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Abstract - Artificial intelligence based Hopfield Neural 
Network model (PNN) has been proposed for the designing 
and simulation of error optimized QCA adder circuit. The 
proposed PNN model has been introduced to improve the skill 
of QCA adder circuit. The proposed PNN model analyzes how 
the polarization at output of single bit full adder helps to build 
more large/ complex QCA adder circuit. The proposed PNN 
model also gives the most robust and reliable single bit full 
adder to build large/ complex QCA adder circuit. The efficiency 
in performance and the accuracy of polarization at each 
output of the adder circuit are also measured by the proposed 
PNN model. The advantage of using proposed PNN model is 
also reported in this paper. 
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1.INTRODUCTION  
 

Today Complementary Metal Oxide Semiconductor (CMOS) 
technology suffers from serious challenges like high leakage 
of current, high lithographic cost, power dissipation, 
interconnection problems, size and speed. CMOS technology 
uses current switch technique to represent information. The 
smaller & smaller circuit size generates more heat and it 
dissipates more energy. According to the ITRS (International 
technology roadmap for semiconductors) report, the CMOS 
technology reaches its limit very soon [1]. Quantum dot 
Cellular Automata is an emerging and an alternative 
technology of CMOS technology. The polarization of quantum 
dots gives the binary information in QCA technology and the 
QCA technology replaces the current switch technique of 
CMOS technology. The charge confinement protocol replaces 
the charge configuration protocol of CMOS technology. QCA 
technology is first introduced by C. S. Lent et al. in 1993 [2]. 
The four quantum dots are positioned in the four corner of a 
square shape cell and two extra electrons are confined 
within the cell. These two extra electrons are positioned 
diagonally to define the polarization +1.00 or -1.00 of a QCA 
cell as shown in figure 1(a). The three input majority voter is 
shown in figure (b) and when one input of this three input 
majority voter is fixed polarized to ‘-1.00’ state (+1.00 state) 
it acts as an AND gate (an OR gate) as shown in figure 1(c) 
(as shown in figure 1(d)). Figure 1(e) shows the five input 

majority gate and figure 1(f) shows the triple fan-out 
butterfly tile as a logic device of QCA [3]. Due to the coulomb 
interaction, one QCA cell impresses its neighboring cell is 
known as Kink energy of the cell. The Kink energy is defined 
by the following equation 

 

                            (1) 

 

where 0  is the permittivity of free space and r  is the 

relative permittivity. The computational intelligence 
technique is used in this paper to design error optimized 
QCA adder circuit design. For further development of QCA 
device as well as QCA circuits an artificial intelligence based 
Hopfield Neural Network (PNN) is proposed in this paper. 
The artificial intelligence based model is used to improve the 
further development of QCA devices as well as QCA circuits. 
This paper is aimed at to design error optimized QCA adder 
circuit using artificial neural network. Recently, the Neural 
Network is applied to design QCA circuit have been reported 
[4, 5]. This proposed PNN model is based on Hopfield neural 
network [6 – 8] to demonstrate the robustness and 
reliability of QCA circuit design. Figure 2 shows the Hopfield 
Neural Network [6] where an artificial neuron has been 
used. Input1, Input2, Input3 are the inputs to the artificial 
neural network process with their corresponding weights 
W1, W2, W3 respectively. Hopfield network is constructed 
from artificial neurons as shown in figure 2. Each input is 
associated with its corresponding weights. The value of each 

input ix is determined and the weighted sum of all inputs 

ii iwx is calculated. 

Clocking is an important aspect of designing QCA device as 
well as QCA circuit. Four phases of clocking namely relax, 
switch, hold and release are used to design QCA device as 
well as QCA circuit. Each QCA cell must passes through all 
the phases of clocking. In relax phase, the QCA cell is in 
inactive state i.e., there is no polarization in the cell. In 
switch phase, the QCA cell gets polarized. The QCA cell stays 
sometimes its polarization in hold phase. In release phase, 
the QCA cell releases its polarization. The proposed PNN 
model explains the four phases of QCA clocking as shown in 
figure 3(a), 3(b), 3(c) and 3(d). In this proposed PNN model 
each QCA cell is represented by a process and is denoted by 
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circle. In the relax phase, no polarization is given to 
polarized the cell. In the switch phase, the polarization is 
given to activate or to polarize the cell. The polarization is 
holding for sometimes to propagate the polarization at 
output in hold phase. In release phase, once the polarization 
is propagated to output the cell releases its polarization. 
Different colours are used to show different phase of QCA 
clocking. 

 

 

 

 

 

 

 

 
 
Fig -1:(a) Polarization of QCA cells, (b) 3 input Majority Gate, 
(c) AND logic, (d) OR logic, (e) 5 input Majority Gate, (f) 
Triple Fan-out Butterfly tile 
 

 
 

Fig -2:An artificial neuron as used in a Hopfield network 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig -3: Proposed PNN model shows (a) relax phase, (b) 
switch phase, (c) hold phase, (d) release phase of QCA 
clocking 

 
 
 

2. Error Calculation of a Circuit Using Proposed 
Neural Network (PNN) Model 
 

Irjet Template sample paragraph .Define abbreviations and 
acronyms the first time they are used in the text, even after 
they have been defined in the abstract. Abbreviations such as 
IEEE, SI, MKS, CGS, sc, dc, and rms do not have to be defined. 
Do not use abbreviations in the title or heads unless they are 
unavoidable. 

