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Preparation and Electrical Properties of Er,Os-Doped ZnO Varistors

WANG Linxue, ZHAO Nenghui, SU Jinfeng, CAO Wenbin
(Research Center for Semiconductor Materials and Devices, School of Arts and Sciences, Shaanxi University of Science and
Technology, Xi'an 710021, China)

Abstract: The effect of Er,O; doping on the microstructure and electrical properties of ZnO-Bi,03;—Sb,0;—C0,0;-MnO,—Cr,03-Si0,
varistor was investigated. A part of Er is dissolved in the Bi-rich phase as doping Er,0Os3, which has a great influence on the grain
boundary characteristics and electrical properties of ZnO varistors. The grain boundary resistivity decreases, the leakage current
density increases, the double Schottky grain boundary barrier height and the nonlinear coefficient firstly increase and then decrease,
and the breakdown field strength increases with increasing Er,O; content from 0.09% to 0.35% (in mass fraction). The ZnO varistors
obtained have a nonlinear coefficient of 54.4%1.5, a breakdown field strength of (470.1+2.8) V-mm™', a leakage current density of
(1.940.1) pA-cm ™, and a loss tangent of less than 0.03 at Er,05 doping content of 0.27%, showing the optimum comprehensive electrical
properties. The standard deviation of the performance parameters is small, indicating that the samples have a good reproducibility.
This work provides a reference for the preparation of Er,0;-doped ZnO varistor ceramics with the excellent performance.

Keywords: zinc oxide; varistor; erbium oxide doping
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Fig. 1 XRD patterns of ZnO varistor samples with different Er,O; doping
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Fig. 2 SEM photographs of ZnO varistors with different amounts of Er,0;
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(a) SEM photograph

(d) EDS spectrum of Sb in Fig. 3(a)

(g) EDS spectrum of Mn in Fig. 3(a)

(b) EDS spectrum of Zn in Fig. 3(a)

(e) EDS spectrum of Co in Fig. 3(a)

(h) EDS spectrum of Si in Fig. 3(a)

(c) EDS spectrum of Bi in Fig. 3(a)

() EDS spectrum of Cr in Fig. 3(a)

(i) EDS spectrum of Er in Fig. 3(a)

K3 EnO; B4R 0.27%51#4 ZnO MM EERE & 1T SEM I A0s REAN ] 703K (9 EDS JT 3R 73 1]
Fig. 3 SEM photographs and EDS spectrums of ZnO varistor sample obtained with Er,O5 content of 0.27%
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Fig. 4 Grain size distribution histograms of ZnO varistor samples obtained with different amounts of Er,03

Inset is partial enlarged detail.
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Fig. 5 E-J characteristics of the ZnO varistors with different
amounts of Er,O;
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Table 1 Grain size and electrical performance parameters of ZnO varistors with different amounts of Er,0;

Doping mass fraction/% d/um a op/eV E} ma/(V-mm™) Ji/(uA-cm™) Pol/(Q-cm) Parx107°/(Q-cm)

0.09 4.9 49.442.1 0.43 443.4+21.2 0.7+0.4 18.2 8.3

0.18 4.4 53.5+0.8 0.57 469.9+4.8 2.0£0.2 15.0 6.6

0.27 43 54.4£1.5 0.78 470.1£2.8 1.9+0.1 19.4 6.2

0.35 3.8 49.1£5.6 0.55 481.9+£3.7 3.1x0.7 18.5 1.8

%2 FELESH Er0,18% Zn0 EHME M L HE S K

Table 2 Electrical performance parameters of Er,0;-doped ZnO varistors with different compositions
Composition Oimax Ej ma/(V-mm l) J /(LA -cm 2) Reference
ZnO-Bi,03-Sb,03—-C0,03-MnO,—Cr,03-Si0>-Er, 03 54.4£1.5 470.1£2.8 1.9+0.1 This work
Zn0O-V,05-MnO,—Nb,0s—Er,05 55 740.8 128 [11]
ZnO-Prs0;,—CoO—-Cr,05—-AlL,03-Er,04 39.1 453.0 17.1 [12]
Zn0O-V,05-MnO,—Nb,0s-Er,03 154 1520 130 [13]
ZnO-Bi,03-Mn,03-Er,03 62.3 5482.2 270.4* [14]
ZnO-Bi,03-Sb,03-NiO-MnO,-C0304~Cr,03-AgO-Al(NO3)3-9H,0-Er,05 46+1 280+7 3.2+0.5 [15]

*Unit of 270.4 is pA.
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Fig. 6 Resistivity—temperature characteristics of ZnO varistors
with different amounts of Er,O4
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(a) Equivalent circuit diagram

(b) Nyquist plots
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Nyquist K
Fig. 7 Equivalent circuit and nyquist plots of ZnO varistors
with different amounts of Er,O5

(a) Dielectric constant—frequency characteristic

(b) Loss tangent—frequency characteristic
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Fig. 8 Dielectric—frequency characteristics of ZnO varistors
with different amounts of Er,O3
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