EP0275053B1 Description The invention‘relates to ceram c conpositions with
dielectric constants above 5000 wWepGhrfgdseged in multilayer ceranic
capacitors having interhal copper electrodes. BACKGROUND OF THE | NVENTI ON
Because of its high conductivity and | ow cost, copper is an ideal netal for
t he i nt erReskrirtioact rodes in nultilayer ceramic capacitors (M.C s). However,
t he use of copper electrodes in MLC s has been held back 10 because of the
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st ruct®r d atsr‘f Staph °rp ?'?ﬁ‘"chm B Which{{) e sheminally siabls aad resistant to
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BRI EF DE ﬁ "P'g afﬂ’ﬁ" ‘?i%’ffect the invention
i s direckRgelpRsén ,6h%§tTrHLEqul t i on consisting essent ially of.a
ped—%ﬁ-ﬁirav

donor -,go r—+atergranul ar phase of flux containing both

gl ass-f or mings pikthnobRSS - them?ldéritlbfrl @gjtrb&&:tsto é: %&tﬁ:t &Fn'pés@tgn %Lr%l 'e%gg?nkz{u{r %ﬁ; ly
by the faddoCipit) B6TiO] Rk ar hkerghiifilal Fhisd & fu e%htm V&} 51 %nd nﬁs% in
t he dopehodigihy (s, cl%ﬁacieﬁie@]stonchlometncauy-by thel-folfov {ria: WHET €ei n er r

nunber of @i Thakebf AsiBiidng td &G i rRd Bdped Bng[ er r] and mxtures t her eof ;
[err] sss the nunmber of tetravalent B site ions selected from[err] and
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m xtures thereof; 45 [err]=is the nunber of donor conpensating ions

sel ect ed from[err] and m xtur®gs &h éof [errb is the nunber of donor ions
of charge 3 + or 5 + sele ft 182c1edOh i ons and mixtures
thereof or [err] -and mxtnﬁes é?’eofﬂ respectlvely, (b) The ratio of

downor 4 ons [err] to total cationS [err] 0.5-3.0% wherein [err] 50 :
[err] (c) [err] is at Ieast 0.20; (d) The ratio of gI ass formng ions [err]
to total C ﬁe ns 0535%where|nlerr | S the nunber of gl ass

formng i | 'S se'e‘:ted from B3 xﬁﬁ Mg?t 7ef @ifures theyeoiThe
ratio ﬁf B efﬁbm b Vﬁ 9(5' 2 Se'f’?feld[ff?@‘ Y’ot '\%F rj’ﬂié‘?’efﬂ‘erﬁ%{t ji.ons.[err]
= 1.5 Ooa%d eyl ! °f’?1§e'?ﬂ?ﬂt§'8?‘ gfrasdh ot F PP oS orfe

elected f r,\prg :Q le]mer of donor%g om:lé;gg q-sor h-ege?egted from trivalent rare earth ions and mixtures

thereof or Ta> ", Nb% ", and mixtures thereof, respectively;
{b) The ratio of donor ions (Np) to total cations (Ny), No/Ny = 0.5-3.0%, wherein Ny = Ny + Ng + Ng +
50 Np + Ng + Np;
' " {c} N¢/Np is at least 0.20;
{d) The ratio of glass-forming ions (Ng) to total catnons (NT) Na/Nt = 0.5-3.5% wherein Ng is the number
of glass forming ions selected from B2'.Si*", Ge*”, P5" and mixtures thereof;
(e) The ratio of glass-modifying ions (Ny) to the total number of catlons {Ny), NNy = 1.5-5.0%, wherein
55 Nu is the number of glass modifying ions elected from Li*, Cu+, Zn2~ and mixtures thereof.
In a second aspect, the invention is directed to a composition for preparing by firing in a low oxygen-
containing atmosphere the aforementioned donor-doped BaTiQs having an intergranular layer of flux
containing both glass-forming and glass-modifying ions consisting essentially of an admixture of finely
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In a second aspect, the invention is directed.to.a conposition for
preparing by firing in a lLow oxygen- containing atnosphere the

af or enent i oned donor - doped BaTi O3 E?‘M'z DY o #ntergranul ar |ayer of flux
cont ai ni ng both gl ass-forning and gl ass- PP yi ng ions consisting
essentially of an adm xture of finely 2 EP 0 275 053 B1 divided

particl es dvdde®saridhs obbxidea #f EBi0; WkideLst ghks-PhnikdgScatios dxiigs Sfajldsélﬁhﬁdlfyiﬂ@( b4, Rf

gl ass+nodisity Hopgnteaitié(ONs siteAdopart exidbi BRiblesOofidddy Sons alll Giide€ ofigad ompenksling Bhs,

oxi des™0f cHoamavizadovichiamelricatyi tyate folfowitlg B@ériaconpensat i ng i ons, characteri zed
st oi chi onet (@ Fad rhajar oafio bil¥esith okidletaMorRysie okiteds) iisat.0X @l0; The nolar ratio of A site
oxi de(s¥ t o(tBThd melargatip diefordr okide(s) toOQtal bxidi€ls) i50.5 to 3.%) The nol ar rati o of
donor oxi de&%ﬂeﬂmﬁrwam dondr-denirshsating a@idels)tte d@o0ode(sLi aflipast @ ar rati o of
donor - conpef® &% r ialip efeiesy-formingiuidels) to Sofatieddsys) is9.54e 3pkaand 0. 20; (d) The

nol ar rati oeé)frh"tﬂ‘ &1 praifengodiingieddsts) o dhertepl ideRiitib89%i s 0.5 to 3.5% and
(e) The 8; Erajlo of glass-nodifying oxide(s) to the total oxide(s) is
1.5-5. 0% ART U.S. 4,101,952, Burn This patent is directed to
lowfirin c ceram c capacitors having a K value of >1000 in which
15 the di &_gerqqe dsﬁm rs con5| st of 5-15% noncrystalline gI ass (al kal i ne

earth al um ng.horate .85 %) oit Yon Sranfic SdphSitof | l\l"ne o> whicl
earth ngt gly &élét%@%&&f QQ o?l g'%] S Iaéﬁl ﬁ tt : '}a f(?h@a&; ?ﬂfﬁg

4, 234, 367 of 6| dtfiMe FlasPGikatird earth me@léﬁ@@ [dnd {he% t?d&tezér &%5 79)

of form ng gl ass-ceram c conposite structures wt copper urgy (1) by
printing &.sepPeIb7.¢eRehErOr pattern on a green sheet of a crystal_ l'izabl e

|l ass, (2) Tamnating a Second crystallizable glass green sheet on the

pri nt eckocoppras Heddnt patet i Bitbcled Yo 4 MBthEWoflibring YEESEIrintic SdripssiteUsirBetdréd ith dopber

H2/ H20 t o mistatiargyu{1) bin@ridlingh dedopgen olidaettr pdtte@non 8 Qfden ashédd o RedrpstdliRab®l GRS (2) he
gl ass. 25layirgtingds 3@8ndarPstaliBabien glddsi gresegrastdorBthe npripiadl enpper patthi aeit @M fidng the
nmonol i t hi eonepesiterstructure firsicin tHaiHsO e biin odtphie bindentaad thah incdreioért atchesphérava sigferathdl
val ue of @B®ut 10 consisting of 10-50% wt. nonreduci bl e gl ass (al kaline
earth 13r at e) and 90- 30 50% wt. nonreduci ble crystalline ceram c phase
(MyTi 0B) . UiS: §308676Bym357, Takeuchl This patent is di rected to a process for
maki ng cera e circuit boards Whl ch a Cu/ polyner paste is 35 printed on
a di el ect rf%fé’ﬂd §w&@f‘t°"tme"e5 Pgéﬂwmemm"ﬁcfefﬁmafcatbmwwt S9PE intemphielertasps y
nore st abtI g 5%% %f};;a YS nqgredreikls plipss, (alalige earth beratg) ij\de"@h
sheet i’$ a°"‘eﬁ“% > Pez?eﬁad'"ca‘f é) bel ow the deconposi.tion point of
t he organj,g pgéq%; 123d.then fired in a I ow oxygen- cont ai ni ng at nosphere to
decorrpose—t—he—e%gam—e—ﬂﬂat erial. 40 EPO 0155363 A | ow tenperature-sinterable

By

metal oxi d@anﬁ.edm%lt &nd diskBrBafie B0 nakteh ﬂ:raaQ oxfiin
t enper at Udeofipdatie pdimt &f GRS argarfic thﬂ' %ﬁ& fhelh HFEITROS ! 1bv %g%@g&ﬁaﬁnﬁgnﬁm s‘a er
- parts of &edinidSe tiepgshiarhdtdtial. 02- 0. 05 nole My, Zn, Sr-or
parts [err] or [err] 50
40 EPO 0155363

A fow temperature-sinterable ceramic dielectric composition comprising (a) 100 parts of BaTiO3 doped
with 0.02 to 0.05 mole Mg, Zr or Ca and (b) 0.2-10 parts of B2O3; and a metal oxide selected from BaO,
MgO, ZnO, BaO and CaO.

