Specification Cutter Wheel, Methods for Scribing and
Breaking Brittle Material Substrate Using Sane, and
Met hod for Manufacturing Cutter Wieel Technical Field
[ 00011 The present invention relates to a cutter wheel
for scribing a brittle material substrate where a
ridge line in V shape is forned as a cutter along the
circunference of a wheel in a disc form and a nunber
of protrusions in a pr ed®teeifiehti@d form are fornmed at
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[0003] Fig 17 is a front diagram showing a known scribing apparatus which is used for



1 scribing as described above. A conventional scribing
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In this invention, the scribing and breaking system including the above
described processes is referred to as SSBB system.
[0007] By carrying out the respective processes (1) to (4) in the two above described

examples, glass substrate G can be scribed and broken into two in a desired location
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(4) in the two above descri bed exanples, glass

substrate G can be scribed and broken into two in a

desired location 3 along a scribe line. Here, one of

the conditions under which a glass substrate is broken

is creation of a blade surface in arib form

referred to as "rib mark," when a vertical crack
aldngtaescoibt tieat | y progresses at the time of scribing. A

ri tb i @Q%ég of Eh%ac S&tfﬁﬂ? grsng}%ﬂlg‘?g Igfagg s@s@ﬁﬁé Eégort)ﬂﬁl is c%-eation
of @cbh@@ wgrfetﬁerreuanabtfelrmr@ﬁ“@m%élo ©e “sib mprlossihen 4 gertical erack

1nt%%{tféﬁgly;prbgcress%§5t M{ettﬂhé’]oies@n@ﬁ@r opriate cutting range
rmation of an ap Egrlate scribe line.

Wien
gl asé whperk i @eated whep Ehiolatel (i PReSsingihe Ater v hasl agamst glass
subNteas & & fhertifdl bl écﬁgmgﬁﬁﬁ\ﬁ:\ﬁﬂﬁ;er réfefirvd I‘t@ l§ Qnreésure for cuttmg ") is

h h f f
set Wis PR DepomS F Shiitin "ahes ket bRwdhen SELRb P Bhnin® Yo tine
Whereglssr fubstratd Ggk assbauwishrafuetier higte pregsherea"pp rgpimgahevever,
OC&H'I’ .0 Gf th]ﬂgﬁ fh%E‘EIflmer%%§l%ﬁrtﬁ EOJhléH %*’ ilﬁ:resag@hl{ honzontal
't becones di ¥t e re

t to se or cutt

craghel bpoemeR sigmifirantie tlee aurtace ghuglasy Mrstratpa% eWhen tthﬁeappropnate

cultffzS §:Hfg@ foP lthe GtdshRO fdrscdﬂhﬁé‘ is GRiaPp '1’@ gec%ﬁ'ﬁlzs rlﬁfﬂcﬁﬂnttoaéet the
cracks easily occur, thi s manner,

erab
Prysskce; 1B CHEpi BRE 48 he. 68 Yigere dhe IR é'aBlﬂe%fsfﬁw Fippee b
cuftlﬂgt isnBigh 0 chigpingr 4Rl haﬂﬂmtalt crh&spé’aﬁfl? roahire frD thlt; hfanner, it is

{
PrYREI: PhHFIRSRIIRLE 5008 SO B PR L RLEOR ' Boligee and
it is prefhmbeafoe theHewer limitgiatuedp hallow.at er al cross scri bi ng

Diisc?osﬁgsfﬁﬂtﬁgh‘?‘}é'htﬁﬂ such a manner that a nunber of
I nes cross, formng intersections, unlike in

Preblem4p by Solved by theplagentiofe where scribe |ines are

[0d0RY MeHl tRO kYsel WheétB Qortlifu@Gldl Pledal cosl lsAFHing Hb@ﬁﬁ'ﬁﬂ%ut in such a
usi n%ha conventional scribing, apparatus,

hen
mafeE Ahatsa PTBTT SoTiee HEes oo fEB0tg GHeTSRGHRpE plike in the above

deS@1PRl icARSw &6 WESbe THhdsSark Soraned@idprEA@divdreibr m\:ﬁéglass substrate
a cut t

scribe |lines L4.%.o L6 are forned b ? %t
usipEs 8 FRVEHIBRY FTRRE| TRy a?%'?er?gée“% “’lbl |1iS nes 1o o 2%
integsebt3gn skippingt @metimavedtcwer | Bhis|ib raeshde;rzbntemon@vlaﬁre when scribe
thQlLtlll t@lﬂé/ aﬂeoEor%Q& \%\EE(L J:lpc ertvt']}?eey '26' QE%M% Qltroh initially formed

I ntersecti ons en these scri es, S S own 1 n

sctbeglings. L] tp khdhe lnder inpraedsaribetinen L drte d6tare nacallypoh dormed in

th@ﬁeﬂﬁ@ of PhAintraStioSd Ptive @l thesdiiBibe 1R e |a@ SRowhl RS TFIal0L
is s ed an brokgn in the ahove descrj bed bre%rln

ppalAERRCaSE [bere s Banterserim: HEPPIEE AREFL Tk Bigss substxare, when

a glmsr@bﬁﬂryteab 8dithetl Imadsmltelaeinlth@ esoveamhrﬂﬁﬂ&e@ukenﬁg hppara@tus, the

o LSR5 EHED b P2 I YRHE bl o] Bibauenas

prefilemidriseq raucly thahwe lade ap@@@%f défecte aves ereafed and the efﬁcwmy of
%ﬂﬁﬁbﬁﬁﬁﬁbﬁﬁﬁﬁkbﬁBWQQd's considered to be the

oW n iIs to _say, when scribe lines are

(0G0 ¢ T |091u$emf mtarseqtipmakinpngs s ceasidqrad ko keathe doljorying e That is to
sa? neRistibinds®e indliAsStofHEd, ARBriaN stRedshs SledRE iR thesGEILNP of the
glasls gﬁlg’fécel\tln%xlgoth 81dels %f gc?' %Ih%eeg eq\rgxlg aiii: 1§Apoigld%pe E W?IEII the cutter
wheel passes through an initially formed scribe line, the force that is required for
scribing and applied to the surface of the glass substrate in the vertical direction from

the cutter wheel is reduced by the internal stress which is latent in the vicinity thereof,
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where a glass substrate is scribed under a low load in order to prevent the glass

substrate from being destroyed, it becomes difficult to form rib marks on the surface of

the glass substrate, and it becomes difficult to break the glass substrate into unit



the same | oad as that for glass substrates having a
conventional thickness. In the case where a gl ass
substrate is scribed under a low load in order to
prevent the glass substrate from being destroyed, it
becones difficult to formrib marks on the surface of
the glass substrate, and it becones difficult to break
the glass substrate into unit 5 substrates. [00131
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even in th case where t hi ckness %‘U% r| tt

evernchE ARsegthsdt fas @lq@e%ﬂle brifticapatarial qubptrate is B‘F‘ﬁ]g agmethod

foxbrsbltlhlng Habﬁfﬂlea|m§ﬂéhit rihetrat®i Aginghehs adine, a4vll @ method for
%%& 9 for 7 gturlng a cutter wheel. Means for

m W}W@niﬁ8ﬂigﬁ¥‘ﬁ 141 The present inventors devel oped

LMEmsén%ﬁﬂhnlénMﬂmmsearch a cutter wheel which can

[o@ﬁ?“i{ﬂ% ﬁE ﬁﬁr%héo%g &J@l(ﬁ@& %&eﬁﬁﬁ :'hfé WarERh iRPWheel which

a ScCri recli st on even
cah previeat @ag@ewﬁ@r@nm aid elevestor éfab @rmﬁtlwe ohg s@ihegline with

hlﬁpgl%wsﬁ)tneev'eﬁ in stH@'cllse @ﬁermhé tﬁ@k&s%f E]Qﬁllt{l@ rnrlaiﬁﬁéllbdd%trate is
ttle material substrate usin t he sa

smalnpt welbgs p prethodyos serihing 2 Pt maiersy S‘iﬂé'*tlfaée g?ﬁ}g the,pame, and
COﬁlﬁ}éﬁﬂtﬂthpérﬁ‘iUndes a cutter wheel for scribing a

[O(Qﬁl‘t LethiafS 1%(%, %glgslﬁe%%tg%tepfgglgés 3 c}ﬁfge %l lfcllr scnbmgva brittle
mactem:lmuﬂzetremc whefe aridgedihe im Vdihape isofomnam ds a hadtbalge glong the
c1r91£1%¥'e%{fcle QP2 whbbl 1]::1 %ﬁﬂ&r@&?@g nhﬁl%f;r ﬁﬁ)‘}gﬁuggﬁsce[lje k?@ﬁned along the

I ne at aproxurate egua
abeteadesenikad; ridep the @h@nprpﬁ@at@mte@valdn@mlé rchatacterizedyia dhat the

outet dlafetdbt (e vize 1.6 Rt td NS ARG gl%stﬂcfo'v@ agscrlbed protrusions

protrusions _are forned aroun e en rety
arg frped AR the guiredy aF the ghotg EHCJQ)GBF% V@%ﬂtg" ofum to
354&?@ thdxathe thbtghh&ﬂ tbtb&fe deb@iball pr@rieseo. Hed tp6otumisindriiat the
a hat the angle of the bl ade
anglg §£/_\I¥1 blg%e qé)gFAna po. 14&)

[ 00161 Another aspect of this
[00 16V e Atnother parspwtdefstlas rietembin fpovides iabinethod foriscribmg a brittle

mﬁgltdglrélﬁﬁgtrﬂéb%h%l%t é‘é@p %Fh@el%ﬁ %L}ﬁcthec!le ‘M’a@g ?m@ is ﬂﬂ\ﬂ"h&f‘mt\h Ehape as

ine i or me e al on
a blnée eflge alvne tbp crcwniegenip ad|a Wheeiulgch%foma?ﬁﬂ a% agnumber of

prOWERS s ArmeR! Qlt)ﬁ%sﬁh@ Ngholr® rcm%@hlﬁa'doﬁg d hﬁleaﬁ?@\éﬁprommately equal
descrlbed ridge,

| ne_at ppro ua I nter
infoEvalt 1scRPaERed AP IRSE SEh Ao et Bt m&?{?rﬁﬂ Dststr ] Pheveby,
sciSbDER¢ & Rrmaddn the betyce o the britthematerenl isabdtedtapehadarterized in
t he rface, o th br t trate
th%thaa?lgg g efleﬁf“frﬁt ?]lhfl‘ tilaglﬁpar ?{he Whﬁevaslle(fr iy F]o 2. 5 m that the
abdveadustmdvedafrotrhgiondae Ifomsedhr@unﬂmhb @nﬂrﬁy pfthe tahente cteheﬂbed ridge
llngke\qyl?a ? ?f‘éﬁﬁ'g %@é/ﬁlufaieggr% l‘ge'i%‘lt o@t{ @éé@lqbémotrusmns 0.5

entire [1ne wt

nnptq 6R »@p andarhat theasngierpf thqdqlaéeh%igﬁ ds éﬁt tpfl4Q Rds 3%*\/@ scribe a

brifs alathed sapatdesi ons 0.5 Amto 6.0 Am and that the
angIE; f th?1 bl ade egjgdeusls 85 to 140 *

u
SCri another aspect o 1nvent10n provides a methocf ?'or scnbmg and
breaking a brlttle material substrate, characterized in that a scribe line is formed on a
brittle material substrate using a cutter wheel, and that subsequently, a load is applied

along the formed scribe line so that the brittle material substrate is broken.



