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Design of New Adiabatic Digital Comparator
with Pre-Computational Function
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Abstract: Through the study of the working principle and structure of Clocked Transmission Gate Adiabatic Logic
(CTGAL) and digital comparator, a new design scheme of digital comparator which has the pre-computational
function is proposed based on CTGAL. The scheme has the redundancy- restraining function, and it can attain

energy saving of about 60% compared to the digital comparator based on PAL-2N. The PSPICE simulation results

indicate that this digital comparator has correct logic function and the character of clearly low power.

Key words: CTGAL circuit; Digital comparator; Low-power; Circuit design

1 355

TR T SR A A T e de B S e U R T
1) 2 A 1l R (TC) 1) FE R 6 (IS) 7 1o FR % AR o 1
T R4 H (System on Chip, SoC) 5 1% 5 =
S RSFRL TAR LR, AE 15 R G0 0 D) AG I g Y
e 3k IR D6 T 1l B R A AR ol ol S 4K 28 O e
) — AN B KBRS

LG R H B R At L, e B2 b
FLAE SR BEAN AT I L 1 TE ARG, T8 CMOS |
BRI AT REVSAE R, M) PR o 0 Pl JBOR R
HIY RO AIE K LC Prizlnlis, 30t m e f s
45 AR AT, SEBLRER B AL, K
JERAR B hFE Y . Rk, WFSURIhREL KT
A LR S

A LA R RGP BB T AT
—, MRS B AR IT,  H R
PN EE RN, G570 0 JFAT R AT A, b 5
TN B LR I D REREAT T IR 5T B, ]

2008-12-18 %, 2009-06-19 A

X ARELAIE4(60776022), T4 FHLTKI(2008C21166), T
WOR 2P BURIE AN KA 5 1 155 e B B

WG e VEMSE

wangpengjun@nbu.edu.cn

FARDIAE T e Z o BB, A SCAER AT
FUBE UL AR I S B L TR H AT 26 P B 1)
JRBRJS, PEH T bR T A e ) 4 O A
(R BA TR S DD RE T B 2 BB LU s - THEEAL
Bl RUETLZ TR IER, JF 55T PAL-2N 45

HE) (R 2 AR LB S AT BEFE LA, SR )
HLER AR DO AERF P ] A

2 CTGAL EE[THIEIZIT

2.1 CTGAL H &

CTGAL & —FRH A A B DR B Bh
(1) 2 AR ThRE R 4 A i ™, i 1 poR, Hb o
HINREBIE, @ A, JLERE AL,
551 AT BRI BR @ () T E R AN B NMOS
B (NN, IS5 (in, in ) BT RFE; 285 2 g0l id B
ZEHAE ) NMOS % (N3, N,) LA 2 i CMOS-latch 45
K Py, Ny, Py, N X570 I8, A 78150 o A 4
PO FE, AT R R H ARG HL % O ThFE

CTGAL HL BRI AR 2 5 =T AE, SR 2
FH B OR A, & D2 I R AR 35 L T h 2
BB G 180°, Wil 2 fs. o CTGAL XM
— g (BT 20 [ B ZR IS A Sy H g i ol



F1H

TEMSH 5 FAT P S DD RE KB R 2 AU B b B s Bt 215

& £ L S O O R T S T B B
out, \I 1 Nt [
in > = outy ‘f: : : \ " ! UL
o o A RN
— outy I .. a
outy (pl I T T O T T I I Y Y
b P

Il 2 CTGAL ik (205 5 — HIZh it b

1T T5 T

2.5V
ov \|— V(@)
2.5V _
8\' |— V(@)
2.5V 2V V(in)
) — V{m
oV T s i N J... e
2.5V DL — V(i)
o 1 71
2.5V
(;\; |—V(out)
2.5V o
ov  \ AN o (G
0 50 100 150 200 250 300

I} 18] (ns)

3 CTGAL Il

Kl 3 45T CTGAL HBSIIRREIE, MNGES
in 4 “1010-++”s —NIhZEIBP R 6 ANITE] B
Ty Ty - Tyo BB T~ Ty SR ARAEN], S0
SHING S HRFE . WA Ty Ts, Ty 2000 IR
). RN, AN,

FERFEI B Ty~ Ty, BTN G 5 X553
MO0V, WMUAEAN, NRFEEAULRE, W, gkt
FIRRE, Ao A FEFshm T (Vop~ Viy)

