; ~e3eyW$(6TVOUL23 Novenber 2004 1 Description 3 ass ceranm c mass 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
with boron. In addition, the invention relates to a glass ceram c nass,
conprising at |east one oxide ceram c, containing bar?3Novémb&rogm and at

| east one rare earth nmetal Kek and at |east one glass material, containing
at | east one oxide with boron and at | east one oxide with at |east one
tetraval ent nmetal Med4+. In addition to the glass ceram c nmasses, a use of
the glass ceram c masses is described. 10 The af orenenti oned gl ass ceramc
masses are known fromUS 5 264 403. The oxide ceram c For the glass ceramc
mass is manufactured from barium oxide (BaO), titaniumdioxide (TiCQz), a
trioxi de oPesripéame earth metal (Rekz03) and possibly bisnuth trioxide

(Bi z03). The rare earth netal Rek is for exanple neodym um The oxide
ceram c fog; %1 errentlone ound is referred to as m crowave ceranic
since its dre ]%tagfllué'f '[S'r'%’ erties permttivity (s~), quality 15 (Q
and tenperature coeffl cient of frequency (Tf value) are very well suited

for use i nlh¥iigyaovieweltedchngloaagyeranTid en:gd, a6 pidii L4tk drie otxnﬁ cgllai?h?cS c@ﬁﬁ:ﬂ ,C
nmass con3|c§ts of.. bor on tr,ﬁom de (B203)) || con di oxi de ( zln

oxi de (Z" OFUR- U3pilp qud 3t i ppg b‘FF ‘B‘F‘htnllféal&@l‘ ded aideashons gliﬂis mhl@ngl asmaigiagani ¢
mass i S fon leasaapt @x¥0 % iaD dodnd f ss material 10% A
conpr essi on of. the égass1 ceram ?mg&gggﬁ%&g.&, retl‘rn&terlgrff'gf“‘ SHBPAFE of
about 950C°MBSIAE gi K3 ope oaide ceramis cpmalhmgvhanﬁmomddlﬁnﬂﬁnm3ea28&w°rahﬁﬁiaﬁh

consi sts i i I rol w,tion.af | ass material. The gl ass
mat eri al gﬁﬁiﬂgﬁks%g% *cg?l?)ﬁ'gﬁﬁlsy sl gontaingpe ag lg?S&B‘FF oxige3wih barpgand ablgast 2

di oxi de, Iqazntomln it atilensi cle t(:thWZQﬁl) mefal MROLUMa@iifss dPihe Yhas@ kbl NGastdl LD

met al oxi 2. 8 ‘g 1rcon| um di oxjde (ZrQOz). Both glass ceram c masses are

sui tabl e for CuSBE™F CHEHEC e bagisabed ure cofired ceranics) technol ogy. The

LTCC technol ogy is described for exanple in D. L. Wlcox et al, Proc. 1997

5 | SANC Pﬁﬁhbaﬂﬂérﬁdfﬁuanecpghss &dramicOngSes aldenowhFront BSNRIAYY. 118 & (g:%lé?a ic la)rl t ed
egrate

nultllayer t hod in which a passive el ectrical conponent” can
in the vol hﬁr%l“ﬁf“&‘"@"eﬂﬁ'hﬁ B lmﬂufclctlavbﬁomddyum'ﬂxmep(@a@) ) Mitargl adioiidad TiO,), a

conponent trical tor track, a coil
i n(rzlrﬁctl on tg‘?mgé)?:fa%ac?twg?’ ﬁlICta ttﬁ&é(lf’%)oaﬂd PSSy h% sgwth “Péﬂcéﬁé?ﬁ)pl é‘)hetf;)femﬂﬂhtl ng

a netal stmadtRekes fs:xnlemﬁgﬂenehdygndrﬂ THeERTRABEE Tor W ABRNRNiTRUSomBERY |
filmbl anka.g%dt acki n the printed 10 ceram c fil m bl anks above on anot her
c

to forma Qi 8" RYE SiEa8HT Mgee edielestposiatesial iShpredéesermittiityf(e,), muilitanks
arc udsd Qj hna tbapérgiuft I as el ectrical

conduct i ve el ement 1gérly nef%lmgelﬂ s ﬁﬁﬁﬁﬁﬂﬁ eﬁn‘bm p6Pnt™e u%‘ﬂééghgogluﬁ%é? or
copper camigewarnieenetbgy rilte gi@mw&nriaénmﬁé lglatsraigic ambse cdris|st & AN tifktal TCC

met hod is /04577 .1 n in order to avoid a | ateral
shri nkage(lgyz\qg{c(%g)g] "\’(\Bﬁ(r??ﬁﬂ%%%‘) 2N %ﬂ(% ASGCFRIBE PRRPORIon 6 the axirds cetmmiosi t e
i s constr icthedlds anamiemdddd & fhi éximple 90% and a glass proportion of the glass material 10%.

A compression of th{e glass ceramic mass occurs at a sintering temperature of about 950°C.

20 A glass ceramic mass is known from JP 08 073 239 A which consists primarily of a glass

proportion of a glass material. The glass material exhibits differing combinations of silicon



bl anks using a first and at |east one further glass ceramic mass. The first
gl ass ceram c mass and the further glass ceram c nass conpress at different
tenperatures. The conposite is sintered in a two-stage sintering process.
The first glass ceram c mass conpresses at a | ower tenperature (e.g. 750C).
The non-conpressing further glass ceram c nmass suppresses the |l ateral
shrinkage 20 of the conpressing first glass ceram c ngsRovalisst 2004Pr €ssi on
of the first glass ceramic nass is conpleted, the further glass ceramc
mass i s conpressed at a higher tenperature (e.g. 900C). The al ready
conpressed first glass ceram c nmass now prevents the | ateral shrinkage of
the further 23 Novenber 2004 3 glass ceram c nmass conpressing at the

hi gher tenperature. The first glass ceram c nass conpressing at the | ower
tenperature consists primarily of a glass proportion with a glass materi al
whi ch contdioxide, Haithaaiin &loe N@MEN digihluhe Abxidarlh Uﬂk.ﬁihé‘%ﬁﬁ’%&ﬁll bGad &nd
glass). The further glass ceramc mass conpressing al Lhe higher
tenperaturzélc‘&'ﬂﬂgl éﬂ"&gﬂﬁﬁérl |y of an oxide 5 ceramc of the formal conpound
Ba~_xKeks, zxTi isOsy (~ < x < 1), where Rek is one of the rare earth netals
| ant hanum oue QTR R m ST YWRlabNf: G HTLEcfLhd é?r¥p%¥au89%¥m%9tc%'a?n?95 as a
result of the two-stage sintering process IS C acteri ze t I)
shri nkage '¢dhaelegw ThildiCaemehigy ifiescbed thOcxanmpld meDclhsWiledx @ aglfascs 19ev ani c

mass havi port t he oxide ceramc,

conpr e§5| gﬁAg%, mhﬂ 8‘1 Lféﬂ’r?i %s@%‘gl%‘ég‘"ﬁllo&%é%a ﬁ?‘?‘ﬁﬁrﬁ“Pl}'laﬁr E‘CWQQ it of
reactive |\'|’|1i|¢|‘l dppkias %le&ﬂnﬂﬁl&foh@gncnpﬂid ﬂéJmHk%t&P{ﬁm\@$§lhf?1@ of Sal'c@l;aﬁ{lc': Bititayer
process, g%l d gl ass phase (gl ass nelt) formed fromthe gl ass

mat eri al . RiPgtrtie slestisal eampoaent H%f(@)@lxéfépié én gtecieiceli cogdictarrack, a ¢oal, gh ass
mel t Untl|(ﬁl§é}{g tio aratio

