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 wwth a display having a

MENHDOH IFOR MANEFACTERING TLASS SUBHIYRATR FOR'DESPLAY
(CRT) display. The major features of FPDs include thin

depth, small fOOthﬂDEﬂég¥iSQ§S_ﬂA%E|ay panel s. Such
FPDs are practicalTy used as Irtquird crystal displays,
pl asma di spl ays, organic EL displays, and the |ike.
Anmong these FPDs, liquid crystal displays are

j ' \Vi only for TV sets but
g?‘?é{‘g‘gb@ff‘}s’%ﬁ’?yfﬁﬁ mﬁ%&‘pg phones or conputer
i ces.. . Fi IS a cross-sectional view of a typica
gﬁéﬁﬁggtbﬁhﬁ&eqﬂﬁnof a liquid crystal display. As
shown in Fig. 2, the display panel PN has a structure
in whi ’Elhe arqSPamncreefﬁ% realﬁteﬁéo pdnethed fygaapuipetugingn glass
palr of flrst and second gl ass substrates 1 and 2
&t a Qafenansd disglan ﬁ@‘? mene pasiguiards tod metkod for st
glass substrate 1, color filters 4 divided by a black
anpfact@inga higlenuality dlagseyubstrater atcohighngeldiratd| ack

matrix 1 3 and the color filters 4, transparent
el ectrodes 6A, and an oriented 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
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each of the glass substrates 1 and 2 is reduced to __

i ts | ottenenaily such gghisplay paneh PN haying ssfguctyee sy gy ik
substrates G.1 and G.2 having a plurality of display
Basmlanufastineddn phe following managi. nHhedinst glasth enbsatrate 1 and
obtain a |lam nated glass substrate G., and the outer
tler sepbuet glasd sﬂlksr&rdtaﬁiaraﬂaﬂirgaltak@gstlbsﬁn ateh &imamner that a
tightly sealed. Then, the | am nated gl ass substrate G
pRiraityesfSpdcdrs 9aite athingod betsadenttho BrieatddHilai sA and 7B
hydrofluoric acid to reduce the thickness of the
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(see Fig. 3). By using a chenmical polishing method,
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di splay panels PNs at a tine but also to |nprove
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polar1z1ng 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 1s
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 usinga
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
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However, such a nethod involves sone issues that
eaRlifN-be further addressed. For exanpl e, when the

gl ass substrate is chem cally polished to reduce the
t hi cknd§sr thesgoml ethrh@fr@er@cad roliskinghidredaminated ghssut e
flaw or an altered portion latently existing in the
gubsteate (Wsisrcat to srpavateslisyianpamels #Ns frorhleach othert olhen,
chem cal polishing (hereinafter, referred to as an
taxthatiithe displaywanelsRiNiscrubgdcedd toghe Ipaavessof ibjecting a liquid
elimnated by further chemically polishing the glass
sitybtil hat ehe pooveyedf, attdthihgCpd £rivdhg fms heltdh 8 Be noted that
substrate cannot be further chenmically polished to
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flaw, the etching flaw renmains as a visible flaw. Mre
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fl aw having a maxi mum di ameter of about 50 to 2,000 m
f
SRS T i 0 e gl

fa%&%gf?e% 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 thereof, 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 um measured in plan view as viewed from the

front of the glass substrate remains. Such an etching flaw is a recessed
3



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
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substrate having a recessed flaw is used as it _is,
wrearydne tocudting gr thelike eprgiodops aften chemical peliphing.
deteriorated. Particularly, deterioration of inage

Becdl & ngnietching Hawlis notesraedthfand dbies pbbaysamedundothape
cel l ul ar phones or personal conputers that are

baxhoseed hak asebgen dbgdctdd mvetcingt Pheefore,abp anwertsuaface pf
the conpletion of chemcal polishing are | atent

babpeechihefthwdasFitlel ishigithritidser efore, it is not
possible to effectively deal with the probl em of

| at entSddhawBecBysedTlaw forfuled ionGhe UEfacliaH the l4R@aksthgte is
before chem cal polishing, and it is highly desired
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non- defective glass Substrate by repairing a recessed
fx:&\ﬁ}’x\@ b "beSSR8&d AW 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 glass
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
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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. SUMVARY 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
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present 1 nvention IS rected to a net

anuf agt yring a al ass,su te for a flat pane
Fg8?%3”%5%%????%8%§ﬁgagpgﬁéé of . chem cally polishing

a glass substrate for a flat panel display with an
aqueous sol ution contai ning hydrofluoric acid;

