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&gé&?ﬁgmf sol der have been used at the tine of

nountTng €electronic rts such ‘as varistors, soldering tenperature has

been promot gd, For, this £ 63590 ;55 NSl ShOLS U< sT4RESC

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.



severe soldering conditions, it becomes frequent that thermal c}dcKgN 2004
caused by local thermal shocks arise. As for electrodes of the varistor,
an Ag (silver) electrode is generally used. Nevertheless, since the Ag
content of this electrode dissolves into the solder due to the increase of
sol dering tenperature, there is a possibility that a function as the

varistor may e, spailied hegause gl dlGRIRSALANCE flidl pQlod Part of the 3

0 JUN 2004 eflectro norder to pro stor strong agai nst such a
t hermal__shogck, . ring varistor wth | 2 -based ceramic js disclosed in
JapancSETBBiEnA tpif| PRSI KB, S bhA, CRIRRRGEPES SRPSRGY Dl | cat i on, no
specific data is nentioned at_all. In _addition, sych Ti O2-based vari stor
cer am €fi @ HHSTOE ¥pH A9 Avettage @&F WBABRSTAES5er o sKe e BRCEd vari st or
ceramic in _respect of the electrical characteristics about electrostatic

capaci ¥F9pidhg drresy oy stedechéng diflec satios | ¢bidn -t fa avfl fence, such
ceram c cannot be adopted. Therefore, demands of conposite perovskite-based
vari st Bamelger dmi osdex ineredsnheinessive oirnand Suparflving dnte| ectri cal
characteristics and a feature that its functions are not spoiled even if
hot soh dearigoirs opethamadd rukawadsh divomr erisimagsiuet boi tor e@gdsbper ati on
efficiency, varistor ceramcs nore excellent in hardness to for exanple
bendi ngoBiages eirappinesin ednn&tMRRYiICH Tl dddvElSE GE Idparsttihgr ef ore an

obj ect of the present invention to provide conposite perovskite-based

vari st pempeataatire , anel & Yaskshd Hdahjhaveriexaempenat@teect ri cal ‘
characteristics feature that its functions are not spoiled even if hot

sol derfdierident9! f iR dtoANGiRee ehe eedmpiiratiite PdgSRidentRventt@n is to

ypr ovide varistor ceramic which is excellent in electrical

char acy&FistiohC 901 P55 1180 a8HSNEH NnaRdi & Nty BireS AOSKId¥LRPTin3 0 JUN 2004

property, and to provide a manufacturing nethod of the varistor ceramc.

Accor difa {0t BEr B ETRML 1 LBVEH 1. 0826 8RP7hBanBEE Patshke- based

sem conductor varistor ceranmc and a varistor contain a first conmponent
Cone) a1 455 Phalolly. Sephfast G RoMBROLh Rosecond corponen:
o RSN e B 014 Sk Tucgle Kind of oxi e

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



fourth conponent consisting of an oxide of S e ceram ¢ substanti%il yUN 2004
containing no My. A conposition of the ceramc is 0.10 :!5 a/(a + b + c¢) s
0.40, 0.30 s b/(a + b +c¢c) s 0.50, 0.20 <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
conmponent .As, %eSrO b is the nunber of noles calculated for Ba of the first
conmponent as O c |s t he nunber of noles cal cul at ed for Ca of the first
conponent as r..of e |.c 1: Ti of the first
conponent asI 'B]::(?er bf:ﬁe hurth é’rago gon%lsézg%g g ?l Sflo R of the second
corrpon t as, YQ3/ CeO9 TbO7, 4 d , her | ant hanoi ds)

respec 95‘??71 Sf%olcé t At HifYar L5 Foh o éﬁfg?ﬂﬁﬁéﬁéf%%r%l& ¥he third
corrponent as Nb05;1 TaGb" respectively, is the number of nples cal cul ated
for si dapcleed dfr PRPRRARSOFARENEPERIdcation Nay &3eip20 HeniP¥VsIot onl y
enhances the thermal shock-proof property of a varistor and suppresses the
30 JUNinobae gamdigathon oMoy sppetkid datacks drentiengdsat &kl.a I®dcal t her mal
shock due to severe soldering conditions by decreasing anount of SiO  used
as a saadiriangy sudht T1@-hssedmtarigtoposssidnliie, isbeensldegabdypensat es t he
deterioration of a degree of sintering caused by the decreased anount of
Si O7 byneeljitst tpgcampagitie peBovekireabasedfvarisibal cavariey iof nol es of an A
site conponent containing other elenents which can enter in lattices of

t he A ré&spesicofponentdlddtriehat cltirdcdeiisties ravduiiseléotmogtattat nunber  of
nol es of a B site conponent containing other elenents which can enter in

| at t i c@gpafitiyl)eaBasthe eOTBEBE NJLtagsPEOSERSILIGbE1€)¢ ( tard hbnckp addition,

)t he present invention further enhances the thermal shock-proof property of

a vari stéd ceralfcn@intsintai Basgcddl substantl ally to further suppress | ocal

t hermal shock generating. Moreover, is possible to enhance the

el ectrical ORALRAFLE], Shbkendd olEN8o gl%obeéav@&paea%baae‘b&m%%&ectl ng A
site nole ratios, and an anmount and a ki nd sem conductorizing agent. In
addi ti a t sgﬂgell YeRL i OF elles:tBotaf SiMPle A/B
ratio %ﬂlﬂ'clgsignﬁiﬁeo O?B ﬁ éhlﬂsr%t:)g? 9%@ nol eslBofB%he A? site c%rrponent

consi s r?Q{:i’c§randlB?1 808uR AR EDSABhe OdrdDlcts OF the B site

conmponen Consi s I'ng on Is a nole ratio of
i ons that. onstl t VSKi., e 8 e I ontain, additives.
Nanel f |JIJ' ca#sglo\ﬁngfjgg *nﬁ conP F%O%s'ﬁ’toﬁu&&%érﬁ@ggbfég b

to increase operation efficiency, varistor ceramics 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



sintering is not the sinple A/B but such total A/ B. particular, %iﬂnd,JQN r%[(]aﬂ%
sem conductori zing agent is inportant 3 0O JUN 2004 solid solution ions
anong additives, in the case of the present invention where a dosage of

t he sem conductorizing agent is nuch, an error becones large if the sinple
A/IB ratio is used. Nevertheless, it becones possible to provide a varistor
har dl y i t i.S ion_of ch | StiCS sinc . trol is
i n@EOPEFEDn R ST BERPRE o el B ARl Ty P g o P B8 on e that a
conposition,of the first conponent is 0.30 ~a/(a +b + c) s 0.40, 0.30 s
b/ (a s 63 Cand 0.25 s c/(a + b +c) s 0.35. Also it is preferable that a
conposition of the first conponent and at | east one conponent of the second
and third coRFEAERINT it GhegPlesent dnvenfiony @ ¢9mRosite) |t js still nore
preferable that a conposition of at |east one conponent of the second and

t hi rd PEBRPIREM PAsed1sgniconauetey /NABLSTOD LTAMYC pRAt AeFHISEOTIt is  al so
preferable that the conposition of the fourth conponent is g/d x 100 It

pr ef er gbhbaimeagt filrstceempanentucensistiogt af nexidds PEhStomon&at consi sting
of at |east one kind of oxide selected fromoxides of Li, Na, Wi, Co, N,
Cu, Gaandndi Wat tflebstabrso qompbrerblaf haecnd domporeddOcanglis@@fyg where h i s
t he nunber of noles calculated for Li, Na, M1, N, Cu, and Wwhich are

cont enbs af Ideetf bhehkirahedneride asellecOid 2frddaCkidés MO R QOapd3, N O, CuO
Sc0_3112, FeOG,,,,, GO0 "1, In@i 2, MO and WO,. This fifth conponent is

ef f ect L yRthah@@BINELAG &lHEGHr CoémbonettatanéBitiisld ©F, atULdnss oaghancenment of
a nonlinear coefficient 3 0 JUN 2001+ (x . Preferably, the varistor has

el ectrpoes J0MEe08e]1 &nta ep6mSoiREecefMt (M GaBaThE, &1 at he el ectrodes
')conS|st Cu or material mainly nmade of Cu. In the case of the latter, it 1is

mor e pESESRARIRpbASAL (8 58chE WE B bR1 AR AT @i .2 ik Jehiicor QU

containing glass frit. Furthernore, according to the present invention, a
e PR LRTRE S AR 5945 chtiofiod aas coraiiar O
stressyed & &8 1¢8 L11§ Lab9% CUMLPEShY fa S b5 PL S SQNol G ceram ¢

< c/(a+b+c)=<0.50, 0.8 = (a+b+c+e}/(d+ f) s 1.16,

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
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ce, it is also possible not only to inprove bending strength a@JtWﬁ
of soldering, but also to obtain high thermal shock- proof brg Ny 04
nting a crack fromarising even when tenperature locally rises at the
of soldering. That is, at the tinme of soldering, |ocal expansion

s by local heating and becones tensile stress that makes a crack
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s that can bal ance this tensile stress . is,introduced beforehand on
oFhack §7F e SERrTR Bt BTN ondlddPes oY d9CTPBSHIAAT™ conpr esel ve
s exists in a surface the varistor_ceram c, bending strength
ad@eunt iy 19, (Yieds afed pFHHETNE ddditHye 8F TRkbedSdPgFatiRI® Assuni ng
X-ray stress constant is -100 MPa/degree, it is preferable that the
ebytvalsq cegpensates Whe detepiaratiop g Zsgxept of sshedipPeferable to
MPa or nore, and it is still nore preferable to be 40 MPa or nore.
casased tby $hpr déeretsied amaunt v SaPariyc adjnsbing aa thitastAGdnponent
sting of oxides of Sr, d Ti, |east one conponent of a second conponent
s{anatafo aif hedstalbmembendod madeisdef sa gctsddef campangrdes of R (Y
anoi ds) third conponent consisting of at |east one kind of oxide
t eént40iMn@X bdRer ddlddene WLt &an anten i dutthceongoret Aconsi sting
oxide of Si, that values of a/(a +b +c), b/(a+ b +c) and c/(a +
) sife tddnlponeat i€ Q@dithsheto el SbnORadidd N@cSA0HBIYL GrRiAMest i ng a poi nt
0.0, 0.8) and a point (0. 6), or in a range where a/(a c) and b/(a +
) of o1 88" al Badk e icdmbbiénts @IMRAL n1thy tdtdler &Sef@ROSHECAN 1S 0.84 s
b+c+e)/(d+f) .16, 0.75 s (e + f)/d x 100 s 10.0, and g/d x 100
Garh Trftde FHMDLE QlesMBECERS A Gikal 88nidHen®) ,Oéx}%ﬂ-ﬁ‘sééd §h (gonmponent as
b 1s the nunber of noles calculated for Ba of he first conponent as
c,is t n Ofe 4ol el at ;£ r st conponent as
+.§-+QF+ Hzggé-z ). Zﬁ?a%%#%g ﬁtggu?%?é%§§%Q£nﬁﬂﬁ?%h

dis the nu nol es ul a f the rst conponent as

e’ BeplAAP oSy Rhes AR5 bRLSH bRy ok e aesgpd: comonen

| Lculated f he third NbCB"
and TIRBTDY SeReetive 5 st Gurc oy Horkucibr RBPESHTIMEL. i ror S o

the f
enhan

gg‘tiet n Ogggdengtenaesfa%_r?gl L{rc])régwirgr,\’\%_ ' itshgogsri%%_%nttoi gh’ﬁgrtui:eo n not only
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



30 JUN 2004 thermal shock-proof property of a varistor and suppieBs§sytings
generating of a thermal rack on the basis of a local thermal shock due to
severe sol dering conditions by decreasing an amount of Si O used as a
sintering additive as small as possible, but also conpensates the
deterioration of a degree of sintering caused by the decreased anount of

SI2 4 il 21 58 BnofliPaad f143K] 0101tk 1! OB RS prbeffp! €5 of an A

site conponent contal ni ng ot ment s Whl can enter attices of the

A sit e e i.an o %.ﬂ! unmber of nol es
of a En&%%%% Q%ﬁié%técdoo%ta ?n?érl%l?ﬁnhgfr?lggig n%sl\%ﬁn@ can gnt er in

| attices of the B site conp nent) ress (a + f).

Mor eovEPS 15“1§r58£s?%ﬁQ§%Fo h¥a e%ﬁﬁesgmig%&pﬁ 5ﬂ§lel ctrl
characteristics of the varistor a ely se|ecti site nole
rat i osNeVETthedesfouht RERPmGES R‘??ﬁ:ﬁ’&? gg ]E‘b‘ﬂ%c?o}’?’ﬂ%td’rag’g‘ﬁp\lyl n addition,
a paranmeter adopted in the present invention is not a sinple AABratio

whi ch havipg dbpodésrerrdonupberhasactppieticy %ﬂ%?eAP§¢@¥3QQ@ﬁ§8ﬁeh¥ consi sti ng
of only Sr, Ba and Ca, d the nunber of noles of the B site conponent

consi s@ttﬁgl@ﬁ farythe fimst thee ton singpthendiothd &/Bole ratio of ions that
constitute the perovskite structure and al so contain additives. That is,

it is becausktiits pyrefavalgle thhastawatpasigign ebrithel farset to a degree of
sintering is not the sinple A/B but such total A/B. In particular, since

t he sepdngomddet 05i @iy < ageat+ it + aPostemo,sol.Bd sabitd enbi 8ns) anong
additives, in the case of the present invention where a dosage of the 30

JUN 2004 g7 spadscimnid &i/0g Agent o)S<nbicis. an1€s riar ikepesesrdraege if the
ySi nple A/B ratio is used. Nevertheless, it becomes possible provide a

vari stiathar dbipdesiiitg blietk SHes @&n@cﬁn&ha@aat@tlﬁéasa.s ofience exact
control is attal ned for the first time by using the total A/B. It is nore

pref er@ol?rltp%ntanft ot Qe $eBbnd/ & Rhidat cg}n Jorfoht8Nds Ch (76 & RatsC) LN the

trilinear coordinat es exi st on a first |ne segnent connectl ng a poi nt

(0.5, 0. 08)2(‘5 th » 1a0§ecgtggils gﬁlﬁemgtp %f%%?llengh sggnent connecting

a point ( ird i ne a pol nt or a fourth line

Segne BQEEE&S des %thFQgt (dhe Q:oﬁpon&er@ nd BO:dHa (aQﬁZthlPa or a/(a + b

+ c) exISts 1n a range l[arger than these rst to four I'i ne segnents.

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,,, GaoO,,, InO,,, MoO, and WO,.

This fifth component is effective in enhancing electrical

characteristics, such as enhancement of a nonlinear coefficient



It is still nmore preferable that values of a/(a + b/(a + b + c) gngl g/ e
inthe trilinear coordinates exist on a fifth |ine segnment connecting a
point (0.4, 0.2, 0.4) and a point (0.2, connecting a point (0. , a sixth

i ne segnment 0.4) and a point (0.2, a seventh |line segnent connecting a
point (0.2, 0.5, 0.3) point (0.3, 0.5, 0.2), an eighth |ine segnent
connec?ing a point (0.3, 0.5, 0.2) and a point (0. 0.2), or a ninth line
segnent “connecting a point (0.6, 0.2, 0.2) and a point or in a range
surrounded b e i f to [t . e.qRr I t nposi tion of
the first 10¥§é%g¥%a% ZOEH%S%%%ﬁER? éﬁ%i%%%cﬁééégggﬁg%%gn%%ﬁ%gt of the second
and third . conponents is 96 s (a + b + +e)/(d+f) s 1.01. It is also
mor e pLETE GBItk SEREFSS, TorrpBererdicsr Sad T aiecthedeninnane 6 ( he second
and third conponents is 0.75_ s (e + f#/d x 100 s 4.0. It is also nore

pr ef er GBI ¥ TRAETAAL IRt MBHe off (e FbdPencedefndhe 1etef®r Xt00 s 0. 3.
It is preferable that the ceramc further contains a fifth_conponent

consi st¥ Apxst PaeferalRte FHatkIR WechkPdes ol Feed oF om@xiPdéSYof Lei, Na,
WMh, Co, Ga, and W It is also preferable that 0 < h/d x 100 s 1.000,

wher e ¢ i@ oataimbes dfesgofestcal cul ated for Li, Na, M, SCOI/2, O,
CQ4/3, NO CQuO 312, In3,2 . Mo and WB . Furthernore, according to
t he present Funidetrmone. sacornddahgctariheg presémtd igfveatiyani st or ceram c
includes a step performng reduction sintering to obtain a ceram c

cont ai vamigsto@x ceeaniod cahthias toxide sk cons it isy, oBaalanikasa, caad Ti, and a
step of perform ng reoxidation of the obtained ceram c generate a

conpr aelRidVofstleaent mm@ngUst AG® ,0hnhea carmmi(. andidic @ shefhes ge
conpressive stress is generated by the reduction sintering and reoxidation

processe RhitA Sdhsteddivehetr&fy amigrsurface, it is also possible not only
to inprove bending strength at the tine of soldering, but also to obtain

hi gh t her nalgi$RACKknA’ DA gD CORBELYsIFeL W PELH s s85A6K O Meramic

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,



Mo and Wwhich are contents of the 1.1 3 U JUN 2| arising even when
tenperature locally rises at the tine of soldering. It can be %pglggngmq
fromthe relation between an anount of oxygen defects in reduction
sintering and supplenentation of the oxygen defects by oxygen in

reoxi dation processing that the thermal shock-proof property and residual

conpr esgl }(8n@&%e:?%eggﬁagfé‘eﬁoa‘ogdz9%{6&“%&{3 é”a&ddoﬁi;oistéﬁlf educt i on

sintering a at1ron processing. e tine of soldering, |ocal

expanshggearf?ife%a@iel }ggatl)e @eﬁkén&' al,nr‘la%el?ecorrefs tensile stress that nmakes a
crack arise o a surface o € ceramc¢. It is possible to obtain the

varistor ceranic, strong agaj nst | ocal .therpmal shock so | ong as the
conpr essi ve - PrE%JsstcfﬁF'céﬂ BaRLREET lFlf% tﬁ’é‘ﬁsgﬁ% @LABEE PRI oduced

bef orehand on the surface of the varistor ceramic. In addition, if residual
conpr e@sfiBs&1GAPONER} FFFLAng 1F Lddesf ok i v B stdratkMdni 8 bendi ng
strength increases. This is the sane principle as that of tenpered gl ass.
It is peeserdsl eomponeilyiPiangdsasnd spmpanent gonsdaliéng f athat t he powder
may have predeterm ned conposition, to grind and formthe powder after
per f or keaglt calec kahdgef aoxideo sepectiast diroy ohbdesedfcRi OB atidhtering of this
formed object, the reoxidation. Assum ng that X-ray stress constant is
-100 MPatharictidied apd ef ertedlridectr@ainentie consjxteissi o€ at riesst sné5 MPa or
nore, it is nore preferable to be 25 MPa or nore, and it is still nore

pref erkbhd@ 40 odxedd4OsdRectexd WDoR . oxdildelsSopref @Nlana Thp) ddéde at enper at ur e of
reoxidation 12 3 0 JUN 20011 processing is between 850C and 1050C

i ncl usfM@rtH tcompofiBAE cdiisabeiad| & ahabxide dfemer ehalt &dimeebyeen 900C and
1000C inclusive. Thus, it is possible to secure a wi de range of varistor

‘vol t aggy peplues apgl, spif fd Gi 8Nt @pddaneatacral f4i ghenh @cinArkeepi ng | arge
surface residual conpressive stress by controlling a varistor voltage

val ue the,oghceBangi 9 dnhe 11SRRIALHE Ccbihddi@nbeQ paiatt QB. Bl ocessi ng
wi t hout changing the conposition.” Consequently, since w de range of

vari St@fo,V@.hﬁgﬁﬁd?ﬂfe{)ohilﬁ%a%l&,alo."i’t,ab‘?s?btcﬁi %dﬁi ﬁ%%@e whdie gppgosi tion

wi th malntaining h'strength and the hig resisting property
ow ng 1 g, Lhe,! ahd %P Lage, 'SP HUAN EQUPIERA! ¥R18'{ B3 seghbnbPCOMES
y to prepare variolus naterrals and i
and that its composition is 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 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



becomes easy to control materials. It is preferable that a tine %f t#yN 200
reoxi dation processing is 32 hours or less, nore preferable that the tine
is between 0.25 hour and 16 hours inclusive, and still nore 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 atnosph e, refer e ceramc
cont ai ng J?rs E}r)one;#mg%r%écys #ng ‘)o l%ﬁ?%e%%ﬁﬁgﬁge%@ Ct:%\1 and Ti, at

| east one co one ond co t co stln e e kind of

oxi de JBREETEIE Donfo kb GaEo R ok (Y8 . PARLA Ao HAPots TRy 2004 a thi rd
conponent conS|st|n of at |east one Kkind of oxide selected from oxi des of
M (Nb &Rackjue éﬁﬁdsa"%‘ar%‘#a%ﬁﬁ%rf&ﬂm&&ﬂ% SRy h’g‘i’c&ﬁaﬁh“%ﬂfﬂe of Si, that
values of a/(a + b + b/(a + b + c) and c/(a a) in trilinear coordlnates
exi st 8ROt 9fe S3OgyhEAA E8nR LG IRI pRAGITIVE. 25 Tnll @sgposatklier  poi nt
(0.0, 0.4, 0.6), or in arange where a/(a + b +c) and b/(a + b + ¢c) are
Iargerbtlhamlﬁmi@mpﬁn%a‘é%ﬁgﬁéﬁt deperiianagiont et aslegasetedreingegiBg s (a + b +
c +e)/(d+f) s1.16, 0.75 s (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6,
wher e aaused hy mhabéecradseadp besurialafulSa0e dyf edj@stiofg whe&otak A/Eonponent as
SrO b is the nunber of noles calculated for Ba of the first conponent as
BaO, c(asrdthie affmhetotdl mumbercat andlakedf fan ACaiak tdepdiendt conponent as
CaO d is the nunber of noles calculated for Ti of the first conponent as
Ti 02, cént#irdihg BURGEIeimciBLEsh A Gahaégeed Gn Radtitde greebadaconponent as
YO,,,,_ , CO, PrOL1i5, TbOri14 3 (other | anthanoids) respectively, f is

the nusbes QmpbRbee Galilaalisf t®ranMich faeidd)i k8 §orPRNeMumBerNbC612 and
)T 2 respectlvely, and g i s the number of noles calculated for the fourth

CoNPONgAtnARsShEPa B 'élﬂes cBRpEndH € BhaRl £ dd ¥tned! dsndftshh@ct b + ©),

b/(a c¢) and c/(a + c) inthe trilinear coordinates exist on a first
line s 0 i ( c@pd¢Line segnent
connec‘?%ggéﬁtt o Eﬂef%%ﬁg:e% ggrrg&trlﬁ éggﬁﬁgcctxlgn cgle%)t(%l n@:}%r&séﬁosﬂfé)( third

l'ine +b+c+e)/(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



30 JUN 200

0.5) and a point (0. 0.5, 0.4), or a fourth line segnent connecting a point
(0. 1.4 30 JUN 2004 0.5, 0.4) and a point (0.2, 0.8, 0.0), or a/(a + b + ¢)
exists in a range larger than these first to fourth line segnents. It is
still nmore preferable that values of a/(a b/(a + b + c¢) and c/(a + b + ¢)
inthe trilinear coordinates exist on a fifth |ine segnment connecting a

poi nt 4). an in . | Xt I ] necting a
Poi nt (Ergeopaferayipind ot Sl Sm BrEb Phgdel 1ZHRENe FARICC T8 ¢
connecti.ng.a paint (0.2, 0.3 d a.point (0.3, 0.5 0.2),..an eighth Iine
segm::ntSJ‘H‘gi"'iﬁe‘ng%I ﬁj‘téopﬁ? n‘fs‘ﬁ). Cas’l?e‘fﬁ ) eg?iﬁ' artd PEERBER P 1.@?, dr a ninth
| i ne segnent connecti ng a in go. 6,,.0. % 0. 2%_ and _a point (0.4, 0.2,
0.4), &FOVHIG 3 FAFSSLBF, dg‘ﬁyl?gﬁe@é’ FPECP™ Rfnth 1ine segnents. It
is nore preferable that a conposition of the first conponent and at | east
one cofparenteristins sioemEXacd FARERP! denpbiriied forotisy KLirst + p + ¢ +
e)/(d +f) s 1.01. It is also nore preferable that a conposition of at

| east tame eynpumentheftetil &4Beond and third conponents is 0.75 s (e + f)/d
X 100 It is also preferable that a conposition of the fourth conponent is
g/d x 100 |t Itsipmefrer pvbfetrdale tthetcertrrsc ofual ber+ dort gdnsbAlafifth
conponent consisting of at |east one kind of oxide selected from oxi des of
Li, Ing Bo+amd and by (as+ & socpr ehetlablteril hodar) coorddnatdd@xsist. 000, 15 30

JUN 2004 Furthernore, according to the present invention, a nmanufacturing

met hodoff aafmard 3tiae Sedwmitc chbasedttigep pbintperd.6r,nD0Q, redjctandn sintering
to obtain a ceram c containing oxides of at |east one kind of Sr, Ba and

Ca, and gbinst@R20f opel foreyi,na sesxidlatihens@dmdnte cohhat ity eer ani c.
tenperature in the reoxidation performng step is between 850C d 900C

i ncl uswfn@nﬁ).@,t b®, of. d)hanaeaxpsaid Q0. perd of Mong) st &peris-detwneen 0. 25
hour and 32 hours inclusive, or a tenperature in the reoxidation

ng;?ag%%ﬂ %%Phéck’fﬁ 038P %.ai‘,d 019506, A NClashVEo e @ .4i,me of the
pertormng step is between 0.1 hour and 32 hours inclusive.

0.5, 0.4), or 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.

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

b/{a +b +c¢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



Al so, according to the present invention, a manufacturing met hod 308 dUN 200
varistor ceramc has a step of performng reduction sintering to obtain a
ceram c containing oxides of at |east one kind of Sr, Ba and Ca, and Ti,
and a step of perform ng reoxidation of the obtained ceramc. A tenperature
in the reoxidation performng step is between 900C and 950C inclusive a
time ObohfBshdfiO%hdaht Olb AR LABTEAMOHEER bE G WesBnfl: ahd Ui aNd 16 hours
inclusrve,; or a tenperature int reoxidation performng step i s between
950C and 1000 iinclusive and a tine of e reoxidation performng step is
bet weefoBPYE® Fsahdgéégﬁ@u?sgihéTdéFGé?gIT 'sspgsé#ble to maintain the
strength of e ceramc 16 itself. in igh level, .and to_obtain sufficient
bendi ng streigt+ﬁtq}sph@°5%ﬂﬂ? I?P#%é@“ﬂh SOPRYE P P%s?%t {ice over a
| ocal thermal shock at the tine of soldering w thout changing the
conposPhe grrmpengat ust | e sRECRE Kt dhdrd ePRPAneREs| k8 G-Ik Fd&ei bn
processing for controlling a varistor voltage. OF course, it is possible
to seclr&d a J@Of scfeht nonlinear coefficient a in a wi de range of varistor
voltages, and to |essen the dependency of the varistor voltage to the
change of heltig edapmeore tnneferable cthathascomporsidignaefide nonl i near
coefficient a and sufficient strength in a wide range of varistor voltages
are obftaurtad dompbhéntsiitglggdconpusid 0B, it becones unnecessary to prepare
various materials and it beconmes easy to control materials. It is
pref erabl e tot aidjy peeféhabld rhaefl thdecareod cdabtider poatedss g to control a
vari stor voltage value. Wth considering the influence of changes of the
r eoxi dgt 0 coRpBLESS i dttheG88Thd i SMKtOVBAsH ot kiharoF Adtid@ge, time of the
)reoxidation processing has | ess inpact than tenperature in the reoxidation
pr ocesgdbteeReOn AYide@NbEOLL] NG avMarcst wi, val tage sql we, téaough finally
adjusting the tine of the reoxidation processing, the shift of the
vari staf, YRl Lg% duac! ¢ 14 uBkel dgexbdatyen Pag6esst Mpocondi ti ons

becones ‘snal and hence an y mproves and the control of reoxidation

ProCesaldie fORd! LA TRBRECHP SnERRY calbultddl FH2 AP} dvd 01l g9, and i x raw
, t he powde

mat eri al powder so that r may have predeterm ned conposition, to

grind W7 3 JBh 2004 5 T eLM K ROulAly alilith R2E! SbildHEsCRECHAL NG, and to
perform’t he ‘redluction sinftéring of this Tornmed object, and the
reoxi datd N ohbondnt 38 BLST SN RBOE, ! fnle! &b ANdit X LR gRber ! al
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



powder, to add a part of contents after perform ng cal cining, adj ugtﬂtﬂ-g\l 2
contents so that the powder nmay have predeterm ned conposition, to grind
and formthe powder, and to performthe reduction sintering of this fornmed
object, and the reoxidation. It is preferable that the reoxidation
processing is perfornmed at a single heat treatnent process acconpani ed by

one C'%ir’%jbrfgg'étgﬁgf{n’g‘%r? ﬂe'&ng%%gﬁé ldca1 ﬁ@%‘@‘ait”tﬁé??m?e off ternatively, it

is pre ere on processing is pérforned at a heat

treatne r.ocesses acconpani.ed.by.a |yrality of independent tenperature
1 ses adanes . T BRoRR aiieaiatanrei fbE bplation BERREARTE | 2"t he
ceram c contains a first conponent. consisting oxides. of Sr, Ba, Ca and Ti,
| east YHEHoRboRERTedetects oy TEEEHEMtSTRELRE Ff of | east one kind of
oxi de selected fromoxides of R (Y |l anthanoids) and a third conponent

consi styRRfeenfetignal dhe R¥YIFbUchirhe Beosyoen 17 FRBRAA8ELORf M (Nb and
T fourth conponent consisting of an oxide of Si and that a conposition of

t he cepraressingotiai e $hepmmal sheck-pyoef propgerpy 2and resigualp + c) <
0.35, 0.84 c +e)/(d+f) s 1.16, 0.75 s 18 30 JUN 2004 and g/d x 100 s
0.6, whmnmgeasiivets$iorensnbre génemited bul thd aowbinsblorgrofofthehe fir st
conponent as SrO, b is the nunber of noles calculated for Ba of the first
conponsstucdd oBagi nierningt hrd nmmbadatfiongiesesalinogl ated for Ca of the first
conponent as CaQ, d is the nunber of noles calculated for Ti of the
first conmpaerheasiné @G sogdesinde lodaleexmingivnearist< atiedator R of the
second conponent as YO3 bO ;4 and RO312 (ot her | anthanoids) respectively, f

i's the,ditihgr afd pEYRSsCobEsH B edrebortdiomakBe & Nerdbxcampssest as NoQ, ,
and TaQ 12 respectively, g is the nunber of noles calculated for Si of the

fourthy GRERABENF aheStOramidNeTR! £5 §ssiBYENS UbtaGh €Rb YvaRRapees the
thermal shock-proof property of a varistor and suppresses the generating

of a therml é%&%g%?ﬁs@aéil%c%ﬁ 2ndARAl shBBKNBS 15HPEk #he to severe

sol dering conditions decreasing an anmount of Si O "used as a sintering
addi ti I 0ssi bl .C.O es,stf_le terioration of a
degreé%g?%éis% erisrﬁsgaﬁrzgég%n Pﬁ%"&%rﬁ%&e%ﬁ%ﬁ% 0 %?OQE by adjusting a
total .ALB .(a rati.o g t n of S . i.Le. component
o inftRoaiBed Bdrdr@hafa ' AnehWIBELd 0l RhE ol A BERRLE O

er el ene , which can entér 1n I1ces O e

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



site conponent in relation to an ion radius, to a total nunber of3blJed @804
a B site conponent containing other elenents which can enter in lattices

of the B site conponent), expressed in (ac + e)/(d + f). Mreover, it is
possi bl e to enhance the strength and el ectrical characteristics of the
varistor by appropriately selecting A site nole ratios, and an anmount and

a 19 3 0 JUN 2004 kin S ond he ent. Ln addltlon a

par anetpé:Pcﬁﬁﬁb?%dl% h’ ?W@elf) 8?5&’?1 ‘#\Cl'é)?i’t |% r%lélgﬁg?' a&gl %r%lnéorﬁ B ratio which
is aratig of the number of nol es of A si o] e onsi sting of
onl y SPreRSTahie GRAty Chhe TAEBEIg? Ileeusr 0" E She o hhponent

consi st.i ng of Omﬁ} but, the tqotal A/B that is a nmol e ratio of ions that
const i LHEIUFHE pelBYSkitte 15t PORF IRASSFES Colidr R Cfves. That is,

it is because it is thought that what truly contributes to a degree of

si nt er vAgissonoolitagesvaies Ang sutficienk pepbinegrBCOPhtHHatilc ar, since
the sem conductorizing agent is inportant solid solution ions anong

addi t i wath keeping lexge syrfage pe 1 cApRFesBiYaEEFesq Ribsage of the

sem conductori zing agent is nmuch, an error becones large if the sinple AB
rati o centsedlingewerohiseys voltage cmiee pbhesudl ehepgipgoifiale a vari stor
hardly having the dispersion of characteristics since exact control is

at t ai neémperature finr she tdaxidhyiosipgpdelseibotvalthédliB. changingrtbeer abl e t hat
a conposition of the first conponent and at | east one conponent of the
secondcampoditiicth. conponents is 0.96 s (a +b +c +e)/(d + f) s 1.01. It
is still nore preferable that a conposition of at | east one conponent of
the second apgnidduichta9TPENEH vide Parde of @atistor dro1t488s sarfi 0.
)Furtherrmre it is also preferable that the conposition of the fourth

COMPONRRlof £l XrlOByfafhel ih! thd S0 cBRRSGABKCwibAL the ceramic

further contains a th conponent consisting of at |east one kind of
OX' de @Qirdrd -8y fH OMPXhdeRi g Helat-DBsidfind0, In, M and W
i's a%%o prn%yer agﬁ f@at 0 <gh/d x 100 sl 008, whsé%e ﬁlglcg t he nunber of

gglmﬁgn 9%5&@ %@%gftér'q@gﬁﬁaﬁ%&ﬁgfa&ﬁnggag&&@a&g%gb

Thi s fl{tb r;[:p%onent %St#)f_[%)elr% el $I 4 g t%%iﬁ} dlltq-‘har acteri stl cs

SCO cegs
such a$" '&nfanc n osf onl ar coe 1 on, according

to the é@éﬁéﬂ"%a%@v gtééﬂ¥roi materials.