brittle material substrate. Still another aspect of

this invention provides a nethod for scribing and

breaking a brittle material substrate, characterized

in that a scribe line is formed on a brittle nmateri al

substrate using a cutter wheel, and that subsequently,

a load is applied along the forned scribe line so

that the brittle naterial substrate is broken. 6 Here,

i n athesdane@rddnch wathree b tidd ffar scgibirghindch raaidn p p daitile graterial
sug%:rate O%éehzsc {Jrll%t nti :]Ang rhet afqove aestcnﬁecf)lrnté%gé%t&q%ﬁesu% t?gt‘g cgﬁ%e broken
aldngohe mbow| deneritedescebolive, dbsitisith eay, senairited lonlyehy forming asscribe
11n§a Qn ot t tllggﬂtgltlgpsu% rXtetht}{ ﬂ{e%élgof%r%ﬁ@&mtéeﬂn&d this method

e material substrate with of

foch@hmgrﬁglddwalﬂwa bifide mategialsubriente Fvaah tée nsffesuqﬁ bregdipg omitted
1SQ$§ﬁﬁthd@ngﬁghﬁ@ﬁn&@terlaI substrate with the step of
%E mgIal’mtted is also included in this invention.
Ef Relpwention | hvention [00171 A brittle material
[OISIlTﬂ)StArHtMQIeI Bateeial belshtiasé igscaibed ibiag avhetdr vafeel bi this invention,
and t ereb tersecti ki
angpteslée%%fe%n’terﬁ%ctmn 8 eé/ | ng revepic Eed :tmcﬁfl s@ﬁkvp%ng g:gnq)% stably
formeghwigh dighsprecision enen in thia @a@awbemhbtr éut:lt:@ss pii thi heigte graterial
suBﬁﬁnggé&BQf material substrate is small. [00181 In
ance with a nethod for scribing a britt

ac
(OB orp dccosdase reitle AotbRd Sor ScRbiRgLA bHttly maé?rgaé subrate of this
mﬁa&'tﬁﬁ' iREbr6bioR @kl@f)ﬁﬁé%ﬁﬁ gé p?di’@n@d 6l iakkeribd iGe &beafably formed

il HEl! BREITH CRHLAE B GRE TP e TARBrPar! U Bt mpterial
sub&raesd dmalP brittle material substrate of which the

thic lf&nbe 1t%leI Satlfeﬁala%u?)&ngt% 0% wgpé‘h(%he thi ngiil}egs is V\?]Z Fﬂ% Iﬁ% 0. %mm to

scri bed e edge
0. ’éninoesdscubed)wm thPhlade edge Qiga Wéﬁrlvsheabpﬂ Whigh adpafl of 0.03 MPa to

0. %h ﬁﬁeaf Y GppldS %Hi bb%hléf(ﬂ@ ga&]ﬂ%g 1fte@ny né %Ee[mﬂ f¥¥nkdd with high

precision with a rel atlvely smal | pressure for
pr@qaﬁlw wgth aelatiyelysmallpresqure fomguingal substrate which

| St U’% RPIEC brib® BRtdH0kaBstrab aflsich St Jlﬁécefbefr@r brokdn, glass
| Ccr

I d f | k d .
ooyl i B Sl P R o A A PRRE B hvmtheti
quaﬂﬁ@{gialmbwltda}ammbmd for scribing a bri ttI e

mat erIln aalccor bSt r a'h? aorgletthha Yor scal\{)er{%té %E&ttleaﬁ%%ﬁ&%q rsu%?ﬁée of this

of thi$AVERTiIoNR s used
ingintiohea cbttek svhebk bf thie invantien i u@slbgml Aberebarthp étrength of the

brgﬁb‘ﬁrlﬁfcﬁ@ %atgﬁﬁ%ub!;t?%t% Qhﬁ bé TERRELLN He?‘& L) 1S hn@fntloﬁ strength of

e materl al strate means the strength_ agai nst
a briftlgipaterinl yabstrateraeans the AUPREL agaiwet brardingerd thp 2 Roipt bending
ted8BRed BrjigfRddgecri ption of the Drawings [00191 Fig 1

Bk AT b EDFRUAENt | anal out ter vheel as Vi oved
[0D19]t Mg di icatfrant despendhowingra fcottthevheek of tlinahvention and a
conventional cutter wheel as viewed in the direction perpendicular to the rotational
axis;

Fig 2 is a side diagram of the cutter wheels of Fig 1;

Fig 3 is a diagram showing a line for scribing and breaking a liquid crystal
panel in which a cutter wheel of this invention is used;

Fig 4 is a graph for evaluating the properties of the cutter wheel for scribing

and breaking a glass substrate in Experiment 1;



axis; Fig 2 is a side diagramof the cutter wheels of

Fig 1; Fig 3 is a diagramshowng a |line for scribing

and breaking a liquid crystal panel in which a cutter
wheel of this invention is used; Fig 4 is a graph for

eval uating the properties of the cutter wheel for

scribing and breaking a glass substrate in Experinent

1; 7 Fig 5is a table evaluating the properties of the

cut t &g wheeltablerevaluntihg blte progertiss ofikdiengpteer gthesk for scribing and
brHKRRY 4 B LibsEXBAL BB 7 0 © TS a diagram

ustrating the cause of the splinter in Experinment

2; g0 s 4 diagram Hlpstating theseaugg ofithe solinteninsbxnsringens 2;

tw SfFigt n i@@%ﬁ%&?ﬂusﬁ?ﬁﬁg \ﬁhlhesca:u&ic & tha bl Rt BVBkpeainhdi 2t he

properties o e cutter eel for_scribing.an iy

br oakif 152 drble SvaliaiPy BeproRerepaf ﬁfe?ﬂgt%g”#segf% spgbige and
brélikagy 2plashaistigtedin Exppean@htiS; for testing the strength

of glass . agginst bendi ng used in t 3 or

otr SR R o BieREm 3BT R o Shfrvalhe 7 kRl U bt of glass
agfingt Hedding weed imgie tpstdor tha gtrehﬁthrogsllam agagist bprding &t Efperiment
g4;the strength of glass against bending gained for the

respective cutter wheel sanples used in ExPeri ment_ 4 .

on aFign} sy grablp Blotiing qh@ye of t’heppsé fqrithp gtr n@hgﬁglass against

be SANAYM %’Aﬂleﬂhﬁr tRd ir@sp@éti@?&ﬂfe‘i‘ﬁﬂ?&l @ﬁm@fe@&féiatﬁ Gn R§lerident 4 on a
ted fromanal ysis of the respective broken

cal.cu .
W@@‘ﬂf&’i" §b‘g‘Fy%"rPS§’trat e sanples which were finally
br ok@ig iln ishe graph showirdghehes ratdngf ocafrrgicass agakingt mode as
endi.ng in eriJrent_ 4 in.relatio | u .
cal AR S bRl AR TRD bodbecr @ MGG HRBcl by frafelbiilios which
wegé finslly hroken fngthe téwé fastthe stgerteth bf glhsesmatnghbensiing indreienignent 4

in @b HGHWIRTHE BRtdrSIREELYfeLut t€r wheel sanpl es used in
Experinent 4 on a Wi bull probability paper;

Fig 13
i s aFig bpis asiank plgttinethe zequdts of thedestfe étrsvgtbrogﬁlaﬁwggamst
beAMiElE gASnedCR) GHY a&s?dctﬁ‘reomt@aawe%i Sa@blek ded €8 M@EHMRNt 4 on a
Wb\ElﬁEen surfaces of substrate sanples which were
P HLPTbaMIBIRAPP N the test for the strength of glass
agai irsg 1Berdangraph dhvporg Hentratio of wetwekaick wf ehkinghmode as

er.wheel ;,sanpl.es; Fig.1l4 is a I i .
oo L SN AFE rep i Pt BhRRY o GpBbes el e win
wepefinalhgbrghémiadhe test fdrdhe sisprath olalatasaimst Wreleng indfrplecisent 4
in WigGord RittRELLBEWhel Ofinfles; Vi bUl | probabi ity paper;
Fig 15 1s a graph showng the ratio of occurrence of

g 151s . g .
br ealithf WecEapk plottinethe seswifs of o tagidonibe strgpethipbglass against
beh@8 P Qaldcdefob tRK @8kpBetiveafiftfor Grhezt RSP RE Q1s8R AR I BPetitieh 4 on a
WV\?‘QE fh”@ﬁ"ﬁ% broken in the test for the strength of
YPUSBIRB AT HS¥2R5ENdi ng i n Experinent 4

Fig 15 is a graph showing the ratio of occurrence of breaking mode as

calculated from analysis of the respective broken surfaces of substrate samples which
were finally broken in the test for the strength of glass against bending in Experiment 4
in relation with the cutter wheel samples;

Fig 16 is an enlarged front diagram showing the edge side of a blade edge of a
cutter wheel for illustrating an example of a two-stage grinding system, which is a
method for manufacturing a cutter wheel according to this invention:

Fig 17 is a front diagram showing a conventional scribing apparatus which is
used for scribing;

Fig 18 is a diagram illustrating the steps of forming a scribe line in the surface



inrelation with the cutter wheel sanples; Fig 16 is

an enl arged front diagram showi ng the edge side of a

bl ade edge of a cutter wheel for illustrating an

exanpl e of a two-stage grinding system which is a

met hod for manufacturing a cutter wheel according to

this invention; Fig 17 is a front diagram showi ng a

conventional scribing apparatus which is wused for
of 8 glasbisnigstrafte gnd Brdaking theafasanubitiats hilagithg firmedstdps line in a
co&&aﬁ&ﬁiﬁéﬁéEﬂaég&{be line in the surface 8 of a glass

bstrate an reaklng t he gl ass substrate al ong the
f or nbée EbisiagHagiameitluptrating thevstensiod framigpsgribpdinerp thg gprface

of & QldsS sBbt AL AN bkddIus] t}@tgm stlhara&te QR gQhe FQEINGriBe line in a
scribbe line in the surface a gl ass substrate and

cmBPQHWWH§S@@€W§F§%§H§ubstrate along the formed scribe
| i neFig2@ is aqnveietiinnalagSOBRGysitg tha thefrbi@ed dfSingersection

ctive di | l.ustratin the phenonenon of
Sk‘]% ”g@gﬁlt?‘ifﬂrs %&F‘Bﬁ% FrreR Ae 3)& Irs at the time of
Explamgtiosof $sbmbvds Expl anati on of Synbols [00201 1
[m§ﬁ1|Q|ng headin % gkﬁde edge 3 breaking bar 10 cutter

(convent 20 cutter wheel (conventional)
20a Bidge bladeed®® groove 40 cutter wheel (present
|nvegt|on)bréug%gyagge i ne 40b groove 100 scri bi ng

appar at us Best for Carrying Qut the Invention

[00214 1 n FYEFWW#%%“PWﬁm“PWQYenbOd|nents of this

I nveatdi on altgerdelsRl (cbeekntibnglet ail in reference to the

dramk@g rey the form quality, use and di nensions
t K% bri FPEPeMat erial substrate of the present

i nve@ddh on groeverot particularly limted, and a

substpate me%e%t‘g) es% ﬁweéguggl e substrate or two or
e

nor e S|ngle substrates t at are bonded together, and
in 4Bditiodgelnehin filmor a semconductor materia
may @epattaged to or included on the surface or
i nside of this. L00221 As for the material of the
brittP® rabEing e Fate of the present invention,

Best Mode for Carrying Out the Invention
[0021] In the following, the embodiments of this invention are described in detail in
reference to the drawings.

