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Abstract

In this paper, a novel low power full adder circuit comprising only 10 transistors is proposed. The
circuit is based on the six-transistor CMOS XOR circuit, which generates both XOR and XNOR
signals and pass transistors. This adder circuit provides a good low power characteristics due to
the smaller number of transistors and the elimination of short corcuit current paths. Layouts have
been carried out using a 0. 65 gm ASIC design rule for evaluation purposes. The physical design
has been evaluated using HSPICE at 25MHz to 50MHz. The proposed circuit has been used to build
2bit and 8bit ripple carry adders, which are used for evaluation of power consumption, time-delay
and rise and fall time. The proposed circuit shows substantially improved power consumption
characteristics, about 70% lower than transmission gate full adder (TFA), and 60% lower than a
design using 14 transistors (TR14). Delay and signal rise and fall time are also far shorter than
other conventional designs such as TFA and TR14.

d HE A7Mb)e) AsE AT EAls AlaE
e el 718l 829l Zlelek A VLSI Al
TALS ZJEAQl Al oAt @A Ak @At Azm WO AHEE JMiERRE oibyal CMOS A7t

I.M 2

v

R R

*IEER, BALREE EHEETEN AlE 32 didte] A awme] ZUFe shidl
(Dept. Computer and Communcation Eng, Chungbuk et 3 2E taAzleEs JRAE Aotk o¥ 12
National University) g Alolee} AMEF 7122 20709 EA2E
B H 2000488 A8 H, k= 20014E3A5H E AgslA e AR dukEel v lE

(156)

Transmission Function Full Adder)o]t}?. ojr]e]



20014 58 EFLBEH

2ol glrh ol AWEoA MAE= e &
g3 27} EAlsh=d] A d™an]e) g uFS A}
A8k gluk a3 28 A rledElE H-43ke] 1671
o] EWAAEIE ARSAIA AR TFAE BEoFa 9
th o] 329 79, Ads} HA] Aolo] F sHe At
A2} &A%} w3k 318 FEA)7] SR AR
oA FEEar opE) E4), Eok FRE EF AN
gl

o|AI7kAl WEF w=ellA] TFAZF dubE”l A7kt
718k AEan] A o 2 Aes /A 9
o2 Zaigiel®™ e ofds wets Eot EAs)
B2 o)g ZaATEE QW AgEdm, 2 F sl
b ad 34 vehd 14Ed9iXzE] ArMb)eld)
(Tr14. FAW. 23] 3ol 2 % 9lEo] el Auig
T ARkl &Alsle 4, 209 detEeE via
4824 4] AY "HolA] 53 ISt 9l
o, o] F 2= TFASE FARBHAl §318 82717 ¢
A ARGAY P25 sk vy 18 4= FHE

&

Sum

lm

Cil

K
@

5
— 1

i

Cout

L) Gl

J2l 1. EdAd CMOS A R
Fig. 1. Conventional CMOS full adder.

& A
T T
B "-_O| ,_d Sum
e TN
[l %._
e
Ny -
1 lcout
_é_ -—
L =T

a3 2. EdsRA AP
Fig. 2. Transmission full adder(TFA)?

7
-1

(157)

#3BE SCHR FIK 41

J

Cin——ae—

<L
El

.

i o2 £
4
_‘

Sum

{gbﬁgjbj LY

Cout

32 3. 14709 ERAAEE o] 83 AT
Fig. 3. A full adder with 14 transistors(Tr14. )*

VD!

_l_D

Ci_n‘

—
-

;

=y

-

32 4. A2 A oA 29 Arhr)Y
Fig. 4. The new static energy recovery full
adder(SERF)"

+

of MkEE AAe|w L s EMAAEE AR
gt SERF(Static energy recovery full adder)3]2&, <
oA AFF TMb IR} A 4w] AE wHH, o
23 AAAI Hohd 4%E moFu e

A7Mbr1e] A= AHE XOR 3271 @ol AHesl
o} dubg oz 4] EdAEE AMSE di-E
A28 32 XOR ] 73& Avjug, g A5
7F A=B=0] 7%, &l +EHAY A3l doluiA
s &3 k] fexlck uwlepd E-2SY(full-
swing) £%& 7] A AdEe I2ES i
0 EdAzE7} AMGE, FUER R By qlHS
o7 3uR AA 2 Q7EREe A E
2]

= Ke)

S

Az

T2 F71EHA "ot
£ =EdAe ddollies 292 3= XORI 2
9} AdME FFa-298 3= da =2 3



42 Az2E AAY A7piby) 2 44

25 Agsie st AR Alelel w2 f2rt glu
10718} Edix|2E2 FAsh: e Ay A7Mt
7] B 25 Adsiick. £ = 4L ohe Zo
A AeAe Adshs Arkble 2, 25 2eja
SAdell el A=sida, Al I AlMe Atk =
9] dubdel A 2 Ao A Aol AnE
I AelA Al 7Rb71Est wasEds, viztes

