.kl e3e_?B <<X' 6TB*.: H GH STRAIN PO NT GLASSES CLAIM OF PRICRITY The
present Application clainms priority to U. S. Application No. 09/997, 052,
filed on Novenber 28, 2001, in the name of Bruce G Aitken et al the
content of which is incorporated herein by reference. FIELD OF THE

| NVENTI ON The invention relates to (Ti O2, Ta205) - La2(3- Al 203- Si 2 gl asses
that are characterized by a high strainqipoint) a | ow coefficient of thermal
expansion and a capability of being produced as she onventi onal
met hods. BACKGROUND OF THE | NVENTI ON G ass substra;ﬁ‘ﬂ“\wmm\mm\ﬁoni c

devi ces have been Iimted to use and processing te res not over about
600- 650 C. For higher tenperatures, the only avail abl e t‘P?;llﬁgsparent

mat eri al s have been fused silica or a class of glass-ceranm cs. These
materials are difficult, and therefore expensive, to produce. 2 Fused
silica provides a high strain point (typically >1000C) and excel |l ent

thermal stability. However) it is difficult-to produce and fabricate. Al so)
it has a low (5x10-'/C) coefficient of thermal expansion (CTE) that is not
conpati ble with such electronic materials as silicon. Transparent, spinet

gl ass-ceram cs al so provide high strain points (typically >900C)) and
provide a better expansion match with silicon (2540x10-'1C). However,
ceramm ng these materials adds to their cost. Al so, their predecessor

gl asses tend to be very fluid at their |iquidus tenperatures. This poses a
chal l enge to form ng preci sHEpHSHERAIN PRINT GLARSES as ot her glass forms. A
need exists, then, for a glass that (1 ) has a high strain point (>7800),
(2) does not require costly heat treatnents after fabrication, (3) that can
be fornmed at a viscosity great eCLAMINOEERIORIFYS, and (4) can be nelted in
a conventional nelting unit. In addition, the glass nust be transparent to
visible radiation and be chem cally durable. These several qualities are

G spl ays.  phot ovald BlesSERPEICARn Yol ey § Y8 AR ERNGne (P
require st@dBOY062afildd giNoesmbenl8! 2001 Fhahe pantd otBAIEA@S Altkoh e akheet
gl ass that necessarily is transparent at visible wavel engths as well as

into the dhecenienafiwhich is incamesateddiarstiy by rafafencee gl ass sheet be adapted
to production of a silicon |layer on the glass surface. Initially, the
silicon | ayer applied was anorphous silicon (a-Si). Fabrication of such
devi ces required tenperat ur esFIEQDIOFATIHE INVENTON C. Sui t abl e gl asses were
readi |y avail able for use under these conditions. The evolution from a-Si
to poly-Si (polycrystalline silicon) as a coating material has presented a
maj or chal | enge 1 ~P8) b td ire much
hi gher processi r;lg%t @2%2%’% ﬁer%ﬂg,@st;é rﬁﬂd%?ézgsgé a%?"ﬁf?l%gg%cé@gﬁ%g gf% | abl e
subst r at e aretahvaratterized by adchigh Istrain pdiht, s loat eseffitienhbsf thehinghexparesion poi nt

of about 100P C. and excel.lent thermal stagbility. However, it has a | ow CTE
Chat 1. reAlitba CrPABILFOTHeIRG Bindbe B afedhaiats &y ORI Methads or | cat o
this material is |imted) and) at best) very expensive.

BACKGROUND OF THE INVENTION

Glass substrates for electronic devices have been limited to use and
processing temperatures not over about 600-650° C. For higher temperatures,
the only available transparent materials have been fused silica or a class of
glass-ceramics. These materials are difficult, and therefore expensive, to
produce.

