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_ ClaadAVLH _ CIoad (VSO% B VOL)
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wuudunse adnesiasdaduniu sangndevutuiy aunInTEuadmiunTInYes

[
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a3sillunsiamdanuanusasulaeed

dav V
—L=p -2 (2.21)
s P R,
V.’JD
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U
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<
AN

el
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H

0

=

Periodic input Device

e | or
Pa() =P G+ D) l
Circuit Cou

U7 2.19 seesiannasewidianlglunisiasimsinu ilemnanifsnugydoeie

¥8eUN TN NI

FoulvSuduvesaiaussdu v, azgnddlii v (0) = 0 andufiannsame v, ()
MUAILIAINIENT Integrate dun13h 2.22

L~y

{
[e ¥ ipy(r)dr (2.22)
0

v,(6) =

=

(3

auuidn R.C, > T MUSWU p (r) TIgndugavemiiiinatuim aunsaiiae

1

[

Uszanaualanadl
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V,(T)= cﬁ j i,y (¥)de (2.23)

y 0

[

ANdNUTEAVERI UM IENTERAAIUANATANNNTRATUANNTIIENT LA

C
B=Vy, -2 (2.24)

(4
as

AUSIAU v, () Tgadugaves 1 muna1agme Transient S1apsnsvieuladail

q

r//
Vilty="Vyp % [isp(®)dz (2.25)

0

PAENNITA 2.24 maenueidunaresaiiss e fenfaanurasdasliaaddy 1

munan fedurusseulnue v () 71 ¢ =4 Wudhiasnuiigdenasreinasisnsin

drdsnuaadluzun 2221 @nisetinldlunsdrasanasiianursisasnaly lame
TUsunsun13anaan 139 Wi HSpice #38 PSpicé tagiiteuseilumitasaungedy

Y892995 Ml NTudeulwlped iyl Bndiunilainesluprndinyhe 19aTIaIRAINE

I e & P

U e e NadWsNI T UANMIEIUNgEENIARIANT Sla Short Circuit MAATY

e Faluayiinludiodyasamaduneliduluaamgu]

q

2.12 n1I91AT Power delay poduct

A1 power delay product (PDP)[13] LfJué’hLuJi%u’uﬁuﬁt.ﬁanlﬂumii’ﬂ@mmwLLaz
Us£aNB AN UTBN 1NN TL ATl TENLYY gate A luving physic A1 power delay
product @unsnesunefammdsnudioveanstun1saindd vesussumei e tinmain
Low Tum High wazan High Tuds Low %mmsaLﬁuwé’qmuﬁquL?ﬁﬂimwifwaa

1. Tasfl PMOS network uaizilluanmiUBinesmaawing Cog Suiudszqann

0 U Vip .
2. Tnefl NMOS network UaisAivana$UrBLAevnaeWine G Sumeszqain
Voo W 0

Fmutuneunsnsziniiiun fanileutuegranilsienindeuaunis Aade
dynamic power dissipation luesdusaasining warlidesidsienszuaiiinainisas
Short dircuit waznszuadalva naTBME IR WA NG anansadeulfded
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PDP = CipuaViof (2.26)

383 UIENETURIBEUATTT (2.26) WuaAnsasydevdn fivlmAneuTewdle
wsnSamesiuudutea uasiiuea thnssuasewiremsaing nzazifusinnisesnuuy
Point-of-view Tngludsfidaen1sie Power delay product 3¢ POP i uilsfuvedivan
AUTmesueing wazurasdrsusaiulii dnsudnesnuuy aseenuuuiTuea
a83ninn 1A Cloag W8T Voo ﬁﬁwﬁﬂaaﬁqmvﬁﬁv‘hlﬁ A1 power delay product @11115
Teilaedd

PDP= 2P (2.27)

3 Pivg L?JuﬁhLa?{aﬁﬂé’amuqmLﬁ&lﬁLﬁﬂmnmsa‘iwﬁ Anrmdlunisgydouas
T, WuAmaghaiade Tnefisaewnsluannts JWurananaesmsudainesnig
W ineTiaingan low 1Unahish wayarn high Tusilowsiluldluaunasit (2.19) uae
(2.12) anhsouanaduaunsiad

PDP N 2(CloadVD2Dfmax)Tp

1 e
N 2 pHL " “PLH
3/2 Claad VDD 2

Tppr T Tpnr

7 2
& CloadVDD (2.28)

0 (228019 i ld I nmiisuiuannns (2.19) A15AIUIUAIPDP A8AT Puyy
auns (2.19) vrernain basula Misleading interpretation duliunasauysana s fe
anunsalavgiduiledun1inisvinauneea il
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VI YN1TMNUVIITUINNTAMA

3.1 unii

gunsafidnnseiindliiiasidusuuiadeuiivieuvunmmizasnslimdanududed
Fdgun warddithinaevausasasdsnuy femaiulseavinmusaiunness vienns
Wannsnsanmsldimdinuresgunsalludiusingg fafunsasuandagnesnuuuieldly
nMsfINEIgILaes Snsasuiniddimaiedudiunivecssduszneundn vainis
Uszanananradwifigndeuazsanda ietfinyssdnsamluniseenuuuuas i
Uszananadyiunananianea (Digital Signal Processer +DSP) Tudiunisyseuiana
foyantw (Image processing) ludaumsAumnanisndinmans. (Adthmetic Logic Unit :
ALU) druveentsdseusanansaito 3 87 (Floating Point Unit : FPU) wagludiunas
Ussanananani{microprogcessors)

3.2 2995UaNnIaUa

2.2.1_29asuanilifinma

wasvanuushilashme niidygud
s s < 1

vaamIuaIneenulu o, 1 38 2 tasnaansIzisouI Aymiumasis (sum) dasdyaen

'
=

N0 (Coyy JsfuleWimnuenaas dapanegusl 3.1 s uanasdilunmnisi (3.1)
waz (3.2) Geatiilendulusumanan 3.0 aaluil
S, =a,9b,=a,-b,+a,-b,

= ' = 1 v ¢
UNNRIIURERIAT LU aghae by ﬂglﬂﬂaaWﬁ

9

(3.1)
Way G = @, 'b" (3.2)
na® HA
(+) >n
b, =

U7 3.1 299suanitlaifidone

f15747 3.1 ATNUENIAIANINDT9RsUINTLSiSiANe

an (o Sn Cont
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
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3.2.2 29asuaniidinva

o w

dievinsuandiuawengiuass 2 Un 993w 2 Wasedu azuay 2 da dedrAry

4

mgavswiazduudimeiu warunsdmaiiiaduludinsuinves 2 tmlvddnggen

q
LY

Y ' 1 < % @t as S a d‘! ° o L4
AI9819U 1UaUIn 0,1 nu 0,1 JIMINAVILNATUINNTITUINYDY 1,2 3747 azaniudnludu

K]
LY =

mMsuanes 0,2 udlupediideddnyasgn viulddnisuanlureduidAygegad 3 Un

[
a o

fio 2 Davaadsdrdnygeanvessiniureaugiuassuindsdndmaiiiadulunedul
eddoyiian 2sasuansuulildimaiidnannudady biaunsadwlddmivmsund
wedlifies 2 Sune dndlunsuinduwn 3 Sa dedldhesuiniiiidme 1sesuinifidme
gzvhmsuan 2 dadfudndaa 1 SefiSendwmadi %@Lﬁﬂmnmﬂﬁﬁaéﬁé’ﬁgﬁmfiﬂﬁﬂlﬂ
wwnreasuIndiimaludanavinteaimesen Sl%Indunadu a, b, uar G,
u&r 2nuanitiishmaasliauInidu S, Wiy a, Uan by van e, wagfmaeen Cu.y MU
NaENEINNITUIN FBEINTY 87 an = 0, by = A/ iagiamaainatrdeddsinidaluidu
G = 1 Wé 2eastriiimancliuadng Ss = 01as Gy = 1 UanInang 19l 3.2 uagguil
3.2

A15197 3.2 AT19ANAINTS IV I299TUINNAAING

dn bn Cn Sn Cn+1

0 0 0 0 0

0 ! 0 1 0

1 0 0 1 0

1 I 0 0 1

0 0 1 1 0

0 1 1 0 1

1 0 1 0 1

1 1 1 1 1

n by
Cii o—— FA ——e C,
carry-out (+) carry-in
sum s,

< s

JU#1 3.2 TnaLLNSUVBI9RTUNNAAING
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1995UINALAMMNANIeRNLULUITUSENBUAIENTISUINIUAILTRITATIRIAT LSB (1)
wardiuveInisuInludiuiasd MSB (2s,3s,...) aztdun1ssinnadnslunisulnasedide
NaansauLsniuAIT A

Cin SUM
Half
] Add
A Half er c
8 Adder out
/.

5UN 3.3 Taseadesiugueadasasuaniifidone

gﬂﬁ' 3.3 WAANITVINTING NHaWEUns TINaEFanaeen anuanslunng n154e
wyiﬁﬂulﬂ”lﬁ‘um 3 Bunera,, b, Uag atduitleviaudluismstuulaldime 15raanse
felfi1n1519n15UIn v TUAnTidsane Wuairiee s wesiieidunssniinliAn
WOIANR S, 1Y Copt AW TTEUANAISUDIRRTTANTL AR AT

SUM=A&B®C
=(ZB+AE)®C
=(ZB+AE)C+(ZB+A§)E
< (4B 4B)C+(B+4B)C
=[(A+§)(Z+BHC+(ZB+A§)E
=AAC+ABC ¥ ABC + BBG #ABC+ABC
= ABC+ ABC +ABC+ABC (3.3)

‘\]’1ﬂGl’lS'Nﬂ"lﬂ’J’liJQ%x‘iﬁ']iJ’]iﬂL‘leEJ‘U?IQJﬂ']i‘t]@ﬂ?ﬂﬁ]iU’Jﬂﬁﬁﬁ?%ﬂlﬁﬁﬁﬁﬂﬂﬁ (3.4)
SUM =(A®B).C, +(48 B)-C,
C,.=(4®B)-4+(4®B)-C,
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3.3 aasuaniiiinmaviiadues
3.3.1 29esUaniififanafiugu

Nﬁ]smnﬁﬁéfwmLmuﬁvugﬂu[lcl] LLaméﬁ’qu‘ﬁ 3.4 Wurasvanydadidnsuiames
28 nyuBimed uanwagui 3.4 umsesnuuuasuaniifidang 28 noudwesuuuitugiy
ldFuoansudineseiaidunsa 14 n51udines wazusansiudinasyiafivoa 14
nsudined sudunsaiusznousiswouding sasing wazduresned Inslaswadrady
sUkvURTaeinuuUIaEYiau (Mirror Circuit logic)

Tngnsasuandifidmauuuiiugiurie) IdefnsiillasaiefdiFouheuasiamaties
Tunsvhauilusstuunaseiismid witaifisranstaensiisuunsudnesig
wasian1senuuuAliRuitgeinadenisaaydendnifigifes wazdiliaugalunisdu
leVinATenIasiinae

Voo, A°—l:—
AL wli o 341%‘5{

SUM

1
7y
1,
7Y
1
7y

s, o S e, > Cour
A"—I_A"—l B"—I C;N"—lﬁ A"_|

L

L i

r
X\
LI\
1
vy |

5UN 3.4 29asuniifidmanuuiugu[14]
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s

3.3.2 2995UNARGmALUY TGFA

1995UNTEIFMALUY TGFA [15] Lﬂmwamﬂﬁﬁﬁ"mﬂwm'immumuimﬁasjuu

[
==

ﬁvuﬁwmaqmsaamwu Transmission gate Iﬂﬂ’lﬂﬁ]iumﬂ?ﬂ’lu%3'1‘14‘&@851/1\‘1‘1/1316] 26
VIi']u%Lm@’% ?&qaaaiﬁﬁﬁi’wmumwu%ma‘i‘uaums‘ﬂauﬁ’lmuauwmaaﬂ'mwsmn‘mmmm
LLU‘UWU%’]U[M-] LLauaEUiUﬂm SUM way Cour ﬁ]“iJﬂ’ﬂllﬁﬂJﬂﬂiJ’]ﬂﬂ’l']ﬁiUiU']i\Wllﬂ 'Nﬁ]'i“U’Jﬂ‘V]QJ
GI'J‘VIG]LLUU‘W'NﬁTlJ[lll] 'J\‘i'ﬂ%"U’]ﬂVliJﬁl’WlﬂLLUU TGFA[15] ‘Lllﬂllﬂ'lil‘ULBWVlWGlUWLWEJ‘WI'NR]S
SUM uag1935 Cour LW@LW&Jﬂ’NlIﬁ']JJ’]iﬂIUﬂ'ﬁ‘UUL’EJ'WW!WUEN’N"\]? LLﬂﬂ\?ﬂ\‘iE‘U‘V] 35

