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1 PCT/ JP97/ 01787 METHOD FOR MANUFACTURI NG VARI STCR TE§H‘\IT‘WN'
Fi ELD The present .invention relates to a nmethod for manufacturing.a 5
vari stor. BACKGROUND ART Conventionallyl after forning B (?F}rslycf’ggsgn t he

éu:rface of a varistor element mainly conposed of ZnO, a high resistance
layer made of glass was 10 fornmed on the surface of the varistor element,
and the surface of the electrodes was plated to obtain a varistor. However,

the high resistance | ayer nade of_ gl ass could not_be f d selectively on.
the surface of the v MQM#@THBJNGV to formin g

uni form thi ckness. Accordingly, when plating, plating flow 15 occurred to
cause shorting, or noisture invaded into the varistor elenent to

.deteriorate the electric characteristic of the varistor. DI SCLOSURE OF THE -
| NVENTI ON IMECHNIGAIe FEBLEL) ect of the invention to present a method for 20
manufacturing a varistor having.a high plating resistance and a high

NDi st ure resi STRHC @royerte isedntion Yrelatesi 6@ @ methet tfohi slanudfaciatrimgeal ayer

5 wvaristor.

BACKGROUND ART

Conventionally, after f§rming electrodes on the surface of. a varistor
element mainly composed of ZnO, a high resistance Iayer made 6f glass was
10 .formed qﬁ fhe surface of fhe varistor element, and the surface of the.

electrodes was plated to oBtain a varistor. |
However, the high resistapce layer made of glass could not be fdrrﬁed
: selecti{rely on the surface of the varistor element alone, and it was hard to
~form in a uniform thichess. Aecordin_gly, when plating, plating flow
15  occurred to cause shorting, or moisture iﬁvaded into t_he varistor element to

déteriorate the electric characteristic of the varistor.

- DISCLOSURE OF THE INVENTION | |
If is -hence .én ‘object of the invention to present a method for
20 mahufacturing a Vaﬁstor having a high plating re'sista_nce. and a high
 moisture resisténce by_selectively forming a compact'.high-re.sistance layer
with a uniform th_icknéss on the surface of a varistor eiemeri_t.- o
To achieve the object, a method for ~manufacturing. a varistor of the
invention compﬁseé a first sfep of obtaining a varistor element by forming a

25 material mainly composed of ZnQ, a second step of forming at least two first
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with a uniformthi ckness on the surface of a varistor elenent. To achi eve
the- ‘object, a method for manufacturing a varistor of the | nvention

conprises a first step of obtaining a Baristor el ement 53"?37@%5% 25 -
material mainly conposed of ZnO, a second step of formng at |east two
first P15033. 2 PCT/ JP97/ 01787 el ectrodes at a specific
spacing on the surface of the varistor elenent, a third step of applying a
first heat treatnment to the varistor elenent, and a fourth step of ‘appl yi ng
a second ftelentrodesaatranspedifie sparingoen fhesurfacaief the vewister rel%zeentf at he
varistor elenment. 5 According to this nmethod, since a dense

hi gh- r esi shimkstepagfeapplyirieng first hieaib traatimienttodhei varissorelement; andsa or
excellent in 'a noisture resistance and a plating resistance can be

obt ai ned. fBRHEFsipSERAPPlyERE BFsctohd DistttiaEni¢nt after dispgsinig St pawslert i onal
view of a varistor in an enbodi nent of the |nvent|on "and Fig. 2is an

expl anat orgh ﬂi@&ﬁﬁb@ﬁfﬂh@ﬂﬂﬁo?b@ﬁéﬁt in an
5 Accordmg to this _method, since a dense high-resistance layer having a
uniform thickness is formed,_ a varistor excellent in a moisture resistance

and a plating resistance can be obtained.

.BRIEF DESCRIPTION OF THE DRAWINGS
10 Flg 1is a sect1onal view of a varistor in an embod1ment of the_
inventron, and Fig. 2 is an explanatory diagram of burmng procese in an

" embodiment of the invention.

| BEST MODE FOR CARRYING OUT.THE INVENTION

15 - InFig. 1, plural inner electrodes 2 mainly composed of Ag are _provided |

inside a vanstor element 1 These inner electrodes 2 are alternately

drawn out to both ends of the varistor element 1, and are electrlcally

' connected to outer electrodes 3 individually at the both ends. Ceramic

sheets 1a laminated between inmer electrodes 2 and at the outer side

20 thereof are_mainly compose.d.of ZnO, and contain also Bi,0,, c%os,' MnO,,

Sb,0,, and others as a subsidiary comnonent. Reference numerals 4a,'4l)

