;gqre3e) ?f) <<""~6TF*/? GLASS COVPOSI TI ON FOR DI SPLAY PANELS Backgr ound of

lLnvention Field of the Inventi invention relates to a famly of

al um nosilicate gl asses m&l‘mﬁmﬂgﬁ@@ﬂ fabricating display pan Backgr ound
Art The dom nant conmerc for manufacturing flat gﬁ”'%l///lm/

float process. In the float Pe®¥¥tss, a streamof nolten glass i I/ged
froma nelting furnace into a furnace (or bath} that contains a"%gui d
metal medium Typically, the netal is tin. The atnosphere in the tin bath

s control | edRGABS CONPOSITION FOR DISPTIEYPANEIISss f1oats and

spreads out on the liquid tinin the formof a flat, continuous ribbon. The
ri bbon of glass is conveyed into an annealing |lehr or cooling tunnel, where
it is cooled at a controll rate to,aphi ent .tenperature. The cool ed gl ass
has a flat, snooth surface BHCKEEQUNA PEINXERtON M of further finishing by
processes such as grinding and polishing. The float process has generally
been assumed to be the best nefitlddftherinfationcati ng | arge-area di spl ay

panel s, such as plasna display panels. d asses for plasma display panels
have several redqDie @ventien rédags Such familyi sfealniindsilichteaglatsee spltass phoul d
have a high r.ain point. Iri general, a strain point of at |east 580C is
needed to prBYEFRINELRBI2YPRRESrti on during display fabrication. However, it
is very difficult to form gl asses having high strain points, or glasses
whose form ng tenperatures are very high) in an enclosure containing nolten
tin. This is because tin has hi d?i’cggﬁlﬁ?dﬁﬂessures at tenperatures in excess
of 1050 to 1100C. At these high vapor pressures, the nolten tin wll

vapori ze and t heFhesddrsisanfeenmmersishdeepses far manufenturpgr flat glhsst sethé |flvat
furnace. The ndepsati-on e fi1Cd |y high,tq cr e what .i s
referred to %{g&sgi g" @éifﬁ)@t l%éesgizf%gktalino% rﬁﬁ%“%ﬁgg gils%’é“ eﬁgtléoﬁl;?[%?}%%led.
Anot her et hfachateintd afinng (ok bithythassonitsinkn tiyaid asetil e dint) AYpidaidyy iy ocess,

a process devel oped Cor ni ng I,ncorpogaat ed. The fusion draw process is a

ped b .
down 1  dr aW‘ﬁlr’éé’é‘sél)yheéF‘g‘é)SPF‘%‘Fé? fhedin bathy & qopolisddiprrerinberdaios of the t he
fusion draw g O¢RSfolen Pla8SAodtPhM BtedB!dut bh MSliduMd Bndn s fo@x?xtd?rayﬂét,r ough
and then overflows in a controlled manner fromeither side of the trough. A
key advant agentifiuqusirbben. otlesghbanofgheas istchaveyad frde an arfncaling lshemtcoglings s,
which is ultjpately forise Q i ntact with any refractory
material or OCRar VI oY lﬁé%glé]agiagrré:nﬁ {.mlg?(rzlig% hcet?) agrgebrlleerﬁict?m%‘?ratf’ fre %?eo%%oé%d:i s t hat
it yields a glessyhaslaaflatagshodthi §upfand yhat heq@hres Remini@bimgbBffithe ASinRhingstyl t, no
secondary processing.is needed to f) tain a snooth, flat, and uniform sheet
of gl ass forPrasesis aYchasArindue WALOISARE f usi on draw process requires gl asses
exhibiting a relatively high viscosity at the |iquidus tenperature.
Typical ly, it islheeBpatapioeess das ggeaerale hgempssugmedyiosbo sha bess methehdor ange of

105 to 106 j . ' ' e i f.or iC : bri ef
descr i pti on S gbp RL = AR [Vcls SHAFRSB0H, WEIG LR, “CRERE 0T} 2
manuscri pt eplhsnid dishliypaess hdvy sbretal iBqicknendg. [ sutheequiementincat tigpedi a of
Chem cal Technol ogy, ,Vol. 11, Third Edition, pp. 807-88Q (see pa%tgas

860- 863) . THeass FEOHH han‘a%\)"pﬁ?l’o‘éfé@sPQ‘%‘- SENTEs & SR POfY ofasleap ARt isnos.

