A GLASS PRODUCT FOR USE IN ULTRA- THIN GLASS DI SPLAY
APPLI CATI ONS RELATED APPLI CATIONS [1] This application
wa@ba@snmsosbhe priority of United States Applicat POTUBNN4/019914
10/ 613,972, filed July 3, 2003. BACKGROUNDOF THE
I NVENTION 1. Field of the Invention [2] The present
invention relates generally to glass substrates, and
particularly to a glass substrate product for use in
AMLCD di spl ay manufacturing processes. 2. Techni cal
Background [3] Liquid crystal displays (LCDs) are
non-em ssi ve di splays that use external |ight sources.
An LCD is a device that may be configured to nodul ate
an incident polarized |light beamemtted fromthe
external source. LC material within the LCD nodul ates
light by optically rotating the incident polarized
light. The degree of rotation corresponds to the
mechani cal orientation of individual LC nolecul es
within the LC material. The nmechanical orientation of
the LC material is readily controlled by the
application of an external electric field. This

phenonena is readily understood by considering a
typical tw sted néd§£é§§@ﬂHQDEEEL¥EH%L§¥&ﬁ$ cell. [4]
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2. Technical Background

[3] Liquid crystal displays (LCDs) are non-emissive displays that use external light
sources. An LCD is a device that may be configured to modulate an incident polarized
light beam emitted from the external source. LC material within the LCD modulates
light by optically rotating the incident polarized light. The degree of rotation
corresponds to the mechanical orientation of individual LC molecules within the LC
material. The mechanical orientation of the LC material is readily controlled by the
application of an external electric field. This phenomena is readily understood by
considering a typical twisted nematic (TN) liquid crystal cell.

(4] A typical TN liquid crystal cell includes two substrates and a layer of liquid
crystal material disposed therebetween. Polarization films, oriented 90° one to the

other, are disposed on the outer surfaces of the substrates. When the incident polarized



alignment of the LC nolecules is disrupted and
i nci dent polarized light is not rotated. Accordingly,
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t Bgshrsab-pittes sy boindividually controllable. One way of addressing and
controlling each sub pixel is by disposing a thin film transistor at each sub pixel.
[6] The properties of the aforementioned substrate glass are extremely important.
The physical dimensions of the glass substrates used in the production of AMLCD
devices must be tightly controlled. The fusion process, described in U.S. Pat. Nos.
3,338,696 (Dockerty) and 3,682,609 (Dockerty), is one of the few processes capable of
delivering substrate glass without requiring costly post substrate forming finishing

operations, such as lapping, grinding, and polishing. Further, because the active plate is

manufactured using the aforementioned semiconductor type processes, the substrate
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substrate, the opposite face of the glass substrate is thinned by grinding and/or
polishing. One drawback to this approach is that it requires an additional
grinding/polishing step. The expense of the additional step(s) is thought to be quite
high.

[9] Therefore, it would be highly desirable to provide an ultra-thin fusion glass
substrate that would allow for the direct formation of thin-film transistors without
having to subject the display substrate to an additional polishing and/or grinding step.
Current glass substrate thicknesses are on the order of 0.6 — 0.7mm. By decreasing the
thickness of the substrate to 0.3mm, a 50% reduction in weight will be achieved.
However, ultra-thin glass has an unacceptably high degree of sag and can be prone to

breakage. What is needed is an ultra-thin glass substrate product that may be employed



However, ultra-thin glass has an unacceptably high
degree of sag and can be prone to breakage. What is

woemdes»e an ultra-thin glass substrate produrtT/URBD4/019914

may be enpl oyedin the state-of-the art TFT
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stdvsiation ef ﬂhasﬁhn transidtors siseréasithout a prior processing step of polishing
and/or grinding. At least one support substrate is attached to the display substrate.
[12] In another aspect, the present invention includes a method for making an active
matrix liquid crystal display panel. The method includes forming a plurality of display
substrates suitable for use as display panels. Each display substrate has a thickness less
than or equal to 0.4mm, a composition that is substantially alkali free, and a surface
smoothness that allows the direct formation of thin-film transistors thereon without a

