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Abstract— Testing is a process used to verify the 

correctness of the systems. In this project testing is carried 

out to detect the two stuck at fault namely stuck at 0 and 

stuck at 1. Here, the combinational circuits are designed 

based on majority logic which automatically detect the two 

stuck at faults. Any combinational designs can be tested 

for classical unidirectional stuck at faults using only two 

test vectors such as all 1s and all 0s. Two vectors testable 

circuits are designed. The importance of this design lies in 

the fact that it provides the design of reversible 

combinational circuits completely testable for any stuck at 

fault by only two test vectors. There by eliminating the 

need of any type of scan-path access to internal memory 

cells. The sequential circuits are simulated using QCAD 

designer. This method provides 100% fault coverage for 

single missing/additional cell defect 

Keywords— Cellular automata, majority logic, quantum-

dot, reversible logic. 

I. INTRODUCTION 

 Conservative logic is a logic which exhibits the 

property that there are an equal number of 1s in the outputs 

and inputs. Conservative logic is reversible in nature and also 

not reversible in nature. The circuit has reversibility one to-

one mapping between the inputs and the output vector, that is 

for each input vector there is a unique output vector and vice-

versa that conservative logic is called reversible conservative 

logic when there is a one-to-one mapping between the inputs 

and the outputs with the property that there is equal number of 

1s in the output as in the input. Conservative logic circuits are 

not reversible, if one-to-one mapping between the inputs and 

the outputs vectors is not same. So, computation is performed 

in an irreversible manner and each bit of information lost will 

produce KTln2 Joules of heat energy. From a thermodynamic 

point of view, it is also proved that kTln2 energy dissipation 

would not occur, if a computation is carried out in a reversible 

way. There are emerging nanotechnologies, such as quantum-

dot cellular automata (QCA) computing, optical computing, 

and superconductor flux logic family, etc., where the energy 

dissipated due to information destruction will be a significant 

factor of the overall heat dissipation of the system [1], [2]. 

Thus, one of the primary motivations for adopting reversible  

 

 

 

 

 

logic lies in the fact that it can provide a logic design 

methodology for designing ultralow power circuits beyond 

Further, QCA is one of the improving technologies in which it 

is possible to implement reversible logic gates [2], [3].QCA 

makes reduces the circuit clock frequency [4], [5]. In QCA, 

logic values are represented by the position of the electrons 

present in the QCA cell shown in Figure. 1. Thus, when the bit  

Is changed from 1 to 0 there is no actual discharging of the 

capacitor as in Conventional CMOS.   

 

                               

 

                               

 

    Logic “0”           logic “1” 

        Figure 1 QCA logic cells 

 

Hence, QCA has no energy dissipation electron moment from 

one cell to another is due to the circular polarisation between 

the cells and depends upon the adjust cells electron 

interaction. So, there is no current flow in it. Thus, QCA has 

no dissipation in KTln2 limit for those emerging 

nanotechnologies in which the energy dissipated due to 

erasing of information will be a significant factor of the 

overall heat dissipation. Therefore, QCA has significant 

advantage compared to CMOS technology in terms of power 

dissipation which reduces higher error rate in nano-scale 

manufacturing, QCA [6]. Further, QCA is one of the 

improving nanotechnologies in which it is possible to 

implement reversible logic gates [2], [3]. QCA clock 

frequency is less than the existing CMOS technology [4], [5].  

 In this paper, we designed the  testable combinational 

circuits based on majority logic which test the circuits with 

only two test vectors 1 and 0.So, the circuit provide high fault 

coverage in single stuck at fault detection in unidirectional 

faults. Further, we implemented the combinational  circuits in 

the QCA technology and observed that all test vectors 0s and 

1s can’t provide 100% fault coverage for single 

missing/additional cell defect in the QCA layout of the gate. 
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Thus, to have 100% fault coverage implementation of gates in 

QCA layout is important which provides 100% fault coverage. 

Further, while designing a QCA layout of combinational 

circuit designer should concentrate on the number of cells 

used in the circuit design. Thus, we propose a method to 

design a inverter in QCA layout design which reduces number 

of cells in the layout design.  

