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Abstract

The electrical properties and stability of ZnO-PrsO11-CoO-Cr203-Erz03 (ZPCCE) based varistors were
investigated in the Er:0; content range of 0.0 to 4.0 mol%. ZPCCE ceramics containing 2.0 mol% Er:Os
exhibited the highest density of 574 g/cm3 corresponding to_99.3% of theoretical density. The varistors
with 05 mol% and 2.0 mol% Er:0: exhibited a relatively satisfying nonlinearity, which the nonlinear
exponent is 40.50 and 47.15, respectively and the leakage current is 2.66 #A and 225 uA, respectively.
Under more severe dc. stress, such as (0.80 Vima/90C/12h)+(0.85 Vima/115 T/12h)+(0.90 Vima/120TC
/12h)+(0.95 Vima/125C/12h), they showed a very excellent stability, which the variation rate of the
varistor voltage is -0.899% and -0.15%, the variation rate of the nonlinear coefficient is -4.67% and
-3.56%, and the variation rate of leakage current is -6.02% and -19.56%, respectively. It is surely
believed that ZnO-05 mol% PréOn-1.0 mol% Co0-05 mol% Cr:0z-x mol% Er:0:(x=0.5, 2.0) based
varistors will be greatly contributed to develop the advanced PréOn~based ZnQ varistors in future.
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Fig. 1. SEM micrographs of ZPCCE ceramics

with Er:03 content.
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Fig. 3. EDAX analysis of ZPCCE ceramics.
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Table 1. Microstructure parameters of ZPCCE
ceramics with ErOs content

Er0Os d e P S

content

(mol%) (pm) (g/cm®) (%) (%)

0.0 18.61 5531 431 1891

0.5 14.23 5.580 3.46 1895

10 11.15 5.469 5.38 1831

2.0 8.63 5.743 0.64 1891

4.0 3.63 4.858 15,9 13.48
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Table 2. V-I and C-V characteristic parameters of ZPCCE varistors with Er:Os content

Er:03 Vima Vab a I Nq N $o £ £
content

(mol%) (V/mm) (V/gb) (zd) (10%em®)  10%ecm®  (eV) (nm) (nm)
0.0 3944 073 454 8791 419 5.38 0736 1285 13.08
05 16684 237 4050 266 129 3.68 1.117 2851 2999
1.0 189.00 211 3139 357 123 3.48 1.051 2839 29.69
2.0 20135 251 4715 225 088 2.89 1.012 3286 3459
4.0 63110 229 5034 118 028 1.46 081 5221 5188
* 0 WEA o]&  xx : HAA 0B
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Table 3. Degradation rate coefficient of ZPCCE
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Kr(nA - h'™"®)

dc Er:03 content (mol%)
stress 0.0 0.5 1.0 2.0
1st 76.55 -0.79 1.41 -163
2nd 251.74 1091 23.63 316
3rd 207.85 25.05 41.18 9.50
4th 209.14 84.04 109.09 200.10
5th 6532 30338 990.19 207850

741



J. KIEEME Vol. 13, No. 9, September 2000.

g 5 ey 53 2EdH2 Foe $RGHAN F
Ao Wrt Fo2A4 g H7Hgd ®lE =371
%ol HAEE & 5 Ao FAE V-1 B4 B
B ¥3E # 49 YEMUY. V-1 4 HedvlE
FoM zEH2 we wExy Ak ¥%E (%
AVipa) 2 A M T2 FAHER AR E
o dutyez 48 uwEl2EHe B¢ 08
Vima/85T/1000h ZA N %AVima < 10%E2 T4
s it 2E#Ad uwe wigiyH A9 A
e HE =832 0]oA)7] HEA FtEH %AVimol

Lo

(a) 0.5 mol%

Electric field, E(V/cm)

0

Pl ———
10° 10° 107 10°
. 2

Current density, J(A/cm”)

s

a9 8 A8 de. 2EHAA - 9 ErO; A7 ekl
uE ZPCCE dtEl 289 E-J §4.

Fig. 8. E-J characteristics of ZPCCE varistors
with Er20; content before and after

various d.c. stresses.
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Table 4. Variation of V-I characteristic parameters of ZPCCE varistors with Er;03 content before

and after various d.c. stresses

Er:03 Stress Vima %AViea @ %A @ Ie %Al
content conditions
(mol%) (V/mm) (uA)
Before 166.84 0 40.50 0 2.66 0
1st 166.92 0.05 40.85 0.86 1.06 -60.15
05 2nd 166.47 -0.22 39.86 -158 1.66 -37.59
3rd 166.08 -0.46 39.23 -3.14 311 16.92
4th 165.49 ~-0.81 38.61 ~4.67 2.50 -6.02
5th 163.89 -1.77 37.88 -6.47 7.26 172.93
Before 189.00 0 31.39 0 357 0
1st 188.89 -0.29 3143 0.13 3.35 -6.16
10 2nd 188.18 ~-0.43 30.82 -1.82 4.66 30.53
3rd 187.52 -0.78 30.27 -3.57 6.71 87.96
4th 186.87 -1.13 30.25 -3.63 5.62 57.42
5th 185.78 -1.71 29,04 ~7.49 1455 307.56
Before 291.35 0 47.15 0 225 0
1st 291.68 0.11 4749 0.72 0.99 -56.00
20 2nd 20161 0.09 47.13 -0.04 0.99 -56.00
’ 3rd 291.57 0.08 46.75 -0.85 113 -49.78
4th 290.90 -0.15 4547 -3.56 181 -19.56
5th 283.88 -2.56 34.08 -27.72 8.39 272.89
TH 29 9ol UEed 2EH 20 BE FAFSF & F7 LISE L HFHAL JehUley Ay
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4.3 &
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mol%® WIAA vie]l2E e /H AdF L 4F
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