;ede"t!". 1 ("6M" T af)Title of the Invention G ass cutting nethod Background
of the Invention The present invention relates to a cutting nmethod of gl ass
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

di splay, a plasma display or an el ectrol um nescence display is manufactured
froma glass plate larger in size than the glass substrate as a raw
material (hereinafter, such a glass plate will be referred to as "not her
material"). hgqg}rﬁ{sézlﬁsubs.trate i s manufactured by neans of a nethod of
cutting a no VEPLIoR,r exanple, as for a glass substrate for a
liquid cryst # di spl.ay used in a 15 inch nonitor, as described in Fig. 1,
four pieces aSlSWé‘tE‘BSSE?‘?tZPQ are obtained froma nother material of 560 nm
X 650 mmin ﬁiﬁgegg Ggs% substrates can be obtai ned by cutting one nother
material . |nPackgesndof ghadaventigne on a surface of which a filmis formed
is used as a nother. material and gl ass substrates can be obtai ned by
cutting it. On thellt REssenhpventipnrelates tpmepitinggpadodefiglassands or use in

a small liquid crystal display is manufactured, it is an inportant cutting
net hod of di PAEIG ttpiangtaing raehogh afr glass pbf€ai ned by adhesion. The
reason therefor is that the glass substrate for use in a |iquid crystal

display is of a st4éalasgsabpiraihnpsed imrbsisatignpfa Happaneltdisplaysushinsrad to
each other with a sealing agent. The_ glass substrate for used in a liquid
crystal her eligigid cepstas display, whplerma dipplaypronyslegiroluminescerrepdisplaynist he
two sub-glass substrates. 1 Cutti ng1 of a nother material is disclosed in
the fol | owi ngapvfacharaeshirom & glassulete laveeruiaksizatheik the elaspispbstaate Bs ke
Techni que", Monthly FPD Intelligence, a special nunber entitled LCD

Fabri cat i on zawimateriakthesainpdennsunhen glassipdatet wilhbe seferreshto asufmpthesd by
Press Journal Inc. on Jan. 20, 2000, pp 85-89) hereinafter referred to as
"non- pat ent atesialtur &he' glasasabstaddeshimyanfactined by mieghs oBeanethodedt at i on
Devi ce Capable of Use in Cean Room and Laser 3 ass Cutting Device,"

Mont hl'y FPD duttipgla meblaer megeriald, Fopexhinglecasipr Braglgss gebstnate fona. , pp
28-31) hereinafter, referred to as "non-patent literature 2"). The cutting
of a not her limtidrcrpdtatidsplagsesed in 4 A5 inclm opaxtitont ak desorsdheadt eslig. dndowr

i ncludes: a scribing step of formng a scribe Iine on a surface of the

nmot her nat erpiedes diible aubsterptodreagphnadyfranne anthec alaterial h&bh@mmtr 888 on
the scribe line. This cutting nethod ie called a scribe and brake nethod. A
cutting net hooh cesee.i b@thssrsubkEratenegrabe nbtdined bsitcuteng ons motdemer al scri be
and brake, nmethod.. This scribe and brake nethod includes a scribe |ine -
form ng stepnatediad. nbehamisead ghiss dsteapph gunfacs bEwhidhe fdar isferinedas f or mi ng
step is a step of scratching a nother material surface with a di anond or

si ntered caniedaswhmethauinaesridloaddghnsa sabsirheed dcarebe dbiddepedbofcustiagri be
line formed in this step is a value of the order in the range of from10 to
15% of the tihi ckness of a nother material. A mechanical stress applying
step is a step of applying a nechanical stress on a site where a scribe
line is formed. | O tlesotdiee hand| ss cavdathedé aglaseshistrdtedor hbeinmat her
material. A cutting nethod described in the non-patent literature 2

i ncludes a s@tadlbBqlud@ybeilMigidag iemandadurbE i af ifnpost=aRRutiing St ep.
This cutting nmethod is a nethod adopted in a glass cutting apparatus from

ACCUDYNE 2 méEBod iofl diiSftly thetifig fal dfsd sulesttoerobiginedas; adlkdsisies The
sub-steps of (1) formng a small physical damage at an end of a nother

material W péasdnniedéfot 9 thdtdhel dlhsidutitidtg b Rs®Y &ilfalid daymabdidpldy a
linear |aser beamand (3) spraying a mned gas of heliumand water onto the
not her mat eid gf a biFeeiRtial whahttdo deglakh 4TbsRhicamvi ddherbE th 886k ollR@M t 0
rapidly cool it. In the scribe line formng step, a scribe line on a

ol ecul ar | engl aisgafifg BBEnt.N THEgNRE BEPstFRiEforalsed TH EGSIdGYy Bl NRSES
applying step is a step of illumnating both aides of a scribe line with

laser |ight ha&@él'l@‘l\@ﬂvhﬁcﬁﬁrli?’ﬁiﬂg:r&&%lEﬂ'gédlé&beiwé'lﬁi iRMandupaleds onto the
scribe line to thereby cool it. By laser beamillum nati on and cooling

i medi at el yghhgrg@kter, a thermal stress arises at the scribed line to cut
a glass substrate fromthe nother material. Summary of the Invention
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In the cutting nmethod described in the non-patent literature 1, however,
the foll owi ng probl ens have remai ned unsol ved. A first problemis that
cracks occur in a nother material surface and in the vicinity of the nother
material surface in formation of a scribe line. The cracks easily lead to
glass Gullet both in scribing and cutting. A second problemis that a
nunmber of cracks occur at an intersection between scribe lines in formation
of the scribe |ines. Breakage of a nother material occurs in cutting
because of the presence of the cracks wi.th ea S substrates

