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FI ELD OF | NVENTI ON [0002] This invention relates to fusion processes for
produci ng sheet glass and, in particular, to fusion processes which enpl oy
zircon isopipes. Even nore particularly, the invention relates to
controlling the formation of zircon-containing defects in sheet glass
produced by fusion processes enploying zircon isopipes. [0003] The

techni ques of the invention are particularly useful when fusion processes
are enpl oyed to produce gl ass sheets for use as substrates in the

manuf acture of liquid crystal displays, e.g., AM.CDs. BACKGROUND OF THE
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the glass nmaking art to produce sheet glass. See, for exanple, Varshneya,
Arun K., "Flat dass," Fundanentals of Inorganic G asses, Academ c Press,
Inc., Boston, 1994, Chapter 20, Section 4.2., 534-540. Conpared to other
processes known in the art, e.g., the float and slot draw processes, the
fusion process produces gl ass sheets whose WO 03/ 055813 PCT/ US02/ 39391 -2
surfaces have superior flatness and snoothness. As a result, the fusion
process has becone of particular inportance in the production

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S.
Provisional Patent Application Number 60/343,439, filed
December 21, 2002.

FIELD OF INVENTION
[0002] This invention relates to fusion processes for producing
sheet glass and, in particular, to fusion processes which employ zircon
isopipes. Even more particularly, the invention relates to controlling
the formation of zircon-containing defects in sheet glass produced by
fusion processes employing zircon isopipes.
[0003] The techniques of the invention are particularly useful
when fusion processes are employed to produce glass sheets for use as

substrates in the manufacture of liquid crystal displays, e.g., AMLCDs.

BACKGROUND OF THE INVENTION
[0004] The fusion process is one of the basic techniques used in
the glass making art to produce sheet glass. See, for example,
Varshneya, Arun K., "Flat Glass," Fundamentals of Inorganic Glasses,
Academic Press, Inc., Boston, 1994, Chapter 20, Section 4.2., 534-540.

Compared to other processes known in the art, e.g., the float and slot

draw processes, the fusion process produces glass sheets whose



of the glass substrates used in the manufacture of liquid crystal displays
(LCDs). [0005] The fusion process, specifically, the overfl ow downdraw

fusi on prooas®sssis the subject of commonly assigned U.S. Pararsis39¥05.
3,338,696 and 3,682,609, to Stuart M Dockerty. A schematic drawing of the
process of these patents is shown In Figure 1. As illustrated therein,
nolten glass is supplied to a trough for4ted in a refractory body known as
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surfaces of the isopipe. The two sheets neet at the bottomor root of the
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then fed to,drawn | prent (shown as glass pulling rolls in Figure 1),
whi ch cont r%lgg?? Seﬁ'tcﬁllgg)kness of the sheet by the rate at which the sheet
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process. Rajfhgle ptdirse fUihtae gatontyisssigowhie Righirent. atlsmdispheited The inner
surfaces of the two half sheets which formthe final sheet do contact the
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THE PROBLENOO®@6JH THEOhMYENAGNsGEe\dperation has been achieved, molten

glass overflows the top of the trough on both sides so as to form two

sheets of glass that flow downward and then inward along the outer

surfaces of the isopipe. The two sheets meet at the bottom or root of

the isopipe, where they fuse together into a single sheet. The single

sheet is then fed to drawing equipment (shown as glass pulling rolls in

Figure 1), which controls the thickness of the sheet by the rate at which

the sheet is drawn away from the root. The drawing equipment is

located well downstream of the root so that the single sheet has cooled

and become rigid before coming into contact with the equipment.

[0007] As can be seen from Figure 1, the outer surfaces of the

final glass sheet do not contact any part of the outside surface of the

isopipe during any part of the process. Rather, these surfaces only see

the ambient atmosphere. The inner surfaces of the two half sheets

which form the final sheet do contact the isopipe, but those inner

surfaces fuse together at the root of the isopipe and are thus buried in

the body of the final sheet. In this way, the superior properties of the

outer surfaces of the final sheet are achieved.

