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TYPES SN54LS275, SN545274, SN545275,

TTL
LSI

SN74LS275, SN74S274, SN74§275
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

BULLETIN NO, DL-S 7612121, OCTOBER 1976

® ‘S274 Provides 8-Bit Product in Typically

45 ns

® ‘S274 Can Provide Sub-Multiple Products

for n-Bit-by-n-Bit Binary Numbers

® 'LS275 and 'S275 Accept 7 Bit-Slice Inputs

and 2 Carry Inputs for Reduction to 4 Lines
in Typically 45 ns

¢ These High-Complexity Functions Can Reduce

Package Count by Nearly 50% in Most
Parallel Multiplier Designs

® When SN748274 is Combined With SN74H183

{or SN74LS183) and Schottky Look-Ahead
Adders, Multiplication Times are Typically:

16-Bit Product in 75 ns (79 ns)
32-Bit Product in 116 ns (132 ns)

description

These high-complexity Schottky-ciamped TTL cir-
cuits are designed specifically to reduce the delay
time required to perform high-speed paraliel binary
multiplication and significantly reduce package
count. The ‘S274 is a basic 4-bit-by-4-bit parallel
multiplier in a single package, and as such, no
additional compaonents are required to obtain an 8-bit
product. For word lengths longer than 4 bits, a
number of ‘S274 multipliers can be combined to
generate sub-multiple partial products. These partial
products can then be combined in Wallace trees to
obtain the final product. See Typical Application
Data.

The ‘'LS275 and ‘S275 expandable bit-slice Wallace
trees have been designed to accept up to seven
bit-slice inputs and two carry inputs from previous
slices for reduction to four lines,

SN548274 . . . J PACKAGE
SN748274 ...J OR N PACKAGE
{TOP VIEW)
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INPUT

positive logic: When either (or both) G inputis} is
(are} high, all eight outputs are off.

SNb54LS275, SN548275 . . . J PACKAGE
SN74LS275,SN748275 ... J OR N PACKAGE
(TOP VIEW}
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positive logic: When Gis high, all four outputs are off.
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TYPES SN541S275,SN545274,SN545275, SN74LS275, SN74S274, SN745275
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

functional block diagram
'LS2785, 'S275
BIT-SLICE INPUTS OF 2"

f N
on

b 2n b 2n n 2"
g275 —#| (1) 2} 3 {4) [v4] 14) | (15}
‘L5275—»|(2) {3) {4) (7} {1} (14) | (18)
c B A c B A
C I C b3
c B A
CARRY
[ t5)INPUTS
— czn
(8) con
Cc B A [4 B A
2"‘2 2n+1 c2nt1 20

ENABLE (13)
[

NOTE: Whan one of of the C2M carry inputs is not used, it must be
grounded. If neither C2N carry input is used, both C2"
inputs are grounded and the €27+ output is normally left

opean,
schematics of inputs and outputs
‘LS275 '$274,'S275
EQUIVALENT OF TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
EACH INPUT
Vcc———w - -—-—4—v¢c vee —— — —
Req 100 2 NOM 1 — vee
50 0O NOM

neuT -— - *r - __{_‘_"

OUTPUT
QUTPUT
x i %
Enable G: flgg = 18 k22 NOM P AN
Others: Req =6 k2 NOM
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo tsee Note 1) . . . . . & o o o o . o - o e e e e e e e e e e e e 7V
Inputvoltage: 'LS275 . . . . . . L . . 0 o o e e e e e e e e e e e e e e e 7V
'S274,'S275 . . . L o e e e e e e e e e e e e e e e e e e 55V
Off-state output voltage: 'LS275 e e e e e e e o e e e e e e e e e e Y AY
‘5274, 'S275 e e e e e e e e e e e e e e e e e e e e e e e 55V
Operating free-air temperature range: SN54LS, SN54S Circuits . . . . . R —55°C to 125°C
SN74LS,SN74SCircuits . . . . . . . . « . . .. . . . 0°Cto70°C

Storage temperature range . . . . . . .« . 4 . a e = s e e s s e e e e . —65°C to0 150°C

NOTE 1: Voltage values are with respect to network ground terminal.
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TYPES SN54LS275, SN74LS275
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

