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Abstract: Quantum-dot cellular automata (QCA) is a novel and potentially attractive technology in nanometer scale and a possible
alternative for CMOS. QCA has large potential in terms of high space density and power dissipation with the development of the high
speed computer with low power consumption. This paper provides efficient design and layouts of digital circuits based on QCA using
QCADesigner tool. The novel design provides the superior performance factors with respect to area, latency, circuit stability and low
power dissipation. In this paper we present a number of new results on 2:1 and 4:1 multiplexers and detailed simulation using QCAD
designer tool is presented.
Index Terms— Multiplexer, Quantum dot cellular automata, Quantum cell, QCAD tool.

I.

INTRODUCTION

Trusting on the unique properties of electronic devices at
feature size of nano level, nanotechnology unlocks new
prospects for computing systems and devices. QCA
proposed by Lent et.al [1], is an emerging technology that
offers an innovative approach for computing at nano-scale
by monitoring the position of a single electron. QCA is an
advanced research program and great efforts are made here
to reduce the complexity of the circuit. The basic element of
QCA is a quantum cell. QCA is visualized as a coupled dot
system with four quantum dots at the corners of a square
structure. Two free electrons are confined to any of two
quantum dots[2]. Quantum dots are nanostructures created
from standard semiconductive materials such as Si/SiO2[3].
QCA accomplishes the logic operations and the data flow
occur in the circuit i.e. electron transmission occur by means
of columbic interaction of the electrons of neighboring cells
[4].
A.Quantum dot cellular automata:
Quantum dot cellular automata is a proposed physical
implementation of classical cellular automata by exploiting
quantum mechanical phenomena QCA have attracted a lot
of attention as a result of its extremely small feature size i.e.
at the molecular or even atomic scale and its ultra-low
p o wer co ns u mp tio n, ma k ing it as a cand id ate fo r
replacing CMOS technology. QCA structures are designed
as an array of quantum cells where every cell has electrons
in them and electrostatic interaction with its neighboring
cells take place [5]. QCA uses a new technique for
computation. QCA uses polarization effect rather than
conventional charge flow or current for the transmission of
digital information [6]. Thus a quantum cell is responsible

for the transfer of information throughout the circuit. The
basic primitives used in QCA are three input majority gates,
wire and an inverter [7, 8].
B.QCADesigner:
Quantum dot computer aided designer tool for cellular
automata: QCA logic and circuit designers require a rapid
and accurate simulation and design layout tool to determine
the functionality of QCA circuits. QCADesigner gives the
designer with the ability to quickly layout a QCA design by
providing an extensive set of CAD tools[9]. As well, several
simulation engines facilitate rapid and accurate simulation.
It is the first publicly available design and simulation tool
for QCA. It was developed at the ATIPS Laboratory,
University of Calgary [10]. QCADesigner currently
supports three different simulation engines, and many CAD
features required for complex circuit . QCADesigner is an
easy to use simulation and layout tool freely available to the
research community via the Internet. One of the most
important design specifications is that other developers are
allowed to easily integrate their own utilities into
QCADesigner. This is accomplished by providing a
standardized method of representing information within the
software.
II. Basics of QCA:
The basic elements of QCA are QCA cell, majority gate and
inverter. In QCA cell each cell contains four quantum dots
and two free electrons. The location of the electrons
(polarization) determine the binary states[9]. Upon
providing the clock the free electrons are charged and they
occupy any of the two quantum dots in which are in
diagonal positions. These two arrangements are denoted as
cell polarization P=+1 and P= -1. We use cell polarization P
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= +1 to represent logic “1” and P = -1 to represent logic “0”.
Binary information is encoded in charge configuration of the
QCA cell.

Figure 4. Inverter

Figure 1. QCA cell polarizations
A. QCA cell:
A quantum-dot cellular automata (QCA) is a square
nanostructure of electron wells having free electrons. Each
cell has four quantum dots [5].The four dots are located in
the four corners as shown above . The cell is charged with
two free electrons. By using proper clocking mechanism, the
electrons tunnel to proper location during the clock
transition. The arrangement below gives the realization of
inverter and majority gate using QCA.
QCA cells A, B and C are input cells, and M is the output
cell that is polarized according to the polarization of the
majority of the input cells. In this example, since two input
QCA cells are polarized to +1, the output cell is also
polarized to +1. QCA cells can also be used to construct
wires.

