; abe3eVS| (X6T9? 23 Novenber 2004 1 Description @ ass ceranic nmass and use
thereof The invention relates to a glass ceram c nmass, conprising at |east
one oxide cerami c, containing barium titaniumand at | east one rare earth
netal Rek and at | east one glass material, containing 5 at | east one oxide
wi th boron, at |east one oxide with silicon and at |east one oxide wth at

| east one bivalent nmetal Me2+. In addition to the gl asgNeQERBEC20TASS, an
application of the glass ceramc mass is described. A glass ceram c mass of
the aforenmentioned type is knowmn fromUS 5 264 403. The oxide ceramc for
the known gl ass ceram c mass is manufactuyred from bari um oxi de (BaO),
titanium 10 dioxide (Ti02), a trioxide of°  a rare earth netal (Rekz03) and
possi bly bismuth trioxide (Bi203). The rare earth netal Rek is for exanple
neodym um }g:.ghgss material in the glass ceram c nmass consists of boron
trioxide (E %f, silicon dioxide and zinc oxide (ZnO). A ceram c proportion
of the oxide ceramic in the glass ceramic mass is for exanple 90% and a

gl ass pr op&Hass @eeranfic tass gfidase thatefr i al 10% 15 A conpression of the gl ass
ceram c mass occurs at a sintering tenperature of about 950C. The gl ass
ceramc naﬁg IS Hhuslgyitable for use in LTCC.%Iog tquen ture cofired
ceranics) tacHRBIOGYCIAeHE A HEE FAMNBRE S TIRSHSSE (FRY &8° PHFC ECAmS MBS L.
Wl cox et hriunflti@siun 3R at 126M\nethieleattemBhit Rek 813 at fehstioRe 2Rss @bl édataining
technology is a ceramc nultilayer nmethod in which a passive electrical
conponeht  Bldprshang exideguitie borpm, at frastyane wiisle ithesilicon and et least ene exjds withy aljeesy |
The passiv i ents:.i eclri . CO t

sack: a corle Paet e FETROARch bitbe SR Rirkn@lp s il Hrl RO M aBle
exanpl e, bgergnicmassniy dasanibedl structure corresponding to the conponent on
one or nore ceramc film-blanks, stacking the printed 23 Novenber 2004 2
ceram ¢ fi Lmybl ankswaRoNe Pk ARRtASTiald (8L R SAMBES! LE s3Ad 455 PhE! Lig, t he
conposi te. Nce cerame 1 1m blanks are ngf\mqwla.Fbm15|nterlng gl'ass
fer ani ¢ nassamielfecthe kﬁ@bﬂ glai_ﬂ;: @hinyic mﬂuqﬁdnw&cak%mm amyumndaki_aik (BE&O), vitantuna

ow ne]ting painf such as silver or copper can be sintered in a conposite
with tHe copBie EhOR fiPainor 4 e st il GRet:Bn) a"@rP@SSFQ!hétSFB‘Hh‘IHOP‘WFgg‘r26§)y of
5 the conpenenle bahSGEEE RE sYoPEINGIO SedtBmith. fn@%&%ﬁ&% AY¥hel Sask babRd | ¥
dependent on the dielectric material properties of the glass ceram c used.
A mat eri al mpysopresisty off baren drionrgre (B2s1, ouilicoradipride tahd zpwr edide i(¥a@) A eeclamia
quality f (0 -and a.tenperature coefficient of freguenc Tf val ye).
Wih regartopaopier BCofied FORBCln i 3R cerafic i ot SRR Sofeond L 8

rel ati vel ypropawtiombf the glae miledif30%t that conpression of the glass ceramic
mass takes places as a result of reactive |liquid phase sintering. During

the sipterin rocess, . a |iquid . glass phase (glass nelt) is_for Jromthe
ol ase T le\icgw_.%mAi%ofﬁbaﬁ%fsqﬁe&wgF&'ﬁw UE%aés,%re&@g ety af ggoﬁ%g&:, 18 e

gl ass nel tglbkRt ddrarfic SAAM @ Ih@N sGRBREIYr @k 1 ANLTEC T ®AE hefhaaiitheacotRRALERMA) Of

the oxi de ceram c occurs once again. As a result of the oxide ceramc

di ssol vi ngeeglogepBirea THg testinolagpaisrlesaribed égrprempieiin . df Wilkioxox il Ereced 91 c
and 15 th S Lt t : . . i al
can ohanges iy PhbBApRETHEST b0, Dhp IR ARIGE R Al InliRge ABLGI 12

addi t i onal Whiclo @ qassiveFadectrécah ophgonentnean tieSnte gtated tin die woheme ohs tementubiayehe

oxi de geranm.c renmains in th | ass phase after cooling of the glass ceramc
mass. A% (1Y CHHORETIYS SFCTEFE! CREPORPHE TBEFAMIAN € SRANCH GeRdFdE il 3 coll, an
conposi ti aad@tioh he agia%%toﬁ%&fgi‘a@ibn GhangerRdaforxhfipie! by PHnSRTRASS Micukd 1S
difficult to define the material properties of the 20 conpressed gl ass
ceram ¢ meEOFEEHding ipsthe eorgPRICAMnc@etoh ofpesaniio fidm blankse gleckiyg &k prined
conponent integrated through the use of LTCC technol ogy. The object of the
present invention is to specify a glass ceramc nmass with an oxide