£
J%'ﬁ'*—

|>

PN
T3
v &
{ll
'ﬁ'

e
i A F N

i

N

_|

{

S B ST
e
o

.

gﬂﬁ 3.5 'Na'a'mnﬁﬁﬁwmmu TGFA[15]

3.3.3 2995UNTiSifMARUU hybrid logic

2asuIniifismauuy hybrid logic [16] fivsenaudae 2 dwu Ae diuiviladuluga
Sum uazaunaeuduluga Cary Out Fauandlugy 3.6

Tudiuvesluga Sum Wuegluguuuy pass transistor logic #7495 XOR a1udunm
waz19asduefinesndune G, anenluga Carry Out Agagluguiuunasasiniuun
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€ o

aviau (Mirror Circuit logic) 29a5UINAflFMAL16] [dnsuTamesviann 24 nsudines 1
ANNEISalUAUANSIkazn1sTUlvan uildoidsfedeaulaeasiduasdiaas

v v
M1 |~ M5 | — =

B

- ] J__
M4 M8
3 !:__L E‘—L
Vpp.
e 28 Y
M13

gﬂﬁ 3.6 2ATUINTATFMALUY hybrid logic [16]
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3.3.4 2995UNTLFWMALUY PLT/TG

>

a Voo
il
(o I
M2
B |
M3
=
M4 —
N

Uil 3.7 2easuaniitiiauauuy PLT/TGI17]

AFVINAFIANNY PLT/TG [17] uamadsguil 3.748un1sstutann pass logic
transistor ffu-fransmission gate Jasua el lUlfueA B sinans Tauuy
tree structured Tﬂmaasﬁﬁﬁi’wmumm%ma%gjﬁ 20 namdwes lnednsifindunedines
erummanusalumsTuigvivg deifutessssifantsguydod sl
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NANISI1809N15N9Y

’N‘R]‘J'U’Jﬂ‘VIﬁJGl'J‘WG]L‘UU’J\Y&]EVIL’fJU?i’JUﬁWﬂZU“Ua\‘I'N‘UEBU‘] ‘U\‘ilﬂﬂﬁ']’!il’] I‘LI‘UVI‘VI 3 IG]EJJJ

ot o

L‘uEWHLﬂEJ’Jﬂ‘Uﬂ’ﬁaaﬂLL‘U‘U’Nﬁ]‘i‘U’Jﬂ‘mJGI’JV]G]IG]EJI‘UWIﬂIuIaEJ‘UiJE]aﬂ’JEJE‘ULL‘U‘UGI'N‘] wazi3ng

MseanuUUNIsAIReaTueameasinm welddlalundnmaviauuasmsfivesiiees

aiedslunsesnuuy quwﬁrﬂumiﬁﬂmeqwﬁuawé’nmsmaaﬂLLumwsmnﬁﬁﬁwm

vlinduea Inraasuinifidavaiieenuuulnsiifuisasuiniitisave 1 Safeenuuulngoide

lassadrmsudanedidngdues wazludauseimesduiovinanauin 1aldaesiuea

Tarundnlumseanuuy laersasuiniidsmafiaenuuui amﬁaﬁwé’mwmﬂ%mﬁ"q uaz
a o

umwl,'s'ﬂumsmmuwaa LZJE]L‘U'iEJ‘ULVIEJU'J\T?]?U’JﬂVIQJG]’JV]ﬂV]UW GG ’J\‘i‘i]'iU'Jﬂ‘VlﬁJGl’W]ﬂ

oo

LL‘UU‘W‘U%’]U[M] HATUINTARF AU Y TGFA[15] 22 TuInNUAINALY Y, hybrid logic [16]
LaEIATUINATF ALY PLT/TGLLT] 299 5fienuunluganansavinnuiisedunsedy
uwnasinedisn 1.2 Taant Felumseenuuuidaaalfiridmsylunsesnivuiiaudly
MIYNNU LasMsgaasnIaInUTasNasliuvana-6] Lwhaﬁ]'iﬁaamwuﬁé’qﬁ{]mmL%"aqms
deudsisaiumnsglaan (Threshold voltage loss) é’aﬁuawaﬁaanLLUU‘lmﬁaamLUUMLﬁa
wit g venil Lwa’l,mwswaanqummmm\ﬂumumuLLsamuLmaamwm wasfinuad
gelaog1eiidsyansaiw

4.1 naTeanuuUlsasUIndfmatuulny

[
ddw < o

WU ATifnaTiiEue Ussnedfagdieie 3 daufe druiindaiviaadng A%
207 UArNISIANTULS ei:;uwaaaLﬂuwaauamwamﬂumuw’tmamwmamﬂ u,axmuﬁ
audme e dulaseaiiawy transmission gate ﬂ'ﬁ'q‘uﬁafﬂ,ma“Lmswum’msmnﬁﬁ
mwﬂ‘wmLauamammuuamlﬂmww 47\ dataniTuIun s uTings Lazannsayde

MEuildvondas

A——>

B —»

XNOR/XOR ———» P1,P2

P1____ )]
p2——» Multiplexor ——» Sum
C, —>

Pl

3\2 _L Carry output ——» C

C;—>

out

‘U 4.1 Uaaﬂlﬂa“'LLﬂiﬁJ‘UEN’NQiU?ﬂ ’JVIﬂ‘VI‘u’lLﬁ‘LlB



31

druwsnvesudentaezunsuudiu idndpdussinauazidngleasinalasiidyy
Sunn AB vhwmthitlunisuandausn LSB (1s) ewinailadmualidy P1 uaz P2 Jagen
P1 uar P2 aunsalisuluaunisyadu daaunisi (4.1) waz ¢.2) Feludnildwmunn

1N WITWFRDINVTIUTARS (Pass Logic Transistor) wandlugui 4.2

PL=A®B 4.1)
P,=A®B “4.2)
Voo
<
Bo—
= v
1
~—||:— 1 s
M2 P,
Ao———q R,
0—'% 0—| M6
M3{ =
Bo—o——'h
M4 =

5UR 4.2 29asiBndeBussinauasidnaBassinansndines

druftasadudnaiafiunad (Multiplex) angun 4.3 Usgnatae niudines M7
M8 uaz Sunesines iivatianisduraiees lnefidyaadunndy G, dygin PL uas P2
Fulueniynvesdiufinis Inolammavssdiuiiurinasuweasuinidfidme n1g
° ‘g = e a LY [ o P w oo o P
auduldanannisi (4.2) Inefidfyaradunasime G, Dudyyrabendadns felile
Cin S1A0u 0 nadwsnlmduduanu P, uazidlo G, SAniidu 1 nadwsasiludyanu Py
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M7 SUM

G- om—-+ —

s A

P2 [,
gﬂﬁ 4.3 29astamwanana (Carry output)

drugaving 1Wun19v1uluiuu2995 transmission gate Tngdoudifinislday
nsuBaned M9 - M12 iiteluadredyga Cour wanslugy 4.3 nsvieuresdiuly
maunTsi (4.3) Iﬂa“luzhuﬁ%ﬁﬁuwm 4 @7 fe A, i, Py ez P, Inadyayia Py uae Po 9y
Judygunivaunisinnuvesweansiudines 4 P, wa P, vdlsedudyyiuidady
AABN

NeFUINTTFmMALAnafagUTl 4.3 ganLUUIHBUINEYLULTIA4Y A2UARINITUIN
Tnefidunade A, B way G, wsamdmav i Frsuiniidfmaiioeniuuiaglduan

wudluuislusumiesngendt MSB (2s,3s..) freTedaauIndInaflaainnisuInYeslnien
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11978 Imaauwmmmmuamnnua ldloinnaesan A uadng (Sum) uagAnednmdn

v as

v (Carry output) a@unsailewduannmsyadu yonsaswiavanuuuldimelmidlsaed

SUM = (P)Ciy + (P)Ciy (4.2)
Cour = (APY) + (Cin(PY)) (4.3)

4.2 2sunfisisamafiiiaus
_VE <J _VE
M1 k4

T

K
A7

Ao N m

571
|||—-J

M4 = o-—C8UT

M12
1

UM 4.4 2935U2NAAAMANULEUD

4.2.1 ANIVNNTUYBIINAT

ns¥uresasiiiaus aunsnesuialiidu 3 dau ahuuiﬂf\mﬂuehuﬁa%f’m
TyaandndgiuesuavidndaBoed laansldaumnudanes M1-M6 druiidu uwuu pass
transistor logic waamwmwﬂumu%q cross-coupled Fuad N5IUTADS M5-M6 \fioan
mifngl,aaﬁuaa threshold voltage azaaain1sadaya1ad XOR way XNOR s Ty
ﬁuwmeQdauﬁﬁaﬁmmﬂm A uaz B
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13U 4.4 fmualsl A Faedndu 0 v3e low waz B fasinudu 0 v3e low fiua
VI N9udaimasMl, M2, M5 uas M6 agluaniiy ON wag nIudines M3 uaz M4 agly
anmudu OFF mszazdunadwsvasmaviniudruusnaiinodnibu P1 andu 0 uas P2 §
andu 1 wazdmuali G, GAdu 0 3o low n51Bmes M7 aganiuz ON uwaznsunes
M8 aganiuz OFF uasdunodfinesasduioninanasn (SUM) iy 0 Tuduil 3 nswdines
M9 wagz M10 azagluaniiz OFF niudined M11 uaz M12 agluan1ie ON lwinadma
(Carry Output) 2zdiAndu 0 rimualidunsdme G, et 1 nudimes M7 sgdaniuz
OFF wagnsudines M8 aganiuz ON wazduniesinadazduievinanasiu (SUM) Ju 1
V3TN M9 uaz M10 agagluaniie OFF nsudines M11 uay M12 agluaniiz ON
Lo vinmsave (Carry Output) 9zdieidu.0

Anunli A flaedmu-0%Se low uas BHasdarlu 1 wSe high dunaniala
NI1uTanasML, M M5 Lay M6 edluaniiy ON uaz nim@mes M2 uaz M3 aglu
anmudu OFF wagaziunadwsvesmsunludrulisnasiimodnduetdndu 1 uag P2 3
Al 0 warMWUAlA-Gy, fianlu 0 938 low nsUBinas M7-agan1uz ONWaznsLTnes
M8 agan1us/OFF uarduiiasinosastuionyinanasay (SUM) Wu-t-ludndl 3 nsudmed
M9 waz M10 avagluaniiz.On ns1u@ined M11 tazM12 egluaniag OFF w1vivadImA
(Carry Qutput) azfian{u 0 drinustvidunasime G, Tyl nswdimes M7 edanus
OFF uasns1udings M8 adantuz ON uazduiiasimesavduteinanasiu,(SUM) 1u o
NIMTADS M9 uag MI0 9vedluan iz ON s udwmes M1l bay M12 agludniig OFF
wvinedg (Carry Output) sedianidiu L

definuald Adiaedniu 1 wSe high ua B faednlu 0 wSotow dnavinl
NI1uTARDIML, M, M5 Lag Me edluaniig ON uagmIsnizmai-M2 uag M3 aglu
anmuiiy OF Fnswasdunadmsvasmsuintudauasnagfioodntu p1 Atdiu 1 uas P2 4
Andu ouagfaviualyt G AT 0 m38 low M3 udines M7 atanuy ON uagniudines
M8 pejanug OFF azduliasimasaedienvimanasast (Sun) 10y 1 ludwd 3 nsudines
M9 uae M10 aZedluaniiz On nsrudmes M1l Uag-M12 egluan1g OFF 1viuadng
(Carry Output) 9zdAidiu 0 difuualidunadme G, BetluLsudmes M7 egaoue
OFF uasnsuiines M8 aganauy ON uazduisesineiasduievinanasiyu (SUM) Uy 0
NIUTa0T M9 uaz M10 svegluaniae. ON Usiumwes M11 uag M12 agluaniig OFF
W vinadava (Carry Output) 9zdiandu 1

ilafuualid A daedndu 1 wde hich war B Taednilu 1 w3e high Inavinls
NIUTANDIM3, M4, M5 uaz M6 agluaniiz ON uas nsudimes M1 uag M2 agly
anmziu OFF wszasiunadnsvasmsuanludiunsnagiiaeinidu 1 dndu o uas P2 1
Ay 1 waziuuald G, TA1du 0 w38 low nudines M7 eganiuy ON wagnuTines
M8 agjanuy OFF uardunedinesazduieninanasay (SUM) W 0 Tudawud 3 nsudines
M9 uay M10 azagluan1iz On niuTines M11 uaz M12 agluan1ie OFF owinadma
(Carry Output) azfiAniu 0 driuualidunadane G, Tandu 1 naudwes M7 eganug
OFF uaznsudines M8 aganiuz ON uavduneimesagduiavinanasiu (SUM) ilu 1
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nIBnes M9 uag M10 avegluaniaz OFF nsuines M11 uaz M12 agluaniiy ON
lWinmdavn (Carry Output) dedidndu 1 uanaisgudl 4.5

v) : 1(s)

i5
v{A)

