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Abstract
Quantum-dot cellular automata (QCA) is a new and very attractive technology for implementing logic gates and digital circuits
at the nanoscale. This technology has very attractive and amazing features such as: low area, high processing speed and low
power consumption. Over time, with the advancement of science and technology, there is hope that QCA technology will
replace today's VLSI technology. Minority gates are one of the most important elements in digital circuit design. In this paper,
a smart four-input minority gate is presented and it is the first time that a priority four-input minority gate is proposed. The
proposed minority gate architecture is evaluated and simulated using the QCADesigner tool version 2.0.3. The results show
100% accuracy. By using this type of gates, the hardware required to design QCA circuits can be significantly reduced.
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1. Introduction
Nowadays, the optimal sitting of charging /
discharging stations and charging/discharging
processes in different hours is highly incorporated
into exploitation programs of electric vehicles in
electric networks. One of the factors affecting the
optimal placement of stations and exploitation
programming is the demand-response program and
load management on the customer side (Sabzehgar
et al. 2020).Some designs included distributed
generation resources and renewable energy
resources for the optimal placement of charging
stations (Jiang et al. 2017; Domínguez-Navarro et al.
2019; Mouli et al. 2016; Tabatabaee et al. 2017;
Hafez and Bhattacharya 2017). Furthermore,
researchers determined the capacity of distributed
generation resources and locations of electric
vehicle charging stations by different optimized
methods (Mirzaei et al. 2016; ISLAM et al. 2016).
(Mendes et al. 2016; Luo et al. 2020) designed
electric vehicle charging systems inside microgrid,
and controlled vehicle-to-grid (V2G) interaction.
The present study aims to obtain the optimal
locations of electric vehicle charging stations in the
network, considering distributed generation

resources. The available stations have both charging
and discharging capabilities, and defines the
objective function as a set of financial and technical
parameters.
2. Overview of QCA
A standard QCA cell (Fig. 1) is constructed
from four quantum dots arranged in a square pattern.
These quantum dots are sites that electrons can
occupy by tunneling to them. Two free electrons can
tunnel to any of these quantum-dots within the cell.
These electrons will try to occupy the furthest
possible site with respect to each other due to mutual
electrostatic repulsion; so for minimum energy
states of a quantum-dot cell, the electrons always
occupy diagonally opposite positions in the square.
Depending on the position of these electrons in the
cell, its polarization can be determined to be one of
the two stable cell-polarization states, as illustrated
in Fig. 1. These two configurations are denoted as
cell polarization 𝑃=+1 (binary ‘1’ state) and 𝑃=−1
(binary ‘0’ state) [4-6].
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Fig. 1. Basic QCA cell and binary encoding.

All QCA circuit proposals require a clock not
only to synchronize and control information flow
but the clock actually provides the power to run the
circuit. Each QCA circuit requires a clock to
synchronize and control information flow. Also the
clock actually provides the power to run the circuit.
The clocking of QCA can be accomplished by
controlling the potential barriers between adjacent
quantum-dots. Accordingly, each QCA cell must be
associated with one of the four successive clock
zones depicted in Fig. 2. The lag between phases is
considered to be π/2. Each clock zone has four
phases labeled as: switch, hold, release, and relax.
During the Switch phase, the inter-dot barrier is
slowly raised and a cell attains a definitive polarity
under the influence of its neighbors. In the hold
phase, the barriers are held high so the cell maintains
the current polarization and the outputs thus
obtained can be used as inputs for the next stage.

0

1

Fig. 4. QCA inverter.

