JUN 2044 TITLE OF THE | NVENTI ON VOLTAGE- DEPENDENT NONLI NEAR RES) §T@EN 2004
CERAM C, VOLTAGE- DEPENDENT NONLI NEAR RESI STOR W TH THE CERAM C, AND METHOD
OF MANUFACTURI NG VOLTAGE- DEPENDENT NONLI NEAR RESI STOR CERAM C FI ELD OF THE
| NVENTI ON The present invention relates to a ceramc used for a

vol t age- dependent nonlinear resistor (varistor), and in particular, to

conpos;i p Q§§¥h&ﬁF ceramc having a ( Ba, Ca) Ti3 content, to a
NEwds Sf'i ed 'w E@?ﬁ?

vari st'or prov s ceramic, and to a nethod of manufacturing the

ceramnc. mﬁ@g&%ﬁ:mgﬁg @@'&%Aﬂsﬁ r hﬁf“?‘%lcif'ﬁé’%%%ﬁéé‘ﬁi ve el enent

whose resis nii near | nges accordi ng ange of an applied

vol ta i fi I i I resl.s rapi dly drops
when g’%@ﬁﬁﬂg@%hﬁ% %@@Pﬁ ﬁgﬁ%@QWQS%pW here are
vari ous conpositions of ceramcs that mainly constitute varistors. Since
havi ndPHEFACTIRNG SRLTAFEDFEENRENT | MO INEGR RESTSTOR; SERANE and t he
el ectrostatic capacitance characteristics, conposite perovskite-based
ceram ¢ having contents of (Sr, Ba, Ca) Ti03 is very suitable for
absorbing a surge voltage, generated in el ectronic equipnent, or for
r enov FRAELAOPIS CHEFANVEBIGN e, the ceramic is applied to a ring varistor for
DC mcro notors etc. 30 JUN 2004 a varistor nmade of this conposite
per ovski t e- [fhe epresraniioyentiors rpdated | o cepmtioluseldefornper at ur e
dependency of a varistor voltage (voltage at which varistor's resistance
r api divpldagpJedendsnt atdriligene! pesiattons (vhrSttorBa and La. Nanely, in order
to prevent excessive current fromflowng into a varistor or thermal
runawpirfi@maar,i sbngomiissiite pBeovsliitel-Based Adrag cohapinid@ i(Brgonnecti on
with the increase of operating tenperature, it is possible to adjust the
" tenpepat urg) Tdepensdfay., Mard Siefistvbesmviaedt eiperativr eefgpandency of the
varistor voltage is adjusted in this way are disclosed in Japanese Patent
Publ i ga§i @y Mtﬁéagﬁ%ﬁ%aee&@ﬁg; RabeRbrani#l! i cation No. 02146702A),
Japanese Patent Publication No. 3045559A, and Japanese Pat ent No.
2944697C (Japanese Patent Publication No. 03237057A). In recent years,
since acceleration in soldering work speed has been requested and hi gh
te”peﬁé‘ééi{]fpﬁﬁhd% ﬁ&ddﬁﬁﬁﬁznf sol der have been used at the tine of
nountTng el'ectronic parts such as varistors, soldering tenperature has
been promot gd, Faf bk g £ 63500 ;5L NEFAAL ShoLs AL tuRgsed severe

5 n at 't

. L
sol dering COH&F{IOHS, it~ becone reque erma

nonlinearly changes according to the change of an applied
voltage, and specifically, is a resister whose resistance
rapidly drops when a voltage beyond a certain voltage value is
applied.

There are various compositions of ceramics that mainly
constitute varistors. Since having both functions of the
nonlinearity of a resistance and the electrostatic capacitance
characteristics, composite perovskite-based ceramic having
contents of (Sr, Ba, Ca) TiO, is very suitable for absorbing a
surge voltage, generated in electronic equipment, or for
removing noise. For example, the ceramic is applied to a ring

varistor for DC micro motors etc.



cracks caused by local thernmal shocks arise. As for electrodes %f} tjgl 2004
varistor, an Ag (silver) electrode is generally used. Nevertheless, since
the Ag content of this electrode dissolves into the solder due to the
i ncrease of soldering tenperature, there is a possibility that a function
as the varistor may be spoil ed because of di sappearance of all or a part
of the 3 0 J 004 . t e. . Qr t rQvi ayi r strong
agai nst suchyg %H%ﬁﬁhtggﬁggefqg %ﬁﬁg é§¥|25 3? ﬁ%%é¥%¥a¥¥céég%ased ceramc is
di scl osed in Japanese Patent Publicati . 63276201A, wever, in the
pUbl | CBEFERC 1 e pECPPT IR 51 SPHEGHY CREd SIPATAEIP (oREMEon. such
Ti O2- based varjistor ceramc is considerably inferior to conposite
per ovsREt @-FdsEorareLtase dupihree iat whiche@ristorng eeiatencs)
characteristics about electrostatic capacity, and the varistor voltage
cont r oFpREANY [AFoPg ) dbh eifdecting dtplee rakiies can st Bé akdfi%ed. Therefore,
demands of conposite perovskite-based varistor ceramcs is increasing
becausiamgly hdns gpder oid pyevente|exaessiue cwrandcfeenstlawingndntof eat ure
that its functions are not spoiled even if hot soldering is perforned.
Furt heanmmistor as thermaic reaswaso ot avbsiaid idueeheythey arardsborcer am cs
nore excellent in hardness to for exanple bending stress are desired.
SUVMVARYe GlageHArbphERd | idNcbhnést idiewdithr ehanimicast of dgesapiegent i nventi on
to provide conposite perovskite-based varistor ceram c and a varistor that
have ex&gidrenturel ect ris gosshBraciebiaghsesthd aainpeeatiias its functions are
not spoiled even if hot soldering is perfornmed. Another object of the
Pr esendepdheRRALYON Viasik@oBs Aiticde tﬁériéﬁﬁra%ﬁfaf@?éﬁdeﬁbyi seepeel lent in
nelectrical characteristics, bending strength and thermal shock-proof 3 0
JUN Z%ﬂ&ee%yta@qst Qaphovddla nad tHRBUfAL el BEsBRINR 1@f the varistor

0

ceram c. According the present invention, a conposite perovskite-based

seni co i j d i I i ikr st conponent
%@g& ﬁé{ﬁ Vopieeatn J! Ba¥§2d A QuapQREAL Pt chit nmp

consi sting oxXl| ) east one conponent of a second conponent

| STITg of _ i . _seconc
cons! shiidcctlontnd €35 48964 Ndclogal dssalesht dyamoRbdes of R (¥

| ant hanol onent consistin east one kind of oxide

sel eCt et fb30h O XLrsaBhndll MurdE §8) 26 TR CIEBANKY pERARES!! NG OF an

oxi de ©
Publication No. 03237057A).

In receht years, since acceleration in soldering work
speed has been requested and high temperature solder and lead-
free solder have been used at the time of mounting electronic
parts such as varistors, soldering temperature has been
promoted. For this reason, since varistors are exposed to
severe soldering conditions, it becomes frequent that thermal
cracks caused by local thermal shocks arise. As for electrodes
of the wvaristor, an Ag (silver) electrode is generally used.
Nevertheless, since the Ag content of this electrode dissolves
into the solder due to the increase of soldering temperature,
there is a possibility that a function as the varistor may be

spoiled because of disappearance of all or a part of the



substantially containing no My. A conposition of the ceranic is $01dUN 2004
al(a+b+c) s0.40, 0.30 s b/(a+b +c) s 0.50, 020 <c/(a+b +c) s
0.50, 0.84 s (a+b+c +e)/(d+f) s1.16, 1.0 ~ (e + f)/d x 100 ~ 10.0,
and g/d x 100 s 0.6, where a is the nunber of noles calculated for Sr of

the first conponent as SrO b is the nunber of noles cal culated for Ba of
the first rfoqponent as BaO c is the nunmber of noles calculated for Ca of
the first conponent as CaO d is the nunber of noles calculated for Ti of

the first cogppon s Ti e i he. n I of | e lcul ated for R of

t he second cggrrp%%génlf acé)sp?gg}%e ,a &a&&of‘%nﬁ %%T%l%,%ﬁ?ﬁ(%t her

| ant hangi ds)._ respecti vel f i.s, the nunber of noles calculated for Mof the
Lhitd CORPEHERIRE . \BOEL FREsStrbapatt ALl OReed (eI erS of ol es
calculated for_Si of the fourth conponent as_SiQl. The present invention
not onfysSelpsattds JRBARGRS Fatent Hatilisabden Hp&eyoePla: vHPYSYYT and
suppresses the 30 JUN 2004 generating of a thermal crack on the basis of a
| ocal tneckhmPuAieRtEoR. M9 SPoetBia ladar Lagnerdidnedonat dYl-deb? easi ng anmount
of SiO used as a sintering additive as small as possible, but also
conpensdditsiarhe steheF1@rhaseh vwrigtogegrearamift i5necendiggrabdvised by t he
decreased anount of SiO7 by adjusting a total AAB (a ratio of a total
nunber infemare sootocmpoditel percwsipcree bhsed ovdmistiorgcetdreic dnement s whi ch can
enter in lattices of the A site conponent in relation to an ion radius, to
a tot atespgdicior @he @lesrditad Ehatdotetaspiaeibouentdeatimgtather el ements
which can enter in lattices of the B site conponent), expressed ¢ + e)/(d +
f). | negsibittyQnand hend reseBtol Nusitiaigenchittdigiabenhaps esmd mentber mal

)shock- proof property of a varistor by not containing My substantially to
f urt hegu gV RIRAEMSc! 8&Rlot HRerABhtasOCk generating. Mreover, it is possible
to enhance the electrical characteristics of the varistor by appropriately
sel ecting A fid @Rk A&tdRE o2NdofsbATRUBbrénsk & &ivide8f varistor

sem conductorizing agent. In addition, a paraneter adopted in the present

| nventiQiuyilcd 99t 1 AcrddihG oSy e Yhe céhﬁe%i@r&g&'&fcgle@eeieaﬂber of

nol es of the A site conponent consisting of only Sr, Ba and Ca, and the
nunmber les Sj 15%[71}% n j St i, but the total
A B th%}gﬁas@%ﬁr%ﬂecé E"F’?%Fé?%ns t %tﬁ i%%%@ct%&%ggt%}glg}ovski te structure
and al so .contain additiv Nanel.y, Lf.i C ru ontri butes
fo a gyt fvin i ner SR10ant f ehher Bl o Mt Bty e

articular, since the . semc ctorizing, agent i s inportant
p to aincrease operat%.on BPPIPCUienCY, Va]gl.s r ceramlgg) more

excellent in hardness to for example bending stress are desired.

) SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide composite perovskite-based varistor ceramic and a
varistor that have excellent electrical characteristics and a
feature that its functions are not spoiled even if hot
soldering is performed.

Another object of the present invention is to provide
varistor ceramic which is excellent in electrical

characteristics, bending strength and thermal shock-proof



3 0 JUN 2004 solid solution ions anong additives, in the case ofS@héUN 2004
present invention where a dosage of the sem conductorizing agent is nuch
an error becones large if the sinple ABratio is used. Nevertheless, it
becones possible to provide a varistor hardly having the dispersion of
characteristics since exact control is attained for the first tine by

componEAbPEtd, iy brotidy § Ao thg AT R, 8 Pyt 0%
c/(a + + ¢) s 0.35. Also it is preferable that a conposition of the

b
first CoMPBHENt and at | east one component of the second and third
conponents is 0.96 c +e)/(d+ f) s It is still nore preferable

that a conpoéFFPEﬁﬂQﬁ @%:tP%aE¥e§ﬂﬂ§ &Bﬁ?ﬁﬁﬁﬂﬂ: ch?WRP§ﬁ¥?ond and third
conponents is 1.0 s ée + f)/d x 100 s 4.0. Furthernore, it is also

pr ef er RBreviikiie-trse oﬁﬁm%QQHﬁQﬁteﬁ YQQ§S¢@Gr$¢FQﬂ%@p§ﬁ@n@ Yarigt@rx 100 It
preferable that the ceramc further contains a fifth conponent consisting
of at kentaimre fiirsd compnricnd sehetitdadf pbnooddateofofriiBa.Nga Mh, Co, Ni,
Cu, Ga, and W It is also preferable that 0 < h/d x 100 s 1.000, where his
t he nuahérThf aipllesstadmrulcatmpdnént dfi a Becomvh ,codpon€ot cosivtwhgch are
contents of the fifth conponent, as LiOl12, NaOl/21 MO, CoOl, 13, NN O CuQ
Sc0_3142, afeldast, on&akind ofl nkiie elekhel fivdn \WRidedhos H i(fit bndonmponent is
effective in enhancing electrical characteristics, such as enhancenent of

a nonl Lagaiaraelhi ah@nd thi®al hhngddht C¥nsidtreleo@bhy, 14 waei stor has
el ectrodes fornmed on | east one surface of the ceramc, and the el ectrodes

consi skifd S FBHB! &l ediaNFYoiBsie s 6. M| (Nd Reacese, afnd e latter, it is

jymor e preferable that the el ectrodes are nmade of a Cu alloy or Cu
cont ai Rhier 1l RRpohbht - cJdHdiERERIEL anf e a4 510 0 tiR RRaRNE | nvention, a

vari st or cerantc cont ai ns OXIdeS conS|st|ng of at | east one Kkind of

el emeng,, ' r onpr essi ve
1341y ttﬂmﬁﬁgge COWGSSI B12158'dA%he QordflE s

tress eX|sts e stress exists on the ceramc
surfac

i.s,als POS; i bl nprove b ndi S gth at the
tinme o ]s Id@tjl(ﬁg O% I§ost£8bbqg{ hﬁ La t Rer nk sh%%? E’ogg property
preventuyg@gg? ack rOQ}%B'Sbn§4 e%%p+ en ten%e/?&ure Iggﬁthg,rlses at the

time of
1.0 = (e + £)/d x 100 =< 10.0, and g/d x 100 = 0.6, where a is

the number of moles calculated for Sr of the first component as
SrO, b is the number of moles calculated for Ba of the first
component as BaQ, ¢ is the number of moles calculated for Ca of
the first component as CaQ, d is the number of moles calculated
for Ti of the first component as TiO,, e is the number of moles
calculated for R of the second component as YO,,,, Ce0,, Pro,,,
TbO,,, and RO,,, (other lanthanoids) respectively, £ i1s the number
of moles calculated for M of the third component as NbO;, and
TaO,,, respectively, and g is the number of moles calculated for
S5i of the fourth component as S5i0,.
The present invention not only enhances the thermal

shock-proof property of a varistor and suppresses the



That is, at the tinme of soldering, |ocal expansion arises by 1lo ah tﬁﬁt rag;
and becones tensile stress that nakes a crack arise on a surfac £J eﬂn
ceramic. It is possible to obtain the varistor ceram c strong agai nst a

| ocal thermal shock so long as the conpressive stress that can bal ance
this tensile stress is introduced beforehand on the surface of the

vari staor _cer sid onpressive stre i;sts in a

sur f acd? ?ﬁ%g}/%grl stor%}é%%ar%‘l é:rag}% cflﬁcgles fig‘?gt%él ngr 8é%e§1§e% S is the sane
principle as tht of tenpered gl ass that X-ray stress constant is
P00 RherRegiedo Serere rdestad enditionk e drressiod S oos | s 16 WPa
or nore, 30 JUN 2004 it is nore preferable to be 25 MPa or npre, and it is
still amgpRt Flef8Papleed §5pR SHRtOPAnEr 24 dVer AP sSTBAkk 25 P°?§ﬂfﬂ'9e'f erabl e
that the ceramc contains a first conponent consisting of oxides of Sr, d
Ti, |3t ke compeneatesithe detorkPreddpanehta Gogerst PhgsHiteatinbeast one
kind of oxide selected fromoxides of R (Y |anthanoids) third conponent
consi stangedfbyattheedstrenredk amdunt afxiSde, ¥ ediivsitinom dritdésA# M (Nb and
Ta), and a fourth conponent consisting of an oxide of Si, that val ues of
al/ (a +(& ratt)g df/ Gatetdl numpernof aidlas+ob an @) simet comporesat coor di nat es
exist on a |line segnent connecting a point (0.2, 0.0, 0.8) and a point (O.
6), Or coitairiay]etnber«&lanchts Cyhidt dah( anted in Aatélieed asfyahet Ran this |ine
segnent, d that its conpositionis 0.84 s (a+b +c +e)/(d+f) .16, 0.75

s (e +sitd dompbdBng i .fblakhénOtsl a0 108 wWaenss A toSat Betammumbeef nol es

calculated for Sr of the first conponent as SrO, b is the nunber of noles

cal cul gt agbfey oBaa0h sithe chinpShePORAREMHIRS BRSO S1bfedtie whibher of noles
)cal culated for Ca of the first conmponent as CaO, d is the nunber of noles

cal cul ahed i Th Qétﬁﬂ%sf b Sth& HMRARENEoRSonEnYS, $§pfés§é2# mngaber of

nol es cal cul ated for of the second conponent as Ce02 15 Tb07/ 4,

""Qgcﬁf’atea‘?% et o) eemberen “Eabrelt TR Copcivery,
anc g #ur%a% QRS HIDLRE AT il & ﬁﬁoéﬁ% (prpey | 0P d YahRLEATPITEN! 22

I's wWa resen nven 0 JUN 2004

ther sthck B&oofﬂ_ggr erty ,%) é_g % %%rsgﬁggeessseé_oc g generating of
a t hermal™Yalf SPEY% &l ?hl}r G severe
;gg?te{@ge%g@ggb%ﬁgge%gggggg?ﬂorgoegr,a@qu 88eshi Qe 48°dnAtng, ST Nt eri N
the electrical characteristics of the varistor by appropriately
selecting A site mole ratios, and an amount and a kind of
semiconductorizing agent.
) In additicn, a parameter adopted in the present invention
is not a simple A/B ratio which is a ratio of the number of
moles of the A site component consisting of only Sr, Ba and Ca,
and the number of moles of the B site component consisting of
only Ti, but the total A/B that is a mole ratio of ions that
constitute the perovskite structure and also contain additives.
Namely, it is because what truly contributes to a degree of
sintering is not the simple A/B but such total A/B. In

particular, since the semiconductorizing agent is important



. .

but al so conpensates the deterioration of a degree of sintering3 gayusiga00y
the decreased ambunt of SiO2 by adjusting a total AAB (a ratio of a total
nunber of noles of an A site conponent containing other el enents which can
enter in lattices of the A site conponent in relation to an ion radius, to
a total nunmber of noles of a B site conponent containing other elenents
whi ch .l i o] Si GRRABENL S, in(ac +
e)/(d ES??;%%%%géegr#éﬁé %ﬁ?ﬁgd%§| géfé %ﬁhance ?ﬁegﬁf?gﬁg%%ggﬁg el ectrical
char ac [.Std cs h i St ' Vs sel i A site nole
rati os?g‘g‘!‘r‘{g&l&% g%ﬁ%tgad/no?agg glf nﬁyeofg %}S?lg%n&g%#l L(I)%Jtl %%ﬁgi%%édaggrslt . I'n addition,
a paraneter adopted in the present. inventi IS not.asinple AABratio

wht oh Te0s Ay ERGE b BarSere rBEcaiuPTy A8, R3hE B Wsfen: consi sting
of onI¥ Sr, Ba and Ca, d the nunber. of noles of the B sitg}fﬂgaggonent

consi sYEYRF tPe16AFy ¥t PasemesnRosHtde APEPYREAS & WaRbF T A8 8t i ons t hat
constitute the perovskite structure and al so contain additives, That is,

it s peckesdbpt A1SPRTRIGEh oL FhATATSELEELTS SID6Rt PEfEh CONEC4 Hegree of
sintering is not the sinple A/B but such total A/B. In particular, since

t he seatlcumedctori thadirsgehime Py wsdnyakhe Joited AHBution i ons anong
additives, in the case of the present invention where a dosage of the 30
JUN 2004 semttasdprederabhley thgena ¢anpnsdfilomnc®eriber fhiesbnes |large if the
sinple AABratio is used. Nevertheless, it becones possible provide a

vari st esmgvmedtyifayiIwg <t be(di spensiconsob. ahamnashesistiLs bi mce) exact

control is attained for the first tinme by using the total A/B. It is nore
pref eraly aot hghavel ues e/ (a/L{a b/ 3 £ 6.35.C) ABswl 1/ (& préferdhid n the
trilinear coordinates exist on a first |ine segnment connecting a point

(0.5, fhd}t a0chhpdsPiondosectilrishecongsmiit aaangetidgktaonagnment connecting
a point (0.1, athirdline 0.5 and a point (0 0.5, 0.4), or a fourth line

segnent  cRARREL A %R RRELBLA (tha n2ralcdipdtitd PO dlod & %fa_ +0).,or a/(a + b

+ c) exiSts 1n a range larger than these first to fourth Iine segnents. It

the 1191 BOAFaCh e Rndr 8L ol e e P PR Prdetee ol ecting & point |
gment connecting a point
(0.4, QuposQcfdn A A RBLSE difk ZombORASCIdN N8 BOkdHa Eha thira
components is 1.0 < (e + £)/d x 100 = 4.0. Furthermore, it is
also preferable that the composition of the fourth component is
g/d x 100 < 0.3.
It is preferable that the ceramic further contains a
fifth component consisting of at least one kind of oxide
selected from oxides of Li, Na, Mn, Co, Ni, Cu, %n, Sc, Fe, Ga,
In, Mo and W. It is also preferable that 0 < h/d x 100 = 1.000,
where h is the number of moles ca;culated for Li, Na, Mn, Co,
Ni, Cu, Zn, Sc, Fe, Ga, In, Mo and W which are contents of the
fifth component, as LiO,,, Na0,,, MnO, CoQ,,, NiO, CuO, Zno,
Sc0,,,, FeO,,, Ga0,,, In0,,, MoO, and WO,.
This fifth component is effective in enhancing electrical

characteristics, such as enhancement of a nonlinear coefficient



, a sixth Iine segnent 0.4) and a point (0.2, a seventh line segaemt+UN 2004
connecting a point (0.2, 0.5, 0.3) point (0.3, 0.5, 0.2), an eight I ne
segnent connecting a point (0.3, 0.5, 0.2) and a point (0. 0.2), or a ninth
| i ne segnment connecting a point (0.6, 0.2, 0.2) and a point or in a range
surrounded by these fifth to It is nore preferable that a conposition of
the fipst 10 3 0 JUN 200 conponent and at | east one conponent of the second
and thi'fd conponents is 0.96 s (a+b +c +e)/(d+ f) s 1.01. It is also

nore prefera t t nent of the second

and third co?r%%n(% s i’ SE}BQR%&I %89 l%fl% %130%9§%%5 ?2)%"%8”?1? ?{2 al so nore

prefer ble that a osl t on _of the ur.th i S x_.100 s 0. 3.
Pe e, Ol SUFRARS (e 'L8 SHTEFur PHOY i ALBEREO0S [AFPETSEofponent

conS|st|ng of at | east one ki.nd of oxide selected from oxides of Lei, Na,

M, ColUC Matgril patndyamede fifef@rabte WiRafade Ohike takbers it 000,

wher e h is the nunber of noles calculated for Li, Na, M, SCOT/2, 0,

CQO4/ 3is mgug prafpraple thatsthe elgstBodesugogade @3 Kar AALEY according to

the present invention, a manufacturing nethod of a varistor ceramc

i ncl udes @ soapapeiteratiasg FEHucti on sintering to obtain a ceramic

containing oxides of at |east one kind of Sr, Ba and Ca, and Ti, and a

step of per furihegmpeexiafaadrdingf te Hdeopresertd igweatiiengener ate a

conpressive stress in a surface of the ceramic. Since the |arge

conpr esstistost cepanic apanelas eskildest benseching 0ff st rtearsitngnand r eoxi dati on

processing to exist on the ceramc surface, it is also possible not only

t o i MEE ofbeDehdir Hoangsh, da.t hadt Cavard TIQ! &ed idig.a bukfatso to obtain
hi gh thermal shock-proof property preventing a crack from M and W which

are coif emtishofompreeskile3sthadddNedis@g] Si Ng even when tenperature |locally
rises at the tine of soldering. It can be analogized fromthe relation
bet ween an @HUNELET 10BN SS IR LRrE8sUGEIsRR ShNtkL idd-aaRe

surface, it is also possible not only to improve bending

strength at the time of soldering, but also to obtain high

thermal shock-prcof property preventing a crack from arising

even when temperature locally rises at the time of soldering.

That is, at the time of soldering, local expansion arises by

local heating and becomes tensile stress that makes a crack

arise on a surface of the ceramic. It is possible to obtain the

varistor ceramic strong against a leocal thermal shock so long

as the compressive stress that can balance this tensile stress

is introduced beforehand on the surface of the varistor ceramic.

In addition, if residual compressive stress exists in a surface

of the varistor ceramic, bending strength increases. This is

the same principle as that of tempered glass.

Assuming that X-ray stress constant is -100 MPa/degree,

it is preferable that the compressive stress is 15 MPa or more,



suppl enment ati on of the oxygen defects by oxygen in reoxidation processing
that the thermal shock-proof property and residual conpressive asgrﬁsm e
generated by the conbination of the reduction sintering and reoxidation
processing. At the tinme of soldering, |ocal expansion arises by |ocal

heati ng and becones 'tensile stress that nmakes a crack arise on a surface
of the.getagm Lt i t i varlsstar. _c ic strong

agai nstl(\ta&?(r)%ae%&%ﬁﬁ%ﬁo@k%seog?g%aagg ftﬂﬁlge' éaiodﬁdrs)r&gsélsvg%mr ess that can
bal ance this_tensil r.ess, i i ntroduced beforehand on the surface of the
vari st%?r%e?ra%fe&albll% g‘éalf%idlc())n?rp?fo’%é“sqrﬁ’ual conpressive stress exists on a
surface of the varistor ceramc, be 'n%ﬁsa#r?e_'ggth i ngreases.. This is the
sanme princi pttB B3 158591 1t ehp i EGHrRaLS . pFEBEEL PRSI R gh and i x
raw material powder so that the powder. may have predeterm ned conposition,
to gri AdEARRIC FOMPOPRBL FeRRFdStARY T S8 A8F nPhoeoalei ntagdnddd -t 8% perforning
the reduction sintering of this forned object, the reoxidation. Assum ng

t hat Xleagt saneesompongitamt Bsseqoul gogpenent qonsigrénrgrefolad t hat t he
conpressive stress is 15 MPa or nore, it is nore preferable to be 25 MPa
or nor éeasinconet kitndsef |dxiger eepectast disbn oxides o0 RPEY gmmdwore. It is
preferable that the tenperature of reoxidation 12 3 0 JUN 20011 processing
i s bet ertha8mddsandnd ObGBimictomporent!| tonsistime ofr af etextdteonbat t he
tenperature is between 900C and 1000C inclusive. Thus, it is possible to
secur ekindM gl okatges@lectedr iFsbmrodidesage MaiNeandntapufdudciaent nonl i near
coefficient a wth keeping |arge surface residual conpressive stress by
cont r ofiith @okpbhsShOIcon@libagng W 48 bRIGYAHF Ghanehae vdivest egperature in

t he reoxi dation processing w thout changing the conposition. Consequently,
‘since yyde & angecpf A St er+ Vel tages,ead: wraehi eal t1aneaebt ai ned in the
sane conposition wth maintaining the high strength and the high

heat - r@&éﬁiiin%%spéﬁilﬁfto\h aWh gk LR JhbAt! dbdfctihbagepdfni duwab, conpressive

stress, It becones unnecessary to prepare various nmaterials and it

becones @agy 8t)°aﬁ8?”$.rﬁin%m(gf6 algs 4, b.isf,e?@sxe‘ci%r Qbiri%cj%]%e ol b OF the

reoxi dati‘on processing is 32 hours or nore preferable at the tine

i s bet 82 d, 1 [ [ ' f bl.
that the th ) Rl (B3P0 R HHGuET, M WTaCHAS ABRRReP S PEY ©
preferabl e that agartia

Pr et e! 3 ﬁﬁ’@ﬁhéF?c %qugg}gﬁgrrlgfss%r-%‘log Péy+g%n+ icn+t£1)e/(rde9_xif9|ati on processing
< 1.16, 0.75 = (e + £)/d x 100 = 10.0, and g/d x 100 < 0.6,
where a is the number of moles calculated for Sr of the first
component as Sr0, b is the number of moles calculated for Ba of

) the first component as BaO, c¢ is the number of moles calculated
for Ca of the first component as Ca0O, d is the number of moles
calculated for Ti of the first component as TiO,, e is the
number of moles calculated for R of the second component as YO,,,
Ce0,, PrO,,, ThO,,, and RO,, (other lanthanoids) respectively, £
is the number of moles calculated for M of the third component
as NbO,,, and TaQ,,, respectively, and g is the number of moles

calculated for Si of the fourth component as SiO,.

In this way, the present invention not only enhances the



nore. It is preferable that the ceramc contains a first corrpone%tu JUN 700%
consisting of oxides of Sr, Ba, Ca and Ti, at |east one conponent of a
second conponent consisting | east one kind of oxide selected from oxi des of
R (Y and | ant hanoi ds) 13 30 JUN 2004 a third conponent consisting of at
| east one kind of oxide selected fromoxides of M(Nb and Ta), and a fourth

conponent _consi.st}ng._Q QX Si val b +b/(a+b
) andeEieh S B Por sREres P b By B BueBre St L sher
connecting a point. (O 0.0, 0,8 nd.a . point (0.0 .4 .6), or in a
range \%ﬁ@g]éaﬁﬁ’(gaoﬂf % ﬁg‘%ﬁmaa?mfacb/ %15 ti‘eobésiz? %t{r]é‘ IlQFa%rgFf%qt his line
segnent, and_ that its conpositionis 0.84 s (a+ b +c +e)/(d+f) s
1.16, 6h9gkgdye, to,spypEe Solgering (randitigng, by 0erggasing @ where a is the
nunber of noles calculated for Sr of the first conponent as SrO b is the
nunber aBPURp| s SAQL Aifesk 88 #oFLIBRTANI t AL Tivet a8 oFifHiHe R BISSHBYUG- ¢ is the
nunber of noles calculated for Ca of the first conponent as CaO d is the
nunber bot atsesompensiteedheodetRrigiratipe ¢f rstdegsrpodergindering2, e is

t he nunber of noles calculated for R of the second conponent as YO,,,, ,
CeQ,, Pa@¥dd By Therddc3gseidhemotmintdfafdDddy rdjpsicinav el yotélik/R he nunber

of noles calculated for Mof the third conponent as NbG612 and T 2
respeci{aveitio afidagtotal hemberbef nefllegpbesarc dl clltat ednparentt he fourth
conponent as SiQ2. It is nore preferable that values of a/(a + b + ¢),

b/ (a ednedichi®g( dthed elemenitd lEcH Iahi 8gesr Geondibates ofxithe AN a first
| i ne segnent connecting a point (0.5, 0.0, 0.5 0.6), a second |ine segnent

- connecti g ompshsht (fh e19@98BNEo GRNABAL FaWi s, PebNE €Hkall, nbmber @ third
)Ilne 0.5) and a point (0. 0.5, 0.4), or a fourth Iine segnent connecting a

poi Nt §H.moted 39 4N 2304 Bmponch i kboftfdi R RPithetOe Zemdhi® wHilh, oOr a/(a +

b +c) exists 1n arange larger than these first to fourth |ine segnents.

)% B enPLAVOL e B $AVES ol fden ) 0 013 1
a poin$ ﬂ(% %’+Oe?/(d + £). Moreover, it is possible to enhance the
strength and electrical characteristics of the varistor by“fﬂ
appropriately selecting A site mole ratios, and an amoﬁnt and a
kind of semiconductorizing agent.
In addition, a parameter adopted in the present invention
is not a simple A/B ratio which is a ratio of the number of
) moles of the A site component consisting'of only Sr, Ba and Ca,
and the number of moles of the B site component consisting of
only Ti, but the total A/B that is a mole ratio of ions that
constitute the perovskite structure and also’ contain add@itives.
That is, it is because it is thought that what truly
contributes to a degree of sintering is not the simple A/B but
such total A/B. In particular, since the semiconductorizing

agent is important sclid solution ions ameong additives, in the

case of the present invention where a dosage of the
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0.4) and a point (0.2, a sixth Iine segnment connecting a point (0.2, 0.4,
0.4) and a point (0.2, 0.5, 0.3), a seventh |line segnent connecting a point
(0.2, 0.3) and a point (0.3, 0.5, 0.2), an eighth line segnent connecting a
point (0.3, 0.5, 0.2) and a point (0 .2), or a ninth |ine segnment
connecting a point (0.6, 0.2, 0.2) and a point (0.4, 0.2, 0.4), or in a
range sur.l. . _t.hes i.f t. ni_pt j n t. d re

pref er gb%gﬁﬂg'?&aoqégtﬁggm ?%%%&%f }"ﬁﬁ% fe?lr gfs Ebggbn%cgo%leg%t igﬁ%é ath I%gggt one
conponent of second and fhiyrd onent.s s 0.96 s b+ c + e)/(d
+f) s Si'f"B%a #fbe i %&PSBS %Efeéj['prlgefveefr%g’fe e??l'atlscalbggﬁ%%iipﬁs(g%bg? 2 least’ one
conponent of the second and third, conponents is_O.?% s (e +f)/d x 100 It

i s al sETAVERRrANAFISHET AT VW%% AR ™ R conmponent is g/d x 100
It is preferable that the ceramic further contains a fifth conponent

consi sthAgagterkshisgsEingr SKotE 6Pnpalddssattringd £rPEnt&ifddStof Li, In, M
and W It is also preferable that 0 < h/d x 100 s 1.000, 15 30 JUN 2004

Fur t hetdmeeby asdsadithg tetalhéd/Bresent invention, a manufacturing nethod of
a varistor ceramc has a step of performng reduction sintering to obtain
a ceram c coidtalsimygepirdferapleatthatagalusse ofi ad(af+ & + Ba. amb(aCa, and Ti,
step of perform ng reoxidation of the obtained ceramc. tenperature in the
r eoxi dat bon @erdndr oV g sttep i et theenr@idiear SROCdinatesiexdsind a ti me of
the reoxidation performng step is between 0.25 hour and 32 hours

i ncl usbMea Pirst 1iaBPSEqRdirte connédieinge axpdatt oro.per booping )sted i s bet ween
900C and 1050C inclusive and a tine of the reoxidation performng stepis
bet weeg fointhquy.2and. 32 O\@UN,Sai 86t U8neAbSdnenaC eohfeaginp at he present

i nvention, a manufacturing mnethod of a varistor ceramic has a step of

per for gi,ag: reAYCt pod, ¢ight ahand HOLARDYBL D, 2 Ser ATEG, coNkivA NEnexi des of at
| east one kind of Sr, Ba and Ca, and Ti, and a step of performng

" e0xi daL il OloohiBPI ARG A1 L. oftal CHPEY A & pBukEI 0 e0XT dati on

te
performng step I s C and 950C inclusive a tine o

00 091420 T ST TR P R RSHBRS, Dol iCeAR 0T Lrerusl e, or

Incluspve 304 )2.ha"E Rlidd 130" 59X 4R 1608) PeSL AT BLEReY Bxists
in a range larger than these first to fourth line segments.

It is still more preferable that values of a/(a + b + c),

b/{a + b + c) and c/{(a + b + ¢) in the trilinear coordinates
exist on a fifth line segment connecting a point (0.4, 0.2,
0.4) and a point (0.2, 0.4, 0.4), a sixth line segment
connecting a point (0.2, 0.4, 0.4) and a point (0.2, 0.5, 0.3),
a seventh line segment connecting a point (0.2, 0.5, 0.3) and a
point (0.3, 0.5, 0.2), an eighth line segment connecting a
point (0.3, 0.5, 0.2) and a point (0.6, 0.2, 0.2), or a ninth
line segment connecting a point (0.6, 0.2, 0.2) and a point
(0.4, 0.2, 0.4), or in a range surrounded by these fifth to

ninth line segments.

It is more preferable that a composition of the first

10



bet ween 0. 25 hour and 16 hours inclusive. It is possible to mai nt 8 B JUR 200
strength of the ceramc 16 itself in a high level, and to obtain sufficient
bendi ng strength to the bending stress and sufficient resistance over a

| ocal thermal shock at the time of soldering wthout changing the
conposition by adjusting the tenperature and tine in reoxidation

Processhigod . CQA 60! 1ddMt Ba¥abdiidientObt e Sdeon§OMd Tnikh 1S possibl e

to secure a sufficient nonlinear “coefficient ain a wde range of varistor
voltages, and to. |lessen the dependenc t vari stor voltage to the
change SBPORYS P?eﬁt%@ﬁi(Fbﬁpgfﬁfﬁﬁé?¥+ﬁ%§fq§iﬁcg'giactical nonl i near
coefficient 2 and sufficient repgth.in a wde range o varistor voltages
are obt ai nedFntg 1758 Hgre Qﬁﬁ%&ﬁ?p??cﬁﬁéﬁ £ CHBRYHESOInRER ATt o prepare
various materials and it beconmes easy to control materials. It is

pr ef er B¢ capoRgntisef tihe serandfand dhisdxeqRAneRtspto S fgltotcontrol a
vari stor voltage value. Wth considering the influence of changes of the
reoxi délidrx 1PPosedsPng conditions over a varistor voltage, tinme of the
reoxi dation processing has |ess inpact than tenperature in the reoxidation
processi ng. FHenice alisp wore mulefengble videts rorompasittiga o8l He t hrough finally
adjusting the tine of the reoxidation processing, the shift of the

vari st psum cogponéet tike gi/luet L i=00.8f reoxi dati on processing conditions
beconmes snmall, and hence an yield inproves and the control of reoxidation

processi ng condid ippBSebatsahatathe ddramdicpfefeieablcentaineiegh and m x raw
mat eri al powder so that the powder nay have predeterm ned conposition, to

grind A7e30 cddPorOPY dbrsestiafomedgeast tale RehAOSHIdMARAl cining, and to
)perforn1the reduction sintering of this forned object, and the

reoxi ddieited Frém lisRsphelef AL A, Veb gNiandulr xn ) @k, Mekerga) powder,
to add a part of contents after perform ng calcining, adjust the contents

S0 thaty | BRACE! TR DWRPLEARLAININARAEOTPON Id AN10b0s I 1dHh,and for m

the powder, and to "performt reduction sintering of this formed object,

and thg,, eeﬂX&QaEﬁ@pm{?hri St HSfear ahhsuididla e f.e0%AaMnoNcyr ocessing is

performed at a single heat treatnent process acconpanied by one cle of

empengl U ! k8 Q00 Al by, A SRRMENL Y Ritthond a8l LGV BEY e L 1S

pref erabl e tTha redxidation processing 1s perforned at a heat

{real ment, DLOSESIGR: 2GEOMRAN CRabY, 2wl 1648,),\ S, IcUsPaRgEnt temperature
8c0,,,, Fe0,,, Gal,,, InO,,, MoO, and WO,.
Furthermore, according to the present invention, a
manufacturing method of a varistor ceramic includes a step of
) performing reduction sintering to obtain a ceramic containing
oxides of at least cone kind of Sr, Ba and Ca, and Ti, and a
step of performing reoxidation of the obtained ceramic to
generate a compressive stress in a surface of the ceramic.
Since the large compressive stress is generated by the
reduction sintering and reoxidation processing to exist on the
ceramic surface, it is also possible not only to improve

bending strength at the time of scldering, but alsoc to obtain

high thermal shock-proof property preventing a crack from

11



in FInthis case, it is preferable that the ceramc contains a fiss@ JUN A
conponent consisting oxides of Sr, Ba, Ca and Ti, |east one conponent of a
second component consisting of | east one kind of oxide selected from oxides
of R (Y lanthanoids) and a third conmponent consisting of at |east one kind
of oxide selected fromoxides of M(Nb and T fourth conponent consisting of

an oxi de. of Si [ty he. cerapc is 0.3 0.30 s b/(a + b
+ ¢) <g€?%d‘.988."§§d"§ﬁ‘%}ﬁt§ ngg?&% 12%%.18%,’;%%4%% gh%)’;j?"(? i’%f) s 1.16, 0.75
s 18 30 N .2004 and g/d x 100 s 0.6, where a is_the nunber of noles

cal cul 3 ‘#rlflgr tﬂ% e 158%%50&35 sr%‘i"—i‘flcﬂl ibg%fvﬁ%n ndhber of nol es
cal cul ated for Ba of tdE% first conponent as BaQ c is the nunber of noles
cal cul Ft¥P Yy OF eXYHD ¢ @F?s}n&?ﬁlﬁﬁéﬂ? SATEYERT anqy j 5 the nunber of

nol es calculated for Ti of the first conponent as TiQ2, . e is the nunber
of nol BPRIEMENLAFIRP AFr TReoP*TH Jed6hbS JOMPFWERR R ™Roxigerian and ROB12
(other | ant hanoi ds) respectively, f is the nunber of noles cal culated for
M of throcesisitd ctirportdet thermpD shoghdpmess propespecand aegidgals t he nunber
of noles calculated for Si of the fourth conponent as SiO . The present

i nvent¢ampressivel yteyssapresgenimratiedr hil the lvomkipabdn mfopbety of a vari stor
and suppresses the generating of a thernmal rack on the basis of a | ocal

t her matedwgitdok siretdmingeund erapdidiantiong moneissiogs by decr easi ng an anount
of SiO wused as a sintering additive as small as possible, but also
conpensat es Athehdetené FfAlsoddeping, degateedparsiivneariges agudedaby t he
decrease anount of SiO, by adjusting a total AAB (a ratio of a total

numberneft 1Bl 88 Aectihed BEASI KPR thAORMRES AdRidkehrebe@t s, whi ch
can enter in lattices of the A site conponent in relation to an ion

radi us, &@facttaltHaueBeimi®f TRl £5 RfssabBe Sid LHRAAROBRAvAARiai-Ni Ng ot her
el ements which can enter in lattices of the B site conponent), expressed

in (2 &rbn8)! £frchd hgaREE W Slocah! therMPSShBER L9 filipRecerhde strength and

el ectrical characteristics of the varistor by appropriately selecting A

: s, _ . ¢
:Iexcogn!hlg’g{a%%li‘ﬁnsg aggﬁ?r.l :n agg?tmlg%%e al%a(regﬁet e‘% a?gléltsggsﬁn t he present
. hy . " . : . : . h ;
| VentQRoalSed UebiShIBA Bl BLLRLMDIGN 1S Gt alice obbfig nunber o

€ conponent consi's

In addition, if residual compressive stress exists on a surface
of the varistor ceramic, bending strength incfeases. This is
the same principle as that of tempered glass.

It is preferable to welgh and mix raw material powder so
that the powder may have predetermined composition, to grind
and form the powder after performing calcining, and to
performing the reduction sintering of this formed object, and
the reoxidation.

Assuming that X-ray stress constant is -100 MPa/°C, it is
preferable that the compressive stress is 15 MPa or more, it is
more preferable to be 25 MPa or more, and it is still more
preferable to be 40 MPa or more.

It is preferable that the temperature of reoxidation

12



d the nunber of nples of the B site conmponent consisting of only 13,0 QUiN 2004
the total A/Bthat is a nole ratio of ions that constitute the perovskite
structure and also contain additives. That is, it is because it is thought
that what truly contributes to a degree of sintering is not the sinple A/B
but such total A/B. In particular, since the sem conductorizing agent is
important solid solution iq no bhive LN th case of the present

i nvent PSRCRAEHY alsdg?ggge%f%g a%‘gr#)g)g % é‘PF%V%g age‘ﬁ? 1% Such, an error
beconmes large if the sinple ABratjo used, vert hel es |t becones
posel bRECEBLaRIIEE 50 AT GESACHES S HAPRG 1 Coraparidiog

characterlstlcs since exact conty is attai ned fqQr the flrst tlne by

usi ng CHETREEEE- ATBUS 1Y §spP%?%ﬁéiﬂ §°tﬁ%?ugf<?oﬁﬁ8§|¥?Qﬂ? 8f the first
conponent and at | east one conponent of the second and third conponents is
0. 96 svaxister vodtage)ygatues ppdssuffpicient penlingan capféigiediefabl e that a
conp05|t|on of at | east one conponent of the second and third conponents

i s 0. 79ith(kesping Agrge 19oface pesiipalhepmpressive s§ressPipr ef erabl e t hat
the conposition of the fourth conponent is g/d x 100 s 0.3. It is also

pr ef er abhtrehbing ke vesistm vodtage rvalmet ghneugh dhiahghng othgonent consi sting
of at |east one kind of oxide 20 3 0O JUN 2004 sel ected from oxi des of Li,
Na, M tefiperatureéViinanbe \Wedktidatiah gorqueskinabiishonit cBarginagl thel00 s 1. 000,
where h is the nunber of noles calculated for Li, Mo and Wwhich are

cont entempbsitieorf.i ft h conponent, as Lb 1;, , Nad 1" MO Co™4,,, , N O

CuO, ZznO O, and WXB. This fifth conmponent is effective in enhancing

el ectrical chahgehqeimtayl, CSincd!Gh dasrasiIIC oaRDét®f vdl1ragesnaal coefficient
. In addition, according to the present invention, a nanufacturing method

of a vgfa&ﬂalc% %%coﬁt@éuﬁeasaﬁpt@é sa‘M%' ata %gsmwnm&am al powder

cont ai hi ng oxl des of | east one , Ba and Ca, and Ti so that a

vei ghe@ % GlindA8hd hﬂﬁ%&sﬁgm%mﬁeomgn HratdrssEPeQlg M xi ng the

vvei ghe a step of performng calcining of the mxed powder, a step

2t ep o#’%&?cf ofidhg! DEHAPhGEke Au¥RR Bls{Ridl MWnbhesOfRHRLAREECt . 3

mngreduct|on intering o ject a step of

per for g gL LG fAhL.O0L ol B £AQYGH Q0L SEAL.OBl eckng The o7 ! ndi ng step

i s per ace area o eac grain after the

gri ndll?% becorres bg r% g @e L .0 M2/ g inclusive, and the formng step

i's per POrHEF §8°¥nS? PHERSi ¥ 513 e formed obj ect becones between 2. 80

3.40 g/cn InClus'preferable that a time of the reoxidation
processing is 32 hours or less, more preferable that the time
is between 0.25 hour and 16 hours inclusive, and still more

) preferable that the time is between 0.5 hour and 8 hours
inclusive.

It is also preferable that a partial pressure of oxygen
in the reoxidation processing is 0.1 atmospheric pressure or
more.

It is preferable that the ceramic contains a first
component consisting of oxides of Sr, Ba, Ca and Ti, at least

one component of a second component consisting of at least one

kind of oxide selected from oxides of R (¥ and lanthancids) and
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Furthernore, according to the present invention, manufacturing ne npq”ﬁq 270
varistor ceramc has a step of weighing raw materi al powder containing

oxi des of at least one kind of Sr, Ba and Ca, and Ti so that a wei ghed
powder has a 21 30 JUN 2004 predeterm ned conposition, a step of mxing the
wei ghed powder, a step of perform ng calcining of the m xed powder, a step
of addipg.a part of contents.so o.adjust a.conpositi. of a calcined
objectatggﬁn%fﬁﬁg?g? rﬁﬁ?ﬁ%gﬁﬁ% é%fékal%?%ﬁ)9ﬂa k&?ﬁﬁolﬁﬁﬂgﬁb adj ust ed

obj ect, step of formng th oun object, a_step of performng

reduct PBH® F?ﬁf&rf)'ﬂgo raei%é’ff ﬁr ﬁ@ﬂ Emg’bjT@Et and\g four prS’QFFIBr ni ng

reoxi dation of the reduction_ sintered object. T?z grinding step is

per f or ARES L1092 PL sa0 G5edier PE Thr 0 ¥rBEHrfedéhagt & i &'ter the grinding
beconmes between 0.5 and 5.0 nR/g inclusive, d the formng step is perforned
so t hab/&a dedsitt ¢) ofnd e (Potrnldt 6b)j d8t teebigiaes cperdirate® g8iahd 3.40 g/ cm
inclusive. Up to now, various investigations have been nade about

conposot i mriliaed seguentacosnactingdg goivkr (&tor 0cEr a®i &) . A®de@er, the grain
si ze which varies dependi ng upon a grinding degree in a manufacture

pr ocespointhd 0cbanged of0.6hle densi tay rahge wherteeaéda obp ectc)dasdt o change in
formng conditions, the bending strength and the resistance over a thernal

shock bhed +aecenpinyre tlaegehamearbadnsnding megakngatael tha¢ ptecessi ng
conditions in the grinding process that is one of manufacturing processes

i's  ancimpNitash {8 @a of (Anflyane el @ Ghanagt eriet iccysok {he sintered
ceram c obtai ned by subsequent regular sintering. Thus, the processing

| condi L a1y b kPG DrIdIY,In@! OAPSS 1h6 Y& %6 WABRLIANSs @hsOnbiipdk event he

'conp05|t|onaP eterogenéity an e conpositional concentration gradient

of mat inﬂf}?\@.’ggé}]\ﬁ%@fajﬁ@r B %leafﬁrsw;aamssnéﬁf O igH, t bt fpat e- based

mat eri al . 4 addition, 1t was found that the processing

condi L@ Sdflel- NG TITNE POORARY bE DI WAL! HERCe Jdioligheli A Strength
t sho p 0]

and er ma Ck-proof property sintered ceramc. That Is, if a
S22 W e, 5P e 85476 e P b ) r ocess
o AREB LB 0h T Sebhehe 1R S BIBE o, 7 0500 o
P15 SRLA Sl b o SHEELT L AUSACERRNER o HESRIS FGR, n n0
manuf (’jlfcc;[rurRi gg’tr?éj tse%lo%?i component as YO,,, CeO,, Pr0,,. ThO,, and

RO,,, (other lanthanoids) respectively, f is the number of moles

calculated for M of the third component as NbO;, and TaQO,,

respectively, and g is the number of moles calculated for Si of

the fourth component as S5iO0,.

It is more preferable that values of a/(a + b + c), b/{a

+ b+ ¢) and ¢f(a + b + ¢) in the trilinear coordinates exist

on a first line segment connecting a point (0.5, 0.0, 0.5) and

a point (0.2, 0.2, 0.6), a second line segment connecting a

point (0.2, 0.2, 0.6) and a point (0.1, 0.4, 0.5), a third line

segment connecting a point (0.1, 0.4, 0.5) and a point (0.1,

0.5, 0.4), or a fourth line segment connecting a point (0.1,
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conpositional heterogeneity easily arises since a Ti-rich liquid. paailﬁz m
easily generated due to its activity. Therefore, it is deS|rabI3 Nt A
specific surface area is 5.0 n2/g or less. If the density of a forned
object is 2.80 g/cm or nore, a fault seens never arises in manufacturing
processes since the strength of a formed object beconmes enough. On the

ot her hapd, ince the Jif o) for ng.eg farm ng dies are
shorteﬂeg vhe § ae?l%JrI{ ?b O(Tbj %ét }e{xagqugerScM?X /s[pS

mai nt enance cost _t heref reazlgjs# and Penc i S ff| cient in
manuf a&Pu?lF@lgeTIJréFg?JE)r thege deigtahPe ‘P‘Ffétt H«? ﬁ%ﬁg?rf ‘of a formed

object is 3.40 g/cnB or Iess is_possible_to maintain the strength of
the ceram c IFt5R(Ftiild BORe gﬂ?qféFépleath yadBesi of Uil ¢i Bnt Dending
strength to the bending stress and sufficient resistance over a | ocal

t her mab/ §dock at o) hend i aof Bot dek ilmg thy EFilideay FawdH@esi al so t hat
the specific surface area of a grain after grinding becone between 0.5 and
5.0 neeyishoius faftlandineossonent tdounngeiing & @aingt (Phe. dbidsity of a forned
obj ect beconme between 2.80 and 3.40 g/cnB inclusive. In this case, it is
preferabdp ddihta pbentcefaid,.cocdnt@i4)s a bixth doepesgménitonsi sting oxi des of
Sr, Ba, Ca and Ti, |east one conponent of a second conponent consisting of
| east oeognddtiithgoh painte (Pebecoed, fo.an anddepaintR(OY2anl 3,amt.Banoi ds) and a
third conponent consisting of at |east one kind of oxide selected from

OXi desa OfeMdrithb 128 deghidn? EohmddtiGyTROpENt q@NS,Sbing ®f3)aanaxade of Si,
and that a conposition of the ceramc is 0.10 s a/(a + b +¢) 0.30 s b/(a +

b + ¢)psifk 3&.30- 80 < £L0a &) Sidht01ife8dedmdnt Bornéctiy &(d + f) { 1.16,
,0.75 sp( 5(f)/ol 100 < 1070, leg/dlxelooér?n 6. nbet®) A e nunber b

ol es Gaj ol @ gd 605 %'291‘?}1&%%1%& ¢8NpoNEH, 832% Qr by ingnlkhe number of

nol es Iﬁ’léul atéd t Ba'of the Tirst conponent as BaO ¢ is the number of

g@l es < fﬁ}eﬁ@?ﬁ“ﬁ%ﬂ%‘?ﬁ?’ﬁ?g APPSO B oo e PR, 7 gguﬂﬁﬁ%eff
1 R, ,
of 0l 6, £2004. 2 °H T 9 Rook Kty %gggug@%%ge@pesé £, 10

(ot her §) "respective e nu nol'és cal cul ated for M of
t he thqua]ﬂggonent a NbOS and TaOQ,,, respectively, g is the nunber of
nol es Tt Bd°FBI°"S-of the fourth conponent as Si O .

It is more preferable that a composition of the first
component and at least one component of the second and third
components is 0.96 <= (a + b + ¢ + e)/(d + £f) = 1.01.

It is also more preferable that a composition of at least

) one component of the second and third components is 0.75 = (e +
f}/4d x 100 = 4.0.

It is also preferable that a composition of the fourth
component is g/d x 100 = 0.3.