[ rate chemcally polished to
gﬂgﬁﬁﬁggﬂéfﬁggkﬁgﬁigyf@%%ssed flaw havi ng a maxi mum
dianmeter of 50 to 2,000 mexists in order to detect ﬁ
def ect Yvethyaratose an ghieet oftthe prgsent inipation tp pEyddeq method

flaw, applying a first coating agent to the recessed
for avamtfacthaingef hichiapaligy glass sunsiratafer a fatpaneh display at a
second coating agent to the recessed flaw to which
higd yieldshtecont a highagealityplassisubstragp| ilpdrdeydoahhieve bee
second coating agent overflows the recessed flaw,
shoviernndjdch ehe peesentlirveationgs digerted t@adgthadhfori zi ng t he
surface of the glass substrate by renoving only the

sahathctesnnd gl isubgragdot a flanpaislldigdapetmprising thesteps
surface of the glass substrate. In the present

b ¥R&hically p¥hisiling B&1SRGARSkraRAbE AFlad@ans] display fwath anht
functions as a filler for filling a recessed fl aw.

J«E@oﬁg gBﬁtioBQ@n&mﬁgthy‘ai‘oﬁJ&ic acid; checking the glass substrate
chemically polished to see whether or not a recessed flaw having a maximum
diameter 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 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
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substantially t same as those of the gl ass
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gl ass substrate. Further, planarizatjon is preferably
anthoseal Btelasp substratevhen theyars sirel t he unnecessary
portion of the second coating agent off the gl ass
subst rku theylapariging s%epethecﬂur@% gedopf goating pgent gkm blges
only the second coating agent with an electric cutting
ditddem the sufateoof the ghass eubsthate is hemovadttemlanarinedhe glass
nore excellent in obtaining a flat finished surface
sisoratéie Threfore, thé bednd lcoating agentapplied to Ser @pessed flaw
used, the entire edge of the scraper is pressed

agehasla heoffiakhes vFhédimilal tathangklte ghsabiistrald tAs
350 with respect to the glass substrate to apply a
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is then pushed forward to scrape the unnecessary
non-defectlve 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 scraper or the like, or by

cutting only the second coating agent with an electric cutting blade. It 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 400 with respect to 7 the glass substrate to apply
a cutting load of 0.2 kg or less to the glass
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
f 1089 of DREGH 1ROl (hRighths S
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| ass substrate by a predeterm ned thjckness prior. to
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chem cal polishing anmount of the glass substrate is
taduicedbly half. t ’ﬁbem?qre,rit hprefersned thes dbe saximphdigmegeref
maxi mum di aneter of less than 50 mcan be left as it
tle feecand Baivtis domtsoliast tole\&0Q0 pmardésst Spéaficallyr enmtepl of
practical standpoint. In the present invention,
tleciaasi@tuh|diavaeted obthenadsdé flad aan her affictnalyicactiedieut by
not only etching flaws that are derived from mnute

& IngbB o dVH) R whadtEa Blteepliaw exteai@@diby thévhagically polishing the
substrate before chemical polishing and that are
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aws that are produced by operation carried out
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substrate is limited. On the other hand, a recessed flaw having a maximum
diameter of less than 50 pm 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 also 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 pm/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 pnmisec or nore, and is then
polished with a second polishing solution at a | ow
rate of 0.5 to 20 nfmn. 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 mor nore but |ess than 300 m (nost
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first polishing solution is an aqueous sol ution
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pmcerizatignof the svifueic algihia, thestpd shingwiluden isgpreferably
solution is an aqueous sol ution containing
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second polishing solution preferably contains one kind
®t%1 Whe tintedfoe bkingilsy; thefsurfaces gftheqlasi stibstantk in contact
surfactants in addition to the hydrofluoric acid.
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acid, nitric acid,

described above, the rate of polishing with the first polishing solution is 1
pum/sec or more, but is preferably 3 to 10 um/sec, more preferably 5 to 8
pm/sec.

