EP 0 316 089 B1 Description The present invention relates generally to

gl asg conpositions for liquid crystal display devices, and nore
specificdlly to al kaline earthgpgrqgoagBnosi | i cate gl asses exhibiting the
hardness, chemical durability, 5 and high-tenperature stability required
for use in the formng of glass sheet for liquid crystal display devices.

Al kal iRescidoph bor oal umi nosilicate gl asses constitute a very well known
fam |y of glass conpositions. U S. Patent No. 2,393,449, for exanple,

di'scl ose&heapresant inwenion rrelpfes, ganeralvuiei Irss PPW@&'@'@SQP@%'G!S”WI gipplayrdovices, and

subst a{?ﬂ’? gnerifjcally. tocaligiine garihy bqroagjymingsilicale jglpsses exiiplinghecherdnpss, dewical dusghilii t hi gh
di eF’eg| iighg F&‘Fﬁ §ta‘?i'ﬁ3ﬂ “"IqH‘WdﬁB'vdésP in dhe forming, plsglaspibest ftﬂ liguid cgysigh gigplay

conpo ‘L" Bns co ut 10- 30% BaO, 5- err - 80% BZOS and up
o eyt SR A S e . P o
di el e%tu; gta%t.l.. o g i Al OL sfiﬁs WRHRTS s Hecd dﬁ%m‘ oo known
al‘kf?) tactdr€ §h J gfrﬁ fiprlst gﬁ'&;u é%e/ % A

earth i 0r s.s%,ew rﬁ‘%ﬁ@éeﬁ it l.adzp aseaxs% d%aﬁc Ia{]brs capac.lo.s

t UNgst L8 oMa REEMic! RIARSR: Tungst en- ogen | anps require glasses 15 having
rel ati vebiedingbh Sikdifbd siftio Hiases InfoW r@&ﬂw &&bl@&k5ar9ihetaﬁ@lrn%|arlheafm%§xh&fb and

hi gh \gisssde ehriployed astidtfp brivBlbied ihStungs@n-hdlsion 1Y, TURYStHRMaibgth Rhs Wdulrd dikstés

C ONjE MalifyRlativglyifgh stralf Boikls, 30N dBHASHY ¢ iRFHhal Bxbansivn] dnd high tvisedsBel tlehiguidus,

rel at iseahat tidly Ghayl B Qltifding GnveRichd? Ighkd ubs dfa@iiy i sg@phmenExmnpill edhgtdnd il S t ype
of gl asistivaly @igh eqoq dpedtingiternperdfuresRaduirad. Exlmples, d THis, (3620f gldas e rebosal ioSies.

gl assePatedO NP3, 9BAGE, Mokl idisBidbes Bt Clnprikidg b6k [5863% SlGk: 23-96°%aR0: 0H528:My O,

and 0-G% 8a® Mol triy G-17% Ba@twith the fotaCal(G:aOlMYaP amtiBaBoOngibting 4t feasti 1AY baitwelglast 19%
By /%ei ghfdditipgal families oh@ininpsiicate corpasitions Tlegigned | spedifisallyi fpi wsgtin tungsipndslopérons

desi grieP plgq begn|ropoftest UyScPatant Neifp0R.250- distlosrscaiask apmprostiens comprisiyg (§éen

r epor t@cf SiPy. 1514% £pR16.5N8 5%AlEh 2nd 2,6, 5% tale!|oh §r@ang BaR whergihH3 mey [Age from
conpri® ‘6’21 and; Be apetp 0-5% b&ﬂ%'ﬁé’b‘“*’l‘@"@%” AR A %ﬁi’i'bﬁ sEa"S%"E‘bf"al of
SrO arﬂif"eé & 7Hh&r andh oty @gﬁd’gfc?s%@'e‘hP MRYITuS I8 Gemiinatien ¥ B%{@}"%{bwt o, py

