SN54LS261, SN74LS261

2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

MARCH 1974 — REVISED MARCH 1988

Power Dissipation . .. 110 mW Typical
Latch Outputs for Synchronous Operation

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

¢ Fully Compatible with Most TTL and Other
Saturated Low-Level Logic Families

e Diode-Clamped Inputs Simplify System

Design

description
These low-power Schottky circuits are designed to be
used in parallel multiplication applications. They
perform binary multiplication in two’s-complement

form, two bits at a time.

The M inputs are for the multiplier bits and theB inputs

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

SN64LS261 . . . J OR W PACKAGE
SN74LS261 . . . D OR N PACKAGE

(TOP VIEW)
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are for the multiplicand. The Q outputs represent the (7]
partial product as a recoded base-4 number. This 8
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 multiplica- -
tion. A simple rounding scheme using two additional -
gates is needed for each partial product to generate
two's complement. NC - No internal connection
The leading (most-significant) bit of the product is FUNCTION TABLE
inverted for ease in extending the sign to square (left INPUTS OUTPUTS
justify) the partial-product bits. LATCH
MULTIPLIER —_
. . . CONTROL Q4 Q3 Q2 Q1 QO
The SN541LS261 is characterized for operation over c M2 M1 MO
L o
the c‘full military temperature range of —565 OC to L x X X | G4g Q3o Q2 Qg QOp
125°C; the SN74LS261 for operation from 0°C to H L L L H L L L t
o
7oc H L L H | B4 B4 B3 B2 B1
logic symbolT H L H L | B4 B4 B3 B2 BI
H L H H B4 B3 B2 B1 BO
T RN H H L L | B4 B3 B2 B1 BO
g1 H H L H | B4 Ba B3 B2 B1
2118 » H H H L | B4 B4 B3 B2 B1
0|10 19) Q0
a3 P H H H H|#BW L L L L
@ 10 —a1
B4 4 %)
o114 n 10 Qa2 H = high level, L = low level, X = irrelevant
i 12) a A1 v—-(—mos 040...000=The logic teve) of the same output before the
@ alio :.(_5'64 high-to-low transition of C.
M2 @ 2 B4 ... BO = The logic level of the indicated muitiplicand {B) input.
C Cl
* Partial-Product Generator
1 This symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC
Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.
PRODUCTION DATA documants contain information
curu?t as of puhlie:tion date. 'P?ductsl conform to T »
spocifications the terms of Texas Instruments
dard ol Production p ing doss not EXAS 2-743
necessarily include testing of all parameters. INSTRUMEN‘FS
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SN54LS261, SN74LS261
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

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

Supply voltage, Vg (see Note 1)

input voltage

Operating free-air tempe

Storage temperature range

rature range: SN541S261

SN74LS5261

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

recommended operating conditions

7V
A"

—55°C to 126°C
0°C 10 70°C
—65°C to 150°C

SN54L5261 SN741.8261 uNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Voo 45 5 55| 4.75 5 525| V
High-level output current, loH —400 —400| wA
Lowlevel output current, I 4 8| mA
Width of enable pulse, ty, 25 25 ns
Setup ti ¢ Any M input 174 174
ime, ns
up su Any B input | 151 15
. Any M input 0y 0l 2
Hold time, ty, - ns
Any B input 0l 0l
Operating free-air temperature, T —55 125 0 70| °C 7
| The arrow indicates that the falling edge of the enable pulse is used for reference. 8
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted) 'S
SN54L8261 SN74LS261 [}
TEST CONDITIONS?
PARAMETER S min_Tvpt max [min Tvet max | UM O
ViH High-level input voitage 2 2 v |
ViL Low-level input voltage 0.7 08| v -
Vik Input clamp voitage Vee = MIN, Iy=-18 mA -15 -15| v .—
Vo High-level output voltage Vee = MIN, Vin =2V, 25 34 27 34 v
igh- u E . . E
oH ™9 ViL= VL max, gy =—400uA
Ve = MIN, VIH=2V, 1 =4 mA 3 .4 .
VoL Low-level output voltage cc H oL 025 0 025 04 v
VL=V max gL =8mA 0.35 05
input current at 0.2 0.2
\ rputcurenta Vee=MAX, V=7V MO or M) mA
maximum input voltage All others 0.1 0.1
MO or Mi 40 40
High-level i t Ve = MAX, V=27V uA
WiH igh-level input curren cc =2 Al others 20 20
- MO or Ml -0.8 -0.8
i Low-level input current Ve = MAX, V=04V mA
I vel input cu ce ! All others Y Y
los Short-circuit output currentd | Voe = MAX —-20 —100 | —20 —100| mMA
Ve = MAX, Allinputsat 0 V,
lcc  Supply current Outputs open- 20 38 20 40| mA
TFor conditioning shown as MIN or MAX, use the appropriate value specified under recommended operating condit'ions,
Al typical values are at Vo = 5V, Ta = 25°C.
SNot more than one output should be shorted at a time and duration of the output short-circuit should not exceed one second.
T '
I EXAS b 2.745
NSTRUMENTS
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SN54LS261, SN74LS261
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

switching characteristics, Vec =5 V., TA = 25°C

FROM TO
PARAMETERY TEST CONDITIONS MIN  TYP MAX:UNIT
(INPUT) {OUTPUT)
1 22 35 ns
FLH C Any Q
1PHL 20 30 | ns
Cyp =15 pF,
tPLH . 25 40 ns
Any M input Any Q R =2kQ,
1PHL 22 35 ns
See Note 2
tPLH . 27 42 ns
Any B input Any Q
tPHL 24 37 ns

