%7 I T Vol.46 No.7
2018 4E7 H ACTA ELECTRONICA SINICA Jul. 2018

5 TOCH 130 L% 02 A0 P R 447 5

INEHE, BB R IRARR, L E
(M T2 TRV 5 RSB, % RAHE 230009)

B OE. Mgk et, 810l A 3L (Quantum-dot cellular automata, QCA ) A B EUL AL 45 CMOS
o AR T HRTE A =g (Full Adder, FA) 2244, 38 33 4% 2R 5% F2 46 [% ( Probabilistic Transfer Matrix ,
PTM) 43 Hr 4k th He e A 348, s — 25t , R IX =Rh 2 ina8 23 B s AT k4%, JF B2 BE AN W] 3 DG  UAR
ST TR T HU, A R R B RERR AR A AR 2844 O MR- Azghadi FA. BEJ5 , EFEIZ AT I T —Fh BT 0 2 in 45 14 357
BB TAILIE QCA 2 v i, JF 07 I 2 MEF BT T 200 RAT I 28 , 22X LA 3R T, AR SCRT2 11 42 25 H
PETETIAR JCH RO IAESE )y T A BORHGHE , H BA R etk

KR EFoUM AL gy AR MRS

FESES: TN402 MEFRIRAS: A XEHS: 03722112 (2018)07-1774-07

EBF=Z4# URL: http://www. ejournal. org. cn DOI: 10.3969/j. issn. 0372-2112.2018. 07. 034

Performance Analysis and Design of Full Adder in
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Abstract: Quantum-dot cellular automata (QCA) ,a burgeoning technology at nano-scale range, has the potential to
take the important place of CMOS technology to be the next IC technique. In this paper,three existing schemes of QCA full
adders (FAs) are analyzed in detail using probabilistic transfer matrix (PTM) to find out the most robust one. Three types
of n-bit carry flow adders connected serially by these three FAs respectively are also analyzed in terms of complexity , irre-
versible power dissipation and cost to find out the corresponding FA scheme with best performance. It turns out that MR
Azghadi FA always performs well by these two means. With MR Azghadi FA layout,a new logic gate and coplanar QCA
FA are then proposed. Analysis and comparison with previous coplanar FAs demonstrate that the proposed FA has a great
optimization with respect to area,cell count and power dissipation and also has favorable scalability.

Key words: quantum-dot cellular automata;full adder ;reliability ; probabilistic transfer matrix

1 2= MR " o Ik SR T R R G — A B

Ay, 51k T E NS 12T
CMOS FR{FRHIE RT 1 35 Sl 20 T — 288

T 3 G 4 1) T, 1725 U L O R TR T AR ek ]
B K AR T R MR I BB ITRS J445 T LR
RERSTIUAR, CMOS f9 37 780 409 oK 2 1, B vy 7 1A 48
(SET) JLHRE¥ZE —He45 (RTD) \BRAIKAF (CNT) it T
T ESHHLCQCA) 2. Hirr , QCA R HL A 5 5 1 46
JE ' b iE s D LR TE S IR R R TR
T 5 A AT RRIRA CMOS B8k, [ 4% H 24, QCA s T
Pl . fESCIR R IR R 152 QCA i Bk 4S5 B H.

Wk H 9 :2017-07-25 5 & 81 H 3 :2017-12-07 ; ST 4 - LT 7%
FEWH  HEK A RRI2ERE4 (No. 61271122)

55— QCA 4 &% J2 i1 Tougaw I Lent $2
B AR TS NS ABEZ TR 3 AN A
ar. ZJa, Wang S5 AN T — N4 nde gty , HH
3AZERAFEZ T 2 A AR, 1] A% R B0 B35 0
e Wang B4l %5 25 ¥4 , Hanninen 1 R Zhang
SR BT A MR Azghadi )42
Wy ANFEZ Tk — 2D (A A2 iR, 15 3 — 4B &L QCA
SINEE .V Pudi XL B IEATRIAL, 2 — R
I3 A= ABEZ TR L A ARk 2 e 4%



