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Abstract—This paper presents a nano circuit of a full one-bit adder on the proposed five-input majority 
element. This innovative full adder design is used to development of a four-bit adder based on it. We offer 
a new single-bit full adder and a four-bit adder nano circuit in quantum-dot cellular automata 
technology. The proposed design four-bit adder utilizes only 231 quantum cells in a 0.49 µm2 area. It has 
a reduction in the number of cells, delay and energy dissipation at 1 K compared to the existing works. 
The QCADdesigner version 2.0.3 tool implements the developed quantum-dot cellular automata full 
adder and four-bit adder circuits. The implementation results show that the developed quantum-dot 
cellular automata full adder and four-bit adder circuits have an improvement over other quantum-dot 
cellular automata full adder circuits. 

Index Terms—quantum-dot cellular automata; majority element; full adder; computer-aided design 
systems; high performance design. 

I.  INTRODUCTION 

Computer arithmetic plays an important role in 
the information and communication applications 
such as a arithmetic logic unit (ALU) and 
cryptography. Full adders have an important role in 
computer arithmetic. So, the efficiency of many 
computer arithmetic applications is primarily 
determined by the efficiency of the full adder 
implementation [1] – [3]. 

Quantum-dot cellular automata (QCA) 
technology is a promising technology, which can 
continue the Moore’s law development. This 
technology uses charge formation to information 
transition instead of current. As a result, circuit 
design in the QCA technology has advantages in 
comparison with conventional technologies such as 
CMOS technology in terms of small dimension, fast 
operation and low power consumption [4], [5]. 

Comparing the results of previous years' work to 
improve the efficiency of the implementation of a 
full adder in QCA technology [6] – [15]. In article 
[6] present a QCA full adder that requires 102 QCA 
cells and 0.1 μm2 area. The scientists [7] designed a 
QCA full adder that consists of 52 QCA cells and 
0.038 μm2 area. The authors [8] designed a QCA full 
adder that requires 59 QCA cells and 0.043 μm2 
area. In article [9] have offered a QCA full adder 
that requires 71 cells and 0.06 μm2 area. The authors 
[10] presented a QCA full adder that requires 38 
QCA cells and 0.02 μm2 area. The scientists [11] 

constructed a QCA full adder that consists of 41 QCA 
cells and 0.04 μm2 area. In article [12] have presented 
a QCA full adder that requires 63 QCA cells and 0.05 
μm2 area. The scientists [13] designed a QCA full 
adder that requires 29 QCA cells and 0.02 μm2 area. 
However, these full adder circuits have advantages, 
but the complexity and required area of full adder 
circuit in the QCA technology can be reduced with a 
described new technique in this paper.  

II. BACKGROUND 

Quantum-dot cellular automata technology is an 
emerging technology that can be utilised for 
developing digital circuits based on Moore’s law. 
This new technology uses charge formation instead 
current for information transition. The basic element 
in this technology is a four dots square, which has 
two free electrons. Figure 1 shows the basic cell of 
the QCA, two methods of its placement in space and 
the polarization of electrons [6]. 

Logical majority element and inverter. Placing the 
cells in sequence one after another and causing them 
to interact with each other, it is possible to ensure the 
flow of information along such a conductor. 
Theoretically, there are two methods of constructing a 
conductor depending on the 45-degree or 90-degree 
orientation of the cells, but it is technologically 
difficult to produce nanocells with different 
orientations. With the help of QCA, various 
elements can be constructed to perform logical and 
arithmetic operations. The basic logical 
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nanocomponents in the theory of cellular automata 
are the majority element (ME) and the inverter 
(Fig. 2) [6]. 

 
Fig. 1. Basic cell of the QSA, two methods of its 

placement in space and the polarization of electrons 

 
a) 

 
b) 

Fig. 2. Three-input majority element (a) and inverter (b) 
based on cellular automata. 

The polarization of the ME output cell coincides 
with the polarizations of most input cells. 

