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*000002* 1 Description dass ceramc nass and use thereof The invention

rel ates tﬂ"lﬁﬂlﬂ”’ﬂmﬂmﬂm am ¢ nass, conprising at |east one oxide ceramc,
contai nin tanium and at |east one rare earth netal Rek and at

| east one gl agg ggmterial, containing. 5 at | east one oxide with boron, at

| east—ome oxide with silicon and at |east one oxide %N%v%‘rtnble.?%& one

"bi val ent | In addition to the glass ceram C mass, an application
of the gl\mmmlwummm mass is described. A glass ceramc mass of the

af orement i ongg dwpe is known fromUS 5 264 403. The oxide ceranmc for the
known gl ass ceram c mass i s manufactured from barium oxide (BaO, titanium
10 dioxide (TiQ2), a trioxide of arare earth netal (Rek203) and possibly
bi smuth trjoxide (Bi203). The rare earth netal Rek is for exanple

neodymi urrbeﬁgl‘i‘é’“ﬁﬂ ass material in the glass ceramic nmass consists of boron
trioxide (B203), silicon dioxide and zinc oxide (ZnO. A ceramc

pr oport i oGlfE cédamiOmhsandalsahdaedfn the gl ass ceramic mass is for exanple
90% and a glass proportion of the glass material 10% 15 A conpression of

the glass._ceram c mass occurs at a sintering tenperature of about 950C. The
gl ass cer R ©VARLOR Tldtes 1R RIS CErABICEMASSr CAIRREISING 2L IPaxt OpF B¥ide esrp@iCatQni@ning

cofired cefrAi €Shiunt SN T I [ i.he t..exanpl e
DL W ek SRR gl e RRTRGR IR e YRR AR, i HTT
LTCC t®ch#idtasygnei axidg widr barpe atrdebstionapeide vathhsilibon mnd at least one oxide with at least '

one bivalent metal Me2+. In addition to the glass ceramic mass, an application of the glass

ceramic mass iIs described.

A glass ceramic mass of the aforementioned type is known from US 5 264 403. The oxide
ceramic for the known glass ceramic maés is manufactured from barium oxide (BaO), titanium
10 dioxide (TiO,), a trioxide of a rare earth metal (Rek,0;) and possibly bismuth trioxide (Bi>O3).
The rare earth metal Rek is for example neodymium. The glass material in the glass ceramic
mass consists of boron trioxide (B,O;), silicon dioxide and zinc oxide (ZnO). A ceramic
proportion of the oxide ceramic in the glass ceramic mass is for example 90% and a glass

proportion of the glass material 10%.

15 A compression of the glass ceramic mass occurs at a sintering temperature of about 950°C. The
glass ceramic mass is thus suitable for use in LTCC (low temperature cofired ceramics)
technology. The LTCC technology is desﬁn'bcd for example in D. L. Wilcox et al, Proc. 1997
ISAM, Philadelphia, pp. 17 to 23. The LTCC technology is a ceramic multilayer method n
which a passive electrical component can be integrated in the volume of a ceramic multilayer

20  body. The passive electrical component is for example an electrical conductor track, a coil, an
induction or a capacitor. Integration is achieved, for example, by printing a metal structure

corresponding to the component on one or more ceramic film blanks, stacking the printed