On the other hand, the second polishing solution is an aqueous
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

1s 0.5 to 20 um/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 ne-based surfactants. As described above, the rate
of polishing with the second polishing solution is
0.5to 20 Mmn, but is preferably 0.5 to 10 gmimin. 9
The first coating agent is not particularly limted,
but is preferably a prinmer for inproving adhesion

bet \’Veefhe{] fifst Qbanny %Egacﬁtepaéagultatq? 1588 but GORekbly a

agent . e openi ng an etching f aw has been

[fljﬁ:n?{ ﬁ)“?'gm?%?w Pgﬂh&%n At e2R1th8 gla%ggrlﬁglﬂtgfa%ld.ecﬁ@ secong

SUC reces aw 1S

(i,ogggng r?gglgt Of’lfhﬁgolrpgfrpmg bt a% 3 lﬂlb bee enﬁar eh ?Ke

partlcu IVG

first .co : based
emes! P@@ﬁ%@%n?%gﬂaersf\s P dis S‘ﬁlhag shehe rs%esaerﬁ%ﬂ ¥
redj ent r ef ly u e.second coatin
lél&‘g}ﬁPO L%\P%‘%}?%Bff g‘f g*r%f?l?%?* EF atg.n ]%ﬁf&é‘i‘s 1egsoT, ARFERET is
the distortion of an imge on a display screen, a
paztisularly effectiue pp thy firsh goating pganty cAp Uty PHigNET, a
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o yaaferahly asédher nosetting type or a photocurable type,
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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 %.
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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
damage 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 nmethod for manufacturing a liquid

BRM@F PESUBIFTEON BWFHEE})RM@N% ailed flow chart of
the step of repairing a glass substrate; Fig. 2 is a

cr ossaﬁsigc%A ghow gwtgﬁh%mt D8 o Bhaftuldoftidh o

cryst a schematic view
ﬁaqi qiﬁsqgs substrate Figs. 4A and 4B are
|$ﬂ a? ons Yor expl ai ning the step of planarizing

a gla str M/chart

o 1108 LB abh Gptalef Hon cifiee S sBew i ofien Elast
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Her ei nbel ow, the
PIosE8EY i nvention will be described in detail with
reference to preferred enbodi nents. Fig. 1Ais a flow
chart Kigi 2k &peows sectionsl new erf@rdlmtﬁm)aeelmﬁartgqlad erttald
crystal display, and Fig. 1B is a detailed flow chart
&isplakie 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 liquid 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
- - - PNare arranged in a matrix in a |am nated

gl ass substrate G. having a size of, for exanple, 730
nm x 920 nm (see Fig. 3). 11 Specifically, in this
state, each of the display panels PNs is a

sem -fini shed di splay panel which does not have a

I'i qui dyGr-ynbl, 1h<§hisost9€e ehdH &&BQ%[%IQQC%Y&?&QPNSSIJ; gss

substrate G a g ass substrate 2 inthe step

gﬁ@i f?rﬁgh(p&) ﬁf:iaa?t th f@x cﬂogéngpﬁageo;hh db&ystal LC to be q

respectively to the ass su strates 1 an

pt%rp&:s_egi lf;jlegvzvesrtl zeipgnass;g Sélb'%gag %f’asg gggsttF%%}?% gr%’he
Shecid aSeGng Ay eﬁﬁénéﬁ%%?éa s vef»r atfched to the

éa%%#b%?réséa"’_‘ La 3P 2da i sten $Afe dter 1ag gl Gnbserates

contai ni ng hydrofluoric acid to chen1ca||y polish the
Gl and e ateelgmlaﬂtedweg@ha%@ ehipiy ¢ lpnpigatydiglassubstrate
éSTZ) The entire thickness of the |am nated gl ass

Libtheranter mripheraigbthe longnated gdas swhslantelGD igpeal@hwith
of the glass substrates G.1 and G.2 is polished to
apdcadeesibntisealeantss t hereof by about 50 to 300 pm
(the entire thickness of the |am nated gl ass substrate
G i s Thkeh)ckeldyinh®dl glasHSaibstBate B ik imtnersatein dih@queous
above-described first and second polishing solutions

S1€titH edrRhRhy hy@@fubric hiidso ehefically Holikie tled ARtePburfaces
chem cal polishing, it is necessary to reduce the

&fmh@ %%ueétrsﬁg la;mf aﬁmeLgl@@@) S fipeten@irs Shickreand t16d-2

while maintaining t
laminated glass substrate GL is about 0.6 mm, 0.8 mm or 1.0 mm. Each 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 pm). 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 chemical polishing is

carr i egoQbfer! dvenSHG kade WF@Ehéiﬁﬁsr bARHIRLQErrid RE&Th
flaws originally eX|st|ng in the gllass substrates G.1

