SP09- 155PCT FUSI ON FOR] X[ ABLE SODI UM CONTAI NI NG GLASS [0001] This
application clains the benefit of priority to US Provisional Application
Nunber 6IW028B8B8IBI ed on May 29, 2009 and to U S Appl i eaTiusaoisiosdser
12787711 filed on May 26, 2010. BACKGROUND Fi el d [0002] Enbodi nents rel ate
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Field

[0002] Embodiments relate generally to sodium containing
glasses and more particularly to fusion formable sodium
containing glasses which may be useful in photochromic,
electrochromic, Organic Light Emitting Diode (OLED) lighting,
or photovoltaic applications, for example, thin film
photovoltaics.

Technical Background
[0003] The fusion forming process typically produces flat glass
with optimal surface and geometric characteristics useful for
many electronics applications, for instance, substrates used
in electronics applications, for example, display glass for
LCD televisions.
[0004] Over the last 10 years, Corning fusion glass products
include 1737F™, 1737G™, Eagle2000F™, EagleXG™, Jade™, and

Codes 1317 and 2317 (Gorilla Glass™). Efficient melting is
generally believed to occur at a temperature corresponding to
a melt viscosity of about 200 poise (p). These glasses share
in common 200p temperatures in excess of 1600°C, which can
translate to accelerated tank and electrode corrosion, greater
challenges for fining due to still more elevated finer
temperatures, and/or reduced platinum system life time,
particularly around the finer. Many have temperatures at 3000
poise in excess of about 1300°C, and since this is a typical

viscosity for an optical stirrer, the high temperatures at
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in common 20Qp tenperatures in excess of 1600 OC , which can translate to
accel erated tank and el ectrode corrosion, greater challenges for fining due
to still worelosi3sssat ed finer tenperatures, and/ or reduc@®dTAlSae10/08637EySt em
life tinme, particularly around the finer. Many have tenperatures at 3000
poi se in excess of about 1300 OC, and since this is a typi cstad 9Vf$%g:§.] ty
for an optical stirrer, the high tenperatures at SP09- 155PCT 19513 osity

can translate 40, excesslye siidrare weare ands & \wvated: | evels, 0f 5 pd ati num
defects in the body of the glass. [0005] Many of the above descri bed
gl assess kewat afbl iareg s tehpelat ures defexvesisn ofhd 200100L Erml 33 $s can

contrib creep.of. isopipe refractory terials, particularly for |arge
sheet swz(gosftfﬁ[“f)l%G{?fT %eseg}agl ?i%% %El%%%b?gagsg%sa%a 15 ﬁgle%ll‘t]eﬂ/ow (because
of sl owdmldrd@alles) in tex@ecel f at® @Essetandet@nisoahn entiro buekece or ebui | ds
on tinmescal es nmuch shorter than product |ifetinmes, to force unacceptable
(ar seni €)CP ¢xpeh3TRAP T cap'sia @)Clor T et afys (RitUurf %13 hg) L Sol triShs to
defect gliminatjon, and thus contribute in significant ways to the cost of
manuf acturing glass . [0007] In applications in which rather thick,

conpar ai00@8 yThewe cast rghassswithbiegsssexstsehe properfies ilseceagqsered,

(hose ol BR8SRal S oS ¥ YOI L DUl IONLBIL el expenil V2,12
rebuilds on timescales much shorter than product lifetimes, to
force unacceptable (arsenic), expensive (capsule) or unwieldy
(vacuum fining) solutions to defect elimination, and thus
contribute in significant ways to the cost of manufacturing
glass.

[0007] In applications in which rather thick, comparatively
low-cost glass with less extreme properties is required, these
glasses are not only overkill, but prohibitively expensive to
manufacture. This is particularly true when the competitive
materials are made by the float process, a very good process
for producing low cost glass with rather conventional
properties. In applications that are cost sensitive, such as
large-area photovoltaic panels and OLED lighting, this cost
differential is so large as to make the price point of LCD-
type glasses unacceptable.

[0008] To reduce such costs, it is advantageous to drive down
the largest overall contributors (outside of finishing), and
many of these track directly with the temperatures used in the
melting and forming process. Therefore, there is a need for a
glass that melts at a lower temperature than those
aforementioned glasses.

[0009] Further, it would be advantageous to have a glass useful
for low temperature applications, for instance, photovoltaic

and OLED light applications. Further, it would be
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materials are made b y the float process, a very good process for producing
| ow cost glass with rather conventional properties. In applications that
are cost wWOneiwiss@s such as | arge-area photovoltai c pan@C3/iseel0QBEmM
lighting, this cost differential is so large as to make the price point of
LCDt ype gl asses unacceptable. [0008] To reduce such costs, it |

advant ageous to drive down the |argest overall contributors épé)@f]sqsgg

fi ni shisiglan: ARy, afaddesestrackntisectiscaidind hedemanaty es used in

the nelting and form ng process. Therefore, there is a need for a gl ass
t hat netexe atowa emmht@rm@r@tmr@nwmttmwaﬁfbr@t@rﬁlaﬁfedﬂcgﬂaﬂsmt [ 0009]
Further, it woul d be advant ageous 1o aE | ass uslefu f or Iow

(1% Hopt 1 Cat16nac Bvor tH e drt GED 11 yht

tenpera%ure appli i ons, f'or- i neta e
appl i catimpingg turddes, it woul d beSP09- 155PCT advant ageous to have a gl ass
whose processing tenperatures were | ow enough that the manufacturing of the
gl ass vvoul d not excessively consunelB®B¥ergy that these applications are

ai mng [y FRAVE: c SHIDLARY, 1[19919in§eCQW?&&E&HD%HEQ}E'Q@ of ; § Hsggpainornabl e,

hi gh st ra| n p0| nt sodi um contai ni ng al um nosiTicate and boroalum nosilicate
gl assesasef i qd fuwr-exargl rei,nd arlunmime$ i 1l matotaowdl t ai ¢ applications are
descr| ed h umlnogkﬁlcate glasses useful, for example, for thin-film
photovoltaic applications are described herein. More
specifically, these glasses are advantageous materials to be
used in copper indium gallium diselenide (CIGS) photovoltaic
modules where the sodium required to optimize cell efficiency
is to be derived from the substrate glass. Current CIGS
module substrates are typically made from soda-lime glass
sheet that has been manufactured by the float process.
However, use of higher strain point glass substrates can
enable higher temperature CIGS processing, which is expected
to translate into desirable improvements in cell efficiency.
Moreover, it may be that the smoother surface of fusion-formed
glass sheets yields additional benefits, such as improved film
adhesion, etc.

[0011] Accordingly, the sodium-containing glasses described
herein can be characterized by strain points 2 540°C so as to
provide advantage with respect to soda-lime glass and/or
ligquidus viscosity 2 50,000 poise to allow manufacture via the
fusion process. In order to avoid thermal expansion mismatch
between the substrate and CIGS layer, the inventive glasses
are further characterized by a thermal expansion coefficient
in the range of from 6.5 to 9.5 ppm/°C. In one embodiment, the
glass 1s fusion formable and has a strain point of 540°C or

greater, a coefficient of thermal expansion of 50 x 1077 or
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8 to 25 percent total M;0; and

0 to 50 percent total RO;
wherein, M is an alkali metal selected from Na, K, Li,

Rb, and Cs and wherein the glass comprises at least 1 weight
percent Na;0; and wherein, R is an alkaline earth metal
selected from Mg, Ca, Ba, and Sr.
[0013] Another embodiment is a glass consisting essentially
of, in weight percent:

50 to 75 percent Si0y;

1 to 20 percent Al,03;
to 3 percent TiOy;
to 10 percent BR,03;
to 25 percent total M;0; and

o o O O

to 50 percent total RO;
wherein, M is an alkali metal selected from Na, K, Li,

Rb, and Cs and wherein the glass comprises at least 1 weight
percent Na;0; and wherein, R is an alkaline earth metal
selected from Mg, Ca, Ba, and Sr.
[0014] A glass comprising, in weight percent:

50 to 75 percent Si0y;

1 to 20 percent Al,03;

0 to 3 percent TiOy;

0 to 4 percent MgO;

0 to 10 percent By0s3;



[0012] One enbodinment is a glass conprising, in weight percent : 50 to 75

percent SiQ2; 1 to 2 0 percent Al2Q3; 0 to 3 percent Ti2; 0 to 10 percent
B2Q3; 8 two2b1peseent total M2O ; and O to 50 percent t@CAIUSROV/O03432rein, M
is an al kali metal selected fromNa, K, Li, Rb, and Cs and wherein the

gl ass conprises at |least 1 weight percent Na20 ; and wherei R j

al kaline earth rret al selected fromM, Ca, Ba, and Sr. [001%130&1@#@&

enbodi mrent is g ghass %g@gbgtci @gt§§3ﬁ%l ally of, in weight percent: 50 to
75 percent Si Q2 ; lto 0 percent 0O to 3 percent TiQ2; 0 to 10

percent B20B; 8cte 25aperdentrtenal thMR@Ll; Rand 0 to 50 percent total RQ

wher ei n, |V|I earnelarllk 'lmetal eI ecte glrosm l\éadted f [\% Ign%Cs and
wherein the g ass conprises a east wei g percen HNa nd ‘wherein, R

i s an akaldme earddd metate selecd &ﬂlafsf@rﬁd\@;rlcé?es Bag Mlﬁstsrl welght
percent Na;0; and wherein, R is an alkaline earth metal
selected from Mg, Ca, Ba, and Sr, wherein the glass is fusion
formable and has a strain point of 540°C or greater, a
coefficient of thermal expansion of 50 x 107’ or greater, and
having a liquidus wviscosity of 150,000 poise or greater.
[0015] Additional features and advantages will be set forth in
the detailed description which follows, and in part will be
readily apparent to those skilled in the art from the
description or recognized by practicing the invention as
described in the written description and claims hereof.
[0016] It is to be understood that both the foregoing general
description and the following detailed description are merely
exemplary of the invention, and are intended to provide an
overview or framework for understanding the nature and

character of the invention as it 1s claimed.

DETAILED DESCRIPTION

[0017] Reference will now be made in detail to various
embodiments of the invention.

