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A Design of Low—Error Truncated Booth Multiplier for Low—Power DSP
Applications
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ABSTRACT

This paper describes an efficient error-compensation technique for designing a low-error truncated
Booth multiplier which produces an N-bit output from a two's complement multiplication of two N bit
inputs by eliminating the N least-significant bits. Applying the proposed method, a truncated Booth
multiplier for area efficient and low-power applications has been designed, and its performance({truncation
error, area) was analyzed. Since the truncated Booth multiplier does not have about half the partial product
generators and adders, it results an area reduction of about 35%, compared with non -truncated parallel
multipliers. Error analysis shows that the proposed approach reduces the average truncation error by
approximately 60%, compared with conventional methods. A 16-bX 16-b truncated Booth multiplier core is
designed in full-custom style using 0.35-zm CMOS technology. It has 3,000 transistors on an area of 330~
X 262-pm and 20-mW power dissipation at 3.3-V supply with 200-M operating frequency.

7|E
Multiplier, Booth multiplier, Fixed-width muitiplier, Truncated multiplier

Fobehsha QAR SR Akt A2 ) EDA ARG

kE .fwo. Sopof et gl xpg bt Hugs farela 2002, 4. 11



s G L EAT I A A6E A2%

M8

Z2AA, A

] X
g B, welaz £z ~<94 a4 34 aolv,
Aol WA B2 SEo 2 Jge vAE AN
ot 5 o' 750l @ FAL B AN A4E
Bagel Tpbow olgolw, BEF A4 A4
whalofl wheh w9 vhokdt SAb7] 7 E W Eo] Al
93l 9 AS I Y SA] e A
7] Wi g o] 83t FEFE 7Hdshe W a1
444 Booth S Ee ol gste] FEF 58
%0 Booth GAb7] So] ok AWt og, et
Se47h A% NulEQl Fabe] Amis oN-uE7}
96, $4719 HE Sk ARES FRFe) S ¥
wgel ME 47 $7hetmz 47 Hme] BAE,
SANT, AEaR G| 2A Frragl

FIR(finite-impulse response) ¥El, IR(infinite-
impulse response) HE, 37 5 R 29 txg
Ao &&FotlME QY HE #& 2t Yol

B vt AMEE R gF A4 sAdRE
g HE F2 gehfo] ALggtd dojE #29
HE 7 N-HlEZ uAg tjxg Alaxa] $ol
AN-HIEXN-HIE 41717 Abg e 3, ¢4
el 319 N-H|EZE HAHtruncation)dt AH¢) N-u
Eghe ALg-sjof 3t}

N-HEXN-HE $44#E N-HEZ Hilshes
e 371] 5 7}115’—_ e 4 Atk AA, 2N-HE
3t 74]"}3} ¥, A N-HEE
T AR iAo st

A% ASHER U 5

oL
i’

o}y
>
i3
o
u1ﬂ'

oft ml I M1 o2 Z U lo
N |
- =
-E- lm
i M
2w
N r-?(_l‘
" (2
ol X
=
B
[
L
B
a
e
S
rir
e
o
o
i ;9’

=3 %’&7—54—4 AL AL} 7111 A ]“1 kA
B 7] 93 A Yol dasich
AAVE A7)0 QAR AF Hh e g A by
2% 14 97_‘}5’—’3 W HAbskE Ale] fd
o] g3}z 7t QAH

e 7 7R e Kidambiol o8 35

o2 Aoky mA oxpra whille wads $x)9
AALEl 89} N-H|E9] REFo|A A 4 = 7

o2 %3—*46}&1 IR BAARS T3

< 98 749 3
, 8. x}w %9 Ha}
o7k HlwA A wAe =tk F:4 Kidambi
o] 1% QAR WHE Booth sAt7]el “%bi 4
#e ol @A, Jour ALY REFO &9
BIE ZF AR o] g3t ALY A A& (wolo]
Ve AAEEL, o8 sMlehs R HeHo) o3y
A g gy $27] Fxo diE Atara gl
S Kidambi7t Aetsh 113 9atw 4 ubHo)
ola) AAOAE AA 2 F ATE FES AW,
Hloloj A AY T of$ vhesith ey, WA
2o HA Farlelut H8" £ dow WA
Booth #4719 exbuitales A4 H49 + Aok
2 $1% 4AL8 Booth