prior processing step of polishing and/or grinding. A support substrate is attached to

each display substrate. An active matrix liquid crystal display panel is produced using a
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BRIEF DESCRIPTION OF THE DRAWINGS
[16] Figure 1 is a diagrammatic depiction of the substrate product of the present
invention in accordance with a first embodiment of the present invention;
[17] Figure 2 is a diagrammatic depiction of the substrate product of the present

invention in accordance with a second embodiment of the present invention;
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a diagrammatic depiction of t substrate product of

the present invention in accordance with a second

grr@ odi pTRAYe 30E a Ui rahBsRNdepidioanifitersubdi@dte pfogucteof3hd present
Il agrammatic depiction of the substrate product of the

pineergion in aceonddnes with agbicd earhpdianopt @fhtha PEeR§IH dnvention;
e[rfgj)dl gm 01% 8td2ae ef) LGaEd] ae&la%ﬁrgflt ilzﬁfl p@dgégro% tﬁ"e o#r%sent

Ion e SU

tiRQerR{oAS A RbcordiRe Wii@n foﬂﬁl@@ﬁ:@b&iﬁféﬁﬁo%é breaexft dnwention;
enbodi nent of the present inventi on [20] Fi gure 5is

a[20] agigwest is  dirgpirempiamdepiction ofjap elterante cebogumens Af thefsubstrate

t he ;subst.r roduct depicted in Figure 1; [21]
Fﬁ’rﬁﬂ?é Epllcédéng f vi ew showi ng the disposition of a

Eﬁl’ It rﬁ%ﬁfesd Rfa déﬂalltxh@w dh&Ping YheSdBsdsitRine fAESH TCraistdt on the
ure and [ 22] gure 7A-7B are detail views

i dilprsY pultsiraly dfﬁ'ﬂqdnm@@sﬁ hggndn accordance with the

BT R LA P e e o

efRQeiseRNhveront Ne i nventi on, exarrpl es of whi ch are
illTustrated in the accorrpanyi ng draw ngs. \Werever

possi bl e, the sane reference nunbers will be used
t hr oughout the draw ngs fﬂ refer to the same or |ike
parts. An exenplary enbo ETenLE oPW‘H%“’E strate

pLZgﬁi UCRe dt@fent:@@nlpﬁ@\ﬁ ®BimddB Ve BdthiP b the p?é@@r\!’dréxblﬁ?ﬁk@éthﬁodlments of
a esi gnated general ly throughout b erence

ntmsenvadnmhﬁ), expmp]es lof whghorel dhistzated tnhtht: Iaecqrrrmewmg orawinge

PRSI b St St RSB i
eﬁg‘rt 8 theaRR YR gﬁﬁé SAn E@&nﬂﬁ%ﬁ%odﬁrﬂ@ﬂt lé)‘f*ﬁi?e s%bﬁfa'i@bl@)duct of

trate suitable for use as a display panel
d ilepiresgnisinbattioatieshvaa ia Rigire k nesiss Idwgnalterdagﬁnglralla (qlugughout by
to 0.4mm aco osition that is substantially alkali
f Fdereneemerd iV ace snoot hness that all ows the direct

f E)M]Bt 1P cOfdahd¥ Wit tHeThvention, the present invention is directed to a substrate
product for use in the manufacture of active matrix liquid crystal display panels. The
product includes a display substrate suitable for use as a display panel. The display
substrate has a thickness less than or equal to 0.4mm, a composition that is substantially
alkali free, and a surface smoothness that allows the direct formation of thin-film
transistors thereon without a prior processing step of polishing and/or grinding. The
product also includes at least one support substrate removably attached to the display
substrate. Accordingly, the present invention provides an ultra-thin fusion glass
substrate that can be used in state-of-the art TFT manufacturing processes. The display
substrate has a smoothness that allows the direct formation of thin-film transistors
without having to perform a polishing or grinding step.