1.0
054 : : : . : .
0.0 : ' : = : = |

47

V) 11(s)

15
¥(B)

1.0-
05 : : : :
0.0 ' : : : -

)

¥} :1(s)

15 )
v{Cin)

1.0 4
05 4
0.0 —]

)

¥) 1 1(8)

15
v{Sum)

1.0 4
0.5 A
0.0

{¥)

) 1 1(s)
3 v{Cout)

-~

15
1.0
~ 054
0.0

T T I T
0.0 2n 4n G 8n 10n i2n 14n 16n

U7l 4.5 gudyaaBunauady e inavaeasuInigsanafiosnwuulmifius iy
Uiy 1.2 Teas-A29al@fl 500 MHz

4.3 NAanN1531a99n15N19TH

dvfummeasuilienasfinuinisiiuveasestaniildma i nauatuldly
Tusunsa Hspice Tun1s9rassnsireuiienisinuavseansnmusnasiituaus wioui
WisuitsuiuasesuaniiiFmauuuiiugiul14] 2sesuniisifmauuy TGFALS] 29asuaniil
fmALUY hybrid logic [16] uagrasuaniilfmawuy PLT/TGIL7] awdildnannmluumd 3

n1381889n19%19ud szfunissiasAinisuiaanan propagation delay time
yoresiUisuiiisuiann Tnonsuuavanandr@unud 10 F, 30 fF, 50 fF, 0.1 oF uay
0.2 pF uasAuseduundadiedaud 1 1aad - 2 Taad arnduhafildunSoudiouiu ns
Taeglddyyrudunaniunisnniuais Faflouranirfuussuunas81evea99s
';;U‘ﬁ 4.6 uangUdyadunn ldlunssasnshauweasuiniiima



36

A

B

o JUUUL

o

5UT 4.6 sULUUAYYIUBUNATBL299S

gﬂﬁl 4.7 uanegudoynadunn LLazé’zyznguLmﬁwmmawsmnﬁﬁéqumquﬁugm
[14] Fiusaduunasdne 1.2 Taad aadd 500 MHz fluaaraurduaudil 10 fF gﬂ'ﬁ 4.8 3u
Ay audune LLasé’:gzyﬁmLmﬁwmamwsmnﬁﬁﬁwmLLUU TGFAILS] flussfuunasing 1.2
Thad eudil 500 MAz Alnanaitadunndd 10 FF gﬂ'ﬁ 493Uy ayans Bunmuazdoy o
i WiwnvasNITIINiifavawuY hybrid logic[16] Fiusdfuuvasiag 1.2 Tad audd 500
MHz Alnagmiurdunudd 10 5 LLazgﬂﬁ 4.10 %Lﬂugﬂé’ﬁgmm BuUNALATE Y100 NA
YBINASUIATE S ey PLTATGILTY fuseduiidedae 1.2 Tad-anud 500 MHz filuan
ArBuaET 10 fE

Coawentional FA

V) 1)
N ; 5 : : : : Vi)
R ; : : ~ : :
< s :
0.0 : : : : : : L]
W)
i5 (@)
04
’f'l 05- . - - .
0.0 : : i : s
) R
1 {Cin)
10
< 05
0.0 L]
R
15
f ; ' e : H 4 v(Sum
10 ; : : : : : Gum
< 054 : : ] 5
oo ; a s : ; : L
V) 1 1(e)
15
’ H H M g ‘ + < 1 v(Cout
1.0 ; : : ] ; e
< 054 : : : :
00 s ] : ; : : :
{ T T 1 T T T T i
00 2n 4n 6n 8n i0n 12n 14n 16n

{8}

JUT 4.7 gudynadunauasdyyraeinavasaeasuaniilidmanuuiugiu(14]

5
Y
FLTINuLVa9ane 1.2 Taad A2uan 500 MHz



37

SUBIHETION AG B
y 1)
: v(x
o ®
2 054
00 : : : : : i —]
V) 1 l(s)
15 @
104
= o054 : :
1)
5 w(Cin)
. 10
EEE
0.0 L
s V) 18]
’ T . > : : : : . v{Sum
L 0] T me—s T |
< 054 L
0.04 ; : : ' : : i :
s V) gy
: : i H 4 : 4 : . v(Cout
- WY OSSN\
= 05 , ? : :
o.o] : : : : : : 5 :

T T T T T T T T T
G0 2n 4n 6n &n 10n 12n 14n 16n

JUT 4.8/ sUsfruyrnd SunaLardqe 1800 1A 99 TUINATAMALUY TGFA[15]

U [
P @ '

AusIuULVag1e 1.2 19ad a21489 500 MHz

Figtndl LOGE FA

V3N

:
&2 0.5 J : : : : :

0.0 i : : : : ‘ L]

b 4 V) A(s)
% <9 H ; ; ;

0.0 ‘ : ' 5 =

\ 1)

1‘; v(Cin)
08,

0.0 L

i V) 165)

- : : : : : s z 7] visum
=ul 1 [

00—~ : : : : : =

ZRC)
Y e el
0.0 ; i i i i : :

0.0 2n 4n 6n 8n 10n {2n 14n 16n
HE

s

Ui 4.9 sUdyaaBunauasdygyiaavinavsvisasuaniidismanuu hybrid
logic[16] NussAULKaITIw 1.2 1986 AUDT 500 MHz



38

(G-l FA

Vi)
' )
- 104
% 054
0.0 : : : : : : L
V) (s
15 ©
A {
. 104
= 05 .
0.9 : ! : 5 L
V) 1 }(s)
15 p v(Cin)
o 1.0‘
< 05
0.0 L
i5 (V) 1)
10l : ; : E i I i
Z 05/ g f : ; ; ; i
0.0 M H M H i h
'5 V) 1K)
4 v(Cou
- 18 5 : :I i -
< 051 : i
00 i : 1 B < H H
f | 1 T T 1 T { T
0.0 2n 4n Ba 8n 10n 12n 14n 16n
HEY

JUT 4.10 gUdnyay 1B unaLas A aRa Ve UE 980U AN NI MALUUPLT/ TG 17]
Auseauunaedie 1:2 17ad a9B7T 500°MHzZ

=

JUN-4.11 uayd.12 LLamgUan%‘aULﬁausumé’agzg'lzmmﬁvgmaiw wag 3u
TN MRATIMA ABNNITUINTTR AT RS UL IRuImaa8 1.2 Taad Anud
500 MHz wagvianisiaguutaduanniuaduaud 2110 fF= 0.2 pFiiaganssauzued

19957 aua Wialvasa U duaudianannau



V) 1 i{s)
15 4 ¥{10pF)
v{30pF)
| i/ V(5 0pF)
i ] ______
i (1 00pF
1.0+ il _(_E)
i
! § ¥(200pF)
i{ i
- i
| i 4
- i
054 ! ! |
gt 4
%% |
|
i |
i i
1 R
4 }
i I
i i {
00 PLEY o B, o] 1A
T 1 i i 1 i T T i
2n 4n 6n 8n 10n 12n 14n i8n 1Bn
1Y)

s s

JUN 4.11 5UASUAYIMDIAVANATINYEI I TUINATANANLLALD TnssALuraedny

1.2 Taasi-A7110 500Hz (fiawlaguat lvasnnuigunud

V)1
> (1 0pty
w(30pF})
7 )
i 77
1.0 } ‘,",1 v{100pF)
i &
I! w({200pF)
N |
o~ ' f
Z 1 |
! F ] §
i { & it
i | i ]
05+ E | i %’l
i it EH
| 5l
4 1
i i
1 i
3N i
i /Y
HIRY th
R M
0.0 S LY
T T T T T T T T
2n 4n 6n 8n 10n i2n 14n 16n
HES!

JUT 4.12 sUndudyanenduadmavatieasuniilidmaninaue fussiuunasdng

1.2 Taad A21u8 500 MHz WawasualvanarunBuaud

39



o
\l

P

\V

// X ——CCMOS

Propagation Delay (nS)
o o
w E=N

TG
—2=PLT/TG
0.2
=>=Hyhbrid
0.1
=¥=Propose
0

10 30 50 100 200
Load Capacitance (fF)

UM 4.13 anstUSsuiisudmiasaiiulvane v Buaudussdyyamasan
o ' 1 4
Muvidsangln 1.2 Trad

(%)

S

>

o

&

c ——CCMOS

o

© -B-1G

S

& “5&=PLT/TG

a.
=>&=Hybrid
—#¥=Propose

0 T | T T —
10 30 50 100 200

Load Capacitance (fF)

U7 4.14 mswSeudisudmiznaniuluaaahIunudussdyyraevinadmn
P ' 1 g
uvasdnglu 1.2 Taad

40



0.35

0.3

0.25

0.2

0.15

0.1

Propagation Delay (nS)

0.05

@a
[l
=20
=N

——CCMOS

~B-TG

=2=PLT/TG

=>&Hyhbrid

—=#—Propose

1.2 1.3 1.5 2
Power Supply Voltage (V)

15 pMswSeuifiguAvisaainuina sl vasdaaaiavinanas

fuvdsdnglu 1.2 Trad

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

ion Delay (nS)

Propagat

=6-=CCMOS

&G

=2=PLT/TG

=>&Hybrid

X =3¢=Propose

1.2 1.3 1.5 2
Power Supply Vottage (V)

JUT 4.16 mswSeuiilsudnilwariuundsdngli vesdygiaieninadane fiusediu
wrdedngln 1.2 Toad

41



42

300 . s s e e v e e+ e . e S VR VN
250
z
~= 200
§ ——CCMOS
-+
©
2150 - ~+1G
4
e —4=PLT/TG
g 100 -
S =>&Hybrid
50 —#=Propose
O = b} P L

10 20 50 100
lload Capacitance (fF)

£

U 4.17 aswlFguiigudimaenuiigaydevasasasuandififamanulvasaaduaud
nLseauunaRelin 1.2 Taas

70
60
E 50
5 ——CCMOS
7 40
jol BTG
.2 30
o =4=PLT/TG
[
§ 20 —=Hybrid
10 ' . =¥=Propose
O N—

1 1.2 1.3 1.5
Power Supply Voltage (V)

U 4.18 maSeuiisuaiidsnuiigydevaviasuaniififmaiuumnassngl



43

gﬂﬁ 4.13 wansnmsiUSeufisuamiialafulnanauidunud Audsuwlassaus
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’Nﬁ]iﬁmuaﬁmwﬁwnmmnndnaﬁ]imﬂﬁﬁﬁwmwuﬁugm[lcﬂ 0y 21% filnanaU1d
woud 1 fF willdmienadesndtey 18 % filvanamduaud 0.1 pF dedlouivaesuin
lfmauuy TGFA[L5] seifviaanantiosnin 14% - 30 % {eifsutuisuinitdma
WUUPLT/TGI17] 2fA1minevasiaitosnindaus 7 % - 25 % wazillawfieuiviesuini
Fmanuy hybrid logic [16]asilmmthanantdesnii s 33% - 43%

iﬂﬁ 4.14 LLammml?a‘uLﬁausﬂimu"mnmﬁ’u‘[‘waﬂmﬂﬁLmufz? fivdsuulasdaus
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‘lN’Nﬁ]'iVIL?IU’eJiJﬂ’]%U’NL’Jﬁ’]u@EJﬂ’JTN’\JSU’Jﬂ‘VIiW]’WlﬂLLU‘U‘WU%’]U[M»] o 32% - 62% iile
WioufuaesuInfilsmauty TGFALL5] sxidminanattioanda 37% - 100 % lawieuiu
ASUINTFMARYUPLT/TGILT) wlimhwesnatesninfun 27 % - 75 % wazile
Wieufursasuniiifvawuy hybrid logic [16]aziiAmmiauaanioanda, faus 37% - 85%
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Gl’]VIﬂLL‘U“UPLT/TG[l?] Y umumwammumn’nmLuﬂ 9 % --100:% LLa“LQJEJWlEJUﬂU’Nﬁ]i
mﬂ‘mum‘wmmu hybrid losic [16JagiAnuIIaUeeni mLLm 10% - 120%
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A13199 5.1 Wlsuiiguuszandainassasasuniiiamauazan Power delay product

Full adder Ta (ns) PDP (UWxnS)
#tr. Py (UW)

(VDD=1-2 V) SUM Cour SUM Cout
CCMOS5[14] 28 35 0.11 0.1 3.85 35
TGFA[15] 26 22.9 0.16 0.12 | 3.664 2.748
hybrid logic [16] 24 35.4 0.15 0.11] 5.31 3.894
PLT/TG [17] 20 38.2 0.19 0.11| 7.258 4.202
Proposed circuit 14 218 0.16 0.082 | 3.488 1.7876

91nA5197 5.1 SERTiTel asasiiiauety finsldanunsiume st nineasd
fusn Tagrsasiitauesion POP dosminasasuandiiianatuuiiug (14 og 95 % ieaitey
fursasurnfilismauuy TEFA15) 9xilen PDP toandd 53% iewfigufuisasuaniitfe
WUy hybrid logic [16]-9%31A1-PDP fesni1 135% waziileifisudyiiasuiniiifamauuy
PLT/TG [17]9%ilA1 PDP Weaana1 117%
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Arnrsafiimaduas 22 nm CMOS

A1ARUIN N.

