*159159* Specification Cutter Weel, Methods for
Scribing and Breaking Brittle Material Substrate Using
Sarme, and Method for Manufacturing Cutter Weel
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1: Japanese Unexam ned Patent
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Patent Document 1 and Patent Document 2 disclose a method where scribe

lines are formed in a bonded mother substrate using a cutter wheel, and then, the above
described glass substrate is broken into unit glass substrates of desired dimensions
along the formed scribe lines.

Patent Document 1: Japanese Unexamined Patent Publication H11 (1999)-116260
Patent Document 2: Japanese Patent No. 3,074,143

[0003] Fig 17 is a front diagram showing a known scribing apparatus which is used for
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Pat ent Docunent 2: Japanese Patent No. 3,074,143

[0003] Fig 17 is a front diagram show ng a known

scri bi ng apparatus which is used for *Q@0002*

scri bing as descri bed above. A conventional scribing
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(2) Next, the above glass substrate G is turned over, and the above described glass

substrate G is transferred to a breaking apparatus. Then, as shown in Fig 18(b), this
breaking apparatus presses a breaking bar 3 against the B side glass substrate of glass
gsubstrate G that is mounted on a mat 4 along a line that faces scribe line Sa. As a

result, a cracke expands upward from scribe line Sa in the A side glass substrate on the



substrate Gis transferred to a breaki ng apparat us.
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scribe line Sb. In this invention, the scribing and
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acconpanying reduction in rigidity, and it has becone
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can n%r{e%énlztj Gi‘?trg 8eC {olnasI p}g{?% %irluﬁ ‘ﬁﬁ%vysifgf ?tagpe V\%%th a sc be hne with
higB@iredisiep aregbhethe ca@1uhery rtbe phickness of a\peiftle mt@mlequbpteete is

smaM, (68 weflids 'aGfdthod fof 8&iKRNg 8 bEitlld Rlatetis @ﬁbsmlt&ﬂsmg 8k same, and
prevent | ntersection skipping and allows for stable

congRletad hig iVERtioR- scribe line with high precision even

[00151 t it GR36 sy @b inRentidnl ﬁmmss aOfutfer Bihdel ke dmibﬁ{bgl albrittle
cry

mafpHF P ahar & Pt B B VCSHAER B, PG En Adied e elbhs the

ci mmﬂalenteeuﬁ atwiheel inrdiserforno and h @@fbér dfipaétrusionsmrs fyrmethulong the
abogg \ﬂ?{lﬁb&{] nﬁ%é) iﬂleg Fts aﬁg‘gzéga%ly W&E lmife%alé gﬁh%c&%z@d in \}Jat the

ere

outghdigmetes of @ew@:@ehg 150 pimy o2, é@g@ téqabﬂ:g thge described protrusions
ue%mrqrme eﬁﬁre@y vhaRlabbwe &ls&poeﬁmgb 3 watmygm{ of pm to

pro s are msd al t he descri
ot Phehoteat 5# bt fepestipd ot S GRA O4 W 6.0 i, and that the
anglhaﬂtaébhﬂu@émssttbanwhe outer di aneter of the wheel

bs 1,0 .t hat. t he ahov cr.
mo?)@ot‘?‘t% asPe‘gtr(gf f%l ARV mn q% Elege%1 | rocelt{a’ Spribing @ brittle
mateyiml suhimtﬁ; whene a quiitpe theekpf wihidh the png@ linois fornRd ind slge as

ag%@tal(;ngqu %irg%f énc%hﬁ aaﬁﬁé(eq de foPlﬁdahlﬂr E+5r gsﬁlﬂﬁb%r of
pm an ang
pro‘evalg@nﬁ Jorgmpd- along 1the above Ot?lﬂ}beﬂn{i@l!ﬂe Aingspfe @pProKimatply equal

intdrHI8 11 bfa@sdar@tﬂdée %.ndivz\-hﬂllﬁdWa fbﬁtttles Silakdd) gusstisutb t aﬂcpthereby,
i.al, substr er C

o3 5 5 o 3 LB R PGS st Bl iePorigd n

that laeutter wheei when the adtendiametdr of thedvrisel iBdrhmantd 2Hmng that the

aboye ﬁps%ﬁggcgpro&g&&#‘nge Q‘%efdoirm tﬁle Q j &t tﬁ? ?qule rﬁersscnbefl ridge

escCri
ling with aeitcl of 831ga¢m 84 pmpthat bhq lmglxs nf thelabpya deecrmtdmrma'hsmns 0.5

nmtY 85 {zi:ﬁf fnd €3 tﬁé“&ﬁ%?%f tHe blade dd6 id 881€ 1 40 Of AR scribe a

the s ace o rittle materi al substrate,
bn@l?d%féﬂé‘rﬁ“b@&“lin that a cutter wheel where the outer

di angielanbthet ASpash @€/this thvEntioh bfoviled dMethdifort &@ibing and

breaking a brittle 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.



above described protrusions are formed around the
entirety of the above described ridge Iline with a

pitch of 8 pmto 35 pm that the height of the above
descri bed protrusions 0.5 pmto 6.0 pm and that the
angl e of the blade edge is 85 * to 140 O is used to
scribe a brittle material substrate. Still another
aspect of this invention provides a nethod for

scr | Beraginaseprdance Fthraymethed;for scaibingapd; brpaking,a prifile.material

suuaﬁafeaﬁuﬁé iréBhkidn) tKJEﬂIov@d&déﬁb&ﬁ:ﬁﬂtl@ ndtéridl@ubateate daibe broken

ttle ter usi ng a cut
etopy e S b s SHOREE ShS M L B b IGir BC, crie
hncsmrthb bnttlematxenalt dubstriteovith thetstep_ ofhtrenking onsitlied t aral this method
o Bl Pl o PGSR Ryt o B of B e
is afggjincly nfchlémveph@n above descrl bed brittle materi al
Effsdbsitha®enfiéh be broken along the above descri bed

oo, RS S i e SEe  S le 5 Fn,

and kieereiye intaisedtion akipping tad be preventbdt dridsa medibeotine fean be stably

o PR L6 e g B AL bRl moreri
suhstx?ami'snmehtl on. Effects of the Invention [00171 A
[00 mﬁ' t\t..' Sl ol vith 3 UBShb& 6 écﬁbﬁx%rd bﬁ&wﬁh%a@ sGbHetRE of this

IS I nvention, ereby,_ intersectian
inveRtiony interseckion Sipping\ren pe preyented add aiserib lingcanhs stably formed
witht Bigh YprefigionReenViih RhBi @be pfiRes $he Rhickias i of theebriftRkematerial

WE! €, thguthl ckness of the brittle material substrate
subsiratejaFmally 00181 In accordance with a method for
scr i Abritfleeméteriak dubstmete®f whichshéthickness isfin & mange from 0.4 mm to
[ ' - At [
0.7 xHﬁﬂ‘iE‘EJbrPo'Efl IVJE}@I tgg?? ‘e e Pag{% Bg'ct)ér}%g%éf‘ bﬂﬁ% ﬁ‘iﬁﬂf &%.69"MPa to

0.1prMBa d¢ @prkade r@ndnthprﬁéoreasesombe rlinet ¢pa bhl%ﬂ@ﬂéé‘@ﬂﬂd Vith high

prebfsiohWith ARA&IVeR sm ssrui\& foricittinl | . A brittle
material substrate ch the thickn

ess i
r anghs for dFp GrstleRatrsl "SGbSteaien Thich i, (USRIt Spingoken, glass
subatracks fosl g&i"mﬁqlﬂdCdﬂ'th]r pidde Imede oﬂhdhl?alhalinbagﬂaﬁ!f afid G¥mthetic

Pa_is plied, and therefore, a scribe
qu‘%‘\r@?]%la%?a{: o emt'\é bl Wg?er%ed with high precision with a
rel aIn mbryiammﬂth prmethod dorf geribingta britple matdrinl subsirate of this

in\)gﬁﬁi %‘i‘ GiHe8l o iﬁ%iﬁv@hﬁom ﬁﬂad' §n& RRerehy, Qﬁé sﬂ%hélﬁ of the
substr

pr o [ass ates for [iquid crystal
brokem bn@iefmerenelfsuhematmcﬁa be ﬁ@r@s%s Femei 18 fhip freption, strength of

a bimé nateta Sibstrate KBarki the dtresgtRsgaibEendiny iAGEE LRt Dending
? ngltslc“#ad hor scribing a brittle materi al

tesgﬁ?ﬁ"te A 2 i nvention, a cutter wheel of this

Brief Desetiption ofshe/Bediyingsd thereby the strength of the

[ooﬁéf kﬁn Pr tthgntn&ita an‘?lshévviﬁ%tﬁ ? e?legii EL?% qﬂ\‘?e%gibn and a

h| [ nve

convameonahlcutwbuheeétae vieseadsint the @tqcbwgmhrp&géwwgf tfm éheirotgtional
mh,n the 4-point bending test defined in JI'S R3420.

