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Effect of Cooling Rate on DC Accelerated Aging Characteristics of
ZPCCY-Based Varistor Ceramics
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Abstract

The microstructure, V-I characteristics, and stability of ZnO-PrsO:1-CoO-Crz:03-Y203-based varistor
ceramics were investigated with cooling rate in the range of 2~8C/min. The cooling rate relatively
weakly affected the microstructure, the varistor voltage, and the leakage current in the V-I
characteristics. But the nonlinear exponent relatively strongly affected by cooling rate. The cooling rate
also greatly affected the stability of V-I and dielectric characteristics for DC accelerated aging stress.
On the whole, the varistors cooled with 4C/min exhibited the highest performance in the densification,
nonlinearity, and stability. Especially, they exhibited a high stability, in which the variation rate of the
varistor voltage(Vima), the nonlinear exponent( o), and the dissipation factor(tand) is -1.49%, -4.9%,
and +60.0%, respectively, under DC accelerated aging stress such as 0.95 Vina/1507C/12 h)
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Fig. 1. SEM micrographs of ZPCCY-based
varistors with cooling rate.
_ 4
10 vy v
§
—
Z 1t
)
g 10}
N
- 1
§ 10°F e 6 Clmin
o L e 8C/min
O 00 it it
| 10" 10° 10° 107 10° 10° 10" 10° 107 10"

Current density, J (A/cmz)

a8 2. 34550 wE ZPCCYA uhel2E 9
BE-J B4
Fig. 2. The E-J characteristics of ZPCCY-

based varistors wiith cooling rate.
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Table 1. The microstructure and V-7 characteristic parameters of ZPCCY-based varistors with

cooling rate.

Cooling d 0 S P Vima Veb a I
rate

(C/min)  ( pm) (g/cm®) (%) (%) (V/mm) (V/gb) (nA)
2 11.7 532 18.1 8.0 196.5 2.3 56.8 16

4 114 534 185 7.6 1945 2.2 51.2 1.3

6 10.7 532 18.1 8.0 183.0 2.0 43.1 2.2

8 10.7 5.22 17.8 9.7 1925 2.1 42.8 15
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Table 2. The variation rate of V~I characteristic parameters of ZPCCY-based varistors after DC

accelerated aging stress with cooling rate.

Cooling  Stress Kt Vima %AVima @ WA a I, %Al

rate condition

(C/min) (pA- 0" (V/mm) (1A)
initial 196.5 0 56.8 0 16 0

2 4th 75 192.6 -2.0 49.0 -13.8 75 367.7
5th 11.8 190.3 -3.2 45.8 -194 20.0 1142.2
initial 1945 0 51.2 0 13 0

4 4th 25 193.0 -0.8 50.1 2.2 34 1546
5th 104 191.7 -14 48.7 -4.9 7.9 495.5
initial 183.0 0 43.1 0 22 0

6 4th 77 180.3 -15 40.0 ~7.3 8.3 2839
5th 124 178.3 ~-2.6 375 -13.0 184 749.8
initial 1925 0 42.8 0 15 0

8 4th 144 188.2 -2.2 37.2 -13.0 80 416.9
5th 30.1 184.8 -4.0 329 -23.2 16.1 946.8

E: 3 3. 44459 @& ZPCCYA Hl2l2E ¢ DC 7144d3 ~2Ed2 A - Fo| FHEA depv g,
Table 3. The variation rate of dielectric characteristic parameters of ZPCCY-based varistors after DC

accelerated aging stress with cooling rate.

Cooling  Stress & app’ %A eapp’ tand %Atand & app” %O earr” TP
rate condition
(C/min) (us)
initial 1693.5 0 0.033 0 55.9 0 1.36
2 4th 2071.2 22.3 0.073 1224 1519 172.0 -
5th 21355 26.1 0.077 1324 163.8 193.1 1.76
initial 1589.8 0 0.043 0 68.8 0 1.55
4 4th 1594.2 0.3 0.048 106 764 11.0 155
5th 1619.7 19 0.069 60.0 112.3 63.2 1.64
initial 1818.2 0 0.039 0 70.31 0 1.36
6 4th 1986.3 9.3 0.075 92.8 1483 1109 164
5th 2076.7 142 0.091 1339 1838.0 1674 1.36
initial 17335 0 0.036 0 62.4 0 1.28
8 4th 1931.2 114 0.085 1363 1636 162.0 153
5th 2053.3 185 0.105 1914 2154 2450 1.54
H(%AVima)ol -1.4%, B HA A5 HEE(%A ) Aok, =¥ x3ztg AFE P Ee AKr
o] -49%, FAAF WHE(%BAL )0l +4955%S =104 uA-hH2E YEelg, o wiElxee] <

YJedezA the YAsEs wma WA 2e ol $HdTtE AL E 3o Uehd s&ds
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