Akl Arkdrle) diks rleshd ot 2k

Sum = (AD B) D Cin 1
Cout =A - B+ Cin - (A @ B )

A7 e F 09 1HE 9% (A B IHE
Azl = (Cin)e 2 3HSum), M2EH(Cout)S AXKeH
k. A (1),@2)elA B 4 olxe] FM1e £
2] &l gt XOR(P)ato] E3hsic)

Agksls A7Rb] 2 a8 59 o] ZA Al
o2 pAEY givk wA ADBIE HE-E
STCXC (Six Transistor CMOS XOR Circuit)®2&
A3yt o)L F 9% glHE el XOR £33
XNOR 2% A3& A%l 3% 59 Cout £9 3
2 RRLe & sje] eaAAEE AMgsle] sf7] o}
+ AAsla, Sum &Y 32 1L & & s
v, GA] F o] EA|2ER FAIEe] 9lch

29 el e A B3 T2 Al
Eo gt 2ok glA] Arlelg A ==
A, Cine] | EdX2E0 =z, ADB 3|2 ¥
2] XOR &9°] AP|EE A3l dlolE 452
ARSEIL) ol S, XORY o] 12l 7%, 4] (el
A A-B & &4 09 3 ZA Hok g A
(2= ADB=1°l dsix g3} o] mHE 4 9k

Cout = Cin - (A @ B) 3)
A=, £ Cout?] 32 ¥ Al% Cine] =} Witz
XOR &79] gte] 021 A A 2)¢llA Cin- (ADB)
g2 A 09 P ZA "ok o A 9
ADB=0°) da|q o3} o] Y & glck
A-B

A 4
B

Cout

i

£8% 5t
@ XNOR_
T
INENTSa Ju it
A
-————— ADB az T Cout &R9IE —*<4— Sum SR =

07 5. 10709 EWA2EE ARG Aok 7R
Fig. 5. The proposed full adder with 10 transistors

A=, 24 Coutd g A@B=0d w A} Br}
FYE FolBE FHo] i A5 A F2 B} Hk
o g e Aske FxE 3 9 dHCing
ello] & A E A3, o]F B3l ADBIE
Rl s XOR £47 XNOR £ 45 s
ez »dck & E9, AE Cin®l zte] 1o, A
(D=2 Cin=1ll HaljA] ch&3t 7o) x9E 4 glch

Sum (A B) - Cin G)

(A®DB)

web 29 Sume| 7+& XNOR‘F 2953, w2
A% Cin®] Frol 0elH, A (D Cin=00l] o sl
ohew} o) EHE 4 9lek

k2 1. AMelobst &ol AN F=
Table 1. The generation activity of carry-out

and sum.
A | B | ADB | A®B| Cin | Cout | Sum
0 0 0 1 0 0 0
0 1 1 0 0 0 1
1 0 1 0 0 0 1
1 1 0 1 0 1 0
0 0 0 1 1 0 1
0 1 1 0 1 1 0
1 0 1 0 1 1 0
1 1 0 1 1 1 1
Sum = (A D B) - Cim ®)
= (A ®B)

w2b 28 Sumd] 3 329 XOR el £33
ot X 12 Aol e Ak AAY F=he
viehdich :

a3 5ol vehd Aljkele H2old A@BIRE
gMelolee AT A9 Qlofo]E Az AMSE &



20014 58 ETFIReH
reduced reduced
full-swing swing full-swing swing
‘ i
: Sum |j Sum
| A®B | A®B
I Cout 1] Cout
i i
\ | _Proposed full adder _/
) FAI FAi+1
a8 6. AR MIE o147 T A o

Fig. 6. The sample of multiplier using proposed full
adder.

[e]

L AR A4 qly AzE Ay 521 B 4
Hugd g3 2ok o] F2e FUF AR AR~ A
¢ pMOS F29} ®59] kg wEy] g A =
22 AZE nMOS 722 7With 18 594 XOR
3ze] A% =29 MrT MALE AHESK 3k
7t delve A@B=0 ¥ &7Ax= XOR ¥
XNOR =] &3& -9 Tolee 2 M| o
] FEAHSE A8 AR AR o8 XOR
Al EST vlwd o, Hof 52} Faio] W97 A
.°_‘:'E[6],
7FAok 3}, B =RoMe TEIEE 7] &4
A depeE H49 At Ao EdxsE FZ27]
5 AAsdr

Akt 32F2E Aol F-280] devta &
Hedol| ] 2897447} WAk 22 FA7] Gl &
LA 28 69 F27F gvh vEbd Asddge] ukE
Hog Bl 2 24} defuhe Xds £ 4 e
[O)o] Aker Entel] HFAO|ES AME3 32 ur)
Aol A fefsich.

