METHOD FOR MANUFACTURI NG GLASS SUBSTRATE FOR DI SPLAY

AND GLASS SUBSTRATE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates
to a method for manufacturing a glass substrate for a
flat panel display, and nore particularly to a nethod
for manufacturing a high-quality glass substrate at a
high yield rate. 2. Description of the Prior Art The
term"flat panel display" (hereinafter, abbreviated as
"FPD') is wused in contrast with a display having a
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pl asma di spl ays, organic EL displays, and the |ike.
Anmong these FPDs, liquid crystal displays are
particularly widely wused not only for TV sets but
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devices. Fig. 2 is a cross-sectional view of a typica
dils pidy opdreedhveMiaf a |iquid crystal display. As
shown in Fig. 2, the display panel PN has a structure
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electrodes 6A, and an orlented film7A

2. Description of the Prior Art

The term “flat panel display” (hereinafter, abbreviated as “FPD”) is
used in contrast with a display having a curved display panel, such as a
cathode-ray tube (CRT) display. The major features of FPDs include thin
depth, small footprint, and flat display panels. Such FPDs are practically
used as liquid crystal displays, plasma displays, organic EL displays, and
the like. Among these FPDs, liquid crystal displays are particularly widely
used not only for TV sets but also as displays for cellular phones or computer
devices.

Fig. 2 is a cross-sectional view of a typical display panel PN of a
liquid crystal display. As shown in Fig. 2, the display panel PN has a
structure in which a liquid crystal LC is interposed between a pair of first
and second glass substrates 1 and 2 laminated together.

On the inner surface of the first glass substrate 1, color filters 4

divided by a black matrix 3, an overcoat layer 5 for coating the black matrix
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are stacked in this order. On the inner surface of the
second gl ass substrate 2, thin filmtransistors 8 and
transparent el ectrodes 6B are provided, and an

oriented film7B is further provided thereon.

General ly, such a display panel PN having a structure
shown in Fig. 2 is manufactured in the follow ng
manner. The first glass substrate 1 and the second

gl ass substrate 2 are | am nated together in such a
manner that a plurality of spacers 9 are arranged

bet we th iented films 7A and 7B, opposite t ach
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6 m for a liquid crystal. Then, a I| ui d cr stal LC
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to the outer surfaces of the glass substrates 1 and
2.orRetehfilny 7Btih Brghdrgpravided thembar.e t he thi ckness of
each of the glass substrates 1 and 2 is reduced to
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panelmamdgitarsl ifNhe fRANWALE nlaafien atied firegglhBesulisbrate 1 and
obtain a lam nated glass substrate G., and the outer
pehé paehY ghiss khBsth 128k @4in Had8Btoabidet IRb&HG mainer that a
tightly sealed. Then, the Iam nated glass substrate G
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polar}.zing films 10A and 10B are respectively attached to the outer surfaces
of the glass substrates 1 and 2.

Recently, there is a case where the thickness of each of the glass
substrates 1 and 2 is reduced to its lower limit. Specifically, first and
second glass substrates GL1 and GL2 having a plurality of display panel
regions PN — PN are laminated together to obtain a laminated glass
substrate GL, and the outer periphery of the laminated glass substrate GL is
tightly sealed. Then, the laminated glass substrate GL is immersed in an
aqueous solution containing hydrofluoric acid to reduce the thickness of the
laminated glass substrate GL by chemical polishing (see Fig. 3). By using a
chemical polishing method, it is possible not only to manufacture a plurality
of display panels PNs at a time but also to improve productivity because the

polishing speed of chemical polishing is higher than that of mechanical
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polishing. In addition, it is also possible to reduce
the thickness of the |am nated glass substrate G to
its lower limt, which makes it possible to respond
to the demand of reducing the thickness and wei ght of
a display panel PN After the conpletion of chem ca
polishing, the am nated glass substrate GL is cut to
separate display panels PNs from each other, Then,
each of the display panels PNs is subjected to the
process of injecting a liquid crystal and the process
of aching Iar|2|n filnsg. is tqQ be noted t
h@éﬁ I 8o o8 it &3 Al Ressidle gqﬁqﬁl@cweﬁgr%w% q#
fllns As descrij bed above, by subjectlng t he Ian1nated
gl laginaiad slass pabstrate(d. rbsowsr Ligut, ivdrishgrakps itingssible to
possible to effectively reduce the thickness of the
| angbpradetd the demandibbraduciag Che tigckness podeveightpl e display
However, such a nethod involves sone issues that
showkbPNe further addressed. For exanmpl e, when the
gl ass substrate is chemcally polished to reduce the
t hi cknegdtearhhe emfipletibe bchiesnienlgatishingethe lamwertyd planst e
flaw or an altered portion latently existing in the
glsabstrstidliBL (od theeniee diflay pRtel@ PNsdrdrh auctdstief, 0 Then,
chem cal polishing (hereinafter, referred to as an
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amma?ed glass substrate GL to its lower limit. However, such a method
involves some issues that should be further addressed.

For example, when the glass substrate is chemically polished to
reduce the thickness therecf, there is a case where a very minute flaw or an
altered portion latently existing in the glass substrate becomes apparent as
a flaw due to chemical polishing (hereinafter, referred to as an “etching
flaw”). Such an etching flaw can be eliminated by further chemically
polishing the glass substrate. However, in a case where the glass substrate
cannot be further chemically polished to the extent that permits elimination
of an etching flaw, the etching flaw remains as a visible flaw. More
specifically, there is a possibility that an etching flaw having a maximum
diameter of about 50 to 2,000 pm measured in plan view as viewed from the