3, 338, 696 anfleqedidprBite gQ&tl RidtrBiUE Auiify BRBIG thiticaPH M HoWePLr, IiMYGRE ON I N
one aspect) the invention relates to a glass conposition which conprises
59-66 nol %dHfERlt t4fem] glagsesphavingAhih3stradn Jois,0omglasges Nah@e ordirg. 5 nol %

KZO 2.5-9.0 | % CaO 0.0-3.0 i % O, ..0-3.0 | .% Sr0O. 0.0-3.0 | %
5o0) ana o defBrragheies wty dightn IR endlbiRErotaind; Soluin o ThSs Becdid O oo 1o
2 g1 355 COMOSALIfh Wy BeGQRR i 1fpSRRS kel & (050 41629, & Bl % ALO3

9
8.5-12.0 mol % Na~ .5 nmol % K~ .5-9.0 mol % CaO, 0.0-3.0 nmol %
MyO, 0. 0- 3. Chighovapds Biesyuray, the Indltemsin wilpapprizgrand thes subiequentlyGosicnsam0 and

Cher mal ~expamdebiety B BodspiEs. P syPisafo B GRECENT By B2 1

300C. In anqidued whgRefterrddn6 aé MUEAIH" 0N idaBbBthat $hodldRideyaloiRédduci ng a
gl ass panel for an el ectronic device which conprises nelting a gl ass

conprising 59-6 I % .Sl =18 Q 10k ~0~ X %,Na~O,
2.5-6.5 nol % %%&65%?‘9093"5%“?% ﬁ%%"éa > %ﬁdggn?f&omen@rs?%%l %‘%ﬂg&és/f 0 mol %
SrO, 0. 0- 3. (roneks BevBaPed diydCangnincoofubad:+ ST et Balbnadrdwdpravdsnds a dolinn sheet
of nolten glass fromthe nelt. O her features and advantages of -the
invention will be apparent fromthe foll ow ng description and the appended
clainms. Detail ed Description As pr evilousl y nentioned, glasses for plasma

di spl ay panel s have several requirenents. These requirenents include, but
are not limted to, high coefficient of thermal expansion (CTE)) high
strain point, |ow density, high electrical resistivity, chem cal

durability, and optical clarity. Enbodinments of the invention provide gl ass

= " e -t - £ o - o, T T r



3 as B03) PRCS, Li~O Y03, La,03) or ZnO Preferably, these outer
conponents do not exceed 3 nol %in total. Representative conpositions are
shown in Tables 1 and 2 below. It should be noted that the exanpl es shown
in Tables 1-and 2 are presented for illustration purposes only and are not
to be construed as limting the invention unless as otherw se descri bed
herein. For the exanples shown in Tables 1 and 2, the glass batches were
prepared to giael procdsgulsokeforrkdtoods the asaflaftmeocetsisinahe fulioa deampastdsi Sns wer e
typically nelted at, |60 0 1650C for approximately 6 to 16 hours in

pl ati num cr u8Pr @gplnﬂr@ghbﬁw%ﬁ‘l{‘bl%r%t%ggﬁg%a%&%‘ho\ﬁ’h%\% inacentiplledy agent .
The actual b [ j i ud Y, i & thic® " QK] or
conmpounds) V\hﬁl;rag%r f% Eﬁi&ri I@%% ddF?%cg ler?‘ﬁéeﬂrJ , RV\I/? ? had'?%ggggt (ﬁet PIS ?al:%(%ﬁg é:s ?r%gﬁi nts,

wi | | be convsrrfagelof the shaehglaske yihtabds oltinahsely iformededqes apecomy impontactowish  For
exanple, SrC03 apd CaC03 can provicde .t he source of SrQ a @]

respecti vel yz.myrrggrﬁ%to?:m %%sor Ehr%(gésjﬂl?%ﬁ%m%rﬁamPrp&ﬁ’g}ef :%Eréer}ﬁé)ﬁhe process
%d.2345Si Oz 60is5hakx h6dci@6la. o3 RAIRD Jhiforkdly. BicK. hidt. SFlHlastNaAG RkQi04. 410. 71
0. 3K~O4. 64. 54. 64. 84. 6\Mg02. 60. 00. 00. 00. 0Ca05. 38. 07. 06. 05. 8Sof t eni ng Poi nt

