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An influence of non-uniformity of grains on the electric characteristics of a varistor was investigated by equivalent
circuit method. We regarded a phase of a multi layer chip varistor and made an equivalent circuit on a uniform Zinc
oxide (ZnO) grain of 11.3um size. When a grain is smaller than the average size then more grains are essential to be
placed in the same area in comparison of the average grains. As a result, the number of grain boundary increases.
Electrically, it causes the breakdown voltage (V) larger than the average one. Oppositely, ¥, becomes smaller than the
average when grains are bigger than the average. We focused on grains of 11 different sizes and calculated their V-I
relationship. A simulation model on one phase of a varistor was proposed with three types of normal distribution of the
grains. 20 circuits were made automatically on random patterns of ZnO grains for each normal distribution of grains.
V-I relationships for each circuit were calculated. The results showed that dispersions of grain size cause a variation in
the electrical characteristics of a varistor. e.g. standard deviation of 0.40V for ¥, was calculated for a dispersion of

4.42pm in the grains.
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Fig2 Equivalent circuit for a phase of chip varistor.
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Table 1 Circuit parameters for the sample.
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Fig.1 Schematic diagrams on ordinary varistor and sample 0.1 76
used in experiment.

Calculated by PSpice simulator as to satisfy
with V-I relationship of the sample.
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Fig.3 Comparison between measurement and calculation
value of V-I relationship.
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Fig.6 Change of V-I characteristics with grain size.
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Fig.7 Change of V-I characteristics of one grain boundary
with grain size.
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Fig.8 Calculated V-I characteristics on basis of measured
value of dispersions of grains.
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Fig.9 Calculated V-I characteristics on basis of dispersions
of grains.
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