e. ,The gl
obt ai ned by cuttin u&wagw&akmpweé&g%temiéﬁ&E%fq%érlaébg gallowig wgn prtent
presence of the cracks, Athird problemis at, 4 n order i.mpr an
edge st rengt Mlegatyrey yaguakindiyakes 1:1{1{;% §n¢gg‘@ikﬁgb?cbﬁl%ﬁa’r#§mlg@g}(og§s
substrate. In order to renove gl ass powder_ and the |i ke acconpanjed by
chanf eri ng, ;Ingeﬂagw@e§§pﬁ9ahpp§$§rﬁ&h%%§%ﬁabwon §P€[§Hg§%¥°ﬁ ng
met hod i s problematic because of a |ow productivity as a tting_nethod of
a gl ass subsﬂbéh@#ﬂ@ﬁﬂﬁhé4§bﬁéﬂeﬁﬁﬁﬂ¥PW%@EEﬁ@byﬁ@fﬁ%9ﬂ68“§§§6ﬂﬂbéﬁni 't he
non-patent literature 2 has been expected to have an effect of”%ein
unnecessary 28P0apr BEAY) Shereinafter refexrnd tp api ponpaserishiteratwe 1 e“@(th ting,
therefore with a high productivity. A problem has been still remained, -
however, in flakeghitYamameta, Ffdelgbéé&@ﬁb sfengationdayies Gapphleof Yssmnand a
reduced speed in cutting process. Wiat's worse, a cutting apparatus from
ACCUDYNE Co. (d¢ar Regmdand Laker Glassfaetdms DreweatbdmtldengIéia&Abw&e
t herefore, the apparatus cannot be wdely proliferated in general use. It
has been undéBBﬂo@HpUhﬁﬁh@dbsiﬁb$%éway@lén@upﬂ2§r (heﬂﬂﬁégﬁhygﬁﬁﬁﬁiﬁhnage
originally present on a nother material surface. Therefore, w th reduction
in surface phySheapatentdiferatura Zhr fHeecettingef yymesber maderial disclosed i j ¢
contributes to nore inprovement on glass strength and nore prevention of
gl ass br eakatfee npn-rateatsktenhtires d pul Rshilndeproosadsingsteippl F%Qlltlﬁat renoves
a physical danmage on.- a surface of the glass substrate, it |owers
product i vi t ysémbe line iong sirface of hesmethrstmaterialOoand laestep loé Aphlyiag aj f
reduction can be achieved in physical danmage on a glass surface during the
cutting processhehical opthemalstesssain theosoprheding.i VIhip qustiogmeethgdds a gl ass
substrate decreases. It has been expected to provide a technique of
reduci ng a pbyldédalscbengd boake methodr naterial surface during the cutting
process. It is an object of the present invention to provide a gl ass
cutting nethod in MMeutting mdthod deperdbedkih tle pempriere ljteasbured 1sst  and
cracks in glass to thereby achieve a-glass substrate with a high
di mensi onal pewaiad safibe dnd bFaké methoidt Thisswwibeeandbiae mefhdadhmobndesent
invention to provide a glass cutting nethod capabl e of renoving pl ane
cracks in fosdrithd line frngingostepantinmechanical giross applying step. ¢ Thiei segibeet hod
in which formati on of a scribe Iine can be achi eved w thout generating
cracks. The hneferhinigniteptis artésoliicraniheds hanatlgirassteriditsunfpcantibbe i n
which a scribe Line is formed on a glass surface, followed by a chem ca
treat nent. Thinpsebentinténeddsirbitlel wheélsoutthiritedbad d scribeglinss Adeptingf aet hod
i n which masking corresponding to a cutting pattern is performed on a gl ass
surface to, §diicchhd Mrmdibid Hifsteprianiglhle dftBaibde in {ier eeige afdrdm 1000r m a
slit corresponding to the cutting pattern thereon. According to this
cutting nmet hgo13% ofphé PhidREK4IGF 4 SRS AlatBAR]. 2 8 hidchaaidaéspesshpplyiog a
scribe line (hereinafter, sinply referred to as "slit") can be forned.
Accordi ng t ostep9s BI2&8BE ap hQRecHMEER]l ireds GASL s Fleora andvirierlimamiser i al
is cut by applying a nmechanical stress or a thermal stress thereto, a

stress is copeRRHr aiRIhA stdp SElakPSubdtPLtellard cat ffont HBE @idiBEf faterial.
collectively referred to as "scribe line or the like"). As a result, it can

be suppressed to geRgitdEnfPtRSS desiriRid A heth@S paRiRakasturd 26ukhudeg a
According to the present invention, there is |less of necessity for 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
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cutting face treatnment step after the cutting. This neans that the cutting
of a glass substrate is perforned at a |l ow cost. This al so neans that
productivity in glass cutting is inproved. Since physical danages on a
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 nethod in which a'slit is forned, there is no chance that
an external stress is applied on a nother material. Therefore, 5 there is
no chance to generate cracks and breakage in_glass in fqornatio t he
slit. Since ﬁ% sUsds s hhesqrape BFMW&“%%S}&%%Q}%S,“%&S@PEQ ' @Lbst rate
with a high dinensional_ precision is providig. Preferabl e ex es of

met hods of pérrURgiagmel@hysel dgmage atde endef ampt Prmﬁtﬁﬁlaﬁgﬁ A, a

| am nate film processing nethod, a resist_applied photolithographic, nmethod
and the |ikeme|talsf@nlh§2)ilﬁum1@fian§tth9 PheFicat Aampagy With fgineardaRebEamt er i al
with a chem cal resistance to a chem cal treatnent solution.. The chemi cal
treat ment shaod §3herrprifma migedgas ohhalinmoand wates PR ther@aﬁh%ﬁ?a%}f{ﬂ i on
with a glass surface. Gass is preferably_ inmersed in a chenical treatnent
sol ution. | nimmediatelshafter thedlursinationewith thedapembgage do rapidly peakitbal
treatnment solution in the chemcal treatment, it is preferable to generate
bubbl es or alp the serileabine formmiaecitep & seribe bae parm melgaanievel ig forpedies,
an effect can be achieved that the chem cal treatnment solution s agitated.
In a case whthemothdy matenial. gdier thezmal stresa applyipg stemisadsteR® a product
produced in the chem cal treatnent solution is prevented fraom being,

att ached ont 8lyhimsding bothnadehefn eetiibe Hoatvithiaser fighshiokiowsd hyr enrapring
solution preferably noves along a glass surface. For exanple, by causing

t he bubbl es theimifteirp of helinsnand ovater entd Bregscribe lipeatostharehyeeol it.h By

chem cal treatnent solution can also be noved al ong the glass surface. In
this case, almsef bemh illsimginationtaret cooliygi ime@andgégemﬂé@n@ thermaahot her
material are reduced. The chem cal treatnent may al so be to cause a

cheni cal tr esitrasndriées atsthietgcribedtlme toomti glasa spbstranfrom the matherscri be
line or the like is formed. For exanple, by causing the bubbles and the jet
streamto fl matémab a portion in which a scribe line or the like is forned,
the chem cal treatnment solution can be caused to flowinto the portion in
whi ch a scri Senimaner effthelaventieni s fornmed. In a case where the chenica
treatnent solution is caused to flowinto a portion in which a scribe |line
or the like is forhethe arttiagtimethddsdegeeibed tihahe denpatentlithptiweot, t he
-scribe line or the like. The chem cal treatnent nmay be a treatnent in.which
a chenical thestvantheshillowing preblepisdysed @nidinad ginaskvesur fAdtest paoblapor of
the chem cal treatnent solution is blown onto a glass surface, or a glass
surface is expbhaedricksacy@pif a dfothbe nedtenial alirfaceahdintthe olcihitpof 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



