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Abstract: The sintering, defect and grain boundary characteristics of Bi-based ZnO chip varistor (1,608

mm size) have been investigated to know the possibility of lowering a manufacturing price by using 100

% Ag inner-electrode. The samples were prepared by general multilayer chip varistor process and

characterized by shrinkage, SEM, current-voltage (I-V),

admittance spectroscopy (AS), impedance and

modulus spectroscopy (IS & MS) measurement. There are no problems to make a chip varistor with 100%

Ag inner-electrode in the sintering temperature range of 850~900C for 1 h in air. A good varistor

characteristics (V.=

93~154 V, a= 23~24, ;= 1.0~1.6 pA) were revealed but formed Zn;

(0.209 eV) as

dominant defect, and increased the distributional inhomogeneity and the temperature instability in grain

boundary barriers.
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AZFHGFel wet Age] WEtE ¥y JPE A A
A2 A A7 7] (electrostatic discharge, ESD)W 1 9f
M2 (surge) T AL A FL2E 1 ns 4%
oM At ATAA 2y vRF HEI YHE
2 sty axke] vhy] glo] whEA o R =
AAp Ak BFeolvk [1-5] ZnOF rle]=H 9] A5

a. Corresponding author; hyw-kea@kicet.re.kr

2=  Zn0-Bix0s°l A 7HA)
Co304, NiO, Cr0s, SiOy, )& &% #H7bgk BiAl
7Zn0 v =B ¢} ZnO-PrgOnoll 2% FH7HAl (Coz0y,
Cr0;, I EF AstE 5)E &% #H7MS PrAl ZnO
vl 2H 2 34 vYe AT [1-7] BiAlY 45 =
S HAEA, =2 A dE, 2 242 % (~1,00
0C)e] FHel = v H7kA e F/7F wol 53¢
3 HAMTEERE Il

ESD ulgel el wel v,
el E57b Aol nok e vl

2 ESD W4el Evh gl 9

==
7%E

(SbgOg, Ml’l304,



A7 AN 285 =T A, A24A 4115 pp. 876-881, 2011 114
(~1,2000C), v d e nAgAI HA] fHFs 2t

=t [178] ZnO A vkl 28 = ofE niel2H AR
Bt} 1 EAo] $Fele] tRE FUE (AvEE),
ZhHlel, D-TV (LCD PDP, LED, 2vwE) HDMI,
DVC, :=E% PC 5 thaat Ax7]7]d] Ag5m 9
o [8]. dubA<l *J% BiZl ZnOF whe]=F o= o

A2A ZAQA Bi0s3¢ ZnOY 9 AS Ao &
E ShO:E EHTH E3skar gle] Sb/BiMloF A g
H7FH2E (Mn, Co, Cr, Ni, Si, Al ) 9

AWsl, A2, vATFER 2 AV|H EAde] A
S-Hot [1-7]. ZnO wtg 2=Hol A Yes F4
Zl'ligl’ Vool o™, Zniv= vtg] 289 ¢
F7] Wzl 7hse g
att [29]. =3 A
= S YER = Zn0/Zn02 55 H T 74]‘{4_1}
FAAF #HEE ZnO-Bi-rich A-Zn0<
g T4 =l v [4,10-12].
Sh/Biv| e} H7MA 9] TR wet &%
Ltﬂg] -?,Louqo] EI—ﬂ L}E}L}: Zﬂ.‘li H
Aot [11-13]. g4 o]H 3k BiAl ZnOZ HlE
AzG7HE @571 f18ke] 100% Ag WA
S AFEEF] ~900TC F-olA a~Zste] A FEHA
1 ‘j/goﬂ cH-&L y_v,_7} git /\lﬂo]q—
webd B Aol Abd A¥oew HH3E Bi
A ZnO vlE] 28 ZA O 100% Ag WHRAZS AL
g3kl 1,608 mm (1.6x0.8x0.8 mm®) Z7]¢] # (o]
‘1,608 mm'# E7])S 850~900C A 2Aste] A
o, Aol 277 W74 546 et 2

il

Y

ooy X opE 10 30 o
it

de

] E‘.
oF & Agor eiA
_]

L= (D 1

(o

1

32 o

.ﬂ

HEH

2. 43 YWY

ek

B AfdME £ 99% (ke Fsk di)9
ZnO°l 1 at% BixOs, 1 at% MnzO4 05 at% CoszO4,
0.2 at% Cr:03, 0.1 at% NiOE H7Ist =4S A&}
o] 3] welaE AFzFHoR 1608 mm HS Azs
A Ao 3|2 EE Y5 (300 g)o EAHA
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Japan)& 150x150 mm* Z7]¢] 181 A|E Ao LHH%
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Fig. 1. Shrinkage (X, Y, L direction) of ZnO chip

varistor with sintering temperatures.
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Fig. 2. Microstructure of ZnO chip varistor sintered at
900C.
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sintering temperatures.

I-V characteristics of ZnO chip varistors with

Table 1. Summary of I-V characteristics of ZnO chip
varistors with sintering temperatures.

Sintering (T) V. (V) a I (uA)
850 154 22.8 1.6
880 9.9 24.0 1.0
900 9.3 23.0 1.0
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Fig. 4. (a) admittance spectra at 10~100 kHz for ZnO

chip varistor sintered at 900C, (b) In(w/ 7;,2 ) vs. 1,000/T.
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Fig. 5. Impedance and modulus spectroscopy of ZnO chip

varistor sintered at 900C.
7"-logf (300 and 460C),

(a) Z'-, M"-logf (380C), (b)
(¢) Inp and Int vs. 1,000/T plot,

(d) resistance (Rgn) and capacitance (Cg,) with temperature.
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