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LAM NATED SHEET FOR OPTI CAL APPLI CATI ONS Rel at ed
wappi4ioogi on [ 0001] This application clains thecbeseioinossis
of priority fromU. S. Patent Application No.

10/ 406, 965, filed, April 4, 2003, the content of which
is incorporated herein by reference. Background of

I nvention [0002] The invention relates generally to
substrates, such as those used in manufacturing fl at
panel displays, and nethod of making the sanme. [0003]
Di spl ay conponents, e.g., thin filmtransistors
(TFTs), color filters, and organic light emtting

di odes (OLEDs), are typically fabricated on gl ass
substrates. Although, glass has desirable optica
properties for display and other applications, it is
relatively heavy and easily broken. [0004] Fromthe
foregoing, there is desired a substrate for
appl i cations such as displays, other active

el ectroni c devices, and optical device packagi ng that
has a high nmechanical strength and | ow ther nal
shrinkage. Summary of Invention [0005] In one aspect,
t BEGHSTRENCGTIELAMENATED $HERDRFOR OraeCAINAPPLICATIONS
conprises a surface |layer having an optical surface
that is of fire-polished quality and a core |ayer WO
2004/ 094321 PCT/ US2004/ 008518 2 having a hi gher
modul us than the surfafeldted dippligatiorcr ease an overal

ffness.of the. |am nated sheet. .[ Q006 ther .. ..
Rbpbet  Siinelivling SR S EbrhF 8 er ity b TRRLF Bbpication
MBI TM06;96% Fl&Ie A pdil 801003 e&%icBteft ¢ ivilgieh isayedrphatdigren by
optical surface that is of fire-polished quality and
giegence. | ayer, wherein the thermal expansion
coefficients of the surface and core |ayers are
adjusted to control stress and enhance fracture
toughness of the |am nated sheet. [0007] In another
aspect, the inventioBackpederl édfdnsention nat ed sheet
whi ch
[0002] The invention relates generally to substrates, such as those used in

manufacturing flat panel displays, and method of making the same.

[0003] Display components, e.g., thin film transistors (TFTs), color filters, and
organic light emitting diodes (OLEDs), are typically fabricated on glass substrates.
Although, glass has desirable optical properties for display and other applications, it is

relatively heavy and easily broken.

[0004] From the foregoing, there is desired a substrate for applications such as
displays, other active electronic devices, and optical device packaging that has a high

mechanical strength and low thermal shrinkage.

Summary of Invention

[0005] In one aspect, the invention relates to a laminated sheet which comprises

a surface layer having an optical surface that is of fire-polished quality and a core layer



conprises a surface layer having an optical surface

that is of fire-polished quality, a core |ayer having
wa 2h4gheni nodul us than the surface | ayer to i nBCEAS200aM008518

overall stiffness of the |am nated sheet, and a

sacrificial l|ayer interposed between the surface

| ayer and the core layer. [0Q08] hl another aspect,

the invention relates to a | am nated sheet Mhiég . £
heonp i i skeramedites thaydhe syfacgrlpyrsdo|imgrasse finsprssaly sigfhinegs of the
1 ihstashdle of the core layer, the surface |ayer

aving an optical surface that is of fire-polished

quality, and a bottom |ayer disposed on a second side
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1fI.OV\%HI%}rmterial into an overfl ow channel,
BYBAEASHFg the first viscous, flowable material in a

controlled manner to forma first sheet-like flow _
1ng at Theamtheprepesy} eiec hednton frelaesob 4 ilaminated sheet which
polished quality, depositing at |east a.se
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rto-a I'am Aat e eet I n anot her aspect, the
stiffu€Rtdfahe iahiahiesd sheetaamied kadtifofal fayer mytemos¢dabétvaee the surface

sheet _whi ch conprises supplying a viscous, flowable
Iawer and H1e O 8Y8n  over fl ow channel, positioning a
consunable material in a now path of the viscous,

[b0ddfabl € MRt gliuak £Be@S the idvehfiodl YeRied ©LOAP@Middt&@NSheet which
variration to a specific portion of the viscous,

chinpviaty & coeet yéralk, suofaes fayeniisposedeony degude pf Hgatsre layer, the
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and drawi ng the sheet-like flow into a | am nated

se¢timat mofolys 1than theapistase rlayes pansk thet britomh JaieE ite Angrassy: Ak overall
0. a od of ing a |amnated sheet which

S@g%ﬁﬁﬁ:‘g?ége \%%}P?ﬁt?r%&aeegi rst sheet-like flow by a

conti nuous sol -gel process, supplying a viscous,

[bo@abl e nat efdtadr beplect, ahe oveeftloowrditanriel 3 method of making a
overflowing the viscous, fl.owa
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leates) $h5a0 FRIFRTOTTRSISES PURPAYIEE ol et HopisbiePgggeral into an
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sheet - l'owto forma
manner to form a first sheet-like flow having at least one untouched surface of fire-

polished quality, depositing at least a second material on a surface of the first sheet-like

flow to form a laminated flow, and drawing the laminated flow into a laminated sheet.

[0010] In another aspect, the invention relates to a method of making a
laminated sheet which comprises supplying a viscous, flowable material into an
overflow channel, positioning a consumable material in a flow path of the viscous,
flowable material so as to introduce a compositional variation to a specific portion of

the viscous, flowable material, overflowing the viscous, flowable material in a



| am nated flow, and drawing the lamnated flowinto a

| am nat ed sheet. [0012] In another aspect, the
wonvarmsnn rel ates to a method of naking a | arCnAaS2@4/008518

sheet which conprises supplying a first and a second

vi scous, flowable material into independent

conpartnents in an overfl ow c¢hannel, sinultaneously

overflowng the first and s co&? Vi sc fl owabl e
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flowinto a | am nated sheet. [0013] In another aspect,
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n channel, wherein t Vi scous,
drhmmhe shmt-dake midntadilofriot ¢ heissedshtesi de of t he
open channel forns a sheet-1i ke fl ow, wherein the

I SCOUS, owabl e mat e rflo dfrom h [ .
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over VI SCOUS,
flow into a laminated sheet.

[0014] - In another aspect, the invention relates to a method of making a
laminated sheet which comprises supplying a viscous, flowable material into an open
channel, simultaneously overflowing the viscous, flowable material from a first side of
the open channel and drawing the viscous, flowable material from a second side of the
open channel, wherein the viscous, flowable material drawn from the second side of the
open channel forms a sheet-like flow, wherein the viscous, flowable material
overflowed from the first side of the open channel forms two separate flow sireams

having untouched surfaces of fire-polished quality, merging each of the flow streams



flowable material in a controlled manner to forma

sheet-like flow with an untouched surface of
woiom/pa2i shed quality, and, while the sheet-| Pke/USk@w00s518

is in viscous, flowable form nerging the sheet-Iike

flowwth a surface of the sheet of material. [0016]

I n anot her aspect, the inventd on rel at es to a method
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lInh{n%.{ed fﬁ,\(@{nftg oW GiNaRAchecand a second viscous, flowable
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flow, drawing the |lam ngted flowinto a lamn
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t hat . a surface of .the verfl
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into the compartments. [0018] |n another aspect, the
separtetet flon stresnzs l@sfmgamanucépé awrfaqgs of Sre-polishipsh guality, merging each

t ed, sheet I ch e \% I
Rl e R s R e R
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t he 2004/ 094321 PCT/ US2004/ 008518 5 overfl ow
channel for formng a drawn sheet-|ike flow, an .
108% 7 ng bolyanagrertaspRédth ebl@ivewwh@%%w FEAPRARN dpr forming a
],raﬁqrma%)cfwl?ereﬁ '\V@lgchaémnﬁﬁ%ets | Rove 56%0s Reeling '015 sed sheet-like

outer s aces o0 the rawn sheet-

fldwsy Wwheréiar it covieafiow ahexhs fHaovat 1§45 two 1ndependent compa:rtments for

receiving a viscous, flowable material, a forming means positioned below the overflow
means for converging and uniting the opposed sheet-like flows into a single drawn
sheet flow, means for pivotally adjusting the overflow means such that a surface of the
overflow channel has a desired tilt angle with respect to the horizontal, and means for

delivering a viscous, flowable material into the compartments.

[0018] In another aspect, the invention relates to an apparatus for forming a
laminated sheet which comprises an overflow channel for forming opposed sheet-like

flows from a viscous, flowable material, a slotted channel positioned below the



apparatus further includes neans for pivotally

adj usting the overflow channel such that a surface of
woheo4gweri| ow channel has a desired tilt angl eP@iris2004/008518

respect to the horizontal and neans for delivering a

viscous, flowable material into the overfl ow channel.

