26 May 2006 Title of the Invention dass cutting nmethod Background of the
I nvention The present invention relates to a cutting nmethod of glass and,
particularly, to a cutting nethod of a glass plate. A glass substrate used
in fabrication of a flat panel display such as a liquid crystal display, a
pl asma di splay or an el ectrol um nescence display is manufactured froma
glass plate larger in size than the glass substrate as a rawgnifyf2as
(hereinafter, such a glass plate will be referred to as "nother

material"). 'I;E‘e gl abss substrate i s manufactured by nmeans of a method of
cutting a not Ele obghe [nygntigny, exanple, as for a glass substrate for a
liquid crystal, display used in a 15 inch nonitor, as described in Fig. 1,
four pieces st Rettildhaethed are obtained froma nother material of 550 mm
X 650 mmin _size. dass _substrates can be obtained by cutting one nother
material . | n Backgsandoighedaventips on a surface of which a filmis forned
is used as a nother material and glass substrates can be obtained by
cutting it. On theThemsesardriayention relases Wwrreettingymethod ohglesaaads or use in
a small liquid crystal display is manufactured, it is an inportant cutting
met hod of di mectitylazkyt td agutting awshed bEaghass pddteai ned by adhesi on. The
reason therefor is that the glass substrate for use in a liquid crystal
display is of a sfyglasusubsitratehisedl indobedsian ofsa flatipenehdisplay suchoteried to
each other wth a sealing agent. The gl ass substrate for used in a |liquid
crystal her eliguadcryetalslispliay, avbiasmandisplas or an plachtolimigestenee Biplasels t he
two sub-glass substrates.

manufactured from a glass plate larger in size than the glass substrate as a

raw material (hereinafter, such a glass plate will be referred to as “mother

material”). The glass substrate is manufactured by means of a method of

cutting a mother material. For example, as for a glass substrate for a

liquid crystal display used in a 15 inch monitor, as described in Fig. 1, four

pieces of the substrate are obtained from a mother material of 550 mm x 650

mm in size. Glass substrates can be obtained by cutting one mother

material. In a case, a glass plate on a surface of which a film is formed is '

used as a mother material and glass substrates can be obtained by cutting

it.

On the other hand, in a case where a glass substrate for use in a

small liquid crystal display is manufactured, it is an important cutting

method of directly cutting a glass substrate obtained by adhesion. The

reason therefor is that the glass substrate for use in a liquid crystal display

1s of a structure in which two sub-glass substrates are adhered to each other

with a sealing agent. The glass substrate for used in a liquid crystal here

has cells 1 in which a liquid crystal is sealed between the two sub-glass

substrates,



1 26 May 2006 Cutting of a nother material is disclosed in the follow ng
non-patent literatures: Yasuaki M yake, "Scribe and Brake Techni que",
Monthly FPD Intelligence, a special nunber entitled LCD Fabrication and

| nspection Technique in the 4th generation, published by Press Journal
Inc. on Jan. 20, 2000, pp 85-89) (hereinafter referred to as "non-patent
literature 1"); and Takeshi Yamanoto, " Light Beam Ori entatisonigviods
Capabl e of Use in C ean Room and Laser dass Cutting Device,” Mnthly FPD
Intelligence 1994. 4," published by Press Jouyrnal. Inc. p. 28- 31)
(hereinafter, referfedingof mothenmssedalis 1?43?%?*}%&‘?'@18‘1‘%3 BORPRRP T a
mot her material disclosed in _the non-patent_literatures 1 ndh&' | udes:
a scribing stBpraturesr ¥sygkaMigake.pecry ﬁ@n@nBTéﬁ‘l’sQﬁ“? Uil t Egﬁ
material; and_a step of applying a nechanical or thermal stress, on the
scribe 1ine. ImpHigencsimspestalmvtnber entitled 4D Faprisatign angrlagBedhitthod. A
cutting nethod described in the non patent literature 1 is a general
scribe and brhchnigumitherihszeneratien aneblisher dbynrass d orreal Jneson Jage 2P ne
line form ng step and a mechanical stress applying ste?_. The scribe |ine
forming step 200 ppt&nsdrhereinafnr neferrasioras ‘nontratent lisenatarecl' Vi a1d o

di anond or sintered carbide wheel cutter to forma scribe |ine. A depth of
a scribe |inkakeshi¥amiamath, ‘SLighéBeagn HnientasioofDeviee bapableiaf Yseelr ange of
from10 to 15% of the thickness of a nother material. A nmechanical stress
appl yi ng st €plens Roosn epddiasap GlysanGuiting OearedaMosthly ISPl dntelligencanher e a
scribe lineis fornmed. In this step, glass substrates are cut fromthe
not her mat er i ¥194. A" quihlishgd bytPreds desordldad., ipp 3431 berganlat, refarsedtare 2
includes a scribe line formng step and a thernmal stress applying step.

Thi s cutting as “non-patent literature 2”). The cutting of a mother material disclosed in
the non-patent literatures 1 and 2 includes: a scribing step of forming a
scribe line -on a surface of the mother material; and a step of applying a
mechanical or thermal stress on the scribe line. This cutting method is
called a scribe and brake method., |

A cutting method described in the non-patent literature 11s a
general scribe and brake nﬁethodi. This scribe and braké method includes a
scribe line forming step and a mechanical stress applying step. The scribe
line forming step is a step of scratching a mother material surface with a
diamond or sintered carbide wheel cutter to form a scribe line. A depth ofa
scribe line formed in this step is a value of the order in the range of from 10
to 15% of the thickness of a mother material. A mechanical stress applying
step is a step of applying a mechanical stress on a site where a scribe line is
formed. In this step, glass substrates are cut from the mother material.

A cutting method described in the non-patent literature 2 includes a
scribe line forming step and a thermal stress applying step. This cutting

method is a method adopted in a glass cutting apparatus from ACCUDYNE



method is a nethod adopted in a glass cutting apparatus from ACCUDYNE 2 26
May 2006 Co. in USA. The scribe line formng step includes the sub-steps
of. (1) formng a small physical danage at an end of a nother nmaterial
with a metal foil; (2) illumnating the physical damage with a |i near

| aser beam and (3) spraying a m xed gas of heliumand water onto the
nmother material immediately after the illumnation wth the 3Q§gy Jypgm to
rapidly cool it. In the scribe |line formng step, a scribe line on a

nol ecul ar 1evel i r in _the mpther material. The thernal LessS
appl yi ng st epSP'stUé?‘og%g‘F SCH@H%‘*@?W B@PH"%ﬁ’t‘]‘&% tg‘? SUD SEeRSY 'h) ne with
| aser |ight, followed by sprayin the m xture of heliumand water onto the
scribe |ine ti9riRg éﬁw%baﬁyslsal %magea%?n SRAAER PAtRSTARP IR Gol ng
i medi ately thereafter, .a thermal _ stress arises at the scribed line to cut
a gl ass SUbstPEIR 1eHig it thehenesl AIRRFEH] D ingRBlasy bR on | n
the cutting neth described in the non-patent literature 1, however, the
fol | owi ng proHIkeiR SRERMDE arnixesoeasafdialisum andryater opiebremother 1Rierigh acks
occur in a nother material surface and in the vicinity of the nother
material surfizweediatelyafieritba idpminaten path throlasynbeamdeoraridlzicryl ity ead to
glass-cullet both inscribing and cutting. A second problemis that a,
nunber of crdekdesetibe lime farming stepestscrihe Bioevren mae¢war iqvgdis fosmedrimat i on
of the scribe_lines. Breakage of a nother material occurs in cutting
because of t Hhegretbenoatetrial.heThe tharsnalistressapplyingstep isa stapeft r at es
obtained by cutting are weak in edge strength thereof because of the
presence of tiHamdpaiirg both sidies of prsgtibe neswithdaserilighsy &dlowesl byvpprayangan
edge
the mixture of helium and water onto the scribe line to thereby cool it. By
laser beam illumination and cooling immediately thereafter, a thermal
stress arises at the scribed line to cut a glass substrate from the mother
material.
Summary of the Invention

