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Abstract—The arrival of the era of nanotechnology was stimulated to the greatest extent by the high rate
of development of CMOS-microelectronics. Currently, complementary metal—oxide—semiconductor
components have reached quantum-technological limits. In digital nanoelectronics, one bit of information
is given by one electron. In the work, computer design using computer-aided design QCADisigner of
single-electron arithmetic-logic nanocircuits based on quantum cellular automata is performed.
Fragments of three- and five-inputs universal majority elements are used as the basis. It has been proven
that the defining property of this class of nanodevices is the group behavior of cells, which is reproduced
by the logic of majority functions. The development single-electron full nanoadder and double-bits
multiplier have the smallest possible technological nanosizes, ultra-high speed and minimum switching

energy consumption.

Index Terms—Quantum-dots automata; majority element; computer- aided design; multiplier.

I. INTRODUCTION

The basis of the operation of single-electron
devices is the control of the movement of a small
number of charge carriers, sometimes even a single
electron. One electron in a digital one-electron
system transmits one information bit. The movement
of the electron in such schemes is carried out due to
tunneling through the potential barrier. A significant
advantage of the majority backup method is the
ability to identify and change faulty elements and
nodes, without interrupting the system's operation
according to the main program. The last factor
provides a significant increase in the interference
resistance index and overall reliability of the system.
With the development of simple and reliable
schemes of majoritarian integrated elements, the
majority principle is becoming more and more
widespread in the construction of devices, both in
conventional and in single electronics[4], [5].

II. BASICS OF MAJORITARIAN LOGIC

The basis of the functioning of logical
nanocircuits on quantum automata is the use of
majoritarian elements (ME). The operation of the
ME can be described as the "principle of the
majority", that is, if the signal at most inputs is equal
to the logical unit "1", then the output of the ME will
receive a signal "1" and vice versa — if for most
inputs the signal is logical zero "0", then and the

output will be "0". Any of the inputs of the majority
element can be used as a programmable one.

The logic of building hardware multipliers is
inextricably linked with the traditional algorithm for
performing the multiplication operation, which is
based on the assembly of separate formations of
digits of the coefficients [6].

III. FIVE-INPUTS MAJORITARY ELEMENT

When developing Integral Circuits (IC), it is
desirable to use a structure that allows increasing the
bit rate of input codes by using several circuits of the
same type. A similar problem can be solved with the
help of a complete one-bit nano adder on a five-way
majority element [6]. For this, a corresponding five-
inputs ME was created (Fig. 1) and its operation was
tested.

The built circuit has dimensions of 0.04 um? the
total number of quantum cells: 31, of which 6 inputs
and 3 outputs; quantum cell size: (18x18) nmy;
distance between the centers of the spacecraft: 20
nm; diameter of the quantum island: 5 nm.

The use of five-input ME (Fig. 1) makes it
possible to build the most rational single-digit adder
circuit.

S = M(x],xz,x3,C,C) =x,Cvx,Cvx,CvVvxx,x,
=C(x, VX, VX))V XX, X5

The obtained equation completely coincides with
the formula of the sum of a single-digit adder. The
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structural diagram of a single-digit adder built on
one five-input Universal Majoritarian Element and
one three-input UME is shown in Fig. 2.

Fig. 1. Nanocircuit with five-inputs majority element

Implementation of this single-digit adder scheme
in computer-aided design (CAD) QCADesigner
requires: total number of quantum cells: 57, of
which 6 inputs and 2 outputs; quantum cell size:
(18x18) nm; distance between the centers of the
spacecraft: 20 nm; quantum island diameter: 5 nm;
total dimensions of the programmed nanocircuit:
(338.00x258.69) nm = 87435.96 nm2=0.09um”. The
scheme is presented in Fig. 3.

X1 s

X2 zM

X3
X1 =M L
X —
X3 4([,0—

Fig. 2. Schema simplest nano-adder on a five-input ME

Fig. 3. Computer shema of nano-adder

From this it follows that the nano adder built on a
five-input ME is more rational and versatile in use.

