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ABSTRACT

The electrical stability of the varistor ceramics composed of Zn-Pr-Co-Cr-Dy oxides-based varistors was investigated at 0.0 ~
2.0 mol% Dy,O; content under DC accelerated aging stress. The ceramic density was increased up to 0.5 mol% Dy,O,, whereas further
addition of Dy,05 decreased sintered ceramic density. The density sailently affected the stability due to the variation of conduction path.
The nonlinearity of varistor ceramics was greatly improved above 45 in the nonlinear exponent and below nearly 1.0 A by
incorporating Dy203 Under 0.95 V ,,/150°C/24 h stress state, the varistor ceramics doped with 0.5 mol% Dy,0O; exhibited the highest
electrical stability, in which the variation rates of varistor voltage, nonlinear exponent, and leakage current were ~0.9%, —14.4%, and
+483.3%, respectively. The variation rates of relative permittivity and dissipation factor were +7.1% and +315.4%, respectively. The
varistors with further addition of Dy,0; exhibited very unstable state resulting in the thermal runaway due to low density.
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Fig. 1. SEM micrographs of varistor ceramics with various Dy,0; contents.

Table 1. Microstructural and the V-I Characteristic Parameters of
Varistor Ceramics with Various Dy,O; Contents

Dy,0
coillzterft p 3 Vima Veb o L
(mol%) (um) (gem’) (V/mm) (Vigb) (UA)

0.0 18.2 5.45 45.0 0.8 50 855
0.5 14.5 5.49 181.9 2.6 553 0.1

1.0 8.4 5.16 338.3 2.9 58.6 0.7
2.0 4.6 4.64 481.0 2.2 48.8 1.1
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Fig. 2. J-E characteristics of varistor ceramics with various
Dy,0; contents.
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Fig. 3. Leakage current of varistor ceramics with various
Dy,0;3 contents during DC accelerated aging stress; (a)
0.5 mol%, (b) 1.0 mol%, and (c) 2.0 mol%, a: 1st, b:
2nd, c: 3rd, and d: 4th.
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Fig. 4. J-E characteristics of varistor ceramics with 0.5 mol%
Dy, O3 before and after DC accelerated aging stress.
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Fig. 5. Variation rate of V-I characteristic parameters of varistor
ceramics with 0.5 mol% Dy,0; before and after DC
accelerated aging stress.
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Table 2. Variation of V-I Characteristic Parameters of Varistor
Ceramics with Various Dy,0; before and after DC
Accelerated Aging Stress

Dy,O;  Stress Vima

%AV s @ BAa L %Al

content condition (V/mm) (LA)
before 50.0 0 50 0 856 0
1st 334 -258 3.8 -232 1000 170
0.0 2nd 322 285 37 -248 1000 170
3rd 321 -287 3.7 -248 1000 170
4th 372 -173 42 -155 938 98
before 181.9 0 553 0 01 0

Ist 180.1 -10 534 -35 03 1500
0.5 2nd 1796 -13 529 44 03 1833
3rd 1790 -1.6 518 -65 04 2500
4th 1804 09 474 ~144 0.7 4833

10 before 338.3 0 358.6 0 07 0
' Ist Thermal runaway
20 before 481.0 0 4838 0 1.1 0
' Ist Thermal runaway
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Fig. 6. Dielectric characteristics of varistor ceramics with
0.5 mol% Dy,0; before and after DC accelerated aging
stress.
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Table 3. Variation of Dielectric Characteristic Parameters of
Varistor Ceramics with 0.5 mol% Dy,0; before and
after DC Accelerated Aging Stress

Stress condition  &pp' %A pp’ tan & %Atan 6
before 1933.9 0 0.0228 0
Ist 2000.6 35 0.0332 45.6
2nd 2043.2 57 0.0378 65.8
3rd 20719 7.1 0.0374 64.1
4th 1994.1 3.1 0.0947 3154
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