THE PROBLEM WHICH THE INVENTION SOLVES
[0008] An isopipe used in the fusion process is subjected to high

temperatures and substantial mechanical loads as molten glass flows



[ 0008] An isopipe used in the fusion process is subjected to high

t enperatures and substantial nechanical |oads as nolten glass flows WO
03/ 055813wB@3/&i8DP/ 39391 -3 into its trough and over itsPomtiesn2/393pf aces.
So as to be able to wthstand these demandi ng conditions, the isopipe is
typically and preferably nade from an I sostatically pressed bl ock of a
refractory material (hence the name " i €o- pipe"). In particular, the
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"secondary zircon crystals" or secondar%q/m rcon d ects%l he glass as
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particul ar, tHdtes endef %@h?cél bf M@%@M el SRrAfasturRsot $h&dt glass for use
as LCD substrates is the presence of zircon crystals (referred to herein
as "secondary zircon crystals" or "secondary zircon defects") in the glass
as a result of the glass' passage into and over the zircon isopipe used in
the manufacturing process. It has been further discovered that the
problem of secondary zircon crystals becomes more pronounced with

devitrification-sensitive glasses which need to be formed at higher

temperatures.

THE DISCOVERY OF THE SOURCE OF THE PROBLEM
[0010] In accordance with the invention, it has been found that
the zirconia which results in the zircon crystals which are found in the
finished glass sheets has its origin at the upper portions of the zircon
isopipe. In particular, these defects ultimately arise as a result of
zirconia (i.e., ZrO2 and/or Zr** + 20-2) dissolving into the molten glass
at the temperatures and viscosities that exist in the isopipe's trough
and along the upper walls (weirs) on the outside of the isopipe. The
temperature of the glass is higher and its viscosity is lower at these
portions of the isopipe as compared to the isopipe's lower portions since
as the glass travels down the isopipe, it cools and becomes more

viscous.



zirconia (i.e., Zr02 and/or Zr+4 + 20-2) dissolving into the nolten gl ass
at the tenperatures and viscosities that exist in the isopipe's trough and
al ong t hewoppesssaal | s (weirs) on the outside of the isopi per/UBz39391
tenperature of the glass is higher and its viscosity is |ower at these
portions of the isopipe as conpared to the isopipe's |ower portions since
as the glass travels down the isopipe, it cools and becones nore viscous.
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defects in ass | ved opera e fusion
crystals have grown to a length of around 100 microns. Growth to this

length can take a substantial period of time, e.g., three or more months
of continuous operation. As a result, the identification of the source of
the secondary zircon defects in the finished glass was itself an

important aspect of the invention.

THE SOLUTION TO THE PROBLEM
[0013] In accordance with the invention, the problem of secondary
zircon defects in the finished glass is solved by operating the fusion
process under conditions that cause:
(a)  less zirconia to go into solution in the trough and the upper
portions of the isopipe, and/or
(b)  less zircon to come out of solution and form secondary
zircon crystals at the bottom of the isopipe (this coming out
of solution may be considered as involving devitrification
and/or precipitation of the zircon crystals).
[0014] Operating conditions that will achieve these effects include:
(a) lowering the operating temperature (specifically, the glass
temperature) at the top of the isopipe (trough and weir regions), or (b)
raising the operating temperature (specifically, the glass temperature)

at the bottom of the isopipe (root region), or (c) most preferably,



process under conditions that cause: (a) less zirconia to go into solution
in the trough and the upper portions of the isopipe, and/or (b) Iess

zi rcon t owomamsssut of sol ution and form secondary zirconprPcmyshadsoat t he
bottom of the isopipe (this com ng out of solution may be considered as

I nvolving devitrification and/or preC|Ehtat|on of the zircon crystals).

[ 0014] Cperating conditions that wll | eve these effects include: (a)
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lowering t %Oﬁ%ﬂr ati nlghé SQBSE&RH%&Bture adjustments at the top and/or

bottom of the isopipe are achieved using heating equipment of the type
conventionally employed to control glass temperatures in a glass
forming operation. For example, lowering the operating temperature at
the top of the isopipe can be achieved by turning down (or off) any
heaters located at or near the top of the isopipe, while increases in the
operating temperature at the bottom of the isopipe can be achieved by
increasing the heat output of heaters located at or near the bottom of
the isopipe, and/or by using more powerful heaters, and/or by adding
more heaters.