( C) 942923944520 3ENRINSEISINgdS perdae 10 289D ¥H9YBolat: and; ypiform sheet of glass

(o) ont ) 2. 4035" 2 3L gTeslors” B XSO By BB letivs tasses extibiing o

( ©) 1130108010 ¥6ivelyHigh ikcegiysittthe diquidne temprratdies THyAly3@is desirable to
.420. 751. 21_6200 Poi se Tenp.(C)) 66816381 4 Table 2

0,420, 751. 21, 6200 P s, Temp (O} SREISINGIYISHE0,L |, Jalle, 2 G s

9678910Si O, _A4n584nd6RGE0nRRRsSAL20315. 71 5. 616. 417. 017. ONa209. 910. 310. 810.

210. 9K204. 44. 04. 24. 63. 9My00. 00. 00. 00. 00. 0Ca05. 65. 75. 07. 57. 5Sof t eni ng Poi nt

C) 9499319499299 ¥ i : - o
bl o 65064064765%?5%{53%?%0?2&1%& %?g%g%ég%%‘loéﬁf?ﬁ’w&“s“ are given tn a

(gl cm) 2. 47 7T@amg6aptici@itied J6RsS0BY ND&F. Bdydl arnguDdusThompson, Encyclopedia of
C) 107510801Q0851090L.020Vi it th L quid .41, 01. . 4200
I(Doi) se Tenp ( %ﬁgl%iyééggﬁglé%’ghﬁ%&é’tg‘q%Ié’ﬂg§9’;"g$i éselei RAgeS gg%é '

chem cal andTRhYssigialdedW PRRksd &S aldetdberibradino .9, heatdi A96£S3,378, 69cC andlance
wi th techni ques conventional in the glass art. The softening points were

det er mi ned b36%hPY. beth ipued o NeckeB¥et ry. Annealing and strain points were
determ ned by beam bendi ng visconetry. CTE s were neasured using
dilatonmetry on heating fromroomtenperature (25C) to 300C. The reported

li qui dus tenperatures are t{anmprysof Iavertianure at which a crystal was
observed within a gl ass specinmen, not at an interface between air and gl ass

or glass and pl afi dHéraspdddEthk iifienelors rél@eP &5 atdlise cORPodTBES Whetth dindbrisbe
standard |iqui dus net hod,
59-66 mol % SiO,, 14.5-18.0 mol % Al,Os, 8.5-12.0 mol % Na,O, 2.5-6.5 mol %
K0, 2.5-9.0 mol % CaQ, 0.0-3.0 mol % MgO, 0.0-3.0 mol % SrO, 0.0-3.0 mol %

BaO, and 0-5 mol % MgO+SrO+BaO.

In another aspect, the invention relates to a glass composition which comprises
59-66 mol % SiO,, 14.5-18.0 mol % Al;O3, 8.5-12.0 mol % Na,O, 2.5-6.5 mol %
K-0, 2.5-9.0 mol % Ca0O, 0.0-3.0 mol % MgO, 0.0-3.0 mol % SrO, 0.0-3.0 mol %
BaO, and 0-5 mol % MgO+SrO+BaQO and exhibits a strain point of at least 640°C
and a linear coefficient of thermal expansion of 80 to 95 x 107/°C over a

temperature range of 25 to 300°C.