In the cutting method described in the non-patent literature 1,
however, the following problems have remained unsolved. A first problem .
1s that cracks occur in a mother material surface and in the vicinity of the
mother material surface in formation of a scribe line. The cracks easily
lead to glass cullet both in scribing and cutting. A second problem is that a
number of cracks occur at an intersection between scribe lines in formation
of the scribe lines. Breakage of a mother material occurs in cutting
because of the presence of the cracks with ease. The glass substrates
obtained by cutting are weak in edge strength thereof because of the
presence of the cracks. A third problem is that, in order to improve an edge

strength of a glass substrate, it is required to chamfer a glass substrate. In

order to remove glass powder and the like accompanied by chamfering, a



strength of a glass substrate, it is required to chanfer a gl ass substrate.
In order to renove gl ass powder and the |ike acconpani ed by chanfering, a
3 26 May 2006 necessity arises for cleaning. That is, the cutting nethod
is problematic because of a | ow productivity as a cutting nmethod of a

gl ass substrate. On the other hand, the cutting nethod described in the
non-patent literature 2 has been expected to have an effect g4 | 1906
unnecessary for a clean process or a chanfering process after the cutting,

therefore with a  high productivity. A prohlemhas been still renmained,
however, in tHSeSTLR FIPRS ﬁﬁ@k@@l%céﬁ%@ 15 t q%"@df‘?ﬁﬁflﬁrpé'epgﬁ%r%“énd a

reduced speed in cutting process. Wiat's worse, cﬁémii ngsék%p aratus from
ACCUDYNE Co. begpueq @fselow Rradystiviiy-arat entting meithed pha glass upstiideve,

therefore, the apparatus_cannot be w dely prolifera}&ea,i n. general use. It
has been under st oo®n i otdiesdangy therjsingcmarhod dessridediindhe nopahatsnt damage

originally present on a nother material surface. Therefore, wth_ reduction
in surface pHiteratare 8dwmsdwenrexnesteditadmveran effect of hemnesypreqeasary fogad| 1| it
contributes to nore inprovenent on glass strength and nore prevention of
gl ass br eakagéean progessayea ohaméeringprocshs aAffepthr eutding, shexpiprecwithymt
renoves a physical damage on a surface of the glass substrate, it |owers
product i vi t y high poedvichiyltsf A piokban halsdeentssill @mained, bowevemimshe j f
reduction can be achieved in physical damage on a glass surface during the
cutting proceusting method hecausetofra lawv, cutbingrivdeistanvang ajnedueed spengt if a
gl ass substrate decreases. It has been expected to provide a technique of
reduci ng a plytticgapratasngeVbiata worsder cutting apfarstius fom AGGURYNIBEocut ti ng
process.
disclosed in the non-patent literature 2 is expensive, therefore, the
apparatus cannot be widely proliferated in general use.

It has been understood that glass breakage occurs from a fine
physical damage originally present on a mother material surface.
Therefore, with reduction in surface physical damage on a surface of the
glass substrate itself, it contributes to more improvement on glass strength
and more prevention of glaés breakage. Ina case where a polishing process
is applied that removes a physical damage on a surface of the glass
substrate, it lowers productivity in cutting of a. glass substrate. On the
other hand, if reduction can be achieved in physical damage on a glass
surface during the cutting process of a mother material, no productivity in
cutting of a glass substrate decreases. It has been expected to provide a
technique of reducing a physical damage on a mother material surface
during the cutting process.

It is an object of the present invention to provide a glass cutting

method in which it is suppressed to generate glass cullet and cracks in glass

to thereby achieve a glass substrate with a high dimensional precision.

4



It is an object of the present invention to provide a glass cutting method
in which it is suppressed to generate glass cullet and cracks in glass to
t hereby achieve a gl ass substrate with a hi gh di nmensional precision. 4 26
May 2006 That is, it is another object of the present invention to provide
a glass cutting nethod capable of renoving plane cracks in formation of a
scribe line, or to provide a glass cutting nethod in which f%mh,imﬁof a
scribe line can be achieved w thout generating cracks. The present
invention is rEire,ct,ed to %gl ass cytting nethod in which .a scribe line is
formed on a glBalkissitip asatherqbienhod ths PERSERE MR YRRLIGY ORTPEH{e 2 8 pr esent
invention is also directed to a glass. cutiing nethod,in which masking
cor r espondi ngcutting meithodrgpphle eftsmoying plagterfracihinafogpation a $GRe ¢ o,
thereafter, performa chem cal treatnent the,reon_ygltg to _forrPa @{f{t
cor r espondi ngli®e OF k@ peeide selpeg ewitme merhasdin wh rRgtiog ofig serthg ingg
met hod in which masking is performed, a slit corresponding to a scribe line
( her ei nafter,Caslibﬁpﬂi(;hlﬁ‘éﬁfdeWF‘%@ut generatig erayksan be forned. According to the
present invention, even in a case where a nother material is cut by
appl yi ng a nechani dle presentsinyention he divettedt toes glasp entting methad jp gdiich
concentrated at a scribe line or a slit (hereinafter, collectively referred
to as "scri be $drite lone ishfermiedwn)a glass suriasel followeddura peemingp treasiento
generate glass cullet and gl ass breakage in cutting. According to the
present invention, Thiegresérd ingestioh inelseskracyed tr a glassurutting meidwdtineat ment
step after the cutting. This neans that the cutting of a glass substrate
i s perforned veich masking sorregporsliag $0 armsdtingpaaterngs peuforingdton 2 glagsass
cutting is inproved. Since physical danages on a

surface to, thereafter, perform a chemical treatment thereon and to form a

slit corresponding to the cutting pattern thereon. According to this cutting
method in which masking is performed, a slit corresponding to a scribe Iine
(hereinafter, simply referred to as “slit”) can be formed.

According to the present invention, even in a case where a mother
material is cut by applying a mechanical stress or a thermal stress thereto,
a stress'is concentrated at a scribe line or a slit (hereinafter, collectively
referred to as “scribe line or the like”). As a result, it can be suppressed to
generate glass cullet and glass breakage in cutting.

According to the present invention, there is less of necesstty for a
cutting face treatment step after the cutting. This means that the cutting
of a glass substrate is performed at a low cost. This also means that
productivity in glass cutting is improved. Since physical damageson a
surface of a mother material on which no masking is applied are reduced by
a chemical treatment, a strength of a glass substrate can be raised.

In a case of a cutting method in which a slit is formed, there is no

chance that an external stress is applied on a mother material. Therefore,



surface of a nother material on which no masking is applied are reduced by
a chemcal treatnent, a strength of a glass substrate can be raised. In a
case of a cutting nmethod in which a slit is forned, there is no chance
that an, external stress is applied on a nother material. Therefore, 5 26
May 2006 there is no chance to generate cracks and breakage in glass in
formation of the slit. Since it is possible to forma slit i%ﬁ%& pe, a
gl ass substrate wth a high dinmensional precision is provided. ef erabl e
exanpl es of nethods of perform ng the maski n% i ncl ude s,crfeen pri ntfj ng
met hod, a | anthese é ne chepgedossserrfermsaployand breakage la;ﬁgw%@ ormation o
phot ol i t hographi c_ met hod and the |ike. Masking is preferably performed by
usi ng a naski g St ePinge ihiis possitdpéaiferan ardliisanycehaps, a gé%ﬁ@rﬁ@éltrate
treatnment solution. The chem cal treatnment should be performed by contact
of a cheni cavithraehighedimensianal precision ia pgpeidedsurf ace. A ass is preferably
imersed in a chem cal treatnent solution. In a case where a nother
material is i mersdtefarablecivamiplas of meshodeeef peyfimmingrihe maskingAnpkudg
treatnment, it is preferable to generate bubbles or a jet streamin_the
chemi cal tr eatcment psotingimethodna liveinatedtim proceesinganetdad, baesichperked t hat
the chemcal treatnent solution is agitated. In a case where bubbles are
gener at ed, i tphraolithegpaghiemettiod kaid Brepikodudlaslpngds peeferably perfyaedcal
treatment solution is prevented frombeing attached onto glass. In the
chem cal tredtymsihg atieskingmatridl veiah meche nsichLitdsistanpr &f @ chéiycaloves al ong
a glass surface. For exanple, by causing the

treatment solution.