Boolean expression for the majority function: 

maj(x2, x1, x0) = x2 x1 ∨ x2 x0 ∨ x1 x0 , 

where x2, x1 and x0 are input arguments. Fixing the 
polarization of one of the inputs of the majority of 
an element as a logical “0” or a logical “1” allows 
you to obtain AND or OR elements, respectively:  

maj(x2, x1, 0) = x2 ⋅ x1,    maj(x2, x1, 1) = x2 ∨ x1. 

Such cells can be created in the process industrial 
manufacturing, which eliminates the need to 
maintain direct current through scheme. 

III. THE DESIGNED QCA FULL ADDER CIRCUIT 

When using five-way MEs, you can build the most 
rational and simple one-bit adder scheme. The 
structural diagram of a one-bit adder is built on one 
five-input ME and one three-input (Fig. 3). 

 
Fig. 3. Circuit of a one-bit adder based on a five-input ME 

The results of the computer design of this nano 
circuit using CAD QCAD are shown in Figs 4 and 5. 

 
Fig. 4. The project of a full one-bit adder on a five-input 

ME 

 
Fig. 5. Modeling the time characteristics of a full one-bit 

adder on a five-input ME 

The implementation results of the designed circuit 
for the one-bit QCA full adder confirm the 
correctness of this circuit. 

The functions of addition S and transfer C are 
determined by the rules of addition in the majority 
basis [7]: 
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The developed full-adder nano circuit is based on 
41 KA, and its total size is (288162) nm. 

Three clocking zones are utilized in this circuit as 
follows: light blue indicates clock zone 2, violet 
indicates clock zone 1, and green indicates clock 
zone 0. 

Table I summarizes the implementation results of 
the designed circuit for the one-bit QCA full adder 
compared to other one-bit QCA full adder circuits in 
[8] – [16]. 

TABLE I. THE COMPARATIVE TABLE FOR ONE-BIT 
QCA FULL ADDER CIRCUITS 

Reference Complexity 
(#cell) Area (μm2) Delay (clock 

zone) 
[8] 102 0.1 8 
[9] 71 0.06 5 
[10] 52 0.038 4 
[11] 59 0.042 4 
[12] 38 0.02 3 
[13] 41 0.04 2 
[14] 63 0.05 3 
[15] 29 0.02 2 

[16] 46 0.04 4 
This paper 41 0.07 4 

IV. COMPUTER ADDICT DESIGN OF A FOUR-BIT 
ADDER 

On the basis of a one-bit full adder, a four-bit 
adder was built, the structural diagram of which is 
presented in Fig. 6. 

 
Fig. 6. Circuit of a four-bit adder based on a full one-bit 

adder 

Computer addict design of nano circuit the four-
bit adder is shown in Fig. 7. 

Figure 8 shows the implementation results of the 
designed nano circuit for the four-bit adder. 

 
Fig. 7. The designed nano circuit of the four-bit adder 
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Fig. 8. The implementation results of the designed nano circuit for the four-bit adder 

Table II summarizes the implementation results 
of the designed circuit for the four-bit QCA 
compared to other four-bit QCA nano circuits in [8] 
– [12], [14] – [17]. 

TABLE II. THE COMPARATIVE TABLE FOR FOUR-BIT 
QCA NANO CIRCUIT 

Reference Complexity 
(#cell) Area (μm2) Delay 

(clock zone) 
[8] 558 0.85 20 
[11] 442 1 8 
[9] 260 0.28 10 
[10] 262 0.208 28 
[12] 237 0.24 6 
[14] 295 0.3 6 
[15] 269 0.37 14 
[17] 339 0.2542 7 
[16] 187 0.2 16 

This paper 231 0.49 15 
 

V. CONCLUSION 

Full adders play an important role in computer 
arithmetic fields. So, efficient implementation of full 
adders can increase the efficiency of the computer 
arithmetic circuits. This paper presented and 
evaluated an efficient full adder circuit in the QCA 
technology. In addition, we implemented a four-bit 
QCA nanocircuit based on this new one-bit QCA 
full adder. The designed circuits have been 
implemented using the QCADesigner tool version 
2.0.3. The implementation results confirmed that the 
designed circuits outperform recent modified one-bit 
QCA full adder circuits and four-bit QCA circuits in 
[8] – [11], [14] in terms of complexity, and required 
area. 