[0018] As used herein, the term “substrate” can be used to
describe either a substrate or a superstrate depending on the
configuration of the photovoltaic cell. For example, the
substrate is a superstrate, if when assembled into a
photovoltaic cell, it is on the light incident side of a
photovoltaic cell. The superstrate can provide protection for
the photovoltaic materials from impact and environmental
degradation while allowing transmission of the appropriate

wavelengths of the solar spectrum. Further, multiple



[0014] A glass conprising, in weight percent: 50 to 75 percent SiQ2; 1 to 2
0 percent Al203; 0 to 3 percent TiQ2; 0 to 4 percent MO 0 to 10 percent
B203; SPOWO2RBROBS®G8t 0 25 percent total M2O ; and | ess tir@m/UB201p@8Esent t ot al
RO wherein, Mis an alkali netal selected fromNa, K, Li, Rb, and Cs and
wherein the gl ass conprises at |least 1 weight percent Na O ; d g? ein, R
is an al kaline earth nmetal selected fromM, Ca, Ba, and Sr,S]gagtﬂ'5 i ?F t he
gl ass ighdwsion o bl g and, has A sifad point; A oAR, OG ofc HEALRL, a
coefficient of thernmal expansion of 50 x 10~7 or greater, and having a
| i qui dhatiscosiayc gleviiBls 00O pis seridre (rigdter .a [0915] Addidulnalof eat ur es
and ad\%aongages wll be set forth in the detail ed description which follows,
and in‘part"will be readily apparent to those skilled in the art fromthe
descri ptoGaeprsrecegnheedihy practéennvadhecénventionoasddesacetibgd in the
witten description and clains hereof. [0016] It is to be understood that
bot h t HE¥EF elgbi TP Hererat Lieser i grd G eaid The ot ishiTry det didedot
descri pid oy, 306 IRLR| Yo Sl apypleddie dunant | o A are dutanded to
provi de an overview or framework for understanding the nature and

can have other layers and/or structures disposed between them.

[0020] One embodiment is a glass comprising, in weight
percent:
50 to 75 percent Si0y;
1 to 20 percent Al,03;
to 3 percent TiOy;
to 10 percent BR,03;
to 25 percent total M;0; and

o o O O

to 50 percent total RO;
wherein, M is an alkali metal selected from Na, K, Li,

Rb, and Cs and wherein the glass comprises at least 1 weight
percent Na;0; and wherein, R is an alkaline earth metal
selected from Mg, Ca, Ba, and Sr.
[0021] A glass comprising, in weight percent:

50 to 75 percent Si0y;
to 20 percent Al,0s3;
to 3 percent TiOy;
to 4 percent MgO;
to 10 percent BR,03;

co o o o =

to 25 percent total M;0; and
less than 14 percent total RO;

wherein, M is an alkali metal selected from Na, K,
Li, Rb, and Cs and wherein the glass comprises at least
1 weight percent Na,0; and wherein, R is an alkaline
earth metal selected from Mg, Ca, Ba, and Sr, wherein

the glass is fusion formable and has a strain point of



character of the invention as it is clainmed. DETAI LED DESCRI PTI ON [ 0017]

Ref erence wll now be nade in detail to various enbodi nents of the

i nvent i orvO[20001183698 s used herein, the term "substrate" PCAAUSRE0O3ESA t O
describe either a substrate or a superstrate depending on the configuration
of the photovoltaic cell. For exanple, the substrate is a s (S i f
when assenbled into a photovoltaic cell, it is on the Iight%ﬁﬁ@Fggﬁkﬁéide

of a photovol tayg-eebl. jTharguperstrate;capnpr avi dacprateekbanshion bhe
photovol taic materials ?ron1|npact and environnental degradation while

al l owi ng transfPssi A ofoxt e capyroprizat 6 asey elhenmytls (01C t eds dlaarirspect r um
Furt her, nultiBI§SP09-155PCT ho%ovoltﬁgg 6%bls can be arran%ed into a
Sity of. I

phot ovol tai c noduﬁgPlBH8t8§8 AFEYdevi 8 ean dBSerFhe et Rar a‘cell, a

modul e, [@0230LBco FA0AY] t Asotisedmbed ehdnt | hehéegasadiagent secan be defined
as being in clgsetproxi pet¥enAdsaeent structures nmay or may not be in
physi cal contact with each other. Adjacent structures can have ot her |ayers
and/ or structufe§odildpBsEdepét weedr 't hem [0020] One enbodinent is a gl ass
zfgggising, i”o“@kgatpg?EQE@tTio§P to 75 percent Si2; 1 to 2 0 percent

0 to 8 percent BR,03;

8 to 25 percent total M;0; and
0 to 50 percent total RO.
[0023] According to another embodiment, the glass comprises:
55 to 72 percent Si0y;
2 to 9 percent Al,03;
0 to 3 percent TiOy;
0 to 8 percent BR,03;
8 to 20 percent total M;0; and
0 to 30 percent total RO;
wherein, the glass comprises at least 2 weight percent
Na,O.
[0024] In another embodiment, the glass comprises:
1 to 8 percent Nay0;
to 16 percent K,;0;
to 8 percent MgO;
to 7 percent Cal;
to 7 percent Sr0; and

o o o o ul

to 21 percent BaO.

[0025] In another embodiment, the glass comprises:
2 to 5 percent Nay0;
8 to 15 percent K;0;

to 5 percent MgO;

to 6 percent Caly;

to 6 percent Sr0; and

o o = O

to 12 percent BaO.
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O to 3 percent TiO2; 0 to 10 percent B20O3; 8 to 25 percent total MO ; and
0O to 50 percent total RGO wherein, Mis an alkali netal selected fromNa, K
, Li, Rb,wendidsse@sd wherein the glass conprises at | ea®CTAUSMHOHBE37per cent
Na20 ; and wherein, Ris an alkaline earth nmetal selected fromM, Ca, Ba,

and Sr. [0021] A glass conprising, in weight percent: 50 to p
SS2; 1to 2 0 percent Al203; 0 to 3 percent Ti2; 0 to 4 pegpg)gngs%g 0Oto

10 per cRiY28RRB; aBotBe 2o RESSENENE O Bhe 2O, 5 s ARG} BSSe L han 14 percent total
RO wherein,” Mis an alkali netal selected from , K, Li, Rb, and Cs and

wherein the gl assteorprbs€s: at | east 1 wei ght percent Na20 ; and wherein, R
is an alkali ne,e Btlhrr?tl% selected fromM, Ca, Ba, and Sr, wherein the
glass is fusion formb atid has a strain point of SP09- 155PCT 540C or
greater, a coeBficei ent tetattheronl agxpansi on of 50 x 10 7 or greater, T200
| ess t han 163000%0, 4%ngogg\ii gg.a | i qui dus viscosity of 150,000 poise or
greater. ;
wherein, M is an alkali metal selected from Na, K, Li,
Rb, and Cs and wherein the glass comprises at least 1 weight
percent Na;0; and wherein, R is an alkaline earth metal
selected from Mg, Ca, Ba, and Sr.
[0027] In another embodiment, the glass comprises:
53 to 71 Si0y;
2 to 17 Al,03;
8 to 22 total M;0O; and
0 to 40 total RO;
wherein, M is an alkali metal selected from Na, K, Li,
Rb, and Cs and wherein the glass comprises at least 1 weight
percent Na;0; and wherein, R is an alkaline earth metal
selected from Mg, Ca, Ba, and Sr.
[0028] In another embodiment, the glass comprises:
65 to 76 SiOy;
to 7 Al,05;
.5 to 5 Nay0;
.5 to 11 Ky0;
to 8 MgO;
to 7 CalO; and

[ RN = T O 1 N O

to 6 Bal.

[0029] The glass, in one embodiment, is rollable. The glass,
in one embodiment, is down-drawable. The glass can be slot
drawn or fusion drawn, for example. According to another
embodiment the glass can be float formed.

[0030] The glass can further comprise 3 weight percent or less,

for example, 0 to 3 weight percent, for example, greater than



[ 0022] According to one enbodi nent, the glass conprises: 53 to 72 percent
Si2; 2 to 17 percent Al2Q3; 0 to 3 percent Ti2; 0 to 8 percent B2Q3; 8 to
25 per cerwonotoal3sdyBO ; and 0 to 50 percent total RO [ 0®PRIUSAcom8@’hg t o
anot her enbodi nent, the glass conprises: 55 to 72 percent SiQ2; 2 to 9

percent Al 203; 0 to 3 percent TiO2; 0 to 8 percent B2G3; 8 tssopén]%rs?@ércent
total MO ; and O to 30 percent total RO wherein, the glas Irbrrsds at

least 2y wel ghty,penicenteNaZQ . £0024] g anot hey erhodients rddie: gl ass
conprises: 1 to 8 percent Na20 ; 5 to 16 percent K20, 0 'to 8 percent MG

0 to 7 DPercehMnOCa®ny 75 petaent T8pQ;, aid,04r22 1:(er dend: BadEOL,0025] In

a”OtheQx%ﬂbqgkﬂfn%%g&Q9<9&%§SA%QHRrH§§§g, Cl, Br, or combinations
thereof. In some embodiments, the glass is substantially free
of Zr0,. 1In some embodiments, the glass is substantially free
of Zn0O. The glass, in one embodiment, comprises 3 weight
percent or less, for example, 0 to 3 weight percent, for
example, greater than 0 to 3 weight percent, for example, 1 to
3 weight percent of TiO,.
[0031] As mentioned above, the glasses, according some
embodiments, comprise 0 to 10 weight percent, for example,
greater than 0 to 10 weight percent B,;0;, for example, 0.5 to
10 weight percent B,;0;, for example 1 to 10 weight percent B;0s.
B,03 is added to the glass to reduce melting temperature, to
decrease liquidus temperature, to increase liquidus viscosity,
and to improve mechanical durability relative to a glass
containing no B,0s3.
[0032] The glass, according to one embodiment, comprises
greater than 0 to 50 percent RO, for example, 0.5 to 50
percent RO, for example, 1 to 50 percent RO wherein, R is an
alkaline earth metal. The glass, according to one embodiment,
comprises less than 14 percent RO, for example, 0.5 to less
than 14 percent RO, for example, 0.5 to 13 percent RO.
[0033] The glass can comprise, for example, 0 to 8, greater
than 0 to 8 weight percent, for example, 1 to 8 weight percent
MgQO. The glass can comprise, for example, 0 to 5, greater
than 0 to 5 weight percent, for example, 1 to 5 weight percent
MgO, for example, 1 to 4 percent MgO. MgO can be added to the
glass to reduce melting temperature and to increase strain
point. It can disadvantageously lower CTE relative to other
alkaline earths (e.g., CaO, Sr0O, BaO), and so other
adjustments may be made to keep the CTE within the desired



2 to 5 percent Na20; 8 to 15 percent K20,; O to 5 percent MO 1 to 6
percent CaQ 0 to 6 percent SrO and 0 to 12 percent BaO SP09- 155PCT [ 0026]

| n anot hewoentyodseent , t he gl ass conprises: 53 to 71 Si CRT/UB2010/03687A 203;

to 22 total MO ; and O to 40 total RO, wherein, Mis an alkali netal
selected fromNa, K, Li, Rb, and Cs and wherein the glass ¢ rifsﬁ;
| east 1 wei ght percent Na20O ; and wherein, R is an alkaline f

sel ect ed; fgom My o e Bay %@ble{ Oé)c?ﬂsﬂrﬁbr@&mﬂ%hﬁi@oﬂié%‘éﬁse tdhe, gl ass
conprises: 53 to 71 Si2; 2 to 17 AI283

total RO Wirereirendd ist ﬁa@a,l kjaldremlalg sel lect iecbf rdam Ny Q£ T 3,0RD,  and
Cs and V\/n re| t he gl ass ) | east wei g r cent 20.; ,and
wher ei i aCl a |Snmea ear asﬁ f Ce etéd 9 ro%?\?@ Ca, p@N% l&hSr

a larger alkall oxide (e.g., KgO).