It is 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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manuf acturi ng nmethod of a varistor ceramc has a step of weighi ng Ugmgazﬂﬂ.
mat eri al powder containing oxides of at |east one kind of Sr, Ba"an ,
and Ti so that a wei ghed powder has a predeterm ned conposition, a step of
m xi ng the wei ghed powder, a step of perform ng calcining of the m xed
powder, a step of grinding a calcined object, a step of form ng the ground
obj ect orm ng. I d titopLesi nt er | ﬁ_gLngfc)% hoe formed object, a

a. step of perf . e
step oft E%Jrlf‘%rrﬁ"ﬁanglé{)x(fodlgtlfsonn%fo fe re%%tqngn St B 646 j ect. The
i ndi t [ f( d t i fi f h [
after PRESGHhAERY PEtdsotol % T8) o ind 20 TRBFET RlGBEDE, and the |

formng step is perforned so that a density of t?g f or.med ?bj ect becones
bet weefiopstring 26 ap Qrddenef vt vdhaEuvehE e d/ fS2chbriiin§’to the present

i nvention, manufacturing nethod of a varistor ceram c has a step of

wei ghi B4(a awbmat €7 i ard gol@er Bont@i APngrbldngss epordinadigs: eghet kind of Sr,
Ba and Ca, and Ti so that a wei ghed powder has a 21 30 JUN 2004

pr edet en m rigichec sagosnt icomneatinem @ointx{hag .t BeOwe? ghkd g9dwder, a step of
perform ng cal cining of the m xed powler, a step of adding a part of

cont enpsirsto (@s 0t 00 a4lj Ust6)a cpnjos trange ofhare edlai Adol olgleendt o a
predeterm ned conponent, a step of grinding the adjusted object, a step of
form ng/tde @ ousy avbjleeyeratisirephal piid clegmegtl eahut tthat $tst ering of the
formed object, and a step of perform ng reoxidation of the reduction

si nt er ggnRNi@4bn THe Fal RA(AY Sy &P § R/ fornmey so1tiat ;a7sspegdfic surface
area of each grain after the grinding becones between 0.5 and 5.0 n2/g

- inclusjvg 4t *fs%fsorlfﬂ.%q 5h&Pg/ & PeHh oL ?E?.‘%,S%héi?étaaiéj%i h¥medr t he formed

')_obj ect becones etween 2.80 and 3.40 g/cm inclusive. Up to now, various

! nvest&@fﬂdl%ascgf&ﬂb&%ﬁnfaﬁ% oYhe ELANObOAeRhd @948, ap sintering of

vari stor ceramc. wever, the grain size which varies dependi ng upon a

ori ndi{e}ga %%%JLSE &8 m e%agﬁi@!ﬁé‘l:re% ?Bﬁ%égnf R .E@Q@%oﬁ?oh fragnsity of a

sinter ect ‘due ange 1n formng conditions, e bending strength

and t he,d ool 3Lange Q¥R AL MBI cahotialaleoBCEg A, gy have been not
g [ n “the grin

i nvesti'gdt €d:" The processing conditions i I'ng process that is
char actBRREERE <% e L LT alitpaf ot (s a Pt e on bt Mgl ar
mpor (R EAFSD CamaeREn e R bl TR o BEeRE (9 ARE e
COmPOs L O o etrd! bomp it 80t v8", MBLS! ! BLol®"mo,, ana
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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determ ning materials such as strontiumtitanate-based naterial..?ﬁ jﬁmJgﬁ
2004 addition, it was found that the processing conditions in th3 o] n h
process strongly influence the bending strength and thermal shock- proof
property of sintered ceramc. That is, if a specific surface area of each
grain after grinding in a grinding process is nore than 0.5 nR/g, the
conposi.tional , het erogeneity or C 0sj ti.on_congcentration r.adient of

mat er i gl'l‘:’dogh aé‘ﬁ gepojr%%(,(g'?t ﬁggg)’po%ls‘ i)bl 1 (aot")Lt gi n ?%e&slégﬁ ci ent
bendi ng strength_and thermal . shock- proof roperty of sintered ceramc. If
t he spgei?i’ﬁalbﬂ?rflﬁgeﬁr&?n &Q‘éﬁ%d{“%to%ﬁefg?r ilrjréfenﬁe?rf‘%tsdecorres t oo much
| ong. Hence not only this is inefficient in_manufacturing, but also
conposi ti onakthit éitdgenBPry REefierpbhe| that yakees Lia/liach Pifid phase is
easily generated due to its activity. Therefore, it is _desirable that the
speci f Pé(aur fladecarend %/ (5 6 Bpf chrin tBgstrikineRs gepsitnAtée a f or med
object is 2.80 g/cm or nore, a fault seens never arises in manufacturing
processesstioncea fhéth stinengetmedt cdraepbing g astintet@nts ®¥ough. On the

ot her hand, since the life time of form ng equi pnent and formng dies are
short ened) vdreh at peinendi.t2y 0f4a 0.of)ned shxdrtliseceedseldt 40 g/ cnB

mai nt enance cost therefor increases, and hence this is inefficient in
manuf aesnddtdingThepefoy €0.0t 054 daxwi4)abhé 4 hatintt e.2densit,y coB)a for ned
object is 3.40 g/cnB or less. It is possible to maintain the strength of
the cejagdenthnt 38hé ddymofti 8bnhéveing angoimx qlat.ai,nossf fo )eandabandi ng
strength to the bending stress and sufficient resistance over a |ocal

t her mabo 500Gl .8t §he, tg 99, Ofin SOI It NEnbYs&rd?@ BEnhédeidpaeri al so t hat

-)the specific surface area of a grain after grinding becone between 0.5 and

5.0 Mg JinGlousi V@zs,arﬁig)géﬁgr‘& pdit® 962N 50 bhay  the feasihy of a forned

obj ect” becone " bet ween nd 3.40 g/cnB inclusive. In this case, it is

pref e A dbbnt "CofifRTh &S 026! 1651, 22TNOAAAL GRABKST I N, OXI des of

Sr, Ba, nponent of a 'second conponent consi sting of

I t Ki id I f ' t h id d
third (rotear dohli S 0 Sroaiod saerSRasE oy Heed AR AR TCG from .

oxi des of M.(Nb and T.7d a fourth conponent consisting of an oxide of Si,
and t HER dIRBoSSTIDBTSof the ceramic is 0.10 s a/(a + b + ¢) 0.30 s b/(a +

b +c) s 0.50, 0.20 < c/ . -
) It is more préf%rable 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

7) one component of the second and third components is 0.75 = (e +

f}/d 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, Zn, 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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2l
c) s 0.50, 0.84 (a+ b +c +e)/(d+1f) { 1.16, 0.75 S (e + f)/d X’liogjhé gl
10.0, d 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 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 calculated for Ti

of the first onpaonent TLO' e is. the nu r es -C ulated for R
of theNg’ec(glﬁ'd ch%g%&’]eﬁ?' Zf’sé'v 121\,10 aféisg 1%13& rg%%o?ﬁ%? Sa?fgi g%?
respectively, f is the n er of nol calculated fo f the third
conpon&hftRCcqypegent o s ,/,Zﬂ%qoe/s'p 'vgf’@,ﬁ'gﬁi@'t ndfBer of noles
calculated for Si of the fourth conponent as SiO,. 24 JUN The present

i nvent PERnofeBni -y C8RRan 88t &P kO shock- proof property of a varistor
and suppresses the generating of a thermal rack on the basis of a |ocal
thermal shoBwrihaarmoges egeeardpgdee | the @BREPRT ocHYeBF18Ber2asi ng an anount
of SiO used as a sintering additive as small as possible, but also
conpensarefadiveidgt methodaoifona viristgggrervanic diasgt arstrp ofaused by the
decreased anmount of SiO by adjusting a total A/B (a ratio of a total
nunber paffomiiayg pédant s istiatexingpentbtain & wergmbt hemtelisapat s whi ch can
enter in lattices of the A site conponent in relation to an ion radius, to

a tot apxiasF aef 1aadtevnef kénd «ff (52, cRapamEa, cand &l apdoaher el enent s
which <can enter in lattices of the B site conmponent), expressed in (a c +

e)/ (d gtdp -ofVPeeeYBhing trebftiRESEIMIE the esftarigedt Beraitengih and el ectri cal
characteristics of the varistor by appropriately selecting A site nole

rati Osten?ébgrggﬂr@gﬁ:f "he kiongd: @i+ SEIMHERRGUELRY istep0i 845 twechNs8ed ti On, a

paranete pte e present 1nvention is not a sinple A/B ratio which

isar i £ .t r f . ' - st f
on 5 4 ST o) oo, by gPImRRSIARgTS, 21 1 ©
const S%(%g it%];]‘gg%é/er-lr lq. BUhobP CaddP 3! n ltif}ﬁl}lugﬁv@, mle ratio of ions that

consti perovskite structure and also contain additives. That is,

it is because it |s thought.that what _trul ontrihutes to gree of
si nt er’?‘ﬂ‘?eﬁﬁﬁﬁ? }Ihgat Pél%%%perg%wr}é F%fgl li/b[ﬁﬁwleﬁ‘npgg??gul ar, since
t he sem condugtori zi ngvea entazl(ﬁmgnggrt ant solid soluti ggr_rlrl_ﬂ{bs anong

addi t | 985 10PR ¢ Hidclats e reoxidation per

step is between 0.1 hour and 32 hours inclusive.

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



e

case of the present invention where a dosage of the seniconductogigiAgQZﬂﬂ
agent is nuch, an error becones large if the sinple AABratio is used.
Neverthel ess, it becomes possible provide a varistor hardly having the

di spersion of characteristics since exact control is attained for the first
time by using the total A/B. It is preferable that a conposition of the

52 SRR Ry i (e Sl gl bt ), = 0,40, e

0.25 < I's prefera a conposition of the

fi I . .0f .th d hird
HER- RTINS RN R
D! e abLe, e 2, EBAS 00.Ouod 3% RIS SETRONSIY Shahlfag om0l

preferable that the conposition of the fourth conponent is g/d It is

pr ef er BB CAMPLELLhen JoF Adiesting Hde temperaiaire apdstHiedfponent consi sting
of at | east one kind of oxide selected fromoxides of Li, Na, M, Co, N,
Cu, Gareoxifation| progesfing ppefeqrdiFodlingta yarifgter walgmde- 1. 00, where h
is the nunber of npbles calculated for Li, 03/2, InG; 2, MO and W)
Thi s f céutsecordpohenpossibdpf tot semirien acshEficilegtehentinegal characteri stics,
such as ancenent of a nonlinear coefficient ca.. "2 6 3 0 JUN 2004 O her

obj ect SoerTd cadnant age s efideheamye senvariyent iveltages| dercaoe clear fromthe
followi ng description relating to preferred enbodi nents of the present

i nvent iessaleshei degkrfienicheof atied Maatytog wlawgagso B HhabESCGHR PTI ON OF THE
DRAWNGS Fig. lais a plane viewillustrating the structure of a ring

var i stigdata S rafteawe didipeirathrd heTRIES &ilnceNyeatt a1 hbfliddard S a sectional
view taken on a line A-A shown in Fig. Fig. 2 is a characteristic graph

a usté@éﬂﬂ%ianfa&eargi suFRgci St dgf%ngkg%/if %d?vialéef'aﬁgfé tjge sol der

tenperature at the I me of usling n g as electrode materi al,

respec\;&f&@asg FoPraghd 38 GhiLiida dhagh&BilnghWSEEAEdLIGiofBasHring circuit;
ig. 4 1s a characteristic diagramillustrating preferable ranges of A site

mol e rald g iftndeatle TRt CotlReeathl25uL R aIATY My §%2BBLbEmes

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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heat treatnment step in reoxidation processing; Fig. 6 is a schematic
di agram for expl ai ni ng anot her exanple of a heat treatnent step in

reoxi dati on processi ng. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Fi rst
Enbodinent In Fig. la, 10 denotes a varistor ceramic 10 formed in ring
geonetry, and 11 denotes el ectrodes fornmed on one face of 27 3Q JUN t he

var ! St ShaSRLAT ol foukdl (pe-ophorRRL oLl Skeckhades phbearh provided i

equal angular i val s. arrstor ceramic 10 consists

of internal sem.conductor. secti gns ipsul ati.ng_layer 10b formed near the
enti re%éﬁr]1‘"%1(%1ecr]t'll’1 & %%?Feﬁ%ge?%a i ,]f%?\ﬁlgac%b gg’l't iﬂc%(g Eg?ethe vari st or
ceramc 10, _in this first enbodinent will be described. The varistor

cer am EeHLWHCR 'ns a first conponent of the conposite perovskite which
consi sts oxides of Sr, Ba and Ti, | east one conponent of a second

Ca
conponent whikhiglspspEeferahileske weigh GRd X aue MELPERE r om oxi des of R
(Y lanthanoids (La, Ce, Pr, Nd, Sin, Eu, Gd, Tb, Dy, Ho, Er, and Lu)) and a
t hi rd pewgRMerkc afAdch REgisPEt gopends pEker rerdorming otalsindBdsel ected from
oxide of M (Nb and Ta), fourth conmponent which consists of an oxide of Si.
| n t hi 5o exibitnthe , cartentar st thatc dhgnpewdRye siayohaeent ai n substantially. 1t
is assuned that a is the nunber of noles calculated for Sr of the first
conponeredeterii G:d beonpostie ionunte grahd nahd sfogal thé apadismor aBd bé the first
conponent as B ¢ is the nunber of noles calculated for Ca of the first
conpongstfcat €A, réhicktibhesimtdeingobinthes fioaied| ab pebtf,0landi thde first
conponent as TiQ,, e is the nunber of noles calculated for R of the second
conpongsxiaatYeh. . . -,.,, CeQ,, Pro,,, , ThO (ot her | ant hanoi ds)
respectively, f is the nunber of noles calculated for Mof the third

conponent asrNa@D pefBFaIROThEt {185 Rk WEL Yon drockBeingmer of nol es
calculated for Si of 2% 30 JUN 2004 the fourth conmponent as Si Q2. Then, the

CoNposidionmBl 515 MAGhat REat Ardtheht O&ols%s%’ b8cdingtniie®) b§lond- 30 s b/ (a
+c) s 0.50, 0.20 <c/(a+b +c) s 0.50, 0.84s (a+b +c +

cycle of temperature rise and fall, as shown in Fig. 5.

Alternatively, it is preferable that the reoxidation processing

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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e)/(d +f) s 1.16, (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6. 1t 34 dgNe?
preferable that this conpositionis 0.30 a/(a + b + c) 0.40, 0.30 sb/(a +
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 x 100 s 4.0, and g/d x 100 The first conponent is a main
component of the varistor ceramc 10. This first conmponent consists of, in

COSTBHE P05 T RO SR el BB 2
AT SN R KNS T R N

characteristics, as a_varjstor are nainl expressed wth a tenperature
char acf’@i?’é qle %05 gﬁr‘?étt%’fe oFFhdempenent £5, 530 n€atsS & fi ci ent a.

vari stor voltage expresses an _applied voltage value at the tinme of 10-mA

el ect r PETRF rﬁf"oflﬁﬁmﬁ’%]g’q@t?ﬁe YarGa eér the ninste CABRPISEAAS €8@f ficient a
is generally expressed inc. = 1/log(Ela/E ) . Were, E 1is an applied

vol t ag€ #althe MumppE ¢f Moles capgtlated: £0E T of &he fixfting in the
varistor. As for nole ratios of Sr, Ba and Ca which are contents the A
site coopeereant ast TiQ,.peeierids aumhetr & niodesecalrull@ited for R mft 0. 40 or
less, Bais 0.30 or nore but 0.50 or less, and 29 3 0 JUN 200 Ca is nore

t han OtR2€ dndond BOmpondressas YO, J,sCa0f.ePpOgf,erlld,g anderO,Jr (dkhezet 0. 30 or
nore but 0.40 or less, Bais 0.30 or nore but 0.40 or less, and Ca is 0.25

or nor tamtHar®»id8 ) ofedmitiveIRent id thecHimserd @FSmbles tenlenhabeg el ectri cal
characteristics such as the controllability of the varistor voltage

t enper géine gh@hactieidd idofpofént s WBOL 10 Yabl ages RNk, near
ycoefficient a, and to enhance the thermal shock-proo property of the

“vari stgfg gThat thé, minbdrN@FembBed QAIBMERLEH £5rN81 SEMRRY doukencharacteristic
of E1IO w I% becone negative, and if too few, strength will drop. In

addi t i Qinndnfenthg5egi® .t 0o much the positive trend of tenperature
characteristic of El8 becones strong too nuch, and if too few, the

t t i 8t ' ILY.E. , A f
orper atur e e SUBGLRL! SfichidbnELG: NEAYTEMMARIAL g, cFuridier T e: even |
vari stsq_lrocy(qlpgr\%% t%%%e% iongasv”aaxlils't L.n ?%@?&%%Sé%o here is too much Ca,

the varisto ecoOnes "extremne econe difficult of

CoNtr QlencN 185285 % 15.TRIF Al WULAL Fasid o2 S8 Wermal
shock due to severe soldering conditions by decreasing an
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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It is preferable that the nole percent (this is calculated by the %Jhﬁyﬂ 2
of noles of netal ions) of a sem conductorizing agent (the second and/or
third conponents) a principal conponent (TiO7) is between 1.0 and 10.0
inclusive. Alternatively, it is nore preferable that the nole percent is
between 1.0 and 4.0 inclusive. Then, it is possible to enhance the thermnal

ShOCk'R'Hgfo§”é@ﬂi%5¥d8é¥é€§%i§?;Aéﬁéﬁj“ 2That is, even if there are too much

sem conduct ori'zi ng agen 0011 too few, it becones easy that a
thermal crack arises. In_addition, it is preferable that.the total AABis
bet ween o.84§8d3&%5¥€“rn8|Eﬁﬁ?ﬂ§ eEu?@ﬂ%?%ﬁ?@,%#? ?E?ﬁ%gieln¥ﬁ%e¥§9able t hat
the total A/B is between 0.96 agd 1.01 inc]usiyv The even if an anount
of thelPoRPY I COMBORCMP T8 i AcEat Qo dber PHIET Rer . a degree of
sintering can be inproved. That is, this is because sintering is bl ocked
even Wplefeof g AprEe SoMBEneRl GONSESEYRYE Ml 1YaRl- Hh@&dt h8- base is
made an insulator owing to reoxidation. In addition, this is also because
a t her aadl Eraaaumbeas| ¢f moleseof| the & glite/ ®upenedd CPR$ERLI®I P60 small. In a
range where an anount of Si0O, is fewa |lot of sem conductorizing agent is
added amlyleicr bbtdthdovdali A/Bridert tis auietaimattibeof hkpneltheitack- pr oof
property, it becones indispensable to restrict an upper limt of the

total &ébdlsticure thdGparoviskise strumineepawd erlas yontaibeadii®ives. | ess. The
t hermal shock-proof property of a varistor can be sharply enhanced by

set ti nghatheisolie perseidusef ithes fidivipht toapemeant tE&Si¥E2) to the princi pal
conponent (Ti®2) to be 0.6 or |less, or nore preferably, to be 0.3 or

| ess. dhwtributeS £ aidegradded smtarshyt £f idtg addi singleaamdni buts possi bl e
yto stably performsintering even if the conposition fluctuates, but

“howevegycl fedthe RPPUNTNOpard {FA1akCEARAEThel beRbSRRY-tORSYingr @ thernal
crack to arise. It should be noted that the content (nole percent) of S O,

0.6 or Qr ; Se N hng : renl dosage is
aié&éﬁ:g lgulNﬁéO%b%to ol 88 SsiQoh E&lkg_jea?notn a888EiVAET 8nl {he g

zero. 4 The thermal shock-proof property of a varistor can

e enanced. Bonaleddis! Yulpag Mh HRSLATtAGI. obepiEly. this s because,

if Mgrsinclu In ceramc, It becones easy for a thermal crack to arise.
That materij a

That el &oflanb ol iint Bb8hEeHs RiRS! 20144l HEBARSs ket B8 ROt ent of 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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general |ess than about 0.001 nole percents. The varistor ceranmic 38 B 20
al so contain the fifth conponent (additive) that consists of at |east one
kind of oxide selected from anong oxides of Li, Na, M1, Co, Ni, Cu, Sc,
Fe, Ga, In, M and W Supposi ng the content is the nunber of noles obtained
by convertlng Li, &, In, M and Winto Li01121 ZnO, Sc0312 , FeO ,,

GaCBi h t t
e 0 <SHIeE G5O a’%‘é% By 0GR, il b B SR TRhE sk B8 commosiil on
ot her SR ich s 1 S50 preferanfe %%%258%61@@4 Fanbe=: Tl P ™"

besi des such additives. Such el ement ua Xi
descri Weratbvs, theWibers Phrmekis g@zﬂ;eﬁ; f"yc]?I 'stl\gﬂ 880n5| sting of

perovskite type crystals art of each conponent is contained in the
per ovsWi ¢ £ ER- b%?nf%op?dlg nsdfq eadi § ghighareafettiits, ofr ¥8¢al s exists
in crystal grain boundaries as oxides or conplex oxides. For exanple, Ba,
Ca, Srfifith agmponemt ha&sol-d9,,,.aMa0t he MOk eCelui-st Ne@stFYP.i #ngr ai ns, and M,
W M, Si, Co and the like 30 JUN 2004 exist nostly in crystal grain
bounda®a®s. Pe®manGaPai, nIndareMed, ahdt We,.vdihist difthrepmpenedtugdaal ly is
about 0.5 to 10 m and in particular, 1 to 6 rim The el ectrodes forned
wi t h QFfectintein atntmicihy abstetrdicaCuchafadteeriskics r cleh ase nade of Ag,
the Ag content of these electrodes dissolves into the solder due to the

I ncr eagtharRenéft 06F i GoheiheiRtdbetrisiéhhence, at least a part of the
el ectrodes di sappears. Nevertheless, the electrodes 11 nade of the

material nmadg, Aaafuien, NRICHNingdes @hedbeebarid ineh@ichched even under
)elevated tenperature, soldering work. e endurable in hot The materi al

mai nl Xné]ﬁﬁ%c@ﬁrﬁtf NRARSACEE N Phardllkoy é@raﬁ?ﬁc Afs &’rsﬁé't? ofl ke, or Cu

containing glass Trit nmade of oxides of Li, A, Bi, Pb or the |ike.
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
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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Fig. 2 illustrates a rate of the residual electrode area to the sol der
tenperature at the tinme of using Cu and Ag as el ectrode materi al,
respectively. After coating flux and preheating a ring varistor which is a
sanple, it is performed to dip the ring varistor in a solder bath,
containing eutectic solder at each tenperature, for 5 seconds. As apparent

f t i d 4 hi

(oM BEadl B finethBAnl 8 ABhASL SIS g SEOUBRMP Gl 1O
about 55.5% of. the_origi nal .but o LtP‘e ot her hand, Cu el ect %ode i'S never
ot chedr SFoR fF PORESTBIY canainine ok tFadE 5t #PE°Ee 4 60RFoP t he ori gi nal .
Next , ad%ﬁgéjf acturi ngccg%p}% Sof this varistor ceranm ¢, 10 O\rltwal | be descri bed

si mpl y& VaPagtof 192138 5y aAAet 5y SOMBREsEH Ny Aa® materi al

powder in order_of mxing, calcining, grinding, formn bi nder renoval,

r educt FakcHed ePiRgt Hhd PEsdetermiged FREP r 80FteP Hrpound of each
structural elenent of ceramc is usually used for the raw material powder.
An oxi geinging thenpdivrieghpbiedlec shedernobxiaipyg Shent®raudg such as
carbonate and a hydroxi de can be used for the raw material powder. For
exanpl ebjédt.am ekeppble nexfoivmbng dsoiyctBan sinterdsy obridekifwgmed bari um
conpound such as BaCO' BaSi 3, BaO BaCh, Ba (OH) 2 and Ba (NGO, ) , and
al koxi dejddtar andaapsissp OEHp8CHoeng, reariddis.omsefl tise tiwsluchwonat eri al . The
mean particle diameter of the raw nmaterial powder may be usually about 0.2
to 5 [simgerdd bbiect heThei @ghindingf stde TapwerBbanedlscpanderai s perfornmed so
that the final conposition may becone the above- described conposition, and
usual | ypedi8ticbkaPLad dreaper f SHdIE Graiduseguentl Yriddif veebnes M ng
dehydration processing, the raw material powder is dried and calcining is

per f orpmdein 8b9Uina HB0mt Q 12efbsiwe, aautne f&rﬁn@oﬂfgp Next, after

grinding a calcining object, an organic binder is adde and further,

wat er q%é’e?cnflt% 898} abi aadgﬂéf*t’[-}”dfz ¢he ARGkl ob3bEL AskiGsheand m xed.

Subse y, a mxture is nol'ded, and Is sintéred at about 1250-1400C in a

reduci&g:v%tetﬂnﬁpggzﬁb& ?[jﬁalz)g%mazingﬂgﬁ,e after perform ng binder renoval

processi ng, for 0 obt'ai ning seni conductor ceram c. Each raw

mat or i al - POJEr, SHED, Mt 1AM Eat18RY Ao bk MY Dibided at the

ti me of

- 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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m xi ng after the calcining. The sem conductor ceram c obtained in this
manner is given heat treatnent (reoxidation processing), for exanple, the
tenperature of about 800 to 1000C in an oxidi zing atnosphere such as air,
so that a suitable varistor voltage according to an object nay be
obt ai ned. The insulating layer [0b is formed in a surface portion by this
heat trea . Varli r r r, St Lhg. 1o t.he esence of
this Fﬁsé@y%lr%l | %e‘?%éjgo%gg ?ﬁéegn%ln #’%é%(?g%og ?igﬁgﬁjfértsﬁf&%aﬁ & vari st or
vol tage becone large if this insulating layer..is thick, d _they become snmall
Tt ni ROTIHAY HrSCREE cSkrILYs iEeTcs) he Heding BRFRRIEY @ 1 ons S0 ¢ hat
the insul ati | ayer y becone suitable thickness according to the
char acf:g?’frgﬁl‘f%glo éﬂﬁ?l%‘gé’r&?eﬁt%r%ﬁ&f‘fceﬁ%&qrﬁﬂ%g'are formed on one
surface of the varistor ceram.c after the reoxidation processing with Cu
or the nater P&t fefinff AetReGEiCaRArEAGRATeR 0Pt |22 FHEERAR LR ei naf ter,
the present invention will be described further in detail with reference
to exafpleding: dr 8i agindnohprogegsstisempoeli hamn O.bxangl.ethel Wiat is
performed in this exanple 1-1 is conparison of sanples obtained by fixing
ot her pemposittdonadubdteroggnabty & Colphs0h goncentratidna ki nd of a
sem conductori zing agent, a total A/B, and a nole percent of SiQ, and
changi gopdisng pét naseifaladoAnst taaricenpdiemiee. 1Ei tstposafibde tespectively
wei ghi ng by conversion blending SrCO, BaCO, CaCO,, TiQ, d SIO as raw
mat er i gbtRim tthat stheyciknghbeh@uey isheengtieaid thenahDvwhddk-pabbe 1-1, they
were mxed for 10 to 20 hours with using an wet nedia mll, dehydrated and
dri ed. prgeafeyCakCsMtigred BeXamiie ODE afHe@pedirid Hieracbhateang a tunnel
“ykiln, the m xture was rough-ground, and again, dehydrated and dried after

"bei ng doRisWst b /9ot gFBfHidgNtlime Beomk8 £80 3RadiPUbag. Sukseduently, 1.0 to

1.5 wt % of pol yviny al cohol’ was m xed to the m xture as an organic binder

to be g %&ﬁgaisﬁﬂs Andnblei gl anuLat fgh#adth-8nYasphOrdiRe at formng
pressure of t/cnm2"to beconme a forned object having an outer dianeter of

2 T bR Rl & BILA) A1l elpss o dalham ALer
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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form ng object at about 1000C in an air atnosphere, sintering wasgn JUN 2
performed for 2 hours at about 1350C in a reducing atnosphere of N2 (95
vol une percent) + H2 (5 volune percent) for the sem conductor ceramc to
be obtai ned. Subsequently, two- hours reoxidation processing of the

sem conductor ceramc was perfornmed at 950C in the air for the varistor

ceram ¢ to. b obt ai ped. ast e S a ied to.one surface of the
vari st gf”@% %Wr?é‘oﬁﬁg(glf a%eﬁhfo%ggsq%\ﬁﬁmﬁ%rﬁgg Y P?%%Hg B n a neutral
at nosphere, ., the fjiv el ectrodes 11 shown in these, figyres were forned
by bARRAGELHE 0, thAL( B SPRERELT FIRASPrATER (Of AnfFaLn 0Tt e var i stors f or
measuring. Then, after neasuring the voliages El each sample at 20C, the
nonl i nEEINEHRG MECPBRt PetWRED SbP aAMb P -Or Bri%h 1RFLEHYE -, ,aPé,”?OW”tIW usi ng the
measured voltages 1 Furthernore, the tenperature characteristic

(t enpeithe ugreainsoepf thakerihe denshey Wit Asfeormed|abiget RSCRE obt ai ned.
Moreover, a thermal crack test of each sanple was perforned. The voltages
El andb&tweaw2s 8Aeasdr2diongy mudnagusivesasuring circuit shown in F In this
measuring circuit, amreter 30 is connected in series between a varistor 31
a DC const anIncthisermfaseouii e s3prefiematales dhabhetle &3amdccoomiexingd | n
parallel with the varistor 31. voltages E1 were neasured by neasuring the
vol t aga Fatdteschebneen daishstetidn addesobr tdhe Bar,i shoand@iwhan el ectric
current of I mAand 10 mA flowin the varistor 31 respectively w th using

the ans@terlond0cafporidift W&l hnBé&ind3 Sompenae dlonkeseag ast efti stics
(tenmperature coefficient) AE, Ol of the varistor voltage El" were obtained

wi th ARLS: Dnel KEAQ 4818062 otelEEeR) oxideBSof ROJY ahdl00 [% C] about

\)each sanple. The voltages E,D(20) and E,,,(85) are the varistor voltages

the tem?{]t%ﬁlléﬁas?fag@'éctﬂEQGBégn@on%ﬁ%pé%éi\@iﬁ? Jhese Mkik BRasured with

using a thernostat oven. The thermal crack test was perforned by contacting

R R s BN L R A

suppl y%glg:t%u%%r%tpci)genstolc%%rsistafng} %@%a&l{’:{&e (gf %9? 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 Ta0,, respectively,

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

component as Si0,.
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sol dering iron, two kinds of tenperature, that is, 360C and 400C delt eJUN 20
used. Hundred sanples were visually inspected for cracks with using
al cohol. The result is shown in Table 38 3 ? JUN 200 ' OOCOC)00 ~., 'gy~7 p
Zpp' 'Cc'cC't7 '"Op -0-0"a-C'd'Cb"d'"il"'"~.-Fp-d'd?"LI ~7:S0
CXH0000 18PO O Y'C OO0 00O J4! ~J~JV C4 QAC C uuu, 0Caj unC~C C~:: Up
p~e00eee~~oe&hg\ﬂfééé;éSEQGeﬁg%%%-h%% %hiy é%ﬂ%ncgs 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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will become clear from the following description relating to

preferred embodiments of the present 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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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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particula enpera ure haracteristic e varls or vol tage Wen
the tenperature characterlstlc of the voltage is negatlve he vari st or
t

vol t age BHE CRTEBARELT iCortOuf t# (he Pi JS'ec)ofs (9:oépa ;%i?af ure, and

hence, exceSS|ve electrlc current flows to the varlstor or a pOSSIbI|Ity
of b+ c¢)=<0.50, 0,20 < ¢/{a+b+c) =0.50, 0.84 < (a+Db+cC

e)/(d + £f) = 1.16, 1.0 = (e + f)/d x 100 = 10.0, and g/d x 100
< 0.6. It is more preferable that this composition is 0.30

< a/(a+b+c) < 0.40, 0.30 <sb/(a + b + ¢c) = 0.40, 0.25 <= ¢c/(a
+b+c)=<0.35 and 0.96 < {a+ b +c+e)/(d+ £) =1.01, 1.0

= (e + £)/d x 100 < 4.0, and g/d x 100 = 0.3.

The first component is a main component of the wvaristor
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 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 ié 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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causing a thermal runaway exists. Therefore, this is not adoptab3élJUN 200

Ther ef or e,

sanpl es cannot be used as varistors. Even if the tenperature
characteristic of the voltage E10 is zero or positive, it is not desirable

to exceed 0.06, hence,

the sanples 1-15 to 1-17, 1-26 to 1-29 1-31 are in ranges where

the sanples 1-18 to 1-2 varistors. 1-30 are not

pr ef er gl ¢35, 952,051 50 Lasyl ahed. asca whl g by reoxidatign, processing,

t he sanpl e 1-

1
0es not operate as a vari or.

iI"on,  Srnce the sanpl es

1-24 1-26,.contain to ch Ca, thejr varistor voltage 0 is extrenely
hi gh, §ﬁ8th§5cf'eg, s@%nﬁr% o5 g'oﬁ‘Ff?‘f"éLﬂ‘t‘L.% %Fnﬁ%s%aBéog?aﬁ;gﬁ %s too nuch or
too little althou%h the haracteristics of the sanples 1-13, 1-14 and 1-32

are 0.08T®rPuE dsd

PRetFSS1oAPANEArt T §oPi F dIRTe BUEoVt3 SFarlP8for vol t age

| ow, and hence they are not preferable. Therefore, it can be said that the

sanpl e$hen ] it becopeq ROSFIbLer 5p| eniv@egustetHelcadnpbaracherighacact eri stic

of the varisLor voltages E1 are 0.06 or

| ess and the coefficients a to the

vari st guclygis ddescentrala@biditgooff gle varsstanr vedpaaestbo A site nole
ratios specified in claiml. In this range, no crack arose at the thernal
crack tespemngiamwe Characigrdissios eofhfthehvarssiade volyage di, wasl 360C, and

furthernmore, no crack also arose the thermal crack test where the

t enper At EheRfr tberf ol b)gand Ot \EaBadld Ghe Rnmet-hal gk -pReosanpl es 1-1

whose 'tenperature characteristics of the voltages E10 are 0.02 or

| ess are

nore prefeartabbe the thripresentthanves) i 0 thébe Si€ ddempendsrf atehe A site
nole ratios specified in claim2. In particular, the sanple 1-4 has the

_ tofret BigatRITRRABL UE of FNAWRLL ShddnleC nehat Pee Vendage E10 and the
)nonl i near coefficient d the nole ratios of the A site conponent near that

best

" of
What

paramet ers su

thig, Saip! StAELtTPSL IR 8E&H abhg é&ﬂﬂtﬁ%n?rEé?fﬁeﬂé“‘i@nl%é’rhucrﬁxa”m e 1-2

is performed in this exanple 1-2 is conparison sanpl es obtai ned by

changi gig aéi‘leagﬁ!s‘f'{ ol &eﬁﬁ”&fe : EQEhféa al_r%%%gif-is%qé Ryf gXi Ng ot her

i
as A site no t1o0s,

agent,béEJﬁ%EaLt€$§§ 9 8cA?! $hd 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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percent of SiO' and perfornming the sane setup as that in the exarpleJuN12004
except for setting the nole percent sem conductorizing agent as shown in
Tabl e sanpl es were produced, which were nmeasured simlarly to those in the
exanple 1-1. The result is shown in Table 41 ,1 Uiur Lu 4.* GCOrlz~7% F
0 0coC7 tN bg L7 ~ FF0 OCGC7Ci0Ocs CO d,isl10c'D' c¢ .nC6c>coc,~c~C,-, rV

o ol oy et O Bl B ey 1111 4

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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The thermal shock-proof property of a varistor can be
enhanced by not including Mg substantially. Namely, this is
because, if Mg is included in ceramic, it becomes easy for a
thermal crack to arise. That material is not contained
substantially means that the content of the material is in
general less than about 0.001 mole percents.

The varistor ceramic 10 may also contain the fifth
component (additive) that consists 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, 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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t 00 oCO, ;rcOCOCCcO 42 The anount of sem conductorizing agent affects

the thermal 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 360C, and hence, these are not preferable.

Ther ef t les 1-4 . and.1-34 to 1-37 where thermal cracks did not
arise i%r%ifﬁe (?ses 1V\nh§’rf%s¥$le gf:grlr%e?%l%nl?(r)aglg?'the sol dering iron was 360C are
preferable in the present .inventiqgn, This corresponds tqg the | e percent
of a seni cong‘u@?%?i%aﬂﬁ' éﬂ)@’ﬂ‘?t%tpé’ i Fredanister ?‘%F?“?‘i‘ézr rB?“%Jr“]gﬁe a ther mal
crack arose in the test where the tenperature of the soldering iron was
400C i ASt feous Hyy 0118 um t gedsipprasgicudagndl to3$ we- 1- 36 where cracks did
not arise in this 400C thermal crack test are nore preferable in the
present i nveAbfontectiodesot t egifoasmed WA fB| er gerteaialgmainly

sem conduct ori zi ng agent specified in claim4. In addition, nole percents
near t madepdie Gyer cbintthef elpetradasi avadmdeonfzAgg theydm cofitene cfanple 1-4
are nost preferable in the present invention. Wat is perfornmed in this
exanpl ghésq8 glectunpes | dimsodires sty dbewheldera daentioothes eimiczenadact ori zi ng
agent was changed. Wth fixing other paranmeters such as A site nole

r at i osef nedEerdngehémpasrtivrendamd drenzengatdenist, at paat o Bhenol e percent of
Si O and performng the sanme setup as that the exanple 1-1 except for
changi age¢ihrwdesndisafpdatd.i Nesfertheléss, tthe) BNedOfbdes4313mbdd Y 2004

sem conductori zing gents as shown in Table 1-3, sanples were produced,

whi ch ¥ endRasHll efadd B @bl ¥rtithi9SAadd dherexaabl etd vk etBBedesult is
")shown in Table 44 I | JUN 2004 |
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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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 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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c-J. ~5¥§ﬁ%%%#§F@%f§%Shﬁéﬁgﬁfg%géﬁf%%ﬁIc)(]XIXI:+C 7¢c JC J(g : .
C. C4cl Jn -a r T~ -COCraQd . 3) UDQ4- LOhOif, u
LI) 1f=1t9 Eazh}iamkagterial 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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15 30 JUn 2004 Since thermal cracks did not arise in all the sanples 1-4

3\22 é‘ég)%réo 1::" ﬁ%Ca kil_ltl](gst% féfsse\r/\grgcrrr?d&cl%oFﬁ21 éa razgelrjll'i:e Oftotae_\L A?Bl dering iron
and a mole percent of S5i0,, and changing mole ratios of an A
site component.