wei Fht'oBFe" . Iasses exhi rak n xcess of
é"f@ S S e
fo

3 Ca rted
rel atl 'O;(a% i ey Gl s o @;@“ P bl 2 X é;?@
g al
0. 8;@ [£§Jr3|all "%ai uSt‘Q J% agﬁ 3-55 @23 % % @géﬁé Jnﬁgorte‘dl y
exhi bi do, Ig3BI R\H 516 hol| 6riﬁ6snﬁ6?. |§/E<§198$df (B8 Eeh te{o' éfketcaslowmcp are
needediqfigs tgjnp"iﬁa‘iuré ﬁzﬁ@&ﬁ bty bUirg pherdt BEMIMRY themiatd@arfdio@WM Ng process. U. S
Pat ent Na.cudenttapPlicaiion ofl p&iduRESHGredt! et afk@me bath dmﬁﬁ&ﬁ'gh@see GAR thb aRSacture
consi Sdfifidgla3® suttaes ol Mt IpineDdispldyUdlicdsOu. 58 Yafent Y. 4)664,883°Gshe iy |deschbds-tie 25% B2
03% 357 . das® pdpSfidsSa&uired for his2pPlicidgh) and ive pioceSHig Besd.to Mca@pordte ath glassas Witoatanf t he
| at t erpan@ rispisyst Glasses disclased bs alitatsd fot ins USa ComsiBhésaatiallyOin aidiecpdrceat, bicappmgd
| i qui Coately 681§09% SIOpLI18,26%1 AlzI03 , AndR-6% ttotalvbBaO/ander®dlg present to nodify thermal
expansi oRelatéd glasspefor flatpyahel cizblaysrare fesprdbed iirc Ul SirPalent Wo. aihit4.683r wirdrdimblesses eart h
al'wii nepssisting essentiglyain swle fetceityof abaut Y8204 Sit. Pri@%of: Ga| ad Oie%sYOsrtisclosdes f or
flate pEees g'ﬁﬁ%srﬂxblvt Hie bipk engealing points rpadadier prsessing BipvdipRY deyice ead fisp YEr | bes
t he 35“'9’? Nisgeslly st éq"th%?mP%fa‘u"Prseéi‘a\‘ 1By aR b8 fosmes by el dovarivsh®! [oFdieessi ng
used tBS9E SRS é""?‘?j’c‘ﬁ ‘l'glsaés%‘é NP 358896, HoprRe fhoy my |‘>3'\(%‘ Mepryligne at
di scl o"sagiﬂ'e%(sh' fe Qf)’Ft@'ef o ‘i"h‘?'% Geogd é'E?ng“’%et" ety P'a!" i?“ Y RIS @B %nt, of
appfoxi - O%f):l 8 261’3/ L I | dis fl Bmo o qh S O
Eelfigze r e a?'ra s ? ﬂﬁﬁlﬁ e gqu k@%ﬁ oft e ass ulc% sglg % P
about }}?‘% %5‘5? il %8 lp g/o% g 'UC?I sc %RSO [% l{:-i‘sae
gl asses & il thtehsquhécgmmamsﬁ&.w Pﬂ'a%,? #RERASHorL 9% gpavm.esﬁul % B At
di Sp) aphe AENdIE8 Sglasd Which! 19 X 'pl%'tr&atéﬂl | BN prdlicC @Sdoly¥inich 15yRE telddMi Adhver the
t enper @dvblbnenoflsUeH a faldt emaras BeylabO WIFES! rdihér AYIE bifainOint RWPEaRW BeBRES of 1 M Ng
met hodaevatde Mpratssihg K6mpandtiles Whidh arS. cullah@it uddd. InFacd 38 MY Gisplp Wav@ilogy thaey nmust
be: nel preglesaed, diassesBsthibittly NigheR bukd/ Bibher BirM pbistEP@Veabash @squirsthiat heasameiBpond t he
pr ovenhwapalthd thbiynabéxppisies eldrdcterigics sdedettol idsu@ephgiaal eonmpettilitynightvesgol thprgmed . 45
As poi ardettle poifsilicon supeort &yérerave el foclisembistaingsl; @S dad thei eycallent chergitah idurabiltpl ay
(LCD) veauitadh for GGl arian deNelpproent presl suppoiti cat i on of |arge arrays of thin film
transi st dhg V?IW-‘eE?BP'g"‘PQ}S o eolasepsfiade uged fondCHIdisplay applicttiony emrlevidhin diky ay s
have bERDHSPIRATAY kOB BULYchmupt begorpbipRdyin 8 gingle giass daydiesHM YL aHPISIE | ng
rapid switching response to electrical
2



signal 5. To provide the required thin filmtransistor (TFT) array, the
transistors are grown in situ on a sheet of 50 the substrate glass which
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in modifying the viscosity-temperature function of the glass, helping to achieve a lower liquidus temperature
and/or higher glass viscosity at the liquidus, but excessive quantities can exert a counter effect and can
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of the above-stated requirenents for advanced |iquid crystal display
substrat e, processi ng. Generally 35 defined, glasses provided in accordance
with the invention and neeting g %gsé%{ rements consist essentially, in
catl on percent, of about 52-58% Si 12.5-18% [err] 20-23% B203, 1-9% BaQ,
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subDsd radsiest. i N accordance with current liquid crystal display abrl cati on

technol ogy requires that a deposit of polycrystalline silicon first be
applied to the glass substrate. \Were sophisticated LCD devices are
required, polycrystalline silicon is used, requiring higher processing
tewpgeratures for the glass substrate. It is generally accepted that the 10
str#8 n point of the glass represents approximately the maxi num tenperature
t hrough which the gl ass can be processed during these fabrication steps

wi t hout damage to the glass or the applied coatings. It is also inportant
that the glass be essentially free of alkali netal oxides, since alkalis
have the effect of softening the glass and, nore inportantly, also tend to
mgrate into the polysilicon coating during subsequent display processing.
As previously noted, borosilicate and alum nosilicate gl asses essentially
is free of alkali netal oxides and exhibiting high softening points are
known in the art. In the case of the known al umi nosilicate conpositions,
howgyer, the glasses generally have higher |iquidus tenperatures than
desired for stable downdraw shset form ng. Thus these known alum nosilicate
gl asses cannot econonmically be used to make finished gl ass sheet for