'l-a're ‘high-resistance layers formed Wll_en burned together with SiO, or a
mixture containing Si(')z'as a principal component. Figure 2 shows a state

of heat treatment that the element 1 is heated in an alumina crucible 6

25 together with SiO, powder or a powder mixture containing Si(')2 as a
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enmbodi ment  of the inventi on. BEST MODE FOR CARRYI'NG OQUT THE | NVENTI ON 15
In Fig. 1, plural inner electrodes 2 mainly conposed of | ded
inside a varistor elenment 1. These i nmér el ectrodes 2 & Jgﬁf/eorqrglg ely
drawn out to both ends of the varistor elenent 1, ‘and are electrically
connected to outér electrodes 3 individually at the both ends. Ceramc
sheets |la | am nated between inner electrodes 2 and at the outer side 20 -
t hereof. are majnly conposed of ZnQ, and confain also Bi[err]J er

Col er r] O[ ePFRCIn#cgompgpent: ppdeat ?a%?(n@‘-%tsgt%ge%a o <thss £ )??c]g‘;zpeﬂent.
Ref erence nuneral s 4a, 4b._are hi gh-resistance |ayers forned when, burned

t oget her mﬁb@ﬁi'ﬁ@zoﬂz@a@kﬂar&‘gsrﬁw,rNﬂzf@é, é@cﬁ&s 3/156. Qé%l agd) Qn_ent :
Figure 2 shows. a_state of heat treatnment that the elenment 1.is heated in an
al umi na cr asi#dlsabsidiary component (hereisafter maklledr Si), ar poixture f)x when .
containing Si02 as a P15033 3 PCT/ JP97/ 01787 pri nci-pal
conponent foniniatg thadtighmresistdmmt bajreirs ofa, t 4k ogr thip suirfaee 26 the Jvaristor :

5 element 1. -
A method for ménu_facturing a véristor of this embodiment is described
~ below. |
First, ceramic sheets la were obtained by mixing a material mainly
composed .of zinc oxide, a plasticizer, a bindel;, and others, grinding the
10 mixture, forming thé ground mixture into slurry, and forming the siurry :
into sheets. Then, these ceramic sheets 1a and inner electrodes 2 mainly
composed of silver were alterhately laminated, and the laminated body was
cut into a pfedeterinined size .so that the inne.r electrodes 2 may be dra\;vn
~ out to the __'corre_sponding ‘end surfaces alternately 1n order. to obtain_ a
15  varistor element 1. Next, the varistor element 1 was heated for a time of 5
minutes to 10 hours 'at a teinperatui'e of 100 to .30'0°C to remove the
f)lasticizer from the varistor element 1, and the surface. of the varistor
- element 1 was chamfered. |
Consequently, both end surfaées'of the varistor element 1 were coated . -
20 with an Ag elecfrode paste whicﬁ became t(_i outer 'éleci:rodes 3, and the
varistor elemént. 1.was sint_éred by heat treatment for a time of 5 minutes to
10 hours at a témperatulte of 600 to 950°C.
And then, the varistor element 1 Wés'buﬁed in SiO, or mixtup’e_ 5 and
- heated for a time of 5 minutes to 10 hburs at a temperature of 600 to 950°C

25  in air or oxygen atmosphere, by using an alumina crucible 6 as shown in Fig.
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Sb[err]O[err] TiQerr], Al[err]O[err], C(I?)Ii[er]r] O[e(rer, OBZO[err] b Pgo

Na[ err err], Klerr]CJerr]; MO Ca err], an gO as a subsidiary
cogrpon]eﬁtq (hereinafter called.SiC or fixture 5), when POMiFRY 487
hi.gh-resistance layers 4a, 4b on the surface of the varistor 5 elenment 1.
A method for ‘manufacturing a varistor of this enbodinment is described
below. First, ceramc sheets |la were obtained by m >(;i ngha mat er i alj. mai {ﬂhy
conposed o inc.oxi.de, a plasticizer, a binder, and others, grinding e
10npm xt ur%, Z?{Sr'i#ﬁ&‘%‘ie“ﬁﬁ%ﬁﬂ“n*&@u hich g & nringpal cemmenent ofi the sl urry
into sheets. .Then, these ceranic sheets la and inner electrodes 2 mainly
conposed o¥aristoy element1 andSikhrenst eanh ofdiezand achigheresistance dayarotyy was
cut into a predeternined size so that the inner electrodes 2 may. be drawn
out to t henabrlysomposedof ZmgSiyris foxrsediondheasuaface of thedmristor elsment a 15
varistor element 1. Next, the varistor elenment 1 was heated for a tine of 5

m nut es t ol.10[reiderstally, avheanBisQy is added 140 at suBSidisry k6miponeaptteethide
pl asticizer fromthe varistor element 1, and the surface. of the varistor

el ements 1 waristoheidmentll, Bilgagueatwith 230 hrh8i0ytd peshoty forfmticy bt or
element 1 were coated 20 with an Ag el ectrode paste which becanme to outer
electr QdeSZIS,SiGQ,daﬂdelso a high-resistance layer 4b mainly composed of Bi,(SiO)), is
formed between the hi_gh-resistanqe layer 4a an_d“the surface of the varistor
element 1. Since they react and are formed in t;he portions not.expz"essing
the electric charac_teristic pf varistor, they have no adverse.eﬁ'eéts on the .
10 = electric characteristic of varistor, so that an exceﬂent "varis_for extremely
superior in a'plafiné resistance and, a moisturé resistance is obi:aine(::l.

