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Abstract

The stability of ZnO-PrsO1,-CoO-Er203; based varistors was investigated with Er:0s additive content
of the range 0.0 to 2.0 mol%. All varistors sintered at 1300C exhibited the thermal runaway within
short times, even under weak d.c. stress. As a result, these varistors were completely degraded. On
the contrary, the stability of varistors sintered at 1350C was far better than that of 1300C. In
particular, the varistor added with 0.5 mol% ErOs, which the nonlinear exponent is 34.83 and the
leakage current is 7.38 uA, showed a excellent stability, which the variation rate of the varistor
voltage, the nonlinear coefficient, and the leakage current is below 1%, 2%, and 3.5%, respectively,
even under more severe d.c. stress, such as (0.80 Vima/90T/12h)+(0.85 Vima/115C/12h)+(0.90 Vima/120
C/12h). Consequently, it is estimated that the Zn0O-05 mol% PreO11-1.0 mol% CoO-0.5 mol% Er:0s
based varistors will be used to develop the advanced PreOi-based ZnO varistors having the high
performance and stability in future.
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Fig. 1. J-E characteristics of ZPCE varistors
with Er;O; additive content sintered at
1300°C and 1350TC. (a) 1300C and (b)
1350C.
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Table 1. I-V characteristic parameters of ZPCE

varistors with Er:03 additive content

sintered at 1300°C and 1350TC.

Sintering Er:0s Vima a I
temperature content (V/mm) (nA)
) (mol%)
0.0 33743 2966 2823
05 41625 5278 975
1300 1.0 45769 4501 15.79
20 57536 44.88 19.16
0.0 88 208 13379
05 10580 34.83 7.38
1350 10 23129 3679 592
2.0 32472 2987 13.25
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Leakage current of ZPCE varistors during
the first stress with Er:03; additive
content sintered at 1300C. a: 0.0 mol%,
b: 05 mol%, c: 1.0 mol%, and d: 20

mol%.
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Fig. 3. SEM micrographs of ZPCE ceramics. (a)
1300C/2.0 mol% Er;0;, (b) 1350C/05
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TAAFE ddHez 2 eXZ ¥ 9EF7 9
oiwtch el9glo] 130T 2Z2¥ ZPCE uigx

 (a) 0.0 mol%

; A X
g 19
E g |
b 3 6 b
g3
3 o
—J -1

5
4
3.
2t d
Ir b
ot a
5 v .
o[ (®) 05 mol% d ]
3’ /a‘.“.ﬁ“'"'
-~
E
~ 1t
Al C
= of g
5 s - .
5 19
54 | © P
o o
1.0 mol% & 4
QO)D 3_. d 010 %’2
< ¥ 0 2 4 6 8§ 10
.%é 2t Stress time
o 4l ]
— c
of g
5
4+
3t
2
1+
ot

(d) 0 30 60 90 120
2 0 mol% Stress time
a
0 200 400 600 800

Stress time, t(min)

. 1350C A£Z¥ Er03 3713 w& ZPCE
vig] 2E 9] o8 de 2EH2FL FHA
. at 13}, b 2L, ¢ 33}, d: 43

Leakage current of ZPCE varistors during
various d.c. stresses with Er:O; additive
content sintered at 1350°C. a: 1st, b: 2nd,

¢ 3rd, and d: 4th.

670



He dAde] dids vmgdes AL ¢ + Ao
)AL FAHAFI AdE dHE 2 99 QAo
1300CoN 42¥ ZPCE Agte29 2%t EnO; A
7veFoll whak 491, 481, 492, 508 g/cm’2 0.5 mol% &
71EL2 FrhetATh AT o|8UE9 84~88%9
Efsin, 2 FAME 29 39 Jeld WES R
¥& 20 mol% Er0s H7+e AlgtgAe] SEM ul4)

10" v r
Before stress
S R 1st stress
g 10'2 b 2nd stress ,:
2 3rd stress  / :
= 10° ——— 4th stress . ]
oy
7] 4
5 4
T 10tk 3
E 3
E
10° f E
© (a)
10° 10' 10° 10° 10
Electric field, E(V/cm)
10" v -
, Before stress
107 F oo 1st stress 1
NA JRUTN an stress
-3
§ 107 r 3rd stress |
4
§ 107 1
2100 1
g .
% 10 1 1
= -7
g 10 1 !
.8 1
S ] ]
10° s : -
10° 10" 10° 10° 10*
Electric field, E(V/cm)

A7 AAAZ G =FA Vol. 13. No. 8. August 2000.

TFRAM & F UKl 71FE€0) 1211% A= 7|
Fol Btk AyHoz AWUEd ¥ §&E YA 9
HAE AF/ ¥AHE AEARE JFPozA 2
71d =87 €A doid Aoz W4,

2% 4¥ Er0s 718 1350CoAN 23¥ ZPCE
gl 29 o AEH2EG 2EHA A @
& FAHAARY WIE JEY Aoz ANFHozm

1

10° T T v
2 Before stress
— 10 F o 1st stress 1
g 10° [ 2nd stress ]
2 ——— 3rd stress
= 10" | ——— 4th stress 1
2 .
g 10} 1
< 10° } 1
b
§ 107 | 1
o 10*
] (b) !
10”° . .
10° 10' 10° 10° 10*
Electric field, E(V/cm)
10" T - T
2 Before stress
,{g 100 b o Iststress |
-3
3 !
= 0ty z
2
g 10 !’ 1
Q
T 100 1
s 7
E 100 3
O 10* | 1
1 0-9 1 L 1
10° 10' 10° 10° 10*
Electric field, E(V/cm)

3¢ 5 1350CeM A2 € ErOs #713o] @& ZPCE vtel2E 9 48 de. 2E#d 24 - ¥9 J-E
E.4. (a) 0.0 mol%, (b) 0.5 mol%, (c) 1.0 mol%, (d) 2.0 mol%.

Fig. 5. J-E characteristics before and after various d.c. stresses of ZPCE varistors with Er:0;
additive content sintered at 13507C. (a) 0.0 mol%, (b) 0.5 mol%, (c) 1.0 mol%, and (d)
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Table 2. Variation of I-V characteristic parameters before and after various d.c. stresses of
ZPCE varistors with Er;Os additive content sintered at 1350C.

Er:0; Stress Vima %A Vima a %A a Ie %Al
content conditions
(mol%) (V/mm) (uA)
Before 8.85 0 2.08 0 133.79 0
1st 792 -1051 2.01 -3.37 135.56 1.32
0.0 2nd 6.47 -26.89 1.89 -9.13 139.07 395
3rd 5.76 -34.92 1.83 -12.02 140.17 477
4th 5.37 -39.32 1.82 -12.50 140.60 5.09
Before 105.80 0 34.83 0 7.38 0
1st 105.93 0.12 35.64 2.33 5.30 -28.18
05 2nd 105.35 -0.43 34.64 -0.55 6.65 -9.89
3rd 104.90 -0.85 33.82 -2.00 7.63 3.39
4th 105.73 -0.07 29.09 -16.48 18.75 154.07
Before 231.29 0 36.79 0 592 0
lst 231.78 0.21 37.72 253 5.39 -8.95
1.0 2nd 229.79 ~-0.65 34.63 -5.87 7.80 31.76
3rd 228.42 -1.24 33.17 -9.84 7.72 30.41
4th Thermal runaway
Before 324.72 0 29.87 0 13.25 0
2.0 1st 321.87 -0.88 21.79 -6.96 14.79 11.62
2nd Thermal runaway
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