A QCA design provides two options for crossover, termed
as coplanar crossover and multilayer crossover. Coplanar
crossover uses single layer but involves usage of two cell
types (termed regular and rotated)and the multilayer
crossover uses more than one layer of cells analogous to
multiple metal layers in a conventional IC[7].
B. Clocking:
In QCA, circuits require a clock, not only to synchronize
and control information flow but also to provide the power
to run the circuit since there is no external source for
powering cells. With the use of four phases clocking scheme
in controlling cells, QCA processes and forwards
information within cells in an arranged timing scheme[7].
Cells are grouped into zones so that the field influencing all
the cells in the zones will be the same. A zone cycles
through 4 phases.

.
Figure 2. Majority gate
When an input is applied to the left input cell, the binary
information propagates from the left to the right[11]. When
all cells in a wire settle down to their ground states, they
have the same polarization as shown in figure 2.3.

Figure 3. QCA wire
Two standard cells in diagonal orientation are geometrically
similar to two rotated cells in horizontal orientation. Due to
this, standard cells in diagonal orientation tend to align in
opposite polarization directions. This antialligning behavior
is used in designing a QCA inverter. The signal comes in
from the left, splits into two parallel wires, and is inverted at
the point of convergence. The design is geometrically
symmetric as shown in figure 2.4.

Figure 5.QCA clock zones and QCA clock with four phases.
In the switch phase electron tunneling is stopped as the
tunnel barrier between the dots rising and due to the
polarization of its input the electron in the cell become
localized. During the hold phase as the barrier remains high
no electron tunneling takesplace. The polarized cell is
latched. Therefore, these cells are used as input to the next
clock zone. During Release phase electrons become free and
the cell starts to lose its polarization due to lowering of
electron barrier. During the relax phase, the barriers are low,
the electrons are free to tunnel and delocalize themselves
and the cells will have no polarization i.e. P=0.
III.QCA IMPLEMENTATION OF MULTIPLEXERS
A. Implementation of basic gates:
The AND and OR gates are realized by fixing the
polarization to one of the inputs of the
majority gate to either P = −1 (logic “0”) or P = 1 (logic
“1”)[9].
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Figure 6. QCA layouts of AND gate and OR gate
B. Multiplexers implementation:
A multiplexer is a device that selects one of several input
signals and forwards the selected input into a single line. A
n
multiplexer of 2 inputs has n select lines, which are used to
select intended input line to send at the output end.
Multiplexers are mainly used to increase the amount of data
that can be sent over a particular network within a certain
amount of time and bandwidth.
This paper provides QCA design of 2:1 multiplexer with
single select line and 4:1 multiplexer with two select
lines.2:1 multiplexers and 4:1 multiplexers are implemented
using QCA designer tool as shown below.

Figure 9. QCA layout of 4:1 multiplexer

Figure 7. QCA layout of 2:1 multiplexer
Figure 10. Simulation result of 4:1 multiplexer
IV.RESULTS AND DISCUSSION
A.Comparative study of proposed design with some recent
design layouts:
Here we have designed multiplexers which enable
selection of single output signal from several input signals.
The novelty of this design besides the parameters like area,
usage efficiency, delay and complexity in terms of number
of cells is minimal compared to some proposed designs in
literature.
A table depicting comparative study of various parameters
of proposed design of multiplexer is provided below.
Figure 8.Simulation result for 2:1 multiplexer
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No.
cells
As in[12]
4:1 Mux
As in[13]
2:1 Mux
4:1 Mux

of

Area
used(

138

0.14

22
107

0.03
0.14

Proposed design
2:1 Mux
23
0.03
4:1 Mux
98
0.12
of multiplexer with some most recent design layouts

[6].
Tabl
e 1.
Com
parat
stud
y ive
of
prop
osed

desi
gn

The tables of comparison depicts that the proposed
design is efficient in terms of cell count, area usage and
clocking.

IV.CONCLUSION
In this paper, we have considered the primitives in QCA and
have presented efficient QCA designs for a 2:1 and 4:1and
multiplexers. The paper provides the design, layout and
simulation results of multiplexers using basic gates. The
proposed implementation of circuits is simulated using QCA
simulation tools, QCA Designer. The results of proposed
design are compared with previous designs. The proposed
design is found to be efficient in terms of cell count, area
usage and clocking. Main advantage is, it requires a small
simulation time and device execution time. By using
quantum-dots in designing the circuits, it is possible to
achieve miniaturization and high speed processing.
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