It is preferable that the ceramic further contains a
fifth component consisting of at least one kind of oxide
selected from oxides of Li, Na, Mn, Co, Ni, Cu, Z2n, Sc, Fe, Ga,

In, Mo and W. It is also preferable that 0 < h/d x 100 = 1.000,

where h is the number of moles calculated for Li, Na, Mn, Co,
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)

o)
24 JUN The present invention not only enhances the thermnal shock9p¥ogﬁqzun

property of a varistor and suppresses the

generating of a thermal rack on

the basis of a local thermal shock due to severe soldering conditions by
decreasing an anmount of Si O, used as a sintering additive as snmall as

possi ble, but also conpensates the deterioration of a degree of
caused by fhe decreased unt of Si Q by ad] i
o ot Bh ShaBEr SBr o aB-of tarn 2t 8 MEEL AN, Bl B 8

sintering
(aratio

aining other elenents

to an ion

which can enter in lattices of e A _sit onpgnent .in relation

r adi us BB LAPEREVRurie 10y e@'aﬁih §9§¥Te8%§nﬁ% enFHEOntaining ot her
el ements which can enter in lattices of the B site conponent),
in (a 8%y e)Fels» CRO:MIBBver MLy 378 BBssi bl e to enhance the strength and
el ectrical characteristics of the varistor by appropriately selecting A
nmol e r aFupthermegeanaceaniing ke nthePresmmt olyg@tdPizidg agent. In
addition, a paraneter adopted in the present invention is not a
rati o mmefadtsiranganéiha¥ ofhe vamisdioroferamice basf atseeprofi t e conponent
sting of only Sr, Ba and Ca, d the nunber of noles of the B site
conponpet-faamisigs redgcioforoslintdrind i theaintalcesaBic ntiednangol e rati o of

site

consi

ions that

That

i ons

wher e
| arge | e sinp

expressed

sinple A/B

constitute the perovskite structure and al so contain additives.

i xidds icF hecheser idhel Rifdafisr,t Batawhata, t andl YI'i cantr abutes to a
degree of sintering is not the sinple A/B but such a total A/B.
parti ctd .ofSipBEeothitnd SRRSO IUEZ tRE olt@AREdl Setdaip@.t ant sol i d sol ution
anong additives, 1n the 25 3 0 JUN 20 case of the present invention

&53%%%:81‘ i“té ht%}e $eaksQRdGt %‘ué%a‘)ﬁmr@%r&teFi $s BEthecfNas6TOr becones

Bratio 1s use Nevert he

In

ess, it becones possible

provi dg, R okt SERLLAALE! ¥ndayiifhe! BE e RBORIAR: M GUREBEhERG SLI CS Since

exact control is a

rrst tinme by using the total

AB. It is

35. It is

pr ST Pt 1Ll 00BN KL gl henbars yATENEN o 5 030 ¢ &2 ©) <

0. 40,

CompontBexeER oL S AR i PEBRBBIaIR €CPE b dieeery 0BT

f) s

conporfdtt 1960t helncdusiye FRE éhitilec

4.0.

conpo

o Teei daigions per

t one
c +e)l(d

1.01. It _is still nore preterabEe that a onpositi?n of |east one

TULNSLE L S LS ol $HARLS HALsbbE, cOmPOSI tion of

Also, according to the present invention, a manufacturing
method of a varistor ceramic has a step of performing reduction
sintering to obtain a ceramic containing oxides of at least one
kind of Sr, Ba and Ca, and Ti, and a step of performing
reoxidation of the obtained ceramic. A temperature in the
reoxidation performing step 1s between 9200°C and 950°C inclusive
and a time of the reoxidation performing step is between 0.5
hour and 16 hours inclusive, or a temperature in the
reoxidation performing step is between 950°C and 1000°C
inclusive and a time of the reoxidation performing step is
between 0.25 hour and 16 hours inclusive.

It is possible to maintain the strength of the ceramic

16
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It is preferable that the ceramc further contains a fifth conpoée%tJUN m
consisting of at |east one kind of oxide selected fromoxides of Li, Na,

Mh, Co, NI, Cu, Ga, and W It is also preferable that 0 < h/d x 100 s

1. 000, where h is the nunber of noles calculated for Li, 03/2, InQ; 2,
MbO3 and WO, . This fifth conponent is effective in enhancing el ectrical

Char acUSLLDE 65 RYEH ASANCENEo U NORLARALAEORLIdGI LT a2 63 O

JUN 20 er s and‘a ages o e present 1nvention wll becone
clear fromthe .fol]ow ng description.relating to ref erred enbodi ments of
Che pr SEEMEHE FonthS baRuTE BEHEL, Pl S B re R S Re 8T G

DESCRI PTI THE DRAWNGS Fig..la is a plane viewilluystrating the

struct ?%é{*ég;rmﬁgn@hQégi3§tGFeaE”@ﬁwqgnBB Heme HFE??H; P9 nventi on;
Fig. Ibis a sectional viewtaken on a line A-A shown in Fig. Fig. 2 is a

char actee i «mpesgtaph BY |adgurhingdhe tereerturenandekinfd el ectrode area to
the solder tenperature at the tinme of using Cu and Ag as el ectrode

mat er | Bgoxidatijent pye¢gesimggfon ¢antyod)lingig v@rigtam vohtager atGihg neasuring
circuit; 1ig. 4 is a characteristic diagramillustrating preferable ranges
of A stoursenl dtr asipsssibdeatgcimrme e guifrcdentonorkiziedmi ng an exanpl e
heat treatnent step in reoxidation processing; Fig. 6 is a schematic

di agr agpdEricaxptabnimc andeheangx afpharoétar Redtayeeatarmnttostep i n
reoxi dati on processing. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fi r st

Enbodi 1&gden hEi @epdriienty)y d€ntheagiy ot Siclrtager adi thel @hbagaesfin  ring
geonetry, and 11 denotes el ectrodes fornmed on one face of 27 3Q JUN the

vari stigat @ireftfied® . tdrperiter&NDOBISEHincki pEact RE) adasiddar e provided in
)equal angular intervals. As shown in Fig. the varistor ceramc 10 consists

OSSR N TN i SERLAOTAAGEA BB, LN o [l e e
Ceranj&éfwgtor voltages are obtained in the single composition, it
becomes unnecessary to prepare various materials and it becomes
easy to control materials.

It is preferable to adjust the time of the reoxidation
processing to control a varistor voltage value. With
considering the influence of changes of the reoxidétion
processing conditions over a varistor voltage, time of the

,) reoxidation processing has less impact than temperature in the
reoxidation processing. Hence, by‘controlling a varistor
voltage value through finally adjusting the time of the
reoxidation processing, the shift of the varistor voltage due
to the fluctuation of reoxidation processing conditions becomes
small, and hence an yield improves and the control of
reoxidation processing conditions becomes easy.

It is preferable to weigh and mix raw material powder so

that the powder may have predetermined composition, to grind

17
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30 JUN 20

inthis first enbodinment will be described. The varistor ceramc 10
contains a first conponent of the conposite perovskite which consists
oxi des of Sr, Ba, Ca and Ti, |east one conponent of a second conponent
whi ch consi sts | east one kind of oxide selected fromoxides of R (Y

| ant hanoids (La, Ce, Pr, Nd, Sin, Eu, &d, Th, Dy, Ho, Er, and Lu)) and a

Lhi 19 SRADPRRN bGP S op 0l Al 825 A Nl S JsdBoB] eoted from

oxi de conponent onsi st s an oxide of Si.
In thig, enbodi nent, .the varistof, ceram c.dges pot ng.ai n substantially. It
s ass%ﬁ%dr?éh§£%8nigl?Fﬁgjh§h§%r£%)S %%E@%d ékjEﬁJ'a?ég #é%‘ Sr of the first
conponent as SrO, b is the nunber of noles calculated for Ba of the first
conponéﬁ?x%é?q%og'is t he nunber of noles calculated for Ca of the first
conmponent as _CaQO, d is the nunber of moles calculated for Ti the first
conponent aslfiig 2lgo; prefrrailenép Wwidhpepd Bif RAaMedeFdtl R of the second
conponent as YO,,,,-,,, CeQ, PrGo,,, , ThO (ot her_ | ant hanoi ds)

r especkPpwdes,, to pddthearinbér contantiseafer aarforningrecaldninge third
conponent as Nb(Ob; 2 and Ta(h,2 respectively, ai the nunber of noles

cal cul et eafifust 8he ofordenys SOUNIEOOAhehpowdanr maychap®nent as Si Q2. Then, the
conposition of this varistor ceramc is 0.10 a/(a + b + ¢c) 40, 0.30 s b/(a
+ c) spfeddterthiféd <canipositibnt ) gxrifdSand EB#h shé gpawdery end &)/ (d + f) s
1.16, (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6. It is nore preferable

t hat tpérsroranphsi téductisnOsdfteringaof bhits AorhedOobPedX) shfi(a@he b + c) S
0.40, 0.25 s c/(ac) 0.35 and 0.96 s (a+b +c +e)/(d+f) s 1.01, 1.0 +
f)/d xrd@8dat4ol, and g/d x 100 The first conponent is a main conponent of
the varistor ceramic 10. This first component consists of, in conposite

perovskite, B0 iA pirbfefHROREAL Bhe FeoxBaatith GhoceBdingBisite conponent
of Ti. The second and 'third conponents are netallic oxides that

contri rnlaSEE £ UG EOhs 2R rRAmERE PiRels8URLEomSRIRANEYP ons MBI NIy
added Tor the inprovenent of a degree of sintering. Electrical

char acl S LieC ferifordht V20! SLOL A1 RNl 4o BXBhOTRGAIY ) @ Lemperature

characteristic a varistor voltage El, a i near coefficient a.

vari str AQLERYE X AT C TS AR ARAL flaY U AIBARRNE A phBebLiTy Of 10-mA

is performed at a heat treatment processes accompanied by a

plurality of independent temperature rises and falls, as shown
in Fig. 6.

In this case, it is preferable that the ceramic contains
a first component consisting oxides of Sr, Ba, Ca and Ti, at
least one component of a second component consisting of at
least one kind of oxide selected from oxides of R (Y and
lanthanoids) and a third component consisting of at least one
kind of oxide selected from oxides of M (Nb and Ta), and a
fourth component consisting of an oxide of 51 and that a
composition of the ceramic is 0.30 < a/{(a + b + c) = 0. 40,
0.30 = b/(a+Db+c) =0.40, 0.25 = c¢/(a + b + ¢) = 0.35, 0.84

= {a+b+c+e)(d+ £) =1.16, 0.75 = (e + £)/d x 100 = 10.0,
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electric current flowing in the varistor, and the nonlinear coef f i &iledtNal
is generally expressed in c. = 1/log(Ela/E, ) . Were, E, is an applied
voltage value at the tinme of 1-mA electric current flowing in the
varistor. As for nole ratios of Sr, Ba and Ca which are contents the A
site conmponent, it is preferable that Sr is set 0.10 or nore but 0.40 or

|l ess, Ba.is,0.3 r re but 0.50, or, .l ess,. and 29 0 J Q is nore
than 0598 §(8 D 8 51 81 & Mherp Aoifoins” BPEbEF pff BoleR il iatela: 6 30 o
nore byt 0,40 or _|ess a is 0.30 or re but_0.40 or less, .and Ca is 0.25
or " mor 89BUSE (P3GTS: TRESE COMPRBRAL| € 1SB0onBs ot BPEBT EnAGAR el ectri cal
characteristics, such as%h caontrollability of the varistor voltage
tenper&?ﬁj? Thest L0 PR 1 ctgleo 1rsk QPJ‘PPE‘FB\\:/ P18 geCELD | i near
coefficient a, and to enhance the thermal shock-proof property of the

vari st BEmPeRAE melestcalatlated fop GrCE She first remprenrtuss ERAracteristic
of E10 will becone negative, and if too few, strength will drop. In

addi t i 8nis|the pambersof gwlegchateilaied £ou el aindhef fivfper at ure
characteristic of Elo becones strong too much, and if too few, the

t enper apmpenenthasati@y.i et ie Ufe BUObee v laggenladatedr foerRmie, even if
there is too nuch Ca or too few Ca, the nonlinear coefficient a to the
vari st the vaddaagle clfiforraato aes YO B! ICeO),nPadgjt i WO, ,i ond IRO,g (dkhdroo nuch Ca,
the varistor voltage Eta becones extrenely large to becone difficult of
cont r ol anigiHhodldBdSLesFedtadelan £ N kabohiumidtr bEOMbUSd icdlcullhteéd preferabl e
that the nole percent (this is «calculated by the nunber of noles of netal

ions) pdr a1 oFeirheopsiued %inébﬁ&m@%‘i\lbb;fb%n&e@&@% aagdpactiiid conponents) a
yprinci pal conponent (TiO7) is between 120 and 106.0 i ncl usi ve.

Al ternald \eli% theé m@niB' erPheiss akheulheda tde: B8Rl 65 BRY ¢eRkths between 1.0
and 4.0 inclusive. Then, it is possible to enhance the thermal shock- proof

properdymRinehiteayagigtor. That is, even if there are too much
sem conduct ori zi ng adent or 3() 0 JUN 20011 too few, it becomes easy that a

ther mal cr ack, At sgsne | o alibhoflr |yt oBRGIEELNE Ligindhie Total MBI s

bet ween 0. 84 an i nclusive. nore, It 1s nore preferable that

the taotal ,ALB is bet n 96 .an .01 | S| n, even if an anount
of theél}oéjt]fr?ﬁogg %Oﬁ\ééﬁ;ﬂ%y %El?)ﬁaar%g’%?g ucée%, P 56%%‘%“ eeed | ater, a degree of
S .S se sintering is blocked

sintering can_be_i oved. That is,.this. ec

even qefn%Trﬁ'glP%t% I TBEFEAY G P etg‘?%aosolssﬁgl?, e ﬁglﬁﬂa{:'he base is

made an JAS4hat el Mg L0 8o Mahhee s Lk 3G9hLE ALty Bn' S
amount of Si0O, used as a sintering additive as small as possible,
but also ccmpensates the deteriorafion of a degree of sintering

) caused by the decrease amount of Si0O, by adjusting a total A/B

(a ratio of a total number of moles of an A site component
containing other elements, which can enter in lattices of the A
site component in relation to an ion radius, to a total number
of moles of a B site component containing other elements which
can enter in lattices of the B site component), expressed in (a
+b+c+e)/(d + £f). Moreover, it is possible to enhance the

strength and electrical characteristics of the varistor by

appropriately selecting A site mole ratios, and an amount and a
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al so because a thermal crack easily arises if total A/Bis too Iar%;eD O”‘JN 2

too snmall. In a range where an anount of SiO, is fewa |ot of
sem conductorizing agent is added as descri bed above, in order to maintain
the thermal crack-proof property, it becones indispensable to restrict an

upper limt of the total AABto be 1.16 or less, or nore preferably, to be

1.01 Okinhegé'sey]%o}lﬁﬁﬁ@%gﬁ ﬁggs-ﬁ%ftoof property of a varistor can be

shar pl y“enhance y se € percent of the fourth conponent
(Si2) to the i nci pal _conmponent i .to . be 0.6 or .less..or nore
preferably, ?8 %i:é]% or 21 B Efm%‘?gt gﬁ:{%pqz‘)ﬁ &p tHE PreReRt AVeTEiah ering
additive and it ,is_possible . to stably performsinteri even if the
conpositfi BAt 14 ﬁéP‘H&ge‘%{sB H&tion S ff rahEe %GE‘F B‘Fmr%lbf’% i ncreases, it
becones easy for a_ thermal crack to arise. It should be noted that the
cont enfolep| A fbeclntitecogpgnept wapsipbing it only. 8rorBg &8¢ Sfso i ncl udes
the case where its dosage is zero. 1 3 0 JUN J 2004 The t hermal shock- proof
pr oper 89d ofthey nyEpest of medespbef it dhcdde bsommmentc COYF LMY Stibst anti al | .
Nanely, this is because, if My is included in ceramc, it beconmes easy for
a t heromly cfiachutothe itgdalTAAB theaterisah iglengtlatdonofii ek thabst antial ly
nmeans that the content of the nmaterial is in general |ess than about 0.001
nol e peomemnitsiteThbe vpgncaisan te estaniatui® amy allsoo conhain raddieifest h

conponent (additive) that consists of at |east one kind of oxide selected

from armieg iexi desiefbddaushait My tGonght, tKat what Eeulga, In, Mo and W
Supposi ng the content is the nunber of noles obtained by converting Li, Fe,

G, | Nngoridided tHtD ddgRed2ds Z5@tePaNglls ndtehe, simpXea @B But NGB/ 2
‘)I\/DOB and WOB , it is preferable that the compositionis O < h/d x 100 s

1. 000. gdherar APgr e1ni paticRfihect sfcd MREO¥ERICdRRIGORLENRRr coefficient
a. addition, the varistor ceramc 10 may al so contain other elenments such

as P, Al VOl Ny [ i c ddi ti ves.
edt 18 a@ﬁ%ﬁn@%&@& Ak 308D i ebeﬁdéféix%, SHCPRh&

Such elenents exi st as oxi Scri bed above, the vari stor

ceram;)‘fcaS]eo ' tﬁ‘%p;gpééét%@%@éntfo?{‘%hé%%”:Qh%gsa%%r g¥sild e type crystals. A

part each co nent 1S contalne t perovskite with being solidly
sol Vedsém@c%%%h&ébrfz&%&%@eﬁt Cfd ?Ju%h? an error becomes large if the

simple A/B ratio is used. Nevertheless, it becomes possible to
provide a varistor hardly having the dispersion of
characteristics since exact control is attained for the first
time by using the total A/B.

) It is preferable that a composition of the first
component and at least one component of the second and third
components is 0.96 < (a + b + ¢ + e)/(d + £) = 1.01. It is
still more preferable that a composition of at least one
component of the second and third components is 0.75 =< (e +
f)/d x 100 = 4.0. Furthermore, it is also preferable that the

composition of the fourth component is g/d x 100 = 0.3.

It is also preferable that the ceramic further contains a

fifth component consisting of at least one kind of oxide
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exists in crystal grain boundaries as oxides or conplex oxides. Fai 0 JUN 201
exanple, Ba, Ca, Sr, Ti, Nb, lanthanoids and the |ike exist nostly in
grains, and Mo, W M1, Si, Co and the Iike 30 JUN 2004 exist nostly in
crystal grain boundaries. A nean grain diameter of the varistor ceramc 10
usually is about 0.5 to 10 m and in particular, 1 to 6 rim The

el ectrodes f N r teri L nly. e £t el ectrodes
are naﬁ%f%(fteifg, rfd)ﬂ\gé”ﬁ\lgde(%r? eﬁgfiolg' ?Jﬁéggbél%lc'{r?:gdegﬁﬁi%sbs’m%ésalghto t he

sol der _due to the increase of saolderjng.t eratyre nd hence at |least a
part of¢H® aé’ﬁe@trdr&eésd‘?‘%%b&g&fﬁam%ﬁgeég?}aﬁ(elgloeﬁt o 11 mede of
the material made of Cu or naiﬁgﬂggﬁ/@ge &%e haLd tﬁpb et ched even under
el evat BT tpdfatlie Sumbeg) g& m culataty Feibld: i hol - TH8 nat eri al

mai nly made of Cu nmeans each_Cu alloy of C, Ag, or the like, or Cu

cont ai Wi nd Wyl 48s $¢i tFambe. ofn oMAi@8dol whichhaTepronients ofhhej ke, Fig. 2
illustrates a rate of the residual electrode area to the sol der tenperature
at t hefiffthe comporeniy @F &ad, AgNad.,..cMabt r 6ofd, maNePi HuO.r &8Pect i vel y. After
coating flux and preheating a ring varistor which is a sanple, it is

per f or Sl .t oFeldyp, , t Ba0y.i, NFnOay.i Moy and ¥O,.sdllder f&th, compnneingi Ag eutectic
sol der at each tenperature, for 5 seconds. As apparent fromthe figure,

when tdEfesalider ih esnieinatingceldstodent de3ctetrdbihgs praaghesses in the Ag
electrode for a residual electrode area to becone about 55.5% of the

ori gi Nélhandebnof e nehhehe i@ tberCicebEld.0de is never etched for the UN
2004 residual electrode area to be 100% of the original. Next, a

nmanuf act uri ng, FRIGAESoR] dddlora¥asi €3 GheC prasbmt ivenitlibnpes descri bed sinply.
The varistor ceramic 10 is obtained by processing raw material powder in

order i Fa¥l8ing MethBANGs JWVdbROr cdiUnlichfas i Ngtelp gmoval , reduction
sintering, and reoxidation. The powder of a conpound of each structural
el emenfe i %hinGCFW ated 1 48 Ubwdert 88 e AP dd 91 8 "BE &it AlealB@WHEE - AN OXide
kind of Sr, Ba and Ca, and Ti so that a weighed powder has a
predetermined composition, a step of mixing the weighed powder,
a step of performing calcining of the mixed powder, a step of
grinding a calcined object, a step of forming the ground object,
a step of performing reduction sintering of the formed object,
and a step of performing reoxidation of the reduction sintered
object. The grinding step is performed so that a specific
surface area of each grain after the grinding becomes between
0.5 and 5.0 m?/g inclusive, and the forming step is performed so
that a density of the formed object becomes between 2.80 and
3.40 g/cm’ inclusive.
Furthermore, according to the present invention, a
manufacturing method of a varistor ceramic has a step of

weighing raw material powder containing oxides of at least one

kind of Sr, Ba and Ca, and Ti so that a weighed powder has a
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or a conpound whi ch beconmes an oxide by sintering, such as carbonate and a
hydr oxi de can be used for the raw material powder. For exanple, if an
exanple is given about Ba, at |east one kind of barium conpound such as
BaCO' BaSi 3, BaO BaCh, Ba (OH) 2 and Ba (NO ) , and al koxide (for
exanple, (CH 30 Ba) , can be used as the raw material. The nean particle

di | R . [l 571.i

G o8l PRI, POUED, TRl Tl Al o [T
final it o] th b = d i bed it d Iy,
o0 BOOPS 4L Dae TR S s Spo a5iAA B S hoty, and Voual 1Y

process , the raw material powder is_dried and calcjning is perforned at
Bbout  S4BE b PESEORE (HULERGH( 9 4% A RGUPSE NGPIPOSIEASE 6 Ading a

cal ci ning object, an organic _binder is added, and further, water, a pH
regul af@tcinedobdetti el pradetermined sameereiid anfkeRl.oBSubsequently, a

m xture is nolded, and is sintered at about 1250-1400C in a reducing

at nospgeirding thpoadiystagogbiechs estger phriamgngi Haerdf@®eval processing,
for 34 0 JUN 200 obtai ning sem conductor ceram c. Each raw nmaterial powder
such asbNxt.t kasbensef rewdorhing idesiugigonesiaddeadngt of hee ifpsme®t ni xi ng
after the calcining. The sem conductor ceram c obtained in this manner is
gi ven dlzidct.r eatinenstdp edx pdatooning ceesidaiglon bbr tlex amgiuetiothe
tenperature of about 800 to 1000C in an oxidi zing atnosphere such as air,
SO t hagimteswidt abljecwvar rsé oyriv@inggetemcicopdirigred aso a¢hpeca may be

obtai ned. The insulating layer |10b is fornmed in a surface portion by this

heat tg@alifaeRt surbadd Hreh 6hasad frhshi 6tAPRBAr gPVhdithd DebBRepr esence of
this insulating layer. Since the nonlinear coefficient (Y, and varistor

vol t agesthRee® . basde 5.0 hhif inBIusAld NGinlia¥eE #SmiibigCktef idey becone snal |
if thin, what is necessary is just select heat treatment conditions so that

the if}%m}@&mea LaY&iat gﬂ&eﬂéfﬁn%fsgh&a%ﬁnédﬂo%esg%msdi ng to the
cteri st ed

char a 1 cs denman as a product. Electrododes are forned on one

surf age 0fehhs ¥&rd R %r-ﬁgﬁgf%ﬂﬂ E%%%_gsg_rvet he reoxi dation processing with Cu

or the material mai a varistor is obtained. Hereinafter,
the present .ihyentign wl.. . he. i er_ | i .t h reference
to exanpl es ¢ c\é(;%r hloﬁg ‘{%[lltoﬁg lﬁﬁ?ﬁlﬁﬁga% tr&[ie‘%13 bl:efgrrgﬁégl%bf\ﬁt

- composition and regular sintering of varistor ceramic. However,

the grain size which varies depending upon a grinding degree in
a manufacture process, the change of the density of a sintered
object due to change in forming conditions, the bending
strength and the resistance over a thermal shock that accompany
them have been not investigated. The processing conditions in
the grinding process that is one of manufacturing processes is
an important factor of influencing the characteristics of the
sintered ceramic obtained by subsequent regular sintering. Thus,
the processing conditions in the grinding process is very
important also to prevent the compositional heterogeneity and
the compositional concentration gradient of material when

determining materials such as strontium titanate-based material.
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4 U JUN 200
VWhat is performed in this exanple 1-1 is conparison of sanples obtained by
fixing other paraneters such as a nole 5 0 JUN 2004 percent and a kind of a
sem conductorizing agent, a total A/B, and a nole percent of SiQ, and
changing nole ratios of an A site conponent. First, after respectively
wei ghi ng by conversion blending SrCO, BaCO, CaCO,, TiQ, d SIO as raw

i i ifd Ny .ab 1-1, th
or & miBoAtHH Ry 48wk Rma Kt el REBCRIS LY cORALEL O 1808Be L od ana

dried. Af | cini ] bt ai ned,. at_ 1150¢C wi i |
i 1. ERE S P08 s PRI of BEHE B SRy St ABnG or i e af ter

being m xed with wet dia mll _fqor 10 to 20 hours. Subsequently, 1.0 to
1.5 wt %me%%ﬁypm%f%’&ﬁatﬂ%s@ﬁ%@ae%dtq?éfamlset ure as an organi ¢ binder
to be granulated, and the granulated m xture was fornmed at_form ng

pressure of 303%ckp i BetRARILdCt SrRERPOBFEat OhfAGY IZRAIBLAEYST di anet er of
12 mm an inside diameter of 9 mmand a thickness of 1.0 mm After

per f or gk 19 Aderindingy Brogesic dssmage ofhari0s 5 Mdgni §Beobj ect at about
1000C in an air atnosphere, sintering was perforned for 2 hours at about
1350C ¢omppsiddeophghetanngephtte @f cNrpogbtiagl wopceetoaliion + H2 (5 vol une
percent) for the sem conductor ceram c to be obtained. Subsequently, two-
hour s geakictat odnmptacieds dognof ddiseseHengrdiltt by presdbile tvas perfornmed at
950C in the air for the varistor ceramc to be obtained. Next, Cu paste
was apghtich ttheogefsitioatebehdime staehgtiorantd thebin@Dhek-arbef 10 as shown
in Figs. la and I b, in a neutral atnosphere, the five Cu electrodes 11

shown pivgdiageoti ginigsedeberaidedIPythd @pebirihesddfapasteeat 750C to
")obt ain test sanples of the varistors for neasuring. Then, after neasuring

"the voliages ElOQﬁ*?B,S%ﬂiﬁfﬁn@I t2RE, bddmeB0Bbb AR A8RHT | Gicoh a was
obtained froma 1/10g(E,,,/E’) with using the neasured voltages 1

Furt hefdisgiyt BRid SPELREH &1 ShahAChehhAldiari h§TPeEatdse coefficient) of

the varistor voltage E1, was obtained. Mreover, a thermal crack test of

:aCh Y02 1 25 RE Ve TBdend s, KAkt 2965 fbs2RInEd o WaT-G1BRASUr ed with using

liquid phase is easily generated due to its activity. Therefore,
it is desirable that the specific surface area is 5.0 m’/g or
less.

If the density of a formed object is 2.80 g/cm’ or more,
a fault seems never arises in manufacturing processes since the

) strength of a formed object becomes enough. On the other hand,

since the 1ife time of forming equipment and forming dies are
shortened when the density of a formed object exceeds 3.40 g/cm’,
maintenance cost therefor increases, and hence this is
inefficient in manufacturing. Therefore, it is desirable that
the density of a formed object is 3.40 g/cm’ or less.

It is possible to maintain the strength of the ceramic
itself in a high level, and to obtain sufficient bending

strength to the bending stress and sufficient resistance over a
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measuring circuit shown in F In this neasuring circuit, ameter SOgiQ JUN 2
connected in series between a varistor 31 a DC constant current source 32,

and a voltneter 33 is connected in parallel with the varistor 31. voltages
El were neasured by neasuring the voltage val ues between both term nals of

the varistor 31 when eI ectric current of I mA and 10 mA flow in the

Yarmer dperb BiomRd: sheey 4t etthid 4e) F81§%@r‘%ﬁ1 oo 1 the

vari stor vol|tage re obtained with AEl
{ (E10, E'Qﬁ?rk% ;‘ e?dﬁpe?lf%% SUrGPs ?r%d’f[e% gralpbdtfit®®ach sanpl e.
The vol tages E, X 20 and (85) are the varistor voltages the tenperature

of 20" ErAR¢LES’ t@COF‘%sB%?’fqe&‘epy qiﬁ%éeov@r@ ABSLEF B wiePH GSFRHYS t her nost at
oven. The thermal crack test was performed by contacting a t sol dering
i ron, W®hergraiawpéepatie thes depsibefcdy ahpameq @PIRET 8@ ode side of the
sarrpl e left at the room tenperature, for 3 seconds with supplying eutectic
sol der befweare?&0atnd e3 0 griem’ dokdesivey iron, two kinds of tenperature,
that is, 360C and 400C were used. Hundred sarrpl es were visually inspected
for cracks WLt hthiss wgseal cohadls pFhéerasid tthat Shwwenamifabdmt8ihs3 ? JUN 200
' 00CO0CO)00 ~., '"gy~7 p Zpp' 'C'CEC't7 'O -O-0"a-C'd'Chb"d"'"il"~
.- a first component consisting oxides of Sr, Ba, Ca and Ti, at

least one component of a second component consisting of at

least one kind of oxide selected from oxides of R (Y and

lanthanoids) and a third component consisting of at least one

kind of oxide selected from oxides of M (Nb and Ta), and a

fourth component consisting of an oxide of Si, and that a

composition of the ceramic is 0.10 = a/{(a + b + ¢} = 0. 40,

0.30 = b/{a + b+ ¢c) = 0.50, 0.20 < c/(a + Db + ¢c) = 0.50, 0.84

< {a+b+c+e)/(d+ f) <1.16, 0.75 = (e + £}/d x 100 = 10.0,

and g/d x 100 < 0.6, where a is the number of moles calculated

for Sr of the first component as S5r0, b is the number of moles

calculated for Ba of the first component as BaO, c¢ is the

number of moles calculated for Ca of the first component as CaO,

d is the number of moles calculated for Ti of the first

component as TiO,, e is the number of moles calculated for R of

the second component as YO,,, CeO,, PrO,,, TbO,, and RO,, (other

lanthanoids) respectively, £ is the number of moles calculated

for M of the third component as NbO,,, and TaQ,,, respectively,

and g is the number of moles calculated for 5i of the fourth

component as Si0,.
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The present invention not only enhances the thermal
shock-proof property of a varistor and suppresses the
generating of a thermal rack on the basis of a local thermal
shock due to severe soldering conditions by decreasing an
amount of $i0, used as a sintering additive as small as possible,
but also compensates the deterioration of a degree of sintering
caused by the decreased amount of S$iO, by adjusting a total A/B
(a ratio of a total number of moles of an A site component
containing other elements which can enter in lattices of the A
site component in relation to an ion radius, to a total number
of moles of a B site component containing other elements which
can enter in lattices of the B site component), expressed in {(a
+b+c+e)/{(d+ £f). Moreover, it is possible to enhance the
strength and electrical characteristics of the varistor by
appropriately selecting A site mole ratios, and an amount and a
kind of semiconductorizing agent.

In addition, a parameter adopted in the present invention
is not a simple A/B ratio which is a ratio of the number of
moles of the A site component consisting of only Sr, Ba and Ca,
and the number of moles of the B site component consisting of
only Ti, but the total A/B that is a mole ratio of ions that
constitute the perovskite structure and also contain additives.
That is, it is because it is thought that what truly
contributes to a degree of sintering is not the simple A/B but
such a total A/B. In particular, since the semiconductorizing

agent is important solid solution ions among additives, in the
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semiconductorizing agent is much, an error becomes large if the
simple A/B ratio is used. Nevertheless, it becomes possible to
provide a varistor hardly having the dispersion of
characteristics since exact control is attained for the first
time by using the total A/B.

It is preferable that a composition of the first
component is 0.30 < a/{a + b + ¢) = 0.40, 0.30 = b/(a + b + ¢C)
= 0.40, and 0.25 = ¢f(a + b + ¢) = 0.35. It is preferable that
a composition of the first component and at least one component
of the second and third components is 0.96 < (a + b + ¢ + e}/(4d
+ £) = 1.01. It is still more preferable that a composition of
at least one component of the second and third components is
0.75 = (e + £)/d x 100 = 4.0. Furthermore, it is also

preferable that the composition of the fourth component is g/d

x 100 = 0.3.

It is preferable that the ceramic further contains a
fifth component consisting of at least one kind of oxide
selected from oxides of Li, Na, Mn, Co, Ni, Cu, Z4n, Sc, Fe, Ga,
In, Mo and W. It is also preferable that 0 < h/d x 100 =< 1.000,
where h is the number of moles calculated for Li, Na, Mn, Co,
Ni, Cu, Zn, Sc, Fe, Ga, In, Mo and W which are contents of the
fifth component, as LiO,,, NaO,,,, MnO, CoQO,,, NiO, CuO, ZnO,
5c0,,,, FeO,,, GaO,,, InO,,, MoO, and WO,. This fifth component is
effective in enhancing electrical characteristics, such as

enhancement of a nonlinear coefficient a.
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5 OCJCEEe erred € oélmen%s o% zhe é%géent invention described by the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la is a plane view illustrating the structure of a
ring varistor as an embodiment of the present invention;

Fig. 1b is a sectional view taken on a line A-A shown in
¥ig. la;

Fig. 2 is a characteristic graph illustrating a rate of
the residual electrode area to the solder temperature at the
time of using Cu and Ag as electrode material, respectively;

Fig. 3 is a circuit diagram illustrating an E;, and E;
measuring circuit:;

Fig. 4 is a characteristic diagram jillustrating
preferable ranges of A site mole ratios;

Fig. 5 is a schematic diagram for explaining an example
of a heat treatment step in reoxidation processing; and

Fig. 6 is a schematic diagram for explaining another

example of a heat treatment step in reoxidation processing.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
First FEmbodiment
In Fig. la, 10 denotes a varistor ceramic 10 formed in

ring geometry, and 11 denotes electrodes formed on one face of
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the varistor ceramic 10 consists of internal semiconductor

OCCOCC)m

sections 10a and an insulating layer 10b formed near the entire

surface thereof.

Hereinafter, the composition of the varistor ceramic 10

in this first embodiment will be described.

The varistor ceramic 10 contains a first component of the

composite perovskite which consists oxides of Sr, Ba, Ca and Ti,

at least one component of a second component which consists of

at least one kind of oxide selected from oxides of R (¥ and

lanthanoids (La, Ce, Pr, Nd, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, Yb

and Lu)) and a third component which consists of at least one

kind of oxide selected from oxide of M (Nb and Ta), and a
fourth component which consists of an oxide of Si. In this
embodiment, the varistor ceramic does not contain Mg
substantially. It is assumed that a is the number of moles

calculated for Sr of the first component as SrO, b is the

number of moles calculated for Ba of the first component as BaO,

¢ is the number of moles calculated for Ca of the first

component as CaQ, d is the number of moles calculated for Ti of

the first component as TiO,, € is the number of moles calculated

for R of the second component as YO,,, CeO,, PrQ,,,, TbO,, and

RO,,, (other lanthanoids) respectively, f is the number of moles

calculated for M of the third component as NbQ,, and Tao,,

respectively, and g is the number of moles calculated for Si of
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i-.,-, 1) ~4L4:-4 ,-iL4L4,:-r--L4i i 39 30 JUN 2004 Mole ratios of the A
site conmponent have |l arge influence on the electrical characteristic of a
varistor, and in particular, to the tenperature characteristic of the

vari stor voltage Wen the tenperature characteristic of the voltage is

negati yg, Lhe YArLaloleoLlage, dr aps.] N fONGAI0 e tha i se Of

oper at irng tenpera Uy e Hnd hencs, excessive ectric current flows to the
varistor or a possibiljity of causing a thermal runa exi ?ts. Ther ef or e,
this i $CRELOTGEHPALF eiS PhdPef REl2 thB taibied - $0150td £ PFl211 26 to 1-29
1-31 are in ranges where sanpl es cannot be used as varistors. Even if the
t enperBttr® ehiralt 9 ikccéfathed ol agel £ Ps84ef oldbrt Posi€ite, it is
not desirable to exceed 0.06, hence, the sanples 1-18 to 1-2 varistors.

1- 30 aed/ (bt+ Foekel abl e 1ad Si frer Hai/Ag*i HXUIsatl@dOasand Wl ¥ BYOr eoxi dati on
processi ng, the sanple 1-25 does not operate as a varistor. addition, since
t he sanplas 1IR4id nRFecpneteémabileothak tiGs compdsitiapn $500. 3|t age E10 is
extrenely high, and hence, control is difficult. Since Ca contained is too
much ot 4@ H bthechld ladgh 0h#0 hefactebissta)cs 0f4Q hd .28npl es(4d- 13, 1-14
and 1-32 are 0.06 or. less, their nonlinear coefficients a to the varistor
vol t age B awg)ardohencearnigheysare (Rot- preferakl)g(dThefefoneplitican be said
that the sanples 1-1 to 1-12 are preferable because the tenperature

char act grd st e /af x thwy waul, L oindv @ /gagesodck @ar.8.0. 06 or less and the
coefficients a to the varistor voltages E10 are not so low. This

corresponds e Airgtt SomfrRntalisos elec bhingshdt Sraihe lvatiktoi s range, no
crack arose at the thermal crack test where the tenperature of the

sol derddighmi oMo WasH3BO0L: r GohipbhbfF BINBis8 &f aGk dbMfosi®se the ther nal
crack test where the tenperature of the soldering iron was 400C
perovsKite, an A site component of Sr, Ba and Ca, and a B site
component of Ti. The second and third components are metallic
oxides that contribute to semiconductorization, and the fourth
component is mainly added for the improvement of a degree of
sintering.

Electrical characteristics as a varistor are mainly
expressed with a temperature characteristic of a varistor
voltage E,, and nonlinear coefficient a. The varistor voltage
E,, expresses an applied voltage value at the time of 10-mA
electric current flowing in the varistor, and the nonlinear
coefficient o is generally expressed in o = 1/1log(E,,/E;). Where,
E, is an applied voltage value at the time of 1-mA electric
current flowing in the wvaristor.

As for mole ratios of Sr, Ba and Ca which are contents of

the A site component, it is preferable that Sr is set 0.10 or

more but 0.40 or less, Ba is 0.30 or more but 0.50 or less, and
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Furthernore, the sanples 1-1 whose 'tenperature characteristics o b RN 200
vol tages E10 are 0.02 or less are nore preferable in the present

i nvention. This corresponds to the A site nole ratios specified in claim
2. In particular, the sanple 1-4 has the best bal ance of the tenperature
characteristic of the voltage E10 and the nonlinear coefficient d the nole

ratios -Qf . th te co nen ar_that of_. this_sa post
prefera%l e ﬁoﬁ%ehpregeﬁ?q?u%v‘e)h |80n leé)%anp]ite 7. Q°W§%Df | éar%g%?ormad in this
exanmple 1-2 is, co Tpa n sa | es obt |nedef changi. ng anount of a
sem co?‘iBﬁEt%lfllzﬁ e ég%ﬁtor R PR Ongoof’ﬁ gﬁfar %ﬁef‘%r%aﬂhé’ﬁ as A site nole
ratios, a kind of a sem conductorjzing agent, a_total A/B, _.and a nole
per cenffoBe @?‘LOO -4Rd°petsinPRY thetsd SS%TEJ'EPE&S bugaP - 3% dthdegganpl e 1-1
except for setting the nole percent sen conductori zi ng agent as shown in
Tabl e ShApI ekt RECENHF RRREEDIOWRP cINhABre pRRiedls Fhararterisdichose in the
exanple 1-1. The result is shown in Table 41 ,1 Uiur Lu 4.* G'COrlz~7%$ F
0 OcoCFuch Nush@he7contegl1abdTIEy 0ok e varistor vbltage Bg6c>coc, ~c~C, -, rV
IV 4.1VU Q CS

temperature characteristics of the varistor voltage E,, and

nonlinear coefficient o, and to enhance the thermal shock-proof

property of the varistor. That is, if there is too much Sr, the

temperature characteristic of E,, will become negative, and if

too few, strength will drop. In addition, if there is too much

Ba, the positive trend of temperature characteristic of E,

becomes strong too much, and if too few, the temperature

characteristic of E,, becomes negative. Furthermore, even if

there is too much Ca or too few Ca, the nonlinear coefficient a

to the varistor voltage E,, becomes small. In addition, if there

is too much Ca, the varistor voltage E,, becomes extremely large

to become difficult of control, and a base is made an insulator

by reoxidation.

It is preferable that the mole percent (this is

calculated by the number of moles of metal ions) of a

semiconductorizing agent (the second and/or third components)

to a principal component (TiO,} is between 1.0 and 10.0

inclusive. Alternatively, it is more preferable that the mole

percent is between 1.0 and 4.0 inclusive. Then, it is possible

to enhance the thermal shock-proof property of the varistor.

That is, even if there are too much semiconductorizing agent or
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too few, it becomes easy that a thermal crack arises.

In addition, it is preferable that the total A/B is
between 0.84 and 1.16 inclusive. Furthermore, it is more
preferable that the total A/B is between 0.96 and 1.01
inclusive. Then, even if an amount of the fourth component
(510,) is reduced, as described later, a degree of sintering can
be improved. That is, this is because sintering is blocked even
if the total A/B is too large or too small, and hence the base
is made an insulator owing to reoxidation. In addition, this is
also because a thermal crack easily arises if total A/B is too
large or too small. In a range where an amount of S$i0, is few
and a lot of semiconductorizing agent is added as described
above, in order to maintain the thermal crack-proof property,
it becomes indispensable to restrict an upper limit of the
total A/B to be 1.16 or less, or more preferably, to be 1.01 or
less.

The thermal shock-proof property of a varistor can be
sharply enhanced by setting the mole percent of the fourth
component (Si0,) to the principal component (TiO,} to be 0.6 or
less, or more preferably, to be 0.3 or less. That is, 5i0, is
added as a sintering additive and it is possible to stably
perform sintering even if the composition fluctuates, but
however, if the amount of S5i0, increases, it becomes easy for a
thermal crack to arise. It should be noted that the content
(mole percent) of Si0O, of 0.6 or less or of 0.3 or less also

includes the case where its dosage is zero.
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00 oCO, ;rcOCOCOcO 42 The anount of sem conductorizing agent affects the
t hermal crack-proof property of varistor ceramc. Since the sanples 1-33
and 1-38 have too few and too nmuch sem conductorizing agent respectively,
thermal cracks arose in the test where the tenperature of the soldering

iron was 360 n I a refer fore, the sanples
1-4 and 1- 3%1?03‘5%[%%%@?%&[%%%?9%%0& § ﬁ%fsétroggéﬁng he test where
the te ratu of _the solderi i 1,0 S 0C are referable in the

o esenPRRRSl Bxohol EAEE 19 L HRTaPAEC Rifer hl ShEL S

sem copduct ori zi_ng agent ci.fied in ¢l Furtherm)reél si%])ce a t her nal
crack 8F88&Gn ltfhg[gtgﬁtm §F’g PhETEMIEr ot uRECOMeE 2SI %% Bng i ron was
400C in the _ sanple 1-37, the sangll es 1-4 and 1-34 to 1-36 where cracks did
not ar FREMH OFRek 48O ERLFEr neinaly Bakex i’k 15 8Okt iAEEErable in the

present invention. This corresponds to the nole percent a
sem cofidRrtBtiALAY BRRM thgEcthe «prtgng| af nihe majerddl tioAD nol e percents
near the nole percent of the serniconductorizing agent of the sanple 1-4
ar e nosengradf deghl ham abieatpp ed®himolenpencernhs- What is perfornmed in this
exanple 1-3 is conparison of sanples where a kind of sem conductori zing
agent was chBEmgemrisWt hcdrianiieglothay glsocageneain dhehfaEtA site nol e
rati os, nole percents sem conductorizing agents, total A/B, nole percent of
Si O acarpercher (additie )sahet seingisas dvhadt least one kind of

oxide selected from among oxides of Li, Na, Mn, Co, Ni, Cu, Zn,

Sc, Fe, Ga, In, Mo and W. Supposing the content is the number

of moles obtained by converting Li, Na, Mn, Co, Ni, Cu Zn, Sc,

Fe, Ga, In, Mo and W into LiO,,, NaO,,,, MnO, CoQ,,;., NiO, CuO,

Zn0, Sc0,,, FeO,,,, GaO,,, InO,,, MoO, and WO,, it is preferable

that the composition is 0 < h/d x 100 = 1.000. Thereby, there

is an effect of improving the nonlinear coefficient «.

In addition, the varistor ceramic 10 may also contain
other elements such as P, 5, K, Al and Zr as unavoidable
impurities besides such additives. Such elements usually exist
as oxides.

As described above, the varistor ceramic 10 is a
polycrystal consisting of perovskite type crystals. A part of
each component is contained in the perovskite type crystals
with being scolidly scolved in grains, and another part exists in
crystal grain boundaries as oxides or complex oxides. For
example, Ba, Ca, Sr, Ti, Nb, Ta, Y, lanthanoids and the like

exist mostly in grains, and Mo, W, Mn, Si, Co and the like
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is about 0.5 to 10 pm, and in particular, to

The electrodes 11 are formed with Cu or material mainly
made of Cu. If the electrodes are made of Ag, the Ag content of
these electrodes dissolves into the solder due to the increase
of soldering temperature, and hence, at least a part of the
electrodes disappears. Nevertheless, the electrodes 11 made of
the material made of Cu or mainly made Cu are hard to be etched
even under elevated temperature, and are endurable in hot
soldering work.

The material mainly made of Cu means each Cu alloy of Cr,
Zr, Ag, Ti, Be, Zn, Sn, Ni, Al, Si or the like, or Cu
containing glass frit made of oxides of Li, Na, K, Sr, Ba, Mn,
Cu, Zn, B, Si, Al, Bi, Pb or the like.

Fig. 2 illustrates a rate of the residual electrode area
to the solder temperature at the time of using Cu and Ag as
electrode material, respectively.

After coating flux and preheating a ring varistor which
is a sample, it is performed to dip the ring varistor in a
solder bath, containing eutectic solder at each temperature,
for 5 seconds.

As apparent from the figure, when the solder temperature
becomes 400°C, etching progresses in the Ag electrode for a
residual electrode area to become about 55.5% of the original,

but on the other hand, Cu electrode is never etched for the
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will be described simply.

The varistor ceramic 10 is obtained by processing raw
material powder in order of mixing, calcining, grinding,
forming, binder removal, reduction sintering, and reoxidation.

The powder of a compound of each structural element of
ceramic is usually used for the raw material powder. An oxide
or a compound which becomes an oxide by sintering, such as
carbonate and a hydroxide can be used for the raw material
powder. For example, if an example is given about Ba, at least
one kind of barium compound such as BaCO,, BaSiO,, BaO, BaCl,.
Ba(OH), and Ba(NO,),, and alkoxide (for example, (CH;0),Ba), can
be used as the raw material. The mean particile diameter of the
raw material powder may be usually about 0.2 to 5 pm.

First, the weighing of the raw material powder is
performed so that the final composition may become the above-
described composition, and usually, wet blending is performed.
Subsequently, after performing dehydration processing, the raw
material powder is dried and calcining is performed at about |
1080 to 1250°C for about 2 to 4 hours. Next, after grinding a
calcining object, an organic binder is added, and further,
water, a pH regulator, a moisturizer and etc. are added and
mixed. Subsequently, a mixture is molded, and is sintered at
about 1250-1400°C in a reducing atmosphere for about 2 to 4

hours, after performing binder removal processing, for
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obtaining semiconductor ceramic.

Each raw material powder such as Nb, Ta, ¥, lanthanoids,
Mo, W, Mn, Si, Co and the like may be added at the time of
mixing after the calcining.

The semiconductor ceramic obtained in this manner is
given heat treatment (reoxidation processing), for example, at
the temperature of about 800 to 1000°C in an oxidizing
atmosphere such as air, so that a suitable varistor voltage
according to an object may be obtained. The insulating layer
10b is formed in a surface portion by this heat treatment.
Varistor characteristics appear owing to the presence of this
insulating layer. Since the nonlinear coefficient o and
varistor voltage become large if this insulating layer is thick,
and they become small if thin, what is necessary is just to
select heat treatment conditions so that the insulating layer
may become suitable thickness according to the characteristics
demanded as a product.

Electrodes are formed on one surface of the varistor
ceramic after the reoxidation processing with Cu or the
material mainly made of Cu, and a varistor is obtained.

Hereinafter, the present invention will be described

further in detail with reference to examples according to the

first embodiment.
Ex 1 -1
What is performed in this example 1-1 is comparison of

samples obtained by fixing other parameters such as a mole
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blending SxfIg, BaCO,, CaCO,, TiO,, NbQ,, and S$5i0, as raw material
50 that they might have the composition shown in Table 1-1,

they were mixed for 10 to 20 hours with using an wet media mill,
dehydrated and dried.

After calcining a mixture obtained, at 1150°C with using
a tunnel kiln, the mixture was rough-ground, and again,
dehydrated and dried after being mixed with a wet media mill
for 10 to 20 hours. Subsequently, 1.0 to 1.5 wt% of polyvinyl
alcohol was mixed to the mixture as an organic binder to be
granulated, and the granulated mixture was formed at forming
pressure of 2 t/cm’® to become a formed object having an outer
diameter of 12 mm, an inside diameter of 9 mm and a thickness
of 1.0 mm.

After performing the binder removal processing of this
forming object at about 1000°C in an air atmosphere, sintering
was performed for 2 hours at about 1350°C in a reducing
atmosphere of N, (95 volume percent) + H, (5 volume percent) for
the semiconductor ceramic to be obtained. Subseguently, two-
hours reoxidation processing of the semiconductor ceramic was
performed at 950°C in the air for the varistor ceramic to be
obtained.

Next, Cu paste was applied to one surface of the varistor
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ceramic 10 as shown in Figs. la and 1b, in a neutral atmosphere,
the five Cu electrodes 11 shown in these figures were formed by
baking the Cu paste at 750°C to obtain test samples of the
varistors for measuring.

Then, after measuring the voltages E, and E,, of each
sample at 20°C, the nonlinear coefficient o was obtained from o
= 1/1log(E,/E,) with using the measured voltages E, and E,.
Furthermore, the temperature characteristic (temperature
coefficient) of the varistor voltage E,, was obtained. Moreover,
a thermal crack test of each sample was performed.

The voltages E, and E,, were measured with using a
measuring circuit shown in Fig. 3. In this measuring circuit,
an ammeter 30 is connected in series between a varistor 31 and
a DC constant current source 32, and a voltmeter 33 is
connected in parallel with the varistor 31. The voltages E; and
E,, were measured by measuring the voltage values between both
terminals of the varistor 31 when electric current of 1 mA and
10 mA flow in the wvaristor 31 respectively with using the
ammeter 30 and the voltmeter 33.

Temperature characteristics (temperature coefficient)
AE,,, of the varistor voltage E,, were obtained with AE,, =
{{E,,(85)-E,,(20))/{E,,(20) x (85 - 20)} x 100 [%/°C] about each
sample. The voltages E,;(20} and E,,(85) are the varistor
voltages E,, at the temperature of 20°C and 85°C, respectively.
These were measured with using a thermostat oven.

The thermal crack test was performed by contacting a
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soldering iron, where temperature was set beforehand, to the
electrode side of the sample left at the room temperature, for
3 seconds with supplying eutectic solder. As temperature of the
soldering iron, two kinds of temperature, that is, 360°C and

400°C were used. Hundred samples were visually inspected for

cracks with using alcohol. The result is shown in Table 1-1.
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1-1 except for changing the nole percent of SiO2 as shown in Tabl e sanpl es
wer e produced, which were neasured simlarly those in the exanple 1-1. The
tenperature of a soldering iron in a thermal crack test was three kinds of
tenperature, that is, 360C, 400C and 450C. The result was shown in Table
1-5. 49 200 cr, 616 CIC] 0 50 1 0 2011 4 SiO is added as a sintering
additive. If_SI O _is contained, .it becones ppssihle to. f orm stabl e
Sintering evbRLe Ttian 68 PO sk, Bt fave e BELUR
increases, it _ becone asy for. a thermal crack to arise. Since there was
t oo nmuCh ??%I?%%ﬁﬁrﬁﬁﬁi é% TREFSHGOE 2V 359y -t ARt Ht, where the
tenperature of the soldering iron was 360C, the sanples 1-67 and 1-68 are
not prBREFHBIET. fReHeR dieoPerREuL Blagscteisiie PEelhe valigdorwhere a
thermal crack did not arise in the test where the tenperature of the
sol der Vaytage #.mwasWizs0 Chenenpatugeechpedatieaisbic rof Hoe ypésagR i nventi on.
This corresponds to the nole percent of SIO2 specified in claim1.
Al t houBly &s duosmgdvel Sreramstoe walpige dfes iins cpenecwiom medlthy, in fact,
SiO is contained in each raw material as an inpurity, and hence act ual
Si O cohéeniseobft bpersiaing ¢chpé&atdoes and heweneezeessivie t her mal crack
arose in the sanple 1-66 in the test where the tenperature of the

sol der bngetirian cwasedd ¥.owkhys, thd Rh@rianpl eordl o4 paediBi Gikyt @f1l- 65 becone nore
preferable in the present invention where a thermal crack did not arise in

the teslisialg bhenbBhPE nainkiay Odxidies S oldaicrbgel reiPfisdh0E. This
corresponds to the nole percent of SiQ2 specified in claimb5. In addition,

the mojgoeinent MerefbiR, NBR shhpicof1iitetsampie, k26 ks 103 preferable
in the present invention. Exanple 1-6 What is perfornmed in this exanple 1-6

i's CO%E?“%%%Q PRI RR s WIRE S Bakiphds a0shrivt BEDHELA Ofs an additive were

changed.. Wth fIxing other paranmeters such as A site nole ratios, a
nol e p@éﬁ%r%torgpd a kind sem conductorizi ng agent,

Even if thg temperature characteristic of the voltage E,;
is zero or positive, it is not desirable to exceed 0.06, and
hence, the samples 1-18 to 1-23 and 1-30 are not preferable as
varistbrs.

