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Abstract: Quantum cellular automata(QCA) is considered as a new technology that is expected to re-

place complementary metal-oxide-semiconductor (CMOS) because of its small size, low power con-

sumption and high speed. However, wire crossing has always been a difficult problem in its circuit de-

sign, which not only brings considerable design cost, but also increases the complexity and noise sen-

sitivity of the circuit. In this paper, 13 kinds of three-input standard functions are redesigned by using

some new logic gates.

These new designs achieve the goal of no wire crossing, and the total cell

count, circuit area, and latency are optimized by 18. 4%, 15. 4%, and 21. 2%, respectively, compared

with those of the best previous designs.

Key words: quantum cellular automata(QCA) ; QCA logic gate; standard function; wire crossing

o 5 =5

RAEH M JE P24 (complementary
metal-oxide-semiconductor, CMOS) [ 45 fiE R
— EAEG/ N AHLE 4R U B I s 2 1R Y
P L E A 5 e DR R 2 T P, B AR N K T A
B R — [l L A9 B — LA TR AT LA
FAL CMOS /B fF. 70 A 3h Pl (quan-
tum cellular automata, QCA) Ay T H B 1F R )

Y75 B HA:2022-09-09; & @ H #5: 2022-11-24

/N IR o A MO A ) i
QCA i iy B HES 19 QCA ST 2H I8 B4
QCA JTlir 4 i T miFl 2 SN E i T
AR 4 AT R T — B Y IE T T 1 1Y
S H ] DIEIE 5T AP AR SR & 1 S Z TRl R 5
TR IRHET T ARAE S Ll 2 X A
TRl AR5 A AL 2 RS . ik gt
2 0 A 1, [, B QCA RSB RGN
K I s FARIE SR A AARAL B 1] AL 221

B : ERK O RPRF LS KR AH & R4 28 ¥ B3 H (U19A2053)

EZ B ok Q996 , B, LREEM A,

BBl R A

R ZEA970—) B LA BN T A IR Tl K23z, 1A S 00, 38 5 /5% - E-mail : gjxie8005@hfut. edu. cn.



1370

ST K FFHCH RFFZR

746 %

FEBIMA R IRIR 230 in QCA L& i 42 b

AR AR Z W5 & C A 2 T HAH
ZI TR M 2R 5TT QCA HL %, Bk B £ 454
fRi B DI RE 2 AR A2 B T T AR AR BB A G P A
XOR.XNOR, =#is A 75T (XOR;) | Z % & 1]
#% (Multiplexer, MUX) %, | 1 25 T3 11/
B AT e ok — L8 i 2E AL H, an i ] XOR, F4E
Z 1S A IS MUX 4 #1 RAM #
JC i XOR 3T ar kA4 . X pie
H ) L B A R AN L B TR 2 T TR ORI g e
F4) FEL % TR B 7T L P % 45 A ) 3 SR B 0L
filf . ASCEAMH ERZ RGBT R E RO =
iy ABRUERREL, LR BIILAL L B0 B 1 .

1 QCA EA#A

1.1 QCA B4

QCA B Bh AL 35 U4 L PR 5 BRI A 5t 4 4>
B BE, LA il I i =2 18] A 50 0 0 L 3R 8h BT R
ftaly % 1 250 4 A 3% 22 I b Celko, clkl
clk2. clk3) Sy — A JE U, A 4R I b 22 18] fg A 42 22
Sk 90°, JCHfL Rl A EARTE 4 A BRI

QCA HLEEHAT 3 Fhag 7, 43 H i 58 X
57187 58 S Herp M T 38 S 43 Sk 22 F e 4 oo i AN
BT QCA HH4f 2 Fhisg X, QCA H g i)
Hdl HRETE [R]— I Sl A AR I A 1R R R
120 Ny 3 el [T = S NS s = QU O
clk2 FAEHTZRER clkl A clk3 AAGHLR 3 XL 5
SIEST ) AN A E L 5T QCA I B
LA AUNE 1 iR,

seoclssla s s
EREREREREE O

5o
oo

o
WA T ol cle ole cle clo e ol R B A
o ofo olo o 5 oo o [P - o

™ FEERE
~ HEE

E1 EFQCARMKHSLTR

L2 #ZzMkHE=R

212 QCA L Bg v i) —Fh BE Rl 2 5 )
4G 3 MAAB.OES M 1 NS F.
2111 QCA LB an&l 2 iR AR IR AN

F = AB+AC+ BC (D

MEEZITW 1 AN AR E 07 B 1IN AT
DI E] T ASX R S5 T TRE

R A T FJg— AR, 78 QCA Hi g h

A 5T ST AR TR LSS O ES 0 v B

wit.

