplexer. 

JSRP and JRP also require that direct data input and 
existing register/counter contents be available at the Y­
multiplexer concurrently. The emulator uses direct data port 
DRA and register/counter A for this purpose. Two 74AS244 
buffers are used to isolate DRA from DRB so that 
register/counter A can be loaded from the Direct Data input 
and DRA can be used to send the register/counter's contents 
to the Y -multiplexer. 

Figure 2-1 shows the configuration of the 2910 
emulator. To provide fast propagation delays, two 
TffiPALl6L8-15s, with a maximum propagation delay of 
15 ns, are used for the control PALs. Because the 
TIBPALl6L8-15 will only accommodate seven product 

terms and eight were required for the condition code input 
to the 'AS890, it is driven by two outputs of the control PAL. 
These outputs are selectively enabled using the CCEN input 
(see Programs 2-1 and 2-5 for detailed PAL equations). 

Typical switching delays for the 2910 emulator are 
summarized in Table 2-1. 

MICROINSTRUCTION CONVERSION 
Table 2-2 lists Y-multiplexer, stack and register control 

encodings that can be used to convert the 2910 instruction 
set into 'AS890 microinstructions. The effect of these 
encodings on the Y -multiplexer, stack and register controls 
is shown in Table 2-3. Data from Table 2-2 was used as input 
to a universal program logic compiler to produce the 
emulator's two control PALs. Files generated for each PAL 
by the compiler include: 

1. a logic description file 
2. a listing of expanded product terms and fuse 

map 
3. simulation results 
4. a JEDEC file. 

These are reproduced at the end of this application note. 
The CUpLlM software used to develop the PALs is available 
from Texas Instruments or from Assisted Technology, Inc., 
San Jose, CA. 

2910 EMULATION DIFFERENCES 
The architecture of the 'AS890 does not lend itself to 

a complete emulation of the 2910 controller. Differences are 
noted below. 

Loop Counts 
The 2910 register/counter is tested for a zero value 

prior to decrementing and branching on conditional loops. 
The counter is usually loaded with a value that is one less 

Table 2-1. Typical Switching Characteristics 

SET-UP AND HOLD TIMES COMBINATIONAL DELAYS 

TO 

FROM PL,MAP 
INPUT Ts Th Y VECT FULL 

0- R (lnst. = 5,7) 15 0 DO-O 13 (lnst. = 5,7) 15 
0- R (lnst. # 5,7) B 0 DO-D 13 (lnst. # 5,7) 8 
D - Pc (lnst. = 5,7) 28 0 10-13 (lnst. = 5,7,9) 27 10 
D - Pc (lnst. # 5,7) 20 0 10-13 (lnst. # 5,7,9) 22 10 
13·10 36 0 CC 22 
CC 36 0 CCEN 22 
CCEN 36 0 CP 18 25 
CI 12 0 CP (I = 8,9,F & CNTR = 2) 24 25 
RLD 36 0 OE B 
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ORB 
MUX2-MUXO INT 

RlD TIBPAl RBOE 

CC 16lB-15 S2-S0 
VOE OE 

RAOE 

CCEN RAOE 
SN74ASB90 ZERO NC 

CCout 
B3-8o 
OSEl 

TIBPAl 

16lB-'5 
RC2-RCO RC2-RCO CK 

INC V 

FUll 

1/674AS04 
ji[ 

CI 

CP 
V 

Figure 2-1. 2910 Emulator Block Diagram 

than the desired loop count. The 'AS890 tests for a one prior 
to decrementing. Therefore, the 2910 emulator requires that 

, the actual loop count, rather than loop count minus one, be 

3 loaded into the register/counter. 
Three of the 2910 instructions (RFCT, RPCT, and 

TWB) execute once and terminate the counter decrement 
when a zero is found in the register/counter. The emulator 
requires a one in the register/counter. to execute these 
instructions and terminate the counter decrement. Loading 
a zero into the register/counter before decrementing will 
cause the emulator to loop 16,384 times. 

Register Loading 
Using the 2910's register load (RLD) input during a 

JSRP or JRP instruction allows external data to be input to 
the register/counter while the current value in the 
register/counter is output on the Y -bus. This is not the case 
with the 'AS890, where an external value placed on DRA 
for input to the register/counter will also be sent to the Y-

3-76 

multiplexer outputs. A register load using the emulator must 
therefore be implemented independently of the JSRP or JRP 
instructions. 

Stack Full Indication 
The 'AS890 stack is nine levels deep, compared to the 

2910's five-level stack. The 2910 signals that all five levels 
of the stack are used by setting FULL low. The emulator's 
FULL signal is set to zero when its eighth stack location is 
used, indicating that only one location remains available. A 
low value will also appear at the FULL output when a stack 
pop- is to be executed and the stack is empty. 

Data Path Widths 
Because the 'AS890 supports 14-bit data paths instead 

of the 2910's 12-bit paths, the number of address locations 
that can be accessed by the emulator can be expanded from 
4,096 to 16,634 locations. 

PAL is a registered trademark of Monolithic Memories Inc. 



Table 2-2. 'AS890 Encodings for Am2910 Instructions 

CCEN = LOW and CC = HIGH CCEN = HIGH or CC = LOW. 

13-10 MNEMONIC NAME CCOUT RC 5 MUX CCOUT RC 5 MUX 

0 JZ JUMP ZERO H LLL LLL HHH H LLL LLL HHH 

1 CJS CONO JSB Pl H LLL HLH HHH L lLL HLH HHH 

2 JMAP JUMP MAP H LLL HHH HLL H LLL HHH HLL 

3 CJP CONO JUMP PL H LLL HHH HHH L lLL HHH HHH 

4 PUSH PUSH/CONO LO CNTR H LLL HHL HHH H LHL HHL HHH 

5 JSRP CONO JSB R/Pl L LLL HHL HLL H Lll HHl Hll 

6 CJV CONO JUMP VECTOR H LLl HHH HHH L LLL HHH HHH 

7 JRP CONO JUMP R/PL L llL HHH· HLL H Lll HHH Hll 

8 RFCT RPT LOOP, CNTR + 0 l lLH LHl lLH L LLH LHL LLH 

9 RPCT RPT lOOP, CNTR + 0 L lLH HHH HLL L LLH HHH HlL 

A CRTN CONO RTN H lLl lHH lHH L lLl LHH lHH 

B CJPP CONO JUMP PL & POP H LLL LHH HHH L lLL LHH HHH 

C LOCT LD CNTR 7 CONTINUE H lHL HHH HHH H LHl HHH HHH 

0 LOOP TEST END lOOP L LLL lHL lHH H LLL LHL LHH 

E CONT CONTINUE H LLL HHH HHH H lLL HHH HHH 

F TWB THREE-WAY BRANCH L llH lHl lHH H llH LHL LHH 

Table 2-3. Effect of Table 2-2 Encodings on 'AS890 Control Signals 

CCEN = LOW and CC = HIGH CCEN = HIGH or CC = LOW 

13-10 MNEMONIC NAME ZERO CCOUT RC S MUX CCOUT RC 5 MUX 

0 JZ JUMP ZERO H Hold Reset 0 H Hold Reset 0 

1 CJS CONO JSB Pl H Hold Hold MPC L Hold Push ORB 

2 JMAP JUMP MAP H Hold Hold ORB H Hold Hold ORB 

3 CJP CONO JUMP PL H Hold Hold MPC l Hold Hold ORB 

4 PUSH PUSH/CONO lO CNTR H Hold Push MPC H loadA Push MPC 

5 JSRP CONO JSB R/PL L Hold Push ORA H Hold Push ORB 

·6 CJV CONO JUMP VECTOR H Hold Hold MPC l Hold Hold ORB 

7 JRP CONO JUMP R/PL L Hold Hold ORA H Hold Hold ORB 

L L OecA Hold STK L OecA Hold STK 
8 RFCT RPT LOOP, CNTR + 0 

H l OecA Pop MPC L OecA Pop MPC 

l l OecA Hold ORA l OecA Hold ORA 
9 RPCT RPT LOOP, CNTR + 0 

H L OecA Hold MPC l OecA Hold MPC 

A CRTN CONO RTN H Hold Hold MPC L Hold Pop STK 

B CJPP CONO JUMP PL & POP H Hold Hold MPC L Hold Pop ORB 

C LOCT lO CNTR 7 CONTINUE H LoadA Hold MPC H LoadA Hold MPC 

0 LOOP TEST END LOOP L Hold Hold STK H Hold Pop MPC 

E CONT CONTINUE H Hold Hold MPC H Hold Hold MPC 

L l OecA Hold STK H OecA Pop MPC 
F TWB THREE-WAY BRANCH 

H L OecA Pop ORB H Hold Pop MPC 

ENABLE 

PL 

PL 

MAP 

PL 

PL 

Pl 

VECT 

Pl 

Pl 

PL 

PL 

PL 

Pl 

Pl 

PL 

PL 

ENABLE 

PL 

PL 
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Pl 

PL 

PL 
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PL 

Pl 

PL 

PL 

Pl 

PL 

PL 

PL 

Pl 

PL 
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Program 2-1. Logic Equations Used to Generate Emulator PAL 1 

CUPL·VERSION 2.02A COPYRIGHT (c) 1983.84.85 ASSISTED TECHNOLOGY. INC. -- LISTING 

SOURCE FILE: B:2910EM 

1: 

DEVICE: p16L8 

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: 
32: 
33: 
34: 
35: 
36: 
37: 
38: 
39: 
40: 
41: 
42: 
43: 
44: 
45: 
46: 
47: 
48: 
49: 
50: 
51: 
52: 
53: 
54: 
55: 
56: 

PARTNO 
NAME 
DATE 
REV 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 

2910EM ; 
'74AS890/2910 EMULATOR PAL 1 
04/04/85 ; 
01 ; . 
RICHARD D. NAWROCKI 
TEXAS INSTRUMENTS 
00001 ; 
UI00 ; 

/******************************************************************/ 
/* */ 
/* THIS DEVICE GENERATES CONTROL SIGNALS FOR THE '74AS890 */ 
/* EMULATION OF THE 2910 MICROPROGRAM CONTROLLER. */ 
/* */ 
/* ALLOWABLE TARGET DEVICE TYPES: PAL16L8A */ 
/******************************************************************/ 

/** INPUTS **/ 

PIN [1_.41 = [10 .. 3] 
PIN 5 = RLD 

/** OUTPUTS **/ 

PIN 19 = RAOE ; 
PIN [18._16] = [MUXO .. 2]; 
PIN [15_.13] = [SO •. 2] 
PIN 12 = EN-244 

/* 2910 INSTRUCTION CODE 
/* 2910 REGISTER LOAD 

/* 74AS890 DRA OUTPUT ENABLE 
/* 74AS890 MUX_Y CONTROL 
/* 74AS890 STACK CONTROL 
/* 74AS244 OUTPUT ENABLES 

/** DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS **/ 

FIELD INSTRUCTION = [13_.0] 
FIELD STACK [S2 __ 0] 
FIELD·Y_MUX [MUX2 __ 0] 

/** LOGIC EQUATIONS **/ 

tRAOE INSTRUCTION: 15. 7] & RLD ; 

tEN-244 INSTRUCTION:IO .• 4.6.8_.F] # (INSTRUCTION:15.7] & !RLD) 

STACK INSTRUCTION:1 & 'H'5 
# INSTRUCTION:l2.3.6.7.9.C,E] & 'H'7 
# INSTRUCTION:14.5] & 'H'6 
# INSTRUCTION:l8.D.Fl & 'H'2 
# INSTRUCTION:lA.B] & 'H'3 I 

Y_MUX INSTRUCTION:IO.1.3.4.6.B.C.E] & 'H'7 
# INSTRUCTION:12.5.7.9] & 'H'4 
# INSTRUCTION:8 & 'H'l 
# INSTRUCTION:IA.D.F] & 'H'3 ; 

*/ 
*/ 

*/ 
*/ 
*/ 
*/ 

JEDEC FUSE CHECKSUM (7103) 
JEDEC TRANSMIT CHECKSUM (259E) 
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Program 2-2. Expanded Product Terms, Symbol Table and Fuse Plot for Emulator PAL 1 

CUPL 
DEVICE 
PARTNO 
NAME 
REVISION 
DATE 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 

2.02A 
p16L8 DLIB-c-18-5 
2910EM 
'74AS890/2910 EMULATOR PAL 1 
01 
04/04/85 
RICHARD D. NAWROCKI 
TEXAS INSTRUMENTS 
00001 
U100 

=============================================================================== 

EN.-244 -> 
13 

# ! 12 &! 13 
# !IO & 12 & !13 
# 10 & 12 & !13 & !RLD 

INSTRUCTION -> 
13 • 12 11. 10 

MUXO -> 
10 & 12 &! 13 

# !IO & 11 & !12 & !13 
# 10 & !11 & !12 & 13 

MUX1 -> 
10 & 12 &! 13 

# !II & !12 & 13 
# !IO & 11 & !12 & !13 

MUX2 -> 
! 10 &! 12 & 13 

# 10 & 12 & 13 

RAOE -> 
10 & 12 & !13 & RLD 

SO -> 
10 & ! 11 & 12 

# !IO & !11 & !I3 
# 10 & 12 & 13 
# !IO & !I1 & !I2 

Sl -> 
!I1 & !I2 & !I3 

S2 -> 
11 & !I2 & 13 

# !IO & !I1 & !I2 
# 10 & 12 & 13 

STACK -> 
S2 • Sl • SO 

YJ1UX -> 
MUX2 • MUX1 MUXO 

EN.-244.0E -> 
1 

MUXO.OE -> 
1 

MUXl.OE -> 
1 

MUX2.0E -> 
1 

EXPANDED PRODUCT TERMS 

RAOE-OE -> 
1 

SO.OE -> 
1 

Sl.oE -> 
1 

S2.0E -> 
1 

• II) 
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Program 2-2. Expanded Product Tenus, Symbol Table and Fuse Plot for Emulator PAL 1 (Continued) 

=============================================================================== 
SYMBOL TABLE 

=============================================================================== 

POL NAME EXT PIN . TYPE USED MAX 

EN--244 12 V 4 7 
10 1 V 
11 2 V 
12 3 V 
13 4 V 
INSTRUCTION 0 F 
MUXO 18 V 3 7 
MUXI 17 V 3 7 
MUX2 16 V 2 7 
RAOE 19 V 1 7 
RLD 5 V 
SO 15 V 4 7 
SI 14 V 1 7 
S2 13 V 3 7 
STACK 0 F 
LMUX 0 F 
EN--244 OE 12 D 1 1 
MUXO OE 18 D 1 1 
MUXI OE 17 D 1 1 
MUX2 OE 16 D. 1 1 
RAOE OE 19 D 1 1 
SO OE 15 D 1 1 
Sl OE 14 D 1 1 
S2 OE 13 D 1 1 

LEGEND D DEFAULT VAR F FIELD I INTERMEDIATE VAR 
U UNDEFINED V VAR X EXTENDED VAR 
N NODE M EXTENDED NODE 

=============================================================================== 
FUSE PUiT 

=============================================================================== 

PIN #19 
0000 --------------------------------
0032 --x-x----x--x-------------------
0064 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0096 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0128 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0160 ·xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0192 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0224 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN #18 
0256 --------------------------------
0288 --x-x----x----------------------
0320 x--x-x---x----------------------
0352 -xx--x--x-----------------------
0384 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0416 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0448 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0480 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN #17 
0512 --------------------------------
0544 --x-x----x----------------------
0576 -x---x--x-----------------------
0608 x--x-x---x----------------------
0640 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0672 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0704 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0736 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN #16 
0768 --------------------------------
0800 ---x-x--x----------------~------
0832 --x-x---x-----------------------
0864 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0896 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0928 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0960 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0992 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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Program 2-2. Expanded Product Terms, Symbol Table and Fuse Plot for Emulator PAL 1 (Continued) 

PIN #15 
1024 --------------------------------
1056 -xx-x---------------------------
1088 -x-x-----x----------------------
1120 -~x-x---x-----------------------
1152 -x-x-x--------------------------
1184 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1216 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1248 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

PIN #14 
1280 --------------------------------
1312 -x---x---x----------------------
1344 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1376 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1408 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1440 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1472 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1504 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

LEGEND X FUSE NOT BLOWN 
- : FUSE BLOWN 

PIN #13 
1536 --------------------------------
1568 x----x--x-----------------------
1600 -x-x-x--------------------------
1632 --x-x---x-----------------------
1664 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
1696 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
1728 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
1760 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

PIN #12 
1792 --------------------------------
1824 --------x-----------------------
1856 -----x---x----------------------
1888 ---xx----x----------------------
1920 --x-x----x---x------------------
1952 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
1984 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
2016 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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Program 2-3. Simulation Results for Emulator PAL 1 

1 NAME '74AS890/2910 EMULATOR PAL 1; 
2 DATE 04/04/85; 
3 REV 01 ; 
4 DESIGNER RICHARD D. NAWROCKI 
5 COMPANY TEXAS INSTRUMENTS 
6 ASSEMBLY 00001 ; 
7 LOCATION UlOO ; 
8 
9 1***********************************************************1 

10 /* THIS DEVICE GENERATES CONTROL SIGNALS FOR THE */ 
11 /* '74AS890 EMULATOR OF THE 2910 MICROPROGRAM SEQUENCER. */ 
12 1***********************************************************1 
13 
14 ORDER: 
15 13. %2. 12. %2. 11. %2. 10. %2. 
16 RLD. %2. RAOE. %2. EN-244. %2. 
17 MUX2. %2. MUXI. %2. MUXO. %2. 
18 S2. %2.,Sl. %2. SO ; 
19 

=============================================================================== 
SIMULATION RESULTS 

=============================================================================== 
E E 
N N 

R 
Z 

M M M R 
Z 

M M M 
R A U U U S S S R A U U U S S S 

I I I L 0 4 X X X S S S I r I I L 0 4 X X X S S S 
3 2 0 D E 4 2 1 0 2 1 0 3 2 1 0 D E " 2 1 0 2 1 0 

INSTRUCTION 0 INSTRUCTION E 
0001: 0 0 0 0 1 H L H H H L L L 0029: 1 1 1 0 1 H L H H H H H H 
0002: 0 0 0 0 0 H L H H H L L L 0030: 1 1 1 0 0 H L H H H H H H 

INSTRUCTION 1 INSTRUCTION F 
0003: 0 0 0 1 1 H L H H H H L H 0031: 1 1 1 1 1 H L L H H L H L 
0004: 0 0 0 1 0 H L H H H H L H 0032: 1 1 1 1 0 H L L H H L H L 

INSTRUCTION 2 
0005: 0 0 1 0 1 H L H L L H H H 
0006: 0 0 1 0 0 H L H L L H H H 

INSTRUCTION 3 
0007: 0 0 1 1 1 H L H H H H H H 
0008: 0 0 1 1 0 H L H H H H H H 

INSTRUCTION 4 
0009: 0 1 0 0 1 H L H H H H H L 
0010: 0 1 0 0 0 H L H H H H H L 

INSTRUCTION 5 
0011: 0 1 0 1 1 L H H L L H H L 
0012: 0 1 0 1 0 H L H L L H H L 

INSTRUCTION 6 
0013: 0 1 1 0 1 H L H H H H H H 
0014: 0 1 1 0 0 H L H H H H H H 

INSTRUCTION 7 

» 0015: 0 1 1 1 1 L H H L L H H H 
0016: 0 1 1 1 0 H L H L L H H H 

'C INSTRUCTION 8 
"E.. 0017: 1 0 0 0 1 H L L L H L H L 
C;" 0018: 1 0 0 0 0 H L L L H L H L 
I» I NSTRUCTI ON 9 .. 0019: 1 0 0 1 ,1 H L H L L H H H 
O· 0020: 1 0 0 1 0 H L H L L H H H 
:::s INSTRUCTION A 

0021: 1, 0 1 0 1 H L L H H L H H 
::a 0022: 1 0 100 H L L H H L H H 
CD INSTRUCTION B 
'C 0023: 1 0 1 1 1 H L H H H L H H 
0 0024: 1 0 1 1 0 H L H H H L H H .. INSTRUCTION C .. 0025: 1 1 0 0 1 H L H H H H H H (I) 

0026: 1 1 0 0 0 H L H H H H H H 
INSTRUCTION D 

0027: 1 1 0 1 1 H L L H H L H L 
0028: 1 1 0 1 0 H L L H H L H L 
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Program 2-4. JEDEC Printout for Emulator PAL 1 

CUPL 
DEVICE 
PARTNO 
NAME 
REVISION 
DATE 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 
*QP20 
*QF2048 
*GO 
*FO 

2.02A 
p16L8 DLIB-c-18-5 
2910EM 
'74AS890/2910 EMULATOR PAL 1 
01 
04/04/85 
RICHARD D. NAWROCKI 
TEXAS INSTRUMENTS 
00001 
U100 

*LOOOO 11111111111111111111111111111111 
*L0032 11010111101101111111111111111111 
*L0256 11111111111111111111111111111111 
*L0288 11010111101111111111111111111111 
*L0320 01101011101111111111111111111111 
*L0352 10011011011111111111111111111111 
*L0512 11111111111111111111111111111111 
*L0544 11010111101111111111111111111111 
*L0576 10111011011111111111111111111111 
*L0608 01101011101111111111111111111111 
*L0768 11111111111111111111111111111111 
*L0800 11101011011111111111111111111111 
*L0832 11010111011111111111111111111111 
*L1024 11111111111111111111111111111111 
*L1056 10010111111111111111111111111111 
*L1088 10101111101111111111111111111111 
*Ll120 11010111011111111111111111111111 
*L1152 10101011111111111111111111111111 
*L1280 11111111111111111111111111111111 
*L1312 10111011101111111111111111111111 
*L1536 11111111111111111111111111111111 
*L1568 01111011011111111111111111111111 
*L1600 10101011111111111111111111111111 
*L1632 11010111011111111111111111111111 
*L1792 11111111111111111111111111111111 
*L1824 11111111011111111111111111111111 
*L1856 11111011101111111111111111111111 
*L1888 11100111101111111111111111111111 
*L1920 11010111101110111111111111111111 
*C7103 
*VOOOI 00001XXXXNXLLLLHHHHN 
*V0002 OOOOOXXXXNXLLLLHHHHN 
*V0003 10001XXXXNXLHLHHHHHN 
*V0004 10000XXXXNXLHLHHHHHN 
*V0005 01001XXXXNXLHHHHLLHN 
*V0006 01000XXXXNXLHHHHLLHN 
*V0007 11001XXXXNXLHHHHHHHN 
·VOOOB 11000XXXXNXLHHHHHHHN 
*V0009 00101XXXXNXLHHLHHHHN 
*V0010 00100XXXXNXLHHLHHHHN 
*V0011 10101XXXXNXHHHLHLLLN 
*V0012 10100XXXXNXLHHLHLLHN 
*V0013 01101XXXXNXLHHHHHHHN 
*V0014 01100XXXXNXLHHHHHHHN 
*V0015 11101XXXXNXHHHHHLLLN 
*V0016 11100XXXXNXLHHHHLLHN 
*V0017 00011XXXXNXLLHLLLHHN 
*V0018 00010XXXXNXLLHLLLHHN 
*V0019 10011XXXXNXLHHHHLLHN 
*V0020 10010XXXXNXLHHHHLLHN 
*V0021 01011XXXXNXLLHHLHHHN 
*V0022 01010XXXXNXLLHHLHHHN 
*V0023 11011XXXXNXLLHHHHHHN 
*V0024 11010XXXXNXLLHHHHHHN 
*V0025 00111XXXXNXLHHHHHHHN 
*V0026 00110XXXXNXLHHHHHHHN 
*V0027 10111XXXXNXLLHLLHHHN 
*V0028 10110XXXXNXLLHLLHHHN 
*V0029 01111XXXXNXLHHHHHHHN 

*V0030 OlllOXXXXNXLHHHHHHHN 
*V0031 11111XXXXNXLLHLLHHHN 
*V0032 11110XXXXNXLLHLLHHHN 
*0757 

• II) 

t: o 
Q. 
Q) 

a:: 
c o 
.~ 

CO 
.~ 
Q. 
Q. 

< 
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Program ,2-5.' Logic Equations Used to Generate Emulator PAL 2 

CUPL VERSION 2.02A COPYRIGHT (c) 1983.84.85 ASSISTED TECHNOLOGY. INC. -- LISTING 

SOURCE FILE: B:2910EM1 DEVICE: p16L8 

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: 
32: 
33: 
34: 
35: 
36: 
37: 
38: 
39: 
40: 
41, 
42: 
43: 
44: 
45: 
46: 
47: 
48: 
49: 
50: 
51: 
52: 
53: 
54: 
55: 
56: 
57: 
5B: 
59: 
60: 
61: 

PARTNO 
NAME 
DATE 
REV 
DESIGNER 
COMPAN'I' 
ASSEMBLY 
LOCATION 

2910EM1 ; 
'74AS890/2910 EMULATOR PAL 2 
04/04/85 ; 
01 ; 
RICHARD D. NAWROCKI 
TEXAS INSTRUMENTS 
00001 ; 

UI01 ; 
/*******************************************************************/ 
/* THIS DEVICE GENERATES CONTROL SIGNALS FOR THE '74ASB90 */ 
/* EMULATION OF THE 2910 MICROPROGRAM CONTROLLER. */ 
/* */ 
/* ALLOWABLE TARGET DEVICE TYPES: PAL16LB */ 
1*******************************************************************1 

/** INPUTS **/ 

PIN II. .4] 110 .. 3] /* 2910 INSTRUCTION CODE */ 
PIN 5 RLD /* 2910 REGISTER LOAD */ 
PIN 6 CC /* 2910 CONDITION CODE */ 
PIN 7 CCEN /* 2910 CONDITION CODE ENABLE */ 

/** OUTPUTS **/ 

PIN 19 = CCOUTO /* 74ASB90 CONDITION CODE (1 OF 2) */ 
PIN 18 = CCOUTl /* 74AS890 CONDITION CODE (2 OF 2) */ 
PIN [17 .. 15] = [RC2 •• 0] /* 74ASB90 REGISTER/COUNTER CONTROL*/ 
PIN 14 = PL /* 2910 PIPELINE MAP OUTPUT 
PIN 13 = MAP /* 2910 PROM MAP OUTPUT 
PIN 12 = VECT /* 2910 VECTOR MAP OUTPUT 

/** DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS **/ 

FIELD INSTRUCTION = [13 •• 01 
FIELD COUNTER [RC2 •• 0] 

/** LOGIC EQUATIONS **/ 

,IPL INSTRUCTION:!0.1.3 .. 5. 7 •• F] 

I MAP INSTRUCTION:2 

IVECT = INSTRUCTION:6 

COUNTER = 'H'2 & INSTRUCTION:C 
# ('H'2 & INSTRUCTION:4 & (CCEN # ICC» 
# 'W2 & IRLD 
# 'H'l & RLD & INSTRUCTION:[8.9.F] 

CC_OUTO.OE = CCEN ; 

CC_OUTl.0E = ICCEN ; 

ICC_OUTO = INSTRUCTION:[1.3.6.B .. B] 

ICC_OUTl INSTRUCTION:[1.3.6.B •• B] & ICC 
# INSTRUCTION:[5.7.D.F] & CC 
# INSTRUCTION:[S.9] ; 

*/ 
*/ 
*/ 

JEDEC FUSE CHECKSUM (791A) 
JEDEC TRANSMIT CHECKSUM (3521) 
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Program 2-6. Expanded Product Terms, Symbol Table and Fuse Plot for Emulator PAL 2 

CUPL 
DEVICE 
PARTNO 
NAME 
REVISION 
DATE 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 

2.02A 
p16L8 DLIB-c-18-5 
2910EMI 
'74AS890/2910 EMULATOR PAL 2 
01 
04/04/85 
RICHARD D. NAWROCKI 
TEXAS INSTRUMENTS 
00001 
UI01 

EXPANDED PRODUCT TERMS 

CCOUTO -) 
! 12 & I3 

# 10 & !12 & !13 
# !IO & 11 & 12 & !13 

CCOUTO.OE -) 
CCEN 

CCOUTl -) 
ICC & ! 12 & I3 

# !Il & !12 & 13 
# CC & 10 & 12 
# ICC & 10 & !I2 & !I3 
# ICC & !IO & II & 12 & !I3 

CL1)UTl.OE -) 
!CCEN 

COUNTER -) 
RC2 • RCI • RCO 

INSTRUCTION -) 
13 • 12 • II • 10 

MAP -) 
!IO & II & !I2 & !I3 

PL -> 
I3 

#!ll &!I3 
I 10 & 11 & 113 

RCO -> 
110 & Il 

# I Jl & 12 
# Il & 112 
# ! I3 
# !RLD 

RCl -> 
10 & RLD 

# ! 12 & RLD 
# 11 & RLD 
# !CCEN & CC & !13 & RLD 

RC2 -> 
1 

VECT -> 
!IO & II & 12 & 113 

MAP.oE -> 
1 

PL.OE -> 
1 

RCO.OE -> 
1 

RCl.OE -> 
1 

RC2.0E -> 
1 

VECT.oE -> 
1 

• fI) 

't 
o 
Q. 
Cl) 

a:: 
c: 
o 
.~ 

ca 
.~ 
c.. 
Q. « 
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Program 2-6. Expanded Product Terms, Symbol Table and Fuse Plot for Emulator PAL 2 (Continued) 

=============================================================================== 
SYMBOL TABLE 

==========================================================~==================== 

POL NAME 

CCEN 
CC 
CCOUTO 
CCOUTO 
CCOUll 
CLOUll 
COUNTER 
10 
Il 
12 
13 
INSTRUCTION 
MAP 
PL 
RCO 
RCI 
RC2 
RLD 
VECT 
MAP 
PL 
RCO 
RCI 
RC2 
VECT 

EXT 

OE 

OE 

OE 
OE 
OE 
OE 
OE 
OE 

PIN TYPE 

7 V 
6 V 
19 V 
19 X 
18 V 
18 X 
0 F 
1 V 
2 V 
3 V 
4 V 
0 F 
13 V 
14 V 
15 V 
16 V 
17 V 
5 V 
12 V 
13 D 
14 D 
15 D 
16 D 
17 D 
12 D 

USED 

3 
1 
5 
1 

1 
3 
5 
4 
1 

1 
1 
1 
1 
1 
1 
1 

MAX 

7 
1 
7 
1 

7 
7 
7 
7 
7 

7 
1 
1 
1 
1 
1 
1 

LEGEND D DEFAULT VAR 
U UNDEFINED 

F FIELD I INTERMEDIATE VAR 
V VAR X EXTENDED VAR 

N NODE M EXTENDED NODE 

=============================================================================== 
FUSE PLOT 

=============================================================================== 

PIN #19 
0000 --------------------x-----------
0032 -----x--x-----------------------
0064 --x--x---x----------------------
0096 x--xx----x----------------------
0128 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0160 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0192 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0224 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN #18 
0256 ---------------------x----------
0288 -----x--x--------x--------------
0320 -x---x--x-----------------------
0352 --x-x-----------x---------------
0384 --x--x---x-------x--------------
0416 x--xx----x-------x--------------
0448 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0480 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

PIN #17 
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0512 --------------------------------
0544 --------------------------------
0576 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0608 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0640 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0672 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0704 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0736 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN #16 
0768 --------------------------------
0800 --x---------x-------------------
0832 -----x------x-------------------
0864 x-----------x-------------------
0896 ---------x--x---x----x----------
0928 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0960 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
0992 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN.#15 
1024 --------------------------------
1056 x--x-------------------~--------
1088 -x--x---------------------------
1120 x----x--------------------------
1152 ---------x----------------------
1184 -------------x------------------
1216 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1248 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN #14 
1280 ----------'--------.--------------
1312 ------~-x-----------------------
1344 -x-------x----------------------
1376 x-x------x----------------------
1408 xxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxx 
1440 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1472 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1504· xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 



PrOgram 2-6. Expanded Product Tenns, Symbol Table and Fuse Plot for Emulator PAL 2 (Continuell) 

PIN #13 
1536 --------------------------------
1568 x--x-x---x----------------------
1600 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1632 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1664 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1696 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1728 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1760 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PIN #12 
1792 --------------------------------
1824 x--xx----x----------------------
1856 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1888 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1920 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1952 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1984 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
2016 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

LEGEND x FUSE NOT BLOWN 
FUSE BLOWN 

• CI) 

t: 
o 
Q. 
CD 

a:: 
C 
o 

'.j:i 
CIS 
.~ 
0. 
Q. 

c:( 
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Program 2-7. Simulation Results for Emulator PAL 2 

1 NAME '74AS890/2910 EMULATOR PAL 2 
2 DATE 04/04/85 I 
3 REV 01 I 
4 DESIGNER RICHARD D. NAWROCKI 
5 COMPANY TEXAS INSTRUMENTS 
6 ASSEMBLY 00001 I 
7 LOCATION U101 I 
8 
9 /*****************~*****************************************/ 

10 1* THIS DEVICE GENERATES CONTROL SIGNALS FOR THE *1 
11 /* '74AS890 EMULATOR OF THE 2910 MICROPROGRAM SEQUENCER. */ 
12 1***********************************************************/ 
13 
14 ORDER: 
15 13. %2. 12. %2. Il. %2. 10. %2. 
16 CC. %2. CCEN. %2. RLD. %2. 
17 PL. %2. MAP. %2. VECT. %2. 
18 CCOUll. %2. CC...oUTO. %2. 
19 RC2. %2. RCI. %2. RCO I 
20 

=============================================================================== 
SIMULATION RESULTS 

=============================================================================== 
C C 
C C 

C V 0 0 
C R M E U U R R R 

I I I C E L P A C T T C C C 
3 2 0 C N D L P T 1 0 2 1 0 

INSTRUCTION 0 
0001 0 0 0 0 1 0 1 L H H H Z L L L 
0002 0 0 0 0 1 0 0 L H H H Z L H L 
0003 0 0 0 0 0 0 1 L H H H Z L L L 
0004 0 0 0 0 0 0 0 L H H H Z L H L 
0005 0 0 0 0 1 1 1 L H H Z H L L L 
0006 0 0 0 0 1 1 0 L H H Z H L H L 
0007 0 0 0 0 0 1 1 L H H Z H L L L 
0008 0 0 0 0 0 1 0 L H H Z H L H L 

INSTRUCTION 1 
0009 0 0 0 1 1 0 1 L H H H Z L L L 
0010 0 0 0 1 1 0 0 L H H H Z L H L 
0011 0 0 0 1 0 0 1 L H H L Z L L L 
0012 0 0 0 1 0 0 0 L H H L Z L H L 
0013 0 0 0 1 1 1 1 L H H Z L L L L 
0014 0 0 0 1 1 1 0 L H H Z L L H L 
0015 0 0 0 1 0 1 1 L H H Z L L L L 
0016 0 0 0 1 0 1 0 L H H Z L L H L 

INSTRUCTION 2 
0017 0 0 1 0 1 0 1 H L H H Z L L L 

l> 0018 0 0 1 0 1 0 0 'H L H H Z L H L 
0019 0 0 1 0 0 0 1 H L H H Z L L L 

"'C 0020 0 0 1 0 0 0 0 H L H H Z L H L 
'E. 0021 0 0 1 0 1 1 1 H L H Z H L L L 

n' 0022 0 0 1 0 1 1 0 H L H Z H L H L 
D) 0023 0 0 1 0 0 1 1 H L H Z H L L L .... 0024 0 0 1 0 0 1 0 H, L H Z H L H L 
0' INSTRUCTION 3 
:::J 0025 0 0 1 1 1 0 1 L H H H Z L L L 

0026 0 0 1 1 1 0 0 L H H H Z L H L 
2J 0027 0 0 1 1 0 0 1 L H H L Z L L L 
CD 0028 0 0 1 1 0 0 0 L H H L Z L H L 

"'C 0029 0 0 1 1 1 1 1 L H H Z L L L L 
0 0030 0 0 1 1 1 1 0 L H H Z L L H L .. 0031 0 0 1 1 0 1 1 L H H Z L L L L .... 0032 0 0 1 1 0 1 0 L H H Z L L H L (I) 
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Program 2-7. Simulation Results for Emulator PAL 2 (Continued) 

C C 
C C 

C V 0 0 
C R I'! E U U R R R 

I I I I C E L P A C T T C C C 
3 2 1 0 C N D l P T 1 0 2 1 0 

INSTRUCTION 4 
0033 0 1 0 0 1 0 1 l H H H Z l l L 
0034 0 1 0 0 1 0 0 l H H H Z l H l 
0035 0 1 0 0 0 0 1 l H H H Z l H l 
0036 0 1 0 0 0 0 0 l H H H Z l H L 
0037 0 1 0 0 1 1 1 l H H Z H L H L 
0038 0 1 0 0 1 1 0 l H H Z H l H l 
0039 0 1 0 0 0 1 1 l H H Z H l H l 
0040 0 1 0 0 0 1 0 l 'H H Z H l H l 

I NSTRUCTI ON 5 
0041 0 1 0 1 1 0 1 l H H l Z l l L 
0042 0 1 0 1 1 0 0 l H H l Z l H l 
0043 0 1 0 1 0 0 1 l H H H Z L l l 
0044 0 1 0 1 0 0 0 L H H H Z l H l 
0045 0 1 0 1 1 1 1 L H H Z H L l l 
0046 0 1 0 1 1 1 0 l H H Z H l H l 
0047 0 1 0 1 0 1 1 l H H Z H L l L 
0048 0 1 0 1 0 1 0 L H H Z H l H l 

I NSTRUCTI ON 6 
0049 0 1 1 0 1 0 1 H H l H Z l l l 
0050 0 1 1 0 1 0 a H H l H Z l H l 
0051 0 1 1 a 0 a 1 H H L l Z l l l 
0052 0 1 1 0 a 0 a H H l l Z l H l 
0053 0 1 1 0 1 1 1 H H L Z l L l l 
0054 0 1 1 0 1 1 a H H l Z l l H l 
0055 0 1 1 0 a 1 1 H H l Z L l l L 
0056 o ·1 1 0 a 1 a H H L Z l L H L 

INSTRUCTION 7 
0057 a 1 1 1 1 0 1 L H H l Z l L l 
0058 0 1 1 1 1 0 0 L H H l Z l H l: 
0059 0 1 1 1 0 0 1 L H H H- Z l l l 
0060 0 1 1 1 0 0 0 l H H H Z l H l 
0061 0 1 1 1 1 1 1 L H H Z H L l l 
0062 0 1 1 1 1 1 0 l H H Z H l H l 
0063 0 1 1 1 0 1 1 L H H Z H L L L 
0064 0 1 1 1 0 1 0 l H H Z H l H l 

INSTRUCTION 8 
0065 1 0 0 0 1 0 1 L H H l Z l L H 
0066 1 0 0 0 1 0 0 l H H l Z l H l 
0067 1 0 0 0 0 0 1 L H H l Z l l H • 0068 1 0 0 0 0 0 0 l H H l Z l H L 
0069 1 0 0 0 1 1 1 l H H Z l l l H 
0070 1 0 0 0 1 1 0 L H H Z L L H L 
0071 1 0 0 0 0 1 1 l H H Z L l l H 
0072 1 0 0 0 0 1 0 l H H Z l L H l I/) 

INSTRUCTION 9 ... .. 
0073 1 0 0 1 1 0 1 L H H l Z L l H 0 
0074 1 0 0 1 1 0 0 l H H L Z L H L Q. 
0075 1 0 0 1 0 0 1 L H H L Z L L H Q) 
0076 1 0 0 1 0 0 0 L H H L Z L H L a: 
0077 1 0 0 1 1 1 1 L H H Z L l L H 
0078 1 0 0 1 1 1 0 l H H Z L L H L C 
0079 1 0 0 1 0 1 1 L H H Z l l l H 0 
0080 1 0 0 1 0 1 0 L H H Z l l H l '.j:l 

INSTRUCTION A ca 
0081 1 0 1 0 1 0 1 l H H H Z L l L ,5a 
0082 1 0 1 0 1 0 0 l H H H Z L H l Q. 0083 1 0 1 0 0 0 1 l H H L Z l L L 
0084 1 o 1 0 0 0 0 L H H L Z L H L Q. 