whi ch a passive electrical conmponent can be integrated in the volune of a
ceramc nultilayer 20 body. The passive electrical conponent is for exanple
an electrical conductor track, a coil, an induction or a capacitor.
Integration is achieved, for exanple, by printing a netal structure
corresponding to the conponent on one or nore ceramc filmblanks, stacking
the printed 23 Novenber 2004 ceram c film bl anks abo r to form
‘a conposite and sintering the conposite. Since cera%?yg?(?r%}gogﬁks are
used with a low sintering glass ceramc mass, electrically highly
eonductive elementary netal MeOwith a Low nelting point such as silver or
copper can be sintered in a conposite With the ceramic filmblank. In this
situation, the functional integrity of 5 the conponent integrated through
the use of LT¢ tgphgol O%é S cchuci ally dependent on the dielectrig
materi al “BPEPeH T SENST 24OXE OFF FWIL L} Lo (RImesiar by EP LS thE COPBPYS DPC] hi s
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tenperature_ coefficient of frequency (Tf vafue). Wth regard to the Known
gl ass cerarfustivslsmentay '@F%%Mearwﬁbﬁtl@%ﬁnfﬂéng ebat suabl as diloey, onvgappert ¢rm bel 0
result t 0: ' as ake | aces,as_a result
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t enper at §r? t he oxi.de cerarrig‘ di ssolves in the glass nelt until a
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separating out again, the conposition of the oxide ceramc and 15 tTYIUS al so
t he conpddPek on of the glass phase or the glass material can change. During
cooling, crystallization fromthe glass nelt can additionally occur. For
exanpl e, With fedhidl t8thd!RiduwipIQRE erARO RS, YR b1 A pxﬁp&i%'isdx%la?i%@%&, WS 1N
t he gl ass phase after cooling of the glass”ceranic

O result that compression of the glass ceramic mass takes places as a result of reactive liquid phase

sintering. During the sintering process, a liquid glass phase (glass melt) is formed from the glass
material. At a higher temperature the oxide ceramic dissolves in the glass melt until a saturation
concentration is reac-hed and a separation of the oxide ceramic occurs once again. As a result of
the oxide ceramic dissolving and separating out again, the composition of the oxide ceramic and
15 thus also the composition of the glass phase or the glass material can change. During cooling,
crystallization from the glass melt can additionally occur. For example, in this situation one
constituent of the oxide ceramic remains in the .glass phase after cooling of the glass ceramic
mass. If the composition of the oxide ceramic and thus also the composition of the glass
matenial changes as a result of compression, it is difficult to define the material properties of the
20  compressed 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



mass. |f the conmposition of the oxide ceramc and thus al so the conposition
of the glass material changes as a result of conpression, it is difficult
to define the material properties of the 20 conpressed gl ass ceram c nass
and thus to guarantee the functional integrity of the conponent integrated
t hrough the use of LTCC technol ogy. The object of the present invention is
to specify a glass ceram c mass with an oxide 23 “b%ﬁﬁgﬁknﬁggﬁoog ceramc,
whose conposition remains essentially unchanged during a Ssintéering process.
This object is achieved by specifying a glass ceram ¢ nass conprising at

I east one oxide ceramc, containing bagium titaniumand at |east one rare
earth netal Rek and at |east one glass naterial, containing at |east one
oxi de with boron, at |east one oxide with silicon and at |east 5 one oxide

with at Leasic, GREseRbMBbERN MRTAs e@éégtfillg-[llﬂ&aglr@& ragsn tgn'nggﬁ(g CiSﬁS.east one

characterized by the fact that the glass mafterial “c ai
oxide with bisnmuth. The glass ceramc nass is a glass ceram c conpound and
i s i ndepdhiertiecofis ip¢hieved dhye speTHing laagless cearpini wassessnmamgenti lsast ame apxider ami ¢

green bo w -egard. reen,body. a filn1glan r .exanple, a
powder OEM?%E’%ﬁ?%@gﬁéggﬁgéﬂgﬁﬁnﬁn%gﬂ Bt OBt o a F%%%I%§FB?F§?2£8WEQQS
conbi ned mb@rial, tbntainiag ain ddalesnebyxideeaills bodonast 104sg8h¢d 6xibE RYhNGliRASRAY at Idasti S
al so conceivable that the glass ceram c _nass can exist as a powder m xture

g : . \
of the ofTUe Seyuihptdeashope Hyrlgt sekal MaZar Thy slassraramie massrie chartrgerized 8 the

ceram C f@EGaCRgI8Xirtierd cénifhfhQERFoRKAT GiPA%aFOr exanple, a  ceramic
mul til ayer body produced in a sintering process consists of the glass

ceramic nmass. This ceramc nmultilaver body can be submitted to a further
si nt er i ng"pRlBBLERMIq Maghis agslasy scapisARPoyadh atkispnéependentsf s ghagThe gase.