23 Novenber 2004 3 ceram c, whose conposition remains essentially unchanged
during a sintering process. This object is achieved by specifying a gl ass
ceram c mass conprising at | east one oxide ceram c, containing barium
titaniumand at | east one rare earth netal Rek and at .| east one gl ass
material, containing at | east one oxide with boron, at |east one oxide with
silicon and at |east 5 one oxide wth at |east one bi yahempatmosMe2+. The
gl ass ceramic nass is characterized by the fact that the glass nmaterial
contains at | east one oxide with bisnuth. The glass ceramic nass is a gl ass
ceram ¢ conpound and is independent of is state. The gl ass ceram c nass
can exist as a ceramc green body. Wth regard to a green body, a film

bl ank for exanple, a powder of the oxide ceram c and a powder of the gl ass
material can ined. 10 with on not her by. means of. an _organi.c bi ndi ng
ngent 1t PR RIS Rl ol eafiri 1051 ACme b E R Sn@nd e doRR0uE- $08¢
powder m Xéedngic Gfilnd BRinkX k@euse@aitl @ JawdsihBfnd eSS cBRIGY imaks, didatridaRy Mgty
the glass ceranm c nmass can exi st as a sintered ceram c body. For exanple, a
cerani ¢ nufPPrciiye elamsaan metah M vib & lewnmeliing poit §eds® BRSPS EPPST cithee

gl ass cer Al S corthiche GRHAR CordPik Fih BER. ROMK G8RidCS WHEibAA dd ied of
further sintering process. & OXi de ceram ¢ can be present as a single
phase. HHowbweepmponent anegadted theaugbitse usef ofal PCdnalhinblpgpis Eheisléys dependdns on the
concei vabl f.ar exanple, for e oxide ceramc, to copsist of_ phases. each
aving. o dEPPERE AECEhBBet P B RBSbRTHER B el Rater b BEFES 5ot

di fferent exinge thepamit@sity (e}), 4 ualibySRcHPIDRINY &béﬁﬁ&@tﬁﬁ%@fﬁ@kﬂf@f&qﬁ&fc@lﬂ‘f
conpounds of an oxide ceramc to be present which are then converted to
formthe at4$al oxide ceramic only during the sintering process. 23
Novenber 2004 4 The glass material can |ikew se be a single phase. For
exanpl e, tWahREBFEd the AnOivA s BArhmie Pk Sthé BhsObropBhiRR if FlRXEHGowS With (RN

di oxi de, zinc oxide and bismuth trioxide. It is also conceivable for the
gl ass HWht aesud thatgompressien ofghe alags|caragli¢ myssoikep phisessts aFenultak aph e liquitkphgbtas s

material c J r mxture of 1he echfl 0X| | QI

O acs. el cera Bulhe e BAVERE oKl Salth el NprRRE s RRWRF IR0 oul B Blps
al so concemnatedidl eAf Dhighdiaertipens ore Mind exidecderdntic HRs@lvesriy SHeadldsk zettivarl psaatuddn of
the glass nelt. This nmeans that the glass material is present. not onIY gs a
gl ass mel tCPAFRERUGHS I AgeRArHaLd the RXIQEATAINE SOHE PICe SBHR- 2 Fpsult o
crystal |'i nge bQbterddiR didMVATRAY palRE SRlagBh, thBBoMpSRRML RV U RANEORS ST S
in using a bisnmuth oxide, in particular birsmuth trioxide, in the glass

mat er i@ . twealedihg eomgesifion efahe glasopheemsi e gldss ntatesial eaptchagget Paring cooling,

sof t eni ng erature Trot.. of the glass terial-can be | owered The | ower
The i ase TRIREAMD oy R dasd imeH Gk RREn L Sl i e SoPl el ot
vitrifi catdoastithe@ipe thatdxide defimit Renbay MERPQREN Plghsg hASScOBRAAOT the ERES cerinid he
vitrification jenperature, alnost conplete conpression of the glass ceramc
mass can HB3SEcHi 8y «ampasiions Aot Pxiffe corpiicappsl Hivg lsopihe AROPRPDEF dae elass

i nfl uencespdibiea \e@%rgwas%m drleBmprebish, 46t @i I8V RS mARMallRoSERAT AlRS
out again in the glass nelt durinhg the sintering process In a particularly
advante¥gesgmipressed glass ceramic mass and thus to guarantee the functional integrity of the component

integrated through the use of LTCC technology.

