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Abstract The electrical and dielectric stability of zinc oxide-based varistors were investigated with the cobalt
oxide contents in the range of 0.5~5.0 mol%. As cobalt oxide contents increased, the ceramic density increased
in the range of 5.25~5.55 glem® and the varistor voltage decreased in the range of 235.3~86.0 V. The varistor
with on addition of cobalt oxide 1.0 mol% exhibited good nonlinearity, in which the nonlinear exponent is 66.6
and the leakage current is 1.2 #A. Furthermore, the varistors exhibited the highest electrical and dielectric
stability, with %AVima=-.9%, %Aa=-10.5%, %Al =+275.0%, and %Atans=+55.6%, under DC accelerated aging

stress condition of 0.95 V,4/150°C/24 h.

Key words cobalt oxide, varistor voltage, stability, DC accelerated aging stress.
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Fig. 1. SEM micrographs of the varistors with cobalt oxide contents; (a) 0.5 mol%, (b) 1.0 mol%, (¢} 2.0 mol%, (d) 3.0 mol%,

and (e) 5.0 mol%.
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Fig. 2. E-J characteristics of the varistors with cobalt oxide
contents.
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Fig. 4. Leakage current of the varistors with cobalt oxide contents during DC accelerated aging stress; (a) 0.5 mol%, (b)
1.0 mol%, (c) 2.0 mol%, (d) 3.0 mol%, (e) 5.0 mol%, a: lst, b: 2nd, c: 3rd, and d: 4th.
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Table 1. V- characteristic and dielectric parameters of the varistors with cobalt oxide contents.

CoO Content Vima I

(mol%) (V/mm) @ (uA) Eavr’ tand

05 w53 385 a9 16169 0.0453

1.0 2238 66.6 12 1477.5 0.0302

2.0 181.9 553 0.1 1933.9 0.0228

3.0 143.4 30.7 48 33711 0.0540

5.0 86.0 14.4 45.0 4646.9 0.1183
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Fig. 5. E-J characteristics of th2 varistors with cobalt oxide contents before and after DC accelerated aging stress; (a) 1.0 mol%,
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Table 2. Variation of V-1 charzcteristic parameters of the varistors with cobalt oxide contents before and after DC accelerated aging

stress.
CoO Content ress.
(mol%) C:rt\deiii on Vima SV ima
o before 2353 0
05 Ist 228.2 -3.0
2nd 222.9 -5.3
3rd
7 before: o 2_23.%;_ 0
Ist 223.0 -0.4
1.0 2nd 222.1 -0.8
3rd 221.2 -1.2
4th 2195 -1.9
’ beforc 1819 0
ist 180.1 -1.0
2.0 2nd 179.6 -1.3
3rd 179.0 -1.6
4th 180.4 -0.8
- before 1434 0
Ist 138.4 -3.3
3.0 2nd 137.1 -4.7
3rd 135.7 -5.4
4th 140.6 -19
 before 860 0
Ist 79.3 -1.8
5.0 2nd 79.4 -7.7
3rd 79.6 -7.4
4th 85.0 -1.2

a %A I, (uA) %A,
35 0 49 0
27.6 -22:3 254 4184
233 -34.4 393 702.0
Thermal runaway
666 o 12
67.1 0.8 1.2
66.0 -0.9 1.7 41.7
63.9 -4.1 1.7 417
59.6 -10.5 4.5 275.0
55.3 0 ol 0
534 -3.4 0.3 200.0
52.9 4.3 0.3 200.0
51.8 -6.3 0.4 300.0
47.4 -143 0.7 600.0
307 0 48 0
27.0 -12.1 8.7 81.3
25.9 -15.6 10.3 114.6
24.6 -19.9 13.3 177.1
248 -19.2 14.4 200.0
44 0 450 0
123 -14.6 53.0 17.8
12.6 -12.5 50.7 12.7
12.7 -11.8 495 10.0
14.5 0.7 39.3 -12.7
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Fig. 6. Dielectric characteristic of the varistors with cobalt oxide contents before and after DC accelerated aging stress; (a)
1.0 mol%, (b) 2.0 mol%, (c) 3.0 mol%, and (d) 5.0 mol%.
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Table 3. Dielectric characteristi: parameters of the varistors with cobalt oxide contents before and after DC accelerated aging stress.

CoO Content Stress

(mol%) Condition & app YN E app | tan %A tan
o Cbdfore 16169 0 oesss o
0.5 Ist 1734.6 7.3 0.1006 122.1
2nd 1785.8 104 0.1173 158.9
3rd Thermal runaway
T befe w4715 o 00302 0
Ist 1472.8 -0.3 0.0332 9.9
1.0 2nd 1473.7 -0.3 0.0329 8.9
3rd 1479.8 0.2 0.0344 13.9
4th 1472.5 -0.3 0.0470 55.6
T boe 19339 o o028 o
Ist 2000.6 3.4 0.0332 45.6
2.0 2nd 2043.2 5.65 0.0378 65.8
3rd 2071.9 7.1 0.0374 64.0
_4th 1994.1 3.1 0.0947 315.4
- _before - 3371T - 0 0.0540 o “_—6“77‘
Ist 35752 6.1 0.0685 26.9
3.0 2nd 3663.8 8.7 0.0715 324
3rd 3742.0 11.0 0.0786 45.6
4th 2603.8 -22.8 0.1790 231.5
T before C4e469 o omss o
Ist 5060.4 89 0.1166 -14
5.0 2nd 5094.5 9.6 0.1151 -2.70
3rd 5100.2 9.8 0.1139 -3.7
4th 3289.3 -29.2 0.1467 24.0
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