[0019] Ot her features and advwantages of the invention

idbe seeecen fion e, Lo Torion Sese om0 i
A ﬁlé: SER haSoUs: @oﬁv@%‘iﬁ%fﬁﬁ& eflitinadrthe %bﬁgse%l{‘%&ggtil]ike flows

according to one enbodi nen the invention.

viilg oo Zushossofatheodtanmg sheay-tike dtharedo tform hae lanaimptedt Bew. The

sheet of Figure. 1. 0022]. Figure 3.shows a

PP aes MUy S AT A o RO AT ey sigpnel such that
LPAdE BB RErRE chamieNtdsaNdesir8@ &R]ankleouitie rékpsdtavshe@horizontal
coating layer added to the | am nated sheet of_ Fi %tgare

a8d mdap® ot [deyayinge Bsestisviovarbilamiateainbintas the o erlovy elpngel.
sandwi ch structure according to another enbodi nent of

i nventd on. 5] 4Fl o} - | th
8 of °2 GBfRatle by GO oS IO R AR APRE Y from the
15ilge BEriplionsna thieippesidialaifner mi ng a sheet-1ike flow
usi ng the doubl e-sided overflow fusion pipe of Figure
6A. [0027] Figure 7A shows a perspective view of a
si ngl e-si ded overfl ow fusiqn B pipe. [0028] Figure 7B
shows a nethod for R‘rb‘?frp‘ﬁﬁnﬁtlgﬁggf)-rf‘{"ﬂ’@sfl ow usi ng the

si@g&l e-sided overf| ow fusion pipe of Figure 7A. WO,
[862H/ 0943FigweT/ USDTY/ D38 1aYere [lemzyfedpisgaqtea%cgrdmg to one

sho ' view of a nulti-conpartnent
eéﬁ/beo\rﬁlflgnv%%ﬂ%gﬂﬁg%ﬂﬁéﬁpe. [ 0030] Figure 8B shows a'

method for formng a | am nated sheet-1ike flow usi B% '
[0bZ1]mul ti -Eiguear shoesta cwind lager dddsd enthpilpwingfedmhegiioé Figure 1.
8A. [0031] Figure 9A shows a device for drawing a

h -like fl i h _ )
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embodiment of the invention.
[0023] Figure 4 shows a coating layer added to the laminated sheet of Figure 3.

[0024] Figure 5 shows a laminated sheet having a sandwich structure according

to another embodiment of the invention.

[0025] Figure 6A shows a perspective view of a double-sided overflow fusion
pipe.
[0026] Figure 6B shows a method for forming a sheet-like flow using the

double-sided overflow fusion pipe of Figure 6A.

[0027] Figure 7A shows a perspective view of a single-sided overflow fusion
pipe.
[0028] Figure 7B shows a method for forming a sheet-like flow using the

single-sided overflow fusion pipe of Figure 7A.



9A. [0033] Figure 9C shows a side view of the device

shown in Figure 9A wth a sheet-like flow being
woamu@gexdit hr ough t he channel of the device. [ 80BAS2004/008518

Fi gure 9D shows a sheet energing fromthe device of

Figure 9A. [0035] Figure 10 illustrates a nethod of

formng a two-|layered | am nateed sheet using a

doubl e-si ded overf| ow fusion pipe an d[
[B%‘)r]ﬂ ow fRIEWEPHRRBYS a PetsBeIivE [V ¢ ﬂlﬂuit}g P%{P’é%n pertlow

ﬂ) of formng a three-layered |ani nated sheet

usl ng doubl e- si ded overfl ow fusion pi pe and two
si ngl e-si ded overflow fusion pipes. [0037] Figure 12
[003(]Jst r at eigarerdit sﬂmi/scafméthodrfmg“oanmg@-laray@teédiheet -like flow using

JF‘ at ed sheett ng.two Si egoqﬂﬁe d overfl ow
YUgHC PR pEsne @U%‘gﬁ USRS g‘ﬂ@t tes a method of
formng a two-1ayered | am nated sheet using two

(g3l e- si dagu@eN fHoew of desiefopiaesng 4 SR80k Tlguimtokhest.
illustrates a nethod of formng a two-I|ayered

| am nated sheet using a single-sided overflow fusion
[B0FH and aFighistORishaws wh@?ﬁhgﬁ poW pdoROPEANg g dekice of Figure
| ustrates a nethod of formng a two-1|ayered
dm nated sheet wusing a doubl e-sided overfl ow fusion
pipe with an integrated slot draw fusion device.
[DO%BY1] Fi gﬂg&remslsdvm/\s salepaews pddhe devivd gwvof inaligure 9A with a

doubl e-si ded, overfl o usi.o h .a .conbi ned
HeerlifedlpvaRems corveyp W%‘W&Hﬁ% Fg%lﬁ]@b%’%’“ﬁ Y& anot her
enbodi nent of the invention. WD 2004/ 094321
[0634]US2004£Q08 518 shozvs[ L9 enfrer Ak Grokd Biel devite VEFidi@bA.

cross-section of the fusion pipe shown in Figure 16A.
[00431 Figure 17 illustrates a net hod of formng )
[0085]1 ayer el gheent (idlusteptesna arethodsafrfgrmaing gripionlgpered laminated sheet

sol - v

i gl SREES R0 TuSbT PSR S Sled S lon pipe

a sandwi ch | am nated sheet structure. [0045] Figure

[0936] | ust r piges A iffestiune a)lfneﬂhpﬁlof forgniag ¢ thakd- Img'elrﬂ:ﬂtlﬂninated sheet
on a fusion- forned surface. 8046] Fl?gure 20 @ %\5

s 3 Aghersided ayerderi fEpranegnd tya single-arRFrLQY firen pipes.
[0037] Figure 12 illustrates a method of forming a two-layered laminated sheet

using two single-sided overflow fusion pipes.

[0038] Figure 13 illustrates a method of forming a two-layered laminated sheet

using two double-sided overflow fusion pipes.

[0039] Figure 14 illustrates a method of forming a two-layered laminated sheet

using a single-sided overflow fusion pipe and a slot draw fusion pipe.

[0040] Figure 15 illustrates a method of forming a two-layered laminated sheet

using a double-sided overflow fusion pipe with an integrated slot draw fusion device.

[0041] Figure 16A shows a perspective view of a double-sided overflow fusion
pipe with a combined overflow and slot draw channel according to another embodiment

of the invention.



via an overflow channel. [0047] Figure 21 shows a

coating material being sprayed on a fusion-forned
weoeund4moe21[ 0048] Fi gures 22A and 22B show a mapprmug2mi/008518

| ocations in a viscous, flowable material carried

through a delivery systemto locations in a fina

sheet formed fromthe viscous, flowable material.

Det ai | ed Descripti.on [0049] The inve &%o Wl now be _.
[t i bed FignrgdoRiip awpttieak @pesristien Pg’f 43%%1 Pwéﬁe}”}léla Figure
lﬁgbodinents, as illustrated in acconpanyi ng draw ngs.

n"the follow ng description, nunmerous specific
details are set forth in order to provide a thorough
[00v3r st andiiggedf itlherateseemetihod of fermiig b tye-laysped lptmated sheet

however,. to on Killed in the ar that the .
WG bR PO bES raset Bt SPEatet ek it nipe
"these specific details. In other instances,
[B644] - KnoWTif@at 1§ BRisated BrmAheE 8 Foitieps fadeidiolantiesel sheet
desCribed in detail in order to not unnecessarily
sobstlour e the invention. The features and advantages of
the invention may be better understood with reference
he dr awi ' ' ion-
b1 nventpr At oAt S HERbEBE e » oy miHoh o fsion
fosest fefacé.abricating displays, especially flat panel
di spl ays. The substrate may al so be used for other WO
2004/ 094321 PCT/ US2004/ 008518 8. licatjions .
Be4fds it ngFlgF@rﬁoaS%@WPfaaF@éuW mt%aﬁﬁﬁbv&fﬁtgl a ﬁﬁs’e?fl#@é‘%?d surface
\§¥&Q0@§ﬂ8€&%Mﬁn1?|eCtroniC devi ces, photovoltaic
evi ces, an sJ%strates for biological arrays. In one
enbodi ment, the substrate is a |am nated sheet having
[047)r f ace Figyer2} Hatwsex isoglingsmatspial heing Fpeyes tme fysign-formed
quuring direct chem cal and thermal interaction with
Yt'8pt-ay manufacturing processes and a core |ayer that
has a higher elastic nodulus than the surface |ayer
pAgjenhancripgres hE2 OvedabdB ntehani aappisii 6f hessond i he viscous,
am nated sheet. In aqne enbodi nent, kge.sunfaggphﬁésrf d
fhevsabde matdrishcawieddaongh 3 delivesy pysi Ie Ipgptigns 1g@iigal gipet Torme
nd.of fire- ' ity and a uniformthickness
@m%t??%f%%%sﬁgkgiggg?ﬁgﬁy di splay application
requi renents. In one enbodi nent, the core layer is
separable fromthe surface |ayer, leaving a fina

product, i.e., the surDatdleddescxiptimt is thin and
meet s

[0049] The invention will now be described in detail with reference to a few
preferred embodiments, as illustrated in accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the invention. It will be apparent, however, to one skilled in the art,
that the invention may be practiced without some or all of these specific details. In
other instances, well-known features and/or process steps have not been described in
detail in order to not unnecessarily obscure the invention. The features and advantages
of the invention may be better understood with reference to the drawings and

discussions that follow.