Hovever , cdrim@afhs@bfPe G128 lhSeraffic Qreprl U&f}lfl. With r%éard to a green body, a film blank for
example, a powder of the oxide ceramic and a powder of the glass material 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 pfesent which are then

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



phases. It is conceivable, for exanple, for the oxide ceramc to consist of
phases each having a differing conposition. The oxide ceramic is thus a

m xture of different oxide ceramcs. It is also conceivable for one or
nore parent conpounds of an oxide ceramc to be present which are then
converted to formthe actual oxide ceramic only during the sintering
process. 23 Novenber 2004 4 The gl ass material can %'ﬁGMA Se %@ singl e
"phase. For exanple, the phase is a glass nelt consi % ReFralper Pgn
trioxide, silicon dioxide, zinc oxide and bisnuth trioxide. It is also
conceivable for the glass material to l€n5|st of a plurality of phases. For
exanple, the glass material consists of a powder m xture of the specified
oxides. Ajoint glass nelt is formed from5 the oxides during the sintering

process o ceivabl e for. the gl a mat er.i

crystallFé%FF%%ﬁ%%% %& g%“? eg%ngnI%@P%ﬁ'?ﬁfgxﬂﬁ%ﬁs&?ﬁﬁﬁwtﬁé’§P§%§w“
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but can al so ﬂg ent in a crrstalllne form The fundanental concept of
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inthe fact 10 that a softening tenperature Ss nateri al can
be | ower &g oxfise dhovﬂathetmelgig:lswcmsahss talsorcopcdivible fonehd gy miagriblh® be a

sinterin |tr| tion t ure for the correspondlng
gl ass ce %ﬁggp a?rrlé)gi)%d}i?[ ’gvastg Imei ‘ég‘f M5AY Lgﬁﬁjg‘? gllaifrr%a‘e%ﬂl HOEESCRR) PRIy &S

conpr essa gassafelt 4fer gieaﬁl&rﬁlg [pEdtess YhREE A b iReRAtthQ\BMAullReFoghort time. In
addi ti on, blsnuth trioxide influences the way in which the oxide ceramc

dlssolvefmg Ly tge arate%.ggt ain in the glass nelt durln% the
sintering pro g??’? QorRL ¢t D81 RIFFP ANFATPGEBUYS aiiiRera DIt Xt dh as a

resul t Ofﬁarﬂidfwhﬂbﬂs\t‘&ﬁllih diokide f i G § glﬁﬁ haBRar GhdiRhntaby ﬁ%ir@asblc\ﬂnﬂﬁs &l ekdpn of
10  that a softening temperature Teoq of the glass material can be lowered. The lower the glass
transition point, the lower is-the sintering temperature or a vitrification temperature for the
corresponding glass ceramic mass. At the vitrification temperature, almost complete

compression of the glass ceramic mass can be achieved in a short time.

~ In 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



i ndi vi dual conponents of the oxide ceram c occurs. The conposition of the

oxi de ceram c either does not change or changes only slightly and can

therefore be very well predetermned. It is known that bisnmuth which is

present in the oxide ceramc reacts with elenentary silver at 20 an

el evated tenperature. Wth regard to-the use of an oxide ceram c containing

bismuth in LTCC technology in conjunction with the i as 23
‘Novenber 2004 5 an electrically conducti ng naterlalﬂgﬁ% em% ﬁ%ﬁﬁation can