_,:

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;



Brief Description of the Drawings [00191 Fig 1 is a
front diagram showi ng a cutter wheel of this invention
and a conventional cutter wheel as viewed in the
direction perpendicular to the rotational aids; Fig 2
is a side diagramof the cutter wheels of Fig 1; Fig 3
is a diagramshowing a line for scribing and breaki ng

a liquid crystal _panel in which a cutter wheel of
t hi sFigrfvig st tiable evelugting the-proparties of ther eyter fwheel for scribing and

bre@¥iRl ld%ﬂds@ Guﬁs@ﬁt@fn@ﬁiehh&it le the c U: t e[ wheel for
Scri ass s sraej eri
o Pt 8 Yograpn istratiog sk Gipe of oh e G o BSRmSPE Bhe
cut thg 7\Mnediagfacm ﬂhmtnahng thetuthse bff the kwist)irfEtesiatent 2;
S Ubsf‘ 'ﬂb?r%g' uausgtth%plt'oﬁhqmg ok‘ ﬁ%eacuq{&g%%ni for scnltnng and

|IIus ra i ng
brepking i gipsy sphkstrate/indggneninent st r at i ng t he cause of t he

t W' Sf‘lg' disEX R@Jdrﬁﬁﬁngho?nné: hf a%pbﬁtlﬁ fol q.leﬁ:uf‘gy ﬁ:leuﬁ;}érfégh P Glass

ag%?sé R‘P éze ﬁﬂeél%hoe tesf ﬁia@&fepﬁt Bfglrérqs %ﬁsﬁ éemﬁn@ug'ﬂwnanent

4; d| agram showi ng an apparatus for testing the strength

R S I R R 1

bending gdineds foa the apdpeptiivcet ¢uttey wheel semples sised in fxpexisient dron a
Wehﬁﬁaﬁ%aﬁﬁﬂ&?ﬁfr gl ass against bending gained for the
e

respective er wheel sanples used in Experinent 4
on aFigVid Buel eqepbbdiewing $he, zptde of micgprrence cof orgakipy mode as
caléu140ed R@mi &1&1&9&’4 bﬂh@freéiié%kl‘ef lﬁ-BIrE]éix ﬁﬁf&é@?ﬂ@dﬁgtrmgﬁnﬁﬁes which
m.an is O respective
wer sl i LG4 dimibe airphih O pipoaiee et benb T Bperiment 4
in felation withthe bettéroslieel eamplesy strength of gl ass agai nst

b h
V\Eggllhﬂ Q% }f{) 8[ é’é{?ﬁ Eiow,aq&zthé reélﬂts rog%%ttéé%q?rvght Igtr% h%gtglfﬁt?{ %ga.mst
bengling gained-frr the rresmetnsat wétnymh@i sginples lugdaumﬁxpe!bmnm Agon a

We%ll'iﬁ@baﬁ:ﬁ{t gg&rr espective cutter wheel sanples used in
Exper.| nent on a Weibull probabhility paper; Fig

i s aFigrkhif EneFRPAEhoming she gatie OS@eﬂW%weé)fobreeheakmﬁ@e as

cawm@ted &%m Syl 6 the r&fﬂéfﬁi@?ﬁ’b}iﬁi &nﬂfced blesdbﬁﬁ%@am/;ﬁes which
Stra

word el prakpR RUTHe 47t 51dng POt PR Speoh A ngispegment 4
in mipdion stithothe duther wheeEmlesrent 4 inrelation with the

- osuf LHQEFaBR PR, kbl of Beleld iAe Brlhith Pelfygainat
bengingigained, for rthel reapectiveccuttesehee] gamplgs tuse m@gpersmm éson a
Welba@GrovabitPpigerent 4 on a Weibull probability paper;

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



Fig 15 is a graph showing the ratio of occurrence of
breaki ng node as calculated from analysis of the
respective broken surfaces of substrate sanples which
were finally broken in the test for the strength of
gl ass agai nst bending in Experinment 4 in relation
wth the cutter wheel sanples; Fig 16 is an enl arged
front di agram showi ng the edge side of a bl ade edge of
of g glagy, syhsfraigrnd bregling the glassgybsiyaterrlenghs| farmgd seribe line in a
corlvéRtilaA8BSH s{diethNd system which is a nethod for

manufact uri a cutter wheel according to this .

| nve e 15rs & dfhgraps Uiustrating tho stapa o) formiap e Line in the surface
of a gluee mibstratd arsichreblking the glassdubstratel albng the fordwsdl dedibe line in a
co&%£¢g£§SB§is%té§_ %éd a diagramillustrating the steps

0 ormng a"scribe line in the surface 8 of a gl ass

subsFigaQeisam genspecsive idiparap ifnstoating thet phememghaem of intersection
akibP@SehiHCdch® al {HRQirhE oferodsQBNHREI ONal SBSB system Fig

I's a dj a%ramlllustratlng the steps of formng a

Explapption ofSymbels { ne surface of a glass substrate and
[0020Eaki ng tdesib@gdead substrate al ong the forned scribe

line,in a,.conventional SSBB system and Fig 20 is a

per shect | \}’éa‘%'legﬁ? amillustrating the phenomenon of

i nt eBsect i ypakingkbgpi ng whi ch occurs at the tine of

Crosgg scri hi i of Synbols [00201 1

SCri g(l) ng h%a%gwg%ggoggégg’%gn?, breaki ng bar 10 cutter

wheeP0 ( corfitlsr wherli(gonvergiongbt er wheel (conventional)

20a poLdge ridgagindOb groove 40 cutter wheel (present

inveg@i{ on) 40a ridge line 40b groove 100 scri bing

appafdt us B8P Mbde for Carrying Qut the Invention

[ 00244 | n dubter twhed]l Gpresent inveatiembodi nents of this

[ nve%ai on 11xiilgscri bed in detail in reference to the

dr aw ngs. e, the form quality, use and di nensions

of t#@® brigredve material substrate of the present

I nveggg on @ﬁﬁng%pmmsi cularly limted, and a
substrate may be nmade of a single substrate or two or

BestdYlededprGaraying Qut fhe lagentipy are bonded t oget her, and

[0020] 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, ceramics, silicon, sapphire and the like can be cited, and as for the application
thereof, panels for flat panel displays, such as liquid crystal 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



addition, a thin filmor a sem conductor material may

be attached to or included on the surface or inside

of this. [00221 As for the material of the brittle

mat eri al substrate of the present invention, glass,

ceramcs, silicon, sapphire and the |ike can be cited,

and as for the application thereof, panels for flat

anel djsplays, such as. |iquid cr st dISp| panel s,
of thisiaYamtion; thp Fupber el of thisdreRnbion n% é@z‘ﬁanel s
[0024€IN beumﬂvafbel &d\kmhaingon‘o sthi et sbdiingtit @f this irvesition 1 debéribed in
ref re%cisegggl%l , C tr%l. g? 018 Sa (tn:]ﬁ%%arélr’lar.r-p %féuhmgﬁ ﬁrl##texowgléf 40 as viewed
in freodirestion rperpendisulad ctoethei retationsb exist hud Fig @ feorrsidp disgram
sho%{ﬂﬁg&e} wﬂé% bfwiyishape, which is fornmed as the

ong t he circunf erence of the cutter
wheeflergt clatmfr Yﬁb?eil #0ecannbe mpapted om@2svribeheagnl of gonventional

scribiig Wu@lﬂ!ﬂ;ﬂhﬁﬁ [AeScribe® M wf&ame&s Fgf 11.he form of
cutt nti thectter whee

\Nh |
o 14 b dn e el AR 45 RCuE ortp Sameter o
theowticebof @\bmbzh thidknagsoof tlek wheel of Wareldogl ddeexige 2dfavinlgi ashlade edge

to Figs 1 and 2.
méépxpd;{bmgd m?n%&t%%gtqu’ nPnﬂs gg\fh%rvm%ggut ?erI \%ﬁsweel aZO as
[Ooﬂﬁbv@mhqrmorqq es shovacin; Kjgs bang 8m¢&9d4n&r409 don fapming blade edge 2
of dufteArhO1 20 iPleFen. 2Mthabisdo Ray, In thiSéskhenple, %96@8@ 408V Bkhpe or

the cutter wheel of Fig cutter
V sape a6 Ararpd s showr in the %@a&gf&esra@o#\?@ﬁpwmwf g £ Brooves
4015 &reiférinied byRPAINA picced 6 dekpmh hivdtile piteti P& smooth eidgetine 40a.
Asf_ﬁogeguﬂ &‘rﬁhw ?xﬁ’agﬁ%gog t1: ese ?roov sé‘%&b})g;ot{ml%?o%ls 'gg?vqggs 8he1ght h
(coemagpoadingite kndecsbnmoa)laee formed with a/pitenB FHéreaghooved J6b have a

sizd'GHY b Bflerfn R SrAAGL no &Foo finpkiiatd along the out er

Ee” ery 51 Furthérnore, as shown
[00 ig$ ia a diggram shqvag@hmsr%m@@é 3P§r°‘f96¥'1hﬂggmﬂlbﬁ‘t?éﬂ%*g]éqmd
crydtal ﬁineq th&r cutlaf @hed QL0 6F th!i@ Qﬂﬁlﬁtmﬂ' MhseldS FiE @)shotvb line 30A

t.hi oves 4Q0b p e are
forfiBpP R G Ly SHAS PR TERPAR JU8 L8y St Eis ST B e 0B for
implembntixl; the SSBP sPstefdshowasn Figdl9.are fornmed by cutting

pi ec Sggafwnal %%ﬁ,qines }9’{)‘& QP&‘ Pﬁb tﬁ% (?FIFT%I%EF ] %Fé%?.l{,]nésé[ ilglgs crystal

i ne resu
pangl era/fosmed of, appaxstnags ifayresriping apd rbgeedsumshtghd ctystal panels 32 and

34 (&ﬂﬁ'LQS %ﬁj&tﬁﬁést 8 hadl %n'sfep Sob# 81288 ah@rdBe déH Brefprovided

grooves 40b have a size on a mcron
be@@&ﬂl@eswll?ﬁati‘%esnot visibl e by the naked eye. [00261