di $pl ays. Borosilicate glasses, on the other hand, have | ower I|iquidus

tenperatures and better viscosity-
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20 tenperature characteristics than the alumnosilicate gl asses. However,

t hey do not provide the high strain point and acid durability needed for
this application. Table | bel ow gﬁggﬁ? 8ed Bf conposition of two known
al'kali-free glasses in the borosilicale and al um nosilicate systens. The
conpositions in Table | are reported in cation percent, with the
correspondi ng wei ght percent val ues i own in parentheses. Al so shown
in Table | for each of the two conpo%i% are chem cal and physi cal
properties for each glass, including the Gede el@3®, anne@bdegiiand strain
oi nt tenpeyigiures thereof, the expansio ity ofegagh ass., and
(F:)hen‘i tal rrg:gg’& lity as evidenced by wei ghrstfl{tgsg@?]ﬁ 5% H&?'%hé%h?ir nal
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10.1 (24)Liquidus Temp.3°§ ( g.3) 15 Softening Point, [err]

844 % (Internal - 2lehil.Annealing Poigyge [err] 1100°

Fg?r] Liquidus VisL?{,é%ﬂPE[srggl n Pobg':?? q’rr]g/ ce 1x10°

5 76 Weight loss, mg@émfver age Ther mgl. 8Expansion, d.eg] (x107)

oo e (v HeL - ssetd bty Te [errl 2 (nternar 2

Vi sc. , . poi.ses . >20x105 1x [err] Weight

| oss, MY/ A Blidcipal problem solved in accordance with the inventich is that of identifying a region Q 3I§ss_30
(3% HCeomposifiénGwhichZfhibifd Highgr sthaiR pbiftCan® @liratiit Bhie b SRS GRD s s At SRR fdndi t h
t h® isvemike@ssively Highalquitds tofiGedtir Yibrivicbosif Git @1 1RGIA RSEw HRITNE Tdss hniMbeCh
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Vi scosi b ataeast P31 | apdi rore peaerdbiy\aitibPatt thidiggdastempaninetof ik glass is a practical

./ requirement.

40 Table W below sets forth examples of glass compositions within the scope of the invention and
simultaneously mesting all of the requirements as to properties. Included in Table I for each of the glasses
reported are the concentrations of the glass constituents, in cation percent. the physical properties af each
glass including the softening point (Soft.Pt. ), annealing point (Anneal.Pi. ), and shain puint (Shain P’ )

- temperatures thereof, the thermal expansion (Therm.Exp. ) and density of the glasses. am the liguidus

45 temperatures and viscosities at the liquidus temperatures for the glasses where determined on individual
glass samples. The thermal expansion values are again reported as average values over the range 25°-
300° C. multiplied by 107, and the liquidus temperatures are 24 hr. inlernal liquidus tempeiatures. Liquidus
viscosities are reported in poises multiplied by 1075,

Table Il also includes weight loss (Wt.Loss) figures after HCI immersion, reflecting the chemical

50 durability of the glasses. The latter values are again weight losses in milligrams/square centimeter from the

surface of glass samples following immersion in 5% HCI at 95 C for 24 hours.
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econom cally formed into high quality glass sheet. The latter requirenent
is critical since, for overflow downdraw sheet form ng processing of the
kind required for econom cal glgsgsfg@tgroduction a viscosity of at |east
2x105 and nore preferably 3x [err] at the | i qui dus tenperature of the glass

is a practical requirenent. 40 Table Il bel ow sets forth exanpl es of
gl ass conpositions within the scope of the invention and sinultaneously
nmeeting all of the requirenents as ftapygoperties. included in Table Il for

each of the glasses reported the centratjons of the glass
constltuents in cation percentj—h p-h£+cal ertiedof _eath gl ass

i ncl®udi ng stlIQQ sof t eni ng p0| nt (SEHI.Pt. 53 annedi ng poiIgE (Anr@;aI Pt. ),
and atrai pyjp@nt (Strain er at ur-es the her expansi on
(Therm Exp, 4 Jand density of theef?assesli_leand t Hes I i qquﬁéjs 4?31

tenperatu ;and viscosities at tZﬂa | i qéQus terdferaturex for tdge gl asses

where det ¢rgo ned on individual glass samples. The ther expansi on val ues
ake again orted as average val ues over the range 25- Terr] rultiplied by
107, and t | i qui dus tenper at urés are 2 hr. internal I qui dus-

tenperat uSeg® Liquidus viscosities are reported-n poises nmultigplied by
10-5. Tablggd | al so includes wei %ht | oss, (W.Loss) figures after HC

i ey sion, reflecting the chemc 50 Qurability of thé gl assés. The

| atter values are again weight losses in mlligrans/square centineter from

the surfaegsef pgl.asscsanpl es foldew ng g rsion_in 5%HA at Jerr] for 24
e TOE % 5 % o¥,

hours. 55_5 EP ‘0 316 089 Bl 5
5 [ er ApNeal.Pt. 6%3 6933 67257 686 53 679 53 [err]
A 20 18train. P1;3 15 6505 [ elgiyls 20
20 2&herm. ER% NQQC( 10]) 36.6 DDA A

