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ABSTRACT

The paper presents design circuit 1 bit hybrid full adder cells that high speed and
low power consumption. The full adder cells are designed hybrid of XOR gate, XNOR gate,
pass logic gate and transmission gate. The result of simulation by using HSIPCE program
based on 16 nm CMOS technology with 0.9 V power supply voltage, frequency at 1 GHz
and 1 fF of capacitor. This paper is compared with EEHybrid[1], LHFA[2], HPFA[3], LPFA[4],
LHHybrid[5], PALP[6] and PDFA[7] that changed of power supply voltage and capacity. The
best result consumption and delay times of proposed circuit has 0.93 uW and 118.68 ps

respectively.
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1.1 anudunuazanudrfgasslym

wialulad VLSI (Very Large Scale Integration) Lﬁu‘ﬁuugmmaqwmﬁw (Integrated
Circuits) IngldnsuGanesidududssneudasasing Aldtuguvoanaluladil Wy 2sasuan
2a9sau 1y Mlvudreziinsesnuuuiifianusiswesmnuddiad (Delay time) A1ANHG
Andluiin (Voltage) aaun il (Temperature) ¥u1AU09399snIBiNAlulagdusa (CMOS

Technology) Manuailifudiunilsned9asnanisaeds

1.2 AUIMNIBUAZINYUITTAIATDINITANYA
1. feansAinwimaluladTueauayi9asuIn
2. fosmsitammesiifudumiwenasmansiomns
3. foan1seenuuuiiasuanliinisggdendsnuiitesuaziauiiiatu lasnns

= a ) =
Lﬂiﬁ]ULV]UUﬂU’Nﬁ]iU?ﬂ@u‘q

1.3 AuYRFINYRINSANED
lunseenuuuaesuInve e inusi Wunisesnwuuisasvanguiuunay (Hybrid

Full Adder Circuit) lothunueudieuiuisasuinenag EEHybrid [1], LHFA [2], HPFA [3], LPFA

'
a 1A o

[4], LHHybrid [5], PALP [6] e PDFA [7] %éfaqmamsqwﬁawé’amuﬁﬁﬁqﬂLLazmmmLaé wﬁaﬂ

1.4 ngufvisouurnuaaiidluniside

Inerdnusildiauonisennuuuiasuin 1aensoenLUULUUNEL995AR XOR, XNOR
AUNASTNRENEaDINLAR (Pass logic gate) LLazwiﬂuaﬁ%%ULﬂm (Transmission gate) Iusumzm‘fjj
TUsUNINNT99188901991197U HSPICE mwjﬁumdu‘[a%‘%maaﬁ 16 nm fiwnasaneln 0.9 V 7

AUA 1 GHz fifafiulseq 1 fF



1.5 Y9ULVANITIAY
Ingrdnusilaiinasuvinaisguiuisuiisuiuisasiuiaue Tneiiisasuan EEHybrid
[1], LHFA [2], HPFA [3], LPFA [4], LHHybrid [5], PALP [6] wa¥ PDFA [7] #an1sidSeuliiauazgd
narundesdu TudrunsnazidunisiuisuiisulasnsuSuanssiulain Tuvagfiaauiuey
K% @ PN a a a [ = = o { o =3 =
AdiuUsEanlvaniiAinei drunaesdunswSeuiisu laen1susudrAdivuseyiivan
TurgrmanuduastssiuliihiAined Faggilinsldndsuiaziiadiauuandaiuuin

LRI

1.6 TUADUVDINTSANE

Tutuusnasiufnunnquivessasiugiuuagasasuan mnﬁ'umq;ﬁ‘i%’aiﬁﬁ’m’ﬁaamwU
29TUINBBNUIAINATTE B UUAZAITIIAIAINATI09999509N TABI9asuanidladinig
9ONUUURUUKNANII9TINA XOR, XNOR 249301aam@aadning (Pass logic gate) Waznsuaivdu
.n@ (Transmission gate) & 191ntulEiin1snageuinissuInLUuRandtsradns Juldana
nouiniolal Iagld HSPICE Tun13d1a09n1591191U092995 Feseanldtiineasiioanuuuan
WIBULEUAUSaTUIN EEHybrid [1], LHFA [2], HPFA [3], LPFA [4], LHHybrid [5], PALP [6] wa¥
PDFA [7] tiulos



2.1 inniugu (Basic Logic Gate)
m‘mﬁugmﬁLﬂuz‘i’;uﬂszﬂawama%a%maaﬁmﬂ A99vun 7 é2 lown AND Gate, OR
Gate, NOT Gate, NOR Gate, NAND Gate, XOR Gate gz XNOR Gate

2.1.1 AND Gate

o P = gy

ke el A uay B \JuBunnvesdygins e A vise B fdyaadunmdu 0 9zl

a <

zyfgmw’mwwaaﬂm%w 0 1o uitilelafnuiddyaradunndu 1 Nagasvinlidey o
2.

s q

5al] G]L‘U‘Ll 1 G]’]ll’d@lﬂ’]iﬁ/l 2.1 §n15719A1A1NA39W89 AND Gate G]’]llﬁﬁi’]ﬂ‘ifl

A1519% 2.1 M1519A1AILURTIVBY AND Gate

INPUT OUTPUT
A B Y
0 0 0
0 1 0
1 0 0
1 1 1

2.1.2 OR Gate
\NVed Ll A uay B Lﬂuauwmaqawﬁmm dlo Avde B Neyayeu §uwmﬁu 1 2glw
zuapmt,amwwaaﬂmmu 1 @ue LLmLmaslmﬂmmmazummauwmﬂu 0 Vg vidayayn

L’eﬂﬁ adu 0 Gﬂllﬁllﬂ'ﬁi/l 2.2 §M199A1ANNA3VB9 AND Gate G]’]NWW’N‘VI 2.2



A15197 2.2 MNS19AIANTTIVON OR Gate

INPUT OUTPUT
A B Y
0 0 0
0 1 1
1 0 1
1 1 1

2.1.3 NOT Gate

a ¥

A Y < Y o 3 ~ a1 <
ey Walvidyyradunadinndu 0 usndygaevnaiieenlvaziidnlu 1 uaz

DA q

L I L3

A o a ¥ & = a1 I 4:1' = 1
Lmaammwmauwml,sumﬂt,ﬂu 1 LLa’JﬂQJJQJJ’]mL’eJ’WIWGWI’EJ@ﬂbLUﬁ]Sllﬂ’]L‘U‘u 0 MUANNITN 2.3 UATTNAN

AI11T39U09 AND Gate mIum15199l 2.3

S
I

|
N
S

A1519% 2.3 M1519AIAINDIIWBY NOT Gate

INPUT OuTPUT

A Y =A
0 1
1 0

2.1.4 NOR Gate

v el A uay B liudunavesduain e A way B ddygadunndu 0 agli

9
3

o L3 a [ oA <3 d' = a o a o 2/
ﬁﬂJiU’]mLE)WV]WWVIE]@ﬂMWLUu 1 d@ue willalanmuy A %5o B maigzyﬂmauwmﬂu 1 9g9inla

o

Feyeyrauovineilu 0 auaunisi 2.4 §n1519A12109399839 AND Gate A1um151971 2.4



A157197 2.4 A1519AIAINDTIVDY NOR Gate

INPUT OUTPUT
A B Y
0 0 1
0 1 0
1 0 0
1 1 0

2.1.5 NAND Gate

vy el A waz B (udunavesdgyann e A uaz B IId zymﬁuwmflu 1 9zl

o ]

<

é’zyﬁgmt,mwwmmaﬂmmu 0 taue wiidelafiniudl A v3e B Adwa unendu 0 9zvinlu

o

Uiqu,QJJ’]ﬂJLEJ’WlWG]L‘Uu 1 mmamms‘m 2.5 1M139AIAINDIIV0S AND Gate WW?,JG]’]TN‘V] 2.5

A1519% 2.5 M1519A1AINA3IUD9 NAND Gate

INPUT OUTPUT
A B Y
0 0 1
0 1 1
1 0 1
1 1 0

2.1.6 XOR Gate
2 & s o A ¢ &, A o a = Y} v
wnndndead (wnniaglidygraeinaly 0 Wedyyrudunmmiloudunasagli
“@mﬂmLQWWWMLﬂu 1 Luaammmau ARNNAU ANENNTITH 2.6 TR1T19AIAIIUATIVDY XOR Gate

G]'HJWWW\‘WI 2.6

A®B=(A+B)-(A+B)=(A-B)+(A-B) (2.6)