REVISED AUGUST 1977

recommended operating conditions

SN54L5275 SN74LS8276 uNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 4.5 [ 55 [4.75 5 5.25 \4
High-level output current, IQH —1 —~2.6 | mA
Low-levei output current, 1), 12 24 | mA
Operating free-air temperature, T -55 125 [} 70] °c
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SNGALS275 N74LS275
PARAMETER TEST CONDITIONS T S UNIT
MIN TYPI MAX |MIN TYPI MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.7 0.8 v
Vi Input clamp voitage Ve = MIN, lj=-18 mA —1.5 -1.5 N
Ve = MIN, ViIH=2V,
VoH  High-level output voitage cc IH 24 3.2 24 31 v
ViL = ViLmex IgH =MAX
Vee=MIN, 1) =12mA 025 04 025 04
VoL  Low-level output voltage Vig=2V, v
V(L = VyLmax oL =24 mA 0.35 0.5
Off-state output current, Vee = MAX, VIH=2V,
lozH o output cure cc H 2 20| wuA
high-tevel voltage applied V=27V
Off-state output current, Vee = MAX, ViH=2V,
I0zZL utput ctrre ce H —20 —20| pa
low-level voltage applied Vg=04V
| Input current at Enable G v MAX V=7V 0.1 0.1 A
= = m
! maximum input voltage All others | * CC ! ! 0.3 03]
High-level Enable G 20 20
1 =MAX, V=27V A
H input current All others Vec=M ! 60 60 B
Low-level Enable G -04 04
ITN ) ve - Voo =MAX, Vv =04V mA
input current All others —1.2 —1.2
los Short-circuit output current® Voo = MAX —30 =130 | =30 —130 | mA
lcc Supply current Veg = MAX 25 40 25 40| mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recormmended operating conditions.
fau typical valuesare at Vo =56V, T = 25°¢C.
§ Not more than one output should be shorted at a time and duration of the shortcircuit should not exceed one sacond.
switching characteristics, Vec =5V, Ta =256°C
FROM TO
PARAMETERY TEST CONDITIONS MIN TYP MAX|UNIT
{INPUT) (OUTPUT)
PLH . Cy =45 pF, Ry =667 2, 35 62
Any Slice or Car An ns
IPHL y Stiee or tarmy Y See Note 2 42 66
tpzH Cp =46 pF, R =667 &2, 8 23 s
t See Note 2 13 23
PZL Enable G Any —
tpPHZ Cp =5 pF, R =667 %2, 10 15 s
tpLZ See Note 2 10 15

9 tpLH = Propagation delay time, low-to-high-level output
tpH L = Propagation delay time, high-to-low-level output

tpzH = Output enable time to high level
tpzy = Output enable time to low level

tpHz = Qutiput disable time from high level
tpLz = Output disable time from low leve|

NOTE 2: Load circuit and voltage waveforms are shown on page 3-11,
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TYPES SN54S274, SN54S275, SN745274, SN74S275
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

recommended operating conditions

SN54AS274 SN745274
SN548276 SN745275 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voc 45 5 55 | 4.75 6 525| v
High-level output current, |oH -2 —6.5 ] mA
Low-level output current, loL 12 12| mA
Operating free-air temperature, T A —56 125 0 70| °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54S274 SN745274
PARAMETER TEST CONDITIONS? SN54S275 SN748275 UNIT
MIN TYPE MAX |MIN TYPE MAX
V|y High-level input voltage 2 2 A4
ViL Lowievel input voliage 0.8 08| Vv
ViK {nput clamp voltage Vo = MIN, Ij=—18mA -1.2 -1.2] V
Vo High-level output voltage Vee=MIN, - Vi =2V, 24 34 24 32 v
vViL=08YVv, loH = MAX
VoL Low-level output voltage Vec=MIN, - Vig=2V. 0.5 05{ vV
ViL=08V, oL =12mA
lozH O'ff-state output curref\t. Veo=MAX, WVig=2V, 50 50| uA
high-level voitage applied Vo=24V
lozL Off-state output curre?nt, Vo= MAX, V=2V, 50 _s0| ua
low-level voltage applied Vo=05V
1) Input current at maximum input voltage Voo =MAX, V=55V 1 1| mA
Y4 MHigh-level input cusrrent Voo = MAX, V=27V 25 25| wA
ljL  Lowlevel input current Vee=MAX, V=05V -0.26 —-0.26 | mA
los  Short-circuit output current§ Vee = MAX —30 —100 |[-30 —100 | mA
lcc  Supply current Vee = MAX 105 155 105 156 | mA
switching characteristics over recommended ranges of T 5 and Vo {unless otherwise noted)
PARAMETERY . FROM TO TEST CONDITIONS z:x;; ::;52;; UNIT
{INPUT) (OUTPUT)
MIN TYPE MAX [MIN TYPT MAX
tPHL Any A or B 'S274}, or Any Et z ig:;' 50 95 50 70 .
tPLH Any Slice or Carry {('$275) Seq Note 3 ! 50 o5 50 70
t 15 45 1
::;t €L = 6 pF, 15 45 12 zg "
Any Enable Any Ry =400 %2,
tPHZ 10 40 10 25
See Note 3 ns
tpL 2 10 40 10 25