2 CaO ’ p., 3 X 4 7 37.5 _ 41.2 _ 40.8 - 38.08

2 -Density,- g/cm” - 2.48Ba02.52 2.64 2.64 22.58 4

8 81 ; 15 Soft.Pt., [,en: 3 18 -

- %906 Kine P“éf e lerr] _g 193 2]69é°16 69310%% 6%313 8881 679 20
Strain .PViperRLiq. ,p (xlO 85014 64522 628 - 636 630 7

Therm Expw;;/ L[,ggr] m ;—}@ * 37.53 g 41. 40. 3 nsi t g/ [err]

2. 48 2.52 e 64 2738 25 %'9Liqui ud, [eerg .2 1032
101§ 1014 1013 1001 Vi sc. @i q p [err] 14 22

- 22 W.Loss, ng/[err] 2.9 0.8 4.8 4.2 30

35 40 45 50 55
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6°' EPO 316 089 Bl Table Il - (concluded) 6 7 8 9

[err], _ S 53 53 53 53 [err]

15 15 - 15 17 [errdp o 316 089 B : 22 22 20
20 Mo - 4 2 2 10 CaO

- - 2 - SroO 2 - 2

4 BaO 018 i 'I;a)ﬁe 11 - (]@oncluded)4 15 Sof '%75'[ [erg]76
- - - nnea [err

690 Strain Pt., [er] 641 ——-§581 1632 640—2%—

Therm Exp. ,/ [S&0 43.5 37.9 A3 9 530.7 Deriss3ty, g/p2rr]

2.67° 2.56 b4 2.59 Liqui dus,ls[ err] 15 1s 1011 ;- 983 1013
1042 25 15a3 @.ig.,p. ( [err]) - 13

W . Loss, no/ 3 5. @2 22 2@.4 so 20Tabi e | 1A

bel ow sets fony correspondl ng wei ght. percent val uesy for theyconpositions
reporfed in caélct))n percent in Table Il above. Table 2I A - (Weight Percent)

35w/ 1 zZ -3 4 - 5 Jerr]
57.21 56. 21 sr®6. 22 52.88 54.6& [err] - ' 215.57 415.30 10. 88
12. 70 13.13 1340o [err] 8 12 5]6 12. 296 11. 43 12. 72
13. 15 MO 1. 44 1.41 1. 1.33 1.38 C&O
4.0315 3.96 0 SrO 3.73 0 0
0 7.12 5.51 10. 83 _20.1 20. 37 10. 53
50 55 7 %‘%ﬁé"%‘sg tgl Tabl e IIA (concl uded) “o1e
6 7 Anneal.Pt. g °C 9 [errg?9 676 690 151.79
54. 94 55?b13a81n pt., > 38 [err]641 631 - 632 12.4g40 13.19
1R, 820 14. 10 [err] 12,45
13. 21 :quﬁm Exp. 4_C@Kﬁq4k3 43,5 37.9 42.9 039 7 2 78
1.35 Dédsity, g/cm3 2.67 2.56  2.64  2.59
Liquidus, °C 1011 983 1013 1042
25 Visc.@Liq.,p.(x107°) - - - 13
Wt.Loss, mg/'cm2 6.8 5.0 2.4 3.4
30 Table WA below sets forth corresponding weight percent values for the compositions reported in cation

percent in Table Il above.

Table IIA - (Weight Percent)

® 1 2 3 4 5
sio, 57.21 56.21 56.22 52.88 54.68
Al.O 15.57 15.30 10.88 12.70 13.13

203

\/40 B,0, 12.51  12.29 11.43 12.72  13.15
MgO 1.44  1.41  1.31 1.33 1.38
cao 4.03  3.96 0 0 0
Sro 3.73 0 0 0 7.12

4 BaO 5.51 10.83 20.14 20.37 10.53

50
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¢aO 0 . 0 1.88 0 Sro

3.37 0 3. 47 : 7.:08; BaO 19. 95

15. 87 . 15. 42 10. 47 gisp precoda@ss! y noted, conposition is critical
in.achi eving simultaneously all of the physical and.chem cal 20 properties
obj ectives of glasses provided according to the invention. Table Il sets
forth exanpl es of glass conpositions inside and outside of the specified
range of conpositions neeting thegabaly agia (@SnchdieR) || i ncludes the

conpositions of various glasses, again reported in cation percent, together
wi th the annealing and strain points of the glasses, the thermal expansion
and ®densi ties thereof, and the Li@ujdus_and chenmi @l durabglity of the

;eporteg gIassS$0§25 30 35 40 45_5@555%&9r4 EP:Q 316 0%%.§a3Table |||5i
51 53 Agz Berr] 12.44  13.19 1219.8212.94.805 15
[err] BZO%:a 262.45 2673 33 224 722 IYQ.O.BQ