Here, the form, quality, use and dimensions of the brittle material substrate of

the present invention are not particularly limited, and a substrate may be made of a
single substrate or two or more single substrates that are bonded together, and in
addition, a thin film or a semiconductor material may be attached to or included on the
surface or inside of this.
[0022] As for the material of the brittle material substrate of the present invention,
glass, ceramies, silicon, sapphire and the like can be cited, and as for the application
thereof, panels for flat panel displays, such as liquid erystal display panels, plasma
display panels and organic EL display panels can be cited.

“Number of divided protrusions” in the present invention means the number of
uniformly divided circumferences, that is, the number of protrusions in predetermined
form that are formed in the ridge line in V shape, which is formed as the blade edge,
along the circumference of the cutter wheel at appropriate intervals.

[0023] Though the following embodiments show examples of the form of cutter wheels



gl ass, ceramcs, silicon, sapphire and the |ike can be
cited, and as for the application thereof, panels for
flat panel displays, such as liquid crystal display
panel s, plasma display panels and organic EL displ ay
panel s can be cited. "Nunmber of divided protrusions”
in the present invention neans the nunber of
uni formy divided circunferences, that is, the nunber
of tifis vettiers ithneutiar wireeDefttBisnbvesdion fisomanlinkiged tartheseor ned
[OCL%Q] t [Aecuweg %e!a]] Wack&ﬁ\ﬁgsda R r!#b%ingéht lof ]IlQ Lﬂ@ﬂu@é it d¥eribed in

e clrcunterence O e cut

refm@e&# tcalflgaﬂa BB | ﬁlgel ip ptfeomy diagram glypgng #fwetrghwwﬁé 40 as viewed

in ftb | @MHGh %@H}Qgﬂﬂﬁﬁﬁ' Sto SEheWo RNRI 82isOfind Mg f20Id™h Qfide diagram
ter wheel s his invention, the cutter whee

Sh@T“@ﬁb%mFHVéﬂFFbﬁqﬁg lnot limted to these. [00241 A
cut t &fersmyh@eter 40haaT A0r dinnige hﬁuﬁfhdecﬁlb@dscﬁiblthe@ﬂ 1 bf sonventional

i.nventi on eren e to igs 1 and 2.
solhgE hr Rl o FBA AR TR G RICLT theel 40 as

vi ewdd shpwn tih &igliLr extteir mrhepucphmla dist écrr_n:t Ultﬂ:ll”ﬁel outer diameter of
thd ﬁh@él o?@aind%t'hﬁ'ikn@%%f E{egwl?ee!l 5, zﬁfdda 19&@%&%@%@(’:&%19@ edge

e cutter tter

anale ofrf fermed aéfrngathgemes@eﬁmw ﬁlfe W:}!ﬁ’ﬁl/ent i onal

[0®8f | MupGheARPR! A 4Rwh(Q Hiftaf ahd2 defeNinkeda ifs} HahREVMR edge 2
to Fig 17. As shown

tter wheel 40 has
of gtter vhsehdQus ey oﬂJt}'éF 18P 5%%511%?;@% gioset 40y m?‘bshape or
\Y ﬂﬁﬁe ard forakd) @s sShein ihgevhkefedafiaghhmaofdnapbitpdef g Lrooves

a . f | h
4R 8H4 B By Ffind Wifen V5000 i PR BB bt il e a0a
Asi @ rpaudis ofl then&rdatipn d§ehésergrod@a 40br pfasrusiang johades edieight h
o%ﬁ,sl%num_ {oeﬁdé’g]?rﬁl 4049 afestb Hﬂgty @fﬂ'h aT h P S ﬂé}e S@rﬁove's 30b have a

grooves ape ar e
sizp @rlﬁéﬁlcrcasscghovmwhns Méflsehlra émb@nﬂfeég%’am of one

[od®@l t PR3 Rfa dih Q‘a%l sm%/ﬁﬁes 368 naB6B & LRBinR Yind Biddkivds a liquid

ces of ept Ltch P fron1s
orfits] Geneiahiagutior whonl o of Subarainus GHtorl ELDEhows line 30A
forgingpdareentdiothe(BBRB ygdt@i Shpwhaw iFig) 18, diel @igts(h) shows line 30B for
iﬂ%&orrﬁﬁggﬂ% th&h% gﬁ%%p gﬁﬁﬁ) are formed with a

YO0V &S €a size on a micron
scal és shbwe Im Fg Fdimesy B whde30F) forr Iﬁe‘lhmk enld breakifg00b@pid crystal

pagélgarg I&rﬁleﬂ g'ag&[rg s\s,pﬁ)WsF@blh% gﬁé angli}:s 1 panels 32 and

SCri
34¢ ah%reﬁer maﬂat%sw fmﬁ ?an?ifvremh%m?’ s3?u§eé| 35F“§‘1@( alje provided

beSARWShédeBPpAhuseb Or 1 npl enenting the SBSB system shown

[ 8, an 3(b) shows Line
[Oézﬁb é%e%]i‘f’fvﬁgm?lﬁ T énsayg?@ﬁv% %mrlgwgﬁné rgaking ligyig, qrystal
panﬂs B2gs Brmed B£5 saAng afp3atisfD(S1satd &) nadanbrehkiag lappgratus B
(Bg ap c:igﬁ?]gorg:] tn?%na gaapne$B§ es&gtgr:ny Srt%goffer %Hj%?sg%g gﬁﬁﬁ%é Ner glass
sumratemﬁﬂrfaed Pﬂlpphmhttustesves @némthrtszargéﬁse subsbtrdessG3and g3ransfer

rolR A ﬁlch"{’?éxﬁs%rg %ﬁs@é&\étﬂ G a%x\@mrﬁlng $herRBPar at uses.

[00271 As own'I n 3(a), an apparatus for scribing

and BeedRFAgD Fig '@P @flmarat%&rlrebrgalszg|h§ufdoﬁla’étﬂl @ﬁn%ls 34 is
for®&edi d? |a"h@r1§ﬂ1@%fp§ﬁfh$usss (Sllapd82)S2d APekaRidy Hpkidigs B (B1 and B2)

B
for g]?p%ement?ng an SSBB system, as well as transfer robots for turning over glass

substrates R1 and R2 and a transfer robot M, which transfers glass substrates G in the
same manner as in Fig 3(a).

The respective scribing apparatuses S1 and S2 have the same configuration as

10



(B1 and B2) for inplenenting an SBSB system transfer

robots for turning over glass substrates RL and R2

which turn over and transfer glass substrates G and a

transfer robot Mwhich transfers gl ass substrates G

wi t hout turning themover. As shown in Fig 3(b), an

apparatus for breaking liquid crystal panels 34 is

formed of a scribing apparatus S (SI and S2) and a
thpppdcatyy dppabatnmra8us B0 andiBP], anflor cuttep|vereeh80 gmawnted on
chifITUShEhd Bt @S Jo@G] f, Tobots Tor turning

ass substrates RL and R2 and a transfer robot

[0%8?\%11 aeferange tr Bigs 44p d8cxperiwentgryciarararped owdgevaluate the

progtied fo@%cﬂllﬁnE hed 3§@){1ng-rélﬁssr QDR Gk Ve tISCdutitir Reheels according to
ar at uses guratlon as

es conf|
thipghy %&Oaaﬁ%ﬂ%seﬂﬁedofpg%t&ﬁ iy wﬁﬁﬂe in Fig 17,
[Eagedimmeraui t er wheel 30 is nmounted on Chl p hol der 4
Ir Q?te?:?]i]c 31;,1{1&%%}% ‘:I‘r thf rte?atlfgs Xbeg\?re%nltzxp c{egﬂazgﬁa rﬁ) mark which is
formzadr lived bbnde % of aewta;raiﬂ@et e an@ ropebinigagessyre mqrb‘irﬂgge where

suﬂrgaqu %Qlﬁgg @rﬂ%%cﬁiébé&)rlﬁﬁglspﬁgsutrgﬁ)rgﬂﬁtfn o Y 1§ss substrate

accor I's Invention are describ

is firthgd Pﬁé %r@@e}lltsgla%ﬁeé Fheplbeay meanured [He E@ PP%@rﬁescnbed
“rl\%%mﬁlgiellﬁﬁir?td mgfﬂg@d I@ﬁfﬁ\@éel di'lh 4 I'i'fb dept Whith 8 Vai]'éfﬂiad‘f&éka result of
. which is for a hl.ade gl hee a
it Pros e B 8 GV R o B BIoD Dot BRI AeT of the
fortmizgivkii ofig goadhschibe dimbBi eved) under pressure for cutting

when | a substrate 1S Scl. o] g) 1 0g

cut t ape pRERoRTS g Rl AN TR BSLDS

desc l(}lbﬁt,sdsubmfam ﬁlatm‘.r kbjectedrpsribing randt hreeking ir agelkaling glass

dihdle E%Q&Mﬁtﬁ& ﬁaﬁuﬁéﬁk‘?@s@&o@ jegul t of inter m ttent

progress of a crack IS . a visible mark whic
bec orftes i hepldmesari: %lvtefq#eha%m Iverystpling @6@611& PCD)

scribe line. Theoﬁ,@ﬂdiame@é}&p foarmgcri bi ng and breaki ng
are described int gpﬁl G ass substrate that is
obj ect of scri bi ﬁlb‘ é{? non- al kal i ne gl ass
(single glass suB&hreaéxenfhalelfmgamshiOcﬂqness of 0.4 mm

Cutter wheel: p1 EIII %k ﬁagtlr%%%; eg g"?‘:p}?lggo 34.1 %;m (crrc%mgzrence

(pol ycrystalline amet
dl‘frﬂ@dﬁﬁf@:%‘ﬁb@s%ﬂﬁq@alﬁﬂrmnsm ameter of hole for axis: 0.8

nm pi tch of prot 5&@1@ rE’truﬁon h“'@&f;?m% Jinfim

(circunference divid 900 equal

portions) hei ght aBgle Bf%ﬁdr‘lfﬁ"é‘ﬁ§ ﬂo PP B5dmto 3 Am

angl &cabingndbpafathb:adls HGpe, Iade b9 Mﬁ@boslﬁPDialﬂidihg Industrial Co.,
Ltﬁlppar at us: I\/IS type, nade by M tsuboshi D anond

ndustri al ., Ltd.
Condltlons for setting: invasion depth of the cutter wheel in glass substrate:

0.1 mm

scribing speed: 300 mm/sec

pressure for cutting: 0.03 MPa to 0.22 MPa (pressure for
scribing means pressure applied to cutter wheel for formation of scribe lines)
[0029] Table 1 shows the properties of the blade of cutter wheels used as samples.
[0030] [Table 1]

sample | angle of end of number of divisions height of

No. blade (° ) (pitch (um)] protrusions (u m)
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Conditions for setting: invasion depth of the cutter
wheel in glass substrate: 0.1 nmm scribing speed: 300
nm sec pressure for cutting: 0.03 MPa to 0.22 MPa
(pressure for scribing neans pressure applied to
cutter wheel for formation of scribe [ines) [00291
Table | shows the properties of the blade of cutter

wheels—usedas—samples 00301 -[Tabletl-gnrgte—of—end
of nhunbler qf di 99sions helght9@Q[f%@hple Ng.  [;®tad
CpitchoP M I qutru3|ons (Aﬁg@£19§ﬂ 90 900 ( 7.QL
0. 52965301181 39504 134140496
420| (133 01 |3. 0 98 100 530 (11‘@ ) 33.8] 6 104 470 (2P 43
2,077 00420 4¢5.0) 3.0 8 389 238) (27.3] 3.0 9105
4201561 1360—316154+0(13O0)—2 15426