AB
B
R /EEE BHEr
53]
CH
(a) &1 (b) AH#
B2 QUABEHERZIE

1.3 XOR.XNOR.XOR; #1 2-1 MUX

PATE O 98 3 78 BT = i AR E BRI K &2
HERH =M ABEZ TR S A QCA ik
K&, e AR XOR; &t =5 A
PR, A SCHE BL SR b AU P2 T TR
XOR; , B RZMA T B A XOR [T.XNOR []F1
2-1 MUX, 3 {15 ir 41 4 114 FiL 4% 285 44 5l i8] 35 0
HM. QCA R 2-1 MUX F XOR; 4nf& 3
Fin. B3 LA B ok $R, 2-1 MUX 2

F = AB+ BC (2)
XOR; 2RIk AN
F=ADMBDOC (3)

QCA H i A XOR Fl XNOR 4 [&] 4
v

A A

B H )

% BEB_ BB
CHEEEE F B
"] CHB H
-1 F

(a) 2-1 MUX (b) XOR;

B3 QCAHBEEHR 2-1 MUX 1 XOR;

-1 1
A M 4 &
B = B B
| PEEEEF JEgmmmF
22
B B
(a) XOR (b) XNOR

B4 QCA EEEHHA) XOR F1 XNOR

2 ZEINTRERE

AR RBE AR —H 2 ETR
WFFE B R a] U B — > = 4k i a7 7
FOR TR AFEA PSRBT ARYE S R RO
AL AT LB A 1) = A JEA R 2KF 13
FIARiE g, — a0 A BRI BB fe/ N RT L) 55 57
T 0 8 AT AR Al dpe /N ABC L ABC



% 10 2

KM LF BT UM B A ISR GG

1371

1,1)(0,1,1)(1,0,1)(1,1,0)(0,0,1)(0,1,0)(1,
0,0)(0,0,0)8 AsbR, ML 7 J7 A b i £ i
ATLAZR IS 4 28: 1 a2 i3 a4 A4
Mo AR SEUITAFR Y R BT DIl I X 4 R
AR B HARAT . DUN R 13 FbR o sR 50 2R
93K

D 144, Fi=ABC,

2) 24 M. O 2 RSB (—KL F, =
AB;® 2 A~ S AHIARE S, Fs = ABC+ABC;
® 24 AL, F,=ABC+ABC,

3) 34NE., @ 3 A4, Fs =AB+ BC;
@ 24~ B AR AH 3 A AL T, Fs = AB+ABC;
@ 3 A HIARILS . F,=ABC+ABC+ABC.,

D AN, Q4R Fs=A;Q 34
WA 3 4 ddt, Fy=AB+BC+BC;® 2 4
HNF 3 Ak, Fio=AB+BC; @ HA 14
WNAE 3 A, Fi, = AB + BC + ABC;
@ 4 /l\,'ﬁﬁ‘ﬁpﬁ*ﬁé\lzv @Kﬁiﬁ, F, :AB_’_KE;
© 41 A HAS, Fiy; = ABC+ ABC + ABC
+ABC,

DL SR =5 A SEAS R BT 2S5 1 13 Fif
Ry Qe N SIS Vs 2 N S O Ave 3 R
HERREL 11 Gl Sa frzs, BPS7 Jr iR B3R 4 46

A

7]
s

N

|

HEA LAHENA 3 4. XTI A AR Al /N
AR (1,1,1)(1,1,0)(0,1,1)(0,0,0)F1 ABC,
ABC.ABC.ABC, fi b5 AR N :
F,=ABC+ABC+ABC+ABC =
AB+BC+ABC 4
(B, Ao R AR 13 (5 FH 7 7 R B A S
FLE WA 5b Btz . BPS7 514 B 4 A A
&8 o X R AR BR Rl B/ N33 Ry (1,1,1) (0,0, 1)
(0,1,0)(1,0,0)F1 ABC., ABC.ABC.ABC, fijfk
Ja =R
Fi; = ABC +A BC +ABC + ABC =
APBRHC (5)