oxi de ceram G occﬁ?g&dgﬁggpg’gaé}hﬁﬁ b d%hirezﬁé({ﬁ?rcg?a"f@e q)gxp rﬁlgg%é'rlgﬁtlapsuucmm

di ssol vi ngoassgoripm tathiengpngoteragai one dthmosocgrasict filan blafiks] Statkiag ad gented

cera a hus, a t he conposjtion of the gl ass phase or the gl ass
mat e:nﬂ 8 ggrﬁhc @'ﬁ“ ‘é‘a“ Sigd SR EEL (RdoEB ASPMPG ARG Pinferiae i @B PeRIcasiEe

remains i redahic glrﬁaﬂatﬂlhaﬁ?@ uéﬁdt ®ith GORMW RGit@ing ! f155s HePPiic %@Jsé”@lé‘ct{@lﬁ? %m t he
ot her hand, |n_the case of gl ass ceram c nasses having a relative {1

proporti ofORfuciiyeaelementaineal Vet withice iovp meting peintreaeh by sibsr ar ceppet t:ambe a
vi scous flsﬂWr&!‘mtanm%ﬁl%%vlﬂi‘%é ?eQEImJTLI?‘? 2ol ass material in the range of a

sof tening point T~ ass naterial. In this situation,
vitrification takes place bel ow O00C. The higher the proportion of glass in
the gl ass A0 HAF encthedss kndver fromeW OLI045ETpewhich e oalbr whivold 4 herd|shsskage

the higher th t f gl th
Coner 5T KOMRIERRTAp e Reting Socts Bt omtpomians COmeintprbtrom sSrani Bl
2004 4 pr bhokd dsiiy OfirsGInd98 lch GREATBES plhdd LB ikt 'ﬁ%r&tr?asg_ter\éﬁ}c%asg and he

gl ass cergmc mas? are also influenced in such a way tha ass ceramc
mass i s n&CITBIRREBlAs SeramiF enass empassa i Bereatdemperatuies. 'lfheswmmemamhmdhmgy

applicati %st\?\%ﬁﬁn@hh toc®s. TRE[RE GBS O ot 5 y
ceram ¢ mass %%r RENAL a%E' {]ré%@r a@%srsewﬂ]@ W é‘gﬁéogﬁ%tef’?gmﬁ“e
nevert hel és8 7§0f@)abhendrocompessing fotier glaey ecriic hieh e@presses the lateral shrinkage
20  of the compressing first glass ceramic mass. When compression of the first glass ceramic mass

is completed, the further glass ceramic mass is compressed at a hi gher temperature (e.g. 900°C).

The already compressed first glass ceramic mass now prevents the lateral shrinkage of the

further



This object is achieved by specifying a glass ceram c nass conprising at
| east one oxide ceram c, containing barium titaniumand at | east one rare
earth metal Rek and at | east one glass material, containing at |east one
oxide with boron and at |east one oxide with at | east one tetraval ent netal
Me4+. The gl ass ceramic nmass is characterized by the fact that the glass 10
mat erial contains at | east one oxide with at | east orne NaenrRDbg met al
Reg. In this situation, in particular, the glass material contains at (east
one oxide with at | east one pentaval ent netal Me5+. This object is also
achi eved by specifying a glass ceram c nass conprising at |east one oxide
ceram c, containing barium titanium and® at least one rare earth netal Rek
and at | east one glass 15 material, containing at |east one oxide with
bor on. Thi@gﬁgl ass ceramc mass is characterized by the fact that the gl ass
mat eri al &FHBIGQIMNEL SeNPEEnHRl e Wigher kmpeebst. Trefipefiay aleantic mrisal
Me5+ and n Lde with at |east one.rare earth nmetal Reg. In this
situati onf%rinhég%ﬁgt ?tcﬁlfgéhgt ﬁ\eqqpé'ltl%'sr% C?r%sfsisr papardy ff 7 glasspropartiop e glastle
with at | eeeriabmbichevnainalbatitmeluminudeddd siBonT(beridth AfitnifGh ailicte TRES). The @
gl ass cer%’r& %_cpnpoqnd and is independent of its state. The glass ceramc
mass can eSSt R CSTAMNG HSCORIPESHNS A)C hisheremprsaiiig copsists primenilylobey oxide i | m
bl ank Hor cersaiibfahe forROVWISI, epexl de. cer aii d er of the glass
materi al can be conbi ned pggﬁdl\%%ﬁéﬁglgsf'h%d%%‘ %gtﬁnoﬂmgno Hsef‘meb?/ftlﬁ%éaﬁ% of
an or gani €3} mglalidantlinem, npedynguialos samamoei Telleantid atultiiier Gb@SohIEAERN £
mass exis S oynder. m xture of the.oxjde ceram c and the gl ass
mat eri al . }eéﬂl?t%{gtr}?}oerog) Sr“fgr?eﬁaﬁcgg% REFEhi't © g@ﬁf&ﬁﬁ oy iAstatesd shrinkagee flatgral
cerani ¢ bddplacdaemi)exar?p.e, a ceranic nultilayer body produced in a
sintering process consists of the glass ceramc mass. This 5 ceram c
mul til ayegn B%%X cogn tie subm tted to a further sintering process or firing
process at a hrgher! § 15 CHY et havinga high gropertign of eeramiccin dhmotide peremisnt as
a singbe phagessidlOMMSTass cbra sl | Ul detdeffe phases. . It
i s concei v_ablp,'g, for \a;ee%rrpl e, &?3? Qgts?izg(cggiiagéé%%é@%@ ¢ Qtrgguggrﬁté%gﬁveolfq"b%@é%
each havi MYCENgiIyBE theFomprseion (simeringl peocessi oliyukglassi phadedglaksusaeld) ifioghed e of
di fferent i 1.GS. is also 10 cqnceiyvabl e for aone or nore parent
corpoundsof o ¢ ARAR. ALh didhsPlsEPs e e Shieciraric Sorarredbbopednb
form the auilusiatwaiodeconematicn BNk heWaAAE sbfi@atih B §hd GHd@E&&ﬁésochﬂa%nQ% ass
material can |jikew se be a single phase. For exanple, the phase is a glass
mel t consfEYT Al ao‘lﬁs"ﬁ’o‘?fd’r’i" PHg g§Taic dissplyingand dpwdtine oahagairathehamyposition oki de.
[t | s1%l Sthe Gl t, | ri to caonsist of a plurality of
phases. For exarrpl@?é t‘a ‘F\Jeg{é'Fa'i‘ikg l%?@@?‘%ﬁ E(%o(‘hfgllhcs fsgssoé)m%e %thﬁcﬁm&m@ﬁrﬁk Gtk of
the speci thagge- dior ¢eamplA §roi amsihers o e bxids cbRmE bnfai@nint (e QX gRse diel NY
t he sint eg&@g Bf@%e%s. A softening point for the glass material is
pref erabl y- ber ow BOGC SH"8r J¥F t o al | ow the viscous flow at as |ow a
tenperature as possible. In particular, it is also conceivable for the
gl ass mat@nitkd other temdi initbe ease oy glasd tdrichHASE: hatiig Llkatal |hig'ﬂepr§r€lﬂ'ﬁ§n g}ﬁ
formed, Fqgr _exanple, by a ¢rystallization product of the gl ass [t. is
Atsssion s pfasds k

means thaf “the ¢ primasie ap presib of 20issensyflays ofihggass mehiad ¢haf t er

