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Dielectric Properties and a Equivalent Circuit of ZnO-Based Varistor

BTS2 K H
(II-Soo Rho * Dae-Ha Kang)

Abstract - In this study a low-signal equivalent circuit based on the Double Schottky Barrier model is proposed for
ZnO-based varistor. Since pin-lead inductance and stray capacitance are considered in pin-lead type ZnQO varistor these
inductance and capacitance could be removed from the experimental dielectric data of the varistor. According to the
equivalent circuit simulation results the higher the varistor-voltage of varistor sample the capacitance of dielectric layer
is larger, and the capacitances of semiconducting layer and depletion layer are smaller, while the parallel resistances of
semiconducting layer and depletion layer are more larger values. Spectra of the dielectric loss factor tand show 2 peaks
in low frequency and high frequency regions respectively. The low-frequency peak is due to the relaxation by deep
donors and the high-frequency peak is due to the relaxation by shallow donors.

Above results are well consistent with the theoretical mechanism of ZnO varistor.

Key Words : Double Schottky Barrier model, semiconducting layer, depletion layer, shallow donor, deep donor
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Fig. 2.1 Double Schottky Barrier mode for polycrystalline
ceramics
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Fig. 2.2 Double Schottky Barrier model considered shallow
donors and deep donors
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Table 3.1 dimensions of disc-type ZnO varistors

dimensions [mm]
Model No. Sample No. (average)
diameter | thickness
SVRI180D07B-S25 SVRI18 7.8 2.9
SVR220D07B~-S25 SVR22 7.8 2.8
SVR270D07B-525 SVR27 7.8 2.6
SVR390D07B~-S25 SVR39 79 3.2
SVR470D07B-S25 SVR47 8.0 3.3
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Table 3.2 The characteristics of commercial ZnO varistors

Varistor voltage(1ImA)[V] Q
Sample No. Min Vdc Max average
SVRI8 176 18 19.1 35.8
SVR22 21.0 22 23.0 39.4
SVR27 26.4 27 28.1 40.0
SVR39 38.8 39 41.4 35.8
SVRA47 477 47 49.7 35.9
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Fig. 3.2 Block diagram of program for the curve-fitting
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Fig. 3.3 Experimental(o) and curve fitting results(solid line)
of the varistor sample with varistor voltage 18[V].
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3.4 Experimentallo) and curve fitting results(solid line)
of the varistor sample with varistor voltage 47{V].
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Table 3.3 Parameters determined by the curve-fitting
method {average value)
Sample

parameter SVRIS8 SVR22 SVR27
ACIA 1.173179x 1078 | 1.216193x 107 |1.371092x 107%
8 6.198016 x 102 | 4.623850<1072 | 5.00145x 107*

[ [ Hz] 8.826 8.526 8.59917
GlA 9.52315x10°% | 9.18623x10°% |{5.457960x 107
C, 7 9.519005 % 107% 0.1869 %1078 |5.496738 x 1079

R0 16.3277 16.5063 23.344

R0 8.316466 X 10° | 8.716466x10° | 1.68464% 10°

L H] 2.90123 % 1078 2.0013x107% | 2.80199x 107¢

i 34 785

glgfol os) Z2HE 24T Ti2to|sf(Bdw)

Table 3.4 Parameters determined by the curve-fitting
method (average value)
Sample
parameter SVR39 SVR47
ACIH 1.525064 x 10°° 1.58185 %1075
B 5.529449 X 1072 6.489 x 1072
I ) 8.699 8.699
Ci[A 1.13458 X 107° 8.02458 % 107°
Cy|F 1.167384 X 1078 8.024867 X 10™°
R0 25.344 27.355
Ry 1.0568464 % 10 5.568464 x 10
L H] 3.34009 X 10~ 3.24024 % 107°
o= Gx X 311
@ G, AG G, Gl @A T AAEF

G AGG, GO #
D

A=(D)rn  wE s A2w A [mm’)
D : vl 289 A% [mm]

t :ug 2" F7[mm]
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o] W WEE 3ty 4 AREHFE TY

EEREr

A 3lmm])
AALHF

o A¢z UL ¥ 35¢
ACy Cyp Gy BE vE)28 AGEE JEd Aeojth
B 35 cENT 3usY

Table 3.5 Capacitances per unit area

Sample

AC, [E/mm?]

Cypy |/ mm?]

C’BU[F/mm2]

SVRI8

2.37454 x 10710

1.927517 x 107°

1.92668 < 107°

SVR22

2.37672x 1071

1.795208 x 107*

1.79534 < 107°

SVR27

2.67944 x 1071

1.066616 x 10~ °

1.07419 X 107°

SVR39

3.33037 x 10710

2.47024x 107 %

2.54166 < 1071

SVR47

3.46343x 10710

1.75697 %107 1°

1.75704 X 1071
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® 3.6 shallow donor % deep donorofl 2|&t gtste| gtst
AlQ etstFEab

Table 3.6 Relaxation times and relaxation frequencies of

the relaxations by shallow donor and deep donor

shallow donor deep donor
7 [s] flH2] | 7ls] | £ [HZ]

SVRI8 1.5549x107% | 1.024x10° 79.16 2.01x107°

Sample

SVR22 1.5163x 10~° 1.05 % 10° 80.08 1.99 <1078

SVR27 1.2741%x107° 1.25 X 10° 91.95 | 1.732x1072

SVR39 2.8755% 1077 5.54 % 10° 123.38 | 1.29x107°

SVRA47 2.195% 1077 7.254x10° | 446.86 | 3.56x107¢
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