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The* i nvehtors of the present Invention discovered the follow ng facts
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vari storfunction manufactured are determ ned during this process. The

pur poses gg the process are to enhance adhesive force between the materi al
of ceram c capacitor with varistor function and material of the inner

el ectrode, and to adjust sintering density, uniformty in the texture of
sintered body, and nean grain size of the crystal particles in the grain 6
EPO 426 6531Bl1 boundary insul ated, of the sem conductor type ceram cs of

| am nat ed ggeram c capacitor with varistor function manufactured. The rate
of tenperature Increase was adjusted to 2000C hr or less In the degreasing
and cal - cination process because the slower the tenperature |Increase was,
the nore desirable results were obtained after the degreasing and

cal chpation process. 5 The tenperature for degreasing and cal cination
inthe aiMis |limted between 600 and 1 2500C. Wen the tenperature is

| ower than 6000C, the process is not effective enough and when the
tenperature for calcination exceeds 12500C, electric characteristics and
reliability of the capacitor will be |argely decreased because of the

foll owi ng reasons; (1) The ceramc capacitor with varistor function is
sintered i*hstead of bei ng cal cinated by heating at this 10 hi gh
tenperature range. \Wen the capacitor sintered previously in the air is
subjected to sintering in the reducing atnosphere or In the nitrogen

at nosphere, the sintered body shrinks rapidly and suffers con- centrated
stress, thgreby producing de-lam nation and cracks In the | am nated ceram'c
capacitor with va- ristor function. (2) Oxidation of Ni as well as
sintering of ceram c capacitor with varistor function wll proceed at the
sanme 15 time when NI is used as a material for Inner electrode. The
sintered body reacts with Ni followed by the diffusion of Ni, resulting in
breaking & inner electrode, de-lam nation and formation of cracks in the
| am inated ceram c capacitor with varistor function.
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(2) The material of A he~ceranfc §apac r ﬁith vdrngt or| funct4 Brgi s
facilitated to be sem@enductE&vg. Thelse lpheno end edt aill_the lens in

| ami nated cerami c capacitor wbth vari idn WitH respdck So electric
and mechanj cal charagferistics, 'c?oan e_Ni8d &ff @ eclﬁ’§1(>.al
connections in the itpe® el ectr pffes Jedn_s f_the cerpli@ sheet,
occurrence of crackijpg ®n ceran| & s nplletd rero i on of
ceramic materials. Comsgquent -when t s per flor nied @n

at mosphere in which H2 concentr p+6# 45— seo, Tt f@rable for
manuf act urssng a ceranijc=capacitpr with gfr | & character s%&s‘-’that
sintering tenperaturefr¥nge 1€ e=al {19 r<(1L0EB0 SOn the
contrary, ceram c capgactorwfth vari-'isfor unic- ?qn ifs rathﬁr difficult to
be sem conductive whep Tt is sihtered ipl N2 atimsphelre far I n an at nosphere
contgining a snaller amurR off H2 gas} Ther fj:e, t matefial is
preferabl ysintered im & |4t t$e| hj ghel tenperaturie rlange ([L3000C- 1450WC) .
H2 concentration rel afi%e bo N2| £ nopt preferfablly in the fange of

99. 5: 0. 55N2: H2595: 5. {50 g ©The, mexpd powder chl.c éat ed in the air.
Cal ci nati on process perif"orgedﬁi N J\2—al mopghpee —CPR f med, however, to
be advant ageous al so. W:,th T egat dv t @ } b} e} ox| eal Eohcpl eckss, the materi al
was re-oxidized at a predeterm hed tehpel ature| of 11poolc. [he t enperature
range of 900-12500C I g dl so. advhmt agepus| fof re-oki datipn jo manufacture a
capao- itor element wijth desitable chpragtefistics. Mheh rp-oxidation is
perfornmed at the highgst-t rature hf _B5 12000C br rk, the duration
of high tesperature shoul d_pe_apzsor| mpeppsas| & pe Ohpeay| se, not only the
ma- terials in grain tK#n rig g‘u'g al 8| &7 V& p&S p&a| &| & p oxi di zed and
made | nsul ati ng. Wen i ef%®r {Melinher|elbcttode®rhterial,

prol onged heating at 12000C or nore for reoxidation wll oxidize netallic

Ni itself. Therefore,

duration of heating time at higher tenperature for

reoxi dat i én sho#s dbstribedin Tabfeut| tapadit@oe-temperat@rdte of yarition andiiriSlorddifag6 teBipérdture coef-
ficient are improved by adding component d), Na;SiO;. Na,SiO; works as a carrier to diffuse liquid phase of
Mn, Siand Ti ternary oxide system uniformly in the grain boundaries, thereby forming distinct interfaces among
the semiconductor crystal region and a high resistance grain boundary region. When the relative molar content



possi bl €. Ag was used for the material of the outer electrode in the
exanpl es. However, Pd, Ni, Cu and Zn was con- firmed to be used

advant ageousl yfor the same purpose. TRROM¥EEIBH| forthe outer el ectrode
conprises at |least one or/nore kinds of Pd, Ag, Ni, Cu and Zn, and all oys
or conposi ti ogfaddal N&SIOY)is ¥sdtian BU5% the Grebts ofaelaifvalis rdt cleat 41 feWBinSrbvertient® in chie-
out er el ect r Cigice-tafiperdtiré R6I ohirigtiop ahdvatistar Voltage terfipefiisi@ toéfidient AreloBsrvéa.WHeh Rlative
vol t age becausdarichtentefithis Sonpbrent iSover2.0%,i NabSiG, I vhich serve®idsca @ltiat, @ill e il excdss inigtdin
t he capaci t or boghdarieswherebipdeereasing cépaditatasndvoltdganandinearitysodfitcientas, intréesing equivalerit sar-
| s not =i nf§ ueireresistarice (ESR), decreasihgsintering demsity vt degrading mechhmicabstrergtiof t he powder
mat erval of | anmAmiturelofdlasQand i sanalsobe nsedias ¢pmponeni) ipstedd ofNa-Si0s SingsmNd.Qds-a very
tured by the \isiable epmpaundiapddngonpgass seadiysiutingdhecsinering precass, i is Hiable togcatter gr diffige F’Fﬂ
Wien cal ci nat'?‘ﬁﬁt"Pﬁphﬂ'eHP%'%fF“W ajqns imiba mapiiactiyed sintarg bodyr Merpeyeke jt washconfirmed, thp

sintering of Mg w Nt ioryindsrthe 1agd of high {emneratiu and high voltage,entails degradation

eratd and "®or é%’é’ﬁf re Ggﬁ T'BFfffﬂ%ﬁf ﬁ‘l"eﬁ’ Ya fop fr apreiEe adyantepeaysly P Rdfiagite fagin the
t

or obl ot QOi:m.gt @wnar@sv o P S BT g S epon il oy

decreasing In e non- Ilnearlty coefficient ca, decreasing in

equi val ent, seh ey a‘,'gsi stance (ESR) and dispersing in electric

char act er i 'Sti ¢S ne iR efaRpBWhdre mgaa&@aééamfomeyw.mtdugoﬁmvmmwa%em&aphm
el ectric char il varistc funBioh s fnufbidfired 8Y L sinhifad/meth EH&Qﬁbe i6L3ly [ ThE amount of the
capaci tor | naguasddmpaeft dj, NaROA Whd éaglstedlﬁﬁ%han @Q@fmlﬂi iPBxdnfpleAUAVB atia 5
conmponent d) aﬁq,cmna.ecfa‘m was\ixéd to 0.07; 4R5814tive Eoiteht bf u&dnh]ﬁﬁend@wdeh NiLGs[was fixed
ref exgnce 2b 0 tB%Ithile thasREPLompondhicywasfixedlto ®F6A MnOs afiEsIO,, REpectively, the total amount of
vari st or f unctwiish was fixedtr2.0% Thareadis brg lisied imTabwi2m | ar net hodsdescri bed and t he
anount of the added conponent d), Na2Si O was adjusted and changed
variously. A/Bratio of Sr(1l. x) CaTl(G3, X = 0.10, was fixed to 0.97; the
rel ative content of conponent c) added, Nb2Cb6, was fixed to 1.0% while

t hose of @nponent a) were fixed to 1.0% for M2 and Si 2, respectively,
the total anmount of which 25 was fixed to 2.0% The results are listed in
Table 1. 30 35 40 45 50 55 8 EP 0 429 653SBl so~~~~~~ ~~~~~t
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Cc)o
C= 40
descri bed

