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Fast Multiplication . ., 5-Bit Product in 26 ns Typ

Power Dissipation . . . T10 mW Typical
Latch Outputs for Synchronous Operaticn

Expandable for m-Bit-by-n-Bit Applications

* Fully Compatible with Most TTL and Other
Saturated Low-Level Logic Families
¢ Diode-Clamped Inputs Simplify System
Design
racorintinn
description

These low-power Schottky circuits are designed to be
used in parallel multiplication applications. They
perform binary multipiication in two’s-complement
form, two bits at a time.

The M inputs are for the multiplier bits and theB inputs
are for the multiplicand. The Q cutputs represent the
partial product as a recoded base-4 number. This
recoding effectively reduces the Wallace-tree
hardware requirements by a factor of two,

The outputs represent partial products in one's-
complement form generated as a result of muitiplica-
tion. A simple rounding scheme using two additional
gates is needed for each partial product to generate
two's compiement.

The leading (meost-significant) bit of the product is
inverted for ease in extending the sign to square (left
justify) the partial-product bits,

The SNS4LS261 is characterized for operation over
the full military temperature range of —55°C to
125°C; the SN74LS261 for operation from 0°C to
70°C.
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* Parual-Product Generator

T This symbol is in accordance with ANSI/IEEE Std. 21-1984 and IEC
Publication 617-12.
Pin numbers shown are for D, J. N, and W packages.
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NC - No internal connection

FUNCTION TABLE

INPUTS OUTPUTS
LATCH
CONTROL MULTIPLIER Q4 Q3 Q2 Q1 Qo
e M2 M1 MQ
L X X X | Qaq Q3g Qg Q1 QOg
H L L L H L L L L
H L L H | B4 B4 B3 B2 B1
H L H L | B4 B4 B3 B2 BI1
H L H H | B4 B3 B2 B1 BO
H H L L | B4 Bz B2 B1 Bo
H H L H | B4 B4 B3 B2 B
H H H L | B4 B4 B3 B2 B1
H H H H H L L L L

H = high level, L = low level, X = irrelevant

640__,C200:'|'he tagic level of the same output before the

high-to-law transition of C,

B4 ... B0 = The logic level of the indicared multiglicand {Bl input.

PRODUCTION DATA documents contain information
currant a3 of publicaticn date. Products conform to
specifications par tha terms of Texes Instruments
standard warranty. Production pracessing does not
necessarily inciude testing of all parameters.
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EQUIVALENT OF EACH INPUT TYPICAL OF Q0, Q1, G2, Q3 QUTPUTS TYPICAL OF 64 oUTPUT
. _ —-—————Vcc vee -- —————%t—Vcc
Vee ! 120 2 NOM 3 120 2 NOM

Auw b 17 k£ NOM ]
Aaq j _

C: Reg =17 k2 NOM
8 or Mo Rag = 20 k2 NOM
MO or MI: Rgq = 10 k2 NOM
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Pin numbers shown are for D, J, N, and W packages.
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2-BIT BY 4

S i
-BIT PARALLEL BINARY MULTIPLIERS

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

Qperating free-air temperature range: SN 54LS261
CI\I?AI Q')ﬂ:‘l

QLoD

Storage temperature range

NOTE 1: Waltage values are with respect 1o netwark ground terminal,

recommended operating conditions

7V
) S AV
—55 Ct01250
U C to IU C
~B5°C to 150°C

SN54LS261 © SN74158251
UNIT
MinN  NOM MAX | MIN  NOM MAX

Supply valtage, Voo 4.5 5 55| 4.75 5 5.25 v
High-levei output current, igy —400 —400| pA
Low-level output current, g a4 a8 ma
Width of enable puise, 1y 25 25 ns

Any M input 17. 171
Setup time, tgy - ns

Any 8 input 161 15

Any M input 014 T
Hold time, tp - ns

Any B input 04 al
Cperating free-air temperature, Ta —E5 125 ¢ 70| ‘C

} The arrow indicates that the falling edge of the enable puise is used for reference.

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

SN54L5261 SN74L8261
TEST CONDITIONST
PARAMETER ONS wIN_ TYPE max | mn Tvpt max | “MT
ViH High-level input voltage 2 2 v
VyiL Low-fevel input voltage 0.7 0.8 1
Vg Input elamp volitage Vee = MIN, 4= -18 mA ~1.5 -1.5 Y
Vg High-level output valtage vee = MiN, ViH=2V. 25 34 27 34 v
1gh-level ou . . . .
OH M9 VIL= V)L max, Ign =—400 pA
v = MIN, v =2V, 1 =4 mA R 4 3 .
VoL Low-evel output voitage cc IH oL 0.25 O 025 041
Vi =V max lgL =8 mA 0.35 0.5
1 t t at 0.2 0.2
I nput curren Vee = MAX, V=7V MO or MY A
maximum input voltage All others Q.1 0.1
| High-level i t current Y MAX V=27V MO or MI A0 49 uA
- L = . = <.
H g evel inpu u CC | Al others 20 20
Il Low-ievel input current Voo = MAX, V=04V MQ ar Mi —08 —0.38 mA
Al others 0.4 —0.4
log  Short-circuit output currents | Voo = MAX -20 100 { ~20 -100| mA
Voo = MAX, All inputsat 0 V,
lcc  Suppiy currant OGtputs apen 20 kit 20 40 mA

TFor conditioning shown as MIN or MAX, use the appropriate value specified under recommended aperating conditions.