In another aspect, the invention relates to a method of producing a glass panel
for an electronic device which comprises melting a glass comprising 59-66 mol %

Si0a, 14.5-18.0 mol % Al:0;, 8.5-12.0 mol % Na»O, 2.5-6.5 mol % K0, 2.5-9.0
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whi ch invol ved placing crushed glass particles in a platinumboat, placing
the boat in a furnace having a region of gradient tenperatures, heating the
boat in an appropriate tenperature region for 24 hours, and determ ning by
means of 5 m croscopi ¢ exam nation the highest tenperature at which
crystals appear in the interior of the glass. Anong all the gl ass
conpositions shown in Tables 1 and 2) glass conposition 10 in Table 2 has

t he nost suim@ltﬂoé?a@b@m-ﬁm@tmdr%dﬂc(@r@/@immOb%)&Q 0i0e3.0 mdlc?diﬁi&,andm{ﬁ 200

Poi se t enper at reeti arret te ture th
conposi t | onsm?l%ﬁ‘@é]é ?&E’ r@’(‘&sgtf&‘BgB lia% jl’l? {ell-have

| i qui dus val ues | ess than 1100C) have vi sc05| t| es at the |iquidus in excess
of 400 kP, and &PEers{ratuees prsh adrsiages of wha inysntin wall thseappassng drom she

process. Th%ﬁ&@%%% ASn Lﬁé&‘?g%@ég‘i% in arange froma87-92 x 10-i/C

I n general range X 10-71C. Wile the invention has
been described with respect to a limted nunber of enbodi nents, those

skilled in the art, having b i i isclosure, wll apprematethat
ot her enbodi nents can be devmzéhgﬂﬂéﬁéé&k?“&l depart fromthe scope of the
invention as disclosed herein. The scope of the invention is defined by the
attached cl ai ns.Asprevigualyvmeniened; glassesi fiopPlasena display gragels @Sﬁpﬁ@wr@ﬁ on

2506, 5 nol apR. gyl s MheRyedioents @B 0

0. 0-3.0 nol therBaDexpnsion) (GTE), higinstrdin Ils{gﬁﬂer@-kBaﬁky, Righldlectatad sssiti@iposi ti on
of claim1 having, a liguidu te rature of 1100C or less. 3. The gl ass
conposi t i on GfMdabdyrrbility, aréfyv&'é‘ﬁ’(?gl"ﬁi“sa? fthe lfﬁvﬁfﬁl%L%o‘t‘é?rﬁlé?sat ure of

at | east 105:0%@1@0“43“1@@ £&! ﬁﬁﬁcaﬁﬁmﬁbatdegrfoP{;la&rh@HIHblll%so nd?ou*;@\{érga a

viscosity at a |l iquidus tenperature in excess of poi se. b.

gl ass conposirea displays vam)g ther&usioin drine pprcesse dipegificleaibodinkeatsi quhfamvr:mtmr
coefficient of ,th pansi on of 80 to 95 x 10-i/C over a tenperature
range of 25 atred‘?fﬁlglt?%ﬁb@loe{ﬁ'he gl ass conposition of claim5 having a linear

coefficient of thermal expansion of 0 92 X over .a fenperature
range of 25 to Ao Fass £OmpQIILgn Jauge, 6%5’5?5 ity fo ‘leé‘?‘i(}m rl;n‘h“"‘t HeeH%®c edi ng

cl ai ms_havi ngcladestthefolloRMgl 59 8%8a818% SiOAN43BH nidl ‘7T12\¢l(1]| #S3200MBP%I tion of
claim?7 having a strain point of at |east 640C. 9. The gl ass conposition of

any one of tN?eOpZédieilnwg%cKa@n%5‘l9&mhb% CamtkQ-3 0ol M@s‘ioérfbmgk%de
selcct e T oyt o o6 QP BRB! 514 09 154 B FBech A g d e pghddll, o1

Zn0 in a total anoun exte conposition
of any one ahaydlsd inslude buheBcdmpotnhes socimr BA:nB,Gat Ld2@a¥509m03, or ZnO.

Preferably, these other components do not exceed 5 mol % in total.

To limit alkali mobility, the molar ratio of NayK,O is preferably
approximately 1.0. However, a molar ratio of 1.2-3.0 is preferred in order to
minimize liquidus temperature. The alkalis are used to maintain a high coefficient
of thermal expansion (CTE). CaO and MgO limit alkali mobility and flux the melt
at relatively high temperatures while helping to maintain a high strain point. The
higher atomic weight cations, such as Ba™ or La®*, increase the density of the glass.
B2O; generally lowers the viscosity of the glass and improves the liquidus

temperature. B,Os also lowers the strain point and CTE of the glass.