A157197 2.6 MN1T19AININAIIVOY XOR Gate

INPUT OUTPUT
A B Y
0 0 0
0 1 1
1 0 1
1 1 0

2.1.7 XNOR Gate

[

4 4 ¢ o Qi Vo ¢ @ =~ a a Y] v
wnndndead Wunniaglidyaiaovinady 1 Wedyarndunamilouiuwas sl

o

Feyeyranevinmdu 0 WedyanaBunasneii auEunsi 2.7 $9137961A1939089 XOR Gate

9

ANUAITIN 2.7

APB=(A+B)-(A+B)=((A-B)+(A-B) (2.7)

A151991 2.7 M1TNAIANNAIVE XNOR Gate

INPUT OuUTPUT
A B Y
0 0 1
0 1 0
1 0 0
1 1 1

2.2 2935U2n (Full adder)
< P aa ¢ <
’Nﬁ]iU’JﬂLG]EJE‘ULL‘UU"U%I%WW‘U’JWUENLﬁ“ﬂﬂ’mﬁ@ﬁ I@EJVI@JL@’W]WGWJEN’NRWU’JHLG]MEULL‘U“U
PUIR 1 ﬁmﬁuﬁhmas’m (SUM) LLﬁ%g]J’JVlﬂ (COUT) %ﬂLﬁmmﬂﬁh%uwmmauamgmam 3 ﬂl’]ﬁa A, B

wag Cy MUANNITA 2.8-2.9 UArMNMSI9N 2.8 Ineilaseainansvinunugunuguin 2.1

COUT = (A . B) + (B . CIN) + (A . CIN) (29)



A15199 2.8 M1 NAIAIUDIIVBIINATUIN (truth table)

INPUT OUTPUT
A B Cin Cout Sum
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
t 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 \ 1 1
A
FULL [~ sum
i ADDER [ Cary

5UN 2.1 1AS9asaugIuNasTuINn

2.3 NSIUENYTULNN (Transmission Gate)
nyalydunn Wumalinn1sianisniuny voltage 1013395 Fedofveunaiialiagyinl
fnsldndanuntderauarni5maure99siuszansninginTu Ing3uuuueasednedig A

WAAIRUIUN 2.2

C
L

=
C

JUN 2.2 19msiaiiviuinm



2.4 WaNs1UTIana3aan (Pass transistor logic)

WansuTamesanin unisueduseaninudawmesvseiueansudanas viala
siandlandefuiiowinfier Fadorvesnaiatdazvilidiadvonsasiiados vilkesi
AuEINnTY %’am'isz’?ﬂfaamq%ﬁﬁawmmmﬁmim%Lmaf%ﬂﬁmmmm’a cascade fuls

1PgNNTABIRTUUUN AN TTUTANDTILUANININFUR 08197 2.3

A B A B
J”T 4 4
7T L\ x J LT Ly
A A
= W
bt L
| |
NMOS PMQOS

UM 2.3 29931aMsIUTaLAD3

2.5 MsiNUYBINadinn

ueansuTamesuToneana (MOSFET) Wugunsaiffivuinidnuazianuduniudune
a3 (High input impedance) lnggeamauuteonlamduidutea (N\MOS) uagfiziod (PMOS) N3
uvesweale agldussiulniilunisarvaudiuinnssua lneliaunisvesnoannuay
anuduitusszminnszuaviasy (Ip) uazusetuszuinwiasulazivea (Vpg) auaunisi

2.10 Uaggun 2.4 audeu

KW v
ID = T(VGS — VTH — %S) VDS ; VGS > VTH (2.10)

el K feo Awsiuansusniaud (Transconductance) finuindu o Cox
Uo Ao Apunassedleansedianaseu (Surface Mobility of Carrier)
Cox o Amanuaiiuivesnneenlen (Capacitance per unit area of the gate
(0.4 : P S g

oxide)



W fo anuninswesuvanua (Channel Width)
L e augmivssiaaiua (Channel Length)
Vs Ao w3siuszmininilasyod

Vg A9 uwsssunsalgan (Threshold Voltage)
Vps Ao L39AUTEHINULATULAL YO

Ip @A nIzlanTY

I (mA
!)ﬂ( )
=— Triode — = [<—— Saturation region ———=
region Ve Z V55 — Vi
v <wv _—V

D8 — GS TH

GS5

g

H = — V-
LIJ_‘:‘ T}G‘h‘ ! TH

)

/ G54
|

"G93

0
N )

UM 2.4 asunsvihnuveseamnainanuduiusves Ip wag Vpg

vaawnfin1syinausuady 3 9a9fedaslainnsgua (Cutoff Region), ARetiinsyualyl

'
a

8w (Triode Region) Way¥eunszuadus (Saturation Region) lngusiazyaan1sinussiueg

ﬁcU?h IVGS| - |VTH| LagAN VDS éﬁﬁ
i |Vgs| — Vg | aviimnduaudvseniauunds veamnazveglugialiiinssua (Cutoff
Region)
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0 Vs = [Vrgl > 0 uaz 0 < |Vps| < |Vgs| — [Vry | wés veaminazaglugas

vpan15tnseualldus (Triode Region)

Kw %
Ip = <2 (Vs = Vew) — 225} Vi (2.12)
01 [Ves| = Vrg| > 0 wae [Vpg| = [Vgs| — [Vry| was wsainazeglugiwes

n51INsERadUR (Saturation Region)
KW
ID - Z (VGS = VTH)Z (2.13)

2.6 N1SNINUVDITUBADULIIABS (CMOS Inverter)

AN5919UV09 CMOS Inverter LAYINNISABTIAULNISUALULUAIUDY MOS transistor

a =

A 19 I [ Y] 4:911 Y o [ o A 1
L:uammuauwmumqwummuLLiamu”LV\ILam (Viy = Vo) Az bitvieuuesvinauluvas nnueals
o [ :.J/ Ly '3 [ & A A < & a 1 1

19U ASUULTINULDINWAVDINATILLNINUNTIN (Vour = GND = 0) ﬂaumwuqumiﬂmﬁm
lu39 steady-state usiguseAuBUNATiAIUWINTUAUE (Vi = 0) aevilvifinearinnuuvulag

Wuneavagliviia datuussiueinnasviniuwssaulaes Vour = Vop) kanemuguil 2.5

VDD V DD
RP
b V
J =N out
Rn
Vm = VDD :Vin =

5U# 2.5 M971191uv839 CMOS Inverter
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Tngvlusuuuuiamzvaanisatelouwsinu (Voltage-transfer characteristic) 3u4inain
nsanglaunsIsuYaduLRakariaaaunsananinsilunsenafieuiulssulanisanInnig
a519.duluan (load line plot) lnafiAuduRUsAINANNTTA 2.14-2.16 Lazilfie819989n3 10T

wanaNseeleul TR uYeIiueanugUN 2.6

Ipsp = —Ipsn (2.14)
Vesn = Vins Vesp = Vin — Vpp (2.15)
Vosn = Vour; Vbosp = Vour — Vop (2.16)

Toil Ipsp AenszuauosiiaoasyiwnaTULazYed
Ipsy AONSEUAUDNDULDATEMI NV NATULALIOH
Vesp Poussiuvasfisaasynininmuazyed
Visn AOUsIUUD9dulodsynI e nvlasyod
Vpsp ABUSIUIIiLeasynieasulayyod
Vpsn AOUSIHUUDADUNOATENINIVLATULALTOE
Vi~ Aousswuguns
Vour foussiuosing

Vpp  Asusssuvadlniaes

IDp [Dn
A jkV =
in
> >
VD Sp VDS;) V;)l it
= -
Vg, ==2.5 - -

GS, —

P Vr'n - VDD + VGS,U Vom = VDD + VDS;)

IDH = Dp

gﬂﬁ 2.6 M38louLIIAUTRINLDE (Vop = 2.5 V)
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= I =i =2 o < =~ o g v o

91n3UN 2.7 Wuguiianafevesnsviuvesdunedalaziived 9anvinlniaasiaey

e 1 3 = [ [ V1 v v < A o b4
nszuavzielnar U uNeaLariiteainiy xdunaldiniadavesdulanluguazilugaivily
2995%19°U (Vi = 0, 0.5, 1, 1.5, 2 wa 2.5 V) uazdudugad msumaivetuseiuieninadnaae
nstneleuwsaiuresduiesnesiuasianuisuwlaigs Welduneauwazivearinaunsousiu
1% Y a = a 2 v °o g v Y I3 N a & I =
wussiuvesdunainsiudsuuUanindesasyinliussiueminadanuasuldiduseienn g9

=

ABqA Saturation WLB4

out

NMOS off
PMOS res

2.5

NMOS sat 4
PMOS res

- .

PMOS sat NMOS res
PMOS off

0.5
Iy

0.5 1 1,302 )5 Vii

FUN 2.7 nmshauveddueduasiived (Vop = 2.5 V)
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= IS !

