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(A New Scheme for VLSI Implementation of Fast Parallel
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Abstract

In this paper, we propose a new scheme for the generation of partial products for VLSI fast
parallel multiplier. It adopts a new encoding method which halves the number of partial products
using 2x2 submultipliers and rearrangement of primitive partial products. The true 4-input CSA can
be achieved with appropriate rearrangement of primitive partial products out of 2x2 submultipliers
using the newly proposed theorem on binary number system. A 16bit x 16bit multiplier has been
designed using the proposed method and simulated to prove that the method has comparable speed
and area compared to Booth's encoding method. Much smaller and faster multiplier could be
obtained with far optimization. The proposed scheme can be easily extended to multipliers with
inputs of higher resolutions.

I.ME

form)

27

% DSPellA WaH AgSe dikEe Ay

FAL H4% A =" AxA el el s
uislA] AREE 7184 Akt & correlation,
convolution, filtering, DFT(discrete Fourier trans-

* IEER, e B e TER
(Dept. of Computer Engineering, Hannam University)
BT EF199742A12H, 45U 1997498298

(771)

£ A e B3l FEsleirae e
W 3o 4] dasioh ¥, 3T FErivy
of = wile] FolxwA MPEGEH & oz
dlelei g2} AAIE A2lE $aixde DCTSS HAd¥
dibel dgspA sHedl, ol2d WY e Al
< FAF gAE uhEA R pyjlogs o]lFeiz]
71 ol Sidolt F49) 9] Ak Xzde] AA]



B R AL 42 WY 1YL o4 VLS 7% WD FAVY A2e TR BH kA
W Y SEF H9ab Bk T4 AL J1EA S Acke AR 5 FA QK o el Qe 7
o2 g4 Qe TPekn qU) HEel ST & 4SS o4 Aze Yo Az PHe Axs
Bt O selng a FAIE G el A 2w A @ el 4 FA0S e
A AzHe) S A el89e) el U39 Booth 129 9

$ ZQslcly & 4 9}

FA7)(multiplier)= FA 5 %9 functional
blockeZ & 4 gled], A HAlE j¥es Fof
2+ He(multiplicand)®} S (multiplier) 2-5-€]
P35S RFEois al=Zrti(en-
BT jse] 33 A9E 9
:—:';°1Lﬂt adder array #-Folvl 7B O 2= N-bit
word7]2]9] FAellA= Nel| vleshz 7] ¥-E5
Bol EoAAL o] ES A 0E tialr] $sted o
Al Nell wjelshs QA 3A7ke] H=ich A7

coder) H-%- REE

aers FAZ F R wlE Aog odexl FA7)9)

‘%F‘HL _1=[L_1;L_;~‘1_§A% }\B}HU}»— ]itiq]%_‘_— Booth oxli

e wmz=e oal= adder arrayoll:
[4] =3

Wallace tree o]-83l= uhalolr}. Wallace tree
AU 2HE] e FEFEY S4e HuR o

g2 £33l N-bit word?) 23}
O(logzN)el| 8] ]fﬂ*“‘ "r"sﬂ/‘]ﬁ‘% 7 ek &, A= A
A 7M7) (CSA 32 1's counter)& ARE3le] N
el JHE 2E F 1-4 Mg 7RESlY 3oz
YR &9 bite] 74 logN 7Hi Zolo: 9
2 g ol gdladl, AARE W bit4E glgow 3
= CSAE Tdshed B8 9zo) %_3_3.‘5’}_“& 3:2

-

Lo

i

T2
22 7:3 counter® v AMHEsl] pipeline stagevt
o} ¢]21% counter®] 47t E1EEE ko glck
Booth €13 (¥ modified Booth algorithm)
RS AMESPE o]23t Wallace treed] o] Hi=
Mg A9 ke g & $71 gt o)
3t 7A$olle CSA stage’} § A 57 dl i
%% 9 CSA¢ interconnectionel] A Q¥ A&
wol £ F olvh =3 ol9} FAlo| 29) ¥pE B
HE wordE52 FAE AEHoz slssAlck= 2
1 alekh ol=idt o]f= <lskd dxle AY nE F
A71EAE Booth l2w WAL AMgstw glen
ol¥r} o] FL& Aes e AFW WS Aohy
71e fA @& Zo= rolrh
£ =Fl*}E Booth lzw-e-
7150 zeEA] ok A, &
A=Y FA e AR s

HB_IC
\_BE

o

o
=
=

(772)

