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ABSTRACT

The microstructure and electrical characteristics of Zn-Pr-Co-Cr-Dy oxides-based varistors were investigated with Dy,04 content
in tte range of 0.0 ~2.0 mol%. As Dy,O; content is increased, the ayerage grain size was decreased in the range of 18.2~4.6 um
and the ceramic density was decreased in the range of 5.49~4.64 g/cm The incorporation of Dy,0; markedly enhanced the nonlinear
proyerties of varistors more than 9 times in nonlinear exponent, compared with the varistor without Dy,0Os. The varistor with 0.5~
1.0 :n0l% Dy, 05 exhibited the high nonlinearity, in which the nonlinear exponent is above 55 and the leakage current is below 1.0 pA.
The donor concentration and the density of interface states were decreased in the range of (4.66~ 0.25)x 10'%/cm® and (5.70~1.39)
x1C"%/cm?, respectively, with increasing Dy,O; content. The minimum dielectric dissipation factor of 0.0023 was obtained for 0.5
mol% Dy,03, but further addition of Dy,0; increased it.
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Fix 1. SEM micrographs of ZPCCD-based ceramics with various Dy,0; contents.
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Fig. 3. The J-E characteristics of ZPCCD-based varistors with
various Dy,05 contents.
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Fig. 4. The varistor voltage and the varistor voltage per grain
boundary of ZPCCD-based varistors with various Dy,0;
contents.
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Fig. 5. The nonlinear exponent and the leakage current of
ZPCCD-based varistors with various Dy,05 contents.
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Table 2. The C-V Characteristic Parameters of ZPCCD-based
Varistors with Various Dy,0; Contents

Ly,0, content N, N, o t
(1 01%) 10%em®  10%em?) (V) (am)
0.0 4.66 5.70 0.74 12.2
05 1.06 3.15 1.00 29.8
1.0 0.84 2.66 0.90 318
2.0 0.25 1.39 0.82 554

oflt

Zrst daggel”’ Agstel AARU Y £ A
qu'%‘ 7}Z49_EE, @-—‘q’zjl-q-i DY203 %7}%];94 %*
A FEE STHIIS BUSEE NPyt ®
= NP6 BAIZSE Aol S7et EU gk
- FAas foh WA Dy,08 EUEEE Bl
v AHE FE9E I )

AL =W)E EsEe} SYsHA Dy,0; H7tel

Aeorr NN
e o
i

1

-
T

ulg} (5.70~1.39)x10%cm”® B2 72315 olge ¥
A AA 9ol &= Dy,057F &8Z2 HAZE Zn
9] ojF A3} AURAE ZAAAIA, AR Zno] Al
EAEE Zn FEH AFNE LR Zn FFC] T4EF)
5 Ao ALRHY £EF] AHEo|(g)s A 9)¢
AAZRE ARGHLEW)S ZAHEET ZHFES
ZHaH] o] Z7] W&o Dy,05 0.5 mol%7HA e 3718+
o} 7 oA E ZasT

2

N,
B, 0c ]\7(1 ®

A Dy,0; 719 F7te @2 F8F F0o 7t
= @4 (LERE EUEsRe Hdhgel A 2
o vg) AuiHoz A7) ey, gy 4+ =
HEErl RolAH 3EF T2 F7eA Ech

Fig. 8& Dy,0; 7t & FAEAS yepd Zo]
ot AR FAAF(Epp)E Zn0 ARE AA Y FA
ARt 84 3cke 28 4 (10023 o8 4= i)

, d
Espp =&, P (10

AL F34 BRI Dy,0; A7 W} gy T2
stk ol whel2E Aghelas] pRold HEHE
ALZE Dy,0; A7 wet 24 2719 e o

mE AF Aole] AA HE FEEE T2 Qs 7
A% Aoty a7t Fobgell whEl g, g

4000 y i}
...... 0.5 mol%

W ]
g 3000 10 mol%
E 2.0 mol%
2 2000L """""""""""""""""""""""
S 2000
:
0
5 1000 W
® e
E G
[a) OF :

0.20 MRSV
w — 0.0 mol%
§ ------ 0.5 mol%
= 015 .. 1.0 mol%
g - 2.0 mo!%
£ 010
c -~
92
8
S 005
@ .
o

0.00} - bbbttt -

102 10° 10* 10° 10°

Frequency (Hz)

Fig. 8. The dielectric characteristics of ZPCCD-based varistors
with various Dy,0; contents.

A 40¥ A 1022003




1L} 0

948 T

Table 3. The Dielectric Parameters of ZPCCD-based Varistors
with Various Dy,0; Contents

Dy,0; content (mol%)

Parameter

0.0 0.5 1.0 2.0

Espp’ 6361.1 1933.9 625.4 358.6
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*1 kHz

wol Feg BAANES ¢ 4+ 9T E4AF@n S 3

=
9] 100kHz 729 HFZAYe2RE & F Atk tan d&
gppet B8 HU B35 oS Boldl ) tan §= T

AAF) 93 F& o 7pA A=A A
93 vpato g AH ed A Fug WYl 4
AA FAAT HaE T dRFGory FHARY o
o] Hu} & ZoZ et Dy,0;5 F7istel] uigh
1 kHzoI M 9] tan 6 0.0023~0.3438) B2 Vet oH,
05 mol%elA HAX 00023024 wf$ e &40 g}
ilem, 7 ojFolls HA Frtste A4S UERAh
A e 5 detvElE 29ksle] Table 30 YERASITE

P
hr
it
"

473 B

E =R ME Zn-Pr-CoCrDy AH3HEA izl 2EH 9
Dy,0; A7kl W& njAl7z 9 1714 A4S 2ARISH.