result in an undesired reaction inpairing the functional |ntegrity of the

conponent which is to be manufactured. Lf the glass material contains

bi smuth trioxide, the vitrification tenperature is reduced. A sintering

process can take pl ace at | ower tenperatures In this way, a reaction

bet ween bIS or _bi,snut and elenentan SI|V r.. can

| &%t

suppr esséd ?Hér%ﬁpgmnﬁfmﬁﬁgﬂglgés“ﬁW%ﬁ%PPlﬁﬁ fegult ped B%Fuon

rel ati Ve|1Mph1hh$ ke fdh&amPaknintezridl SOhPIB8&BHtent WHIdA it R bE %thtacttjhﬁt IfRe glass
noti ceabl e reaction occurs between bisnmuth and silver. In a specia

embodi merbatertahgosdinypispathdppridpdie yitfiigatian ‘%’éﬂ?p%'y'ﬁtlﬁ wHLBARe wmm:@moceme
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m crowave ceram c since roperties (perm quality,
Tf val5ue)tr1(a¢1@°: wedyelwnectdtargmxltvedczfrobe ueﬂ)resaedn Burtheayere, tfembrg):is@gyopdrﬂon is

partlcular ﬂ S. materi al gl ns at st one oxide with at |east
one rare 'S4 elﬂ'g't ?I? aAtigely lmle’r‘ﬁé’“?‘gl‘%a é%P‘ieﬁc“r‘re‘Y% thedgrult thah pe aetifealiie Feaghhm| e
as the t ocaxt sewEadbidduth Byd si6epg the oxide of the rare earth netal Reg, it
i s possible natch the permttivity of the glass naterial, which 15
contribu&es to. gernltt|V|t of the overall glass ceramic nass, to the
permitti n ?91)66‘:21 FFHB %’%F‘Helhe oxide ceramic has a formal composition BaRek;TisO,;. The oxide
ceramic having the aforementioned composmon is referred to as microwave ceramic since its
10°  material properties (permittivity, quality, Tf value) are very well suited for use in microwave

technology.

In particular, the glass material contains at Jeast one oxide with at least one rare earth metal Reg.
The rare earth metal Reg is present for example as the trioxide Reg;0;. By using the oxide of
the rare ear;h metal Reg, it is possible match the permuttivity of the glass material, which
15 contributes to the permittivity of the overall glass ceramuc mass, to the permittivity-of the oxide
ceramic. A glass ceramié mass exhibiting a permittivity of 20 to 80 or even higher is thus

accessible.

In particular, the rare earth metal Rek and/or the rare earth metal Reg from the group comprising
lanthanum and/or neodymium and/or samarium are selected. Other lanthanides or even actinides
20  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 oxide ceramic contains the bivalent metal Me2+. In particular, the



ceramic. A glass ceramc nmass exhibiting a permttivity of 20 to 80 or even
hi gher is thus accessible. In particular, the rare earth netal Rek and/or
the rare earth netal Reg fromthe group conprising |anthanum and/ or
neodym um and/ or samarium are selected. O her |anthani des or even actinides
20 are also conceivable. The rare earth netals Rek and Reg can be
Jdentical, but can also be different rare earth metals, | §B§
enbodi nent, the oxide ceram c contains the bival ent netd?qm§f
particul ar, the 23 Novenber 2004 6 bivalent nmetal Me2+ is selected from
the group conprising beryllium magnesiym calcium strontium barium

i al

copper and/or zinc. The bival ent netal 2+ can be present as a separate
oxi di ¢ phase. In particular the bivalent netal Me2+ is a doping of the
oxi de ceram G. e ceranlc t he bival ent netal Me2+ causes a

signifi ca‘m'a‘?‘ad{hf‘é%‘ Mﬁ"*i K e figrB rthe grogp campaFiag beryllsm.t HagnssiPale CeleivEm c.