[00B7YD &s sBowh £ By S(H), SinOxypadatiub ﬂraf::sc&@ﬁugamﬂ Bﬂakan(grhqmd crystal

vt poie iRl or A re o hoRarehif f51, A S gl Bt GhPeratus B
(Bsimd\B2) fon émflierhenting an SBSBraysten drankfer Sﬁﬁ& foy Swening beemglass

suﬂsgralfés%ll?nd ﬁé‘%féh%@é@eﬁ{ﬁ s'f{l\i'%lgbg %Ef)&['%gs G, and ﬁ transfer

enen
rokiot) l\h&'lycls tramfﬁr@ Slawe Auhﬁﬁtﬂtgi)% M@O“%WE rﬁbela nue!b r eaki ng

a li gylsﬂov&r yxﬁﬁfy 3P %eap;ﬁsﬁuﬁ qwmaasgq{mx e,?uﬁﬁqmﬁas 34 is

scribi ng and rea I'ng 'l qui panel s
formed of  AGFRAPE BRATEAHP §§§§ agg S&ham¥ ?&F&aﬂw IRPBERLYS §1( 1ppd B2)
foraRipletiantinii snSSBE spitom| eeehell 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



bet ween t hese apparatuses. [00271 As shown in Fig

3(a), an apparatus for scribing and breaking liquid

crystal panels 32 is forned of a scribing apparatus S

(S1 and S2) and a breaking apparatus B (Bl and B2)

for inplenmenting an SBSB system transfer robots for

turning over glass substrates RL and R2 which turn

over and transfer glass substrates G and a transfer
therapiperatid efrscibe appamatiue 160 g Figs17 bdter aaties wheel $hisunounted on
chip 4t ﬂammumsﬁbpaﬁ{ermeﬁ%%mw Fig 3(b), an apparatus

reaking 1] Id crystai panels 34 is forned of a
10028} !5'. rﬁ&’%ﬁﬁb&'}%{gﬁlé i 1%@5?%@6@2)“&%%? Brraekeyigo evaluate the
prop@itidk &rissribing 38d beduttirg2glass’ ibsiraiek 0FEHY dubi@r ¥heSi®BBeording to

bot s .f t
thig hSeiion ofF Pptibedpeth el RS R et o ' obot M
[Exphm_nhnitllansf ers glass substrates G |‘_n the sanme manner
as '% }E: ?11 %ﬂ%ereia%i% Bb\é&ve%‘ﬁréhg'dagtfoa&paﬂ%txﬂﬁﬁéwﬁﬂch is
and ave the same con uration as
formpp by athladec) ofsx eutar valpepb%aaé a1sgribing presgunerregion(range where

sub@e&meﬁfb ME catboe a%hfé%mtu%de essulfé for B@tﬂgwhénlarais%%%smte

cutt eel 10 of Fi 0281 I n_ref e ence
is srzvb@ apd; 011951 us 'ierrévﬂ?ﬁ% %W&P%S&'@ar ey thriebave ‘described
“rile warkl'aineanshe frapturpd stufe® inod rikcforinl Whichrisl chsatak afl@ result of
. a su e cut eels.accordi
int el b Sealk dldo SIHISE P i RS E elndiBaror o the
formhtiorceffa, gopEsqribeiliment 11 I n Exper| ment 1, the
r el afy} de%ﬁﬁihﬂnd%li H@ﬁ:‘ihg?ﬁﬁﬂ@&hﬂg afe &sfﬂﬁédqﬁ‘ﬂ‘fe Weh is

forne cutter and
scri %haﬁﬁgs‘fhﬂtergmb@t Aephiest of seribine \apd hreaking ¢ eqmrﬂ%kahne glass
(mlagnaémsegumtmm@mmdas ofodiesampr essure for cutting

when S strate scr and, br oken us

cutt “?tt%r?@ﬂ@ﬁl b rame o a0 Rl G amend Py
descri bed "ri bouter Hianeanys 28 thmact ured surface in a
rib form which 'tlficlé{egﬁveG 6§§m§ result of intermttent

progress of a crack, vi si bl e mark which
becones an i ndi d@mﬁer@ﬁ“hplhéormﬁe&mn of a good

SC“ be Iine. Th$1t&PBF“pEét9ﬁh‘§oxIs0P 8Gr hﬁ' %gaa’ﬁﬁldmﬂr(%ﬁ&hﬂﬁrence
ﬁdescrlbedlnt bel ow. d ass substrate that is

Entp 289 tos00;egnal POXtiPSh eaki ng : non-al kal i ne gl ass
(SI ngl e gl ass subighfatpeoth@mm@ Dtﬂmkﬁ@i%ﬁmof 0.4 m)

Cutter wheel ri tered. d
(polycrystalllngng ﬁ%"rﬁl%lbgéf) got d| aneter (p: 2.0

mm tJeribkogesppaitu®. M6 type, Idaémby elitaubosts | Riafmond drdwgstrial Co.,
Lt - 8 pitch of protrusions P: 8.7 pmto 34.1 pm

(circunference divided into 230 to 900 equal

por t¢endifjonn &rgmtting:  jvesipn dppthcof fthe eutteryrheebimgglgen 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 (zm)) protrusions (u m)

11



angle of end of blade a: 90 0 to 115 O Scri bi ng
apparatus: Ms type, made by Afitsuboshi D anond
Industrial Co., Ltd. Conditions for setting: invasion
depth of the cutter wheel in glass substrate: 0.1 nmm
scri bing speed: 300 nmfsec pressure for cutting: 0.03
MPa to 0.22 MPa (pressure for scribing nmeans pressure
appH-ed—toreut

[002911Tab e 19%hows tlhe proﬁ@ﬂtﬁ&@l of the| bl ade 0
cuLter owheel s %ed as san‘pl €%30 [[19%01 [ Tapl e 1120
sanpte—angle—of —end—ofrnunber—of—di-y+stons—hetrght—of
No.| bl dde (pit®® (L u m) protBsi8dd oz m| 11 120
900, C 3. 0) 0. 5902 90 530 (11.48) @50@) 3 90 470 Cl?adll
2.0 4904201503 0© ll )T 206166
470_C18_4) n’t 160 420 (12533 Hfé ) 230 (3% 31
3.00 9605 4201((015. 0) |3.0 1@76 (134) 470 (13. 0) 290 11
1 115 0 (15. 3.0 j0031T l— [ﬁ §510vvs Tt
evalwuationlof ] rflpq ﬁ cutterl wheel

Experirfent |1 f100 scri bi ng an@30r@@Bing a gl ass 3.0

substrge. | Th 'S t0 [say, t [\t onshi p bet gn :

t he deg h—of 2iol‘5l b-marlk fyhaf %0 @g?oz‘g_d_b_y_ b V?

a cutt¥ \wheeMband tHe scri Wﬂg[lﬁﬂéssure regi on 2éher e

subseqypent breﬂlsl ng can be aqabe[\ig@]vvas neasur eg § or
A

each PaSET I - *\ Ac Ly ar i _wwac
ottt V|\.,\.,|. AS—HS \,l\.,u.l IIUIIIII&J “r; —t—rotS

found that a relatively deep rib mark was formed and

[0091]Wl phg £S4HolB} rtmreaﬁﬁss Sitévaluaigh QF tnm,? erSidb §Pﬂiéec%'i;ter wheels in
Exmr{na [ ng can achi.eved. was found scrib and

ng
o e we and; propkifg o% | elass subsig ?ees 'lﬂl?é 157t° gay, the

reldtibnahig b'biweenﬂaé tdeptl &frd ¥ibtrherkcibat & fohh@d? b$ thé bRdeTelf @.Scutter
00321 i ment, .21 .1.n

et Sd e B plppures ad vk PO RRR e L ot s
memed for aand cuttewbeedt e was observed on a surface edge
at  agy 5Riear ﬁ'@ﬁtFiE g, 10twas $urdq ki Qfﬁat‘?\rélf E@epgji@ﬁﬁrk was formed

and a wide scribing pressure region where subsequent breaking can be achieved was

t ar \who l fnr Fnrrmf|nn nf S riho Linac)
LA AL \ALBAYAY L] 1 T ITTUAT T O T 1 TTORT

n

found for scribing 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.
[0032] [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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substrate that was cross scribed. The conditions for

scri bing and breaking and cutter wheels 40 used as

sanpl es were the sane as those shown in Table 1, as in

Experiment 1. [00331 Fig 5 shows the results of

eval uation 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

scr i Bigsl6 aad Toareadiggrass dlubizating dambegd imdbe giass substrate, for
xﬁﬁ]{lb *eﬁéjbéw dEJ&ﬁ ecf‘é'bhmepi%gpfueﬁ;%ﬁ N %ghQﬂe ﬁérg)c?r?xon in each

su

sequent rea can ach |eve was nea

dingERIR SBAMR & FrogASBROTONIORR EeTiEdiNe Ldcwlich ircfgrmethpfiersseribe line L1

sholmi th fhl loWBr pirgioR in ‘'ef®h didgr4m! Af HRI MweOpsrtoANHI dak® Riagram
0" i.ndi cat es good condition, "A" indicates a state

Sh‘W?&%I ¥€"degree of danmge is low, "X' indicates a
[008¢ht tSplintaring? fescribkeigndhe afmmdenta gauinn ih Figh5 neads 8 phenomenon

whfadi %@fegfasas@%%g?y “;‘fhgﬂ & r%k#?ﬁ&ﬂh'e !l GAkh Nhste? wheel & makes

IﬂpOSSI are I agrans ustr
condagtavth gnd rolgovgr asbm%mmm and grogressex mﬁhedntehfeomtbwrrow

in dﬁ&ﬁ&grbﬁ%m&%ﬂnﬁhg kérit T L4, tawa WHeR pasgéebgl%hli'(goiﬁghbbl‘aﬁgé line L1

0, eac, a
thﬂgcv?ﬂoéﬂ?ﬁﬂeprezigeﬂa. SEBe imﬁiﬁ aoPilEponaraind state (8hafq where a
versibalneracin Kt i'mdieevupprq&nhﬁﬂel};n 90 I% oefiche tHiclhessTof glass blilstrate G)