% b gHE BE 2 Az 9
F A WAE ARk

0. HetE S4712 #al
L 425 FAelA o] Az
22 w4719 e

dele 7|8-eq eyl daH
4 #419] hand-calculation® 7

R T S 1 74°]‘:]'
Fshs AN Yehbe

Z}zte] HEREO Egge_ HAe57E 1bitd (Booth 12w
A= 2bit¥) 9ZEOZ hiftdl 74°1E‘r olzlgt A4
°ﬂ 7—]' x]‘%‘\‘?‘”]":}'o HEAES M) 2}'11]

"H"“’Hvl 7} bitE whgelv A2 Cﬂ-‘&"éﬂ et

Tl 7+ bits & AEGTE 2
bitEZ o]FeAl stringolle BEE A9 v} vl
F o oqlek AR VR A2 string o] BE bit
7} 1e] & 4= glvh Booth &E™e A= o]}

ol
HH_T‘: =
L.]:IE

2ee A 29T 5 ol
W Hgh 402 A7 sz zEE] oo

I 7HER, 7F REFEE 43440 ~-3) x 43540~
3) o 2o vehlw ogldt
4, 6, 9}2] ke 71A)7) Wi Fo ¥R 7 bit S7F
o] Ajshe ouf’l AS S 471 s Aolt) o]
o Asdzte] & ATl BT Al o33} 2ok

[ Hz]]

a, b, c, d e & 24 435 Fefa & o, 47)
9 @axbp,lcxdr, xaxd:, dxb
X e & H3e 75 ZE Al Hdigke 3

=2

=y 7T T
0]1:]. %, gt Bl BT all 1o] =R ¢
[B9]

el 4708 g A 1xlol B hehia

A L S
N N axd
L[ [ T ] bxe
L 1 T 1 axb
L [T ] cxd
O @



1997% 108 EFISfWmXit £34 % CE 108

3 g3, Zzbe] BlE 9x|elA 19 Nt Aoz H
L 9xE (D ()elch aRd 2709 41548 FI
Ak {0, 1, 2, 3, 4, 6, 9159 shie|ny, ma}A
()ellA ABle) Hdigle] 471 vher] lsiMe 42
o] FEo] Ao T F& 2, 3 = 6, 3 F F
& 2% 97} sojo} ik e} e F FEC] 2
= gol7] $lslME a, b, ¢, d7} BF 3o|ejo} sluE
a(d7} 97F =of 3o o) 471 & 4~ gloh =’ (2)
oA FHegle] 47} vher] sl A F ol
T, o) F {2 4} 60] Holok dlER a, bF
shhs 271 Heol 919 F Fol FAl E5v € &
7} slernz FHuighe] 94 47 & 4 gloh

91e] Aelg olgahd, 4bitg H¥ A= 19
Mgzt Hul A el vhex] gkomz Z2o] 2bit
e 71 sl Flolrh

¢l 4-2 compressorg {7

FAE Q9 N-bit word7lgle] FLEZHEE
(N/2)? 7He] 3E-g50) vheed o AEs 25 99

Aol Y=2 AAsHA wixd 71 et Fe A
ojc}. theAolA Admsle wiel zo] 8bit# 16bitel
i E olAo] FFsite] s, el Aol
2] wordell HsiME 7FEHE A XA 5 ik

2. 22 ¥EFAIE 0148 FA1Y 7o
A44E M, 558 P @ o, 22he 4052 X
e

Ny

j=i-=y +1

o} o) =k o] o 7 mixpiES 2x2 FEFAY]
2re] 9L 57} 9k ol 2x2 FEFArIENEH
e BRIES A HERAprimitive partial pro-
duct) ola}s #EJ|E el

N bite] FA7lelAE (N2 7ol A4 $2FE
o] o A Z overlapHA % WA FEFES
AZskd & N-1 719 ¥EF wordEe] vhew o]
5 HEFES VN9 3-word group (3709 F-E5
word)® N/4-1 7He} 4-word group(47§8] ¥

22i

(773)

29
word) 22 & 4 9tk o] o 4-word group ¢
PN FEFEE ©¥ 4-word group IF F2
3-word group W9 €A FRFES HAH3] a3hsl
W 4-word groupHie] QAHskE RE QA ¥EFE
9] g $19] A HEIIEE AEY 7T vk
o]zl A At FHol: 3-word group?] 7A-$ell=
CSA(Carry Save Adder), 4-word group?] 73-%-l
= 4-input CSAE FA%l F N/27W9 FEFoR
£d 4 A "ok

[ATB] C[ D]
X
p0 | D'R
p1 CR
p2 D*Q
p3 [B'R ]
p4 D*O
p5 A*R
p6 | AQ |
p7 A*P
p8 B*0
P9 [ A*O ]
p10 crQ
pt1 D*P
p12 cP
p13 B*Q
p14 B*P
pi5 c*O

a2l 1. 8t FA7] (A~R2 M E 2355 )
Fig. 1. 8bit multiplier (A~R are 2 bit binary
numbers).

