RUFACTURI NG ZI NC OXI DE SI NTERED COVPACT BQODY This invention

rel ates to a nethod of manufacturing a zinc oxide sintered conpact body
used in a zinc,oxide varistor, which is applied for renmoving induction

nei se of |ightning, noise of electric souy ce arising in various electric
and el ectronic appliances, noise of steep pulse, or surge. Recently, a zinc
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and operating stability of electronic and el ectric appliances agal nst, for
~exanpl e, various surge or pulse noise or induced lightning, and also to
cope wth reinforcenent of various noise regulations. A conventional zinc
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varistor is the voltage at the tine ectric curre n

the var! st incDRRaRd Q9n00rdd'CcbuPRS, Fody sl 4P £LERN o0 BLSGHLS

appl i ances have, e operating ranges fromseveral -tens 0O

several tens. o] V. e b ner at | olta |,S..basi cal
determ ned%ﬁ%hégnéﬁﬁgfedoffoﬁ }téﬁéﬁérslg p{r}gdsde%%ﬁog‘e#‘ &g% éf eg)[egd)tdlélg,g 'aﬂal?‘%/ S
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Recently, a zinc oxide varistor has been used more and
more in order to assure the safety and operating stability of
electronic and electric applianceé against, for example, various
surge or pulse noise or induced lightning, and also to cope with
réinforcemenf of various noise regulations. A conventional zinc
oxide varistor will now be explained. The operating voltagé of a
zinc oxide varistor is the .Voltage at the time when 1 mA of
electric current runs in the varistor. Depending on the types of
circuits electronic and electric appliances have, the operating
voltage ranges from several tens of V to.severél tens of thousand
V. However, the operating voltage is'basically determined by the
number of pgrticleé present between electrodes, and it is known
that the operating voltage pér one particle is about 3V. 'Except
for high voltage products with high operating vdltage, low
voltage products have a'fixed thickneés. so that the operating
voltage is dependent upon the diaméter of ﬁarticles. that is, the

number of particles.



2 When,ceram.cs are sintered, the density starts to increase in the initial

stage without so nuch acconpanying growth of particles. As soon as
the increase stops, growh of particles, called a secondary
recrystallization particle growth, wll, then take place. Thi s process

often creates abnornmally large particles, which is called an abnor nal

particle growth, jleH &Awees dapbli BPAL&ReG, nﬂﬁoer&hsw% Vﬁ’céﬁ&?
Therefore, a product with operating voltage ‘of 100 V and hi ghe Mhlé% may
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conpounds whi.ch are present in the artlc e eld aff ct the distribution
|nthe product with operating vol age o 1Bb \' and 1gher, which may

have small particles, had around 33 particles and more in the 1
mm thickness. Statistically, this product comprised a proper
mixture of large particles  and small particles, and distribution
in operating voltage did not become so laige as to interfere with
production. In the case of a low voltage product of 100 V and
lower, it was necessary to allow particles to grow. Therefore,
it was common to slow down the prégramming rate and to fire for
many hours.

For the purpose of securing reliability, and also by
estimating drifting during the firing, a zinc oxide varistor is
provided with a large amounf of oxide or carbonate to excess, so-
that additive elements are sufficiently present inside the
particles and in the particle field. When the additives are
fired, one of the compounds which can be present in the end is a
solid solution of zinc oxide spinel, and these compounds which

are present in the particle field affect the distribution in the



3 dianmeter of particle. Furthernore, the increase of programmng rate at
the tinme of the debinder process (0 to [err]) can |lead to various
reliability deteriorations, for exanple, distribution in operating voltage
ahd | eakage current may increase becausg the debinder process is
insufficiently performed and carbon remains. In addition, a rapid
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of this invention to solve the above-
as a manufacturing method in the industry.

However; in the conventional method mentioned above,
giant particles of 100xzm and larger which are trying to grow
abnormally and smaller particles with insufficient particle
growth are coexisting, and a large number of particles with about
20;im are also present. As a result, distribution in operating
voltage were large, and it was difficult to attain the product
specification of £10% in operating voltage. Also, its low yield
of around 50% was a big cost problem. . Since additives which
produce the solid solution of =zinc spinel' are present in the
particle field in the form of microparticles, they prevent
particles from growing, thereby causing distribution. Therefore,
it is considered appropriate to control the amount of additives.
However, it is necessary to add the additives to excess in order
to secure reliability and to attain stable quality.

It is an object of this invention to solve the above-

mentioned problems in the conventional system by providing a



menti oned problens in the conventional system by providing a 4 et hod of
manufracturing a zinc oxide sinterdd conpact body for obtaining a

hi gh-quality varistor with | ow cost by allow ng particles to grow

uni formy and also by securing stable reliability. In order to
acconplish these and ot her objects and 4dvant ages, a nethod of
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to [err] %ggg |§jr%a pri mary phase tenperature range of a s_oIrd sol ution
of zinc oxi prn and at the programming rate of 30 to [err] [hr in the

range of from 95 rr] In the aboyve-nenti oned refer bl e
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Oto 0.5 ml% tin oxide [err] at 0 to 0.5 nmol % and one substance at Ieast
cont ai ni nGORPGH Hefd¥ fomprises the step of firing a zinc oxide varistor

composition at least conta1n1_ng zinc oxide at 78 mol% or more,
magnesium oxide at 0 to 20 mol%, bismuth oxide at 0.1 to 2 mol%,
TiO2 at 0.1 te 2 mol%, and antimony oxide (as Sb'203) at 0.01 to
0.5 mol%, wherein the zinc oxide varistor composition is fired at
the progr'amming rate of 175 to 500°C /hr in the temperature range
'of_ from 650 to 95()°C comprising a primary phase temperature range
of a solid solution of zinc oxide spinel, and at the programming
rate of 30 to 500°C /hr in the range of from 950 to 1300°C.

In the above'-mentioned method, it is preferable that the
ziﬁc oxide varistor composition is provided with cobalt oxide (as
Co0) at 0 to 3 mol%,, nickel oxide at 0 to 3 mol%, manganese oxide
(as Mn0) at 0 to 3 mol%, magnesium oxide at 0 to 20 mol%,
chromium oxide (Cr,0,) at 0 to 0.5 mol%, tin oxide (Sn0,) at 0 to
0.5 mol%, and one substance at least containing aluminium or
gallium which forms an oxide during the burning process at 0 to
50 ppm mol%, for forming a solid solution of zinc oxide spinel

essentially having the following formula (Formula 1).



gal liumwhich fornms an oxide during the burning process at 0 to 50 ppm

mol % for formng a solid solution of zinc oxide spinel
the following fornmula (Fornmula 1).

solid solution of zinc oxide spinel can.be shown only essentially as
Formula 1 is that the spinel phase, beinhg analyzed by the XMA analysis,
di ssol ved aslﬂnﬁﬂghdIPOdy I n various atons and showed a | arge distribution

of atons con& al ne

, SO0 that it was not possible to recite the precise

essential ly having
(Formula 1) [err] The reason why the
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formula. Furthernore, i4_is f ble that" fyring tenperature of zinc
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being fired.

solid body in various atoms-and showed a large distribution of
atoms contained, so that it was not poésible to recite the
precise formula.

Furthermore, it‘is preferable that the firing temperature
of zinc oxide ranging from 1025 to 1200°C is maintained fdr 2
minutes to 100 hours.

In addition, it is preferable that the burning process
takes plaée after adding a binder at 2 to 10 weight % and press-
molding.

It is preferable that the burning process takes place
after adding a binder at 10 to 50 weight %, and forﬁing a thin
film by a dicoater method or a doctor blade method.

Furthermore, it is preferable that the film formed by a
dicoater method or a doctor blade method is formed into a
laminated chip before being fired.

. Also, it is preferable that prior to performing the main
firing in the primary phase temperature range, a debinder process
is performed in advance at 350 to 650°C and also in an oxygen-

containing atmosphere, and then the main firing takes place after



Al so, it i s preferable that prior to performng the main firing in the

primary phase tenperature range, a debinder process is perforned in advance
and then the
main firing takes place after 6 the atnosphere is changed or in a
separate furnace. In addition,.it is preferable that at the tinme when the

at 350 to [err] and al so in an oxygen- containing atnpsphere,
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It is preferable that Cr oxide and Sb oxide are each

added at an amount of more than 0.01 mol%.

Another invention is an zinc oxide varistor manufactured

by the above-mentioned method.

According to the above-mentioned configuration of this

invention, by controlling the production of zinc spinel solid

solution as much as possible, a uniform growth of particles can
be accomplished. In particular, the programming rate is enhanced
in the range of 650 to 950°C, which is a primary crystal
temperature range of a zinc spinel solid solution, for allowing
particles to grow uniformly. For further attaining uniform
growth of particles, the temperature ranging. from 1025 to 1200C
is maintained for many hours, thereby obtaining good results. In
addition, when the debinder process takes place at the
teﬁperature o;f 650°C and lower, it is possible to obtain a zinc

oxide sintered compact body having even more uniformly formed



particles

débi nder

-to grow wuniformy. For further attaining' uni form growt h
of particles, the tenperature ranging from 1025 to [err] is maintained for
many hours, thereby obtaining good results. In addition, when the

process takes place at. the tenperature of [err] and | ower

, It
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conposition of this inventiopn consists mainly of §$nc oxi de particles,
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m xture mainly of the bisnmuth oxide - titanium oxide - zinc oxide type.
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which is a primary crystal tenperature range of a zinc oxide sp

sol i d sol wdtoninpludedti dheof pankicles grow mostly to the same size.

However, by adding various additives for securing reliability,
these additive create compounds which exist in the particle field
and interfere with the particle growth. The composition of this
invention.-consists mainly of =zinc oxide particles, and the
particle field includes a zinc oxide spinel solid solution and a
mixture mainly of the bismuth oxide - titanium oxide -~ zinc oxide

type. In this case, by enhancing the programming rate in the

" range of 650 to 950°C, which is a primary crystal .temperature

range of a zinc oxide spinel solid solution, production of the
zinc oxide spinel solid solution ié restrained. In this way, the
growth of =zinc oxide particles is facilitated. At the
temperature of 1025°C and higher, a liquid phase mainly composed
of bismuth oxide - titanium oxide - zinc oxide produced in a
large amount becomes dominant, and the production of zinc oxide
spinel solid solution is restrained gradually, so that the
influencg on the particles is not particularly large.

Next, influence of the debinder process will be

he
S
ch

and

nel



zinc oxide spinel solid solution is restrained. In this way, the gromh of
zinc< oxide particles is facilitated. At the tenperature of [err]
and higher, a liquid phase mainly conposed of bismuth oxide - titanium

oxi de - zinc oxide produced in a | arge amunt becones dom nant, and the
production of zinc oxide spinel solid solution is restrained gradually, so

that the influence on the parf{ic]es.is not ticulacly_large. xt, .
i nfl uence eﬁPi%%Qﬁg' d@ﬂiﬁﬂgﬁnlﬁréﬁﬁgﬁF %ﬁIqég%gémmm°§i¥x695iﬁ%QHE§E$P93P§anic
bi nder is used commonly for nqyutacturing ceram. ¢ conpougds. Dur i ng gass
production?er%mc‘arﬁ‘ém%‘%‘ﬁm' of PYFig8u AAS Sy r RF MUt 88ed 2 $3F§hafmgpRt o
diffusion is_insufficient inside the ﬁroduqts versus the surface,. This
can cause Bredugis aatRInPreces8dhonse o thakuddri A fNgionniitor IReWdiaiess.
In this case, not only can the reliability deterioration arise due to
oxygen def iesidgytheypradusgst Nergudwthe osuptaag.c| dhiga®ape causer a s@dldo
cause distribution in operating voltage. Final[g, when an appropriate
anount of swount sof ucarhenoftozinemadni d8 epinesrunifermeseonditypnmai Anaithifg
the tenperature in the range of 1025 to [err] for many hours, the boundary
energy of ease, chet oahybeaonetheatnaldlabylinyf detenberationmrfiaei gué otaed
particles cause |less distribution in operating voltage. FIG 1 (a) is a
traced droxygen dbfieier®ijM budt mlso the growth of particles can be
restrained to cause distribution in operating voltage. Finally,
when an appropriate amount of solid solution of zinc oxide spinel
is present, by maintaining the temperature in the range of 1025
to 1200°C for many hours, the boundary energy of particles can
become naturally uniform and the uniformly formed particles cause
less distribution in operating voltage.
FIG. 1 (a) 1is a traced .drawing of a SEM photo
(magnification: about 100 times) showing a third firing method in
Example 1 of this invention; FIG. 1 (b) is a traced drawing of a
SEM photo (magnification: about 100 times) showing a conventional
firing method (smaller particles are larger in number).
FIG., 2 is a graph showing firing speed and distribution
in operating voltage in one embodiment of the firing method of
this invention.
This invention will be described in detail by referring

to the following examples and attached figures. The examples are

illustrative and should not be construed as limiting @ the



(magni fication: about 100 times) showing a third firing nmethod in Exanple 1
of this invention; FIG 1 (b) is a traced drawing of a SEM photo

