;e3e=D=. ./, 2@ 2RD6DTD Dl ELECTRI C CERAM C COWVPCOSI TI ON AND MONOLI THI C
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present invention relates to a dielectric ceranc conposition and a
nonol i thic ceram c capacitor using the same. Description of the Related Art
Exanpl es of conventional dielectric materials 10 having fl at
dependant capacitance characteristics include BaTi 03- Nb205- WWM@M&@"
materials disclosed in Japanese | aid-open No. 8-151260, BaTl
type materials disclosed in Japanese |aid-open No. 5-109319, and “1HE* | i ke.
These materials 15 are fired in an air atnosphere and exhibit di el ectric
constant of 2000 or nore. Since Ni or an Ni alloy is used for I@ﬂW’MﬂMM
el ectrode, there are also reports of nonolithic capacitor di e ’I
material s which are not changed to 20- sem conductors even by firiegoat | ow
oxygen partial pressure, and which have flat tenperature dependant
capaci tance characteristics, for exanple, such as BaTi 03(Mj, Zn, Sr, Ca)

O B2(3- Si 02 type mat erDAESEATRTLCOSERAMIC] TBonriang Pat ent

Publ i cati on No. 61-14611, hgl [ (wherein M= My or
Zn; L =Caor Sr; R= Sc,M LI%EIM CE -E % e terials disclosed in

Japanese | ai d-open No. 7-27297, and the Iike. These materials exhibit a

di el ectri c gaersiriinrPfoRSrHE IrASyERS9 or nore. - 2 BaTi 03-Re203 type
dielectric materrars con a| ning a rare earth el ement (Re) include materials
whi ch are £i ere, as disclosed in Japanese Exam ned

Pat egt Publication Norhé%;ﬁéﬁé&@t hesogniEDaaksmeBoki BhieQ exandm C

capaci tor using .any one of these dielectri erani c cqonpositions is
et y R D Ll 1 ABry TS U S bRE G YA e AR5 Sl rent . and

under a | owsdold ages dBamect current. 10 In recent years, the operation
condi ti ons under which a nonolithic ceram c capacitor operates have been
i ncreasingly rrade severe vvlth advances in integration, function and cost
reducti on diess pBtore, there is great demand for a

reduction in |oss, 1%*&995?&@@9@@0@9%%@&' AR e 14l B M Stfengt h and
reliabilit and an increase in capacity of the nonolithic ceramc

capalitor. ng ekt i tprPerardse | ﬁ@P@&gﬁﬁﬁl FAPEGHTREEE Wi l e the

di 6582,55' C c(rjrpetlﬁﬂdtaéfswltis@é O§ﬁ61réa%29a@apamp % eslwgd apent Hps. 08 1512ﬁ0 and
an ne e tent Publication chi eve a

P oh i ol edt15% PIRTSrECT SRR havaePRBCPRULE LeREPRIS it Sr26 0

hi gh- frequ@uﬁ&x@—g‘hﬁplﬂz@&y@d eratEr il < uli entosadses dabegkskeoss and

gener at es fi r ip 2 n ere e use of

Ni or a N n%[cll o c‘?ﬁén Iltlﬁe %-’n Q?%%P ?Ie@t F%%ggi%% or ﬂgfg n?%é)%\gsiegt he cost,

t he 1&er am &rear Mng@danoasérrﬁ‘émﬁéablﬁe’ﬁs angn@xtidsith aobielestvicsuch as

an expensi Veohgh af9-&8 960bh8x! hkeemust be used for the i nternal
el ectrodes. 30 The dielectri¢c materials diisclosed in anese, Exam ned

Patent Publication NoSiB3e1¥819Tapd NdpardSy 118 dlstﬁﬁ%nf .ap._55e¥Rafgye

dielectri clezpélétlaaaé OEhéﬁethB a3 s30Q@pRirtIcE ah@0PEh e dRp&citor
res pect ive

t.e,of change i,n capacjitance wth
t enper at ur gi%ﬁ?cﬁgecuﬂawrh?gﬁ f"ﬁé&&eﬁ(ﬁ? h’ic%h %"’Pt%%g Y“Pternating current
causds a higgmiossdantdogenerehedbymidhrimgatat Theseoxiredmcparciahteri al s have
anti -reduci ct S 5 o) f a
nmonol it hic ﬁg%er%%t&%écaggg %’%gégohg?%s:frq%%‘l ﬁ:t en{anaII‘aIg]%%:t(?o efsiargra e of a base
mat eri al su%paelwn@re t:hérarcpzeml@@thsrwe ffire|etampke st $e@lgt ASaRET10;-

reliabilitymge kAW k@, usg)Bnees, & ;ky, g*ayatet AgdeediibeE HWdRHea 1h
Particul arl there is'an incréasi ng demnmand for decreasi ngét he | oss and

heat gener af fBANBPCAENBRGRECHhPE teRta R GRIcI BN t BladdShdes (PR
i nt ey at i onmpf LanTel, erd OQN}Gp@pp@mefésn NDBOMgt bixC Zzgr aM<L capaci$ofs have

been i ncreagi ngl ed under a requenc h 15 yol tage.al t rnatrn
current) dzgreg#n t RE B F&*6F eta%é"}}: s %t‘tﬁéaxﬁsélgﬁéoﬁg °

generation thhheseomallldt-blp@meroam’t:- | tamd thsolthe.l oThemred heat
generation &?93% gltfsegpc%r é]_txaléu%&%‘ta an £t ggshgg%fs%% an error
in the operations of périp era s GQnd~a Feduction in Fifé Because

convent i onak08Pebycmore .cer am ¢ conposrtlons cause hlgh | osses and
generates nuch heat particularly under a high-frequencyhi gh-voltage
alternating current, they cannot be used in a circuit under a

hi gh-frequency-hi gh-vol tage alternating 25 current. In addition, the

nonol ithic ceram c capacitor is increasingly used under a high-voltage
direct current. A nonolithic ceram c capacitor conprising interna

el ectrodes nmade of N has |low resistance to direct 30 current voltage, and
thus has a problentrn that |nsulation, dielectric strength and reliability

I D



| ess, and a dielectric constant of 200 or nore; and has | ow | oss anﬁ eat
generation under a high- frequencyhi.gh-voltage alternating curreh AR cuul
specifically a loss of 0.7%or less at 300 kHz and 100 Vp-p; a product (CR
5 product) of insulation resistance and capacitance of as high as 7000 S2~F
or nore at roomtenperature under a high-voltage direct current,
specifically at a high ' electric field strength of 10 kV/nm tenperature
characteristics of capacitance which satisfy the B 10 characteristics
defined by JIS standards and the X7R characteristics defined by EIA
standards; and excel |l ent propertiésziﬁ a high-tenperature | oad test,
specifically an average life time of 700 hours or nore at 150C and an
electric field strength of 25 kVVmm 15 At |east one of X (Zr, Hf) 03
(wherein X is at least one netal elenment selected fromBa, Sr and Ca) and D

(Dis at |east one I t sele fromV Mo, W Y and Sc)
is further contai negE%as ;a(% g&d&tl orrlpeglne%tirl n T!ﬁ\léélrr‘h??ﬁsconponent,
t her eby fuerJretraiZtﬁ)lmgrpat avang ehnthcedeimshitcgReAl timolgider artatoesrjoaflir and Hf

in the add'vht Of' dﬁgrank%lg?’a@ﬁwgs ﬁterle' matse(éiléile? ' 0 is
preferably 3 romthe viewo nt of sinter |ty
Descri pti oniweme%vﬁvsemme@ Batent Bubpécatigst Mce o3 d Hodhl it h| c ceranic

capagjtor in accordan&ecam@ne@oﬁamﬁlbﬂemltqaflct he Ringsetapdveibion with
reference to the draw ngs. shown . in Fig. 1, a nonolithic ceram c, 30

capaci tor 1V%¥ng h‘?%ye%%d‘i’ﬁeﬁ?eE%nﬁﬁ?%§§t§1€eF§rﬁaémicaﬁ?‘%RP%r'bh%%% 3% havi ng
t he shape Oﬁr@qu@ﬁtﬁj{ﬂguééﬁ fhism ebt_rawn@ie@adn@mn&twmlac@elral ity of
dlelectrlcc amcI%ers 2a gnd gvmthlnt r nal ectr?cjl

t her ebet vvee% Lernaglpg GRRRFNEY BRHoHESSE & & MesEdFR ?%‘F?‘red on both

end surfacesunfenhbe ceram c | ayered product 3 so as to be electrically

conngeted to the Specké Egcieﬂtceggglrs‘?' R %q:%sraq‘:lfﬁ'gdcé di@%éegnﬁé‘rf' rst

dep05|ted Ia er 6 5 an secon eposi ted layer ormed on

ext er nal tebdasmgnopgxhict ReraBtFoFaFR PrieduRRI 2 ¥RS nbvEi PARR ceranic
capaci tor 11Mb£éa§§n§§§¢ﬁ1h@§dst%6|e%‘é/ Wl thhey g iRie PTid henPEGEHELHAN St eps.
10 First, a_raw material powder contalnl t.he conponents of the dielectric

ceramc | ayEYFRCHA0RNANIHCORR| ERIRCE 1) FLac TPPHEYCPEt i os and
m xed, is preRpae€dreNexheranier g&relam Riendard i fomnddetedwct henr aw 16semt eri al

po to formslurr n forned in a sheet to obtain a green
sheet™ f or th@PEPXFE‘S%/‘FFclt?e%QﬁPé E ers% a%atrzlbc %r,lggﬁegl ﬁternal

el ectrode 4resiabidedyonaode amaiimcngafsmcelrofcagregreent shbet for the

di el ectric ﬁsaamhlleyerer%hu&% Ptrgs%tcere& f%é@%@&eeieﬁn% ghget rodes,

not only a noble netal such , . Pd or an Ag-Pd all oy bui also a base
netal such A8CKP2S3ngIaN N.eqalrlrrasﬂ -can be used. As the method of forning the
internal electrodes 4yhany theadicele-fdtﬁe Nha ther 181 odisalvapadr igeposition