?ﬁg aqn%nhgxn&iestcﬂbgcp Ia@tfv%el e : el?ﬁvé:gﬁ%'np | n nglhé I?h @ﬁe Qlass

ass substrates. ore I ng on

%%E tes ¥ Z’i{e%lattofekl?avy e d{l % ghélﬁlcg Sk F'the
ik % SR

econmes app ren

aV|n ter of 50t ter

A ELag T %éﬁ%ﬂﬁ BPEmere sy e d@}@w?sg@e%iaéslé av,
fl aw has a al | rcul ar or oval shape %
ReEnisg eape ﬁ%@f Gpedlast ba@a%eé&npﬁaw Waﬁc Sgel flaw
connected to each other. In either carrying
brfng papadmTuny dianeienef diog00Q R aafthrté? é?rrlelftwﬁaf hod
descri bed above, the nmaxi mum di aneter of a recessed
¢heaicalookighi@s. | ess than 2,000 gm It is to be noted
that the maxi num di aneter of a recessed flawis
meas ur$uthi mresksged flasnhasa selbrtahtially tineilir onevadshapeein
gl ass substrate, and that in a case where recessed
plaawsevgraadahanacd ssparaigd tihdividuallper rexnarted @i eank beherof
a recessed flaw neans a hypothetical maxi rum di aneter
If eitlagtasd, biyhrarryeseswesheldieatgoliShingusitiesuehripedrosd of

the step of chem cal polishing (M, the

method described above, the maximum diameter of a recessed flaw is made
less than 2,000 um. 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 panel s

ge];{ysa %tettﬂi gﬁ?mp}p ?A%egglt&]ﬁgm g |c§) It%r %gn e §? r Iodrrg5 helgcﬁ&%ot her
?é/rtﬁ% twhrége E)he shctrl%'esl o8 hay PQ&[ I'ne?kq eémgf érotlpﬁhisa%g 'epc?led

have anlca Fovi

GIRE bl s DB R ER ﬁﬂgﬁl §? BhE 30 el Stebit A shae
%%e%%?%@iﬁ%e%p%ﬁﬁg% e Bp o PR pd dparahar (D

ass substrate ,, each of the di spl ay panel.s PNs is
g&ewwafl%qlvn&eﬂywe}x%e m?%ﬁ?%&?%t@qhgégn%%@ gise Gl
al ong the grooves. In addition, the cutting surfaces
gbsteate Gl4, easteofthe slispjay pardls Phieds aecuratpbnewt emahe e
the cutting surfaces have been subjected to etching.
laimipe tedrdassomblstrateoG Laflonghehesgrepvesf buadditignathe cutting
separation (ST3), the display panels are then
suifpces béeadhoofithe displyy einedtiBNE taye sineacthi bega(ssTvhe . cutting
this step, in addition to a typical quality checking,

eaticeshatbbeaesibjédted sh@dhingl spl ay panels PNs is
checked to see whether or not a recessed flaw having a

maxi MUATLel eHEEdoR pl&iorp6F the sBePBGuttifX had §epdr§tlbﬂ €SE3)i the

a display panel PN having such a recessed fl aw, t he

gisﬁf%t'y%n@ﬁnﬁje tEoh bl?b]ééf@ﬂ 7% erdstgarg of Ji‘@alft& %He&fmg (ST4). In

reparring a glass substrate
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 pm 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
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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 (ST10).
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). It is to be
noted that the tine for pressing the cotton swab
agai nst the recessed flaw is about 30 seconds, which

%ﬁﬁd&@tthé %@éged\@%kéﬁﬂl"ﬂzb tysiicifflally, al'$iherdbic W@m&g c

curing resin that is a second coatlng agent is 12

BRI 1s%§PLQ(b\}‘ﬁler REERIE Aal ﬁl%(a%ﬂcfépl &Ct?h 163! doYhs 81

anaer o curil ng resiniIs a e recessed

(?Je%w tlgg recag%eﬁrff?i%lr p% 1th0 ‘btehe téd h}atgﬁ? Fat rﬁ%é) \{?\?EI; }.SOW

he T ecesse I's to

curi sinis lled to t cesse law .h_a
i L7 Foter PR o agloaaF SyEgiRRE Fobuilsp PHL b he
ubstrate even fte WY curin esin.is
%ﬂ?%f% w? Bireless S"é’ﬁ?”aﬁ"ge"eﬂsa tradhe Eﬂéﬁ“&%’(ﬁ‘é}n ishegnig due to
anaerobic UV curing resin is used in this enbodi nment,
@Y. el ding mask is | am nated on the second coating
agent for deaeration after the co etion of the step
ST12. 44 deseribed pheve, sinee an Iameembmg{}%@ykmnggeﬁm maedkin
on the second coating agent in such a nmanner that air
thishembediarent nroshitidapgpmask is kinengtedamdthesatdndgeoatjegtagent
As a shielding mask to be used, a UV perneable PP
fopdkyqatipy héteejhd ¢dnmpletdopofthersady $TUB.edAt tAfis Eimel ke
conpl etion of such preparations descri bed above, the