[25] As embodied herein, and depicted in Figure 1, a diagrammatic depiction of the
substrate product 10 of the present invention in accordance with a first embodiment of

the present invention is disclosed. Substrate product 10 is a glass-on-glass laminate
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[28] A laminate substrate product 10, having surfaces which are essentially defect-
free and equivalent in smoothness to polished surfaces, can be fashioned in accordance
with the following steps. First, two alkali metal-free batches of different compositions
are melted. The batch for the display glass must exhibit a strain point higher than 600°

C, and be relatively insoluble in an acid solution. The batch for the support glass

substrate consists, expressed in terms of cation percent on the oxide basis, of
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S{odbfin a laminated sheet wherein the display glass is essentially completely enclosed

within the support glass. The layers are fused together at a temperature where the melts

are in fluid form to provide an interface therebetween which is defect-free. The

laminated sheet is cooled to solidify each glass present in fluid form.

[33]

As discussed above, after TFT processing is completed, an acid solution is used

to dissolve the support glass. The resultant surface of the display glass, from which the

support glass has been removed, is rendered essentially defect-free and is equivalent in

smoothness to a polished glass surface. The dissolution of the soluble glass (lost glass)

in an acid bath will be carried out after the laminated sheet has arrived at its destination.

Thus, sheets cut from the laminate can be readily stacked and shipped to the LCD

display device manufacturer.
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substrate 30 may be fabricated using fusion draw processes. Reference is made to U.S.
Patent No. 3,338,696 and U.S. Patent 3,682,609, which are incorporated herein by
reference as though fully set forth in their entirety, for a more detailed explanation of a
system and method for producing glass substrates using the fusion draw technique. By
using higher gear ratio drives and composite pulling rolls, the fusion draw technique is
well able to produce glass substrates having a thickness of approximately 100 microns
(0.1mm). One advantage of using a fusion glass as a support substrate is its superior

flatness. The flatness of the surface is important because it minimizes focusing errors

during the photolithographic steps performed during TFT processing. Further the linear
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pidiasnond like coating (DLC) is applied to the surface of support substrate 30 on which
display substrate 20 rests. The DLC aids in the distribution of heat, is scratch resistant,
and allows the display substrate 20 to be easily released after processing. In this
embodiment, a gas or liquid may be applied to release display substrate 20.
[41] As embodied herein, and depicted in Figure 4, yet another embodiment of the
present invention is disclosed. Substrate 10 includes display substrate 20 coated on
both sides with lost glass substrates 300 and 302. This embodiment provides additional

protection to display substrate 20. Prior to TFT processing and disposition, one of the

support layers is removed. After TFT processing, the second layer is removed and the



made froma soft non-abrasive material such as Tefl on.
I n anot her enbodi nent, the rel ease nechani sm applies
w@ams50105bé quid to |ift the substrate. The physPCEIS2004/019914
configuration of support substrate 30 nmay al so include
corrugation or "egg crate" deiLgns. Support substrate
30 may al so be conprised of ycl abl e gl ass. After
Hfl&%%ﬁyéla?ﬁatl(ﬁyﬁﬂ fsaag?hgtptorfﬁé’b&&sﬁé 8¥adplaPtostidle Rt ANEbscribed
reformed using one t he above descrlged fabrication
tabohnitbppeperBabsf thalwst S@sswyuldhsve tocbercompatbllewrith BT processing
bei round into cullet. [40] In another enbodi nent,
B%W Ssubstrate 30 includes a |ip that surrounds
0[I4§p' Q?Zef&'r'fﬂ?tté @tg%re29 yet Aot 211 ERRR BB AImer® of AR FRdhuct 10
be applied to the di'splay substrate 20 via holes
kte disclosatl Uldtis #bodimehtas singiar itmthepndbodssén ghowmint Ihgsre 1 in that
odi nment hesive 40 may no e pecessar However
DM RS ) S § IR o T eHes ABR SR 2R ks ubpor
(Bosttard S0 3ABYEEE. fiBaldt G0 RGSiAEd RMRRUD HHRSERIE h
%%éaa ?ch dis 1%y substrate Zégrests The DLC aving a
i pre-phozeshigg laydr Bl Daispofeditbaton.i kayec B M olludesa siliam tayexa?fﬂd
al.l ows the display substrate 20 tq aS|I rel eased
dtignose %@égléy ﬁ@bst/rﬁtﬁ Zt%h iAsSIEﬁ%I&erﬂ is g 8P silicg lavgr 312.
BPt Th
) L AL SOl
aldonmege eithis (émbedimcﬁmt wilhee ppresern hften’t\he fidllooving dlscussmn
di scl osed. Substrate 10 incl udes di sp Ia substrate 20
dbat e RFTHELH Figuse® agress sr«%mnabwgw SulfEh Py pactygGubstrate is