The object of the present invention is to specify a glass ceramic mass with an oxide



manner (for exanple as a result of the lower vitrification tenperature).
Practically no eluation of individual conponents of the oxide ceramc
occurs. The conposition of the oxide ceram c either does not change or
changes only slightly and can therefore be very well predetermned. It is
known that bismuth which is present in the oxide ceramic reacts with

el enmentary silver at 20 an el evated tenperature. Wt h2zegaembéredode use of
an oxide ceram c containing bismuth in LTCC technology in conjunction with
t he use of silver as 23 Novenber 2004 5 an electrically conducting
material, this conmbination can result in3an undesired reaction inpairing
the functional integrity of the conponent which is to be manufactured. If
the glass material contains bisnmuth trioxide, the vitrification tenperature
i s reducedcerimi| WhRE cOHEpRIRMAEH A BestriaRy PhakefredldulifyREinleainpprodéssr es. In
this way, a reaction between bisnmuth, or bisnmuth 5 trioxide, and el enentary

silver can F iypgressed Furthernnre if the glass pro ortio? i S .
rel ativel y TSRSk I pGNRPS byi SPerEving & mish cF&ﬂﬂ&? JR7SH COWBHNNG i {995t A PELy) ¢

that no notd&eRADMAERACEIR, GEMUS aRBi MBS bR ST Wb ARG REL YR at 148 dhe P&%&' al
enbodi nent, the oxide ceramc has a formal conposition BaRekzTi 40, 2.

oxi de cer amatcrihlawrrmmnget khgraamenideovidubaomp diasi @ dxéde wite silicen gesd @tsleast

-rlqc C\r/gl U e)e glferoe}{v eer“'1ﬁl\,\g(fcfas | 42 i\galefngfne{] ﬂe?-ﬁ.r’lﬂ:{% &E%L\ES 1(1[) er?r_:s]rs_'gs{ Ih‘éra%?épzé%il@ thé Y

parti cul ar facttha u@é @58 nﬁmara[ t@ita:ﬁmu@strmeakidhmtbzmh oxi de w t h at | east
one rare earth netal Reg. The rare earth netal Reg is present for exanple

as the trigxide Re 203. By. using the, oxi de of the. r re earth t al.., Re it
S boss! bl neerrEs P EEY £5Pagic SHBOTLe Rt EPmGER Gl Grpg e Hkes

cont ri but egrimictnigs éwerﬁstttas Yickdmt grbbiebly EWath| regh @ 652 RER BbEy, AEHM, blirk fohe
permttivity of the oxide ceramc. A glass ceramc nass exhibiting a

pernittivi eApmpfe. 2@owdersd the oxide gemmishand 3 powden of shecelassimpaterial can be combined

10 with one another by means of an organic binding agent. It is also conceivable that the glass
ceramic mass can exist as a powder mixture of the oxide ceramic and the glass material.
Furthermore, the glass ceramic mass can exist as a sintered ceramic body. For example, a
ceramic multilayer body produced in a sintering process consists of the glass ceramic mass. This

ceramic multilayer body can be submitted to a further sintering process.

15 The oxide ceramic can be present as a single phase. However, it can also consist of a plurality of
phases. It is conceivable, for example, for the oxide ceramic to consist of phases each having a
differing composition. The oxide ceramic is thus a mixture of different oxide ceramics. It is also
conceivable for one or more parent compounds of an oxide ceramic to be present which are then

converted to form the actual oxide ceramic only during the sintering process.



In particular, the rare earth netal Rek and/or the rare earth nmetal Reg
fromthe group conprising | ant hanum and/ or neodym um and/ or samarium are
sel ected. O her |anthanides or even actinides 20 are al so concei vabl e. The
~rare earth netals Rek and Reg can be identical, but can also be different
rare earth nmetals. In a special enbodi nent, the oxide ceram c contains the
bi val ent netal Me2+. In particular, the 23 Novenber 22 PR4e@bd 2004ent net a
Me2+ is selected fromthe group conprising beryllium magnesiun) cal cium
strontium barium copper and/or zinc. The bivalent nmetal Me2+ can be
present as a separate oxidic phase. In particular, the bivalent netal M2+
is a doping of the oxide ceramc. In the oxide ceramc, the bival ent netal
Me2+ causes a significant reduction in the sintering 5 tenperature of the
oxi de cer arfeCgladsUnhtBiedl Nah Qikedvlse IR PORSIebbHRsd Fof Q:QEI&FHE, trRephdie 1se tolds€ melt
material properties of the oxide ceramc. For exanple, the oxide ceramc
havi ng t heeoga#gselt peran BaReR Tsidgm2 diogiddopiad eviden apd hesmuth keoxipe 1bxb ddsoof

bi smut h, t i I al 2+ .can bri bo uppr gssi.on _of .th
ol oot on Sfeatabfl £E TR ERS (S30hat PG AlGMHly Gt SRR BRoCORR] o' ase
process. lrhattrésd chedest agppdéanixuirbaf the kpdcHigdarxides. Uk pridtplacdwantagenesrofm t he