Since being insulated as a whole by recoxidation
processing, the sample 1-25 does not operate as a varistor. In

) addition, since the samples 1-24 and 1—26 contain too much Ca,
their varistor voltage E,, is extremely high, and hence, control
is difficult.

Since Ca contained is toc much or too little although the
E,, characteristics of the samples 1-13, 1-14 and 1-32 are 0.06
or less, their nonlinear coefficients a to the wvaristor voltage
E,, are low, and hence they are not preferable.

Therefore, it can be said that the samples 1-1 to 1-12

are preferable because the temperature characteristic of the
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in Tabl e sanpl es were produced, which were neasured simlarly to those in

t he exanple 1-1. The result is shown in Table 52 UN 20 0600060 uo
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the varistor voltages E,, are not so low. This corresponds to A
site mole ratios specified in claim 1. In this range, no crack
arose at the thermal crack test where the temperature of the
soldering iron was 360°C, and furthermore, no crack also arose
at the thermal crack test where the temperature of the
soldering iron was 400°C.

Furthermore, the samples 1-1 to 1-7 whose temperature
characteristics of the voltages E,, are 0.02 or less are more
preferable in the present invention. This corresponds to the A
site mole ratios specified in claim 2. In particular, the
sample 1-4 has the best balance of the temperature
characteristic of the voltage E,, and the nonlinear coefficient
o, and the mole ratios of the A site component near that of
this sample are most preferable in the present invention.

Example 1-2

What is performed in this example 1-2 is comparison of
samples obtained by changing an amount of a semiconductorizing
agent.

With fiwxing other parameters such as A site mole ratios,
a kind of a semiconductorizing agent, a total A/B, and a mole
percent of Si0O,, and performing the same setup as that in the
example 1-1 except for setting the mole percent of a
semiconductorizing agent as shown in Table 1-2, samples were
produced, which were measured similarly to those in the example

1-1. The result is shown in Table 1-2.
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1-Nr-r-r-r-r-r-r-r- r-4 4 --4-4 cr 53 3 0 JUN 2004 An additive has the

action of adjrgét | Q(goﬁltectorf caln coe@?ﬁlﬁﬁto(} Efﬁéc iérhcé;r glggg?ﬁeva{ﬁét or

vol tage EN and the nonlinear | Cl en vari st or
VOltag%hermal crack-proof property of wvaristor ceramic. Since the

samples 1-33 and 1-38 have too few and too much
semiconductorizing agent respectively, thermal cracks arose in
the test where the temperature of the soldering iron was 360°C,
and hence, these are not preferable. Therefore, the samples 1-4
and 1-34 to 1-37 where thermal cracks did not arise in the test
where the temperature of the soldering iron was 360°C are
preferable in the present invention. This corresponds to the
mole percent of a semiconductorizing agent specified in claim 1.

Furthermore, since a thermal crack arose in the test
where the temperature of the soldering iron was 400°C in the
sample 1-37, the samples 1-4 and 1-34 to 1-36 where cracks did
not arise in this 400°C thermal crack test are more preferable
in the present invention. This corresponds to the mole percent
of a semiconductorizing agent specified in claim 4. TIn addition,
mole percents near the mole percent of the semiconductorizing
agent of the sample 1-4 are most preferable in the present
invention.

Example 1-3

What is performed in this example 1-3 is comparison of
samples where a kind of semiconductorizing agent was changed.

With fixing other parameters such as A site mole ratios,
mole percents of semiconductorizing agents, a total A/B, and
mole percent of S5i0,, and performing the same setup as that in

the example 1-1 except for changing the kind of
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and the nonlinear coefficient a, and Co enlarges varistor voltageglgléw\ll%[}U’1
addition, it is found that Mo and Whave the action of enlarging the
nonl i near coefficient a. Al though not shown in Table 1-6, it is found that
ot her el ements such as Li, Na, Ni, Cu, Zn, Sc, Fe, Ga and In also have the
same action. Since the sanples 1-73 and 1-77 had a too |arge anount of

dosage t he degree.of sinpterin e th er i nsul at ed
by the reOX|dﬁgﬁgﬁlp%% e$ ?%% ere‘#z‘Jrl(%i'l§1 E%ﬁ%anpﬁé a%ﬁ%% éIie72 1-74

to 1-76_and 1-78 t.0. 1-79 each havin nol e rcent t rin |paI
conpongﬁ?g??ﬁﬂ Wplfhoﬂeﬁﬁ TEELTEM S E&ﬁiﬁ%&?aﬁ?egﬁ 338% %entlon
Thi s |s i ncluded in the kind and gﬁé ercent of an addltlve specified in
cl ai m 1ekamde EesqiRN%%:SPQW%éV¥3? g fh31h|s exanple 1-7 is conparison of
a sanple, where My is not added substantially, and sanples obtained by
changi ng a dosage of My. Wth fixing other paraneters such as A site nole
rati os, nole percent kind sem conductorizing agent, 'total A/B, and a nole
percent of SiQ, and performng the sane setup as that in the exanple 1-1
except for changing the dosage My as shown in Table 1-7, sanples were
produced, which were neasured simlarly to those in the exanple 1-1. The

result is shown in Table 1 3 BJUN2004 u 0 00O 00O0zdO zlz CoO 0z
0O z 101 v a
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cO0 al 0O0to m 00 O Coal0 zo 0CoIl oto O JUN 2004 Bf) MUN 9004
contained, it becones very easy for a thermal <crack to arise. Since a
thermal crack arose even in the test where the tenperature of the

sol dering iron was 360C, sanples 1-80 to 1-82 each having the content to a
princi pal component that is 0.001 or nore nole percent are not preferable.

Therefore, i b £384L i hvent.i that not

cont ai ned atélr}‘fse Rj’%}ﬁ%ﬁeérgaé!nk%l @I%; St the co%l %E ess than
about 0.0Q1 e percent enera not be c tal ned
substa?ﬁ‘?gll“p{%)LC Tﬁ'%é: Fé?pg eé@omee&teglp%@éﬁe? &F %ﬁ €claim 1. Second
Enbodi nent Herei nafter, the corrp05| tion of the varistor ceramc 10 in this

secondSRHISTENGRREOMINaS BEOHeand BER°C.THE darpraferabdeai® hE) contains a

first conponent of the conposite perovskite which consists of oxides of and
| east RFRECEENPBYRIELSY ta Yee diPsconfhent Yauhi- cha@®ensfePs BrOak: | east one
kind of oxide selected fromoxides of R (Y lanthanoids Nd, d Lu)) and a
t hi r d Nst¥hponSmd; .whEeb,.c 0fdPst sTHP,, at Direast Hoflg, .k Ems, of 'Iinud.e sel ected from
oxides of M (Nbo and Ta), and a fourth conponent which consists of an oxide
of Si .YHQ,,.i slu®ygsonmadbqhat ¥0,),s (edpaalnmuinbersfofinmlodestarsd ated for Sr of
the first conponent as SrQ
semiconductorizing agent.
Ex 1-4
What is performed in this example 1-4 is comparison of
samples cobtained by changing a total A/B.
With fixing other parameters such as A site mole ratios,
a mole percent and a kind of semiconductorizing agent, and a
mole percent of 5i0,, and perfoxrming the same setup as that in
the example 1-1 except Ffor changing the total A/B as shown in

Table 1-4, samples were produced, which were measured similarly

to those in the example 1-1. The result is shown in Table 1-4.
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nunber

nunber

Pro11111

nol es cal cul ated for

(ot her thanoids)
Mof the third conponent as g 5/2 and TaGCs; 2

of nples calcul ated for
of noles calculated for Ti
t he nunber of noles cal cul ated for
TbO7, 4 and RCB,

t he nunber of noles calculated for of the first conmponent as BaQOj § ‘”‘W ?ﬂﬁ}l;
i'S

Ca of the first conponent as CaO d i

of the first conponent as Ti Q2,

R

eis
conponent as CeQ,
f

of the second
respectively,

is the nunmber of

respectivelly, the nurrbe{1 aof [mpl es a culated for Si of the fourth conponent
as SiO . Aguwfor thg conmpp &)ig| Bl Bp-varistor ceramc in the trilinear
coor di natesﬁog% (g + Ki%(%lgo #>¢c), b/(a c), shown in Fig. 4, values of
Sr, Ba andrghg;tgls;*a/ A2 = 1C)| 2|8 (a+ b +c) and c/(a + b + c) exist on
a line segy ng fconnect.lng a pointl (0]2, 0.0, 0.8) 6), or in a range where
al(a + b +‘Q)gl§(a + bl&l d) [af g ljatger than this |ine segment (hereinafter,
a first r.?ﬁ )| Ald t1%'g:cgrg3g|@°tg’§s 0.84s (a+b+c+e)/(d+ f)s
1.16, 0.75(8 + @/d%%@)@ﬁ@&o and g/d x 100 s 0.6. As for nole
ratios of {fis A sfte spgonent|, {it%|s nore preferable that values of a/(a
+ b + c), bHa+b+e)j—paaadief{arc n the trilinear coordi nates exist on a
first |inelsefmeqt conneQ;ELnggcacr)Qipt.(O.S, 0.0, 0.5) and a point (0.2,
0.2, 0.6), "grf@a Second| | joif& B AR connecting a point (0.2, 0.2, 0.6) and
a point (0|#&,sB)r+—er—a—thig—+ne—segnment connecting a point (0.1., 0.4,
0.5) and a|Bofnt (0.1, B H|08h4)P8| On a fourth |ine segnent connecting a
point (0.1{FE|5 & 4) phieile gos|pid(9 2, 0.0), or a/(a + b + c) exists in a
range | arger Yhan thesgifiirstitio|fp@fth |ine segments (hereinafter, second
rang 30 JPN 2004 Furt qrrm e, |as for a nole ratio of this A site
conponent, itﬁg stil], more brieferaple that values of a/(a + b +c), b/(a
c) and c/(p + g c) irgt%@'grglg gegr coordinates exist on a fifth line
segment copnedtl Ag a pet M A(HBl<4= B, 0.4) and a point (0. 0.4), on a sixth
| i ne segnment gonhecting [a{ppipy (02, 0.4, 0.4) and a point (0.2, 0.3), on
a seventh
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| i ne segnment connecting a point (0.2, 0.5, 0.3) and a point (0.3, BQJigmszuu
0.2), on an eighth |ine segnent connectlng a point (0.3, 0.5, O. a
point (0.6, .2), or a ninth line segnent connecting a point (0.6, 0.2, 0.2)
and a point (0.4, 0.2, 0.4), or in a range surrounded by these fifth to
ninth [ine segnents (hereinafter, a third range). It is nore preferable

that the tOtﬁh de PQ %ﬁé %dtal zé(é¥fedEL thé‘ ébree 8fs more preferabl e

that, as the anoun Sefm con tori Zi hg agen 75 s (e + f)/d x

100 s 4.1t is nore refera t hat t is g/d 100 The
irst SHMFER OFCRrTbid: ooif rEREebr o S0 ForbRave 6Tt Thi s
first copponent conS|sts of in con 05|te erovsih an A |te conponent
of Sr,aBR bR lerdestetal /8 FesPedyshEnt thiFsercoutt Nl OBFGa ﬁd third
conponents are netallic oxides that contribute to sernjiconductorization,
and t has fYARKEROTE ohpeE® iitswasi HIDPSEdBER $OSINETi FFRGWEent of a degree
of sintering. Electrical characteristics as a varistor are mainly 58 3 Ti
JUN 200dramdsy.espddthy wexet dngrakatiagr aschaihmdicePysreexsiatdopari stor vol t age
E10 and a nonlinear coefficient a. The varistor voltage E10 expresses an
appl i epramidsigg. vaurchatmotee, @ wbeohall Gratk atess mhencheent flowing in the
varistor, and the nonlinear <coefficient ais generally expressed in a =

1/ | og(ERigdrakurdher eshe Bblasrany apphi ves \v3ddcage val ue at the time of 1-mA
electric current flowing in the varistor. It is preferable that nole

rati os of Sras Bhowfidifaradliech-aar en coHahigsewhére tHie afloant e @ponent exi st
inthe first range. It is nore preferable to exist in the second range,

and stid lrewah8 RrEf€@dLEni Soritictbriifiddadehir dsr anesa, Thepraét becones
possi bl e to enhance el ectrical characteristics such as the controllability

of theyafdikQinVald agRrkal ctLMPrBbE Srogeidyacieristics of the varistor

vol tage E10 and nonlinear coefficient a, and to enhance the thernal
shock- t E081 MATdoRkRE1 d@pple®s 1idid N @nbStbef much Sr,
t he f%%%% ggéggﬁéﬁé}agpgr?sf¥§ O? F q.}rpp"lgzecoms negative, and if t 00

few, JBBH%P lto%fpw fgx%%g Li phyg | fa the ﬁﬁ?i E:Ita%ﬂ ggfge < Ba the

pOSItI etren erature C aracterlstlc cones strong too

h, f t h t t t t f b
negat i 4 @dc'pmcﬁe%%‘c o B Rieode | 0ooS sl sPochoualica, e

nonllnear cgeff|0|ent a to the varistor voltage E, becones snmall. In
addi t i%n 2%PfCt here

That is, since a thermal crack did not arise in the test
where the temperature of the soldering iron was 360°C, the
samples 1-4 and 1-57 to 1-61 are preferable in the present
invention. This corresponds to a total A/B specified in claim 1.

Furthermore, since a thermal crack did not arise in the
test where the temperature of the soldering iron was 400°C, the
samples 1-4 and 1-58 to 1-60 are preferable in the present
invention. This corresponds to a total A/B specified in claim 3.
The vicinity of the total A/B where the B site component is a
little rich like the sample 1-4 is a most preferable range of
the present invention.

Ex -5
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is too much Ca, the varistor voltage El, becones extrenely |argedth K308
difficult of control, a base is nade an insulator by reoxidation. 59 S U
"UN 20011, It is preferable that the nole percent (this is calculated by
t he nunber of noles of netal ions) sem conductorizing agent (the second
and/or third conponents) to a principal conponent (TiO is between 0.75

and 10.0 inglysi,ve. ternatively, 1t i re.preferabl e that the nole
percent is E%eéﬁ BT I &F}Og?#clemz?nﬁﬁenl,s FPmP%erSoosnsP |l e to enhance
the strength and the thermal shock-proof property. of the varistor. That
is, evdBles; ARFRINGS bYoEhaREY ?eﬁ’g %r%‘ﬂﬂ%le(? 'Q%n%f%gent or too few, it
becones easy that a_ thermal crack arises. In addition, it is preferable
that the totHithAfBxisg pish ARTer8leEh SUCh &S AcFddPVvBO1EFAHS Sore, it is
more preferable that the total A/Bis between 0.96 and 1.01 inclusive.
Then, @wale pezpenhoard afkinge ofodr shmieppbderizimg 039ents @8duded, as
described later, a degree of sintering can be inproved. That is, this is
becausmtsilnf¢Bi nand priforingnlg etlen saie shbtup cisalthatBinstheexamrde or t oo
smal |, and hence the base is nmade an insulator owing to reoxidation. In
addi tilonl, ddviepti Toralchanhenqusike ambher patcartack ezkl,| psarsheows iih total A/ B
is too large or too snmall. In a range where an anount of SiO7 is few and
a | ot ehlsem spnsuid s weRg poedicdds astdel werdemeasubed sahidwelyi n order to
mai ntain the thermal crack-proof property, it becones indispensable to

restriwl @HosePAe thHdvidxampibha-1t ot @he AtBmporditirk. F of $&EEFaridgy nore
preferably, to be 1.01 or Iless. The strength and the thernmal shock- proof

pr operit¥nofind HORYmi¥N2804 ‘aktshas ¢abebekshd PbY eahsheadrly setting

~ the nole percent of the fourth conponent (SiQ2) to the principal conponent
(Ti 2 be 0. I 9~ O oprefera o] rs isThat Si O
i's ad%%&tagsa S?Q{Cér ?‘E’B %d%rll(flql\r/‘r’? ghd it ;}Igggégsrgge&%%”ps%dagﬁ?lgerform

Si nterli_gg even if the conposition fluctuates, but however, if the anmount of
Si 02 “in¢reases, it beconmes easy for a thermal crack to arise. It should
be noted that the content (nole percent) of SiO, of 0.6 or less or of 0.3
or less also includes the case where its dosage is zero. The varistor
ceramic 10 may al so contain an additive that consists of at |east one kind
of oxide selected fromanong oxi des of Li, Na, M,
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Sc, Mo and W Supposing the content is the nunber of noles obtaingd] Q’U& 200
converting WMh, Co, NN, Cu 2Zn, Sc, Fe, G, In, Mo and Winto LiOL", /
MO, CoQ, 113, N O CuO 2ZnO ScO, ,, Fe®3;21 Ga33;21 2n03,21 MO j and
W3 , it is preferable that the conposition is 0 < h/d x 100 s 1.000.
Thereby, there is an effect of inproving the nonlinear coefficient a. In
addition, the varistor ceramc 10 nay also contain other elenents such as

P, S, K Al and[Zr as Jupavdi figlig] inpurities besides such additives. Such
el enment s usuagly éxi stﬂg';ﬁgg;gc&ag As described above, the varistor ceramc
10 is a polyc&d ystﬁ COfEE|I8 B %,’of perovskite crystals. A part each
conponent {£ Tontained | n {he*E¢Ebvskite type crystals with being solidly
solved in g#a ns, and]|andt hef [p4 exists in fiit 0 JUN 2004 crystal grain
boundariesL§§@> i dés cg‘gcgrg'gg Xi des. For exanple, Nb, Ta, Y, |anthanoids
and the |i kg fXi stS mosb|d(d|d|@iabhs, and Mo, W M, Si, Co and the like
exi st nost|§ »n|crystdl|draip {Bofindaries. A nean grain diameter of the
vari st or ca@%ﬁ( usual I ilgl-apout 0.5 to 10 tmand in particular, 1to
6 tam Nex{, Za marn facgﬁgfggggﬂgigod of this varistor ceramic 10 wll be
descri bed 5i#ply. Hhe |Q@EP|i mo;%ramc 10 i s obtained by processing raw
mat eri al ppwderiin order |o i g, calcining, grinding, formng, binder
renmoval , red@étion si nkps ki _apﬁ reoxi dati on. The powder of a conpound of
each strucf@iEal el enef®|gf fam c is usually used for the raw nateri al
powder. An ',:@)g de—or a gn dtghi ch becones an oxide by sintering, such
as carbongt & ang.-a hﬁtgwag re_adgl be used for the raw material powder. For
exanpl e, i ﬁ npl ¢ FP" ﬁ:%bout Ba, at |east one kind of barium
corrpound as Ba Babi a0, BaCl" Ba(OH)2 and Ba(NO_, )7, and
aI koxi de ( or exanpl e, (¢H Q) 2Bp){ can be used as the raw material. The
mean partifcl e| §iganet ef gaf| ot Hles| g materi al powder may be usually about 0.2
to 5 Am HS.?%he wek FEne vE | Zihe raw material powder is perforned so
that the fj nacgesorrpos tli on| may becone the above- described conposition, and
usual |y, pHerdingtHsperforfed.  Subsequently, after perform ng
dehydrat i p’@oassi N Hggg@lgnﬁterial powder is dried and calcining is
performed jat gbaut o|c|o|o| o) -
10 i o0 |og|eo] o) 60| 00| 0
— & T o8| 0| | o3| S B
@ B < ololo|o|alo
= B
= 2 EEE ololo|o|ele|e
2 £E 8 (2322232
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1080 to 1250C for about 2 to 4 hours. Next, after grinding a G 2 #IJUN12004

1209' 1 cal cining object, an organic binder is added, and further,

water, a

pH regul ator, a noisturizer and etc. are added and m xed. Subsequently, a
m xture is nolded, and is sintered at about 1250-1400C in a reducing
at nosphere for about 2 hours, after perform ng binder renoval processing,

for

' duct 1 c. Each j al ., powd h Nb,
T, Y. | ant h9AG: 05 SORFL a @ BINEREH BOF ke dray e bl at the time of

obt ai ni

m xi ng after the calcining. The seniconductor ceranic obtained in this

manner CPEtalR&en ife RECORRRPRERLPEF Sk PEEFPER

Hrabdes STRAEFTHIY &YeBxi di zi ng

at nrosphere such as air, so that a suitable varistor voltage according to
an obj &&t compposidient Alweiatege tHawsEeh: utfe ihssamgury|Incggagas: ntk hi s
reoxi dation processing is usually at about 100C h to 600C/ h. In
t he pr bbeoomds easyefperatiheamell ¢chack rt@orrds®i on processing i s between 850C
1050C i nclusive, or the nore preferable tenperature is between 900C and
1000C i ncl usByrce |theaedivas oimo imMushpsid,candl s @e theng2l owmck or

nore preferable tine is between 0.25 16 hours inclusive.

addi ti on,

| ess, and

Furthernore, it

i s prehecedla tthat téss, paidreathpresperatafe af chpgealdasings i®oh at mospheri c
pressure or nore. The insulating layer 10b is formed on a surface portion
by thi gagesggegat {ah RURIRSSI K YAl 1SES arkhdbRCHBEESEAAS . appear  ow
the presence of this insulating llayer. Since the nonlinear coefficient a
and vairhstOFor0! tAgCsRgReEe 1L 2T 4e i1-683t80L-Hd\ 2BBfethimdrmaul ating | ayer
is thick, and they beconme small if thin, what is necessary is just to

sel ect px

: )suitabfe ?ﬁic ness according to the characteristics demanded as

Assurm gy 4 At XGLAY 1T 835-COBY aBfed S 108 MPAL A G end! 1S Preferable

in thi s Teoxi

conpr

it

is

ron processing according t

erable to IS st

owing to

S AgtCoRdid 11ANShE OredthdhelBemd SRk A8ut &) thRY becone

a product.

dinment that the

eﬁ%és"e%ts%%ﬁgf& a ﬁg;{éé %}g—:%%g&%c?s £ALhS R dlclgt%fe%eﬁti 8¢ L%Ddr\z/g a or nore,

re pre nore, an

ferabl e to be 40 NP Si nce th ' i st
the corBTc 158 FPacietd d-) AUACHTR T Go5a0 8F Bty TRot it ePacbending
trength at the tinme of sol dering, byt al.so to obtajn high thernal
Shock- b0 SpABRR TG n: The Ster SER. HPoRPRITHIy Ln ootk 2™

material as an impurity, and hence actual SiO, content of the
sample 1-63 does not become zero.

A thermal crack arose in the sample 1-66 in the test
where the temperature of the soldering iron was 450°C. Thus,
the sample 1-4 and 1-63 to 1-65 become more preferable in the
present invention where a thermal crack did not arise in the
test at the temperature of the soldering iron of 450°C. This
corresponds to the mole percent of SiO, specified in claim 5.
In addition, the mole percent of Si0O, near that of the sample 1-
4 is most preferable in the present invention.

Ex 1-

What is performed in this example 1-6 is comparison of

samples where a kind and an amount of an additive were changed.
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even when tenperature locally rises at the tine of soldering. El eét&oj@ﬁﬁgﬂiﬂ,
are formed on one surface of the varistor ceramc after reoxidation
processing with Cu or material nmainly nmade of Cu, and a varistor is
obtained. The material mainly made of CUis the same as that in the first
enbodi nent. I n the second enbodi nent descri bed above, although the

el ectrodes ag,e Rrﬁ\/i ded itgl one suré‘tacre 051:1 1\{agliss oL, cerar 'ec,r %Iigts:trode(s)
may be provi a4 l}f:'o%; SR PR FUREE S0P 38 B ST RS &3P  terani c.
Hereafter, the present invention is described still in detail according to
exanpl 8BS0 RATHEAEG Wb QekORY SF0ot: REMCORIBREAEI6Ihe 1394 36 JUN 2004
VWhat is performed in this exanple 2-1 is conparison sanples obtained by
fixi ngtﬁlp-ﬁ%rA‘b%-raEH’éjc & Mdgc persent nf Sifhr cahd BRFFEPAJthe game

sem conductorizing agent, a total A/B ratio, and a nole percent of 5102,
and chaafumgasotikat gt ddheofexagpla drleexerpjorn chEnging heekip@spectivel y
wei ghi ng by conversion and blending SrCO8 , BaC3 , CaCCs3, T.i®2, 2 d

Si 2 asdrawount e¥fi sn spidilfdvet hey shoyght 1 dlabtehd -Gomsagipiesnwehewn i n
Table 2-1, they were mxed for 10 to 20 hours with using an wet nedi a
mll, pdedhycbdt etiiahdwelre evbastiredr sl lamiyngoathose ume thiet examsple at 1150C,
the m xture was rough-ground, and again, dehydrated and dried after being
m xed w1h gheetesmdi asnshowd dm f@bte 2O .hours. Subsequently, 1.0 to 1.5
wt % of polyvinyl alcohol was mxed to the mxture as an organic binder to
be granul ated, and the granulated m xture was fornmed at form ng pressure
of 2 t/cn2 to becone a fornmed object having an outer dianmeter of 12 mm
an inside dianmeter of 9 mMmmand 'thickness of 1.0 After performng the

)bi nder renoval processing of this formng object at about 600C in an air
at nosphere, sintering was perfornmed for 2 hours at about 1350C in a

reduci ng at nosphere of N2 (95 volune percent) + H, (5 volune percent) for

t he sem conductor ceramc to be obtai ned. Subsequently, two- hours

reoxi dation processing of the sem conductor ceramc was perfornmed at 950C
inthe air for the varistor ceramc to be obtained. 65 0 JUN 2064 Next, Cu
paste was applied to one surface of the varistor ceramc 10 as shown in
Figs. la and Ib, in a neutral atnosphere,
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parallel to the face. Here, stress nmeasurenent was performed by H0sUdy 2004
gradient nethod with using a collinmated beam generated by a C bulb. In
addition, two tines of rocking was added at the tinme of neasurenent.
diffraction |ine used for neasurenent was (310) that was near 134 degrees.
The stress neasuring nethod by such X-ray diffraction is known. For
exanple, it is desqr.ibed in.detail in B. D, L]t . | ated by Gentaro
Mat sunur a) , hﬂbﬂﬁéﬁgaptgﬁséﬁﬁ%€P§lg?(QEFEQU%F%?Qeﬁ%ﬁc%%&sgigune Co., Ltd.,
pp. 41.2-442, June, 1980, 61 UN 21K "X-ray. diffractign _handbook”, R gaku
Donki - BRATAGieFLStiEs Seell arosne REiishPy VOHEWe Kot BPAUIEE used when
estimating the surface residual stress in this exanple was as follows: E
a'r A(roylipeay gopfficioniy &-n M endaraes \theh¥prElstey 704 tRE8| Bwal stress
(MPa), Eis a Young's nodulus (MPa), v is a Poisson ratio, and 0, is a

st andaaund Brizgy groadiheay dsgtéari¢miercs, angd4Ce¢ dayeggsy/ 2ridignt her, 4, is an
angl e (degree) between a nornmal to a surface of the sanple and a neasuring
nor mal yoRiadges Egn alyladdatio f fitadsi 6ourdiddppselo amtl WKhiayeathe r ess const ant
(MPa/ degree) determined by nmaterial the angle of diffraction. The

est i madeiomoft BRLaEFIrd ahe ShoEBiheaancber filttiznned . byalthiondhngot t s gr adi ent
with the nethod of |east squares fromthe.relation of the angle of

di f f r aghdvan i20 Tabbé ch-6,S iteas uF@thd thab2otlizr whendntairsdod abthi ped fromthe
angle 4) fornmed by the normal to the surface of the sanple and the
measurgyag NIor aal, , zd, 4.t FBl, yedridh@ngabshh efdivebyhé heaid 1@3sofionstant K. this
exanple, it is assuned that the stress constant K = -100 MPa/degree. This

i s because, @maPRALEHAMPTRMLNE al@rMyhangese rideedarheVvanodte oxal ue of the
gradient found with the nethod of |east squares fromthe neasurenent

resul tgdshge0 bRl NG RN oRessed-idy Whs | SlockieRCAnd Nehe *ld#amE Fdke stress
can be freely set according to thé value of K That is, this is because it

'S Sul{iddieitasty | G0 R8xlad el pRbobo1fY Adhilordrd Enddsahidl 22004 Ot her

wor ds, "an i ndex expressing a grade o rmation froma cubic 1n a

berovsKide Bhase, | . 9V el Pl 1absaldile ablgy diAaS khgs constant Kis
not i nportant. e result 1n the exanple 2--1 1s shown I'n Table 2--1.
mole percent to a principal component that is 1.00 or less are
preferable in the present invention. This is included in the
kind and mole percent of an additive specified in claim 6.
Ex -
What is performed in this example 1-7 is comparison of a
sample, where Mg is not added substantially, and samples
obtained by changing a dosage of Mg.
With fixing other parameters such as A site mole ratios,
~a mole percent and a kind of a semiconductorizing agent, a
total A/B, and a mole percent of Si0O,, and performing the same
setup as that in the example 1-1 except for changing the dosage
of Mg as shown in Table 1-7, samples were produced, which were

measured similarly to those in the example 1-1. The result is

shown in Table 1-7.
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If Mg is contained, it becomes very easy for a thermal
crack to arise. Since a thermal crack arose even in the test
where the temperature of the soldering iron was 360°C, samples
1-80 to 1-82 each having the content to a principal component
that is 0.001 or more mole percent are not preferable.

Therefore, it is preferable in the present invention that
Mg is not contained at all like the sample 1-4, or the content
of Mg is less than about 0.001 mole percent in general (Mg
should not be contained substantially). This corresponds to

contents specified in claim 1.

nd Embodimen

Hereinafter, the composition of the varistor ceramic 10
in this second embodiment will be described.

The varistor ceramic 10 contains a first component of the
composite perovskite which consists of oxides of Sr, Ba, Ca and
Ti, at least one component of a second component which consists
of at least one kind of oxide selected from oxides of R (Y and
lanthanoids (La, Ce, Pr, N4, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, ¥Yb
and ILu}) and a third component which consists of at least one
kind of oxide selected from oxides of M (Nb and Ta), and a
fourth component which consists of an oxide of Si. It is
assumed that a is the number of moles calculated for Sr of the
first component as Sr0O, b is the number of moles calculated for
Ba of the first component as Ba0O, ¢ is the number of moles

calculated for Ca of the first component as Ca0O, d is the
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number of moles calculated for Ti of the first component as TiO,,
e is the number of moles calculated for R of the second
component as YO,,, CeO,, PrO;,, TbO,, and RO,, (other
lanthanoids) respectively, £ is the number of moles calculated
for M of the third component as NbO,, and TaO,, respectively,
and g is the number of moles calculated for Si of the fourth
component as Si0,. As for the component of this varistor
ceramic in the trilinear coordinates of a/{(a + b + c), b/{(a + b
+ ¢c) and ¢/(a + b + ¢), shown in Fig. 4, values of Sr, Ba and
Ca, that is, a/{a + b + ¢), b/(a + b +¢) and c/(a + b + ¢C)
exist on a line segment connecting a point (0.2, 0.0, 0.8) and
a point (0.0, 0.4, 0.6), or in a range where a/(a + b + ¢) and
b/{a + b + ¢) are larger than this line segment (hereinafter, a
first range). And the component is 0.84 < (a + b + c + e)/(d +

f) = 1.16, 0.75 = (e + £)/d x 100 = 10.0, and g/d x 100 = 0.6.

As for mole ratios of this A site component, it is more
preferable that values of a/(a + b + ¢}, b/(a + b + ¢) and c/(a
+ b + ¢) in the trilinear coordinates exist on a first line
segment connecting a point (0.5, 0.0, 0.5) and a point (0.2,
0.2, 0.6), on a second line segment connecting a point (0.2,
0.2, 0.6) and a point (0.1, 0.4, 0.5}, on a third line segment
connecting a point (0.1, 0.4, 0.5) and a point (0.1, 0.5, 0.4),
or on a fourth line segment connecting a point (0.1, 0.5, 0.4)
and a point (0.2, 0.8, 0.0), or a/{(a + b + c) exists in a range
larger than these first to fourth line segments (hereinafter, a

second range).
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Furthermore, as for a mole ratio of this A site component,
it is still more preferable that values of a/(a + b + ¢), b/(a
+ b+ ¢) and ¢/(a + b + ¢) iIn the trilinear coordinates exist
on a fifth line segment connecting a point (0.4, 0.2, 0.4) and
a point (0.2, 0.4, 0.4), on a sixth line segment connecting a
point (0.2, 0.4, 0.4) and a point (0.2, 0.5, 0.3}, on a seventh
line segment connecting a peint (0.2, 0.5, 0.3) and a point
(0.3, 0.5, 0.2}, on an eighth line segment connecting a point
(0.3, 0.5, 0.2) and a point (0.6, 0.2, 0.2), or a ninth line
segment connecting a point (0.6, 0.2, 0.2) and a point (0.4,
0.2, 0.4), or in a range surrounded by these fifth to ninth
line segments (hereinafter, a third range}.

It is more preferable that the total A/B is 0.96 < (a + b

+ c+e)/(d+ £) < 1.01.
It is more preferable that, as the amount of a
semiconductorizing agent is 0.75 = (e + f)/d x 100 =< 4.0.

Tt is more preferable that, the amount of SiO, is g/d x

100 = 0.3.

The first component is a main component of the varistor
ceramic 10. This first component consists of, in composite
perovskite, an A site component of Sr, Ba and Ca, and a B site
component of Ti. The second and third components are metallic
oxides that contribute to semiconductorization, and the fourth
component is mainly added for the improvement of a degree of
sintering.

Electrical characteristics as a varistor are mainly
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expressed with a temperature characteristic of a varistor

voltage E,, and a nonlinear coefficient a. The varistor voltage
E,, expresses an applied voltage value at the time of 10-mA

1

electric current flowing in the varistor, and the nonlinear
coefficient o is generally expressed in o = 1/log(E,/E;). Where,
E, is an applied voltage value at the time of 1-mA electric
current flowing in the varistor.

It is preferable that mole ratios of Sr, Ba and Ca which
are contained in the A site component exist in the first range.
It is more preferable to exist in the second range, and still
more preferable to exist in the third range. Then, 1t becomes
possible to enhance electrical characteristics such as the
controllability of the varistor voltage E,,, temperature
characteristics of the varistor voltage E,, and nonlinear
coefficient o, and to enbance the thermal shock-proof property
of the varistor. That is, if there is too much Sr, the
temperature characteristic of E,, will become negative, and if
too few, strength will drop. In addition, if there is too much
Ba, the positive trend of temperature characteristic of E,
becomes strong too much, and if too few, the temperature
characteristic of E,, becomes negative. Furthermore, even if
there is too much Ca or too few Ca, the nonlinear coefficient o
to the varistor voltage E,, becomes small. In addition, if there
is too much Ca, the varistor voltage E,, becomes extremely large

to become difficult of control, and a base is made an insulator

by reoxidation.
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It is preferable that the mole percent (this is
calculated by the number of moles of metal ions) of a
semiconductorizing agent (the second and/or third components)
to a principal component (TiO,) is between 0.75 and 10.0
inclusive. Alternatively, it is more preferable that the mole
percent is between 0.75 and 4.0 inclusive. Then, it is possible
to enhance the strength and the thermal shock-proof property of
the varistor. That is, even if there are too much
semiconductorizing agent or too few, it becomes easy that a
thermal crack arises.

In addition, it is preferable that the total A/B is
between 0.84 and 1.16 inclusive. Furthermore, it is more
preferable that the total A/B is between 0.96 and 1.01
inclusive. Then, even if an amount of the fourth component
(5i0,) is reduced, as described later, a degree of sintering can
be improved. That is, this is because sintering is blocked even
if the total A/B is too large or too small, and hence the base
iz made an insulator owing to reoxidation. In addition, this is
also because a thermal crack easily arises if total A/B 1is too
large or too small. In a range where an amount of SiO, is few
and a lot of semiconductorizing agent is added as described
above, in order to maintain the thermal crack-proof property,
it becomes indispensable to restrict an upper limit of the
total A/B to be 1.16 or less, or more preferably, to be 1.01 or

less.

The strength and the thermal shock-proof property of a
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varistor can be sharply enhanced by setting the mole percent of
the fourth component (S$i0,) to the principal component (Tio,) to
be 0.6 or less, or more preferably, to be 0.3 or less. That is,
Si0, is added as a sintering additive and it is possible to
stably perform sintering even if the composition fluctuates,
but however, if the amount of Si0O, increases, it becomes easy
for a thermal crack to arise. It should be noted that the
content (mole percent) of SiO, of 0.6 or less or of 0.3 or less
also includes the case where its dosage is zero.

The varistor ceramic 10 may also contain an additive that
consists of at least one kind of oxide selected from among
oxides of Li, Na, Mn, Co, Ni, Cu, 2n, Sc, Fe, Ga, In, Mo and W.
Supposing the content is the number of moles obtained by
converting Li, Na, Mn, Co, Ni, Cu Zn, Sc, Fe, Ga, In, Mo and W
into LiO,,, NaO,,, MnO, Co0,,,, NiO, CuO, ZnO, ScO,,, FeO,,,, Ga0,,.
InO,,,, MoO, and WO,, it is preferable that the composition is 0 <
h/d x 100 < 1.000. Thereby, there is an effect of improving the

nonlinear coefficient a.

In addition, the varistor ceramic 10 may also contain
other elements such as P, 5, K; Al and Zr as unavoidable
impurities besides such additives. Such elements usually exist
as oxides.

As described above, the varistor ceramic 10 is a
polycrystal consisting of perovskite type crystals. A part of
each component is contained in the perovskite type crystals

with being solidly solved in grains, and another part exists in

61



Gti OGBQC OOEOCC OQEEMXM: 0n OGG C,OGPo-GE0C GC J G
: Cl ~CSCO0] OMLT=="] MCCcoc Jc:'C JC7TMCYOM*-Co .~ C G
AN G nB0Q O)_ C-C7000Ch OC. clo~a®o0O&)cO Gn s,'" ¢
C~ .aa a ZZ Vo ldizlz~zzz77 Zzi, C +GCGOL;

' SG-EA000G00 06y COOEOOCCOCCEGyCo, C) cCc) NO) C7 n4 n .r COV4 Ca C7

crystal grain boundaries as oxides or complex oxides. For

Co6:rJC . 7C Phg'iu 8[][]1;
FUK-~~7 co,n
, J7 ZZ.a Yazo~ ~ n ~

example, Ba, Ca, Sr, Ti, Nb, Ta, Y, lanthanoids and the like
exist mostly in grains, and Mo, W, Mn, Si, Co and the like
exist mostly in crystal grain boundaries.

A mean grain diameter of the varistor ceramic 10 usually
is about 0.5 to 10 pum, and in particular, 1 to 6 um.

Next, a manufacturing method of this varistor ceramic 10
will be described simply.

The varistor ceramic 10 is obtained by processing raw
material powder in order of mixing, calcining, grinding,
forming, binder removal, reduction sintering, and reoxidation.

The powder of a compound of each structural element of
ceramic is usually used for the raw material powder. An oxide
or a compound which becomes an oxide by sintering, such as
carbonate and a hydroxide can be used for the raw material
powder. For example, if an example is given about Ba, at least
one kind of barium compound such as BaCO,, BaSiO,, BaO, BaCl,,
Ba(OH), and Ba(NO,),, and alkoxide (for example, (CH,0)},Ba), can
be used as the raw material. The mean particle diameter of the
raw material powder may be usually about 0.2 to 5 um.

First, the weighing of the raw material powder is
performed so that the final composition may become the above-
described composition, and usually, wet blending is performed.
Subsequently, after performing dehydration processing, the raw
material powder is dried and calcining is performed at about

1080 to 1250°C for about 2 to 4 hours. Next, after grinding a
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obtaining semiconductor ceramic.

Each raw material powder such as Nb, Ta, Y, lanthanoids,
Mo, W, Mn, Si, Co and the like may be added at the time of
mixing after the calcining.

The semiconductor ceramic cbtained in this manner is
given heat treatment (reoxidation processing) in an oxidizing
atmosphere such as air, so that a suitable varistor voltage
according to an object may be obtained. The temperature rise
and fall speed in this reoxidation processing is usually at
about 100°C/h to 600°C/h. In addition, the preferable
temperature of this reoxidation processing is between 850°C and
1050°C inclusive, or the more preferable temperature is between
900°C and 1000°C inclusive. In addition, its preferable time is
32 hours or less, and more preferable time is between 0.25 and
16 hours inclusive. Furthermore, it is preferable that its
partial pressure of an oxygen gas is 0.1 atmospheric pressure
or more.

The insulating layer 10b is formed on a surface portion
by this reoxidation processing. Varistor characteristics appear

owing to the presence of this insulating layer. Since the

nonlinear coefficient o and varistor voltage become large if
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el ectrical characteristics of a varistor, and in particu |l the 't%ﬂpéUHtﬂM@
characteristic of the varistor voltage the sanples 2-1 to 2-23, and 2-26
to 2-32 except for the sanples 2-24 2-25 (the nole ratios of the A site
conponent are a/(a + b +c¢) =0.00, b/(ac) =0.20, c/(a c) 0. 80, and
a/l(a+b+c) =000, b/(a+b+c) =000 dc/(a+b+c) 1.00), a
thermal crack did not_arise in the test where the tenperature of a

sol der thes i s ladingebyerads F?&?¥1JQHQ,t?%%ﬂﬁﬁﬁpecﬂwgﬁ% i$§l§tress in the
conposition ranges of the sanples 2-1 to 2-23 and 2-26 to 2-32 where a

t her mahe¥ ek NGCESHBYY ar J¥Shate B21ePE BFOGRTSENG; PAREI0REC 8Pt i on.
Therefore, ranges where values of the first range which is the conposition
range that Hdesdnphbating lagep-pay hegopegubtabie thicknegs a + b + c), b/ (a +
b +c) and c/(a + b + c) in the trilincar coordinates shown in Fig. 4

exi st aocardinge teahipd ectra@tenisti/qsademanded psapadprqucts b + c) becone

| arger 71 30 JUn 2004 than this line segnent are preferable ranges in the
present i nvRshintimg thasexX-amiyr espess domsthet Aisit1®0nMPe/dedriess speci fi ed
inclainms 15 and 32. In addition, since a thermal crack did not arise in
the test MWherRerbhgbi®NRERAL B! fediidalt@os OhiRIdsa@nyr arcontisng366C i f the

resi dual conpressive stress was 15 MPa or nore, this range is also a

pref er g & drdBESmbAt [HIRD RS EmpraLenye OfitresBhba & OsursReNEs tiet he
resi dual conpressive stress specified in clains 12 and 2 other sanples 2-1

-19, 2;26, 800 2a2Sni® % 32 ars et nbek, the SAmRkeSpRsRidile2tdbe 2- 27 and

2-28, a thermal crack did not arise in the test where the tenperature of
the sol daring hrA0 Was 4905 AlithhiSrbi fRerdiBBhdUR 1ROMR ABAIYe Stress in
'—\)the co%l)p%g p%nfnélggn’ges o?&t%e seierd'I es 2-4 1o 2- 19, 2 26 and 2-29 to 2-32
‘wher e I]Eloether mal crack arose was 25 MPa or nore w thout exception. Hence,

ranges Wter e val ues of the second range which is the conposition range of

Lhe sanples 2:1. 2432 ohiyassthlasiddhe 28edth 29cthanfd (2 + b + ) and

surface, it is also possible not only to improve bending
strength at the time of soldering, but also to obtain high
thermal shock-proof property preventing a crack from arising
even when temperature locally rises at the time of soldering.

Electrodes 11 are formed on one surface of the varistor
ceramic after reoxidation processing with Cu or material mainly

) made of Cu, and a varistor is obtained. The material mainly
made of CU is the same as that in the first embodiment.

In the second embodiment described above, although the
electrodes are provided in one surface of varistor ceramic, an
electrode(s) may be provided in top and back faces or sides of
the varistor ceramic.

Hereafter, the present invention is described still in
detail according to examples according to the second embodiment.

Ex 2-1
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in the trilinear coordinates shown in Fig. 4 exist on a first I#%g é%Gn%Wﬁ
connecting a point (0.5, 0.0, 0.5) corresponding to the sanple 2-27 and a
point (0.2, 0.2, 0.6) corresponding to the sanple 2-37, a second |ine
segnent connecting this point (0. 0.6) point (0.1, 0.4, 0.5) corresponding
to the sanple 2-8, a third |ine segnent connecting this point (0.1, 0.4,
0.5) and a pgoint (0. . corresponding tq the sanple 2-9, or fourth line
segnent conn@éﬁﬁ’f tﬁ‘ﬁrgz)%‘?‘itm( %.?‘},S 9’%@ ?UI-‘\I 5% PTBAELSN [ and a poi nt
(0.2, 0.8,.0.0) corresponding to the sanple 2-19, or a/(a + b + c) becones
| ar ger SERRILS 1WPsa1ned HY AJFing PHHRT PEFARAESTS WHLENATSF ML ncl ude a poi nt
(0.5, 0.5) corresponding to the sanple 2-27 are nore preferable ranges in

t he preseernt @pdngi shd 'er@e%@i@‘é%@ﬁ@ﬂ-%iw fAgeat . nd| otedt PGB specified in
clainms 16 and 33. In addition, since a thermal crack did not arise in the
test, whtie tand aenpke gtancentodf tHE, s cindechaggin® modges raddes afo | ong as
resi dual conpressive stress is 25 MPa or nore. These ranges are al so nore
pr ef er abl & sirttengempomerithe present invention. These correspond to the

resi dual conpressive stress specified in clains d 25. In other sanples 2-1
to 2-7, 2-11rixst2- Bfte?- 2&spradide Bt wedthany bprcdiversaoplasi 2-8 to 2- 10,
2-16 to 2-28, 2-30 and 2-32, a thermal crack did not arise in the test
wher e bihdi@gPeredbyr 8atbg eatdgr Tag,.i NBo, YamalSoe, abt r&limategsiadual
conpressive stress in the conposition ranges of the sanples 2-1 2-11 to

2-15, &5 2hANgndy3tighehave thedBilposh 8fdn drdwiokin afdise wag,40 MPa or nore
W t hout excepti on. erefore, ranges where values of the third range which

. P ) f . 2-7. - 1.1 i4- 2-29 d
3 P LA Ol RS 180ty SRk dE )

2-31, a+b+c in the trilinear
coor di ngt es j .G 4, exist on a fifth |ine segnent connecting a
point(%% coﬁiggg%ﬁ%ﬂﬁgfgé the sanple 2-31 and a point (0 0.4) correspondi ng

toth le 2-11, a sjxth || t, ting.thi int (0.2, 0.4,
04) and & PR E18URk & NRSRES O3 er rBe g Ry LB [ he sanpi ¢ 2- 12

? 0" b e T 3RS b5, Py ol yBechgple, ° P
being mixed with a wet media mill for 10 to 20 hours.
Subsequently, 1.0 to 1.5 wt% of polyvinyl alcohol was mixed to
the mixture as an organic binder to be granulated, and the
granulated mixture was formed at forming pressure of 2 t/cm® to
become a formed object having an outer diameter of 12 mm, an
inside diameter of Q mm and thickness of 1.0 mm.
After performing the binder removal processing of this
forming object at about 600°C in an air atmosphere, sintering

was performed for 2 hours at about 1350°C in a reducing

atmosphere of N, (95 volume percent) + H, (5 volume percent) for
the semiconductor ceramic to be obtained. Subsequently, two-
hours reoxidation processing of the semiconductor ceramic was
performed at 950°C in the air for the varistor ceramic to be

obtained.
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connecting this point (0.3, 0.5, 0.2) and a point (0.6, O0.2) corgegpgﬁﬁﬁm@4
to the sanple 2-29, or a ninth Iine segnment connecting this point (0.6,

0.2, 0.2) and a point (0.4, 0.4) corresponding to the sanple 2-31, or a
range surrounded by these fifth to ninth Iine segnents is still nore
preferable ranges in the present invention. These correspond to A site
nole ratios specified in clains 17 and 34. In addition, since a thernal
crack did noMNeXFi S iBastRevaS APRIAEHLL? (e SHELRSE (e the YREL S dering iron
was 450C if the residual conpressive stress was 40 MPa or nore, this range
'S al SESRATIG 10 A6t EhOWR GHoFaBFe Famgd M- t e HRESERRL | HIGFEPERS : Thi o
corresponds the residual conpressive stress specified in clains 14 and 26.
Exanpl end- thenfHwe Supelddimedgsi hl t shaymesanphese figuseg grg® i son of sanples
obt ai ned by changi ng an anount of a sem conductorizing agent. Wth fixing
ot her parmekiter bakiing dse Ausphstawte 75a8fC 0y obdaknniesdf samples of

seni conductori zing agent, a total A/B, and a nole percent of SiQZ, and

per f or ghagvdldiestoapefsetmgasasingat in the exanple 2-1 except for changing
the nol e percent of the sem conductorizing agent as shown in Table sanpl es

wer e produceghenidHteteiasaisiy ele Svdl daekyEf @ndhBgeof reddre exanpl e 2-1.
However, the tenperature characteristic the varistor 74 voltage Flo was not
Teas| Bty Bt 95 ! (iR, BBANMAL ERBEP1ddent N 2ARM Sbfhitled Ot @ O D0 R

= 1/1og(B,,/E,;} with using the measured voltages E, and E,,.

Furthermore, the temperature characteristic (temperature

coefficient) of the varistor voltage E,, was obtained.

Furthermore, while performing the thermal crack test of each

sample, the residual compressive stress on a surface of each

sample was measured.

The voltages E, and E,, were measured with using a

measuring circuit shown in Fig. 3. In this measuring circuit,

an ammeter 30 is connected in series bétween a varistor 31 and

a DC constant current source 32, and a voltmeter 33 is

connected in parallel with the varistor 31. The voltages E, and

E,, were measured by measuring the voltage values between both

terminals of the varistor 31 when electric current of 1 mA and

10 mA flows in the varistor 31 respectively with using the

ammeter 30 and the voltmeter 33.

Temperature characteristics (temperature coefficient)
AE,,, of the varistor voltage E,, were obtained with AE,. =
{E,,(85) -E,(20)}/{E,,(20) x (85 - 20) x 100} [%$/°C] about each

sample. The voltages E,(20) and E,,(85) are the varistor
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voltages E,, at the temperature of 20°C and 85°C, respectively.
These were measured with using a thermostat oven.

The thermal crack test was performed by contacting a
soldering iron, where temperature was set beforehand, to the
electrode side of the sample left at the room temperature, for
3 seconds with supplying eutectic solder. As temperature of the
soldering iron, three kinds of temperature, that is, 360°C,
400°C and 450°C were used. Hundred samples were visually
inspected for cracks with using alcohol.

The residual compressive stress on the surface of each
sample was measured with using a stress measuring method by X-
ray diffraction. Since the perovskite structure which is a main
phase of each sample belongs to a cubic system, the surface
stress generated in the plane direction can be estimated, by X-
ray diffraction on the surface of the ceramic, from the ratio
of a face gap of the perovskite in a direction perpendicular to
the face and a face gap of the perovskite in a direction
parallel to the face. Here, stress measurement was performed by
a side gradient method with using a collimated beam generated
by a Cr bulb. In addition, two times of rocking was added at
the time of measurement. The diffracticn line used for
measurement was (310) that was near 134 degrees.

The stress measuring method by such X-ray diffraction is
known. For example, it is described in detail in B.D. Cullity
(translated by Gentaro Matsumura), “"Newly-edited summary of X-

ray diffraction”, Agune Co., Ltd., pp. 412-442, June, 1980, and
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*X-ray diffraction handbook”, Rigaku Denki Co., Ltd., pp. 103-

105, February, 2000.

A formula used when estimating the surface residual

stress in this example was as follows:

_E g A8 A2)
2(1+v) * 180 A(sin?y) A(sin®wp)

where, ¢ is a residual stress (MPa), E is a Young's modulus
(MPa), v is a Poisson ratio, and 0, is a standard Bragg angle
(degree) (here, 6, = 134 (degrees)/2). Further, { is an angle
(degree) between a normal to a surface of the sample and a
measuring normal, 20 is an angle of diffraction (degree), and K
is a stress constant (MPa/degree) determined by material and

the angle of diffraction.

The estimation of the residual stress can be obtained by
finding its gradient with the method of least squares from the
relation of the angle of diffraction 20, which is measured, to

sin*p which can be obtained from the angle 1 formed by the

normal to the surface of the sample and the measuring normal,
and multiplying the gradient by the stress constant K.

In this example, it is assumed that the stress constant K
= -100 MPa/degree. This is because, as apparent from the
formula described above, the value of the gradient found with
the method of least squares from the measurement result is
obtained can be used as it is, since the value of the stress
can be freely set according to the value of K. That 1s, this 1is

because it is sufficient so long as a value of the gradient, in
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4 COOOCOC CO!r As for the notation of composition, the con%énULQ#ZUm
SrOis expressed as a noles, the content of BaOis b noles, the content of
CaOis c noles, the content content of NDOTiO2 is d noles, the f nol es,
and the content of Si02 is g noles. 2 The conposition was fixed as a/(a + b
+ c) = 0.35 b/(a 0.35 c/(a+b+c) ~0.30, g/dx 100 =0.2, and (a c)/(d

= 98, b f/d x 100 is changed. Th onductor|2|ng

hgeht SEPBEMORTe “PnindRT CPECRE PIOG SHRB AT Yo éPrwaﬁ Hefamc. In
other samples 2-4 and 2-34 to 2-38 except for the Sf -33_and 2 39
wher e FHBLGNHUR PEFOYRE e PESR b tHVeRi RgPGR) &t akgely V%h‘@hognd too few,
a thermal crack did not arise in the test where the tenperature of the
sol der thg stxassweensbant Kadst APk impgEtapEsi dual conpressive stress in the
conposition ranges the sanples 2-4 and 2-34 to 2-38 where a thermal crack
did not ari%Thevwesswd Mpathe arermelei 2hbuts eheeptimTabikeletore, the nole
percent range of 0.75 s f/d x 100 s 10.00 in the sanples 2-4 and 2-34 to
2-38 is a preferable range in the present invention. This corresponds to
t he amount of a sem conductorizing agent specified in clainms 15 and 32.
addition, since a thermal crack did not arise in the test where the
"tenperature of the soldering iron was 360C if the residual conpressive
stress was 15 MPa or nore, this range is also a preferable range in the
present invention. This corresponds to the residual conpressive stress
specified in clains 12 and 24. In other sanples 2-4 and 2-34 to 2-37
except for the I! 2001 sanples 2-33, 2-38 and 2-39, a thermal crack did not
arise in the tests where the tenperature of the soldering iron was 400C

)and 450C. At this time, residual conpressive stress in the conposition
ranges of the sanples 2-4 and 2-34 to 2-37 where a thermal crack did not
arise was 40 MPa or nore without exception. Therefore, the nole percent
range of 0.75 s f/d x 100
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crack did
this

nore,

since a thermal

This corresponds to the anmount sem conductori zi ng
conpressi ve stress was 40 MPa or

i nventi on.

