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Electrical and Dielectric Properties of ZnO-PrsO1~based Varistors with
Sintering Time
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Abstract

The electrical and dielectric properties of ZnO-PreO11-CoO~Cry03-DysOs-based varistors were
investigated in the sintering time range of 1~3 h. Increasing sintering time improved the
densification of ceramics, whereas deteriorated the nonlinearity, in which the nonlinear exponent
greatly decreased from 553 to 382 and the leakage current increased from 0.1 to 1.1 BA. The
donor concentration and density of interface states increased in the range of (1.06~
1.60)x10%/cm? and (3.15~367)x10%/cm’ with increasing sintering time, respectively. while, in
dielectric properties, the increase of sintering time increased in the range of 0.0228~0.0505 in

tand and 1.32~1.36 Us in relaxation time.
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Fig. 1. SEM micrographs of the varistors for different sintering times.
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Fig. 3. Nonlinear exponent and  leakage
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Fig. 4. C-V characteristics of the varistors
for different sintering times.

bl whEl MA Al FAde ko] Az Fvt
e S Bola Yt o] AL YAY AL
o] #Aadte Hoz AL FHEF Fo] F7)
sk Blol 7lQlskE Aot

1% 5= AZAAZ W2 plgdadHe BYsE

% E@g debR Adoloh 27Aze
Z74e4E EUEEE (1.06~1.60)x10%/cm’
= 3

1

=]

i=3
A= Frtete Age YEdY. 22 AAA &
AX7to] ZF7belAl HH Aol o A
AR ARG gAavr 2HER, AsEe] 2
23t A @QERFE AFRU Atk FE0] FUt
3l TUs Tt 278t Aoz Asdn

[V, = ka [Pog] ™ (®)

Donor concentration, N, (1018/cm3)

o

o Density of interface states, N, (1012/cm2)

]
o

T
@
o

ﬁ?

ooy Kool

18 . . . 32 g
o 430 =
16} . T
- ls £
—~®—N, =
1.4 126 g
—0—1 %»
{24 =
o

1.2 o g
{22 ko
o A

10 — . 20
1 2 3 a

Sintering time (h)

vhelsEle] 22N Be By R
383 % '

. Donor concentration and depletion layer

width of as a function of sintering
time in the varistors.

38 . . . 1.05
o ey
36 o «— {100 &
<
34t TN Joos §
—o—y, 3
Tt
32t o {090 -2
. 5
[2+]

30 s . . 0.85

1 2 3
Sintering time (h)

whEj e Ao e Auded
o} Aol

. Density of interface states and barrier

height as a function of sintering time

in the varistors.

ANA Vo'e A9 AATE, ke BFAST,
o A EQro|th wbd TREE E(HE @A
Z7}el whgl 208~23.0 nm HHE F2dAh
A EL2 2 (B)lA Ve vel Zo]l By
91' ﬁ]“q FEHD = (Nodl SAIZEE Evsert
ARdedErr Z4A8sE ZasiAd
}, o}aﬂ aE 6ol oalw ZTuwxe AW
E5 LAY F7te mEt Frkstde
éﬂr’“‘”i Buf AL G2 FHF Z9
= TR Fyhgo] AWAHEES 571

2 Aol 71t A Aol



AZNAAA Z 83 =F A, A18A A63, 2005d 64

4000 - T T T =z 1. vtel 28] L2AAZ w2 FHEA
sHehol g,

30001 Table 1. Dielectric characteristic parameters of
the varistors for different sintering
times

2000

Sintering  €app tand Eapp” T

1000 : - . time (us)

0.15 T T T 1h 19339  0.0228 440 1.32

_’;: 2 h 29084  0.0431 1255 1.32

ool 3h 3 h 35050 00505 1770 136

g dEd el fAdde dAd 9 3,

w7t dgon Welshe A7RAT B4

0.00 L - ‘ 7] wEel vehdvh WAl AAN Fad

400 ' Fleaw)E FoF F7bl wet gastgEd, o

I ] Ae TRAAL FoE S W FEE 4

........... 3h AN e Aozt daste FARLAY JlAdE

200 Avbolny. §H4sE A OHE AT A4Y
"""""" ’ ‘ 2N FR8F Foo s 249

100}
w . _i
- &

Dielectric loss factor, £, ,," Dissipation factor, tan § Dielectric constant, €, '

. € aprp £ f (9)
2 3 cl 5 6

’ ’ FreQuelr?cy (HZ)IO ’ A7NA &t InO RABFEHeI LA T
£ ool aZAAZre] Frbgel weEl FRdS
a8 7. vl 2ge] AAAI B2 FHEA. 7} Zadste AL HT AFEY FHE0] FVEE
Fig. 7. Dielectric  characteristics  of  the Zntt Aoidezr A7} Bolt}, HAEAASF
varistors for different sintering times. (tanf)2 &4 Age] A F2L3 Az A
3 A gl 9]*& otEd g Jehvded, 1 kHz A
248 £AAFE A£ZBAZ F7EA w
TH 62 £ANZH whe w2 ARG 002800505 HAE ZAASAT. RS 22N
FEN)SE 2EF] FEE( $p)F YER Ao e Frbol WE FHAF Ftl sledse 4
b @A ZRe] E7bEe wiEl AldAdEHEEE I3 gadc AA Fag @ JolA FHEE
3.15~367x10%cm’® WARZ Frtstgon oz (gapp’’) & A4 Sode Tgsl= FAEZSFE
Ao HAFEH o 71&13}% Aa BAK = AL gz doh FHE8L FAAY «duA
Jbel AWl A Zed ASFe el Lo o T 2718 BABlE 423 FHRalel 23
A8 zn BFe S @ Row Army, w  GOIHE S fAwdsdel av} A 2 o
W oxEs] Ruzols AAATY Frkd @ ;L‘;””ﬂgfjj:t;ij\”' oo ganae
LO0~090 eV WHE A2tk A G)2PE 3 PP E}i}fj e gbol 9;}%214 u};ﬂi{ N
WMol dy oo NY/Ng Al jal AH =, £ 40~1770 WAZ Frkstgon 4 (1009