This model uses fewer elements and does not
require complex calculations.

IV. TwWO-DIGIT MULTIPLIER

The operation of a two-digit multiplier can be
represented using the formula:

S = maj(xl,xz,x3,C,C)
= C(x1 VX, vx3)vx]x2x3.

The diagram of a two-digit multiplier based
on majority elements in CAD QCADesigner is
presented in Fig. 4, the simulation results are shown
in Fig. 5 and in Table. L.

The dimensions of this nanocircuit are as follows:
the total number of quantum cells: 351, which have
6 inputs, 11 programmable inputs and 7 outputs;
quantum cell size: (18x18) nm; distance between ka
centers: 20 nm; quantum island diameter: 5 nm;
total dimensions of the programmed nanocircuit:
0.75 pm’.

V. CONCLUSIONS

Qualitative comparative analysis (QCA) is a new
concept in computational nanotechnology for the
implementation of computers using nano-QCA
arrays. These QCA cells are capable of performing
all complex computational functions, using the
majority function and inversion. The QCADesigner
automated programming system facilitates rapid
programming and QCA modeling of nanocircuits.

The most universal element of the construction
scheme is the majority element. The versatility and
reliability of circuits built in the majority basis
makes ME the optimal choice for the construction of
nanocircuits of any complexity class. With ME, any
logical function can be implemented, from "OR-
NOT" to "AND" and others.

Another advantage for choosing ME is its
excellent circuit immunity. Majority redundancy is
an effective method of increasing reliability without
overloading circuits. Functions constructed or
translated into a majority basis are easier to
understand and compact in writing, while they do
not lose informativeness.
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Fig. 4. Scheme of a two-digit multiplier on majority elements

TABLE L. TRUTH TABLE OF TWO-DIGIT MULTIPLIER

Xo Yo X Vi Cy C1 S, S M; M, M, M,
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 1 1 0 0 1 0 0 1 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 1 0 1 0 0 0 0 0 0 0 0
0 1 1 0 0 0 0 1 0 0 1 0
0 1 1 1 0 0 1 1 0 1 1 0
1 0 0 0 0 0 0 0 0 0 0 0
1 0 0 1 0 0 0 1 0 0 1 0
1 0 1 0 0 0 0 0 0 0 0 0
1 0 1 1 0 0 1 1 0 1 1 0
1 1 0 0 0 0 0 0 0 0 0 1
1 1 0 1 0 0 0 1 0 0 1 1
1 1 1 0 0 0 0 1 0 0 1 1

1 1 1 1 1 1 0 0 1 0 0 1
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Fig. 5.Simulation results of a two-digit multiplier
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O. C. Meabsnuk, B. O. Kozapesuu, E. 1. Koryr. /IBOopo3psiaAHuii NMOMHOKYBa4 HAa KBAHTOBMX KOMipKOBHX
aBTOMAaTax

HacranHsi epu HaHOTEXHONOTiM HaHOLIBIIO Mipol0 OyB CTHUMYJIbOBAaHMH BHCOKHMMHU TEMIIAMH PO3BUTKY
KOMIUIEMEHTapHOI CTPYKTYpH METa-OKCH/I-HAIiBIIPOBITHUKOBOI MikpoenekTpoHiku. Hapazi KMOH-kommnonenTn
JIOCSITIIA KBaHTOBO-TEXHOJIOTIYHUX OOMEXeHb. B 1m(poBiii HAHOETEKTPOHIiLl OMUH OiT iH(pOpMAaIil 33/1a€ThCS OTHUM
eeKTPOHOM. B poGOTi BHKOHAHO KOMI'IOTEDHE TIPOEKTYBAaHHS 3a JIONOMOIOI0 CHCTEMAa aBTOMATH30 BAHOTO
npoektysa Has QCADisigner oHOENEKTPOHHUX apHU(PMETHKO-TOTYHHX HAHOCXEM Ha OCHOBi KBAHTOBHX KOMipKOBHX
aBToMartiB. B sikocTi 6a30BUX BUKOpUCTaHI (parMeHTH Tpu- Ta I’ SITUBXOJOBHX YHIBEpCallbHUX elleMeHTiB. J[oBesneHo,
0 BU3HAYAIHHOIO BJIACTHBICTIO I[LOTO KJIACy HAHONPHCTPOIB € T'YPTOBAa MOBENIHKA KOMIpPOK, SKa BiJITBOPIOETHCS
JIOTIKOI0 Ma)kKOpHTapHHUX QyHKHiH. Po3po0iieHi oHOENEeKTPOHHI TOBHUI HAHOCYMATOp Ta IBOPO3PSIHUI TOMHOXYBaY
MAalOTh MiHIMaJIbHO MOXKJIMBI TEXHOJIOTIYHI HAHOPO3MIpH, HAJBHUCOKY IIBHIKOJIIO Ta MiHIMaIbHY CIOXHBAHY €HEpPTito
KOMYTAIlii.