What is important herein is that, as sho_wn in F1g 2, the éntire outer
sui'face of individual varistor elements 1 éhould_. be buried so as to contact
with SiOz- or mixture 5. Foz_' this purpose, SiO, or mixture 5 is spread in the

15 alumina cz_'ug:iblé 6 in a specified thickness, and a 'si)eciﬁéd number of
varistor elements 1 are arranged thereon so as not_tp contact with each
'_other.‘ And then; SiO, or mixture 5 is put ovei' in this state,.and heat
treatment is applied. Depending on the composition of mixture 5;- howéiler, :
Iﬁixture 5 may contact on the outer electrode 3 due to anchor effect, and in

20 * such a case it is necessal_'y to keep conduction by removing mixture 5 on the
outer electrode 3 by grinding or the like. 1f the anchor _eﬂ'eét is too large to
be rerhb{'ed by grinding or the like, or if the hi_gh-re'sistance layers 4a, 45 on
i:he surface of the varistor élemer_lt 1 are removed by grinding, a fﬁrther
oﬁter electrode past may be appliéd and baked on the outer electrode 3 to |

25  form the outer electrodes to keep conduction.
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v_ari'stor el ement- 1 was sintered by heat treatnent for a time of 5 ninutes

t® 10 hours at a tenperature of 600 to 950[err]C, And then,

t he vari stor

el enent -1 was buried in SiQ2 or m xturd® 5 and heat ed f-o?cy"??wla?75
mnutes to 10 hours at a tenperature of 600 to 950C 25 in air or oxygen
at nrosphere, by using an.alumna crucible 6 as shown in Fig. P15033 4
PCT/JP97/ 01787 2. By this heat treatnment, ZnO which is a principal.
.conmponent of the varistor elenent _1 and SiJerr]: react ch other, and a
hi gh- r esi st ancAfteryards; gleatrelytic Ninplating and glestrelyticsoldarlating were

surface of the varistor element 1. Incidentally, when Bi[err] dberr] S
0

added as capnlied on the suxfapenfthe owteriededrodes 3, sang a yazgistor was

taimed] g err]

‘reacts with ZznO and SiJerr] to pronote formation of Zn[errgSi_qer'r]-, and

al so a hi dhhe plating bhiekhagsof the ohiiamted varigtorestas 2 LB oy Nf p!

tthgani)3 err]

is formed between the high-resistance | ayer 4a and the surface of ‘the

vari stor epandntsolderJlatiagt hey react and are forned in the portions not

expressing the electric characteristic of varistor,

effectg on theResults of plating resistance of the varistors are shown in Table 1.

10

15

- 20

As shown in Table 1, when the varistor element 1 not i_ncluding high

resistance-layers 4a, 4b is plated, the surface of the varistor element 1 other

than the outer electrodes 3 is also plated. When Fe,0,, Sb,0;, TiOz,'Alzos,

t hey have no adverse

Bi,0,, B,O;or glass frit which is a subsidiary component is added to SiO,,

instead of SiO, alone, flow of plating is further decreased, and more uniform
high-resistancé layers 4a, 4b seem to be fotmed.
Table 2 shows the Voltage ratio_ \% ln,AIV 0 A). of the varistoré after
burning in Si0, or mixture 5. |
- As shqwn in Table 2, fhe varistor including the mixture of Si0, with
PbO, Na,CO,, K,CO,, MgO, CaCO; and Ag,0 is sma]lér, in the voltage _ré.tio
thaﬁ the \}é_ris;t'or including SiO, powder alone, and is more excellent in the
nonlinearity of low current region. This is considered because the addition

of such additives contributes to 'stabi_lizatidn of the grain boundary area that

* seems to determine the nonlinearity.

