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Effect of Sintering Temperature on Electrical and Dielectric Behavior
of PreQi1—Based ZnO Varistors with DC Accelerated Aging Stress
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Abstract

The electrical and dielectric behavior for DC accelerated aging stress of PreOni~based ZnO varistors
consisting of ZnO-Prs01,-CoO-Cr:03-Er20; were investigated with sintering temperature in the range of
1325~1345C. The varistor ceramics with increasing sintering temperature were more densified. A more
densified varistors leaded to high stability for DC accelerated aging stress. Furthermore, the stability for
DC accelerated aging stress was increased with the leakage current and dtan 6/dV decreasing in order of
1325—1335—1345—1340C in sintering temperature. It was found that the stability for DC stress is
affected more greatly by the leakage current and dtan 8 /dV than the densification. It is considered that
the stability of varistors for DC stress can be estimated by considering the factors, such as the
densification, leakage current, and dtan 8/dV. As a result, the varistor sintered at 1340C exhibited the
highest stability, with %A Vima = -1.54%, %A a = -2.49%, %A1y = +240.68%, % Atan 6 = +29.96%.
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Fig. 1. E-J characteristics of PrgOini-based ZnO

varistors with sintering temperature.
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Table 1.
-based ZnO varistors with sintering

temperature.

Vima
(V/mm)
342.40
211.18
174,98
153.15

ng
(V/gb)
2.50
2.04
2.11
2.14

I
(nA)
3.79
2.54
1.18
1.84

Sintering
temperature
1325TC
1335
1340°C
1345C

5742
52.76
43.37
39.10
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Fig. 2. Dielectric characteristics of PreOn-based
ZnQ varistors with sintering temperature.
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Fig. 4. SEM micrographs of PrgOp-based ZnO

ceramics with sintering temperature.
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Fig. 5. Variation of V-I characteristic parameters of PreOu-based ZnO varistors before and after

DC accelerated aging stress with sintering temperature.
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Table 2. Variation of V-I characteristic parameters of PrsOi;-based ZnO varistors before and after

DC accelerated aging stress with sintering temperature.

Sintering Stress Vima %A Vima a VAN I, RNy
temperature  condition  (V/mm) (pA)
before 342.40 0 57.42 0 3.79 0
1325 1st 326.25 -4.72 32.15 -44.01 8.47 123.48
2nd Thermal runaway
before 211.18 0 52.76 0 254 0
1st 210.93 -0.12 52.38 -0.72 1.10 -56.69
1335°C 2nd 210.37 -0.38 51.81 -1.80 4.45 75.20
3rd 209.66 -0.72 51.01 ~-3.32 5.49 116.14
4th 208.95 -1.06 50.09 -5.06 5.31 109.06
5th 207.60 -1.70 43.99 -7.15 11.97 371.26
before 174.98 0 43.37 0 1.18 0
1st 174.90 -0.05 43.44 0.16 0.66 -44.07
1340°C 2nd 174.26 -0.41 4294 -0.99 1.22 3.39
3rd 173.77 -0.69 42.86 -1.18 1.69 43.22
4th 173.33 -0.92 42.76 -141 1.84 55.93
5th 172.29 -154 42.29 -2.49 4.02 240.68
before 153.15 0 39.10 0 1.84 0
1st 153.07 -0.05 38.88 -0.56 0.88 -52.17
1345 2nd 152.70 -0.29 38.23 -2.23 154 -16.30
3rd 152.34 -0.53 37.72 -3.53 1.79 -2.72
4th 151.84 -0.86 37.22 -4.81 1.92 4.35
5th 150.49 -1.74 37.35 -4.48 6.17 235.33
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Table 3. Dielectric characteristic parameters of PrgOn—based ZnQO wvaristors before and after DC

accelerated aging stress with sintering temperature.

Sintering Stress EAPP %A eapp’ tan & % Atan 8 eapr” %A eapp”
temperature condition
before 802.49 0 0.0809 0 64.92 0
1325 Ist 777.33 ~-3.14 0.1154 42.65 89.73 38.28
2nd Thermal runaway
before 1557.34 0 0.0464 0 72.27 0
Ist 1497.21 -3.86 0.0379 -18.32 56.79 -21.42
1335 2nd 1574.99 1.13 0.0632 36.21 99.59 37.80
0 3rd 1656.26 6.35 0.0808 74.14 133.82 85.17
4th 1710.30 9.82 0.0695 49.78 118.86 64.47
5th 1772.02 13.79 0.0735 53.41 130.28 80.27
before 1918.06 0 0.0484 0 92.78 0
Ist 1870.71 -2.47 0.0435 -10.12 81.33 -12.34
1340°C 2nd 1937.76 1.03 0.0523 8.06 101.32 9.20
3rd 1961.73 2.28 0.0558 15.29 109.38 17.89
4th 1991.87 3.85 0.0569 17.56 113.35 22.17
5th 2037.02 6.20 0.0629 29.96 128.04 38.11
before 2299.62 0 0.0557 0 127.98 0
1st 2242.82 -2.47 0.0456 -18.13 102.25 -20.10
. 2nd 2286.91 -0.55 0.0533 -4.31 121.90 -4.75
1345¢C 3rd 2300.31 0.03 0.0596 7.00 137.01 7.06
4th 2319.07 0.85 0.0620 11.31 143.70 12.28
5ht 2369.81 3.05 0.0758 36.09 179.70 40.41
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