[0050] The inventors propose herein a substrate that can be used for fabricating

displays, especially flat panel displays. The substrate may also be used for other



di spl ay application requirenents. [00511 In general,

the materials used in formng the layers in the
woOani4maird sheet are sel ected such that the opCraakgo4/008518

el ectrical, chem cal, and nmechani cal properties of

the | am nated sheet are optim zed for the target

application. For exanple, th& materials can be

sel ected such that the | am nated sheet. hﬁs a | ow
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W-type process, for exanple, redraw ng of
shoslddtave visanelbstiv claratersheet Exanple00dmpgagsiexhibiting viscoelastic

PCT/ US2004/ 008518 9 [0052],.Speci.fi.c.| am nat t -
heragterigiessang; g?ssr?@\% UYHs ]C’]l."]ilegga%h&ﬁlltg% sﬁg graé/ﬁgee %ﬂ?g of multiple
%tgré%g GRRPANYIB8 ShaW RYauli, Which ASERERCLATY] NATER SdfHimhited to,

_ Figure 1 shows a two-|ayered | am nated sheet 10
Hassenandopalymewcandlayheir pregursers sucke ay eirply ponpmersrpgd oligomers,

RUSLTGR RS IR, RURGE! By A 83 Y e
@Jnowpésﬂ)é@,r snd Bhe couifiggen! dgeol. 12Thadaminated sheet may include
additional layers besides the surface layer and the higher modulus core layer. For
example, the laminated sheet may include interlayers with thermal expansion
coefficients tailored to manage residual stress upon cooling. As another example,
should the outermost surface layer require additional optical functionality, the pristine,
fire-polished quality need not be maintained. For example, one of ordinary skill in the
art will recognize that optically functional layers, such as microlens arrays or
polarizers, could be added to any of the laminated sheets described herein. One of
ordinary skill in the art will also recognize that the laminated sheet with fire-polished
surface quality could also be achieved with a redraw-type process, for example,

redrawing of a slot-drawn laminated sheet.



fission-formed optical surface 16 that can serve as a

basis for fabricating functional elenents (not
wehoemrp432such as, but not limted to, TFTs, CLEBOS/US2004/008518

color filters. The fusion-forned optical surface 16

IS untouched by a form ng device, e.g.,

uncontam nated by refractory9material, and has a

fire-polished surface quality. The surfac
(00581 2" i Boresic 1Fe RHe Shash B L BEv rdiesFaiee Witk rference
| requi renents. The core |ayer 14
uﬁéggggﬁﬁ%ﬁnge agggd nmodul us than the surface |ayer 12
and provides mechani cal support to the surface |ayer
12 such that the structural integrity of the
| ami nat ed sheetTWO-L4 YHERED AAMINAREDSHEEKagi ng and

fabricating functional elenents (not shown) on the

[ousaf ace | aygie 12hokOaSwh- 1£3Veeé(bl*aﬂbh@xed shvet wﬁlewng)amlnﬁace layer
of the core layer 14 js placed as far as ?ﬁ % el
12 eodp coes lﬁjéelytlflmThg)@pgfa@flayq{éthq dheerue layer 14 may be single layers,
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uacorftmmmddfy tdfectorpmateiadanhbag a foe-ppbeies)] surface gality. The

the s nd co 4
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1ARF1AR AHeCBre ﬁ?éﬁm B& Phightrosseis mdtﬁﬂwﬁ!han theudurfacelayer 12

n t limted to, kal i ne-earth boro- alun1n03|llca te, 1
apd nﬂomﬁmmmh@ta@@ suppartstodthe pyrfase glayess 1 BP&hp‘ihé% thyt structura

a bricati
18’[8# %aec{s%nsgg%t ¢ 19%&41‘3}3@6% f\?}éﬂég edfq&%}hg and fabricating
fﬁﬁﬂtﬁbﬁﬁ'ﬂ &@nexnptrm&wn)&ml thé) s f{cPESkr 12pol yaryl at e,

poI ycar bonate, poly ethylene terphthalate (PET), poly

BRI | arTE B Ryt s ] O DOBOre HSEl b Waeed s far s
p%ggﬁf d@é‘iﬁzl}le %{rﬁ‘isgﬂgdt{f%gﬁgélmésg R thO 128 BT6R HBe€30. This is

but are not limte | asses enriched
Batdlse Mg Besion Mmodtidef thet lhlrmraa,tecbﬁreyt il@t d61a¢n§1m Qilathecﬁquare of the

é%glgﬁ%%@ch%bgggf%lgg@%g r ab cﬁ ifiq 35; e rﬁ aXli 4@}1 S th! farther away

thé %Pép %&%ﬁ% of ﬁ{éec&rx NeyRf14MBtedh ahs nbged dxis b ﬂhgskhm of the
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Ibvirciddf shreetthe Bighee denpdcion trhedudusy ik theamgchapical Isﬁ§f8‘?5§ of the

1a1%1nated sheet 10.

[0055] In one embodiment, the surface and core layers 12, 14 are made of
glasses and/or polymers or glasses and/or glass-ceramics. Examples of glasses include,
but are not limited to, alkaline-earth boro-aluminosilicate, zinc borosilicate, and soda-
lime glass. Examples of polymers include, but are not limited to, poly
perfluorocyclobutane ether, polycyclic olefin, polyamide, polyether-sulfone (PES),
polyarylate, polycarbonate, poly ethylene terphthalate (PET), poly ethylene naphthalate
(PEN), poly methyl methacrylate (PMMA), and poly vinyl butyral (PVB). Examples



14 may both be nmade of glass or of polyner.

Alternatively, the surface |ayer 12 may be nade of
wqghewimoand the core | ayer 14 of polyner, and PCT/US2004/008518

vice-versa. Alternatively, the surface layer 12 may

be made of glass and the core |layer 14 nmade of

gl ass-ceramic. Typically, th& layer-formng nmaterials

are sel ected, based on the djspl applicati.an " .
of edrsheeiEnts IO, DY Bt HRLp] 4 SpPFT GUifbdsith magnesium
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[0058] In one embodiment, the core layer 14 is separable from the surface

layer 12 by means such as thermal, chemical, mechanical, electromagnetic radiation, or
other means. In one embodiment, separation of the core layer 14 from the surface layer
12 is achieved by selecting the material used in forming the core layer 14 to be more
soluble in an appropriate solvent than the material used in forming the surface layer 12.
The advantages of making the core layer 14 separable from the surface layer 12 are
significant. The surface layer 12 can be made as thin as necessary to meet display

application requirements, e.g., thinner than 1 mm. During handling and packaging of



12. After adding function to the surface |layer 12, the

core layer 14 can then be separated fromthe surface
wOayenr9d21 | eaving the thin surface |ayer 12 tpar/usemysossis

di splay application requirements. [0059] Wen the

core layer 14 is separable fromthe surface |ayer 12,
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Ycaﬁbﬁ?ecﬁ?reﬂféﬂ@ of a material that has a | ow thernal
age, e.g., a well-annealed glass. Alternatively,
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t e?r,gge ! f%l f4t ag/afgog}aﬁé JfNOR QR gﬂ{%tc higl explaﬂd&f‘ﬁ) achieve zero
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thérhal Qﬁlirﬂ@gé heg. e Voanonmeenta] swehgs, podgstyreiee. r Borucwe depst 14 can be
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155%62 2? a%(()i c‘rﬁos%gg]ﬁpﬂeeﬁa% 3ysQ fQﬁo@%ﬁthdi)t&ﬁlesulrﬁﬂé fiat @dpristine and

_ as an optical coating, which wll
offlrepolisiicieualityl cal properties of the surface |ayer 12
and/ or core Iayer 14, or a conductive coating, which

ba

08 o <OuSy Bl Bl o AL G RAGHL S omigacd e 10
ftcfr%ﬁélhﬁte:Ongur@ﬁ sRovekad Boe@ﬂhﬁdﬁyéﬁ 18Gb®@icd &D&%Idpgcﬂfs&tfa&alﬁ of the
enhance the contrast of the display, or a reflectjve

Iemirsitedcshatt Hy Tltmstoatln&iray%h&%&d pREage iof Atrials seppicepcting, or
r%q%%@@ﬁ%@%@%&g g\g}\lﬂz%%%%é%éé]rpﬂ H§%%%/dg'9§§,1§le éb%tmg layer 18
could act as a barrier to the environment, e.g., act to reduce gas and moisture
permeation. A protective coating (not shown) may also be added to the core layer 14.
Other types of coating may also be added to the laminated sheet 10, such as an optical
coating, which will enhance the optical properties of the surface layer 12 and/or core
layer 14, or a conductive coating, which can be used as a basis for fabricating active
electronic devices, such as electrodes, diodes, or transistors, or a dark or dark color
coating that can enhance the contrast of the display, or a reflective metal coating that

can enhance the brightness of the display, etc.



