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Abstract: Nanotechnologies are widely seen as having huge potential to bring benefits to many areas of research and 
application. Quantum-dot cellular automata (QCA) is one of the future nanotechnology that can replace currently CMOS 
technology. Multiplication is mostly studied implementation in computing. A typical implementation is a process that 
repeats addition method till to get the result. In arithmetic and logic operations barrel shifter is used to shift a desired number 
of bits in a desired direction. Therefore, it is important component for the design of modern microprocessors. In this paper 
we proposed barrel shifter design based on QCA technology. 
 

Index terms: Nanotechnology, Quantum-dot cellular automata, Barrel shifter, Right shifter, Right rotator. 

 

I. INTRODUCTION 
 
QCA has proved its potential to be a sturdy 
alternative of CMOS technology. This technology 
offers several advantages over CMOS technology. 
Some of the advantages include faster switching 
speeds, high density circuits and low power 
dissipation. The assumption is that all these 
advantages will result in the development of highly 
powerful and efficient computer architectures [1]. In 
the last few years, several basic QCA elements: a 
QCA cell, small binary wire, and digital logic gates 
and also some combinationalcircuits, have been 
demonstrated. 
 
In data path applications, mostly the data must be 
shifted more than one bit position in a single clock 
cycle. A barrel shifter is one form of combinational 
circuit that shifts or rotates the input data bits by the 
number of bit positions[2].We presented QCA 4-bit 
barrel shifter design using quantum-dot cellular 
automata technology which is a very effective and 
efficient way of manufacturing the nano devices. The 
proposed design reduced the number of QCA cells 
when compared to previously reported design. 
 
II. QCA BASICS 
 
In QCA, each QCA cell is represented by using a 
square structure that is prepared with four quantum 
dots and two excess electrons. First two free electrons 
are pushed into the QCA cell, and then moved to the 
diagonal position due to their repulsion within the 
cell. According to the existing coulombic interaction 
between the electronic charges, they can occupy 
diagonal antipodal sites through tunneling junction as 
a quantum mechanically. Therefore, a single QCA 
cell can accept to completely polarized states called 
cell polarization, shown in Figure 1.Tunneling action 
only occurs within the cell and no tunneling happens 
between cells. 

 

 
Figure 1: Two-basis polarization of basic QCA cell. 

 
The simplest QCA array is a line of cells, shown in 
Figure 2(a). Since the cells are capacitive coupled to 
their neighbors, the ground state of the line is for all 
cells to have the same polarization. In this state, the 
electrons are as widely separated as possible, giving 
the lowest possible energy. To change the 
polarization of the line, an input is applied at the left 
end of the line, forcing it to one polarization. Since 
the first and second cells are now of opposite 
polarization, with two electrons close together, the 
line is in a higher energy state and all subsequent 
cells in the line must flip their polarization to reach 
the new ground state [3]. 
 

 
Figure 1: QCA basic structure: (a) QCA wire, (b) two-cell 

Inverter, (c) QCA majority gate 

 
In the wire, information propagation takes the form of 
the input signal. If the input is a “0”, then the 
information transferred from the input to the output 
will be zero or if the input is a “1”, then one will be 
transferred to the output. Figure 2(b) shows an two-
cellinverter. In the inverter, the information alternates 
between 0 and 1.Lastly, Figure 2(c) shows the 
majority voting gate. This outputs the majority of the 
three input values A, B, C. Majority gate composed 
of five QCA cellsand using the majority gate, logical 
an AND gate and logical an OR gate can be 
implemented. The AND gate can be implemented by 
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fixing one of the input values to 0 and the OR gate 
can be implemented by fixing one of the input values 
to 1. Thus, these are important in the design of l
gates in QCA circuits. 
 
III. BARREL SHIFTER 
 
Barrel shifters are used for shifting and rotating data 
which is required in several applications like floating 
point adders, variable-length coding, and bit
indexing. However, It is primary used as a part of a 
microprocessor CPU that can typically specify the 
direction of shift (right or left), shifting types 
(circular, logical or arithmetic), and also the amount 
of shift (typically 0 to N-1, sometimes 1 to N bits) 
[4]. A barrel shifter can be de
multiplexer. 

We begin our study of barrel shifters by 
presenting a block diagram of 4
circuit. This block diagram is presented 
four bit shifter taking inputs X3, X2, X1, X0 and 
outputting Y3, Y2, Y1, Y0.  

 

Figure 3: Block diagram of 4-bitright

 
The shifter is controlled by three control signals, such 
as “A” for arithmetic shift, “C” for circular shift and 
“S” for realizing shift operation. Neither of these will 
have effect if S=0, calling for no shift. When S=1, the 
following holds: 

 
Table.1 Function table of the 4

S A C 
Shifting 

operation

1 1 1 Circular shift

1 1 0 Arithmetic shift

1 0 0 Logical shift
 

As a shown table A=1, C=1 the function of circuit 
will be circular right shift. This is an arbitrary 
decision, but the signals A and C should not be 
asserted simultaneously. Similarly, A=1, C=0 
Arithmetic right shift and A=0, C=0 logical ri
operations will be performed. Logical shifts just 
move bits in the indicated direction, padding out with 
0’s.  Shifts can be by any count, but shifts by more 
than the size of the register leave it all 0’s. Arithmetic 
shifts are identical to logical shifts except that the 
sign bits are preserved.  Arithmetic shifting is 
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fixing one of the input values to 0 and the OR gate 
can be implemented by fixing one of the input values 

e important in the design of logical 

Barrel shifters are used for shifting and rotating data 
which is required in several applications like floating 

length coding, and bit-
r, It is primary used as a part of a 

microprocessor CPU that can typically specify the 
direction of shift (right or left), shifting types 
(circular, logical or arithmetic), and also the amount 