07 W PV 7o A S Pl I as I PEREZ3 M 5 B 1775

TEN T FEBUR AT RE A A N R, X 48 QCA 2 il b 2
BT =R e A ARG . X T IxX =R AR, H R R
PEATTRA S0 AT A LA

RSO AN s BRI 45 04 A JEE o0, 48 T i i
PERERY QCA Al rL . £ XS Lok = Fh 2y, —J5 i i
it MRS L RS HE I (PTM) A3 T AT v 5 5% — D i i
T AT AR 1) 22 A6 E3 AT ok i 00 A E ) W 4 i i )
AE. FHIX P J7 95 48 Hh 1 B8 foe 0 19 A4 I 4 g 50358
19 QCA fis HL . BLAN , A SCE 73T 1 HL B2 AT
Xof A L % T M R ), LA S AR DT E
S PP A R AR X AR BT e A e g A B2

2 EmfiFEiR

2.1 QCA 7t

QCA Jufffi QCA Wi Ay Fe B A BT, th > A
LIPS 2 TR J7 8 M i 0 7 S . i TR T
) 3 P P T A B, — P 52 00 A O3 A, AR L T
R LT HES 7 2, 1T 43 S RS PR O A 1R g
0368 2ok v T ) A AR AR D3R B04% 04 45 2 ) H Y.
WOTHL 1 EBR S oMl HAR A P, C & &, 84 #5533
Juif 2 IR AR P RS (1). Hov, y Sy 1A g 3
T E oo FICH 2 Z A IS fE.

Lp g

[ (1)

1 2
1,2
1 +(EP1E,{ )

QCA FHEARY T e fF 2 =M AFEZ 1] Ma3, Bl £
Ped , a1 (a) FroR, o A B .C Foni AR5, F &
AR T [ . e 58 A A G 14 A 5 [
FEN =18 Uil LSBT T sl ] B 1(h)
TEAFEZT] Majs , [AIFEREAS S LR P i DI BE. QCA
SRR — A HEAS [T 48 4, Hoday Hh (8 2% T A (LAY
BRI, i 1 (e) B,

QCA ¥ al A il 15 S5 U ) 07 1), 8kl o Js i A4
HELE R i DX I, A IR DX B — S I e XA
%A~ 90 [ MM AEIR ™.

D (e e

(o) =HABEZ] (hHEAEEZT] () AHAR
K1 QCAILAT#E

2.2 WREREBIER

VD — Pl 4L 5 v s T 8 AR 1) K2 T 1, R
WERS T I AR S5 1 DA R Dy SRl 7 171 VL B o B o
AHESR. N T A3 — 52 2% ri % ) LA e AR e, 7 2L
Hr MU FL R 0 JAS B A R S5 R 11 22 1 L, R (BB

onw>

AT 1A Z 6] S PR 152 09 T RE PR AR BBk T T, B
A FEL S A M 3R 5 % 6 B T LA ol - P B ) B 238 0 5 L I
Fie B — o 1 12 SN 75 31

TR — AR T ] i 4 1 AR 230 5 8 L 0 031
PTM, 1 PTM, HIFHK , U A F) A0 3 B A LI 2 7 1
FEFER K AR, B) PTM = PTM, QPTM,.

T AR T ] i 4 1 ABE 230 5 8 L I 03] 2
PTM, 1 PTM, H HRIGC, W) (A% 1 MUE 5 5 B8 S I o 1>
HER T, B) PTM = PTM, x PTM,.

T = AR A 1] e 4 1 AR 230 2 8 L I 1)
PTM, 1 PTM, H3did 5 i 2 A, DU 4 (A i A< e %
R 7P I 0 e ARO I B A (AN [R] 977
2.3 QCA BEEBIATLINFE . E FE AR

HAE Landauer 5& B, — > ¥ 31 28 ¢ 14 4 1 i 4
FEHVE BN , BT LA SR AFTE RE 1 AR L. AN ] D ARk
AR ER AFTE T A . 78 QCA Mg, A
CIBURIE SN 9k e AW V¢ T5-i

QCA HLFEIN & 2 B2 T LU #2171 L SOAH 4% A1 58 X
B A, B Complexity =M + 1+ C. Hovp M 1.C
SR REZ T AR RS LR AL T ok s Lk
il 325 52 23 BEAH DG, LI B 3R A OCSF- W B A P RE. SR T
XS P, SBR[ 21 ] FR 4 T QCA H B AR R %8 ( Cost
function ) PIHE 2, AN BRECHE & XK Cost = (M + 1 +
C") x L', HHA LB iR AE, o Ly 2 43 5l 5 AH D7
AR BOINAL, UK 755 1. AR v B BIF 7 19 0 0
ANTE) ACE (R RT LAV &, O 14 1T 8 4 AR o) el %
(R SE A 34 5) 2 TEAE N AR SCR A &,y 2 BIREA 1.