45
@ 0155364

A low temperature-sinterable ceramic dielectric composition comprising (a) 100 parts of BaTiO3 doped
with 0.02-0.05 mole Mg, Zn, Sr or Ca and (b) 0.2-10 parts B2O3 or SiO,.
50
EPO 0155365 and 0155366

A low temperature-sinterable ceramic dielectric composition comprising (a) 100 parts of BaTiOs doped
with 0.02-0.05 mole Mg, Zn, Sr or Ca and (b) 0.2-10 parts of a mixture of LiO and SiQ,.
55
EPO 0164841

This reference is directed to ceramic dielectric compositions on electrically insulating glass, organic
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%EPO-0155365 and 0155366 A | ow tenperature-sinterabl e ceranmic dielectric
.conmposi tion conprising (a) 100 parts of BaTi G3 doped with 0.02-0.05 nole
My, Zn, Sr or Ca and (b) 0.2-10 par &P m275:058iBdt ure of [err] and [err]. 55
EPO 0164841 This reference | S d| rect ed to ceramc dielectric conpositions
on electrlcallé I nsul ati ng ganic 3 EP 0 275 053 B1 bi nder and
an i nor gani &" ?’H)?FH@'QFW'Feé?i‘dFl“’cfé‘i"@t%er%lﬁft’ﬁfb'“f’ﬂe bi nder. EPO 0088009 5
Thi s re‘fh_ere directed to lowfiring ceramc diel ectrl cs having a K
val ue &’% Eé@&d—eg%é conprising 80-94%-barium titanate, 1-3% neodyrri um
8)](_!3287 5 13% b"lﬁngetf engéqsqﬁrectgd wafm malet hml B%Rf‘isq"la r'?d %vgl%/e 9t1<a 5&0 nd f:om ngr%
e bl 1> S bl 1os eCE5 Wi AR le 1 200

having a K edle ectrlc aers conpri se bar
‘titanate, ni ob| um pent oxi de and gadol I ni um sesqui oxi de DETAI LED
DESCRI PTI ONefdro1Bhdiz2! NVENTI ON 15 A. Dielectric Conposition The dielectric
conposi tiynSof the invention are based on bariumtitanate and are free
from fl uori deshigirabréneél isCdildtied BXighQifing Edrantid) @apacifdFsSIVihE @ KSvalubN @I'5000 PAHCE the
‘sel ect ed f rdelecpie miyers adripiike baiths tignbd) nidisuni peiidxideat gadbliniumrsbsgidade. and from
trivalent rare-earth ions such as neodym um are used together wth
izi rconi um oRETAERDECORIPEON OFRIEMVENTIQNepr essors, despite the fact it is
iwel | known that donor dopants increase the tendency of titanate dielectrics
"ito becone skfieleskic Gerpasitionnhen heated i n at nospheres of | ow oxygen content.
iLow sinteri ng_tenperatures are achieved by the additions of a small amount
tof flux consi $he figjectsic camepsitians. of deripvaption eregeaseds o brriy® thaspte Anhap dree frem fedridesy
;V\%c/h zi nc_ ARP ERuciiRipisies.(of il IATUERISIRONGISIORRN Fefosted frony pentavplent ipp §uch s pokjun or
i el ude & JRHTmER ore Mot Bro-earin mmcv ﬁ% Y'f"Hmcffﬁ epad dagetper auth Bisgoniyirog9a 2t
:1n addition n%‘f?méggté d8‘?'i§§ aﬂ‘?fp'te %thfga"tsn‘[]%‘?asﬁfh%enﬂ@cz of
jpresent in ]('tan% gﬁm teq'a rtltlréa fev 8@%‘? o asmg o!fluxlcéﬁ) Xé?eélc P;P-;E 0
’ const ant arbd‘di] f t } wufr}af e n / r G tug 0xud | rs ux ma
;arrangi N %ll\cmdé taﬁ’)mm rﬁ & an art rﬁaﬁ( 51 a@g{lon Qrp ccgaor

Jwith acceptddbt, 3 abMandih 5 o, A5G B es&@tn' tﬁ&b t.&nat Thn ©
“certain recﬂiﬂldéﬁ@'%ﬂﬁs%nm igh ﬁ¥ﬁlwgpégse eSGfoééﬁ{c% u ) are ac gn es:mu ta-
jconstit uentrgouliy (E)r"&rtﬂl &)H% EtloR of TR LdoBdhtsmitnl R Man 5 cuse ba1an of cgi!ton

cdivalent A stichiBmbt@ S cdrdiigltd cdr@in rdquiremeits Niich Rdve bedAl diséalerRB! site ions [err]
ilerr] 0= Nowe @éfinél @18 @6nstitGInes of @6 Eiiblectric compbsiiidth @8 tosvar € ear t h ions) [er r ]

:-: No. -of don®ik coapends aivalerm ABCioeBa’)Ca Qise [wzr’i 35 [err] . = No. of
1 gl ass-forni ndei ons Noeufiidur valent B sigtians yTi{ ezrt ) = No. of flux-nodifier ions
i [err] and 8o = No. of donor ions (NbS", Nd?, Tas", trivalent rare earth ionf)er r ]+ Donor - accept or

ibaI ance i s d&ter nf Modofidgnot ¢pmpersiating ({ceemto]r) iousi (WP ‘nMeX, & gu%eatret, Coha@a*dbout
0.20 to ¥5 pNevent Neettilesrrfermingiianm (B T+ gt aét ete) S defines the

2 st oi chi omet r {mof T e Afterrendifier iensdvid hcPudles the donors and conpensati ng
-;’; ions in their expected position for substitution in the bariumtitanate

A |attice and - 3¢
al and S = Ny + “D
. NB + ND + Nc

Donor-acceptor balance is determined by the ratio No/Np which must be greater than about 0.20 to

45 prevent semiconduction. The parameter S defines the stoichiometry of the dislectric and includes the
donors and compensating ions in their expected position for substitution in the barium titanate lattice and
should preferably have a value of about 1.03. If S is below about 1.02 the ceramic will generally be
semiconducting, whereas if S is higher than about 1.09 dielectric constant will decrease, as is the case if Ng

is too high. The glass-forming oxides which form an intergranular sintering phase with the glass modifier

50 oxides, can influence stoichiometry by dissolving an unknown amount of divalent A site ions during the
sintering process. Accordingly, both the amount of the sintering phase and its composition influence the
final stoichiometry of the dielectric. Semiconduction can result from this effect if the value of S is at the low

end of the range. If premade barium titanate is used, then its stoichiometry must also be taken into account
in determining S.

55
B. Test Procedures
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ouI d preferably have a value of about 1.03. If S is below about 1.02 the

eram c will general ly be sem conducting, whereas if Sis hi gher than about
1.09 dielectric constant will decrggogers gsa g1S the case if NG is too high.
The gl ass-form ng oxi des which forman intergranul ar sintering phase with
the gl ass nodifier 50 oxides, can influence stoichionetry by dissolving an
unknown anpuPrpadithnceiiy al regwsurd of the ecapabifity o U inpieyial e stare rene¢lgatrigalpehawe sxpressed
Accor di ngimpthemalicallyt G KAMbdivided i tivthere & in diglpqiircoptitnt & qarrls #resovetanpb sieetiodns.
i nf | Uegace Ninpunitenef|diskrtds leyarsopstt isythigpess Rdighclic &yer i c.  Seni conduct i on can
resul t~ f r om FRiugitseqfcaragitange g iaragepr feactions Bereaf ygh IsaiciRde H@ "oferagh Barpizisdie
| T prentd& 0P PReyAis (@I @49hed, then its stoichionetry nust also be
taken intg. accou n determning S. 55 B. Test Procedures Capacitance 4
EP 0 275 &gg-éi—éb'iémtance is a nmeasure of the capability of a material to

store an el r%% actor QFY‘ Eie tn!:ecégt\k hvg&a '\éu%é{ gg e
where Kyig ’”@E'& s, Hﬁf%ﬁ%ﬂfﬁ S40Y 8 g&qjaﬁte,ﬁ G4 5 ea?n%%é

nurber 81 LRl e, EACAE %@sis of i i hiak OF W o
units of g,atp@g,; ltance are tarads or fractions thereof suc as m crof arads

([err] farad), nanofarads 5 ([err] farad) or plcofarads ([err] farad).