4.00 in the sanples 2-4, and 2-34 to 2-37 is a nore preferable rsaﬂgéUNn?UUlf
I f the residual

t he present
not arise in the tests where the tenperature of the soldering iron was 400C

agent specified in clains 19 and 36. addition,
and 450C
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As for the notation of composition, the content of Sr0 is
expressed as a moles, the content of BaO is b moles, the

content of Ca0 is c moles, the content of TiO, is d moles, the

content of NbO,,, is £ moles, and the content of S10, is g moles.

The composition was fixed as £/d x 100 = 3.00, g/d x 100 = 0.2,
and {a + b + ¢)/{d + £) = 0.98.

Mole ratios of the A site component largely affect the
electrical characteristics of a varistor, and in particular,
the temperature characteristic of the varistor voltage E,,.

In the samples 2-1 to 2-23, and 2-26 to 2-32 except for

the samples 2-24 and 2-25 (the mole ratios of the A site

component are a/{(a + b + ¢c) = 0.00, b/(a + b + c) 0.20, c/(a
+ b+ c) =0.80, and a/{(a + b + ¢) = 0.00, b/(a + b + c) = 0.00,
and ¢/{(a + b + ¢) = 1.00), a thermal crack did not arise in the
test where the temperature of a soldering iron was 360°C. At
this time, residual compressive stress in the composition
ranges of the samples 2-1 to 2-23 and 2-26 to 2-32 where a
thermal crack did not arise was 15 MPa or more without
exception.

Therefore, ranges where values of the first range which
is the composition range of the samples 2-1 to 2-23 and 2-26 to
2-32, i.e., a/{a + b + ¢}, b/(a+Db +c¢c) and ¢c/(a + b + ¢} in
the trilinear coordinates shown in Fig. 4 exist on a line
segment connecting a point (0.2, 0.0, 0.8) corresponding to the
sample 2-28 and a point (0.0, 0.4, 0.6) corresponding to the

sample 2-23, or a/{a + b + ¢) and b/(a + b + ¢) become larger
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than this line segment are preferable ranges in the present
invention. These correspond to the A site mole ratios specified
in claims 15 and 32. In addition, since a thermal crack did not
arise in the test where the temperature of the socldering iron
was 360°C if the residual compressive stress was 15 MPa or more,
this range is also a preferable range in the present invention.
This corresponds to the residual compressive stress specified
in claims 12 and 24.

In other samples 2-1 to 2-19, 2-26 and 2-29 to 2-32
except for the samples 2-20 to 2-25, 2-27 and 2-28, a thermal
crack did not arise in the test where the temperature of the
soldering iron was 400°C. At this time, residual compressive
stress in the composition rangeé of the samples 2-1 to 2-1%, 2-
26 and 2-29 to 2-32 where no thermal crack arose was 25 MPa or
more without exception.

Hence, ranges where values of the second range which is
the composition range of the samples 2-1 to 2-19, 2-26 and 2-29
to 2-32, i.e., a/(a + b + ¢c), b/(a+ b +c¢c) and ¢/(a + b + C)
in the trilinear coordinates shown in Fig. 4 exist on a first
line segment connecting a point (0.5, 0.0, 0.5) corresponding
to the sample 2-27 and a point (0.2, 0.2, 0.6) corresponding to
the sample 2-37, a second line segment connecting this point
(0.2, 0.2, 0.6) and a point (0.1, 0.4, 0.5) corresponding to
the sample 2-8, a third line segment connecting this point (0.1,
0.4, 0.5) and a point (0.1, 0.5, 0.4) corresponding to the

sample 2-9, or a fourth line segment connecting this point (0.1,
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sample 2-19, or a/{(a + b + c) becomes larger than these first
to fourth line segments, which do not include a point (0.5, 0.0,
0.5) corresponding to the sample 2-27 are more preferable
ranges in the present invention. These correspond to A site
mole ratios specified in claims 16 and 33. In addition, since a
thermal crack did not arise in the test, where the temperature
of the soldering iron was 400°C, so long as residual compressive
stress is 25 MPa or more. These ranges are alsc more preferable
ranges in the present invention. These correspond to the
residual compressive stress specified in claims 13 and 25.

In other samples 2-1 to 2-7, 2-11 to 2-15, 2-29 and 2-31
except for the samples 2-8 to 2-10, 2-16 to 2-28, 2-30 and 2-32,
a thermal crack did not arise in the test where the temperature
of the soldering iron was 450°C. At this time, residual
compressive stress in the composition ranges of the samples 2-1
to 2-7, 2-11 to 2-15, 2-29 and 2-31 where a thermal crack did
not arise was 40 MPa or more without exception.
Therefore, ranges where values of the third range which

is a composition range of the samples 2-1 to 2-7, 2-11 to 2-15,
2-29 and 2-31, i.e., a/(a + b +c¢c), b/(a+b +c¢c) and c/{(a + b
+ ¢) in the trilinear coordinates shown in Fig. 4, exist on a
fifth line segment connecting a point (0.4, 0.2, 0.4)
corresponding to the sample 2-31 and a point (0.2, 0.4, 0.4)
corresponding to the sample 2-11, a sixth line segment

connecting this point (0.2, 0.4, 0.4) and a point (0.2, 0.5,
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not at i 0h t he~"con expresse as a noles, the

tent of O | h t O I h tent of
TG i€ %ﬂ%a I%Pﬁ%m) fb's 6 ,?”?n azp'fseﬁcﬁ? esﬁr%ﬁlé"” N01, 2

, TbO Dy03 100 '2 U03/21 u@@" or NbQ ; , +
Y03<< ?eahacroqlreﬁﬁe?@nzﬁ tRolthe) sreple ﬁollés aﬂt cuobihe Eie &PQ‘T‘S‘EB,, or 5/2is
f nmoles, and the content of SIO, |s % nol e conposition was fixed as al/(a
+ b + ggnneqjyyg th}§epo;n5 . and a point (0.6, 0.2,

0.2) corresponding to the sample 2-29, or a ninth line segment
connecting this point (0.6, 0.2, 0.2) and a point (0.4, 0.2,
0.4) corresponding to the sample 2-31, or a range surrounded by
these f£ifth to ninth line segments is still more preferable
ranges in the present invention. These correspond to A site
mole ratios specified in claims 17 and 34. In addition, since a
thermal crack did not arise in the test where the temperature
of the soldering iron was 450°C if the residual compressive
stress was 40 MPa or more, this range is also a still more
preferable range in the present inventién. This corresponds to
the residual compressive stress specified in claims 14 and 26.

Exany 2=

What is performed in this example 2-2 is comparison of
samples obtained by changing an amount of a semiconductorizing
agent.

With fixing other parameters such as A site mole ratios,
a kind of a semiconductorizing agent, a total A/B, and a mole
percent of S5i0,, and performing the same setup as that in the
example 2-1 except £for changing the mole percent of the
semiconductorizing agent as shown in Table 2-2, samples were
produced, which were measured similarly to those in the example

2-1. However, the temperature characteristic of the wvaristor
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0.35, c/(ac) =0.30, (e +f)/d x 100 = 3.00, g/d x 100 0.2, afdJ(¥ 2006 +
c +e)/(d+ f) =0.98. Since a 'thermal crack did not arise in the tests
where the tenperature of the soldering iron was 360C and 400C in all the
sanples 2-4 and 2-40 to 2-56, it is preferable in the present invention to
use No(Gb12, TaO,,,. 3 Lag,,.,, Eu03,2 , dO,,,, TbO?,,,,

Dy03", Ho03" z u nunbers of nol as_a 11/ 6_YbO3"

sen coVHHed%st Eri W@S qrer‘ﬁeasﬂf:e‘?hl ﬁﬁ“‘ésui%%&Fdﬁl&‘Pmb&ﬁp&@Eg?\fe 2stress in the
conposition ranges of the sanples 2-4 and 2-40 2-56 where a 'thermal crack
did not arise was 37 MPa or nore w thout exception. Exanple 2---4 Wat is
performed in this exanple 2-4 is conparison of sanples obtained by
changing a total A/B. Wth fixing other paranmeters such as A site nole
ratios, a nole percent and a kind of sem conductorizing agent, and a nole
percent of Si@2 , and performng the sane setup as that in 81 the exanple
2-1 except for changing the total A/B as shown in Table 2-4, sanples were
produced, which were nmeasured simlarly those in the exanple 2-1. However,
the tenperature characteristic of the varistor voltage E {, was not
measured. The result is shown in Table 82 0 JUN 200 y U Ld L-Dc~vtr=r"ca
U o -~ yuUX bOK CrS
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As for the notation of composition, the content of SrO is
expressed as a moles, the content of Ba0 is b moles, the
content of Ca0 is ¢ moles, the content of TiO, is d moles, the
content of NbQ,, is f moles, and the content of SiO, is g moles.
The composition was fixed as a/{a + b + ¢) = 0.35, b/{(a + b +
c) = 0.35, ¢/{(a + b +c¢c) = 0.30, g/d x 100 = 0.2, and (a + b +
c)/{da + £) = 0.98, but £/d x 100 is changed.

The amount of a semiconductorizing agent affects the
thermal crack-proof property of varistor ceramic. In other
samples 2-4 and 2-34 to 2-38 except for the samples 2-33 and 2-
39 where the amount of the semiconductorizing agent was too
much and too few, a thermal crack did not arise in the test
where the temperature of the soldering iron was 360°C. At this
time, residual compressive stress in the compositiqn ranges of
the samples 2-4 and 2-34 to 2-38 where a thermal crack did not
arise was 24 MPa or more without exception.

Therefore, the mole percent range of 0.75 = £/d x 100 =
10.00 in the samples 2-4 and 2-34 to 2-38 1is a preferable range
in the present invention. This corresponds to the amount of a
semiconductorizing agent specified in claims 15 and 32. In
addition, since a thermal crack did not arise in the test where
the temperature of the soldering iron was 360°C if the residual
compressive stress was 15 MPa or more, this range is also a
preferable range in the present invention. This corresponds to
the residual compressive stress specified in claims 12 and 24.

In other samples 2-4 and 2-34 to 2-37 except for the
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Cn 83 JUN 2004 As for the notation of conposition, the content off &r &N 2004
expressed as a noles, the content of BaOis b noles, the content of CaOis
c noles, the content of TIO is d noles, the ,,2 is f noles, and the
content of SiOis g noles. content of NbG6 2 The conposition was fixed as
al(a +b+c) =0.35 b/(a ¢) 0.35 c¢c/(a +b+c) =0.30 f/d x 100 =
3.00, and 100 .0. 2, _but + b + [(d. + f) is.changed. other sanples
2-4 anga®p t263516§'%€€é'&( %fa?' tqwet@seé'h’ﬁﬂegr@g%fhgnﬂo g%risealflher mal crack
did not arise in the test where the tenperature of the solderjng iron was
3600C. the tesfiss vhere, the dienparabyisp s $hoesetderdagi fron pesc4/Bdsi ti on
ranges of the sanples 2-4 and 2-58 to 2-62 where a thermal crack did not
ari se an@ 4a0°6.t Han thisMPime wiresdduak aoapresaiverairessr & e val ue range
of 0. 84 :! ~, (a+b+c)/ (d+f 1-16 in the sanples 2-4 and 2-58 to
2- 62 | sompgridfionapheges @fgdhensamplasr @sénand RArévt Lon2-FhiwheEsr fesponds to
the total A/B specified in clains 15 and 32. In addition, since a thermal
crack thermot camckedid ndie arése wierdd MRe oempreawitkowf the sol dering
iron was 3600C if the residual conpressive stress was 15 MPa or nore,
this rengeptisvnal so a preferable range in the present invention. This
corresponds to the residual conpressive stress specified in clains d 24.

ot her sanpl efhrebcrdd 2nETd1@ Peble®XGRRIgef 8F 615 safphes Podb& 2-58, 2-62
and 2-63, a thermal crack did not arise in the tests where the tenperature

of theys@) degr ichd Eéﬂgﬂeé’\@&l‘}o&% And 4505G7 Als khinsre tpreFerassedual
conpressive stress 84 in the conposition ranges of the sanples 2-4 and 2-59

to 2-6 et PRESBL Ghocke il NBLI RIdo@e¥BondP R thaNafiéura Wi t hout
~except%%#ﬁb$%éFe?o§§§ t he val ue range %f 0.9% Ss(a+b+c)/(d+f) s 1.01

Yin the £ Weﬁ?cgﬁéu%?ri%ﬂ:lgrége& g.‘é;ehiff%@tirrp J1Laehe’ PPla BNgem n the

presen? i hventron. S correspon to the total A/B specified in clains

wher o B ESRpor W & SPREEE SRACAT nef TS B B0t the
resi dual conpressive stress s 40 MPa or, nore, this range,l | so a nore
pref er'dite thenfemperatieepPestift SOHIeRtFHnt-TO > Scé@éﬁ@sﬁBﬁdgéqigathe
resi duiafl t%%n%ragisgiila\{f csc;[mrb?:ggsf ee Csitfriegg ‘Ewk'[lls Ctloa iM'E% %JA:' rrellon:éje ,Zghis
range is also a more preferable range in the present invention.
This corresponds to the residual compressive stress specified
in claims 14 and 26.
X le 2-
What is performed in this example 2-3 is comparison of
samples where a kind of semiconductorizing agent was changed.
With fixing other parameters such as A site mole ratios, mole
percents of semiconductorizing agents, a total A/B, and a mole
percent of Si0O,, and performing the same setup as that in the
example 2-1 except for changing the kinds of semiconductorizing
agents as shown in Table 2-3, samples were produced, which were

measured similarly to those in the example 2-1. However, the

temperature characteristic of the varistor voltage E;, was not
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As seen from Table 2-4, in a range where there is a small anoun§ [of JUR @Bp4
and a |l arge anount of sem conductorizing agent is added, in order to

mai ntain the thermal crack-proof property, it becones indispensable in
particular to control an upper |limt of the total A/B. If the total A/'B
exceeds 1.16, a thermal crack starts arising at 360C. If the total A/B
exceeds 1.01, a _thernsal C[ack[}star,ts rising at 400C. Exanple 2-5 What is
per f or REASYFPd nj TR ZEFHE 35 & Oémcéﬂp%%?]seoﬁ'gf sanpl es obtai ned by
changing a nole percent of SiO,. Wth fixing other paraneters such as A
site nole ratios, a nole percent a kind of a sem conductorizing agent,
total A/B, and perform ng the sane setup that in the exanple -1 except for
changi ng the nole percent of SiO as shown in 5 0 JUN 2004 Tabl e sanpl es
wer e produced, which were neasured simlarly those in the exanple 2-1.
However, the tenperature characteristic of the varistor voltage E10 was
not nmeasured. result is shown in Table S6 3 0 JUN 2C el | V~0 Fr'
Co0l DFYzz z ~ce, d
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As for the notation of composition, the content of SrO is
expressed as a moles, the content of BaO is b moles, the
content of Ca0O is ¢ moles, the content of TiO, is 4 moles, the
content of YO,,, LaO,,, CeO,, Pr0,,, NdO,,, SmO,,, EuO,,, GdO,,,
TbO,,,, DYO,,, H0O,,, Er0,,, TmO,,, YbO,,, Lu0,, or NbO,, + YO,
{(equal numbers of moles) is e moles, the content of TaO,, or
NbO,,, is f moles, and the content of Si0, is g moles. The
composition was fixed as a/{(a + b + ¢c) = 0.35, b/(a + b + ¢c) =
0.35, c/{a + b +c) =0.30, (e + £}/d x 100 = 3.00, g/d x 100 =
0.2, and (a + b + ¢ + e}/(d + £) = 0.98.

Since a thermal crack did not arise in the tests where
the temperature of the soldering iron was 360°C and 400°C in all
the samples 2-4 and 2-40 to 2-56, it is preferable in the
present invention to use NbO,,, Tal;,. ¥0,,, LaO,,. CeO,, ProO,.
NdO,,,, SmO,,, Eu0,,,Gd0,,, TbO,,, Dy0,,. H0O,,, EroO,,, TmO;,, YbO,,,.
LuO,,, or NbO,, + YO,, (equal numbers of moles) as a
semiconductorizing agent. At this time, residual compressive
stress in the composition ranges of the samples 2-4 and 2-40 td
2-56 where a thermal crack did not arise was 37 MPa or more
without exception.

E; -4

What is performed in this example 2-4 is comparison of
samples obtained by changing a total A/B.

With fixing other parameters such as A site mole ratios,
a mole percent and a kind of semiconductorizing agent, and a

mole percent of Si10,, and performing the same setup as that in
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UZ C -Ccarva m QcD C3(2 ~7r3.. 3G 7-7 GV :li (7) 1 JUN 20U As ford GhdUN 2004
not ati on of conposition, the content of SrOis expressed as a noles, the
content of BaOis b noles, the content of CaOis c noles, the content of
TiO is d mles, the content of NbOQ ,1 is f noles, and the content of

SSO is g nmoles. The conposition was fixed as a/(a + b + ¢c) = 0.35, b/(a
+ b + = 0.35 c¢/(a+ b +c) =030 fid 00 =,3.00, and (& + b +
c)/(d ¥ﬁ%)9§@y§§36ﬁﬂ'é?ﬁmftlgﬁkmﬁgm%ﬁﬁﬁbéﬁg EP%?Q Pégaﬁﬁeﬁh%@léu%intering
additive, If this is_ contained, it becqn%g ossible to perform stable

i nt er PABLE\RTA+ [HATBAAPOLFES GHFOREERUAESh BRFS PRRTHRet RO IAT er eases, | t
becones easy for a thermal crack to arise. Since a thermal crack al so arose
i n t hetPestheffer d héhet epiIRACUr €-f t hEOWBVEEr i niga r SEMREEABHHC, because
there was too nuch Si02. the sanples 2-68 and 2-69 are not preferable.

Ther ef eharagierisiip| @8 thes vargsbopyolage o, Wiasr 805 ReeFuRad. cYgck did not
arise in the test where the tenperature of the soldering iron was 360C and
400C arespkiefisr gbbeniin tTablpr 2seént i nvention. This corresponds to the nole
percent of Si02 specified in clainms 15 and 32. At this tinme, residual
conpressive stress in the conposition ranges of the sanples 2-4 and 2-64
to 2-67 where a thermal crack did not arise was 32 MPa or nore w thout
exception. Although a dosage of Si02 in the sanple 2-64 is zero
nomnally, in fact, SiQRis contained in each raw material as an inpurity,
and hence Si2 content of the sanple 2-64 does not becone zero. A therm
crack arose in the sanple 2-67 in the test 88 JUN 79M where the tenperature
of the soldering iron was 4500C. Thus, the sanples 2-4 and 2-64 to 2-66
)mhere a thermal crack did not also arise in the test at the tenperature of
“the soldering iron of 4500C are nore preferable in the present invention.
This corresponds to the nole percent of SiO specified in clains 20 d 37.
In addition, since a thermal crack did not arise in the test where the
tenperature of the soldering iron was 4500C if

32



the residual conpressive stress was 40 MPa or nore, this range i8 &L&ﬂ!@ﬂu
nore preferable range in the present invention. This corresponds to the
resi dual conpressive stress specified in clains 14 and 26. The nole
percent of SiO near that of the sanple 2-4 is nost preferable in the
present invention. Exanple-2--_6 Wat is perforned in this exanple 2-6 is

conpar i son—ef—sanples—whereratkind and an anount of an additive were
changed. Wt %ixing ptiher i rangters such as A site nole ratios, a nole
per cent ang aiiﬁr@gsem'w)@uwﬁﬂm zing agent, total A/B, and a nol e percent
of SiO_ andmpa'g@rgﬁq,gﬁi ng|t|Ae”[Sane]|setup as that in the exanple 2-1 except for
changi ng tne Kf8d amjunt| off {hejadditi ve as shown in Tabl e sanples were
pr oduced, @@i,h werenegsyred g larly to those in the exanple 2-1.
However, tfe te ePaté' =CH %%gkistic of the varistor voltage E,, was
not rreasur%. JHe |BesB| 3|53 B in Table 89 3 0 JUN 28011 alb u x u~b
r," qCrCrp Q@OO | Azp 244~ oco QJ~. EQO0OCQ:7 00 Q~ UT rJd
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As for the notation of composition, the content of SrO is
expressed as a moles, the content of BaO is b moles, the
content of Ca0 is ¢ moles, the content of TiO, is d moles, the

content of NbO,, is f moles, and the content of Si0, is g moles.

Il

The composition was fixed as a/(a + b + c) 0.35, b/{(a + b +

3.00, and g/d x

¢) = 0.35, ¢/{a + b +c) = 0.30, £/d@ x 100
100 = 0.2, but (a + b + ¢)/(d + £) is changed.

In other samples 2-4 and 2-58 to 2-62 except for the
samples 2-57 and 2-63, a thermal crack did not arise in the
test where the temperature of the soldering iron was 360°C. At
this time, residual compressive stress in the composition
ranges of the samples 2-4 and 2-58 to 2-62 where a thermal
crack did not arise was more than 21 MPa without exception.

Therefore, the value range of 0.84 = (a + b + ¢)/(4d + f)
< 1.16 in the samples 2-4 and 2-58 to 2-62 is a preferable

range in the present invention. This corresponds to the total
A/B specified in claims 15 and 32. In addition, since a thermal
crack did not arise in the test where the temperature of the
soldering iron was 360°C if the residual compressive stress was
15 MPa or more, this range is also a preferable range in the
present invention. This corresponds to the residual compressive
stress specified in claims 12 and 24.

In other samples 2-4 and 2-59 to 2-61 except for the
samples 2-57, 2-58, 2-62 and 2-63, a thermal crack did not
arise in the tests where the temperature of the soldering iron

was 400°C and 450°C. At this time, residual compressive stress

84



0000 ao000 cc o MC:~M M MmCJCr!cont zc" aw .- g-1- n WaJ(‘I)C%)(;]O(iﬁ@&290j
Clri .+ti 00ddecryOCd .OMNCOOC+H]"'-":7 M"~c*7~ c*acOcC ~ V J] O
C f'4~~r- L'2If>~iiiiCriot(]~C]f] ~ .,00 OG0C ~Ci CaCC ~ u .} COC7

COM YDCOCO. JCOC3C. pO 60G00CG j ~ - CC~CV c]JclN GULVC C 4, 1IN 90 30 JUN
2004 Aslfor the notation of conposition, the content of SrOis expressed
as a myl e theconent of BaO sbm)le t nt e I's ¢ noles,
t he coﬁ{leﬁlﬂeoqomﬂoéé ancir&?ﬂﬂeés tﬂée (?(?H'Piﬁ? %f IQB%E §§ r(l)e t he

content of SiO 2 is_g nole
where a thermal crack dld not arise was more than 40 MPa

without exception.

Therefore, the value range of 0.96 = (a + b + ¢)/{(d + £f)
< 1.01 in the samples 2-4 and 2-59 to 2-61 is a more preferable
range in the present invention. This corresponds to the total
A/B specified in claims 18 and 35. In addition, since a thermal
crack did not arise in the tests where the temperature of the
soldering iron was 400°C and 450°C if the residual compressive
stress was 40 MPa or more, this range is also a more preferable
range in the present invention. This corresponds to the
residual compressive stress specified in claims 14 and 26.

As seen from Table 2-4, in a range where there is a small
amount of S10, and a large amount of semiconductorizing agent is
added, in order to maintain the thermal crack-procf property,
it becomes indispensable in particular to control an upper
limit of the total A/B. If the total A/B exceeds 1.16, a
thermal crack starts arising at 360°C. If the total A/B exceeds
1.01, a thermal crack starts arising at 400°C.

Ex 2-

What is performed in this example 2-5 is comparison of
samples obtained by changing a mole percent of S$iO,.

With fixing other parameters such as A site mole ratios,
a mole percent and a kind of a semiconductorizing agent, and a
total A/B, and performing the same setup as that in the example

2-1 except for changing the mole percent of Si0O, as shown in
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the content of an additive is h noles. The conposition was leGdBdB,Qﬂ(qmm
b +c) =0.35 b/(a+b+c) =0.35 c/(a0.30 f/dx 100 = 3.00, (a +
c)/(d + g/d x 100 = 0.20, but h/d x 100 was changed. 0.98, and An addltlve
has the action of adjusting electrical characteristics such as the

vari stor voltage E10 and the nonlinear coefficient a. M enlarges the
varistor_ voltage d the nonlinear coefficient a, and Co enl arges. varistor
vol t ag&ah¥@li 21%n SFPIES YefmPHOREFSN D UHEMWWRES MeHITES SERLERTERI ar gi ng

t he nonli near coeff|C|ent a. Although not shown in Table 2-6, it is found
that Lito Nehos¢ , inGathad e¥ameRlso Hage t halOWSNET act thsh. tSMREESEWER sanpl es
2-74 and 2-78 had a too | arge anount of dosage, the degree of sintering
was bl cbavactardsthe eerte vamastor nolitage dEbywash@otevgaeiztedbn Phedcessi ng.
In other sanmples 2-70 2-73, 2-75 to 2-77 and 2-79 to 2-80 except for the
sanpl ese@ulid iangh2wii8in Jabler Ba$. crack did not arise in the tests where
the tenperature of the soldering iron was 360C and 400C. At this tine,

resi dual conpressive stress in the conposition ranges of the sanples 2-70
to 2-73, 2-75 to 2-77 and 2-79 80 where a thermal crack did not arise was
29 MPa or nore W thout exception. 91 JUN 20T Therefore, the sanples 2-70
to 2-73, 2-75to 2-77 and 2- 79 to 2-80 each having the nole percent to a
princi pal conmponent that is 1.00 or less are preferable in the present
invention. This is included in the kind and nol e percent of an additive
specified in clainms 21 and 38. Exanple 2-7 What is perfornmed in this
exanple 2-7 is conparison sanples obtai ned by changing a tenperature anong
reoxi dation processing conditions. Wth fixing other paraneters such as A
)site nol e ratios, a nole percent and a kind sem conductorizing agent, total
A/ B, and a nole percent of Si2, and performng the sane setup as that in
the exanple 2-1 except for changing reoxidation processing conditions as
shown in Table 2-7, sanples were produced, which were nmeasured simlarly
to those in the exanple 2-1. However, the tenperature characteristic the
vari stor voltage E10 was not neasured. The result is shown in Table 2-7.
92

