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ABSTRACT

Zn0 varistors contaming 5.0 at% Cog0, and Pry0y, ranging from 0.1 to 1.0 zt%, were sinlered at 1300°C
and 1350°C. The I[-V characteristics and nonlinear coefficients of the specimens were mveslgated with
respect to Pr addition and sintering temperature. In general the specimens sintered at 1300°C showed hetter
varisior characteristic than those fired at 1350°C, which seemed to be related with the liqud phase for-
mation during sintermg. The barrier heights obtained from C-V relations, 0.29-1.36 eV, were different from
those acquired using resistivity-temperature plots measured at low voltage range, 0.69-0.95 eV. However, a
consistent trend was observed with respect to Pr addition and breakdown voltage per grain houndary.
Theretore the estimation of potential barrier heights using C-V relations is better suited for the specunens
prepared in this study. The carrier densities oblained using C-V relations were ~10" cm ™,

Key words : Pr, Zn0Q, Varistor, Electrical properties, Potential barrier height

LM = o g5t A PE, AT, WAEEY 9 Fol

Zn0 vie| 28 = thEAEd Ao 2 Zn0e] ke
BizOs. PraOn, Sh0, Co0,, Crd), 52| 4882 3171
of A=), Zn0 B2l A8 E o8 x4 Zn0d4 Y=
=2 Agg 7 YAA e e 915 Schottky
8o g3 A g AR-AYG AL o] &5 Lxjolx]
Zn0 vie] 28 #rlEe =249 Ax wEd ule =
£ L3 32 BHELos FE7 clzraa Y
Belol o surge 4= AR o] &5 2 gk

Zn0 diel A8 7L xR o) F AgaA g2 21

AFEo gou ol gRs R aHAE HILE
2 2fstu 9e vlelaeel BEso] vk e
a2 8ol Zn07t vhE AE 54 F 7EA dte 242
JER FH MAEET E P USH 2 A =
gtA e rjr] 22 Wlae s WE7kE F2 5YE B
ol Aoz d¥A st Bi-Zn0 Bl AEE Zn0 9
A}, intergranular layer, spinel3 =t 522 ® E3g
Al FEE 7R ghert Pr-ZnQ whe]2EE Zn0
AAke) intergranular layers] 2747 Ao 2 o] 203
2t Bi-ZnO vlg] 28] = EAg nla 222k 7749

-1275-



Hrlst

WS v|A R Bale & 7738 spinel

® , Pr-ZnQ vle] 2B nlAM T3

1a) 2~ B §84 9 97 d

F2 545 AR Uk a6 = Eeta Pre
|

o},

B A A= Co0, B7HES 5.0 92%=E 145
Pr A7 S 248 Zn0-Co0,-Pr0y, A1 TE A Z6}od,
Prazlge] dle]l 28] AF-Ad B9, A9 4 3
slvtale] W) n|x|= Yaks =ARE ), gt 4
2o Hild W vldyzsd drle 54 wiE
A Ao 228 A vlw BEMEST

2. elE

2 Aflel A gk Al e] 58t 242 Zo0d Col,
A2 5.0 9A%E wAsle] Wrlsla Prddns 0.1, 0.3,
0.5, .7 2 L0 YRl A4a sleo|ul 94.0 $x}% o
2 A4 5 E In0 o] ¥idle 4 &8s T4 &
e Aor #wddle] =L A ewn, A3 FadA
& Zn0 ol 2% B3he BAlEIh

ul= AldrichAt2] ACSH AlE Aald 240
2 A% T ZalaE W vekes) Alzavel B
Yol 2447 BS @alsa, 110°CaAA 12213 A=
stk #Azd BUE wapAlerd olfeld Hd F
750°Cl A 2A] 78 dlddteic). ohagt Eug dgked

a

DR RE S

2ol B ALgslo] 2447 B3] 325 A2

deld Azg ok, 298 A& 14 mm. T4 1 mme)
vz FHz JgAdEEsin SdsiEc. 2dE
1300°Ce} 1350°CA1A 124]3F dlalgen, s2&Es
650°CHAl B9 3°C, AFER7A e B 5CE 549
31 650°Cell A 1212 7 8l HlRle & 27bsl5 T