t For conditions shown as MIN or MAX, use the appro

Tan typical values areat Voo =5V, Ta= 25°C.

§ Not more than one output should be shorted at a time and duration of the s

1tpLH = Propagation delay time, |ow-to-high-level output
tpyL = Propagation delay time, high-to-low-level output
tpzH = Output enable time to high level
tpz = Output enable tirne 10 low fevel
tpz = Output disable time from high level
tpz = Output disable time from low level

NOTE 3: Load circuit and voltage waveforms are shown on page 3-10.

priate value specified under recommended operating conditions.

hort-gircuit should not exceed one second.
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TYPES SN541LS275,SN545274,SN545275,SN74LS275, SN74S274, SN74S2175
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS
1-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

TYPICAL APPLICATION DATA

2 subrmultiph partial product bits
thet contribute to the 29 product
1Sen Now A)
A
(Z22XXX; <7 inputs par bitalice
I l [ l mmwmmm

% PN I OO N Jda 1 puckepe per Yit-sice

. 7INPUTADDER .

D2 o om0
Z""unvbilwmr'"uud—-—l [ 2 carry bits
22 carry bit 1o the 271 1ree 4] I—"' (Sew Now 4)

NPT
. ADDER |
'L8275/'8275
LT,
]
Fadd bit that contributes 27 groduct output

FIGURE 1—BASIC BIT-SLICE WALLACE TREE

2%Z carry bit 10 U 272 tree
27 carry bit to e 27*1 trew

=g

2% subr-tultipla partiel product bitn
that contribuie to the
(See ot A}

22 o

| ceall
1 LS183/'H183) |
c2™! 1
L__—— _$._l
r bit that contributes 2" product output
0 the 27!
this carry bit and the 2!

FIGURE 2—-HIGH-SPEED BIT-SLICE WALLACE TREE

< 7 inputs per bit-slice
61 ns typical propagation delay time
1 1/4 packages per bit-slice
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BIT SLICE I BIT SLICE | BIT SLICE l BIT SLICE
YIVYYY | YWYVYYY | YYYVYYY | YYYVYYY
Ses Note A | See Note A | See Note A I See Note A
n
'L$275/'5275 o 'L5275/'8275 c2 ‘L§275/'$275 cz' ‘LS275/'S275 c2
" | e | crl-9 | can
one2 2n+1 CZ"” ” = I zn«tZ Pl 02'"'1 20 — ] zmz 2m1 c2"‘1 2 = I 2"*2 2n+‘l C_Z"“ n =
| T T 1.1 N
T Open
To n+1 < Open l open I Open 4 ™2 F"::Im
n—
tree "_—'—I —1 1—+ B | [ 2" [ wee
B4 A4 B3A3|" | B2 A2 |7 81 A1 See
T < c I [ I coje o 4 ” Nots A
o next CO 4= c4 '283/'1.5283/'5283 previous C:
| ] z3, |, | 2 |, | 1 2 qutput
from n—2
KN RN RN | -
oml-e- \ v / y
To finat summing adder
FIGURE 3—MODERATE-SPEED BIT-SLICE WALLACE TREE
NOTE A: All unused inputs must be grounded.
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TYPES SN541L5275,SN545274,SN545275, SN74LS275, SN745274, SN745275
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

TYPICAL APPLICATION DATA

TYIVYYY

1Y7YYY

< 15 inputs per bitslice
propegation

0o del i
See Note A See Note A m“‘.f.':... e
cZ c2"
. . . . 1% cal ion delay %
L8276/°'S275 LS275/'5275 3&:@ mmn ry time
cz 2 (See Note A)
M2 1 e n - 2 )
To n+2 —‘—-‘] OI!'“ Dpl.n
Tren —a
Tont1 ] —@——
Tree ——
- 202 oyrputs 1
- from n—2 tree
. 2™ outputs
from n—1 tres
[—-____—__-F___' e
' SeeNotw B ' a
I 2 0+t c2n! n I
Ton+2 Tm-QJ———I OL From n_2 Tree
Ton+1Tree From n--1 Tres
I See Note C E |
b Fal

NOTES: A. Ground unused inputs.