th d.a pl at t hod t i nb f th
g'rsee 8|shfalcre]t gan‘PaErsﬁgq&"a é’O(Pterr’i Fer aaﬁ]%céfig%%n bshggéggglt rﬁ‘gl i zgerﬁgl ° ©
;alhec'éroﬁestaa@aeels@mmxahadxechmhudm R:rmfpxeasttssdnvmoh 6RelgBeén wd&ue@@h }‘gr

e dielectri¢.cer r n n eghr e
t her ebet vvee% gégﬁorﬁgegecr%égncslcgo%eér/@ed{p dl%%f ﬂ%é Eﬁ{zh%f‘&lte%tél %p?%&u t is
fired at a pmé@et@rmugedﬂmq)@rmwmgm-eobrw%t @lhﬁﬁéétam%@@ﬁo

obtain the ‘é%'h%@scal QM%"I‘P@.d%r cenerated mubdBXheathe Xt &miRdlng
el ectrodes are fornmed on both end surfaces of the ceramc |ay ereLd product 3

so a€>to be 3 &HMATREE “OHRttRE WS t Heei WEer A4l NI 8&t Podls 24

mat eri al f ofdrhe textigiteain=l eclidatesdds i]hlEOEdﬁ'E Eorrareemeals% ahd he

i nternal el ectrod 4 can be used. A}g ég ;U nd %u al laé‘}% and
powder s of e erai"bl%léﬁle g‘f g?? su%ﬁ‘ 5? ﬁl&g’ Si%02- B4 gl ass or
Li 20Si Cz- BaGlgisass ncsblajdmi;alcasu@msmsbenusnpemé\mvaprﬁ’rdopﬂgat@ et érhiaal i s
SeLected | Tpane AR AR onolq (e 0nd Nt apdedaarBl Ledtop ANd use space of

t he nonol |th| C ceram c capacltor. e external electrodes 5 can be
formB8 by coating net é[fh%dir\k@re%%lﬁ@: raeterrrailerriarsce@ser@e ider@RaNg S er ed

product 3 o@@n&%a)ypafﬂéwgp@@ﬂl&é@@ﬁohaﬁbngsut,14tshq e NBard£et rodes 5
may be fornmed 15 by coating before |r|ngge9?that they are obtajned at the

sanme time agsaifk %&%rﬁ% | Byefed’ broaviet daeleren e RETSEBITICRIRRt rodes 5
are plated WMidh Nis Bo®rot hfoté kend03 boonoirheckier, stredgasi 1wl y ayens 6.
Finally, the second deposited | ayers 7 nmade of solder, 20 tin or the like
are formed on the first deposited |ayers 6 to produce the nonolithic

ceram c capacitor 1. The formation of the conductor |ayers on the external
el ectrodes 5 by plating may be omtted according to intended application of
the nonolithic ceram c capacitor. 25 Exanples The present invention will be
descrl bed |n further det a|I bel ow on the basis of exanpl es. Exarrpl e 1 In

o o " - 7 o~ - ”~ o~ ~  \ et e e
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Next, a polyvinyl butyral binder and an organi c solvent such as e Mﬁ
were added to the weighed nmaterials and the resultant m xture was wet-m xed
by a ball mll to prepare slurry. The thus-obtained slurry 5 was formed in
a sheet by the doctor blade nethod to obtain a rectangul ar green sheet
having a thickness of 25 um Next, a conductive paste containing N as a
mai n conponent was printed on the green sheet to forma 10 conductive paste
| ayer for formng the internal elecirode. Then, a plurality of the green
sheets each having the conductive paste |ayer fornmed thereon were | am nated
so that the sides with the conductive |ayers and the sides w thout the
conductive layers were 15 alternated, to obtain a | ayered product. The

t husobt ai ned _| ayer ed pr oduct was heat ed o a tenperature of 350C in an N2
at rmsphereatc}or“z HFRRE |, IRnePRPRERE ARFEIVAF Nt REMPERSEEEUr &%$hown i n
Table 2 forsk hmuér|wugqﬂﬁﬂe@nétgcﬁtmgnhebEtagapause&g:alﬂ&@dez&@aﬁes at
an 20 oxygendpartl al [essure ofdlo gP'ﬁ g E}%’I n_a ceramc
sintered prodieds THAET APPRST c%ﬁ?%FﬁFﬁS B363- LF2 °B30 glass frit
was coat ed dore it endnasuet hebs }maavehentesubdungngecamnacmerxtmteetsproduct
and fired g o her rm ext er nal
el ectrodes térfecttzli‘ %E%%ﬁ%}g%t%%iggg%hg ?Et %lrzrr?g Igglsig'ct rcgc?equrﬁ,ecm

sol uti on coRRAGI RE nFeRRY isimg ateternakerlertaocgs asdaref @ Rase was
prepar ed, a«@célhfaﬁgségneééeﬁﬂ%rekﬁet nedes was Rinekelilatgd by a barrel

pI]atl ng nmethod. Finally, a_soldering sol uti on conpri sing an AS bath
(al kanol sl FFRICR R ﬁ%%l%]i’ébél:lédarﬁn&Of”hénnH,Sl?elur@c?éi ihd* ¥ m was

p| ated w throbtslge dyrébe batrehtpl ating - 15 nethod to obtain a
d thic ceramc ¢ i ext ernal el ectrodes. Ocil'he rgsjyl t ant

(1] aci:torlvm %h tE 3 | ect

nonolthic ceram c cagﬁf toPLRRYY extEPRSl 16 AEnSTSHS AT Wit h of

3.2 nm a |dagréasding dhé Ihmsandnd hlalackgesrer@ﬂ:lbrﬂ qﬁna aumhdalmtldlcel ectric
ceram c | ay, d t i;nt 4 odeszhad a

t hi ckness oﬁ‘eég%‘n% cggi%é@?g%apg g?%o \é%hé}%e ecﬁ ve d‘% el%‘gt rlltﬂc ceranic
| ayers was @bechr@niReappazaspst heM@@@rltlérhle‘J EaNTHE AP alePriadaBe 8 x

10-6 n2. t%é@ﬁtln&beaghﬁ$19I GseBanadies iaStHigh -Hfrddfieen@pohidhi c ceranic
capacl tor neasu

he capaci tance (C) and diel ect s_(tan b)
ror s ur BT b D0s b AEC TR FOEEEE Bt o G5 Hihth® iyt fRvPEcBE a
frequency chpﬁclﬁoVBnbyanﬁealbempemit e t0 fg 28e3; & taiwsh 16fth]ee di el ect r| c
constant (e . cul fr acit.anc 'stance (R
was moasur S ESERLE CBEER, o STbReeBATT A Gnd (RO 189 £ERLS,
vol t age of qenevaappm cduler a2 tempemed urend itdee meo%lu@xr@fllt heatidpam t ance
(9, and theplgsubatiana (@ﬁ%&%@n% €Be Hbdationd Nor Fepiphuehs was

determ ned. The rate i n capacitance wt era ure change was
al soz%asurﬁartW?ﬁdrésﬁééﬂlc }OPhd It dtie of cﬁ%ﬁﬁ}é‘s‘?nc%‘aﬁ%ﬁaﬁéé W|th
ter'rperatUl’edﬁé&@@@rlbh%eliﬁ%dl@I@dn@icﬁ‘slﬁfldﬂ'éirtgﬁmé\ lﬁiﬂ@ﬁclbéaéé &nd5C 25 (%)

bet -25C to 20C t h t 85C (¢
et woen 20CoPBSRAESSo R AL S AL FapACTREch o ODCE “HGFBRGEL or m ned

(GLC/ C20) . hhghreoilmaryer astletecrfnaﬂla'rfgge:umree:tatpacttIhaylcea(m55Cbe%1)Seﬂetlween

-55C to 25C,a i o LLan (.99 )
bet ween 25C tgqf%%tn?#c{%!en aS| %ﬁ&%am nggfg%b%%?t%r%ggéﬁé%
det e2%i ned FQE/@Z@) - 16 In a high-tenperature |load test, changes in

insul ation resistance p tdudiidEd ort};"@ ROES1 eRs-okeeamh 0k a ?ﬁ@g_h—_@ﬁ- wer e
al so neasured hy applyi %a DC voltage of 500 V at a tenperature of 150C

The time théSi AARTRAGIE ¥ agad &%ﬁ,‘%el(l'@ BEoR2¢ALEPEE] F?'éﬁe\ﬁ&s YFE S -or
| ess was deherdnad wsid heedddias t¢a{pacﬁmdraaorapenagﬁgl iheetrina® was

determ ned. Ln addiiion S C acteristics un

hi ghf requen&} % Ci?ogl 3 a‘?{]gﬁihgﬁ‘cﬁg %‘ﬁrF%ﬁf’sg?ﬁgelﬁod rgccttr'i c loss (tan
b) aBOa freqmw@@@:]lﬂ@e,lomd/p:}pianuaa aeppebétewrenoﬂ:h%c was neasured.
These resul hayn 9%15 15 iring tem. p
(© D-el eté?lrsf&{: tzlonstac%l%]l é: Str ﬁ? %ndé @Rét%gﬂ? e):ange in

capaci t ance %Qmﬁ@@ta]tm@emww ”}/Ratléeofm ﬁé‘n@ehlﬂfbéﬁa?ﬁ%%%e Wi th
tem eraturegd &&/{G25 AR product n' F 200V applied +25 C Average life
time (h) 300 kHz 100 Vp-p tan 8(%-25C



(9% +85C (~)-55C (9% +125C

(99 113004800. 126. 8-6.911. 8-13. 04501300. 51*2] 30010500. 21 6. 5- 6. 611]52tﬂé§6§@2
7501. 60*31370600. 036. 0-6. 111. 0- 12. 296007500. 26*412803800. 1011. 0-11.116. 0