REFERENCES 
[1] P. Balasubramanian, “A latency optimized biased 

implementation style weak-indication self-timed full 
adder,” Facta Universitatis, Series: Electronics and 
Energetics, vol. 28, pp. 657–671, 2015. 
https://doi.org/10.2298/FUEE1504657B 

[2] A. Rezai, and P. Keshavarzi, “High-performance 
scalable architecture for modular multiplication using 
a new digit-serial computation,” Micro. J., vol. 55, 
pp. 169–178, 2016. 
https://doi.org/10.1016/j.mejo.2016.07.012 

[3] A. Rezai, and P. Keshavarzi, “High-throughput 
modular multiplication and exponentiation algorithm 
using multibit-scan-multibit-shift technique,” IEEE 
Trans. VLSI syst., vol. 23, pp. 1710–1719, 2015. 
https://doi.org/10.1109/TVLSI.2014.2355854 

[4] M. Balali, A. Rezai, H. Balali, F. Rabiei, and S. 
Emadi, “A novel design of 5-input majority gate in 
quantum-dot cellular utomata technology,” in 
Proceedings of the IEEE Symp. Comput. Appl. 
Indust. Electr. (ISCAIE 2017), 2017, pp. 13–16. 
https://doi.org/10.1109/ISCAIE.2017.8074941 

[5] H. Rashidi, A. Rezai, and S. Soltani, “High-
performance multiplexer circuit for quantum-dot 
cellular automata,” J. Comput. Electr., vol. 15, pp. 
968–98, 2016. https://doi.org/10.1007/s10825-016-
0832-3 

[6] All-Ukrainian interdepartmental scientific and 
technical collection [Electronic resource]. – Resource 
access mode: https://www.ewdtest.com/asu/wp-
content/uploads/2015/05/asu_166_2014_new1.pdf 
(date of application 05.01.2023 р). [in Ukrainian] 

[7] N. N. Pakulov, The majority principle of constructing 
reliable components and devices of a digital 
computer, Мoscow: Sov. radio, 1974. [in Russian] 



O.S. Melnyk, M.M. Kravets, V.M. Kravets   
Four-bit Nanoadder Controlled by Five-Inputs Majority Elements                                                                               71 
 
[8] I. Hänninen, and J. Takala, “Binary adders on 

quantum-dot cellular automata,” J. Sign. Process. 
Syst., vol. 58, pp. 87–103, 2010. 
https://doi.org/10.1007/s11265-008-0284-5 

[9] B. Ramesh, and M. A. Rani, “Design of binary to 
BCD code converter using area optimized quantum- 
dot cellular automata full Adder,” Int. J. Eng., vol. 9, 
pp. 49–64, 2015. 

[10] D. Abedi, G. Jaberipur, and M. Sangsefidi, “Coplanar 
full adder in quantum-dot cellular automata via 
clock-zone-based crossover,” IEEE Trans. 
Nanotech., vol. 14, pp. 497–504, 2015. 
https://doi.org/10.1109/TNANO.2015.2409117 

[11] S. Hashemi, and K. Navia, “A Novel Robust QCA 
Full-adder,” Proc. Mater. Sci., vol. 11, pp. 376–380, 
2015. https://doi.org/10.1016/j.mspro.2015.11.133 

[12] M. Mohammadi, M. Mohammadi, and S. Gorgin, 
“An efficient design of full adder in quantum-dot 
cellular automata (QCA) technology,” Microelectr. 
J., vol. 50, pp. 35–43, 2016. 
https://doi.org/10.1016/j.mejo.2016.02.004 