The chemical treatment should be performed by contact of a
chemical treatment solution with a glass surface. Glass is preferably
immersed in a chemical treatment solution.

In a case where a mother material is immersed in a chemical
treatment solution in the chemical treatment, it is preferable to generate
bubbles or a jet stream in the chemical treatment solution. In the cases, an
effect can be achieved that fhe chﬂemical treatment solutio-n is agitated. In
a case where bubbles are generated, it can be prevented that a product
produced in the chemical treatment solution is prevented from being
attached onto glass.

In the chemical treatment, the chemical treatment solution
preferably moves along a glass surface. For example, by causing the
bubbles and the jet stream to move along the glass surface, the chemical
treatment solution can also be moved along the glass surface. In this case,
an effect is great that physical damages present on a mother material are
reduced.

The chemical treatment may also be to cause a chemical treatment

6



bubbl es and the jet streamto nove along the glass surface, the chem cal
treatnent solution can also be noved along the glass surface. In this case,
an effect is great that physical damages present on a nother material are
reduced. The chem cal treatnent may al so be to cause a chem cal treatnent 6
26 May 2006 solution to flowinto a portion in which a scribe line or the
like is formed. For exanple, by causing the bubbles and the jeMastdgpgmto
flowinto a portion in which a scribe |ine or the like is formed, the
chemi cal treatnent solution can be caused to flowinto the portion in

whi ch a scri beolntiaa teflophimto hineatips ineyivieh.a sonihe lingser theelike inforaredni cal
treatnment solution is caused to flowinto a portion in which a scribe |ine
or the |ike iEof example, hy cavsingrthe dubplessand the jed sbysenstaflgepnto 8f t he
scribe line or the like. The chem cal treatnent may be a treatnent in which
a chenical tpetomsintwhivhut saibe knepr tlyelikens ormegl, e chemicad éreagmeaysor of
the chemcal treatnent solution is blown onto a glass surface, or a glass
surface is esgloten can ba caapal toflowhete tlempodion incwhivhra seobeillingwr the is
preferable that after the chem cal treatnent ends, a mechanical or thernmal
stress is appliket onimeda Ecridage hilieee ohe themlidal éraadmené selnticuts qluasd. | n
order to cut glass by applying the nechanical stress, it is preferable that
after the chetwifoad intoeaporivm wnsthichgd assbé Ene vt the likadd famehmreactidats a
tension is applied in a direction noving away gl ass portions from each
other with a geat btieatl dee@ens atdepth bKehascrébecBnt er thé hker der to cut gl ass by
appl ying the nechanical stress, it is preferable that after the chem cal
treat nent ends, a [htesdigheicakyrebEment may be a treatment in which a chemical

treatment solution is sprayed onto a glass surface, a vapor of the chemical
treatment solution is blown onto a glass surface, or a glass surface is
exposed to a vapor of the chemical treatment solution.

It is preferable that after the chemical treatment ends, a mechanical
or thermal stress is applied onto a scribe line or the like to thereby cut glass.

In order to cut glass by applying the mechanical stress, 1t is
preferable that after the chemical treatment ends, glass is cut in such a
manner that a tension is applied in a direction moving away glass portions
from each other with a scribe line or the like as a center.

In order to cut glass by applying the mechanical stress, it is
preferable that after the chemical treatment ends, a pressure may be
applied either in a direction facing a glass surface on which a scribe line or
the like is formed or in a direction facing the other surface opposite the
surface on which the scribe line or the like is formed to thereby apply a
mechanical stress onto a scribe line or the like and to cut glass. To apply a
pressure on the surface on which a scribe line or the like is formed is

preferred to the other way.



applied either in a direction facing a glass surface on which a scribe line

or the like is fornmed or in a direction facing the other surface opposite

the surface on which the scribe line or the like is fornmed to thereby

apply a mechanical stress onto a scribe line or the like and to cut gl ass.

To apply a pressure on the surface on which a scribe line or the like is

formed is preferred to the other way. 7 26 May 2006 In ordeﬁﬁ 3joe0! ass
e c

by applying the thernmal stress, it is preferable that after t em cal
treatnment ends, both sides of a scribe line or the like are illym pated
with |aser |ight tolnoerdesbycetuglags by appiviagthe shexmakhsieens ynisinyetgrable
directed to a flat panel display glass substrate manufactured usinz@;he
cutting met hothatefterphesbami¢al\ieeatinesntiends| bethdtides efrl seabeling g the fike

di splay using the fla;ﬂganel di splay gl ass substrate. The present

i nvent i on desard iblaanizla “@@hbsﬂpggbts)ﬁﬁa@kﬁcuhg@Bass to be caused by
cutting of a glass substrate. As a result, a dinmensional precision of a
gl ass substrate forThe pregantinvensivalis dilspdiageted o ladlataiased disptay ghassnor e,
by decreasing physical damages on a glass surface on which no masking is
performed, a sthsérygemaiufacgirad sissubthe attdingamettod. npr oved.  Bri ef
Description of the Drawings Fig. 1 shows a glass plate fromwhich four

gl ass substrates fdFhep®Sent nvkntiogus dlsrdistakd do sy aceh displapuainged;
Fig. 2is aviewillustrating a pressure cutting step of the present

i nvention; Fitde fhatipare] dispdapplass wubwtratd. ai ned when a surface contour of a
gl ass

The present invention described above can suppress cracks in glass

to be caused by cutting of a glass substrate. As a result, a dimensional
precision of a glass substrate for a liquid crystal display can be raised.
Furthermore, by decreasing physical damages on a glass surface on which
no masking is performéd, a strength of a glass substrate can be improved.
Brief Description of the Drawings

Fig. 1 shows a glass plate from which four glass substrates for a 15
‘inch liquid crystal display can be obtained;

Fig. 2 is a view illustrating a pressure cutting step of the present
invention;

Fig. 3 is a schematic view obtained when a surface contour of a glass
substrate obtained by means of a cutting method of the present invention is
observed with a microscope of a magnification of x50;

Fig. 4 is a schematic view obtained when a surface contour of a glass
substrate obtained by cutting without performing a chemical treatment
after formation of a scribe line is observed with a microscope of a

magnification of x50;

Fig. 5 is a schematic view obtained when a cutting face topograph of



substrate obtained by nmeans of a.cutting nethod of the present invention is
observed with a mcroscope of a magnification of x50; Fig. 4 is a schematic
vi ew obt ai ned when a surface contour of a glass substrate obtained by
cutting without performng a chemcal treatnent after formation of a
scribe line is observed wwth a mcroscope of a magnification of x50; Fig.
5is a schematic view obtained when a cutting face topograph %yﬁﬁzﬁmk@y

2006 a gl ass substrate obtained by nmeans of a cutting nethod o e

present invention is observed with a m croscope of Lfication of x50;
Flg. 6 is a of IRARRTDSTREROUGHEThEY A & A HMAGRP I TIDERABT b | a
gl ass substrate obtai.ned by gut,t ing Wwithout perform ng .a c egb_cal
treatnent af t BIVeP5PRAS PBreryed XVith AimicTpscqre pEa SRABMISHIGR O %A% cr oscope of
a magnification of _x5Q, Fig. 7 schematicall hows a gl ass plate strength
measuring method; ang- fiiga sghemaic yaew PRtained; %%Pﬁ?tg%?ﬁméﬁp%raé’ r ed
gl ass substrate_  cut by neans of_ a cutting net hodéfof the present.  invention
i's observed f#@Hss subptrate pltedegd by cuttingivithese psslosming gdeipiceht i on of
x50. Description of the Preferred Enbodi nents Hereinafter, description wll
be given of efsatnpRhtEenformation ofpyscrphe hpg ivbsekeedWilded IICFRASARS B2 A
glass cutting nethod of the present invention includes the steps of.
form ng a scrigenifioasionrpfzb8urface of a nother material; performng a
chemical treatnent; and cutting the nother material. A cutting nethod. of
the present inventilig €aphems@dcallpshaves aigdass plate strength measuring method;
and

Fig. 8isa schematic view obtained when an adhered glass substrate
cut by means of a cutting method of the present invention is observed from a
side thereof with a microscope of a magnification of x50.
Description of the Preferred Embodiments

Hereinafter, description will be given of embodiments of a cutting
method of the present invention. A glass cutting method of the present
invention includes the steps of: fo;'ming a scribe line on a surface of a
mother material; performing a chemical treatment; and cutting the mother
material. A cutting method of the present invention can also replace the
scribe line forming step and the chemical treatment step with a slit forming
step. The slit forming step can be implemented in a procedure in which
masking corresponding to a cutting pattern is performed onto a mother
material surface, followed by a chemical treatment.