It is preferable that after the chem cal treatnent ends, a nechanical or
thermal stress is applied onto a scribe line or the like to thereby cut
glass. In order to cut glass by applying the nechanical stress, it is
preferable that after the chem cal treatnent ends, glass is cut in such a
manner that a tension is applied in a direction noving away gl ass portions
fromeach other wwth a scribe line or the like as a center. In order to cut
gl ass by applying the mechanical stress, it is preferable that after the
chem cal treatnment ends, .a pressure .be_appl j.ed either. in di rection
facing a gl aR€Ces§ity agisegdo FEW“&'sgma%és'lqhﬁ&%ngﬁ’éeq&‘ioaésip§°€]8ﬂ‘ﬁ§b° or in a
direction faging th ther surface opposite the surface on i ch the scribe
line or the ??@é‘SPé’?ﬁglPWéﬁo YRy @5\ SHHNE Iaeﬁﬁ)é#g{ﬁ E%ISS Pﬁg@? nto a
scribe line or the_like d to cut glass. To.apgp a, pressure on the
surface on which aOECFPPl%aﬂ‘P’T *E\%n‘grt rFé‘tPPEé“?@Oﬁcd%’é’abgé 15?&? BPRARLERE ¢ he

ot her way. In order to_cut glass_ by applyi thf t.her mal stres%? it is
preferabi e t Hégratpiecs hap beemexpectpd £9 @&Fﬁ@ﬁt‘a%ﬁﬂg, bejBEHINREFESSHIY 19T 8¢t i be
line or the like are illum nated with Iasgéflight to t ere? cut.glass. The
present i nvefierBPIPeesy (o8 @ dianatering process atfer ﬁ’é’r@}tt’d’igsgh%ﬁ‘f’ %qeayg’sthsﬂjbst rate
manuf actured_usi ng the cutting nethod. The present, i nvention js also
directed to highprodystsitydi Amrablegs hag bese Saﬂldteﬂbadﬁe‘li: howpyer g s
substrate. The present invention described above can supgres cracks in
glass to be ediigwimeyhed beqange 6f adow|cadting preeipionaandaa rgdpead sreedin

di mensi onal precision of

( a gl ass substrate for a liquid crést 'z:l?fl ay can
be rai sed. FeRtting paseess. hyWHats wazsen g prjiseanragaimsemohC tgﬁ%gﬂé rface
on which no npskggglis performed, a strength of a glass substrate can be
i mproved. Brdstloped st thn n@n'p@#emﬂqbtemameﬁg@ eupgnsives fsreiaregthess plate from
whi ch four glass substrates for a 15 inch |liquid crystal display can be
obt ai ned Fi gappanaguscanrat he widaly arolifgratedriagenesalcife: i ng step of the
present inventions

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. In a 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.
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Fig. 3 is a schematic view obtained when a surface contour of a glass
substrate obtained by neans of a cutting nethod of the present invention is
observed with a m croscope of a nmagnification of x50> Fig. 4 is a schematic
vi ew obt ai ned when a surface contour of a glass substrate obtai ned by
cutting without performng a chemcal treatnent after formation of a scribe
line is observed with a m croscope of a magnification of x50> Fig. 5is a
schemati c vi ew obtai ned when a cutting face topograph of 8 a gl ass

substrate obtai ned. means of. a cutting nmethod of the present;invention is
observed wit tFﬁ*’&%s%wgg‘%P{’i'&%%%eﬂ?‘%a?%W"SPQIQB(?"rPurg‘.“ a|élﬂgsschematti c
vi ew obt ai ned when a cutting,.face topograph of | ass_subst reat t ai ned
by cutting wCHUH mﬁéﬁ?‘i)f’?ﬁ’ €8 E%ﬂ?l@%pquggﬁ%#ﬂiﬁfgﬁﬁp 8ok S|'ec(1)'1(r%1)%of a
scribe line is observed.wth a mcr.osco f. a magnification of > Fig. 7
schemat i cal | YPENSAL %"OJFX@-F\’% g&r%t“ﬁé?ﬁé’ﬁ%?’ﬁ%ﬁ%%ﬂ&%r%ﬁﬂ&?z aa?ﬁﬁ%gﬁbl?e 8is
a schematic view obtai ned ,V\ﬂen an adhered gl ass substrate cut by neans of a
cutting met hﬁﬂngFaic @Vﬁgé@é euhi gRAERR 1B Fe&%KShser ved fiom a side thereof

with a m croscope a magni.fication of x50. Description of the. Preferred
Enbodi ments Her ei nﬁ‘%‘ aresedd dRYGHIGHIP %F?‘Ftegéoﬁigj@?ﬁ &ftt%ﬁlﬁﬂﬁgﬁ%“’g‘l’&a
cutting nethod of the present invention., A qglass tti nmet hod of the
present i nveAtcHReling i§feumed,ang gass B‘Fl.'fa?%%ﬂﬁ?l e‘gggé‘ré}%émlcfaﬂgre ﬁm D&urface
of a nother material perform ng a.chem. cal  treatnent. and cutti n%&toae not her

material . A cuttingDeRTREEAT RVeniomsalan direstad o fbﬁlf’é‘ﬁr‘?ugﬁlgﬁn? ¢B the

scribe line formng step and the, chem cal .treatnment stlefp wth a s]it

form ng stepWhitiemasking epraespynding t¢.a fubdng patterR At BETIPHIEA 90 Efife in
whi ch maski ng corresponding to a cutting pattern is perfornmed onto a nother
materi al sur padace tothencadtesyperiome g dhgmicplixeaupent egeen ot tBALM @ 455
substrate is used as glass that can be cut hy neans, of a nmethod of fthe
present i nvepll eyrespengdingtathgeutéing Hﬂtﬁ%ﬁndtl@Fw-alA%%%m %é%gugt%t rate
is manufactured, a nmother material can be adgopted that .is obtai ned. by
adhering t womgthedinwhich masking1scparforangh @ gt gorresponding to a scribe line

(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 etress.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 necessity 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 damages on 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,
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9 a sealing agent. The adhered gl ass substrate usually includes a color
filter layer or the |ike necessary for a liquid crystal display gl ass
substrate. A scribe line on a surface of a nother material, simlarly to a
conventional technique, can be forned with a dianond cutter or a sintered
car bi de wheel cutter. A scribe line is formed by scribing a line on a

not her material with a dianond cutter or a sintered carbide wheel cutter. A
scribe line can be formed by nmeans of the sanme nethod as that adopted by a