M15799 n.1 AMNITIIRBIVRY 22 nm CMOS
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Mos transistor model parameter

Name of value PMOQOS NMOS Unit
Vo -0.321 0.3782 Vv
V. -0.126 -0.13 Vv
Vs 0.55 -0.55 Y
.. 27 27 °’C
T, 2.35 2.25 nm
1., 1.6 1.6 nm
T 2.35 2.25 nm
T res 2.35 225 nm
D, 0.75 0.65 nm
n Factor L5 15

E,, 0.0038 0.0052 em’ | Vs
U, 0.0095 0.05928 Q/m
R, 5 5

R, 120 100 Q/m
R, 240 200 Q/m
R, 120 100 Q/m
c,, 240 240 PE/m
C,, 240 240 pE/m
C,, 256 25.6 pE/m
Cou 265.3 265.3 pE/m
C 265.3 265.3 pF/m
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AIARNUIN .

TUsunsu HSpice Mdlun1siaseiineninus
Propose Full adder circuit

.OPTION LIST NODE POST
.OP ‘

PARAM V1=1.5V V2=0V TR=0.001NS TF=0.001NS

VDD 100 0 V1

¥ three input ****

Vil ¢ 0 PULSE (V1:V2/0.001NS TR TF.8NS 16NS)
Vi2 b 0 PULSEAVL V2 0.001NS TR TF-4NS 8NS)
Vi3 a 0 PULSE (V1 V2°0.001NS TR TF 2NS4NS)

M1 2 ¢ b 1 PMOS £=22N'W=500N
M2 2'b ¢ 1-PMOS L=22N"W=500N
M3 3 b c 0°NMOS L=22N - W=200N
M4 3 c b 0-NMOS.L=22N W=200N

M5 4 a 3 1 PMOS L=22N W=500N

M6 4 a2 0 NMOS L=22N"W=200N

Mil 6 4 1\1 PMOS L=22N W=200N
Mi2 6 4 0 0 NMOS £=22N W=100N
*coupled**

Mc1 321 1 PMOS L=22N W=200N
Mc2 2 3 0 0 NMOS L=22N-\W=100N

F*Carry out***

M21 5 3 ¢ 0 NMOS L=22N W=200N
M22 5 2 c 1 PMOS L=22N W=500N
M23 5 2 a 0 NMOS L=22N W=200N
M24 5 3 a 1 PMOS L=22N W=500N

C1500.05P
C2 6 00.05P
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**Mes Power**
VISTP 10010

FP 0 90 VTSTP 0.0375
RP 90 0 100K

CO 90 0 100P

* PTM Low Power 22nm Metal Gate / High-K / Strained-Si
¥ nominal Vdd = 0.95V

.model nmos nmos level = 54

+version = 4.0 binunit.=-1 paramchk= 1 mobmod =0

+capmod = 2 igcmod- =1 igomod =1 geomod =1
+diomod =1 rdsmod, = 0 rbodymod="1 rgatemod= 1
+permod /= 1 acngsmod="0 trngsmod= 0

+Hnom' =27 toxe = = 1.4e-009 toxp = 1.1e-009 toxm, = 1.4e-009

+dtox, =3e-010 epsrox. = 3.9 wint -~ = 5e-009 tint. =0

+Hl o 1=0 wl =0 Wn =1 win' =1

+Hw | =0 ww . =0 lwnt =1 wwn - =1

+wl | =0 wwl - =0 xpart> =0 toxref: = 1.4e-009
+vth0", "= 0:68858 kin. =04 k2> =0 3 490

+k3b =0 w0 ). <= 2.5e-006 dvt0 = =1 dvtl’ /=2

+dvt2 =0 dvtOw =0 dvtiw =0 dvtzw =0
+dsub  =0.1 minv ="0.05 voffl” =0 dvtp0 = 1e-011
+dvtpl =0.1 lpeld+ .= 0 lpeb ~='0 Xj = 7.2e-009
+ngate = 1e+023 ndep =55e+018 nsd“=.2e+020 phin =0
+cdsc =0 cdscb =0 cdsed =0 ct =0

+voff  =-0.1092 nfactor = 1.6 eta0 =0.0105 etab =0
+vib  =-0.55 ud  =0.035 ua  =6e-010 ub =1.2e-018
+uc =0 vsat = 170000 a0 =1 ags =0

+al =0 a2 =1 b0 =0 bl =0

+keta =0.04 dwg =0 dwb =0 pclm =0.02
+pdiblcl = 0.001 pdiblc2 = 0.001 pdiblch = -0.005 drout =0.5
+pvag = 1e-020 delta = 0.01 pscbel = 8.14e+008 pscbe2 = 1e-007
+fprout =0.2 pdits = 0.01 pditsd = 0.23 pditsl = 2300000
+rsh =5 rdsw =180 rsw =75 rdw =75

+rdswmin = 0 rdwmin =0 rswmin =0 prwg =0



+prwb =0
+beta0 =30
+egidl =0.8
+nigbacc = 1
+eigbinv = 1.1
+cigc = 0.002
+higc =1
+xrcrgl =12
+Cgso = 6.5e-011
010

+cgsl = 2.653e-010
+moin =15

+ktl  =-0.11
+ual = 4.31e-009
+at | = 33000
+fnoimod = 1

+jss' | =0.0001
+jthsfwd="0.01
+sd| | =10.0001
+ijthdfwd= 0.01
+pbs | =1

+cjsws = 5e-010
+mjswgs = 0.33
+pbswd =1

+cjswegd = 5e-01Q
0.001

+tpbsw = 0.005
+xtis =3
+dmcg =0
+dwj =0
+rshg  =0.4
+rbps =15
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wr =1 alpha0 = 0.074 alphal =0.005
agidl = 0.0002 beidl = 2.1e+009 cgidl = 0.0002
aigbacc = 0.012 bigbacc = 0.0028 cigbacc = 0.002
aigbinv = 0.014 bigbinv = 0.004 cigbinv = 0.004
nigbinv = 3 aigc = 0.015211 bigc = 0.0027432
aigsd = 0.015211 bigsd = 0.0027432 cigsd =0.002
poxedge = 1 piged =1 ntox =1
xrcrg2 =5
cgdo = 6.5e-011 cgbo = 2.56e-011 cgdl = 2.653e-
ckappas = 0.03 ckappad =.0.03 acde =1
noff-.=0.9 voffcv—="0.02
ktil ».=0 KA~ EH.022 ute "= -1.5
ubl ~=761e-018 ucl~. =-56e-011 pit =0
thoimod = 0
jsws =1le-011 jswes = 1e-010 nis =1
ijthsrev='0.001 bvs. =10 xjpvs =1
jswd- | = 1e-011 jswed-=1e-010 nid =1
fjthdrev=0/001 bvd =10 xjbvd | =1
gjs .= 0.0005 mjs- =0.5 pbsws/ = 1
mjsws = 033 pbswgs: =4 Cjswes = 3e-010
Rk \ & cjd’/ =10.0005 mjd =05
¢jswd w="5e-010 mjswd = 0.33 pbswed =1
mjswegd = 0.33 tpb, “\.= 0.005 tg =
tgsw  =0.001 tpbswe = 0.005 tcjswg = 0.001
xtid =3
dma =0 dmdg =0 dmcgt =0
xgw =0 xgl =0
gbmin = 1e-010 rbpb =5 rbopd =15
rbdb =15 rbsb =15 ngcon =1



.model pmos pmos level = 54

+version = 4.0
+capmod =2
+diomod =1

+permod =1

+thom =27
+dtox = 3.2e-010
+U =0

+lw =0

+wl =0

+vth0  =-0.63745

+k3b =0
+dvt2 =-0.032
+dsub /= 0.1
+dvtpl = 0.05
+ngate = 1e+023
+cdse | =0
+voff. | ==0.09
+fb © = 0.55
+uc =0

+al =0
+keta =-0.047
+pdiblcl = 0.001
+pvag = 1e-020
+fprout = 0.2
+rsh =5
+rdswmin = 0
+prwb =0
+beta0 =30
+egidl =0.8
+nigbacc = 1
+eigbinv = 1.1
+cigc = 0.0008
tnigc =1

+xrargl =12

binunit = 1
igcmod =1
rdsmod =0

acngsmod= 0

toxe = 1.4e-009

epsrox = 3.9
wl =0
ww.= 0
wwl_ =0
kt =04
w0 = 25e-006
dvtOw =0
minv ©_=0.05
=0\ 50
ndep = 4:.4e+018
cdscb . =0
nfactor = 1.8
uo v =10.011
vsat ‘= 170000
az i
dwg. =0
pdiblc2 =10.001
delta =20.01
pdits.= 0.08
rdsw =230
rdwmin =0
wr =1
agidl = 0.0002
aigbacc = 0.012
aigbinv = 0.014
‘nigbinv = 3
aigsd = 0.0097
poxedge = 1
xrcrg2 =5

paramchk= 1
igbmod =1
rbodymod= 1

trngsmod= 0

toxp = 1.08e-009

wint = 5e-009

U= 1
wn =1

xXpart =0

k2 =-0.01
dvt0. | =1
dvtlw =0
voffl”_ =0
lpeb. =0
nsd /.= 2e+020
cdsed. =0
eta0 » =0.0105
ua = 2e-009
al =1

b0 =0

dwb ' =0

pdiblcb-="3.4e-008
pscbel= 8.14e+008

pditsd = 0.23
Isw..—= 725
rswmin =0

alpha0 =0.074
beidl = 2.1e+009
bighacc = 0.0028

bigbinv = 0.004
aigc = 0.0097
bigsd = 0.00125
pigcd =1

toxm

54

mobmod =0
geomod =1

rgatemod= 1

= 1.42e-009
lint =0

wlin =1
wwn =1
toxref = 1.42e-009

k3 =0
dvtl " =2
dvt2w =0
dvtp0 '=1e-011
Xj = 7.2e-009
phin® =0
ct, =0
etab: =0
ub' = 5e-019
ags.. = 1e-020
=0
pclm =0.12
drout = 0.56

pscbe2 = 9.58e-007

pditsl = 2300000

rdw =725
pwg =0
alphal =0.005
cgidl = 0.0002
cigbacc = 0.002
cigbinv = 0.004
bigc = 0.00125
cigsd = 0.0008
ntox =1
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+cgso = 6.5e-011 cgdo = 6.5e-011 cgbo = 2.56e-011 cedl =
2.653e-010

+cgsl = 2.653e-010  ckappas = 0.03 ckappad = 0.03 acde =1
+moin =15 noff =09 voffcv = 0.02

+ktl  =-0.11 ktil =0 kt2 =0.022 ute =-15

+ual = 4.31e-009 ubl = 7.61e-018 ucl = -5.6e-011 prt =0

+at = 33000

+fnoimod = 1 tnoimod. =0

+jss = 0.0001 jsws = 1le-Q11 jswgs = 1e-010 ns =1
+ijthsfwd= 0.01 ijthsrev="0.001 bvs =10 xjpvs =1

+jsd = 00001 jswd | =1e-011 jswed ~=-1e-010 nd =1
+ijthdfwd=0.01 ijthdrev="0.001 bvd <« =10 xjpvd =1
+pbs =1 gjs-—.=.0.0005 mjs_.= 0.5 pbsws. =1
+Cjsws = 5e-010 mjsws © =0.33 pbswes = 1 cjswes. = 3e-010
+mjswgs =0.33 =~ T\ (@A ¢jd. = 0.0005 mjd | =0.5
+pbswd =1 cjswd = 5e-010 mjswd =033 pbswed =1
+cjswed =5e-010 " mjswed. =10.33 tpb . =0.005 tcj — = 0.001
+tpbsw =.0.005 tgjsw -=,0.001 tpbswg = 0.005 tejswe | = 0.001
+xtis | =3 xtidv =3