2 Alge] AgEtE 221617 f15kd k2
He g deg 235191, Gefgh Al shaidg o
A vl FARE AR v A (JEOL JSM-6400, F73, &)
2 o] &5le] vHp2E AESETH 24 XRDES
(Rigaku Miniflex, 7, Y¥)2 2 g9lsiian, A9
B UA2F]E lnear mtercepld-S ¢| 8351 33
Gk, A E SRS F15k AlHe S drtdin
In-Ga 25 223 A= FAelgrt AF-2A¢ 54
2 I-V meter(237 Source Measure Umnit, Keithley In-
struments, [nc., Cleveland, USAYE o] &&ke] &43)]
a, C-V B42LCR meter(Video Bridge 2150, Electro
Scientrfic Industries, Inc., Portland, USA)®} £=341
{Delta 5023, Delta Design, Sanciego, USA)E ©| &5
40-150°C 2= $lellA Fshel ot

3.3 U o

3 AEe 92g 233 A 5.60~5.62g/cm’
o2 g E A|HE A APE LFo] o] FAH
Tk 1300°C2F 1350°Ce A &2 8 Alge] nldt2e 4
7T Fig. 1, Fig. 2 vk, 200 AR P 372 1300°C

=
X

{3 ARE T ]

Fig. 1. SEM micrographs of Zn0O specimens sintered at 1300°C for 1h which contain 5at% Cos0, and {a) 0.1at% POy,
{b) 0.3at% PrgOy, (¢) 0.5at% PrgOqy, (d) 0.7at% PreOy, and (&) 1.0at% PryOy.
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Fig. 2. SEM micrographs of ZnQ specimens sinlered at 1350°C for 1h whuch contain Bat% CoJ0, and (a) 0.1at% Preu,
(h) 0.3at% PrsOuy, (c) 0.5at% Prsly, (d) 0.7a1% PrgQy and (e) 10at% Prg0y,.
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Fig. 3. Average grain size of Zn{} specimens with 3.0
al% Coy0), as a function of Prg(h; conient.
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Fig. 4. 1-V curves of Zn(Q specimens sintered at 1300°C
for 1h that contam 5at% Co, and Pr,Oy vary-
mg from 0.1al% to 1.0at%.
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Fig. 5. [V curves of Zn0 specimens sintered at 1350°C
for 1h that contain 5at% Co,0, and PrO,; vary-
ing from 0.1al% to 1.0at%.
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Table 1. Nonhnear Coefficients and Breakdown Vol-
tage per Grain Boundary for Zn0 Varistors

Sam] 1300°C 1350°C
niples

P o B (V| a* B (V)
ZCP1 13.1 (.97 6.6 0.37
ZCP3 17.7 1.49 14.8 1.02
ZCoPs 220 171 220 116
ZCP6 26.5 2.00 199 1.27
ZCP10 28.8 2.24 21.5 1.26

*NDnlmeal coefficient (o) :Measured at 107°~107A/
cm’

**Breakdown voltage per grain boundary (Eb) : Measur-
ed at 107A/em’,
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Fig. 6. (1/C-1/2C0)* vs applied vollage curves for

7n0 specimens sintererd at 1300°C for 1h that

contain 5at% Co.Q, and Pr0y, varving from (.1
al% to 1.0al%.
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Fig. 7. (1/C-1/2C0)° vs appled voltage curves for Zn)
specimens sintered at 135(°C for 1h that con-
tamn 5at% Cos0, and Pr0p varving from (.1at%
to L0at%.
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Table 2. Carrier Densities and Barrier Heights of Zn0
Varistors Estimated from C-V Plots.

1300°C 1350'C

Carrier | Barrier | Carrier | Barrier

Sample densnty height | density | height
{cm™ {eV) {cm™) (eV)
ZCP1 1.16%10% | 136 |2.09x10% | 0.29
7ZCP3 | 4.05x10% | 067 | 560x10"®| 055
ZCP5 | 448x10% | 072 | 553x10™ | 058
ZCP7 | 3.80x10% | 0.78 | 572xi0® | 0.67
ZCP10 | 4.04x10% | 100 | 4.96x10" | 0.78
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Fig. 8. Resistivity vs 1000/T curves for Zn0O speci-
mens sintered at 1300°C for 1h that contain
sat% Co,0y and Prg0y; varying from 0.1at% to

1.0at%.
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Fig. 9. Resistivity vs 1000/T curves for ZnQ} speci-
mens smiered at 1350°C for 1h that contain
5at% Co0y and PryOy, varving from 0.1at% to
1.0at%.
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Table 3. Barrier Heights of Zn0O Varistors Estimated
from p-T Plots.

Samples 1300°C (eV? 1350°C (eV}
ZCP1 0.87 0.58
ZCP3 0.91 0.82
ZCP5 0.93 0.74
P .65 .69
ZCP10 0.92 0.69
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