To optimize the error in designing large/ complex QCA circuit 
it is important to calculate the error of each device. In this 
section, supervised training has done to calculate the error. 
The Root Mean Square (RMS) error calculation method has 
employed her e to examine the error of each device of the 
QCA circuit. There are two components to the error which are 
considered for supervised training. Firstly, the calculation of 
the error for each device for each training sets are processed. 
Secondly, the average of each sample for each training set has 
taken. After the processing of all training sets, the Root Mean 
Square (RMS) Error has computed by the following equation 

   
 

n

YYBar
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n

t t 


 1
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                             (2)                               

where YBart for times t of a regression's dependent variable Y 
is computed for n different predictions. 
 

3. Proposed Neural Network Model (PNN) to Design 
QCA Adder 
 
The proposed Neural Network model (PNN) has applied to 
design a reliable and robust one bit full adder circuit. The 
simulation result of proposed PNN model has given an error 
optimized and cost optimized result with respect to other 
simulation technique. An artificial intelligence based Hopfield 
Neural Network model has been proposed in this paper. The 
proposed PNN model has shown that the polarization of each 
output of the full adder circuit has given an acceptable 
precision. One three input majority gate and a five input 
majority gate are used to design the full adder circuit in this 
proposed PNN model. In this proposed PNN model two 
device cells and an inverter cell are used to design the full 
adder. The first device cell D1 is used to find the polarization 
of carry output and the second device cell D2 is used to find 
out the polarization of sum output of the full adder. The 
inverter cell is used to propagate the polarization with 
complement from first device cell D1 to second device cell D2. 
Two clocking zones are needed to design the single bit full 
adder circuit using proposed PNN model. The first device cell 
D1 has worked in one clocking zone (green color has used) 
and the second device cell has performed its task in the 
second clocking zone (pink color has used). The figure 4 
shows the design architecture of one bit full adder using 
proposed PNN model. The following example has illustrated 
to explain the proposed PNN model. Suppose the full adder 
circuit adds two bits A=1 and B=0, so the output carry=0 and 
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sum=1. The initial polarizations of both the inputs are set to 
+1.00 and -1.00 for A & B respectively and Cin is set to -1.00. 
In first clocking zone all the inputs polarization are imposed 
on the first device cell D1 and calculates the polarization of 
D1 through the Kink energy of the cell. Now, the polarization 
of device cell D1 has propagated to output carry through the 
Kink energy of the cell to find its polarization. This 
polarization of carry output is then transmitted to second 
device cell D2 through an inverter cell which complements 
the carry output. Now, the polarization of complemented 
carry output along with the initial polarization of all inputs 
are imposed on the second device cell D2 and calculate the 
polarization of D2 through the Kink energy of the cell. This 
calculated polarization of D2 has transmitted to output 
through the Kink energy of the cell to find out the 
polarization of sum output of the full adder circuit. The result 
of the proposed PNN model has shown better polarization at 
each output of the full adder compare to other simulation 
technique which helps to make large/ complex adder circuit 
in QCA. The better and acceptable precision of polarization at 
each output of the full adder helps to design robust and 
reliable QCA adder circuit. The simulation result of the single 
bit full adder has shown in table 1. The error can be 
optimized by using the proposed PNN model compare to 
other simulation technique. Optimization of error makes the 
circuit robust in structure and acceptable precision of 
polarization at each output makes the circuit more reliable.  
This full adder circuit helps to make large/ complex QCA 
adder as this full adder gives an acceptable precision of 
polarization at each output (Sum and Carry). The Ripple 
Carry Adder (RCA) has been designed using the proposed 
PNN model. The proposed PNN model has shown a better 
result compare to other simulation technique. The 
architecture of the RCA has shown in figure 5 using the 
proposed PNN model. This proposed PNN model has shown 
the correct output with an acceptable precision of 
polarization at output. To design a 4-bit RCA four full adder 
has been used in the proposed PNN model. Eight device cells 
(two in each full adder), four inverter (one in each full adder) 
has been used to design 4-bit RCA using proposed PNN 
model. The proposed PNN model has been used to add two 4-
bit numbers. A3A2A1A0 is the first number (where A3 is MSB 
and A0 is LSB) which is added with B3B2B1B0 (where B3 is 
the MSB and B0 is the LSB). Assumed that A3A2A1A0=1010 
and B3B2B1B0=0110 are to be added. So that the input 
polarization A0=-1.00 (as it takes 0), B0=-1.00 (as it takes) 
and Cin=-1.00 (as it takes 0) have been imposed to the first 
device cell of the first full adder. The first device cell then 
calculates the polarization of the first device cell of the first 
full adder D1 and has been transferred to the output through 
the Kink energy of the cell. The polarization of the device cell 
helps to find the polarization of output cell of carry output. 
The complement polarization of the device cell D1 is then 
imposed through an inverter cell I1 on the second device cell 
of the full adder D2 along with all three inputs polarization to 
calculate the polarization of sum (S0) output of the first full 
adder. The polarization of the carry output C0 of the first full 