oxi de 10 ceranic is‘dﬁged_mﬁxh the bivalent netal Me?+ which al sp_occurs in
the gl 2ss WaPEdpsafuringfhe sintering pipcess, ilhis 3lso senepivable Aen HA &psh @aeripl t be a

bi val ent  rgisahi Meditprodicdf Hag1ass RAL t’Iih%@z{anYha?gn\é?gHsggﬁgHﬁ iShlesnt n&rbélly as

reactive liquid phase sinteri'ng and on any proce I Ssol ving an
separ at i ng ghass meljafter thhsinteringprocsss but dahialso ¢ presdnit ova crystaline fiormher
enbodi ment, in addition to the oxide of silicon the glass naterial contains

as a 15 tQﬁkaﬂﬁhfmﬁE t el e: Qx| le t D8he. i
tetraval ent neta aﬁ@eﬁﬁggéﬁ?%eﬁg om?ﬁletggi |nélgttrsl lhi @'{'gdg?ﬁtség&g asg
mat eri al @enicalankisabth| téedte, mehefglst hareridl. Qo ddvantaga i édingsmaémnistsnetiel factThe

furth tetraval.ent netal Me4+ is,. selected in particular, fromthe graqu
conpr 101 g% & HETIE REBeL T Sl BF A% EFTAbTAANE JOVES Bt s
addi tion tRn§libd peint, dhIowde is tHeesisHfle enfferdnlle @R f0tRNRALOD Rethefirt FyalHRNt

metal s support a_glassiness of the glass material. This 20 neans that these
oxi des ar OUEPENdiRG glgs| erpmigl Imesar dtalheo VithEcaiondéxnpsfatyipe ey e ARARIRENed

bi val ent : + [ I L e ture characteristic of
t he gl ass%rrltét1 g?ﬁlgff%t?o%lgses%gﬁn%?%ﬂagﬁéﬁ §§?°?‘%%’¥%Ig“ @%Z’&%ﬁ ure Tsoe of gl ass

material can be set. Crystallization of the glass material can |ikew se be
i nf | uencedn addition, bismuth trioxide influences the way in which the oxide ceramic dissolves and

15  separates out again in the glass melt during the sintering process in a particularly advantageous
manner (for example as a result of the lower vitrification temperature). Practically no eluation of
individual components of the oxide ceramic occurs. The composition of the oxide ceramic

either does not change or changes only slightly and can therefore be very well predetermined.

It is known that bismuth which is present in the oxide ceramic reacts with elementary silver at
20  an elevated temperature. With regard to the use of an oxide ceramic containing bismuth in

LTCC technology in conjunction with the use of silver as



23 Novenber 2004 7 In a special enbodi nent, 100% by vol une of the gl ass
ceram c mass i s conposed of a ceram c proportion of the oxide ceram c which
is selected fromthe range between 70% by vol une inclusive to 95% by vol une
inclusive, and a gl ass proportion of the glass material which is sel ected
fromthe range between 30% by vol unme inclusive to 5% by vol une i ncl usive.

If the 5 glass ceramc nmass is subjected to a sinteringNevemBsS2004he

af orenentioned reactive |iquid phase sintering takes place. In the case of
particul arly advant ageous behavior with respect to any process of

di ssol ving and separating out again, as iss the situation in particular when
the bivalent nmetal occurs in the oxide ceramc and in the glass material,

it is also possible to keep the glass proportion belom1596by volune. 10 In
particul ar t n

W ih o et SarrCin EoRBLAR SRl Ohis' AmENARD (B B o GATLRaL BAMSH
bet ween 0. {mpairinigrtbt ﬁmaumaamdeg’htﬁ obm|mnipumme«h1c'ﬁhe torbamapafatiusdelfshe glass
also referred.to as. h al ue particle size. In order ntain a very
ow gl ase. BRGHURORGITE AL ETRIE, I o1 A iah RGeS SR TG RS
separ at i NgcAUhkAPRAEN at we&ﬁpéﬁﬁweglgmt e SREG fda@fbnPedtiienl BisHURESr Blsthuth
particul arly advantageous. 15 The powders have a | arge reactive surface

whi ch i% niiesilsarid tlomentary pibvse cpy de| suppressephBuarthesnereeiti thy gi&sgdgggomon is

por m 11 i FPSH0 Pl e B0 bRl BL80 o TR R o B Fasdd "

gl ass natemxamtmwwimbmﬁgmnddEﬂwihe present invention, the | ead oxide
proportion and/ or cadm um oxi de proportion of t he glass ceram c mass 20
and/ or of {he oxi.de,ceram c_and/or of. s mat er.