(15, 0) 3.0|[00398 Fig 4 shovvs53(hé:11f%]sults af 2.0

eva uat$on of tiog prppertles @foqm§4putter wheel s 2in

EXva rent—Tt—for—scribi g and g~ a JI[dsSsS
subktrafe. {That!%Ps to say, éébﬁiﬁgﬂlonshlo bet wedh
the| depgh aof a1ppb mark that Qsoﬂgvapd by tlhe bl age of
a cptte teet_—_gnd—the—scri bl SUTre T[egi on Where
subsequent bre&ang can be acﬁ#@&g%sia aqurpd@&nr
each cmOter whaebk. As ijs cl ean7d (03w0Fi g 4, |it was 2.0

fou HEPr|h|n§hgtlvel) oeep.%%?&ig Kwas flormedand

a W ressufne regi 2) QIIhQFﬁIIan
breaklng can be achi eved was found for scrlblng and

[OO?E)Faﬂfn% ihov&s %1ret g%ulcji arfl%;‘/’a]tuﬁggll’ %1; ?‘I rp%*?\]};gjc ?s?‘ fﬁﬂz cuZt!eic &rheels in
Expgrémant 1ofoam¢r1bmg pod 3z¢akimy pe glase rrubgtraten E’)h@éarlﬁ n@n@ay, the

relgmor@shfﬂ PatsveshlipRd AR MASHE WRSR tRET is%ﬂn&ﬁbf‘ $heblaMb to?'é cutter
wheel , and the state was observed on _a surface ed

whagl sl th eibiRE PTesTITE Fome T here sHhregu g brepking canche ac foved was
mes st Iﬁﬂ-te@_c}i haterWASell 0SS Scri bed. The condl tions for

SarpRee B dh S At AL PR A TR RN 4B Soriay fyrmed

anExpeide reeribing pressure region where subsequent breaking can be achieved was

found for seribing and breaking with the cutter wheels of samples Nos. 7, 8, 10 and 11,
particularly the cutter wheels of samples Nos.7, 10 and 11.
[oc32] [Experiment 2]

In Experiment 2, a glass substrate was cross scribed using a cutter wheel, and

the state was observed on a surface edge at an intersection of scribe lines on the glass
substrate that was cross scribed. The conditions for scribing and breaking and cutter
wheels 40 used as samples were the same as those shown in Table 1, as in Experiment
1.
[0033] Fig 5 shows the results of evaluation of the properties for breaking in
Experiment 2. That is to say, the relationship between the state on the surface edge at
an intersection of scribe lines on a glass substrate that was cross scribed and the
scribing pressure region where subsequent breaking can be achieved was measured for
each cutter wheel of the above described samples Nos. 1 to 11.

In Fig 5, “©@” indicates very good condition, “O” indicates good condition, “A”
indicates a state where the degree of damage is low, “x” indicates a state where the

degree of damage is high, and “—” indicates a state where subsequent breaking is

impossible.
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1. [00331 Fig 5 shows the results of evaluation of the

properties for breaking in Experinent 2. That is to

say, the relationship between the state on the surface

edge at an intersection of scribe lines on a gl ass

substrate that was cross scribed and the scribing

pressure regi on where subsequent breaking can be

achi eved was neasured for each cutter wheel of the

abovEigied ani b2 dre diggross Nbsstratingoddagel im fhegglass sistrate, for

d e f

exitﬂlglé %ﬁé Sg’loé(r%'r&&rga%g dsrglg{%%gﬁéa%g tw1Qt11\}\%] gﬁ&ﬂﬁ]e Cf%? ‘rﬁglétlon in each
dw@a&mgbo‘ma lcenrs seckion jalmgsaribs line b4 athich jis doran er gepeeline L1
sh&¥n GRRRIRWe? pBHHh iPOhi (8GR 88d3hS UG PHMAER in each diagram

subsequent breaking is inpossible. 12 Figs 6 and 7
ﬁ@ﬁ%ﬁﬂh&dﬁﬂﬁs illustrating damage in the gl ass
[OCBHDSt‘Spﬂin@enrfgﬂ rdescﬁ?baﬂfm ﬁle&bﬁmﬂﬁ&k@éﬁhﬂﬁﬁ (o 'Figeﬂmeans a phenomenon

or " rti [

whgFPh RleEh o Sh Oh e ik Btk oselfy it BRE SRBF, ERFy1 @ makes
corltdctwhile innd mllis overackladstsabstsate ialé prognessed in thé divpctiom of biee arrow
in l:l'%v\ﬁg %%hﬁ@forﬂur?gﬁgcplbg hia8 "Iﬁnﬁnmﬂeﬁ P%&g&%ﬁr&%ﬁtsh% line L1

di agra [ah vie

thatgwas plreadshgrovitedc serihedlinn Lihin & dinkessparacist aiate (et ghere a

vexfemmeémk K Eaﬁaegrﬁ?}%@mym&ﬁageaoa%d&f BetthaknSR0MN1RY Yubstrate G)
at en

ccurs utter whee
extenf o dampaliirernr & Weaicnyiypisbe reasurich e elapg substrate G,
asﬁhﬁ@fﬁﬂﬁgﬁfln t he dlrectlon of the arrow in the

d ;

oS LE TRkt g FEDefid 3 PRporiiih el § APRELgb thown by 6 in
FipF oviwtedso Bat mhen|cutter wheelnC andkek fcelstapawahe?dldstoas @ver a glass
sulgsg;a(?} %P&{}Eggq'e es rtltlé ﬁﬁ'l?ctfbflaoq'l%hga @Fﬁe&eacﬂgéﬁﬂ Wﬂh@lfé{rmmg

ess 0] ass substrate ext end

serthe EppoLdi a@(bhaﬂor%lrhee@ttre@nﬂ aql pawsey isenibe WeSobl ft%éufir‘éhach were
alrﬁéﬂ Aeeided, £lshswn %UPfgt J08{Fes Ponl ﬁr%ﬁoﬁ@ SMbeilihe 10, Rortibrd of glass

iti ans enqQnmenon where a defgect
Su‘é\%ra% oﬁ?&mmby'i‘ gn ﬁﬁePﬁ%Ptj’ﬁe sigie 3?@ Thdt V\‘Rﬁé‘:ﬁ?c‘iﬁ? rKe reaches
apmeﬁahatélynﬁk% of Ohd akitkmdst [of gihs rsmbbtzatev@r hit elchssther, causing

strate and n.the di | rec tion pf t e arr,ow
i P g (RO BrapRpny N, Bt hrfie el Forifihe, as
shdyef orlBgtThe cutter wheel passes scribe |lines LI to L3

[0048] Cpn &im&liea %Q/ho@vrnq\ﬂ'ﬂ? 'thQ\?ut%g}%ebeFF&p?eg NoEi 4 3, 5, 6,
7/ on

oms scri line L orti1ons of ass
9, tQpad rlbtféore;airwna thegef pasisulaky e§t1téereng€tl%19%samé?9eNas 3, 9, 6

and 80 bk&@ded%a&m&sé&@ﬁb Ser aemmlemz m?a@écyﬁ%%t If]ﬁéﬁuré R&ion where
| eacC 0 er

S“%%éé%ﬁ %g % %@gﬁﬁwﬁwa rgfﬁgC%n1SS|ng portions) in

[oaabb Ite@mem deve fisd Eﬁlﬁ‘fﬁ'nﬁﬂge 1mmﬂt2 thas defasts stblown spllintEhgg and
tw1st1 % &1 \%ﬁ 85%‘755%@ ag érrlrtﬁfsggn%g and %lrfaéesg s%thafdﬁe sté'ength at
thel&;rfafce etgeanfglugs sutmsmte Qafter mnibara %ndtthrealgug isdncrahesd) by using a
cuﬁér %ﬂ@&?'o‘i’%}hﬁ thesoutér dﬁﬂme%&dlslpO Qﬁxgvt'odzegj n&ﬁog:le above described

I nt ersecti ons over at1 vel e SCTIbln pressure
prcrtggegq;ﬁ axp dpraned around the entire perlphery of the above described ridge line

with a pitch of 8 pm to 35 um, the height of the above described protrusions is 0.5 um to
6.0 um, and the angle of the blade is 90 ° to 115 °. Furthermore, as a result of
observation when the angle range was widened, it was confirmed that the strength on
the end surfaces increased in a range of 85 ° to 140 °.

[0037] [Experiment 3]
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subsequent breaki ng can be achieved. [00361 It can be
seen from Experinents 1 and 2 that defects such as
splintering and tw sting can be prevented at

i ntersections and on end surfaces, so that the

strength at the surface edge of glass substrate G

after scribing and breaking is increased, by using a
cutter wheel of which the outer diameter is 1.0 nmto

2.5 ImExpbdmabodea ddseriubettatepwat cuess swrsbedrwsingpaditer wheel,

: ) ont i . ; :
T U Y USE (g DS,A0G (ERCRAISH e con
cuigér wheel abaletieretodhi beribips prasemyie gpgion Fheressubgequent regking can
be é!&hieﬁ&g ibherao gk @h@gtatt{' Gt Q:c affick $480 tat"f ahoi\llr\lh@el@ec'ttiﬁn of the glass
urthermore, as a result of = observatiaon e, .
subfEite TRaes S HUER aa the G618 GONTAbRGY e effical orack in
theglagngibbtrate. the end surfaces increased in a range of
" 4o 140.100371 I Experd.ment. 31 13 | ¢ i BNt 3,

e e e R et

wheelGlass Thabstramp it i ie obfeor of ecrilihg gnd nisrebkisak homyakkaline glass
(siftbiB 3503 UARLLB! B2 L & (EBERAL 6§ Gmpeach  cutter wheel

f .
ation to the scribing pressure region where
subs Eutienwhpelemrtaripl cinteradalizmendWV&®) in terms of the

state at a surfagger@laeddr (3R.0Mker section of the
gl ass substrate that cross scribed and the depth

(Penetrability) Bickowes YePEPEUP crack in the gl ass

substrate. [0038diatde€eradholetforanss: DBmacri bi ng and

breaki ng are described in the l.ow (ass. s traf. .

that is object o?ltcshc?l %ﬁoﬁrdl S%ﬁ’ﬁaqfirlg\gk{l %gelrﬁ%xﬁfég?s%gﬁlﬁgw mto
36Qeasd poftsinglyl e gl ass substrate having a thickness of

0.7 mm) Cutter : i dleh: Sl L ered di anond (PCD)
outer di aneter \ﬁg%%t.o mrt?ﬁétlﬁll‘scl_(?élsas W _0.65 nm
di aneter of hol eangle oksrdof birdg arddnh 4bh° 380 pr ot r usi ons

P: 18cAbd dphfats MBaRse Hhdd 8 Mitdih9shi 30nRad Andustrial Co.,
Ltgortl ons) height of protrusions h: 3 gmangle of end

f blade c.: 110 ', 115 -, 120 Scri bing apparatus: M
t y pe CofidiiienHior M itimghiasadior et 6t he pditat whel irGgass subttalate: 0.1

monditions for setting: invasion depth of the cutter

wheel in glass substrate: 0. 1 mm scribing speed: 300
mm sec pressure $aibisrspebd 3§0 nfmBeéc MPa to 0. 21 MPa

[00391 Fig 8 Shogﬁés%lﬂg fgr%ﬁbﬂ% ;b Mebagega PhrGut ter
wheel s used as sanples, as well as
[0039] Fig 8 shows the form of the blades of cutter wheels used as samples, as well as

the results of seribing and breaking using these.