1 1
(a) F1| (b) F13

B 5 MAGRRE=ZENIRAE S

3 13 TR E B

fa AL Je B 13 FARIERR R QCA LI AN IA] 6
s BRI AL S AR

A R
By | ~3amﬂ

A 1

1~§m¥m§ lﬁm
c Comk | X
CcEEs |
(b) (c) (d)
A 1 3 STEREA & SRR
A g e g -
1 i b Sk -1&%&‘!2 C*!‘ﬁ T mmm;
3 BRWE -INMERa L la.up,  Acwwearn,
Crsgll -1mess : : 6 3 P
5 A . .
(e) (f) (2) (h)
P 120 A T , 51 4 : ‘E
% Al 1 % ) _18§M1F12 Bra wk
B '«m&mﬂ BES c # -lsgeEsr, & oo
! . ot | 5 col e,
C B ssusses ain 1
(i) )] (k) O] (m)

B 6 13 FhiRdE B QCA B

PRAEPREL 8 X PRBAN T 2B AR T] . Kl L%
Hekan A th AR BT
PRAERREL 1.2.5.9: 31X 4 > R BAEA SO R

FAERBE (R 2 T RSB 7 i F 3
ALy = 18]
PRAERREL 3.10.12,13: 3K 4 4> ps i i il



1972 ARe Tk K AR AAF R

5 46 %

BT (A v A AR AR T LA A 0 22
I TFR AR A T e A L B o 4 R b BT AL

PRl sk % 3 By A TR 45 R S X C6) , 3d o fif
XOR, fijft T HLBE 45

F, = ABC + ABC = A(BGO) (6)

MFRHERREL 10 B RBAT AF H, H 23—
A 2-1IMUX BV R] SR BN RE . [R] B B v R K
12 A EE—> XNOR, xR ifE R £ 13 i —A4>
XOR; RIAT 58 B R BT RE

FRUERREL 4.6.7 113X 4 DR R BTG TIE .
WAS B A5 00 5 B AR SR 32 28 AR 2 XX
4 eRECHEAT AL .

FrifE R 4 oAb ik 0 «
F,=ABC+ABC =
(AB+AB)(BC+BC) =
(AB+AB)(BC+BC) =

(AOB)(BOO) 7
FrifE k% 6 At )s I RB AN
Fs = AB+ABC =
AB +A BC 4+ ABC =
(AB+AB)B+(AB+AB)C =
(AB+AB)(B+0) =
(AO®B)(B+O0) (8
PRt R 7 Ak E 2R 208 -

F, = ABC +ABC +AB C =
A(ABC +A BC +ABC +AB C) +
B(ABC +A BC +ABC +ABC) =

A+B)APLBPHO €D
ARGk QY R AT E SV W
Fu :AB+BC+ABC:
B(A+C) +BA+0) =
(A+OO©B (10)

4 fhESHSHh

PR gL 4.6.7. 11 M5 &5 RANE 7 s
G BRI AT LR B TR QCA HL %) 1E
P AR UE 0B B0 32 A X R PR 4 LG
BAHER,

(a) Fy

(d) Fn
7 BOMERBHHEER

ARSCITBETT Y 13 T o ek K A S S B0
* 1 s,

R1 L3HIREERNSY

BREL PLALR PR %L b/, ORI EAVARNS 13N
5 ESLEN B opm® M
1 Fi=ABC 19 25762 0.50
2 F,=AB 9 9931 0.25
3 Fy=ABOO) 38 38860 0.75
1 Fi=(AOB)BOO) 42 44778 0.25
5 F=BA+O 38 43711 0.75
6  Fe=(AOB)(B+O 43 52017 0.75
7 Fr=A+BAGBBDO 73 82044 1.00
8  Fy=A 6 2954 0.25
9  Fy=AB+BC+AC 9 9648  0.25
10 Fiu=AB+BC 8 5720 0.25
I Fu=AU+O0oB 4 42364 0.75
12 F.=AOB 9 7993 0.25
13 Fi3=A®BDC 17 11564  0.50