the S0t eglaBOmPEGLaH IhdHhg@bFQ Joftedng PHGE | | SV §E Ak izati on
product of this type is I Ent hanum bo zg%se (Eﬁéﬁ%‘% g*t'qggr "@%@ﬁ%ﬁ‘é?‘“f r’?'zw‘mo"’
parti cul ayitrfjcptignsfakgssplace beRwW\BRASED The h2BAAHE proportion of glass in the glass ceramic

mass, the lower the temperature at which the glass ceramic mass compresses. However, the

higher the proportion of glass, the lower is the permittivity of the glass ceramic mass. As the



conceivable for the crystallization product or another crystalline
conponent to be added to the glass material prior to the sintering process.
The crystallization product and the crystalline conponent can be used as
crystallization seeds. The conposition of the glass ceramc nass is
preferably chosen such that the conpression 5 occurs by viscous flow as a
matter of priority. As a result of viscous flow, conpPER6VEmMbaICO04S at a
relatively | ow tenperature. A viscosity tenperature characteristic crucial
to the conpression process, which is expressed for exanple in the glass
transition point Tg and in the softenlng4point Tit, of the glass material,
can be set for exanple by neans of a ratio of the boron trioxide to the
oxi de of the tetravalent netal Me4+ or to the oxide of the pentaval ent

netal MeS+, e [ pendent|ly of the conpression
t enper at ure.! ttﬁ@t J{ ég Sqﬁ?“éésﬁaﬁfeﬁudh ‘rdo‘b%rdrf value gf theiglasy caramic mpssrdre almass

can be varlllﬂ:@nccﬁrmrsmhnawlvhytha&hagfa@asdélrém:@fmats{'@ n%én%ﬁ Qﬁtaﬁlpefof Q{a%p‘?earférhu
nmetal, it .is.possib to harnoni ze the dielechic terial’ properties 6f the
gl ass mat ép P m\Xﬁ“F’H“ Aelogy apkisations material properties of the oxide
cerami c. The greater the proportion of |lanthanumtrioxide in the glass

mat erial fohe odjeandll @e pidddnt el the. ittivity of the glass 15

nat er i SI Mor eover , tho conpos?(gnl losflm(;’P&t‘ﬁe‘]r dsts ST B WE‘ﬁ]a%?WB“’SS@S at a
conmpostti 6?1“’3?!’“1“?%@3 Wa?§9°¢m®ﬁna¢eﬂaclesscshmaﬂmﬂfosmhn bliabwevel&dhabloggat i on
products are for rred during conpression (by neans of |iquid phase sintering

for exanpl®) gt iip r, GQnpression (at hi.gher tenperatures).
These cryst al faszétll gﬂﬂ%%gwctg%% vg % d??éﬂ?'ﬁd’é%gé’o@ﬁ‘g% ap leapthgne oxide

di el ect ri B Eodinipg bpem, |te;mxmf1 atdgt 1615668 1aRrcasth e REIC arkf i heaErhﬂIc r%
gI ass cer p%%ﬁlacann‘gelguse n. 20 m crowave technology. In nner,

is poss e fur exs asf 8"?)8?5‘&?‘“&‘ B‘P@Qsﬂ“é@ﬁ Mtcomsfsdwwulh a least ahével y

h| gh per midtiavalérttymadl Meer. TH and r 35
conpr gssi on teﬂ‘gglr ature. ZBgMV%&n%]@F% g ‘rllcq%'zgxgb |t§? Q%‘%ﬁ%%l L’r@ﬂasf he
oxi de ' ter Sifeciahenatainstab lepgh one srsisswith @trieaamkma aﬁmznctal Reg. thés @anGdh, et al

Rek is Iaparhanyfmthf L i de ceramic.having this conposition is
particularly wefl esédﬁsggﬂg@l gwrrlr%m(;:l'r?oa% A0 et "CWHRH‘é leppt Qug pratayplephmeigki de
ceranic | M$S+in the range between - 20 ppmi K and + 20Q ppm K. By means of a
sui tabl e conposition and 5 conbi nati on of oxide ceram c and glass materi al
it is posgjbl tain a low absolute Tf value. If the Tf value of the

gl ass cer anllgc? ﬁ%tslggg 2R Ry Stpﬁ‘"éﬁlb%s‘? glupsscerpinia tmags comprisingt @ rleask ampdrdde
Balaz Ti 40¢tergmicj tompiring bliriax, 6eanamelAr ai $a5Q5k (2 Ti3) are used
to a_corrective adjustnent of t he ag assfagqgarrgﬁmﬁ%%r%k "dé'wgf‘%]‘sg eélaﬁspMK
Howevetl, [MPelipfecoptayige aicleas ophexige with bowmaihis ghms seramic\harg isschakdRib@ShS. 1 S

posi ti ve ht 5 ot 0 al um | xi de 10 and | ant hanum
borate (| 2303) ‘cﬁh E%%ggﬁﬁ ’Eﬁ%ﬁmy g[fﬂsé Opg oyt Fa*@t% af feasb ong pangwvalentonstdes

whi ch ar eMagednd ot leelr prec biide \adj aS teA®NdneCaR: banapdas @gf & hiSls Fﬁa@ﬁ)' ng, of

t he gl assll} g.ﬂn ss t@ | ace. However, these oxidés can a lt1)e th

af orenent’i oned cr SF'I'? § “‘ﬂ‘t"ﬁ)d‘&é‘iaé[ onphexigde wétheat rledst ee &ltraRelgnti mmetal

pr esent fMe44exarrpI e as the trioxide Regz03. By using the oxide of the rare
earth netal Reg, it is possible match the permttivity of the glass
materéoal The e 15 contributes to the permttivity of the overall glass
ceramic maS< as§ SCTRIIE 1B A # glags ¢ojargit compowndi d icadependent Af gi; 8Ga%. TRE AlHisC

nmass exhidetamit thads QB I _even . her is _thus
accessibl e. 1n Sartl gt?sg‘rrlé yé‘{%ymig ";e&ebé’gi'ﬁ\gnﬁf%l‘"dﬁtglf‘% Ry 6l hlogk derr ¢ 1

met al Regj’x&"r"é‘csiéw(e’(ﬂeedf the oxitl¢ beargicp( a GOWI oS HRG1ds b RANLT) 88 Flél%in&pody m um
and/ or samarium Oher | anthani des or even 20 acti nides are al so

conceivable. The rare earth netals Rek and Reg can be identical, but can
also be different rare earth nmetals. In a special enbodi nent, the
tetravalent netal Me4+ is selected fromthe group conprising silicon and/or
germani um and/ or tin and/or titanium and/or zirconium and/ or hafnium In