. 24207400. 48*513704800. | 36. 3-6. 411. 3-12. 582008000. 58*613003800. 1010. 5- 10. 61
5. 5-16. 783007500. 48*71370Unneasur abl e due to insufficient
sintering813705300. 136. 9-7. 011 .9-13. 173007400. 56913002700. 0811. 4-10. 516. 4-1
6. 690007900. 41 1013006900. 176. 7-6. 811. 7-12. 973007600. 651112802200. 085. 9- 6. 01
0.9-12.192008000. 351213004800. 126. 8- 6. 911. 8- 13. 075007400. 531313004300. 11 6. 6
-6.711. 6-12. 883007700. 491412803200.4096. 2- 6. 311. 2- 12. 487007600. 461513004800.
126. 6-6. 711 . 6-12. 881007600. 571612802700. 086. 1-6. 211. 1-12. 390007700. 40171300
5300. 136. 8-6.911. 8-13.078007500.61 3 a NOON - 18 Sanple Nos. 1 and
8 to 17 shown in Tables 1 and 2 indicate that the present invention permts
t he use of .. for the internal electrodes, and the

pr oduct i on=ef i ¥ arte- capacitor 5 exhibiting a di eI ectric
const ant of 200 or rrtmm p&e(beﬁitemtrmqums gﬁ:tcasm@ésoa @iél¥carikess at 300
kHz and 10 0w degr.ee of heat nd_excel | ent
characteri %te’l\é%g&unc?éjrmpaj%ltlhorheque cy- rf'ﬁgahvo ag a??‘gﬁﬁgﬁuﬁé ?grrent

Sanpl es Nos.300 ghebrl( ess 1 ArkD 4 il thatcoyst antt Phig 20Qe ccomoast, of the
sintering t teri t r ossible t enperature
char gct eri ?tqlllqicsda\(g‘fslcrgljpalccﬁ"tr al%esasaarﬁgq?gat?hge&%ég ggggt Eﬁigﬂ gs Q%gx ned by JIS
st andar ds éﬁ&quw\a%k@%ﬁ&eww@ﬂ BYrEPAtst gRGEAdscaldy

addi tion, 15 1SH®lsr NQSH J&tlcéég Shoyo ¢ hatiz byn&i Tobi Mg -the a(Oprbdietval ue
n{ (Ba,. %er ch, represents the bgrlumtltanate lid

sol ution. G AL T SRETSarOR FBG: SERREA SN Sinct § ance

under an elaax:thjig:hfeisal'ubcsct rergtdr afodd ekt‘s//mmstamplalr@muase A rS2-F or

nore 20 at erature. I n_the | gad _t gst at 150C with

5 380 vl A e T BEOS bl agl ot SRETRESELNIE, SRC 3R

aver age i's-as Hours or
nore. Descrégdton e Itiehﬂ)vxstbeemm‘dl_e of mekVém@onsefmplenaltmna ng the
conposi ti Orb}%ra%‘F {%@én‘;@é Vﬁé‘ﬁé@gtaﬁé e Wihi R Ba‘&‘l%tf‘é/”ttr?e qf 0.12 or

| ess, as in Sa and is over 0.7%

undesi r abl Wh%‘é%\%?i\f@t%@%td©%%?%tbanI§]1sFﬁédéFﬁ€r %&hw&% a R content

a of over (:iérad@SetisSoad| @MNoned, b§r| ntar abbhidbyddet elridrat@s.1and t hus
t he ntering 30 tenperature, exceeds 1300C. '{he di el a:ctrlc constant is al so

undest r abl yp SERERY 1B fekiS h%\?\maﬁﬁat\f\r?h 23fh &&R%ent b of less than
0.04, as in Sanmpl e NoThd, ptégenutsiheéhvhonesilsbapecevisidove and t he - 19

f i &f d X7R
chatacter| SSHBLPEREY| SLEERLE cERRRELLETEonER Mn l | BCh SR 100 Mas i1
Sanpl e No. Bay'@nemgdm@ﬁhgetéhpgeadasérahedsrﬂr@&eycte-%é@%rqrsmc 5 Wen

the A/ B ol @smpakifibhi naanrETH{:érA§§33etL§clt§%%ietsh%1(&95£hn aSe i Haganpke No.
6, the insulation_resistance is t he tenperature characifrlstlcs of

capati t ance™@b ﬂBiLYsatP@P}etﬁétélaﬁHC%Rscﬁa‘r'a [Rt3RLIT el Y her
hand, w th Bum aabueaobaééemeﬂ;am59uchs alsN N1O czargl eviNeeleysintering is
undesi rably insuffi c Ex nple 2 en tshl S, 8X l.e he msu n conponent is
{(Ba, X. ySrxCay) 0} B0 TiRIV LR, Prel 2 PEt at;m‘d? SODR It Ca03, Sr o3
and Ti 02 weiLBVpnepanedaashe‘iestant:l ngmmmmcﬁzs;lqmdlmhn%e 4 was
repeated topgbta i iumtitanate
solid solutl on hg\%ﬁoggﬂt )ée% %%@ﬁé gﬂbéggu%kme"@;&n r%%?e%%%?gd by the
formPa ABOSOlWtaRNt ﬁédcéﬁéé§ﬂﬂﬁoﬁ§“@WQﬁw Bl @ F1DPeAENPaw materi al s
for additi VQd@QEﬂQ@entﬂﬁeBe@ﬂdwMenL%h@,ma@p%o Ay FY208predéBeydTh407,
Dy203, Ho2 ang1 Erz03, _and_MhO, N O I\/g 3, Al1203 and Cr 203,
respectivel §Y &PE SCTHNLEh AEY: a*t pii tyPuf | ‘g 9589“7'&39 WePEe5PBhSr ed. 25
As raw mat echel pakaumt ke tadditiel ‘sealdmmﬂemld(( Zhiavi-fﬁ@ 03 peberekit¥ i s at

Leget one TRL3L LGN SELEallr O Bt 400 Co) oo BRL03. 5009 and

S|nter|ng ad |ves 4 30
wer e3r epar ed eimentheedsme edarfirem da Bca:‘n,pllitr,l Nd SmZOEuThédbafﬁbumDM t anat e
solid sol uti n, Eadletn{ v%%%ggﬁklerlwallse eéhngxaggl Elfved% ReRAr ed as
descri bed above Were Vei SO ds to ta e conposi tions shomn In

Tabl e 3. Thencoatetiadi @fi{e“@rttf = lagdiad \A"éf%ri’ﬂ)@nehh Rl"landF?heAéoeﬂr icient b
of additive sgmonent Md eprasgiicdiRGeiplAdprabéfr otneard1aX dadikbd er ms of
a chem cal fornula containing one netal el errent i The content of each of
the sintering additives is showm by parts based on 100 parts by wei ght of
the main 10 conmponent ~ (Ba~_x.ySrxCay) Onli Oz +aR + bM+ ¢cX (Zr, H ) 03.
Then, nonolithic ceram c capacitors were obtained by the sane nethod as
Exanpl e 1. The thusobtained nonolithic ceramc capacitors had the sane

d| rren5| ons as Exarrpl e 1. The eI ectrl c charact erl stl cs 15 wer e rreasured by

o - o p— o o ~



r N3 nNOON - 23 Tables 3 and 4 indicate that the addition of the
addi tive component X(Zr, Hf)03 (wherein X is at |east one netal el AR 2002
selected fromBa, Sr and Ca) to the nain conponent permts the use of a
base metal such as NN 5 for the internal electrodes of the nmonolithic
ceram c capacitor and achi evenent of a nonolithic ceramc capacitor
exhibiting a dielectric constant of 300 or nore i and tan b of 0.7% or |ess
at 300 kHz and 100 Vp-p, and the tenperature characteristics of capacitance
whi ch 10 satisfy the B characteristics defined by JIS standards and the X7R
characteristics defined by El A standards. The content of X(Zr, H )03 is
preferably about 0.35 nole or | ess based on one nole of ABO3 in the main
conponent, as shown by Sanples Nos. 101 to 105. Wth a 15 X(Zr, H )03
content of over 0.35 nole, as shown by Sanple Nos. 106 and 107, the
tenperature characterjstics of capacitance do not satlsf the H and X7R
char act eri 8t % EREA%e 130 THRF TR A dnpeRRheat ntPRIEL éx&ﬁﬁFélpénﬁ(Ba X2

0 ySrxCay pr@ ma¥h102 ltaferic oM in dbhiciBaf08s0 CaAgn $meR3rard T2 were

prepared a rtin raw mat e a nple 1 repeated to obtain {
(Ba, . X_ySr 3(33);;’)60 07 I cch %S - ?Fﬁ%t }t’aﬁapva%gol i d solution having
the perovskite str uctllhee ok 5 rcef)rehensedtbylngeaﬂdntruh/& AB@3beni th the

conpgsitio 0 Tabl 0] Int nentsR
and b cecB> Bl ha B0 Rapd BRERERE Bt bt R R o
and MhO , Meight q\fgtrhe &P 3companest and C r203 , 30 respectively, all of

whi ch had a purity~ofr|Q0%0in "OEGpoMERE REGPRLEEher conthir/)S dAWJmaterials
for the additive conponent D (D is_an oxide of at | east one netal el ement

sel ect ed fPGHNELYG coppongnt way hpgsscene 9508, (Z¥a285) Ovpbshenesn v203

and Sc203, xall oft Wigdt t@qieam@eattat@tne%%eteeeee, fTONeIER Prapaied. In
addhgl on, ter| n(g addi tives wer_e ﬁpar ed in the sane

2, 3 and,g

r as %?t%@t??aﬁﬁt@xé Bi @fsBrutcast &1 (SR aw
materi al s &ddammt ese g taeldli froesVpr Bpar €d, aBlo]l 0Wdecringedghove were
wei ghed so as to obt t 05kt €nDqcT oef ficient
a of additive corrpongh'%1e Rggcoe |§=Ee%'?ﬂg P?Q’Qalrﬁagggéoo %rsteﬂtglt%l §%d
coef fi ci entlepfbasril tdwel conpeneht b@rngmatmaauatreatscvdm sRlaH-Ioxi de i n
terms of ahomdLal dOrHyl Ard; I L UHAIRENY Ao IBEAL . el ement. The content
of each of the sintering addltlves Is shown by parts based on 100 parts by
wei ¢t of the main cofpPrepntentpaf R vepresgnténeriaoy ordrder WAy ©QID. Then,

nonol i t hi ¢ eKair €. CAPAS1& 068 YEES 28 eewsne@ taydﬂ&uscente ok as
Exanpl e 1. The thus obt ai negtgllr)no ithic g)era aC| tors gad { he sane

di nensi ons EPBEMPRE 92€ TH eBLPMEREN é%O]vﬁercef St ®d by the
sane net hod Bsanxt@epéel 1d sbkutdsnl trepareeesﬂt@m hyn ABE| én6the Tallhe 5a
(molar ratig) '&éﬁ%@ ratio)d (nolar ratio)Sinteribg add ith-~e