N TN I MR ——

aS$h9WngF§g6reans a phenorrenon where a defect as shown

by Vi sdditidh, Gtw‘?&ﬁiﬁ" Tnean at hotbiA v@]’:’ér% & deflap EL shown by B in

makes contact wth and rolls over ag ass substrate
Figah Qeoyrd §p daatcghencuties vmqeb&mekpsoqonm withy a7 rally overa glass
subﬁtx&ﬁhf and PhgtRsdsGhthe Aire6tidrd6f theNrdvwin ﬁ{bddiﬁﬁ% iwthile forming

hr ibe lin t hat wa
ser} i, B bgg Ehe Febten whorTpanies b Bpch LA 28 i which were
alr¢slyaireviddds neslmwnde rFlig 2@Fig Tanly dhowve aaitedirIm) opdrtiotsdf\slass

sub%g'aﬁ”]ﬁ th ﬁﬂﬁ S%EI : e %iatgl ﬁéat%% stl?éL r? tv%rt@ail {i“ Ekerig reaches

|agon e VI ClI

approximately 90 Yl ddhe sthi@kmsat@' giass gubstratend) |hmt pich @thet, ncausmg
m@%b#}g%ﬂmpﬂg"wniﬁ#lﬂ 'poFEGRRP i tRE SRPIBIRNsUMARE Sage dREE6s, as

as s by ig 7 occurs, so that when cutter
shaydB Fig-"npkes contact with and rolls over a gl ass
[00851b ST Exiperifiedt 2)/a9 gm&smlgﬂ theeutter whédlT sapldd Noa! Z,3V\5, 6,

t f 4 d
9, 4 1. roBOtRRal Pereh paioRleb B Subeep whpdlf obehonslp s 5, 5, 6
and\H) prievided good dtexsachionp vver aethtivaly veillowanibing pregsuOregiingwhere
subfe !nybz%ﬁ% cattbd %ﬁfévh@e U, portions of glass
e

substr at In a f-separat ed state(state where a
[005&) tlit can be pepnifrom Expeniraents doandok hf&tdefeytsgv@ch@eﬁplurrtenng and

twibtlihg édnSteSpreventd dodt Snterdbetionyt aﬁld@ﬂ SHd suPfeds, 86 BB the strength at
BN R A M 4 T N
cutfer Wi¥8Bbflwhith Bk etterdidmeéter #51.0 omntoi 205 mirg, the d4o®e described
pro&%gfosg ar%%le'tlngd %ou%g r{H(L %rsltul}abgenp%ery%f t%’e a%bve described ridge line
with a pitch of 8 pm to 35 pm, the height of the above described protrusions is 0.5 pm to
6.0 pm, 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 °.
[0087] [Experiment 3]
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9, 10 and 11, from anong these, particularly the

cutter wheels of sanples Nos. 3, 5, 6 and 10 provided
good intersections over a relatively w de scribing
pressure regi on where subsequent breaking can be

achi eved. [00361 It can be seen from Experinents 1 and

2 that defects such as splintering and twi sting can

be prevented at intersections and on end surfaces, so

t hat In Baperimentich (e glass euhstrate was sresdgeribdd giing s cutter wheel.

ThE \PRederfiteLfofs strihifl a8 HrRAiige A m%a&f ﬁﬁ}ﬁtrgﬂa {yare g@ﬁﬁﬁé& %or each

cutt wheel o ich the outer
w‘tté' "i&*%fpﬁ’rﬁeta&mz et ekmﬂcntwg PXPFSYES @s@erwh@eejsuhsmqna bragking can
be atkietad; mdemrsoametdaae adttd Berfier ¢dgb ait YarOintérasetdROMethe glass

oI55 5 5 st 8 B 5P b Sk

theFBiﬁttSGubﬂr@epm and the angle of the blade is 90 * to
[003315 Phe Edﬂfﬂtﬂﬁﬁ fop E&blﬂé&ﬁ’d Bl%gﬂn? a2d des@ﬁﬁﬂ {%3hd Bglﬂ

ranewasvvl dene contirmed t
st r eag"%ﬁ sybptrate, dhatnig W&ééﬁnbmr%b@akwganpﬁﬁg@hm ElaBB
(sirfifle lﬁlaﬁeﬂsubé@at{e@@&?x& a[theRRdds GBOY néh) 13 I n Experi {r?nt 3,
ag rate was cr scr using a cutter
whee &enﬂﬂulé LW&%’H ségtef"dfdsl %&% Jand breaking a
gl ass substr at e outer diamesisty:cD for each cutter wheel

in relation to theySelwPog RLessure region where

subsequent breaking can’ be achieved, in terms of the
state at a surf dinmeserf hale famaxisi0®mact i on of the

gl ass substrat it 3F pHRFusidne IS B meéuamemﬁe 42REE into

éen e{?bl“ty) of the vertical crack in the glass
36 %’d’&ﬁ’ 1908)1 00381 The conditions for scribing and

breaki ng are deaeighbefprotiudites @ iowv. G ass sublst(rﬁte

that is object d. aking:. pon-al kahne

glass (single 31&%%5 %!giog?’ %? Eﬂs ﬁg] l?ﬁl ckness of

0. 7 SarjbirguepraratngicMS: typet made by Mitsitbesks dDicimand rind(R68) Co.,
Ltuter dianeter p: 2.0 nm th| ckness W 0.65Tnm

di aneter .of hole for axis: mm pi tch of protrusions

p:  1Gonditinns forisettings @W%@I&dmﬁhf Pt:téle cftergvhesbin glagssubstrate: 0.1
mnportions) height of protrusions h: 3 pmangle of end

of blade a: 110 *,b .115 * 0 ri bing apparatus: M
type, nade by W?%%%Pdﬂﬁﬁmm@eq ndustrial Co., Ltd.

Condi tions for gedssurador scribingi: Om4dmzttom21MPa cutter

[Ooﬁ\n%fgfggiB'}h%?ﬁé M&ttﬁxg%ﬁidep of clltte%%gl Iupetf1 3 6 s as w ell as

the results of scribing 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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pressure for scribing: 0.04 MPa to 0.21 MPa [00391 Fig

8 shows the formof the bl ades of cutter wheels used

as sanples, as well as the results of scribing and

breaki ng using these. Fig 8 shows the results of

eval uation of properties for scribing and breaking in

Experinent 3, and in accordance Mﬁth the nmethod for

eval uation, 10 lines in |inear r 0SS

Scr i Beise FHb-eEROGDpHEBHAY 4k EheegRn of fhesked {pieFaestions in Fig
8, syiBoMt Or 8Ed kyiboD A tii@icate aicdse whemh IVélhlcaT @agkdngpeaghdwithin 10 %

o S50 i b At R B, o

whéretvertimat ¢radingieaghridmy lesashay90 %af the thisknasg@f the glass substrate,
nmi&kg, ectlons that were forned. In the table, n = 1,

Re2 and n = 3 indicate the nunber n of evaluatlons
[0041] rvhs Ufclwéroaaﬂgo%s}n the easephexe the pregpure fof; scEibing, Was set at

0.08 MD£LEo ONEMPaV\@iterdsctidh skippftgAdiddld e preented toan gt extent, and
. checked i nter

cxcHRTRPeRIE ARG o IHhBS 5t s o coteirih g By B Ses
af t eIn ahditiont ernehtivelynwide sdnibing peassurenregionpwhgree subsgfuent
bre v Igsc%rﬁg;%eac Jeve wﬂ&dthe gﬁe §i6 lgg?e %@ﬂf‘aq'g.{# Eom 115 °to

ne was Scri be ore or
120 At dnsthist ¢age alsp, mpgovEmens in émﬁ ofspdighering ad Wi‘étmg Gould be

coxﬁﬁfn ?Tnl i fafige ﬂ-gmler of {3€1 48U RIgH BbServiBSE by FhHtBBr widening the
e CO

umm of hecked intersections in Fig 8, synbo
range of thesangiso | L i ndi cate a case where vertical cracking
[O@Qﬁyﬁdww folhdfrdd Egpeiiten)3 Yhaif defdets dueh ak spEsterihg tangd twisting

carPhprovartar & Blefoetchs Hod ol BB L LA aiE SRUNG 1Rl e stably
cretedf withh high hpredsimseven fin tllraacage wsreshbb $hicknegs of the brittle material
suﬁs@zsagg fstsh fll %u&gg & tdttdSw e%l &f @ﬁﬁ%&ﬂeodﬁt@ Hafetet i 1. b‘%bm to 2.5

essure or scrl |ng was set, at

0.08
mmFélethO‘(P @crllhnd Prvtﬁlisé?@e%fﬁlf?}ﬁl@kﬁ PRs the eptige girgunference of the
abtVeCARBLBE Lidgellitd Rith £)piteRlof 8o/ t0€35 pinG €BE height of the above

penetration of tge bI e |nt the S gstr fo 140 °.
de%ﬁbP‘HP{?é“E%Wrﬂ’c Bmt? amr‘? 9‘13 éﬂg\? 1R 9\% 8
[0048] | Ak R¢)clpdrefscnl the #loge described Enﬂmbmqm,em tuttdyrweladel Ag of which
thﬁc,: giﬁta:g ré\:thI 10112 q%%mr%g%n @{LQ lof"t}:@ adbvd mcmeﬁ%té@?%hb& MDofa

Prom thi's case al so,
conveptioned iighly penetretivestype (thpt s m ezm th navmber of divisiogs isdprrgased

in q,ge c%%?&%g)bisn@ ﬁ)?gs%ni)fdémaﬁé tilefe%y,lﬂﬂ stréﬁk‘t@ Llﬂh;he glass
Servat e