First, after respectively weighing by conversion and
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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present invention to use Nb05;2, Ta(bj1l, Y03;2, L NdG 121 SnO {, 370 ji.Hb'Z;ﬂ[]‘i
,,, &O,,,, TbO 74, DY03/2, "003/2'" Yb03 2, Lu®3; 2 or NbO 3;2
(equal nunbers of noles) as a 11/6 sem conductorizing agent. Exanple 1-4
What is performed in this exanple 1-4 is conparison of sanples obtained by
changing a total A/B. Wth fixing other paraneters such as A site nole

rati os r.c a .ki enj conduciorizin t I ercent of

Si 2, an%‘n%"eﬁfog%rsﬁ %lg&%eliﬁsgggg'se Elljpa%gisibhajfn ian%faﬁgggi;aaﬁtﬁ‘fge%@gg?é except
for ch [ the tota B shown i n_sanpl es were produced, ich were
ronsor CROLTHr B GobabaddeR, 11 SAGHD it £B8ER it R CuBl HERERBR 1 Tabi o
46 3 0 JUN ?004 ' E~ 0C3000000C-C o U ca~c:c bDzzz- ' ~ wal O"c..d -71
cd .dbgqug,ﬁhgcggopasgﬁ-gtlpéBd&,t@ngtp¥ﬂ3test 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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4 1 3 0 JUN 2004 The value of the total A/B affects the degree of
sintering of ceramc. The sanples 1-56 and 1-62 have too small d too |arge
total A/B respectively, these could not operate as varistors because it was
i npossible to sinter precise ceramc, and they were insulated as a whol e
by reoxidation processing. Furthernore, a thermal crack arose when the
tenperature of _the sol deri iyon,was 360C. shawn in.Table is fewin a
range where &ﬂl%rr’fﬁﬁﬁosof)%s%ﬁgtlt& C?@ﬁ“&&ﬁﬁﬁ%‘{%ﬁiaﬁgﬁglggglﬁ?nqes added, in
order maintain the_ thernal crack-groof gro erﬂy, it is,indispensable to
especi 8P YR seSTFigAL (iERCtPRI St Afhe Yortok B2 i1 he total A/ B
exceeds 1.16, a thermal crack arises 360C, and if the total A/ B exceeds
1. 01, RAFREFHAT . ctacklariesperabyregierasharistsdic ofnkhe VaHEtREl crack did
not arise in the test where the 'tenperature of the soldering iron was
360C, vhttagmipd -esWhen thedtemmgratyre. ghargategietde 0f dhenvehtage esent
invention. This corresponds to a total A/B specified in claim1.
Fur t heEpoie, negatizea thervaalistonckoldiagendtrops iige connedieion edithwhere t he
tenperature of the soldering iron was 400C, the sanples 1-4 and 1-58 to
1- 60 atke priafecb&@bbperat irite tpmpseatturel, nandthane , Thksesaiveesponds to a total
Al B specified in claim3. The vicinity of the total A/B where the B site

conpongnéctsSicA cukiéht efNcwehtbi Kee taeisdspl & kb Hoksibviniist ofr ef er abl e range
of the present invention. Exanple__1.-5 4E 3 0 JUN 2004 What is perforned

in thi sagaplethebnss eooRayi Soistaf, mamreseobtraisnad hytchanging a nole
percent of SIO. Wth fixing other paraneters such as A site nole rati os,

a ol ea@sytell . athedeltbpd, Ofhe? saRPi€ONAUG! @bi 2L 11g, ageRrt toanher total A/B,
and perform ng the sane setup as that in the exanple 1-1 except for

'changi ggs theMke PerGRRlsOfndhd%aap1800Mhidt FaPLSeaHW! es wer e produced,

whi ch were neasured simlarly those 1 n the exanple 1-1. The tenperature of
a sol d@c{f]%% on in a thermal crack test was three kinds of tenperature,
that is, o] , 400C and 450C. The result was shown in Table

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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1-5. 49 200 cr, 616 CIC] 0 50 1 0 2011 4 SIO is added as a sint e?’iglg‘JUN 208

additive. If SiQ is contained, it becones possible to performstable
sintering even if conposition fluctuates. However, if its anount
increases, it becones easy for a thermal crack to arise. Since there was
too much Si@2 and thus a thermal crack arose in the test, where the

tenperature of t soldering iro s 360C, the sanples 1-67 and 1-68 are
ot or Bl St vol St iy et RLOE priest en AP EORBTLeionigat Mor e o
thermal., crack did npt arise in the test where.the tenperature of the
sol der Ehe Yot Vab RIS Bes 85, Pk SopLe¥or ABLE FoFRaTRONgF eborh i nvent i on.

This corresponds to the nole percent of SIO2 specified in claiml.
Al t houFhta Hd€agetsps singrified it SApdmel - 1.183thes ZangenoRP @3Sk in fact,
SiO is contained in each raw material as an inpurity, and hence act ual

Si O cemshtatothenthempplcsagk g sdowbenet thyedemperatere Rt kEemal crack
arose in the sanple 1-66 in the test where the tenperature of the

sol der solyilamiog Wwasn 4EC360M0S and fierslemicre] - Ao amchcke G3sboattedc beconme nore
preferable in the present invention where a thermal crack did not arise in
the tastthet thhema®noeckt test ofhddee thel tempergtimrenoHfthd50C. Thi s
corresponds to the nole percent of SiQ2 specified in claimb5. In addition,

the nodsieeriegnired was @onear that of the sanple 1- 4 is nost preferable
in the present invention. Exanple 1-6 What is performed in this exanple 1-6

i's conpari saurahermoi®| esheVdamplés ki-nd tand- aryisseu tbmpérannaddi tive were
changed. 51 X00) Wth fixing other paraneters such as A site nole ratios, a

ol e PHLRReaNGt BoKidtd thE N ENRHYest Bl 1 -0 D 3BeBE, 1484 AreMiBreand a nol e
percent of SiO, and perform ng the sane setup as that in the exanple

anounty RXeeRb1é Oln GIRNgrBfen P Einteltisddl thYs SSrapiiakntd Al 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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whi ch were neasured simlarly to those in the

sanpl es were produced,
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tica Co The amount of semiconductorizing agent affects the

thermal crack-prcoof 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 sample71~4 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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2004 An additive has the action of adjusting electrical characteristics

such as [eoYAILSLOL, 10! Lags FNAG Lhe s nofldiaedt scoethl.glenkes I

enl argegmf‘ e varis age a Aonli inear “coeéf a, and Co
temaar ges gcr:elcht (%vrhl\égl tage n%alaosure addl_{ar(ly’ to tfloseE Oll%lnqi ; h%&;anl\t/g é’;tnd Whave

1-1. The result is shown in Table 1-3.
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action of enlarging the nonlinear coefficient a. Al though not sBdnjUhh 2004
Table 1-6, it is found that other elenents such as Li, Na, N, Cu, Zn, Sc,
Fe, Ga and In also have the sanme action. Since the sanples 1-73 and 1-77
had a too | arge anmobunt of dosage, the degree of sintering was bl ocked and
the ceramic was insulated by the reoxidation processing. Therefore, the
sanples 1-69 to 1-72, 1-74 to 1-76 and 1-78 to 1-79 each having the nole

percent tofa pri C|pal cbnpdnent [t hat i .[0Q or| lless are preferable in
the present % nyept fon. Jh&;&-’g::gi—g’&l-g e |bha/tde| kiges ang nol g percent of an
addi tive sp@cﬁﬁ—? dg n B @o—%%ﬁé agg/@tg(g%?erf rmed fin this exanple
1-7 is conpgﬂa & a sanﬁ?a, WNer e S MmOt [@added substgntially, and
sanpl es Ob‘SaE by changdimngla dosage of| Ngl Wkh fixing otlher paraneters
such as A smtgéhole ratipg, [nplle [percant kijnd senmjconductorifzi ng agent,
'total A/Bwa}‘gucﬁ" Er’ole'g GRS\ PRI BRI R (B g8t he dame  setup as
that in thgdex pI%l-ﬂg@S&&ﬁ@@@é@&ﬁ@ Besd&ages My ag shown in Table
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Since thermal cracks did not arise in all the samples 1-4
and 1-39 to 1-55 in the tests where the temperature of the
soldering iron was 360°C and 400°C, it is preferable in the
present invention to use NbO,,, Tal,,, YO,,, Lal,,, Ce0,, PrO;,.
NdO,,,, SmO,,, EuO,,, GdO,,, TbO,,., DyO,,., HoO,,, Er0,,, TmO,,,
YbO,,,, LuQ,, or Nbo,, + YO,, (equal numbers of moles) as a
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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contained, it becones very easy for a thermal crack to arise. Since
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 conmponent that is 0.001 or nore nole percent are not preferable.
Therefore, it is preferable in the present invention that M is not

contained at all|like {he [sanpl 1_@ or the content of My is |less than
about 0.001gmole| pgr ceyik|Elm|graesd E(My shoul d not be cont ai ned
substantialﬂgygﬁ-’ Tht c%@gg@ | contents specified in claim1. Second
Enbodi nent &l nafst er iz A6 ancmﬁ on of the varistor ceramc 10 in this
second enbq i.H will [be |descrii Bed | The varistor ceramc 10 contains a
first corrp(megltgof t he|gbnposi tle [pegpvskite which consists of oxides of and
| east one (:é@qmen? of | 8| wapgmelHwpBpnent whi ch consists of at |east one
ki nd of oxi e g€ e@ed{gr@ SiBld&| Of R (Y lanthanoids Nd, d Lu)) and a
third conpo?ient whi'ch gandi st |off #&||east one kind of oxide selected from
oxi des of MA{Nb—antd—TFaTagnt—pa-rfrotrth conponent which consists of an oxide
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)

first conponent as SrO the nunber of noles calculated for of the3f(rgiN 200
conponent as BaO, c is the nunber of noles calculated for Ca of the first
conponent as CaO, d is the nunber of noles calculated for Ti of the first

conponent as Ti Q2, e is the nunber of noles calculated for R of the
second conponent as CeOQ , Pro,,,, ThO7,4 and RG3,  (other thanoids)
respectively h f u e r of the third
conmponent asTh ngH%Eq%ﬂ%bspectl e%#% %ﬁ% g f% H%f nol es cal cul at ed

for Si _of the fo th co, nt as r conp nent f this

vari st ST EEAG 05 ﬁe¥ﬂ‘élr§p %égf“Pi‘B%rJd'sg;P’é‘g él%/ ros}ma nd ¢/ (a c),
b/(a c), _shown in Fi values of Sr, Ba and th %a + b + c), b/(a
+ b + endgRe (;,Lp{:geJ,ttbta,l &Y Bekpsredivelyy nE“esS@gﬁ’BH c%%é’é’fa A§%a point (0.2
0.0, 0.8) 6), or in arange where a/(a + b +c) b/(a + b + c) are | arger
than t#F SVaLifsdossgherausehateVaRfingossible | ta SINEREYTeHR® t he conponent i s
0.84s (a+b+c+e/(d+ f) s1.16, 0.75 s (e + f)/d x 100 s 10.0, and
g/ d x d@awic). endAthdpwemgl engatdtes a6 alwhplg byt seesdiddent, it is nore
preferable that values of a/(a + b + c¢), b/(a+ b +c) and c/(a c) in the
trili nearscamdndi ndtuetshexingre o &héimal drack seeserwhenofhecti ng a poi nt

(0.5, 0.0, 0.5 and a point (0.2, 0.2, 0.6), on a second |ine segnent
connecténjratietnée (the? solderify Groanda@ 3ew°at (0.1, 5), on a third line
segnment connecting a point (0.1., 0.4, 0.5) and a point (0.1, 0.5, 0.4), or
on a fourth Ad ndosmomENtamIeNNeatl i g 2 g8t wiidkel an0 ahipult Hf @16, a poi nt
(0.2, 0.0), or a/l(a + b + c) exists in a range larger than these first to
fourthid ifg aggnBnist resehiedidictose oyl doang 180adddd,2Qa4ofaet hermore, as

for a nole ratio of this A site conponent, it is still nore preferable
that val uesnehid/ {re *tn@xﬁag)crat&ﬂ Pprodf by, +ib #sC) in the trilinear
coordi nates exi st on a | i ne segnent connecting a point (0.4, 0.2,

0.4) anghidhAkAbid %o %sﬁém&ma Hn¥b1 | AR MR € UHREE Bt AL
A/B. If the total A/B exceeds 1.16, a thermal crack arises at
360°C, and if the total A/B exceeds 1.01, a thermal crack arises
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, 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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poinL (0.2, 0.4, 0.4) and a point (0.2, 0.3), on a seventh |ine Syt 2004
connecting a point (0.2, 0.5 0.3) and a point (0.3, 0.5, 0.2), on an
eighth Iine segnment connecting a point (0.3, 0.5, 0.2) and a point (0.6,
.2), or aninth 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). |t i re preferable _that the tota
A B Ts 0. 90 At sefrpefimed 16 LRGY Samoie! FAHBREELRN B 1 Fhe
anount of a senipond%éyorizin ageni?is 0.75 s &§,+ f)/d x 100 s 4 It is
more pidRdesoPRtaiRgd by,eh dopokp @encenys 95 ,SHbo The first conponent
is a main conponent of the varistor ceram c 10. This first conponent
consi sts of With £3iBei PEPeTHAGFRRISES SHrPA S e SAbRPBRENtTH S, Ba and
Ca, and a B site conponent of Ti. The second and third conponents are

net al 14 grolex ip¢ssenhaand ghtleinsuod ©o seRiaeRBRICELEENG RIVH-. &d Bhe fourth
conponent is nmainly added for the inprovenent of a degree of sintering.

El ect rictall aliBr aatdrpegifiocwing they sainet setup eagrdihalty 188tIze BxampNe2004
expressed with a tenperature characteristic of a varistor voltage E10 and
a nonlineaxcepef ffioti ehiangind hthe amndbbé openvadrttage L) esprsbeowes ian appl i ed
vol tage value at the tine of 10-mA electric current flowng in the

vari stieibleands | heaniitdsi weae peodidddci @hlich wergerasarty ekpilesded in a =
1/1og(E?"/E, ). Wiere, El is an applied voltage value at the tine of 1-mA
el ect i tHoder 6t fHeOV:REhp B the. varhst @empétatifep i ef addridiiay nol e

ratios of Sr, Ba and Ca which are contained in the A site conponent exi st
in thebhr §h ANGRmal! drackDResE’ Gher #ht8e t Rifdd SOf | Belpiraa@Nd range,
and still nore preferable to exist in the third range. Then, it becones

POSS! Bg.l 9enbaite GBSt Lilasthal AR Laklis SHCNARd N negabrollability
of the varistor vol'tage Ez tenperature characteristics of the varistor
vol tage.E10 and nonlinear coefficient a, and to enhance the thernal
shock-préof property of the varistor. That is, if there is too nmuch Sr,
the tenperature characteristic of El, will become negative, and if too
few, strength will drop. In addition, if there is too nuch Ba, the
positive trend of tenperature characteristic of E,,, becones strong too
much, and if too few, the tenperature
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characteristic of El,, becomes negative. Furthernore, even if thérg ﬂﬁyt E
much Ca or too few Ca, the nonlinear coefficient a to the varistor vol g@
E, becones small. In addition, if there is too much Ca, the varistor

vol tage El, beconmes extrenely large to becone difficult of control, a base
is made an insulator by reoxidation. 59 S U 'UN 20011, It is preferable
that the nole percent (this is calculated by the nunber of noles of netal

i ons) sem ¢ondudtori ziln§ jage Lhe second and/or third conponents) to a
princi pal c¢orfonerft (Tiglk|d|s| B ®een 0. 75 and 10.0 incl usive.
Al ternativebys it %s rn@’éa)ﬁéﬁ%‘éale that the nole percent is between 0.75
and 4.0 i ngEuUsive. Then| fitl |49p6ssible to enhance the strength and the
t hermal sheglé prfoof priopar §yl o [ he varistor. That is, even if there are
t oo nmuch @@gcn&&ctcg‘gi‘"@ Et or too few, it becones easy that a
thermal craglé ani s®s. |Bo@d)d|ipsl it is preferable that the total A/Bis
between 0. & wand 1. 16 i hd Uis|j u&“Furthernore, it is more preferable that
t he total Q%éf's het ween 1096 |and 1. 01 inclusive. Then, even if an anount
of the fouﬁfg conggneno'g B2 B|&p reduced, as described later, a degree of
sintering ta® e % npropydio gic S, this is because sintering is bl ocked
even if the total A/B 1 =ﬁde or too small, and hence the base is
made an inpul&ator ow ng|<iq| e pbtion. In addition, this is also because
a thermal (F&ck easil y*ptFpee Mt total AABis too large or too small. In a
range whergs @ anount Jof [Srarissfew and a |lot of sem conductorizing agent
i s added ak& descsibed |=phoyel Pp2order to naintain the thermal crack-proof
= -] abir =] . . .
property, |F£lb mes i ndrs ergﬁgle to restrict an upper limt of the
ytotal A'B 0%he 1.16 or| liess| lof=hpre preferably, to be 1.01 or |ess. The
strength and the therpal [shock-prioof property of a 60 30 JUN 2004 vari stor
can be shaf pl yg&nhanceg| 9g| stk glg the nol e percent of the fourth conponent
(Si2) to tthe @% nci paf Benpeept! (Ti O2) be 0.6 or less, or nore
preferably, tgeke 0.3|or |less| [That SiQ is added as a sintering additive
and it is |posptbte—tof—istraptyipetrif orm sintering even if the conposition
fluctuates, buf<howeved S RIgEE[Fmount of Si02 increases, it becones easy
for a therfmal [®erEack tp=@Psg=it—|shaul d be noted that the content (nole
percent) of SO~ —of p8jor itesg jor of 0.3 or less
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al so includes the case where its dosage is zero. The varistor cer am/idN 12004
may al so contain an additive that consists of at |east one kind of oxide
sel ected from anong oxides of Li, Na, Ma, Sc, Mo and W Supposing the
content is the nunber of noles obtained by converting M, Co, Ni, Cu Zn,
Sc, Fe, Ga, In, Mo and Winto LiOl", NaOl/" MO, CoQ 113, N O CuO ZnO
ScO, ,, Fe(3:;21 GaQ3.2 Zn03.21 MhQ j_.and. WO3 iL.1s.preferable that the
conposi ti onc%g‘%{) 18 gﬁﬁlﬁ&fslﬁ‘o%n CHoY a?ﬁ%&é‘ﬁ?/‘, Fﬁe#le 2] %gan ef fect of

improving the _nanljinear coefficient a. In addition, the varistor ceramc
10 nmy CoPE@IR&ht ditnPegerRs nopsikHe L& ReRTgEm stableksinfering gveqg

unavoi dabl e inpurities besides such additives. Such el ements usual |y exi st
as oxi déscomposidden pbactumdes. tHaweyar; storltéeplaiRt fRcareagepol Yier yst al
consi sting of perovskite crystals. A part each conponent is contained in

t he pebevgkés easypéorry sthermah cradkeitegasssedl y sol ved in grains, and

anot her part exists in fit 0 JUN 2004 crystal grain boundaries as oxi des or
conpl ex oxi d8sncd-arhexeawps etodimuchaSi®y, ahdntthena dbermmall tdrmcki ke exi st
nostly in grains, and Mo, W M1, Si, Co and the like exist nostly in
cryst ahrgs@iin hbgndest evhefenths iEmperatuaeriferchel sbb@emiarg dtron ceram ¢ 10
usually 1is about 0.5 to 10 tmand in particular, 1 to 6 tam Next, a

manuf aﬁ&&féé&cﬁﬂ%ﬁ@c&ﬁ%lbgi $_¥Aldndt 0L 66 4 ot 1Pretétdpilee described sinply.
The varistor ceramc 10 is obtained by processing raw material powder in

order @fefdrdray, thd! SAnp1RG 1941 &H NG63 £OrMany, whbpdes #iRmsal , reduction
sintering, and reoxidation. The powder of a conpound of each structural

el ement-ofy %%maicc Lasdianakhy 4sadvhere B RANpEREEHESIoP@REET . An oxi de
: )or a conpoun I ch becones an oxide by sintering, such as carbonate and a

o RS E RS oo b Sl Bl S chaTRLe, L] A
o0, P8R R 1B i WAL UL paiarde (o,
di-amet glgecg)iffite €in' &Y5AF L.L(?r iﬂth%%\é\}ﬁeerl &c;'yag%eo%sgj%zl Xna‘Pt?é'tsaanaet 0 5 Am
1-63 is zero nominally, in fact, Si0, is contained in each raw
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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First, the weighing of the raw material powder is perforned so tﬁdlﬁ&nﬁ 0g!
final conposition may becone the above- described conposition, and usual?y,
wet blending is perforned. Subsequently, after perform ng dehydration
processing, the raw material powder is dried and calcining is perforned at
about 1080 to 1250C for about 2 to 4 hours. Next, after grinding a G2 fl

J 1 1209'1 cal.¢cining. object. an_oragani c binder js_added,. and,further,

water, a pH ﬁ%ghlgf%¥FJéﬁﬁﬁFsPaF?Eefﬂgnéuggcésare5%63§1Jgh&at%9§9d.
Subsequently, a mxture js nRLdgd, and is sinter%d at about 1250-1400C in a
reduci Ay Mo HHEER Y APGdut3d Rburs, SEASEPEHATNeY BYFder Tenoval
processing, for obtaining sem conductor ceram c. Each raw material powder
such a§0FB? 6B, and ghedRoiPgsceninot $1i0.coaddh dPeHemiRe thy BEMadded at
the time of mxing after the cal cining. The sem conductor ceram c obtai ned
in thi sehapnes that giv ehehetampleat mknexeerioxfaatchomgppgcEbgi Kindin an
oxi di zing atnosphere such as air, so that a suitable varistor voltage
accordeng amount ofj eut aiditheeobtashed: IncTalwhepdr-dt.ursampilee wWefal | speed
in this reoxidation processing is usually at about 100C/ h to 600C/ h. In
addi t i pnodidesl ,pwhiiehabére neavpeedt sineileirliyhite tkhose dat ithe pxewpbdsing IS

bet ween 850C 1050C i nclusive, or the nore preferable tenperature is between
900C apd1 1066€ iewilisii¥eshdwn addmabde,146.s preferable time is 32 hours or

| ess, and nore preferable tinme is between 0.25 16 hours inclusive.
Furthernore, it is preferable that its partial pressure of an oxygen gas is
0.1 atnospheric pressure or nore. The insulating l|layer 10b is fornmed on a
surface portion by this reoxidation processing. Varistor characteristics
)appear ow ng to the presence of this insulating |ayer. Since the

nonl i near coefficient a and varistor voltage becone large if 63 30 JUN 2004
this insulating layer is thick, and they becone small if thin, what is
necessary is just to select processing conditions so that the insulating

| ayer nmay becone suitable thickness according to the characteristics
demanded as a product. Assuming that X-ray stress constant is -100

MPa/ degree, it is preferable in this reoxidation processing according to
this enbodi nent that the conpressive stress on a surface of the varistor
ceramic is 15 MPa or nore, it is nore preferable to be
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25 MPa or more, and it is still more preferable to be 40 MPa or 3 fodeN 2004

Since the conpressive stress exists on the ceramc
strength at the tine of soldering,

possi ble not only to inprove bending
but al so to obtain high
fromarising

t her nal

surface, it is also

shock- proof property preventing a crack
even when tenperature locally rises at the tinme of sol dering.

El ectrodes 11 are forne one-SHH-f of the varistor ceramc after
r eoxi datiorgproces(§i ng ar | n ilal mainly made of Cu, and a
varistor isgzoptdi med. B K= rfy made of CUis the same as that
in the firsk eagodgnend L OIS | SR wgnbodi nent descri bed above, although
the el ectro@iegzare prov “ onk rfgce of varistor ceramc,
el ect rode( $} §rdy be pro d{ 1ln top_dehnd back faces or sides of the
vari stor ceg%ﬁt. Per eald O-g'ikg}gpggsgﬁ invention is described still in
detail accoE& g tp e>ﬁ@ A r(gigncggo the second enbodi nent.
Exanpl e. 21 (34 30 JUN 2 A ZNRaAt | 18 perfformed in this exanple 2-1 is
conpar i son|—sgrptes—ebtatnred—By+Horhg—49t her paraneters such as a nole
percent and & kind of arse??:qomiu(ﬁ(p $jzi[ng agent, a total A/B ratio, and a
mol e percefi§ &f 5102, |3 ¢Handi A mpT|€|ratios of an A site conponent.
First, aftek 3espectively welghing[hYy [conversi on and bl ending SrCO3 , BaCO3
, CaCm3, T : s% d peelas rayardige al so that they night have the
conpositio ofh=i n 'F‘%E?e%‘-?ﬂrﬂﬁléﬂvvire m xed for 10 to 20 hours with
using an wet-“media m{ll | defydlatedldand dried. After calcining a mixture
obt ai ned, pt 1250€, the .|lojxture [was ég}hgh-ground, and agai n, dehydrated
and dried aft(}E%ﬁeing?ga@@@ i@ nedia mll for 10 to 20 hours.
Subsequent]y, |%. 0%to L.I5|W % |of |pol yMi hyl al cohol was nixed to the
m xture as| an|grgani c|binder; fo| He[gfdnul ated, and the granulated m xture
was formed| at | gor Bi ng|pegskilee P Lgbcn? to become a formed obj ect
havi ng an put 3&3i§ane$ gfﬂg.‘%g c%égwide di ameter of 9 mm and
't hi ckness| of é.o’SAft, )eﬁorﬁ%q‘&? bi nder renoval processing of this
form ng ob|j ect—at—abolt! 600G inl gnlal i at nosphere, sintering was perforned
for 2 hours ajsabgut [FS0GS|e ]|g etuct gy at nosphere of N2 (95 vol une
percent) H H, [ % Vol ufg Spefgent)s|bos|c|ohe seni conductor ceranmic to be
obt ai ned. {Subsequentiy;{wo=
© Ea I EE A E R P b
: S < Slos|o|s|s|S|s|a|ss
g ey
s [RESE |g[s|gglslelggislele
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hours reoxidation processing of the sem conductor ceram c was pe}ﬂorJH’Ndzﬂﬁﬂ
950C in the 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, d the five Cu el ectrodes
11 shown in these figures were fornmed by baking the Cu paste at 750C to

obtain test sga Of the . varistors faor. .nmeasuring. . Tk after neasuring
t he vol tagesﬁﬁqg%&a%lgfoh%? %haeck?C%%glrlrp?j'Ie agt]uﬁgag t%%cﬁgg}%?%ear coefficient a
was obtai ned from.a 1/ Eln/ELl) w.th usjng the neasyured voltages E1 1
FurthePﬁ‘B?%‘?tet]ﬁgtf”éﬁp%ﬁ?@%e%ﬁﬁa‘F $PFSY?jcta%{eeﬁﬁe?ﬂ$uq'ée coefficient) of
the varistor voltage E10 was obtained. Furthernore, while performng the

t her mahorlinrgan eeptBicikastha-sdffplealarges s yarlstonpiddaPoetsstress on a
surface of each sanple was neasured. The voltages E1 and E,,, were

measur aad viihen nepiligear anedfacient ¢.r endt CerparigasFrgrisgon n this neasuring
circuit, an ameter 30 is connected in series between a varistor 31 and a
DC consthtage Biy-enkn dditéoB2 itang fowmd thpateMo 38nd ¥ hagantled ed i n parall el
with the varistor 31. The voltages E1 and were neasured by neasuring the
vol t agectvdrlies balaegihdahB hefrealrscoéfiiid enar oSt arlthbughemotel ectric
current of 1 mA and 10 mA flows in the varistor 31 respectively with using
the agm@rerin3@abbd 14 val iset@mdihaierprraclerenbarachensshics
(tenperature coefficient) 10T the varistor voltage E10 were obtained with

AE, , , rNa{ i, C8%)znFE.sc.(28) }é4 B 28) aXsd Save 2RP ¥addQctiohC] about each
sanple. The voltages E1"(20) and E10(85) are the varistor Pilo 3 0 JUN 20(

vol t ages ElOsaicd heet 8aRSIat UL930dnR2AC73NHa@ I tdesRegs i duht ofhese were
measured with using a thernostat oven. The thermal crack test was perforned

by coni@iGideNdthe GRS b@gsiﬁ%inw%g BRIBRRGALHE R et alni B 6f ehand, to

the electrode side of the sanpleleft at the roomtenperature, for 3

secon gﬁlgtaﬁgggg'%qéﬁgg%&&gﬁ&l %%gg%si@g Rl Lhfnesol deri ng

i ron, ree erature, TT400C and OC were used.

e SRS B e dERErh ot LoockaBk sty Uikno  cohol . The
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.

04



sanpl e was measured with using a stress neasuring nethod by X- r&yf JUN Z004
diffraction. Since the perovskite structure which is a main phase of each
sanpl e bel ongs a cubic system the surface stress generated in the plane
direction can be estimated, by X ray diffraction on the surface of the
ceramic, fromthe ratio a face gap of the perovskite in a direction

per pendi cular—te—the—+fage—and a face gap of the perovskite in a direction
parallel tp.the|face. |Hegeslostress neasurenent was perforned by a side
gr adi ent m@ﬁmﬁ wig h U8|&|8| col | i mated beam generated by a O bulb. In
addition, [¥uw gl nes of®rackpeng was added at the tine of measurement.
dlffractlo E]g 2 used|[fpr;{ Mepsurenent was (310) that was near 134 degrees.
The stress -@rgaguri ng fret hod by such X-ray diffraction is known. For
exanpl e, itErsEdestribe Engdetail in B.D. Qullity (translated by Gentaro
Mat surrur a) |5 Engw ¥z edi$ D‘Qrmary of Xray diffraction", Agune Co., Ltd.,
pp. 41.2-4#2, Jun€, 198@ <63 UN 21K " X- ray diffraction handbook" ngaku
Denki Co. , (ttg——pp—63-—4#05, February, 2000. A formul a used when
estimating t 8 ?rfaca@r@@ﬂual stress in this exanple was as follows: E
a'r A(20) flg_-gﬂ\( 0) |IBOACsTIn fl A(sing') where, a is a residual stress
(MPa), E il$ 8-Young-—srrptgurds (MPa), v is a Poisson ratio, and 0, is a
standard Bepgp ag)ﬁle -J;qﬁiae) (here, 134 (degrees)/2). Further, 4, is an
angl e (degr FetweelR & Bp%nal to a surface of the sanple and a neasuring
normal , 20-i-st-an—anglejofHifffraction (degree), and Kis a stress constant
(MPa/ degr ee) d%ete?m ned-by(traterial the angle of diffraction. The
estimation of %}’&et,res ideal| Jt ress can be obtained by finding its gradient
ywith the net hgd oF | epgt |spares fromthe relation of the angle of
diffractign 2@ _which i[S|negsured, sin2iJ? which can be obtained fromthe
angl e 4) fljornedzby th 0 | to the surface of the sanple and the
measuri ng norrmﬁ, d nﬁﬁ) %%’lgl ng the gradient by the stress constant K this
exanpl e, ilt ilE &ssunelf |t the stress constant K = -100 MPa/ degree. This
is becausd, a¥ dpparent| fromthe fornula described above, the value of the
gradi ent flound-. W th {theisrithod of | east squares fromthe neasurenent
result is %g* ad b i b
- o= e e
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obt ai ned can be used as it is, since the value of the stress can3be fulNegpQ/l'
set according to the value of K That is, this is because it is sufficient
so long as a value of the gradient, in ES 30 JUn 2004 ot her words, an index
expressing a grade of deformation froma cubic in a perovskite phase is

gi ven since an absolute value the stress constant Kis not irrportant The

L7 G MR et P el et i
~1' 1T NOVG AT AN | SVGA, --J. yppS
JF D' OEE‘C g’lﬁ'ﬂl SW""’?y?J t‘ae crack arpse Gven lIE‘Itf@ ggs O 000CD

.~ J B A UuUOo
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
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
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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
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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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
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 obtained 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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what is necessary is just to select processing conditions so
that the insulating layer may become suitable thickness
according to the characteristics demanded as a product.

Assuming that X-ray stress constant is -100 MPa/degree,
it is preferable in this reoxidation processing according to
this embodiment that the compressive stress on a surface of the
varistor ceramic 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.

Since the compressive stress exists on the ceramic
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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Ti C'-':VCr. rf'Ct~ WQLG CNC “'C.Dl--rnCT)Or-, NCJ ' +-' CPi ~C 3 3H S 3004
cmmle~ -+, -,r- .~~~ ,--"NNNci NC7CJ]CJCAFffCANNNCVCI N r!, . . .1...__ fl JUN
?00, .3 UJUN 7004 As for the notation of conposition, the content of SrO
is expressed as a noles, the content of BaOis b noles, the content of
CaOis c noles, the content of TiO2 is d noles, the content of NbO5; 2 is
f nmoles, and _the content of SiO, IS nol.es, _The conposition was fixed as
f1d x 100 = ¥ 5 RERomRed dry this Sralplen 231 3 GPMPSEYS9h Plog o ¢
ratios of the A site_conponent largely affect the electrical

char acEaPPLes ebtaingd by Hdedpg aHFL RaparetelF SUCHeas t2AfHeat ur e
characteristic of the varistor voltage the sanples 2-1 to 2-23, and 2-26
to 2- 3perseidpanfiop khed $fnpl egmiconfuetorizing agené. ratiysilof/Bhe A site
conponent are a/(a + b +c¢) =0.00, b/(ac) =0.20, c/(a c) = 0.80, and

a/ (a +ratiocland @.100]e lpergentbof H0, = DChaggenyg anodepratgys ©f) 00), a
thermal crack did not arise in the test where the tenperature of a

sol deram@ igide wempdGsHE. At this tine, residual conpressive stress in the
conposition ranges of the sanples 2-1 to 2-23 and 2-26 to 2-32 where a

t hermal crackixBt] aFtefrisshasdvé by Mralghiingobe avriviemstion exie®pt i on.
Therefore, ranges where values of the first range which is the conposition

range @ieﬁ&ﬁ/gseﬁ@be,s Bécd, t Qa@@%?»mog 2086, 2m325i0, @s, raw (ateriat Cc), b/ (a +
b +c) and c/(a + b+ c) in the trilincar coordinates shown in Fig. 4

exi st gf hdt RReFaUR 2098, 11 RnpdsitPort showdnénbfdmet 201+ c) becone
| arger 71 30 JUn 2004 than this line segnment are preferable ranges in the

Pr e eMfe RNl holla THESqaCoLr AP RANMS! iilGehndl LR N Gkl fisyBpeci T ed

)in cl ai dition, since a ermal crack did not arise in

t he t%ihq%ﬂ%&8d¢£ﬁhté¥ﬂgﬁﬂat“re of the soldering iron

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 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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was 360C if the residual conpressive stress was 15 MPa or nore, %Qn%UNéma%
is also a preferable range in the present invention. This corresponds to

t he residual conpressive stress specified in clains 12 and 2 other sanpl es
2-1 -19, 2-26 and 2-29 to 2-32 except for the sanples 2-20 to 2-25, 2-27
and 2-28, a thermal <crack did not arise in the test mhere the tenperature
of the soldering iron was 400C. At this tineg, reS|dut% ressive stress
in the conpoYPEForCY AA5de ¥Rs (3P dsApieone surface of %ﬁi‘iﬂ’rZ 29 to
2-32 where no thermal crack_arose was 25 MPa or nore mnthout exception.
Hence, CREABES Mh&Seshaymedr §hIfneld cBGhdbr aly WIsERA] sAtSPEEEBosi ti on
range of the sanples 2-1 2-32, i.e., a/(a -19, 2-26 and 2-29 ¢), b/(a + b +
c) andasd(the)five Cheel¢¢ﬂﬁQQ@§r1%6ﬁK&Mnéﬂé§“§ﬁbﬁﬁ9Pﬁe$ﬁ@Pre4 exi st on a
first 1line segnent connecting a point (0.5, 0.0, 0.5) corresponding to

t he saffphee@-137 bakdng ties i pAsPe &t Z500C Go obtatspowdi sgmpdes td® sanpl e
2-37, a second |ine segnent connecting this point (0. 0.6) point (0.1, 0.4,
0.5) ceneespoidiong for timssanpye 2-8, a third |line segnent connecting this
point (0.1, 0.4, 0.5) and a point (0. .4) corresponding to the sanple 2-9,
or a fourth fhéae, m@nme@mﬁ@@ ithg ¥dlitagesi Bf and. £,, ¢ ehdd JUN 20 1 0.5,
0.4) and a point (0.2, 0.8, 0.0) corresponding to the sanple 2-19, or al/(a

* b+ AR bR Y hBﬁﬂlﬂé]ﬁs%oEEfﬁélér&u&t ualsla@téﬁ@aeekém &hi ch do not
|nclude a p0|nt ? corresponding to the sanple 2-27 are nore

pref erabl g Jamg j %&B%Qiﬁ@ame m@x&%@%ﬂﬁ@@@ EORA@SRONd to A site
nol e ratios sp inclains 16 and I'n addition, sfnce a thermal

crack g ”1.[0%' s Pod Mfiechete c?m%etaﬁfsew%ab&@m&f the sol dering

iron was 400C, resi dua onpressive stress Is 25 MPa or nore.

)These Langss, %Bg)a$fqﬂﬂp%%rgé :fggﬁkg erﬁnQﬁﬁ;bﬁtEQﬁ present i nventi on.

