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The Oscillation Conduction Characteristics of ZnO Varistor Fabricated
with 3-Composition Seed Grain Method
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Abstract

In this studv., we may be presented the curmer oscillation properties for the low-voltage varistor

fabricated by a new method of three-composition seed gram, in order 1o analvze the behavior of

carriers at the its equivalent circuit modei.
The oscillation phenomena of carrlers appeared  frome current -voltage characteristics under  anee
voltage i= shown by the transient flow 5! nontrapped carriers group in the trap level of mitergranuar

laver, surface state and/or depletion iaver.

In particuiarly, current oscillation phenomena s hardly shown in the high clectric feld. It s that

the injected carriers from both clectrodes are directly from the conduction band of forward biased
ZnC ograin through the intergranular laver into the reverse biased ZnO grain, because the rap

In the electric field above the knee voltage 1s mostly filled.
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Fig. 1. Fabrication of sample and experimental procedure
1020

Calcinin% Calcining 750 C, 2hr,
r.



2) #AEY 57

C-f EXoz RE AA" dARDNM 9 7)a
e} ol we) HelE I ol s FAm B
HAHQ AZE srz YA, FE7)(wide

band preamplifier model bx-31, NF Electronic
Instruments, USA), A<t 243X (Keithley 237
High Voltage Source Measurement, USA)®} &4
ZZ(DL2140B 300 MHz Digital Osciloscope,

a9 2% o) FAsY =

2 A
Yokokawa, Japan)<:

g

3=

D.C Oacilo-
Power
Sopply soope
L 1 MHz Aspiifier
o 2. EREde A
Fig. 2. Measuring system of oscillation
phenomena
3. A8 % Ae
D ¢AAEEA
Iy 3¢ SHLE 30T Ade dAF- WUy
BREYE F4% Hypolvh 1y 3o ¢
F 0lsz ubsh #o] d4le eFgdenity o
q 29 oy SHFAEE AH 99 39 FAAYA
o Aol Frighell wheba Aol WA i Fo]
astn, wad FEusi Z7sle AL o £ 9
th
CURRENT-UOLTAGE CHARACTERISTICSCZn0-36)
-

1 CAmpa

e4/08/93

10:55: 58 Y Goles> nxe
(a) 30T #2353 [-v AEEY

1021

H7| A2 A 283 A .9, No. 10, December 1996.

CURRENT -UOLTACE CHARACTERISTICSC ZNO-38)>

xE-4

1 CRAnpa)

e
bondinbnd ¥ Cvalte) "
12: «8:28

(b) B 1A 1V AR5y
CURRENT-U0LTAGE CHARACTERISTICSC Zn0-38)
ea R
7. 43 4. = : O S AN
Region 2 ‘
7.23 4

S res oo

€

L4
.83
¢.62 4 . H i

PR TS T S RO S ;

172 7 12,4 7 12’6 1Z.7 1279
aase9/93 U cvolte) xEe
11:85:16

(© 9% 20lM e [V AmLA

TvoLIACE TERISTICSC ZnO-3@)

=xE-23 : : : :
P S T U S A

" Region 3 :
s.7s L

HIE

c

[

1.
1 L .-
FEE R S
17.7 7 T1re |
sa/e8/03 fabid
U <valts>
tti1tew

(d) 99 3ol A2 -V AEEA

ag 30 1-vV HREA (307T)
Fig. 3. Oscillation characteristics of 1-V (30T)



Zdrdolrt, I¥ 4b)9 rgs ZnO PR A
G= 94 2 T J9olMe S8 Fe) Ry
A R FTH FHA M S ol

9%
Zn0 Y2} —| f— 0 4=

A e N
A 7’\ A ] \\\
H2ol&d
W — po—w —
BRI
(a) utel&8 AW uyTzE Br12d
AAA
R
p g
— .
Cp
—