0085 1 0 1 0 1 1 1 L H H Z L L L L <C 
0086 1 0 1 0 1 1 0 L H H Z L l H. L 
0087 1 0 1 0 0 1 1 L H H Z l L l L 
0088 1 0 1 0 0 1 0 L H H Z L L H l 
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Program 2-7. Simulation Results for Emulator PAL 2 (Continued) 

C C 
C C 

C V 0 0 
C R M E U U R R R 

I I I I C E L P A C T T C C C 
3 2 1 0 C N D L P T 1 0 2 1 0 

INSTRUCTION B 
0089 1 0 1 1 1 0 1 L' H H H Z L L L 
0090 1 0 1 1 1 0 0 L H H H Z L H L 
0091 1 0 1 1 0 0 1 L H H L Z L L L 
0092 1 0 1 1 0 0 0 L H H L Z L H L 
0093 1 0 1 1 1 1 1 L H H Z L L L L 
0094 1 0 1 1 1 1 0 L H H Z L L H L 
0095 1 0 1 1 0 1 1 L H H Z L L L L 
0096 1 0 1 1 0 1 0 L H H Z L L H L 

INSTRUCTION C 
0097 1 1 0 0 1 0 1 L H H H Z L H L 
0098 1 1 0 0 1 0 0 L H H H Z L H L 
0099 1 1 0 0 0 0 1 L H H H Z L H L 
0100 1 1 0 0 0 0 0 L H H H Z L H L 
0101 1 1 0 0 1 1 1 L H H Z H L H L 
0102 1 1 0 0 1 1 0 L H H Z H L H L 
0103 1 1 0 0 O· 1 1 L H H Z H L H L 
0104 1 1 0 0 0 1 0 L H H Z H L H L 

INSTRUCTION D 
0105 1 1 0 1 1 0 1 L H H L Z L L L 
0106 1 1 0 1 1 0 0 L H H L Z L H L 
0107 1 1 0 1 0 0 1 L H H H Z L L L 
0108 1 1 0 1 0 0 0 L H H H Z L H L 
0109 1 1 0 1 1 1 1 L H H Z H L L L 
0110 1 1 0 1 1 1 0 L H H Z H L H L 
0111 1 1 0 1 0 1 1 L H H Z H L L L 
0112 1 1 0 1 0 1 0 L H H Z H L H L 

INSTRUCTION E 
0113 1 1 1 0 1 0 1 L .H H H Z L L L 
0114 1 1 1 0 1 0 0 L H H H Z L H L 
0115 1 1 1 0 0 0 1 L H H H Z L L L 
0116 1 1 1 0 0 0 0 L H H H Z L H L 
0117 1 1 1 0 1 1 1 L H H Z H L L L 
0118 -I 1 1 0 1 1 0 L H H Z H L H L 
0119 1 1 1 0 0 1 1 L H H Z H L L L 
0120 1 1 1 0 0 1 0 L H H Z H L H L 

INSTRUCTION F 
0121 1 1 1 1 1 0 1 L H H L Z L L H .0122 1 1 1 1 1 0 0 L H H L Z L H L 
0123 1 1 1 1 0 0 1 L H H H Z L L H 
0124 1 1 1 1 0 0 0 L H H H Z L H L 
0125 1 1 1 1 1 1 1 L H H Z H L L H 
0126 1 1 1 1 1 1 0 L H H Z H L H L 
0127 1 1 1 1 0 1 1 L H H Z H L L H 

l> .0128 1 1 1 1 0 1 0 L H H Z H L H L 

" "2-
C:)' 
AI 
1'+ 

0' 
:::s 
::J:J 
(1) 

" 0 
"'I 
1'+ 
en 
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CUPL 
DEVICE 
PARTNO 
NAME 
REVISION 
DATE 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 
*QP20 
*QF2048 
*GO 
*FO 

Program 2-8. JEDEC Printout for Emulator PAL 2 

2.02A 
p16L8 DLIB-c-18-5 
Z910EMl 
'74AS890/2910 EMULATOR PAL 2 
01 
04/04/85 
RICHARD D. NAWROCKI 
TEXAS INSTRUMENTS 
00001 
UI01 

*LOOOO 11111111111111111111011111111111 
*L0032 11111011011111111111111111111111 
*L0064 11011011101111111111111111111111 
*L0096 01100111101111111111111111111111 
*L0256 11111111111111111111101111111111 
*L0288 11111011011111111011111111111111 
*L0320 10111011011111111111111111111111 
*L0352 11010111111111110111111111111111 
*L0384 11011011101111111011111111111111 
*L0416 01100111101111111011111111111111 
*L0512 11111111111111111111111111111111 
*L0544 11111111111111111111111111111111 
*L0768 11111111111111111111111111111111 
*L0800 11011111111101111111111111111111 
*L0832 11111011111101111111111111111111 
*L0864 01111111111101111111111111111111 
*L0896 11111111101101110111101111111111 
*LI024 11111111111111111111111111111111 
*L1056 01101111111111111111111111111111 
*LI088 10110111111111111111111111111111 
*L1120 01111011111111111111111111111111 
*Ll152 11111111101111111111111111111111 
*Ll184 11111111111110111111111111111111 
*L1280 11111111111111111111111111111111 
*L1312 11111111011111111111111111111111 
*L1344 10111111101111111111111111111111 
*L1376 01011111101111111111111111111111 
*L1536 11111111111111111111111111111111 
*L1568 01101011101111111111111111111111 
*L1792 11111111111111111111111111111111 

. *L1824 01100111101111111111111111111111 
*C791A 
*VOOOI ~000110XXNXHHLLLLHZN 
*V0002 0000010XXNXHHLLHLHZN 
*V0003 0000100XXNXHHLLLLHZN 
*V0004 OOOOOOOXXNXHHLLHLHZN 
*V0005 0000111XXNXHHLLLLZHN 
*V0006 0000011XXNXHHLLHLZHN 
*V0007 0000101XXNXHHLLLLZHN 
*V0008 0000001XXNXHHLLHLZHN 
*V0009 1000110XXNXHHLLLLHZN 
*VOOI0 1000010XXNXHHLLHLHZN 
*VOOll 1000100XXNXHHLLLLLZN 
*V0012 1000000XXNXHHLLHLLZN 
*V0013 1000111XXNXHHLLLLZLN 
*V0014 1000011XXNXHHLLHLZLN 
*V0015 1000101XXNXHHLLLLZLN 
*V0016 1000001XXNXHHLLHLZLN 
*V0017 0100110XXNXHLHLLLHZN 
*V0018 0100010XXNXHLHLHLHZN 
*V0019 0100100XXNXHLHLLLHZN 
*V0020 0100000XXNXHLHLHLHZN 
*V0021 0100111XXNXHLHLLLZHN 
*V0022 0100011XXNXHLHLHLZHN 
*V0023 0100101XXNXHLHLLLZHN 
*V0024 0100001XXNXHLHLHLZHN 
*V0025 1100110XXNXHHLLLLHZN 
*V0026 1100010XXNXHHLLHLHZN 
*V0027 1100100XXNXHHLLLLLZN 
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Program 2-8. JEDEC Printont for Emulator PAL 2 (Continued) 

*V0028 1100000XXNXHHlLHlLZN 
*V0029 1100l11XXNXHHLLllZlN 
*V0030 1lOOOllXXNXHHlLHlZlN 
*Y0031 1100lOlXXNXHHlLLLZlN 
*V0032 110000lXXNXHHllHlZLN 
*V0033 OOlOllOXXNXHHLlllHZN 
*V0034 OOIOOIOXXNXHHlLHlHZN 
*Y003S0010100XXNXHHlLHlHZN 
*Y0036 OOlOOOOXXNXHHllHlHZN 
*V0037 OOlOlllXXNXHHLLHLZHN 
*V0038 OOlOOllXXNXHHlLHLZHN 
*V0039 OOlOIOlXXNXHHLLHLZHN 
*V0040 OOlOOOlXXNXHHLLHLZHN 
*Y0041 IOIOIIOXXNXHHLLLLLZN 
*Y0042 IOIOOIOXXNXHHLLHLLZN 
*Y0043 IOIOIOOXXNXHHLLLLHZN 
*V0044 IOIOOOOXXNXHHLLHLHZN 
*V004S IOIOlllXXNXHHlLLLZHN 
*V0046 IOIOOIIXXNXHHLLHLZHN 
*Y0047 IOIOIOIXXNXHHLLLLZHN 
*V0048 IOIOOOIXXNXHHLLHLZHN 
*Y0049 OIIOIIOXXNXLHHLLLHZN 
*VOOSO OIIOOIOXXNXLHHLHLHZN 
*VOOSI OIIOIOOXXNXLHHLLLLZN 
*YOOS2 OIIOOOOXXNXLHHLHLLZN 
*V0053 OIIOIIIXXNXLHHLLLZLN 
*V0054 OIIOOIIXXNXLHHLHLZLN 
*V0055 OllOIOIXXNXLHHLLLZLN 
*V0056 OIIOOOIXXNXLHHLHLZLN 
*V0057 11iOIlOXXNXHHLLLLLZN 
*V0058 IllOOlOXXNXHHLLHLLZN 
*Y0059 IIIOIOOXXNXHHLLLLHZN 
*V0060 Il10000XXNXHHLLHLHZN 
*Y0061 Ii10l11XXNXHHLLLLZHN 
*V0062 11iOOllXXNXHHLLHLZHN 
*V0063 11iOlOlXXNXHHLLLLZHN 
*V0064 Il1000lXXNXHHLLHLZHN 
*V0065 OOOlllOXXNXHHLHLLLZN 
*V0066 OOOlOIOXXNXHHLLHLLZN 
*V0067 OOOIIOOXXNXHHLHLLLZN 
*V0068 OOOIOOOXXNXHHLLHLLZN 
*V0069 OOOIIIIXXNXHHLHLLZLN 
*V0070 OOOIOllXXNXHHLLHLZLN 
·V0071 OOOIIOIXXNXHHLHLLZLN 
*V0072 OOOIOOIXXNXHHLLHLZLN 
*V0073 lOOlllOXXNXHHLHLLLZN 
*V0074 IOOIOIOXXNXHHLLHLLZN 

3 *Y0075 lOOllOOXXNXHHlHLLLZN 
*Y0076 IOOlOOOXXNXHHLLHLLZN 
*V0077 lOOllllXXNXHHLHLLZLN 
*V0078 IOOIOIIXXNXHHLLHLZLN 
*Y0079 lOOllOIXXNXHHLHLLZLN 

~ *V0080 IOOIOOIXXNXHHLLHLZLN 
~ *V0081 OIOIIIOXXNXHHLLLLHZN 
~ *V0082 OIOIOlOXXNXHHLLHLHZN 
__ *Y0083 OIOIIOOXXNXHHLLLLLZN 
ri' *V0084 OIOIOOOXXNXHHLLHLLZN 
m *V0085 OIOIIIIXXNXHHLLLLZLN 
r+ *V0086 OIOIOIIXXNXHHLLHLZLN o· *V0087 OIOIIOIXXNXHHLLLLZLN 
~ *V0088 OIOIOOlXXNXHHlLHLZLN 

*V0089 IIOIIIOXXNXHHLLLLHZN 
~ *V0090 IIOIOIOXXNXHHLLHLHZN 
~ *V0091 IIOIIOOXXNXHHLLLLLZN 
1j *V0092 IIOIOOOXXNXHHlLHLLZN 
C) *V0093 IIOIIIIXXNXHHLLLLZLN 
;l *V0094 IIOIOllXXNXHHLLHLZLN 
en *V0095 1iOllOlXXNXHHLLLLZLN 

*V0096 110lOOlXXNXHHLLHLZLN 
*V0097 OOIIIIOXXNXHHLLHLHZN 
*V0098 OOllOIOXXNXHHLLHlHZN 
*V0099 OOIIIOOXXNXHHLLHLHZN 
*VOIOO OOIIOOOXXNXHHLLHLHZN 
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*VOIOI OOIIIIIXXNXHHLLHLZHN 
*VOI02 OOllOllXXNXHHLLHLZHN 
*VOI03 OOIIIOIXXNXHHLLHLZHN 
*VOI04 OOllOOIXXNXHHLLHLZHN 
*VOI05, lOllllOXXNXHHLLLLLZN 
*VOI06 IOIIOIOXXNXHHLLHLLZN' 
*VOI07 IOIIIOOXXNXHHLLLLHZN 
*VOI08 IOIIOOOXXNXHHLLHLHZN 
*VOI09 IOIIIIIXXNXHHLLLLZHN 
*VOIIO IOIIOIIXXNXHHLLHLZHN 
*VOIII IOlllOIXXNXHHLLLLZHN 
·Y0112 IOIIOOIXXNXHHLLHLZHN 
*VOIl3 OlllllOXXNXHHLLLLHZN 
*V0114 OIIIOIOXXNXHHLLHLHZN 
*V0115 OllllOOXXNXHHLlLLHZN 
*V0116 OIIIOOOXXNXHHLLHLHZN 
*V0117 OIIIIIIXXNXHHLLLLZHN 
*V0118 OIIIOIIXXNXHHLLHLZHN 
*V0119 OIIIIOIXXNXHHLLLLZHN 
*V0120 OlllOOIXXNXHHLLHLZHN 
*V0121 1llillOXXNXHHLHLLLZN 
*V0122 111iOlOXXNXHHLLHLLZN 
*V0123 1lillOOXXNXHHLHLLHZN 
*YOI241111000XXNXHHLLHLHZN 
*V0125 IIIIIIIXXNXHHLHLLZHN 
*V0126 1illOllXXNXHHLLHLZHN 
*V0127 1lillOlXXNXHHLHLLZHN 
*V0128 1iliOOlXXNXHHLLHLZHN 
*A128 



Section 3 

Minimum Cycle Time Delay Calculations for a 16-Bit System 

This article examines some timings for a typical 16-bit 
computer system using a bit-slice processor and 
microsequencer. Comparative data for systems using TI's 
'AS888-1I'AS890-1, AMD's Am2901C/291OA, and AMD's 
Am2903A12910A are presented. Timing calculations are 
based on data from TI SN74AS888/890 family data sheets 
and from the AMD2900 Family Bipolar Microprocessor 
Logic and Interface 1985 Data Book. 

16-BIT COMPUTER SYSTEM DESIGN 

Figure 3-1 shows a basic design for a 16-bit computer 
system. The computer control unit (CCU) , shown on the left 
side of the dotted line, executes microcode from the 
microprogram memory (also known as the control store). 
A one-level pipeline design is used to speed data processing, 
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allowing the address and contents of the next instruction to 
be fetched while the current instruction is being executed. 
The arithmetic logic unit, consisting of the bit-slice processor 
chips and any other logic needed to process the data, is shown 
on the right side of the figure. 

This section compares the time required to perform the 
following functions, using TI's SN74AS888-11890-1, 
AMD's Am2901C/291OA and AMD's Am2903A12910A bit­
slice products: 

1. addition 
2. addition with a shift 
3. unsigned integer multiplication 
4. unsigned integer division. 

Cases 3 and 4 are not included in the Am2901C/Am2910A 
discussion, since the Am2901C does not incorporate internal 
multiplication or division algorithms. 

l 
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Figure 3-1. 16-Bit Computer System 
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Benchmark I: Comparison of Am2903A/2910A 
with 'AS888-l/' AS890-1 

Design of a 16-bit system that is Am2903A-based is 
presented in Figure 3-2. The same system implemented with 
the 'AS888-1 and 'AS890-1 is shown in Figure 3-3. These 
systems are used to calculate timings for the four cases 
discussed in this section. Timings for the control path are 
given in the first test case and remain constant for the 
remaining three cases. 

Tables 3-1 and 3-2 contain timing results for addition 
using the two chip sets; Tables 3-3 and 3-4 analyze the add 
with shift combination. It can be seen that the TI system runs 
36 % faster for addition and 32 % faster for addition followed 
by a shift of the result. 

Figures 3-4 and 3-5 show the ALU data paths used for 
multiplication and division by the two systems. Tables 3-5, 
3-6 and 3-7 display timings for the critical path calculations 
for these operations. Increases in speed using the TI parts 
are even more significant here, where multiplication is faster 
by 42% and division faster by 37%. 

Benchmark II: Comparison of Am2901C/2910A 
with 'AS888-1I' AS890-1 

The same 16-bit system can be constructed with 
Am2901C slices. Since the Am2901C has a smaller 
instruction set than the Am2903A or the 'AS888-1, 
multiplication and division must be emulated using external 
add with shift hardware and bit testing. For this reason, the 
comparison for this benchmark is restricted to the cases of 
addition and addition with shift. 

The basic system for these two cases using the 
Am290 1 C is shown in Figure 3-6; timing calculations for 
the control and data paths are listed in Table 3-8. These can 
be compared directly with the 'AS888 design and calculations 
shown previously in Figure 3-3 and Table 3-2. Addition is 
13 % faster using the AS888-1. 

To implement the shift function, two multiplexers and 
an exclusive-OR gate are needed. A modified design is shown 
in Figure 3-7, along with timing calculations in Table 3-9. 
A comparison of these with Figure 3-3 and data in Table 
3-4 shows that the TI system performs an addition with shift 
25% faster than the Am2901C equivalent. 

SUMMARY OF RESULTS 
Table 3-10 summarizes the timings of the various cases 

implemented with the TI and AMD parts. It can be seen that 
the TI 'AS888-1I' AS890-1 system runs faster than the others 
in all cases. Addition using the TI parts can be performed 
26 % faster than with the system using the Am290 I C and 
36 % faster than that using the Am2903A. Addition with a 
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shift is 25 % faster on the TI system than the Am2901 C 
system and 32 % faster than the Am2903C. An even wider 
variance occurs with the more complicated algorithms: 
multiplication is 42 % faster using the TI chip; division is 
37% faster. 

Table 3-1. Am2903A/Am2910A Timings for Addition 

TIME 

COMPONENT DATA PATH INS) 

Data Loop 

Pipeline register Clock to output 9 

Am2903A A,8to(3,P 52 

Am2902A GO, PO to Cn+ z 7 

Am2903A Cn to Cn+ 4 , OVR, Z, Y 35 

Am2903A Setup time 5 

Total for data loop 108 

Control Loop 

Pipeline register Clock to output 9 

MUX Select to output 13 

Am2910A CC to output 30 

PROM Access time 20 

Pipeline register Setup time 2 

Total for control loop 74 

Critical path for Am2903 addition 108 

Table 3-2. 'AS888-1I'AS890-1 Timings for Addition 

TIME 

COMPONENT DATA PATH INS) 

Data Loop 

Pipeline register Clock to output 9 

'ASB88-' A, 8 to Cn+ 8 30 

'AS888-1 Cn to Cn +8, OVR, Z, Y 27 

Register Setup time 2 

Total for data loop 68 

Control Loop 

Pipeline register Clock to output 9 

MUX Select to output 13 

'AS890·' CC to output 25 

PROM Access time 20 

Pipeline register Setup time 2 

Total Control Loop 69 

Critical path for 'ASB88 addition 69 



Table 3-3. Am2903A/Am2910A Timings for 
Addition with Shift 

COMPONENT 

Data Loop 

Pipeline register 

Am2903A 

Am2902A 

Am2903A 

Am2903A 

Am2903A 

Control Loop 

Pipeline register 

MUX 

Am2910A 

PROM 

Pipeline register 

DATA PATH 

Clock to output 

A, BtoG,P 

GO, PO to Cn +z 

Cn to Cn + 4, 5100 
SIOln) shift to Y 

RAM setup 

Total for data loop 

Clock to output 

Select to output 

CC to output 

Access time 

Setup time 

TIME 

INS) 

9 

52 

7 

23 

23 

5 

119 

9 
13 

30 

20 

2 

Total for control loop 74 

Critical path for AM2903 addition 

with shift 

Table 3-4. 'AS888-1/'AS890-1 Timings 
for Addition with Shift 

119 

TIME 

COMPONENT DATA PATH INS) 

Data Loop 

Pipeline register Clock to output 9 

'AS888-1 A, B to Cn+S 30 

'AS888-1. Cn to Cn+ S' 5100 25 

'AS888-1 SIOln) shift to Y 14 

'AS888-1 Register file setup time 2 

Total for data loop 80 

Control Loop 

Pipeline register Clock to output 9 

MUX Select to output 13 

'AS890-1 CC to output 25 

PROM Access time 20 

Pipeline register Setup time 2 

Total for control loop 69 

Critical path for 'AS888 addition with shift 80 

Table 3-5. Am2903A/Am2910A Timings 
for Multiplication 

TIME 

COMPONENT DATA PATH INS) 

Data Loop 

Am2918 Clock to output 27 

Am2903A 18-IOtoG,P 71 

Am2902A GO, PO to Cn+ z 7 

Am2903A Cn to Cn+4, 5100 23 

Am2903A SIOln) shift to Y 23 

Total for data loop 151 

Control Loop 

Pipeline register Clock to output 9 

MUX Select to output 13 

Am2910A CC to output 30 

PROM Access time 20 

Pipeline register Setup time 2 

Total for control loop 74 

Critical path for Am2903 multiplication 151 

Table 3-6. Am2903AI Am2910A Timings for Division 

TIME 

COMPONENT DATA PATH INS) 

Data Loop 

Am2918 Clock to output 27 

Am2903A 18-IOtoG,P 50 

Am2902A GO, PO to Cn +z 7 

Am2903A Cn to Cn+4, 5100 32 

Am2903A 510 In) shift to Y 23 

Total for data loop 139 

Control Loop 

Pipeline register Clock to output 9 

MUX Select to output 13 

Am2910A CC to output 30 

PROM Access time 20 

~ipeline register Setup time 2 

Total for control loop 74 

Critical path for Am2903 division 139 
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Table 3~ 7. 'AS888-1I' AS890-1 Timings for 
Multiplication and Division 

COMPONENT 

Data Loop 

'AS888-1 

'AS888-1 

'AS888-1 

'AS888-1 

Control Loop 

Pipeline register 

MUX 

'AS890-1 

PROM 

Pipeline register 

DATA PATH 

Clock to Cn+8 

Cn to SIO 

SIO(n) shift to Y 

Register file setup time 

Total for data loop 

Clock to output 

Select to output 

CC to output 

Access time 

Setup time 

TIME 
(NS) 

46 

25 

14 

2 

87 

9 
13 

25 

20 

2 

Total Control Loop 69 

Critical path for 'AS888 multiplication 

or division 87 

Table 3-9. Am2901C/Am2910A Timings for 
Addition with Shift 

TIME 

COMPONENT DATA PATH (NS) 

Data Loop 

Pipeline register Clock to output 9 

Am2901C A, B toG,P 37 

Am2902A GO, PO to Cn+ z 7 

Am2901C Cn to F3, OVR 22 

XOR and MUX 21 

Am2901C RAM3 setup 12 

Total for data loop 108 

Control Loop 

Pipeline register Clock to output 9 

MUX Select to output 13 

Am2910A CC to output 30 

PROM Access time 20 

Pipeline register Setup time 2 

Total for control loop 74 

Critical path for Am2903 addition 

Table 3-8. Am2901C/Am2910A Timings for Addition with shift 108 

TIME 

COMPONENT DATA PATH (NS) 

Data Loop 

Pipeline register Clock to output 9 

Am2901C A, BtoG,P 37 

Am2902A GO, PO to Cn+z 7 

Am2901C Cn to Cn + 4, OVR, F3, 

F = 0, Y 25 

Register Setup time 2 

Total for data loop 80 

Control Loop 

Pipeline register Clock to output 9 

MUX Select to output 13 

Am2910A CC to output 30 

PROM Access time 20 • Pipeline register Setup time 2 

Total for control loop 74 

Critical path for Am2901C addition 80 

Table 3-10. Summary of Results 

CALCULATED TIMINGS 

DATA PATHS CONTROL PATHS SYSTEM CLOCK 

Operation Am2901C Am2903A 'AS888-1 Am2901C Am2903A 'AS888-1 Am2901C Am2903A 'AS888-1 

Addition 80 108 68 74 74 69 80 108 69 

Addition with Shift 108 119 80 74 74 69 108 119 80 

Multiplication - 151 87 - 74 69 - 151 87 

Division - 139 87 - 74 69 - 139 87 
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Section 4 

32-Bit CPU Design With the 'AS888/ 'AS890 

Microprogramming and bit slice technology have made 
possible the development of powerful systems using flexible 
instructions sets and wide address/data buses to access more 
than one gigaword of physical main memory. This section 
discusses one design approach to such a system, using 
'AS888 bit slice and 'AS890 microsequencer components. 

A structured approach to system design, such as that 
illustrated in Figure 4-1, is recommended in developing 
custom bit -slice designs. The product specification gives a 
starting point or basis for the project. In this example, four 
'AS888 bit slices are used to implement the 32-bit arithmetic 
portion of the CPU, and an 'AS890 microsequencer is used 
for ALU and system control. A group of PROMs stores the 
microinstructions; a writable control store could also be 
implemented using additional control logic and components 
to load and modify the microprogram memory. The system 
is designed to access more than one gigaword of memory. 

Since speed is a concern, carry look-ahead rather than 
ripple-through logic is recommended. If ripple-through· logic 
were used, the system clock would need to be slowed down 
to allow the propagation of the carry bits through the various 
'AS888 stages. By using carry look-ahead, the amount of 
time needed for the data to stabilize is greatly reduced by 
anticipating the carry across the 'AS888 packages. 

So that the scratchpad area can be used for address 
calculations and mathematical computations, the 'AS888' s 
internal register file is dedicated for system functions. To 
provide the system user with a . macrolevel equivalent of 
register locations, a 16-word external register file is also 
included. Access to the extemal register file is under 
microprogram control, allowing address selection to come 
from the microcode itself or from one of the three operand 
fields of the instruction register. . 

PROMs eliminate the use of main memory as a source 
for constants used in initialization or table look-up functions. 
Accessing main memory for table values would require time 
and slow system throughput; by placing fixed values in fast 
PROMs, access time is kept to a minimum and system 
throughput is not altered. 

Control, data and address buses shared by the system 
are accessed by three-state registers. The control register 
supplies the non-CPU part of a computer system with control 
signals. The data bus allows the ALU to supply data for the 
rest of the system and can also be a source of data for the 
ALU; this is accomplished by using three-state registers to 
drive the bidirectional data bus, along with registers to sample 
the bus. The address bus uses one of the extemal register 
file locations to maintain a program counter, thus allowing 
a 32-bit address bus capable of addressing about 4 gigawords 
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Figure 4-1. System Design Approach 

of main memory. Using three-state drivers for this bus 
enables other subsystems to take control of the system buses. 

A pipeline register supplies the microsequencer and the 
ALU with both data and instructions. To get macrocode into 
the system, an instruction register and a mapping PROM are 
used to convert the opcode to a microprogram routine 
address. The condition code signal, used for testing various 
conditions, is supplied by a register-input-based PAL. PAL 
inputs can be fixed values or combinations of the status 
signals coming from the ALU. The read address select pins 
for the 'AS888' s internal B register can be sourced from the 
microword itself or from three nibbles of the macroword, 
to provide offsets for the N-way branches to various 
microcode routines. 

DESIGNING A 32-BIT SYSTEM 
A typical 32-bit system block diagram using the 

'AS888 Bit-Slice and 'AS890 Microsequencer is shown in 
Figures 4-2 and 4-3. It can be broken down into two sections, 
the ALU (arithmetic logic unit) and the CCU (computer 
control unit). The ALU section performs all manipulation 
of data both to and from main memory, such as arithmetic 
and logical operations. The CCU section controls instruction 
(macro-code) flow and any miscellaneous control operations, 
such as fetching instructions or supplying addresses for main 
memory access. 

Construction of the ALU 
To cascade the four 'AS888s to obtain the 32-bit 

arithmetic unit shown in Figure 4-4, the shift multiplex SIOO 
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Figure 4-2. CCU Block Diagram 
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Figure 4-4. Cascaded 'AS888 Packages 

Constant PROMs are also included to simplify the 
programming and operation of the ALU by supplying fixed 
data for various operations, such as: 

I. Clearing the system register files for 
initialization. This brings the system up to a 
known state. 

and QIOO terminals are connected to the SI07 and QI07 
terminals of adjacent packages, and the least significant 
package's signals are connected to the most -significant 
package's. Optionally, the SN74ALS240 inverting gates can 
be connected to the SIOO-SI07 terminals and the byte inputs 
to implement byte and bit control. Another chip, the 
SN74AS182 look-ahead carry generator, provides a ripple­
carry function, to help system throughput. 

The design includes a 16-word register file, the 
SN74AS870 (see Figure 4-3). This allows the user to access 
16 working areas for temporary data storage or address 
calculations such as indexing. In this design example, the 
'AS888's internal register file is not accessible directly by 
the user; it is reserved for microcode operations, such as 
address computation and temporary storage for arithmetic 
operations. Addressing the register fIles is permitted through 
the microprogram or from the macrocode instruction register 
under microcode control. The transfer register conlJected to 
the 'AS888's Y and OB buses allows for feedback into the 
'AS888 under microprogram control. Since the constant 
PROMs and the external register file share the A bus, they 
cannot be accessed at the same time. The transfer register 
enables data from the external register file to be transmitted 
to the B bus, making possible the addition of operands from 
the constant PROMs and the external register file, for 
example. 

2. Supplying a correction value to the offset in a • 
branch instruction,i.e., converting a 16-bit 
offset to a true 32-bit address. 

3. Table look-up for fixed mathematical 
operations, such as computing sines and ~ 
cosines. 

Construction of the CCU 
Sequencing and branching operations at speeds 

compatible with the 'AS888 are supplied by the 'AS890, a 
microprogrammed controller working as a powerful 
microsequencer. Features of the 'AS890 include: 

I. Stack capability. The 9-word stack can be 
accessed by using a stack pointer or a read 
pointer; the latter is designed for nondestructive 
dumping of the stack contents. 

2. Register/counter facility. Two registers, ORA 
and ORB, can be used for latching data from 
the external data buses or as counters for loops. 
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A ZERO signal is generated when the 
deCremented counter reaches a zero value. 

3. Interrupt control. A register for temporarily 
holding the return address is supplied; upon 
entering the interrupt routine, the contents of 
the return register must be pushed onto the stack 
for later use. 

4. Next address generation. The Y output 
multiplexer offers a selection of same or 
incremented address, address from ORA or 
DRB buses, address from stack, or a 
concatenation of DRA13-0RA4 and B3-BO. 

A microprogram memory/pipeline register supplies the 
microsequencer and the rest of the system with instructions 
(see Figure 4-2). The memory might consist of ROMs, or 
it could be a writable-control store with support logic to allow 
loading or updating of the control store. For a general 
purpose machine with a fixed instruction set, ROMs would 
be more economic. 

Some 'AS890 instructions are influenced by the CC 
input. Many are variations of branch and jump instructions. 
To form and supply CC, a register can be used to latch the 
state of the 'AS888 and supply inputs to a PAL for decoding, 
based upon the microcode's needs. Combinatorial logic in 
the PAL allows multiple or single events to be selected or 
provides a fixed value of "1" or "0" for forced conditions. 

To supply the microsequencer with the proper address 
of the microcode-equivalent version of the macrocode 
instruction, an instruction register and mapping PROM are 
needed. Under microprogram control, the instruction register 
samples the data bus to get the macrocode instruction. The 
opcode portion is passed to the mapping PROM to form an 
address to the microcode routine. When the microcode is 
ready to jump to the routine, it turns off the Y bus output 
of the 'AS890 and enables the output of the mapping PROM. 
An optional means of altering the address uses B3-BO inputs 
of the 'AS890 to implement an N-way branch routine. In 
this method, the ten most significant address bits of ORA 

3 or DRA are concatenated with the 83-BO bits to SUPPI.y ali 
address. 

Control information is supplied to the rest of the system 
via the control register and bus. By setting various bits within 

l> the control register, information can be passed to other 
'C subsystems, such as memory and 110 peripherals. Bit 0 could 
'2. represent the read/write control line while bit 1 could select 
C:r . memory or I/O for the read/write. 8it 2 might function to 
! enable interrupts and bit 3 to indicate when the system should 
O· enter a "wait" state for slow memory. The remaining control 
j bits can be programmed by the system designer to indicate 
::J:J additional condition states of the "macrosystem'. 
CD Addressing of the register files, both 'AS888 internal 
"0 and 'AS870 external, is done through the use of two 1-of-2 
~ selector banks. The first bank selects address source; this 
; design offers a choice for operand processing of fixed values 

from the microcode or values from the macroinstruction 
latched in the instruction register. The second bank selects 
the first or second operand as an address source for port 0 
of the external register file; port 1 uses the third operand 
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as an address source. It should be noted that the design 
presented in Figure 4-2 is a one-level pipeline that is 
instruction-data based. The address and contents of the next 
instruction are being fetched while the current instruction 
is being executed. Tracing through the data flow, the 
following can be observed: 

1. The pipeline register contains the current 
instruction being executed 

2. The ALU has just executed its instruction, and 
has the current status ready at its output pins 

3. The status register thl!t is attached to the ALU 
contains the previous instruction's resulting 
status 

4. The contents of the next microprogram word 
are being fetched at the same time that the 
current instruction is being executed. 