Di ssi pat | gRuiRs Redistdaks Si pation factor (DF) is a neasure of the phase

di ffergacé between voltage and current. In a perfect 10 capacitor the
phase di f f eneoa®n\Rasibishchd @RYi€E mbasure IMOWE sty ofiarchiigad tdpadibr t6liwdthsendl fekiags IS,
t hi s phaseur@ht inauiaiocesistanct epessich as offnetaralis (0F) if A canantridr ahe givdgn didetia seyadiess

| eakage anfdapaitareat i on | osses. In particular, DF is the tangent of the
angle [err]. Insulation Resistance Insulation Resistance (IR) is a neasure
af/ t he 2abiTermpeyatusd Ceetficiantiof) Capacitansa €iGChr t o wit hstand | eakage in DC current.

I nsul ation resistance expressed as ohm farads [therr] IS a constant for any
gi ven di el edt® F%’Pﬁ@tyffrfﬁ? t gffcanagiigare; it A measurexy the  phtaRciance @ f fupetiepef of -
Capaci t anteé‘pg )vitr FRePqchivpiter Apastance ¥ &P 1§ PR AR BFY Fap&di sP%ﬁ‘ft?étmf‘%héT%H@ﬂ‘r e
of the chBH Wc'@éi?a‘if‘ﬁ'igﬁr‘?@éfeegs'%cfﬂ‘ﬁcaﬁ oAt ?ﬁt "Péentf}@ é??u’f’ e % 3Rd (*&8 69@? °t 0
the Caﬁ cl*? apa r}gdsn Yn ﬁ rs e & ur B 8%‘1’49%§muﬂnfreq

whi ch pe/[%FE Bglb 8?? néép%ﬁ%l ime@’sgére éls?;'\ ?j)s}nft QF&OE me 4 fterchar lf (a,n *
22% - 569G ANRor ol Ts ai ctivél e a1 p"a’ig
factors wé %hgrﬁ«mgseghd%ﬁea ragm@d.‘lﬂsmc% k3 ‘?ﬁéaQL AdPéJ, sﬂga'sgg.oa:i %Q;S‘a).‘.g;
met er . gh N5l Blidaiclosidpy> i ¥ 414

meter after charging the capaC|tor or 2 m ns vmth 0 VDC applied. The
thi cknessgang area of the dielectric layers were rreasured usi ng polished
sections of the capacitors 30 and optical mcroscopy. The dielectric

const ant wasvheralcGsitha tgpdcitdide BEthd bpackeuat i on: K = [err] where Cis the
capaci tsancea of - klte azapashdl @kctdde in conflct with-thel dieldchie laggrea of smal | el ectrode i.n
contact wi tth t his trebi tig¢keess of the diclyosic fayér. - is the thickness of the

di el ectric |Aypenacitold verecagpdilor btdeast Mo aftpe fring defomt mdking dte eldstrinal unegsugdieats. It
firing beoremankiahtie chpaciaheeand digsidatiorelagiorrdeprease vithin tthi$ §me parindret tah aging e
cépaci t aneheragigriptielpfdke materialo Fypical ceraeitapeecagiog tates wet 1HP R%tHef decedenfrsheri od at an
agi ng “ate characteristic of the material. Typical capacitance aging rates
are 1 to §%‘.’t5§§rﬂﬂ$§§ade (hrs).

Multilayer capacitors (MLC's) with internal copper electrodes are fired in a furnace which has been

sealed to contain a controlled atmosphere without significant leakage. Use of atmospheres with controlled

45 oxygen partial pressures for firing MLC’s with base metal electrodes is well-known. Atmospheres of Nz, H>

+ N2, CO + CO2 + Nz have been described, and a variety of other atmospheres including Hz + H20 +

N2, and CO, + Hz + N can be used. An atmosphere of CO, + Hy + N is preferred because of both the

atmosphere control provided by such a mixture, and for safety reasons. Only nonexplosive levels of Hy are
needed, and the storage and piping of carbon monoxide are not required.

50 The green MLC's can be prefired at 400° C in N2 to remove most of the organic bmders or the MLC's

can be sintered dlrectly without prefiring. A convenient heating rate is 25" C/mm to 750" C decreasing to

10 C'min to 1050 C. The soak period is usually 2-2.5 hours at 1050-1065° C, and then the furnace is

cooled at its natural rate. A gas mixture of N2 + COz + H; circulates through the furnace during the entire

cycle with an adequate flow rate to maintain a slight positive pressure. The CO2/Hz ratio determines the

55 oxygen partial pressure. Good results have been achieved for CO2/Hz ratios of 20/1 to 65/1 which produce

oxygen partial pressures of 1x10™2 - 1x10~1° atm at 1050 C, as verified by an oxygen sensor installed in

the hot zone of the furnace. If the atmosphere is more reducing, then delamination of the MLC's is likely to

occur due to premature sintering of the electrodes and/or the dielectric can become semiconducting. If the




40 C. Firing Process Multilayer capacitors (M.Cs) wth internal copper r
el ectrodes are fired in a.,furnace which has been sealed to contain a :
control | ed atnosphere wi t'hout si gniePi c2vstosB@kage. Use of atnmospheres with
control l ed 45 oxygen partial pressures for firi ng M.C s with base netal

el ectrodes is well -knovvn At rmspheres of N2, H2 [err] have been descri bed,

and a varr | 40 'e 59 I8 rasrper ﬁl‘??@d?ﬁwg’" [reacrgtﬁvrery withnel figspivg into. dlam
be use e ‘a ) hr a"fﬁ" B"re?’] the plectrpdes AR FOEATIRRAR B Senefifial lgrpr ¢lerirode bonding
at rrosp el ‘rfso 'ec 8 By vatriensdr APReR &o diistng Srleigrttitkpessesatig fieringn) y
nonexpl %sr Ve rever [err] are needed, and the storage and piping of

car bon m)ngxié gogge not required. 50 The green MLC' s can be prefired at
[err] in[e renove nost of the organrc bi nders or the MLC s can be

Si nt er ed i  galed oMo 4t JARURG chdrdbfbris egﬂ uQ@oaror ecmstearé £ hC;J f.r' n
to 750 C d@ﬁéﬂf%&itﬂgant &hyl@ell%e%)rﬁd@r We(/ r prJ PELAdXmé Pre ‘fE

hour s ato [ iRdi¢ated tﬁﬂ&lf&hlﬁ;rhnﬁéf'&l ihterhd) 36per slocr el ﬁr Mt éot.rta anaJe%é neJ hethrs

M xt ure of eldc@éde] pattb. This! s Gartibddng WNcabd) Br MLCRAGER Llikigh MO ¢ Bdré b&alb

Wi th an adeigeay e tulndiy olitaheShihddr M thé ledirodesSh thg ldbntd? @B inb MLE wRKRESEESive J)hﬁtron
CO2/ H2 ratdéftredebcaiatirses t he 55 oxygen partial pressure. Good results have-

been achi evedcchbaingly.er edpper ateciomsic Phste? Mds Ibebro dévBlbdediabainondnCe by biRdey, Gith Radidsi al
pressur &s 1bd burfogy prgbleat asartatedenith bthyl @sliulogs bifideeschntd yhiahhad)ey gt prewisgchatattardstdsl ed

i n the hotatjoymetablydowes (F2miceocetersififedi. he at nosphere is nore reduci ng, then

del ami nat i onThefmaid giffigeity of uging aciyliceltingers dor sereen prigiglle lectiodepastesiisghat ihabastd stigksof

t he el ect riddesscpriansior flaws expessieain yrvess logrbinderclensls aseniedoMdercbindey leveld, thehmelids

EP 0 275 cﬁ%‘e’mf 8 AR Bpandshepsinbdegesitds ysually, too thiek feoMpe pleaiiodast Fhirdrseblan hds
react e¥c ? Y PYP 'at"zsr‘h%rr’aé@dr“ve PPQ SejvanhiB’ a¢vifse ftarhineol. Regnetyhmethasatiason |
- bet ween tr? % Véae thacgy F‘ﬁr‘?f*é’ SgaliRd Blel-lserinesli averaft corpepislints @f lowtas Ja% by
bondi ng buf ce‘r}ra n Phe it Wﬂ)r"ﬂf”\?‘éﬂ’ Ftﬁt‘i’aﬁn’sea‘f"i‘l U é’r‘ tliee 03 mt. % |
differi ng (9 § cré w-tﬁ‘%rgl s%o w ef! o 5%5500)5
El ectr Oge% fﬁ (ip mes %@é Xce Ien B(lec vogcjfer unllo at \'4 %t ES '
used for Mygs%IiS wQJé% \}eﬁﬁpﬁrédnw wifh'al mlé TJS arl é(tﬂﬁw 8[ Fose -
bi nder. However, previ ous experience an m nary experinments 10

i ndi cat ed m@ﬂ‘p;_gmr formy sint ered inter naI copper eI ectrodes in MLC s could
not be obtaimedwith this type of electrode paste. This was particularly

the cas® fmimpdC s wWith a | arge nunber of | ayers because of the difficulty

of burning out The binder fromthe electrodes in the center of the M.C

Wi t hout excestrbtweranic fik@ ivhDmadef froin e blendt it 1000 § BbicQRIS 54780 840D, r&ﬂ& ¥0.0 § MaBDpEr

el ect r ode Thastverch asciweniod @veidored IFROBIONANAB2Q.NHP). | Thebbishded conifdhérts awei ds