NuATe 1 Jursasuaniinnannunauiiidedn Design of Robust, Energy-Efficient
Full Adders for Deep-Submicrometer Design Using Hybrid-CMOS Logic Style [1] 49138071
“EEHybrid” Usznoumiensuainesinuau 24 62 14n1599nuuu93shuy Hybrid $8%3na Pass
transistor logic Lag Transmission gate Iumuﬁﬁ’aﬁgqLﬁulﬂﬁmiﬁwmm PDP Tun1sannns

WNI9vRIdyey10d (Swing) Lag noise Y8939a5NUMaIT e lWAT Gelaon9deinlutagiuleasd

a

Aaud g unesnutiudial jitter tAaTunn Msnaaeswesidsiidnusnidunisadedygyin

LINAVDIDT XORXNOR Ieilaridninasvinliie PDP Adu 5-37% ethdudnuiseliasuidu

Y

219950 WA ba kanlALADI1IN15anAT PDP 1192495052178 40% LUSeuLisunul9asuan

a o

M9l lngrsasnuideilinisldwalulad@ueadn 0.18 um AR 50 MHz uazunasinelii 1.8

V 2sasazidulumugy 3.1

AES
Cin B L1
T L >—sum
/T T
v N
O gl 1 (4
=
nH]| VDD
A_
LA
i a
l voo Cout
Y NI
A H’
B—]
= VDD

5UM 3.1 2995U3NLUL EEHybrid
U89 2 1 0u2995UINNNNIINUNAIUNITTEI1 A Low-Power High-Speed Hybrid
CMOS Full Adder for Embedded System [2] ¥®138n%831 “LHFA” US¥naumigns1udaines
F1uau 24 ¢ lunwddeidadulunnisannisgade masnusaznsiauidl PDP ve3399319a

o
[ a 1

U N1509NLUVINIVRINUITEULA1989I1aF19019 N5 0Ty B UNA VR I995 XOR 3 A
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aa

lAEBBNLULINATHUY Pass transistor logic nafilivaiasiiladgydsmasnuaniuain 1.8%
TUidu 35.6% wagludmesen POP 910 11.7% Wi 41.2% lagisasnuddetdnsldmelulad

Fuoad 0.35 um ANA 200 MHz wazuvaadglaiil 3.3 V 1sesazduluamgd 3.2

A (-
Cin————— > H>—sum

vl 6 e o

VDD

. A—d B—

B—<1 Cin —4 {>°_
Cout

A—| Cin —|

B A B

5UN 3.2 2995UINUUU LHFA
a v P @ a aaa | . .

91U989 3 LUUIIITUINTIUINNUNAINUNL YD1 Design of Robust and High-
Performance 1-Bit CMOS Full Adder for Nanometer Design [3] ¥®L38n% 811 “HPFA”
USLNDUMIENIIUTALNDITIUIL 24 AalA81995HIEHlATIAS 1L ULANNINSIEITNN1TDNWUUINRS
Ing PMOS pull-up kag NMOS pull-down lunuddeiiidulumuniseeniuuisasiiiinisgady
MaULAEARENATEN InetdnsasieantuulUIeuiisumnIsgatdemasy, fwd, A1 PDP

& Adao Ay v av A v Y & A o A a

Lagiundduiy 3 1927 wanlivesesnuideilaiandviviuinasnduaueiinisagde
o w a ¢ ' aal A ) a4 4 A o v !
My, Aaduazan PDP AnaaLilaifieuiu 39995 Tuvaginuivevsndtauslduinnitug
2995 lag9asnuIdediinisldmalulad@usan 90 nm A3Ud 50 MHz wazunrasaelny 1V

29a5auidulumugy 3.3
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VDD

T
A—C ﬂ BdC <L A~ Nedl L

=L

Ch il AG | e ° Cind
cn—C AL | el  cinIC
~Cout ;

Aaqgs—ﬁ‘ L
puri

—— SUM

5UM 3.3 23935UINULUU HPFA
aov a ) ] aaa {

U3 4 LUUINITUINNNIINUNAUNNTDI1 Low Power CMOS Full Adder Cells
[4] v8L5unFD11 “LPFA” USgnaumensIugainnsinuiu 14 @23gin1588nkuu Uy Hybrid
581319 Pass transistor Wag Transmission eate Tunuddelijaduluiinsagyifsmdsnuuaze
a sl o av v au & Y & 1 a S o w = saa
Auag i wailnvelaTauddsduansiitiuindnisgeds Aaesuuasiad ninin9asuan
9l Tnesasnuiddediinsldwmaluladfusain 22 nm amd 250 MHz Lasunasdnglui 1.2 v

29598 ulunugy 3.4

Cin SUM

A—

Cout

R
£ H
£ H

L

-

L

gﬂﬁ 3.4 2993UINUUU LPFA
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A7 5 Juresuiniiunainunaiiudifidedn A New Design of Low Power High
Speed Hybrid CMOS Full Adder [5] 2i38nTai1 “LHHybrid” Uszneudiensiudainessiuiy
16 §1l9n1500NLUVISATUUY Hybrid 581314 Pass transistor logic Wwag Transmission gate u
mu%’aﬁ%aaﬂLLUU’N%L%&'WG} wuseandu 3 d1ufediuves XOR-XNOR, d@1uvad SUM way
drunes Coyr guuiulufimagndemdsau, faduazan POP fiffian nafildvenasfienided
daueuanslifiuinasinegdinineesiithuuieuiieu 12% 81 100% tneassiiouddeasly
welulad@uoadi 0.18 pm Inaadufvuszq 5.6 fF uazunasaelnil 1.8 v 2sasazidulumugy

35

Cout

i\

*1[: p—Cin .
; L Tcn

gﬂ‘l’?‘i 3.5 2993U3NUUY LHHybrid

B

UM

] '
aadA 1

U389 6 1TU9A5VINTANI1NNUNANUNTATBI1 Performance Analysis of a Low-
Power High-Speed Hybrid 1-bit Full Adder Circuit [6] ¥0L38nT031 “PALP” Usgnauniy
NIUTANDTINUIU 16 AITN1999NLUVIATUUVNATUUY Hybrid 581319 Pass transistor logic
way Transmission gate TuauidedaziunmsiuSeuiisulrsasuindidaueiuieasuindug lag
° = a Y a o w | a ¢ X A vy
WTeuieuiuAnsande gy, afad, PDP, fiuivedisasiasdilanaaeuisasain 1
bit lUA 32 bit 8nAae Taglsasidausvesnuidedarltnalad@ued 2 vuinde 90 nm uag

180 nm Hunasdelii 1.2 V haz 1.8 V aud1au wanldvein1svnaaniiaasitedianaliiuii

' [
A

A1 PDP U99399391AUU 27.36% Wway 20.56% nuaisu ieilssuiisuiuasasuanielu 19953y
Julumugy 3.6
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SUM
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3113987 7 1 Ju1995UaaTiN1anUNA1LTiTe31 Power Aware and Delay Efficient

Hybrid CMOS Full-Adder for Ultra Deep Submicron Technology [7] wai3andetiadn “PDFA”

UZNaUMIENIUTAADITIUIU 22 A lHNI500NWUUVIIITHUVIIISWUY Hybrid 5311119 Pass

transistor logic kag Transmission gate luauddeilyuitulunnisaanisaade indanuiag

AUIE19991995 TaglaitnisiuioufisvieasuinitidueiuanasuINLUUAINY Naflareans

au & Y @ A = o w = (v 1% 2 a
Vl@aaﬂ’Nf\]i'J"\]UuLLﬁﬂQSLﬂLMU’Nuﬂ’]iaﬂﬂ']'iéjiyjl,ﬁﬁlﬂ’]a\‘iﬂ’]u 60% LaZUNITWAUINTUAINULIIN

32% lngisasieuideaglavalulagdueai 45 nm wasasduluaug 3.7

A
Al ol
B B _
i A®B |
B Cin
A
‘lj _ BT A-B A-B I Cout
Cin Cin _&_A
B A
A
T ABET

b

Cop_

A
B AEB

A

_ ADE Ci SUM

L8
I
B A4-B

gﬂﬁ 3.7 1WATUINUUU PDFA
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299 5VNUNNLEUDLAZNANISINADINITNNGIY

4.1 9995NUNEUD

N1500NLUVNITUINTU LAWY mauﬂwami‘]u 2 @IUADAIUYBINITODNUUUNITHAZEIY

6 ala a

Y9I IM A NN TANgAluAIUNITgds AE 19 ULaYANNEIV093935 TnedIuTeIns
28NLUUINTLTR1919A1A2113T90093995UINIUUNIL 2 warauni1sh 4.1 uag 4.2 Nigndn
aun1sydulval ielidgdenisaingmeasung19ds lunisdetsasiminausiiagldniseanuuy

hybrid 5¥11714 pass transistor login Wag transmission gate @9zlanigUieasiauanuzun
4.1