TRACING THROUGH A 32-BIT COMPUTER 
With the 'AS888 and 'AS890 as foundation chips, the 

typical 32-bit supermiui of Figures 4-2 and 4-3 can now be 
functionally traced. First, note that the data of the main 
program is handled separately from that of the microcode­
each on its own bus. The system is initialized by setting the 
"clear" signal high-this causes a forced jump to the 
beginning of the microcode memory. Instructions carried out 
by the microcode at this point might run system diagnostics, 
clear all registers throughout the 'AS888-based system, and 
set up the initial macrocode program address. In this design, 
the first program address to fetch an instruction from main 
memory comes from a fixed value in the microcode memory; 
it is possible to allow the address to be retrieved from a 
permanent location in main memory or from either a front 
panel or console, by modifying the microcode program 
slightly. 

Table 4-1 illustrates the microcode format for this 
design. Note that it contains control signals for all chips 
involved in the design. Some of these, such as 
TRANSLATCH and MARLA TCH, are used with the system 
clock to provide controlled loading of the various holding 
registers. Others supply necessary addressing information, 
directing input from either the main data bus or from the 
microcode word itself. 

The FETCH routine is shown in functional, assembler 
and microcoded forms in Tables 4-2, 4-3 and 4-4. First, the 
program counter is read from the external register file and 
stored into the memory address register. After the program 
counter is placed on the address bus, the program counter 
is updated and stored while the data from memory is allowed 
to settle down to a stable condition. The data is then latched 
in both the instruction register and data-in register. 

The opcode field of the instruction register is passed· 
through the mapping PROM to convert the opcode to an 
equivalent microcode routine address. When YOE is forced 
high by the microcode, the 'AS890 is three-stated from the 
Y bus and the mapping PROM's output is taken out of the 
three-state mode to supply an address to the control store 
(microprogram memory); a forced jump is made to the 
microcode routine to perform the instruction. 



MICROCODE 

FIELD 

0-13 

14--27 

28-30 

31-33 

34--36 

37 

38 

39 

40 

41 

42 

43--50 

51 

52 

53 

54 

55 

56-57 

58 

59 

60 

61 

62-69 

70-71 

72-75 

76 

77-80 

81 

82 

83 

84 

85 

86 

87 

88-99 

100 

101 

102-105 

106-109 

110-113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123-126 

Table 4-1. Microcode Definition 

PIN NAME INPUT TO FUNCTION 

DRA13-DRAO 'AS890 Used for next-address branches 

DRB13-DRBO 'AS890 Used for -loading counter 

RC2-RCO 'AS890 Register/counter controls 

S2-S0 'AS890 Stack control 

MUX2-MUXO 'AS890 MUX control of Y output bus 
-
INT 'AS890 Interrupt control 

RAOE 'AS890 Enables DRA output 
----

RBOE 'AS890 Enables DRB output 

OSEL 'AS890 Mux control for ORA source 

INC 'AS890 Incrementer control 

YOE 'AS890 Enables Y output bus 

17-10 'AS888 Instruction inputs 

OEA 'AS888 DA bus enable 

Eft: 'AS888 ALU input operand select 
-
OEB 'AS888 DB bus enable 

OEY 'AS888 Y bus output enable 

SELY 'AS888 Y bus select 

EB1-EBO 'AS888 ALU input operand selects 

WE 'AS888 Register file write enable 
---
MAP PROM Enables mapping PROM to 'AS890 Y bus 
~ 

IR Latch Latches data bus to instruction register 

CR Latch Latches control data to bus 

CTRL7-CTRLO Latch Data for control latch 

BSEL l-BSELO Multiplexer Selects data for 'AS890 

B3-BO Multiplexer Microcode data to switch 

CONDCD Latch Controls latch of 'AS888 status 

SELC3-SELCO PAL Selects combination of 'AS888 status 

DTALATCHI Latch Controls latching of data-in 

DTAIN Latch Enables data-in output to bus 

DTALATCHO Latch Controls latching of data-out 

DTAOUT Latch Enables data-out output to DB bus 

MARLATCH Latch Controls latching of address 

MAR Latch Enables MAR output to address bus 

CONSTPROM PROM Enables PROM to DA bus 

A11-AO PROM Address of constant in PROM 

SWITCH2 Multiplexer Selects microcode or Instruction Register data 

SWITCHl Multiplexer Selects microcode or Instruction Register data 

A3-AO Multiplexer Register file address ('AS8881 

83-BO Multiplexer Register file address (' AS888) 

C3-CO Multiplexer Register file address ('AS888) 

REGUWR Register File Port 0 write enable 

REGLWR Register File Port 1 write enable 
---
REGU Register File Chip enable on port 0 

REGL Register File Chip enable on port 1 

TRANSLATCH Latch Controls latch between Y and D8 bus 

TRANS Latch Enables output to DB bus 

SELCN2 Multiplexer Supplies carry input to 'AS888 

SELCNl Multiplexer Supplies carry input to 'AS888 

REGUB Multiplexer Selects address for external register file 

BYTE3 - BYTEO Th ree-state Enables data for byte/bit operations 
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Thble 4-2. Functional Listing of Fetch 

FETCH: MAR = PC, Enable MAR output 

PC=PC+1 
IR = DIR = data bus, Disable 'AS890 Y bus, 

Enable mapping PROM to Y bus 

Thble 4-3. Assembler Listing of Fetch 

FETCH: OP890 ",111,10;INC; 

Key to Thble 4-3 

DPSSS a,b,c,d,e,f 

where: 

OP88S NOP,GROUP5,1 0",1111; 

OEY;SELY; 

CR;CTRL 00000011; 

SELC 01; 

MARLATCH;MAR; 

SWITCH OO;REGL; 

TRANSLATCH 

OP890 ",111,10;INC; 

OP8SS PASS,I NCS,OO", 1111 ; 

OEB;OEY; 

SELC 01; 

MAR; 
REGLWR;REGL; 

TRANS; 

SELCN 01 

OPS90 ",111,10; 
OPSSS NOP,GROUP5,1 0; 

MAP; 

IR; 

SELC 01 

DTALATCHI; 

MAR 

Set' AS890 for continue 

Perform NOP and read external register 15 

Enable Y bus output 

Generate external control bus signals 

Select fixed CC value to 'AS890 

Latch value on Y bus and enable output 

Select address source and enable port 
Latch Y bus for transfer to B bus 

Set 'AS890 for continue 

Increment program counter 

Enable Y bus output 

Select fixed CC value to 'AS890 

Output address to address bus 

Update program counter in register tile 

Enable transfer latch output to B bus 

Select carry input to LSP to be "1" 

Set' AS890 for continue 

Perform NDP 

Enable mapping PRDM to 'AS890 Y bus 

Latch data bus to get macrolevel code 

Select fixed CC value to 'AS890 

Put data bus also in data register 

Output address to address bus 

o P890 v, W,X, Y,l 

where: 

a = upper bits of instruction, 17-14 

b lower bits of instruction, 13-10 

c = value of EB1-EBO 

d 

e 
A address of register files 

B address of register files 

C address of register files 

v 

w 

DRA value, 14-bits Y 

DRB value, 14-bits 

RC2-RCO 

S2-S0 

MUX2-MUXO 

After the routine is complete, a jump is made back to 
the FETCH routine by using the next -address supplied by 
the microprogram, It is up to the system designer/ 
programmer to make sure that all system housekeeping is 
'performed, so that nothing causes a fatal endless loop. 

DEFINING THE MACROCODE 
INSTRUCTION FORMAT 

Since this is a 32-bit design, a variety of instruction 
formats are available. The size of the opcode along with the 
types of addressing used, will affect both system size and 
performance. The formats shown in Table 4-5 will be used 
for discussion. 

All Table 4-5 formats have an opcode field of II bits 
and source/destination fields of 7 bits; the first three bits of 
the latter designate the address type, and the remaining four 
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bits are used for register access. The opcode length allows 
2,048 macrocoded instructions to be mapped to equivalent 
microcoded routines. The address fields can specify any of 
the following modes: register, relative, autoincrementl 
autodecrement, indexed, absolute, and deferred. The offset 
used in the Type 0 instruction can be used for branch-based 
instructions, for an offset range of ± 32727. 

TRACING A MACROCODE INSTRUCTION 
Microcode for a Type 3 multiplication instruction is 

shown in Table 4-6, using the following assumptions: 
1. Code for retrieving the operands will not be 

shown. Jumps will be made to routines that will 
place the temporary operands into internal 
register locations 2 and 3 of the 'AS888, after 
being fetched from main memory. 



Thble 4-4. Microcode Listing of Fetch 

0 
)( 

DRA13- DRB13- :;) 
0 :IE 11-10 

DRAO DRBO u N a: 0 

(j Ul )( 

1~I~j~~~ I<~ID>>- 1~e;lfi III :;) 

~ ~~~i9a~ a: :IE 

00000000000000 00000000000000 000 I I I o I 0 1 I I 0 10 I I I I I I I I I I I 0 I I 0 I 
I I 0 I 00000000000000 00000000000000 000 I I I o I 0 I I I 0 I 0 I I I I 0 I 00 11000001 I I I 

00000000000000 00000000000000 000 I I I o I 0 I I I 0 0 I I I I I I I I I o I I I 1 1 0 I 001 

Thble 4-4. Microcode Listing of Fetch (Continued) 

:;: 

I~i~~ 
g 

!3 0 ;;: 

I~ CTRL1- '" ~ Ul 
Ul 

II 
'" A11-AO N 

CTRLO ~ "I % N- ID 
0 ... ~ 0 g 0 ZZ:;) 

I~ -' ~ ~c .. i 8 " ~ ~~Cl '" '!' ~ Ul iil '" !1 .. "''''''' ID Ul ID U Ul(l)a: 

00000011000000 

00000000000000 

00000000000000 

0001 1 I 

000 1 1 I 

000 1 0 I 

10010000000000000000000000 11 11100100011 

1010000000000000000000000111110101001011 

1101000000000000000000000000001111 I 10001 I 

Thble 4-5. Possible Instruction Formats 

TYPE 0 - OPCODE + l6-BIT OFFSET 

0- 10 

Opcode 

II - 15 

Not Used 

TYPE 1 - OPCODE + DESTINATION 

0- 10 

Opcode 

11 -24 

Not used 

TYPE 2 - OPCODE + SOURCE + DESTINATION 

0- 10 

Opcode 
11 - 17 

Not used 

16-31 

Offset 

18- 24 

Source 

25- 31 

Destination 

25 -31 

Destination 

TYPE 3 - OPCODE + SOURCE' + SOURCE2 + DESTINATION 

0-10 

Opcode 

'1 - 17 
Source 

18- 24 

Source 

25 - 31 

Destination 

Thble 4-6. Functional Listing of Multiply 

UMULl3: 

JUMPSUB SOURCEl 

JUMPSUB SOURCE2, 

BCOUNT~32 

REG 9~0 

MQ~REG 2 

LOOP: 

UMULI WITH REG 3 

DECREMENT BCOUNT, 

BRANCH TO LOOP IF NOT ZERO, 

LATCH 'AS888 STATUS, 

REG 9~ALU 

REG 8~MQ 

JUMPSUB STORPSW 

JUMPSUB MDEST 

JUMP FETCH 

Get first operand 

Get second operand 

Load DB counter register 

Clear temporary accumulator 

Load multiplier 

Issue the multiply 

Decrement the DB counter 

Loop back until done 

Store 'AS888 flags 

Store intermediate result 

Store intermediate result 

Update macro program status 

Store result at destination 

Get next instruction 
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Thble 4-7. Assembler Code of Multiply 

UMULl3: 
OP890 SOURCE1",110,110; 

INC;YOE; 

OP888 NOP;GROUP5; 

SELC 0001; 

MAR 

Perform a subroutine branch 

Increment address and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address buss 

OP890 SOURCE2,00000000100000,110, 110,110; Perform subroutine branch and load B 

counter 

INC;YOE; 

OP888 NOP,GROUP5; 

SELC 0001; 

MAR 

OP890 ",111,110; 

INC;YOE; 

OP888 CLEAR,GROUP5"" 1001; 

WE; 

SELC 0001; 

MAR 

OP890 LOOp,,,111,110; 

INC;YOE; 

OPSSS LOADMQ,INCS",0010; 

MAR 

LOOP: 
OP890 LOOP,,101,111,100; 

INC;YOE; 
OP888 UMULI,GROUP4,01,0011,,1001; 

WE; 

MAR 

OP890 ",111,110; 
INC;YOE; 

OP888 PASS,INCS",,1000; 

WE; 

MAR 

OP890 STORPSW",110,110; 

INC;YOE; 

OP888 NOp,GROUP5; 

SELC 0001; 

MAR 

OP890 FETCH", 111; 
INC;YOE; 

OP888 NOp,GROUP5; 

SELC 0001 

Key to Thble 4-7 . 

OP888 a,b,c,d,e,f 

where: 

upper bits of instruction, 17-14 

b lower bits of instruction, 13-10 

c ~ value of EB1-EBO 

d A address of register files 

e ~ B address of register files 

C address of register files 

Increment microaddress and enable Y bus 

Tell' AS888 to do nothing during jump 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address bus 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Zero out register file accumulator 

Enable writing to register file 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address buss 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Load MQ register with S + en, from external 

register file 

Maintain address on main address bus 

Decrement B and loop til ZERO ~ 1 

Increment" microaddress and enable Y bus 

Perform unsigned multiply on accumulator 

Update register file accumulator 

Maintain address on main address bus 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Put S + Cn in temporary register file 

Allow updating of register file 

Maintain address on main address bus 

Perform a subroutine branch 

Increment microaddress and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" for set up 'AS890 continue 

Maintain address on main address bus 

Perform a branch to FETCH routine 

Increment microaddress and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" for 'AS890 continue 

OP890 V,W,x,y,Z 

where: 

v ORA value, 14-bits 

w ORB value, 14-bits 

RC2-RCO 

y S2-S0 
MUX2-MUXO 



Thble 4-8. Microcode Listing of Multiply 

'" >< 
DRA13- DR8l3- :l 

'" ::; 17-10 
DRAO DRBO <.J N a: '" Ir-" rJ ~ 

>< 
I~~~~~~ I'(~"'» lig;l~ :l ~«~~~1ii~~ a: '" 

::; 

00000000001 1 00 00000000000000 000 1 1 0 1 1 0 11 1 0 1 0 1 1 1 11111 1 1 1 1 0001 1 1 1 

00000000010000 00000000100000 1 1 0 1 1 0 1 1 0 1 1 1 0 1 0 1 1 1 11111 1 1 1 1 00 0 1 1 1 1 

00000000000000 00000000000000 000 1 1 1 1 1 0 1 1 1 0 1 0 1 1 1 1 00 0 0 1 1 100000 1 1 1 

00001000001000 00000000000000 000 1 1 1 1 1 0 1 1 1 01 0 1 1 1 001 00 1 1 1 00001 1 1 1 

00001000001000 00000000000000 1 01 1 1 1 1 00 1 1 1 0 1 0 1 1010000 1 1 1 00010 1 1 1 

00000000000000 00000000000000 000 1 1 1 1 0 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 00 0 1 0 1 1 1 

00000000010100 00000000000000 000 1 1 0 1 1 0 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0001 1 1 1 

00000000011000 00000000000000 000 1 1 0 1 1 a 1 1 1 0 1 a 1 1 1 1 1 1 1 1 1 1 1 10 a 01 1 1 1 
00000000000011 00000000000000 000 111 a a a 11 1 a 1 0 1 1 1 11 111 1 1 1 10 a 01 1 1 1 

Thble 4-8. Microcode Listing of Multiply (Continued) 

i 

J' 
I:! 

'" '" ~ 

IlhJ~~'l l~ CTRL7- -" ~ _ 0 % ~ w % % ~ a: All-AO '" 
I~ 

w 

lidlia:i 
N 

CTRLO :! ~ % 

'" ~ l '" '" l~ -" ~ 
., 

~ w (!l~~~~Sl w 'I' Po '" ... w ., ., 
'" '" « ., <.J II: I-~rn(l)a:: 

00000000 00 a a 0 a 1 a 0 01 1 1 1 1 1 0 1 000000000000 00 00 0 0 000 a a a 0 a 1 1 1 11 1 00 0 11 11 

00000000 00 00 0 0 1 a a 01 1 1 1 1 1 a 1 000000000000 00 00 0 0 0000 00 0 0 1 1 1 11 1 00 0 11 11 

00000000 a a 0000 1 a 0 01 1 1 1 1 1 01 000000000000 00 00 0 0 00 0 a ,I 0 0 1 1 1 1 11 1 000 1 1 1 1 

00000000 00 0000 a 0001 1 1 1 1 1 01 000000000000 00 o a a 0 001 0 00 0 a 1 1 a 1 1 1 a a 0 1 1 11 
00000000 00 0000 0 0001 1 1 1 1 1 0 1 000000000000 00 001 1 000 0 1 001 1 01 01 1 0 a 0 1 1 1 1 

00000000 00 0000 0 000 1 1 1 1 1 1 0 1 000000000000 00 0000 00 0 a 1 0 a 0 1 a 1 a 1 1 000 1 1 1 1 

00000000 00 0000 a 0001 11 1 1 1 01 000000000000 00 0000 0000 00 0 0 1 11 11 1 a 0 a 1 1 1 1 
00000000 00 0000 1 0001 11 1 1 1 0 1 000000000000 00 00 0 a 0000 a a a a 1 11 11 1 000 1 1 1 1 
00000000 00 0000 1 0001 11 1 1 111 000000000000 00 0000 00 0 a 00 0 0 1 11 11 1 0 a 0 1 1 1 1 

2. A jump to a routine to store the product in the 
destination will be handled similarly. 

3. Multiplication will be unsigned; the result will 
be placed in two temporary locations of the 
'AS888. 

in a temporary register location in the 'AS888. The MQ II 
register now contains the least significant bits of the result 
and the temporary accumulator the most significant bits. A 
subroutine jump is made to the program status word update 

4. An update to the program status word, which 
the user can access at the macrocode level, must 
also be performed but is not shown. 

Assembler code is shown in Table 4-7; a microcode 
listing is given in Table 4-8. The first two lines of microcode 
are subroutine jumps to opcode fetching routines, which store 
the operands in register files 2 and 3 in the 'AS888. The next 
two instructions load up the 'AS890 with a counter constant 
for the multiply loop, load the MQ register of the 'AS888 
with the multiplier and clear the register that is temporarily 
used for the accumulator. 

A loop is then entered to perform the multiply 
instruction 32 times to form the product, with the 
multiplicand coming from the internal register file of the 
'AS888. Upon exiting the loop, the MQ register is stored 

routine; this will take the status flags of the last multiplication CI) 

iteration and change the macrolevel status word. The next 1:: 
subroutine jump is to a destination routine, which is followed &. 
by a branch to the FETCH routine to get the next Q) 

macroinstruction to be executed. a:: 
SYSTEM ENHANCEMENTS 

The above example provides a broad overview of 32-bit 
system design using the 'AS888 and 'AS890. Certain 
additional options may enhance system performance. These 
include: 

1. Status latching. The design does not take into 
account changes that need to be examined at the 
microlevel while retaining macrolevel status 
information. One solution would be to include 
another register in parallel to the status latch 
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and provide control to choose between the two 
to form the condition code value. 

2. Interrupts. To efficiently use a computer 
system, interrupts are used to alter' program 
flow in the case of I/O programming and real­
time applications (involving hardware timers). 
To include this capability, external hardware 
must be included and the microcode modified 
accordingly. 

3. Control store. One way of implementing 
microprogram memory is to use a ROM-based 
design. It is becoming more common to design 
a writable control store, a completely RAM­
based or part RAM, part ROM storage system, 
that can be altered by system operation, such 
as initialization from a floppy disk subsystem, 
or by the user to optimize or implement new 
macrolevel instructions. The cost of 
implementation must be weighed with the risks 
involved in changing instructions which may 
not be supported by other sites. 

4. Instruction word definitions. Changing the 
instruction word definitions will have an effect 
on both system design and performance. 
Removing Type 3 instructions from the design, 
for example; will have an effect on both 

hardware and software: the external register file 
addressing must be changed and the l-of-2 
selector removed. Likewise, changing the 
opcode length may restrict the instruction 
address capability and also cause either an 
increase or decrease in the microcode size. 

5. Dynamic memory access (DMA). The above 
system does not support dynamic memory 
access. To include this function requires a 
change in the address output control, along with 
support circuitry for the type of DMA selected. 
Some error detection and correction logic for 
main memory might also be included. 

6. Computer control unit. The design presented 
here shows a one-level pipeline architecture that 
is instruction-data based. System throughput 
may be increased by converting to a pipeline 
of greater depth, or using another variety of 
one-level pipeline, such as instruction-address 
based or address-data based. Care must be taken 
when increasing the size of the pipeline, 
especially when handling branch/jump 
situations. The reader is advised to carefully 
research this area before implementing any 
design. 

'fable 4-9. Critical Delay Path Analysis 

CONTROL LOOP DATA LOOP 

TIME TIME 

COMPONENT DATA PATH (NS) COMPONENT DATA PATH (NS) 

Pipeline regi$ter Clock to output 9 'AS888-1 Clock to Cn 46 

MUX Select to output 13 'AS182 Cn to Cn + z 5 

'AS890-1 CC to output 25 'AS888-1 Cn to SID 25 

PROM Access time 20 'AS888-1 SID to Y 14 

Pipeline register Setup time 2 - -
69 90 

Table 4-10. Fetch Timing Comparismi 

'AS888 
FETCH 32·BIT Z8001 8086-1 80286 68000L . 

Data width 32 16 16 16 16 
No. of cycles 4 3 4 4 4 
Clock rate 11.11 MHz 4 MHz 10 MHz 10 MHz 8 MHz 
Total time 360 ns 750 ns 400 ns 400 ns 600 ns 

Table 4-11. Multiply Timing Comparison 

'AS888 'AS888 
MULTIPLY 32-BIT 16-BIT Z8001 8086-1 80286 68000L 

Size 32 x 32 16 x 16 16 x 16 16 x 16 16 x 16 16 x 16 
!'lo. of cycles 35 19 70 128 21 $74 
Clock rate 11.11 MHz 10.98 MHz 4 MHz 10 MHz 10 MHz 8 MHz 
Total time 3. 150 l's 1.7291'" 17.51's 12.81'" 2.1 I's :59.25I's 



TIMING AND SYSTEM THROUGHPUT 
A critical path analysis was undertaken to determine 

the maximum clock rate for the proposed system. The longest 
delay path is the multiplication data path, which involves the 
internal register file and the shift function of the 'AS888. 
Table 4-9 contains the critical delay calculations for both the 
ALU and CCU. Since both portions of the system must be 
satisfied, a clock rate of 90 ns was selected for the following 
comparisons. 

FETCH ANALYSIS 
Most microprocessors perform an instruction fetch in 

a pipeline mode; the next instruction is fetched while the 
current instruction is executing. The fetch code shown earlier 
requires a minimum of four cycles: three to issue the code 
and one to break the pipeline for processing the batch. This 
results in a total time of 360 ns, based on a 90 ns cycle time. 
Fetch times for the representative microprocessors have been 
estimated from data books and are shown in Table 4-10; wait 
states for slow memory are not included. As can be seen from 
the table, the 'AS888 design example is estimated to run from 
1.1 to 2.1 times faster than the 16-bit microprocessors. 

MULTIPLICATION ANALYSIS 
This analysis assumes that multiplication is unsigned 

integer and register to register based. No account is taken 
of time needed for instruction fetch or operand fetch or store. 

The basic loop for the multiply takes 35 cycles: 2 for 
accumulator and multiplier setup, 32 for actual multiply loop 
and 1 to store the least significant bits in an internal register 
file. Given a cycle time of 90 ns, a 32 by 32 bit multiplication 
can be implemented in 2.275 microseconds. A 16-bit multiply 
requires 16 iterations of the inner loop; both timings are 
included in Table 4-11 for comparison. Values for the 16-bit 
multiplies of the representative microprocessors have been 
estimated from data books. 

As shown in Table 4-11, the 16 by 16 multiply can 
be performed with the 'AS888 at a faster rate than the 16-bit 
microprocessors. Even comparing the 32 by 32 multiply of 
the application design, one can see that the 'AS888 based 
system has a better macroinstruction execution speed. Using 
the 'AS888 and 'AS890 in a system design will allow high 
throughput and a flexible architecture: 
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Section 5 

An Adaptive Clock Generator To Increase ' AS888 System Speed 

'AS888-1 instructions execute within 50 to 90 ns; over 
half execute in less than 60 ns. It is therefore possible to 
enhance the speed of an 'AS888 system using an adaptive 
clock generator that spaces clock pulses according to the time 
required to complete each operation. The advantage of using 
this circuit is that the system can process each instruction 
in almost exactly the time'it takes the desired results to reach 
steady-state. The alternative is to use a periodic 90 ns clock 
and waste use of 'AS888 "idle time." Just how fast the 
system will run with the adaptive clock is a function of the 
statistical distribution of microinstructions within any given 
microprogram. 

The time required for an 'AS888 instruction depends 
on whether shift, carry, register fIle read, ZERO status test 
and/or N status test are used. These operations require 
varying lengths of time to execute, depending on the number 
of 'AS888 internal delays involved. Whether shift and/or 
carry are used is determined' by the 'AS888 instruction field. 
ALU source operands can originate from the register fIle or 
the DA and DB buses; this is determined by the state of the 
EA and EBI-EBO inputs. Whether or not ZERO or N status 
are tested depends on other system signals, such as a status 
select field in the microinstruction to select ALU status during 
conditional branching. Depending on the system architecture, 
the pipelining scheme used and the flexibility of the 
microprogram, the designer may wish to ensure that test 
ZERO and test N signals be made available during the cycle 
in which ZERO or N are generated in order to better match 
clock pulse spacing to processing delay. By also providing 
a register fIle read signal, the clock spacing will be optimally 
matched to the processing delay. 

CIRCUIT DESCRIPTION 
A diagram of the adaptive clock circuit is given in 

Figure 5-1. The circuit consists of a PROM decoder and a 
programmable oscillator. The PROM contains a table of 
cycle length codes as a function of the 'AS888 instruction 
field, register fIle read (RFRD), ZERO test (ZTST) and N 
test (NTST). These signals are connected to the PROM 
address inputs from the control store outputs as shown. If 
the RFRD, ZTST and NTST. signals are not available, these 
inputs can be tied high, or a smaller PROM can be used. 

The cycle length codes residing in PROM are used to 
select one of nine delays in the programmable delay line 
oscillator. The selected delay provides the phase shift 
required for oscillation. Two progammable delay lines (Data 
Delay Devices PDU-1613-5) are needed; they must be 
alternately switched into the feedback loop so that each has 

time to empty. The programmable delay lines establish the 
timing from leading edge to leading edge of the clock for 
an overall error of only ±3.5 ns. The delays for various 
fixed-length delay lines are indicated by the numbers in the 
numbered boxes in Figure 5-1. 

Timing for this circuit is shown in Figure 5-2. RST 
initializes the circuit. When RST releases, the open collector 
output of U4a provides an initial rising edge from which all 
successive rising edges are regenerated. Toggle flip-flop U3a 
switches between the two halves of the oscillator. Latches 
U6a and U6b are alternately enabled by the Q and Q outputs 
of U3b. In this manner only one delay line at a time is selected 
to receive a pulse. U3a generates OEI and OE2 which select 
the available delay line for output. The pulse width regulation 
is also initiated by U3a. TQ and TQ serve as references for 
edge detectors U5a-U5d. The fixed delay lines shape OCI, 
CLRl, OC2, and CLR2. The output control OCI (or OC2) 
on U6a (or U6b) tums off several nanoseconds after a rising 
transition in TQ (or TQ) has occurred thereby holding Q I 
(or Q2) high. This stretches the on-time of the pulse to nearly 
50 ns. U6a (or U6b) is cleared 10 ns later. After another 
10 ns the output control turns on again, allowing the Q which 
was just cleared to establish the falling edge of the stretched 
pulse. This stretched pulse then enters the selected delay line, 
U7 (or U8), exiting at a time established by the cyole length 
code. The delay line output enable, OEI (or OE2) switches 
in the delay line before its pulse is ready to exit. In this 
manner, the width of the previous pulse is regulated to within 
20 to 30 ns. 

PROM PROGRAM 
The cycle lengths are defined by analyzing the 

propagation delays from the :.\S888 data sheet given in Table 
5-1. Variations in cycle lengths depend on whether shift, carry, 
register fIle read, ZERO test or N test are used. The algorithm 
for determining cycle length is flowcharted in Figures 
5-3-5-6. Total cycle length is found, by adding up all the 
contributing delays for each possible case. Sums less than 
50 ns must be adjusted to 50 ns since this is the minimum 
clock cycle length specified in the data sheet. Seven 
nanoseconds is used as the propagation time for O/P to Cn; 
this assumes an :A.S182 lookahead carry generator is used with 
the :.\S888. Each total delay is rounded up to the nearest 
integer multiple of 5 ns, which gives nine possible outcomes. 

Use of the shifters or carry is inherent in each 
instruction as shown in Table 5-2. Cycle length codes can 
be generated by looking up Table 5-2 for each instruction, 
performing the algorithm in, Figures 5-3-5-6, and encoding 
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Figure 5-1. Adaptive Clock Generator Circuit 
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Figure 5-2. Adaptive Clock Generator Timing Diagram 

Table 5-1. 'AS888-1 Timing Characteristics 

FROM 
PARAMETER 

TO (OUTPUT) 
UNIT 

(INPUT) y en + 8 G.P z· N OVR OA 08 QIO SIO 
A3-AO. 

44 30 36 50 
B3-BO 

44 44 17 17 48 48 

DA7-DAO. 
36 24 24 46 41 32 40 40 - -

DB7-DBO 
en 22 8 - 27 21 16 - - 25 25 
EA 40 25 25 49 41 41 - - 44 44 
EB 40 25 25 49 41 41 - - 44 44 
17-10 46 27 27 50 42 35 - - 45 45 

tpd OEB - - - - - - - 12 - - n. 

OEY 12 - - - - - - - - -
QIO (n) 

14 20 - - - - - - - -
Shift 
SIO (n) 

14 20 18 - - - - - - -
Shift 
CK 50 46 46 50 50 50 30 30 50 50 
OEA - - - - - - 12 - - -
SSF** - - - - - 9 - - - -

"load resistor R1 = 100 

... For byte instructions only. 

NOTE 1: For load circurt and voltage waveforms, see page 1-12 of The TTL Data Book, Volume 3, 1984. 
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each of the nine possible time delays with a number from 
o to 8. A BASIC program which follows this procedure and 
generates the PROM data in Data 1/0 hex-ASCII format is 
shown in Program 5-1. Program lines 147-149 look up carry 
and shift for each instruction. Once carry and shift are known, 
the program solves the total delay algorithm in Figures 

5-3-5-6 for all cases of ZTST, NTST, and RFRD as shown 
in program lines 163-184. At this point the actual time to 
process the microinstruction for the given conditions is 
solved. The time values are then encoded from 0 to 8 in 
program lines 188-195 .. The output is listed in Figure 5-7. 

Table 5-2. Shift and Carry as a Function of 17-10 

GROUP 1 INSTRUCTIONS 

INSTRUCTION BITS (13-10) 

HEX CODE 
MNEMONIC CARRY SHIFT 

0 
1 ADD '" 2 SUBR '" 3 SUBS '" 4 INCS '" 5 INCNS '" 
6 INCR '" 7 INCNR '" 8 
9 XOR 

A AND 

B OR 

C NAND 

0 NOR 

E ANONR 

F 

GROUP 2 INSTRUCTIONS 

INSTRUCTION BITS (17-14) 
MNEMONIC CARRY SHIFT 

HEX CODE 

0 SRA '" 1 SRAO '" 
2 SRL '" 3 SRLO '" 4 SLA '" 5 SLAO '" 6 SLC '" 7 :::LCO '" 8 SRC '" 9 SRCO '" 
A MQSRA '" B MQSRL '" 
C MQSLL '" 0 MQSLC '" E LOAOMQ 

F PASS 
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Table 5-2. Shift and Carry as a Function of 17-10 (Continued) 

GROUP 3 INSTRUCTIONS 

INSTRUCTION BITS 117-101 
MNEMONIC CARRY 

HEX CODE 

08 SET1 .. 
18 SETa 

28 TB1 

38 TBO 

48 ABS .. 
58 SMTC .. 
68 ADDI .. 
78 SUBI .. 
88 BADD .. 
98 BSUBS .. 
A8 BSUBR .. 
B8 BINCS .. 
C8 BINCNS ... 
D8 BXOR 

E8 BAND 

F8 BOR 

GROUP 4 INSTRUCTIONS 

00 CRC 

10 SEL .. 
20 SNORM .. 
30 DNORM 

40 OIVRF .. 
50 SOIVQF ... 
60 SMUll ... 
70 SMULT ... 
80 SDIVIN 

90 SOIVIS .. 
AO SOIVI .. 
BO UOIVIS '" CO UDIVI .. 
DO UMULI ... 
EO SOIVIT .. 
FO UDIVIT .. 

GROUP 5 INSTRUCTIONS 

OF CLR 

1F CLR 

2F CLR 

3F CLR 

4F CLR 

5F CLR 

6F CLR 

7F BCOBIN ... 
8F EX3BC '" 
9F EX3C ... 
AF SOIVO .. 
BF CLR 

CF CLR 

OF BINEX3 .. 
EF CLR 

FF NOP 

SHIFT 

.. 

.. .. 

... .. .. .. .. 

... 

... 

... 

... 

... 

... 

.. 
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Figure 5-3. Propagation Delay Without Carry and Without Shift 
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CARRY 
USED 

N 

A/B-Gip (36) 
G/P-Cn (7) 

Y Cn-Z (27) 
(70) 

70·n. 

A/B-G/P (36) 
G/P-Cn (7) 
Cn-N (21) Y 

(64) 

65 n. 
N 

A/B-G/P (36) 
G/P-Cn (7) 
Cn-Y (22) 

(65) 

65 n. 

Figure 5-5. Propagation Delay With Carry and Without Shift 

DA/DB-G/P (24) 
G/P-Cn (7) 
Cn-Z (27) 

(5B) 

60 n. 

DA/DB-G/P (24) 
G/P-Cn (7) 
Cn-N (21) 

(52) 

55 n • 

DA/DB-G/P (24) 
G/P-Cn (7) 
Cn-Y (22) 

(53) 

55 n. 