3 2mmIRE4

3.1 =Fh&mmasiEl
XET A s, fA ARAERCE A M B, B F A
Ciharth A S, Ak ik oy Co, RP

Co=AB +AC +BC=M(A,B,C) (2)
S =ABC + ABC + ABC + ABC

=M(M(A,B,C) ,M(A,B,C) ,A) (3)
S=M(M(A,B,C) ,M(A,B,C) ,A,B,C) (4)

S=M(M(A,B,C) ,M(M(A,B,C),B,C),A) (5)

R Zhang $& i — /D82 T T 7 ik, Rt T4
hngs (TEASCR S}y R Zhang FA, R A]) |, k=00
(3) Fs , BRI 2 (a) FiF 7. MR Azghadi £2 4 1]
HEAFEZ T2 5 R A s (4) PR, 15 3
QCA 4% (MR Azghadi FA) 41& 2(b) 7%, V Pudi X}
ingsZ TR, X (5) s, 15 2/ 2 A 4L
FJ(V Pudi FA) 40K 2 (¢) Fr7R.

T PR 22 5 8% 40 B T Al X =R & 48 19w ¢
PR, FRATHE F B 43 A T F HL % Si, ZoR B —>FH



1776 TR O R 1 2018 4
. S LB ROV (5. 4 5 6 4151
g =1 sl=nll sl SRR -8 AR A 19 4 1k
S ° bll o] G ot i o1 M0 2% VRS BT L 0 R,
34 }7 5 T 5T AR O BRAER.
[ —
S5 E@ZF S5 iz :: y
Im

6 S6|Maj3 2
s6 yz S , L j

5 S7 ST S5 1 o~
Maj5 -
sg 3 Maj3
S |Co S ICo

S7 |Maj3)3
S Co
(b) MR Azghadi FA (¢) V Pudi FA

(a) R Zhang FA
K2 =Rhanassers

B R B I T O R 5 L o R
55 2.2 A AR BN, FT LA I R Zhang FA 5 PTM

B K PTM = ] PTM, Stk PTM 1% Ty s 1]

AR SR RS [ Y sk s AR, LU PTM Sy 5], PTM g =
PTM@-W}% ® PTMEUFEES ® PTMT":‘W?Q ® PTMEW/\T’%%’I‘T ®
PTM ., X FEAETT 15 ) R Zhang FA # {4, B 1 A 32
MM, MR Azghadi FA 1 V Pudi FA fHERFE L5
WA, AT [] 37 3.

3 Oy bR = Fh Bk Y mT Sk o A 5 20, i I 3
(@) T H1,MR Azghadi FA 7] §EVE5 5 , R Zhang FA X
Z, M0V Pudi FA ] SEVE AR, IF H = Fb 24 1 4
WEARBE A [T 4 1 3 5 AE 232 1) 38 Jm T 14 m , O 28 i B e
1£0.75; fH& 3(b) W] R, R Zhang FA Y H 5 8 e , T
MR Azghadi FA F1 V Pudi FA 5 FAAHZE 1Y H S5 MR H.
BAK s BT =2 g 04 07 i 3 Co R Y — =
BAFEZ T PR A A [R] ) 38, L 3 (e) B
JIN. 38 A FHRE 5 20 A% B 0F — b 42 0 2% 2844 19 AT S
0T, AR W] MR Azghadi FA (9255 AT SEPERC R, o
e

0.5
F 2041
o3t - R Zhang FA
Z ook % MR Azghadi FA
g0 ;
=0.1 + V Pudi FA
£ o 0T 02
1]2&14;;[;;#&%
" (b)fiihs
% 0.3
2 Y31 _ R Zhang FA
02 - R Zhang FA E_EI:I 0.2 MR Azghadi
* MR Azghadi FA ) + V Pudi
“+ V Pudi FA S
0 1 1 42 0 1 1
0.1 0.2 0.3 = 0 0.1 0.2 0.3
IRECEE = IRECIEE =
(a)RetA s Imey ()it Co
3 R