Wor
XL
i<y
to
g0 -
a
rir
[o?
N
o rlo
32
|c>
N T o>'

ﬂ

>

o

4719 o atr A W& Ao, o8 H&%
S 2 &9 Wy nlwst

-H|E X 16- HE #&}8

ull-custom W2l o2 AMAsta, A9

It. FAE Booth &41719] 2%} B4

ditdor, FAV)E £ HE & e FE
& AAstel TRtk MEd SIS el did
g519& 3l FEF £8 &l Booth 5712
TR, Wk A S Ao 5 kA gy
o FHE § vk ¥ AL NHEXNHE 2
9 By gite] A ON-HIE F, ot N-VES
g n A9 N-HlETS Aste HAd $719
QARG el s sledh Ao, N=81 44
£ d= Sol dydn.

A g Sabe 19 1o] EAE cut-line $5%
o) ah¢l N-vjE RES e} weln $EFe] YA
49l N-vlESt A 18 vlolojx 25 F 7}
abshe} N- HIE4 saA4E etk
e obglel Az o] HAGY

r-[xr.



W AAE OAY AEH ¢4 9% e 0AE 2Hs WA Booth $447) A
& Hgatm Hares} vjg ANA €
2 %y, i 8=0 YoEEAAL olgh e EANE A Sl
Y| = g Booth Surel ¥R A Sabe) 22 Aol 9
" L w80 Aol et B2 Fal 9ALY Booth $4719 &
pray £49 oaARA WS asih o) % 9, 19
2-(a)9] cut-line22 dAlE FE$8 Booth 1319
& p= &z o v OB AR el Hape O 5 ABOE CHE F, AZVH UAT oF f=
"~ ] grosim 19 2-(b)ek 2 4AY Booth s1be] W
AEAA WA A §E det V=891 gy nuge agios gepd A0 4@ 29
AE, SARG A Volol s AL @S g onua e HeY ¢ ARS ST
8 6719 OR Alo]E9} 1719] NOR A2 A4l
ok,
2, 9, %, L9 LY. 2.9 4, %q, l_ﬁ-r """"
D B>0° AL TR D
a1 = (21y+x6¥)+ x5y T x4 y3+ 2394 e e Mo T A

+ X9Y5 + X1Vs + x(,y7) M 2”l

i) B=0 S AL

(2:)

@y 1= (¥t X631+ X395 + x4 ¥y + x5, +

x5+ x v+ 2oy + 1)+ 2F

1
T
Ty Reys
2y Lsys Xy

Biye Teys BiYs Teve

Tiys Keys 1sys TIPS K195

L7Fc Loyh L3Y¥e 14YC L1ys 22¥eE

T Ty asyr L5972 Tayr Sayd By Uy

(2-b)

FIYO LAY K3y TeY0 Ueys XY Toyo Aey

BO¥i £yt KAYL 13Yi £2¥ KiYL Ruyig

(AR TR TS PR AR L
Y Y Ry Gy xay.3-"'..
Ei¥s Tave Ky Ly}-"'.'. 3
2 HYB AY
:; /;n; ; z2 ;;:
ny"“

Tiys doye”

BLs Pie Pie Pi: Pl Plo Ps P

a1 EAE e s

2 ot

BASE w2

B-BIEX8-HES &%)

Fig. 1 Truncated array multiplication (8-bx8-b)
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Table 1. comparison of average error

HE | QA | 74 [4)e L

] g s | s $471

8 1305 (1.0) | 1879 (1.44) | 65.0 (0.50)

12§ 4,095 (1L.0) {39279 (0.96) [1,570.3 (0.38)

16 | 983085 (L.O) 7144974 (0.76) [30,403.7 (0.31)
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Table 2. comparison of gate count

e | oan | oBa bl | ¥ nge
s S47) 547)
8 563 (1.0) 370 (0.65) 374 (0.66)
12 1,134 (1.0 780 (0.69) 34 (0.65)
16 | 1,865 (1.O) | 1,299 (0.70) 1,158 (0.62)
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Table 3. Summary of the 16-bX16-b truncated Booth
multiplier

Technology 0.35~gm QLM CMOS

Operating frequency 200-MHz @3.3-V

Power dissipation 20.26-mW

i (@200-MHz, 33-V)
Transistor count 2,990
Area 330~ pm X 262-m

Layout density 3458k transistors/mr
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