. . .4. C V4 a C _ C4 4cC
ai co z C Z 2 la 1s""s > 55 As
in Table 1, capacitance-tenfR9428EBt ate of variation and

varl stor voltage tenperature voef- ficient are inproved by addi ng conponent
d), Na2Si O Na2Si B warks a5 . a carrjer to diffuse liquid phase of My, Si

and Ti ternary oxide gystem uni :grn1y in the ﬁrai n RQoundar]i es,

t herebyform ng distingt interf &Mans eonN@dtsr] crystal region
and a high resistance|grain boun Q r i Q1 chr &hesriel:dti ve nol ar
content 985 EP 0 4291653 Bl of| add¥d N4286i|08, {dss |thgn 0.05% the
effects$ of the additiye is not chear land fewurpﬁovqn"erts I n capac-
itance-tenperature raje of vari@tTom Mg vgrigtoT Ft4ge]t enperat ure
coefficient are obseryed. Wen @l atije jnoljar cortth gf tlhis conmponent is

boundari ed? wher ebydegr easi ng clapa Hqe gl \rpl F}i(e“ndﬁ

lin ty

over 2.0% Na2Si 8, which servds\a SqrPiler,| RUIP [BE | excesaln grain

coefficie

ntol, increabing equiViagent ser - !3 lles {regi stfande (E

decreasing sintering fegsity and_degriadiing ine ar| cal dtre ngth-l m xt ure

of Na20 a
Na20 Is a
sintering

nd Si 2 can pl o be usieg as [corfporient] d) inst¢ad jo g i 3. Since
rin

yery unstabl e conpourld am {dQdealesgssleadidy Al %‘u
process, it|liks |iabl “ Edaet|em [on [@R |3 EN [ 1Pq t hef] & nospher e,

| eaving few Na atons | nthe na Pact Ured si nt¢red bgdy| Mireo@®™ it was

confirmed that migrat|ea of parfrtrartyTqnZedNajL ffomjonger th& | oad of
hi gh tenperature and hi gh vol t gge entjai l{s degriad tiqﬁn 10 {of ampacitor
chargcteristics. The pffects of| added Tg g rig.ig RViDe B ddvamt Sgeousl y by
adding the ion in thefTorm of amc_gzpljjunc Wit h{Si @2. {1t jwag corgfrned that
Na i on should be adde®o the q gl ot rrpoq‘n of
Na2SlI O% (Exanple 2) 15Next§an<exanplg wher ¢ dde
conponentd)w | | be dep cﬂribed Alafm'@atge B4 r-alfics : éu,,, ri stor
function ®&s manufactyred by ygi g Sifilidr TR oIS d&2 ;ed _ausously.
The anmount of the aQ;dFd corrp g d),| N4AI @2, j nged
variously as is des® gzadln lanple 1AL - »g , X =
0.10, was fixed to the<? glagti vg cqnt ¢ @)= added,
Nb206, was, fixed 20, Q1. O%J‘\/rl}:eft\koee vof s taﬁag to 1.0%
for MiQ2 and Si @2, respgctively, te8t]ak wag) Biged to
2.0% The results aref ILsted &r ‘Y‘ab‘l’é 2. 23 3 55-{;3‘3 EP 0429
653 Bl ¥ o gga
2 382
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As described in Table 2, the first advantage of adding NaAlO,, to the ceramic material is, just like the ad-

85  dition of Na,SiO; described in Example 1, in that it improves capacitance-temperature rate of change and va-

ristor voltage temperature coefficient. Na atoms in added NaAlO, work as carriers to diffuse liquid phase of

Mn, Si and Ti ternary oxide system homogeneously into grain boundaries, thereby forming distinct interfaces
among semiconductive crystal grains and grain boundaries of high electric resistance.
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4. 11 \.o Second, voltage non-linearity coefficient o incréased and lequivalent series resistande(ESR) decreases
M Ul.1 C M byiding NaAIObecause Al atoms in NaAlO,\s solubilized in a solid state into the crystal lattice, thereby
ril nl el nS - C dec@asing electric resistance(df pr%tal grains. When relative molar content bf Added NaAIO, is less than
C - - 0.05%¢ cheractefistics of the capacitor are not mf@er{ch desirably by the additive; giving no improvements
e oo §  in capacitance-tempsraturg)yrate of ghange and varistor temperature cqefficient, nor incrggsing goltage non-
~u ZU~’ 5~ linegrity cosfficient ¢.jand ot depreasing eqyivalent geries fesigiance (ESR). On the other hand, when relative
4]- - 0 ~~~mﬂﬂsﬂn&nldM3dmg exceeds 4.0%. whichmgans it exceeds the saturated solubility in the crystal lat-
_ ~’C UDq tice,: %e‘st gates inthe gram ngalqgs hereby*in Iectric resistance of the grain
_ bou aries and ence decre mg cap tage non-lmeargy cle\t o r?pldksand decreasing

gozbdf"ﬁ‘%é‘” °f1“’° it { f

escribe n and. %II 3 gs goppgneg D ls a very
ceram c nat er| 3 ; in §c%té usg
Exanpl e 1, nm T e I%f , .t
va- rlstor vg Igf'é%o?ﬁamﬁ‘ﬁ iZéll Ra** BF rIdIa Edl&‘d?ﬁof I%Euré dﬂ e&IQJ on
as carrierg tg caiabifobSharabtbrittidsOTra RASEs ?hdd¥iINa ish isf?s id adbéﬁsaa@ow dbifg Y Bh fithe

hom)geneousl yfomfaogﬁ@uﬁaobnm;\rl es, thereby form ng disti nc [ nt erfaces
anong ser ni condutwas sbififed thittNa .afsaomwbeaaabdg:rm atbr@in thaifdrmer Homporild oNaARL, | C
resi stance. EP 0 429 653 Bl Second, voltage nondinearity coefficient a

I ncr eases andEgampledyl ent series resistance (ESR) decreases by addi ng

NaAl Q2 beeause Al atons in NaAl Q2 is solubilized in a solid state into the
crystal | atti ceAnexampleyherelldSitasipardeg astomponentst) wilk be desaibesieA leininated cerariic cgpagikanwith
VWhen rel at i vevarigiprdunciioniwas manufactured die dsingshmilar methade describadaboge 498 dhe amount of the added
char act eri st i e5iQfwap adjustad|and tharged varigusly@s isjdageribed indxemplesst and B AJB rgtjo of Fitp- »CaxTiOs
additive; gi v*n&“h&a‘?f I’IS\?@FIféIFﬂ’S'atS" confet of epmpeenteh added. MhyQe i [ired to 11 %whip those
change  and®y affdmye SRR o XA 5 S PSR g i
linearity. coe‘I’aIslI'é?dé?l? Fﬁi”"f?(?f“'ﬂ'éﬂ"g%%g equi val ent series-resistance
(ESR). On the other hand when rel ative
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mol’ar cdntent of the additive exceeds 4.0% which nmeans it exceeds the

saturated solubility in the crystal

excess NaAl 02 segregates in

the grain boundaries, thereby increasFh§4M68¢8tic resistance of the grain
boundari es and hence decr.easi ng capaci tance and voltage non-linearity
I cal

coefficient a rapidly and décreasing |lo

strength of the

capacitr. M xture of culemes asj|cofponent d)
i nstead of NaAl102. Sinkce Na20 i S and deconposes
readily during the sintering prd er or diffuse
Into the af nosphere, ljaving fev ed sintered
body.-Kbreover, it was} confirnea y. loni zed Nat 1
i on under the |oad of jhigh tenp ‘ai |l s degradation
15 of capacitor characteristicg. The ifon is provided
advant ageously by addijng the ion of NaAl 2. It
was confirfred that Na § on shoul g In &#® formof a
conpound of NaAl Q2. (Bxanple 3) | 2SB@ i s added
as conponent d) will be~sescri b i t h
varistor function was j&hufact ur ri bed above
and the angunt of the jaedled L2Si i ously as
| s described in Exanplies-1 and 4. 0.10, was
fixed to 0.97; the relfpffve cont , was fixed
to 1.0% whil e those 25 lof conbi 1.0% f or
M2 and S102, respect) #ely, the to 2. 0%
The fesults are listed Ip Table EP%’O:429 653 Bl
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55 As described in Table 3, the first advantage of adding component d), LLSiO;3, to the ceramic material is,