[0061] Figure 3 shows a three-layered | am nated sheet

20 which includes a surface |layer 22, a sacrificial
wonv@roogeer 24, and a core layer 26. The surf aeeTiuaymn/008518

22 and the core layer 26 may be single |ayers, as

illustrated in the figure, or may be nade of

sub-layers. The surface |ayet222 has a fusion-forned

optical surface 28 that can

fabricating actHREEGEAYERID L.AM Evices. The
fusion- formed optical surface 28 1s untouched
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I nt ayer 24 away. The advantage of this enbodi nent
over the one shown in Figure 1 is that the
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on the optical surface 8 of gi%ag g? d fhin 5o
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ﬁ%¥ P _ Clher types of coating may al so be added to
am nated sheet 20, such as an optical coating,

which will enhance the optical properties of the
Bo63lace | aPer op maandlyers af gpatings may be added to thc lammated sheet 20.

For example, Figure 4 shows a coating layer 30 formed on the optical surface 28 of the
laminated sheet 20. The coating layer 30 could be made of a metal, semiconducting, or
nonmetallic organic or inorganic material. In one embodiment, the coating layer 30
could act as a barrier to the environment, e.g., act to reduce gas and moisture
permeation. A protective coating (not shown) may also be added to the core layer 26.
Other types of coating may also be added to the laminated sheet 20, such as an optical

coating, which will enhance the optical properties of the surface layer 22 and/or core
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conductive coating, which can be used as a basis for
wobabwiooa2i ng active electronic devices, such BET/US2004/008518

el ectrodes, diodes, or transistors, or a dark or dark

color coating that can enhance the contrast of the

di splay, or a reflective nethl coating that can
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RiStoryor exanple the core layer 36 can be optically
enhanced to enhance the brightness

[0065] Generally speaking, the higher strength of the laminated sheet 32 comes
from the surface layer 34 that is resistant to compression, the bottom layer 38 that is
resistant to tension, and the core layer 36 that is resistant to shear stress. In one
embodiment, the thermal expansion coefficients of the surface layer 34, the core layer
36, and the bottom layer 38 are adjusted to control stress and enhance fracture
toughness of the laminated sheet 32. If desired, function can be added to the core layer
36. For example, the core layer 36 can be optically enhanced to enhance the brightness
and/or enlarge viewing angle of the display. As described for the two-layered and

three-layered laminated sheets above, one or more coating layers (not shown), e.g.,



and/ or enlarge viewi ng angle of the display. As

described for the two-layered and three-|ayered
woOani4natrd sheets above, one or nore coating | BgEMUS2004/008518

(not shown), e.g., WO 2004/094321 PCT/ US2004/ 008518

14 protective coating, optical coating, or conductive

cgati ng, may be added to theldurface |ayer 34 and/or

the bottom | ayer 38. METHODS FOR MAKI NG LAl E
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protective, e.g., reduce gas and noisture perneation.
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melt. Tn some embodiments, the viscous, flowable material(s) may be a base glass melt
that can, with the addition of one or more elements or oxides, be readily transformed
into several specific glasses. The elements or oxides could be nucleating agents for a
glass-ceramic, with the base glass being the precursor glass without these agents or
with these agents below a critical composition level. The elements or oxides could also

be glass components that would cause a significant, controlled change in the resulting

elastic modulus of the formed layer.

[0069] Recent advances in modeling of the fusion process using computational

fluid dynamics make possible the mapping of the precise location in the delivery
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[0072] In operation, a viscoelastic material, e.g., a glass or polymer material, is
blended, melted, and stirred well. As shown in Figure 6B, the homogeneous flowable
viscoelastic material 64 is then delivered to the channel inlet 58. The flowable
viscoelastic material 64 has a low effective head that allows it to flow up the overflow
channel 50 without surge or agitation. The flowable viscoelastic material 64 wells over
the dams 52, 54 and flows down the converging sidewalls 46, 48 of the forming body
44 as flow streams 64a, 64b. At the bottom of the forming body 44, the separate flow

streams 64a, 64b rejoin to form a single sheet-like flow 66 with pristine surfaces 66a,

66b of fire-polished surface quality.
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the viscosity of the flowable material can be selected such that a single sheet-like flow

having a uniform thickness is formed.

[0076] In operation, a viscoelastic material, e.g., a glass or polymer material, is
blended, melted, and stirred well. As shown in Figure 7B, the homogeneous flowable
viscoelastic material 102 is then delivered to the channel inlet 88. The flowable
viscoelastic material 102 has a low effective head that allows it to flow into the
overflow channel 78 without surge or agitation. The flowable viscoelastic material 102
wells over the dam 84 and flows down the converging sidewall 76 of the forming body

72 to form a single sheet-like flow 104 with pristine surface 104a of fire-polished
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[0079] In operation, as shown in Figure 8B, a first flowable viscoelastic
material 130 is delivered to the channel inlet (128 in Figure 8A) and a second flowable
viscoelastic material 132 is delivered to the channel inlet (129 in Figure 8B). The
flowable viscoelastic materials 130, 132 have a low effective head that allows them to
flow into the overflow channels 112, 114, respectively, without surge or agitation. The
flowable viscoelastic materials 130, 132 well over the dams 118, 124, respectively, and
flow down the converging sidewalls 108, 110 of the forming body 107. At the bottom
of the forming body 107, the materials 130, 132 merge to form a laminated, sheet-like
flow 134 with pristine surfaces 134a, 134b of fire-polished surface quality.
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are defined inside the channel 142. The heated zones 146 become progressively cooler
in the direction shown by the arrow 148. The zones 146 may be heated by electrical

heating elements, induction heaters, or other heating means (not shown).

[0083] Figure 9B shows a sheet-like flow 150 advancing from a fusion pipe 152
into the channel 142. The sheet-like flow 150 may be guided into the channel 142 by
means of edge guides (not shown). Referring to Figure 9C, inside the channel 142,
paired rollers 144 gently grip (or press against) the vertical edges of the sheet-like flow
150 and convey the sheet-like flow 150 down the channel 142. The spacing between
each of the paired rollers 144 is such that the thickness of the sheet-like flow 150 is
gradually reduced as the sheet-like flow 150 is conveyed down the channel 142. If
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converging sidewalls 46, 48 as separate flow streams 158a, 158b. The flow streams

158a, 158b rejoin at the bottom of the fusion pipe 42 to form a single sheet-like flow
160.

[0087] Similarly, the overflow channel 78 in the fusion pipe 70 is filled with a
second flowable viscoelastic material 162, e.g., a glass or polymer material. The
viscous, flowable material 162 wells over the dam 84 and flows down the converging
sidewall 76 to form a single sheet-like flow 162. The single sheet-like flow 162 merges
with the surface 160a of the single sheet-like flow 160 to form a laminated flow 164.
The surfaces 164a, 164b of the laminated flow 164 are pristine and of fire-polished
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70b. METHOD OF FORM NG A TWO- LAYERED LAM NATED SHEET

WEENGODNOF rNGnRC. PRI QVEREREYY EASITAN THIPESEET USING TWO
SINGLE-SIDED OVERFLOW FUSION PIPES

[0090] Figure 12 shows an apparatus 166 for making a two-layered laminated
sheet. The apparatus 166 includes two of the single-sided overflow fusion pipes 70
(previously shown in Figure 5), herein identiﬁed as fusion pipes 70R and 70L. The
fusion pipes 70R and 70L are positioned at the same height. However, if desired, one
fusion pipe can be elevated above the other. In general, the fusion pipes 70R and 70L
are positioned such that the sheet-like flows they produce merge to form a single

laminated flow.