O

*000007‘*



3 Anot her potential candidate is a famly of transparent, spinet

" glassceram cs. These materials have the required high strain point of
>780C. They are al so reasonably well matched to poly-Si in CTE. However,
the additional ceranm ng process adds significantly to the cost of
production. Perhaps nore inportant is the fact that the precursor gl asses
of these glassceramcs are very fluid af their |iquidus tenperatures. This

presents a serio : : d O : LS ss. d asses
avai l abl e from cg§%€&ﬁ§*'{°ﬁ@g‘?’6%€sa%g{éé}ﬁ%{é§@ @%ﬁ@%@@%n@%ﬁcﬁn be used
for some | excélemehertnal statiljity thiweves, ibls difficultrtd proddcesand Fabicatdhi s gl ass
is an alum nosilicate gl ass £ hat ce%lnt,ai nsr@ m xture of divalent netal

igignt ofrtae

oxi des andAs. dhas oy (X0 ¢ )0 EnalgrassionsfehE] thad ignaeks nust

be subj ect §g@#’%§5@%ﬁ?%‘§ﬁswgﬁ'ﬁ?f% aggg@gﬁi d shrinkage or conpaction

during pol eposi t production of high quality,

pol y-Si, thin fiTramspamnt/ spinélglassiberamies lalswpmvidechighrattain @oirts t he
800-900 C. range. This higher tenperature anneal enables shortening the
anneal i ng ftypigally $9890°(). pad previde @ keltan expansion matah wigh silicopd25-

coating-su te~i N , ﬁearlﬁ ; ice over
tine. Exceg?)td%r/egieﬁg Evfggéﬁscie ﬁ}g%ﬁ g asggeé%zgmggagﬁcggfer"g %%' (HH;% ' oned
above, t hetleihpredsobsdrgtassesiehalid be vanp fitidedteheinliquidals temmpdrafures. A
primary purpose of the present invention is to provide a glass that has
broper i s THiH Rasesia,challangetd SamBing pregiiancshess ass; aswelt as sfarliass
Anot her puifpse is to produce a glass having a sufficiently high strain
point to permtf processing at 800-900 C. A further purpose is to provide a
gl ass that can b& neeltexdstatiehpfomadglays tat\(éhhasadiighstrardpois enpl oyed in
pr oduci ng ee | ass, and, that can provide substrate for application of
a high qua ! ’ an
f%@gcgdﬁi dags npt Fﬁquﬁe&%tlp fﬁ#ifﬁéfmﬁmspﬁf&% fPQ"?%i'CLfF 49} hat
el ectronic ' j hkd oyl ) AR sheet
gl ass subs?ﬁpgﬁsﬁm%@ﬁggﬁ %c%ggﬁgg%%gmﬁna q?rdr:{%%e?awﬁ%& cﬁaw ngﬂéggdqn
hi gh- qual i & xpnpehtjor&il meitinghuhit! n addition, therdlase mushbelmnsparentste i s to
provi de a noyel .ass famly, consistin ssentially o Ti.02 and/ or Ta205))
Phom) Al 200 AL ath heSHERBeaIM bR o Theta potpraLadalltes 1% des
i ncl udi ng Y2&k¥ed i §ldssdd fof prodiitlibn G &tch@#ed. prelda3 . asBtt D Al ipld7A05-
SUMMARY OF THE | NVENTION The invention resides in part ina famly of
titani c | aphotavealtaic gells@nd tubingeangd fiberappiivatiags thattrequine stabilityiat higtcess of
780 C., a %ﬁf@' ﬁ’iﬁe t of thermal expansion of 20-60x10-7/C., a Young's
nodul us gr et Ay 8. 28x104 MPa (12 npsi), and a weight |oss of less than
one ng/cn? in B"ﬁa(béﬁél?ﬁﬁﬂaybﬂ:émﬁﬁslﬁ{ééﬁglﬁs Pathyséeriyist trarispadenoxi de,
is an essential constituent which serves to |ower the CTE of the glass to a
val ue conpatVigible wavelepgthg-as welb aa intvibe altpx viglas. 4l is@lseneaessaryihat,

further robeRIESPShest i addima e HABIARMCH Hitdh B bn MR GRS,
transpar entinitighyshe siiboh (e apbiied sakimatphdaeisibon (biSianFabrioatisreon