Sh i n par t PP I Lo Bt P ap SRsos ok il *

envi r onmenéeadmic Gadh gl eeddfbRARntidnee cHPRMAIdn @ﬁefexfred R4k mcrmvaraekamaﬂmm
oxide js al nost zero, This is achieved by t present invention

Novernbt} 284 Y RIPREFiS(PEPEHIVHY. é&ﬁlatyfl?%t%Iilfat%ﬁcfajqulfh%mﬁ%f%rqsam HPHBBP‘(% es
of the gl aggneR@m ¢ mass. In a special enbodinment, the ceram c nass
exhibits a maximMum vitrification tenperature of 950C and in particular a
maxi mum of 910C or 890C. In this situation, in particular, a glass ceramc
mass is aco®ssichlen the glass magsiahsantaing of easiione Axide Wil ablenss ang rasaarthandial Rs

bet ween 2 C whl, L
t he rangeOBetﬁgkaﬂgé%g C%J§g§%§§ky‘%é%Bh?ﬁg%§é#%%? aﬁﬁyabiﬁ§®a?§%5%@§§ﬁ
sel ect ed fuhen‘artaherch angsl Reat, ieanpossiBR ppioh Khd pedmjmivug ofinkk ¢la@0mpaenilK wh:ch
i ncl usjve. h theie mat er i al erti t he gl ass ramc. na iS V

t gleto él

well s te%?“* teg Luthe RermRiEvERYQ E‘HH(SF"B@ SeitH reRsTRITLAY (Sh 2P ct

of the I NVRAMWiONA Mass ReAMIC nd¥xHSitiR aapeﬁﬁf%f{\hezuéﬂ Y0 6L 86 ok Resh A3ne BSthus
ceramic mass Is specified. In particular, the ceram c body has at | east one
el ement ar yacpgsgikle. MeO whi ch is sel ected fron1the group conprising gold
and/or silver andlor copper. By preference, the ceramc body is a ceramc
mul til ayer ) j o &
manuf act ars e AR Rie B URlal ROEBRYdr ¥ ok AR okl A0k oRMRS o [SRHIS
cont ai ni nglaishanmt dnd/or neodyhiigatndior afnatibm agl wksted eQdai enthemdes oanveal actrides

t ak b 890C. . 15 Wt h d t f inth
of o1 BHEn LY 9GP0 bl T aPSTd e el P ARORPLRL TRR P GEE R By - a

ceram c badifferbi rhle@arkiomlaRf a ceramic nultilayer body can be manufactured
in this manner. The glass ceramic mass is used in particular in ceranic

filmblanks in LTCC technol ogy.. In this way, ass cer sses re made
avai | abl el&f’é spgraal pmbedipsaty FTGI%@? CeIRENSG W&‘Wé}éng" ﬂf’“trﬁﬁtﬁ S}ll‘%r"”%rpéﬁbff‘ dR€ f or

t he manuf acture of m crowave technol ogy 20 conponents. 23 Novenber 2004 9




To summarize, the foll ow ng advantages result fromthe invention: The
conposition of the oxide cerami c remains essentially constant during
sintering of the glass ceram c mass. The material properties of the glass
ceram c mass can thus be pre-set in a defined manner. 5 Al nost conplete
conpression (vitrification) of the glass ceramic nass is possible at a
tenperature of bel ow 910C, and even bel ow 890C. By npaRevehb&eutdo4bl e
(oxidic) additions to the oxide ceramc and to the glass material, the
sintering behavior of the glass ceramic nmass and the material properties of
the glass ceram c mass can be set specifgcally and alnost as desired. It is
t hus possible, for exanple, to set 10 permttivity, quality and Tf val ue
over a w de range in each case whi I st retaining a low vitrification

t enper at ure $j,on J | dejangd/ or
cadm um ox FEen rT;gal(?\ﬁvenlts SS%CI\%SF d%#'g%ﬂ‘?%ﬁ;gﬁﬁ% Hﬁgm? },,%%g erfgﬁﬁvm th
reference sguon@iin esiBast 6&per anﬂortdm: asms Ma&hemetﬂ Mmng;an'th:r@mevasregseqpht@Ws a

schematic cross-section, not to sc a ceracg)lpc 10§d£)od}e/]dvv|th th ass
cerani ¢ neédic g %en’ﬂlRal’tlcaﬂf’érth%(B’Wﬁeflhﬁﬁabﬁdezﬁ\dﬁér 1§ €4 R %ﬁ%"&{’j‘fc ®the

gl ass ceraffif PBSHiclnd %1@]091%’_%{11 CRPS! Slubdiga Qi grficafi intcG&T 3 de %ﬂdcrﬁlg

powder of a gl ass materi al he oxide ceram c has the formal conposition
BaRekZ B nQGemperdine afaheoxide téramist Furthsmaego dymmble'ﬂ@emwph@e diglegiicmpirighoped
with a bival ent

f f h
oxi de cer TR eég% %ﬁr?"é‘% Cezgmﬁu %E‘?PE@ oﬁ’l et u%er%(n?cgh?‘%?%%%%%% Ezlee

and neody nsdmkmlc%is%paf@nmmemk@g@bﬁﬂe ofbikuth, 33 bmmnmeml BI04 c40bring
approxi mately one ~ by wei ght zinc oxide, calcinate g om tered and

