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Abstract The electrical, dielectric properties, and its stability of ZPCCL-based varistors were investigated for
different sintering temperatures in the range of 1230~1300°C. As the sintering temperatures increased, the
varistor voltage decreased in the range of 777.9~-108 V/imm, the nonlinear coefficient decreased in the range
of 77.9~7.1, and the leakage current increased in the range of 0.3~50.6 #A. The stability of electrical and
dielectric characteristics was obtained from sintering temperatare of 1260°C. the varistors sintered at 1260°C
marked the high electrical and dielectric stability, with %AV, =+1.9%, %da=-10.6%, %Al =+20% and
% Atand=+9.9% for DC accelerated aging stress state of 0,95V ,,/150°C/24 h.

Key words  Sintering temperature, Electrical properties, Stability, DC accelerated aging stress, ZPCCI.-hased

varistors.
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Fig. 1. SEM micrographs of the varistors for different sintering temperatures; @ ZnO grain, O Intergranular layer.

Table 1. Microstructure and V-1 characteristic parameters of
the varistors for different sintering temperatures.

Sintering yo d Vima Vg o I
temperature (g/cm’) (um) (V/mm) (V/gb) (LA)
©)
1230 5.50 41 7779 32 779 04
1245 5.64 45 6657 3.0 57.1 0.7
1260 5.70 52 5251 27 49.2 1.0
1300 5.77 79 1080 0.9 7.1 50.6
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Fig. 2. Electric field-current density characteristics of the
varistors for different sintering temperatures.
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Fig. 3. Dielectric characteristics of the varistors for different
sintering temperatures.

Table 2. Diclectric parameters of the varistors for different
sintering temperatures.

Sintering temperature(°C)
1230 1245 1260 1300
387.9 475.5 583.8 2129.5
0.0879 0.0999 0.1097 0.2839
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Fig. 4. Variation of leakage current during DC accelerated
aging stresses of the varistors for different sintering
temperatures.
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Table 3. Variation of V-I characteristic parameters of the wvaristors after DC accelerated aging stress for different sintering

temperatures.
Sinterin Stress K K% I
tcmpcraturcgl[°C) atate (pa _;-112} [Vflnmnﬁ;l) Yol i o Vodoc [;L;} Vol
before - e 0 79 a 0.4 a
lat 0.04 7150 -0.4 TIo -0.4 0.2 =50
1230 2nd 072 Ti39 -0.5 767 -1.5 0.2 =50
3rd 731 TS -0.8 732 -6.0 0.2 =50
4th Thermal mnaway
before - 6657 o 571 0 0.7 0
lat 009 663.1 -0.4 558 -2.3 0.8 14.3
1245 2nd 025 0618 -0.6 56.4 -1.2 0.8 143
3rd 2.05 6G0.2 -0.8 54.3 -4.9 0.8 143
4th Thermal mnaway
before - 5251 o 492 0 1.0 0
lat 022 5231 -04 48.5 -1.4 1.0 0
1260 2nd 023 521.9 -0.6 482 -2.0 0.9 -10
3rd 1.17 5206 -0.9 47.3 -3.9 1.1 10
4th 384 5349 1.9 44.0 -106 1.2 20

Table 4, Variation of dislsctric parameters of the varstors after DC accelsratsd aging stress for diffsrent sintering ternperatures.

erpemne 00) st e Vilenrs nd Vidtand
Before 3879 0 0.0879 0
st 390.1 0.6 0.0897 2.1
1230 2nd 3948 1.8 0.0908 3.3
3rd 3969 2.3 0.0930 58
4th Thermal runaway
Before 4755 o0 0.0999 0
st 487.3 2.5 2.1145 14.6
1245 2nd 491.0 3.3 0.0005 116
3rd 498.4 4.8 01087 g8
4th Thermal mnaway
Before 583.8 o0 01097 0
1t 5917 1.4 01234 125
1260 2nd 605.3 37 01241 13.1
3rd 613.1 5.0 0.1219 11.1
4th 3020 -48.3 0.1206 99

4. 1260°C A A=g128 upR] k] 2] De vREE A
GRS

+1.9%, U415 Aol HEhE-E- -10.6%, UL HE

A2 0.95 Vipa/150°C24 heol| A vpe] A2
a0

i, 120% HELAARe] B AL 49.9%%0 0
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