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Abstract-Nanotechnology has contributed to major developments in computing and 
electronics which results in quicker, smaller and more movable systems that can handle 
and store more amounts of data. Quantum dot Cellular Automata (QCA) is one of the 
emerging trends in the field of nanotechnology for designing digital circuits. It has the 
potential features such as faster speed, smaller size, and low power consumption than 
transistor based CMOS technology. The proposed work implements an efficient 3-bit,4-
bit,5-bit binary to gray and 3-bit,4-bit gray to binary code convertors using Quantum dot 
Cellular Automata. 
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I.INTRODUCTION 

 
 A Quantum dot Cellular Automata (QCA) is a nanostructure of square shape which is 
able to perform computational functions.QCA technology transfers information through the 
polarization state of various cells instead of passing the information through current and 
voltage.QCA have gained a lot of attention as a result of its extremely small feature size and its 
ultra power consumption made it a replacement solution of CMOS technology. In CMOS logic 
gates, size of circuits cannot be scaled down further which shows inauspicious  consequence not 
only from physical and technological frame  of  reference  but  also from material and economic 
perspective like tunnel currents, subthreshold leakage, etc. Logical Operations and data transfers 
takes place via columbic interaction between adjacent QCA cells rather than current flow. 
Quantum Dot Cellular Automata provides an original information processing and 
communication. It has been acknowledged as one of the complete nano scale computing devices. 
A crucial advantage of QCA over other nano electronic architectural scales is that the same cells 
are used for making Logic Gates. The QCA permits operating frequencies of about few Tera 
hertz and the circuit does not need extra power supply for its operation, which is not possible in 
current CMOS technologies. By taking this favorable superior position of QCA, it can be able to 
design fascinating computational architectures. The device pattern based on QCA cells offers the 
chance to escape from FET based logic and to make use of the quantum effects that come with 
nanoscopic dimensions.QCA cells are able to measure molecular sizes and hence the behavior 
improves as the size minimizes. 
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II. BACKGROUND 
 

QCA is a nanostructure having as its basic cells a square four quantum dots structure 
charged with 2 free electrons able to tunnel through the dots inside the cell. Due to columbic 
repulsion, two electrons can continually reside in opposite corners. The locations of the electrons 
within the cell confirm two doable stable states which will be associated to binary states 1 and 0. 
 

 
(a) 

Fig.1)(a)Different Polarizations QCA Cell 
 

Adjacent cells move through static forces and align their polarizations.QCA cells don’t 
have intrinsic information directions, the cells within QCA style are partitioned off into four 
clock zones, each phase shifted by90 degree[2].QCA cells are used for each logic structure and 
interconnections that can exploit either the two dimensional cross or bridge technique. The basic 
building blocks of QCA cell are wire, inverter and majority voter gate. 

The wire is a horizontal row and vertical column of QCA cells and a binary signal 
propagates from input to output because of electrostatic interaction between adjacent cells.QCA 
wires is used to transfer information from one part of the circuit to another part of the circuit.  

 

 
 

Fig.2) QCA Wire 
 

Fig.2) shows the arrangement of four quantum dot cells. If the polarization of any of the 
cell in this arrangement were changed, then the rest of the cells immediately synchronize to the 
new polarization due to columbic interactions between two cells. By In this way, a wire of 
quantum dot cells can be made that transmits information. 

Majority voter gate consist of five QCA cells in cross patterns. Based on the majority of 
inputs the bulk gate produces output. This majority voter gate forms the basic building block to 
implement numerous logic gates in QCA circuits[8].For example, if an input provided to 
majority gate is 001,then output is 0 that indicates the most digit repetition within the input. 
Similarly, for input in odd range to generate output. A two dimensional cell permits solely 3 
inputs and produces one output. Extensions to few dimensional can allow any additional inputs. 
Moreover, for several arithmetic applications, three inputs in QCA appear to be acceptable. 

 
Fig.3) Majority voter gate 
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In fig.3) the cells A, B, C are input cells, the middle cell is the device cell which has the 
polarization of majority of inputs and the right hand side cell is the output cell which has the 
same polarization as the device cell [3]. 
The inverter or NOT gate can be implemented using QCA by placing two QCA cells at 45 
degrees with respect to each other such that they interact inversely. 
 

 
 

Fig.4) Inverter 
 

Table No.1:”Inverter truth table” 
 

 
 
 
 

Table1 shows that the inverter takes the input logic and produces its complement logic on 
output. 

