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Effect of SiO; Doping on Electrical Properties of ZnO-Bi,O; Based Varistor Ceramics

LIU Jianke, CHEN Jiaojiao, CAO Wenbin, SU Jinfeng, LI Zhizhi, XU Rongkai, LIU Shihua
(Research Center for Semiconductor Materials and Devices, Shaanxi University of Science and Technology, Xi'an 710021, China)

Abstract: ZnO-Bi,0;—MnO,—Cr,0; varistor ceramics doped with different amounts of silicon dioxide (SiO,) were prepared by a
conventional solid-phase sintering method. The phase composition and microstructure of the samples were investigated by X-ray
diffraction and scanning electron microscopy. The electrical properties were measured by sourcemetry and inductance capacitance
resistance, and the double Schottky barrier parameters were measured by a capacitance—voltage characteristic method. The results
show that when the frequency is near 10° Hz, the relative dielectric constant (¢,) decreases rapidly since the polarization cannot change
with the frequency of electric field, resulting in the corresponding loss peak. The loss peak (tand) firstly decreases and then increases
with the increase of the doping amount, and its maximum tand is obtained witrhout SiO, and the minimum tand is achieved at 1.0%
Si0,. The value of tand at a frequency of 10° Hz is reduced by doping SiO,. The nonlinear coefficient firstly increases and then
decreases with the increase of SiO, doping amount. The value of a reaches 43.36, the value of ¢ is 1.98 eV at 10 kHz, the donor
concentration is 2.97x10**m™, and the leakage current I is 0.31 uA/cm? at SiO, doping amount of 1.0%.

Keywords: silicon dioxide; zinc oxide; varistor ceramics; Schottky barrier; nonlinear coefficient; capacitance—voltage characteristic
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Fig.2 SEM images of ZnO varistor ceramics with different doping content (mole fraction) of SiO,
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Fig. 4 Current density (J)—electrical field (£) characteristics of
ZnO varistor ceramics with different doping content of
SiO,
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Table 1 Parameters of microstructure and electric properties of ZnO varistor ceramics with different doping contents of SiO,

x/% d/ym Eima/(V-mm™) a on/eV I/(uA-cm®) Npx102/m? Nsx107"%/m? ~10"%/m
0 2.83 288 29.49 0.63 0.63 1.81 327 1.81
0.5 2.67 474 39.42 1.17 0.57 4.06 6.69 1.65
1.0 2.51 483 4336 1.98 0.31 297 7.56 2.55
15 245 509 19.34 1.53 4.78 4.17 7.74 1.86
x—Mole fraction.
Py + +
+ +

c % + + ry Ee
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(a) Before connection

(b) After connection

E¢ is the bottom energy level of the conduction band; Er is Fermi energy level; ¢ is the body Fermi level; Erg is Fermi energy level of grain; Egg is Fermi energy

level of grain boundary; Evy is valence band top energy level; w is grain boundary thickness; # is the width of depletion layer; ¢y is a double Schottky barrier.
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Fig. 5 Formation process model of the double Schottky barrier in ZnO varistor ceramics
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Fig. 6 C-V characteristic curve of ZnO varistor ceramics
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Fig. 8 Variations of relative dielectric constant ¢ and loss tand with frequency for ZnO varistor ceramics with different doping
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