Journal of the Korean Ceramic Society
Vol .27, No 4. PP.473--480, 1950,

Fabrication of Low Voltage ZnO Varistor by Seed Grain Method
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ABSTRACT

Low —voltage Zn0—based varistors were made by seed grain method at various sintering conditions. Their
microstructure and electrical properties were investigated and compared with those of the ZnQ varistors made
by a conventional method at the same sintering condition.

During the sintering process, the added seed ZnQO grain rapidly grew to be a paint grain{above 500gm)
providing easy current path. Therefore the breakdown voltage was lowered as much as the order of 1/10—1/
% in comparison to that of the varistor made by a cenventional method. But the grain size of the giant Znf) was
little influenced by sintering condition, so the breakdown voltage was also little influenced.

The weight loss was decreased by the addition of the seed grain, because the giant grain decreased the
evaporation area. Therefore the nonchmic property of the specimen made by seed prain method was little
mfluenced by sintering condition. In this research the low—voltage varistor made by seed grain method showed

(473}



o
Pas

r‘r

the least leakage

rl’_.

SEr

current when sintered at 1130 for zero hour

2] (transient surge) 2 ¥
dqh 544 wlg e 2
&zl 2 ZnQele]AH 7t
7“*3. BEel 32 Ax AFL L3l
{(breakdown vollagelo] 10—20V B %
E]?] AEz glct

eHVD) & Vhb=Ng-Vgh &
ole] Ng & dFAele] #edz A7y ddg 5o
_4"7

wel 442

243
<.
2 Vb & 3 YA 49l $37
2slel o7l WEel A7

Ng

1] DHLC’I 1:— vV gb -
AER 9k

BERES

of ﬁ]—D}
o AR,
Hh:\-sé a}g._}iaﬁ

ulg] AE S

&=z Zn0 vle|~ ¥, sandwich 8
o] &5 ulE

)

=) o] &2 3 {heterojunction) &

25 Fo| AAYE vlelare Lusln gk 28
o] g wla) ~E 5L o] | F24be] LFA o] oldl d 5
Halo] of7|E o], o1z F55He] AEn —‘I_'—;ll—;‘ﬂcﬂ-
o Go|@ 24| odnt AZEYo] A B2l §

B ook FE EAE st HE ez ZnD%J
AL 4AAA AAGE vl A S EHE wdo| 4
E5e} gheph ool 1400°C ] Aol A 445 iz
E HEYAL Slpm ol 4oz S A7)} ofE ],
53 BiyO; 54 Fol Hate] vl 4=l A7 -4 5
Aol dAdA HAAT. YAz A7) Heied 4

AzA 24 TiOn ALD, 2 7 7ksir]n shejmiss
woel 0 g Aut Yool Ll
o §

T 2AYAE Ao

A A delo] ogk v A4 oA QS o LR
S

H oo Fel e A1 E4e] ¢fida Ay 4 5

#ol 2vin ¢ea 24 9 (seed grain) iy o5 A

GHE w2 E Aasiyes, 2R 4R Hoh o 4A

X A e |z #7H S49)
ABE BAE T2 Dol oG AALE wel 25

(474)

o HALH =xE A}

2. =gl

T dgSg L 24 Frix gHeR FLEG,
A FEe TAYA ez Agat] Slete] el 100um
of4al ZnO ety bl ol siafelnf Fa) HRo
Mzg T2 ddg ol gl MAdE nlgaEE A=
b FAelcl

FA iAo Alze Eda¥7 g il ez Fujes
o}. Zn0of 0.5m/0 2 BaCO,& #7}sled 1400°ColH 10
AlZE Fob ad st o] £4AE Fe F50 e

A A= Ba0F Fojdlo] od& =
M —120~+270mesh & YA4E FA} Yoz AL 8y
t},

718 dle) A8 2AL 977n0, 1Bi0s 0.5Mn0, 0.5

Cr;04, 0 3C0:0, 0.5Ti0:(m/0}e] G444 2 &3l
th, H5Ee 298 wxFr Y8l Teflon ball o

palyvinyl B &

Adet. BE &

o]-&35le] acetone & Sejz 245 3
448 Az53z —80mesh 7} 5 EE& =3
s, 7|2 )
0, o9
R 01 ,in]»

fouks 1
EI "‘Ei =4 10w/0 &

2o

heted disk 5= 2] 4
—rﬂ‘éf—&*&ioﬂ 41 10001350
5= 250 /hr 2 8y
A5l T4 zbak{weight loss) & Faks{ct.