(rmagni fication: about .100 times) showi ng a conventional firing method

(Smal ler particles are larger in nunbery. FIG 2 is a graph showing firing
speed and distribution in operating voltage I n one enbodi nent of the firing

met hod of this invention. This invention will be described in detail by
referring %%thfel%llpowl}ﬁg"aékanpl es and attached figures. The exanples are
illustrative and_ should not be -<construed as Ilimting the 9

i nvention EX¥eBRAe day. Exanple 1 First, the fol | owing oxi des were m xed:
zinc oxide at 96 nmol % oxide whi ch mai nly forns a solid solution of zinc

oxi de spinel, ot hEATERanthe tE}1oWiBR; Bél%ﬁﬁj wexggBiEed: okinge oxigde @t59fp| %

(Chrom um oxj de, antinony oxide, and tin oxide were added. Here, chrom um .

oxi de and BOHéoxpwiderwhigh mmbpeﬁ@lanﬁ easpaidt Belution | 9Enedncs oxidet ed

to slight deterioration in a nonlinear coefficient: a or in pulse

char act er i spinad),, othemnthen oxitanius sexide oandiemangrnerengewistes oxt dO.5

totaling to 1.5 nol % and ni ckel oxide.and cobalt oxide totaling to 2 mol %

Then, al unhol%n (Chroaatiem wxdideaddptimeny dXidepprandndiids oxideriere) addedd

pol yvi nyl-
Here, chromium oxide and tin oxide are not indispensable since
their influence is limited to slight deterioration in a nonlinear
coefficient: @ or in pulse -characteristics), titanium oxide,
bismuth oxide, and manganese oxide totaling to 1.5 mol%; and
nickel oxide and cobalt oxide totaling to 2 mol%. Then, aluminum
nitrate was added at 10 ppm mol% (ppm=10—6), and polyvinyl
butyral 10 weight % liquid which was dissolved with a solvent
such as butyl acetate was added as a binder at a weight ratio of
35%. This substance was mixed in a ball mill for 20 hours, and
then formed into a thin film using a doctor blade method or a
dicoater method. Thereafter, the film was laminated and fired at
1300C for 2 hours, thereby attaining a thickness of 1 mm.
Distribution in operating voltage were as follows:
(1) Conventional firing method

Firing temperature: 0~ 1300C; programming rate: 100°C /hr;

after 2 hours of firing at 1300°C, operating voltage and
distribution: (3 sigma) 60* 12V (here, voltage of 1lmA running ih

a varistor); process yield: | 50% (product standard =+ 10%;



butyral 10 weight % Iliquid which was dissolved with a solvent such as butyl
.acetate was added as a binder at a weight ratio of 35% This substance was
mxed in a ball mll for 20 hours, and then formed into a thin filmusing a
doctor bl ade nmethod or a dicoater- neth Thereafter, the filmwas o

| am nated and fired at [err] for 2 hours, thereby attaining a thickness

of 1 mm DistriQution in operating vo]tage. were,as .foll : ).

Convent i onatU§u4a r’lannelt%oﬁh% Pm‘@e%engg?ﬁgﬁ@r [é?r]l,nck}‘gé\gan%ﬂlﬁhr also
[err]; after.2 hours of firing at [err], . operatjng voltage and

i stTi but i SRS sFRRmYiELr 851210 e cB1SEHT SR BRF QIR R ngierera bY
varistor); rocess . yield: 50% (product  standard [err] 10% 10

Fl uct uat i oRt$aFiRg piBRKiancker kaf tiarasterdptides, and cRealabl bitect dhet he
yield as to be discussed hereinafter. Here, by attachi ng | nportance to
char act eri 517108 StRMDeERtuRe | aRd timQ Werenpaiphpbied (& afdheure akr dhe

mai ntai ned for 2 hours at the highest tenperature of each enbodinment in the
convent i onaighasti tgmperairead epehf embodinanthda dhet gpavemtionalofiring
However, this procedure was onitted in the follow ng exanples).

Fur t her noreethasgaandl ethe of imingt matheddatfi ntlels pinvantdonas Howeyemedtbisnot
a significant difference was not observed in the conventional exanples. On
t he ot her prowbdurehwasxmigited i the following examples).

Furthermore, regardless of whether a debinder process was
performed or not, a significant difference was not observed in
the conventional examples. On the other hand, the examples of
the invention attained more preferable results with a debinder
process.

(2) Firing method 1 in the example of the invention |
No debinder process performed; programming rate from 0~ 650°C
100C /hr; programming rate from 650~950°C:  300C /hr;
programming rate from 950~1300°C: 100°C /hr; operating voltage
and distribution: (3 sigma) 45+ 4.8V; process yield: 88% (product
standard =+ 10%).
(3) Firing method 2 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
100°C /hr; programming rate from 650~950C: 300°C /hr;
programming rate from 950~ 1300°C : 100°C /hr; maintained at 1025°C

for 5 hours; operating voltage and distribution: (3 sigma) 43%-

4.5V; process yield: 92% (product standard =+ 10%).



the invention attained nore preferable results with a debinder process. (2)
Firimg method 1 in the exanple of the invention No debi nder process
performed; programming rate from[err] [err] /hr; programm ng rate
ffom [err] progranmming rate from[err}j [err] /hr; operating voltage
and distribution: (3 sigma) [err] 4.8V, process yield: 88% (product

standard [pfy] el0%he fdtnodis 10, S0k Bet B SHRRSoR! (e nvention

No- debi nder “‘pr ocess®per ranm-ng rat omflerr| [err] /hr;
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process- perforrred pr }?ramﬂ ng rate from[err] [err] /hr; pr ogr anm ng

rate frowandagdr f 10%krr] /hr;

(5) Firing method 4 in the example of the invention
| No debinder process performed; programming rate from 0~ 650°C
100°C /hr;  programming rate from 650~950°C: 300%C /hr;
programming rate from 950~ 1300°C : 500°C /hr; maintained at 1000°C
for 5 hours; operating vol-tage and distribution: (3 sigma) 43%
4.7V; process yield: 90% (product standard + 10%).
(6) Firing method 5 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
100C /hr; programming rate from 650~ 950C : 300°C /hr;
programming rate from 950~ 1300°C: 30°C /hr; operating voltage and
distribution: (3 sigma) 44%x5.2V; process yield: 86% (product
s-tanda_rd X 10%) .
(7) Firing method 6 in the example of the invention
No debinder process performed; progrémming rate from 0~ 650C
100°C /hr; programming rate from - 650~950°C: 300C /hr;
programming rate from 950~ 1300°C: 30°C /hr; maintained at 1000C
for 5 hours; operating voltage and distribution: (3 sigma) 42%

5.1V; process yield: 85% (product standard +10%) .



progranmng rate fromf[err]; maintained at [err] for 5 hours; operating

vol tage and distribution: (3 signa) [err] 4.7V, process yield: 90% (product
standard 10% . (6) Firing nethod 5 in the exanple of the invention No

déebi nder process perfornmed; progranmngipate fromf[err] [err] /hr;

progr anm ng rate from Jerr] [err] /hr; progranm'ng rate fromJ[err]

- [err] /hr a.tln vol € an dlstrlbutlo (3 si [err] 5.2V,
process i éﬁi f%“@pﬁ%[ﬂﬂfi %gtlﬁnag?cﬁ’faéqprl]e 280 nhe (*Aves r‘P g method 6 in the
exanpl e of the invention No debi nder process perfor med; prfogra n rate
from[err] [ er jebigder pﬁ?%%?sanﬁ’ﬁ‘?f@rmefiat ETOgTAYrANE [r@rtﬁ r%rﬁrﬂr %
programm ng rate from[ % mai ntal ned at [err] for 5 hours
oper at i ng %@"Pa{d@,arwatgw%@t o‘h 0°@3 %‘?I’gn’a) howt i | ProgTammdngc £38ey fapm:

85% (product standard J’)err] 12 (8) Firing nethod 7 in the exanple of
the i nvent $20r~1958Ga300/duss Prosramping rafico diremnidg~r 43@0°CrohQle rhrierr]
mai ntained at [err] for 1 hour; programming rate from/[err] progranm ng
rate from pperdtingervalitageyandadastnibution: Ka i pigna)3 4159l V| eprpcpedcess
yield: [err] (product standard [err] 10%. (9) Firing rrethod 8 in the
exanpl e ofyiehhi ;i 106%t {product standard =+ 10%).

(9) Firing method 8 in the example of the invention

Debinder process vperformed; programming rate from 0~ 650C :
100°C /hr; maintained at 450°C for 1. hour; programming rate from
650~950°C: 300°C /hr; programming rate frnm 950~ 1300°C: 100C
/hr:. méintained at 1025°C for 5 hours; operating voltage and
distribution: (3 sigma) 42%2.8V; process yield: 100% (product
standard =+ 10%). |
(10) Firing method 9 in the example of the invention

Debinder process performed; programming rate from 0~ 650°C :
100°C/hr§ maintained at 450°C for 1 hour; programming rate from
650~950°C: 300C /hr; programming rate from 950~ 1300°C: 500C
/hr; operating voltage an& distribution: (3 signma) 45+ 3.3V;
process yield: 100% (product standard =X 10%).
(11) Firing method 10 in the example of the invention

Debinder process performed; programming rate from 0~ 650C :
100°C /hr; maintained at 450°C for 1 hour; programming rate from
650~950°C : 300°C /hr; programming rate from 950~ 1300°C: 500°C |

/hr; maintained at 1100°C for 5 hours; operating voltage and



Debi nder process performed; programming rate from[err] [err] maintained at
ferr] for 1 hour; progranmng rate from/[err] [err]: programmng rate
from([err] : [err] /hr; maintained at [err] for 5 hours; operating voltage
and distribution: (3 sigma) [err]; process yield: 100% (product standard
[err] 109 . (10) Firing nethod 9 in the exanple of the invention Debinder

process perdiyeitu: PER0" IMgn ! Aok AL phobess] yiBIA! 21008 Abrhaned
bt

for 1 hour; "progranmng rate rom err programming'rate from|[e
operati ng VQJa g daqdlqg)strl bution: (3 si gna) [err]; process Yyiel d 100%
(product standar [ert] '10% . (11) Firing nethod 10 in t he exanpl e of the

I nvention [Rellar dﬂfﬂ% %ﬁaeﬁoiﬁre&le %&ggéfém(}fr rom err{Bl{ err] [err]

mai nt ai ned ‘a err our progranm n

2;2?;?{”r?g”8o{f‘2389émﬂ“r[ Biigges, peEEVTAR" Ttstpniide {aﬁrerff%%“@iegéf’% ol d
the i nvent 100 B2BF haBRIBF A 10%%%%06 oot Prgr%ﬁ%%gh?r%ﬂ?fﬁx?f?éf o
Lerr] mai nts%'onegsg‘tc L efddc /?rr,lpzhg‘g’{-amﬂnggrraar{@ Won2bSol HBoc : 30%C /hr;
operating voltage and distribution: (3 sigma) 45+ 3.1V; process
yield: 100% (product standard + 10%).
(13) F;iring method 12 in the example of the invention
Debinder process performed; programmirig rate from 0~ 650°C:
100°C /hr; maintained at 450°C for 1 hour; prograrnming rate from
650~ 950°C : 300°C /hr; programming rate from 950~ 1300°C: 30%C /hr;
maintained at 1150°C for ‘5 hours; operating voltage and
distribution: (3 sigma) 42*2.9V; process yield: 100% (product
standard * 10%). |

Furthermore, distribution in surge characteristics at
short wave pulse of 2500A were reduced to 2/3, and the same
effects were also confirmed in fche examples to be mentioned
hefeinafter .