These COrrespo to the resi éssfve stress speC|f|ed inclains d
25. | nFlg_£ %rrm%%gp lw lze per%orm:uig 2che t emall%ra%kzge@{'q)fz e:élg‘,h

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

66



)

except for the sanples 2-8 to 2-10, 2-16 to 2-28, 2-30 and 2-32, R(thg 'EW[
crack did not arise in the test where the tenperature the solderlng |ron
was 450C. At this residual conpressive stress in the conposition ranges of

the sanples 2-1 2-11 to 2-15, 2-29 and 2-31 where a thernm

crack did not

arise was 40 MPa or nore w thout exception. Therefore, ranges where val ues
of the third range which is a _conposition rang of the san&ies 2-1to 2-7,

2-11 t godtages Fipgtahhe steperptyre of 29°C and, 83)C. respegtyv
+ c) in the trilinear coordinates shown in Fi exi st on

segnentPesh &S RGP M thoushrg & ;}'BﬁH‘P‘P@t‘iﬂg VRB-sanpl e 2-

¥) and c/(a +
afifth line
31 and a point

(0 0.4 correspondlng to the sanple 2-11, a sixth |line segnent connecting
this point (Bhe tfcﬁrzrlalocnﬁclaﬁ&sa; 85 ertermed by) cRGasEdRd ;A 3)
corresponding to the sanple 2-12, a seventh |line segnent connecting this
poi nt $0l@ering irgn3)whane éemnerntqyy was 25ete hiefexpband ngda dhehe sanpl e
2-13, an eighth line segnent connecting this point (0.3, 0.5, 0.2) and a
poi nt ¢éDed@;rddie? piderolsihendample olefiteat abipt e Semperaturient Foti ne segnent
connecting this point (0.6, 0.2, 0.2) and a point (0.4, 0.4) corresponding
t 0 t he3ssequrgis?2width =uprdyiaggeuiautricundedery Asheswpdratubetof ikt h | i ne
segnents is still nore preferable ranges in the present invention. These

cor r espoNibAiQgAi 8bh € tHPMeC kiRl O5F LRApLFiBHd, N tehal 18, BBsoand 34. In
addition, since a thermal crack did not arise in the test where the

terrper@é(g%eagg ié’t?’cs%ﬁérdé& | TRIhdiRR éé%iéé welle {esualigl conpressive

stress was MPa or nore, this range Is also a still nore

pref erabl e

range iﬁhﬁé&e@r géﬁr@rddmée{}&tﬂrhsjﬂy 51@9155fsp0nds the residual conpressive
stress specified in clains 14 and . Example 2-2 What is perfornmed in

this exanpl epgs 2.0.8 4fQIMAS %g;%gse%ﬁt flgeénogﬁéuéﬁ?%agﬁ ghanging an amount

of a sem conductori zi ng

por certusfieged Mty PERERR A LR IRoB0EThy Rk

Xi ng other paraneters such as A site

AQB and a nol e

exanple 2-1
except_for an th ercent .af the s 0 o] .agent as
shown T ‘F&%EE ‘gt&f%f g?l\%?e qﬁfogu]é%‘éskl\ﬁn mmé#%feneq’gltsiﬁ%be%é arly to
'\tlgtr)lsgtlle}{la t h%feégr’iplseam%le bh g\llleg}/serto thgugiecn%eyrs%t ure, char ac;ft eri stl c the

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 diffraction 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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74 voltage Flo was not measured. The result is shown in Table 1) 3UN RBO260
OhLOz O9 OO0 R++ ~ L 7" ~ WRf10] COu, 10CO z C7 'di CO 00
CJ Ctn COz COO Oh C+V5r 0) COzCQzNC C GOO

*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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other words, an index expressing a grade of deformation from a
cubic in a perovskite phase is given since an absolute value of
the stress constant K is not important.

The result in the example 2-1 is shown in Table 2-1.
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and the

the content of CaOis

the content of SrOis
the f nol es,

the content of BaOis b nol es,

CO!r As for the notation of conposition,

COCO1) coC~-c1ri COOCO0oCOCto OG nCOn O15 CONOBQJJUMW
the content content of NbOTi® is d noles,

O O CO (C
expressed as a nol es,

¢ nol es,
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much and too few, a thermal crack did not arise in the test V\A"aepe-”b’NeZUﬂ’I
tenperature of the soldering iron was 360C. At this tinme, residual
conpressive stress in the conposition ranges the sanples 2-4 and 2-34 to
2-38 where a thermal crack did not arise was 24 MPa or nore w thout
exception. Therefore, 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 g .preferable.range. in, t.he present

i nventi on. Tgﬁsg%r sPBRAE Q%hgoﬂ?f?ﬁf%l%& %‘%ﬁ“&&ﬂ&ﬁ?ﬁ%@ﬁ% agent
specified in clainms 15 and 32. addition,_since a therml crack did not

ari se PHPYPRSYREE AMEPLES 1 fkBe' CONSEaLhr BAOHS Re™2fWeriify iron was 360C i f
the residual conpressive stress was 15 MPa or. nore, this range is also a
pr ef er GOPEEHRFeCrA 1he Flodgent thenrOrteBR. OfTHiiL: cist e ¥R4REs ¥ t he

resi dual conpressive stress specified in clainms 12 and 24. In other

sanpl esontentaed Wb3y, tis £-mylesccapf g qomdent oDELGahple&odes3, 2-38 and
2-39, a thermal crack did not arise in the tests where the tenperature of
t he sofkker¢ongpoisidhomatas Fa€edamsl F/BOE. 180 = [H.90t 1 gid x éiddeab.2pnpr essi ve
stress in the conposition ranges of the sanples 2-4 and 2-34 to 2-37 where
a theamdl (ecrabk+de)/ (bt+ &)i se0viss 40 MPa or nore wi thout exception.
Therefore, the nole percent range of 0.75 s f/d x 100 4.00 in the sanples
2-4, and 2- 3ol rat3dsi 6f aHnesptefemphent r g lynatbecprgsent i nvention.
This corresponds to the amobunt sem conductorizing agent specified in clains

19 ande B&:traddit ERfracic?§8tict NG MBlaei 6de diaflaneh pditSeulari he tests where
the tenperature of the soldering iron was 400C and 450C if the residual

conpr egsd Menpbrabsrd@hatBchEr: & dTOEethd NakistaP0fol tagd] $9,.a more _
'-)pref erable range in the present invention. This correspond’s to the residual

‘compressive g 83 saERL 1LY tbN2ChAl Whals AP0 SBXRIBSY ok What s
xa e 2

t
performed in this e -3 I's conparison sanples where a kind of
sem conduclaphglna ApeRl ¥ass chandhtdie Mdid L¥! e o Naepar ameters such as
A sitenole ratios, nole percents of sem conductorizing agents, a total
A'B, and a nmole percent of SO, .a erformn e, S as that in
t he ex%ﬁﬁﬂoélegbe?ﬁ"g A holint i F ‘I’atc))l'ggégbc}e 5t +P}))rgcéugng?ﬂg%t'h§}§i&nds
sem conduct ori zi sanpl.es re.produce i wer e measure imlarly to
thoseﬁg’t"'hg)e?(a Oe’ ngd a/¥\§+ bp+ caj —d0.0\Mj, %P(a +eb + c% = 6‘&6,

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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However, the tenperature characteristic of the varistor voltagejﬂﬂlUNMﬂmQ
not JUN 2004 neasured. The result is shown in Table 79 3 J .JUu@ 2JM4f"
Nm > ~vuvItj L_00(:)WC~r.Nr1L]J1-'":~ "N CyrJ - 'A'~~1',aZ,
Mei'E"eM!CG+MIT" O .~ n:J :1J 4Ju V5 Cd.... 00C3UQoonC7r

nmC7Coo: 7U7CVof r ~CnLcO ~4; 4zz .errsc 0O000O0O00000O0OO0O0ODOOO0DO0O0J

ofOOOOO 00 000 .QaacO O 0 co0
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 scldering 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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connecting this point (0.2, 0.5, 0.3) and a point (0.3, 0.5,
0.2) corresponding to the sample 2-13, an eighth line segment
connecting this point (0.3, 0.5, 0.2) 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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the content of TIiO2 is d nol es,
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sem conductorizing agent. At this time, residual conpressive stgdks/ip 20l
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 paraneters such as A site nole
ratios, a | e_percent and. a kind of sem conductori.zing agent,.and a nole
percent of gﬁﬁ)zf r dnﬁg?%o i gcf)ﬂgoija%n%gﬁ% G O?ngﬁéi the exanpl e
2-1 except for_changing the total A/B as shown in Table 2-4, sanples were
pr oduc88LTERFCh Ar ﬁg‘gﬁﬁ'edtléﬁ nFPRFERE t REs &30 ’t%e%ei“a‘ﬁlﬁse 2"¥ " However,

the tenperature characteristic of the varistor voltage E {, was not
nmeasur €enterde afe K@ issCshehps i ntheaatent oof UREGods dympgesd Hi%c~vtr=r"ca
U o. -~ yUX bOK CrS x. | LGCFDI SI'i zzzz 0. g U C-UooC Jr .c

00CC3Gsenfieeny of gm@%dygscﬁbmgmps, and the content of Si0, 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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samples 2-33, 2-38 and 2-39, 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 in the
composition ranges of the samples 2-4 and 2-34 to 2-37 where a
thermal crack did not arise was 40 MPa or more without
exception.

Therefore, the mole percent range of 0.75 = £/d x 100 =<
4.00 in the samples 2-4, and 2-34 to 2-37 is a more preferable
range in the present invention. This corresponds to the amount
of a semiconductorizing agent specified in claims 19 and 36. 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.

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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CJi n1010COCL J C S CcOocococa rJ] aJ O1010: 9Gi CDcP i n cal a~~Ncqc71.11 v Cn
83 JUN 2004 As for the notation 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 _"TIOQ is d nol the,,,2 is f noles, and the

cont enPeBFIEH |'§h‘§ LEsudE . 18 Fiendn f th?C% 3 The conposition was fixed as
al(a + b + c) 0.35, b/(a <¢) 0.35 c/(a +b+c) =0.30, f/d x 100 =
3.00, and g 100 0.2, but (a+b +c)/(d + f) is changed. other sanples
2-4 and 2-58 to 2-62 except for the
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sanpl es 2-57 and 2-63, a thermal crack did not arise in the tesRUWHHNeZMﬁé
tenperature of the soldering iron was 3600C. At this tine, residual
conpressive stress in 'the conposition ranges of the sanples 2-4 and 2-58
to 2-62 where a thermal crack did not arise was nore than 21 MPa w thout

exception. Therefore, the value range of 0. 84 :! ~;, (a+b +¢c) / (d+f
1-16 in the sanples 2-4 and 2-58 to 2-62 is a preferable range in the
present inyenii @ This [coiresppndsiip[the fatal A/B]| specified in clains
15 and 32. In'@@ tion, |sjnce|al ttherinall | gragk|did notf arise in the test
where the fenfeial ur e3ia S8 < @ U8 HWS|9| QR BASI3600C i f the residual
conpressi Veg skt 85 was| |15[MPa | orf nore, | thid range ig also a preferable
range in tIg pPésent |imvientli on, jThils| ¢orresponds to tihe residua
conpr essi vee skress.spelci firgrd il ni_ ¢l ailes.| A %4 BEpt her sanples 2-4 and 2-59 to
2-61 excepfﬁifqﬂrgtf’e $ A3 ggé %?gﬁ BP3Br8l&hd52- 63, a thermal crack did
not arise|s ngae FestlS ef I‘?ewf’eﬁ e‘t’ﬁ%’r‘%z"afwt he soldering iron was
4000C and @p50Ce A—Ni$ 1T me, [ Tesidugt | YoPr ESSive 3tress 84 in the
(mmmyﬂo%r@@§903 HREPEess X 4 HB(E .rHe tg 2-61 where a thernal
crack did fpt|-pEF38 Y&(S| e °r§£k§l@l¥§é’<\%&80u6 exception. Therefore, the
val ue rangego;fggxﬁ s l(a I+l + le)/i(d +f s 11101 in fhe sanples 2-4 and
2-59 to 2-61 Es’.,,agm.g.di)‘ggj_gro,ag b .cjg e presemt invention. This
corresponds tjo Ehest 0¢85l ShEI| & % ISl ng 18 and 35. In addition,
since a thermal® ¢Pfaf T AT TSe [n ihe| ekt s whefe the t enperature of
the solddripig iron NS 59, m‘c.pir[]ga ﬁSOng'cgoch» residual [conpressive stress
was 40 MPa-of n®re, o] st B s s ]| 5163 g-<spref eralple range in the
pr esent iné¥§tinn. Thils{ gofrlesgondsitiottthe |-fepidual—¢onpressi ve stress
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A/B. |If the t|gt@al A BR|ekddepds d ol 4 g §Res bl ckack $tarts arising at
S&E.IftheééalAgégégégég gég@n qIgrackstfirtsaris!ngat
400C. Exanpl 325 Watl | 4 parfqrhgd]in|this exanple 215 is conparison of
sanpl es olt aired-by-—Eehangtrg—arretergetreent—of Si(),. Wth fixing other
par anet er adﬁaSA%ﬁtaﬁﬁﬁﬁﬁﬁgﬁﬁﬁﬁﬁ%p%can
w f =1 =] {1 =l == [~ =10=) =1 =1L =1(=] f=11=1[=] o
fa] 17
& Eg Y ESE A B B Ed A R -
%’ i o|c|clo|c|s|o|d|Slo|s|os|d|S|as|s| <
£ S ¥
ﬁﬁgﬁ galslgiglglslzigslzelg/selglel
-E‘aygﬂ cSjos || o] on|eo| oo] B3| ei| | 05| o3| e | 0 edf oS o
g =83
£ =
2 1858 gdldgdaldadddladdlsisisides s £ £
“"n 3 s -t Y umﬂnﬂ-«wmawﬂwmm
S |£84 8 B2 ey SiEEl Salcg|aEaEs AE T S 5 4
[} w 3
EEE S O e e B e e e
SE‘—%‘ = E S EIE R E R EE EEEE S
T R O P e e P e e e e A e
w o8 slalde|s|s| S|l 8| s|dls|s|8|e|s|lo) ©
R &
2.7
g2 B e A B B B E B E G E R
,_JE_‘E olCclojo|Q|o |l oD Do o2 oo o ]
g
R N e B e R
= | cafdada| dal da| da] da| da| | v| | da e da| &
w h

80



a kind of a semiconductorizing agent, total A/B, and perforning thé ddie2004
setup that in the exanple -1 except for changing the nole percent of SiQ
as shown in 5 0 JUN 2004 Tabl e sanpl es were produced, which were neasured
simlarly those in the exanple 2-1. However, the tenperature

characteristic of the varistor voltage ElO was not nmeasured. result is
shown in Table S6 3.0 JUN 2C el |l Fr ' 0l [%FYzz z ~ce, d
7j -d$gC~ r &b kr the. netaldop of ‘Eoml?ﬂf‘lt}OPr e 199 e%‘ﬁ of 18

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,,,
b0,,,, DyYO,,, H0O,,, Ero,,, TmO,,, YbO,,, LuO;, or NbQ,,+ 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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the example 2-1 except for changing the total A/B as shown in
Table 2-4, samples were produced, which were measured similarly
to those 1in the example 2-1. However, the temperature

characteristic of the varistor voltage E,, was not measured. The

result is shown in Table 2-4.
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(7) 1 JUN 20U As for the notation of conposition, the content of ‘-]S’r'JOJHN 2004
expressed as a noles, the content of BaOis b noles, the content of CaOis
c noles, the content of TiO is d nmoles, the content of NbQ ,1 is f

nol es, and the content of SiIO is g noles. The conposition was fixed as
a/l(a+b+c) =0.35 b/(a+b+ ¢) =0.35 c/(a+b+c) =0.30 f/dx
100 = 3.00, and_(a .+ b + c¢)/(d_+ f)=0..98, bu /d 100 changed. Sio,
i s added as &° sii:% éﬂenﬁoﬁﬁﬁ‘?‘:ﬂ 0&. c?‘i)“P?EH?céops 1%1&‘%,&0&1)%%8 ,O%l% e(%%mas
possible to performstable sintering even if co sitign fluctuates, but,

i f itsCHApERARed gsredeRles. they 855534 gr g’ gﬁg‘??‘ﬁat ack to arise.
Since a thermal crack also arose in the test where the _tenperature of the
sol der ¢PRitantoRfnaa0 36D C mMedesustha woptenhof T40: mfc i BPYSS. t1he sanpl es 2- 68
and 2-69 are not preferable. Therefore, the sanples 2-4 and_2-64 to 2-67
wher e eontrartmelf No@acksdf duelkss .appdethe) aopgepbset \fHE: 1§ 1t MPéfAPer at ure of
the soldering iron was 360C and 400C are preferable in the present

i nvent Tien . cofipos i tbon esgsoiidsed oag e (Api-eb percdent 0085 SilwXa +spetified in
clainms 15 and 32. At this tinme, residual conpressive stress in the
conposi} i-0m.B8NgEs(2f+ the sanpl®@B02- 4/dandi() 643100 2-€0d wiidre a t her nal
crack did not arise was 32 MPa or nore w thout exception. Although a
dosageigd SigQ2, bt the + panpey/ @ 64fi)sigeastangedinal |y, in fact, SiQ2is
contained in each raw material as an inpurity, and hence Si2 content of

the sanple B ¢AndeesanviedeCcamBnder s Aot hesalxcebickoarase in the sanple
2-67 in the test 88 JUN 79M where the tenperature of the soldering iron was

45000-«1;%151%5 2L 5% SRS, 25 4 ridithad- Bfadie AdGoreFfsa hengnl crack did
a

not SO arise in the test at the tenperature of the soldering iron of

#500C Al WRLEPLEL A dRleRakiind i REESEO addbBNE HER. walisyoo 0T ASPONdS 1o

t he m)ife percent "0 specified in clains ™2 I'n addition, since a

ther mal, Gf 3Gledi & g:l&fipiﬁéi% LERs NGl @nbNEodsimgahur e of the

sol dering iton’was e residual conpressive stress was 40 MPa or
nore, this rang is alsao [ ref.e r & ‘A‘éﬂé%mg esent invention.
Thi s Wgsﬁgn@e B SrZs‘#%H% Bcg %‘ggs{%\?e%ggr%ss specitfied in clains
14 and 26. Thg m)%e ercent of Sit "SR h%ttgguéhex s;nghe 2-4 i s nost
pr ef erdRcs ARd B ente? didft it6A™ %@gr‘?pl oot ¢ t°I's performed in
this exanple 2-6 is conparison of sanples where a kind and an _anount of an
addi ti ve werlhezringed.the value range of 0.84 = (a + b+ c)/(d+ £)

< 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
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Wth fixing other paraneters such as A site nole ratios, a nole p%ﬂcéﬁﬁ 40
a kind semiconductorizing agent, total A/B, and a nole percent of Si O and
perform ng the sanme setup as that in the exanple 2-1 except for changing
the kind anbunt of the additive as shown in Table sanples were produced,
whi ch were neasured simlarly to those in the exanple 2-1. However, the

tenperatu e charact ristic of t e, vari st o] t age wa t neasured.
The redB 8¢ L %Fﬂnﬁflﬂggssﬁ tfbe FOPIEH 144 4 6E§9 °~525%?r,' qC7C7p 0

R0 | e e 00 Ot 0 L0 R ] il 00 900U T 4
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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4 O o cNcT CVCVcVC cvevClCca 0000 000coop i of WCO pg I XJ CC co op 00 S
r/.1 U7 Mn Q-rnc~rna,c, c~c~a pooo000000 o v -OC-10 0 0 0 O ao000

Table 2-5, samples were produced, which were measured similarly
te those 1in the example 2-1. However, the temperature
characteristic of the varistor voltage E,, was not measured. The

result is shown in Table 2-5.
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notati on of conposition, the content of SrOis expressed as a noles, the
content of _BaQOis b es, the . content of CaOis ¢ noles, the content of
Tid2 is d pol psg the|contentiaf [NbQ, ,2 is f noles, the content of SIO2 is
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An additive has the action of adjusting electrical characteri stix8 éUthﬁg
the varistor voltage E10 and the nonlinear coefficient a. M1 enlarges the
vari stor voltage d the nonlinear coefficient a, and Co enl arges vari stor
vol tage addition, it is found that Mo and Whave the action of enlarging

t he nonlinear coefficient a. Although not shown in Table 2-6, it is found
that Li, Na, _N Ga and. I n al sq have the sa actiqn. . Sipc he, sanpl es
2-74 and 2- 7ASHERF éthteoBOF%{]Jg@ é’%oﬁﬂ‘E‘P%ﬁlh‘l(?Ssgg%? § 98§g?€e§0 Sintering
was bl ocked and the ceramic was insulated by the reoxidation processing.

I n ot herpEeFffdk gso2ameles:3 the. gententy o 7Bal {15 b78oLeS 0 18 except for the
sanples 2-74 and 2-78, a thermal crack did not arjise in_the tests where

t he tenpetenrtuaf 680t he aHlodesi nihg oataps S6ddOanks dopelear i s tine,

resi dual conpressive stress in the conposition ranges of the sanples 2-70
to 2- 78pntRIfts afoNRO7y isnl Molrgs, @0dwhke econteRsr ol SiKk:abk HiMPLREt ari se was
29 MPa or nore wthout exception. 91 JUN 20T Therefore, the sanples 2-70
t 0 2- 7Bhe Zzchpdsdt2en weendied78s ta' (2 80bench) Favi.Af. thelad! & percent to a
principal conponent that is 1.00 or less are preferable in the present
inventgprne grhess kg(anclgided)i A ¢ oo kispd anborel e.pey cant (af +ab additive
specified in clains 21 and 38. Exanple 2-7 What is perforned in this

exanpl &) Zcd 4 £)C0MPa v ggane! as dRkabRgtydy. changing a tenperature anong
reoxi dation processing conditions. Wth fixing other paraneters such as A

site nol e ragi@®sisdadiiE dRehCeMtaihglalid Nl ToRdiiet @51 zi ng agent, total
A/ B, and a nole percent of SiQ2, and performng the sanme setup as that in

the eX@éﬂ)&@ al S CERlonler peBaWINGo HELKIIRILARI RN HLASTIRY 60881 tions as
)shown In ar%e'2-7, soar?pl gs wer e proofd)uced, whi ch were rrelagured simlarly

Lo those Liis: XaTPl Rrdados MRSl LE LIRS Shuréatdhar deleri stic (he

varistor v s not neasur ed. he result is shown in Table 2-7.

92 3 ObéJthjal}lmeg.so:Iéasy,r%oﬁél " thbrhPaMack 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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where the temperature of the soldering iron was 450°C. Thus,

the samples 2-4 and 2-64 to 2-66 where a thermal crack did not
also arise 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 claims 20
and 37. 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 stress specified in
claims 14 and 26. The mole percent of SiO, near that of the
sample 2-4 is most preferable in the present invention.

Example 2-6

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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;jc7CC C C C C C C LCC& C-CCC ohG]0QC7~. COGV C~C D L{CJLOO V 3 [ JUN 2004
coDCDOCCCCCDO ry r.yCamld Gvecid-]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 TiQ is d
noles, the content of NbO2 is f noles, and the content of SIO is g

nol es. The conposition was fixed as a/(a + b +c) =0.35 b/(a+b+c) =

0. 35, C/(ci+b+C) F 07307 7T X[ 100 3.00, c¢)/(d + f) =0.98, and g/d x
100 = 0. 20. @gdaélors t| thel prlogdci ng sanples were that tinme of the
r eoxi datlon ﬁé@ NG IS I 73| and that the processing was perforned
in the alrm( she “partilal | pressiut g pff oxygen was 0.2 atnospheric pressure).
The vari si® v%l ag Bt Ichanged bdoadly with the increase of tenperature
inthe re |dagi roJ a7 e '§§ B DBMWr sanples 2-4 and 2-83 to 2-86 except
for the s<zrp£E %8%5%- 2101 8087%80d 2-88, a thermal crack did not arise
in the tegds|&Bel® he [“eAper#4lEe=of the soldering iron was 360C. At this
time, rest. u%écmre&s _&gé;trﬁs iln the conposition ranges of the sanpl es
where a th rriifagp‘:gaéﬁgs rgb{%g E}e was 20 MPa or nore without exception.
Ther ef or e|$ t ffes sEhp[ Eg P28 4 8l2l°8% to 2-86 where tenperature in the
reoxi dat i Jsh -E)c,ossi 890D 11050C are preferable in the present
i nvention; T3 gor|@ g %%Igg'g'“.?. In addition, since a thermal crack
did not afisje ®n|3 t|Re .EQ@I@g‘-’t’%\e tenperature of the soldering iron was
360C if pherrestduai—e r§stverstress was 15 MPa or nore, this range
can al so hedcaél ed a:glﬁa? el Ee (B@hoe in the present
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94 [J JUN 200 invention. This corresponds to the residual conpres§ilvelUN 200
stress specified in clains 12 and 24. In the sanples 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 tinme, residual conpressive
stress in the conposition ranges of the sanples where a thermal crack did
not arise was 40 MPa or, nmore w.t hout exceptign. Thereforege, e _sanpl es
2-4, 2-84 an Zfo‘%% eP@taYJeor%é’fEa‘r‘?fP%oﬁlryppﬁe ﬁé%)ﬁogg P%n()%rsocrtdgéfssi ng was
900C to 1000C_  are nore preferable in %hqﬁgnes nt lnven ion. This

cor r esPERIRSSECaPh 2410445 .9 4BEt YN R 1 PnBPeF ack*®di d not arise in
the test where the tenperature of the soldering iron was 450C if the

resi dugPniedip PEsSRQ el B9deimsthro cpphert 3fprldO: ihids™PLege T al so a nore
preferable range in the present invention. This corresponds to_the

resi duedntsoriprésibQg, dsr Eseolgsecithe eepnitiend| afnB81lQ@ 28 .9 MAIes. fnds possibl e
to secure a wi de range of varistor voltage values and sufficient nonlinear
coef f i thentondentt bf deegidiyivarige hsmpiase Mbei doposidipnedds ve stress by
controlling a varistor voltage val ue through changing tenperature in the

r eoxi dedste@n agr ag €8 s+ ng Awich heut . Ihabgi ag+ tiher cdorpdsdi. ar.(al A tonsequence,
with maintaining the high strength and high heat-resisting property by the
| ar ge surs ac8ol epjdualiopoaps es®) (@ $thesss) gande) rangesqf anari st or vol t age
practical a can be obtained by the sanme conposition. Hence it becones

UNnecesaRLY 168 LTEPRS & bRl hPdS« tiveenas| cilidgyd.al , 9 F5 3 G JUN 200 hence,
material control becones easy. Exanple 2--!5 What is perforned in this

exanpl e 2-8 ArS feiRave Ik Ghe SefI¥EDORBISEthdL16B8RASE4A0 @ ti e anmong

yreoxidation processing conditions. Wth fixing other paraneters such as A

site Mhlfata FPseids A ggrsﬁféma@@gt@rwm@%com@%@i zi ng agent, total

A/ B, and a nole percent o 2, and performng the same setup as that in

Shoun THIHBRE FEaghEl 46 WBr EhpPBITEAte P orior e sedg o8 i milar |y
vari StB SBe BRIt e e TR FHeCPEST SRR

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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in Table 96 JUN 201 U) cr. Cy)Clark. .oCet+ ma V .-V-1 +-) 30 nfUdo208!
U ~:JO0Cc oYooCoc Ok ca +alLlO00 0 0 o U-L C.'3~~L"'3 m 17 UE U QyoQo00
ci sU )oo0O C<DOC o QaC 3C3U 4C~~"¢c ~/ pp occOcO$L' ~

Therefore, the samples 2-70 to 2-73, 2-75 to 2-77 and 2-
79 to 2-80 each having the 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 claims 21 and 38.

Example 2-7

What is performed in this example 2-7 is comparison of
samples obtained by changing a temperature 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 SiQ,, and performing the same
setup as that in the example 2-1 except for changing
reoxidation processing conditions as shown in Table 2-7,
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 2-7.
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content of NbO5,,, is f noles, and the content of SiO is g noles.3 fhdUN 20
conposition was fixed as a/(a + b + c¢) =0.35, b/(a+c) =0.35 c/(a+ b+
c) =0.30, f/d x 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 atnpspher.i ressure). The
vari stor vol REgePTEFeBAR YU SEYC 488 wihi G0 Fﬁgs%tlg‘ilg} 8 tine of

t he reoxidation processing. Wien the time of the reoxidation processing
exceedeHPIEIREUAS, atPRlesesithe aFonteRtpPESBIR d Ssbr BeseFedted rapidly. In

ot her sanples 2-4 and 2- 89 to 2-96 except for the sanple 2-97, a thernal
crack dpmiterdt ofafpQeld i¢ mhdes esthansonpterhoft daPerid Gr BOES t Hdesol deri ng
iron was 360C. At this time, residual conpressive stress in the
conpostconiomtr afighkOpf ishe maelms,esndhihe canthet nef EOaclks df Bohes. ari se was
24 MPa or nore w thout exception. Therefore, the sanples 2-4 and 2-89 to

2- 96 Witk ecdipoeitidre waeofidadion giacessing )was0325 hdui(ss erbshorter are
preferable in the present invention. This corresponds to claim 29. In

addi tigp,- g.nee a/tdermpl gyacky dod wpd ariope~i B.ode (4 esb where the
tenperature of the soldering iron was 360C if the residual conpressive

stress yag 15£YPa @rodPhaa Lk S ndage @Lihis also a preferable range in the
present invention. This corresponds to the residual conpressive stress

speci fied i NoofdidliBRs 12 At pfoabdhd 3ARbESs ArdkcAtflal- Pfnd @£2tH8, a thernal

crack did not arise 1n the tests wheére the tenperature of the sol dering

i ron ;?%Soxﬁ%%@ioﬁte%ﬂge%{s%hg‘awaé ezsih%gk, CHPBaE ¥fie SitREssifly wde

I'0n rang e~sanpl es ere a thermal crack did™ not arise was

38 MPa_or re wthout .ex igprl. e e 2 and 2-90 to
2-95 v%%ﬁfé)r}f'%ﬁeﬁel%ftqlet ﬁ%%r gg@% a |3%Epé§%%%u§?négvﬁé?%gﬂz§étsoo% hours are

nor e clzi)refei,lable in the Eresent invention. This corresponds to claim 30.
In addttIOSRPCEL ARS8/ mal crack did not arise in the test where the

tenperature of the, sol deri irgn s 400C if.. the.residual c ressive
stress was el\/igﬁrb?t%rvé’,ﬂgﬁfasg@ a(\f,%é‘ge%sgﬁ?%%lya Wﬁ{)cpe%fﬂ ejfnéjrrae%gg range in
the present invention. This corresponds the residual conpressive stress
speci f9feFeMREER TR 1nl§h§nﬁe%da§&81qt?]8?ﬁe%sf’rn9he sanples 2-4 and 2-91 to
2-94, a thermal crack did not arise in the tests where the tenperature of
the sol deri i PtBAT vWeANDISSC2-At 3t % 83 h, 218&eFGsPt £ sive stress in

t he conposition ranges of the sanples )
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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where a thermal crack did not arise was 41 MPa or nore w t hout e%dbpﬂﬂ%#pn
Therefore, the sanples 2-4 and 2-91 to 2-94 where tine of the reoxidation
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 i f

the residual. co essive tress 40 NE ] Al Is also a
nor e p:ruéY%I% apl'e reilnsggoirﬁe Oen%spsr éc}égﬁl?e irr?\ggﬁ%lgﬁdn!.! F%l egggg‘rgréespo%ds to the
resi dual conpressiv strggs sggéified in clains 14 and 26. Ex 2- 9 Wiat is
per f or REFHHTLHIE & 24" conpari son of sanples obtained by
changing a partial pressure of oxygen anmong reoxidation processing

condi tions. Wt SARLEDEE Baﬁ‘grfaé}derzs'ggucﬂ ggex;gaii tEeFbIE Y ati 0os, a nole

percent and a ki nd sem conductorizing agent, total A/B, and a nole percent
of S.imyt anise periks rhosyst Meermkbe Semppraidirenaf the aeddexdngl e 2-1 except
for changing reoxidation processing conditions as shown in Table 2-9,
sanpl esrammasplodi add wH0ch ver ehisatimed rsistidbal | gonpreskdse in t he
exanple 2-1. However, the tenperature characteristic the varistor voltage
El , wastreats naathe eshmpoisitIah|mnge8. of eshd tsamplehovbert @0 then®D04, n
U T Uoo00 y -40Q

crack did not arise was 40 MPa or more without exception.

Therefore, the samples 2-4, 2-84 and 2-85 where

temperature in the reoxidation processing was 900°C to 1000°C

are more preferable in the present invention. This corresponds

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 stress

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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hence, material control becomes easy.

E 2=

What is performed in this example 2-8 is comparison of
samples cobtained by changing a time 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 Si0O,, and performing the same
setup as that in the example 2-1 except for changing
reoxidation processing conditions as shown in Table 2-8,
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 2-8.
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zs na P4L, LoLOLO ~ 007Q7rQrGraCr~Gr ~] Q@ OO,,r -1 ycq 101 ?gU%@UM
As for the notation of conposition, the content of Sr() is expressed’as a
nol es, the content of BaOis b noles, the content of CaOis c noles, the
content of TiQ2 is d noles, the content of NbO5/1lis f noles, and the
content of iQ2 is g noles. The conposition was fixed as a/(a + b + ¢) =
0.35, b/(a+b +c) =0.35 c/(ac) =0.30, f/dx 100 = 3.00, c)/(d + f) =
0.98, and g/d x 100 = 0.20. The reoxidation processing was perforned at
950C for 2 hours, and sanples were produced with changing the parti al
pressure of oxygen. In the sanples 2-98 and 2-99, the coefficient a was
smal |, and residual conpressive stress was also small. In other sanples
+ £

2-4 and 2- 106—+tp—2~102—excep r—these s*mpﬂes, a thermal crack did not
arise in the test ®here thel tenpe aﬂ;te oF'the sol dering iron was 360C,

400C and 450C. iﬁ’ﬁhgsare idual| c ressiype sfress in the conposition
X2 nFidid not arise was 40 MPa or

es 2-4 and 2-100 to 2-102
ox|i dation processing was 0. 10

n
QD

ranges of the sg@nfil gsewh
L ég

Ly
S 44
D
o241
48
2

nor e vvithorgne )
where the pdrt (%l Spressuy

:
of pxygenl i e
e

atnDsphericjgre“su e_or rie prieflerlabll ef in the present invention
Thi s corresqpnds tg chinl 1.1 In addittiomgsgince a thermal crack did not
arise in theStebtsawhpfe %t’éﬁ@é%a’%t’ﬁ@ tS|the sol dering iron was 360C,
400C and 45)& when2t he2 1Sl LBISS| Ves[st ress was 40 MPa or nore,
this range jé %ﬁsb a| Wor&@iprlef erfabll e rl#ga%In t he present invention. This
102 30 JUN ?“04,gogTesponq§ tjo Fhe [rastjaugl] conpressive stress specified in
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claims 14 and 26. According to the above Tables 2-1 to 2-9, if thgkg JUN 200
conposition, content and reoxidati on processing conditions of

conponent are within the range of the present invention, the residual
conpressive stress within the preferable range descri bed above can be
obtained. Hence it is possible to provide varistor ceram c, which has high

bendi ng st.regg';g?l':I exc en?rblogf:%)w@ﬁ?st Occot‘ﬁrt]:@fl?%f%xqp(i”y and its

manuf acturin rea e conposition of the
varistor ceramc 10 i th| third enb scri bed. The
vari st S¥PERFSHN 6518 %%hﬁ%m ﬁge C??Fﬁﬁi 88n%%§ PO%%% q:g}fanposite per ovskite
whi ch consi sts of oxides of Sr, and Ti, at Ieas# one_conponent of a
secondCeBin &t CaRi th TIPS sth%Po&FePEd%fc TdRe 18 fametedxi e sel ect ed
fromoxides of R (Y and |anthanoids (La, Nd, Gd, Th, Dy, and_Lu)) and a
third eonpsHemt NaPoh iSofishetes .ofndi Hae STondenBeot ikt k% F MOAESX| des of M
(Nb and Ta), |east one a fourth conponent which consists of an oxide of Si,
and doBse noimposdhieon rwavy fdupdtamta/dll y. It ¢)s =a8s@bedAfatr B #s the nunber
of noles calculated for Sr of the first conponent as SrO, b is the nunber
of nol ey <al.@yl,atedafomb Bacdf=thsd,i £gd <ammoredtods Bad® b e is the nunber
of noles calculated for Ca of the first 103 D JUN 2Q0' conponent as CaQ d
i s thesyubar £9f =np| ®&s, ecaldcyyateddooe Fizmf the first conponent as TiO,, e
is the nunber of noles calculated for R of the second conponent as YO,,,
CeO,,, b07/doiR@tions(&thgie papbthanny deinples peatd whhy, témperatvrenunber of

nol es cal culated for Mof the third conponent as NbO,,, and TagQ,, 2
respe%& &leY rebREaAtiie brobe iR Rs wadl 6596R! dnhofnat 19l bPEcésiriy conponent
as Si2. Then, the conponent of this wvaristor ceramc is 0.30 s a/(a + b

+ C) / 921 GrddsaBeSot/ mnbwasc) s 0. 35,
0.84 sw%ai%rggiﬁgdinptﬁé aufr ?Ehés:)pf%jlz ’ 891:75 > ?e°+ é}%gdnxwlgo s 10.0, and

g/ d X ges of this conposition are 0.96 s (a c +
e)/ (d io%)) °%P’8§§I‘g‘€‘%l?‘“£ép?)/d x 100 s 4.0, and g/d x 100 s 0.3 .

