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Abstract

The microstructure, electrical and dielectric characteristics of ZnO-PrsO11-CoO-Dy203-based varistors
were investigated without and with various metal oxide additives(NiQ, MgQ, Cr:0s). The average grain
size decreased in the range of 18.4~115 um, in order of NiO—MgO—Cr:0s; and the density decreased
in the range of 5.62~5.33 g/cm3 in order of NiO—Cr:03—>MgQO. While, the nonlinear exponent increased
in the range of 19.8~67.4 in order of NiO—MgO—Cr:03: and the leakage current decreased in the
range of 256~1.2 YA in order of NiO—Cr:0;—MgO. Among all varistors, the Cr:0s-added varistor
exhibited the highest nonlinearity, with a nonlinear exponent of 674 and a leakage current of 1.2 pA.
Furthermore, this varistor exhibited the lowest dielectric dissipation factor of 0.0407.
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Fig. 1. SEM micrographs of varistor ceramics with various additives; (a) without, (b) NiO, (c)
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Table 1. Microstructural and V-I characteristic
parameters of varistors with various

additives.
Metal d p Vima a L
oxides (um) (g/cm’) (V/mm) (nA)

without 155  5.62 1578 377 5.3
NiO 184 562 1098 198 256
MgO 147 533 179.1 285 121
Cr:03 115 543 2209 674 1.2
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Fig. 5. Dielectric characteristics of varistors

with various additives.
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Table 2. Dielectric characteristic parameters of

varistors with various additives.

Metal oxides
without NiO MgO Cr20s
Eapr’ 339458 5037.05 320087 1520.51
tand 0.0598  0.0588  0.0466  0.0407
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