Cechni quo. - THRT '8 ToRPeRehAy P aai vl g T TEARERE of ¥EiheTnaBRnERER,

terial with tal. foll. t, i 2)-.th i i
et 2o g i loab A By MRS el
m xed gas of heliymand water is blown.to th ther material to rapidly
cool it. Wtﬁlﬁha%ﬂﬁﬁ PESE2LBIHG BT l%p’éocvﬂ&% line can be forned on a

surface of a nothe terial. Aslit o surfagce of not her I IS
formed by perform ﬁﬁe?ﬁﬁé}!fg GEamples %ﬁ,‘}’?ﬁ&@%’& BEfR r%flﬁglf’le Hﬁsg‘?l?gﬁ&cﬁ%?komd
by a chemical treatoment. Th sking is dnplenmented with,a maski ng.naferi al
so as to cor P‘é‘fﬁﬂﬁdlqtb“%%ﬁ?iaﬁbi(%ﬁ}aé? #:lmﬁplf?ﬁgﬁﬂﬁqﬁe&‘gﬁ’i greqigt relfeeér ably
not corroded by a chem cal treatnent. solutiqn. .Exanpl es. of. ,net hods qgf

app! yi ng thepgﬁ@%tﬁﬁg’iaﬁ’ %H’é’t}éoiéPgéheg Nt | %Eﬂgﬂfe%grﬁbéﬁipﬁg[%émfﬁ m
processi ng thod) a resi.st applied .photolithographi c nethod and.the |ike.
The screen gEVMSF alﬁ%‘iﬁ%ﬂgiﬂé&%r‘ﬁiﬁﬁg‘ﬂaicﬁeW’rF %93{38%‘?(@@%? ’hg}%‘?rﬂtfﬂﬂ)orti ons
sone of which a masking agent passes through and the other of which no
maski ng agenfr%%égsgﬁtt’(%‘gh is brought into contact with a surface of a
not her material to_extyude the maskin rial,.thr h the 1 sone
portions and to apph§ chamsal dreptmens ggiﬁ%ﬁﬁﬁ99998¥%é”P§WF e film
processing nethod is a nmethod in which a film on ong.surface,of which a
pressure sen§hemical srpataieps sphion wibhra glasg spefageed é%ssdsrﬁ’ﬁg]f?FﬁBlynateri al ,
which is adhered to the surface of a nother material. The resist applied
phot ol i t hogr HpBeEserbitha ghpmical fpeafmentipoliih nasking i s inpl enented by
appl ying a photoresist as a nmasking material on a surface of a t her
material, foll owedh§ cREe WeRa R BALIRT thateri ds Lnmersed Wpa (RBTECA scri be
line or the like is fornmed on_one sub-substrate of an adgfredigkgss
substrate, atreatmpat pelyslopringthe cherucylstroatmenty it ymreferanle foseherate
sub-substrate usually directly below the scribe line on the one

sub- subst r at bubblep oz agat straher i thecheanicakbtreptiaenhsqlytiopt héR theFasaipabr at e
can not be fornmed directly below,. a cut face of the adhered gl ass substrate
takes a st epeffess candid achipyed thatithie chesyealdireatanentrsolyien 1s agikatede plpse
profile, the lower step of the profile can work as an adhering fiXxing
portion to aactsewhererbubblea achgrnerdted ibsandetpreyentedddrasg prpdusht act of a
chem cal treatnment solution with a glass as a nother material. A chem ca
treat nent sopradusad shéhe dhemical $udatticnt sobuticn i prgvaniderpwabeldBssol vi ng

gl ass. The chem cal treatnent solution is preferably an aqueous sol ution
cont ai ni ng hgtadi¢dioniocglass.d. The hydrofluoric aci d agueous sol ution

preferably contains one or nore kind selected fromthe group consisting of
hydr of | uori de, an Imiregareinsicatirdatmentthe chamicaldeéaiment 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




Exanpl es of hydrofluorides include amoni um fluoride, potassiumfluoride
and sodium fluoride. Exanples of inorganic acids include hydrochloric acid,
sul furic acid, phosphoric acid and nitric acid. Exanples 11 of organic
acids include acetic acid and succinic acid. One or nore kind of an anionic
surfactant and an anphol ytic surfactant nmay be added to a chem cal
treatnent solution. A sulfonate type surfactant and the |ike are used as an
ani onic surfactant. An am ne type surfactant, for exanple, is used as an
anphol ytic surfactant, Miin actions, of each of the chem cals.in chem cal
treat ment soISBIWt&%“hﬂ%W&EW%PPW%'?W@ PATIPE 1he e H B BT RG0r | do
work so as to. etch off glass . chemca . An inorganic acid, an organic
acid, an ani ?ﬁﬂ@@ﬁ%ﬁ%&%ﬁ“%t & a%ﬁamﬁ& theggt streamnte HWRotaas to
prevent a product occyrring in a chem.cal. treatnent solution_ from being
attached ont ®O&tGN A8 Fhagh ﬁaﬁsabeﬁeqq %t}fegkkw ﬁmaﬁnﬂten@%e%ﬁéﬂ%mﬁeglti n
contact with a chemcal treatnment solution and a chemcal treatnent
sol ution t emseluitan eambe canspskto Jow inter e partigpdpighica as@dpliee or ghe of a
not her gl ass _and a thickness thereof. Methods of bringing a chem cal
treat ment sollikeilsdonmed clane sase wihere thewchamicahineatmgnt splitipmeisicaased
followng (1) to (4) nethods, for exanple, (1) imersion of a nother .
material in &0 dle@nintaj norsigniiewhich asarire linepr she ke pyformate gncagtion 1s
treatnment solution onto a nother material, (3) blowng a vapor of a
chenical tre&reainthassleape¢nmna dapth of thet seatbenianeet the liked (4) a not her
mat eri al bei ng exposed to a vapor of a chem cal treatnent solution. In a
case where a not heThawheriieal treatmenirmay berp treatiepntin whidne vhamied| ut i on,
it is preferable to generate bubbles or a jet streamof the 12  chem cal
treat nent soltrastment selusion isisprayetbpnton glase sarfaceubbaper ofthe ghemisal eam of
the chemcal treatment solution, it is recommended to install a bubble
gener at or or tresgteentevlut®rf isrblowe ate ri glass sufaterena gasuswgAcats t he bottom
of a chem cal treatnent solution reservoir. In this case, it is possible to
attain an ef eypesedftosgvapr of ghe cbewhealitreatmendmoltmen.sol ution. I n a case
where a bubble generator is installed, a product in the chem cal treatnent
sol ution is rai sedlttis prefersbief thee aftee the themhieal sbsatoreatsicndg, ameeghapderdt t o
be prevented from being attached onto glass. A bubble stream and a f et
stream ar e t hethamealagressds mpahedontde schibailiel ortthedikeetot theobhy cohglagince a
physi cal damage on a glass surface is a recess the chem cal treatnent
sol ution therein i bedet th@ubelasspysagplyng the weckencalf stréss, chieni cal
treatnment solution. Therefore, the chem cal treatnment soluti.on in the
recess- conesprefemide shat afteathye chatreal orenhmeabynds, glasnisetuthinmgcheact i on
velocity there with ease. As a result, portions other than recesses are
et ched of f aheathetrhbaeaftensibane appliedsn ardisddtimet mboinpgeduaye ghivg pioctibngdamages
on a glass surface. Therefore, by noving the chem cal treatnent solution
-al ong the gl fsm satH oder vty hearibefllimcor dalikeasalicavad t hat reduces
physi cal damages on a glass surface. As a notion of the chem cal treatnent
sol ution nears a nif pxlersulat ghissdlyl applpingavhel hethdrmic#l grassitsier f ace, a
nore effect of reducing physical danmages is assured.