One sheet of a glass substrate is used as glass that can be cut by
means of a method of the present invention. In a case where a liquid

crystal display glass substrate is manufactured, a mother material can be

adopted that is obtained by adhering two glass substrates to each other with
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scribe line formng step and the chemcal treatnent step with a slit
formng step. The slit formng step can be inplenented in a procedure in
whi ch  masking corresponding to a cutting pattern is perforned onto a

not her material surface, followed by a chem cal treatnment. One sheet of a
gl ass substrate is used as glass that can be cut by neans of a nmethod of
the present invention. In a case where a liquid crystal di spp@¥4!H08
substrate is manufactured, a nother nmaterial can be adopted that 'is

obt ai ned by adherj.ng two gl.ass gsubstrates to. each £ W 2006
a sealing ageﬁts?’at}ﬂgaﬁ%llﬁter equéée e‘iﬁg% rsé{b trg gﬁﬁéﬁfh%q%%%sgg&gg or "
filter layer,or the |li.ke necessa for a |iqguid.crystal di gl ass
substrate. A @Pf BE&I‘? hge@ﬁc%issgw foéc?eﬁglfudacr%gtjar}éiﬂs ¥§?§S§I8,u%§+r%1¥?‘arl y to a
conventi onal technigue, c?ln be fo‘#ged Vﬂt’r}wz di arggnd utter jor. a sintered
carbi de wheel cutt e SCHAbEBPE PR 4 Fdasesok s mothealenph SHRATY & on a
nother material with dj anond cutter or.a.sintered carbide whee| cuytter.
A scribe Ii nec%‘é’ﬁnﬁénﬁﬁ%ﬂl%&?’ ﬁ%%\&ig%%‘fm?%g’l@hﬁéﬁﬂ‘E'PHg&ug@rtoﬁé‘tsm e&Bgt ed by
a cutting apparatys fraom ACCUDYNE Co... havi been enpl oyed a conventi onal
t echni que. Th 1'%}‘159,""&’?31 %‘t]‘tﬁﬁysxcsﬁl“ggéﬁﬁg’é $gr“e$§9’r?€ﬂlggqg éﬁm@d)d’eaé‘?&ﬁeﬁnt her
material with a netal foil or the like, (2) the?ﬁfggi/si al. dapage is

i || uni nat ed wingkeraal witba di BEieR oy spered eVars! Witheatter, a

m xed gas of heliumand water is blown _to the rrfp%?)er materia(* to rapidly
cool it. Wth the theedbeliapsanppierned by dpegnseol thepamemephod a5 Fhaf on a
surface of a npother material. A slit on a surface of mat her material is

formed by perddwiehly anadkinggrparatusfremciCol ) W B ntaviRgLesRal . fol | owed

by a chem cal ] ] _ ' .
employed a conventional technique. That is, (1) a physical damage is

formed at an edge of a mother material with a metal foil or the like, (2) the

" physical damage is illuminated with a linear laser beam and (3
immediately thereafter, a mixed gas of helium and water is blown to the
mother material to rapidly cool it. With the three steps applied, a scribe -
line can be formed on a surface of a mother material.

A slit on a surface of a mother material 1s formed by perfornding
masking on a surface of the mother material, followed by a chemical
treatment. The masking is implemented with a masking material so as to
correspond to a cutting pattern. A masking material is preferably not
corroded by a chemical treatment solution. Examples of methods of
applying the masking include a screen printing method, a laminate film
processing method, a resist applied photolithographic method and the like.

The screen printing method is a method in which a screen having
portions some of which a masking agent passes through and the other of
which no masking agent passes through is brought into contact with a

surface of a mother material to extrude the masking material through the
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treatment. The masking is inplenmented wwth a masking material so as to
correspond to a cutting pattern. A masking material is preferably not
corroded by a chem cal treatnment solution. Exanples of methods of applying
t he masking include a screen printing nmethod, a lamnate film processing
met hod, a resist applied photolithographic method and the |ike. The screen
printing nmethod is a nmethod in which a screen having portiongbﬁégy%?@g

whi ch a maski ng agent passes through and the other of which no ski ng

agent passes through.is brpught .into _contact with a .surfage of .a _pother
material to eSOPRYUBErHNS sRGI MRpapaskgs m@ﬁsﬁwfi‘@' Zgiﬁak‘?n?‘&@geo sone
portions and to apply nmasking on the glass surfage. The | am_.nate ilm
processi ng netlf@reeessinganaid@diig agmettpdgin v fﬁhoeh%gﬂéms?ﬂer %"ﬂ:ré‘a‘éﬁoﬁ/mfl@h a
pressure sensitive adhesive Iaéer, is forned is, used as a maz(gnglagat.e[i al ,
whi ch i s adhe? BERSSBIe sRnsitive adBewve Jaymindirmed rysed aspmaskmgalphfibed
phot ol i t hographic method is a nmethod in which nmasking g@@l np| emeni.eg by
appl yi ng a phshishdsiaghered to thesiurftrermiteemothergnaterddly f I§PLSh aRBLIRG,
material, followed by illumnation with light. |In a case where a scr.ibe
line or the Inhasolithozpapkis methedds agupthadia: which maskingdapepsimgpieddy

substrate, a scribe line of the like is wusually forned on the other
sub- subst r at exnpdyiang! 3/ phivtosesistyasha neasking materiphon 3 siwfang afipemgtieer
sub-substrate. In a case where the scribe line on the other sub-substrate
can not be fonatatiali fodlowled lyeilbuninatiomt withdegldf t he adhered gl ass
substrate takes a stepwise profile in the thickness direction. Wth this
stepwi se profile, fhe tasesyvhereepsaibetliee pr tiid like informedioragnan adheri ng
fixing portion to another nenber. o L
sub-substrate of an adhered glass substrate, a scribe line of the like is
usually formed on the other sub-substrate usually directly below the scribe
line on the one sub-substrate. In'a case where the scribe line on the other
sub-substrate can not be formed directly below, a cut face of the adhered
glass substrate takes a stepwise profile in the thickness direction. With
this stepwise profile, the lower step of the profile can work as an adhering
| fixing portion to another member.
A chemical treatment is effected by contact of a chemical treatment
solution with a glass as a mother material.
A chemical treatment solution should be a solution containing a
chemical dissolving glass. The chemical treatment solution is preferably
an aqueous solution containing hydrofluoric acid. The hydrofluoric acid
aqueous solution preferably contains one or more kind selected from the
group consisting of hydrofluoride, an inorganic acid and an organic acid.
Examples of hydrofluorides include ammonium fluoride, potassium

fluoride and sodium fluoride. Examples of inorganic acids include

hydrochloric acid, sulfuric acid, phosphoric acid and nitric acid. Examples
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A chem cal treatnment is effected by contact of a chem cal treatnent
solution with a glass as a nother material. A chem cal treatnent solution
shoul d be a solution containing a chem cal dissolving glass. The chem cal
treatnment solution is preferably an aqueous solution containing
hydrof l uori c acid. The hydrofluoric acid aqueous solution preferably
contains one or nore kind selected fromthe group.consistingz§§4ay2006
hydr of | uori de, an inorganic acid and an organic acid. Exanples o