When aluminium or gallium was added at more than 50 ppm,
leakage  current increased, so that the product was no longer '
useful. It was not preferable ‘ro add cobalt oxide or manganese
oxide or nickel oxide which is mainly soluble in zinc _oxide as a

solid body at more than 3 mol% was not preferable since



[err]; progranming rate from950 [err]; operating voltage and distribution:

(3 si-gma) [err]; process yield: 100% (product standard [err] 10% . (13)

Firing nethod 12 in the exanple of the invention Debinder process

pérformed; programming rate fromf[err]:;Jerr]; maintained at [err] for 1

hour; programmming rate fromf[err] programring rate from/[err] maintained
and di stribution:

at err or ..5 hours; 0 atin vol t age 3
sy [ erpel Fgad gy ol exaREle. 108075, GIILACLOMEIACR [ (iéjerignated.
Furthernmore, disfribution.in surge characteristics at, short ve pul se of
2500A wer e IStuckP™ Ghs) ¥ 1CHRIRY O AIRARGEE CHETSRY o 1§ SRS AHVANIZEEPHS  he

exanpl es to be _pentiqned hereinafter. Wen al um niym.or galliumwas added

at nmore thifh 38dpgh leagkad¥oc Axids: tyRese AIORE LPbaddt oxidepr MAREANRBE no

| onger useful. It was not preferable to add cobalt oxide or manganese

oxi de or r%ids, @nadiaigkptnoxidemi MRes diruxiden ofi Bb @xide formimg| the body

at nore than 3 nol % was not preferable since 14 reliability, for

exanmpl e, pnldd spdnsierroftizine ogdderspingleaaspeash presanthatyilefiponal of

| eakage current, it was advantageous to add at |east two oxide types anong

cobal t oxiate, leasgarthee leakage current increased, and the increase of
leakage current was also observed when Sn oxide was added at 0.03
mol% or less. In addition, when more than 0.5 mol% was present,
‘the particles became so small that it was not effective to reduce
distribution in operating voltage as in the examples. As for the
above-mentioned additives, the same results were also obtained in
other examples. When bismuth oxide or titanium oxide was added at
0.1 mol% or less, the number of microparticles increased too
much, s6 the effects were not so significant as in the examples.
Also, the amount of more than 2 mol% proved to be an unpractical
mixture since reliability such as pulse characteristics
deteriorated or products fused together during firing.

FIGS. 1 (a) and 1 (b) are traced drawings of SEM photos

(magnification: about 100 times) showing the third firing method
in Example .1 of this invention and the conventional firing
method. FIG. 1 (a) is a SEM photo of the third firing method of .
this invention, and FIG. 1 (b) is a SEM photo of the conventional

firing method. The conventional method shown in FIG. 1 (b) has

more smaller particles. It is clear from FIGS. 1 (a) and 1 (b)

[EETR



oxi de, and ni ckel oxide. Wien C oxide or Sb oxide form ng the solid

sol uti on of zinc oxide spinel was each present at 0.01 nol % or |ess, the

| eakage current increased, and the increase of |eakage current was al so
observed when Sn oxi de was added at 0.031 nmol % or | ess. In addition, when
nore than 0.5 nol % was present, the partPcIes becanme so small that it was
not effective tohreduce, I stribution in operating voltage as in the

exanpl es. Wat% othe ppay SeMfGOTRe A 2T8ET L iRRSD, e RIPSLAPRIRG { EatRr WA so
obtai ned i n ot her exang@q&. When bi snmuth oxide or titani um oxi de was added
at 0. 1. ol YBFeasedstoy BBer 284 that S8t PLFRRPALTICLSE PG ATeR8BR; so
the effects were not so significant as in the exanples.. Al so, the anount of
more than 2 nol % pREVEECAMdngnrater akt 3¢HI/hn 2pdr dowerjifghe rapgaefity
such as ulse ~characteristics deteriorated or products fused together
during fi r%{gf 1808 proved ot be (disagdvantpgeeds d?ramfh@sprcﬂdu%wbhm@%d
(magni fication: about 100 tines) showing the third firing nethod in Exanple

1 of this aksperunsritabdet B dodustriahatonditionsnet fde programning)rate g
SEM photo of the third firing nethod of this invention, and FIG 1 (b) is a
SEM phot 0 atf 50@Cowveantd dnighelri rpmayedettewodbe hheuitablentasoral methdtbhdofhown
in FIG 1 (b) has nore snmaller particles. It is clear fromFIGS. 1 (a) and
1 (b) lindusatriabeppadidtiloas sthacenthe dieptrerywhdéhet ferpacey marterngl r sard was

the sheath were greatly damaged. The same result;s were. obtained

also in the examples to be mentioned hereinafter, so the

programming rate in the range of 950~ 1300C will be omitted.

Example 2

First, the following oxides were mixed: zinc oxide at 80

mol%, oxide which mainly forms a solid solution of zinc oxide

spinel, other than titanium oxide and manganese oxide, at 0.5

mol%, titanium oxide, bismuth oxide, and manganese oxide totaling

to 1.5 mol%; nickel oxide and cobalt oxide totaling to 2 mol%;

and magnesium oxide at 16 mol%. Next, aluminum nitrate was added

at 10 ppm mol%, and then mixed in a ball mill for 20 hours .and

dried. Then, polyvinyl alcohol was added. The disk pressed was

fired at 1300°C for 2 hours, thereby attaining a thickness of 1

mm. Distribution in operating voltage were as follows:

When magnesium oxide was added more than 20 mol%, pulse

characteristics were so bad that the product was no longer

useful.‘



I ncreased to [err], ‘and that |ess ni croparticles are present. The
programming rate at [err] and lower in the range of [err] proved to be
di sadvant ageous to the productivity and al so unsuitable as industrial

condi ti ons.

The programm ng rate at [eng] /hr and hi gher proved to be

unsui t abl e as a method of industrial production since the heater, the

furnace nm
wer e obt ai

' Bougéifiq

and tr}?g‘l gheath wer.e reatly damaged. The sane results
%ﬁﬁﬂge’ge*il{? e nentioned herei nafter so the

programm ng rate iin the raneof Jlﬁ\cﬁ"‘(]: be omtted. Exanp |rst
fol | owi ng oxid &W\Bgetﬁf“?% t‘k’?errc 0 SG’rrﬂﬂr‘%mbRgdé'a\Fﬁl CH-
forns a solid solution of zinc OXIde spi nel ot her than tltanl um OXIde and

manganese QPETAEingt voltaghiand dipsRibmtipnad3 signal nbd%i iRy (¥ied taghgafiese
oxide totaling to 1.5 nol % nickel oxide and cobalt_oxide totaling to 2

nol % and
10 ppm nol %

Imdgrasmdngotnda ¥aristem)ioPreeRes Hiakd huddhi (pradiictastandard at

and then mxed in a ball mlIl for 20 hours and dried. Then,

pol yvi nyl HI1&el was added. The disk pressed was fired at [err] for 2
hours, thereby attaining a thickness of 1 nm Distribution in operating
vol t age wef2 aEifibhg owethodhénimethe sxampdeiof thes iagdntiomre than 20 nol %
pul se characteristics were so bad that the product was no | onger useful.

No debinder process performed; programming rate from 0~ 650°C

100°C /hr; programming rate from 650~950C: 300°C /hr;

programming rate from 950~ 1300°C: 100°C /hr; operating voltage

énd distribution: (3 sigma) 50X 5.5V; process yield: 85% (product

standard * 10%).

(3)

Firing method 2 in -fhe 'eXample of the invention
No 'debinder process performed; programming rate from 0~ 650°C

100°C /hr; programming rate from 650~950°C: 300C /hr;

programming rate from 950~ 1300°C: 100°C /hr; maintained at 1100°C

for 5 hours; operating voltage and distribution: (3 sigma) 47%

5.3V; pfoc_:ess yield: 90% (product standard = 10%).

(4)

Firing method 3 in the example of the invention

Debinder process performed; programming rate from 0~ 650°C :

100C /hr; maintained at 450°C for 1 hour; programming rate from

650~950°C: 300°C /hr; programming rate from 950~ 1300°C: 100°C

~ /hr;

operating voltage and distribution: (3 sigma) 48%3.2V;’

process yield: 100% (product standard =+ 10%).

(5)

Firing method 4 in the example of the invention

he



16 (1) Conventional firing nmethod Firing tenperature: [err] progranm ng
rate~ J[err] /hr; operating voltage and distribution: (3 sigma) [err]
(voltage of 1mA running in a varistor); process yield: 52% (product
standard [err]. (2) Firing nmethod 1 in HQe exanpl e of the invention No
debi nder process perforned; progranmng rate fromf[err] [err] /hr;

' f ; [hr; ' te f
Cerr] o Terr) iEvigder Biheetl barforaed aPppr BmE e 11 ok D SPRU sy
' . 85% (pr. t stanpd 0. (3) Firi t hqd in th

E;S(r:rglsz )c/):‘ f‘{’(ﬂogl de%{%lagggfiﬂe%eapngé&%%@esi lé%‘ﬁ;gr ?égab’rﬁgagﬁﬁ\%ﬁg%rrlage ©
f o I hys ' . t f 1.5
o S e R R A

[ V. e.and, distributian. Si err . 3V; process yield:
90% (pr 0qulkE st BRARFAHTET r Bt 1000 4)£R 1 FndioHlithodPSF 4 HinghcvaLERRA e SBR ¢ he
i nvention Debi nder process perforned;, programm ng rate fronlberr
~Terr]/hr; $astibutdanat (Bersiguedr 4wV pPEGFas® ¥deldi e 10P%m ‘]{@'Pﬂ}mt
programming rate from [err]: [err] /hr; operating voltage and

di stributiotandard Li1@Mka) [err] 3.2V, process yield: 100% (product

standard [err] 10%. &5) Firin% nethod 4 in the exanple of the invention
In FIG. 2, effects in distribution of operating voltage

(3 sigma /average value) using the mixture of Example 2 are shown
when the programming rate was changed.
Example 3
First, the following oxides were mixed: zinc oxide at

94.5 mol%, oxide which mainly forms a solid solution of zinc
oxide spinel, other than titanium oxide and manganese oxide, at
1.0 mol%, titanium oxide, bismuth oxide, and manganese oxide
totaling to 1.5 mol%; nickel oxide and cobalt oxide totaling to 2
mol%; and magnesium'oxidé at 1 mol%. Next, aluminum nitrate was
added at 10 ppm m&l%, and then mixed in a ball ﬁill for 20 hours
and dried. Then, polyvinyl alcohol was added. The disk pressed
was fired at 1300°C for 2 hours, thereby attaining a thickness of
1 mm. Distribution in operating voltage were as follows:
(1) Conventional firing method |

Firing temperature: 0~ 1300°C; programming rate: 100°C /hr;
operating voltage and distribution: (3 sigma) 70+ 13V (voltage of

lmA running in a varistor); process yield: 55% (prodﬁct standard



17 Debi nder process performed; programmng rate from[err]: [err];
mai nt-ai ned at [err] for 1 hour; programming rate from[err] programm ng
rate fromJ[err] /hr; maintained at [err] for 1 hour; operating voltage and
distribution: (3 sigma) 447?.9V; procesgwyi el d: 100% (product standard [err]
10%9. In FIG 2, effects in distributi of operating voltage (3 signa
[ aver age val uQi% using the m xture of Exanple 2 are shown when the
progr anmi ng ¥@¥)e was changed. Exanple 3 First, the foll owing oxi des were
m xed: zinc oxide at 94.5 nol % oxide which mainly forns a solid solution
of zinc ox(&e diiniag, methas 1t Aanthe texempirorf dtheidventgemese oxide, at 1.0
mol % titani um oxide, bismuth oxide, and manganese oxide totaling to 1.5
mol % nickel oMNoddebindenipriocessi per faymed; ngrograumigig/raiad fnogndsiGHB"Oxi de
at 1 nmol % Next, alumnumnitrate was added at 10 ppm nol % and then m xed
in a ball mil 1003 /20; hoprogeamnidg edratdhen frpml yveafyt 980%bhol S5008C Abided.
The di sk pressed was fired at [err] for 2 hours, thereby attaining a
t hi ckness pfogrammingi statebufricsn 950-03808{C ng 106FC #be; weperasihg| voltagé 1)
Oonventlonal firing nmethod Firing tenperature: [err] ; programmng rate:
d ]:arr] /hr; and)amttrrﬂbuvmrt ages aigmd) s48+B.14VaN prodess gybe1d er87% I(Produet t age
0

standard =+ 10%) .