[13] F. Ahmad, G. M. Bhat, H. Khademolhosseini, S. 
Azimi, S. Angizi, and K. Navi, “Towards single layer 
quantum-dot cellular automata adders based on 

explicit interaction of cells,” J. Comput. Sci., vol. 16, 
pp. 8–15, 2016. 
https://doi.org/10.1016/j.jocs.2016.02.005 

[14] C. Labrado, and H. Thapliyal, “Design of adder and 
subtractor circuits in majority logic-based field- 
coupled QCA nano computing,” Electron. Lett., 
vol. 52, pp. 464–466, 2016. 
https://doi.org/10.1049/el.2015.3834 

[15] M. Balali, A. Rezai, H. Balali, F. Rabiei, and S. 
Emadid, “Towards coplanar quantum-dot cellular 
automata adders based on efficient three-input XOR 
gate,” Result. Phys., vol. 7, pp. 1389–1395, 2017. 
https://doi.org/10.1016/j.rinp.2017.04.005 

[16] Design of novel efficient full adder circuit for 
quantum-dot cellular automata technology 
[Electronic resource]. – Resource access mode: 
http://www.doiserbia.nb.rs/img/doi/0353-
3670/2018/0353-36701802279M.pdf (date of 
application 05.01.2023 р). 

[17] V. Pudi, and K. Sridharan, “Low complexity design 
of ripple carry and Brent-Kung adders in QCA,” 
IEEE Trans. Nanotech., vol. 11, pp. 105–119, 2012. 
https://doi.org/10.1109/TNANO.2011.2158006 

Received November 08, 2022 
Melnyk Oleksandr. ORCID 0000-0003-1072-5526. Candidate of Sciences (Engineering). Associated Professor.  
Department of Electronics, Robotics, Monitoring & IoT Technologies, National Aviation University, Kyiv, Ukraine.  
Education: Kyiv Polytechnic Institute, Kyiv, Ukraine, (1971).  
Research interests: Modeling micro- and nanoelectronics devices, computer-aided designe, solid-states electronics.  
Publications: more than 162 papers.  
E-mail: oleksandr.melnyk@npp.nau.edu.ua 

Kravets Maksym. Master's student. 
Department of Electronics, Robotics, Monitoring & IoT Technologies, National Aviation University, Kyiv, Ukraine. 
Education: National Aviation University, Kyiv, Ukraine. 
Research interests: solid-states electronics. 
Publications: 6 papers. 
E-mail: kravetz .maxim2015@gmail.com 
Kravets Valerii. Master's student. 
Department of Electronics, Robotics, Monitoring & IoT Technologies, National Aviation University, Kyiv, Ukraine. 
Education: National Aviation University, Kyiv, Ukraine. 
Research interests: solid-states electronics. 
Publications: 6 papers. 
E-mail: kravetz.valera2015@gmail.com  

О. С. Мельник, М. М. Кравець, В. М. Кравець. Чотирирозрядний наносуматор, керований 
п’ятивходовими мажоритарними елементами 
У роботі представлено наносхему повного однорозрядного суматора на розроблених мажоритарних елементах з 
п’ятьма входами. Ця прогресивна конструкція повного суматора використовується для розробки нової 
наносхеми чотирирозрядного суматора. Запропоновано новий однорозрядний повний суматор і чотирирозрядну 
наносхему за технологією квантових автоматів. Створений чотирирозрядний суматор використовує лише 231 
квантову комірку на площі 0,49 мкм2. В результаті він має зменшену кількість комірок та зменшені затримки і 
розсіювання енергії при 1 К порівняно з відомими результатами. Реалізовано комп’ютерне проектування повної 
наносхеми чотирирозрядного суматора на базі чотирьох однорозрядних суматорів із застосуванням cисте́ ми 
автоматизо́ваного проєктува́ ння QCAdesigner версії 2.0.3. Результати експерементальних досліджень вказують 
на його переважні характеристики, особливо із застосуванням п’ятивходових мажоритарних елементів. 
Ключові слова—коміркові автомати з квантовими точками; мажоритарний елемент; повний суматор; системи 
автоматизованого проектування; висока продуктивність конструкції. 
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