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Abstract- A multiplexer is an effective element for the design of many significant circuits. In this paper we propose a new 
design of 2-to-1 multiplexer using NAND gate in quantum-dot cellular automata. We find an equation using De Morgan’s law 
and the equation can be presented only AND and NOT logic. Thus we can implement a multiplexer by only NAND logics. Our 
structure reduces not only the number of cells used but the required clock phases. 
 
Index Terms- Nanotechnology Quantum-Dot Cellular Automata, NAND gate, Multiplexer 
 
I. INTRODUCTION 
 
In the past few decades, the exponential scaling in 
feature size and increase in processing power have 
been successfully achieved by CMOS as the most 
popular technology forVLSI; however, there is 
substantial evidence that emerging technologies 
(mostly based at nano scale ranges) will be required to 
supersede the fundamental physical limits of CMOS 
devices [1].  
 
Quantum-dot Cellular Automata(QCA) is a new 
paradigm for digital computing that, theoretically, is 
expected to reach very high operating frequencies and 
significant power consumption reduction [2]. QCA is 
a binary logicarchitecture which can miniaturize 
digital circuits to the molecular levels and operate at 
very low power levels [3]. The basic building block of 
every QCA circuit is majority gate and every QCA 
circuit can be built using majority and inverter gate [4]. 
A multiplexer is very important quantum-dot cellular 
automata circuits because they are expected to be used 
for addressing QCA random access memory arrays 
[5].The function of a Multiplexer is to select one input 
among a group of inputs and pass the selected input to 
output of the circuit. Basically it consists of two types 
of inputs: one group is the data input and the other 
group is the select input and these select inputs decide 
which data input is to be selected to pass to the output 
[6]. 
 
In this paper, we propose a new design of 2 to 1 
multiplexer using NAND gate in QCA. This paper is 
organized as follow: In Section 2, the background of 
QCA and multiplexer structures. Section 3 shows the 
previous multiplexer. In section 4, we proposed a new 
multiplexer design and simulation. Section 5 show 
comparison and analysis. Conclusions are presented in 
section 6. 
 
II. RELATED WORK 
 
A. QCA Basic 
A quantum cell consists of four quantum dots located  

 
at thecorners of a square and two extra electrons that 
can tunnel between the dots [7]. Normally two 
electrons are injected into the cell, where they occupy 
two dots on the two ends of one of the diagonals of the 
containing square cell [8]. Fig. 1 shows a QCA cell 
and the Boolean nature of the polarizationfor its two 
electron configurations [1]. 
 

 
Figure 1. QCA cell: (a) Empty, (b) 1(Binary 1), (c) -1(Binary 0) 

 
AQCA clock consists of four phases which are called 
Switch, Hold, Release, and Relax [9], as shown in 
Fig.2Duringthe Switch phase, the interdot barriers are 
slowly raised and the QCA cells become polarized 
according to the state of their drivers (that is, their 
input cells). 
 

 
Figure 2. QCA clock phases 

 
During the Hold phase, theinter dot barriers are kept 
high and the QCA cells retain theirstates. In the 
Release phase, the barriers are lowered and thecells 
are allowed to relax to an unpolarized state. Finally, 
inthe Relax phase, the barriers are kept low and the 
cells remainunpolarized [8]-[10]. 
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There are two primary QCA inverters which are a 
robust and simple one. Cells placed diagonally to each 
other have reverse polarizations. This characteristic is 
exploited to implement an inverter shown in Fig. 3 
[10]. 
 

 
Figure 3.Inverters: (a) A robust inverter, (b) Simple inverter 

 
Another more important primary QCA gate realizes 
the3-input majority function. This gate is composed of 
five QCA cells with a cross shape structure, as shown 
in Fig.4 (a) and (b) [8]. By setting one input 
permanently to logic‘0’ or logic ‘1’, an AND gate or 
OR gate can be obtained, as shown Fig.5 (a) and (b). 
 

 
Figure 4. QCA majority gates 

 

 
Figure 5. Usage of majority gate: (a) AND gate, (b) OR gate 

 
B. Multiplexer 
A multiplexer is an important part in implementation 
of signal control systems and memory circuits since it 
allows us to choose one of the inputs and transfer it to 
the output [11]. The functionality of multiplexer is 
shown in equation (1). AandBare the two inputs and S 
is used to select one between the two inputs. A 
multiplexer is illustrated using three majority gates in 
Fig.6. 
 

F = AS′ + BS                                    (1) 
 

 
 
 
 
 
 
 

 
Figure 6. Multiplexer using majority gates 

 
III. PREVIOUS MULTIPLEXER 
 
Various QCA multiplexers have been implemented. 
Fig. 7 and Fig. 9 have been proposed by other authors 
[12],[13].  
 

 
Figure 7. Layout of multiplexer in [12] 

 

 
Figure 8.Simulation result of multiplexer in [12] 

 
The presented multiplexer [12] uses coplanar wire 
crossing scheme. The design use two majority AND 
gates, one majority OR gate and inverters. This 
structure is composed of 67 cells and requires an area 
of 81,648 nmଶ. The other multiplexer [13] uses two 
majority AND gates, one majority OR gate and a 
robust inverter. This structure is composed of 43 cells 
and require an area of 42,120nmଶ. 
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Figure 9. Layout of 2-to-1 multiplexerin [13] 

 

 
Figure 10. Simulation result of multiplexer in [13] 

 
IV. PROPOSED MULTIPLEXER 
 
In this paper we propose 2-to-1 multiplexer in 
QCA. Our new design that we use another 
equation using De Morgan’s law which is shown 
in equation(2). Our multiplexer is proposed using 
three NAND majority gates shown in Fig.11.Our 
2-to-1 QCA multiplexer is shown in Fig.12. The 
design uses three majority AND gates and three 
inverters. The NAND gates is implemented by 
three input majority gate with inverters. We use 
two simple inverters to minimize the number of 
cell and one robust inverter to maximize a signal 
strength. We only use 31 cells over an area of 
34,992nmଶ . Our multiplexer has been designed 
using QCADesigner. 

 
F = (A + S′)′ + (B + S)′                         (2) 

 
Figure 11. Proposed Multiplexer using majority gate 

 

 
Figure 12. Layout of the proposed 2-to-1 multiplexer 

 

 
Figure 13. Simulation result of the proposed multiplexer 

 
V. COMPARISON AND ANALYSIS 
 
Our design has focused on not only hardware 
complexity but also time complexity. As you see in 
Table 1, we have reduced the number of cells and area, 
and clock phases. We also have maximized area usage. 
In comparison, our design have 12.1% and 5.7% 
improvement in the area usage compared to previous 
structures. As a result, the proposed design is better 
than the previous structures. Plus our structure needs 
only 2 clock phases to get the final result. 
 

Table 1. Comparison of multiplexers 
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CONCLUSION 
 
In this paper, we proposed a low complexity 
quantum-dot cellular automata 2-to-1 multiplexer by 
minimizing the number of cells and maximizing area 
usage. We have also used only two clock phases to get 
the final result. We have used both robust and simple 
inverters so that we could keep the strong signal in 
spite of a simple structure. We expect that our 
structure will be efficiently used as a component 
structure for constructing bigger circuits. 
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