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The present invention relates to a glass ceramc for use especially as a
relatively thin substrate in the nost various applications. These include,
inter alia, the use as thin-film senj conductor substrates, especially as
thin filmsilicon, and as substrate for display applications (thin film
transi stor TFT display substrate, back plate, transparent front plate,
etc.), as solar cells and the like, and as hard di sk substrate. There have
been known in the art alkali-free glass ceram cs of the basic glass system
Myo- A1203-Si Oz (MAS System) with diverse adm xtures in the form of
glass-form ng el enents, network nodifiers, internedi ate oxides, nucleation
agents and fluxing agents, which are obtained by tenpering correspondi ng
starting glass materials, whereby they are converted to nmaterials with
honogeneously distributed crystallites in a residual glass phase. z In
this connection, there have been especially known nunmerous MAS gl ass
ceram cs for use as substrates for hard di sk nenories. Applications to be
mentioned in this connection include, for exanmple, US-B-6,583,077;

US- A- 5, 968, 857; US-B6, 569, 791; US-H 6, 458, 730; US-6, 458, 729;

US- B- 6, 495, 480; USA-5, 491, 116; EP-A-1 067 10; EP-A-0 941 973; EP-0 939 396
and EP-0 939 395. The respective glass ceram c substrates partly contain
adm xtures of Ti 02, PzoS, Zro2 as nucleation agents for crystallization in
given quantities. Further, alkaline earth oxides may be adm xed in given
quantities. The refining agents used in this connection are, as a rule,
Sbz03, As203 or Sn02. In sone instances, additions of boron oxide .(Bzo,)
of up to 4 wt, 8 are also envisaged in this connection (conpare EP-A-0 939
396 and EP- ASH2839cenani coapdemgtheghoropnyiduss neprtdrs csaret erials, with

gi ven conposition ranges for that application, have been known al so from
EP- A-0 941 973. These gl ass ceram cs are, however, free of boron oxide. The
refining agent used is again Ce02, AszO, or Sb20,. Further, there nust be
mentioned different MAS gl ass ceram cs used in connection with optical
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general | 2 1t.he_nec anspar en in the visual range of the
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are cordegbstgatepi nel, sapphirine, nmullite, enstatite or forsterite (or
corresponding m xed crystals in a siliceous residual glass phase. It is
understood that the conposition of the glass ceram cs described in the
prior arihegkY Haver nge LRCQLke n i th.the ition of
the separated cr stﬁ%{hg%g%&rgn%ﬁrgg?d%gt éﬁggggpﬁgse\é‘s.Jllar?gorcge%%%sachi eve
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i nduced sepapaki ondifiithe, gliassrméal doseskbyed hendora@iic ffents and
nanocrys% | 1i.tes, Cng int&o%gces fog this purpose into the glass so-called
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rati os. ¥Yhamthagt ylgsePnhberghass, whsHaby Veldy teP LA B AN § a8 One
starts out in the case of TiQZ in the MAS systemfromthe fornmation of M
titanat e 'A&h8ciySNaPPRPEENE]UALE @18%&@@%&@%@11@%5@5 o cwrRia-e

Gol ubkov ugti. gahss pfRskhe phase separation and crystallization of glasses
in the My0-A720. -S O, -Ti Oz systent, G ass Phys. Chem, 29/3 [2003]
254-266). When the glass ceramcs are to be used as sel f-supporting
substrates, main inportance is placed on properties such as high breaking
strength and a high nodulus of elasticity (specific stiffness: E/p). These
properties can be influenced 4 dependi ng on the conposition of the