just like Examples 1 and 2, it improves the capacitance-temperature rate of change and varistor voltage tem-
perature coefficient. Added Li,SiO; works as carriers to diffuse the liquid phase of Mn, Si and Ti ternary oxide
system homogeneously into grain boundaries, thereby forming distinct interfaces among semiconductive crys-
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co CM55 As described in Table 3, the first advantage of adding
conponent d), 1-68i03, to the ceram cERAAMEEPYi s O just |ike Exanples |
and 2, it inproves the capacitance-benperature rate of change and vari stor
vol tage tem pAjrddsah®graivbdufdafiésoiiiigh efediiemsibtant&ivViBen iafileSnol contefitiof Ai&d Li,8i0; is less
di ffuse the | thguo.06%) lehBartenisticd/bF, theSiaparitdl arel not isfluesdey desitablicby shecddditve, giving no improve-
honbgeneous!| ymens in cgpaaitancetempetiure eds of ichemge andf verstar kegpperatuitel aoefficient tOprthenotiees hand,
anong semi cowbknaelatiye molasnterit 3f the addfivg)exteds 8.9%. B4 amaeunt of cariier4..3iQgingyeanes, thereby
boundar.i ess of désregsingchpastanpeand vollagetnaminearity/geefficipnt p.dncrepsing ativglentsriesaesistante (ESR),
added i 2Si oeandslevrea;@gﬁlmwe@s%nquemaleﬂetﬁnstbpﬂge@pathe capacitor are not

i nfl uenced deS| rAdirtyre R0 qed $iBrap plgabe uged Assemaenert dinstepdof '-hi' §'“?°d-‘2° is a very un-
capaci t ance- t S50 ‘EH" a‘?"é’?‘é’"\ﬂ?“&ﬁ&#g%““ﬁ%@" ?&‘F’f"ﬁ?‘@?esf & °”’itff“s° '"t°ttlh°
Ce e S 9?;%% e e
decr easi ng ca r'?Bf?pfw %dardvﬁnyg%wg\'?yag %t ° "'"thﬁcr"ggfsﬁ"ﬁ@"
equi val ent se ﬂ%: | density and

mechani cal streng‘fﬁﬁﬁmtn t gcbggé%gpme 'aﬁng%ﬁo?@ 0 "E B‘?&L 02 can al so

be used as,CofERANRIY instead of Li2Si 3. Since LU20 is a very un- stable

conmpound and deconposes readily during the sintering process, it is liable
to scatter or diNektikm@xdniplevhbra EIARY, FBEdRE 8 Bmpdratd) ikbe dBskribda. Abrifidied cBrainld @apacitor
manuf act ur ed @i aRste unbd Was IWBuRONRE by UdingRRnilandtholsi®Eeribbcbih EXdnfpledt td8) except tiat
parti al |y i onthaesountdtthe adied compartentdy) €iAlOpaas adjusted gid changpdvafdusly 8s deadlibédl igixamples
vol t gge endai fite 3ckedymtiochfiSri, 0a,010, X200, Wastixed toaI9Z tHietslatisd dontent of Cammpankrt atided Nb,O;,
added Li | on was fizediol%avhiehempinani@bwesifirediy 1.6% ér MoO4dne SiDg mespestivelycthé torahanwiuntaf
com pound of which veaa fixe@it20%. The resultsareiliged infiablei4d be added to the material in
the formof a conpound of Li2Si G3. 15 (Exanple 4) Next, an exanple where
LiAlQ2 is added as conponent d) will be described. Al am nated ceranic
capacitor #ith varistor function was manufactured by using simlar nethods
described in Exanples | to 3, except that the anount of the added conponent
d), LiAI2, was adjusted and changed variously as described in Exanples 20
1to 3 ABratio of Sr(l.Ca~TG8, X = 0.10, was fixed to 0.97; the relative
content of gonponent c) added, Nb206, was fixed to 1.0% while conponent a)
was fixed to 1.0% for MQO2 and Si @2, respectively, the total anount of

whi ch was fixed to 2.0% The results are listed in Table 4. 25 30 35 40 45
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4, theflrs tage ¢f gddi LiAlOd, to the

ceram ommaterial isjust like thg-additii-on—oef ‘3—2"311 e +-gdescribed in
Exanples | to 3 it inpfoves the t ajcedt efperat U ratle of change and
the varistor voltage tpenperature i ent] collicod ijn=gddedyU Al 02
works as d&rriers to d%ffuse li g asq cf] Nt it 133 te]ﬂlgry oxi de
syst emn honobgeneously Jnto grairn Wdatiles,| tnet ¢ nt g @.8tinct
interfaces 15 EP 0 $429 653 BI] sgr mjcondug ryétaﬂ rai ns and
grai n boundaries of hi gﬁ:’el ectri stqncé¢. Ppecq l'tdgeanon-linearity
coefficie a I ncreases™and equil\fa Sﬁ‘l’i ¢s 1 c' pfe LHSRp gecreases by
addi ng Li Al 2, because *5‘ at ons & ﬁj\@:lws ikijzeg gn a solid
state into the crystal ttice, Hy decrieagi el riqr st ance of
the crystal grains. W d'relati F—aoRt-eat a&-&ﬁdef—PéAl %as athird
5 conponent is |ess Ran 0. 059 actferifsti thg cqgpag*or are not
i nfl yencedodesirably the addi GPVicag RO =x eqtls S
capaci tance-tenperaturgefrate of apd i er gt ug
coefficient, nor incregaebng volt n- lti-ngar i cient: , and not
decreasi ng equi val ent |series reqi gtange (ESR) . herf hard, when the
rel ative nolar content 6 the aqdiEt ifveiug>ge ds megng it exceeds
the satur#ed sol ubiliftyf In t@e I Ifadef ime & 6 A ESsd egates in
the grain boundari esa |t frer eby-dd crgasiing regi sta@ of grain
boundari es and hence_detreasi iy tamceland vd nor- | i ity
coefficient a rapidlyjanN] decr®sd fechanifcall st of| t#egEpacitor.
A mixture of Li20 ané A192 caes 41D g )| i Bsgead of
Li AC2. However, whenk rﬁxture-cf‘L@ and.AL203.is i negeB B0 is a
very unstabl e corrpoutgd #hd- deth S pes SEEEL D I ntjer rocess,
it isliable to scattdro diffug the at ea\jin Li atons
15 in the manufactured sinterg‘}‘i Wot-eovet onfli r fe@ 4 hat
m grationgf partially ionized Li - dpd ggﬂ bf,,llig éhper at ure
and hi gh vol tage entaifl $ degr @datj Negpagt Sha nisgE&s The
effects of added Li idqn“ls pr&vi vampt a eo*sl’} -%} ding the ion in the
form of a compound of |LTAl Q2. ..
\ X o L
~ . - S X
o o —
~om - o —~
L. = £ ¥ | w|ea
v © 2 =1 Bl Bt el et Bl el e
o « -2 Elwn|~ —~lelclc
ST
P - .
Lo X
2 % O 3%
50 . ~ - — cirn|jojr~lo ||
= - =~ g«-§ wlw|jiw|lw|ws|w]~
&5 As described in Table 4, the first advantage of adding LIAIO,, to the ceramic material is, just like the addition

of component d) described in Examples 1 to 3 it improves the capacitance-temperature rate of change and
the varistor voltage temperature coefficient. Li atoms in added LiAIO, works as carriers to diffuse liquid phase
of Mn, Si and Ti ternary oxide system homogeneously into grain boundaries, thereby forming distinct interfaces
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It 'was confirmed that Li ion should be added to the material in the form of
a conpound of LAI2. 20 (Exanple 5) Na2Si 3 and A1203 are added as in this
exanple. A | am nated ceram c capacit oFP §#29/§5%B% | st or function was

manuf actured by using simlar.nmethods described in Exanples 1 to 4, except
t hat t he anpuimongéeniidanduative etistd hréhS and/didin Boilhdafésatl highdlectrid assgtadcey ar i ously. A/ B
rati o of Sr(l. se¢dohiBdthgshonHnearity cdefficienteasindréasexsthntl equivalBnt seriel essisiaha@t(ESR) dédreases
nmol ar cont entbyafdingbiiatecdusel) atorsieatidedNIVA0, is sebubilifed jo@adolid state indsthevnystablatfitecthenalsy
of conponent depressing efectiedsistance o1hé frymtal {rRi@R Wiee refstivemolar cententaf jaddeH WaAlOhas a third
total anmount cofMmpenentisiessthani0.0ptechargcteristion,of fRe icapapitpparapetinfluenser denirably by thaiadditive;
mat erv-al ,  Na2abfing@o inpiayements)n £3pacitance-demperstige rytn of ghangg andvapistes tampgretuep qopffigieqthnar

