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Electrical Properties of Zn—-Pr-Co-Cr-Er Oxides-based Varistors

HEF, FEM
(Choon-Woo Nahm, Jung-Sun Ryu)

Abhstract

The electrical properties of varistors consisting of Zn-Pr-Co-Cr-Er oxides were investigated in the
Er:0s content range of 0.0 to 2.0 mol%. The varistors without Er;Os exhibited a relatively ldw
nonlinearity, which was 14.24 in the nonlinear exponent and 21.47 u#A in the leakage current. However,
the varistors with Er:0; sintered at 1335C for lh exhibited very high nonlinear exponent of 70, in
particular, reaching a maximum value of 78.05 in 2.0 mol% Er:0s, and those sintered at 1335TC for 2h
exhibited the nonlinear exponent close to 50, in particular, reaching a maximum value of 52.76 in 05
mol% Er0s; The others except for 05 mol% Er:Osz-added varistors exhibited very high instability
resulting in a thermal runaway within a short time, even a weak DC stress. Increasing soaking time
decreased the nonlinearity, but increased the stability. The varistors containing 0.5 mol% Er:0s; sintered
for 2h exhibited excellent stability, in which the varation rate of the varistor voltage and nonlinear
exponent was -1.70% and -7.15%, respectively, under more severe DC stress such as (0.80 Vima/90T
/12h)+(0.85 Vima/115T/12h)+(0.90 Vima/120T/120)+(0.95 Vima/125C/12h)+(0.95 Vima/150C/12h).
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SEM micrographs of ZPCCE ceramics with Er:0; content and soaking
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Table 1. Microstructural parameters of ZPCCE

ceramics with Er.O; content.

Sintering ErQ; d o S P
condition  content
() (h) (mol%)

(um) (g/cm®) (%) (%)

0.0 1086 535 1810 7.44
, 05 845 530 1771 830
10 661 478 1463 17.30
1335 2.0 429 476 1424 1765
05 967 546 1836 554
2 10 713 497 1576 1401
2.0 567 495 1569 14.36
—_
E
2
2 1
23|
=) 1
2 ErO4
L‘; -—-——0.0mol:/u
- 0 s - meesaes 0.5 mol%
% ......... ‘Omzln/n}
2 100 ~ ” B - » ‘; ''''' 240m0|/
00 10° 107 100 10° 10* 107 10 10"
R 2
Current density, J(A/cm")
— 4
g 10 ey e
2 (b) 2 h g
2 10} AT 1
% 10°F // ’ 1
LS’ 10' !
= 10F T e 0.5 mol%
E T l.oxl%.i
8 0 e 2.0 mol%
= 10 I R BT S —
B0 10t 107 10° 10° 100 10° 10 10"
. 2
Current density, J(A/cm’)
a3 2. Er0s 371 R 44 A3t ©r& ZPCCE

vl 289 F-] B4,
Fig. 2.E-] characteristics of ZPCCE varistors
with Er:0s; content and soaking time.
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Table 2. V-I characteristic parameters of

ZPCCE varistors with Er;Os content.

Sintering Er:0z  Vim Veo a Ie
condition content
(T) (b)) (mol%) (V/mm) (V/gh) (uA)
0.0 13554 147 1424 2147
1 05 301.62 255 7053 192
1.0 42440 281 6934 473
1335 2.0 53172 228 7805 2.98
05 21118 204 5276 254
2 10 34836 249 4669 539
2.0 44252 251 4992 3.38
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Table 3. Degradation rate coefficient during DC
stress according to soaking time of

ZPCCE varistors with 05 mol%
Er:03
Sintering Er:0s Stress
condition  content  conditions |
()  (h) (mol%) (uA-h")
1st -0.002
2nd 0.59
1 05 3rd 1.75
4th 27.42
5th 161.12
133 1st 0.07
2nd 0.76
2 05 3rd 0.98
4th 3.46
5th 6.28
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Fig. 4. Variation rates of V-I characteristic
parameters as a function of DC stress
according to soaking time of ZPCCE
varistors with 0.5 mol% Er;0a.
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Table 4. Variation of V-I characteristic parameters before and after various DC stress
according to soaking time of ZPCCE varistors with 0.5 mol% Er:Os

Sintering Er.O; Stress  Vima %OVima «a %oa I, %Al
conditon content condition
(C) (h) (mol%) (V/mm) (£A)
before  301.62 0 70.53 0 192 0
1st 30116 -0.15 70.25 -0.40 150 -21.88
1 05 2nd 20981 -060 69.74 -1.12 2.38 23.96
’ 3rd 209.03 -0.85 69.52 -1.43 2.54 32.14
4th 297.05 -152 63.16 -10.45 3.21 67.19
1335 5th 29024 -3.77 45.78 ~-35.09 7.84 308.33
before  211.18 0 52.76 0 254 0
1st 21093 -0.12 52.38 -0.72 1.10 -56.69
9 05 2nd 21037 -0.38 51.81 -1.80 4.45 75.20
' 3rd 20966 -0.72 51.01 -3.32 5.49 116.14
4th 20895 -1.06 50.09 -5.06 531 108.06
5th 20760 -1.70 48.99 -7.15 11.97 371.26
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