[0034] According to another embodiment, the glass is
substantially free of RaO. For example, the content of BaO
can be 0.05 weight percent or less, for example, zero weight
percent.

[0035] In some embodiments, the glass is substantially free of
Sb,03, As;03, or combinations thereof, for example, the glass
comprises 0.05 weight percent or less of Sby03 or As,;0; or a
combination thereof. For example, the glass can comprise zero
weight percent of Sb;0; or As;03 or a combination thereof.

[0036] The glasses, in some embodiments, comprise 0 to 7 weight
percent CaO, for example, greater than 0, for example, 1 to 7
weight percent CaQ, for example, 1 to 6 weight percent CaOl.
Relative to alkali oxides or Sr0O, CaO contributes to higher
strain point, lower density, and lower melting temperature.

It is a primary component of certain possible devitrification
phases, particularly anorthite (CaAl;Si,03), and this phase has
complete solid solution with an analogous sodium phase, albite
(NaAlSis0g) . High Na and Ca contents taken alone can cause
liquidus temperatures to be unacceptably high. However, the
chemical sources for Ca0O include limestone, a very inexpensive
material, so to the extent that high volume and low cost are
factors, it is typically useful to make the Ca0 content as
high as can be reasonably achieved relative to other alkaline
earth oxides.

[0037] The glasses can comprise, in some embodiments, 0 to 7
weight percent Sr0, for example, greater than zero to 7 weight
percent, for example, 1 to 7 weight percent Sr0O, or for

example, 0 to 6 weight percent Sr0, for example, greater than

10

8 to 22 total MO ; and 0 to 40
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[0028] In another enbodi nent, the glass conprises: 65 to 76 SIQ2; 1 to 7
Al203; 2.5 to 5 Na20; 5.5to0 11 K2ZO; 0to 8 MO 1 to 7 CaG and O to 6
BaO [ 0029D 20tve13gdoass, in one enbodiment, is rollable. PR&/Usk@9HH3I637h one
enbodi nment, is down-drawable . The gl ass can be slot drawn or fusion drawn,
for exanple. According to another enbodi nent the gl ass can 2@3”1?53? fTor med.
[ 0030] The gl ass can further conprise 3 weight percent or | §),9' C

exanpl &;¢ ., 119, 3 Wed Ghic RSy, TRl exaplf, or eal & JdansPQfs AQSRCT 0 to 3
wei ght percent, for exanple, 1 to 3 weight percent of TiO 2, MnO 2ZnO
Nb206, MIO 3, 1Mo and3diZrad s, Y2G8,9la03;omfi0sxs G s SHER,1Fe208, CeO
2, A s23, .Sh203, d r, of conbinatio t hereof.. I.n sone enbodi nents, the
gl ass i“éels%kgastpaen G4t ySB]ﬁ’eefoo]? Zr 82 1 %Ooﬁlefewrﬁ)lo%}ncnéon%rs?erﬁesdrg ass is
subst antr atd - direerfodkdn e aspladn @ie eihodidren ] isonprdises 3 wei ght
percent or less, for exanple, 0 to 3 weight percent, for exanple, greater

t han 0 R FSEi Yy, petcetit 1§ drrexdhpt @I ee the PRIYHt Perkent of Ti O 2

[0031] A sdmenidaned, aboye, d0e19!Rs88S:a BCCOrdiNg- SR butes to

higher coefficient of thermal expansion, and the relative
proportion of SrO and Ca0O can be manipulated to improve
liquidus temperature, and thus ligquidus viscosity. SrO is not
as effective as Ca0 or MgO for improving strain point, and
replacing either of these with Sr0 tends to cause the melting
temperature to increase.

[0038] Also as mentioned above, the glasses, according to some
embodiments, include 8 to 25 percent M;0, for example, 8 to 22
M,0, 8 to 20 M;0, where M is one of the alkali cations Li, Na,
K, Rb and Cs. The alkali cations raise the CTE steeply, but
also lower the strain point and, depending upon how they are
added, increase melting temperatures. The least effective
alkali oxide for CTE is Liy0, and the most effective alkali
oxide is Csy0. As noted above, sodium can participate in one
of the possible devitrification phases of the inventive
glasses, and while adjustments in other components can be used
to counteract this, e.g., changing the Ca0O/ (Ca0+Sr0Q) ratio,
this tendency may make it advantageous to replace sodium with
other alkalis, or to use a mix of alkalis instead of sodium
alone. If high volume and low cost are important, then it is
desirable to as much as possible confine the alkali oxides to
Na,0 and K,0 or combinations thereof.

[0039] In one embodiment, the glass comprises 1 to 8 weight
percent Na,0, for example, 2 to 8 weight percent Na,0, for
example, 3 to 8 weight percent Na;0, for example, 4 to 8 weight

percent Nay0. In another embodiment, the glass comprises 1 to
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enbodi ments, conprise 0 to 10 wei ght percent, for exanple, greater than O
to 10 wei ght percent B2CQ3, for exanple, 0.5 to 10 wei ght percent B2C3, for
exanpl e IWOaob3s@Bght percent B2C3 . B2O3 is added to POE/Us@e834301 r educe
melting tenperature, to decrease |iquidus tenperature, to increase |iquidus
viscosity, and to inprove nechanical durability relative tooﬂ?()%LﬂS%?’CT
contai ning no B2A3 . [0032] The gl ass, according to one enbotifent,
conpri ses,graat efethan Gid 9 5¢Rercent 1RO 1f o examnler 345 per cent
RO, for exanple, 1 to 50 percent RO wherein, Ris analkaline earth netal.
The gl as®; acwuridi ngl ttoo oheveinodireementedhp, séor essmeian 14 tpecent RO
for exanpl %Irho.eS (;teontl 8ss han 14 percent RO, for exanple, 0.5 to 13 percent
RO. [0 d éog ass carr conprise, for exanple, 0 to 8 , greater than 0 to
8 wei ghtopsoent sohercexanphentd, t oh8 weight percent dgChdhe gl ass can
conprise, for exanple, 0 to 5, greater than O to 5 weight percent, for
exanpl &0 5 Qi YhtNgsér éent Klvgo,lsf6Fe_@§§ﬁplﬂé?nl3tBeHC%%Fceﬁ?.rl\/gO. MO
can be addechd0 4he.glass, o 4 educe el tifg Lemperat weand tgddofease -
strain point. 1t” can di sadvantageously lower CIE relative to other alkaline
eart hs gexaent Ca@r SHQmBa0) ,gmarkasn Ttdrerl adjarstarent s may be nmade to keep
the CT ifhint desi redSP09- 155PCT r.ange. Exampl.es of sui.t.abl.e
i ust ST el e TP SO 3 1 T e o1 a0 St edsi g al Kal
oxi de concemt ntigs percent:

50 to 75 percent Si0y;

1 to 20 percent Al,03;
to 3 percent TiOy;
to 10 percent BR,03;

to 25 percent total M;0; and

S o O O

to 50 percent total RO;

wherein, M is an alkali metal selected from Na, K, Li,
Rb, and Cs and wherein the glass comprises at least 1 weight
percent Na;0; and wherein, R is an alkaline earth metal
selected from Mg, Ca, Ba, and Sr.
[0042] The glass, according to some embodiments, is down-
drawable; that is, the glass is capable of being formed into
sheets using down-draw methods such as, but not limited to,
fusion draw and slot draw methods that are known to those
skilled in the glass fabrication arts. Such down-draw
processes are used in the large-scale manufacture of ion-
exchangeable flat glass.
[0043] The fusion draw process uses a drawing tank that has a
channel for accepting molten glass raw material. The channel
has weirs that are open at the top along the length of the
channel on both sides of the channel. When the channel fills
with molten material, the molten glass overflows the weirs.

Due to gravity, the molten glass flows down the outside
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and replacing a smaller alkali oxide (e.g., Na2q ) in part with a |arger

al kali oxide (e.g., K20 . [0034] According to another enbodi nent, the gl ass
i s subst amDi2aldpsdBee of BaO For exanple, the content ®CTB®M10A863BE 0. 05
wei ght percent or less, for exanple, zero weight percent . [0035] In sone
enbodi nments, the glass is substantially free of Sb OGs, AS2Q3

conbi nations thereof, for exanple, the glass conprises 0.05 %P/eq 1r?tjpgérrcent

or |ess;ofr ok O 0F ﬁg@rﬁlﬁgc@iﬁ%& natiQnsd hareofqe Rar- examl &, dhe gl ass
can conprise zero wei ght percent of Sb O or A s2g3 or a conbination

t her eofdo{r00886] ﬂfhr@]glﬂansm that somy enbodiaems ect%rmerls@r 0:h€c3 7 wei ght

percent ,CaQ_for_ exa 1%ﬂrea%er t han_ O for %p 1lto wei ght
&t

percentth(ilﬂVBrl tanexarrp e ]EP Werll%l"ﬁlapsesr cent atallt\/et loS al kal i

oxi des «geSri Gadd com Fﬂcbﬁiﬁ&s dindighErowtn@i shepoi nt, THoOWRNs densitaw and
| ower meltin terrperature is a primry, conponent of certal n possi bl e

devi t rifgicut fgfh‘%t%et'she pﬁéﬁl‘fqr&ﬂ%ﬁ* I‘i}qaaﬁworgtllfﬂcf% (eadmesi 2oy {18 this
phase has, conp ff sald disol i o, t%f{a@é@' qgéa%épddwelwse albite