(pansSanpl ex+ tal Total No. Yx yR (oxi de of theof aM (oxide of theof bD
(gxPde of theof dml23E2e102020mOLdte3REBY GGy ML S\Pn represented

0. 002W0. 004 I e?Eg_?é}; 5 2 3 0. 83003 5901 0 10
010 0202030000° Zegoq’o%%r Ilo 0060&8%%5'130@ E‘%Qeaﬁrg% g%é‘%gdo

3Ce~FeAl ScNbZ949. D59. 960 220. 20d. 20856031 "™ F0F0L HD0. 10. 10 080. 020. 0010. 002
205000p 80.280. 050. OI@ﬂeOEQQQQ%’l 2&&@1&&@&&@@; I8 pAPse 88n 18R188Y 0. 005V
0. 0200. 0251. 00502 600p 20 10. 02 Og_% %0

070. 1S2g0' FERBE dD! 6%0& 0586§t46?6‘e 4683 %0200.010 Nr N3 v L. Table
6 S@&®le Firing tenp.The-ebaocliktiit Icldzranﬂlc\/fat};mchaet eoDf tichapgesent

~P~i tance 0.9 e, Cj wth
t enper atur\e\i‘ic?lﬁigggﬁt{%&h{ﬁ gtsC% P%&@ cAE\?,er er]ﬁl j’fé]ctfcfl][')él g%ggﬁaz i 00 Vp-p
t anNo. ( C) cohaYaHs ( %ngeme% egeet(r%d%cﬁq%eéfm‘(%ep‘pheeaespect1ve
25C( ) b( % 20143006500 128adui®. 19krk? sk 2009500, 5420242894300, 155 6-6. 69.6
-12,6113009400. 5320312803200. 5-12.5118009700. 5420413004800. 165. 4
-6. 49. 4- 12. e&&e@mgeélsogewmzﬁom@eg trrer 22 5324509860. 462061 300530
RI- é?ﬁ 4-6. 49nd4- &BgfoQQQEQﬁoc@Q%&EB%mhﬂdﬁ & e 8@1&@2«:8];@0&@2@3351 N dI
abl e i cat e, t hat tion.of the additive
conponent D?‘?WE?eFﬂmBrllEeaﬁ%ﬁxag’ oS Ags ‘t%a‘% 0 teeh’é‘f'érlgl EREAMSel ect ed
fromV, No,cdapobbhti¥h.Y and Sc) to the main conponent permts the use of a
base 5 netal such as Ni for the internal electrodes of the nmonolithic
ceram c capacitor and achi evenent of a nonolithic ceram c capacitor
exhibiting a dielectric constant of 200 or nore and tan b of 0.7%or |ess
at 300 kHz and 100 Vp-p, and tenperature characteristics of 10 capacitance
whi ch satisfy the H characteristics defined by JIS standards and the X7R
characteristics defined by ElIA standards. Furthernore, in use at an
eI ectrlc f|eId strength of as h| gh as 10 kV/rrm the CR product of the

-, - o o A A PNINISN AT - o,



- 28 As raw materials for additive conponents Rand M, C e02 , Nd203 ,
Eu203 , Gd203 , DY203 , Hoz03 , TnR03 ( Ybz03 , Luz03 , MO, M(Dlz&ﬁég i?
Fe203, A1203 and Cr203, all of which had a purity of 99% or nore

prepared. S As raw materials for the additive conmponent X(Zr, Hf)O03
(wherein X is at |east one netal elenent selected fromBa, Sr and Ca),

BaZr 03, SrZr03 and CaZr03 were prepared. As raw naterials for the additive
conponent D 10 (D is an oxide of at |east one netal elenment selected from
V, Nb, Ta, Mo, W Y and Sc) , V205, Nbz03, Ta205, MO03, W3, Y203 and
Sc203, all of which had a purity -of6 99% or nore, were prepared. In
addition, sintering additives 1, 2, 3 and 4 15 were prepared in the sane
manner as Exanple 1. The bariumtitanate solid solution, additive raw
materials and sintering additives prepared as described above were weighed
so as to obtain the conpositions shown in Table 7. The coefficient a of 20
addi ti ve conmponent RThedfrfiesrent leftzedes ivay coppbheAe & FHasgred

coef ficienty ff sddi tda&f‘d@&w%tﬁif@rﬁ&ﬁa@ the aols%te%aomye%ach
oxide in terns of a . chemcal farnula contalnlngﬁbne netgaﬁe ement. The

cont ent ofQ£mﬁ1QHHQ%RF%N%n%ﬁﬁ%&}%ﬁkﬁ?w%%% FRNSALW"Ey IPares Ihdsed on 100
parts 25 by weight ofTHd eex@dthabrgonentodes Baay xcy@pxay) aOfiiEs@2 +aR + bM
+ cX( Zr, dD . Then,. nonol ic ceranm c_ca |tors wer e obt ai ned

by 1B sand HEAHGPIREBADIS 4 AUHRES HESO5E aPhed RORDRCERTE cor ani o
capaci t or s nedrh I hiec Ssomd 30 of nensimrsred Expepl efla Thedekedive c

char act eri S a I sults
e o TAGELNES HIRSH S O A e “GIBFTE PP, FRgR ARG o ARG

h1" 00' 011 ' COPVRHLEDHR 0deros Doed bryeBopprmgd-~op~ghep firsy dayer.
SZO0OO0SIO0i'0 100 ZI'0O 0O 5001 ZI'0Zi'0 ZZ°0ZZ'0 SO'0 SO'0 O
LOg~0~$~~~ 8' h 000 0|o 00i0'0 8'0 SI'O SI'0 80'0 OL6'0 SI'0S0' 0S0' 0S0' 0
87' 080' 0, & AoRBS GRERT FOM AL, TP AWHTEYYO 0 '1'0Z0'08i' 0

"00a S0Z0' 0S' 00S OOOFﬂ9101 Q§2a0§@c016n9® view showing a monolithic

Bogﬁg Bwﬁ R%%é%@g%béépgcgéér 188gcgg£dgggehggghognaghbdglnggg}cﬁijl 0~-

present invention;

Fig. 2 is a plan view showing a dielectric
ceramic layer having an internal electrode in the
15 monolithic ceramic capacitor shown in Fig. 1; and
Fig. 3 is an exploded perspective view showing
a ceramic layered portion in the monolithic ceramic
capacitor shown in Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT
20 A dielectric ceramic composition of the present
invention will be described below.

The dielectric ceramic composition of the
present invention comprises a barium titanate solid
solution, R (R is an oxide of at least one metal element

25 selected from La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb and Lu), and M (M is an oxide of at least one
metal element selected from Mn, Ni, Mg, Fe, Al, Cr and
Zn) at composition ratios adjusted as described above,
and a sintering additive as a secondary component. The

30 dielectric ceramic composition having the above

construction exhibits a firing temperature of 1300°C or
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SUE~) ~E~o0, L(ouEi | E~oyX; 1~E~oZ+xal dnES aAt)ipp ~ulia~pS IEIAI11) p E (ones
|l elom aE]O L(OL; El 1EIOUl) q(O]E 1elON EL al gez Table 8 Sanple No.
Firin g tenp. Di-electric | kHz, + Ywras t d (96Rate of change in
capacitance with tenperature AC/ C20 96Rate of change m capacitance wth
tenperature ~C/ C25 "~ CR product !'2F 200V d |Ii a Average life ti (h) 300
kHz 100 Vp-p tan 3(% (C) constant) an-25Cf85C ( ~)-55C (~)+125Ce pp +25
Cme30113003700. 114. 5-5. 58. 5- 11 . 51 47009900. 4730213006300. 1 64. 4-5. 48. 4-11. 413
0009300. 663FEFBOCEBHR 1B4e b S BBC 621552350091 6,06 230 22504 808 11345 0- 5. 08. 0

- 11. 01420092991§§§95i2§0ﬁ89@ %éﬂeia51éﬁ &nabxlh4$m@£ﬂxtﬁﬂﬁgéﬁépﬂ4800 164. 6
-10. 78. 6- 16. 2141 009300 86§ 713005800. 144. 8-5. 88. 8 00 300 62308t 280470
0.159. 9- 10. B D18 G900 19502 F 6836t /NG N 1CaLin R 1oRF 357 and 8

indi cate that7% her atkels ¢ i @0 800t hEzadddt 1ve m@nmnnenq;&déﬁctkﬂaw3 (wherein X

i s at. | east tal -el enent, sel ected from Ba, o and and he additive
conp%hentlg%) égarf’ 1%° gaEX?BerSFlStanas %?%ﬁﬁ % Tent®sel ect ed

fromV, Nbhikh a&)7@v0YQaEdOScwore ahermmm1Uamgamaﬂurqmmmdes ahe use of a
base metal sl @tﬁl% Log;Lhec! BLerRAl elorldades ofy e Joppkjthi ¢ ceram c

capaC| tor. er mts achi evenen nono hi c cer C capaC| tor
exhi bi ti ng ¥eFereet field strength of 10 kV/mm; temperature

characteristics of capacitance which satisfy the B

10 characteristics defined by JIS standards and the X7R
characteristics defined by EIA standards; and excellent
properties in a high-temperature load test, specifically
an average life time of 700 hours or more at 150°C and an
electric field strength of 25 kV/mm.

15 At least one of X(Z2r, Hf)O; (wherein X is at
least one metal element selected from Ba, Sr and Ca) and
D (D is at least one metal element selected from V, Nb,
Ta, Mo, W, Y and Sc) 1is further contained as an additive
component in the main component, thereby further

20 improving characteristics.

Although ratios of Zr and Hf in the additive
component X(Zr, HE)O,; are not limited, the Hf ratioc is
preferably 30 mol% or less from the viewpoint of
sinterability.