[0017] Similarly, temperature adjustments can be achieved by
changes in the insulation and/or air flow patterns around the isopipe,
e.g., the insulation in the region of the root of the isopipe can be
increased to increase the temperature in the region of the root and/or
the air flow in that region can be reduced, again to increase the
temperature in that region of the isopipe.

[0018] The temperature at the top of the isopipe can also be
lowered by lowering the temperature of the glass supplied to the isopipe
from the melting/fining equipment used to process the raw materials
from which the glass sheet is made. By whatever means the
temperature at the top of the isopipe is reduced, for a given glass
composition, the result will be an increase in the viscosity of the glass

and a reduction in the zirconia solubility in this region.



the top of the isopipe can be achieved by turning down (or off) any

heaters | ocated at or near the top of the isopipe, while increases in the
oper at i ngwoanpsssat ure at the bottom of the isopipe can beprachiSeyasoby

i ncreasi ng the heat output of heaters |ocated at or near the bottom of the
| sopi pe, and/or by using nore powerful heaters, and/or by adding nore
heaters. [0017] Simlarly, tenperature‘éhjustnents can be achi eved by
changes in the insulation and/or air flow patterns around the isopipe,

e.g., the insulation in the region of the root of the isopipe can be

i ncreased to increasespREIRINEMBODIMENTSHOFIEJEANVENTION oot and/or the
air flowin that regi on can be reduced, again to increase the tenperature
in that redO®19f thFigyspilpehoyoepseserHativemitanges'® aPctHE g op of the

| sopi pe can_also be _1quer b gwgri t SRS l.ass
supplied totefrh%eriaggﬁ?spgesgﬁg%%hée mel t %ﬁrg‘?&fclt%l ng E%:f%‘(r’?é%f §uets&géllglta ?process

the raw matgrdcH Hefdot®fomiiagproRémakely0 Sheefectsspemgeunidytavhat ever neans
the tenperature at the top of the isopipe is reduced, for a given glass

: p .
conposi t | oraPRIeXimedely: 0.8 defsetmper poverk d-6. nthalevel o€ defesfs grith eyl ass
and a reducti in the_ zi ' N ERAA LS. Eegl 813
PCT/ US02/ 3938 Fhtiod légﬁﬁ? Eh e e k}ﬁﬁr}é’e&” ’%ﬂ&ﬁp kﬁftﬁﬁ?‘%ﬁ%ﬁo’f\é\&gﬁoﬁ‘gur e 2
show r epr esghatéd enahang esmiperonaeatiditee linoRas?) ut ehedesdgofthd voachi eve
a reduction in the level of secondary zircon defects from approxinmately

0.3 def ect saysegregéemeham the ppmperatiie] ghange (ipereass) geheperigr af tee, the

Level of defect, ol L LIRS Vot hre eSS lWh S lorldiy! An Wi t hout
crystals are more likely to form on the root of the isopipe.
[0020] Preferably, the temperatures shown in Figure 2 are used in
combination with a reduction in the temperature of the glass supplied
to the trough of the isopipe, e.g., a reduction from approximately
1270°C to approximately 1235°C.
[0021] The temperatures shown Figure 2 are glass temperatures
which can be measured using various techniques known in the art. In
general terms, for the upper portions of the isopipe (trough and weirs),
the measured temperature of the glass will be about the same as the
temperature of the outer surface of the isopipe, while for the lower
portions (root), the temperature of the glass will typically be lower than
the temperature of the outer surface of the isopipe.
[0022] The temperature changes shown in Figure 2 are suitable
for use in producing LCD glass of the type sold by Corning Incorporated
under the 1737 trademark. See U.S. Patent No. 5,374,595 to
Dumbaugh, Jr. et al. Suitable operating temperatures (glass
temperatures) for other glasses can be readily determined from the
present disclosure. The specific temperatures used will depend on
such variables as glass composition, glass flow rate, and isopipe
configuration. Thus, in practice, an empirical approach is used with
the temperatures being adjusted until the levels of secondary zircon