front of the glass substrate remains. Such an etching flaw is a recessed
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3 flawthat is relatively snooth and that has a
substantially circular or oval shape because it has
been subjected to etching. Further, even if the glass
substrate has no recessed flaws after the conpletion
of chem cal polishing, there is a possibility that
anot her recessed flaw such as a crack (hereinafter,
referred to as a "non-etching flaw') appears due to
cutting or the like carried out after chem ca
pol i shing. Such a non-etching flawis not snooth and
do ot have a round shape because it has not been
V&é dds relativelRismgot hr’?féf@?"é has asHastaRtaly sgrylace or!
a non-etching flaw has fine irregularities. Such a
r X298 daCHIsaN Hasrheen subieetd ta aichige of the gl ass
substrate is detected in the step of qualltﬁ
checki ndfurthert ¢vies ibthgglagsfsubisightestassrseasaedllatiaaftenthe
recessed flaw is disposed of, productivity is
siqymiplétoandfichemitel polishirg, ¢blerbde apsssikilisyptisdlanothea recessed
gl ass substrate having a recessed flaw neans di sposal
offlaam swchpensiraek tesghafter asfelred Howe w éhon-efchimpglag’s
substrate having a recessed flawis used as it is,
t hppamal dueyto efittaiy drthgéikdicapialyad Fer dheBihEsdlishing.
deteriorated. Particularly, deterioration of inage
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flaw in sone g -
havmg a recessemgw is disposed of, productivity is significantly

deteriorated because disposal of a glass substrate having a recessed flaw
means disposal of an expensive display panel. However, if a glass substrate
having a recessed flaw is used as it is, the quality of an image displayed on a
screen is deteriorated. Particularly, deterioration of image quality is a fatal
defect for display panels of cellular phones or personal computers that are
watched closely. Most flaws that become apparent after the completion of
chemical polishing are latent before chemical polishing. Therefore, it is not
possible to effectively deal with the problem of latent flaws by only carrying
out quality checking before chemical polishing, and it is highly desired that a
defective glass substrate be turned into a non-defective glass substrate by
repairing a recessed flaw in some way.

Some approaches can be taken to repair a recessed flaw. One
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Sonme approaches can be taken to repair a recessed
flaw. One 4 approach is to subject a defective gl ass
substrate to nmechani cal polishing. However, there is
a problemthat it is inpossible to polish the gl ass
substrate at a high speed because the thickness of
the gl ass substrate has already been reduced to its
lower Iimt and a plurality of spacers are arranged
between the pair of glass substrates | am nated
together, thereby significantly deteriorating
productivity. In fact, it usual t akes about 60 .
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the gl ass, substrate to_reduce the_ thickness thereof
byHafeyer tharedg aiprpllpm tBokit invreppsgibleste poliph theaglags sbstrate
pol ished at such a | ow speed, about 20 % of the gl ass
s As<t righ epeedrhecsgitba thigkmdsa gf Yol glatsisnbstratedrasfabready been
the rate of turning defective glass substrates into
nowduestide itfsvewer lmy andospluatlity of spavets sme driaqpized Anbidrar
approach is to fill a recessed flaw with an
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(adhesive). In the case of a non-etching flaw, it is relatively easy to allow a
filler to firmly attach to the glass substrate. However, in the case of an
etching flaw having a wide opening due to chemical polishing, adhesion
between a filler and the glass substrate is poor, when the filler is one usually
used. For example, in a case where the necessity to detach and reattach a
polarizing film to the glass substrate arises, there is a fear that a filler filled
in an etching flaw is easily peeled off from the glass substrate because the
etching flaw has a wide opening. Further, there is also a fear that the filler
is peeled off from the glass substrate during finishing operation such as
grinding. This is because it is necessary to make the surface of the filler

filled in a recessed flaw smooth to the extent that it can be identified with

the surface of the glass substrate around the recessed flaw.
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filled in a recessed flaw snmooth to the extent that it
can be identified wwth the surface of the gl ass
substrate around the recessed flaw. 5 These probl ens
descri bed above are not inherent in liquid crystal

di spl ays, but are common to other FPDs. SUWMMARY OF
THE INVENTION It is therefore an object of the present
invention to provide a nmethod for nmanufacturing a

hi gh-quality glass substrate for a flat panel display
at a high yield rate and a high-quality gl ass
substrate. In order .to achi eve the above object, the
present 1 e RiqPleras éesarlgef'g plRyerage Qoh’é‘?]ﬁ%“f%{hqmd crystal
mapuf acturing a glass substrate for a flat pane

di Epplays: b8hpre ©woHgoen HeotderBEDsof . chenical Iy pol i shing
a glass substrate for a flat panel display with an
aqueous sol ution contai ni ng hydrofluoric: acid,
checking the gl ass substrate chemcally polished to
séﬁﬂMﬁ@Aﬁgﬁﬂ%%ﬂﬁbﬂ¢%EN@Bé@sed fl aw havi ng a maxi mum

di aneter of 50 to 2,000 ~an exists in order to detect
a def ectli sehgtedime ansibipst phtthe presenh fnveutinn do pewédsehethod
flaw, applying a first coating agent to the recessed
f lfammahufabenrtef £highveaitaghiss sldstraat &r oftad panebd@dplay at a
second coating agent to the recessed flaw to which

t e {ieRl rag@ahdl AGiglgquhlityasaddeabsapRl | &forded té hdlietd e
second coating agent overflows the recessed flaw,

ClUbbRdoHi&te, the ettt $aRhtiBE i9giedied AW nRkBiBLE 2i Ng t he
surface of the glass substrate by renoving only the
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surface of ?he gl ass substrate. In tﬁ% presen
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Tgaﬁeeofu% rsglutfog%oﬁ{ggi%tg h?rfirotfnl%ric acid; checking the glass substrate
chemically polished to see whether or not a recessed flaw having a maximum
diameter of 50 to 2,000 um exists in order to detect a defective glass
substrate having such a recessed flaw; applying a first coating agent to the
recessed flaw of the defective glass substrate; applying a second coating
agent to the recessed flaw to which the first coating agent has been applied
so that the second coating agent overflows the recessed flaw; curing the
second coating agent; and planarizing the surface of the glass substrate by
removing only the cured second coating agent that bulges out from the
surface of the glass substrate.
In the present invention, when the second coating agent is cured, it
functions as a filler for filling a recessed flaw. Therefore, the amount of the
first coating agent to be applied to a recessed flaw is limited to a minimum,