I on r w dening t r
substtsite at pubiee eddes alaag TR SaEIRS H&Eﬂb&ﬂnﬁg g‘? breajine s achioved
is ﬁ'x@fe%ﬁécﬁ aﬁ&'ﬁﬁm 3gﬁ)to§ EdﬂHéPﬁeb Bgh Wegﬁrmw S\telnﬁg a thimsubstrate.

prev epsections and at sur

Phat TR aRfpah, the s REE bisgetae Spior bo feirt Hiee BT horiBf tines can
be foraadsis itgs \wad therebieg mdmanwhhft'@ultne be hﬂ’ettte:bbx ﬂ(ﬁf dlﬁh@nce in
thg Elaltat L own&&%li‘ 'I;l?e %&9 %%hla&:ﬁ 1111510&?&1& on e éﬁbg‘ﬂlcl)ﬁtrate where a

out er aneter Is

scrzbselmé isofermeds @nd erveation < stabiaisqsibg iings besRea iesHEl fgoe on
EﬁL§ pe entire circunference of the above described
Ine with a pi

tch o
of ¢ g saBely AR SET 71 b egRE REoBhl il pghegeagive tyee
anBANd6e WikRl 20 Ifahe fprédeat hwaitioh,Sgdd deribe link® can be formed on
su 00431;' Ia%%%%ﬁ ! \%hn%éxpg 22 bovge da?nsg%rok' Pﬁigknesses, from thin to
thick.
Here, those skilled in the art can easily understand that the strength at a
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the pitch of protrusions is smaller than that of the
above described cutter wheel 20 of a conventi onal
hi ghly penetrative type (that is to say, the nunber of
divisions is increased in the circunference) is used
for scribing, and thereby, the strength of the gl ass
substrate at surface edges along which a scribe line
is formed and breaking is achieved is increased, and
sutfanesedggdbeat iscredbel hfterethecglasshabbtrateeid lfevhmkérn ahnk lthé formed
r re
scrfﬂé%g g}ﬁ.‘ﬂi‘/d'] gra{eilgg%% E%dr ilﬁgleedﬁﬁﬁg Pﬂegkgthcﬁ gérso ruslo gnng reducing
the baight of grayrusieas-ef ore, it becomes difficult to be

f";, fepd tegu;ﬁyn tgh&u Eﬂri'bfa HrRE e@n b@ forbf?@ e@ag 'i:?ﬁ s%stm@rof Which the
e cutter

S
thigiionf o el en, 0 e o fophing Pl Hehtad PitRkio the protrusions
of éwtarawhesh 40,f arglt wiieeessanyi drackingnand bemnsies of @acH blackih@lcan be

of time. By selectively using cutter
pré\%ﬁ Pq%pﬁ%bﬁﬂ% conventional highly penetrative type
[0044Y Expedmeniel 40 of the present invention, good

S C ri BﬁEiﬂeﬁﬁfen@ 4”9191% 1446 'Eﬁgstﬁﬁes %m%ﬁsﬂts@lﬁ;béﬁmsﬁk Atfer Wheels

f scri bl}ﬁr a w de ran hi cknesses,
a‘r-'lP rﬁ Hferent onumher of dJHéPé‘B (pitetyeo sR’iOFll“é’&nﬁ‘ rlqngether respective
portians efthe blades) d@WS]Il amﬂﬁbi%t hblEBts?df bﬁﬁﬂistbn@the@em&ﬁer referred to

oo bG8 Wiodl ol 305 F e Ut ST Ptk he
separated dsdribed e&nﬂehrokyn)r ehaszlsngstrdtes pwhith @t mmogles)Sthereinafier
ref@rasl {05 4UainBR sut,aﬁatgslva-g @Lefro”us' ons. In addition,

good_scri b 1 nes can orfied even in a substrate of

whi cfesting for, sirengthe of glags ggaigplohending wam condnchgpnomyhe gained
samplp ldﬁEdtfwes'; Bed ﬂﬁ'f&lﬂ oiaﬂi'dtrﬁhbﬁd"arﬁf the RreREtRLIF %'ﬁé 2885 subbtrates

cutt m% aﬂ unnecessary cracking and
we’éexeﬁ' ki Vet sreR PR ng can be prevented after
[0085]e aRheynditionsifot sqrifimpandimeakiAg ateddsaieadiifeld below.pl ai n
gl asglawﬁﬁ,uraee%ﬁatgs Piedtlaf S IRAE Lo iBLRY CULL ef

Bren %1 si ons (pitch)
of protr usﬁ)ms-aékaémg glase (singlp glass vabstrate havding thitknedse of 0.63
| ades, as well as different heights of protrusions
(herei naft r referred to as sanple cuter wheels), and
after that82s8Aenstya2387 substrates were broken, so that

separ at ed dimensida8df plaih flaaksabitriledSR £ROSLTRRES, Whi ch

are sanpl es he af referred to as sanple
substrates é‘i’%ﬁé{ e]g)% { BF for strength of

gl ass ag aiBiaikabeel glasgy(simgle gl@sudmbtteate duaving¢higknese df 0.70 mm)
sanpl e sulg?gs &&F, ggl the formof protrusions and the
strength of the ass substrates were eval uated

rel ative tdéin@&mﬂ@f plain glppoabstratae309anmix 40 mmf or

scri bi ng apsplars@Bdtidis: 1D0MHASSH mped i N the beI OW.
A ass substrate BS\?% s object_ of scribing an

br eaki ng: APCREHelPg glass, éslgelﬁglgsi gibsinete awtmckness of 0.70
mmyubst rat e havi ng t hi ckness of 0.63

glass density: 2.54

dimensions of plain glass substrate: 360 mm X 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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MM gl ass density: 2.37 dinensions of plain glass
substrate: 370 mm X 470 rn sanple substrate: 100 nm x

15 mm B) al kaline glass (single glass substrate having

t hi ckness of 0.70 mIn) glass density: 2.50 dinensions

of plain glass substrate: 300 nm x 400 nifn sanple
substrate: 100 mm x 15 nm C) non-al kali ne gl ass

(single glass substrate having thickness of 0.70 MV

gl ass density: .Zﬁﬁsrletelfmfénbifonsxivfﬂfbmai n gl ass

SUbS”ate 360 e o?%gotrée%mlf §'Y‘Q51}Iﬁ%%’7119gﬁmt§mfe§ence

| e cutter materi al: sintered di anpn
d“’(‘*gélbﬁ‘m %9?%360&%H%R°é?°n5b 2.0 nmthi ckness W O. 65 Thm

16 di ameter of inelght bfyro@ukions B Burpitd ehp@f protrusi ons
P. 17.4 pmto 57. 118 ﬂaﬁlr rence divided into 110
po RS RL R |

to 360 equal "of protrusions h: 3 pm
t o 18crjhing an@tetuef MS Gobe, madd D5 MitSdhostii Dignwpgd dndtstsial Co.,
LtdS type, nmade by M tsuboshi Dianmond I ndustri al Co.,

Ltd. Conditions for settlng for scribin
out sPerditienssfor aettingfor pryibieg: M&l@mtwéa ‘Sexipiag anthod (method

whsm&lﬂélétitf& tw\hhﬁqg pésitidied Bhtsmwii aQulif Fries ﬁfbsﬁ'aRJ @d scribe
S S strate n SCril pe
ling HEORP HOB G, TGRS BIRUIOB AL he Shetrats farihe Athe ox garfoce

porsion othe supsirdte)on of t he substrate) set invasion depth

of cutter wheel (jn gl ass, bﬁ)gf?&&tefrhgel}ééﬂggf‘%g{rg{é 095 mm

speed: 300 mmi sec ressur
0.25 MPa [00461Bm}gnmﬂméwﬂ§0tm@/8appar atus for testing

the strength of podegs® g 00RWPA % 0.26MEA was used
in testing the strea? gq%assaalnst bendi n
‘FPe°fé

(0046 s¥ig S-ehowsdibpapRar Ing e strensid ¢ cﬂlaqSevaamg bending
whichamtdsemgidastﬁfg tgL- aﬁ'Sng’:tEaf glads aé@ﬁﬁd bégigg. € shown in

[OOtéﬁf ng g%? tihgt | " no%dﬁpo%g rfa or légstmg &%Sgt/nmc;%th n? ?ass against
bending are shown in the followmg.
Testing apparatus: EzTest/CE, made by Shimadzu Corporation
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 (um]) /

for cutting mark

height of protrusions (4 m) (MPa) (pm)
110 divisions (567. 1) /10 0. 23 104.7
2 135 divisions (46. 5) /10 0. 24 101.0
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Met hod for testing: four-point bending test follow ng
JI'S R3420 distance between fulcrunms in upper portion
A: 20 nm distance between fulcrunms in | ower portion
B: 60Tnm |ength of one sanple substrate C. 100 mm
[ 00481 Table 2 shows the respective values for the

formof the used sanple cutter wheels, the set
pressure for scribing and the ampunt of rib nmark