resi dual gl ass phase and the separated crystal phases and on the crystal
phase proportions. In nost of the cases, it is desired to achieve a
specific stiffness of 30 to 50 MJ/kg. the MAS system gl ass ceram cs
heretof ore known in the art usually have a thermal expansion coefficient of
approximately 2 to 6x10-6/K. in the tenperature range of between 30 and
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According to the invention, this object is to be achieved by a gl ass
ceram c containing the follow ng conponents: Si02 35-60 B20, >4-10 P 0 0-10
A120, 16.5-40 Ti02 1-10 Ta2os 0-8 Y20, 0-6 Zr02 1-10 MygO 6-20 CaO 0-10 SrO
0-4 BaO 0-8 Zn0O 0-4 Snot +Ceo02 0-4 S04z' +C1' 0-4, where the sum of Sn02,
Ce02, SO42-and Cl1 ~(Sn02, Ce02, SCaz-, Cl-) is between 0.01 wt.~ and 4 wt.8
The obj ect of the invention is thereﬁ@ perfectly achieved. This is so
because it is possible according to the invention to initially nelt and
refine a starting glass of the respective conposition and to then formthat
gl ass by anftioat gfbmctpim.estshetxra dlagteasrseem aswccihllibfgﬂmeunf agBeppeei si on
and m ninum variations i mt ess. Even ?ln t hi kne sea 8 %ess éhan 2
mm can be'feafi 38y ?ﬁr?%tgs QIMP?ﬁoﬁ? arpe EﬁF?? hF8SpBeT°To the
et hod, thesobj epplatathenEnvent ben richEehisav etn bythasrraimd‘urmpr oduci ng
gl ass cerantcs conprising the steps of initially nelti %% a startlng gl ass

cont ai ni nglidR: f oiFowSHGREdRponBRTE~E i 78 M 087 on Ikifye ir§pP7 iSi B2 ~B5- 60
320, >4-10 £2057 01 10041405, 40n;7 0 A00TLEPada 192920350506 746%, dadD 80 ©-20
Ca0 0-10 Sf0 0-4 BaO 0-8 ZhO 0-4 Shot +Cebr 0-4 0-4" where the sum
of SnQz, Bei)z‘}f’llscelzﬁ aERb-ACAL O4SnY; Ketl-0 SHUk’ 971)1 lyPT% 929 Vel @A wt . 8
and 4 wt. h“ﬁ] %]? ceram c according to the invention can be forned
especi al | y by oat gl ass method before the ceranmi zation programis
carried out for converting the starting glass to a glass ceramc. It is,
however, understood that the invention may as well be used in conbination
Wi t h ot he¥he oresprr tieteh ctlss f @er@zfd@plseb@rtmtﬁg PerhédsCOpERbRIRAEIXD a
preferre h el nt t ass..c nt ai ns
Pho. fol | oMie commonart Serh GFon on B EERHEh 96ngh "P3p "RERRLELEEL
BZ(3>4- 8PZOGIH16 AL R0 3fti6rem 3@Tadzilt tes. Further, alkaline earth oxides
<7Ta2050- 5Y20, 0- 5Zr Oz1- 6My0>8- 20Ca00- 6 Sr 00- 2. 5Ba00- 5Zn00- 2Sn02+CeOZ0- 4S0

0- 2C1' 0- FaXrE hATHESTE uF BsIHYER h@UrRAGERT TN %IP% tover £ b?fg?‘h"es d‘é?)%‘?tdent
claims. iy otHes enheaehona hir@) ndglubuswale,elasbl ol AY¥.0.0 GONBLGAL i DD vvlth
a low density, the content of alum nium oxi de shoul.d be at |east 16,5 wt.
Further, St xinFbeaness y2edditkenfs@f rrem axhighdB.PodPhisubf to 4

el asticit p a al: p (91 anpl e
V- xonot 1 e PR Yol e o ot reh e A N S o P e
YzTi zo,) ®i%e Ixpaamd kR -Aheredhy Ih%e) noded tes @fnmmlc@ftglamrm@umy

appr oxi mat el a W~ _of Y, eff t t.herma 1Si on,
in a terrpera%lelzarlgtgr:t3 e‘go hbgtlﬁggn %cép Aﬁﬁ? eeQ f%% a%%t 3%%&;{))( 10' 6/ K,
preferabltyian, ,have POsd XndﬁnGAKsoms:bmmeepabIqula,ﬂa.30fh©33e7 xld€E 6/K is
determ ned by the kind g{ldvgﬁf ortions % &) separa ed crys %0 f al
phases bét Fach*6t h ®hrel &FPFe o PREOPeT gIt&8s BRI D%nd may
be infl uensad hsdda scalaiinzabbon 5. e9ramsKapeci al |y through heat i ng
ranps, holding tenperatures and cooling ranps. Heating up and holding is
effected especially at tenperatures at which the crystal phases Spinel,

