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Abstract

Using 0.18 mm CMOS process silicon neuron circuit of the pulse type for modeling biological neurons, were designed in the
semiconductor integrated circuit. Neuron circuiSt providing is formed by MOS switch for initializing the input terminal of the
capacitor to the input current signal, a pulse signal and an amplifier stage for generating an output voltage signal. Synapse
circuit that can convert the current signal output of the input voltage signal, using a bump circuit consisting of NMOS tran-
sistors and PMOS few. Configure a chain of neurons for verification of the neuron model that provides synaptic neurons and
two are connected in series, were performed SPICE simulation. Result of simulation, it was confirmed the normal operation
of the synaptic transmission characteristics of the signal generation of nerve cells.
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Fig. 1. Structure of neuron [11].
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Table 1. SPICE parameters of the 0.18 pm CMOS
process.

Parameters | Units gijlfggs (transgt\;)[l(r)sé
VTO % 0.88 -0.8
TOX nm 6.7 7.0
Xj £im 0.17 0.19
uo en/V-S | 232 44.363
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(a) schematic of the silicon neuron

10
8
= s
=
=z 4
2 /
o
300 l [
=
gzoo
s
=S
= 100
o T l—v—l — T4

0 2 4 6 8 101214161820222426 28 30 32 34 36 38 4!
Time (ms)

(b) SPICE transient result
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Fig. 3. Proposed silicon neuron circuit
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Table 2. Summary of the silicon neuron & Synapse

. . Size N
Circuit Device (width/length) Condition
PMOS 10um2um | YV
Silicon In=10nA
neuron NMOS 10um/Zum |y oo
Cy, G 1 pF VB2=800mV
PMOS 10um/2um Vs=1V
Synapse -
NMOS 3um/2um Vrer=1.5V
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(a) schematic of the synapse circuit
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(b) V-1 (input voltage-output current) curves of the
synapse according to the variable voltage Vs
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(c) transient analysis of the synapse according to the
variable voltage Vs
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Fig. 4. Synapse circuit for a silicon neuron.
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(a) block diagram of the silicon neuron chain
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(b) SPICE simulation results
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Fig. 5. SPICE analysis of the neuron chain.
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