(dedpt h|of rlidHOndivisjans Here, 93arpl @s NoO. 12and 2 i notle

bovtno gt hondpidis, (PR PR) 20 bee Adcck i bedPd

hav—aaHhi nh v (citter wheel S desc

TTaAAv1 Ilw

Pat&nt @n%ﬁtdlziﬂlom%ﬂgarrﬁl)es’ Blo.| 30t 028 are cud9.ev

wheg! s Of e oPhGRERE (Nvenkh o 30015 [F8PTJe 21 9930

nr nr- '\lf'\

safptelfotrmof StHe—aBtht

nunber | of @1?/55%%01’@&3 2h 8) £ )3f of Qutzlznc rar k99.30

height [of robr ashs M 4CVp3) (A M| 1o] é@cc"”s'Qé‘ﬁo

\OI L ILU U Lo LU4 l L LOJ UIVIo o1 O~

0. 24 101.0 17 3 14 O divisions ( 4 4. 970 24
101.3 4 170 divisions (3 6. 9) 5 0. 24 100.3 5 230

oo EaPhelefp agtbes To BufeRim %ﬁ ashpbed ehaigoing "
99. 3Wirstg oS s fate wf 2 piain ¢lass. subptr8teOwas 2rofd sGibef Ak}l sample
cutgg?ewlfegﬁcf ﬁ)t @uf)'f'&ﬁ@gurﬁt {8 iEPE Hﬁtmmélv)aﬁ fcfi'g)ﬁeﬁrllr{&gp the set

, one éur ass

Pregwag tfqraiuétlm ’Qq%!fs% 8g éhatbveab Wkdlaxm laeferemetttsep of 100 pm
waMﬁﬁﬁﬁiea ih ddeh eplé.lﬁ aﬁgﬂ &bgtraﬁt Hekes ﬂrbm sﬁn? rdupt%r |WHR1 was

r essure
posfiieq 3 QE%‘%F'H £ & Bfai e Kookt gné thegy geriiedipenayste formed
fromf onk GGhd Fiuk-favegortion e the mbemth ol thiervtldroanl sudthsé paition of the

{ | t
sulsftaf (o gﬁ% outdad Q&fﬁl bASh. Vﬁgeﬁp"éﬁsof E tr#)gﬁm%r £ fbrmed
und?é vremctmerﬁehpmeq‘ for Mng iy shewmrio Tahle Zsaﬁr ‘famnpm?mb orark.”
Afl:&lc tﬂﬁetlfeu?ﬁhf glass Eﬁ’osht&@e Wab Hro A manhARE %na OE‘ l{%&nber of

subs (out si de- out si_ de_scri bl ng net
s%‘bf“f‘bsb‘i"te&ém?ﬂmr’f 1P mayweere gainedi  under respect | ve set

[ooaJ]E]e SN&gﬂ;esteEﬁfor ﬂibtstti'eﬁhgth & g@dhﬁ\b@mhﬁt Pehdir wastdond @& Y each of
(0] [ nar.
the

I ass. substr
e\ BriBAs AR st Vit Fhe mbarele st thecstrnech of elase
againgh bemdingshowh(o Figr. x 15 nm) were gai ned. [00511 Next,
t g5t t | [
condrcie Jeet 1S obHEl rland IR0 HRNRNT) SRERE APl wore
Supagwtﬁb whe theotssl weq garried oute§t> ithp qhh@usfmewgthe side wheresscribe
line3 Owére Stbrié &l B FeSd1O VN theNabiove dlscribed cross scribing faced the lower

surface side in the diagram.

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.

[00562] 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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In the test for the strength of glass agai nst bendi ng,
sanpl e substrates were supported when the test was
carried out, so that the surface on the side where
scribe lines were forned as a result of the above
descri bed cross scribing faced the | ower surface side
in the diagram The nuneric values for the respectlve
sanpl e substrate eac

t
and hp §BgH o CootrreRye 8 DOKER OB G FIGHEH S5 L Hrbptt FeiEfve o
sankidelitted wHeelWltb 8. of test of strength of glass against

b { t

Tﬁ 2 dh}egl)gal;ﬁf ;z?rg Pse l())W'ﬁ gwn 94? l\féié) Hln% 69 r O@Q ti'l h&%s &%01%5&185 when
the glesasulishatesowhith wensitbeohjens 0@%&*&% wgn&tmdeaf Ayneghalkpline glass,
Figt8 rsﬁovt' e GBS twh@ﬁ tﬁeﬁélﬁés%bﬂt?ﬂ t8s WBILR wake the object of testing were

non-al kal i ne ass

th
O e o
werdBHE objédt oﬂesﬁh&ﬁbteﬁﬁa@l oﬁIS}} nowalkaFh@glhds. shows t he

res ?ret#\hﬁsglg },%?Ho% gets cl%pﬁr“tvg He eéhtﬁrom the left

obj nor-a ka I'n
in the @xgtram(tcathd |mocer stdh efrqneﬁpeuoda/ﬁ sisied kbe) stmﬁh@égheo!famme

Mhich were finally broke
sub%ﬁgtetwsgb&%%ﬁgtﬁr ength of gl ass agal)/nst beﬂd: 2
[00G&r eAﬂawaﬂ%ﬁz dym Fipg 1910 %14 aﬁﬂltge gumber: of digigions gf protrusions
mc@'a@é"sea@ldrfﬁg Beifstof ﬁﬁdtﬁﬁhoiﬁ kel sraaNdr R tRahys ated) idtthe/sample

sapl e cutte Th I
cutfey % Hiegls used Sor gohipen e s egﬂ%fgh‘a ef gl e PEFaR fos to
becbii@ highefs substrates which were the Obj ect of testing

T S RSN of e SR Rk Mt 98 888 15, & fho huRP WP alvifons of

e grass s at es
proutqsxans irgreasesandgereight ofiprytrusiongis %F rmpllereraghersthan grepter,

'!\Bn a%ﬂ)lesmm Vﬁﬁé@lﬂ“&%&l lerSsc%ﬁE Eﬂ'éestge!n@ﬁ? aftaSdur k@ 8dge of the

wer e e o jeC of tes

samppp suhstratesehigh yere finglly brokep ip §h“s§?5‘%/\ﬁ‘f tP‘h 5"l’e‘¥§I‘ f’ﬁéaﬂs against
bexﬁﬁ@gﬂlféc&ﬁemgﬁerget s cl oser OIt 0t he right fromthe left

e H e_f h
b L i b 5 F £ Ty g o
forineé fka glgss mbhtrgteemmg[ D3Dle Atarsvheekofithé presertiigeention, where
the furibid of divi o EE (ﬁ%ﬁﬁ ifrefl M SR rgy&: opfn%rruﬂﬁhg Sset low,

I NCreases an protru3|o I S” set
glagmmubstrates whidhare sérihed gpé br@qen thueugly subsagyemp breglingand finally

gaﬂﬁ@?% santpi€ ButfsBatea Hak P hfﬁﬂer Etpéilgﬁi ARkt 'beﬁamk Iaﬁd Gihee Bkrength

e substrates tend becone, hi
at ﬁwoﬁwfaew edges {n cqmpazison %‘% fnbieg°§5°1‘l’he”f3a ame&@n%gu‘ttﬁe“’heel
havibgBigh pehetethbilityi (Autserafheeldestrihediin Patenh docmeens 2pisdiseie
g rol.rusions is set smaller, rather than
[oogﬁe &ng'penm] to[{Jhe sanpl e cutter wheels used for
scr i bi Bgperirhent <, mdwegthondad glass substrates wargecribed; and broken by
us@@%{)&ﬁ?&%gﬁetei WPt K%bf%ﬁeﬂﬁ"h@eﬂthﬁaltﬁé/ tﬂﬁﬂ%@i‘ of fhet Béhded glass

strengt l'ass agai nst en i ng econey

sultstngbesr and s elstinpabipnbesonm Hesr SGiPY Pt Wé%?? apd the
scriH‘né %l%séiﬁ@ Pegi¥nakitora sﬂs@ﬁtﬁﬁt bi'd%kuigscan be Eﬁlﬁdveldﬁve&e gleasifred.

substrate usi ia cutt ge& |'l]) resen

i nv gqo ng %h&%énet 0 or cuttmg bon e glass substr: tes, 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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the nunber of divisions of protrusions is great and

the height of protrusions is set |ow, glass

substrates which are scribed and broken through

subsequent breaking and finally gained as sanple

substrates have hi gher strength agai nst bendi ng and

hi gher strength at the surfaces edges in conparison

with the case where a conventional cutter wheel .
platesvinrihe scxjbing daldle,r axisi theetB) sifle glase pulstiease isgecsibed peingithe same
cut‘%?tva{gel 96CHBIAL aderibe 1H265h whb Yrabdl BYRAKAAER HhfePrbd! 18 as SS
perlnent 5, when bonded gl ass substrates were
syste®)i bed and broken by using a cutter wheel 40 of the

pr eSHi scribitgNpriesiure régior Whelenatsequent breakinpdan e adteved is

d th |
PR B ! S B S S i o
thewheide gkaabs@qtretet (minde 2K Elreglowemlimis \aﬂ;lm mdeulpme dignit value) in the
Ss EFB@%H gﬁ&j 5% PSbstifd refibn %Eﬁ%bséﬁrueﬁﬂ'ﬁ%h]ﬂgg Eﬁ?be achieved
onde faSS Su

trates, ~as shown in | ass

on thef eﬁag@sw%&@aﬁ (madg obthedeperdimit Wélugan%mpﬁgf i valyg) was
caléulfied, dndtBis iR AsRirbisd toR thé)sdribinpCprissiirél egidnod$he bonded glass

T TR RN MR A N o

of thisdewerdiinit aalde hhé nppdrilimit baue arkeshownbed gl ass

dosc ieefabiollibr G aft Brhalify b ditiid h M FOIHS
scr i Bondgd gbm substratesthat age ahient ty bﬁ%@@é gad bepken: 5

ScCri bed usi ng the sanmkaghg%ggsm% -aiRalireQldshat a
scrlbe l'ine Sb was, fornmed

ere ter referred to as
S Dijeneny of gt SSRSHToTT 2 B 48 Dok TR GIARIGHAGE Epspoctivs glass
sutﬁtﬂaeee GH AN ddflelsubstrataandB sidelessadbstsate h gr ed ) by the
scri essure.r.eqi on ere quent breaki ng can
be a 'Fﬁt%\fgﬂa gﬁmt?lﬁael nté?%lm asdz substrate (made of
the | ower Ilmtoumdamtdwﬁﬂmelmt value) in the