sapphiri d cor( ierite (or carr xed. c tals) are separat ed.
To ensur 'Jp’:racfrsl'\‘e reg‘estgp&rugt(‘”l %)%g ﬂ ggﬁ%gegty gl g#)h%\%e%er?[hlecs
proporti asedfid heomxeelesOxSI @Zth Nbﬁt&ﬂdlAHl@le?ymben@f Sith idgpardmnce.
These are, preferabl % Igg 0.48 to 0.62,

nor e pref@%‘lﬂf’}e{) t%xémeeAY o§rﬁe 35?&42%\126?, Jﬁgcﬁ e % KR5S, or e
pref er ablghd). 204 95 Or25c MM A Sy H1208e M4ONa®. Thnke OR2kndERec-
preferably 0.16 to 0.21. The respectlve crystal phase separation

t enper at UieagNe tiife srEchraR (REI0ditey 18 dnawn e drth )l cad @ g viet de T’a*ﬁaﬁ yt| cal

E?'[QEO?ZHD%%\G%qUI’e X- ratg]deof(frac |oﬁo€l—ﬁﬁ§R%%é%J%% SS s%/ssgbsﬁ Ity off the

starting tgteassrlyataaiétef $ hees elaatel veliynk i &ntly camadriterof thhe giiess
ceram cs accardin to i nvention.can be assisted b xed IkaI i ne earth
ef fects. "faﬁfcil‘ﬁ ﬁg ©hEEEREShY S dﬂ’s%dltﬁo é?g]lgﬁd FThe

fol | ow n@bﬂH}&Wﬂdl@?ﬂSwMQﬁtﬁC&% + B @hatHa®)se>2nd 041@£uBBbE erfB:[gﬂbtly >3,
nost preferably >5. 11 B20" added at a ratio of over 4 w. and Zn0O al so
bel ong t &ilHe RFDUp OF fhExICHYS&GeALESSTHEOBPSFSEr e lofand k%?-il‘?\‘é“%rt h

oxi des, t t 1 s+BR0O3 re ro e the
ef f ect thgt%ﬁgbq{ es'\egst@%)%tée;of tﬁosq%qf I ax%ﬁgcﬁgéej%téséc %r 0)§§r@%r)mlzfrr}(s§9?onp%tel Y,
and the rest remain at least in part, in the residual glass phase of the

gl ass ceram cs, thereby acting to stabilize the residual glass phase

agai nst separation of undesirable crystal phases, such as a-quartz. The
content of ZnO preferably is 2 w.~ nmax, as higher ZnO proportions nay have
a negative effect on the formng process preferred for the starting glass,
i.e. the process of floatlng on a |IC]UId Sn bath It has been found in thls
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12 crystal phase proportions can be controlled through the quantity of
separated crystallites and are, consequently, dependent on the content of
nucl eati on agents. Proportions of nucleation agents (~(PZos, Tio~, ZrQz,
SnO~, Taloq) in the range of 0.01 to 20 w.% preferably 6 to 16.5 wt. %
nore preferably in the range of 5 to 12 w.% have been found to be

advant ageous. The Ti 0= content shoul d Aot exceed 7 wt.8 as ot henai se there
woul d be a risk of separation of the crystal phase rutile during the

ceram zation process. This is undesirable as it would inpair the
transparqrey ofpd healiass ioer aies 202 thptotRelkodhandy thelli G cant-ent
shoul d not be below™ w.% as ot herw se the-nunber of nuclei would he

‘i nsuf fi cirespond iaghi @uepoisefhdnogerdeasiocaonpast - graitied ¢ uFHEadi t h
crystallites, .preferably 300 nm necessary for the desired transparency.
Anot her ﬁﬁ@ﬁggrion agent used may be Ta205, which provides the advantage
that it does not have a coloring effect, not even in conbination wth ot hex

el enents (for exanple Fe, Zn). In addition to its function as a n:jgleation

agent Sn@pcprddant $d teke f shata gdeftdle omEt, eSpBEtal| phafrgar Yi bl e

refining .ha S e Qb tMm %deS RAssiddige ,Anot her
fl oat - coﬁ%ggggfggr %Pi %hl%gs agg‘r’-\?rﬁ?ésg C%%z@ﬁ%m%%:éh c}ésn be used alter nlafei vely or
i n addi t spintd, Snéxpph xetke sulmptidtislechl enstetibéi ndng farsdtikenise (P&ssi bl e,