15 t he burtieted ab7eHE danSaesre endithecballiniled &t fpdrtioedideybape2 . rue fisk vais thewlineh

has exc®l MWihgS6HeiBatiPnd0.6 lgalhaziQsctl ¢ iNdeg®h, 79 § Ol Gvebrall 0.883y UMM Stofdties mth crylic

m cr onet e PEder jsplgtign (Durbest ﬁg"b?’ efidfrhillegi dvergighyf Caranin tppe avay bast frim trdestugry faod MLC
screen pr F?PP%\‘B'lsés"@I‘éQ"c're 3¢ 009 inch (G-Ham %028 nels vere geiiaising icoppeiraste of Een

and/ or fI OpRCPRLERS SiSRAEIS) in ih £ 48k SolytigpTifiurReat ENagitecd0é4 Bings-terpineb!. Same canacitorsriadr

| eVels, t & achiye; ‘ayers (B sl F?f’e%f°t'19ﬁeh dStagtive davRis 1P elpriyodast: therthighneseyse sigh thay

usual |yt &% Sl &‘,e d?'“R?ﬂ%egrd f‘P‘bB S WGHH 'ses r°6t5'f"é9'nTPﬁ§§ camgciigearprasiipd, ed Ovy

formul ati Qaée ‘?2 f’:%.at Sp\?\llel epﬂm on minati ﬁ{tgr ﬂr et o(r:rtE“ésr hoary
gl el i B
it was 4§ OMQﬂatlBrh?eTsrstierQ‘é' FaYVTA g rycyrl &a OSe a jsla);:;gvﬁ/o re?ectnc |

W . % coneaBiharkt abdetrad foddE6m vRaraévPe'i M@r m% Qc)éﬁfé
smal | amount of surfactante(RK-SOvov) [era)rg]b 5ave ve'r;} goo °§ésr orknance

fine COPPg/, %ovvder such as Copper Powder #10 from Metz Corp 26
particul ar I Shelh 2UREH2TG ¢ HPf £A @3?“%?40@'%%‘1‘&"@& een. Excel |l ent
electra@de uniformty at very thin

@ 5?00 is a tradename of E. I. du Pont de Nemours and Company, inc.. for acrylic binder
casting solutions.

B Eivacite 2044 is a tradename of E. I. du Pont de Nemours and Company for butyl-
55 methacrylate resins. B

4 B . ’ .
@ 7001D is iradename of E. I. du Pont de Nemours and Company, Inc. for thick film
copper  pastes.



| ajgers ([err] 3.5 [err]) was _ achieved in fired MLC s with as many as 25
el gdctrodes. EXAMPLES 30 Exarrple 1 Afirst ceramc flux was nade from a
bl énd of 100.0 g boric acid. 547.5 gEP@r2r§osaBi 40.0 g [err] These were
precursors for a mixture of [err] and [err] The bl ended conponents vvere

cal ci ned at serr%),for 5. hougs andcthgnlba(IJI mlled to a \artlcle S|"§e grr]
err] 6.7 $ gsagg S oy gé?te%ﬁa?m% T ALY 325 e Pt o

(Du Po\ﬁ’(‘ 528?5 ec% os nof ffeeq 8‘59"9"" ram c tape was cast fromthe

slurry ang NLgc ( 9 'gpéopf'ﬂelnchx 0.09 inch (0.3 mm x

0.23 mm) werg, nade usllgbg ,qtpg, r paste of 1 [err] copper powder dispersed
in a 20% sol ujLRp of Jq,tzd?mmb n@cite 2044 [err] in [err]-terpineol. Sone
capacitors hafi;five acigxeg)l ayers (6 electrodes), others had 15 active

| ayers (16 el e,s‘etm,\pde&)uoz,lzt(i) t hi ckness was such that 40 approxi mately 25

m ¢ronetefs dielectric layers would result on firing. These capacitors were
fined at 105RempddB5 C in an atnosphere of [err] as described above. After
fifing, the chips were lightly abraded to renpve a slight oxide filmon the
tefm nati ons aMekcoridererapipip@rwas evadd fat & blando@ 36.85 D RN 23.0% bbridcid. 20.0% B48O,
appl i ed and afd 1% MnGst Thege porpiounpd) @er€ prebesorisionve mistuget df AT BL 04l andh BEDMBO;. The
sol der i n'st flended samnpaRays wela salcinadzat 28  fider S0ho0 ahe thed miliad tohve pdstidieasizer (Dpd <R :m.
and 0. 15 [ elCPpmicdzpetvas S@pypd fom & slipepesistinggf  lhlendef 288G, flux §5.0 grRsTiOat 100 BaZrOs,
resi stance @Rkl a9 0§09 Lr@Ror 9sing ihehpmg paqsedirepds iy ERangpley i ropye. MhS's |with oprean
2% Diel ect F'Ptfmeweaﬂg%%b voras °taéie’f)€t“§'6|’1’t¥t/\?f‘a?€“‘1%ﬂ)(§|3 vm th the |arger

number of_ el ec or t%' e paa PRt 42 far e 'Wséﬂﬁy'a"“?"s'e%ﬁance

t Meldenane® w?ﬁ a“f"é;s I,DEI’”a ﬁ?sft % ‘htD?’e 6‘: "é‘F?F]""aS% 90Q0 on the
t radenane (fs a'&du a°é1 RgsR §5 24Ty 'CORPARYION 9" FeemPle Bhankp Jelipting
bi nder castf)ng so] ut i ) [err] Elvacite 2044 is a tradenane of E. 1.
du Pont de Negour s r?ﬁ:% (rpany for butyl- 55 nethacrylate resins.
[err] 7003 DNJ/ﬁ tradqpégrmnmdof E. |I. du Pont de Nenmours  and Conpany,

Inc. for thicj, fllngcha,p@; pastes 6 EP 0 275 053 Bl possibility of
sone i nt eractdingm,of Et’@wma,q_e,r el ectrodes with the dielectric.

Nevert hel ess, excellent stability was obtained with 15 | ayer parts when
tested at 29£hm‘¢1e25.m [err] (200 V/Im 1) at 125 C for 20 hours, with zero
failuressout of 22 parts tested. The conposition of Exanple 1 has the

fol | ow ng proffscepi s Ex@mples $6, for which single hlatd Gcapaeitdrd were made=instead %ot (NG's, Nehpilar
[err] pro@ed@@s (d\Vibddhdescriiied apaye ere used in the fdlodAd EBnpas dvhicke Mirfher illusEat? . td/o
(Li). 10 Exiareptics. Compositane arg giver iafelde f dndieleviienl datede Tébleodn a bl end of . 45. 35 wt.
% ZnO, 23. 0% Msmrles Scand 4 shey Habapidivon]of mertfied 2xidg3ikifre pride. or Pleeserdo te alastiormiag e
precur sors Pise &oreA etide} inniiveq aipterabiliy, but[Keygs]low witheut1donds| additinnsl ExemplemEAtilstvaty e
cal ci ned at “‘%tﬁ edt'en ofcglopes dipRantg ijbariva fitapdtq Gegamias dengs f9aaredued  sesigoaductingr Material

Q

[err] Cera s ?réi)%fr'%m‘f/?eﬂ iFPHens ff §p5 legsriaan <108 apd/as the-acpapion pvel s oo Bg- g
f I ux 85.0 aﬁeﬂo%g s F bo?rﬂie‘b eithep Singly pn in| pompigation Wit a?ﬁs
pr ocedur e a % c(% [; np ldes carC be included in“the flux or the

cser xam descnb he use o flux co ;(b)smons containing silica or alumina.
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| ectrodes were made with five active |ayers, .others with 25 active |ayers.
apaci tance was 0.06 [err].for the 5 |ayer parts and 0.42 [err] for those
ith 25 layers. Insulation resistanc&PI2AF063B3, 000 [err] on both sets of
C s and DF was l'ess than 2% Dielectric constant was 8500-9000 on the 5
ayer ML.C s and 8200-8600 on those with 25 | ayers. The conposition of
anple 2 has the follow ng properties: S Table F 1. 03 [err] =
. 4% (d) 25 [err] = 0.29 (M/Nd) [erT] = 1.5% (B) and [err]