Fig 8 shows the results of evaluation of properties for scribing and breaking in
Experiment 3, and in accordance with the method for evaluation, 10 lines in linear form
were cross scribed in each of the direction of the X axis and in the direction of the Y axis,
which are perpendicular to each other with a pitch of 8 mm X 8 mm on the surface of a
glass substrate, the state of intersection skipping was evaluated for 100 intersections
that were formed. In the table, n = 1, n = 2 and n = 3 indicate the number n of
evaluations (time of evaluations repeated each time that a new cutter wheel was used).
[0040] In the column of checked intersections in Table 8, “full skipping” means a case
where no line was scribed before and after the intersection in the direction of progress of
the scribe line, and “half skipping” means a case where no line was scribed either before

or after the intersection in the direction of progress of the scribe line.
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the results of scribing and breaking using these. Fig

8 shows the results of evaluation of properties for

scribing and breaking in Experinent 3, and in

accordance with the nethod for evaluation, 10 lines in

linear form were cross scribed in each of the

direction of the X axis and in the direction of the Y

axis, which are perpendicular to each other with a

pi t clin olie Srbrovlvinds ‘Penetnatidnd is thef @benw Hf checlgddaptersections in Fig
i r@t d sg'nﬁ)]o_gg@tlﬁdl&{te 'arla&r whiih 'v%glcﬁﬁrgtghﬁ]@st\ﬁ% w1th1n 10 %

uat e I ntersecti ons were forned

to 8@1&6 oftbe shickness of the lasp sybyirate ang dr%antcp&petrméleﬂnﬂmd a case

wHrOfertieMakdtald 008 cHell nBBesR EhAVH] URF LRNSIkERRRE B LAGRUDbstrate,
time that a new cutter wheel was used). [00401 In the

respstiivEY- of checked intersections in Table 8, "full
(oK1 pRisngcleHE &0 PigtR e the\be aviitde thaprev@se $ar dchibihg was set at

f t th t tl th d Ll
0. BHBh & B8 et iph SEPREE 4R ehabYeSeqd [ sl eent, and
exepBEinG penctasonwhi grechlady intatde ghess sabstizdel cceﬂd heprebrelﬁtede
or agxtl ed’ddgtﬁg'lé *9@5&9&5'\9ﬂe %rﬁ)theg gi'ers?l%l Ige%io‘ﬂf wiERI k&R quent

of the scri 14 1 sub-co

bregiineanaby atievied hea thelaugle ©pf drddadedvaninet seess e 116 ° to

12b R, Fifdthi8 ca@ymllmgrmﬁleﬁvm@émﬂe dfrsghﬁe&-ﬁlgaaxﬂaﬁﬁsw t&uld be
vertical cracking_stay %

1 %
copffrmegjas ragge (Fpmn §p 4 1%9. b§£"f°é‘€]é gf»?d“’%tﬂ?ﬂl ﬁés ; E?ffewd%flalg the
rafieaflle amglel a case where verti cal crack| ng reached no

s.than,.90.% o hethlc fthe I
odBE S D% 4 B EPoarHf D) Rrae igh fp S8orering g gristine
caBbe preveited aasﬁemh@roas hé apredse eéga‘soso fzbet sdyiba dingsmearshs stably
cr%tted ‘gltﬂ%l%\f %et:lglog e:!?gn MD the c'agg whee %é %c]&l%'s@@f thd bmﬂé glaterlal

reven reat extent, and excessive

Sub'?éﬁvét: is¥math byfusinge ‘iﬂt‘ﬁéé"hieﬂ]t‘lf which e puter digraetenisel.0 mm to 2.5
mifOtHeCh30e RERWBHL Brbtrusibnd@dd tdrPRd a!bn%ﬁ:héi%hﬂﬁal drotdnderence of the

scrlbln ssyre region subs uent e n
abgve d¢ssriBed i3 daaHE, tahglt% gf & i gp Primy F*afdﬁ ‘aﬁé of fheyabove
desa2ibge phateusichks 0.5t tol0 ubh arldthe Angleofisie: ‘tﬂhdiﬂ;s 85 ° to 140 °.
O%ﬂ?r St rera,n:}c}'om t%rgw%ogg ded rlf)erat glglbgcg{neng L?Ocu,j; wr}%ef:%(y lopwhmh

¢8n range Trtom
thepdr wfairpt:nelob%usfsmaﬂlhethm tliehmfrtge theve deggrifed @f-lttehwheel 20 ofa

co@Jegltlgnal[hQ%ﬁﬁ ?Jexlu-;ttr {7 AT £ RJrQa h& Bhﬁ%&t of:%lntlglgﬁs is increased

. ects s 63 W st ng can
in Jhacivsrdergnce) g eJrSgdscfPlf @?rsbvahda%é therpbyctbe o ’Qfé‘§th &b the glass

subdtddte 2€ EhtTecel e'dE&%l&@@wHﬁh%t REbY lin€ (ot Md Breﬁkﬁ@ is achieved
reci sj on_even | ase V\,here t he thlckg%ass gtrate

is {icreaseds apd £ gpo %UE%?P%&C&H. be frmed; evey,in 3, thip qubls
cuttén amleﬁh e sekibinlg ptrlélﬂ__%uﬂauiegfondb deetewhes good soiibe lines can
be%?rmed arg n t% greefoq'gsl tlac%?n%s %rﬁ I{L,J E ﬁ)eng’%%ge%. II N erance n
o oS FeunT & ence ove deScri be
the de@ee bf Weax\mftthe autpért wheebfang iy incabOI@EpnI the glaﬂﬁéuhwght"vhere a

scﬁﬂ‘)e IlH(,e 1@&%@(1 eﬁﬁsﬁf'ﬂngﬁ& b¥ &EBIH Ss'mqﬂec' hilec'st Qecémggrbgé%ltﬁe Gr a long

e angl e of | ade is 85
Pefle‘é)ﬂétlmﬂs is clear fromthe above descri bed

Enbo@y@lét:tlve@y Gsihg @Lftté’iﬂﬂﬁalel ﬂ@%ﬂlﬁe Whiv@ﬁltmriam Aighiyt gehebifative type
rotrusions js er than that of ahove
e Qe DL A0 o TR OB g S HAPS iy e ormed on
supstpaes athicheark yneobideh af sdribirigoofsawyidet iaegaofithérknegses, from thin to
thl(;:li{yi sions is increased

Here, those skilled in the art can easily understand that the strength at a
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in the circunference) is used for scribing, and

thereby, the strength of the glass substrate at

surface edges along which a scribe line is formed and

breaking is achieved is increased, and thus, good

scribe lines can be fornmed even in a thin substrate.

In addition, the scribing pressure region to be cut

wher e good scribe lines can be formed is | arge, and
sutther efgertbat it cieeted rafer dhé fglase stbstoath do &k fleckeadaloye the formed
scHl'Jef 1@@5}‘?{'%@@@& QQngx%ggeﬂ%ngdﬂ‘gn_ th@fpiteh 6t V\}Ex‘diﬁ@fonwﬁcﬂeducmg

ocatlons on the glass substrate ere a

th%b?lgb*e‘)flpir‘?féu#l%nsf orned, and formation of stable scribe

i lnes? _Q&&ilﬁﬂﬁsgdbﬁss‘éhbiz ?nésaéanabé foigled ]@eéﬂ pa @fibdtidTe of Blylich the
sSglecltive usi.ng C e onve ona .
thE KRy BATER BN E st by BNGSR De ReighBand RUAL tpR atrusions

of pﬁteaewhedlmﬂeah«ﬂ @lﬁlne@s.ﬂ!i'y eeackhe didnegaasion bé stidr ereckiog can be
..ch are an object of scribing of a w de
prgveg%ed‘% kﬁn sses, fromthin to thick. Here, those
OMI IExbelrmlemhé] art can easily understand that the
st re@?%} %mgnt éﬂ-%laﬁﬂ ia@ggu &%est‘péjé ck(ﬁsggmﬁ%lx@ dutfer wheels

ass substrate to be ke aon f or med
hagexgu belifivraat manbgF ok chviene lSB}t‘i Slsps rdegc g respective
poi'ﬂﬂ:ﬁls RF ﬂfél'blﬂ{espa[s(l{réll«@d dOffsreanBeip léﬁbfb@rusioh@ (ekightterodeferred to

usi ons. a d scri l.ines b
as PRt GRSl P o i iR, Sttt e Ry e ep o that
sema’@ﬂeésbabed had Brokemimglaky sabljtemses, nghicheark esagintlesan@ereinafter
rol2 800 01 e DLOALS Qs g LUt Ler wheel 40, and
CeSSEYY ACKIN dp%xpan5| on of such cracking
can B‘estnm éveemte@étfabf ethaeansmgend[imMi cpmlystad perthe gained
sathple! s‘ﬁb@f@fég | Rithe 4'ortrp$feﬂr51trgé1§1§ssamtsfl%5€b% dﬁﬁ@glﬁg@ﬁﬁ)strates
scribed usihg cutter wheel's having a di rent nunb
wege e%ﬁl\‘/‘ll%ii sHatygloreapy oder pr ot r usi ons al ong t he

[00453 PEGE icvialitiPey for i addrelitiag efs dedéribidl ih tBSbelow.
di fferent eti %htﬁ ofaﬁrgrumbons rgn rej nafter referred
to SUIEAMPIETE S Qhed oL yeribagadt YeFPRAt . the gl ass
subst r at es Avape-alitabike glass Geitdlalass eplaatmtte Hatisg thiokakss of 0.63
ﬂd broken) gl ass substrates, which are sanples,
r?‘ ereinafter referred to as sanple substrates) were
gai ned. Teslasnderdssy: Z8¥ engt h of gl ass agai nst bendi ng
was  conduc gl ffhnkRepAa QQQ; sub R e3RIURS! X 27 EHm and
the formof protrusions and the strength of the gl ass
subst r at es samplesubstztaatloqmmel ™ to each ot her.
[ 00451 TheBsandiihé gRss {safglsglhidubgtraachabingakickgesdrof0.70 mm)
descri bed i Ee bel gb A ass substrate that is
obj ect of §§?? F4%¥afid” br eaki ng : A) non-al kal i ne
gl ass (si ng}imen;lumsﬁ plabsglagt subbtawtiend0 linck e mnof 0. 63

m) gl ass Q%ﬁﬁfetsﬁbst?atﬁﬁoo mm X 15 mm

C) non-alkaline glass (single glass substrate having thickness of 0.70

mm)
glass density: 2.54
dimensions of plain glass substrate: 360 mm * 460 mm
sample substrate: 100 mm X 15 mm
Sample cutter wheel: material: sintered diamond (PCD)
outer diameter ¢: 2.0 mm
thickness W: 0.65 mm
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di mensi ons of plain glass substrate: 370 nmm X 470 mm
sanpl e substrate: 100 mm X 15 mm B) al kal i ne gl ass
(single glass substrate having thickness of 0.70 nmm

gl ass density: 2.50 dinensions of plain glass
substrate: 300 mm x 400 mm sanple substrate: 100 mm
X 15 mm mm 0 non-al kaline glass (single glass
substrate having thickness of 0.70 glass density:

2. 54 di nensi ons diamptexiofihgle desaxtubStmat e: 360 nm x 460

nm  sanpl e SUbS{)ﬁ;ﬁ} §f 3915[559 P dﬁszt)g%% ﬁ?'ﬁ?lleulﬁ%frﬁimference

wheel : material ;" si nte I anon out er
dl‘dfileﬁlrretcelflmtp%@e@ﬂmﬂ ness W 0.65 nm 16 di aneter

of hole for axi SpeinGrpmtPidiGds 106 1 & Ihsghons P 17. 4
gmto 57.1 gm (cﬁ%h g?‘%nce |V|”<%<[ad into 110 to 360
gpk

equal portions) #E %e%r%r usions h: 3 gmto 10
[ Lm Saibihg spbakitadeM8: type] SmadeSby iMitsudosy (Riaaions : Inistrial Co.,
LtdYP€; made by M tsuboshi Dianond Industrial Co., Ltd.
nditions for setting for scribing: outside-outside
scri Bondjtioes fiordsettineg fydscribingr eutideampside sorliog mdthed (method

wHe?’e % %ﬁ'h}gl:e 9,{1]&91: ‘QH e} isﬁogﬁ{on@d QLlthfd@ 09;& gfin ?la{psséd'b%rgtead}ﬂ éscribe

Ine 1 s one end surface portion of
lmﬁ h’é f@métfr(a@ ene @n@ [rarfaeenrgrtion f Ghe FabsEatepter ‘thedﬁh?ff endhgnrface

postHRSIF R Sbsfigle)i Nvasi on depth of cutter wheel in glass
substrate: 0. 15 mm SCfIbIR g .speed

300
pressure for cut i§EigFrasynsiop CP%E‘OW%?MQW%SO%‘%BT‘% §16 mm
9 shows the appasaibiiss sfp@éd taeetmrﬂged he strength of
gl ass agai nst bendin d, i ing the
strength of gl as®’ gﬁugle rﬁ‘%rtcugtmrﬁjm%%z %)E?ﬁ?[ggﬁirt hernore,
l0ad6e Fes? sbowdithé epmarhrs fesisting thh etrsngtbriftdiassfagginess dending

w%@éﬁsedqg IIE:'&!?%E t?g C% é%lwﬂf %Qs J%gufspi)érﬁl\{‘ﬁ@g Testing

a iJar at us: Shi madzu Cor poration

h&urhepmenss tha destfnsitions o tashar rigret xqnetly|of @lpssgagainst
beEMl M@wn%%@mswﬁ@tmeen fulcrums in upper portion

D o i EYTE MR made by Wimhdeu Q50raB2R" ' O7 B
Method for testing: four-point bending test following JIS R3420
distance between fulcrums in upper portion A: 20 mm
distance between fulcrums in lower portion B: 60 mm
length of one sample substrate C: 100 mm
[0048] Table 2 shows the respective values for the form of the used sample cutter
wheels, the set pressure for scribing and the amount of rib mark (depth of rib mark).
Here, samples No. 1 and 2 in the following Table 2 are conventional cutter wheels
having high penetrability (cutter wheels described in Patent Document 2), and samples

No. 3 to 8 are cutter wheels of the present invention.
[0049] [Table 2]

form of blade pressure amount of rib
sample .
No. number of divisions (pitch (xm]) ./ for cutting mark
height of protrusions [« m] (MPa) (um)
110 divisions (57. 1) /10 0. 23 104.7
2 135 divisions (46. 5) /10 0. 24 101.0
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| ength of one sanple substrate C. 100 nm [ 00481 Tabl e
2 shows the respective values for the formof the used
sanple cutter wheels, the set pressure for scribing
and the anount of rib mark (depth of rib mark). Here,
sanples No. 1 and 2 in the followng Table 2 are

conventional cutter wheels having high penetrability
cutter wheels described in Patent Dgcunent—2)—and

TSI Tt

sanpl es I\Io1 430 tdivi8ioas € 44t t @) AheZl 5 oF. thé preseriﬂl 3

el L AR (8T §RTP S T Ola B e 1002

uuuuuuuuuuuuuuu O =] \ M7 coTl

L' UsnD [f or %@t@ldlglsmsk@ Rei @ht/of3 protfP us? 6ng Eu nP9.67

T s B e B i e
0 difvi i ons2 (744, d191)8107180(2 94 3017334 |1 9 R @i isi on§9 30
\3 8 .:9.)« 5 25 243i}3ns (H42 8)0diyisions £2 7. 3) §o.30

Z JdJd. U1 U \J U U UI H Dl U||D U '- o U, 9 2727 OU

- %)
7 2 75 divisions (2 2. 8 310. 221299.30255
d|V|S|ons (24. 6) 31 0. 2 21 99.30 [00501 The

(0G0 M Folieria Frofe e TorTeieeipmens dds drecabsf i the Sﬁgwg

SubStEYn%t Conbasiirfice 6 asglainbglassugibstraganwps erosg atrid using sample
cu ere % gel% 1t 9) 66 i I 'Fati[agl eA f;hléA nﬁeh!‘asscxt'l#;(yﬁne ara? %xjngﬁ dﬂ(ﬂ? the set

Was T oF e & sét ~ pressire
prdsblefop cut&mgtlhéﬂabhe %.isb thai:rfkrlh avarhdraginget Pﬁf@ﬁ@@ @@pln pf 100 pm

wa%f fomgd ib r@ac%?alfl cglg@dsdbgtrgéc h H@i"ea' fisg! @§§m§1ébﬁ{tfe?tﬁheel was

first a _sanp whe was p03|t|one

P%lﬁl@n%@rsrlweo%wdaofiﬂ alahn glaa%gu@%a pafl dhers serihelines were formed
frong B?ﬁ%nﬁ Isgﬁ§cem§drﬁ?ﬁ Qtf Elﬁadsltlfshﬁfﬁ " heAHeSaH d Qﬁ‘tﬂacﬁ Wotti@Nof the
e Sups (0] e o0 a ,ON O
Sugﬁéate Japete i stiie meaﬂedrg] 3’@1%3 t{a ‘ﬁga ﬁbﬂr‘ﬁb"d)‘“a’-‘{fﬂ formed
urﬂepf'&spétftwa@éﬂlla{essﬁirés fonckising a¢ shedvn inrthbie 2 s ?fmmdum of sibtmark.”
t%sgrt%se Q(lam &fét?% ISII.;]l%tlha%Ef‘ %patosvﬂok L%.%l?a A Saiéu hﬁg?gtr%umber of
Samiﬂ wbskeates fEIfuam >y 15 mmg Wdﬂrﬁlsamad nurrber of sanple

[0@5’1‘]’“}‘&% eastegﬁ#gp tid3t¥enkth mglaéﬁrggmgﬁb&ﬁ%g WRORhiuMed bn each of

a test for t strength of gl ass agai nst _bendi nt? ﬁ
the gARsEL WeRIh SEBFRLET usrpaéhgémﬁé@t%%l testingh&he greagth of glass

aggﬁjsﬂger{dlﬂ@g m&a@u@f or testing the strength of gI ass
bendln shown | he,test f

O erBUHE G5t oS SSBAEHCE BErciEys: LANHPE sl pilgiptes wore

suppsreed whppeid edt whebartried cngsb thastieasurfaed ondhe side whead scribe
hqt‘elg eweré:’I rf(f)r%:ed gsn at lil?a?u F%ﬁ%é"@ﬁ%% Pk 111309% CIJBéeg; g%}b‘é@é faced the lower

as a resu ove descri
Susfape &dﬁgl theckakrame | ower

The numeric values for the respective sample substrates for each sample cutter
wheel gained through testing of the strength of glass against bending (results of test of
strength of glass against bending) were plotted on Weibull probability paper. The
results are shown in Figs 10, 12 and 14. Fig 10 shows the results when the glass
substrates which were the object of testing were made of A) non-alkaline glass, Fig 12
shows the results when the glass substrates which were the object of testing were made
of B) alkaline glass, and Fig 14 shows the results when the glass substrates which were
the object of testing were made of C) non-alkaline glass.

[0052] In addition, the respective broken surfaces of the sample substrates which

were finally broken in the testing of the strength of glass against bending were analyzed,
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surface side in the diagram The nuneric val ues for

the respective sanple substrates for each sanple

cutter wheel gained through testing of the strength

of gl ass against bending (results of test of strength

of gl ass agai nst bending) were plotted on Wi bul

probability paper. The results are shown in Figs 10,

12 and 14. Fig 10 shows the results when the gl ass
and uhs ratit efocnhriraite wEbmkeh erodb es talohlatedsrém ghaveraysnmodative to
sa%%kﬁ%ﬁﬁ@@ﬂ@E%QRB@e glass, Fig 12 shows the results

€ g

ass substrates which were the object of
t est iThg raeHlts araghownfin Ejgsallk AP iand 1§| abig, Llahgwrithe yepults when
thé Eﬁ‘é@sdﬂ%ﬁrafa@%&ﬁw%%ﬁe bjet Qkﬁ-’éﬁn wb&trﬁ%eeo?AWﬁbﬁ%MhS glass,

obj ect of were made o non- lin
Fl@#%g@wq 5‘281‘1'“? iﬁ i glass su@ﬁéﬁ%&f&&@ﬂf% %ﬁc’f testing were
m;ﬁidzrcﬁm Q_Btaﬁfu;] klass, aa&m‘hgemsmsz@ (37 ﬁiulﬁhiﬁh&% thblEylﬁssfsuBﬁkdtys which
roken.i e.testin e st th, of gl ass agai nst
weﬁ%gl}ﬁ %éec\?v@h@s%’?%wf/rzee ade %gggﬂ% FEIES of occurrence
of bibdtent setewntmntaa rtlmﬁbxaahdg hmdﬂgeﬂs eloggratb ke wght from the left

in rtﬁé ﬂfa%)éa%n’] t(’?)nth'é__ml ?—I gﬂ%%f il%l)ée': sﬁ&%)l %gﬁ -g%n%tﬁsdf ltfn,s sample

Sub@s#tasa%@ﬂeaklnélvhlah@ substrat es \Nhl ch were the

[O(Qi?ﬂ e@s 1@@1(95@ %hmlgM\ﬁb e14R&E 19fasAhe E‘lﬁﬁfb@f kedivReng o pSotrusions
he results V\,hen th? ubstr at es

Fi g
incyRf R awi Fhe h%@lt&ép@&usw et Fgl %elfaéaﬁer B2 etpatqs)in the sample
cutteK #thkéle ugbdfos sciabidg Fhg stengihosithé laeined Shinbk: subetrateB@ends to
be\(c;’\%msg 1slubst rates which were the object of testing
de of C) non-alkaline glass. Here, it is shown
t hat Tasdiitenbaemkilesy frovad Figyells 18 hod db, 4sothehelmbegmf divisions of

prgbﬁeﬁbﬁﬁﬁc%ggés Ciirgdnthg rﬁglgﬂlt ggéll%mu(afoﬁs ﬁshé:ét %QQeﬁrﬂth tﬂarnoépeater

in §h%§%makeematgawli@9lsmse%nlﬁqrrﬁgrlgglghﬂghsérengf}ogggy g fgee edge of the

saﬁl!pfeasfubgfrgms RiHigh e ﬁk\%ﬂ?%%l{%ﬁam & {eBEoMUEBRENE of glass against
I ons protrusions increases and the height of