provided the raw nmaterials of the glass are introduyced iLp. | phat es
or chi or FBECSPABHLES: darge AAYH 10 Mo SO s (5 et B PES
i's, thusphhgtveert 0i§l uaad rétwbd%thba t ke exbapbsindunoroftetke agdassed as
refining agents, the total content is in this case preferably between 0.1
and 1 wtcoFambre prereiked yibR@ ST PR affd V&Y W% 3 PIOFpRARE%and 13
chloride;gr i, nj agent i@t oFnad hehls@ade tednsrys—
respecti%/gl g?ygggpgﬁ%éeﬁé% n%g%porti%:?%ﬁ%% up to 2 vw.f%Exarrpl es Exarrpl es 1
to 7 aretsunphasgedand rexbldmll Hlmds2 phdgeg .-rel ate to the starting

gl asses). The respective starting glass materials of the glass ceranics
were nolten at tenperatures of approximtely 1600 Cel sius (introduction of
m xtures;Rf JpddeseoCaldngeabess sukpbahewdisditidiitden OSf nictryisdaslatet he

el ement.s corresponding to the specified conposition over_ approximtely 1

h/ kg of $bred hrxFhandemaratedseryftet Ehé%??l?ﬁgoﬁﬁamf“%”ngﬁght PHB~of

appr oxi I S, eh%jn@%% reg; I f fipe ek—-1 hr.
at terrpggéa urxrelé g’g’{f'g‘a}{?o a %\%g\r[% gltgv%%gbggglggd%gsovﬁ%%la rate of 60
K/ h. Thegeise¢dy t whgehgleass gsravbraed hexceorildarg etiot §hg| asiaderdft csPBy a

usual |y ltis e.t erature treatnment. | e f

ceram za%%%ﬂ“ﬁ%gygbwﬁgﬁ?daﬁgﬁfrﬁ§lPHe Yol Plé%]\n ﬁggggﬁpggdétlﬁrq%dgr g}grgﬁne
Heati ng #priédt bol/ 8F N nhaocéf@s€alliitss . hohdi ngtabdiéesCdiad ushfdr p@rhour s,
heating up at SK/m n to _865 Cel sius, holding at 865 .%Ihqsi .Jbrrgzroh?urs,
cool i ng iR £BEPoLRE SFSSatitEalingd & t15Ra S8 G Tal t}i]ed i #tRi s case
vere: Cargdiglitenas, i@ha phase and ghivdnamidnihMydetas quanéa Hexedngryst al
as 14 secondary phases. Wth respect to the glass ceramcs, the follow ng

propertiEs Whee ShEsSur ceBUEEHS| £9 ZeBPSIgrERes MARAVEs B AMst FERTYS08 3
cha EIp SHE (306700138 &:MLKY £ Oc o 10a ! Kyt dhn CXATR! 8 OcdPHation

cerani zatlon Wwas ef fected as I Tows: -~ Heat i nNg up to nucleation tenperature
at SK/ mo¥ Hoyditngahared nhndeayengliptes esyswuglledr fath eehper aruifeadf 900 C

at 3 K'h,, holding for 1 ing down_io 85Q C 1 N)
Cool i ng RItR#F S o(ggﬁpﬁr%t Eé’g%%(ﬁv( qu/ rrallin)’ Cbgfli r‘fgltedtl)‘\jl?/rlf—l%% %ng\?ﬁmrlespect
to the Gdss x8fsH 1AS.z il oblfowglgspespeliii eshave egyQrerals 0L €Rii0.ETafpl e 6

Exanple 7 Density 2.68 g/cm 2.68 g/ S sticity 120 3 Gpa 118
3 GPa E/F¥ £’ 'Mﬁ1k3§54f%M?/'k§h‘FWe'c?§21?awgﬁgze%§)%'e%e%e€)m ned were cordierite
and My/ betaquartz m xed crystal as main phases and spinel as secondary
phase. The remaining sanples were ceram zed as follows: Nucleation at

t enper atwdeas aheunrd aE$ +cé¢Bnias 78rk} tdol b ngsedmess beewWbefuBPOERENR40 nin
15 Crystal growth at the tenperatures of _the.carr ' cr 1L zation
peaks HOIWRSTFaGSes BethethPRB 3NS 249 Rilﬁ?eﬁeg) i%%%%’a%tq}etrsl%asr eglutsﬁs}ﬁa% y in

t he ranqgu%{ prdak iy KWdhdhgthr @her abhy ghetsaanud afdel@sKioiny fspéas been
menti oned before, the respective holding tenperatures for nucleation and
crystal airfoust hstafifbesdet /rinedThyse IBFOREIER0ISN f & ekBAPYRIGTA DTA
curves.
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~mD1PO~-CaTEWaRd T akrd oTRNER: celasesamO e RyFdelosbeser REIPOHD