+dmcg =0 dmci =0 dmde” =0 dmcgt =0
+dwj =0 XQW._ =0 xgl =0

+rshg =04 gbmin® = 1e-010 rbpb- =5 rbpd =15
+bps =15 rbdb.. =15 tbsb =15 ngcon =1

* TRAN 0.01NS 18.5NS sweep load OPF 0.1PF 0.01PF
.MEAS TRAN avgpow AVG POWER FROM=0n TO=4n
.TRAN 0.01NS 32NS UIC

.END
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Conventional

.OPTION LIST NODE POST
.OP

PARAM V1=1.2V V2=0V TR=0.001NS TF=0.001NS

VDD 1 0V1

*** three input ****

Vil ¢ 0 PULSE (V1 V2 0.001NS TR TE.8NS-16NS)
Vi2 b 0 PULSE (V1 V2 0.00tNS-TRTF 4NS 8NS)

Vi3 a 0 PULSE (V1 V2 0.001NS TRTF 2NS 4NS}

R YR R
*** Full adder ****

Mpl 2 a 11 PMOS LL=22N.W=500N
Mp2 3'b 2 2 PMOSL£=22N W=500N
Mp3 5a 1 1T'PMOS L=22N-W=500N
Mpd 5b 1 1 PMOS L=22N W=500N
Mp5 3 ¢ 5.5 PMOS L=22N W=500N
Mp6 7 ¢ 1.1. PMOS L=22N W=500N
Mp7 7.a 1 1.PMOS L=22N-W=500N
Mp8 7 b 1 1.PMOS L=22N W=500N
Mp9 9 37 7 PMOS L=22N W=500N
Mp10 10 a1 1 PMOS L=22N-W=500N
Mp11 11 b 10:10,PMOS L =22N"W=500N
Mp12 9 ¢ 11 11 PMOS L=22N-W=500N
Mn1 4 a 00 NMOS L=22N W=200N
Mn2 3 b 4 4 NMOS L=22N W=200N
Mn3 6 a 0 0 NMOS L=22N W=200N
Mnd 6 b 0 0 NMOS L=22N W=200N
Mn5 3 c 6 6 NMOS L=22N W=200N
Mn6 8 c 0 0 NMOS L=22N W=200N
Mn7 8 a 0 0 NMOS L=22N W=200N
Mn8 8 b 0 0 NMOS L=22N W=200N
Mn9 9 3 8 8 NMOS L=22N W=200N
Mn10 12 a 0 0 NMOS L=22N W=200N
Mn11 13 b 12 12 NMOS L=22N W=200N
Mn12 9 ¢ 13 13 NMOS L=22N W=200N
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Kaxx QLN *rek
Ms1s911PMOS L=22N W=500N
Ms2 s 9 0 0 NMOS £=22N W=200N
0% Carry Out **4

Mcol Co0 3 1 1 PMOS L=22N W=500N
Mco2 Co0 3 0 0 NMOS L=22N W=200N

C1500.1p
€2 Co0 0 0.1p

* PTM Low Power 22nm Metal Gate / High-K / Strained-Si
* nominal Vdd = 0.95V

.model nmos nmos—level-= 54

+version = 4.0 binunit =1 paramchk=-1 mobmod =0
+capmod = 2 igcmod =1 igbmod =1 geomod =1
+diomod =1 rdsmod =0 rbodymods="1 rgatemod= 1
+permod =1 acngsmod= 0 trngsmod= 0

+thom' =27 toxe. =1.4e-009 toxp = 1:1e-009 toxmy = 1.4e-009

+dtox | = 3e-010 epsrox (=39 wint: = 5e-009 int/ =0

Hl =0 wlo =0 tw (31 win =1

+Hw =0 ww =0 lwn= /=1 wwn =1

+wl =0 wwl_=0 xpart =0 toxref /= 1.4e-009
+vth0 = 0.68858 Ky .= 04 k2 =0 k3 =0

+k3b =0 w0 . = 2.5e-006 dvt0 =1 avtl =2
+dvt2 =0 dvtOw =0 dvilw =0 dvt2w =0
+dsub  =0.1 minv = 0.05 vofflt =0 dvip0 = le-011
+dvitpl =0.1 lpe0 =0 lpeb =0 Xj = 7.2e-009
+ngate = 1e+023 ndep =55e+018 nsd = 2e+020 phin =0
+cdsc =0 cdscb =0 cdscd =0 gt =0

+voff =-0.1092 nfactor = 1.6 eta0 =0.0105 etab =0
+vfb  =-0.55 ud  =0.035 ua  =6e010 ub = 1.2e-018
+uc =0 vsat = 170000 a0 =1 ags =0

yal =0 a2 =1 b0 =0 -0
+keta =0.04 dwg =0 dwb =0 pclm =0.02
+pdiblcl = 0.001 pdiblc2 = 0.001 pdiblcb = -0.005 drout =0.5
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+pvag = 1e-020 delta = 0.01 pscbel = 8.14e+008  pscbe2 = 1e-007
+fprout = 0.2 pdits = 0.01 pditsd = 0.23 pditsl = 2300000
+rsh =5 rdsw =180 rsw =75 rdw =75
+rdswmin = 0 rdwmin =0 rswmin =0 prwg =0
+prwb =0 wr =1 alphad =0.074 alphal =0.005
+beta0 =30 agidl = 0.0002 beidl = 2.1e+009 cgidl = 0.0002
+egidl =0.8 aigbacc = 0.012 bigbacc = 0.0028 cigbacc = 0.002
+nigbacc = 1 aigbinv = 0.014 bigbinv = 0.004 cighinv = 0.004
+eigbinv = 1.1 7 nigbinv = 3 aigc = 0.015211 bigc = 0.0027432
+cigc = 0.002 aigsd =0.015211 bigsd = 0.0027432 cigsd = 0.002
+nigc =1 poxedge = 1 pigcd =1 ntox =1
+xrergl =12 xrcrg2 =5

+cgso = 6.5e-011 cedo = 6.5e-011 cgbo= 2.56e/011 cgdl = 2.653e-
010

+cgsl =2.653e-010 | ckappas.=0.03 ckappad = 0.03 acde =1
+moin | = 15 noff © =0.9 voffev_= 0.02

+ktl' | =-0.11 ktil~ =0 kt2'\ /=0.022 ute 22-1.5
+ual | =4:31e-009 ubl, /=761e018 ucl T=+5.6e011 prt =0
+at | |=33000

+fnoimod =1 tnoimod:= 0

+jss = 0.0001 jswsw=1e-011 jswgs =.1e-010 njs =1
Fijthsfwd= 0.01 ijthsrev=-0.001 Bus— =10 xibvs =1

+jsd = 0.0001 jswd = = 1e-011 jswed- =.1e-010 nd =1
+ijthdfwd= 0.01 ijthdrev="0.001 bvd =10 xjpvd =1
+pbs =1 ¢s = 0.0005 mjs—= 0.5 pbsws =1
+cjsws =5e-010 mjsws =0.33 pbswgs =1 cjswes = 3e-010
+mjswgs = 0.33 pbd =1 cjd = 0.0005 mjd =05
+pbswd =1 gswd = 5e-010 mjswd = 0.33 pbswed =1
+cjswed = 5e-010 mjswed = 0.33 tpb  =0.005 tg =
0.001

+tpbsw =0.005  tgjsw = 0.001 tpbswg = 0.005 tcjswg = 0.001
+xtis =3 xtid =3

+dmcg =0 dmci =0 dmdg =0 dmcgt =0

+dwj =0 xew =0 xgl =0



+rshg =04

+rbps =15

gbmin

rbdo =15

.model pmos pmos level = 54

+version = 4.0
+capmod =2
+diomod =1
+permod =1

+thom = 27
+dtox =.3.2e-010
+U =0

+w =0

+wl @ =0

+vthO = =30.63745

+k3b | =0
+dvt2 | =-0.032
+dsub | =011
+dvtpl = 0.05
+ngate = 1e+023
+cdsc =0
+voff =-0.09
+vib =055
+uc =0

+al =0
+keta =-0.047

+pdiblcl = 0.001
+pvag = 1e-020

+fprout = 0.2
+rsh =5
+rdswmin = 0
tprwb =0
+betal - = 30
+egidl =0.8

+nigbacc =1

binunit = 1
jgcmod =1
rdsmod.=0

acngsmod= 0

toxe = 1.4e-009

epsrox .= 3.9
wlk-=0
ww =0
wwl =0
k1 =04
w0 =.2.5e-006
dvtOw,. =0
minv =.0.05
lpe@ . =0
ndep = 4.4e+018
cdsch =0
nfactor =1.8
u0 =0.011
vsat =_170000
a2 =1
dwg =0
pdiblc2 = 0.001
delta = 0.01
pdits = 0.08
rdsw =230
rdwmin =0
wr =1
agidl = 0.0002

aigbacc = 0.012

aigbiny.= 0.014

= 1e-010

=5
=15

rbpb
rbsb

paramchk= 1
igbmod =1
rbodymod= 1

trngsmod=0

toxp =-1.08e-009

wint' - = 5e-009
Lbn, Nl =+
lwn =11
xpart =0
k2 =-0.01
dvt0o. =1
dvtlw =0
voffl " =0
lpeb =0
nsd- /. '=2e+020
cdscd =0
eta0 = 0.0105
ua =2e-009
a0 =1
b0 =0
dwb =0

pdiblcb = 3.4e-008

pscbel= 8.14e+008

pditsd = 0.23
rsw =725
rswmin =0

alpha0 = 0.074
bgidl = 2.1e+009
bigbacc = 0.0028
bigbinv'=.0.004

59

=15
=1

rbpd

ngcon

mobmod =0
geomod =1

reatemod= 1

= 1.42e-009
=0

toxm

lint
=\l

wwn. =1

toxref = 1.42e-009

win

k3 =0
dvtl— =2
dvi2w ' =0
dvtp0 =/1e-011
Xj = 7.2e-009
phin/ =0
cit /=0
etab =0
ub = 5e-019
ags = 1e-020
bl =0
pclm =0.12
drout =0.56

pscbe2 = 9.58e-007
pditsl = 2300000
rdw =725
pwg =0
alphal = 0.005
cgidl = 0.0002
cigbacc = 0.002
cigbinv, =0.004
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+eigbinv = 1.1 nigbinv = 3 aigc = 0.0097 bigcc = 0.00125
+cigc = 0.0008 aigsd = 0.0097 bigsd = 0.00125 cigsd =0.0008
+nigc =1 poxedge =1 pigcd =1 ntox =1
+xrcrgl =12 xrcrg2 =5
+Cgso = 6.5e-011 cgdo = 6.5e-011 cgbo = 256e-011 cgdl =
2.653e-010
+cgsl = 2.653e-010  ckappas = 0.03 ckappad = 0.03 acde =1
+moin =15 noff =0.9 voffcv = 0.02
+ktl  =-0.11 ktil.="0 kt2 =0.022 ute =-15
+ual =4.31e-009 ubl =7.61e-018 ucl= -5.6e-011 prt =0
+at = 33000
+fnoimod = 1 tnoimod =0
+ss | = 0.0001 jsws = 1e-011 jswes.. = 1le-010 njs =1
+ijthsfwd=_0.01 ijthsrev=10.001 bvs. =10 xjpvs =1
+jsd ' | =.0:.0001 jswd “=1e-011 jswed = 1e-010 nd =1
+ijthdfwd=-0.01 ijthdrev= 0.001 bvd. =10 xjovd =1
+pbs. | =1 ¢jsy =10:0005 mjs =05 pbsws. =1
+cjsws | = 5e-010 mjsws = 0.33 pbswes =1 Cjswes [=3e-010
+mjswgs = 0.33 pbd,. =1 gd- =0.0005 mjd / /=0.5
+pbswd . = 1 cjswd ) = 5e-010 mjswd = 0.33 pbswed =1
+cjswgd =5e-010 -, mjswed, ='0.33 tpb -/ =10.005 tg ~ =0.001
+tpbsw = 0.005 tgsw  =0:001 tpbswg = 0.005 tcjswg = 0.001
+xtis =3 xtid =3
+dmcg =0 dmci =0 dmdeg =0 dmcgt =0
+dwj =0 xew =0 xgl =0
+rshg =04 gbmin = 1e-010 rbpb =5 rbpd =15
+bps =15 rbdb =15 rbsb =15 ngcon =1

* TRAN 0.01INS 18.5NS sweep load OPF 0.1PF 0.01PF
.MEAS TRAN avgpow AVG POWER FROM=0n TO=4n
.TRAN 0.01NS 32NS UIC

.END
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Propose Full adder circuit

.OPTION LIST NODE POST
.OP

PARAM V1=1.2V V2=0V TR=0.001NS TF=0.001NS

VDD 100 0 V1

X three input ****

Vil a 0 PULSE (V1 V2 0.001NS TR-TF8NS 16NS)
Vi2 b 0 PULSE (V1 V2 0:00INS TR TF dNS 8NS)
Vi3 ¢ 0 PULSE (V1*V270.001NS TR TF.2NS 4NS)