as'ﬂg 30 ctlvg%&sg‘%g?gg‘?% 55%}{'3 1ﬂ€%81%qg élh@e@%spjﬁy_lsubstrate 20

protec strate

plispoesdomeippo sdbsspasid i1ing meeefefentdnﬁumbmpnmeduay employed in
is renoved. After TFT rocesslng t he second | aye
r%%@édlrléhlétltl&@h}?%@t"?r 18 3% disposst o Hispiayrpupsiraigsff- /éetwedayer

%‘231 9)?1%% Sl 2 gen% <§eru§%][ %%‘lgﬁ rfnqg 8183?56(1%?1 1g§.1§z§é[n'§qs>% ?12 A

ove, prop er Ies o ‘ost ass

@t&l@ﬁtﬂaﬂidrbﬂaﬁerm tispdsed op hopesiayar @ 14.0Gdiet 400ris dishdseH on gate
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JifAitdStod teROBERA 0O thiSiypé.CAcéAYiBEly3Eigure 6 illustrates the use of a
sacrificial support layer 30 to enable the fabrication of TFTs on lighter and thinner
display substrates having a thickness between 0.1 — 0.4mm. Those skilled in the art
will understand that substrate product 10 has an overall thickness, weight, and sag
characteristics that are compatible with conventional TFT processing. Thus, the present
invention may be employed without any significant alteration to TFT manufacturing
processes. Once TFT processing is complete, the sacrificial layer may be removed
using one of the above described techniques.
[44] Figure 7A and Figure 7B are detail views illustrating a method for making an

active matrix liquid crystal display panel in accordance with the present invention. As
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for chemical dissolution without subsequent damage to the display substrate.

5. The product of claim 1, wherein the product is a glass-on-glass laminate, the at least
one support substrate comprising a relatively soft non-display glass composition

removable by grinding/polishing without subsequent damage to the display substrate.

6. The product of claim 1, wherein the at least one support substrate is a recyclable

glass substrate attached to the display substrate by means of an adhesive.

7. The product of claim 6, wherein the adhesive and the recyclable glass substrate are of
a type to withstand thermal, chemical, mechanical, and optical environmental stresses

encountered during TFT processing steps.
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|ncludes a di anond |ike (DLC), the DLC being
byradepoisastt fWééﬂ)@ﬁ@“P%W L%%ﬂ% gl ass substrate and
the di spl ay substrate. 11. The product of claim1,
wherein the at | east one support substrate is
clRar&etpesducedf dyinal | voherelenisd dtyeasedatsupport sulistretedndpdean
substrate. 12. The product of claim1, wherein the at
F@é@gm@ﬁgﬂgﬁﬁport substrate includes a corrugated
surface. 13. The product of claim1l, wherein the at
| east one support substrate includes a surface having
ars. 5@ peanttat chiamnt e wheeisthe aeastvae egpportlslibstidieincludes a surface
product of claim1l, wherein the at | east one support
dubseaacasicARPLpRESTRISPRsed thersPlof  hol es. 15. The
product of claim1, wherein the at |east one support
substrate includes a first support substrate di sposed
o, Thé prodtictsdf@rimf1, Whereth spladleas was biioet @bstrae ER0mBsla
upport
pll?rglity of holes.

15. The product of claim 1, wherein the at least one support substrate includes a first
support substrate disposed on a first side of the display substrate and a second support

substrate disposed on a second side of the display substrate.

16. The product of claim 15, wherein the first support substrate and the second support
substrate are comprised of a relatively soft non-display glass composition removable by

grinding/polishing without subsequent damage to the display substrate.

