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Abstract 

In the scale of nanometer, Quantum-dot Cellular Automata (QCA) is a new technology, which utilizes the QCA 

cells in order to design and implement logical circuits. QCA makes it possible for us to design in Nano scale. 

Furthermore, in comparison to CMOS technology, it has highly low consumption power. Thus, in the future, QCA 

technology will be a powerful rival for VLSI. This paper presents two new and optimized QCA designs for Full 

adder. In comparison to the previous designs, all of the QCA Full adders presented in this paper are relatively 

optimized. In addition, they are implemented without any wire crossing. In order to test the proposed QCA Layouts 

and also display the results of the simulations, QCADesigner software is used. 
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1. Introduction 

In the recent decades, high-voltage and high-consumption-power circuits, containing several dozen of transistors, 

were replaced by CMOS technology [1]. Based on the Moore's law the number of transistors on a chip would 

double every two years. Today`s CMOS technology encounters some problems such as physical limitations, high 

consumption power, limitations in decreasing channel length and decreasing the output resistance [2]. QCA is a 

new technology, which in comparison to CMOS technology, has a relative priority in the case of low consumption 

power, low area, high speed in data processing and transfer and also the ability for wires crossing on each other.  A 

QCA cell is the basis element to design the QCA circuits, which is shown in Figure 1(a). Transferring data and also 

the QCA Gates implementation are based on the QCA cell. The cell is composed of four quantum dots ant two free 

electrons. According to the Coulomb Repulsion Law, the two free electrons move diagonally among the quantum 

points and present two stable states representing the logical 0 and 1 as shown in Figure 1(b) [3,4]. 

 

 
 

 

 

 

 

Figure 1. QCA. 

A QCA wire is formed by joining a number of QCA cells by which a huge volume of data can be transferred at a 

high speed. There are two kinds of QCA wire. In the first one, the input cell polarization is duplicated over the 

adjacent cells. In the second one, the standard cells are placed in a diagonal orientation, which are geometrically 

similar to the 45°rotated cells in a horizontal orientation. Figures 2(a) and 2(b) shows these two QCA wires. Wires 

in QCA technology can cross each other without interference in two ways; coplanar crossing and multi-layer 
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crossing; which are shown in Figures 2(c) and 2(d), respectively. Majority gate is formed of 5 cells including 3 

input cells, 1 output cell and 1 central cell. The output of majority Gate follows the central cell, and the central cell 

is a function of the input cells. The Figure 3(a) shows the Layout of a QCA majority Gate. The input and output 

wave forms of the majority Gate is shown in Figure 3(b). Moreover, the circuit diagram of the majority gate is 

shown in Figure 3(c). 

 

 

Figure 2. (a) QCA binary wire, (b) QCA inverter chain wire,(c) QCA coplanar crossing, (d) QCA multi-layer crossing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. (a) The QCA layout of Majority Gate (b) The Input and Output wave forms of Majority Gate (c) The Circuit 

diagram of Majority Gate. 

The equivalent output of the Majority Gate is given by the following equation: 

CBCABACBAMF ...),,(                                                                                                                               (1) 

If we set one of the three inputs of the Majority Gate logical "0" or logical "1", the AND and OR Gates can be 

implemented in OCA. The QCA Layout of AND and OR Gates, and also their circuit diagram are shown in Figure 

4.  

AND Gate can be derived by the following equation: 

BABABABAMF .0.0..)0,,(                                                                                                                       (2) 

OR Gate can be derived by the following equation: 

BABABABAMF  1.1..)1,,(                                                                                                                     (3) 
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According to the Coulomb Law, if two QCA cells are diagonally together, they can make an Invert Gate. QCA 

inverter Gate can be implemented in various schemes. Different types of QCA Invert Gates are shown in Figure 5. 

 

 

Figure 4. (a) The Layout Outward of AND Gate in QCA,(b) The Circuit Schematic of And Gate, (c) The Layout Outward 

of OR Gate in QCA,(d) The Circuit Schematic of OR Gate. 

 

 

Figure 5. QCA inverter Gates. 