86



U UF

cvC7C' C 1 veql UDDO QQGOQOO0

oow000a 38 JUN 20

t-iH-d-0 {~~0O-0C~0O &CQ

CrA 4
2222227

Co' |

rQaany Id' -1le!+d +- -~
~~~'"a0000

zz zFi
i-4 ft..

--i100 r

G~]rr-il

.~DoD zy r
V1a0 rVa a zzz u"ta) C 00CYD- JCH cdl-~C G ~Cv] C-C JCr;, C~ es”

WnloGeU- ZUz( Z'

3 0 JUN 201

cdDoDolLi

2 PACHON | PASH ON | POODH ON |  — | pageros] auoN 08’1 | 860 00'e BOUN 0g'0 220 gg'0 69-3
01 POO) ON | PIOD ON [POODON | 62 | 0Z€€ SUON 00T | 860 00°€ FOaN 020 gg 0 9€0 89-3
a8 poop oN | poen poop | 78 | ¥OL SUON 050 | 960 00°8 FOIN 0£0 98’0 980 19-7
Fia poes) ) Pooy) 9 LEI OUON 020 | 860 00'g 0N 0£'0 ee’0 [ 39-2
o Pooy) ) PooD | ¥¢ | 911 SuoN 0z0 | 86D 00'€ AN 080 °e0 ge0 ¥ -2
52 pocH pecyH pooy 1 ¥¢ | g% BTON 01’0 | 8670 00'¢ FOUN 080 08’0 ge'0 §9-3
0¥ poon) poan pooy £e Ll BUON 00’0 ] 860 00'g 04N 080 ge’0 50 ¥9-2
Juase
(edIn Do 09% | Da00F | 0. 098 juade | 3wiznojon
SEONS (- @“ | % BurzHojon | PUOOIWIAS | (O+G+B)D | (+Q+B)] | (+q+E)E
aatssardwo)y 1 sanjeredws], uolg Butisplog) el biny SAIRPPR IO | Spow {  gyy PUCOTOTSS Jou oyl o181 onel
Tanprsay 189], Y9B1:) [BILIA,], : juouodwoy) | 3018 | 8101, | Jo% o | euodwon | spowrey) | sjowBg | opowiag oN
SOTISLINIBIBYD a[dweg
SOETIORINT ) [BOTUBYDSY] TedERly uonsodmon ]
G-Z ?1q8],
g

87



Jc qGL7C] Nci GVC7cici 4 O :jc70C C C C C C C LCC& G CCC ohGf ] 0Qc7%. didk 200k
C~C D L{CJLOO V coDO0OCCCCCO0 ry r.yCanjd Gvcid-]C] r.) 3 UJUN 201 As for
the notation of conposition, the content of SrOis expressed as a noles,
the content of BaOis b noles, the content of CaOis ¢ noles, the content
of TIO is d noles, the content of NbO2 is f noles, and the content of

SiO is g noles, The conpositi was fixed as al/(a. + +.c).=.0.35 b/(a +
b + c) = 0.385 9y dhe pokH OTEO%T]%{"P?%J(&F%?%O %‘%‘.“68,“9 8?/%‘&3 +%) = 0. 98,
and g/d x 100 = 0.20. Conditions at the Brod_uci n anples were that time of
the r88RFeREGDASPRIBRES nFhRasontaidurs, Baldis I‘i’ag‘oi‘ﬁ% essi ng was
performed in the air (the partial pressure of oxygen was 0.2 atnospheric
pr essugentemthofy §aPsivrc welleggetie jcoakghlRf Frifadtsy dmehet hethiher ease  of
tenperature in the reoxidation processing. other sanples 2-4 and 2-83 to
2- 86 excwpanitf @f Nhe.sdspEesoles] and- e congdeniingt BigB i% g MedREl crack did
not arise in the tests where the tenperature of the soldering iron was
360C. e tdunposiimkon resi diakdcasm/dssirve Bteless0i.A5t e/ (acanposi ti on ranges
of the sanples where a thermal crack did not arise was 20 MPa or nore

Wi t houg) exaepisi ogy (dhenehoee, =th3magplies ot =asdo@; &hd (a2+86 where
tenperature in the reoxidation processing was 850C to 1050C are preferable

ther el Ve ek A0 nt o gL e S The emperature of the -
sol dering irgpowas &88d as a sintering additive. If this is

contained, it becomes possible tc perform stable sintering even

if composition fluctuates, but, if its amount increases, it

becomes easy for a thermal crack to arise.

Since a thermal crack also arose in the test where the
temperature of the soldering iron was 360°C, because there was
tbo much Si0,, the samples 2-68 and 2-69 are not preferable.
Therefore, the samples 2-4 and 2-64 to 2-67 where a thermal
crack did not arise in the test where the temperature of the
soldering iron was 360°C and 400°C are preferable in the present
invention. This corresponds to the mole percent of 510,
specified in claims 15 and 32. At this time, residual
compressive stress in the composition ranges of the samples 2-4
and 2-64 to 2-67 where a thermal crack did not arise was 32 MPa
or more without exception. Although a dosage of Si0O, in the
sample 2-64 is zero nominally, in fact, SiO, is contained in
each raw material as an impurity, and hence SiO, content of the
sample 2-64 does not become zero.

A thermal crack arose in the sample 2-67 in the test
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if the residual conpressive stress was 15 MPa or nore, this ran@eﬂcﬁﬂ\Na‘mg'&
be called a preferable range in the present 94 [J JUN 200 invention. This
corresponds to the residual conpressive stress specified in clains 12 and
24. In the sanmples 2-4, 2-84 and 2-85, a thermal crack did not arise in
the tests where the tenperature of the soldering iron was 400C and 450C.

At this time, residual conpressive_stress in the conposition ranges of the
sanpl e¥heFrridien tempeRaiure: PAc ke IpIF6T 1Y | P ¥as 4P K a Sror e wi t hout
exception. Therefore, the sanples 2-4, 2-84 and 2-85 ere_ tenperature in
the rebhe demEdespPot eaid Rg6dato HE #BeTpthexmal ek, Gtleblbl e in t he
present invention. This corresponds claim28. In addition, since a thernal
crack alsb ratiser inethe) tesd abstheepperpbite ffeithe FRLCPHeIEY dering iron
was 450C if the residual conpressive stress was 40 MPa or nore, this
range o8 #8050 aramiereppebéeadiile dangke ipreseatpizeerition. nyByisi on. This
corresponds to the residual conpressive stress specified in clains d 26.
Thus, ¢ériespondsi bbetlieo medeupercent o Sadgepefifiad dnorlaves t28ge val ues and
sufficient nonlinear coefficient a with Kkeeping |arge surface residual
conpr egsd 3y .St e ssditiononéirld ianghermer icstok &l trede avabeelnt Hheugh
changing tenperature in the reoxidation processing wthout changing the
CoONPOs{diORnehrB EROSEGHRRGEur i 4 tiBi BbBddYig tiben i 4sofenpt h  and hi gh
heat-resisting property by the |arge surface residual conpressive stress, a

wi de 1006 gUal | Shireteh bagerRIsAC ks ako MreaBrbRoed} aibiedrbigé he same
conposition. Hence it becones unnecessary to prepare various types of

mat erial 19 N 200 e Neshge Bhethd pre@ahioinkepamhs emse Exanple
2--15 5F%¥%gp§?§%rned Inthis é&anple 2}§ IS co&%arison of sanples

obt ai ned e SHAROLAGR. hlRaalD W 20XL AL IARechr g585%RA eaNdi i Ons. W LN

fixing o paraneters suc Ite nole ratios, a nole percent and a

peror g 8- effeo copfy ihae kaEme . ST ISP LT 21 hangi ng
b1 dUCHIIinAEh Getorte SEaF Bt Tt Py KON Ss SV B cxampl e 2- 1.
However, the};enperagure characteristic
What is performed in this example 2-6 is comparison of
samples where a kind and an amount of an additive were changed.
With fixing other.parameters such as A site meole ratios,
a mole percent and a kind of a semiconductorizing agent, a
total A/B, and a mole percent of Si0O,, and performing the same
setup as that in the example 2-1 except for changing the kind
and amount of the additive as shown in Table 2-6, samples were
produced, which were measured similarly to those in the example
2-1. However, the temperature characteristic of the varistor

voltage E,, was not measured. The result is shown in Table 2-6.
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the varistor voltage E30 was not neasured. The result
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OCOCOC6CO 1-i ti U v cd ItLo, A)Cor.o00 . o~ | OOC U --1~1I
C 7GvdLCICA O D}~ CC) 4-a AA7GVc-7GVcl "] c7”"3CAC- I Ucd N G;,~ ~ChoOC
OQc~00 O0U) oLnooOCDCC ~~ ~+~~; , 00~~0cac~ ~ a~coQ-+ai~rcac mc ~

aU10l L(} kf, LC[ CCLCDLo[ CLn O "rJ?D Cl-Cdi[0 CQ-. 04f31QGG Jc~ CaG-
ZG\/’\]C-.‘I' As faqr the nota %;rpoleon t he
cont ent of S‘??)ﬁosr %5‘? P&%@d’%?f COMRL t PR ‘?‘ltcé)ﬁ’t en? %é 5 moles, the
content of CaOis c rml es, the content of Ti O the content of

NbOB, , S¥PregSefpPEsa BHES.hEhe oIt PE PP 31Ssb m P o

content of CaO is c moles, the content of TiO, is 4 moles, the
content of NbQO,, is f moles, the content of SiO, is g moles, and
the content of an additive is h moles. The compeosition was
fixed as a/(a + b + ¢) = 0.35, b/{a + b + ¢} = 0.35, ¢/(a+ Db +
c) = 0.30, £/d x 100 = 3.00, (a + b + c}/(d + £) = 0.98, and
g/d x 100 = 0.20, but h/d x 100 was changed.

An additive has the action of adjusting electrical
characteristics such as the varistor voltage E,, and the
nonlinear coefficient a. Mn enlarges the varistor voltage E,,
and the nonlinear coefficient o, and Co enlarges varistor
voltage E,. In addition, it is found that Mo and W have the
action of enlarging the nonlinear coefficient o. Although not
shown in Table 2-6, it is found that Li, Na, Ni, Cu, Zn, Sc, Fe,
Ga and In also have the same action.

Since the samples 2-74 and 2-78 had a too large amount of
dosage, the degree of sintering was blocked and the ceramic was
insulated by the reoxidation processing. In other samples 2-70
to 2-73, 2-75 to 2-77 and 2-79 to 2-80 except for the samples
2-74 and 2-78, a thermal crack did not arise in the tests where
the temperature of the soldering iron was 360°C and 400°C. At
this time, residual compressive stress in the composition
ranges of the samples 2-70 to 2-73, 2-75 to 2-77 and 2-79 to 2-
80 where a thermal crack did not arise was 29 MPa or more

without exception.
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The conposition was fixed as a/(a + b + ¢) = 0.35, b/(a + c) = 0.3 ki 0¥
b +c¢) =0.30, f/dx 100 = 3.00, <¢)/(d + f) =0.98, and g/d x 100 = 0. 20.
Condi tions at the producing sanples were that tenperature in the

reoxi dation processing was 950C, and that the processing was performed in
the air (the partial pressure of oxygen was 0.2 atnDspheric pressure). The

vari stor vol &,ﬁlgg t1%10 meﬂgt é}r&ﬂ.%lrs] %lp&r@oaae% %h7§to se é}{ tzhe time of

t he reoxi dation procéSS|n he  time he reOX|dat|on processi ng
exceed rs r.esi ressjve stress reduced rapidly. In

ot her Zg £%§ ﬁéﬁlﬁgﬁj’ “@99#% BOISs @%Eﬁ'ﬂ# 2 PREG e 2-97, a thermal
crack d|d not arise in the test where the tenperature of the soI dering
iron GREPOREEE thetiht o -00neT 1285 @rsl PERHRHARIS R g’i“? STESPAL he

conposi tion ranges of the sa Ies where a ther mal_crack did not arise was
24 MPaimyerHsod - witHsudseieeptdesh InThee é%léﬁde?nﬂﬁeolsearpﬁrégnfz-@ﬁ’d 2-89 to
2-96 where tine the reoxidation processing was 32 hours or shorter are

pr ef eradditivie shecpfixerdn chobrs i2dnan®h3&. corresponds to claim 29. In
addition, since a thermal crack did not arise in the test where the

t enper at ur e Efanipile 2eVdering iron was 360C if the residual conpressive
stress was 15 MPa or nore, this range gl19 is also a preferable range in the
present i nvewhditods parSorneal riespoiwexdamplhe fBsigleanpaoigoessi ve stress
specified in clains 12 and 24. the sanples 2-4 and 2-90 to 2-95, a thernmal
crack ghnpireet oBtaBged byt BRahgBic aMtempeiditurice Bponattcxidhtibr sol dering
iron was 400C. At this tine, residual conpressive stress in the

CoOMPoSphAdsh ARIeSndftibhe. sanpl es where a thermal crack did not arise was
438 MPa or nore w thout exception. Therefore, the sanples 2-4 and 2-90 to

©2-95 where i ¢hixihfeotieoxXiglalaneReBs OSRSS IR0 MVaS t8. Re1éordbidurs are
nore preferable in the present invention. This corresponds to claim 30.

I'n addi t ,9f, ?L’Eﬁe 2 &rg&lkﬁfdac& djd g&ﬁacaﬁaé&dﬂz&hs dgest, Where the

tenperature o dering iron was 400 t he residual conpressive
stres VP8, 8" Sorftage gibSs able range in
t he p?tec}sl%ﬁt %énve%??oﬁlrrllR 1 II)‘g’i‘:orresponclm's the rg%rggg[ﬁlcorrpr esslve stress

speci fi in_clai 13 an t|o g% a S 291to
2-94, aq:tul?er Rl tgégk g%‘f‘ ar |n t e t 68 Spﬁhggéft héh?dhegﬂ%i rature
t he sol deri.ng.iron was 450C At .S _tine si dual, es stress |n
t he cd‘?ﬁ%‘é’fif‘gb?f’r EESGHE he® 8us V\fﬂ%r esei?iwf”heﬁﬁal %ﬁiacksid:ee not arise
was 41 MPa or nore W thout exc%ptl on.

samples were produced, whi were measured similarly to those

in the example 2-1. However, the temperature characteristic of

the varistor voltage E;,, was not measured. The result is shown

in Table 2-7.
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Therefore, the sanples 2-4 and 2-91 to 2-94 where tine of the r edx B dddh ol
processing was 0.5 to 8 hours are still nore preferable in the present
invention. In addition, since a 0 JUN 7 99 0 JUN 2004 thermal crack did not
arise in the test where the tenperature of the soldering iron was 450C if
the residual conpressive stress was 40 MPa or nore, this range is also a
nore preferable range in the present invention. This corresponds to the
resi dual conpressive stress specified in clains 14 and 26. Ex 2- 9 Wat is
performed in this exanple 2-9 is conparison of sanples obtained by
changing a partial pressure of oxygen anong reoxidation processing
conditions. Wth fixing other paraneters such as A site nole ratios, a nole

percent and a _kind_sem conductorizing agent, total A/B, and a nol e percent
of S.iOL, anf perfosm ng tihe dare.| getlup ds [that ijn the exanple 2-1 except
for changing [reo 'dﬁgggp procesgi ng jcandi tfi gns as |shown in Table 2-9,
sanpl es were produ@eﬁi,gvg}icgawege,_rre_glg&gggjgjlarly to those in the
exanple 2-1. Howe raf‘b@ tlenmpergfurg=gfiqryctieri stijc the varistor voltage
El, was not negsupgdd “ i Table 2-9. iresylt ils shown 1.00 JUN 2004, n
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As for the notation of composition, the content of S5rO is
expressed as a moles, the content of Ba0 is b moles, the
content of Ca0 is ¢ moles, the content of TiO, is d moles, the

content of NbO,,, is f moles, and the content of Si0, is g moles.

The composition was fixed as a/(a + b + ¢) 0.35, b/(a + b +

3.00, (a + b +

c) = 0.35, cf{fa+ b + ¢c) = 0.30, £/d x 100

c}/(d + £) = 0.98, and g/d x 100 = 0.20.

Conditions at the producing samples were that time of the
reoxidation processing was 2 hours, and that the processing was
performed in the air (the partial pressure of oxygen was 0.2

atmospheric pressure).

The varistor voltage E,;, changed broadly with the increase
of temperature in the reoxidation processing.

In other samples 2-4 and 2-83 to 2-86 except for the
samples 2-81, 2-82, 2-87 and 2-88, a thermal crack did not
arise in the tests where the temperature of the soldering iron
was 360°C. At this time, residual compressive stress in the
composition ranges of the samples where a thermal crack did not
arise was 20 MPa or more without excepfion.

Therefore, the samples 2-4 and 2-83 to 2-86 where
temperature in the recxidation processing was 850°C to 1050°C
are preferable in the present invention. This corresponds to
claim 27. In addition, since a thermal crack did not arise in
the test where the temperature of the soldering iron was 360°C
if the residual compressive stress was 15 MPa or more, this

range can also be called a preferable range in the present
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~ 007Q7TQ7GTaC7~G7 ~] 0JQC OO ,,r -1 ycq 101 Q JUN 2U As for 8HE JUN 200
not ati on of conposition, the content of Sr() is expressed as a noles, the
content of BaOis b noles, the content of CaOis c noles, the content of
Ti2 is d noles, the content of NbO5/1lis f noles, and the content of i Q2
is g noles. The conposition was fixed as a/(a + b + c¢) = 0.35, b/(a + b +
c) =0.,35...¢c/(a = 0.30, f/d x,100 = 3. ) + f) = and g/d x
100 = OFPH e (E6E G3FFGE Oﬁlﬁéoscécés}glﬁ% I\%.Eg%‘ﬁée‘;féé"%’ggsg%“’@g,%&g‘? or 2 hour s,
and sanpl es. were produced_ w t angi ng the partial pressure of oxygen. In
t he sa%%‘l"%]sﬂ\%%i%éna‘ﬁgﬂjéﬂsgg? ?ﬂ‘g %geffi cient a was small, and residual
conpressive stress was_also small. In other sanples 2-4 an -100 to 2-102
except for tHeddesSAPPLES 2744 ﬁé?ﬁﬁ?ndcrzégﬁ'd?dtl}?ﬁ“air%%df e test where
the tenperature of the soldering iron was 360C, 400C and 450C. At this

resi duRPt cgiseedni the desésswherg Rbecbaperiatues PANERS SSLJIEEERIsanpl es where
a thermal crack did not arise was 40 MPa or nore W thout exception.
Ther ef bran walse48aipland 25 CandA2-thie tim@- hf@ivhel ecdniperespavei al pressure
of oxygen in reoxidation processing was 0.10 atnospheric pressure or

hi ghersiaremspriaf thabiamposit hen prasgiest of | theersamphes Twhesrecar tbepombs to cl aim
31. In addition, since a thermal crack did not arise in the tests where

t he t afpaekaditencofardike wasdey iMPa br anor@wilGoCE <0Eptdnd.450C when t he
resi dual conpressive stress was 40 MPa or nore, this range is also a nore

preferabl e raRgerobe! NehdlsRmphés i MugNi-ga. arldiB-850@hebe JUN 2004 corresponds
to the residual conpressive stress specified in clains 14 and 26.

Accor didighetarhie APAYR Fabkffatdoh bfodeshind whBCsoseMegsiseo®e, content and

yreoxidation processing conditions of each conponent are within the range

of they Rl 8@l pidpGRb18Nin £ JresbAt A niitRBRS SiThE sSEHLSSspMiddi N t he
pref erabl e range

to claim 28. In addition, since a thermal crack did not arise

in the test where the temperature of the soldering iron was

450°C if the residual compressive stress was 40 MPa or more,

this range is also a more preferable range in the present

invention. This corresponds to the residual compressive sfress

specified in claims 14 and 26.

Thus, it is possible to secure a wide range of varistor
voltage values and sufficient nonlinear coefficient o with
keeping large surface residual compressive stress by
controlling a varistor voltage value through changing
temperature in the reoxidation processing without changing the
composition. In consequence, with maintaining the high strength
and high heat-resisting property by the large surface residual
compressive stress, a wide range of varistor voltage and
practical o can be obtained by the same composition. Hence it

becomes unnecessary to prepare various types of material, and
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descri bed above can be obtained. Hence it is possible to prOV|de3v@rj@Nde
ceram c, which has high bending strength is excellent in the thernal

shock- proof property, and its manufacturing nethod. Third Enbodi nent
Hereafter, the conposition of the varistor ceramic 10 in this third

enbodi nent will be described. The varistor ceramc 10 contains a first
conponﬁnt of t@e c o itg erovskite which consists of oxides of Sr, Ba,
Ca and ©HF¢- gP‘P@é@ nﬁ%ﬁgﬁi 65f°4- second conmponent whi ch consists of
at | east one_kind of oxide selected fromoxides of R (Y and | anthanoi ds
(La, Nd, Gd,Ef#Rl§y2-8nd Lu)) and a third conponent which consists of kind
of OXIde sel ected fromoxides of M (Nb and Ta), |east one a fourth
conponent whiiat denBPEEQIsd 4R RIS EXHPER 2 o dl GORPABISOE Bt ai n My
substantially. It is assuned that a is the nunber of noles calculated for
Sr of sampXeasr sbtabpgbianchasgirda hine apang meavddabiormypl es cal cul ated for
Ba of the first conponent as BaO, <c¢ is the nunber of noles calculated for
Ca of pimecdssisg ¢OBRIPON.2C0" conponent as CaO d is the nunber of noles
calculated for Ti of the first conmponent as TiOQ, e is the nunber of noles
cal cul at ed fwirthRfAifkihfeosan nthramepene nduds a¥OA sit€efiple rdkitsf RO , .,
(other | ant hanoi ds) respectively, f is the nunber of noles calculated for M
of theathbld peppenentnas aNafind of aad ska-oRdu@spdeihdelagenthe anunber of
nol es calculated for Si of the fourth conponent as Si2. Then, the

conpongitta10fa /Bhi ?dearinéiQ ERSHT ©f %1@ Sl efFormbng e %a@ne40 0.30 s
b/(a+ b+1c) s 0.4 5ps c/(a + + c) s 0.35, 0.84 s (a + + Cc +

)/ (d ghtlup S ak: 1Qha@ 7§n< tRet éﬂéﬁbf& 16Q3s %Qc@ptanﬁoﬁ/dcﬂhﬂﬁ¥%gwb

y preferable ranges of this conposition are 0 c +e)/(d+f) s 1.01,

0. 75 (&okifihtort @%g%\?é%ﬁgt a0shd/ 19 otis 1095 5 %uﬁm Iﬁe bR cQgoonent is a

naln conponent of ceram c his first conponent consi sts

"}.a?n E'LBSS'wEaE Bﬁ&&‘{%gt%m%?l Aved! tf:hefAB QReRimPlardly, 7 ApdeCa, and a B

S|te onen € second an rd conponénts-are netalllc oxi des
t hat aont butet copductori zati Qn JJ% camponent is
mai nl y" Ei‘gd ef‘%ﬁ“p ef"infrfpr g%%%‘?ﬁ- éﬁ‘%ea%gm Bree b Per o

the varistor voltage E,, was not measured. The result is shown

in Table 2-8.
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sintering. Electrical characteristics as a varistor are mainly eﬁpﬂeﬂ§ﬁdﬂm
wth a tenperature characteristic of the varistor voltage E,,, and a
nonl i near coefficient u. The varistor voltage expresses an applied voltage
value at the tine of 10-mA electric current flowing in the varistor, and
the nonlinear coefficient cc is generally expressed in cc = 1/1og(E10/El)
Where, 10: 3U JUN 2U EI is an applied voltage value at the tine of 1-mA
electric current flowing in the varistor. As for nole ratios of Sr, Ba and
Ca which are contents of the A site conponent, it is preferable that Sr is
set between 0.30 and 0.40 inclusive, Ba is between 0.30 and 0. 40
inclusive, and Ca is between 0.25 and 0.35 inclusive. it becones possible

t o enhance eleetreal—characteri-sttesrspet—as the controllability of the
vari stor voItagqﬁEgo, t he| of fhe enperfature characteristics, and the
nonlinear coeffigi@ng-g, d tof ephance| the thernal shock-proof property of
the varistof. Thgtig,sif 8 3 28 r, the tenperature
characteris1hc D §ﬁ| becone| n tive,land if too few, strength wll
drop. In addti ¢, Sif thefelils to h ,| tlhe positive trend of
t enper at ur e| BharacTerjstic jof| F10 sl Istirong too nuch, and if too few,
t he tenpera1ﬁre chgraé%erhgtic 0 S negative. Furthernore, even
if there is Eoo mugh or I B ﬁ% i#lear coefficient a to the
varistor vol Bage.Eg, , |Bec 3 K% igion, if there is too nuch Ca,
t he vari stofSvo| £age FTL0, {@jeclon r epRi&|4jar ge to become difficult of
control, anfioa fﬁs I 5 edean tof [0yl |r eoxi dation. The therma
@ , o .
shock- proof [.gr opEr8ly gp agiqghg é@ SE gleglhanced by setting the nole
percent (ca|Bul abed Bibh [Khied] Riudisirs &y of nmetal ions) of a
sem conduct pfi z|-ggs oAt :% & S&Ee Al E%third conponents) to the
princi pal c%gponﬂnh Tin. )| tlo Ibel betjwde 5 and 10.0 inclusive, or nore
preferably .05_§-§U 20 [0 4 bel betwgen Q. 71&zjand 4.0 inclusive. That is,
even if the| semggQdductori i'guﬁ el c?&uch or too few, strength is
| ower ed and| a thergual %rag@ kio@ﬁié UI‘_g/en if an anount of the fourth
conponent (i O2) % ﬁeduce5§B§ perfarmng |sgtup so that the total A/ B may
beconme bet peen 084 land- |1 1g-neldsHve—or—ARy nore preferably becone
between 0.9p and 1.01 inclusijve, it ils [pgssill e as described
& Wi =P OS] =] 0
-3 o £ | S| ey 0 | B b 0 0
q} 8_{5 [r B Ran] Fanl Rand Rapl Rand Ras] Ras] Ran]fand
SR
@ RN
=i < ®
'g & o |||y w]w| (0
E= 5 RE S Al R B B S e o
Q
- ;:',A
& gﬁmg’og’qmﬂ_mqqqmqw
B wgog*&ooaooooaao
g glfa OF
£ g
[a TR
T SRS EEENEE
.Egg;v ooo-qmwcog%g
g < '
Z 825  |gggzsassss
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ﬁz N |y O [ | i e
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|l ater to inprove a degree of sintering. That is, this is because Dng@qlm

is blocked even if the total A/Bis too large or too small, and Wehcg the
base is made an insulator owwng to reoxidation. In addition, even if the
total AABis too large or too small, strength is |owered and a thermal

crack easily ari ses. In a range where an amount of S10, is few and a | ot
of sem cond i added es b Y rder

mai ntai n the Fh ?If'r?ﬁ gg‘%gpc?nog %%',Ogl t éec%qn%%‘]?nglf séplg)ngabl eto
restrict an I|m he total to . .16 or, | ess, or nore

pref er QEPEPS%E‘(%DQ@ . ‘B‘i Itbgsconlrrﬁ?tt REBIH%C? ]sgngcw()%?%bf st operty of a

vari stor can be sharply enhanced by sett:é?ﬁq t he rmdeBIgErce of the fourth

conpongptent; of) CaPols e Mokeici P CoNEBhett TP 39 €50.8"%r less, or
nore preferably, to be 0.3 or less. In other words , i s_added as a

si nt er PoRtentdiofi ¥eOandsi £ malasos angl Ehe gondenp| 9 p'.?léf%o*?n%ﬂ‘}?tlﬁﬁr ng even if
conposition fluctuates, but however, if the anount of SiOQ increases, it

becomeEhe asynpost taon twasr ikedragelail@ arbse.c) £ §p38 Y (Fe+nbted that the

content (nole percent) of SiQ of 0.6 or less or of 0.3 or less also 106
0 JUN 2904 ¢.35l, udgsathe case whers®, fgddoskge =i 3.2@r ofa Fhé wvari stor ceramc
10 may also contain an additive that consist of at |east one kind of oxide

sel ect gy fa ameaneng. oXiaasgpd +LiLooNa, oMo, Co, N, Cu, Zn, Sc, Fe, Ga, In,
Mo and W  Supposing the content is the nunber of nol es obtained by

converting Léend¥aiolB, aothd\iprofucind sahplefewereén thivh aadpaietutre Li Oli 2,
NaOl112, MO CoO 13, NNO CQuO 2ZnO Sc@B/2, Fe®3,,, G InGBi" MO and WO ,

AE:" Wr@c g’fé?i?i&a%ﬂﬁf prB8eSOIMPHakl 05095 Gnd tiMt thel PPoSeds Y. Thereby,

there iIs ect of inproving the nonlinear coefficient a. In addition,
the V%Aéwrfefﬁlémﬁl kheMBYral 8 ¢RFtALD prifiekecbeBRidensual as P, S, K,

Al and as unavoi dable inpurities besi'des such additives. Such eI enent s

usual | descri bed above, the varistor ceranmic 10 is a
G2 ap -

pol ycry erovskite crystals. A part of each conmponent is

cont ai ned | h%&%e;e k&éftaggy%%aaeomgggﬁgaladasghywma ved in grains,

and anot her part exi s rain rres as oxides or conpl ex
i st TREE P b G o ﬁ’aewaeowa%% d GrobessdfyT R R4 sty i
cryst aI £ L %I ?:egigfgataironeprocesszl_ng exceeded 32 hours, the residual

compressive stress reduced rapidly. In other samples 2-4 and 2-

89 to 2-96 except for the sample 2-97, a thermal crack did not

arise in the test where the temperature of the soldering iron

was 360°C. At this time, residual compressive stress in the

composition ranges of the samples where a thermal crack did not
arise was 24 MPa or more without exception.

Therefore, the samples 2-4 and 2-89 to 2-96 where time of
the reoxidation processing was 32 hours or shorter are
preferable in the present invention. This corresponds to claim
29. In addition, since a thermal crack did not arise in the

test where the temperature of the soldering iron was 360°C if

the residual compressive stress was 15 MPa or more, this range
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A nmean grain diameter of the varistor ceramc 10 usually is abOUﬁ%@-%UNOZW
10 1.tm and in particular, 1 to 6 F.im Since the electrodes forhed wth
the material made of Cu or mainly nade of Cu, they are hard to be corroded
even 107 3 0 JUN 200) under high tenperature, and hence, this can endure
hot sol der work. Next, a nmethod of manufacturing this varistor ceramc 10
w |l be described simly. _The vari.sto 1. i S, obtmaj hed by processing
raw nht étial apBRﬁ’g?f%)Dnl “orgeve or- rrtl§1 %i é]é%&%:na &IB H%%Bi&br i %ﬁ:}%g form ng,

bi nder renoval , reduction sinterin and reqxi dation.. Th wder of a
conpoufRFTSISPeLER E?rﬁhﬁlfFﬁFd%?%ﬁﬁﬂgkﬁ?SlYﬁﬂs PES| P4 ygﬁsed for the raw
mat eri al powder. An oxide or a conmpound which becomes an oxide by

si nt er¢kimssd€hadd 24ar bonate and a hydroxi de can be used for the raw
material powder. Wth citing an exanple about Ba, at_I|east aone kind of

bar i um conpolihdées gampies Bad0Oandadi ¥ to Ba?P . padhermal perackydid gy (NO)) |

, and al koxi de (for exanmple, (CH30O 2Ba) can be used as_the raw material.
The nemrt parisecie theartests Wereawhgatenperatugenwatrthimpodderdn@l |y about 0.2
to 5 m First, the weighing of the raw material powler is perforned so

t hat tHherf waal 4coitnosit itor smaymdeamsd dihe edipressdescs tixes donpositi on, and
usual ly, wet blending is perforned. Subsequently, after performng
dehydrigtd @ampoetesai n@gngtheof ailie sampléalwheredar thermidi edaahddighl cining is
performed at about 1080 to 1250C for about 2 to 4 hours. Next, after

gri ndifr arisal @adi 3w MPRj 6€tmord wateni cestiepdeoni s added, and further,
water, a pH regulator, a noisturizer, etc. are added and m xed.

Subsequent | Yphegelfb¥b Ul thd SafiBléedz- ARMdl 3-50 Nieedsaihat® Wimel360- 1400C in
a reduci ng atnosphere for about 2 to 4 hours 108 3 0 JUN 21 00,4 after

per f Pfﬂﬂggetakﬂ&ﬂidrﬁfﬂ%éésw%i 8925 Ofo S@ThERRE Ustcdmoreer am ¢ to be
obt ai ned. Each raw materi al powder such as Nb, Ta, Y, l|an'thanoids, W

Mn, Sifyre‘f%r%ﬁfetﬂ? {HK GrEBUnPa R doR! THEs {Ed-elbollyi 9 @fdiar the

cal ci i ng. e sem conductor ceramc obtained in this manner is given heat

treat t Lreox. Lon cessi i oxi di 71 . e such as air,
so that 'a §hf§%%ﬁgbbaf?£§%%%bgbggg%tg%%%ﬁd?%gI%gn%ﬁlggﬁgiﬁﬁﬁéy be obt ai ned.

-(I:_gﬁt '; Sqrépsg&%tgléég f%qan&dﬁglpT{aggtJJ.leMof ’thel Qof&grﬁ_nrgegi%lg %}E{SOQOBg@ G§ssing are

the residual compressive stress was 25 MPa or more, this range
is also a more preferable range in the present invention. This
corresponds the residual compressive stress specified in claims
13 and 25.

In addition, in the samples 2-4 and 2-91 to 2-94, a
thermal crack did not arise in the tests where the temperature
of the soldering iron was 450°C. At this time, residual
compressive stress in the composition ranges of the samples
where a thermal crack did not arise was 41 MPa or more without
exception.

Therefore, the samples 2-4 and 2-91 to 2-94 where time of
the reoxidation processing was 0.5 to 8 hours are still more

preferable in the present invention. In addition, since a
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(1) 850C s TEM, 900C, 0.25 hour s TIMEX s 32 hours, (2) 900C <3TEMBN 2004
1050C, 0.1 hour s TIM,,, s 32 hours, (3) 900C TEM ,s < 950C, 0.5 hour s
Tl Vh s 16 hours, or 950C s TEM, X s 1000C, 0.25 hour s TTM ,. s 16
hours. The insulating |layer 10b is fornmed on a surface portion by this
reoxi dati on processing. Varistor characteristics appear owing to the
presence of this jnsulating | ayer. neraj | th nonl i near.._coefficient a
and vafpereat Wﬁg@l%é%%rH%gjen it&% fg'ﬁ?Jg ‘%Wf&l gp?ngerﬁ'paefgr%uimsa thi ck, and
they become small if thin. It is possible to secure a sufficient nonlinear
coef f i ef ethe soldesing i Hanwagetsl fglft tRerqiesidgal POPeFseVent  ther mal
shock-proof property in a wide range of varistor voltage, and also to

r educesthessisisendeniiia ofr mesey ok §angeois A0 8 BOEh HGLeorPRat
treatment tenperature, by 'thus controlling the tenperature TEMP,,, and
ti me Trahge ,in ithespresa(9 i3gedtder200Thie epirgasbordhrtec&Bsi ng. Since the
practical nonlinear coefficient a and the sufficient strength in a w de
range pésiduml sbmprasd tvwgesreas dredciliiednibd dlaimbelsiang) €6conposition, it
becomes unnecessary to prepare various materials and it becones easy to
control nuat egxadsle Woh considering the influence of a change of the
reoxi dation processing conditions over a varistor voltage, the tinme of the
reoxi dati on WACass pagrdiMd has thes sexdmpaet 2t hais demphenpen atfure in the
reoxi dation processing T Hence, by controlling a varistor voltage val ue

“throughydidiabhyaiféh W ichlng gy td FRreiat Herdseaxbdat i@ygenoamsagng  TI M,
the shift of the varistor voltage due to the change of reoxidation

procesfé&%éé%&@htP&ﬁaé&%ﬁ%nﬁém&{@dﬂs.and hence an yield inproves and the
0

contro reoxi dation processing conditions becones easy. Electrodes 11

are forned O@jfﬁp%‘]ﬁ%%agghg]@ allt’é}%m\é%%ét %%ﬂa c%? qn[&s&t%f Bl KiAL I ON

processi ng w mater | mal n and a varistor is
obt ai ned. The nater] al inly. f N Pk ,iny the first
errbodi?reﬁ‘f’let RETFHP dalelﬁrrgoadigr%rhﬁggs%risr%%bg %‘?/‘gt,:&gll%?ﬁg’ﬁgi ttté el ect r odes
are provided j.n one surface of vari ..ceramn C d may be
provi d@ﬁtain A(/gp é‘ﬁa BaE'R??aB%EC%} scisrldg&%‘f éfrfr?ec%eé:%:a ﬁ"%lrlsc]télﬁgmgé:r.@ addi ti on,
vari stor ceram c nmay be manufactured by ding_a _m nqar_conmponent .| ater.
Nanel ySetup j &sy| dhdhosditp ég‘ev\e?ﬁﬂmg]rf’d rﬁa{j‘ rae%cﬁgﬂ:er%gf: pggv\ﬂ%gl,nq o add a
part of contents after performng calcining, to adjust tgi cogt nts so that
t he 11PEiFOIND, PrHHAFEPINaGO OBSc oABosTHIBh FPeddfBIfi ned)” to grind

and form
samples were produced, which were measured similarly to those

in the example 2-1. However, the temperature characteristic of

the varistor voltage E,, was not measured. The result is shown

in Table 2-9.
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The voltages E1 and E10 were neasured with using a neasuring cirgu é@hov&n
in Fig. 3. In this neasuring circuit, ammeter 30 is connected in b N 200
bet ween a varistor a DC constant current source 32, and a voltneter 33 is
connected in parallel with the varistor 31. The voltages were neasured by
measuring the voltage val ues between both term' nals of the varistor 31

when electri¢ current of /1 112 30 JUN ' ri_stor
respecti vel yg‘ﬁn#J LFSW%BOFﬂglolh Fgli“p%l é‘r?& t he vow%Fe%)E%e@fsTenperature
characteristics (tenperature coefficient f.the v r| st vol tage E10 were
obt ai n€¥PFEEFedARS( @ moles.pitheggyntent Pio??‘?{ﬁé’ t“?g % ‘S(}& 20)) x 100
[% C] about each sanple. The voltages E10 (20) and E10, (85) are the

vari st 6pnten; (ofgE30ELS f modest ehperRnteat of é'@@za#'d GEeles oMt i vel y.
These were neasured with using a thernostat oven. The transverse rupture
st r engebnterst mfadbPed ilsy famolesn sdr See regiteps of rEkYyt s 1L :MLSsuch as
MODEL- 1311D of AIKOH  ENG NEERI NG Co., Ltd.. thermal crack test was
per f or Ted dympositaocniwas £ixefidesiavfa |+oh,+vm)er=e0t-éﬁpe¢h&8dr’eh/vas set

bef orehand, to the electrode side of the sanple |eft at the room

t enper gj k&, FQr c3(§ecaNds M £ ho [MPLEYdng Bud ecBi.00solaler b Fhe tenperature
soldering iron was two kinds of tenperature, that is, 360C, 400C were used.

Thirtycspamples)ner g, ¥8 sualdl g/(ﬂn,spﬁmt edpofoy. cracks with using al cohol. The
result I's shown in Table 113 0 JUN21 o V¢c] G~JCOCC & $ $, $C cOOG o q

P OnCT' SCTORR0 (3 o2:8RPAARRARIEETh Wb REEEErhd B0 CEC-
hours, and samples were produced with changing the partial
pressure of oxygen.

In the samples 2-98 and 2-99, the coefficient o was smail,
and residual compressive stress was also small. In other
samples 2-4 and 2-100 to 2-102 except for these samples, a
thermal crack did not arise in the test where the temperature
of the soldering iron was 360°C, 400°C and 450°C. At this time,
residual compressive stress in the composition ranges of the
samples where a thermal crack did not arise was 40 MPa or more
without exception.

Therefore, the samples 2-4 and 2-100 to 2-102 where the
partial pressure of oxygen in reoxidation processing was 0.10
atmospheric pressure or higher are preferable in the present
invention. This corresponds to claim 31. In addition, since a
thermal crack did not arise in the tests where the temperature
of the soldering iron was 360°C, 400°C and 450°C when the

residual compressive stress was 40 MPa or more, this range is

also a more preferable range in the present invention. This
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claims 14 and 26.

According to the above Tables 2-1 to 2-9, if the
composition, content and reoxidation processing conditions of
each component are within the range of the present invention,
the residual compressive stress within the preferable range
described above can be obtained. Hence it is possible to
provide varistor ceramic, which has high bending strength and
is excellent in the thermal shock-proof property, and its

manufacturing method.

Third Embodiment

Hereafter, the composition of the varistor ceramic 10 in
this third embodiment will be described.

The varistor ceramic 10 contains a first component of the
composite perovskite which consists of oxides of Sr, Ba, Ca and
Ti, at least one component of a second component which consists
of at least one kind of oxide selected from oxides of R (Y and
lanthanoids (La, Ce, Pr, Nd, Sm, Eu, G4, Th, Dy, Ho, Er, Tm, Yb
and Lu)) and a third component which consists of at least one
kind of oxide selected from oxides of M (Nb and Ta), and a
fourth component which consists of an oxide of Si, and does not
contain Mg substantially. It is assumed that a is the number of
moles calculated for Sr of the first component as SrO, b is the
number of moles calculated for Ba of the first component as BaO,

¢ is the number of moles calculated for Ca of the first
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the first component as TiO,, e is the number of moles calculated
for R of the second component as YO,,, CeO,, PrO,,, TbO,, and
RO,,, (other lanthanoids) respectively, f is the number of moles
calculated for M of the third component as NbO,, and TaO;,
respectively, and g is the number of moles calculated for Si of
the fourth component as SiO,. Then, the component of this
varistor ceramic is 0.30 = a/(a + b + ¢) = 0.40, 0.30 = b/{a +
b +¢) = 0.40,.0.25 <z ¢cfla+b+c) =0.35 0.84=< (a+b+cCc+
e}/(d + £) = 1.16, 0.75 = (e + £)/d x 100 = 10.0, and g/d x 100
< 0.6. More preferable ranges of this composition are 0.96 < (a

+b+c+e)/(d+ £f) =1.01, 0.75 = (e + £)/d x 100 = 4.0, and

g/d x 100 = 0.3 .

The first component is a main component of the varistor
ceramic 10. This first component consists of, in composite
perovskite, an A site component of Sr, Ba and Ca, and a B site
component of Ti. The second and third components are metallic
oxides that contribute to semiconductorization, and the fourth
component is mainly added for the improvement of a degree of
sintering.

Electrical characteristics as a varistor are mainly
expressed with a temperature characteristic of the varistor
voltage E,, and a nonlinear coefficient a. The varistor voltage
expresses an applied voltage value at the time of 10-mA

10

electric current flowing in the varistor, and the nonlinear

coefficient o is generally expressed in o = 1/log(E,,/E,}). Where,
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current flowing in the varistor.

As for mole ratios of Sr, Ba and Ca which are contents of
the A site component, it is preferable that Sr is set between
0.30 and 0.40 inclusive, Ba is between 0.30 and 0.40 inclusive,
and Ca is between 0.25 and 0.35 inclusive. Then, it becomes
possible to enhance electrical characteristics such as the
controllability of the varistor wvoltage E,,, the of the E,,
temperature characteristics, and the nonlinear coefficient a,
and to enhance the thermal shock-proof property of the varistor.
That is, if there is too much Sr, the temperature
characteristic of E,, will become negative, and if too few,
strength will drop. In addition, if there is too much Ba, the
positive trend of temperature characteristic of E,, becomes
strong too much, and if too few, the temperature characteristic
of E,, becomes negative. Furthermore, even if there is too much
Ca or too few Ca, the nonlinear coefficient o to the varistor
voltage E,, becomes small. In addition, if there is too much Ca,
the varistor voltage E,, becomes extremely large to become
difficult of control, and a base is made an insulator by
reoxidation.

The thermal shock-proof property of a varistor can be
enhanced by setting the mole percent (calculated with the
number of moles of metal ions) of a semiconductorizing agent
(the second and/or third components) to the principal component

(Ti0,) to be between 0.75 and 10.0 inclusive, or more preferably
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to be between 0.75 and 4.0 inclusive. That is, even if the
semiconductorizing agent is too much or too few, strength is
lowered and a thermal crack easlily arises.

Even if an amount of the fourth compcnent (SiO,) is
reduced by performing setup so that the total A/B may become
between 0.84 and 1.16 inclusive, or may more preferably become
between 0.96 and 1.01 inclusive, it is possible as described
later to improve a degree of sintering. That is, this is
because sintering is blocked even if the total A/B is too large
or too small, and hence the base is made an insulator owing to
reoxidation. In addition, even if the total A/B is tooc large or
too small, strength is lowered and a thermal crack easily
arises. In a range where an amount of Si0O, is few and a lot of
semiconductorizing agent is added as described above, in order
to maintain the thermal crack-proof property, it becomes
indispensable to restrict an upper limit of the total A/B to be
1.16 or less, or more preferably, to be 1.0l or less.

The thermal shock-proof property of a varistor can be
sharply enhanced by setting the mole percent of the fourth
component (Sioz) to the principal component (TiO,) to be 0.6 or
less, or more preferably, to be 0.3 or less. In other words,
Si0, is added as a sintering additive and it is possible to
stably perform sintering even if composition fluctuates, but
however, if the amount of Si0Q, increases, it becomes easy for a
thermal crack to arise. It should be noted that the content

(mole percent) of Si0O, of 0.6 or less or of 0.3 or less also
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The varistor ceramic 10 may also contain an additive that
consist of at least one kind of oxide selected from among
oxides of Li, Na, Mn, Co, Ni, Cu, Zn, Sc, Fe, Ga, In, Mo and W.
Supposing the content is the number of moles obtained by
converting Li, Na, Mn, Co, Ni, Cu, Zn, Sc, Fe, Ga, In, Mo and W
into LiO,,, NaO,,, MnO, CoO,,,, NiO, CuO, ZnO, Sc0,,, Fe0,,. GaO,,,
InO,, MoG, and WO,, it is preferable that the composition is 0 <
h/d x 100 = 1.000. Thereby, there is an effect of improving the
nonlinear coefficient a.

In addition, the varistor ceramic 10 may also contain
other elements such as P, S, K, Al and Zr as unavoidable
impurities besides such additiwves. Such elements usually exist
as oxides.

As described above, the varistor ceramic 10 is a
polycrystal consisting of perovskite type crystals. A part of
each component is contained in the perovskite type crystals

) with being solidly solved in grains, and another part exists in
crystal grain boundaries as oxides or complex oxides. For
example, Ba, Ca, S r, Ti, Nb, Ta, Y, lanthanoids and the like
exist mostly in grains, and Mo, W, Mn, 8i, Co and the like
exist mostly in crystal grain boundaries.

A mean grain diameter of the varistor ceramic 10 usually
is about 0.5 to 10 pm, and in particuilar, 1 to 6 pm.

Since the electrodes 11 are formed with the material made

of Cu or mainly made of Cu, they are hard to be corroded even
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of the A site conponent largely affect the electrical characteristics of a
varistor, and in particular, the tenperature characteristic of the varistor

vol tage E1,. VE\Q:le t he tenpera e char cterlstl thevltage E10 is
negati\‘llél‘l’::{eifhlél CRPGFatYy a@@agl?%‘bcsel & B nfE 5™ gl V\n];tl?ﬁt t%g Fse operating
tenperature, hence, excessive electric current flows to the varistor or a
possi b"PF¥y of causing a thermal runaway exists. Therefore, this is not
adopt abl e. Therefore, the sanples 3-15 to 3-17, 3-26 to 3-29 and 3-31 are
in ranges whBPEt: reyiethAfoet B@I{H‘?éﬂt‘a%l%rtpéﬁoY%q‘%%oﬁeé’PF@‘Eﬁl 10ven if the
tenperature characteristic of the voltage is zero or positive, it is not
desi r aWidl tke alesssdbed oplMH¥Ace, the sanples 3-18 to 3-23 and 3-30 are not
preferable as varistors. Since being insulated as a whol e by reoxidation
processi ng, The wanpsiter3c@fmiced Onds dy@xiaed by procgssingrrawviddi tion, since
t he sanples 3-24 and 3-26 contain too nuch Ca, their varistor voltages E10
are exinaterial pogher aivd drdeceof onitingl, caldirfingcubrin®@imgre Ca contained is
too few al though the characteristics of the sanples 3-13, 3-14 and 3-32 are
0. 06 oforthBgs, bihaeer rwithvialearedadfionCsentarind,0ahfieramridattabnvol t age E11,
are low, and hence they are not preferable.
The powder of a compound of each structural element of

ceramic is usually used for the raw material powder. An oxide

or a compound which becomes an oxide by sintering, such as

carbonate and a hydroxide can be used for the raw material

powder. With citing an example about Ba, at least one kind of

barium compounds such as BaCO,, BaSiO,, BaO, BaCl,, Ba(OH), and

Ba(NO,),, and alkoxide (for example, (CH;0),Ba) can be used as

the raw material. The mean particle diameter of raw material

powder may be usually about 0.2 to 5 um.

First, the weighing of the raw material powder is

performed so that the final composition may become the above-

described composition, and usually, wet blending is performed.

Subsequently, after performing dehydration processing, the raw

material powder is dried and calcining is performed at about

1080 to 1250°C for about 2 to 4 hours. Next, after grinding a

calcining object, an organic binder is added, and further,

water, a pH regulator, a moisturizer, etc. are added and mixed.

Subsequently, a mixture is molded, and is sintered at about

1250-1400°C in a reducing atmosphere for about 2 to 4 hours
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Therefore, the sanples 3-1 to 3-12 are preferable because the tgnpeygn urigh
characteristics of the varistor voltages E10 are 0.06 or less and the
coefficients a to the varistor voltages 115 are not so | ow Furthernore,
the sanples 3-1 to 3-7 where the tenperature characteristic of the voltage
El,, is 0.02 or less is nore preferable in the present invention. This
corres s to.the A.ssit le rati i fi i i ..In this range,
no cr§§EQEH§§§°§BlPﬂé&¥ﬁ§?haF§%Y%%%3F§§§§%%%§g”%%SﬁiéﬁggééPﬁre of the
soldering iro s 360G d furthernore, no crack also arose at the

t her maf® ?ﬁﬁ%nggﬁfﬁﬁﬁﬁ? e tenperature of the soldering iron was 400C

In particular, the sanple 3-4 has the best bal ance of the tenperature

char act eri st FeClhrahBaeFialy PoqoehesSHdhidsn ey Toerfi dPBRRARP1GH] the nol e
ratios of the A site conponent near that of this sanple are nost preferable
in t heMpr dbedin.i Flente i@ thanpike 12y YRaadded sé&r £ neds Rfthis exanple 3-2
is conparison of sanples obtained by changi ng an anount of a

sen contkimoaftengtheg@dcinigh fi xi ng ot her paraneters such as reoxidation
processing conditions, A site nole ratios, a kind sem conductorizing agent,
a total A/ B, Thademigohduplent eera8ioodrdngdr foriiisgmaheesake set up as t hat
in the exanple 3-1 except for changing the nole percent of the

sem cogdest dreiati hgeaigemnt dseshbiation pabdessiag)| és awrexigiaedonged, which
were neasured simlarly to those in the exanple 3-1. The result is shown in
Tabl e dtrkfsphert §u€0 80akrt sdlthat a bubtabl@ vhiriétdr Gloltag€O

according to an object may be obtained. The temperature TEM_,
and Time TIM_, in this reoxidation processing are controlled as
follows:

(1) 850°C = TEM,, = 900°C, 0.25 hour = TIM_ =< 32 hours,

(2) 900°C < TEM,, = 1050°C, 0.1 hour = TIM_, = 32 hours,

A

(3) 900°C = TEM,, < 950°C, 0.5 hour = TIM, =< 16 hours, or
(4) 950°C =< TEM_, = 1000°C, 0.25 hour =< TIM, =< 16 hours.

The insulating layer 10b is formed on a surface portion
by this reoxidation processing. Varistor characteristics appear
owing to the presence of this insulating layer. Generally, the
nonlinear coefficient o and varistor voltage become large if
this insulating laver is thick, and they become small if thin.

It is possible to secure a sufficient nonlinear
coefficient «a, a sufficient bending strength, and a sufficient
thermal shock-proof property in a wide range of varistor
voltage, and also to reduce the dependency of the varistor
voltage to a change of heat treatment temperature, by thus

controlling the temperature TEM_, and time TIM_ in such

109



M n
CO

I
CO

ON CObzCO b4 N Orn fi COm COO rjr COOG N
1bz0zbCO c7Cfr10CO 0CO rn 0CO COO04 CO §OUJUN%)U4

reoxidation processing. Since the practical nonlinear
coefficient a and the sufficient strength in a wide range of
varistor voltages can be obtained in the single composition, it
becomes unnecessary to prepare various materials and it becomes
easy to control materials. With considering the influence of a
change of the reoxidation processing conditions over a varistor
voltage, the time of the reoxidation processing TIM_ , has less
impact than the temperature in the reoxidation processing TEM,_,.
Hence, by controlling a varistor voltage value through finally
adjusting the time of the reoxidation processing TIM,,. the
shift of the varistor voltage due to the change of reoxidation
processing conditions becomes small, and hence an yield
improves and the control of reoxidation processing conditions
becomes easy.

Electrodes 11 are formed on one surface of the varistor
ceramic after reoxidation processing with Cu or material mainly
made of Cu, and a varistor is obtained. The material mainly
made of CU is the same as that in the first embodiment.

In the third embodiment described above, although the
electrodes are provided in one surface of varistor ceramic, an
electrode(s) may be provided in top and back faces or sides of
the varistor ceramic.

In addition, varistor ceramic may be manufactured by
adding a minor component later. Namely, it is alsoc possible to
weigh and mix raw material powder, to add a part of contents

after performing calcining, to adjust the contents so that the
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powder may have a composition predetermined, to grind and form
the powder, and to perform the reduction sintering of this
formed object, and the reoxidatiocn.

Hereafter, the present invention is described still in
detail according to examples according to the third embodiment.

Ex -

What is performed in this example 3-1 is comparison of
samples obtained by changing A site mole ratios with fixing
other parameters such as reoxidation processing conditions, a
mole percent and a kind of a semiconductorizing agent, and a
total A/B.

First, after respectively weighing by conversion and
blending SrC0O,, BaCO,, CaCO,, TiO,, NbO,, and SiO, as raw material
so that the raw material might have the composition shown in
Table 3-1, they were mixed for 10 to 20 hours with using an wet
media mill, dehydrated and dried.

After calcining a mixture obtained, at 1150°C, the
mixture was rough-ground, and again, dehydrated and dried after
being mixed with a wet media mill for 10 to 20 hours.
Subsequently, 1.0 to 1.5 wt% of polyvinyl alcohol was mixed to
the mixture as an organic binder to be granulated, and the
granulated mixture was formed at forming pressure of 2 t/cm® to
become a Formed object having an outer diameter of 12 mm, an
inside diameter of 9 mm and a thickness of 1.0 mm.

After performing the binder removal processing of this

forming object at about 600°C in an air atmosphere, sintering
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sem conductorizing agent affects the thermal crack-proof property of
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Since a thermal crack arose in the sanple 3-38 in the

hours reoxidation processing of the semiconductor ceramic was
performed at 950°C in the air in the rise and fall temperature
speed of 100 to 600°C/h for the varistor ceramic to be obtained.

Next, Cu paste was applied to one surface of the varistor
ceramic 10 as shown in Figs. la and 1lb, in a neutral atmosphere,
three Cu electrodes, although the five electrodes are shown in
these figures, were formed by baking the Cu paste at 750°C to
obtain test samples of the varistors for measuring.

Then, after measuriné the voltages E, and E,, of each

sample at 20°C, the nonlinear coefficient o was obtained from o

= 1/1og(E,,/E,} with using the measured voltages E; and E,,.

Furthermore, the temperature characteristic (temperature
coefficient) of the varistor voltage E,, was also obtained.
Moreover, while performing the thermal crack test of each
sample, a transverse rupture strength of each sample was
measured.

The voltages E, and E,, were measured with using a
measuring circuit shown in Fig. 3. In this measuring circuit,
an ammeter 30 is connected in series between a varistor 31 and
a DC constant current source 32, and a voltmeter 33 is
connected in parallel with the varistor 31. The voltages E, and
E,, were measured by measuring the voltage values between both

terminals of the varistor 31 when electric current of 1 mA and
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test where the tenperature of the soldering iron was 400C, the sagq]quBQ@
and 3-34 to 3-37 where a thermal crack did not also arise in the st
where the tenperature of the soldering iron was 400C are nore preferable
in the present invention. This corresponds to the nole percent of the

sem conductorizing agent specified in claim49. In addition, the nole
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changi AB.of o€ &be evsidont volt&ieOE ayest ovtainedapith BB, sanpl es were
produced, which were neasured simlarly those in the exanple 3-1. The
resul t {Eg{&hown, j(B0TaHE, (D9 3 [8IUN2BON x.100- [B/AOC.bddX Badh r+ COO , OO0
000O0CO O OC 0000 0O E 000000" 00000 O

sample. The voltages E,(20) and E,,(85) are the varistor

voltages E,, at the temperature of 20°C and 85°C, respectively.

These were measured with using a thermostat oven.

The transverse rupture strength was measured by a
transverse rupture strength tester such as MODEL-1311D of ATKCH
ENGINEERING Co., Ltd..

The thermal crack test was performed by contacting a
soldering iron, where temperature was set beforehand, to the
electrode side of the sample left at the room temperature, for
3 seconds with supplying eutectic solder. The temperature of a

soldering iron was two kinds of temperature, that is, 360°C, and

400°C were used. Thirty samples were visually inspected for

cracks with using alcohol. The result is shown in Table 3-1.

113



VvC

P}
=
el
Qe n o
> OY
- H__r
S o
e —
TR 7))
1 O o
o '8=3
2280 &
. Q> C
cO™ ~
TN
o8
,QN~w.
... O, c
D) | —
+ 05
~0_. _
~dMDV
L°80F
SO .1