Sum=AD B®C
—(A®B)-C,y +(ADB)-C,, (a.1)

Covz 1= (A BB -G, )t (41C)

—(A®B)-Cpy +(A® B)- 4 (4.2)
vop  Cin I_Mj
Y N
VDD MX7 F__
RN A | BEL M
’—4|:r:‘/1rx1 MX3 H \ﬁr'ﬁ
A AN MX4 | MS2 SUM
; ey
2 VDD _J\_J’\—A:l__
MX8 ID— )
_r\__r\_%
T MX5 A~_H M _‘L
M MX
B I_TJ i
T _r\_r\jMCl
=
M2
_f\ﬁ_ '_Cout
/T ﬁ
Mc3
L
=
Mc4

5UN 4.1 sUrasminaue
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mﬂgﬂaws‘ﬁﬁﬂLauammma%mamsv‘hmumaqgmwﬂﬁﬁqﬁ

Lﬁaé’igigmﬁuwm A=0 wag B=0 N31uTaNaT MX1, MX3, MX8 9¢¥i9u dawalviqn H &
annuztdu 0 way H’ Jaousdu 1 Giaml,ﬁa%uwm Cp=0 N51UTaMD3 MS1, MS2, MS4 a¥¥inau
danaliidnoning SUM faauzdu 0 uaznsiudawes MC3 vinau danalianeying Coyr
anuzidu 0 Lﬁaﬁuwm Cp=1 NTawas MS1, MS2, MS3 9e¥inau danalienenving SUM &
anuzilu 1 waz vsudames MC3, MC4 v dawalirieving Coyr Tanmuzidu 0

Lﬁaﬁmzywméuwm A=0 ka¥ B=1 N51uTamas MX1, MX3, MX4, MX5, MX7 98¥11914
denalvign H faouzidu 1 way B faougidu 0 deudleduwn Cu=0 nwudanes MSa ag
91 danalianterving SUM Jaatuzidu 1 uas 3udanes MCL, MC2 vineu denaliien
L01mA Cour Henuziiu 0 fledunm Cy=1 n5udanas MS3 azviau dawalvidiovivn SUM
flaouzidu 0 wagnsudaweas MC1, MC2, MC4 ey demaliana1ving Cour daauziiu 1

dledynudunn A=1 wag B=0 ns1uBaines MX2, MX6, MX8 axviieni dawalviqn H il
anugidu 1 wag H Taonusdu 0 ﬁam%ﬁa@uwm Cp=0 N5 1UTALRD5 MSE 22911910 ASWalyAT
1We SUM Tanueidu 1 uag vsudameas MCL, MC2 vy denalsidnaving Cour danus
0 1ileBunn Cy=1 niudeained MS3 ag¥iau dawalddnesing SUM fanuzidu 0 was
NUFanas MC1, MC2, MC4 %1911 danalineving Coyr daanuzdu 1
Lﬁ@ﬁ’ﬁgtymauwm A=1 uag B=1 N3 IUTamas MX2, MX4, MX5, MX6, MX8 9811911 danalvye
H flaauedu 0 wag M Tapusidu 1 Giaml,ﬁa@uwm Cp=0 N51uTAMDS MSL, MS2, MS4 3¢
e dawalanieving SUM Saaruudiu 0 way nsiudanes MC3 ¥y dawaliir1enving
Cour Samusidu 1 Lﬁaﬁuwm Cr=1 NUTAMDT MS1, MS2, MS3 289191 danalria1tenving
SUM flanuadu 1 waz n51udawmes MC3, MC4 v dawalifnie1ving Coyr Saauzilu 1

duiaosdomamamlilinadnsinfianlusunisgapdeidnuiazanuiiivenses Tu
AUl USUAYDIANLNA 1 WBITBITE NI TR AN MLATIASUINUS e AL auTULLE (Channel

width : W) hagseggi19seniIngd@nsnamIuIve990dLnNLasiASULNNAS AN 1LY ULUD

= W o i o > ' v &
(Channel Length :L) @sifie T tuies Tnggasnuauagldinalulady 16 nm fati L 9992999

<

ztu 16 nm @1es W azusuliuinnin 2 winwed L delunsasnsiudawasazlivindu Taed

9xUsuen W lUaunsenseaudygiaseinafieanunduguiiisuduvenisiasuaeiniidu
= v & v, W
fign deuazlien —

?i’au%aﬂﬂ’lingmammmuﬁlw Static power dissipation wag Dynamic power dissipation 1ag

A o & I3 = % o § va I a cal v PN
“UENN%VM’]Lauau%mulﬂmmmi’]wl 4.1 GUQV]']IVNQ']@L&EJVIU@EJW@@ Iu
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[

BN

ITUWUY dynamic 88719LA87 FUANIINN1TI9IUV892935 0029950 nsualunar1usafi

1PANIIUTAN DT LA ULDANTIUT AL DS T UL

o W A o
M19719N 4.1 A1519AN T VDIWNATNUIEAUD

Channel Width | Channel Length
transistor
(nm) (nm)
MX1 200 16
MX2 100 16
MX3 100 16
MX4 52 16
MX5 52 16
MX6 100 16
MX7 100 16
MX8 100 16
MS1 52 16
MS2 200 16
MS3 52 16
MS4 200 16
MC1 200 16
MC2 52 16
MC3 200 16
MC4 100 16
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4.2 N1591889N15%19U
N1931809N1591191U9843937 Ll A9UTEANS AN U agdaedlagldsun 4.2 Tunis

naaeumenshatninesidnlunsludiuvesdunnuazioinaalouiuseisnsas

—{ e[S
~_ [~e—tFulltAdder| ©
//0—4 //o—l

Z P[>
CJ-N—J K —[.—h‘m—i

— — i

]
=1

5U% 4.2 M1591909M15%19UV89935

NsNINaNIINNa8s AlElUsNTU HSPICE 91a94n19vn91u TnsazdnisiTauliiuieas
vinfhiaueiuaasuandus fanua 7 2995 wuseaniu 2 daufenisiussuifiguwnasanglni
WagumluaznsilseudisusniudszailvanUasualusnaniden 4.2.1 uay 4.2.2 auaeu
waluladmianlddumalulad cMOS 16 nm wazltmudf 1 GHz lnemaiiavesisasiieaue
Huagldisn1seentuuuy hybrid 5¥11919 pass transistor 1128 TuS0IAALEL LA transmission
A A | a o P 1% A L3 Ay = o 1 1 z.:n{’ Y
cate MeluTosrNsgadsidenuiialaiwsnauysalmundesns Fansineeeiagin

Tuyy digital a9z inuiuvesns

4.2.1 nswWsguiisuunasaneln

nswWisuidisuurasdnglnfiuasuaily 15s1esiudsuidisuian 5 M #e 0.9-1.4 V Ing
T melulad CMOS 16 nm ma1ud 1 GHz LLazﬁ'gLﬁuﬂﬁzqﬁimﬂ 1 fF AU2995 EEHybrid, LHFA,
HPFA, LPFA, LHHybrid, PALP ua2 PDFA iigufiusasuaniitiaue wadniiiildazuandlumisnad
4.2-0.4 uazgUR 4.3-4.5

MnM5197 4.2 asdiuldindiousudussiuresunasdngliiinty asvildamganuiion
dudunuilufie Semnefvinisiuussiuumaiglivesisasuiniiy vhlvAnsgeydemas
surensaslassndannniu lnefidvernsasitiauetudafindanegi 0.93 uw odne
wsaului 0.9 v
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power (UW)

voltage(V) | EEHybrid | LHFA | HPFA | LPFA | LHHybrid | PALP | PDFA | proposed
0.9 1.64 1.55 1.80 2.50 2.04 1.27 1.46 0.93

1 3.26 3.09 3.58 8.66 6.79 2.54 291 1.87

1.1 5.85 5.52 6.39 33.80 23.90 4.58 5.22 3.39

1.2 9.97 9.36 10.80 112.01 84.40 7.85 8.92 5.83

1.3 18.20 16.30 18.60 307.82 275.90 14.20 16.10 11.10

1.4 51.40 39.10 42.50 750.93 756.66 0.00 43.60 40.70

4:1' < Pl P [ 1 [y 1 1 o X o Y1 a cal v vl
MNEITNN 4.3 T{ISm‘u‘lﬂ’ﬂLiJ’eJ‘Uﬁ‘Uﬂ’]LLi\i@u‘U@QLmﬁQ‘{IWS‘lWLWNTU QSV]WIMF’W@L@HW’JWIW&J

' S A A o UMY a i Aad ° Y] cs a v | al
ANANAY mmmwwmLauawﬂ,muumﬂ’qummm‘umiL‘Uia‘UL‘mEJ‘Umemsﬂw 09-14V Rl

