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Abstract

The quantum-dot cellular automata (QCA) technology is a computational technology used to build
nano-scale circuits. When the dimensions of the components decrease, the sensitivity of the circuit
increases and the quantum circuits become more vulnerable to the occurrence of defects and radiation
in the environment. The two major gates in this technology are inverter and majority gates, and most
circuits are built based on these two gates. This paper aimed to design a seven-input majority gate in
quantum-dot cellular automata by imposing low overhead on the circuit. Using a majority gate with
more inputs reduces cell count, latency, and complexity in the QCA circuit. However, perhaps the
need to use the seven-input gate is not yet felt we then design and implement a number of logic
circuits. A new 7-input majority gate is designed in this paper, with 19 cells. The proposed structure is
single-layer with an occupied area of 24564 nm? that produces the correct output in one clock phase,
then a four-input AND gate, a four-input OR gate, a two-input XOR gate, a two-input XNOR, a three-
input XOR gate and a full adder are implemented using the designed seven-input gate. Including all
multi-bit full adders, using the proposed seven-input gate. The proposed full adder is designed by the
seven-input majority gate proposed and a fault-tolerant three-input majority gate. Therefore, it can be
said that the designed full adder is somewhat tolerable, that means, it is somewhat tolerable against the
fault that occur in this technology. QCAPro software is used to analyze the energy consumption of the
recommended structure. Then, the circuit performance is evaluated using QCADesigner 2.0.3
simulator software for quantum-dot cellular automata.
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Figure (3): The four phases of one clock pulse
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Figure (6): Simulation result of the proposed seven-input majority gate

25 ol Salen ;56 o oolitnl 3,50 Sl Jsb 5 63955 G dsbe cenlio Gz (g )lils auz ) e

"MAJ" L_7>5):> )‘ el 49).‘> AR )‘ B ‘5‘>5)> St @ul.u Lol 08 99,9 Can w;‘ o)"j)é .)L?u‘ Ao
olas gl ke e IS saims Lis QCADESIGNEr luases sl ysise 51 ol (6 3lutnnds gl ool oids il o

allaz boygige 5| S0 bawgi Jol> zgo JS5 5 0ads Jlosl lasogys 4 Jlgie Sygor (03] slaylo .l (53555

)



YA-YFNFY 50l fa g ol o)l foo 3l Sl /5 Cas 10 Jiadgn slo g, 4 i

l). Ls)l.mc\.»...m WIET o) &) k)i"“" ] 00 @‘).Ia )L.\.a \),S.Lo.c Cone oD ULW mea./a K..u 5,....‘4» 5wl o0l Er
Sl oals isles |y jlae Coherence Vector gise

S35 S pan gy V-

L VO Ek g ) Ek o /0 Bk S&S (65,0 cilizes mhaw aw 0 VY] g IV slag o 50 (soloiinn o3lg,0 (65, & pas
L1, QCA (la,las B rae 65, JS Wilgs oo 51581 o5l .l ool dlone QCAPIO I3l 5l oolawl b oS ¥ (gloo
2 DT TN slagz 1o 58 (soleiitog 03lg,0 (6551 Bl g iy e (559405 (5350 5 (1 (531 Siln o
0aiS paaidy o3 kS, b iy (65, BWI L e Jolo a5 ol S5 a4y p3¥ csl oals ooy las (V) JSs
ol oad 03,51 (V) Jgoz 5o VY] g IV slogs 1o saleiiinn o3l5,0 (65,1 B pan dulore gl . wilons

dwles gl (V) Jaoo ol ol ool las (A) UKo 50 allie sl jo (golpaion (694,9 <an o yiST 65lg,0 (65,5 B pan

OSSR TR NS ¢ JE Yt

69939 5z "L" 03150 5 89959 ez 9" ojlgye ~Y-Y
L o3lgye 5 89959 Sl s 03ley lpies S g e 4 lagog)g 5B dw (53,5 Cul b (53959 Cain o ST 05l 4
U aw s by cal ool ools lis 69459 ez "L 3 "5" oj3l9,0 oled () IS5 j0 05 2l (69459 Jlex
so Bb (2o, Oyzoin! pf 50 bl S 00 (6999 5k 45 Sl S Bb (25 Sloy e wadl Hao oy
U s 4) ol N 50,5 Sl b 5 e 4 g wales g Slae G wiile placas )3, (nlply 05 salss
(V) U5 sl oo silwesly (1) 5 () laalaly bl 25 0,5 >k 6959 Sz "L o3lspe Su oo baisos s

Ll ools lai ) (63559 Hlez "L 0315y 9 (59959 ez 5" ejlg,0 (6l Az

N
inn
AEENnNn

[ ] o e ()

VY] a0 (0)

$39)9 Cdd o ST 05190 (5551 B pan (V) S
Figure (7): Energy dissipation map of the seven-input majority gate presented, a) in [11] and b) in [12]
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Table (1): Energy dissipation of the gates presented in [11, 12]
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Figure (8): Energy dissipation map of the proposed seven-input gate

Table (2): Energy dissipation of the proposed gate
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Figure (11): 2-input XOR gate, a) Schematic symbol [8], b) The proposed QCA layout, ¢) Simulation results
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Figure (13): 3-input XOR gate, a) The proposed QCA layout, b) Simulation results
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c
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SUM
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max: 9.94e-001
COUT| st
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Figure (14): Full-adder, a) The proposed layout (no. 1), b) The proposed layout (no. 2), c) Simulation results
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Figure (15): n-bit full-adder, a) The proposed QCA layout, b) Simulation results

Table (3): A comparison of the proposed 7- input majority gate with the previous designs
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