subseque ntﬁbyutgﬁr BpRErssion pfr baghuatiomef BgividieherTramgty ‘éerﬂPlﬁsdémﬂ%lﬂEer i al
contains %ﬂ'ﬁy oﬁé&lt I l‘a§ b &R aﬁggenzc' A& it 1 ?aﬂ#c@ﬁﬁ %tdﬁftég%bus‘ i the oxide

characterize OW ng cohposition: boron trioxide, 34.8
mol % Hi0s muteteo i doped Jvith thel BivSenti mesalodedte whinh Ssarorgssin fheslassi maeTAL. M 0006

b I f.1 I d b
coram o melbGEE AR50 b TR st B RBRat ity MR ZinkHal BB,

and gl ass dJfeifidedbs TRE oRt réADVY Bhuie ;mfaseosu&crﬁ)rig arkhen why pdcesadfi dissolving and
tenperature of the glass ceramic mass is 900C. The permttivity of the

gl ass cer aS¥PEAYARLYL paginpwhich pecugpiathis §Y8H0B20, and the Tf value is 4 ppm K.
In a further embodiment, in addition to the oxide of silicon the 'glass material contains as a
15  tetravalent metal at least one oxide of at least one further tetravalent metal Me4+. In addition to
the silicon dioxide, the glass material contains at least one further dioxide of a tetravalent metal.
The further tetravalent metal Med+ is selected in particular from the group comprising
germanium and/or tin and/or titanium and/or zirconium. In addition to silicon dioxide, the
oxides of the aforementioned tetravalent metals support a glassiness of the glass material. This
20 means that these oxides are used, as incidentally are also the oxides of the aforementioned
bivalent metals Me2+, to control a viscosity temperature characteristic of the glass material. For
example, the softening temperature Ty of glass material can be set. Crystallization of the glass

material can likewise be influenced.




10 The glass ceram c mass 11 described is used in order to integrate a

passi ve el ectrical conmponent 6, 7 in the volunme of a ceramc nultilayer
body 1 with the aid of LTCC technol ogy. The ceramic nmultilayer body 1
produced in this manner has ceramc |layers 3 and 4 which are produced from
ceramic filmblanks together with the glass ceramic mass 11. The ceram c
layers 2 and 5 have a further glass ceramc mass 12 whigibspdiddoar ent from
the glass ceramic mass 11. 15 The electrically conductive nateri al
conprising the electronic conponents is an elenentary netal MeO in the form
of silver. 23 Novenber 2004 Clains 1. dass ceramc mass - conprising at

| east one oxide ceramic, containing bari@dm titaniumand at |east one rare
earth metal Rek, and 5 - at |east one glass material, containing at |east
one oxide with boron, at |east one oxide with silicon and at |east one

oxi de wi t Hnatspted stmbodienchi, 160% by volinel of Me2glassaacimic miass| ie asmponéd obg ceemigi t h

bi smuth, characterjzed ip that. 10 .- a | ead oxi de proportjon r.a
cadn um oS BTG B P eorereh i S i Komab e o Pl 85 P
ceram ¢ anfdifivoto 93% byl eRindRREVE! andSa 81a8PNoPbHILA of (S gldss FhiBSA AL C
mass according to Caiml, V\/nerggé t he oxi de ceram c has a fornal

conposi t i eelegaRétenmihagange tetwegh exreline inglesivealocth &y nglumy orkpine-1f dhe 2,
wher eby t I . riak. L0 I | | £ one
Fare oft egraanIRhtll RyeERRNE Piiche pRRSS, b2 AR il HplaiRSle

t hrough 3, sinnreigefaiest plecel & ehecadsé bf peitidzliafte kdedtkigesust lkbaviar evithaetfecnet aly Reg
Is selected fromthe group conprising | anthanum andl or nﬁl(édtym' urrtha :d/alort
samari um B5O°°H ‘ﬁtsdésselé’f"&_rﬂ’e 8 NG LUARH Y F HeSHEAP TEPHFRE? TWhey %B‘ﬁ’ it

wher eby t hfetf1XdciGs SR Bhide 26-afRrdl iR $hel ASsshha@ 8Nt isBb3osdid to keep the glass

proportion below 5% by volume.

10 In particular, the oxide ceramic and/or the glass material contain a powder with a mean particle
size (Dsg value) which is selected from the range between 0.1 pm inclusive and 1.5 pm
inclusive. The mean particle size is also referred to as half-value particle size. In order to
maintain a very low glass proportion without restricting any process of dissolving and
separating out again, powders having the specified particle sizes are particularly advantageous.

15 The powders have a large reactive surface which is necessary for the reactive liquid phase

sintering process.