Furt her nogi@ntidh; lba%uﬁp\%éﬂ&} @nd/&r ﬁQ@tTllel'pﬁ&t%c@z{l%E’ﬁ Carl Y eke%k] as R's@ :St&' es
of the oxide ceramc exanpl e, the oxide ceram c havi & Conposi ti on

BaRek2Ti 4®idic mbasaobemmwutah thie rhevaldnk kestal AMe2gxiis daedqlﬁngoofsmutdx;detdwmrﬂuc Vil the]t
nmetal Me n t.a _sup ssion of the_eluation of dIVId
20 @%rg Qhe Fi‘)lva‘lJ nt mctul 392 cquses a sf’lﬁ?lgﬁnﬁ greglfcgggsng s1ﬂg§m°

conponents 1of e ‘oxide ceram e du |ng

becomé appapenturet éfahe bkidé Sefamid. iFatthéroye, &d&’%&sﬁﬂ@@&@odufol &H&edlemuﬂe rddierial
ceramc i s doped mnth t he bival ent netal + which al so occurs in the

gl ass natREPREsyes 9inthe oxide eepmic. o fxampler ghepexigp meragne damisgetha scomppitien ent
et al Mazh"a-Re?e}TﬁR) pﬁ%oﬁecp@ftltn bkl Bk dhe OQQi\é%@BFgﬁg\uﬁ\e Gk R MBS ey %HL& qu' d

phase sintering and on any process of dissolving and separating out agai
whi ch occbed 4 suppisssonspf thateluation of individual components of the oxide ceramic during the

sintering process. It has become apparent that it is particularly advantageous if the oxide
10 ceramic is doped with the bivalent metal Me2+ which also occurs in the glass material. In
particular, zinc is to be mentioned here as a bivalen.t metal Me2+. Zinc has a particularly
advantageous effect on reactive liquid phase sintering and on any process of dissolving and

separating out again which occurs in this situation.

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 Tso of glass material can be set. Crystallization of the glass

matenial can likewise be influenced.



In a further enbodinent, in addition to the oxide of silicon the gl ass
material contains as a 15 tetravalent netal at | east one oxide of at | east
one further tetravalent nmetal Me4+. In addition to the silicon dioxide,
the glass material contains at |east one further dioxide of a tetraval ent
metal. The further tetravalent netal Me4+ is selected in particular from

_the group conprising germaniumand/or tin and/or tibapj ﬁé}dj o
zirconium In addition to silicon dioxide, the oxides ?épn )

aforenmentioned tetraval ent netals support a gl assiness of the gl ass
material. This 20 neans that these oxides are used, as incidentally are
al so the oxides of the aforementioned bivalent nmetals Me2+, to control a
viscosity tenperature characteristic of the glass material. For exanple,
the softening tenperature Tsoft of glass nmaterial can be set.
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vol une in Iu‘%’%ﬁ,@tand a gl ass proportion of the glass material which is
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the aforenentioned reactive |liquid phase sintering takes pl ace
case of patenng takas Placadlnathe &g@o*ufspd:‘eh&lw)oadwtahemxesmbmoxt wltarryspecprtoc:mys of
ituation in |cular when

di ssol vi nd out . agai n [

! f 3 Al de Pt
t he biva n% ? SR)Iwnﬁcnur SPATANIRERA 3 %l%tea S(':Setthglr?’i‘?ua%%H1 pPRuIkE eﬁsf PRGN al |
it is al s\etapmrsbh%etmxd@e@parﬁ]hemgha&s gl43s efediail, ans BRb @vésithie RykesplthT@ass10 In
particular, the gxi 3?7 t():eraltm c and/or the glass material contain a powder
with a nEQROTHER Psig y votume.

10 In particular, the oxide ceramic and/or the glass material contain a powder with a mean particle
size (Dso 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 pfocess 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 énd to increase the permittivity of the
glass ceramic mass, lead oxide (PbO) i1s 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 1s a maximum 0.1 %, in particular a
maximum of 1 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



size. (D50 value) which is selected fromthe range between 0.1 mi ncl usive
and 1.5 p.m inclusive. The nean particle size is also referred to as