In the varistor of the embodiment, while resistance of the surface is

‘heightened, it is also enhanced in density,- and therefore it simultaneously

brings about the effect of prevention of invasion of plating solution at the

time of plating.
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10 welectric characteristic of varistor, 'so that an excellent varistor
extrenmely superior in a plating resistagce and a nnistugé%;esistance S
obtained. What is inportant herein is that, as shown in d?’@?lFﬁk entire
outer surface of individual varistor elements 1 should be buried so as to
contact with SiJerr] or mxture 5. For this purpose, SiJerr] or mxture 5
is spread in the 15 alumna crucible 6 in a specified thickness, and a
speci fied nunber of varistor elenents 1 are arranged thereon so as not to

contact with each oth , SiJerr] or mxture 5 is put over in
‘this state, and heat nt iq applied. Depending on the conposition of
m xture 5, however, nj .5 may| contact on the outer electrode 3 due to
anchor effect, and in case it i's necessary to keep conduction by
removing. mxture 5 on gl ectrode 3 by grinding or the like. 1f the
anchor effect is too | renoved by grinding-or the like, or if the
‘high-resi stance | ayers [£a the -surface of the varistor elenent | are-
renoved by grinding, ja + t er el ectrodefpast jmay be applied and
baked on the outer eljedy .3 25. formthe qggg el ectrodes to keep
conducti on. P15033 S 2 13 =37
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5

PCT/ JP97/ 01787 Afterwards, él ectrolytic N plating and

el"ectrol yti.c solder plating were applied on the surface of the outer

el ectrodes 3,

and a varistor was obtaihed. The pl ati ngP?%JgﬁF/é’slgsz)f t he

obt ained varistor-was 2 [err]. min Ni plating and 2 [err] min sol der

plating. 5

" Results of plating resistance of the varistors are shown

in Table 1. As shown. in Table 1, when the varistor elenment 1 not including

hi gh resi stan
el enment 1 oth

ated, the surface of the varistor

- | 4a, 4b js pl
Ieﬁiﬁﬁf n@%aamh% 158?98%@13 @rabe?gbﬂpyt ed. Wen

Fe[err.]O[err]cﬁg)[I ]O[err], Tierr], Alferr]OQlerr], Bi[err]Jerr],
9

Blerr]O[err]
Sigerr], .10

en puryinga ¥aristorelempnt diinSiOq onpuintune 5,salthogh t o
i nstead of SiQ2 alone, flow of plating is further decreased,

and nore (ighgemstange lagerstantrarafprmedonly by huying os bhownrinefig. Zabl e 2

shows the voltage ratio (V[err]/V[err]) of -the varistors after burning .in

Si 2 or nicenside

rg\g the seantavity) itdblmor, effectivento stirengthen sHe rgltdatoni xt ur e

of S with 15 PbQ Na[err]CO[err], Klerr]CO[err], MJO CaCJerr] and
Ag[err$o itetwranlSHO,ior mbxuve!s with aatarstétheleniditt ¥ byifiplying prdedurg Sl 2

powder al one,

and is nore excellent in the nontinearity of |ow current

region. Thysputtimpasieigheor tlesHke onthitktadslblinFig. 2.

(2). In heat treatment for forming high-resistance layers 4a, 4b, by

rotating by putting a specified number of varistor elements 1 and SiO, or

mixture 5 into a sleeve such as a cylindrical piece, more uniform high-

10 resistance layers 4a, 4b can be fdrmed. Besides, by heating Whilé_rotating,

as compared with the case of using the crucible 6, not only high-resistance

layers 4a, 4b can be formed by a small amount of SiO, or mixture 5, but also

temperature fluctuations of the varistor element 1 are small, so. that a

varistor having small fluctuations of varistor characteristics such as a

15 varistor voltage can be obtained.

(3) After immersing a varistor element 1 in a liqu_i_d' containing at

least one organic metal compound selected from the group consisting of

6rganic metal compounds of Si, Pb, Fe, Sb, Ti, Al, B, Bi, Ag, alkaline metal,

and alkaline earth.metal, by burying"the' varistor element 1 in Si0, or

20 mixture 5 and heating, dense high-resistance layers 4a, 4b having much

uniform thickness can be formed.

(4) In the emBodiment, high-resistance layers 4a, 4b are formed by

heating in S_iOz' or mixture 5, after heé;ting and sintering the varistor

element 1. This is because, considering the étability of electrical 3

25  characteristics and ceramic characteristics of the varistor, better results are
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of such additives contributes to stabili zation of the g{r;al n boundary]c arﬁa '
that seems to determine the nonlinearit 20 In t \ ) of the
enbodi nent, while resistance of the sur ace is hei ght ene (g” ? }fé_?é-f
enhanced in density, and therefore it sinultaneously brings about the
effect of prevention of invasion of plating solution at the tine of
ptating. P15033 PCT/ JP97/ 01787 [err] 7 o PCT/JP97/01787