[0091] In operation, a first viscoelastic material 174, e.g., a glass or polymer
material, is supplied to the overflow channel 78L. At the same time, a second

viscoelastic material 176, e.g., a glass or polymer material, is supplied to the overflow
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either of the surfaces 182a, 182b can serve as a basi s
for formng functional elenments because they are both
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characteristics of eac Iayer of the Tam nated sheet

wi || detern 20UWBéike VERNIOWeBHSESN PARES surf ace
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106 bR AT B AP e RBBERBPDL ag noss bn 186 e
fusion pipes 42R, 42L are positioned such that the sheet-like flows they produce can be
transitioned from the vertical to the horizontal and floated on the float bath 186. Edge
guiding devices 192, 194, such as rollers, could be provided to guide the sheet-like
flows from the vertical orientation to the horizontal orientation. The float bath 186
could be a bed of air, molten tin, molten polymer, or other floating material that is

compatible with the materials that will be used in forming the laminated sheet.

[0094] In operation, the fusion pipes 42L, 42R are filled with viscous, flowable
materials 187, 189, respectively. The viscous, flowable materials 187, 189 overflow
the dams 52L, 54L and 52R, 54R, respectively, to form the sheet-like flows 188, 190.
The sheet-like flow 188 is guided to the float 186 by edge guides 192 and floated on the
float bath 186. The sheet-like flow 190 is guided to the sheet-like flow 188 by edge



above the fusion pipe 42R Bel ow the fusion pipes 42R,

42L is a float bath 186. The fusion pipes 42R, 42L
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apparatus maki ng a two-1 ayered | am nat ed
fihenle mikeiahppdyrahics vwle qveac thseok@sn 84sinddflews lgwd the converging

Tl vt doadedat 05 198 e 1 ieboct ks TRy ? Sgpe o form

A&kt 92 Bhe BERIVRTUD. aMeS&ﬁétSsurface 214a is not
E??Mhﬁ %fﬁgfe?|§+l ig Th Zsforé ng body 200 als

pm;uhm Hemuse itmmgtetctsduhn alotslcayy dgvige UAS @h thes S&Q@hﬁé@@@@’ 303 flows

hanne a#ﬂ{’z %5%)?1%@\8/&?@ Cfg)ml% £l ona %%@&tﬁrd fé'rmﬁ%d sheet as
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&S 9681 8- $RIED OVERFLOW FUSION PIPE WITH A SLOT DRAW DEVICE

[0096] Figure 15 shows another type of double-sided overflow fusion pipe 216
that allows a laminated sheet to be formed via a combination of a fusion process and a
slot draw process. The fusion pipe 216 has a forming body 218 bounded by converging
sidewalls 220, 222. An overflow channel 224 is formed in the upper portion of the
forming body 218. A channel 226 is formed in the base of the forming body 218. The
channel 226 opens to the bottom of the forming body 218 through a longitudinal slot
228. Viscous, flowable material 230 in the overflow channel 224 wells over the dams

232, 234 and flows down the converging walls 220, 222 of the forming body 218 as



a lamnated flow 214 with a pristine surface 214b. The
ot her surface 214a is not pristine because it
woanmi4aoirit he sl ot draw device 198 as t he sheePeriu§e004/008518
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conbi nation of a fusion process and a slot draw
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fbl::"/ﬁfrﬁ’@msdﬁ 239, Mdmhammermélﬂwli*ﬁh@gwfaC%O@ﬂ%ees e%ﬁl {1% 23510
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[0098] In operation, the viscous, fl owaglal

i3be misrieg Ham Uagky Me S oe HE tla et Bsscerg pore layer
(?(ﬂ'ﬁiieg rb?f' 16 I deR ik g TRW 39) R62 48 B BERRRE MRS te2hterTRfers (formed
by the flow streams 237, 239) to provide the laminated sheet with enhanced mechanical
stiffness.

METHOD OF FORMING A TWO-LAYERED LAMINATED SHEET USING A
CONTINUOUS SOL-GEL PROCESS AND A SINGLE-SIDED OVERFLOW
FUSION PIPE

[0099] In Figure 17, a continuous sol-gel process, indicated as 242, is used to
produce an aerogel 244, which forms the core of a laminated sheet. The aerogel 244
has a continuous porosity and can be prepared as a transparent, porous solid. A single-

sided overflow fusion pipe 70 is then used to form a sheet-like flow 246 which is



vi scous, flowable material drained through the opening
223 forns a sheet-like flow 235. The viscous,
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shown an be used to forma sheet-like flow (not

shown), which can be nerged with the surface 244b of
t he aerogel 244 00100 The soI-oeI oroce%§ IS
NS

a "sol" u3|ng |norgan|c net al salts or netalvorgénlc
[006@ounds Eiec metimdeedatribal kbavalesn Bkhesst dot fomg the sandwich

materials are typically_su cted tqg a series qf

e, Srstin dltteitdcRe BEEnSy dACHRHE TOGRHtathe core of the
sﬁﬁ’(!l\lzﬁh A2hinSdd REBG|ANs plepBred sEff@*ateE}o|ThenTﬁ§1o§‘iJrocesses are used to
undergoes a transiti oﬁ etpo a soft porous mass, called a
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i tasdoarice W Brosie Floh s En i Bladd prgperties
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that is subjected to annealing steps prior to forming of the sandwich structure.

[0101] Figure 18 shows a core substrate 250 interposed between two single-
sided overflow fusion pipes 70R, 70L. Viscous, flowable materials 252, 254 are
supplied to the fusion pipes 70R, 70L and allowed to overflow in a controlled manner
to form sheet-like flows 256, 258, respectively. The sheet-like flows 256, 258 merge
with the surfaces 250a, 250b of the core substrate 250 to form the sandwich structure,

which is drawn to the desired thickness.

METHOD FOR APPLYING COATING TO A FUSION-FORMED SURFACE




sol, allowng the fiber-reinforced sol to gel, and
extracting liquid fromthe gel. METHOD OF MAKI NG A

WEANND QA LAM NATED SHEET [ 0100] The net hods deetmiShmd/ 008518
above can be used to formthe sandwi ch | am nated

structure illustrated in Figure 5. In another
enbodi nent, the core of the 255andvvi ch | am nat ed
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I gure shows a core substrate 250 interposed

bet ween two single- sided overflow fusion pipes 70R,
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Vi scous, rovvabIe form a slot/trough type delivery
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or exanple, Figure 20 shows
doling ﬁm&hah%m&rel satay26 6/hileidrgvide Idowartleejshﬁ:blﬂemﬂow 262. Ifthe
overfl ow channel 8. The coati

e B A0 e e e DesUa S, pEmdineled a5 272 via

ﬂa@laﬁoﬁq&gf&bf%rﬂégﬂ mer over the dam 270. The dam 270
I'S positione trelative to the surface 262a such that

the coating material 266 nerges with the surface 262a

[8405} oveer>roa/113thErooau1ng1meth¢d$nd2mbed\ﬁbQ\r@e theoshseflilgsflow 262 is
‘gﬁgggqr:]ag:lgae when grﬂo%a e 01dr(1er1|o }eS Frmt ?low g the cogﬁng material 266 to
form a strong bond with the surface(s) of the sheet-like flow 266 without the use of an

adhesive.

METHOD OF MAKING A LAMINATED SHEET WITH A GLASS-CERAMIC
LAYER

[0106] The methods described above can be used to form a laminated sheet
having a glass-ceramic layer with the modification that the nucleating agents for the
glass-ceramic layer are introduced to the delivery system at appropriate locations. The

nucleating agents can be introduced to the glass delivery system by positioning blocks



to coat the other surface 262b of the sheet-like flow

262. [0104] Another nethod for coating the
wousi4m4P2or med surface 262a i nvol ves sprayi ngPCiaIS2004/008518

coating material on the fusion-forned surface 262a.

Figure 21 shows the coating material 266 being
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lpyezoif chesfoymell sieessed, recent advances in nodel i ng of
the fusion process make it possible to map the

recise location.in th el.iv systemthat . . .
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[0109] It should be noted that the method described above can generally be
used to form a laminated sheet having a buried layer with a composition that is
different from the surface layer, where the consumable material is used to introduce the

desired compositional variations.