hydr of | uori des_ i ncl ude .anmoni um f | uori.de, .potassi um, flwuaride angd. i um
f1uoride, Exa%?rgentﬁamﬁ%}r&iﬁ%a%}%@&Heriﬁa‘&mnﬁ%?‘éc hb i€ ‘88%;9‘“5%3‘%? uric
aci d, phosphoric acid and nitric, acid. | e 1 26 2006, . of organic
aci ds i ncl ude®BESITHIC SETigetand %’fﬁlcfbrf ﬁF’é)héE?gfatg‘:p S‘G%%C%Bpgm%gy%?‘gge%p Aan

ani oni ¢ surfactant and an anphol ytic ,surfactant my .be adde 0 chem cal
treatnent sol Eﬁi“?fﬁh’?‘fﬂ%ﬁpﬁ%ﬁq Etlf’?pewlgoé‘@lt%mpeaﬂgrf?ﬁ@ngﬁﬂg tﬁ? éﬁ{eﬁgd as
an anionic surfactant. An am ne type surfactant, fof examle, is . used as
an anphol yti cR&s 2528 ARONIVENHAGENT on AN WSS WRETAMe HCEIAPIR Bheni cal
treatment solutions are as follows. Hydrofluoric acid and hydrofl uoride
work so as tousastahanempiodgdc ewdast@at! y. An inorganic acid, an organic
acid, an anionic surfactant and an anphol ytic¢c surfactant work so as to
prevent a product Mesunetionp efipaghef she chemicadaihehbamial treadmept om bei ng
attached onto a glass surface. Atine for whjch_ a nother c{I}taterial is in

contact with splatens ard as follessme Alydrefluerie meihand hydeafluoaide werk sRas to

solution tenperature are proi)erl y altered according to a, conposition of a
mot her gl ass eioH off glass chemically. An inorganic acid, an organic acid, an anionic
i

surfactant and an ampholytic surfactant work so as to prevent a product
occurring in a chemical treatment solution from being attached onto a glass
surface.

A time for which a mother material is in contact with a chemical
treatment solution and a chemical treatment solution temperature are
properly altered according to a composition of a mother glass and a
thickness thereof. -‘

Methods of bringing a chemical treatment solution into contact with
a mother material include the following (1) to (4) methods, for examp.le,

(1) immersion of a mother material in a chemical treatment solution,

(2) spraying a chemical treatment solution onto a mother material,

(3) blowing a vapor of a chemical treatment solution onto a mother
material, and

(4) a mother material being exposed to a vapor of a chemical
treatment solution.

In a case where a mother material is immersed in a chemical

treatment solution, it is preferable to generate bubbles or a jet stream of the
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t hi ckness thereof. Methods of bringing a chem cal treatnent solution into
contact with a nother material include the following (1) to (4) nethods,
for exanple, (1) imersion of a nother material in a chem cal treatnent
solution, (2) spraying a chem cal treatnent solution onto a nother
material, (3) blowi ng a vapor of a chem cal treatnment solution onto a

nother material, and (4) a nother material being exposed to fﬁNﬁ!&qﬂoﬂf a
chemcal treatnent solution. In a case where a nother nmaterial i I mrer sed

in a chemcal  treatnent solutiaon, jt iis pyeferable to generate bubbles or
a jet stream @’Fenilﬁé tfﬁa%ewﬁéﬁ% ti‘%lf‘i’é‘i‘ri c O’E‘ieégf’ ﬁﬁﬁ?rag&rtﬁ‘tbi%iﬁ‘f’ P n. In
order to generate bubbles or a jet stream of the chem cal ,treatnent
solution, it §tEearaohtheruanioas tieadment salution, i 18 rgemta dgp 1astalla jeoyi ce
for the chemical treatnent solution at the _ bottomof a che{n' cal tr.eatnment
sol ution reserdile gemeratey o & infedevige fog the shemnad tregtmengisAluliP et e of
agitating the chemcal treatnment solution. In a casge g?,ere a .bubbl e
generator is hattampf aghemignldeatment sohetiomeeriesdir. tIebigsase.dbiution is
raised to the surface thereof, thereby enabling the product to be
prevented framsedlnty attaacaesiont of @émg hepehempisak teatimeaheeldtioss Lo eam
are the same as a streamof the chemcal treatnent solution. Since a
physi cal dameyeaserwhenglsabebklageaeeatos is mstalded & prodactipheehenicabt nent
solution therein is hard to be exposed to the streamof the chem cal

treat ment soltuedtorent Bobrtadoissaisddetocthersvafice thereofrtherebopnehling the t he
recess cones into a stationary state to thereby
product to be prevented from being attached onto glass.
A bubble stream and a jet stream are the same as a stream of the
chemical treatment solution. Since a physical damage on a glass surface is
a reéess, the chemical treatment solution therein is hard to be exposed to
| the stream of the chemical treatment solution. Therefore, the chemical
treatment solution in the recess comes into a stationary state to thereby
slow an etching reaction velocity there with ease. As a result, portions
othef than recesses are etched off ahead thereof, there arises an effect to '
reduce physical damages on a glass surface. Therefore, by moving the
chemical treatment solution along the glass surface, a great effect can be
achieved that reduces physical damages on a glass surface. As a motion of
the chemical treatment solution nears a motion substantially in parallel to a
gléss surface, a more effect of reducing physical damages is assured.
Furthermore, an effect arises that a corner of a glass substrate 1s
chamfered. This effect is achieved in company with a chemical treatment.
In a case where the chemical treatment solution flows substantially in

parallel to the glass surface, an effect of chamfering the corner of a glass

substrate is especially grows large.
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sl ow an etching reaction velocity there with ease. As a result, portions

ot her than recesses are etched off ahead thereof, there arises an effect to
reduce physical damages on a gl ass surface. Therefore, by noving the

chem cal treatnent solution along the glass surface, a great effect can be
achi eved that reduces physical damages on a gl ass surface. As a notion of
the chem cal treatment solution nears a notion substantially 2gqnpardobel to
a glass surface, a nore effect of reducing physical damages is assured.

Furt hernore, an effect arises that a corner .of l.a substrate j.S_ .
chanfered. This efb e ¢ 8’&?}?85&&1 F45ec %ﬁ&?‘exﬁﬁ?ﬁ“ﬁaﬁ?ﬁ% Rk 0?%% Teht .
In a case where t hem cal treatnent.sol uti.on,.flag sybst.antial ly,in
baral Lot o EhEst BINE I norE B Poidh s PGk B ThE e R00ed Xl
gl ass substrate.i s especiall rows.large. 13 26 2006,. On t.he,.nt her
P, i casERBRIAL CETER 5P LT Pt ondR TR s § stdacor Y 186 T ht o
a portion in.which a scribe line or th Iilée.is formed, .the chtem' cal
treat ment softidTBIRdiSRIEYA ARG ALATH RSO iagtene ARHENIGE 1RGN ke | s
formed enters ovi.n tate to.thereby increase an etching reacti.on

vel oci ty; thé’ﬁ@wet,he ldRRAACHAE Pickedse hat BRG] apabjfms b8, li3g or e
line or the Jike. In a case where the chem cal treatnent. solutjon.is
caused to f|5wﬁ§ﬁ1 ol 550 WBEFs Hae ehetpical frepemaph Ao o is GAHPehLo fow
substantially normal to a gl.as S rfacg, more of the action is acgi eved
that deepensiBfoderhedineosihy Ble plang o direptien pykstantially normal g @ashe
chemcal treatnent solution is caused to. flowinto a SCLioge | ine_or the

li ke as wel | Supcemagrfthe aetioppnackinued Ehat deepesp gdlengh of agicibe line

substrate. In a case where a bubble generator or a chemical, treatpent
sol ution or the like. In a case where the chemical treatment solution is caused to

flow into a scribe line or the like as well, an effect arises that chamfers a
corner of a glass substrate.

In a case where a bubble generator or a chemical treatment solution
jet device is installed at the bottom of a chemical treatment solution
reservoir, a method of immersing a mother material in a chemical treatment
solution is sele;:ted from the following v-iewpoint.