5. 30 3 S 40 45;:re\ﬁmg voltage_non-lingarity cosfficient ¢, and ngpec@qulgge(ggge@iena&resistgnoe (E_§R) o
| 1' - On e her ha whqﬁn Itped?lat mol cg'éent of the additive exceeds 4.0%, which means it exceeds

CsO the s urate lubility in t tlce eXcess L|A| 2 ges in the grain bounfarles, thereby de-
~~~~~ L | %P ricresistance of grain b undaries and hence decreas pacitanoe and vol!age gcg—lmeanty
icle rapidly and sing mechanical strength of the cap. citor

,C W C2 30 A mixture of Li,O an} AlO; can lsoene use p%nent d) vg?é( LnAE)_ 6 20
ver, when a mixture of Li,0-and Al,O4is y unstable compound a de m-

| wsesaﬁdlly during sintering process, it s liable to s&t or dlffuse |nto~h“é“éf'rﬁo§5h*éi"e7|§€vih§?’ ms

— 15  inthe manufactured sintered body. IV"o e%'éer, it was confirmed that mlgerQ:n of partléﬁy |onDed Littion under

- L ~the 1944 of high temperature and high voltayé artaild d@adﬂtﬁm of capacitor characteristics. TA& éffebts of

»  added Liion s pﬁwded anantagQuéf)by adding the ion in the form of a compound oELuAIOz

G- |- As Hessdonfimed fhit Lilioihtuldbe ddoed t6.thd infatefidd inQfie férindi @ compBGridRSAE,.

vol tage non-linearity coefficient aL and decreases 55 equi val ent series

resi gt.anceo ( KEkmplelSgcause A1208 added is solubilized in solid state into

the crystal lattice and decreases electric resistance of the crystal

grai ns. \Wen r eNeSiOyandihDagre adsad 2srn this pxample. Adlarnipateder202 capagitor withyanistos fun@io)®as)

char act eri st i mapuiggturedhby ysing giilargnethgdedegesibed in Exampiee 4 dp 4 @xdeptnst {ne jggoynf,of the added

addi tive; gi VviiQewasadiysisd ardeiengedyariously. Ayfiretiaoh o aCadiPedy =19y was fisaddo G97: thp eelel

and vari a®r ‘P%g‘é\t%.‘f ef cempopent ¢)jagdded ib.0gn was fixadio d 9% witle the pregh compapant a) was fixed to
0% for MnO, and SiO,, respectively, the total amount of which was’ flxed to 2.0%. Relative molar content of

third material, Na,Si03, was also fixed to 0.5%. The results are listed in Table 5.
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17 EP 0 429 653 Bl linearity coefficient a and not decreasi ng equival ent
series resistance (ESR). On the other hand, when relative nolar content of
the additive exceeds 2.0% which neanSPP$29888Btds the saturated sol ubil i ty
in the crystal lattice, excess Al1203 segregate in the grain boundaries,
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As described in Table 5, the addition of Al,O3, increases voltage non-linearity coefficient o and decreases

85 equivalentseries resistance (ESR), because Al,O5 added is solubilized in solid state into the crystal lattice and
decreases electric resistance of the crystal grains. When relative molar content of the added Al,Oj, is less than
0.05%, characteristics of the capacitor are not influenced desirably by the additive; giving no improvements

in capacitance-temperature rate of change and varistor temperature coefficlent, nor increasing voltage non-
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36 1 I oo _ c~~~~~ IWJJ ~i o .
el C *"I 40 0011 1 I
I ( Co I 7i EP 0429 653 B1 I I 85 ~~-
;- 1D2 Li ~ U so :
~—~- | linearity coefficient o and not decreasing equivalent series resistance (ESR): | nl | | s< y-,
L.CO) OCMC  CDOntte otherhand, whed rethtive molar content of the.additive exceeds 29%, whmhapeudlsrlteedseeds the
reitac (ER) saturated solubility in the crystal lattice, excess B:05segreghte in the lgainbdundaries ttiereby dévreasingn
atc n ro ~~-electrigresistance of grain boundariesjand-hende dgfdeasing capacitance and voltage non-linearitycoefficient
C 4~~~~~~ 5 arapdy. 7z Cz.1__ As
described in Table 6, addition of A1203, increases voltage non-linearity
coef ficient aEXepef creases 55 eqU|vaIent series resistance (ESR), because
Al1208 added is o i.zed I n sol éﬁﬂrto t he cr st al Iattl e and

d | j @Fé‘f%tﬁ éd '" '}l gristor function was man-
o arcont e’ﬁtg 35% et %%uaﬁxzs .ﬁz:&m e

capaci t or are a"d’ vaﬁ ﬁ
| p i co df Qfd 1 wereflxedto
nprovenent s 2m¢

. R&%@h nigat of
tenper ature Cﬂ?hr&ﬁh L|2 t@ﬂs% Fb%hs@% .n%'ia y
429 653 Biscoefficient a an not decreaS|ng equi val ent series resistance
(ESR). On the other hand, when relative nolar content of the additive
exceeds 2.0% which neans the saturated solubility in the crystal lattice,
excess Al1203 segregates in the grain boundaries, thereby decreasing
el ectric resistance of grain boundaries and hence decr easi ng capacitance
and ygl tage non-linearity coefficient a rap- 6 idly. The effects of
addi ng one of conponents d), Na2Si 8, NaAl 02, U2Si33 and LiAIG2, to the
ceramic material were described In Exanples 1 to4. In Exanples 5 and 6, two
conbi nations of the additives, Na2S O3 and A1203; and U2Si 3 and A1203 were
descri bed. However, various conbinations other than those described in
Exanpl es @ and 7, for exanple, conbination of Na2Si O3 and Li 25i @3 or NaAl 02
and LIAIQ2, are also devised. Inprove- 10 nents in characteristics of the
capacitors by adding Na2Si O3, Li2Si 3 and AJ203 are considered to be
possi ble. In summary, any conbi nati ons of the aforenentioned conpounds are
possi bl e gg conponent d) In order to obtain a capacitor of desired
characteristics. Industrial applicability 15 As descri bed above, according
to the present invention, a lamnated ceram c capacitor with varistor func-
tion is obtained conprising both functions of a capacitor and a varistor,
and the capacitor is capable of nounting on the circuit board. The
capaci tor ssworks as an ordinary capacitor which absorbs | ow vol tage noi ses
and hi gh frequency noises while itfunctions a varistorwhen high voltage
pul ses and el ectrostatic charges invade, there- 20 by protectlng
sem conductors and el ectronic instrunments from abnornal voltages such
asnoises, pul ses and el ectrostatic charges generated by surrounding
el ectroni ®@instrunments. The characteristics of the capacitor is always