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.




Furthernore, an effect arises that a corner of a glass substrate is
chanfered. This effect is achieved in conpany with a chemical treatnent. In
a case where the chem cal treatnment solution flows substantially in
parallel to the glass surface, an effect of chanfering the corner of a
gl ass substrate is especially grows |arge. 13 On the other hand, in case
where the chem cal treatnent solution is caused to flowinto a portion in
which a scribe Iine or the like is forned, the chem cal treatnent solution
in the portion in ich a scribe line or.the |ike i§ formed.enters novi ng
state to thereby i\ﬁgl"é et%vtéf%ﬂrﬁ%w@mg E]éqr&qﬁtsxt/retsﬁe&éf BF%@r%lﬂeacti on
i ncrease that deepens a depth of a scribe line or the like.,.In a case where
t he cheni cal tPPEéﬁﬁEFﬁe %l%ﬁrﬁ%c?BFFq%mSQE@Egs’th?tgls § taoscghgecl,lp%gr F]i"ﬁﬁ'ﬁﬁr t he
li ke along a direction substanti ily noeraI to a. glass surface, nore of the
action is aclreilbamipaiedyethdaserdightgprthereby QglE8s | ine or the like. In a
case where the chem cal treatnent solution is caused to fL winto a scribe
line or the |ike adhgdirpseniingepiden ialsgadras t‘bﬁgl%é’la?e 8’058:1?%3138? a
gl ass substrate. In a case where a bubble generatqr or a chem cal treatnent
sol ution j et subgtrate manufacturedysing hreubEnEsAetoda cheni cal treat nent
solution reservoir, a nethod of imersing a nother material in a chem cal
treat ment sol uti onThe psesedtinyentiomis alsofdiracd ngaﬂaémépﬁfh.sp?%y Uslpgs e
where it is desired to i ncrease an effect of decreasing physical damages on
a gl ass surf &beflag papehdisplfyagless swastratee is | owered into the chenical
treatnment solution in a direction normal to a surface of the solutjon. In a
case where it is d&bemeesant inpeniden desoriked shaverqangempepssergeks m ghasy
scribe line or the like, a nother glass plate is imersed in the chem cal
treat ment soltebpsaused braeatting of » glase subptrate tHepgesultmimsnsigrahat eri al
may be inmmrersed in the chemcal treatnent solution obliquely relative to
the surface pfedsiensflaglaemsubstrate far sliavid gryatabdispian cazhbe ragedot her
material is cut. As a cutting nmethod, it is recomended to_cut gl ass
appl yi ng a mcitheramirepby ddcreasing phatsicsl dageagasamen glass susfase 9 whichyt t i ng
by a mechanical stress include a nethod of cutting by an applied tension or
pressuri zat i on.maskinghogedbroadst a a’g:eggdsgfbgl@swe#%@tnﬁﬁe pgngemmgﬂed-n whi ch
atension is applied in a direction noving away gl ass portions from each
ot her with aBstfilesctiptionaf thhd)damkiegas a center. On the other hand, a
pressurizing nethod is a nethod by applying a pressure at a scribe |ine or
the |ike to therebFig utshpvwass gldbhelprecsenrwhichgfore ghod substrapesefosmabb e as a
cutting nethod. 1n a case of a pressurizing nmethod) a pressure may be
appl i ed eit hixch hiqaddiryeial displépcandeabsammedce on which a scribe line or
the like is formed or a direction facing the other surface opposite the
surface on which aFagrRiiba Viewallustialting a peedsard onttong step df$hppeésamdbl e to
apply a pressure on the surface on which a scribe line or the like is
formed. Fig. inkesftivas an exanple of a state where a pressure is applied on
the surface on which a scribe |line or the like is fornmed. The not her
material 2 is bri dBRd shietavekeniatte viestoltahledswhien dhenface conesswia glass 5
works so as to apply a pressure to the scribe line or the like 3 fromright
t her eabove t guliteiesnhaifivd s meahe of alcuttinpenethiod of the peasat iiresmtian is
pressure is applied on a surface on which a scribe

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
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line or the like is fornmed to cut a nother material, the nother material
can be cut with a pressure snmaller than on the other surface opposite the
surface on which a scribe Line or the like is fornmed. A nother nmaterial
with a shallower scribe |ine or the Like thereon can be cut while
sust ai ning a snoot hness on a cut face. For exanple, in a case where a
chem cal treatnent is applied onto an alum noborosilicate glass on which a
slit of 200 wnin depth is forned, and of 40 nmx 60 mMmmx 0.7 mmin size to
cut it, it 15 has been cqnfirnmed that a.pre [ reis

1y 38 S e i hotnehe DL B Sl Tuhpd & P pBtsdt

necessary whén® Sufrface opposite the
surface on which a slit, is formed. On the other n I een confirmed
that glass i SPERUQH {%O@eﬁeéggg&ea H}C{%Ogeaﬁg%%%%fgfﬁﬁ%} er%?@ and 2000 g
or less when a pressurge.is lied on the.surface on whic Lol

formed. That is, sﬁ%eﬁe Bt W@%ﬁ?@ﬂ?@%&?ﬁg e?ﬂ’%‘btﬁmge%,cg&ﬁ}l’%akgﬂfi ng
can be realized. Since there js small chance, th a.presgure I,S

di stributed taog%‘? ?‘irl]]?ﬁ%at&%?mceﬁiw ‘E{ﬁémsgc‘?’ﬁﬁguF Pﬁ’gtl?r]?af'g%ﬁﬁ 58 evented to
generate cracks of glass jn cutti % tei;éhat a Evr ssure t ool brought into
contact with tEfad@me a5 OEHFFIHPOE cEibe e 1 ghse P‘Sli‘ﬁ’t § PHSRF RN Y
used. As a nethod_of .applyipng a thermal stress, there has been avail abl e,
for exanpl e, TagRfigadoR A FAYch both sides of a scribe line or the like are

