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The Microstructure and Conduction Mechanism of the Nonlinear
ZnO Varistor with ALOs; Additions

S, UEE, ZHA”

( Se-Won Han’, Hyung-Boo Kang’, Hyung-Sik Kim"™ )
Abstract

The microstructure and electrical propertics of the nonlinear ZnQO varistor with AlQs; additions is
investigated. The variation of nonlinear behavior with Al:Os; additions is indicated from J-E and C-V
measurement to be a result of the change of the interface defects density N, at the grain boundaries
and the donor concentration Ny in the ZnO grains. The optimum composition which has the
nonlinear coefficiente of ~57 was observed in the sample with 0.005wt% AlOs additions. The
conduction mechanism at the pre-breakdown region is Lonsistcnt with a Schottky thermal emission
process obeying a relation given hy Jocexpl-(¢ - AE")/KT] and the conduction process at the
breakdown region follows a Fowler-Nordheim tunneling mechanism of the form Jecexp(- 7 /E).
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Fig. 1. Encrgy level of double Schottky barrier

at the grain boundary
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Table 1. Compositions of ZnO varistor

(unit © wt%)
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Fig. 2. Manufacturing process of ZnO varistor
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Table 2. Density, weight loss  ratio  and

shrinkage of samples

1200C sintered ( 190°C,8000rpm )
samples | density |loss weight shnnl\dge (%)

(g/ct) (%) dldmeter [thickness
A 26 0.5 168 1 166
B 26 0.36 168 : 165
| C 56 03% | 167 166
D 56 036 167 166 |
E 56 034 . 167 163
| F 56 030 | 166 | 164
G 5.3 018 | 153 156
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Fig. 3. SEM photograph of B sample(Z:ZnO
grain B:Bi layer S:Spinel phase)

ZnO A7 E3el HlRE viob 2o] ALO;

o] H7HA @ FAANE 7im oAU
ALO; H7heo] Holu ZnO YRz 7E= WAk 7
A2dte] H7lEko] 50wt%7t W AA 7HasiE A
o2 el o]t #ol YR AT} Fojmi= 7}
A2 o)lgE UA FAHE Amdite] AALew
AT 2oz EA st (@Sl olss daig
o284 ZnO 4= 4 A7) WEolf. =

3 3&
Bl A9 AlOse] H7rxEld )&
23 WA (ZnShe0) 9] ukE A9 W AHZnAlLO,)
o] Aol zZnOYxre AAL v At
ger AL3AEHEd  ZnAkOAY g3t A

2 2 Nunes® Ao 443 dF4d q1 &

¥ 4y z49

L—}_B)

3 ALO; E7tEel ©WE ZnO YA=A7)
Table 3. ZnO grain size with Al:O3 additions
Samples\Properties Zn0 grain size (um)

A 712
B 70
C 6357
D 6.17
E 51
F 556
G 244
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Fig. 5. Al-Ke X-ray image in the spinel
phase(ZnAlL:O4) (Al:Os 1.0wt%)
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Table 4. ICP analysis of ZnO samples

components| A B C D E F G

ALQs 0 10004 | 0022 | 0.142 | 0507 | 0962 | 5.060
Bi:O; | 1863 | 1.865 | 1857 | 1.866 | 1.882 | 1.883 | 1.6%0
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Tabie 5. Nonlinear coefficient, leakage current,
breakdown voltage of samples
Samples\Properties |a (>1mA) | Ep(V/en)| va(V) | Ji(iA/em)
AlOs-None 20 2000 206 38
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AA Est ALOs A7t 71842 o}
A Qo ol gy YATF A7tHE FEHAY
(v=(D/n) - Ep, 1714 DE AEF7, ng ZnOY
Atgolth) o2 FastE ALO: H7FgFe] 0.02wt%
<l D= “77]-1 F2.05(V)E Ao vlx3h ﬁ& A
2 e Y. ALOs2 77t AA,
gL PAE Foodoze Zn
r}_’\, YAZEE Bl dd359 3§
4 W3 18l ZnO A e 4A
o} olFdge e Fold A= 9
A 2@ AR AN BiOs %9
& Fog Yehti glenz o
713 olF L AHE w A=
e 7jEY A
)g(E) EM:ﬂ_/\io %];(].

R A WY

FE

g5
=R

2
)_]1’
o 4 e
A
> Jlﬂ‘
= O

y T,

ot

to L
o T o gy

oX 1o N
o
9,
~N
[

U oo -t B o
]
ol

-,
3
ad
k1
0

|
)

F &

g8 7

i
=2

i)
-
=

i
-

o}sh:
T S
Carlson’ ), Hanm
o ,] o] e u}] Asti @ l d 74]4

L 2

T4E

Nl&
g

*‘Lo' ’o‘ oz ‘é‘?r’ﬁ}@ log(J" )*log E")
87 dub A7A dE ZnO YAe] HF YA,
E A9 S d4ske ¥9Ee FA, & 4A

7 FES do AAE Ep'etan A3t

2

7] =



log(Ep')=log(Ep)+log(d/t)7F €tk A= log(])-
log(E) F4& log(E)%S W} log(d/t) o+ 2

ol FetH YatAv] o Adglol &R st YA
el AFEtE log(J)-log(E") el dojzlut
97 JAAZE st Al - log
() 1og(E) HA2de2 iabarle] wisrt v
= GEe wAg A tse 5*39.?. T drh
62 H7MEY 2AAWE “Er, vt 2 I°E w
W AR 5k Hjnl } W v A A G et
AAHFUE ] A sk Ag shAa tﬂ§}6’]—
gk EE ALO;e AZFHol 0~0.02wi% 7 A =
@9 YA FE AL ve' b 204V)E A H B4
T "rbaFe] 0owitgol o] EWAl C1 gho] #hast
Ak ole 1”6e] J-E 54 /'191 e s
7y Ao R e lenw e A &5
Agell MR Fge A dAR FFEEol T
2919 Ao g
6 L] T L] ¥ L] T L] L} T
— s} D O 600 0 00 ]
£ " i
L 4
Z. i f 1
*/\
il 3 8 f o ALO,None d
~- & o ALO,D 005w%
8’ [ e F 8 ALO,002w%
a4 2} ¢ ALO,0 50w% i

1 1 L e i L A N i L
1077°10° 10% 107 10 10 10 10 107 107 10°
Log(J") [A/em?]

a3 7. gAiel wel darsta J-E 54
Fig. 7. Normalized J-E characteristics ()f Zn0
samples with the grain size

¥ J-E 5ol A At v A

6. gt 3hy
F,oFAAH, FEAL 54 v

ir
ar

Table 6. Nonlinear coefficient, leakage current,

breakdown voltage of samples with
normalized J-E curve
Samples\Properties |a (>1mA) | Eg (Vien) | va'(V) | I’ lut/en)
AbO;-None 30 138x107 1 203 33
AbO;-0.005w1% 57 1L72%10° | 206 20
AbO3-0.02wt% 48 1.73510" | 204 10
AbOy-05wt% 37 15%x10° 1 178 70
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