A preferred glass composition range is as follows: 60-65 mol % SiO,, 15.5-
17.0 mol % Al,0;3, 9.5-11.0 mol % Na»O, 3.5-5.5 mol % K,O, 3.5-8.0 mol % CaO,
0.0-2.0 mol % MgO, 0.0-2.0 mol % SrO, 0.0-2.0 mol % BaO, and 0-3 mol %

MgO+SrO+Ba0O. The glass compositions may also include other components, such

3



oxi de selected fromthe group consisting of B203, P205, Li20, Y203, La203,
and Zn0O in a total anmount not exceeding 3 nol % 11. The gl ass conposition
of any one of the preceding clains wherein a nolar ratio of Na20 to K20 is
approximately 1.0. 12. The glass conposition of any one of clains 1.-to 10,
wherein a nolar ratio of Na20 to K20 is in a range from1.2 to 3.0. 13. The
gl ass conposition of any one of clains 1 to 11 conprising 60-65 nmol % Si 02,
15.5-17. 0 nods BAOAIPAR, LHOH-YLD;0La30k, SR OPreBerbblf, thestthdockRPoneutbdd. 0 ol
CaO, 0.0-2.0 mol % MO, 0.0-2.0 mol % SrO, 0.0-2.0 mol % BaO, and 0.0-3.0
mol  MyO+Sr 0-/Eiexceed 3 molgh ax0tdlonposi ti on conpri sing 59-66 mol % Si 02,
14.5-18.0 mol % A1203, 8.5 12.0 nmol % Na20, 2.5-6.5 mol % K20, 2.5-9.0 nol
% CaQ, 0.0-3.0 ndpresengye erap@it@nprale sho®n O Tabids 0aad 3 belown| It $hd®ddbe 15. The

gl ass conposij ti f, clLaim.,14,, conpri-si 60- mol % Sj Q2, 15.5-17.0 nol
ALz03, "o b 10t M toe REEPIES suSRTR bR, 132 8 ardlsrled Top Hisditigi 0 5
ol MyO, 0. Oputpdiesihly’afd @Qre Q0 t&.b8- conkriddl addiBalhg UR inMBRtiGH afRss as

conposition of claim14 or 15, wherein MyO+Sr0+Ba0 are present in a total
amount of 0-%hefwiseodesaribedheeein X8 theosnspplasi hawafin diapiesl1apdot, ths glagher ei n

My0+Sr 0+Ba0 i . D < .0 ass
conposition %%?%&%E%%Q%% %‘P%‘% %i Og QE fg%‘:?g)slgmgwfrst‘) B, f%%flcfg)’gqos@.o g_l, 12.0
mol % Na20, Werdtypicallyoheltadkie 0600203690 foo hppre GadrelP6 & B Kourdin Plathdy@

0.0-3.0 mol %SO 0.0-3.0.mol % BaO, and Q-5. . % My0+S,0+BaQ, |, t he
Sommusi t on ChePiEt- Risenis axidEmay BEREl oA st qtiad Sning Aot Je poniah s
coefficient jafrelildfis'mhy SxddadeshidiNmaleridl diBe®8xiteslOr cdfpsMBS, WhicBNREEAL U €
range of 25 to 300C. 19. The gl ass conposition of clalim18 having a

|'i qui dus t enpelfedttogashass with deeother hagehcompgnenty, avil by senvesap éntp theodesiséd ¢l ai m

gl ass

18 19 havyj ' | : (=101 | 05
poi So. 21, Hias SRR ofhulne, | A SRl TSREOTHM Lot Bl pBRRE LMY oy

| i qui dus t enqoarcatofiBe0 and ExOeespeapfivelyx 105 poi se. 22. The gl ass conposition
of any one of clainms 18 to 21 conprising 60-65 nol % Si 02, 15.5-17.0 nmol %