P VA TR IARUE R BURT AL S 9 2K 5
it 2 (O MR L oy P % e g o AR S S S 2
ARSI 13 PR AE BRI KT Z Hi BT 2 800
Lk 2 g



% 10 2

KM LF BT UM B A ISR GG

1373

R2 RERBHSHILE

bR JEM IR BIER sk

R [ RS R
SCHRC12] 872 863 974 8. 25 12
SCERLTI0 ) 1 666 598 802 10. 25 4
SCERL10 058 2 430 446 245 8. 25 1
AL 351 377 346 6. 50 0

I LU ARSI BT 5 DA by i i A
Eb . 7ETCH SR A T 18, 400, E B T
ML T 15, 4%, 78 B 238 J7 i A 4k T
21. 2%, FEHASCBE Y 13 Fdr it R ECSE B T
FERINFE R XS AR T S
5 & ®

ASCAERTIIR IS B S b 5 22 Fhor i 1 32
BT E] 13 FhbRE BT . S5,
AT RIPRIE R EL QCA HL N4 T 1 S50
BRI BB T RFLL L. F—EiHkbk
X 13 Fibr o RN 2T 2 A ZR ) R
Lt

(& % x W]

[1] CHIANG M H,KIM K,CHUANG C T, et al. High-density
reduced-stack logic circuit techniques using independent-
gate controlled double-gate devices[ J]. IEEE Transactions
on Electron Devices, 2006,53(9) :2370-2377.

[2] HEYDARI M, XIAOHU Z,LAI K K, et al. A cost-aware
efficient RAM structure based on quantum-dot cellular au-
tomata nanotechnology[J]. International Journal of Theo-
retical Physics,2019,58(12):3961-3972.

[3] KHOURI K S,JHA N K. Leakage power analysis and re-
duction during behavioral synthesis[J]. IEEE Transactions
on Very Large Scale Integration (VLSI) Systems., 2002,
10(6) :876-885.

[4] TAHERIFARD M, FATHY M. Improving logic function

synthesis, through wire crossing reduction in quantum-dot

7]

(8]

(9]

[10]

(1]

[12]

[13]

cellular automata layout[J]. IET Circuits, Devices &. Sys-
tems,2015,9(4) :265-274.
GASSOUMI I, TOUIL L, MTIBAA A. An efficient design
of QCA full-adder-subtractor with low power dissipation
[J7]. Journal of Electrical and Computer Engineering, 2021,
2021.:8856399.
MAJEED A H, ALKALDY E,ZAINAL M S, et al. Optimal
design of RAM cell using novel 2: 1 multiplexer in QCA
technology[ J ]. Circuit World, 2020,46(2) ;147-158.
CHEN H,LV H,ZHANG Z,et al. Design and analysis of a
novel low-power exclusive-OR gate based on quantum-dot
cellular automata [ J ]. Journal of Circuits, Systems, and
Computers,2019,28(8):1950141.
ROY K, BANDYOPADHYAY S, ATULASIMHA J. Hy-
brid spintronics and straintronics:a magnetic technology for
ultra low energy computing and signal processing[ ]J]. Ap-
plied Physics Letters,2011,99(6):063108.
TEIER G4 X0 KL AR BT MR T O A S L
AR T 2 L] AR T K724 CH AR 20 - 2019,
42(8):1083-1088,1148.
LIU P,NI J,CHU Z. Wire-crossings optimization based on
majority-of-five and XOR-of-three primitives in QCA[]].
International Journal of Theoretical Physics,2022,61(3)
61-86.
MOMENZADEH M, HUANG J, TAHOORI M B, et al.
Characterization, test,and logic synthesis of and-or-invert-
er (AOD) gate design for QCA implementation[ ] |. IEEE
Transactions on Computer-Aided Design of Integrated Cir-
cuits and Systems, 2005,24(12):1881-1893.
TAHMASEBI M, FAGHIH MIRZAEE R, PISHGAR
KOMLEH S H. On the design methodology of boolean
functions with quantum-dot cellular automata for reducing
delay and number of wire crossings[ ] ]. Journal of Compu-
tational Electronics,2018,17(4):1756-1770.
ZHANG R,WALUS K, WANG W, et al. A method of ma-
jority logic reduction for quantum cellular automatal[ ] ].
IEEE Transactions on Nanotechnology, 2004, 3 (4):
443-450.

(GHE4iE 5k 9D