The varistor voltage E,, monotonously increased with a
lapse of the time of the reoxidation processing. When the time
of the reoxidation processing 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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The first conponent is a main conponent of the varistor ceramc 19g Ths20l
first conponent consists of, in conposite perovskite, an A site component
of Sr, Ba and Ca, and a B site conponent of Ti. The second and third
conponents are netallic oxides that contribute to sem conductorization
and the fourth conponent is mainly added for the inprovenent of a degree
of S|nter|ng El e tr| al _characteris or mai nly

expr essB WY A BEEERRV G GRBIR At %‘ i) ang’sogv%ﬁg (?/I{ar i E@%g vol tage E, ,,
and a nonlinear coeff|C|en The varlstortyo ta ressgs an appl i ed
vol t agePRRaspends tacths ﬁ§569UQk)Qﬂmp€?§%%Y?(§ Eﬁ??e%?eQﬁ(im ng in the
varistor, and the nonlinear coefficient cc is generally expressed in cc =
1/ 1 og(EHUmE1 12 agfetd, 10: 3U JUN 2U El is an applied vol tage val ue at the
time of 1-mA electric current flowing in the varistor. As for nole ratios
of Sr, Ba anth chewspERles @‘éoﬁﬂ@n@'s%b?to £he5 A ajthermaheraait dify s
preferable that Sr is set between 0.30 and 0.40 inclusive, Ba is between
0.30 amt @rdSei ol s Gestandhaye ithehbenpasraturesofinthe spdapRingsi ve. it
beconmes possible to enhance el ectrical characteristics such as the

cont r olda@abrdakt yoofc.t het variiss tame v atdsd gaaFlé€omprtessafret $rerdss, in t enperat ure
characteristics, and the nonlinear coefficient a, d to enhance the thermnal
shock-fieo@bompoeperdiy rehgtheot atties sampldh atheire, ai therwerle crsckodidruch Sr, the
tenperature characteristic of Elo wll become negative, and if too few,

st rengidt wirkke dh£9.3d MPadditmer wiitholerexdepttion. nuch Ba, the positive
trend of tenperature characteristic of E10 becones strong too nuch, and if

too few thenfpapstal Ui Ghrbaes esistang 2060 BLD Zbesonkerdagricl ve.
Furthernore, even if there is too nuch Ca or too few the nonli near

coef f iGjd %oﬁ:.&&t]{_cma p‘f:%&é§§:9f§g \Rlst 8985 Bio 1160B6APBSardRldre | N addition, if
there 1s too nmuch the varistor voltage E10, becones extrenely Iarge to

bec Olmé) e.qf'ei'gbf ! .{1’1 Q{] ﬁg%é&k %‘én"ﬂl?ﬁs erh$s NBsis-eApohAs U tAlaihy

r eox |on proof property of a varistor can be

enhancgd e&da#egnt o0l & BRLERN LEACHLAES Wbl hie pirber of ol es

of neta |ons Senrcon or|2|ng agent e second and/or third
conponents) to the princi ent Ti.n, ). to n0.75 and 10.0
heT LS rRae BeEPEFATIF PIOERS Sufesihg 4Eon Was” HOBENL

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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be between 0.75 and 4.0 inclusive. That is, even if the sem condyd} oftJpzi?0®h
agent is too nmuch or too few, strength is |owered and a thermal crack
easily arises. Even if an anount of the fourth conponent (SiQ2) is reduced
by perform ng setup so that the total A/B nay becone between 0.84 and 1.16
i nclusive, or may nore preferably becone between 0.96 and 1.01 inclusive,

it is possible as described later to | ove a ree of sintering. That

i s, thraereal gragk Qicnat Arige; ﬁlth&ckg%{ e‘ébeﬂ:q ggigh e"fpoetraalswﬁ?B is too
large or too snall, and hence the base is nmade an insulator owing to

reoxi dafidre soddening i gren @aentdq C hE TR Hesadpal CABFEEELYR or too smal |,
strength is lowered and a thermal crack easily arises. In a range where an
amount sbfess Wasi 401 ¥Ra 1 MeTEeot thifs IaBER cbh SR BPFR) PIEGEREPIR added as
descri bed above, in order maintain the thermal crack-proof property, it
beconesangwliispeheaptesdns: ravention.anThigpsonreapendsd tohdheotal A/B to be
1.16 or less, or nore preferably, to be 1.01 or |ess. The thernal

shock- peotfudlr epaptyssifven staesstspecidnedein sHaripbylérdargh@®d by setting the
nol e percent of the fourth conmponent (SiO7) to the principal conponent
(TiQ) to beg 2-bess, or nore preferably, to be 0.3 or less. In other
words, SiO is added as a sintering additive and it is possible to stably
per f or m si Nt@d G seYpeRFOFMEPMPOShi s Cikdnipaet pag ess domparheoewst , if the
anount of SiQ increases, it becones easy for a thermal crack to arise.

It shogylmth e oBehesed M chBRgERNtL Mart (4D Erapeneenst @iyg®nOamong 0.6 or

| ess or of 0.3 or |less al so %06 0 JUN 2004 includes the case where its

dosage, iS5 ZEt9on o d iSO bot@ EYns . 10 may al so contain an additive that
consi s%éoé*lzﬁ;%{t Ielalgn%aoone }‘-gndoof oxi de sel ected fromanong oxides of Li,

Na, M, Co, N -Zn, F , W5 +SU i content is
odg\hrﬁ)lgé%ﬂégt obher %ra%tei:g shh apd AW ral RIB%% Eﬁﬂ:i&?

t he nunber al ned converting Li, Na, Cu, Zn, Sc,

Vh

Fe, Ga, Mb.and Winto Li.OLi2 . 2, MRy N £ZnQ Sc8/ 2,
Fecs, , & @Sl?n&ime%@ng% é&w%%t % P ggg%%%erlt Al the composition is
0 < h/d 10Q s 1.000. Thereb th d.s an ef i V] t he
nonl i n@?fra)&cc%%f'i éhdne E'PI?nP%Ja%?‘} oc%: Y vaanrd:3 eg:?f%é@; %#Idngﬁegoé&n%}y al so
contain other elenents sucPLFas P, K, éle and Zr a; unanggaﬂllgg
i npur i $98® b dddadycAad b v8§‘?‘m1§‘:f’ch BllensttsPhsudPFy ER7S s oxi des.
As described above, the varistor_ceramc 10 is a pal yc%ﬁial Eo&si sting of
perovslf@q}gidation processing conditions as shown 1n e -9,

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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crystals. A part of each conponent is contained in the perovski%egci 3 A0S
with being solidly solved in grains, and another part exists in crystal
grai n boundari es as oxi des or conplex oxides. exanple, Ba, Ca, Sr, Ti, Nb,
Ta, Y, lanthanoids and the Iike exist nostly in grains, and Mo, W M, Si,
Co and the like exist nostly in crystal grain boundaries. A nean grain

di aneter of the varistor ceramc 10 usually is about 0.5 to 10 1.tm and
in particular, 1 to 6 F.im Since the electrodes forned with the nmateri al
made of Cu or mainly made 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

wor k. Next, met hod of manufacturing this varistor ceramc 10 wll be
described sinply; The varijstor| clerlani ¢ 10 i s obtai ned by processing raw
mat eri al powder {®W-@rger of mixijng, [cal di ning, grinding, form ng, binder
removal , redlicti pg giiﬁtgrimg, &ndqruef%wation. The powder of a conmpound of
each structufal Fgege@tZofl cardi|c*|™y Ysually used for the raw material
powder. An oxpdeiaioy ‘@ conpound fwhi gh lbgcomes an oxi de by sintering, such
as carbonat ggang & hydr oxji de [cdn |bg Usdd for the raw material powder.
Wth citing ag exanpl ef abdu; Ba,| gt || dagt one kind of bari um conpounds such
as BaCQ, BaS@ BaOo, EBan,, °Bg-ge}l)g, Ba (NGO ) , , and al koxide (for
exanpl e, (CHBP) pBa} cg@ o usé%éf éig; raw material. The nmean particle
di aneter of [&w t%ri gowde? % usual |y about 0.2 to 5 m First,
t he wei ghi ng|@f Hear aw materiall dovwdgr fis perforned so that the final
conposition fgy bﬁdﬁnecshe bgw- [dgsqrilbed conposition, and usually, wet
blending is pgrfoﬁ\r% edm @[3 B|B|ter perform ng dehydration
processing, [8e ral g@ HAlS\|dried and calcining is perforned at
about 1080 @ 1%@@@ fiof gBbut|Zd tlo [4 |hqurs. Next, after grinding a
cal ci ni ng obSct,Hzﬁi rc {yindgrjr§qdded, and further, water, a pH
regul ator, a m)i?lg' & .| Birg..444 and m xed. Subsequently, a
m xture is nplded, Znd:?i @nt@gﬁ%%out 1250-1400C in a reducing
at nosphere for abo@@ 4 hquy 0 JUN 21 00,4 after performng
bi nder renovjal processing for |€dnilcdndudt or ceramic to be obtai ned.
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Each raw material powder such as Nb, Ta, Y, |an'thanoids, W M, Elngo
and the |like nmay be added at the tine of mxing after the cal cini r3g. 200
sem conductor ceram c obtained in this manner is given heat treatnent
(reoxi dation processing) in an oxidizing atnosphere such as air, so that a
suitabl e varistor voltage according to an object nay be obtained. The

t enperat ure apd Tine TIM..,, dn this reoxigdation.processi are

control | ed ags %?I%\ﬁspo%%l%é’é gowl,tlgﬁocfdﬁ%.%ﬂ%gﬁrgg %I%/E%s 32
hours, (2) 900C < TEMP,, 1050C, 0.1 hqur Tl , .S 32 hours, (3) 900C
TEM | §XRIsIRd 9. 8 HRIRS s CRRVRONTEY 61 Ep s 3 ket o . X s 1000C,
0.25 hour s TTM ,. s 16 hours. The insulating |ayer 10b is formed on a

sur f acEORERNE G B0t B < M8 LF el athe PORtERESSE TG0 \AF i%STeleEhatdet eri sti cs
appear owing to the presence of this insulating |layer. Cenerally, the

nonl i neentemiefdfi ¥bent i EndEolesd i s06r the|suderbeebneiQ.al g MOLleEh| s
insulating layer is thick, and they becone small if thin. It is possible to
secur eThe sednposiignon nead ifiized agoeffa ¢i bnt @), =a0sdhf ikl @ntr Bendi ng
strength, and a sufficient thermal shock-proof property in a w de range of
vari stgy =uplisage/(and mhse)te ¢eaucE/dhe tEpendenoy f +# me+vari stor
voltage to a change of heat treatnent tenperature, by '"thus controlling

the tegpgratyurg IEYRsg, aaadgyane 10oM=, 0.20] n such 109 30 JUN 2004
reoxi dation processing. Since the practical nonlinear coefficient a and

the suffici effe StdEARERI 6D FroMed81AGNAE Porrydhd® t 9votd a@ms 2can be
obtained in the single conposition, it econes unnecessary to prepare

vari 0313015@& Llandl § d reRBCHPERuCERP Y th Coldiying! thatgdrials. W th

)consi ring the influence of a change of the reoxidation processing
condi t L ons. Qver a dpstor voltage, the time of the reoxidation processing
TIM h%sé%ess irrp%}\éfétrﬁan the tenperature in the reoxidation processing T

He ., b trolli i.st I 't i dj usti
The e e of Thdieeeataled 7B BhacdioE St pbSrrA legton, bud i Sl (5L N
|t t.q t h .of i dati i pLti b
Sl 1 g Fasflual SRR 1% SRRk Ol BTES 9, BRALEL L GNP, oo
i diti . _El 11 f d
PLrt aceriflepna-t s 000 oo 1o PregPbf iyl SR e g with cu or
mat eri al nainl made. of Cu, and a varistor .is o%tg%iged. The materi al

mai nl ythergad S¥a@9 44 PRt agize 4 the TeHt (RETE; HESFAIERE. the third

enbodi ment descri bed above, although the . ) .
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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el ectrodes are provided in one surface of varistor ceramc, an

el ectrode(s) nmay be provided in top and back faces or sides of thd JuNi 200y
ceram c. addition, varistor ceram c nay be manufactured by adding a m nor
conponent later. Nanely, it is also possible weigh and m x raw nmateri al
powder, to add a part of contents after perform ng calcining, to adjust the
contents_so th he,110_ 0 .JUN. X r h o sition

pr edet EPHRE" Sot‘:g(;)r F%% E i g%mgor&%éa%%%esr%%ﬁdgiégc%%ﬁ%% t he reduction
sintering.of this fgrrred object, and the reoxidation. Hereafter, the

pr esenfEHRRME G0 é%described still in detail according to exanples
according to_the third enbodinent. anpl.e 3-A Wat_is perfornmed in this
exanpl e 3-1 PECEHiRG itgoﬁh%fab@%gﬁ@g%%&i h8d4 B3 c"t’faﬁg‘fang A site nole
ratios with fixing other paraneters such as reoxidation processing

condi t FeRROSH1omp| Eopkenle MndaReEoBLdatignoprecassigofandt s R§ agent, and a
total A/B. First, after respectively weighing by conversion bl ending SrCG3
BaCO, , eaclaGRBIpCTeat, an @1 thinnthe|gndgs Oganr@ﬁﬁaF inentHeR -t he raw
material m ght have the conposition shown in Table 3-1, they were m xed

f or 10the 2sidwmadscenprleassiivegstreswewithieni theriprefedablelmangd and dri ed.
After calcining a mxture obtained, at 1150C, the m xture was

r ough- geetitichedantoagatan beebptatieil aehad ii¢diafpessitiei ig nmi xed with a wet
media mll for 10 to 20 hours. Subsequently, 1.0 to 1.5 wt % of pol yvi nyl
al cohoprowsadriveetdstor ddremit)twitciahasnhglydendihpngererigthbendr anul at ed,
and the granulated m xture was forned at formng pressure of 2 t/cn2 to

become; @ &:@id18enebiCthdavkflafsidkepréba fidperel,, landsitde di ameter of 9
mm and a thickness of 1.0 After perform ng the binder renoval processing of

this fOGR4uPRhECGhe@loggbout 600C in an air atnosphere, sintering 111 JUN
200 was perfornmed for 2 hours at about 1350C in a reducing atnosphere of

N, (95 volune percent) + H, (5 volune percent) for the sem conductor
cerami c to be obtained. Subsequently, two- hours reoxidation processing of

t he se@ ggg%g%gh%%am’c was performed at 950C in the air in the rise and
fall t ed of 100 to 600C/ h for the varistor ceramc to be
OBt e g EheRRLLSH GO Moy GE Lphle pELES! O

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 (¥ 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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three Cu el ectrodes, although the five electrodes are shown in 3tlhggg zng,
figures, were forned by baking the Cu paste at 750C to obtain test sanples
of the varistors for neasuring. Then, after measuring the voltages E1 and
E10 of each sanmple at 20C, the nonlinear coefficient a was obtained froma
= 1/1 0og(E10/E1) with using the nmeasured voltages E1 Furthernore, the

tenperature charact.eristi.c enper.at ur ef fi ci f -vari stor

vol ta98° pone ?Saf:g * obt' #el%@w“%rreg\%erpfgf%i%aéib%gﬁ%?%o%% h(g{:thernal
crack test_of each sanple, a transverse rupture_strength. of h sanpl e
was mERGUFEFT ?HE‘P%EFIEE@&S TR 'aﬁdlﬁlé’mgﬁﬁa%f'@&e\ﬁ f ﬁl%%lla?\%%a

measuring circuit shown_ in Fig. 3. In this measuring ¢jrcuit, anmeter 30 is
connecf@l R 1P dbpesetduSORPanet iast dPvar 58% 0 Lant @h{’veﬁpasource 32, and
a voltneter 33 is connected in parallel with the varistor 31. The voltages
ver e nBasuleghey kaddappidst respsctigrelXafuds bas EveEoPh M4&Shi nal s of
the varistor 31 when electric current of 1 112 30 JUN'U 10 mA flows in the
vari st calatlatedpEeriN «ify thet hhikd mympreenty Ak iBP;, 3G0ghdaPhe voltmeter 33. 1
Tenperature characteristics (tenperature coefficient of the varistor

vol t ageedpid-tvisedyobarad nedswihé mEber, of -mdlgs, €83yulated figr) SLEAD, (20) x (85
- 20)) x 100 [%4 C] about each sanple. The voltages E10 (20) and E10, (85)
ar e t hehe afdwttar conmadricageasESi@t tTent, ebperaimpoeent @0GHbmd 85C,
respectively. These were neasured with using a thernostat oven. The

t r ansvesses g blESn it I8N0t Bowasa Measubed &y <ao.10ansVa sep/gatHre strength
tester such as MODEL-1311D of AIKOH ENG NEERI NG Co., Ltd.. thermal crack

test vgs, pgrLopmeg, Ry, ot agti ng 2 +Seh derd g i bosa & benperature was
'-)set beforehand, to the electrode side of the sanple left at the room

tenperay W ff?rs%?f&%g%s\@t% SURRldi PO RHLL§DHLS, s&icﬂggg ¥heod enper ature

soldering 1ron"was two kinds of tenperature, that 1s, 3 400C wer e used.
T Y= S PR SR oSN bbetsi0 Aol - The
+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
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/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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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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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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under high temperature, and hence, this can endure hot solder
work.

Next, a method of manufacturing 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. 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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after performing binder removal processing for semiconductor
ceramic to be obtained.

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, so that a suitable varistor voltage
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,

(3) 900°C =< TEM,, < 950°C, 0.5 hour = TIM,, < 16 hours, or

A

(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
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characteristics of a varistor, and in particular, the tenperature
char acEegfistgiends ot padyihe %?l%ﬁ”t’fag‘%rﬂgth\ﬂﬂbﬁ vitfe ’E%‘Fﬁ?eroét ure

characteristic of the voltage E10 is negative, the varistar vol tage dr ops

i n conKRELTHT Wedhages Gans beopbainedy ipekpe 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 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
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hence, excessive electric current flows to the varistor or a pos%qpthﬂ$gﬂmy
causing a thermal runaway exists. Therefore, this is not adopta

Therefore, the sanples 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
tenperature characteristic of the voltage is zero or positive, it is not
desirabl e.to_exceed the.s £s 8 to. 3¢ a -30 are not
pr ef er BRYIST glagaﬁf‘g? &t scompg'%@edrb&r ﬁgeg%su éﬁdéd 3395”\1::‘}1%?“1 ggmr?eoxi dation
processin S does n rate_.as a.varist addi tion, since
the sahif g§m@e§4 %ﬁﬁ‘%’f@r a Fﬁguﬁﬁﬁﬁlé%n%eFﬁ%gr Jgﬁgtor vol t ages E10
are extrenely hig and hence, control is difficult. Since Ca contained is
t 00 feﬁ@%ﬂ%é’@@ﬁﬁh@%éh&c%‘ﬁ“ﬁq d8Nof the sanples 3-13, 3-14 and 3-32 are
0.06 or less, their nonlinear coefficients a to the varistor voltage El1,
are |ow, andlereaEserhethemressnt psfentippels Orscarbed, sthel dinples 3-1 to
3-12 are preferable because the tenperature characterlstlcs of the

vari stdetaidl aagesd Bl tar exampBnackesdinmda hhectleird cmbadiment o t he

vari stor voltages 115 are not so low. Furthernore, the sanples 3-1 to 3-7
where the tExampilatBre characteristic of the voltage E1,, is 0.02 or |ess
is nore preferable in the present invention. This corresponds to the A
site nol e raihiar spepeffmfheidninl thiv £kampbet hils isaegmpanisorciofick ar ose at
the thermal crack test where the tenperature of the soldering iron was

360C, afigh1bur b4 TAN®E byNehahdqiGly al 80te aicie ratibheviterarlingr ack test where
~the tenperature of the soldering iron was 400C. In particular, the sanple

3-4 hascHehepabandtdial aner & Addibatpes Yrocesshag asdiitibhe, of the vol tage
d the nonli near coefficient a, and the nole ratios of the A site conponent

near that, ggr&&us RRTH R1A LIRS Lol ShRiUoR 2L L erit CaRAa | nvent i on.

EXanpl e What is performed in this exanple 3 i's conparison of sanples
obt ai ? angi ng an amount of a semi conductorizing agent. Wth fixing
ot her pararre ers such as reoxidation processing conditions, A site nole

S S po PP RS SSHTR LR S8t Y BhuShiaden I 00T,
chang) 1 oo ok Pesant §$c%e£s&mﬁg@guct3rézangsalga%a%aﬁgfem n Table

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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measured simlarly to those
;
CObzCO b4 N Orn fi

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 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

112



COCO1bz z b CO c7 C/1 0 CO
a

0 0CO rn 0COCOO04 CO CO 10
1fJ 'ra COICJ COu COCj cOO~G O 3P N

O QQzCztit O CO

10 mA flows in the varistor 21 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 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.
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sem conductori zi ng agent affects the thermal crack-proof propertty oTJ

vari stor ceramc. Since the anount of sem conductorizing agent in the
sanples 3-33 and 3-39 are too few and too much respectively, thermal cracks
arose in the test where the tenperature of the soldering iron was 360C,

and hence, these are. not preferable, Therefore, .the sa - -34 to
3-38 where tHBi‘ﬁaFagjr%gck%Pd not S&F§ s%oq'%oqeﬁg tléasr es\%gfg %E%ﬁé f}}ééro,rperature
of the soldering iron was, 360C and the . travers(? rupture s%ﬂgng@h was 18
kgf / MPLleFtiisid ShaTRFEESIICE Of n?t TR 5T S ent Y Mo RSt s tdr r esponds
to the nole percent of the sem conductorizing agent specified in claim47.
Si nce &benkgmraratpge keharpsderpstie ofaheevarisiior vehkass dae- WHRER t he
tenperature of the soldering iron was 400C, the sanples 3-4 and 3-34 to
3- 37 whbeectempératvae chacrctewiside Qfsdheamiodsagey Ehe ifeSLIREEYR: t he
tenperature of the soldering iron was 400C are nore preferable in the

pr esenthe nwemticbor Voltageomrepporids conndaiiopl eviddy cthe afiseheof

sem conductorizing agent specified in claim49. In addition, the nole

per centperfatiig sapiaratduet omndi Npnagentexceasivdaelottthe sunpémt 3-4 i s
nost preferable in the present invention. Exanple 3 What is perfornmed in
thi s eroogd etd- 8hes vaeipest son af posanpl Bstywhef ecankinmy af thermal

sem conductori zing agent was changed. Wth fixing other paraneters such as

r eoxi dahh&fPréaaessi NgTRORdieQNThid Skt AofDh@opEibIes, Thepkeopes cent
sem conductori zing agent, a total A/B, and a nole percent 118 0 JUN 20 Si 02

and peffor i elshe-38MeoSat up, ag-idiato i1 Jdohenaxanph eage 1in exsfgds f or
}changl ng the nole percent of SiO as shown in Table 3-3, sanples were

producggh r Minelh MBRSTRRSUEEE 4 Wdrakkyrs NRspecRildpy exanple 3-1. The
result 1s shownh 1n Table 119 3 | JUN 20N

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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The 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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Si0, and performing the same setup as that in the example 3-1
except for changing the mole percent of Si0, as shown in Table
3-3, samples were produced, which were measured similarly to

those in the example 3-1. The result is shown in Table 3-3.
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120 A ther rrah Eﬁ&%lld'cggg}g 611% g‘%ioé%léé;ﬁi&t t%ﬁést% GnklE th&perature of

the sol dering rron was sverse rupture strength
e pr of SHRETE R PRV GEIAFTLRY chSTORBE &4&3%5‘@ AR S0y 21
Eu03121 &d03121 TbO7/ 4, 03/ 2 [ 2 ,huQ + YO, , 2 (equal
nunbergr%‘i‘s‘fﬁﬂsé’s}'uﬁgu% Bgmdﬁ%ﬁ@z%ﬂg/’%eﬂ’f méf”?ﬂ s1 cgﬁb nds to the
kind of 11/6 se_m conduct ori zi ng agent specified in claim47. Exanple 3-4
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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The value of the total A/B affects the degree of
sintering of ceramic. The samples 3-57 and 3-63 have toco 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, thermal cracks arose when the
temperature of the soldering iron was 360°C.

As shown in Table 3-4, in a range where an amount of S5iO,
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
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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3-4 is a most preferable range of the present invention.

E -5

What is performed in this example 3-5 is comparison of
samples obtained by changing a mole percent of 5i0,.

With fixing other parameters such asl reoxidation
processing conditions, 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 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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CryNCO'r,[ MMCOj f, 122 0 JUN 2004 The value of the total A/B affects the
degree of sintering of ceramic. The sanples 3-57 and 3-63 have too snall
and too large total A/B respectively, these could not operate as varistors
because it was inpossible to sinter precise ceramc and they were

i nsul ated as_a _whol e hy oxidation processing. Furthernore, thernal

;
cracks arosg whengthe ,;%tﬂ%r ge of the soldering iron was 360C. As shown
in Table z iln g _r&ange @g%a punt of SiQZ few and a | ot of
sem conduct qri Zj2ng ggent 1y @cedl, in order naintain the thermal
crack-proof |grqopefty, ([ 19 (nNdi-gpensable to especially control an upper
limt of theﬁtcg [ Bleee ,@ otal A/ B exceeds 1.16, a thermal crack
.. (&) é 8::
starts ari gigng—ad = 90 o e:zotal Al B exceeds - 1.01, a thermal crack
starts ari si|iag |8te400C [Thdt il€"lsince a thermal crack did not arise in the
test where t/fie %éﬁp%ﬁaTJLa,g,ugmg sol dering iron was 360C, transverse
rupture stresgt %/\ﬂ;gl%@@@@ﬁcor nmore, the sanples 3-4 and 3-58 to 3-62
- . ol c . .
are preferable |i #t[e presgnt |Bwention. This corresponds to a range of
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test where the tenperature of the soldering iron was 400C, the §dhpjié 804
and 3-59 to 3-61 are nore preferable in the present invention. This
corresponds to a range of the total A/B specified in claim48. In addition,
the vicinity of the total A/B where the B site conponent is a little rich
| i ke the sanple 12 3-4 is a nost preferable range of the present invention.
Exanpl e 3-5 t Jds rformed i.n,.this e le 3-5_is.conparison of sanples
obt ai ned by g?fghdisnaageém‘?% %gf‘giéﬁ”}ﬁ aél%g,g.lv‘?/\?tifflé%((ﬁnb@ot her paraneters
such as reoxi dation_ processin onditions, A site nple ratios, a nole

per centCoRhgizeds dd BFCQ“%%@%EgrBi‘EtJEﬂ iPEThGTE gERP IS SERFAMY S¥EPT or i ng t he
sanme setup as that in the exanple 3-1 except for changing the nole percent

of S10afasompesktion Fiprkuatess Roweyrss ifielts predvk dICTRRFER. Wbl e neasured
simlarly to those in the exanple 3-1. The tenperature of a soldering iron
in a t heromes easyciforeatthemmalherackitiedgrd$et enperature, that is, 360C,
400C and 450C. The result is shown in Table 1?,1 JUN .  12& 30 JUN 2004
Si2 is add&ines @ diemmali crpckdailspvarodd i8i CReiwestcoheaeénehle it becones
possible to performstable sintering even if composition fluctuates.

Howev etempératifreadBUbhe | CIRRSIAG, itdn WAECOFTE ,eheyalisy thelrBewa®ml crack to
arise. Since a thermal crack also arose in the test where the tenperature

of theteel e rmo%r ahenaamp b, 3-58cand e3 e aeevast preFeidble Si O, the
sanpl es 3-68 and 3-69 are not preferable. Therefore, the sanples 3-4 and

3- 64 tendrdrordCiBet AR 3ChagkS Fisd BOL3247 SBeirB thermiAast at the

tenperature of the soldering iron of 360C and 400C and t he transverse

rupt ur gy Gtd QG Rok Sarfsk G/ THE t&Ht RN 8he M ngtir@karabbe tha the present
invention. This corresponds to the nole percent of SiQ2 specified in claim

47. Si g@fd&ig]%eﬁgg{jsﬁ ggéﬁoer%(f 4’0%0& h&gg:ggl t@ﬁ%i&]elis% E.[]sgufgst where t he

t enperature ng I ron was sanples™ 3-4 and 3-64 to

3- 66 t her nal j t [ i N t this
tenpergﬁj%e&ahr ggm@ek#@?’grg%ﬂnﬁ%i' naﬁep&%rfg}s%ﬁ%éir&r%g%nei g#’STFs corresponds
to the.nol e .percent.  aof Si ecifl i n clai : .addition, the nole
per cent™® Iﬁ:l%lno. éﬂ}%esar%ofr%t%% d%t %8 lglg%p c;ele3-b§ké%§€oos I%r%éf erable in the

presenépééliv ll’étdl gg.cf%lui_npqﬁqh a dosage of SI2 in the sanple 3-64

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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is zero nomnally, in fact, SbQ i s contained in each raw materiaﬂ A3\ 204
inpurity, and hence Si 2 content of the sanple 3- 64 does not becone”zero.
Exanple 3-6 What is perfornmed in this exanple 3-6 is conparison of 126
sanpl es where a kind and an amobunt of an additive were changed. Wth
fixing other paraneters such as reoxidation processing conditions, A site
nol e rati 03s. @ nd a_ kind_of a conduct or i

total AFBP 3R lﬂlar‘ra?rlee PRISE Hnd® £l ginundy, of %Irlmadgﬁm;;lve Were q%la%fg@a. agent, a

mof'e”percen perform ng the same setup as

that in th le 3-1 tf hanging the kind and t of
addi ti ve as Yo F<¥as| cObRTe nBRRTRAESI PR y o CSELOPMPhe exanp o

sanpl es were produced, which is shown in Table 3-6. result 127 t0 -~V Q ~~~
q ~ G erereasgny epndigions ., @ pitej pole jrajiosesa Julec REECERb WL @ ~~ ~j |
Flr, C-?200Q 3D

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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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 3-6, it is found that other elements such as Li,
Na, Ni, Cu, Zn, Sc, Fe, Ga and In also have the same action.

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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Mcococ*:md-cY:c:7 V, r- --- 128 G 'UNfl 3 0 JUN additive has the action
of adjusting electrical characteristics such as the varistor voltage E10
and the nonlinear coefficient a.. M enlarges the vari stor vol t age E1r

and the _nonlinear .coefficignt_vol aeadltlon act i elarglngthe
nonl i né&y ggge‘?zﬁ%’l@ng 5 hougllll gNon Jl‘nnT %? %—P |§ found that
ot her el ements such as Li, Na, N, Cu and In al so have the sanme action.

enl arges varistor found that Mb and W have the Since the sanpl es 3-74 and
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 |ess,
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the transverse rupture strength is 18 kgf/m or nore are preferab?eﬂ W‘s}aﬁ
present invention. This is included in a kind d the nole percent o '
additive specified in claim51l. Exanple 3-7 Wat is perfornmed in this
exanple 3-7 is conparison of sanpl es obtained by changing a tenperature
TEM,Y and a time TIMo anong reoxi dation processing conditions. Wth

fixing other paraneters such as A ?pﬁe rati os, setup as that
sem conductori zi ng agent Si 2, an per ormng the same the exanple 3-1
except f-of chu.gi” the—-reex-dpt-an—processi-rg—econgi-tions—as—shewn, in Tabl e
sanpl es| yere odu? 3 ch wer E#’éﬁ I | Miephant 'if‘lpg‘afa}%%‘é“tlf%g 8 0 JUN
2004 in gﬁgf Al & TSCeFsIng o ragﬁ'Fmﬁgm?ﬁbmn in Tables 3-7 and 3-8 130 3 0
JUN Tab) e 227 BampiORHiona | dal i on El ectribal  No Processing_CharAbt er |
sti esMeghani ca %%ﬁ‘?EEFﬁrwgPch Condi {i ons| TiaREvereahsvEhemat Gerckal | o ack
Tenper ature TI MBIEYb=RuptiiMe TesknTEM &k X BWBtWSt t engt h 8ol deriphg Iron
(C)(h)(Kgf/nmin )TEMpe r,| turel ©Meso|c 40p r@%%sm Selderipgirog2 [10. 15No
GoodNo [Good 3-[828000. 251, 07 71110. 94N$ Gool (e Temperature *C
3-838000_501. 531..7811_93No GooldNo Goodl 3- 8480012 27p 38M°C 47¥B0 M0N0 Good
3-81 800 0.10 .68 1.62 10.15 No Good | No Good
3-82 800 0.25 1.07 1.71 10.94 No Good | No Good
3-83 800 0.50 1.53 1,78 11.98 No Good | No Good
3-84 800 1 2.27 1237 12.47 No Good | No Good
3-8b 800 2 2.60 2.71 12.53 | No (zood | No Good
3-86 800 4 4.38 2.87 13.45 No Good | No Good
3-87 . 80O 8 6.22 3.04 13.69 No Good | Ne Good
3-83 BOO . 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 0.28 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 0.26 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 81.85 3.33 17.87 No Good | No Good
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3-8580022. 502. 7112. 53No GoodNo Good 3-8680044. 382. 8713. 45No GbOthﬂﬁ?Eﬁb
3-8780086. 223. 0413- 69No GoodNo Good 3-88800168. 833. 0812. 35No CGoods 200
3-898003212. 533. 4711. 74No GoodNo Good. 3-908006417.783.5610. 53No GoodNo
Good 3-918500. 101. 101. 7315. 31No GoodNo Good 3-928500251. 731. 8118. 31. GoodNo
Good 3-938500. 50 2.482.4119-37GoodNo Good 3-9485013. 672. 6820. 25GoodNo Good
3-9585024. 042. 8320. 35GoodNo Good 3-9685047. 093. 1221. 84GoodNo Good
3-9785081. 0. 063. 562224GoodNo Good 3-988501614. 283. 6320. 06GoodNo Good
3-998503220. 263. 7318. 42CGoodNo CGood é%§@9§§864 28. 753. 8512. 36No GoodNo CGood
3-1019000. 102. 542. 7217. 45No GoodNo -"1029000. 253. 992. 7421. 42CGoodNa

Good 3-1039000, 505, 733. 0924, 13GoodGood 3-10490018.473.2124. 40Goodd oud
3-1.0590029. 333. 352RedzRI@tiodGood 3-Hlegeoas1q. 3 Mdectaé:aBCharmotiEisbids
3- 107900 $2asu2s 3 Pegessind Comtitryd Chare8efed®32. 973. 8524. 18GoodGood
3-10990032¥46. 79Femp2at@@CGodthiy |GCood 3-[110900B466ve43 ) 58Mkkr8@NOrdedodiNo Good
3-1119500. 103. 132TFa22. 13fTIMgdNo Epod| 3el129@inds1923. 03Xest69CGood( " r ood
3-1139500. 507, 063. 2128. 0qGotiGood (8} 11495011 .Dretfpth 341 X8oBeGopd6ood; 3- 115
950211. 503. 4029. 42GoodGoqdd 3- 116 95042D. 183. &Fin)GpolGaperadark PT)
950828. $33. 8532. 15GoodGoqd 3- 1189501640. 643. 9429. 00Ghagb0 «Godd 400 °C
3-119950325%1 6V3. 673t 55Go@No (GCogtlaB 1209906419¢853| 3&bod . § NMoGE&RDOINo Good
131 3 0y JgNkZIPO. Tahl e 3- ¥ dsanpl efppxi gagi{on dg&t r | cadoodEghansddal
Char act 3I‘3-‘:‘1§3C5 Pr fsfRSSI rgo_(g@nm i Ig?g@(_ Q._f;@.Ct erg,gqjg CSs T@’&B@I’ at Ut &bd
3-124 1000 1 13.14 | 3.75 30.37 Good Good
3-125 1000 2 14.47 | 3.42 30.53 Good Good
3-126 1000 4 25.39 | 2.87 32.76 Good Good
3-127 1000 8 36.08 | 3.83 33.36 Good Good
3-128 - 1000 16 5113 | 3.89 30.09 - Good Good
3-129 1000 32 72.57 | 3.47 23.40 Good | No Good
3-130 1000 64 102,99 | 3.06 17.54 No Good | No Good
3-131 1050 0.10 10.62 | 3.71 18.69 Good | No Good
3-132 1050 0.25 16.70 | 3.77 20.54 Good | No Good
3-133 1050 0.50 23.94 | 3.81 22.38 Good | No Good
3-134 1050 1 35.43 | 3.87 23.40 Good | No Good
3-135 1050 2 39.00 | 3.35 23.52 Good | No Good
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 Goed
3-138 1050 16 137.81 | 2.98 23.18 Good | No Good
3-139 1050 32 195.58 | 2.79 20.51 Good | No Goed
3-140 1050 64 277.68 | 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 0.25 52,14 | 3.71 12.06 No Good | No Good
3-143 1100 0.50 74.75 | 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 2 121.78 | 2.68 13.81 Neo Good | No Good
3-146 1100 4 213.66 | 2.82 14.82 No Good | No Good
3147 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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"Fire Transverse Thermal Crack No.'F: f:MOX T1iM,X EI G aRupt uzz?oge%{m 2004
(O (h)(V)Strength (Sol dering Iron (Kgf/mR) Tenper ture "0 360

3-12110000. 103. 942. 9922, 96GoodNo Good 3-12210000, 256. 193. 0826. 66GoodGood
3-12310000. 508. 883. 5829. 06GoodGood 3-124_ 113. 143, 7530. 37GoodGood 1000
3.1251000214. 473. 4230. 53CGoodGood 3-1261000425. 392. 8732. 76GoodGood

