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Effects of SiO, Doping on Electrical Properties of ZnO-PrsO;; Based Varistor Ceramics

ZHU Qiao, CAO Wenbin
(School of Arts and Sciences, Shaanxi University of Science and Technology, Research Center for Semiconductor Materials and
Devices, Shaanxi University of Science and Technology, Xi'an 710021, China)

Abstract: The ZnO-PrsO,,—C0,0;—Cr,03-Er,05-Si0, varistors were prepared by a solid-state sintering method. The effect of
SiO, doping on the phase, microstructure, varistor property, and impedance characteristic of the ZnO varistors was investigated.
The results show that the grain size decreases gradually with the increase of SiO, content due to the restraining effect of grain
growth in SiO,. The ZnO varistor with SiO, content of 1.0% (in mole fraction) has an optimum overall performance to provide
overvoltage protection for circuit (i.e., the most second phase generated, the maximum breakdown voltage of 435.5 V/mm, the
maximum mean grain boundary voltage of 1.63 V, the maximum nonlinear coefficient of 17.5, and the maximum resistivity of
grain boundary of 17 400 MQ-cm, the maximum barrier height of grain boundary of 0.37 eV, and the minimum leak current of
1 pA, respectively). The breakdown voltage and nonlinear coefficient of ZnO varistor with SiO, content of 1.0% are 3.6 and
6.6 times greater than those of ZnO varistor without SiO,.
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Fig. 2 SEM images of the ZnO varistors obtained with different SiO, contents
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Table 1 Microstructure and electrical parameters of the ZnO varistors obtained with different SiO, contents x/%

x/% d/pm Ey/(V-mm™) Ve IV a I./pA Pe/(Q-cm) Peb/(MQ-cm) OcPE pleV

0 6.79 95.2 0.64 2.3 199 84 93 0.93 0.25
0.5 4.10 333.8 1.37 32 141 5839 1220 0.92 0.19
0.8 3.92 393.0 1.54 13.6 9 3548 14 000 0.98 0.29
1.0 3.74 4355 1.63 17.5 1 2872 17 400 0.97 0.37
1.2 3.54 150.0 0.53 5.0 89 169 37 0.92 0.28
1.5 3.30 83 0.03 1.5 249 24 <1 0.78 0.22

x—Mole fraction.

%2 @i EDS 247 2a #E 2d LFAIFFICHARMELETESE
Table 2 Element contents of the different spots corresponding to the spots marked in Figs. 2a and 2d according to the EDS

analysis X/%
Spots Zn Pr Co Cr Er Si O
A 36.81 0.19 0.47 0.09 0.40 62.04
B 27.72 4.31 0.40 0.03 2.28 65.25
C 23.74 6.43 2.34 1.43 1.36 64.69
D 27.96 0.03 0.48 0.08 0.30 0.41 70.64
E 27.93 0.17 0.62 0.07 0.31 0.45 70.45
F 24.95 1.80 0.70 0.45 0.30 1.62 70.17

2.3 EHUERED IR

KA Si0, B8 T ZnO B AR E-J #iZk
WK 3 fror. B E-J #2615 20 Rt se S 8un 3k
1 fc. B 3 FIR 1 AT, SiO, 544 & M 0 34
F) 1.0%0F, B P35 A i R REE L 1 R 4L

500
400 F
—.; 300 H —.—) ——1.0%
£ —e—0.5% —*—12%
5 200 —t(0.8% — 1.5%
S i
roo- -0t oottt
100 |
0k ————
0 1 2 3
J/I(mA-cm™)

K3 ANA] SiO, B4R T ZnO [REFY % E-J 4
Fig. 3 E-J characteristics of the ZnO varistors with different
SiO, contents

BIEWER, JRHBIUEETRDN, B EN 1.0%0,
JEH . E,=435.5 Vimm, ~FId At HE V=163V,
R RS 0=17.5, ¥EFIRK, FWHERED, N
L=1 pA. 514 TiO, 1] ZnO—-PreO; F& I B ZAH
bo, 365 7 EF R R AR AR R B R T
SCHER[19]f KA. 0=15.0, I FELIALA T STHR[ 1917 i
/IME [1=96 pA.

B SiO, AR INE] 1.5%, EHHE. F
P S R R AR L P RECTURIRDN, TR FEIA B SR,
ZnO R &R ™ EBAL . 7] WG R Si0, 7 LARE
IRERLRST, HIFERZTERE, AT i B e
P34 AR AR v R 8 (Y Sio, i, Sit
)RR, SR A T EREE N, SRR
JE B PE NS 2 R AR, A R AR
24 PEITMEEED T

FIH Zview B 5F AN Si0, 544 & N IEHIR &
£ 200 Hz~2 MHz $ZJGH N HPUR RS, WA
FHL % SR FH R S L REL Ry, FFERTEARA S0 (CPE) S, T
ki R, REHIE, BEIWE 4 B



« 3210 - (QE e N ) J Chin Ceram Soc, 2022, 50(12): 32063211 2022 4E
Nyquist #14k, A 12 Hn] 15 21 He 850 2 1 ek p:pw%QJ 7
ISH Rg%”ﬁ%ﬁ%ﬁﬂ Rgb, U\Zﬁ CPE TE‘?& O CPE o 0 kT

300

250

200

150

Z"<1073/Q

100

50

Z'x107/Q

Bl 4 AN Si0, BRE TR ZnO EHFHELE 200 Hz~2 MHz
A5 Y I Nyquist ih2
Fig. 4 Nyquist plots of the ZnO varistors with different SiO,
contents in the frequency range of 200 Hz—2 MHz
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