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Abstract: - This paper is an approach to simplify the electronic circuits by using
Complementary Metal Oxide Semiconductors (CMOS) transistors and map those to
equivalent Artificial Neural Networks (ANNS). The implementation of those circuits in ANN
leads to software implementation of complex circuits which makes them cheaper as
compared to their hardware counterpart. In this paper a multiple layer ANN is developed for
the OR gate using already designed CMOS OR gate. The transistors used in CMOS are
replaced by simple artificial neurons. The weights used in this ANN are fixed and negative

weights are considered for the inverters.
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I. Introduction

The modern computing is more biased towards intelligent computing. Intelligence can be best
incorporated in computers using Artificial Neural Networks (ANNS) [1, 2]. Research work is
going on to develop models which can be used in vast range of applications like medical
informatics, handwriting recognition, speech recognition, and other applications of pattern

recognition [3, 4, 5, 6]. The development of these models leads to implementation of more
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complex circuits in software by keeping the hardware simple. These make these circuits
cheaper. If ANNSs are developed equivalent to the CMOS circuits, then it becomes simple to
map ANNSs to hardware circuits using CMOS [7, 8, 9, 10, 15].

Work has been done by Forssell M in the field of hardware implementation of Artificial
Neural Networks [11]. Some work has already been done in this field where CMOS circuits
were designed which accepts synaptic inputs and generates pulse width modulated output
waveform of constant frequency on the basis of activation level [12]. Logic gates were
implemented in single layer and two layers feed forward neural network based on supervised
learning [13]. In another approach Artificial Neural Network (ANN) was used to demonstrate
the way in which the biological system was processed in analog domain by using analog
component as Gilbert cell multiplier, Adder, Neuron activation function for implementation
[14]. Hui W et al worked on the use of artificial neural networks on segmented arc heather

failure prediction [16].
This paper has been divided into three sections. Section-1 discusses the implementation of a
simple ANN CMOS OR gate. Section-2 discusses the methodology. Section-3 discusses the

result analysis.

I1. Design of CMOS OR gate using Artificial Neural Networks (ANN) [15]
Vdd

A

CMOS NOT GATE [ vy

Figure 1: CMOS OR GATE
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Figure 1 [15], displays a CMOS OR gate which is divided into two portions. The upper
portion of the CMOS gate consists of two transistors connected in series. The upper portion is
P-MOS. It is also called Pull up (PUN). The transistor inputs are A and B which are inverted
before going to the transistor. The value of ‘v4q’ is always 1. The lower portion of the CMOS
gate consists of two transistors connected in parallel. The lower portion is N-MOS. It is also
called Pull down (PDN). The transistor inputs are A and B. The value of ‘vss” is always 0.
When A=0 and B=0, the upper transistors connected in series gets inputs as 1. This clears the
line for the ‘vqd’. The output obtained here will be ‘vdd’, which is 1 and an inverted output is
obtained because a NOT gate is connected further. In case of lower transistors the O input in
both parallel transistor blocks the way for ‘vss’. When A=0 and B=1, the first upper transistor
gets input as 1 and the second upper transistor gets the input as 0 and blocks the way for “vqq’.
The first lower transistor gets 0 and blocks the way for “vss’. The second lower transistor gets
output as 1 and clears way for ‘vss’. The output obtained here will be ‘vss’. Similarly, other

outputs obtained are the outputs of an OR gate as shown in Table 1, [15].

Table 1: Truth Table of C-MOS OR GATE
A B Vdd Vss |y’

0 |0 0
0 |1 0
1 |0 0
1 |1 0

R R R O

1
0
0
0

A I

The OR gate already designed by using transistors and inverters are designed using a multiple

layer Artificial Neural Network (ANN) as shown in Figure 2.

I11. Methodology of designing CMOS OR gate using Artificial Neural Networks (ANN)
In case of an equivalent ANN circuit. The transistors are replaced by simple artificial
neurons. The inverters are replaced by negative weights used on the links. Multiple layers of

neurons are used to implement the ANN circuit.
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ANN NOT
GATE

Figure 2: C-MOS OR Gate using multiple-layer ANN

Figure 2 shows a multiple layer ANN, where T1 and T are the artificial neurons representing
the two transistors connected in series. And the neurons Tz and T4 represent the transistors
connected in parallel. N1 and N2 are two simple neurons. One neuron is a simple perceptron
and another neuron is a referee neuron. The weighted (w1 and wz) inputs of T are vgg and X1
and output is y1. The weighted (w- and ws) inputs of T> are y1 and x> and output is y». The
weighted (wz and ws) inputs of Tz are x1 and vss and output is ys. The weighted (ws and we)
inputs of T4 are vss and X2 and output is ya. The weighted (w11 and wi2) inputs of Ny are y»
and ys and output is ys. The weighted (wg and wio) inputs of N2 are yz and ys and output is ys.
Final output of the ANN is connected to a CMOS NOT gate.
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The output of the neurons Ti, T2, T3, T4 and N2 are calculated by using the following

equations:

Yout1 = Vdd*W1 + X1*W2 Equation 1
Yout2 = Y1*W7 + X2*Wg Equation 2
Youts = X1*W3 + Vss*W4 Equation 3
Youtd = Vss™Ws + X2*Ws Equation 4
Youts = Y3*Wg + Y4*W10 Equation 5

for (j=1to 5; if youj > 0; then yj = 1 else y; = -1) Equation 6

The output of the neuron N is calculated by using the following equation:

If (y2==1 && y5 == -1) then ys == Vqd Equation 7

Example 1: The following example calculates the inputs and outputs of the CMOS OR
gate using ANN.