*RER YR *HHR
M1 2 A11 PMOS L=22N W=200N
M2 2 A0 0 NMQOS. L=22N-W=100N
M3 3 B A 1 PMOS L=22N - W=500N
M4 3 B 2 0)NMOS L=22N W=200N
M5 4 B 21.1.PMOS _[.=22N - W=500N
M6 4 B A O-NMOSL=22N"W=200N
M7 3'A'B 1.PMOS L=22N W=500N
M8 3 2 B.0 NMQOS L=22N' W=200N
M9 4 2 B.1 PMOS L=22N"W=500N
M10 4 A B'O NMOS:L=22N. W=200N
M115C11PMOS L=22N W=200N
M12 5 C 0 0 NMOS L=22N W=100N
M13 6 B 1 1 PMOS L=22N W=200N
M14 6 B 0 0 NMOS L=22N W=100N

M157 3 5 1 PMOS L=22N W=500N
M16 7 4 5 0 NMOS L=22N W=200N
M17 7 4 C 1 PMOS L=22N W=500N
M18 7 3 C 0 NMOS L=22N W=200N

M19 8 3 6 1 PMOS L=22N W=500N
M20 8 4 6 0 NMOS L=22N W=200N
M21 8 4 51 PMOS L=22N W=500N
M22 8 3 50 NMOS L=22N W=200N
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M23S711PMOS L=22N W=200N
M24 S 7 0 0 NMOS L=22N W=100N
M25 CO 8 1 1 PMOS L=22N W=200N
M26 CO 8 0 0 NMOS L=22N W=100N

Cls00.2pP
C2co00.2P

* PTM Low Power22nm Metat-Gate / High/K / Strained-Si
* nominal Vdd =0.95V ‘

.model ‘'nmos -nmos level = 54

+version = 4.0 binunit =1 paramchk=1 mobmod =0

+capmod_ = 2 igcmod =1 igbrod =1 geomod =1
+diomod = 1 rdsmod, = O rbodymod= 1 reatemod= 1
+permod..= 1 acngsmod='0 trngsmod=.0

+tnom' =27 toxe = 1.4e-009 toxp "= 1.1e-009 toxm = 1.4e-009

+dtox' = 3e:010 epsrox = 3.9 wint .= 5e-009 lint /=0
+H =0 wt’ =0 Un /~=1 win® "=41

+Hw =0 WW._ =0 lwn' =1 wwi /=1

+wl =0 wwl =0 xpart== 0 toxref = 1.4e-009
+vthO0 = 0.68858 Rie, =04 k2® =0 k3 =0

+k3b =0 wl  =2.5e-006 dvto =1 dvtl =2
+dvt2 =0 dvitOw =0 dvtlw =0 dvt2zw =0
+dsub  =0.1 minv = 0.05 voffl =0 dvtp0 = le-011
+dvtpl =0.1 lpe®0 =0 lpeb =0 Xj  =7.2e-009
+ngate = 1e+023 ndep = 5.5e+018 nsd = 2e+020 phin =0
+cdsc =0 cdscb =0 cdsed =0 ct =0

+voff  =-0.1092 nfactor = 1.6 eta0 =0.0105 etab =0
+fb  =-0.55 ud  =0.035 ua = 6e-010 ub = 1.2e-018
+uc =0 vsat = 170000 a0 =1 ags =0

+al =0 a2 =1 b0 =0 bl =0

+keta =0.04 dwg =0 dwb - =0 pclm. =0.02



+pdiblcl = 0.001
+pvag = 1e-020
+prout =0.2
=5

+rdswmin = 0

+rsh

+tprwb =0
+betad =30
+egidl =0.8
+nigbacc = 1
+eigbinv = 1.1

+cigc = 0.002
+nigc =1

+xrcrgl = 12

+Cgso  =/6.5e-011
010

+cgsl! = 2.653e-010
+moin’.  =.15

+ktl | =-0:11
+ual | =4.31e-009
+at = 33000

+fnoimod = 1

+jss  =0.0001
+jthsfwd= 0.01
+jsd = 0.0001
+jthdfwd= 0.01
tpbs =1
+cjsws = 5e-010
+mjswegs = 0.33
+pbswd =1

+cjswed = 5e-010
0.001

+tpbsw = 0.005
+xtis =3

+dmcg =0

pdiblc2 = 0.001

63

pdiblcb = -0.005 drout =0.5

delta = 0.01 pscbel = 8.14e+008  psche2 = 1e-007
pdits = 0.01 pditsd = 0.23 pditsl = 2300000
rdsw =180 rsw =75 rdw =75
rdwmin =0 rswmin =0 prwg =0
wr =1 alpha0® = 0.074 alphal =0.005
agidl = 0.0002 beidl = 2.1e+009 cgidl = 0.0002
aigbacc = 0.012 bigbacc = 0.0028 cigbacc = 0.002
aigbinv = 0.014 bigbinv = 0.004 cigbinv = 0.004
nigbiny.="3 aige==.0.015211 bigc = 0.0027432
aigsd~= 0.015211 bigsd = 0.0027432 cigsd = 0.002
poxedge =1 piged =1 ntox =1
xrcrg2 =5
cgdo = 6:5e-011 cgbo = 2.56e-011 cedl = 2.653e-
ckappas =0.03 ckappad =0.03 acde =1
noff .= 0.9 voffev.= 0.02
ktil =0 k2. ' = 0.022 N = -14
ubl | ‘= 7.61e-018 ucl =-5:6e-011 prt | =0
tnoimod =0
jsws =1e-011 jswegs = 1e-010 nis =1
ijthsrev= 0.001 bvs, <= 10 xjpvs =1
jswd., = 1e-011 jswed_="1e-010 nd =1
ijthdrev="0.001 bvd =10 xjpvd =1
¢js = 0.0005 mjs =05 pbsws =1
mjsws = 0.33 pbswgs =1 cjswgs = 3e-010
pbd =1 c¢d = 0.0005 mjd =05
cjswd = 5e-010 mjswd = 0.33 pbswed =1
mjswegd = 0.33 tpb  =0.005 tg =
tcjsw = 0.001 tpbswg = 0.005 tcjsweg = 0.001
xtd =3
dmci. .= 0 dmde =0 dmcet,_=0



+dwj =0
+rshg =04
+bps =15

xgw =0
gbmin = 1e-010
rbdb =15

.model pmos pmos level = 54

+version = 4.0

+capmod =2

+diomod =1
+permod =1
+tnom =27
+dtox =3.2e-010
+l =0

+w =0

+wl | =0

+vth0  =-0:63745

+k3b | =0
+dvt2 | =-0.032
+dsub. = 0,1
+dvtpl . =.0.05
+ngate =1e+023
+cdsc =0 %
+voff =-0.09
+fb =055
+uc =0

+al =0

+heta = -0.047
+pdiblct = 0.001

+pvag = 1e-020
+fprout =0.2
+rsh =5
+rdswmin = 0
+prwb =0
+beta0 =30

+egidl =0.8

binunit = 1
jgcmod-="1
rdsmod =0

acngsmods='0

toxe = 1.4e-009

epsrox.=3.9
w1 =0
ww =0
wwl =0
k1 =04
w0 = 2.5e-006
dvtOw' =0
minv,. =0.05
lpe0- = =0
ndep = 4.4e+018
cdscb =0
nfactor= 1.8
ul = 0.011
vsat = 170000
a2z =1
dwg =0
pdiblc2 = 0.001
delta = 0.01
pdits = 0.08
rdsw =230
rdwmin =0
wr =1
agidl = 0.0002

aigbacc.= 0.012

=0

rbpb
rbsb

=5
=15

paramchk= 1

isbmod =1

rbodymod="1
trngsmod="0

toxpi= 1.08e-009

wint - = 5e-009
N e
lwn, =1
' xpart==0
k2 = -0.01
dvtd.| =1
dvtiw =0
vofft =0
lpeb. = =0
nsd_=2e+020
cdscd™ =0
etald. ~=0.0105
ua =2e-009
a0 =1
b0 =0
dwb =0

pdiblcb = 3.4e-008
pscbel= 8.14e+008

pditsd = 0.23
rsw =725
rswmin =0

alpha0 =0.074
bgidl = 2.1e+009
bigbacc = 0.0028
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rbpd

ngcon

=15
=1

mobmod =0
geomod =1

reatemod= 1

= 1.42e-009
=0

toxm

lint
=1

wwn o =1

toxref = 1.42e-009

win

k3 —=0
dvtl. =2
dvt2w =0
dvtp0/ = 1e-011
xj | £7.2e-009
phin =0
gt =0
etab =0
ub  =5e-019
ags = 1e-020
b1l =0
pclm =0.12
drout = 0.56

pscbe2 = 9.58e-007
pditst = 2300000

rdw =725
prwg =0
alphal = 0.005
cgidl = 0.0002

cighacc = 0,002
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+nigbacc = 1 aigbinv = 0.014 bigbinv = 0.004 cigbinv = 0.004
+eigbinv = 1.1 nigbinv = 3 aigc = 0.0097 bigc = 0.00125
+cigc = 0.0008 aigsd = 0.0097 bigsd = 0.00125 cigsd = 0.0008
+nigc =1 poxedge = 1 piged =1 ntox =1
txrcrgl =12 xrcrg2 =5

+cgso = 6.5e-011 cgdo = 6.5e-011 cgbo = 2.56e-011 cgdl
2.653e-010

Nn

+cgsl = 2.653e-010  ckappas = 0.03 ckappad = 0.03 acde =1
+moin =15 noff =09 voffcv = 0.02

+ktl  =-0.11 ktil =0 kt2 =0.022 ute, =-1.5

+ual  =4.31e-009 ubl =7.61e-018 ucl = -5.6e-011 prt =0

+at = 33000 '

+fnoimod = 1 tnoimod.='0

+jss | 1 =0.0001 jsws . =1e-011 jswgs. = 1e-010 njs: =1
+ijthsfwd=10.01 ijthsrev=10.001 bvs © =10 xjbvs =1

+jsd | =.0.0001 jswd = 1e-011 jswed: =1e-010 nid @ =1
+ijthdfwd=-0.01 ijthdrev= 0.001 bvd, =10 xjpvd | =1
+pbst =1 gjs®  =10.0005 mjs’ =0.5 pbsws =1
+cjsws = 5e-010 mjsws .= 0.33 pbswgs = 1 gjswgs /= 3e-010
+mjswes. = 0,33 pbd ) =1 ¢jd/ == 0.0005 mjd. =0.5
+pbswd =1 gswd = 5e-010 myjswd = 0.33 pbswed =1
+cjswgd = 5e-010 < mjswgd =0.33 tpb™ = 0.005 tcj =0.001
+tpbsw = 0.005 tcjsw "=-0.001 tpbswe = 0.005 tcjswg = 0.001
+xtis =3 g g3 ‘

+dmcg =0 dmci =0 dmdg =0 dmcgt =0
+dwj =0 xgw =0 xgl =0

+rshg =04 gbmin = 1e-010 rbpb =5 ropd =15
+rbps =15 rbdb =15 rbsb =15 ngcon =1

*.TRAN 0.0INS 18.5NS sweep load OPF 0.1PF 0.01PF
.MEAS TRAN avgpow AVG POWER FROM=0n TO=4n
.TRAN 0.0INS 32NS UIC

END
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test TG-PLT

.OPTION LIST NODE POST
.OP

.PARAM V1=1.2V V2=0V TR=0.001NS TF=0.001NS

VDD 100 0 V1

DD 10V1

¥ three input ****

Vil ¢ 0 PULSE (V1 V2 0.001INSTR TF 8NS 16NS)
Vi2 b 0 PULSE (V1V2/0.001NS TR-TF 4NS 8NS)
Vi3 a 0 PULSEAVL V2 Q.00 INS-TR TF-2NS 4NS)

*axx YOR *%%
M1 aia 11 PMOS ['=22N.-W=220N
M2 aila’0 0 NMOS 4:=22N W=88N
M3 2 a c 1 PMOS L=22N W=220N
M4 2 ai c 0 NMOS £=22N W=88N
M5 2 ¢ aj1 PMOS L=22N W=220N
M6 2 ¢ aii0.NMOS/ L=22N, W=88N
M7 37211 T PMOS L=22N W=220N
M8 3 2 0.0 NMOS L=22N W=88N
M9 4 3 b 1 PMOS L=22N"W=220N
M10 4 2 b0 NMOS.L=22N W=88N
M114 b 3 1 PMOS =22N W=220N
M12 4 b 2 0 NMOS L=22N-W=88N
M13 54 1 1 PMOS L=22N"W=220N
M14 5 4 0 0 NMOS L=22N W=88N
**Carry out

