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A Study on the Deterioration of ZnO Varistors
by the Application of a Surge Current

by Seong-Cheol Hwang

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime and Ocean University

Busan, Republic of Korea

Abstract

With the increasing use of low insulation level semiconductors,
electrical and electronics devices have become more vulnerable to
surge voltage and current. Recently, the zinc oxide(ZnO) varistor is
widely used to protect devices from surge. However, it deteriorates
gradually by repetitive protection operation and results in the
short-circuit and ground faults. Therefore, the performance evaluation
of the wvaristors is required. The criterion for varistor deterioration is
only a change of more than 10% in the reference voltage, which is
impossible to be measured during operation.

In this thesis, an accelerated aging experiment was carried out by

appling the 8/20us surge current to varistors and the correlation
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between the absorption energy and electrical characteristics was
analyzed. The electrical parameters corresponding to the 102 change
in the reference voltage were the total leakage current, the resistive
leakage current, the third harmonic component of the total leakage
current, and the total harmonic distortion, all of which can be observed
in the deterioration state during operation. From the results, the
degradation progress was depended on the energy absorption amount
per unit volume rather than the magnitude of the surge current.
Among the parameters, the total leakage current increased about
50%, but the resistive leakage current and harmonic component
increased from 100% to 500%. In particular, since the third harmonic
component had a large measured value compared to the resistive
leakage current, it was possible to minimize the measurement error. In
addition, it had the same trend as the increase in the resistive leakage

current by the deterioration progress.
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Table 2.3 Characteristics of surge protection components
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Fig. 2.10 Waveforms of leakage current components
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Table 3.1 Specifications of varistors

AL %
3 =
vhE] 2 A vl ~E B
Max. continuous AC : 250 AC : 385
operating voltage [V] DC : 320 DC : 505
Peak current [kA]
6.5 70
(8/20 us)

Energy []] 130 1,200
Reference voltage [V] 390 620
Clamping voltage [V]

650 (@ 100 A) 1,025 (@ 500 A)
(8/20 us)

npe] ~E o] 7h&dst B g A A 5 duAE =E38t7] 98k 1
g 329 Zo] AFAZ FASATE 8/20us A A LA FR (2.1 kApa, 40
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kAma, 0.01 V/A) 2 2AYZZ B (20kVpe, 75 MHz, 1,000: 1)2 v}2] 2~ F

o I7tH = AATE R AFAYS HEsR e, e =532 (3 MHz,
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=
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Fig. 3.6 Typical waveforms of leakage current components
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E 4l FF AUAY A=
Table 4.1 Calculation of the absorbed energy

g = b 28 A uhe) 28 B
17F g A []] 16 200
A4 A4 [mm’] 784 39,584

G497 F AR [m)/mm’] 20.4 5.1

u] A2 Oﬂ

77} 2008 2 230%], w28 B, R Byell 77 14508 2 1,0503] <17t

g ou, 7]EAko] 10% o] AT wg] A2H B 1,0003]

A7 9l

o)
o
tot,
!

7F el7telg S wf 7]EAge] 15.94%E HAs Attt wakA 7)E=

At 10%°l 3 & 1,0003] A A3t Aoz Rkt

el A 2 Bel AA 18] b Al BAAD EF IUAW)E

o
i
)
N

Z+7F 204 mJ/mm® 2 51mJ/mm’e|tt. g3 A H bR 2

FF AUAWNE AEF A3t vlelzH A 2 As 27

4
469 Jol™, wiel =¥l B; ¥ By 22t 7.33] R 5.05]oltt. 7|9 Ay=
2

e A3 de AAAF 277 ofbd G AAG oA F

e & F A TF A e 22 AAgolgtE ouA Fa e
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¥ 42 vy A9 7EHdS WE
Table 4.2 Change of reference voltage of Varistor A

v ~H Ay HHE] 2H A,
g | W | FA& | EsE ) Wr | BAR | A%E
[J] [Vl | [AU] [J] [Vl | [AU]
A 421 - A 402 -

50 1.02 404 0.960 50 1.02 386 0.960

30 1.63 396 0.941 30 1.63 380 0.945

110 2.24 391 0.929 110 2.24 376 0.935

140 2.86 386 0.917 140 2.86 373 0.928

170 3.47 386 0.917 170 3.47 366 0.910

200 4.08 375 0.891 200 4.08 363 0.903

< 3} 230 4.69 399 0.893

X 43 vEl2H B 74y WE
Table 4.3 Change of reference voltage of Varistor B

vt Y B, HE] 2 E By
5 = Wr | SA%% | M3 5 = Wr | SA3%% | W5
[J] [V] [A.U.] [J] [V] [A.U.]
A 624 - A 640 -

100 0.51 610 0.978 150 0.76 623 0.973

200 1.01 603 0.966 300 1.52 616 0.963

600 3.03 o85 0.938 500 2.93 614 0.959

900 4.55 o82 0.933 700 3.94 094 0.928

1,200 | 6.06 o2 0.917 900 4.95 o83 0.911

1,350 | 6.82 066 0.907 1,000 | 5.05 o8 0.903

1,450 | 7.33 999 0.896 1,000 | 531 038 0.841
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Fig. 43 Change of leakage current
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¥ 44 vigzE Ae AA FEAF A
Table 4.4 Change of total leakage current of Varistor A

HhE 2H Ay v S E A,
Wrl]l | S8 % kAl | 93&[AU] | WrlJ] | SA3% Al | ¥3&[AU]