2. T
TEo
1O T
- o>
I o0 oK
_ .. ®
.datC
5°8.
7d7_1
C.T@@¢
=)
O O™~
wOAAl
ocd0
SFER
l mu o
oo
20582
- 0o 0
OCocodd
JCO@N
..~%1ﬂ_
-28°8
3 OQW
mmw7
SO0
e r
84

pocy

poop) 1'%% 00°0 82 P'Ly BUON 02’0 | 8670 008 EOUN 090 0z D 0z 0 ZE-¢
poon POOH 0oz £200— 'y 0Z3 SUON 02’0 | 960 Q08 #oaN 0¥ 0z0 o¥o Te-g
POOY) pecn 875 110 3 66 auoN 0z'0 | 860 IS TN 070 090 0%0 ge-g
PooH pooy) 105 00— gg 76 SUON 0%'0 | 860 00g #ON 020 0z0 0g0 6Z-8
POOD) ON ooy 981 00— q'g 1'8 STON 0Z0 | 860 008 WOqN 080 00'0 0g'0 BE-8
Poon) ON poosy 1°02 00— ¥y | gee BUDN 0Zz'6 | 8670 008 #AgN 050 000 050 LE-8
PO05 poen ¥'63 91 0— PG | 08el AuoN 02’0 | 860 00°8 o 0z} 000 080 9¢-&
POOT) 0N | Poof) oN [ - — | pampes] auoN 050 | BEO 00'g BON 001 000 000 [T
POOn) 0Ny | Poon) 6N 291 100 L%t OL8T BUGN] gg0 | €60 oo'e oON 080 0z'0 00°0 ¥Z-£
paod BN poon) 181 500 Tt 0%L e 020 | 860 00°E “EDaN 090 0¥ 0 000 £Z-2
PooD oN BoOL) £81 010 ¥E ¥8T AUON] 0%°C | 8670 00E OUN 0F0 090 000 %8
PooD) ON poon [CE €30 [ v SUON] 0Z0 | 860 00 FOAN (g0 080 000 1%-8
Poor) e poon) 861 071 o1 ¥o UGN 00 | 880 008 OIN 000 001 000 028
[ ) POOS) (YE% 1.0 g% e auapN 00 | 860 00'e 09N 000 080 050 61-€
PooD pocH FR (3§ I'e 08 uay 0g'0 | 860 00 o9 000 050 050 9[-
PocH poor) i1 80'0— oe 8F QROA 020 | 860 00'8 HMoqn 000 020 08'Q LT-8
Poon) podH 6F2 09'0— 62 £'F auop 030 | 8670 008 “FOqN 000 000 001 918
PooD poes) 0'8% 100~ L% 001 anop 0’0 { 8670 oo'e FWOAN 020 080 050 3
poon pooTy 163 200 87 901 aUCH] 0Z0 | 86D 00t OqN 0% 0 070 oF'0 ¥1-8
poeh) pogty £'5% v0'Q g% 011 amop] 00 | 860 00’ 049N DZ0 00 0E 0 [
poon) PoOn oLE 00 FE | L1 sucN 00 | B8O 00 AN DED 050 02’0 ZI-E
poon pooD) 092 0’0 88| 502 SUON] 0Z'0 | 86D 00°¢ MOYN OFo G¥0 03D g
WHM Ewo 192 10°0 (i §EE STaN] 020 | 860 008 “O9N 0o'0 080 020 01-8
o H ow M_wm ¥00 m.m 102 emoN 020 | 860 00 Z=0aN ov 0 0ga 010 6-€
L 00 i €00 68 | &8 SUON 030 | 860 008 0NN 080 0F'0 or'o0 8§
poon Oee 00 FES 601 SUOpN] 0Z'0 | 860 00'8 ZDAN G720 GEQ 0% 0 L€
Poof} poogy ﬂ..:w 8“9 L' 811 auap 0Z0 [ 860 00'g ¥DAN 080 0EO 0¥ 0 9-¢
wMou vmow 81e 200 m”m 911 auop D80 | 8670 008 POAN G%°0 oF 0 SE0 g-g
) pongy TEE 00 Ve [T STION] 020 | 860 on'e FTOON 0E°0 520 9e°0 S
PooL) poory ._.“mm 000 0¥ 197 duop 020 | 8670 00'¢ 0N se'0 080 SE0 g
M%w poop 862 200 mum 6731 BUON 080 | 960 00'g 0N ) 0% 0 080 Z -
pobn 108 100 Lg | @9 SUON 0%'0 | 860 00'g 0N CE'QD 9g0 0£°0 1ig
it
06 omwaﬁaw”uomm A«Mﬁmmé {0u/%) 1AV Jusge mcwwmw..a

iy | Svers | “Swoinal, | o | 8 | owoper | son | v | reemme| e | Come” | St |

199, YoRI)) [BULIAY], | 9808ASUE ot s 7 N o o o o N
[ 1, o Justrodwcy) OIS | T899, | 30 % 2oy | euodwon | sjom By | o10™ BY ajomr ag | spdwegy
wn.ﬁm_uwuuwu wﬁ_U —ddmaﬂuwg muﬂw_hma.umﬂwa—U ._”duﬁuuwHﬁ doBEo&EOU
1-£ @{qey,

114



ucsl yffoccrCc 3"-)G Cl,--1 . GVCVO f
r-4r-iCG-lr"4f'rtirrl-1Co-C~-7Ca01 01N
¢ as 00000000000!'00 o e o oaaoo0a
O(c) cOCOGAQO

I r, r LOCD4t GDCOSCpr - f Lnk- 06
U a~-m>aJ maJ v alJ m~ gg\]ég%%ﬁr%
0000, o oWZ7%7700 27272720 Z o w

Mole ratios of the A site component largely affect the
electrical characteristics of a varistor, and in particular, to
the temperature characteristic of the varistor voltage E,,. When
the temperature characteristic of the voltage E,, is negative,
the wvaristor voltage drops in connection with the rise of
operating temperature, and hence, excessive electric current
flows to the varistor or a possibility of causing a thermal
runaway exists. Therefore, this is not adoptable. Therefore,
the samples 3-15 to 3-17, 3-26 to 3-29 and 3-31 are in ranges
where they cannot be used as varistors respectively.

Even if the temperature characteristic of the voltage E,,
is zero or positive, it is not desirable to exceed 0.06, and
hence, the samples 3-18 to 3-23 and 3-30 are not preferable as
varistors.

Since being insulated as a whole by reoxidation
processing, the sample 3-25 does not operate as a varistor. In
addition, since the samples 3-24 and 3-26 contain too much Ca,
their varistor voltages E,, are extremely high, and hence,

control is difficult.

Since Ca contained is too few although the E,,
characteristics of the samples 3-13, 3-14 and 3-32 are 0.06 or
less, their nonlinear coefficients o to the varistor voltage E,,
are low, and hence they are not preferable.

Therefore, the samples 3-1 to 3-12 are preferable because
the temperature characteristics of the varistor voltages E,, are

0.06 or less and the coefficients « to the varistor voltages E),
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are not so low. Furthermore, the samples 3-1 to 3-7 where the
temperature characteristic of the voltage E,, is 0.02 or less is
more preferable in the present invention. This corresponds to
the A site mole ratio specified in claim 47. In this range, no
crack arose at the thermal crack test where the temperature of
the soldering iron was 360°C, and furthermore, no crack also
arose at the thermal crack test where the temperature of the
soldering iron was 400°C. In particular, the sample 3-4 has the
best balance of the temperature characteristic of the voltage
E,, and the nonlinear coefficient «, and the mole ratios of the
A site component near that of this sample are most preferable
in the present invention.

E -2

What is performed in this example 3-2 is comparison of
samples obtained by changing an amount of a semiconductorizing
agent.

With fixing other parameters such as reoxidation
processing conditions, A site mole ratios, a kind of a
semiconductorizing agent, a total A/B, and a mole percent of
Si0, and performing the same setup as that in the example 3-1
except for changing the mole percent of the semiconductorizing
agent as shown in Table 3-2, samples were produced, which were
measured similarly to those in the example 3-1. The result is

shown in Table 3-2.
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amount of a semiConductorizing agent affects the
thermal crack-proof property of varistor ceramic. Since the
amount of semiconductorizing agent in the samples 3-33 and 3-39
are too few and too much respectively, thermal cracks arose in
the test where the temperature of the soldering iron was 360°C,
and hence, these are not preferable. Therefore, the samples 3-4
and 3-34 to 3-38 where thermal cracks did not arise in the test
where the temperature of the soldering iron was 360°C and the
traverse rupture strength was 18 kgf/mm’ or more are preferable
in the present invention. This corresponds to the mole percent
of the semiconductorizing agent specified in claim 47.

Since a thermal crack arose in the sample 3-38 in the
test where the temperature of the soldering iron was 400°C, the
samples 3-4 and 3-34 to 3-37 where a thermal crack did not also
arise in the test where the temperature of the soldering iron
was 400°C are more preferable in the present invention. This
corresponds to the mole percent of the semiconductorizing agent
specified in claim 49. In addition, the mole percent of the
semiconductorizing agent near that of the sample 3-4 is most
preferable in the present invention.

Ex -

What is performed in this example 3-3 is comparison of
samples where a kind of semiconductorizing agent was changed.

With fixing other parameters such as reoxidation
processing conditions, A site mole ratios, a mole percent of a

semiconductorizing agent, a total A/B, and a mole percent of
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A thermal crack did not arise in the tests where the
temperature of the soldering iron was 360°C and 400°C, and the
transverse rupture strength was 18 kgf/mm’ or more in all the
samples 3-4 and 3-40 to 3-56. Hence, it is preferable in the
present invention to use NbO,,, TaO.,, YO,,, La0,;,, Ce0,, Pr0,,.
NdO,,,, SmO,,, EuO,,, GdO,,, TbO,,, DyO,,, HoO,,, ErO,,, TmO,,.
YbO,,,, Lu0,,, or NbO;, + YO,, (equal numbers of moles) as a
semiconductorizing agent. This corresponds to the kind of
semiconductorizing agent specified in claim 47.

Ex -

What is performed in this example 3-4 is comparison of
samples obtained by changing a total A/B.

With fixing other parameters such as reoxidation
processing conditions, A site mole ratios, a mole percent and a
kind of a semiconductorizing agent, and a mole percent of S5iO,
and performing the same setup as that in the example 3-1 except
for changing the total A/B as shown in Table 3-4, samples were
produced, which were measured similarly to those in the example

3-1. The result is shown in Table 3-4.
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few and a | ot of sem conductorizing agent is added, in order |lgtﬁm; fﬂ@f
thermal crack-proof property, it is indispensable to especially¥c I
upper limt of the total A/B. If the total A/B exceeds 1.16, a thermnal
crack starts arising at 360C. If the total A/B exceeds 1.01, a thernmal
crack starts arising at 400C. That is, since a thermal crack did not arise

in the test r e _tepper e I i i.ron-was 360C,
transverse r%%u‘(r;ael% rogefngﬁ% %téalé?ég%%go?ﬁ%odr%ﬂe?hgfsanpl es 3-4 and
3-58 t0,.3-62 are _preferable_in the. pre i nQventiqn, his _carresponds to
2 rangB ORI D6 GPEAPE s FPBRLER BV APRTS" S AAVEr RBP ST e o
thermal crack _did not arise in the test where the ée erature of the

sol der Y §9pAafge hote A HereRariivels. /Ahase §o8A (P13 BPTEFR nore
preferable in the present invention. This corresponds to a range of the
total AF VBPSIPrFebetIsd Atnvas. IMPesgdBl¢ i toh S1PRer BPEGHISey of the total
Al B where the B site conponent is a little rich like the sanple 12 3-4 is a
nost peefasriabeadr e weret hesplatednasi avmlicohy reésesidstdos-5 Wiat is
performed in this exanple 3-5 is conparison of sanples obtained by

changi pepaeswing . pdhudherodress Cherivil lcfacksngrosdevhepatheet ers such as
reoxi dation processing conditions, A site nole ratios, a nole percent and

a Ki ndté&fperat@ib CONGHY @bllaéRthqdgebh, wadtx0°8/ B, perforning the sane setup
as that in the exanple 3-1 except for changing the nole percent of S102 as

shown in Tald€ showh, ifarguies 3-weren pf edngedyhantd el wacentraESEHied sinmlarly
to those in the exanple 3-1. The tenperature of a soldering iron in a

ther mels fehagkat @Stotas BBRESotURASrOF il MYRhR! U CadddiBt ihSord&BOC, 400C and
450C. The result is shown in Table 1?,1 JUNi.  12& 30 JUN 2004 SS Q2 is

added @s r@ifitALRT {HY @ddhi VEradk-pBb6R propet®Pt aineds it becones possible
to performstable sintering even "if conposition fluctuates. However, if

its a%ﬂltsggﬂgéﬁg?% és%ec@&f%n@ﬁéi’ errup%ekﬂfﬁm JF ¥RK toc& ise. Since

a theri crac so arose in"the test where the tenperature of the
and 3 ar B ST Ay SRHRls L7 W ekl i e S B To 367
where thenal . CIasES A 8t e Sldr R /b ek 0% dLS 0! ANGudGRer ature of the
crack starts arising at 400°C.
That is, since a thermal crack did not arise in the test
where the temperature of the soldering iron was 360°C, and
transverse rupture strength was 18 kgf/mm’ or more, the samples
3-4 and 3-58 to 3-62 are preferable in the present invention.
This corresponds to a range of the total A/B specified in claim
47.
Furthermore, since a thermal crack did not arise in the
test where the temperature of the soldering iron was 400°C, the
samples 3-4 and 3-59 to 3-61 are more preferable in the present
invention. This corresponds to a range of the total A/B

specified in claim 48. In addition, the vicinity of the total

A/B where the B site component is a little rich like the sample
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sol dering iron of 360C and 400C and the transverse rupture strefgd} hjU Pl
kgf /m®2 or nore, are preferable in the present invention. This
corresponds to the nole percent of SiQ2 specified in claim47. Since a
thermal crack arose in the sanple 3-67 in the test where the tenperature
of the soldering iron was 450C, the sanples 3-4 and 3-64 to 3-66 where a
thermal, ¢rack did not arib e even iOOPFI;tge t est %t .t hi s lenperature are nore
pref er a6FelS ih MOFE BFEEEMPenTBIYT &t T1Ri REe5H1edpERAE ™Y the ol e percent
of SiO specified in claim50. In addition, the nole percent of Si O, near
that of the B53PE3-2 is nost preferable in the present invention.

Al t hough a dosage of SiQ2 in the sanple 3-64 _is zero nomnally, in fact,
SbO, i s cont ¥hakdis pegdermedin Fhier¢xamede 3nSi b FAMPRTiSAY Hence Si o2
content of the sanple 3- 64 does not becone zero. Exanple 3-6 Wat is
per f or pewiples tdhteingd iy €hgnging a aedar perpedt 0f28619anpl es where a kind and
an anount of an additive were changed. Wth fixing other paraneters such
as reoxi dati witlpr ofEsinigg ol t i prrsmedesst esnohe Bat | geoxadablen per cent
and a kind of a sem conductorizing agent, a total A/B, and a nole

per cenprétessif, conadt s, 0ATshYe tireles artiont Up msld petrcentt ed @xanpl e 3-1
except for changing the kind and anount of an additive as shown in Table
wer e npasar @F Shmdenicynti@ctdi@sangn ddimtexaai e ssafgptes WBe pamdiuced,
which is showmn in Table 3-6. result 127 t0 ~VQ~~ g~GOO0O40pCru

JU - VBerformifig the same setup as that in the example 3-1 except for
changing the mole percent of SiO, as shown in Table 3-5, samples
were produced, which were measured similérly to those in the
example 3-1. The temperature of a soldering iron in a thermal

crack test was three kinds of temperature, that is, 360°C, 400°C

and 450°C. The result is shown in Table 3-5.
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Si0, is added as a sintering additive. If SiO, is
contained, it becomes possible to perform stable sintering even
if composition fluctuates. However, if its amount increases, it
becomes easy for a thermal crack to arise.

Since a thermal crack also arose in the test where the
temperature of the soldering iron was 360°C, because there was
too much $i0,, the samples 3-68 and 3-69 are not preferable.
Therefore, the samples 3-4 and 3-64 to 3-67 where thermal
cracks did not arise in the test at the temperature of the
soldering iron of 360°C and 400°C and the transverse rupture
strength is 18 kgf/mm’ or more, are preferable in the present
invention. This corresponds to the mole percent of SiO,
specified in claim 47.

Since a thermal crack arose in the sample 3-67 in the
test where the temperature of the soldering iron was 450°C, the
samples 3-4 and 3-64 to 3-66 where a thermal crack did not
arise even in the test at this temperature are more preferable
in the present invention. This corresponds to the mole percent
of Si0, specified in claim 50. In addition, the mole percent of
Si0, near that of the sample 3-4 is most preferable in the
present invention. Although a dosage of SiO, in the sample 3-64
is zero nominally, in fact, Si0, is contained in each raw
material as an impurity, and hence Si0O, content of the sample 3-
64 does not become zero.

Example 3-6

What is performed in this example 3-6 is comparison of
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Q0000CCG A Um7 '~000":00CQOOCC ~ ~ OOGECOO 1Qc W |Ib U T30 JUN 2004
~. GQO0000000G  y LLJL!'tOL[ ~10toL,inltJ+7~C. G+ "a + CrJC
Jc)CccCCCr}v3coc+lcr g C. t CJOQOOCOC)40C ...5 a) G ~Nchrf' 117Cpr-a~C. C
Mcococ*: md-cY:c:7 V, r- --- 128 G !'UNTfl 3 0 JUN additive has the action
of adj usti ng el ectrical characteristics such as the varistor voltage E10

and t he nline ¢o ff CI | ar he varlst r Itage Elr
and theamgn |n21ar cBe |(%:| en vof“{lag/g: addi ?%(fldl v Cal |oc(?1 \égnrargl ng the

nonl i near co%_% %nt_a. AI hough not %hown in Tab e 3-6. E s found that
other el emenf$tRyuchiXLRY  OFRET N PAIRetaRE | FUGPs0 Afay & RS ?*é?‘r%n acti on.

processing conditions, A site mole ratios, a mole percent and a
kind of a semiconductorizing agent, a total A/B, and a mole
percent of Si0,, and performing the same setup as that in the
example 3-1 except for changing the kind and amount of an
additive as shown in Table 3-6, samples were produced, which
were measured similarly to those in the example 3-1. The result

is shown in Table 3-6.
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enl arges varistor found that Mo and Whave the Since the sanples §-ﬂ4ﬁﬁ@@@g
3-78 had a too |arge anobunt of dosage, the degree of sintering was bl ocked
and the ceramic was insulated by the reoxidation processing. Therefore,
the sanples 3-70 to 3-73, 3-75 to 3-77 and 3-79 80 each having the nole
percent to a principal conponent that is 1.00 or less, the transverse

rupture strﬁngth s 18 kgilmd——or—npbre—are preferable in the present
i nvention. 1Qi§xisnk§p ' kIiddidft he nol e percent of an additive
specified irﬁclélnﬁsgo VBt is perforned in this exanple 3-7
S conparisc@ af 5 ﬁ ¥%|changing a tenperature TEM,Y and a
time TIMoO gnrﬁgﬂﬁ X[ dat1 orcegs$iing conditions. Wth fixing other
F - el [=] . . .
paraneters gdachiase/g S| &3 B15|8FE|Bset up as that semiconductorizing
agent, Si Q2,|Cand perd g Spte (¥|Fke exanpl e 3-1 except for changing
t he reoxidatgor processHRg—epRditons—+as shown in Tabl e sanples were
pr oduced, mhgcrﬁwphgineaSJre iim llaflly|{to those 129 3 0 JUN 2004 in the
exanpl e 3-1.§TFI§E§ | sl skl es 3-7 and 3-8. 130 3 0 JUN Table
357&mmefé,§g£§iﬁ“9@ﬂﬁfﬂ” Processi ng Char Acteri
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(Soldering Iron (C)(h)(Kgf/min')Tenpe r, ture C) 360 C 400 C 30 JUN 2
3-818000. 100. 681. 62 10. 15No GoodNo Good 3-828000. 251, 071. 7110. 94No GoodNo
Good 3-838000. 501. 531. 7811. 93No GoodNo Good 3-8480012.272.3712. 47No GoodNo
Good 3-8580022. 502. 7112. 53No GoodNo Good 3- 8680044. 382. 8713. 45No GoodNo
Good 3-8780086. 223. 0413- 69No GoodNo Good 3- 88800168. 833. 0812. 35No Good, No
Good 3-898003212, . 4711, 74No_.GoodNo . Good. .. 3- 908006417. 783..5610. 53No
GoodNo Good 3P918%betivs1 883 79%. °Ebo%ﬁ«)éé98891ng electricdl
3-928500251. 731. 8118. 31. GoodNo Gpod 3- 938500. 50 §§%§2.4119- 7g%gdhb Good

3- 94856R3TRTLIHSIFC5 5 BHNo oo d1S- 9BBEEIFT04 Y0854 350 o
3-9685047. 093. 1221. 84GoodNo Good 3-9785081. 0. 063. 562224GoodNo Good

3- 08850981 neE3 BRAFigdenbdNe GibdeBlanysDHEy VA3 sE3T 8 VAR tadRi Naw Good

3- 10085064 28. 753. 8512. 36No GoodNo Good 3-1019000. 102. 542. 7217. 45No GoodNo
Good 3an@290@0. 53] DeAr7 48deARi@ienka @oodng- 1039€00a5as6s 7¥3rdekdr 13GoodGood
3-10490018. 473. 2124. 40GoodC oud 3-1.0590029. 333. 3524. 53GoodGood

3- 1069061453 713, 75281 3a®GAddGo0dt 3160700082 8hat Me0asd S Chavdsothe
3-1089001632. 973. 8524. 18GoodGood 3- 1099003246. 793. 7120. 28GoodNo Good

3- 11090061466. 40 1Bk 8§ NenEoneii deed cdet 1060 103. K32hd8gR. A8f x00dNo
Good 3-1129500. 251923. 0325. 69CGood("rood 3-1139500. 507, 063. 2728. 00GoodCGood

3- 11495K0dwin Gird 78634139 2 /{0 adGaednd 3tidn dthezldlaiht02dch2&oonipod 3- 116
950420. 183. 8031. 57CGoodGood 3-117 950828. 633. 8532. 15GoodGood

3- 118998 1640. ¢43. 842%H0GeQdaa Gaetl 13r 418850375 £nl 7 Safid 2&:t52Q0dNo Good 3
1209506481. 853. 331. 7. 87No GoodNo Good 131 3 0 JUN 2100.

Since the samples 3-74 and 3-78 had a too large amount of
dosage, the degree of sintering was blocked and the ceramic was
insulated by the reoxidation processing. Therefore, the samples
3-70 to 3-73, 3-75 to 3-77 and 3-79 tc 3-80 each having the
mole percent to.a principal component that is 1.00 or less, and
the transverse rupture strength is 18 kgf/mm’ or more are
preferable in the present invention. This is included in a kind
and the mole percent of an additive specified in clajm 51.

Ex -

What is performed in this example 3-7 is comparison of
samples obtained by changing a temperature TEM_, and a time
TIM, , among reoxidation processing conditions.

With fixing other parameters such as A site mole ratios,
a mole percent and a kind of a semiconductorizing agent, a
total A/B, and a mole percent of Si0,, and performing the same
setup as that in the example 3-1 except for changing the
reoxidation processing conditions as shown 1in Table 3-8,

samples were produced, which were measured similarly to those
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Tabl e 3-8 Sanpl eReoxi dation El ectrical Mechanical Characteristics 20
Processing ConditionsCharacteristics Tenperature 'Fire Transverse Q’hgerw
Crack No.'F:f:MOX TiM,X EIG aRupture Test (C(h)(V)Strength (Sol dering
lron (Kgf/mmR) Tenper ture "0 360 C400 C 3-12110000. 103. 942. 9922, 96GoodNo
Good 3-12210000, 256. 193. 0826. 66GoodGood 3-12310000. 508. 883. 5829. 06GoodGood

3-124 113, 143,75 7C00 Od 1000 .3.1251000214. 47 dGDOd
RTINSk R s LA 12 T (R G R S
3-128.10001651.133,8930.09GDOdGDOd 3-12910003272.573.4723.40Gbodhb Good
3.130100064102. 993. 0617. 54No GoodNo Good 3-131, 0.1010.623.7118. 69GoodNo
CGood 1050 3-1321.01500. 2516. 703. 7720. 54CGo0odNo CGood

3-13310500. 5023.943.8122. 38GoodNo Good 3-1341050 135. 433. 87_ GoodNo Good
_23.40 3-1351060 y VT239. 003. 3523. 52 GoodNo Good 3.1361050468. 4215423. 68
Good No Good 3-1371050897. 103. 2223. 31 GoodNo Good
3-138105016137.812.9823. 18CGoodNo Good 3-139105032195.582. 7920. 51GoodNo CGood
3-140105064277.582.5414. 29No GoodNo Good 3-14111000.1033. 153.8510. 39
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No GoodNo Good v 3-14211000. 2552. 143. 7112. 06No GoodNo Good

3-14311000. 50- 14. 753. 4613. 14No GoodNo CGood 3-1.4411001110, 633. 1013

GoodNo Good 3-1451100212L792.6813. 81No GoodNo Good
3-14611. 004213. 662. 8214. 82No GoodNo Good 3-1.4711008303. 232. 3115. 09No

GoodNo Good Upper than

3.0, N 20

3 3 -14811001. 6Measuring 12. 61No GoodNo Good Limt

Upper than 3-149110032 JMeasuring GoodNo Good Limt Upper than
3- 150110064Measur| ng 10. 29No GoodNo imt 13°? 0 Jul 2U As for t he
not at i op—et—eoeppostiti t-he—epht-gnt cf S expressed—as—a—+wl-es, the
cont ent | qf B O is C”ﬁ@‘l‘ B g p&ﬁﬁf‘"é‘ﬁ%, 0 C@@‘ I%P@terfsﬁ’ésco Nt ent  of
Tio2 is a@ es, Oc?ﬁlﬁlgent HEbREEEISiES | £ npl es, and the content of SiO
2 is g poles. Thﬂc uuuuuu o081 on-tvas—fixed as ﬁ/fﬂ+h 4:le-)——()—ég.‘;r—lsu(ac) =
0.35, cf(a + b era "Gefo'f‘l /H x_100(= 3. JEB‘fane‘%Prﬁe h%jﬂﬁl@fﬂﬁ £)|= 0. 98,
and g/df x 100 Eglml n g’é%ﬂt wt he %a BEE UWRr ¢ produé unde' t he
processj ng at m)sph & t hat Ythe air &tﬁ%n% r{i aﬁé PE&% 58 of oxygen
was 0. 2| atnospheric pregs Lgli:\‘a) | The vari st prEgfnedge ture 56} r bl | ed
under this_ reloxidation processing copditibns. When|t## Sarli 409FCvbl t age
E, , s 8®dtriol | e80G t h tthe8 t edf@r at ut®1d n 1 Ne GedyiMaboeh
processfi ng8ZEM " Y, 800 be 35 aet 607 1 dr7lexani). @t  whdlo Gded |{(NoyBowt | t he
reoxi dat i 883prioces8dthg TEM.60xX| vies3 f i@ at TMBB houlNe Gaoed |tNeGodderper at ur e
TEM,,,| 8&d4 chang8@d from 8D0C t @.27100€.37i ke 1h47 sanPlodinod-| 8% Gaod1 05,
3-115, [3-335, [3-1380tand B-1215.| varbost pe. A0l t ages3 E1DNalitced nédb @asl pet ween
about 7. 53-86d [122 800 i nchusd vel. Hess, | 2fg7clondid.dsdns| WerGmoli| Mid @6bdt o t hose
that a| tgerngl cramk did ndt |arieE el/gmdi n t1xked esl Neltkio [tNwGood
' 3-83 [ {0]0] 16 B.83 3.08 12.356 Nao Good .| No Good |
3-89 . 800 32 12.53 | 3.47 11.74 No Good | No Good
3-80 800 64 17.78 3.66 10.53 No Good | No Good
3-81 850 0.10 1.10 1.73 15.31 No Good | No Good
3-92 850 0.26 1.73 1.81 18.31 Good No Good
3-93 8560 0.50 2.48 2.41 19.37 Good No Good
3-54 850 1 3.67 2,68 20.25 Good | No Good
3-95 850 2 4.04 2.83 20.35 (Good No Good
3-96 850 4 7.09 3.12 21.84 Good No Good
3-97 850 8 10.06 3.56 22.24 (Good No Good
3-98 850 16 14.28 3.63 20.06 Good ! No Good
3-89 850 32 20.26 3.73 18.42 Good | No Good
3-100 850 64 28.76 3.86 12.36 Nao Good | No Good
3-101 900 0.10 2.54 2.72 17.45 No (Good | No Good
3-102 200 0.26 3.99 2,74 21.42 Good No Good
3-103 900 0.50 5.73 3.09 24.13 Good Good
3-104 900 1 8.47 | 3.21 24.40 Good Good
3-106 900 2 9.33 3.5 24.53 Good Good
3-106 900 4 16.37 3.75 26.32 Good Good
3-107 800 8 23.23 3.80 26.81 Good Good
3-108 900 16 32.97 3.85 24.18 Good Good
3-109 900 32 46.79 3.71 20.28 Good No Good
3-110 900 64 66.40 | 3.58 14.90 No Good | No Good
3-111 950 0.10 3.13 2.78 22.13 Good No Good
3-112 950 0.25 4,92 3.03 25.69 Good Good
3-113 . 950 0.50 7.06 3.27 28.00 Good Good
3-114 950 1 10.45 3.34 2927 Good Good
3-115 950 2 11.50 3.40 29.42 Good Good
3-116 950 4 20.18 3.80 31.87 Good Good
3-117 950 8 28.63 | 3.85 32.15 Good Good
3-118 950 16 40.64 3.94 29.00 Good Good
3-119 950 32 57.67 3.67 22.55 Good No Good
3-120 950 64 31.85 3.33 17.87 No Good | No Good
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tenperature of the soldering iron was 400C and the transverse ruptyr
strength to bending stress was 18 kgf/nm or nore, the varistor JE@EZUU‘
E, 1, obtained was between 9.3 and 14.5 V inclusive. However, when the

vari stor voltage E10 was controlled with nmaking the time TIM,,,, be a
paranmeter, for exanple, when the 133 tenperature in the reoxidation
processing TEML1 was fixed 950C and the tine Tll4r, X was changed fromO0. 1
to 64 hours like the sanples 3-111 to 3-120, the varistor voltages Eio

obt ai ned was between about 3.1 and,IBai) 9 %incl usive. Here, if conditions
were limted to those that a thernal ;l%tg did not arise even in the test

where the tenperature of the soldering iron was 400C and the transyerse
rupture/strengfh toRdwevdtiog st rlessElpetsicall 8 |k gf Mestninal Rbaecteriséicyar i st or
vol t age | Eaupdb 1 Rirovessing€ombtiomseChatagierisfies40. 6 V i ncl usi ve. Nanely, | by
control || i njo.t h¢ Teinperatdiret h&imeoxi dati on prictmasverge TI Mherawl Ergedr afet er
it becofes possi blfEM,g oltHiMy, [cedam c| havingReptwrale | acqui slesti on range of
the varistor voltadg®wi th néhntjai tWhg suf filciStmingsh r engBhldednsiroass|at the
time of [soldering. This dorresponds to| cl aijm{Bgdmbhin¢eTempernanel°€3 8-81 to
3-91, 34100, 31101, 3-11Q, 3 120, 3-130D and 3-140 150 $eackC Heqbo absver se
rupturefsgnength tooggendiing, st rless3.oel ng.obgss ddwen 18 kbd MNo Ghbiese are
not desirglbe [ n resgpect [ofphsiriengdw T poghe swgy es| 3Q4dta 3@ B-102 to
3-109, B-#F33s31[9, FoobT T0oFoI4Y afigh 3 338 [T 0 ad 0639 EXeRbd Torgédaese
sanpl es| 3 {Bg [T angyRf S€ [TURTUNE $3 {£N05 A5 YaS m%gr Maod 210 @Ootdne' mal
crack d 0&125 T SEdgT™ L1e LEST WIELE [T8%2 [ETRRY. E Plood N8 QsUdEri ng
i ron wap 355 Thei(ﬁj‘oor SH pr461 a8 &g T [E3TgFS |r32[ Ben ET lrw&;atl n are
those { tEST [SUBES 384112 dane OoPCohod T Goad 5 900C
oAt W DTN IR VIE Y. AT M BT 6 i
510" T LR W i
ar| se | hnd.{nr ﬁgg 1r gg-'Q6 t h::‘l'iz da ] ﬂrGOiOdr :]\?Q GQOd/I :)OC
T C T ALl B SASY Ulnlv LAY AYANAS AT T LAY 'Al .
Therefo .1 ]:0"?‘. t@rzirres]z?ﬁ_ inv'e.ﬁ‘%'?a'n d ﬁ? ose t hat
corr esppatiiix s o _eg-zﬁ'rkat]ﬁ-@ ot dad o & quﬂd"_ \7%@)90&, s 16
hours, Rr18%0C upm&apm X 050 {0idhd38l 5 2aif o Tlmpd [ Nogoads), s
These ¢ | m a1 |THBA3 [£3.87 (21 12840 +hoGoedi 4¥erCend | age is
control eﬂl%‘i/ chat¥¥Png 1 eoRi dat i ®Prlod8%3i n@3dhdndi t i Gaed wj hangi ng
t he 3-136 1050 4 68.42 | 3.54 23.68 Good No Good
3-137 1050 8 97.10 | 3.22 23.31 Good No Good
3-138 1050 16 137.81 | 2.98 23.18 Good No Good
3-139 1050 32 195.68 | 2.79 20.51 Good No Good
3-140 1850 64 27768 | 2.54 14.29 No (Good [ No Good
3-141 1100 0.10 33.15 | 3.85 10.39 No Good | No Good
3-142 1100 0.256 52.14 | 3.71 12.06 No Good | No Good
3-143 1100 0.50 74.76 | 3.46 13.14 No Good | No Good
3-144 1100 1 110,63 | 3.10 13.74 No Good | No Good
3-145 1100 2 121.7¢ | 2.68 13.81 Ne Good [ No Good
3-146 1100 4 213.66 | 2.82 14.82 No Good | No Good
3-147 1100 8 303.23 | 2.31 15.09 No Good | No (Good
3-148 1100 16 Upper than 12.61 No Good { No Good
Measuring
Limit
3-149 1100 32 Uppez than 10.59 No Good | No Good
Measuring
Limit
3-150 1100 64 Upper than 10.29 No Good | No Good
Measuring
Limit
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conposition, it is possible to maintain the strength of the

ina high level, and to obtain sufficient bending strength to b

cer ?r’]r'gicrjlgﬂsgjgﬁ

stress and sufficient resistance over a local thernal shock at the tine of

soldering. O course, it is possible to secure a sufficient

nonl i near

coefficient a in a wde range of varistor voltages, and to | essen the

dependency OLSI.t Poer \’f:%!él ﬁ&%tlvo% irb%g?or&%or#it%ioﬁh afge ! taﬁﬁt <t)f tér%a {4E nt

t enper at ur e. HUS, Si'nce prac i neaf coerticlen

a and sufficient

strength in a.w.de range of. varistaor t ages, can. be tained in the
si ngl eS¥RHpoE% A5n2 r["f%sdeggﬁe oﬁ?ﬁgcggg%?@%tsobpwgﬁ%sr 'eqc\?laGri ous materials

dit b t trol terjals. le 3-8 t
Thi's cRIRGHE SE6CRQ Lorho AP1EBn U CORRAFEL0NIM ot el Randi

s perforned in
hr‘?g a repeat

count of thermal treatnent steps in reoxidation processi ng.@ll% 3 0 J'UN

2004 VPR of gNBRdre A S phraphstser &nd ke sonkert tof mile I5ud

€3 nol e

percent and a ki nd sem conductorizing agent, total A/B, and a nol e percent
of Si Thexrpmpesibien st éxedms sdilap+ad + 18t =t Ae3exdhflde *3P1+texcept for
changi ng the reoxidati on processing conditions as shown in Table 3-9,
sanpl es) werce 361, odlted; bwhki ch war.aoneéigdred 0 m Baddy (=0 + bose 1in the
exanple 3-1. The conposition of each sanple is the sane as that in the
exanpl € B~/ + The=resd,t ahd ghdwn lioo Fabl2.136n Hdit200] Tabl e 3-9

Sanpl e- - - Re- oxi dati on- Processing Condil.ionsEl ectrical Mechani cal

Char acé=iplsisl aer&haratiicedi ahdes thenpesedagiamgl ammospimte Thanswas se Ther nal

Crack No. TEM TIM,, Tine Repeat E1U aRupture Test

in the air (the partial pressure of oxygen was 0.2 atmospheric

pressure).

The varistor voltage E,, was controlled under this

reoxidation processing conditions. When the varistor voltage E,

was controlled with making the temperature in the reoxidation

processing TEM,, be a parameter, for example, when the time
the reoxidation processing TIM, was fixed at two hours and

temperature TEM _, was changed from 800°C to 1100°C like the

of

the

samples 3-85, 3-95, 3-105, 3-115, 3-125, 3-135 and 3-145. The

varistor voltages E,, obtained was between about 2.5 and 122 V

inclusive. Here, 1f conditions were limited to those that a

thermal crack did not arise even in the test where the

temperature of the soldering iron was 400°C and the transverse

rupture strength to bending stress was 18 kgf/mm’ or more, the

varistor voltage E,, obtained was between 9.3 and 14.5 V

inclusive.

However, when the varistor voltage E,, was controlled with

making the time TIM,, be a parameter, for example, when the
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(O (h)(h)Count(V)Strength (Soldering Iron (Kgf/m®)Tenper ture 3@@ [ﬁﬁ%ﬁ
C 3-15190044116. 373. 7526. 32GoodGood 3- 15290088123. 233. 8026. 81GoodEadd 0

3-153_ 1212128. 513. 8325. 88GoodCGood 900 3.154900116132. 973. 8524. 18CGoodGood
3-1559002020136. 903. 8920, 26GoodNo Good 3. 1669002424140. 463. 7419. 04GoodNo
Good 1-1-5790084223. 153. 7526. 73CGoodGood

3-1589( . ) 0124327. 393 431, 24, 03GoodGood

3- 160988%B%§§%H§éé% §%€%%§%§8§§£qgggﬁ%?é§§%9q%g@2 iﬁxég 319. 23No
GoodNo Gogpd 4 3- 1629504420. 183. 8031. 57GoodGood

3- 163985@ééém@3§h%5§§“ﬁ§%ﬂgdGﬁﬁuCém%ﬁﬁbéﬁYﬁlﬁéb1Th§48§%&r%4%ﬂﬁﬂcbod
3-165950161640. 643. 9429. 00GoodGood 3- 166950202045. 48 4..30GoodGood

3- 1. 67589 259MIesg 7318 S3dd8qdnNheaysgistap 8999 =89§’ 485907 G00dGood

3- 169950124336. 323- 8730. 75Go0dGood 3- 170950164440. 533. 9229, 15GoodGood

2. 1719%82dxelamsenggbeub 4 .22 @86 d8hol V3 ipedesiiesa cliererg 43595 UIN0 Good
3-17310004125. 383. 8332. 76GoodGood 3 174100088136. 023- 8933. 36GoodGood

3- 1751860 2himitgdotg @use rhebor ddwamal 1cnedodd d6nel ACiEs3 e¥830. 09GoodGood
3-17 71.0002020157. 223. 5525. 21GoodNo Good

3- 1781000324162, TUSr& 326 GolpeiNargooll thel spddeoed 22®r893s8432. 07GoodGood
3 1801000124344, 183. 78_ GoodGood 32.19 3-1811000164451. 383. 6430. 13GoodGood
3- 1821006r20408 7ty I r2B2veBde Gagdtaads Bddiidrth- to 2d4bihgd68rb2s wadssood No Gond

+000: f; ﬁéf/ﬁmﬁ or more, the varistor voltage E,, obtained was between
4.9 and 40.6 V inclusive.

Namely, by controlling the time of the reoxidation
processing TIM,, as a parameter, it becomes possible to obtain
ceramic having a wide acguisition range of the varistor voltage
E,, with maintaining sufficient strength to stress at the time
of soldering. This corresponds to claim 42.

Since the samples 3-81 to 3-91, 3-100, 3-101, 3-110, 3-
120, 3-130 and 3-140 to 3-150 had the transverse rupture
strength to bending stress being less than 18 kgf/mm’, these are
not desirable in respect of strength.

In the samples 3-92 to 3-99, 3-102 to 3-109, 3-111 to 3-
119, 3-121 to 3-129 and 3-131 to 3-139 except for these samples,
the transverse rupture strength was 18 kgf/mm’ and a thermal
crack did not arise in the test where the temperature of the
soldering iron was 360°C. Therefore, preferable ranges in the
present invention are those that correspond to these samples,
that is, 850°C = TEM,_, =< 900°C and 0.25 hour = TIM__ =< 32 hours,

and 900°C < TEM,_, < 1050°C and 0.1 hour = TIM_, < 32 hours. This
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Wth fixing the tenperature in the reoxidation processing 950C and setting
the cunulative tine TIM,. at 12 hours, the sanple 3-164 produced 3t fir gughyia
single continuous heat treatnment step was conpared for the varistor
voltage E10 with the sanple 3-169 produced through three times of

i ndependent heat treatnent steps, where each processing tinme was 4 hours.

consequence, the varistor voltages E10, transverse rupture 137 i1~ f~ JUN
2111 §PF€ﬁ§?%‘fs é‘ﬁ’dciﬁjé?r%' crack test results that were obtained were

al nrost the sane, In additign, the ¢co ri,s of the sanpl.e -153 and the
sanpl e 3- 158 1Pnkge q‘ﬁ?ogh%% o) t%ﬁ%gxiaﬁgﬁlzhgo ?’e]r@eggfiu?"efzéwl . at 900C
and setting the cunulative time TIM,,, 12 hours was also simlar to this.
Ther ef §Pe3-128 c s &bgrmabiqrank €he RGthEThAe iR Hde t&REVERERE M8t ure strength
bendi ng stress becones 18 kgf/m®2 or nore when the varistor voltage E11 is
cont r okkmpewiitire wikiing sdiderine bfort wasr 0XiCdatTharefoseessdryy TIM ,, be a
paraneter, so long as the cunulative tine is the sane, it is possible to
obt ai nprefemiltlenirahges w ddieapyesent ilovepbhefe agfe thase sthat vol t age EN
regardl ess of the repeat count of the heat treatnent step with maintaining
suf f i cteptesporeN@bhthesd Rampdes pSthert ikhesd( e <o0TEMQ) <1e7501g. afddhi s
corresponds to claim46. According to the above Tables 3-1 to 3-9, it is
possi bpes wmayi<ders hBnid agiuesi, Ngndregdod ofTRDL & nbog°w amidsboescer ami ¢,

‘whi ch has the above-described preferable range of transverse rupture

. N

strenghBuAnd 1 exceb! Bhird N tHsd RBLFBEpSiP & BLOOR aproperty, so long as

the conposition, content, and reoxidation processing conditions of each

conmponent arepyd t Rien at He1EANEE tAb vaREsHUres8tadgd vieNdoatrofed tdy Enbodi nent
Hereafter, the conposition of the varistor ceramic 10 in this fourth

embodi gRiMgid rebi 25 Beceddihg @hal Oloke iaFheul OcKiyidignena fir st
conponent of the 138 JUN, 2064 conposite perovskite which consists of

const <R B, £ 4 oo BT N R e B e N et R (Y and

consi sts of oxi ecte rom oxi des of R (Y and
ot ettt e 4T b, By B sl ) 2 Lhi e
bending strength to bending stress and sufficient resistance
over a local fhermal shock at the time of soldering. Of course,
it is possible to secure a sufficient nonlinear coefficient o
in a wide range of varistor voltages, and to lessen the
dependency of the varistor voltage to the change of heat
treatment temperature. Thus, since practical nonlinear
coefficient o and sufficient strength in a wide range of
varistor voltages can be obtained in the single composition, it
becomes unnecessary to prepare various materials and it becomes
easy to control materials.
Ex 3-
What is performed in this example 3-8 is comparison of

samples obtained by changing a repeat count of thermal

treatment steps in reoxidation processing.

135



[

ki nd of oxide selected fromoxides of M(Nb and Ta), fourth COWDO#T%HUPY{{”QW
consists of an oxide of Si. It is assuned that a is the nunber nmol'es
calculated for Sr of the first conponent as SrO b is the nunber of noles
calculated for Ba of the first conponent as BaO, c¢ is the nunber of noles
calculated for Ca of the first conponent as CaO, d is the nunber of noles
cal cul ated f nt er of noles
cal cul at ed féw;lt& f?‘futrf%g O&%conga%%%%%ntsugﬁ %qx ?l%e(g% ?Eg%fulﬁghm ds)
respectively, her mber of, noles cal cul ated for M of the
third oMo rﬁe%hfﬁbé‘%tz h&nga ,,,S?@sﬁ?@@fz%?ﬁmf%ea%%er of noles
calculated for Si of the fourth conmpgnent as Si Q2. Then, %he conponent of
this viPEaloh/Berdifl @ Toly) Beyroenty ©f 1. and Reforping §88sSgifa + b + c)
50.50, 0.20<c/(a+b+c) 50.50 0.84s (a+b+c +e)/(d+f) 16,
0.75 sSeBUR @F dthatipdns e pexameley d-k eogeRtMfiar pFReRgidly ethanges of
this conposition are 0.30 s a/(a .40, 0.30 5 b/(a + b +c) s 0.40, 0.25 5
c/ (a +rgoxidatinn), pEOCEsRds (:Qndibicm cas efhown + ¥n Hablgl, 3-9. 75 5 (e +
f)/d x 100 s 4.0, and g/d x 100 s 0.3. The first conponent is a main
conpongatplfs twares prciuced] 39h3cl) vene 208k gedaminilarlyhte these conponent
consists of, in conposite perovskite, an A site conponent of Sr, Ba and
Ca, anthati® sitampleofpbnerTheotoposifti®ns e€oadclanshniglier dscdhposamt s ar e
metallic oxides that contribute to sem conductorization, and the fourth
conpongstthat mai Bhy adaedel or71 hehbnpeayiimast shbwa ide Padeeo8-9 si nteri ng.

El ectrical characteristics as a varistor are mainly expressed with a
tenperature characteristic of a varistor voltage El, and a nonli near
coefficient a. The varistor voltage expresses an applied voltage val ue at
the tinme of 10-mA electric current flowng in the varistor, and the
nonlinear coefficient cc is generally expressed in a=l/1og (El o/ Ei)

Where, El is an applied voltage value at the tinme of 1-mA electric current
flowing in the varistor. As for nole ratios of Sr, Ba and Ca which are
contents the A site conponent, it is preferable that Sr is set 0.1 or nore
but 0.40 or less, Ba is 0.30 or nore but 0.50 or less, Ca is nore than
0.20 but 0.5 or less. It is nore preferable that Sr is set 0.30 or nore
but 0.40 or less, Ba is 0.30 or nore but 0.40 or less, and Ca is 0.25 or
nore but 0.35 or |ess.
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Then, it becones possible to enhance the electrical characteristics such
as the controllability of the varistor voltage Ejo, the terrperatguﬂerN 200!
characteristics of the varistor voltage E10, and the nonlinear coefficient
a, and to enhance the thermal shock-proof property of the varistor. That
Is, if there is too much Sr, the tenperature characteristic of E10 wll
140 O JUN 200 becone negative, and if too few, strength will drop. In
addition, if there is too nmuch BagpitBe® positive trend of tenperature
characteristic of E10 becones strong too nuch, if too few, the tenperature
char act er[i sSt1 Cc]of RlilhtioR ERERSng @A@Y €. | FUldchrEINDI €, Medherical CharitBkictidsS | 00
much Ca qmampie [few Ca, the nonlinear coefkargiesisticsg to the varistor voltage
beconmes dqmdfd . | Femrachttire | Jime j fUrtithgRepepts| t oo mych (,é"raﬂf“heﬂe v&ﬂliﬂ@tﬂb(ﬁm%l age
E10 becorres exi{rehgsy | a?%wt gﬁ%:mtdi ffeullt ¢ of Frpstier o T i's
. . 010Erx]. ro
made an ijnsul af or repxidaf i The therhal [shod k(K@" p{,e%g AN @)
vari stor [can enhanced by setting|the | e pericent (cal cul L dd <B
nunber of 3piies Ofgggetal 1ons) OFa pe cg@ﬁuctgqgl2|ftgazage=nt;00d(the;os£cond
and/ or tHigdszconpogweni s) 8o { he pii nci palzseenpesent 2dg8li O]) Gb@ He deet ween
0.75 and [19163 | nclagsi ve| & hoi%z pref erlabidplhe 3i8et weziB80, 75 Gasid |4 .Gdod
i ncl usi ve. 8- Tadat i s900even if thannmﬁ@&uﬁiﬁEﬁ adeldt il sGeedo Imeepd ofF t 0o
few, strenyiii {s 90Buwerpd2hny 20+ horby) ei*ﬁegg'( *%I 2 is\,sG"“ﬂ‘vx%"ig ga
anmount of ;'-tg‘?. ?‘,”rggg co‘rp% eht 244(8 Oé Hs Olvlgdt‘aﬁ'b' bYodiar o T TSSLEP 50
that the tpigt A Bpay pewpne between 0% 2114 74 | 1024 73CT USTE,  |Olgobdy| nor e
pr ef er abl[y;-PRCPTE gofet Weels O] 96 _and 4 1 difgl USKEE, 24031.S [PGsxl O Goab | .
descri bed 3-Ieal Er tgpol Npf Oowe R degl ees of| SiswBeriamsg| Téad | $, Gbddl § NoSiood
because gimteoar| ng 908 bl pcked| even| 1 f6 t He Bs9all 3/ B | ¥.2300 | Nafigd | dlo Gogb
smal |, and-Wénce t9%8& bake4i s{ nAde| anl | Ns(A48 o 380 ng3¥Boxi dSeddon Gped

(D

j*

—

addition %lf8nlif %0e tptd WB s ko ﬂdége 885 | 1 o318y | Goady JoGgedy | g

L ower ed Amil6d t eS80 k13 L 13 1 1 158616 438al, 3104 1 Boad l Glod | -
i 650 ":'55 Ul YYe [ oYe Y L [T 40.6%  13.97] | T2900 od ™9 Ggod |

anount o 5% TS gsh W & 'UZCP 03, O pet 1 CRUEUT Y @h T ZT I agem Sagd&H |as

descri bel(@avE,Tdig OT UET g4 TP S8ET Tt oy 1T [t g s TeREHT C3aeK-Pr ogda PMeRRkd Y, |t

becones InfEjgspeEnsSaldbe (O BES[ET isCT| arp ugpersdbhe skot al 32A7B 1ogha 1. Teodr

| ess, or [moeree prefsmoablly, 14 of ba 1l 018 or| 13ss88. | 3.8he tdvewsnal &hdck- Poabf

property| gf17a hari®%0or cats sharplly enhdnciedsby38@tt 295t he Bwlde |pboedent of

the four {8 17%8chpor®sht (ISi2 ) #o Fheé prli éBhal 38bimotedr {TOmd) | Goed po 0. 6

or | ess 3{'\1'7?‘” =) 950 efer g ul t A& h fa 120 nr48‘||7gs . 3.82- hat 225-9:5 S Bpod j glo Goed
3-173 1000 4 T4 U 7 T [T 2538 01 3.83 32.76’ Good Good
3-174 1000 8 8 1 36.02 | 3.89 33.36 Good Good
3-175 1000 12 12 1 4421 [3.73 32.21 Good Good
3-176 1000 16 16 1 51.13 | 3.69 30.09 Good Good
3-177 1000 20 20 1 57.22 | 3.55 25.21 Good | No Good
3-178 1000 24 24 1 62.74 | 3.53 23.69 Good | No Good
3-179 1000 8 4 2 2889 | 3.84 32.07 Good Good
3-180 1000 12 4 3 4418 |3.78 32.19 Good Good
3-181 1000 16 4 4 51,38 | 3.64 30.13 Good Good
3-182 1000 20 4 5 57.37 | 3.58 25.37 Good Good
3-183 1000 24 4 8 61.46 | 3.52 2397 Good | No Good

With fixing the temperature in the reoxidation processing
TEM,,, at 950°C and setting the cumulative time TIM,, at 12 hours,
the sample 3-164 produced through a single continuous heat
treatment step was compared for the varistor voltage E,, with
the sample 3-169 produced through three times of independent
heat treatment steps, where each processing time was 4 hours.

In consequence, the wvaristor voltages E,,, transverse rupture
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added as a sintering additive and it is possible to stably perfg%lr}]n -
sintering even if conposition fluctuates, but however, if the a tJLB’it 208
Si2 increases, it becones easy for a thermal crack to arise. It should
be noted that the content (nole percent) of SiO2 of 0.6 or less or of 0.3
or less also includes the case where its dosage is zero. The varistor

cer am ¢ 10, gBY: al 501 CORLAIN Addd MLefomangRL (Ag.addl %gatemgjh consi st

of at Ieas one ki'nd of “ox1de selec f'rom anong oxi des o

Mo and W_Suppo the content t he nber of .nol es t ai ned by

conver MRS TR i 5 o ?%l S 3 T GPCERDAE

CuQ, ZnO ScCBlZ FeCBlZl and is preferable that the
conpos?t‘ﬂ%% prd gthe h?weldhléalté‘% Wﬁ’ﬁ"er%’b‘iﬂu%l’”éthl $1xings FRRt of

i nproving the nonlinear coefficient a. In addition, the varistor ceramc 10
may al semperatane TEMherate|29Rehtand sehtangpthes, cugulativedtize & Mwmavoi dabl e
142 JUN 2001 inpurities besides such additives. Such el enents usual ly exi st
as oxi éésl2 Awursswak batbalsdné lar Heo \idisst or ceramic 10 is a pol ycrystal
consisting of perovskite type crystals. A part of each conponent is

cont ai ned i nThéeeffyareov $hi tasea e settnalthe wiind Weimdheol i dly sol ved in
grains, and another part exists in crystal grain boundaries as oxides or
conpl ekraxsvitase Faptexamirengtantd anbeddiagdttess| bkeomsss I8 nostly in
grains, and Mo, W M, and the like exist nostly in crystal grain
boundakgeamm’ Ao eidrel ivhel thatRirdstot wirdsmta\w ESt 08 eRrtadiltedOwitgual |y is
about 0.5 to 10 m and in particular, 1 to 6 jam Since the electrodes 11

are foparethgvthb e 6¢ QhieakesRiitat i0h Proessdmignirymnrde af Cu, they are
hard to be corroded even under high tenperature, and hence, th| S can

endur epheimet@rdeso WK asNeké , candithod eimdraruiast sahdd itthiig vari stor
ceramc 10 w I'l be described. The varistor ceramic 10 is obtained by

Pr 0CeSSodIG Hi1dWeo B4 lcePAWHE Iy th %dﬁidé?fadﬁu&bﬂﬂloﬁaﬂeﬁidé' Bg. 9rinding,

form ng, binder renoval, reduction sintering,” and reoxidati on.
varistor voltage E,, regardless of the repeat count of the heat

treatment step with maintaining sufficient strength to the
stress at the time of soldering. This corresponds to claim 46.
According to the above Tables 3-1 to 3-9, it is possible
to provide a manufacturing method of obtaining varistor ceramic,
which has the above-described preferable range of transverse
rupture strength and is excellent in the thermal shock-proof
property, so long as the composition, content, and reoxidation
processing conditions of each component are within the range of

the present invention.

Fourth imen
Hereafter, the composition of the varistor ceramic 10 in
this fourth embodiment will be described.

The varistor ceramic 10 contains a first component of the
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The powder of a conpound of each structural element of ceramc %s’g ‘ﬂif}ﬂia?ﬂﬂ‘t
used for the raw material powder. An oxide or a conpound which becdies an
oxi de by sintering, such as carbonate and a hydroxi de can be used for the
raw material powder. Wth citing an exanple about Ba, at |east one kind of
143 30 JUN 2004 barium corrpounds such as BaCO3 BaSi 03, BaO, Bad 2, Ba(OH)2
Ba( NO d al koxi d X Q C used the raw
mat er i é?mpﬁaﬁe}enggﬁmﬁ%k %™ gll ﬁame Selrs’tS raV\}/}lZnag@ePF ?P B%\l/\kj%% %y be usual |y
about 0.2 to 5 ;.tm. First hevve h|n of the ra owder is
per f or fkd 2o lteﬁ'éit PhR ??"}PQPGB% GR™ ‘f/orﬁ??&? %&W@l ggscri bed
conposi tion, and usually, wet bI end| ng f or ned. Subsequeat ly, after
per f or fif gt deagdr 9p¢ IRt GEee%ivR, Seclﬁé?tﬁgvf T OFASF Fovitid P8Yried and
calcining is perforned at _about 1080 to 1250C for about 2 to 4 hours.

Next, iapehangligen{hy. &bj &6t ¥4, fbufd. Ghe i R ndet iFRe iTR-t BPs grindi ng
i's set so that the specific surface area of each grain after grinding may
beconeanddiwmidennd. & Ehidds compenent whighi vensigiecpfi atlleast enps about 1 25
hours. Since the conposition-heterogeneity or the conmposition concentration
gr adi ektndfofitekéde aseldertedt from sexigsies bHg @ vBhd Tpkcidnd asur f ace area of
each grain after grinding is 0.5 nR2/g or nore, it is possible to obtain

t he sufductiterbmpbeadt nishr eogd istandft herosmides bdcBipr aaf iproperty of
sintered ceram c. Wen the specific surface area exceeds 5.0 n2/g, the

gri ndi figsinigd® that ciress [thagnifeermMeFhmodsd deRagaitedi Sor isrelffi chent on

manuf acturing. In addition, since it beconmes easy for Ti-rich |iquid phase

to arissrst ol ﬁsﬂéﬁs RASYOL 0B idahepaihbét dietelegeseldilaredcesposition to
ari se. Hence t specific surface area is nade to be 5.0 ni-/g or |ess.

Ther eadd &fs tRB PLEANIL bﬂgﬁf i mdded 19 WeAhtdbalt&F mbAds3 0 JUN 2004
this grinding, and furt water, a pHregulator, a noisturizer, etc. are

added SlT¥ed sol/Reray mﬁﬂéyfn%mgas i font SisTehgeds Hhiggef orming is

performed Tn conditions ere t ty a fornmed object may become

bet e % %r]fg0§684%ag.08 te(# %I‘u%llvgf %I{e tflﬁsgeg J_%c)ﬁe%tt gSf @iﬁEd Ob] ect

is 2. t 'never arises I n nmanuftacturing pI’ZOCGSSGS

s 0o A BB B Aafal TR SN GEA DRETES ABMALod the densi(y of

time of formng equipnent and

glnersmbeco(r(:_r)\f%Fl E%)Sr t%ggd %220%&(%; ;l%%i?caendc%Egjz (O ¢Leases to be inefficient

lanthanoids) respectively, £ is the number of moles calculated
for M of the third component as NbO,, and TaO,, respectively,
and g is the number of moles calculated for Si of the fourth
component as S$i0,. Then, the component of this varistor ceramic
is 0.10 = a/(a + b + ¢) = 0.40, 0.30 = b/{a + b + ¢c) = 0.50,
0.20 < ¢/(a+b +c¢c) =0.50, 0.84 =< (a+b+c+e)/(d+ £)
= 1.16, 0.75 = (e + £}/d x 100 5 10.0, and g/d x 100 = 0.6.
More preferable ranges of this composition are 0.30

a/{(a +b+c¢c) =< 0.40, 0.30 = b/(a+ b +c) = 0.40, 0.25

A

1A

c/{a +b+c)=<0.35 0.9=< (a+bl0c+e)/(d+ £f) < 1.01,
0.75 s (e + £)/d x 100 = 4.0, and g/d x 100 = 0.3.

The first component is a main component of the varistor
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of a fornmed object is made to be 3.40 g/cnB or less. Next, the 1;30 rrglg ?
object is sintered at about 1250 1400C in a reduci ng at nosphere f Nt ﬂ£
to 4 hours after perform ng binder renoval processing for sem conduct or
ceram c be obtained. Each raw material powder such as Nb, Ta, Y,

| ant hanoi ds, Nh Si, Co and the |ike nmay be added at the tinme of mxing

after the cal c %{1 T etm conductor ceram ¢ O bt ai neng |n th| S manner is
gi ven ﬁ’&&?mt?e + %&5 dSPTRMILERLETRY) O AR CXIRFSAE ng at mospher e

such as air at the tenperature, for exa Ie 80 Ct 800(0)% t hat a

sui t abPETO%PKE Sy aPoft ShEe SFEBPRERE o b‘i“?é% Frafn tHitfed. The
insulating layer 10b is formed on a surface portion by this_reoxidation

pr oces SPHBONeRY ioft G- dher secend snd $hAER ceRORPRES 137 MEtBldd€nce of this
i nsul ating 145 layer. Cenerally, the nonlinear coefficient a and varistor
vol t agexbdesnthdtacgatribute $oi gemieendugtoayeation i gnekthefpunthey becone
small if thin. Electrodes are fornmed on one surface of the varistor

cer ani compveent dexindanlyaddedc osi thp vimplrovéreematodr paflegpee adf Cu or

mai nly made of Cu, and a varistor is obtained. In the enbodi nent descri bed
above, sahté&oimgh t he el ectrodes are provided in one surface of varistor
ceramc, electrodes may be provided in top and back faces or side faces of
t he vari st or El6€tBioad. chht&ctdispackoas ayarietgr iaxh maisdyt hat t he
specific surface area of each grain after grinding may be made to be 0.5
5.0 nﬂéﬁpﬁé%écpwiitﬁgatf@nﬁr&kﬁﬁe%éﬁh@keﬁ:ﬂ@ti&w tyvatietdmor med obj ect may
becone 2.80 to 3.40 g/cnB, it becones possible maintain the strength of the

ceram ¢ {58l fp inng R agl}lﬁ\é%t clef £ ARLRI §. Suil %ff.‘ét&e%ﬂﬂ?ét rength to

ya bendi ng stress and sufficient resistance over a |ocal thermal shock at
”‘e adlgiong%rés@e%%“ap pl P YHi AR iR ﬁEOEhé?Q{JﬁEI 6By manuf act ur ed

m nor conponent at er It is also possible to weigh
and m Ofarﬁio'% n}Ls lﬁ{ £ performng
cal ci nién cglﬁe%'tfﬁle C(li)1 tents o) Lt‘-ﬁgrcz.utf‘ne er i ave a

corrposa(‘ta%%tléﬁe et erm ned, aﬁﬁr grind angll form Hto g%ﬂvtﬁgr {o perform
the re Sy n?‘e??r%ertﬂr YseXpTsisst oBj %ct/ 1o reo@ﬂ%’a i on.
Her ei naf ter, the senlrL |nve%€on Wé}é e desg %br%g 46 % Q JUN 200"i
furthefr iR G‘Bt%‘i’ﬁ’ k¢ € 8L ekimp €S Stc L5 e fourth
enbodi nment . . )
current flowing in the varistor.
As for mole ratios of Sr, Ba and Ca which are contents of
the A site component, it is preferable that Sr is set 0.1 or
more but 0.40 or less, Ba is 0.30 or more but 0.50 or less, and
) Ca is more than 0.20 but 0.5 or less. It is more preferable
that Sr is set 0.30 or more but 0.40 or less, Ba is 0.30 or
more but 0.40 or less, and Ca is 0.25 or more but 0.35 or less.
Then, it becomes possible to enhance the electrical
characteristics such as the controllability of the waristor
voltage E,,, the temperature characteristics of the varistor
voltage E,,, and the nonlinear coefficient «, and to enhance the

thermal shock-proof property of the varistor. That is, if there

is too much Sr, the temperature characteristic of E,, will
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Example -4-1 What is performed in this exanple 4-1 is conparison ofl JUN 200
sanpl es obtained by fixing other paranmeters such as a grinding tinme after
calcining, a density of a fornmed object, a nole percent and a kind of a
sem conductorizing agent, a total A/AB ratio, and a nole percent of Si Q2,
and changing nole ratios of A site conponent. First, after respectively

wei ghi -S1.oNn i I Cag) , Ti2 , Nb(p, 2
and Si g),gcglﬁ%cr?%etrr}a%tbér?ﬁqs%kgﬁg%&?hgig%aﬁtl aﬁg\?gdfﬂ% cgsr?posi tion shown in
Tabl e t were .m xed for t 0 hours wth .usjn media mll,
dehydr Saé%tla?{& &E éﬁ?r‘%f]tsegt%c?a %ﬁ%hié]nag ihe; %‘%S[}r%%c?bfqﬁﬁ% "~ at 1150C, the

m xture was rough-ground, .and again, .dehydrated and dried after being

mi xed WFFRSLR BF%CFﬁrIHStFSrggﬁt (?eﬁ"@%ﬁ%lﬁ?m\%’ RO &R+ r"i'&(at he grindi ng
tinme after calcining at 16 hours, the specjfic surface area of each grain
after &FiHRR dEnadhei i@wperpturecchanagteBlpky fdnfoyPeqoes o 1.5 wt % of

pol yvinyl al cohol was mxed to the m xture as an organi c binder to be

gr anul aegative.heFgrigiarmared sen difethere figr ke %ﬁch(é%ﬁpﬁgtﬁ?é§§ﬁre of 2t
to becone a forned object having an outer dianeter of 12 mm an inside

di anet ea, ofhed numlanearn ddeif€linbsst @¢f th. @hemvamistogemsitgge gy, of a forned
object was fixed at 3.10 g/cnB. 147 After perform ng the binder renoval

pr ocesbecgnes siaild. flor pddgtiohi,edf bhemxbdst t600@i¢n Gan &he at nosphere,
sintering was perforned for 2 hours at about 1350C in a reducing

at nos pherestafr M21€85e \K)| leeomes cetitremelid, 14¥gey doubecoee chfiflichdt t he

sem conduct or ceram c to be obtai ned. Subsequently, 2 hours reoxidation