defects in the finished glass are at a commercially acceptable level, e.g.,



be noted that the tenperature change (increase) at the ends of the root
are greater than the tenperature change (increase) at the center of the
root si ncwotobeswmds of the root are the places where secomdarugozsasenn
crystals are nore likely to formon the root of the isopipe. [0020]
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with a reduction in the tenperature of t'He glass supplied to the trough of
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WO 03/ 05581 vPaTiodSpRivada89 inethvds for reducing the level of zircon-containing
defects in sheet glass produced using fusion processes which employ
zircon isopipes. The methods involve controlling the difference in
temperature between the hottest and coldest glass which contacts the
isopipe so that substantial amounts of zirconia do not go into solution
where the hottest glass contacts the isopipe and substantial amounts
of zircon do not come out of solution and form crystals where the
coldest glass contacts the isopipe. In particular, the difference in
temperature is controlled so that the secondary zircon crystals which
form at the root of the isopipe do not reach a length where they will
break off and produce commercially unacceptable levels of defects in
the finished glass, e.g., levels of defects greater than 0.1 defects per
pound of finished glass.
[0024] Even more succinctly, the present invention solves the
secondary zircon defect problem by controlling the temperature profile
of the glass as it passes over the zircon isopipe so as to minimize both
the amount of zirconia which diffuses into the glass at the trough and

weir level and the amount of zircon which comes out of solution and

forms crystals at the root level.



at a level of less than 0.1 defects per pound of finished glass. In

general terns, for glasses suitable for nmaking LCD substrates, the

t enper at uwe odiof4ses ence between the glass at the top of thedrasp/ps(e.g.,
at the top of the weir) and the tenperature of the glass at the bottom of
the isopipe (e.g., at the root) needs tq | ess than about 90C and in sone
cases |l ess than about 80C to avoid | evels of secondary zircon defects
above 0.1 defects per HQRH@F]S%@W&&%TKbﬂqgﬁ]Iﬁﬁgﬁk?hﬁﬂﬁe- going, it can be
seen that the present ‘invention provides nmethods for reducing the | evel of
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whi ch enploy zircon_ isopipes. The net hods involve controlli th
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contacts thgha&gopipe so that substantial anobunts of zirconia do not go
into solution where the hottest glass contacts the isopipe and substanti al
amounts of [0026Jon doFigoire oitea Geheaiatiotuaworg dhadstratimgareystsdrstativer e t he
col dest gl ass contacts_the isopipe. In particular, the djff%r nce in
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at the root; of \tfie isopipe do not reach a length where they will break off
and produce conmercially unacceptable |evels of defects in the finished
glass, e.g., levels of defects greater than 0.1 defects per pound of
finished glass. [0024] Even nore succinctly, the present invention solves
the secondary zircon defect problemby controlling the tenperature profile
of the glass as it passes over the zircon isopipe so as to mnimze both

t he amount of zirconia which diffuses into the glass at the trough and

weir |evel and the amount of zircon which conmes out of solution and



forms crystals at the root |evel. WO 03/055813 PCT/ US02/ 39391 -8 BRI EF
DESCRI PTI ON OF THE DRAW NGS [0025] Figure 1 is a schematic draw ng
i1l ustratwogsasssuepresentati ve overfl ow downdraw fusi on prorass2/8sp1 maki ng

flat glass sheets. [0026] Figure 2 is a schematic drawing illustrating
representative tenperature changes that can be enployed in the practice of
the invention. WD 03/055813 PCT/US02/ 39391 -9- \What is claimed is: 1. In

a met hod f i h et glass by a fu5| on process in which nolten
glass is S(L)I%/}Fat 1% (i(iéﬂge§|§con i sopi pe which conprises a trough and weirs
at its top and a root at its bottom the inprovement conprising

controlling the formation of zircon-containin 8efe ts in the sheet glass
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2. In a nmethod for producing sgeet gl ass by a fusion oce s.in
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by contr ol | pagsdsheveti fHeetietwme isapipe rgpesasita neinietize®oth the amount of

zirconia which diffuses into the glass at the trough and weir level and

the amount of zircon which comes out of solution and forms crystals at

the root level.

2. In a method for producing sheet glass by a fusion process in
which molten glass is supplied to a zircon isopipe which comprises a
trough and weirs at its top and a root at its bottom, the improvement
comprising controlling the formation of zircon-containing defects in the
sheet glass by controlling the difference in temperature between the
hottest and coldest glass which contacts the isopipe so that substantial
amounts of zirconia do not go into solution where the hottest glass
contacts the isopipe and substantial amounts of zircon do not come out
of solution and form crystals where the coldest glass contacts the

isopipe.