CARRY 
USED 

SHIFT 
USED 

N 

A/S-G/P (36) 
G/P-Cn (7) 
Cn-SIO/QIO (25) Y 
SIO/QIO-Z (20) 

(SS) 
90 ns 

A/S-G/P (36) 
G/P-Cn (7) 
Cn-SIO/QIO (25) Y 
SIO/QIO-N (1S) 

(S6) 
90 ns 

N' 

A/s-Gip (36) 
G[P-Cn (7) 
Cn-SIO/QIO (25) 
SIO/QIO-Y (14) 

IS2) 
S5 ns 

Figure 5-6. Propagation Delay With Carry and With Shift 

DA/DS-Gip (24) 
GiP-Cn (7) 
Cn-SIO/QIO (25) 
SIO/QIO-Z (20) 

(76) 
SO ns 

II 
DA/DS-G/P (24) 

II) ... 
G/P-Cn (7) ... 
Cn-SIO/QlO (25) 0 
SIO/QIO-N (1S) Co 

Q) (74) a: 75 ns 

r:::: 
0 .+: 
CO 

DA/DS-G/P (24) .~ 
G/P-Cn (7) c.. 
Cn-SIO/OIO (25) Co 
SIO/QIO-Y (14) <t (70) 
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100 '***~******************************************************************** 
101 
102 
103 
104 
105 

CLS 
PRINT " 
PRINT " 
PRINT " 

'AS888-1 ADAPTIVE CLOCK GENERATOR 
PROM DATA GENERATION PROGRAM 

MAY 24. 1985 

": '* 
": ,* 

: '* 
106 '************************************************************************ 
107 
108 DEFINT A-Z 
109 DIM TABLE(4096) 
110 ' 
III ' DEFINE TRANSMISSION CONTROL CHARACTERS 
112 
113 STX$=CHR$(2) 
114 ETX$=CHR$(3) 
115 CR$=CHR$(13)+CHR$(10) 
116 TX$=STX$ 
117 BS$=CHR$(8) 
118 ' 
119 ' INPUT USER'S PROM DATA FILE NAME AND OPEN THE FILE 
120 
121 PRINT,INPUT "PROM DATA OUTPUT FILE NAME";OF$ , PRINT 
122 OPEN "0".#1.0F$ , PRINT "WRITING CYCLE LENGTH CODES TO ";OF$;" ... " PRINT 
123 ' 
124 : SET UP DATA I/O PROGRAMMER FOR HEX-ASCII (COMMA) FORMAT 
125 
126 PRINT #1."53A" 

, 127 ' 
128 ' FOR EACH 'AS888 INSTRUCTION (BITS 17-10). DETERMINE IF 
129 ' SHIFT AND/OR CARRY ARE USED 
130 
131 FOR 1714 = 0 TO 15 
132 FOR 1310 = 0 TO 15 
133 ' 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 

DEFINE THE 8-BIT INSTRUCTION FIELD AND IDENTIFY WHICH GROUP(S) 
THE INSTRUCTION BELONGS TO 

1710 = 1714 * 16 + 1310 
GROUPI = (1310<>0) AND (1310<>8) 
GROUP2 = GROUPI 
GROUP3 = (1310 8) 
GROUP4 = (1310 0) 
GROUPS = (1310 = 15) 

AND (1310<>15) 

DETERMINE WHETHER THE INSTRUCTION USES SHIFT AND/OR CARRY 

CARRY = (GROUPI AND (1714<8)) 
OR (GROUP3 AND (1714>3) AND (1714<13)) 
OR (GROUP4 AND (1714<>0) AND (1714<>3) AND (1714<>8)) 
OR (GROUP5 AND ( (1714>7) AND (1714<11) OR (1714 = 13))) 

148 
149 SHIFT = (GROUP2 AND (1714<14)) 

OR (GROUP4 AND (1714<>1) AND (1714<>4) AND (1714<>5)) 
OR (GROUP5 AND «1714=7) OR (1714 = 13))) 

150 
151 
152 
153 
154 
155 

GIVEN WHETHER SHIFT AND/OR CARRY ARE USED. FIND THE WORST CASE DELAY 
(IN INCREMENTS OF 5 NS) IF REGISTER FILE READ. ZERO TEST AND/OR N TEST 
ALSO OCCUR 

156 FOR RF = 0 TO -1 STEP -1 
157 FOR Z = 0 TO -1 STEP -1 
158 FOR N = 0 TO -1 STEP -1 
159 ' 
160 . SOLVE PROPAGATION DELAY 
161 . 5 NS INCREMENT 

USING 'AS888 DATA SHEET; ROUND UP TO NEAREST 

162 ' 
,163 IF NOT CARRY AND NOT SHIFT THEN TI ME = 50 

THEN TIME = 60 
N THEN TIME = 60 

164 ' 
165 IF NOT CARRY AND 
166 IF NOT CARRY AND 
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167 IF NOT CARRY AND 
168 IF NOT CARRY AND 
169 IF NOT CARRY AND 
170 IF NOT CARRY AND 

SHIFT AND NOT RF AND NOT Z AND NOT N THEN TIME = 55 
SHIFT AND RF AND Z THEN TIME = 70 
SHIFT AND RF AND NOT Z AND N THEN TIME = 70 
SHIFT AND RF AND NOT Z AND NOT N THEN TIME = 65 

171 ' 
172 IF 
173 IF 
174 IF 
175 IF 
176 IF 
177 IF 
178 ' 
179 IF 
180 IF 
181 IF 
182 IF 
183 IF 
184 IF 
185 ' 

CARRY AND NOT SHIFT AND RF AND Z THEN TIME = 60 
CARRY AND NOT SHIFT AND RF AND NOT Z AND N THEN TIME = 55 
CARRY AND NOT SHIFT AND RF AND NOT Z AND NOT N THEN TIME = 55 
CARRY AND NOT SHIFT AND NOT RF AND Z THEN TIME = 70 
CARRY AND NOT SHIFT AND NOT RF AND NOT Z AND N THEN TIME = 65 
CARRY AND NOT SHIFT AND NOT RF AND NOT Z AND NOT N THEN TIME = 65 

CARRY AND SHIFT AND RF AND Z THEN TIME = 80 
CARRY AND SHIFT AND RF AND NOT Z AND N THEN TIME = 75 
CARRY AND SHIFT AND RF AND NOT Z AND NOT N THEN TIME = 70 
CARRY AND SHIFT AND NOT RF AND Z THEN TIME = 90 
CARRY AND SHIFT AND NOT RF AND NOT Z AND N THEN TIME = 90 
CARRY AND SHIFT AND NOT RF AND NOT Z AND NOT N THEN TIME = 85 

186 ' ENCODE THE TIME DELAYS AS FOLLOWS 
187 ' 
188 IF TIME = 50 THEN CODE = 0 
189 IF. TIME = 55 THEN CODE = 1 
190 IF TIME = 60 THEN CODE = 2 
191 IF TIME = 65 THEN CODE = 3 
192 IF TIME = 70 THEN CODE = 4 
193 IF TIME = 75 THEN CODE = 5 
194 IF TIME = 80 THEN CODE = ·6 
195 IF TIME = 85 THEN CODE = 7 
196 IF TIME = 90 THEN CODE = 8 
197 ' 
198 ' WRITE THE SELECT CODE TO THE OUTPUT FILE 
199 ' IN DATA I/O HEX ASCII (COMMA) FORMAT 
200 ' 
201 IF ADDR=4095 THEN TX$=ETX$ 
202 IF ADDR/16=INT<ADDR/16) THEN PRINT ItLTX$;"$A";RIGHT$("000"+HEX$(ADDRJ.4);". 
"; ELSE PRINT Itl."."; 
203 PRINT #l."O";RIGHT$(STR$(CODEl.ll; 
204 ADDR=ADDR+l 
205 TX$=ETX$+CR$+STX$ 
206 NEXT:NEXT:NEXT 
207 PRINT STRING$( 14. 8) ;lNT< 100*ADDR/lI096); "%"; TAB(6);" COMPLETE"; 
208 NEXT:NEXT 
209 CLOSE l:PRINT"PROM DATA FILE ";OF$;" IS READY.":SYSTEM 
210 ' 
211 END 
212 ' 

Program 5-1. BASIC Program to Generate PROM Data (Continued) 
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53A 
$AOOOO. 01. 02.02 '02.03.04.04. 04. 07 .OB. OB. OB. 04 .05. 06.06 
$AOOI0. 07. DB. DB. OB. 04.05.06.06.07. DB. DB. DB. 04. 05. 06.06 
$A0020. 07. DB. DB. DB. 04.05.06.06.07. DB. DB. DB. 04 .05.06.06 
$A0030. 07. DB. DB. DB. 04.05.06.06.07. DB. DB. DB. 04. 05.06.06 
$A0040. 00.00.00.00.00.00. 00.00.07. DB. DB. DB. 04.05.06.06 
$A0050. 07. DB. DB .OB. 04. 05. 0'6. 06. 07. DB. DB. DB. 04. 05. 06.06 
$A0060. 07 .OB. DB .OB. 04.05.06.06.07. DB. DB. DB. 04. 05.06.06 
$A0070. 07. DB. DB .OB. 04. as. 06.06.00.00.00.00.00.00.00.00 
$AOOBO. 03.03.04.04.01.01.02.02.07. DB .OB. DB. 04. 05.06.06 
$A0090. 07. DB. DB. DB. 04.05.06.06.07 .OB. OB. DB. 04. 05. 06.06 
$AOOAO. 07 .OB. DB .OB. 04.05.06.06.07. OB.OB. DB. 04. 05 .06 .06 
$AOOBO. 07. DB. DB. DB ,04.05. 06. 06. 07. DB. DB. OB. 04. as. 06. 06 
$AOOCO. 00.00.00.00. 00.00.00.00.07. DB. OB. DB. 04. 05 .06.06 
$AOOOO. 07. DB. DB. DB. 04.05.06.06.07. DB. DB. DB. 04. as. 06. 06 
$AOOEO .07. OB. DB .OB. 04. as. 06.06. 07. OB.OB. OB. 04. 05.06. 06 
$AOOFO. 07. OB .OB. OB. 04.05. 06.06. 00 .00. 00. 00. 00. 00. 00.00 
$AOI00. 07. DB. OB .OB. 04 .05. 06. 06. 07 .OB. DB. DB. 04. 05. 06 .06 
$AOO~.~.M.M.M.~.~.~.~.~.M.M.M.~.~.~.~ 
$A0120. 07. DB. OB .OB. 04 .05.06.06. 07. OB. DB. DB. 04. as. 06.06 
$AOl".~.M.M.M.~.~.~.~.~.M.M.M.~.~.~.~ 
$AOl~.OO.OO.OO.OO.OO.OO.OO.OO.~.M.M.M.~.~.~.~ 
$AOl~.~.M.M.M.~.~.~.~.~.M.M.M.~.~.~.~ 
$A0160. 07. OB. OB .OB. 04. 05. 06. 06. 07. OB. DB. OB. 04. 05.06.06 
$AOl~.~.M.M.M.~.~.~.~.OO.OO.OO.OO.OO.oo.oo.oo 
$AOIBO. 01. 02 '102 .02.03. 04.04.04. 07. OB. DB. DB. 04. 05. 06. 06 
M0190. 07. OB. OB .OB. 04.05. 06. 06. 07. DB. OB. DB. 04. 05. 06. 06 
$AOIAO. 07. OB. OB .OB. 04.05.06.06.07. OB. DB. DB. 04. 05. 06.06 
$AOIBO. 07. OB. OB. OB. 04.05.06. 06. 07. OB. OB. OB. 04. as. 06. 06 
$AOICO. 00.00.00.00.00.00. 00.00. 07. OB. OB. OB. 04. 05. 06. 06 
$AOlOO. 07. OB. OB. OB. 04.05. 06.06. 07. OB. 08. OB. 04. 05. 06. 06 
$AOIEO. 07. OB. DB .OB. 04.05. 06. 06.07. OB. DB. OB. 04.05. 06. 06 
$AOO~.~.M.M.M.~.~.~.~.OO.OO.OO.OO.OO.OO.OO.OO 
$A0200. OJ. 03. 04 .04. 01.01. 02 .02. 07 .OB. 08.08. 04. as. 06. 06 
$A02l0. 07. OB. OB .OB. 04. 05. 06.06.07. DB. DB. OB. 04. 05. 06.06 
$A0220. 07. OB. OB .OB. 04.05.06. 06. 07. OB. DB. DB. 04.05.06.06 
$A~".~.M.M.M.~.~.~.~.~.M.M.M.~.~.~.~ 
$A0240. 03.03.04.04.01. 01. 02.02.07. OB. 08. OB. 04 .05.06.06 
$A~~.~.M.M.M.~.~.~.~.~.M.M.M.~.~.~.~ 
$A0260. 07. OB. OB .OB. 04 .05.06.06.07 .OB. 08.08.04.05.06.06 
$A0270. 07. OB. OB. DB. 04.05.06. 06. 00. 00. 00. 00.00. 00.00.00 
$A02BO. 03.03.04.04. 01.01. 02. 02. 07 .OB. OB. OB. 04.05. 06. 06 
$A~~.~.M.M.M.~.~.~.~.~.M.M.M.~.~.~.~ 
$A02AO. 07.08. OB .OB. 04. 05. 06. 06. 07 .OB. DB. OB. 04.05. 06. 06 
$A02BO. 07. OB. OB .OB. 04.05. 06.06. 07. 08. 08. OB. 04. 05. 06. 06 
$A02CO. 03. 03. 04.04. 01. 01. 02.02. 07 .OB. DB. 08. 04 .05. 06.06 
$A0200. 07. OB. OB. OB. 04.05.06. 06. 07. OB. OB. OB. 04. as. 06.06 
$A02EO. 07. OB. 08 .08. 04.05. 06.06. 07 .08. 08. 08. 04 .05. 06. 06 
$A~~.~.M.M.M.~.~;~.~.OO.OO.OO.OO.OO.OO.oo.oo 
$A0300. 07. OB. DB .OB. 04. 05. 06.06. 07 .OB. 08. OB. 04. as. 06. 06 
M0310. 07. OB. OB. OB. 04. 05.06. 06. 07.0B. 08. 08. 04. as. 06. 06 
$A0320. 07. OB. DB. OB. 04. as .06. 06. 07. OB .OB. DB. 04. as. 06. 06 
$A0330. 07. OB. OB. 08. 04. 05. 06. 06. 07. OB. OB. OB. 04. as. 06. 06 
$A0340. OJ. OJ. 04. 04.01.01.02.02. 07. OB. OB. OB. 04. 05.06.06 
$A0350. 07. 08. OB. 08. 04. as. 06. 06. 07. OB. OB. OB. 04. as. 06. 06 
$A0360. 07. OB. DB. OB. 04. 05.06. 06.07. OB. OB. DB. 04. as .06.06 
$A0370. 07. OB. OB. OB. 04. 05.06.06.00.00.00.00.00.00. 00.00 
SA03BO. 07 .OB. DB .OB. 04.05.06.06.07.08.08. OB. 04. 05.06.06 
$A0390. 07. OB. OB. OB. 04. 05;06. 06. 07. OB. OB. OB. 04. 05.06.06 
$A03AO. 07. OB. OB .OB. 04.05.06.06.07. OB. OB. 08.04. as .06.06, 
$A03BO. 07 .OB. OB. OB. 04.05.06.06.07. OB. OB. OB. 04.05.06.06 
$A03CO. 03 .03. 04.04. 01. 01. 02.02.07. OB. OB. DB. 04.05.06.06 
$A0300. 07. OB. OB. OB. 04.05. 06. 06. 07. OB. OB. OB. 04. 05. 06.06 
$A03EO. 07. OB. DB .OB. 04.05.06. 06. 07 .OB. OB. OB. 04 .05.06.06 
$A03FO. 07. OB. OB. OB. 04. 05.06.06. 01. 02.02.02. 03.04. 04.04 

$A0400. 01. 02. 02.02.03.04.04.04.01.02.02. 02.03.04.04.04 
$A0410. 01. 02.02.02.03.04.04.04.01.02.02. 02.03.04.04.04 
$A0420. 01.02.02.02.03.04.04.04.01.02.02.02 .OJ. 04.04. 04 
$A0430. 01. 02.02.02.03.04. 04.04.01.02.02.02.03.04. 04.04 
$A0440. 03. 03. 04.04. 01. 01. 02.02.01.02. 02 .02.03. 04.04. 04 
$A0450. 01. 02.02.02.03. 04. 04. 04.01. 02. 02. 02.03. 04. 04. 04 
$A0460. 01. 02.02.02.03.04.04.04.01.02.02. 02.03. 04.04.04 
$A0470. 01. 02.02.02.03.04. 04.04. 03. 03.04. 04.01. 01. 02.02 
$A04BO. 07. OB. OB. OB. 04. 05.06.06.01.02.02. 02 .03. 04. 04.04 
$A0490.01.02. 02.02.03.04. 04. 04.01.02.02. 02.03.04.04. 04 
$A04AO .01. 02.02.02.03.04.04.04.01.02.02. 02 .03.04.04.04 
$A04BO.Ol. 02.02.02.03.04.04.04.01.02.02.02.03.04. 04.04 
$A04CO. 03.03.04.04.01.01.02.02.01.02.02.02.03.04.04. 04 
$A0400. 01. 02.02. 02.03.04.04.04. 01. 02.02.02.03.04. 04.04 
M04EO. 01.02.02.02.03. 04.04.04. 01. 02 .02 .02.03. 04.04. 04 
$A04FO. 01. 02.02. 02.03.04.04.04.03.03.04.04.01.01. 02.02 
$A0500. 07. OB. OB .OB. 04. 05.06.06.01.02.02.02.03.04.04.04 
$A0510. 01. 02. 02; 02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0520. 01. 02.02.02.03.04.04.04.01.02. 02.02.03.04.04.04 
$A0530. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0540. 03.03.04.04.01. 01. 02.02.01. 02.02.02.03.04.04.04 
MOSSO. 01. 02.02. 02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0560. 01. 02.02.02.03.04.04.04.01.02.02.02. 03.04.04.04 
$A0570. 01. 02.02.02.03.04.04.04.03.03.04.04.01.01.02.02 
$A05BO. 07. OB. 08.0B .04. 05.06.06.01.02.02.02.03.04.04.04 
$A0590. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A05AO. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A05BO. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A05CO. 03. 03.04.04.01.01.02.02.01.02.02.02.03.04.04.04 
$A0500. 01. 02.02. 02.03.04.04.04.01.02.02.02.03.04.04.04 
$A05EO. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A05FO. 01,. 02.02.02.03.04.04.04.00.00.00.00.00.00.00.00 
$A0600 .07. DB. OB. DB. 04.05.06.06.01.02.02.02.03.04.04.04 
$A0610. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0620. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0630. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0640. 03. 03. 04.04. 01. 01. 02.02.01.02.02.02.03.04.04.04 
$A0650. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0660. 01.02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A0670. 01. 02.02.02.03.04.04.04.00.00.00.00.00.00.00.00 
$A06BO .07.08. OB .OB. 04. 05.06.06.01.02.02.02.03.04.04.04 
$A0690. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A06AO. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A06BO .01.02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 

l~8gfi8:8q:8g:8g:8g:8g:8~:8~:8~:8I:8~:8~:8~:8j:8tt:8tt:8tt 
SA06EO. 01. 02.02.02.03.04.04.04.01.02.02.02.03.04.04.04 
$A06FO. 01. 02.02.02.03.04.04.04.07. OB. OB. OB. 04. 05. 06. 06 
$A0700. 07. OB. OB .OB. 04.05.06.06.00.00.00.00.00.00.00.00 
$A07l0. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
$A0720. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
Mono. 00. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
M~~.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO 
$A0750. 00. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
M~~.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO 
$A~~.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO 
SA07BO .07.08.08 .OB. 04.05.06.06.00.00.00.00.00.00.00.00 
$A0790. 00. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
$A07AO. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
$A07BO. 00. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
$A07CO. 00.00.00.00.00.00.00.00.,00.00.00.00.00.00.00.00 
$A0700. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 
$A~~.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO.OO 
$A07FO. 00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00 

Figure 5-7. PROM Data 
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Section 6 

Floating-Point System Design Using the ~S888/ ~S890 

Bit-slice processor architecture addresses the problem 
of optimizing system performance while allowing the user 
to balance hardware complexity against software flexibility. 
Bit-slice systems usually operate at or near the speed of the 
most primitive of programmable processors, the PROM state 
sequencer. Of course, . bit -slice architecture incorporates 
circuitry dedicated not only to sequencing, but also data 
processing (ALU) operations. In keeping with the trend of 
these programmable devices to track the speed of fast discrete 
hardware, the 'AS888 8-bit slice ALU and 'AS890 
microsequencer have been produced in Advanced Schottky 
bipolar technology. In addition to sheer speed, the 
components feature greater density (2 micron geometry) for 
greater functionality (more special purpose circuitry on 
board). The impact will be faster, more powerful systems 
in applications which previously pushed the limits of bit-slice 
processors. 

Consider an application in which bit-slice architecture 
has dominated for years: CPU design. The micro­
programmed CPU itself spans a spectrum of uses ranging 
from general purpose minicomputers to compact airborne 
computers. A specific example which illustrates various 
facets of design using the ' AS888 and' AS890 is a CPU with 
a floating-point utility to compute sin(x). 

The design process can be subject to many influences, 
including personal preference, available development tools, 
peculiarities of the application, and constraints from the user, 
customer or manufacturing environment. No hard and fast 
design rules could be applied universally, but most designers 
will start with a specific plan in mind. 

The goal of this example is to produce the hardware and 
microprogram which will implement the sin(x) function in 
floating-point arithmetic. Before the microprogram can be 
assembled, the hardware must be defined since the fields of 

the microinstruction are dedicated to specific hardware once 
the microinstruction register is hardwired to the devices it 
controls. Since the final architecture chosen depends on trade­
offs between implementing certain operations in hardware 
or software, critical applications will require that a cursory 
analysis ofthe software be made before the hardware is cast 
in concrete. Attempting to develop microcode for a tentative 
architecture will force the issue on which operations are better 
suited for hardware. Before the architecture or the 
microprogram requirements can be known, the algorithms 
which describe the application processes must be defined. 
Once an algorithm is formulated it can be broken down into 
operations involving variable and constant quantities. The 
variables can be assigned to registers and then the algorithm 
can be translated into a microprogram. The following steps 
illustrate the plan for this CPU design example incorporating 
a floating-point sin(x) utility: 

Step I: Choose a floating-point number system 
Step 2: Choose an algorithm for approximating 

sin(x) 
Step 3: Make' AS888 register assignments 
Step 4: Substitute registers for variables in the 

algorithm 
Step 5: Decompose steps of the algorithm into 

simple operations 
Step 6: Translate into 'AS888/890 operations; 

identify subroutines 
Step 7: Expand subroutines into 'AS888/890 

operations 
Step 8: Evaluate trade-offs and block diagram the 

hardware 
Step .9: Define microinstruction fields during 

detailed hardware design 
Step 10: Assemble the microprogram 

STEP 1: CHOOSE A FLOATING-POINT NUMBER SYSTEM 

An IEEE floating-point format will be chosen for this example for portability of data and software. It is important to 
note that the IEEE defines many standards in arithmetic processing, but for simplicity this example will encompass only 
number format. Furthermore, while several formats are IEEE compatible, only the basic single-precision format will be 
considered. 

The IEEE basic single-precision format is defined as a 32-bit representation in which the component fields are a I-bit 
sign s, an 8-bit biased exponent eand a 23-bit fraction f which are assembled in the following order: 

e f 

31 o 

The quantity is evaluated as ( - I)S 2e - 127 (If). Not-a-number, zero and infinity have special representations. The 
one preceding the binary point is implied and is called the implicit one or implicit bit. It coincides with the fact that the 
digits are normalized (left justified). 

II 
U) ... ... o 
Co 
CI) 

a: 
s::: 
o 
~ 
CO 
.~ 
Q. 
Co 

<C 
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STEP 2: CHOOSE AN ALGORITHM FOR Sin(x) 

Many hlgorithms are discussed in the literature for approximating useful quantities like sin(x). Literature research is 
a good place to start to familiarize oneself with various algorithms and trade-offs for a particular application. Computer simulation 
is also useful to compare algorithms for speed and accuracy. R.F. Ruckdeschel in BASIC Scientific Subroutines, Vol. I (BYTE, 
McGraw-Hill Publications Co., New York, N.Y., 1981, pp. 159-191) discusses trade-offs and provides a simulation in 
BASIC for a sin(x) algorithm. An adaptation of this material has been chosen for this example: 

A) 

B) 

Reduce angle range to first quadrant. (0 :5 x :5 7r/2) 

6 
Compute sin(x) = E Anx2n - I. The coefficients are: 

n=O 

Coefficient Decimal 

AO 1.000000 
Al -0.1666667 
A2 0.008333333 
A3 -0.0001984127 
A4 0.000002755760 
AS - 0.00000002507060 
A6 0.0000000001641060 

The algorithm can be implemented in the following steps: 

A) Reduce angle range to first quadrant. (0 :5 x :5 7r/2) 

I) SIGN = SGN(x) 
2) ABSX = Ilxll 
3) XNEW = ABSX - 27r x INT(ABSX/27r) 
4) If XNEW > 7r then SIGN = - SIGN and XNEW 
5) If XNEW > 7r/2 then XNEW = 7r - XNEW 

where 
SGN(x) =$+ I if x 2: 0 

l-I If x < 0 

B) 

INT(x) = integer function 

6 
Compute sin(x) = E An x2n - I. 

n=O 

I) Let XSQR = XNEW2; INITIALIZE SINX=O 
2) Do i = 6 to I step - I 

SINX = XSQR x SINX + A(i) 
Enddo 

3) SINX = SIGN x XNEW X SINX 

IEEE hex 

3F80 0000 
BE2A AAAD 
3C08 8888 
B9500DOI 
3638 EF99 
B2D7sAD5 
2F346FBC 

XNEW -7r 

Step B-2 computes the summation in a geometric series for economy. The major difference between steps A and B is 
that A requires more diverse ALU operations while B uses only multiplication and addition recursively. 

STEP 3: MAKE 'AS888 REGISTER ASSIGNMENTS 

Just as in assembly language programming, registers must be allocated for variables. Using Rn to denote the' AS888 
register whose address is n, where 0 :5 n :5 F (hex), the following register assignments can be made: , 

RO X 
Rl SIGN 
R2 ABSX 
R3 XNEW 
R4 = XSQR 
R5 SINX 
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The following constants can also be defined: 

Constant 
PI = 7r 
PIOVR2 = 7r/2 
2PI = 27r 
IOVR2PI = 1I27r 

Decimal 
3.141593 
1.570797 
6.283185 
0.159155 

IEEE hex 
4059 OF DB 
3FC90FOB 
40C90FOB 
3E22 F981 

STEP 4: SUBSTITUTE REGISTERS FOR VARIABLES IN THE ALGORITHM 

Now the algorithm can be rewritten with registers replacing variables: 

A) Reduce angle range to first quadrant (0 ,; x ,; 7r/2). 

B) 

I) RI SGN(RO) 
2) R2 = IIROI! 
3) R3 = R2 - 27r x INT(R2/27r) 
4) If R3 > 7r then R I = - R I; R3 R3 - 7r 
5) If R3 > 7r/2 then R3 = 7r - R3 

6 
Compute sin(x) = 1: An x2n - I. 

n=O 

I) Let R4 = R02; INITIALIZE R5 0 
2) Do i = 6 to I step - I 

R5 = R4 x R5 + A(i) 
Enddo 

3) R5 = RI x RO x R5 

Since various references to constants are made, it is probably best to load constants as needed rather than attempt to 
allocate registers for them. Constants can be loaded from a constant field in the microinstruction or from ROM. The trade-off 
is 32 bits by 16K of micromemory versus 32 bits by the number of constants (typically less than 16K). For this example, 
it will be assumed that a constant field in the microinstruction is acceptable. 

STEP 5: DECOMPOSE STEPS IN THE ALGORITHM INTO SIMPLE OPERATIONS 

The sin (x) function can be microprogrammed as a subroutine; let FSIN be its entry address. RO would be loaded with 
x before FSIN was called. Upon return, R5 would contain sin(x). Now decompose the steps in the algorithm into simple 
arithmetic and logical operations. Other operations can be left as functions to be defined later. 

FSIN: SUBROUTINE 

A) Reduce angle range to first quadrant. (0 ,; x ,; 7r/2) 

RI SGN(RO) 

R2 ABS(RO) 

R3 R2 * IOVR2PI 
R3 INT(R3) 
R3 R3 * 2PI 
R3 R2 - R3 

Y = R3 - PI 
Jump if Negative to Step A-5 
RI -RI 
R3 = R3 - PI 

Y = PIOVR2 - R3 
Jump if Negative to Step B-1 
R3 = PI - R3 

I) Let RI = Sign of RO 

2) R2 IIROII 

3) R3 R2 - 27r * INT(R2/27r) 

4) If R3 > 7r, 

then R I = - R I ; 
R3 = R3 - 7r 

5) If R3 > 7r/2 
then R3 = 7r - R3 
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6 
B) Compute sin(x) "" E An x2n - I 

n=O 

R4 = RO * RO 
RS = 0 

RS R4 * RS 
RS RS + A6 
RS R4 * RS 
RS RS + AS 
RS R4 * RS 
RS RS + A4 
RS = R4 * R5 
R5 R5 + A3 
R5 R4 * R5 
R5 R5 + A2 
R5 R4 * R5 
R5 R5 + Al 
RS R4 * R5 
RS R5 + AO 

RS RO * RS 
RS = R5 * RI : RETURN 

END SUBROUTINE 

I) Let R4 R02. Let RS = 0 

2) Do i = 6 to I step -I 
R5 = R4 x RS + A(i) 

Enddo 

(To implement a loop, 
use an 'AS890 counter 
to index a memory containing 
the constants.) 

3) R5 RI x RO x RS 

STEP 6: TRANSLATE INTO ~8/890 INSTRUCTIONS; IDENTIFY SUBROUTINES 

The simplified steps of the algorithm can be represented fairly easily as 'AS888/890 instructions. Necessary functions 
(and suggested names) can be identified by inspection as: 

I) FMUL- Floating-point multiplication 
2) FADD - Floating-point addition 
3) FINT - Floating-point integer conversion 
4) FINV - Floating-point additive inverse (to subtract uSing FADD) 
5) FABS - Floating-point absolute value 
6) FSGN - Floating-point sign test 
7) FCHS - Floating-point change of sign (to multiply by SIGN) 

"Function" in this context refers to a special operation regardless of how it is coded. In fact, FMUL and FADD are 
fairly complex and require detailed explanation. FINV, FABS, FSGN and FCHS are single instruction operations that mask 
or mask and test. FINT requires several inline instructions or a subroutine and will be left to the interested reader as an 
exercise. Now the steps of the algorithm can be translated into' AS888/890 operations which include references to these functions. 

FSIN: SUBROUTINE 

A) Reduce angle range to first quadrant. (0 :5 X :5 '/f/2) 

RI FSGN(RO) ; Get sign bit (MSB) 
R2 FABS(RO) ; Take absolute value (clear MSB) 
R3 FMUL(R2,IOVR2PI) ; Multiply register and constant 
R3 FINT(R3) ; Floating-point integer conversion 
R3 = FMUL(R3,2PI) ; Multiply register and constant 
R3 = FADD(R2,INV(R3» ; Subtract registers by adding inverse 
Y = FADD(R3,NEGPI) : TEST NEG; Subtract by adding negative constant 
JT SINI ; Jump if true Gump if negative) 
RI = FINV(RI) ; Complement sign of RI 
R3 = FADD(R3,NEGPI) ; Subtract by adding negative constant 

SINI:Y = PIOVR2 - R3 : TEST NEG ; Subtract to compare (don't store) 
IT SIN2 ; Jump if true Gump if negative) 
R3 = FADD(PI,FlNV(R3)) ; Subtract by adding negative register 
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6 
; B) Compute sin(x) '" I: An x2n - I 

n=O 

SIN2: R4 FMUL(RO,RO) 
R5 A6 
R5 FMUL(R4,R5) 
R5 FADD(R5,A5) 
R5 FMUL(R4,R5) 
R5 FADD(R5,A4) 
R5 FMUL(R4,R5) 
R5 FADD(R5,A3) 
R5 FMUL(R4,R5) 
R5 FADD(R5,A2) 
R5 FMUL(R4,R5) 
R5 FADD(R5,AI) 
R5 FMUL(R4,R5) 
R5 FADD(R5,AO) 
R5 FMUL(RO,R5) 
R5 FCHS(R5,RI) : RETURN 

END SUBROUTINE 

; Square by mUltiplying 
; Initialize series 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Change MSB of R5 to MSB of RI 

This contrived language has a syntax which may be suitable for a source program. For the sake of illustration, it can 
be assumed that the microassembler recognizes this particular syntax. The series was computed inline instead of using a 
loop since it is relatively short. If a loop were used, a means of indexing the constants would be required. 

STEP 7: EXPAND SUBROUTINES INTO ~888/890 OPERATIONS 

FMUL and FADD algorithms can now be expanded. Since they are called extensively from FSIN, they are more critical 
to the efficiency of the final design. Wherever possible, it is desirable to reduce the execution time of both in order to maintain 
efficiency. 

FIoating~Point Multiplication 

Let M I be the multiplier and M2 be the multiplicand whose product is P. Let the sign, exponent and fraction fields 
of their IEEE representation be: 

MI: ISIIEIIFII 
M2 : I S21 E21 F21 

P : I S31 E31 F31 

P is found by mUltiplying mantissas (fraction plus implicit one) and adding exponents. Since M I and M2 are normalized, 
the range of I.FI X I.F2 is 

1.00 ... 0 ,;; I.FI X I.F2 ,;; 11.1. .. 10 

The implicit bit may "overflow" into bit position 24. This type of overflow must be detected so that the result can be 
normalized. Normalization requires right shifting the result of I.Fl X I.F2 and incrementing E3. The implicit bit is then 
cleared when S3, E3 and M3 are packed to form P. The floating-point multiplication algorithm may then be defined as follows: 

I) Unpack MI into signed fraction (SFI) and exponent (EI) 
2) Set the implicit bit in SFI 
3) Unpack M2 into signed fraction (SF2) and exponent (E2) 
4) Set the implicit bit in SF2 
5) Perform SF3 = SFI x SF2 using signed integer multiplication 
6) Perform E3 = EI + E2 
7) Test SF3 for overflow into bit 24 
8) If true, then increment E3 and right shift SF3 
9) Clear the implicit bit in SF3 

10) Pack E3 and SF3 to get P 
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. As before, the steps of this algorithm can be broken down into simpler operations: 

I) Unpack Ml into signed fraction (SFI) and exponent (El) 
El = FEXP(MI) 
SFI = FRAC(Ml) 

2) Set the implicit bit in SFI 
SFI = SFl OR BIT23 

3) Unpack M2 into signed fraction (SF2) and exponent (E2) 
E2 = FEXP (M2) . 
SF2 = FRAC (M2) 

4) Set the implicit bit in SF2 
SF2 = SF2 OR BIT23 

5) Perform SF3 = SFI X SF2 using signed integer multiplication 
SF3 = IMUL (SFl, SF2) 

6) Perform E3 = El + E2 
E3 = El + E2 

7) Test SF3 for overflow into bit 24 
TEST (SF3 AND BIT24) 
JUMP IF FALSE to step 9 

8) If true, then increment E3 and right shift SF3 
INC E3 
SF3 = RSHFT (SF3) 

9) Clear the implicit bit in SF3. , 
SF3 = SF3 AND NOT _BIT23 

10) Pack E3 and SF3 to get P 
P = SF3 OR E3 

FEXP, FRAC, testing bit 24 and setting/clearing bit 23 are all mask operations that translate into single' AS888 
instructions. The integer multiplication (IMUL) is simply the multiplication algorithm supported by the' AS888 
instruction set. No significant hardware features are required to do floating-point multiplication, nor are any subroutines 
required to support it. 

Register assignments can now be made as before. Since FSIN uses registers in the lower half of the register 
file, it might be preferable to restrict FMUL to the upper registers. For example: 

RF = P 
RE = MI, FI, SFI 
RD = M2, F2, SF2 
RC = El 
RB = E2 

RE and RD can share variables that need not be preserved. Using this assignment, FMUL computes RF 
FMUL(RE,RD). RE and RD must be loaded prior to calling FMUL and RF must be stored upon renirn. By substituting 
registers for variables and reorganizing operations in the FMUL algorithm to better fit 'AS888/890 operations the 
following source program may be created: 

FMUL: SUBROUTINE 

RC = FEXP(RE) 
RE = FRAC(RE) 
RE = RE OR BIT23 
MQ = SMTC(RE) 

RB = FEXP(RD) 
RD FMAG(RD) 
RD RD OR BIT23 
RD SMTC(RD) 

; Unpack Ml into exponent 
; and fraction 
; Set implicit bit 
; Prepare to multiply 

; Unpack M2 into exponent 
; and fraction 
; Set implicit bit 
; Prepare to multiply 
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RE 0 : RCA = #22d : Initialize to multiply 
RE SMULl RD : LOOP RCA ; Integer multiplication iteration 
RE SMUL T RD : Final step in signed multiply 
Y= TBO(RE,BITI):BYTE= #OJOOb:TEST Z: Test "overflow" 
JF FMULI ; Jump if false (exponent ok) 

INEX(RC) 
RE = SRA(RE) 

FMULl:RC = RC + RB : TEST CARRY 
JT ERROR 

Floating-Point Addition 

RE 
RE 
RF 

SMTC(RE) 
RE AND #807F_FFFFh 
RE OR RC : RETURN 

; Increment exponent: add 00800000 
; Shift fraction to normalize 

; Add exponents and test carry 
; Jump if carry true to handler 

; Get sign magnitude fraction 
; Clear implicit bit 
; Pack fraction and exponent 

The floating-point addition algorithm (FADD) is slightly more complex than FMUL. since the two addends 
will usually not have the same exponent. Therefore the smaller (absolute value) addend must first be chosen by 
comparing exponents. Then it must be denormalized to align its digits with the digits of the larger addend. In other 
words. the two addends must have the same exponent before their fractions can be added. This process can be described 
by the following algorithm: 

I) Unpack Al to get SFI and El 
2) Set implicit bit in SFI 
3) Unpack A2 to get SF2 and E2 
4) Set implicit bit in SF2 
5) If E2 > El then go to step 9 

(jjAljj :5 jjA2jj) 
6) Let DIFF = El - E2 
7) Do i = 1 to DIFF 

SF2 = RSHFT(SF2) (Arithmetic right shift) 
Enddo 

8) Let E3 = El • go to step 12 
(jjA2jj > jjAljj) 

9) Let DIFF = E2 - El 
10) Do i = I to DIFF 

SFI = RSHFT(SFI) (Arithmetic right shift) 
Enddo 

II) Let E3 = E2 
12) SF3 = SFI + SF2 
13) Test "overflow" into bit 24 
14) Jump if false to step 17 
IS) Increment exponent E3 
16) Normalize signed fraction with right arithmetic shift 
17) Clear implicit bit 
18) Pack: SUM = SF3 or E3 
19) Return 

Register assignments for variables must now be made. Since FSIN uses registers in the lower half of the • AS888 
register file. it is necessary to use the upper registers: 

RF = SUM 
RE = AI. Fl. SFI 
RD = A2. F2. SF2 
RC EI 
RB = E2 
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By slightly reorganizing the sequence to better fit 'AS888/890 operations, the following microprogram to perform 
FADD can be created: 

FADD: SUBROUTINE 

; I) Unpack Al to get SFI and EI 
RC = FEXP(RE) 
RE = FRAC(RE) 

2) Set implicit bit in SFI 
MQ = RE OR BIT23 
RE = SMTC(RE) 

3) Unpack A2 to get ~F2 and A2 
RB = FEXP(RD) 
RD = FRAC(RD) 

; 4) Set implicit bit in SF2 
RD = RD OR BIT23 
RD = SMTC(RD) 

5) If E2 > EI then go to step 9 

; Get exponent (EI) 
; Get signed fraction (SF I) 

; Set implicit bit 
; Convert to two's complement 

; Get exponent (E2) 
; Get signed fraction (SF2) 

; Set implicit bit 
; Convert to two's complement 

RF = RC - RB : TEST NEGATIVE ; Compare A2 from A I 
JT FADDI : RCA =#8 ; Jump if E2 > EI; set up loop count 

6) Let DIFF = EI - E2. 
Y IRF = SLC(RF) : LOOP RCA 
RCA = Y/RF 

, 7) Do i = I to DIFF 
SF2 = RSHFT(SF2) 

Enddo 
RD = SRA(RD) : LOOP RCA 

8) Let E3 = EI, go to step 12 
RB = RC : JUMP FADD2 

9) Let DIFF = E2 - EI 

FADDI: RF = NOT(RF) 
Y/RF = SLC(RF) : LOOP RCA 
RCA = Y/RF 

;10) Do i = I TO DIFF 
SFI = RSHFT(SFI) 

Enddo 
RE = SRA(RE) : LOOP RCA 

; Rotate 8 times to get difference 
; Load difference in loop counter 

: Orient digits of smaller addend 

: Swap registers and branch 

; Complement result of E I - E2 
; Shift 8 times to get DIFF 
: Load DIFF in loop counter 

; Align SFI with SF2 

; II) Let E3 = E2 (no' instruction required - RB already has E2 in it) 

;12) SF3 = SFI + SF2 

FADD2: RF = RD + RE 
RF = SMTC(RF) 

; 13) Test "overflow" into bit 24 
RF = TBO (RF, BIT24) 

; 14) Jump if false to step 17 
JF FADD3 

; 15) Else increment exponent 
INC RB : TEST NEG 

; 16) Normalize signed fraction 
RF = SRA(RF) : JT ERROR 

; Add 
; Convert to sign-magnitude 

; Check for normalization 

; If so, finish and exit 

; Test for exponent overflow 

: Jump to error handler if overflow 

3-132 



; 17) Clear implicit bit 

FA003: RF = SETO (RF, BIT23) 

;18) Pack: SUM = SF3 OR E3 
RF = RF OR RB : RETURN 

; Reset bit 23 of RF 

; OR signed fraction and exponent 

There is an important consequence of FAOO which impacts the hardware. Since the number of shifts required to denormalize 
the small addend is data dependent (computed in the ALU), it is necessary to provide a path between the ALU Y bus and 
the' AS890 ORA bus. All the other operations are simple' AS888/890 instructions, including the FRAC and FEXP mask 
operations discussed during the development of FMUL. ERROR is a floating-point overflow error handler. 