M15 6 2 b 0 NMOS L=22N W=88N
M16 6 3 b 1 PMOS L=22N W=220N
M17 6 3 a 0 NMOS L=22N W=88N
M18 6 2 a 1 PMOS L=22N W=220N

C1500.2P
C2600.2P



* PTM Low Power 22nm Metal Gate / High-K / Strained-Si
* nominal Vdd = 0.95V

.model nmos nmos level = 54
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+version = 4.0 binunit = 1 paramchk= 1 mobmod =0
+capmod =2 igcmod =1 igbmod =1 geomod =1
+diomod =1 rdsmod =0 rbodymod= 1 rgatemod= 1
+permod =1 acngsmod= 0 trngsmod= 0

+thom . =27 toxe =1.4e-009 toxp =1.1e-009 toxm = 1.4e-009
+dtox = 3e-010 epsrox = 3.9 wint _ = 5e-009 int =0

+H =0 wl =0 Wn— =1 whn o =1

+Hw =0 ww =0 wn'~ =1 wwnin =1

+Hwl =0 wwl. =0 xpart. (=0 toxref = 1.4e-009
+vth0 /' = 0.68858 k1 = 0.4 k)N O k3 . =0

+k3b ' =0 wl - =2.5e-006 avto =1 dvtlhl =2
+dvt2 =0 dvtOw =0 dvtiw =0 dvt2w =0
+dsub = 0.1 minv, =/0.05 voffl .= 0 dvtp0 = le-011
+dvtpl =0.1 lpe® | =0 tpeb | =0 Xj (o= 17.2e-009
+ngate = 1e+023 ndep! "= 5.5e+018 nsd =2e+020 phin =0
+cdsc. =0 ¢dsch. =0 cdscd =0 cit =0

+voff =-011092 nfactor =1.6 eta0 - =0.0105 etab =0
+vfb  =-0.55 u0_ ='0.035 ua - =6e-010 ub’= 1.2e-018
+uc =0 vsat  =170000 a0 =1 ags =0

+al =0 aZ g ezl b0 =0 =0

+keta =0.04 dwg_ =0 dwb =0 pclm = 0.02
+pdiblcl = 0.001 pdible2.= 0.001 pdiblcb = -0.005 drout =0.5
+pvag = 1e-020 delta = 0.01 pscbel = 8.14e+008  pscbe2 = 1e-007
+fprout = 0.2 pdits = 0.01 pditsd = 0.23 pditsl = 2300000
+rsh =5 rdsw =180 rsw =75 rdw =75
+rdswmin = 0 rdwmin =0 rswmin =0 prwe =0
+prwb =0 wr =1 alpha0 =0.074 alphal = 0.005
+beta0 =30 agidl = 0.0002 bgidl = 2.1e+009 cgidl = 0.0002
+egidl =0.8 aigbacc = 0.012 bigbacc = 0.0028 cigbacc = 0.002
+nigbacc = 1 aigbinv = 0.014 bigbinv = 0.004 cigbinv = 0.004
+eigbinv = 1.1 nigbinv = 3 aige = 0.015211 bigc = 0.0027432
+cigc = 0.002 aigsd = 0.015211 bigsd = 0.0027432 cigsd =.0.002



tnigc =1

+xrcrgl =12

+Cgso = 6.5e-011
010

+cgsl = 2.653e-010
+moin =15

+ktl  =-0.11

+ual =4.31e-009
+at = 33000

+fnoimod =1

+jss  =.0.0001
+ijthsfwd= 0.01
+jsd’ | = 0.0001
+jthdfwd=0.01
+pbsl =1
+Cjsws = 5e-010

+mjswgs. = 0.33
+pbswd =1
+cjswed. =5e-010
0.001

+tpbsw = 10.005
+xtis =3
+dmcg =0
+dwj =0
+rshg =04
+rbps =15

.model pmos pmos level = 54

_+version = 4.0
+capmod =2
+diomod =1
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poxedge = 1 pigcd =1 ntox =1
xrcrg2 =5
cgdo = 6.5e-011 cgbo = 2.56e-011 cgdl = 2.653e-
ckappas = 0.03 ckappad = 0.03 acde =1
noff =09 voffcy = 0.02
ktlt =0 kt2 =0.022 ute =-15
ubl .=7.61e-018 ucl  =-56e-011 prt =0
tnoiméd =0
jswsi 1 =1e-011 jswes =.1e-010 njis. =1
ifthsrev=.0.001 Ryt =0 xjbvs " =1
jswd = le-01t jswed =1e-010 nd ' =1
jjthdrev=0.001 bvd =10 xbvd =1
¢gjs = 0.0005 mjs/ < =05 pbsws =1
mjsws+ =0.33 pbswgs: =1 gjswgs = 3e-010
pbd|, @=11 ¢jd /| = 0.0005 mjd | =0.5
gswd = 5e-010 mjswd ~= 0.33 pbswed =1
mjswed =0.33 tpb  =0.005 icif =
tcjswen='0.001 tpbswe =-0.005 tcjswg = 0.001
xtid =3
dmci. =0 dmdg .= 0 dmcgt =0
xgw =0 xgl="=0
gbmin = 1e-010 tbpb =5 ropd =15
rbdo =15 rbsb =15 ngcon =1
binunit = 1 paramchk= 1 mobmod =0
igcmod =1 igbmod =1 geomod =1
rdsmod =0 rbodymod= 1 reatemod= -1



+permod =1

+thom = 27
+dtox = 3.2e-010
+U =0

+w =0

+Hwl =0

+vth0  =-0.63745

+k3b =0

+dvt2  =-0.032
+dsub  =0.1
+dvtpl = 0.05
+ngate =1e+023
+cdsc =0

+voff /' =-0.09
+vfb | /=055
+uc =0

+al =0

+keta, =-0.047
+pdiblcl =-0.001
+pvag = 1e=020
+fprout '= 0.2
+rsh =5
+rdswmin = 0
+prwb =0
+beta0 =30
+egidl =0.8
+nigbacc = 1
+eigbinv = 1.1
+cigc = 0.0008
+nigc =1
+xrcrgl =12
+cgso = 6.5e-011
2.653e-010

+cgsl = 2.653e-010
+moin =15

acngsmod= 0
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trngsmod= 0

toxe = 1.4e-009 toxp = 1.08e-009 toxm = 1.42e-009
epsrox = 3.9 wint = 5e-009 lint =0
wl =0 Un =1 win =1
ww =0 wn =1 wwn =1
wwl =0 xpart =0 toxref = 1.42e-009
ki =04 k2  =-0.01 k3 =0
w0  =.25e-006 avt0. =1 dvtl =2
dvtow =0 dvtiw==0 dvt2w =0
minv._ = 0.05 vofft' =0 dvip0 = 1e-011
(pe0 =0 lpeb—=0 Xj = 7.2e-009
ndep = 44e+018' -nsd ~(=2e+020 phin =0
cdscb =0 cdsed’ =0 cit . =0
nfactor=.1.8 eta0-. =0.0105 etab. =0
gl ¥ =000 de P52 2e-009 ub., '=5e-019
vsat = 170000 a0 =1 ags 1= 1e-020
S ana B bo |\ /=0 bl =0
dwgy =0 dwb. »=0 pclm- =0.12
pdiblc2 =0.001 pdiblcb = 3.4e-008 drout = 0.56
delta = 0.01 pscbel=8.14e+008 pscbe2 =19.58e-007
pdits = 0.08 pditsd =10.23 pditsl /=/2300000
rdsw- =230 rsw. =725 rdw & /=725
rdwmin-'=0 rswmin =0 prws =0
wr =1 alpha0 = 0.074 alphal = 0.005
agid(*=-0.0002 beidl =2.1e+009 cgidl = 0.0002
aigbacc = 0.012 bigbacc.="0.0028 cigbacc = 0.002
aighinv =0.014 bigbinv = 0.004 cigbinv = 0.004
nigbinv = 3 aigc = 0.0097 bigc = 0.00125
aigsd = 0.0097 bigsd = 0.00125 cigsd = 0.0008
poxedge = 1 piged =1 ntox =1
xrcrg2 =5
cgdo = 6.5e-011 cgbo = 2.56e-011 cgdl =
ckappas = 0.03 ckappad = 0.03 acde =1

noff =0.9

voffev = 0.02
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+ktl  =-0.11 ktil =0 kt2 =0.022 ute =-15

+ual  =4.31e-009 ubl = 7.61e-018 ucl =-5.6e-011 pit =0

+at  =33000

+fnoimod = 1 tnoimod = 0

+jss  =0.0001 jsws = 1le-011 jswegs = 1e-010 ns =1
+jthsfwd= 0.01 ijthsrev=0.001 bvs =10 xjpvs =1

+sd = 0.0001 jswd = 1e-011 jswed = 1e-010 nd =1
+ijthdfwd= 0.01 ijthdrev="0.001 bvd =10 xjpvd =1
+pbs =1 Cjs = 0.0005 mjs  =0.5 pbsws =1
+Cjsws = 5e-010 " mijsws "= 0.33 pbswes- = 1 cjswgs = 3e-010
+mjswgs = 0.33 pbd™=-1 cjd~ _=0.0005 mid =0.5
+pbswd /=1 ¢swd = 5e-010 mjswd = 0.33 pbswed =1
+cjswed = 5e-010 ‘mjswed = 0.33 tpb- "7 =-0.005 tqj. . = 0.001
+tpbsw, = 0.005 tejsw 1 =-0.001 tpbswg = 0.005 tcjswg = 0.001
+xtis (=3 xtid =3

+dmeg =0 dmci =0 dmde =0 dmcgt =0
+dwj =0 xgw + =0 %el \ \=¢0

+rshg © =04 gbmin * ='1e-010 rbpb =5 rbpd’ =15
+rbps. =15 rbdb. =15 rbsb =15 ngcon /=1

*.TRAN 0.0INS 18:5NS sweep load OPF.0.1PF.0.01PF
MEAS TRAN ‘avgpow AVG POWER FROM=0n TO=4n
.TRAN 0.01NS 32NSUIC

.END

Hybrid logic Full adder

OPTION LIST NODE POST
.OP

PARAM V1=1.2V V2=0V TR=0.001NS TF=0.001NS

VDD 100 0. V1



¥ three input ****

Vil ¢ 0 PULSE (V1 V2 0.00INS TR TF 8NS 16NS)
Vi2 b 0 PULSE (V1 V2 0.00INS TR TF 4NS 8NS)
Vi3 a 0 PULSE (V1 V2 0.001NS TR TF 2NS 4NS)

aax YOR *HkE
M1 2ab1PMOS L=22N W=600N
M22ba1lPMOS L=22N W=600N
M3 3 b a 0 NMOS L=22N W=300N
M4 3 a b 0 NMOS L=22N W=300N
M54 2 cb 1 PMOS L=22N.W=600N
M6 4 cb 2 1 PMOS 1:=22N W=600N
M7 4 cb 3 O.NMOS L=22N W=300N
M8 4 3 cb O'NMOSL=22N-W=300N

Mcl ¢bic 1 1 PMOS L=22N, W=500N
Mc2 cb c 0 0 NMOS L=22NW=200N
M4l 5 4 T'1 PMOS L=22N W=500N
Ma42 5 4 0 0 NMOS L=22N W=200N

Mpl 2521 1 PMOSL=22N-W=500N
Mp2 35 b 2525 PMOS L=22N. W=500N
Mp3 55 a 121 PMOS L=22N.W=500N
Mp4 55 b 11 PMOS £=22N- W=500N
Mp5 35 ¢,55 55 PMOS 1:=22N W=500N
Mn1 45 a 00 NMOS L=22N W=200N
Mn2 35 b 45 45:\NMOS 1.=22N W=200N
Mn3 65 a 0 0 NMOS L=22N. W=200N
Mn4 65 b 0 0 NMOS L=22N W=200N
Mn5 35 ¢ 65 65 NMOS L=22N W=200N

Mc3 36 35 1 1 PMOS L=22N W=500N
Mcd 36 35 0 0 NMOS L=22N W=200N

C13600.2P
C2500.2P

* PTM Low Power 22nm Metal Gate / High-K / Strained-Si
* nominal Vdd = 0.95V
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.model nmos nmos level = 54
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+version = 4.0 binunit = 1 paramchk= 1 mobmod =0
+capmod =2 igcmod =1 igbmod =1 geomod =1
+diomod =1 rdsmod =0 rbodymod= 1 rgatemod= 1
+permod =1 acngsmod= 0 trngsmod= 0

+thom =27 toxe = 1.4e-009 toxp = 1.1e-009 toxm = 1.4e-009
+dtox = 3e-010 epsrox..=-3:9 wint = 5e-009 int =0

