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ABSTRACT 

Adder is a vital part of any digital circuit. Some adders were developed so far using 

CMOS technology. However, CMOS technology cannot use beyond some size due to its 

limitations. There may be an end in the MOS technology in the future. Quantum-dot cellular 

automata are one of the popular nanotechnologies which deal with the problems of transistor 

technology (CMOS). Several adders were designed using Quantum-dot Cellular Automata 

techniques since 2008. In this paper, the adder given by “Md. Abdullah-Al-Shafi and Ali Newaz 

Bahar”gives better results compared to all existing adders. In this paper, different adders are 

compared in the Quantum dot cellular architecture method. The various full adders are explained 

here with their properties such as area, intricacy, latency is studied and also gives the best 

method for addition is discussed. 

Keywords:  Full-adder, latency, CMOS, QCA, Intricacy 

I .Introduction 

Mostly in digital circuits, most of the logical circuits are developed by Complementary 

Metal Oxide Semiconductor (CMOS).It is based on the existing conventional transistor design 

according to Moore's theory [1].It is saying that transistor technology is doubled every 2 years. 

Mostly these transistors are developed by VLSI(Very Large-Scale Integration) is considered as 

best technologies known for the development of high-speedprocessing and scaling. However, the 

transistors that are used nowadays has short channel effects and doping fluctuations caused 

possesses some complications [2]. Hence, CMOS faces a lot of problems. To change to new 

technology at the nanometer level, there comes an existence of QCA [3]. The principle of QCA 

was given by “C.S. Lent and Tougaw” in the year 1993. After implementing the nanotechnology, 

the sizes of logic gates reduced by 11% [2]. The main idea of the QCA platform is to encode the 

given data (information) using a set of dots [4]. Upon using the QCA most of the circuits can be 

implemented and the logic circuits can be constructed easily so that there could be easy 

development of logic designs. 

The full adders were developed in 2008 using QCA technology with 28 cells [5] but in the 

forthcoming years, the area of the full adders got reduced from papers [8,9,10]. These papers 

give an idea about architectures of the various full adders. 
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II. Literature review: 

 

In 2008, F.Kharbash and G.M.Choudary proposed “The Design of Quantum-Dot Cellular 

Automata Decimal Adder”. According to this paper to construct an adder he had to make use of 

27 majority voting gates and 16 inverters to construct a 1-bit decimal adder. And they proposed 

the area required for the construction of the 1-bit decimal adder is 2.28 µm
2
. 

In 2009 Mohammad Javid&KarimMohammadi have proposed that there are defects in the all the 

previous designs. They had given the problems on QCA full adder the output of QCA full adder 

are verified and mistakes of the previous adders are rectified and the errors in the adders are 

reported [6]. 

In 2010, Earl E. Swartz landeret. alin his work explain the QCAD designer in the present digital 

logic circuits world[7]. In 2013,Bibhash Senet. alin his works gave a detailed description on 

development of full adder on the multilayer on the full adder and it gives the area of (0.01ums)on 

performing this experiment the results explored in various approaches such as cell 

count,cellareagives various design approach[8]. 

In August 2014"Design of a 4-bit Adder using Reversible Logic in Quantum-Dot Cellular 

Automata (QCA)" that was given by DarushiniKunalanet. al says that he developed a new design 

using quantum cell adder namelythe Feynman Gate and the Toffoli Gate he said that these gates 

can be used as an efficient a bit carry adder.and it can be constructed using less area [9]. 

In 2014, I. Vivek Anand and A. Kamrajin his work  "Design of Combinational Logic circuits for 

Low power Reversible Logic circuits in Quantum Cellular Automata” says about to construct 

any adder or any basic logic circuit design to choose QCA technology as it is the one of the best 

emerging technology because it takes low power consumption compared to any other 

technology[10]. 

In the year  2015, Vikram Kumar Pudi and  K.Sridharan gives a idea about the review on adder 

based on new architecture on only one-bit adder to develop only one majority gate and wiring on 

performing this method it is known that the approach on reduction of delay-cycle-product on the 

cycle of 74% and 91%  this gave a solution to get to notice on the maximum word lengths of 4 

and 8 cells in the quantum cell technology[11]. 

In November 2015, K.Vijaya Krishna, R.Radha Krishna says that using VHDL there is way to 

develop various adders given various outputs[12]after that various technique came on the basic 

adders and subtractors techniques after all these various adders are added the adders such as 

brunt-Krung adders are developed. 