Normally, in order to reduce the sintering temperature and to increase the permittivity of the
glass ceramic mass, lead oxide (PbO) is added to the glass material. With regard to the present
invention, the lead oxide proportion and/or cadmium oxide proportion of the glass ceramic mass
20  and/or of the oxide ceramic and/or of the glass material is a maximum 0.1 %, in particular a
maximum of I ppm. By preference, with regard to environmental considerations, the proportion

of lead oxide and cadmium oxide is almost zero. This is achieved by the present invention



6. G ass ceram c nmass according to one of Clains 1 through S, whereby the
bi val ent metal Me2+ is selected fromthe group conprising beryllium

magnesi um cal cium strontium barium copper and/or zinc. 23 Novenber
2004 12 7. G ass ceramc mass according to one of Clainms 1 through 6,
whereby in addition to the oxide of silicon the glass material contains as
a tetravalent netal at |east one oxide with at |east osgl&mb&eroos

tetraval ent netal Med4+. 8. d ass ceram ¢ nass according to Caim7, whereby
the further tetravalent netal Med+ is 5 selected fromthe group conprising
germani um and/ or tin and/or titaniumandfor zirconium 9. dass ceramc
mass according to one of Cains 1 through 8, whereby 100% by vol une of the
gl ass ceram c nass is conposed of a ceramc proporti on of the oxide ceramc
which is selected fromthe range between 70% vol une inclusive to 95% by
vol une i nctitieptuenilicgt gstgrirnsof, 3%!3%%?9%169 ﬁgth@g&é%cqﬁwemaa% which is

sel ected fromthe range between 30% by 10 vol une inclusive to 5% by vol une
i ncl usi ve. 1 0speGhInSAbRBHEHT the TREBMIAGREN SHMYtst £ nRRBnRh vithiAtdi®n terhprati@hord,
wher eby the OXI de ceram c and/or the glass material contain a powder with a
mean part i P, sind én pirtioar ms’emgmt P 107 o0 8HECr s sruatioeetn irticulm a glass
inclusive and.1.5 pminclusiv ram ceor of
Clainms 1 tcﬁragllﬁ] _SL 'S akher g?% Wﬁ'ﬁé‘ % Wﬁdlés p(ri‘?)&%drS P%ntﬁgn%/gg%e{yﬁegg%

cadm um oXhdesiwr EﬁlﬁfBU ﬁtidllﬂ;l\le$a Qudmxwmdlﬁfls&ﬁ}catc@ﬂmn the rangk Base@ef08Thdusiessd
according to one of Clains 1 through i with a maximumvitrification

t enper at ur@®metsiye, and hayalyecyinigh ISa%Ws&ﬁ from e rggebetwesn - & FRVR el

mass accorglh 9o prkahMidde. Wi these RalRE rBrSﬂe'nYést %eVMTHSE BerkiicSB4s8 ¢4 @Gy fe@m
the range between 20 1 nclusive and 80 inclusive, 20 - a quality mhlch is

sel ect ed fsuitad foheseimmigowatevedsnol®@0 i ncl usi ve and 5000 inclusive, and - a
Tf value which is selected fromthe range between - 20 ppm K i ncl usive and

+ 20 ppm lﬁé.c&%n%stiovaesccond aspect of the invention, a ceramic body using a previously described
10 glass ceramic mass is specified. In particular, the ceramic body has at least one elementary metal
MeQ which is selected from the group comprising gold and/or silver and/or copper. By
preference, the ceramic body is a ceramic multilayer body. The previously described glass

~ ceramic mass is used to manufacture the ceramic body. As a result of using glass materal
containing bismuth, vitrification of the glass ceramic mass can already take place below 890°C.

16 With regard to a firing process in the presence of elementary silver, no disruptive interdiffusion
occurs. In particular, a ceramic body in the form of a ceramic multilayer body can be
ménufactured in this manner. The glass ceramic mass is used in particular in ceramic film
blanks in LTCC technology. In this way, glass ceramic masses are made available to the LTCC
technology, having excellent material properties for the manufacture of microwave technology

20  components.



14. Ceram c body with a glass ceram c mass according to one of Clains 1
t hrough 13. 23 Novenber 2004 13 15. Ceram c body according to Caim 14,
with at | east one elenmentary nmetal MeO which is selected fromthe group
conprising gold and/or silver and/or copper. 16. Ceram c body according to
Claim 13 or 14, whereby the ceramc body is a ceramc nultilayer body.
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BeCl 3$10%JU& () - 4! $10%JU& ()-4 10% U& ()-*10% U& ()-WL0% U&' ()-i P10%
U& ()-5 e Almost complete compression (vitrification) of the glass ceramic mass is possible at a

temperature of below 910°C, and even below 890°C.

¢ By means of suitable (oxidic) additions to the oxide ceramic and to the glass material, the
sintering behavior of the glass ceramic mass and the material properties of the glass ceramic

mass can be set specifically and almost as desired. It is thus possible, for example, to set

10 permittivity, quality and Tf value over a wide range in each case whilst retaining a low

vitrification temperature.
e Compression is achieved without the use of lead oxide and/or cadmium oxide.

The invention will be described in the following with reference to an embodiment and the
associated drawing. The drawing shows a schematic cross-section, not to scale, of a ceramic

15  body with the glass ceramic mass in a multilayer construction.