alum nosilicate glass having a strain point in excess of 7 C, a
coef f i ci enSuUhFdevieas Eaquired dampsratresno gosatet theo 3507 o Sitablerglasses

greater t j f less than one ng/cn? in
BHF. %Sﬁ%%%ﬁ%%%ﬁ@egﬁéghgﬁgﬂ% s based on our discovery
of a fanmily of tTHesvslutiomfrbana-Silte'polyeSi (pohargstaliing stizonYhe ecartidgses

possess uni que properties particularly suited to production of electronic
devi ces haWatgRjial has presgnted @ymajorichalicnge thesepha glass substrate Pely-8i cul ar)

Lner vl oxgits CoRE R Bo83ED teffpefilinds, 7o GrRi add-oTt

20- 4. 0x10-¥08aD° Ghe gl asses al so have a hi gh Young's nodul us) greater than
8.28x104 MPa (12 npsi)) .and are chem cally durable) _especially in buffered
HF (BHF). The ti@asa¥a substsateiraateyiabls fusad stical T hizpratedal s @ant al um
oxi de withy i f i i ke T ed HF
ostdet erioSEEH ROTELEapSt RIUCT C i Mt B Siahny, " houVer 3G, 1E

sanpl e af tiegs & lowICT B thatis markédigicadenthanqidiySi.i Eushemmore tise@abllityto f or
five (5 mnutes. The solution consists of one volunme of 50% by wei ght HF

and ten vdabAgatedhisyoatasial igdimited,andh @t best vabr PXRENSY&IF) . The sol ution is
mai ntai ned at 30 C. for the test.



As pointed out earlier, there is an avail able comercial glass that can be
nmelted in conventional manner and that can have a poly-silicon film
deposited on the glass surface. To acconplish this requires speci al
treatment of the glass, and the operation nust be carried out at
tenperatures not over 650 C. The efficiq?t production of devices having a
high quality poly-silicon filmrequires thernmal annealing of the film at

tenperatures in m@tﬁéweﬁfal&%dwe%alerhmy]eftraasmﬁergp.ﬁél@éés produced
S

gl ass, capable of use at such tenperatur as not been avail7able. The
present i nwenmiss. ﬂ?rmseaaetmmmhgvam'sequuﬁd I'ggIastrem point bE>PBR Nt

b f I
(T G- Lap oy 8 A5 oshsghably el frey 0 B B Th S LEMSaratbea very ni gn
strain poi @dd{t@rnaﬁ&@rranﬁrhm@; BI%Q;er )adéQ%ng?uﬁEE‘ﬁtl?'t@%l‘i’é YoSEdiprontictidiat  of

silicon (25-40x1 already stated, Thé titanic can be partially or

conpl et el y%bammreympaﬁaat tsriheiadethaxmpfecuaqrgmsteamfélnem:glgsw CTE or
strain point. Br oadl ses .2 CO SI tions falling
i thi n | ne CpETs At el GUE atsbAF 1UERS MmlaPRasRR, CTHE MEGPEREA {6e: ne

gl ass bat Clengllorigh @Xidihabigh o r&h@i@n‘é@m@@ £5020- 20% 203 5- 35%

Ta2050- 10%.a203 2- 30% ( Ti 02+Ta205) - 209 -10% where Ris My) Ca, Sr) Ba

and/or Zn. Int h@lasaegavﬁlab@k@%@b@@g Ingorperated wndercCodes 633band| ally or

I I I d d whi |
i nt ai ni 300D @0dte Fled Kytoae 18k Fmefpifia AikieAohE AR oP e it et <
whi ch are gBEPT,! Phig EMédﬂnstéwaIuWﬁaémdaﬂe | fShat baﬁIami;eaZﬁ.%reHIOZ Snoz2,
Ge02, and/or Ga203. ditions of up to 10% on a nolar basis of each of

t hese oxi déivaient/reetalipxides 3mdois essablially freg pEalkali spetakoxiveso&ven thisB203