_azo++ S~ el VAV N, ~C3Qz00 ; i ieve a spe-
coo~oo§'§§1<9%im ?rrerﬁa%i¥~F|%’:g~W\ggcaﬁig‘sNC:% PR NN Fe T dalme 1. A

gl ass cerafdc soipfnssngothdof dld Bl NG ConporfentMAg | aysiken 9hasXi @@-basi s):
Si Oz 35-60 Bz03,>4-10_Pz05 0-10 Al zO,.16.5-40 Tij - az05. - 03 0-6
7r02 1- PG 61’1568%2606?16‘@‘6‘ 0t} BiS % zﬁg{‘gfﬁ‘}s#%}"%@ tg‘?gm%&z' +Cl-
0-4, whesgidhditm t ebakrconéent off aPHZoximed2lySWZtandxCh~(8nGn T,
S™z-, Cl-) is between 0.01 wt.~ and 4 wt .~ ﬁ .Jhe glass ceram c as defined
in d ai rheRPYGFHRIGS LTINS T HateRety 2CorBendAPsC(in w. 8 on oxide basis):

Si Oz 39-55 Bz03 >4-8 Pz05 0-6 A1z03 16.5-32 TiOz 1 - <7 Taz05 0-5 Yz03 0-5
19 Zr Z1- 6My0>8- 20Ca00- 6Sr 00- 2. 5Ba00- 52n00- 2Sn02+Ce020- 4SOXZ- 0- 2C1' 0- 2. 3.
The gl asmTefaBL @sraeidnesre npfesem 1y oin2a dieeebopmefe s0ige bt ent
~(PzQ5, Ti02, ZrQz, SnQZ, Taz05). is .hetween 0. 01 .~ and. 20 .~ 4. The
gl s e miDE X (e S OB YR 31 MRERrA PRECE SPAI EOhTerte A0S,

Ti 02, Zri@,; 3007 a 2 % i A0, | sudiptywedi Sdad . or atidid 6£ b1t trandis-The
glass ceramc as defined in Claim4, wherein the total content, (P205, Ti QZ,
Zr Oz, CaQZs SBZ) TaBD5)hes wser wders wpshratemhpses ithig Bilemel hicas

ceram c .gs .defi i I [ clegi b t o)
SETHRERT L v e e R R A e S
def i ned (ismcanyaof Ltbe )prackdendac| aalds wher egrnehatiani @IS @gcyEiaQy,
A1103, 9:) i% bet V\%sn Q%O and 0. 60. 20 8. The gl ass ceram c as defined
in any SPEERESpA8EedPRg i Sims, wherein the ratio A z03/~(SiQz, A1203, MO)
is between 0.185 and 0.355. 9. The glass ceramc as defined in any of the
preceding clains, wherein the ratio AlzG/~(Si 02, Al20" ngru)q is between

0. 20 andt0.m@®serd, THe §Fapredominpatidy AEOIRBEUEntHR JFllthe Prisdddi ng

cl ai s, wher.ei e ti ~(Si 0 . 0 'sg&;p 1 0. 21.
11. The (Sl_gsl cq_‘er%ag:m Eégag%ﬁelﬁ%\ieﬂ nggﬁééggt?%/g gPleacedi n\gé%?rﬁgigﬁé, I%rhlgr ein