but the second coating agent is applied to the recessed flaw so as to overflow
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first coating agent to be applied to a recessed fl aw
islimted to a mninmum but the second coating agent
is applied to the recessed flaw so as to overflow 6
the recessed flaw. Specifically, the second coating
agent is applied to a recessed flaw in an anount
sufficient to bulge out fromthe surface of the gl ass
substrate even after the second coating agent is
shrunk due to curing. It is to be noted that the

first and second coating agents are sel ected so that
their refractive,indexes and transnjttances beco
subsessEred ﬁ@wt rﬁe"e&’g‘:‘%ﬁ > Ble %%%@C%ﬁl%@@? izggplicd to a
substrq&g when they are cured. In the planarizjng
stispessedBapun 88 st quitisiont fybulge st fRay thy grgfaes ofdhe
fromthe surface of the glass substrate is renoved to
pl SBergriupatrateeevgnadisr thegpsondeaatingnaent gredrunindusivcming.
coating agent applied to the recessed flaw can have a
milt koo He mitedh ot $he fisst @ndisptdndreoriing haenteairg sedecyédagrsthat
substrate. As a result, the defective |am nated gl ass
suhsirrefrectivwe indexeedind ntansaitianecddfeemhe webdtaniaibt thd same
gl ass substrate. Further, planarization is preferably
cartheg duhe Psasibstiate athby ther apicoged.he unnecessary
portion of the second coating agent off the gl ass
subst r alg thé plAnarigGERPRY, thY culrBe sbdok coMindyzent Yhdt hidges
only the second coating agent with an electric cutting
bloalgonl fhel shrfae oftPeRPLAubfiddtetif Serh@ddab pIELIRE théglass

nore excellent in obtaining a flat finished surface
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used, the entire edge of the scraper s press
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non-defective laminated glass substrate. Further, planarization is
preferably carried out by artificially scraping the unnecessary portion of the
second coating agent off the glass substrate with a seraper or the like, or by
cutting only the second coating agent with an electric cutting blade. 1t is to
be noted that the latter method is more excellent in obtaining a flat finished
surface than the former method.

In a case where a scraper is used, the entire edge of the scraper is
pressed against the glass substrate at an angle of about 25 to 35° with
respect to the glass substrate to apply a load of about 0.7 to 1.0 kg to the
glass substrate, and is then pushed forward to scrape the unnecessary
portion of the second coating agent off the glass substrate. On the other

hand, in a case where an electric apparatus is used, the electric apparatus is

pressed against the glass substrate at an angle of 30 to 40° with respect to
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portion of the second coating agent off the glass
substrate. On the other hand, in a case where an

el ectric apparatus is used, the electric apparatus is
pressed agai nst the glass substrate at an angle of 30
to 40 with respect to 7 the glass substrate to apply a
cutting load of 0.2 kg or less to the gl ass

substrate, and is then pulled to cut only the second
coating agent without causing damage to the gl ass
substrate. If a recessed flaw produced on the surface

of .th | ass substrate during chemcal poljshing is
t o@elgi%%éPB%%@eéP PB&Y BotutHhe T?ﬂdégz?r?t kg onfert ?chg'e BgASS
red%ced by hal f. Th?refore, it is preferred that the
meSHPTAT ol PAdet dengrlled e cterndy Shaperpndronting ggeniovithent
to be 2,000 ptmor |ess. Specifically, control of the
necepinh damage te theslaghubstietssed f1aw can be
effectively carried out by a nethod (a) in which a

| at ent fIf avedesseddlaywprddugedhec therduetice 9f thelgladsisulstrate
gl ass substrate by a predeterm ned thickness prior to
c hbwingadhepital phiistgng &ndbd darga, thetelfoct dfithe presedui inhedthen is
chem cal polishing anount of the glass substrate is

| iretlteed by@ali h&heidig@e, hasn dreferredtieg shd niakawumalihngted of
maxi mum di aneter of | ess than 50 pmcan be left as it

| Shbesata flabv Heestrol0dd (6336c2,000 halofleds. efpaeficallf,Wdherol of
practical standpoint. In the present invention,

I RE& §QenfimaWambRr RE tIEORSEAEN BdwasnHeQPlaiFely Ralritd@ut by
not only etching flaws that are derived frommnute
f L anshal oL hav& é‘ka{'t@ﬁtdﬂzilﬁ X rnftfred By hig#ig%ﬁya;r)oeﬁshing the

substrate before chem cal polishing” an
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substrate is limited. On the other hand, a recessed flaw having a maximum
diameter of less than 50 um can be left as it is because it does not have a
harmful effect from a practical standpoint. In the present invention,
recessed flaws to be considered as problems include not only etching flaws
that are derived from minute flaws which have already existed in the glass
substrate before chemical polishing and that are enlarged by chemical
polishing but alsoc non-etching flaws that are produced by operation carried
out after chemical polishing.

Further, in the present invention, chemical polishing can be carried
out by using two polishing solutions different in composition. In this case,
for example, a glass substrate is polished with a first polishing solution at a
high rate of 1 um/sec or more, and is then polished with a second polishing

solution at a low rate of 0.5 to 20 um/min. By doing so, it is possible to
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out by using two polishing solutions different in
conposition. In this case, for exanple, a glass
substrate is polished with a first polishing solution
at a high rate of 1 pan/sec or nore, and is then
polished with a second polishing solution at a | ow
rate of 0.5 to 20 pmimn. By doing so, it is possible
to 8 effectively suppress the nmaxi nrum di aneter of a
recessed flaw (an etching flaw) produced by cheni ca
polishing to 100 ~tm or nore but |ess than 300 pm
( t . referabl 100 pm or -nore but |ess an 200 ..
i PUCTiYEIE SPIREES DS Pty EMATFOR @C%ﬁﬁeé.ﬂa‘é(éae ctching
sgiutlon con%alnlng hydrof l uoric acid and sulfuric
al") PrAICER ke sherdel Bplishing toel A0y 7 moese pet lege thyn 300
t he flrst pol i shi solution is preferably 10 to 30
wthag (mpiterelsraiile aa& i armmers bpg legsdhar G8R Her e
preferably 17 to 25 wt% The concentration of t he
sul furi dhadivel palishing dolyticn ip ahiagery wbitian eontdiging
preferably 20 to 50 wt% nore preferably 30 to 45
witsiralvenic moidearpt eflbrabicyd. 3T he@od@ntmatt ¥ of ige by dreflaarc
bringing the surface of the glass substrate in contact
wiatid inltke firgtgtoliphingshlutipnde brdférably B for 3l etlabhyreone
mnute or less. As described above, the rate of
Pekéfstibg13d 28 R, EvenshoRQrbBRANIg 130d 25 Wa%. | The
pm sec or nore, but is preferably 3 to 10 Vm sec, nore
Pesienadtiyn of tHe shilfuricHcRES: th@ﬁr&tﬁ%h@h&%rsohﬁﬂﬂr is tp'i‘&‘erably