(3) Firing method 2 in the example of the invention

No debinder process performed; programming rate from 0';- 650°C

100°C /hr; programming rate from. 650~950°C:  500C /hr;
programming rate from 950~ 1300°C : 100°C /hr; maintained at 1100°C
for 1 hour; operating voltage and distribution: (3 sigma) 47%
5.2V; process yield: 89% (product standard * 10%).
(4) Firing method 3 in the example of the invention

 Debinder process performed; programming rate from 0~ 650C:
100°C /hr; maintained at 450C for 1 hour; programming rate from
650~950°C: 500°C /hr; programming rate from 950~ 1300C: 100C
/hr; operating voltage and distribution:. (3 si'gma)- 45i3'.1V;
process yield: 100% (product standard = 10%) .
(5) Firing method 4 in the example of the inve;:ltio_n

Debinder process performed; programming rate from 0~ 650°C :
100°C /hr; maintéined at 450C for 1 hour; programming rate from
650~ 950°C : 500°C/hf; programming rate from 950~ 1300°C: 100C

/hr; maintained at 1100°C for 1 hour; operating voltage and



1mA running in a varistor); process yield: 55% (product standard 18
[err] (2) Firing method 1 in the exanple of the invention No debi nder
process perforned; programrming rate fromf[err] [err] [/hr; pr ogr ami ng
rate from [err] programming rate fregnf[err] : [err] /hr; operating
voltage and distribution: (3 sigma) [err process yield: 87% (product

standard [err] .10%. (3),Firing,neth in_the exanpl e_of :DP i nventi on No
debi nder p‘f’o% sli’u ??Orr‘réd;swg@)rérﬁﬂ_pgga‘(at @rppsﬁ?[é{rl?ﬁd[erl %/hgroguct
progranmm n at.e om [err] [err] /hr; programm ng rate from
[err] [ergﬁa'ﬁ‘?rr,d F’f_njréf%)a'i ned at [err] for 1 hour; operating voltage and

di stri but iE9n: (3 sigma) [err] 5.2V, process yield: 89% (product standard

[err] 10%_E(EQEE9.H ng method 3 in the exanple of the invention Debinder
process perfornmed;_ progranmm r%%llrate fromJerr] [err] paintained at

for 1 hour: progr ks rdee fPldaring rqxides ["@F[P] mixed: %)‘r%roaq%ﬁl\ené[tregé]e
from[err] err] /hr; operating voltage and_ distribution: (3 sigma) [err]
process yiRQld, mude slu@lic madindyd formsera| sabdg . seytion'j of) mireogxiden
t he exanple of the invention Debi nder process perforned; progranmmng rate
from[err]spinel, other than titanium oxide and manganese oxide, at 0.5
'mol%, titanium oxide, bismuth oxide, and manganese oxide totaling
to 1.5 mol%; and nickel oxide and cobalt oxide totaling to 2
mol%. Nexf, aluminum nitrate was added at 10 ppm mol%, and then
mixed in a ball mill for 20 hours and dried. Then, polyvinyl
alcohol was added. The disk pressed was fired .at 1300°C for 2
hours, thereby attaining a thickness of 1 mm. Distribution in
operating voltage were as follows:
(1) Conventional firing method
Firing temperature: 0~ 1300°C; programming rate: 100 /hr;
operating voltage and distribution: (3 sigma) 60% 12V (voltage of
1pA running in a variétor); process yield: 50% (product standard
+10%). |
(2) Firing method 1 in the example of the invention
No ciebinder process performed; prqgramming rate from 0~ 650°C
100°C /hr; programming rate from 650~ 950°C :  150°C /hr;
programming rate froﬁ 950~ 1300°C : 100°C/hr;; operating voltage
and distribution: (3 sigma) 53+ 9.6V; process yield: 62% (product

standard + 10%).



[err] maintained at [err] for 1 hour; progranmng rate fromf[err]
programming rate fromJ[err] : [err] /hr; maintained at [err] for 1 hour;
operating vol tage and 19 distribution: (3 sigma) [err] 2.9V; process
yiel d: 100% (product standard [err] 10/% Exanple 4 First, the follow ng
oxi des were m xed: zinc oxide at 96 nol /o oxi de which mainly forns a solid

sol ution of_zinc qxide er tha um oxi de and nmanganese
oxi de, at 63k %ﬁ%&??@?ﬁﬁ% 3% ng F Pho%x%"e inyeRdti8Rganese oxi de
totaling to 1.5 nol % nd ni ckel oxide and cobalt oxide totaling to 2 _nol %
Next, al umi num@ @€ EE %sp%?&éa Rerhermgdh poreramPg Fatentrem 9 650%al |
mll for 20 hours and dri ed. Then, pol yvinyl al cohol s added. The
di sk pressed \A%QQ% {Red alprPgF’I”fm%r patRur £rom h &35y 98PG; ni ﬂgr’ogp /hr;
thi ckness of 1 mm_ Distribution in operating voltage were as follows: (1)
.Convent i orrognammigg neatediren | $hY v d3BACat uw%c /bgy r painta gt Al g 00 e:
[err] /hr; operating voltage and distribution: (3 sigma) [err] 12V %vol t age
of 1mA runfnmgh hour yapperating proktase yand odisgubusienuct(3stsdsmar d S2&k r]
109% . (2) Firing nethod 1 in the exanple of the invention

9.4V; process yield: 64% (product standard =+ 10%).

(4) Firing method 3 in the example of the invention
Debinder process performed; programming rate from 0~ 650%C :
100°C /hr; maintained at 450°C for 1 hour; programming rate from |
650~950°C: 150°C /hr; programming rate from 950~ 1300°C: 100C
/hr; operating voltage and distribution: (3 sigma) 50+ 9.0V;
process yield: 68% (product standard + 10%).
(5) Firing method 4 in the example of the invention |
| Debinder process performed; programming rate. from 0~ 650°C:
100°C /hr; maintained at 450°C for 1 hour; programming rate from
650~950°C: 150°C /hr; programming rate from 950~ 1300%C: 100°¢
/hr; maintained at 1100°C for 1 hour; operating voltage and
distribution: (3 sigma) 49+8.9V; process yield: 69% (product
standard * 10%). |
Example 4 proved to be unsuitable for stable production
since large distribution in operating voltage were observed.
Example 5
First, the following oxides were mixed: zinc oxide at 96

mol%, oxide which mainly forms a solid solution of zinc oxide



No debi nder process performed; programmng rate from[err] [err]/hr;

progranmm ng rate from [err] : [err] /hr; programming rate from
[err] : [err] /hr; operating voltage and distribution: (3 sigma) [err]
9:6V; process yield: 62% (product standard [err] 10%. - 20 (3) Firing

method 2 in the exanple of the i nventi or?No debi nder process perforned,
programming rate fr er [err] : progranmmn rate from [err]

/ hr: progr 2APA 'raggé#rah‘]i"[‘eftllf;m{@?r?gf& nBaf nBANgEneSe r PXAde. 1 3t f}-7
operating voltage, and distribution: (3 signm) rr] 9.4V, procgess yield:
64%(produ5‘95%t ahbAT UPe PX1dE goRismus P?‘Paﬁg #rﬂ#f’&?‘ﬁeﬁet R&: %aﬁ‘b{%l% t he
I nventi on Debi nder process perforned; programmng rate from/[err] [err];

mai nt ai ned tat 1 er mpl¥or and naisckel,, egidananty sohalt (ridertqtaldsgr 4oming
"rate from[err]: I&é}err] [ hr; operating vol tage and distribution: (3 sigm)
[err]; proBed¥. yidaxt, edumipumdnttrateswas: added, pt1d0) prpomoldyjangd heRod 4
in the exanple of the invention Debinder process perfornmed;, progranmn

rate from péxed fura] baddi midilnd@rai2d digyrs oand, dvigd. pr DEgBmPOLY iy
from[err] progranmng rate from/[err] : [err] /hr; maintained at [err] for
1 hour; opeleoholy was tadfedand The disk pressed was fired at 1300C for 2

hours, thereby attaining a thickness of 1 mm. Distribution in
operating voltage were as follows:
€9 .Con\'rentional firing method
Firing temperature: O~ 1300°C; programming rate: 100°C /hr;
operating voltage and distribution: (3 sigma) 60% 12V (voltage of
lmA running in a varistor); process yield: 50% (product standard
+ 10%) .
(2) Firing method 1 in the example of the invention
No debinder process perfofmed; programming rate from 0~ 650°C
100°C /hr; programming rate from 650~950°C: 200%C /hr;
programming rate from 950~ 1300°C : 100°C /hr; operating voltage
and distribution: (3 sigma) 51+ 5.5V; process yield: 95% (product
standard + 10%).
(3) Firing method 2 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
100°C /hr;  programming rate from 650~950°C: 200°C /hr;
programming rate from 950~ 1300°C : 100°C /hr; maintained at 1200°C

for 1 hour; operating voltage and distribution: (3 sigma) 49%



distribution: (3 sigma) [err]: process yield: 69% (product standard [err]
109 - Exanple 4 proved to be unsuitable for stable production since |arge
distribution in operating voltage were observed. Exanple 5 First, the
foll owi ng oxi des were mixed: zinc oxideyat 96 nol % oxide which mainly
forns a solid solution of zinc oxide 21 spinel, other than titanium

mangancoe 554 o HEACRNT el L% (s, SRR Xt Coba ¢ oxi de
then mived th Fiang BEFHOG & soURY ReabattR' G B WRERREa o) DUTLIT ol conol
Brtaining a t hERABOBRCPRESE pexsoRhefl, pFOR SHER RN 508 LT & as
ol o LR 0Pk fad 00, FEICSE 1 Lo el by [SILL: coon
POLer ] RS, gt e S EL i GRS MR, TR
VNt on D I Operatig “voltags ond distribution: U3 “sigmay dsi 4l av,
process yield: 99% (product standard =+ 10%).
(5) Firing method 4 in the example of the invention
Debinder process performed; programming rate from 0~ 650°C :
100°C /hr; maintained at 450°C for 1 hour; programming rate from
650~.950°C: 200C /hr; programming rate from 950~ 1300°C : 100°C
/hr; maintained .at 1200°C for 1 hour; operating voltage and
distribution: (3 sigma) 46+ 4.2V; process yield: 100% (product
standard * 10%).
Example 6
First, the followihg oxides were mixed: zinc oxide at 92
mol%, oxide which mainly forms a solid solution of zinc oxide
spinel, other than titanium oxide and manganese oxicie, at 0.5
mol%, titanium oxide, bismuth oxide, a.nd manganese oxide totaling
to 1.5 mol%; and nickell‘ oxide and cobalt oxide totaling to 6
mol%. Next, gallium nitrate was added at 10 ppm mol%, except for
the case of firing method 5 in which gallium nitrate of 5 ppm and

aluminum nitrate of 5 ppm were added, and then mixed in a ball

mill for 20 hours and dried. Then, polyvinyl alcohol was added.



[err] /hr; pr ogr anm ng rate from J[err] progranmng rate from/[err]
. [err]; operating voltage and distribution: (3 sigma) [err]; process
yield: 95% (product standard [err] 109 . (3) Firing nmethod 2 in the exanple
of the invention No debinder process penformed; programming rate from/[err]
[err]; progr amm ng rate from [err] [err] : [err] /hr; progranmm ng

ot ALY Bsohe el BB MALRET B G O, YO e P B8,

d ndar.d Fi hod he
{hvent on T8 ?régs[ﬁiéhégn%& b B pr Gt rrger%r%n& ITEBP: Pt %)

mai nt ai ned err] for 1 hour; programn ng rate from/[err] programm ng
ratefromf[qaelrlro}" ‘[err] /hr; operating vol tage and distribution: (3 signa)
[err]; pro yi el d; 99%'(#product ndard [err] 10%. (5) Firing nethod 4
in the exa BPV?WQ‘? £ 478 PR r process performed; programming
ratefrom[err [err mai ntained at [err] for 1 hour; programmng rate
from[err] ; %ﬂﬁb’f‘&nﬁ?ﬁ@e%ﬁ‘é"efr% ﬁ'/mrogﬁﬁmws nEatet AEPYQ /Ay 1

hour ;- operating voltage and di strrbutron (3 sigma) [err]; process yield:
100%(procRR9tra ing voltage and distribution: (3 sigma) 63+ 13V (voltage of

ImA running in a varistor); process yield: 52% (product standard
* 10%) .
(2) Firing method 1 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
100°C /hr;  programming rate from 650~950°C: 200C /hr;
programming rate from 950~ 1300°C: 100C /hr; operating voltage
and distribution: (3 sigma) 50%5.4V; process yield: 93% (product
standard = 10%) .
(3) Firing method 2 in the example of the invention
No debinder process performed; programming rate from 0~ 650C
100°C /hr; programming rate from 650~950°C: 200°C /hr;
programming rate from 950~ 1300°C : 100°C /hr; maintained at 1100°C
for 1 hour; operating voltage and'distribut_ion: (3 sigma) 48=*
4.9V; process yield: 95% (pr.oduct standard + 10%) .
(4) Firing method.3 in the example of the invention
Debinder process‘ performed; programming rate from 0~ 650C :
100C /hr; maintained at 450°C for 1 hour; programming rate from

