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Influence of Addition of Dysprosium on Electrical properties of
Praseodymium-based ZnO Varistor Ceramics '

des, 4&=9
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Abstract

The electrical properties of the praseodymium-based ZnQO varistor ceramics, which are composed of
Zn-Pr-Co-Cr-Dy. oxides were investigated with Dy20; amount. The average grain size of varistor
ceramics was greatly decreased from 182 to 46 um with increasing Dy20: amount. The calculated
nonlinear exponent{ @) in varistor ceramics without Dy.0s; was only 4.9, whereas the a value of the
varistors with Dy:03; was abruptly increased in the range of 48.8 to 58.6. In particular, the maximum
value of @ was obtained by doping of 1.0 mol% Dy:QOs, reaching 58.6. The measured leakage current(]
¢) value in varistors without Dy20s was 8545 pA, whereas the I, value of the varistors with Dy20s3
was very abruptly decreased in the range of 1.10 to 0.12 p¢A. In particular, the minimum value of I
was obtained by doping of 0.5 mol% Dyz0s, reaching 0.12 #A. The tané varied in V -shape, with
minimum 2.28% at 0.5 mol% Dy20s;. The donor concentration and the density of interface states were
decreased in the range of (4.66~0.25)%x10"%/cm® and (5.70~1.39)x10'%cm®, respectively, as Dy:0;

amount is increased.
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Fig. 1. Microstructure of praseodymium-based
ZnO varistor ceramics doped with

Dy20s.
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Fig. 2. E-J characteristics of praseodymium-
based ZnO varistor ceramics doped
with Dyz0s.
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Table. 1. V-I characteristic parameters of pra-
seodymium-based ZnO varistor cera-
mics doped with Dy20s

Dy20:  Vima Vb a I,
content
(mol%) (V/mm) (V/gh) (pA)
0.0 450 08 49 85.45
05 181.9 26 55.3 012
1.0 3383 2.8 586 0.74
2.0 480.9 22 48.8 1.10
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Fig. 3. Nonlinear exponent and leakage current

as a function of Dy20s content.
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Fig. 5. C-V characteristics of praseodymium-
based ZnO varistor ceramics doped
with Dy20s.

Vo
QS —a—00 1%
5 e
2 3r o Zomold
=)
= o
O 4 aaadt oo
Wyt G
a PUVS Lur i
21 aadaAtto—o!
T.o
S
g
St

WEAEE 19 39 E=AEHT E-] EACA
AFE vl Ze] DyOs7t A7MEA ¥ whgx
B a=499 B389 05 mol% Dy:0: #J}
Al e=55302 FZA3 F7sd 10 mol%lA
a=58622A HAXE JERSITE 20 mol% A
ststd 288 o=488% WAt M &
& @olddtt. I 94 Dy0v7F AbHA ¥ wH
Y2HE [,=8545 pAZ vl¢ EAT Dy:0s7}
A7ME g 2®HE =1 xA Y92 F43 B4
FHUL 05 mol% AN I.=012 nAR HAAE
VR At

3Y 4 Dy0: #7lgo] g &4A4 5 (tand)
& JEd Ao HFo] Fieel wel 33
#8705 mol% A7HA tand =2.28%% HA
NEg APez oA Frhste AL g

- 627 -



g 3 2. Dy:0z 379 et etEA ZnO vt
2]2F AEte 29 V-1 &4 dEhalE.

Table. 2. C-V characteristic parameters of pra-
seodymium-based ZnO varistor cera-
mics doped with Dy2Os,

Dy:0s Ny N, 2y t
content

(mol%) (10"%em®) (10%cm®) (eV)  (nm)
0.0 466 5.70 074 122
05 1.06 315 099 298
1.0 0.84 266 090 318

2.0 0.25 1.39 0.82 55.4
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