Beyond t neSlEuaFLSB iuEel ! sneblinandl (bR b BOBia PRI A7 oo

fall bel Ochhﬁiacﬂanhﬁngrptﬂ)ﬂSI ugpg.{r,.ﬁ@ﬁ conpositions. These gl asses have the
following characteristic properties: Strain Point CTE Young's nodul us

Durabi l ity in BHEhS effitent pr:_»duetmef high quality, pelytBis thindilrsreqgires2 A

onan oxi dd ! annealti b AFRRSIstyeETn M B0k 00" F rbige Thiighe: ' " ™ %
Si 0270- 84%4¢rApBfatd@Pamil 2nhble ﬂ&ﬁt@fiﬁ@ﬂ%@ar@édl'ﬁg&&ﬁé’amwrésm@%ﬁl& 3%
These preferréldﬁygl asses_are characterized by the tollow ng Propertles:

Strain Poi @XC yogormitycattheocotingesutsta te/fitedace, abx 104 MPa
Dur abi 11ty peproRhEnce 87 8 JBHEEvalIngd!t EXBEst for the fused siIica and glass-

ceramic substrates mentioned above, there has not been a suitable, substrate

material available.

A primary purpose of the present invention is to provide a glass that
has properties suited to production of a poly-Si coating on its sutface.

Another purpose is to produce a glass having a sufficiently high strain
point to permit processing at 800-900° C.

A further purpose is to provide a glass that can be melted and formed
by conventional procedures employed in producing sheet glass, and that can
provide a substrate for application of a high quality, poly-Si film.

A still further purpose is to provide an electronic device, in particular, a
flat panel display, embodying a sheet glass substrate, produced in a
conventional manner, and having a high-quality, poly-Si, thin film on its surface.

Another purpose is to provide a novel glass family consisting
essentially of (TiO, and/or Ta,0s), La;03, Al,03 and SiO,, and optionally



.C ear, single-phase glasses that were well-fined were obtained-by nelting
4.54 kg (ten Ib.) crucible nelts of conpositions within the preferred
ranges at a tenperature of about 1650 C. for times not over 20 hours. It is
essential that La203 be present in the indicated amount to obtain such
melts; also that the total content of L2203 plus Ti 02 and Ta205, if
present, be not greater than the Al 203. 'The presence of Ti 02 and/or Ta205

I S necessa ' j ' n 1Y) r bly, the
cont ent 5. a0 g G S R O e D D S R PoE08 o 4.
The positi 8h.Q4, B2k and/edfeOk.n gl asses containing Ti02 is controlled by

I ncl udi ng As203 or Ce02 in the conposition. The oxides buffer against
reduction of Ti+4 to Ti+3. They al so enhance fining, as does enpl oyi ng
halides, e.g. AICI3 AIF3, arifiamARBOP THESINSENTPIONXi des in the gl ass
batch to be nelted. 7 TABLCE I, below, sets forth several conpositions, in
not % on an oxide basis, illustrative of the invention. Al so shown are

characteristic operties as .gEasure .on.th Ié% s.produced. TABLE i _

Seri es88288288988¥3 HYSEYQRJBRYES Y] ébﬁ'é@i@% f@BA&%& XMCVLSi 024055707
07682828480 8siidaté &lasses having a strain point in excess of 780° C.. a coefficient
8171511. 2512108La20325255. 6134. % 4 55TP0255. 64. 53. 421Ta20551S0f t enrll ng Pt.

C. 956984 1060thetraallaxpansian oP20-60xd26684653Y0un9'sIoddeins ygeser Han Pt .

C. 790805S02834862832854380CIERT. 300 X~ ~ 2.

71 C 62, 1640855 QeHbE GlomesD. 904 3geigBHas of pss than one mglcm” in BHF

| cR4. 264. GedePd HES. Tankf drEdivafehtifIXRteNIm oxig] i HAekSential

MPa8. 98. 48. 358. 2Durabil ity m/cnR' 0.490.5 The strain points are sonewhat

| over t hantlzc]irt&tiﬁl@erﬁiwi‘nic% servaswgl lgwr:nthe @WEﬁib@g&ﬁs@.a vaiuemlmpatibte/ are
aur - adeqHet po bt TReR Bk <ith ARCH bed! Bochelbidres M Bile, 0o