In a case where it is desired to increase an effect of decreasing
physical damages on a glass.surface, a ﬁother glass substrate is lowered
into the chemical treatment solution in a direction normal to a surface of the
solution. In a case where it is desired to increase an effect to deepen a
depth of a scribe line or the like, a mother glass plate is immersed in the
chemical treatment solution in parallel to the surface thereof. The mother
material may be immersed in the chemical treatment solution obliquely

relative to the surface of the solution.
After a chemical treatment ends, a mother material is cut. Asa

cutting method, it is recommended to cut glass applying a mechanical or
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jet device is installed at the bottomof a chem cal treatnent solution
reservoir, a nethod of inmersing a nother material in a chem cal treatnent
solution is selected fromthe follow ng viewoint. In a case where it is
desired to increase an effect of decreasing physical danages on a gl ass
surface, a nother glass substrate is lowered into the chem cal treatnent
solution in a direction normal to a surface of the solution.d MA B8
where it is desired to increase an effect to deepen a depth of a’scribe

line or the Itbflge, m)thei{ﬂ gl ass plate is inmmersed in the chem cal
treatnent sol{EFBA: PECPRNAFM0 0 the surface thereof. The mother material

may be immersed in_th hem cal treatnent solution.ohliquel relative to
the surface of thel\@‘%ﬂ%@&PB 9“%*4%$Y§IE?F§W&%1 s%’ieéﬁtl He 3nraét,hog #gt her
material is cut. As a cuttipg nethod, it i.s reco nded ,t @ cut_gl

appl ying a m%faﬁgéwarb@mhedz%w WS?%F%?D-S%%%%P%’?&B%E%&%ZS? hods
of cutting by a nechanical stress include g nethod.o

.0of . cufting by an
appl i ed t ensitona tansiereissymethed o whackatpasioBas éHPlcl?(iEjl a@ﬁ&ctg 8¥¥&nsi on

is a nethod in which a tension is applied.in a djrection vin a gl ass
portions fromvaicglass Rertions fom epchigibey witd %ﬁcﬁlh‘;eﬁp?l?é tggmf’;‘ec%nq 8‘?1;\,\%1"01

the other hand, a pressurizing nethod is a nethod hy applyi,ng a pressure at
a scribe |innthe peharihend; @ nrreyuiFing Fretgodds a Wﬂ&‘“ﬂﬁ@’séﬁﬁ’]ﬁ’g’?g@ met hod is
a preferable as a cutting nethod. In a case of a pressurjzing nethod, a
pressure nmy Hressapplait @gscaiherare on thedike tethareby fucElRgsa JEE?P RE VBRI ch a
scribe line or the like is formed or a direction facing the other surface
opposi t e t he methbdde agrefdrable as & ewttiieg method.

In a case of a pressurizing method, a pressure may be applied either
in a direction facing a surface on which a scribe line or the like is formed or
a direction facing the other surface opposite the surface on which a scribe
line or the like is formed. [t is preferable to apply a pressure on the surface
on which a scribe line or the like is formed. Fig. 2 shows an example of a
state where a pressure is applied on the surface on which a scribe line or the
like is formed. The mother material 2 is bi'idge(i between two rest tables 4.
Then, a pressure tool 5 works so as to apply a pressure to the scribe line or
the like 3 from right thereabove to enable a mother material to be cut.

In a case where a pressure is applied on a surface on which a scribe
line or the like is formed to cut a mother material, the mother material can
be cut with a pressure smaller than on the other surface opposite the
surface on which a scribe line or the like is formed. A mother material with
a shallower scribe line or the like thereon can be cut while sustaining a
smoothness on a cut face. For example, in a case where a chemical
treatment is applied onto an aluminoborosilicate glass on which a slit of 200

um in depth is formed, and of 40 mm x 60 mm x 0.7 mm in size to cut it, it
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line or the like is fornmed. It is preferable to apply a pressure on the
surface on which a scribe line or the like is forned. Fig. 2 shows an
exanple of a state where a pressure is applied on the surface on which a
scribe line or the like is formed. The nother material 2 is bridged
between two rest tables 4. Then, a pressure tool 5 works so as to apply a
pressure to the scribe line or the like 3 fromright thereabgyﬁnirhgggable
a nother material to be cut. In a case where a pressure is app on a

surface on ich a scribbe line or the Ii s fornmed.to cut a npther

material , tﬁ@%@?@reoﬁﬁfﬁlﬁﬁébaééﬁmwr&ﬁ @Pbﬁ%‘ﬁ?’é’s?ﬂ%’e%ﬁ?ﬁl G fan on

the ot her surface opposite_ the, surface qn which, aSﬁl’i be IineH@{. the like is
Eage Op gehip

formed. A notREsSWaLAPRIedpnthe StReTUrEGEOPDORIE &N FH RS her eon
can be cut while sustaining a snoothness on a cut ffﬁ e. For exanpl. in a
ﬁ'&ﬁﬁ %'fl@g?e

case where alefemeda Onthaprharthand. dbhas beeroeargingme e
glass on which a slit of 200 Amin depth is fornmed, and_ of 40 nm x 60 mm x
0.7 mmin si2&egsaredn the range o130 ampoppand 2099 sachese SR HREPSEHLR 15,
pressure of 3000 8 or nore is necessary when a _pressure is applied on the
ot her surf ac@ppppdontthetswefacgomaebichrr Wit wformedit s forned. On the ot her
hand, it has been confirmed that glass is cut with a pressure in the range
of 1500 or nore an@hab@ sgnagronlpgsmplder prepreredgreqiiyed apuck SHLERE £
surface on which a slit is forned. That is, since only a smaller pressure
i s required, bgqueekzetut tSinge there ibe aneall chence tiateepesanee sdigtrinted tehance
that a pressure is distributed to Fort_i ons other than the scribe ling, it
can be preveppedonsotyenshan she sewihs livg, itgaade nrevented; toggenpate aragls of
pressure tool brought into contact with glass nmay be a
glass in cutting.
Note that a pressure tool brought into contact with glass may be a
flat plate. A thinner plate is preferably used.
 As a method of applying a thermal stress, there has been available,
for example, a method in which both sides of a scribe line or the like are
lluminated with laser light to thereby cut glass. In this case, laser heating
is effected. at a temperature of glass melting temperature or lower.
Then, the present invention will be shown based on examples. It
- should be noted that the present invention is not limited to the following
examples.
(Example 1)
Two liquid crystal display glass sheets of 400 mm x 500 mm x 0.7
mm in size were adhered to each other with a sealing agent. Scribe lines of
about 0.05 mm in depth were formed on both surfaces thereof with a
diamond cutter. One scribe line was formed so as to be directly below the

other scribe line. Then, a thickness of the adhered glass was reduced in a

chemical treatment by a thickness of the order of 0.4 mm.
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flat plate.” A thinner plate is preferably used. As a nethod of applying a
thermal stress, there has been available, for exanple, a nethod in which
both sides of a scribe line or the like are illumnated with |aser |ight
to thereby cut glass. In this case, laser heating is effected at a
tenperature of glass nelting tenperature or |lower. Then, the present

I nvention will be shown based on exanples. It should be note doge
present invention is not limted to the followi ng exanples. (Exa %e_ 1)