3.8%{Zn, Li). Exanples 3-17 30 ExceplieXedtricx@smpordtdeds for which single
| ate capacitors were nmade instead of MLC s, simlar procedures to those

escri bed above were udkd¥en fhe fol| cGomp o Meded\hi ch furtbher
| lustrate the invention. Conpositions are given in Table 1 and el ectrical

ata in Table 2. Exanples 3 an¥, 4 show that ¥gdition of rmdggi er oxide

|'ithium oxide or precur soT};‘[‘D‘TrTe—gT ass—formmng-35 0 oxi de)
nproved spnterability but BeOwas GeBw wi t B, dF8, addPeleshsPom&inpl es 5-9

| lustrate that the addition of donor dopants to bariumtitak®®® ceranics
ends to produce a sem gonglyose N®. 08! | glzraberp.ossged i n at nospheres of | ow

xygen content if Sis less_than 1. 03 and/qr the acceptor level is too |ow.
anpl es 10-14 descri be*hfe3 3Q/a|°|'%§'v of‘gii ﬁBrso‘(?g# be used, ®ither singly

r in conb$nation with gne her | so | 0 sho t + the other
| kal i ne earth oxi des cgn odggﬁcﬁﬂ i notﬁégmugs%‘r tﬁé&gﬁ ggrarri C.
inally, Exanples 15-17 descri be the use of fl ux corrpogéq'sgn?dwnt ai ni ng
ilica or alumna. 45 50 55 7 EP 0275053B1 Table 1 Di'e ric

Porposi tions Ex. No. I8 e |
Conposi tions reror']“ g% sta'orb(s'i'%e)ooﬁfﬁlo‘_’g"?gs 5!305%;3] 0.3730

tert] [er [err] err nol es Donor~ 3

). 0558 4 0.3730 0.0558 0.3730 0.0558 - - 5 0.3§7039- @8 0.3670

h. 0558 - 0.0038 [err] 0.0037 [err] 20 . 6 0.3670 0.0558 - 0.3670

8. 0558 0.0038 [err] 0.907afjeyr] 7 0. 4183644 - 0.0362 0. 8Gi490m>¥62 0. 0119
ferr] 8 0,3877 0.0363 0.3755 0.0363 0.0119 [err] 9 0.4240 - . 0.3644
h. 0362 0.0119 [err] 308 0.3877 0.63830. W3TsY. 036563 0. BAATIMETB3 0. 0119
derr] 11 0.4290 - 0.3644 0.0362 0.0119 [err] 12 0.43Q2 -

3670 0.0362 0.0059 [®r0.4240 - | 0.3644 0.0362 0.0119 Wb

3+

50 10 0.3877 0.0363 0.3755 0.0363 0.0119 Nd

11 0.4290 - - 0.3644 0.0362 0.0119 Wb>'

12 0.4302 - 0.3670 0.0362 ©0.0059 Wb"'

% 0.0059 ce>*"

. 13 0.4302 - 0.3670 0.0362 0.0059 Wb>*
| ~ w 0.0059 sa>*
§ | 14 0.4302 - 0.3670 0.0362 0.0119 wa>*
% w 15 0.4088 - 0.3730 0.0307 0.0119 wa>*
% 16 0.4099 - 0.3730 0.0307 o0.0119 we3*
‘ 17 0.4083 - 0.3730 0.0307 0.0119 Na>*

50



0059 [err] 13 0.4302 - __ 0.3670 0.0362. 0..0059 [err] 40

§. 0059 [err] 14 0.4302 - 8342 0.0119 [err] 15 0.4088 -
. 3730 0.0307 0.0119 [err] 45 16&6‘7%7 5‘9 0.3730 0.0307 0.0119

err] 17 0.4083 ~ - 0.3730 0.0307 0.0119 [err] 50 55 EP0275053 B1

Fable 1 (continued) Ex.No. TabieNDQeoht Hued bl €) 5

Lerr] [err] [err [err] s [err] [err]

) es nodi fi er % [err] 3 - 0. 0410 4.6 - -

0 0~ 1.00 4 Ex.¥o. 0.0410Composition 5 Li 1.5 0 1.00 5

d 0.90410 4.5 8.0068 L 0.8 0 N_1.00 6 -» 0410 4.5
0.0185 ' Li L5 So— 0015 = s?ﬂ-oq-.qggg)—qroﬁe & R
0.0135 Li w29 0% 0.019% Las ™9 6820 0. dors 3.1 0.0238
Li 2.7 0.17 1 05 20 9 0.0035 0.0126 1.5 0.0135 L
8.7 0.29 1.02 0.(*190 - ZP-0430 0. 0837 0.0275 = 3.190.0038 1.00; 2.7
0.31 105 11 0.0Q35 Q 012§.0410 1. 44.9- 91&55 ki 1387 0. 20.0b 03 25

D. 0190 Zn 12 0.0034 0.0158 L8 Li 2.7 0,29 1.06 13
D.0034 0.0158 - 31.87.022P410 | 4. 29-7°°‘6. 29kt 06038 © 1.00 1, ( 0034
0. 0158 1.8 060238  ¢joal0 2.74.9.8213509 1§ 01083500. 004%(B) 0.8
0.0135,, Li 3.3 .Q3,0. 0024( Sj) 014 16
g 0062 0. 0082 ? 1‘.’8’°§go ‘6°§§6 f 1}"7‘(‘)‘5‘0 sgi g 6. (92233P 9171 0. 0041
Al 17 0.0046 0. 0082 1.0 0.0135 ©i0190 3.3n 0.29 1.03 0.0123 Zn 40

0.0041 Al 45 5@ 55 320 0.0275 3.1 ©0.0238 Li 2.7 0.17 1.05
| 20 9 0.0035 0.0126 1.5 0.0135 Li 3.7 0.29 1.02
~ 0.0190  2n |
10 0.0037 0.0275 3.1 0.0238 Li 2.7 0.31 1.05

11 0.0035 0.0126 1.4 0.0135 Li 3.7 0.29 1.03

* ' 0.0190  zn '
12 0.0034 0.0158 1.8 0.0238 Li 2.7 0.29 1.06
13 0.0034 0.0158 1.8 0.0238 Li 2.7 0.29 1.06

30 14 0.0034 0.0158 1.8 0.0238 Li 2.7 0.29 1.09

15 0.0035 0.0048(B) 0.8 0.0135 Li 3.3 0.29 1.03
0.0024(si) 0.8 0.0146 n
35 16 0.0062 0.0082 1.0 0.0068 L1 2.7 0:52 103
0.0123 n '
: 0.0041 Al
17 0.0046 0.0082 1.0 0.0135 Li 3.5 °0.29 1.03
U 0.0123 Zn
40 0.0041 Al
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EP 0 275 053 Bl Table 2 Capacitor Properties 5 Ex. Nunber of

IR [err] No. Electrodes ., Kat [err] DF [err] [err] TCC 3
Pl ate S - Por ous EP 0275053 B10 capacitor 4

Pl ate 1500 2.1 <15 <15 -- capacitor 15

5 Plate -- Sem conducting -- capacitor 6 Plate

- - -Sem conducting -- capacitor .glq)lz_ 2 6 - -

Sem cd@cti ng -- 8 6 _=- Sem conducting -- 9 6

6500 T <l ca 6 7100 3.2
12K 200 Y5V 11 o CepdEitor Pidyeceles 25K 1000
Y5V 30 12 6 Ex. Number of 6500 1.2 12 ef8F) 2000 Y5V 13

6 SidOglébtfodes X at 25°c 2Q@F 2000  Jo3grjéold 3fec 14
6 5500 1.2 240K 1500 Y5U 15 6

5600 0.6 3 Plate 40K 1500-- YPderol@ 6 -- 5400 0.6
10K 30 Y5V 40cdphcitor 6 8500 0.6 20K 2000

r o R N R L

Y5V 45 Clainms 1. A dielectric conposition consisting essentially of a
donor - doped BaTi @3 Plateng an i nt etspoan2liar phase of<lBl wascont ai-hRi ng bot h
gl ass-form ng and gteeesitardi fyi ng i ons, characterized stoichionmetrically by

the followng criteria: 50 (a) The ratio of A site ions to B site ions
in the Hoped BaTPCP¥sger] = 1.02 =- 1. 18esBSondustdes ~err] is the nunber of
divalent A site iork*Peettted from[err] and m xtures thereof: 10

EP 0 275 053 B1 [err] is the nunber of tetravalent B site ions selected
from[err] and®m fes thereoft™ [ erfomicandueting mber of donor

conpensgting ions SHPAEYYOT from [err] [err] and mixtures thereof;

