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Effect of Al Addition on Electrical Properties of ZnO-based Varistor Ceramics
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Abstract: The influences of trace ionic Al addition on the microstructure, electrical properties and intrinsic defects
concentration of ZnO-based varistor ceramics were investigated. The results show that the peak value of imaginary
permittivity can be used to represent intrinsic defect concentration. Trace ionic Al addition greatly reduces the intrinsic
defect concentrations, i.e. the peak value of imaginary permittivity, representing the oxygen vacancy defect decreases
from 88.8 to 1.7, and the corresponding zinc interstitial defect decreasing from 133.4 to 8.1. With the increase of ionic
Al addition, the varistor voltage increases from 235 V/mm to 292 V/mm and the average grain size decreases from
9.15 pm to 6.24 pm. The results indicate that Al addition effectively restrains the formation of intrinsic defects in
ZnO-based varistor ceramics, leading to the change of microstructure and electrical properties. Furthermore, the inhi-
bition mechanism of Al addition to the intrinsic defects in ZnO-based varistor ceramics is discussed, and the relation-
ships between microstructure, electrical properties, dielectric properties and intrinsic defects are established.
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Fig. I XRD patterns of ZnO varistor ceramic samples doped
with various Al amounts
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Table 1 Lattice constant of ZnO grain in ZnO varistor
ceramic samples doped with various Al amounts

Al amount/mol% a /nm ¢ /nm
0 0.323947 0.518892
0.006 0.324105 0.519197
0.015 0.324071 0.519127
0.030 0.324173 0.519337
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Fig. 2 SEM images of ZnO varistor ceramic samples doped
with various Al amounts
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Fig. 3 I-V characteristics of ZnO varistor ceramic samples
doped with various Al amounts
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Table 2 Nonlinear coefficient and varistor voltage of ZnO
varistor ceramic samples doped with various Al amounts

Sample a E/(V * mm™)
Al-0 41.98 235
Al-60 37.98 249

Al-150 20.56 272

Al-300 14.26 292
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Fig. 4 Dielectric spectra of ZnO varistor ceramic samples doped with various Al amounts at room temperature (25C)
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