(NaAl Si s@) Na and Ca contents taken &l one can cause 11 qui dus
terrperaﬁtwf@ce mﬂ)ethmampltiajbigy i ayte S-Hw@/erqmemelmhmnwt sourlcesaf or CaO

i nclude linestone, a very inexpensive materi the extent that high

Vol Une REHE | o G0 R Tt or SETE S y o9y Hati T 1% éice e a0

contentg@Sected by such contact.
[0044] The slot draw method is distinct from the fusion draw
method. Here the molten raw material glass is provided to a
drawing tank. The bottom of the drawing tank has an open slot
with a nozzle that extends the length of the slot. The molten
glass flows through the slot/nozzle and is drawn downward as a
continuous sheet therethrough and into an annealing region.
Compared to the fusion draw process, the slot draw process
provides a thinner sheet, as only a single sheet is drawn
through the slot, rather than two sheets being fused together,
as in the fusion down-draw process.
[0045] In order to be compatible with down-draw processes, the
aluminoborosilicate glass described herein has a high liguidus
viscosity. In one embodiment, the glass has a liguidus
viscosity of 50,000 poise or greater, for example, 150,000
poise or greater, for example, 200,000 poise or greater, for
example, 250,000 poise or greater, for example, 300,000 poise
or greater, for example, 350,000 poise or greater, for
example, 400,000 poise or greater, for example, greater than
or equal to 500,000 poise. The liquidus viscosities of some
exemplary glasses are closely correlated with the difference
between the liquidus temperature and the softening point. For

downdraw processes, some exemplary glasses advantageously have
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hi gh as can be reasonably achieved relative to other alkaline earth oxides.
[ 0037] The gl asses can conprise, in sone enbodinents, 0 to 7 weight percent
SrO for we2anBssegreater than zero to 7 wei ght percent PCrars2@xasEie, 1 to
7 wei ght percent SrO, or for exanple, 0 to 6 weight percent SrQ for

exanpl e, greater thanSP09-155PCT zero to 6 wei ght percent, f Oegs%ﬁ@b,e, 1
to 6 weight percent SrO |In sone enbodi nents, the gl ass conpﬁ{gé s than

15 vei ghtgpeieent X Qed 0lg XA eeds tithad? Wl ghts percent, SEQarln certain
enbodi mant[s, the gl ass con% ains no deliberately batched SrO though it may
of courkssdetiprres&ht’Cas a contaminant in other batch materials. SrO

contrib to higher coefficient of thernnl ansion,, and the relative
or opor 110576k ReloPAREo EI0 tan he AT pUTEL Lt T o, FOF QuenFT qbi AhEs m
t enper atdirme; @Nd4hUS di gitishiSe v SEOSidyamSrl) imotat s &fdecti viem as CaO or
MO for inproving strain point, and replacing either of these wwth SrO
tends tPEARE SRl nfghet %%t@ﬁ% ¢ 09 Kot [Qﬁ)?é]e%‘ll%]o as

ment | oneAlowe, dhes@lasses. oacgoeding ! 0o 0aRaREPALI FENLS1 pimelude 8 1o
25 percent MO, for example, 8 to 22 MO, 8 to 0 M0, ere Mis one
of the atdaidr cafdoresxdninldNa,7K x Rb 'and €scafhe, afkal éxemplens8fakse t he

CTE st eoal7y but a 89 | oy rothe strain gi n}% gnd dgp ndi ng ngnhow t hey

are adddd, Phorb3SEShel {1 ngOYBrplranaTes.  THAC| Gher o erfecti o6
point of from 50 x 107 to 90 x 1077.
[0047] In one embodiment, the glass has a coefficient of
thermal expansion of 50 x 107’ or greater and a strain point of
540°C or greater.
[0048] According to one embodiment, the glass is ion exchanged
in a salt bath comprising one or more salts of alkali ions.
The glass can be ion exchanged to change its mechanical
properties. For example, smaller alkali ions, such as lithium
or sodium, can be ion-exchanged in a molten salt containing
one or more larger alkali ions, such as sodium, potassium,
rubidium or cesium. If performed at a temperature well below
the strain point for sufficient time, a diffusion profile will
form in which the larger alkali moves into the glass
surface from the salt bath, and the smaller ion is moved from
the interior of the glass into the salt bath. When the sample
is removed, the surface will go under compression, producing
enhanced toughness against damage. Such toughness may be
desirable in instances where the glass will be exposed to
adverse environmental conditions, such as photovoltaic grids
exposed to hail. A large alkali already in the glass can also
be exchanged for a smaller alkali in a salt bath. If this is
performed at temperatures close to the strain point, and if
the glass is removed and its surface rapidly reheated to high

temperature and rapidly cooled, the surface of the glass will
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al kali oxide for CTE is Li20, and the nost effective alkali oxide is Cs20

As not ed above, sodiumcan participate in one of the possible
devitrifiwanoovi3pivdases of the inventive glasses, and whiPC&/82§10898632nt s i n
ot her conponents can be used to counteract this, e.g., changing the CaQd

(CaO+SrO ratio, this tendency may meke it advant ageous to rep| ium
wth other alkalis, or to use a mx of alkalis instead of so@%&ﬁ@?@ﬂg |

hi gh volyne and { Qw0088 g ddpordants rdhen dd-d§ desiyablie g as much as
possi bl e confine the al kali "oxides to Na20 and K2O or conbi nations thereof.
[ 0039] teampsel mhbodimentyilhe i @ssr comyy imestdct o8 awd gt petdewrge Na20
for exanple, 2 to wei ght, percent. Na2Q , for_ example, 3t wei ght
percentenrﬁ]a nm no%glex%on%] let,l%%b 1%/vevlugh]t bpeerccleen * I\?acéé)r}e Isﬂ(lglnlo glrn

enbodi ned | atthec i @sen € o dweSerle t@SPOS 166PTe eydighde pefeent Na2<0, for
exanple, 1 to 4 weight percent Na2<0, for exanple, 1 to 3 weight percent

Na2<0, Fofalebampheady tig - hiei Ghts perduntu Napk oz OHRIDA0] S 4 1 Some |
enbodi gt s 5 Lhe wel ght, pergant. of1 dhe, caphinati onsofc N a2<Q,and,#2Q i s

greater than 3 percent, for exanple, dgreater than 5 percent, for exanple,
gr eat ervd han t10 et cerits, forctexeanpl e, rqgleatrery ¢hiar 120 pericenting 00414

Anot her, Sbodt mrent Lt 91855, SON5] o110, epsent ! Yo oo 0, el ght. per cent:
[0049] According to another embodiment, the glass can be float
formed as known in the art of float forming glass.

[0050] In one embodiment, the glass is in the form of a sheet.
The glass in the form of a sheet can be thermally tempered.
[0051] In one embodiment, an Organic Light Emitting Diode
device comprises the glass in the form of a sheet.

[0052] The glass, according to one embodiment, is transparent.
[0053] In one embodiment, a photovoltaic device comprises the
glass in the form of a sheet. The photovoltaic device can
comprise more than one of the glass sheets, for example, as a
substrate and/or as a superstrate. In one embodiment, the
photovoltaic device comprises the glass sheet as a substrate
and/or superstrate, a conductive material adjacent to the
substrate, and an active photovoltaic medium adjacent to the
conductive material. In one embodiment, the active
photovoltaic medium comprises a CIGS layer. 1In one
embodiment, the active photovoltaic medium comprises a cadmium
telluride (CdTe) layer. In one embodiment, the photovoltaic
device comprises a functional layer comprising copper indium
gallium diselenide or cadmium telluride. In one embodiment,
the photovoltaic device the functional layer is copper indium
gallium diselenide. In one embodiment, the functional layer

1s cadmium telluride.
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1to 2 0 percent AI1203; 0 to 3 percent TiO2; 0 to 10 percent B2G3; 8 to
25 percent total MO ; and O to 50 percent total RO wherein, Mis an

al kal i mewveal2opelsse@Bed from Na, K, Li, Rb, and Cs and wreraispomioae3gl ass
conprises at least 1 weight percent N a20 ; and wherein, Ris an alkaline

earth netal selected fromM, Ca, Ba, and Sr. [0042] The gl i ng
to sone enbodi nents, is downdrawable; that is, the glass isai@gaﬁﬁ%g%é?

bei ng fpd FAt Onshegh Sq UsERg, d@M@‘QIé@‘s nehbeds;: SUEh,ASpa Pk + [‘O_th'ai i _ted
to, fusion draw and sl ot draw nmethods that are known to E?hose skilled in
the gl aws falividtatdon arhs.gSuph dowt drawlpr codsses et eerudedr i n t he

| ar ge-scal e rranugc acture of ionexchangeable flat glass. [0043] The fusion
superstrate 15, transpgrent .
dr aw proc,pess uses a draw ng}o anhk that has a channel for accepting nolten

gl ass rpoossl Betalkdidfershavnel chiasdweeniss| hehe atea9peshattthestop al ong
the length of the channel on both sides of the channel. Wen the channel
fills Wittt et il 0T thRS Sl deh YR Dvet F 1PN e Siei r’'SCT Due to

gravi t yo, 2 he ool § g, gl @ass) S owse down, 1he outsi desSRO9- 1BEPCT. sur f aces of the
drawi ng tank. These outside surfaces extend down and inwardly so that they
j Oi n atexameldge bdinow dtheless, for example, 2.0mm or less, for

example, 1.9mm or less, for example, 1.8mm or less, for

example, 1.5mm or less, for example, 1.lmm or less, for

example, 0.5mm to 2.0mm, for example, 0.bmm to 1.Ilmm, for

example, 0.7mm to 1l.lmm. Although these are exemplary
thicknesses, the glass sheet can have a thickness of any
numerical value including decimal places in the range of from
0.1lmm up to and including 4.0mm.
[0056] In one embodiment, an electrochromic device comprises
the glass in the form of a sheet. The electrochromic device
can be, for example, an electrochromic window. In one
embodiment, the electrochromic window comprises one or more of
the glass sheets, such as in a single, double, or triple pane
window.
[0057] The fusion formable glasses of this invention, by virtue
of their relatively high strain point, represent advantaged
substrate materials for CIGS photovoltaic modules. When
manufactured by the fusion process, their superior surface
quality relative to that of float glass may also result in
further improvements to the photovoltaic module making
process. Advantageous embodiments of this invention are
characterized by liguidus viscosity in excess of 400,000
poise, thereby enabling the fabrication of the relatively
thick glass sheet that may be required by some module

manufacturers. Finally, the most advantageous embodiments of

this invention comprise glasses for which the 200 poise

16



drawi ng tank. The two flow ng glass surfaces join at this edge to fuse and
forma single flow ng sheet. The fusion draw nethod offers the advant age
that, sirwe20tv3se® gl ass filnms fl owi ng over the channelPCiiaseotwogsSrher ,
nei t her outside surface of the resulting glass sheet cones in contact with

any part of the apparatus. Thus, the surface properties are ér]rjg)b @f}gﬁi ed by
such contact. [0044] The slot draw nethod is distinct fromt i draw

met hod. . digrer dherdmod 4 ens g aw ymt erd @dog! %%%xﬁl%il%o%‘oqe(%hfeop%s@&%‘ﬂ&%yt ank.
The bottom of the drawi ng tank has an open slot with a nozzle that éxtends
the | emgfi leiofnihecaitoly Mveemotash np lasisnd [ owsnithy ough the sl ot/ nozzl e and
is drawn downward as a conti nuous sheet therethrough and into an annealing
region. Conpared to the fusion draw process, the slot draw process provides
a thinner sheet, as only a single ERemplés drawn through the slot, rather
than two sheets being fused together, as in the fusion down-draw process.

