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influence of TiO2 Addition on Microstructure
of ZnO Ceramic Varistor
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Abstract

ZnQO varistors are characterized by the features of excellent nonlinearity and surge withstand
capability. In this paper, in order to investigate the use of ZnO varistor as surge absorption device
in low voltage, metal oxide material{TiOs) was selected as control material of grain growth.

Samples of ZnO varistors were fabricated with varying the contents, and then the microstructures
and V-I characteristics were measured. It was observed by SEM that the mean grain size increased

with the increase of the additive. From the measurement of V-I characteristics,

it was observed

that according to the increase of the quantity of TiO: as additive, the operating voltage was

lowered.
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Fig. 4. XRD patterns with TiQ» contents.

3-2. TiO,° Holekol me V-1 54
e ZHS ANHY AY-AF EAH FHL
28 59 gow, TiOY H7tgEe] Z7ge] ua)
vi2] 2elo] FAAYE ol w, TiOe] Hrbzks
ool ozt HAYE Holx &5 AAY9 A
o] 7hede & £ AUtk

I TiO:S H7tgo] wle AYG-HF B4 &
E EAHL 12¢ 63 goh a9 694 EFUD
TiO:8] #H7t2A Aol 4257 A45eho] ube}
FAHMFEE Frhela, 2350 9% A% Tio:
H7bgo] E7tgtel wel FHARE ZFL & £
i},

EH, FHA ANy Lx gEye 37
B, wele] A delddE eE ojzao)
A9l el g

79 5% R TiOs H7lgel ote wielsg g
FHUYL Felaw e ® 33 P}
M 2B FHAY Viws AW HFAbolo) A
22 GE Aol EAste gz 2o 4
Nool lelate ohg BA40) 4o

Vima=Np XV, (2)

218



e bt [ Vi)

10 L i I 2, N | ]

0 10 w0 10" 10 10 10
— J (W)

3y 5 Ti0:9 #H7Me e AY-AF 54
Fig. 5. E-] characteristics with TiOz contents

qg71M Ve AWE fHgez 2FY Aol
Ak dwry o g 2~3[V/grain boundary]2Z H
Hol on, vdAde dF BZ AT 3~
4[V/grain boundary]l© 2 B u%5 0} 9o}

4, Nt A8 FAE H 939 2718 det
1 393

2
2

Ny=H/d (3)

7 H3, A ()8 A (20 st Hesiw

d=H/Vima ) X Vy
7t €t
A4 @elA & = e diggel dxte] A7) d=
AR FA H7F 4R 2%, vlelage 2Ry
Viead 233 E 588 9n|g& o0, d9 Ao
of o8 HHetE HF2HE AxY F YT o
4 Uk

B odge oM K 1, E 39M TiO:9) Hobw
o] Olmol%l A% dAZD ANAY V.5 Fid
B d=20[gmlol 12, H=1[mm] °o]|2& Ny&= 500]t}.
Vimat® 102[V]e1Z 2 Vit 204IVIEN follA g
g H9e FRE

4

4. 4

=
=

ZnO diE 2y AA TR AHA AEY oA

A7V ARS8 =24 Volll, No3, March 1998.

e e Tt
) Znth hased)

m
-
—_
—-—

—— e paai

W FO: 3 tmei®al
o 10 2 [l

— Nt

(e} Tilk 4 lmod®)

a8 6. TiO:o] #H7tFe] g AG-HF
25X &y
Fig. 6. Temperature characteristics of E-] with

Jm

49

TiO2 contents

¥ 3 TiO:Y #Hrt@del 4w FAAY
Table 3. Breakdown voltage with TiO: contents

TiOz% 7+ #mol%] 0 1 2 3 4
TAAL Vimalv] 102 90 50 25 11

219

FAaaz el A43E2 9s3td TiO:E 1[mol%],
2[lmol%], 3[mol%l, 4lmol%] A7isted A=k AA




L2 8E uHMTRE B3 TiOH 7o vlx=
s AES L, V-1 EHL ZH3t] Tio, H7bE
o] tlAE d%¢S HEY FAN gL e FERG
dch

TiO.2] #H7bako] F7}stol wel ZnOsl HAAS
a, c9 e FiHeln, ZnO YA HFIANE
TiOz9] A7tge] ZFrhekol uiet ztz F7hsku)
TiOz2}  A7te]  Olmol%], 1Hmol%), 2[mol%],
3[mol%], 4lmol%] 2 %718 o wlglxe9e F2A
te zhz} 102, 90, 50, 25, 11[V] = AU

Fag s

1. M. Matsuoka, "Non-ohmic properties of Zinc
Oxide Ceramics” , Jap. J. Appl, Phys., 10(6),
pp.736-746, 1971.

2 V. and B. "Model
experiments describing the micro contact of
ZnO Varistors”, ]J. Appl. Phys., 57(12), pp.5372,
1985.

3. GD. Mukae, "Intrinsic Defects in ZnO
Varistors”, J. Appl. Phys., 54(7) pp.3825-3832,
1983.

4. F.A al, “Low Voltage ZnQO
Varistors:Device Process and Defect
Model”, J. Appl. Phys., 51(1), pp.765-768, 1980.

Schwing Hoffman,

Selin et

10.

11.

12.

13.

0 Ay v 2gd] gy zd fA LW E, FAE

G.D. Mahan et al, ”"Single grain junction

studies of ZnO  Varistor-Theory  and
experiment”, Appl. Phys. Lett.33(9), pp.830,
1978.

BHE=ZF, HZLv v x— pp75, 1951

BrEX =%, EREESHE HTHO©), J63-C
pp.382, 1980.

WEXH S, HASHERE 131 FEE SHAH
@&, ppbl, 1979.

L.M. Levinson, Am. Ceram. Soc. Bull, 65(3),
pp.639, 1986,

W. Bruckner et al, “Inhomogeneities and
single barriers in ZnO varistor ceramics”,
Phys. stat. soli, A59, K1, 1980.

M. Trontelj and V Krasevec, "Influence of
additives on varistor microstructure” Am.
cera. soc., clumbus, pp.107-116, 1983

Jeffrey P. Gambino, “Effect of Heat
Treatments on the Wetting Behavior of
Bismuth-Rich  Intergranular  Phases in
ZnOBi:Co Varistors”, J.Am.Ceram. Soc., 72
(4). pp.642-645, 1989.

B. E. Yoldas, "Effect
Polymerized  Oxides Sintering  and
Crystalline Transformations”, J. Am. Ceram.
Soc., 65(8). pp.387-393, 1982.

of Variations in
on