stable to tenperature changes. Practical applications of the above
capacitor are;
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As described in Table 6, addition of Al,O3, increases voltage non-linearity coefficient o, and decreases

equivalent series resistance (ESR), because Al,O, added is solubilized in solid state into the crystal lattice and

decreases electricresistance of crystal grains. When relative molar content of added, Al,Oj, is less than 0.05%,
characteristics of the capacitor are not influenced desirably by the additive; giving no improvements in capac-
itance-temperature rate of change and varistor temperature coefficient, nor increasing voltage non-linearity
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were described in Exanples 1 to 4. In Exanples 5 and 6, two conbi nati ons of
the additives, Na2Si B and A1203; and kpgple@B3pd A1203 were descri bed.
However, various conbi nations ot her t han those described in Exanples 6 and
7, for exarrpl e, %8 |na({,@?n of ' Na2 and Li, 28| r NaAI 02 and Li Al 02,

| d coef asmg
by addi ng ﬁé'z% m e g'r efcae Wt s i et

|l| t e cr exce n a ereb ectric
sumary. . f s,,dere @;issm e e o g
conponent 1{1] cap Sacitor oSt re cHaracter
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| nventi on, ifl%?ﬂ\ o :tnﬁiéss‘% IETAN ¥ T AT S o) N0y an A0
obt ai ned Cormunauggo R4 A),0, Weie bissRiibed. ¥ @ve.caarraslos.mm otfer ¥ fhedetescri ples
capacitor |Is capabler mﬂ@'&&ﬁﬂuﬂ&ﬁon%NLz Gid 15810}, oNRAIC] andBQOS 28 3fsh HiéWsedVRgfSve-
as an ordi par Mn&x?s%&xhia&énsw&loﬁth Idemg Nﬂéub@ﬂ@s@;unaﬂz':‘o@m:om:ﬂl%dmbe possible.
frequency noi 9 sunvhtry, @ny &ofrﬂﬂﬁbh@di%e&fd@ﬁehﬁ&n@d ¥HpBunBé §18 posible 3Y EompUheRed irPéier to
el ect rost at i ccp@inGaRapdciios attRsirell BiRkRteristils. by protecting sem conductors and

el ectronic instrunments from abnormal voltages such as noi ses, pul ses and

el ectrost ati c Induatrig @pplicabiiyr at ed by surroundi ng el ectronic instrunments. The
characterigsics of the capacitor is always stable to tenperature changes.
Practical appli césdeseribeddbovenaccerting/te thearsaent inwantion &lamigdtyd cBramiccapagitar ith vagsier func-
repl ace convertion isnbthinedichmprisingiyeth functiens efaicanaritor and @ vasistai and e gapacitor is gapable of mounting
capaci t or s whiasihegireuit hagsd) Thagapasiior wara axengmiinarysarackopwhighy absasketiowvgltaoe neierg apdyigh
mounted on th ef '%F@ﬂﬂ%eww%f“ﬁﬁm@Iaé@lswﬂ'mee higitvoltage pulseg gfid slegistatiqchargesripvade, there-
capacitor é%m SZH@"F g aerow&rnstmmme FF°'HPE“°U‘?€@"‘I’96? SysH 28,19j8e9, pses and
mal f uncti onin @“ a’gﬁ? t°% °"éﬁj 'B? Thgghpipgteristics ge"apac'm’ is
arising fromi 5?‘1‘?3‘1“13!1?&%

‘s'r pllgﬁ
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appl | cat gy ar oVt .,sggépe et caw i ‘%ﬁ ﬁ%w Gl
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capacitor. Mariysionproadss ebmetdl okides ilaecrgsaey ie themagufactwiogprecess af panventionatgeeamic capacitor.
el ectrodes, ddanyindublas ofbreakingreieelrical tannestiona ininnerripstzedes, delaminatipnecracks ig peraraie shaefs,
densi ft y and n@acrease fn@mrﬁnngﬂeaqltvpmm@me of the tepilaredy the eipterad badulip thejarpipgied ceramic
| ani fated cer &ﬁﬁaé"%‘&‘ﬁa’é"sf%Wth%faF@{eé?fﬁ prAvented fromensuingdy siftering He eawlarainatadibedy
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characteristi
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ange m red to nv nrona ece mic
COh‘pOSI ti O‘% O ﬁo

gte as ighly
the capaci tor %nteg tJa qGi i?éh% $Vide |cat|ona
function of tr;rggaresent |nvent|on I'S srra ef"in sl ze an possesses T
capaci tance and fieRRfd, alk6idhg o TR YrE3ntGRERBh Efbadir SMRNE Rbrhi?BiRd the FunetloRs &lpﬁﬁe‘%tmg
type ceramc 45modh§rlibﬁﬁé M%M&t?ohic‘éq’iﬁdnﬁﬁtq{omfu\m&d dDRormbiNSitah Q08 as AARB Fulsd anld Slec-
expect ed t & hawatit HirGhs chibiOsdtated. TABRabtSHRlds QMo Bépakitofib sy/stAbIY 16 Bipbraire BRAHELS et
el ements for lelietsds a@ipreastt Rvedfidh apdgeaditly fripfiledrfomthéltint 6rpradticasapAications.
comuni cation appa- ratus. Therefore, according to the present |nvention
capacitor elenents conprising the functions of protecting sem conductors
and el ectroni €lamai pnrent from i nvadi ng abnormal vol tages such as noi ses,
pul ses and®®el eo- 50 trostatic charges can be obtained. Characteristics of
the capacit or 1 sAsemieondisioetypejaminatesiseramiscapaciionidlydtd a uiala bounfidrie insulatesfstrudtere compris-

present inventi offs apuralfy stitneyelecrades (daior theyprriaeas ofgsaimboupdaryjnylater csgmiconductor type
applications. O SHraFpic sheets, the termmal of each of said inner electrodes (2a) being extended to one edge of the cor-
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1. "Aséni conduct or-type | ani nated ceranic capacitor (4) V\Am
boundary-insul ated structure conpris- ing a plurality of IJM

(2a) on the surfaces of grain boundarEp64a863&Ried, semni con mg”
ceram c sheets, the termnal .of each of said inner electrodes (2é el
extended to QogfidiOLarddinoldeSedeRf squivient seribs FEIdrbk @SR} 1111111111 111111 111111
EP 0 429 653 Sionthe other hand, when relative nfolar cdatent oidhe additive éxCEcRO 21085, Which Medngithe satlaRt
and sai d cer asubiitsih @etchysallittidecéxogss ARD] sagrogatbs Sthé fraih bamddlies, tHerdby ddcasiig efeairidl

i nner el ect r eabsmndedigraie kduadesied and hénee dearebsigyrapetitance anp paliagd ron-tribgrty capfficieatiactap-
ceram-c slaeetidy.al ternatly; outer elec- trodes (3) are electrically

conneet ed t o t htheetigctsiohadding orfe ofcainponentsd) Naa$iOg NaAlds H:SiGRaid LiAIOs o theserawic awdtgrial
of each of saiers dgacribed infsampirsi o 4. InExamples BandSetwp cambitaiionsef thepdditivess NeyfiOs andibB4 s
(1), said ce@pdiiz5i0spsiéN:9s wery described. HW@&QS{YEM“%@"\&'"#&P@*‘P%‘IM'H osg pascribgship Bxampleg n