Vo Pst or chihiisR bR R RYE oS SR e ke e Cveradmening or S
4a, 4b ar erefag ion ofO trhe va%/lstoli'r Zieng atslsd]r% oﬁé‘ slélpgrately If however the - |
sintering reactmn and h1gh-res1stance layer forming reaction of the varistor
element _1 are done simultaneously, the high resistance layers 4a, 4b can be
5 formed. At this time, whether the varistor element 1 is formed before or
after forming the odter'electrode 3, it is important that the outer electrode 3
should be formed so as to conduct with outside during use.
G) In this embodiment, Si02 and the additives in mixture 5 are
added in ox1de form, but as far as becoming an ox1de in the react1on
10 temperature range (600 to 950°C) not limited to oxide, but any compound
 may -be used. |
(6) In mixture 5, by-deﬁning the principal component SiO, at 80 wt.%
or more, high-—resista_nce layet's 4a,'4o can be formed easily.
(7) By adding a compound of Fe, Sbh, ﬁ, Al, Bi or B, or glass frit to
15 mixture 5 mainly composed of SiO,, a tendency of higher resistance is noted,
and by adding a oompound of Ag, Pb, alkaline metal or alkaline earth metal,
enhancement of nonlinearity of varistor characteristic 1s observed. _
| (8) In the embodiment, only one of oxides of Fe, Sb, Ti, Al, Bi, B Ag,
Pb, alkaline metal or alkaline earth metal or glass frit is added to mixture 5
20 mainly composed of S102, but if two or more compounds thereof are added
the same effects are obtamed
(9) The glass frit composed of 60 Wt% of B1203, 20wt% of BzOs, 10wt%
of Si0;, and 10wt% of Ag;0 is used in the embodiment, and if glass frit

~containing B is used, it is easy to form high-resistance layers 4a, 4b, since

25 the softemng pomt is low.
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consi der i ng the reactivity, it is nore effective to strengthen the adhesion
5 between SiQ2 or m xture 5 with a varistor el ehent 1 ressure

by putting a weight or the |ike on mxture 5 in Fi g. ZbQIC(Tg?PS{?Y{ORgBat '
treatment for forming high-resistance layers 4a, 4b, by rotating by putting
a specified nunber of varistor elenents 1 and SiQ2 or mxture 5 into a

. sleeve such as a cylindrical -piece, nore uniformhigh- 10 resistance |ayers

4a, 4b can be ' Besi des heat le rotating, as, compared with
the case of us@ﬂi, nﬁﬁ@“@ﬂk‘iealfe ’g¥ f%f%ﬁﬂsjhgws}%%%% Ibeas |4ayégp1t41§ 4b

. can be f_o.rrre? by.a s mpunt of Si Q2 or. m xture 5, hut also terrperature
f1 uct uat i PFEIEIT dﬁem ?é&l’ém& the particle size of| 510,07 maxkure 5 asifer @ havi ng
smal | fluctuations of varistor characteristics such as a 15 varistor
vol t age c P9s8blebt ai ned. (3) After-imersing a varistor elenent 1 in a
liquid containing at | east one organic metal conpound sel ected fromthe
group consi sti(d) oﬂlmgabodlmmhrelammnhﬂslaaﬂmﬁte tyhe vaeistd@pbuisamel , B,
Bi, Ag, alkaline netal, and al kaline earth nmetal, by burying the varistor
el emend 1 effect é)feeobﬂamed ﬁﬁ)amaﬁstbflﬁdﬁsidshep'd&m@;hed@hapehl gh-resi stance

| ayers 4a, 4b havi ng rmuch uniformthicknéss can be formed. (4) In the
‘enbodi nent, high-resistance | ayers 4a, 4b are forned by '

INDUSTRIAL'A'PPLICABILITY
Accordmg to the 1nvent1on, hlgh-resmtance layers of Zn-Si-O system or
Bi-Si-O system mamly composed of Zn,SiO, or Bl4(S104)3 are formed in the _
10 surface ofa Vari_stor element not covered with electrodes. Since these high-
- resistance layers are dense and uniform in thickness, they prevent invasion
of undesired moisture or the 1ii:e frbm invading into the varistor element, so
that the varistor characteristics may not deterioratl‘,e.‘ Moreover, it is also
' effegtive to prevent occurrence of défect such as short circuit due to plating
| -15 ~of other portions than the electrode area of the surface of the varisfor
element at the time of plaﬁng. Still more, m the case of ‘a laminate
varistor, the size can be reduced, since the thickness of the reactive layér

can be made thinner than before.

20
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. ' THIS SHEET HA :
heating in SiJerr] or -mxture 5, after heating and sintedqi ﬁ SP%%“

element 1. This is because, considering the stability of Lede:
characteristics and ceramc characteri$ 8. cs of the vam%ﬁ%?’?ﬂb’&qyr results
are’ P15033 8 C PCT/ JP97/ 01787 obt ai ned when sintering
reacti on and hi gh- re5|stance layer formng reaction of t nt
1 -are done sepa?atel y. If, however, the sinteri ng reactluﬂluﬁmlﬁm“l'ﬂlﬁm
hi gh-resi stance | ayer for.m'.ng reactléﬂm he varistor el &meht 1 dre®dohe
-si mul taneousl y,. the high resistance 4a, 4b can be 5 fornmed. At this
time, whether the vari 3 element 1 is forned before or after formng the
outer el ectrodd-3A in@ethg ifom manufacturing arearistor compsiging defizstssiepl of be
formed so as to conduct -with outside during use. (5) In this enbodi nent,

Si 2 and t Rbtaining a vezister elexent by Sormingaithaderial mdidly éamposediof Z¥Of ar  as
becomi ng an oxide in the reaction 10 tenperature range (600 to 950[err]C),.
-~ not |im ted seoondisthp offorming at teasd two ﬁmjzehxetmded at a specific spacmg on .