23 Novenber 2004 8 particular, the oxides fromthe subgroup el enents
titanium zirconium and hafniumthensel ves influence the dielectric
material properties of khe glass ceram c mass. In particular, these oxides
i nfluence the formation of the crystallization products. The oxides of the
main group elenents silicon, germaniumand tin principally support a

gl assincss of the glass material. These oxides 5 are p3Rdvéberamoaol the
viscosity tenperature characteristic of the glass material. In a special
enbodi ment, the pentaval ent nmetal Me5+ is selected fromthe group

conpri sing bisnuth and/ or vanadi um and/or ni obium and/or tantalum It also
hol ds true here that oxides fromthe sub@roup el enrent s vanadi um ni obi um
and tantal um (ni obi um pent oxi de Nbz05 or tantal um pentoxi de Taz05 for
exanple) directly influence the dielectric material properties. In 10

parti cul arillt ARss@Yier dusngans pfiam erganin difdingragent it of altcheonceiysteathat datlan
products ; Lndirectly mat erial. properties.. An oxide of bisnuth
as the m?ﬁg‘gj;rlgﬂﬁasglrbg#e[@sng : pr F%‘Q‘fﬁwﬂgmsuaw&tﬁg <th<§: GF-a0iE; ks theo plags, matprial s
mat eri al . Hunthernfoue, tthe glaenbaahnenbss ddiecxgh a5 fRkRE @lanfOBby, %r%&a&ﬁ@?% one
oxide with_at .| eaﬁi:lﬂ one further netal Mex, which is selected fromthe group
conpri si nG R URPHIIAYSHRAdY Produemdlda p sintesing Percesssopsste pithe glngs/coramic masst Thim
and/ or sbardetsmi@Rfidt L Z1iNG. f r_net al X can be
present as a separ g{ygggxi d(i!aga%gslgg@}t@mg agf;ll;g@;sri S'Fll{eté::]f'{s]1 %o‘?m‘icﬁsemg‘%/rg%%prﬁﬁets&l“f 8
can be st dugher Gdog tsperafung t he oxi des al umi num tri oxi de (A120s), magnesi um
oxi de (My0O), calciumoxide (Ca0), strontium oxide (St0) and barium oxi de
(Ba0). In i i Jdn.addition,to bariumas a bival ent rmnetal
Lo bxi do S PRAE cBamRTTAR Yt BNyl JuRE b8 Jroveedl i STWS eitoLol St pap ok

met al - Me2-Phasen Iparconaivable, for Bxdnhpls f6d thtdkidoBertif bWohdieof Phaéed @Bk hEBhAL
Me2+ is s%%ﬁe%tned fromth,? Eig<1r0 conprising copper and/or zinc. For exanple,
the 23 NOVRRBEPMBEWIPIg ISP HE cosmificthpsd mivdue RE difsrpbenidd ermngies. fidk 2o d O z
i s doged wbiidzivableGor chEGr RokAaRiM oMb dthdMiZit oX RIICEQI: LA ol SHidh e 1
material properties of the oxide ceramc. DUrlng sinterifg oin party cal ar
during a EOMHEd torfpen thewatualoiidelveragliassly derimnthe siaterihg poedss.t enper at ur es,
partial dissolution of the oxide ceramic in the glass nelt can occur, with
subsequentrperyak ahdid I : has. hecone arent that it .is

particularly ad%/g]lrlflttgédgtghgrﬁlk?\h{s%eeg %g@c r?ﬁ?sg'r i%g'lpc’bilmp \q| tH?(ipH%%df % glassyingles
mat eri al  icensitipadf birom tridxalebiimaiuentioxigd ald IMaBAW Glox Rk SI0 108 ohcdi Tabld B r

oxi de cerﬁm G4 Thﬁf .sEme al.so_applies to other crystalline additions in the
gl ass mat eri&afs MRFIgLP sansit b PIrality ofmbases Hor example. thesglass iatesinkgonsiste oAk

Me2+ Ber pasas hifirdasheiferified okiags. ! RER oHR! bk A o Al SicBxides during the
sintering process. A softening point for the glass material is preferably below 800°C in order to
allow the viscous flow at as low a temperature as possible. In particular, it is also conceivable
for the glass material to exhibit a crystalline phase. The crystalline phase is formed, for example,
by a crystallization product of the glass melt. This means that the glass material is. present not

20  only as a glass phase after the sintering process but also in a crystalline form. A crystallization

product of this type is lanthanum borate (LaBOj), for example. In particular, it is also




reactivity of the glass material with respect to a basic oxide ceramc. The
conposition of the 10 oxide ceramic is therefore largely maintained during
t he conpression process. It has becone apparent that it is particularly
advant ageous if the oxide ceramic is doped with a bivalent netal M2+ which
al so occurs in the glass material. In particular, zinc is to be nmentioned
here as a bivalent nmetal Me2+. In a special enbodi nent3 NoEHEHLN2008| une of
the glass ceramc nmass is conposed of a ceramic 15 proportion of the oxide
ceramic which is selected fromthe range between Z0~ by volune inclusive to
60% by vol ume inclusive, and a glass proportion of the glass material which
is selected fromthe range between 80% by vol une inclusive to 40% by vol une
inclusive. In particular, the ceram c proportion is selecaed fromthe range
| ume inclusive to 50% by vol une inclusive and the gl ass

bet ween 30% gyyéf

proporti o cJet B cryskiizatien pradee ob anatkesryEOUing wolPonent uniee added ll:Sth‘eEe to
SA o by VvoliaseEnidel rd. Lo hese osi tions npr es
t akes pl agée pri ‘mar] %"’ﬁ“ \1/}}@2%@{8@@? i SRESS) & pﬁfytsﬁaﬁﬁfrlrgcfn p"[oﬂ'éac%‘i'fidg Q’F"d

and/ or t hecogipasant omtberusal ascoystadlization pedvder with a nean particle 23
Novenber 2004 10 size (D50 val ue) which is selected fromthe range between

0.8 umin S i ncl usive. The nean particle size is also
referred. ﬁ)%ads“ﬁ’aﬁp N 3f 8&6 gﬁ ot FeLimie Jnasg Is preéeraply qRoss sugh thahthe comprepsiass

nmateri @ akceuredg isq@ue H6Wias 8 SnaReNST WS ityOhs §%Dll 8t \;lyo%ﬁs ﬂi{ ?&Qs:gﬁ‘g&u@ &
size in partjcular lies between 1.5 pm and corre appar ent

that with ZBE4yely kv tesipgy &@effﬁdiﬁwﬂﬁtef taﬂmfémnmmcledstma:ngealno thescomgesssibhe t o
exerci se Q;Q&stc WRichal ey @§se@ f(ﬂoegxﬁfn Gn i@ Cl%ésvt%nglitlﬁgtplgﬁa Tgl aaﬂg:q tl?\_/Fl ?ﬂx@“‘gg ass

constituents of the oxi e ceram¢c of cf

mat er i al . PAH dnt afjbegkbymatehid, qzzmrbtelseﬂ fer Slai‘r@ldigﬂﬂed’m@bf £xiOA tht Hotdd iioRidder
to all ow i aon_ of s, ceram c nass to take place. Normally,
in order ;ﬂ(y) E{eeogljl%é)Elhﬁéet?ivﬂf"gr’?%ﬂﬁ%“ﬁﬁgt‘%mPéldaﬁﬁlhﬁﬁefitﬁ‘@ie@é@élal Me5+.
permttivity of the 10 glass ceram c nmass, |ead oxide (Pb0) is added to the
gl ass 1fat extitid santhri‘iE l’aﬁgﬁ[ d\dbﬁbﬂﬂ&lﬂlyﬂif@l&ed&nﬂr&hﬁﬁﬁ”tdn%ralﬁr@Qhé: QR X Hferial

proportion _and/ or um oxi de proportion of the glass ceramc nmass and/ or
of the oxiPHWPeRE? g Eg PRIFEEITIIH Mapsfan hp yarcdnBrienipably dsgrfaum&ihﬂnmdemlﬂ&’qaren

parti cul akeadh FRH, r Vi ronrrent al
consi der ate?ons t Lﬂém %%@?E??ﬁmﬁ% Zlgelgéﬁ%%gtc %%E“aégﬁorﬁ%ﬁ 8&%«3&?@ TReR ¢
zero. Thi é”iihsthadhﬂ@qm@ npyeriah @rqpeaiee i tha oRidE iceAni® T Bostkr Wegﬁbﬁélﬁéfmof
sttt bl B} SRR e s e e e 1

t enped &t umeiil. aﬁ&%v@nﬂe icBmpasiibe Ul B GkidBA A Ak §9 Q&ngt%sﬂi(}nhfffsthc glass

situati on, i n, articul ar, a gI ass ceramcC mass 1S accessi
permitti vPlﬂ;Ff g ghosgn suchdlaat stystaligatiart@wodutigee foeted durindGoimpedssion ¢e mads 80

i ncl usi ve is selected fromthe range between 300 incl usive
and 5000 1 ﬁgl '\ﬂhg%zgm"?gg l%"r e [? Wi Oh padicular Ak FompERTSion e(2f digher

bet ween - tedpepyurtd Thesk usysw&hzmdn tr&&ci@ﬂiﬁv& ahrkﬁivh'rﬁh%é@us Wt doheseqicRlgE 1 al
e

propertleﬁﬂ hfe[% ass [ r’rilc mass is very well suited for use in mcrowave
t echnol 0gy atcrial properties ol the glass ceramic mass, such that the glass ceramic mass can be used in

20 microwave technology. In this manner, it is possible for example to obtain a glass ceramic mass

with a relatively high permittivity of over 15 and with a quality of over 350 at a low

compression temperature.