1, sometimes 1 to N bits) 
rel shifter can be designed by using 

We begin our study of barrel shifters by 
presenting a block diagram of 4-bit right shifter 
circuit. This block diagram is presented in [5] as a 
four bit shifter taking inputs X3, X2, X1, X0 and 

 
bitright barrel shifter 

The shifter is controlled by three control signals, such 
as “A” for arithmetic shift, “C” for circular shift and 
“S” for realizing shift operation. Neither of these will 
have effect if S=0, calling for no shift. When S=1, the 

Function table of the 4-bit shifter 
Shifting 

operation 

Circular shift 

Arithmetic shift 

Logical shift 

As a shown table A=1, C=1 the function of circuit 
will be circular right shift. This is an arbitrary 
decision, but the signals A and C should not be 

usly. Similarly, A=1, C=0 
metic right shift and A=0, C=0 logical right shift 

operations will be performed. Logical shifts just 
move bits in the indicated direction, padding out with 
0’s.  Shifts can be by any count, but shifts by more 
than the size of the register leave it all 0’s. Arithmetic 

al shifts except that the 
sign bits are preserved.  Arithmetic shifting is 

normally defined only for right shifts. Circular shifts 
are identical to logical shifts except that bits “shifted 
off” one end then put at the other end, thus making 
the shift appear as a circle [5]. 
 
IV. PREVIOUS BARREL SHIFTER
 
As a comparison, we review QCA shifter design to be 
implemented in [6]. They proposed 4
using decoder. Itconsists of four shifting units each of 
that shifts the output by a different number of bits. 
The decoder is used to select the appropriate shifting 
unit that means once activated, the incoming bits are 
shifted. In this structure, coplanar wire crossing was 
heavily employed to transmit signals throughout the 
system. The architecture required twenty majority 
gates and eleven clocking phases. The use of separate 
shifting units for each shift count is suitable for a 
small number of bits, but it may be unsuitable for 
signals with large number of bits.

 

Figure 4:  Previous QCA 4

 
This kind of way makes the design regular and gives 
us some alternatives for passing input signals across 
each other. However, this method will
hardware complexity, such as number of cells, huge 
total area and also clocking complexity. 
QCA implementation form of this barrel shifter is 
illustrated in Figure 4. 
 
Table 2 
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V. PROPOSED BARREL SHIFTER
 

We propose QCA 4-bit barrel shifter as a shown in 
Figure 8. This shifter is made up of four multiplexer 
with simple three input majority gates. It is designed 
based on the block diagram as a shown in Figure 7. 
The gates were implemented as AND gates by fixing 
two inputs as a polarization minus one. Our proposed 
design for the structure consists of 480 cells with nine 
clock phase. 

Figure 4:  Proposed QCA 4-bit barrel shifter

 
In this structure, we used multilayer crossover bridge 
to get stronger signal and also for our structure 
multilayer wire crossing is considered 
Moreover, we chose one robust inverter and the rest 
of inverters are diagonal cell inverter.
 
VI. SIMULATIONS AND ANALYSIS
 
In this section, validation of the functionalities and 
simulation result of the proposed designs are carried 
out by QCADesigner tool [7]. In table 2, 
compared hardware complexity of both barrel shifters 
that include the number of used QCA cells, total area 
and delay. In table 2, the previous and 
barrel shifters have been proposed
hardware complexity. 

 
Figure 5:  Simulation results of arithmetic and logic right 

shifter 
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PROPOSED BARREL SHIFTER 

bit barrel shifter as a shown in 
shifter is made up of four multiplexer 

with simple three input majority gates. It is designed 
based on the block diagram as a shown in Figure 7. 
The gates were implemented as AND gates by fixing 
two inputs as a polarization minus one. Our proposed 

or the structure consists of 480 cells with nine 

 
bit barrel shifter 

In this structure, we used multilayer crossover bridge 
to get stronger signal and also for our structure 
multilayer wire crossing is considered more suitable. 
Moreover, we chose one robust inverter and the rest 
of inverters are diagonal cell inverter. 

ANALYSIS 

In this section, validation of the functionalities and 
simulation result of the proposed designs are carried 

]. In table 2, it is 
compared hardware complexity of both barrel shifters 
that include the number of used QCA cells, total area 

the previous and our proposed 
s have been proposed in terms of 

 
Figure 5:  Simulation results of arithmetic and logic right 

Figure 6:  Simulation result of circular right shifter with 
explanation

 
CONCLUSION 
 
In this paper, we have proposed and designed
right QCA barrel shifter. We have shown that the 
structure is simply designed and simulated using 
QCADesigner with explanations respectively. 
Simulation results of designs show that the proposed 
shifter achieved as good result. 
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