650'~950°C: 200°C /hr; programming. rate from 950~ 1300C: 100°C



standard [err] 10% . Exanple 6 First, the foll ow ng oxi des were m xed: zinc
oxide at 92 nol % oxide which mainly forns a solid solution of zinc oxide
spi nel, other than titanium oxide and nanganese oxide, at 0.5 nol %

titani um oxi de, bisnmuth oxide, and mangapese oxide totaling to 1.5 nol %
and ni ckel oxide and cobalt oxide totalifig to 6 nol % Next, galliumnitrate
was added t.loﬁé)mrml% ept fo e of firjing pethod

gal I'i um ni‘t¥at e? _r%tlﬁlﬁm ‘éﬁgtc eunf’ﬂén;[‘ﬁ%_ttggﬁﬁtb?nis dm HeFE adéga'i, Ea&@i fﬂen
aded. | Procens vipld: 1008 (PR Seprpste £0%%er0 iy 2 hours,
Fol 1 ous: (B} CBRGHIR MFH00T £ 1% Hie PRBBPIS 10 G PeCBERAEE: [orr]
programming rate; [err] operating_voltage and -distribution: (3 si [err] -
13V (vol tage obel §TUrRAAG e n PR fermed io hrograsud 8g f?é?dffrBEO/@(‘bg%I ct
standard [err]. (2) Firing nethod 1 in the exanple of the invention .No
debi nder 5109 £Br pepairtaddedp adg 48R n§oratle ougm pEpgFameing rate from
Programm 480~ 6562 . 206C /mr:" plograming  sate from 950~1300C: 100°C
/hr; n_naintained at 1100°C for 1 hour; operating voltage and
distribution: {3 sigma) 45*3.8V; process yield: 100% (product
standard + 10%) .
(6) Firing method 5 in the example of the invention
Debinder process performed; programming rate from 0~ 650°C :
100°C /hr; maintained at 450°C for 1 hour; programming rate from
65.0~950°C: 200°C /hr; programming rate froml950~130'0°C: 100°C
/hr; maintéined at 1100°C for 1 hour; operating voltage and
distribution: _(3 sigma) 47X 3.7V; process yield: 100% (product
standard * 10%).
As mentioned eariler, onl& this firing method 5 in
Example 6 used a mixture consisting of aluminum nitrate 5 ppm
mol% and gallium nitrate 5 ppm mol% instead of aluminum nitrate
10 ppm mol%.
Even if gallium nitrate and aluminum nitrate were mixed
optionally,. almost the same effects wefe confirmed, and this also

goes for other examples. The same effects were also attained by

using an organic acid such as aluminum acetate, or an aluminum



progranmming rate from[err]: [err]; operating voltage and distribution: (3
sigma) [err] 5.4V; process yield: 93% (product standard + 10%. (3) Firing
method 2 in the exanple of the invention No debi nder process perforned;.
progranmng rate fromf[err] : [err] /hpj pr ogr anm ng rate from
[err]: [err] /hr; programming rate fromJ[err] : [err] /hr; maintained at
[err] for 1

hour . operating vpltage, and distribution: si.gnma) r] 4.9V,
process yi"'@lta.wé(%% Tﬁ%cgugﬁaﬁﬁa?@"[’éw“] aig%?é?ﬂ)orﬁ(aii“ﬂdg%t ﬁ%ﬁf@]q,n t he
exanpl e of the invention, Dehi.nder process perfQrnmed; progranmyng.rate from
%err} [ er OF; %Jd'f“_}ftr'ét‘i'nnelﬂlzdali°’:[19?r] qxgr]a u‘H’cﬂﬁ pﬁﬁ‘érz%r}frﬁﬁ $at§£°f‘tg_8m€°é’rdr] :
err]; progranmng, .ra rom/[err] : [err r., operating _
vol t age é'ﬁgUTEI‘Fst‘?:'itﬂht itgﬂ?’e (Sélrlféicgﬁﬁ) ém@l}gﬂ’erﬁf?aﬁ?rfd@é'ss TPB| FERI0%,
(product standard [err] 10%. (5) Firing nmethod 4 in the exanple of the
i nvent i onApEBFhdthe PR steslentyr Has; obseigrednalsg Fatlk sabliymy and ther .
mai ntained at [err] for 1 hour; programming rate from[err]: [err];
progr ammi §§neaeEfeGisnwish alminumpere ehtdifieded at [err] for 1 hour;
operating voltage and distribution: [err] sigma) [err]; process yield:

100% ( pr o8¥ampte ahdard [err] 10%.

First, the following oxides were mixed: zinc oxide at 96
mol%, oxide which mainly forms a solid solution of zinc oxide
spinel, other than titanium oxide and manganese oxide, at 0.'5T
mol%, titanium oxide, bismuth oxide, and manganese oxide totaling
to 1.5 mol%; and nickel oxide and cobalt oxide totaling to 2
mol%. Next, gallium nitrate and aluminum nitrate were each added
at 10 ppm mol%, and then mixed in a ball mill for 20 hours and
dried. Then, polyvinyl alcohol was édded. The disk preslsed was
fired at 1300Cfor 2 hours, thereby attaining a thickness of 1
mn. Distribution in operating voltage were as follows:

(1) Conventional firing méthod

Firing temperature: 0~ 1250°C; programming rate: 100°C /hr;
operating vo_ij:age and distribution: (.3 sigma) . 62+ 12V (voltage of
ImA running in a varistor);.process yield: 52% (product standard
+ 10%) . |
(2) | Firing method 1 in fhe example of the invention

No debinder process_performed'; programming rate from 0~ 650C

100°C /hr; programming rate from 650~950°C: 200C /hr;



(6) Firing method 5 in the exanple of the invention Debinder process
performed; programming rate fromf[err]: [err]; maintained at [err] for 1
hour; progranming rate from[err]; programmng rate fromf[err]: [err] /hr;
mai ntained at [err] -for 1 hour; operati ‘'voltage and distribution: (3
sigma) 47[err] 3.7V, process yi el d: 100% product standard [err] 10%. As

menti oned earil er onI th| rsd nmet h 5in£x nple 6 used a m xture
consi st ngP‘Eﬂgré‘Fnﬂf‘rP%u Ptr Eﬁg"’ 135P and 08 /P m RPEFat g NpAEARR %

i nstead of umnumnitrate 10 mrml% Even if galliumnitrate and

al um num rﬁ”cadr é’clétﬁéplétmfked?’oﬁtlg%bl P47 5216 s PreRess apke 1ekit 90fs (pepduct
confirnmed, and this also goes for other exanples. The sane effects were
al so attalsffé’dldﬂy u Jan organi ¢ acid such as al um num acetate, or an
al um num 25 nmetallic conBound such as_al um num al koxi de, or al um num

sul fate, ofd)al BArignagtdhogxpdin the examphe ref thepipvemtigp ng showed good
results wth those surfacing through separation fromwater. Al nost the sane
t endency was oN9edekindgrs pracess geanfiogmpdanprogramping sate ciromidt 680%hi num
were obtained. Exanple 7 First, the follow ng oxides were m xed: zinc oxide
at 96 : 100°C /hr; programming rate from 650~950°C: 200°C /hr;
programming rate from 950~ 1250°C : 100°C /hr; maintained at 1100°C
for 1 hour; operating voltage and distribution: (3 sigma) 531'
5.4V; process yield: 92% (product standard =+ 10%).
(4) Firing method 3 in the example of the invention
Debinder process performed; programming rate from 0~ 65.0°C:
100°C /hr; maintained at 450°C for 1 hour; programming. rate from
650~950°C: 200°C /hr; programming rate from 950~ 1250C: 100°C
/hr; operating voltage and distribution: (3 sigma) 52% 4.3V;
process yield: 100% (product standard £ 10%).
(5) - Firing method 4 in the example of the invention
Debinder process performed; programming rate from 0~ 650°C:
100°C /hr; maintained at 450°C for 1 hour; programming rate from -
650~ 950°C : _200C /hr; programming rate from 950~1250C: 100C
/hr; maintained at 1100C for 1 hour; operating voltage and
distribution: (3 sigma) 50X 4.1V; .process yiéld: 99% (product
standard +10%). When maintained at 1100C for 5 hours, the
process yield reached 100%.

Even if the firing temperature was varied in the range of



mol % oxide which mainly forms a solid solution of zinc oxide spinel, other
than~titani um oxi de and manganese oxide, at 0.5 nol % titani um oxi de,

bi smut h .oxi de, and manganese oxide totaling to 1.5 nol % and ni ckel oxide
and cobalt oxide totaling to 2 nol% Nexj, galliumnitrate and al um num
nitrate were each added at 10 ppmnol % and then mxed in a ball mll for

20 hours an ried. .Jhen ol yvi nyl al cohpl was added. The di sk pressed was
fired at [%éjq(?“’flg%oghoupéé,) t%feéreérﬁy Hagai g’r'ﬁ’gt-"éi t FPckResslighty gise of
Distribution in ,operghi ng vo|tage .V\ﬁ)e as follows; (1) Conventional firing
met hod Fi rePRFatEMBeraltrge atang Withog: dRATeRSe ffe tepRRFRtuRsyer diiingwas
vol tage and distribution; (3 sigma) [err] (voltage of 1mA running in a
vari st or) ;aby®ddies spme| Wi tis aghes, e¥aERles-andard + 109%. (2) Firing nethod 1
in the exanple of the invention No debi nder process perforned; progranmm ng
rate fromExamnleg &r] /hr; pr ogr amm ng rate from J[err] @ [Jerr]
/hr; 26 progranmng rate from[err]; operating voltage and distribution:
(3 sigma) [err] 5. 8¥rsprothassfolilowdng oomides awret nixedhd#ing oxife19%)96 ( 3)
Firing nethod 2 in the exanple of the invention No debi nder process
per.f or red; mepifagrexidengwhiche haimiy efordms a solid solution of zinc oxide
spinel, other than excluding titanium oxide and manganese oxide,
at 0.5 mol%, titanium oxide, bismuth oxide, and manganeée oxide
totaling to 1.5 mol%; and nickel oxide and cobalt oxide totaling
to 2 mol%. Next, aluminum nitrate was added at 10 ppm mol%, and
then mixed in a ball mill for 20 hours and dried. Then,
polyvinyl alcohol was added. The disk pressed was fired at 1300°C
for 2 hours, ‘thereby attaining a thickness of 1 mm.
Distribution in operating voltage were as follows:
(1) Conventional firing method
Firing temperature: 0~ 1300°C; programming rate: 100%C /hr;
operating voltage and distribution: (3 sigma) 60+ 12V (voltage of
1mA running in a varistor); process yield: 50% (product standard
+10%) . .
(2) Firing method 1 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
150°C /hr; programming rate from 650~950C: 200C /hr;.
programming rate from 950~ 1300°C: 150°C /hr; operating voltage

and distribution: (3 sigma) 52X 6.5V; process yield: 82% (product



[err] /hr; pr ogr anm ng rate from J[err] : [err] /hr; progranmm ng
rate-fromJ[err] /hr; maintained at [err] for 1 hour; operating voltage and
distribution: (3 sigma) [err] 5.4V; process yield: 92% (product standard
[err] 10%9. (4) Firing nmethod 3 in the exanple of the invention Debinder
process perforned; programming rate froff[err] : [err] mmintained at [err]
for 1 hour; progranmm rate fromJ[err]/hr; progranmng rate from/[err]
. [err] /kﬁt;a%Fiatqgiﬂ%@%rol tage and distribution: (3 sigma) [err]; process
yield: 100% (product standard [err] 10% . (5) Firing nethod 4 in the
exanpl e of (MheFipdagtPehodeBi fcthe exappie pek rdierd@veRERR anming rate from
[err]; [err]; maintained at [err] for 1 hour; programm ng rate from Eerr]:
[err]; prografgi Agbinden: process [Renformed; r programming gahe nfepm H~ 6681G |
for 1 hour; operating voltage and distribution: (3 si%rra) [)err];
. process yiel di50%bskr i pr programmingdarepty er £5om 09650~ PBRK ai APAICWARK at
[err] for 5 hours, the process yield reached 100% Even if the firin
t enper at urprogaemming ctater frem r3hlye 18007C : 2¥50€rMMir; mdimtadnedcat #66
limted to a slight rise of operating voltage along with a decrease of
t enper at urfior Thi bowas eperatimg sexitaget landt KHsteibupies: (3 sigma) 50%
6.5V; process yield: 85% (product standard = 10%).
(4) Firing method 3 in the example of the invention
Debinder process performed; programming rate from 0~ 650C:
150°C /hr; maintained at 450°C for 1 hour; programming rate from
650~ 950°C : 200°C /hr; programmiﬁg rate from 950~1300C: 150C
/hr; operating voltage and distribution: (3 sigma) 48X 4.6V;
process yield: 95% (product standard =+ 10%).
(5) Firing method 4 in the example of the invention
Debinder process performed; programming rate from 0~ 650C:
150°C /hr; maintained at 450°C for 1 hour; programming rate from
650~ 950°C : 200°C /hr; programming rate from 950~ 1300°C : 150°C
/hr; maintained at 960C for 1 hour; operating voltage and
distribution: (3 sigma) 471+4.3V; process yield: -98% (product
standard = 10%).
(6) Firing method 5 in the example of the invention
Debinder process performed; programming rate from 0~ 650%C:

150°C /hr; maintained at 350°C for 1 hour; programming rate from

650~ 950°C : 200°C /hr; programming rate from 950~ 1300%C : 150°C



"Exanple 8 First, the foll owm ng oxides were m xed: zinc oxide at 96 nol %

oxi de which mainly fornms a solid solution of zinc oxide spinel, other than
excluding titani um oxi de and nmanganese oxide, at 0.5 nol % titani um oxide,
bi snut h oxi de, and manganese oxide totaling to 1.5 nol % and nickel oxide
and cobalt oxide totaling to 2 nol % Next, alum numnitrate was added at 10