Koaro4ogi ciioBa: KBaHTOBHI aBTOMAT; Ma)KOPUTAPHHUI €JIEMEHT; aBTOMAaTH30BaHE IIPOSKTYBAaHHS; IIOMHOXKYBaY.
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A. C. Measnuk, B. A. Kozapesnu, 3. U. Koryr. [IByxpa3psigHblii YMHOKUTEJb HA KBAHTOBBIX S4YeHYHBIX
aBTOMAaTax

[Ipuxon >pbl HAHOTEXHOJOTMHA B HAWOOJIBIICH CTCEHH OBLT CTUMYJIUPOBAH BBICOKAMH TEMIIAMH Pa3BHTHS
KOMIUIEMEHTApHOW  CTPYKTYpPhl — METaj-OKCUJ-TIOTYIPOBOAHUKOBOH  MUKpOIIEKTpoHUKA. KMOH-KOMIOHEHTHI
JIOCTUTITH KBAaHTOBO-TEXHOJIOTMYCCKHUX OrpaHHueHHU. B U poBoii HAHOIJIEKTPOHUKE OMUH OUT MH(OpMAITH 3a1aeTCs
OITHUM 3JICKTPOHOM. B paboTe BBITIOIHEHO KOMIIBIOTEPHOE MPOSKTUPOBAHKE C IIOMOIIIBIO CHCTE Mbl aBTOMATH3MBAHHOTO
npoekTupoBanus QCADisigner OIHORIEKTPOHHBIX apU(METHKO-JTOTHYCCKUX HAHOCXEM HAa OCHOBE KBAaHTOBBIX
SIYCHMYHBIX aBTOMATOB. B KadecTBe 0a30BBIX HCIONB30BaHBI ()PArMEHTHI TpPEX- U IATUXOIOBBIX YHHBEPCAIBHBIX
aeMeHTOB. Jloka3zaHo, YTO OMPEENSIONIUM CBOMCTBOM 3TOr0 KJlacca HaHOYCTPOWCTB SIBJISIETCS ONTOBOE IMOBEIACHUE
s/YECK, BOCIPOM3BOIAMMOE JIOTHKOW MaKOPUTApHBIX (QYHKIMA. Pa3paboTaHHBIE OJHOJICKTPOHHBIC —ITOJHBIN
HaHOCYMMAaTOp U JBYXPa3psAIHBIA YMHOXHUTENbh HUMEIOT MUHHUMAJIbHO BO3MOXKHBIE TEXHOJIOIMYECKHUE HaHOpPa3MEpHI,
CBEPXBBICOKOE OBICTPOACHCTBIEC 1 MUHUMAJIBHYIO SHEPTHIO KOMM yTallHH.

KiiloueBble ¢JI0BAa: KBAaHTOBBIM aBTOMAaT, Ma)KOPUTAPHBIA DJIEMEHT; aBTOMATH3UPOBAHHOE IPOSKTUPOBAHUE;
YMHOXHUTEIb.
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