According to the embodiment, the glass ceramic mass 11 is a powder consisting of an oxide
ceramic and a powder of a glass material. The oxide ceramic has the formal composition
‘BaRek;Ti4012. The rare earth metal is neodymium. The oxide ceramic is doped with a bivalent
metal Me2+ in the form of zinc. In order to manufacture the oxide ceramic, appropriate

20  quantities of barium oxide, titanium dioxide and neodymium trioxide are mixed together with



Wi [M3 10UU 10UU 10UU y\ &=9%A0%JU& ()-' !\ &=%A0%JUE ()-'!\,p %40% U U& ()-v
1K, p %40%UXU& () -V }[9M 8, 6 YAOYEUEU& ()-v ! G 6 %0% U U& ()-v

| 3$10%AJU& () - ! $10%JU& ()- s10% U& ()-i ml0% U& ()-kz}rg\=!Lnl0%: ()- 10 U
10 U

23 November 2004

10

approximately one % by weight zinc oxide, calcinated or sintered, and subsequently ground to

produce the corresponding powder.

The glass material contains boron, bismuth, silicon and zinc. The glass material is characterized
by the following composition: 27.5 mol% boron trioxide, 34.8 mol% bismuth oxide, 32.5 mol%

5  zinc oxide and 6 mol% silicon dioxide.

100% by volume of the glass ceramic mass is composed of 90% by volume of the ceramic
material and 10% by volume of the glass material. Ceramic material and glass material have a
Dso value of 0.8 um. The vitrification temperature of the glass ceramic mass is 900°C. The

permittivity of the glass ceramic mass is 64, the quality is 820, and the Tf value is 4 ppm/K.

10 The glass ceramic mass 11 described is used in order to integrate a passive electrical component
| 6, 7 in the volume of a ceramic multilayer body 1 with the aid of LTCC technology. The
ceramic muItilayer body 1 produced in this manner has ceramic layers 3 and 4 which are
produced from ceramic film blanks together with the glass ceramic mass 11. The ceramic layers

2 and 5 have a further glass ceramic mass 12 which is different from the glass ceramic mass 11.

15 The electrically conductive material comprising the electronic components is an elementary

metal Me( in the form of silver.
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earth metal Rek, and
5 - at least one glass material, containing at least one oxide with boron, at least one oxide with
silicon and at least one oxide with at least one bivalent metal Me2+,
and
- at least one oxide with bismuth,
characterized in that
10 - alead oxide proportion and/or a cadmium oxide proportion of the glﬁss ceramic mass and/or

of the oxide ceramic and/or of the glass material is a maximum 0.1 %,

2. Glass ceramic mass according to Claim 1, whereby the oxide ceramic has a formal

composition BaRek;Ti4O12.

3. Glass ceramic mass according to Claim 1 or 2, whereby the glass material contains at least

15 one oxide with at least one rare earth metal Reg.

4. Glass ceramic mass according to one of Claims 1 through 3, whereby the rare earth metal
Rek and/or the rare earth metal Reg is selected from the group comprising lanthanum and/or

neodymium and/or samarium.

5. Glass ceramic mass according to one of Claims 1 through 4, whereby the oxide ceramic

20 contains the bivalent metal Me2+.

6. Glass ceramic mass according to one of Claims 1 through 5, whereby the bivalent metal
Me2+ is selected from the group comprising beryllium, magnesium, calcium, strontium,

barium, copper and/or zinc.
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8. Glass ceramic mass according to Claim 7, whereby the further tetravalent metal Med+ is

5 selected from the group comprising germanium and/or tin and/or titanium and/or zirconium.

9. Glass ceramic mass according to one of Claims 1 through 8, whereby 100% by volume of
the glass ceramic mass is composed of a ceramic proportion of the oxide ceramic which is
selected from the range between 70% by volume inclusive to 95% by volume inclusive, and
a glass proportion of the glass material which is selected from the range between 30% by

10 volume inclusive to 5% by volume inclusive.

10. Glass ceramic mass according to one of Claims 1 through 9, whereby the oxide ceramic
and/or the glass material contain a powder with a mean particle size which is selected from

the range between 0.1 um inclusive and 1.5 pm inclusive.

11. Glass ceramic mass according to one of Claims | through 10, whereby the lead oxide

15 proportion and/or the cadmium oxide proportion is a maximum of | ppm.

12. Glass ceramic mass according to one of Claims 1 through 11, with a maximum vitrification

temperature of 950°C, in particular 2 maximum of §90°C.

13. Glass ceramic mass according to Claim 12, with
- apermittivity which is selected from the range between 20 inclusive and 80 inclusive,
20 - aquality which is selected from the range between 800 inclusive and 5000 inclusive, and

- aTf value which is selected from the range between - 20 ppr/K inclusive and + 20 ppm/K

incfusive.

14. Ceramic body with a glass ceramic mass according to one of Claims 1 through 13.
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selected from the group comprising gold and/or silver and/or copper.

16. Ceramic body according to Claim 13 or 14, whereby the ceramic body is a ceramic

mulitilayer body.