512910000274 573 112 eI cadip B 82505 B P EI Soon

Good 3-131 1010. 623 dNo 105
3- 132136&%%9%5% %‘%" %gﬁ tG8§3*9"’§3 %0‘3863%02%‘9943 8122. 38G00dNo
Good 3-1341050 135.433.87 .GoodNo Goo 3.4 13510 VT239. 003. 3523. 52
GoodNoC%’%?d‘ts°§3§§%5’0‘%§3“‘2§?§42§‘%§°@g%€ Qfég’e ]‘31 i%%o ' 103. 2223. 31
GoodNo Good 3-138105016137.812.9823. 18GoodNo Good
3- 139105ty ofsHbO7.938 . £ 109kiNo 288 othes cPagent ool FAR. 58D SAPAS59N0 GoodNo
Good 3-14111000. 1033. 153. 8510. 39 No GoodNo Good v
3- 14219 G:pwssiticn wer £osrd @adNe dod 314391890 .50 a14. P58, 4613. 14No
GoodNo Good 3-1.4411001110, 633.1013. 74No GoodNo Good

c) = 0.35, ¢f(a+ b +c) =0.30, £/d x 100 = 3.00, (a + b +

¢)/(d + £) = 0.98, and g/d x 100 = 0.20. In addition, the
samples were produced under the processing atmosphere that was
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 of
the reoxidation processing TIM,, was fixed at two hours and the
temperature TEM _, was changed from 800°C to 1100°C like 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, if 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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3-1451100212L792. 6813. 81No GoodNo Good 3-14611.004213. 662. 8214 82%10{] W'\éﬂ
Good 3-1.4711008303. 232. 3115. 09No GoodNo Good Upper than 0
-14811001. 6Measuring 12. 61No GoodNo Good Limt Upper than 3 149110032
JMeasuring 10. 59No GoodNo Good Limt Upper than 3-150110064Measuri ng
10. 29No GoodNo Goad Limit 13°? O Jul 2U As for the notation of conposition,

t he coptent f Sro i f.BaO is b

nol es, el rconten 1?1? %ﬁaﬁ%ﬁog%&cg‘{géﬁ% f%ﬁg%?l% 52 -FS d noles, the
content of NbQ :2 is f nples, and the content of Si 9 2 1S Ies The
conposPPPdn %Qsﬂ“?x‘é’d“eaglg#( ap Sh‘in%%d Lrgm38. Slour% ©c/(a + b +
c) =0.30, f/d x 100: é + ﬁ(&é '%) and g/dxlOO:
0. 20. F]Hea‘éﬁwﬂtlle@n “the t%é*nﬁ? s %é’aﬁﬁﬁ é’&’lﬁﬁgﬁ? h PHATRESsi ng

at nosphere that was in the air (the partial pressure of oxygen was 0.2

at nosphes i Retyacasabpey 3 fhendabl st o 106?-‘9%’@@ El %e3Rys iforPREH P Under this
reoxi dati on processing conditions. Wen the varistor voltage E,, was

cont r ovexel limivedake rghasiee thakprridiermali aradie ddoRPEATE® SFPBcessi ng

TEM Y, be a paraneter, for exanple, when the time of the reoxidation
pr ocessi nighel ItdsE, whewmdhe teuperatue hbuthke @vddengng tigqeWasure TEM , , ,
was changed from 800C to 1100C |i ke the sanples 3-85, 3-105, 3-115, 3-125,

3- 135 apePc3ahd5Sthy Airasisoery®| hggeseEdOrahfthi nedbavakigebreess alreit 2. 5 and
122 V inclusive. Here, if conditions were limted to those that a thernal

crack s degfinmArdss eogeenthe ddigstestvolliage Ejjeobtzinedr ahsrissifecnhe
sol dering iron was 400C and the transverse rupture strength to bendi ng

St ressg WaSnkS 4606/ Y HnQfasiPee, the varistor voltage E, 1, obtai ned was
) between 9.3 and 14.5 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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However, when the varistor voltage E10 was controlled with neking the tine
TIM,,,, be a paraneter, for exanple, when the 133 tenperature in3tfielijjy 700
reoxi dati on processing TEML1 was fixed 950C and the tine TIIl4r, X was
changed fromO0.1 to 64 hours like the sanples 3-111 to 3-120, the varistor
voltages Eio obtained was between about 3.1 and 81.9 V inclusive. Here,

if conditions re limted to those that a thermal crack did not arise
even PﬁrFﬂﬁp?%‘iﬁ\e%giﬁlTh ‘tenperature of the soldering iron was 400C and
the transverse rupture _strength to_b in ress 1 g or nore,

t he varistorIﬁoF?gdﬁmﬁﬁﬁso t :%éﬁ’ﬁégggefgﬁéh %ﬁ.éﬁgﬁhaﬂ8.§"£é$gglusive.
Nanely, by controlling the tinme of the reoxjdation rocessing TIM, as a
par anet@r 3-128 héc Fhewipb askedld Rt &rdse ct? diticc TREYI WPEZE W8e acquisition
range of the varistor voltage with maintaining sufficient strength to

st r ess tampetrturiemefothe ciaddeiring nrvirs wasr 4@ 6ondehansfera Mm@ Since the
sanples 3-81 to 3-91, 3-100, 3-101, 3-110, 3 120, 3-130 and 3-140 150 had

t he trpnsferade gphgee b ribegphesenthdndiention rages thesagthalss than 18
kgf/mm , 'these are not desirable in respect of strength. In the sanples
3-92 t 6oBréshondt 102thessd-shaPled; atli8, S0dZ21<t DER, 12P501d 8ad 31 to 3-139
except for these sanples, the transverse rupture strength was 18 kgf/ m®2
and a phern@ir <craek dite Mural i 863 i950°0ex tEsL  wheoeothandeopesat ure of the

‘soldering iron was 360C. Therefore, preferable ranges in the present

. N

i nvent hok aF TN 0% 15 NduraOr I BN dokPebhRie toaBRh ek 41 that is, 850C s
TEM _ ,; s 900C and 0.25 hour TIMWJ, s 32 hours, and 900C < TEML,, , X s

1050C and O. ghh@uri s aTvMue .of $hd2vapiktor TBl6adsd 1 cohtesPEtioyt 0 claim 4
In the sanples 3-103 to 3-108, 3-112 to 3-118 and 3-122 128, a thernal

crack Qﬁ&dp{g b2 Bt dSrbesss MIF enhiie: TRAALYE ecitindilhg gAkdering iron

was 400C. Therefore, nore” preferable ranges in the present invention are

o ARREREPPEY SRt RSN R diB PSR bl =
Lo SRS B8P B Bl e byekalalh o (e vartstor
o Do SHUOO LE, (SORRRTLLL St LigPARELOLRALA e St enth
st rengé\pert- % ?.%(n:gilngqes o S%hg&g ésthtfhieCitJeJQé or S'sio 39(1:1(139. 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.
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over a |local thermal shock at the tine of soldering. O course, 031{] iJFJN 200!
possible to secure a sufficient nonlinear coefficient a in a w de range o
vari stor voltages, and to | essen the dependency of the varistor voltage to
t he change of heat treatnent tenperature. Thus, since practical nonlinear
coefficient a and sufficient strength in a wide range of varistor voltages
can be obtai i p.the si e it i e n ry to
prepare vari %ghna%ir}}galoﬁ gr!'i‘dpfg?ggée%ts:é&%e%ﬂdelaéﬁ goggéoreﬁﬁrrlot)i]% %il%grglgél S.
Exanple 3-8 What is.perfornmed.in this exanple 3-8 is conparison of sanples
bt n@d I MR brBat thRust o FAERREICEPELE et aeele fn
reoxi dati on processij ng. 135 3 0 J'’UN 2004 Wth fixing, other paraneters such
as A sitPEa}mEéBr A ol Rengente S 248 A9 RF Bﬂdﬁé?o?f“?‘i" ng agent,
total A/B, and a nole percent of SiO and perform ng the same setup as that
the ex&fpiR 3851 B@leplnf dhech&RYMNG t Rel r S5<PREL iTOF pFladR@Edighgtedndi ti ons
as shown in Table 3-9, sanples were produced, which were neasured
si m | aregxidattijens eprogessidex gapfletBons  Pse b siin ofabflecaéh?sanpl e i s
the sane as that in the exanple 3-7. The result is shown in Table 136 JUN
2001 Tadmplds WSznmimduchE. owhilal | vere MmepyedngiGdndrlyi basEheetri cal
Mechani cal Characteristics Characteristics Tenperature Tine tJnit
Tr ansvin sehd eramplleCBatk NieTEbinfddd.tionToire e&elp esampd U isRithe usamd est
(O (h)(h)Count(V)Strength (Sol dering Iron

as that in the example 3-7. The result is shown in Table 3-9.
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(Kgf/ m®) Tenper ture '0 360 C400 C 3-15190044116. 373. 7526. 32CGoodGood
3-15290088123. 233. 8026. 81GoodGood 3-153_ 1212128. 513. 8325. 88GoodG@d jgR0 280!
3.154900116132. 973. 8524. 18CGoodGood 3- 1559002020136. 903. 8920, 26GoodNo Good
3.1669002424140. 463. 7419. 04CGoodNo Good 1-1-5790084223. 153. 7526. 73CGoodGood
3-1589(.)0124327. 393, 7625. 72GoodCGood 3-159900164431. 743. 7524. 03GoodGood
3-160900204535. 833. 8820. 29GoodNo Good 3-161 190024 638. 693, 7319. 23No
GoodNo Good 4 3-1629504420. 183. 86gdle 3-6G00dCGood
3-1639508828. 633. 8532. 15Go0dGood 3-164950121235. 143. 8931. 04GoodGood

3- 165950161640 6480 3detidn PREHDEEAMLiIchs 100 9 K20 245 | 48Heddddl CRGaaadG0ed |
3-1. 679502424149. 873. 8322- 83GoodNo Good BCH:ER8H884228 893, 8432, 07GoodGond
3- 169950124%36 | Zam-87806 | M@ dditod Reeedt70950164440. 9‘92*29 i@%ﬂ@e@ﬁ
2. 171950304545 3988424 3 )g@“o d unt7pg %244 648.| 78R No_ Gopd
3-173100Q4125. 383.8332. 7600¢C00d |3 174{100088136. 2( g@éﬁf}g
3-17510001212144. 213. 7382. 21€600dGpod 3-[1. 7610001616 K T0@eBpdcood
3-17 71. QOPFHZPI5750623. $525. P1TGOOUNO; GO0Ti6.37 | 3.75 | 26.32 ~Good | Good
3- 1781000742167 7968. 53P3.869C0@dND Good 323k379BGO0S42H. 89368434, &babodGood
3 1801000124344, 188078 | GobdGoazl 82.19 [3-83110633644%188383, 6480.11 TSabdGood
3- 1821000208357 . 37805825 2 (odflGhodl 3118P2.97. |3BAGE12483 $2GoR Gadedol Gond
1000. 2" 3-15p Nt thpl X4 ha2® he Exnhorbht, r 536 QQ t ﬁégr o261y nQUer ddeGopd,

" 3-156 900 Tod F 24T L | 40.46 | 3741 1904 | Godd | NoGood

3-157 900 8 4 2 23.15 3.75 26.73 Good Good

3-168 900 12 4 3 27.3% 3.76 25.72 Good Good

3-159 800 16 4 4 31.74 3.7H 24.03 . Good Good .

3-160 900 20 4 5] 35.83 3.88 20.29 Good No Good

3-161 900 24 4 3] 38.69 3.73 19.23 No Good | No Good

3-162 960 4 4 1 20.18 3.80 31.57 Good Good

3-163 950 ] 8 1 28.63 3.85 32.15 Good Good

3-164 950 12 12 1 35.14 3.89 31.04 Good Good

3-165 950 16 16 1 40.64 3.94 29.00 Good Good

3-166 950 20 20 1 45.48 3.87 24.30 Good Good

3-167 950 24 24 1 49.87 3.83 22.83 Good No Gooed

3-168 950 2 4 2 28.89 3.84 32.07 Good " Good

3-169 950 12 4 3 36.32 3.87 30.75 Good Good

3-170 850 16 4 4 40.53 3.92 29.156 Good Good

3-171 950 20 4 b 45.39 3.81 24.22 Good Good

3-172 950 24 4 6" 48.79 3.82 22.95 Good No Good

3173 1000 4 4 1 25.38 3.83 32.76 Good Good

3-174 10060 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 3.656 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 28.89 3.84 32.07 Good Good

3-180 1000 12 4 3 44,18 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 6 61.46 3.62 23.97 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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950C and setting the cunmulative tinme TIM,. at 12 hours, the sanp n}églrejéjl‘fé
produced through a single continuous heat treatnent step was co Al
the varistor voltage E10 with the sanple 3-169 produced through three
times of independent heat treatnent steps, where each processing tinme was
4 hours. consequence, the varistor voltages E10, transverse rupture 137 i1~
~ JUN jre h t Al I h obt ai ned
Were alsﬁos{'g'flﬁe s%?% 's']il%&a%%l{ﬂ e c%nsél;ir%%sgglggf R"%ﬁg %tbt\éﬁﬁgds 153 and
t he sa Ie t were prod fixing the t er TEM . at
900C NSt (tHE A ol gﬁﬁ%@nn ?,C,O“?%rﬁﬁﬂ?s S, Pelible i1 ar 1o
this. Therefore, in case of setting the tinme when the transverse rupture
strengtgh B%nﬁ’i“ﬁg g ; 3P N5 F5ited f§akg’("73ﬁ’ﬁﬂpr?ﬁuq?gr &R A LERRI vERE st Or
voltage E11 is controlled with making the tine of the reoxidation
pr oces$fmperavre, ThY..a atp Q0Qretand sedtipagthe quralative atime TMe is the
sane, it is possible to obtain ceramc with an w de acquisition range of
vari st 8t Volhages PRsralpe ¢limdsanftq Hdisepeat count of the heat treatnment
step with maintaining sufficient strength to the stress at the tine of
sol deri ng. THhereinmesspondasea @ickathiv®. thac tomeiwient dhehe above Tables 3-1
to 3-9, it is possible provide a manufacturing nethod of obtaining
vari st bramereamsec ruphiod dtaengtle abaey dedding | diaedspr béeosdd 48 ange of
transverse rupture strength and is excellent in the thermal shock- proof
properkyt/mid bONMHRS whBR ClPesiikion, veltdeenk,, a8 ddraaxildadi wihth processi ng
condi tions of each conponent are within the range of the present
I nvent h&ind-aumet Bikaherdivien el @afiloal proéd@s Lo o3k ti e af the varistor
yceramic 10 in this fourth enbodinment will be described. The varistor

Cer am Sardhet@mM, ab5S16hd 1S thé ORANGRt vaf tirﬁte 1153%114%:“@0&4 §gnposi te
perovski te whi ch consists of oxides of Sr, Ba, Ca at | 'east one conponent

of a SE6G 160 OHEFY 1 pMg o OfFOxi de sel ect ed
from oxi deg) of rEfBR (Y alnd lg%gﬂ%(ﬂ%i%&&é@é&%&he% kI‘LEHQIT tjny Ho, Er,

T angh L, 208: Bagd B ! @eggf@f&%fw%g h-GRN Shintlof 4331 Hae

treatment step with maintaining sufficient strength to the

—HC

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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kind of oxide selected fromoxides of M(No and Ta), fourth corrpg)rgerlm WZUIFih
consists of an oxide of Si. It is assuned that a is the nunber of role
calculated for Sr of the first conponent as SrO b is the nunber of m)l es
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 0 e f onent _as_.T. he,_n er of noles
cal cul ggg@oyﬁtr IQeEPV%]ﬁ:{;teséV'(l:ion% %%nggnen?fas ]3?%% Of %OSBCI' rcangﬂgnoi ds)
respec |veI ot her the_nunber of noles calcul.ated for Mof the
i Ta. Bbmrthdashsoip GmBonRl S5 Secon e%%me&% REG SGHBER of ol os
cal cul ated for Si of the fourth_ conponent as Si Then t he conponent of
this vafidt oreasér ane kind of e¥ide Helgciey fkrcif‘) °§16650°f§ 4d §n§/(a +b + ¢)
50.50, 0.20<c/(a+b+c) 50.50 0.84s (a+b+c+e)/(d+f) 16,
0.75 slgethanoidg {Laodes Py.ONdert.gFd. xGAodty RBreHr diter &M eYPanges 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 +apd L) BDG.@SthJ'O:dQGOElP‘Q%ﬁm Whighccgn-‘@)fmsdoi ah Beagtpene 0. 75 5 (e +
f)/d x 100 s 4.0, and g/d x 100 s 0.3. The first conponent is a main
conponkitd aff blede aselstaked] 8o dxifieN @0M @¥r anidcTdp. ard @ first conponent
consists of, in conposite perovskite, an A site conponent of Sr, Ba and
Ca, anfowrth sohponaoimdrient cofsikdts licas exoidd afdSihi 14 ésnponents are
metallic oxides that contribute to sem conductorization, and the fourth
conpongskunicd Aty Added hahrbdhef mpleyesaltiulated flexgyraze off thsei ntering.

El ectrical characteristics as a varistor are mainly expressed with a

t enpergipdte oRpHREAEdsSKIr0, 0b B el Sludber \6H Wdges Bbal@ndtednesti near
coefficient a. The varistor voltage expresses an applied voltage val ue at

the tige g t4Q- P& *ebbReftldLMac!,| WM H %t nbliBe¥ 6# Sdlles and the
nonlinear coefficient cc is generally expressed in a=l/log (Elo/Ei)

V\y]ere’caﬁ.cdl?ﬁ@a f&pldaegfvﬁfslé aigfcs\fabBﬁ ShedtGst 0B, 04 ils Phee! ectric current

flowing I n e vari stor for t|os of Sr, Ba and Ca which are
conte , s er, S 0.1 or nore
but 0 5955'1%2 QBE% forlrtlt)rrl‘%-‘-f ut ﬁ%% {:&@or@’n&assﬁ%re t han

0. 20 but, 0

but 0646' r'j:ftlsllaelél%mbeé:aof mo%é%gcnagl%u a grfaol % tfh%ﬁeséeéo%dset 0.30 or nore
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 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 s 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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)

nore but 0.40 or less, and Ca is 0.25 or nore but 0.35 or |ess. ghﬁn, Ntzm
becones possible to enhance the electrical characteristics such &s tﬂg
controllability of the varistor voltage Ejo, the tenperature

characteristics of the varistor

vol tage E10, and the nonlinear coefficient

a, and to enhance the thermal shock-proof property of the varistor. That

is, if there | t 90, h Sr, the t erature characterist.ic of E10 will

130 0 5600986 1colBifdotet, bomament Cobel s ot s R eI orop. I

on, if there is too nuch Ba, the positive. trend 8f d%ﬁgﬁgrature
AW &

addi ti

char acP8rP¥skitey aB18 Bhle REPEREBhPLh &8 niRrend (G2 ¢ 68

tenperature

characteristic of E1O0O becomes negative., Furthernore, even if there is too
nuch Cgomporert fafvTEa, TeeSAePRd st thOER fGRINORENESt3Fe MetRALiSt or vol t age
becones small. In addition, if there is too nuch Ca, the wvaristor
E10 beeouidss ebhategonyrikitige too spaterrdugitprigation,opndoilie dfourdid a base i's
made an i nsul ator by reoxidation. The thernmal shock-proof property of a
vari st comparenienlzametullp\adiedt fog the imprevererdewf acdegrseatadd with the
nunber of noles of metal ions) of a sem conductorizing agent (the second
and/ or stthtedirepnponents) to the principal conmponent (TiO) to be between
0.75 and 10.0 inclusive, or nore preferably he between 0.75 and 4.0

i ncl usi ve.

vol t age

TRaéctBicaAYeRatfictdis st bk cas duslaat szbngamgeiatinilg t oo nuch or too

few, strength is |lowred and a thermal crack easily arises. Even if an

amount e@prédeed uithha cesmrramtiré IKanadteris et abyapestar m ng setup so
that the total A/B may becone between 0.84 and 1.16 inclusive, or

prefergh

descri

becausg siplSldJag ﬁé %ﬂéﬁﬁ@dvexwgé fudifte {aetake AliRel 8£t DO-hr ge or

smal |,
addi ti

An ence t se I's made an 1 nsul ator ow ng reoxidation.

may nore

bgt vee 6-886F sk 1@hti §C! WileVGart Lid LBl e as
be%ﬁm?g?@?%pg ?nproeggggdggreé&ggégiﬁfe??%b?a§%%ﬁ&§§?ﬁ?ﬁPs IS

t oo
In

£ iE LB i 2%@9 g 0 strength is
| ower egf%%%vladqt er%rlgf fcl?)g‘@'bgﬁggi 1:1?/3 1 3%%208 ;:Plgsggﬂ%léag range where an
amount of SIQ2 is few and a_lot of sem ¢condu rizin ent is added as
descri ﬁ%%f%?@t P‘nlﬁr%eé}erallgynﬁmf%%‘?@[ 8 ?ﬁ]g}rfﬁﬁ Z(Lgﬁﬂggk-'pr T-Property, it
becones i.ndi spensable to restrict ag @@gﬁg thef%¥2ﬁ4'$ B.to be 1.16 or

| ess,

property of a varistor can shar
t he fogq¥¢ﬁnt flowing in the vari

Br ifofR PRRIFGREBPY Y% UL 8 ¥ ©

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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conponent (SiO2 ) to the principal conponent (TiC2) to be 0.6 og U1K 200
or nore preferably to be 0.3 or less. That is, SiO2 is added as a
sintering additive and it is possible to stably performsintering even if
conposition fluctuates, but however, if the amount of SiO2 increases, it
beconmes easy for a thermal crack to arise. It should be noted that the

cont ent oL Rl & e RLGENt dn Pls SeOu2ell  GeBeflieh 439106285 018 Of | ess al so

i ncl udes se where i'ts sage is ze e varistor ceramic 10 may

al so contajn a f,if co nen additive). . whic sisst of at | east one
ki nd o?aégzi:ﬁ%l'sé‘lfe%ﬁ%ﬁef#gg%ogrr%%%ﬁo%ﬂ'dgislgo?g%%tw&?r%g? {%frs\ Mo and W
Supposing the content is the_nu f nol es obtained by.converting Li, Co,
NP ot chasac CapIATiEoE H, GectBes SToNG BP0 ARG ZABT sz
FeG3121 2 MbG3 and W8 , it is preferable that the conposition is 0 < h/d x
100 s ifobee faver B9, temRerature GHRTaCreELSHIC O PovPREPI4 nonl i near

coefficient a. In addition, the varistor ceramc 10 nay al so contain other
el enenkegaiiste asFyxthgrmgre A evgiy 17y thare dgy fraapnd {8 0FUKPQ0B i npuriti es
besi des such additives. Such elenents usually exist as oxides. As

descri bed @owenltiheaw ardesfaociert anto thei vamistowl yoiiagealE,consi sting of
perovskite type crystals. A part of each conponent is contained in the
per ovshketands) pmadiy stlal addiskidn,bdifnghert iidl yoeomyedd Jan gheai ns, and anot her
part exists in crystal grain boundaries as oxides or conplex oxides. For
exanpl earisatirhanatdge a)f telvembs kexteanely nbatdey tonbgeanesiifdiduld, W M,
and the |like exist nostly in crystal grain boundaries. A nean grain

di amet ¢ @ntidaa , vand Sd Waseeianadel @nushahlator byabeokidationo 10 m and in
‘)particul ar, 1 to 6 jam Since the electrodes 11 are forned with the

mat eri al NMadene Ghhe@ha®r sHEHRUproBRASrsfer®y, of NgYWaarfietbar dak dbde corroded
even under high tenperature, and hence, this can endure hot solder work.

Next, gniiidaed vt serAEhEr helh tfirdeMr { SdRIu1a€EAWLtH Ghe | | be

descri bed.
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
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 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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The varistor ceramic 10 i s obtained by processing raw material poWdeiUN @bd
order of mxing, calcining, grinding, formng, binder renoval, reduction
sintering, and reoxidation. The powder of a conpound of each structural

el ement of ceramc is usually used for the raw materi al powder. An oxide
or a conpound whi ch becones an oxi de by sintering, such as carbonate and a

hyd I I

about BarsS"| B H e R A B D D e A psinde such as

BaCO3 BaSi CB BaQ. .B cl 2, Ba( I

(?:H e) 2%5%00‘&%3 6’316%&;% agenty Rel fie E}%d\?v%ﬁra'\l?egrieﬁsé rﬁ{%’ﬁ g{r;é\g%' glglr t% %@ ee)é?gprrete er of
t J t 0. t Fi t, th

wel ght 6 BB, SP e 3%%%#00?"“ Tod LS BOETE the {1 nal

conposition may_ becone t he above- described co 05|t|on nd usual ly, wet

bl endi HBATEPSRERPAFTEY TesSTBEE R HIRRT AFPLT %?ﬁsrﬁ?w Ry §Pabt on

processin the raw material powder is dried and caIC|n|ng i's perforned at
about 11DBMT desss0er freapsaferahly . 4tAcke sL-OleF, 18$Fs cal cining obj ect
is ground. The grinding time in this grinding is set so that the specific

surface areaTe$ Wwshagr shorkeorept gpropeinty aflye BerdmEorbedhdd 0.5 and 5.0
n2/ g inclusive. Specifically, it is about 1 25 hours. Since the
conpossharpivhenbangehdivt webtindetheompdsi pemsentont eblne aidusthgr adi ent  of
material do not arise so long as the specific surface area of each grain
after gomputiend (5300. SonBg parinmpel ddmposepbsEiile to Bhitlalbnorhe
sufficient bending strength and thermal shock-proof property of sintered
cer am TesdMer bee Spadidrablgutd age oaBear ebegredsTiat) iR/ §i0f He grindi ng
time beconmes long too nuch, and hence it is inefficient on manufacturing.

| n addhdded asShN§entdriPeCagestiwasndf ot ild poselibllé ot dstpivage to arise, it
becomes easy for the partial heterogeneity of conposition to arise. Hence

the SRGGIJC sSHES AR 1B JBMRsLOiIbE ﬁu@tﬁbtég But @ewevdhereafter, an
organi c blnder is added to grains after 144 3 0O JUN 2004 this grinding, and

furthefg ! Shouftt S rs‘g.@u'ﬂf&ﬁasés M Hedbhéslea) Foraherided and m xed.

Subsequen y, a mxture “is nol ded. This formingis performed in conditions

where d06i0¢Rshtyse @ 107 HRAIRDLEC f%hf%as Offie REHRAR fmBfloand 3. 40 g/ cn®
i ncl usi've. e denS|ty 0 or e ect 1s 2.80 g/cnB or nore, a
fault ﬁ’]e(?rvc%rnt‘;)lr E)E e§idznogatp Lg o%t E’ﬂé*‘sg %Ip ro%cs§§e<§r S_ﬂ-er:'s%e aELQS 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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strength of a formed object becones enough. If the density of a 3d& &l 200!
obj ect exceeds 3.40 g/cnB, the lifetinme of form ng equipnment and dies
beconmes short, and hence mai ntenance cost increases to be inefficient on
manuf acturi ng. Hence the density of a fornmed object is nade to be 3.40
g/cnB8 or less. Next, the forned object is sintered at about 1250 1400C in

a reducin nos her for about..2.to 4 rs afte rntn i nder
ooy e B B S Bpt S Sl Bt o PoH B1BnbSEs Ry VIR YL I
powder such as Nb, Ta, Y, lanthanoids, M1, Si, Co and the |like nmay be added

at thedFi WS i xing after the caIC|n|ng The seni conduct or cerani ¢

obtained in this manner. is given heat treatnent (reqxidation processing)
in an oxi di zRAgAeFTHESFnaPRVSy dhea¥ariston ceramieniferi&t re, for exanpl e,
800 to 1000C, so that a suitable varistor voltage according to an object
may bepebyaryeial Phesi#simce Of npeTeRRkl LeobYPe FIEYaYS on PaPa8treace portion
by this reoxidation processing. Varistor characteristics appear ow ng to
t he presemozongionentsis msuitatined inSHeaperovskiter &pg , cxyrtadsnl i near
coefficient a and varistor voltage becone large if this insulating |ayer
i s thiwekth asuingt beyider amdvedaih gifaiinii, nandlacithedeparl eexfistsednon one
surface of the varistor ceramc after reoxidation processing with the

mat er i atysrde grhinGowidardies! ys nadieiesl ofUconpldxaoxadést oFors obtai ned. In
the enbodi ment descri bed above, although the electrodes are provided in

one susfagelenf BWAr €8l ¥ rCeran b, algClr, olastHamyibe afd ahedadken top and
back faces or side faces of the varistor ceramc. Thus, by performng the

gri ndi ggi $O ridadty tﬂ@Sgﬁﬁﬁﬂsf | gna 6 f acemal e olcocand ikl ter grinding
may be nade to be 0 0 nk/g and fornlng the grains so that the density

of a forfBd \RIeG! i YRR BriB BouRadrfls 9/ cnB, it becones possible

mai ntal n the strength of the"ceramic itself in a high level d to obtain

suf ficient quﬂi néﬁQEﬁqg%gm&gr oPegﬁﬁggaﬁésﬁfgxﬁﬂﬂuﬁuib'6%ﬁ¥llyres'Stance

over a |loca t he ering. In addition, varistor
o ol SER PRt PeRTE VikiTh 3P 1 PARF L ey (i opbudbr . to add a part’of
SO B VT B8, By 9B, BELBETIE AL e
and t g%go;%g;%tmmgtglg St L5 T D addeh, phOLSELEH 5by an0 the
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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Hereinafter, the present invention will be described 146 3 0 JUN 200" jUN 200
further in detail with reference to exanples according to the fourth
enbodi ment. Exanple -4-1 What is perfornmed in this exanple 4-1 is

conpari son of sanples obtained by fixing other paraneters such as a
grinding tine after calcining, a density of a forned object, a nole

percent__and a_ ki nd aqf en _c ctgrizing e a tot Al ratio, and a
nmol e péra%::élr]{f' TrEH? ggl‘rll rcgr?a%g%g %#ééﬁ’a ?%’sr%af:lﬁ( s%(gjhgbrf%gnent. First,

after re tivel ighin conver si | endi St BaCOR
CaCoO, ,Eaaiﬁ@éﬂ ,aq%é,ﬁﬁgl‘é\%g(%o?xaﬁ%eler'a&eﬁ@%? alcaélog%h‘ﬁe &) ni ght have
the conposition shown in Table they were mxed for 10 to,k 20, hours with

usi ng AReweR™ maex At | ,Thed@mrpﬁ%&ggﬁodw’leg&r ‘i#t]?rw E'QI’CEFﬁ?ﬁg a mxture
obtai ned, at 1150C, the m xture was rough-ground, and again, dehydrated
and dr pewderf tegry bigehagahdyk @porth. 4 twe® Wedia nmll for 10 to 20 hours. Wth
setting the grinding tine after calcining at 16 hours, the specific
surface areaFdfskadiegpaiightiig of ghe ncvhgahasial wawdgrr 4500 np/ g.
Subsequently, 1.0 to 1.5 wt % of pol yvinyl alcohol was mxed to the m xture
as an pegéminediisedéhat othze fgnahwapesitichanay degbune ccheniabovee was f or med
at formng pressure of 2t to becone a fornmed object having an outer

di anet @ssefivkd wompasitionsi deddisrdtlgr, wét DIenddind &s tperdomeed.of 1.0 mm
The density pg of a forned object was fixed at 3.10 g/cnB. 147 After
per f or ghgequ thiyndef tée perBbrplvs eebhivigation hirecefoing ngdhebjrawt at about
600C in an air atnosphere, sintering was perfornmed for 2 hours at about
1350C fpateri-adpeitsr afseahbar en@fcdiein®hg vid wrfpene@ My abodt (5 vol unme
percent) for the sem conductor ceram c to be obtai ned. Subsequently, 2

hour s I At Bobi% Gl UNRoSAYT CRBLUC S SCERBBIEinS performed at

950C i%\éﬁ)éeog?trzhjigf]b ﬁ]ogcrgi se and c,f al Ioterrperature léspeed of ﬁi%o to 600C/ h

for th I SLOL68k@M ¢ to be obtained. Next, Cu paste was applied to one

surfacgbj(;%% he \E/Igrﬁlgtor ceramic 10 as shown in Figs. la and Ib, in a

neutral at . LAr e r ingl {18 Lhenki veh£! ectrodes are
mﬁ?@%@ggghg Efnd U nekAEL ﬁ‘%@‘%‘ﬁa% ng%éﬁht s

shown in these es, were forne Cu paste at 750C to

obtai n_t est_.sanpl f e_yar] -fo | ] r neasuring
t he VO?Q%&;&%%HE%%C%fd} eg’f Oéa%%&; g%f?r% egl%j%@lg%glh%g no Iibr?%téﬁngcoeffi cient a
vas o ained

gnééd 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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1/1 0g(E1C,/E1) with using the neasured voltages Furthernore, the .
tenperature characteristic (tenperature coefficient) of the vari ét%rJUN 200
vol tage E10 was obtai ned. Moreover, while performng the thermal crack
test of each sanple, the transverse rupture strength of each sanple was
measured. The voltages E1 and E1" were neasured with using a neasuring
circuit, showm in Fig. 3..1n.this asuri i I n anmeter 30 is
connec%gﬁsigﬁ:%f’gs %Ié%/%lerr%hgrvé'ﬁ%trdraS@Qa&nédfugg&rto%stant current source

a voltrmeter 33 is connected._i.n._par i

I 1. el h.th i st 31. Th | t
E1 wer BOHBHEIEEE - b Cho i PAJCR M BiKeTe SHPHEHTeeR BEFHSEIS JUN 2D K

termnals of the varistor 31 when electric current of 1 10 mA flows in the
vari st 8% Mtldesspectively with using the ammeter 30 and the vol tmeter 33.
Tenperature characteristics (tenperature coefficient AELOT of the varistor
vol t age E10 Weis fspmingeds parformed oin conditiems wherepte Agnsity) (20) x
(85 - 20)} x 100 [%# C] about each sanple. The voltages E,,, (20) and

E10( 859f aa efarimedvabjetiomayy becenge Yekvoent 2 +8{k apdnPet@td/ic@ of 20C and 85C
respectively. These were neasured with using a thernostat oven. The

t r ansvenckgivet urkf sheedghsi tyaofneatormedl bpiect tiarfsBér géomuprure strength
tester such as MODEL-1311D of Al KOFI ENG NEERI NG Co., Ltd.. thernmal
crack mesd, wasapet f wswad alby seonimalanngactwnirge pirngessesn simrer Ehe enper at ur e
was set beforehand, to the electrode side of the sanple |eft at the room

t enper gétERythf 6F aFGRRANdB vttt hevopph yémggtilt erf ithesdedeity ok & enperat ure
of a soldering iron was two kinds of tenperature, that is, 360C, and 400C

wer e edl BbAE¥t Siels Weie ¢/icPaline Naseeahe b gormengcks with using
al cohol. The result is shown in Table 4-1. 149 ..rr~~ Eapppp

3300, 09QGREREERR i eQbRbofd ok, Daf Herlde RAGRend#ReCoost

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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layer. Generally, the nonlinear coefficient o and varistor
voltage become large if this insulating layer is thick, and
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 a
= 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 streﬁgth 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
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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,, =
{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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on the electrical characteristic of a varistor, and in
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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of the A site component have large influence on the electrical+ 0 JUN 2004
characteristic of a varistor, and in particular, to the tenperature
characteristics of the varistor vol tage EN, Wien the tenperature
characteristic of the voltage El. is negative, the varistor voltage drops
in conqgggiqﬂmy&EP l{hﬁ;@hﬁﬁnoinqﬂﬁﬁgthng_tenperature, and hence, excessive
electric current Tlows to the varistor of a possibility of causing a
thermal runaway exists. Therefore, this is not adoptable. Therefore, the
sanples 4-15 to 4-17, 4-26 to 4-29 4-31 are in ranges where they cannot be
used as varistors respectively. Even if the tenperature characteristic of
the voltage El, is zero or positive, it is not desirable to exceed 0. 06,
and hence, the sanples 4-18 to 4-23 and 4-30 are not preferable as
varistors . Since being insulated as a whole by reoxidation processi ng,

the sanple 4-25 does not operate as a varistor. |In addition, since the
sanpl es 4-24 4-26 contain too nuch Ca, their varistor voltages EN are
extrenely high, and hence, control is difficult. I Since Ca contained is

too much or too little although the haracteristics of -the sanples 4-13,
4-14 and 4-32 are 0.06 or less, their nonlinear coefficients cy, to the
varistor voltage are low, and hence they are not preferable. Therefore, it
can be said that the sanples 4-1 to 4-12 are preferabl e because the
tenperature characteristics of the 151 30 JUN 2004 varistor vol tages El
are 0.06 or less and the coefficients a to the varistor voltages E,,, are
not so low. This corresponds to A site nole ratios specified in claimb54.
)In this range, no crack arose at the thermal crack test where the
tenperature of the soldering iron was 360C, and furthernmore, no crack al so
arose
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400C. Furthernore, the sanples 4-1 whose tenperature characteristics of
the voltages E," are 0.02 or less are nore preferable in the present
invention. This corresponds to A site nole ratios specified in claimb55.
In particular, the sanple 4- 4 has the best bal ance of the tenperature
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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
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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formed object, Asite nole ratios, a nole percent of a sem cond chorizin
agent, a total 155 3 11 JUN-1+ 2U11l! A/B, and a nol e percent of%% CﬁUHnH%#
perform ng the sanme setup as that in the exanple 4--1 except for changing
the kind of the sem conductorizing agent as shown in Table sanples were
produced, which were nmeasured simlarly to those in the exanple 4-1. The

0 a0C C o1 7o agRE R M ey TS S ST eE- T e or g LS 1y 00
Qi a pthe tempergture of(%he 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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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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Example 4-5