17. The product of claim 15, wherein the first support substrate is comprised of a

relatively soft non-display glass composition removable by grinding/polishing without



substrate di sposed on a second side of the display
substrate. 16. The product of claim15, wherein the

wo pooshi1sapport substrate and the second supporPCT/US2004/019914
substrate are conprised of a relatively soft
non-di spl ay gl ass conposition gennvable by
gri ndi ng/ poli shing w t hout subsequent damage to the

disRL@ht ﬁéﬁg%o:{ @lEe didglay INRtrReOMiChe Sdcofill BhB¥rAR includes a layer of
wherein the 0

i rst support substrate is conprised of a
isBicabi vel y soft non-di splay glass conposition
renovabl e by grindi ng/ polishing w thoutsubsequent
damage to the display substrate, and the second
g ?.b‘fﬂﬁer foBuds/af tude S 7awh@¥a thOfecshd sitRRate Hbludha LBy dvsio,
of claim17/, wherein the second substrate includes a
ldéspesedafnShe displagtissiptstechndra layee ofl sisipbragispesed on dielaggrd{ $10;.
| ayer of silicon disposed on the layer of SIC. 19. A
met hod for meking a substrate product for use in the
TONWTAGHAY for Hakffeld MBsHRE blotubd B i6 kNShahufitaRr! Mhctive matrix
panel s, the nethod conprising: formng a display
diabst arpdtd depldygizinelsf the mestwdamnmprdingpl ay panel , the
di spl ay substrate having a thickness |ess tha ro..
qual TGOS A A1 LB R TORAE 2 & Ay dedsplay
alkali fre Vi MESSE el At 8l4nBWSa EdMpositi
direct for r%rgltm?%% lgaf t %%ﬁﬁ?ﬁg?n&%r ansi seElor sot her eon d?ﬁpOSI on
wi t hout a plidtas sybstaneabi alkplsfrep and a poiics kmogthangy/ tbat allows the.
grinding; and attaching at |east one support. substrate
to the di spigst feupdiomng .méld‘.“ RASISIALS ﬁ@geoafWIH}O&F frPHer
wherein th I 1RBinkb G AAFESndBLtdnRg @ first
gl ass conp%g%%E%%£%€6?€ &?gu$irst gv?teézgpass

mat er iagthchidlat 1ddseomedupport efibsah@i tontizOdisplinesubistmatehe st ep
of attaching further conprises: nelting at | east one
second gl ass conposition to format | east one second

| il . 1
oA o BIPRS00 AR b s o e
Gbrpssitiah & foam awirsl Bol@t fladsheatédiglst nol ten gl ass

mat erial and the at | east one second nolten gl ass

material are in a liquid state to thereby produce a

IS b . r I o S
oSS B e Glep ARk PR prices:
and t hgelahg Atdast of&cstpglasstcoaipositiva e dray:t leadt ore second

molten glass material;

combining the first molten glass material with the at least one second molten
glass material while both the first molten glass material and the at least
one second molten glass material are in a liquid state to thereby produce
a display substrate layer and at least one support substrate layer;

fusing the display substrate layer and the at least one support substrate layer at a
temperature at which both the display substrate layer and the at least one
support substrate layer are sufficiently fluid to provide a defect free
interface therebetween; and

cooling the fused display substrate layer and the at least one support substrate

layer to thereby form a glass-on-glass laminate product.



tenperature at which both the display substrate | ayer
and the at | east one support substrate |ayer are

waedosionisent |y fluid to provide a defect free | PCBUSROL019914

t her ebet ween; and cooling the fused display substrate

| ayer and the at |east one squort substrate layer to

thereby form a gl ass-on-gl ass 'Fam nate product.22. The
g nRindd el b1, WhsleRi e hhRadbont SEHortRNBstHHPROELis

substrate layer is conprised of a sacrificial

nmpdissd by sgtifisiml conpioplay ighiss sumpasidion sigable fiemahewlical

di.ssol ution w thout subsequent d e to the display
Hitre{ionevif é?‘l.bs%{en*r%é“q%ﬁtt%gﬁ ‘ﬁg’? Sé‘#?ffaé‘ifay%er ei n

the at | east one support substrate is conprised of a
relatively soft non-display glass conposition

r BSrihablechdayofgtdimd Inghpeln thhiangassiond sugipostsnbsta@istcomprised of a
dapage to_the display substrate. 24. The nethod of . .
cekitively goft Ry ghess §ompesiden o vabl ﬁasrgeﬂnewggw@leg without