25 Description will now be made of the basic
structure of a monolithic ceramic capacitor in accordance
with an embodiment of the present invention with
reference to the drawings.

As shown in Fig. 1, a monolithic ceramic

30 capacitor 1 of this embodiment comprises a ceramic
layered product 3 having the shape of a rectangular prism
obtained by laminating a plurality of dielectric ceramic
layers 2a and 2b with internal electrodes 4 therebetween.



to constant of 300 or nore and tan b of 0.7%or less at 300 kHz and 100
Vp-p, and tenperature characteristics of capacitance which sati Sff tm B
characteristics defined by JIS standards and the X7R characteri st gs R~2002
defined by ElA standards. Furthernore, in use at an electric field ~5
strength of as high as 10 kVVmm the product (CR product) of insulation
resi stance and capacitance is as high as 13000 S2~F or nore at room
tenperature. In an accelerated test at 1SOC and DC 25 kV/mm the average
life tine is as long as 900 hours or nore. 20 The content of the additive
conmponent X(Zr, H )03 is preferabty8about 0.35 nole or |ess based on one
nol e of AHO3 in the main conponent, as shown by Sanples Nos. 301 to 305.
The content of the additive conponent D is preferably about 0.02 nole or

| ess based on one nole 25 of ABO3 in the nmain conponent, as shown by
Sanmpl es No 301 to 305. Wth a X(Zr, H )03 content. of aver 0Q.3S nole, as
shown by SERHSETRG: eé(%c,t¥ €% St TR EPRAGRIHELYr forTRE om i§%hce do
not sati sf purdfa @ Bofhatacierant ¢ ChapadeX7Rrobaracteostascto Wdh a D

content of qver.  0.02 . ole, _as sh by, Sanpl e.No. .307, insul ation and
reliabili t;‘/ec:)L ectter?llcoarla]tye.c%?%c%e%(ﬂg?,yﬁ)ggegéﬁggﬁlt €508 0. 35 nole and a
D content cflenfgrodes -4 32nd). D2 redreired, shofinrby Sspgisd thol 1308r the
temper at ur @u1ay A Shlpld LS00l e EAPEEYLANGeadR ROl Rl Itf Y@l ernal
characteristics and X/R characteristics, and insulation and re iabi 1] ty
deteriorat E1SHERAPI S5 In this exanple, the main conponent is {(Ha~_x

ySrxCaY) O mili 02 +aR “N&M , Bad3ne 86830 £ SpEBALaNGgTIIR Wi Prepas ed as
starting raw materials, and Exa if %ﬁwas repeated to | Q obtain
a~ba

(Bal _X_ySr &AM M IIRBS L W ch PERFEPESn A% WhIIT Wt RTLFF

exhi bi ti ng dhe lperprskideishr seepse and represented by the fornula ABO3,

with the conpositions_ shown in_Table 9.._ .Table 9Sintering additive (partsa
(rolSh rati o) b (ol ar® TRk o) By e BREFEARR TIPS T TE Bk KT oxi do- of

t heof aM (oomEongntheof bhe28del eatnt chekoa)relce tente e 2mw)atdd 02b,

0. 080. 12Tio0. 2G:M00,, 30410304, 40000180020 150. 454020, 080,060 ¢

140. 22g0~~1."00003.400. . 0°000. 0203p4030000 ~~0. 28Nr'0~ 170. 9500003. 30 g0 10
0140400. 030PHZp218d: 141. 030003. 10p 0080 020 2405000~ 40. 240. 201. 010004. 40p

00. 1040605 00. 060. 11pRexd3Adn0c@48niRlpahdez: GR0.4324h 06 ©ife Wrdly. . - .

r-,.. - 34 As_raw material or additive .conmponents and La203 (
Ce02S, pr oottt inh oBanae g son orD, stuTe Y SRISTRF THs TORRREMAD N O
MO, Fe203,sW4@03tandbCa203a gespecisheelty,fod Ithed die dictnailc acpuamiy of 99%
or nore, we pare 5,L.n addi_tio si.tr'n% it 1 3 and 4
were pr eparie yig%lgt gé g%ﬁez%ﬁnng?‘egé Eilée ﬁ%é:%f Zgg%%%gr??i%a%%te solid

sol ution, afldrnedecnaangameinaissriace sifhttdia grerni shees pespahed as

descri bed aQoyeeueEe-WBEEARA cSQader Q1OPT A ddieAfaToppesthbons shown in
Table 7. The coefficients a and b represent the nolar ratio of each oxide

in t&tms of 1BCERBAT c & SFEFRERE / cHNLaiMg o MPRR dreeP enBhED FRePEontent of
each of theasi nparbrgaaddigt-ipdesliloys b dsPad tisabasedtab $08hpast sTiby

wei ght of the nmaip.conpaonent 15 ( | r.xCa 0] i Q2_+aR + _bM .
Then) to th%rvv%flgﬁédaigf’é’r F&Ins%fer‘%e%deér%%prb? ﬁ%ﬁ}?ébggyggrmﬁpﬁdg?’eand an
organi ¢ sol ¥shersathedsceirioaies 4or arhye dfi ke, sdidé¢nwedibyingt metkiodg by a
ball mll t p L urry. us; r fermed in a
sheet by a gg@tggr a%?&%ellﬂrjfe%g Q%é%b%ﬁl%%%ﬁ%%u%gﬂgraeéﬁys eeet havi ng a
t hi ckhess oBS29.~Cm A conductive paste conprising Ag-Pd as the main
conmponent (Ag/ Pd wei gitexitat i:0 reRO/rdd MasodF | f eehengkbenr eselelcantt G een
sheet to for{]?a coriductl,ve aste Iglyer 25 for form ng an i nt ernal

el ectrode. ANHI Gr&EEFTIC (HRF AHSen BfRFS s2BnPRULRIoF REh A8 SERE lconduct i ve
past e | ayer ebestioderd waire [laminaited saidat héhecsinges swietdh wiidr adreducti ve
paste | ayer the sid wi thout. the uctive.paste |l ayers nhe

al ternated ég%%g‘t gihﬁez:%gsqrayte}}ee lperloe u%?{.]gT'%éer?Wﬁg- g%yaelrr?e 3 z‘i‘)ﬁrheo ¢
prod¥et wastheatiedermed tedrgrizndes nfl3S0@G:rabahwaen somispheree gregrenove
the binder, 13 Iteraerbrfd&f'cq: at et Sl BLYL Feq roadetrSHQwE i grahl g 10
for 2 hours in an air atnosphere to obtain a cergmc_m ntered pr oduct .

Then, sil vePrsadsteumeas MewPBX31Le 200 S opr8detgrada ety iatmaerhay® ed on
both side suif 3kr%ief dlie &rFasilt t By eE€8apL6aaLRt @red product, followed by
baking at a tenperature of 600C in an air atnosphere to form external

el ectrodes electrically connected to the internal electrodes. Next, plating
was performed by the sanme nethod 1o as Exanple 1 to obtain the nonolithic
ceram c capacitor conprising the plated external electrodes. The

t husobt ai ned nonolithic ceram c capacitor had the sane dinensions as
Exanple 1. The electric characteristics were neasured by the sanme nethod as

p— —— A o N o A~ ~ o~



- 37 Tables 9 and 10 indicate that noble nmetals such as Ag/Pd can be useﬁm
for the internal electrodes in the conposition ranges of the diel ebilr Mar
ceram c conposition of the present invention, as shown by Sanple Nos. 401
to 5 406, and that the nonolithic ceram c capacitor exhibits a dielectric
constant of 200 or nore and tan b of 0.7%or |less at 300 kHz and 100 Vp-p,
and tenperature characteristics of capacitance which satisfy the B
characteristics defined by JIS standards and the X7R 10 characteristics
defined by ElIA standards. Furthernore, in use at an electric field strength
of as high as 10 kV/mm the CR prodéct of insulation resistance and
capacitance is as high as 7000 ~2-F or nore at roomtenperature. In an
accelerated test 15 at 150C and DC 25 kV/mm the average life time is as

|l ong as 700 hours or nore. The firing tenperature is also 1300C or |ess,
permtting firing at a relatively |low tenperature. Although, in the above
exanpl es 1, 2, 3, 4 KB Bheehbiderls BLREGTRGCS €319  PHIRDE et hod was
IU_se_cl fgr th@ohmrémtﬂn é\@li?@@é§ 60| tHeSekYRNAB, 1&9@::@@%%@&1@6@@@@&8 nﬁtd
imted to this erial. riumtitanate powder,s produce a wet netho
Such 2 t he- byt e Fet b The AP REREHE FBLRUE GreRydrt) oS- a3 hoo! <
can al so bet 25 Asadatdhealisfoonf thachxaepaade e lpassidades faur tdtes same oves t he
characteri sti LN e | es. g Xi such as
La20% Oeog'f‘ééé%%%\?a%\u‘é%% PHEEEAgY giﬁﬁ%%’l&%%egz%%w%%ﬁe?' Dydlg%B ,
H0203 , E r2®3 AgTR®O3CuYard3Cula2dsysivhendNrowdeys, dHedsssalma3aley 203,
200, 30 Bazi 3, S Ar 03500808, oN2M5a 20N FA2R20 HPATs WA31,11203 and