A5 B9, 8hitd] Aol 2™ 13 o] Hck
ollA Adwagh uie} o] 16719 HA ¥+
0~pl5) & % p0ollA po7tAle] ¥Al g 7
7t overlapSlA] e ZAE7IE] FelA “p9, pb, p3,
p0”, “p7, p4, pl”, “p8, p5, p2"¥ A 7} word=t
4 9lx o]Eo] Yelix] A=’ 3-word groupel
=, ploeld plo7iAle]l ¥RFEL “pl4, pl0,
“pl5, pll”, “pl2, pl3” 22 ¥ M9 4-word
group®] #tl 3-word group?] ZA$ole CSAE
A4 2709 wordE2 €Y 7} 9lem, 4-word
group?] A$E 23 13 o] pl07pl3, pl2 pl59]
#Eo) 2=t gk AelE WEFIEE 4 wordE HIE
Hale &4 2bit ollE Ede] =H=2Z 4-input
CSAE Ae3pkd A 2702 word® 22U 47} 3l

=

T



30 Huzol A=t 42 v 7S

ot A3, & word®] MGt 4R SolEA %ok 2
3 194 plo~pl3, pl2~pl59 Aso] 2zt U2
Ao & TEIvkes AR pl0pl3y] A C=a, Q
=h, D=c, P=d, B=e 9} 7], pl2pl5¢ A$E=
P=a, C=b, Q=c, B=d, O=e ¢ #°] iz}
2 ok = gk

3. 29 Rof gk 118

Aol g7 29 BEE FEE ASele
Baugh-Wooley ] #e|v} Dadda®] wWHH-e o]&3}
o FA7E 7EE & 9lth ¥ =FdME Dadda®l
g o83l Pk 13 2% 4 bt HE
o] Dadda®] HPH-S o83 FA71E 7A% AE 2
oErh ol2dt Aol 7 FEFAIE F dHFH
Wx sh)E AARE FA7)7F obd ¥ opera-
tiong Fafsledol szl N-bit FAloll sle] N-2
N type-1 #4719} 170 type-2 F47]7} Ha
sy zpzhe] Zee ohgd) 2} (2¥ 3)

A=a3a2alal B =b3b2bi1 b0

type 1
\ (@D =0 a2bp” atbd  a0bo
- < type 0
a3b1 a2b aibl alb1 typ
‘ype\i aBb2  asb2, A1b2  a0b2
(D  a3b3 203, aib3 aobs = WPel

(a)

X
(Xn 1Xn- 2) @ (YIYI

///

Yn 1Yo 2)@(XJX| 1)

Xn 1 Xn- 2) (Yn 1Yn- 2)
(b)
2] 2. Dadda®] ¥ (a) 4 B|E (b) dukdel 7
__?__
Fig. 2. Dadda’s method (a) 4 bit case (b) general
case.
Type-1 :

A @ B = 4(aib)’ + 2 [(atbe)’ + agb; ] + acho

o]43 VLSI 2% ¥d FA79 A2 78 9y

kot

(A © B = 4aby)’ + 21
(aghy)’ + abp] + abo = B
@ A)

Type-1II :

A @ B = dab; + 2 [ (abo)’ + (ahy)’ ] + aobo

type - 1
(a1a0)@(b1b0)
al a0
X bl b0
aib0 a0bo
albl  a0b1
type -2
(a1a0) @ (b1b0)
al a0
X bt bo
alb0 a0bo
alb1l a0b1

a2 3. 29 BeE
Hlo]Ad

Fig. 3. Modified operations of the multiplication in
case of 2's complement.