95‘1!116‘5 SRy 1$}§*rset smal l er, rather than greater, in
[0031¢ sangancbe GhddrebodVier] Expt&ﬁﬁletftm 1ﬁ c¢hé bit&fegwhél’ﬂei scribe line is

for‘:’)rrtéegiglrﬂrgi riasss sulfysrslrzft %Ig%%datsséa:ﬁfe %151’: elr grv C f;%fr%ﬁ tx%gg mvenilfn where
thd Bumber c115hv1a@ns b&puotmisions of greatvars e height Obpmtmmn@ msset low,

gl:isg %Ff%ﬁﬁés @Hﬂg%ﬁf 28Rk Biokeﬁ %Joﬂ?lh Q&Ix%eéw?en% gI‘eak%ng and finally

greater, e sanple cut

gaW?é@I%a@Q}?o“ﬁ’éﬁra@é ﬂliabff highen sieength agnipst banding @nd highee gtrength
at gﬂg Quitheeb h;? sslma%@af&u&ﬁ tv'it%t &a c\ﬁ%ﬂhﬁh‘fu\éﬁal[ Eorvie @b Y c?tter wheel
rO € I n e 0 n 0 ass a ns
E&g Mwwth SOFIPOAAn BRteh OGITE gi 5diged:

[Oma@m[ﬁxmrmdmm 4, in the case where a scribe line is

for n%d(%xpfﬁm%lng %Swﬁ?n %om?ed gsssl & V\Iﬁfarar,sesrLFerI{e sgruﬁ tde :gnd ]broken by

wheel e presen PAvEnt ¥
usitievi siges wikelpt@of thei msentgngqrré:m, almjthlﬂeieh@ p@ hhe bénded glass

su[?ét?&t(ey%hﬁ n&e'éldékﬁhsﬂlﬁ\%etwéﬂnaﬁﬁe SR InAbCEhe U 6 @ﬁé‘el and the

scrib en through subsequent breaki ng and
scibifg IPF‘S‘FS“@JE erien s shseient brepking san ha pehipyegere measured.

st r engtdraagaonit nheRsll BY caitthghthe BeAde! Fl8RHubstrates, as shown in
Fig 19, glass substrate G was placed on top of the scribing table of a scribing apparatus
so that the A side glass substrate faced upward, and a scribe line Sa was formed on the
A side glass substrate using a cutter wheel 30, and then, the above described glass

substrate G was turned over, after which the above described glass substrate G was
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at the surfacee edges in conparison with the case

where a conventional cutter wheel having high

penetrability (cutter wheel described in Patent

docunent 2) is used. [00551 [Experinment 51 In

Experiment 5, when bonded gl ass substrates were

scri bed and broken by wusing a cutter wheel 40 of the

present invention, the thickness of the bonded gl ass
plaudshrtht esriling tilie anel the iB sidhighasb etbweate ihecribed disinigothe same
cu&]c r Uh%elcgtﬁ $0' th %egicn%E qmter% Wag rfbl@ﬁehqg(hefeqﬁacﬁgrere?egwdofb as SS

eré subsequent breaking can be achi eved were

systemsur ed. According to the method for cutting the

bondgghe HeAB eSS +ESon %e&hgl’%e nt Brdhkhty c B@%chleved is

shgyegsé},ylr@%;gr?@\égg)lr%lsgéeregggt%e fs“lgeg\ueg:it éeagql gatnahe achleved on
thé Whsde Ahes fudeaateUpi@e &f tiidwar it vtud hﬁlfuﬁfer\/lﬁﬁlt value) in the

d the . A sid | bstr at
o P e 108, 8. 550, SRS 5L 1B A B acniores
onshb Bt sidd gaG wdstriterimade of/dre lowét lenitwhlvemndhwpabbmdt value) was
caféﬁﬁa&%& Qﬁ&l t]g% a‘gé{gﬁédht%tb% th %@ﬁ)ﬁ%@ Bl %jgla{]ofttng bonded glass

S Su St rate 1Is
suh%tratbw @F@usngsqqnenténﬁéunmnrﬂ@ra ed, apd thepesuligef rgeasurement

of 8156 IR r NiniEvatle YRS ub TR (et aiablvar referred to as
SS s sterg. The scri bi ng pressurgﬂie IOE‘QH E E
subsdag&mditersir sbingaibraape grrdgseribedin tRe oyt he
SCri [HoRfedglassdubetrsRg ithdt a\t@&lﬁ;@ct&ubse@uﬁﬂtanbrbeca&enng can

be achieved on the A Ie ass bstr

the lower |imt valueﬁ ”[’,1‘%%13?5 gumee)glnth

SS s % e serod gtalsesmstnabash@mmassﬂﬂé mre diharknesrenf gespective glass
suﬁ%&?&@g&?gguﬂ a%f%‘é' HQsé ?Q&fﬁas?cpe' %‘?\B&%ub&ijat@e B side

ass substr val ue and
uppeﬂqttemwhevlam@nalmntemtbwmamcb@cmnd this was
assumed to be thg,@ehiiddd Qrassy € region of the
bonded gl ass substrates where subsequent breaking can
be achi eved, and'RiffEnepe¥iPP8 P neasurement of this
lower limt val uelaa{edem;here fbyi am1§ O\gahpe are shown. The
condi tions for scri,bi deseri bed;.i.

the bel ow. BondBH® lbf’gg?%rusbogf" rat 7@9# RaiCirgares mecdt1 gd into
36Deqsadmiobdshsand br oken al kal i ne gl ass and non- aI kal i ne

gl ass Thi ckness Hglgm&iﬁoéﬁlgglfﬁ@t $55n 0.2 mMm to 0.35

mm (t hi ckness of trve ass  substrates on Aside

gl ass substrate amier@ddfébqua%%uﬁs’e?roat e) Cutter

wheelgeriBm %e'iﬂp@katu@m iyee ﬁh@@%g\{%&?@%hl Pléinfind Industrial Co.,

EI anmet er nm thi ckness 0. 65 mm di aneter of
Ltdol e for axis: 0.8 mm pitch of protrusions P: 17.4 gm

(ci r dsaflgioandar hittihgldfivdsidnodepdb @f edqted whed tih @ity substrate: 0.1
mrrr]lei ght of protrusions h: 3 gm

scribing speed: 200 mm/sec
pressure for cutting: 0.04 MPa to 0.18 MPa
[0056] Table 3 shows the thickness and the type of the bonded glass substrates which
were used as a sample, and the condition at the blade of cutter wheel, as well as the
lower limit value and the upper limit value of the scribing pressure region where
subsequent breaking can be achieved in the bonded glass substrates.
Here, in Table 3, “glass thickness” means the thickness of respective

substrates; the A side glass substrate and the B side glass substrate, which form the
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angl e of end of blade a: 95"

appar
| ndus

(%)
Co.

at us:
trial

t yp61

to 120

made by M t suboshi
Ltd. Conditions for

depth of cutter wheel in glass substrate:

Scri bi ng
D anond
setting:

0.1 mm

i nvasi on

scri bing speed: 200 nm sec pressure for cutting: 0.04

MPa t

o O.

18 MPa [ 00561 Table 3 shows the thickness

and the type of the bonded gl ass substrates which
bondedeglassaaibsigatas.s difpineansdisame heabordi t i on at t he bl ade

Cc eel, as well as the lower limt value and

[O%fhﬂ E'Ir;&pb%:ﬂ;mmt val ue of the scribing pressure region

where subsequent breaking can be achieved in the

bonded subst r at es. re, in Table Bwerd@eSf lower limit of
sdrhiplekpess” nmeans the thic Bag]soﬁéndeﬁoectlve o

bst | Bhiglkness e typegfgdasg| sg gb@t E)at b SERIRERrepsWE e Scribing pressure

glass| sulashy atje, whi ch fo m bpnded (MP®s (MPa)

SUbStTAtES. s S aboveE:. 00571 { Tabl ¢

3t sahfi% gl a<§%ﬂﬁpﬁ of ﬁn]!()1 Lover | Pi% + of | ower [ 008

I mit|df No. |thickness typesof gl ass| 0Olceide C scri bi n§.10

PLESS[T.E Scrifi Ag pressur (VPa a) 1 0.Z

alkal e 110 Q.04 0. Q08 2 '}2@ 115 0.0 0 103 T T 1:29'12

0406 P02 4 (.ridmnalkadineal 9%e 95 0.06{0.062 5 T T 1000.12

007 D415 © 105 0. 09 2 [ 0.3 0 0.04 0.12

857 1105 008 b.14- o 711995 o 08 ol 9073 o o a3 1013

160 0/ d7 0.10| 1 1 T T 10510508 0.17 {0.02 T T 110 0. (09.12

0,18 0. 35 100 0. 07 9 14T 05 0.08 0.16¢

175 ] %"3?10 0410018005 LQBAS s—ef E‘rOhfrom Table 12,0'12

i B the Ilcase whefe the bondd@5gl ass sup8t06at es made of 0.14

dpffefent matgr+al s and ha adffe t hi ck

a?e S:rq.nued b Lsi ig B CHH ?Elﬁgvﬂ"cc: 0¥ 1Nl ckness|o.16

10 0.3 T 0.07 0.10

11 T T 105 0.08 0.17

12 |1 T 110 0.09 0.18

13 0.35 T 100 0.07 0.09

14 T T 105 0.08 0.16

15 T T 110 0.10 0.18

[0058] As is clear from Table 3, in the case where the bonded glass substrates made of

different materials and having a different thickness are scribed by using a cutter wheel

40, a wide and relatively low scribing pressure region where subsequent breaking can

be achieved was gained.

[0059]

[Other Embodiments]

Fig 16 is an enlarged front diagram showing the edge side of the blade of a

cutter wheel 40 in order to illustrate a method for manufacturing cutter wheel 40

according to one example of this invention. The end of the blade is first formed so as to

have a ridge line portion 20a in V shape along the circumference of a wheel in disc form,

and then, protrusions (and grooves 40b) are created in ridge line portion 40a, as shown

in Figs 1 and 2, so that cutter wheel 40 is provided.

In this embodiment, the description of formation of protrusions (and grooves

40b) are omitted in the description of a method for forming the edge of the blade.