[ [ t.us4Rsd rate di sposed on a first
s%gg&ggﬁtﬁgfaglé?pﬁhgt}%gu sstuﬁate and a second support
substrate di sposed on a second side of the display

substrate. 25. The nethod of c]aim 24, wherein the
134 Jthe guadirsral clumsid, aherenhiie ehica QBE AUPROHYBFFate includes a first

f]o %_B(él{f g‘é}?esé‘?{egqiﬁ’%gw oo g AP liad of me%%%ﬁ s)élbitgjté and a second support

SS conmposition reno
g4uibBieiite @ispoded Dhiarsgcomidt sideud § theibisplgy eutistrdienage to t he
di spl ay substrate. 26. The nethod of claim19, wherein
the step of attaching further conprises: applying an

afg'? e[”ohie\ﬁ%tltlood &l'l; aix?li yii N Wreﬁ%ﬁ%tﬂ'r?ttsﬁgpdg?%%}sﬁge L& tlsecond support

| 'east “one suppgr substrate to t ay substrate
Wiubbtrith areadhgsiss@®of Mickitivelyad fitnoardipéiygiass;compdsiton rengovable by
t he adhesive. 27. The nethod of claim.26, wherein the
aginding/polishingwighoxt sybsaguenbdamagsip Sierdignlpsiubgidear e of

a type to withstand thermal, chem cal, mechanical, and
optical environnmental stresses encountered during TFT

PLOCEEShélBo B EPsEm BB whifien fietshpdbfattaciigy firthér cdnyprisber
conprising the step of disposing a dianond |ike

coat i ngppideyn aghestve taitheidispday YREraitipport substrate
prior _]t o?ni}lg ﬁuesa‘i ?e%stoc}cneasgggc}ﬁ A¥sile ?odtti]lg %ﬁs\f)ﬁay substrate with the

adhesive interposed therebetween; and

curing the adhesive.

27. The method of claim 26, wherein the adhesive and the at least one support substrate
are of a type to withstand thermal, chemical, mechanical, and optical environmental

stresses encountered during TFT processing steps.

28. The method of claim 26, further comprising the step of disposing a diamond like
coating (DLC) on the at least one support substrate prior to the step of applying an

adhesive.

29. A method for making an active matrix liquid crystal display panel, the method

comprising:



29. A nethod for maeking an active matrix liquid

crystal display panel, the nethod conprising:formng a
w@basalisby of di splay substrates suitable for PEBPUSH04/019914

di spl ay panels, each display substrate having a

t hi ckness | ess than or equal t 0.4nmm a conposition

that is substantially alkali free, and a surface

snoot hHass EBﬁﬁalﬁ%’ lo@WEp lah BuisktraRs buitIdmt s asfisplay panels, each

t hi n- f|Im ransi stors thereon wi thout a prior

processi ng dsplgy sobstystd thtMP@rlesgﬁhmrrﬁgual to 0.4mm, a

attaching a su rt..subst

substrate; BWBS%@??‘]H“EW sﬁ%ﬁ?rslélh?(rﬁﬁ(rl X eﬁ qui dsxl cr:t;aﬁgfn&?()thness

di splay pamglt anbw&tirR didetSforHitsdd FhiaLHIg! fraisitdb tHeb®dn without a
plurality of display substrates and a second displ ay

substrat e ofiot procgssingstaptaf pofiskdng pdgr gudsng at es; and
renovi the su strate . attac totheflrst
di spl éﬁg%? f"’é’g’ggéﬁl&‘c‘ 'tafk: toseé%ho%l&plaY §% &?%ubst rate.