5 a surface of the varistor element, a third step of applymg a first heat
treatment to the uarist-or e_lement; and a fourth step of applying a second
heat treatment after disposing Si powdei on a surface of the yaristor

 element. | |

2. The method for manufacturing a fraristor of claim 1, vnherein the

10  fourth step is to heat while rotating the véristor element and the Si powder.

3. The method for manufacturing a varistor of claim 1, vtrherein the

Si ‘powder m ‘the fourth step is replaced by a mixture of a principal

component of Si compound and a Subsidiary com.ponent of at least one
.selected from the grou_p consisting of Pb compound, Fe compound, Sb

15 compound, Ti conpound, Al compound B compound, Bi compound Ag

| _ compound alkahne metal compound, alkaline earth metal compound and
glass frit (except when using Pb compound alkalme metal compound or
-alkaline earth metal compound is used alone).

4. The method for manufacturing a varistor of claim 3 wherein the
20 heat treatment in the fourth step is performed wh11e rotatmg the vanstor _'
element and the mixture.
5. The method for m-a.nufacturing a varistor of claim 1, uvhere'in a
second electrode is formed on each of the at least two first electrodes after
the fourth,step.- |

25 - 6. The method for manufacturing a varistor of claim 1, wherein the

This Sheet Has Been Repl
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(6) I1n mixture 5, by defi ni ng the principal conponent Si 'q err] at 80 w. %

or nore, high-resistance |ayers 4a, 4b can be forned easi I-E. ;7% By addi ng
a conpound of Fe, Sh, Ti, A, Bi or Bllor glass frit

le—5— y
mai nly conposed of SiQ2, a tendency of higher resistangggi by
addi ng a conpound of Ag, Pb, alkaline netal or alkali n;mmyﬂﬁ ﬂlli l
enhancenent of nonlinearity of varistor characteristic [« .S In
t he enbodi nent, only one of oxides of Fe, .Sb, Ti, A, Bi, B, Ag, Pb, :
al kal i ne rearigtopelempat indmaeensad b aliqud ¢ontaining;at lensh AReJOFEATHCKt ure &
20 mainly conposed of Si(2, but .if two or nore conpounds thereof are added,
t he sane abpttalt sompoundt s¢lacted f@m Tthe @greup tonsistingpok erganicsanekad; of
Bi[err]derr], 20wt % of Blerr]O[err], 10wt% of SiJerr], and [err]w % of .
Ag20 i s usenpourdseofcdi) @b, FenSh, SidAl fB,gBa g, falkalinenheialj apdmlkalineed, it
is easy to form hi gh-resi stance | ayers 4a, 4b, since 25 the softening point
is |ow. PIl&¥B metad after the third step. PCT/ JP97/01787 '
5 7. A method for manufacturing a varistor comprising a first step of |
obtaining a varistor element by forming a material mainly composed of ZnO, .
a second step of forming at least two first electrodes at a specific spacing on
a surface of the varistor element, and a third step of appiying a heat
treatment after' disposing a mixturé of a principal component of Si
10 compound and a subsidiary cemponent of at least one selected from the
group consisting of Pb compound, Fe compound; Sb compound, Ti compound,
Al compo_und,' alkaline metal compound, alkaline earth metal compound,
and gle.ss frit (except when using Si compound, Pb compound,_ ‘alkaline
metal compound, or alkaline earth metal compound is used alone) on a
16  surface of the varistor element.
8. The method for manufacturing a varistor of claim 7, wherein a
second electrode is formed on each of the at least two first electrodes after
' the third step.
9. The method for manufacturing a varistor of claim ,7,"w_herein' the
20 varistor element is immersed in a liquid containing at least one organic
metal compound selected from the group "eo'nsisting of organic metal
compounds of Si, Pb, Fe, Sb, Ti, Al, B, Bi, Ag, alka]ine 'met_al,_ and alkaline -
earth metal, after the second step.