of Sr1 X) CaxPiaoh?. for gigmplestombination ofNg$iGs qnd 4.31@ear {YaRAIQ2 andiLIAIO,, are also devised Jfmpoye-
and Si ar® a|"§at5?nrfefra%'aﬂ°ﬁ e Fapacitass by 9Ading e, Si0s, LizSiQs gnd Als afp panpifierest to E ble.
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excess T1 to nal rml ecular ratio of 11 to Sr(l,-CaX in the

range of Q 9&%@@#'?79 ég?%a%ﬁ 1.00 (where x Is in the range of 0.0015x 50.2);
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Claims

1. Asemiconductor-type laminated ceramic capacitor (4) with a grain boundary-insulated structure compris-
ing a plurality of inner electrodes (2a) on the surfaces of grain boundary insulated, semiconductor type
ceramic sheets, the terminal of each of said inner electrodes {2a) being extended to one edge of the cor-



after” S|nter|ng, and covering said edges of sai d 5|nteredJ !
with an outerel ectrode paste and baking after re-oxidatio mﬂﬂﬂ"ﬂ'ﬂmﬂmnu" ;
of said inner electrodes being exposd® 4439 8RS edges, wher €i n¥ shi d"stari*ng
materi al of m xed powder.conprises a material of the conposition of a)
Sr(1..XCaXTi O3 esspdndingderghichastam sdid cdramicshbets (@) Heing aminated skt seld terevinile ofséid Thner
to Sr(l. X)Cax lacttobes (2:)mdend Gftheldrresponding oppOsitd Bdges Gisaid eereDad shipetd allethaifynbuter elect

i s in the rangetrodes(8) @®klectrigally cdpfgcied it theternhinaiesf eaiccineer efestroddsi(2r) ot apposithedges of
conpounds sel eceali Ofsﬂdrummda?va@@latewmwﬂdmtypm&mcsmm saiy pgr@nic shepteil)
or CeG ae addeempriee amsteriakef thecompesiiontofPiiiaiCaTiOsieamprising:the follawing feptures| ar
conterft in the raqweaw%me@lsemm z'se-d%rare-y mnm"aaﬁa'esmomﬁoféwrmw reéﬂt'vet'n@ar
conbi ned rel at i veoRBMeEPNvERpt igip MnO2 gy “’P‘M't“baﬁﬂ@?f

spectively, in tH353d5 8°s n s’ ﬁ‘Tgag? o bage th t"‘° '@Eﬁﬁﬁ?}&?ﬁj« -%Céx
sel ected {rom t hé';g % mt
to obtai n a rel ath Cé ngarea@q{ilgsalgceranrlcma g’gl mg‘ her moario(rsi %95

- 4,0 for the a

6, wherein Sald |
of metals sel ect eﬁgﬁ‘:‘a%"iu,zo g v a%ﬁ%&%&%z?%ﬁim
thereof. g A method according to clai m6 or 7, wherein said -

el ectrode (3), i AckREIRr&kordihg tb Badimi1, ShBRctBrzed R Hat daid Hier elbdtrode (2af1s MadbdPatast oftlor
I 1 ChLl  shotelkingd df mefelSel6dtedTainRluSPtreH, BE6ra of dltoy® oPebmpdiondNheredfll OF Zn,
or alloys or conpositions thereof. 9. A method according to one of clains 6

to 8, wherei 3. NAZapaGlbr ascording R@RInaT ar daini 2, [vhdradtentieddLinlthelt said optar alectraded3)iicmade of at
mat ef j-al 2o ek astioss or moml kintls of retuislselectetidromdiul Ag, NInCo breZny e aitpys @ fcoripoSifions th@redf. 06
and 0.05 - 2.0% respectively. 5 10. Amethod according to one of clains 6
to 9, wherei 4 LAZSiacier aserring 1o@s ofglaimsfl tar3, ¢haractprized imthatdNaiSiOs gud ALOg are fyriher included in
material to maké&ad eemic meterig foj make thelf relative Beierepntantsiinthe regeottife 284 yd 0.85-2.0%.08-04
and 0.05 - 2.0 9B°°‘i"’é‘§pect|vel y. 11. A nethod according to one of clains 6
to 10, whé“reln A1203 is further included in said ceramc rret

to nmake a rel® at gmef?lﬂm hies, 2519 g 203arefurthermcluded
Pat ent anspr | i ch sf'g ”ﬁm'cmﬁtg&?gﬁl"@ﬁ foplr 'ﬁé‘i"’ﬁmggk‘ﬁ’ﬂgd%tﬁ}g d?"gfli‘ Qfoﬁlo%a"dow 20
Hal bl ei ter-Typ fesRostvEn Kor ngrenzen isolierter Struktur mt nehreren

inneren ELekigl ogei, A5 Johdu&nﬁ Bl S KPR (BVitk B grain boundary-
isol lerten Kerapiz g%mﬁ ﬁé&ep‘é%a }{%‘g&.& mﬁ'é{rﬁlof\éﬁg?’zﬁuﬁ in ?Ja

j eder der | nnerﬁ% ngZMmﬁé E}Wdr ) & péulabrSfah @ts(1) by dis-
Ker am k- Fl achen Qﬁ%al&ﬁ'étédapgﬂ@& alsdtlent\th orfaRic KiRd Ifﬁolal’nasa@m Rbd $iradr. lshid
so la- miniert giidiateddavdieriethgMigsinll bir&rs Qispdfing hmmaucﬁétmbtpmﬂ@epa{ta 2)%k &nlin-
abwechsel gd zu d&ralectRidefHisRGhMBSIPMACes Of said raw shidetsyH ISt Mmalk sfsaidinicr BIbiddéa¢Za) being
Ker am k- Fl achengaéidedio ofth ot themlrésponding bpposite Bligls birsaid e shaets (3) diternatly@dkiereih pattofia
mt den Anschl Ostisrar elextroden (2a) aré\ndE brinkeid oo dgpernioRiaand lawermndt gartpen crashderst (¢d); fotaing @n
ei nes jeden an thewinkted bugy Byrlanimatihgaidicempressingsaidmmw khells A lorwhjeiutfahes patteins vicsald
Hal blgi t er- Typ imemeisdrmde pastetaiecheet printeinalginatiog s4id lawhatedfwdy indis s{ntejingaid laminated
Material #t derawabsdsimameducingaiggosphere orjn Tatrayraatmespiss aftan calgjation eerpxidizing in air
f ol genden Mor knftespinterjng; and covering ggid ?meﬁﬂﬁﬁfldsinte!ﬂdﬁﬂamicelweﬁswgh FnputerRigetrede pestesing
ungewandel t, i n baling @fterpespridation, the termipalgpf ﬁ?'ér"t‘ﬂﬁ'ef-"&d%ﬁ ‘?WHXWB?"Q%F%‘? qdges;, yherein:

cinerp gereicl %ﬁs‘?ﬁ% :’ Wﬂ’@*ﬂ;@@:tﬁa o Tﬁﬁ TLT 12 i h rengo o
Ober schus$§] ges T| = iy} in
@ el ;ms ggm&%i'ﬁ’

den Bereich von
ens elne

von 0,001 5 x
fol genden Ver b I NCY M Qﬁb Sigg?%ounpa&gﬁwm\%gﬁelam%lar Qﬁt%ﬁ?bonvertmg into MnO; and SIOz re-
50 - spectively, in the range of 0.2 to 5.0 %; and
d) at least one compound selected from the group consisting of Na,SiOjg, Li,Si03, NaAlO,, and LIAIO,
to obtain a relative molar content of 0.05 - 2,0 for the silicates and 0.05 - 4,0 for the aluminates, re-
spectively.

ore ki

85 7. Amethod according to claim 6, wherein said inner electrode (2a) is made of at least one or more kinds
of metals selected from Au, Pt, Rh, Pd or Ni, or alloys or compositions thereof.

8. Amethod according to claim 6 or 7, wherein said outer electrode (3) is made of at least one or more kinds
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Nd203. Y203, La20% oder CeC2 werden dem Ker ani knaterial hi n

I hren relativen Ml gehalt in den Bereich von 0,05 bis 2,0 9 m&g"mﬂ’
d) nindestens eine der fol genden Ver FPAMHERBBY Na2Si O3, Li 2

LW2, umjeweils ei- nen relativen Ml gehaltvon 0,05 bis2, 0% i rdie Silicate
bzw. 0, 05 bi s4,Wdalxﬁeb%mm&.wmnmt¢rennys650|ﬂpositi¢(xsrﬂ|$mf5ator nach
Anspruch 1; dadurch gekennzei chnet, dag die innere El ektrode (2a) aus