. 0 _ 0 -
A1203, 9.5-11.0 mol % I\Iazpaiblc3 lz%lgS'SSCOrrn%l)osx{?olggﬂd l?’r'ogcl%éso ol

mol %
1 2 3 4 5

SiO, 60.5 60.5 61.0 61.5 63.0
ALO; 17.1 17.0 17.0 17.0 16.3
Na,O 9.9 10.0 10.4 10.7 10.3
K>0O 4.6 4.5 4.6 4.8 4.6
MgO 2.6 0.0 0.0 0.0 0.0
Ca0O 5.3 8.0 7.0 6.0 5.8
Softening Point (°C) 942 923 944 944 955
Annealing Point 701 693 703 699 699
Strain Point 651 643 652 647 647
CTE (x 107/°C) 87 90 91 92 90
Density (g/cm’) 2.493 2.518 2.502 2.493 2.485
Internal Liquidus (°C) 1130 1080 1075 1065 1060
Viscosity at the 0.30 ‘042 0.75 1.2 1.6
Liquidus (MP)

200 Poise Temp (°C) 1668 1638 1670 1695 1730




CaO 0.0-2.0 mol % MO, 0.0-2.0 mol % SrO 0.0-2.0 nol % BaO, and 0.0-3.0
mol MyO+Sr0+BaO. 23. A glass substrate for an el ectronic display device,
conprising 59-66 mol % Si 02, 14.5-18.0 nol % A1203, 8.5-12.0 nol % Na20,
2.5-6.5 nmol % K20, 2.5-9.0 mol CaO 0.0-3.0 nol % MgO, 0.0-3.0 nol % SrQ,
0.0-3.0 mol % BaO and 0.0-5.0 nmol My0+Sr0+BaO. 24. A gl ass substrate for
an el ectronic display device, conprising: a flat, transparent gl ass
exhibiting a strain point of at |east 640C and a |inear coefficient of

t hermal expansion of 80 to 95 x 10"'/C over a tenperature range of 25 to
300C, the glass conpri si % SI1.02, 14 0 nmol % A1203,
8.5-12.0 nol % Na20, 2. o Bl g dtady posyiofs @“doprﬁB‘fr% Ca0, 0.0-3.0 mol %

MO, 0. 0- 0. 3—pl—% S-rO—0-0-3—0—+wl—%BaO—and—0 O0—ret—9%-MgB+Sr-6+BaO.
25. A gl asq substrate for ap el ectronic displ aﬁ“"(!l??/l ce, wherein the g|ass
has a gl asq Tonmposition accprdigg tq any onejof glaifs L ¢go 2F. Zp A
nmet hod of gdroducing a glass|panel far an el egtronic device, cbnprising:
nelting a qlsi®s batch corrpr Si ﬁg559- 6664{!1 % Si 626 | 4. 56:0&0 ol 608 A1R03,
8.5 12.0 | % Na20,—2-5-6-5 06-K20- D-—0—1o Ca o) D—3-0—+ret MO,
0.0-3.0 rol| % Q 0.0-3.0 T/ﬁ BaQ), 050 - 5184 ol @3+°5r0+5a [Oang
drawi ng a tfiftAgSheer of nol en hasy Trgm the mehk. 47. et hod@H
produci ng d gl'ass panel forlan electironic deyice, conprising.{nmeltingla
gl ass batch K&ving a gl ass conpsi tijon 4bcor di ngt.2 0 gny he of cl3aﬂ ms 1to
22; and dr gw n" a—sheet—oft—glass ‘*”..,os.u rptH-—28—Theethpd 0 I m 26
or 27, V\hereME t he gl ass sh<=etaqa(§ rawn-0y t he fusion dr pr pcess. 13
.A@Afe. A .[IEGARPY A AL YT Al @FNC[ALayl ?V[a 50 75 75

Softening Point (°C) 949 931 949 929 952

Annealing Point 701 691 701 701 703

Strain Point 650 640 647 652 655

CTE (x 107/°C) 88 87 88 87 89

Density (g/cm’) 2.477 2.485 2.479 2.506 2.509

Internal Liquidus (°C) 1075 1080 1085 1090 1020

Viscosity at the 1.4 1.0 14 0.44 24

Liquidus (MP)