X1 =-land x2=-1
Yout1 = Vdd*W1 + X1*W2
= 1%1 + (-1)*(-1)
=2>0

Therefore, y1 =1

Youtz = Y1*W7 + X2*Ws
= 1%1 + (-1)*(-1)
=2>0

Therefore, y» =1

Yout3 = X1*W3 + Vss*Wa

= ("L + ()11
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=-2<0

Therefore, y3 =-1
Youts = Vss™Ws + X2*We
= (-1)*1 + (-1)*1
=-2<0

Therefore, ys =-1
Youts = Y3*Wg + Ya4*W1o
= (-1)*1 + (-1)*1
=-2<0

Therefore, ys = -1

Applying Equation 7 we get ys = 1

Therefore,y =0
x1=-land x2=1
Youtt = Vdd*W1 + X1*W2
=1*1 + (-1)*(-1)
=2>0

Therefore, y1 =1
Yout2 = Y1*W7 + X2*Wg
= 1*%1 + 1*(-1)

=0

Therefore, y> = -1
Youts = X1*W3 + Vss™Wy
= (-1)*1 + (-1)*1
=-2<0

Therefore, y3 = -1

Yout4 = Vss*Ws + X2*Wpe
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=(-1)*1+1*1

=0

Therefore, ys = -1
Youts = Y3*Wo + Ya4*W1o
=(-1)*1+ (-1)*1
=-2<0

Therefore, ys = -1

Applying Equation 7 we get ye = -1

Therefore,y =1
x1=landxz2=-1
Youtt = Vdd*W1 + X1*W>
=1*%1 + 1*(-1)

=0

Therefore, y1 =-1
Youtz = Y1*W7 + X2*Ws
= (D*1+ (1)*(-1)
=0

Therefore, y> = -1
Yout3 = X1*W3 + Vss™W4
= 1*1 + (-1)*1

=0

Therefore, y3 =-1
Youtd = Vss*Ws + X2*We
= (-1)*1 + (-1)*1
=-2<0

Therefore, ys = -1
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Youts = Y3*Wg + Y4*W1o
= ()*1+ (1)1
=-2<0

Therefore, ys = -1

Applying Equation 7 we get ye = -1

Therefore,y =1
x1=landx2=1

Youtt = Vdd™W1 + X1*W2
= 1*1 + 1%(-1)

=0

Therefore, y1 =-1
Youtz = Y1*W7 + X2*Ws
= ((1)*1 + 1%(-1)
=-2<0

Therefore, y» =-1
Yout3 = X1*W3 + Vss*Wa
= 1%1 + (-1)*1

=0

Therefore, y3 =-1
Youtd = Vss*Ws + X2*We
= (-1)*1 + 1*1

=0

Therefore, ys = -1
Youts = Y3*Wo + Y4*Wio
= (-1)*1 + (-1)*1

=-2<0
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Therefore, ys = -1
Applying Equation 7 we get ye = -1

Therefore,y =1

IV. Result Analysis

Table 2 shows various inputs given to different artificial neurons used in the CMOS OR
ANN and the corresponding output. ‘A’ and ‘B’ are the inputs of the OR gate and y is the
output, which is binary. But the ANN deals with bipolar inputs and outputs.

Table 2: Input-Output Set

A |B [X1 [X2 [Vad |Vss |YV1 |Y2 |V |Ya |Ys |Y6 |V y

0O |0 |-1 |-1 |1 1)1 -1]-1 (-1 (-1 )1 -1 |0

o |1 |-1 |1 |1 1)1 e O T O T A I A I A 1

1 (0 |1 |-1 |1 -1 (-1 (-1 (-1 |-1 |[-1 |-1 |1 1

1 (1 |1 |1 |1 -1 /-1 (-1 (-1 (-1 (-1 |-1 |1 1
Table 3 shows various weights used in the CMOS OR ANN.

Table 3: Weight Set

W1 W2 W3 W4 Ws We W7 Ws Wo W10 W11 W12
1 -1 1 1 1 1 1 -1 1 1 1 1

V. Discussion

This paper is an approach to design the ANN model for basic logic gates like OR gate. A
similar approach has already been done before by the same paper author but the ANN
designed was deviated from the working of the CMOS gates. These ANNSs are based on
simple Self Organizing Maps (SOMs) which uses unsupervised learning. Therefore the
synaptic weighs are fixed here. The weights are negative where inverted transistors are used.

Other weights are kept positive. Work has already been done in this field as discussed in the
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introduction but the work in this paper is an approach to design very simple circuits. Simple
circuits are easy to implement. This approach can be used to simplify complex circuits in
future for various applications.

Here, only OR-Gate is considered because the logic behind working of OR-Gate if
mapped with CMOS OR-Gate, which is further mapped to a simple ANN, any type of logic
circuit can be mapped using ANN. The concept of vqa and vss is very clearly mentioned here.
Vgd is always binary ‘1’ as in CMOS OR-Gate and Vss is always binary ‘0’. The function of
inverter can easily be implemented with negative weight. Further, the emphasis is given on
mapping ANN circuits to replace complicated electronic hardware circuits with ANN models

which can be implemented using software.

V1. Conclusion

The approach in this paper is to design simple circuits to develop basic logic gates using
CMOS. CMOS circuits are used in many devices now days. ANNs are also becoming popular
now days. This approach will lead to the development of simple ANN circuits and also the
hardware implementation of the ANN models will become simple with the advancement of

this technology.
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