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ABSTRACT

The varistor properties and DC accelerated aging characteristics of ZnO-PrgO;;-CoO-Cr,05-based varistors were investigated at dif-
ferent La,0; contents in the range of 0~2.0 mol%. The varistors doped with 0.5 mol% La, 0 exhibited good nonlinearity, with 81.6
in nonlinear coefficient. Increasing the La,O; content further to 2.0 mol% caused the sintered density to increase, and the breakdown
voltage and nonlinearity to decrease abruptly. The varistors with 0.5 mol% La,O; exhibited the high electrical stability, with —1.14%
in variation rate of breakdown voltage, —3.7% in variation rate of nonlinear coefficient, and +100% in variation rate of leakage current
for specified DC accelerated aging stress condition (95% of breakdown voltage/150°C/24 h).
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Fig. 1. SEM micrographs of the varistor ceramics for different La,0; contents; (a) 0.0 mol%, (b) 0.5 mol%, (¢) 1.0 mol%, and

(d) 2.0 mol%.
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Fig. 2. XRD patterns of the varistor ceramics for different

La,0O5 contents; (a) 0.0 mol%, (b) 0.5 mol%, (¢) 1.0 mol%,
and (d) 2.0 mol%.
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Table 1. Microstructure and V-1 Characteristic Parameters of the
Varistors for Different La,O; Contents

(:I:)arllzt(e)rit P d Vima Vb o L
(mol%) (g/em™)  (um) (V/mm) (V/gb) (nA)

0.0 471 4.0 503.5 20 630 21
0.5 5.40 6.9 4272 20 8le 0.2
1.0 5.77 7.9 108.0 0.8 71 506

2.0 5.77 85 94 0.08 3.1 1002
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Fig. 3. E-J characteristics of the varistors for different La,O4
contents.
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Fig. 5. C-V characteristics of the varistors for different La,Os
contents.

Table 2. C-V Characteristic Parameters of the Varistors for
Different La,0; Contents

La,05 contents Ny N, oy St
(mol%) 10%em’)  (10%em®) (V) (hm)
0.0 0.64 221 0.82 346
0.5 0.94 3.60 147 384
1.0 2.59 4.04 0.67 15.6
2.0 16.89 5.16 0.17 3.1
A71H gz ZnO AT ®S), de 2RE 27, = F
A& Z, se 43494, DE AHEA T
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LayO; Doped ZnO-PrO; Al vIAE] Alefg2e] A7]a Az 2 okgA 387

HERARATH La9] o] 29 (1.06 Ayl Zn®) ©)2uk73(0.74 A)
Bop A7) vl dAZE He oM gE = o
webA T 28 A ukgale] wEl La,0; Hrte A
AE BEANA F A7) g TR 717t dojudt)

ZnO .
La,0; — 2La,, +305+2¢ ©)

ditrer sudErt Skt 39S 22 Zad)
A "ok 2y olRL dAY AWAEY Ao}
FHHAl 7] Wil Fxo] osiMtt AR ow AA
He AL oflth £ AR La,0yF H71EA ge
HH] 2B 9F 0.5 mol% H7bE AL vws) BuEe & ¢
}M La,0y7F Z7He wie) 2o @iy JAE FHo=w
oo FHE Z(1)2 384~3.1nm HWYE A3y
n}. La,0; 7S] 7k ABAZEMN)E (221-~5.16)
x10"%em’ WA F7HIATE ol AL Lavk YAZ B
e ol FUHge A HHATS ST Aom |
Ark AHEOl (9 r= La,0; A7HEFS] 7100 Wt 0.5 mol%
A7tlA AR (147 eV)E FHOE 017 VAR IA 7
Aottt of9f 2o AHFolst Ay oA uiE]2E
A=EA ] HlAdE Aol 0.1mol% ©lAlA La,0; H71e
7wt Y Richs 2 delld AF3 v Qo)
Fig. 62 BIAY o] 3 La,0y7F HA71HA] @8:e v}

3.0 T T —
(a) 0.0 mol%
25F 1st -
2.0 q
15 1
— 1.0fr b
£
= 05F B
‘:C‘; 0.0 L \ I L 1 B
3 0350 ——
Q
S (b) 0.5 mol%
% 030} 4st 7
8 o} -
020 i
0.15F N
010 3st
0.05 B
0 2st
0.00} tst ]
0 10 20 30 40
Stress time, t"2 (min)"?

Fig. 6. Leakage current of during DC accelerated aging stress
of the varistors for different La,O5 contents.
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Table 3. Leakage Current During DC Accelerated Aging Stress
of the Varistors for Different La,04 Contents

ssﬁses (\Y/m) WhVims @%b :Z) %Al

Before 4272 0 81.6 0 0.2 0
Ist 424.7 -0.59 81.2 -0.5 0.1 -50
2nd 424.0 -0.75 80.1 -1.8 0.1 -50
3rd 4232 -0.94 78.1 —-4.3 0.2 0

4th 4223 -114 786 3.7 0.4 100

43 A A 6 Z.(2006)
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