Sc203 were used as the raw materi als, thé raw fateriais are not ‘Tinted to
tHese mat er$aPsBathgleses dfs addsd dezanndied begaRee-coAPounds or the like
causes N0  apprdPrilfebhemeinatheschanactked st orbiainedias bpngnas the
raw materials arg iTxed to forma dielectric ceram.c co Oiltlon in the
range’ of t ht"pFREEAt APRVLARFORT ARIIESE SRAF v &% HEPY £5BRECi nvent i on
can s provi deramilcetaptticoger afle homappiHe @xtexdtidil te hgcarbdesny
tenperature 0 r .l ess; diel ectri.c ¢ t f 2 r re. _Low
| oss and heggggéger?égflgg uXdSP%g‘l |gﬁleftraelq€§§vcr}%sﬁlﬁ%%&/%l%)%gg gggee%ﬁg#i ng
current, spepitheatkyamikodsyefred MXroiudtess clit80tedkHy ahdriog aodvp-p; a
R product ehehnpukahhony! eehs! 3te 04 ARAGIMES ©TmdP0Be ~2oknan More at
roomtenperature, undér a high-voltage direct current, specifica l,}é at a

hi ghl2l ect rP¥ £patdnst Pedgrr &f rigk\@onfhateiiiaatdFe eharaBedr pEt £HE of

capaci t anceg¥hiCh ifat b&f ¥heheeBaks Chanastsy istddsceesined by JI' S standards
and X7R characteristi %% defi gfe? by El A st ndatr ds; ang excel Lent .pr Q%ﬁrti es
in a high-tenperature’P§8d .e’éf’ﬁ‘sar%ge HEEHIRR i RFEcPrHRAESCelaic
conposi ti onNfigr Ca direlchet Aiikd ayeerforan ndmwlfiitec depasited0legpasi tor can
be obt ai nedyi i,ch t I I S , Ag- Pd

al I oys but gkggvigybagggnés%%%gﬁé%@s i o?lﬁé%]l ?y@gégnégesggg%&for

i nt effal el &éfr oFFeshe likezarendaornesl QmIWED §5rst. dapapérest dryeger ani c
CONMpPOsSi ti 0N gCREP LAt tH MNP &OPRR] S| Pepachapk-um ti frgpate solid
sol ution and additive conponents, and an S|nter|ng additive, .5 wherein when
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represents an oxide of at |east one netal elenment selected fromM, N, M,
Fe, , O ; and b respectively represent the nolar ratios of the
oxXi d2§ in té@_}%ﬁ‘"@}feﬁg chemi cal 15 formul a containing one netal el enent,
0.950 s A/H (nol ar ratfh® presgyp;invantion wiplizbe dggcrides s 0.30. 2.
A diel ectri g zenay GOAYPOLLINN SECOREi Bst 8 Srakiakpleherein the content
of the sintering additive is about 0.8 to 8.0 parts by wei ght based on 100
parts by weight of the main conponent. 3. A dielectric ceram c conposition
according t@x@mile 2. wherein the main conponent further conprises at |east
one nmenber selected fromthe grou onsjpsting.of X(Zr, Hf)03 i ich Xis
at |east one of Ba, SrIO nt&“(%,e’%a'gﬂﬁeD Fﬁemﬂgéﬁ Bolgngoélﬁno ide Q{fé,\agtx' | east
one 60 V, Npsrkas,) bH, TV, ¥and M. - 40 4. Adielectric ceramc
conposition according to Claim3, wherein the content of X(Zr, Hf )03 is
about 0.35 nole or |less based on 1 nole of bariumtitanate solid solution.
5. A dielectric ceramc conposition according to Claim3, wherein the D
content is about 0.02 nole or less in terns of an oxide of a single netal
el enent based on 1 nole of bariumtitanate solid solution represented 5 by
ABO3. 6. A dielectric ceram c conposition according to Claimb5, wherein
ABO3 is (Ba~_x_ySrxCay) O Ti02 wherein 0 s x +y s 0.20 and 0.950 s ms
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5<5=5>575] R R3¢ ‘%dejl%%éﬁg‘ fdw AROBP: 10B9BRe wet -mixed by a ball
: mill, ground, dried, and then sintered at 20°C for 2
hours in air to obtain a barium titanate solid solution.
10 Then, as raw materials for the additive
components R and M shown in Table 1, La;0,, CeO,, PryQ,,
NG,0;, Sm,0;, Eu,0;, Gd,0;, Tb,0,, Dy,0;, Ho,0;, Er,0;, Tm,0;,
Yb,0, and Lu,0,, and MnO, NiO, MgO, Fe,0,, Al,0,, Cr,0; and
ZnO, respectively, all of which had a purity of 99% or
15 more, were prepared.

As the sintering additive secondary component,
oxides, carbonates or hydroxides of the respective
components were weighed so as to obtain 0.55B,0;-0.25A1,0;-
0.03Mn0-0.17Ba0 (referred to as "sintering additive 1"

| 20 hereinafter, wherein the coefficients are molar ratios)

as an example of an oxide containing element B; 0.25Li,0-
0.65(0.30T71i0,-0.7081i0,) -0.10A1,0; (referred to as
"sintering additive 2" hereinafter, wherein the
coefficients are molar ratios) as an example of an oxide

25 containing element Si; and 0.25Li,0-0.30B,0;-0.03Ti0,-
0.428i0, (referred to as "sintering additive 3"
hereinafter, wherein the coefficients are molar ratios)
as an example of an oxide containing elements Si and B;
followed by mixing and grinding to obtain powders. Each

30 of the thus-obtained powder was heated to 1500°C in a
platinum crucible, quenched and then ground to obtain an

oxide powder having an average particle diameter of 1 um
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obtain a rectangular green sheet having a thickness of 25
um.

) Next, a conductive paste containing Ni as a

main component was printed on the green sheet to form a

10 conductive paste layer for forming the internal
electrxode. Then, a plurality of the green sheets each
having the conductive paste layer formed thereon were
laminated so that the sides with the conductive layers
and the sides without the conductive layers were

15 alternated, to obtain a layered product. The thus-
obtained layered product was heated to a temperature of
350°C in an N, atmosphere to remove the binder, and then
fired at the temperature shown in Table 2 for 2 hours in
a reducing atmosphere comprising H,-N,-H,0 gases at an

20 oxygen partial pressure of 10° to 10" MPa to obtain a
ceramic sintered product.

Then, Ag paste containing B;0;-Li,0-Si10,-Ba0

glass frit was coated on both end surfaces of the

resulting ceramic sintered product, and fired at a

25 temperature of 600°C in an N, atmosphere to form external
electrodes electrically connected to the internal
electrodes.

Next, a solution comprising nickel sulfate,
nickel chloride and boric acid was prepared, and the Ag
30 external electrodes was nickel plated by a barrel plating
method. Finally, a soldering solution comprising an AS
bath (alkanol sulfonic acid) was prepared, and the nickel
coating film was plated with solder by the barrel plating
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ceramic layers held between the respective internal

electrodes had a thickness of 20 pm. The total number of

the effective dielectric ceramic layers was 10, and the

area of the counter electrode per layer was 8.8 x 10 m?.

10 Next, the electric characteristics of the
monolithic ceramic capacitor were measured. The
capacitance (C) and dielectric loss (tan 6) were measured
by using an automatic bridge-type measuring device at a
frequency 1 KHz, 1 Vrms and a temperature of 25°C, and
15 the dielectric constant (e) was calculated from the

capacitance. Insgulation resistance (R) was measured at
25°C by using an insulation resistance tester with a DC
voltage of 200 V applied for 2 minutes, and the product
of the capacitance (C) and the insulation resistance (R),

) 20 i.e., the CR product, was determined.

The rate of change in capacitance with
temperature change was also measured. With respect to
the rate of change in capacitance with temperature
change, the maximum rate of change in capacitance (-25°C

25 (%)) between -25°C to 20°C and the maximum rate of change
in capacitance (85°C (%)) between 20°C to 85°C, on the
basis of the capacitance at 20°C, were determined
(AC/C20) . The maximum rate of change in capacitance
(-55°C (%)) between -55°C to 25°C and the maximum rate of

30 change in capacitance (125°C (%)) between 25°C to 125°C,
on the basis of the capacitance at 25°C, were also
determined (AC/C25)
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) insulation resistance with time for 36 spe01mens of each
of samples were also measured by applying a DC voltage of
500 V at a temperature of 150°C. The time the insulation
5 resistance (R) of each specimen was 10° Q or less was
determined as the life time, and an average life time was
determined.
! In addition, as characteristics under a high-
frequency-high-voltage alternating current, the
10 dielectric loss (tan §) at a frequency 300 KHz, 100 Vp-p
and a temperature of 25°C was measured.

These results are shown in Table 2.
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Sample Nos. 1 and 8 to 17 shown in Tables 1 and
2 indicate that the present invention permits the use of
a base metal such as Ni for the internal electrodes, and
the production of a monolithic ceramic capacitor

5 exhibiting a dielectric constant of 200 or more, a

dielectric loss (tan &) of 0.7 % or less at 300 kHz and
100 Vp-p, i.e., a low degree of heat generation, and
excellent characteristics under a high-frequency-high-
voltage alternating current. Samples Nos. 1 and 10 to 17

10 indicate that by limiting the content of the sintering
additive, sintering at 1300°C or more is possible, and
temperature characteristics of capacitance satisfy the B
characteristics defined by JIS standards and the X7R
characteristics defined by EIA standards. In addition,

15 Sample Nos. 10 to 17 show that by limiting the (x + y)
value in {(Bal_,(_ySr,‘Cay)O}mT:'LO2 which represents the barium
titanate solid solution, the product (CR product) of
insulation resistance and capacitance under an electric
field strength of 10 kV/mm is as high as 7000 Q-F or more

20 at room temperature. In the high-temperature load test
at 150°C with DC 250 kV/mm applied, the average life time
is as long as 700 hours or more.

Description will now be made of the reasons for
limiting the composition of the present invention.

25 With a R content a of 0.12 or less, as in
Sample No. 2, tan 6 at 300 kHz and 100 Vp-p is over 0.7%,
undesirably increasing heat generation. On the other
hand, with a R content a of over 0.30, as in Sample No.
3, sinterability deteriorates, and thus the sintering

30 temperature exceeds 1300°C. The dielectric constant is
also undesirably decreased to less than 200.

With a M content b of less than 0.04, as in

Sample No. 4, the insulation resistance is low, and the
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temperature characteristics of capacitance do not satisfy
the B and X7R characteristics. On the other hand, with a
M content b of over 0.30, as in Sample No. 5, the
sintering temperature undesirably exceeds 1300°C.

5 When the A/B molar ratio m in formula ABO; is
less than 0.950, as in Sample No. 6, the insulation
resistance is low, and the temperature characteristics of

) capacitance do not satisfy the B and X7R characteristics.
On the other hand, with a m value of over 1.050, as in

10 Sample No. 7, sintering is undesirably insufficient.

Example 2

In this example, the main component is { (Ba,,
,5r,Ca)0},Ti0, +aR + bM + cX(2r, HE)O,.