i s nore thawd ficré®de Hainpoinse of conventional melting and processing
procedures and other favorable properties, such as natching expansi on and

favor abl e vi scosthginyentiaa futhersesidgsiin as elegitanic deyicaaving/a pgly-he

conposi ti ofy. e | el Iof L «Slorain point

of 82 C  Sin,MEEER sFtrdnsdhrf O s surtuBte. b, St G Hng sl Sh™ 006
lanthana aluminosilicate glass having a strain point in excess of 780° C., a

coefficient of thermal expansion of 20-60x1 07rC., a Young's modulus greater
than 8.28x10* MPa (12 mpsi), and a loss of less than one mg/cm? in BHF.

DESCRIPTION OF THE INVENTION

This invention is based on our discovery of a family of titania lanthana
aluminosilicate glasses. These glasses possess unique properties particularly
suited to production of electronic devices having a film of poly-silicon on the
glass surface. In particular, the glasses have a strain point in excess of 780°
C. and a coefficient of thermal expansion (CTE) of 20-60x107/°C., preferably in
the range of 20-40x107/°C. The glasses also have a high Young's modulus,
greater than 8.28x10* MPa (12 mpsi), and are chemically durable, especially in
buffered HF (BHF). The titania can be partially or completely replaced by
tantalum oxide with no detrimental effects on CTE or strain point.

The buffered HF test determines the weight loss in mg/cm2 and sample
appearance of a glass sample after immersion in a buffered hydrofluoric acid



poi ses. It has been observed that a high ratio of La203 to Ti 02 provides
greater glass stability during formng of glass by a down-draw process. For
exanpl e, the glass of Exanple 4 in TABLE | can be drawn as thick-walled
tubing of a precision nature. The draw was at a tenperature over 150 C.

bel ow t he 8 liquidus tenperature of the glass. Tubes and rods of this

gl ass have al so been drawn in a commercral draw tower to provide a

hi gh-str en%lt] |5h ti’c?rr five (¢ I‘MFIU@SA'M% éoluf)brtn ?:Bh%lgt Obt dd %hﬁ“é @f‘%d%%

al um nosi |1 ca asse havin rarn n - exces

coeffici enWe!y‘htﬂ-lTéanalteuwpmmem 403%3@0~éight amnadmilmLioride (N, FJOUrHE s
nodul es greater than 12 npsi | oss I ess than one ng/cnR in BHF

a
wher ei n t heolpfien ig m%@ﬁ'ﬂ%’ %y ,C&|fp§,tt@tg esbnpl etely repl aced by tantal um

oxi de. 2. The gl I ressed
in nmol percent aﬁ%?’é’a"ﬁ%%' 8%”' rom %‘Scaqf%\@fag&tgcﬁﬁ@%}g'ﬁ?éi?ga%%é

40- 90% Si 0Bg nielfselindoti@htidnSGHahmetOihd mattlcénfha%% b&gf@m’éﬂm&b 3. The
glass famly of claim1l or 2 additionally contaijnin 10% Zr 02, Hf C2,

Sn02, Ge02yeperitest orctivglass sutfRee giTasaccramnlish this r@nwrﬂéi spegiabitreatmantonal | y

2 adai 11 orgh 1 UEREd 1 bpciaeh, P8 5 ot BB 2! 1

MO, Cal, &@3 CBa0 and zZnO. g, A famly of lanthana alum nosilicate gl asses

in accordance with claim1 or 2 consisting essentially of 70-84% Si 02)
6- 18% Al 203) 2- 1508 effinient piaduct @f(dﬁvms%mw a high quallty poly-silicon film

requires thermal annealing of the film at temperatures in the range of 800-900°
C. However, a conventionally produced glass, capable of use at such
temperatures, has not been available. The present invention provides such
glasses.