hal f-val ue particle size. In order to maintain a very |ow glass proportion
Wi thout restricting any process of dissolving and separating out again, '
powders having the specified particle sizes are particularly advant ageous.
15 The powders have a |large reactive surface which is,ngecessar for t he
reactive |iquid phase sintering process. Normally, ?% &Va@f’ %0 educe the
sintering tenperature and to increase the permttivity of the glass
ceram c mass, |lead oxide (PbO is added to the glass material. Wth regard
to the present invention, the | ead oxile proportion and/or cadnmi um oxi de
proportion of the glass ceramc. nmass 20 and/or of the oxide ceram c and/or
of the glass material is a maxinum0.1 % in particular a maxi numof 1
ppm By prbt@s@ndeantiesihctiopgétie rimerenpiopeniernf it shensiraeic atsons, t he
proportion of |ead oxide and cadm um oxide is alnbst zero. This is
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tenperature of 950C and in particular a maxi mum of 910C or 890C. Tn this
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inclusive, a quality which is Selected fromthe range between I ncl usi ve
and SOOGOQOn‘Oﬁt ugves end aAd valugfiwhicll igecletied froinghe edngctbetdveém o9 phe/K angsive

bet ween - usi ue nd + 20 K inclu Wth these material
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m cr owavamteedid‘rm@é mgyicrowave technology:.

According to a second 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
Me0 which 1s 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 material
containing bismuth, vitnfication of the glass ceramic mass can already take place below 890°C.

15 W_ith 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
manufactured in this manner. The glass ceramic mass is used in particﬁlar 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.



According to a second aspect of the invention, a ceram c body using a
previously described 10 glass ceramic nmass is specified. In particular,
the cerami c body has at |east one elenentary netal MO which is selected
fromthe group conprising gold and/or silver and/or copper. By preference,
the ceramic body is a ceramc nultilayer body. The previously described
glass ceramic nass is used to manufacture the ceranbgrgg@¥1er ofy result of
using glass material containing bisnmuth, vitrification o t%e gl ass
cerami c mass can al ready take place bel ow 890C. 15 Wth regard to a firing
process in the presence of elenentary silver, no disruptive interdiffusion
occurs. In particular, a ceram c body id the formof a ceramc mul til ayer
body can be manufactured in this manner. The glass ceram c nass is used in
particular in ceramc film blanks in LTCC technology. In this way, glass
ceranic ﬁﬁ%%%@“%VEJWEHQOHV§FF&BF§¥§65?%§°Eﬁbﬂnvﬁééﬁhology, havi ng excel | ent
mat eri al properties for the manufacture of m crowave technol ogy 20

conponents. TRS HRYEMRE of Qﬁeoéx_li_deqcél;%niuﬂmﬁfnis %@sepﬁz?ﬁr Jo%tgrg"\ﬁlﬂxgwasﬂ}’tamﬁ&etﬁe

result fromthe invention: he conposition o e oxl de cefam € renal ns

essent i al | yglessrestaant mdss: iThgmeientleprbprgticf of ttireglaglcassmic masian thigsst:. prd-ae in

mat eri al prgggﬁkies of the glass ceram c mass can thus be pre-set in a _
defi ned manner. g”“%?%bst conpl ete conpression (vitrification) of the gl ass
ceramic mass is possible at a tenperature of bel ow 910C, and even bel ow

890C. 5 By nabnisst @bmplatel edvh@edsidni Giteijicadbd) bof ANS glads EHBMAXIES Kep&Bbe ang to
the glass material, the sintering behavior of the glass ceramc mass and
the mat eri al*™PFEPET of Relovo? 10 heangicxer belay $R9°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

vitnfication temperature.
¢ Compression 1s 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,T1.0;»2. 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



mass. can be set specifically and al nost as desired. It is thus possible,

for exanple, to set 10 permttivity, quality and If value over a w de range
in each case whilst retaining a low vitrification tenperature.

Conpression is achieved without the use of |ead oxide and/or cadm um oxi de.