In CMOS technology, the clocking allows to control the timing, mostly in sequential 
circuits. In QCA, Clock provides switching and power gain to the circuits [4]. The clock signal is 
given to the every QCA cell in combinational as well as sequential circuits to raise or lower the 
tunneling barrier between dots .The clock signals are generated using the electric field. 
There are two types of switching method, 1) abrupt 2) adiabatic switching method. QCA circuit 
may enter into metastable state in abrupt switching, hence it is not suitable Hence, adiabatic 
switching is used in which the cells are not polarized state at the low barrier and allowed to vary 
the polarization at the high barrier. 
Fig.5)shows that QCA clocking consists  of  four  clock  signals  or  zone  and   each clock  
signal  consists  of  four phases: switch phase, Release phase, Hold phase, Relax phase[4]. The  
frequency  of  each  clock  is  same with  the  phaseshift  of 90degree  each. One   of    the clock   
signals  can  be  considered the reference (phase = 0)  and  the  others  are  delayed one  (phase = 
two (phase = π)  and three phase(3 π/2),  .Clocking is done  by  switching the cell from a null 
state. In switch phase, barriers are raised and cell becomes polarized according to the 
polarization of device. During Hold phase, barriers are held at high value and the cell is now 
acting as input to the next stage. In Relaxed phase cell barriers remains lowered, keeping the cell 
in unpolarized, neutral state. In Release phase subsystem will come to return to clock phase and 
repolarize. After this fourth phase, the subsystem will return to zero[5]. For reliable kink-free 
computation the number of cells allowed in one clock zone must be <=k. 
 

 
Fig.5)QCA Clock Signal Phases 

IN OUT 
0 1 

1 0 
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EXOR gate is a logic gates that gives a true output when the number of true inputs is odd. 
An EXOR gate implements an exclusive OR; Table 2 shows that a true output results if one and 
only one of the inputs to gate is true. If both the inputs to the gate are true, a FALSE output 
results[7].EXOR represents the inequality function, i.e. The output is true if the inputs are not 
alike otherwise the output is false [9].A way to remember EXOR is one or the other but not the 
both. 

 
 

Fig.6) EXOR Gate 
 

Table No.2:”EXOR gate truth table” 
 

A B Y 
0 0 0 
0 1 1 
1 0 1 
1 1 0 

 
CODE CONVERTERS: 
 

Coding is the process of converting input information into a machine language which can 
be understandable by the particular device. The convertors are used to convert the information 
into code which is needed. They are also used for security purpose to protect the information 
from interrupting. They are basically encoders and decoders. 
Types of code convertors: 

 Binary  to Gray Convertor 
 Gray to  Binary  code convertor  

 The logical circuit which converts binary code to equivalent gray code is known as 
Binary to Gray Convertor. 
 

 
 

Fig.7)Binary to Gray code converter 
 

Binary code is a very simple representation of data using two bit values such as 0’s and 
1’s.The binary code could be as High (1) or Low(0)value or else modify in the value. As shown 
in fig.7)the conversion of binary to gray code using be done by using a logic 
circuit[12][13][14].For this conversion an EXOR gate is used to perform among  binary bits. 
Table III shows that the most significant bit(MSB) of the gray code is always equal to the MSB 
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of the given binary code and other bits of the output gray code can be obtained by EXORing 
binary code bit at that index and previous index. 
 

Table No.3:”Binary to gray truth table” 
 

 
BINARY CODE 

GRAY CODE 

B0 B1 B2 B3 G0 G1 G2 G3 
0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 1 
0 0 1 0 0 0 1 1 

0 0 1 1 0 0 1 0 

0 1 0 0 0 1 1 0 

0 1 0 1 0 1 1 1 

0 1 1 0 0 1 0 1 

0 1 1 1 0 1 0 0 

1 0 0 0 1 1 0 0 
1 0 0 1 1 1 0 1 
1 0 1 0 1 1 1 1 

1 0 1 1 1 1 1 0 
1 1 0 0 1 0 1 0 

1 1 0 1 1 0 1 1 

1 1 1 0 1 0 0 1 

1 1 1 1 1 0 0 0 

 
The logical circuit which converts gray code to equivalent binary code is known as Gray 

to Binary code Convertor. 
 

 
 

Fig.8) Gray to Binary code converter 
 

The gray code is a non weighted code and cyclic code. It is also called as reflective code. 
Gray code is most popular to the unit distance code[14][15]. 

 
 
 
 
 
 

International Journal of Scientific Research and Review

Volume 8, Issue 3, 2019

ISSN NO: 2279-543X

Page No: 635



 

Table No.4:” Gray to Binary truth table” 
 

GRAY CODE  BINARYCODE 
B0 B1 B2 B3 G0 G1 G2 G3 
0 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 1 
0 0 1 0 0 0 1 1 

0 0 1 1 0 0 1 0 

0 1 0 0 0 1 1 0 

0 1 0 1 0 1 1 1 

0 1 1 0 0 1 0 1 
0 1 1 1 0 1 0 0 

1 0 0 0 1 1 0 0 

1 0 0 1 1 1 0 1 
1 0 1 0 1 1 1 1 

1 0 1 1 1 1 1 0 
1 1 0 0 1 0 1 0 

1 1 0 1 1 0 1 1 
1 1 1 0 1 0 0 1 
1 1 1 1 1 0 0 0 

 

 
Fig.8) 14 cells EXOR gate 

 
Fig.8)  demonstrates the 2 input EXOR gate. This EXOR gate uses explicit interactions 

between QCA cells to produce the expected results and it is not majority based. The area 
occupied by this gate is 0.01µm^2 and latency 0.5.Crossover is not needed. 

