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Research Reference to CMOS Neuron Voltage

Transfer Characteristics

Dong-Ha Shin

Department of Electronic and Electrical Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor Min-Jae Kang

Summary

There are several ways to implement artificial neural networks, such as
using softwares or hardwares. Conventional - computers have some
difficulties in implementing  artificial neural networks because of different
processing ways. A conventional computer processes in serial whereas
neural networks do in parallel. Therefore, special chips or hardwares are
required to implement neural networks in which all processes are in
parallel. Neural networks are composed of synapses and neurons. Synapse
connects neurons and transmittable output of neuron to other neuron.
Artificial neuron has different types of activation function. Among them,
sigmoidal type is the most used in artificial neural networks.

A CMOS inverter is commonly used for implementing an electronic
neuron. That 1is because of a CMOS inverter's voltage transfer
characteristic has sigmoidal shape. Neuron’s activation function effects on
an artificial neural networks’s converging speed and stability. Different
slopes and thresh hold voltages of neuron’s activation function are usually
required for different applications of neural networks. Therefore, it is

needed to control a CMOS inverter based neuron for different shapes of



activation function.

In this thesis, an activation function’s slop in a CMOS inverter based
neuron is controlled by changing MOS transistor's thresh hold voltage.
Also, new method has been proposed to shift an activation function in a x
and y axis. This method i1s from the fact that voltage transfer
characteristic passes its center point when both NMOS and PMOS

transistors are in saturation region.
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zr31 ¢lt}.(Bernard C, 1997)

Fig. 3. CMOS analog multiplier circuits.

Fig. 32 CMOS old21 ¥A7|9 F+XE HoFa glon o] g2 A
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Fig. 5. CMOS neuron voltage transfer characteristics.

Table 1. Transistor operating region

Region M1 M2
AB Cut-off Resistive
BC Saturated Resistive
CD Saturated Saturated
DE Resistive Saturated
EF Resistive Cut-off
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Fig. 9. CMOS neuron voltage transfer characteristics.
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Fig. 11. CMOS neuron voltage transfer characteristics.
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Fig. 12. CMOS neuron voltage transfer characteristics.

(k,=k,=10.53u, V,,=2V, V,=—1V, V4 =5V)
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