=

Ay Ay
P
Ay — out=Ay, Ay, An-1
4 it = Ao, Ay A
&
(a) 517

WRE, Bzt il o BT =, DR o X}
T soutUE, BT IRE TR 2 1T N 4 3
0, AR 46 I 4 5 Rlout FE A7 T 2
o o WEERAVERT, BT el @ ME A A
I, AT 3l v W7 s o i riL 2 A 28 AT
BT Vo= Vine 45 @ W0 VTRV, W
R V= Vin LRI V- Vi + AV, AV
= Casx Vop/(Cost Cap+Cy)» - Cogrz Ny I 22 U5
A, Cpre NI T (BRRFR), Oyt
2 ® N\ Vpp FRESI0 VI, W fia FBET-AV,
RIS R oV B & 5 3 Vg Ve X FEAE B
WA IR, P AU N AT 08, i ORI 45
I H T S out A5 AL T- TR N Bl @, JHBR T 48
e At i £ A P S SR R JH e T A 4R

T 5 L 1 S 4 B D) K
2.2 CTGAL [T
{E3ET CTGAL H 40 T s Bt iy,

SELEEE 1 REh AP NMOS & (i 1 T
Ny, No) X ST 5 AT KA, AR5 H AN NMOS
BHRHREE CTGAL I (N, Ny, BRI 2 AH R (1)
IS, W 4(a) iR 25N S5 TTRE 4(b) s
24 NTHE T R4 CTGAL HL s AN,
8 CTGAL 511 HLER (1 S AHA R ANAE Ay FELIE PR\ i
R AT SEIREL T L fE o
3 @REUELLE SR EIT

Wi 1 48 X 75 R R G A 8
LRI R, AR IR TR 244 4 il HL 1% 1)
B ARTES R BT TR Bt i 2
HATE B R R o AE G EUE P 4R FH i
PO, RS R DL AE B e AN A A 1) T8 50
K, THRER; HXT 2y, MREEE, ©

@ "3
L 1
B A B B A B
A A
b
A out=A0B
B out=A®B
7
(b) IRk

4 CTGAL [ JHL#



216 BT 516G 8 %R

IR BT AL HEA T3, AT A 1) P Ak T 1
¥, MBI TR ESNIAE. BT, ATk
T B EAT O SO RE R R e T LS, A
CTGAL [JHERSEIAETNRE, ERNRE LA
HLEERERE s ELA T IIOE ST D g (RUARE A5 J A
D, AR FL o Y i (1) AR A, 2 ) LB o T %
PRI 5 B JC Rk AR, I8 2RI JE AR e AR 1 T
RINAE), ESARAL LEAL S 1T Lt A SR E
RS, D RO I
3.1 EAME L&A B TiRit

HA WO DR — A7 LA RIT i D& 1 fir
s M O RAN: A, B AL .
FAHRWAL 2 C=0 I, FhfRFrAZE, w5l
IR 2 C=1 I, X A, BT R/,

F1 —fttRBTEESR

A LTy
A B c Qi-s Qa-p Qa=p
X X 0 0 0 1
0 0 1 0 0 1
0 1 1 1 0 0
1 0 1 0 1 0
1 1 1 0 0 1

MRHER 1 43— R oo i Rk
QA<B = CZB (1>
QA<B = CAE (2>
Qup=C+CAOB) =Qup;+Qup (3)
Fr@iERiEA (1), X (2),24(3), MH CTGAL
HBS BT T BT BA R RIS ) o SE B —A4r L
BEPITE 5 R, 5T CTGAL 4a#h ik i B4
PE,  HESA 22 ph s sG-S 2D, AT sSEEUR T,

INTF, ST 3 FRIhREM T

BN AN “101010-++”, BN “010101---7,
C' 24 “000000111---" ), FH PSPICE % H 4745
o B 6 25t TREIE, s FA i B aT 4,
R i N B T T 3 NI I, BT DU e

C—— 1
—] } >— Qi5
i Qa=p
— Qa-p
— C —_
J— B [ T
—A < —

5 — LRI

%32 4%
N AW VAW WAWAWAWAWA
)
2.5V
oV B—A—B—A—A—A—A—Lﬂ—ﬂ
2.5V ° V(4)
ov A
25V s V(B) |
5 (;: o V(Qa=p)
o AN A N W AN
. V(Qa-p)
N — P A A N A WY A
0 40 60 80 100 120 140 160 180
V(Qa-p) I 4] (ns)