second polishing solution is an aqueous sol ution
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| ess. The second poli'shing sol'ution prefera
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described above, the rate of polishing with the first polishing solution is 1
pm/sec or more, but is preferably 8 to 10 um/sec, more preferably 5 to 8
ur/sec.

On the other hand, the second polishing solution is an agqueous
solution containing hydrofluoric acid in an amount of 10 wt% or less. The
second polishing solution preferably contains one kind or two or more kinds
of inorganic acids and surfactants in addition to the hydrofluoric acid,
Examples of such inorganic acids include hydrochloric acid, nitric acid,
sulfuric acid, and phosphoric acid. Examples of such surfactants include
ester-based surfactants, phenol-based surfactants, amide-based surfactants,
ether-based surfactants, nonionic surfactants, and amine-based surfactants.

As described above, the rate of polishing with the second polishing solution

is 0.5 to 20 pm/min, but is preferably 0.5 to 10 pm/min.
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sul furic acid, and phosphoric acid. Exanples of such
surfactants include ester-based surfactants,
phenol - based surfactants, am de-based surfactants,

et her - based surfactants, nonionic surfactants, and

am no- based surfactants. As described above, the rate
of polishing with the second polishing solution is
0.5to 20 jAmMnin, but is preferably 0.5 to 10 pm m n.
9 The first coating agent is not particularly |imted,
but is preferably a prinmer for inproving adhesion

bet ween _t he gl ass, substrate and the second_  coating
agent . K& fBBkenakge geenlds spbmmtiguariiinited, hwg ps preferably a
enl arged by chem cal polishing, and therefore a

f ifriraer fopmpravingafdhegion batw s @lpsp(subptrate andithe yeqopd
be peeled off fromthe glass substrate. For this

r easiong agendr i Whe openingofran etghiag|flavehishgenoalarged he

first coating agent. As such a prinmer, a silane-based
prchemicat polisoing, rgddheicfanea by b fillinggecit a asceaseddlaw is
ingredient 1is preferably used. As the second coating
addaely, todbequer il off fr@nithe pssisdbtrdte. dFatehis@asqr, eyehter is
the distortion of an imge on a display screen, a
mehPRe ) efft@BlehsQhe fiddt cagtiyd hfert ©€SAB shi@Va Plimer, a
substantially the sane refractive i ndex and
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preferably used. Such a curable resin may be of, for

eXapRkS bR Ushgr nosetting type or a photocurable type,
but® a phofocurable type is preferably used.

vacd. At perlpd todile it AURTIRRLR IELEGET Boborso
t { requirese th foair | £ .
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g#é %cg@é Jgga?ﬁalvmg su e same refractive in

transmittance as those of glass when it is cured is preferably used. Such a

curable resin may be of, for example, a thermosetting type or a photocurable
type, but a photocurable type is preferably used. Particularly, a UV curing
adhesive is preferably used. Among UV curing adhesives, an anaerobic
curing type that requires the absence of air is particularly preferably used,
but a UV curing type that can be cured by only irradiation with ultraviolet
rays may also be used.

As described above, according to the present invention, it is possible
to manufacture a high-quality glass substrate for a flat panel display at a
high yield rate. Further, the glass substrate is not mechanically polished
when it is repaired, thereby reducing the time and cost for repair,
Furthermore, such a repairing method does not cause damage to the glass

substrate, thereby achieving a non-defective ratio of substantially 100 %.
10



As descri bed above, according to the present
invention, it is possible to manufacture a

hi gh-quality glass substrate for a flat panel display
at a high yield rate. Further, the glass substrate is
not nmechanically polished when it is repaired,

t hereby reducing the tine and cost for repair.
Furthernore, such a repairing nmethod does not cause
darnage to the glass substrate, thereby achieving a
non-defective ratio of substantially 100 % 10 BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1A is a flow chart
whi ch shows a method for manufacturing a 1liquid

chégtal dis%ha - Fig. 1B is a detailed flow chart of

¢ ARILRESCRIBEION G TH BBl NGBt rate; Fig. 2 is a
cross-sectional view of a display panel of a liquid
cryst al g -t iay: flow gharBwhichshowianmethed orenpeiagiuring a
| am nat ed gl ass substrate; Figs. 4A and 4B are

i Houed exasiabdisplags expl ai ning the step of planari zi ng
a glass substrate; and Fig. 5is a flow chart of a
nodi f i edfigs t1&ps afdeta i fiavwnchaat of Gestersofiepaiaing.a glass
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Her ei nbel ow, the

prab&@mitel nvention will be described in detail with
reference to preferred enbodinents. Fig. 1Ais a flow

chart WRigh is heVassdectitRiaNodwl T dTBFIHY Bahdllok BGigaid éxgbiad
crystal display, and Fig. 113 is a detailed flow

Chgplayof the step of repairing a glass substrate.

Fig. 3 is a schematic view of a laminated glass substrate;

Figs. 4A and 4B are illustrations for explaining the step of
planarizing a glass substrate; and

Fig. 5 is a flow chart of a modified step of repairing a glass

substrate.

DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, the present invention will be described in detail with
reference to preferred embodiments. Fig. 1A is a flow chart which shows a
method for manufacturing a liguid crystal display, and Fig. 1B is a detailed
flow chart of the step of repairing a glass substrate.