illumnated with laser_light to thereby cut glass. In this case, |aser.
heating ~i s effect %ég'ar{“é‘ t%"é"%? gyﬁsﬁgga%?tf?%&’t@ﬁﬁ%?ré?gr%&gﬂod’
| ower. Then, the present invention will be shown based on exanples. It
shoul d be no@®d that the present invention is not limted to the follow ng

exanples. (Exanple_1) Two liquid crystal display glass sheets of .400 nm X
500 nm x 0.7 nm i nF&§-Abisgpchemmpiic Biew abtaaned FRuAlR nggé?ﬂ*ﬁ ﬁ'bbsgﬁ%ﬁ?t.
Scribe lines of about 0.05 mMmin dep$£ re formed on both surfa t her eof
Wi th a di amoRdt bTREIS dfecuimemersakol il MEPHRLINYSnLEn g BEerieA dRIpy

bel ow the other scribe |ine. Then, a thickness of tt{}% adhered gl ass was
reduced in astdrethezent witha microseppepianmagraiation ¢fi@%r der of 0.4 nm 16

A chem cal treatnment was conducted in the follow ng conditions. A chem cal
treat ment solRescentinaof 4he Fgefesred Emhodi®antont ai ni ng 5% hydrof | uori ¢ aci d,
10% hydrochloric acid and 5% nitric acid. The adhered gl ass ¥vas i mrersed in
the chenical treat Heteinadten; desqription wHbbegies ofqmebpdiments gf 3 cpELRg on
normal to a surface of the solution. Bubbles were generated fromthe bottom

of a chemni camathedofithe present ioventiner Voelass gutiing metheg of the pggsent

substantially in parallel to a glass surface. = = . :
invention includes the steps of: forming 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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After the chem cal treatnent ended, a pressure was applied at a scribe line
fromdirectly above to cut the adhered gl ass. (Conparative Exanple 1)
Adhered gl ass was cut wi thout applying a chem cal treatnment thereto. The
cutting was conducted in a simlar manner to that in Exanple 1 except that
no chem cal treatnment was applied. Observation was conducted on the. gl ass
substrates obtained in Exanple 1 and Conparative Exanple 1 under a

m croscope. Figs. 3 and 4 are schematic views obtai ned by observation on

h f . of (gl b t in t i ghbat.h f o i

of oeri be |1 rsalingpetts hE A Pad Rinsl sk SOBRI Rl J GhGERREL, 0N
tti f t h f gl L at.es. Fi gs. ti

on a gl ace s bty o G Redseftorior ndi S rede? Biooleh BiteR cRbEREREC) X Hgs.

4 and 6 are observatio na Iasusrfsub trate not ?6%)' i ed .\f/ithtgge chem cal

treat ment (Conpar att&F&! P'gaﬂ. 3G gEagpother matorial, supilagly to 87 "o are

gl ass substrates 3. The corner shape_.of the.glass substrate 6 shown in Fig.
g T not in £oBromdema)iadsigre. Bt Srab BB AIeAng FRE RER HARICL { he
corner shape of, the glass substrate 7. sho in Fig. .4.1s recognized,to have
gl ass br eakag@rigdepy FHEteErbsérs%{ ?g‘r‘i{e IP\[fQ‘inéquﬂgﬂnPH’ﬁah € %?Qg]r‘%‘ékage
is recognized at a_caorner_of the glass substrate of, Ex l e to which the
chenmi cal tredeaksxtalath &rﬂﬁfi}l’é’&g Cﬁ%tecrﬁ’é' %?Wé?reﬁeﬁﬂ,&qetwﬁgaf%ﬁ#& that gl ass
breakage is recogni zed _at  a corper, of e gl ass bstrate of Conparative
Exanpl e 1 in whi ch&nsTRdineean P?WFY@%&W%&?% ML it has
been recognized that in cutting a glass su racki.ng,of a gl ass
substrate is ageptashbeg cHiting sPPRIRYUS %ﬁ@éﬁ%&ﬁ% a"PﬂéPE‘F%. In Fig. 5,
a glass cutting face 9 is spooth. On the ﬁ‘her nd, . in th? 6, a glass
cutting face emplpetharconyepionaljachmgyecr Aapt1s 1k g phggral dampggis 5 4
scribe Iine 10 on a glass surface is linear. On the aofher Eaiﬁi{, qi Eig. 6,
depressed r eferaed ahpn edgewh ajmothesapateripdwith a metal foy or the bikeoY thes 4n
irregul ar shape with exaggerated depressi gns and projecti on(g Thi s

exagger at i on physigabdamsigens Hhaninapd orith adingrsitaserhean sod ?acki ng and
breakage occurred in _cutting of the gl ass substrate. Therefore, |L has been
confirmed t hamnmmp@lmhme!agtea_atw gns of Beliwmrnd yeesishlawRdod8Rer at ed
in formation of a scribe line is renoved. It has been confirned that in the
gl ass sheet afotheampiterial tarawidheeodd itapVith thegbree sters RpRbEEN §CERR | be
line is formed is chanfered. On the other hand, it has been confirned that
in the gl ass linesirke brofedconpansiace ef Braethles matesiador ner shape of a
portion in which a scribe line is formed is at a right angle or -an acute
angl e knot - shown) . AStlitemga kerfafe vha myithes matesial ig rmet EpeRieENNgG N

Conpar ative Exanple 1 were nmeasured. The neasurenment on a gl ass substrate
18 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

10



strength was performed in the follow ng conditions. Fig. 7 shows a
nmeasuring nethod. (1) Two gl ass sheet rest tables 16 of 40 mm (L2) x 40 mm
(L3) x 8.4 mm (L4) in size were installed in parallel to each other with a
spacing (LI) of 49 mm (2) a specinen glass sheet 14 was placed on the rest
tables 15, (3) a pressure is applied at a center line of the specinen glass
sheet fromdirectly thereabove with a stainless pressure tool 16 of 50 nm
(L5) x 2.0 nn1(L6) x 10 mm (L7)) in size and a speed of the pressure tool

xggggr EEEE: :”aﬂlae( s fh@gﬁﬁi ﬁ?&%&% S“égn g%fﬂ%neafﬂ‘%“ﬁ?'&eﬁgﬁ“?ﬁﬁeﬁ'f "the

gh t he ot her Ocejtssg’(ggg?‘%pﬁébﬁ‘t at%ﬁ%lhﬂﬁ &%ﬁj{)ar ative 52?rplgé

igg?in%i ggz e iive A B aﬁaff%mse f’afﬁ% e lkPE Rt o
whlch is adhered to the surface of a mother material. The resist applied

photolithographic method is a method in which masking 1s implemented by
applying a photoresist as a masking material on a surface of a mother
material, followed by illumination with light.

