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Effect of Heating Rate on Microstructure and Electrical Properties of ZnO Varistors

CAO Wenbin, SU Janeen, LIU Jianke, CHEN Jiaojiao, QIAO Yinan
(Research Center for Semiconductor Materials and Devices, Shaanxi University of Science and Technology, Xi'an 710021, China)

Abstract: The effect of heating rate on the microstructure and electrical properties of ZnO-Bi,03—Sb,03;—C0,0;-Mn0O,—Cr,05-Si0,
varistors was investigated. ZnO grains grow rapidly with decreasing the heating rate from 3 ‘C/min to 1.5 ‘C/min, resulting in the
deterioration of the uniformity of the sample structure. When the heating rate increases from 3 ‘C/min to 10 ‘C/min, the defect
diffusion becomes weakly, hindering the formation of the double Schottky barrier. When the heating rate is 3 ‘C/min, the maximum
nonlinear coefficient of the sample is 43.4, the minimum leakage current is 1.0 pA/cm?, the voltage gradient is 448 V/mm, the
standard deviation is the minimum, and the stability of the sample is the optimum. The loss tangent tand under the action of an
electric field at 200 Hz—2 MHz is less than 0.03. The optimum overall electrical performance of ZnO varistor can be obtained at a
heating rate of 3 ‘C/min. Also, the existence of the negatively charged a Bi-rich phase (i.e., Biz 73Sbg270¢0+,) at the grain boundary
has an influence on the electrical properties of ZnO varistors.
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Fig. 1 XRD patterns of the ZnO varistor samples prepared
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with different heating rates
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Fig.2 SEM images and grain size distribution histograms of the ZnO varistor samples obtained with different heating rates
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(h) EDS mapping of Si in Fig.3(a)
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Fig. 3 SEM image and EDS mappings of the ZnO varistor sample obtained with the heating rate of 3 ‘C/min
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Fig. 4 E-J curves of the ZnO varistor samples obtained with
different heating rates
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Fig. 5 Relative permittivity—frequency curves of the ZnO

varistor samples obtained with different heating rates
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samples obtained with different heating rates
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