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ABSTRACT

The electrical properties and stability of the varistors composed of ZnO-PrgO,;-CoO-Cr,05-Dy,0; system were investigated with
sintering time in the range of 1~3 h at 1350°C. As the sintering time was increased, the varistor voltage and leakage current increased,
but the nonlinear exponent decreased. The varistors sintered for 1 h exhibited excellent nonlinearity, with a nonlinear exponent of 55.3
and a leakage current of 0.1 A, whereas presented relatively low stability. The varistors sintered for 2 h exhibited not only high
nonlinear exponent of 46.3, low leakage current of 0.3 uA, low dielectric dissipation factor of 0.0431, but also the highest stability,
in which the variation rates of varistor voltage, nonlinear exponent, leakage current, dielectric constant, and dielectric dissipation factor
were —3.0%, —4.1%, +3056.2%, +5.1%, and —12.5%, respectively, after DC accelerated aging stress state of 0.95 V;,4/150°C/24 h.
On the whole, the nonlinearity and stability of these varistors are greatly affected by the sintering time.
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Fig. 1. SEM micrographs of ZPCCD system varistors with
various sintering time.
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Fig. 2. E-J characteristics of ZPCCD system varistors with
various sintering time.
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Table 1. Microstructural, V-1, and Dielectric Characteristic Parameters of ZPCCD System Varistors with Various Sintering Time

Sintering time d (um) p(g/em’) Vima (V/mm) o I (nA) gpp at | kHz tan S at 1 kHz
I h 14.5 5.49 181.9 55.3 0.1 1933.9 0.0228
2h 16.5 5.58 1503 46.3 0.3 2908.4 0.0431
3h 19.5 5.63 126.7 382 1.1 3505.0 0.0505
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Fig. 3. Dielectric characteristics of ZPCCD system varistors
with various sintering time.
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Fig. 4. Leakage current of ZPCCD system varistors during DC
accelerated aging stress with various sintering time; a:
Ist, b: 2nd, c: 3rd, and d: 4th.

Table 2. Degradation Coefficient of ZPCCD System Varistors
During DC Accelerated Aging Stress with Various
Sintering Time

Kr (uA - 0%

Stress Sintering time
condition 1 h 2 h 3h
Ist 0.2 0.7 2.1
2nd 0.6 22 22
3rd 1.0 0.3 2.9
4th 2.3 1.3 7.4
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Fig. 5. Variation of E-J characteristics of ZPCCD system
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Fig. 6. Variation of dielectric characteristics of ZPCCD system varistors before and after DC accelerated aging stress with various
sintering time.

Table 3. Variation of ¥-I and Dielectric Characteristic Parameters of ZPCCD System Varistors before and after DC Accelerated Aging
Stress with Various Sintering Time :

S“t‘it;r;ng Cosnt(riffiin (\Zlmm;*n) YAVims @ wha L{Z) AL epr %Agps %At S
Before 1819 0 553 0 ol 0 19339 0 00228 0

1t 1801 10 534 34 03 2000 20006 34 00332 456

Ih 2nd 1796  -13 529 43 03 2000 20432 57 00378 658
3rd 1790  -16 518 63 04 3000 20719 71 00374 640

4th 1804  -08 474 143 07 6000  1994.1 3.1 00947 3154

Before 1503 0 46.3 0 03 0 29084 0 00431 0

st 481  -15 436 58 04 333 20731 22 00348  -193

2h  2nd 1470 22 433 65 05 667 30043 33 00335 223
3rd 1464 26 430 71 05 667 30235 40 00345  -200

4th 1458 30 444 41 08 1667 30562 51 00377 —125

Before 1267 0 382 0 11 0 35050 0 00505 0

Ist 1234 26 361 55 22 1000 36100 30 00467 <75

3h  2nd 124 34 347 92 35 2182 36885 52 00560 109
3rd 1218 -39 340  —110 38 2455 37440 68 00581 150

4th 1241 21 346 94 43 2909 30830 —120 01413 1798
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