3.2 H=MEmMIBREEEN n LHRITIES
DDA B A BE X L A T R AR A £ T
P, I T AR P P4 A S —— R AN TR i A By 37

€14 R Zhang FAM YA BB TINEE RS

1 Al B2 A2 B3 A3

|

11

0
if
)

%

6V Pudi FAFYRLIRA0 BT 2%

1N T =R AR A R n 7 ER AT
LA BRI 7 50 500 SR 2% JBE AN Tt S 6 A
AS R BON = PP INE AR EAT T HOE. dIE1 7 (@) RIRT, MR
Azghadi FA {5 7% B IAR, 1T R Zhang FA f) 55 5 H &1
7(b) AL A, MR Azghadi FA (% A 0] 39 2 #6 B 5 fIK, R
Zhang FA F1'V Pudi FA FANTT 3906 AEAH A HA 0w 5
AR BRELIMT MR Azghadi FA (IR eIk, Wi 7 () e



07 W PV 7o A S Pl I as I PEREZ3 M 5 B 1777

TR A RHHAT i MR Avghadi FA {65 40 135 25 1

RE A

ZE PR, M F R Zhang FA FiI V Pudi FA 42

¥ ,MR Azghadi FA ZA4 o] SE M55, fh LA 20 n 7

AT IR SR B VERE 2200 T 73 AP P Fh SR 4L, A I, 1B+

MR Azghadi FA ZEHE31 QCA ik &% 8 HAT M (EL A4
x1 MBI n G RITINESERMNEYER

kA M|1I|cC R4l IR A
R Zhang FA |3n | 2n | 2n n:Z Tn W%Z)
2 2
MR Azghadi FA| 20 | n | 2n ”Z 5n 5"(%)
VPudi FA |3n| n |2n n+3 6n 3n(n+3)
4 2
x108
1000 40! 2.5
--R Zhang FA --R Zhang FA --R Zhang FA
MR Azghadi F. MR Azghadi F, MR Azghadi F.
800+ V Pudi FA 300 =+V Pudi FA 2V Pudi FA
.
1y 600 = 1.5¢
i’( Zhoot 2
R = =
400t % 1t
100F 05

ey er s YW e s BT o s
I B (Bit) i A (Bir) T E AL (Bit)
() DY THE (A
&7 =Rk TERE i

3.3 SHREXIE S EEEATEEMNR

(] 8 J2 FHME AR5 B8 0 B 40 7 45 11 00 1] 4 0 % B 4R
HL B AT SRR A A T TR R — R DL T
Maj3 -1 F1 Maj3 =3 Xf R Zhang FA [ 5% 0 A [5] H3 K 5
Maj3 FI Maj5 %} MR Azghadi FA )52 i A 7] H. 5% K
Maj3 — 1 F1 Maj3 =3 % V Pudi FA {5 0 4 [ H. 5% .
FH T 2 TR A A T A F B v BT Ak B A5 8 T R, R A
P, 6% T S P i e R P A 1) 8 0 2 B 7 Aok
il it S PR TR H R RN tE Co FEZTT,
P AR T4 I 4 F B B, R B EE X X A 2
Tt
4 SR

A BT, 7E =R e gR 44 b MR Azghadi
FA BEA RIS B, IR 2 FRAT T A 4l 3k b 484 25 i 11
QCA Jiny: #i v 2%
4.1 St mazpIFEIZE]

P (4) S Hr el A Z A B2 T T A A A

0.3 0.3 03—

s [~ Maj3-1 [ Maj3 s [-Maj3-1

£ |eMaj3-2 £ [ Majs 2 [Maj3-2

:ng.z - Maj3-3 %m 2 Iny $20 2 Maj3-3
~Inv- = ey

8.1 Fo 0.1 2o}

= = =

4H 1 1 Q‘H 1 1 4‘H O 1 1

%01 02 03 0. 02 03 0 0l 02 03

IIARF AR AR R A AR R A
(@) R Zhang FA (b) MR Azghadi FA (€) V Pudi FA

P8 TR AN i SE LS

HAI), HAR(2) H Co miy3st. BRI, 76 #5 gt 4 i 1Y
WA E IR T A SR TR 9 T80 1
AR ASSCEE X A s Bt — MR B2 AR 1T, 40 8]
9(a) Fizn, o A B . C & =AM A, Co fii & 58 H P4
FA. OB AR T TAR RSB X Co (AT B 2
YR, HEMSEE A B .C FIPIACoZ [R5 2, Al HLA45
WE9(b) .