II.BACKGROUND 

 In this paper, the conservative logic gates are 

implemented in the QCA nanotechnology thus we are also 

providing the introduction of QCA layout design which has 4 

quantum dots. The logic value representation of the quantum 

dots is shown in figure 1.In the quantum dot representation has 

additional of two cells to represent the logic values and QCA 

layout design uses majority logic to design QCA layout of 

gates which is shown in figure 2. Majority logic has 5 cells 

and the output produced in the logic is F= AB+BC+CA and 

has three inputs.QCA layout has two wire representation one 

is binary wire which is shown in Figure 3 and another one is 

inverter wire which is shown in figure 4. The binary and 

inverter wire not interact with each other. So, the signal can 

pass through the wires. 

 

 

 

 

 

 

                                              Figure 2 Majority logic 

 

 

 

 

Figure 3 Binary wire 

 

 

 

Figure 4 Inverter wire 

III. DESIGN OF INVERTER 

 The inverter is the basic component for all circuits 

which perform inversion operation. 

 

  

 

 

 

 

 

The Figure shown in 5 represents the schematic layout of an 

inverter based on Quantum Cellular Automata (QCA) design. 

Here the number of cells used is 15. The a represents the Input 

to the inverter, also b represents the inverted result of a. Figure 

6 shows the corresponding simulation result for the inverter 

 

 
Figure 6 Simulation Result of an Inverter 

 

Figure 7 Proposed Inverter Designs 

The Figure shown in 7 represents the schematic layout of an 

inverter based on Quantum Cellular Automata (QCA) design. 

Here the number of cells used is 2. The a represents the Input 

to the inverter, also o represents the inverted result of a. In this 

inverter design two quantum cells are placed in 45
0
 so the 

input signal got inverted and produce the output signal. No of 

cells got reduced with use of this technique. 

IV. DESIGN OF COMBINATIONAL CIRCUITS 

  

A. Half Adder 

 The half adder is a combinational circuit that 

performs addition of two bits. It is designed conventionally by 

EXOR and AND gates. When two inputs A and B are added, 

A 

B 

C 
OUTPUT=AB+BC+CA 
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the Sum and Carry outputs are produced according to the truth 

table.The logic function for half-Adder is Sum = A’B+AB’ and 

Carry = AB. The majority gate expression for above equation 

is Sum = M (M (A, B’, 0), M (A', B, 0), 1) and Carry = M 

((A, B, 0) 

 

 

  Figure 8 Majority Logic Design Of Half 

Adder 

 

Figure 9 QCA layout of Half Adder 

 

Figure 10 Simulation Result Of Half Adder 

The Figure shown in 9 represents the schematic layout of a 

half adder based on Quantum Cellular Automata (QCA) 

design. Here the number of cells used is 77. The A, B 

represents the Inputs to the half adder, also OUT represents the 

sum and carry result of inputs A,B. Figure 10 shows the 

corresponding simulation result for the half adder. 

B. Full Adder 

 The full adder circuit is implemented by digital logic 

gates. When three inputs A, B and C are added, the Sum and 

Carry outputs are produced according to the truth table. 

Majority logic of carry: 

Cout = AB+BC+AC     

          = M (M (B, M(A,C,1) ,0) , M(A,C,0) , 1)   

         = M(A,B,C)    

Majority logic of sum: 
Sum= ABC+A'B'C+A'BC'+AB'C'    

Direct implementation: 

Sum = M( M(A,M(M(B,C,0), M(B',C',0) ,1, 0), 

Majority gates: 

M (A' M (M (B',C,0),1) ,0),1)   

Reduction Technique: 

Sum  = ABCin+A'B'Cin+A'BC'in+AB'C'in   

 = (A.B + A'.B') Cin + (A'.B + A.B') C'in 

 = [ A.B + A '.B ' + A.C ' in + A '.C ' in + B.C ' in + B   

    ' C ' in] Cin + (A '.B + A.B ') C ' in  

 = [( A '.B ' + A '.C ' in + B '.C ' in) + (A.B + A C ' in    

    + B C ' in)] Cin +(A '.B + A.B') C ' in  

 = [( A '.B ' + A '.C ' in + B '.C ' in) + (A.B + A C ' in   

   + B C ' in)] Cin + (A.C 'in + B.    C 'in) +(A’. in +   

   B '.C 'in) 