A finally obtained display panel PN has the same structure as that
shown in Fig. 2. However, in the step of laminating glass substrates (ST1)
shown in Fig. 1, a plurality of semi-finished display panels PN - - - PN are
arranged in a matrix in a laminated glass substrate GL having a size of, for

example, 730 mm x 920 mm (see Fig. 3).
11



A finally obtained display panel PN has the sane
structure as that shown in Fig. 2. However, in the
step of lam nating glass substrates (ST1) shown in
Fig. 1, a plurality of sem -finished display panels PN
PN are arranged in a matrix in a |lam nated gl ass
substrate G. having a size of, for exanple, 730 mm x
920 mMm (see Fig. 3). 11 Specifically, in this state,
each of the display panels PNs is a sem-finished
di spl ay panel which does not have a liquid crystal LC
to be interpaosed hetween a gl ass substrat 1 and a
gl ass sBEPFsly: ry ths pigte. gack akthg d@PéaYaPﬂPeg%P Fi%f ng
films 10A and 10B to _be respectively attached to the
gl 588 fighed dignday pamel shdchaloes nohhevien Bawd coystal hf e pe
the glass substrates G.1 and (.2 are | am nated
t ogterpesed betvetena glass suwbhstnate 6l lpraks gloapsubsirage GE 2 in the
the outer periphery of the | am nated gl ass substrate
GistérsSEBeah@doharizing famsadiAdardeHIBs todvet respatiaaly. atTvbad to the
the I am nated gl ass substrate GL is imersed in an
aqlen yabstsates GLAMMAORL i inithe stey HTIf | Adtel chaglads substrates
chemcally polish the outer surfaces of the glass
S ST £l 65,2 Ged 1amithafddZof&Tha) to obigineNlaimifadelliptddiesabstRdte
the I|am nated glass substrate G.L is about 0.6 mm 0.8

MBIQthd o@teFFbrifRG o®the laldEnled $Pasi Btk asL, (ddeatt@dyith
G.2 is polished to reduce the thickness thereof by

aRauli PRI @t t he entire thickness of the
| am nat ed gl ass substrate G. is reduced by 100 to 600

m. Al ﬁ‘ﬁ{axi th{a %msntanﬁ @QQSV&%Q%EJ & qgixﬁ{n}%gﬁgggqlnnaqtulgous

second pol1's ons are prerera 1S

58 82 B SO QTSP o vt

glofa e g%elljsgssh sz,attrgtses g’l!l grpcp ng%S’M}i. | %hg%L 1}"eaf!hri](i:knn%s§ Qte the
laminated glass substrate GL is about 0.6 mm, 0.8 mm or 1.0 mm. FEach of
the glass substrates GL1 and GL2 is polished to reduce the thickness thereof
by about 50 to 300 um (the entire thickness of the laminated glass substrate
GL is reduced by 100 to 600 um). At this time, the above-described first and
second polishing solutions are preferably used in this order.

In the step of chemical polishing, it is necessary to reduce the
thickness of each of the glass substrates GL1 and GL2 while maintaining the
flatness of these glass substrates. Therefore, it is preferred that air bubbles
are continuously formed at the bottom of a polishing bath to produce an
upward flow of the polishing solution. Further, it is also preferred that the
polishing solution continuously overflows the polishing bath to remove a

reaction product by filtration, or the polishing solution is entirely or partly

renewed at the right time.
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fl atness of these glass substrates. Therefore, it is
preferred that air bubbles are continuously forned at
the bottom of a polishing bath to produce an upward
flow of the polishing solution. Further, it is also
preferred that the polishing solution continuously
overflows the polishing bath to renbve a reaction
product by filtration, or the polishing solution is
entirely or partly renewed at the right tine. 12
However, even in a case where chemni cal polishing 'S
carried [ such a manner descrj bed above | at ent,
flaws or}f‘ﬂYeﬁ'ﬁ}" 1Y RKG %Ffi‘sr‘?gj”nli“%ﬁ”e Fh%mﬁﬁjag‘gls LH0iS CRE OGP
and A2 tend to enlarge due tg chem cal polishing of

t H&ch giraaanes dsspribededoverfaieat Baes oxigipeHuiergtion it e glass
depth of such a |atent flaw, there is a case where

t trabstanten Gl and 608 sensbtosmiange due ie chemisakundishing| ofghe
havi ng a maxi mum di aneter of 50 to 2,000 pm after the
c@pisstbgnated. Thenforaldependisppmghe Sugh odsndcebdet flaw,
flaw has a substantially circular or oval shape in
plthere\is ewaseawbetehtby laent Bap deaimed dppdraritcisal teyessed flaw
connected to each other. In either case, by carrying
ohavitieninagimpaldisheteg ofi50 102, 80F imaafivreheesmpletibRbhod
descri bed above, the maxi num di aneter of a recessed

f khRanicg]l paEliidind. €ss than 2,000 jAm It is to be noted
that the maxi mum di aneter of a recessed flawis

measur eduiila PLRBsedl fBW ﬁ§s £ 8EPstAR @AM Qe f05 ovaf sﬁalf)% in
gl ass substrate, and that in a case where recesséd

fh paveisv@weaxﬁpﬁrmﬁ%@gﬂmgﬁﬁhﬁ&wwughﬁ p@aﬂx{sumd%%ga{a%epf

a recessed flaw nea tircal maxi mum net er
£ I f
P Al B SR AR g AETR e

method described above, the maximum diameter of a recessed flaw is made
less than 2,000 pm. It is to be noted that the maximum diameter of a
recessed flaw is measured in plan view as seen from the front of the glass
substrate, and that in a case where recessed flaws are connected together,
the maximum diameter of a recessed flaw means a hypothetical maximum
diameter of each of the recessed flaws.