[0110] An alternative process for forming a laminated sheet with a glass-
ceramic layer involves forming the glass-ceramic layer separately and then using a
fusion process to add a surface layer to the glass-ceramic layer in a manner similar to

the one described above for the sandwich laminated sheet.



sheet. Figure 22B shows a surface glass conposition

312 corresponding to the surface |ayer of the forned
wehewtosand a buried gl ass conposition 314 corr ecspasgiongossis
to the core layer of the forned sheet. [0108] In
operation, a nelt having the conpositional variation
shown in, for exanple, the #a&p 300 of Figures 22A and
22B woul d be delivered to a_doubl e-sided overflow
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material. The final glass sheet can then be subjected

[D01Z] cer arh{e pieci@easioh haf bedn ddierilmdrvigdrespect to a limited number

| ass-ceram c layer. [0Q109] It should be nofed that .
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desire onposi tjonal. variations. [0110] An
]%?¥%{%§YgVQRﬁﬁﬁggggﬁwgp'forning a | aminated sheet with

a gl ass- ceramc layer involves formng the

gl ass-ceram c | ayer separately and then using a
fusion process to add a surface layer to the

gl ass-cerami c layer in a nmanner simlar to the one
descri bed above for the sandw ch |am nated sheet. WO
2004/ 094321 PCT/ US2004/ 008518 27 [01111 Those skill ed
in the art will understand that various conbi nations
of the nethods described above can be used to form

| am nat ed sheets. [01121 Wil e the invention has been
described with respect to a limted nunber of

enbodi nents, those skilled in the art, having benefit
of this disclosure, will appreciate that other

enbodi nents can be devi sed which do not depart from
the scope of the invention as disclosed herein.
Accordingly, the scope of the invention should be
limted only by the attached clains. WO 2004/ 094321
PCT/ US2004/ 008518 28 Clains What is clained is:



1. Alamnated sheet, conprising: a surface |ayer

havi ng an optical surface of fire-polished quality;
wand4a9enne | ayer having a hi gher nodul us t hanpPtigis2004/008518

surface |l ayer to increase an overall stiffness of the

| am nat ed sheet. 2. The | am nated sheet of claim1,

wherein the optical surface 2& a fusion-forned

surface. 3. The |l am nated sheet of claim1l having a

cross-draw di mension of greater than about 4 feet. 4.

The | aminated sheet of ci aid#S wherein the core |ayer

is separable fromthe surface layer. 5. The |am nated
VEhaés claifmegligi m 1, wherein a thickness of the surface

| ayer is less than about 1 min. 6. The |am nated

sheet, of . ' el p. the surface | ayer and the
1Coref} éﬁhgégkégggﬁgﬁg%g'of a viscoelastic material.
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viscoel astic material is_ select omthe grou

acemigilayer gV @lhé&fﬁén%‘i@usp@a? rfg? §Pffréc;en1ﬂ>{ r F‘gﬂﬁ"h%tsgc?“ overall

b rein the surface |ayer conprises

Sgﬁgggggﬁmg%&#ﬁgé1%%§§ated sheet of claim8, wherein

the core layer conprises a glass- ceramc. 10. The .

2. ami rEtedamatatret shott of elpim 9, whtrenethn opHieal syrfacy iy fusjog-formed
Sgﬁ%ied within the surface layer. 11. The | am nated

€ of claim1, wherein the core layer is made of a
material having a | ow thermal shrinkage. WO

R 004/ 04321 EATEHISR OO A RD 8 Tb8ing2Ocrbas-dibhedinsamsioatcfreater than
sheet of claim1, wherein the optical surface is

aboult4etecti th a coating material. 13. The | am nated
sheet of claim 12, wherein the coating material acts

£5 a 'ﬁ%r fai fhated %&e@%%ﬁ\fﬁlrﬂ WWRALin thé cotBybAf sﬁ:ﬁﬁﬁgle from the
%heet™ of ¢l &l m ) erein the coating rm%/erl al
arhenees. sel ect ed

5. The laminated sheet of claim 1, wherein a thickness of the surface layer is less

than about 1 mm.

6. The laminated sheet of claim 1, wherein the surface layer and the core layer are

each made of a viscoelastic material.

7. The laminated sheet of claim 6, wherein the viscoelastic material is selected

from the group consisting of glasses and polymers.

8. The laminated sheet of claim 1, wherein the surface layer comprises a glass.

9. The laminated sheet of claim 8, wherein the core layer comprises a glass-
ceramic.

10.  The laminated sheet of claim 9, wherein the core layer is buried within the

surface layer.

11.  The laminated sheet of claim 1, wherein the core layer is made of a material

having a low thermal shrinkage.



optical properties of the surface |ayer. 15. The

| am nat ed sheet of claim 12, wherein the coating
worb@rovad21 conpri ses a conductive naterial. 16PCThiS2004/008518

| am nated sheet of claim 12, wherein the coating

material conprises a sem conductive material. 17. The

| am nat ed sheet of cl ai m 1, ¥herein the core |ayer is

optical | y enhanced. A lam nated s

1onprihsilrginatedc e o ghiza o rieie th%%?@’tﬁ SYrfagp nooated with a

rface that is of fire-polished quality; and
Cgﬁﬂ&%gﬁegaer wherein the thermal expansion

coefficients of the surface and core | ayers are

1ad j usthedaminetedaheetalf odaimetd velredein Miapraéing magienigleacts as a barrier
ﬁ@ ghness of the | am nated sheet. 19. The | am nated

IQHESVBPURPYi m 18, wherein the optical surface is a
fusion-formed surface. 20. The | am nated sheet of

19! ai nppt8ahaMicd Gheet ©F 85in dRawheteiihs beningfmgegatopharideaselected
about 4 feet. 21. The |ami nated sheet of claim 18,

optiesl prepestiasiof henwscolayehe surface |ayer is |ess than
about 1 nmm 22. The | am nated sheet of claim 18,

' d
Lo i e doiag, 20 RS i el o

cBadIS2 a04rD08518 30 23. The | am nated sheet of claim
22, wherein the vi scoel astic material is sel ected

R AR BT S0 Th, TR B ST o o
Sgﬁy&hdﬁgﬂ;@%g@@da al ass 25. The Iam nat ed sheet of
claim 24, wherein the core layer conprises a glass-

ceramic. 26. A lam nated sheet, conprising: a surface
17ay erTHeduhingtedrshegitaf ebim duvhaen i sprej1ayesfs optically enhanced.
fire-polished quality; a core |ayer having a higher

1r§‘.)du'&?arﬁiﬂ%@d%ﬁ‘e%t,%%&ﬁﬁ%ﬁg! ayer to increase an overall

a compressive surface layer having an optical surface that is of fire-polished quality;
and

a core layer;

wherein the thermal expansion coefficients of the surface and core ‘layers are adjusted

to control stress and enhance fracture toughness of the laminated sheet.

19.  The laminated sheet of claim 18, wherein the optical surface is a fusion-formed

surface.

20.  The laminated sheet of claim 18 having a cross-draw dimension of greater than

about 4 feet.

21. The laminated sheet of claim 18, wherein a thickness of the surface layer is less

than about 1 mm.

22.  The laminated sheet of claim 18, wherein the surface layer and the core layer

are each made of a viscoelastic material.



stiffness of the | am nated sheet; and a sacrificial
| ayer interposed between the surface |ayer and the
woanw/loger . 27. The | ami nat ed sheet of cl ai m P6T/US2004/008518
wherein the optical surface is a fusion-forned
surface. 28. The | am nated sheet of claim 26, wherein
the surface, core, and sacri 80ci aI Iayers are each
de of a viscoelastic material. The 1amn

2§heetTh§f TG Shgct heliEn A2t heisins e si0e P Lt ab s selected
f gl d
foly PRIy REL P S MERIRESE OF 01 o 26, whor e n

the surface | ayer conprises a glass, and the core

May eThedapiasdshest glf aksm d 8y whirein tBd suive 14y@compages a glass.
sheet of claim26, wherein a thlckness of the surface

aye i s | ess tha . _
25h ey BB SAE G QT H g e k) ot Al Fofirises o glass
Epatied wth a coatlng material. 33. The Iantnated
sheet of claim 32, wherein the coating material acts
as a barrier to the environnent. 34. The | am nated
26heetA tamigpisd ghesh COWRBEBEN t he coating materi al

AR R 50 B BopsSh Wit BBOB T heReB A Ry e

al adfbnay@dhes;ﬁt%ea lﬁgheﬁzlraodnlwthamhthe esurfateh tayeo & iimygease an overall

mat eri al_ conpri ses a nductive material. 36. The
Sﬂﬂﬁ@ﬁéﬁé@3gﬁe%¥a%$e€qéP 32, wherein the coating

S QBN 1h Y aNBHRS doRé laydd - The
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optically enhanced. 38. The | am nated sheet of claim

226 \ifter leimmatdveshseicef dlaigi 20, Wheyein thesoptiselsustice by & fysgpn-formed
el ected solvent than at |east the surface |ayer.

S§ 3C% | ami nated sheet, conprising: a core |ayer; a

surface | ayer disposed on a first side of the core

Jsayerthd bgistdd shee dfayein Fsawihs@irdihe surface, core, and sacrificial layers

are each made of a viscoelastic material.