30. Tlﬁ?odﬁﬁnl%%i RfivEmairR 1&Rid «‘!&ﬁﬁﬁpdlﬁblﬁﬁﬁarﬂ ®Rh@ffirst display
producing further conprises the steps of: disposing a

plurality ohbstiateofith¢ nhumhahsﬁ @sxﬁmsubﬁtrathsearfd & sgeond display
di spl ay substrate;. di sposing.t.he color filter on a
Secon d: soroyRisfbs BREHY el S reRRr R Al U ng
red submpiiigthe ApHoreSibsaie aRhetRl o MRdird dMpisy SUbrAk ¥R the
for each thin-fi Pmtran5| stor di sposed on the first

di spl ay sulsstondtdesplayl sabstrage.l i qui d crystal materi al
between the first display substrate and the second
di spl ay substrate; and sealing the first display

%@?ﬁ%%ﬁ%@oa B¢ cltaﬁﬁ 25 e&ﬁ’&gmq}lcsﬁleﬁbff ﬁH@%ﬂ?hﬁtheg’%mﬂ_ﬁk‘%S the steps

'aim 29, further conprising the step of
ayfpl yi ng a polarizing filter to the active matrix
liqu crystal spl nel. 32. The th f
29, M@F’Hgﬁﬁ@rélfté(ﬁ?ﬁT gﬂmé@ﬂ%lﬁt@fsf%tbggrstgbwgﬁef sy %fate
mel ting %Slﬁg 'Eﬁetco%ra}ﬁﬁr BH%Q&JnH'd%I uﬁﬁfa'f@ and ddiSt filter including
nol t en é) materi a ting a sécond gl'ass
conposi tion rbd)sdh;pmaagea:enrsdbmet and glbhsssubgtixgl ifad gach thin-film

conmbining the first nolten %asg material with the
second nol tt@ﬁSlgtpéQ@p?ﬁgfl@plﬂéq irst display substrate;

placing liquid crystal material between the first display substrate and the second
display substrate; and
sealing the first display substrate and the second display substrate.

31. The method of claim 29, further comprising the step of applying a polarizing filter

to the active matrix liquid crystal display panel.

32. The method of claim 29, wherein the step of attaching further comprises:
melting a first glass composition to form a first molten glass material;
melting a second glass composition to form a second molten glass material;
combining the first molten glass material with the second molten glass material
while both the first molten glass material and the second molten glass
material are in a liquid state to thereby produce a display substrate layer

and a support substrate layer;



while both the first nolten glass nmaterial and the
second nolten glass material are in aliquid state to

WO b@seimsopr oduce a di splay substrate | ayer andP@r/us2004/019914
support substrate | ayer;fusing the display substrate
| ayer and the support substragf | ayer at a tenperature
at which both the display subStrate |ayer and the
Suppo rfﬁs@é@l%td'is@ia%/ suBMele RY& Sufihd ﬁipﬁ&tt lsibskratéi 18lydr @t a temperature
provide a defect “free interface therebetween; and
cool i ng t het thcbdboth thp Idisplayshisstratet leydramd thexwuggpert substrate layer
support subst

to th by f
gl ass-on- gla‘éfsé" {. r dﬁgﬁ@ﬁg{ee ‘Yfgec(t)*frﬁglqtrgtfar%&he&?between' and

cl ai mc3aiing @'ﬁ?s'e&‘ dI Pf"a y3h8Rraff 1a )& HRY kG PB&T Mﬁﬁfetlayer to
substrate 1 ncludes thé step of chem cally dissol ving

t he suppor theelysformtaeglass oheglss sathiwetgperductianage to t he
gl ass display substrate. 34. The nmethod of claim 32,
wherein the step of renoving the support substrate