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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sanpl es obtained by changing a total A/B. Wth fixing other parar’?
as a grinding time after calcining, a density of a formed objecty

nol e

percent of Si 2, and perform ng the sane setup as that

except

DauCn

ratios, a nole percent and a kind of a sem conductorizi ng agent,

e gormﬁhanging the total A/B as shown in Table 4-4, sanples were
pr oduced, LC r red_; sim.:l ar o] i exanple 4-1. The
result is sh%%?f }:ﬁ% giia%i §g4$4.51%1‘11@' éa%i%ts%f é&o%'l;@v[ ux'04 ng zzzz

A Q00 U~Q OJ0.r0 ~0 ~ C WA+ H i..F, il O P 1f S ; ~~N
cuas 1t BEed -lgcR?(ETﬂeSa?gygﬁ\ég é:r?u%\/tgck}lrx j%%&%éﬁnteﬂn&%&m a

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 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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The value of the total A/B affects the degree of sintering of c@rgm’iSN E@?
sanpl es 4-57 and 4-63 have too small and too large total A/ B respec |ve% !
these could not operate as varistors because it was inpossible to sinter
precise ceramc and they were insulated as a whol e by reoxidation
processing. Furthernore, a thermal crack arose when the tenperature of the

sol dering ir m%@%ﬁlgﬁg@ﬁ%\@@igg %ﬁ%d?uétfmgiéle%tn:ﬁagf wher e an anount

of Si Q2 i s few an sem con rizing agent 1s added, in order
mai ntain_the thermal crack-proof npropert it is ing sable to

especi ﬁqqﬁ/a%toefﬁllsgl-"cﬁns%cglpgrs Fﬁ%ﬁ‘f‘fﬁ:&%%?ﬁey lc;%éa(ﬂe i:}ﬂ/ E‘.%I# %he total A/B
exceeds 1,16, a thermal crack starts arising at 360C. _|f t total A/B
exceed%orlf.LU!L‘?aracPﬁEfﬁentcflacI@quteé‘llﬁ'gg%?i@%gaﬁ%smc‘f‘)lfﬁg'? 8, since a
thermal crack did not arise in the test where the tenperature of the

sol der ang fheomopdinempcoeifiicient o.r SRdVEP SRNANIEH BaLtF &gt h was 18

kgf /mm or nore, the sanples 4-4 and 4-58 to 4-62_are preferable in the

pr esenyo}ia@nFron. In Psddtéen ¢ ddpdfdoura £hednle apd th&avgt the o/ B speci fi ed
inclaim 54. Furthernore, since a thermal crack did not arise in the test
wher e adieidremfeenlarginy thhengolidearngoefbirisas a400@1thheghsae®l es 4-4 and
4-59 to 4-61 are nore preferable in the present invention. T h s

cor r esgtoowts itno Tabtantye ,ofitt he faind thaB s iledents cugbnAB6Lil n additi on,
the vicinity of the total A/B where the B site conponent is a little rich
i ke tie, 2@nplca, 160, 3d) FEIN Ga Gl 4ndalso davesthpr edm afgitdonange of the
present invention. Sanple 4-5 Wat is perfornmed in this exanple 4-5 is

conpari son sBif eheOobimpIiRd 4by4cgi-78 Badth etqeeiaege afoditOdEf. Wth
fixing other paraneters such as a grinding time after calcining, a density

of a feudmd, 0Rh&C Clegres bifesiMtdring?itheShldtkaa anaetiee Herandcawks nd of a
sem conductori zing agent, and a total A/B, and perform ng the sane setup

as thafndfiakBe b XE’HH)|1%o§iéa@i6i§%&‘of:@ésﬁgﬂnghﬁ@réﬂﬁ'eanzﬁe pedmgRIls of Si Z
as shown 1 n Table 4-5, sanples were produced, which were neasured

simlaplyp 9 khose s he eXphlid 4-30 (09 tepTBaEAMEAmROkABII NG [ron In a

thermal ‘crack test was three kinds tenperature, that is, 360C, 400C and

450C. m-lgl% 'b%%glaltit itso %hg¥@né{bezﬁ_atyoﬁpé§ént, 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

166



0 JUN 20011

ocorn?C7t 3

a0 3H U-~-d' -~rs-o w o: ~ F po00o0OoUC. U
.U ~r"C7G-70c pJ7}zz - V ~

s~-b -d-C C3' COp ~-do=a00gUL'

Cl
C-?

u/7 C~-

cL)

Ct~COnv G+~c~c' ~Cc~-

c~r+ cr

U f vmc ~Hthe:.~ Q

were produced, which were measured 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 5.12 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,

content of Ca0 is ¢ moles,

the content of Ba0O is b moles,
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content of NbQ,, is f moles, and the content of S5iO, is g moles.
The composition was fixed as a/{(a + b + ¢} = 0.35, b/(a + b +
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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Si 0, is added as a sintering additive. If SiQ2 is contained, i3 (bggpnes
possible to stably performsintering even if conposition fluctuates.
However, if its amount increases, it becones easy for a thermal crack to
arise. Since a thermal crack also arose in the test where the tenperature

of the i iron C E&m% % : much Si 021 the
sanpl e£§§¥%§£%% fi{()@Qﬂe%?Zpo:igltq BF? era %éc.wlﬂ}iere g%%{,qe)(he sanpl es 4-4 and
4-64 to 4-67_where thernal ck pd not arise int test at the
tenperature of ﬁ‘% sauglg rflﬁg(5 %’%?F%%"S d%ﬁﬁlﬁ%d@é’ d°PH@ transverse

rupt ur strength was 18 f/mm or re are preferable in the present

i nvent %85’."3‘51'@ ey W‘é‘gpr%‘i% tf’gg]f’h:g' 9% PBer @Qﬁt %3)? HG 1 Cspecified in
claim54. Since a thermal crack arose in_the sanple 4-67 in the_ test where
the t efPEFaFaaFess of ngady| FEiPngt 60 WA 12%ES CRENIEIHEs %423 and 4- 64
to 4-66 where a thernmal crack did not arise even in the test at the

t enper &2ut@- B M 13- sSRJERSSRY SPMBAES ofSISECthS L rARsFepFef BIIMTE in t he
present invention. This corresponds to the nole percent of SiO specified
in cl astregtindeentty, exdeeded| &8 peafant. dhesbepdinmstrragtbfwathe sanple 4 4
is nost preferable in the present invention. In addition, although a
dosagesefuiid) , Funthdmmogzenph ethbrdli sraek didonphadtise ibnthact, Si02 is
contained in each raw material as an inpurity, and hence actual SiO 2

cont entedts ! hbeganphe tenfplrdeaste e thecsdBderZigig0 irbx oy aeb°6 &8 What is
performed in this exanple 4-6 is conparison sanples where a kind anmount of

an addipée wWRESpEhRNORte Wibpidd ¥log aider-opar ameicer sequchirap a grinding
time after calcining, a density nole percent forned object, A site nole

rati osgha Jeindifl €imeBCe0dH6HRs | 2hedsageids 4295049d 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

169



A/ B, and a nole percent of SiQ2, and perform ng the sane setup a; ?hgbwg
t he exanpl e except for changing the kind anmount of an additive a h {0f4
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tests where the temperature of the soldering iron was 360°C and
400°C, except for the sample 4-102. Since requiring the
grinding time of 50 hours, the sample 4-106 is not preferable
from the point of manufacturing efficiency.

In the samples 4-107 to 4-111, the density pg of each
formed object was made to be 3.60 g/cm’, and the specific
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 sc 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/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 life of forming equipment
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and dies.

Furthermore, in this example, although a range of the
specific surface area is between 0.53 and 4.52 m'/g inclusive,
in consideration of an error range of specific surface area
measurement, the preferable range in the present invention

ecomes erTween . an . m/g inclusive. 15 COrresponddas (o]
b bet 0.5 and 5.0 m°/g inclusi Thi ds t

claims 52 and 53.

Example 4-8

What is performed in this example 4-8 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 S5i0O,, and performing the same
setup as that in the example 4-1 except for changing the
grinding and forming conditions as shown in Table 4-8, 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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0 JU,il An additive has the action of adjusting electrical characteristics
such as the varistor voltage E10 and the nonlinear coefficient cx. M
enl arges the varistor voltage E10 q‘af)paeyg)nl I near coefficient a, and Co

|

enl arges varistor voltage addition, I's found that Mo and W have the

action of enlarging the nonlipear coefficient a Although not .shown in
Table 4-6, it |iGrindingd Sperifio] Mansiy chdansityu¢ Aramsverse [FEheraznl Grack Teal 5o
have t hefmaple [aclima. [SBwdect he dnplles 4f74 hnBuptd® Had (Boldegngdrepe
armount |of Nodosagdfter he| dagreee| dorsiedt eBintgradas Streogid lanTemperatereai@lc Wwas
i nsul atled by t|Hresmtxi ddii?@h prObjessi NObjethps efEefmmId sBOPIes 4000°C¢ 0
4-73, 4-75 to |4rihg (ahd 4-79 -BO e¢gch halgicagf) t he nol e pgrcent tq a princp pal
conpongnt, whijch is 1.000 or |eYgfend#nd the trahsverse rypture stirength is 18
kgf / nm#g 40[1gmare gf € pr g7y abl 6 g fNe pepsent havent 1|0Ne GLBHS N§ Gdal uded
i n the [TigTyjdgnd TEOTE DETLAT} O &1 ATATLEVE FPeGhDEET | TRo Bodh T RS Good

4-114 24 4.83 2.60 4.59 17.98 No Good | No Good

4-115 50 7.26 2.60 4.63 18.46 No Good | No Good

4-116 100 11.06 2.60 4.70 16.54 No Good | No Good

4-117 1 0.52 2.80 4.83 22.65 Good Good

4-118 b 2.89 2.80 4.98 24.67 Good Good

4-119 24 4.83 2,80 4.92 26.31 Good Good

4-120 . B0 7.26 2.80. 4,89 22.90 . Good Good

4-121 0 0.30 3.00 4,98 23.20 Good Good

4-122 i 0.52 3.00 5.05 27.23 Good Good

4-123 5 2.89 3.00 4.99 26.98 Good Good

4-124 10 3.32 300 | 513 28.45 Good Good

4-125 24 4.83 3.00 5.08 29.04 Good Good

4-126 50 7.26 3.00 5.11 25.46 Good Good

4-127 100 11.06 3.00 4.99 22.44 Good 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 Goad

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 30.356 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 27.65 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, the content of Ba0O is b moles, the
content of Ca0 is c¢ moles, the content of TiO, is d moles, the
content of NbO,, is f moles, and the content of SiO, is g moles.

The composition was fixed as a/(a + b + ¢) = 0.35, b/(a + b +
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Exanpl e 4=7 What is perfornmed in this exanple 4-7 is conparison sanples
where a grinding tine after calcining, that is, specific surfacedd edbf200%
each grain after grinding, and a density of a formed object were changed.
Wth fixing other paranmeters such as A site nole ratios, a nole percent and
a kind sem conductorizing agent, total A/B, and a nole percent of Si.CO

and perform ng the sanme setup. as th t ex le 4-1 except for changin

t he ng’Sldi:nQ'gﬁd ‘F()&?ﬂ'ﬁgbcbn ?tlzohsg(i\'s gﬁﬁo\ﬁn% fab:?'g,poét- 7(,aps+a Ies 1f9i fig
wer e produced, which were neasured simlarly to those in _the exanple 4-1.
The re§df (4 i% Bhguwh- 9% PRSI 8/dTapte0 Z- §- 29 i tuPRgI8pR FF%R eBensi ty Density
Transverse Thermal Crack Sanple Tine Surface of of Ruptyre Test No. After
Area Forned Bpeh &i8W18t $RnHIF €38MBES 47§ PAENtES: é‘é’}ﬂlfpgﬁﬁﬂl g) Obj ect Obj ect
ps(Kgf/nui') Tenperature C) rin (h_)pg égkrrB) ~ ~ 360 C400 C (lcm ;)

4- 8110c9BRoH¢ ien5ghat ko tebad Ny Baded Dwes ey 353991 69 AaeTs tBao  GoodNo
Good 4-83244.522.604.5714. 35No GoodNo Good 4-84507.292. 604. 6614. 83 _No CGood
No Goothose 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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4-8510010. 432. 60 4.5412. 91No GoodNo Good 4-8610.532. 804. 8519. 02No odNo
Good 4-8752. 332. 804. 9218. 08No GoodNo Good 4-88244.522.804. 9219. 11 dbidid Red
Good 4-89507. 292. 804. 8619. 27No GoodNo Good 4-90. 00. 233. 00 _4.9922. 57CGoodNo
Good 4-9110. 533. 005. 0223. 60CGoodCGood 4-9252. 333. 005. 0123. 35GoodCGood

4-93103. 323. 005. 0924. 82CGoodGood 4-94244.523. 00 5. 1225. 41GoodGood

4 970070406705 BR5E ARG B Bty s 3g it o Bic0a

4-9952. 333, 205..0325. 80GoodGaod 4- 100244, 523 205. 1124,
4- 10155% .5&%81%53‘?0 %5%%5%%1 -fBE‘oBg%é’é’.l 59%45%‘1%%%@(1 4-1.03_

0. 533. 405, 2326. 92GoodGood 1 4-10452. 333. 405. 3128. 83GoodGood

4- 1052845585 1929. 88GoodGood 4- 106507. 293. 405. 3427. 93 GoodGood
4-10710. 533. 605. 1122. 93 CGoodGood. 4-10852. 333. 605. 2222. 85Goo0d- - Cood

4- 109244, 523Is 08¢ 3aBPeTIdEd 080 44 144750 Fhe 9dersGd¥2 89108 6%858H Good
4-11110010. 433. 605. 1323. 55GoodNo Good As for the notation of conposition,

t he cofremrad ePISED was @adeetade 3 08 FHts, arficthey fPeRLEBA0 is b noles, the
content of CaOis c noles, the content of TiQ2 is d noles, the 167 JUN
Of 'i swriicoet apkaNpOREZh gohbs afied ghéndiog eas oh@iae with ApBls. The
conposition was fixed as a/(a + b + ¢c) =0.35, b/(ac) =0.35 c/(a+ b+
c) = Oto 30Q,.06/ u’Ag.100h theseOsarfples b sinyé (thet trpnsvdrdd rugigrg/ d x 100 =
0.30 to produce sanples. In each sanple in this exanple, the total A/ B has

conparsiirterefth baegelyx expasdéd A8 agyfimdE. the baelisenplkesndgtiBivdso 4- 85, by
changing the grinding tinme after the calcining with 1 to 100 hours with

| maki Nngsddiredd € NGirtthehobe f &I MBd1MY) agtadkgdhbe wotbGrgsendn tiaer than usual .

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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The specific surface area of the grain after grinding is changed,wth O.53

to 10.43 n2/g. In these sanples, the transverse rupture strengtﬁ N Ao

than 18 kgf/m2, and thermal cracks arose also in the test where the

tenperature of the soldering iron was 360C and 400C. This may be because

sufficient bending strength cannot be obtained since the density of a

sinter bj ft ] rd nsi a t g/cm or |less
%Ehg-#§%/§ &@y%h@éeetéag@lg&, d JRleabhy tfé[n%l@tegge &rﬁ‘hl&%

due to ow densi pg o of med obj ect. e sarnples 4-86 to 4-89,

t he densit of ch _forned ' was, . e , / as is
usual . SherotlE P epEf rercdPL heidhmly SR fon the Sl DS Lo
changed with 0.53 to 7.29 n2/g. t hough ndi strength was secured as
the trafSVET%e FUpERFIOLEY e‘?‘ugér%lwgé AT iﬁ(akﬂ?)[‘]%ﬁlqeh hed2 sanpl es,
thermal cracks arose in the tests where the tenperature of the sol dering
i ron whesBeobeaed the oemsiratare refy ihei fgldereing: irem igRs i3 ©faBd hours, the
sanple 4-89 is not 168 preferable fromthe point of manufacturing

ef fici¢P@3C. |Pindee regmpting 4he0grindigs timpeotidfsioprpgg Bie each formed
obj ect was made to be 3.00 g/cnB, and the specific surface area of each
gr ai n sdnpke d-il3di by veis prhieyeklenfiriom0tzs paini3ofpnapuiiagtiunéng sanpl es,
since the transverse rupture strength greatly exceeded 18 kgf/m®, the

bendi ngf&taiemglyh was secured. Furthernore, a thermal crack did not arise in
the tests, where the tenperature of the soldering iron was 360C 400C,

except for the igRMRLAS1ds Y. 1a8dt4- D6L45 rEE A@tHiity pg of headr i nding tine of
50 hours, the sanples 4-95 and 4-96 are not preferable fromthe point of

manuf aféﬁﬂéd‘@bgé&i:%ﬁ‘%dd fo L B@OPLLenY- Sd tehed shBEifide density pg of
each formed object was made to be 3.20 g/cml as is usual, and the specific

“surfacgaRa abefa6H i Brafd eirt@ geindiWpSashangeska With 0.23 to 7. 29
n2/g. In these sanples, the transverse rupture strength greatly exceeded

18 kof{dmis. obhiz RENdiNGnegk’ E&%ibé’lﬁ%iﬁ@é Ui+ rEHEG DRSO BtuBet Ner mal  crack

did not arise in the tests where the tenperature of the Soldering iron

was 360G 4 ?{mﬂe 5 iACe+t éﬁ@mr'dggthe
grindi ng et?llgqmtal g?%)ﬁo%%?%e&? effgg{#g e 4- fg?[gllg%ndar?%tc p]r:e erable fromthe
poi nt of ufaqui fici I e 102 tg 4-106, the
densi t%%]%%(%f eachheplg?rr%'d aogﬁgg%ﬂaﬁa%&n%dgiﬁo@éﬁ%fﬁié 5 C]Fq}ef, and the
specific surface area of each grain afte rindi ng _was %S%ngm 0. 23
7.29 FSFs FRerae pERtuLg g’@etgﬁes?%‘{.ﬁjfg\’?gr%]éor?dﬁsupgeﬁr th greatly
exceeded 18 Iﬁgf/rmz, t he be_ndigrg; strength was 3.0 J'u .

400°C. owever, 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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3 P( 169 3 0 .JUN ZOO secured. Furthernore, a thermal crack did not arise
in the tests where the tenperature of the soldering iron was 3 % @ﬂ06a¢
except for the sanple 4-102. Since requiring the grinding tine o 5& 0 Qi
the sanple 4-106 is not preferable fromthe point of manufacturing
efficiency. In the sanples 4-107 to 4-111, the density pg of each forned
obj ect e Cc the specific surface area of each
grain & %rggﬁﬁﬁ%ﬁﬁg W@%ﬁghaﬁgggdﬁg ‘0.53 10.43 n2/g. In these sanples,
the transverse rupture strengfh greatly d. 18 kaf/ t he bendi ng
strength wasiggglﬂﬁg%ﬁ?rel!uﬂh g ?hefﬁr%g]gggﬁa%krga&g% Rg?g%?i se in the
tests where the 'tenperature of the soldering, iron,was 360C. 400C, except
for th&Peshhle Sél-rfi‘%.g MR ver }%GEV%% q'tsgr@wgr‘ka?gl ' )r%dﬂg Y& life of dies
to make the density of a forned object be 3.60 g/cnB, these sanples 4-107
to 4-11t ePrsidegatpprRfeh a0 @.rr?ﬁel?aéjf% et BeGi o FHHCSE IESGr i ndi ng so t hat
the specific surface area of each grain after the grinding nay becone

bet weeleaswrnant . 4the pigferphée Bange 1BnEheIGSRGRLhENVRERSN Y y of a for med
obj ect be between 2.80 and 3. 40 g!crri' inclusive, it becones possible to
obt ai nbedemesfieitweent 0 Ferdidn§ - 0 S1'v andelugidet hdhigl corBRKRPNASotOpr operty of
the sintered ceramc. In addition, it becones possible to avoid such

i nconvebabme &2 batl ®&anuf act uri ng becones i nefficient because the grinding
ti me becones |ong too nmuch, and nai ntenance cost increases due to the
short eni ng ohcddrfdEingf tbotie ngporguirainbxd 4-70t304J8n 12004 poskidsle
Furthernore, in this exanple, although a range of the specific surface
area i gohgtovael Q. mEnwiittéring héthddnok usbt€iningnvapstdleiceiramdcof an error
yrange of specific surface area neasurenent, the preferable range in the

- presenfnidy aR beBvideranRe e WaRivdldesahtban PreEéfab s iasigeeot Thi s
corresponds to clains 52 and 53. Exanple 4 at is perfornmed in this

exanpl erdh & drieCPIPALls MrahgBRMES sVBRESL Ror 1 RNLRY drdadf t er cal cining,
that specific surface area o? each grain after grinding, and a density of

a_forngpd, gbi e6he BF&HEIINIEE- 10Md sk ik NGorfdiak 1 BA! ARkt Such as A site

nol e rati os;
grinding time after calcining, that is, specific surface area

of each grain after the grinding, and density of each formed
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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a nol e percent and a kind sem conductorizing agent b = _

percent of SiQZ, and perform ng the sanme setup aslﬂﬂﬁehé I}ﬂ;‘.‘ RN

except for changing the grinding and form ng conditions as q? N 1100%abl e

pi es were produced, which were nmeasured simlarly to those ﬁn \t,%e exanpl e

4-1. The result is shown in Table 171 KIN 2014 Table 4-8 Ginding Density

Density Time Specific of of Transverse Thermal Crack Test Sanple After

Surface Fornmed Sintered Rupture (Soldering Trod No.Presinte Area Object

Obj eciuas 1St eengisp Tepperature C) 1 ring (h)(nmlg)Pg (gl cnB) (Kgfl mR)3(70 C

400 C (kin 3) 10. 522. 604. 5518, 76No GoqodNo Good 4-112

4- 11352, 899 VoAEAGATHPEIREN CIvANG " eR0 o *4-1§ 122 4F 7852604, 5917. 98No GoodNo

gogﬁo 81;5%té%%&o?;§zi@@4)a@3a8séﬁ&n@a@ﬂé\io Jdeoafli 4-dHE001dg 062. 604. 7016. 54No
o] o]

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, said ceramic substantially
containing no Mg and having a composition of 0.10 < a/(a + b + c)
< 0, 40, 0.30 < b/{a + b + c¢c) £0.50, 0.20 < c/{a +b + ¢} =<
0.50, 0.84 < {a+b+c+e)/{d+ £} <1.16, 1.0 < (e + £f)/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 Ba0O, c 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 YOss, Ce0,;, PrOjp,, TbOs;q and ROz (other
lanthanoids) respectively, £ is the number of moles calculated

for M of said third'component as NbOQs,; 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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4-11710. 522. 804. 8322. 65GoodGood 4-11852. 892. 804. 9824. 6% CH 6t

4-119244, 832, 804. 9226. 31GoodCGood 4-120.507.262.80.4.8922.906@0@Gﬂﬁhzﬂmt
4-12100. 303. 004. 9823. 20GoodGood 4-12210. 523. 005. 0527. 23GoodGood 3 [ JUN X
4-12352. 893. 004. 9926. 98 Good Good 4-124103. 323, 005. 1328. 45GoodGood
4-125244. 833. 005. 0829. 04GoodCGood 4-126507. 263. 005. 1125. 46GoodCGood
4-12710011. 063. 004. 9922. 4- 4GoodCGood 4-12800. 303_205. 0228. 63CGoodCGood
4-12910. 52- 3. 205.1229. 85GoodGood 4-13052. 893. 205. 0929. 43GoodGood.
4-131244. 833. 2 212¢ 4- ; : 2 egl&god

4-13300. 30 .%5&?&%%%%?%%0%%@%%%%%.@%%%g%gc%%%g%.%%%deood

4- 135622893040 2532116 Go oGl odvwie 1E3624 4c @8 B 540501 983 551 flgdbd Good
4-137507. 263. 405. 0624, 38GoodGood 4-13810, 523, 605, 4426. 5 d

4- 13952 5698N B B BEBE1 b % FET ot X2 462‘]3‘4?%‘% 88%?%13&.553%% Good 24
4-141@91,%§§dﬁp§0@3§544ﬂcbodcbod 4-14210011. 063. 605. 2223. 54CGoodGood As for
the notation of conposition, the content of SrOis expressed as a nol es,
the content BaO noles, the content of CaOis ¢ noles, the content of TiQ

is d gl 6%%“3'[ bglta&@ltdgﬁtan@énﬂ\b)%limeérs HesiBE &S ceaBflit s cantined of SIA2 is
e

g noles. conposition was fixed as a/ (a + b + cc?_f: O.SE , bl (a 172 3 0
JUN 2iryapy engod5clains Lte 4/ cjherednzp cqumgsitiep of $208 '1QUY®)/(d + f) =

0.98, and g/d . = Q 0, produce sanples. Each sanple in this exanple
4-8 hcfaosmpfjﬂgn? r%ré\?gdxclf)br?gé'sf)f?bn 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 OfTh??_i gléasgegdapg\g&&pc ISnh OYBlr thansthatccRbnt heassaMBlRSA

in any one of claims 1 to 5, wherein said ceramic further

contains a fifth component consisting of at least one kind of
oxide selected from oxides of Li, Na, Mn, Co, Ni, Cu, 2Zn, Sc, Fe,
Ga, In, Mo and W, and wherein a composition of sald 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, 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.

178



in the exanple In the sanples 4-112 to 4-116, the densjty pg of eaghyf

obj ect was made to be 2.60 g/cnB | ower than usual, th@{ﬁﬁiﬁl?ﬁffﬁgg@ﬁg@ggg
area of each grain after grinding is changed with 0.52 to 11.09 gﬁﬂgg@%
changing the grinding time after calcining with 1 to 100 hours. 7l se
sanples, the transverse rupture strength was near 18 kgf/m®2, and thernal
cracks arose also in the test where the tenperature of the soldering iron
was 360C and 400C. This nmay be because sufficient bending strength could
not be obtained since the density of a sintered object after sintering
considerably dropped to 4.70 g/cm or less due to the |low density dig of a
fornmed object. In the sanples 4-117-t-0 4-120, the density pg of each

formed object was made to be 2.80 g/cnR as is usual, and the specific
surface area of each grain after grinding was changed wth 0.52 to 7.26

me/g. ,The b%”@rl:ﬂQa%%-[ﬁg?%ﬁ%%ﬁ?nﬁﬁﬂ:ﬁéiaxsir%%?.stfol}ecb&-ﬁﬂi!eé@ﬁtiiﬁwe

strendth waS over ese sanples, and a thermal crack did not
ari se GuaR 4 RohlesteabSor Waer fodbe dTRAT Alyr Ba0knlheasehdering iron vas
360C and 400C. 173 However, since requiring the grinding time of 50 hours,
the <ameliet4nd20fi Binosapdeterable dommitsiagpei suréhcranubutdedi ng
efficiency. In the sanples 4-121 to 4-127, the density pg of each forned
obj ectriwhs amedeptesbieve. Sbregienst ladtPa v& H9ae When §Brga€%Ya?E%9%ﬁ each
grain after grinding was changed with 0.30 11.06 ni/g. In these sanples,
sincecphétﬁﬂénéﬁerégor%%?ﬁ¢%9§??ength greatly exceeded 18 kgf/mm, the
bendi ng strength was secured. Furthernore, a thermal crack did not arise
in the tests where the tenperature of the soldering iron was 360C and
"4400C. ver I ir SO 1ML e s rRdi BEoti BBrehi&Ozs hours, the
)sanplé2@4-1?ggaﬁ§ Ea%%$%%%anoprreferagﬁékfggﬁgthe poi nt of manufacturing
ef fi ciepeMeal Ant BLaS@NDl eSwHed2th ten il Eddprilkeidensickyspgiof2®acm f or ned
obj ect was made to be 3.20 g/cnB as is usual, and the specific surface
area ot emarh whennamfXerayr$inksn aurs Gindnded - 180t HPR/469¥8e 7. 26 n2/g. In
t hese sanples, since the transverse rupture strength greatly exceeded 18
kgf /mMm®, the bending strength was secured. Furthernore, a thermal crack
did not arjse in the tests re t I o] . ering iron
was 360C an idﬁ%}t%ﬁ%k e?%ﬁﬁ%#lrﬁfﬂeigéggrgag%gE?Fn%e%gﬁkéqA%ours, t he
sanpl Sléiﬂxéi% 15 8P4 T £f erahl e fd YR oRprBEsebeMBOrEaSt Ut | H@ 1efd i Ci ency.
In the sanples 4-133
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 selecteé 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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-137, the density pg of each forned object was nade to.BEPBAﬁﬂﬂﬂﬁﬁﬁaggéggzé
the specific surface area of each grain after grinding was changed w -

0.30 174 7.26 m/g. In these sanples, since the transverse rg@qEUﬂ®EQn@pgth
greatly exceeded 18 kgf/mm, the bending strength was secured. Furthernore,
a thermal crack did not arise in the tests where the tenperature of the
sol dering iron was 360C 400C. Since requiring the grinding tinme of 50
hours, the sanple 4-137 is not preferable fromthe point of manufacturing
efficiency. In the sanples 4-138 to 4-142, the density pg of each forned
obj ect was nmade to be 3.60 g/cnB, and the specific surfaCﬁ are%)of each
grai n eXtE¥ griindi dg LkasOcRBngete wt tF) (8 52 190 g6 1Apfqg. 3PA 9425 Pdhpl es,

since the transverse rupture strength eat |y exceede 8 t he
bendirﬁ;%ﬂ@«ﬂ%ﬂﬂ?ew&si§e§ﬂﬁeﬂ?“?ﬁ?t%%r$é§%ﬁ %?%ﬁﬁ%é%gg %P%cﬁgg%én%%%darise in
the tasts V.‘é%%rp%tnte%% LeRERaL I £s0fnd Nguml JeJd N1l aWRE13608 #68C.

However’, " since”It remarkably reduces the life of dies the density of a

formed, ohjeects ke £3:8 GbmBBnenthasens@ Dt 65 Anl3Gunded- b42maresnot
preferable. Therefore, by performng the grinding so that the specific

sur f a1 AR tefa eaghcgr aiEnsafierithie gemptieng resy CapecdnesOtBe to 4. 83
m /g, 'and making the density of a formed object be between 2.80 and 3. 40
g/ cn{ numdleusiofe moilesheednniatpdsEen| Bl tof ol Fimsd SGFPPRPBRt 2Bendi ng

strength and thermal shock- proof gro eruéy of. the gi n ereddceeraonﬂ' . In
addi t TRz i & 1HeERARRIRRRELI M PN GERY ABBNY eRf eB2 e (T

manuf act urin bec S i ficlent be se i ndj i me becones |on
t 00 ﬁ.?&?,"n&g'& AEi %ﬁg’ﬁanggaﬁbgﬁﬂh@f egggy‘d%lggt%s’t’ﬁgd@%‘(#t eni ng of 175 Iigfe

yof forny QUiaRTERL o800t Hir88y , FHT L HSFR® fumbet 0H f02¥8MBhEcushtd@ugh a
)rangelo Qtag H?pgﬁif?g surfac% area is betJ%en 0.52 and 4.83 n2/g

i ncl ugioke M oifN s@@BStHEFAt tompofiemt £F INWO,;ARGE @aospecekpectivébre area
measurenent, the preferable range in the present invention becones between
0.5 amad5g0imPtyei noinbsi vef Mhles corkasindints fioF Sdl Afng25d MR Ys.
According to the above Tables 4-1 to 4-8, it is possible to provide a
nmanuf £OFEPPRGEtnBEh84%0f obtaining varistor ceramic which is provided with
t he above-described preferable range of transverse rupture strength and is
excellent in the thermal shock-proof property, so |long as the conposition,

content,  OhhB0yHYrdbdBaddfdesdl fddliHbart Rl 1kt orSBBEhALE Surface area

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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of each grain after the grinding, and density of eacﬁiﬁ%&ﬁb}miﬁﬁﬁ'a‘&&M
each conponent are within the range of the present invent HO@N@@%BW dely
di fferent enmbodi nents and exanples of the present inventi

constructed without departing fromthe spirit and scope of the present
invention. It should be understood that the present invention is not
limted to the specific enbodi nents and exanpl es described in the

speci fication, except as defined in the appended clains. 176 REPLACE JI UN
O0g JAN 2004 WHAT 1S CLAIMED I'S: 1. A vol tage-dependent nonlinear resistor
ceramic of a conposite perovsk.ite---based sem conductor ceramc.

cont ai ni AQuathf Line sempombn: awhoilsvieip @f coppasitdpnspf Waid RPEAMRATI , at
| east one conponent of a second conponent consisting of at |east one ki nd
of oxi deisePeBfed f#om 'oxt dest @r)lﬁrg(pv &lds| an@ﬁan%'rgg)s Gha £ <g 100
conponent con5| sting | east ane_ ki nd of de selecte from oxi des of
M (Nb and ¥9)y9- a?l‘adag?%lfrtjﬁj O‘rrp?dr‘?(-i'nf’ksl “T8n8i %‘?I%Ib gty eroxolﬂé" °}*%si , said
ceram c I [ ng.a [ of 0.10
s, ﬁg%?f@cég H’é &8%% gufgﬂ ﬂ%ﬁ_ﬁb c%&gohawt fs 1s£@np951<§ c?&ka 2
< 0.50, nimBér <of amdrLds tcf£1cuR)fddl fb:f ba<o¥ Lﬁidlfﬁrgﬁ éSmpoiddd €l & HAWY, <
10.0, and g/d x 100 < 0.6, where a is the nunber of noles calculated for
Sr of satdifitls¢ nunponent rasleSr [Balduliasetthéonutbeof sdidmotissical cul at ed
for Ba of said first conponent as BaQ, ¢ is the nunber of noles calcul ated
for Ca ofomperentrag Gafhpcoheft tae nambezd of smehes neabeilatednfials TalQdul at ed
for Ti of said first conponent as TiQ2, e is th nunber f nol es

cal cul at 8% ¢ of 1¥8 HreomPARP e @ F 108 mBnbhit TS ﬁr0111E ThO, 144

d RU~ f oogl
V2ol cul a2 Bt ag LI, MRl SERERN KBhian %fetsi% ”’“%%0 P8, 5%
respectiygdy, afditvd},] S{Jﬁiﬁ:nlarm%a%iaebeﬁeggém@éﬁp fprmslth@f T,

fourth conponent as Si0,. 2. The voltage-dependent nonlinear resistor
ceranm c & mdaiserildulatedl Mok, MioEr erhdatbbngposeriparerof aaiNbos s sind
conponent: is 0.30 a/(a + b +c) <0.40, 0.30 < h/(a + b +c_) 0.40, and O.
c/(a + btadsw) m@%i‘@lﬂhén@oﬂt i&géhﬂep\éﬂ\%ﬁwﬁ]dml#ﬁe&?alr‘%@aéileér £oer ani ¢
as clained in claiml in a_conposition of said first conponent
and of ﬁ*rc?fatsallé]a@“(}'ﬁé‘ 88??}5'8??8???: 8F §4P# second and t _-h:i,rd conponents
is0 9% <(a+b+c+e)/ (d+1f);1..01

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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. Bel JUN 20

L77 EPLACEIENT SYEET I8 2008 90 9N 2004 4, The valmecapeoshdy il

y one of € , n
a conposition of said at |east one conponent of said secong QQH“%QPFﬂ
conponents is 1.0 (e + f)/d x 100 4.0. 5. The vol t age- dependent ear
resistor ceramc as claimed in any one of clains 1 to 4, wherein a
conposition of said fourth conponent is g/d x 100 0.3. 6. The
vol t age- dependent nonlinear resistor ceranmic as clained in any one of
claims 1 to 5 wherein said ceramc further contains a fifth conponent
consisting of at_least ope kind of .oxi sel gct gd,fir (0)'q fedlg Na,
M, C&Fnﬂi?eéﬂ?nin?°§ﬂ?c£%2€ FP° tgﬁﬂﬁwv%hﬁd &ﬁé?e?ﬂhaécgﬁ%%gi ?d%'of
said fifth.c oneng . i <. h/ o ; nhedoh gsricaligid ated for
Li, NngK/h0 , Rfilbﬁ g%?gglsc%fé:e, Gaefd i ggﬁgw\@)\?aﬁi ch are contents of
sai d fi nmp skl ARAOLL2n MNQa1308044Ric NS 0 B (&NO,
ScCBlf?BEEB§§2,Qﬁggg?%?éfﬁc§??qm 1:h§ nunbergg% is and W3. 7. A
vol t agepdepgngdent s pgnl i fipas 1.5 Stoar7scenpei si AY/dak dloes &i.@ .asnd ai ned in
any one of clainms 1 to 6. F M)0O3 8. The voltage-dependent nonli near
resi sgpa asicdasneds i whdra m 1% thisemaimhezsapf retestorlebiafidds &STel ect r odes
formed on at |east one surface of said ceranjc, and mheéei sai d
el ect Bedes eahdi EiFsHi CP Y Hat%T iSHC - ﬁFy%dE“‘B\*’eﬁP e

vol t age: depepdent naonpl i near sl r | aj [ Ia'-, wher ein said
el ectFBaEEBEB‘ﬁgi é?EO%? %te a%‘fléoi;s}?sq;lﬁzﬁ?%gg\&}g? ggg?gae%glnsdent nonl i near
resis | i [{Re B £ ¥LIgE $3hd ehest’ edRposamsiad cdo QU
cont a%’ﬁ#‘ﬁgﬁg gglgg?%taa:%%i%e% JAN 2004 11. lA vol t age- dg?)endent nonl i near
resi S§O§ s CERAM SmEPNt 3¢ M s dIdRA a*@@SiEsi 1y 6Ff saidepststone of Sr, Ba
and Ca and consisting of Ti, said ceram c conprising a surface provided

W t h ackponerssay eFdlby.ess isf the hWember ebrreoldercalrulated dore8sefconst ant

is -100 MPa/degree. 12. The vol tage-dependent nonlinear- resistor ceramc
as said second component as ¥O0s,z, CeO, Pro0;is¢, TbO;, and RO;,,

(other lanthanoids) 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-dependent 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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claimed in claim1l, wherein said conpressive stress igngp i ak &gﬁ%ﬁéﬁ
an X-ray stress constant is -100 MPa/degree. 13. The ‘gpb“défwéﬁs
nonl i near resistor ceramic as claimed in claim11l, wherein sBill JAGMI6@ssi ve
stress is 40 MPa 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 clainms 11 13, wherein said ceramc first conponent consisting of oxides
of Sr, |east one conponent of a second conponent consisting | east one kind
of oxide selected fromoxides (Y and | anthanoids) and a third conponent
consi sting kind | east one oxide selected fromoxides of N (Nb and Ta), and
a f ousthdcbopoblentorppignlt iy 9 an 19 deCof: Si, wherein values of a/(a + b
+c), b/(ac) and c/(a. + b + ¢) in trilinear coordinates exist on a |line
segnent connecting a point (0.2, 0.8) and a point (0.0, 0.4, 0.6), or in a

range. yner eqal (5o, £l AULIL A atiSkod SobRibsr 2 | ne’ segrent,

and ein conpos sald ceramc IS s (ac + 179 ,0 9 JAN
2004 g)Lflod 13 Snil-dife b Cacslce 14 ftb/ doy HAOrbidOedha anskaglid x 100 wher e
a is the nunber of noles calculated for Sr of said first conponent SrO the
nunbegy et naP| &sn €l | satsak Hro e dimioth ehitr gbnEnaPhmgNd £ ast B emdteneal cul at ed
for R of said second calculated for Ca of said first conponent as CaO d is
the ximdestodxidd ezeloaitond dtusoh foxideis of B dN®i ri¥e. cohpdHentCdas 4H-0 , e

i s the nunber conponent as Y0312, Ceoz, Pro,,,,, ThOr1l4 and RQ 12 (ot her

| ant h8Poi B8) Fespdtt iMeIapd M andh¥hegRpBr 2ofFomRPRE 120 Afi &3¢ for M of

said third conponent is the n er, .of npl NoQ, 12 and Ta(hb/z r ectively,
and qf+5th h‘éo’il;%ﬂfé}t ofs r?ol%?lglt’)‘c&logft é(rjr?f tg(?o si¥ ?"%%g %l%et Huﬁ'gﬁgonent as
) Sion. 45,0108 ¥PILAGRCRRARN!, RN MACAES! BFi STAE, OAf AL, 3%, Ga.,

In, Mo and W which are contents of said £fifth component, as

LiiOsyy., Nao;,;, MnoO, c0°4/3, Ni0, CuQ, Zno, 3003,2, FEO;/;, Galayz.