L. vie)2E Mg as 2489 Znost Y7o s
AE e v TRE JERIA S Y, Dy,0; 7l 2
T 9 ARY IA7NE FAAFTH

2. Dy,0; #7}o] S7isto] wet niel 2y oS &
7Fst it

3. Dy,05= HZAAE FA IA7I= HA7HIEAM 05
~1.0mol% Dy,0; F7HA] ¥ AFe 55~58°)1921,
FEAFE 0.1~0.7 pAo| ATt

4. Dy,0; #71Fe] F7te] WE TUsE 7hadl wet
Dy,0;= A E = ZH&-3H3d T

5. £4AIFE Dy,0; 7o) F7Hel wel 0.5 mol%
oA HAA 00023 FFOE Friste ACE Jelkdth

ZAte) 2
B ABREL A& - dFARA AN QT A
APHATAE(RRC) 2 AAAAE - FF47)1&H 7}
dollA Mg A 27]EHAME(TION SIthstn
A 2AE 2] 29 kg
REFERENCES

1. L. M. Levinson and H. R. Philipp, “Zinc Oxide Varistor-a

Gt g

- o}

A -

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

F394

Review,” Am. Ceram. Soc. Bull., 65 [4] 639-46 (1986).

. T. K. Gupta, “Application of Zinc Oxide Varistor,” J. Am.

Ceram. Soc., 73 [7] 1817-40 (1990).

. S. Shichimiya, M. Yamaguchi, N. Furuse, M. Kobayashi,

and S. Ishibe, “Development of Adanced Arresters for GIS
with New Zinc-oxide Elements,” IEEE Trans. Pow. Deliv.,
13 [2] 465 (1998).

. J. Fan and R. Freer, “Varistor Properties and Microstructure of

7Zn0O-BaO Ceramics,” J. Mater. Sci., 32 [2] 415-19 (1997).

. A. B. Alles and L. Burdick, “The Effect of Liquid-phase Sin-

tering on the Properties of PrgO;-based ZnO Varistors,” J.
Appl. Phys., 70 [11] 6883-90 (1991).

. J-K. Tsai and T.-B. Wu, “Non-ohmic Characteristics of ZnO-

V.05 Ceramics,” J. Appl. Phys., 76 [8] 4817-22 (1994).

. Y.-S. Lee and T.-Y. Tseng, “Phase Identification and Electrical

Properties in ZnO-glass Varistors,” J. Am. Ceram. Soc., 75 [6]
1636-40 (1992).

. Y.-S. Lee, K.-S. Liao, and T.-Y. Tseng, “Microstructure and

Crystal Phases of Praseodymium Oxides in Zinc Oxide Varis-
tor Ceramics,” J. Am. Ceram. Soc., 719 [9] 2379-84 (1996).

. K. Mukae, ‘“Zinc Oxide Varistors with Praseodymium

Oxide,” Ceram. Bull., 66 [9] 1329-31 (1987).

Y.-S. Lee, K.-S. Liao, and T.-Y. Tseng, “Micro Structure and
Crystal Phases of Praseodymium in Zinc Oxide Varistor
Ceramics,” J. Am. Ceram. Soc., 79 [9] 2379-84 (1996).
S.-Y. Chun and N. Mizutani, “Mass Transport via Grain
Boundary in Pr-based ZnO Varistors and Related Electrical
Effects,” Mater. Sci. and Eng., B79 1-5 (2001).

C.-W. Nahm and C.-H. Park, “Effect of Er,0 addition on the
Microstructure, Electrical Properties, and Stability of PrsOy ;-
based ZnO Varistors,” J. Mater. Sci., 36 [7] 1671-79 (2001).
C.-W. Nahm and B.-C. Shin, “Effect of Sintering Temperature
on Electrical Properties and Stability of PrsO,;-based ZnO
Varistors,” J. Mater. Sci.: Mater. Electron., 13 [2] 111-20
(2002).

C.-W. Nahm, “ZnO-Prs0;,-CoO-Cr,03-Er,0; Based-ceramic
Varistors with High Stability of Nonlinear Properties,” J.
Mater. Sci. Lett., 21 [3] 201-04 (2002).

C.-W. Nahm and H.-S. Kim, “Influence of Cooling Rate on
Stability of Nonlinear Properties of ZnO-PrO,,-based Varis-
tor Ceramics,” Mater. Lett., 57 [9-10] 1544-49 (2003).
C.-W. Nahm and B.-C. Shin, “Highly Stable Electrical Prop-
erties of ZnO-Prg0;-CoO-Cr,05-Y,0;-based Varistor Cea-
rmics,” Mater. Lett., 57 [7] 1322-26 (2003).

C.-W. Nahm, “Microstructure and Electrical Properties of
Y,0; Doped ZnO-Pr¢O,-based Varistor,” Mater. Lett., 57 [7]
1317-21 (2003).

J. C. Wurst and J. A. Nelson, “Lineal Intercept Technique for
Measuring Grain Size in Two-phase Polycrystalline Ceram-
ics,” J. Am. Ceram. Soc., 97 [12] 109-11 (1972).

K. Mukae, K. Tsuda, and 1. Nagasawa, “‘Capacitance-vs-volt-
age Characteristics of ZnO Varistors,” J. Appl. Phys., 50 [6]
4475-76 (1979).

L. Hozer, “Semiconductor Ceramics; Grain Boundary Effects,”
Ellis Horwood, 22 (1994).

G. D. Mahan, “Intrinsic Defects ZnO Varistor,” J. Appl. Phys.,
54 [7]1 3825-32 (1983).




