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ABSTRACT 

In this project, we proposed a proficient, low complex 2-bit QCA XOR gate has 

been suggested. By using the proposed XOR and half adder and full adder is 

designed. Quantum-dot cellular automata (QCA) is an inventive Nano level 

computation that suggests less dimension, less power consumption, with more 

speed and premeditated as an amplification to the scaling obstacle with CMOS 

methodology. One of the newest and rising nanotechnologies used today is 

QCA based on the repulsion of Coulomb. One of the newest and rising 

nanotechnologies used today is QCA based on the repulsion of Coulomb. 

Surmised computing is a successful paradigm for energy efficient hardware 

design in Nano-scale. Further the suggested QCA XOR gates are utilized to 

design half adder and full adder using QCA Designer tool. The proposed QCA 

XOR gate contains very less number of quantum cells as well as areas such that 

half adder also possess same characteristics compared to existing QCA layouts. 

The simulation outcomes illustrate that the promised structure diminishes the 

number of cells, area utilized to make the design cost effective. The proposed 

QCA XOR gate, half adder and full adder contains very less number of 

quantum cells as well as areas as related to its best previous existing QCA 

layouts. These implemented designed are simulated and waveforms are 

observed using QCA designer tool. 

Keywords: Quantum dot cellular automata (QCA), XOR, half adder, full adder, 

QCA Designer, majority gate, electrons, CMOS (complemented metal oxide 

semiconductor) 

 

I. INTRODUCTION 

 

QCA (Quantum-dot Cellular Automata) is one of the 

most attractive alternatives for CMOS technology. 

QCA uses the paired order of quantum dots to 

implement the Boolean logic functions. QCA is 

physical implementation of a classic cellular automata 

from mechanic quantum effect.  

The common digital technologies use the voltage or 

current ranges for showing the logic values, whilst in 

http://www.ijsrst.com/
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QCA technology, the situation of electrons in 

quantum dots shows the binary values.  

The advantages of this technology include: 

 1. High operational speed (Tera Hertz range),  

2. Low power consumption (approximately 100),  

3. High device density.  

Minimum feature in CMOS has reduced after several 

decades, however, facing some limitation. This subject 

caused the rapid development of molecular plans in 

Nano-scale. QCA is a hopeful sample in 

nanotechnology, suggested by Lent et al. and created 

in 1997.  

According to the considerable features of QCA such 

as high density, low power consumption, high speed 

function potential and pipeline being advantage, QCA 

is changed as an interesting alternative technology for 

CMOS technology. 

QCA is based upon encoding of binary information in 

the charge configuration within Quantum-dot cells. 

Computational power is provided by the Columbic 

interaction between QCA cells. No current flows 

between cells and no power or information is 

delivered to internal cells. The interconnection 

between QCA cells is provided by cell-to-cell 

interaction due to the rearrangement of electron 

positions .The two electrons are loaded in antipodal 

sides in Quantum-dots of a QCA cell. 

A standard QCA cell is constituted of four quantum 

dots at four corners of a square cell. In this cell, four 

quantum dots have been paired together by the 

tunnel barriers. Two electrons existing in each cell 

may tunnel between the quantum dots inside the cell.  

The high intercellular potential barriers ensure that 

no electron tunnels between QCA cells. Figure below 

shows a standard QCA cell with four quantum dots 

located at its corners.  

The efficacy of columbic interaction have run two 

electrons each to the cell diameters. The polarization 

of both stable states in cell diameters provides binary 

logic 0 and binary logic 1. 

Figure exhibits the state of electrons placed in cell 

diameters and 0 and 1 binary information. If two cells 

are located next to each other, the columbic 

interaction between the electrons causes the cells to 

have equal polarization and the same value of its left 

side cell. 

In fig. some of QCA cells have been located beside 

each other and formed a wire in QCA. In QCA 

technique, the wires are 45 and 90 degrees. Both wire 

types are used in the cross over and arrays intensively. 

 
Fig. 1 a) QCA cell b) Majority Voter          c) Inverter 

d) Binary Wire e) Inverted Chain   

QCA clocking has been performed through timing in 

four distinct phases and required for both 

combinational and sequential circuits. Clocking not 

only controls the data current but provides the actual 

power in QCA circuits. The clock used in QCA 

consists of 4 phases: Switch, Hold, Release and Relax. 

 
Fig. 2 QCA Clock Schemes 

The signal energy lost by the medium is recovered by 

a new clocking. In QCA, clocking signals have been 

generated by an electrical field so that to control 

tunnel barriers in the quantum dots inside a QCA cell. 
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Quantum-dot cells are key components of QCA 

technologies to implement as Logic Gates, Wires, and 

Memories. The basic logic elements in QCA 

technology are the Majority gate and Inverter. Wires 

can be used for signal propagation in QCA circuits. 

  

Logic elements such as AND gate & OR gate can be 

obtained by manipulating the Majority gate.  

 
Fig. 3 AND & OR Gate 

. Though the technology is different from convention 

CMOS designs, it is effective and realistic to 

implement the low power logic circuits. Thus, QCA is 

a new innovation at Nano-scale and an appealing 

substitute to ordinary CMOS. It is a possible 

technology for the next generation of digital circuits 

and systems and widely utilized as a part of advanced 

frameworks. 

 

II. EARLIER WORK 

 

An EX-OR gate is a very common gate used in ICs and 

ALU. It is vital while designing any compound 

circuits. In earlier design, various XOR gates have 

been created in QCA designer. 

 
(a) 

 
(b) 

Fig. 4 (a)2-input XOR (b)3-input XOR 

 

 
(a) 
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(b) 

Fig. 5 Simulated Output waveform of (a) 2-input XOR 

(b) 3-input XOR 

As from the output waveform we can conclude that 

the earlier design is having delay of 1 clock which is a 

major drawback in the circuit. 

 

III. PROPOSED WORK 

 

In the proposed method, suggested QCA architectures 

2 input XOR gate and its QCA layout is implemented. 

It consists of 8 QCA cells in which there are 2 inputs, 

one “-1” polarization and one output is there. In the 

existing design output delay is of 1 clock cycle and 

number of QCA cells are also more. The proposed 2-

input & 3-input XOR gates are shown in the figure 

below. 

 

  
(a) 

 
(b) 

Fig. 6 (a) 2-input XOR (b) 3-input XOR 

 

By using the 2-input & 3-input XOR gates half adder 

and full adder are designed respectively. Half adder 

and full adder are basic circuits which are used in 

most arithmetic operation for adding bits. The 

implementation of half adder and full adder using 2-

input & 3-input XOR gates are shown below 
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(a) 

 
(b) 

Fig. 7 (a) Half Adder (b) Full adder 

 

IV. EXPERIMENTAL RESULTS 

 

 
 

    
                               (a) 

 

 
  (b) 

Fig. 8 Simulated Output of(a) 2-input XOR (b) 3-input 

XOR 

 
(a) 
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                                  (b) 

Fig. 9 Simulated Output of (a) Half adder (b) Full 

adder 

 

II. CONCLUSION 

 

In this paper, an optimal way to execute a 2-input 

XOR gate is proposed. Using which a half adder as an 

application is also designed in the QCA Designer 

simulation tool for nanotechnology applications. 

According to execution parameter comparison, it is 

observed that the proposed half adder and full adder 

architectures buildup of ultra-efficient QCA XOR gate 

combinations to attain efficient and optimum layouts 

and achieved less parameter count like delay and area. 
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