After the completion of the step of chemical polishing (ST2), the
laminated glass substrate GL (see Fig. 3) is then subjected to the step of
cutting and separation (ST3). In the step of cutting and separation, the
semi-finished display panels PN - PN arranged in a matrix are separated
from each other by cutting. In connection with this, it is preferred that
scribe lines are mechanically provided on the laminated glass substrate GL
along demarcation lines (represented by broken lines in Fig. 3) between the

display panels prior to chemical polishing. By doing so, it becomes easy to
13




| am nat ed gl ass substrate GL (see Fig. 3) is then
subjected to the step of cutting and separation
(ST3). In the step of cutting and separation, the

sem -finished display panels PN - PN arranged in a
matrix are separated fromeach other by cutting. In
connection with this, it is preferred that scribe
lines are mechanically provided on the | am nated gl ass
substrate G. along demarcation |ines (represented by
broken lines in Fig. 3) between the display panels
prior to chem cal polishing. By doing so, it hecones
eai8parage the glé}aléma@eksrﬁ@narew %%%@h@r%mgr oH BUEFASEL her
by cutting. In this case, portions where the scribe

| | RrEEORRYRCIsEn spskhbpsdiviepeph svacHericalberisyided @re etched
deeper than other portions by chem cal polishing in

t HeeperihagTehepartians byyeheovieal ratishingrimblp steh &léfsorthat
in the step of cutting and separation (ST3), by only
megrhereis eaé Formapgpl Phevgloae,modbe atep dof oaidingmndephationd 68D,
gl ass substrate G, each of the display panels PNs is
adgumdy eleghanitalfyr applyihe a thedvraatlesd ¢ dedamirbstd glaes Gl
along the grooves. In addition, the cutting surfaces
ofsubsehtedR L} d2eh af 81 dyplpApeh&s PN iabecusiedt futliegaise
the cutting surfaces have been subjected to etching.

AL REndtBe LRI PhIREIR8 GOf albhet i @BoRk, CHt AddifoRNle cutting

separation (ST3), the display panels are then

S ﬁﬁl‘ﬁ@és‘e{q b Biht%e%tis%‘?a)p{) AP NG ¥ r& RS NB At dhe chifling

a
this step, in addition to a typical quality checking,

e@ﬁgﬁg%l%gggéggkgékﬁgéH;gmhg%gplay panels PNs is

che er or not a recessed flaw having a

e A0 200t R0 A LR Bpe bR

?gﬁhﬁ %%%Zsel egz gllq Eﬁ%ﬁ%iﬁ%ﬁ%&% glh c(fuéﬁft)? ghe%ﬁcing (8ST4). In
this step, in addition to a typical quality checking, each of the semi-finished
display panels PNs is checked to see whether or not a recessed flaw having a
maximum diameter of 50 to 2,000 um exists. If there is a display panel PN
having such a recessed flaw, the display panel PN is subjected to the step of
repairing a glass substrate (ST5).

As shown in Fig. 1B, in the step of repairing a glass substrate, the
surface of the glass substrate is first cleaned with, for example, ethanol
(ST10). Next, a cotton swab is impregnated with a primer that is a first
coating agent, and the cotton swab is pressed and rubbed against a recessed
flaw to apply the primer to the recessed flaw (ST11). It is to be noted that
the time for pressing the cotton swab against the recessed flaw is about 30

seconds, which does not impair workability at all.

Then, an anaerobic UV curing resin that is a second coating agent is
14 |



As shown in Fig. 1B, in the step of repairing a gl ass
substrate, the surface of the glass substrate is
first cleaned with, for exanple, ethanol (STIO.
Next, a cotton swab is inpregnated with a primer that
is a first coating agent, and the cotton swab is
pressed and rubbed against a recessed flaw to apply
the primer to the recessed flaw (ST11). Itis tobe
noted that the tine for pressing the cotton swab
agai nst the recessed flaw is about 30 seconds, which

ﬁ?%?@%ﬁhﬁ@%é%sagﬁ’ h%e?%iiléz-ysSte%qi‘%c'%%e%@aefiéls%?ﬁ%ﬁ%
ie , .(ST12). Specific; ,
Bl RErisd G Ao Odla Pebappid PP e e cbas

flaw with a mcropipet_or the like so as_to  overflow
t r?é(e%*ﬂé?é‘{e@@eraceﬁﬁ%d/ﬁaw-t tds toobeorotadihad thaltV euréng tpyin is
curing resinis applied to the recessed flawin an
arfpihed tufheiresasped Haow by hgenunt tuffivienhéo belge patiomfthe
the glass substrate even after the LTV curing resin is
sisptfake efitbe glass subrstrage even afbache BBIcwhe@sinsis sheurdndue to
anaerobic UV curing resin is used in this enbodi nment,
acshnel ding mask is | am nated on the second coating
agent for deaeration after the conpletion of the step

ST12. Alsideéibel mBovd, Bihce hiaheiohg: UHSkring rédfiinadeaitn
on the second coating agent in such a nmanner that air

b ¢ le@thodingert04 shicREREL thask id RgniHERANMEA theabdond c@%ﬁ%&gent
As a shielding mask to be used, a LFV perneable P

( Rl aeREQRYVhPRY the EdRipistioh 6f BleabdystERd AtAhICimb e
conpl etion of such preparations descri bed above, the

SeriRin s Rakk M08 Med o tg_ﬁ rsgﬁ%éﬁtﬁ%éﬂéﬁ %%n‘t’ L El?c\ﬂt :ﬁl‘n%tnnﬁr

rays emtted froma hand-h g uni roug

t E}ﬁat%'i‘ﬂ ﬂb%'l&gar%%ktrgﬁg&fl 211 thletsej:o%dtcgaggg agent. As a shielding

mask to be used, a UV permeable PP (polypropylene) film is preferably used.
After the completion of such preparations described above, the
second coating agent is irradiated with ultraviolet rays emitted from a
hand-held UV curing unit through the shielding mask (§T14). Itistobe
noted that the dose and time of ultraviolet irradiation vary depending on the
size and depth of a recessed flaw to be repaired, but the second coating agent
can be cured by irradiation with ultraviolet rays at an intensity of 200 to 450
md for about 3 to 4 minutes. Therefore, it is possible to smoothly cure the
second coating agent without taking so much time.
Thereafter, the shielding mask is removed from the second coating
agent (ST15), and then the step of planarization (ST16) is carried out.
Since the cured second coating agent bulges out from the surface of the glass

substrate, the glass substrate is planarized using a scraper 20 or an electric
15




noted that the dose and tinme of ultraviolet

irradiation vary depending on the size and depth of a
recessed flaw to be repaired, but the second coating
agent can be cured by irradiation with ultraviol et
rays at an intensity of 200 to 450 m for about 3 to