pr ocessf Nébriffirolheas@ i aerRdUEs afiadee A Aiswbstgre byoraediati®n0C in the air in
ythe rise and fall tenperature speed of 100 to 600C/ h for the varistor

ceram c to behOtrpiad. shd¥kdprobs pasiertyastappldradtbe eae tsairface of the
varistor ceramc 10 as shown in Figs. la and Ib, in a neutral atnosphere,

three GhAlRet bgdsserAld haudloid SRt el @pidadesaaneshown in  these
figures, were forned by baking the Cu paste at 750C to obtain test sanples

of thw@aeihéb%r ﬁoiré’é JEEASYEY Nbn)NeR, adbdiRicaiBRsYb sl @géakt ages E1 and

E10 of eac sanpl e at 20C, the nonlinear coefficient a was obtained from (

11 09(Ehe /dotbntt Sl H [Egi;:??c Lhed) vl ta fepgfﬂéhgaelg;&gngonéﬂe

t enper ure C eristic enperaturée c I ent e vari stor

(L S0 S o RE o ML SRUCKo 0 Wi EpleL] hripgeLpretlony ek
rreasurtec(’j 'beT eetyvglertl a(ge,‘]ss E%idag d 0 %.]flcl\{l\%:rl_sene g{: e:|(_js ,WI évrt]anu:SL;L:‘ nghéa
semiconductorizing agent is too much or too few, strength is
lowered and a thermal crack easily arises.

) Even if an amount of the fourth component (Si0,} is
reduced by performing setup so that the total A/B may become
between 0.84 and 1.16 inclusive, or may more preferably become
between 0.96 and 1.01 inclusive, it is possible as described
later to improve a degree of sintering. That is, this is
because sintering is blocked even if the total A/B is too large
or too small, and hence the base is made an insulator owing to

reoxidation. In addition, even if the total A/B is too large or

too small, strength is lowered and a thermal crack easily
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measuring circuit shown in Fig. 3. In this measuring circuit, an? el
30 is connected in series between a varistor 31 and a DC constant current
source a voltrmeter 33 is connected in parallel with the varistor 31. The
vol tages E1 were neasured by nmeasuring the voltage val ues between both 148
JUN 2D k termnals of the varistor 31 when electric current of 1 10 mA

[hove BRsLde. V%L%é%ngélwﬁgﬁé)eaﬁlt Blfe o %(msii@y FefCan@WBIA! 80 and the

vol t me t'ure characterrstics (ténperature coefficient AE10T of

t he vari stor [t . E10 . obt aj | 0T,.= -
ElO(%gg;?%%‘%é%g(% gi‘%% qg\tg%%)e}gx%%t %%V‘%I%{cﬁgugij%% T'(?%](rr%?@armetvol ta?es

L , re the varistor . voltages a e tenperature o
20C anﬁogg@rﬁf’gﬁeggg’v&%ﬂm Tﬁ‘é@‘é‘“\%"é’fn@é@ﬁ%&-mﬂ hPEETY a ”r]rgr nost at

oven. The transverse rupture strength was neasured b¥ a _ transverse rupture

st r engiRdigRansablg ko JeaWBEL - a3 DT of- TR K GF thepRed NEBRENEC RS, Lt d. .

thermal crack test was perforned by contacti ngoa sol dering iron, where
t enper &t 1§ ©mdesset OhdIBice REAELTAII V-hEC 8 ot0lo8E 8% of the sanple |eft
at the roomtenperature, for 3 seconds with supplying eutectic solder. The
t enper at ur e Bifie athegopdeshorgk-proat vibeonegdvkPAoe Girisdepefad B, that is,
360C, and 400C were used. Thirty sanples were visually inspected for
cr acksshatpiyusnhgnadd dholset Theg rideumplée spertaemt P Thelfouwrth 149 | rr~~
Eapppp JJQO0, 00000000Q00CPPC7T .Q QG OO M b b C~Z-C- CHgO~UOCi b OOG
0 G O &mponent {Si0,) to the principal component (TiO,) to be 0.6 or

less, or more preferably to be 0.3 or less. That is, SiO, is

added as a sintering additive and it is possible to stably

perform sintering even if composition fluctuates, but however,

if the amount of SiO, increases, it becomes easy for a thermal

crack to arise. It should be noted that the content (mole

percent) of Si0O, of 0.6 or less or of 0.3 or less also includes

the case Whére its dosage is zero.

The varistor ceramic 10 may also contain a fifth

component (an additive) which consist of at least one kind of

oxide selected from among oxides of Li, Na, Mn, Co, Ni, Cu, Zn,

Sc, Fe, Ga, In, Mo and W. Supposing the content is the number

of moles obtained by converting Li, Na, Mn, Co, Ni, Cu, Zn, Sc,

Fe, Ga, In, Mo and W into LiO,,, NaO,,, MnO, Co0O,,, NiO, CuO,

ZnO, 8c0,,., Fe0,,, Ga0,,, In0,,, MoO, and WO,, it is preferable

that the composition is 0 < h/d x 100 = 1.000. Thereby, there

is an effect of improving the nonlinear coefficient «.

In addition, the varistor ceramic 10 may also contain

other elements such as P, S, K, Al and Zr as unavoidable
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impurities besides such additives. Such elements usually exist
as oxides.

As described above, the varistor ceramic 10 is a
polycrystal consisting of perovskite type crystals. A part of
each component is contained in the perovskite type crystals
with being solidly solved in grains, and another part exists in
crystal grain boundaries as oxides or complex oxides. For
example, Ba, Ca, S r, Ti, Nb, Ta, Y, lanthanoids and the like
exist mostly in grains, and Mo, W, Mn, Si, Co and the like
exist mostly in crystal grain boundaries.

A mean grain diameter of the varistor ceramic 10 usually
is about 0.5 to 10 pum, and in particular, 1 to 6 um.

Since the electrodes 11 are formed with the material made
of Cu or mainly made of Cu, they are hard to be corroded even
under high temperature, and hence, this can endure hot solder
work.

Next, a method of manufacturing this varistor ceramic 10

will be described.

The varistor ceramic 10 is obtained by processing raw
material powder in order of mixing, calcining, grinding,
forming, binder removal, reduction sintering, and reoxidation.

The powder of a compound of each structural element of
ceramic is usually'used for the raw material powder. An oxide
or a compound which becomes an oxide by sintering, such as
carbonate and a hydroxide can be used for the raw material

powder. With citing an example about Ba, at least one kind of
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barium compounds such as BaCO,, BaSiO,, BaO, BaCl,, Ba(OH), and
Ba(NO,),, and alkoxide (for example, (CH;0),Ba) can be used as

the raw material. The mean particle diameter of raw material
powder may be usually about 0.2 to 5 pm.

First, the weighing of the raw material powder is
performed so that the final composition may become the above-
described composition, and usually, wet blending is performed.
Subsequently, after performing dehydration processing, the raw
material powder is dried and calcining is performed at about
1080 to 1250°C for about 2 to 4 hours. Next, this calcining
object is ground.

The grinding time in this grinding is set so that the
specific surface area of each grain after grinding may become
between 0.5 and 5.0 m’/g inclusive. Specifically, it is about 1
to 25 hours. Since the composition-heterogeneity or the
composition concentration gradient of material do not arise so
long as the specific surface area of each grain after grinding
is 0.5 m’/g or more, it is possible to obtain the sufficient
bending strength and thermal shock-proof property of sintered
ceramic. When the specific surface area exceeds 5.0 m’/g, the
grinding time becomes long too much, and hence it is
inefficient on manufacturing. In addition, since it becomes
easy for Ti-rich liquid phase to arise, it becomes easy for the
partial heterogeneity of composition to arise. Hence the
specific surface area is made to be 5.0 nﬁ/g or less.

Thereafter, an organic binder is added to grains after
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his grinding, and further, water, a pH regulator, a

moisturizer, etc. are added and mixed. Subsequently, a mixture
is molded.

This forming is performed in conditions where the density
of a formed object may become between 2.80 and 3.40 g/cm’
inclusive. If the density of a formed object is 2.80 g/cm’ or
more, a fault never arises in manufacturing processes since the
strength of a formed object becomes enough. If the density of a
formed object exceeds 3.40 g/cm’, the lifetime of forming
equipment and dies becomes short, and hence maintenance cost
increases to be inefficient on manufacturing. Hence the density
of a formed object is made to be 3.40 g/cm’ or less.

Next, the formed object is sintered at about 1250 to
1400°C in a reducing atmosphere for about 2 to 4 hours after
performing binder removal processing for semiconductor ceramic
to be cbtained.

Each raw material powder such as Nb, Ta, Y, lanthanoids,
Mo, W, Mn, Si, Co and the like may be added at the time of
mixing after the calcining.

The semiconductor ceramic obtained in this manner is
given heat treatment (reoxidation processing) in an oxidizing
atmosphere such as air at the temperature, for example, 800 to
1000°C, so that a suitable varistor voltage according to an
object may be obtained. The insulating layer 10b is formed on a
surface portion by this reoxidation processing. Varistor

characteristics appear owing to the presence of this insulating
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they become small if thin.

Electrodes are formed on one surface of the varistor

ceramic after reoxidation processing with the material made of

Cu or mainly made of Cu, and a varistor is obtained. In the

embodiment described above, although the electrodes are

provided in one surface of varistor ceramic, electrodes may be

provided in top and back faces or side faces of the varistor

ceramic.

Thus, by performing the grinding so that the specific

surface area of each grain after grinding may be made to be 0.5

to 5.0 m*/g and forming the grains so that the density of a

formed object may become 2.80 to 3.40 g/cm’, it becomes possible

to maintain the strength of the ceramic itself in a high level

and to obtain sufficient bending strength to a bending stress

and sufficient resistance over a local thermal shock at the

time of soldering.

In addition, varistor ceramic may be manufactured by

adding a minor component later. Namely, it is also possible to

weigh and mix raw material powder, to add a part of contents

after performing calcining, to adjust the contents so that the

powder may have a composition predetermined, to grind and form

the powder, and to perform the reduction sintering of this

formed object, and the reoxidation.

Hereinafter, the present invention will be described
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further in detail with reference to examples according to the
fourth embodiment.

Example 4-1

What is performed in this example 4-1 is comparison of
samples obtained by fixing other parameters such as a grinding
time after calcining, a density of a formed object, a mole
percent and a kind of a semiconductorizing agent, a total A/B
ratio, and a mole percent of Si0,, and changing mole ratios of
an A site component.

First, after respectively weighing by conversion and
blending SrcCO,, BaCO,, CaCO,, TiO,, NbO,, and Si0, as raw material
so that they might have the composition shown in Table 4-1,
they were mixed for 10 to 20 hours with using an wet media mill,
dehydrated and dried.

After calcining a mixture obtained, at 1150°C, the
mixture was rough-ground, and again, dehydrated and dried after
being mixed with a wet media mill for 10 to 20 hours. With
setting the grinding time after calcining at 16 hours, the
specific surface area of each grain after grinding was fixed at
4.00 m’/g.

Subsequently, 1.0 to 1.5 wt% of polyvinyl alcohol was
mixed to the mixture as an organic binder to be granulated, and
the granulated mixture was formed at forming pressure of 2 t/cm’
to become a formed object having an outer diameter of 12 mm, an

inside diameter of 9 mm and a thickness of 1.0 mm. The density

pg of a formed object was fixed at 3.10 g/cm’.
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forming object at about 600°C in an air atmosphere, sintering

was performed for 2 hours at about 1350°C in a reducing

atmosphere of N, (95 volume percent) + H, (5 volume percent} for

the semiconductor ceramic to be obtained. Subsequently, 2 hours

reoxidation processing of the semiconductor ceramic was

performed

at 950°C in the air in the rise and fall temperature

speed of 100 to 600°C/h for the varistor ceramic to be obtained.

Next, Cu paste was applied to one surface of the varistor

ceramic 10 as shown in Figs. la and 1b, in a neutral atmosphere,

three Cu electrodes, although the five electrodes are shown in

these figures, were formed by baking the Cu paste at 750°C to

obtain test samples of the varistors for measuring.

Then, after measuring the voltages E, and E, of each

sample at

20°C, the nonlinear coefficient o was obtained from o

= 1/1og(E,/E,) with using the measured voltages E, and E,,.

Furthermore, the temperature characteristic (temperature

coefficient) of the varistor voltage E,, was obtained. Moreover,

while performing the thermal crack test of each sample, the

transverse rupture strength of each sample was measured.

The

measuring

voltages E, and E,, were measured with using a

circuit shown in Fig. 3. In this measuring circuit,

an ammeter 30 is connected in series between a wvaristor 31 and

a DC constant current source 32, and a voltmeter 33 is

connected

in parallel with the varistor 31. The voltages E, and

E,, were measured by measuring the voltage values between both
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ammeter 30 and the voltmeter 33.

Temperature characteristics (temperature coefficient)

AE,, of the varistor voltage E,, were obtained with AE,, =

{B,(85) - E(20)}/{E,{(20) x (85 - 20)} x 100 [%¥/°C] about each

sample. The voltages E,,(20) and E, (85) are the varistor

voltages E,, at the temperature of 20°C and 85°C respectively.

These were measured with using a thermostat oven.

The transverse rupture strength was measured by a
transverse rupture strength tester such as MODEL-1311D of AIKOH
ENGINEERING Co., Ltd..

The thermal crack test was performed by contacting a
soldering iron, where temperature was set beforehand, to the
electrode side of the sample left at the room temperature, for
3 seconds with supplying eutectic solder. The temperature of a
soldering iron was two kinds of temperature, that is, 360°C, and
400°C were used. Thirty samples were visually inspected for

cracks with using alcohol. The result is shown in Table 4-1.
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Wth fixing other paraneters such as a grinding tine after calcining, a
density formed object, A site mole ratios, a kind of a sem condudt dbliNz 28
agent, a total A/B, a nole percent of S OZ d performng the same setup as
that in the exanple 4-1 except for changing the nole percent of the

sem conductori zi ng agent as shown in Tabl e sanples were produced, which

'S shown I n Tabt &485" er 1 ER SR SRR hid rarbie HEErbe T 7 P
Uy Photn et Blef b arhenss i B ¢ ANy, 4R Wk, pvaca |
particular, to the temperature characteristics of the varistor
voltage E,,. When the temperature characteristic of the voltage
E,, is negative, the varistor voltage drops in connection with
the rise of operating temperature, and hence, excessive
electric current flows to the varistor or a possibility of
causing a thermal runaway exists. Therefore, this is not
adoptable. Therefore, the samples 4-15 to 4-17, 4-26 to 4-29
and 4-31 are in ranges where they cannot be used as varistors
respectively.

Even if the temperature characteristic of the voltage E,,
is zero or positive, it is not desirable to exceed 0.06, and
hence, the samples 4-18 to 4-23 and 4-30 are not preferable as
varistors.

Since being insulated as a whole by reoxidation
processing, the sample 4-25 does not operate as a varistor. In
addition, since the samples 4-24 and 4-26 contain too much Ca,
their varistor voltages E,, are extremely high, and hence,
control is difficult.

Since Ca contained is too much or too little although the
BE,, characteristics of the samples 4-13, 4-14 and 4-32 are 0.06
or less, their nonlinear coefficients o to the varistor voltage
E,, are low, and hence they are not preferable.

Therefore, it can be said that the samples 4-1 to 4-12

are preferable because the temperature characteristics of the
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varistor voltages E,, are 0.06 or less and the coefficients o to
the varistor voltages E,, are not so low. This corresponds to A
site mole ratios specified in claim 54. In this range, no crack
arose at the thermal crack test where the temperature of the
soldering iron was 360°C, and furthermore, no crack also arose
at the thermal crack test where the temperature of the
soldering iron was 400°C.

Furthermore, the samples 4-1 to 4-7 whose temperature
characteristics of the voltages E,, are 0.02 or less are more
préferable in the present invention. This corresponds to A site
mole ratios specified in claim 55. In particular, the sample 4-
4 has the best balance of the temperature characteristic of the
voltage E,, and the nonlinear coefficient o, and the mole ratios
of the A site component near that of this sample are most

" preferable in the present invention.

E -2

What is performed in this example 4-2 is comparison of
samples obtained by changing an amount of a semiconductorizing
agent.

With fixing other parameters such as a grinding time
after calcining, a density of a formed object, A site mole
ratios, a kind of a semiconductorizing agent, a total A/B, and
a mole percent of Si0O, and performing the same setup as that in
the example 4-1 except for changing the mole percent of the
semiconductorizing agent as shown in Table 4-2, samples were

produced, which were measured similarly to those in the example
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4-1. The result is shown in Table 4-2.
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L4 3 U JUN, 2[,J4 The anount of a semiconductorizing agent affectd) tjhgl 2004
thermal crack-proof property of varistor ceramc. Since the sanples 4-33
and 4-39 have too few and too nmuch sem conductorizing agent respectively,
thermal cracks arose in the test where the tenperature of the soldering
iron was 360C, and hence, these are riot preferable. Therefore, the

sanples 4-4 _and 4-34 to 4-38 where thernmal cracks did not arise in the
test where |the| ' tenpeoaElwie of [{[@ ol dering iron was 360C and the
traverse rugtdur St?:%t'g‘ﬁlﬁgii Sﬁk%@m*rﬂ or nore are preferable in the
present inveidi@h,, & 8201 rESPOTigEA o the nol e percent of the
sem conductcngl Z| g-é PR Steetite iU1 claimb54. Furthernore, since a
t hermal craqlkg mseu_i’i K gw%—aacmm—e-gﬂc 38 in the test where the tenperature
of the sol dei net i rIE| g85| S @:gg@ésarrpl es 4-4 and 4-34 to 4-37 where a
t her mal crac% di d nby=pk(Se @At $eli|& t he test where the tenperature of the
sol dering inen Was 400Q gre e €lerable in the present invention. This
corresponds @o t&h ’\Ieﬁgtce'__‘rcer'gt3 .Qm“e sem conductori zi ng agent specified
in claimb57.8 n@fdE oo |k =Blesper cent of the seniconductorizing agent
near that off= tﬁ ol €34 7S\ MO8t | preferable in the present invention.
Exanple 4-3{Whgtt i s perfarped!i p [this exanple 4-3 is conparison of sanples
where a kind off sem conch1Q|rﬂg‘zﬁﬂ%ggent was changed. Wth fixing other
paraneters $ cgr as a ng&asngs&s s|lafter calcining, a density formed
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The amount of a semiconductorizing agent affects the

thermal crack-proof property of varistor ceramic. Since the
samples 4-33 and 4-39 have too few and too much
semiconductorizing agent respectively, thermal cracks arose in
the test where the temperature of the soldering iron was 360°C,
and hence, these are not preferable. Therefore, the samples 4-4
and 4-34 to 4-38 where thermal cracks did not arise in the test
where the temperature of the soldering iron was 360°C and the
traverse rupture strength was 18 kgf/mm’ or more are preferable
in the present invention. This corresponds to the mole percent
of the semiconductorizing agent specified in claim 54.

Furthermore, since a thermal crack arose in the sample 4-
38 in the test where the temperature of the soldering iron is
400°C, the samples 4-4 and 4-34 to 4-37 where a thermal crack
did not also arise in the test where the temperature of the
soldering iron was 400°C are more preferable in the present
invention. This corresponds to the mole percent of the
semiconductorizing agent specified in claim 57. In addition,
the mole percent of the semiconductorizing agent near that of
the sample 4-4 is most preferable in the present invention.

Ex le 4-

What is performed in this example 4-3 is comparison of
samples where a kind of semiconductorizing agent was changed.

With fixing other parameters such as a grinding time
after calcining, a density of a formed object, A site mole

ratios, a mole percent of a semiconductorizing agent, a total
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A/B, and a mole percent of Si0, and performing the same setup as

u
a

that in the example 4-1 except for changing the kind of the
semiconductorizing agent as shown in Table 4-3, samples were
produced, which were measured similarly to those in the example

4-1. The result is shown in Table 4-3.
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the temperature of the soldering iron was 360°C and 400°C and
the transverse rupture strength was 18 kgf/mm’ or more in all
the samples 4-4 and 4-40 to 4-56. Hence, it is preferable in
the present invention to use NbO,,, TaO,,, YO,,, LaO,,, CeO,,
ProO,,, Ndo,,, smo,,, Eu0,,,Gdo,,, TbO,,, DyO,,, HoO,,, ErO,,,
TmO,,,, YbO,,, LuO,, or NbQ,, + YO,, (equal numbers of moles) as a
semiconductorizing agent. This corresponds to the kind of
semiconductorizing agent specified in claim 54.
Example 4-4
What is performed in this example 4-4 is comparison of
samples obtained by changing a total A/B.
With fixing other parameters such as a grinding time
after calcining, a density of a formed cbject, A site mole
ratios, a mole percent and a kind of a semiconductorizing agent,
and a mole percent of S5i0,, and performing the same setup as
that in the example 4-1 except for changing the total A/B as
shown in Table 4-4, samples were produced, which were measured

similarly to those in the example 4-1. The result is shown in

Table 4-4.
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and 400C the transverse rupture strength was 18

kgf/mm®2 or nore in all the sanples 4-4 and 4-40 to 4-56. Hence, it is
preferable ip he presert—+hvent to use Nbb/2 TaO /2, YO /,, La®B/2 ,
Ce02 1 PrO1Yy 6, Tﬁ\ld‘péci BR LD | -l /21Gdas/ 2 7/ 4 DY03/2' or NbOB12 +
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The value of the total A/B affects the degree of
sintering of ceramic. The samples 4-57 and 4-63 have too small
and too large total A/B respectively, these could not operate
as varistors because it was impossible to sinter precise
ceramic and they were insulated as a whole by reoxidation
processing. Furthermore, a thermal crack arose when the
temperature of the soldering iron was 360°C.

As shown in Table 4-4, in a range where an amount of SiO,
is few and a lot of semiconductorizing agent is added, in order
to maintain the thermal crack-proof property, it is
indispensable to especially control an upper limit of the total
A/B. If the total A/B exceeds 1.16, a thermal crack starts
arising at 360°C. If the total A/B exceeds 1.01, a thermal

crack starts arising at 400°C.

That is, since a thermal crack did not arise in the test
where the temperature of the soldering iron was 360°C, and the
transverse rupture strength was 18 kgf/mm’ or more, the samples
4-4 and 4-58 to 4-62 are preferable in the present invention.
This corresponds to a range of the total A/B specified in claim
54.

Furthermore, since a thermal crack did not arise in the
test where the temperature of the soldering iron was 400°C, the
samples 4-4 and 4-59 to 4-61 are more preferable in the present
invention. This corresponds to a range of the total A/B
specified in claim 56. In addition, the vicinity of the total

A/B where the B site component is a little rich like the sample
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4-4 is a most preferable range of the present invention.

E -5

What is performed in this example 4-5 is comparison of
samples obtained by changing a mole percent of SiO,.

With fixing other parameters such as a grinding time
after calcining, a density of a formed object, A site mole
ratios, a mole percent and a kind of a semiconductorizing agent,
and a total A/B, and performing the same setup as that in the
example 4-1 except for changing the mole percent of Si0, as
shown in Table 4-5, samples were produced, which were measured
similarly to those in the example 4-1. The temperature of a
soldering iron in a thermal crack test was three kinds of
temperature, that is, 360°C, 400°C and 450°C. The result is

shown in Table 4-5.
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A/ B where the B site conponent is a little rich Iike the sanple 3.0 JUN
7.004 4-4 is a nost preferable range of the present invention. ggﬁpUHNﬂ@‘i
What is performed in this exanple 4-5 is conparison sanples obtained by
changing a nole percent of SiQ2 . Wth fixing other paraneters such as a
grinding time after calcining, a density of a forned object, A site nole

rati os, a noggoperscggae@%g %egis‘g'?%ﬂfé‘ apggti_sﬁt&ﬂg.g?ﬁ Qi 19 agent, and a

]EOt al hA/ B, an h”p%rform ng t f tu in the exanple 4-1 except
or changji ng the. e percent Si | n_.Tabl - anpl es were
produc‘é%*?t%ﬁeéih &glr)g%e‘ffgrﬁgupgﬁsjgﬁ’lﬁ ItgrZ ﬂ:/gt?loy tsfi%\sfgr#ns% ﬁe Igl?érrg}'%ﬁ4-l. The
tenperature soldering iron.in a_thermal crack test .was thr Ki.nds

t enper &t Lﬁ%ﬂpoﬁﬁaﬁoﬁls&‘?éb‘é?:@ﬁooéoﬂﬁ&e’asdg l%ﬁealp%gﬂ:l tmfﬂs:eésl%g%\h l|ncn Tabl e 161
0 JUN 20011 ocorn?Crt3 a0 3H U-~-d'-~rs-o0o w o: ~ F po0OOoOoUC. U ~hp C

s~-b -PrRENEY eopY-Lep-mdbgoral qrackcie-a6t5%371zz - V ~ + ~"r dJ blv~okr-

d
Since a thermal crack also arose in the test where the

temperature of the soldering iron was 360°C, because there was
too much Si0,, the samples 4-68 and 4-69 are not preferable.
Therefore, the samples 4-4 and 4-64 to 4-67 where thermal
cracks did not arise in the test at the temperature of the
soldering iron of 360°C and 400°C and the transverse rupture
strength was 18 kgf /mm’ or more are preferable in the present
invention. This cdrresponds to the mole percent of SiO,
specified in claim 54.

Since a thermal crack arose in the sample 4-67 in the
test where the temperature of the soldering iron was 450°C, the
samples 4-4 and 4-64 to 4-66 where a thermal crack did not
arise even in the test at the temperature of the soldering iron
of 450°C are more preferable in the present invention. This
corresponds to the mole percent of SiO, specified in claim 58.
In addition, the mole percent of SiO, near that of the sample 4-
4 is most preferable in the present invention. In addition,
although a dosage of Si0O, in the sample 4-64 is zero nominally,
in fact, Si0, is contained in each raw material as an impurity,
and hence actual Si0, content of the sample 4-64 does not become

Zero.

Example 4-6
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What is performed in this example 4-6 is comparison of
samples where a kind and an amount of an additive were changed.
With fixing other parameters such as a grinding time after
calcining, a density of a formed object, A site mole ratios, a
mole percent and a kind of a semiconductorizing agent, a total
A/B, and a mole percent of Si0,, and performing the same setup
as that in the example 4-1 except for changing the kind and
amount of an additive as shown in Table 4-6, samples were
produced, which were measured similarly to those in the example

4-1. The result is shown in Table 4-6.
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4 is nost preferable in the present invention. In addition, alt
dosage of SiO, in the sanple 4-64 is zero nomnally, in fact, g)ggyuﬁgﬂﬂl;
contained in each raw material as an inpurity, and hence actual SiO 2
content of the sanple 4-64 does not beconme zero. Exanple 4-6 163 What is
performed in this exanple 4-6 is conparison sanples where a kind anmount of

an addi tive W &adhianeCflas WHd bt ibi%O bR a RS 80EN as a ori nding
a nt

time after calcining, ensity nole perc ormed object, A site nole

ratios,, a kind.of .a sem cond ari.zin anto , and a nole
per centPIFREGLEIStARG P&t 6F m%ﬁég THe Sé:gﬁea‘g%aﬂ? B %ﬁgtél{‘% t he exanpl e
except for changing the kind anount of an additive as shown jn Table
sanpl eBOREIReRsy GAGEEICIGNT En MY €7MBRERT ddSs VAT TEFPY Vtof)ttﬁlﬁﬁs °in the
exanple 4-1. The result is shown in Table 3 |1 .J UN 200b, X aoro
r oG- t r en@driduy dopldpeams@oefficientr o,cand-Ca enlargescyargstior ¢ 3~7e U ~o

CCrC7C7 zz M U ~ } r1 11) cCr.
voltage E,,. In addition, it is found that Mo and W have the

action of enlarging the nonlinear coefficient a. Although not
shown in Table 4-6, it is found that other elements such as Li,
Na, Ni, Cu, Zn, Sc, Fe, Ga and In alsc have the same action.

Since the samples 4-74 and 4-78 had a too large amount of
dosage, the degree of sintering was blocked and the ceramic was
insulated by the reoxidation processing. Therefore, the samples
4-70 to 4-73, 4-75 to 4-77 and 4-79 to 4-80 each having the
mole percent to a principal component, which is 1.00 or less
and the transverse rupture strength is 18 kgf/mm’ or more are
preferable in the present invention. This is included in the
kind and mole percent of an additive specified in claim 59.

Ex 4-

What is performed in this example 4-7 is comparison of
samples where a grinding time after calcining, that is, a
specific surface area of each grain after grinding, and a
density of a formed object were changed.

With fixing other parameters such as A site mole ratios,
a mole percent and a kind of a semiconductorizing agent, a
total A/B, and a mole percent of Si0,, and performing the same
setup as that in the example 4-1 except for changing the

grinding and forming conditions as shown in Table 4-7, samples
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rv UWefeypi]:o uge+ . %h%%g: w: 7eéll:'e,GICn-'éasu_red similarly to those in the

example 4-1. The result is shown in Table 4-7.

Table 4-7
Grinding | Specific | Density | Density | Transverse Thermal Crack
Sample | Time | Surface of of Rupture Test
No. After Area | Formed | Sintered | Strength (Soldering Iron
Presinte | (m?%g) Object | Object ps | (Kgffmm? | Temperature °C)
ring {h) pg (g/cm?) 360 °C | 400 °C
(g/em®)
4-81 1 0.53 2.80 4,58 16.13 No Gooed | No Good
4-82 H 2.33 2.60 4.55 15.60 No Good | No Gooed
4-83 24 4.52 2,60 4.57 14.35 No Good | No Good
4-84 &0 7.29 2.60 4.66 14.83 No Good | No Good
4-85 100 10.43 2.60 4.64 12.91 No Good | No Good
4-86 1 0.563 2.80 4.85 19.02 No Good | No Good
4-87 5 2.33 2.80 4.92 18.08 No Good | No Good
4-88 24 4.52 2.80 4,92 19.11 No Good | No Good
4-89 50 7.29 2.80 4,86 19.27 No Good | No Good
4-90 .0 0.23 3.0G . 4.99 22,57 . Good No Good
4-91 1 0.53 3.00 5.02 23.60 Good Good
4-92 5 2.33 3.00 5.01 23.35 Good Good
4-93 10 3.32 3.00 5.09 24,82 Good Good
4-94 24 4.52 3.00 512 25.41 Good Good
4-95 50 7.29 3.00 5.11 21,83 Good Good
4-96 100 10,43 3.00 5.03 22.81 Good | No Good
4-97 0 0.23 3.20 5.03 25.00 Good | No Good
4-98 1 0.53 3.20 5.10 26.22 Good Good
4-99 5 2.33 3.20 5.03 25.80 Good Good
4-100 24 4,52 3.20 5.11 24.65 Good Good
4-101 50 7.29 3.20 5.16 23.48 Good Good
4-102 0 0.23 3.40 5.14 26.72 Good No Good
4-103 1 0.563 3.40 5.23 26.92 Good Good
4-104 5 2.33 3.40 5.31 28.83 Good Good
4-105 24 4.52 3.40 5.19 29.88 Good Good
4-106 50 7.29 3.40 5.34 27.93 Good Good
4-107 1 0.53 3.60 5.11 22.93 Good Good
4-108 b 2.33 3.60 5.22 22,85 Good Good
4-109 24 4.52 3.60 5.13 23.92 Good Gaood
4-110 50 7.29 3.60 5.28 21.86 Good Good
4-111 100 10.43 3.60 5.13 23.55 Good No Good

As for the notation of composition, the content of SrO is
expressed as a moles, the content of BaO 1is b moles, the

content of Ca0 is c¢ moles, the content of TiO, is d moles, the
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additive has the action of adjusting electrical characteristics such as

the vaPPRESHE 31 MEEs B0 SRS oAl N8, COBEF Gleton oai S ar gos
vari stgr,_voltage additiony, it 15, Tonnd 1 gat, 15 ang Yhayp e

c) = 0.35, ¢/{a + b + ¢) = 0.30, £/d x 100 = 3.00, (a + b +

c)/(a + £) = 1.16, and g/d x 100 = 0.30 to produce samples.

In each sample in this example, the total A/B has
comparatively large composition as 1.16.

In the samples 4-81 to 4-85, by changing the grinding
time after the calcining with 1 to 100 hours with making the
density of a formed object pg be 2.60 g/cm’ lower than usual.
The specific surface area of the grain after grinding is
changed with 0.53 to 10.43 m’/g. In these samples, the
transverse rupture strength was lower than 18 kgf/mm®, and
thermal cracks arose'also in the test where the temperature of
the soldering iron was 360°C and 400°C. This may be because
sufficient bending strength cannot be obtained since the
density of a sintered object after sintering considerably
dropped to 4.66 g/cm’ or less due to the low density pg of a
formed object.

In the samples 4-86 to 4-89, the density pg of each
formed object was made to be 2.80 g/cm’ as is usual, and the
specific surface area of each grain after grinding was changed
with 0.53 to 7.29 m’/g. Although bending strength was secured
as the transverse rupture strength was over 18 kgf/mm® in these
samples, thermal cracks arose in the tests where the

temperature of the soldering iron was 360°C and 400°C. Since

requiring the grinding time of 50 hours, the sample 4-89 is not
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action of enlarging the nonlinear coefficient a.. Al though not shown in
Table 4-6, it is found that other elenments such as Li, Fe, Ga and 3@ aljgoyp
have the sane action. Since the sanples 4-74 and 4-78 had a too | arge
anount of dosage, the degree of sintering was bl ocked and the ceram c was
I nsul ated by the reoxidation processing. Therefore, the sanples 4-70 to

4-73, 4- : n - 58 ' . rcent to a principal
compon ﬁ%%eﬁ?%ﬁﬁrgﬂlggé %%qteggw\ﬁggtg?%@\fg&ggn%bture strength is 18

kgf /M2 or re are referabl.e in_the present. invention.. This is included
in the Ki ndqgnghm@'lﬁ'gﬁcgﬁil&oqo éﬁgéddﬁ)&? \%%néﬂé%iﬁq é’gl PAR| ai m 59. Exanpl e
4=7 What is_performed in this ex e 4-7,1s_copnparison_sanples where a
gri ndi h§FPEhe rwéﬁllgfi‘dﬁ g, g?ﬁgqu 59,/c§‘pe6"f‘ﬁi gﬁ)%uﬁqefc}glgr ea of each grain
after grinding, and a density of a fornmed object were_changed, Wth fixing
ot her PYFEAER &reasGEneaeh Araiipoatith SEARTRT ‘"Jﬁlsnﬁpén%%‘?d'é’ﬁ-f‘l 8nd3a ki nd

sem conductorizing agent, total A/'B, and a nole percent of Si.O" and
per f or K#PnkP0 the mshee 4Bt thress spRRles hsidegnphe Wans¥REEpt TR €hangi ng t he
grinding and form ng conditions as sh0\2/vn in Table 4-7, sanples 1f-ifi were
pr oducetirengiilc lgraatéy nessaaded 8 Hatmmy, tther herding styengkhirle 4-1. The
result is shown in Table Table 4-7 Ginding Specific Density Density
Tr ansveesereihe r Futti@maoke SaapthermatecSick aldd pbt cdriReptior Ehdest No. Aft er
Area Forned Sintered Strength

tests, where the temperature of the soldering iron was 360°C and

400°C, ‘except for the samples 4-90 and 4-96. Since requiring

the grinding time of 50 hours, the samples 4-95 and 4-96 are

not preferable from the point of manufacturing efficiency.

In the samples 4-97 to 4-101, the density pg of each

formed object was made to be 3.20 g/cm’ as is usual, and the

specific surface area of each grain after grinding was changed

with 0.23 to 7.29 m’/g. In these samples, the transverse

rupture strength greatly exceeded 18 kgf/mm*, the bending

strength was secured. Furthermore, & thermal crack did not

arise in the tests where the temperature of the soldering iron

was '360°C and 400°C, except for the sample 4-97. Since

requiring the grinding time of 50 hours, the sample 4-101 is

not preferable from the point of manufacturing efficiency.

In the samples 4-102 to 4-106, the density pg of each
formed object was made to be 3.40 g/cm’, and the specific
surface area of each grain after grinding was changed with 0.23

to 7.29 m’/g. In these samples, since the transverse rupture

strength greatly exceeded 18 kgf/mm’, the bending strength was
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(Sol dering Iron Presinte(n/g)Objectbject ps(Kgf/nmui') Tenperat
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t he cofibemgd afbiBc® was engpicesoecte a3. 60 wrbwl, anfletherdrentifBaO i s b nol es,
content of CaOis ¢ nbles, the content of TiO2 is d noles, the 167 JUN

CGood

Of 'i surface area of each grain after grinding was changed with 0.53

to 10.43 m*/g. In these samples, the transverse rupture

strength greatly exceeded 18 kgf/mm’, the bending strength was

secured. Furthermore, a thermal crack did not arise in the

tests where the temperature of the soldering iron was 360°C and

400°C, except for the sample 4-111. However, since it

remarkably reduces the life of dies to make the density of a

formed object be 3.60 g/cm’, these samples 4-107 to 4-111 are

not preferable.
Therefore, by performing the grinding so that the

specific surface area of each grain after the grinding may

become between 0.53 and 4.52 nﬁ/g inclusive, and making the

density of a formed object be between 2.80 and 3.40 g/cnﬁ

inclusive, it becomes possible to obtain the sufficient bending

strength and thermal shock-proof property of the sintered

ceramic. In addition, it becomes possible to avoid such

inconvenience that manufacturing becomes inefficient because

the grinding time becomes long too much, and maintenance cost

increases due to the shortening of life of forming equipment
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content of NbO712 noles, and the content o SIQ2 is ¢ rml es. The

conposition was fixed as a/(a + b + ¢c) = 0.35, b/(a c) = 0.35, @/ﬂaﬁjwbggm
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the transverse rupture strength was over 18 kgf/mm in these sanples,

t her matlamackke ands®3in the tests where the tenperature of the sol deri ng
iron was 360C and 400C. Since requiring the grinding tinme of 50 hours, the
sanpl e 4-89 psanijate 168 preferable fromthe point of manufacturing
efficiency. In the sanples 4-90 to 4-96, the density pg of each forned

obj ect was ngge: e BerBeRfbd/i@NBhis aithniple 3pecid idompavisacefarea of each
grain after grinding was changed with 0.23 10.43 nR2/g. In these sanples,

Si NCe LigISaRRUEE S GURING SieRtB:OESRLNrBXCeRgEd A8 kol M, the

bendi ng strength was ‘secure Furthernore, a thermal crack did not arise in

teggep: or tlhwgg{slgfrr%%y aE[%Hpg%ancrﬁ3 99%1 ﬁgﬁﬁ% reqh???%é%%sgffsggl ngoglcms of
manuf ST g B Pl BBy8B et cBhfiaed 2y L 51 2 1017 the density pg of

Eﬁ?fhacfe"éi“éiv 3 & ﬁf“l’%‘fafﬁglifé%rﬁ%?:?ﬁ%?s% AT i
Ts kgt gfﬁs%%‘%ﬁ' Ae" & PHTEH ohad sseeeﬁﬁé“&e%’%%%@%tﬁ&% %t'tﬁe?rxéfeﬂreick

0o e 35, B LTS 0 VLA YU bl S0 G0 10

setup as that in the example 4-1 except for changing the
grinding and forming conditions as shown in Table 4-8, samples
were produced, which were measured similarly to those in the

example 4-1. The result is shown in Table 4-8.
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was 360C and 400C, except for the sanple 4-97. Since
grinding tine of 50 hours,
poi nt of manufacturing efficiency.
formed object was nmade to be 3.40 g/crri,
surface area of each grai n after grinding was changed with 0.23
r@ansverse rupture strength greatly
hMwas 3 0 J'u 3 P( 169 3 0 .JUN

density pg of
specific
7.29 nk/g.

exceeded 18 kgf/ me,

each

In these sanpl es, %
t he bending s reng

Si nce

the sanple 4-101 is
In the sanples 4-102 to 4-106,
and the

requiring the

not preferable fRAN fipe 7004

t he

Z0O0 secured. Furthernonre, .a thermal crack did not arise in the tnctc
wher e tihe t enpefeinding pfpedifee 5 dlapsity ng DarsitywaIrasverse4ibermal Capek fIgpt | he
sanpl e |Bao@e |Si Hiee r egburfacey| t hefgrindi md ti pre Roptee houKdeanegéanple
4-106 i|s Not prefdreabl e Afesom theempdi nSimkradanuBrengihi Ng Birhpeia¢mey°C)l nf t he
sanpl es 4- 107 |tRredintd 1 (hif) den@hjeyt pgObfecepe h (Kitinmed [olbjsecC vastomed® | o
be 3.6Q g/cnB,| rapdh}he specificpgsurf agendl ep of each [grain afiter grinding
was chapged wijt h 0. 53 {10. 43 nQMgknﬁh t hese sanppl es, thg transvegrse rupture
st rengt M Of@at|ly gxceedeq g8 KOl gye.| Dgs bendi hg 78T r qngh GobRS N6 @load)
F;J;;Bg ”gfﬁg c‘ U n%r el . Ir : K ! cb.é‘?[ ar |4>&1‘T n Lnig 2§eSt SNW%'B& thg Good, Ho
I at gl L S U UC I T WAS HUU XCH [ I [

4-111. '—'Auu‘ ers séli.ce i ti." “5.9 kgﬁé}b redfﬁg the :w. of PN? Good 'ﬁgi}’bb_ h‘e
densit gﬂjé forved bjgg% 3f@% ’cﬁgggth,seiég p!céﬁgfﬁﬁa t%o Ldl are
not praf 46 d  108r oflorld 06yl o260 i ngtThe Lri ABPAG ed | o Gaodli £ ¢
surface ArdA df edch draObZatl e28he |gr 488 ng nnd2.68ecqneGaed \AFpnGQOE’% nd
4.52 ne/d-ll8cllusi we. aAnd2d@kilng 28k |derk®8y pf 34681 mdd Gbpdct| bEGopdt een
2.80 and43190ig/c24i’' | i afusli v&.80t |beck®is posgBBle tlo Ghedi n t Geod
suf fi ci eat12bendi ngn  st|rengieh |an@.g8ther|nal4,8thock- p22od priopGoéd/ of Ghed
si nt er ¢d4-1@@ram cgo | n jaddigo on, 3.00 bgcomegr possi P8.eot o [av@bed sUchGood
i nconvenyqpee it haty maruf gaour|i ng dyecqneSs gief Fi coenl becagsed t/heggsa ndi ng
ti me becyrygy ONY 00 [MUGhg aNd iy NUENGEE CPST 26 HACT 88585,41US T Gobd® |
short ef E%fo. i fj—‘m of 7f OGTHoTY EQHPITETT 5117 3 Jt@45UUL ngéo ST Gogd
erjtra;h?.: u'uéve\.:": :a,;, cnudw%, ?3,7 DU:J.E;:II ﬁsd&s'l;g 42 r‘si Zgéﬁéc 1’3; Z‘%%‘ifb rror
range ;ﬁiéggcific5%urfac “3r ga “,MSLre¥E4t,’ hﬂéaauferau.JmLargeGPﬁdf e
present_418&nt i 0l00 11.06 3.00 4.99 22,44 oc Good

4-128 0 0.30 3.20 5.02 28.63 Good Good

4-129 1 0.52 3.20 5.12 29.85 Good Good

4-130 5 2.89 3.20 5.00 29.43 Good Good

4-131 24 4.83 3.20 5.21 28.28 Good Good

4-132 50 7.26 3.20 5.16 22,41 Good Good

4-133 0 0.30 3.40 b.14 30.36 Good Good

4-134 1 0.52 3.40 5.22 30.55 Good Good

4-135 i) 2.89 3.40 5.25 32.48 Good Good

4-136 24 4.83 3.40 5.19 33.561 Good Good

4-137 50 7.26 3.40 5.06 24.38 Good Good

4-138 1 0.52 3.60 5.44 26.66 Good Good

4-139 5 2.89 3.60 5.38 26.48 Good Good

4-140 24 4.83 3.60 5.41 27.565 Good Good

4-141 50 '7.26 3.60 5.13 25.49 Good Good

4-142 100 11.06 3.60 5.22 23.54 Good (Good

As for the notation of composition, the content of SrO is

expressed as a moles,
content of Ca0 is ¢ moles,

content of NbO,, is f moles,

The composition was fixed as a/(a + b + c)
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the content of Ba0 is b moles,

the content of TiO, is d moles,

0.35,

the
the
and the content of 5i0O, is g moles.

b/(a + b +
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becomes between 0.5 and 5.0 m/g inclusive. This corresponds to _clains 52
and 53. Exanple 4 Wat is perfornmed in this exanple 4-8 i s conpa8ikalUibi20f}
sanpl es where a grinding tine after calcining, that specific surface area
of each grain after grinding, and a density of a fornmed object were
changed. Wth fixing other paraneters such as A site nole ratios, a nole

percent and a_ki nd, sem conductori zi nt,. total B, ,and nol e percent
of Si Cf) =aHd3f')er‘F6&M T‘lgbtﬁeciaﬁeésg(?upta£ % HEHO thed dndi%e +4ﬁi except for
changing the grinding and form ng conditions as shown in Table pies were
pr oduc@g,/(‘wﬁ %4 WePeg%%’lﬁir g4dsx %qoar;l 0-2Q theLedpre MLl e 4-1. The
result is shown in Table 171 KIN 2014 Table 4-8 Ginding Density Density

Ti me Speci fi Bagh SPILaHR v e RBP4 -G BER Has1™BIRNPE After Surface
Formed Sintered Rupture (Soldering Trod No.Presinte Area Cbject Object Ps
St r engemIRsiFdeat that dhel toray M dsePgIPthah dfsyekes |aver3trenc 400 C
(kin 3)

those of the samples in the example 4-7, and that the mole

percent of Si0, is 0.2 which is lower than that of the samples
in the example 4-7.

In the samples 4-112 to 4-116, the density pg of each
formed object was made to be 2.60 g/cm’ lower than usual, and
the specific surface area of each grain after grinding is
changed with 0.52 to 11.06 m’/g by changing the grinding time
after calcining with 1 to 100 hours. In these samples, the
transverse rupture strength was near 18 kgf/nmﬁ, and thermal
cracks arose also in the test where the temperature of the
soldering iron was 360°C and 400°C. This may be because
sufficient bending strength could not be obtained since the
density of a sintered object after sintering considerably
dropped to 4.70 g/om’ or less due to the low density pg of a
formed object.

In the samples 4-117 to 4-120, the density pg of each
formed object was made to be 2.80 g/cm’ as is usual, and the
specific surface area of each grain after grinding was changed
with 0.52 to 7.26 m’/g. The bending strength was secured since
the transverse rupture strength was over 18 kgf/mm’ in these
samples, and a thermal crack did not arise even in the tests

where the temperature of the soldering iron was 360°C and 400°C.
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_ 10.522. 604. 5518. 76No GoodNo Good 4-112 4-11352.892. 604. 6119. 23No _GoodNo
Good 4-114244.832. 604.5917. 98No GoodNo Good. 4.1.1.5507.262. 604. dhﬂSJh@hbﬂm
GoodNo Good 4-11610011. 062. 604. 7016. 54No GoodNo Good

4-11710. 522. 804. 8322. 65CGoodGood 4-11852. 892. 804. 9824. 67CGoodCGood

4-119244, 832, 804. 9226, 31GoodGood 4- 120. 507. 262. 80. 4. 8922. 90GoodGood
i- 12958880 e G O il o9ls. BT M oic0n
4 12716010 03104 6953 S aCopsH R D GoIsy IbaTEssE EIAtd Cood

4-12910, 52 3. 205. 1229. 85GoodGood 4- 13052 893. 205. 0929. 43GoodGood.

4- 13128HE HBL06Hs 2128, 28GoodGood 4- 132507. 263. 205. 1622, 41GoodGood

4-13300. 303. 405. 1430. 35GoodGood 4-1341. 0. 523, 405. 2230. SSGoodGood

4- 13552. 893. Insthes sampben octdddd ta- 4363744 1B 3dersi tyo 89, of (258t Good
4-137507. 263. 405. 0624. 38GoodGood 4-13810}523.605.4426.56§b0d6b0d

4- 13950019931 ebIegBrmusedsdtadee 4-0009/gng3an@ ohey sPRCEEEy0dGood 24
4-141507. 263. 605. 1325. 49GoodGood 4-14210011. 063. 605. 2223. 54GoodGood As for
t he nosutfiage efesompoxichi gnain e teanuehndioflg 8r9 thanggst a¥dbd0a%0 a nol es,
the content BaO noles, the content of CaOis ¢ noles, the content of TiQ,
is d nodds),. oshe’/contrertthest dhfibles, isinée ndleedranadetrdre mptueat of SIA2 is
g noles. The conposition was fixed as a/ (a+ b +c¢) =0.35, b/ (a 172 3 0
JUN 2 dtrength greatly exceeded 18 kgf/mm’, the bending strength was

secured. Furthermore, a thermal crack did not arise in the
tests where the temperature of the soldering iron was 360°C and
400°C. Nevertheiess, since requiring the grinding time of 50
hours, the samples 4-126 and 4-127 are not preferable from the
point of manufacturing efficiency.

In the samples 4-128 to 4-132, the density pg of each
formed object was made to be 3.20 g/cm’ as is usual, and the
specific surface area of each grain after grinding was changed
with 0.30 to 7.26 m’/g. In these samples, since the transverse
rupture strength greatly exceeded 18 kgf/mm’, the bending
strength was secured. Furthermore, a thermal crack did not
arise in the tests where the temperature of the soldering jron
was 360°C and 400°C. Since requiring the grinding time of 50
hours, the sample 4-132 is not preferable from the point of
manufacturing efficiency.

In the samples 4-133 to 4-137, the density pg of each
formed object was made to be 3.40 g/cm’, and the specific

surface area of each grain after grinding was changed with 0.30
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c) =0.35 c/(a+b+c) =030 f/dx 100 = 3.00, (ac)/(d + f),=0 98,
and g/d x 100 = 0.20 to produce sanples. Each sanple in this exgn%l.EUM-Zﬁﬁi;
has the i nproved conposition that the total A/Bis 0.98 that is quite | ower
than those of the sanples in the exanple 4-7, and that the nole percent
of SiIAR is 0.2 which is lower than that of the sanples in the exanple In

t he sanppl s, 4- tq 4;: nsidty. p f QRlect was nade
to be 5862%;(74(#1%3] o&grt%%%n sbaglgégg éf%esg%%ﬁlﬁ%%?&%géﬁgbar ea of each grain
after i ndi IS anged w th.0.5 21 6 j he grindi ng
fime  AFrorRlorRRttd oo b 60 Bty o RER R SRR Vi
transverse rupture strength s near 18 kqgf./.m2, and therpal cracks arose
al so i AcPHerdest UG TorRe 6 uFEadgs %Elﬂenogo"’fla‘eﬁﬁi ng Fﬁ%n was 360C and
400C. This may be because sufficient bending strength could not be

obt ai nbests nderehshe degiperatyre Ok thee pelderpingc L Tan tEdS 368t eranty
considerably dropped to 4.70 g/cm or less due to the low density dig of a
f or med4@®iCact Singe tequinind déie4grinding 4ime0of t3e hounsi ttheg of each

formed object was nmade to be 2.80 g/cnR as is usual, and the specific

sur f aceamplea dofl 3dath nptaipreferableyfinedi boe esinghafgernufigathrgng? to 7. 26
n2/ g. The bending strength was secured since the transverse rupture

st rengefitingienayer 18 kgf/nmmR2 in these sanples, and a thernmal crack did not
arise even in the tests where the tenperature of the soldering iron was
360C and 400fn thé3 sHRpeyers-138N€E6 4Soui f ithg ddesidly pdi 68 dddre of 50 hours,
the sanple 4-120 is not preferable fromthe point of manufacturing

ef fi ci fseded bbjbbe waRlags fo IBd 3.604glaC, hh@ @rRNSpbyipgcof each formed
obj ect was made to be 3.00 g/cnB, and the specific surface area of each

“grain afticelbr8gi B9 SRH ghaig ek turt Er@méﬁlgl%agﬁcﬂ&d a WAathhessz sanpl es,
since the transverse rupture strength greatly exceeded 18 kgf/mm, the

bendi ng, Stir @Bty giasty $8felbeLambidd N8 ABE Cxhe? trAREVEEsE Rfpudbd Not arise
in the tests whére the tenperature of the soldering iron was 360C and

400C. @&}%%gegﬁgaﬁif%egeag&%i e(me %ghgéﬁzﬁng GBr@figP wdsours, the

sanpl es 4- are not p erable fromthe point of manufacturing

o111 Clgeieq n ARSTAAIBLES #HA2inkp diokAZushNEoISSLLY ORI each  or mec

obj ect”™ Was made to g/c as 1s usua specific surface

area of each_grain after grjndin S C ed wth 0.3Q0 t9,7. n2/g. In
t hese I@E‘gr%i%tﬁﬁ@eg?ﬁm sggerff?)][a%?‘éngtjr]é%t“f?sgggétq ceeded 18
kgf / Mg, .the_bendi ng _stren%th was secured. Furthermore, a thermal crack
di d nf90°C. However, since it remarkably reduces the life of dies to

make the density of a formed object be 3.60 g/cm’, these samples
4-138 to 4-142 are not preferable.

Therefore, by performing the grinding so that the
specific surface area of each grain after the grinding may
become 0.52 to 4.83 m’/g, and making the density of a formed
object be between 2.80 and 3.40 g/cm’ inclusive, it becomes
possible to obtain the sufficient bending strength and thermal
shock-proof property of the sintered ceramic. In addition, it
becomes possible to avoid such inconvenience that manufacturing
becomes inefficient because the grinding time becomes long too

much, and maintenance cost increases due to the shortening of
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arise in the tests where the tenperature of the soldering iron was 360C
and 400C. Since requiring the grinding tinme of 50 hours, the sqgglﬁ.ﬁ-i
is not preferable fromthe point of manufacturing efficiency. Inh't g”
sanples 4-133 -137, the density pg of each formed object was nmade to be
3.40 g/cm, and the specific surface area of each grain after grinding was

change ese sanpl es, since the transverse
rupturg'gﬁreng %@ exceegn% @gﬁﬁgf/nni t he bending strength was
secured. Further a the crac [ €pd ests where the
t enperat ure k ?ﬁf@gﬁedeFPn iﬁwﬁﬁamg égé%%ﬁgﬁ I%eE’iL?equ"!iéring t he
grinding tine of 50 hours, th 137, i ot refe able fromthe

oo i SPeshiit FARRAPAGATS i PERESER O Sehad dhngiel A 58188 e 145 ¢ ne
density pg of each_ formed object was made to, be 3. 60 / and the

speci f LB c%ﬁﬁ¥@%§§té9%aa%ﬁnegﬁﬁoﬁﬁ%?ﬁﬁhpﬁeﬁpiﬁ%ﬁﬁﬁ AR %eéﬂﬁﬁbed with 0.52
11.06 n2/g. In these sanples, since the transverse rupture strength greatly
exceed@ﬁa§E¢¢&ﬁn¢nnﬁhetPﬁ?ﬂﬁ?ﬁHﬂﬂgm§EFEﬁgtﬁhﬁwE¥Q§98GreﬂveWﬁﬂqphernDre a
thermal crack did not arise in the tests where the tenperature of the

sol der bagoeopeinec8600 40UCS . Mowdgeinchisive - i tThisngpreesEoNdsdtees the life
of dies the density of a forned object be 3.60 g/cnB, these sanples 4-138
to 4- 14Pabmme S2otangdr &3 erabl e. Therefore, by performng the grinding so that
the specific surface area of each grain after the grinding may becone
0.52 to 4. 83ased@ingndontik npbovbeTdiehss t4r 10toad f8r iwd isoppectiblee bet ween
2.80 and 3.40 g/cm{ inclusive, it beconmes possible to obtain the

suf fi ctenirdiakdi Adm&hufRulriagdndthRiaTeE obtwicking 0efiftapeeirymoé t he
ysintered ceramc. In addition, it becones possible to avoid such

i nconvgi @NGe bPatidenwide! ¥hé NdboReEBEBE bteiieebpab1datdgseothe grinding
ti me becones lIong too nuch, and mai ntenance cost increases due to the

shor t epl G- Rirsd 7 pubi %ftrraﬁ{;ﬁi Ngheq4i pEBs1aRd idi 8% tHEdAgrnore, in this