DD o B oo o 1ok 8L P D, B0 6T
oper at 1 ngPRBFPSLS e AN bRawEr +ies ahanBha 1fiﬂ“ngDnZ§L'03“H g’
i stri but1@h: U5l mafpd: €115 el Sun ”“e G1 theauinTHARY 1 a varistor);
ORI B AT Lo & 4B T A,

e s il Vi, 555 i on b v i
ot anda g 'F;ESﬂgsquégg”a&o%% Gropraming rate  from $50% 1500 : 150C
/hr; maintained at 1025°C for 1 hour; operating voltage énd
distribution: (é sigma) 50X 4.5V; process yield: 99% (product
standard * 10%).
Example 9
First, the following oxides were mixed: zinc oxide at 96
mol%, oxide which mainly forms a solid solution of zinc oxide
spinel, other than titanium oxide and manganese oxide, at 0.5
mol%, titanium oxide, bismuth oxide, and manganese oxide totaling
to 1.5 mol%; and nickel oxide and cobalt oxide totaling to 2
mol%. Next, aluminum nitrate was added at 10 ppm mol%, and then
mixed in a ball mill for 20 hours and dried. Then, poljvinyl
alcohol was added. The disk pressed was fired at i3OOTI for 2
hours, thereby attaining a thickness of 1 mm. Gaps in operating
voltage were as follows:
(1) Conventional firing method
Firing temperature: 0~ 1300°C; programming rate: 100%C /hr;

operating voltage and distribution: (3 sigma) 60%* 12V (voltage of

lpA running in a varistor); process yield: 50% (product standard



(3) Firing method 2 in the exanple of the invention No debi nder process
perfermed; programmng rate fromf[err] [err] /hr; pr ogramm ng rate
from [err]: [err] /hr; programmng rate from[err] : [err] /hr;

mai ntained at [err] for 1 hour; operatkpg voltage and distribution: (3
sigma) [err] 6.5V, process yield: 85% (product standard [err] 10%. (4)
Firing net Qod%?s in the exanple of the invention Debi nder process perforned,
progranmm ng e fromO [err]: [err]; maintained at [err] for 1 hour;

programming.rate from[err]: [err]; programring rate frogm/[err] /hr;
oper ati ng 8%\ tgdé'laﬁdméﬁk‘{‘i ilbgf‘i B]!\‘? ‘{) leng¥ ?’é‘?rﬂn"zﬁ“@&?nprocess yi el d:
95% (product standard [err] 109% . (5% Firing nethod 4 in the exanple of the
i nventi on Debi A@edepiBdes Pracess, ReBtorpesr KFRERaRIRS: Batemirer P~1 &34V
mai nt ai ned at berr] for 1 hour; programming rate fromi[err [er(ﬁ:
programi ng r 208°G /BFi [ e PrpgramRing / hratemi fremneddbA~[9507G : f or200°Rdhr;
operating voltage and distribution: (3 sigma %err] , process yield: 98%
(product sProgrampipgr mateoofrom 6953309 Cret hlzfdl /hi; t epesRiipg e vt tege
i nventi on Debi nder process perforned; progranming rate fromf[err]: [err];
mai nt ai nedand distrlibhtion: hdursigmedgharmmd AV ir srocessnyfield] 64% eiprioduct
programming rate.from[err]: [err]
standard =+ 10%); large amount of leakage current, occurrence of
blistering in the product, frequent occurrence of cracking and
breaking in the subsequent process.
- (3) Firing method 2 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
200C /hr;  programming rate from 650~950°C: 200%C /hr;
programming rate from 950~ 1300°C: 150°C /hr; maintained at 1100°C
for 1 hour; operating voltage and distribution: (3 sigma) 50*
7.6V; process yield: 72% (I'Jroduct standard =+ 10%); large amount
of leakage curr'ent. occurrence of blistering in the product,
frequent occurrence of cracking and breaking in the subsequent
process.
(4) Firing method 3 in the example of the invention
Debinder process performed; programming rate from 0~ 6507 :
200°C /hr; maintained at 450°C for 1 hour; programming rate from
650~950°C : 200°C /hr; programming rate from 950~1300°C: 150C
/hr; operating voltage and distribution: (3 sigma) 51%6.2V;

process yield: 78% (product standard =+ 10%); large amount of

AR



29 /hr; operating voltage and distribution: (3 sigma) [err]; process yield:
99%.( product standard [err] 109 . (7) Firing method 6 in the exanple of the
i nventi on Debi nder process perforned; progranming rate fromJ[err]: [err]

mai ntained at [err] for 1 hour; programsing rate fromf[err] [err]
programming rate fromJ[err] :[err] /hr; mintained at [err] for 1

hour; opeyat,ing val an |.strihutign: gﬂm [T ]enaPr I el d:
99% ( produ%‘f—al%i}%ndé:ruégggﬁ] g%%&eéfgnppg Qbi?sr"g‘% e qu{)l |t3‘v%pn3’$§§?8§s
were m xed,_zinc _ oxide_at | % ' l3C i f.ar a |

sol ution ofr%‘}?@toﬁcd:él%ﬁflﬁgl g?ot%ggﬁﬂén\gﬂ?t tagrlflggir(rﬂclgi ég an rrs;l(ri\)gggggrét '
oxide, at 0.5 nol % titanium oxide, bisnuth oxide, and nanganese oxi de
totaling tBF®Stpl % and nickel oxide and cobalt oxide totaling to 2 mol %

w1l for 26 hoie iaRamethoay 1 T oxamBla, PF e AYRBITHRS added. The di sk
T Gaps | n opSERIANEE BFOGRSS RATEORESH | PEVER SR I RSSO T PR Ry
method Firing tenperature; [err]; programring rate: [err]; ,operatin
vol t age and0UCShri beiiphained sﬁ%;n‘h'ﬂpoéfger qr (%g‘i‘?‘-‘arge R#ogf ﬂﬂgnFﬁﬁei rom
varistor);ﬁgrg%%%%%/i ezlo%:"c?gg/?(%rrggggﬁmisﬁgangg{g from 950~ 1300°C: 150°C
/hr; maintained at 1100C for 1 hour; operating voltage and
distribution: (3 sigma) 50+ 6.0V; process yield: 80% (product
standard =+ 10%); large amount of leakage - current, occurrence of
blistering in the product, frequent occurrence of c-racking and
breaking in the subsequent process.
Example 10
First, the following oxides ;vere mixed: zinc oxide at 96
mol%, oxide which mainly forms a solid solution of zinc oxide
~ spinel, other tﬁan titanium oxide and manganese oxide, at 0.5
mol%, titanium oxide, bismuth oxide, and manganese oxide totaling
to 1.5 mol%;l and nickei oxide and cobalt oxide totaling to 2
mol%. Next, aluminum nitrate was added at 10 ppm mol%, and then
mixed in a ball mill for 20 hours and' dried. Then, polyvinyl
alcohol was .added. The disk pressed was fired at 1300C for 2
hours, thereby éttaining a thickness of 1 mm. Distribution in
operating voltage were as follows:

(1) Conventjonal firing method



30 [err] (2) Firing nethod 1 in the exanple of the invention No debi nder
process perforned; progranmng rate fromJ[err] [err] /hr; pr ogramm ng
rate - from . [err] [err] /hr; programming rate from/[err] [err] hr;
operating voltage and distribution: (3 sj,gma) [err] process yield: 64%
(product standard [err] 10%; |arge amount of |eakage current, occurrence

of blistering Ln_the product, frequent urrence of —cracking reaklng
in the subsequgr‘lf‘“ﬁ Oggglgeréklg.)rq:, r nglarpgltg(liod pZ‘q%FaEnﬂéngxé‘ﬁﬁPe c;frb%[o(ﬁ

|nvent|on No debi nder oces erformed; ramrrn e froml[err] [err]
/ hr; SHeARYIAg VO Haee ang; i tritytion: ersrlﬁmﬁﬂrﬁ %lc?d’ra(msa 1tgee ave
from[err] > [err] /hr; maintained at [err] for 1 hour:; operating voltage

and di st riid T¥RNipg ipgAnyaristqrlz . BYocERec¥iglqi PR {epduct s¥aadard
standard [err 10% ; | arge anount of | eakage current, occurrence of
blisteri ng— 10/%) ¢ he product, frequent occurrence of cracking and breaking in
the subsequent process. (4) Firing nmethod 3 in the exanpl e of the invention
Debi nder d2dceEsring meathed; 1 pindgenexagplatef fthemipgentiowrr]; naint ai ned
at [err]” for 1 hour; programmng rate from[err] /hr; progranmng rate
from[err] Nerde}b{mier] popeess rpﬂ;ﬁmmedgepmerednmmg wate ofironf P-si6HAHE)
[err];
100°C /hr; programming rate from 650~950°C: 300°C /hr;
'programming rate from 950~1300°C: 150°C /hr; operating voltage
and distribution: (3 sigma) 46%*5.3V; process yield: 90% (product
standard = 10%); no change in process yield of 90% observed after
maintaining the temperature at g975C for 5 hours.
(3) Firing method 2 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
100°C /hr; programming rate from 650~950°C: 300%C /hr;
programming rate from 950~ 1300°C : 150 /hr; maintained at 1200C
for 2 hours; operating voltage and distribution: (3 sigma) 45%
5.1V; process yield: 93% (product standard =+ 10%).
(4) Firing method 3 in the example of the invention
Debinder process performed; programming rate from 0~ 6507 :
100°C /hr; maintained at 640°C for 1 hour; programming rate from
650~950°C: 300°C /hr; programming rate from 950~ 1300C: 150C
/hr; operating voltage and distributioh: (3 sigma) 45%3.1V;
process yield: 100% (product standard =+ 10%).

(5) Firing method 4 in the example of the invention



process yield: 78% (product standard [err] 10%; |arge anpunt of 31

| eakage <current, occurrence of Dblistering in the product, frequent
occurrence of cracking and breaking in the subsequent process. (5) Firing
nethod 4 in the exanple of the invention Eebinder process perforned,;
progranmng rate from[err] [err]; maintained at [err] for 1 hour;

programming rate from[err]; [err]; progranmng rate fromJerr] /hr;
mai nt ai ned at - P@P?T‘??%rprioclﬁﬁ?r ;peé'k@F‘g?‘?hgp’x}?ﬂIfaé&B"&n&'a&Pst o8, t05850C3:

sigma) [err]. process_ yield: 80%6(product standard [err] 10%; | arge anount
of Ieakage1

/BFt , naERtR Nk @040 ¢ st dg hapnihProesamming f Fageefiron
occurrence of cracking apd breaking in the subsequent process. Exanple 10
First, thé%06rP8RIhg gﬁpg%éhmerﬁr%&@mmﬂ nkatsi deomt PO IBIN Gxi SO ch
mainly forms a solid solution of zinc oxide spinel, other than titanium
oxi de” and dngaritadrede atat 140GChofog 2 theunah osperatimgs nrektase dend and
manganese oxide totaling to 1.5 nol % and nickel oxide and cobalt oxide
total i ng tdiszrﬁbu%omex?:;l signahufildi 2 /Ble pPescestdediald:101908% (progueind
then mxed in a ball mll for 20 hours and dried. Then, polyvinyl alcohol
was added.stanterdi £KQ¥)essed was fired at [err] for 2

- Example 11

First, the following oxides were mixed: zinc oxide at 95
mol%, oxide which mainly forms a solid solution of zinc oxide
spinel, other. than titanium oxide and mangaﬁese oxide, at 0.5
mol%, titanium oxide, bismuth qxide, and manganese oxide totaling
to 3.5 mol%; and nickel oxide and cobalt oxide totaling to 1
mol%. Next, aluminum nitrate was added at 10 ppm mol%, and then
mixed in a ball mill for 20 hours and dried. Then,. polyv:inyl
alcohol was added. The disk pressed was fired at 1300°C for 2
hours, thereby attaining a thickness of 1 mm. Distribution in
operating voltage were as follows:

(1) Conventional firihg method

Firing _temperature: 0~ 1300°C; programming rate: 100°C /hr;
operating voltage and distribution: (3 sigma) 60+ 12V (voltage of
lmA running in a varistor); process lyield: 50% (product standard
1 10%) .
(2) Firing method 1 in the example of the invention

No debinder process performed; programming rate from 0~ 650°C

AR



hours, thereby attaining a thickness of 1 nm Distribution in operating
vol tage were as follows: (1) Conventional firing nethod 32 Firing
tenperature: [err] ; progranmmng rate: [err] /[hr; operating voltage and
distribution: (3 sigma) [err] 12V (voltage of 1mA running in a varistor);
process yield: 50% (product standard [e?’%] 10%9. (2) Firing nethod 1 in

the example ofoble/kitventiop:Aufgh! nfiete P 8563 RUOGERE . Pr SYRATTHET

rate fromTeri| [€rr pr &gr anm ng rate from ~ Jer tr]