AR 2Z@AZANA NS F7he vlE Ngol F7h A Ak

&o] & Aog vetyith

2% 72 2AAZ) WE g s §H & Eapr’’ = tandeapr’ 10

47



J. of KIEEME(in Korean), Vol. 18, No. 6, June 2003.
B 2N 2HABFEE F7
132~136 us HHE Zolxd A5 HAAF
2AA I Hl# ] o3 24y
wrh AAE fA54 HASvEE £ 19 vg
et

=

2 ﬁ:ll"’ﬂ k]T‘:‘ ZHO‘PI”GOII“COO'Cr203—DYQO3
Aoz 749 veElaEe] LA wE A
] %

714, $08 B4 2l e e Aes

2]
2t
1. 22X E7ts velaEe 723 294
& FFAHT
2. H|AM A$e AzAZre] Zrte] uwha 55
3~382 ¥ =2 sty
3. FARAFE 22ANGY FUbol wE 01~11
pA HeE 2718

4, 2BARY Fitd B EUsE 2 AW
g EE Srletgrh

5 SRR 2FAY Frbd w13
2~1.36 us HAE F7retl

6. 2AANZE Z7le Adgdxe HAAY 2

FHEL S FTAAT

ilad

Mo
rak

o

1] =2-72x2-) X REZEE, "PEHEK x
71 7R ZofEM", BB, p.o 149, 1990.

[21 BEREE, "BiEETFodEARmEIm”,
EREDGENHR Y, 55795, p. 4, 1996.

[31 K, Mukae, "Zinc oxide varistors with
praseodymium oxides”, Ceram. Bull, Vol
66, No. 9, p. 1329, 1987.

[4] Y.-S. Lee, K.-S. Liao, and T.-Y. Tseng,
"Microstructure and crystal phases of
prasodymium in zinc oxide  varistor
ceramics”, J. Amer. Ceram. Soc., Vol. 79,
No. 9, p. 2379, 1996.

[5] D. R. Clarke, "Varistors ceramics”, J. Amer.
ceram. Soc., Vol. 82, No. 3, p. 485, 1999.

[6] S-Y. Chun and N. Mitzutani, "Mass
transport via grain boundary in Pr-based
ZnQO varistors and related electrical effects”,

Mater. Sci. Eng. Vol. B79, No. 1, p. 1, 2001.

[7] C.-W. Nahm, "The electrical properties and
d.c. degradation characteristics of Dy20s
doped Pre¢On~based ZnO varistors”, ]. Eur.
Ceram. Soc., Vol. 21, No. 4, p. 545, 2001.

[8] C-W. Nahm and C.-H. Park, "Effect of
Er:0; addition on the microstructure,
electrical properties, and stability of PrsOn
-based ZnO ceramic varistors”, J. Mater.
Sci., Vol. 36, No. 7, p. 1671, 2001.

[9] C-W. Nahm and H.-S. Kim, "Effect of
Pre011/CoO mole ratio on nonlinear pro-
perties and DC accelerated aging charac-
teristics of ZnO-PreO11-CoO-Dy203; based
varistors”, Mater. Lett., Vol. 56, No. 4, p.
379, 2002.

[10] E&%, A¥S, “ZPCCYA uigl=y Azk=
28] AN W& HA7H, fH1H BA7
ANHANgE=EA, 158, 115, p. 946,
2002.

[11] &<, ¥wEol, AHWE, “ZnO-PreOn-CoO-
Cr203-Dy2034 Algtg) =9 w72 3 vl
2~ 547, ANAAAsTIH=EA, 169,
105, p. 897, 2003.

[12] &%, 2Fol, AHWFE, “Dy:07t #H7kd
ZPCCDA utel=El9] DC 7t&<ds 547 A
71 AN 888 =22, 169, 123, p. 1071,
2003.

[13] @3¢, ®wFo}l, FHEE, AUE, "2E2ZE
w2 ZPCCEA uhal 8ol AgdAPEA", A
NARANREG =FA, 178, 8%, p. 83%,
2004.

[14] &9, H9£ol, “Zn-Pr-Co-Dy-M(M=Nj,
Mg, Cr) AtshEA wtel2ve] Ad7)%, a4
EA7, A7IAARANB G =R, 174, 95, p.
924, 2004.

(18] ¥&-%, 2ok, FHE, "
g2 vt MA 2E#Hxd iFd A
N1F A vl 2ALETo 4, A
NARAESE =R, 174, 115, p. 1156,
2004.

[16] J. C. Wurst and J. A. Nelson, "Lineal inter-

cept technique for measuring grain size in

Zn-Pr-Co-Cr-Er 4k



[17]

two-phase polycrystalline ceramics”, J].
Amer. Ceram. Soc., Vol. 55, No. 97-12, p.
109, 1972.

K. Mukae, K. Tsuda, and 1. Nagasawa,
"Capacitance-vs-voltage characteristics of

549

[18]

A7) AAA B3 =7A, A18A A6E, 2005 6Y

ZnQ varistors”, J. Appl. Phys., Vol. 50, No.
6, p. 4475, 1979.
L. Hozer, "Semiconductor ceramics; grain

boundary effects”, Ellis Horwood, p. 21,
1994,