t he rat quikh@ & o2heAl FoSeddm) pE biswestifgl 6tlzmd agozphot2. thi@ gl ass
cerami c aas def.ined in_any. of the precedin l.ai i, Wher ej 0 %gg atjo
MO/ ~( CAEMSSG L iEe®) 9% épgats&bsttﬁg &5 a%a%d’yaﬁlt%elﬁosh .g[T‘he gl ass
cer an C agproeinaed1iyn sany afelidiugs evkdi ngeclod nmylywhmrstia ltihe rtatiino
MO/ ~(CaOQ, SrO,_Ba0O) is %reat‘er t han 3. -
film silicon (poly-Si)} in the respective components would
present some decisive advantages compared with a-Si compo-
nents, the poly-Si having a clearly higher electron mobility.
For example, resolution and reaction speed of an LCD could be
significantly increased. Further, this opens up new ways of
on-board integration of additional integrated circuits in-
stalled, in the case of a-S5i devices, on the edge of the
ICDs, for example in the form of extra chips. Poly-S5i is

obtained in the art by recrystallization of a-Si on the sub-

strate. In principle, this process is realized by heating the

Si layer up to temperatures at which the a-S8i crystallizes.




14. The gl ass ceramc as defined in any of the preceding clains, wherein
the ratio MO/ ~(Cao, SrO BaO) is greater than 5. 15. The gl ass ceram c as
defined in any of the preceding clains, which conprises essentially no

al kali metal oxides. zl 16. The glass ceramic as defined in any of the
precedi ng clains, wherein the total content of alkali netal oxides ~(LizGQ
Na20, KZO RbZO, CszO) is 0.5 wt.~ at ¥he nost. 17. The glass ceranic as
defined in any of the preceding clains, which except for accidental
inmpurities does not contain any FezO-, CrZzZ03, Co203, CuO N O VZ05, AgzO
Mb03. 18pEheiglrasene€hBatCiAStHES | HSkhddt B&IY Hftuidid QIRE amdin}G: rCtaires,

whi ch except for accidental inpurities does not conprise anyf'luoride, PbO
AszO- an@o8bz§3., ¥bicihasgphtaleed iy cheatdef ithed Sin layprofint HOS d¥edi ng

0. 1 and 200000 - CHEThE: E8F ALy el Rl GRS IR Rt o

t he precedingenpairasunhschfcappribgsésacsiegn?Pal| gehoibari Erropudecs2s. The
gl ass ceram c as defined in any_of the precedi cl al ns iich i s ceram zed
By Cher nBE PREALALRE BRCH BPAVEPh BT ASLeanaodhiEh BBt SPAL=SncRERSSndI o
sapphi ri pen@ngdsoncg0sdi @i t6 €/ s paoteitre rydipalratulker gafr a®1Faisa )cryst al
phases. 22. The glass ceramc as defined in any of the preceding cLainB,

whi ch i sOEef ARFzZBEE byt MR Frat SRRVATHARS G- PEPRAPINGPGREs 08RG 1ihPE
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It is, therefore, an object of the present invention to pro-

vide a glass ceramic which is suited as a substrate for opti-
cal and electronic components and which can be produced with
high precision and high homogeneity even in small thick-
nesses, and thié even in the case of large surface areas. In
addition, the highest possible specific modulus of elasticity
and advantageous mechanical properties are to be achieved.
Further, the coefficient of thermal expansion should be con-
trollable, if possible, in a suitable way to allow the mate-
rial to be used as substrate for polysilicon. And preferably,
transparency of the glass ceramics is also desired for cer-

tain applications.
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SO0, +C1” 0-4,

where the sum of Sn0,, Ce0,, SO,* and CI1-
>{(Sn0,, Ce0,, 80,*”, Cl") is between 0.01 wt.% and 4 wt.% .

The object of the invention is thereby perfectly achieved.

This is so because it is possible according to the invention
to initially melt and refine a starting glass of the respec-
tive composition and to then form that glass by a float glass
process into glass plates of high surface precision and mini-
mum variations in thickness. Even thin thicknesses of less

than 2 mm can be realized in this way without difficulty.
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program is carried out for converting the starting glass to a
glass ceramic. It is, however, understood that the invention
may as well be used in combination with other forming meth-

ods, for example drawing methods.

According to a preferred further development of the inven-
tion, the'glass caramic contains the following components (in
wt.% on oxide basis):

Sic, 39-55
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approximately 2 GPa per wt.$% of Y,0,.