In a case where a scribe line or the like is formed on one
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
ﬁxiﬁg porﬁon to another member. |

A chemical treatment is effected by contact of a chemical treatment
solution with a glass as a mother ﬁlaterial.

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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mmin size were adhered to each other with a sealing agent. Msking was
applied on both surfaces and a side surface of the adhered glass. A

|lam nate fil mwas used in nmasking. Then the lanmnate filmused in the
maski ng was peeled off as a band with a width of 0.2 mm The peel ed portion
is a portion in which a slit is formed. The peeling-off of the |am nate
filmwas perfornmed on both surfaces of the adhered glass. The 19
peeling-off of the lam nate filmon the | ower surface of the adhered gl ass

was perfornmed_.directly, below.the portion on the u r f in
whi ch the peé’fPF\%ﬂlﬁ?Pg‘é}@ 1p dPé’ﬁFﬁﬁ?ﬁldf‘?lF V\‘Eémﬁeaﬁcggr rr(ég‘[é 0? eor}‘yaﬁ%ﬁg)frfﬁ cal
treatnment was perfornmed, A chenmical treatnent sol ution_and itjons for
bubbl e gener &% HHOME suriactaBhAR Iantarlﬁﬁﬁ‘i?}é'ﬂt” Sé'ﬁfaﬁh%tnm\%r e %‘f&r%lﬁﬁfgrd to those
in Exanple 1. Imersion of the adhered ass jin the.chenc [ t

sol uti on was CBQW%J%W%&%&T“@% S‘EPT"&JBB“&WPH?“E Eﬁ‘l&@aﬁl&i Flléeaﬁ'ﬁné%g
solution and a surface of . the _adhered, gl ass were i rallel to ch other.
That is, the U5ehapad yrgRilc sEaqtank, e‘%lgiaml&ettﬁge §B¥nf68€35ﬁ’ toa ef‘ﬁgjtpqg’u%bl es

i npi nge on the adhered gl ass. al oEg a vertical direction. The chem cal

treat ment wadispéesemnpabhplvticswfadtangt 0.05 mmin depth was for ned.

Thereafter, a pressure was applied cyt the adhered gl ass, Observation
was conduct ed undeMﬁdnrﬁCé#Oé‘§@§6§C}bﬁ%ﬁ}?e&§ﬂ%’§§lss‘ﬁtf§ieFHF BERUPASY accor di ng

to the above procedures. As a result, it was ,confjr t hat no.crackjng
occurred on tpbitiang aygrasdeBows. tﬁé’dﬁ‘l’%'é%m’sﬁ‘ﬂgtqﬂé{ féy‘i‘quogl ef%‘?likh%’r%toe
confirnmed that a cutting face_was, spnooth. A sé{;&ggth of t.réle gl ass_substrate
obt ai ned in Eienei glassehemyealin, ¥ 1BRrEaRE 2% FEAIHC 251% ALBRAA™Ce 1. A
gl ass substrate strength was 1500 g. (Exanple 3) A gl ass squtra e was cut
by neans of &unfactsd and aepaphaly@esuractast werkno a8 @ Bsvent A I8dh%ct of a
peeling nethod of a lamnate film The peeling-off of the lamnate filns on
t he upper sumbewrsingnih a kbemaeed treatrrentsobtiamEogy %‘P@oﬂt&?‘g’fg '(gﬁﬁé“tglﬁ?% was
in parallel to each other. In addition, 20 t he peeling-off of the
| ami nat e fil wurfanet he upper surface and the |lower surface of the adhered
gl ass substrate was perfornmed at a spacing of 0,2 nm between eel.%‘gg bands
S

thereof as vi ewed Artdmedbowduclongeetherimateried iHEr PUHASHWHT 2 R}

substrate obtained in . _
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 example,

(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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Exanpl e 3 under a mcroscope. As a result, it was confirnmed that cracking
at the end surface of the glass substrate and cracking at the cutting face
t hereof were suppressed. The cutting face was confirned to be snooth. The
gl ass substrate was observed froma side thereof under a mcroscope. Fig. 8
Is a schematic side view show ng the glass substrate. It is found that a
gl ass cutting portion was formed stepw se. 21 What is clained is: 1. A
gl ass cutting nethod, wherein a scribe Iine is formed on a glass surface,

LSLL?\QSng?/rgg%%ﬁcgl%ﬁeqt%fe% Nf 19 gﬁlﬁg ern |srﬁg“4€ JI%E%EH%MQ%&%}?
L e
pattern is agﬂg BEGRTRIPE Oélaa‘]wgﬁggﬂc?g‘t%r %% 1 & Eﬁé@?g%lrl\l@%r &ﬁleCUtt ’
phot ol 1 t hogr EBHPE: st HRAE: 3??%%51%%3 Gﬁfﬁ%ﬂﬁéﬁe\%hﬁt BFRE S any of

clains 1 to 3 erein the chem.c at rformed act.of a
cheni cal treRPFBRIE OAUAINARN Gﬁf‘ﬁ “?ﬁ@lté‘ P gel geatﬁn%?tg%%&éqg{"t i Fr[fgl:;
method accor glcgge : %e%la aal bub46’le ‘é@ﬁér%'té‘r %sr}%stalled, a product in the chemical

treatment solution is raised to the surface thereof, thereby enabling the
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 redess, 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
cheﬁicﬂ 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
glass surface, a more effect of reducing physical damages is assured.

Furthermore, an effect arises that a corner of a glass substrate is
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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chem cal treatnent is that glass is imersed in the chem cal treatnent
solution. 6. A glass cutting nethod according to claim5, wherein the

chem cal treatnent is to generate bubbles or a jet streamin the chem ca
treatment solution. 7. A glass cutting nethod according to claim®6, wherein
the chemcal treatnment is that the chem cal treatnent solution noves al ong
a glass surface. 8. A glass cutting nethod according to claim6 or 7,
wherein the chem cal treatnent is to cause the chemcal treatnment solution

to flowinto 22 rre@ﬂg 8 %}Jrl:)#xﬁ%q%l 3 $ her%@h RLALRR tﬁeaﬁ: etnt IR 9

A gl ass cutting Wher el t em cal treatnent
2 vapor of tFREHAR tre%?@’i‘%ﬁ%ﬁl’%ﬁfﬁtﬂ#%Sﬁsiﬂa FRaPEhe bk i ot T2,
ol utton. - 10PBSRGRL e BEE] RO OB S RaHa i 1B é%s@f?o%' lrﬁer FePke o