To Final Summing Adder

. These outputs from precaeding trees may go 10 any of the inputs of the 'LS275/°S275,
. The circuit within the dotted lines may be either the basic bit-slice Wallace tree or the high-speed Wallace tree. In the tatter case
both carry inputs of the *.S275/°S276 must be grounded,

FIGURE 4—-15-BIT-SLICE WALLACE TREE FOR 32-BIT X 32-BIT MULTIPLIER
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See Note A
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DETAIL A
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|

DETAIL A
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{7 BITS)

BASIC BIT-SLICE, HIGH-SPEED BIT-SLICE, CR MODERATE-SPEED BIT-SLICE WALLACE TREE

|om
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NOTES: A. Ground unused inputs.
B.
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To final summing adder

a higher numbar in the parentheses} were not connected.

27*2 git from 2*~2 tree
2™ it trom 2"~ tree

The number of bits in parentheses is the maximum number of bits this tree can combine if the remaining 'LS275/°$275 (all having

FIGURE 5—7-T0-31-BIT-SLICE WALLACE TREE FOR UP TO 64-BIT X 64-8IT MULTIPLIERS
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TYPES SN541LS275, SN545274,SN545275, SN74LS275, SN748274, SN748275
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE QUTPUTS
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

TYPICAL APPLICATION DATA

EACH RECTANGLE
REPRESENTS AN
8-BIT PRODUCT

Eupper half of nx 2uppﬂ hal{ ofﬂ zlower half ol n x zlower half of n

wer ha" ol n ppqu hall of n
" x2u

NOTE A: The left-hand half of each rectengle is the portion of
word one used to obtain the product shown within the
rectangile. Similarly, the right-hand half of each rectangle
is the portion of word two used,

FIGURE 6—UNIVERSAL METHOD OF

ADDING 2 -BIT PRODUCTS TO
OBTAIN%N n-BIT PRODUCT
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FIGURE 7—-METHOD OF ADDING o g g« < 5 5 1821318153
32-BIT PRODUCTS TO OBTAIN A "h|e|v|v|-' | |<|<| l |J‘?~J
64-BIT PRODUCT FIGURE S—FINAL PRODUCTS AND
ARRAY SUBPRODUCT ADDITIONS FOR
B4 x 64 MULTIPLIER ARRAY 32-BIT X 32-81T MULTIPLIER
proriins A
*8
Aud
1
| II i
b1t
[
11
[
111
[
15t
18}
HH
HE
A
2171
]
NOTE A: See Note B of anura 6 for designing trees with any number of inputs up to 31~
FAGURE 9—ARRAY ARRANGEMENT FOR VARIOUS MULTIPLIERS
INCLUDING ARRAY SUBPRODUCT ADDITIONS FOR 64-81T X 64-BIT
MULTIPLIER
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TYPICAL APPLICATION DATA
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4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS

7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS
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TYPES SN54LS275,SN545274, SN54S275, SN74LS275, SN745274,SN74S275

4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS

7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

TYPICAL APPLICATION DATA
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TYPES SN54LS275,SN545274,SN545275, SN74LS275, SN745274, SN748275
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS

TYPICAL APPLICATION DATA
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*Each starred biock may be either a basic bitslice Wallace tree(’LS275 or 'S275 only) or a high-speed bitslice Wallace tree {(‘LS275 plus 1/2
'LS183 or ‘S275 plus 1/2 'H183). In either case the function of the terminal is the same as the similarly located terminal of the basic bitslice
(Figure 1) or high-speed bitslice Wallace tree (Figure 2). Also for sither tree, when only five inputs of the seven-input adder of the
‘LS275/'S275 are used, the remaining two inputs must be grounded. When the high-speed adder is used, the C2" inputs of the ‘L. 5275/°5275
must be grounded.

TEor improved performance SN74LS181/SN74S181 ALUs with SN745182 look-ahead generators can be substituted for the
SN74283/SN741.8283/SN 745283 adders, Typically, the multiplication time will be reduced by 18 to 32 nanoseconds.

FIGURE 10—16-BIT X 16-BIT MULTIPLIER
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