(b) wbel2el 2wy Srby HAYz =y

a8 4 vy ARe) Shud
Fig. 4. Equivalant model of ZnQ varistors

bl 2E R Y ojste) AAdAE Fe
Axe) grgol YA EdEslol AHA) o
ol FYUAI} Hxme] Jdsn EamA A
A7k e gAAME AR A B2 Aew
ARdY BY, FAE dAe] dpEe g
EREAY, £dnA 22 v s A
of HATE PG FuAL 2e
& S7hgl meba AWel HHE AAael 3
AR FHB AN Aol G4 ERYl A
A7) wEel ANHor Agitel YA A9
& B 5o anasel vrhit Ee, ?1

7h Aol FUhstel FA A A I

Wl EdEsie 2y A9d dae 0% '}r"
AdrE E2RAAL7 EAEA &7 U:H‘w‘oﬂ =
9] TREEL & wpolojz YUz :Hou,q o)
A o mpelojx gxte) HEgz X]0E1&]7]—o] 2
o] F}atA B} THAA oj4e] AAAME S
Aol &Wako 2 Fd® ArdalyE I oA
Aol AEgE ddygslua dmsh o] o)) 7)
Aol Bzl HEo] Mol Frsrl we @

of ojrpr wao] qojubq Wt A HW wel

2) 4AAE o Y 7@ olg ke
Zn0Q vhE gl AFAHGE <A ¢
Hlo) vhebubis d@42 K Edatsel o B
2k 19794 K Eda‘“ v ~H of du]E 4
AAR A A F o] dojds B
hd, AH 9Re vig A #uk olyel HaA
a9 oS e /‘ng°ﬂ Al Deep levele] &40 ¢
A wrAsiokys ARE S Helsida, T. Yasu-
kawa F& (CdSel #Hx: FHHAME i Q)

l’;}.47

O

Aol olEk gk FYI(T) Atele) A= o
Edo® K g 4 9o
d
L = ————— [m*/V-s] (1)
T-E
o 71AM, el o]Fe JAAAM dojutmz d

: ~-7}E_EJ£ RE 7E gAZ FHQ 200 A

L fofsly, wlazb s AA B A 2
= 41%‘_9,5: I*J’SMO}: gob BEE A E RE
Mol W (Sampling Technic Method)& o] &
o olgny AETS 4+ Ur)

1% 5, 6 W @ 78 30CAAN gA ZHae
AAE 27 29 39 g1 WYl 5x10° [V/m),
g 2 e 1x10° [V/mlst 4 3 Hgle) 2x
10° [Vimla 7F8A 7|84 2 AR 25T 8 ol &3
o #EHF AH TH 8AE Holn gUrk 194
A s vreh o] F 2R(Group Oscilla:
tion)o] ol A, Ldbdoel HE S et}

surzel Qe wulojojad dxe) 4ol
A AW BUHA B A4 299 Ax
gAY e wes gy BYEA gn

Az olFg 47 sbed Q¥ QAo A,

& 4‘% Hx}l'- 15

28!
u“_
_T_
~
i
ox
roh 7
o
)
o d&‘:
K3
- )
3
N
S
o
N
o
o
=)
ik

¢ o)
; LRI RIS T
of web FHF Bwol



At d s 7 Vol 9 No. 10, December 1996,

, a3/85/95 WS:u2: 31 tTrigger SCHL/2 aMEML  aMEM2  =7oam W1
CHi BmU
Lo9ml/div Em Wi T
|
|
i

CH2 1SmU
SomU/div
Wl S¥ns/div
Length 104
W2 S89ns/diu
Len3th 1k
Sampiing
Hormal

80mU

Zaalses

| !
Marker | !
i

Z.280ps N
U -16mkt '
Marver ‘ | CHY UL W2
T 9.758us ¢ \
U limUi \ PRGML W1 W2
Al -1.539ms | \N PROMZ W1 WZ
f
! ? ! COMEML Wl W2
ol 22l
/ COMEMZ WL W2
R S |
Display  -S@0aU ‘
S § W -1 971 . 2.3@;,;«,]
Mode Grid [nter- Zoom Scroll Window | Sequen- | Marker 1
polation ‘ tial (Zoom)
e - 1 - 1 i :

a8 5. A7rAA 5x10° [V/mlelA eazsazze fEI A5 4 Hat

L4

Fig. 5. Current oscillation phenomena observed with osciloscope in the electrical range of 5<10° [V/m]
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