The glasses of the present invention are members of a titania lanthana
aluminosilicate (TiO2-Lax03-Al203-Si0,) glass family. They are characterized
by a very high strain point (greater than 780° C.) and a CTE closely matiching
that of silicon (25-40x107/°C). As already stated, The titania can be partially or
completely replaced by tantalum oxide with no detrimental effects on CTE or
strain point.

Broadly stated, the present glasses have compasitions falling within the
following ranges, expressed in mole % as calculated from the glass batch on
an oxide basis:

SiO, 40-90% TiO; 0-20%

A'an 5-35% Ta205 0-10%

La03 2-30% (TiO2+Taz0s5) 0.5-20%
RO 0-10%

where R is Mg, Ca, Sr, Ba and/or Zn. In the range of 40-60% SiO., lanthanum
oxide can be partially or completely replaced by yttrium oxide, lowering the
density and CTE while maintaining or even raising the strain point. Other
optional constituents which are compatible with the inventive glasses include
ZrOz, HfO3, SnO,, GeO,, and/or Ga,0s. Additions of up to 10% on a molar
basis of each of these oxides and/or up to 3% on a molar basis of Sb203, WO;,



7. The glass famly of claim5 additionally containing ROin an anount |ess
than 3% where ROis one or mare of MgO, CaQ, SrO BaO, and/or ZnO 8. The
glass famly of claim5 having a strain point in the range of 840-900 C
and a CTE in the range of 20-40x10'!C. 10 9. An electronic device
conprising a poly-silicon filmon a tragsparent, glass substrate, the
substrate being a titanic | anthana zlun¥Ynosilicate glass having a strain

o 20- 60x 15203 Enfloy Redmen Bk e WM ioRbribg Bid SeafIRARERABY (o 85, " Toas
not over oBeysBd tésd levBIs glRsELbithétsedont @ instabie obthahgpropalties il
conpletely replaced by tantal um oxide. 10. An electronic device in

accor danceb@iomhthat of feinkaetiva glasheompesitionse gl ass consists essentially

oxi de. bagis. - 40 SomePRbseEhalihg By Siarab O BrhRes oc;' " "

(Ti 02+Ta205). 11. An el ectStedm PofigVvi ce i > gggocdance with claim9 or 10
wherein the glass.additiogygy contains Gdeéx#Qec, Hf 02, Sn02) Ge02,

and/or Ga203. 12. An el ectypni & ABULES | > A5EHHE wth claim9 or 10
wherein the gl ass additi oﬂ'@g@qﬁ hAS Q: E"% , 3, B203 and/or P205.
13. An el ectronic device i 8 r e Wt 9 or 10 wherein the

substrate glass additionally contains 0-10% of one or nore of the dival ent

metal oxides MQy draferred EhbEdithet hadEmpldhitids WitKIRitheSe Farttfds, e@al

accordance with claim9 or 10 wherein the gllass substrate is a titanic

| ant hana ainumoh%soh iapapédeybasis, avealculatedyfrosthe: glass patoh: 7084 nol % Si 02,
6- 18% A/ 203, 2-15% La203, and J.-8% (Ti 02+T. % b, and having a strain point
in the range of 840-900 C. an I¥2CTE in thgg'&%‘(be of 2040x10-'1C wherein
the titanic can be partially dil2 bnpl etel y 1 jPaced by tantal um oxide. .A
NFI . A3r. A A3;y. A3?. A3. AK. A7. A3-82@h 2-15%
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10% & ()- 0! 10% & ()-1Y0 /w?q(gii_lurflo%dgﬂ Dog & ()- 3& 10% & ()-|

Durability in mg/cm” weight [oss

Clear, single-phase glasses that were well-fined were obtained-by
melting 4.54 kg (ten |b.) crucible melts of compositions within the preferred
ranges at a temperature of about 1650° C. for times not over 20 hours. ltis
essential that L.a;03 be present in the indicated amount to obtain such melts;
also that the total content of La;O; plus TiO2 and TazOs, if present, be not
greater than the Al,O3. The presence of TiO, and/or TazOs is necessary for a
maximum strain point and a minimum CTE. Preferably, the contents are such
that the ratio of La;0; to TiO,+Ta20s5 is between 1 and 4.

