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Abstract:

In this paper, an attempt has been made to examine the different structures of the full adder in QCA technology and to
introduce a new structure as the full adder in quantum-dot cellular automata (QCA) technology. Previous structures
have problems from the point of view of the number of consumed cells and the occupied cross-sectional area. In this
article, in addition to reducing the number of cells and delay, the consumed area has also been tried to have a reasonable
and small amount. In addition, some structures could not be used in larger circuits due to the placement of inputs or
outputs inside the circuit. Therefore, in this paper, the structure of the proposed full adder with only 28 cells, half-cycle
clock delay and cross-sectional area of 0.01 pm? is presented. In the proposed design all inputs and outputs are available
out of the design. Then, the mentioned structure is used in a more complex circuit to confirm the correct behavior and
operation, and in fact, a ripple carry adder structure is designed. The proposed design has an efficient QCA
implementation in terms of complexity, where the simulation is done using the QCAdesigner tool to estimate the
performance of the structures.

Keywords: Quantum-dot cellular automata, QCA, Full Adder, Ripple Carry Adder.

Article Type: Research

Received: 2023. 12. 2023

Revised: 21. 01. 2024

Accepted: 05. 07. 2024

Corresponding author: Mohammad Gholami

Corresponding author’s address: Department of Electrical Engineering, Faculty of Engineering and Technology,

University of Mazandaran, Babolsar, Iran

Copyright © 2025 The Authors. Published by Iranian Association of Electrical and Electronics Engineers.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the
original work is properly cited.

Ag


http://dx.doi.org/10.61186/jiaeee.22.1.33
https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.61186/jiaeee.22.1.33
http://jiaeee.com/article-1-1681-fa.html

[ Downloaded from jiaeee.com on 2026-01-29 |

[ DOI: 10.61186/jiaeee.22.1.33 ]

Journal of Iranian Association of Electrical and Electronics Engineers, Vol. 22 No. 1 ,2025

1. Motivation of the work

With the advancement of technology and the shrinking of
dimensions in CMOS technology and the problems
facing this technology in micrometer dimensions, many
efforts and researches have been formed regarding
alternative  technologies. ~ One  of the new
nanotechnologies that has attracted the attention of many
researchers in the field of nanotechnology today is
quantum dot cellular automata [1]. This technology is
remarkable in terms of very high speed, and much lower
area and power consumption compared to CMOS, and it
creates a significant improvement in the design of various
logic circuits [2]. One of the most used circuits in
processors, which is also a main component of the
arithmetic logic unit, is the full adder [3]. Considering the
advantages of quantum-dot cellular automata technology,
the authors of this paper will try to provide a new design
for all the adder that has favorable conditions from the
point of view of delay characteristics, the number of
consumed cells and the occupied cross-sectional area.

2. Contributions

Advantage(s) of this work should be explained in detail
Considering the advantages of quantum-dot cellular
automata technology, the authors of this paper will try to
provide a new design for all the adder that has favorable
conditions from the point of view of delay characteristics,
the number of consumed cells and the occupied cross-
sectional area.

3. Procedures

In this paper, all the simulations are done by
QCADesigner and QCAPro softwares. We have tried to
check the simulations carefully and under different
conditions and present the results in a classified manner.

4. Findings

In this article, an attempt has been made to examine the
different structures of the full adder in QCA technology
and to introduce a new structure as the full adder in QCA
technology. Previous structures have had problems from
the point of view of the number of consumed cells and
the occupied cross-sectional area. In this article, in
addition to reducing the number of cells and delay, it has
been tried to have a reasonable and small amount of
consumed area. In addition, some structures could not be
used in larger circuits due to the placement of inputs or
outputs inside the circuit. Therefore, in this paper, the
structure of the proposed full adder with only 28 cells,
half-cycle clock delay and cross-sectional area of
0.01pm? is presented. Then the above structure was used
to confirm the correct behavior and operation in a more
complex circuit. The proposed design has an efficient
QCA implementation in terms of complexity, where the
simulation is done using the QCAdesigner tool to
estimate the performance of the structures.

5. Conclusion

In this article, an attempt has been made to examine the
different structures of the full adder in QCA technology
and to introduce a new structure as the full adder in QCA
technology. Previous structures have had problems from
the point of view of the number of consumed cells and
the occupied cross-sectional area. In this article, in
addition to reducing the number of cells and delay, it has
been tried to have a reasonable and small amount of
consumed area. In addition, some structures could not be
used in larger circuits due to the placement of inputs or
outputs inside the circuit. Therefore, in this paper, the
structure of the proposed full adder with only 28 cells,
half-cycle clock delay and cross-sectional area of
0.01pum? is presented. Then the above structure was used
to confirm the correct behavior and operation in a more
complex circuit. The proposed design has an efficient
QCA implementation in terms of complexity, where the
simulation is done using the QCAdesigner tool to
estimate the performance of the structures.
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