29. The laminated sheet of claim 28, wherein the viscoelastic material is selected

from a group consisting of glasses and polymers.

30. The laminated sheet of claim 26, wherein the surface layer comprises a glass,

and the core layer comprises a glass-ceramic.

31. The laminated sheet of claim 26, wherein a thickness of the surface layer is less

than about 1 mm.

32.  The laminated sheet of claim 26, wherein the optical surface is coated with a

coating material.

33. The laminated sheet of claim 32, wherein the coating material acts as a barrier

to the environment.

34. The laminated sheet of claim 32, wherein the coating material enhances selected

optical properties of the surface layer.



optical surface that is of fire-polished quality; and
a bottom | ayer disposed on a second side of the core
woOay@rov4deiherein the core |ayer has a hi gher seeCTmis2004/008518
nodul us than the surface |ayer and the bottom I ayer
to increase an overall stiffness of the |am nated
sheet. 40. The | am nated shegt of claim 39, vvherei n
the optical surface is a fusion-fornmed surface.
3%he IThei lnareateds best ffclaimah whereyh ice Foptiagt lﬁlﬁt?klﬁleggmpﬂses a
Age layer and the bottomlayer is about 1
Cﬁ%ﬁl&?%%@ ZZ The | am nated sheet of claim 39,
wherein the surface and bottom |l ayers are each nade
30f a ThHeskhoshasd ishearatferlial 3248heiEe theanpaibigethatshigbromprises a
claim 42, wherein the viscoelastic material is
seRlondutivernaiarialn e group consisting of glasses and
polynmers. 44. The | am nated sheet of claim 39, wherein
Fhe CABahneld dheetBrdeiah 6awhtieiCBe bagtlbfer iBéIdaRY enhanced.
having a [ow t hernmal shrinkage. 45. The 1am nated
sheet of claim 39, wherein the core layer. is made of

ﬁn arﬁ@dﬂ@mat@ shest of\nBimGAM Mgy thepegi figisligxsgs gprgsoluble in
acsg eé%dgﬁgven ?feggftﬁé;%?fagé;fag&] aim 39, wherein the

ndabl e material. 47. The
| am nat ed sheet of claim 39, wherein the core | ayer
IONPrA $@sinatedIshss copiaimgc. 48. The | ami nated sheet of
claim 39, wherein the bottom|ayer has a fusion-forned
e BARLsur f ace of fire-polished quality. 49. A method
0 GRS URehyd DEehaving an

%%rg%%vl?}geégiﬁ%%gﬂ] dl?%p%g(% ((e)rfl al |rﬁtqécl)}%gnth§verfl owﬁg s

cqimamlrmlrfac@tlﬁt fslocﬁﬂrmgohﬁmdtluatlgy, aridscous, fl owabl e

mat er i |na ntr ol orma first

PRIk aD’R’e HB\?lSﬁﬁo“g‘tSﬂ?ﬁeeogg?e ‘Eﬂ{%ﬁa@’ﬁ{ ‘ouched surface
Rherbin’ GeRQrd ?Jﬁg 183l hibNer sed@RPSIdduRG tbn kigasirfae layer and the
second material on a surface of the first sheet-1ike

Hdtom tagerf torineraasel aarvarallstiffiesswf thggminated sheet.

40.  The laminated sheet of claim 39, wherein the optical surface is a fusion-formed
surface.
41.  The laminated sheet of claim 39, wherein a thickness of the surface layer and

the bottom layer is about 1 mm or less.

42.  The laminated sheet of claim 39, wherein the surface and bottom layers are each

made of a viscoelastic material.

43. The laminated sheet of claim 42, wherein the viscoelastic material is selected

from the group consisting of glasses and polymers.

44, The laminated sheet of claim 39, wherein the core layer is made of a

viscoelastic material having a low thermal shrinkage.

45.  The laminated sheet of claim 39, wherein the core layer is made of an annealed

glass.



draw ng the lam nated flow into a | am nated sheet. 50.
The nmet hod of claim49, wherein depositing the second
waorb@rovad21 conpri ses  supplying the second mat ePCalUS2IV4/008518
vi scous, flowable forminto an overfl ow channel and
all ow ng the second material to overflowin a
controll ed manner to forma 32cond sheet-like flow
which is merged with the first sheet- LI ke flowto form
4ohe 1Thei Jemieaied rahegl of £laimnd9.nBBRGER JPe QoL Afvey, 1s made of an
er iting the second material conprises
and%?lﬁéqqaﬁﬂgﬁsecond material on the first sheet-1like
fI ow. 52. The nethod of claimb51, wherein the second
Arat erlihel lambmped skest af claimbb® whettier thel corg ayeTmempeistrod glass-
of claim52, further conprising curing the curable
REtEfial while drawing the laminated flowinto a
| am nat ed sheet. 54. The nmethod of claim49, wherein
qshe fineShmitiak@iodset il MADI%E wWitEh i) baiomp ldygeBas DABion-formed
sel ected fromthe group consisting of polyners and
gliesl sufacans fre@eligodapaliyCT/ US2004/ 008518 33 55. The
rret hod of claim54, wherein the second viscous,
I 0 I t ed from the
o%c%n@s%f%ﬁlﬁgmhﬁi%egﬂg ﬁqﬁa@g s. 56. A nethod
SQf)pleﬁl@lMSﬁVlb(&J‘ﬂiB)’@iV@dblShﬁ&hﬂl mongor @\&irﬂgw chsuppl yi ng a
vi scous, flowable mat erlg i nto .an overf :HS& channgel
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conpositional variation to a specific portion

depsgitings at Tehowatsbend mateeinl e a sonfevef dfohe figsttsheetuilkeclbars to form a
fl owa lff material in a controlled manner to forma

lapimated Qe angl| o\ having at | east one untouched surface

(ﬁ‘ﬁwfn' e ReihAEE HoRURD! & MiniRRd He@w ng the sheet-1ike
Iow into a |l am nated sheet. 57. The nethod of claim

56, wherein the consunmabl e material conprises

S%CI eldtei npgth@gecpﬁ clpipn 49, gthgsan dspesiiiee thsy secAnﬁépﬁglaaloq,ompnses
l.a t
sgﬁ}gl&n%l tﬁ& 5 g\?l\f/n%gnaqﬁ% coltd 'H&(Nlaﬁ eni%rm Jlf%r{ﬂ Q&Iﬁo&/'cﬁﬁﬁnel and

a ‘contrnaous
allowing the second material to overflow in a controlled manner to form a second

sheet-like flow which is merged with the first sheet-like flow to form the laminated

flow.

51.  The method of claim 49, wherein depositing the second material comprises

spraying the second material on the first sheet-like flow.

52.  The method of claim 51, wherein the second material comprises a curable
material.
53.  The method of claim 52, further comprising curing the curable material while

drawing the laminated flow into a laminated sheet.

54, The method of claim 49, wherein the first viscous, flowable material comprises

one selected from the group consisting of polymers and glasses.



supplying a viscous, flowable material into an

overfl ow channel ; overflow ng the viscous, flowable
worb@rowad21in a controll ed manner to form a seceaw@/uUS2004/008518
sheet-like flow, fusing the second sheet-like flow

with a surface of the first sheet-like flowto forma

| am nated flow, and drawing BRe lamnated flow into a

| am nated sheet. 59. A nethod of naking a |am nate )
55heetThec B195190s PhPlaigy S yhegela ther 83COBM dViscouisc dlogable material
Vi fd I j ' i

SR on R TR L o find DFFAGCR g slasses
overflow ng the first and second viscous, flowable

TFeat erA aleshddoffroaking s panate siidegwosiprieags; uniting the

separate flow streans jnto. a single sheet-like

SERRY USSP Io R Tl $HeT SPREE TR | am nat ed
AosAnidt LeshiAs 18 al8dia$ HeL How\We2O0AL ORE8] flowable material so as
PCT/ USZ004/ 008518 34 60. A nethod of maki

. n a .
tbamiroditcech strepesitiapehpiiationgto o spedifiey partfony @i? thei wews, flowable
fl owalbl e material through a slot to forma first
WHEL: | i ke flow supplying a second viscous, flowable

JRERSiak theWiBcdn, ARtk avitahamn elcoamelledoviamidr auifsren & ieet-like
second vi scous, flowable material fromthe overflow

fervahaehg pileast oponrtoBtcd gurfasmedrirepotighed Aakive apd
heet -1 i ke f|. j . ed surface of
Cﬁ?vrv}él-gp&é? !S(l%eﬁtegﬁ%\%gﬁﬂ?@% l%e%%l%@éﬁigéﬁfg %}'e second sheet-1ike
floww th a surface of the first sheet-like flowto
570r m Bhe nasthathtoddelbinovi6, awblerdinawhan gohsuendbderimaieea tomyprises a
into.a | am nated sheet., 61. A nethod of nmaking a
nugiARHAE a%FIE HESt S ASHRATME ng:  suppl yi ng a vi scous,
fl owabl e material into an open channel; sinultaneously

fyer f A oy §fRahS § PSinael Q&R BnipRkRct al from a
first side of the open channel and drawi ng the

formingusfirst shoetalikeeflowa b ricahtifycymsel- &2 poredsssi de of t he
rein, th

open. channel ; .wh . Viscous, fl ble materi al
FPaieST B The SLEUR R Al ERE kR e

overflowing the viscous, flowable material in a controlled manner to form a second
sheet-like flow;

fusing the second sheet-like flow with a surface of the first sheet-like flow to form a

laminated flow; and

drawing the laminated flow into a laminated sheet.