&/’ 2 M@O @) - - - 10
Sro 0 2.78 1.35 . B3p38

10.1 8.1 Cao g 10 znO © 0 1.88 0 - -
- Annealing Pogyd, [err] 6 647 674 692 Strain Point,
[ernd 606 600 6365-} _642615 {47 7.08 Therm
Exp., C[err] Ba0 46.3  43.3 193957  1858% DehSity, gholLarr]

2.76 2.66 2.66 2.70 Internal Liquidus, [err] 932 907 1035
1080 W. Loss, ng/cn2 (5% HCl) 13 16 3.9 3.6 20

5 6 As previgusly noted, cogppsition Js critical in achieving simultaneously all of 8% physicab&d chemicah 3
&L [er prpperties objectives of glasses providetlCacording]tp th inventipf. Tablg M oty forthy ?xamples of glass

24 coprpositions ingide and ousrie g the specified range of compositions mesling tigese objectiges. Table Wl _

4 25 includes the compositions of varjoyg-glasses, again reported in cation percent, togpther with the annealing 4
4 SrO and strain points of the glasses, the thermal expansion and densities _thegaband the liquidus and chemical

4.1 dtﬁa_bility of the rep&rted glass%§. Zno _ _ 2
Annéiling Point, [err] 674 673 679 659
30
i3
035
K-/.
40

45

50
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30 |
617 Therm EXp.
2.50 2.50 -
1022 W. Loss,

[err]
2.54

ng/][err] (5% HCEP 0 3163089 B1
froman exam nation of Table III,

Strai n Point,
38.4  36.
2. 66 Liquidus,

terr]

9
[err]

36. 4

5

44. 3

5.7
Examples 1, 2 and 8 reported in the table

A ORI

el R A R S

631 627
Density, g/cnB
1034 1037 1043

12 As is evident

633

exhibit strain pornts which are insufficiently high to neet the demands of

current liquid crystal display devi EB8®efhpricati on technol ogy, and these
gl asses together with Exanple 5 do not denonstrate the required chem cal
durability. 40 Excrrpl es 3, 4, 6 and |7 exhli bizt hdexjupt e4 chem cal durability,
but Example 6 is dmj ¥ e g TTat asﬁu Ei ||53in n‘a vhi | e Exanpl es 4
exhi bits unaccept db ,;/2 hi gh i qui dus ﬁy ralr2 res. sP ef ed gl ass
conposi tions for U n the inventidgn nBi si,, |n220 tion percent. of
about 53-57% Si Q2 %é?%[err] 20- 24% err] 3- p% b 2% MyO, 0-4% CaO,
0-4% SrO and 10-]2&/gdota of MyO +{CaO.H SrO f BaO W_t iin this range of
congosi tions, gl adsge exhibiting strlai n.ppi nt.s| abave 45 |[err] thernal
expansi on coefficilegds between 38-43x1berir] shi Qui gup t gper at ures bel ow
[err] and viscositlig® at the liquidys in jexcesp of- [err] |poises can readily
be provi ded whi ch |adaedingpaht] yC exhi i esxciel ds@nf etaefm egd [durability. Cains
1. A gl ass conposi|t $teir RoihSICst | Ng egseatbi jal 609, | | 6e6C at B4 | per cent, of 52-58%
Si @8, 12.5-18% A130Bwem2Ex2.3% <¢¥F] (- 468 My@3.30} 63%67CRI5.501 6% Sr O, 1- 9% BaQ,
8-12% MyO + CaO + |Posiy. gardd  0- 3% ZrjO276nd 2881p6 A6 {i ATy agents. 55 2. A
gl ass in accor dande®ingtHuides. (1C1 havi i$2a) s¥%a| 1030} 1083 m excess of [err]
an average |inear [cWefrsM9&HE & HEhdr ndP lexp8nki 3® {n 3¢ range of 20- 60x
'[err] over the rarge [err] an interrfal sl i quigdup tenpergt fire not exceedi ng
[er ] and chemi cal r-abtH-ty—suf-Fgrent o—exptrbitTa tght .10oss in 5% HC
at [err] not exceed 10 ng/cn? in aég hql,fé per?goj.12 'EP 0 316 089 Bl
Table Il 1 2 Ban 3 4 5 o4 29 29 - llerr]
51 51 53 | g0 53 Lerr] 2] 2128 1229 15
15 Lerr] o 26 28| p i1 22 o
- 2 2 |go- CaoO - ) . ) - - 10
Sr O BaO . - -41 ) a1 4 |- BA
10. 1 8.1 8 zno 10 ZnO - . 2 - - -
Anneal i ng Poi nt, € Annealing Péiftl-c 647 6746[/4673 | 68& Btesg f Point, [err]
606sc 600 626 | strabvidinl,5C 631 | 627 | Thasr m sBXpp. /[err] 46. 3
43.3 39.7 45. 5 Densibxy. (07 384 | 3692| 74 | 2446 2.66 2.70
I nternal Liquidus,| Pensity giem® 932 O@K0 | 1AM5| 2.M0B028& {Loss, ny/ [err]
(5% HA ) 13 bigidus, L 9 3.6 |51034 | 137 | 10437] 1022 | 8 20
' > Wt.Loss, mg/cm? (5% HCH) 31 5 5.7 12

35 i )

As is evident from an examination of Table lll, Examples 1, 2and 8 reported in the table exhibit strain
points which are insufficiently high to meet the demands of current liquid crystal display device fabrication
technology, and these glasses together with Example 5 do not demonstrate the required chemical durability.