Al typical values are at Vop = 5V, Ta = 25°C.

SNbt more than one output should be shorted at a time and duration aof the output shart-circuit should not exceed one second.
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sNB4LS261, SN74LS261
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2-BIT BY 4-BiT PARALLEL BINARY MULTIPLIERS

switching characteristics, Voc =5V, Ta = 25°C

P FROM TO
PARAMETER e I TEST CONDITIONS MIN  TYP MAX | UMIT
WInNruil ) VQUTFUT)

' 22 35
fPLH c AnvQ 20 30 -
;rrn_ CL=159Fi - = s
PLH Any M input Any Q AL =2 kL, s
(PHL 22 35 ng
N See Nate 2 3 e
LA Any B input Any O ns
tPHL 24 37 ns

] . . . .
‘tpLH = propagation delay time, law-to-high-level output; tpy| = propagation delay time, high-ta-low-level output
NOTE 2: Load circuits and voltage waveforms are shown in Saection 1.

TYPICAL APPLICATION DATA

Multiplication of the numbers 26 (muitiplicand) by 29 (multinlier) in decimal, binary, and 2-bit-at-a-time-binary is

shown here:
DECIMAL BINARY 2-8IT-AT-A-TIME BINARY
Sign Sign
Bit Bit
v v
B 26 011010 011010
M 29 011101 (+2) (=1) {(+1)
234 011010 00000011010 3
52 000000 6 111100110 Partial
754 011010 Partial 0110100 Products
011010 artia 01011110010
011010 Products
. Product
000000 Sign
01011110070 Bit
\ﬂ__/
Sign Product
Bit

Two points should be noted in the two-bit-at-a-time-binary example above. First, in positioning the partial products
beneath each other for final addition, each partial product is shifted two places to the left of the partial products above
it instead of one place as is done in regular multiplication. Second, the msb of the partial product {the sign bit} is

extended to the sign-bit column of the final answer.

A substantial reduction of multiplication time, cost, and power is ohtained by

implementing a parallel

partial-product-generation scheme using a 2-bit-at-a-time algorithm, followed by a Wallace Tree summation.

Partial-product-generation rules of the algorithm are:

1. Examine two bits of multiplier M plus the next lower bit. For the first partial product (PP1) the next lower bit is

ZEro.

15 14 13 12 11 10 59 48 57 A6 4358 L4 53 52 1 0
218 219 313 212 M1 510 39 28 57 56 25 24 23 22 21 20 ¢

L ! |

[ I
PP8 PP7 PP6

i 1 ] L ]
PI|’5 PIIM PILS P|1>2 PL1
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N74L3201

2.BIT BY 4-BIT PARALLEL BINARY MlallTIPlIERS

MULTIPLIER BITS FROM e
OFERATOR
STEP 1 TO OBTAIM PARTIAL PRODUCT
- SYMBOL
22i—1 22i-2 22i—3

0 0 4] 0 Replace multiplicand by zera

Q 0 1 +1B Copy multiplicand
0 1 aQ +iB Copy multiplicand

0 1 1 +2B Shift multipiicand left one bit

1 0 0 —2B Shift two's complement of multiplicand left one hit
1 0 1 —-1B Replace multiplicand by two's complement

1 1 0 -1B Replace multiplicand by two’s compiement

1 1 1 4] Replace multipiicand by zero

3. Weight the partial products by indexing each two places left relative to the next-less-significant product.

4. Extend the mast-significant bit of the partial product to the sign-bit piace value of the final product.

EXAMPLE OF ALGORITHM

Qperator

M =29 = 011101 8 =26=011010
Symbaol
010 +18 0000¢011010
110 -1B 111100110
ot1 +2 B 0110100

The summation of these partial products was shown in the 2-bit-at-a-time binary multiplication example above.
The 'LS261 generates partial products according ta this algorithm with two exceptions:

1. The one’s complement is generated for the cases requiring the two’s camplement. The two's complement can be
obtained by adding one 10 the one's complement; this rounding can be done by using one NAND gate and one AND
gate as shown in Figure B.

2. The mast-significant hit is complemented to reduce the hardware reauired to extend the sign bit. This extension can
be accomptished by adding a hard-wired logic t in hit position 22M5 of each partial product and also in bit
position 2'% of the first partial product {PP1}.

{ip
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
1o verify, hefore placing orders, that the information being relied on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at

ality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

wvith Tl's standard warranty. Testing and other au
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Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications™.

TO BE SUITABLE FOR USE IN LIFE-SUPFORT APFPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or

infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either

express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ©@ 1996, Texas Instruments Incorporated



