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(Electrical Conduction Nechanism of the Low-Voltage Zn0 Varistor Fabricated
with 3-Composition Seed Grain)
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Abstract

The Zn0 varistors are widely used to protect electrical/electronic circuits from a
abnormal surge and/or noise signal. Some workers reported various methods for making the
low voltage varistors, Those may be difficulty to make varistors having knee voltage
below 6V. This study presents the electrical conduction properties of the varistor
fabricated by a new method of three-composition seed grain

The conduct ion properties of varistor observed in the temperature range of 20~150C
and at the current range of 107 8~10"'A/cm? was divided into the three region having
different mechanism as the current increased: The region below 10°® A/cm? was showed by
the ohmic conduction, The region 2 near the 107% A/cm? can be explained by the double
schottky barrier, and the region 3 above 10°* A/cm® was dominated by the tumneling
effect,

It is concluded that the method by three-composition seed grain may be better than any
methods, to make varistors having knee voltage below 6V
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¥ 1. A1#H9Y Seed grain T3
Table 1 Mixture ratio of seed in sample
D | ™'
Ti0; molx 0 0.5 i
SGwix | 0| 5] 10/ 20 40| 0| 5 10| 20{ 40 +S - Oven
-
Sample-No |# 1{# 2|# 3|# 4|2 5| / |# 7|# 8|2 9|m0 T r_____
Ti0; molx 1 2 0c
power
SGwtx | 0] 5] 10| 20| 40 0| 5] 10| 20| 40 supply
Sample-No | 7 |#12|M13|#14{#15| / [#17|#018|#19|#20
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Fig 2 Block diagram for V-1 measuring
device
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| Electrode - Silver | Table 2 Effective mean grain in seed
I grain bulk
I - I FE 4=
2% L YA ARAA B3 Seed Grain 27 unl
Fig 1 Fabrlcatlon procedure of seed S.6. BUK NO1 1351
grains and samples
S.G. BULK NO2 17.85
S.G. BULK NO3 22.73
S.G. BULK No4 27.78
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AbA 1, Seed grain bulk Wel mlAl 7z
a)Ti0, 0 mol% A7l€ S G B
c)Ti0; 1 mol% ¥7}¥ S G, B,

Photo 1. Microstructure of seed grain bulks

a)S.G B with Ti0, 0 mol%
c)S.G B with Ti0, 1 mol%

b)Ti0, 0,5 mol% H7}¥ S G B,
d)Ti0; 2 mol% H7}¥ S G B

b)S. G B, with TiO; 0.5 mol%
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c)S.G. B, with TiO, 2 mol%
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H 3. Seed graing] HE YA
Table 3, Effective mean grain size in seed

grain
B 3=
Seed Grain 3271 uml
S.G. Powder NO1 117.64
S.G. Powder NO2 133.33
S.G. Powder NO 166.66
S.G. Powder N4 181.82

AL 2 Seed grain @9l pjATR
a)Ti0, 0 mol% H~71¥ S G,
b Ti0, 0.5 mol% H7FE S .G
c)Ti0, 1 mol% H71E S G
c)Ti0, 2 mol% H7}€ SG
Photo 2. Microstructure of seed grain
powder
a)S. G with TiO; 0 mol%
b)S. G B, with TiO, 0,5 mol%
c)S. G, with TiO, 1 mol%
d)S.G B, with TiO, 2 mol%
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AR #3  dAE # 12

e} A8 # 17
Photo 3. Microstructure for the sample
#1 2 7 12, 17

a) Sample # 1 b)Sample # 2
¢) Sample # 3 d)Sample # 12
e) Sample # 17
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Table 4 Mean grain size for the sample

#1. 2, 7. 12, 17

Semple No. g- % [ f‘l.x]}
Semple No. # 1 5.62
Sesple No. # 2 8.18
Sesple No. # 7 10

Sesple No. & 12 9

Seaple No, # 17 7.5

# &= 7|7} 0.5 mol%oll Al E3}stir, 1 o]
Ao e BasteE AL Y F Ut F 8 4
0 AHe plATRE 2E AlHe 4AAEF
o HA7td EYatel AHEAL FHIGO
02 o]Fo] AH, Ti0, H7t#Fe] 0.5 molk



c)

AL 4 AIE #1,2,7,12, 179 B2
a)AHE #7 b) A H # 8
c)AH #9 d) A9 # 10

olgol HlW AHo ZF & o3 FE& I
AA A RE dAste RAes AlREH.

3.1.3 A" AZA D EUR] wix W3}
o) @ AR ulHTE

A4 e AW AzA Y 24wk
wajo] B2 AW 47, 8 9 R 100 AF vl
AF2E HdF1 QY. YHHow, AW
A 2UAE ARETD 2ARFE 1%
9 23 U2 A% HPL £ KE BT 9
Aol @77 AAe Aoz A" AR
o BEE 5 Y& ursh ol AW AzA]
A7hY AR W%t S7htel geN f&
PaYAe A7E 10 wth olA 11 25#4m=
ARAD 10 whold ZUAE BAsHAE o
= AW Aol 4A BFE AAZIE 37
AR w&n 7B A4l FAte RE

BT THRSR & 6% 1% 1993% 18

Photo 4, Microstructure for the sample

.#7,80910
a)Sample # 7 b)Sample # 8
c)Sample # 9 d)Sample # 10

X5 A" #7809 1000 g HFYAAY
Table 5 Mean grain size for the sample

#784910
B2 <ax
Sample No. Azl un]
Semple No. # 7 10
Semple No. # 8 11.25
Sesple No. # 9 9
Semple No. # 10 9

¢ & ik & S5' AE AzRA A7tE F9Y
Aol wt% H3lel wWE AHRY FEHTAR
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Semple No. | £1 #2[#3| #4285
Vicaarcn®y | S5OV | 15V ] 14V | 13V | 1OV
Sample No. 2718129210
Viow en?)y 5v | 5.5v] 6.5v] 8.5V
Semple No., #12] #13| #1411 £ 15
Vi(mascn?) 11v |13.5v] 16V | 22v
Semple No. $17) #18| #19] # 20
Vicomca?y 14V | 16V | 20V | 22v
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Table 7. Activation energy and trap level
in samples
e = u] ¥
o [ |
A [ev | T 9 [Vl | A (eV]
21 0.360 0.600 0.613
&2 0.260 0,446 0.457
£3 0,287 0.595 0.601
54 0.300 0.693 0,700
5 0.304 0.548 0.620
7 0.367 0.815 0.820
28 0.130 0.526 0.538
29 0.270 0.374 0.470
#10 0.214 0.363 0.451
12 0.294 0.411 0.552
#13 0.312 0.600 0,760
14 0.224 0.928 0,900
#15 0.357 0.708 0.754
n7 0.450 0.620 0.653
£18 0.342 0,486 0.500
$19 0.336 0. 556 0.610
20 0.245 0,417 0.428
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