sinelafik wask {91gmigaRl onShe kRAUXbEANGAEhtUh lsalY h Phfiner
rays emtted froma hand-held WV curing unit through

hae ashiBbitsNGe MBS krappdd i) thelsbedr do@tiBE 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 (ST14). It is to be
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

/8RB 7R11:QRtdpo116) is carried out. Since the cured

second coati ng agent bulges out fromthe surface of

the glgss, das%%&% h&scrhBE 54 %%Fseé YRR L@ Fn ? e!i%e of tge scraper

pl anari ze scraper 20 or an e
20 lsb&rsasegﬁsu}fﬁﬁ? sfa§§ subelrate K & A Ehe LB EbRE" %" ssgd
Wﬂg'srggﬁﬂxﬁ s < ?@5{%19@? 3o8Y alfad Pl T9L0 ke b

@quad of about 7 to. 1.0 to the gl ass substratf
eg %%%osubgtrewefﬁme%@dh% PWéhedl fogvardteremgave g bydgesy (see
ésee Fggi On the other hand, in a case mhere t he
igadat the Qr%lea hapgdn astage sthezpthesshaver 3@ is wied; the

the gl ass substrate G. at an angle of 30 to 40 wth
shaype 80 it pressesl agaissy thebbass aubstGitet@L apph pnglecdBDitng0°

| oad of 0.2 kg or less to the glass substrate &, and
withtraspecptd thedzlass snbstratel GL 2o bpplye oibtins kadref §.2 kg,ﬁ) less
After the conpletion of planarization, the surface of

tothe @las Substhtt GBf endds thew palled becutemdy s ddlgr #a(sesFig.
cl eaned with ethanol or the like (ST17) to conplete
ABe step of repairing a glass substrate. Thereafter, a
liquid crystal LCis injected into the repaired

di spl ayfpaiIR! coRN14tE0df pldehization, 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

'Ttxs fell Rfuste ax‘f&’% | R RAGP4 1Mifnid es'E: &f’ch& he
esse Fraw so t esi on etmeen_t
].Sﬁ%’gﬁél{)&t Oarneq(a}:nrr}) € SRS oclage %E’.‘el %%ag gie)no nlecieSSllaYn%)Orc%ved

e opera ng p oceddre descrl mnth
ref erence t. : lustrative

RSP Grpitfions the AP ARG et oF srnbatory %ﬂﬂl@ For
exanp case where there is no necessit
cr eat eﬁ u‘"ath%’é a%‘b?‘%f’oe ReAtingggent %{%Ots‘%eéﬁ%s@%i “QTa 15
are naturally omtted. Further, the second coating
rpgesped iflavihaft onedames aF o1 KA indhe sage ofaerelatavaly Haraey
at one tinme. For exanple, in the case of a relatively
regesped flaschagng afmawimvay dragn%tem&mmm W0zme ve mage, theo
to 300 pmor nore, the second coating agent is
srcefd reasing agepk ispreferablycipplied éc esgeal rédesseddieay ovandwo
times. Fig. 5is a flow chart which shows an operating

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

coat i NBigagedk flos chapl wRithtshows batpssfthd hraveddr8en which
second coating agent is applied to the recessed flaw

&2 debdtid édaem@%g@ﬁﬁﬁdaﬁph@wov& t%bﬁﬁl@@t I @déc»ﬁcany | b the
Wi th the second coating agent (ST20) necessary,
PR S8 iR hfSlied 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 renoved wth a scraper or the

gftl‘aﬁqolg@ﬁf"am%ﬁ&x aReQR, "EH%I[ fHd%e oahﬁgv g&%tlhﬁﬁally

to the recessed aw so as to w t'he
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etely cureg 4%@ a result, the second coating
g\'@ T imprevedy dhererdter lanarizntiongs caied oy asshewnip fig.
is further cured so that adhesion between the second
E%ating agent and the glass substrate is further
i nproved. Thereafter, planarization is carried out as
shown Andéscgibed aBovepsn dessy Whext thbeeenndiwating agentiiker e
the second coating agent is applied to a recessed
dpdiwddu arretessed flawsven tihe sinoss, ddtiestorbdtiveers goosedond
coating agent and the glass substrate is further
¢aapihg\egenbsnd thepglaedsibetate xfaethoh emprdviaa as icepp&ddd fosa
carried out according to the flow chart shown in Fig.