-~ '10. The method for manufaeturing a varistor of claim 7, wherein the

25 heat treatment in the third step is performed while rotating the _varietor

- P15033



(10)" If attenpted to form uni form hi.gh-resi stance |ayers 4a, 4b, it is

preferred to make uniformthe. particle _size of Si(Jerr] ' re.5 as far
as possible. (11) The enbodi nent rel atd# to the |ani nateiype—zmg Uy

same 5 effects are obtained in a varistor in disk shape or other

f ( shape. .
| NDUSTRI AL APPLI CABI LI TY According to the invention, hi gu | Hﬂl "al rs
of Zn-Si-O systemor Bi-Si-O systemmainly conposed of Z A
Bi[err](Sigerr] ['eéy(1 are formed in the 10 surface of a varistor elenment .
¢

not cover e8€fRe JysEuresi nce these high- resistance |ayers are dense
and uniformin thickness, they prevent invasiqn of undesired_noisture or
the Iike from3lavdthamethediahwanafaciusings enusior coRnmuUnghHirstater Pgr

. characteristics may not deteriorate. Mreover, it is also effective to -
_prevent ocobtainingacaritéeelemantbyforming a materidlimaindy compoaed afZn®, of

ot her "portions than the el ectrode area of the 'surface of the varistor

el ement at at $exondnstepfofdpyilying a tdat|tremtreent afteh elisposingfa miktumeneft 2

varistor, the size can be reduced, since the thickness of the reactive

llayer can ipeinvipsl ddmpereentidfSi doaipvund &6d REubIMiary component of at least
one selected from the groﬁﬁ consisting of Pb compound, Fe compound, Sb
compound, Ti compound,_ Al compound, B compound, Bi compéund, Ag-
compound; alkaline metal compoﬁﬁd, alkaline eafth metal comﬁound, and -
glass frit (except Wheﬁ using Si compound, Pb compo;un'd, aikaline metal

10 compound,-o;'. alkaline earth metal compound is uged alone) on a surface of
the varistor element, and .a thir_‘d step 6f formihg at least two eleétrodes on a

‘surface of the \‘raristor element.
12. The method for manufactliring a varistor of claim 11, whereiﬁ the
varistor element is heated between the first si-:ep.an_d second step. .

15 13. The method for manufacturing a varistor of claim 11, wherein the
varistor element ié immersed in a liquid containing at least one metal
compound selected from the group conéisting of organic rﬁetal compounds of

" Si, Pb, Fe, Sb, Ty, Al, B, Bi, Ag, alkaline metal, and alkaline eéu_'th metal,
_before the second step. | B | .

. 20 1;1. The method- for manﬁfactuxing a Varistor of claim 11,'Whérein the

heat treatment in the éééond step is'pérformed while rotating the vai'istor

element and the mixture.
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10 -~ -"PCT/JP97/ 01787 CLAI M5 1. A met-hod for _

manuf acturing a varistor conprising a first step of obtaining. a varistor

el ement by formng a material mainly cbiposed of ZnO, §C§Ié‘?(?ﬁéms7tsép of
forming at least two first electrodes at a specific spacing on a surface of
the varistor 5 - elenent, a third step of applying a first heat treatnent
to the varistor elenent, and. a fourth step of applying a second heat
treatment after disposing Si conpound powder on a surface of the varistor
element. 2.  The nethod for manu 'ERAQ«? a varistor of claimi, wherein
the fourth step is to heat while rotating the varistor element and the Si.
conpound powdeA.mgthod for manufacturing vestel biyowhich armaristort baving a
varistor of claim1, wherein the Si conpound powder in the fourth step is

‘repl aced Hyigh plating resiftanceandca high awipmire nesistatie sompoufattanet by

subsi di ary conponent of at |east one selected fromthe group-consisting of
Pb conpoungbledtévelp nfruiidg &bcempaet fth%sﬁeﬁmJ NeyerA haviig oa nanifrm
conpound, Bi. conmpound, Ag conpound, alkaline netal conpound, alkaline earth

15 . i DT BlickAMAY N the Sdtast 8P4 vatistor 8RN, WiRTth Thetholptles TResRS,
' element (1) is first formed by alternately. laminating ceramic sheets (la)

. mainly of a zinc exide and internal electrodes (2) upon one another, and
then, Ag electrode paste which becomes external electrodes- (3) is applied to
both end faces of. the element (1). Then, after the element (1) is sintered

10 through heat treatment, the element (1) is buried in SiO, or a mixture 5)

containing SiO, and the element (1) is heat-treated for 5-10 minutes at 600-

 950C in the air or in an oxygexi atmosphere.

" P15033



conpound, or alkaline earth netal conpound is used al one). 4. The net hod
for -manuf o ew4701y a vari stor of claim 3, wherein thé heat - tRCEIRIRO1787N t he
fourth step is perforned while rotating the varistor. el enent and the

m xture. 20 5. The met §¢g for manufacturing a varistor of
claim 1, wherein a second electrode Is formed on each of the at |east two
first electrodes after the fourth step. 6. The net hod for. manufacturing
a varistor of claim1, wherein the P15033  varistor elenent is i mersed
inaliquid containing at | east one organic netal conpound sel ected from
the group consisting of organic netal conpounds of Si, Pb, Fe, Sb, Ti, A,
B, Bi, Ag, alkaline netal, and al kaline earth netal, after the third step.
5 7. A nethod for nanufacturlng a varistor conprising a first step of
obtalnlng a varistor elenent by formng a naterial mainly conposed of ZnQ;
a second-step of formng at least two first electrodes at a specific
spaci ng on a surface of the varistor elenent, and a third step of applying