ol S 2
ol
:: g BB
& == T LI T T[T
o I
RN
i

[
e T ITITLITILL]
(@5t BSY5 1 S
Flo  piiE
T AFEZ T2 ERIE N
M(A,B.C.D.E) =
ABC + ABD + ABE + ACD + ACE (6)
+ADE + BCD + BCE + BDE + CDE
MmED=F :E,%K/A

M(A,B,C,Co,Co) =Co(A+B+C) +ABC  (7)
HRAR ] 9 (b) 15 2L AL R 5138 B i
M(A,B,C,Co,Co) =M(A,B,C,Co,Co)
=Co(A+B+C) +ABC (8)
K (8)5(7) WFRBE A2 E TiZZ 1Y)
AE Y IE A .
4.2 FHBEALTHE QCA £/mzs
B 10(a) JHYE MR Azghadi FA 24, FI F4R H 10
R AR TR QCA A mds , B A v i R FH 3 T A
Jay, 10 (b)) R HLAT LA SR AR SCRE BT L 2 £ [ 22
~26 |E RS A58, H AN HG S A i A L5
TR A LB, DR R AR SR A i AR A R R AR T
AR, 2 H B 22 )2 2450 sl i i Jo ks s |
1M 22 )2 45 /0 Fie % o i H AT AE T2 e LLSE 2.
22 G T A0 AR P B Y B B R (S P




1778 TR

2 4R 2018 4F

e

(a)%5H QUi ES
10 FAIQCALIME:

FORTEA TR BB R A B h K, R IR . g 2 A,
P YA /N T B, LE 2 B T BN B A A
T 33.62% ; \ICHIBOR A , P 1 0 M Kt 2 fe 0 i, 2
A 35 DITI, H 2 F TR A I 454 A T 14 A4
JOM, AR B T3k [22] . [23] . [24] ([25] Fn[26 ] 4341
U/0 T 28.57% 44.44% 40. 68% 59. 77% F149. 28%
MINFERF , P BT REH 2 AR Y, 1L 2 BT B A Bk 2h
FERIATINES T AERR ZERE Jy 0. SER 1. OEk F1 1. SEk 4y
S D T 19.43% . 22.83% Fl 25.17%. 5 4b, Sk
(23] .[25]FI[26]5X =4l g% B AR SR SL T 254, H 2
IO AT S T, 30 T S i PR
4.3 QCA £}ngs i A

ASSCHR B A I AR AL T A5 M, B R R
P, T 11 () J2 PR H B A in 2 28 10 O 37 8 47 137 A
Heas I 11 (b) B0 EL25 0 T H O RERY E R E. %3
F T 5 SOk 22 ~ 26 ] H U S0 ik 2 00 LR A S, 3R
B P HA /N T AR RN T R, SRR 24 T il i Bl A
T3NS SC I I 1T A8 SO B R S, BOE R T2 54

B TR 12 J2 o 4R A A AR 4 AR A 32 07 5 AT R
5.

A3

o]
2]
o]
2]

B 0 g ©
- 1 oo ool

© B
:
EREEH B
&
G
G

Y EEEEEE
5 o]o o] o o PRI
o0

(a)45H

Simulation Results

0><

(QUIEREES
11 PO ERA TN

R2 TREMBAOMEFIELLE

Avg. leakage energy diss. (meV) | Avg. switching energy diss. (meV)

R Avg. energy diss. (meV)
A ~ | e | e
(™) 0. 5Ek Ek L. 5Ek

0.5Ek Ek 1.5Ek 0.5Ek EEk 1.5Ek

SCHk[22] | 0.04592 49 |1.00 80. 49 101. 54 127.79

16.98 48. 47 83. 66 63.51 53.07 44.13

SCHK[23] | 0.04950 63 |0.75 99. 19 149. 40 207. 34

37.21 98. 50 165. 04 61.97 50. 90 42.31

SCHk[24] | 0.04236 59 [1.00 | 122.37 143.77 172.20

16.43 51.09 92. 60 105. 94 92.68 79. 61

CHR[25] | 0.07368 87 1.00 | 209.51 265.90 336.74 41. 81 123. 11 216.74 167.70 142.79 120. 00
Hk[26] | 0.08204 69 | 1.00 | 164.12 210. 48 267. 04 35.73 101. 14 174.93 128.39 109. 33 92.10
P 0.02812 35 | 1.00 64. 85 78. 36 95. 63 10. 66 31.57 55.44 54.19 46.79 40. 18
R e e e e e P L AL
r'p._-q'.l..r'll...ﬂ ‘.l_rlp...-u'.l-rlll._ﬂ'.l |||...1||.n..r'||._1!_l.| Eﬁﬁh e == -
e e P S S e A S S e P A S S A SR aE S G R Th SRR AT TS S
S R B S E R S e E A T RIS R S B R 2 B A
T AR e R AT T e B R EREE R R E
" Sl e = i B - - -