BaCO,;, CaCO,;, SrCO; and TiO, were prepared as

15 starting raw materials, and Example 1 was repeated to
obtain { (Ba,,,Sr,Ca,)0,}Ti0,, which was a barium titanate
solid solution having the perovskite structure and
represented by the formula ABO;, with the compositions
shown in Table 3.

20 As raw materials for additive components R and
M, La,0;, Ce0O,, Pr,, Eu0,, Gd,0,, Tb,0,, Dy,0;, Ho,0; and
Er,0;, and MnO, NiQO, MgO, Fe,0;, Al,0 and Cr,0s,
respectively, all of which had a purity of 99% or more,
were prepared.

25 As raw materials for the additive component
X(Zr, Hf)0O,; (wherein X is at least one metal element
selected from Ba, Sr and Ca), BaZrxr0Q;, SrZrQ; and CaZrQ,
were prepared.

In addition, sintering additives 1, 2, 3 and 4

30 were prepared in the same manner as Example 1.
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The barium titanate solid solution, additive
raw materials and sintering additives prepared as
described above were weighed so as to obtain the
compositions shown in Table 3. The coefficient a of

5 additive component R and the coefficient b of additive
component M represent the molar ratio of each oxide in
terms of a chemical formula containing one metal element.
The content of each of the sintering additives is shown
by parts based on 100 parts by weight of the main

10 component { (Ba,,,Sr,Ca,)0},Ti0, +aR + bM + cX(Zr, HE)O,.

Then, monolithic ceramic capacitors were
obtained by the same method as Example 1. The thus-
obtained monolithic ceramic capacitors had the same
dimensions as Example 1. The electric characteristics

15 were measured by the same method as Example 1. The
results are shown in Table 4.
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Tables 3 and 4 indicate that the addition of
the additive component X(Zr, Hf)O; (wherein X is at least
one metal element selected from Ba, Sr and Ca) to the
main component permits the use of a base metal such as Ni
for the internal electrodes of the monolithic ceramic
capacitor and achievement of a monolithic ceramic
capacitor exhibiting a dielectric constant of 300 or more
and tan 6 of 0.7% or less at 300 kHz and 100 Vp-p, and
the temperature characteristics of capacitance which
satisfy the B characteristics defined by JIS standards
and the X7R characteristics defined by EIA standards.

The content of X(Zr, Hf)O; is preferably about
0.35 mole or less based on one mole of ABO,; in the main
component, as shown by Samples Nos. 101 to 105. With a
X(2r, Hf)O; content of over 0.35 mole, as shown by Sample
Nos. 106 and 107, the temperature characteristics of
capacitance do not satisfy the B and X7R characteristics.

Example 3

The main component in this example is { (Ba,,
,Sr,Ca,)0},Ti0, +aR + bM + dD.

BaCO,;, CaCO,;, SrCO, and TiO, were prepared as
starting raw materials, and Example 1 was repeated to
obtain {(Ba,.,,Sr,Ca,)0,}Ti0,, which was a barium titanate
solid solution having the perovskite structure and
represented by the formula ABO;, with the compositions
shown in Table 5.

As raw materials for additive components R and
M, Ce0,, Prs0;,, Eu,0;, Gd4,0,, Tbs0;, Dy,0;, Ho0,0;, Er,0; and
Tm,0;, and MnO, NiO, MgO, Fe,0;, Al,0, and Cr,0,,
respectively, all of which had a purity'of 99% or more,
were prepared.
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As raw materials for the additive component D
(D is an oxide of at least one metal element selected
from Vv, Nb, Ta, Mo, W, Y and Sc), V,05, Ta,05, MoOs,

5 were prepared.
In addition, sintering additives 1, 2,

were prepared in the same manner as Example 1.

raw materials and sintering additives prepared as

10 described above were weighed so as to obtain the

WO,,
Y,0; and Sc,0;, all of which had a purity of 99% or more,

3 and 4

The barium titanate solid solution, additive

compositions shown in Table 5. The coefficient a of

additive component R, coefficient b of additive component

M and coefficient d of additive component D is a molar

ratio of each oxide in terms of a chemical formula

15 containing one metal element. The content of each of the

sintering additives is shown by parts based on 100 parts
by weight of the main component {(BquSrgx%)o}mTioz+aR +

bM + dD.

Then, monolithic ceramic capacitors were

20 obtained by the same method as Example 1. The thus-

obtained monolithic ceramic capacitors had the same

dimensions as Example 1. The electric characteristics

The

were measured by the same method as Example 1.
results are shown in Table 6.
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Tables 5 and 6 indicate that the addition of
the additive component D (wherein D is an oxide of at
least one metal element selected from V, Nb, Ta, Mo, W, Y
and Sc) to the main component permits the use of a base
metal such as Ni for the internal electrodes of the
monolithic ceramic capacitor and achievement of a
monolithic ceramic capacitor exhibiting a dielectric
constant of 200 or more and tan & of 0.7% or less at 300
kHz and 100 Vp-p, and temperature characteristics of
capacitance which satisfy the B characteristics defined
by JIS standards and the X7R characteristics defined by
EIA standards. Furthermore, in use at an electric field
strength of as high as 10 kV/mm, the CR product of the
insulation resistance and capacitance is as high as 11000
Q-F or more at room temperature. In an accelerated test
at 150°C and DC 25 kV/mm, the average life time is as
long as 900 hours or more.

The content of the additive component D is
preferably about 0.02 mole or less based on one mole of
ABO; in the main component, as shown by Samples Nos. 201
to 205. With a D content of over 0.02 mole, as shown by

Sample Nos. 206 and 207, insulation and reliability
deteriorate.

Example 4

The main component in the following example is
{ (Ba,,,Sr,Ca,) 0},Ti0, +aR + bM + cX(Zr, Hf)O; + dD.

BaCO,, CaCO;, SrCO; and TiO, were prepared as
starting raw materials, and Example 1 was repeated to
obtain { (Ba,,Sr,Ca,)0,}Ti0,, which was a barium titanate
solid solution having the perovskite structure and
represented by the formula ABO,;, with the compositions
shown in Table 7.
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As raw materials for additive components R and
M, CeO,, Nd,0;, Eu,0;, G4,0;, Dy,0;, Ho,0;, Tm0;, Yb,0;, Lu,0,
MnO, NiO, MgO, Fe,0,, Al,0; and Cr,0,, all of which had a
purity of 99% or more, were prepared.

5 As raw materials for the additive component
X(Zr, Hf)O; (wherein X is at least one metal element
selected from Ba, Sr and Ca), BaZrO,;, SrZr0O,; and CaZrO,
were prepared.

As raw materials for the additive component D

10 (D is an oxide of at least one metal element selected
from V, Nb, Ta, Mo, W, Y and Sc), V,0;, Nb,0;, Ta,0s, MoO;,,
WO;, Y,0, and Sc,0;, all of which had a purity of 99% or
more, were prepared.

In addition, sintering additives 1, 2, 3 and 4

15 were prepared in the same manner as Example 1.

The barium titanate solid solution, additive
raw materials and sintering additives prepared as
described above were weighed so as to obtain the
compositions shown in Table 7. The coefficient a of

20 additive component R, coefficient b of additive component
M and coefficient d of additive component D represent the
molar ratio of each oxide in terms of a chemical formula
containing one metal element. The content of each of the
sintering additives is shown by parts based on 100 parts

25 by weight of the main component {(BaHWSrgx%)O}mTiOZ+aR +
bM + cX(Zr, HE)O; + dD.

Then, monolithic ceramic capacitors were
obtained by the same method as Example 1. The thus-
obtained monolithic ceramic capacitors had the same

30 dimensions as Example 1. The electric characteristics
were measured by the same method as Example 1. The
results are shown in Table 8.
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In this example, the main component is {(Ba,,

, ,8r,Ca,)0},Ti0, +aR + bM.
BaCO,, CaCO,, SrCO; and TiO, were prepared as
starting raw materials, and Example 1 was repeated to
10 obtain {(Ba,,,Sr,Ca,)0,}Ti0,, which was a barium titanate
solid solution exhibiting the perovskite structure and
represented by the formula ABO,, with the compositions

shown in Table 9.
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Total
of b
0.30
0.04
0.17
0.14
0.20
0.10

Fe
0.01

Mn
0.15
Mg
0.01
Cr
0.01
Mn
0.12
Fe
0.10

A10.02

b (molar ratio)
M (oxide of the
element below)

Cr
0.15
Mn
0.03
Ni
0.15
Cr
0.02
Mg
0.10
Ni
0.08

Table 9

Total
of a
0.2

0.22
0.28
0.18
0.24
0.18

Eu
0.02

Ho
0.02
Pr
0.10
La
0.03
Ce
0.08
Tm
0.06

a (molar ratio)
R (oxide of the
element below)

Tm
0.18
Gd
0.10
Gd
0.25
Eu
0.10
Dy
0.24
Pr
0.12

x+y
0.12
0.14

3

0.11

0.08
0.06
0.03
0.06

0.04
0.08
0.05

Sample
No.
401
402
403
404
405
406
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The barium titanate solid solution, additive
raw materials, and sintering additives prepared as
described above were weighed so as to obtain the
compositions shown in Table 7. The coefficients a and b
represent the molar ratio of each oxide in terms of a
chemical formula containing one metal element. The
content of each of the sintering additives is shown by
parts based on 100 parts by weight of the main component
{ (Ba,,,Sr,Ca,)0},Ti0, +aR + bM.

Then, to the weighed materials were added a
polyvinyl butyral binder and an organic solvent such as
ethanol or the like, followed by wet mixing by a ball
mill to prepare slurry. The thus-prepared slurry was
formed in a sheet by a doctor blade method to obtain a
rectangular green sheet having a thickness of 25 um.

