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Zn0O Varistors with High Threshold Voltage Coadded with Rare-earth
and Bismuth Oxide
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Advanced Technology R&D Center
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High performance ZnO varistor, with higher varistor voltage (Vina) and lower voltage ratio (Vs
xa/ Vima, Vima/ Vig,a), has been developed by the simultaneous addition of bismuth and rare-earth
metal oxide (R,0;) to ZnO containing various another additives. Vima, which was in inverse
proportional to ZnO grain size, according to the ionic radius (r) of R,0;, was classified into 3
groups, such as, high (~450V/mm, r<0.95 : Y,Eu~Lu), medium (320~400V/mm, 0.95<r<1.004 :
Sm,Nd,Pr)and low (~320V/mm, r>1.00A : La only) group,respectively. The difference of micros-
tructure of these groups, observed using SEM-EPMA,was characterized by the particle size and
chemical composition of newly formed crystal phases, at least involving R. Vesia/Vima was de-
creased with the increasing of atomic number of rare-earth element.
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Fig.1 Schmatic I-V characteristics for ZnO varistor.
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Fig.2 Relationship between Vima/mm and rare-earth ele-
ments arranged by atomic number. (None:a specimen
without rare-earth element)
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Fig.3 Relationship between Vima/Vioa and rare-earth ele-
ments arranged by atomic number.
(None:a specimen without rare-earth element)
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Fig.4 Relationship between V2.5ka/Vima and rare-earth ele-
ments arranged by atomic number.
(None:a specimen without rare-earth element)
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Fig.

3—2

Vima/mm(V/mm)

WX BB ERV B E RSN BN RS BEZNO KT

500 r—r——r- . .
4 4
F oDy Gd R,05 0.5mol% | 4
450 5O Hg [ole
)
o TmEr Eu 1
o
L Lu T
3 oSm
400
Ce(+4) '\?d
350
- —— A — =0 —— — =
L Pr o
L m La J
300 Ly M PP S
0.850 0.900 0.950 1.00 1.05
lonic radius(A)
5 Correlation of the varistor voltage with the ionic

radius of rare-earth elements
(dashed line: a varistor voltage value without rare-
earth element) .

R,0,ZMIFF D Zn0 RIF1E

BRI AL X 5 ZnO XY A Y TR 5%
TOWZENSF D) AV EFEIX ZnO RiFE
WRHHIL . Z OHBIER T b b IR Y
DOSHEEREIR. 2~3 VThariEsh
TWng, 93kbhst D% ZInO T k%
HHlEs e T3, S RS EBE Viga/mnid.
(=

Vima/mn=k * (1/D)
TrEN5b,

BN AZEEERTREFELT Y0 %
Y BT ZommEs SEM 5K %2 Zn0O
BNTFERUNY ASBREOBGREZRLIZLD
P66 THE, ZOBREVAXOEFLSE
Bk 2HETZE MTICRT I Y,0,0

(1)

500 9

O  Vima/mm ; /é
%, 91 ZnO grain size 3 =
450 [, b / 8 @
l.. N
~..,." 17 ®
400 [ 16 5
1 O
350 .. 15 Q
"1 N
300 4
0 01 02 03 04 05
Y203(mol%)

Fig.6 Effect of Y,0O; content on the varistor voltage and

average grain size.

Varistor voltage / grain (V)

3
2_51 ® )

il

2
1.5
1
0.5

0
0 0.1t 02 03 04 05

Y203 (mol%)

Fig.7 Calculated varistor voltage per one grain-grain inter-

Zn0 grain size(# m)

— 33 —

face as a function of Y,0; content.
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Fig.9 SEM-EPMA images of the sample coadded Y,O; and Bi,O;.
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Fig.10 Microstructure of ZnO varistor containing Nd and Bi oxides observed by SEM-EPMA .
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Fig.11 SEM-EPMA photographs of ZnO varistor co added with La,0; and Bi,O;.
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Y group Nd group La group
R=Y,Eu,Gd,Tb, "

Rare-earth elements Dy,Ho,Er,Tm,Yb,Lu R'=Sm,Nd,Pr La

lonic radius( A ) r< 0.95 ' 095<r<1.0 r>1.0

R'’-Bi-Sb-(Zn)-0O

Crystal phases . Vo ) . p—

containing rare-earth R-Bi-Sb-(Zn)-O R?RISS?(SZ'n()ZS)O La-Bi-Sb-Si-(Zn)-O
Particle size( 4 m) ~1 >3 ~5 B

Typical characteristics(0.5mol%)

Rare-earth element R=Y (r=0.94) R'=Nd (r=0.98 A) La(r=1.03A)
Zn0O grain size (4 m) 4.4 5.4 6.3
Varistor voltage(V/mm) 468 357 321
Voltage ratio
(V2.5kV/V 1mA) 1.57 1.65 1.69

Table 1.Various characteristics of ZnO varistor containing rare-earth elements
dividided into 3 groups by difference of ionic radius.
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