22.89 ps Musepuuvasangln 1.4 V Fsvuneanuinnsiisuseiuvewnasdngliaesisasuiniu

22911919958 ANRRNTesad AITusiAUSINNTY

A15199 4.3 ps1eAfagilatrasaneluildesuly

Delay (ps)
voltage(V) | EEHybrid | LHFA HPFA LPFA | LHHybrid | PALP PDFA | proposed
0.9 19156 | 505.99 | 12837 | 130.99 | 550.72 | 14578 | 238.01 118.68
1 12295 | 42228 | 82.62 7272 | 44975 | 96.84 | 142.26 74.33
1.1 89.93 | 313.81 69.69 63.47 394.41 69.21 96.94 54.01
1.2 70.66 | 128.21 63.60 53.61 217.40 53.83 73.24 42.15
1.3 58.13 80.30 52.96 43.70 130.63 43.91 58.67 34.48
1.4 48.89 58.06 45.49 36.60 96.25 0.00 49.36 28.89
1NAN37 4.4 azdiulddndleusumussiuvewnasseliiiinty azsinlien POP veq
2995 LTl Famneanuinnsiuausssuvesunasinglnluisasuanturinlien PP i

a

\inAu IngAn PDP v0993sNdLaueiafian g 0.11 floule Llounasdngln 0.9 v
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PDP (fJoule)

voltage(V) | EEHybrid | LHFA HPFA LPFA | LHHybrid | PALP PDFA | proposed
0.9 0.31 1.09 0.29 0.39 1.52 0.20 0.36 0.11

1 0.40 1.92 0.38 0.86 4.41 0.25 0.41 0.13

1.1 0.53 2.84 0.51 2.35 11.80 0.32 0.51 0.18
1.2 0.71 1.76 0.69 6.00 18.40 0.42 0.65 0.25

1.3 1.06 1.65 0.98 13.50 36.00 0.62 0.95 0.38

14 2.52 2.66 1.93 27.50 72.80 0.00 2.15 1.18

9n3U7 4.3 azflunisuanansinisiSeuisuaiasudounasinelnaeuly &

Juns i exponential AU agdanaiuladndlonnasdnglndaniinduain 0.9 v ivauis 1.4 v

ANMAIUTDIINDTUINTY AIUU9A5DETNITIINA I UNNVY

800.00
720.00
640.00
560.00
430.00
400.00
320.00
240.00

POWER

160.00
80.00

0.00 |

= EEHYbIid ==@== LHFA

0.9

=== | HHybrid ==@= PALP
HW

—@— HEFA
—8—PDFA

11 1.2
VOLTAGE

POWER VS VOLTAGE

LPFA
=== DIOpOSE

13 1.4

5UN 4.3 nswinsidSeuiiisuseninamaanuiuanusisdnglndi

n3UN 4.4 azdunisuanansminisiIeuiisuammiadidlownasgnenasuly

Faunsm exponential 1189 axdaunaiiulaindiounasanglwiianintuain 0.9 v ivauds 1.4

V Aftadued99siifianad fatu99sasianus sy
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DELAY VS VOLTAGE

=== EEHybrid ==@=HFA === HPFA LPFA

e | HHy ric] i PALP el P DF A = DOPOSE
ps
800.00

720.00
640.00
560.00
480.00

DELAY

400.00
320.00
240.00
160.00

80.00

0.00 v
0.9 1 11 12 13 1.4

VOLTAGE

UM 4.4 niniswSeuiisueaadiunnusadnglni

N3UN 4.5 slunisuanensiinisieudisudn POP Weunastnglivaeuly duidy
n31 exponential 21U agdunaviulsindonnasanelndiniuduain 0.9 v lauis 1.4 v @

PDP 989342 50ALNLTY

PDP VS VOLTAGE

~—@&— EEHybrid =@— LHFA == HPFA = PFA

=@— | HHybrid —@— PALP —@8— PDFA =8 Dropose
floule

80.00
72.00
64.00
56.00
o
S 43.00
o
40.00
32.00
24.00
16.00
£.00
0.00 v
0.3 1 11 1.2 13 14
VOLTAGE

JUT 4.5 ninsiSeuiiguan PDP fuausedngluii
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mM3Isuifisudiiulszaiiluan 1asiUTeuliiouionan 10 A1 de 1-10 fF 1agld
welulad CMOS 16 nm A ud 1 GHz wazunasdnell 0.9 V fU2995 EEHybrid, LHFA, HPFA,

LPFA, LHHybrid, PALP waz PDFA iaufuasasuinfiviaue wadnvidldazuandlunisad 4.5-

4.7 LLangﬁ 4.6-4.8

9915797 4.5 adileidedinsiuasuavesiaiulszyiilvaniuiinatdosuniuaiigs

N Weadufulsyyasulutess dsmmasnunialivessasivnaueiiaregn 0.93 uw

M157199 4.5 msnefasnudiordfuUssuaeuly

power (uW)
capacity(fF) | EEHybrid | LHFA HPFA LPFA LHHybrid | PALP PDFA | proposed
1-10 1.64 1.55 1.80 2.50 2.04 1.27 1.46 0.93

= < AP s PN a a = % a A
31NN150 4.6 FgulanAvesduivUsEInluaaliriUisulUuisadanios dnadeans

L@EgY8INATUINGIY FaneaudnlloAvesdunuUszaliainaduazyiliamadiieunniu v

(%
Y

Tasvihmulatias Ingamadvesaasiiiauenngaiulle

Ivianilenagi 1 fF

M15199 4.6 M3sAReddlamAuYss AUy

IS DA

1987 118.68 ps \lofaiNuUszqi

Delay (ps)
capacity(ffF) | EEHybrid | LHFA | HPFA | LPFA | LHHybrid | PALP | PDFA | Proposed
1 191.56 | 50599 | 128.37 130.99 550.72 | 14578 | 238.01 118.68
2 213.17 | 521.39 | 152.69 155.40 585.89 | 207.06 | 329.54 169.17
3 231.20 | 539.98 | 162.78 185.22 520.29 | 256.04 | 418.42 199.12
4 248.00 | 558.10 | 188.09 217.89 555.69 | 303.83 | 503.31 236.58
5 266.36 | 574.34 | 206.20 246.99 587.96 | 353.64 | 623.68 273.46
6 284.21 | 591.07 | 221.72 274.21 620.42 | 396.77 | 758.10 309.74
7 298.96 | 608.55 | 248.39 307.01 653.31 | 440.73 | 846.72 350.18
8 315.17 | 623.13 | 266.39 336.22 684.58 | 482.23 | 926.06 379.84
9 331.37 | 638.82 | 289.67 365.43 715.00 | 529.12 | 1005.30 41355
10 34795 | 654.87 | 306.46 394.30 747.10 | 619.36 | 1096.67 438.17
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INATNN 4.7 ziuladndlovsua1vaasnAuUszanuaniudy azvinlyval PDP fiAn
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dinaunnlusae Tnefidnnffianesnsasiinavetudaiegi 0.11 floule Wiaaiudseyi

Inanileagi 1 fF

M15199 4.7 9157967 POP Wiaadunuuszaaeuly

PDP (fJoule)
capacity(fF) | EEHybrid | LHFA HPFA LPFA LHHybrid | PALP PDFA | proposed
1 0.31 1.09 0.29 0.39 1.52 0.20 0.36 0.11
2 0.35 1.12 0.33 0.47 1.60 0.26 0.49 0.15
3 0.38 1.15 0.37 0.54 1.67 0.32 0.62 0.18
4 0.41 1.18 0.39 0.62 1.75 0.38 0.75 0.22
5 0.44 1.20 0.43 0.70 1.81 0.45 0.92 0.25
6 0.47 1.23 0.45 0.76 1.88 0.50 1.12 0.29
7 0.49 1.25 0.48 0.84 1.95 0.56 1.25 0.33
8 0.52 1.28 0.52 0.92 2.01 0.61 1.36 0.35
9 0.54 1.30 0.54 0.99 2.07 0.67 1.48 0.39
10 0.57 1.33 0.57 1.06 2.14 0.79 1.61 0.42

9n3U7 4.6 asdunisuanensimevesindenudiermmiiuvuszgnlnanuaeuly Judu

nsmdunse szdunaiuliindiemsiulssgaiinduain 1 fF luaudia 10 fF ArMasuiady

tepnnaufisuavasil esannfiiudszanldsundastuieasuin feudasUldindives

v ® = a = ' 1o w 2/
mLﬂuﬂszﬁ;‘mLiJaauumamammawuuaﬂmm




27

POWER VS CAPACITOR

=== EEHybrid =—s=—LHFA =g HP FAH2 LPFA

7o LHHYDrid —e—PALP  —gmmPDFA  ——gmpropose
W

POWER
1=
S
y
'y
'y
'y
'y
'y
'y

'y
'y
'y

1fF - 2fF 3fF  MF S5fF 6&fF - HF _BfF 9fF 10fF i

CAPACITOR

UM 4.6 nsmin1snl3euiisuseninsmasnuiusunuysyyiilnan

NngUT 4.7 mdunsuansnswiandadislorduiuszg ilnandsuly dady
nadunssiifimnuduiu asdanniulfindonduiulsaduiuan 16 luaufis 10 fF ad
ladvesiasaniindy (esnnluvasiinsesiinuazians charge-discharge AIdLAUUTEY
diutwhliesiefiagiiniunig pswesnesisiias fuuisagldimadouasmes