 
 

Fig.9) 10 cells EXOR gate 

 
 

Fig.10) 10 cells EXOR gate 
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Fig.9) is one 10 cells EXOR gate which has 10 cells. This gate is not based on majority based. 
This gate performs EXOR operation based on cell interaction.Fig.10) is another 10 cells EXOR 
gate which is not based on majority voter gate. The area occupied by this gate is 0.006µm^2and 
delay is about 0.5. 

 
REVERSIBLE LOGIC: 
 

Reversible Logic is the solution to beat the warmth dissipation downside in irreversible 
circuits which usually erase input data each time when a logic operation is administrated. The 
Launder’s Principle elaborates that erasing the value involves the compression of states which is 
able to release heat. The input and output of reversible logic gates can be retrievable from each 
other. Reversible logic does not erase the data so it is also called as lossless circuits, thus stop 
chilling issues. Logical reversible circuits have a matched mapping which implies that the 
number of inputs should be adequate to the amount of output. This distinctive mapping between 
inputs and outputs enables the input data to be retrieved from the output information that 
prevents the data loss downside. 

 
III. PROPOSED WORK 
 

In this implementation, Quantum dot Cellular Automata based Enhanced design of  an 
efficient 3-bit, 4-bit, 5-bit binary to gray and 3-bit,4-bit gray to binary code convertors based on 
cell interaction and reversible logic technology has been implemented. This work shows the 
performance analysis of proposed binary to gray and gray to binary code conversion in terms of 
area, complexity, latency and also in switching speed. 

 Binary to Gray code converter 
QCA based 3-bit,4-bit,5-bit binary to gray code converters have been proposed. The 
proposed design has reduced number of cells, area and maximum switching speed. 

The 3-bit binary to gray code converter shown in fig.11) is composed of three binary inputs 
b0,b1and b2 and the  corresponding outputs are a0,a1 and a2.To implement this 3-bit binary to 
gray code converter, two 10 cell EXOR gate has been used. 

 

Fig.11) Proposed QCA Layout of 3-bit Binary to Gray Code Converter 
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The 4-bit binary to gray code converter shown in fig.12) is composed of four binary 
inputs b0,b1,b2 and b3 and the corresponding outputs are a0,a1,a2and a3.To implement this 4-bit 
binary to gray code converter, two 14 cell EXOR gate and one 10 cell EXOR gate has been used. 

 

 

Fig.12)Proposed QCA Layout of 4-bit Binary to Gray Code Converter 

The 5-bit binary to gray code converter shown in fig.13) is composed of five binary 
inputs b0,b1,b2,b3 and B4 and the corresponding outputs are a0,a1,a2,a3and a4.To implement 
this 5-bit binary to gray code converter, three 14 cell EXOR gate and one 10 cell EXOR gate has 
been used. 

 

Fig.13) Proposed QCA Layout of 5-bit Binary to Gray Code Converter 

QCA based 3-bit gray to binary and 4-bit gray to binary have been proposed. The 
proposed design has reduced number of cells, area and raises the switching speed. 

The 3-bit gray to binary code converter shown in fig.14) is composed of three gray inputs 
a0,a1and a2 and the  corresponding binary outputs are b0,b1 and b2.To implement this 3-bit  
gray to binary code converter, two 10 cell EXOR gate has been used. 
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Fig.14) Proposed QCA Layout of 3-bit Gray to binary Code Converter 

The 4-bit gray to binary code converter shown in fig.15) is  composed of four gray inputs 
a0,a1,a2 and a3 and the corresponding binary outputs are b0,b1,b2and b3.To implement this 4-bit 
gray to binary code converter, three 10 cell EXOR gate a has been used. 

 

Fig.15) Proposed QCA Layout of 4-bit Gray to binary Code Converter 

IV. RESULTS 

 

Fig.16)Simulation result of 3-bit binary to gray 
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Fig.17) Simulation result of 4-bit binary to gray 

 
 

Fig.18) Simulation result of 5-bit binary to gray 

 
 

Fig.19) Simulation result of 3-bit gray to binary 
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Fig.20)Simulation result of 4-bit gray to binary 

 
Table No.5:”Simulation parameters of proposed designs” 

 
QCA  designs  No of cells Area(µm^2) Latency 
3-bit B to G 23 0.03 1 
4-bit B to G 35 0.06 1 
5-bit B to G 60 0.06 1 
3-bit G to B 25 0.02 1 
4-bit G to B 38 0.06 1 

 
 
V.  CONCLUSION AND FUTURE SCOPE 

 
New QCA Design for 3-bit,4-bit,5-bit binary to gray and 3-bit,4-bit gray to binary are 

presented in this paper. Designing the layout circuits and simulating the proposed layout is done 
using QCA Designer tool. The proposed designs are done using minimum number of cells, with 
minimum clock delays. The result shows that the designs are area efficient and with high 
switching speed. The results are also verified using truth tables. Here, the implemented designs 
are 3-bit,4-bit,5-bit binary to gray and 3-bit,4-bit gray to binary code converter and in future 
higher bits code converters can be implemented. In future these designs can be applicable in 
many more applications including error correction and error detection. 
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