23 Novenber 2004 11 According to a second aspect of the invention, a

ceram ¢ body using a previously described glass ceramc nass is specified.
In particular, the ceram c body has at | east one el enentary nmetal MeO which
is selected fromthe group conprising gold and/or silver and/or copper. By
preference, the ceramic body is a ceramc nultilaycr body. The previously
described glass 5 ceramc nmass is used to manuf act ur e23 ReveittieP004 body. I n
particular, a ceramic body in the formof a ceramc nmultilayer body can be
manuf actured in this manner. The glass ceramc nmass is used in particul ar
in ceranuc filmblanks in LTCC technology. In this way, glass ceramc
masses are nade available to the LTCC teéhnol ogy, having excellent nateri al
properties for the manufacture of m crowave technol ogy conmponents. In
addition, the glass ceram c mass which 10 sinters at a | ow tenperature can
he used i And@riesialiembodimpnets oxive deatige abs 3 forinakagepoetion BaRBIGTHON J. NYe the
manuf act ur.g . of ram c multilayer bqdy. To summarize, the follow ng
advant agesﬁ?nfl l(e?snllj 'rt'lcj%fkolr% wgy']“méﬁ%/ Fwﬁe-ﬂ?& BHAD SEPDICORVE thire CNRASHIOAGS ani ¢
MAsS Uusi Ngankubiely Gelalied ANOmBraS cPRfafhid. alhe 113 vk SF HRbISHCR zfrﬁ]@‘iies in th
conpression takes place primarily by viscous flow and crysta-f I zation 15
product s e{f"l,ge?w ddPi g Entdor %%t epmdonpy easponf a ieble cropwsiitipiondf

t he oxsde combaidlisn SSITRI . tJ $ Adur | sinterjng.of.the
gl ass ceramic malssd.S Thgr&%nrél{ﬁg?iﬁ{glél%% %&%@Pgﬁssaﬂé%s'ﬁﬁéd %ﬁaélgsa o ta Sr(r’lg’ée&r%{]“ecan
thus be véf{evl Yalysr eidée glans prrainic Byssneevisg f the Wiasiald segatyd, died) forddirhpions
to the oxi m - | ass..mat.eri al . 20 sintering behavior

of the gl alg_g azgg{cﬂaﬁitfganﬁl&gg&gﬁ% '?,ﬁ ?{gr Sfrraotme"r“l?]a[ﬁa%‘%ogéﬁlpg)e@e B?edttﬂé"%F g§§"r?9é'|” ami c
23 Novenbéfdjugoeat dizhaplss camibmasabwaldsB pReKIBive R4, if tHe TfSvakhb b$ ugcg;@sis bl e,
for exarrplcgtmﬁcomislet erm'tlgi vity, dyality and Tf value over a w de range
whil st retarming™a FoWaAshs bastsdt pBttYe thsarfat eample BySmy3i«Ocn alyminun oxide
conpr 88si and (antliahirh bGAld @ABONIcah 16 BB QARSI AETE ITRES ThE AailGRGRUEV FHlche! OW

850C, as a result of which the ceramc nass Is suitable for use in
t echnol ogy™® Yed Fpr comstingadiviimentican bt adsicd beflorensingenigss thaglpartiamid mass taies ch

compr essepizal. ifallhBlfk.d GIRELA HIPhe e bl HAlioRN eSS pbic 2% can be

The rare earth metal Reg is present for cxample as the trioxide Reg,0;. By using the oxide of
the rare earth metal Reg, it is possible match (he permittivity of the glass material, which
15 contributes to the permittivity of the overall glass ceramic mass, to the permittivity of the oxide

ceramic. A glass ceramic mass exhibiting a permittivity of 15 to 80 or even higher is thus

accessible.

In particular, the rare carth metal Rek and/or the rare carth metal Reg are selected from the
group comprising lanthanum andfor neodymium andfor samarium. Other lanthanides or even

20 actinides are also conceivable. The rare earth metals Rek and Reg can be identical, but can also

be different rare earth metals.

In a special embodiment, the tetravalent metal Med+ is sclected from the group comprising

~ silicon andfor germanium and/or tin and/or titanium and/or zirconium and/or hafnium. In



process. Conpression is achieved w thout the use of |ead oxide andl or
cadm um oxi de. The invention will be described in the following with
reference to an enbodi nent and the 10 associ ated draw ng. The draw ng shows
a schematic cross-section, not to scale, of a ceramc body with the gl ass
ceramic mass in a multilayer construction. According to the enbodi nent, the
glass ceramc nmass 11 is a powder consisting of, an 023 Nevember#004and a
powder of a glass nmaterial. The oxide ceram c has the formal conposition
BaRck2Ti 40,z. The rare earth netal is neodym um The oxide ceramc is doped
with a bivalent 15 netal Me2+ in the formof zinc. In order to manufacture
the oxide ceramic, appropriate quantitie® of barium oxide, titanium dioxide
and neodym umtrioxide are m xed together with approxi nmately one % by

wei ght zinc oxide, calcinated or sintered, and subsequently ground to
produce t HattEglardsporidisriipnp twdebgrodiheegtas Stanahe zirednibasnd henit:ol thewdengs
conposi ti qQpg 0% Y boron trioxid 23.0 nmol % 20 | ant hanum tri oxi de
and 42 nolqﬁ}gl{elﬁ?ea%f: ﬁﬁ r%?é)!l 8)3?%‘%(‘"? Rfc?ﬁ’%%%?ﬁh%gﬁ%? GeFENIE 136 hpartigulByihereoxides

23 Novenbédnfliatetht Joraialic® 6i e cBisANizd8orPsroMekO WS % i Wi ' i th
the gl ass r[tat erial, whereby t.hg’I ratio rﬁ%t %esﬁwggﬁ)ﬁ&t nggﬁé rﬁlﬂ%@gg\éﬂm of
t he oxi dest 5PNt §5ENIREYM A0 kib pringipd b suppart aglasymcandf thic rgbon materinls These oxides
appr oxighat i %0y .2 f the glass rgm c mass is conposed of
35% bvaoIaEérrlr)sécglt‘o %ﬁg&gg{%%éxglc%%rtﬁr%fhab‘lﬁ%rl%ﬂféfg% gﬁﬁsﬂfﬁ’é‘q‘“dﬁ the gl ass
material. Ceram c nmaterial and glass nmaterial have a DSo value of 1.0 |em
The vi tri 0 @Pro#H arhwdieneat,uhe poftavalvet gicms MeSeriaBtiecietasmi the FEAE.colpfibin

firi f ' . at tain firi t th
cor amtc maea b Rod R mBE Pyt a5fe’ Bl Ao beIgh o befa s cich um

di oxi de i droftheegibgiolip elenRets Syansdidn CABRHORNEMd QRGN ehi alye.
Crystalline éi t ani um di_oxi de at 15& by wei ght | g 109"5 l?%@ﬁ)ggtw%‘é&bﬁgf r?g on

the firin@anParaietide T80 fne cxustnielidireptisinfluetive ihoilicioviiingnatiiriel properties. In
materitel  PLABEEL | GSebHd&Cinrlullice! 1€ BhARTonC SF W %ryg&lﬁtszatgoant p?od%t]; Zz?n:d thus
indirectly the material properties. An oxide of bismuth as the main group element primarily

supports the glassiness of the glass material.