200 Poise Temp (°C) 1770 1760 1770 1659 1656

Tables 1 and 2 also list several chemical and physical properties determined
on the glasses in accordance with techniques conventional in the glass art. The
softening points were determined by parallel plate viscometry. Annealing and strain
points were determined by beam bending viscometry. CTE’s were measured using
dilatometry on heating from room temperature (25°C) to 300°C. The reported
liquidus temperatures are the highest temperature at which a crystal was observed
within a glass specimen, not at an interface between air and glass or glass and
platinum. The liquidus temperature was measured via the standard liquidus method,
which involved placing crushed glass particles in a platinum boat, placing the boat
in a furnace having a region of gradient temperatures, heating the boat in an

appropriate temperature region for 24 hours, and determining by means of



p*, AHv] | w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
J]ca] ca]ca] ca] ca]ca] ca]ca]ca]calcaV]cTa]cTal ]JF8]!!!! #53$$$&%a%0Re&&' P U ') J+
O+} xsni d_Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] ca]ca] ca] ca]ca] ca]ca]ca! O+tV+j ++,1,,-}-.)../#/ p// OHOMIO01ul112g2
23

37333%4} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca]ca]ca]calc
a] ca] ca] ca] cajceato@d cadrampiar de) bighesa|teapdiudd 45 which 5o adtay b F&E388OB9990: =

g <<}xsn|‘6teﬂ]’] efiie 8428 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] cal ca] ca] ca/]ca] c ]ca] ca] ca] ca] ca] cal! <<Q=s====A>>>>?§&?) ?7859B9990: =: : :;
e: mong all the glass compositions shown in Tables 1 and 2, glass composition

e B A o
7O100BE () - S rOIBE () 5 0RE () oy ZLOE (RO (1 10UBE o8
p_ @0yB@| 1éseg excep n{‘@%gﬁ%?p%&&ﬁm ip %%Og hayg liquidus values less tg
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While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. The scope of the invention is defined by

the attached claims.



10%& ()-f3m0%& ()- 10 10 10&<  109&' ()-JFdJEbC! |, 5f
Z10%& ()-fZ10%& ()-fmo%m& ()-fSZ10%&' () -
fZ10%& ()-f, Z10%& ()-8]iJOCK! 10%& ()- K!'10%& ()- K!10%& () -
f310%& ()-f 10%& ()-fYZ1I0%h& ()-fZ10%& ()-gH K 10%& ()- K! 10%& () -
-KI 109%h& () - /Kx6z! Kl 10%h& ()- K 109%0& ()- K 10%h& ()- sY:)K! 109% 10%& () -
UK 109 & ()- /Kx6z! KI10%& ()- K 10%& ()- K 10%h& ()- T:)K!H 109! 10%& () -
[ Kx6z! KI 10%& ()- K 10%& ()- K 10%& ()- K 10%& ()- e5) K/ Kx6z! Kl 10%& () -
KI10%& ()- KI10%& ()- K 10%& () -cKaingd& () - 1J) K/ Kx6z! Kl 10%h& () -
Kl 1090& ()- K 10%h& ()- K 10%h& ()-

What is claimed is:

1. A glass composition comprising 59-66 mol % SiO,, 14.5-18.0 mol % Al,O;, 8.5-
12.0 mol % Nay0, 2.5-6.5 mol % K;0, 2.5-9.0 mol % CaO, 0.0-3.0 mol % MgO,
0.0-3.0 mol % SrO, 0.0-3.0 mol % BaO, and 0.0-5.0 mol % MgO+SrO+BaO.

2. The glass composition of claim 1 having a liquidus temperature of 1100°C or less.

3. The glass composition of claim 1 or 2 having a viscosity at a liquidus temperature

of at least 10° poise.

4. The glass composition of claim 1 or 2 having a viscosity at a liquidus temperature

in excess of 4 x 10° poise.

5. The glass composition of any one of the preceding claims having a linear
coefficient of thermal expansion of 80 to 95 x 107/°C over a temperature range of

25 to 300°C.

6. The glass composition of claim 5 having a linear coefficient of thermal expansion

of 87 to 92 x 10”/°C over a temperature range of 25 to 300°C.

7. The glass composition of any one of the preceding claims having a strain point
greater than 580°C.

8. The glass composition of claim 7 having a strain point of at least 640°C.

9. The glass composition of any one of the preceding claims further comprising at

least one oxide selected from the group consisting of B,O;, P,0s, Li;O, Y,0s,

Lay0;3, and ZnO in a total amount not exceeding 5 mol %.
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oxide selected from the group consisting of B,0s, P,0s, Li;O, Y0, LayOs, and

Zn0O in a total amount not exceeding 3 mol %.

