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Effect of Sintering Temperature on Impulse Current Stress Characteristics
of ZPCCL-based Varistors

e
(Choon-Woo Nahm'?)

Abstract

The nonlinear electrical properties and aging characteristics against surge stress of ZPCCL-based
varistors were investigated for different sintering temperatures of the range 1240-1300 C. As the
sintering temperature increased, the varistor voltage decreased from 732.2 to 53.8 V/mm, the nonlinear
exponent decreased from 585 to 4.1, and the leakage current increased from 0.38 nA to 46.5 nA. The
varistors sintered at 1250 C and 1260 C exhibited the high stability against multiple surge, 150
A/cm?(8%20 us). On the whole, the variation rate of electrical characteristics against impulse current
stress was gradually increased in order of varistor voltage—nonlinear exponent—dissipation factor—

leakage current.
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Fig. 1. Schematic of a surge test system.
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Fig. 2. Typical surge current waveform.
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Table 1. Microstructure and V-1 characteristic

parameters of the varistors for different
sintering temperatures.

Sintering d P Vima a 1. tand
temp. (um) (g/cm®) (V/mm) (LA)

1240 °C 42 550 132.2 585 0.38 0.2326
1250 °C 46 564 608.4 53.1 0.59 0.1031
1260 °C 52 5H70 519.8 bl.1 0.76 0.1108
1300 °C 79 577 53.8 4.1 46.49 0.3929
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Fig. 4. E-J characteristics of the varistors for different sintering temperatures.
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Table 2. Clamping ratio and electrical characteristic parameters of before and after surge stress of the

varistors for different sintering temperatures.

Sintering Surge ¥V Vima I,
K %AV %A %AL tand  %Atand
Temp.  No. (V) (Vimm) om0 T\ W -
initial - - 6084 0 53.1 0 0.59 0 0.1031 ©
100 1050 1.72 608.9 0.08 53.6 0.9 0.61 34  0.1083 5.0
1250 °c 400 1050 1.73 608.3 -0.02 527  -09 0.63 68  0.1092 5.9
700 1050 1.73 607.7 -0.1 523  -15 0.64 85  0.1102 6.9
1000 1060 1.75 606.9 0.2 512  -36 066 119 01104 7.1
initial - - 5198 0 51.1 0 0.76 0 0.1108 0
100 920 1.77 5203 0.1 51.5 0.8 0.77 13 01132 22
1260 °C 400 910 1.75 519.7 -0.02 50.6  -1.0 0.79 39  0.1136 2.5
700 910 1.75 5192 -0.1 50.1 2.0 112 474 01140 2.9
1000 910 1.75 518.7 0.2 493 35 118 553  0.1144 3.3
initial - - 203.16 0 55.04 0 0.07 0 00244 0
100 344 1.72 200.1 15 4748 -137 034 3857 00256 4.9
S1 400 344 171 201.3 0.9 49.83 95 056 7000 0.0266 9.0
700 344 171 2015 0.8 4844 -120 116  1557.1 0.0284 16.4
1000 344 171 2015 0.8 4631 -159 150 20429 0.0293 20.1
initial - . 2184 0 41.95 0 5.5 0 0.0547 0
100 404 181 2227 2.0 4960 182 3.9 300 00536 -2.0 .
S2 400 404 181 223.1 2.2 4915 172 3.8 311 0.0535 22
700 406 1.82 223.0 2.2 4787 141 4.4 -199  0.0531 -29
1000 408 1.83 2229 2.1 4644 107 4.8 2125 0.0547 0
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