/ hr; ) : f - pi I istribution: (3
i ey [ ore Aty A" sl it |95 3BTt dBoP/RED” oBRER PR Ly g ¢
h i ield of 20%. f ' i ni t t
ot Torr] FO EERTEYOS ot ¥ S1BRRE KBS e PRBCERE LRyt YD TGRS o
No debi nder prOCﬁs_s'_ rformed; -programming rate fromf[err] [err] [err]
/hr; pr&d&a&?ﬁf g~ “tdre from [err] [err] /hr; programming rate
and d ot 160§ B e neehod 2 46 155 arppbif ot o FBPEEtEnG (pr oduct |
Debi nder pr oced8 PepHiGEBropPos: BRRRITISHA B OTARIBg, Fate trom 0~ 830'C"

100°C /hr; programming rate from 650~ 9507C : 500°C /hr;
programming rate from 950~ 1300°C: 150°C /hr; méintained at 1150°C
for 1 hour; operating voltage and distribution: (3_sigma) 44+
5.0V; process yield: 92% (product standard X 10%) . |
(4) Firing method 3 in the example of the invention

Debinder process performed; programming rate from 0~ 6507C:
100°C/hr; maintained at 600°C for 1 hour; programming rate from
650~ 950°C : 500°C /hr; programming rate from 950~ 1300C: 150°C
/hr; operating voltage and distribution: (3 sigma) 43%3.2V;
process yield: 100% (prodﬁct standard *10%). °
(5) Firing method 4 in the example of the invention

Debinder process performed; programming rate from 0~ 6507 :
-100°C /hr; ma_intained.at 600C for 1 hour; programming rate from
650~950°C : 500°C /hr; programming rate from 950~ 1300°C: 150C
/hr; maintained at 1150C for 5 hours; operating voltage and
distribution: (3 sigma) 41+ 2.8V; process yield: 100% (product
standard =+ 10%). | |

(6) F'iring method 5 in the example of the invention



[err] maintained at [err] for 1 hour; programmng rate from/[err]
programming rate fromf[err]: [err] /hr; operating voltage and
distribution: (3 sigma) [err] 3.1V, process yield: 100% (product
standard [err] 10%. (5) Firing nethod 4in the exanple of the invention
33 Debi nder process perfornmed; programrming rate fromO- [err]: [err];

mai nt ai ned at for_1 hour; 0 'n rate,from err ro ng
rate from bFE’IL Per PTOIFHS p#ﬁf"ﬁ ‘Hm progfanndng) r 1'=]r9mh§urg%l‘[gn
operati ng e and. distri utlo (3 si err rocess yield:

100% (pr&d]%}5¢7gfanﬁallﬂ tis 0By i & Houst; cnxlogtrﬁ Y08 | B9F 0¥ des
were m xed; zinc |de§ 5m)l% oxi de .whi ch rrglnlyforms aﬂnglld

sol uti on &PYTHE I de? %; QFHEFa‘P‘Hé‘rg t Feti drPBxi Y 2Ad0 gaﬂé@g:
oxide, at Q.5 rml % titanium 0Xi giq) snmut h _oxi de, and nanganese oxi de
total i ng t/&r3. @wt@@naﬁdam dlap xifGE dR8 bewasi epea@t%rt& a¥?htpg® androl %
Next, aluminumnitrate was added at 10 Eﬁm nol % and then mi xed in a ball
mll for ZBIsgsibutien: dlBedigmaihedf* 3p yvumplceascmldms%éﬁdéarodmt di sk

pressed was fired at &56”] for 2 hours, thereby attaining a thickness of 1
mm  Di st rstendesd lQ%er ati ng vol tage were as fol | ows:

(7) Firing method 6 in the example of the invention
| Debinder process performed; programming rate from 0~ 6507 :
100°C /hr; maintained at 600°C for 1 hour; programming rate from
650~950°C: 500C /hr; programming rate from 950~1300°C: 150C
/hr; maintained at 1150C for 2 minutes; operating voltage and
distribution: (3 sigma) 42%3.0V; process yield: 100% (product
standard = 10%). . |
Effects were not confirmed when the time maintained in
the range of 1025~ 1200°C was shorter than 2 minutes and longer

than 100 hours.

When - the programming rate was. 500°C /hr and higher, the
c_iamage done to the products was so great that this methoc.i. could
not be considered as an industrial production method.

Example 12

First, the following oxides were mixed: zinc oxide at

93.5 mol%, oxide which 'mainly forms a solid solution of =zinc

oxide spinel, other than titanium oxide and manganese oxide, at

0.5 mol%, titanium oxide, bismuth oxide, and manganese oxide



(1) Conventional firing method Firing tenperature: [err] ; progranmm ng
rate- J[err] /hr; operating voltage and distribution: (3 sigma) [err] 12V
(voltage of 1mA running in a varistor); process yield; 50% (product
standard + 10% . (2) Firing nethod 1 in3z¢he exanple of the invention No
debi nder process perforned; programmng rate fromJ[err] 34 [err]/hr;

progranmm n rate rom _.Jerr ) rr].Lhr; programm ng rate from 950
[err]: [er t?hB%eF%t;ng W%'ag?gldaﬁdcbfggt PJ‘b‘Eﬁi%‘]‘fP ?033331'(91%‘ dpetptabing.
process yield: 90% (product standard,b{grr 109 . Firing nethod 2 in the
exanpl e oft& ﬂ"e“ﬁo ent V&Kt NG Y PHBe P BFR s’éaspédpgé)né‘&; 18, gﬁl”aﬁﬁ’?%g and e
from[err] [err]_ /hr; . programmng rate from [err] .lerr] /hr;
proogr anmi ridefat Bi¥ediperd] ally appll ) for 20 nihqursy ard ¢ingedior  Themwr
operating voltage and distribution: (3 sig[ra) [err] 5.0V; process yield:
92% ( pr od ROLY¥iBRH Aksohedr vag ;added.4) Ther digk Riafsedavwas frredadndiB80& the
i nvention Debi nder process perfornmed; progranming rate fromferr] : [err];
mai nt ai nedoxt 2[ Bpurs f grherehyuattpinigigamithdckaess 1oH aun | Bistribetiqn:
programming rate from950 [err]: [err] /hr; operating voltage and
di stri but iisnopesatingrwplage Jwere as follows:
(1) Conventional firing method
Firing temperature: 0~ 1300°C; programming rate: 100°C /hr;
operating voltage and distribution: (3 sigma) 57+ 11V (voltage of
1mA running in a varistor); process yield: 50% (product standard
+ 10%) .
(2) Firing method 1 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
100°C /hr; programming rate from 650~850°C: 175°C /hr;
programming rate from 950~ 1300°C: 100°C /hr; operating voltage
and distribution: (3 sigma) 51+ 5.8V; process yield: 92% (product
standard =+ 10%) . |
(3) Firing method 2 in the example of the invention
No debinder process performed; programming rate from 0~ 650°C
100°C /hr; programming rate from 650~950C: 175 /hr;
programming rate from 950~ 1300°C : 100°C /hr; maintained at 1100C
for 1 hour; operating voltage and distribution: (3 sigma) 49%

5.5V; process yield: 95% (product standard =+ 10%).

(4) Firing method 3 in the example of the invention

[T



process yield: 100% (product standard [err] 109 . (5) Firing nethod 4 in
the exanple of the invention Debinder process performed; programmng rate
from[err] C [err]; nmaintained at [err] far 1 hour; programming rate from
[err] ; programmng rate from[err]37[err] /hr; nmaintained at [err]
for 5 hours; operating vol tage and distribution: (3 srgma) [err];

process yleld roduct st andard err rlng 5in
t he exanpl e of ‘f eﬁv PPSﬁS pexn m'n 108 PB’B&% 'E)% %o rr'@’ﬂ prer’&'ngﬁ ng
ratefromé;gr) [err]; talned%} kﬁerrl }1or 1 hour; pr.og ram*nn%rate
from[err} ? r/HTs ri'f'ad@'tél’rﬂ? ataftal ouferPfoﬁrérnF']mﬁalrﬁtt&l &@mat
Terr] for 100 ho qgatl ng vol tage and di stribution; iﬁﬂj{:err];
process yPedq:9o % '85? diEt  REARTRAIRiNg, fRtegohron 7?501’}3 6 in

t he exanpl e of the invention Debinder process perforned; pr ogra % rate
from [ err{Ar{ eOPPrakingt Holdasat f{@r]’ﬁbﬁ’l Hor: b ogi&maE) ncft r:5t3e Viom
[err]: [err] programming rate fromf[err [err /hr; mai ntai ned at [err]
for 2 m npXeeessoydedd: ngg%(ﬂnr@éécén%ltaﬂ di Bul 9%h: (3 sigma) [err]; process

yi el d: 100% (product standard [err] 109%.
(5) Firing method 4 in the example of the invention

Debinder process performed; progfaniming rate from 0~ 650°C:
100°C /hr; _xrlaintained at 450°C for 30 minutes; programming r:'ate
from 650~950°C: 175°C /hr; programming rate from 950~ 1300%C:
100°C /hr; maintained at 1100C for 1 hour; operating voltage and
distribution: (3 sigma) 46X 6.0V; process yield: 89% (product
standard *10%); The debinder process can be judged as being
performed for too short a time.

(6) Firing method 5 in the example of the invention

Debinder process performed; programming rate from 0~ 6507 :
100°C /hr; maintained at 350°C for 10 hours; programming rate from
650~950°C: 175°C /hr; programming rate from 950~ 1300°C: 100°C
/hr; operating voltage and distribution: (3 sigma) 48%X4.1V;
process yield: 99% (product standard * 10%).

(7) Firing method 6 in the example of the invention

Debinder process perforrned; programming rate from 0~ 650%C:
100°C /hr; maintained at 250°C for ‘1 hour; programming rate from
650~950°C : 175C /hr; programming rate from 950~.1300C: 100C

/hr; operating voltage and distribution: (3 sigma) 48+ 4.8V;



Effects were not confirnmed when the tinme nmaintained in the range of [err]
was shorter than 2 mnutes and | onger than 100 hours. \Wen the progranm ng
rate was [err] and higher, the danage done to the products was so great
that this nethod could not be consi derg as an industri al production

net hod. Exanple 12 First, the follow ng oxides were mxed: zinc oxide at

93.5 | 9% de_ whi f, | i,d f d |,
o or |t halF T R i R RboNRE i eolBed dor OBk 0.5 ol %t t ant um oxi de,
[ th i de, id Li t 5 | o4 d kel
oxido. and cobl { S Grecity #as aios ShExtEiL Tt PRt advea

t 10 | 9 . d i [, f
Sri ed. ppnalér:oﬁl{%pdfe&ﬁ‘ e? ??r)ég]ﬁ&lsl \r/]\%'fbS aggé‘l& 'nfgr’fe b?%%"pregg 'f| itg% at

[err] for 2 hou a thickness of 1 D|str|but|on in

b atta| ni
bper at| nPrAIEERELe ner PSR | ofEnEsforts . RBPEAS? f.wqﬂgwnsd FER® ng
G St butteder PguLs gwﬁ)t%%??“mé‘? 4 FoBor 636 i T RRRH G ALFUFRR st or )
process yiel d: 582%& rggyacltne%t anldnardt [eerr;lbolge%)mentloned examples and
.comparative examples are shown in FIG._ 2. In FIG. 2, the point
at 100°C indicates Example 1 - (1) (conventional' example); the
point at 150°C indicates Example 4 - (4); the point at 175C
indicates Exampie 12 - (4); the point at 200°C indicates Example
8 -~ (4); the point at 300C indicates Example 10 - (4); and the
poiﬁt at- 500°C indicates Example 11 - (4). As clearly shown in
FIG. 2, it was confirmed that the sintered products manufactured
by the methods. of the invention showed only small distribution in
operating voltage.