In a further embodiment, the glass material contains at least onc oxide with at least one further
metal Mex, which is selected from the group comprising aluminum and/or magnesium and/or
15 calcium and/or strontium and/or barium and/or copper and/or zinc. The further metal Mex can
be present as a separate oxidic phase. The glassiness of the glass material can be stabilized by
using the oxides aluminum trioxide (A1;O3), magnesium oxide (Mg0O), calcium oxide (CaQ),

strontium oxide (SrO) and barium oxide (BaQ).

In a special embodiment, in addition to barium as a bivalent metal the oxide ceramic contains a

20 doping of at least one further bivalent metal Me2+. In particular, in this situation the further

bivalent metal Me2+ is selected from the group comprising copper and/or zinc. For example, the




At a firing tenperature of 790C the result is a permttivity of 34, a
quality of 400 and a Tf value of -1G3 ppmi K. At a filing tenperature of
820C the result is a permttivity of 32, a 15 quality of over 1000 and a Tf
value of -4 ppm A firing regime which results in the specified val ues
consists in a first heating phase having a heating rate of 2 Kmn to a
tenperature of 500C, a first dwell tinme of the tenperad NobGerfbher3@os Nnutes, a
second heating phase having a heating rate of 10 K/'mn, a second dwell tine
of 5 Kmn and a cooling phase of 5 K/'tnin to roomtenperature. 20 The
gloss ceramc mass 1 | described is used in order to integrate a passive

el ectrical conponent 6, 7 in the vol umeg)f a ceramic multilaycr body 1 with
the aid of LTCC technol ogy.1' he passive 23 Novenber 2004 14 el ectri cal
conponent G, 7.consists of the elenentary nmetal MeO silver. In order to

produce t hgijul.t.id: - y. .CO ite.is produced fromceramc film
bl anks wi Eﬁ'ﬁé@“@s@‘"cé?‘gn‘ﬁo?:m’r‘%%%‘%“ ﬁﬁéﬁﬁ’deze‘Fé@Bﬁng‘ﬁFfﬁ‘*beéﬁ alght Rpetahe
cerani ¢ mid&+l@nnhische idicladidd afatiibl propeitNOr AleasHdL CERMIC DIRE sherinkén

ceramc | aby(?.rsl 3dar.1d 4 |pf the ceramc nmultilayer bodgﬁ 1 are created fromb5
the cer amP@ FFPMABTERslUBgetipBmen ph thenglagy stiamiseptafighermnisswerpiuress partindsul t

of the si @il SNACEITe cclRRicGR" ! Ngiew s Lo LR Lhe
Heratape film tl)l anks. | ne st:che 'ggﬁﬁ?%lgsg,ﬂq%ﬁag Df%? ri ﬂﬁfétgléb%%cﬁ}fméttClﬁsgmé%mg'a})[t
(vitriPi c&es basome pprsrcat thakit af parfienlddyr alvapszebid i) gask sateiapendi éxlidevort e of

30, a qual, gqver. 1000 .apd a Tf val f + 8 ppm K are achieved for the
gl ass cerék&%m%g@'gg\?pcgl ity pﬁd"‘f"l% éf'bj 34%"67}“%6'@ SoyEy iitithe PRife gerpmicpg g
qual i ty ofThewvanc d190Qphado athéPerfitalMad ARlitbns tﬂégla%rxﬁatgjﬂﬂ.q;&rp&gde of a%%glglﬂ}{@ mber

2004 15 Gains 1, Class ceram c mass - conprising at |east one oxi
ceramc) EYHt Hefl At2 bivalenhinetsl Medhincrers fie basisly obitlee glassemateni4l langrebadl a Rek,
and 5 - akedk@B8tofARE o St t.enl al. inlng,at | east.,one oxide with
boron, at I_east@ 0one %x%ﬁg \?\ﬁqfﬁh@gﬁt ?ﬁl& cgg?d%ﬁdeb"{ (e”gp%\{/% Uit &H%P%Tp%ﬂ’ﬂ,%ﬂéhﬁ at
| east 18ne o8idr geramia iy thereforaktgebnmamaiiedatiting tnetmhprRe®n BRRIEAMU R %E6d N
that - a i.de.proportion andl or a cadn um oxide proportion of the

gl ass cer zlgﬁ[’?' gc"?rg'élgﬁé"n%lpg"r“qdiﬂé a@y a"t“fﬁé"‘dﬁ(‘?ﬂ@ pilearfamigisdioped with ahevalgnppmetal

mat eri al Me2a wiadh auwdud ifothe glass material. In particular, zinc is to be mentioned here as a

bivalent metal Me2+.

In @ special embodiment, 100% by volume of the glass ceramic mass is composed of a ceramic
15 proportion of the oxide ceramic which is selected from the range between 20% by volume
inclusive to 60% by volume inclusive, and a glass proportion of the glass matetrial which is
sclected from the range between 80% by volume inclusive to 40% by volume inclusive. In
particular, the ceramic peoportion is selected from the range between 30% by volume inclusive
to 50% by volume inclusive and the glass proportion is selected from the range between 70% by

20 volumc inclusive to 50% by volume inclusive. With regard to these compositions, compression

takes place primarily by viscous flow.

In particular, the oxide ceramic and/or the glass material contain a powder with a mean particle




2. G ass ceramc nmass according to Caiml, whereby the glass materi al
contains at |east one oxide with at |east one penal valent netal M5+. 3.
G ass ceram c nass - conprising at | east one oxide ceram c, containing
barium titaniumand at |east one rare 15 earth netal Rek, and - at | east
one glass material, containing at | east one oxide with boron and at | east
one oxide with at [east one rare earth netal Reg, chapagbeshB&doog t hat the
glass material contains at | east one oxide with at | east one pentaval ent
metal Me5+, and 20 - a | ead oxide proportion and/or a cadm um oxi de
proportion of the glass ceram c nuss and/or of the oxide ceram c and/or of
the glass material is a maximumO0.1 !'o. 14 dass ceram c mass according to
Claim 3, whereby the glass naterial contains at |east one oxide with at

| east one tetraval ent nmetal Me4+. 23 Novenber 2004 16 5. d ass ceramc

Mass accorsgicN@.t QaRRe whlc L1 ' ; reby. 4 he oxide ceranjc has a
for mal cor_:pgsﬁszli on %EReléE‘lqlk%B@?&gkm&lﬂgeggﬁg%\yéﬁ%" )rgjﬁgtsgmawégﬂsmana&dfgb dHé of
Clains 1 tindugte. Theuhenepytiddsize ds alsearkfdredad als HFkvalldadticld BRe! THE ofE D

met al Reg Cimsa sce!nedcléed fromthe roHp conpri sing | ant hanum and/or 5
neodyni um“an LN ﬁ.&}aﬁﬁwpwna ar¢ each present as a powder of such a type. The mean particle

size in particular lies between 1.5_ pum and 2.0 pm. It has become apparent that with a particle
5 size from the aforementioned range it is possible to exercise good control over a possible
reactive cluation of individual constituents of the oxide ceramic or of crystalline additions in the
glass material. Advantageously, the particle size does not exceed 3 pm in order to allow

vitrification of the glass ceramic mass to take place.