12 B B32 BTN



07 W PV 7o A S Pl I as I PEREZ3 M 5 B 1779

®3 MEHETESREYEBSELLE

PO T (pm®) DI k54 b
SCHR[23] 0. 300 295 1.50
SCik(24] 0.208 262 1.75
SCHk[25] 0.392 373 1.75
SCHR[26] 0. 894 540 4.00

P 0. 170 187 2.50

5 it

AR 2 48 2 1K Ul B 502 [ i A2 48, H T2
or M ZRR AT L 23Ry = 2. AR SO AR 230 e 3% 2 I 4 5
SRR T T RTEE R AT, 2 — 2P 3 B
=R nds o BB R o AL ER ATk A B S AR LA
A SRR RSA AL, i MR Azghadi FA #5822 (9175 4
FEIX =TT R e IR Y. LR G %18, MR Azghadi
FA ZURPERE S (IC. [R) IS, A SCIR 7 A 1 A i 2 JC PRI
55 FL R A ] S 2 [R] A AL FE R R

TESLIER E AR SCHE MR Azghadi FA 284 25 803
QCA LA, 3 3 Bt 1 41X s 1478 2452 45
IR g, 5 1R 2 4 A L AT R, JE e fE T AR L T
WA AL RS SUAS M b i nas 4 e A PR,
ARG B AT RAF R AT A, dy JERE g 2 A0
LR IIRE IEH , HERE L

5% 30k

[1] Cho H,Jr E E S. Adder and multiplier design in quantum-
dot cellular automata[ J]. IEEE Transactions on Comput-
ers,2009,58(6) :721 - 727.

[2] Dehon A, Wilson M J. Nanowire-based sublithographic
programmable logic arrays[ A]. 2004 ACM/SIGDA , 12th
International Symposium on Field Programmable Gate Ar-
rays, FPGA 2004 [ C]. Monterey , California, USA ; ACM,
2004. 123 - 132.

[3] Seminario J M,Derosa P A,Cordova L E. A molecular de-
vice operating at terahertz frequencies: theoretical simula-
tions[ J]. IEEE Transactions on Nanotechnology, 2004, 3
(1).215 -218.

[4] Cowburn R P, Welland M E. Room temperature magnetic
quantum cellular automata[ J |. Science,2000,287 (5457 ) .
1466 — 1468.

[5] Wang Y, Lieberman M. Thermodynamic behavior of mo-
lecular-scale quantum-dot cellular automata ( QCA) wires
and logic devices[ J]. IEEE Transactions on Nanotechnolo-
gy ,2004,3(3) .368 -376.

[6] Lent C S, Snider G L, Bernstein G. Quantum-dot Cellular

Automata [ M ]. Electron Transport in Quantum Dots,

Springer US,2003.261 -263.

[7] Orlov A O, Amlani I, Toth G. Experimental demonstration
of a binary wire for quantum-dot cellular automata[ J]. Ap-
plied Physics Letters,1999,74(19) ;2875 - 2877.

[8] Kummamuru R K,Orlov A O,Ramasubramaniam R. Oper-
ation of a quantum-dot cellular automata (QCA) shift reg-
ister and analysis of errors[ J]. IEEE Transactions on Elec-
tron Devices,2003,50(9) :1906 — 1913.

[9] Bernstein G H,Imre A, Metlushko V. Magnetic QCA sys-
tems [ J ]. Microelectronics Journal, 2005, 36 (7): 619
-624.

[10] Wolkow R A Livadaru L ,Pitters J. Silicon Atomic Quan-
tum Dots Enable Beyond-CMOS Electronics [ M ]. Berlin
Heidelberg : Springer-Verlag,2014. 33 - 58.