SS system and t bg Sl B r@g;mifssure regi on where
subsequent breakfﬁﬁg gan be achieved on the B side

gl ass substrated{ﬂ%ﬁi@"lﬁml"#@%@r PMhit val ue and
upper limt val path\W@prothdiond BlEM pan@irchfersds divided into
assuped. to be the scrlblng pressure region of the

360,ea1a EETEP%QS substrat es where subsequent breaking can
be achi eved, an&etghéoﬂ‘mﬂrhhsnﬂi 3memsurement  of this
lower limt val lég ﬁqj PHS db yoaﬁbeo are shown. The

conditions for scC |b|ng and: are described in
t he Saribing apmosttedM§ bpe, Slaé%ﬂ)VaMJé%u plit Digmond Hindustrig} Co.,
LtdPe scribed and broken alkaline glass and non- alkallne

gl ass Thi ckness of gl ass sybsirates: 2 nn to 0 3
mm (Conditionsdier affttm@sla@ﬁqwiepgha etiar, Bbal o &lseg qubgirate: 0.1

mn®i de gl ass substrate and B si de gl ass substrate)
Cutter wheel: el?? ﬁcﬁq di anond (PCD) outer
di aneter ~p: 2. Gclf‘ ﬁgs?ﬁﬁ S 0.65 nm di aneter of
hol e for axis: Q@ré&suafefor 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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pitch of protrusions P: 17.4 )1m (circunference

divided into

120 Scri bi ng
D anond | ndus

i nvasi on depth of cutter wheel

360 equal

appar at us:
trial Co.

mad
Ltd. Condit
in gl

portions) height of
protrusions h: 3 lim angle of end of blade a:
M5 type,

95 *
e by mtsuboshi
ions for
ass substrate:

to

setting:
0.

1

nmrn scri bi ng speed: 200 mm sec pressure for cutting:
bonded dlabrubstrat®s.1 8'T\VreafifBaBe aFalpve.”3 shows t he

[oog-hl ggjand the type of the bonded gl ass substrates
vvere used as a sanple, and the condition at the

bI ade of cutter wheel, as well as the lower limt

Vagé agiss he Up\aﬁr i mi t B\ngllq;g Oéb; hekﬁﬁkfe&lﬁhﬂlﬁof lower limit of
sampessyr e, reqglion su AR EakKl s

Qs hi e\%’&kfl héy%eoﬁr&z*bssgl agmasups; r af E%ﬂgesqlﬁe scribing pressure

Tabl @ 3(mmyl ass t hi ckness" means the th| CKNMR of (MPa)

; A

dooPRe v JIAIRAGARSS: %07, o1 Re, 98 SUDS T e s

@ asd Bubstratés. "T" meadds"same as| Qidve. " [0057].0.10

G A N Y SO R

cri hi0aRy presgmnaaﬂmhm n@5pr essur e Qm (MPa) (MPa§.12

5 0.2 nlkali neTllo 0. 04 0188 2 115 OO.Qﬁ 0.10 3 120g.13

G. GG G 12 C"IIUII d.l T\cll e UJ U UU G 12 5 100 G 37

®13| & 105 0.09 0.12 7]Ad%8 100 0.0408%12 8 105 0| B2

o 14 093110 Q. @8 0.16 1/QpQ-33 100 Dp@4 0.10 1 1 1932

%ZO OI-) O Og STiéU 609 U.lbg 310 chotuu U. U7 U.Uﬂo.l4

9 T 1 110 0.08 0.16

10 |0.33 7 100 0.07 0.10

11 |1 7 105 0.08 0.17

12 7 7 110 0.09 0.18

13 ]0.35 7 100 0.07 0.09

14 |1 1 105 0.08 0.16

15 |1 1 110 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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15 110 0.10 0.18 [00581 As is clear from T Table 3, in
the case where the bonded gl ass substrates made of
different materials and having a different thickness
are scribed by using a cutter wheel 40, a w de and
relatively | ow scribing pressure regi on where
subsequent breaking can be achieved was gai ned.
[00591 [ O her Enmbodinents] Fig 16 is an enlarged front
Japamesg Patent Mov#l7¢1l4he edge side of the bl ade of a

[ooévIt tAeglgft!lﬁa%r ﬂ:@m%ﬂg £ bl oF' Quitks %Eélatgeaoaoﬂlﬁigh@dthﬁ@fnventmn
cutte ee or
horseatey coBrreRiiocn B FANE HHTOBT) tha BrHg fegeribed in

refeérics to Figriéed so as to have a ridge line port| on 20a

I n \f'u‘ssp %Bg b@ﬁg Qigwﬁeg?%(ﬁ {ncdiéﬁ tﬁl?xg %3“311#%1% 3% 3i) 0 thﬁ‘t &' 1edst one

rusions
ang&,er Qalanféhle blnde ;scfgrenerd (aed pﬁhle«iechﬁvmﬂthe agnfehbqu by ﬂhie @§alid line
in tA0fgnare). SO that cutter wheel 40 is provided. In this

» it
O i 575 VB o B R s i

the dboed dgeciibet @heel J0AL 1h0dis&f furmf afrwhiply théend of) theoblatldas been

E he f
rougrblblg 0 % g.g{; ¢ ]géﬁlrnt qﬂn éag g{oﬁﬁ g"w?xlgegl 16921%—&%0&@%1.3 01
of tEabmhbfﬂl@ bl@p7i4 forBed| oﬂeﬁl pmtmgtona éla#dosmp‘cﬂs fi0hhyare created in
th1 Ree168 &Uf&n?%’*ovl‘ﬂg %Lov%cheﬁﬁ'ﬁ)@& dieflbd. Bnd frefetyny 8ikitdObheel 40

erei nafter erred as "twg-stage grinding

ha‘@%&s@*\e&ﬁﬂ}e Q%Ofébﬁeli‘@?féb?b]éé% 5g9ped- in reference to Fig
16. 1hiths taselwiRrdh aﬂﬁelovfrhéém&@haﬁﬂé\ah anglie ©2 of themdridsof the blade

ot U5t 5 B 6% Pl ve RS BBl e
beehyrolighly gmlihd id groend amd fihiehdd, gutha} a wheel HC bardng menele &2 of
el gl 98 o BBl gl i n
ﬁgurﬁ) whiesth prateusiond (asfd grpevep Kokl @rhersatgd dm thip Ub@‘ﬂl 19Ceensdips to

thel a%o%*'&és@ﬁﬁed%&%ﬁ&i ﬁﬁdthtai'e‘ﬁb Sh&flter thebh 80 having a8 langRB2 of the

havi ng an_ ang of the end of the blade is forned.
end\gfthe b g‘ﬁﬂ‘iﬂsr&ﬁ&eéﬂs (and grooves 40b) are created in

t hi sAd\BEeHbedDEboa6,Gb aChither @f chiterntheeds d@ 9 whinkdthe end of the

d.t
B S S 1 Pl 1 Wi o
prodacie (stitde demamixandre exhentéd) A0ttan whee)s aﬁ ofyn yariety pf enngles(82...)

l;
can\?%dm?:{uf%ciﬁreﬁ 1@? gléo (%](# %ﬁmﬁbgh&?!%éﬂéﬁl\g %g?%ﬁ%ﬁﬂ gch gnndmg,
anchtherefereethertimng fﬂrﬁequm am be septly fhorieneds pRd 8 ﬁ’éfdim%“ system
whfchafs apps Ltelﬂg Pdudtdnanf ngtifleOmhoRéls inhemalér dtst dum be
|.ade 1's Tormed (end of bl ade having contour shown by
e“ﬁ‘?l’ék%‘h line int he figure). Next, protrusions (and
gr ooNeére, ﬁk@h})oﬂr deseribed “teb-stage gnmwmtem[’@@ he epplitidifor cutter

ool a0 R AR DL R B0l RS B e
line portian ire¥.shape is formed as the end of the blade along the c1rcumference 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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As described above, if a nunmber of cutter wheels 40 of
whi ch the end of the blade has been finished in
advance so as to have an angle 81 are stocked as
standard products (stable demand can be expected),
cutter wheels 30 of a variety of angles (02 ... ) can
be manufactured in a short period of tinme by carrying

out only slight finish grinding, and therefore, the
cutigriygheeb20 efea ypengtratize @fpeéthay isstoorayetherumher of divisions in

the%&%ﬁ‘ézbﬁ& BYAdreiRed) My ﬁd&alf& @&%&ﬁgo ra'nattﬁelfeﬁf' tRE QEMBEHHOSE the

[tiple nodels 1 n s
“’g%‘f‘ gﬁﬁ 1Edaps subgipaies Y"H’éﬂa&%b’é’k@éé&“ﬂ‘}%ﬂ tormgd seribggfines can be
incepabétl] afid) excgHér Htribelinds @an pplormdd begn idthinssubstadieel 10

gﬁfflren'rg \Kﬁtm tﬁ tg?ré {i Eri)g%ggrgtrleé‘iﬁ{xtvgber% :sgbseﬁ%er%%rﬁéﬂgg can be
achieyedwad pxcallent egribeolines van (hefoxmed nigrgeh end itherefots rit heewmes
difffult BF the'\B@ e 1inds b BE aFBLLHA bi“eﬂe Gdhet &f (&R 0rdBe blade or the

descr| bed_ i n _ Patent Docunent” 2 (that 1s to sa
differpneein the lsptiopsarhere sexibaiiags age fermedondhe glasy sy strate, and thus,

it bRECRELR tposdible exifof+a B IR Ienck HWhidhChra bwbue foi‘ H ﬁn@tp@med of time.