11.  The glass composition of any one of the preceding claims wherein a molar ratio of

NayO to K,O is approximately 1.0.

12. The glass composition of any one of claims 1 to 10, wherein a molar ratio of Na,O

to K,0O is in a range from 1.2 to 3.0.

13.  The glass composition of any one of claims 1 to 11 comprising 60-65 mol % SiO,,
15.5-17.0 mol % Al;03, 9.5-11.0 mol % Na,0, 3.5-5.5 mol % K50, 3.5-8.0 mol %
Ca0, 0.0-2.0 mol % MgO, 0.0-2.0 mol % SrO, 0.0-2.0 mol % BaO, and 0.0-3.0 mol
% MgO+SrO+BaO.

14. A glass composition comprising 59-66 mol % SiO,, 14.5-18.0 mol % Al O, 8.5-
12.0 mol % Na0, 2.5-6.5 mol % K50, 2.5-9.0 mol % CaO, 0.0-3.0 mol % MgO,
0.0-3.0 mol % SrO, and 0.0-3.0 mol % BaO.

15.  The glass composition of claim 14, comprising 60-65 mol % SiO,, 15.5-17.0 mol %
AL O3, 9.5-11.0 mol % NayO, 3.5-5.5 mol % K0, 3.5-8.0 mol % CaO, 0.0-2.0 mol
% MgO, 0.0-2.0 mol % SrO, and 0.0-2.0 mol % BaO.

16. The glass composition of claim 14 or 15, wherein MgO+SrO+BaO are present in a

total amount of 0-5 mol %.

17.  The glass composition of claim 14 or 15, wherein MgO+SrO+BaO are present in a

total amount of 0-3 mol %.
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KE109& {4 - T 4! dlads'colnpbtifib 88mptist e 86566 mol % 114 4(3-18.0 mol % ALOs, 8.5-
12.0 mol % NayO, 2.5-6.5 mol % K50, 2.5-9.0 mol % Ca0O, 0.0-3.0 mol % MgO,
0.0-3.0 mol % SrO, 0.0-3.0 mol % BaO, and 0-5 mol % MgO+SrO+BaO, the glass
composition exhibiting a strain point of at least 640°C and a linear coefficient of

thermal expansion of 80 to 95 x 10”7/°C over a temperature range of 25 to 300°C.
19.  The glass composition of claim 18 having a liquidus temperature of 1100°C or less.

20.  The glass composition of claim 18 or 19 having a viscosity at a liquidus

temperature of at least 10° poise.

21.  The glass composition of claim 18 or 19 having a viscosity at a liquidus

temperature in excess of 4 x 10° poise.

22. The glass composition of any one of claims 18 to 21 comprising 60-65 mol % SiO,,
15.5-17.0 mol % AL O3, 9.5-11.0 mol % Na,0, 3.5-5.5 mol % K,0, 3.5-8.0 mol %
Ca0, 0.0-2.0 mol % MgO, 0.0-2.0 mol % SrO, 0.0-2.0 mol % BaO, and 0.0-3.0 mol
% MgO+SrO+BaO.

23. A glass substrate for an electronic display device, comprising 59-66 mol % SiO,,
14.5-18.0 mol % Al,0O3, 8.5-12.0 mol % Na,0, 2.5-6.5 mol % K0, 2.5-9.0 mol %
Ca0, 0.0-3.0 mol % MgO, 0.0-3.0 mol % SrO, 0.0-3.0 mol % BaO, and 0.0-5.0 mol
% MgO+SrO+BaO.

24, A glass substrate for an electronic display device, comprising:

a flat, transparent glass exhibiting a strain point of at least 640°C and a linear
coefficient of thermal expansion of 80 to 95 x 107/°C over a temperature
range of 25 to 300°C, the glass comprising 59-66 mol % SiO,, 14.5-18.0
mol % AlLOs, 8.5-12.0 mol % Na,0, 2.5-6.5 mol % K0, 2.5-9.0 mol %
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