[ 0045] ﬁ%%ﬁhglaetéobgovéb%aw bR W ERPHBWAL dRaW bP otelsesatehe sample

al um noborasidi &l e o) ags, desald et gy &l §1as il dthdd auldus,yi scosity.
In one enbodi ment, the glass has a i quidus viscosity of 50,000 poise or
gr eat erJ,mfe:)TtJexa,rrrﬂ$ skiLCBm 000 i lse lor diteat erqmﬁmlm«anpi@ﬁr@ﬂmrmm poi se
or great er for exar 250’0?3%830| se. or ag%leat for exanple, 300, 000
poi se or® gréetity B0 ol greater, for

oxide | mol%
Si0, | 74.75
Al,03 1.76
MgO 5.23
CaO 5.66
SrO 2.78
Na;O 3.00
K,0 6.72
SnO; 0.10
Table 1.

In some embodiments, the total does not add up to 100%, since
certain tramp elements are present at non-negligible
concentrations.

[0059] Batch materials, as shown in Table 2 were weighed and

added to a 4 liter plastic container:

batch
Batch Components weight
sand 1656.84
alumina 65.71
Magnesia 79.80
Limestone 221.90
Strontium carbonate 161.38
Sodium carbonate 117.06
Potassium carbonate 353.91
10% SnO; and 90%
sand 57.6

Table 2.
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exanpl e, 400,000 poise or greater, for exanple, greater than or equal to
500, 000 poise. The liquidus viscosities of sone exenplary glasses are

cl osely cworelossd@swi th the difference between the |iquipdiaSe@npassat ure and
the softening point. For downdraw processes, sonme exenplary gl asses

advant ageousl y haveSP09- 155PCT |i qui dus - softening point |e tgﬁECﬁbOUt
230 0C, for exanple, less than 200 OC . [0046] Accordingly,

embodi 60Fb€ ghassqhgs épé%ééi@t@@'@ﬁa@f §4QhQC59£cHre§£§ést$Qé exanpl e,
540 0C 600C. I n some enbodi nents, the glass has a coefficient of therma

expansictﬁpedfdﬂﬁm Xorl 0= oFogrEat &) CfcmtaaMaﬁqaﬂ@np 6Ol ee0=y awrd reatery for
exarrpl c%urn%(%loof 7onoer reater, fo&e I e%X% rofr(rev 34%7(0 %@’C{ergt%%oxl n one

embodi et e glass has a St7aiN UOl 10 7 .

[0047] 1He anence oM s adden gl assehas @ coef fdcigme oft thergmls@xpansi on
of 50 x 10~7 or greater and a strain point of 540 OC or greater. %&0048

Accor dl% 35° Driee Bifbo ot hrehftSh 4 Hed gl AsER 52 i Gh e hangeid TP a1 10 bat h

COMPI | Shd\gy ONeriff JI0S€ soplle af abkal lod-afs e, The 0lA%5 030 PG i0n (exghanged
to change its nechanical properties. For exanple, smaller alkali ions, such

as | i t Mtura orewsodiaim 1 Carbbevd iorh: e xshang e |en$1mlh®m<w1&omMJatmmg one

or or e LA AL Lonnsuch Ssysedium, polatel g bl Symgy cosium
materials was mounted to a tumbler and the batch materials
were mixed so as to make a homogeneous batch and to break up
soft agglomerates. The mixed batch was transferred to a
1800cc platinum crucible and placed into a high-temperature
ceramic backer. The platinum in its backer was loaded into a
glo-bar furnace idling at a temperature of 1600°C. After 16
hours, the crucible+backer was removed and the glass melt was
poured onto a cold surface, such as a steel plate, to form a
patty, and then transferred to an annealer held at a
temperature of 615°C. The glass patty was held at the annealer
temperature for 2 hours, then cooled at a rate of 1°C per
minute to room temperature.
[0061] Table 3, Table 4, Table 5, Table 6, Table 7, Table 8,
and Table 9 show exemplary glasses, according to embodiments
of the invention, and made according to the above example.
Properties data for some exemplary glasses are also shown in
Table 3, Table 4, Table 5, Table o, Table 7, Table 8, and
Table 9.
[0062] In the Tables T...(°C) is the strain point which is the

0'*7 P as measured

temperature when the viscosity is equal to 1
by beam bending or fiber elongation. T...(°C) 1is the annealing
point which is the temperature when the viscosity is equal to
10" P as measured by beam bending or fiber elongation.

T.(°C) 1s the softening point which is the temperature when the
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the strain point for sufficient tine, a diffusion profile will formin
which the larger alkali noves into the glass surface fromthe salt bath,
and the swal2oav138@8 is noved fromthe interior of the glPasaseemwo3ene salt
bat h. When the sanple is renoved, the surface will go under conpression,
produci ng enhanced toughness agai nst damage. Such toughnessdﬁig) ﬁﬁeSPCT
desirable in instances where the glass will be exposed to a S

envi ronpeital s cpndi tdQns, SYiciyas phot qvol dal &y g dsaxnpasedito hail . A

| arge al kali already in the glass can al so be exchanged for a snaller

al kal i fiber salandmtinnd f ahi& ¥ $Cpepford at° Ch erpertatuledlelsose tdet he
strain point, and if.the glass is renpve dits surface rapidly reheated
to hi ghCp ee%lecrla%ngar eoj%mt erlég@;!fﬁ)al1 dl%x%%noﬁ ed, &1@3 ur la%% o a%ckhee ag Oa%nse/ of

W | | SPOS-nd& D PCIn sThayh Lons | thednabd £ 1eonr essi e St ress2d g oxuced by t her mal
tenpering. This will also provide protection against adverse environnental
condi t iGRSNIHNHI I Hee AXRFUES DHe SKiT e TPt Frel af teEt T ethyP Yronoval ent
cati on ga, benaxchanges fof) alkalls already bt 4he glass,.igeliding copper,
silver, thallium™ etc.,” and these also provide attributes of potenti al

val ue tthermrasiessdstale dsod ntasruc e@p)col apof(6c)l ightihrg tep-auhayer of

el evated refractive index for |ight trapping. [0049] According to another
enbodi MEMSe t e RS e f108tS ot n%ge d< F35E tHE AT Tof 1 oat

fﬁr mt NG, Hassit  A0B0Ind mone embas e . nd e, al@ss, isry nithg, formof a
sheet.
temperature viscogsity) measurement which uses concentric

cylinder viscometry. Ti1iq(°C) is the liquidus temperature.
This is the temperature where the first crystal is observed in
a standard gradient boat ligquidus measurement (ASTM C829-81).
Generally this test is 72 hours but can be as short as 24
hours to increase throughput at the expense of accuracy
(shorter tests could underestimate the ligquidus temperature).
Niiq (°C) is the liquidus viscosity. This is the viscosity of

the melt corresponding to the liquidus temperature.
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The glass in the formof a sheet can be thermally tenpered. [0051] In one
enbodi nent, an Organic Light Emtting D ode device conprises the glass in
t he for mwb 2a106138@98. [ 0052] The gl ass, accordi ng to onePErSAI0W8E371 | S
transparent. [0053] In one enbodi nent, a photovoltaic device conprises the
glass in the formof a sheet. The photovol taic device can c?%:}brilssg régje
than one of the glass sheets, for exanple, as a substrate a 5 128

super stratBmit N_gne:r enbodi TENRL . [ tWe [phot gV Tal ¢ deviece conpr ises ttie] gl ass
sheet e@%“w"ratg :*ndzfp Supergtrate.—a condyct Ve negg{i ag_wa(jﬁgel t to
t he substrate, arndanTact T yesphptevylta ¢ msedi tns afij7acentost U bese [comduct i ve

2

mat eri al M0 one [edftodi want 62phe Fctll vie phdt ovoletal csheldi/fm cadmi | S2s| a
CaQ 293 4| 2,23 6.75 . 5.9 3,1 ' 3f 343, 3,43 3.9 3.93' 395
Cl GS | dY €T sra 1T OME 1 ENOT TETTE N qCtT Vg PNOoT OV [ ke [N UMK LONMPTaSES a

cadm umtelB®iri dd (Td e)o [ aver A dne’ edbodi mr@f tBe Iphdt dvolt a1 @ devi ce
; Ti ; ol g0 feo Lo, oo [0 ORI T TN PR DRI

conpri 'e's_ﬁun\n t \.olgal ey etr—-ConPLStHgGope 07’8"" (57 EZ IS [=8r 7 B O R R ROk 7 I A ey N de or

cadm um T elaalri dg. 48N |0OAE enixed| rest], sihe Piaol OVl [ dise [Uew Qe4tsne 53

functi onal ﬂga\lnr L €8%canPBEr | 1ISAd ufiZaal 1°1oun Ni5ctnl7?03§_|:d_é9-34l n"dne ?%;éﬁb_()_d?;ﬁe_nt ,

. Sn0,7 007 .| T6.07 |, 01 L 012 0.1 | AL~k O Q07 |03 4] 0. .
the furbLI UIIC{I I _yCI IS CLaAaullr Ul tSrijulr T ug. orvy=s LoJf Ul |_UU\J‘-|-J 1 QPIric
enbodi 1 musmort(h%) [aSs [sheef 13S frandpafent 6 Tn dnel efbddi Pedf 107 he Tl ASS
h t A+ Py f\lll’\f“‘ r5§\1+ o 'lg\f'l r\2ﬁ81 o |r\2r7\3r r~+ r19\5+ a ?% r3"\7|4\r\ '\3r7r\ + 303|' rné%‘l /\Zt\ggr\ d
sheel aS—thg, SHBIt € ORGI 657 SHREI Sttt ¢ 5 tHaSParERt— = 9oa3r T %06y di Ng