ZHF WyE HeHe 4 2

N bite] ¥ $& F3h= 75l ol& F w2kt 2
7t 2¢) B4z FH=e] olok Hsie) $54E Y
ok} zko] waH

=1 R 3 N — .
A= —ay2N+ Ngbaa' P U= —by2V+ Ig‘ébiz'

olF T ¥& i} o] wAHrct

A*B=2xb2®™ + ’E;”i;a,b,»z‘ .
= &

w2t Dadda®] W2 dubdog a7 23} o]
vebd 4 glok Ak 7S ARSEEA 29 B
2 3243} 8bit FA71E Dadda?) HIH-S o] 43L&
TRAY 5 sdedl ozl ¥ 4el vieplich 16bit
718 Aol 2¥ 59 o] FAY 71 girt

I\gm2N*x+2N'l_22N-l



1997% 108 EFIHREHEGE $34U L CH £10H 31

8bit2} 7399} 16bit] “3% =¥ 4-word group
oA I’ 47ie] FE FEL 3 o AHellx AdH

X
PO 3 A E wER
p1
p2
” M. 16bit F47|2| MA
pS type O
- type 1 1. Sub-blacke] A1
zg type 2 2x2 BEFAVE 17 63 ze] AdAlsldch 2x2
p1c FE-FA719} 4-input CSAE Domino logicg o4
Pl sjo] AdAlstelEt] 2x2 submultipliers] 2% w5
Sli non-inverting®| 22 o|& %3%}%] Domino logic®}
P15 5744l non-inverting 2¥& W o8& 57} 9l
a8 4. 29 BEE 3T 8bit FA] =7 2x2 3% FA7Ish d-inpur CSAE el
Fig. 4. 8bit multiplier with consideration of 2's pipeline stage® & <7} Qlrh
complement.
X2i+1X2i
16bit ,
. [OTPTarA[sTIorY] \\/{ " } ; 7 (3
2

) Zi (2

Zi (1)

D50

33 6. 2x2 ¥ FA7]el g B9 ddojoasy
Fig. 6. Schematic diagram of 2x2 submultiplier.

Booth 139& AH3hs 7F9ol= ¥E3-& A4
3l7] 98l F 71#19] function blockg Az} 3}
=l 752 7t Booth decoder$t Booth
selectorele}, Ziz}te] 32w g 37 733 27 8o
ehlisdel Booth decoderd] 7%= 23 73 7ol 5
Ao &Y F A e £ ground2ke] DC
path7} 3AE7] ajFol 33 2E Domino logicg
ALgEted g 571 glek
T8 5. 29 25E Y 16bit FA7] ¥ 23 89 Booth selectoroliiis Be Axo]
Fig. b. 16bit multiplier with consideration of 2's delay7} olAMEL}. spuksba chese] e (NY2)7) 1
complement.
83} Booth selectorolA& transistor®] 7|55 £o)

4% F4 operationd EPSZ 3l A= 7] 31 pass transistor logicd AH§FH=H) thre-

(775)



32 FEae DI 42 HE /1P E o] 4% VLSI 14 ¥ 4719 AR 79 by

shold Astell 23t APEs wxsp)
PMOSE AM83} positive feedbacke] AlFst FE-2
doA gl Azt Bolsks W discharge FES
AAaA717] witeltt = thE o2 E 2L rowdl
3= N+170¢] Booth selector®] 7+ 93¢ Booth
decoder’} Esfol 1 decoderd WAL 343
A 3eFeio} gl

Yain _I?Q_%,_ 2%
Yo |
QJ -E{>(k %: — -1x
\ZR ‘|i>c
>

1x

2x

0% 7. F& Hay
Fig. 7. Booth decoder.

Xi Xi1
Ax
-2X |
0 i
X
2X 1
5
|
a2l 8. & A

Fig. 8. Booth selector.

a%A geod JE B 16bit 34719 A4 sk

FHEEk S+

decoder’} 17719] selector® 83| TEAIA FA
T8l Ho] B delay7} HASHA ek

08xm CMOS +AE& 8% 3y 2x2 #%
FA719} 4-input CSA9Q] layoutd 23 99} 18
10el By}

a8 9. 2x2
Fig. 9. Layout of 2x2 submultiplier.

4718l Aelors

a3 10. 42 HE7]9 #Hololy
Fig. 10. Layout of 4-input CSA.