exanpl e, al though 'a range of "t he speC|f|c surface area is between 0.52 and

2. 83 TGSK RroUE! ¥fopeddy 088516’:%[ | o OLorfibsdtiBh, AR, Speci i C

surface are ange In the present invention
becones b e

| ai 52
becores. BEhIERI A, %azgi%fr%dbi@éiiii-etss%aﬁfszii%%%zéz. i, claim
provi ds, 3 JIEnul aek uring. TRE 9% 0f: 90" 2181 ARy SE UaGPRTuba

object of each component are within the range of the present

invention.

Many widely different embodiments and examples of the
present invention may be constructed without departing from the
spirit and scope of the present invention. It should be
understood that the present invention is not limited to the
specific embodiments and examples described in the

specification, except as defined in the appended claims.
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which is provided with the above-described pref eratgepy.apga el Li@8valN el
rupture strength and is excellent in the thernmal Shotk=proof—prope :
|l ong as the conposition, content, grinding tine after cal cg n NQ %it is,
specific surface area of each grain after the grinding, denS|ty of
each fornmed object of each conponent are within the range of the present
i nvention. Many widely different enbodi nents and exanpl es of the present
invention may be constructed without departing fromthe spirit and scope
of thgiar esestaiMEpengi on. It should be understood that the present
invention is not limted to the, specific enbodi rrents and exanpl es
described 4 Notlﬁége‘éjﬁé’ﬁ‘fi?%%ﬂoé‘ﬁln%&&e“ﬁ“ﬁ’éo’ae‘ﬁrﬁé‘dc| ?f the appended cl ai ns.

176 R,Eﬁlpéggtéj|Mov@ﬁlﬂ%a&@@%éﬂﬁBn&i&c@-ﬁH\é&@mi(S cchtaAnVe4 tage- dependent
nonlinear resistor ceram¢ of a nposite perovsk.ite---based

seni doRdtcEPIPRERanFensitdrdi of rfﬁ‘lgesf‘i"F S rcBApdredcBhsiEt i ng of oxi des

of SrLeaB@- of@ Porént B al Q@@&n&@@mﬁ@r@@%ﬂhs@itﬁlgs@GOﬂd xFponent
consisting of at | east = one kind of oxide selecte frog%omcgsﬁs of R (Y and

| ant P&fokHRY ofagesge tHteFeBnpufertitehdi st ng 19 de0f e kind of

oxi dangsel eeted chihpohéntd ¢ess0dtiMo( blb amdleﬁa): onackiadf e8rshideomponent

consi sting of an oxide of Si, sai amc subst a |aII cont ai ni ng no |vg
and ﬁ&&?ﬁge% frompBstisoriol o gn /?3 o ;.2 c?ourq’ocoﬂﬁ P30 < b/ (a+ b +
C) <Bnblstihg?@r<af/ofidletol #i,.C)satd GeﬁﬁnlcOSBQrsiSar(tﬁailb +c +e)/(d+f) <
1.16, 1.0 < (e + f)/d x 100 < 10.0, and g/d x 100 < 0.6, where a is the
NUNbEPPBRLTAIges0 ¥a|20f RPEHNY Gr CQRPRFiiiang of P s}0 éoﬁﬁé‘ﬁeﬁtb ds°5rD, bis

t he nupbe f aIcItdfrao sai d; fi st campanent as BaO c is
t he %u%e%o o? %H})Le?/ca cu a“?Cﬁ Fo? Séa? ngga?d94(| rgtho?r{pignent as CaOQ dis
t he nusbgero.af4 rokest eakcul atead (Hor ) 0fl.36) dl f0 <Kstle tofipcnent as Ti 2, e
is the nunber of noles calculated for R of said second. cogponent as Y03/2
Ce2 1 0PrORPE, FBb, WA Xahtl RUY-A/ (‘(ﬁeﬁf@r 2 L anthafsrasy Qfegﬁggﬂ vely, f is
the pHIberatel welesr cal @uh@tﬁd:stf e6mPbrfntsak dsdyi rbdlsoam@nmbeas Nb0512 and
TaOb! 2 respectlvel%/%ﬁ nd%? S hg glernber of nol es cg ul ated for Si of
sai d°fottaT cedfpbiEst T88 & ¢t s3t VoFPER TP ERdEAY” forTi near resistor
cer amhé raﬁnbrélrabﬁedoldm celLamIEt_b,d fiber@ rofasebddpiisistti oompednesar dsfir st

Corrpgngntd_]_ 1S g aoi:t oles ?c?lculaf"to’d 90§QI‘ ry(s id Pl 4 C ) 0.40, and 0.

c/(a The So dependent MoRfi near re5| stor ceramc
as Cl’:ammltnt as TlOz, e 1s the number of moles calculated for R of

said second component as YOss, Ce0,;, PrOjp,, TbOs;q and ROz (other
lanthanoids) respectively, £ is the number of moles calculated
for M of said third component as NbQs,, and TaOs,, respectively,

and g is the number of moles calculated for Si of said fourth ;

component as S$iO;.

o 2. The voltage-dependent nonlinear resistor ceramic as claimed

in claim 1, wherein a composition of said first component is 0.30
< af/fa+ b+ c) <0.40, 0.30 <b/{a+b +c) £0.40, and 0.25 <

c/{(a + b + c) < 0.35.

3. The voltage-dependent nonlinear resistor ceramic as claimed
in claim 1 or 2, wherein a composition of said first component

and of said at least one component of said second and third

components is 0.96 < (a + b + ¢ + e)/(d + £f) < 1.01.
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inclaiml or 2, wherein a conposition of said first
at | east one conponent of said second and t_-h:i,rd
(a+b+c+e) / (d+f);1..01. 177 REPLACEMENT SHEET  JAN 2004330 JIiN Z(
2004 4. The vol t age- dependent nonlinear resistor ceramc as clainmed in any
one of clainms 1 to 3, wherein a conposition of said at |east one conponent
of said second and third conponents is 1.0 (e + f)/d x 100 4.0. 5. The

vol t age- dependent nonlinear resistor ceranmic as clained in any one of

cl ai 1t 4 erei Lt f '  COMQAneRkqi s g/d x 100
0.3. © Thig]evgf)g&bge%d% %ﬁﬁgﬁ“?%ﬁﬂé&?ﬁ%ﬁﬁfﬁé?g{ g%érrtgg%gm c as clained in any
one ofn cingi ome bft clbinwherts g, sdiaredor antenfogither ofcsatdidls a fifth
conmponent consisting of at l.east one kind .of. oxide sel ecte rom oxi des of
Li , I\fa‘%asl%?n%:o‘fonﬁf"?g’i‘fu,oé ,aléc?ecctﬁad?apﬁ,g%rdaﬁamwnee{lﬁcg \%l%e?'eq né)a

corrporg t, gp{@fx Sabd<fi fgd h conponent is 0 < h/d x 100 t 1.000, where h noles
calculated for Li, Na, Mr, Co, N, Cu, Zn, Sc, Fe, Ga, M and Wwhich are
contents of said fifth conponent, as LiOl Na0112, MO  0004/3, N G

Cuo, 5.ZnO’Th\S.CQgﬂtageﬁ%gﬁégdelﬁa%nginéﬂqr’es'i_st(_gﬂq%e@hlﬁfb@raé)fclia_ima@d wW3. 7. A
vol t age- dependent nonlinear resistor conprisi ngisal d cer agm%](r:ﬁtl%s clainmed in

any obe ao¥ etaiofsclaims 6t ApodFeithg IesdEioR fndént near
resistor as_cl.ai i a 7, wherein said resistor conprises el ectrodes
for necajmgﬁn%l?tll%ag?g ﬁﬁeﬁsﬁr ace of said cerani c, and wherein said

el ectrodes consist of Cu or material mainly nmade of Cu. The

vol t gge- depen onlL h$1 90,256k 8l s Gelrinel 3l dNc1WhRERI N sai d

el ec?éry'odegﬁgoﬁg% ds% g%bgﬁ%ngﬁ%g;% 1_a0. 'I%_he vol tgéel-n-deperfdent nonl i near

+ I esi stromngsond @ifmedaims di dond. gihamrdres S fegaBl et 8EE consist of Cu

cont ai D09, 91,253 £t Lompbf®n® SonAiNt2094:4 kit A¥ot taagekdapestient nonli near

resi stor ceram c containing oxides consisting of at | east one of Sr, Ba
and QxidadselesnefsEromy wHdes oSdild ¥ar dffc ConPti GthgZ8’ suFT d6¢ provi ded
with @& cogpnesshvenstdRssmetbeld IMRanpbs MiIce whesaan £XfEAY Stress constant

is -100 MPal/degr ee. _
component is 0 < h/d x 100 < 1.000, whexe h is the number of

moles calculated for Li, Na, Mn, Co, Ni, Cu, 2Zn, Sc, Fe, Ga, In,
Mo and W which are contents of said fifth component, as LiOj/s,
NaO;,,, MnO, Co0Os3, NiO, CuO, Zn0O, ScOss2, FeOssp2, Galssa, InOy,2, MoD;
and WO;.

7. A voltage-dependent nonlinear resistor comprising said

ceramic as claimed in any one of claims 1 to 6.

8. The voltage-dependent nonlinear resistor as claimed in claim
7, wherein said resistor comprises electrodes formed on at least
one surface of said ceramic, and wherein said electrodes consist

of Cu or material mainly made of Cu.

9. The voltage-dependent nonlinear resistor as claimed in claim

8, wherein said electrodes consists of a Cu alloy.

10. The voltage-dependent nonlinear resistor as claimed in claim

8, wherein said electrodes consist of Cu containing glass frit.
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12. The vol tage-dependent nonlinear- resistor ceramc ¢l ai med %gjpl 1 0
11, wherein said conpressive stress is 25 MPa or nore Ebhidrendiy aéﬂgggg
constant is -100 MPa/degree. 13. The voltage- dependent nonllqp@rJAﬁsgm%P
ceramic as claimed in claim1l, wherein said conpressive stress

or nore when an X-ray stress constant is -100 MPa/degree. 14. The

vol t age- dependent nonlinear resistor ceramc as clainmed in any one of
claims 11 13, wherein said ceramc first conponent consisting of oxides of
Sr, |l east one conponent of a second conponent consisting | east one kind of
oxi de sel ect ed from oxides (Y and | anthanoids) and a third conponent

consi sting kind | east one oxi‘de sel ected-from oxi des of N (Nb and Ta), and
a fourth conmponent consisting of an oxide of Si, wherein values of a/(a + b
+c), b/(ac) and c/(a + b + c) in trilinear coordinates exist on a line

SEQWEQ&hconQ?%%ggggg Q%?éﬁ fgeéy“}d%ngthcQQaﬂmcocéntﬁhﬁﬁngor ina

range “Where a are larger: than said |line segnent,
and wagrgiad %osgmaeih Ieﬁ of maglt C&{eﬁm{C Sr5 ®284na €a ana 179 ,0 9 JAN
2004 e)/(d + f) s 1.16, 0.75 s (e + f)/d x 100 5 10.0, and g/d X 100 where
a is thasaurhay of ﬂnLesatalcd&amimidamprmsmnh $asdrﬁnpstpcen$®n@nt SrO the
nunber of noles calculated for said first Conponent as B nol es cal cul at ed
for Rwdfthsai doppreadivel stirasedof ok5 P porsHoger WHER BBnPoRehtS5s®¥R0 d is
the nunber of nmoles calculated for Ti of said firist conmponent as TiO, e

i s t heonskBat &6npbPRn¥Fadds@m8a®: Ceoz, Pro,,,,, TbO714 and RO 12 (ot her

| ant hanoi ds) respectively, f is the nunber of noles calculated for M of
said third conponent is the nunber of noles NbQ 12 and TaOb/z respectively,

) g.”gnqlizs. t e, RUPDEL 1 9f - A ESa & A8 OBl s@brSBbdakhperdd conponent as
)| .

claimed in ¢laim 11, wherein said compressive stress 1s 25 MPa

or more when an X-ray stress constant is -100 MPa/degree.

13. The voltage-dependent nonlinear resistor ceramic as
claimed in claim 11, wherein said compressive stress is 40 MPa

or more when an X-ray stress constant is -100 MPa/degree.

14. The voltage-dependent nonlinear resistor ceramic as
claimed in any cne of claims 11 tq 13, wherein said ceramic

) contains a First component consisting of oxides of Sr, Ba, Ca
and Ti, at least one‘cnmponent of a second component consisting
of at least one kind of oxide selected from oxides of R (Y and
lanthanoids) and a third component consisting of at least one
kind of oxide selected from oxides of M (Nb and Ta), and a
fourth component congisting of an oxide of Si, wherein values of
af{(a + b + c), b/la + b + ¢c) and ¢/(a + b + ¢) in trilinear
coordinates exist on a line segment connecting a point (0.2; 0.0,
0.8) and a point (0.0, 0.4, 0.6), or in a range where a/(a + b +
c) and b/{(a + b + ¢c) are larger than said line segment, and

wherein a compositien of said ceramic is 0.84 = (2 + b + ©c +
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15. The vol t age- dependent nonlinear resistor ceramic asREPhhﬂEﬂﬂEmé5£¥é5§§%
of clainms 11 13, wherein said ceramc contains a first conponent COMNSI

of oxides of Sr, and T | east one conponent at |east one kind qﬁw zgﬂ
conponent conS|st|ng oxi de sel ected from oxides of R (Y and Ia hanoi S
and a third conponent consisting of at |east one Ta) , and a wherein
values a/(a + b + ¢), b/(a trilinear coordinates exist on a first line
segnent connecting a point (0.5. 0.0, 0-5) and a point (0.2, 0.6), a second
| i ne segnment connecting a point (0.2, 0.2, 0.6) and a point (0.1, 0.4,

0.5), a third |ine segnment connecting a point (0.1, a d poi nt
(0.1, @ aloir) (0loféa/ Pa7% b (ocy lidrs 16, SoR040 vaFE@ % aﬁ1&e° % arger

th d first 180 0 9 JAN 2004 fourth | t d
compos 10 g d &8 ShPcaraberant g Led, i Btedgpract §F LHRG o 75

s (e % f)d da%@%gqs\ﬁg %g égbs Lh@snm@eﬂmmemfe%ocl@scuélaqea@at@a Ssrof said

first corrpone I's the nunber of noles calculated for c is the

nunbery 5gj¢d JélrdSTfﬁQ‘EpQBﬁ\BBnaﬁtBQQ BaB) e LAl1d atvatbeobf mB10f said first
conponent as CaQ i's the nunber noles calculated for Ti said first

Corfpomtcxﬂ.%t'EhO&‘precasotfheamantErsbfcmcasantcaiscma@t ed fisr tReof said
second conponent as Y0312, Ce®2, PrQOl11,6, Tbo, 14 and R03,2 (other
| ant hanwibes) ofe gpdesi vellyulfltaé £or BLreersaid) ELTed COMEPBEREORSM of said

third conponent as NbG512 and TaO, f2 respectivyely d s the nunber Si
of saild%euPt hScBRHOMURES T LIS AP S5 53e &ed ﬁfﬁdkff’)g i%lé 'ﬁwe“ncp

Vol l g ppenandel 980/, "E8h, " ALY 863N fndrdy,f (Bihds" any one of

cl ai
“ lanthanoids) respectively, £ is the number of moles calculated

for M of said third component as NbO,,» and Tals,; respectively,

and g is the number of moles calculated for S$i of said fourth

component as Si0,.

15. The voltage-dependent'nonlinear resistor ceramic as
claimed in any one of claims 11 to 13, wherein said ceramic
contains a first component consisting of eoxides of S5y, Ba, Ca
and Ti, at least one component of a second component conzisting
of at least one kind of oxide selected from oxides of R (¥ and
lanthanoids) and a third component consisting of at least one
kind of oxide selected from oxides of M {Nb and Ta). and a
fourth component consisting of an oxide of Si, whereln values of
af{a + b + c), b/(d + b + ¢) and ¢/(a + D + ¢} in trilinear
coordinates exist on a first line segment connecting a point
{0.5, 0.0, 0.5) and a point (0.2, 0.2, 0.6), a second line
segment connecting a point (0.2, 0.2, 0.6} and a point (0.1, 0.4,
0.5). a third line segment connecting a point (0.1, 0.4, 0.5)
and a point (0.1, 0.5, 0.4), or a fourth line segment connecting
a point (0.1, 0.5, 0.4) and a point (6.2, 0.8, 0.0), or a value

of a/f(a + b + ¢) existe in a range larger than said f£irst to
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13, wherein said ceranmic contains a first conponent éﬁﬂ%ﬁ&i@hﬁﬁmﬁ'%ékgﬁéy%f

Sr, and Ti, at |east one conponent |east one kind second Cﬁn§3ﬂ§£9084
consi sting oxide selected from oxi des | ant hanoi ds) and a thi nponent
consisting R (Y and | east one kind of oxide selected from oxides of M (Nb
and Ta), and a fourth conponent consisting of an oxide of Si, wherein
values a/ (ac), b/(a+ b + c) and c/(a coordinates exist on a fifth line
segnent point trilinear connecting a (0.4, 0.2, 0.4) and a point (0.2, 0.4,
0.4), a sixth line segnent connecting a point (0.2, 0.4, 0.4) and a point
(0.2, 0 0.3), a seventh line segnment connecting a point (0 3) an eighth

| i ne segdenttbohhnet agnerts, mid Whireip @ Fampeedtippnel seghtreecdiect i ng
a point (0 2) and a point (0 0,2, 0.4), or in a range surrounded by said
fifth toifi AtB4l#¥nk2 sdymerR s N dfefdi § &-&6npBsTtionloft i/d derdtdic is
0.84 s (a _+b+C+e)/(d+f) s 1.16, 0.75,s (e + f)/d x 100.s 10.0, and
g/d x 16018-8: 6;‘“%%?% ’é Ry t%é"ﬁdn‘ﬁ’ FT8f =mbf e‘(sh%a’f A eocflf"g’rlessai d first
Comonenaaiéugaged boi: Sg4 hee e 10s oRBofiBheUL Rt @dof OF Baighd i T st
conponent as BaO, c¢ Is the nunber of noles calculated for said first

conponenhu@te £ feioide Fanberatfa TYeBaCalkCuhaheditot dompénsidt tad i B S,
conponent as Ti2, e is the nunber of noles calculated for R said second

conponent ¥Y&BiRe pwither damdiEnaalsulatsgetorveayetf 02i®ria3sg e, Tb07, 4
and RO312 the nunber noles calculated for Mof said third conponent
r espect i 9eNgoBeRY @Fi@ﬁQ*uﬁrﬁﬁﬂiée number of moles calculated for Ti of

said first component as TiO,, & is the number of moles
calculated for R of said second component as Y0i,:, Ca0z, ProOs.,,
Tb0,,;4 and RO;,; {other lanthanoids) respectively, £ is the number
of moles calculated for M of said third component as NbO;,, and

TaOg,; respectively. and g is the number of moles calculated for

51 of said fourth component as 5i0;.

16. The voltage-dependent nonlinear resistor ceramic as
claimed in any one of claims 11l to 13, wherein said ceramic
contains a first component consisting of oxides of Sr., Ba, Ca
and Ti, at least one component of a second component consisting
of at least one kind of oxide selected from oxides of R (Y and
lanthanoids) and a third component consisting of at least one
kind of oxide selected from oxides of M {Nb and Ta), and a
fourth component consisting of an oxide of Si, wherein values of
a/(a + b + ¢), b/(a + b + ¢) and cf(a + b + ¢c) in trilinear
coordinaten exist oﬁ a fifth line =egment connecting a point
(0.4, 0,2, 0.4) and a point (0.2, 0.4, 0.4), a sixth line
saegment connecting a point (0.2, 0.4, 0.4) and a point (0.2, 0.5,
0.3), a gseventh line segment connecting a point (0.2, 0.5, 0.3)
and a peint (0.3, 0.5, 0.2), an eighth line segment connecting a

point (0.3, 0.5, 0.2) and a point (0.6, 0.2, 0.2), or a ninth
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r
said fourth conmponent as Si02. NbGs6/Z and Tao 1 nol W}g@m@qéggﬁéﬁim
17. The vol t age-dependent nonlinear resistor ceram c & crarmet—+—am—ohe
of clains 14 to 16, wherein a conposition said first conpopemt ﬁlf"id at
| east one conponent of said second and third conponents is 886"@]?9 * b +
c +e)/(d ~ 1.01 18 . The vol tage-dependent nonlinear resistor ceramc as
clainmed in any one of clains 14 to 17, wherein a conposition said at |east
one conponent of said second and third conponents is 0.75 s f)/d x 100 19.
The vol t age- dependent nonlinear resistor ceramc as clainmed in any one of
clains 14 to 18, wherein_a conposi t. .82 .d? 9,JAN 4_sal oug t
conporéhe FggBFthc?Lﬁﬁegtﬁ’gZﬁ.poljhnet %o 'tsggg-'éépgﬁgéntagﬁoﬁlﬁg%é &es?'stor

cer ami,c ,as ai prd, | n, apy, o0€s of - &l A8 vh4 shQalis¥Ret S| Musad dLGas ami ¢
furthgr'ZCoﬁt'gbhsgg #f?ﬁgc% onenrt consi s irslg of at |east one kind of oxide

sel ec oxLge b, on b2 d bBrah®cans dVsand mherein a
conpotsslggf“%{ﬁgg‘ éfz‘a?déh%?ﬁ] %g?rop%%nﬁt% s 0 <s%§d x 100 s 1.000, where his
the nunmges Bi + L)/ (dne £5,<I1,16V0 carvd W (ki ehfpré coniend sicofo.sand fifth
conmponent, as Zn(03,Z , Mo and W3. 2. 03/2 21. A manufacturing nmethod of
a vol gagexdepensdents novtérear irsedibst opmperanf cnotofpre bt SifOF of
performng reduction sintering to obtain, a cgran‘ic cont ai ni eqsoxi des

consi §Fi A§ Spedstipre GrvrRgheny 25 /F%a Padd EBRSPRPPRY oF ™3.°%and a step
perform ng.reoxidation of saj in ramc_g rage; 8 GQpressive

st resgg}lﬁgﬁf‘gﬁ?fg%’é %?_% isaaaib&eirfgtlrgn%% cggupggfig?ugfi g%@, SI& th'%rl ng perforning
Step Rlined! fe ! SOILIALL AN DAL PIFBNE5 108D 5 aGANER2LE NBoflp SOUIE 05 | 04 ST 5
of 15"MPa"or nore in the surface said ceramc when an >£ray stress const ant
is -1Q0; MPaidegi®ber 22 rdlke SRiUIlRQlatieidngoeirhodfasatd afesk i n clai m 21,
wherein said nethod further conprises a step of weighing raw materi al
powdecospohémt asVeighee powtbe humbar pefdeelssisrlbwldhsssifioroR, ©fa step of
m xi ng the wei ghed powder, a step of performng calcining of the m xed
powderaid seeppdicypReRfiHy &F s¢in&G0z0bfExe/¢-a T80y 8P4 BP1tkng t he ground

Ob]ec%étﬁégtfghégagg¥%s) respectively. £ is the number of moles

calculated for M of said third component as NbOg,; and TaOs,;

respectively, and g is the number of moles calculated for S$i of

said fourth component as 5i0..

17. The voltage-dependgnt nonlinear resistor ceramic as
claimed in any one of claims 14 to 16, wherein a composition of
sald first component and sald at least one component of said
second and third components is 0.96 s (a + b + ¢ + e)})/(d + f)

= 1.01.

18. The voltage-dependent nonlinear resistor ceramlc as
claimed in any one of claims 14 to 17, wherein a composition of

sald at least one component of said second and third components

is 0.78 = (e + £)/d x 100 = 4.0.

19. The voltage-dependent nonlinear resistor ceramic as

claimed in any one of claims 14 to 18, wherein a composition of
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aar”

M)04 perform ng the reduction sintering of the forned @bpg or zﬂgjaéqﬂ 2
of perform ng the reoxidation of the reduction sinter R

manuf act uring nethod as claimed in claim21 or 22, wherein Ba dJANe@0@®ti on
sintering performng step and said reoxidation perform ng step generate a
conpressive stress of 25 MPa or nore in the surface of said ceram c when
an X-ray stress constant is -100 MPa/degree. 24. The manufacturing nethod
as clainmed in claimwherein said reduction sintering perform ng step and
said reoxidation performng step generate a conpressive stress of 40 Mra
or nore in the surface of said ceram c when an X-ray stress constant is
-100 wRaddégurth oompanRNtEHUIHE ur il9§ FePhdd as claimed in any one of
claims 21 to 24, wherein a tenperature in said reoxidation performng
step is between 850C and 3050C i nclusive. 26. The manufacturing nmethod as
cl ai in an of . cl al Q42 | t in said

C A a%%-de?teg%en?tl oih1dfieaNEE el Bt S (GG e

r eoxi ion perrorm I's between C and 1000C i nclusive. 27. The

manuf égay&&ggiﬁmmpdor?& & AMBGhd 1AM 98€ PhefbHh Bai@lodi@mk Wherein a
time of saird reoxidation performng step is 32 hours or |ess. 28. The

manuf a6t HhéAGe st Nk as il AinTetnigdnaayt epasnbtih@io® atl8bkedst 28e wherein a
time of said reoxidation performng step between 0.25 hour and 16 hours

i ncl ugi.ne. o2% xIde sElirdted oy axidesd odsLél aNaedi® n &y Mne F- &Pains 21
to 26, wherein a tine of said reoxidation perforni{lfgj[ste is, between 0.5

i s
hour 8@md Behdtrs FThcMisiapd W30 2nfh@heaRdMagt GPTRYS ?fbdpfafaﬁ'ldai med in any

one of clainms 21 to 29, wherejn artjfa ressure . of, o en | aid

r eoxi Fkf PR CYRIVH g & ép%/? J. iogt ﬁogp#%& CWS'b S E )é)ré‘gmr)l}“é'ge 1. The
manuf agtpri 0g JBihadas Eotl B0 N3 ,a84, 088, Of1 &l MRl 9 3@, eherein said
ceram c contains a first conponent consisting of oxides of conponent the
nunbef, oxislearse ity 0w @ondental oR EXianditentaanoircs)t and a third
conponent consisting of at | east one kind of oxide selected from oxides of
M ( N 2md, .TaNg0120d MR .0 $e0h,/:coN3One fuC. cdn8i s¥¢hyg: ofFeth/oxC@816f Si,
wherei n val ues of a/%a + b +c), b/Ca+Db +c) and C(a and Ti, at |east
one t¥1Pinedf*o8Pdi R92es exist on a |ine segnent connecting a point (0.2,
0.0, 0.8) and a point

21. A manufacturing method of a voltage-dependent nonlinear
resistor ceramic, comprising a step of performing reduction
sintering to obtain a ceramic containing oxides consisting of at
least one of Sr, Ba and Ca and consisting of Ti, and a step of
performing recoxidation of =2aid obtained ceramic to generate a
compressive stress in a surface of said ceramic, said reduction
gintering performing step and sald reoxidation performing step
generating a compressive stregs of 15 MPa ox more in the surface

of said ceramic when an X-ray stress constant is -100 MPa/degree.

22. The manufacturing method as claimed in claim 21, wherein
said method further comprises a step of weighing raw material
powder so that a weighed powder has a predetermined composition,
a step of mixing the weighed powder, a ste¢p of performing
calcining of the mixed powder, a step of grinding a calcined

object, a step of forming the ground object, a step of
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(0.0, 0.4, 0.6), or in a range where a/(a + b + c) andRBIPGH CBypnfrcd, AR 7
| ar ger than said |ine segnment, and wherein a conposition 0 T o—eerani g &
0.84 s (c+e)/(d+1.16, 0,75 s (e + f)/d x 100 s 10.0, and
0.6, where a is the nunber of noles calculated for conmponent as SrO, said
first conponent said-first noles calculated for Ba BaO C is the nunber of
nol es calculated for Ca of said first conponent as CaO, second conponent
consisting of at |east one kind the nunber of noles 185 09 JAN 2004
calculated for Ti of said first conponent as Ti02, e is the nunber of

nol es cal cul ated for R of said second conponent_ as XCBQE cfbo§nd 03x, 6,
Th071peafermdm g the  seABFTEORT FEMEI LAY r [ﬁhﬁlﬁfgpﬁ &€°tne*hunber of

nol es cal cul ated fo d o) n / 0512

r especti®Pely, 9555°§mF§9t&38 ﬁe%%e$5% egﬂgﬁﬁggﬁg%ggﬁf%%ﬁegr%? sai d
fourth ggggonent as Si02. 32. The nanufacturlng met hod as clained in any
one of i aims 21 to 30, wherein said ceramc contains a first conponent
consi sting of oxides of Sr, and Ti, at |east one conponent of a second
conponent consisting of at |east one kind oxide selected from oxides of R
(Y andgsl.ant raBomdspfantuaitdimetoohponerltaivedsiot chAginf 2hto¥ eddt one ki nd
of oxide selected fromoxides of M(No and Ta), and a fourth conponent
con5|ybﬁmglofSaﬁdoXPQECE#OEﬂ31%&&#%#91Rﬂﬂﬁﬂﬁ?kﬁﬁ grer 878 $2ty, bp/(a + b +
c) and c/( % intrilinear coorq:nates exi st ..on treé?to%i segnent

conneéFPFfé‘détEJBFnPe BOTRER SERP HORPIATY HCOMRTERFANG PIRRS L Yt
conneﬁ¥|ngrnpgg|n&n(?hg s&&f%cé’é@ éﬂﬁhf%é¥% b GHeh afl- #-rQy Sderdsd hird

| i ne “Segne connec nt (0.1, .5) and a point (0. 0.4), or a
fOU”Qohb@ﬁn%eggﬁﬂloﬁoﬁﬂﬂﬁéééﬂa@ poi nt (0 1, o. 4) and a point (0.2. 0.8,
0.0), or a value of al/(a b + c) exists a range larger than said first to
fourth Iine segnen and mhereln a conposition of said ceramic is 0.84 e)/(d

+f) s 1.16, 0.75 + b + ¢ + f)/d x 100 s 10.0, and g/d x 100
24. The manufacturing method as c¢laimed in claim 21 or 22,

wherein said reduction sintering performing step and said
reoxidation performing step generate a compressive stress of 40
MPa or more in the surface of zaid ceramic when an X~ray stress

constant is -100 MPa/degree.

25, The manufacturing method as c¢laimed in any one of claims

21 to 24, wherein a temperature in said reozidation performing

step is between 850°C and 1050°C inclusive.

26. The manufacturing method as claimed 1n any one of claims

21 to 24, wherein a temperature in said reoxidatlon performing

step is between 900°C and 1000°C inclusive.

27. The manufacturing method as claimed in any one of claims
21 to 26, wherein a time of said reoxidation performing step is

32 hours or less.

28. The mapufacturing method as claimed in any one of claims
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0.6, where a is the nunmber of noles calculated for Sr of said firg{ JUN 20(
conponent as Sro, b is the nunber of noles calcul at ecﬁﬁfﬁpA@m‘»mm'ﬁ‘@Hm <
conponent as BaO, c¢ is the nunber of noles 186 [1J 9 JAN 2004 calcUrareé
for said third conponent nunber of noles calculated for TioZ] ( ? %Mg
nunber said first conponent as CaO, d is the noles calculated for aid
first conponent as said second conponent as Y0312, CeQ2, PrO11/6 TbOr7/ 4 and
R031z (other |anthanoids) respectively, f is the nunber of noles
calculated for Mand g is the nunber conponent as 51 2. NbGs/2 and TaGs/2

respectively, noles cal cul ated for fourt The uf acturin
net hock 1ast°blyz<§| m?!&elrﬁlan? 5he of < c?aajr adtadc p\/\,fr‘}erggfnﬁng e{rgm' c °

contains a flrs an [ des of Sr, Ba, Ca and Ti, at
| east 6ﬂ3’c5hﬁonen n@ec%ﬁ% %gg%%%i%fﬂ%%ﬁifﬁﬁ ng at Ieast one ki nd OXIde

sel ected fromoxides of R (Y and l-anthanoi ds) and a third conponent
consisting | east one kind of oxide selected fromoxides of M(Nb and Ta),
and a Heourt BheOKRARAeAttEODS ShéfigoDfaelmdindd hh( an$i pnehef ehaims ues of
al(a+ b +c), ¢c) and c/(a * b + c) trilinear coordinates exist on a fifth
li ne sﬂgnﬁnEGCOWhecbmngaatpmen@f(iﬁidz@ﬁQﬂuﬁaﬂipPhPPFﬁer§égﬁeﬁ¥eEdhﬁect|ng a
point .3), a seventh |ine segnent connecting a point (0.2, 0.5, 0.3) and a
poi nt bedw@en) 0.Anhenghend| P naoweynbitftl ¥Sififect i ng a point (0.3, 0.5, 0.2)
and a point (0 a p0|nt (0.6, 0.2), or a ninth line segnent connecting .2)
and a point (O.

30. The manufacturing method as claimed in any one of claims

21 to 29, wherein a partial pressure of oxygen in said

reoxidation pexrforming step is 0.1 atmospheric pressure or more.

31. The manufacturing method as c¢laimed in any one of claims
21 to 30, wherein sald ceramic contains a first component
consisting of oxides of Sr, Ba, Ca and Ti, at least one
component of a second component consisting of at least one kind
of oxide selected from oxides of R (Y and lanthanoids) and a
third component consisting of at least one kind of oxide
selected from oxides of M (Nb and Ta), and a fourth compomnent
consisting of an oxide of Si, wherein values of a/(a + b + ¢),
b/(a + b + c) and@ ¢/(a + b + ¢) in trilinear coordinates exist
on a line segment connecting a peint (0.2, 0.0, 0.8) and a point
(0.0, 0.4, 0.6), or in a range where a/{(a + b + c) and b/{a + b
+ ¢) are larger than said line segment, and wherein a
composition of said ceramic is 0.84 = (a + b-+ c + a)/(d + F)

s 1.16, 0.75 = (e + £)/d % 100 = 10.0, and g/d x 100 = 0.6,
where a is the humber of moles calculated for Sr of said first
component as Sr0, b 1s the number of moles calculated for Ba of
said first component as Ba0, ¢ is the number of moles calculated

for Ca of gaid first component as Ca0, d is the number of moles
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.4), or in a range surrounded by said fifth to ninth |Ljine segnent§,0 wiéf eim
a conposition of said ceramic is 0.84 s (a + nd + ¢ + EMIONT Sl

0.75 s (e +f)/d x 100 s 10.0, and g/d x 100 whore a is the nunber
calculated for Sr of said 787 0 9 JAN 2004 first conponent (h§ AP %ﬂmi S

t he nunber noles calculated for said first conponent as BaO, c Is the
nunber of noles calculated for Ca of said first conmponent as CaO d is the
nunber of noles calculated for said first conponent as TiQ2, e is the
nunber of noles calculated for R of said second conponent as YOA/ 2, CeQx,

021/6 , ThQ7/A4 d 1.03/x (other_lanthanoid [ tiyely, is the
nunber®feH5 & %%rcﬁ'llaf’gdsgﬁgr gﬂ‘/F%? %%'f‘%orf?f?gr sﬁ(ﬁ%ﬁe%tkéstﬁ?\b%/ 2 and
Tab/ z .res td vely. Lsat n r Amibortad fer Si of

sai d é&d“ﬁ%e%céo%n%&%gnfgggugfgé ?gﬁ.ﬂqﬁﬁ srrﬁn%?%cﬁ%nﬁ‘r?gt hod as clainmed in
any oRg.0f, Wed,MBprd, .0 133, MereRD, 3 ¢0EROSI Lanthafonsdd)d first conponent

and sai d 1’east one conponent of said second and third conponents 0.96 s (a
+ b + egbeiv@dly,f ¥ Ss1tfé. ndbbefhef moildsactalduis tregt fod Msofl agmdd in any
one of clainms 31 to 34, wherein a conposition of said at | east one
Conporgyitrds gicshposenid2anibPhi:r dné ofpdnemesnertglvalys @@ d+9f 1pdtRe100 4. 36.
The manufacturing nmethod as clainmed in any one of clains 31 to 35, wherein
a conpadieiro®foflodarderbaPLAtednpofiefit 95 gif SeuFl $oBP3ReRY. 2%he
nanuf%ﬁturing met hod as clainmed in any one of claims 31 to 36, wherein
said &P4nic further contains a fifth conponent consisting of at |east one
ki nd of oxide selected from oxides of Li, 188 0 9 JAN 2004 and wherein a
conposi tion of said fifth conponent is 0 < h/dx x00 s 1.000, where h is
)the ngaher eheNRhgGr&ateting atltlpsd lds Naindd Ga aby bee &8, claimdl and W

whi ch are -

21 to 30, wherein said ceramic contains a first component

gonsisting of oxides of Sr, Ba, Ca and Ti, at least one

component of a second component consisting of at least one kind

of oxide selected from oxides of R (¥ and lanthanoids) and a

third component consisting of at least one kind of oxide

selected from oxides of M (Nb and Ta), and a fourth component

conslisting of an oxide of Si, wherein values of a/(a + b + ¢),

b/(a + b + ¢) and cf(a + b + ¢) in trilinear coordinates exist

on a Ffirst line segment connecting a point (0.5, 0.0, 0.5) and a

) point (0.2, 6.2, 0.6), a second line segment connecting a point

(0.2, 0.2, 0.6) and a point (0.1, 0.4, 0.5), a third line

segment connecting a point {0.1, 0.4, 0.3) and a point (0.1, 0.5,

0.4), or a fourth line segment connecting a point (0.1, 0.5,

0.4) and & point (0.2, 0.8, 0.0), or a value of a/{(a + b + c)

exists in a range larger than said f£irst to fourth line segments,

and wherein a composition of said.ceramic iz 0.84 = (a + b + c +
a)/(d + £) = 1.16, 0.75 s (e + £)/d x 100 = 10.0, and g/d x 100

s 0.6, where a is the number of moles calculéted for Sr of sald
first component as SrO, b 1s the number of moles calculated for

Ba of said first component as BaO, ¢ is The number of moles
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contents of said fifth conponent, as LiOLiz, NaOL12, MO CoCfJ3, N O JOupj
ZnO, ScB1z, Fe(B12GaMB", 1nGBJz MO and WB 38. A manuBREPLACHEIENT EWrpisa
vol t age- dependent nonlinear resistor ceram c, conprising a ﬁie of -
perforning reduction sintering to obtain a ceranic, and a st ﬂFdAN 2004
perform ng reoxidation of said obtained ceramc, said ceramc containing a
first conponent consisting of oxides of Sr, |east one conponent and Ti,
second conponent consisting of at | east one kind of oxide selected from

oxi des and a third conponent consisting R (Y and | ant hanoi ds) | east one

ki nd of oxide selected fromoxides of M(Nb and T and. rth conponent
and wieedsiatedof98sCRi B8R &a19 g Tyt d’.‘iI'tP,("“G’.”%an g%‘?a 4 ng‘%j s 0.40, 0.25
s c/(a+.b + s.0.35 4 (g, 2 + Q) le(; f dfbt Hs75 s (e +
£)/d PSS °To"Rd=g/ 8a%gﬁgﬁt§d0&m%efle °a§is;alt g&%ﬁﬁbg?ﬁggnml es cal cul at ed
for conponept, as Bt Qumid Jé mfrdheanealgteafl £6B RSo£ad £id alerbdaor Ba said
first ‘cofponent as BaO, the nunber noles calculated for Ca of said first
CONMPORQAt, Ren®d@s ol 5.t beonuhen, of TBdHs el RO:a ddbther said first
conponent as Ti02, e is the nunber of noles calculated for R of said second
conponaatthanoid®) 12psPeCRivEL Y 17 6is THEY munked RO melest Aatcrbhtedinoi ds)
respectively, f is the nunber of noles calculated for M of i third
conporfent HaS’fNEGéﬁZtBFIEdT'é@P%‘?%Epae%tﬂ%rw,a“&naaa’ﬂzsrfﬁgecﬁg * of nol es
calculated for Si of said fourih component .a 189. Si oz

39. Tﬁ@dnﬁh&FaEPﬁrPHBgﬁﬁtﬁ CP%ie%ﬂ%éiki 4ﬁ?dc%gfn?gB?ngggéwﬁ%gpé%nposition
of said figzhtcggpggggt and said | east one conponent of said second and

t hi rd “CoRPOREnt S°iS0°96 5 ¢ + e)/(d

33. The manufacturing method as claimed in any one of claims
21 to 30, wherein said ceramic contains a first component
consisting of oxldes of Sr, Ba, éa and T1i, at least one
component of a second component consisting of at least one kind
of oxide selected from oxides of R (Y and lanthanoids) and a
third component consisting of at least one kind of oxide
gselected from oxides of M (Nb and Ta), and a fourth component

* consigting of an oxide of S5i, wherein values of a/(a + b + ).
b/{a + b + c) and ¢/(a + b + ¢} in trilinear coordinates exist
on a Fifth line segment connecting a poilnt (0.4, 0.2, 0.4) and a
point (0.2, 0.4, 0.4), a sixth line segment connecting a point
(0.2, 0.4, 0.4) and a point (0.2, 0.5, 0.3}, a seventh line
segment connecting a point (0.2, 0.5, 0.3) and a point (0.3, 0.5,
0.2), an eighth line segment connecting a point (0.3, 0.5, 0.2)
and a point (0.6, 0.2, 0.2), or a ninth line segment connecting
a point (0.6, 0.2, 0.2) and a point (0.4, 0.2, 0.4), or in a
range surrounded by said fifth to ninth line segments, énd
wherein a composition of said ceramic is 0.84 = (a + b + c
@)/(d + £) = 1.16, 0.75 = (e + £)/d x 100 = 10.0, and g/d x 100

< 0.6, where a is the number of moles calculated for Sr of said
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01. 40. The manufacturing nmethod as clainmed claim38 wherein a c;gxq)s'iti on
SHIE

of said at |east one conponent of said second and thiREPLaapaseR 2801
5 (e + f)/d x 100 s 4 41. The manufacturing nmethod as clalrrﬁ i of
claims 38 to 40, wherein a conposition of said fourth conpbrkntAN 208y d x

100 s 0.3. 42. The manufacturing nethod as clainmed in any one of clains 38
to 41, wherein said ceramc further contains a fifth In, Mo and W < h/d X
100 s 1.000, where h is the nunber of noles calculated for Li, M), Co,

| east one kind of oxide selected fromFe, X4 and Wwhi ch are contents of

idfifth , Li 01/ 2 i o)  cadb D 2 QUD £ ZNO
%?JICBlfl,irlﬁécé%?, g%ﬁ%, E?S ﬁ%h,isl\/bh%lgin(?%l.ﬁ%g%%e m%llr:]% a%%rfi%; met hod
as cl %%t”%‘% L0;@N¥ ;008 QbnflAld® as3Bd®, 42.4sMBkehinBetehparaldee in said

r eoxi Iron performng step 1s between 850C and 900C inclusive and a tine
of saiud)ch8QtidakbencRes 05 Moe SiAP dmiphd et weenad, 28 hourhand 32 hours
190 JiL f\21 fl- TIN O 9 JAN 2004 inclusive. 44, The manufacturing nethod
as cl auppdri Branylesecaicelate® £A&8 Tio of? saiideféirat acepppeent BT in said
reoxi dation performng step is between 900C and 1050C i ncl usive and a tine
of salrdo.r eoxiglathormuhdnof mglesepaberhagtedt fiRe® 8 & S&9"E2 hours

i ncl usive. 45. The manufacturi n% nmet hod_ as clqaiﬂr%ed i(ntgn¥ one of clains 38
to 42comperert ast Efper attfe FFOsurd TRt £t e f'5riffing - step is

bet ween 0C and,.950C in jye t f. .Sakd X] [ rformng
step ﬁ?nggf“ﬁﬁéﬁsé. geﬁ%ﬁ?ggyne %6 ﬁoq%r ?hei % g’gfvga%?i&}ﬁeégn%\‘t%]tcﬁri ng

met hog,asychpi Bedai Pnary S8ifpdtedt @MMLO3R bAadBaoyhereipet ivamerature in
sai d ?g%xydgti on performng step is bet W&en 950c and 1000C inclusive and a

time ghasgi §s tReXh@MbédNoPardiraTicu] csilayteids fbet fbeat Os 263 hbanrtand 16 hours
“inclusive. 47. The manufacturing nmethod as clained in any one of clains 38
to 46compenenh ast$m@:.0f said reoxidation performng step i adjusted to
control a varistor voltage val ue.

34. The manufacturing method as claimed in any one of claims
31 to 33, wherein a composition of sald first component and said

at least one component of said second and third components 15

0.96 = (a + b + ¢ + e)/(d + £) = 1.01.

35. The manufacturing method as claimed in any one of claims
31 to 34, wherein a composition of said at least one component
of said second and third components is 0.75 s (e + £)/d x 100

s 4.0.

6. The manufacturing method as claimed in any one of claims

31 to 35, wherein a composition of said fourth compenent 1s g/d

x 100 = 0.3.

37. The manufacturing method as claimed in any one of claims
31 to 36, wherein said ceramic further contains a f£ifth
component consisting of at least one kind of oxide selected from
oxides of Li, Na, Mn, Ce, Ni, Cu, zn, Sc, Fe, Ga, In, Mo and W,
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3
48. The manufacturing nmethod as clained in any one of MWEB‘EHWS&%%%‘%Z[

wherein said nethod further conprises a step weighing raw materi al powder
so that a weighed powder has a predeternined conposition, a §t&pjiN mq« ng
the wei ghed powder, a step of performing calcining O the m xed powder,

step 191 09 JAN 2004 grinding a calcined object, a step of formng the
ground object, a step of performng the reduction sintering of the forned
object, and a step of perform ng the reoxidation of the reduction sintered
object. 49. The manufacturing nethod an claimed in any one 38 to 47,

wherei n sai d net hod further._co rises.a.s clalms hi_n materlal
powderandy WhedieidF anicemRg SiidoRe Shéﬂldpﬁﬁéﬁlg COPRINSS fi%pgr go?’%

calcinj of m xed p er I t ts SO as
Co adi it = e B0oorPese” Bats: sl BEMERy O WL ARl EOE A
step Gyd nginng cdohe nad @%t ednobsectpea cheprof Mordiagr wWhacer ewsd object, a
step of perform ng the reduction si ntering of the fornmed object, and a
step ompenfter Biengatide fi€aki dainbonent , t e LimiCtNamy, Si Mo edocbjaect. 50.
The manufacturing nmethod as- clained in any one of clains 38 to 49, wherein
sai d mEoxi dawi,oBnper BePmi:ngFedep. cOnPr/i s BN/ siMe§leaBn¥tuous heat
treatnment process. 51. The manuf acturing nmethod as clained in any one of
claims 38 to 49, wherein said reoxidation performng step conprises a

lurality of separat eat treat n 6SSEe manuf ring net hod
gf ua \?:§I %/agé E@B ﬁﬁﬁﬁ? Bﬁl?‘ﬁgﬁ?ge? esl s‘fgjrss & depef‘dggri%pf'?s?%gal stgep of

wei ghiag LY BLELHaL, BONIIEL S008I Sh0 i 155 SO LeBlo 8L ot | cast one

of Sr and sting o so that a wel ghed powder has a

) pr edelghFeRedgceBPEBLALANA aeﬁ;@pcpfamm ngr dih @ svplegFedmpayder , 192 09 JAN
©2004 a step o? perform ng cal cining of the m xed powder, a step grinding a
cal ci redxapetdbn afstepdobbfaimedgeadmniy ownwddojiegemic gogtapnbhgperforni ng
reduction sintering of the formed object, and a step of performn ng

r eoxi BATESNCOMPPRERE cHAREIBRIRY RErekideshjafcST-s&d GRi ABRNGLst 2p bel ng
perfornmed so that surface area of eachfi%ral n afte %he grinding

beconﬁ§aB§t Rﬁ%n“’ﬂ-g%ngﬂgl% o T P TRATUHPEN & SO A8 g 5t 8p DeThg
per T 0GRt 9Rq bBAL RadClsibdcll £l [AUIERL O %Ct(yb‘éﬁﬁnﬁﬁn@ﬁiﬂ\@f&'s? 80 and

3.40 ch usive 3. A manufacturing method of a voltage-dependent
nonl i ggar a £R$L8t O6mEShalt CocofHBNirsd ¥ aatStiv@sef onei ghhagof avkimdé eri al

selected from oxides of M (Nb and Ta)., and a fourth component
consisting of an oxide of Si, and wherein a composition of said
ceramic is 0.30 = a/(a + b + c) é 0.40, 0.30 s b/(a + b + c)

< 0.40, 0.25 s cf{(a + b + c) = 0.35, 0.84 < (a + b + ¢c + e)/(4 +
£) = 1.16, 0.75 = (e + £)/d x 100 = 10.0, and g/d x 100 x 0.6,
where a is the number of moles calculated for Sr of said first
component as Sro, b is the number of moles calculated for Ba of
said first component as BaO, ¢ 1s the number of moles calculated
for Ca of said first compomnent as Ca0Q, d 1= the number of moles
calculated for T1 of said first comﬁonent as Ti0;, e is the
number of moles calculated for R of said second component as
¥03,2, Ce0;, Pr0Ojiys., ThO;,, and RO,; (other lanthanoids)
respectively, £ is the number of moles calculated for M of said
third component as NbOs,; and TaOs,, respectively., and g is the
number of moles calculated for Si of sald fourth component as
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powder containi ng oxides consisting of at |east one of REPLEBERMRH &gﬂé?
consisting of Ti so that a wei ghed powder has a predetermn ;

a step of m xing the wei ghed powder, a step of perform ng ca 09 bt he
m xed powder, a step adding a part of contents so as to adjust a
conposition cal ci ned object predeterm ned conponent, a step of grinding the
adj usted object, a step of form ng the ground object, a step of performng
reduction sintering of the formed object, and a step of performng

reoxi dation of the reduction sintered object, said grinding step being
perf or, so that a specific surface area of each grain after the grinding
becones Bétween 0.5 and 5.0 rat/g inclusive, said formng step being
performed so that a density of the formed object beconmes between 2.80 and
3.40 g/cnB inclusive. 193 0 9 JAN 2004 54. The manufacturing nethod as
clai med.in ahe mak2fectiriher sehhedi as celainad dontcdiadsd 481 P’gﬁr%ﬁpénent
consisting of oxides of Sr, ha, Ca and Ti,_at |east _.one conponent of a
secondompogidriom ofoRsiist EA5sEf camprRert e @it adt 16@5Fe 88l ected from
oxides of R (Y and lanthanoids) _and a_third co onen% % nsiztiggb %f at

| east compomiant OF &ride=eerBe: 8891 FRIFAXFYRCH W b %aid =Taft T 3nd a
fourth conmponent nsi sting of an oxide of Si, and wherein-a conposition of
sai d é’er"’arr%%(fr}?is "o%%osja ?a + b 0.40, 0.30 b/ (a + 1) +¢) 0.50, 0.20 < c/
(a .3, b+c) d0.50, 0.84<(a+b+c+e)/(d+1f) < 1.16, 0.75d (e +
f) /d x 1.00 10.0, and g/d x 100 < 0.6, where a is the nunber of noles

cal culsgt.ed frae manafasanbdihprsétiodponaritaiasdSrcQaim 3§ pRe3%nunber of nol es
calculated for Ba of said first conponent as BaO, c is the nunber of noles
ycal cukaieegiom Cemppsdsiidnf pEseatdnpbnkenstaLreagomponenth@ingber of noles
“calculated for Ti said first conponent as Ti02, e is the nupber of noles
cal culsgread gpdRtBETdaramBeBBRES cHRApbnbhts d¢& Yo£)7d %e&B? rtx¥76, ThO?/ 4
and 80312 (other |anthanoids) respectively, f is the nunber of noles
calculated for Mof said third conponent as Nb(612 and TaQOSiz

respegli vel ¥y eahibfdufabsut g WebEda Of s - iffe L ACUNSt Bdef 6F chhimg said
fourth conponent as Si02. 55. The manufacturing nethod as clained in claim
54, wher @on4d,CQRPESihi ancohpsed thdn ret o diventthi so@pdfextal¢agAdb + )
0.40, 0.30 -< b/(a +b +c) 0.35. 0.40, and 0.25 c/(a + b + 56. The

manuf achapi agonet hod as clained in claim54 or 55, wherein a conposition
of said first conponent and said at |east one conponent of said second and
third conponents is 0.96 < (a +

42, The manufacturing method as claimed in aay one of claim$
38 to 41, wherein sald ceramic further containg a fifth
component consisting of at least one kind of oxide selected from
) oxides of Li, Na, Mn, Co, Ni, Cu, Zn, S¢, Fe. Ga. In. Mo and W,
and wherein a composition of said fifth component is 0 < h/d x
100 < 1.000, where h is the number of moles calculated for Li,
Na, Mn, Co, Ni. Cu, Zn, Sc, Fe, Ga, In, Mo and W which are
contentg of said fifth component, as LiOj;z, NaO;,;, MnO, CoOy,a.

Nio, Cu0O, 210, Sce0342, Feo;;/z, Gao:;,z, In03/1, HOOa and WO,.

43. The manufacturing method as claimed in any one of claims
38 to 42, wherein a temperature in said reoxidation performing

step 1s between 850°C and 900°C inclusive and a time of said

reoxidation performing step being between 0.25 bhour and 32 hours
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b+c+e / (d+f) <101 57. The manufacturing netREBLAS R d i Ay
one of clains 54 to 56, wherein a conposition of said at SHEETS
conponent :f said second and third conponents is 0.75 - (e + §)§ /JQJ\P(Z&@O 1
94 0 9 JAN zoo/i 4.0. 58. The manufacturing nethod as clained in any Ohe of
clainms 54 to 57, wherein a conposition of said fourth conponent is g/d x
100 S 0.3. 59. The manufacturing nethod as clained in any one of clains 54
to 58, wherein said ceramic further contains a fifth conponent consisting
of at |east one kind of oxide selected from oxides of Li, Na, M1, Co, N,
Cu, Z'ﬂnc?ﬁsigg’. Ga, In, Mo and W and wherein a conposition of said fifth
conponent TS < h/d x 100 <_1.000, whore h is the nunber of noles
calculated for Li., Na, M1, Co, N, Cu, Zn, Sc, Fe, Ga, In, Poo and W
which are contents of said fifth conponent, as LiOL 2, NaOl/2, MO CoO41"
NiO @40 Zpe: maRdfactiEeBd meilaiB/as dla@Be?, inba@BYante W 0c1agss ABSTRACT
OF THE DI SCLOSURE A conposite perovskite-based sem conductor varistor
ceranBé &nd4a,vehesebn apbenprRaivre i rsoddc FRPFAEAtLEBNRPEE PRI "Sf oxi des
of Sr, Ba, Ca and Ti, at |east one_conponent of a second conpgnent
consi stenglsf batweens?0dife andnd 050 Bxgg%lu%je‘r%&“éﬁ ¥ rtdﬂﬁeo?ifdéglgf R (Y and

| ant hanoi d nd a third. conponent. consi.sting.o e L of

oxi der§81‘é§%5§°?r%ﬁp%§<lfucf‘e% ot ﬁﬁﬁlgar%(ft?’tg)e?’ gﬁg ggykufgtﬁﬁ %%%p%%ﬁt

consi g} Lpngspfean oxide of Si. The ceram c substantially containing no M.
A conposition of the ceramc is 0.10 [err] a/(a + b + c¢) [err] 0.40, 0.30
[err] b/(a + b +c) [err] 0.50, 0,20 <c/ (a+ b +c) [err] 0.50, 0.84
[err] (a+ b +c +e)/(d+f) [err] 1.16, 1.0 [err] (e + f)/d x 100 [err]
110. 0, 4B0d gfise xmddDE d @rudinl Gethivat @sacilaimed ABNBRY oRrenef e3laHT ul at ed
“for Sr of the first conponent as SrO b is the nunber of nvoles, cal cul ated
for Basototh2. fyherednporfitRezatuRe0in: sadd; geoxiABLELoBf PALF XY™ cul at ed

for Ca of the first conmponent as CaO, d is, the nunber, of .npleg cal cul ated

for TPteR inchetyetn cHbenaRt 23075 HRFHISSve 12ed Ho HiMfo8F 6P Rol es

cal CULQ.%EMQ%B O DS YL VP HAENeBS 0 ¥OhOLE] angeld alddus P err],
r]i (‘ot ehr

Tbd err] and | ant anoi ds) respectively, f is the nunber of
mol es; gd gt ed for Mof the third conmponent as Nb(Jerr]and Ta( err]
respectively, and g is the nunber of noles calculated for Si of the fourth
conponent as SiJerr]. A conposite perovskite-based sem conductor vari stor
ceram c and a varistor may consist of at |east one kind of Sr, Ba and Ca,

and T#S - andPHmRanPEAR TEEE S MSER@d af Fhajmed in any ome of claims

38 to 42, wherein a temperature in said reoxidation performing
step is between 9250°C and 1000°C inclusive and a time of saild
reoxidation performing step is between 0.25 hour and 16 hours

} inclusive.

47. The manufacturing method as claimed in any one of claims
38 to 46, wherein a time of sald reoxidation performing step is

adjusted to control a varistor voltage value,

48. The manufacturing method as claimed in any one of claims
38 to 46, whereln said method fﬁrther comprises a step of
weighing raw material powder so that a weighed powder has a
predetermined composgition, a step of mixing the weighed powder,
a step of performing calcining of the mixed powder, a step of
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conpressi ve stress.

grinding a calcined object, a step of forming the g¢ground object,
a step of performing the reduction sintering of the formed

object, and a step of performing the reoxidation of the

reduction sintered object.

49, The manufacturing method as clazimed in any one of claims
38 to 47, wherein said method further comprises a step of
weighing raw materlal powder, a step of mixing the weighed
powder, a step of performing calcining of the mixed powder, a
step of adding a part of contents so as to adjust a composition
of a calcined object to a predetermined component, a step of
grinding the adjusted object, a‘stap of forming the ground
object, a step of performing the reduction sinterimng of the

formed object, and a step of performing the reoxidation of the

reduction sintered object.

50. The manufacturing method as c¢laimed in any one of claims
38 to 49, wherein said reoxidation performing step comprises a

single continuous heat treatment process.

51. The manufacturing method as claimed in any one of claims
38 to 49, wherein said reoxidation performing step comprises a

plurality of separate heat treatment processes.

5z2. A manufacturing methed of a voltage-dependent nonlinear
rasistor ceramic, comprising a step of weighing raw material
powder containing oxides consisting of at least one of Sr, Ba
and Ca and consisting of Ti so that a weilghed powder has a

predetermined composition, a step of mixing the welghed powder,
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a step of performing calcining of the mixed powder, a step of
grinding a calcined object, a step of forming the ground object,
a step of performing reduction sintering of the formed object,
and a step of perfofming reoxidation of the reduction sinterad
object, said grinding step being performed so that a specific
surface area of each grain after the grinding becomes between
0.5 and 5.0 m®/g inclugive, said forming step being performed so
that a density of the formed object becomes between 2.80 and

3.40 g/cm’® inclusive.

53. A manufacturing method of a voltage-dependent nonlinear
resistor ceramic, comprising a step of weighing raw material
powder contalning oxides consisting of at least one of Sr, Ba
and Ca and consisting of Tl 5o that a weighed powder has a
predetermined composition, a step of mixing the weighed powder,
a step of performing calcining of the mixed powder, a step of
adding a part of contents so as to adjust a composition of a
calcined object to a predetermined component, a step of grinding
the adjusted object, a step of Forming the ground object, a step
of performing reduction sintering of the formed object, and a
step of performing reoxidation of the reduction sintered objéct,
gsaid grinding step being performed so that a specific surface
area of each grain after the grinding becomes between 0.5 and
5.0 m?/g inclusive, sald forming step being performed so that a

density of the formed object becomes between 2.80 and 3.40 g/cm’

inclusive.
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54. The manufacturing method as claimed in claim 52 or 53,
wherein said ceramic contains a first component consisting of
oxides of Sr, Ba, Ca and Ti, at least one component of a second
component consisting of at least one kind of oxide selected from
oxides of R (Y and lanthanoids)_and a third component consisting
of at least one kind of oxide selected from oxides of M (Nb and

Ta), and a fourth component consisting of an oxide of Si, and

wherein a composition of said ceramic is 0.10 £ a/(a + b + ¢} £

0.40, 0.30 < b/(a + b + c) £ 0.50, 0.20 < c/(a + Db + ¢c}) £ 0.50,
0.84 < {(a+b+c+e)/(d+ £) £1.16, 0.75 < (e + £)/d x 100 <

10.0, and g/d x 100 £ 0.6, where a is the number of moles
calculated for Sr of said first component as SrO, b is the
number of moles calculated for Ba of said first component as
Ba®, ¢ is the number of moles calculated for Ca of said first
component as Ca0, d is the number of moles calculated for Ti of
said first component as TiO,, e is the number of moles
calculated for R of said second component as YOis, Ce0s, ProOjise,
ThOs,s and RO;,, (other lanthanoids) respectively, £ is the number
of moles calculated for M of said third component as NbOg,; and

Ta0s,; respectively, and g is the number of moles calculated for

53i of said fourth component as $i0,;.

55. The'manufacturing method as claimed in claim 54, wherein a
composition of said first component is 0.30 < a/(a + b + ¢} =

0.40, 0.30 £ b/{a + b + ¢c) £ 0.40, and 0.25 < c/(a + b + ¢} =
0.35.

56. The manufacturing method as claimed in claim 54 or 55,

wherein a composition of said first component and said at least

one component of said second and third components is 0.96 £ (a +

b+c+e)/(d+ £f) £1.01.

57. The manufacturing method as claimed in any one of claims

54 to 56, wherein a composition of said at least one component

of said second and third components is 0.75 < {e + f)/d x 100 <
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4.0.

58. The manufacturing method as claimed in any one of claims

54 to ‘57, wherein a composition of said fourth component is g/d

x 100 < 0.3.

59. The manufacturing method as claimed in any one of claims

54 to 58, wherein saild ceramic further contains a fifth
component consisting of at least one kind of oxide selected from
oxides of Li, Na, Mn, Co, Wi, Cu, Zn, Sc, PFe, Ga, In, Mo and W,
and wherein a composition of said fifth component is 0 < h/d x
100 < 1.000, where h is the number of moles calculated for Li,

Na, Mn, Co, Ni, Cu, 2n, Sc, Fe, Ga, In, Mo and W which are
contents of said fifth component, as LiOj,;, NaO;s,, MnO, CoOy3,

NiO, CuQ, Zn0, S5c0y,z, FeOssp, GaOisa, InO5/2, MoO; and WO;.
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