A coefficient of thermal expansion, in a temperate range of
between 30 and 300° Celsius, of oy, . ;<5 x 107°/K, preferably
Qs 20054 x 107%/K, most preferably o, s500<3.7 x 10°/K is

determined by the kind and proportions of the separated crys-
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MgO/Z(SJ.Oz, A1203, MgO) 0.11 to 0.21,

more preferably 0.16 to 0.21.

The respective crystal phase separation temperatures and the
relevant holding times can be determined by analytical meth-
ods known as such (for example differential thermocanalysis

(DTA) or high-temperature x-ray diffraction (HT-XRD)).

Good glass stability of the starting glass in case of the
relatively low S5i0O, content of the glass ceramics according
to the invention can be assisted by mixed alkaline earth
effects. In this case, one preferably adds MgO, Ca0, Sr0O and

Ba0 in the follewing proportions:

MgQ/(Ca0Q + Sr0 + BaQ) >2 to 10,

mere preferably >3, most pref-

erably >5.
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the specific modulus of elasticity.

A high temperature resistance of the glass ceramics according
to the invention in the range of at least 800° Celsius, pref-
erably of at least 850° Celsius and even more preferably of
at least 900° Celsius, is achieved depending on the composi-
tion of the starting glass and the ceramization program. That
product-relevant value is determined predominantly by the
crystal phase proportions and by the viscosity of the resid-

ual glass in the before-mentioned temperature range. The
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sents itself as a usefunl and, especially, float-compatible
refining agent so that an SnQ, content of up to 4 wt.¥ is
passible. Another float-compatible refining agent is Ce0,,
which can be used alternatively or in addition to Sn0,. Mixed
sulphate/chloride refining is likewise possible, provided the
raw materials of the glass are introduced in part as sul-
phates or chlorides, respectively. All in all, the sum of
Sn0,, Ce0,, 80,7, ¢l1° is, thus, between 0.01 und 4 wt.%. To
the extent Sn0, or Ce0, are used as refining agents, the total
content is in this case preferably between ¢.1 und 1 wt.s%,

more preferably between 0.2 und 0.5 wt.%. If sulphate and
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!$<FW1@%%(éxégyigﬁﬁﬂ)f&pnggaaﬂg?>%%¥5ﬁi%ation was brought about by

the following temperature program:

Heating up at 5 K/min to 770° Celsius, holdihg at 770° Cel-
sius for 2 hours, heating up at 5K/min to 865° Celsius, hold-
ing at 865° Celsius for 2 hours, cooling down to room tem-

pPerature.

The crystal phases analyzed in this case were: Cordierite as

main phase and TiZr0O, and Mg/beta-quartz mixed crystal as
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Density 2.68 g/cm’ 2.68 g/cm’
Modulus of elasticity 120 3 Gpa 118 £3 GPa
E/p 44.8 MJI/kg 44 MJI/kg

The crystal phases determined were cordierite and Mg/beta-
quartz mixed crystal as main phases and spinel as secondary

phase.

The remaining samples were ceramized as follows:

Nucleation at temperatures around T, + (30 to 70 K)

Holding times between 60 and 240 min
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Example No.

510,
2,0,
F;0,
51,0,
TiQ,
¥,0,
Z2rQ,
Mg
Cal
r

Bald
Zn0

81,0,/ (S10,+A1,0,+Mg0)
510,/ (8i0;+A1,0,+Mg0)
MgO/ (Si0,+A1,0,+Mg0)
MgO/ (Ca0+Sro+Bad}
P,0,+T10,+410,+Ce0,+$n0,

500, + Cel,

Table 1
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22.09
.25
14,58
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Q010%&' () - Q1

mol. %

54.90
13.82

1.00
23.08

G.22

100.00

FOBER' () - QOXOOXX

e
g7gm?

Q0

T58+3
1063

Density glassy: 2.635

Tg{DTA}

E glassy
E/p glassy
CTFE (30-300)

Exampie Na.

sio,
B,0,
P,C,
Al,0,
TiO,
¥,0,
Zro,
Mg

Ca0

S0

Bal

ZnG

snd, + CeQ,

81,0,/ (510,+A1,0,+Mg0)

510,/ (510,+A1,0,tMg0)

Mg/ (Si0,+A1,0,+Mq0)

P,O, +Ti0,4210,+Ce0,+5n8,

Mg0/ {Ca0+SrO+Rad)

Table 2
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inQ 0-4
Sno,+Ce0, 0-4
so,*+Cc1-  0-4,

wherein the total content of Sn0O,, Ce0,, S0, and Cl-
5(Sno,, Ce0,, S0,>°, Cl7) is between 0.0l wt.% and 4 wt.% .