K6 BEtlpor

ANIEIR 3 MBI, 2 C=0 I, Qu_p @ E Mk
FFA 11117, Qupr Qu pTRFFI “0000-+7; 24
C=1 W, MWIEAMHKN A, B BIR/NAT1H4 H o
Qup 3 “1010°+7, Quply “0101-7, T Qu_pfR
FF“0000--- 7, UEHIFT I UE HLES HAT IR B2 AR DI RE -
3.2 BEATITE & (e AEE LSt
Z AT B LU 70 O FR AT LU TAT B A M A
St AT HUERES T T TIEIR 52, ESEIL 2 AL
HAELLR, FOEBERUIR; HRAT ERRLER A LE, JF
TR I AR LR, Ak I,
TARIRARBEAG, RVFHEABORIER, #rT IR
BGHRUEHER, AMFC S SR BT, A
IR T CTGAL LB I HA T D RE
WA AT A P P s, POt D RE, AE
P B s AN S FRIRAS TG S DR HL s PR S S
D RIURAS, 3D RRRHRE A ThAE. & 2
NN BRI TR e P Iy e Iy Iy
N s NI, T2 i B LA A ik
H3% 2 w1332 A AT 48 PBUE LA b )
WKL
Quep = (Anq © anl)"'(Al © Bl)(AO © BO)[A:B (4)
Quop = Quep + Qup +(4,, © B, )
"'(Al © Bl)(A{) © B())IA>B (5>
Quep = Zn—an—1 + (An—l © Bn—l)ZW—QBn—?
te Tt (An—l © Bn,—l)'”(Al © Bl)ZOBO

+ (An—1 © Bn—l)"'(Aﬂ © B())]A<B (6)

IO R n A7 U EE B AR AT IRAR N, 5
JERI NS Iy Ty p PEAR A, [N Iy p 3 i P
TFEE L RIS, A LR T R B A
B s e o, BSOS v 2 AR A5 I B e TR A
MIEL R S5 IR . BT 2 A7 Bl LU AR s 1 8 R A 5
(4), K(5), (6), &ie Lk —frgidbi s,
FHET CTGAL [THLE Bevt i BA Tl S Th RE Y
HAT L PEAE LA B 7 o, R B s N



1M TEMSE S5 B TS BRI 57 5L 4 AU LR 28T 217
F2 ZUBELRREER
LITIVAN LT
An—l Bn—l n—2 7 n—2 AO7BO IA‘ B‘:IAr R7]A:B QA -R7QA«‘R7QA:B
A > B | X X X X X X X 1 0 0
A < B, X X X X X X X 0 1 0
A = B A ,> B, X X X X X 1 0 0
4.,= B, A.,= B, A< By x XX 0o 1 0
A = B A ,= B, A= B, 1 0 0 1 0 0
A = B A ,= B, A= B, 0 1 0 0 1 0
A = B A ,= B, A= B, 0 0 1 0 0 1
s ot o HEARHIES A RN L 1 B
A A< WO, Iy HERHP), XTI 4 RN (A5, Ay A,
4 - Ao)s (Bs,By,By,By) AT R DI REBEAL, W Ay A
anz— B = % 17 A} ¢ »” Y SNyY
Any— A i o, “101010100++-”, B; 4 “0101010100---”, A, 4 “100
A=B
By-3— 5 ZEH M 11010110010100 +- 7, B, 4 “101010110010011
A ’; - 00-+7, HEHAML “1111--7, AHFHE 8(a)
1 i< Qs PR IR « % &S FEdm N m FAE I, %P4l
Lo N FEEATIE A S RERLIL, SR BIALA A3 8 A
La-n &, PR ANG [ p7E 0~99 ns PUSHLE, [, 1E

B 7 BAT TS 2 4 BB R

Uit AT 1AM PR SE i N C HEAT 45 I S B
- IhfE
4 TEVENSEE

FH TSMC 0.25 pm CMOS T 284134, L
4 P LA EL A 2 A, X B AR T RE A TR

S 1

2.5V o V(As)

v |
25y o )

owh NN A AR AN |
95V oo V(4y)

O 1
o5y V(By)

o T Y
oy V(Qa-p)

ov | LA
5By V(Qa=p)

O Y W Y WO |

0 20 40 60 8 100 120 140 160 180 200
a V(Qa-p) I 7] (ns)

(a) RHBIEY A AT

99~189 ns WA EHAF, I, 75 KT 189 ns HUEHL
VL AT 8(b) oA, 4 I g N
Pt iﬁﬁﬂj QA<Bj‘7 “1111--+7 s Qap A QA\/-Bj‘j
“0000-++", M Lz NEHFE, il Qg AN
“L111-+7, Qup M1 Quph “0000+++7, 24 I,z A
E SR, i Qi “1111-7, Qa1 Qup
9 4000007, BAUGE L HA M DhRe 4
PHUE LR AT IR 2 i Il fRe .