to so enmbaoi TENT 36z 1 NE5 0l a3s_Geel| _ResS [a7.os 3.51 346 1.43 1.44 436

Ca0 1.96 1.92 573 4.87 2.74 2.76 2.97 2.94 2.84 3.43 2.81
Sro 2.52 2.47 518 442 1.64 1.65 3.76 3.72 1.69 2.24 166
BaO 0 0 4.64 9.02 0 0 0 0 0 0 0
Tio, 0 0 0 0 0 0 0 0 0 0 0
B,0; 0.87 0.86 0 0 1.81 1.82 0.84 0.83 0.78 0.78 161
Al,0, 7.66 7.51 3.63 353 5.07 5.09 74 10.4 6.86 6.9 8.32
Sio, 68.5 67.1 61.1 59.4 639 64.2 66.2 63.5 65.4 65.7 63.5
Sno, 017 0.16 0.23 022 0.24 0.24 0.16 0.16 0.23 0.23 023
T (°Q) 548 581 552 544 573 559 560 577 560 567 562
Tann (°C) 595 632 599 591 622 607 609 627 611 617 612
T, (°C) 824 879 796 787
a (10'7/°C) 79.2 80.5 90.4 R.5 83 83.9 82.2 82.2
r (gm/cc) 2.457 2.448 2.635 2.699 2.474 2.479 2489 2.497 2.467 2.476 2.469
Tzsm °C) 1392 1499 1575 1616 1581 1569 1570
T]i_q (°C) 970 995 1015 970 1115 1060 1000 1100 1035 1062 1077
hllq (kp) 105 56 351 88 175 101 71
Table 3.
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t hi ckness of 4.0mmor |ess, for exanple, 3.5mmor |ess, for exanple, 3.2mm
or less, for exanple, 3.0mmor less, for exanple, 2.5mmor |ess, for

exanpl e, WOQnWIBB69Bess, for exanple, 1.9mm or |ess, for PEXArsRIIO/036878mm or

| ess, for exanple, 1.5mmor less, for exanple, 1.1mmor |ess, for exanple,

0.5mM to 2.0mm for exanple, 0.5nmto 1.1nm for exanple, nmm
Al though these are exenplary thicknesses, the glass sheet cag}ﬂﬁ] fﬁgpi;[l

t hi ckngsSs Bmpany [MUBENT Oal [ Vad UE isngl Ul N el mat [ pPisacesol [2me|r67T(T of

from O. thﬂﬂmoi%i and ilnel udi na O [ 005ER] n_on a odi én
N2, Rl o I Bk L 1 A - AL LI S A | 375 ' |° 375 OgLHE 161 395

el ect r gthrogs T dgvirce [conmpr eS| tehe [glkasy o5 {hesf prass of s gheet T~

el ectrc_ch_r_o}m)r dgvieede [ca bhed47 flors e amﬁﬁl e 58n|efwct rige rﬁ-ﬁ’c\' a w'ndo%” |l n one
. , 554, 554 5.42 . 56 T 555 5.41 52 4.66, | 346,
enbodi nent ,Sr(b hre—gt GLyU I ORAAT O 26— WhIAg vvzv,zUI PL1SES;PITE 433 lngtggc OB.1etl 2T ASS
sheet s, such®as I|n
]
1

A 9 rml b _odaublle | ot tlripnle r@an \m ndo9%v [Q’)() 3710 The
£ oy D% Q g

oo .-.-F s ol oA ot T~

f usi on ot R € &S SeS—Pr St Hvertofh—pP—Y U-’I %7 f0%4|| "06' ,|q)l.i E|y
hi gh stTai m,@0i N{|, 18Pl eseni2advam dged IUDIL T ade DEr|l ags [T 06 Ul 5

(=}
o
©

phot ovaltai¥: mpdyl B |Vhen | idAulf 4 Ur 84° h ¢’ 1:701¥4||§|7h2f‘\ n’3tasd-? h@_i;_r_
. Sn0, 03 1, 01 1, 0% .1 01, | .01 . 01 J,008. ] 008 |~ 008 ] 008 :
Superi1 or—sttrtTacejguarity rerattvet that—of T UOlL gtass—tay—atrso—result in
ur [[Cop o iwr n 0 B of 0t0 alrc e 1 1P IpraOceaes
Compasyi Iﬂ pENt1d o 13 h Pollt ac [ndd Kl 9 1 2
Na0 ] 4294 |, 2,91 290 | 2,87 2.85; 2.83 3.58 359 | .36 439, || 88
Advant 4 ges'uK)O erbgehpem S0t s—ERveEraRsare—Ghafat e 28—y H-gt dus

Vi SCOSI[TY W0 exXcass220l 41907000 3.24 3.18 3.16 3.12 3.01 29 2.68 418

Ca0 4.93 4.88 4.81 4.87 4.79 4.76 4.67 4.51 4.34 4.03 3.02
Sro 4.07 4.02 3.96 442 4.34 4.31 5.86 5.65 5.42 5.04 382
BaO 0 0 0 2.38 4.72 4.69 0 0 0 0 0
Tio, 0 0 0 0 0 0 0 0 0 0 0
B,0; 0 0 0 0 0 0 0.75 0.72 0.69 0.64 0
Al,0, 3.04 5.42 3.84 4.33 2.7 424 6.57 6.33 6.1 8.32 695
Sio, 69.8 67.7 69.6 67.9 676 66.3 65.1 66.2 67.3 65.9 66.5
Sno, 0.24 0.24 0.24 0.23 0.23 0.23 0.19 0.19 0.19 0.19 0.16
T (°Q) 567 580 573 569 557 567 563 563 563 565 564
Tann (°C) 618 632 623 620 607 617 611 611 611 614 615
T, ("0
a (10'7/°C) 79 78.8 79.2 78.5 79.9 79.9 81.7 81.1 78.9 79.4 83.3
r (gm/cc) 2.496 2.503 2.494 2.541 2.584 2.584 2.541 2.529 2.521 2.516 2.4A
Tzsm °C) 1542 1570 1559 1549 ~1520 1529 ~1530 1546 ~1565 1585 1585
T]i_q (°C) 1020 1075 1030 1045 955 1015 1055 1055 1050 1030 1020
h,lq (kp) 194 R2 190 121 ~630 194 ~70 80 ~110 175 292
Table 4.
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poi se, thereby enabling the fabrication of the relatively thick gl ass sheet
that nmay be required b y sone nodul e manufacturers. Finally, the nopst
advant ages00wtss@Bnent s of this invention conprise gl aps&aISke0/03dsrch t he
200 poi seSP09- 155PCT tenperature is |less than 1580 0C , providing for the

possibility of significantly |ower cost nelting/formng. Ex%ﬂﬁbgﬁéhgﬁ58]
3

The following is an exanple of howto fabricate a sanpl e of ary
gl ass, [aCTBIME NY [t s ONME 26MMPOGH MENTe Jf 711§ 12BIVENTEd O[T, 3085 S30V) e 1
i ) dtiony (ojge) He t Lt nh 12 h i T
Thi s cc&#ﬁﬁ%ﬁb.uu corFespondsto-compogition pimber12-shoyn LE%;ébk§—4
Tabl e I— g song enbydrarent=s heztotra [degs| et pds up o 16k —ssnre
certai n_tr ;—’N@ el gt ¢ Bile| pitesent dt sfeon- asdsqgl i i bl et2zdncent r 8961 QN&S
a N 2.85 2.86 455 331 |— 522 £73° | 86 770 |, 0 256 1| 175
[ 0059] Batciio matgrica$ o as TSHOWT o T3t o2 e S wet ghedoeng—agdedotol a 4
liter plast#e codta? ner:0 Tahl% 0SPOQo I35RCTI T 006043 t[ whayl dssbe 1.05
apor ecitat o dlli®p e |2 0,0 G 4 40 i Qe A0 [ O L 9 1 Q. |0 J.0 L A
pp ) at C‘fhzdé nat I |1|_51L e 1ua \JI“, |1!76:D L liIIHC, EIEP o | IEIA LI} 2%1I L I-’% Ubléab L !rr.]g.l
contaim trank €l gest $ and] OFs VAlsys dNDENLS4.@1 | ORE Prs40f €6 OXI @8BS, 7.0T
Mot and/lor’® Badl e Thd %S and®f g 2% anttioeotisl v S8 nefistilafidd | 8ot
exanpl E’nn, LSn0, SR L 01 008 | _ 01 o1 P an [ 04 | (01 o1 ], 0 ., at - at
|eaSt U700y TTago MdAdgotTo PpuU  TTCPTT, Ul cAAllpglr© oOouU Icolr, Ul cAalprc 1 0
nmesh. TaesSoqitvadded |1 34t hi 8 exarplle 27wWAS 2pr - B xed3on [t hilsgnd? 33
Na,0 3.05 3.07 348 3.02 321 2.51 4.05 3.78 2.47 3.8 3.96
K,0 12.9 13 10.6 14.6 11 10 10.9 7.09 7.52 10 13.7
MgO 6.46 6.49 3.92 3.08 1.96 18 2.03 2.6 0 5.64 2.7
CaO 2.54 2.56 3.97 2.84 4.56 4.13 4.78 6.66 0 2.22 1.46
Sro 1.5 1.5 3.51 1.7 0.58 0.54 1.58 3.8 0.29 2.82 1.23
BaO 0 0 0 0 0 0 0 3.35 20.7 3.41 2.4
Tio, 0 0 0 0 0 0 0 0 0 0 1.19
B,0; 1.67 1.1 1.08 1.87 2.94 2.67 2.55 2.67 7.26 0.95 1.19
Al,0, 4.68 4.7 7.61 8.35 7.29 7.22 11.2 8.44 8.14 6.99 10.8
Sio, 66.9 67.3 65.6 64.3 68.4 70.5 62.7 61.4 53.4 63.9 614
Sno, 0.24 0.24 0.23 0.18 0.02 0.23 0.23 0.23 0.2 0.23 0
T, (°C) 560 561 571 562 561 571 565 568 551 562 553
Tonn (CC) 609 611 620 611 607 621 610 612 590 608 601
T, (°0 831
a(10'7/°C) 81.6 82.4 79.7 86 76.7 69.9 80.2 757 749 79.1 873
r (gm/cc) 2.462 2.462 2.498 2.463 2.445 2.421 2472 2.582 2.796 2.538 2.498
Tm("c) 1558 1549 1595 1610 1613 1660 1584 1410 1548 1623
Tiiq (°c) 1065 1070 1095 1010 1020 1040 1070 1090 930 1050 1100
hy;, (kp) 90 81 71 344 142 270 69 124 110 67
Table 5.
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at a
ot he

batch and to break up soft aggl onerates.
a 1800cc pl ati numcruci ble and placed into a high-tenperatur

| evel of 10% b y weight so as to ensure honbgeneous m xing with the
s. The bottle containing the batch materials was nounted to
a tunbl erwanditigedBat ch materials were m xed so as to nRKE/US201008¢Eheous