59. A method of making a laminated sheet, comprising:

supplying a first and a second viscous, flowable material into independent
compartments in an overflow channel;

simultaneously overflowing the first and second viscous, flowable materials to form
separate flow streams;

uniting the separate flow streams into a single sheet-like laminated flow; and

drawing the sheet-like laminated flow into a laminated sheet.



forms a sheet-like flow, wherein the viscous, flowable

material overflowed fromthe first side of the open
wohemress2i orns two separate fl ow streans havi ngCT/US2004/008518

untouched surfaces of fire-polished quality; nerging

each of the flow streans with a surface of the

sheet-like flowto forma I|&mnated flow, and draw ng

the lam nated flow into a | am nated . sheet. 62. A

6ftet hamethorel Mg & lamipiedkehesth é%‘PPn%B%”p rising:
d?zR{nﬁg g'ﬂ}gtf\;l‘%:agg qfow%%lerfﬁﬁt@ 151%1*011% RRloY 'tcp%rfi‘i Jﬂfs? theet-like flow;

VI'SC I'e materia Irst overflow
sohsipingl 2 es@nil oktng, tiﬂmmfbles sﬂnatmab du®, ahl owetflosy channel and

mat er i al |nacntrolle ne h L ke
PPN K fCGH JUERER SOFTAE arer ot PRBr; Shetp chifael in o
c?#tgé)wa qy rga?ﬁkq WbhE 4 fRosd 8Bt ik a1dv %\vlhg anMutb SRl Ssurface of

_ rm merging the sheet-like flowwith a
fsempbhgtedafualitye sheet of material to forma | am nated

sheet rther I 8]

R g rire S dodiutb & e ol HE I PEATRL AP form a
IR HR4341 PCT/ US2004/ 008518 35 64. The method of
claim 63, further conprising supplying a second

dawinguiks lanfinadedhfow inardmnaaiadshactsecond over f | ow

channel, overflow ng the second viscous, flowable

éflﬂtean' ddh & AR Q1A ERANSL cbofiong 3 sheet - I ke

I ow Wi an u sur acé 0 - pol i shed
s@. kirdgya visduals, fidwdbe mhﬁrlshﬁﬁi arl dopea chhiowl;i s i n vi scous,

owable form msr ing the she li ke f
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MBS 4 arl B n@h@?vmc ?r@vl}'abtl@ 38Rl a"RESKd 8lde of the open

conpri ses an nnea e ass. 66. The nmethod of claim
dhdnnedherei n t he sheet of materi al conprises an

‘%&‘g?@? f? l{v)[%%ough gngl ‘tgfs rq‘?getr&l Eg‘wrgjg Q[ﬁ% g{_'cogé dg So?%he open channel

fgﬁﬁgggﬁeet_ﬁﬁeﬂéwwet hod of nmaking a Iam nat ed sheet,
conpr i si ng:

wherein the viscous, flowable material overflowed from the first side of the open
channel forms two separate flow streams having untouched surfaces of fire-polished
quality;

merging each of the flow streams with a surface of the sheet-like flow to form a
laminated flow; and

drawing the laminated flow into a laminated sheet.

62. A method of making a laminated sheet, comprising:

obtaining a sheet of material;

supplying a first viscous, flowable material to a first overflow channel;

overflowing the first viscous, flowable material in a controlled manner to form a sheet-
like flow with an untouched surface of fire-polished quality; and

while the sheet-like flow is in viscous, flowable form, merging the sheet-like flow with

a surface of the sheet of material to form a laminated sheet.

63.  The method of claim 62, further comprising drawing the laminated sheet to a

desired thickness.



supplying a first viscous, flowable material to a

first overflow channel and a second viscous, flowable
worb@rowad2it o a second overfl ow channel ; overf | sairug2dne0s8518

first viscous, flowable material fromthe first

overfl ow channel in a controlled nmanner to forma

first sheet-like flow with aB5l east one unt ouched

surface of flre olished quality;. overflqw ng t

tde c onhey fsghings of folada B8 IiFrEce reoRIPTISHSSY Y@%c%r?&“’nd viscous,

ffb\(xﬁaﬁai &Pﬁ“tlﬂ %,( s'eﬁndaogé?ﬁ &oéﬂalﬂgelwad%@ﬁfoﬁlﬁ f{QE Nefond viscous,

second eet oW W t ast one un ouched
fBJWa‘o&cmatehaf irr & cpattdl B edargeatd form asleet-tie flogv Withsin untouched
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I ’'st” sheet across the float bath; and feeding

the second sheet into the float bath and nmerging the
6Sec orithesmetiod wif tchpimhes, fhersin tieheheret gbmateriab cprgprgses an annealed
éﬁontlnuously novi ng | am nat ed sheet across the fl oat

4fh. 69. An apparatus for formng a | am nated sheet,
conprising: an overflow nmeans for form ng opposed
goheet Tid kethbl ovelainh 168, wieeihl thesheeaofmb@yvibingpngirises emstpandable
two i ndependent conpartnents for receiving a viscous,
mitedalbl e naterial ; WO 2004/ 094321 PCT/ US2004/ 008518

36 a form ng nmeans positioned bel ow t he overfl ow neans

dor  ophy $eMdigo AR n(;j '\ﬁ%r&'ﬂethe Osl?lléé’ts 88l nSHQ e -doinlfRises a glass-

flows into a single drawn sheet flow nmeans for
geranmtal | y adj usting the overfl ow nmeans such that a
urface of the overflow channel has a desired tilt

e, Wt e ct to t.he [ ontal and nmeans for
el i v‘%rn?%g cg @B@%%g?m@%%% eLPRFSIE | nto t he
SBPRAL HEREtSviscons), fldWatad paitétallso faofirsf 0V416@ ¢hannel and a second
| am nat ed sheet, conprising: an overflow channel for
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t%rlgi)%rllgﬂec{(g{ah%ﬁnver ging and uniting the

overflowing the second viscous, flowable material from the second overflow channel in
a controlled manner to form a second sheet-like flow with at least one untouched
surface of fire-polished quality;

drawing the first sheet-like flow into a first sheet and the second sheet-like flow into a
second sheet;

feeding the first sheet into a float bath and continuously moving the first sheet across
the float bath; and

feeding the second sheet into the float bath and merging the second sheet with the first

sheet so as to form a continuously moving laminated sheet across the float bath.

69. An apparatus for forming a laminated sheet, comprising:
an overflow means for forming opposed sheet-like flows, the overflow means having at

least two independent compartments for receiving a viscous, flowable material,



opposed sheet-like flows with outer surfaces of the

drawn sheet-like flowto forma |amnnated flow neans
woéano4poynt al | y adj usting the overfl ow channel sachstdanossis

a surface of the overflow channel has a desired tilt

angle with respect to the horizontal; and neans for

delivering a viscous, flowadée material into the
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e material fromthe overflow channel. 72. The
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70.  An apparatus for forming a laminated sheet, comprising:

an overflow channel for forming opposed sheet-like flows from a viscous, flowable
material;

a slotted channel positioned below the overflow channel for forming a drawn sheet-like
flow;

a forming body positioned below the overflow channel for converging and uniting the
opposed sheet-like flows with outer surfaces of the drawn sheet-like flow to form a
laminated flow;

means for pivotally adjusting the overflow channel such that a surface of the overflow
channel has a desired tilt angle with respect to the horizontal; and

means for delivering a viscous, flowable material into the overflow channel.

71.  The apparatus of claim 70, wherein the slotted channel is fluidly connected to
the overflow channel so as to receive viscous, flowable material from the overflow

channel.

72.  The apparatus of claim 70, further comprising means for delivering a viscous,

flowable material to the slotted channel.

73.  The apparatus of claim 70, wherein the slotted channel is formed in the forming

body.