40

Examples 3, 4, 6 and 7 exhibit adequate chemical durability, but Example 8 is only marginal as to glass

strain point while Examples 4 exhibits unacceptably high liquidus temperatures.

Preferred glass compositions for use in the invention will consist, in cation percent. of about 53-57%
SiOz 15-17% Al;03, 20-22% B20Q;, 1-6% BaO, 1-2% MgO, 0-4% CaO, 0-4% Sr0, and H)-12% Inlal of
MgO + CaO + SrO + BaO. Within this range of compositions, glasses exhibiling strain points above

45

630° C, thermal expansion cosefficients between 38-43x10~7/° C, liquidus lemperatures below 1020° ¢, and

viscosities at the liquidus in excess of 105 poises can readily be prowded which additionally exhibit
excellent chemical durability.

Claims

50 1.

A glass composntlon consisting essentially, in cation percent, of 52-58% SiO2, 12.5-18% Al Os, 20-23%

B203, 0-4% MgO, 0-6% Ca0, 0-6% SrO, 1-9% BaO, 8-12% MgO + Ca0 + SlO + Ba0, 0-3% Zn0,
and 0-1% of fining agents. _

55

A glass in accordance with claim 1 having a strain point in excess of 625°C, an average linear

coefficient of thermal expansion in the range of 20-60x10~7/° C over the range 25-300°C, an internal
liquidus temperature not exceeding 1050 *C, and chemical durability sufficient to exhibit a weight loss
in 5% HCI at 95 ° C not exceeding 10 mg/cm2 in a 24 hour period.
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S’ 55 55 53 ‘51 [err]

10.9 12.9 .. 15 12.9 [err] 24 22 22

22 Mgo ZEP 0 316 08b B1 - 4 25

CaO 4 3 4 4 SrO

- - - - BaO 4.1 4.1 4

6 ZnO - Table Il 2 - Annealing Point, C
674 673 679 659 30 Strain Point, [err]

631 627 633 617 Therm Exp./|ery] 2 38.4 434.9 36.4 44. 3
Den5|ty, g/ [err] . 2 50—2-50—12541+—246—+tiqui dus, [err]
1034 571037 1043 22 W.Loss, ng rt]. 354 Hed) 98341 5 5.7
12 35 As is evident P an exami natipn'<gf | Tdk ¢ IE Exéirrles 1, 2 and 8
reported in the tab hibit strain points$ ¢h age insyfficiently high
to neet the demands current liquid|crystal diisplay devijce Fabrication
techngl ogy, and thegpg,gl asses togethef with Ex_a+p| e. 9 do_rot denonstrate
tae required chem chlggurability. Exahmplegs|3.s¢| 6 s1d quxhi bit adequate
chem cal durability} Agt Exanple 6 is|only|margiinal _g4s to |gl ass 40 strain
poi nt whi |l e Exanpl ep sinddidyifdint, Scunaccppsibly el gh evd quiggaly t enperat ures.
Preferred gl ass conpauhihipems-¢or use | nedeh¢ oo/ ¢nteb®r) w4d || consist, in
cati om percent, of almeern. 6-5CHbYrr]| 148317 %d.21r po.2Q- 2280|B203, 1- 6% BaO,
1- 2% MyO, 0- 4% CaO, | Weddty. Jod® and 10- L2256 ¢t 266 ¢f 268D 27€40 + SrO + BaO
Wthin this range of lmengbiguidusor®s, gl ps8¥2S|e®bid hi 10BHg B8 4i n poi nts above
630 C, thermal expapdVtdosscogtmni (6%dil)s| betdvpent®Bg- 483% ([ e38]] , |iqui dus
tenperatures below [err] , and viscos[Tigs[atgte LT quiguy i n excess of
Neyr]®poi ses can reaﬁfh Ly be provided hich add44+-gnal ly—exhi bit excel | ent
chemcal durability $9zims 1. A gl asp c®npos?Pt ilond¥c ns Pt ng essentially,
in cation percent, ¢ff29_ 580 si 2, 12| 598 K43, 124- 3239|8203, 0- 4% MyO,
0- 6% CaO, 0-6% SrO, | £29% BaO, 8- 12% MyO % €aP |sr & 4 Ba®| 0-3% znO, and
0-1%2of fining agent cgo 2. Aglass |n por darjce pifth ¢llaim 1 having a
straif point in exceg roof [err] an avgragellinegr cogfficifent of thernal
expansion in the ranggsof [err] over he“r 35- 39C C an i nt er nal