m ndest ens ei9neAmeitiedacenndingiedne oficlaims@ a8, Whereind¥eeRits atbAls Brg further ingludegddnaaidicpramic
i st Au, Pt, Rnh, mpgriabteanakefheir reletive malarcoptents i tmeeglgeﬂtnﬂjeﬁ -08¢iend 0.05 - 2.0%, respectively.

Zusarmensétzungen 40 3. Kondensat or nach ruch 1 oder Ans ruch 2,
dadurc¢h gekeﬂﬁzéFﬁﬁW%%eéfqaﬂ?%g g’t 20y 86 fuith dpseidiceramic
oder aus nehrer Bft %P"FB?@@HB‘B‘WWB‘P%P‘&?‘?@W%@%@ F?P%agﬁo%‘z%{’é + Teggpotively,

oder Zn, oder eren er u S6, Kondensat.or
nach ei nem ddt éﬂ‘f pd ¢ | te %4 CgH fe‘t"@r?ﬁgﬁ“"’&é{‘é’%"’?@'F ﬁ"e%"aq
Na2Si O, ufld 45 AP ‘?m”trm" n?am Knat erial ei ngebracht werden, um
i hre relativen Mol gehaltejewells i n den Bereich von 0,05 bis 2,0 % bzw.
0,05 bis 2, 0plienthnppiaesn. S- Kondensator nach einem derAnsprCche | bis 3,
dadur ch gekennze| chnet, daB welterhin Li2Si Gsund A1203 mt in das

Keram kmagser iqal LAHRGRDKSRkoNRR S (4) VI HABI6lter- B aitiak Q6 RPhEsHBEN iboRertef BeRlKtuP mitN
den Berei ch vonmg&reren innerdh Eikirdtios (24) da d¥h DBeffiachbnWon &N dén Rorfigréizénisdierten GeiamikiFia-
Verfahren zur Hetfengebiideh Agin Raltiéisr-Typ Wobéi dsriARBchiGR jedéridiskinre b ERRIGIBS (26 k) eivéiKante
Hal bl ei t er - Typ déstenisprechainien Kerariie:Fligiengebitias vesidhdertist vnd distiketaknlk-Fiachengeldids(1) so la-
Schritten: Kal zminiecisind defh die Anskhidssédien inueren Hektrgden {Rahsi¢chabwerhseindizu tenfentsprelchenden
ei n&r. St i ¥kst of erigegengpieteten Kante det dderafmik-fikichenigébddanerstrecker cinBete Eiakisadew (8) ind) elek-
Trocknen des 55trischmitdenAnsehifjseandeninnerepElskiotlen ?r)anantgegrngesplzian Kastag eloed jetlemarn( dey
durch Di sper gi eKerpgrenzen inglierien KprainicEificimpgabiides (1) yomdalblejierr Tyn -yerbingenywebetdie{teramik-
or gani schen Bi nﬁ'é‘FPP'ESteb'lde (J‘hﬂ" N&@"ﬁt@rf ﬁeﬁm}&msﬂ%#@ sé@eﬁaxﬁesa%ér gI er t en

Pul - vers, wobemitdagfolge ver_yor dem DI s eren u

Kal zi ni er & wi ed V%EW%‘T‘?&’&‘T’W - Si E% “@‘aﬂ‘@!’
| nnenel ekt r odenp Z t Fg e'"g | 429,
653 Bl nis ‘l’e usammenseczaur:nd relchac ;eQn r|n wob %?l:ln:eielcn
i nneren El ektrodgy Kg,%ﬂ )@5 h1 (f | eder- ér"’

ent gegenggset zt en, frbR R0 Ubiddlng Keﬂi E?Qaeb}. W6 WEOL: Dy,0,,
wobei Muster der d%‘saﬁ@s, Enﬁﬁ rﬁifkmﬁb?% Hil m thief retit) nMolgehaIt

untersten Tells q,egeniaggmﬁl,@,qhgrggg o}, £lForifigbh; wibf gedr uckt vver - den; Ausbi I'den
sines | ami ni ert eny) KRGS eifh deFBighras VertHdaRYeht/N STOLSES03) mwtgammo; um jeweils ei-
RohFl achenge- 5 nenrelatieh Moigentliyon 0,85 Kis 20b2% faFdid InR Btk bdwt 0168 bidW|0Ftirale AlRinate zu erhalten.
| nnenel ekssr odenpast e auf gedruckt worden sind; Kal zinieren des |amnierten
Kor pers i n Laft KonSenstier nacttietspruchim; Gaderch @ekerﬁadslerﬁétadahdhgmbrie [Etbietrada (22) #au8 mindestens
reduzi er enden Aeinerioues pisimebrered der falgendsiniMetalldten bégesiolt st AnaPs, [fh Rd@derdd; lodest ewm deren
Kal zi ni er en; RelL<Oieruibavoder Zusanimehsstzgegeh. dem Si n- tern; und Abdecken der
Kanten dergesinterten Keram k-Fl i chengebil de mitei ner Augenel ekt r odenpast e
und Br enn®n BzwKongensatRinaeh Angerichdicaderdasprychdcdadyreh geligmnzeichapt, dalgie ylere Fisktrode (3)
i nneren El ekt r offisindgstefiseinerqder aus melrergn ex frlgenden iMetajiarien hergsstelit isti RigAg. i Gu pder
das Ausgangamat &b P‘éﬁ'a%ﬁM@dﬂ’fﬁ‘G?WP%Z“ﬁﬂ“&éﬁd’é'"%t erial zusam nensetzung
aufwei st: a) SrkI a0 L &L ers1ctQ 8 ?. nent%‘ &; und
End- Mo ekk&' arve ?gﬂ ﬂ erﬁmldlrr}na £nal rachtvﬁ enﬂﬁ:l (?cgﬁagg‘p H&T\a% ;§€ ﬁmlch
Sr(l..)Ca, /T <, %Hz r%mealogy@ﬁ L@Ieg?rel ch von v
li egt ) b) m ndEstens &l ne odor rare Gart ol genden Ver bi ndungsart en
ND206, Ta205, VRQidensiiBMNach elléh Qetanspriiche 1 bis3, da%&keﬁ%%hn&ﬁ%ﬁ@ﬁﬁ%@‘&% Al,03
wer den dem AUS gAR BRKerhiRhatdHal birgebpdcHWerdeh i Ik RlbtiveR M bﬁéﬁé‘;eM?lL:
den Ber ei &h vong,0s 52,6 %Dzw. 00b5 s 210 o1 HRBGA, c) vh und Sl di'e sich jeweil
In MhO2 bzw. Si C2 umwandel n, in einer Menge i hres konmbinierten rel a-
8. Verfahren zur Herstellung eines laminierten Keramikkondensators (4) vom Halbleiter-Typ mit einer an den .
Korngrenzen isolierten Struktur mit den Schritten: Kalzinieren eines Mischpulver-Ausgangsmaterials in
Luft oder in einer Stickstoffatmosphére nach dem Feinzerkieinern, dem Vermischen und Trocknen des
55 Mischpulvers; Ausbildung von Roh-Fl&chengebilden (1) durch Dispergieren des kalzinierten Pulvers in ei-
ner Losung mit einem organischen Bindemittel und das Formen bzw. VergieRen des dispergierten Pul-
vers, wobei das kalzinierte Pulver vor dem Dispergieren und nach dem Kalzinieren wieder feinzerkleinert
wird; Aufdrucken eines Musters (2) einer Innenelektrodenpaste auf die Oberfigichen der RohFlachenge-
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Ver bi ndungen aus der G uppe, die aus Na2Si O3, Li2Si O3, NaAl gwm H
besteht, umjeweils einen relativen lﬁBI"MP"von 0,05 bis
Silicate bzw. 0,05 bis 4,0 fur die Alum nate zu erhalten. 7. Verfahren nach
Anspruch 6, wobgikde @), &vobdlbie ARschilissk tératiered Blaktrodan2d)abwitelselnd 2u jeden Gsr enteirécheridsn
mehr eren der f oéngepehgesetetzh adahtar de RolvElEchengekiidb (1) vertangeft werdeh, wdBli, Mustr degl dnnerbih |
oder aus deren ElelgiodanZe) aicht euf die ofanstendind untersters Triledee Reheffidchengehiide @) aufdsdrutic ivere n
nach Anspruch 6dendAusbilden dines laghinerteh iESrpeesSivrch LEhioikrenr wndJugaBineppiessen detiRehFi@chenge-
eI ner oder &us nebilde (1) pufderde PberiiAchaniistar dobinednklekiredanpantaraylgsdrudii wordeg pindHalzipieren
\G oder Zn, degdaminiesign Kérperain Lufé néern,de Iminierten RohcFidshengebilde ip pingyaeduzigenden At-
Verfahren nach ©psredee ersr in piner S tigosphége nach dom Kajzipjerafidier @uidiaren iNuftapehalen Sin-
A1208 nit In daﬁsf"f@démeﬁke" Hﬁ%@?‘?’bﬂ*”@?‘h‘g@ﬂ‘a@ﬁ‘{"'"\m E?P"“U'H‘iei'"ﬁ?‘é"‘? |e§f9d9'§’ﬁste

tiveh' Mol gehalts ImBereich von 0,2 bis 5,0 % und d) nindestens S'm “‘“l

Mol gehal t e eweﬁ"] 6%'°’bw§be2d' B diey