2. The glass ceramic as defined in Claim 1, comprising the

following components (in wt.% on oxide basis):

Sio, 39-55
B,0, >4-8
P,0, 0-6
Al,0, 16.5-32
Ti0, 1 - <7
Ta,O. 0-5

Y,0, 0-5
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7. The glass ceramic as defined in any of the preceding
claims, wherein the ratio Si0,/}/(Si0,, Al,0,, MgO) is be-
tween 0.50 and 0.60.
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claims, wherein the ratio MgO/}(Ca0, Sr0O, Ba0) is greater

than 3.

14. The glass ceramic as defined in any of the preceding
claims, wherein the ratio MgO/}(Ca0, Sr0O, BaQ) is greater

than 5.

15. The glass ceramic as defined in any of the preceding

claims, which comprises essentially no alkali metal ox-

ides.
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22. The glass ceramic as defined in any of the preceding
claims, which is ceramized by thermal treatment of a
starting glass and which comprises a crystal phase com-

prising yttrium.
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23. The glass ceramic as defined in any of the preceding
claims, which has a specific modulus of elasticity greater
than 30 MJ/kg, preferably greater than 35 MJ/kg, most
preferably greater than 42 MJ/kg.

24. The glass ceramic as defined in any of the preceding
claims, which has a modulus of elasticity greater than 100

GPa, preferably greater than 110 GPa.

25. The glass ceramic as defined in any of the preceding
claims which has a coefficient of thermal expansien (CTE)
in the temperature range of 30 to 300° Celsius of, maxi-

mally, 6 x 10°°/K, preferably in the range of 2 to 6 x 107
6 : : '
/K.

26. The glass ceramic as defined in any of the preceding
claims which has a coefficient of thermal expansion (CTE)
in the temperature range of 30 to 300° Celsius of = 4 x

107%/K, preferably < 3.7 x 107°/K.

27. The glass ceramic as defined in any of the preceding
claims which is temperature-resistant up to 700 °C at the

minimum, preferably up to at least 800 °C.

28. The glass ceramic as defined in any of the preceding

claims with a residual glass phase comprising alkaline

earth oxides.

29. The glass ceramic as defined in any of the preceding

claims which is optically transparent.
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31. A semiconductor substrate consisting of a glass ceramic

according to any of the preceding claims.

32. A hard disk memory substrate consisting of a glass ceramic

according to any of Claims 1 to 30.

33. An optical display with a transparent substrate consisting

of a glass ceramic according to any of Claims 1 to 30.

34. A semiconductor device, especially diode or thin  film
transistor, comprising at least one substrate consisting

of a glass ceramic according to any of Claims 1 to 30.

35. A flat screen display comprising at least one substrate

comprising a glass ceramic according to any of Claims 1 to

30.

36. A light-active semiconductor device, in particular a solar
cell, comprising a substrate comprising a glass ceramic

according to any of Claims 1 to 30.

37. A method of producing a glass ceramic comprising the step
of initially melting a starting glass comprising the
following components (in wt.% on oxide bésis):

Si0, 35-60
B,0, >4-10
P,0, 0-10
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Zn0 0-4

Sno0,+Ce0, 0-4

SO, +CL" 0-4,
wherein the total content of Sn0O,, Ce0,, 50,7 and CI1-
¥( Sno,, Ce0,, SO,~, Cl°) is between 0.01 wt.$% and 4 wt.%,
and wherein the starting glass is thereafter subjected to

a ceramization process.

38. The method as defined in Claim 37, wherein the starting
glass is molten and refined and is then formed into plates
by the float glass method and is thereafter subjected to a

ceramization process.

39. The method as defined in Claim 37 or 38, wherein during
ceramization the temperature treatment 1is controlled in .
such a way that the main phases spinel and/or sapphirine
and/or cordierite or mixed crystals thereof will be

formed.

40. The method as defined in any of Claims 37 to 39, wherein
during ceramization the temperature treatment is con-
trolled in such a way that crystal phases containing yt-

trium will be formed.