ARNuUsERitvian dnadeafadvesiens

DELAY VS CAPACITOR

g EEHY DI g LH FA s HP FARZ s LPFA

g | HHYD T g PAL P g PLFA —g— O pOSE

ps
1200
1100
1000
200
BOOD
700
500
500
400
300
200
100

0 iF

1fFf 2fF 3fF 4fF 5fF 6fF 7fF BfF OfF 10fF

CAPACITOR

DELAY

JUN 4.7 nswimsiSeuiieussninsafadiuiuiulseqiivan



28

9n3U7 4.8 asidunisuansnsvafadilleduiuuszy Mwamdasuly udunsm

[ 3

unsanfiennuduiu azdunamiuladndearduiudsggiiuduain 1 fF luauds 10 fF A1 PDP

1
L

Yorsasiianiiudy duiudaguldainfierdiiulszqinaniiuaeuly Suaser PDP 1943993

PDP VS CAPACITOR

EEHybrid LHFA HP FAR2 LPFA

il | H Hy brid PALP sl ') Fi2, il [} O D56
floule

PDP

’ I — i
.
0.4 s e TNttt
0.2 — - >
0.0
ifF - 2ff  3fF aff | sfF &fF  FE g off aofe. T
CAPACITOR

sUR 4.8 nminms3euiiauszwingd POP Ausunulseq

nuaTeININAaBIiEauUTLlUR NG uE wazaun137eI99s CMOS (8] a5y

Y @

AvedLrasdng TRz liAvesnsgyideiasnuiidiaduny vilimsldndeuves

©

19958AnRNTY TudruesrmadazyinlirfLadu991995anad Y1 li99slAIUEINATY Lasyin

Tvienwas POP ity Tuvasfidouuidiiudssaiivanagriliegesnisguyide dsudia
fisduiisadnties ludiuwesimadasinlvamiaguesisasiindy iilwsesienuiias e
N13LNANIS charge-discharge ﬁmm%uuazﬁﬂﬁm PDP Lﬂ'uéﬁu

9NANT197 4.8 L‘flumﬁmaqﬂmsuﬁsmLﬁauﬁﬁflé’muuazm&aésw*jwmwaﬁﬁ%aua

! | A vo = a o v I | Ao vy A o = I3 s &
Laz993A199 Ineadlainuussuifisunmuazidunininlaansesninausiisuduilosidu

U2995619°9) HaUTINYIANFTAATIAIUNITIINS Y AuSIwazA1 PDP 9997995 93 ld

=

wrasgglun 0.9 v §duAudszqy 1 fF lagazdid1aaudil 1 GHz WethunuSeuliieuiuieas

'
a

EEHybrid iAn1sldndsnuitaninegiussun 76% uazilAsadnaninegi 26% sususioun

a 1 A 4

WelIeuieuiuiees LHFA dnsldndsnunfnitegiussunu 67% wazilAdiadifninegi

A

326% SunusieunilaIeuliiguiuies HPFA finnsldndenuninitegnussuna 94% uazilend

WeNANIIeEN 8% dunusieuilelUSeuliguiueas LPFA Inisldndanuniniiegn 169% uag



29
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power Delay
Circuit power power Delay delay

(uW) | comparison (%) | (ps) | comparison (%)
EEHybrid 1.64 -76.34 | 191.56 -61.41
LHFA 155 -66.67 | 505.99 -326.35
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uuabian t iWuaiuamilaauresdygadunauazienying AetuaLRieuas power

dissipation ¥9929959sulanuaun1si n.1

Pavg = %foTv(t) -i(t)dt (n.1)
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Tpar = U1 — Lo (%.2)
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A9t NMOS Tuginu Satuaration agf@uN1SANLANNITA A.4-5
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Conventional XOR XNOR Circuit

Kk Kk AhkKRkKK KKK OPTIONS XKk Kk Ak kKK KKk

.OPTIONS LIST NODE POST
.OP

XKk k kKX AKXk KK ANALYSIS Xk kXA Kk Kk kKKK

.TRAN .5ns 10ns

.print tran v (IN) v (out)

.print tran v (pw)

. measure tran tdaly trig v(vB) val='0.5*0.9"' rise=1 targ
v (XOR) val='0.5*0.9'" rise=1

.Mmeasure tran tdalysum trig v(vC) val='0.5*0.9"'" rise=1 targ
v (SUM) val='0.5*%0.9' rise=1

.measure tran tdalycout trig v(vC) val='0.5*0.9"' rise=1 targ
v (COUT) val='0.5*0.9' rise=1
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.param supply=0.9
.temp=25

kkkhk Kk kkk Kk Kk *k SOURCE DESCRIPTION kkkhk Kk kkk Kk Kk *k
VCC vCC 0 0.9
vtstp VCC stp O

*kkkhkkkkkx k%K Frequency 10 MHZ *kkhkhkkkkhkkkk Kk

V1l vA 0 0 pulse ( 0 supply 2ns 0.0lns 0.0lns 1.98ns 4ns )
V2 vB 0 0 pulse ( 0 supply 1ns 0.0lns 0.0lns 0.98ns 2ns )
V3 vC 0 0 pulse ( 0 supply 0.5ns 0.0lns 0.0lns 0.48ns 1lns )

*kokxkxxkxkkkk Buffer input *xx %k ko
MI1 AI1 vA stp VCC PCH L=16N W=100N
MI2 AI1 vA O O NCH L=16N W=52N

MI3 AI2 AIl stp VCC PCH L=16N W=100N
MI4 AI2 AI1 O O NCH L=16N W=52N

MI5 BI1 vB stp VCC PCH L=16N W=100N
MI6 BI1 vB 0 O NCH L=16N W=52N

MI7 BI2 BI1 stp VCC PCH L=16N W=100N
MI8 BI2 BI1 0 O NCH L=16N W=52N

MI9 CI1 vC stp VCC PCH L=16N W=100N
MI10 CI1 vC 0 O NCH L=16N W=52N

MI11l CI2 CI1 stp VCC PCH L=16N W=100N
MI12 CI2 CI1 O O NCH L=16N W=52N

XKk kAR KK KKK NETLIST XKk Kk AhkKKXKk KKKk

MX1 Al AI2 stp VCC PCH L=16N W=200N
MX2 Al AI2 0 O NCH L=16N W=100N

MX3 XOR Al BIZ2 0O NCH L=16N W=100N
MX4 XOR BI2 Al O NCH L=16N W=52N
MX5 XNOR BI2 ATI2 0 NCH L=16N W=52N
MX6 XNOR AI2 BI2 0 NCH L=16N W=100N

MX7 XOR XNOR stp VCC PCH L=16N W=100N
MX8 XNOR XOR stp VCC PCH L=16N W=100N

MS1 SUM XNOR CI2 0 NCH L=16N W=52N
MS2 SUM XOR CIZ2 VCC PCH L=16N W=200N
MS3 SUM CI2 XNOR 0 NCH L=16N W=52N
MS4 SUM CI2 XOR VCC PCH L=16N W=200N

MC1 COUT XNOR CI2 VCC PCH L=16N W=200N
MC2 COUT XOR CI2 0 NCH L=16N W=52N
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MC3 COUT XOR AI2 VCC PCH L=16N W=200N
MC4 COUT XNOR AI2 0 NCH L=16N W=100N

Kk Kk khkkk kK Kk*K Buffer Vout Kk kkhkK k) *k*%

MB13 SUMO SUM stp VCC PCH L=16N W=100N
MB14 SUMO SUM O O NCH L=16N W=52N

MB15 vSUM SUMO stp VCC PCH L=16N W=100N
MB16 vSUM SUMO O O NCH L=16N W=52N

MB17 COUTO COUT stp VCC PCH L=16N W=100N
MB18 COUTO COUT 0O O NCH L=16N W=52N

MB19 vCOUT COUTO stp VCC PCH L=16N W=100N
MB20 vCOUT COUTO O O NCH L=16N W=52N

CLB4 VSUM 0 1f
CLB5 VvCOUT 0 1f

*kkhk Kk Kk k) k) Kk K POWER METER Xk khkkh kKK k)%
fp 0 pw vtstp 0.025

rp pw 0 10k

cp pw 0 10p

KA A A A A AR A AR A A A A A A A A A A A A A A A A A A A A A KA AR A A AKX A AR A AR AR A AR A A AR X kK

* PTM Low Power 16Nm Metal Gate / High-K / Strained-Si
* nominal Vdd = 0.9V

.model nch nmos level = 54

+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

+tnom = 27 toxe = 1.2e-009 toxp = 9e-010 toxm = 1.2e-009
+dtox = 3e-010 epsrox = 3.9 wint = 5e-009 1lint = 0

