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The Microstructure and Electrical Characteristics of Pr-Based
ZnO Varistors with La>03 Additives
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Abstract

The effects of Laz0s on the microstructure and electrical characteristics of Pr-based ZnO varistors
were investigated. The average grain size increased in the range of 21.9~56.3im with increasing LaxOs
additive content(0.0~2.0mol%). La was, of course grain boundary, largely segregated at the nodal point.
As Laz0s additive content increases, threshold voltage and nonlinear coefficient decreased and leakage
current increased. In particular, 2.0mol% La:O3-added varistor exhibited low threshold voltage
17.0V/mm and nonlinear coefficient of about 6. Based on these results, this varistor can be said to be
used as low-voltage varistor, if nonlinear coefficient is somewhat improved forward.
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1. Micrographs of Pr-based ZnO varistor
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Fig. 2 EDAX patterns Pr-based ZnO varistor
sample containing 2.0mol% LaxO3

A7 £EF FEL 948 F e HFAYH
¢l BA3 oA E.& Ad¥gEIGAX AF
2xEAHLE FAFoEAM FHAT Y 39
qugEgge 2EJ JANLYE Azt $
A Aoz LEoFEA O] ZF FQolth uhetA
7t 42 2xo] WE FHNHFE 4HEH La0s
7 ko] F7Metel el FolXE RoE Hop &
zoE&Ao] GHALE & F Aot ol VA oy
o0 AR E dAEE Held A duRE
237 98 In]J—EY 248 =AM E=0Y o
InJ-—1/T #AE& vebd o] a9 4o]th. A
AURE F& B d3, La0s d7ge] St
el 0.61~0.29V ¥HE AisAY. ol LX)
W FUY Aol FelAE A RANE Aol
o, C-V SA4o2RE FAAY Fdxold RAAY
o =) gt

5



10“;——-——-———-—_—_
2.Cmol% 'j 10 1.0mol®
107 ¢ 252K o 263K 1 1077 ¢ 253K .
- = 298K s 323K b s 298K
H zc"; s 348K - 373K 1 Zovhe 8K -
3 . 398K 3 o 398K
= 10“; ) .3. 107
ERLS ERL L B
Tl R REE

Ea . BN BB

lO"L o w"L

107 = 10

10 10 10f 10’ {0 10 10" 0’
Electric field. E(V/em) Electric fieid. E(V/cm)
10"
0.5moith YT omoi®

tof e 253K+ 268K 107 ¢ 283K -+ 268K
- a 298K o 323K ~ s 298K o 323K
21077+ 348K v 373K Ta0f ¢ 48K v 373K
3 . 398K 2 © 398K
=10 =10+
= =

E 7107
3 F

z 10" é 107

H i

S 107 3 10- ft
3 10T e

o 107

167

10" 10' 10* [t 10 10t 1t 100

Electric field. E{Viem) Electne field. E(V/em)

a8 3 La0; ¥7MEe) W& PrA ZnO wH]&
B9 J-E &4

LaOvt 374 Pl 200 vl 2ele] slA7 2oL — 424, %2

"12 T R -

0 0.0mol% |
© 0.5mol%
-14 A 1.0mol% 7]
v 2.0mol%
~16} N
—-
£
~18+ b
~-20}F T
~22 bt —- - :

" 3.0 35
1000/T(K™)

2.5

a3 4 La0s H7tge] o PrAl ZnO wlalAg
9] E=0°llA =EANE InJ-I/T B4

Fig. 4. In]J-1/T characteristics of Pr-based ZnO
varistors plotted at E=0 with LayOs
additive content.

Fig. 3. J-E characteristics of Pr-based ZnO
varistors with LazOs3 additive content.
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Table 1. I-V characteristic parameters of Pr-
based ZnO varistors with Laz03 addi-
tive content.
Lay0;
additive Vg Ve E. Ie a
(mol%) (V/mm) (V/gb) (V) (pA)
00 10190 224 061 350 1386
05 60 394 038 4841 1513
10 237 1MW 03B 5363 6.60
20 1700 0% 029 60.98 6.14
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Fig. 6. C-V characteristics of Pr-based ZnO
varistors with La:O3 additive content.

aY 78 SU%E Nesb 3ol 4,8 @A
7l 98l 2% 68 DA we WY C-V =

973

A7AAAAE S =EA Volll, Nodl, November 1998,

Hqogx BHYFHoz I C-V 54 HevHE
E 29 Jelit muEEE A 77 2RE
¥ £ ded 7177 E5F vy Est HA
#oh La0; A7) wet Eus e F7hE Zn®
9} La™e] o]ut7 alolz thRE9 La’l ZnO A
AY el n£Hx Rstz YAZ HYEA HA
gk, 33 He ¢ AEPAS Lavk Zno) XNE @
o724

35 y
o 0.0mol%
30+ © 0.5mol% J
“'& A& 1.0mol%
"E 25 F 2.0mol% E
NU
(o)
= 20¢ -
S 15} .
[a)]
= r
.10} 1
<
Z 5l i
O 1 N " n
0 1 2
Voltage/gb, V (V)
a3 7. La0: #7t@e] whE PrA ZnO vla &g
9 WYY C-V B4
Fig. 7. Modified C-V characteristics of Pr-
based ZnO varistors with La:0s addit-
ive content.
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Table 2. C-V characteristic parameters of Pr-
based ZnO varistors with Laz0z; addit-
ive content.
LaOz
aﬁiﬁ\’e Nd Nt ¢b t
(mal%) ( x10%/cm®) (x10%/cm?) (V) (nm)
00 318 504 0% 816
05 143 415 128 1278
10 200 377 076 1166
20 229 354 058 1104
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