STEP 8: EVALUATE TRADE-OFFS AND BWCK DIAGRAM THE HARDWARE 

A rough estimate of the FSIN worst case execution time can be arrived at by making the following observations about 
FSIN, FMUL and FAOO: 

FMUL 
integer recursion = 22 cycles 
other instructions = 18 cycles 
total = 40 cycles 

FAOO 
denormalization = 23 cycles 
other instructions = 25 cycles 
total = 50 cycles 

FSIN 
number of calls to FMUL = 12 
number of calls to FAOO = II 
number of other cycles = 10 

Approximate worst case total = 10 + (12 X 40) + (II X 50) = 1040 cycles. At 50 nanoseconds per cycle, this 
requires approximately 52 microseconds. There are few improvements that could be made in hardware to speed this time, 
except perhaps the addition of a flash multiplier which would reduce the integer computation by about 20 cycles (an overall 
reduction of about two percent). A barrel shifter could have the same benefit during floating-point addition for a total reduction 
of about 4 percent. For the sake of simplicity, it will be assumed that 52 microseconds is acceptable for the sin (x) computation. 

Another issue which must be considered is the problem of loading the' AS888 and' AS890 with constants. A slight materials 
cost reduction might be realized by storing constants in table PROMs rather than in control store memory. An interesting 
use of the ORA and ORB ports on the' AS890 would be to use the output of RCA or RCB to index data in the constant 
PROM. This would allow long series to be implemented in loop form rather than the inline method used in FSIN. Once 
again, the constant PROM will not be implemented for the sake of simplicity. 

Now the architecture can be designed to meet the requirements identified throughout this analysis: 

I) A path between the' AS888 Y bus and the' AS890 ORA bus. 
2) A path between the microinstruction register and the' AS890 ORA bus for loading loop counts and branch 

addresses. 
3) A path between the microinstruction register and the' AS888 Y bus for loading constants. 
4) Independent control of SIOO in each' AS888 slice to allow bit/byte instructions. 
5) A status register to store' AS888 status for testing. 
6) A status mux to test the' AS888 status, bit 23 of the' AS888 Y bus, bit 24 of the' AS888 Y bus and hardwired 

o and I. 

A system having these features is illustrated in Figure 6-1. 
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STEP 9: DEFINE MICROINSTRUCTION FIELDS DURING DETAILED HARDWARE DESIGN 

The detailed hardware design will produce a wiring diagram that fixes the position within the microinstruction of each 
of the various control signals that are connected from the microinstruction regiSter to the ~AS888, ~AS890, status mux and 
any other special hardware. Once this design is complete it is possible for the assembler to sort the control bits of each instruction 
properly so that they will be properly oriented when the micrQprogram is installed in the target system. ' 

STEP 10: ASSEMBLE TIlE MICROPROGRAM 

TI is currently developing an 'AS888/890 microassembler. Several microassemblers are commercially available, and 
many users 'prefer to write their own. The microprogram shown in Table 6-1 was hand-assembled, but has a syntax that 
is suitable for interpretation by a user-written assembler. 

SYSTEM INTERFACE 

~-,. 
~2 YHO V/.,-.8,--....:.;....:..:-----------eoI ORA7-0RAO 

+~ ALS151 

32 I I 
L ___ ' 

OA DB 

SIOO 

Y23 L 0 7 

V 1 Y24 Os 
V/"-'~I--';'::';"--I05 

-:!;" O. 
32 

Y Z- 0 3 

111- 0 2 
OVR_ 01 

Cn+8 ~ 00 

1/8 

~ 
Y I--- 0 Q f-- CC 

108 

2eMHz>>-______________________ ~~~~ MICROINSTRUCTION 
REGISTER 

'ALS 374 (14) 

·USE • ALS374 OUTPUT CONTROL FOR !lUFFERING 

MICROPROGRAM 
MEMORY 
116Kx108) 

Figure 6-1. Block Diagram of Floating-Point Processor 
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• Rl FSGN(ROI 
0000 SIN: Rl = RO AND #8000 OOOOh 

• R2 = FABS(ROI 
0001 R2 = RO 
0002 R2 = RO SETO #80h : BYTE = # 1 OOOb 

• R3 = FMUl(R2,10VR2PII 
0003 RE = R2 
0004 RD = #3EA2 F984h 
0005 JSR FMUl 
0006 R3 = RF 

• R3 = FINTIR31 
0007 RF = R3' 
0008 JSR FINT [EXERCISE FOR READER! 
0009 R3 = RF 

• R3 = FMUl(R3,2PI) 
OOOA RE = R3 
OOOB RD = #4OC9 OFDBh 

009C JSR FMUl 
0000 R3 = RF 

• R3 = FADD(R2,INV(R311 
OOOE RE = R2 
OOOF RD = RS XOR #8000 OOOOh 
0010 JSR FADD 
0011 R3 = RF 

• Y = FADD(R2,NEGPII 
0012 RE = R2 
0013 RD = #C059 OFDBh 
0014 JSR FADD 
0015 Y = RF': TEST NEG 
0016 JT SINI 

• Rl = FINV(Rll 
0017 Rl = Rl XOR #8000 OOOOh 

• R3 = FADD(R3,NEGPI) 
0018 RE = R3 
0019 RD = #COSS OFDBh 
00IA JSR FADD 
00IB R3 = RF 

• SIN1: Y = FADD (PIOVR2,INV(R311 : TESt NEG 
00IC SIN1: RE #3FC90FDBh 
0010 RD = R3 XOR #8000 oooOh 
00IE JSR FADD 
00IF Y = RF : TEST NEG 
0020 JT SIN2 

• R3 = FADD(PI,FINV(R311 
0021 RE = #4059 OFDBh 
0022 RD = R3 XOR #8000 Ooooh 
0023 JSR FADD 
0024 R3 = RF 

• SIN2: R4 = FMUqRO,ROI 
0025 SIN2: RE = RO 
0026 AD = RO 
0027 JSR FMUl 
0028 R4 = RF 

Table 6.1. Floating Point Sin (x) Microprogram 

~Io! >. 

~~IIl~d~~~~c5 ~ 
00X10211 1 00 FA 

00X20Xl 1 1 0 0 F 6 
00280011 1 0 0 1 8 

02XEOXI 1 1 o 0 F 6 
OXXDXX1 1 1 1 X F F 
1XXXXX1 1 1 X X F F 
OFX30X1 1 1 0 0 F 6 

03XFOXI 1 1 0 0 F 6 
1XXXXX1 1 1 X X F F 
OFX30X1 1 1 0 0 F 6 

03XEOXll 1 0 0 F 6 
OXXDXX11 lOX F F 
lXXXXXl 1 1 X X F F 
OFX30Xl1 1 00 F 6 

02XEOXI 1 1 00 F 6 
05XD0211 1 00 F 9 
lXXXXXl 1 1 X X F F 
OFX30Xl 1 1 0 0 F 6 

02XEOXI 1 1 0 0 F 6 
OXXDXXI 1 lOX F F 
lXXXXXl 1 1 X X F F 
lFXXOXl 1 o 0 0 F 6 
lXXXXXl 1 1 X X F F 

01 X 1 02 1 1 1 0 0 F 9 

03XEOXl 1 1 00 F 6 
03XDXXl 1 1 1 X F F 
lXXXXX1 1 1 X X F F 
OFX30Xl 1 1 0 0 F 6 

OXXEXXl 1 1 1 0 F 6 
03XD021 1 1 00 F 9 
lXXXXXl 1 1 X X F F 
1FXXOXI 1 o 0 0 F 6 
lXXXXXll 1 X X F F 

OXX.EXXl 1 1 1 0 F 6 
03XD021 1 1 00 F 9 
lXXXXX1" 1 X X F F 
OFX30Xl 1 1 00 F 6 

OOXEOXI 1 1 00 F 6 
OOXDOXl 1 1 00 F 6 
lXXXXXl 1 1 X X F F 
OFX40Xll 1 0 0 F 6 

0 

~ 

aall 
~~ 

32-bit ~n 0.::- gl~~ Con".n! 

80000000 1 1 1 1 027XXXXI 1 1 7 

XXXXXXXXI 1 1 1 027XXXXI 1 1 7 
XXXXXXXXI 1 1 0 027XXXXI 1 1 7 

XXXXXXXXI 1 11 027XXXX1 1 1 7 
3EA2F9841 1 11 027XXXX1 1 1 7 
XXXXXXXX1 1 11 014006011 1 7 
XXXXXXXX1 11 1027XXXX11 1 7 

XXXXXXXX 1 1 1 1 027XXXX1 11 7 
XXXXXXXX 1 1 1 1 o 1 4 11 1 7 
XXXXXXXX 1 1 1 1 027XXXXll 1 7 

XXXXXXXXI 1 1 1 027XXXXI 1 1 7 
40C90FDBI 1 1 1 027XXXXll ; 7. 
XXXXXXXXI 1 1 1 01400601 1 1 7 
XXXXXXXXI 1 11 027XXXXI 1 1 7 

XXXXXXXXI 1 1 1 027XXXXI 1 1 7 
800000001 1 1 1 027XXXXI 1 1 7 
XXXXXXXXI 1 1 1 01400741 1 1 7 
XXXXXXXX 11 11 027XXXXI 1 1 7 

XXXXXXXX 11 1 1 027XXXXI 1 1 7 
C0590FDB 11 1 1 027XXXXI 1 1 7 
xxxxxxxX 11 11 014007411 1 7 
XXXXXXXX 1 1 11 027XXXXI 1 1 2 
XXXXXXXX 1 11 101700001 1 1 7 

80000000 11 11 027XXXXI 1 1 7 

XXXXXXXXI 1 11 027XXXXll 1 7 
C0590FDBI 1 1 1 027XXXXl 1 1 7 
XXXXXXXX 11 1 1 01400741 1 1 7 
XXXXXXXX 11 11 027XXXX1 1 1 7 

35C90FD~ 1 1 11 027XXXXll 1 7 
80000000 1 1 11 027XXXX11 1 7 
XXXXXXXX 1 1 1 1 01400741 1 1 7 
XXXXXXXX 1 1 11 027XXXX1 1 1 2 
XXXXXXXXI 1·11 017000011 1 7 

40590FDB 11 11 027XXXXI 11 7 
80000000 11 1 1 027XX1<Xl 11 7 
XXXXXXXX 11 1 1 01400741 1 1 7 
XXXXXXXX 11 1 1 027XXXXI 1 1 7 

XXXXXXXX 1 1 1 1027XXXXI 1 1 7 
XXXXXXXXI 1 1 1 027XXXXI 1 1 7 
XXXXXXXXI 1 1 1 014006011 1 7 
XXXXXXXXI 1 11 027XXXX11 1 7 
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Table 6.1. Floating Point Sin(x) Microprogram (Continued) 

.. 
)( 
:::> 

000 m 
~~~i 

~=i .. 
~c .. ." '~~>~ S! 32-bit Ii ~ "I DRB13- ~I~ iil ~'~1ii ...... c' :iHl.. OUlU!::: Constant a::e!)l DRBO Ul 

• R5 = A6 
0029 R5 = #2F34 6FBCh OXXSOX1 1 1 1 0 F 6 2F346FBC1 11 1 027XXXX1 11 7 

• R5 = FMUL(R4,R5) 
002A RE = R4 04XEOX1 1 1 o 0 F 6 XXXXXXXX1 11 1 027XXXX1 1 1 7 
002B RD = R5 OSXDOX11 1 0 0 F 6 XXXXXXXX1 1 11 027XXXX1 1 1 7 
002C JSR FMUL 1XXXXX1 1 1 X X F F XXXXXXXX1 1 11 01400601 1 1 7 
002D R5 = RF OFX50X1 1 1 0 0 F 6 XXXXXXXX1 11 1027XXXX1 1 1 7 

• R5 = FADD(R5,A5) 
002E RE = R5 OSXEOX11 1 0 0 F 6 XXXXXXXX1 1 1 1 027XXXX1 1 1 7 
002F RD = #B2D7 5AD5h OXXDXX1 1 1 1 X F F B2D75ADS 11 1 1 027XXXX1 11 7 
0030 JSR FADD 1XXXXX1 1 1 X X F F XXXXXXXX1 1 1 1 01400741 1 1 7 
0031 R5 = RF OFXSOX1 1 1 0 0 F 6 XXXXXXXX1 1 1 1 021XXXX11 1 7 

• R5 = FMUL(R4,R5) 
0032 RE = R4 04XEOX1 1 1 00 F 6 XXXXXXXX 1 1 1 1 027XXXX1 11 7 
0033 RD = R5 
0034 JSR FMUL 

05XDOX1 1 1 0 0 F 6 XXXXXXXX 1 1 1 1 027XXXX1 1 1 7 
1XXXXX·1 1 1 X X F F XXXXXXXX 1 1 1 1 01400601 1 1 7 

0035 R5 = RF OFX50X1 1 1 0 0 F 6 XXXXXXXX 1 1 1 1 027XXXX1 1 1 7 

• R5 = FADD(R5,A4) 
0036 RE = R5 05XEOX1 1 1 0 0 F 6 XXXXXXXX 1 1 1 1 027XXXX1 1 1 7 
0037 RD = #3638 EF99h OXXDXX1 1 1 1 X F F 3638EF99 1 1 ·1 1 027XXXX1 11 7 
0038 JSR FADD 1XXXXX1 1 1 X X F F XXXXXXXX 1 1 1 1 01400741 1 1 7 
0039 R5 = RF OFX50X11 1 0 0 F 6 XXXXXXXX 1 1 11 027XXXX1 1 1 7 

• R5 = FMUL(R4,R5) 
003A RE = R4 04XEOX1 1 1 0 0 F 6 XXXXXXXX 1 1 11 027XXXX1 1 1 7 
003B RD = R5 OSXDOX1 1 1 0 0 F 6 XXXXXXXX1 1 11 027XXXX1 11 7 
003C JSR FMUL 1XXXXX1 1 1 X X F F XXXXXXXX1 1 1 1 01400601 1 1 7 
003D R5 = RF OFX50X1 1 1 0 0 F 6 XXXXXXXX 1 1 1 1 027XXXX1 1 1 7 

* R5 = FADD(R5,A3) 
003E RE = R5 05XEOX1 1 1 0 0 F 6 XXXXXXXX 1 1 11 027XXXX1 11 7 
003F RD = #B950 OD01 h OXXDXX1 1 1 1 X F F B9500D01 11 1 1 027XXXX11 1 7 
0040 JSR FADD 1XXXXX1 1 1 X X F F XXXXXXXX1 1 1 1 01400741 1 1 7 
0041 R5 = RF OFX50X1 1 1 0 0 F 6 XXXXXXXX1 1 1 1 027XXXX1 1 1 7 

• RS = FMUL(R4,RS) 
0042 RE = R4 04XEOX1 1 1 o 0 F 6 XXXXXXXX 1 1 1 1 027XXXX1 1 1 7 
0043 RD = RS 05XDOX1 1 1 0 0 F 6 XXXXXXXX 1 1 1 1 027XXXX1 1 1 7 
0044 JSR FMUl 1XXXXX1 1 1 X X F F XXXXXXXX1 1 1 1 01400601 1 1 7 
0045 RS = RF OFX50X1 1 1 0 0 F 6 ·X X X X X X X X 1 1 1 1 027XXXX1 1 1 7 

• RS = FADD(R5,A2) 

II 
0046 RE = R5 
0047 RD = #3C08 8888h 
0048 JSR FADD 
0049 RS = RF 

05XEOX1 1 1 o 0 F 6 XXXXXXXX 11 1 1 027XXXX1 1 1 7 
OXXDXX1 1 1 1 X F F 3C088888 1 1 1 1 027XXXX1 1 1 7 
1XXXXX1 1 1 X X F F XXXXXXXX 1 1 1 1 01400741 1 1 7 
OFX50X1 1 1 0 0 F 6 XXXXXXXX 1 1 1 1 027XXXX1 1 1 7 

* RS = FMUL(R4,RS) 

~ 004A RE = R4 04XEOX1 1 1 0 0 F 6 .XXXXXXXX 1 1 1 1027XXXX1 1 1 7 

"C 004B RD = R5 OSXDOX1 1 1 0 0 F 6 XXXXXXXX1 11 1 027XXXX1 1 1 7 

"2- 004C JSR FMUL 

C:i" 
004D R5 = RF 

I» • RS = FADD(R5,A 1) .... 004E RE = R5 

O· 004F RD = #BE2A AAADh 
ooso JSR FADD 

.:::l 00S1 R5 = RF 

1XXXXX1 1 1 X X F F X X X X X X X X·1 1 1 1 01400601 1 1 7 
OFX50X1 1 1 o 0 F 6 XXXXXXXX 11 1 1 027XXXX11 1 7 

05XEOX1 1 1 00 F 6 XXXXXXXX 11 1 1 027XXXX1 1 1 7 
OXXDXX1 1 1 1 1 F F BE2AAAAD 11 1 1 027XXXX1 1 1 7 
1XXXXX1 1 1 X X F F XXXXXXXX 11 1 1 01400741 1 1 7 
OFX50X1 1 1 0 0 F 6 .XXXXXXXX 11 1 1 027XXXXl 1 1 7 

::a * RS = FMUL(R4,R5) 
CD 0052 RE = R4 04XEOX1 1 1 0 0 F 6 XXXXXXXX 1 1 1 1027XXXX1 1 1 7 

"C 0053 RD = R5 OSXDOX1 1 1 0 0 F 6 XXXXXXXX1 1 1 1 027XXXX1 1 1 7 
0 0054 JSR FMUL 1XXXXX1 1 1 X X F F XXXXXXXX 1 1 1 1 01400601 1 1 7 .. 00S5 RS = RF .... OFXSOX1 1 1 00 F 6 XXXXXXXX 1 1 1 1 02·7XXXX1 1 1 7 
(II 
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0056 
0057 
0058 
0059 

005A 
005B 
005C 
0050 

005E 
005F 

0060 FMUL: 

0061 

0062 

0063 
0064 

0065 

0066 

0067 
0068 
0069 
oo6A 
oo6B 
oo6C 
0060 

006E 
006F 

• R5 ~ FADO(R5,A0) 
RE ~ R5 
RO ~ #3F80 OOOOh 
JSR FAOO 
R5 ~ RF 

• R5 ~ FMUL(RO,R5) 
RE ~ RO 
RO ~ R5 
JSR FMUL 
R5 ~ RF 

• R5 ~ FCHS(R5,Rl) : RETURN 
Rl ~ Rl OR #7FFF FFFFh 
R5 ~ R5 XOR Rl : RETURN 

• RC ~ FEXP(RE) 
RC ~ RE AND #7F80 OOOOh 

• RE ~ FRAC(RE) 
RE ~ RE AND #807F FFFFh 

• RE ~ RE OR bit23 
RE ~ RE OR #0080 OOooh 

• MQ ~ SMTC(RE) 
RE ~ SMTC(RE) 
LOAOMQ : PASS 

• RB ~ FEXP(RO) 
RB ~ RO AND #7F80 OOOOh 

• RO ~ FRAC(RO) 
RO ~ RO AND #807F FFFFh 

RO ~ RO OR bit23 
RO ~ SMTC(RO) 
RE ~ O:RCB ~ #220 
RE ~ SMUll RO : LOOP RCB 
AE ~ SMULT AD 
TBO(RE,bitl) : BYTE ~ #0100b : TEST Z 
JT FMUL1 

• INEX RC 
RC ~ RC ADO #0080 OOOOh 
RE ~ SRA(RE) 

0070 FMUL 1: RC ~ RC ADO'RB : TEST CARRY 
0071 JT ERROR 

0072 RE ~ SMTC(RE) 
0073 RE ~ RE AND #807F FFFFh 

• FAOO: RC ~ FEXP(RE) 
0074 FAOO: RC ~ RC AND #7F80 0000 

• RE ~ FRAC(RE) 
0075 RE ~ RE AND #807F FFFFh 

0076 MQ ~ RE OR bit23 
0017 RE ~ SMTC(RE) 

• RB ~ FEXP(RO) 
0078 RB ~ RO AND #7F80 0000 

Table 6.1. Floating Point Sin(x) Microprogram (Continued) 

0 

~iB ~ >-~ 
~:il3d~iil~~S:ll1i 51 

6 

05XEOXI 1 1 o 0 F 6 
OXXOXXI 1 1 1 X F F 
lXXXXXl 1 1 X X F F 
OFX50Xl 1 1 00 F 6 

00XEOX11 1 o 0 F 6 
05XOOXI 1 1 0 0 F 6 
lXXXXXl 1 1 X X F F 
OFX50Xl 1 1 0 0 F 6 

o 1 X 1 0 2 1 1 1 o 0 F B 
0515001 1 1 o 0 F 0 

OEXC021 1 1 00 FA 

OEXE021 1 1 00 FA 

OE·XF021 1 1 0 0 F B 

OXEEXOI 11 1 0 58 
lEXXOXl 11 1 0 E 6 

00XB021 1 1 00 FA 

00X0021 1 1 00 FA 

00X0021 1 1 o 0 F B 
OXOOXOI 1 1 1 058 
OEEEOOI 11 1 0 F 9 
OOEEOOI 11 1 0 6 0 
OOEEOOI 11 o 0 7 0 
00FOO.Ol1 1 1 0 3 8 
lXXXXXXl 1 1 X F F 

OCXC021 1 1 0 0 F 1 
OEXEOXI 1 1 0 0 0 6 

OCBCOOI 1 1 0 0 F 1 
lXXXXXl 1 1 X X F F 

OXEEX011 1 1 0 58 
OEXE0211 1 00 FA 

OCXC0211 1 00 FA 

OEXE0211 1 00 FA 

1 E X X 0 1 1 1 1 o 0 E B 
OEXE021 1 1 00 FA 

00XB021 1 1 00 FA 

0 

" ::> 
0::li CJ, 

~~~i 
o:NO 

DRB13- I~; ~ iii 32-bit ~~~ Constant DRBO 0: ., 

XXXXXXXX 11 11 027XXXXI 1 1 7 
3F8000001 111 027XXXXI 1 1 7 
XXXXXXXXI 111 01400741 1 1 7 
XXXXXXXX 11 11 027,XXXXll 1 7 

XXXXXXXX 1 1 1 1 027XXXXI 11 7 
XXXXXXXX 1 1 1 1 027XXXXI 11 7 
XXXXXXXX 1 1 1 1 01400601 1 1 7 
XXXXXXXX 1 1 1 1 027XXXXI 1 1 7 

B7FFFFFF 1 1 1 1027XXXXI 1 1 7 
XXXXXXXX 1 111 022XXXX11 1 7 

7F800000 1 1 1 1 027XXXXI 1 1 7 

807FFFFFI 111 027XXXXI 1 1 7 

00800000 1 1 1 1 027XXXX11 1 7 

XXXXXXXXI 1 1 1 027XXXXI 11 7 
XXXXXXXXI 1 1 1 027XXXX11 1 7 

7F800000 1 1 1 1 027XXXXll 1 7 

807FFFFF 1 111 027XXXXI 1 1 7 

008000001 1 11 027XXXXI 11 7 
XXXXXXXXI 11 1 027XXXXI 1 1 7 
00000016 1 1 1 1 617XXXXI 1 1 4 
XXXXXXXX 1 1 1 1 567006Al 1 1 4 
XXXXXXXX 1 11 1 067XXXXI 1 1 7 
XXXXXXXX 1 o 1 1 027XXXXI 1 1 4 
XXXXXXXX 1 11 1 017XXXX11 1 7 

00800000 1 1 1 1 027XXXXI 1 1 7 
XXXXXXXX 1 1 1 1 027XXXXI 1 1 7 

XXXXXXXX 1 1 1 1 027XXXXI 11 0 
XXXXXXXX 1 1 1 1017XXXXI 1 1 7 

XXXXXXXX 1 1 1 1 027XXXXI 1 1 7 
807FFFFF 1 11 1 027XXXXI 11 7 

7F800000 1 1 11 027XXXXI 1 1 7 

807FFFFFI 1 1 1 027XXXXll 1 7 

00800000 1 1 1 1 027XXXXI 1 1 7 
807FFFFF 1 1 1 1 027XXXXll 1 7 

7F8000001 1 1 1 027XXXXI 11 7 
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0079 
007A 
007B 

007C 
007D 

007E 
007F 

0080 
0081 

0082 FADD1: 
0083 
0084 
0085 

0086 FADD2: 
0087 
0088 
0089 
008A 
008B 
008C FADD3: 
008D 

3-138 

* RD ~ FRAC(RD) 
RE ~ RE AND #807F FFFFh 
RD ~ RD OR bit23 
RD ~ SMTC(RD) 

RF ~ RC - RB : CO~O: TEST NEG 
JT FADDI : RCB ~ #8 

Y/RF ~ SLC(RF) : LOOP RCB 
Y ~ RF : RCA ~ Y 

RD ~ SRA(RD) : LOOP RCA 
RB ~ RC : JUMP FADD2 

RF ~ NOT RF 
Y/RF ~ SLC(RF) : LOOP RCB 
Y ~ RF: RCA ~ Y 
RE ~ SRA(RE) : LOOP RCA 

RF ~ RD + RE 
RF ~ SMTC(RF) 
RF ~ TBO (RF, bit24) : TEST Z 
JF FADD3 
INC RB : TEST NEG 
RF ~ SRA(RF) : JT ERROR 
RF ~ SETO (RI; bit23) 
RF ~ RF OR RB : RETURN 

Thble 6.1. Floating Point Sin (x) Microprogram (Continued) 

I~~I~ 
0 
>< 
:> 

0 0:' 

~g8 ~c:r: >::; ~No 
DRBI3-1~~lo ~ 0 32-bit N~~ I~ ~ ~ 0\:3 iBl~~ ~ ~ ij 6 Constant ~:e~ DRBO a::m~~ 

OEXE02 1 1 1 o 0 FA 807FFFFF 1 1 1 1 027XXXXI 1 1 7 
ODXD02 1 1 1 o 0 F B 00800000 1 1 1 1 027XXXXI 1 1 7 
OXDDXO 1 1 1 1 0 5 8 XXXXXXXX 1 1 1 1 027XXXXI 1 1 7 

OCBFOOI 1 1 o 0 F 3 XXXXXXXX 1 1 1 1 027XXXXI 1 1 2 
lXXXXXl 1 1 X X F F XXXXXXX8 1 1 1 1 617XXXXI 1 1 4 

OFXFOXI 1 o X 0 6 6 XXXXXXXX 1 1 1 1 567007El 1 1 4 
lXXXXXl 1 o 0 X F F XXXXXXXX 1 1 1 1 27700801 1 1 7 

ODXDOXI 1 1 0 0 0 6 XXXXXXXX 1 1 1 1 167007El 1 1 4 
OCXBOXI 1 lOX F F XXXXXXXX 1 1 11 027XXXXI 1 1 7 

OFXFOXI 1 1 0 0 F 7 XXXXXXXX 1 1 1 1 027XXXXI 1 1 7 
OFXFOXI 1 o 0 0 6 6 XXX XXX XX 1 1 1 1 617XXXXI 1 1 4 
lXXXXXl 1 o 0 X F F XXXXXXXXI 11 1 56700841 1 1 4 
OEXEOXll 1 o 0 0 6 XXXXXXXX 11 1 1 27700861 1 1 7 

ODEFOOI 1 1 o 0 F 1 XXX XXX XX 1 1 1 1 027XXXXI 1 1 7 
OXFFXOI 1 1 1 0 5 8 XXXXXXXXI 1 1 1 027XXXXI 1 1 7 
OOFOOOI 1 1 1 0 3 8 XXXXXXXXO 1 1 1 027XXXXI 1 1 4 
lXXXXXl 1 1 X X F F XXXXXXXX 1 1 1 1 047XXXXI 1 1 7 
OBXBOXI 1 1 1 1 F 6 XXXXXXXX 1 1 1 1 027XXXXI 1 1 3 
OF7FOXI 1 1 o 0 0 6 XXXXXXXX 1 1 1 1 017XXXXI 1 1 7 
07FOOOI 1 1 1 0 1 8 XXXXXXXX 1 0 1 1 027XXXXI 1 1 7 
OFBFOOI 1 1 o 0 F B XXXXXXXX 1 1 1 1 022XXXXI 1 1 7 
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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. TI advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 

TI warrants performance of its semiconductor products to current 
specifications in accordance with Tl's standard warranty. Testing and 
other quality control techniques are utilized to the extent TI deems 
such testing necessary to support this warranty. Unless mandated 
by government requirements, specific testing of all parameters of each 
device is not necessarily performed. 

In the absence of written agreement to the contrary, TI assumes no 
liability for TI applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either e,xpress or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used . 

Copyright © 1986. Texas Instruments Incorporated 



4. 32-Bit CPU Design Methodology 
Microprogramming and bit-slice technology have made possible the development of 
powerful systems using flexible instructions sets and wide address/data buses to 
access more than one Gigaword of physical main memory. This section discusses 
one design approach to such a system, using 'AS888 bit-slice and 'AS890 
microsequencer components. 

A structured approach to system design, such as that illustrated in Figure 4-1, is 
recommended in developing custom bit-slice designs. The product specification gives 
a starting point or basis for the project. In this example, four' AS888 bit slices are 
used to implement the 32-bit arithmetic portion of the CPU, and an 'AS890 
microsequencer is used for ALU and system control. A group of PROMs stores the 
microinstructions; a writable control store could also be implemented using additional 
control logic and components to load and modify the microprogram memory. The 
system is designed to access more than one Gigaword of memory . 

.-___ y PRODUCT SPECIFICATION 

-0 
BLOCK DIAGRAM/MACRO INSTRUCTION FORMATS 

.0 
MICROMAP FOR DATA PATH CONTROL \y.-__ --. 

-0 
MICROCODE DEFINITIONS 

-0 
MICROCODE FLOW CHARTS 

-0 A 

'----' ,'--___ -' MICROCODE PROGRAMMING <,, __ , 
-0 

DOWNLOAD TO: 
-EFVM 
- DEVELOPMENT SYSTEM 
- SYSTEM PROTOTYPE 

0-
DEBUG ... Lr-_ -_ -_ -_ -_-_ -_ -_ -_ -_ -_ -_ -'_ .... 1 ~ 

Figure 4-1. System Design Approach 

Since speed is a concern, carry look-ahead rather than ripple-through logic is 
recommended. If ripple-through logic were used, the system clock would need to be 
slowed down to allow the propagation of the carry bits through the various' AS888 
stages. By using carry look-ahead, the amount of time needed for the data to stabilize 
is greatly reduced by anticipating the carry across the' AS888 packages. 

So that the scratch pad area can be used for address calculations and mathematical 
computations, the' AS888's internal register file is dedicated for system functions. 
To provide the system user with a macrolevel equivalent of register locations, a 
16-word external register file is also included. Access to the external register file will 
be under microprogram control, allowing address selection to come from the microcode 
itself or from one of the three operand fields of the instruction register. 

PROMs eliminate the use of main memory as a source for constants used in 
initialization or table look-up functions. Accessing main memory for table values would 
require time and slow system throughput; by placing fixed values in fast PROMs, 
access time is kept to a minimum and system throughput is not altered. 
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Control, data and 'address bus!ls shared by the system are accessed by three-state 
registers. The control register, as explained in section 4.1.2, supplies the non-CPU 
part of a computer system with control signals. The data bus allows the ALU to supply 
data for the rest of the system and can also be a source of data for the ALU; this 
is accomplished by using three~state registers to drive the bi-directional da,a bus, along 
witl} registers to sample the bus. The address bus uses one of the external register 
file locations to maintain a program counter, thus allowing a 32-bit address bus capable 
of addr!lssing about four Gigawords of main memOry. Using three-state drivers for 
this bus enables other subsystems to take control of the system bus!ls. 

A pipeline regillter supplies th!l microsequencer and the ALU with both data and 
instructions. To get macrocode into the system, an instruction register and a mapping 
PROM are used to convert the opcode to a micr.oprogram routine' address. The 
condition code Signal, used for testing various conditions, is supplied by a register­
input based PAL. PAL inputs c!ln be fixed values or combinations of the status signals 
coming from the ALU. The read address select pins for the 'AS888's internal B register 
can be sourced from the microword itself or from three nibbles of the macroword, 
to provide offs~tsf9r the N-way branches to various microcode routines. 

4.1 Designing a 32-Bit System 

4.1.1 

A typic'!l 32-bit system block diagram using the 'AS888 bit-slice and 'AS890 
microsequencer is shown in Figures 4-2 and 4-3. It can be broken down into two 
sections, the ALU (arithmetic logic unit) and the CCU (computer control unit). The 
ALU section performs all manipulation of data both to and from main memory, such 
as arithmetic and logical operations. The CCU section controls instruction (macrocode) 
flow and any miscellaneous control oper'!tions, such as fetching instrl}ctions or 
supplying addresses for main memory access. 

Construction of the ALU 

To cascade the four' AS888s to obtaip the 32-bit arithmetic unit shown in Figure 4-4, 
the shift multiplex Si'OO and QiOo terminals are connected to the Si07 and QiO'j 
terminals of a.!:IJacent packages, and the least si9l1ificant package's Signals are 
connected to the most-significant package's. Optionally, SN74ALS240 inverting gates 
can be connected to the SiOO-S'i07 terminals and the byte inputs to implement byte 
,!nd bit control. Another chip, the SN74AS182 look-ahead parry generator, provides 
a ripple-carry function, to help system throughput. 

The design includes a 16-word register file, the SN74AS870 (see Fiijure 4-3). This 
allows the user to access 16 working areas for temporary data storage or address 
calculations such as indexing. In this design example, the' AS888's internal register 
file is not accessible directly by the user; it is reserved for microcode operations, such 
as address computation and temporary storage for arithmetic operations. Addressing 
the register files is permitted through the microprogram or from the macrocode 
instruction register tinder microcode control. 