2.5V

N 1 |

- aV(Ia-p)

95V

v | | |
o V(I4=p)

2.5V

N [ |

0\
o V(Qa-n)

*ov I A AR |

aV(Qa-p)
ov
. a V(Qa=p)
R}
ov L - A
50 80 120 160 200 240 275
o V(Q4-p) IR (ns)
(b) ZIEY RS At

Pl 8 o AU LL AR 2 D RERR UL



218

LI I IS S i

32 %

6

TS

K (P7)

ok
He
o

AL

0 20 40 60 80 100 120
I 1] (ns)
K9 A RIE TS 4 P LA RE G

HEUERSE T CTGAL [ TR BRI B A Tl &
R A LA 28 AR T RERF I, 1 SE X T3
UIREREA TS REFELLAR, DL 1 A i L s oo g 4
REFELLAR S UK 9 Prow; a2t CTGAL ]
HL B BT L g S5 T PAL-2N [ H )
(A PEE LL IR A A TR AR REFELL A, DA 4 [ 4 #h
B b I, RERELLEC S R wpE 10 fion. mE
9 F1 10 A 133], 3+ CTGAL HL B i 48 B {f e
RSB A BEREL 60%, HBEAE ISR IR0,
1A REFE I

CTGAL HERFIH A A2, Al ik /eI
{EATIAFN RS AR, At A 5 B AL T e
B, WERT BT EE R G R AR AT RE . 7E
LA &5 G ITURIHI B AR BT B R A T H D e
PR THAELE B LU B REFE 1T 4 5%, HalE e
BHMIURE. RART PRI S 55
JCRURIDRERT 7 ra i, HE SR D AR R 45 A v 1% 1)
K

& % X #k

TEMBE, Rt %2, FET-2N-2N2P 45 [ Ll i bk v i
B[], M55 R, 2006, 28(2): 380-384.
Wang Peng-jun, Fang Zhen-xian, and Liu Ying. Design of

1]

adiabatic non-integer division circuit based on the 2N-2N2P
structure[J]. Journal of Electronics & Information Technology,
2006, 28(2): 380-384.

Wisetphanichkij S P and Dejhan K. The combinational and
sequential adiabatic circuit design and its applications|J].
Circuits, Systems, and Signal Processing, 2009, doi: 10.1007/s
00034-009-9096-5.

Thomsen M K and Gluck R. Optimized reversible binary-coded
decimal adders[J]. Journal of Systems Architecture, 2008, doi:
10.1016/j, sysarc. 2007. 12. 006.

Sarandy M S, Wu L A, and Lidar D A. Consistency of the

3]

adiabatic theorem[J]. Quantum Information Processing, 2004,
3(6): 331-349.

RIGER, FEREIR. — R EEEA CMOS HEES MBS
W), s 5 RGEAAR, 2007, 12(4): 118-123

Wu Xiao-bo, Wu Rong, and Yan Xiao-lang. A precise dynamic

1 s

KA,

200

F&T PAL_ 2N (AL

LT CTGAL (3 L 2%

60 80 100
I ] (ns)

20 40 120

10 SRIDA [ B0 s LB BE T PR 4 P L 5 s RE A

(6]

[7]

(8]

[9]

(10]

(1]

(12]

(13]

M

CMOS comparator[J]. Journal of Circuits & Systems, 2007, 12(4):
118-123.

Liu Ki and Yang Hai-gang. A CMOS dynamic comparator for
pipelined ADCs with improved speed/power ratio[J]. Journal of
Semiconductors, 2008, 29(1): 75-81.

Wang Peng-jun and Yu Jun-jun. Design of two-phase sinusoidal
power clock and clocked transmission gate adiabatic logic
circuit[J]. Journal of Electronics( China), 2007, 24(2): 225-231.
Hamed H F A, Kaya S, and Starzyk J A. Use of nano-scale
double-gate MOSFETs in low-power tunable current mode
analog circuits[J]. Analog Integrated Circuits and Signal
Processing, 2008, 54(3): 211-217.

Chen Feng, Bakkaloglu B, and Ramaswamy S. Design and
analysis of a CMOS passive A ADC for low power RF
transceivers|J]. Analog Integrated Circuits and Signal Processing,
2009, 59(2): 129-141.

Navi K, et al.. A novel low-power full-adder cell for low voltage[J].
Integration, the VLSI Journal, 2009, doi: 10.1016/ j.vlsi.
2009.02.001.

Senthilpari C, Singh A K, and Diwakar K. Design of a low-power,
high performance, 8x8 bit multiplier using a Shannon-based
adder cell[J]. Microelectronics Journal, 2008, 39(5): 812-821.
Naderi A, et al.. A new high speed and low power four-quadrant
CMOS analog multiplier in current mode[J]. International
Journal of Electronics and Communications(AEU), 2008,
doi:10.1016/j,aeue.2008.06.002.

W/NE, Bemeis. R EPAL 401 G R[], 220k, 2004,
25(11): 1526-1531.

Xie Xiao-ping and Ruan Xiao-sheng. Two types EPAL adiabatic
logic circuits[J]. Journal of Semiconductors, 2004, 25(11):
1526-1531.

i, 1966 4FE, T, g%, WA, HErEZEA
Frra e B BRI DO FE SR B H i B8 S e v 5 T PR 5
TAE.

%, 1983 4E4E, WihAz, BTk 2 (HIE b RIIG
TIHEHE 3 HL B RS R BT