| i qui dus tenperaturé¢ t exceeding [elr] anpd c‘nem cal durabl lity sufficient
to exhibit a weight || QsSuidpoate-dCl at|[gfs 1 89} (exseddigag |10 no/ [err] in a
24 hoyr period. FRyQin i, 089 Bl 3. | Aggll fssordnpasilt i@ fconsi sting
essentially, in cati omeraegﬁﬁném@r; 53t 538 [ esgd 1884 1%ubgrir] 20-22% B203, -
1- 6% BaO, 1-2% MyO, | beftdityiéme 0- 4% Sr P 2gndl 260 12%s4 qt alesdf MyO + BaO + CaO
+ SrO. 4. A glass i wwpredence Wi th gliesan| 3oghijcioaeqhidazt|s a strain point
i gexcess of 630 C, |avdlosy mpemS(5% HC) Expangi ons qoesfilci aat| in the range of
[err]qs a IIQUI dus t emrpet ouure betowferTi——amd =" viscostty-at the quui dus

in excess pf; %V,§3§, 95},,9
cI al m 3 p\AM .cﬁ% ﬁ’éuﬁlée
.. G aszUSRIBIE G éé’bﬁbs

Katvonprsazrﬁa?ésem gleid %wm
B203, “0 straid pdiat MBife, ExBmplests h

%.g?a %gwk%ﬁém

uaé&he(?u I@grabll;h? bRt Exaﬂagle %
nadteptatfly REhHqbiiuskernpethtftesBao,

E\vateatﬁbslg

”§£$‘?§f§i

chbl'?iurabnhtx
P%argasl as e Jaskd

Preferred glass compositions for use in the invention will consist, in cation percent, of about 53-57%

Si02 15-17% Al 03,

20-22% B20s,

1-6% BaO, 1-2% MgO, 0-4% Ca0, 0-4% SrO, and 10-12% intal of

MgO + CaO + SrO + BaQ. Within this range of compositions, glasses exhibiting strain points above

excellent chemical durability.

Claims

50 1.

830 ° C, thermal expansion cosfficients between 38-43x10~7/°C, liquidus lemperatures below 1020° C, and
viscosities at the liquidus in excess of 10° poises can readily be provided which additionally exhibit

A glass composition consisting essentially, in cation percent, of 52-58% SiQz, 12.5-18% Al;Og, 20-23%

B20s, 0-4% MgO, 0-6% CaO, 0-6% SrQ, 1-9% BaO, 8-12% MgO + CaO + SrO + BaO, 0-3% ZnO,
and 0-1% of fining agents.

2,
55

A glass in accordance with claim 1 having a strain point in excess of 625°C, an average linear
coefficient of thermal expansion in the range of 20-60x10~7/°C over the range 25-300°C, an internal

liquidus temperature not exceeding 1050°C, and chemical durability sufficient to exhibit a weight loss
in 5% HCI at 95°C not exceeding 10 mg/cm? in a 24 hour period.
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- 12 '%'I\/gO+ CaO+ SrO+ BaO, 0 - 3 %ZnOund 0 - 1 % an Lauterungsmtteln.
15 2., @ as. nach Anspruch 1 mt einem unteren Kunhl punkt von mehr als 625 C,
einern mttleren |inearen War megpusadryshdigiskoef fi zi enten i m Bereich von etwa
20 - 60 x 10-7/C Uber den Bereich von 25 - 300-C, einer inneren
Li qui dust enperatur von nicht nmehr als etwa 1050 C uncl einer chem schen
Best an#li dk@#ss conpasitionisaneistion essentiallye inrratipn Gewbehdf S0-67% (880,, 15175 Ak 0iCko-bei 95 C
von ni chtBzReA6%Ba0. 24Mo, 0:4%Pa0, 0-4%Fr@phd AP 13% tobil pidigZ e i BaPatl Be® 1SR4
St unden auf zuwei sen. 3. d aszusanmenset zung, bestehend i m wesentl i chen,
ausgse Uck £1855n " 1@SFraanes i Alpiam3 whigh ewhitily a5 grain Boint g Skaess of) 630: C17 el 203,
% @zﬁ%n CTfflCle |o/tr§ e of 3 3)0}6)%@ agjiquidyp t%n@_@uecpel_owéﬂo% S @d and
|nsgesam‘"s‘i?f'ty at fhp liguidys in gepss opL#'E RIS + SrQ 25 4. Q as nach Anspruch 3
mt eipe [ U | nem War meausdehnungs-
koef fi gl ;Rn#*asg %orﬁqoggor"én | ¢ corléa" eg{]}/\gg@é W%'cﬁ?f")?'"fé *H 83%1'3«5‘1 BAQy and 1-3% SrO.
Li-quy dygé,qmm;,gr von unter 1042 C und einer Viskositat bei m Uqui dus von
rré*h-r als 1,3 x 105 Poise. 30 5. d aszusanmensetzung nach Anspruch 3, die 3