1tpLH = propagation delay time, low-to-high-level output; tpHL = propagation delay time, high-to-low-level output
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

TYPICAL APPLICATION DATA

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

2 shown here:
- DECIMAL BINARY 2-BIT-AT-A-TIME BINARY
- Sign Sign
-~ Bit Bit
w) v v
o B 26 011010 011010
s_ M 29 011101 (+2) {(=1) (+1)
(2] 234 011010 00000011010 3
b4 52 000000 5 111100110 Partial
754 011010 Partial 0110100 Products
011010 Pr:du';s 01011110010
011010 ’ Product
000000 Sign
01011110010 Bit
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 muitiplication time, cost, and power is obtained by implementing a paraliel
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.
15 514 513 512 5,11 510 59 7 56 o5 o4 2 51 o0
2 2’7 2 2 27,277, 2 282,2,2 2 23,212 2° 0,
1 T S [ I — l 1 I — i T )
PP8 PP7 PP6 PPS PPA PP3 PP2 PP1
2-746 EXAS t’i
INSTRUMENTS
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. SN54LS261, SN74LS261
2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

TYPICAL APPLICATION DATA

2. Generate partial product (PPi) as shown in the following table:

MULTIPLIER BITS FROM
OPERATOR
STEP 1 TO OBTAIN PARTIAL PRODUCT
- - SYMBOL
22i—1 22i—-2 22i—-3
0 0 0 4] Replace muitiplicand by zero
] 0 1 +1B Copy multipticand
0 1 0 +18 Copy multiplicand
0 1 1 +28 Shift multiplicand left one bit
1 0 0 -28B Shift two's complement of multiplicand left one bit
1 (V] 1 -18 Replace multiplicand by two’s complement
1 1 V] -18B Replace muitiplicand by two’s complement
1 1 1 (4] Replace multiplicand by zero

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

4. Extend the most-significant bit of the partial product to the sign-bit place value of the final product.

The summation of these partial products was shown in the 2-bit-at-a-time binary multiplication example above.

M = 29 = 011101

010
110
011

EXAMPLE OF ALGORITHM

Operator mp
Symbo! B =26 = 011010
+18 00000011010
-18 111100110

+28B 0110100

The 'LS261 generates partial products according to this algorithm with two exceptions:

1. The one’s complement is generated for the cases requiring the two’s complement. The two's complement can be
obtained by adding one to 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 mostssignificant bit is complemented to reduce the hardware required to extend the sign bit. This extension can
be accomplished by adding a hard-wired logic 1 in bit position 2215 4 each partial product and also in bit

position 216 of the'first partial product (PP1).

Texas {'-’
INSTRUMENTS
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2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

SN54LS261, SN74LS261
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2-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

YR seonag 111

C8ISYLNS/TBISYSNS [4
LBLSTVINS/I8LSTPGNS L
€81STVLNS/EBLSTPSNS 99

80S1¥/NS/80STPSNS 14

00ST¥LNS/00ST¥SNS z
L9ZSIWLNS/19ZSTPSNS [4>

ist Jaldnnw 31q 9| X 91 Ayl 10y JUnod ay ) "wajqosd ay) 3o azis ayl uo buipuadap
Aea spuawalinbal (Y pue aas) ade|(epy a8yl Jo azis 3yl 'S§OST, 9L + U X W pue ‘sgOST, 9L + U X W SL9ZST, U X w
sasn uoie1auab 1onpoid-jejuey ‘s1a1di3INW 11q UZ X W UL asn Joy papuedxa aq ueo 19ZST, MG Z X ¢ Yl ‘|esudd uy

33HL IDVTITIVM OLNI AHANI HOd SLONAOCHd TVILHVd 40 NOILYINJINYIAN—D 3¥NDI4

12NQa0Yd

e

L

L8is3. Nv

AN

ZE

) X2

/

(9L X 91 HO4 ST1IAT Y
3341 30VITIVM

idd

Zdd

e
\_‘ou \TF *2 \"m— b\mp [ 6 *2 \TF 21z e 8dd SN_ -;
€dd tdd Sdd 9dd Ldd 8dd
ot z1e Ldd QNN_ t \—
4 z 9dd z
SL18 ONIGNNOY —__, 8 _ ot 9z¢| L
/ wN_ :14 Sdd e-_ L _
24 _ [:14 vdd NNN_ t _
zz _ I3 Edd oNN— 3 —

on_ zZ 2dd u-w_ 1 _
(4 Ldd 9z} 1 _

ATNO Ldd HOd4 L SIHL AQv |'#|-.I

2-749

Texas “!f

STRUMENTS

IN

POST OFFICE BOX 655012 » DALLAS. TEXAS 76265