Normally, in order to reduce the sintering temperature and to increase the permittivity of the
10 glass ceramic mass, lead oxide (PLO) is added to the glass material. With regard to the present
invention, the lead oxide proportion and/or cadmium oxide propertion of the glass ceramic mass
and/or of the oxide ceramic and/or of the glass material is a maximum 0.1 %, in particular a
maximum of 1 ppm. By preference, with regard to environmental considerations',”lhe proportion
of lead oxide and cadmium oxide is almost zero. This is achicved by the present invention

15 without significant restriction of the material propesties of the glass ceramic mass.

In particular, the glass ceramic mass exhibits a maximum vitrification temperature of 850°C,
and in particular a maximumn of 800°C. Tn this situation, in patticular, a glass ccramic mass is
accessible with a permittivity which is selected from the range between 20 inclusive and 80
inclusive, a quality which is selected from the range between 300 inclusive and S000 mclusive,
20  and a Tf value which is selected from the range between - 20 ppm/K inclusive and + 20 ppm/K
inclusive. With these material properties, the glass ceramic mass is very well suited for use in

microwave technology.




7. G ass ceramc nmass according to one of Clainms I, 2 and 4 though 6,
whereby the tetravalent netal Med4+ is selected fromthe group conprising
silicon and/or germani um and/ or tin and/or titanium and/or zirconium and/ or
haf nium 8. d ass ceram c nmass according to one of Clainms 2 though 7,

wher eby the pentaval ent netal 10 Me5+ is selected fromthe group conprising
bi smut h and/or vanadi um and/ or ni obi um and/ or tantal upa NSverfbe&S®0ger am c
mass according to one of Clains 1 though 8, whereby the glass naterial
contains at |east one oxide with at | east one further nmetal N ex, which is
selected fromthe group conprising alum num andl or magnesi um and/ or cal ci um
and/or strontium and/or 15 barium and/ orjcopper and/or zinc. 10. d ass
ceram ¢ mass according to one of Clainms 1 though 9, whereby in addition to
barium as a bivalent netal the oxide ceram c contains a doping of at |east

one furt hescdoidnal @Nd sdvBhdh v 3 aim
10, WnerebyL t helﬂg’:c urt sr;1er bi Svpgﬁzaﬁtth%r%qt gﬁ&?% %ﬁnﬁg]bgwgﬁgecﬁ)g%%m@ e%ﬁébgélroup

conpri si ngBd FPBNICAPSS i5rspedifiesl. Inmrticglaagbe mmmbodyrtmsat mam ondélegertiary omgal of

Cainms 1 tyy , Ql o vol ume of s ceram c mass is
conposed %gnl\llé%elﬁc’bsécr g%lezfXT?R] fg“’“%éf’@m‘%“%rgé}b%ﬁ?‘f’ SIBET PRYOLEPRRET-cBYani ¢
which is getfeched llfer omrhﬂeeb(ﬂ@rile: ede efuldA¥er mﬂyv%@rﬁew&@lyl&ﬁs%ea%lm% by
vol une i ncl usi.ve, a gl ass. proportion of the glass material which is

sel ect &d fFBHiS Wéssr'%ﬂﬁj G mppdagius g, gsianye berye I pretioudareeceramic bodyly theoforme

i ncl usi ve.of a ceramic muitilayer body can be manufactured in this manner. The glass ceramic mass is
used in particular in ceramic film blanks in LTCC technology. In this way, glass ceramic masses
arc made available to the LTCC technology, having excellent material properties for the
manufacture of microwave technology components. In addition, the glass ceramic mass which

10 sinters at a fow temperature can be used in order to suppress the lateral shrinkage occuiring

during the manufacture of a ceramic multilayer body.
To summarize, the following advantages result from the inveution:

* The composition of the glass ceramic mass using oxide ceramic and glass material is
selected such that compression takes place primarily by viscous flow and crystallization

15 products are formed during and/or after compression.

* The composition of the oxide ceramic remains essentially constant during sintering of the

ghass ceramic mass. The material properties of the glass ceramic mass can thus be very well

predetermined.

* By means of suitable (oxidic) additions to the oxide ceramic and to the glass material, the

20 sinteting behavior of the glass ceramic mass and the material properties of the glass ceramic



5 13. dass ceramc nmass according to Caim 12, whereby the ceramc
proportion is selected fromthe range between 30% by vol une inclusive to
50% by vol unme inclusive and the glass proportion is selected fromthe range
bet ween 70% by vol unme inclusive to 50% by volune inclusive. 14. d ass
ceram ¢ mass according to one of Clainms 1 though | 3) whereby the oxide
ceram c 10 and/or the glass material contain a powder23WNblermbereamodparticle
size which is selected fromthe range between 0.8 pminclusive and 3.0 ftm
inclusive. 15. @ ass ceram c nass according to one of Cains 1 though L4,
whereby the | ead oxide proportion andlor a cadm um oxi de proportion is a
maxi mum of | ppm 16. d ass cerami ¢ masd?Zaccording to one of Clains 1

t hough 15, with a maximumvitrification 15 tenperature of 850C, in

particul ar a maxi rum of 800C. 17. d ass ceram c mass according to C aim 16,
with - a per sty be set ahmiashasi desiswl Bag thds possibict foe exaanide (et paatilhy iqagliysi ve

and 80 i ncl usi Mg ual.i,ty whi is selected fromthe range between 300
i ncl usi ve angdcggovérﬁc%g%lfs‘f\(}%?{anﬁ%a'ﬁﬁma‘[m‘?"f'"\%‘ﬁ%‘éVU\%#@HO? emparaige-ed fromthe
range between - 20 ppm K inclusive and + 20 ppnf K 20 inclusive. 18. Ceramic
body using aAghas sompl@ndompi@sion 30TANEHIBE) $0the Nas® fce Gt Hﬁsslcs{nhﬁél%hi%v%d
23 Novenber 6 04 %% 19. Cerami c body according to Gaiml18, wth at |east
one el enent aP§OHEAL- fbresi efwhish dis|cepmieimpgsansuitable orausp it bRGEitshngogol d
and/ or 5si | vern asnfhiRdi r re 1.¢ -body.accordi to Claim18 .or 19,
wher eb? t he ré'er am‘@'ﬁ'ﬁgg‘?}]@? Sgkggg?gdgﬁ# ?H‘z'lsg 19 [ngthl.l?ﬂl', wﬂlcngcompresses at a8higher
temperature, a lateral sh;inka_gc of below 2% can be achieved in a multistage sintering

process.

¢ Compression is achicved without the use of lead oxide andfor cadmium oxide.

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

body with the glass ceramic mass in a multitayer 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;TigO1;. The rare earth metal is neodymium. The oxide ceramic is doped with a bivalent
15 metal Me2+ in the form of zinc. In order to manufacture the oxide ceramic, appropriate
quantities of batium oxide, titanium dioxide and neodymium trioxide are mixed together with

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

produce the corresponding powder.