3. The method of Claim 1 or Claim 2 comprising the step of lowering

the glass temperature at the top of the isopipe.

4. The method of Claim 3 wherein the glass temperature at the top
of the isopipe is less than 1258°C.

5. The method of Claim 1 or Claim 2 comprising the step of

increasing the glass temperature at the root of the isopipe.



hottest and col dest gl ass which contacts the isopipe so that substantial
anounts of zirconia do not go into solution where the hottest gl ass

cont act s wioasiossps pe and substantial amounts of zircon dopPeatuSomsssIput  of
solution and formcrystals where the col dest glass contacts the isopipe.
3. The nmethod of Claim1l or Caim2 co {)isi ng the step of lowering the
gl ass tenperature at the top of the isgg pe. 4. The nmethod of Caim3

wherein the.gla g@?r t fo $1H8s1 jeRathe hESSe LHN
1258C. 5. e mssfli%% 0 Og %%@%?%%%HZt%go%%rgFégﬁ?the step o?

i ncreasi ng $thehedisapspd Bnpe=atttieant] 1369C oot of the isopi pe. WO 03/ 055813
PCT/ US02/ 39391 -10 6. The nethod of Caimb5 wherein the glass tenperature

at the root of the isopipe is greater than 1120C. 7. The nethod of Caim5
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the tenperature i1'ncrease a enter of the root. The nethod of Caim

1 or O ai méndonpthsirogt hfregadaps thhn thewermparathee ghasastatpdreatanterat t he
top of the isqpipe and increasing the glass tenperature at the root of the
i sopi pe. 9.°fH fRYhod of O aim 8 wherein the glass tenperature at the top
of the isopipe is less than 1258C and the gl ass tenperature at the root of
the isopipe is greater than 1120C. 10. The nethod of Claim8 wherein the

t enper at ur e8j ncrBas esethiodt beClandd @f Cldien Cosimprieigg eht etephafi t he
tenperature increase at the center of the root, . ) ) )

lowering the glass temperature at the top of the isopipe and increasing

the glass temperature at the root of the isopipe.

9. The method of Claim 8 wherein the glass temperature at the top
of the isopipe is less than 1258°C and the glass temperature at the root
of the isopipe is greater than 1120°C.

10. The method of Claim 8 wherein the temperature increases at the
ends of the root are greater than the temperature increase at the center

of the root.

11. The method of Claim 1 or Claim 2 comprising the step of lowering

the temperature of the glass supplied to the isopipe.

12. The method of Claim 11 wherein the temperature of the glass
supplied to the isopipe is less than approximately 1270°C.

13. The method of Claim 1 or 2 wherein the temperature difference
between the glass at the top of the isopipe and the temperature of the
glass at the root of the isopipe is less than about 90°C.

14. The method of Claim 13 wherein the temperature difference is

less than about 80°C.



11. The method of Cdaiml or daim2 conprising the step of lowering the
tenperature of the glass supplied to the isopipe. 12. The nethod of Claim
11 wher eiwotohesisesrper at ure of the glass supplied to the iPeogiSo®39391 | ess
than approximately 1270C. 13. The nethod of Claim1l or 2 wherein the
tenperature difference between the gl aﬁ at the top of the isopipe and the
tenperature of the glass at the root o6f-fhe isopipe is | ess than about

90C. 14. Theznet j er el ; : i S |less
than about 5C. Vi 697 BEsERECEARN (RO RS R VARRE Bk S SN a ek it
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| ength where they break off and produce_. camer.cially unacceptable |evels
of defects FAMYREAakY spagcgpiakle 12%‘?151'%@6&‘%@%8%%1‘& dglagRerei n t he

| ength of the zircon crystals which format the root is kept bel ow about
100 mcrons. 17. The nmethod of C aim 15 wherein the | evel of defects in the
fini shed gl 86s i Thtenstlidthof Claiequd wherdinltideleepith qdathepnoemh crystals

which form at the root is kept below about 100 microns.

17. The method of Claim 15 wherein the level of defects in the

finished glass is less than or equal to 0.1 defects per pound.