Two liquid crystal display glass sheets of 400. X O.mMmx Q.7 mmin
si ze were adhered #ﬁﬂga@ﬁabrﬁ@Pﬂﬁ»&WﬁéC@%@?@ﬁglﬁgﬁﬁﬁiﬂgePﬂﬁgnﬁPHB§'of
about 0.05 mmin depth were fornmed on both surfaces t herleof w th.a. dianond
cutter. One scri bef¢heanigaktreatmant sQuben MRS AANLAYS SPIRUPDH PRIUMIING her
scribe |ine. Ihen, a thicknessnof thelﬁdhere, %%fg§ m@s reduced in a
cheni cal tredtrdntreluogia smdkHEs hvgrogierip pgig dnyt 56, MIHGACHS 26 May 2006 A
chem cal treatnent was conducted in the follow ng conditions. A cqge{ln' cal
treat ment sol uti on Theadhered;akies & asommpbieddgrbsicherycaldes e s B HPR
acid, 10% hydrochloric acid and 5%nnitric acid. The dhereg glfss was
i mrersed in twighsheglasaloriensed meadizastigninpymalite g swéacgofdhe 5PTWH%RY in a
direction normal to a surface of the solution. Bubbles were generated from
the bottom of a ch&wibbids werscgensmatessirom the hostosn bR ChepHeRldI R es 1 ew
substantially in parallel to a glass surface. After the chenical treatnent
ended, a presslitenueserywpt, ivdrain bubbles flew substantially in parallel to a glass
surface.
After the chemical treatment ended, a pressure was applied at a
scribe line from directly above to cut the adhered glass.
(Comparative Example 1)
Adhered glass was cut without applying a chemical treatment
thereto. The cutting was conducted in a similar manner to that in Example
1 except that no chemical treatment was applied.
Obser'vation was conducted on the. giass substrates obtained in
Example 1 and Comparative Example 1 under a microscope. Figs. 3 and 4
are schematic views obtained by observation on shapes of corners of glass
substrates in the neighborhood of intersections of scribe lines. Fig. 5 and 6
are schematic views obtained by observation on cutting face topographs of
glass plates. Figs. 3 and 5 are observation on a glass substrate applied
with the chemical treatment (Example 1). Figs. 4 and 6 are observation on
a glass substrate not applied with the chemical treatment (Comparative
Example 1).

In Figs. 3 and 4, portions in black are glass substrates 3. The

corner shape of the glass substrate 6 shown in Fig. 3 is not in a broken glass
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scribe line fromdirectly above to cut the adhered glass. (Conparative
Exanpl e 1) Adhered gl ass was cut w thout applying a chem cal treatnent
thereto. The cutting was conducted in a simlar manner to that in Exanple
1 except that no chem cal treatnent was applied. Cbservation was conducted
on the. glass substrates obtained in Exanple 1 and Conparative Exanple 1
under a mcroscope. Figs. 3 and 4 are schematic views obtainggl 2006
observation on shapes of corners of glass substrates in the nei ghborhood

of intersections aof scribe lines. Fiq. d 6 are sch tiLc Views

obt ai ned by o%%erglé?geghe%n (lt"&?ﬁ‘? Hﬂ’efrg'@é‘%t gﬂ%ﬁ‘?@ﬁﬁfﬁgpe Og@esgﬁ‘ﬁﬁat es. Figs.
3 and 5 are observation on a g) ass substrat.,e i ed ith the chenical
treat nent ( Ex%ﬁ)ﬁf;ré‘t‘iy.s Pgsin Bigadds Ge%ggl@gst@?{}&ei%ﬂs%ﬁ%e%aé? %ﬁﬁﬂ%"st rate
not applied with the chem cal treatnment (Copparative Exanplg 1). In_Figs.
3 andpépl, por tihEHdseryagIoRe K lérf%uﬁ‘gi%t BB ?gg%%k@.e ¥iyEco n%?‘fg"f‘t%ﬁ% Tof gt he

gl ass substrate 6 shown in Fig, 3 is not in.a broken glass 17 26 May 2006
state al t ogetHdhe slapsembstatep! Baample hdo EaTlaéFh%ééﬁg?@iiY%éllﬁF‘gé?sy
substrate 7 shown .in Fig. 4. is_recogni zed haye ass breakage 8. .From
t he observatizgwlieds O § et hapdn 1§Ff%}§§{ %Pf’éﬂ\ié%%"feé‘ E‘ébﬁ?‘ﬁcggﬂlzﬁfl ay
corner of the glass substrate of Exanple 1 to I ch &hf,chg{? cal treatnent
was appl i ed.a @nenel Grengpshawkstrate il Comppaativedixampales] gp sdudyao; <
recogni zed at _a corner of the glass substrate of Conparative Exgrginol el in
whi ch no chehemdtalitrestmeanitwemarplnd.i ddonseanendidhihiey been ragagnized that
recogni zed that in cutting a glass substrate, cracki ng of a gl aasb
substrate is iprutieng edlass substrate, cracking of a glass substrate is prevénted by
| applying a chemical treatment thereto.
In Fig. 5, a glass cutting face 9 is smooth. On the other hand, in
Fig. 6, a glass cutting face 11 is not smooth, but has cracks 13 thereon.
In Fig. 5, a scribe line 10 on a glass surface is linear. On the other
hand, in Fig. 6, depressed recesses are shown in black. That is, a scribe
line 12 takes an irregular shape with exaggerated depressions and
projections. This exaggeration in depression and projections show that
glass cracking and breakage occurred in cutting of the glass substrate.
Therefore, it has been confirmed that by performing a chemical treatment,
glass cracks generated in formation of a scribe line is removed.
It has been confirmed that in the glass sheet of Example 1, a corner
shape of a portion in which a scribe line is formed is chamfered. On the
other hand, it has been confirmed that in the glass substrate of Comparative
Example 1, a corner shape of a portion in which a scribe line is formed is at
a right angle or an acute angle (not shown).

Strengths of the glass substrates of Example 1 and Comparative

Example 1 were measured. The measurement on a glass substrate
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applying a chemcal treatnent thereto. In Fig. 5, a glass cutting face 9 is
snooth. On the other hand, in Fig. 6, a glass cutting face 11 is not
snoot h, but has cracks 13 thereon. In Fig. 5, a scribe line 10 on a gl ass
surface is linear. On the other hand, in Fig. 6, depressed recesses are
shown in black. That is, a scribe line 12 takes an irregular shape with
exaggerated depressions and projections. This exaggeration ifg Qg A% on
an d projections show that glass cracking and breakage occurred in cutting

of the glass substrate. Therefore, it has been. confi&nedzthat by
performng a mengtdaras pesformed In the fllovwangcRBAGIONSy afdd | B9%F Antion of a
scribe line is removed. It has been confirmed that in the glass sheet of
Exanpl e 1, a weamarng strtpedof a portion in which a scribe line is formed is
chanfered. On the other hand, it has been confi rrre? that in t&{% gl ass
substrate of Conpar@}Twe glassarhsiet rast tablesribeof 4hmse (b2) 5 49arEy &) XB-dhi ch a
scribe line is fornmed is at a ri?ht_angle or an acute angle (not shqwn).
Strengt hs of mhe(lghdssizamere mstallet irEparalled to eagitiotheryeit Be SRACUESEN| e |
wer e neasured. The measurenent on a gl ass substrate 18 26 May 2006
strength was ffed¥mmned in the follow ng conditions. Fig. 7 shows a
measuring nethod. (1) Two gl ass sheet rest tables 15 of 40 mm (L2) x 40 mm
(U x 8.4 mm (L4) (Rha spesmeargasnshat lddvamplraedlonghetresetadiesnider with a
spacing (L1) of 49 mm (2) a specinmen glass sheet 14 was placed on the
rest tables 15, (3X3kapressue & applabhi 2denierdinperfitbe speeimef glase sberici men
gl ass sheet
from directly thereabove with a stainless pressure tool 16 of 50 mm (L.5) x

| 2.0 mm (L6) x 10 mm (L.7)) in size and a speed of the pressure tool was 0.5
mm/min.,

(4) the maximum pressure was measured when the specimen was
broken, and

(5) the maximum pressure was defined as a strength of the glass
substrate.