The transfer register 'connected to the' AS888's Y and DB buses allows for feedback 
into the 'AS8e8 under microprogram control. Since the constant PROMs and the 
external register file share the A bus, they cannot be accessed at the same time. The 
transfer register enables data from the external register file to be transmitted to the 
B bus, making possible the addition of operands from the constant PROMs and the 
external registllrfile, for example. 

Constant PROMs !!re also included to simplify the programmiflg and operation of the 
ALU by supplying fixed data for various operations, such as: 



11 Clearing the system register files for initialization. This will bring the system I,Ip 
to a known state. 

21 Supplying a correction value to the offset in a branch instruction, i.e., converting 
a 16-bit offset to a true 32-bit address. 

31 Table look-up for fixed mathematical operations, such as computing sines and 
cosines. 

4.1.2 Construction of the CCU 

Sequencing and branching operations at speeds compatible with the 'AS888 are 
supplied by the 'AS890, a microprogrammed controller working' as a powerfl,ll 
microsequencer (see Figure 3-11. Features of the' AS890 include: 

11 Stack capability. The 9-word stack can be accessed by using a stack pointer 
or a read pointer; the latter is designed for non-destructive dumping of the stack 
~m~~. . 

21 Register/counter facility. Two registers, ORA and OR8, can be used for latching 
data from the. external data buses or as counters for loops. A ZERO signal is 
generated when the decremented counter reaches a zero value. 

31 Interrupt control. A register for temporarily holding the return address is supplied; 
upon entering the interrupt routine, the contents of the return register must be 
pushed onto the stack for later use. 

41 Next address generation. The Y output multiplexer offers a selection of same 
or incremented address, address from ORA or OR8 buses, address from stack, 
or a concatenation of ORA 13-0RA4 and B3-BO. 

A microprogram memory/pipeline register supplies the microsequencer and the rest 
of the system with instructions (see Figure 4-21. The memory miglit consist of ROMs, 
or it could be a writable-control store with support logic to allow loading or updating 
of the control store. For a general purpose machine with a fixed instruction set, ROMs 
would be more economic. 

Some' AS890 instructions are influenced by the CC input. Many are variations of 
branch and jump instructions. To form and supply CC, a register can be used to latch 
the state of the 'AS888 and supply inputs to a PAL for decoding, based upon the 
microcode's needs. Combinatorial logic in the PAL allows multiple or single events 
to be selected or provides a fixed value of "1" or "0" for forced conditions. 

To supply the microsequencer with the proper address of the microcode-equivalent 
version of the macrocode instruction, an instruction register and mapping PROM are 
needed. Under microprogram control, the instruction register samples the data bus 
to get the macrocode instruction. The opcode portion is passed to the mapping PROM 
to form an address to the miCrocode routine. When the microcode is ready to jump 
to the routine, it turns off the Y bus output of the' AS890 and enables the output 
of the mapping PROM. An optional means of altering the address uses B3-BO inputs 
of the' AS890 to implement a N-way branch routine. In this method, the ten most 
significant address bits of ORA or ORA are concatenated with the B3-BO bits to supply 
an address. 

Control information is supplied to the rest of the system via the control register and 
bus. By setting various bits within the control register, information can be passed 
to other subsystems, such as memory and I/O peripherals. Bit 0 could represent the 
read/write control line while bit 1 could select memory or I/O for the read/write. Bit 2 
might function to enable interrupts and bit 3 to indicate when the system should enter 
a "wait" state for slow memory. The remaining control bits can be programmed by 
the system designer to indicate additional condition states of the "macrosystem". 
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'AS890 CC l I 
83-80 

14 {4 
2 

I 

14 ~ 1-0F-4 I 
SELECTOR 

I 
74AS153(2) 14 
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PROM 
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9 

'9 • 
INSTRUCTION, CONTROL 
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32 ADDRESS BUS 
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Figure 4·2, CCU Block Diagram 
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Figure 4-3, ALU Block Diagram 



• 

3-146 

Addressing of the register files, both the' AS888 internal and the' AS870 external, 
is done through the use of two 1-of-2 selector banks. The first bank selects address 
source; this design offers a choice for operand processing of fixed values from the 
microcode or values from the macroinstruction latched in the instruction register. The 
second bank selects the first or second operand as an address source for port 0 of 
the external register file; port 1 uses the third operand as an address source. 

It should be noted that the design presented in Figure 4-2 for the computer control 
unit is a one-level pipeline that is instruction-data based.The address and contents 
of the next instruction are being fetched while the current instruction is being executed. 
Tracing through the data flow, the following can be observed: 

1) The pipeline register contains the current instruction being executed; 
2) The ALU has just executed its instruction, and has the current status ready at 

its output pins; 
3) The status register that is attached to the ALU contains the previous instruction's 

resulting status; 
4) The contents of the next microprogram word are being fetched at the same time 

that the current instruction is being executed. 

4.2 Tracing through a 32-Bit Computer 

With the' AS888 and' AS890 as foundation chips, the typical 32-bit supermini of 
Figures 4-2 and 4-3 can now be functionally traced. First, note that the data of the 
main program is handled separately from that of the microcode - each on its own' 
bus. The system is initialized by setting the "clear" signal high - this causes a forced 
jump to the beginning of the microcode memory. Instructions carried out by the 
microcode at this point might run system diagnostics, clear all registers throughout 
the' AS888-based system, and set up the initial macrocode program address. In this 
design, the first program address to fetch an instruction from main memory comes 
from a fixed value in the microcode memory; it is possible to allow the address to 
be retrieved from a permanent location in main memory or from either a front panel 
or console, by modifying the microcode program slightly. 

Table 4-1 illustrates the microcode format for this design. Note that it contains control 
signals for all chips involved in the design. Some of these, such as TRANSLATCH 
and MARLA TCH, are used with the system clock to provide controlled loading of the 
various holding registers. Others supply necessary addressing information, directing 
input from either the main data bus or from the microcode word itself. 

The FETCH routine is shown in functional, assembler and microcoded forms in Tables 
4-2, 4-3 and 4-4. First, the program counter is read from the external register file 
and stored into the memory address register. After the program counter is placed on 
the address bus, the program counter is updated and stored while the data from 
memory is allowed to settle down to a stable condition. The data is then latched in 
both the instruction register and data-in register. 

The opcode field of the instruction register is passed through the mapping PROM to 
convert the opcode to an. equivalent microcode routine address. When VOE is forced 
high by the microcode, the 'AS890 is tri-stated from the V bus, and the mapping 
PROM's output is taken out of the tri-state mode to supply an address to the control 
store (microprogram memory); a forced jump is made to the microcode routine to 
perform the instruction. 

After the routine is complete, a jump is made back to the FETCH routine using the 
next-address supplied by the microprogram. It is up to the system 
designer/programmer to make sure that all system housekeeping is performed so that 
nothing causes a fatal endless loop. 
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Table 4-1. Microcode Definition 

MICROCODE 
PIN NAME 

FIELD 
INPUT TO FUNCTION 

0-13 DRA 13--DRAO 'AS890 Used for next-address branches 

14-27 DRB13--DRBO 'AS890 Used for loading counter 

28--30 RC2-RCO 'AS890 Register/counter controls 

31-33 S2-S0 ~S890 Stack control 

34-36 MUX2-MUXO ~S890 MUX control of V output bus 

37 INT 'AS890 Interrupt control 

38 RAOE 'AS890 Enables DRA output 

39 RBOE 'AS890 Enables DRB output 

40 OSEL 'AS890 Mux control for DRA source 

41 INC 'AS890 Incrementer control 

42 VOE 'AS890 Enables V output bus 

43--50 17-10 ~S888 Instruction inputs 

51 OEA 'AS888 DA bus enable 

52 EA 'ASS8S ALU input operand select 

53 OEB 'AS888 DB bus enable 

54 OEV 'ASS88 V bus output enable 

55 SELV ~S888 V bus select 

5&-57 EB1-EBO ~S888 ALU input operand selects 

58 WE 'AS888 Register file write enable 

59 MAP PROM Enables mapping PROM to 'AS890 V bus 

60 fA Latch Latches data bus to instruction register 

61 CR Latch Latches control data to bus 

62-69 CTRL7-CTRLO Latch Data for control latch 

70-71 BSEL1-BSELO Multiplexer Selects data for' AS890 

72-75 B3--BO Multiplexer Microcode data to switch 

76 CONDCD Latch Controls latch of 'AS888 status 

77-80 SELC3--SELCO PAL Selects combination of 'AS888 status 

81 DTALATCHI Latch Controls latching of data-in 

82 DTAIN Latch Enables data-in output to bus 

83 DTALATCHO Latch Controls latching of data-out 

84 DTAOUT Latch Enables data-out output to DB bus 

85 MARLATCH Latch Controls latching of address 

86 MAR Latch Enables MAR output to address bus 

87 CONSTPROM PROM Enables PROM to DA bus 

88--99 A11-AO PROM Address of constant in PROM 

100 SWITCH2 Multiplexer Selects microcode or Instruction Register data • 101 SWITCH 1 Multiplexer Selects microcode or Instruction Register data 

102-105 A3--AO Multiplexer Register file address (' AS888) 

10&-109 B3--BO Multiplexer Register file address (' AS888) 

110-113 C3--CO Multiplexer Register file address (' AS888) 

114 REGUWR Register File Port 0 write enable 

115 REGLWR Register File Port 1 write enable 

116 REGU Register File Chip enable on port 0 

117 REGL Register File Chip enable on port 1 

118 TRANSLATCH Latch Controls latch between V and DB bus 

119 TRANS Latch Enables output to DB bus 

120 SELCN2 Multiplexer Supplies carry input to 'AS888 

121 SELCN1 Multiplexer Supplies carry input to • AS888 

122 REGUB Multiplexer Selects address for external register file 

123--126 BVTE3 - BVTEO Th ree-state Enables data for byte/bit operations 
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Table 4·2. Functional Listing of Fetch 

FETCH: MAR = PC, Enable MAR output 

PC=PC+l 

IR = DIR = data bus, Disable 'AS890 Y bus, 

Enable mapping PROM to Y bus 

Table 4·3. Assembler Listing of Fetch 

FETCH: OP890 ",111,10;INC; 

OP888 NOP,GROUP5, 10", 1111; 

OEY;SELY; 

CR;CTRL 00000011; 
SELC 01; 

MARLATCH;MAR; 

SWITCH OO;REGL; 

TRANSLATCH 

OP890 ",111,10;INC; 

OP888 PASS,INCS,OO", 1111; 

OEB;OEY; 

SELC 01; 

MAR; 

REGLWR;REGL; 

TRANS; 

SELCN 01 

OP890 ",111,10; 
OP888 NOP,GROUP5,10; 

MAP; 

IR; 

SELC 01 

DTALATCHI; 

MAR 

Key to Table 4·3 

OP888 a,b,c,d,e,f 

where: 

upper bits of instruction, 17·14 

b lower bits of instruction, 13·10 
c value of EB1-EBO 

d A address of register files 

e = B address of register files 

C address of register files 

Set 'AS890 for continue 

Perform NOP and read external register 15 

Enable Y bus output 

Generate external control bus signals 

Select fixed CC value to 'AS890 

Latch value on Y bus and enable output 

Select address source and enable port 

Latch Y bus for transfer to B bus 

Set 'AS890 for continue 

Increment program counter 

Enable Y bus output 

Select fixed CC value to 'AS890 

Output address to address bus 

Update program counter in register file 

Enable transfer latch output to B bus 

Select carry input to LSP to be "1" 

Set 'AS890 for continue 

Perform NOP 

Enable mapping PROM to 'AS890 Y bus 

Latch data bus to get macrolevel code 

Select fixed CC value to 'AS890 

Put data bus also in data register 

Output address to address bus 

OP890 v,w,x,y,z 

where: 

v ORA value, 14-bits 

w ORB value, 14-bits 

x RC2-RCO 

y S2-S0 

MUX2-MUXO 

II 
U) 

t: 
o 
Q. 
Q) 

a: 
c o 
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<t 
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4.3 Defining the Macrocode Instruction Format 

Since this is a 32·bit design, a variety of instruction formats are available. The size 
of the opcode, along with the types of addressing used, will affect both system size 
and performance. The formats shown in Table 4·5 wiil be used for discussion. 

All Table 4·5 formats have an opcode field of 11 bits and source/destination fields 
of 7 bits; the first three bits of the latter designate the address type, and the remaining 
four bits are used for register access. The opcode length allows 2,048 macrocoded 
instructions to be mapped to equivalent microcoded routines. The address fields can 
specify any of the following modes: register, relative, autoincreinent/autodecrement, 
indexed, absolute, and deferred. The offset used in the Type 0 instruction can be used 
for branch·based Instructions, for an offset range of ± 32727. 

Table 4·5. Possible Instruction Formats 

TYPE 0 - OPCODE + 'II-BIT OFFSET 

0-10 

Opcode 

il-15 

Not Used 

TYPE' - OPCODE + DESnNATION 

0-10 

Opcod,e 

11-24 

Not used 

TYPE 2 - OPCOOE + SOURCE + DESTINATION 

0-10 

Opcode 

11-17 

Not used 

16-31 

Offset 

18-24 

Source 

TYPE 3 ... OPCODE + SOURCE' + SOURC~ + DESTINAnON 

0-10 
Opcode 

4.4 Tracing a Macrocode Instruction 

11-17 

Source 

18-24 
Source 

25-31 

Destination 

25-31 

Destination 

25-:l1 
Destination 

Microcode for a Type 3 multiplication instruction is shown in Table 4·6, using the 
following assumptions: 

1) Code for retrieving the operands will not be shown. Jumps will be made to 
routines that will place the temporary operands into intern!"1 register locations 
2 and 3 of the 'AS88S, after being fetched from main memory. 

2) A jump to a routine to store the product in the destination will be handled similarly. 
3) Multiplication will be unsigned; the result will be placed in two temporary 

loCations of the' AS888. 
4) An update to the program status word, which the user can access at the macro· 

code level must also be performed, but is not shown. 

Assembler code is shown in Table 4·7; a microcode listing is given in Table 4·8. The 
first two lines of microcode are subroutine jumps to opcode fetching routines, which 
store the operands in register files 2 and 3 in the' AS888. The next two instructions 
load up the 'AS890 with a counter constant fbr performing the ml!ltiply loop, load 
the MQ register of the 'AS88S with the multiplier and clear the register that is 
temporarily used for the accumulator. 

• o 
1:: o 
c. 
G) 

a:: 
c o 
; 

CCI 
U 

== C. 

~ 

3·151 



• 

3-152 

Table 4-6. Functional Listing of Multiply 

UMULl3: 

JUMPSUB SOURCE' 

JUMPSUB SOURCE2. 

BCOUNT=32 

REG 9=0 

MQ=REG 2 

LOOP: 

UMULI WITH REG 3 

DECREMENT BCDUNT. 

BRANCH TO LOOP IF NOT ZERO. 

LATCH 'AS888 STATUS. 

REG 9=ALU 
REG 8=MQ 

JUMPSUB STORPSW 

JUMPSUB MDEST 

JUMP FETCH 

Get first operand 

Get second operand 

Load DB counter register 

Clear temporary accumulator 

Load multiplier 

Issue the multiply 

Decrement the DB counter 

Loop back until done 

Store' AS888 flags 

Store intermediate result 
Store intermediate result 

Update macro program status 

Store result at destination 

Get next instruction 

A loop is then entered to perform the multiply instruction 32 times to form the product, 
with the multiplicand coming from the internal register file of the' AS888. Upon exiting 
the loop, the MQ register is stored in a temporary register location in the' ASS88. 
The MQ register now contains the least-significant bits of the result and the temporary 
accumulator the most significant bits. A subroutine jump is made to the program status 
word update routine; this will take the statLis flags of the last multiplication iteration 
and change the macrolevel status word. The next subroutine jump is to a destination 
routine, which is followed by a branch to the FETCH routine to get the next macro 
instruction to be executed. 

4.5 System Enhancements 

The above example provides a broad overview of 32-bit system design using the 
'AS888 and' AS890. Certain additional options may enhance system performance. 
These include: 

1) Status latching. The design does not take into account changes that need to 
be examined at the micro level while retaining macrolevel status information. One 
solution would be to include another register in parallel to the status latch and 
provide control to choose between the two to form the condition code value. 

2) Interrupts. To efficiently use a computer system, interrupts are used to alter 
program flow in the case of I/O programming and real-time applications (involving 
hardware timers). To include this capability, external hardware must be included 
and the microcode modified accordingly. Information on interrupt implementation 
is given in section 3. 

3) Control store. One way of implementing microprogram memory is to use a ROM­
based design. It is becoming more common to design a writable control store, 
a completely RAM-based or part RAM, part ROM storage system, that can be 
altered by system operation, such as initialization from a floppy disk subsystem, 
or by the user to optimize or implement new macrolevel instructions. The cost 
of implementation must be weighed with the risks involved in changing 
instructions which may not be supported by other sites. 

4) Instruction word definitions. Changing the instruction word definitions will have 
an effect on both system design and performance. Removing Type 3 instructions 
from the design, for example, will have an effect on both hardware and software: 
the external register file addressing must be changed and the 1-of-2 selector 



Table 4-7. Assembler Code of Multiply 

UMULl3: 

OP890 SOURCE1 ... 110.110; 

INC;YOE; 

OP888 NOP;GROUPS; 

SELC 0001; 

MAR 

Perform a subroutine branch 

Increment address and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address buss 

OP890 SOURCE2.09000000100000.110.110.110; Perform subroutine branch and load B 

INC;YOE; 

OP888 NOP,GROUPS; 

SELC 0001; 

MAR 

OP890 ... 111.110; 
INC;YOE; 

OP888 CLEAR.GROUPS .... 1001; 

WE; 

SELC 0001; 

MAR 

OP890 LOOP, .. 111.110; 
INC;YOE; 

OP888 LOAOMQ.INCS ... 0010; 

MAR 

LOOP: 

0P890 LOOP..101.111.100; 
INC;YOE; 

OP888 UMULI.GROUP4.01.0011 .. 1001; 

WE; 

MAR 

OP890 ... 111.110; 

INC;YOE; 

OP888 PASS.INCS .. " 1000; 
WE; 

MAR 

OP890 STORPSW ... 110.110; 

INC;YOE; 

OP888 NOP,GROUPS; 

SELC 0001; 
MAR 

OP890 FETCH ... 111; 

INC;YOE; 

OP888 NOP,GROUPS; 

SELC 0001 

Key to Table 4-7. 

OP888 a.b.c.d.e.f 
where: 

a ~ upper bits of instruction. 17-14 

b lower bits of instruction. 13-10 

c ~ value of EB1-EBO 

d A address of register files 

e ~ B address of register files 

C address of register files 

counter 
Increment microaddress and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address bus 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Zero out register file accumulator 

Enable writing to register file 

Set CC to "1" to set up 'AS890 continue 

Maintain address on main address buss 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Load MQ register with S + Cn. from external 

register file 

Maintain address on main address bus 

Decrement B and loop til ZERO ~ 1 

Increment microaddress and enable Y bus 

Perform unsigned multiply on accumulator 

Update register file accumulator 

Maintain address on main address bus 

Perform a continue instruction 

Increment microaddress and enable Y bus 

Put S + Cn in temporary register file 

Allow updating of register file 

Maintain address on main address bus 

Perform a subroutine branch 

Increment microaddress and enable Y bus 

Tell 'AS88S to do nothing during jump 

Set CC to "1" for set up 'AS890 continue 
Maintain address on main address bus 

Perform a branch to FETCH routine 

Increment microaddress and enable Y bus 

Tell 'AS888 to do nothing during jump 

Set CC to "1" for' AS890 continue 

OP890 v,w.x,v.z 

where: 

v ~ ORA value. 14-bits 

w ORB value. 14-bits 

x RC2-RCO 

y S2-S0 

MUX2-MUXO 

• 
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removed. Likewise, changing the opcode length may restrict the instruction 
address capability and also cause either an increase or decrease in the microcode 
size. 

5) Dynamic memory access (DMA). The above system does not support dynamic 
memory access. To include this function requires a change in the address output 
control, along with support circuitry for the type of DMA selected. Some error 
detection and correction logic for main memory might also be included. 

6) Computer control unit. The design presented here shows a one-level pipeline 
architecture that is instruction-data based. System throughput may be increased 
by converting to a pipeline of greater depth, or using another variety of one­
level pipeline, such as instruction-address based or address-data based. Care 
must be taken when increasing the size of the pipeline, especially when handling 
branch/jump situations. The reader is advised to carefully research this area 
before implementing any design. 

4.6 Timing and System Throughput 

A critical path analysis was undertaken to determine the maximum clock rate for the 
proposed system. The longest delay path is the multiplication data path, which involves 
the internal registerfile and the shift function ofthe' AS888. Table 4-9 contains the critical 
delay calculations for both the ALU and CCU. Since both portions of the system must be 
satisfied, a clock rate of 90 ns was selected for the following comparisons. 

4.6.1 Fetch Analysis 

Most microprocessors perform an instruction fetch in a pipeline mode; the next 
instruction is fetched while the current instruction is executing. The fetch code shown 
earlier requires a minimum of four cycles: three to issue the code and one to break 
the pipeline for processing the branch. This results in a total time of 360 ns, based 
on a 90 ns cycle time. Fetch times for the representative microprocessors have been 
estimated from data books and are shown in Table 4-10; wait states for slow memory 
are not included. As can be seen from the table, the' AS888 design example is 
estimated to run from 1.1 to 2.1 times faster than the 16-bit microprocessors. 

4.6.2 Multiplication Analysis 

This analysis assumes that multiplication is unsigned integer and register to register 
based. No account is taken of time needed for instruction fetch or operand fetch or 
store. 

The basic loop for the multiply takes 35 cycles: 2 for accumulator and multiplier set 
up, 32 for actual multiply loop and 1 to store the least-significant bits in an internal 
register file. Given a cycle time of 90 ns, a 32 by 32 bit multiplication can be 
implemented in 2.275 microseconds. A 16-bit multiply requires 16 iterations of the 
inner loop; both timings are included in Table 4-11 for comparison. Values for the 
16-bit multiplies of the representative microprocessors have been estimated from data 
books. 

As shown in Table 4-11, the 16 by 16 multiply can be performed with the' AS888 
at a faster rate than the 16-bit microprocessors. Even comparing the 32 by 32 multiply 
of the application design, one can see that the' AS888 based system has a. better 
macroinstruction execution speed. Using the' AS888 and' AS890 in a system design 
will allow high throughput and permit a flexible architecture. 
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0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 -----0 0 0 0 0 -~ - - -- - - - -- ~ - - -
~ ~ ~ - ~ 

~ ~ ~ --
~ ~ ~ ~ ~ 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
.;.. 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

~ ~ 

~ ~ - -
~ ~ 

0 0 

0 0 

0 0 
~ ---- ~ 

~ ~ 

~ ~ 

~ ~ 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 

0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

~ -
0 -- -- -
~ -
~ ---
~ -
0 0 
0 0 
0 0 

~ ~ 

0 0 
0 0 
0 0 
0 0 

0 0 

0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
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Table 4-9, Critical Delay Path Analysis 

CONTROL PATH DATA PATH 

Pipeline Reg. Clock to Output 9 'AS888-1 Clock to Cn 46 
MUX Select to Output 13 'AS182 Cn to Cn+z 5 
'AS890·1 CC to Output 25 'AS888·1 Cn to SIO 25 
PROM Access Time 20 'AS888·1 SIO to Y ~ 
Pipeline Reg. Setup Time ..l 90 ns 

69 ns 

Table 4-10, Fetch Timing Comparison 

'AS888 

FETCH 32·BIT Z8001 8088-1 80286 68000L 

Data width 32 16 16 16 16 

No. of cycles 4 3 4 4 4 

Clock rate 11.11 MHz 4 MHz 10 MHz 10 MHz 8 MHz 

Total time 360 ns 760 ns 400 ns 400 ns 600 ns 

Table 4-11. Multiply Timing Comparison 

'AS888 'AS888 

MULTIPLY 32-BIT 111-BIT Z8001 8086-1 80286 68000L 

Size 32 x 32 16 x 16 16 x 16 16 x 16 IS x 16 16 x 16 

No. of cycles 35 19 70 128 21 .. 74 

Clock rate 11.11 MHz 10.98 MHz 4 MHz 10 MHz 10 MHz 8 MHz 

Total time 3.15O lLs 1.729ILs 17.5 ILS 12.81Ls 2.1 ILS .. 9.25ILs 

• 
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5. Floating-Point System Design 
Bit-slice processor architecture addresses the problem of optimizing system 
performance while allowing the user to balance hardware complexity against software 
flexibility. Bit-slice systems usually operate at or near the speed of the most primitive 
of programmable processors, the PROM state sequencer. Of course, bit-slice 
architecture incorporates circuitry dedicated not only to sequencing, but also data 
processing (ALU) operations. In keeping with the trend of these programmable devices 
to track the speed of fast discrete hardware, the' AS888 8-bit slice ALU and' AS890 
microsequencer have been produced in Advanced Schottky bipolar technology. In 
addition to sheer speed, the components feature greater density (2 micron geometry) 
for greater functionality (more special purpose circuitry on board). The impact will 
be faster, more powerful systems in applications which previously pushed the limits 
of bit-slice processors. 

Consider an application in which bit-slice architecture has dominated for years: CPU 
design. The microprogrammed CPU itself spans a spectrum of uses ranging from 
general purpose minicomputers to compact airborne computers. A specific example 
which illustrates various facets of design using the' AS888 and' AS890 is a CPU with 
a floating-point utility to compute sin(x). 

The design process can be subject to many influences, including personal preference, 
available development tools, peculiarities of the application, and constraints from the 
user, customer or manufacturing environment. No hard and fast design rules could 
be applied universally, but most designers will start with a specific plan in mind. 

The goal of this example is to produce the hardware and microprogram which will 
implement the sin(x) function in floating-point arithmetic. Before the microprogram 
can be assembled, the hardware must be defined since the fields of the 
microinstruction are dedicated to specific hardware once the microinstruction register 
is hardwired to the devices it controls. Since the final architecture chosen depends 
on tradeoffs between implementing certain operations in hardware or software, critical 
applications will require that a cursory analysis of the software be made before 
the hardware is cast in concrete. Attempting to develop microcode for a tentative 
architecture will force the issue on which operations are better suited for hardware. 
Before the architecture or the microprogram requirements can be known, the 
algorithms which describe the application processes must be defined. Once an 
algorithm is formulated it can be broken down into operations involving variable and 
constant quantities. The variables can be assigned to registers and then the algorithm 
can be translated into a microprogram. The following steps illustrate the plan for this 
CPU design example incorporating a floating-point sin(x) utility: 

Step 1: 
Step 2: 
Step 3: 
Step 4: 
Step 5: 
Step 6: 
Step 7: 
Step 8: 
Step 9: 
Step 10: 

Choose a floating-point number system 
Choose an algorithm for approximating sin (x) 
Make' AS888 register assignments 
Substitute registers for variables in the algorithm 
Decompose steps of the algorithm into simple operations 
Translate into' AS888/890 operations; identify subroutines 
Translate subroutines into 'AS888/890 operations 
Evaluate tradeoffs and block diagram the hardware 
Define microinstruction fields during detailed hardware design 
Assemble the microprogram 
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5.1 Choose a Floating-Point Number System 

An IE;EE; floating-point format will be chosen for this example for portability of data 
and software. It is important to note that the It;EE defines many standards in arithmetic 
processing, but for simplicity this example will encompass only number format. 
Furthermore, while ,everal formats are IEEE; compatible, only the basic single-precision 
format will be considered. 

The IEEE basic single-precision format is defined as a 32·bit representation in which 
the component fields are a 1 ~bit sign 5, an a-bit biased ellPonent e and a 23·bit fraction 
, which are assembled ,in the following order: 

e , 
31 o 

The quantity is evaluated as (- 1)5 2e - 127 (1J). Not-a-number, zero and infinity 
have special representations. The 9ne preceqing the binary point is implied and is called 
the implicit one or implicit bit. It coincides with the fact that tHe digits are normalized 
(left justified). 

'5.2 Choc>se an Algorithm for Sln(x) 

Many algorithms are discussed in the literature for approximating useful quantities 
like sin(x). Literature research is Ii good place to start to familiarize oneself with various 
algorithms and tradeoffs for a particlar application. Computer simulation is also useful 
to compare algorithms for speed and accuracy. R.F. Ruckdeschel in BASIC Scientific 
Subroutines, Vol. 1 (BYTE, McGraw7HiII Publ,ications Co. New York, N.Y., 1981, pp. 
159 -191 discusses tradeoffS and provides a simulation in BASIC for a sin (x) 
algQrlthm. An adaptation of this material has been chosen for this example: 

Ai Reduce angle range to first quadrant. (0 :s x :s 1r/2) 

6 
B) Compute sin(x) == 1: Anx2n - 1. The coefficients are: 

n=O 

Coefficient Decimal 

1.000000 
-0.1666667 

0.008333333 
-0.0001984127 

0.Q00002755760 
- 0.00000002507060 

0.0000000001641060 

IEEE hex 

3F80 0000 
BE2A AAAO 
3CQ88888 
B9500001 
3638 EF99 
B2075A05 
2F346FBC 



The algorithm can be implemented in the following steps: 

A) Reduce angle ranlle to first quadrant. (0 :s X :s 71"/2) 

1) SIGN = SGN(x) 
2) ABSX = Ilxll 
3) XNEW = ABSX - 271" x INT(ABSX/271") 
4) If XNEW > 71" then SIGN = - SIGN and XNEW '= XNEW - 71" 
5) If XNEW > 71"/2 then XNEW = 'If - XNIOW 

where 
SGN(x) = {+ 1 .if x 2: 0 

-1 If x < 0 

INT(x) = integer function 

6 
B) Compute sin(x) '" t An x2n - 1 . 

n=O 

1) Let XSQR = XNEW2; INITIALIZE SINX=O 
2) Do i = 6 to 1 step - 1 

SINX = XSQR x SINX + A(i) 
Enddo 

3) SINX = SIGN x XNEW x Sli\lX 

Step B-2 computes the summatiOn in a geometric series for economy. The major 
difference between steps A arid B is that A reqjJirl!s more diverse ALU operations 
while Buses pnly multiplication and addition recursively. 

5.3 Make 'AS888 Registflt Assignment~ 
. , 

Just as in assembly language programming, registers must be allocated for variables. 
Using Rn to denote the 'AS8BB register whose address is n, where 0 s nsF (hell), 
the following register assignments can be maqe: 

RO = X 
R1 = SIGN 
R2 = ABSX 
R3 = XNEW 
R4 = XSQR 
R5 = SINX 

The following constants can also be defined: 

Constant 
PI = 71" 
PIOVR2 = 1r/2 
2PI ";271" 
10VR2PI = 1/~'If 

Decimal 
3.14.1593 
1.570797 
6.283185 
0.159155 

IEEE hex 
40590FDB 
3FC90FDB 
40C90FDB 
3E22 F981 
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5_4 Substitute Registers for Variables in the Algorithm 

Now the algorithm can be rewritten with registers replacing variables: 

A) Reduce angle range to first quadrant (0 :5 X :5 1C12). 
1) R1 SGN(RO) 
2) R2 = II ROil 
3) R3 = R2 - 21C x INT(R2/21C) 
4) If R3> 1C then R 1 = - R 1; R3 R3 - 1C 
5) If R3 > 1C12 then R3 = 1C - R3 

6 
B) Compute sin(x) = 1: An x2n - 1 . 

n=O. 

1) Let R4 = R02; INITIALIZE R5 = 0 
2) Do i == 6 to 1 step - 1 

R5 = R4 x R5 + A(i) 
Enddo 

3) R5 = R1 x RO x R5 

Since various references to constants are made, it is probably best to load constants 
as needed rather than attempt to allocate registers for them. Constants can be loaded 
from a constant field in the microinstruction or from ROM. The tradeoff is 32 bits 
by 16K of micromemory versus 32 bits by the number of constants (typically less 
than 16K). For this example, it will be assumed that a constant field in the 
microinstruction is acceptable. 

5.5 Decompose Steps in the Algorithm into Simple Operations 

The sin (x) function can be microprogrammed as a subroutine; let FSIN be its entry 
address. RO would be loaded with x before FSIN were called. Upon return, R5 would 
contain sin (x) . Now decompose the steps in the algorithm into simple arithmetic and 
logical operations. Other operations can be left as functions to be defined later. 

FSIN: SUBROUTINE 

A) Reduce angle range to first quadrant. (0 :5 x :5 1C12) 

R1 SGN(RO) 

R2 ABS(RO) 

R3 R2· 10VR2PI 
R3 INT(R3) 
R3 R3' 2PI 
R3 R2 - R3 

Y = R3 - PI 
Jump if Negative to Step A-5 
R1 - R1 
R3 = R3 - PI 

Y = PIOVR2 - R3 
Jump if Negative to Step B-1 
R3 = PI - R3 

1) Let R 1 = Sign of RO 

2) R2 II ROil 

3) R3 R2 - 21C • INT(R2/21C) 

4) If R3 > 1C, 

then R 1 = - R 1 ; 
R3 = R3 - 1C 

5) If R3 > 1C12 
then R3 = 1C - R3 



B) Compute sin(x) 

R4 
R5 

RO * RO 
o 

6 
E An x2n-1 

n=O 

1) Let R4 R02. Let R5 

2) Do i = 6 to 1 step - 1 
R5 = R4 x R5 + A(i) 

Enddo 

(To implement a loop, 
use an 'AS890 counter 

o 

R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

R4 * R5 
R5 + A6 
R4 * R5 
R5 + A5 
R4 • R5 
R5 + A4 
R4 * R5 
R5 + A3 
R4 * R5 
R5 + A2 
R4 * R5 
R5 + A1 
R4 • R5 
R5 + AO 

to index a memory containing 
the constants.) 

R5 
R5 

RO * R5 
R5 * R1 : RETURN 

END SUBROUTINE 

3) R5 R1 x RO x R5 

5.6 Translate into 'AS888/890 Instructions; Identify Subroutines 

The simplified steps of the algorithm can be represented fairly easily as 'AS888/890 
instructions. Necessary functions (and suggested names) can be identified by 
inspection as: 

1) FMUL - Floating-point multiplication 
2) FADD - FlOating-point addition 
3) FINT - Floating-point integer conversion 
4) FINV - Floating-point additive inverse (to subtract using FADD) 
5) FABS - Floating-point absolute value 
6) FSGN - Floating-point sign test 
7) FCHS - Floating-point change of sign (to multiply by SIGN) 

"Function" in this context refers to a special operation regardless of how it is coded. 
In fact, FMUL and FADD are fairly complex and require detailed explanation. FINV, 
FABS, FSGN and FCHS are single instruction operations that mask or mask and test. 
FINT requires several inline instructions or a subroutine and will be left to the interested 
reader as an exercise. Now the steps of the algorithm can be translated into 
'AS888/890 operations which include references to these functions. • 
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FSIN: SUBROUTINE 

A) Reduce angle range to first quadrant. (0 ,;; x ,;; 7r/2) 

R1 FSGN(RO) ; Get sign bit (MSB) 
R2 FABS(RO) ; Take absolute value (clear MSB) 
1'13 FMUL(R2, 1 OVR2PI) ; Multiply register and constant 
R3 FINT(R3) ; Floating-point integer conversion 
R3 FMUL(R3,2PI) ; Multiply register and constant 
R3 FADD(R2,INV(R3)) ; Subtract registers by adding inverse 
Y = FADD(R3,NEGPI) : TEST NEG; Subtract by adding negative constant 
JT SIN1 ; Jump if true (jump if negative) 
R1 = FINV(R1) ; Complement sign of R1 
R3 = FADD(R3,NEGPI) ; Subtract by adding negative constant 

SIN1:Y = PIOVR2 - R3 : TEST NEG ; Subtract to compare (don't store) 
JT SIN2 ; Jump if true (jump if negative) 
R3 = FADD(PI,FINV(R3)) ; Subtract by adding negative register 

6 
; B) Compute sin(x) = E An x2n-1 

n=O 

SIN2: R4 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

FMUL(RO,RO) 
A6 
FMUL(R4,R5) 
FADD(R5,A5) 
FMUL(R4,R5) 
FADD(R5,A4) 
FMUL(R4,R5) 
FADD(R5,A3) 
FMUL(R4,R5) 
FADD(R5,A2) 
FMUL(R4,R5) 
FADD(R5,A 1) 
FMUL(R4,R5) 
FADD(R5,AO) 
FMUL(RO,R5) 
FCHS(R5,R1) : RETURN 

END SUBROUTINE 

; Square by multiplying 
; Initialize series 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Add coefficient 
; Multiply registers 
; Change MSB of R5 to MSB of Rl 

This contrived language has a syntax which may be suitable for a source program. 
For the sake of illustration, it can be assumed that the microassembler recognizes 
this particular syntax. The series was computed inline instead of using a loop since 
it is relatively short. If a loop were used, a means of indexing the constants would 
be required. 