Hl =0 © e T W =1 win =1

Hw =0 ww =0 wn” =1 wwn =1

+wl =0 wwl =0 xpart.—=0 toxref = 1.4e-009
+vth0 =/0.68858 ki b)) =04 PR € 38 k3 30

+k3b /=0 w0~ | ="2.5e-006 dvt0, =1 dvtl' =2
+dvt2 (=0 dvtOw =0 dvtlw. "= 0 dvt2zw =0
+dsub. =0.1 minv.~ = 0.05 voffl ‘=0 dvtp0 = 1le-011
+dvtpl =0.1 tpe® ~ =0 pel” & =70 Xj ©=T7.2e-009
+ngate '=te+023 ndep/ /=.5.5e+018 nsd =2e+020 phin. =0
+cdsc| =0 cdscb [ =0 cdscd ' =0 ct =0

+voff. | =-0:1092 nfactor ='1.6 eta0: =0.0105 etab/ =0
+vfb = -0355 U0 .= 0035 ua - =6e-010 ub = 1.2e-018
+uc =0 vsat. = 170000 a0 = ags / =0

+al =0 a2\ bO\Y7= 0 #0

tketa =0.04 dwg =0 dwb=" =0 pclm = 0.02
+pdiblct = 0.001 pdiblc2 = 0.001 pdibl¢cb = =0.005 drout =0.5
+pvag = 1e-020 delta.= 0.01 pscbel = 8.14e+008  pscbe2 = 1e-007
+fprout = 0.2 pdits =0.01 pditsd~= 0.23 pditsl = 2300000
+rsh =5 rdsw =180 rsw =75 rdw =75
+rdswmin = 0 rdwmin =0 rswmin =0 prwg =0
+pwb =0 wr =1 alpha0 = 0.074 alphal = 0.005
+betal =30 agid\ = 0.0002 bgidl = 2.1e+009 cgidl = 0.0002
+egidl =08 aigbacc = 0.012 bigbacc = 0.0028 cigbacc = 0.002
+nigbacc = 1 aighbinv = 0.014 bigbinv = 0.004 cigbinv = 0.004
+eigbinv = 1.1 nigbinv = 3 aiec =0.015211 bigc = 0.0027432
+cigc  =0.002 aigsd =0.015211 bigsd = 0.0027432 cigsd = 0.002
+nigc =1 poxedge = 1 piged =1 ntox =1
+xrcrgl =12 xrcrg2 =5



+Cgso = 6.5e-011
010

+cgsl = 2.653e-010
+moin = 15

+ktl  =-0.11

+ual  =4.31e-009
+at = 33000

+fnoimod = 1

+jss = 0.0001
+ijthsfwd= 0.01
+jsd  /=/0.0001
+ijthdfwd= 0.01
+pbs | =1
+cjsws  =.5e-010

+mjswes. = 0.33
+pbswd = 1
+cjswed = 5e-010
0.001

+tpbsw ' =10.005
+xtis =3
+dmcg =0
+dwj =0
+rshg =0.4
+ibps =15

.model pmos pmos level = 54

+version = 4.0
+capmod = 2
+diomod =1
+permod = 1

cgdo = 6.5e-011 cgbo = 2.56e-011 cgdl = 2.653e-
ckappas = 0.03 ckappad = 0.03 acde =1
noff =0.9 voffcy = 0.02
ktll =0 kt2 =0.022 Sute =-15
ubl =7.61e-018 ucl  =-5.6e-011 prt =0
tnoimod = 0
jsws. =1e-011 jswgs .=-1e-010 nis =1
ijthsrev=10.001 s ¥ =10 xjpvs =1
jswd = 1e-011 jswed =-1e-010 nd =1
jjfthdrev=.0.001 bvd [ =10 xjbvd ' =1
¢js = =0.0005 mjs. = 0.5 pbsws =1
mjsws . =20.33 pbswes = 1 cjswegs = 3e-010
pbd ™ =1 ¢d = =0.0005 mjd. =0.5
¢jswd = 5e-010 mjswd = 0.33 pbswgd =1
mjswed. = 0.33 tpb  =0.005 ol N =
tgjsw = 0.001 tpbswg =10.005 tejswg = 0.001
xtid - =3
dmci =10 dmdg =0 dmcgt =0
Xgw “=0 xgl =0
gbmin “=-1e-010 bpb =5 rbpd =15
rbdb =15 rbsb =15 ngcon =1
binunit = 1 paramchk= 1 mobmod =0
igcmod =1 igbmod =1 geomod =1
rdsmod =0 rbodymod= 1 rgatemod= 1
acngsmod= 0 trngsmod= 0
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+tnom = 27
+dtox = 3.2e-010
+U =0

+w =0

+Hwl =0

+vth0 =-0.63745
+k3b =0

+dvt2  =-0.032
+dsub  =0.1
+dvtpl =0.05
+ngate = 1e+023
+cdsc =0

+voff  =+-0.09
+vfb  /=/0.55

+uc =0

+al =0

+ketal =-0.047

+pdiblcl = 0.001

+pvag =1e-020
+fprout =0.2

+rsh’ =5
+rdswmin =0
+prwb =0
+beta0 =30
tegidl =0.8
+nigbacc = 1
+eigbinv = 1.1

+cigc = 0.0008
+nigc =1

+xrcrgl =12

+cgso = 6.5e-011
2.653e-010

+cgsl = 2.653e-010
+moin =15

+kil  =-0.11
tual =4.31e-009

toxe = 1.4e-009 toxp = 1.08e-009 toxm = 1.42e-009
epsrox = 3.9 wint = 5e-009 int =0
wl =0 n =1 win =1
ww =0 wn =1 wwn =1
wwl =0 xpart =0 toxref = 1.42e-009
k1 =04 k2 =-0.01 k3 =0
w0 = 2.5e-006 avt0 =1 dvtl =2
dvtOw =0 dvtlw =0 dvit2w
minv..~=0.05 voffte.= 0 dvtp0 = 1e-011
lpe0 =0 lpeb =0 Xj = 7.2e-009
ndep-=4.4¢+018 '/ / nsd~ _= 2e+020 phin =0
cdscb =0 cdsed . =0 ct =0
nfactor.= 1.8 eta0 - =0.0105 etab =0
uo— " =0.011 ua. = 2e-009 ub®, . = 5e-019
vsat | =170000 a0 =1 ags.. =1e-020
=l by Pad) bl =0
dwg, =0 dwb= =0 pclm =0.12
pdiblcZ = 0.001 pdiblch = 3:4e-008 drout, = 0.56
delta = 0:01 pscbel= 8.14e+008 pscbe2 = 9.58e-007
pdits =.0.08 pditsd /= 0.23 pditst. =2300000
rdsw' =230 rsw.. =725 rdw. =725
rdwmin-=0 rswmin /= 0 prwg /=0
wr s alphaQ/= 0.074 alphal = 0.005
agidl'= 0.0002 bgidt=2:1e+009 ceidl = 0.0002
aigbacc =0.012 bigbacc = 0.0028 cigbacc = 0.002
aigbinv.= 0.014 bigbinv:= 0.004 cigbinv = 0.004
nigbinv = 3 aigc _=0.0097 bigc = 0.00125
aigsd =0.0097 bigsd = 0.00125 cigsd = 0.0008
poxedge = 1 pigcd =1 ntox =1
xrcrg2 =5
cedo = 6.5e-011 cgbo = 2.56e-011 cgdl =
ckappas = 0.03 ckappad = 0.03 acde =

noff =09

ktit=0

ubl = 7.61e-018

voffcv = 0.02
kt2 =0.022 ute
ucl = -5.6e-011

=-15
prt

=0



+at = 33000

+fnoimod = 1

+jss = 0.0001
+ijthsfwd= 0.01
+jsd  =0.0001
Hjthdfwd= 0.01
+pbs =1
+Cjsws = 5e-010

+mjswegs = 0.33

+pbswd =1
+cjswed = 5e-010
+tpbsw = 0.005
xtis =3
+dmeg =0
+dwj . =0

+rshg =04
+rbps. =15

tnoimod = 0
jsws = 1e-011
jjthsrev= 0.001
jswd = 1le-011
ijthdrev= 0.001
¢gs  =0.0005
mjsws _=.0.33
pbd =1
cjswd . =.5e-010
mjswed-=0.33
tcjsw = 0:.001
xtid.— =3
dmci. =0
xew =0
gbmin, =/1e-010
thdb =15

75

jswegs = 1e-010 njs =1
bvs =10 xjpvs =1
jswgd = 1e-010 nd =1
bvd =10 xjpvd =1
mjs =05 pbsws =1
pbswgs =1 cjswgs = 3e-010
c¢d =.0.0005 mjd =05
mjswd = 0:33 pbswed =1
tpb—= 0.005 tcj =0.001

tpbswg =0.005 tejswg = 0.001

dmdg" =0 dmcgt =0
xel_==0
rbpbs =5 rbpd | =15
rbsb | =15 ngcon =1

*TRAN 0.01NS 18.5NS sweep load OPF 0:1PF.0.01PF
.MEAS TRAN avgpow AVG POWER' FROM=0n TO=4n
.TRAN 0.01NS 32NS UIC

.END
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Low Power CMOS Full Adder Cells

Attapor Sudsakern, Siraphop Tooprakai and Kobehai Dajhax

Frouty of Enginesring, Ming Menghur's Instrew of Technol

zy Ladkrebang Banzhok 103520, Thsiland

.cmapaa sud@zmail com, {kobcha, simphop) direlecom kst a¢, 1k

Tel £3-2-3208300

Abzoracr—This paper presents dow power CAOS full adder celis
The foll adder cells are utilizstion to low power by nsizmg XOR
and XNOR gade architectures with pass tramsisior legic and
tranamizeioe gate. All dmalation results have been carried out by
asing HSPICE prozram simalator based o2 32 sm CMOS
techaslogy at 1.2 ¥ zopply veRtages. The operating frequency &
250 MHz. In camparizon with other 1 hit adder cells, simulafion
resgltc shoay (hat bave wred low power consampiion and power
delay product of SUM and Cyer.

Keywords- CMOS fall adder; XNOR-XAR gote; Tow power full
zdder;

L BDURODUVCOTICN

In very large scale furagmation {VIST) systans, full sdder
et is wied 2 an@marc eperstions for addicon, nadtiaies
azd Arjthiestic Logic Unit LATUN It is 3 budiding Slock of the
spplicsdens of VISI, digital igeal procassing, image
processing and micropracessors,

Mozt of fidl addec systems are considarsd paformencs of
tircuits, munber of wansistor, speed Of ciramn cup stea,
threshold lozs and Adl swing eurpur and the most myporant 15
Powar comsurzpdon. & tia fumrs, pormBla devicas 1uch at eall
phoae, Iaplop compater, mablerenr, that nessd & 1ow power ang
Bigh speed for components are reguitenans. For this reason
desizn of low powaris the reseasch problems.

In 0% pepes 5 propesed 1-bit fll adder bass oo 22 om
CUIOT rehnelogy wiich operztion for Iow tupply vekags is
12V ar 250 MHz

I PREVIOS TICRES

Fail-edder cincuit is designed for addiden imary Jogics.
Sum sigoad (STM) and earmy aus 1izael (Cousr) are e cumas of
I-bis mil edder Eodk of them are s2nernted by itput 4, B ard
Coy, followving Boolean equazon as;

SUMZ A6 D Cy (i
Cour = A8 + Bl + ACg s

Figee 1. Crzventionst (MOS &M adder 113493

Chorventious] CMOS full adder 117443, as shown in Fig. 1,
& ma copplemenmey CMOS souomrs, whick comsbines
waptistor FMOS pulley apd tmansister MMOS pull-down
getverk o produce cupw. The cowslemsnmary €MOE logic
cizcuit bus e sdvantazs of layowr remularioy apsd stabiliy at
fow voliage. Tthss 3 Bg® wersisor count which comsunzes areq
aud powsr ‘The problemn of this adder @5 delay imabalancs.
Secanze SUM ignal ralies on the gineration of Caur giznal
thera i 5 Selay berwsdn mvo risnals,

M addar is ifustrmed in Fig,
whick based 22 zapenzisiien gae I3} & 235 lower-wamsisor
count and lower loading of Gis impur AfSer genersrad SUM
and Coeor simnal are salanced thaa the Comvantionsd OGS fult
ad&dar. It srovides wansister buffer eurput 0f SUNE aned Cgyy for
a high ériving capabidity,

The geoamission g5

In Fiz. 3 shows tha hybrid Jogic f1f ad2ir {6] &t Iproves
paroanance of spaed dnd driving capobility, A wesk poing of
iz tiouir is separating benvasn UM and Coy o circuins.
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