Ino:g‘rz, MOOa and WO;.

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

183



claimed in any one of claims 11 13, wherein said cer anREpaont@ifs,f Li 198 2
conponent consisting of oxides of Sr, and T | east one conponegt—a CAQE &
one ki nd second conponent consisting oxide selected from oxi dé oAthmM and

| ant hanoi ds) 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

l i ne segnent connecting a point (0.5. 0.0, 0-5) and a point (0.2, 0.6), a
second |ine segnment connecting a point (0.2, 0.2, 0.6) and a point (0.1,
0.4, 0.5), athird line segnent connecting a point (0.1, 0.4, 0.5) and a
point (0.1, 0 a point (O of a/(a + b + c)_exists 0), or_.a val range

| ar gerrefeamd-gi9d ther $£91861°9 élﬁﬁﬁﬁtﬁ)zgﬁ otty;’ret I‘T%Irf")ﬁg géaﬁgﬁt s#lg%ﬁ% wher ei n
a conpaositign of said ceramc i8S, A s b_d- +.e) s 1.16,
0.75 S$tE2 £ PPIERET Bgm%g?er%P$%£%€%?%d%%é%mbfgﬁgﬁgéogaé%ﬁ?gf%% for Sr of
said fjrst..component as SrQ b is the nunber of noles calculated for c is
the nunber said first conponent as BaO, noles calculated for Ca of said
first conponent as CaO d is the nunber noles calculated for Ti said first
conponent as T102, e is the nunber of noles <calculated for R of said
secong@s3conpeRenihafef¥EBARin Lot@Pthdd @Glsl Bainpdo in4caadmRBB, o (Bt her

| ant hanoi ds) respectively, f is the nunber noles calculated for Mof said
t hi r d wbemgdnesaids rRETEL 2oRNHL TR LHD RISEWINGePFePaRBdgS? 5%t he number S
of said fourth conponent as Si02. noles calculateggggg %@regyeof a5

vol t ag@rFepaNdeRt PREAPFALEY TP STt CORRTERS NBASTRESRYOrE of

ClalnﬁP%lor more in the surface of said ceramic when an X-ray stress

constant is -100 MPa/degree.

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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13, wherein said ceram c contains a first conponent consisting
Sr, and Ti, at |east one conponent |east one kind secdttf CEMIENT SHER TS
consi sting oxide selected from oxi des | anthanoids) and a third conporent—
consisting R (Y and | east one kind of oxide selected fron1oxﬂngANf2mh(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 Iine segnent,conneciing. a N 3 L ghth

l'i ne §@gﬁ§hﬁﬁcoﬁﬁ€EﬁFﬂgaoFlﬁen?gt?ﬁﬁEHF?fﬁf‘fﬁé%foeggff%ggg%g%%n %%nnecting

a point (0 2) a Qi Nt (0.0 ) . JJ1 a range surrounded by said
fifth %ﬁ%ﬁ%ﬁI?'PSngoggeS%%n?g,h%%ﬁgwﬁgﬁﬁggfﬁfnconposition of said ceranic 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 100 s 0.6, where a is the nunber of noles calculated for said first
conpongnt asher WanubaktutDeg nhehiesa afs mlldmedaliaukayedné oot salalins r st
conponent as BaO, c is the nunber of noles calculated for said first
conpormnttoa26C @hiesetheantierobHfs eyl o grildatigneger§erTingf sLe® 25 r st
component as Ti 2, e is the nunber of noles calculated for R said second
conporteriwee@3 925 hevKepnfaht RARFDHi RG4S MFect i vel y, 02, PrOx3,je, Th07,4
and RO312 the nunber noles calculated for Mof said third conponent

BBi don A

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 + e)/(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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respectively, and g is the nunber said fourth conpone as Si 02. Sl\ﬂ)@jf\zmﬂ
and Tao 1 noles calculated for Si 17. The vol t age-dep CHbENT NeSMERTS
resistor ceramc as claimed in any one of clainms 14 to 16, wherein a —
conposition said first component and said at |east one corrrﬂ)rge%qo?mﬁal d
second and third conponents is 0.96 s (a + b +c + e)/(d ~ 8

vol t age- dependent nonlinear resistor ceramc as clained in any one of
claims 14 to 17, wherein-a conposition said at | east one conponent of said
second and third conmponents is 0.75 s f)/d x 100 19. The vol t age- dependent

I ' g 18,
\rlzﬁgrle'n%ar '%'te?ﬁzlp?io |orﬁfr ?rgpfcagggcgal O‘E)ﬂm% %m?our'(t:ﬁLl éoﬁ%g%eﬁh%g g/d x 100
s O %th%e*}e ovﬁolmtoa%g @ga@ﬂéseaangebﬂe@f L8584 St¥of RMponast Gkai med in

any one of clains wherein said ceramic further contains a fifth

CO”DO%?, szstbﬁs J a;lbd asndoRS, ki fdtRéroxasienasdadd)ed from oxides of
Vn éa Mo and W and wherein a conposition of said

f| fth;(ayﬂmﬂvfellys @ ishtﬂe nuﬂxﬂ@rsoﬂ. 000es Wecram latiedd tfloe Mupbesald, Cu,
Zn. Sc, In, Mo and Wwhich are contents of said fifth conponent, as Zn(3, Z
. MbORhiznd B®onent0852NBYs,: AAR@nTAGot WraRp ahvITdy -ofngd Goﬂﬁaﬁbedependent
nonl i near resistor ceramc nprising a step of perform g reduction
si nt eMuTPeTo °§bfﬂallﬁsacééf’3ﬁFEe€oﬁ?’él$fn©f Faidh L URTY SEPRGECPEARE one of
Sr, B%ﬂto and Ca and consisting of Ti, and a step performing reoxidation of
sai d drned ceram c generate a conpressive stress in a surface of said
ceramc, said reduction Sintering performng step and said reoxidation
perform' ng step generating a conpressive stress of 15 MPa or nore in the
)Surfa@Q.Sai ghechafiifadbeni B NetlRyd Sis &SI GRIE tiantanys ond00f MPhatiegr ee. 22.
The manufacturing nmethod as clainmed in claim2l, wherein said nethod
furthen tconpoi.seberedtepadd ewryhlagconteing @ ifdrstpopperngdtihat a wei ghed
powder has a predeterm ned conposition, a step of mxin the wei ghed
powderongigtapaopEt periBesi 7f Stal B2 niGhy B t'IHe #tx 48356 a step of

grlndlng onggkcoEEd 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 + ¢) 1in trilinear ccordinates exist

on a first 1ine.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, 0.3) 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 1=z 0.84 = (a ; b + ¢ +

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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object, a step of form ng the ground object, a step of 183 MO04 pé}ﬂod’m\gngﬂ
the reduction sintering of the forned object, and a sEEPIACPRIFIOrEmgrtke
reoxi dation of the reduction sintered object. 23. The nanufﬁcturln met hod
as clainmed in claim21 or 22, wherein said reduction sinterll dgJANr 284ni ng
step and said reoxidation performng 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 nmethod as clained in

cl ai mwherein said reduction sintering performng step and said

reoxi dation performng ste nerate a conpressiv tress_ o0f;,40 MPa or

nor e igriavdadeds £0& Gg gﬁigaggr h?%¢vﬁﬁﬁ?éﬂ%%%—ngﬁgﬁfegsiscé%%tant is -100
MPa/ degree. 25. The nmanuf in Gl s i eRPeaof clains

21 to”g’lf‘?’e\%é’ eimﬁllgst 3%%8?%%%%% ?%F?a??%r %o%%l(adgtl?%g Sg?"?g?{m ng stepis

bet wegn 8508 apdy 300G LI!S iR s2Ga1TR8a0BAUS S RIb N4 hadbaas cl ai ned
in any offé of clains 21 to 24, wherein a tenperature in said reoxidation
per f ol nesiteRsl Yohet veen, 9GG0,and 100YC amt|RMG)ydotdidr The manufacturing
met hod as clainmed in any one of clainms 21 to 26, wherein a tine of said

r eoxi dahiteanpadior meagestépels. B2ihovrs nymblegsef pgleFheahamld @ uring

met hod as clained in any one of clains .184 to 26, wherein a ti of said
reoxii&@iMhOgeﬁﬁéﬂnﬁhﬁrét%ﬁﬂkﬁ&%ﬂ%ﬂﬁil@??sWO&PdaHEbTB ﬁ8§?§°?¥%?ﬁ§1ve. 29.
The manufacturing nmethod as clained Jn.a 0 of..clai 0B.: a2 6, wherein
a ti m#ndf gs&thPgo?PBB?fo'ﬁ d@?f‘?‘ﬁﬁ c"gtaequ rs%%rb%tiwggngg}g %‘?J’?ﬂgnd 8 hours
inclu%%vebn%gt Igesg?nyfacturing nmethod as clainmed in any one of clains 21
to 29, erein a partfal pressure of oxygen in said reoxidation perforning
step is 0.1 atnospheric pressure or nore. 31. The manufacturing nmethod as
claimed in any one of clains 21 to 30, wherein said ceramc contains a
first segonpownRet meongastuntpofmastickaoicladmsdnént aneohenperead®e sel ect ed
from oxides of R (Y and | anthanoids) and a third conponent consisting of at
| east 28n&okBfd BhesRiBesakd| WAUUF (ARGAPGed SATRF(RB™BAESTL), and a
fourth conponent _consistin f oxj de _af . Si, [ el ues of a/(a + b
+ C) , cBPeénE$iBg+o£)o %%e@lig gr, EH.'E.. )i'.!a. an%. T§. a‘é’hfegkg gl@é (

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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and Ti, at least one trilinear coordinates exist on a |ine segnent 0|
connecting a point (0.2, 0.0, 0.8) and a point (O.OWMAC@I\@ENE!%EQG‘
range where a/(a + b + ¢) and b/(a + b + c¢) are larger thap sard -
segment, and wherein a conposition of said ceramic is 0.84 E § JAN-280H (d +
1.16, 0,75 s (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6, where a is the
nunber of noles cal cul ated for conponent as SrO, said first conponent said
first noles calculated for Ba BaO, C is the nunmber of noles cal culated for
Ca of said first conmponent as CaQ, second conponent consisting of at | east
one kind the nunber of | es 185 J 4 t | aid
first Id&FboRP RERT Gif@r‘g' i% Jtﬁgt%neuﬁlggr%%%f O%hgggga?gt{:g%%%é? gijLSR of said
Secon%aclggggaiat £33 ¥ BlRoo 0L a HE, & 15TRAELAuRBErREB, Ho1ed Of her

| ant hano respectively s the nunber of noles cal culated for M of
sai d Lhichdageapenentaass Noobd 2 ot tafipblenteapectdyedyisatideg i s the
nunber of noles calculated for Si of said fourth conponent as Si02. 32.
The manwbaet vEi nglaet hetlcabatddifued Tin cehyeadde fékst| apmBoRdnt @80, wherein
said ceramc contains a first conponent consisting of oxides of Sr, and Ti,
at | e@go;one teOnponammbEr »fsBedRE ééﬁrﬁﬁhéﬁ?dc%?r%ig%t?%g‘s%'fd &E9°8&st one
ki nd oxi de sel ected from oxi des of RiY and Idg%t hanqi0 ?‘)e and a third

sel'e

conpofeRPoRBREi 48i FHref G%%1e&ZPrhhe kTMd* FTPDH%E &t ed. from oxi des of

M (Nb_and, Ta and_a f h n C b SL i i,
whor oranghrtead] sPenSttire il end Hlibel BY o185 Slih R
trili @%f y° 88" di Pt B81£X| SSmpy¥heht idsS dosfie a8@0TROL, . CHOENEEE NGBy POI Nt (0_
poi nt .2, 0.2, 0.6), a second |line segnent connecting a point (0.2, 0.2,
'10.6) and g poi the(Rurdbed.dk blys calichivated er Stgoensatdnirecting a point
(0.1, 0.4, 0.5) and a point (0. 0.4), or a fourth |line segnment connecting a
poi nt cbfipénedt 42238804 point (0.2. 0.8, 0.0), or a value of a/(a + b + ¢)
exists a range larger than said first to fourth |line segnen

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
= 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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A
and wherein a conposition of said ceranmic is 0.84 e)/(mw@cmﬁmﬁgoﬁﬁ%%sa
b+c+f)/dx 100 s 10.0, and g/d x 100 0.6, where a is the nunber of
mol es cal culated for Sr of said first conponent as Sro, b is{ithejApirgogy of
nol es cal culated for said first conponent as BaO, c is the nunber of noles
186 1J 9 JAN 2004 calculated for said third conponent nunber of noles
calculated for Tio2, e is the nunber said first conponent as CaO d is
the noles calculated for Rsaid first conponent as said second conponent as
Y0312, Ce®2, PrO11/6 ThO7/4 and RO31z (other | anthanoids) respectively, f
Is the number of noles calculated for Mand g is the nynber onent as
57 2. AWOHIETRAE FaCOMPORIERER: PhePoLanbi BE GITAREAK FoP & POF Sai d
fourth 33. Th nufactucri i h cl Al e, d 0 layms 21 to
30, 0ei‘n-Esgi0 c & §ﬁiec£cg%t gﬁ%s&gm%?:r‘stlacorrpoéne%n%'%%%ﬁgidst%?%gﬁ%f oxi des
of SryBaunGacNdnli, cal, 1283SkcONge cOERONEN! MGy wiReBCRIFeCONSI Sti NG at
| east one ki nd oxide selected fromoxides of R (Y and | ant hanoi ds) and a
t hi rd argerenbrcenlidsEifdghl eanponast Ki e 0f0,px| dacel.ctneéd £rOm oxi des of
M (Nb and Ta), and a fourth conmponent consisting of an oxide b/(a Si,
wher eiNiovalcu®@s &hoa/ §&80+4/:b Fed),z. c§alma. cIN®/#. BIeRacyndrWPi-near coordi nates
exist on a fifth line segnent connecting a point (0. .4) and sixth |line
segnent connecting a point .3), a seventh |ine segnent connecting a point
(0'2’3%l5’ g'% ngggc%uggggtmgghod of a voltage-dependent nonlinear

resistor ceramic, comprising 2 step of performing reduction
sintering to obtain a ceramic, and a step of performing
reoxidation of said obtained ceramic, said ceramic containing 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 lantﬁanoids)
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 0.30 = a/(a + b + c) é 0.40, 0.30 s b/(a + b + c)

< 0.40, 0.25 s c/{a + b + c) = 0.35, 0.84 < {(a + b + c + e)/(4d +
£) = 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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0.2), an eighth Iine segnent connecting a point (0.3, CREPL@C@MEN)%
(0 a point (0.6, 0.2), or a ninth |ine segnent connecting .Ag gm ' )

=

]

(0. .4), or in a range surrounded by said fifth to ninth lin

wherein a conposition of said ceramic is 0.84 s (a +nd +c¢c +e)/(d + f) s
1.16, 0.75 s (e + f)/d x 100 s 10.0, and g/d x 100 whore a is the nunber of
nol es calculated for Sr of said 787 0 9 JAN 2004 first conponent as SrO, b
is the nunber noles calculated for said first conmponent as BaO, c is the
nunber of noles calculated for Ca of said first conponent as CaO, d is the
nunberSiQ:fz.rml es calculated for said first conmponent as TiQ2, e is the
nunber of noles cal culated for R of said second conponent as YQA/ 2, CeQz,
021/6 , Tb07/4 and 1 03/x (other |anthanoids) respectively, f is the
nunber of noles calculated for Mof said third conponent as NbOb/2 and
TaOb/ Bor.espatiel wahyfacandiggi Bethed nagrbelaigtedinesl@drc dBat ¥HeFBLnSh of
said fourth conponent as Si2. 34. The manufacturing nethod as clainmed in
any omengosditdioms of3Baid f3rshhePBPARErE o sTIt bR ofte&3i% °PPr st conponent
and said | east one conponent of said, second and thi,rdoc%gpon?nt_% Q 6 s (a
+ b +compogemtyof ppid gegpnd3gndThRIGH ¢RI IRy YeHdd Es '@ Ai Fed in any
one of clains _ 31 éo 34%, Y,herei n a conposition of said at |east one
comporfertt €94i'@ dednd and'third conponents is 0.75 s (e + f)/d x 100 4. 36.
The manufacturing nmethod as clained in any one of clains 31 to 35, wherein
a conposition of said fourth conmponent is g/d x 100 s 0.3. 37. The

manuf agt,ur i menkhiadaasueiagneethad any «einefd cllaiims 3830rt 8936, wherein
said ceramc further contains a fifth conponent consisting of at |east one
yki nd eheaxilde asebwpradtironrfxsatd o¢ leastigme component ol said

second and third components 1s 0.75 < (e + f)/d x 100 s 4.0.

41. The manufacturing method as claimed in any one of claims

38 to 40, wherein a composition of said fourth component is g/d

x 100 =< 0.3.

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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)

0 9 JAN 2004 and wherein a conposition of said fifth c8Eje
x00 s 1.000, where h is the nunber of noles cal cul ated for
Ni Fe, Ga, In, Mand Wwhich are contents of said fifth conporﬂarﬁ 2
Li OLi z, NaOL12, MO CoOFJ3, N O Cup, ZnO ScXB1lz, Fe®3l2Ga®", | nOBJz %O
and WO3 38. A manufacturing nethod of a vol tage-dependent nonl i near
resistor ceramc, conprising a step of performng reduction sintering to
obtain a ceramc, and a step of perform ng reoxidation of said obtained
ceram c, said ceram'c containing a first conponent consisting of oxides of
Sr, Iggg& ggg ecConponent and Ti, second conponent consisting of at |east one
ki nd oxrde sel ected fromoxides and a third conponent consisting R (Y
and | ant hanoi ds) | east one kind of oxide selected fromoxides of M(Nb and
Ta), and a fourth conponent and wherein a conposition said c) s 0.40, 0.30
s b/ (a4t b *he)manOr46tufiPd metdidd as [vlaipgeds i0. 38y On@4oE ¢haimy + ¢ +
e)/(d f) s 1.16, 0.75 s (e + f)/d x 100 s 10 nd g/d x 100 s O where a is
t he nagbee eﬁ,mhesﬂzaléut%mwéﬂﬁ%r%dr?pm &gxs%etigal BeFf9ER1%%e nunber
of moles calculated for Ba said first conponent as BaQ the nung nol es

cal cuksiepdisobetdcer 2897F fﬁ”rdstl‘:’é(?nﬁoh'éﬁ%“’a%"wd ¢ |tsl“’teh8 ndfHEr of rml es

cal cul at ed sald i rSt_conponent, % &gg %‘gge
et 2

cal cufFgPB4< ?B{L‘”?Q BF- S%.]I: B csgéﬁ gne::.n hentaes YO 12,78 %‘ 176, TbO7/4
and R?n{: ?;,Qer | ant hanoi ds) respectlvely, f is the nunber of noles
cal cu 54 M of said third conmponent as NbGs/2 and TaO, /2
respectively, and g is the nunber of noles calculated for Si of said
fourth conponent as 189.

45. The manufacturing methed as claimed in any one of claims

38 +o 42, wherein a temperature in said reoxidation performing

gtep is between 900°C and 950°C inclusive and a time of said

reoxidation performing step is between 0.5 hour and 16 hours

inclusive

46. The manufacturing method as claimed in any one 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

191



[

I et TR T
0 9 JAN 2004 Sioz . 39. The manufacturing nethod as clainmed in clwanﬁﬁ$fﬁ
wherein a conposition of said first conponent and sai d | east dhd ggmpznﬁnt
of said second and third conponents is 0.96 5 ¢ + e)/(d 01. 40. The
manuf acturing nethod as clained claim38 wherein a conposition of said at
| east one conponent of said second and third conponents is 0.75 5 (e + f)/d
x 100 s 4 41. The manufacturing nethod as clainmed in any one of clains 38
to 40, wherein a conposition of said fourth conponent is g/d x 100 s 0. 3.
42. The manufacturing nmethod as clainmed in any one of clains 38 to 41,
wherein.sai.d_ceram t nt.ai j f I a Yo, 100 s
1. OOO,Qr%ﬂe?'gghgi (gg}ﬁjé;‘%ﬁnggée o?' n%l%pgzﬁfcﬁogf%ggf g/geug?oyl\}l‘q? <OC0:,‘ | east one
kind gf sQ¥bdgsSpbeesedihs OFh&eredifoingh \Wintieghngr 6£CeALERbEned said fifth
conponent, "as L101/2, NaOlj2, MO CoO4/3, N O CuO ZnO SC3B12, Fe(312,
GaCB, 3bjba€31dnd Mo Bt apdoi\Oder f@rnithe thEnufcactidaitdgnnmet htide as cl ai med in
any one of clains 38 to 42, wherein a tenperature in said reoxidation
per f ormdngtist epintebed wlzie@50C and 900C i nclusive and a tine of said
reoxi dation perform ng step being between 0.25 hour and 32 hours 190 JilL
f\1 fl- TIN O 9 JAN 2004 inclusive. 44, The manufacturing nethod as
claimed in any one of clajns 38 to 42, .wherein a te L af rceldiqnssald

reoxi 88ti onTPeriHR '?ﬁf“?ﬁ?ﬂ;W%ghﬂa\ﬁgeﬁlgaﬁésaﬁa B80T T nel usive and a tinme
of sal ¢Leoy! dghl ou RoLL £F Mo GRriFe30 BREVEERs 0a 1o bOYToNd 32 hour s

i ncl usrve. e nmanufacturing nethod as clained in any one of clains 38
to 42,9864 £l Nr v LRADEF B LINfowde S FiR@XodamiRingether v Dghedtep is
~ between B00C and 950C inclusive and a tine of said reoxidation performng
ystep powhetyeensep dbwemhorrlihdaalsiningl i vbe 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 continuocus 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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46. The manufacturing method as clainmed in any one of ins..38.t3 B2JUl 7
_wherein a tenperature in said reoxidation perform ng %@EE@V@Q&%C

and 1000C inclusive and a tinme of said reoxidation perform ﬁg ste ~

bet ween 0. 25 hour and 16 hours inclusive. 47. The nmanufactu |91gj tMPh as

claimed in any one of clains 38 to 46, wherein a tine of said reoxidation

performng step i adjusted to control a varistor voltage value. 48. The

manuf acturing method as clainmed in any one of clains 38 to 46, wherein said

met hod further conprises a step weighing raw material powder so that a

wei ghed powder  has _a redeterm ned ¢ si t.i_an, p of .plxi t he

wei ghéd S56RdEF, PgrEP’éBEBF %%f ]orﬁir}‘li%g“ga % rﬁn}lrf%ﬁopgfvﬁégh‘i gesd%%v&rj%r, a step

191 09 r%'éli%gvoé 9?&@%?8 Bo5aLEl Nech Y @t £camibeP et §05EAO%E gy ound

obj ectt 18NS ep of performng the reduction sintering of the formed

obj ecty, 3R9 BrShEPsOEmPRY T P& M HEL I & IrADYiIfat io@ntak Ebemed esbipddton sintered

obj ect. 49. The manufacturing nethod an clained in any one 38 to 47,

wher eigpasal ¢tBpt BedpédFbheing gt Skt javrs togp thleairdunkighi sitntemedat eri al

powder, a step of mxing the weighed powder, a step of perforning

cal ci pbdgctf, shedngxéodpogderep abefeR%[?erfoa‘d'GianOatgaFtaoﬂ%ﬁ‘ﬁ’éﬁts so as

to adjust a conposition calcined object to a predehern‘i ned?co onent, a

step §urAgeRgarae 9fj 8AFRIBHIRALTE sy IS RGOPRRS g %tu“Fr?(;erbbj ect, a
step of performng,he reductjon _si.nteri f ol hash sand a
step 8f 5@?%52%'3 }t%elnrcg'gjxsi %éat'i g'%lgf %f)klggngesd%c i%&tnl_s té&?d obj ect. 50. _
The ”%ﬂuftfigt Hbh B9t FEL B OLn&Se Shid dTRSh et 1AMk OB sO0be 8 8bNE2, &8 drn 49, wherein
sai d reoxidation performng step conprises a single continuous heat

)treat Aedb BreseSnclukiveéle manuf acturing nethod as clainmed in any one of
claims 38 to 49, wherein said reoxidation performng step conprises a
plurality of separate heat treatnent processes. 52. A manufacturing nethod
of a vol tage-dependent nonlinear resistor ceramc, corgpri Si ng a step of
wei ghPAg r afv PeRefseturipgdeathaght af n? nfe bk Y AG GE8RT| east one
of Sr, Ba _and Ca anpd consisting of Ti sqg_t [ has a
predngF’ﬁf’ﬁ%ﬁ %%ﬂ?)%g‘ft!%%nfpralss_ ! aofg-l;a x?ﬁgt}?%ggﬁ?gﬁ%qﬁo%egl 192 09 JAN
2004 Bo3hEP ObnPELA i O dH WG Akl B HbxEdapEVERL 0f slCarinding
cal cihed object, a step of form ng the ground object,

and Ca and consisting of Ti 50 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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a step of performng reduction sintering of the forne 1
of perform ng reoxidation of the reduction sintered B kE 2&%@&@&1&@ i

step being performed so that a specific surface area of eac| Qr i 283‘& er
the grinding becones between 0.5 and 5.0 n2/g inclusive, said formng step
being performed so that a density of the fornmed obj ect becones between

2.80 and 3.4 gahpiBadtReh HIv:hoa3as AcBRbaCH Llfllaflﬁl sethod30f a
vol t age- dependent nonlinear resistor ceramc, nprising a step of

wei ghiHigreal fetde CRARNL G GRASAIED M aﬁlﬁﬁﬁgcqasa%sgtcwl@ttﬂﬂ@%ﬁ at |east one

of Sr...BResabl 49 8nd EOnSlusti NhOfedkt Séhd RBhpansvRi Gred pawier has a
pr edet er m ned corrp05|t| on, a step of mxing the wei ghed powler, a step of

per f ordAMBgNeRt GORPREE Y ek Jx%?ftp%ﬂelfm odt %ﬁl%ﬁjcﬁeﬁﬁc edhdeMof cont ent s

S0 as 4:qqded] d8tr ayCoRPORinthQRo £ )CiaR@da Oftiiget conssiaingr BbRedGagponent, a
step of grinding the adjusted object, a step of form ng t he ground obj ect,

a stepf 6f PRATOPAE N @dic P sﬁeﬁﬁéF?‘F}gfr(?F“ PHEFD 0% and a step

of perfQr MA@ o eexttatdaPonhit tdgish 8dued iddn agl @ﬁﬁi@@@bwcgnd sal d grinding

step being perfornmed so that a specific surface area of each grain after

t he gmhﬁdﬁh@ Heevpesl enwesnsoid cananis G loailfigﬁ|6\”(<:(Iau$|1f\’/erF daikd forning

step g for sothat a d sity,of t for d_obj ect. .becones

bet ween Q 8@ lg?gao /b Y i%hér ggl v(}e 201§3°¢ 6?39 &226844 ?4%0The

manuf aceurt ng mat)hpd: aseW@dl med)i R €l@d,mpk250¢ & wheygdnk Sapdcceranc

contains a first conponent consisting of oxides of Sr, ha, Ca and Ti, at

| east 18ne, chorent 190 & Gcomdereorpondhe eorEirsifngolds at | east one ki nd

of oxide-5el et edy 14,00 Qéi&leﬁr%ft BoplrRd Landhanei ds)cnand a third
)corrponent consisting of |'east one kind of oxi'de sel ected from oxi des of

M ( Nbaweler ) mOlfaﬁ&aéCfléﬂ?%% fesnBanehtsadgnsi 514 reTePRERt @8 de of Si, and

wher eggoa &qugﬁétﬂxﬂi%egfo§3fhdie%eE:§ﬂ&ﬂalt%d0féQ ca ¥ 8atq brids40, 0.30 b/ (a +

1)+c)05 0.20 <c¢/ (a .3, b +c) d0.50 0.84<(a+b+c+e)f(d+

f) < c‘.’{mli@e“é ¥5 FQed+if)they numpeprt pyles %]&”dﬁ&eﬂ P TE 8f6, where ais

t he nygberrioktmobgsonecaal s81latgy & ofs She OhuRird ofi m61es£OMpoOnent as SrO, b is

the nupber of poles calculated for Ba of said first corrgonent as BaO c

c

i s t hEHhEerdofondl 85 E%Jr FSSPBE FOWORE 6 2% af B/ or i FeY2r cohPetient as CaO, d
i s theboypaed Rxﬁ;,,zl’mbEBeﬁaﬂanithabeﬂdsf)Ol‘re':EbeciSJaiedyf,i Fsis corpanadr as Ti 02, e

is the_.nunber o tedf R.,of said Seco omponent as Y03; 2,
cace Serteraeslaligr £8t ek 5518 iR batirtstaas WhEanae

2170 ﬁbc?lvely IS the
nunbeTaOs.oa‘ rﬂabecstlcfaﬂyulatda@ fior thé ofwr@alrdoif hncrl@scoapmﬂemedaSONbCBM and

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 + ¢} £ 0.40, and 0.25 < c/(a + b + ¢c) <
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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TaCSi z respectively, arid g is the nunber of -noles cal gEPRleS: _ﬁéﬁ%ﬁ%ﬁ%@
said fourth conponent as Si02. 55. The manufacturing rre"t"ﬁ“d“

claim 54, wherein a conmposition of said first conponent is 0.3@ & N%letb
+c) 0.40, 0.30 -< b/(a +b +c) 0.35 0.40, and 0.25 c/(a + b + 56.

manuf acturing nethod as clained in claim54 or 55, wherein a conposition
of saigdfirst conponent and said at |east one conponent of said second and
third conponents is 0.96 < (a+ b +c +e) / (d+f) <1.01. 57. The

manuf acturing nmethod as clainmed in any one of clains 54 to 56, wherein a
conposig,i omrhef msRkth@dirk €asict@be £0MRARBH in fanyabfle SeCeNdiand third
conponents is 0.75 - (e + f) /d x 100 1,94 0 9 JAN zoo/i 4.0., 58. The

manuf adt GPi Pl APERBH &5 C@F“QP%@qnnogﬁla%éoBFt}&I%ﬁn}Pé’neBE 1o ®2 wherein a
conmposi tpenc qf zsaid fourth conponent is g/d x 100 S 0.3. 59. The

manuf acturing nethod as clainmed in any one of clains 54 to 58, wherein
said ceramc further contains a fifth conponent consisting of at |east one
Ki nd %fg OXlrﬁs dﬁa%{ﬁ%fc%qriﬁmet%adaeé Qhihbq DB aphNondite Miaifd, Zn, Sc, Fe,
Ga, wherein a conposition of “said fifth conponent is 0 <
h/d x5419® 553_: rheoein iddechramic RErfgtacnppimplaediéhhcul ated for Li.,

sa| q flo%rqtgﬁnerM coft¥i sthhg §‘f afeieag@ <31|1<£l klpgooﬁn&l\&IeV‘@b@Qc@e[c? frgRNtents of

conponent, as Li Ol MO, CuO Zn0O

Sc03i OxifRTByt LiGakes/ Mn, |ﬁ@38 I@l Qﬂoezlarnéwgf %5 InAB‘%CrFeai@TW@F THE
D SCLQ%?{:JR%A&QHQO&AP%SE%;QH%@ 1,63 BaseA 1S QBLSANHCAr gvani st gr - ceranic and
a varis nay contaln i rst conmponent consisting of oxi des of Sr, Ba,
Ca andodis 1at00beaﬁie1@na ﬁ:@ntpmanﬁnb@f & meesn@hmn}aoeemOmmﬂsl sting of at
)I east one ki nd of oxi % {; des é anrole | ant hanoi ds) and

t hi Far EomEnetit- dlr‘isizgtl 1e§§t 8n% m?ﬂ' oXide sel ected from
OXI desocnterMs( N a&tdj'lfa)fj:hacminp@nkﬂurté’s daepenevHo, conNBnGt ig.ef an oxi de of

Si. The.c m u ant i c ai nin nposition of the
ceramgc |§Cr 8? rtO”Zil(%J}d-?X"b 8£Ic3)’2'[ errj ’2'0% %%@g ferr] b/(a + b + ¢)
[err] 0.50, 020<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] 10.0, and g/d x 100
[err] 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 cul ated
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for Ba of the first conponent as BaO, c¢ is the nunber of i%&ﬁ@%ﬁﬂ'ﬂ‘%{ﬁﬁﬁg
for Ca of the first conponent as CaO d is the nunber notes—catrcutat i‘,r‘:[

for Ti of the first conponent as Tiderr], e is the nunmber of Jndl AN 2004
calculated for R of the second conmponent as Y(err], Ce(err], Prgerr],
Tb err] and RJerr] (otehr |antanoids) respectively, f is the nunber of
mol es pahrantaterd Thar pMardosuke  third corrponent as NbJerr]and Taderr]

respectively, and is the nol es.cal cu ed for Si of the fourth
conponent &s SORPG Iy PSTAVE %%ﬁng??ecp SEMSGIRIHE Giss ag%{\ Sgcem conduct or vari stor

cer anicerafdc andAni $401s Ry napnsirstaiof a atidstasbmpmernki ndnefst@ng  Ba and Ca,
and Ti . and have g suface provided WL ongClRERRLY S0 B eSS

second component consisting of at least one kind of oxide

selected from oxides of R (Y ana 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. The ceramic substantially containing no Mg. A

composition of the ceramic is 0.10 < a/(a + b + ¢) < 0.40, 0.30
<b/la+Db+c} <0.50, 0.20 < ¢/{a + b + ¢c) £0.50, 0.84 < (a +
b+c+e)/(d+ f) <1.16, 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 Sr0, 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 componeht as Ca0, 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
YOs;2, Ce0;, PrOpiss, ThOs,4 and ROy (other lanthanoids)
respectively, f is the number of moles calculated for M of the
third component as NbOs,; and TaOs,, respectively, and g is the
number of moles calculated for Si of the fourth component as
Si0,. A composite perovskite-based semiconductor varistor
ceramic and a varistor may consist of at least one kind of Sr,

Ba and Ca, and Ti, and have a surface provided with a

compressive stress.
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