2. AA FA47] A
AA FA71E fleld AAIRE sub-block g3}
ol-gsle] AdAIEIIcl A FA719
block diagram& 3 11| ®gr}h 2x2 F-E33427)
el eAEe A2 23 ¥iEge] ol groupel
&3l=218 vehiicl AAo| AR technology+
VTIAR] 08um EF CMOS FAo|c)
2-metal; metal width 1.4 m). Booth
B|2E ¢35l Booth's multiplierE Z&
o5ty AA ST
Aok multiplier?] <

Wallace trees

(1-poly
Ql=zriele]
library &

17 block (2x2 #% FA

7)ol ejfqleg =A wlolZel= ubH Booth's
selectors QlAHERE] Qi wolgolr] i
ol2xog Booth <1EH9 transistord Z7|e

selector®] transistor=7]9] 16wi7} = ojoF Ikt
AAo A= oF7ke delayE ZhpdtsEE dlm Mgl
27|22 2AFe] F multiplier?] A =717} w43}

A HEg Ak F FA71e A dHe 2zt
Booth 21&ZH+ 6000 xm x 2500 #m, AHE <=

e 5000 #m x 3400 xm o]ck



19974 10 EFISeH

Yov8

Y1vyi10

Y13v42

Y15Y14

csa ]

[ v ¥

[ csa |

v

[ csa ]

v

[ csA ]

v v

[ cla ]

T8 11, AR S AMERE I E FA7) 5
ENEEE
Block diagram of multipher using the

proposed scheme.

Fig. 11.

VTIAF] Compass design tool®] 0.8mm CMOS
library & AH&3te] F F72 F47] 3|&F layout
3+ ¥ parasitic element&-& xe{sle] B ZE ex-
tract¥t ¥ HSPICEZ simulation¥t 235 =2 12
o Aelslgder Algkel <1z whHE AM] mul-
tipliere] A layoutS 13 139 2gch

2 Booth &120 % Algke ¢l#E precharge
g F dH(Y-input)S 71aE wiie gl A
AE71A29 delayE v]asldch. Booth <13irde]
A e AN I7EA S delay time2 Taoon
=TBooth_decoder + T Boath_selector®1 3L, AT Q32| 7
2-9] delay time2 Trerop=Toxo submuttipier + Td-input_
csa®] ¥tk 23 128 ¥w Booth decoderd] &%
(F7d 1=, AAD sign bitgs F38l 17749
Booth selector $1%-& drivedle} 3l2E rising
timee] %1 wWhdel|(time delayy °F 0.8ns) Aok

Er
-

7

EMUE CRE F10%® 33
2x2 FE e ads, A o Ee

whoba] wh dl}e] 4-input CSA 1L drivedst=®
rising time°o] ¥4 &1 time delay® 2F 05nsAE
olc}t g, FHH stage, &, Booth selectord) &%

2t agl=, )3} 4-input CSAY =33t
aEiE, A4S zFzE 046ns, 054nsE 2 Apo)lE K

0lo o

oA %2

od 4 Qlrh siEe] oM HF £Y
(Wallace treeZ9] d%)o] v}z w|7l#] Booth en-
coder/selector+= 0.8ns+0.46ns=1.26ns, Agke <l=
0.5ns+0.54ns=1.04ns 2 Alekd dzrir} <
0.22ns w-E-g o 4= ik

=

zor aro<

Decoder
output

i e

/ Selector
/.. output

2mr —ras

/
j #input CSA:
output

b by
N 100N AR

23 12, Ak w3 Boothe) olzd whAlel A
ool £ 7y
Fig. 12. Simulated output waveforms of the

proposed and Booth’s scheme.

a3 13, Akl 168 E FA417)9] glo)ely
Fig. 13. Layout of the proposed 16bit multiplier.

32bit ol FAZ|A= Aok WS o]-83bd
71&9] WAL o wE £ E Jla < gle Roe
dasct. FA719) AA delayF =W, F HEF
AR delay7t AR BB i 15%H =



o}, IEEE double precision multiplicationel] 2%e]
= 54bit FA719F Zo] §I¥ bit b W FA7el
4= Booth selectorg<] load capacitance?} =§-$-
#A dzZHeld A¥|ElE delayst o BE v
225 gl AAZ o]2ijt Z$-ll Booth decoder
9] £3-& tapered buffering3ld HRUFE So
e AMEts 9o N-bit multipliere] b R
Atd 2x2 ¥F FA7|= o 3kt 4-input CSA
£ drivesl= Wb, Booth Q1@ #A9E N+17H9]
Booth selector&%- drivedtdl 22 load capaci-
tance’} Noll n]#ldle] #A|22 otpimal buffering
sl FE 9ok Booth 1Fr9] A7t )AL A
okl Aol Hls) logoN o sl ZrisiAl gt
Mo Adzdos A Qmd whEe X9H(mul-
tiplicand)3} Y& (multiplier)e] A& tiA)Ao|n =
g o]l 9¥siHe] JFhe] blockEg AH FF
322 Booth <lzPelAel o] HF gl oigt
delay7} criticaldli®|+= o] giAl = weba A4
22 wE STE sAA =