As mentioned above, according to the examples of the
invention, various additives which are used in a zinc oxide
varistor for improvement of reliability mainly form a solid
solution of zinc oxide spinel ét a relatively low temperature of
650~950C ~during the firing process. Therefore, when the
programming rate is reduced in this temperature range, "a large
amount of these compounds will be present. These compounds exist
in the particle field and interfere with the particle growth

around the temperature in which particles grow to form secondary



(2) Firing nethod 1 in the exanple of the invention No debi nder process
performed; programming rate fromf[err] : [err] /hr; pr ogramm ng rate
from Jerr]: [err] /hr; progranmm ng rate fron1[err] . [err] Ihr;
operating vol tage and di stribution: (3 sjpgma) [err] 5.8V, process yleld

92% (product standard [err] 10% . (3) F|r|ng nethod 2 in the exanple of the

|nvent|on No debhi nder roces erfqrned; pro rate from/[err] :[err]
Theo ! or gcrRRta a Ll Sﬂlﬁ% ﬁ%ﬁ]comwﬁgﬁ? 3] aF  PRBREY ath Rgcrite
fron1[err] [ hr for 1 ho ; opera i ng vol tage
and d|strlkﬁégiﬂﬁLtégnsvgﬁg)t? Q§95V" b&%c%%%?%ﬁ el FL?%dH%tgrOW
standard [err], 10Ai Flrlng nethod 3 in the exanple of the invention
37 Debi ndélmysifoge Yperféwﬁed bYor eBhaaingg  tha e Pregheqeing . rate rin the

mai ntained at [err] for 1 hour; 8rogrann1ng rate from/[err]; [err]/hr;

pr ogr ami ﬁgamp&rétﬂrenrgwe[@#rFFJ [&0r POO%r: Hheerdistiibusiengénaparticle
distribution: (3 S|gna) [err process yield: 99% ( product standard [err]
10% . (5) SHize neahebroFesucad: rensidepablof (Similardssi &y menferaingr gtess

performed; programming rate from[err]: [err]; maintained at [err] for 30
m nut es; ;dabgmdﬁm pgorese teo oqa{"l@cm]vvhiqh dzgmmegagivat effects | cthq :size

of particles became even more uniform. A further improvement can
be attained by maintaining the temperature range of particle
growth of 1025~1200C for many hours. As a result, it is
possible to manufacture a zinc oxide varistor with particles
which are relatively large and uniformly formed. In addition, in
the process of firing the zinc oxide sintered compact body, the
solid solution of zinc oxide spinel solid solution mainly contpol
the growth of pafticles. Since a small amount is formed in the
primary phase temperature of the solid solution of zinc oxide
‘spinel ranging from 650~950C, the number is controlled by
enhancing the programming raté. At the same time, by performing
a debinder process and maintaining the temperature range of 1025~
1200°C for many hours, the size of zinc oxide crystal is intended
to become uniform. A§ a result, this invention was effective iﬁ
reducing the distribution of operating voltage to about 1/3,
improving the yield from 50% to 100%, and also léading to

improvement of distribution in surge characteristics at short

wave pulse of 2500A to 2/3.



[err]; maintained at [err] for 1 hour; operating voltage and distribution:
(3 stgma) [err]; process yield: 89% (product standard [err] 10%; The .
debi nder process can be judged as being performed for too short a tinme.

oroar ammng rate from[errye Terr] mai b nea at orr) MM AR |f|H1 i

progra dﬁ&gr?§ 8£Af$?d€¥r] [err]: programm ng rate fromferr] ® [err [ hr;

operatin di'Stribution: (3 sigma) [err]; process yield: 99%

duct stand 1 hod 6 h | f
et ron”bebi o p/bcetB, Pl BSRSIFANRT 8 e ORISR terdl)

t d at h te f
o l)Sr2%999&%@&%95?%&%&?13?2??? PO 8P BLOLHhke Yt o
3 1 d: .92% duct, st d d 109 .
bebi nder SRPEERL 16, SORBHIaRT ot 'nﬁdom & bhe ol G HREneAbR nder

Egﬁg?ffor@cldec%ﬁpp] z%ﬁloﬁ?‘al Pﬂﬁﬂu ef Or‘feen?)'%?ﬁt ;Ege B i%raﬁb@zgg%{err] |

for nore than 30 m nutes. Data obtalned in above- nentloned
exanpl es 0-dndocnPalty iand eRiipePRE %Jéiesr(aﬁnsbgog) @tzo 0} for0cd mol¥pe

poi nt . . . . . .
wherein said zinc oxide varistor compound is burned at the.

programming.rate of 175 to SOOTl/hr in the temperature range of
from 650 to 950°C comprising a primary phase temperature range of
a solid solution of zinc oxide spinel, and at the programming
rate ‘of 30 to 500°C /hr in the range of from 950 to 1300°C.

2. The method of manufacturing a zinc oxide sintered
compact body as claimed in claim 1, wherein the =zinc oxide
varistor composition is provided with cobalt oxide (as Co0) at 0O
to 3 mol%, nickel oxide at 0 to 3 mol%, manganese oxide (as MnO)
at 0 to 3%, magnesium oxide at. 0 to 20 mol%, chromium oxide
(Cr,05) at 0 to 0.5 mol%, tin oxide (Sn0,) at 0 to 0.5 mol%, and
one substance at least containing aluminium or gallium which
forms an oxide during the firing process at 0 to 50 ppm, for
forming a solid solution of zinc oxide spinel essentially having
the féllowing formula (Formula 1).

(Formula 1)
Zn3_x (Sb, Ti, Sq. Cr, Mn)x 04

3. The method of manufacturing a zinc oxide sintered



at [err] indicates Exanple 1. - (1) (conventional exampi®e); the poini at

[err} indicates Exanple 4 - (4); the point at [err]|eiigh e 12
- (4); the point at [err] indicates Exanple 8 - (4); tﬂmmmnt&mﬂm
i ndi cates Exanple 10 - (4); and the poigi at [err] indkcatest npl e*x11 -
(4). As clearly shown in FIG 2, it was.confirmed that the sintered

products manufactured by the t hods of the jnveption showed only snall
di stribut i%?PR%?topéiné’i n&svoFﬁrgb‘EeéjAsnhen? Hfed aboV ,eraﬁ,lélor(ﬁ%r‘?g {fdTiRg
exanpl es of the inventign, various. additives i ch ar & sed in ,&Oz,énc,oxi de
varistor fHMRSTAtYTEnett SAiNCel PXLAR  SAREING y 1FOPm 40231 i tP st Fon &8
zi nc oxi de spi nel gt arelatively Io%:]glrrperature of [err] during the
firing pregiddainedrfor & sigutegikg, 1 OF8gramming rate is reduced in
this tenperature range, a | arge anpunt of these conpounds w_I| be present.
These conpounds efist Thg BeEhodr (9ic| BanyEAGLUTAAg; i eZEBF e OMidA (SHOtEERTI cl e
growm h around the tenperature in which particles grow to form secondary
39 recrysteupacst ibedy aswgdaimedsin colpbinkis BRIt hurndpge pyocess
| ocal i zation will take place, which causes the particles to grow
ununi f or mtakes Plase aflerraddiogng bindepratrante nif rugight % and press-
tenperature range of 650 to [err] , the distribution in particle size can
be reducedualdglingder abl y. Sinmilarly, by performng a
5. The method of manufacturing a =zinc oxide sintered
compact body as claimed in claim 1, wherein the burning process
takes place after adding a binder at 10 to 50 weight %, and
forming a thin film by a dicoater method or a doctor blade
method.
6. The method of manufacturing a zinc oxide sintered
compact body as claimed in claim 5, wherein the thin film formed
by a dicoater method or a doctor blade method is formed into a
laminated chip before being fired.
7. The method of .manufacturing a zinc oxide sintered
compact body as claimed in claim 4, wherein prior to performing
the main firing in the primary phase temperature range, a
debinder process is performed in advance at 350 to 650°C and in
an oxygen-containing atmosphere, and then the main firing takes
place after the atmosphere is changed or in a separate furnace.

8. The method of manufacturing a zinc oxide sintered

compact body as claimed in claim 4, wherein at the time when the



debi nder process to carbon which has negative effects, the size of
particles becane even nore uniform A further inprovenent can be attal ned

by maintaining the tenperature range of particle growh “M'melm ml

many hours. As a result, it s posg%/ble t o manufact ” lﬂm

varistor with particles which are relati¥vely large and uniform'y fMorged* In
cess of; firl the_zinc, oxide sintered co ct bady,

addition, in 't ro in

the sol i d™d4? utrﬁc}ﬁngf %Pnchb iJ@ngBi n8f sRY 4Rl HESK NSF'HP?/{I%%‘H% 0l*St he
growt h of ticles. ince a small anmpunt is faoryed in the pri phase
Denper at (PEF I REe 8o SRIB0P PERCSHS 4 PACTBeo el SCMARGP NG 1 Fi5th [10r 11
the nunber_is controll ed by enhancing the programmng rate. At the sane
time, by é@io nénaalae%}%/gﬁﬁcﬁ?%gé’gaﬁagﬂ%&ﬁ?ﬁ?m ng the tenperature .
range of 1025~ [err] for ma hours, the size of zing¢ oxide crystal is

i ntended to becoﬁe ur?irhﬁor‘?ﬁtqyﬂg PI LANYIagyrdng, A nzinh L der R iered n
reduci ng the distribution of operating voltage to about 1/3, inproving the
yield frofReR%t Hodposs elfimedsdn 65@%‘1’1921 d'h%lgvéﬁeﬁ?a% S tFmaSt 0dn i n
surge characteristics at short wave pul se of 2500A to 2/3. WHAT | S

CLAI MED Iexide sedegtedodfrogy thenusheurriGansigtipgncofoxselaltsi mxided
conpact body conprising the step of burning a_zinc oxide varistor

conposi t i mangagese; exide ziand vickrl mxide apeosddedwre, magnesi um

10. The method of manufacturing a =zinc oxide sintered
compact body as claimed in claim 2, wherein Cr oxide and Sb oxide
are each added at an amount of more than 0.01 mol % up to 0.5

mol%.



oxide at O to 20 nmol % bisnuth oxide at 0.1 to 2 mol% TiOQ2 at 0.1 to 2
nmol %~ and antinony oxide. (as [err]) at 0.01 to 0.5 nol % wherein said zinc
oxi de varistor conpound is burned at the progranmng rate of 175 to [err]
in the tenperature range of from650 to Berr] conprising a primary phase
tenperature range of a solid solution of3zi nc oxi de spinel, and at the -
programming rate of 30 to [err] /hr in the range of from950 to [err] . 2.

The met hod OMEWI)F’;IM}A@%RI%G_Z%@E &ib@%ﬁﬁﬁﬁr&gmﬁﬁg@% body as cl ai med

in claiml, wherein the zinc oxi vari st or composi 'S provided with
cobalt oxide (as CoO at O to 3 nol% nickel oxide at O to 3 nol %
manganese oxide (as MO at 0 to 3% magnesiumoxide at 0 to 20 nol %
chromiumoxide [err] at 0 to 0.5 nol% tin oxide (SnQ2) at 0 to 0.5 nol %

and one subshBSTRAET OERIHE DOSCIKOSURRY al um nium or galliumwhich fornms an
oxide during the firing process at 0 to 50 ppm for formng a solid

sol ution of zinc oxigle ﬁifaehm%wuébahh&rhgyéé&st hRfbek! e 88 {9 e of

(Formula 1). (Formula [err] The net hod of manufacturing a zinc

L T e ot 8 pibgkdllng ey Sl MO
I's range of 650~950°C, the size of particles shows less
distribution. Also, when the temperature comprising the part_icle
growth range of 1025~ 1200°C is maintained for many hours, a zinc
oxide varistbr having relatively large ahd uniformly formed
particles can be provided. When a zinc oxide varistor compound
is fired, a .solid solution of zinc oxide sﬁinel is fired at the
programming rate of 175 to 500C/hr in the temperature range
comprising the primary phase of from 650 to 950°C, and at the.
programming rate of 30 to 500°C /hr in ‘the range of from 1250 to
1300°C . Acbordingly, a zinc oxide varistor having comparatively
large and uniformed formed particles can be obtained. Sinte_re'd
products obtained in this wéy show less distribution in operating
voltage.

FIGURE 1



mai ntai ned for 2 mnutes to 100 hours. 4. The nethod o 3: ;
zi ng oxide sintered conpact body as clainmed in clain1‘,THHESBEHTHASE@EN1.
- process takes place after adding a binder at 2 to 10 Vi ght HEP&MEPress-,
Aol ding. 5. The nethod of nanufacturing a zinc oxide eeretr )
as claimed in claim11, wherein the burning process takes place after addi ng
a binder at 10 to 50 weight % and foriygng a thin filmby a dicoater nethod
or a doctor blade nmethod. 6. The method of manufacturing a zinc oxide
sintered conpact body as clained in claim5, wherein the thin filmforned
by a dicoater nethod or a doctor blade nethod is fornmed into a | am nated
chip before being fired. 7. The nethod of ‘manufacturing a zinc oxide
sintered conpact body as clained in clai m4—wherein prior_to performng
the main firing in the primary phase tenper ure ran e a debi nder process

Is perforned in advance at 350 to [err] and a|n|ng
at nosphere, and then the main firing takes p atnDsphere S
changed or in a separate furnace. 8. The net uring a zinc

oxi de sintered conpact body as clainmed in claim4, mhereln at the time when
t he 42
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main fdrisge in the range of primary phase tenperature is
performed, a debi nder process is perfornmed in advance at 350 to [err] and
i n.an oxygen-contai ni ng at nosphere. 9. The nmethod of manufacturing a zinc
oxi de sintered conpact body as clained in claim?2, wherein at |east two
types of oxide selected fromthe group consisting of cobalt oxide,

manganese oxi de, and
manuf acturi ng a zinc
wherein Cr oxide and
0.01 mol %up to 0.5
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ni ckel oxi de are ed. 10. The net hod of

oxi de sintered conpact body as clainmed in claim 2,
[err] oxide are each added at an anount of nore than
mol %
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