a heat
Fig.!
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treatnment after disposing a m xture of a principal conponent of Si 10

conpound WAS7ATMAbsi di ary conponent of at | east one sel ect edrfrpewoitdre gr oup

consi sting of Pb conpound, Fe conpound, Sb conpound, Ti conpound, Al

cenpound, al kal i ne netal conpound, &f3aline earth metal conpound, and gl ass

frit (except when using Si conpound, Pb conpound, alkaline nmetal conpound,

.or alkaline earth nmetal conpound i's used alone) on a 15 "surface of the

varistor.elenment. 8. The nethod for manufacturing a varistor of claim?7,

wherein a second electrode is formed on each of the at least two first

el ectrodes after the third step. 9. The method for manufacturing a varistor -

of claim7, wherein the 20 varistor elenent is imersed in a liquid

contai ning at | east one organic netal conpound sel ected fromthe group

consi sting of organic netal -conpounds of Si, Pb, Fe, Sb, Ti,- A, B, Bi, Ag,

al kal ine netal, and al kaline earth nmetal, after the second step. 10. The

nmet hod for manufacturing a varistor of claim7, wherein the 25 heat -

treat nent inFﬁgFZ%hird step is perforned while rotating the varistor P15033
1Y, :




v

12 PCT/JP97/ 01787 el enent and the m xture. 11. The nethod
for manufacturing a varistor conprising a first step of obtaining a
varistor elenment by formng a material nainly conposedpei/spéifar7s3 second
step of applying_a heat treatnent after disposing a mxture of a 5
‘princi pal component .of Si conmpound and a subsidiary conmponent of at |east
one selected fromthe group consisting of Pb conpound, Fe conpound, Sb
conpound, Ti conpound, Al conpound, B conpound Bi conpound, Ag conpound,
al kal i ne net al conpound al kal i ne earth netal conpound, and glass frit
(except when using Si conpound, Pb conmpouynd, al kaline nmetal 10 conpound,
or alkaline earth netal conpound-is us Ione) on a surface of the
varistor elenent, and a third step of formng at | east two.el ectrodes on a
surface of the varistor el enent. 12. The nethod for manufacturing a

vari stor of ng g] wherein the vayistor etement is heated between the.
first step and*§ (?(Sﬁd‘%?eﬂurﬁ‘il?er in ihe dREWNGSd for nanufacturing a
varistor of claim 11, wherein the varistor elenment is |nnersed in a I|qU|d
containing at |east one netal

LR varistor element
la ---- _cefomic sheet
2 e inner electrode
C JEE— outer electrode

4qa, 4b --- high-resistance layers
S —eee- SiO, or mixture

6 .---4--"crUcibie



conpound sel ected fromthe group consisting

met al |,

pérfornmed while rjotjati ng the—varysfor 18I ement and t he mpdisag PHRGRF
o - | | O1DEC M98 o
| CLAIMS
1. A method for manufacturing a varistor comprising a first step of obtaining

10

15

20

bef ore thdg

a varistor element by forming a material mainly composed of ZnO, a second step of
forming at least two first electrodes at a specific spacing on a surface of the varistor
element, a third step of applying a first heat treatment to the varistor element, and a
fourth step of applying a second heat treatment after disposing Si compound powder on a
surface of the varistor element.

2. The method for manufa_cturing a varistor of claim 1, wherein the fourth
step is to heat while rotating the varistor element and the Si compound powder.

3. The method for manufacturing a varistor of claim 1, wherein the Si
compound powder in the fourth step is replaced by a mixture of a principal component
of Si compound and a subsidiary component of at least one selected from the group
consisting of Pb compound, Fe compound, Sb compound, Ti compound, Al compound,
B compound, Bi compound, Ag compound, alkaline metal compound, alkaline earth
metal compound, and glass frit (except when using Pb compound, alkaline metal
compound, or alkaline earth metal compound is used alone). |

4. The method for manufacturing a varistor of claim 3, wherein the heat

treatment in the fourth step is performed while rotating the varistor element and the

mixture.

5. The method for manufacturing a varistor of claim 1, wherein a second |

electrode is formed on each of the at least two first electrodes after the fourth step.

6. The method for manufacturing a varistor of claim 1, wherein the

P15033
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Si, Pb, Fe, Sb, Ti, A, B Bi, Ag, al kal1|4ne mn”mqlﬁ”uﬂmg"ﬁgnggﬁkﬂﬁs%

: he ret hod*f of manufacturing a
varistor of clai rh BEPLAGEMENTSHEEF eat treatment in the second step is

e