The glass material has the following composition: 35.0 % mol% boron trioxide, 23.0 mol%

20  lanthanum trioxide and 42 mol% titanium dioxide. Moreover, alkaline carth metal oxides and



5 multilayer body. /NL/Ni/NL/NL/NL

/NL/NL:/NO/NL/Ni $/ Ni ' /NL/NLZ/Ni 2/ Nl'i / NfgL/ Nli /NL 9BV " $ }

bgt VYz~~ysnhc”Y] ca] ca] caU] ca] cal] ca] caU] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caV] ca] ca]ca] ca] ca]jcajca

~l+1 - 1" #<$$((() +0004i 6u6*77c8t 8v89L: q<<=} xsni d_Z] ] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] saNeddrdre@mbaal ca] ca! =
>?72?3@B, C/ CaDEFF GqGGGHGILO 0BO, CeQQ
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100% by volume of the glass ceramic mass is composed of 35% by volume of the ceramic
S matcrial and 65% by volume of the glass material. Ceramic material and glass material have a

Dsg value of 1.0 pm. The vitrification temperature of the glass ceramic mass is 760°C.

During firing of the glass ceramic mass at a certain firing temperature the glass ceramic mass
compresscs. In addition, the crystallization product titanium dioxide is formed, which acts as a

component serving to set the Tf value. Crystalline titanium dioxide at 15% by weight is
10 obtained.

Depending on the firing temperature of the ceramic mass, the following dielectric material

properties are sct for the glass ceramic mass {at 6 GHz):

At a firing temperature of 790°C the result is a permittivity of 34, a quality of 400 and a Tf
valuc of -163 ppm/K. At a (iring temperature of 820°C the result is a permittivity of 32, a
15 quality of over 1000 and a Tf value of -4 ppm. A firing regime which results in the specified
values consists in a first heating phase having a heating rate of 2 K/min to a temperature of
500°C, a first dwell time of the temperature of 30 minutes, a sccond heating phase having a

heaiing rate of 10 K/min, a second dwell time of 5 K/min and a cooling phase of 5 K/min to

room temperature.

20  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 passive
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electrical coraponent 6, 7 consists of the elementary metal Me0 silver. In order to produce the
multilayer body |, a composite is produced from ceramic film blanks with the glass ceramic
mass [1 and Heratape® film blanks with the ceramic mass 12 which is different from the glass
ceramic mass 12. The ceramic layers 3 and 4 of the ceramic multilayer body | are created from
5  the ceramic film blanks together with the glass ceramic mass 11 as a result of the sintering
process. The ceramic layers 2 and 5 result from the Heratape® film blanks. In the composite, at
a firing temperature of 860°C (vitrification temperature of the Heratape® film blanks) a
permittivity of 30, a quality of over 1000 and a Tf value of + 8 ppm/K are achieved for the glass
ceramic mass. At a firing temperature of 900°C a permitti vily of 28, a quality of over 1000 and a
10 TFvalue of + 142 are obtained.



LULT 41 -1 " #<$x V7! 31" 1096 () -G ; s$10% ()-P" 109G () - L10%GE () - LP1OYGE () -
10 10 10<$$ & ((((wi[M!31"109%5 10 10 10!\ 9409 ()-'d 940%& ()-'r

VA0Y& ()-! QAOUE ()- ((()*+ ~<M7! ! |

V0% ()- @ sV$L0%&' () - 9! sVSL0%SGE () - 91 nt 10%S&' () - Fi 10%38' () - LmLO%E& ()--/0
000001r S1!\ $10%&' ()-L 10%d& ()-Lnml0%d& ()- 10 10 10!\ %0%& ()- @k

04 09& () - @345i 6u6* 7wX9r S1!1\) " 10%& () - & 10%d& () - ! G S Q¥RhDer'2dos

0A0%& ()-! @10%& ()-! G3$10%& ()-*77 8a8h8c8t 8v89~ @\ P' 10%& () - L

109G& ()- OP10%G& ()- 10d 10d 10d0"10%l& ()-'k, 940%& ()-9L:;

q<<==}[ 9~ @\ ! U#$10%CC& () - U $10%& () - 18c10%3& () -

10 10
Clainis

1. Glass ceramic mass
- comprising at least one oxide ceramic, containing barium, titanium and at least one rare
earth metal Rek, and
5 - atleast one glass material, containing at least one oxide with boron, at least one oxide with
at least one tetravalent metal Med+, and at least one oxide with at least one rare earth metat
Reg,
characterized in that

- alead oxide proportion and/or a cadmium oxide proportion of the glass ceramic mass and/or

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

2. Glass ceramic mass according to Claim |, whereby the glass material contains at least one

oxide with at least one pentavalent metal MeS+.

3. Glass ceramic mass
_ - comprising at least one oxide ceramic, containing barium, titanium and at least one rare
15 carth metal Rek, and
- at least one glass material, containing at least one oxide with boron and at least one oxide
with at least one rare earth metal Reg,
characterized in that the glass material contains
at least one oxide with at least one pentavalent metal Me5+, and
20 - alead oxide proportion and/or a cadmium oxide proportion of the gliss ceramic mass und/or

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

4. Glass ceramic mass according to Claim 3, whereby the glass material contains at least one

oxide with at least one tetravalent metal Med+.
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5. Glass ceramic mass according to one of Claims 1 though 4, whereby the oxide ceramic has

a formal composition BaRek,Ti40;5.

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

5 neodymium and/or samarium.

7. Glass ceramic mass according to one of Claims 1, 2 and 4 though 6, whereby the tetravalent
metal Med+ is selected from the group comprising silicon andf/or germanium and/or tin

and/or titanium andfor zirconium and/or hafnium.

8. Glass ceramic mass according to one of Claims 2 though 7, whereby the pentavalent metal

10 Me5+ 1s selected from the group comprising bismuth andfor vanadium and/or niobium

and/or tantalum.

9. Ulass ceramic mass according to one of Claims ! though 8, whereby the glass material
contains at least one oxide with at least one further metal Mex, which is selected from the
group comprising aluminum and/or magnesium and/or calcium andfor strontium and/or

15 barium and/or copper and/or zinc.

10. Glass ceramic mass according to one of Claims 1 though 9, whereby in addition to barium

as a bivalent metal the oxide ceramic contains a doping of at least one further bivalent metal
Me2+.

1. Glass ceramic mass according to Claim 10, whereby the further bivalent metal Me2+ is

20 selected from the group comprising copper and/for zinc.

12. Glass ceramic mass according to one of Claims | though 11, whereby 100% by voiume of

the glass ceramic mass is composed
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of a ceramic proportion of the oxide ceramic which is selected from the range between 20%
by volume inclusive to 60% by volume inclusive, and a glass proportion of the glass

material which is selected from the range between 80% by volume inclusive to 40% by

volume inclusive.

9 13, Glass ceramic mass according to Claim 12, whereby the ceramic proportion is selected from
the range between 30% by volume inclusive to 50% by volume inclusive and the glass

proportion is selected from the range between 70% by volume inclusive to 50% by volume

inclusive,

14. Glass ceramic mass according to one of Claims 1 though 13, whereby the oxide ceramic
10 and/or the glass material contain a powder with a mean particle size which is selected from

the range between 0.8 pm inclusive and 3.0 ym inclusive.

15. Glass ceramic mass according to one of Claims 1 though 14, whereby the lead oxide

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

16. Gtass ceramic mass according to one of Claims 1 though 15, with a maximum vitrification

15 temperature of 850°C, in particular a maximum of 800°C.

17. Glass ceramic mass according to Claim 16, with

- apermittivity which is selected from the range between 15 inclusive and 80 inclusive,

- aquality which is selected from the range between 300 inclusive and 5000 inclusive, and

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

20 inclusive,

18. Ceramic body using a glass ceramic mass according to one of Claims | though 17.
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