r conponent

The m xed batch was transferred to

SBETRRET, a1 i ng

backer. The platinumin its backer was | oaded into a gl o-bar
at a[Tenpesral Une sof [ 1600 0G6s . [ AT ef 180 howr 5, bhg cnugl bb eTDacKer anas
ositign fnolfol al ad E noured col surflac suech
r enmo S the g_b%%g%l-t?y@, ppured— CoHg—spHHace,suchas & st eel
pl at gt q ot ormraspattys anez terz transfterted—ta gnanneatet 5[@1—(1—@}7_3.
tenperatwee of (616 OCo The gl ass pasdy| was hedsd [at4ot He sannead ef o
te At ofi—232 hotrs— B A -edbHe a2t a2 iratetlat—ac s @l Attt e—£A 1 oom
NpEFatHfee T Oz s U, Tt HRENT CEPT R At & S At 01T e [PEhs T it €148
tenperaiwie, [QU061] [Teddl & 31, [ [able 4 [ablle & [ Pablle26 | Jablers Tabl e
i ) show 2 écardién t 8 i Nt fati
8 , pnd—dble 9 show gxerpliary gl ~-a¢cardfngth-enbbdimphts gt { he
I NVeNTT Om,o, MU BT ACLCOT UTgNYT TG U NE A00VE EXPT e FITOPET (T8 gidter | OF
sonel exempl ary [gi@sses cal essal S5osrgshiowre 1n Fabl eo.8 |, edcabl €54 |, ssfabl er75]
Tabl p6-—"%able 7~ Tabl e & 1 ald Tallle 9° 00621 tnithb Tables Tstf (C)
| S t [iEpstonaiety Poismt TWB Th Bs her tenperatwr g when taie viscgsissy Tseequal to
1014 7 P¥a% neastiBed &2y | béam bEsnd) gt o 28 her1®ellortgatli are. [Tawn (€ |s the
anne H 20, H _%5; o hg-qu\ L WX r\a‘n\r\ f\m-f‘lr 1 n 9191n \1({60{* nzgizf 3\ ﬁ29 I\n?lé'1| t O
a-|—|—H§,(—Oee+—H{g BT YT 0 DO tabs | CdBP ] S8yt [° gXTot aud g Y Y IIhit Y T 0 YA
Ca0 1.95 0 194 1.92 5.11 5.07 4.25 4.12 4.47 435 4.85
Sr0 2.51 0.25 249 2.47 472 4.89 417 0.08 0.08 0.08 0.06
BaO 4.88 17.9 483 4.8 0 0 1.19 54 5.88 5.1 4.26
TiO, 1.21 0 24 2.38 251 2.49 247 0 0 1.39 1.16
B,0; 0.84 6.21 0.84 0.83 0 0 0.22 0.83 0.84 3.4 2.83
AlL0, 7.72 8.27 9.18 1086 3.04 4.61 5.37 10.7 107 14.5 16.3
Si0, 64.4 54.9 62 60.8 67.9 66.6 65.8 61.6 619 57.1 56.5
Sno0, 0 0 0 0 0 0 0 0 0 0 0
T (°C) 563 546 571 580 567 574 568 567 574 555 559
Topn (°C) 611 585 618 628 615 622 616 617 623 599 603
T,(°Q)
a (10'7/°C) 77.2 80.5 77.3 769 77.2 77 77.3 83.1 78 81.1 829
r (gm/cc) 2.546 2.747 2.565 2.566 2.525 2.532 2.538 2.536 2.547 2.543 2.537
T,g0 (°C) 1597 1423 1595 1603 1513 1536 1555 1596 1587 1571 1611
TM(OC) 1000 950 1040 1070 1015 1065 1020 1100 1125 1030 1060
hy, (kp) 364 78 164 111 140 67 162 65 43 98 106
Table 6.
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] Qi3.i8 Pa s neasurec y beam bending or fiber elongation. T3 (0C) is
the softening point which is the tenperature when t heSP09- 155PCT vi scosity
i s equal WO 200713869P as neasured by beam bendi ng or fi bePCelusagatosem a (10
7/C) or a(10 7/C) in the Tables is the coefficient of thermal expansion
(CTE) which is the ampbunt of dinensional change from either %&?O@ggﬁoc or
25 to 300 0OC depend| ng on t he nmeasurenment. CTE Is typicall y S by

di | at OETT Vixathpld U7 CG) k5 [NMELQCIST kY W GgT 1S pEagur eyt Wty tfle Ar chi nedes
nmet hod [ColpddMioatb®p) [T200 ) 1S tflhe twd- hundried Poilse (P) tenpdrature. This
I's the |[tenpe¥aad ure wWhert the wisqos43y |of3-9%8he bt [i s3.200P 2% neasured by
HTV (hilgh tefferature i s¢ositt y)l Peasyr edbnt] wHPch (%8s |cdifedtric cyl i nder
Vi scondt. ry Meq | g (Q) 574 fhe 78i dquitdfs It Sfperati¥e | TOHfls |i O46hd tenperature
wher e tHre—-2% eryat 14— gt ved o f—aaat draace-lgragranBedt | i qui dus
YIRS ORGS0V - T 2 A S Sl A M
neasur gment—gZgo rivi 2990 —enar sy Tt tigs—tresty 9 l(e frao 9 btyt can be as
short 4SS Z4 ROUTS TQ i bCregase (N OygnPut oal [T N® eXpense |[0f @acdur acy
(shortdgr Tesg,s, coul d usBlIernesds ngt esend 1o4uijdus t( gnpenature) .| hi g (C) is
the |i qui dusapor scosi[ty4s Thi s4.8 s [T kasvi[sciogl {ly 4% f[he.asel[l «orrlesponding to
t he |i qui dussibenper at 62.8. $PAO®1I5PUB Tabhl® 3 76GR09- I65PCT 736l |e
4SP09- 155PCTsnPabl e 5 .08P09- 165PCT Fablle %97, $SPOPI 155PCT 0.1
Composition (wt%) 45 46 47 48 49 50 51
Na,0 3.83 3.76 402 3.75 3.77 3.02 2.79
K,0 1.7 8.6 9.18 11.4 115 14.1 13
MgO 3.59 3.52 3.76 3.52 3.53 0.31 0.28
Ca0 1.94 1.9 203 298 3 4.35 4.02
Sro 2.49 2.45 261 3.78 3.8 0 0
Ba0 0 4.67 499 0 0 0 0
TiO, 0 0 0 0 0 0 0
B,0; 0.86 0.85 0.91 043 0 2.49 299
Al 0, 7.59 7.45 7.93 743 7.47 7.87 7.76
Si0, 67.8 66.5 64.3 66.4 66.7 67.8 69.6
Sno, 0.16 0.23 023 0.6 0.16 0.02 0.23
T, (°C) 560 560 555 558 564 560 565
Ty (°C) 609 614 605 608 616 605 613
T, (°C) 846 856 839
a(107/°C) 80.4 75.3 77.7 83.2 83.3 80.7 77.4
r (gm/cq) 2.521 2.528 2.551 2.489 2.488 2.435 2425
T 0 (°C) 1630 1613 1588 1607 1622 1603 1660
Tiiq (°C) 930 990 1000 905 990 910 930
hyg (kp) 2843 705 429 5378 781 1524 1679
Table 7.
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Tabl e 7 . SP09- 155PCT Tabl eSP09- 155PCT Table 9 . [0063] It w |

the scope of the appended clainms and their equival ents. SPO9

be apparent
to those skilled in the art that various nodifications and variations can
be nmade tworhw/s@8ent invention w thout departing fromPCRAISI@MOBE37Dr scope
of the invention. Thus, it is intended that the present invention cover the

nmodi fications and variations of this invention provided they%@%ﬁw tIhl n
SUNRYS

What | §Craiample TS I 52 A 0T &5S FOTRIT T ST &, [T BT gt 5 PETCERE - PO 560 |75
per cent|cobipbdition fmdim) 4 O perijcent Al 205; to 3[percent Ti ; 0 10 10 per cent
B2C3; § to 2&:@ercent i6Gtal BRO | ahd O 88550 pescdnt4potlal 3RO, | whaerej n, M
is an alkali Kigetal del®¥Bted PAdm N&/2 K|, 7B? . |RbS and € dnd7®herei’d the
gl ass qonpriMeX at lleash wed ght Pt cenbSNaPO 1.6 and wherlei i i S0 an
al kal i r-e-eeu-@%ma&-a# A4acl H3F ¢ hop R C%ﬁBa,—%rd—-Sr” 2 ¥Re [l §-§-s—
accor dilre—teoO airmi 1C4,.,m,‘-9.7; 248 37 [ O 16 0.08 .08
TYTTORa0 o T A o oo P o TE 0 O[T 20" °T° 52 2.1 3.82 3.82
TiO, 0 0 0 0 0 2 2 2
B0, 1.72 1.76 0 0 7.1 0.8 5.6 56
ALO, 3.29 3.36 1.76 439 6 5 5 6
Si0, 70.55 72.06 7475 71.2 66.1 69.8 68.6 67.6
Sno, 0.1 0.1 0.1 0.07 0 0 0 0
Composition (wt%) 52 53 54 55 56 57 58 59
Na,0 3.02 3.06 2.93 3.76 3.98 3.92 3.13 3.11
K,0 14.6 14.8 10 11.4 8.09 8.82 10.2 10.2
MgO 44 3.12 3.34 352 0.92 3.65 0 0
Ca0 2.83 2.87 5.01 2.99 273 1.95 3.16 3.14
Sro 1.68 1.72 456 537 0.15 25 0.12 0.12
BaO 0 0 0 0 11.4 4.86 8.47 8.42
TiO, 0 0 0 0 0 2.41 2.31 23
B,03 1.87 1.9 0 0 7.08 0.84 5.64 56
ALO, 523 53 2.84 6.88 8.76 77 7.37 8.79
Si0, 66.1 67 71 65.8 56.9 63.3 59.6 58.4
Sno, 0.24 0.23 0.24 0.16 0 0 0 0
T, (°C) 553 549 565 559 540 564 549 549
Tynn (°C) 600 597 615 609 580 611 589 590
T, (°C)
a(107/°C) 84.8 86.3 77.4 84.8 78 76.2 77.5 77.9
r (gm/cc) 2.466 2.463 2.498 2.52 2.468 2.559 2604 2.601
Tyo0 (°C) 1529 1553 1568 1578 1425 1566 1476 1485
Tyiq (°C) 910 845 995 980 865 980 880 900
hyq (kp) 1693 9012 422 514 650 468 933 518
Table 8.
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than 14 percent RO 3 . The glass according to claim1 , conprising:
greater than 0 to 10 percent B203. 4 . The gl ass according to claim1l ,
conpri si YO 288)/1386982 percent Si2; 2 to 17 percent Al 20BCTASL@083¢3&r cent
Ti2; 0 to 8 percent B2G3; 8 to 25 percent total M2O; and 0 to 50 percent
total RO 5 . The glass according to claim1 , conprising: 5% t90l 7% er cent
Si2; 2 to 9 percent Al208; 0 to 3 percent Ti Q2; SP09- 155PCT Pals S&rcent
B2G3; § 10 FGnpRr Cen t@oal [VR@ gnd gz tQ 30 percent total RO wherein,
the gl AEFmPRIRLI@mEBLAL | east [2 wel gift_percgnt Na20 . 6 . The gl ass
accordimg TO L@ m 1 [ Camprifstagy T979 percent Na20; 5 to 16 percent
K20 ; (Cto 8 Ry cent W1 # [0 g7percens <alO

2

MgO 5 4.8 5.28
Ca0 4.06 3.89 4.77
ST0 1.32 1.27 0.94
Ba0 0 0 4
TiO, 0 0 0
B,O, 1.76 5.76 155 |

AlLO, 5.36 5.14 4.71
Si0, 70.08 67.23 67.8
Sno, 0.08 0.08 0.08

Composition (wt%)

Na,O 3.03 2.9 3.39
K:0 13.21 12.63 9.96
MgO 3.09 2.96 3.14
Ca0 3.49 3.34 3.95
Sro 2.1 2.02 1.44
BaO 0 0 9.06
TiO, 0 0 0
B;0; 1.88 6.14 159
ALO, 8.39 8.01 7.09
Si0, 64.6 61.77 60.16
Sno, 0.18 0.18 0.18
Tar (°C) 565 558 561
Tann (C) 614 602 609
T, (°C)
a(107/°c) 83.3 75.2 78
r (gm/cc) 2.472 2.46 2.63
T 200 (°C) 1601 1537 1514
Ty (°C) 1000 1020 980
hy;q (kp) 405 104 257
Table 9.