For

the formation of protrusions (and grooves 40b), please refer to the description in
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40, a wide and relatively |ow scribing pressure region
wher e subsequent breaking can be achi eved was gai ned.
[00591 [ O her Enmbodinents] Fig 16 is an enlarged front
di agram showi ng the edge side of the blade of a
cutter wheel 40 in order to illustrate a nethod for
manuf acturing cutter wheel 40 according to one
exanple of this invention. The end of the blade is
Jabbnst PatrnvdNb. 8074443t 0 have a ridge |ine portion 20a
[0?&)] VAQ‘ Hl%ﬁg)d of? qgﬂﬁlﬂ% a%l&&eugg &{Q\%Q éﬁ'negf 46 amg%f th tg sSifivention

trusions grooves
(h@nee@f@d ﬂefﬁl‘ﬁdd@%% i“treo-ptoge iesimdingasystem’ Hemncueﬁﬁlxrudggcr@ed in
regggmg,top% jfhat cutter wheel 40 is provi ded In this
enbodj nment, escrlﬁélon of farmation

pr ot rijgt Jhe b{ag.ﬁg HherdJEa in Qf]@bsorrgﬂ%rc&gp](yt g{r_}'auxinq,1 sp that at least one

angRSET 6fRhé BIAde s Praed (bad of bladé Bavihg ghd dataegRowh b ke solid line

2% E f the formation of protrusions (and grooves
0B} case refer to the description in 21 Japanese

Pat erlh thipcasg @Jhéileﬁlé;cutm@ﬂﬁkl £ hmtinnogh fungle 6 bpithadlaale is required,

th%’ a%s#&e ffés gﬂé& % 9139?&94 Qf &M%@ mnﬁ dfrwl@ Wdd has been

age
rogsrlsly smun)i ip @mhﬁfcar@tr@ %ﬂddféfﬁéhqdb efdthah a W@ﬁbl% b%"ltlé apjaggle 01
of }Re ex’fd bBthe Elﬁge Qlt@a%feﬁpf Neke %lrot;?sﬁ)ﬂsqagﬂ $fook e %@H) ?artta created in
roug round, so gast o of the
thlﬂ"é]&F‘é ?{Qg peRORERE Fathg abp ag eaa%bq#dwtﬁ@d tﬂﬁ'g%ﬁtﬁg dreubtRp el 40
halvingt d1Caredd 6 dofl thBend bﬂthbrbﬁdﬁallﬂgﬁlﬁéd In the case where a

tt | h
¢ equitk B S dheag 8 ek EReT A n S i e i R End B e e
is efquiviel ctthe tahevesiederdtfed titeebl Gidie diredorpeefiwhirlp thgteng Ogt}m}ﬂdde has

beh& r&%ﬁ{l)h%roug& ?yé}g&f’i‘(p g:fui ’ﬁﬁfsﬁgf‘ go t]?e& a#@ﬁ%a] §Om§€i JanE; gle 02 of

[ade iIs orne

thpend o félecbﬁ#dﬂlslﬁ fnmed Send of blasipavirgispnigue showembebroken line in the

fighddd)S N@f@tebro]egﬁuﬁfé Qa{cﬁgxegveg ?os)m&ﬁ @fz»;avea i @B MHe010C according to
er ee

hod d t hereby
thaa4Pe dpecighed; REha ARy YR SHHe fgfg**ﬂ BaVing ho fhgle 02 of the
endas chaledeisgattistit er wheel 40 haV|ng an angle 02 of the
end of he .bl ade i he_abgy d
neel AT RS AR AT O A J0rOr Ul god of the
blhtsshastieaen fimdshghliy agvaneadoias tghevman an@lle filrare lstngkedsas standard
prE de | 4 &nlming}?c @130 I&P %@gg@ﬂk@ w%%elngO o&'ggaﬁgﬁ' o?fan%l'ag(fﬁ )

orne avl ng cont our
cap tbg pranufcheref in g ﬁbort pegest té)tlmer\l@marrypmaa@trtwisbﬂght fnigh erinding,

arﬂr&@fé@tﬁ'e %@)tnﬁé for Ql@ﬁ?ér? dah Be tgfﬂa%lyvyﬁﬁﬁbném Qn@ﬁ%ﬁbdildﬂign system
t he aboye d scrlﬁ nmet hod, @dngﬁe 1cutter b
whifet MPTARRA 1 g oA NP IR Ftiong of gpultin glsof (SRl gt can be
est#blighédned. As descri bed above, if a nunber of cutter
\fMlqﬁlels 4Othﬁ ab%v\?adcﬁ%cnbeg & nd%tggengd ndm%sysge Sl a%fgea%ghed for cutter

€ SO as
wisteb & delscaibed im Retent! Doprmetuct @h4tsis ab ke, ae:nand wihael where a ridge

1id%>&3%?§$x?ﬂl) V shiffd £ T8 Sh3On bt Be Y de SliohgThe JRMARIRE of the

wheel in disc form) and cutter wheel 20 described in Patent Document 2 {that is to say, a
cutter wheel where a number of protrusions in predetermined form are formed along
the above described ridge portion of cutter wheel 10 at approximately equal intervals),
in addition to the cutter wheels according to this invention.

[0061] As is clear from the above described Embodiments 1 to 5, a cutter wheel 40

where the pitch of protrusions is smaller than that in the above described conventional
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can be manufactured in a short period of tine by

carrying out only slight finish grinding, and

therefore, the tine for delivery can be greatly

shortened, and a production system which is

appropriate for production of nultiple nodels in

smal | er Iots can be established. Here, the above

descri bed "two-stage grinding systent can be applied
cufter whedlt20rof aviigkly rt@etteticr fype dthan isatsept thBocwrhenof divisions in
thé Eﬂmmferc'encg \/§ ﬂﬁrea%e&tﬁgtlﬁ;gd e&%L‘lb Lfd 3h£ﬂfeg? Qhe | s feﬁgth of the

portion 1 n e I's forne e en

supfpesneylee 196 glaisy et&hw@#@rw@d@ﬁrq hekelweeg thefogmee S?féhenﬁnes can be

1n<§5‘:§ge§ Wrgedxchaebcrdf 18RS 644 E@théﬂ E@helﬁtthllﬁ%ﬁﬁﬁﬂﬁes
cutter wheel nunber

s
pr ot ﬁﬁeﬁeﬁen e, <aihiRBPRFFTIER ZPEPH %&e%%ﬁ@kmg can be
achibedalel exddBewt scbibe lines gen pe forntsd ﬁflafgdt hed thdrefoke, i0 becomes

.at roxi mtel.y egu erya ddlt
iy PR R TR WP o OS] H R o fh B St ph yddior ehe
diffegexxdedn thef logationk whaiyoedibel Beeydarb ddmEdion dheglasssubstrate5and thus,
it Qeﬁg Fe,ngsmet%'f sclrmgqﬁ@s gv@?ch@re sﬂabféff PL %rgtg,%he@sfelﬁe
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DS ASH BeekpSanaL s or LR SrOSE BH8ThhaEh of th
pr«fdausidsnsad'feu&teﬁbheelfzw argl lufitgese@iyi cdakkivig inme;pansmn thereof can be
Nt on cut e eel 20 of a highly penetrative
pr?veﬁée%ar# ' t\%ﬁ M&’S of the present invention can
be séﬂuethegdorfeom tisecase ovitee scréheckitdseare fommddoin 4§ ighass substrate
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circumference of the wheel, as well as those where protrusions are unevenly formed
around the entire circumference of the wheel.

Industrial Applicability
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using cutter wheel 40 of the present invention, the
strength agai nst bending and the strength at the
surface edges of the glass substrates which are
finally gained by subsequently breaking and
separating the glass substrate can be increased.
Furthernore, in the case where scribe lines are forned
in a glass substrate wusing cutter wheel 40 of the
[0@F3 s entutterveldel of this invedSomadd rmeiathiod é'bly sdrimimgs g tbiribélegnaterial
suBgtﬁg’t%Lﬂl 31g tﬁgg e X@neﬂrg ?&ggslé&%}ﬂ d;ﬂ S L u%ﬂ?’qgfm a scribe line

| eve can alne rat es
WIﬂadeg}ofprenlsﬂtﬁrer%n imather ¢agk svhard thavi ﬁgl}n@ﬁSf plothenbrittle material

suBR’r&tlé rl@ §1§1§ﬁ andO@R2e¥ordetHr bd H'&Hqg'r éc91b§ a ﬁﬂ&Yeematerlal substrate,
describ enbodi ments, cutter wheel illustrated
%ﬁ@sﬁhere protrusions are unlforn1y forned ar ound

t he Qﬁt;bz{rﬁculﬁt' ré‘dd&fdﬂ{geEEQh@me&ﬁldMQlehletﬁdale fornaceidirigoa brittle
and cutter wh

R ERE PR T i FHb T 54b ARBFC R f BuR ARG TP where
thé brimbdmaterial patrstiatd isysclab@hmnih theebladd edgenf ecetmgsnrb&fel tdehich a
trusi |
1o 53900 B2 M b o Mpd A B e | 0 O ot % he bl
| ndushhis veniion iscistitulaxly effeqtive ariglasscuubstantegimdi¢h gye made of

noh 1 Bal{fAEAYs '09 leﬁﬂgm@qtm%mgssf 2hd 2 Gaidy 'ngﬁttl%r ihieki@l substrates
nmat erj al substrate usin sane can even

foy pvarisbicef Tat Lrilpp ipﬁ@elan% ‘%1%151!) Exp1¢al AP Eralrf)nglT Huid crystal

panblsh TIN Glgui eBistdl OfhneBV eAd | STN NRueh eeystdlepsheld)ecan be cited as
tﬂi%kness of the brittle material substrate is small

APRHEPYN8r ef ore, can be used for scribing a brittle
material substrate, such as glass. In particular,
according to this invention, a nmethod for scribing a
brittle material substrate of which the thickness is
inarange from0.4 nmto 0.7 mmwhere the brittle
mat eri al substrate is scribed with the bl ade edge of a
cutter wheel to which a l|oad of 0.03 MPa to 0.19 MPa
is applied is effective. This invention is
particularly effective for glass substrates which are
made of non-al kaline glass or synthetic quartz gl ass,
and a variety of brittle material substrates for a
variety of flat display panels, of which typica
exanples are TFT liquid crystal panels, TN Iliquid
crystal panels and STN |iquid crystal panels, can be
cited as applications. 24 Cainms |Ill A cutter whee
for scribing a brittle material substrate, where a
ridge line in V shape is forned as a bl ade edge al ong
the circunference of a wheel in a disc formand a
nunber of protrusions are fornmed along said ridge |line
at approximately equal intervals, characterized in
that the outer diameter of the wheel is 1.0 mMmmto 2.5
mm that said protrusions are fornmed around the
entirety of said ridge line with a pitch of 8 Amto 35
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Am that the height of said protrusions 0.5 Amto 6.0
Am and that the angle of the blade edge is 85 "' to
140 *. [21 The cutter wheel according to Caim1l,
formed of a material of sintered dianond or cenented
carbide. [31 A nethod for scribing a brittle materi al
substrate, where a cutter wheel of which the ridge
line is formed in a V shape as a bl ade edge al ong the
circunference of a wheel Chimsdi sc formand has a
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subs r eaki ng a britt
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wisaed lube dlscrfenﬁ Qntl Hak aIxﬁl&nbd}rdftp&'d)tEuﬂﬂiﬁsabrlﬁéd slobgtsa:atxedgeshne at
br oken tho
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SCri eria avi ng
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Suﬁbgtrr ggg&gp%\gm%&ndl ng the bl ade edge at at Ieast

e 01 and then form ng the edg

s. de %?ut?ﬁ“dleﬁll valepere BYe quteredigmgter ﬁﬁqhﬁrgvlteralewﬂroara@ t@c?g%mm that
saai p@tﬂlsﬁdg aﬁdeﬁn@woan@ammmﬁ&ylossaﬂ H‘d@@ [iR6) Mthrmch of 8 um to

| ad e IeOl 61 Ac ter
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blads 4@9 13/\$fe'€io BIOCaAs diedgo tserilie aﬁbmtlé nﬁterml subbtritet | e

[éﬂmt erA etﬁ' db Bor LT at a?kmg asgrlttf%egaten‘gl substrate, characterized in that a
scribe line is formed on a brittle material substrate using the cutter wheel according to
Claim 1, and that subsequently, a load is applied along the formed scribe line so that the
brittle material substrate is broken.

[5] A method for manufacturing a cutter wheel for scribing a brittle material
substrate, having the steps of forming a blade edge on a wheel in a disc form by roughly
grinding the blade edge at at least one blade edge angle 01 and then forming the edge
side of said blade by finely grinding the blade edge at a blade edge angle 62 which is
different from blade edge angle 01.

[6] A cutter wheel manufactured in accordance with the method for manufacturing

a cutter wheel according to Claim 5 where a brittle material substrate is scribed .
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