4 mnutes. Therefore, it is possible to snoothly cure
the second coating agent w thout taking so nuch tine.
Thereafter, the shielding mask is renoved fromthe
second coating agent (ST15), and then the step of

pl anarization ((ST16) is carried out. Since the cured

S Pﬁf%gﬁﬁé#%&%@ent bul ges out fromthe surface of

the glass substrate, the glass substrate is

pl anari i@a q8F Wgere e ssiserr 20isgrsedrthelentire pése1of thpspraper
30 in this step. In a case where the scraper 20 is
ugdds pressedpgaipy thg glasepubiieats Glapean angle obakpug £5d0 36°
agai nst the glass substrate GL at an angle of about 25
t ovigbrespeatho Flesplest substrabeGhltassplyadsad eftsboG 0f7do aPtgto
a load of about 0.7 to 1.0 kg to the glass substrate
Glthe glads swbstiape Giyishéib then waslkd forwantae eemotaih elgd @0 (see
(see Fig. 4A). On the other hand, in a case where the
s [Fay.etA) 300hsheiseidyr hahé, inshave wh3te il shaesssllisaged bk
the glass substrate G. at an angle of 30 to 40 wth

I 8BPEL130tiO ptdieeDh @G HstSUb $lds3 bEbSBath GIAPPAY aBgle U BO 0400

| oad of 0.2 kg or less to the glass substrate &, and

i Sviﬂﬂ%@)i?]&:@ kd gfb él@sﬁa‘.ﬂbsﬁ'ﬁfelyGE thah e _a‘]:gttﬁﬁﬁ)ag oPo.2 lé%l“%less

After the conpletion of planarization, e surface o

t €45 ' LS, T
(A28 IS GLEn NPT gl 20,808 U s
thpystep of repairing a glass substrate. Thereafter, a

I!qdid crystal LCis injected into the repaired
di spl ayAR&nﬁJLe c%%p(le%-o@ of p"ilgxgarization, the surface of the glass

substrate GL around the repaired area is cleaned with ethanol or the like
(ST17) to complete the step of repairing a glass substrate. Thereafter, a
liquid crystal LC is injected into the repaired display panel PN (ST6), and
then polarizing films 10A and 10B are respectively attached to the front and
rear surfaces of the display panel PN (ST7). By attaching the polarizing
films to the display panel PN, it is possible to completely cover the repaired
area. Even in a case where the need for detaching the polarizing film from
the display panel arises for some reason, there is no fear that the second
coating agent will be peeled off from the glass substrate because the first
coating agent and the second coating agent are layered in the recessed flaw
so that adhesion between the glass substrate and the second coating agent is
improved.

The operating procedure described above in detail with reference to
16




then polarizing filns 10A and 10B are respectively
attached to the front and rear surfaces of the
di spl ay panel PN (ST7). By attaching the polarizing
films to the display panel PN, it is possible to
conpletely cover the repaired area. Even in a case
where the need for detaching the polarizing filmfrom
the display panel arises for sone reason, there is no
fear that the second coating agent will be peel ed off
fromthe glass substrate because the first coating
aggnt and the second coatin ent are layered in the
gsssumerelpillustrating ang g |18 nded fplinmit fhe sgings the
substrate and the second coatin gent is inproved.
THEV@PEMat ey elp&r@eléoﬁylrseca@eg&er%gwramn¢qessam tgicreakp t h
reference to 16 Fig. 1 is nerely illustrative and is
nomapribénaditians| theistepsHil ScoeeS B 5 ahenatunslisnemdted. For
exanple, in a case where there is no necessity to
creat e Famterdbecemoaddbitinnsgent henst repess8ililBapmied$F al5
are naturally omtted. Further, the second coating
agetussédsflanott nrectsmar Fbycampile.ctl the case dfacebsidlyf lhesy
at one tine. For exanple, in the case of a relatively
| *e@esed 06 Ba el @kiRaMh AthndetBRST 200G B0BNRE 68F mote, 280
to 300 mor nore, the second coating agent is

PedoBARBANN@REHt §6lpEcPerBHE ThpPlic8 66 §8@0h FdcaWQ YR dvoP two
times. Fig. 5is a flowchart which shows an operating

pERegdure in which the second coating agent is
applied over two tines. Specifically, after the first

coat i ngpagent ;i ARk &ﬂmh%hﬁwg gﬁ%géxfagmfgl lﬁ%edhp&r# which

second c atlng agent 1s cessed

i hed BRdRGRRRER, P AR et e e

t H%t%%&t?ﬂg age? % 18 a19p11ed to a recessed flaw, the second coating agent is
applied to the recessed flaw so that the recessed flaw is substantially filled
with the second coating agent (ST20). If necessary, the second coating
agent is covered with a shielding mask. Then, the second coating agent is
irradiated with ultraviolet rays. In this case, the dose and time of
ultraviolet irradiation are set so that the second coating agent is cured to a
gel state. Thereafter, in a case where the second coating agent is covered
with a shielding mask, the shielding mask is removed. Further, in a case
where the second coating agent exists around the recessed flaw, it is removed
with a scraper or the like.

