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Nonlinearity and Degradation Characteristics of Pr¢Os1—Based
ZnO varistors Doped with Er:0;

Han-Soo Yoon*, Jung-sun Ryu, Choon-Woo Nahm
Department of Electrical Engineering. Dong~Eui University

Abstract - The nonlinearity and degradation
characteristics of PrgOn-based ZnO varistors
doped with Er203 were investigated. The varist-
ors were sintered at 1335T in the addition
range of 0.0 to 2.0 mol% Er203, respectively.
The varistor doped with Er203 exhibited more
higher nonlinearity than that without Erz0s.
Most of the varistors containing 0.5 mol%
Er20s3 showed nonlinear exponent more than 70
and a excellent stability, which the variation
rate of the varistor voltage and the nonlinear
exponent is -0.85% and -1.43%., respectively,
even under 3rd d.c. stress, such as (0.80 Vima/
90°C/12h) +(0.85 Vima/115C/12h)+(0.90 Vima/1
20C/12h).

Consequently, since PrsOii-based ZnO varist-
ors doped with 0.5 mol% Er:0s have an ex-
cellent stability as well as good nonlinearity, it
is expected to be usefully used to develop the
advanced varistors in future.

1.4 £

ZnO HlEl2HE FAE Zn0d] %9 4438 E
< Arieted durAQ Ay A2FAH oM BEA
A AgEg BEA ARt o)y@ wigl2HE
289 WHAAN HYoly HAMAA AF-AY EHL
NAEZAN A% AA7E BE JEANE Fxoly
Agozye BRIy fa da $e£dn Yo,
ulzl el 2RHQ SAe AN dede ol
2429 SIAE A e EEREE Bi0s, PreOn
, BaO ¥°] sith. 28y Bi20s4 ZnO whel2EE w
e A DARE Be 972 1 Sio] o] &
A Aol 2ol gg Q77 GusiA ol RNz
dAE ¥tk I2oE Bi03A Zn0 uizladg e E4
£ 2ot #4497 98 PreOn Al vlel 2ol oig A
F7} @) o] o] Az Yok,

ety B =RdME Ee AAAY HFAL 7R
£ Er:0z7F E7He 54849 Pre0118 ZnO viel 2H
of e AFANE Bach

2. 48y

57} 99.9%% 2¥ES (98.0-x) mol% Zn0O
+0.5 mol% Pre01:+1.0 mol% CoO+0.5 mol%
Crz03+x mol% Er:03 (x = 0.0-2.0)8 2A4og
10 ped 2AEANA HFE F =27yl B3 o}
AES] & EUERZEY g0 ol 2428 BY
k. 120CM 1241288 Az:A7 & 750C
(4°C/min)ellA 2A17F staAlA AHYg ¢EY Nagg
e FEE FENT oS PVAE ABRAY 2 wi%
7k A 200 mesh M2 ZHWsAY. 80 MPa ¢4¥

st FZel 10 mm, F747} 1.8 mm7t €A 4Y
T ¥, 2 A 297 22 A mrhel Yo
2% -8 EE 4T/minl2 8 1335ToA 147 &
ZsAc, 22" A¥E 1.0 mm FA2 dvsto 40
B 2&9 A3 F, Ag dolzEE Hdaxad v
Moz %ol 5 mmEA X Jg, 600CHA 10
2 @xjelakg o
V-1 848 42 (298K)olA Current/Voltage S-
ource Measure Unit (Keithley 237)& A&t A
F 2E 50 mA/cm®7AA AEEAE SASRAT. v
28 AY Vimae F3FILZ7 1 mA/em® 98] A
22 WHEAF [ ueElad" AYge 80% ALY
Ztzy 2AERen, vAM RS o2& o= (loge-
logJ1)/(logEz-logEr) 8l #AN 2 2YE Pilgr}. o
71N Er, B2 Ji=1 mA/em®, J2=10 mA/cm?) ol
£5HE AA o},
2E# A AR V-1 EAE 23§ Add o &)
Ze 7ol d.c. 2EHAE QAUisiged, 7 AEH
2 QI7HA] A9 18 ez AR 23, MSHE
£ 394,
123 2E#2-0.80 Vina/90C/12h.
2% 2E#2~(0.80 Vima/90T/12h)+(0.85 Vima/1
15C/12h).
33 2E#H2-(0.80 Vima/90T/12h)+(0.85 Vima/l
15C/12h) + (0.90 Vima/120C/12h).
42 2EH2-(0.80 Vima/90T/12h)+(0.85 Vima/l
15C/12h) +(0.90 Vima/120T/12h) +
(0.95 Vima/125 T/ 12h).
52 2E#H2-(0.80 Vima/90C/12h) +(0.85 Vima/l
15C/12h) +(0.90 Vima/1207T/12h) +
(0.95 Vima/125°C/12h) +(0.95 Vima/
150C/12h).
13 d.c. 2Ed 27 988 08 #7AH =48
ZFatdon, dEF7 Ao e Az sl A

g Fo AE 5A4S 134 2Edsd FUHA &
g =

vlgl 28 Ao g HriH 232 988 3 AW
o] 9L SiC AN E #Hsle] 0.3 um AlOs BT
2 ZA4% o8, 259 Adstgnt. 1125THA 10
£ 5% €4 JdHF &, SEM (52400, Hitachi)o &
A TzE BRINEY. #2F 23Y Z(dDE H¥8n
A7 "] o8 4, d = 1.56Ce/ MNerr (Cor= test
-line® #&Zo] M2 SEMS ¥W&, N2 LAY
test-lined}e] FIERAF)E AU}, MEelxeg)
R (omE WE2HE 2ZEYO7 F3d A4
BI1E olgste, olzylvelagel A A, p=Wp
HAW-W) (oo & B9 U5, We 27394 Adel
FA, Woe BSoA Ald9 2ANZ 23lg.

-1673~



3. 80 9 2@

‘Y 1€ Erz0s A7) o8 Az miyFz
Apgoltt. agesRe FrFel Frgel wal HyF
23Y¢A7E 10.86-4.26 ¢mS] WHE FadFod,
URE 5.35-4.76 g/em’d B2 Fareded 71F
o B EAERRE 45048 ¢ 4 Aot ¥F AHY
a7 Z2a A8 wlelae Ay 018 ReEg
A Er0sze 29l 449 9448 AL898¢ ¢
¢ gtk 28 2% Erp0s3¢8 #7183 W E-J 34E
vehd Aoz Ayigol F/1gd wel 19 123EH=
& # UxEc] w28 AL 247 135.54, 301.62,
424.40, 531.72 V/mmZ 718l eqn, g4 A4
¥ Zzb 14.24, 70.53, 69.34, 78.052 uEh}a ¥
AARE 47 21.47, 1.92, 4.73, 2.98 pAE Jg
W}k, V-7 Belulel 288 Er0se €83 dlgk go)

{(a) 0.0 mol%

St
(@) 2.0 mol% Ay N

‘ . .
s AL L2
';;: ' c:\

Lo
\\ («;’ Ci/a

3% 1. Er20s #7139 &€ PreOu Al ZnO ¥ A
gl ngFz

Fig. 1. Microstructure of PreOii-based ZnO va-
ristors with Er203 content
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Fig. 2. E-J characteristics of PrsOi1i-based ZnO
varistors with Er:O3 content
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Fig. 3. #-J characteristics of PrsOi11-based ZnO
varistors with Er20;3 content
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Fig. 5. Variation of V~I characteristics param-
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