The invention will be described in the followng with reference to an
enbodi nent and the associated drawi ng. The draw ng tic

“cross-section, not to scale, of a ceranic 15 body ﬁ?gﬁ&@wﬂxgﬁgggaceranic
mass in a multilayer construction. According to the enbodi nent, the gl ass

‘ceramc nmass 11 is a powder consisting of an oxide ceramc and a powder of
a glass material. The oxide ceranic ha$Othe formal conposition

BaRek2Ti 4012. The rare earth netal is neodym um The oxide ceramc is doped:
with a bivalent netal Me2+ in the formof zinc. In order to manufacture

t he oxi dePRE@HERICE, ongpphaprdight @inz@xilsasl¢inited oofinteend] arm whbbadeenttyi gramdim

di oxi de ] i,oxide are m xed together with 23 Novenmber 2004 10
approxingl'?)gr{}qg%éé/&({.’e ;h&kﬂbﬁ “zinc oxide, calcinated or sintered, and
subsequently ground to produce the correspondi ng powder. The gl ass

mat er i al Thoglasi maern canainbbaoutbismush,silzon add gingi Tie. glabh thariabs chxhekhiald i S
charactehiﬁgq by the foljom%ﬂg conEositlon: 27.5 mol % boron trioxide, 34.8
ol % bi s U THG708S compasition) 4> gobk Rerog kietade 3d-8anelt bisavthoxisls. -2 xolB.
100% By viat uxrge Hid 6 ABIBLiASS) &i6Kiadn ¢ mass is conposed of 90% by vol ume of
the ceramic material and 10% by volunme of the glass material. Ceramc
material and glass material have a D50 value of 0.8 m The vitrification

t enper at %P 87 ohenegpladie elass spmmiqymass fsscogpoesd qfh@0% by volume of the ceramic

material and 10% by volume of the glass material. Ceramic material and glass material have a
Dsg 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 pprmV/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
ceranﬁc muhilayer 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 comprsing the electronic components is an elementary

metal Me0O in the form of silver.



permttivity of the glass ceramic mass is 64, the quality is 820, and the
Tf value is 4 ppmi K. 10 The gl ass ceram c mass 11 described is used in
order to integrate a passive electrical conmponent 6, 7 in the volune of a
ceramic nultilayer body 1 with the aid of LTCC technol ogy. The ceramc

mul tilayer body 1 produced in this manner has ceramc |layers 3 and 4 which
are produced fromceranic filmblanks together mﬁthzgﬂ%VI%ggs(% ram c nass
11. The ceramic layers 2 and 5 have a further glass™Cerani &%ss 12 which
is different fromthe glass ceram c mass 11. 15 The electrically conductive
material conprising the electronic conponents is an elenentary netal MO
in the formof silver. 23 Novenber 200411 11 Clains 1. dass ceramc nass -
conprising at | east one oxide ceram c, containing barium titaniumand at

| east one rare earth metal Rek, and 5 - at |east one glass material,
containigﬂﬂag | east one oxide with boron, at |east one oxide with silicon
and at |easi{ one oxide with at |east one bivalent netal Me2+, and - at

| east one oxide with bisnmuth, characterized in that .10 - a | ead oxi de
proporti édn &Ghd$ cararaicaadsi um oxi de proportion of the glass ceram c nass

and/ or of the oxide ceram c and/or of the glass material is maxi num 0. 1
% 2. G assORUFAMEC AL O CH G FGM o ST AN DA A Bt AR Bl oAt WEE o
has a for mBdarth metal Rek, and :

5 - atleast one glass matenal, 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
- atleast one oxide with bismuth,
characterized in that
10 - alead oxide proportion and/or a cadmium oxide proportion of the glass 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 BﬂRCszi40(z.
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
Me?2+ is selected from the group comprising beryllium, magnesium, calcium, strontium,

barium, copper and/or zinc.