Falzl=l drla st Fad e S ALEsle) 2t oA
s8] Algie] el F2RE s, 41213
ZAE7] H3le! 2 cdekg v sH Ao
#1359 th. Regulated DC power superply (Keithley,
Model No.241)& A4 e 2 dof, Electrometer
(Keithley. Maodel No.10)9t digital multimeter
{Keithley, Model No.173A)5 o] &-3le 10mA ¢| &9
HA% ojofol A FE-EUAELE 2. T4
ot VimA/mm 2 wjzslgen, €Y A4la)e R

b W —10%A/em?g] kel Faby

a2

=
F oux



A UE H7H M2 O|MTER #7|H EY

Zz AL A 237] Y3ld Zn0 o ¢.5m/o BaCO, &
Arbsie] 1400T A 1040 3F B9 £F skl o] 234
4 Eud FAmAHe S AESed faslden, &
g e HES BaKe & o)23}od X-ray area
scanning & 7 3% Fig.1o] vfelielrl. £74 4] BaCO,

+HE, Baty) o} b (1.344) 0] In*t

gAY ET 34 37dE, Bal Znd 4
Ao 2 s regateP—JDJ Al ate 72 Eadr},
S 3 2ol Huiel BaQ 7} =
ehb 2wy ZnO g4 YAEL FRE, o] g

ul
[) =

7o) ~120~+270mesh ] o<
shaivh. T iAo AL Fig.le ot 2

aft riim

-

2,

41

g 70 whElaHY AZ

513 a4l Halk d
§, 7% stelan 24 £ 9E &
L
=

ital Tpmelstel9in, 749 median 3

o ei:}. o9 Rl AAHA AT 2 F 3

£ 92%0]
4um o] 3}
o glxE

= N

o =% du S H

BW AT—"OW 7}:3 7]’

™~
]
[
%
_|_,
).
Rl
_'i..

34 Aol WohsA Bekg A% 475, W0wio A
Aene Aee
g, 3% el A G A2AE A9 3
g 2709 LAEe) BTl g

. p 1
A7 7L Aol gAseeE o 4 gleh 27

Fig .1, Scanning electron micrographs showing

{a) free surface of sintered bhody for seed grain,

{c) shape of seed grain, (d) polished surface of the

low —voltage varistor specimen, and (b) X-ray area scanning with BaKa on the same region of (a).
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Fig.2. Optical migrographs showing the polished
surface of the varistor specimen sintered at
1300°C for 0 hour with (a) ¢ w/o seed grain,
(by dw/o, and (c) l0w/o.
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Fig.3. -V characteristice of the specimens sintered
at 1150°C for 0 hour with 0 w/o seed grain
(), sw/a(T), and 10w/o{A).
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Fig.4, Optical migrographs showing the polished surface of the varistor sintered (a) at 1150°C for 0 hour with
0 w/o seed grain, (b} 1350°C, 2 howrs, 0 w/a, (¢} 11507, 0 hour, 10w/0, and (d) 1350°C, 2 hours,
10w /0.
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Fig.5. Breakdown voltage vs. sintering temperature L s
of the varister specimens sintered for 2 hours TEMPERATURE (*C}
with 0 w/o seed grain{(), 5w/o({l1), and 10 Fig.6. Breakdown voltage vs. sintering temperature
w/o(4) sintered for § hour(D)), 1 hour{a), and 2

hours([) with {a) 5w/o seed grain, (b) 10w/
o seed grain.
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Fig.8. (a) Scamning electron migrograph of the low—voltage varistor with 10w/o seed grain, (b} energy
dispersive spectra of arrowed part in (a} showing the trapped Bi—rich phase in the giant grain.
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Fig.11. I-V characteristics of the low—voltage
varistors with 5w/o seed grain, sintered {(a)
at [100°%C for 0 hour, {b) 1150, 0 hour, (c)

1200°C, 0 hour, (d} 1100C, 1 hour. (o}
1150%C. 1 hour, (f) 12007, 1 bour, ()
1100°C, 2 hours, (h) 1150°C, 2 hours, and (i)

1200°C, 2 hours.
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Fig 12, 1—V characteristics of the low—vollage
varistors with 10w/o seed grain, sintered (a)
at 1160°C for 0 hour, {b) 1150°C, 0 hour, (c)
1200°C, 0 hour, {d} 1100¢C, 1 hour, (e)
1150°C, 1 hour, (f) 12007, 1 hour. (g)
11007, 2 hours, (h} 1150°C, 2 hours, and (i)
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