5.7 Expand Subroutines into 'ASS8S/890 Operations 

FMUL and FADD algorithms can now be expanded. Since they are called extensively 
from FSIN, they are more critical to the efficiency of the final design. Wherever 
possible, it is desirable to reduce the execution time of both in order to maintain 
efficiency. 



5.7.1 Floating-Point Multiplication 

Let M1 be the multiplier and M2 be the multiplicand whose product is P. Let the sign, 
exponent and fraction fields of their IEEE representation be: 

M1: IS11E11F11 
M2: IS21E21F21 

P : 1 S31 E31 F31 

P is found by multiplying mantissas (fraction plus implicit one) and adding exponents. 
Since M 1 and M2 are normalized, the range of 1.F1 x 1.F2 is 

1.00 ... 0:$ 1.F1 x 1.F2 :$ 11.1 ... 10 

The implicit bit may "overflow" into bit position 24. This type of overflow must be 
detected so that the result can be normalized. Normalization requires right shifting 
the result of 1.F1 x 1.F2 and incrementing E3. The implicit bit is then cleared when 
S3, E3 and M3 are packed to form P. The floating-point multiplication algorithm may 
then be defined as follows: 

1) Unpack M1 into signed fraction (SF1) and exponent (E1) 
2) Set the implicit bit in SF 1 
3) Unpack M2 into signed fraction (SF2) and exponent (E2) 
4) Set the implicit bit in SF2 
5) Perform SF3 = SF1 x SF2 using signed integer multiplication 
6) Perform E3 = E1 + E2 
7) Test SF3 for overflow into bit 24 
8) If true, then increment E3 and right shift SF3 
9) Clear the implicit bit in SF3 

10) Pack E3 and SF3 to get P 

As before, the steps of this algorithm can be broken down into simpler operations: 

1) Unpack M 1 into signed fraction (SF 1) and exponent (E 1 ) 
E1 = FEXP(M1) 
SF1 = FRAC(M1) 

2) Set the implicit bit in SF1 
SF1 = SF1 OR BIT23 

3) Unpack M2 into signed fraction (SF2) and exponent (E2) 
E2 = FEXP (M2) 
SF2 = FRAC (M2) 

4) Set the implicit bit in SF2 
SF2 = SF2 OR BIT23 

5) Perform SF3 = SF 1 x SF2 using signed integer multiplication 
SF3 = IMUL (SF1, SF2) 

6) Perform E3 = E 1 + E2 
E3 = E1 + E2 

7) Test SF3 for overflow into bit 24 
TEST (SF3 AND BIT24) 
JUMP IF FALSE to step 9 

8) If true, then increment E3 and right shift SF3 
INC E3 
SF3 = RSHFT (SF3) 

• U) 

t: 
o 
c. 
Q) 
a: 
c: 
o 

'';: 
~ 

.~ 
Q. 
c. « 

3-163 



3-164 

9) Clear the implicit bit in SF3. 
SF3 = SF3 AND NOT _ BIT23 

10) Pack E3 and SF3 to get P 
P = SF3 OR E3 

FEXP, FRAC, testing bit 24 and setting/clearing bit 23 are all mask operations that 
translate into single' AS888 instructions. The integer multiplication (lMUL) is simply 
the multiplication algorithm supported by the' AS888 instruction set. No significant 
hardware features are required to do floating-point multiplication, nor are any 
subroutines required to support it. 

Register assignments can now be made as before. Since FSIN uses registers in the 
lower half of the register file, it might be preferable to restrict FMUL to the upper 
registers. For example: 

RF = P 
RE = M1, F1, SF1 
RD = M2, F2, SF2 
RC = E1 
RB = E2 

RE and RD can share variables that need not be preserved. Using this assignment, 
FMUL computes RF = FMUL(RE,RD). RE and RD must be loaded prior to calling FMUL 
and RF must be stored upon return. By substituting registers for variables and 
reorganizing operations in the FMUL algorithm to better fit' AS888/890 operations 
the following source program may be created: 

FMUL: SUBROUTINE 

RC = FEXP(RE) 
RE = FRAC(RE) 
RE = RE OR BIT23 
MQ = SMTC(RE) 

RB = FEXP(RD) 
RD FMAG(RD) 
RD = RD OR BIT23 
RD = SMTC(RD) 

; Unpack M 1 into exponent 
; and fraction 
; Set implicit bit 
; Prepare to multiply 

; Unpack M2 into exponent 
; and fraction 
; Set implicit bit 
; Prepare to multiply 

RE 0 : RCA = # 22d ; Initialize to multiply 
RE = SMUll RD : LOOP RCA ; Integer multiplication iteration 
RE = SMUL T RD ; Final step in signed mUltiply 
Y = TBO(RE,BIT1 ):BYTE = #01 OOb:TEST Z ; Test "overflow" 
JF FMUL 1 ; Jump if false (exponent ok) 

INEX(RC) 
RE = SRA(RE) 

FMUL 1 :RC = RC + RB : TEST CARRY 
JT ERROR 

RE 
RE 
RF 

SMTC(RE) 
RE AND #807F_FFFFh 
RE OR RC : RETURN 

; Increment exponent: add 00800000 
; Shift fraction to normalize 

; Add exponents and test carry 
; Jump if carry true to handler 

; Get sign magnitude fraction 
; Clear implicit bit 
; Pack fraction and exponent 



5.7.2 Floating-Point Addition 

The floating-point addition algorithm (FADD) is slightly more complex than FMUL, since 
the two addends will usually not have the same exponent. Therefore the smaller 
(absolute value) addend must first be chosen by comparing exponents. Then it must 
be denormalized to align its digits with the digits of the larger addend. In other words, 
the two addends must have the same exponent before their fractions can be added. 
This process can be described by the following algorithm: 

1) Unpack Al to get SFl and El 
2) Set implicit bit in SFl 
3) Unpack A2 to get SF2 and E2 
4) Set implicit bit in SF2 
5) If E2 > El then go to step 9 

(ilAl11 ,;; IIA211) 
6) Let DIFF = El - E2 
7) Do i = 1 to DIFF 

SF2 = RSHFT(SF2) (Arithmetic right shift) 
Enddo 

8) Let E3 = El ,go to step 12 
(11A211 > IIA111) 

9) Let DIFF = E2 - El 
10) Do i = 1 to DIFF 

SFl = RSHFT{SF1) (Arithmetic right shift) 
Enddo 

11) Let E3 = E2 
12) SF3 = SFl + SF2 
13) Test "overflow" into bit 24 
14) Jump if false to step 17 
15) Increment exponent E3 
16) Normalize signed fraction with right arithmetic shift 
17) Clear implicit bit 
18) Pack: SUM = SF3 or E3 
19) Return 

Register assignments for variables must now be made. Since FSIN uses registers in 
the lower half of the' AS888 register file, it is necessary to use the upper registers: 

RF = SUM 
RE = Al, Fl, SFl 
RD = A2, F2, SF2 
RC = El 
RB = E2 

By slightly reorganizing the sequence to better fit 'AS888/890 operations, the 
following microprogram to perform FADD can be created: 

FADD: SUBROUTINE 

; 1) Unpack Alto get SFl and El 
RC = FEXP(RE) 
RE = FRAC(RE) 

2) Set implicit bit in SFl 
MQ = RE OR BIT23 
RE = SMTC(RE) 

; Get exponent (E 1 ) 
; Get signed fraction (SF1) 

; Set implicit bit 
; Convert to two's complement 
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:3) Unpack A2 to gat SF2 and A2 
RB ? FEXP(RD) 
RD = FRAC(RD) 

4) Set implicit bit in SF2 
RD = RD OR BIT23 
RD = SMTC(RD) 

5) If E2 > El then go to step 9 

; Get exponent (E2) 
; Get I;igned fraction (SF2) 

; Set implicit bit 
; Convert to two's complement 

RF = RC ...; RB : TEST NEGATIVE ; Compare A2 from A 1 
JT FADD 1 : RCA = # 8 ; Jump if E2 > E 1; Set up loop count 

6) Let DIFF = E1 - E2. 
Y/RF = SLC(RF) : LOOP RCA 
RCA = Y/RF 

7) Do i = 1 to DIFF 
SF2 = RSHFT(SF2) 

Enddo 
RD = SRA(RD) : ~OOP RCA 

8) Let E3 = E 1, go to step 12 
RS = RC : JUMP FADD2 

9) Let DIFF = E2 - El 

FADD1: RF = NOT(RF) 
Y/RF =SLC(RF) : LOOP RCA 
RCA = Y/RF 

;10) Do i = 1 10 DIFF 
SFl = RSHFT(SF1) 

Enddo 
RE = SRA(RE) : LOOP RCA 

'; Rotate 8 times to get difference 
; LOad difference in loop counter 

; Orient digits of smaller addend 

; Swap registers and branch 

; Complement reSult of E1 - E2 
; Shift 8 times to get DIFF 
; Load QIFF in lbop cO\jnter 

; Align SFl with SF2 

; 11) Let E3 '" E2 (no instruction required - RB already has E2 in it) 

;12) SF3 = SF1 + SF2 

FADD2: RF = RD + RE 
RF '" SMTC(RF) 

; 13) Tel't "overflow" iflto bit 24 
RF = T~O (FlF, BIT24) 

; 14) Jump if false to step 17 
'-IF FADD3 

;'5) Else incre!TIent exponent 
, INC RB : TEST NEG 

; 16) Normalize signed fraction 
RF = SRA(RF) : JT ERROR 

; 1 7) Clear implicit bit 

FAOD3: RF = SETO (RF, B1I23) 

; 18) Pack: SUM = SF'3 OR E3 
RF = RF OR RB : RETURN 

; Add 
; Convert to sign-magnitude 

; Check for normalization 

; If so, finish and exit 

; Test for exponent overflow 

; Jump to error handler if overflow 

; Reset pit 23 of RF 

; Or siQned fraction and exponent 



There is an important consequence of FAOO which impacts the hardware. Since the 
number of shifts required to denormalize the small addend is data dependent 
(computed in the ALU) it is necessary to provide a path between the ALU Y bus and 
the' AS890 ORA bus. All the other operations are simple' AS888/890 instructions, 
including the FRAC and FEXP mask operations discussed during the development of 
FMUL. ERROR is a floating-point overflow error handler. 

5.8 Evaluate Tradeoffs and Block Diagram the Hardware 

A rough estimate of the FSIN worst case execution time can be arrived at by making 
the following observations about FSIN, FMUL and FAOO: 

FMUL 
integer recursion = 22 cycles 
other instructions = 18 cycles 
total = 40 cycles 

FAOO 
denormalization = 23 cycles 
other instructions = 25 cycles 
total = 50 cycles 

FSIN 
number of Clilis to FMUL = 12 
number of calls to FAOO = 11 
number of other cycles = 10 

Approximate worst case total = 10 + (12 x 40) + (11 x 50) = 1040 cycles. At 
50 nanoseconds per cycle, this requires approximately 52 microseconds. There are 
few improvements that could be made in hardware to speed this time, except perhaps 
the addition of a flash multiplier which would reduce the integer computatjon by about 
20 cycles (an overall reduction of about two percent). A barrel shifter could have the 
same benefit during floating-point addition for a total reduction of about 4 percent. 
For the sake of simplicity, it will be assumeq that 52 microseconds is acceptable for 
the sin(x) computation. .. 

Another issue which must be considered is the problem of loading the' AS888 and 
'AS890 with constants. A slight materials cOst reduction might be realized by storing 
constants in table PROMs rather thim in control store memory. An interesting use 
of the ORA and ORB ports on the' AS890 would be to use the output of RCA or RCB 
to index data in the constant PROM. This would allow long series to be implemented 
in loop form rather than the inline method used in FSIN. Once again, the constant 
PROM will not be ilT)plemented for the sake of simplicity. 

Now the architecture can be designed to meet the requirements identified throughout 
this analysis: 

1) A path between the' AS888 Y bus and the' AS890 ORA bus. 
2) A path between the microinstruction register and the' AS890 ORA f;lus for loading 

loop counts and branch addresses. 
3) A path between the microinstruction register and the' AS888 Y bus for loading 

constants. 
4) Independent control of SIOO in each' AS888 slice to allow bit/byte instructions. 
5) A status register to store' AS888 status for testing. 
6) A status mux to test the' AS888 status, bit 23 of the' AS888 Y bus, bit 24 

of the 'AS888 Y bus and hardwired 0 and 1. 

A system having these featlJres is illustrated in Figure 5.1. 
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5.9 Define Microinstruction Fields During Detailed Hardware Design 

The detailed hardware design will produce a wiring diagram that fixes the position 
within the microinstruction of each of the various control signals that are connected 
from the microinstruction register to the' AS888, 'AS890, status mux and any other 
special hardware. Once this design is complete it is possible for the assembler to sort 
the control bits of each instruction so that they will be properly oriented when the 
microprogram is installed in the target system. 

5.10 Assemble the Microprogram 

TI is currently developing an 'AS888(890 microassembler. Several microassemblers 
are commercially available, and many users prefer to write their own. The 
microprogram shown in Table 5-1 was hand-assembled, but has a syntax that is 
suitable for interpretation by a user-written assembler. 

• VJ ... ... 
o 
0. 
(1) 

a: 
s::: 
o 

'';::; 
CtI 
.2 
0. 
0. 

<C 
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0000 SIN: 

0001 
0002 

0003 
0004 
0005 
0006 

0007 
0008 
0009 

OOOA 
OOOB 
OOOC 
OOOD 

OOOE 
OOOF 
0010 
0011 

• Rl = FSGN(RO) 
Rl = RO AND #8000 OOOOh 

• R2 = FABS(RO) 
R2 = RO 
R2 = RO SETO #80h : BYTE=#1000b 

• R3 = FMUL(R2,lOVR2PI) 
RE = R2 
RD = #3EA2 F984h 
JSR FMUL 
R3 = RF 

• R3 = FINT(R3) 
RF = R3 
JSR FINT [EXERCISE FOR READER] 
R3 = RF 

• R3 = FMUL(R3,2PI) 
RE = R3 
RD = #40C9 OFDBh 
JSR FMUL 
R3 = RF 

• R3 = FADD(R2,INV(R3)) 
RE = R2 
RD = R5 XOR #8000 OOOOh 
JSR FADD 
R3 = RF 

Table 5.1. Floating Point Sin/xl Microprogram 

0 
)( 
::I 

0 o:E 
0,00 m tJ· 

I~~~~ ~~o ~~ ct:",,~ .~~>~ 0 32·bit ~ ::I ~ DRBl3- ~ id ~~13I3I~Bi W~!l!.1 6 Constant cz::E", DRBO cz:cz: '" 

00X10211100FA 80000000 1111 027XXXXll17 

00X20Xlll00F6 XXXXXXXX 1111 027XXXXll17 
0028001110018 XXXXXXXX 1 1 1 0 027XXXXl117 

02XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
OXXDXX1111XFF 3EA2F984 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX30X11100F6 XXXXXXXX 1111 027XXXX1117 

o 3 X FOX 1 1 1 0 O·F 6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 014 .... 1117 
OFX30Xl1100F6 XXXXXXXX 1111 027XXXX1117 

o 3 X E 0 X 1 ,1 1 0 0 F 6 XXXXXXXX 1111 027XXXX1117 
OXXDXX1110XFF 40C90FDB 1111 027XXXX1117 
lXXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX30Xl1100F6 XXXXXXXX 1111 027XXXX1117 

02XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XD0211100F9 80000000 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX30X11100F6 XXXXXXXX 1111 027XXXX1117 

- - -- -
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0012 
0013 
0014 
0015 
0016 

0017 

0018 
0019 
001A 
0018 

• SIN1: 
001C SIN1: 
001D 
001E 
001F 
0020 

0021 
0022 
0023 
0024 

• SIN2: 
0025 SIN2: 
0026 
0027 
0028 

• Y = FADD(R2,NEGPI) 
RE = R2 
RD = #C059 OFDBh 
JSR FADD 
Y = RF : TEST NEG 
JT SINl 

* Rl = FINV(Rl) 
Rl = Rl XOR #8000 OOOOh 

* R3 = FADD(R3,NEGPI) 
RE = R3 
RD = #C059 OFDBh 
JSR FADD 
R3 = RF 

Y = FADD (PIOVR2,INV(R3)) : TEST NEG 
RE = #3FC9 OFDBh 
RD = R3 XOR #8000 OOOOh 
JSR FADD 
Y = RF : TEST NEG 
JT SIN2 

• R3 = FADD(PI,FINV(R3)) 
RE = #4059 OFDBh 
RD = R3 XOR #8000 OOOOh 
JSR FADD 
R3 = RF 

R4 = FMUL(RO,RO) 
RE = RO 
RD = RO 
JSR FMUL 
R4 = RF 

Application Reports II 

Table 5,1, Floating Point Sin (x) Microprogram (continued) 

co 
X 
::;) 

co co::;: 

~g8 ~cta:a>~ 32-bit I~I~I~I~ ~~co 11U~ 
1~~~ol~ffi~I~~~c5 !2 ~ ::;) ~ DRB13- ~ III 1'-' iil 

6 Constant a:::;:", DRBO rra:;i!;", 

02XEOXlll00F6 XXXXXXXX 111 1 027XXXXll17 
OXXDXXlll0XFF C0590FDB 111 1 027XXXXll17 
lXXXXXlllXXFF XXXXXXXX 111 1 01400741117 
lFXXOXll000F6 XXXXXXXX 111 1 027XXXXll12 
lXXXXXlllXXFF XXX XXX XX 1 111 01700001117 

01Xl0211100F9 80000000 1 111 027XXXXll17 

03XEOXlll00F6 XXXXXXXX 111 1 027XXXXll17 
03XDXXllllXFF C0590FDB 111 1 027XXXXll17 
lXXXXXlllXXFF XXXXXXXX 111 1 01400741117 
OFX30Xl1100F6 XXXXXXXX 1 111 027XXXXll17 

OXXEXX11110F6 35C90FDB 111 1 027XXXXll17 
03XD0211100F9 80000000 111 1 027XXXXll17 
lXXXXX111XXFF XXXXXXXX 111 1 01400741117 
lFXXOXll000F6 XXXXXXXX 111 1 027XXXXll12 
lXXXXXlllXXFF XXXXXXXX 111 1 01700001117 

OXXEXX11110F6 40590FDB 1 111 027XXXXll17 
03XD0211100F9 80000000 1 111 027XXXXll17 
lXXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX30Xl1100F6 XXXXXXXX 1111 027XXXXll17 

00XEOXlll00F6 XXXXXXXX 111 1 027XXXXll17 
00XDOX11100F6 XXXXXXXX 111 1 027XXXX1117 
lXXXXXlllXXFF XXXXXXXX 1 111 01400601117 
OFX40Xlll00F6 XXXXXXXX 1 111 027XXXXll17 



Cf 
~ 

-..J 
N 

SJJodat:l UO!JeOllddV 

• R5 = A6 
0029 R5 = #2F34 6FBCh 

• R5 = FMUL(R4.R5) 
002A RE = R4 
002B RO = R5 
002C- JSR FMUL 
0020 R5 = RF 

• R5 = FAOO(R5,A5) 
002E RE = R5 
002F RO = #B207 5AD5h 
0030 JSR FAOO 
0031 R5 = RF 

• R5 = FMUL(R4.R5) 
0032 RE = R4 
0033 RO = R5 
0034 JSR FMUL 
0035 R5 = RF 

• R5 = FAOO(R5,A4) 
0036 RE = R5 
0037 RO = #3638 EF99h 
0038 JSR FAOO 
0039 R5 = RF 

• R5 = FMUL(R4.R5) 
003A RE = R4 
003B RO = R5 
003C JSR FMUL 
0030 R5 = RF 

Table 5.1. Floating Point Sin(x) Microprogram (continued) 

0 
)( 
::l 

0 8::ii 
~iB ~ m>~ 0 32-bit I~~~I~ ~ ~ ~ DRB13- ~~~ iil ~"IiIO~iiil~lwww" .... c( wOOOcnCJ t: Constant a: :E '" DRBG '" 

OXX50X1111 0 F6 2F346FBC 1111 027XXXX1117 

04XEOX111 00 F6 XXXXXXXX 1111 027XXXX1117 
05XOOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
o F X 5 0 X 1 1 1 0 0 F.6 XXXXXXXX 1111 027XXXX1117 

05XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
o X X 0 X X 1 1.1 1 X F F B2075A05 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

05XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
OXXOXX1111XFF 3638EF99 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XOOX11100F6 XXXXXXXX 1111 027XXXX1117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXX1117 
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• R5 ~ FADD(R5,A3) 
003E RE ~ R5 
003F RD ~ #89500D01h 
0040 )SR FADD 
0041 R5 ~ RF 

• R5 ~ FMUL(R4,R5) 
0042 RE ~ R4 
0043 RD ~ R5 
0044 JSR FMUL 
0045 R5 ~ RF 

• R5 ~ FADD(R5,A2) 
0046 RE ~ R5 
0047 RD ~ #3C08 8888h 
0048 JSR FADD 
0049 R5 ~ RF 

• R5 ~ FMUL(R4,R5) 
004A RE ~ R4 
0048 RD ~ R5 
004C JSR FMUL 
004D R5 ~ RF 

• R5 ~ FADD(R5,A1) 
004E RE ~ R5 
004F RD ~ #8E2A AAADh 
0050 JSR FADD 
0051 R5 ~ RF 

• R5 ~ FMUL(R4,R5) 
0052 RE ~ R4 
0053 R.D ~ R5 
0054 JSR FMUL 
0055 R5 ~ RF 

Application R8Portsi 

Table 5.1. Floating Point Sin (x) Microprogram (continued) 

.. 
X 
:J 

.... ffi 
.. :e 

~~~i ~N.. ~; 'lID~ '~~>~ .. 32-bit ,XUl 

8~&10l:3m w~~c3 2; o :J N DRB13- ~ iil 
Constant "" :e UI DRBG UI 

05XEOX11100F6 XXXXXXXX 1111 o 2 7 X'X X Xl 1 1 7 
OXXDXX1111XFF 89500D01 1111 027XXXXll17 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXXll17 

04XEOX11100F6 XXXXXXXX 1111 027XXXXll17 
05XDOX11100F6 XXXXXXXX 1111 027XXXXll17 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
o FX50X111 00 F6 XXXXXXXX 1111 027XXXXll17 

! 

05XEOX11100F6 XXXXXXXX 1111 027XXXXll17 
OXXDXX1111XFF 3C088888 1111 027XXXXll17 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50X11100F6 XXXXXXXX 1111 027XXXXll17 

04XEOX11100F6 XXXXXXXX 1111 027XXXXll17 
o 5XDOX111 00 F6 XXXXXXXX 1111 027XXXXll17 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXXll17 

05XEOX11100F6 XXXXXXXX 1111 027XXXXl117 
OXXDXX11111FF 8E2AAAAD 1111 027XXXXll17 
1XXXXX111XXFF XXXXXXXX 1111 01400741117 
OFX50Xl1100F6 XXXXXXXX 1111 027XXXX111 7, 

04XEOX11100F6 XXXXXXXX 1111 027XXXX1117 
05XDOXll100F6 XXXXXXXX 1111 027XXXXl117 
1XXXXX111XXFF XXXXXXXX 1111 01400601117 
OFX50X11100F6 XXXXXXXX 1111 027XXXXll17 
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* R5 = FADD(R5,A0) 
0056 RE = R5 
0057 RD = #3F80 ooOOh 
0058 JSR FADD 
0059 R5 = RF 

* R5 = FMUL(RO,R5) 
005A RE = RO 
005B RD = R5 
005C JSR FMUL 
0050 R5 = RF 

* R5 = FCHS(R5,Rl) : RETURN 
OOSE Rl = Rl ,OR #7FFFFFFFh 
005F R5 = R5 XOR Rl : RETURN 

* RC =FEXP(RE) 
0060 FMUL: RC = RE AND #7F80 OOOOh 

*' RE = FRAC(RE) 
0061 RE = RE AND #807F FFFFh 

* RE = RE OR bit23 
0062 'RE = RE OR #0080 OOooh 

* ,MO = SMTC(RE) 
. 0063 RE = ,SMTC(RE) 

0064 LOADMO : PASS 

* RB = FEXP(RD) 
0065 RB = RD AND #7F80 OOOOh 

Table 5.1. Floating PointSin(x) Microprogram (continued) 

0 
)( 
;:) 

0 

~~o g& '~i~ e;I >~ 0 ~~~I ~~!I'!£l~19~~~!lUi 6 32·bit tl ;:).., DRB13- ~ iii 
Constant '" ::E &I DRBD II) 

05XEOXlll00F6 XXXXXXXX 1111 027XXXXl117 
OXXDXXlll1XFF 3F 8 0 0 0 00 1111 027XXXX1117 
lXXXXXll1XXFF XXXXXXXX 1 1 1 1 01400741117 
o F X 5 0 XII 1 0 OF 6 XXXXXXXX 1111 027XXXX1117 

00XEOXlll00F6 XXXXXXXX 1 1 1 1 027XXXX1117, 
o 5 X DO XII, 1 0 0 F 6 XXXXXXXX 1111 027XXXX1117 
lXXXXXll1XXFF XXXXXXXX 1 1 1 1 0140{)601117 
o FX50Xl11 00 F6 XXXXXXXX 1111 027XXXXll17 

01Xl0211100FB B7FFFFFF 1111 027XXXX1117 
05150011100FO XXXXXXXX 1111 022XXXX1,117 

OEXC0211100FA 7F800000 1111 027XXXXl117 

OEXE0211100FA 807FFFFF 1 1 1 1 027XXXX1117 

OEXF0211100FB 00800000 1111 027XXXX1117 

OXE'EXOllll058 XXXXXXXX 1111 027XXXX1117 
lEXXOX11110E6 XXXXXXXX 1111 027X-XXX1117 

~D~B 0 2 1 1 1 0 0.FA 7F800000 1 1 1 1 027XXXXl117 ------- . -_ .. - _ .... _---
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U1 

0066 

0067 
0068 
0069 
006A 
006B 
006C 
006D 

006E 
006F 

0070 FMUL1: 
0071 

0072 
0073 

• FADD: 
0074 FADD: 

0075 

0076 
0077 

0078 

• RD ~ FRAC(RD) 
RD ~ RD AND #807F FFFFh 

RD ~ RD OR bit23 
RD ~ SMTC(RD) 
RE~ 0: RCB ~ #22D 
RE. ~ SMUll RD : LOOP RCB 
RE ~ SMULT RD 
TBO(RE.bitl) : BYTE ~ #01 OOb : TEST Z 
JT FMULl 

• INEX RC 
RC ~ RC ADD #0080 OOOOh 
RE ~ SRA(RE) 

RC ~ RC ADD-RB: TEST CARRY 
JT ERROR 

RE ~ SMTC(RE) 
RE ~ RE AND #807F FFFFh 

RC ~ FEXP(RE) 
RC ~ RC AND #7F80 0000 

• RE ~ FRAC(RE) 
RE ~ RE AND #807F FFFFh 

MQ ~ RE OR bit23 
RE ~ SMTC(RE) 

• RB ~ FEXP(RD) 
RB ~ RD AND #7F80 0000 

Application Reports II 

Table 5.1. Floating Point Sinlxl Microprogram Icontinuedl 

0 
)( 
:::I 

000 1i! 
0:IE y. 

emu .~!>~ 0 32-bit ~~~I ~ g Ii; DRB13- ~;~ .... ~~II!r3t:?l8i l!l~c3 6 Constant li1:IE1l! DRBO ~~ 

ODXD0211100FA 807FFFFF 1111 027XXXXll17 

ODXD0211100FB 00800000 1111 027XXXXll17 
OXDDXOllllD58 XXXXXXXX 1111 027XXXXll17 
OEEEOOllll0F9 00000016 1111 617XXXXll14 
ODEEOOllll060 XXXXXXXX 1111 567006All14-
ODEE001110070 XXXXXXXX 1111 067XXXXll17 
00FOOOllll03S XXXXXXXX 1 0 1 1 027XXXXll14 
lXXXXXXlllXFF XXXXXXXX 1111 017XXXXll17 

OCXC0211100Fl OOSOOOOO 1111 027XXXXl117 
OEXEOXlll0006 XXXXXXXX 1111 027XXXXll17 

o C B COO 1 1 1 0 O. F 1 XXXXXXXX 1111 027XXXXlll0 
lXXXXXlllXXFF XXXXXXXX 1111 017XXXXll17 

OXEEXOllll05S XXXXXXXX 1111 027XXXXll17 
OEXE0211100FA S.O 7 F F F F F 1111 027XXXXll17 

OCXC0211100FA 7FSOOOOO 1111 027XXXX1117 

OEXE0211100FA S07FFFFF 1111 027XXXX1117 

lEXX0111100EB OOSOOOOO 1111 027XXXXll17 
OEXE0211100FA 807FFFFF 1111 027XXXX-1117 

ODXB0211100FA 7FSOOOOO 1111 027XXXXll17 
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0079 
007A 
007B 

007C 
0070 

007E 
007F 

0080 
0081 

0082 FADD1: 
0083 
0084 
0085 

0086 FADD2: 
0087 
0088 
0089 
OOSA 
008B 
OOBC FADD3: 
0080 

• RD = FRAC(RD) 
RE = RE AND #807F FFFFh 
RD = RD OR bit23 
RD = SMTC(RD) 

RF = RC - RB : CO=O: TEST NEG 
JT FADDl : RCB = #8 

Y/RF = SlC(RF) : LOOP RCB 
Y = RF: RCA = Y 

RD = SRA(RD) : lOOP RCA 
RB = RC : JUMP FADD2 

RF = NOT RF 
Y/RF = SLC(RF) : LOOP RCB 
Y = RF: RCA = Y 
fiE = SRA(RE) : LOOP RCA 

RF = RD + RE 
RF = SMTC(RF) 
RF = T60 (RF, bit24) : TEST Z 
JF FADD3 
INC RB : TEST NEG 
RF = SRA(RF) : JT ERROR 
RF = SETO (RF, bit23) 
RF = RF OR RB : RETURN 

Table 5.1. Floating Point Sin (x) Microprogram (continued) 

0 x 
::;) 

0 8~ 
Oeo f9 

~~~~ ~~o ~~ I!l!<CII",> .~~>~ 0 32·bit tJ ::;) ".' DRB13· ~ oJ :=~:3t'H:lI1ii l!l!lUi 6 Constant ~:e III DRBO 31 

OEXE0211100FA 807FFFFF 1111 027XXXX1117 
ODXD0211100FB 00800000 1111 027XXXX1117 
OXDDX01111058 XXXXXXXX 1111 027XXXX1117 

OCBF0011100F3 XXXXXXXX 1111 027XXXX1112 
1XXXXX111XXFF XXXXXXX8 1111 6 1 7 X·X X X 1 1 1 4 

OFXFOX110X066 XXXXXXXX 1111 567007E1114 
1XXXXX1100XFF XXXXXXXX 1111 27700801117 

ODXDOX1110006 XXXXXXXX 1111 167007E1114 
OCXBOX1110XFF XXXXXXXX 1111 027XXXX1117 

OFXFOX11100F7 XXXXXXXX 1111 027XXXX1117 
OFXFOX1100066 XXXXXXXX 1111 617XXXX.1114 
1XXXXX1100XFF XXXXXXXX 1111 5 6 7 0 0 84 1 1 1 4 
OEXEOX1110006 XXXXXXXX 1111 27700861117 

ODE FO 0 1 1 1 0 0 F 1 XXXXXXXX 1111 027XXXXll17 
OXFFX01111058 XXXXXXXX 1111 027XXXX1117 
00FOOOllll038 XXXXXXXX o 1 1 1 027XXXXll14 
lXXXXX111XXFF XXXXXXXX 1111 047XXXXl117 
OBXBOX11111 F6 XXXXXXXX 1111 027XXXXll13 
OF7FOXlll0006 XXXXXXXX 1111 017XXXXl117 
o 7 F 0 0 0 1 1 11 0 1 8 XXX XXX XX 1 0 1 1 027XXXX111"7 
OFBF0011100FB 2<_X X X XX X X 1111 022XXXXl117 

----- --
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MECHANICAL DATA 

ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for circuit type(s) listed 
in the page heading regardless of package. The availability of a circuit function in a particular package is denoted 
by an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to 
mechanical outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a four-part type number as explained in the 
following example. 

EXAMPLE SN 

~ ________________________ -J~ 

MUST CONTAIN TWO TO FOUR LETTERS 

SN Standard Prefix 

SNJ JEDEC PUBLICATION, 101 , Class B 

JANB MIL·M·38510 Qualified 

2. Unique Circuit Description }-__________________ --.J 

MUST CONTAIN SIX TO TEN CHARACTERS 

(From Individual Data Sheet) 

Examples: 

74S225 

54LS610 

74ALS232 

74ALS632A 

74ALS29864 

3. Package }----------------------' 

MUST CONTAIN ONE OR TWO LETTERS 

0, OW ("Small Outline" Packages) 

J, JD, JG, JT, N, NT, NW, P, W (Dual-in-Line Packages) 

FH or FN (Chip Carriers) 

(From pin-connection diagram on individual data sheet) 

4. Instructions (Dash No.) 

3 PEP processing, level 3 (N or NT packages only) 

74ALS232 N 4 

tThese circuits in dual-in-line and "small outline" packages are shipped in one of the carriers shown below. Unless a specific method 
of shipment is specified by the customer (with possible additional costs), circuits will be shipped in the most practical carrier. Please 
contact your TI sales representative for the method that will best suit your particular needs. 