conmposi ti on BaRek2Ti 4012. 3. d ass cerami c mass according to Caim1l or 2,
whereby the glass material contains at |east 15 one oxide with at |east
one rare earth nmetal Reg. 4. 3 ass ceram c mass according to one of Cains
1 through 3, whereby the rare earth nmetal Rek and/or the rare earth netal
Reg is selected fromthe group conprising | anthanum and/ or neodym um
and/or samarium 5. d ass ceram c nass according to of ai | through
"4, whereby the oxide ceramic 20 contains the bival e%m%emge@g@ 6. d ass
ceram c mass according to one of Clainms 1 through 5, whereby the bival ent
‘metal Me2+ is selected fromthe group conprising beryllium nagnesium
calcium strontium barium copper andf{or zinc. 23 Novenber 2004 12 7.

G ass ceram c mass according to one of Clainms | through 6, whereby in
addition to the oxide of silicon the glass material contains as a

tetraval ?”tGl%tc%hnﬂE ha888dcoffife X bAE MA@ thicgas, wn@re\fmm hediudeld aval ent
net al . G ass ceram c mass according to Cfaim 7 ereby the further

tet raval entoxnbtcdlsnlibbnlﬂhq gass Magwlabeorgdnd aonictherl g onepal @b lepstiosk wgidgevitheati um
and/or tin land/ ore trl1 t{:? Frg] atnd/qa rconl um 9. d ass ceram c nass

accor di ng t G oHE BHE AP B Mfg "8, whereby 100% by vol une of the glass
ceramic mass is conposed of a ceram c proportion of the oxide ceram c which
i's  sel egt @dadsremntih easangerdigl weenin 0YoMbyreyp kienfarthéiCltsialeat etd Medayis

vol une inclusive, and a glass. proportion of the glass material which is
selected f rselmtgch@omé%gov&&mxwmvmm 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 pm inclusive and 1.5 pm inclusive.

11. Glass ceramic mass according to one of Claims 1 through 10, whereby the lead oxide

15 pfoportion and/or the cadmium oxide proportion is a maximum of 1 ppm.

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

temperature of 950°C, in particular a maximum of 890°C.

13. Glass ceramic mass according to Claim 12, with
- apermittivity which is selected fron_l 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 whicﬂ 1s selected from the range between - 20 ppm/K inclusive and + 20 ppm/K

inclusive.

14. Ceramic body with a glass ceramic mass according to one of Claims 1 through 13.



10 volune inclusive to 5% by volune inclusive. 10. d ass ceram c nass
according to one of Clains 1 through 9, whereby the oxide ceram c and/or
the glass naterial contain a powder with a nean particle size which is
selected from the range between 0.1 minclusive and 1.5 minclusive. 11.
A ass ceram c mass according to one of Claims 1 through 10, whereby the
l'ead oxide 15 proportion and/or the cadm um oxide pr@?g‘?’tl OF ;ﬁ)rog maxi mum
of 1 ppm 12. G ass ceram c mass according to one of % ugh 11,
with a maximumvitrification tenperature of 950C, in particular a maxi mum
of 890C. 13. d ass ceramic mass according to Caiml1l2, wth - a
permttivity which is selected fromthe3 range between 20 inclusive and 80
inclusive, 20 - a quality which is sel®cted fromthe range between 800

i nclusive and 5000 inclusive, and - a Tf val ue Whl ch is selected fromthe
range betwe n 20 ppm K inclusive and + 20 inclusive. 14. Ceramc
body wi t rHS a%zgcsb r%‘fﬁ?fé'nn&§§'é}eb6?d\*wgat &aar@leo%lew'%wqfaltw%mhm 23
Novenber Zog‘ﬂecte}l:frolrﬁhegﬁfu %ﬁp@l@%’omwglsﬂgeragdg@dﬁ&l4 with at |east one
el enentary et al O whi c ected fromthe group conprising gold

and/ or silver and/ or copper. 16. Ceram c body according to Claim 13 or 14,
wher eby i6heCeramgnbedybarsgrding i Edtimndt or fdi pytiesppirtheysgsamic body is a ceramic

multilayer body.