In QCA, the clock signal is used to control and synchronize all sections of the circuit. In QCA, there are four clock 

signals: Clock0, Clock1, Clock2 and Clock3, which have the phase difference of 90 degrees [6,7]. Each clock signal 

in QCADesigner software represented in the different colors. Each clock signal is composed of four phases: Switch, 

Hold, Release, and Relaxed. Four clock signals are shown in Figure 6(a). A QCA wire with its output wave form in 

QCADesigner software, which is implemented using four clock signals, is shown in Figure 6.  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. (a) An Outward of clock signal in QCA,(b) QCA wire in four clock,(c) An Outward of  output and input waves 

forms in QCA wire. 
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2. Proposed QCA Full Adder Designs  

Different designs of QCA Full adder have been presented in the last few years by the researchers. This article 

presents two novel QCA Full adder designs. The proposed QCA Full adder designs are implemented and simulated 

using QCADesigner. 

2.1 The First Design  

This Full adder is composed of five AND Gates, three OR Gates and three NOT gates with three inputs (a, b and c) 

and two outputs (Sum and Carry). We are used the following equations to implement the first QCA Full Adder 

design: 

).)((..)..( cacabcacabSum                                                                                                                                (4) 

).)(.(. cacabcaCarry                                                                                                                                           (5) 

The circuit diagram of the first Full adder and its QCA Layout are shown in Figure 7. This design are implemented 

with 292 cells. The input to output delay is 12 clock phases, and its approximate area is 0.416 µm
2
.  

 
 

 

Figure 7. The first QCA Full Adder (a) circuit diagram (b) QCA Layout. 

2.2. The Second Design  

To design the second proposed QCA Full Adder, we are used the following equations, which realize a Full Adder 

with only the majority Gates, and inverters:  

)),,,(),,,((........ cincinbaMcinbaMMcinbacinbacinbacinbaSum                                                                      (6) 

),,(... cinbaMcinbcinabaCarry                                                                                                                      (7) 

This Full adder is composed of three majority Gates, two inverter Gates with three inputs (a, b and c) and two 

outputs (Sum and Carry). The circuit diagram of the second proposed Full adder and its QCA Layout are shown in 

Figure 8. The main advantage of this design is the absence of any wire crossing in its QCA layout. This design is 

implemented with 45 cells. The input to output delay is 3 clock phases and its approximate area is 0.33 µm
2
. 
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Figure 8. The second proposed QCA Full Adder(a) circuit diagram (b) QCA Layout. 

3. Results and Discussion 

The simulation results of the proposed Full adders are shown in Figure 9 and Figure 10. For this purpose, 

QCADesigner software is used. The following parameters are used in the Bitable approximation engine: Number of 

samples 20000, Convergence tolerance 0.001, Radius of effect 65nm, Relative permittivity 12.9, Clock high 9.8-

22J, Clock low 3.8-23J, Clock amplitude factor 2, Layer separation 11.5nm, and Maximum iterations per sample 

100. The comparison between the proposed QCA Full Adder designs and the previous works in terms of wire 

crossing types, cell numbers, areas and delay is shown in Table 1. Both suggested designs are implemented in QCA 

without any wire crossing, which is the main advantage of them. 

 

 

Figure 9. Simulation results of the first proposed QCA Full Adder. 
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Figure 10. Simulation results of the second proposed QCA Full Adder. 

Table 1. Comparison with the previous works. 

Reference Type of crossing Cell count 
Approximated area 

(µm
2
 ) 

Time 

delay 

(clock 

phase) 

[8] Multi-layer 23 0.01 3 

[9] Multi-layer 31 0.01 3 

[10] Multi-layer 31 0.02 3 

[10] Multi-layer 33 0.02 3 

[11] Multi-layer 52 0.04 3 

[12] Multi-layer 56 0.04 3 

[13] Multi-layer 73 0.04 3 

[14] Multi-layer 86 0.1 3 

The first proposed design Without wire crossing 292 0.416 12 

The second proposed 

design 
Without wire crossing 45 0.03 3 

 

4.   Conclusion 

QCA is a new nanotechnology and in the near future the CMOS technology may be replaced with QCA. This paper 

proposed two designs to implement Full Adder in QCA. The proposed designs do not use any multi-layer crossing 

or coplanar crossing. The first design is implemented with 292 cell, 0.416 µm
2
 area in 12 clock phases and second 

design is implemented with 45 cell, 0.03 µm
2
 area in three clock phases delay. They have the simple structures and 

can be simply used in designing QCA circuits. 
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