+11 = 0 wl =0 1ln =1 wln =1

+1lw = 0 WW =0 lwn =1 wwn = 1

+1lwl = 0 wwl = 0 xpart = 0 toxref = 1.2e-009
+vthO0 = 0.68191 k1 = 0.4 k2 = 0 k3 = 0

+k3b = 0 w0 = 2.5e-006 dvt0 = 1 dvtl = 2
+dvt2 = 0 dvtOw = 0 dvtlw = 0 dvt2w = 0
+dsub = 0.1 minv = 0.05 voffl = 0 dvtp0 = le-011
+dvtpl = 0.1 1peO =0 lpeb =0 xj = 5e-009
+ngate = 1e+023 ndep = 7e+018 nsd = 2e+020 phin =0
+cdsc = 0 cdscb =0 cdscd = 0 cit =0

+voff = -0.1014 nfactor = 1.6 etal = 0.0095 etab =0
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+vfb = -0.55 u0 = 0.028 wa = 6e-010 wub = 1.2e-018
+uc =0 vsat = 200000 a0 =1 ags =0

+al =0 az =1 b0 =0 bl =0

+keta = 0.04 dwg =0 dwb =0 pclm = 0.02
+pdiblcl = 0.001 pdiblc2 = 0.001 pdiblcb = -0.005 drout =
0.5

+pvag = 1le-020 delta = 0.01 pscbel = 8.14e+008 pscbe2 = le-
007

+ fprout = 0.2 pdits = 0.01 pditsd = 0.23 pditsl =
2300000

+rsh 5 rdsw = 170 rsw 75 rdw =75
+rdswmin = 0 rdwmin = 0 rswmin = 0 pPrwg =0
+prwb =0 Wr =1 alphaO = 0.074 alphal =
0.005

+betal = 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 aigc = 0.015211 Dbigc = 0.0027432

+cige = 0.002 aigsd = 0.015211 bigsd = 0.0027432 cigsd =

0.002
+nigc = 1 poxedge = 1 pigcd =1 ntox
+xrcrgl = 12 xrcrg2 =5

1

+cgso = 5e-011 cgdo = 5e-011 cgbo = 2.56e-011 cgdl= 2.653e-

010

+cgsl = 2.653e-010 ckappas = 0.03 ckappad = 0.03 acde =
+moin = 15 noff = 0.9 voffcv = 0.02

+ktl %0918 ktll = 0 kt2 = 0.022 ute = -1.
+ual = 4.31e-009 ubl = 7.61e-018 wucl = -5.6e-011 prt
+at = 33000

+fnoimod = 1 tnoimod = 0

+jss = 0.0001 Jsws = 1le-011 Jjswgs = 1e-010 njs =1
+ijthsfwd= 0.01 ijthsrev= 0.001 bvs = 10 xJjbvs =1
+jsd = 0.0001 Jswd = 1e-011 jswgd = 1e-010 njd =1
+ijthdfwd= 0.01 ijthdrev= 0.001 bvd = 10 xjbvd =1
+pbs =1 cjs = 0.0005 mjs = 0.5 pbsws 1
+Ccjsws = 5e-010 mjsws = 0.33 pbswgs = 1 cjswgs =
010

+mjswgs = 0.33 pbd =1 cjd = 0.0005 mjd = 0.
+pbswd =1 cjswd = 5e-010 mjswd = 0.33 pbswgd =1
+cjswgd = 5e-010 mjswgd = 0.33 tpb = 0.005 tcj = 0.

1

5
=0
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+ tpbsw = 0.005 tcjsw = 0.001 tpbswg = 0.005 tcjyjswg =
0.001

+xtis = 3 xtid = 3

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

+dw] = 0 xgw =0 xgl =0

+rshg = 0.4 gbmin = 1e-010 rbpb =5 rbpd =15
+rbps = 15 rbdb = 15 rbsb = 15 ngcon =1

.model pch pmos level = 54

+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

t+permod = 1 acngsmod= 0 trngsmod= 0

+tnom = 27 toxe = 1.22e-009 toxp = 9e-010 toxm = 1.22e-009
+dtox = 3.2e-010 epsrox = 3.9 wint = 5e-009 lint = 8e-010
+11 =0 wl 0 11n = 1 wln =1

+1w =0 WW =0 lwn =1 wwn =1

+1wl =0 wwl =0 xpart =0 toxref = 1.22e-
009

+vth0 = -0.6862 k1 = 0.4 k2 = -0.01 k3 =0

+k3b =0 w0 = 2.5e-006 dvtoO =1 dvtl = 2
+dvt2 = -0.032 dvtOw =0 dvtlw = 0 dvt2w =0
+dsub = 0.1 minv = 0.05 wvoffl =0 dvtp0 = le-011
+dvtpl = 0.05 1peO =0 1lpeb =0 xj = 7.2e-009
+ngate = 1le+023 ndep = 4.4e+018 nsd = 2e+020 phin =0
+cdsc =0 cdscb = 0 cdscd = 0 cit = 0

+voff = -0.08 nfactor = 1.8 etal = 0.0095 etab =0
+vfb = 0.55 u0 = 0.0075 ua = 2e-009 ub = 5e-019

+uc =0 vsat = 195000 a0 =1 ags = 1e-020

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

t+keta = -0.047 dwg = 0 dwb =0 pclm = 0.12

+pdiblcl = 0.001 pdiblc2 = 0.001 pdiblcb= 3.4e-008 drout =
0.56

+pvag = 1e-020 delta= 0.01 pscbel= 8.14e+008 pschbe2= 9.58e-
007

+fprout = 0.2 pdits = 0.08 pditsd = 0.23 pditsl = 2300000
+rsh = 5 rdsw = 220 rsw = 72.5 rdw = 72.5
+rdswmin = 0 rdwmin = 0 rswmin = 0 pPrwg =0

+prwb =0 wr = 1 alpha0O = 0.074 alphal = 0.005
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+betal0 = 30 agidl = 0.0002 bgidl = 2.1e+t009 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 aigc = 0.0097 Dbigc = 0.00125
+cigc = 0.0008 aigsd = 0.0115 bigsd = 0.0012 cigsd = 0.0008
+nigc = 1 poxedge = 1 pigcd = 1 ntox =1

+xrcrgl = 12 xrcrg2 =5

+cgso = 5e-011 cgdo= 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 wvoffev = 0.02

+ktl = -0.11 kt1l =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 = 0.0001 jsws = 1le-011 jswgs = 1le-010 njs =1
+ijthsfwd= 0.01 ijthsrev = 0.001 Dbvs = 10 xjbvs =1
+jsd = 0.0001 Jjswd = 1le-011 jswgd = 1e-010 njd =1
+ijthdfwd= 0.01 1ijthdrev= 0.001 bvd = 10 xjbvd =1
+pbs = laess = 0.0005 mjs = 0.5 pbsws =1
+cjsws = 5e-010 mjsws = 0.33 pbswgs = 1 cjswgs = 3e-
010

+mjswgs = 0.33 pbd = 1 cjd = 0.0005 mjd = 0.5
+pbswd =1 cjswd = 5e-010 mjswd = 0.33 pbswgd =1
+cjswgd = 5e-010 mjswgd = 0.33 tpb = 0.005 tcj = 0.001
+tpbsw = 0.005 tcjsw = 0.001 tpbswg = 0.005 tcjswg = 0.001
+xtis = 3  xtid =3

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

+dw = 0 xgw =0 xgl = 0

+rshg = 0.4 gbmin = 1e-010 rbpb = 5 rbpd =15
+rbps = 15 rbdb = 15 rbsb = 15 ngcon =1

R e e e e A g U G db db I S S b I b b b b i b i b i S A A A db A I db i b b b b b b b b i S i e d i dh G dh g A db i b a4
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Design high speed and low power hybrid full adder
circuit

Sathaporn Lueangsongchai
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Bangkok 10520, Thailand
thaphornz@outlook.com

Abstract — This paper presents 1-bit hybrid full adder cells
circuit scheme that high speed and low power consumption. This
Full adder cells circuit is designed utilization of XOR gate,
XNOR gate, pass logic gate and transmission gate. Result of
simulation by HSPICE program based on 16 nm CMOS
technology with 0.9V power supply voltage and maximum
frequency at 8GHz.