7 6 - Semiconducting --
8 6 - Semiconducting --
28 9 6 6500 1.7 <1 <1 YSV
10 6 7100 3.2 12k 200  YSV
. 1T 6 6400 0.5 | 25K 1000  YSV
12 6 - 6500 1.2 20K 2000  YSV
13 6 5600 0.7 20K 2000 ~YSU
3 14 6 5500 1.2 40K 1500  YSU
| 15 3 5600 0.6 40K 1500 Y5V
-~/ . 16 6 5400 0.6 10K 300  YSV
17 6 8500 0.6 20K 2000 Y5V

45 Claims

1. A dielectric composition consisting essentially of a donor-doped BaTiO3; having an intergranular phase
of flux containing both glass-forming and glass-modifying ions, characterized stoichiometrically by the

following criteria:
50 (a) The ratio of A site ions to B site ions in the doped BaTiO3,

Na + Np3+

wheoram
Na is the number of divalent A sile ions selected from Ba? ', Ca’ ", Sr? . Mgz" and mixtures thereof;

10




ﬁ;er_r] i s . the nunber of donor ions 3+ or. 5 + sel'ect ed from
trivalent rare earth ions-and 5 8;05933%& Ures thereof or [err]  and
m xtures thereof,  respectively; (b) The ratio of donor ions [err] to total

cations [err] N e RumbelSfeiabihen Qrolidt tdiecled it TKC)zr[eer]r.xtLé atgre#feaSt 0.20; -
(d) The rationefis @b asEber Of 83nBOcormPBiisating fidnk sérézzeh @b IMaE O Rz Teérﬁ CotTCo¥", .

0. 5- 3. 5% wher @t dn@Mmiiurdsshdrdt 10 nunber of glass formng ions

sel ected fromNpas mp numberadh dordt Iﬁtﬂbﬁ&a@b@ﬁe@f5+ bekted RBm @l 8% earth ions and |

gl ass- redi f'yi mixtirestBerdoe orf a® 1. 0ibt héndtrattabs thaisoh edspeeliveyat i ons [err] :

1.5-5. 0% .. whén &he rafie pirdonérsorts liks) IUtntaiesatica$ (\). BsE: ADGL0H, WBerbin NG =eNeot Rg +f rom

[err] andNgixNure& t Nereof . 2. A conposition for preparing by firing i.n

a | ow oxygen- CONLMb siahigasti®-Bspher e t he donor - doped-BaTi O3 15 of claim1

havi ng an i nt &9 % Qe af glpsgyasming fong (NsX toctotalt catians (Ny). leth =00.5:3.5% fvnersinng, anich

gl ass- fbdi f yi eppfglaspiemting ipnsgeleatestirom Bl ISP oFe ams ashdimotuesshavéot:f | nel y

di vi ded parti € €8 6o gixqiapagogifying dens J(Nm) d ihel datal ofmigsr afseations @ik MgNic ait 1. 55M6%. -

oxi des of gl a¥Rergip i Pyfreymeetdl gl monhiaties dlegsetritomdy . Be( €)2, i Bixtuess dhepmht

oxi de(s), o i des of onor ions and oxi des of donor conpensating ions, :

char act er z °§‘P‘Eﬁ'"8?\ 6H‘§P?”i“%3¥g>‘f‘ at%@*?%ﬂfmﬂﬂg afmopRherei tae dopgy-doped BaTiQua)

The mof®ar f hafing, aq igte ?fd'“BC%"fat"@g 8%} glaysdgrming and gjgss-mosifying(ipys The
l'ar rati o .'St' n‘: e" ' ae?’" d"’t' ”5?"’ adicles %f Qyides ‘tf(?aﬁ'oe)%’“d T faaﬁ
Iar rati O )9 ca rons oxrdes fs n}; lte 0 %( ?0 te dgpag °’f' -
. (d) TG °” o?"' e? 8sds°"?' Yt %“" °8Fe6'§aja°t962eP8 '°’8$‘<‘f"é?é’( 8y "le
AR d;;%‘;t@ bbb B d 5 s 001110 031 02(5) 10
di6l ectri que @pﬂﬁ'r’:’%{aa;atrg SBRIL i(:td Gb 5r%§d§8ﬁ)s Cat RAL o8P, donneur,

Id B
present ant urre)phm,ram(efrg@g@pap,l,,@gx@e(g)eo ogpg@ yiEORISRNG, 4 ant des ions

itrifiables (gumed®fr tafds M6 ghdsaitdinfiy HBEE)So th Btal oxrde(s)C@'i 9Gkerisée d un
" [poi nt #e vue stoechionetrique par |les criteres suivants: a) le rapport ions

du site Aeiowgationssite B, dans |e BaTi 8 dop6, est: N  +N 5+ =
1, 02 - 1,10 N + N + N B D C dans | aquelle: 40
INA edt Ve cpowbsiten dicieoriguediousidtann bserdielledibrit @n BaTiON Bdpsipar GRBdFhedBRtsseftant
tSr 2, My2 etnefrbapedntergraauiaiye e fohdant contersaht thr des0aHS Kigifidblds QU dels @dnk ehoaitif leSreltd)
isite B chotadckriggadivi pdint de vidy Stoeghiorhédiqus paniss arftgressuivants:  NC est le nonbre
dM ons conpeﬁt!&tprféiomw\éqnsd¢1€iie§i. danp lerBalioMagds. dh3 +, Ni 2, OO Co2, :
-1Co3, Ga3 et fours nel anges; 45 ND est |l e nonbre des ions
donneurs de charge 3 + ou 5+, choisisgLespectivenent parm |es ions
trivalents des terres rares et INgur*sNBﬁI anges, -et Tas, Nbs et leurs
mel anges b) le rapport |ons—d'0'n'neg'l;:T(‘ND)'/tah@2rs-tbtthx (NT) est NcNT =
0,5-3,5% ou: NT = NA+N8+N§c++Nblo¢NLG+ NM 50 c) Nc/ ND vaut au
noi ns 0, 20; d) Ie rapport ions vitrifiables (NGications totaux {NT) est
NG/GI\I'I'—OS % NG est le norrbredions vitrifiables choi si s parrri BB
Si . P3 e ou p, L ons yerre
nonbrgp' total de* catééleq;ﬁ;%7 E@%eéns ‘?)ﬁlﬁ}f‘ %AO 'Eq\'as's(ﬁ?rm %’2 gdgnoﬁ’b’ﬁ‘é
-:d ions modi fi aﬂé leesVl@rnSrﬁbre Grb‘% %tract/algﬁgmsrtelB ch9§|s ;HiZTrBt rLeé{ esursn;FéI%g o _55'
2. Une COMPOSE i 0kl SioBRC Brd it lburs Bhhockal AR pefla 1An2El oA gre a
fai bl e teneur en o0xy@hR?", BE " et leurs mélanges;
45 . Np  est le nombre des ions donneurs de charge 3+ ou 5+, chors:s respectivement parmi les

ions trivalents des terres rares et leurs mélanges. et Ta® , Nb5 * et leurs melanges

b) le rapport ions donneurs. (Np)/cations totaux (Ny) est Np/Ny = 0,5-3,5%, ol:

NT'NA+NB+NC+ND+NG+NM
50 ¢) Ng/Np vaut au moins 0,20; '
. d) le rapport ions vitrifiables (Nc)fcatlons totaux (NT) est Ng/Ny = 0 5-3, 5% ol NG est le nombre
d'ions vitrifiables choisis parmi B3, si*”, Ge*", P3" et leurs mélanges;
€) le rapport ions modifiant le verre {Ny)nombre total de catnons (NT) est NNy = 1,5-5, 0% oUu Ny
est le nombre d'ions modifiant le verre, choisis parmr L. Cu’, Zn?" et leurs mélanges.
85
2. Une.composition destinée 2 préparer. par cuisson dans une atmosphere a faible teneur en oxygéne, le
BaTiO; dopé par un donneur selon la revendication 1. qui comporte une couche intergranulaire d'un
fondant contenant tant des rons vitrifiables _que des ions modifiant le verre, constituée essentrellement
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aaTi (3 dop6 par un donneur selon la revendication 1. qui conporte une
couche intergranulaire d'un fondamp comteggpait tant des ions vitrifiables
gue des ions nodifiant |l e verre, constituee essentiell enment EP 0 275 053
Bl NB is the nunber of tetravalent B site ions selected from/[err] and

m xtures ther @eﬂs thengumpey of fesavalgntiicite tofs sisetert fropoTp ers aand midturesrierepsl ect ed  from
[err] Ga3 andhy 5\ipe, Pubet efcslopgsfcompgnsatisg iopfeselegiprbicam MA® dMeior Nit oS ofo’GHen ge 3
+ or SVseI ecﬁéd aﬂ‘?fﬁ‘l’ﬁ“feﬁ"\‘?é?P'ent rare earth ions and 5 m Xt ures

t her eot~or [el?} ! 'g"st‘?{é?P%ﬁﬁ‘:’*Péé esé'ﬁ“rt%ﬁ“i}’" "'(ﬂ*)"*ﬂﬁ%e?’ﬁt'?@ a5fl

donor i’ons [enmxu“'38rthe °' e iﬁg the‘e°f a rein [err] [err]