39 C’ryéiﬁéthbh & f SlafiR 39fwﬂérblﬂ‘1h@9eﬁ8§{eﬁfov9%‘ thé E\iﬂf)grttstlﬁstrate

support substrate w thout subsequent damage to

dhcsdes dhesgpempyf chebnsdatlxtdessol3hg i wppertrsoblstnnte withwuhsglgiequent

mhereln he st taching further conprises:
9?%@?383§H§@§F¥§1 B%he display substrate; joining

the support substrate to the display substrate with

t he adhesi ve di sposed therebetween; and curing the

8th€1§;& wethod 6f clahe 32pvhoedindhe sb@bfme8oyingtbe auippottisabstatgp

removi ng the, support substrate includes the e f
é%‘é’t‘ﬁfi? & gﬁem?&a}dm&@d{qwogam%% I SUBRaThRR T b’@@l&ﬂ@ﬁ&equeﬂt
ay substrate. 37. The nethod
g@”@?i?ﬂ?§§g§w%§?§fﬁﬂFﬁgkstep of renoving the support

substrate includes the step of applying a nmechanica
force to destroy the adhesive bond between the display

SdbLhe method of ckaw@ 28 phein theiper phatiachmg further gempyjises:
matri )ﬁg*)fg/%lgaa% a?&%s?%eaﬁo ¢l &1%1@;/ FJ&%E}Q .conprising: a

first rate, ITst ﬂlsplay substrate

havi ngoiairghh€ kippsa sibsaitd toahe displey slstrhte vithtimadiesive disposed

conposition that is substantially alkali free, and a
therebetween; and

curing the adhesive.

36. The method of claim 35, wherein the step of removing the support substrate
includes the step of chemically dissolving the adhesive without subsequent damage to

the glass display substrate.

37. The method of claim 35, wherein the step of removing the support substrate
includes the step of applying a mechanical force to destroy the adhesive bond between

the display substrate and the support substrate.

38. An active matrix liquid crystal display panel comprising:
a first display substrate, the first display substrate having a thickness less than or
equal to 0.4mm, a composition that is substantially alkali free, and a

surface smoothness that allows the direct formation of thin-film



surface snoothness that allows the direct formati on of
thin-filntransistors thereon without a prior

w@emsosshaig step of polishing and/ or grindi ng; PEI/B8IMO41019914

di spl ay substrate, the second display substrate having

a thickness |ess than or equal to 0.4mm a conposition
that is substantially alkali f1 and a surface

snoot hness ¢ hafsid {HeWen ot 4 ﬁl%r Fro¢d3®hk §t@p @ff polishing and/or
thin-filmtransistors thereon without a prio

processi ng gstremgf pol i shing and/ or gr| ndi ng, and

i ol Sgc%ée%fsaﬂa& sShrfi PSRRI S 2y UE BayipRdhicknessles
39. The panghy of qulaﬁﬂomﬁﬁm w’e&hﬁmusmaﬂ‘ Is@%suﬂitﬁnyamah free,

substrate includ thin-fifmtransistors di sposed

t her eon, anmhdtasarfaecomabtbnesptiayaléavsthe eltrectlfmmham)esof ¢hin-film
color filter dj sposed t hereon, the colar fj ?r .

ncl udi ng ARSIy BepoRaTiinogt HPRPEGRSSPR ﬁtSP of gplishyps and/or
bl ue sub- pl%i%] ifgdn@ach thin-film transistor disposed

on the firs I splay substrate. 40. The panel of claim
38, whigqued mysﬂabrnhfenakdlmed)betWhel thie fs$t dalipsqyl smpstrate and the

substrate is s ially within a range between
0. 4nm and Oﬁeiﬂ?é)‘iﬂé ﬁ‘ﬁ’étr%tﬁnel of claim 38, wherein
the thickness of the second display substrate is

substantially within a range between 0.4mm and 0. 1nm
39. The panel of claim 38, wherein the first display substrate includes thin-film

transistors disposed thereon, and the second display substrate includes a color filter
disposed thereon, the color filter including a red sub-pixel, a green sub-pixel, and a blue

sub-pixel for each thin-film transistor disposed on the first display substrate.

40. The panel of claim 38, wherein the thickness of the first display substrate is

substantially within a range between 0.4mm and 0.1mm.

41. The panel of claim 38, wherein the thickness of the second display substrate is

substantially within a range between 0.4mm and 0.1mm.