deBe wH@E EOEt8p STHAB calticd GAMRCOMIRIL0ahE Ao dhakrNéhdwd 1R
is not attached to the surface of the gl 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
Whatgstlaimedris: cont ai ni ng hydrofluoric acid for reducing
the thickness of the glass substrate; checking the
gl ass substrate chem cally polished to see whether or
not a recessed flaw having a maxi mum di_ anet er  of 581 d
t 0 12, GOMefhuod dori mammfacturingeglass subsiraisder a flatdrapel display, the metio
gl ass substrate having such a recessed flaw, applying
comphisingtlsd steealfi ng agent nanmely a prinmer for inproving
adhesi on between the prinmer and the glass to the .
r ecagmRAlY pelivhirlg 4 flassthabsteite foe aglanpaned display atith; an aqueous solition
appl ying a second coating agent nanely a photocurable
con Byd¢iopiclabil forfassagithelifivkrcss ofwhs glasstsobstfale; st
coati’ng agent has been applied so that the second
co %bﬂ&.@@% Rlas ¥itisirh Wherhftally p61snss ersekivehithet or hotg redessed flaw
second coating agent; and planarizing the surface of
; RAvh ' rilerith detebiCndedective glass
Mnm%gé? ng 5g%ﬁ?éﬁﬁg$) gﬁggga%ﬁ?g$§§h1the surface of ghe

subs%gﬁfvﬁ%ﬁ@%c%%ea'ﬂawe manuf act uri ng nmet hod accordi ng

er conprising the step of attaching
a pol ari zi fil.mto th I : Dftlesi th
pecippis B oo pfiet Jimsf itingt foSiioat ink it etween te
. manuf act.uring netho ccordi ' .2,
primer A b 30 edBeeserhsiry oo Sptede e Mrbudle, P |
substrate in which a pluralit f.o 19 di X recessed flaw to
r egTRPHANG:? $caRd ¢RALDE a.gqptga.tﬂ%lp’%ipg?tog rel"'neai§l Eg step
of cutting the | an nated g& astiastﬁbstra €5 Seg%ﬁ{&}e?ﬂowsﬂle
whichitle Gstesatipg pgenst has b@ﬁn@pgh so that the second coating &

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 épolarizing 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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fromeach other is carried out prior to the step of
checking the glass substrate. 4. The manufacturing
nmet hod according to any one of clains 1 to 3, wherein
only the second coating agent is mechanically ground
in the step of planarizing the glass substrate. 5.
The manufacturing nethod according to any one of
claims 1 to 4, wherein the first coating agent is a
primer for inproving adhesion between the gl ass
substrate and the second coating agent and the second

ﬁﬁﬁ afyggit S??e%% %ﬁg‘é%%%g?‘g u?qlﬂﬁ%hegemﬁche-gpe% of

on e
El&t%’g thw'f rﬁ%natte& ass Cfgmfate 9(? tseI %gaﬁegt%rnr; S %a)g SXI\?\%I rﬁglons

ur ed the curing ste e nyf ctu nethod

%88‘0‘?3&}“ ﬁ@h%rdsgﬁvl%ﬂ%uto?r?% t3ithg e chockih eaflads

of appl yi ng a second coati ng agent further
% t&es the steps of pre-applying a second coating
agent to the recessed flawto which the first coating
agent has been applied so that the second coati ng
agent does not overflow the recessed flaw, and 20
final |4 abp panyfactiuriegmetitbdeasgending B)gerytortea)ft:laems 1 to 3,
recessed flaw so that the second coating agent
wherdin only thesecadewstidg hkaw iseierhenichBy genoxdn the atdpng
agent that has been pre-applied to the recessed fl aw
planarnojngahelglasscubsetlate8. A gl ass substrate
manuf actured by the nmethod according to any

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 of®

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
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one of clains 1 to 7. 9. A flat panel display
manuf actured 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. Aglass 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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