[11] Tougaw P D,Lent C S. Logical devices implemented u-
sing quantum cellular automata [ J]. Journal of Applied
Physics, 1994 ,75(3) : 1818 — 1825.

[12] Wang W ,Walus K, Jullien G A. Quantum-dot cellular au-
tomata adders[ A |. The Third IEEE Conference on Nano-
technolog ( IEEE-NANO 2003 ) [ C]. San Francisco,
USA . IEEE,2003.461 —464.

[ 13 ] Hanninen I, Takala J. Robust adders based on quantum-dot
cellular automata| A ]. IEEE International Conference on
Application-Specific Systems, Architectures and Proces-
sors ( ASAP) [ C]. Montreal,, Canada: IEEE, 2007. 391
-396.

[14] Zhang R,Walus K, Wang W. A method of majority logic
reduction for quantum cellular automata[ J]. IEEE Trans-
actions on Nanotechnology ,2004 ,3(4) 443 —450.

[15] Azghadi M R, Kavehei O, Navi K. A novel design for
quantum-dot cellular automata cells and full adders[J].
Journal of Applied Sciences,2007,7(22) :3460 —3468.

[16] Pudi V,Sridharan K. Low complexity design of ripple car-
ry and Brent-Kung adders in QCA[ J]. IEEE Transactions
on Nanotechnology,2012,11(1) ;105 - 119.

[17] Franco D T, Vasconcelos M C, Naviner L. Reliability a-
nalysis of logic circuits based on signal probability [ A].
IEEE International Conference on Electronics, Circuits and
Systems ( ICECS 2008 ) [ C]. St Julien’s, Malta: IEEE,
2008. 670 - 673.

[18] Agrawal P, Ghosh B. Innovative design methodologies in
quantum-dot cellular automata[ J ]. International Journal of
Circuit Theory and Applications,2015,43(2) ;253 -262.

[19] Tougaw P D,Lent C S. Logical devices implemented u-
sing quantum cellular automata [ J]. Journal of Applied
Physics, 1994 ,75(3) ;1818 — 1825.

[20] Tougaw P D, Lent C S. Dynamic behavior of quantum
cellular automata[ J |. Journal of Applied Physics, 1996,
80(8) ;4722 — 4736.



1780 H, ¥

»2,

S

P

b 2018 4

(21]

(22]

(23]

EEHE

&

Liu W Q,Lu L. A first step towards cost functions for
quantum-dot cellular automata designs[ J]. IEEE Transac-
tions on Nanotechnology,2014,13(3) :476 —487.
Sasamal T N, Singh A K,Mohan A. An optimal design of
full adder based on 5-input majority gate in coplanar
quantum-dot cellular automata [ J ]. Optik-International
Journal for Light and Electron Optics, 2016, 127 (20) .
8576 —8591.

Labrado C, Thapliyal H. Design of adder and subtractor
circuits in majority logic-based field-coupled QCA nano-
computing [ J ]. Electronics Letters, 2016, 52 (6) ; 464
—-466.

VI 2, 1990 AR A TR TR &
HE Tl R 2 k2 5 0 FH ) B 2 B it 0 5
A BFFETT I b B B A BT

B#E  5,1958 FAETLRRMMEE. LT
A Az B4 5 i ) B B R R AT
J7 RO R RS T R BT

[24] Abedi D, Jaberipur G, Sangsefidi M. Coplanar full adder

[25]

[

in quantum-dot cellular automata via clock-zone-based
crossover [ J ]. IEEE Transactions on Nanotechnology,
2015,14(3) :497 - 504.

Sen B,Sahu Y ,Mukherjee R. On the reliability of majori-
ty logic structure in quantum-dot cellular automata[J].
Microelectronics Journal ,2016,47 .7 — 18.

Kianpour M, Sabbaghi-Nadooshan R,Navi K. A novel de-
sign of 8-bit adder/subtractor by quantum-dot cellular au-
tomata[ J]. Journal of Computer and System Sciences,
2014,80(7) :1404 - 1414.

Hoks® 55,1991 A TEBE M. ST
Ay REE 2 5 0 ) B e T T S
WESET5 ) o 4 A B0 L ek T LB BT
TP

BAE(BRIEE) H,1970 LT LY
AL BB Tk K 2 L R4 5 R ) B B
YR BEFETT 16 0 A0 v B 5 2R 0 AR L
wit.

E-mail ; gjxie8005@ hfut. edu. cn