bl Donal g o g 'P‘?’H}'ﬂ %@T@% ol {ptAEIangaTaIR fes Ms lﬁv ogande ?ﬂa'zusa"*
wel terhin Li 2si B §t bl AL o tm%h%ﬂﬁswo

werden, umi hre rhé ' 3’ " 'g u Hﬁ:h "

2 0 %Und 0 05 bl b¥Ym te % ér ij&gen &Ir\ﬂ bz%s ,2 5 2 3
6 bis 10, 4bei ? 5 : latlver;

gebracht wrd, umoﬁbmr},d’eﬁ @,J‘e,bﬁ/‘ﬁ,no [,iggbadgubh,qbeﬁlen Bere| ch von 0 01 bi's

% zu bringen. Rewpmalidads, dRiRRh Reils b MnO, 85 8105 ahRdidelt, 4 eifRPM&3E thrds Kéifbinierten rela-
stratifiee sem caishMdigehdhe inRB&ricHUGH OI2 Bis 5,804; 01 parj oi nts de grains conpre-
nant une sine d' < ARkiddstaeand dot Arbiiuligdh afsXRy Gupe, die SusNa;SiOW EisBITLENJAID, s Lidlo,
grains isal es, dosstéhgumljdwells airen eelativindyisigshatt vort 0/q5dis2rtiir-diacSildate bz 0,05 bisd, btiir die
de chacune desdi tAeminategabrheitbes | nteri eures (2a) etant prolon- ghejusqu' a un
bord de la feuille ceram que correspondantb et lesdites fouilles ceram ques
(1) etant st ¥a-Verfahrereash Ansprush frwebel die inneve|Elpkinads (2apausimindesteng ejneroderays mekreren
el ectrodes i nt r9esfplagadep Mataliastan hargasigh dpk iy, REpRhy Pd odep Ni, oder ayscderep hegisryngen edar Ru-
bords opp¥ises c¥AMMEBIEEHEAAt s desdites feuilles cerarni ques; des el ectrodes
exterieu- res (Y%' sont connect 6es el ectrléuerren a x bornes desdi t

ru to|
e oo 2ot o MAC AR MR A b ohiims

grai ns, sdi t 5 %"’a" der ani ques (1) corrprenant une matiere de | a

.Cormos'tlon S Nyerfabb kB oindd esLéiﬁ it NeBib S AT AR b Koraik
a) M et si Sonﬁ'nat@rféfsa?dg;q::{w :egﬁjgﬁnee o iﬁait@,edlmfeim’ugreuf \fanaumsébﬁ
e

| eur teneur nol gpdies 4 convertle en
respectivenment, et ant conprise dens |la plage de 0,2 a 5 0 % b) Iadite

conposi tign 4§ Vdrfahren ndoR difént Ber ARSRFiIcRE S bid!f) bEPdeR SvellbPrin LifHO; uRdIRLD, anitanT B3 Kelafik-
rapport nol ecul matérl skyebrachbwerdeh,lum ikvefelatickn MolgeRaltpjergR indlan BerBiEh von 0,05 bis 2,0 % und
Sr(1_, 0Cal Ti <1, 0)65 His,e%atbringepri s dens | a pl age de 23 0,001x-0,2); c)
au noins un ou plusieurs des conposes choisis parm Nb20b6, Ta2(s, V20&,
W20k, Dy20, MH2@3fahref8h eihen? 8B AuapriCe@bis19niei dgmowsiterhin Al,Dawiit i dagiteranskngaterial ein-
ceram que®de magsbracht witd, ameinen relativen Mplpehaldinden Bereich vor 0,01t bis/&0 %ambringen. pl age de
0,05 A2,0 % et 5 d) au noins un conpos6 choisl parm Na2Si G3,

Li 2Si O3, NaAL.2, et Li AO2 est ajoute de manibre A at- toindre une

t eneur nol ai r Beyesgleationsie 0 05 A 2,0 %pourl 0s 5| I i cates etde 0, 05a4, 0
pourl es alumn rssg ctlve[rent r so o Ia revend cati

1, caracterlgeaé??ﬁ%'@sﬁg"éf ‘ﬁﬁ"@" @E% Ef%'cq"ﬁ‘f

é&sst? S compre-
nant uné rodes mt ures sur les sur ces de jO rams isol uIlles céra-
miques du type semi-conducteur, la borne de chacune desdites électrodes intérieures (2a) étant prolon-
gée jusqu'a un bord de la feuille céramique correspondante et lesdites feuilles céramiques (1) étant stra-
tifiées d’'une maniére telle que lesdites bornes desdites électrodes intérieures (2a) se prolongent en al-
50 ternance jusqu’aux bords opposés correspondants desdites feuilles céramiques; des électrodes extérieu-
res (3) sont connectées électriquement aux bornes desdites électrodes intérieures (2a) & des bords op-
posés de chacune desdites des feuilles céramiques (1) du type semi-conducteur isolées par joints de
grains, lesdites feuilles céramiques (1) comprenant une matidre de la composition Sr(;. yCa,TiO3; qui pré-

sente les particularités suivantes:
55 &) Mn et si sont aussi inclus dans ladite matiére céramique, la quantité de leur teneur molaire relative
combinée, convertie en MnO,, et SiO,, respectivement, étant comprise dans la plage de 0,2 & 5,0 %;
b) ladite composition de Sr. 4 Ca,TiO; contient un excés de Ti de fagon & amenerle rapport moléculaire
de Ti & Sry.xCa, dans la plage ol 0,95=Sr (. Ca,/Ti<1,00 (x étant compris dans la plage de
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pl age de 0,05 A 2)Fusufadids santepant ) excdsdp Tigde figerskamenerde rapport molseulsire de T k<G
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8. Procede solon |'une des revendications 6 ou 7, dons loquel ladite

el ectrode exp.erpossi@selon)a rvendidatins, Gdhs Riuelladit suemdomﬁuumm bdnSiste ¥PALMEHE un ou
met auxchoi si s pplisiurs figpes demétinix,chdlis pakmiAl, PtORh, H@6u il du dd§ lfiagbslouRs cémpdkifions det

55 ceux-cl.

8. Procédé selon 'une des revendications 86 ou 7, dans lequel ladite électrode extérieure (3) consiste en au
moins un ou plusieurs types de métaux choisis parmi Pd, Ag, Ni, Cu ou Zn, ou des alliages ou des compo-
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EP 0°4%9 653 Bl LIl i | sitions—de—ceux-_ci.
S. Proced6 selon |'une dos revend| cations 6 a 8, dans |lequ

et Al 203 sont en outrs inclus dans | aERO498BIBEre co6rani que Q,Im@i’g' w”U"]

| eurs tbneurs nolaires rel atives solent dans |la pl age de 0, i

de 0,05 A 2,0 %oksfeRasnd divement. 10. Proc6d6sel on 'une des revendi catlons

a 9, dans |l equel Li2Si G3et Al 203sonten outre inclus dans ladite matiere

ceram que deg.f FgsvBdEHEIoN lufieides revendieations a3E, dans leguelNahSiD4etAdO; st emoutrejnnivg dans ladite
dans | a pl age deatifre Odramiqud, de fagoredue tbars G3nis rholdired reldtives acient dans iapirgde 0.05( 2(01% et
Procede szl on 'denn@5ée9 %, eespastivemattti ons 6 a 10, dans quuel A1203 est en

outve inclus dans ladite matiere ceram que de fago ue sa teneur nol a
rel ati.ve soi10. Gswnédd aslon thapdesireyensicatipas GRe9, dang leayel Li: 2?5“2"(?“2%‘ '??'“?53“
50 55 25 matidre céramique de fagon que leurs teneurs molaires relatlves soient comprises dans la plage eOO

22,0 % et de 0,05 & 2,0 %, respectivement.
10
11. Procédé selon 'une des revendications 6 2 10, dans lequel Al,O, est en outre inclus dans ladite matiére
céramique de fagon que sa teneur molaire relative soit comprise dans la plage de 0,01 22,0 %.
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