Then, the second coating agent is further applied to the recessed

flaw so as to overflow the recessed flaw (ST22). If necessary, the second

coating agent is covered with a shielding mask. Then, the second coating

agent is irradiated with ultraviolet rays. In this case, the dose and time of
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agent is covered wth a shielding mask. Then, the
second coating agent is irradiated with ultraviol et
rays. In this case, the dose and tine of ultraviolet
irradiation are set so that the second coati ng agent
is cured to a gel state. Thereafter, in a case where
the second coating agent is covered wth a shielding
mask, the shielding nask is renoved. Further, in a
case where the second coating agent exists around the
recessed flaw, it is removed wth a scraper or the

i ke. Then, the second coating agent is further
aphipsiolet arrpdiation age sedo t%‘ﬁta‘%besﬁ‘@c‘%l’éi eating agentdinae
recessed flaw (ST22). If necessary, the second

c Gaphind taherecessed:- By inepmpletelneushilel A% agesvils khe suserd
the second coating agent is irradiated with

ulcoatand agest applied tol thetrbdessasidey faribe fivgdinmais further ghred
17 ultraviolet irradiation are set so that the second
c catthaigrdiigeint beiweehnlthe sappHiceatingagene ané tesgless fulmvaisis
conpletely cured. As a result, the second coating
aderthejupiroed, t Thichenfiegqrasadzdtionvs tatricdhat b sBdwih inPig.
is further cured so that adhesi on between the second
ca® i ng agent and the gl ass substrate is further

i mproved. Thereafter, planarization is carried out as

shown i asHegribkB ab@v?e ﬂ@ﬁ%ﬁéebﬁﬂex‘%klﬁé’@@cohﬂ cGatERSAr R e ©
the second coati ng agent is applied to a recessed

f LAy QVERra 10Bsshi !PIQ% ov@p R@é Lies DEINAERA btehﬁee%eﬂ:l@ r%Eicor.ld

coat i ng agent and the glass substrate Is furt
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carri out ac tot ow C
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Se

1S n e surt ace ass
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the surface of the glass substrate, the recessed flaw is completely covered.
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18 What is clainmed is: 1. A nmethod for manufacturing a
gl ass substrate for a flat panel display, the nethod
conprising the steps of chenmically polishing a gl ass
substrate for a flat panel display with an aqueous
sol ution containing hydrofluoric acid; checking the

gl ass substrate chemcally polished to see whet her or
not a recessed flaw having a maxi nrum di aneter of 50 to
2,000 pmexists in order to detect a defective glass
substrate having such a recessed flaw, applying a
fH&Et Cco tin&_agent to the recessed flaw of the

det 8RB mEildks substrate; applying a second coati ng
agent to the recessed flaw to which the first coating
agent has been applied so that the second coating
agent overflows the recessed flaw, curing the second
coat i ng lagéneethadfprpnametactaring adlesssubplgate fof atflaé panel
gl ass substrate by renoving only the second coating
agespiayt bl mpthogeo mpuisirfe thmstdps ofur f ace of the gl ass
substrate. 2. The manufacturing nethod according to

cl ai m 1¢hdrucalepolishonga ighisaguitdtents fem Bdt @atehdisphy vaith
pol arizing filmto the glass substrate that has been
Suhjagoteds dotutidiecopediamgiyagofhicefe.acdl; The manufacturing
nmet hod according to claim1 or 2, wherein the glass
subst r atleckgahk 3 8aLBérale@BOmEdNS HoRLIRAI 13 86 WEBtIRY or
plurality of 19 display panel regions are arranged in

anbPh bdbsscdThWheFigk 3 hi8mins Biatieter of 50 to 2,000 pm exists in

order to detect a defective glass substrate having such a recessed flaw;

applying a first coating agent to the recessed flaw of the defective
glass substrate;

applying a second coating agent to the recessed flaw to which the
first coating agent has been applied so that the second coating agent
overflows the recessed flaw;

curing the second coating agent; and

planarizing the surface of the glass substrate by removing only the

second coating agent that bulges out from the surface of the glass substrate,

2. The manufacturing method according to claim 1, further
comprising the step of attaching a polarizing film to the glass substrate that

has been subjected to the polarizing step.

3. The manufacturing method according to claim 1 or 2, wherein

the glass substrate is a laminated glass substrate in which a plurality of
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di spl ay panel regions fromeach other is carried out
prior to the step of checking the glass substrate. 4.
The manufacturing nmethod according to any one of
claims 1 to 3, wherein only the second coating agent
is mechanically ground in the step of planarizing the
gl ass substrate. 5. The manufacturing nethod according
to any one of clainms i to 4, wherein the first
coating agent is a prinmer for inproving adhesion
be_m%en the gl ass substrate and the second cpating
ad%ﬁ?aéﬁﬂn?ﬁﬁg@é%éﬁﬁﬂﬁ ﬁ@alﬁﬁ%ﬁ%apa eﬁﬁ&ﬁg%ﬁﬁﬁﬁfe
adhesive. 6. The manufacturing nmethod according to any
orfétidre thedppinated glass sueateite senaatedbe dippdayapaneg regions
agent is covered with a light-transmttable covering
metr@n ieath oifhen iscaarged pwt priter tothe igpof ehecking thiseglass
manuf act uri ng net hod according to any one of clains 1
t suBstratgherein the stop of applying a second coating
agent further conprises the steps of pre-applying a
second coating agent to the recessed flaw to which

the first coating agent has been applied so that the
second @paThéghaAgEitturitdsethiudlacemdidd @wryhaehecaisetto 3,
flaw, and 20 finally applying the second coating agent

t Wﬂdﬂﬁnfo%@}eﬁﬁ%cédc?é@aﬁﬁgfagéﬁ is L 8L AN g Al iR ehAGep bf
overflows the recessed flaw before the second coating

ageMari-iat tHaada heeBsis®. applied to the recessed flaw
iS conpletely cured.

5. The manufacturing method according to any one of claims 1 to 4,
wherein the first coating agent is a primer for improving adhesion between

the glass substrate and the second coating agent and the second coating

agent is a photocurable adhesive.

6. The manufacturing method according to any one of claims 1 to 5,
wherein the second coating agent is covered with a light-transmittable

covering material when cured in the curing step.

7. The manufacturing method according to any one of claims 1 to 6,
wherein the step of applying a second coating agent further comprises the
steps oft

pre-applying a second coating agent to the recessed flaw to which
the first coating agent has been applied so that the second coating agent

does not overflow the recessed flaw; and
20




8. A glass substrate manufactured by the nethod
according to any one of clains 1 to 7. 9. A flat panel
di spl ay manufactured using the glass substrate
according to claim8. 21

finally applying the second coating agent to the recessed flaw so that
the second coating agent overflows the recessed flaw before the second
coating agent that has been pre-applied to the recessed flaw is completely

cured.

8. A glass substrate manufactured by the method according to any

one of claims 1 to 7.

9. Aflat panel display manufactured using the glass substrate

according to claim 8.
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