descki bed .r e porti
appr S Eere) SRireeh e Flehly Ferhaion oo guiprmheet 0
of thetpresentvirsehtiom carobelelgetbd for hise, sonibas tekeplient] @Hiba 1inds can be

forﬁ1§d 841 gﬂ{st%&ﬁﬁ%aﬁﬁé@tﬂﬁ H\?doﬁ EW&% %ﬁ%@ tggil',}%%%n%lss%B from
thl% ﬁ%ﬁhll@‘r than that in the above descri bed conventi onal
22 cHbfeCthodd eﬁue@ 91 e &t D féhmyp@mmaﬁa ‘lﬂ?attt}i@ Strehfthiat the

|s t Vi n
urgaep ¢ ﬁ?ﬂe‘?\éeﬁ%%“é ﬁ“gsﬁ"#&? @%gregsm brofea oqepg'@mdoﬂq@g the, fprmed
scrtbh dineb¢an the eincresised dyhrediicihfi ¢he pitcH of protrigionefand| the sheight of
§ubst L ates which are broken along the forned scribe
ProfiuRecan be incr eased, and excellent scribe lines
can Ipcadditiome dxteﬂemt deribe fines earbalse be déamelrin adslibstrere, having a
: i u AaAbsh
euitHEad 6 b gphedl 68 0,€ hE0NP BANRGAE ohy BERAL SRA (H TRER WY the
profrisigng| of @t#ea W@eel 40n and penesessary cragkinganthexpangipn theregfican be

preﬁ,&iteahmst%ﬂaﬁgmerms&aebe affected by the wear at the
endlgf t he bladﬁ or theIF dlfference [ theJocalon
he cage e Erp g

wherErEhermgEe, i eolingsare Jprmed in g g ﬂs%tst“mte
usiag duttérusheel 40 ob elncopresenpdaeankibe, the strehgilsagdilst behdieg and the
r | o p .
sl 1558 AL S0k o B PRI S ol oot
subsgquentin bre;akmg@;ndmmtmmthecgiase lqnbtmaés c#n be imgreasddon can

be Sﬁhﬁgrﬁﬂré @h tHS BaseShdrd Bbrit Ekds! &8t fortidd 13Ca | gl£§ Bubstrate
can be formed on substrates which are objects_ fo

using cpther, heel 40 of the prefept igventigne Len&dge%n F“r lgtiyely Ilﬁ"ﬁ sgrbing
prebiiir@ ke gidiE Wwherelsubsegueld Htrbﬂdng Bar B@a&ﬁéve‘dll dah b@%@iﬂeﬁ for bonded

tand t.h th f
elef e ey e asbnept pafebfile mid o cifiFenE iogedes. ©
[0082]o rigereh ¢héughminl the cabove ddserdledc ambbthmentn; eadied Wheel 40 is
ilusfriated' 49 &1136 'eI'eC 375 Sﬁ%t raiJeSI scrﬂ%dh %}&H:td Qfxe entire

protrusi ons. exce [T nes
circumferenee of éhmheql,rtha lwnbon iatnet hawﬁeﬂ do this, tamd @nﬂels\sheﬂis of the

preBéht gﬁ\%ﬁh@ﬁ ircRAR tHost WHEFOYroftilhidfd hitUotrhéd dHEY PitkiaBPdrdud the

itch of the
c1rcexmference 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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protrusions of cutter wheel 40, and unnecessary
cracki ng and expansion thereof can be prevented after
breaki ng the substrate. Furthernore, in the case where
scribe lines are forned in a glass substrate 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
[0063]h s& quiden Whed) of sl Apvention sad armethad f@lh@ng ngss bnttle material

sub%wa&t UsBi£the 38mb Barl AV SR IRErsetibnl Jikﬁrﬂ@g £nd dtBoly RRnt#8Ribe line
ere scribe lines gHF formed | &SSS suqstgate

shigh Rrgeisian. Gifaein B*fset‘ﬁ]éerf)r PRfeff thsnbrittle,magerial

sutﬁﬁdtdxelsmamy ehd/ tHepsforel &ad)bm@sedm:e&mnfg 4 bgttlmudeeiabsubstrate,
Em(_%lubsg uent breaki ng can be achi eved can be gai ned for
" glass substrates nmade of different materials

and Imaparigublin,f décowiing téithie niosedion, [a088HHodHer escribingug thrittle

ma}.ﬁa& G&‘bs@&wsf aﬁ%ﬁ fth@fiﬁcﬁ@m T8 efge frbl A nam&%ﬁgm' where

ustrated as one protrusi ons are uni

S o APt I st D P R e i o b mtor oLy which
loall B£0. ommtvo 0[19|1\§P£1£btaﬂphm isedfedtivel hi s, and cutter

or o TRe Mvsabsn i rapRday Alfirhe ”.%?ﬁ%ﬁgfetat 8 Bigh 5% Snade of

norcalkalimd glasuraymtihetiiguarteeglhss, arsd swehtietn of bititdleanatierinlbsubstrates

[ ' I .

for@'\%r[e oP ﬁﬁt 81 @ﬁ{iﬁ%&@ of vf'l%trﬁg) f ?&Pglxpf&?l Cag ].F d crystal

pmzegs [Tlﬁeli;]uld\ cwmlepamiﬁeend ¢iTN Hiqyld axsstali nﬁmehnd:aa be clted as

applRhtiad. for scribing a brittle material substrate
using the same can prevent intersection skipping and
stably forma scribe line wth high precision, even
in the case where the thickness of the brittle
material substrate is small, and therefore, can be
used for scribing a brittle material substrate, such
as glass. In particular, according to this invention,
a method for scribing a brittle material substrate of
whi ch the thickness is in a range from0.4 mmto 0.7
nm where the brittle material substrate is scribed
with the blade edge of a cutter wheel to which a | oad
of 0.03 MPa to 0.19 MPa is applied is effective. This
invention is particularly effective for glass
substrates which are nade of non-al kaline glass or
synthetic quartz glass, and a variety of brittle
material substrates for a variety of flat display
panel s, of which typical exanples are TFT |iquid
crystal panels, TN Iliquid crystal panels and STN
liquid crystal panels, can be cited as applications.
24 Clainms Ill A cutter wheel for scribing a brittle
materi al substrate, where a ridge line in V shape is
formed as a bl ade edge al ong the circunference of a
wheel in a disc formand a
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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 forned around the
entirety of said ridge line with a pitch of 8 Pmto 35
pm that the height of said protrusions 0.5 )imto 6.
0O pm and that the angle of the blade edge is 85 0 to
140 0. [21 The cutter whe€laimgcording to Caim 1,

r13f or B@@ut@ér vahlersafo% eelﬁl;fﬁ bSittld ﬁageqlm shhRERpd twl%r&@ gagé ﬁﬁe inv
car me (0] ri n ri e erl a

shapg i formed, e\h@**éeés & egp}mgmee\ﬁ% wheslfin adige form and 2
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ru5|on ormed

prossion maﬁomﬂgd angund theandirety|of smd rplge élge m@gaapﬁdm offam to 35
pm! fHab 6 mg 18 oPhdid H'o%nﬁﬁ)tnﬁ bi53im 165616 fihd, @h& thed Tk A{PEE mne blade

a.scrib ine is formed on the surface of the brittl
edgeds 85§t 1403 hstrate, characterized in that a cutter
[2]wheeTherbatter Wwheeloatearding €1€lfm 0f fdrfedfe® matsridl Of Bitered
dito 3 > ntg atb said protrusions are fornmed around

2F%8C &ht 8% 3 ridge line with a pitch of 8 pm
[8lto B@aqﬂmd fanaeribing ehbritthet maferizpdisdbgirase,r wherenes cGitér wheel of

wh.B:ﬂ tRe Fli ini8 q‘orHégtm Elhlesh% héea B%adta g%e Qkﬁéjﬁe%ﬁ?&mhﬁeﬁé of a

IS use to SCT
whgq}b%ﬁr@!ﬁeforrp@ydmﬁ@t !naelbemf pmtmm domnas, gleng eaid ridge line at

apﬂmh&ratea} eauﬂsmtaws ﬁhﬁt@ﬁéaedgamel drila I-d]l@llto'h tasmﬂtnematenal
ne 1| s on e teri.a St
sulefyie, §hd SRORD & SEEOE g 1 Jorpa @) Hhe SUETaeR 9f R LIS Shaterial

substrbtee churadtbyizeddnltivetd i s applied along t he f or med
scrlbe rittle t ubstrate is
or ok e ket Rl B lchirht FeAFbAGuT: 1 DARRYS i char
saif protmeionh areformég amumiathmntmtn bf sagdiidge kneewith apitaly of $pm to
35 ?fn B?at Qfle L&Eﬂﬂ &%aﬁi Hoﬁ%@ioﬁ@@% ]ﬁ?t@G Wqﬂflaﬂdq:hﬁt esﬁlsgtle of the

roug grinding the ade edge at at
blaémdas%% B’d’d@ °dhpted tpgcringd hrijtla Materiglsybitratecdge
[4]SI deAQﬁetE@i tbr Hrageénd ¥ Eﬂtﬂlelxua@hhnmm&aw hbtadft®iz6dI % that a

bl p .
B 1 oS A bRBTe Skl e e S et Reanpding t
Claim laambthebhenbsequently,talieadis epplibdf edengrtha fifrenetl seribedineso that the
bnﬁﬁtrﬁftﬁn%%%tr%%‘i?ﬁﬂk&g to Claim5 where a brittle
substra

teria e 1s scribed. 25
[6] A method for manufacturing a cutter wheel for scribing a brittle material

-n-!

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 61 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 61. _

[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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