- 4% ca@lasiusamr%enéétﬁﬁ@ Na@ghelud im %esé?!lﬁ{hg @ Q&Lékt m%}{cﬁggke%%waggﬁlw% U@E
conposi t isPBicgJererias, AROS b L beg K65 8N GIsE % &6 OBk S 66
catlons -d2 @MbO ANCAR + BrO S BROSD - 3 % zFunab % GundShiftén? e A1203 2% k23
f% ee B203, 0 &4% de MgO Da 6 %de CaO (Da 6 %je SrO l a9 %de BaO, 8 a
12 % dz MBS naclCafdprucibr Ghit- eif@Ountbrem KBhidinkl 6,0 Rfehehis 8252 Gl ool AR fnearen
d' af f | nagirmeaubdehnudgskbdtiiziseten en Serbiom vdndetw2eN6l £ 307016 tber doyiadteidinen 25 -
~ tenper at #pe Qieineoinheran higgdstepberatatvop rachb Z2ahCals leiwa 180 C uncC 6ifdrf dherhigdhon
| i n6ai r e Bestiraiigkele didiabisteicttt.i LoneitdneGewichpee@riSo mpEr %-SHGE &pisIs) Civori aicht alehealdsteavi r on
20 & 60 XO1ELhf inGingprZejtrapm va 24 Hundenchetz@isan.300 C, une tenperature de
l'iquidus interne ne cl6passant pas environ 10500 C et une durabilite
Chi mi g¥e %W?@'ams@wame rgls?*ree@ i pesentighen, rg@g@@um 8 Ketignorezedtenseupieva §3 5584 a
9500 i e ®i8Pasant? Bl Certdi 12817 BePa Bad %899 et GeCaa0 hdtr 89, 45
. Une cd §qef?"3r1° & P MICHFeP it (RSB *Qent i el | ement, en pourcent ages de
catlon% a v ron 5 57 % d S . 15a 17%leAl 203, 20 A22%@eB203, 1 a
6%deB ch v e ‘:S ""“en @s &30 { eipern V‘@f't‘ %%h'tuﬁqsal de
MO + Ba ndr |tt m |udus‘l\7‘jv erals1 %185 13{ oé'{}’gﬂﬂ]"%?ﬂ‘{rd?[‘%“erdm Stuggente
une tenp rature eco? esu ertéure 2°630 C, Lin 50 coefficient de
di | [ r S | I o
10- QJ ag C@hf%%gﬁrﬁéeﬁ%@rng%graé‘m% Flaqdlljél ?augt/°$6a¥)gr| gu/"r%a%wnfd4% 0/3 (?e'ﬁ%g Vi Scosit6
au |an§vdh|@c§|éﬁ§rl eure a 1,3 x 104 Pa s (1,3 x 105 poises). 5. Une
corrp05|t|on de verre selon la revendication 3, qui contient 3 a 4 % de CaQ,

é 3 0 diae BafdositionldeDarre constitusd eSdoliBllomiohd: enl pblirkdridgds deldatidnb ladiaton b2l kb, 11 | NX
35 de Si0z, 12,5 & 18 % de Al O3, 20 2 23 % de B20s, 0 2 4 % de MgO, 0 2 6 % de Ca0, 0 & 6 % de
Sr0, 12 9 % de BaO, 8 & 12 % de MgO + CaO + SrO + Ba0, 043 % de ZnO et 0 & 1 % d'agents
d'affinage.

\_/ 2. Un verre selon la revendication 1, ayant une température de contrainte supérieure & 625°C, 1n
40 coefficient linéaire moyen de dilatation thermique Compris dans Tintervalle d'environ 20 3 60 x 107/ C
sur l'intervalle de 25 & 300° C, une température de liquidus interne ne dépassant pas environ 1050°C
et une durabilité Chimique suffisante pour présenter une perte de poids dans HCl 3 5 % & 95°C ne

dépassant pas environ 10 mg/cm? en une période de 24 heures.

45 3. Une composition de verre constituée essentiellement, en pourcentages de cations, d"environ 53 & 57 %
de SiOz, 15 4 17 % de Al,O3, 20 2 22 % de B203, 1 46 % de BaO, 1 3 2 % de MgO, 0 3 4 % de
Ca0, 02 4 % de SrO et 10 4 3 12 % au total de MgO + BaO + CaO + SrO.

4. Un verre selon la revendication 3, qui présente une température de contrainte supérisure a 630°C, un
50 coefficient de dilatation thermique compris dans l'intervalle d'environ 38 4 43 x 10°7/°C, une
température de liquidus inférieure & 1042°C et une viscosité au liquidus supérieure 3 1,3 x 10* Pa.s

{1.3 x 10° poises).

5. Une composition de verre selon la revendication 3, qui contient 3 4 4 % de Ca0, 1 2 3 % de Ba0 ol 1
55 4 3 % de SrO.
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