AN 156.2 1 A& 166.4 1
1.02 167.9 1.08 1.02 172.1 1.03
1.63 163.4 1.05 1.63 179.2 1.08
2.24 170.5 1.09 2.24 189.0 1.14
2.86 177.0 1.13 2.86 209.7 1.26
3.47 186.5 1.19 347 214.8 1.29
4.08 194.4 1.25 4.08 247.1 1.49

< 3} 4.69 £35.2 1.53

45 vlelzE A A PR FHAT W
Table 4.5 Change of resistive leakage current of Varistor A

HhE 2H Ay v AE A,

Wrl]l | SA3% Al | ¥sS[AUL| Wrl)] | S3% (WAl | ©3& [AU]
AN 1.48 1 AN 2.21 1
1.02 3.11 2.10 1.02 5.54 2.51
1.63 3.75 2.93 1.63 6.71 3.04
2.24 4.21 2.85 2.24 7.19 3.25
2.86 0.29 3.57 2.86 3.64 3.91
3.47 0.52 3.73 3.47 9.23 4.18
4.08 6.31 4.26 4.08 9.93 4.49

< 3} 4.69 10.97 4.96
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it 46wt ~E B AA FAAT ¥
Table 4.6 Change of total leakage current of Varistor B

vt 2H B, HE 2 E By
Wrl]l | 3% Al | 93-S [AU] | Wrl)] | 8% KAl | ¥3&[AU]

AN 590.0 1 AN 0995.1 1

0.51 600.7 1.02 0.76 602.5 1.01
1.01 607.1 1.03 1.52 606.2 1.02
3.03 616.9 1.05 2.93 610.9 1.03
4.95 613.4 1.04 3.94 615.3 1.03
6.06 617.6 1.05 495 617.1 1.04
6.82 619.1 1.05 5.05 617.9 1.04
7.33 622.3 1.06 < 3}

47 vielze B ARE FHAT W
Table 4.7 Change of resistive leakage current of Varistor B

vl 2H B, HhE] 2 E By
Wrlll | SA3 % kAl | 93& [AUL | Wrl]] | SA3% Al | ¥3&[AU]
A= 1.14 1 A& 1.22 1
0.51 1.58 1.39 0.76 1.46 1.20
1.01 1.68 1.47 1.52 1.68 1.38
3.03 1.93 1.69 2.93 2.49 2.04
4.95 2.97 2.61 3.54 3.44 2.82
6.06 3.48 3.05 4.95 3.70 3.03
6.82 3.71 3.25 0.05 3.91 3.21
7.33 3.81 3.34 < 3}
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Fig. 44 Change of the third harmonic component
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3t 4.8 vzl ~E A9 A 3%y AR W3}
Table 4.8 Change of the third harmonic component of Varistor A

HhE 2H Ay v AE A,
Wrl]l | 3% Al | 93-S [AU] | Wrl)] | 8% KAl | ¥3&[AU]

AN 6.43 1 AN 9.72 1
1.02 17.37 2.170 1.02 23.83 2.45
1.63 21.73 3.38 1.63 30.26 3.11
2.24 24.76 3.85 2.24 34.51 3.55
2.86 2891 4.50 2.86 40.42 4.16
3.47 32.09 4.99 347 40.50 417
4.08 35.32 5.49 4.08 90.27 0.17

< 3} 4.69 56.69 0.83

F 49 vheEl=E Be| Al 3x29 A% W
Table 4.9 Change of the third harmonic component of Varistor B

vl 2H B, HhE] 2 E By
Wrlll | SA3 % kAl | 93& [AUL | Wrl]] | SA3% Al | ¥3&[AU]
A= 11.08 1 A 8.61 1
0.51 12.03 1.09 0.76 10.55 1.23
1.01 12.55 1.13 1.52 11.44 1.33
3.03 13.98 1.26 2.93 15.13 1.76
4.95 16.37 1.48 3.04 18.95 2.20
6.06 20.99 1.86 4.95 20.25 2.35
6.82 22.37 2.02 0.05 20.37 2.37
7.33 23.03 2.08 < 3}
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¥ 410 wEl=H A9 s W3t
Table 4.10 Change of total harmonic distortion of Varistor A

HhE 2H Ay v AE A,
Wrll]l | SA3#%[%] WH3e[AU]| Wrl)] | S [%] | ¥3&[AU]

AN 4.67 1 AN 6.61 1
1.02 11.47 2.46 1.02 14.77 2.23
1.63 13.85 2.97 1.63 17.74 2.68
2.24 15.42 3.30 2.24 19.59 2.96
2.86 17.28 3.70 2.86 21.78 3.30
3.47 18.63 3.99 347 21.70 3.28
4.08 19.95 4.27 4.08 20.23 3.82

< 3} 4.69 27.10 4.10

¥ 411 »#tgl2E B s W3
Table 4.11 Change of total harmonic distortion of Varistor B

vl 2H B, HhE] 2 E By
WrllJl | SA3#%[%] 9H3e[AU]| Wrl]] | 4% [%] | ¥3&[AU]
A= 18.98 1 A 15.45 1
0.51 20.98 1.11 0.76 18.73 1.21
1.01 21.97 1.16 1.52 20.20 1.31
3.03 23.711 1.25 2.93 26.03 1.69
4.95 28.48 1.50 3.04 31.76 2.06
6.06 34.33 1.81 4.55 34.17 2.21
6.82 37.24 1.96 0.05 34.45 2.23
7.33 37.11 1.96 < 3}
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