 = [( A '.B ' + A '.C ' in + B '.C ' in) Cin + (A.B + AC '   

    in + B C ' in)] Ci+ (AB + A.C 'in + B.C 'in) (A '.C   

    'in + B '.C 'in +A 'B ') 

 =M (A, ' B ',C ‘in) .Cin + M(A,B,C ' in). Cin +M(A   

   ',B ',C ' in) M(A,B,C 'in) 

 = M [M (A ',B ',C ' in), Cin, M(A,B,C ' in)]  

Sum  =M [C ' out, Cin, M (A, B, C ' in)]    
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This reduction technique is used to reduce the number of 

majority gates. The Figure shown in 11 represents the majority 

logic diagram of a full adder 

 
Figure 11 Majority Logic Design of Full Adder 

The Figure shown in 12 represents the schematic layout of a 

full adder based on Quantum Cellular Automata (QCA) 

design. Here the numbers of cells used are 122. The A,B,CIN 

represents the Inputs to the full adder, also sum and cout 

represents the sum and carry out result of inputs A,B,CIN. 

Figure 13 shows the corresponding simulation result for the 

full adder 

 

 

Figure 12 QCA layout of Full Adder 

 

 

Figure 13 Simulation Result Of Full Adder 

C. Ripple Carry Adder 

 In the 4 bit Ripple carry adder circuit, the input to 

each full-adder will be Ai, Bi and Ci, and the outputs will be 

Si, Ci+1, where i varies from 0 to 3 as shown in the figure 14 

Also the carry output of the lower order stage is connected to 

the carry input of the next higher order stage. Hence this type 

of the adder is called ripple-carry adder.  

 

Figure 14 Ripple Carry Adder 



ISSN (ONLINE): 2454-9762 
ISSN (PRINT): 2454-9762 

Available online at www.ijarmate.com                        
                             
            International Journal of Advanced Research in Management, Architecture, Technology  

and Engineering (IJARMATE) Vol. 2,Special Issue 6, March 2016 

All Rights Reserved © 2016 IJARMATE                                                                        162 

 
 

Figure 15 QCA layout of Ripple Carry Adder 

 

Figure 16 Simulation Result Of Ripple Carry Adder 

The Figure shown in 15 represents the schematic layout of an 

full adder based on Quantum Cellular Automata (QCA) 

design. Here the number of cells used is 125. The A0,B0, 

A1,B1, A2,B2, A3,B3,CIN represents the Inputs to the ripple 

carry adder, also S0,S1,S2,S3 and cout represents the sum and 

carry out result of inputs. Figure 16 shows the corresponding 

simulation result for the ripple carry adder 

D. Serial Adder 

 The parallel adder performs the addition of two 

binary numbers at a relatively faster rate, the disadvantage of 

the parallel addition is that it requires a large amount of logic 

circuitry. This increases in direct proportion with the number 

of bits in the number being added. On the other hand, in serial 

addition, the addition operation is carried out bit-by-bit as 

shown in the figure 17. Therefore, the serial adder requires 

simpler circuitry than a parallel adder but results in a low 

speed of operation.  

 

Figure 17 Serial Adder 

 

Figure 18 QCA layout of Serial Adder 
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Figure 19 Simulation Result of Serial Adder 

The Figure shown in 18 represents the schematic layout of an 

serial adder based on Quantum Cellular Automata (QCA) 

design. Here the number of cells used is 74. The A1, B1 

represents the Inputs to the serial adder, also sum and cout 

represents the sum and carry out result of inputs A1, B1. 

Figure 19 shows the corresponding simulation result for the 

serial adder. 

V. CONCLUSION 

In this project, combinational circuits have been 

proposed. The important combinational circuits like half 

adder, full adder, ripple carry adder and serial adder are 

designed and tested for stuck at 0,1 fault with use of  majority 

logic results are compared which has less simulation time and 

area. The designs are simulated and tested using QCAD 

designer and the number of cells and the simulation time are 

calculated for the designed circuits and the results are 

compared between base paper method and 45
0
 rotation method 

from the obtained result. The area required for realizing each 

circuits are minimized. Since the number of cells are in 

minimum, which decreases the power dissipation. Thereby, 

the performance of the circuit is greatly improved in QCA. 
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