The QCA majority gate performs a three-input
logic function. A layout of a QCA majority gate is
depicted in Fig. 5. Assuming the inputs are A, B, and
C, the logic function of this majority gate is
M (A, B, C) = AB+BC+AC

(1)

By forcing one of the three inputs of the
majority gate to a constant logic “0” or a “1” the
majority gate can be used to perform AND/OR
operations as shown in the following equations:
M (A, B, 0) = F = A.B

(2)

M (A, B, 1) = F = A.B + B.1 + 1.A = A.B + B + A =
A (1 + B) + B = A + B

(3)

Any QCA circuit can be built using only
majority gates and inverters [7, 8].
A
0

B
1

Output
0

C
0

Fig. 5. A three-input majority gate MAJ3

The minority gate with three inputs is defined
as follows:
m (A, B, C) = A' .B '+ B' .C ' +A' .C '

Fig. 2. Four phase QCA clocking

On the other hand, in the release phase, the
QCA cells start to lose their stored value, i.e.,
becomes unpolarized. The last phase is the relax
phase. In this phase, the QCA cells lose their value
and become unpolarized [2, 6].
An array of QCA cells can be arranged to
perform as a QCA wire. In a QCA wire, the binary
signal propagates from input to output because of
the Columbic interactions between cells (Fig. 3). In
addition, in Fig. 4 some common inverters have
been illustrated.
0

The implementation of NAND and NOR gates
with minority gates is shown in Equations (5) and
(6), respectively. The schematic of a minority gate
is also shown in Fig. 6.
m (A, B, 0) = A' .B '+ B' .(1) +A' .(1) = ( A' + B ' )
=( A .B)'

(5)

m (A, B, 1) = A' .B '+ B' .(0) +A' .(0) = A' .B ' =
(A+B)'

(6)

A

B

mG

0

Fig. 3. QCA wire.

(4)

C
Fig. 6. A three-input minority gate [7]
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Since the simple QCA majority and minority
gate structure can implement relatively complex
operations with minimal hardware (compared to
transistor-based models), the researchers decided to
extend the majority and minority 3-input gates to
larger, more complex circuits. Fig. 7 shows four
types of layout of a five-input minority gate. All
layouts also have a majority output [8-9]. In the case
of the seven-input minority gate, the seven-input
majority gate introduced in [10] can be used and
only its output should pass through the inverter gate
to become a minority gate. In [11], the five-input
majority gates introduced so far are given, which can
be turned into a minority gate with only one
inverting gate.

Table.1.
The truth table of the four-input minority gate based on the sum
of the inputs.

Fig. 7. Minority gates with five inputs [9]

For physical proof, we assume that all cells are
similar, the length of each is (a = 18nm), there is a
space (x = 2nm) between the two neighboring cells
and only the neighboring cells affect each other. It
should be noted that to achieve greater stability, the
electrons of the QCA cell are arranged in such a way
that their potential energy is minimized. The
potential energy between two cells is calculated
using Equation (7). In this equation, U is the
potential energy, k is Coulomb's constant, q1 and q2
are the electric charges and r is the distance between
the two electric charges. UT is the sum of potential
energies between two cells.

4. Proposed Minority gate four inputs
The four-input minority gate proposed is
shown in Fig. 8. All surrounding cells are considered
as input cells. Due to the structure of the inverter
gate, at first all inputs in Fig. 8 are inverted. The
fourth input cell has less effect on the output cell
because it is farther away from other voting cells, so
the output value of this minority gate using the effect
of the coefficient (1) is determined from other input
cells and the coefficient of 0.5 is determined from
the fourth input cell (D). In other words, this is a
priority minority gate. The truth table of the gate of
the four-input minority based on the sum of the
inputs is shown in Table 1. In the left column of this
table, the sum of the inputs is written with a
coefficient of 0.5 for the fourth input. The maximum
value is 3.5. Obviously for the following values
lower than 2, the minority value is equal to 1 and for
the values greater than or equal to 2, the minority
value is equal to 0.

C

B
mG

Fig. 8. Proposed four-input minority gate

∑(A, B ,C, 1/2 D)
0
.5
1
1.5
2
2.5
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3.5

𝑈=

m(A, B, C, D)
1
1
1
1
0
0
0
0

𝑘𝑞1𝑞2
𝑟

Kq1q2=9*109*(1.6)2*10(-38)=23.04*10-29=A=cte

(7)

(8)

For example, the potential energy of
neighboring cells (Fig. 9) as well as other states can
be calculated. Table 2 shows the potential energy
calculation of adjacent cells in different states [1213].

