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Effect of Sintering Temperature on Electrical Stability
of PreO;1—Based ZnO Varistors

HE2, M
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Abstract

The electrical stability for DC stress of PrgOu~based ZnO varistors consisting of ZnO-PreOpn-CoO-
Cr:03-Er:Os-based ceramics were investigated with sintering temperature in the range of 1325~1345T.
As the sintering temperature is raised, the nonlinear exponent of varistors was decreased, whereas the
stability was markedly improved. The density of ceramics was found to greatly affect the electrical
stability for DC stress. The varistors sintered at 1325C were completely degraded because of thermal
runaway attributing to low density. The varistors sintered at 1335°C exhibited the highest nonlinearity,
with a nonlinear exponent of 7053 and a leakage current of 192 rA, whereas they did not exhibit
relatively high stability. On the contrary, the varistors sintered at >1340°C exhibited not only a high
nonlinearity marking the nonlinear exponent above 50 and the leakage current below 3 #A, but also a
high stability marking the variation rate of the varistor voltage below 2%, even under DC stress such
as (0.80 Vima/90°C/120)+(0.85 Vima/115C/120)+(0.90 Vima/120°C/120)+(0.95 Vima/125C/120)+(0.95 Viga/
150C/12h). In particular, it was found that the varistors sintered at 1340C were more nonhnear and
more stable, compared with that of 1345C.

Key Words : PrsO11-basd ZnO varistors, Sintering temperature, Varistor voltage, Density, Nonlinear exponent,
Leakage current, DC stress.
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Fig. 1. The E-J characteristics of PrsOn1—based

ZnO varistors with sintering temperature.
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Table 1. The V-I characteristic parameters of
PreOii-based ZnO  varistors  with
sihten'ng temeperature

Sintering  Vima Vb a I

temperature -

4] (V/mm) (V/gb) (uA)

1325 41497 212 61.09 412

1335 301.62 2.55 70.53 1.92

1340 242.41 2.35 61.23 2.82

1345 211.47 2.66 50.18 251
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Fig. 2. The leakake current of Pr¢On-based ZnO
varistors during DC stress with sintering
temperature. a: 1st, b: 2nd, c¢: 3rd, d: 4th,
and e! 5th.
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Fig. 3. SEM micrographs of PreO1-basd ZnO ceramics with sintering temperature.
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Fig. 4. The E-J characteristics of PreO1n—based
ZnQ  varistors before and after DC

stress with sintering temperature.
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Table 2. The variation of V-I chacracteristic parameters of PreOi~based ZnQO varistors before

and after DC stress with sintering temperature.

Sintering Stress Vima %AV 1ima a WA a I %Al
temperature  condition
(V/mm) (uA)
o before 41497 0 61.09 0 4,12 0
1325C 1st Thermal runaway
before 301.62 0 70.53 0 192 0
1st 301.16 -0.15 70.25 -0.40 1.50 -21.88
1335°C 2nd 299.81 -0.60 69.74 -1.12 2.38 23.96
3rd 299.03 -0.85 69.52 -1.43 254 32.14
4th 297.05 -1.52 63.16 -10.45 3.21 67.19
5th 290.24 -3.77 45.78 -35.09 7.84 308.33
before 242.41 0 61.23 0 2.82 0
1st 242.35 -0.03 61.60 0.60 2.32 -17.73
1340C 2nd 241,68 -0.30 60.66 -0.93 5.06 79.43
3rd 241.13 -0.53 60.15 ~1.76 5.74 103.55
4th 240.22 -0.90 57.07 -6.79 10.21 262.06
5th 238.69 -1.53 53.99 -11.82 10.83 284.04
before 211.47 0 50.18 0 251 0
st 211.45 -0.01 50.03 -0.30 2.05 -18.33
1345C 2nd 210.91 -0.26 49.04 -2.27 534 112.75
3rd 21058 ~-0.42 48.36 -3.63 3.00 19.52
4th 209.80 -0.79 46.54 ~-7.25 5.22 107.97
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