(c) [err] is {5{ e t'oo(ig 6'0" ﬁéﬁe F%ZE MR g %8(%1"?‘?@&"] ¥hs Yt e to

total cations 3 5% wherein NG is the 10 nunber of gl ass
(c ﬁdlﬁ is a Teagt 0

form ng ions @PTRCLEA JiRMol§hd bns o) to 16l dardh th % wh&lin M1% [3t1 ©
of gl ags- modi duHbB, M%e;i&ir[n%rdns Boddi B! éﬁakwtﬂ@gﬁg % %OJA et 4 F] b0

1.5-5.0% whegppine AlY df iabBodiind Rhs N %'tﬁé%taﬂﬂﬂib@r%f%&.ohé’(&ﬁ) g,f;gpt_eqls 5o
[er r] ande%Pe‘iﬂWue&etnbﬁﬁéi’ of glasé modu&n&%ﬁg)é?e%{eﬁ kG L Oy .pfnepﬁ{dhmgurbél th&’e&f' ng
in a | ow oxygen-containi ng at nosphere the donor-doped BaTi 3

cl ai m 1 IeavArgmpmsitibmioeprgsaging Ibydiring &y £ low @kygbd-toKtaiting) stAbsphers tthleierabp%a %ai‘u@l; m ng
and gl &ss- nofdiidiny it rhgvingoamsintergrasulas tidysrgpf @oc@ntkiniey boh @dss-Rmiagliiddidss-Rodifying idae! Y

di vi ded par tdngibting egdentiali ofew adiixfuesr of ffinehodividbe Padflesqlf asides of BETIO Gxiddtof QRS

oxi des of gfoamirg pdidisf pridRy o adldsemedifyidg Satives. dogitaribpapix xitip(sk )8 sid gdpare wtop@nt

oxi de(s), oRiidges’ dnodigrroandioides efritdnay xprokegsatify istonawrageirpe ssigtionmyichlyrsy, the
char act er i z@PYWGST€IH omet ri ca by the following criteria: 20 (a)
The nofar rat(F)oTth“"Ar gliq f Asite 9%@3 toiBrsit@oridetshis dR2-HE s) is 1.02-1.10; (b) The
mtar ratio d'f’) SHB’P”GBH ‘H@ oXige(sy 91teld! ofde(stiiE PS)o 39%0. 5 to 3.0% (c) The
nmol ar ratio 5}‘! ns Wdé‘ t°t “‘ﬂ&’f‘ﬂffs) B)@F Bt 490 s at | east
0.20; (d) Th Fg}pa g 5? 23% #lal  oxi de(s) is
0.5 t0,3.5% {"esa asrsgi"d' '"819’“‘6 S’f°ﬁ%9t&t eHFN TSPy oxi de(s) to
t he tot a'ne%hQQtCéQs i's 1 5- 5 0% 25 Revendications 1. Une conpositi-on

di el ectrigue consistant essentiell enment en BaTi 8 dop6 par un donneur,

present ant yHaEoRMPEsBn bl 2Bk sithf SsPfenb At BN Ba1s S8 B0 unt B uP' ; ?n§
vitrifiabl agme Ql:@e HRSgrardide Mﬁdcaht%ﬁtedsaﬂ tgﬁ%ers%ns flablesogue f 3 %ese {

ipoi Nt s6le VUuRrasikaRe Bu® péit b %éestd%a{lorﬁé?rﬁu Ehak fepérﬁes%uwéﬁ@n a apport

‘du site Ali onple@ppsit b dBsitél Adhs HEsitBB kBl BEHE; doBSlest: N N3 35

A DI 02 1 0 NA D -1, 02 - 1, 10 N + N
5+ N B D C dans | aquel l e: _40 NA est |le nonbre-

d ions divalents du site A ChONRIS p%'rm Ba2. Ca2 , Sr2'! Myg2 et leurs
n6l angés; NB est le non’e-he—d—kgﬂs—t—e{-%awad,&]ﬂs- duigte B, choisis parm

Ti 4, Zr4 et |eurs nBl anges; + N es{» mg nonbre d'ions conpensateurs
'‘donneurs, choisis parm M2, 3, | Co2, Co3, &@A3 et |eurs nbl anges;
45 ND est |l e nonbre des ions donneurs de charge 3 + ou 5 +,
ch\/5| S resp&%‘lsl'%‘ﬁ‘é parm |es . . . :
est le nombre d'ions divalents du site A, choisis parmi Ba2", Ca?", Sr2°, Mg2" et leurs
mélanges;
Ng est le nombre d'ions tétravalents du site B, choisis parmi Ti*", zet " et leurs melanges
N¢ est Ie nombre d'lons compensateurs donneurs, choisis parmi Mn2 Mn3", , cr3’,
Co?", Co?", Ga®" et leurs mélanges;
45 Np est le nombre des ions donneurs de charge 3+ ou 5+, cho«sus respectivement parmi les

ions trivalents des terres rares et leurs mélanges, et Ta5 . NbS" et leurs mélanges;
b) le rapport ions donneurs {Ng)/cations totaux (N) est No/Ny = 0,5-3,5%, ol

NT—NA+NB+Nc+ND+NG+NM
50 ¢) N¢/Np vaut au moins 0,20;
' d) le rapport ions vitrifiables (NG)/catuons totaux (NT) est Ng/Nr = 0,5-3,5%, ol Ng est le nombre
d'ions vitrifiables choisis parmi B, Si*", Go* ", P5” et leurs mélanges;
e) le rapport ions modifiant le verre (Ny):nombre total de catlons (NT) est NNy = 1,5-5,0%, oll Ny
est le nombre d'ions modifiant le verre, choisis parmi Li ", Cu’, Zn2" et leurs mélanges.
55
2. Une composition destinée a préparer, par cuisson dans une atmosphére 2 faible teneur en oxygeéne, le
BaTiOs dopé par un donneur selon la revendication 1, qui comporte une couche intergranulaire d'un
fondant contenant tant des ions vitrifiables que des ions modifiant le verre, constituée essentiellement
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lons trivalents des terres rares et |leurs n6langes, et Tas, Nb5 et leurs
nmel anges; b) |e rapport 'ions donneur s (No)/cations totaux (l\ﬂ') est ND/NT =
0,5-3,5% oo0i: NT = NA + NB + Nc + EPOP78@53BNM so c) Nc/ND vaut au
moins 0,20; d) |e rapport |ons V|tr|f|abl es (NG Ications totaux (NT) est
NG’NT—0535%e%QN§5 e. nonbr.e. onswtrlf

icules”fineme wsees xydes du eI S og:( E%le %:a R;ﬁg Uﬂn |433
S, Ge , P3 SE% e§ Jg%jrtf?cdg : ﬂ! %'} l:;\ v%rr dO %ju%p? @E g i Au srtgtq{ d nfou
52dul sile

(NM . nolrrbre EB op&hs> % §>¥y d'on d )@deéjmny%rﬁp% salefirs de

noNbr e T | NS AGKY, o Fheriats HE ot oD SorRl parics.crfoids sebfdfis et | BUT S

M6l anges.s SS 2.5 i 6poRBR RS dpidEffst %@d@(sm@me&deﬁ)aﬂmw sson dans une

at nosphere a faa,)bel@ogoaiaeu,bhmx@%g&m@eur(g)gxyaa@')leaaedmﬁsmf un donneur sel on

| a revendi cati og) id progtidion GRIERE bilyBe(s) REmEALHEIRS) idB dBringlir oMy Hels) ldBnrBUr(EN est @it arfvins