A conductive paste comprising Ag-Pd as the main
component (Ag/Pd weight ratio = 30/70) was printed on the
resultant green sheet to form a conductive paste layer
for forming an internal electrode. A plurality of the
green sheets on each of which the conductive paste layer
was formed were laminated so that the sides with the
conductive paste layers and the sides without the
conductive paste layers were alternated to obtain a
layered product. The thus-obtained layered product was
heated to a temperature of 350°C in an air atmosphere to

remove the binder, and then fired at the temperature

Bga gR&"#% cdef gi krerOOfVc[ <[ 1* 10% <[& ()-B
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a temperature of 600°C in an air atmosphere to form

external electrodes electrically connected to the

internal electrodes.
Next,

plating was performed by the same method

10 as Example 1 to obtain the monolithic ceramic capacitor

comprising the plated external electrodes.

The thus-

obtained monolithic ceramic capacitor had the same

dimensions as Example 1.

The electric characteristics

were measured by the same method as Example 1. The

15 results are shown in Table 10.
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Tables 9 and 10 indicate that noble metals such
as Ag/Pd can be used for the internal electrodes in the
composition ranges of the dielectric ceramic composition
of the present invention, as shown by Sample Nos. 401 to
406, and that the monolithic ceramic capacitor exhibits a
dielectric constant of 200 or more and tan 6 of 0.7% or
less at 300 kHz and 100 Vp-p, and temperature
characteristics of capacitance which satisfy the B
characteristics defined by JIS standards and the X7R
characteristics defined by EIA standards.

Furthermore, in use at an electric field
strength of as high as 10 kV/mm, the CR product of
insulation resistance and capacitance is as high as 7000
Q-F or more at room temperature. In an accelerated test
at 150°C and DC 25 kV/mm, the average life time is as
long as 700 hours or more. The firing temperature is
also 1300°C or less, permitting firing at a relatively
low temperature.

Although, in the above examples 1, 2, 3, 4 and
5, a powder formed by a solid phase method was used for
the barium titanate solid solution, the present invention
is not limited to this material. Barium titanate powders
produced by a wet method such as the oxalic method, the
alkoxide method or hydrothermal synthesis can also be
used. The use of such a powder possibly further improves
the characteristics shown in these examples.

Although powders of oxides such as La)0;, CeQ,,
Pr¢0,;, Nd4,0;, Sm0;, Eu,0;, Gd,0;, Tb,0;, Dy,0;, H0,0;, EI;0s,
Tm,O0y, Yb,0,, Lu,0;, MnO, NiO, MgO, Fe,0,, Al,0;, Cr,0;, ZnoO,
BaZr0O,, SrzZr0O;, CaZr0O;, V,0s, Nb,O;, Ta,0s, Mo0O;, WO,;, Y,0; and
Sc,0, were used as the raw materials, the raw materials
are not limited to these materials. The use of

alkoxides, metal organic compounds or the like causes no
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problem in the characteristics obtained as long as the
raw materials are mixed to form a dielectric ceramic
composition in the range of the present invention.
As described above, the present invention can
5 provide a dielectric ceramic composition exhibiting a
firing temperature of 1300°C or less; a dielectric
constant of 200 or more; low loss and heat generation
) under a high-frequency-high-voltage alternating current,
specifically a loss of 0.7% or less at 300 kHz and 100
10 Vp-p; a CR product of insulation resistance and
capacitance of 7000 Q-F or more at room temperature,
under a high-voltage direct current, specifically at a
high electric field strength of 10 kV/mm; temperature
characteristics of capacitance which satisfy the B
15 characteristics defined by JIS standards and X7R
characteristics defined by EIA standards; and excellent
properties in a high-temperature load test.
By using the above dielectric ceramic
composition for a dielectric layer, a monolithic ceramic
20 capacitor can be obtained in which not only a noble metal
such as Pt, Au, Pd or Ag-Pd alloys but also a base metal

such as Ni or Ni alloys can be used for internal
electrodes.
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WHAT Is CLAIMED IS:

1. A dielectric ceramic composition
comprising a main component comprising a barium titanate
solid solution and additive components, and an sintering
additive,

5 wherein when the main component is
represented by the formula:
ABO; + aR and bM
in which ABO; represents a barium titanate solid solution
having a perovskite structure; R represents an oxide of
10 at least one metal element selected from La, Ce, Pr, N4,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, ¥Yb and Lu; M represents
an oxide of at least one metal element selected from Mn,
Ni, Mg, Fe, Al, Cr and Zn; a and b respectively represent
the molar ratios of the oxides in terms of a chemical
15 formula containing one metal element,
0.950 s A/B (molar ratio) = 1.050;
0.12 < a = 0.30; and
0.04 = b = 0.30.

2. A dielectric ceramic composition according
to Claim 1, wherein the content of the sintering additive
is about 0.8 to 8.0 parts by weight based on 100 parts by
weight of the main component.

3. A dielectric ceramic composition according
to Claim 2, wherein the main component further comprises
at least one member selected from the group consisting of
X(Zr, Hf)O; in which X is at least one of Ba, Sr and Ca,

5 and D in which D is an oxide of at least one of V, Nb,
Ta, Mo, W, Y and Sc.
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4. A dielectric ceramic composition according

to Claim 3, wherein the content of X(Zr, Hf)O; is about

0.35 mole or less based on 1 mole of barium titanate

solid solution.

5. A dielectric ceramic composition according
to Claim 3, wherein the D content is about 0.02 mole or
less in terms of an oxide of a single metal element based
on 1 mole of barium titanate solid solution represented

by ABO3 .

6. A dielectric ceramic composition according

to Claim 5, wherein ABQO; is
{ (Ba,..,S1,Ca,) 0,}TiO,
wherein 0 < x + y s 0.20 and 0.950 s m < 1.050.

7. A dielectric ceramic composition according
to Claim 6,

oxide of at

wherein the sintering additive comprises an
least one of B and Si.

8. A dielectric ceramic composition according
to Claim 6, wherein the sintering additive comprises

silicon oxide.

9. A monolithic ceramic capacitor comprising:
a plurality of dielectric ceramic layers;
a plurality of internal electrodes, each
of which is disposed between the adjacent dielectric
ceramic layers; and
external electrodes electrically connected

to the internal electrodes;



g) 1096=X& ()-P ) g) 10%X=X& ()-P M/ #l &)) g)109%X=X& ()-P ) @) 10%?3;&“@% i

) g) 109%=X& ()-P vU4g) 10% X -&L0%R& ()- . v -&10%3& ()- . | -&l
L f,:109B& ()- 9% 109B& () - G=10X=X10X=X10X=X" | [ NAdg) 109403103103v J°
-81098& ()- .1 ° -&10%2& ()- .f @ -&10%B& ()- .f | -&10%3)& ()- . ]°

-&10%& ()- .|[:NA4g)10%0 zb' | %0%2& ()-v bb' | %d0%& ()-1 |

%40% 2& ()-f Al %40%QLh& ()-f f:10%3& ()- fL' 10%03& ()-3"vU4g) 10% fF
1098&' ()- fMOYB& ()- f&31098& ()- 102102102f "1 9%40%2& ()- n' |

%0%R& ()-WMBa|[:vUig) 10% f "&I0W & ()- f “&IOMB& ()- f ~&10YB& ()-

| "&10%' & ()- f &10% & ()- f @109B& ()-ajDI[:-41081& i 3:3$10%RI1&& ()-}f
i 3:$1098& ()-}f f 1109B& ()- f* 10%B& ()-f g &10% 0% & ()- | &10%. & ()-
H/ bA410&1&F qu0%B& ()- f 1098& ()- fl 109%B& ()- f:109B& () -

f&109B& ()-Z10&1&10&1& +uFu| [9A410&1& T S) % 0% & ()- f$ 10%B& ()- f°
10% & ()-- N 10% (& ()-- f 109B& ()--,., 440983& (%- u: | obU410 BL'

10% 03i & ()-1' 103103103 f MEetsIde the fielgIsiboy %F%ij! HESIBUYBE () -

" S) U0WE EpmER-ibRoBU41R 1Bt riQYcHaini(q -dordfbos AN 8c b)Y di h@LRRE () - 7
I\/$1936‘03"&' &)ﬁl % "10%03& ()- f910%3& ()- Normal" "Headi ng 13]c¢" "Heading
23]¢c"” gl ém3 Ic" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93] c"A "Default Paragraph

Font 4" 4"Y%+=28>B] HAKQREXZ zf | V| B s =T G/\Wﬁ %.).- / 3?5MD;
H>ADEEEE! F: FDFPFvaFSéFFFéFE%E%%%%@]Gf & il
HH HOHAHEHE AT A1REFHAHHMMISKISHHIhe external electrodes comprise a

|11 #1 41 G MsThekgter! dlayldd 18 14 1ddd o v Jad € 0 Q1 ddbddddd 3343 4131 JJ

KK/ KSKAKHKL K" KuK| KKKKKKKKKLL - LC]_TL! LeL(j: LLLLPLLLLLL M_M7 MJ Me Mriiy MVWWMVMVIVM
MYMVNN' N) NCREQBFVEE] Tt 2T cqutaning gilgsg drdt.~ aa45Facavaa
aaaabb8bJbgbwbbf {i k ornmrtr{rrrrrrrsssHsUsbsf snsws{sssssssssssssst

t4t8tE NtRI\tnttttttttttttttuugu, .L{ij%;uNubumufuuuuuuquuuvvvv#v- V.
vSvhvpvvvvvvvvvBwn x G 8e88 Sy“§* 9 Ry FOPRRP ECRVASSBVS &% Xbf x

% =S\ csy} #92J CApRn?/@Th-whexjeGrARIDE henc Y mal ' ¢ BEZElmofdes: Kdpirs\ses a

&58J° s' : R ik ' | x5 AKPSz( - = =R jeq Q9 +H V3, Q{,J\a u=
582 o e kAUTL UM RNe) s AP 24 SRV afRbRUES0 Hh AR e

<=>? @\BCDEPSHRIIIMNORORSTUMKYZINJACt Fpe dee§AL L kempopaiest GaRLAring

e #E%&' () * 51ad0k33456 8 ;a second layer comprising a deposited

S @ECOEEGH I MNOP R TUNKYZI ] . gbedgtght) ki mopar st tvweyz(1)
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kI mopqgr st uvwxyz{|}~6Ti nes
New RomanAri al Courier New'h Root EntryWrdDocunment D

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<<>? @G\BCDEFGH JKLIMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kI mopgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~