A streﬁgth of the glass substrate of Example 1 was 1500 g. | On the
other hand, a strength of the glass substrate of Comparative Example 1 was
1000 g. That is, it is found that a glass substrate strength is increased.
(Example 2)

Two liquid crystal display glass sheets of 400 mm x 500 mm x 0.7
mm in size were adhered to each other with a sealing agent. Masking was
applied on both surfaces and a side surface of the adhered glass, A
laminate film was used in masking. Then the laminate film used in the
masking was peeled off as a band with a width of 0.2 mm. The peeled
portion is a portion in which a slit is formed. The peeling-off of the

laminate film was performed on both surfaces of the adhered glass. The
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fromdirectly thereabove with a stainless pressure tool 16 of 50 mn (L5) x
2.0 M 16) x 10 nm (L7)) in size and a speed of the pressure tool was 0.5
nmmn., (4) the maxi mum pressure was nmeasured when the speci nen was
broken, and (5) the nmaxi mum pressure was defined as a strength of the gl ass
substrate. A strength of the glass substrate of Exanple I was 1500 g. On
the other hand, a strength of the glass substrate of Conparabj XgayB2GGP! € |
was 1000 g. That is, it is found that a glass substrate strength’is

i ncreased. (Exanple.2) Two |iquid. crystal, di splay glass et 400 mMm x
500 mm x 0.7 p?ﬁe}ﬂpg #fg}&@%g%ﬁ%@é%l@g@ﬁ ng%ggom%ggﬁesrggﬁq%sgs agent .
Maski ng was applied on . both rfac and.a si surface of the er ed
glass. A Ian?‘t%gﬁ)ér Wﬁfi\fdg C&S’&lfl‘i"ﬁ%ﬁﬁgﬂ%‘é’? O‘T‘ggﬁ YPRET F’éﬁ%ﬁ%kl&erﬁgﬁdﬁ used in
the nasking was  peel ed off as and with a width.of 0,2 nm The peel ed
portion is a PO Ii’er?lwgiocfﬁo%&?ﬁ?fmpgtef nstrs RtorRest i ng-of f of the
| am nate fil mwas rformed on both surfaces qf the adhered glass. The 19
26 May 2006 peelingdBifc ?mt“F?étF%ﬁW}%lté”%SlP‘?ﬁ?W? e “gﬁﬁ%lim‘éqgrtfefigle&t t he
adhered glass _was perforned difectly. below the poytion on.the u r
surface t her egfutipn apd; conditprnsgies ﬁ?iuhéleo%‘?neé?n%én Ité?rFﬁ%t’?‘écafl it¥%t6§%5%
performed. Then a chem cal _treat ment, was perfor:&ed. A .chen cal lltlre t ment
RRE thy ad

sol ution and ¥OWHEPR Ve siailap thbhesedadorammplent. rYfe F&fnent

solution were simlar to those in Exanple 1. |nmersion of the adhered
glass in the chemical treatment solution was performed so that the surface

of the chemical treatment solution and a surface of the adhered glass were
in parallel to each other. That is, the adhered glass was lowered into the
solution so that bubbles impinge on the adhered glass along a vertical
direction. The chemical treatment was performed till a slit of 0.05 mm in
depth was formed.

Thereafter, a pressure was applied to cut the adhered glass.
Observation was conducted under a microscope on the glass substrate
obtained accordiné to th;a above procedures. Asa result, it was confirmed
that no cracking occurred on the end surface of the glass substrate. It was
furthermore confirmed that a cutting face was srﬁooth.

A strength of the glass substrate obtained in Example 2 was
performed by the same method as in Example 1. A glass substrate
strength was 1500 g.

(Example 3)

A glass substrate was cut by means of a method different from that
of Example 2 only in respect of a peeling method of a laminate film. The
peeling-off of the laminate films on the upper surface and the lower surface

of the adhered glass substrate was in parallel to each other. In addition,
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glass in the chem cal treatnent solution was perforned so that the surface
of the chem cal treatnent solution and a surface of the adhered gl ass were
in parallel to each other. That is, the adhered gl ass was | owered into the
solution so that bubbles inpinge on the adhered glass along a verti cal
direction. The chem cal treatnment was perfornmed till a slit of 0.05 mMmin
depth was fornmed. Thereafter, a pressure was applied to cut the osd .
gl ass. (Observation was conducted under a m croscope on the gl ass "substrat

obt ai ned_acoordl1a8-Jiber AROURRLACAIN B3 hS3pDef EaHhEe ahll HETo0PT 1 1 Ted

t hat no crackin e end surface o ass substrate. It was
ol ass substr atRT hed et s SRR WASpPBARGA b g IR N 2R s
subst rate waRire Ry esBEREABR Tordbh B TR A, har of Example 2
Che 1 am nate 111 ns GrEeErel gl rer hed o RESF subitfug iyl 1R 0T
Vay 2006° ¢ nePRUBPIR BAFT B PRECPRT bt B TPRRtwcaty s il tlePlaasg G0
Spaci ng of 0% MheTBetigs (heBr B baRaEaInarbor Ty e ChiERr Busle.
ander & m cr GREHIE WoRE SHPPERFT. Fe RALTUR IS KB CHATRT e Aot ©

The glass substrate was observed from a side thereof under a microscope.

Fig. 8 is a schematic side view showing the glass substrate. It is found that

a glass cutting portion was formed step-wise.
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at the end surface of the glass substrate and cracking at the cutting face
t hereof were suppressed. The cutting face was confirnmed to be snooth. The
gl ass substrate was observed froma side thereof under a mcroscope. Fig.
8 is a schematic side view showing the glass substrate. It is found that a
glass cutting portion was forned step-wi se. 21 26 May 2006 What is clained
is: 1. Aglass cutting nethod conprising the steps of: fornigghgafgnuyave
scribe line gn_a QEa%iaﬂHk%aﬁ%h maki ng gl ass etchant contact the ‘gl ass
surface to renove cracks in formation of the scribe line; and then,
concentrating a nmechanical or thermal stress along the scribe line to cut
the glass. 2. A glass cutting nethad accordi to claiml, erein the
contact of the glass eftRdRCS &HHTGEF h6§P%ﬁW§?§FHd@b%ﬁg%ﬂgﬁﬂF%e gl ass
etchant. 3. A glagg.cutting nmethod according to claim2, wherein bubbles
or ajet streamis generated in the glass etchant. 4. A glass cutting

met hod accordi ng tfezsliaiomas,congierei TeHee bbbt e8nof PRESSt BEAMARBVes al ong

a gl ass Surface'm%ki%ggb%%%SC%@gﬁg%enggﬁ%ié%xgﬁéﬂdﬁﬁéé)é&fgggé”
to remove cracks in formation of the scribe line; and
then,

concentrating a mechanical or thermal stress

along the scribe line to cut the glass.

2. A glass cutting method according to claim 1,
wherein the contact of the glass etchant is achieved

by immersing glass in the glass etchant.

3. A glass cutting method according to claim 2,
wherein bubbles or a jet stream is generated in the

glass etchant.

4, A glass cutting methed acceording to claim 3,
wherein the bubbles or jet stream moves along a glass

surface.

5. A glass cutting method according to claim 1,
wherein the glass etchant is sprayed onto the glass
surface, a vapor of the glass etchant is blown onto
the glass surface, or the glass surface is exposed to

a vapor of the glass etchant.

€. A glass cutting method acccording to claim 1,
wherein a tension for cutting the glass is applied in

an extending direction c¢f the glass.
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wherein the glass etchant is sprayed onto the glass surface, a vapor of

the glass etchant is blown onto the glass surface, or the glass surface is

exposed to a vapor of the glass etchant. 6. A glass cutting nethod

according to claiml1l, wherein a tension for cutting the glass is applied

in an extending direction of the glass. 22 26 May 2006 7. A glass cutting

nmet hod according to claim1l, wherein a nechanical pressure i§?§Q Ihﬁ% to a
e

gl ass surface having the etched scribe line or to the opposi ass
surface, whereby the stress is concentrated along the etched scribe |ine.
8. A glass cutting.methed saccarndi thihd anetiabdn dccontiengi hobotlthisi des of the
etched scribe. line are radiagted with |aser. light. to there%éﬁfut gl ass. 9.
%9 ng net ho

A flat panel "8P<Hlay Agresdialdifsts £5& S Shdiuf e ARdd G551y & d

accordi ng tosan¥acef nehain®® the @ t3hell.sAifdeats RNy displrRy using a gl ass
substrate according to claim9. 23
oppesite glass surface, whereby the stress is

concentrated along the etched scribe line.

8. A glass cutting method according to claim 1,
wherein both sides of the etched scribe line are

radiated with laser light to thereby cut glass.
9. A flat panel display glass substrate
manufactured using a cutting method according to any

of claims 1 to 3.

10. A flat panel display using a glass

substrate according to claim 9.
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