Keywords— CMOS technology, Full adder circuit, logic gate,
high speed, delay

L. INTRODUCTION

VLSI technology is basic of integrated circuit that used to
component of transistor such as logic gate, full adder circuit
and multiplication circuit. Design of integrated circuit is
considered different of frequency, delay time. voltage,
temperature, number of transistors, chip area and type of
CMOS technology. This paper is designed high speed and low
power of full adder circuit. At the present, telecommunication
circuit are interested speed processor and low power
consumption for demand.

This paper presents | bit hybrid full adder cells cireuit to
improve higher speed and lower power consumption. The
proposed circuit uses 16 nm CMOS technology, voltage 0.9 V,
maximum frequency 8 GHz and 1 {F capacitance that compare
with the other circuits 1 bit hybrid full adder cells circuit.

Figure 1. EEHybrid full adder circuit [1]
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Figure 2. LHFA full adder circuit [2]
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Figure 3. HPFA full adder circuit [3]
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Figure 4. LPFA full adder circuit [4]
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Figure 5. LHHybrid full adder circuit [5]
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Figure 6. PALP full adder circuit [6]
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Figure 7. PDFA full adder circuit [7]
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In Fig. 1, EEHybrid circuit [1] had low speed and high-
power consumption. In Fig. 2, LHFA circuit [2] is used 24
transistors that required high power supply. This circuit had
high power consumption. In Fig. 3, HPFA circuit [3] had low
speed. In Fig.4, LPFA circuit [4] is used 14 transistors but
high-power consumption. In Fig. 5, LHHybrid circuit [5] had
high power consumption. In Fig. 6, PALP circuit [6] had high
power consumption. Finally, in Fig.7, PDFA circuit [7] is used
22 transistors and high-power consumption.

978-1-5386-8458-0/18/$31.00 ©2018 IEEE
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II. FULL ADDER CIRCUITS

Full adder circuit is digital circuit that used addition of
binary numbers method. The output values of 1-bit full adder
circuit are summary (SUM) and output carry (Cour) that
according to binary number A, B and input carry (Civ) as
shown on equation 1, equation 2 and table 1. Basic structure is
shown in Fig. 8.

(1)
(2)

Sum=A®B&C
Cor =(A-B)+(B-Cp)+(A-Cp)
Table 1. TRUTH TABLE OF FULL ADDER CIRCUITS

INPUT OUTPUT
A B Cm Cour Sum
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1
f SUM
1 FULL
! ADDER Cour
1

Figure 8. Basie structure of full adder circuit

[1I. PROPOSED CIRCUIT

The proposed circuit focus about high speed and low power
consumption. The proposed circuit is designed by pass
transistor logic and transmission gate. To decrease the
complexity of design, the proposed Boolean equation are
changed format as shown in equation 3 and 4. Therefore, the
proposed circuit is shown in Fig. 9.

Sum=A®B®C,

=(A®B)-Cy +(A®B)-C,, (3)
Coor =(A-B)+(B-Cp)+(A - Cy)
=(A®B)-Cp +(ADB)-A 4)

[y

| %

i

— SUM

|
(

F}
|

I

Figure 9. Proposed circuit
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The operation of proposed circuit is explained as follow:

When input A is 0 and input B is 0, transistor MX1, MX3
and MX8 are turned on. So, output H is 0 and output H’ is 1.
After that input carry (Cix) is added. When input carry (Cix) is
0, transistor MS1, MS2, MS4 and MC3 are turned on. So,
summary (SUM) value is 0 and output carry (Cour) value is 0.
When input carry (Cpy) is 1, transistor MS1, MS2, MS3, MC3
and MC4 are turned on. So, summary (SUM) is 1 and output
carry (Cour) is 0.

When input A is 0 and input B is 1, transistor MX1, MX3,
MX4, MXS5 and MX7 are turned on. So, output H is 1 and
output H' is 0. Afier that output carry (Cv) is added. When
input carry (Cp) is 0, transistor MS4, MCI and MC2 are
turned on. So, summary (SUM) is | and output carry (Cour) is
0. When input carry (Cix) is 1, transistor MS3, MC1, MC2 and
MC4 are turned on. So, summary (SUM) is 0 and output carry
(Cour) is 1.

When input A is 1 and input B is 0, transistor MX2, MX6
and MX8 are turned on. So, output H is 1 and output H" is 0.
After that input carry (Ciy) is added. When input carry (Cy) is
0, transistor MS4, MC1 and MC2 are turned on. So, summary
(SUM) is 1 and output carry (Cour) is 0. When input carry
(C) is 1, transistor MS3, MC1, MC2 and MC4 are turned on.
So, summary (SUM) is 0 and output carry (Cout) is 1.

When input A is 1 and input B is 1, transistor MX2, MX4,
MX35, MX6 and MX8 are turned on. So, output H is 0 and
output H' is 1. After that input carry (Cw) is added. When input
carry (Cpy) is 0, transistor MS1, MS2, MS4 and MC3 are
turned on. So, summary (SUM) is 0 and output carry (Cour) is
0. When input carry (Ci) is I, transistor MS1, MS2, MS3,
MC3 and MC4 are turned on. So, summary (SUM) is | and
output carry (Cour) is 1.

IV. SIMULATION RESULTS

Simulation of circuit for performance in real situation,
input and output buffer is added in the circuit as shown in Fig.

10.
A 8 ¥ \
| : F—r\,< D SUM
Full Adder |

G [, ¥ L L

—l_.,-f“*{'_';"')—‘_ 9

Figure 10. Simulation of circuit

A HSPICE program is used to run simulations. The results
are shown in Fig.11 and Fig.12 that simulation based on 16 nm
CMOS technology, 0.9V and capacity load 2fF with frequency
1GHz and maximum frequency 8GHz.

978-1-5386-8458-0/18/$31.00 ©2018 IEEE

Figure 11. Waveform of proposed circuit V4=0.9V, f=1GHz
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Figure 12. Waveform of proposed eircuit Vae=0.9V, =8GHz
A. Comparison of power consumption

The comparison of power consumption are compared 5
values that 0.9-1.4V by 16 nm CMOS technology, frequency is
I1GHz and capacity load is 1fF with EEHybrid[1], LHFA[2],
HPFA([3), LPFA[4], LHHybrid[5], PALP[6], PDFA[7] and
proposed circuit. The results are shown in Fig. 13-15.
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Figure 13. Comparison of power and voltage
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Figure 14. Comparison of delay time and voltage
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PDP V5 VOLTAGE

—-—lta —e—HFIA A

Figure 15. Comparison of PDP and voltage

B. Comparison of capacity load

The comparison of capacity load are compared 10 values
that 1-10 {F by 16 nm CMOS technology. frequency is 1GHz
and voltage is 0.9V with EEHybrid[1], LHFA[2], HPFA[3],
LPFA[4], LHHybrid[5), PALP[6], PDFA[7] and proposed
circuit. The Results are shown in Fig. 16-18.

" POWER VS CAPACITOR
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Figure 16. Comparison of power and capacity load
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Figure 17. Comparison of delay time and capacity load
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Figure 18. Comparison of PDP and capacity load
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The comparative result is shown that the proposed circuit
has the most performance in both power consumption and
speed which voltage 0.9V, capacity load is 1 fF and frequency
is 1 GHz. In comparative results of power consumption with
EEHybrid[1], LHFA[2], HPFA[3], LPFA[4], LHHybrid[5],
PALP[6] and PDFA[7], proposed circuit is less than 76%,
67%, 94%, 169%, 119%, 36% and 57%, respectively. In
comparative results of delay time with EEHybrid[1], LHFA[2],
HPFA[3], LPFA[4], LHHybrid[5], PALP[6] and PDFA[7],
proposed circuit is less than 26%, 326%, 8%, 10%, 364%, 22%
and 100%, respectively.

V. CONCLUSION

The proposed 1 bit hybrid full adder cells circuit is
designed by pass transistor logic and transmission gate with 16
transistors that high speed and low power consumption. The
simulation by HSPICE program with 16 nm CMOS
technology, voltage 0.9V, frequency at 1GHz and capacity load
1 fF. This circuit can run maximum frequency at 8GHz.
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UseIRgUeu
Jo-umana WLANNS Idemady
T wieu Uifin 27 fugeu 2534 fdaviasvys
flog 70 vy 5 auundnyin-aniiu 12 duaneulin snnedniivazain
Jardns1vys 70130 Tn5.087-5450215
Usziinsfinw 2556 AFInTIUAERTUNMIAN - @1V NTANLIAY

antuwmAluladnszauna LA TAIANSEUS
ANTIIRNIEATY 1) ssuulnsanuiay
2.) szuuLiiniisa (network)
Usgaunsninisvinenu
Uaqdu FIMLS senior engineer U3V wanaud Lasiad Wwkiesa 91in

WHUWN Fixed broadband Core IP System