"Small Outline" (0, OW) 
Dual-in·Line (J, JD, JG, JT, N, NT, NW, p, W) 

- A-Channel Plastic Tubing 

- Tape and Reel 

- Barnes Carrier (W only) 

TEXAS .., 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 

, 
D plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

14·PIN 0 PACKAGE 

f 
6.20 (0.2441 

3.81 (0.1501 

8,74 10:3441 

8,55 (0.3371 

L-~+;::;::;::;:;::;::::;:::;::~ 

1,75 (0.0691 J /f""-- 7° NOM 

1.35..,j(0r-.0_5_3_1___ I 4 PLACES 

, • X 45° 460 (0.181) 0,229 (0.00901 050100201 ~5.21 (0.2051~ 
0,25 (0.0101 ' 0.190 (0.00751 

0,102 (0.0041 

0,79 (0.0311 

0,28 (0.0111 

~~~ 
j l 0,457 10.0181 

0,356 (0.0141 .:=1 jt?. 
PIN SPACING 

1.27 (0.0501 
(See Note AI 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.0061. 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within ±0,051 10.0021 exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 

o plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

16-PIN D PACKAGE 

f 
6.20 (0.244) 

3.Bl (0.150) 

*--~+;::;:;:~;::;::::::;:::;:::;:;::~ 

+-----

0.102 (0.004) 

0,79 (0.031) 

0,28 (0.011) 

i 7° NOM 

4 PLACES 

j l 0,457 (O.OlB) 
0,356 (0.014) 

PIN'SPACING 

1,27 (0.050) 

See Note a 

5.21 (0.205) 

050 0.020 {4.60 (O'lBl)~ 0.229 (0.0090) 
,( ) X 45° 0.190 (0.0075) 

0.'''''''' ~ 

~-MJLt 4°.4° 
4 PLACES 

. 1.12 (0.044) 

0,51 (0.020) 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0.15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within .0,051 (0.0021 exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

. TEXAS. 
INSTRUMENTS 

POST OFF1CE BOX 225012 • DALLAS, TEXAS 75265 

4-5 



4-6 

MECHANICAL DATA 

OW plastic "small outline" packages 

Each of these "small outline" packageS consists of Ii circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldE!ring temperature with no deformation, and 
circuit performance characteristiclil will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaninl;l or processing when used in soldered assembly. 

20-PIN DW PACKAGE 

0,785 (c).OS1) 

•• 585 1 •• 0231 

NOTES: A. Body dimensions do not include mold flash or protruSion. 
B. Mold flash or protrusion shall not exceed 0,15(0.006). 
C. Leads are within 0.25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within ±0.051 (0.002) exclusive of solder. 

ALL \-INEAR DIMENSioNS ARE IN MILLiMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ~ 
INSTRUMENTS 

POST OFFiCe BOX 225012 • DALLAS. TexAS 75265 



MECHANICAL DAtA 

OW plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation. and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

24·PIN OW PACKAGE 

15'5tO'610)~ 
15,3 (0.602) 

- - - - - - -
13 

I::~:~!::: ---, 
O'5(O'02)X45"'LI=--~ ~ I 

Q} ltlo, 
~ 
0,585 la.02l) 

!::::F- 7 0 NOM JJ ~ 40
,.0 \. 4 PLACES 

~ 1,27 (0.050) 
0,230 (0.009) ~ 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.0061. 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within ±O,051 (0.002) exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 

FK ceramic chip carrier packages 

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1.27 (O.050-inch) 
centers. terminals require no additional cleaning or processing when used in soldered assembly. 

FK package terminal assignments conform to JEDEC Standards 1 and 2. 

FK CERAMIC CHIP CARRIER PACKAGES 
i28·terminal package shown) 

CERAMIC CHIP CARRIERS 

JEDEC 
NO,OF A OUTLINE 

TERMINALS MIN MAX DESIGNATION* 

MS004CB 20 
8,69 9,09 

(0.342) (0.358) 

MS004CC 28 
11,23 11,63 

(0.442) (0.458) 

B 
MIN MAX 

7,80 9,09 
(0.3071 (O.35B) 
10,31 11.63 

(0.406) (0.458) 

*AII dimensions and notes for the specified JEDEC outline apply. 

~I 
0.56 (0.022)"""1 

'" 

f---11 ~ 
J.--+ 1.63 (0.064) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS •. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



MECHANICAL DATA 

FN plastic chip carrier packaga 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FN PLASTIC CHIP CARRIER PACKAGE 
(28·terminal package used for illustration) 

122 (0 048) it-· __ · - X45' 
1.07 (0.042) 

V 0 
4 3 

5 
2 1 28 

• 
7 

A B • 

12 13 14 15 16 

27 2. 
25 

2 • 

23 

22 

21 

2. 

1. 

17 1. I w: 
I)· B .r~1' 0,25 (0.010) R MAX 
~.; _____ (_s_ee_~O_U_A_) ____ ~.. 3 PLACES 

JEDEC NO. OF A 

OUTLINE TERMINALS MIN MAX MIN MAX MIN MAX 

MO 047AA 20 
9,78 10,03 8,89 9,04 7,87 8,38 

103851 10.3951 10.3501 (03561 (0.310) (03301 

MO 047AB 28 
12.32 12,57 11,43 , 1,58 10.41 10.92 

10.485) 10.4951 (0.450J lQA5S) (0.410) (0430l 

MO 047AC 44 
17,40 17,65 16,51 16.66 15.49 16.00 

(0.685) (0.695) IO.S50l (0.656) (O.81m (0.6301 

MO 047AE 68 
25.02 25.27 24.13 24.33 23,11 23.62 

(Q 9851 10.9951 10.9501 (0.9561 109101 10930) 

All dimensions and notes for the specified JEDEC outline applV. 

I 
SEATING PLANE 

(See Note C) 

0,81 (0.032) ~ 

0,66 (0.026) ~T 
I ~ (0.060) MIN 

I -;;:64 10.025) MI N 
'....i:, 

~:~~ :~:~~~: -oj I ~ 
LEAD DETAIL 

NOTES:A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B. 
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
C. The lead contact points are planar within 0,10 (0.004). 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY )N INCHES 

TEXAS .. 
INSTRUMENTS 

POST OFFICE 80X 225012 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 

68-pin GB pin grid array ceramic package 

This is a hermetically sealed ceramic package with metal cap and gold-plated pins. 

58-PIN GB PACKAGE 

TOP 
VIEW 

4.57 10.180) 

~-~~::~~*~ 
I r-13.~~~530)~ J 

I I 
-~ 

II 

v~·~ 27,4 (1.080) 

3.510.
5301t NOM 

1 
1 

3,"IO.'40T~, ~1.93 10.0761 

~56~~~~t=IT-~ IT IT JJ02~,~t IT mJ:~~5:~iOD~~31 
2,39 {O.094} OAQ6TO.OiEH 1.12 (O.044) 

2,54 (0.100) T,P,t1 

~-7~~~~~~~~--' 
L J (!)(~)GGGGGG8-1 
00GGGGGGG08-+ 

J G G G G 2.5410.1001 T.P. 

HGG GG 
GGG GG 

B~~:~M F GG GG 
EGG GG 
DGG GG 
eGG GG 
sG0GGGGGGG0G 
A • G G G G G G G G 8- i 1.2710.0501 

2 3 4 5 6 7 8 9 10 11 L NOM INDEX 
(See Note AI 

NOTE A: Pins are located within 0,127 (0.005) radius of true position relative to each other at maximum material condition and within 
0,254 (0.010) radius relative to the center of the ceramic. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

4-10 TEXAS • 
INSTRUMENTS 
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MECHANICAL DATA 

J ceramic packages (including JD. JT. and JW dual-in-line packages) 

Each of these hermetically sealed dual-in-line packages consists of a ceramic base. ceramic cap. and a 
lead frame. Hermetic sealing is accomplished with glass. The packages are intended for insertion in 
mounting-hole rows on 7.62 (0.300) or 15.24 (0.600) centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Tin-plated ("bright­
dipped") leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For the 14',16·, and 20'pin packages, the letter J is used by itself since these packages are available only'in the 7,62 (0.300) 
row spacing. For the 24~pin packages, if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) 
row spacing. 

14-PIN J CERAMIC 

J 1,27 

-, (0050) NOM 

106" 
""9ir 

L- 0,69 (0 027) MIN r- 14PtACES 

ffi 5.08(0200) 
MAX 

-SEATING PLANE 8 
14 PLACES,.-IIC- --II_ 

0,36 (0 014) 3,30 (0.130) 1.-1 
020(0008) MIN 2,54(0100) ~ 

~:: :~:~:: 14 PLACES 

14 PLACES 1.78 (0 070) PIN SPACING 2,54 (0 100) T P 
4 PLACES (See Note Al 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16-PIN J CERAMIC I 1994 (O.785) ~ i- 19,18(0.755) \ 

~®@®®®@0 

'i 'i O"_'"_{:::::: : 
11~~:~:- · r:;;:~~:;;:;;:;;:;;:~ GLASS 5·~:x200) -.L Ir SEALANT 

--~.----.--~ • SEATING PLANE ; O,5~(,~02O)J L 1\4-1+-+l--4!l-°'a:/~~!~IE~IN 

16 PLACES .-J\.-- ~~~ :~:~~l 3.30M~~ 130) I ~ jL 0.58 (0.023) 16 PLACES 

00000@00 

16 PLACES r..! l ~ 0.38 (0.015) 

0.305 (0.012) MIN 
4 PLACES 

PIN SPACING 2.54 (0.100) T,P. ~:~~ :~:~~: 4 PLACES 
(See Note A) 

• For memories of 64 bits and, up and a few MSI/LSI products in Series 54174 and Series 54S174S 
that are derived from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply 
without modification. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

co ... 
CO 
o 
iii 
(J 

'2 
CO 
.c 
(J 
CD 
~ 

II 

TEXAS ." 
INSTRUMENTS 
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MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

20-PIN J CERAMIC 

"- "-

7,62 (0300) 
6,22(0.245) 0000®000®® g~:~:~;:~: 

1 1,27 (0 060) NOM 

~ ~~;;;;;;;;;;;;;~S~;~T 

~ _S:~;~~G -3,-3 ... ..JI~L.'-30"1 t.------.- ~ II-~-Il--III- ~:=~~~~~) MIN 
20 PLACES ::;;::.. _____ ~ 

~ 0,38 (0.015) 
20 PLACES 20 PLACES 

\\..-~.,3620 11~',O ... '411 U 0.58 (O.023) 

PIN SPACING 2,54 (0.100) T. P. 
{See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

2:4-PIN JT CERAMIC, O,300-INCH ROW SPACING 

1-----31,8 (1.250) MAX ------I 

SEATlNG-..--!L_--.-I-\ 

\or PLANE 

24 PLACES 

0,36 (0,014) --\ \--
0,20 (0,008) 
24 PLACES 

GLASS 
SEALANT 

0,69 (0,027) MIN 
24 PLACES 

-I ~ ~:: :~:~~~: 
24 PLACES 

• ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
~ _____ ----J 

NOTE A: Each pin centerline is localed within 0,25 (0,010) of its true lor9itudinal position, 

4-12 TEXAS • 
INSTRUMENTS 
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J ceramic dual-in-line packages (continued) 

24-PIN JW CERAMIC 

0,63 (O.025) R 
NOM 

I-------~:~ :::~:: ------.j 

@@@@@@@@@@@@ 

CD0®0®®0®®@@@ 
1----'-'=--'-'--'-* ~~:~ ~~:~~: 1,91 (O.075) 

'+ __ +I-_-I~ ,.2~~::~}E~~:NT L'r:.2~7-"CO::;.O::50::!} ___ ',-.7_8,-CO_.O_70,-} M_A_X_2_4_P_LA_C_ES_MTI -lIn 

rr ~ 

- SEATlNG---.--\ 

PLANE 1.78 Ch.070} I I 

~~: i~:~~: ~ ~ I' i 
24 PLACES --'----l 

PIN SPACING 2,54 (0.100) T.P. 
(See Note AI 

Falls within JEDEC MO-015AA dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

JD CERAMIC-SIDE BRAZE 

INDEX MARK I ~ 
lOOT. TRIANGLE. II . 

OR NUMBER) 

o · 
Ii Ii 
Io--A----.j 1,78 (0.070) 

I~ _I 0,51 (0.020) MIN 0'7610'0~orl t , 
~ l.nfflf1fVVfi\t111f1m 5,08 (0.200) MAX -~~ . 

::: PLANE ::J 3,18 (0'1 25) MIN 

II 0,38 (0.0151 1,91 10.075) MAX -01 1--1 jO 
-0110- o,~o (0.008) -01 1--2,5410.100) NOM II. 0,53 (0.021) 

~~~.s::;'~~ I r 0.38 10.0151 

~I 
DIM 

16 18 20 22 24 

A + 0,51 (+ 0.020) 7,62 7,62 7,62 7,62 7,62 

- 0,25 (-.0.01 0) (0.300) (0.300) (0.300) (0.300) (0.300) 
BjMAX) 20,57 23,11 25,65 27,94 30,86 

(0.810) (0.910) (1.010) (1.100) (1.215) 

C(NOM) 7,37 7,37 7,37 9,91 7,37 

i: (0.290) (0.290) (0.290) (0.390) (0.290) 
CD 
n 
~ ::T 24 28 40 48 52 64 

'" DiM 
;:, A +0,51 (+0.020) 15,24 15,24 15,24 15,24 15,24 22,86 
(;' "'- 0,25 (- 0.01. 0) (0,600) (0.600) (0.600) (0.600) (0.600) (0.900) e. B(MAX) 31,8 36,8 52,1 62,2 67,3 82,6 

C (1.250) (1.450) (2.050) (2.450) (2.650) (3.250) 

C» C(NOM) 15,0 15,0 15.0 15,0 15,0 22,6 
r+ (0.590) (0.590) (0.590) (0.590) (0.590) (0.890) 

'" 
• 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

,.. NOTE A: Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 

4-14 . TEXAS .• 
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MECHANICAL DATA 

N plastic packages (including NT and NW dual-In-line packages) 

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand so'ldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. The packages are intended for insertion in mounting-hole rows on 7,62 (0.300), 15,24 (0.600). 
or 22,86 (0.900) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Leads require no additional cleaning or processing when 
used in soldered assembly. 

NOTE: For all except 24'pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7,62 10.3001 version is designated NT; the 15.24 (0.6001 version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.6001 row-spacing. 

14-PIN N PLASTIC 

Ii. Ii. 7,62:t 0,25 
(0.300:!: 0.010) 

I----i+-(O~~: ~:~O) 
2,0 (0.080) NOM --*- ----I r-,,78 (0,070) MAX 14 PLACES 

NOM • ~ 
t..25fO.Ol01 508(o:J:A~51~~N020J~ 
-SEATING PLANE . , 0,84 (0.033) MIN 

90' 14 PLACES 

14 PLACES °l~~L~t~; 
14 PLACES -.\ \.-g~ :Kg~:1 ~ ~ --l j.-0533 0,0211 

(see Note BI (sea Nota BI 

PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 

Falls Within JEDEC TO-116 and EIA MO-OOI AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16-PIN N PLASTIC 

(See NllteSI 

Parts may be supplied in accordance with the 
alternate side view at the option of TI plants 

located in Europe. In this case, the overall 

length of the p~ckage is 22.1 (0.870) max. 

2,4(0,0931 R NOM 

2,8 {O.11DI NOM'\~'Tt'Tt'Tt'Tt'Tt'Tt'4 

0®®0®®0® 

ALTERNATE SIDE VIEW 

--I 1--,,7810.010) MAX 16 PLACES 

5,08 (0.2001 MAX L , O'''~~;FI~I 
O,B4(0.033)MIN 

16 PLACES 

L~ --.t;'g''ligg';i .38 .1 
16 PLACES 

PIN SPACING 2.54 (0.100) T.P. (Sol. Note BI 
4 PLACES (See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A, Each pin centerli0e is located within 0,25 (0.010) of its true longituqinal position, 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 

co ... 
CO 
C 
ca 
u 
'2 

CO 
.s:::: 
u 
CD 
:!: 

II 
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III 

MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

20-PIN N PACKAGE 

'i 
7,62;t 0,25 

10.300 ± 0.0101 

7.1110.2801 
~----~+6,6110.2001 

2,010.0601 NOM 

0,25 (0.0101 NOM 

20 PLACES . \ \0-0.36 :O'~'~l 
~ D.?5 0.1 

[ft 
1,91 (o.076IJI ~ 
~ I-
4 PLACES 

VIEWA 

20 PLACES 

(See Note B) 

Parts may be luppliad in aecordanee 
with the alternate side view at the 
option of n. Ellropean-manufactured 
parts may have pin 1 as shown in 
view A. Alternate-side-viaw parts 
manufaellued outside of the USA 
may have a mallimum packagalength 
of 28,7 (1,050). 

10------ ~;:~~ :~::~::-----+I 

, 
NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
C. Parts may be supplied with a draft angle of 7 0 typical at the option 'of TI. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

24-PIN NT PLASTIC 

7,62 ± 0,25 
(0.300 ± 0.010) 

14---~ft--7.1 (0.280) MAX 

--1 r-- '=L 2,0 (0,080) NOM 

1/ --~,25 (0.010) NOM 

-SEATING PLANE 

105° 1\ 
L l..;; ;~CES ~ J \.--0,36 (0.014) 

1\- 0,25 (0.010) 
24 PLACES 
(See Notlll BI 

~-------~k:g:~~~:-------~ 

0,38 (0.015) 

MIN 1,78 (0.070) rt1 :-~ 2'PLACES 

'""-~ T 'J- --I r-,,14(0,045)MIN 24 PLACES 
I I 

- ~ ---I L 0,533(0,021) 
4,06 (0.160) I r-- 0,381 (0.015) 

3,17 (0.125) 24 PLACES 

2,16 (0.085) (See Note BI 
0,71 (0,028) ~ PIN SPACING 2,54(0,100) T,P, 
4 PLACES {See Note Al 

NOTES: A, Each pin centerline is located within 0,25 10:010) of its true longitudinal position, 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS • 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

24-PIN NW PLASTIC 
32,B (1,290) MAX------t 

®@@@@®®®@@@@ 

14'~~~550)1 CD ® @ 0 ® ® CD ® ®@) @ @ 
2,0 (a.DBO) NOM H ~5 (0.010) NOM '1 r 1,78 (0.0701 MAX 24 PLACES 

-I ~-,-L- 5,08 (0.200) MAX 

-SEATINGPLANE---.-- L -Ij 
0,5110.0201 MIN 

0,28 '0,08 -II- J I LJ, 0,83 (0.033) MIN J -3,17 (0.125) MIN 
(0.011 :!: 0.003) 24 PLACES I"'" 24 PLACES 

24 PLACES 0,457 :t 0,076 ~ . 2,42 (0.095) MAX I.-
(See Note 8) (0.018:t 0.003) 4 PLACES 

24 PLACES PIN SPACING 2.54 (0.100) T. P. 
{See Note BJ (See Note Al 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

28-PIN N PLASTIC 

1>-----36,6(1.440) MAX----.......j 

0,51 (0,020) 

MINr--~-------'-r ...L 5.0,8 (0.200) MAX 

--SEATINGPLANE~ , j l ~ 3,17 (O.126J MIN 

1 O,28'O,OB 046'008 II r (0 .• 11 • 0.0031 (0 .• ,8; 0:00""" ... · -oil 0,84 { •. ~3" MIN 

PIN SPACING 2,54 (0.100) T. P. ...-....j (O~~ ~ ~~~Ol 
(See Note AI 1,52 (O,060) NOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

II NOTES: A. Each pin centerline is located within'0,25 10.0101 of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

40-PIN N PLASTIC 

I' 53.112.0901 MAX 'I 

"'~:::=t::::::::::::::::::1 
Q .@ 

0,51 (0.0201 

MINh~;;:::;:;:;;:::;;;::::;;::;;:::;;:::;;:::;;::::;:;;:::;:;:;;::;:;::::;;::;;::::;::;;:::;;::::;:J-'-
105" -SEATINGPLANE~ J ~ ~5'0810'200IMAX 
- T 3.1710.125) MIN 

90"' O.28±O,oa .... r O.457±O,076~1"'" ~ j 
(0.011 ± 0.003) \ (0.018 ± 0.003) 0,84 (0.033) MIN 

\ 2,41 (0.095) 
PIN SPACING 2,54 (D.100) T.P. 140 (0055) 

(See Note Al 1,52 (0.0601 NOM • . 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

48-PIN, 52-PIN, AND 64-PIN N PLASTIC 

r it-®~-4-' =========_-_B_M_AX_-_-_-_-_-_-_-_-_ -_ -_ -_ -~'I 

t:=j,NDEXt :1 
~~ ~ -~900 ~ 

~I 
DIM 

A ± 0,25 10.0101 

BMAX 

(0---------------------------+ 
PIN SPACING IS 2.5410.1001 T.P. 

{See Note Al 

48 52 

15,24 10.6001 15,24 10.6001 
62,212.451 67,312.651 

64 

22,86 10.9001 

81,313.201 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (O.010) of its true longitudinal position. 
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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837-7530. 

ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 624-3276 

CALIFORNIA: Irvine (714) 660·S187; 
Sacramento (916) 929·1521, 

~:~t~i~fa~~~!gk~~~o~~6b; 
Torrance (213) 217-7010; 
Woodland Hills (818) 704·7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269-0074 

FLORIDA: Ft. Lauderdale (305) 973-8502; 
Maitland (305) 660·4600; Tampa (813) 870·6420 

GEORGIA: Norcross (404) 662·7900, 

ILLINOIS: Arlington Heights (312) 640·2925. 

INDIANA: FI. Wayne (219) 424-5174; 
Indianapolis (317) 248·8555. 

IOWA: Cedar Rapids (319) 395-9550. 

MARYLAND: Baltimore (301) 944-8600, 

MASSACHUSETTS: Waltham (617) 895-9100 

::;n~I':t~~ld~(6~~)~~07~4~~~~ (313) 553 1500; 

MINNESOTA: Eden Prairie (612) 828-9300, 

:tl.S~2.~sRb~)n5~~~7~~~. (816) 523-2500; 

NEW JERSEY: Iselin (201) 750-1050 

NEW MEXICO: Albuquerque (505) 345·2555. 

NEW YORK: East Syracuse (315) 463-9291; 
Endicott (607) 754-3900; Melville (516) 454-6600; 
Pittsford (716) 385-6770; 
Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527·0930; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 
Dayton (513) 2.58-3877. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Ft Washington (215) 643-6450; 
Coraopolis (412) 771-8550. 

PUERTO RICO: Halo Rey (809) 753-8700 

TEXAS: Austin (512) 250·7655; 
Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496·1779, 

UTAH: Murray (801) 266-8972 

VIRGINIA: Fairfax (703) 849-1400, 

WASHINGTON: Redmond (206) 881·3080. 

WISCONSIN: Brookfield (414) 785-7140. 

~~~~~~~ ~~~,e~':;t~~~a(~~6\6J~1.1~~·11;970; 
SI. Laurent, Quebec (514) 335-8392, 

TlRegional 
Technology Centers 
CALIFORNIA: Irvine (714) 660·8140, 
Santa Clara (408) 748-2220 

GEORGIA: Norcross (404) 662·7945. 

ILLINOIS: Arlington Heights (312) 640·2909. 

MASSACHUSETTS: Waltham (617) 895-9197. 

TEXAS: Richardson (214) 680·5066. 

CANADA: Nepean, Ontario (613) 726·1970 

Customer 
Response Center 
TOLL FREE: (800) 232·3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m, CST) 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
Diplomat Electronics 
General Radio Supply_ Company 
Graham Electronics 
Kierulff Electronics 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Time Electronics 
R.V. Weatherford Co. 
Wyle Laboratories 
Zeus Component, Inc. (Military) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLY­
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462·9332 

ALABAMA: Arrow (205) 837-6955, 
Kierulff (205) 883·6070; Marshall (205) 881-9235. 

ARIZONA: Arrow (602) 968-4800; 
Kierulff (602) 437-0750; Marshall (602) 968-6181; 
Wyle (602) 866·2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow (818) 701·7500, (714) 838·5422; 
Kierulff (213) 725-0325, (714) 731-5711, (714) 220·6300; 
Marshall (818) 999·5001, (818) 442-7204, 
(714) 660-0951; R.V. Weatherford (714) 966·1447, 
(213) 849-3451, Wyle (213) 322-8100, (818) 880·9001; 
(714) 863-9953; Zeus (714) 632-6880; 
Sacramento: Arrow (916) 925-7456; 
Marshall (916) 635-9700; Wyle (916) 638-5282; 

~f:ru~:rY~~9~~i:'2(fj~? ~6a~::?;(619) 578-9600; 
Wyle (619) 565-9171; 
San Francisco Bay Area: Arrow (408) 745-6600; 
(415) 487-4600; Kierulff (408) 971-2600; 
Marshall (408) 943-4600; Wyle (408) 727-2500; 
Zeus (408) 998·5121. 

COLORADO: Arrow (303) 696-1111; 
Kierulff (303) 790·4444; Wyle (303) 457-9953 

CONNECTICUT: Arrow (203) 265·7741; 
Diplomat (203) 797-9674; Kierulff (203) 265-1115; 
Marshall (203) 265-3822; Milgray (203) 795-0714. 

FLORIDA: Ft. lauderdale: Arrow (305) 429-'8200; 
Diplomat (305) 974-8700; Kierulff (305) 486-4004; 
Orlando: Arrow (305) 725·1480; 
Marshall (305) 841-1878; Milgray (305) 647-5747; 
Zeus (305) 365-3000; Tampa: Arrow (813) 576-8995; 
Diplomat (813) 443-4514; Kierulff (813) 576·1966. 
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GEORGIA: Arrow (404) 449-8252; 
Kierulff (404) 447·5252; Marshall (404) 923-5750. 

ILLINOIS: Arrow (312) 397·3440; 
Diplomat (312) 595-1000; KieruUf (312) 250-0500; 
Marshall (312) 490-0155; Newark (312) 784-5100. 

INDIANA: Indianapolis: Arrow (317) 243·9353; 
Graham (317) 634-8202; Marshall (317) 297·0483; 
Ft. Wayne: Graham (219) 423·3422 

IOWA: Arrow (319) 395-7230. 

~!~~:1~\:'~)~~~-3~1!~ ,Arrow (913) 642·0592; 

MARYLAND: Arrow (301) 995·0003; 
Diplomat (301) 995-1226; Kierulff (301) 636·5800; 
Milgray (301) 995-6169; Marshall (301) 840·9450; 
Zeus (301) 997·1118. 

MASSACHUSETTS: Arrow (617) 933-8130; 
Diplomat (617) 935-6611; Kierulff (617) 667·8331; 
Marshall (617) 272·8200; Time (617) 532·6200; 
Zeus (617) 863-8800. 

MICHIGAN: Detroll: Arrow (313) 971·8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Grand Rapids: Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830·1800; 
Kierulff (612) 941·7500; Marshall (612) 559-2211. 

MISSOURI: Sf. Louis: Arrow (314) 567·6888; 
Kierulff (314) 739·0855 

NEW HAMPSHIRE: Arrow (603) 668·6968. 

NEW JERSEY: Arrow (201) 575-5300, (609) 596-8000; 
Diplomat (201) 785·1830; 
General Radio (609) 964-8560; Kierulff (201) 575-6750; 
(609) 235·1444; Marshall (201) 882-0320, 
(609) 234-9100; Milgray (609) 983-5010, 

NEW MEXICO: Arrow (505) 243-4566. 

NEW YORK: Long Island: Arrow (516) 231·1000; 
Diplomat (516) 454-6400; Marshall (516) 273-2053; 
Milgray (516) 420-9800; Zeus (914) 937·7400; 
Rochester: Arrow (716) 427-0300; 
Marshall (716) 235-7620; 
Syracuse: Arrow (315) 652·1000; 
Diplomat (315) 652-5000; Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow (919) 876-3132, 
(919) 725-8711; Kierulff (919) 872·8410; 
Marshall (919) 878-9882. 

OHIO: Cleveland: Arrow (216) 248-3990; 
Kierulff (216) 587·6558; Marshall (216) 248-1788. 
Columbus: Arrow (614) 885·8362; 
Dayton: Arrow (513) 435-5563; Graham (513) 435-8660; 
Kierulff (513) 439-0045; Marshall (513) 236-8088. 

OKLAHOMA: Arrow (918) 665·7700; 
Kierulff (918) 252-7537 

OREGON: Arrow (503) 684·1690; 
Kieru[ff (503) 641·9153; Wyle (503) 640-6000; 
Marshall (503) 644·5050. 

PENNSYLVANIA: Arrow (412) 856-7000, 
(215) 928·1800; General Radio (215) 922-7037. 

RHODE ISLAND: Arrow (401) 431-0980 

TEXAS: Austin: Arrow (512) 835-4180; 
Kierulff (512) 835-2090; Marshall (512) 837-1991; 
Wyle (512) 834-9957; Dallas: Arrow (214) 380-6464; 
Kierulff (214) 343-2400; Marshall (214) 233·5200; 
Wyle (214) 235-9953; Zeus (214) 783·7010; 
Houston: Arrow (713) 530-4700; 
Marshall (713) 789-6600; 
Kierulff (713) 530-7030; Wyle (713) 879·9953 

UTAH: Diplomat (801) 486-4134, 
Kierulff (801) 973·6913; Wyle (801) 974-9953 

WASHINGTON: Arrow (206) 643·4800; 
Kierulff (206) 575-4420; Wyle (206) 453-8300; 
Marshall (206) 747·9100. 

WISCONSIN: Arrow (414) 792-0150; Kierulff 
(414) 784-8160; Marshall (414) 797·8400. 

CANADA: Calgary: Future (403) 235·5325; 
Edmonton: Future (403) 438·2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226·6903; 
Future (613) 820-8313; 
Quebec City: Arrow Canada (418) 687-4231; 
Toronto: Arrow Canada (416) 661-0220; 
Future (416) 638·4771; 
Vancouver: Future (604) 294·1166. 
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TI Worldwide 
Sales Offices .. /" 

~~~:~::::.: It''=~~(2~ :~~t~£,:lye, Suite 514, 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
. A~ 85021, (602) 995-1007. 

CALIFORNIA: Imne: 11891 cartwright Rd., Irvine, 
CA 92714, (714) 66t).8187; Slcramento: 1SOO Point 
Witst Way, Suite 171. S 
~18) 929-1521: Son DI 

~::. ~I.~:n 5~g~e~ 
95054, 
Torranoe, 
Woodland 
CA 913117, 

COLORADO: Aurora; 1400 S. Potomac Ave" 
Suit. 101, Aurora, CO 80012 •. (303) 368-8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 

b~r~~,~:;ar~~~~~aI Park, WallingfOrd, 

FLORIDA: Ft. Lauderdale: 2765 N.W. 62l'ld St., 
Ft. Lauderdale, (305) 973-8502; 

enter Parkway, 
880-4600' 

g:09~1;1"3)'7=2b~uite 101, 

Q~ORGIA: Norerala: 5515 Spalding Drive, Norcross, 
GA 30092, (4041 882-7900 

~r~l~g~!~ ~:~Il:~LH30'G~:(i~~) ~4tJ~gquin, 
:~Dl:a~~,: (~~'9)WN:;;~~F Inwood ~r., Ft. Wayne, 
Indianapolll: 2346 S. L~nhurst, Suite J-400, 
I~dlanapolls, I~ 46211, (317) 248-85~.· 

IOWA: Ceder Rapfcls: 313 Collins Rd.' NE, Suite 200, 
C?edar Ftapids, IA 52402, (319) 395-9550. 

MARYLAND: Bailimore: 1 Rutherford Pl., 
7133 Rutherford Rd., Baltimore, MO 21207, 
(301) 944-a600. . 

=:::~;,H::~:'t:~~~-a;s.~~otten Pond Rd., 

~~~J1~~~:~ ~n::I£ft~~:'I(~~7E~vr~. ~ile Ad" 

MINNESOTJ\: Eden PraI~.: 11000 W. 781h $1., 
Eden Prairie, MN '55344 (612) 828-9300, 

~lt~'bR:~~::'SJ;,~611~:3~:o~ard Pkw~" Kansas 
St. Louis: 11816 Borman Drive,.St. Louis, 
MO 63148, 1314) 589-7600. 

. NEW JERSEY: I.elin: 485E U.S. Aoute 1 South, 
Parkway 'Fowers,.lselln, NJ 08830 (201) 750-1050 

NEW MEXICO: Albu~uefque: 2820-0 Broadbent Pkwy 
N~, Albuquerque, N~ 87107, (505) 345·2555. 

~::~!!~~:l~~",;~r~~~~lIamer Dr., East 
Ei1dIoolt: 112 NantlCO~e Ave" P.O, Box 618, Endicott, 

~~.1~:~O'I!~~l;~T6?;p !I~~~: 2fers~~~~~~~, 
NY 1174¥, (516) 454-6600; Pittsford: 2851 Clover St., 
Pll1s1ool, NY 14534, (118) 3115-8770: 
~,r:1~~'fl)3N3-~:r Ad., Poughkeepsie, 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
WoOdlawn Rd., Charlotte, NC 28210, (7~ 527·0930; 
~~"Jre~~~~iBPt~:5~ Blvd., Sult~ 1 .' Raleigh, 

OHIO: Beechwood: 23408 Commerce 'Park Ad., 
Beachwood, OH 44122, (216) 464-6100; 
g:r:C~:(~~~iYJ~~,"7:'124 Linden Ave., Dayton, 

OREGON: Beaverton: 6100 SW 105th St., Suite 110, 
Beaverton, OR 9~, (503) 643-6758. 

~~'t:!~t~;~~~:P~t'1~t~i(~'~)~~4~W Yor~ Dr., 

g:=~n:~ ~ 1~~~(4~~j'7~~~~ Office Park, 

;~i~:~&~Wa~~ ~:~~ ~~~9~(~ ~:.a'J8.g., 
TEXAS: Austin: PO. Box 2909, Austin, TX 18769, 

Richardson: 1001 E Campbell Ad 
75060, 
H~u.ton: 9100 SouthWest Frwy., 

38, (1131 778-8592: 
Parkway South, 
2) 498-1779. 

VIRGINIA: Fairfax: 2750 Prosperity, Fairfax, VA 
22031 ( (703) 849-1400.' . 

~~~H~~~~~~in~~~~d~~9, ~:&r 8~~~3~~ B, 

:J~;?~~':r~~;:t~rei ~: ~~~)~:~~~:O. 
CANADA: Nepeen: 301 Moodie Drive, Mallom 
Center, Nepean, Ontario, Canada, K2H9C4, 
(613) 726~1970. Richmond Hili: 280 Centre St. E., 
I:U9hmond Hut L4C1B1, Ontario, Canada 
~'6) 884-9181; SI. lIIurent: Ville St. Lau~nt Quebec, 

ca~.J!a~:S~~7~~~1~)j35~9~~~rent, Quebec, 

ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.: J;smeralda 130, 15th Floor, 1035 Buenos 
Air,~, Argentina, 1 + 394·3OQ8. 

~~:t~:eLttd~~ :,~~~:!-:~~~ ~~~~ ~y~~uments 
~S~d8:~!; ~~~ 5~~u~~~,a1~~ :t~S~~rJ: ~~:: 
M.lbourne, Victoria, Australia 3004, 3 + 267-4677; 
~71 ~~~~hWay, EIi~beth, South Australia 5112, 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
k~~~~Q~e,BJ16, A-2345 Brunn/Gebirge,. 

BELGIUM: Texas Instruments N.V. Bel9ium S.A.: 

~~':r~;::~ee:~~~:~r~~~.~e e Ie Fusee. 

BRAZIL: Texas Instruments Electronicos do Brasil 
~:a~!:,~~, ~'=ite~f5l~U Andar Pinheiros, 05424 

QENMARK: Texas Instruments AlS, Malrelundvej 
46E, OK-273O Herlev, ~enmark, 2 - 91 7400. 

f~~~~~~~~Bf9~&Jc)~;n1e~':,~~~~1, ~r~land, (90) 
701-3133. 

FRANCE: Texas Instru~ents France: Headquarters 
and Prod. PI~nt, BP 06. 06270 Villeneuve-Loubet, 
(93) ~'()1-O1; Paris Office, BP 67 8-10 Avenue 
Morane-saulnler, 78141 Velizy·Villacoublay, 

~t::;~r-~~;Cl;,Y:~i~aJ:sl!'V~:st~~'i'e~g9~i>c~~~'IIY, 
~? =.t:>~~t~%tu~Yr::'~~r~fg;~e~ Sebastopol 

~I~~~::~sF.l;;,e3i::~; ~~~I~~:eu~:I!!agW:~'e, 
La Perlpole-2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44·18-19; Marseille Sales Office, 
~~:1~7~~~S-146 Rue Paradis, 1;3006 Marseille, 
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261 +35044. 

HONO KONO (+ PEOPLES REPUBLIC OF CHINA): 

~~f:i~~sgfr~~n~~~:aJ:~"7 8g'a~~~rR~0~~Wloon, 
Ho~g Kong, 3 + 122-1223. 

IR~ND: Texas In$truments (Ireland) Limited: 
~r;;~71~d., Stil!org~, qounty Dublin, Eire, 

ITALY: Texas Instruments Semiconduttori Italla Spa: 
Viale OEllle Sclenze, 1,02015 CiHaducaie (Aleti), 
Italy, 746 694.1; Via Salaria KM:;!4 (Palazzo Cosma), 

ant Rome), Italy, 6+9003241; Viale 
ologno Monzeae (Milano), 
era, 185, 10100 Torino, Italy, 

zz! 6, "\0100 Bologna, Italy, 51 

s Asia Ltd.: 4F Aoyama 
a Aoyama 3·Chome, Mln~to-ku, 
3-498-2111; Osaka Branch, 5F, 
30 Imabashi 3- Chome. 
Japan 541, 06-204-1881; Nago:ya 

BranCh, 7F Dainl Toyota West Bldg., 10-27, Maleki 
~?~~~~=:fura~u NaiDya, Japan 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 

~~~~Q~~?~o~~~~a:.g:.gsb~an~r.M"ku, 
MEXICO: Texas Instruments de Mexico S.A.: Mexico 
g~~: ~:'f~~5~~~~ - 10th Floor: Mexico, 

M!DDLE EAST: Texas Instruments: No. 1~, 1st Floo" 

~:~~~aB~'ra?~~~~~:~ 'ia~~: :7~'+~~ts~, 
NETHERLAMDS: Texas Instruments Holland B.V., 

~U9d~~t~~~a~~u~~~J~~. CB Amsterdam, 

=!1::::11r:~~~~d~~t~uo~~~~ (~o~~S: Pt5106, 

PHILIPPINes: Texas Instruments Asia Ltd.: 14th 

~~~!ti~~e~~g:!~I~,d~~I:~~rn:~r+ g;a=r' 
PORTUGAL: Texas Instruments Equlpamento 

5\~i~~~= (:~~~~:IBaLdJiia~:7~n2'afa~~~it~~a1, 
2-948-1003.· . 

~WA~t:3C: 4:x:f~~r~~~rsE:!fa ~:~~~S~~ong 
Bakar Batu, Unit 01-02, Kolam 'Ayer Industrial Estate 
Republic of Si~gapore, 747~2255. ' 

~~r~: J:~~~~~~1~~~~fgfe~'1~4~: 1C?t.t:A~ 
SWEDEN: Texas Instruments International Trade 

g~~h~~~ ~~V:J~~~f~i~:;J:Jo~x 39103, 19054 

SWITZERLAND: Texas Instruments, Inc., Aeidstrasse 
6, CH-8953 Dietlkon (Zuerich) Switzerland, 
1·7402220. ' 

~'¥~~~~;~SR~~¥~S~~~~~~~gl~~~~ ~~~~,903, 
Taiwan, Republic of China, 2 + 521-9321. ' 

UNITED KINGDOM: Texas Instruments Limited: 

~7~~~nstas:m::'U~~se~~~1Ir::O:~~dNg~~; 
Stockport, SK4 2AT, England, 61 +442·7162. 

8M 
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