< appl fo ot naeé?ﬁ?%;%aai ity gt"ért‘%m ke f iRy nie ragdoRiBh o7l oos

cutting netho to claiml10, wh after the ch r eat ment

acco e
ends, a tensY"gﬂmF% t ’?dalnna‘%?% W&EGEBIBSEBH%QF%G%\%QG e aﬁ%ralf‘? %ﬂg %rom
each other wi.t belln or the slit center Sacuttin
net hod accorﬁ*engk &Fageryne %Q?ee‘?k?‘? ?e?ﬁgeﬁﬂﬁu&?fl l?rc@'é?‘?fgﬁ}ﬂ%‘ﬁds g
ressure is a I|ed ei.ther in directi nfacn rf.ace onwh the
ECI’I be line ]@Eg?ﬁé‘r’?ﬁll%n‘%%“f}ﬁ’r]:]é‘ﬂ glf‘h Heﬁﬂ‘?lléﬁﬁl?%ﬁn?’ﬁb RPTE B eHERss
surface opposite the sur ﬁcg Qn whi be |ine, or e slit .is formed

to thereby afH3ces mAzeIehine AFLIQR 158 'ﬁ? “Wedf?é’ﬂlﬁé depih 0 EP ¥rbedite  and

to cut gl ass. _ o
g 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 ﬁewpoint.

In a case where it is desired to increase an effect of decreasing
physical damages on a glass.surface, a ﬁlother 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. As a

cutting method, it is recommended to cut glass applying a mechanical or

14




13. A glass cutting nethod according to claim10, wherein after the

chem cal treatnent ends, both sides of the scribe line or the slit are
illumnated with laser light to thereby cut glass. 14. A flat panel display
gl ass substrate manufactured using a cutting nethod according to any of
claims 1 to 13. 15. A flat panel display using a glass substrate according
to claim14. 23
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method is a preferable as a cutting 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. It 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

pm 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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has been confirmed that a pressure of 3000 g or more is necessary when a
pressure is applied on the other surface opposite the surface on which a slit
is formed. On the other hand, it has been confirmed that glass is cut with a
pressure in the range of 1500 or more and 2000 g or less when a pressure 1s
applied on the surface on which a slit is formed.

That is, since only a smaller pressure is required, quick cutting can
be realized. Since there is a small chance that a pressure is distributed to
portions other than the scribe line, it can be prevented to generate cracks of
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
illuminated with laser light to thereby cut glass. In this case, laser heating
is eﬁ'ected’ 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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A chemical treatment was conducted in the following conditions.

A chemical treatment solution was an aqueous solution containing
5% hydrofluoric acid, 10% hydrochloric acid and 5% nitric acid.

The adhered glass was immersed in the chemical treatment solution
with the glass oriented in a direction normal to a surface of the solution.

Bubbles were generated from the bottom of a chemical treatment
solution reservoir, wherein 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;ratioﬁ Waé 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 observatioﬁ 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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the observation, it is found that no glass breakage is recognized at a corner
of the glass substrate of Example 1 to which the chemical treatment was
applied. On the other hand, it is found that glass breakage is recognized at
a corner of the glass substrate of Comparative Example 1 in which no
chemical treatment was applied. Consequently, it has been recognized that
in cutting a glass substrate, cracking of a glass substrate is prevented 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 iﬁ depression and proj;actions 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 1s 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

18
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strength was performed in the following conditions. Fig. 7 shows a
measuring method.

(1) Two glass sheet rest tables 15 of 40 mm (L2) x 40 mm (L3) x 8.4
mm (L4) in size were installed in parallel to each other with a spacing (L1)
of 49 mm,

(2) a specimen glass sheet 14 was placed on the rest tables 15,

(3) a pressure is applied at a center line of the specimen glass sheet
from directly thereabove with a stainless pressure tool 16 of 50 mm (L5) x
2.0 mm (L6) x 10 mm (L7)) 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 & 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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10 10: peeling-off of the laminate film on the lower surface of the adhered glass
was performed directly below the portion on the upper surface thereof in
which the peeling off of the laminate film was performed.

Then a chemical treatment was performed. A chemical treatment
solution and conditions for bubble generation in the chemical treatment
solution were similar to those in Example 1. Immersion 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 accbrding to thé above procedures. As'a 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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gurface of the acﬁiered glass substrate was performed at a spacing of 0.2 mm
between peeling bands thereof as viewed from above.
Observation was performed on the glass substrate obtained in
Example 3 under a microscope. As a result, it was confirmed that cracking
at the end surface of the glass substrate and cracking at the cutting face
thereof were suppressed. The cutting face was confirmed to be smooth.

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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2. A glass cutting method, wherein masking corresponding to a
cutting pattern is performed on the glass surface to, thereafter, perform a
chemical treatment thereon and to form a slit corresponding to the cutting
pattern thereon.

3. A glass cutting method according to claim 2, wherein the
masking corresponding to a cutting pattern is applied on the glass surface
by means-of a screen printing method, a laminate film processing method or
a resist applied photolithographic method.

4. A glass cutting method according to any of claims 1 to 3, wherein
the chemical treatment is performed by contact of a chemical treatment
solution with the glass surface.

5. A glass cutting method according to claim 4, wherein the
chemical treatment is that glass is immersed in the chemical treatment
golution.

6. A glass cutting method according to claim 5, wherein the
chemical treatment is to generate bubbles or a jet stream in the chemical
treatment solution.

7. Aglass cutting method according to claim 6, wherein the
chemical treatment is that the chemical treatment solution moves along a
glass surface.

8. A glass cutting method according to claim 6 or 7, wherein the

chemical treatment is to cause the chemical treatment solution to flow into
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a scribe line or a portion in which a slit is formed.

9. A glass cutting method according to claim 4, wherein the
chemical treatment is that the chemical treatment solution is sprayed onto
the glass surface, a vapor of the chemical treatment solution is blown onto
the glass surface, or the glass surface is exposed to a vapor of the chemical
treatment solution.

10. A glass cutting method according to any of claims 1 to 9,
wherein after the chemical treatment ends, a mechanical or thermal stress
is applied onto a scribe line or a slit to thereby cut glass.

11. A glass cutting method according to claim 10, wherein after the
chemical treatment ends, a tension is applied in a direction moving away
glass portions from each other with a scribe line or the slit as a center.

12. A glass cutting method according to claim 10, wherein after the
chemical treatment ends; a pressure is applied either in a direction facing a
surféce on Awhich the scribe line or the slit is formed or in a direction facing
the other surface opposite the surface on which the scribe line or the slit is
formed to thereby apply a mechanjéal stress onto the scribe line or the slit
and to cut glass.

13. A glass cutting method according to claim 10, wherein after the
chemical treatment ends, both sides of the scribe line or the slit are
illuminated with laser light to thereby cut glass.

14. A flat panel display glass substrate manufactured using a

cutting method according to any of claims 1 to 13.

15. A flat panel display using a glass substrate according to claim