;contenrant tantozbes ions vitrifiables que des ions nodifiant |le verre,

fconstit uee essed)tid gbdoaior mblaide dkyde(s) HHYiable@)iday@EBtoBlaug) ashdertt aB§%: ele

particul es fi nesgaromition seleis widetsydetiant e teypexyBaTit@Blaudbs iy &2 5de cati ons

vitrifia- bles, d oxydes de cations nodifiant le verre, d un ou plusieurs

oxydes dopchtwtentangpiighee A d' un ou pl usieurs oxydes dopants du site B,

d' oxydes d'ions donneurs et d'oxydes d'ions conpensateurs de donneurs

car act 6ri sée B'elﬁﬁ”ﬁﬂﬁ Rysappmensgiaung; %’G‘Pﬁ"@)r’fﬁﬂ”ﬁ?ﬁﬁug‘ebﬁ‘s pigem pyt;einemeRonatpr dpkieres
%3) | BapiP %?‘P?fémef'ﬁ'éﬂa'é'ref' é'“@f&%‘é% 952/‘3‘ °§ %’as §‘fh 8‘65"?F‘('€e’g"‘85t

de 1,02-1 10 '05 \%Ftﬁ?ﬁfﬂﬂ%ﬁ&?ﬁ%ﬁn cfcpne e‘;g 2,2 de(s) est de

0,5 a 3,0% c) BHoBB o r KRy EpE PO SRE AL F c?é‘" 2

donneur s/ oxyde(s) donneur(s) est d'ay noins 0,20; d) la proportlon nol aire

oxyde(s) vitrifiable(s)/oxydds) Mefal (aux) est de 0,5 a 3,5% et 10

e) la pr oport i on nol ai r e -oxyde=s)—ppdi-fi-ant 1, @2ver+e/ axude(s) total (aux)

est de 1,5 a 5,0. Patentanspr &+l. el ektrische Zusanmenset zung,

best ehend I mwesent.| i chen s emem nf'c ei nem Donator dotierten i5

BaTi O3 mit einer interkristallinen Flulimttel-Phase, die sowohl

gl asbi | dgnde algoriguch gl asnodi fi zi erende | onen enthalt, stochionetrisch

gekennzei chnet dw,ch @é gaffi abgabdetigekndnb® tdrerazZentrd) istDais aMeBdtl t Ci2S SHET MgOnen

der A-Zentren zu den desdnemiscli@igeBaudgamtiiiesindi N dem dotierten BaTiO3 N+ N 3

20 : Ng  die Zahl der vierwArtigen foneDder B-Zentr@Rist, die aus Tit 1 Zr* 1 Ond\erenMipBun-

. N NB D -~ (ge@Busgewihit singuor i N NA di e Zahl der zweiwertigen |onen

der A-Zemtren istNc dide Zafs dBaRhator@rmhenBrendedMigientisickieleysan?M MehNigefirt . Co?

- ausgewahlt sind; NB Co’diGe® Zahpereeisohingevmsgawgeiisindonen der B- Zentren i st,

die aus Ti4', Zr&o un@le dehleder\Pasetpriensn dien Ladisgrinahi 9o, ist3gié aus dreiwertiggn

- die Zahl der donator- Wﬁ‘ﬁéﬁ‘f@%‘l“’éﬂ’d@q detsn dfjsghingen BF"é Téus No 2 undyplesen: fjsghungsp

G002, Co3, &3 und n ausgewAhlt sin di e Zahl der

 Donat or - fonen dgd2 Eé(ﬁgﬂ'@gﬁe@%atﬁg%‘fa“ o) 2U;deq Kat‘&"eé‘ "}iﬁ?aﬂ’r@ wertigen

' Sel t ener dnet al 1" e &M@ M schungen bzw. Ta, Nbs+ und deren

: M_. schungen ausgﬁr\/\@mh m quc + No + No + Nug
o {c) No/Np wenigstens 0,20 betrdgt;
40 (d) das Verhiltnis der glasbildenden lonen (Ng) zu den Kationen lnsgesamt (Nq) NG/NT =05—35
%, worin Ng die Zahl der glasbildenden lonen ist, die aus B3 si*”, Ge**, PS" und deren
Mischungen ausgewéhlt sind;
{e). das Verhidltnis der glasmodifizierenden lonen (Nwm) zu der Zahl der Kationen msgesamt (NT)
Nw/Nr = 1,5 — 5.0 %, worin Ny die Zahl der glasmodifizierenden lonen ist, die aus L, cu’, zn?’
45 und deren Mischungen ausgewihit sind.

2. Zusammensetzung zur Herstellung, durch Brennen in einer schwach sauerstoffhaltigen Atmosphire,
des mit einem Donator dotierten BaTiOs nach Anspruch 1 mit einer interkristallinen FluBmittel-Phase,
die sowoh! glasbildende als auch glasmodifizierende lonen enthidlt, bestehend im wesentlichen aus

50 einem Gemisch fein zerteilter Teilchen der Oxide von BaTiO3, der Oxide glasbildender Kationen, der
Oxide glasmodifizierender lonen. des Oxids/der Oxide von Dotierungsmitteln der A-Zeniren, des
Oxids/der Oxide von Dotierungsmitteln der B-Zentren, der Oxide von Donator-lonen und der Oxide von
donator-kompensierenden lonen, stéchiometrisch gekennzeichnet durch die folgenden Kriterien:

(a) Das Stoffmengen-Verhiltnis ("Mol-Verhdltnis™) des Oxidsider Oxide der A-Zentren zu dem

55 Oxid den Oxiden der B-Zeniren betragt 1,02 - 1,10;

(b) das Stoffmengen-Verhdlinis des Donator-Oxids/der Donator-Oxide zu dem Oxnd/den Oxiden
insgesamt betrdgt 0.5 bis 3,0 %;
{c) das Stoffmengen-Verhiltnis des donator-kompensierenden Oxids/der donator-kompensierenden

* c L M - *
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3‘55 (b) das Verhaltnis der Donator-lonen (ND) zu den Kationen

i nsgesant (NT) ND/ NT = 0,5 -73,0 % worin NT = NA + NB+ Nc + NO+ NG + NM
(c) NO' ND wenigstens 0,20 betrigt: 8 d) das Verhal tnis der

gl asbi | denden | onen (NG zu den KaEF ﬁgﬁof%ggesam (NT) NGNT = 0,5 - 3.5
% worin NG die Zahl der gl asbildenden |onen ist, die aus B3, Si4', Ge4, Ps

und deren M sc}4a 36 BorR BSLRNBRMbenTIoRSor-dxRibn gé&%gt\/fé& {fbes der

gl asmedi fi zi er@ne BiokRBRfRn-Udinig uesdsxssb&ﬁm n @Rids/ R b @MRRdch A6 S@BEm OMEden

NMNE = 1,5 - Gxiden HegetshtioBrdyhb.slbie 3€altlundler gl asnodi fi zi erenden | onen ist,

die ags Li' . @). das Balinmbagen-VerhitinisUdtd é‘ﬁhedlflediﬂé?\U@@;@Beragl&@nemm&\d@I Ofide Zs

Zusanmesns et z urigmAuid/dele Ositiel ihsgesgmt ishiragth sBrs@raen in ei ner schwach

sauerstof fhal ti gen Atnosphare, des mt ei nem Donator dotierten BaTi O3 nach

Anspruch 1 mt einer interkristallinen Flufmttel-Phase, die sowohl

gl asbi |l dende al s auch gl asnodifi zi erende | onen enthalt, bestehend im

wesent | i chen aus 50 ei nem Gem sch fein zerteilter Teilchen der Oxide

von BaTP(3, der Oxide gl asbhil dender Kationen, der Oxide gl asnodifi zi er ender

| onen. des Oxids/der Oxide von Dotierungsmtteln der A-Zentren, des

Oxi ds/ der Oxi de von Dotierungsmtteln der B-Zentren, der Oxide von

Donat or -1 onen und der Oxi de von donat or - konpensi er enden | onen,

st 6chi onetri sch gekennzei chnet durch die fol genden Kriterien: (a) Das

St of f méAgen- Verhal tnis ("Ml -Verhal tnis") des Oxids/der Oxide der A-Zentren

zu dem 55 xid den Oxiden der B-Zentren betragt 1,02 - 1,10; (b) das

St of f mengen- Ver hal t ni s des Donat or - Oxi ds/ der Donat.or - Oxi de zZu dem Oxi di den

Oxi den insgesant betragt 0.5 bis 3,0 %10 (c) das Stoffnengen-Verhaitnis

d@s dongt or - konpensi er enden Oxi ds/der donat or - konpensi erenden 12 * C L
S * EP 0 275 053 B1 Oxi de zu dem Donat or - Oxi d/ den Donat or - Oxi den

betrkgt weni gstens 0, 20; (d) das Stoffnengen-Verhaltnis des gl asbil denden

Oxi ds/ der gl asbi |l denden Oxide zu dem Oxi d/ den Oxi den insgesant betr~gt 0.5

bis 3.5 IM und (e) das Stoffnengen-VerhAl tnis des gl asnodifizierenden

Oxi ds/ der gl asnodi fizi erenden Oxide zu 5 dem Oxi d/ den Oxi den

i nsgesant betrAgt 1,5 - 5,0 % 10 15 20 25 30 35 40 45 50 55
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