In 2016, “Analysis of various approaches used for the implementation of QCA based full adder 

circuit”byManisha.G. Waje&P.K. Dakhole suggested a way on building the full adder based on 

majority voters and inverters using QCAD designer tool he used the tool to develop various 

approaches on construction on full adders[13]. 

In 2017, “Efficient Design of Full Adder and Subtractor using 5-input Majority gate in 

QCA”byRamanandJaiswal and Trilokya–NathSasimal suggested the advanced version on QCAD 

pro tool to design any adders or subtractors or any logic design in the circuit can be implemented 
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by using this QCAD advanced designer tool [14]. All the mathematical and logical circuits 

operations in the technology can be solved using QCA. 

In 2018, Zeqiang Li  et. alin their works suggested that as CMOS technology came to an end the 

usage of quantum cell technology leads to the development of various digital circuits[15]. They 

said that using QCA technology the area and clock circuit can be reduced up to delay by 11.2% 

and 16.7% respectively.In 2019,Rahul Singhal and Marek Perkowski proposed a way to 

developed a full-adder based on QCA technology their work gave a correct equation on 

development of full adders and worked on Shannon lattices and PLA’ [16] 

III.Full Adder-The Logic Circuit 

                                 In the development of digital electronics full adder plays a major role Full 

adder is one of the best outcomes in the development of logical circuits in the full adder we have 

3 inputs and sum and carry as the outputs this is the procedure in the building. For the 

construction of the above full adder, we need two XOR gates, one OR gate along with two NOT 

gates and two AND gates. Quantum cell Automata reduces the number of logic gates, using the 

QCA method the complexity, power consumption, delay, etc. This automaton has more 

applications in Digital Circuits. The truth table of a full adder is given is described in the 

following table1. By using the k-map method we can calculate equations for sum and carry the 

logic '0' means that there is a low supply of voltage and logic '1' means that there is a high supply 

of voltage.  

Logic diagram of full-adder: 

 

    Fig:1 Basic logic diagram of full adder 

Table 1: truth table of full adder 

X[input 1] Y[input2] Z[input3] S[sum] C[carry] 

0 0 0 0 0 

0 0 1 1 0 
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0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 1 0 

1 1 1 1 1 

 

The QCA Full Adder: 

 

 

The basic QCA full adder circuit contains 3 inputs and sum and carry as outputs the same 

operation as logical full adder which was constructed by using logical gates the full adder can be 

constructed using XOR gate and OR gate in the quantum technology these are termed in QCA as 

majority voters and inverters by using this majority gates and inverters various full adders are 

developed and the architecture of some of the full adders is discussed in the below sections of 

this paper  

IV Implementation outcomes 

The table-2 shows the comparison of various cell intricacy, extent, latency wire crossing of 

proposed designs the values of the architecture layouts are compared in this tabular form. The 

tabular form is described. But Md. Abdullah-Al-Shafi&&Ali NewazBaharproposed a full 

adder with 28 quantum cells without any wire crossing and the proposed data is given below the 

tabular form 
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Table: 2 Comparisonof various full adder architectures 

QCA 

architecture of 

various adders 

Cell complexity  The extent 

in𝜇𝑚2 

Latency  Wire crossing 

Presented in[17] 93 0.09 5 Yes 

Presented in [18] 59 0.043 4 Yes 

Presented in [19] 41 0.03 4 No  

Proposed in [1] 28 0.02 2 No  

 

V Complexity study 

The complexity study of the proposed architecture by“Md. Abdullah-Al-Shafi&& Ali Newaz 

Bahar”suggested a design of full adders and area of the obtained by the full adder is given in the 

table-3 the adders design is obtained with 28 cells knows about the area of the full adder the 

detailed study of the architectures the full adder is given in the below tabular form[20] 

Table-3: detailed complexity study of the full adder 

Proposed 

design 

XOR gate Cell used Covered 

areain𝜇𝑚2 

Cell area in 

𝜇𝑚2 

Area usage 

(%) 

Latency 

Full 

adder[1] 

1 28 0.02 0.0090 45.00 2 

 

VI Conclusion 

          In this paper, the basic structure of QCA full adder circuits are observed and the 

parameters like complexity study which covers a lot of areas such as logic gates, cells used, area 

covered by the QCA full adder, area usage, latency and intricacy and latency on studying all the 

full adders we concluded there is a huge development in the field of nanotechnology and by 

using certain tools such as QCAD designer tools there are a lot of developments to the digital 

world. 
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