V. 2 8

2x2 FEFAZIL olEENEY A ¥EFES
Aoy HA FEge] NeE vkeE Eole
MZE FEF A WS Acbsigich Alksl WA
o] A ded 34 5Re) WAaEl #AE o83}
o A FEFES A AdPFeEN el A
A7} gle 42 HEE dd stageBA 7FRIEE 3}
Ark

£ AFelr] ARe] gt 4x14 FAoll did A
2]E ©]83l Booth Uz HWhAell dizle] 27|
S 2 ARE dzd S Akigern o&
o]-§3t 16bit FA7|E ARSI AlQlet <= HF
AL et Hae el diEle] 2 g X972
ol elA M=z diAAeln] o]EHo= bitdr} Bo}
42 Booth <lFZHHr} o] 2R& delays 7RItk
0.8 #m technologyZ o|&3st] FA7E AdAEEL
o AlEHo)HE F3 71¥9] Booth 3w wHej
Hls 22 A dsix o wE 545 7e 2@}l
siglct AAE FAslele] WA £22 o] A
A 4 9dE =R dEch 22 g HEs)o
24bit 22 54bit FAZNE AtEke Aol sFsse

FEF AP 42 98 7P S o4 VLSI 34 ¥E FA7|9] A2 78

(778)

AR St

olgigt & FAVlv HeEvYE % MPEG
encoder/decodervt AAIZ}F A3 AE] Folf BHLisA
AREE S 9lg Aol

Faogd
[1] K. Yano, Y. Yamanaka, T. Nishida, M.
Saito, K. Shimohigashi and A. Shimizuy,
“A 38-ns CMOS 16 x 16-b multiplier
using complementary pass-transistor lo-
gic,” IEEE JSSC, vol. 25, no. 2, Apr.
1990, pp. 388-395.
M. Uya, K. Kaneko, and J. Yasui, “CMOS
floating point multiplier,” IEEE Interna-
tional Solid-State Circuits Circuits Con-
ference, Digest of Technical Papers, Feb.
1984, pp. 90-91.
R. F. Lyon, “Two’s complement pipeline
multiplier,” IEEE Transaction on Com-
munication, vol, COM-24, Apr. 1976, pp.
418-425.
[4] K. Hwang and F. A. Briggs, Computer
Architecture and Parallel Processing,
Mcgraw-Hill, 1984.
[5] A. Booth, “A signed Binary Multiplication
Technique,” Quarterly Journal of Mech-
anical and Applied Mathematics, vol. 4,
no. 2, 1951.
[6] J. Hennessy, “VLSI Processor Archi-
tecture,” IEEE Transaction on Computer,
December, 1984.
P. R. Cappello and K. Steiglitz, “A VLSI
Layout for a Pipelined Dadda Multiplier,”
ACM Transcations on Computer Sys-
tems, 1983, pp. 157-174.
J. Vuillemin, “A Very Fast Multiplication
Algorithm for VLSI Implementation,” the
VISI Journal, 1983, pp. 39-52.
M. Hanawa, K. Kaneko, T. Kawashimo,
and H. Marayama, “A 43ns 03xm
CMOS 54 x b4b Multiplier using Pre-
charged Pass-Transistor Logic,” IEEE
International Solid State Circuits Con-
ference, Digest of Technical Papers,
1996, pp. 364-365.

(9]



[10]

[11]

197% 10 ETFITRERGE

S. Hilker, N. Phan, and D. Rainey, “A
3.4ns 0.8u¢m BICMOS 53b x 53b Mul-
tiplier Tree,” IEEE International Solid
State Circuits Conference, Digest of
Technical Papers, 1994, pp. 292-293.

R. C. Jaeger, “Comments on ‘An opti-
mized output stage for MOS integrated

F 18 B(IERB)
#A) sk AR wp

IR |

(779)

BUE CHR 108

f121]

35

circuits’,” IEEE J. Solid-State Circuits,
vol. 27, pp. 473-483, Apr. 1992.

J. Kernhof, M. Selzer, M. A. Beunder and
et al, “Mixed Static and Domino Logic on
the CMOS Gate Forest,” IEEE JSSC,
vol. 25, no. 2, Apr. 1990, pp. 396-402.

2 X R(IEFR)

19964 Shdeis AFeI TS 2
Q. WA e ek A
Feks} A B Roke e
A2l ARETE 5