Fig. 9. Example of calculating the potential energy between two
cells
23.04 ∗ 10−29
= 1.152 ∗ 10−20 ( 𝐽)
20 ∗ 10−9
−29
23.04 ∗ 10
𝑈2 =
= 0.553 ∗ 10−20 ( 𝐽)
41.59 ∗ 10−9
−29
23.04 ∗ 10
𝑈3 =
= 1.272 ∗ 10−20 ( 𝐽)
18.11 ∗ 10−9
23.04 ∗ 10−29
𝑈4 =
= 1.152 ∗ 10−20 ( 𝐽)
20 ∗ 10−9
𝑈𝑇 = 4.129 ∗ 10−20 ( 𝐽)
𝑈1 =

(9)
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Table.2.
Calculation of potential energy of adjacent cells (10-20 J)

4.129

13.838

10.226

3.364

2.838

3.364

4.129

13.838

13.838

4.129

3.364

2.838

3.364

10.226

13.838

4.129

According to the proposed gate design and the
distance between the inverse of the fourth input and
the output cell, in addition to the items in Table 2,
are shown in Fig. 10 and the horizontal distance of
the fourth input and the output cell is 22 nm.

22nm

22nm

1.94*10-20J

-20

2.4*10 J
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Table.3.
Parameters used in the gate simulation of the proposed fourinput majority gate.

Fig. 12. QCA layout of proposed four-input minority gate

The area of consumption areas of the circuit
is 0.05 µm2. The simulation results of the new
circuit and the results of comparison between
minority gates are shown in Table 4. It should be
mentioned that the results are based on our
simulations. Part of the simulated output is shown in
Fig. 13 which shows the correct operation of the
circuit.

22nm

22nm

2.12*10-20J

2.12*10-20J

Fig. 10. The calculation of potential energy between two cells
(fourth input and output)

With four inputs, we have 16 states. We have
given the physical proof of one state for example. In
this state, the inputs are considered (A = 0, B = 1, C
= 0, D = 1) respectively. In case A in Fig. 11, the
output is assumed to be one, and similarly in case B,
the output is assumed to be zero, and in both cases
the total energy is calculated. In case A, the total
energy value is 42.452 * 10-20 J and in case B is
equal to 74.706*10-20 J, so the minimum energy is
obtained in case A.
D'

A'

C'

B'
mG
A

D'

A'

C'

B'
mG

Fig. 13. Proposed four-input minority gate simulation output
Table.4.
Simulation results of the proposed four-input minority gate
structure and Comparison of QCA minority designs
Parameter
Cell size
Cell separation
Radius of effect
Number of samples
Convergence Tolerance
Relative Permittivity
Clock High
Clock Low
Clock Shift
Clock Amplitude Factor
Layer Separation
Maximum iterations per
sample

Value
18 nm* 18 nm
2 nm
65 nm
12800
0.001000
12.900000
9.800000e-022
3.800000e-023
0.000000
2.000000
11.500000
100

B

5. Conclusion
Fig. 11. Example of potential energy calculation for inputs (A =
0, B = 1, C = 0, D = 1) and outputs A-1 and B-0

In this study, the proposed layout is simulated
using the QCADesigner software. The neighboring
cells have a center-to-center distance of 20 nm. All
of the simulation measurements and conditions are
set as their default values in the QCADesigner tool.
The proposed structure was simulated using the
parameters listed in Table 3. The corresponding
clocked QCA layout is presented in Fig. 12 [14].

QCA with its unique specifications reduces the
physical limitations of CMOS implementation and
is an attractive and emerging technology to replace
it. This technology has attracted a lot of attention
because it has very small dimensions; about the
dimensions of molecules and even atoms and also
consumes very little power. These benefits have
encouraged researchers to use this technology in the
design of digital circuits. In this paper, a four-input
minority gate is presented. In fact, with the unequal
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voting rights of the inputs of this gate, the inputs of
the minority gate have a priority. The four-input
minority gate can be an important basic block in
QCA circuits. The gate is implemented in one layer
and uses thirteen QCA cells. The Performance of
this proposed minority gate has been proven and
evaluated by computer simulation. Our results have
100% accuracy. Since the new minority gate has an
extraordinary structure, it can lead to further
advances in QCA circuits.
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