The position of the UV edge in glasses containing TiO; is controlled by
including As;03 or CeO; in the composition. The oxides buffer against
reduction of Ti** to Ti*%. They also enhance fining, as does employing halides,
e.g. AlCl3, AlF3, and/or AlBrs, instead of oxides in the glass batch to be melted.
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Series 882 882 889 882 889 889 889 889 889
Code COJ | COT {CWB |[CVN | DAQ | DAT CXZ [CXM | CVL
SiO, 40 55 70 70 76 82 82 84 86
Al,O3 30 15 18.8 17 15 11.25 |12 10 8
La,04 25 25 5.6 13 4.5 3.4 4 5 5
TiO, 5 5.6 4.5 3.4 2 1
Ta205 5 1
?%ft)eﬂing Pt | 956 984 1050 1015 1110
f:r(\geal Pt. 826 846 839 910 939 948 928 958
?}(r:a;n Pt. 790 805 802 834 862 882 854 880
Cd 537%0) 62.1 | 646 |32.0 54 28.4 |23.3 22.7 27.9 27.5
Denslty 426 ]4.65 |291 3.4 273 | 264 2.68 2.76 273
{glem?)
Young's
modulus
x10" MPa 8.9 8.4 8.35 8.2
Durabillty : 0.49 0.5
(mg/cm )

The strain points are somewhat lower than fused silica or the spinel
glass-ceramics. However, they are substantially higher than available,
conventionally melted glasses, and quite adequate for their intended purpose.
The slightly lower strain point is more than offset by the use of conventional
melting and processing procedures and other favorable properties, such as
matching expansion and favorable viscosity at the glass liquidus, thus, a glass
having the composition of Example 7 in TABLE |, in addition to having a strain
point of 882° C. and a CTE of 22.7x1 07/°C., has a liquidus viscosity of 7000
poises.

- It has been observed that a high ratio of La;O3 to TiO, provides greater
glass stability during forming of glass by a down-draw process. For example,
the glass of Example 4 in TABLE | can be drawn as thick-walled tubing of a
precision nature. The draw was at a temperature over 150° C. below the
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liquidus temperature of the glass. Tubes and rods of this glass have also been
drawn in a commercial draw tower to provide a high-strength fiber.
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5. The glass family of claim 2 additionally containing 0-10% of one or more
of the divalent metal oxides MgO, CaO, SrO, BaO and ZnO.

6. A family of lanthana aluminosilicate glasses in accordance with claim 1 or 2
consisting essentially of 70-84% SiO,, 6-18% Al.O3, 2-15% Lay03, and 1-8%
(Ti02+T8205).

7. The glass family of claim 5 additionally containing RO in an amount less
than 3% where RO is one or more of MgO, CaQ, SrQ, BaQ, and/or ZnO.,

8. The glass family of claim 5 having a strain point in the range of 840-900°
C. and a CTE in the range of 20-40x107/°C.
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11 An electronic device in accordance with claim 9 or 10 wherein the glass

additionally contains 0-10% ZrO,, HfO,, SnO,, GeO,, and/or Gaz0a.
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12.  An electronic device in accordance with claim 9 or 10 wherein the glass
additionally contains 0-3% Sb,03, WQOj3, B,03 and/or P;0s.

13. An electronic device in accordance with claim 9 or 10 wherein the substrate
glass additionally contains 0-10% of one or more of the divalent metal oxides
MgO, CaO, SrO, BaO and ZnO.

14. An electronic device in accordance with claim 9 or 10 wherein the glass

substrate is a titania lanthana aluminosilicate glass consisting essentially of 70-
84 mol % SiO,, 6-18% Al,O3, 2-15% Lay03, and 1-8% (TiO2+Taz0s) and
having a strain point in the range of 840-900° C. and a CTE in the range of 20-
40x107/°C wherein the titania can be partially or completely replaced by
tantalum oxide.