adder is imposed on the first device cell of the second full 
adder D3 along with the polarization of input A=+1.00 (as it 
takes 1) and B=-1.00 (as it takes 0) and find the polarization 
of the device cell D3. The polarization of the device cell D3 is 
then propagated through the Kink energy of the cell to the 
output cell to find the polarization of carry output C1 of the 
second full adder. Now, the complemented polarization of C1 
is imposed via an inverter I2 on the second device cell of the 
second full adder D4 along with the polarization of inputs A1 
and B1 which helps to find the polarization of the device cell 
D4. The polarization of the device cell D4 is then propagated 
to output cell through the Kink energy of the device cell D4 to 
find the polarization of sum (S1) of the second full adder and 
so on. The final output of the 4-bit RCA is C3S3S2S1S0=10000 
with the polarization C3=+0.972, S3=-0.943, S2=-0.943, S1=-
0.943, S0=-0.943. The proposed PNN model has given 
acceptable precision of polarization at each output of the 4-
bit RCA. Errors are being optimized using the proposed PNN 
model and also the robust and reliable circuit can be designed 
using this proposed PNN model. The large circuit has also 
been designed using this proposed model. 
 

 
Fig -4: Proposed PNN model of single bit full adder 
 
Table -1: Simulation Result of Single bit full adder circuit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Clock Initial 
Polarizatio
n of Input 

Initial 
polarization 
of device cell 

Polarization 
of Carry 
Output  

 

Polarization 
of Sum Output  

 

Clock0 

A = +1.00 

B = -1.00 

Cin = -1.00 

 

D1 = +1.00 

 

-0.972 

 

------- 

 

 

 

Clock1 

A = +1.00 

B = -1.00 

Cin = -1.00 

Comp. 
Carry = 
+0.97 

Comp. 
Carry = 
+0.97 

 

 

 

D2 = +1.00 

 

 

 

------ 

 

 

 

+0.943 
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Fig -5: Proposed PNN model of 4-bit Ripple Carry Adder 
 

4. RESULTS & DISCUSSIONS 

The simulation result of the proposed PNN model has given 

acceptable precision of polarization at each output of single 

bit full adder as well as large/ complex QCA adder circuit. The 

simulation of the single bit full adder as well as large/ 

complex QCA adder using the proposed PNN model has done 

with a set of training data and tested with the actual output of 

the adder. The table 2 has shown the training sample of single 

bit full adder circuit. The following table 1 has shown the 

output polarization of each output (SUM & CARRY) for all 

possible polarization of inputs. The sign bit of the 

polarization shows whether the output value is ‘0’ or ‘1’. The 

(-) ve polarization at output represents ‘0’ as output value 

and (+) ve sign in polarization represents ‘1’ as output value. 

The sample training data for 4-bit RCA has shown in table 3. 

The result of 4-bit RCA can help to make more large/ complex 

QCA adder circuit design. 

Table 2: Training sample data of single bit full adder 

circuit 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. CONCLUSIONS 
 
 QCA is an emerging technology in the era of nanotechnology. 
Artificial intelligence technique is used to find the error free 
QCA adder circuit design. The proposed PNN model is 
presented in this paper to design error optimized and 
simulation of the QCA adder circuit. This result of proposed 
PNN model gives the most robust and reliable QCA adder 
circuit. The proposed PNN model simulation gives an 
acceptable precision of polarization at each output of the 
adder circuit. It has been concluded that more large/ 
complex QCA adder circuit can be designed by this proposed 
PNN model. The accuracy of polarization at each output is 
given by this proposed PNN model. The proposed PNN 
model is applied on some QCA adder circuit to analyze the 
performance of the proposed PNN model. The efficiency, 
accuracy and performance are the advantage of using this 
proposed PNN model. The robust and reliable structure of 
QCA adder circuit can be found using this proposed PNN 
model. 
 

 
 

 

INPUTS INPUTS 
POLARIZATIO

NS 

OUTPUTS OUTPUTS 
POLARIZATION 

A B C A B C SUM CARRY SUM CARRY 

0 0 0 -1 -1 -1 0 0 -0.943 -0.972 

0 0 1 -1 -1 +1 1 0 +0.943 -0.972 

0 1 0 -1 +1 -1 1 0 +0.943 -0.972 

0 1 1 -1 +1 +1 0 1 -0.943 +0.972 

1 0 0 +1 -1 -1 1 0 +0.943 -0.972 

1 0 1 +1 -1 +1 0 1 -0.943 +0.972 

1 1 0 +1 +1 -1 0 1 -0.943 +0.972 

1 1 1 +1 +1 +1 1 1 +0.943 +0.972 
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