EEEESE

Im. 2ojoe A Alzaold Zot =4

a3 72 A”KRE ArMbrleh vl ol sk
2Z 0. 65 ASIC TAHLoE dHololgal Adlelr).
ofol2-& B3t Aeld WA dolo}iolx] F£&5H A
A7 £ 200 Jehlgiel & 2604 &
T glxe], Aket Mz A7) Ade] el WA
& TFA, Tr14¢} vl B of 27} 47%, 42% 734
2, ol diF 1. 5uje] Ae]E WA o)L onFt
o} =g AA AHARAE AR, TFA, Trlde]
AAAR 27} AlRKRE Aol vlsl 242} 50. 2%, 26. 4%

5(] -

==®
T

(159

ERE SCHE FIR 43

We e 7MIe & % 9lekh etk SERFS) 5
A2 wAo] AR ARurt Folm BTsT R

AAARAE 5 G Ae Ae oA Wz 4

.
lsefaliinn

ﬁ St

':‘\liltﬁ!sttl

TFA cell(54 7ﬂm><24 4um)

 SERF cell(35 gﬂmx% ﬂm)— Hrisd

|

L

o]

] i

The proposed cell(35. 8um*x25. 5um)
a2l 7. A7PIE] dololx
Fig. 7. The layout of full adders.



44 A2 AAE A7) 32 AdA EBE 5
E: 2. AlE|E wdAs} A s AlEHelAd T8-S BejFy gioh
Table 2. The area of silicon and total capaci-
tances. A DQ A -
F T Silicon Area Total B B Full Sum Sum
ype ( um?®) Capacitances(fF) >(/L Adder | o
TFA 1334. 68 %.5 ° = out D@ Cout
Trl4 1283. & 80. 4 >0
SERF 933. 4 60. 2
Proposed 912. 9 63 6 a8 8. AlEHEeld Ay

A" CMOS 3 ZolA 4B] AHLE a3A A 7
2 vz ek AAE EdA2E) 2904 2 o
3|29 sz 2 . ubdom QIF 294 4w
A, EAE P-typed N-typed] EMR|2E|7} FA]
AN o AdHelx AR 2 DIz HFHv)

sFoEy avEe et 32 AnAY, ajw AA
AY 2uled s w1Fe vleksAR, T4 AR
o S A7lE T Ao FEEY oF 8o
& Zo] okl $alee Al 4 gl

Pt = Pitching © P short— circuit T P teakage

=22 Voo Veuing* Cuoaa* [+ Pit Voo 2o+ Lot Voo Iy

N

0:]7]X‘] VDD}‘:__—_ % Xdcg—oll szing'% %%19’] X\:]O‘J-
28, Cupre X5 @ o HZ 28 73} A A=,

-

= Aled 29 e, e olx 2917 T
I oA g 82 AF a8ls e v
AFo|ch weld Akt 32 ke sfwajere] 7}
e FoiR A (DY 4ulAdEE ZFAaAA 5 ik
oA Age 7M1E(a™ 2 3 4, 52 F /1Y
2bit, 8bit B]ENE] sM1Z AJEIl s, HSPICEC
oA 160ns FQF 2BMHzHE SOMHz7E) z8l3
temp=25Coll4] AlE¥o)AE Sslaict =3 (7]}
59 HAE AuE o]&ay AlEd|dL F33)
Ak 28 5o Mpe WL 4.8um/0.7umol,
M W/LS  1.2um/0.Tpmolct. 28]l =]
pMOS+ z5 3.64m/0.Tum®) T, nMOS
1.8um/0.Tpmolt). 13 82 AAHQ A Ede]
322 e vyt FrlkEgdel 29 9 A
= 3729 AEHelHeE XOR, XNORk-E=/ &~
oz oAz FFe 28jo] e o 4 glck
23 102 27 89 2l HAE Flse] HR

1
k=

[

o o e

A
[e]
T

(160)

Fig. 8. Simulation setup.
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Table 3. The 2-bit RCA simulation result

((Vdd=3. 3V, 50MHz).

TEA| Trl4 |SERF | Proposed
Delay Time (ns) [1.40[ 1. 2010.65| 0. &
Rise Time (ns) 0.12/0.15 /0. 12| 0.10
Fall Time (ns) [0.2310.20] 0.1 | 0. 12
Avg. Power(107*w )|5. 97] 5. 71 | 4 43| 5 08
Tr. Count (ea) 16 14 10 10
k24 4. 8bit RCA(Ripple Carry Adder) A &3

o]41(Vdd=3. 3V)
Table 4. The 8bit RCA simulation(Vdd=3. 3V).

TFA | Trl4 | SERF | Proposed
POWER S0MHz| 2. 75| 2.43 [ 1. 8| 1.57
(10 W) 4AMHz{ 2.50 | 22381 1.7 | 1.43
SMHz| 1.9312.06 (1.5 1.19
Time Delay(ns) | .64 | 200 | 1.4 | 1. 20
Rise Time(ns) | 0.8 | 1.16 | 0.7 | 0.50
Fall Time(ns) 0.210.15(0.18| 0. 12
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