[0063] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this
invention provided they come within the scope of the appended

claims and their equivalents.
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Oto 7 percent SrQ and 0 to 2 1 percent BaO 7 . The glass according to
claiml1l , conprising: 2 to 5 percent Na20; 8 to 15 percent K2O; 0 to 5
percent MyQ2010/138698 percent CaO, 0 to 6 percent SrO an®#Clh/tSe010A3¢Er cent
BaO. 8 . The glass according to claim1l , wherein the glass is fusion
formabl e and has a strain point of 540 OC or greater, a coeff].ci

thermal expansion of 50 x 10 7 or greater, T200 |less than 16%350%3?C§ad
having a |iquidus viscosity of 150,000 poise or greater. 9 . The gl ass
according to claiml1 , having a strSEﬁ_ﬁﬁint of 540C or greater. SP09- 155PCT
10. Theynrgd@sss agccormidgido claim 1l , having a coefficient of thernal
expansi on of 50 x 10~7 or greater. 11. The glass according to claim1l ,

having a |iquidus viscosity of 50,000 poise or greater. 12. The gl ass
accor dihg fo9¢PaPnfem PRV Ag anT2609 ésESFREAT1580 0C and a |i qui dus

viscosity of 400,400 pojseoF-Heaify,. 13. The glass according to claim1 ,
conprising 1 to 8 wei ght percent Na2<0.
1 to 20 percent Al,03;
to 3 percent TiOy;
to 10 percent BR,03;

to 25 percent total M;0; and

o o O O

to 50 percent total RO;

wherein, M is an alkali metal selected from Na, K, Li,
Rb, and Cs and wherein the glass comprises at least 1
weight percent Na,0; and wherein, R is an alkaline

earth metal selected from Mg, Ca, Ba, and Sr.

2. The glass according to claim 1, comprising: 0.5 to less

than 14 percent RO.

3. The glass according to claim 1, comprising: greater than 0

to 10 percent BR,0;.

4. The glass according to claim 1, comprising:
53 to 72 percent Si0y;
2 to 17 percent Al,0s3;

to 3 percent TiOy;

to 8 percent By0s3;

to 25 percent total M;0; and

o o O O

to 50 percent total RO.

5. The glass according to claim 1, comprising:
55 to 72 percent S5i0y;
2 to 9 percent Al;0s;

0 to 3 percent TiOy;
27



14. The gl ass according to claiml1l , conprising: 53 to 71 SiO2; 2 to 17 A
| 20G8; 8 to 22 total MO ; and O to 40 total RO wherein, Mis an al kali

net al selwotet/B8em Na, K, Li, Rb, and Cs and wherei n PR&/USR@ESHIGSONPTr i Ses
at least 1 weight percent N a20 ; and wherein, R is an al kaline earth netal
selected from M, Ca, Ba, and Sr. 15. The glass according tq ba%%a,,
conprising: 53 to 71 SiO2; 2to 17 A1203; 8 to 22 total 7 to 40
total RO whereing Mig an-adkald,oretal selected fromNa, K, Li, Ro, and
Cs and wherein the glass conprises at | east 1 wei ght percent N a20 ; and
wherein, R is anSP09 1B5bRETr cdkaltictes edfOh medal sel ected from My, Ca, Ba,

and_Si. 10 The s according to claiml , conprising: 65 to 76 Si®2; 1
to 7 Al208; 2.5 gda%ol\ﬁ@é)erce a8,

wherein, the glass comprises at least 2 weight percent

NayO.

6. The glass according to claim 1, comprising:
1 to 8 percent Nay0;
5 to 16 percent K,;0;
0 to 8 percent MgO;

to 7 percent Cal;

to 7 percent Sr0; and

o O O

to 21 percent BaO.

7. The glass according to claim 1, comprising:
2 to 5 percent Nay0;
8 to 15 percent K;0;
0 to 5 percent MgO;

to 6 percent Caly;

to 6 percent Sr0; and

o o =

to 12 percent BaO.

8. The glass according to claim 1, wherein the glass is fusion
formable and has a strain point of 540°C or greater, a
coefficient of thermal expansion of 50 x 107/ or greater,

To00 less than 1630°C, and having a liquidus viscosity of

150,000 poise or greater.

9. The glass according to claim 1, having a strain point of

540°C or greater.
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5.5 to0 11 K2ZO; 0to 8 MyG 1 to 7 CaG and 0 to 6 BaO 17. The gl ass
according to claiml1l , wherein the glass is in the formof a sheet. 18. The
gl ass acowodnrg3s@scl aim 17, wherein the sheet has a thiPCERAS3&GL0i08637he range
of fromO0.5mto 3.0mm 19. A photovoltaic device conprising the glass
according to claim1. 20. The photovoltaic device accordi ngaipg)&#%y&lg,
wherein the glass is in the formof a sheet and is a substr C

super sty@t erpe 213 5 Jhe, Phot @Vl tal c- devh ce, ak@&@{% ng L9 £+ akm 20, eonprising
a functional layer conprising copper indiumgalliumdiselenide or cadm um

telluri dethdjra@éntEXpanshensQﬁsﬁﬂaﬁe1©r superstatatire . 22. A gl ass
conprising, in weight percent: 50 to 75 percent Si O2; SP09-155PCT 1 to 2 O
percent Al 203; 0 to 3 percent TiQ2; 0 to 4 percent MyO 0 to 10 percent
B2C3; 8110 P pgreentatedadliMA o @lim 1, having a liquidus

viscosity of 50,000 poise or greater.

12. The glass according to claim 1, having a Ty less than

1580°C and a liquidus viscosity of 400,000 poise or greater.

13. The glass according to claim 1, comprising 1 to 8 weight

percent NayO.

14. The glass according to claim 1, comprising:

53 to 71 Si0y;

2 to 17 Al,03;

8 to 22 total M;0; and

0 to 40 total RO;
wherein, M is an alkali metal selected from Na, K,
Li, Rb, and Cs and wherein the glass comprises at
least 1 weight percent Na;0; and wherein, R is an
alkaline earth metal selected from Mg, Ca, Ba, and

Sr.

15. The glass according to claim 1, comprising:
53 to 71 Si0y;
2 to 17 Al,03;
8 to 22 total M;0; and
0 to 40 total RO;
wherein, M is an alkali metal selected from Na, K,
Li, Rb, and Cs and wherein the glass comprises at

least 1 weight percent Na;0; and wherein, R is an
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| ess than 14 percent total RO wherein, Mis an alkali netal selected from
Na, K, Li, Ro, and Cs and wherein the glass conprises at |east 1 weight
percent Na@Q@oj0/Bse8wherein, R is an al kaline earth netalPCTalSeect®sesfit om My,
Ca, Ba, and Sr, wherein the glass is fusion formable and has a strain point
of 540 OC or greater, a coefficient of thermal expansion of cﬁ’gva%g’ 7F or
greater, T2o00 less than 1630 0OC , and having a liquidus vis f £

150, 000 poi se ory 1988t 223 h MHASSONSSH 'f&%nﬁ%@emdam Ing ,0fand N wei ght
percent: 50 to 75 percent Si2; 1 to 2 0 percent AlZ&3; 0 to 3 percent
Ti2; 0 to 10 perrcent B2O3; 8 to 25 percent total MO ; and O to 50 percent
total RO wherein, Mis an alkali metal selected fromNa, K, Li, Rb, and
Cs and wherein the glass conprises at |east 1 weight percent Na20 ; and

wher ei n, 6 R Tise afl @b Kaddtereatd hc sret pdisel ectetbfromdy, Ca, Ba, and Sr.
65 to 76 SiOy;
1 to 7 Al,0s3;
2.5 to 5 Nay0;
5.5 to 11 Ky0;
0 to 8 MgO;
1 to 7 Ca0O; and
0 to 6 BaO.

17. The glass according to claim 1, wherein the glass is in

the form of a sheet.

18. The glass according to claim 17, wherein the sheet has a

thickness in the range of from 0.5mm to 3.0mm.

19. A photovoltaic device comprising the glass according to

claim 1.

20. The photovoltaic device according to claim 19, wherein the
glass is in the form of a sheet and is a substrate or a

superstrate.

21. The photovoltaic device according to claim 20, comprising
a functional layer comprising copper indium gallium
diselenide or cadmium telluride adjacent to the substrate or

superstrate.

22. A glass comprising, in weight percent:

50 to 75 percent Si0y;
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SP09-155PCT
to 20 percent Al,03;
to 3 percent TiOy;
to 4 percent MgO;
to 10 percent BR,03;

co o o o =

to 25 percent total M;0; and

less than 14 percent total RO;
wherein, M is an alkali metal selected from Na, K, Li,
Rb, and Cs and wherein the glass comprises at least 1
weight percent Na,0; and wherein, R is an alkaline
earth metal selected from Mg, Ca, Ba, and Sr, wherein
the glass is fusion formable and has a strain point of
540°C or greater, a coefficient of thermal expansion of
50 x 107 or greater, Ty less than 1630°C, and having

a liquidus wviscosity of 150,000 poise or greater.

23. A glass congisting essentially of, in weight percent:
50 to 75 percent Si0y;
1 to 20 percent Al,03;

to 3 percent TiOy;

to 10 percent BR,03;

to 25 percent total M;0; and

o o O O

to 50 percent total RO;

wherein, M is an alkali metal selected from Na, K, Li,
Rb, and Cs and wherein the glass comprises at least 1
weight percent Na,0; and wherein, R is an alkaline

earth metal selected from Mg, Ca, Ba, and Sr.
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